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Prelude from Project Coordinator 

 
JV Patil 

Project Coordinator and Director 
Directorate of sorghum Research‐ Hyderabad 

 

 
Sorghum is an excellent source as food, feed and dry and green fodder and therefore, is 
important for the income generation for the rural dryland farmers owing to assured 
grains and fodder yields under low-input cultivation. Sorghum is resilient to different 
kind of situations and it can be grown in areas widely differing for climatic regimes. It is 
also the base crop on which many inter- and sequence-cropping systems are built upon.  
 
Our primary vision at DSR and the centres of All India Coordinated Sorghum 
Improvement Project (AICSIP) encompasses the goal to enhance production and 
stability of sorghum under low to moderate-rainfall situations, increase resistance to 
drought and other environmental stresses, diversification of the genetic base, enhance 
resistance to grain mold, leaf diseases, stem borer and shoot fly. We also emphasize on 
improving grain quality and saline-soil adaptability, low and high temperature tolerance 
and maintain the long-term sustainability value-addition and marketing to meet 
significant food, feed, fodder and fuel (bio-energy) requirements. Accordingly, 
programmes were developed and several technologies were tested for crop production, 
protection and utilization, all of which are now being adopted to various extent in 
different parts of the country. 
 
A significant event during the year is that celebration of golden jubilee year for the 
sorghum research in India. It is pertinent to quote here that DSR and AICSIP are the 
lead agencies for sorghum research and popularizing of technologies in the country. So 
far, 27 hybrids and 26 varieties have been released nationally besides state releases.  
During 2012, one rabi variety – CSV 29 R (SPV 2033); kharif hybrids - CSH 28 (SPH 
1647); CSH 29 (SPH 1648) and CSH 30 (SPH 1655) and one rabi hybrid – CSH 31 R 
(SPH 1666) were identified by VIC for the national release and submitted to CVRC for 
consideration. 
 
Sorghum hybrids have specifically contributed towards improving the productivity of 
kharif sorghum. Rabi sorghum cultivation in recent times has become more 
remunerative, owing to rise in commodity prices for both grain and fodder. Drought is 
one of the major production constraints responsible for destabilizing the rabi 
productivity. Therefore, research on drought tolerance is now focused on development of 
early maturing rabi sorghum varieties and identification of QTL for terminal drought 
tolerance traits. Rabi breeding programme would focus equally on both varieties and 
hybrid development.  
 
Introduction of multi-cut sorghum hybrids, single-cut and dual-purpose sorghums which 
can be grown for quality green forage production in most of the states of India is helping 
to sustain fodder security. At this juncture, our prime concern is on developing forage 
hybrids with higher biomass, better digestibility and resistance to biotic stresses. 
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Strengthening seed delivery systems, greater seed replacement rate, and strengthening 
of community-based services including seed production, input-supply and marketing 
support are expected to promote cultivation of sorghum, which in turn supports the 
cause of millions of dryland farmers livelihoods. 
 
Incidentally, this year, the Quinquennial Review Team (QRT) constituted by the ICAR 
carried out its task in three phases spanning over 26 days and visit to 14 AICSIP 
stations in addition to DSR and CRS at Solapur. The committee observed that a good 
number of hybrids and varieties have been released at national level and very good 
efforts have been taken towards value addition in sorghum at DSR and few AICSIP 
Centres like, Rahuri and Bijapur. Success story of sorghum in rice-fallows is 
commendable. Stem borer resistant Bt transgenic has been tested in the field. Good 
progress has been made in identifying QTLs for shoot fly resistance, foliar diseases and 
yield traits. 
 
Recent research is discovering many new potential health benefits from sorghum as 
health food. DSR provides consultancy service on commercialization and popularization 
of sorghum foods, technology for production and processing and develop marketing 
linkages. Efforts are on for development of sweet stalked sorghums for various specific 
end-users such as production of alcohol, ethanol, and syrup. Demand for renewable 
energy sources and biofuel which would minimise pollution are expected to rise rapidly 
in coming years. Therefore, production and use of domestic energy resources including 
renewable ones are receiving high priority and sweet sorghum is expected to gain 
importance in the coming years in bio-energy farming. 
 
Hence, we need to reinforce our efforts in sorghum research by innovative methods. We 
would continue to develop cultivars suitable for specific end-uses. Creation of sensitivity 
among people on health and other value added benefits are some of the major thrust 
areas to promote cultivation of sorghum. 
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Summary of AICSIP research achievements - Kharif 2012 

1. Breeding ­ Grain sorghum (Sujay Rakshit) 
During 2012, both basic and applied researches towards improvement of grain sorghum were taken up. 
Applied researches dealt with multi-location yield trials of finished or near finished products (varieties and 
hybrids) from the centers of All India Coordinated Sorghum Improvement Project (AICSIP) and private 
companies. Basic and strategic researches focused on various aspects including new MS and R line 
development, breeding for earliness, drought tolerance, cold tolerance, resistance against key insects and 
diseases etc. Efforts were made to use biotechnological tools as well towards improvement of grain sorghum. 
Efforts were also made to develop inter-institutional hybrids, under which promising MS lines were shared 
across centers and new experimental hybrids were developed, which were tested under multi-location trials.  
 
Multi-location AICSIP trials: During kharif 2012 6 multi-location trials were conducted, out of which 4 
(Advanced Hybrid Trial, Advanced Variety Trial, Initial Hybrid Trial and Initial Variety Trial) were conducted 
during kharif season across 9 (initial trials) to 24 locations (AHT), and 2 trials (Late Kharif Initial and Advanced 
Variety Trial and Late Kharif Initial and Advanced Hybrid Trial) were conducted at 6 locations. 
 
Advanced Hybrid Trial (Tables 1, 1A and 1B): In AHT 8 test hybrids (4 each in AHT I and AHT II, respectively) 
along with 5 checks were evaluated across 24 locations in Zone I and Zone II.  
 Zone I (Table 1A): In Zone I SPH 1679 (4792 kg/ha) performed marginally better than CSH 16 (4734 

kg/ha) in terms of grain yield, while SPH 1705 recorded superior fodder yield (14350 kg/ha) than best 
performing check, CSH 16 (13361 kg/ha). 

 Zone II (Table 1b): In Zone II only one hybrid (SPH 1674) performed marginally better (4862 kg/ha) than 
CSH 25 (4809 kg/ha). CSH 25 ranked first in terms of fodder yield and none of the test hybrids out yielded 
this check.  

 
Advanced Variety Trial (Table 2, 2A and 2B): In AVT 6 test varieties (2 in AVT II and 4 in AVT I) along with 5 
checks were evaluated across 22 locations in Zone I and Zone II.  
 Zone I (Table 2A): In Zone I SPV 2061 (2483 kg/ha) and SPV 2083 (2380 kg/ha) in AVT II and SPV 2110 

(2514 kg/ha), SPV 2114 (2562 kg/ha) and SPV 2122 (2713 kg/ha) recorded more than 10% grain yield 
superiority over check, while for fodder yield none recorded superiority. 

 Zone II (Table 2B):  In Zone II SPV 2114 recorded 18.4% higher grain yield than best performing check, 
CSV 27 (3329 kg/ha) with grain yield of 3943 kg/ha. Other test varieties also recorded marginal yield 
superiority over check. However, none of the test varieties out yielded CSV 27 for fodder yield. 

 
Initial Hybrid Trial (Table 3A and 3B): In IHT 16 hybrids and four checks were evaluated at 9 locations. 
 Zone I (Table 3A): In Zone I 4 test hybrids, viz., SPH 1731 (4857 kg/ha), SPH 1737 (4693 kg/ha), SPH 

1724 (4551 kg/ha) and SPH 1730 (4327kg/ha) performed better than best performing check (4237 kg/ha). 
However, SPH 1731 and SPH 1737 recorded more than 10% superiority over best performing check in 
terms grain yield. SPH 1722 – SPH 1724, SPH 1726, SPH 1727, SPH 1729, SPH 1733 – SPH 1736 
recorded more than 10% superiority for fodder yield over the best performing grain yield check. 

 Zone II (Table 3B): In Zone II SPH 1737 (5166 kg/ha), SPH 1730 (5010 kg/ha) and SPH 1736 (4865 kg/ha) 
recorded more than 10% superiority over best performing check (4232 kg/ha) in terms grain yield, and all 
test hybrids, except two (SPH 1729 and SPH 1732) recorded more than 10% superiority for fodder yield 
over the best performing grain yield check. 

 
Initial Variety Trial (Table 4A and 4B): In IVT 21 varieties and two checks were evaluated at 9 locations. 
 Zone I (Table 4A): In Zone I SPV 2178 (3311 kg/ha), SPV 2164 (3142 kg/ha), SPV 2172 (3133 kg/ha), 

SPV 2177 (3054 kg/ha) and SPV 2175 (3005 kg/ha) recorded more than 10% superiority over best 
performing check, CSV 23 (2721 kg/ha) in terms grain yield, and SPV 2170 (19683 kg/ha), SPV 2171 
(19456 kg/ha), SPV 2181 (18526 kg/ha), SPV 2168 (18307 kg/ha), SPV 2179 (17462 kg/ha), SPV 2177 
(17059 kg/ha), SPV 2180 (17053 kg/ha), SPV 2164 (17022 kg/ha), SPV 2178 (16976 kg/ha), SPV 2182 
(16721 kg/ha), SPV 2176 (16612 kg/ha) and SPV 2169 (16561 kg/ha) recorded more than 10% superiority 
for fodder yield over the best performing grain yield check. 
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 Zone II (Table 4B): In Zone II, SPV 2172 (4754 kg/ha), SPV 2164 (4323 kg/ha), SPV 2178 (4294 kg/ha), 
SPV 2175 (4229 kg/ha), SPV 2179 (4181 kg/ha), SPV 2183 (4151 kg/ha), SPV 2174 (4085 kg/ha), SPV 
2184 (4076 kg/ha), SPV 2165 (4058 kg/ha), SPV 2170 (3923 kg/ha), SPV 2182 (3894 kg/ha) and SPV 
2177 (3669 kg/ha) recorded more than 10% superiority over check, CSV 20 (3286 kg/ha) in terms grain 
yield. All these varieties performed better than CSV 20 for fodder yield. 

 
Late kharif 
Late kharif Initial and Advanced Hybrid Trial (Table 5A): In IAHT – LK trial 18 hybrids (2 in AHT) and three 
checks were evaluated across 6 locations. 
 None of the test hybrids recorded more than 10% grain yield superiority, while only two hybrids, viz., SPH 

1727 and SPH 1736 recorded more than 10% fodder yield advantage over best performing check. 
 
Late kharif Initial and Advanced Variety Trial (Table 5B): In IAVT – LK 27 varieties (2 in AHT) and two checks 
were evaluated across 6 locations. 
 SPV 2164 (3157 kg/ha) and SPV 2178 (3068 kg/ha) recorded more than 10% grain yield superiority over 

best performing check, CSV 20 (2617 kg/ha). All except 8 varieties recorded more than 10% fodder yield 
than CSV 20. However, as against CSV 23 only SPV 2171 (13099 kg/ha) recorded more than 10% 
superiority. 

 
Coordinated sorghum breeding research: Like previous years efforts have been made to develop inter-
institutional hybrids by pooling MS lines from different centers. Four center, viz., Dharwad, Indore, Parbhani, 
Akola and DSR contributed total 17 MS lines. Seeds were provided to DSR, Parbhani, Indore and Akola to 
develop hybrids using R lines from the respective centers. Sixty four inter-institutional hybrids were received 
from DSR (32), Akola (13), Indore (12) and Parbhani (7). Two trials, viz., Hybrid Nursery I and II were 
constituted. HN I with 16 experimental hybrids and 4 checks were tested at five locations (Hyderabad, Akola, 
Indore, Parbhani and Coimbatore), while NH II with 31 experimental hybrids and 4 checks was tested at 3 
locations (Hyderabad, Akola and Coimbatore).  
 
Hybrid nursery I 
 None of the experimental hybrids could surpass check, CSH 25 which topped across four locations with 

4037 kg/ha grain yield. However, 12 experimental hybrids (IIH-11-01, IIH-11-02, IIH-11-05, IIH-11-7, IIH-
11-8, IIH-11-9, IIH-11-11, IIH-11-12, IIH-11-13, IIH-11-14, IIH-11-15 and IIH-11-16) were statistically at par 
with CSH 25. 

 
Hybrid Nursery II 
 Nine experimental hybrids, IIH-11-38 (3605 kg/ha), IIH-11-23 (3477 kg/ha), IIH-11-21 (3429 kg/ha), IIH-11-

26 (3423 kg/ha), IIH-11-35 (3421 kg/ha), IIH-11-28 (3411 kg/ha), IIH-11-15 (3404 kg/ha), IIH-11-20 (3363 
kg/ha) and IIH-11-34 (3317 kg/ha) out yielded best performing check, CSH 25 (3262 kg/ha). 

 
Kharif sorghum breeding at DSR: At DSR emphasis is laid on basic as well as strategic research towards 
improvement of grain, forage as well as sweet sorghum. Focus is on development of new lines as well as 
hybrids with higher yield as well as resistance against biotic and abiotic stresses. Basic research focused in 
studying genetics of various traits as well as diversity analysis using DNA markers. 
 
Grain sorghum hybrid programme  
 An early duration grain mould tolerant kharif sorghum hybrid, CSH 30 (SPH 1655), based on new male 

sterile (MS) line, 415A and new restorer (R) line, CB 33, was released for Zone II (Maharashtra, 
Karnataka, MP, South Gujarat, North AP). It gives 4364 kg/ha of grain yield and 141 q/ha of fodder yield.  

 Seventy five experimental hybrids were evaluated and 10 medium maturing hybrids and 8 early maturing 
hybrids yielded more than 10% over the respective checks, CSH25 and CSH23 for grain yield.  

 Towards new line development 15 advanced lines were evaluated for grain yield and quality and 5 lines 
recorded significant improvement in grain yield over the check, CSV20.  Besides, large number of early 
generation lines are under evolution at various stages. For example towards early line development 18 
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promising early generation lines with earliness test crossed with elite A lines (2219A, 7A and 27A) to 
assess their fertility reaction.   

 110 advance breeding lines were screened for shoot fly and one entry (DSR 972: CS 3541 x CB 87) 
recorded dead hearts less than resistant check IS 2312 (14%). In another experiment 7 lines, 
viz., NRCSFR 06-1, NRCSFR 06-2, SFRIL 374, SFRIL 374, SPV 1871, PGN 30 and SUENT 9 recorded 
shoot fly dead heart score close to the resistant check, IS 18551 

 For A1 cytoplasm single dominant gene found operational for fertility restorationin majority of cases, while 
in two crosses, the fertility restoration was controlled by two genes segregating. Similarly on A2 cytoplasm 
also, two crosses inherited under the control of two genes, while in the third cross, the restoration was 
controlled by a single major gene. On A3, the operation of two genes for the control of fertility restoration 
was observed. On A4 cytoplasm, only a single dominant gene was found to be involved in the restoration 
of pollen fertility.  

 Frequency of fertility restoration was highest on A1 (87%) cytoplasm followed by A2 (67%), A4 (0.12%) and 
A3 (0.08%). None of the pollinator tested was found to be restoring fertility on all the four cytoplasms. 
There were 41 genotypes restoring fertility on both A1 and A2 cytoplasm. 

 Efforts are being made to evaluate the collection of germplasm in Gene Bank. Towards this direction a set 
of 500 sorghum germplasm were evaluated at three locations (Akola, Deesa and Indore) during kharif 
2012 for VCU and promising lines for various traits, including earliness, grain yield, seed weight, stem 
borer and grain mold were identified.  

 
Bio-fortification and alternate use of sorghum 
 Popular cultivars, parental lines, advance breeding lines and selected germplasm accessions were 

subjected grain iron and zinc analysis. Significant variability was observed and promising lines were 
identified. 

 Genetic control of grain iron and zinc content was studied using a half-diallel mating design and both 
additive and non-additive gene effects were found to be important in the genetic control of grain 
micronutrients, but dominant gene action was more predominant in case of grain iron.  

 Two crosses made between extremes of anti-nutritional factors (SPV 1758 × EA 10 - contrasting for 
Cyanogen, TEAC, Trypsin Inhibitor; IS 8525 × POP 52 - contrasting for Phytate, Polyphenol, TEAC) were 
advanced to F4 generations to develop mapping populations.  

 Out of 168 genotypes sixty genotypes with ¾ corneous, good grain size and weight and having superior 
biochemical quality were chosen for further study. 

 High antioxidant activity measured as Ascorbic acid equivalent antioxidant activity (AEAA) was recorded in 
33 genotypes. Out of these 10 genotypes are having high polyphenolic content also. They are IS 29241, 
EP 20, IS 28614, SPV 1745, IS 24462, EP 105, IS 14861, IS 30572, IS 19445 and IS 28313. 

 Among 127 genotypes, sixteen genotypes contain total phenols ranging from 318 to 964 mg/100g 
(Prussian blue method) and twenty five genotypes contain total polyphenols ranging from 309 (IS 23514) 
to 1597 mg/100g (IS19445, SPV1745). 

 
Forage sorghum  
 Twenty four forage sorghum hybrids were evaluated and 3 hybrids recorded more than 10% improvement 

for both green and dry fodder yields over check.  
 
Sweet sorghum  
 Out of 20 hybrids tested the hybrid PMS 71A x IS 6962 was found promising with a biomass yield of 79 

t/ha which was on par to the check CSH 22SS (81 t/ha). The same hybrid was 16% superior to the check 
for fresh stalk yields. 

 With respect to the juice yields, RS 1096 x NSSV 13, NSS 8A x RSSV 76, 1007A x SSV 84 and PMS 71A 
x RSCN 5005 were more juice yielding (15-17 KL/ha). However, the hybrids 1007A x SSV 84 and PMS 
71A x IS 6962 offer promise as they had higher brix content of 18 and 20% as against 17% in the check 
hybrid CSH 22SS and on par stalk yields apart from high juice yields. 

 A total of 8 sweet sorghum genotypes (Kellar, Urja, CSV 19SS, Wray, BJ- 248, SSV 84, SSV 74, and CSH 
22SS were selected based on the variation in sugar accumulation and compared with two grain sorghums, 
two forage sorghums and sugarcane in rabi and summer seasons.  
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 Among sweet sorghum lines highest brix content was recorded in exotic sweet sorghum (Wray, Urja, Keller 
and BJ 248) in both rabi and summer seasons. 

 The mean total sugars ranged from 5.36 at boot leaf stage to 14.06% in rabi and 8.08 at boot leaf stage to 
16.04% at maturity stage in summer. Wray and Urja showed highest content at maturity stage in rabi, 
Keller and Urja showed highest content at maturity stage during summer. 

 The activity of all 4 enzymes viz. sucrose synthase, sucrose phosphate synthase, soluble acid invertase 
and neutral invertase activity was assayed in leaf, stem and stem juice at different crop growth period. In 
general the activity of all the enzymes is less in leaf tissue as compared to the activity of stem and juice. In 
stem tissue the enzyme activity is 4-5 times higher than that of present in leaf tissue. 

 
Marker assisted breeding 
 Genetic structure of 251 sorghum genotypes (202 mini-core collections and 49 elite sorghum lines) was 

analyzed using 39 SSR markers. Minimum number of clusters (two) obtained from the structure analysis 
reveals low level of genetic structure. Genetic clustering classified the five basic and eight intermediate 
races into three major groups. Clustering based on geographical origin, put the accessions into three major 
groups.  

 
Kharif sorghum breeding at AICSIP centers 
 Akola center towards new R line development has made 89 selections from 7 crosses (F4-7 generations). For 

new B line development they have made 75 selections from 22 crosses at F4-8 generations. Promising B 
lines are being employed in MS conversion programme and towards this direction 113 families were selected 
from 47 BC generation (BC1-8). Towards grain mold resistance breeding 20crosses in different generations 
involving grain mold resistance sources like SVD-9601, STR-93,GMPR-65 and GM-9219 were evaluated 
and 54 single plant selections showing low Field Grain Mold Rating (FGMR) and good grain hardness (above 
9 ) were selected. One cross in F10 generation and 8 crosses in F7 generation involving grain mold resistant B 
line i.e. B 58586 and the susceptible line MS 296 were handled and 13 selections showing low FGMR and 
good grain hardness (above 9 ) were selected. In MS line development programme total 95 BC pairs 
involving the 21 crosses having grain mold resistant lines were made. Three restorers involving three 
crosses were selected showing shootfly resistance. Total 5 station trials and all allotted 7 AICSIP trials were 
successfully conducted. 668 lines of various groups are being maintained by the center. Two Ph.D. and 4 
M.Sc. students are working on sorghum breeding.  

 At Coimbatore 4 cultures were nominated for evaluation in AICSIP trials. TNS 623 (SPV2174) and TNS 624 
(SPV2175) have been included in Kharif and TNS 637 and TNS 631 has been included in Late Kharif. Two 
culturs viz., TNS 623 and TNS 631 are being tested under multi location testing programme. Besides to 
improve drought resistant and shoot fly resistant in TNAU released varieties crossing programme has been 
initiated with B35 and IS18551. Two PG and one Ph.D. student is working on sorghum breeding.  

 At Deesa total five state trials, two station trials and seven coordinated trials were conducted during Kharif 
2012. Under crop improvement programme total 36 F1s and 366 segregating materials were evaluated and 
out of them 253 segregating materials and 90 single plants were selected on the basis of earliness, shoot fly 
resistance, agronomic superiority, forage and dual type. A total of 21 new dual sorghum crosses attempted. 
Under germplasm evaluation programme a total of 609 accessions of forage and dual type sorghum were 
evaluated and characterized. 

 At Dharwad among 14 station test hybrids, four hybrids recorded significantly superior grain yield over high 
yielding check hybrid CSH 14. Test hybrids viz., SHD-3, SHD-10, SHD-6 and SHD-9 recorded  grain yield 
ranging from 8333.0 kg/ha to 9005.0 kg/ha compared highest yielding check CSH-14 (5555.0 kg/ha). In 
Station varietal trial-I, SVD-708, SVD-203 and SVD-104 were better performing entries based on their grain 
yield in comparison with check variety DSV-6 (5158.0 kg/ha).  In Station varietal trial-II, SVD-1204 (5555.0 
kg/ha), SVD-1122 (5200.0 kg/ha) and SVD-1110 (5140.0 kg/ha) have performed better grain yield than 
check variety, DSV-6 (4770.0 kg/ha). Among eight private hybrids tested, SJH-99 hybrid recorded superior 
grain yield of 7625.0 kg/ha compared to 6952 kg/ha of CSH-14 check. As many as 81 F1s were raised for 
their further advancement. A total of 56 selections were made, out of these 14 selections will be evaluated in 
the form of station trial.  

 At Indore for R line development 24 selections from 13 crosses were planted and 112 selections were made. 
Thirty restorers developed at Indore I-26, I-27, I-31, I 32, I-29, I-33 and I-30 found superior. Towards B line 
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development 43 single plant selections were made from 11 crosses. For new MS lines development 130 
paired were grown and backcrosses were given. 26 MS lines were evaluated and maintained. 37 elite lines 
were evaluated for Grain yield, SB DH %, Days to 50% flowering promising lines: GY- PVT 29821(132g), 
PRT 30251(113g), PRT 30249(115g)SB DH%- PVT 29331 (2%), AVT 1010 (10%). 142 single plant 
selections were made from 29 crosses for developing high yielding dual purpose genotypes. Twenty two 
promising genotypes developed at Indore were evaluated in two station varietal trials along with national 
checks and state checks. Twenty five experimental hybrids (using MS lines provided by DSR under breeding 
group efforts programe and R lines of Indore) were evaluated in station hybrid trial five were found promising. 
530 kharif germplasm lines ( from DSR) evaluated in augmented design for grain yield /plant, fodder yield 
/plant, 100 grain weight and stem borer dead heart % at DAE in normal condition. Fifty land races collected 
from gird region of M.P. were evaluated for DUS.  

 At Kovilpatti towards midge resistance 42 selections were made and 14 new crosses were made.  Similarly 
for mite resistance 13 new crosses were made. They have conducted 7 station trials. Allotted AICSIP trials 
have failed.  

 At Paelm in varietal improvement programme, PSV-56, a high yielding dual purpose sorghum variety with 
tolerance to grain mold disease, was released in the name of SRISAILA by SVRC, Andhra Pradesh. Further, 
three grain sorghum cultures developed from Palem centre viz., SPV 2110, SPV 2121 and SPV 2122 are in 
AVT-I stage. Two grain sorghum cultures viz., PSVGS-112 and PSVGS-113 are included for evaluation in 
IVT-GS during Kharif 2012-13. In Hybrid development programme, 14 R lines and 17 B lines for various 
important characters are in F5/F4 stage of development. Further, four yellow pericarp sorghum land races 
were submitted to NBPGR for registration. Of these, PYPS-2 was accepted for registration whereas for other 
lines (PYPS-8, 13 and 14) asked to submit check performance data. In grain sorghum, two station trials were 
conducted during Kharif 2012-13. In AVT-GS, 6 entries and in IVT-GS, 8 entries were found to be superior 
for grain/fodder yields compared to the checks PSV-56 and CSV-15. All the AICSIP breeding trials were 
conducted during Kharif 2012. 

 At Pantnagar for B and R line development large breeding populations from F1-6 generations are being 
handled. For MS conversion, out of eight crosses (A x B)) attempted during Kharif 2011, partial to complete 
sterility was recorded in seven crosses during Kharif 2012. These crosses have been further advanced by 
back pollinating with B line (maintainer). 34 CMS lines (A/B pairs) of A1, A2, & A3 cytoplasm, were maintained 
and crossed to develop new experimental hybrids with multicut type pollinator parents. Focus is made on 
various diseases, viz., anthracnose, Zonate leaf spot and leaf blight foliar diseases. 417 fodder/dual purpose, 
sweet sorghum and grain type germplasm lines were maintained. A core collection of 68 germplasm lines 
was planted in crossing block for attempting new crosses with the objective of improvement in foliar disease 
resistance, fodder yield and fodder quality. 35 new crosses were attempted for genetic improvement in terms 
of fodder yield, quality and resistance to foliar diseases and insect pest (shoot fly and stem borer). A total of 
724 SPS/ progeny bulks of 167 crosses/families (from F1 to F7 onward generations) were planted, of which 
763 SPS/progeny bulks of 135 crosses/families were selected for desirable traits.  Selected lines will be used 
as restorers and open pollinated varieties. For yield and quality evaluation of breeders’ material, 8 All India 
Coordinated Trials, two State Trials and one student thesis trial were planted. Four Ph.D. and 2 M.Sc. 
students are working on sorghum breeding. 

 At Parbhani towards R and B line development, respectively 433 (from 12 F2s) and 121 (from 3 F2s) single 
plant selections were made. Fresh 21 and 24 crosses were made for R and B line development, respectively. 
In MS conversion programme 4 crosses were advanced to BC2 generation. Efforts are also being made 
towards development of shoot fly, grain mold and drought tolerant lines. Five station trials were conducted. 
One M.Sc. and 2 Ph.D. students are working on sorghum breeding.  

 At Phaltan 324 single plant selections based on biomass, brix and grain were made from 113 F3 families from 
28 crosses. D-118-26-5 in F6 generation gave significantly highest biomass (46.34 t/ha) and stripped stalk 
(24.77 t/ha) weights. The line 10R-SS-20-61-1-5 gave the highest brix of 19.5% which was followed by 10R-
SS-19-16-3-3 and 10R-SS-19-16-5-4 (both 19.0%) as against the check CSV-19-SS (13.0%). Forty two 
different lines were evaluated as PVT (Pre-varietal trial) entries in three different trials. In CMS development 
programme, a total of 37 pairwise crosses were evaluated and 33 promising combinations were advanced 
for evaluation.  

 At Surat 13 State and station trials along with 9 AICSIP trials were conducted.Organized 3 trainings and 
guiding one M.Sc. and one Ph.D. student, respectively.  
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 At Udaipur 400 germplasm lines were evaluated along with checks in 10 block augmented RBD. Twenty nine 
new crosses were attempted and 34 F1s were planted towards new cultivar development. 112 crosses 
including trait specific crosses pertaining to different segregating generation (F2-F8) were planted and 
promising segregants were selected for advancement and stabilization. Lines from advance generation were 
selected for evaluation in station trials. Advance generation material (F10 onwards) pertaining to 5 crosses 
was planted and selection were made from stabilized material to evaluate them for single cut/multicut 
attributes. The center is actively involved in development of pure line verities for grain, dual purpose and 
forage attributes as per mandate, as such development of B lines & MS conversion programme is not taken 
up separately however utilization and maintenance of 15 A and B lines from ICRISAT and AKMS 14A and B 
from AICSIP Akola center is being under taken. Fourteen new hybrids were developed with these MS lines. 
Five station trials and 7 AICSIp trials were conducted successfully. Guiding one M.Sc. student. 

 
Publications: During 2012-13 on grain, forage and sweet sorghum improvement all total 53 publications have 
been made, out of which 9 are in International journals.  

2. Forage sorghum (C Aruna) 
Introduction: During 2012-13 four multilocation trials, two on single-cut forages, one on multi-cut forages and 
one advanced seed yield trial were carried out across 16 locations, comprising of two zones (zone I- 9 
locations in North India; zone II- 7 locations in rest of India).Two more basic experiments were conducted 
under co-ordinated forage sorghum research. The most important findings of forage breeding trials for the year 
are mentioned below. 
 
A. Multi-location trials 
Trial 1: Advanced varietal trial (Single-cut) 
 Eight genotypes along with 2 checks (HC 308 and CSV 21F) were evaluated at 16 locations during kharif 

2012. 
 Among the entries in first year of advanced testing, SPV 2128 was most promising with 5% improvement in 

green (451 q/ha) and dry (140 q/ha) fodder yields over the checks, HC 308 and CSV 21F.  
 The genotype, SPV 2057 in the second year of advanced testing was also promising with 436 q/ha of 

green and 148 q/ha of dry fodder yields.  
 Among the entries that have completed three years of testing under AICSIP, SPV 2057 (from Rahuri) was 

most promising for fodder yield, per day productivity and quality. It has better level of resistance to shoot 
pests compared to the checks. 

 
Trial 2: Initial varietal trial (Single-cut) 
 Eleven genotypes along with 2 checks (HC 308 and CSV 21F) were evaluated at 15 locations during kharif 

2012. 
 Among the entries, SPV 2186 was most promising with about 10% improvement in green (433 q/ha) and 

dry (135 q/ha) fodder yields over the checks, HC 308 and CSV 21F.  
 SPV 2186 recorded significantly higher per day green and dry fodder productivity over the checks. 
 Among other genotypes, SPV 2185 with 425 q/ha of green and 135 q/ha of dry fodder yields was 

promising. 
 SPV 2191 had high level of resistance to shoot fly (42.3% shoot fly deadhearts) compared to HC 308 

(53.2% deadhearts). 
 
Trial 3: Initial and Advanced hybrid trial (Multi-cut) 
 Twelve entries including 8 test hybrids, 2 hybrid checks (CSH 20MF and CSH 24MF) and one variety 

check (SSG 59-3) were evaluated over 15 locations. 
 The hybrids SPH 1719 (920 q/ha GFY; 269 q/ha DFY) and SPH 1717 (897 q/ha GFY; 260 q/ha DFY) 

recorded more than 10% improvement for green and dry fodder yields over the check, CSH 24MF.  
 Per day productivity of green and dry fodder yields of both the hybrids was also high. 
 The hybrids in the first year of advanced testing, SPH 1697 and SPH 1698 recorded more than 5% 

increase in green fodder yield and 10% increase in dry fodder yields over the check, CSH 24MF. 
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 Protein yield and digestible dry matter were high in SPH 1719 (19.8 q/ha; 116 q/ha) and SPH 1717 (19.4 
q/ha; 115 q/ha).  

 
Trial 4: Advanced seed yield trial     
 Eight genotypes including six single cut test varieties and two single cut national checks (HC 308 and CSV 

21F) were evaluated for grain yield potential at five locations. 
 The single-cut varieties, SPV 2132 (22.1 q/ha) and SPV 2128 (19.1 q/ha) were found to yield more grain 

compared to the checks at all India level. 
 
B. Co-ordinated forage sorghum research 
Trial 5: Evaluation of forage hybrids developed by sharing parental lines 
 Twenty two hybrids developed by sharing the MS and R lines from different centres were evaluated in 

RCBD with 2 replications in 3 locations. 
 The hybrid FHN 12 was found more promising with more than 10% increase for green and dry fodder 

yields over the check, CSH 24MF.  
 Its per day productivity of green and dry fodder was also high. It had high early vigour and more number of 

tillers per plant. 
 Other promising hybrids were FHN 2, FHN 4 and FHN 19. 
 High protein yield was observed in FHN 16 & FHN 2, while high DDM was observed in FHN 16 & FHN 14.    
  
Trial 6: Evaluation of advanced generation progenies of the crosses made across locations  
 Ten F5 derivatives of the crosses made towards improvement of forage sorghum were evaluated across 3 

locations in RCBD with 2 replications in order to identify promising derivatives for fodder yield and quality. 
 The line, FABN 1 was the best genotype for green (707 q/ha) and dry (201 q/ha) fodder yields with 15-20% 

improvement over the check, CSV 21F. 
 Among other lines, FABN 4 was promising for fodder yield (622 q/ha GFY and 173 q/ha DFY). Both FABN 

1 and FABN 4 had high per day fodder productivity compared to CSV 21F. 
 FABN 1 had high early vigour score and good leaf parameters such as more number of long and broad 

leaves 
 FABN 1 had high percent of protein (8.18%) with high protein yield and DDM. 
 FABN 2, FABN 9 and FABN 4 were other lines promising for fodder quality. 
 
Overall conclusions 
 In AVT (SC), the varieties SPV 2128 and SPV 2057 were promising genotypes for green and dry fodder 

yields, per day productivity and fodder quality compared to the checks.  
 The performance of SPV 2057 was found promising over three years in the multi location testing for fodder 

yield and quality. It has good level of tolerance to shoot pests. 
 In IVT (SC), the entry SPV 2186 was the most promising variety for fodder yield, per day productivity and 

quality. SPV 2191 had high level of resistance to shoot pests. 
 In IAHT (MC), the hybrids, SPH 1719 and SPH 1717  recorded more than 10% improvement for both green 

and dry fodder yields over the latest hybrid check, CSH 24MF. Their per day productivity of green and dry 
fodder yields was also high compared to CSH 24MF. Both the hybrids were promising for fodder quality.  

 The hybrids in the advanced testing, SPH 1697 and SPH 1698 recorded more than 5% improvement both 
for green and dry fodder yields over CSH 24MF. 

 In the advanced seed yield trial, the single-cut varieties, SPV 2132 and SPV 2128 were found to yield more 
grain compared to the checks, HC 308 and CSV 21F at all India level. 

 In the trial on evaluation of forage hybrids developed by sharing parental lines, the hybrids FHN 12, FHN 2, 
FHN 4 and FHN 19 were found promising for various fodder yield traits.  

 FHN 2 and FHN 12 were promising for fodder quality parameters. 
 Evaluation of advanced generation progenies of the crosses made across locations showed that one line 

FABN 1 to be most promising for fodder yield and quality. FABN 1 had high percent of protein (8.18%) with 
high protein yield and DDM. 

 FABN 2, FABN 9 and FABN 4 were other lines promising for fodder quality. 
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Shortfalls 
 The suggested plot size was not taken up by many of the centres 
 It is very important to note regenerability score in multi-cut genotypes which is not being taken by some 

centres. 
 Plant population per plot was not given by some centres. 
 
Follow-up for Kharif 2013 
 Promising genotypes from initial trials of both single-cut and multi-cut types will be evaluated in the 

advanced trials during kharif 2013  
 The seed of the hybrids identified to be promising in the common hybrid trial will be produced and the 

hybrids will be evaluated in multilocation trials 

3. Sweet sorghum (AV Umakanth) 
Trial 1: Evaluation of initial and advanced sweet sorghum varieties & hybrids (IASSVHT)-Kharif 2012 

1. Twenty three IASSVHT trial entries comprising 16 varieties, 4 hybrids along with 3 checks (CSV 
24SS, CSV 19SS & CSH 22 SS) were evaluated at 12 locations during Kharif 2012. 

2. SPH 1711 with a flowering of 73 days was significantly early and had 8% superiority for early flowering 
over the check hybrid (79 days) 

3. For total biomass, SPV 2196 was 11% more yielding than CSV 24SS and 18% significantly superior to 
CSV 19SS. It was also promising for fresh stalk yield too. 

4. For grain yield, none of the test hybrids were significantly superior to the check CSH 22SS. Among the 
test varieties The variety SPV 2199 recorded a superiority of 12% over CSV 24SS  

5. With respect to brix content, SPV 2198, SPV 2197, SPV 2135, SPV 2199 and SPV 2206 were 
promising. 

6. For juice yield, the hybrid SPH 1739 and varieties SPV 2196 and SPV 2200 exhibited significant 
superiority over respective checks. 

7. The hybrids SPH 1739 and SPH 1738 and varieties SPV No`s 2196, 2200, 2202, 2197, 2074, 2241, 
2201, 2205, 2195 and 2206 were promising for sugar yields and calculated ethanol yields. 
 

Trial 2: Evaluation of initial and advanced sweet sorghum varieties & hybrids (IASSVHT)-Rabi 2012-13 
1. The check variety CSV 19SS and SPH 1739 were the earliest to flower in the entire trial 
2. SPH 1739 among hybrids and CSV 19SS among varieties were early maturing (107 days). 
3. For total biomass, SPH 1711, SPV 2195 and SPV 2135 were superior to the check varieties 
4. For fresh stalk yields, the hybrid SPH 1739 had a superiority of 12% over the check hybrid. Among 

varieties, SPV 2195 (51%) and SPV 2196 (25%) were superior to the check 
5. For juice brix, SPH 1713 (18%), SPH 1739 (10%), SPV 2195 (34%), SPV 2197 (31%), SPV 2196 

(26%) and SPV 2198 (21%) were promising. 
6. With respect to juice yields, the hybrids SPH 1739 and SPH 1711 and varieties SPV 2195, SPV 2074, 

SPV 2075, SPV 2241, SPV 2196, SPV 2197, SPV 2198 and SPV 2202 were promising. 
7. For total sugar yields and calculated ethanol yields, SPH 1739 and SPH 1711, SPV 2195,  SPV 2197, 

SPV 2198, SPV 2202, SPV 2206 and SPV 2075  
 

Trial 3: Identification of high biomass sorghums for lignocellulosic biofuel traits-Kharif 2012 
1. RSSV-325 and RSSV-351 were promising for total fresh biomass (>60t/ha) 
2. SSV 74 recorded the highest dry biomass of 19.7 t/ha  
 

4. Genetic resource management (M Elangovan) 
Directorate of Sorghum Research (DSR) is one of the National Active Germplasm Sites (NAGS) with the 
responsibility to collect, conserve, evaluate, document, and distribute the sorghum germplasm to the bonafied 
user within the country. The following progress has been made during the reporting period 2012 – 13. 
 
A: Collection / assembling 

 40 acc.  Collected from Khammam District of Andhra Pradesh  
 Landraces - kondaJonna, gaddijonna, punasajonna and pachajonna 
 162 acc. received from other sources  
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B: Characterization / evaluation 
 A total of 70 acc. were preliminary characterized for 39 agro-morphological traits. Trait-wise potential 

germplasm were identified 
 Early flowering (<56 days) (Early – 9 acc.), Plant height (>400cm – 5 acc.), Plant height (<150cm– 3 

acc.), Early maturity (<90Days - 17 acc.), Late maturity (>120 days - 2 acc.), 1000 Grain weight (>19g. 
– 7 acc.), Single panicle yield (>30g – 8acc.) and Number of grains per panicle (>1500 – 12 acc.) 

 
C: Conservation 

 A total of 31,944 accessions were conserved at medium-term storage 
 The maximum contribution was from repatriation material (19,199 acc.) 
 During the reporting period, 202 accessions were added to the MTS as new material  

 
E: Multiplication 

 A total of 588 acc. of indigenous collections and exotic collections are multiplied during rabi (2012 – 
13) 

 Which includes 178 indigenous and 410 exotic germplasm / breeding materials 
 
F: Distribution 

 A total of 22,424 acc. distributed to the bonafied user in the country.  
 70 acc. of new kharif collections were distributed to Deesa and Pantnagar. 

 
G: Registration 

 PVPFRA: Received 29 central / state sorghum varieties PVP certificates so far  
 NBPGR: BRJ 62 and PYPS-2 registered under Institute name (RARS, Dharwad and Palem 

respectively). So far 53 sorghum genetic stocks registered with NBPGR since 2005.   

5. Sorghum agronomy (JS Mishra) 
Field experiments were conducted during kharif 2012 at different AICSIP centres to evaluate the response of 
pre-released sorghum genotypes to fertility levels, and to develop improved agronomic practices for higher 
sorghum productivity and profitability.   
 
1K. Response of advanced/pre-released sorghum genotypes to fertility levels under rainfed conditions: 
Pre-released sorghum genotypes that were promoted to the second year of testing in AVHT under the breeding 
programme were evaluated for their response to fertility [Control (0:0:0), 50% RDF (40:20:20), 75% RDF 
(60:30:30) and 100%RDF (80:40:40 kg NPK/ha)] across the sorghum growing zones of the country. The salient 
findings have been summarized as under (Table 1). 
 

Table 1. Response of promising pre-released sorghum genotypes to fertility levels under rainfed conditions 
S.No. Types of 

sorghum 
Test entries Checks Locations Promising treatments/entries 

1KA. Grain sorghum 
(Zone-I North) 

SPH 1674, 
SPH 1680, 
SPV 2083 

CSH 16, 
CSH 25, 
CSV 23 

 

Udaipur,  SPH 1674 produced 8.69 and 9.56 % higher grain 
yield over CSH 25 and CSH 16, whereas SPH 
1680 was on a par with both the hybrid checks. 
The test variety SPV 2083 was on a par with the 
check CSV 23. SPH 1674 responded significantly 
up to 75% RDF; SPH 1680 up to 100% RDF and 
SPV 2083 up to 50% RDF. 

1KB. Grain sorghum 
 (Zone-I South) 

SPH 1674, 
SPH 1680, 
SPV 2083 

CSH 16, 
CSH 25, 
CSV 23 

Coimbatore, 
Palem 

SPV 2083 responded up to RDF (80:40:40) and 
produced 48-66 % higher grain yield over check, 
CSV 23 at both the locations. Test hybrid, SPH 
1680 was significantly superior to CSH 16 and CSH 
25 at Coimbatore. 

1KC. Grain sorghum 
 (Zone-II) 

SPH 1674, 
SPH 1679, 
SPH 1680, 
SPH 1682 

CSH 16, 
CSH 25 

Surat,  
Indore, 
Parbhani, 
Dharwad 

SPH 1674 (4434 kg/ha) yielded 28% higher grain 
yield over CSH 16 and was on a par with CSH 25. 
Significant response of increasing fertility levels 
was observed up to 100% RDF (80:40:40 kg N, 
P2O5 and K2O/ha). 
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S.No. Types of 
sorghum 

Test entries Checks Locations Promising treatments/entries 

1KE. Sweet sorghum SPV 2074, 
SPV 2075 

CSV 19SS, 
CSH 22SS 

Indore 
Pantnagar, 
Palem 

SPV 2075 recorded significantly higher cane yield 
(22122 kg/ha) but the juice yield (5377 L/ha) was 
lower than that of CSH 22SS (6805 L/ha). Test 
genotypes (SPV 2074 and SPV 2075) were 
significantly superior to CSV 19SS with respect to 
juice yields. 

1KF Forage 
Sorghum 
(Single-cut) 

SPV 2056, 
SPV 2057, 
SPV 2058 

CSV 21F Pantnagar, 
Udaipur 

SPV 2056 (45.9 t/ha), SPV 2057(46.1 t/ha) yielded 
on a par with check CSV 21 F (46.5 t/ha) for green 
fodder. Significant response of increasing fertility 
levels was observed up to 100% RDF. 

 
2 K.  Integrated Nutrient Management in kharif sorghum-chickpea cropping system: A long-term field 
experiment was initiated during 2011-12 at Parbhani, Dharwad, Indore and Udaipur to find out the effect of 
integrated nutrient management practices on yield, economics and soil health in sorghum-chickpea cropping 
system. Treatments consisted of 4 organic sources of nutrients (FYM, Vermicompost, FYM+Vermicompost  
and control) in main plot and 4 levels of fertility through inorganic fertilizers (native fertility, 50% RDF, 75% RDF 
and 100% RDF) in sub-plots. Integration of FYM 2.5t + Vermicompost 1.25 t/ha or Vermicompost 2.5 t/ha alone 
along with 100% RDF gave the maximum grain yields and profits. 
 

3K. Assessing the performance of sorghum genotypes in changing climate (increased sowing window): 
Four sorghum cultivars (CSV 17, CSV 23, CSH 16 and CSH 23) were evaluated for their relative performance 
under varying sowing dates (15 June, 30 June, 15 July and 30th July) at Parbhani, Dharwad, Indore, Surat, and 
Udaipur. Interaction effect between dates of planting and cultivars indicated that the performance of cultivars 
varies with dates of planting at different locations. At Dharwad, Udaipur and Surat, sowing cam be extended up 
to 15th July with appropriate cultivars, whereas at indore, crop should be sown upto 30th June.  
 

4K. Integrated weed management : Weeds are the major deterrent in reducing the productivity and 
profitability of rainfed kharif sorghum. Field experiments were conducted at six locations (Coimbatore, Udaipur, 
Dharwad, Parbhani, Indore, Surat) to find out the effect of integrated weed management practices on weeds, 
yield and economics of grain sorghum. Results revealed that application of atrazine 0.25 kg/ha pre-em fb 2 
HW/interculture at 30 and 45 DAS gave effective control of weeds, higher grain yields and benefits. Among 
herbicidal combinations, atrazine 0.25 kg/ha pre-em fb pendimethalin 0.50 kg/ha at 30 DAS (after first hand 
weeding as pre-emergence between rows- Layby application) was the best option. 
 

5K. Evaluation of sweet sorghum genotypes for single-cut fodder at different nitrogen levels : Sweet 
sorghum being a high biomass producing crop can also be used as high yielding single-cut fodder. Field 
experiments were conducted at Hyderabad, Udaipur, Pantnagar, Dharwad, and Coimbatore to evaluate the 
performance of 7 sweet sorghum genotypes (SSV 84, SSV 74, CSV 19 SS, CSV 24 SS, RSSV 104, RSSV 
167, CSH 22SS) along with HC 308 (popular SC fodder as check) for single-cut fodder with two levels of 
nitrogen (80 and 120 kg/ha). Results revealed CSH 22SS with 120 Kg N/ha produced the maximum green 
fodder yield (59.9 t/ha) which was 7.5 % higher than that of HC 308 on mean basis. At Udaipur ‘SSV 74’ SSV 
84 and ‘CSV 19SS’; at Dharwad, SSV 84 and CSH 22SS; at Coimbatore CSV 22SS and RSSV 167 and at 
Pantnagar, CSH 22SS were the promising sweet sorghum cultivars suitable for single-cut fodder.  

6. Sorghum physiology (SS Rao) 
Evaluation of sixteen sweet sorghum and photperiod-sensitive high biomass sorghum indicated that entries 
SSRG 254 and SSRG 297 were earliest ones for time to flowering. The time to flowering showed significant 
negative (p≤0.01) relationship with quality traits such as juice brix, total soluble sugars. Significantly highest 
fresh and dry biomass was recorded by SSRG200 (59.0 & 38.0% fresh and dry res.) which itself is a durra 
landrace, followed by SSRG 164 (durra), SSRG 214 (guinea). Juice brix content has shown very high positive 
correlations with TSS (r=0.934; p≤0.01). In sugar (0.65 to 2.07 t h-1 ), and ethanol (335 to 1395 L/ha) yields, 
landrace high biomass sorghum germplasm were not superior to improved cultivar such as SSV 74. Durra 
tropical landrace germplasm appears to be critical sources for high biomass production combining drought and 
heat tolerance and can be utilizing in developing high biomass photoperiod-sensitive cultivars aimed at 
lignocellulosic bioethanol production.   
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Assessment of sweet sorghum for post-harvest deterioration under ambient field condition revealed that stalk 
yield declined with increase in storage time with 12.0 % decrease at the end of 5 days (120 h). CSV 19SS 
recorded significantly higher stalk yield than CSV 24SS. Both mean total soluble sugars (TSS) and reducing 
sugars (RS) increased significantly over control by the end of 4 days. Non-reducing sugars (sucrose content) 
decreased as storage time increased. The sucrose content recorded was almost similar until 48 h, while it 
decline by 25.8% by the end of 72 h.  These results suggest that the sugar content in the stalks and their weights 
can be retained up to 2 to 3 days after harvest in the ambient field storage conditions under the mild to moderate 
winter (November) semi-arid tropical climate.  
 

7. Sorghum entomology (VR Bhagwat & G Shyam Prasad) 
Introduction: Genotypes received from AICSIP centers in the from eight trials (AHT-GS & DP, AVT- GS & DP, 
IHT-GS, IVT- GS, IAVT-MC, AVT-SC, IVT-SC and IAVHT-SS) were evaluated for pests for 
resistance/tolerance at the respective hot-pot locations mainly at Coimbatore, Palem, Rahuri, Indore, Surat,  
and Hisar  for stem borer and Dharwad, Akola, Parbhani, Indore, Surat and Udaipur for shoot fly. Total 155 
lines received from AICSIP were evaluated. Other than regular trials, pest specific trials two on shoot fly and 
one on stem borer with a total of 93 lines were developed through team efforts of entomology-breeding-
Germplasm. All the entries were evaluated under artificial condition by placing fish meal for shoot fly 
attractions. Whereas, the lines for stem borer were evaluated under natural conditions except at Hyderabad.  
 
Pest scenario in sorghum: This year there was relatively low rainfall (20-30% deficit) than normal rain fall in 
all most all centers. Due to longer dry spell, the pest incidence was moderate to higher particularly, shoot fly at 
Akola, Parbhani, Dharwad, Indore, Udaipur; and stem borer at Dharwad, Hisar, Surat and Coimbatore. The 
peduncle damage and tunneling damage recorded increase in percent particularly in Parbhani, and 
Coimbatore. Very low incidence of midge (<5%) was recorded in Surat, and Deesa. Among the ear head pests, 
Calocoris angustatus and panicle head worms and Helicoverpa armigera infested sorghum up to 10 %. The 
mite incidence seems to be increasing particularly in south Gujarat. Pyrilla showed its existence in northern 
part particularly in Haryana (<9 %). 
 
Shoot fly (Atherigona soccata, Rond) 
General trend: The shoot fly incidence was moderate to high (30-60%) at Dharwad, Parbhani, Akola, Indore, 
Surat and Udaipur.  
 
Grain and dual purpose sorghum: In AHT-GS&DP and AVT-GS&DP, the DH% range was 27-82%. SPV 2061 
& SPV 2083 recorded low deadhearts % at 28 DAE. 
 
Grain purpose sorghum: In IHT (GS) and IVT (GS), the DH% range was 28-83 SPV 2164, SPV 2165, SPV 
2170, CSV 15 and LC recorded low deadhearts % at 28 DAE. 
 
Forage (multi cut): The shoot fly damage at 28 DAE was from 31 to 83% being an average of 62%. No entry 
was on par with resistant check IS 18551.  
 
Forage (single-cut): In AVT & IVT, the shoot fly damage at 28 DAE was from 31.27-84%. The promising entries 
SPV 2057, SPV 2130 and SPV 2191 recorded low DH and are on par with resistant check.  
 
Sweet sorghum: In IVAHT-SS, the damage range was 29-82 % with an average of 53% at 28 DAE. Overall, 
SPV 2195, SPV 2203, SPV 2204, CSV 19SS recorded low DH and were on par with resistant check.  
 
Northern based dual purpose sorghum (DP-SF): Overall, the damage range was from 35-85% with mean of 
49%.The entries  ICSV 705, LDR 238, P 45, RSE 03,  SUENT 13 were on par with resistant check IS 2312.  
The resistant check recorded 35 % deadhearts at 28 DAE. 
 
Shoot fly resistance nursery: Across the locations, the damage range was from 32-778% with mean of 50%. 
The entries SUENT 9, ICSV 93046, NRCSENT R07-42-3-2, EC 15, POP 52 and EP 96 were on par with 
resistant check IS 18551.  The resistant check recorded 32 % DH at 28 DAE. 
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Spotted stem borer (Chilo partellus, Swinhoe) 
General trend: The stem borer incidence was moderate to high. The highest damage was noticed at Hisar (50 
%). At Coimbatore, Surat, Indore and Hisar, moderate population was observed. The stem tunneling at 
Coimbatore and Parbhani is increasing.   
 
Grain and dual purpose sorghum: In AHT-GS&DP and AVT-GS&DP, the DH% range was 8-22%. Entries SPH 
1674, SPH 1644, Local check and CSV 17 recorded low deadhearts % at 45 DAE.  
  
Grain purpose sorghum: In IHT (GS) and IVT (GS), the DH% range was 7-22. The entries SPH 1723, SPH 
1727, SPH 1728, SPH 1732, SPH 1734, SPH 1736, SPH 1737, CSH 16, CSH 23, SPH 1644, LC and SPV 
2173 recorded low deadhearts % at 45 DAE. 
 
Forage (multi cut): The stem borer damage at 45 DAE was from 9 to 28% being an average of 18%. No entry 
was on par with resistant check IS 2205 except local check.  
 
Forage (single-cut): In AVT & IVT, the shoot fly damage at 45 DAE was from 10-31%. The entries SPV 2185, 
SPV 2189, SPV 2191, CSV 21F and SPV 2211 recorded low DH and are on par with IS 2205.  
 
Sweet sorghum: In IVAHT-SS, the damage range was 17-40 % with an average of 24% at 45 DAE. The sweet 
sorghum genotype SPV 2203 recorded low deadheart %.   
 
Northern based dual purpose sorghum (DP-SB): Overall, the damage range was from 12-24% with mean of 
16%. The genotypes  ICSV 700, ICSV 714, Lawa, P 23, P 41, P 45, PFGS 37, PGN 30,  PGN 39, PGN 4 RED, 
PGN 61 RSE 0 3, RSSV 9, Satpani and SUENT 13 recorded low stem borer damage. 
 
Head bug (Calocoris angustatus): Head bug population density at milk stage and damage rating (1-9) was 
recorded at Palem, Parbhani and Indore. Total 30 entries from all trials were recorded <3 damage rating.  
 
Shoot bug (Peregrinus maidis): Shoot bug damage rating (1-9) was recorded at Parbhani only. Total 22 
entries from all trials were recorded <3 damage rating.  
 
Spider mite Oligonychus indicus (Hirst): The damage rating (1-9) was recorded at Surat only. Total 23 
entries from all trials recorded < 3 damage rating.  
  
Midge (Stenodiplosis sorghicola Coq): No recordable incidence was noticed particularly from Coimbatore, 
Dharwad and Surat. 
 
Sugarcane aphids (Rhophalosiphum maidis): The data on aphid population did not recorded since 
population was inadequate at research station. 
 
Validation of IPM: Some of the AICSIP centers have taken up initiatives for testing new molecules as an 
alternative insecticide to endosulfan. At present, in IPM trial an insecticide, Thiomethoxam (Cruiser) tested as 
seed treatment with or without using conventionally recommended insecticides or botanical like neem seed 
kernel extract and intercropped with redgram or soybean has proved to be cost effective with desirable level of 
pest management. However, more efforts needed to validate IPM at large acreage on the farmer’s field.  
 
Overall conclusions 
1. Dharwad, Parbhani, Rahuri, Akola, Indore, Surat and Udaipur centre may be considered for hot spot for 

shoot fly screening. 
2. Hisar, Coimbatore, Surat and Indore may be considered hot spot for stem borer. 
3. A data on selected and few parameters for targeted pest may be required to study mechanism of 

resistance and correlations for traits.  
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Future work plan- Kharif 2013 
1. Observations on shoot fly should be recorded when deadhearts reaches at 70 % in susceptible check. If it 

is more than 70% insecticidal spray may be applied to protect promising entries. 
2. Dharwad, Parbhani, Akola, Indore, Surat and Udaipur centre may be considered as hot-spot for shoot fly 

screening.  
3. Coimbatore, Dharwad, Parbhani, Palem, Hisar and Surat centre to be considered as hot-spot for testing 

stem borer resistance. 
 
8. Sorghum pathology (IK Das & Ashok V Gadewar) 
Pathology programme for the year 2012-13 consisted of applied as well as basic research components. 
Applied research dealt with multi-location testing of breeding materials for resistance against sorghum diseases 
at hot spot locations. A total 150 sorghum lines consisting of grain, forage and sweet sorghum entries were 
evaluated against panicle and foliar diseases in endemic areas (Palem, Coimbatore, Dharwad, Akola, 
Parbhani, Surat, Udaipur and Pantnagar) spread over three sorghum growing zones. Basic and strategic 
research focused mainly grain mold, anthracnose and emerging pokkah boeng disease.  
 
Disease situations: Among panicle diseases grain mold was predominant in Maharashtra, Karnataka, Andhra 
Pradesh and Gujarat. Sugary disease (ergot) was severe in Tamil Nadu and moderate in Gujarat. Downy 
mildew was noted in low to moderate intensity in Dharwad region. Among foliar diseases anthracnose, leaf 
blight and zonate leaf spot appeared in moderate to severe form in Pantnagar, Udaipur, and Coimbatore. Rust 
was recorded in Dharwad and Udaipur and sporadically in Marathwada region and Tamil Nadu. Sporadic 
incidence of target and grey leaf spots were also noted on in Udaipur, Dharwad and Vidarbha region. In most 
host spots centres disease load was optimum as indicated by appearance of disease severity in susceptible 
checks as well as local checks. Location severity index for various diseases indicated that materials under 
evaluation exhibited presence of some degree of resistance in them against sorghum diseases (except ergot). 
 
Grain mold: Location severity index (LSI) for grain mold assessed over all the trials in the location indicated 
that grain mold pressure was moderate in most of the locations. Grain mold severity ranged from 2.0 to 8.0 with 
mean 3.7 in grain sorghum (AHT,AVT, IHT and IVT), 2.0 to 6.7 with mean 3.2 in forage sorghum (AVT and IVT) 
and 2.0 to 6.3 with mean 3.4 in sweet sorghum (IAVHT). Among advanced grain sorghum entries SPH 
1680(2), SPH 1705, SPV 2061(2), SPV 2083(2), SPV 2114, SPV 2121 and SPV 2122 were moderately 
resistant to grain mold. Most promising entries in initial grain sorghum trials were SPH 1723, SPH 1730, SPH 
1734, SPH 1737, SPV 2164, SPV 2165, SPV 2174, SPV 2175, SPV 2176, SPV 2179 and SPV 2184. 
Promising sweet sorghum entries for grain mold resistance were SPH 1711, SPH 1739, SPV 2074(2), SPV 
2075(2), SPV 2195, SPV 2200, SPV 2201, SPV 2203, SPV 2204, SPV 2205 and SPV 2241. Among forage 
sorghum entries SPV 2058(2), SPV 2127, SPV 2131, SPV 2188, SPV 2192 and SPV 2193 were promising for 
grain mold resistances. 
 
Sugary disease: Four grain sorghum (AHT, AVT, IHT & IVT), one sweet sorghum (IAVHT) and two forage 
sorghum (AVT & IVT) trials were evaluated for sugary disease (ergot) resistance in hot spots. During kharif 
2012 severe incidence appeared in Coimbatore and Surat. Location severity index (LSI) for ergot indicated that 
disease severity was moderate to high in Surat (LSI 5.4) and very high in Coimbatore (LSI 7.3). Ergot severity 
ranged from 3.7 to 7.7 (1 to 9 scale) with mean 6.4 in grain sorghum, 5.5 to 6.8 with mean 6.2 in forage 
sorghum and 5.2 to 7.2 with mean 6.5 in sweet sorghum. Grain sorghum entry SPV 2169 was moderately 
resistant at both locations and SPH 1680(2), SPH 1702, SPH 1703, SPH 1729 and SPH 1730 were moderately 
resistant at Surat location. At Coimbatore location, however, none of the grain, forage, or sweet sorghum 
entries (except SPV 2169 & SPV 2166) was resistant or moderately resistant.  
 
Downy mildew: Seventy-two grain sorghum entries consisting of four trials (AHT, AVT, IHT & IVT) were 
evaluated for downy mildew resistance in endemic locations like Dharwad and Coimbatore. Location severity 
index indicated that ergot severity was low in Dharwad (LSI 5.4%) and sporadic in Coimbatore. In other 
locations including Coimbatore there was no SDM incidence during this season. At Dharwad disease incidence 
ranged from 0% (QL3) to 45.4% (DMS 652) indicating resistant to susceptible disease reactions. Promising 
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entries (<10% SDM) were SPH 1679(2), SPH 1726, SPH 1733, SPH 1727, SPV 2061(2), SPV 2083(2), SPV 
2110, SPV 2164, SPV 2165, SPV 2167, SPV 2170, SPV 2174, SPV 2177, SPV 2179, SPV 2184.  
 

Foliar diseases: Anthracnose, leaf blight and zonate leaf spot remained major foliar diseases during kharif 
2012. Location severity index for foliar diseases suggested that anthracnose severity was moderate at 
Pantnagar and low at Udaipur, Palem, Coimbatore and Surat. Zonate leaf spot was moderate to severe at 
Udaipur, Pantnagar and Coimbatore and low at Dharwad and Surat. Leaf blight was moderate to severe at 
Coimbatore, Palem and Surat and low at Udaipur and Parbhani. Rust severity was moderate at Parbhani and 
low at other locations. Other foliar diseases like target and gray leaf spot in Udaipur and Dharwad and viral 
diseases in Coimbatore was recorded in low to moderate form. Most promising entries for foliar disease 
resistance were as follows; Grain sorghum hybrid- SPH 1680(2), SPH 1682(2), SPH 1705, SPH 1724, SPH 
1730, SPH 1736; varieties- SPV 2061(2), SPV 2083(2), SPV 2122, SPV 2164, SPV 2165, SPV 2177. Forage 
hybrid- SPH 1697, SPH 1714, SPH 1718; varieties- SPV 2058(2), SPV 2056(2), SPV 2127, SPV 2128, SPV 
2131, SPV 2189, SPV 2188, SPV 2211 and sweet sorghum hybrid- SPH 1713; varieties SPV 2201, SPV 2205. 
 

Anthracnose variability: Anthracnose pathogen Colletotrichum graminicola showed wide variability in their 
disease causing ability as revealed by disease reactions of ten isolates on eight sorghum genotypes at hot spot 
location (Pantnagar). Isolates CgT, CgE, CgN and CgS were more virulent on IS 8354 than other genotypes. 
All the isolates could produce susceptible disease reactions only on two genotypes (IS 8354 and IS 3089) but 
not on others. On the other hand, no isolate could produce susceptible disease reactions on CSV 21F. Isolates 
CgA, CgE, CgK and CgN failed to infect on CSV21F at 3 leaf stage but could infect it when inoculated at 6 leaf 
stage, indicating early stage resistance in the varieties. However other all the isolate became more aggressive 
as the plant advanced. 
 

Multiple resistances: Few entries showed resistance to more than two diseases. In grain sorghum combined 
resistance against grain mold and downy mildew, grain mold and ergot and grain mold and foliar diseases are 
required for different growing situations. SPH 1680(2), SPV 2061(2) and SPV 2083(2) were resistant to grain 
mold and downy mildew, SPV 2179, and SPV 2184 were resistant to grain mold, ergot and downy mildew. 
Sweet sorghum variety SPV 2201, and SPV 2205 were resistant to grain mold and foliar diseases 
(anthracnose and zonate leaf spot). In multi-cut forage hybrid SPH SPH 1697, SPH 1718 and SPH 1714 there 
was combined resistance against anthracnose and zonate leaf spot. For forage varieties leaf disease 
resistance is of utmost importance. In SPV 2058(2), SPV 2056(2), SPV 2127, SPV 2128 and SPV 2189 grain 
mold resistance was combined with four major foliar diseases such as anthracnose, leaf blight, zonate and 
target leaf spot.     
 

Publications and recognitions: The group was involved in publishing eleven research articles during 2012 in 
national (9) and foreign journals (2). Pathologist, Udaipur, received JF Dastur memorial lecture award of Indian 
Phytopathological Society. Akola centre received the best poster award in a national symposium. 
 
9. Sorghum nucleus, breeder seed production, MSP, IPR & DUS (AV Umakanth et al.) 
During 2012-13, 352.56 q breeder seed was produced against the BSP-I allocation of 115.29 q.  A total of 982 
kg nucleus seed was produced against the allocation of 687 kg. Farmer participatory seed production was 
taken up to multiply new varieties Viz., CSV 15, CSV 22, CSV 23 CSV 26, SPV 2033, Phule Revati, Phule 
Vasudha, Phule Anuradha and Phule Suchitra for popularization, licensing and commercializing. The centre-
wise allocation for nucleus seed production and tentative allocation for breeder seed production has been 
made for 2013–14 across 15 locations. 
 

One ITMC meeting was organized and discussed issues related to IPR.  One training programme on plant 
variety protection and DUS testing was organized on 22nd March, 2013 which was attended by scientists, 
research scholars and private sector breeders.  Three MoAs were signed to commercialize CSH 24MF.  One 
MoU signed to popularize sorghum valued added products. 
 
A total of 42 candidate varieties were tested for DUS traits in the kharif season and 12 candidate varieties were 
tested in the rabi season along with the corresponding reference varieties. About 104 reference and example 
varieties (varieties / parental lines / hybrids) were maintained during rabi 2012-13 season. 

 
 



 
                                                                                        All India Coordinated Sorghum Improvement Project, Hyderabad 
 
 

 
Report of the AICSIP Coordinating Team-agm13.doc  Page 19 of 91 

 

Summary of AICSIP research achievements - Rabi 2012-13 
 

1. Breeding ­ Grain sorghum (Prabhakar) 
During 2012-13, both basic and applied researches towards improvement of grain sorghum were taken up. 
Applied researches dealt with multi-location yield trials of finished or near finished products (varieties and 
hybrids) from the centers of All India Coordinated Sorghum Improvement Project (AICSIP) and private 
companies. Basic and strategic researches focused on various aspects including new MS and R line 
development, breeding for earliness, drought tolerance, cold tolerance, resistance against key insects and 
diseases etc. Efforts were made to use biotechnological tools as well towards improvement of grain sorghum. 
Efforts were also made to develop inter-institutional hybrids, under which promising MS lines were shared 
across centers and new experimental hybrids were developed, which were tested under multi-location trials. 
 
Multi-location AICSIP trials: During the year 2012-13, the following 5 multi-location yields trials were 
conducted across locations.  
1.  Advanced Varietal and Hybrid Trial-I (Deep soil)  2.  Initial Hybrid Trial (Deep soil)  
3.  Initial Varietal Trial (Deep soil) 4.  Initial Varietal and Hybrid Trial-II (Shallow soil) 
5.  Parental line trial 
 
Advanced Varietal and Hybrid Trial (Deep soil): In this combined trial of varieties and hybrids, 5 varieties 
and 1 hybrid along with 4 checks were evaluated for grain and fodder yield and other agronomic traits (Table 
1). 
 None of the varieties and hybrid was superior to the checks. The variety SPV-2144 (9257 kg/ha) gave 

significantly better fodder yield than the check CSV 22 (7252 kg/ha) and was superior by 27.64 %. Other 
varieties which gave more than 5% fodder yield than the check were SPV-2139 (7699 kg/ha), SPV-2140 
(7668 kg/ha) and SPV-2152 (7655 kg/ha). 

 
Initial Hybrid Trial-I (Deep soil): In this trial of varieties, 7 hybrids along with 3 checks were evaluated for grain 
and fodder yield and other agronomic traits (Table 2). 
 The hybrids SPH-1741, SPH-1746 and SPH-1744 showed superiority both for grain and fodder yield in the 

trial. The hybrids SPH-1741 (2870 kg) and SPH-1742 (2794 kg/ha) were significantly superior to CSH 15R 
(2432 kg/ha) by 18.01% and 14.88%, respectively. The hybrid SPH-1746 (6923 kg/ha) was significantly 
superior to check CSH 15R (5840 kg/ha) by 18.54%. 

 
Initial Varietal Trial (Deep soil): In this trial, 18 varieties along with 3 checks were evaluated for agronomic 
traits (Table 3). 
 The variety SPV-2215 exhibited better grain and fodder yield than the check CSV 22. The varieties SPV-

2215 (2567 kg/ha) and SPV-2217 (2553 kg/ha) were significantly superior to check CSV 22 (2232 kg/ha) 
by 15.0% and 14.4%, respectively. The variety SPV-2224 (7401 kg/ha) was significantly superior to the 
check CSV 22 (6507 kg/ha) by 13.74%. 

 
Initial Varietal and Hybrid Trial-I (Shallow soil): In this combined trial of varieties and hybrids, 11 varieties 
and 1 hybrid along with 5 checks were evaluated for agronomic traits (Table 4). 
 None of the varieties/hybrid was better than the checks Mauli and Phule Anuradha. The varieties SPV-

2239 (4697 kg/ha), SPV-2234 (4637 kg/ha) and SPV-2240 (4604 kg/ha) gave fodder yield better than the 
check Phule Anuradha (4739 kg/ha). 

.  
Parental line trial: A combined (kharif and rabi) parental line trial consisting of 38 parents (14 A lines and 24 R 
lines) was conducted at Nandyal, Parbhani and Hagari (Table 5).  
 There was good synchronization in parental lines (A/R lines) as the A and R lines flowered between 68 to 

72 days. So, they can be sown simultaneously and staggered sowing is not necessary. The high yielding 
CMS lines and R lines were PMS-71A, 185A, PMS-8A,, 104A, SLR-75, SLR-84, SLR-96, RSV-799, C-43, 
AKR-492, AKR-504 and SSV-84. Surprisingly R lines were more potential than CMS lines. 
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Coordinated sorghum breeding research 
 A total of 94 experimental hybrids along with 5 checks (CSH 15R, CSV 22, M 35-1, Phule Vasudha in deep 

soils and CSH 15R, Phule Maulee, M 35-1, Phule Anuradha in shallow soils along with a local check) were 
evaluated at 2 locations (Mohol, Solapur) in shallow soils and at 5 locations (Akola, Bijapur, Dharwad, 
Parbhani and Rahuri) in medium to deep soils.  

 AKR 47 A × RR06-1, AKR 66A × RS 585, 1409A × RSV 1098, AKRMS 66-2A × RSV 1188, SLA 20A × 
SLR 57 and PMS 253A × SLR 68 were superior to CSH 15R for grain and fodder yield in shallow soil. 

 AKR 47 A × RSV 1006, 49A × RS 585, AKR 66A × RSV 1188, AKR 66A × SPV 1830, AKR 66A × RSV 
1704, AKRMS 45A × RSV 962, AKR 66A × RSV 962, AKR 66A × RSV 1209,  AKR 66A × SPV 1546 and 
AKRMS 66-2A × SPV 1359 were superior to CSH 15R for grain yield and fodder yield in medium soil. 

 
Rabi sorghum breeding at DSR 
 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. At 
National level, the variety SPV-1829 exhibited superiority over the checks Mauli and M35-1 for grain and 
fodder yields under shallow soils in multi-location trials of AICSIP from Rabi 2007-08 to 2010-11.  

 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 
M35-1/Mauli and CSV-22  for grain and fodder yields and grain quality with resistance to insect-pests and 
diseases.  

 Selected varieties for shallow-medium soils were SLV-15, 34, 40, 43, 50, 73, 91, 97, 100, 101, 111, 116, 
123 and 135 and for deep soil, the varieties were  SLV-15, 34, 43, 60, 97, 118, 123, 125, 130, 131, 132, 
133, 152, 156, 163, 165.  

 Fifteen new CMS lines (SLA-9, 10, 12, 19, 29, 35, 45, 46, 56, 59, 60, 73, 82, 101 and 150) better than the 
CMS 104A in respect of grain quality with resistance to insect-pests and diseases have been stabilized 
and they are ready for commercial exploitation.  

 B and R line improvement for diversifying genetic base led to selection of 23 B lines out of 62 and 32 R 
lines out of 83 lines with rabi traits. Twelve test hybrids, superior to CSH-15R for grain and fodder yields 
were selected. 

 Selected B lines were SLB-9, 10, 12, 19, 22, 29, 35, 45, 46, 56, 58, 59, 60, 73, 80, 82, 96, 101 124, 125 
and 150.  Selected R lines were SLR-10, 13, 17, 24, 30, 31, 47, 57, 60, 67, 70, 72, 75, 87, 89, 90, 91, 97, 
103, 104, 118, 123, 128, 130, 136, 137, 138, 143, 144, 145, 146, .  

 Promising hybrids were 104 A × SLR-31, 104A × SLR-57, 104A × SLR-70, 104A × SLR-125, 104A × SLR-
67, 104A × SLR-72, 104A × SLR-75, SL-19A × SLR-57, SLA-29 × SLR-124, SLA-150 × SLV-34 and SLA-
46 × SLR-67, SLA-12 × SLR-77, SLA-35 × SLR-67, SLA-19 × SLR-67 and SLA-46 × SLR-70. 

 Improved breeding lines, evaluated for insect-pests and diseases at multi-locations under AICSIP resulted 
in identification of donors for various pests and diseases.  

 Nucleus and Breeder seed production of parental lines (104A, 104B and RS-585) of rabi hybrid CSH-15R 
are produced and the targets are met. Under mega seed project, seed production of rabi varieties namely 
Phule Revati, Phule Vasudha, Phule Anuradha, M35-1, SPV-1829, RS-585 and RS-673, were taken up in 
farmers fields (1.0 acre each).  

 IS 4012, IS 23494, IS 21425, IS 11200, IS 11189, EP 9, IS 23999, IS 23574, IS 27954 and EP 13, the 
varieties CSV 216R, Phule Chitra and Phule Revati, the hybrid BJMS 2A × 960 showed good initial vigour 
and tolerance to cold 

 The germplasm lines 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 greater than 4300 kg/ha of grain yield can be further exploited in 
breeding program. 

 A reference set with 96 genotypes has been created to study moisture stress response. For 10 candidate 
genes a total of 207 SNPs and 83 in-dels have been identified. 

 
Rabi sorghum breeding at AICSIP centers 
 At Bijapur six AICRP trials were allotted and five were conducted successfully. In station Breeding 

evaluation programme three preliminary varietal trials (PVT), one B line trial (BLT), one R line trial (RLT) 
and one MLT were conducted.  A total of 18 lines from PVT, 11 from BLT and 13 from RLT were selected. 
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In station breeding programme, 23 newly derived F6 generation R lines were evaluated and 8 were found 
superior and retained. In B line programme10 lines were found exceedingly superior to checks. In 
conversion programme 10 lines are at BC3 stage. In trait specific breeding programme, 10 families 
belonging to BC2 and BC1F1 were evaluated for drought stress and five were found promising. In the 
breeding for charcoal rot tolerance 23 lines derived from BC2F2 and straight F2 were evaluated and 30 
promising plants were selected. To develop medium dwarf non lodging coupled with CSV216R yielding 
ability 20BC2F3 families were selected. To develop early maturing lines with maldandi yielding ability15 F6 
lines were evaluated and a total of 5 families were selected. A total of 27 F2s with different cross 
combination were grown. Of them a total of 300 plants were selected for different combination of traits. 

 At Dharwad center 4 AICSIP trials, viz., IVT, IHT, AVHT and RIHN trials were conducted apart from 
various station trials. In a Station varietal trial-I, SVD-1221R, SVD-1229R and SVD-1223R recorded higher 
grain yield compared to highest yielding check M35-1. In Station trial-II, SVD-813R, SVD-806R and SVD-
814R were promising with higher grain yield compared to better check M35-1. Two entries viz., SVD-813 
and SVD-814 based on average performance of two seasons, recorded grain yield better than DSV-4. 
Among eleven station hybrids tested along with three checks, SHD-12-3, SHD-12-9 and SHD-12-1 were 
superior compared to better check DSV-4. In another station hybrid trial-II, SHD-2012-20 and SHD-2012-
19 recorded significantly superior grain yield compared to check DSH-4 and both hybrids exhibited 
relatively lower seed mass compared to checks. In trial conducted to know comparative performance of 
latest released varieties at national, state and station advance breeding lines, two of station entries, viz., 
SVD-770R and SVD-768R recorded superior grain yield followed by SPV 1829 compared to highest 
yielding check Annigeri 1 and both advance breeding lines exhibited superior grain mass. Among 
promising local varieties, Barsi zoot  recorded significantly superior  grain yield, and Madabavi local, 
Mudde moti and Ramke local were numerically superior for grain yield compared to a better performing 
check DSV-4. As many as 54 fresh crosses were made for their further advancement in the next season A 
total of 89 selections were made, out of these  25 selections will be evaluated in the form of station trial.              

 At Parbhani under fresh hybridization programme 160 experimental hybrids (F1s) were developed by 
utilizing 18 CMS lines & 21 restorers developed at SRS Parbhani. The special features of parent are good 
combining ability, high grain, fodder yield, superior grain quality, shootfly and terminal drought tolerance. 

 At Rahuri to develop varieties as per soil types, new crossing programme for medium and deep soil has 
been initiated through 7 x 7 half diallel mating system. About 42 crosses has been effected. The F1 to F6 
generations were evaluated and promising IPS were selected. To develop restorer, 15 straight crosses 
was effected. The F1 to F6 generations were evaluated and promising individual plants were selected. To 
develop good combining B lines with round and pearly white grains, six crosses were effected. The F1 to F6 
generations belonging to 42 crosses were evaluated and promising IPS were made. To develop shoot fly 
tolerant donors 9 crosses were made. 138 progenies belonging to 31 crosses were evaluated and 
promising IPS were made. To develop drought tolerant donors 7 crosses were successfully made. 118 
progenies belonging to 25 crosses in F1 to F6 generations were evaluated. Thirty new experimental hybrids 
were developed on newly developed CMS lines viz., RMS 2010-10A, RMS 2010-16A and RMS 2010-24A. 
Rabi CMS 2010-10A&B, RMS 2010-16A&B, RMS 2010-24A&B, 185A&B, 1409A&B, 104A&B, 479A&B 
and 38A&B has been maintained through hand pollination. To develop a variety for high biomass coupled 
with shoot fly tolerance and better juice quality parameters, the 15 straight crosses has been effected. For 
this trait segregating progenies belonging to 67 crosses in different generations have been evaluated and 
promising lines have been selected. The center has also developed 22 sweet sorghum experimental 
hybrids. University level multi-location trial conducted on Shallow, medium, deep and alternate uses under 
rainfed situation at 4 locations. Besides 11 sets of Station varietal trial were conducted under rainfed 
situation at Rahuri. Two sets of Station Hybrid trial were also conducted. All the 7 allotted AICSIP trials 
were conducted successfully. Nucleus and breeder seed of 15 varieties were taken up. Two students are 
working on sorghum breeding and the center organized 4 trainings. 

 At Tandur for development of lines with shoot fly resistance, a total of 24 crosses were evaluated in F3, F4, 
F5 and F6 generations and single plant selections were made up to F5 generation and 12 families were 
selected in F6 generation. For development of lines with Agronomic superiority and good grain quality, a 
total of 115 crosses were evaluated in F3, F4, F5 and F6 generations and single plant selections were made 
upto F5 generation and 16 families were selected in F6 generation. The uniform families will be evaluated 
in PYT of next season. Twelve entries tested along with Phule vasudha as check in PYT. Out of those, 
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SVT 42 (2697 kg/ha) was found superior to check (2148 kg/ha) in terms of grain yield. Three trials (IVT-
DS, IHT-DS and AVHT-DS) in breeding and two trials (PET and ADAG) in physiology were successfully 
conducted besides one germplasm trial comprising of 500 entries. 

 
Publications: Eighteen research publications, exclusively on rabi grain sorghum have been published during 
the period. 
 
2. Sorghum agronomy (JS Mishra) 
Field experiments were conducted during rabi 2012-13 at different AICSIP centres to develop agronomic 
practices for higher sorghum productivity and profitability.   
 
1R. Enhancement of kharif-fallow rabi sorghum productivity through in-situ moisture conservation: 
Compartmental bunding during kharif season followed by flat sowing of rabi sorghum was the most productive 
and cost-effective. It gave 33.6% higher grain yield than that of flat sowing, conserved more soil moisture and 
gave highest net returns (Rs 45,173/ha) and B: ratio (2.63). 
 
2R. Integrated nutrient management in rabi sorghum: Green manurig with Dhaincha during kharif season 
with application of 60 kg N/ha in rabi sorghum gave maximum grain yield (3563 kg/ha) and net returns (Rs. 
49478/ha) in rabi sorghum. 
 
3R. Scheduling of irrigation in rabi sorghum: For maximum yield of rabi sorghum, it should be irrigated 
thrice at 35, 55 and 75 days after sowing. However, in case of 2 irrigations, it should be given at 55 and 75 
DAS and if only one irrigation is available, it should be applied at 55 DAS. 
 
4R. Assessing the performance of sorghum genotypes with increased sowing window: Interaction effect 
between dates of planting and cultivars indicated that the performance of cultivars varies with dates of planting 
at different locations. At Parbhani, sowing cam be extended up to first week of October whereas at Tandur, first 
week to 1st week of October was better. At Rahuri and Solapur, 3rd week of Sep sowing was found optimum. 
Compared to other varieties, P. Vasudha and P. Revati were more suitable even under delayed sowing.  
 
5R. Evaluation of plantozyme and plantogranules in rabi sorghum: Foliar spraying of plantozyme @2ml/l 
water at 35 and 60 days after sowing significantly increased (16.7% increase) the grain yield of rabi sorghum 
compared to RDF alone. 
 
6R . Effect of INM practices of kharif sorghum on yield of subsequent chickpea in sorghum-chickpea 
system: Application of FYM @ 2.5t/ha + vermicompost 1.25 t/ha in combination with 100%RDF to preceding 
sorghum recorded the maximum chickpea yield (1715 kg/ha).  
 
3. Sorghum physiology (SS Rao) 
Trial 1R:  Preliminary evaluation of diverse germplasm for rabi adaptation:  Forty-eight durra landraces rabi 
sorghum germplasm along with three checks were evaluated at Parbhani, Tandur, Bijapur, Solapur and Rahuri.  
Entries Honawad, Pathari local, RSV-1458 and  Bidar local  had shown high SPAD values (54.6-59.3) than check 
Phule Chitra . Entry Halyal local maintained high photosynthesis combining high canopy temperature depression 
indicating its water conservation efficiency in stored soil moisture stress condition.  RWC had shown significant 
positive relationship with stomatal conductance at flowering (r=0.290; P0.05). High biomass yields were 
recorded by Pathari local, Mundewadi local, Khadkat local, and Kavalagudda mungaru.  Biomass has shown 
significant positive relationship with 1000- seed weight (r=0.382; P0.05). Landraces germplasm which gave 
higher yield across locations include Patoda local (27%), Kavalagudda local (24%), RSV 1426 (21%) Tikota 
(19%) and Nimbodi local (16% more) than best check CSV22R.  
 
Trial 2(M) & 3(S): Evaluation of advanced rabi sorghum entries for drought adaptation in medium in 
medium and shallow soils:  Sixteen advanced rabi-adapted sorghum entries along with three checks were 
phenotyped in both medium (≤75 cm soil depth) and shallow soils (45 cm soil depth) at Bijapur, Parbhani, 
Rahuri, Solapur and Tandur. Entries BJV 116 (0. 351), RSV 1420 (0.464) and CRS 19 (0.554) showed less 
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drought susceptibility index (DSI) means more plant height stability under drought than checks. The relationship 
of days to flowering with plant height was significantly positive (r=0.537, 0.582; P0.05 in medium and shallow 
soil, res.) in both the soil depths. Higher biomass at physiological maturity showed positive correlation (r=0.598; 
P0.05) with grain yield in shallow soil stress conditions.      
 
Entries CRS 20, BJV 114, and BJV 116 recorded high crop water status than checks especially in shallow soil 
stress condition.  The mean SPAD units varied from 48.3 to 55.6 in medium and 40.0 to 46.7 in shallow soil.  
Higher SPAD units (more leaf staygreen) resulted in realization of higher 1000-seed weight as could be seen 
from significant positive relationship between the two (r=-0.549; and 0.523; P0.05, in medium and shallow soil 
res.).   Entries BJV116, BJV 103 and Phule Anuradha showed higher Photosynthesis (Pn) rate in shallow stress 
than medium.  Pn rate had shown significant positive correlation with stomatal conductance (r=0.503; P0.05 in 
medium soil).  Superior entries for stover yields are BJV 83 in medium soil and RSV 1098 in shallow soil.  In 
Entries stable for stover yield across soil depths in terms of DSI include BJV 103, RSV1420 and RSV 1098.  
 
Mean grain yield ranged from 1818 to 2230 kg ha-1 and 1219 to 1706 kg ha-1  in medium and shallow soil, 
respectively.  In medium soils, none was significantly superior to check Phlue Chitra, while RSV 1098 and MSV 
71 were on par with check. On the contrary, none was superior to check M35-1 in shallow soils. Mean grain yield 
reduced by 26.2 % in shallow soils over medium with a range observed was between 4.2 and 43.9%. In terms of 
DSI for grain yields, check M35-1 itself was stable (DSI=0.162). Interestingly, entries recorded low DSI for both 
grain and stover yields than means more stable were BJV 103 and RSV1420.  
 
Trial 4 R and 4 Irrg: Evaluation of sorghum plant types for root characteristics: Thirteen advanced rabi 
sorghum genotypes including checks were characterized for root and shoot traits that contribute survival under 
flowering and postflowering drought and heat stress.  Mean plant height, decreased by 15.0 % in rainfed  than 
irrigated.   Mean RWC, SPAD and Pn rate declined by 4.5, 11.3 and 12.5% due moisture stress than control. 
CRS19 and RSV1410 have showed no reduction in above traits due to stress and were more stable than check.  
 
Mean root length at physiological maturity under rainfed condition varied from 64 to 108 cm/plant.  CSV22R and 
RSV 1429 were stable in stress condition. Root number per plant at maturity varied in 22 to 46 and 43 to 78, 
respectively in rainfed and irrigated conditions. Interestingly, RSV1410 recorded higher root number in rainfed 
conditions than check. Root mass declined by 61.0 % (range: 25-71 g/plant) due to moisture stress than 
irrigated. BJV83 alone recorded significantly superior (P0.05) root mass in drought stress conditions.  
 
4. Sorghum entomology (VR Bhagwat, & G Shyam Prasad) 
Introduction: In collaboration with AICSIP, total 189 genotypes received from nine trials (AVHT-DS, IHT-SS, 
IVT-DS, IVHT-SS, SFR-F7, Local checks, B & R lines, IASFN and NGSN), one trial on aphid evaluation from 
DSR, two trials from ICRISAT (shoot fly and aphids nursery) were evaluated mainly for shoot fly, stem borer, 
sugarcane aphids and shoot bugs for resistance/tolerance at respective hot spot locations; Kovilpatti, Dharwad, 
Bijapur, Rahuri, Parbhani, Tandur, Hyderabad and Solapur. All the entries were evaluated under artificial 
condition by placing fish meal for shoot fly attractions. Whereas, the lines for stem borer were evaluated under 
natural conditions.  
 
Pest scenario in sorghum: In Rabi sorghum, shoot fly (Atherigona soccata Rond.) is a major biotic constraint 
followed by the stem borer (Chilo partellus Swin.), sugarcane aphid (Melanaphis sacchari Zehntner), and shoot 
bug (Peregrinus maidis Ashm.). They often occur sequentially or together. In most of the parts there were 
inadequate rains during Kharif (20-30 % deficit)  as a results, Rabi crop suffered due to moisture stress. In 
Kovilpatti region, a very low infestation of shoot fly (< 4.65 %) and leaf damage due to stem borer up to 4-5 % 
were recorded. Midge incidence was moderate (5-8%) but low on K-8 (local variety). Very low population of 
head bug and shoot bug were noticed. In Dharwad region, the key pest was shoot fly (32% deadhearts). The 
populations of stem borer, head bug, shoot bug, aphids, ear head were very low (<3%). In Bijapur area, mostly, 
M-35-1 was grown as a sole crop. The shoot fly incidence was moderate to severe (2-48%), stem borer (11%). 
Shoot bug damage was recorded about 10-38%.  Aphid damage was recorded up to 90%. Coccinellids were 
observed in the month of January in some of farmer’s field. In western Maharashtra, shoot fly was moderate to 
high (~ 27%. Very low incidence (<3%) of stem borer, aphid (50-60 aphids/leaf), and recorded up to 7-8 
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damage rating.  The presence of Coccinella was sporadic in four fields (3-5/leaf). In Marathwada region, about 
60 % crop was intercropped with safflower in Parbhani district. The incidence of shoot fly (8-25 %), stem borer 
(>7%), shoot bug (< 5%) were recorded. The incidences of Pyrilla was noticed but in meager population. 
Intercropping with safflower did not affect the incidence of shoot fly and stem borer. In Vidarbha region, the 
shoot fly incidence was moderate (<12%), stem borer particularly peduncle damage was recorded up to 10%. 
Aphids (30 aphids/leaf) was recorded where sorghum was late grown near wheat farm.  
 
Shoot fly (Atherigona soccata, Rond): General trend: The shoot fly incidence recorded moderate to high 
(20-88%) at Dharwad, Parbhani, Rahuri and Solapur when evaluated under artificial conditions.  
 
Advanced varietal & hybrids trials (DS): In AVHT-DS trial, very few of the test entries SPV 2140, SPV 2144, 
CSH 15R, CSV 22, Local check found on par with  resistant check IS 18551. The range was of deadhearts at 
28 DAE was from 27.2 to 79.7%.  
 
Initial hybrids and Initial varietal trial (DS & SS): In IHT-DS & IVT –DS trials SPH 1744, SPH 1746, SPVs 2212, 
2213, 2221, 2225, 2228, 2229, CSH 15R and CSV 22 recorded notable low damage due to shoot fly at 28 
DAE. The range was of deadhearts at 28 DAE was from 23 to 85 %. In IVHT (SS) trial the range was of 
deadhearts at 28 DAE was from 22 to 87 %. SPV 2235, Phule Anuradha and Local check recorded low 
deadhearts. 
 

Germplasm, local checks, B & R lines and IASFN: The promising ones are SLB 72, RSE 1003, RSV 1410, 
RSV 1507, RSV 1315, NRCSFPR09-3, RSV 1506, RSV 1587 and RSE 03 CSV 2, CSV 216R and M -35-1. 
From germplasm trials EP 31, EP 82, EP 100, EP 120, PEC 6, NSJB 6596, NSJB 6629 and SEB 12017 
recorded low shoot fly dead hearts. The range was 21 to 87%. 
 
SFR (F7) progenies: The promising progenies that recorded low deadhearts are EC 19 x EP 133-2-3, SSV 84 x 
POP 52-3-1, EC 12 x EP 133-5-2, CSV 22 x EC 12-4-1 and (PEC 1 x LGK local) x EC 19-6-2. 
 
Overall conclusions: The three years data of shoot fly revealed that Dharwad, Parbhani, Rahuri centre may 
be considered for hot spot for shoot fly screening, further thee is a need to record the data on plant stand, plant 
height, days to flowering, effective tillering to interpret the findings in a more effective way. 
 
Spotted stem borer (Chilo partellus, Swinhoe) 
General trend: The stem borer incidence particularly deadhearts % was low. The stem borer damages were 
recorded at Kovilpatti, Tandur, Rahuri, Bijapur, Parbhani and Solapur. Stem tunneling was very high in 
Kovilpatti (up to 80%). 
 
Hybrids and varietal trial (DS & SS): The overall mean of DH % due to stem borer at 45 DAE was 9.4 %. 
Whereas the mean peduncle damage and stem tunneling was 40.0% and 48% respectively.  The test entry 
SPVs 2152, 2144, 2213, 2221, 2225, SPH 1743, SPH 1746, CSH 15R, CSV 22, TAM 428 and Y 75 recorded 
low deadhearts % at 45 DAE. In IVHT (SS) trial the entries SPV 2234, SPV 2231, SPV 2237, Maulee and 
Phule Anuradha recorded low deadhearts%. 
 
B & R lines and local checks trial: In B & R lines :SLB 54, SLB 55, SLB 56, SLB 59, SLR 70, SLR 71,  SLR 72 
and in local check trial: Maulee, P. Anuradha, Parbhani Moti had shown low stem borer deadhearts%.   
 
Overall conclusions: Moderate to high incidence of stem tunneling due to stem borer. However, there is a 
need to develop and identify improved resistance sources for stem borer. The peduncle damage needs to be 
studied at Parbhani and Kovilpatti.   
 
Head bug (Calocoris angustatus): Head bug damage rating at milk stage was recorded in Kovilpatti. The 
damage range was from 1-4.8 in the scale of 1-9 averaging 4.5. The entries that showed promises in IAVHT 
and B& R lines trials are: DJ 6514, SPH 1742, SPH 1748, SPV 2222, LC, K-8, SPV 2231, SPV 2232, SPV 
2233, SPV 2234, Maulee, IS 2205, IS 18551 and DSV 4. 
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Sugarcane aphids (Rhophalosiphum maidis): The data on aphid damage rating (1-9) was recorded at 
Bijapur and Rahuri. The range was from 2.3 to 7.0 with an average of 4.7 damage rating. The entries that 
recorded low aphid damage rating in different trials are : SPV 2144, SPV 2224, SPV 2226, SPV 2235, SPV 
2236 and SPV 2230, SEB 12017, EA 11, SPV 2224, SPV 2226, CSV 22, SPV 2144, SPV 2235, SPV 2236 and 
SPV 2230, SLR 71, SSV 84, EC 15 x EP 57-6-1, Local check, CSV 15 and EC 12 X EP 133-5-2, SEB 12017, 
EA 11, SLR 71, SSV 84, EC 15 x EP 57-6-1, Local check, CSV 15 and EC 12 X EP 133-5-2. In aphid and 
shoot bug nursery trial, SLB 19, SLB 77, SLB 79, SLB 80, C 43, KR 191, KR 196 and long SPS 43 recorded 
aphid damage up to 3 in the scale of 1-9. 
 
Shoot bug (Peregrines maidis, Ashmead): The shoot bug damage rating was observed from 1.0 to 4.0 with 
an average of 2.5 in the scale of 1-9. The entries TAM 428, SPH 1721, SPH 1742, SPH 1741, SPH 1744, IS 
18551, SPV 2217, SPV 2218, SPV 2228, SPH 1747, SPV 2232, SPV 2234, CSH 15R, TAM 428, Hathi kuntha, 
Y 75, Maulee, and DJ 6514 recorded low shoot bug damage (<2) in breeding trials. In SFR F7 trial, LG 
Khumbari local, EC 12 x POP 52-3-1, EC 12, EC 19 x EP 133-2-3, EP 133 and (PEC 1 x LGK Local x EC 15-7-
1 were recorded <2 3 damage rating. In aphid and shoot bug nursery trial, SLB 10, SLB 19, SLB 50, SLB 79, 
SLR 30, and KR 196 recorded low damage due to shoot bug (<3). 
 
Midge (Stenodiplosis sorghicola Coq): Some of the entries in Initial and Advanced Varietal Hybrid trials, 
recorded midge damages at milky stage in Kovilpatti. The damage rating (1-9) range was varied from 1.0 to 7.0 
average being 3.9. The entries that recorded low damage rating  are K-8, SPH 1746,  SPVs 2220, 2230, 2235, 
2239, CSH 15R, M 35-1, P. Anuradha, LC, TAM 428, IS 18551, IS 2205, DJ 6514, K-8 and Maulee. 
 
ICAR-ICRISAT Collaborative trials: Two trials each one shoot fly and aphid resistance nursery received from 
ICRISAT for evaluation at Solapur. The low deadhearts  (<30%) due to shoot fly recorded in  ICSB 432, ICSB 
435, ICSB 463, ICSV 700,ICSV 93046, IS 5480,  M 35-1 Tan bulk,  RSV 1090. Whereas in another trial TAM 
428, ICSB 323, ICSV 12004, RSV 1211, RSV 1338, RSV 40617 and RSV 40615 recorded <3 damage rating 
due to aphid. 
 
Validation of IPM: Validation of IPM modules was studied at three locations: Kovilpatti, Bijapur and Tandur. In 
the Integrated pest management trials, use of organics (Vermicompost @ 7.5 q/ha, application of deoiled neem 
cake @ 6.25 q/ha and growing sole crop with seed treatment (Thiomethoxam 70 WS (@ 3 g/kg of seed) 
emerged as best treatments at Kovilpatti, Bijapur and Tandur. Although there were no significant differences in 
treatments, implying that these trials need to be undertaken with limited treatments over large areas in coming 
to draw meaningful conclusions. While at Parbhani, on-farm testing on one acre area was conducted. The seed 
treatment with thiamethoxam 35 FS @ 6ml/kg per plot recorded 5.60 q/ha grain yield and 19.2 q/ha fodder 
yield. Non IPM plot recorded 4.45 q/ha grain yield and 16.8 q/ha of fodder yield. There was 20.5% increase in 
grain yield over non-IPM plot and there was 12.5% increase in fodder yield. 
 
Looking ahead: There is a need to repetition of conducting large scale trials on IPM at farmer’s field through 
on-farm testing trials at Bijapur, Tandur and Kovilpatti. 
 
Future work plan Rabi 2012-13: 
 Germplasm may be evaluated at hot spot locations to identify improved sources for major pests through 

collaborative efforts. 
 Shoot fly: Dharwad, Parbhani, Solapur, and Rahuri centre may be considered as hot-spot for shoot fly 

screening. Observations on shoot fly should be recorded when deadhearts reaches at 70 % in susceptible 
check.  

 Stem borer: Kovilpatti, Bijapur and Parbhani centre to be considered as hot-spot for testing stem borer 
resistance. 

 Aphid/shoot bug: For aphid and shoot bug, Rahuri, Bijapur and Solapur may be considered.  
 Midge:  It is not regular pest but incidences recorded occasionally at Dharwad, and Kovilpatti. These 

centers may be considered as testing spots for midge. 
 Biopesticides/new molecules: Evaluating of bio-pesticides and new molecules may be taken up on 

payment basis for conducting in-door and out-door trials. 
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 Large scale IPM: Large scale IPM trials through on-farm testing (OFT) at Bijapur, Tandur and Kovilpatti 
need to be conducted. 

 
5. Sorghum pathology (IK Das & Ashok V Gadewar) 
Disease situation: Rabi season during 2012-13 was overall dry with scanty rainfall. Maharashtra region faced 
severe drought that amounted to crop failure in many places. Apart from sporadic incidences of leaf spots foliar 
diseases were negligible this year. However, charcoal rot and lodging incidence was quite high in Solapur and 
low to moderate in Parbhani and Dharwad. Incidence of charcoal rot ranged 10 - 50% around Solapur, 5-20% 
around Parbhani & 45-50% in Dharwad. Rust and downy mildew incidences were noted only in Dharwad 
region. Rust incidences ranged from 2-4 score in farmers field and as well as in research plots. The downy 
mildew incidence ranged from 0-12% with mean incidence of 9.5% where as in research station trails, the maxi 
incidence up to 12.9%. Overall diseases incidence was low to moderate during rabi due to less rainfall and 
rainy days in comparison to last year. 
 
Multi-locations varietal and hybrid trials 
Charcoal rot: Forty-three rabi sorghum varieties and hybrids (AVHT, IHT, IVT, IVHT) were evaluated for 
charcoal rot resistance in hot spot locations in Maharashtra and Karnataka. Disease incidence ranged from low 
to high (up to 70%). Promising entries for CR resistance in deep soil were SPV 2221, SPV 2222, SPV 2214, 
SPV 2220, SPV 2215, SPV 2229, SPV 2213, SPV 2225, SPV 2144 and SPH 1745 (<25% CR, and <12.5 cm 
lesion length). The entries SPV 2234 and SPV 2236 performed well in shallow soil. 
 
Other diseases: Among other diseases downy mildew and rust was noted in Dharwad region. Because of dry 
season foliar diseases incidence was low and sporadic. Downy mildew ranged from 1.0 to 15% and most of the 
entries were resistant to SDM. Rust incidence was low to moderate [range 2.0 to 4.0] and none of the entries 
recorded susceptible reaction. 
 
Management of charcoal rot: Replicated field trials on management of charcoal rot through seed & soil 
treatments (M35-1) were laid at Solapur during Rabi 2012-13. There were seven treatments including 
fungicides and organic materials with four replications in M. phaseolina sick plot. Observations were recorded 
on CR incidence, severity (nodes crossed by Mp, length of Mp infection in stem), grain yield and fodder yield. 
Treatments were significantly different for lesion length and fodder yield. Application of FYM reduced lesion 
length whereas that with FYM + BP (1:4) increased lesion length. Other treatments were at par with the control. 
Highest fodder yield was recorded on FYM treatment (8227 kg/ha) and lowest on Ash treatment (6809 kg/ha).   
 
Pokkah boeng studies: Koch’s postulates were studied previously on disease samples collected from 
symptomatic plants. All the isolates that passed the Koch’s postulates were Fusarium species. To produce the 
disease artificially three different inoculation methods were evaluated. Analysis revealed that injection of spore 
suspension into the basal stalk was found to be the most efficient method for artificial disease development. 
 
6. Front­line demonstrations (Rajendra R Chapke) 
During rabi 2012-13, 295 frontline demonstrations (FLDs) on sorghum were organized in seven districts across 
the three different sorghum growing states viz., Maharashtra, Karnataka and Andhra Pradesh. Latest sorghum 
varieties viz., CSV 22R, CSV 18R, Phule Vasuda, Phule Suchitra, Phule Revati, PKV Kranti, Parbhani Moti and 
M 35-1  were demonstrated along with locally popular  cultivar as a check in farmers’ fields at different 
locations. 
 
The demonstrated sorghum varieties gave 15 per cent higher grain and 67 per cent stover yields than the local 
checks. On an average, the demonstrated varieties could earn net returns of Rs.25,477/- on the cost of 
Rs.13,906/- per ha, which is  97 per cent more than the local check. 
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Report on monitoring of AICSIP trials - Kharif 2012 
 
 
Introduction: Kharif 2012 AICSIP trials were monitored during September to October, 2012. Twenty three 
AICSIP and voluntary centers were monitored by DSR and AICSIP scientists for proper conduct of the trials, 
monitoring biotic and abiotic stresses and other relevant issues. Composition of the monitoring team and their 
dates of visit are presented in Table 1. 
 
Table 1. Details of the monitoring teams for AICSIP trials during kharif 2012 
Center Team members Date 
Palem Sujay Rakshit, R Kalpana, AV Gadewar and K Srinivas Babu Sep. 11, 2012 
Coimbatore  SS Rao, GR Bhanderi and P Sujathamma Oct. 8-9, 2012 
Dharwad G Shyam Prasad, TGN Rao, C udhakar and ST Kajidoni Oct. 01, 2012 
Mandya Aruna C, MV Nagesh Kumar and Shekharappa Sep. 01, 2012 
Solapur, Phaltan and Rahuri AV Umakanth, Amir Basha and Shivani Sep. 24-26, 2012 
Badnapur, Sonathpur, Nanded, 
Parbhani, Buldhana & Akola 

VR Bhagwat, ND Modi, ZN Patel and R Shankarpandian Oct 16-20, 2012 

Mangrol, Surat, Deesa, Udaipur JS Mishra, Hariprasanna K and YD Narayana Oct. 8-12, 2012 
Mauranipur, Jhansi, Pantnagar B. Venkatesh Bhat and RK Chaudhary Sep. 23-26, 2012 
Hisar, Ludhiana, Meerut HS Talwar, Pushpinder Singh, PK Shortria and DB Pawar Oct 1-3, 2012 

 
The monitoring reams visited the respective centers and submitted their reports, which have been summarized 
center-wise below:  
 
1. PALEM 
General observation: The center has received 92.8 mm rainfall during the cropping season and the number of 
rainy days was 27. 
 

Breeding 
 Center has conducted five breeding trials, 7 pathology trials, 

9 entomology trials and 4 agronomy trials. Thus, all the 
allotted trials were conducted. Quality of execution of trials 
was very good. 

 Entries in grain sorghum trials (AHT GS, IHT GS, AVT GS & 
IVT GS) were at grain filling stage. Expression in all entries 
was very good.  

 In AHT entry nos. 1021, 1024, 1026 were very good, while 
1001, 1003, 1006, 1008, 1011, 1042, 1043, 1046, 1048 & 
1049 were good. Some early entries were 1010, 1032, 
1050. Some inferior entries in AHT GS were 1007, 1027, 
1047 and 1050. 1007, 1027, 1023 and 1047 showed 
variation. 1005 and 1025 recorded problem in seed setting.  

 Entries in AVT GS were in general tall. Entry no. 2007 was early and good. Other good entries were 2003, 
2005, 2006, 2009, 2021, 2023, 2028, 2030, 2041, 2044 & 2047. 2007, 2025 & 2049 were early. Variation 
was recorded in 2008, 2027 and 2046. Entries in IVT were also tall.  

 Majority of entries in IHT GS were good. Best entries were 3015 & 3045. Entry nos. 3002, 3062 had loose 
panicle, while 3065 was not uniform. 3003, 3008, 3019, 3048, 3071 were early. 3022 & 3032 appeared to 
be grain mold tolerant.  

 Promising entries in IVT were 4001, 4004, 4009, 4011, 4014, 4012, 4023, 4033, 4031, 4034-36, 4041, 
4043, 4046, 4049, 4061-62, 4064, 4069, 4071, 4077, 4078-79, 4080-82.  

 Entries in IAVHTSS were in soft dough stage. All entries recorded severe incidence of leaf blight and rust. 
 Besides the allotted ACSIP breeding trials they had 7 station programmes, viz., Development of high 

yielding dual purpose varieties, Evaluation of pre-release sorghum varieties (initial & advanced), 
Maintenance & evaluation of yellow pericarp sorghum germplasm, Maintenance of grain mold resistant 
sorghum germplasm, Maintenance of sweet sorghum germplasm and Maintenance of drought tolerant 

 
Monitoring team interacting with center in-

charge (Palem) 
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germplasm. In IVT dual purpose programme 17 entries were tested in 3 replications and promising entries 
were PSVGS - 306, 320, 313, 314, 316-18. AVT dual purpose trial had 10 entries and promising onces 
were PSVGS – 106-6, 112-13. 29 yellow pericarp sorghum lines are being maintained and promising are 
YPS – 2, 9, 13 & 21. They are maintianng 14 AB and 12 R lines, few of which they consider grain mold 
tolerant. The claim needs to be confirmed under artificial inoculation. Towards drought they have shown 
three promising lines, which needs to be further ascertained. 

 

Pathology 
 Management of pathology trial was very good. In IVT GS foliar disease was not severe. Incidence of GM 

was not recorded in test lines either because some entries were late in grain formation. Rust and leaf blight 
were common in all entries of IAVHT SS. Incidence of leaf blight and anthracnose was common in IHT GS 
& AHT GS, while anthracnose, leaf blight and rust were common in IVT SC, AVT GS & AVT SC trials. GM 
was seen in all the susceptible check i.e. bulk Y in all the trials.  

 

Entomology 
 Among entomology trials promising entries in AHT GS are 1009, 1011, 1004, 1024, 1025, 1027, 1031, 

1041, 1043 & 1047. Similarly, in AVT GS promising ones were 2008, 2005, 2007, 2030, 2027, 2025, 2048, 
2049 & 2046. Entry nos. 3012, 3005, 3009, 3047, 3049, 3066, 3078 & 3071 were good in IHT GS. IAVHT 
MC promising entries were 5009, 5006, 5011, 5031, 5030, 5021, 5045, 5047 & 5050. Entries 6002, 6005, 
6007, 6025, 6023, 6026, 6042, 6047 & 6048 found good in AVT SC, while 4012, 4017, 4047, 4033, 4038, 
4062, 4065-66 were good in IVT GS. In IVT SC good entries were 8003, 8007, 8013, 8027, 8032, 8033 & 
8045. 7014, 7018, 7023, 7032, 7039, 7052, 7076, 7077, 7079 were good in IAVHT SS. SFBN (F7-8) 
nursery 1007, 1013, 1018, 2002, 2019, 2029, 3009, 3013 & 3031 found to be promising.  

 

Agronomy 
 In agronomy experiment Soil clustering problem was recorded in 1KB and 1KE trials. SPH 1680 performed 

best in 1KB, while SPV 2074 and 2075 performed better in 1KE trial. Crop stand was poor in trial 3K as 
well as 4K. 

 

FLDs and other activities 
 Visited the field of Sri K.Gurubhagawan Reddy of Vasanthapur to study the performance of sorghum under 

drip irrigation. The farmer informed that by adopting early sowing with two supplementary irrigations at 
critical stages, he could get good plant stand, healthy crop, escaping shoot pests and grain mold 
incidence. The farmer was expecting an yield of 20.0 quintals/acre.  

 The center conducted 66 demonstrations under Tribal Sub Plan during Kharif 2012 to popularize high 
yielding sorghum varieties (PSV-56 and CSV-15) and improved production technology. All the 66 
demonstrations of TSP were implemented in the surrounding villages of RARS, Palem. The team visited 
the demonstration fields of beneficiary farmers, viz., M.Munya of Marikal Thanda; Katravath Bichya & 
Katravath Bajya of Dokku Thanda; Nenavath Somla and Vajya Ramja of Bolghatpally. During the visit, the 
team observed that the farmers have cultivated improved varieties PSV-56 and CSV-15, along with local 
yellow pericarp sorghum. Performance of improved sorghum varieties PSV-56 and CSV-15 was very 
encouraging and farmers were happy. 

 

Suggestions 
 Agronomy trial was sown in a very poor soil. In future care must be taken so that the treatments in different 

discipline receive proper soil condition. 
 Center needs to take initiative to register promising yellow sorghum lines. 
 
2. COIMBATORE 
Main observations: The team visited and evaluated all the trials in Breeding, Agronomy, Pathology and 
Entomology disciplines. Plantings were made on 03rd and 20 July 2012in breeding grain, forage sorghum, 
sweet sorghum, SYT; July 20 & 26 (Entomology); July 17, (Agronomy); August 10 (pathology). The rainfall 
received during June to August end was just 43 mm as against a normal (long-term) rainfall of 110 mm in the 
corresponding period. In view of severe drought conditions, the crops were irrigated with 3-4 protective 
irrigations. In general, the rainfall received during kharif season is not adequate to grow a successful dryland 
kharif sorghum crop at Coimbatore without supplemental irrigation as the location receive assured rainfall 
during northeastern monsoon period as could be seen from the long term rainfall data.  
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Kharif Hybrid, varietal, forage sorghum, hybrid nursery trials: All the trials were conducted as per the 
program. Entries in all the trials were between soft-dough and hard-dough stage showing good growth and 
biomass production. Promising entries identified based on visual rating on biomass, agronomic superiority, etc., 
(plant height 1.8 - 2.0 m) are listed below. IHT-GS: 3017, 3015, Co5, 3003, 3036; IVT-GS: 4003, Co30, 4015; 
AHT-GS: 1003, 1011, Co5, 1005, 1002, 1028, 1023, 1025 ; AVT-GS: 2004, CO30, 2024, 2030 ; HYN 1: #1. 13; 
HYN-2: 243, 260, 232; IAHT–MC: 5005, 5004, 5002, 5031, 5025; IVT-SC: 8006, 8007, 8001, 8029, 8022, 
8044; AVT-SC: 6005, 6002, 6001, 6021, 6024, 6025,  
 
Sweet Sorghum: The trial on Initial-cum-Advanced Sweet Sorghum Varietal & Hybrid trial (IAVHT) with 23 
entries were planted during 2-wk Aug. Most of the entries grew to a height of 3.0 - 3.5 m. The entries 
characterized visually for agronomic score, biomass, and stalk yield and the promising ones are # 7007, 7053, 
7033, 7076. The grain color in entry # 7016 and 7048 is found to be red in color which is not desirable as the 
objectives of sweet sorghum breeding is to develop cultivars producing pearly white grains and sugar rich 
stalks that can be used for both production of food and biofuel. Thus, food security is not compromised in 
dryland areas, while, additional income from stalks can be obtained.  
  
Entomology: The incidence of shoot fly in all the trials is very low (8-22%). The infestation by the susceptible 
check, DJ6514 is also very low (<30). This reflects low level of infestation than expected/recommended (70%) 
for inclusion in State/All India averages. The resistant checks (IS2205) had exhibited high degree of resistance 
(<20%). The symptoms of spotted stem borer damage observed among the entries varied (range 5 to 22%). 
Symptoms of damage by head bug were low to moderate in all the trials. Promising entries identified based on 
symptoms for different pests are listed below:  

 AHT-GS: Entry nos.SF: Res.108, 1005, 1011, 1022, 1023, 1026; SB tol: 1001, 1005, 1006, 1032, 1028 
 IHT-GS: Entry # SF: 3011, 3002, 1003, 3047, 3041, 3037; SB: 3078, 3010, 3015, 3035  
 AVT-GS: Entry # SF: 2007, 2002, 2010; SB: 3078, 3010, 3015, 3035, 3039 
 DP Materilas: Entry # , SF: 802, 833, 869; SB: 830, 806, 808 
 IAVHT (MC): Entry # , SF : 5029, 5022, 5021, 5008; SB: 5024, 5022, 5027, 5009 
 AVT-SC: Entry nos. 6002, , 6004, 6010, 6041, 6050; SB: 6010, 6006, 6005, 6044 
 IVT-SC: Entry # SF: 8013, 8012; SB: 8007, 8013, 8030, 8021, 8029 
 IAVHT-SS: Entry nos. SF: 7016, 7006, 7018; SB: 7016, 7015, 7019 

 
Pathology: All the trials were plated late (August 10, 2012) so as to expose them to heavy incidence of grain 
mold, which normally coincides with the occurrence of heavy rainfall in November at this location. In view of 
late planting, the entries showed symptoms of severe water stress at preflowering stage. The incidence of grain 
mold was absent at this stage and the evaluation will be continued during October-November once heavy rains 
occur. Moderate levels of downy mildew and leaf blight are noticed in various trials. The promising entries are 
listed below. 

 AHT-GS: DM: Res.1003, Bulk Y, IS 14332; DM sus: 1028, 1022  
 IHT-GS: LB res.: 3062 
 AVT-GS: DM res: 1052; LB sus: 2004, 2030, 2002 
 IVT-GS: LB Res: 4006, 4002, 4009, 4017; DM res.: 4063, 4068 
 IAHT (MC): LB res.: 5009, 5008, 5220, 5037 
 AVT-SC: LB: 6004, 6009, 6007 
 IVT-SC: LB res: 8030, 8047 
 IAVHT-SS: LB: 8030, 8047; no DM observed. 

 

Agronomy: The trials on grain and sweet sorghum apart from weed management are planted in July Second 
week. In general, the crops stand and agronomic superiority are good. The trials are irrigated 3-4 times as the 
rainfall received was very low and not adequate to raise the crops in dryland condition. In trial 1KB i.e., 
response of pre-released sorghum for fertility levels, genotypes SPV 2083 is found promising for grain and 
stover yields baesd on visual agronomic rating. Among the fertility levels, no apparent differences are seen at 
this stage. F3 level showed early flowering than others. In Integrated weed management, treatment T9 i.e., 
Atrazine @0.25 kg/ha pre-emergence plus one hand weeding followed pendimethalin @ 0.50 kg/ha at 30 DAS 
(layby) was found promising based on visual agronomic rating. In sweet sorghum evaluation for single-cut 
fodder trial, SSV 74 and CSV 24SS were found to be promising for green fodder, while, no apparent difference 
was noticed for N levels.  
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Recommendations:  
 The rainfall situation at Coimbatore is different from rest of the dryland locations in kharif as it receives 

more rainfall during northeast season than south west. Since all the trials, raised with 3 to 4 supplemental 
irrigations, the trial data interpretation should be on location specific basis compared to other rainfed 
dryland locations. 

 In hybrid nursery trials, most of the entries are looking like B-lines jot looking like hybrids in terms of vigour 
and biomass production. Hence, care should be taken that they should be evaluated at the station trials 
first before entered in AICSIP trials. 

 The centre scientists requested that all the PIs should decide the number of genotypes and treatments at 
the workshop so as to make necessary indents for resources to the university authorities. 
 

3. DHARWAD 
General observations:  
 The center has conducted four breeding trials (IVT, AVT, AHT & IHT). Under Agronomy five trials; Eight 

under entomology(AHT-GS, AVT-GS-DP, IHT-GS, AVT-SC, IVT GS, IAVHT-MC, IAVHT-SS, IVT-SC); five 
under Pathology (AHT (GS & DP), AVT(GS& DP), IHT (GS ), IVT (GS) were conducted totaling 21 trials. 

 Out of four breeding trials only IVT was sown on 27.06.2012 along with station material and rest of four 
trials were sown almost 22-23 days later during 19.7.12 – 20.7.12) in separate block. The trials sown late 
suffered damage from shoot fly and stem borer which could have been avoided by taking plant protection 
measures timely. All AICSIP trials should have been sown first then the station trials as data from these 
trials are useful to decide promotion of entries in following season on all India basis. 

 The suitability of data from AVT, AHT, IHT may be examined by the PI as trials were sown late and 
comparing data with that of other centers may not be appropriate. Breeding trials need to be sown in time 
on priority with protective irrigation. 

 In Agronomy trial (Response of pre released sorghum genotypes to different fertility levels) given statistical 
design was not followed. 

 
Breeding 
Trial DOS Promising lines Remarks 
IVT-GS 27.6.12 4046, 4041, 4036, 4075, 4083  -- 
AVT-GS 20.7.12 Nil 1. Due to delayed sowing (19.7.12 – 20.7.12), the crop has just started 

flowering hence promising entries can be decided at grain filling stage.  
2. The crop suffered moderate to heavy shoot fly and stem borer damage 

which was due to delayed sowing. 

AHT-GS 19.7.12 Nil 
IHT-GS 19.7.12 Nil 

 
Entomology: Only shoot fly evaluations were taken up. In susceptible checks damage over 90 % deadhearts 
were recorded. The shoot fly pressure was uniform and all trials were laid as per the technical program. 
Trial DOS Promising lines Remarks 
AHT-GS 17.7.12 Nil Though in trials 1, 2, 5, 6 no entry appeared impressive 

in terms of low shoot fly deadhearts, the plant stand 
was good with tillers, it indicates that there is fairly high 
degree of recovery resistance, hence data on effective 
tillers and overall recovery resistance may be scored. 

AVT-GS 17.7.12 Nil 
IHT-GS 17.7.12 3062 (32.35% DH) 
AVT-SC 17.7.12 6022 (22.22%DH); 6042 (20.69% DH) 
IVT-GS 17.7.12 Nil 
IAVHT-MC 17.7.12 Nil 
IAVHT_SS 17.7.12 7008, 7006, 7018, 7005, 7051, 7032, 7031, 

7032, 7075, 7081, 7070, 7068 (all recorded 
<22% DH) 

IVT-SC 17.7.12 8007, 8030, 8026, 8046 (<33% DH) 
 
Pathology: The diseases noticed were downy mildew, grain mold zonate leaf spot, The observations trial wise 
are detailed below:  
Trial DOS Promising lines Remarks 
AHT-GS 7.7.12 -- First observation on downy mildew was recorded, mold incidence , foliar diseases yet 

to be recorded. Only after that promising entries can be decided 
AVT-GS 7.7.12 -- -do- 
IHT- GS 7.7.12 -- -do- 
IVT-GS 7.7.12 -- -do- 
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Agronomy 
Trial DOS Promising lines Remarks 
Trial Response of pre-release 
sorghum genotypes to 
different fertilities (I KB) 

8.7.12 Progressive growth responses noticed from 
0, 50, 75 and 100% RDF. No visual 
difference between genotypes. 

Given statistical design need to be followed 

INM in kharif sorghum-
chickpea cropping 
systems 

7.7.12 Vermicompost + 50 %RDF showed superior 
growth and expression over FYM + 50% 
RDF  

Economics of various INM options imposed 
need to be calculated to study if 
vermicompost @2.5t/ha is viable option. 

Assessing the 
performance of sorghum 
in changing climate 

As per 
sowing 
dates 

Due to non receipt of rains 1st date (15th 
June) sowing was skipped. 30th June, 15th 
July sowings were better and CSV 23 
performed better. 

-- 

Integrated weed 
management 

9.7.12 Pendimethalin as post emergent followed by 
2, 4 D as post emergent at various rates 
appear better 

-- 

Evaluation of sweet 
sorghum genotypes for 
single cut fodder at 
different N levels 

10.7.12 SSV 84 and SSV 74 were the best. The 
fodder has been harvested 

The seed rate factor was dropped due to 
insufficient seed in consultation with PI 

 

Recommendations:  
 The kharif crop was in very good condition and all the trials were laid out satisfactorily except breeding 

trials. Out of four breeding trials only IVT was sown on 27.06.2012 and rest of four trials were sown almost 
22-23 days later during 19.7.12 – 20.7.12 in separate block. In future breeding trials should be been sown 
on priority basis with protective irrigation. 

 The suitability of data from AVT, AHT, IHT may be examined by the PI and ensure timely receipt of data. 
 
4. MANDYA 
General observation:  
 The rainfall received was less than 50 mm till August. The crop was maintained with protective irrigation. 
 The crop is in flowering stage. In general, the crop is well maintained and crop stand is good.  
 The crop was observed to be free from pests and diseases. 
 
Breeding 
 Three forage breeding experiments were allotted to the centre under AICSIP and all the three were sown 

on 3-7-12. Crop stand was good and crop was free from pests and diseases. 
 The trials include one multi-cut forage trial and two single cut forage trials.  
IVT-SC 
 There are 14 entries in this trial. Entries 8005, 8023, 8022 and 8045 were found promising with visually 

high biomass. 
 High downy mildew incidence was observed in the entries 8033 and 8050; lodging was observed in 8012, 

8052 and 8047. 
AVT-SC 
 11 entries were there. DSV 6 was the local check used. 
 The promising entries were 6004, 6010, 6023, 6043 6049, 6046 and 6048. 
 Lodging was observed in 6021, 6050 and 6045.  
 High tillering was observed in 6005, 6003, 6025, and 6026. The entry 6030 was observed to be early. 
IAVHT-MC 
 Of 13 entries evaluated, 5009, 5011, 5006, 5024, 5025, 5047, 5044 and 5043 were observed to be 

promising with more number of tillers. 
 Entries 5048 and 5051 were brown midrib types in IAVHT (MC). The local check used was CO(FS) 29. 
 

Suggestions/general comments:  
 Regeneration ability of the multi-cut genotypes to be recorded on the same day for all the genotypes to 

avoid any bias. 
 The fodder cutting needs to be taken at the appropriate time.  
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5. SOLAPUR 
 AVT (SC) under forage trials was planted 
 There was not much of pest incidence during the season 
 In the trial, 10 entries and two checks were tested in 3 reps. 
 The entries 6042 (703 q/ha), 6043 (629 q/ha) and 6001 (612 q/ha) were promising for green fodder yield. 
 Under station trials, an Lx T is being evaluated for biofuel related traits. Based on the phenotypic 

evaluation, the hybrids viz., PMS 71A x SSV 74, PMS 71A x SSV 84, NSS 1016A x RSSV 138-1 and NSS 
8A x SSV 74 were promising for total biomass. 

 
6. PHALTAN 
 The total amount of rainfall received was 181 mm so far as against the normal of 550 mm. 
 NARI is emphasizing on utilization of ethanol from sweet sorghum as fuel for lighting/power production in 

rural areas 
 Two breeding trials (IAVHT and HBM) and two physiology trials are being conducted during the season 
 There was severe incidence of midge, stemborer, rust, leaf blight and mild incidence of downy mildew 
 In IAVHT, the entries 7031, 7002, 7038, 7068 and 7004 were promising for stalk yields 
 Under the High Biomass Trial (HBM), the entry 145 with god ear head size and high biomass is promising 
 The other entries viz., 124 and 136 were not uniform owing to plant stature and segregation pattern 
 Under the Physiology trial (1K), some of the entries were affected by rust. The entries SSRV 43, SSRG 

164 with high biomass have recorded less rust incidence (< 2 disease scale). 
 Under station trials, 82 hybrids are being evaluated and 37 new A/B pairs are ready for exploitation 
 SSRH 215 and 217 are the promising hybrids which are highly resistant to rust 
 Under network breeding efforts, 86 F6 progenies selected out of 10 crossesshared by DSR are being 

evaluated. 
 
7. RAHURI 
 Till September, a rainfall of 294 mm was received 
 Ten trials were conducted under AICSIP in all. 
 The shootfly incidence was severe during the kharif in sweet sorghum lines based on the % of deadhearts 

damage. All the entries were free from rust and anthracnose but medium incidence of leaf blight was 
found. 

 In the IAVHT (S.S), the entries 7008, 7004, 7015, 7018, 7005, 7051, 7075, 7080, 7062, 7081 were high 
biomass yielders 

 Under the High Biomass Trial, the entries 115, 106, 135, 122, 2145, 155 and 153 were promising 
 There were good progenies in F5 generation which were developed from the 20 sweet sorghum crosses 

distributed under National crossing block by DSR. 
 In the IAVHT (SS), the genotypes showing minimum incidence of shoot fly are 7008, 7045, 7032 and 7068 

(<50% DH) as against 80%DH in the check DJ 6514. 
 The promising entries for shoot fly resistance in other trials were 

IAVHT (MC): 5003 and 5027;AVT (SC): 6002, 6026, 6022 and 6042 
IVT (SC): 8005, 8008. 

Recommendations  
 Adequate quantities of seed material should be sent from DSR for trials 
 Concerted efforts need to be made for controlling midge so as to relaise grain yields 
 During the kharif season at Phaltan, DSR or Rahuri entomologist should visit Phaltan and advise them about 

Midge control 
 

Suggestions for further improvement:  Interdisciplinary approaches may be practiced while breeding for 
shoot fly and stem borer resistances. 
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8. PARBHANI 
The total rainfall was recorded about 657 mm while annual rainfall is about 850 mm showing 20% deficit up to 
October, 2012. Late monsoon rains caused delay in planting in almost all trials. 
 
Breeding  
 Total seven AICSIP trials received from DSR and all were planted during 25th June to 3rd July, 2012.  
 The promising entries recorded are AHT (GS): 1011, 1001, 1009, 1002, 1006, 1021, 1025, 1051, 1042, and 

1043. AVT (GS): 2001, 2007, 2021, 2048. IHT (GS):3016, 3018, 3012, 3041. IVT (GS): 4003, 4001. AVT (SC): 
6009, 6002, 6005, 6010, 6025, 6028, 6022, 6044, 6003. IVT (SC): 8008, 8002, 8004, 8013, 8010. SMVT: 1215, 
1203, 1211, 1216, 1207, 1222, 1228. 

 In general, there were 30-40 % shoot fly damage in hybrids trials and 15-25% in varietal trials. 
 There was drought symptom in some of the trials and downy mildew (10%) in IVT and AVT trials. 
 The monitoring team felt that second weeding could have been done 15 days earlier and also suggested to 

apply at least one irrigation. 
 Some of the ear-head of taller and sweet sorghum entries showed midge infestations (about 10%). 
 There were five station trials sown during first week of July. Shoot fly incidence was about 25%. 
 The trials were maintained neatly and record keeping was satisfactory. 
 However, the team felt that strong breeding program on breeding line maintenance, hybridization, continuation 

generations etc was missing.  
 

Agronomy  
 Total 4 trials (Fertility, INM, Sowing window and IWM) were conducted and sown in 1st  week of July, 2012. 
 Promising entries in Trial 1K (fertility) : CSH 25 (F0), CSH 16, CSH 25, F2- CSH 25, SPH 1680, F3-CSH 25, 

SPH 1674. Trial 2K (INM): F3N3 the treatment of Atrazin-50% + one hand weeding was superior. In Trial 
3K(Sowing): CSH 16 was better. In trial 4K (IWM): W1 and W2 were better. 

 Chlorophyll content determination at 50% flowering, rainfall data at 50% flowering and data on leaf area in 
fertility, IWM and IMN trials were suggested. 

 The shoot fly incidence was recorded up to 30% and stem borer up to 10%. Shoot fly was higher in D4 
treatment of trial no 3K 

 Advocated seed treatment with thiamethoxam when there is delay in sowing. 
 
Plant Physiology  
 Three trials were grown (IAVHT-SS, High Biomass trial 

and trial 1K) and  were sown on 3rd July. 
 IAVHT-SS: Downy mildew was recorded in entries 7021, 

7016 and 7003. Whereas, promising entries 7014, 7021, 
7004, 7006 were found better growth. TSS need to be 
recorded in this trial at flowering and dough stage. 
a. In Biomass trial: 105, 102, 101 and 103 were 

promising in term of biomass content. 
b. In trial 1K: the promising entries were 1, 3, 10, 

SSPV33, 37,129, 164. Entry No 3 had high biomass 
content.  

 The trials were maintained in good condition 
Entomology  
 Total 13 trials have been planted during 16-17 July, 2012 for evaluating against shoot fly resistance being 

a hot spot for the pest. 
 The range of shoot fly infestation was 63-100% in all trials. None of the test entries were promising against 

shoot fly attack. 
 The stem borer damage was up to 12%. The entries found promising are AVT-GS: 2005, 2021; AHT-DP: 

1031, 1051, 1011; AVT-SC: 6002, 6009, 6004; IVT-GS: 4001, 4016, 4061; IHT-GS: 3010; IAHT-MC: 5010, 
5011, and 5043. 

 
Interacting with AICSIP staff at Parbhani 
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 In SPRN trial the shoot fly range was 54-100%. The promising entries: 1003, 1013, 2016, and 3007 and in 
SPRN –ICRISAT: 2003, 3007, 3013, and 3015. 

 IPM trial was conducted at farmer’s field showing good results. 
 A trial on population dynamics studies has been initiated since one year. However, this needs to be 

continued for longer period.  
 Interdisciplinary collaboration was lacking. 

 
Pathology  
 Seven trials were sown on 20th June, 2012. About 25% shoot fly infestation was recorded. Grain mold 

rating was recorded up to < 3 rating. 
 Grain filling in IAVHT-SS was affected due to midge attack at flowering stage 
 The promising entries against grain mold were AHT (GS-DP): PVK 801, 1007, 1005, 1023, 1045,1046; 

AVT(GS-DP): 2000, 2006, 2001, PVK 801, 2029,2047; IHT-GS: 3009, PVK 809, 3010, 3019, 3004, 3023, 
3046,3042; IVT-GS: PVK 801, 4022, 4016, 4004, 4021, 4013, 4052, 4077, 4072; AVT-GS: 6004, PVK 801, 
6007, 6003, 6021, 6022, 6027, 6043; IVT-SC: PVK 801, 8004, 8024, 8025, 8043, 8044 

 In IAVHT-SS trial Grain mold was very low. Rust was ranged 2-7 in the rating. 
 Field maintenance and record keeping was not satisfactory. 
 
Recommendations 
 There was delay in sowing in Marathwada region and hence there was severe incidence of shoot fly in 

breeding trials. The members suggested to the centers to record number of total and effective tillers. 
 Strong breeding program on maintenance of breeding line, hybridization, continuation generations need to 

build up. 
 There is a need to develop multidisciplinary collaboration (breeding, pathology and entomology). 
 There is need to recruit vacant positions under AICSIP scheme at Parbhani.  
 Entomologist at Parbhani should continue to work on population dynamics studies, observations on 

trichome, glossiness and vigor data need to be taken being a hot spot for shoot fly. 
 The data on determination of chlorophyll content at 50% flowering, rainfall data at 50% flowering and data 

on leaf area in Agronomy trials were suggested. 
 Field maintenance and record keeping need to be improved. 
 
9. BADNAPUR 
 Two trials from AICSIP (AVT & AHT) and one trial from state (SMVHT) were sown on 9th July, 2012 and 

one state trial (SMVHT) was planted on 11th July, 2012.  
 Total rainfall was 500 mm as against annual normal rainfall 650 mm showing deficit of 30% during 2012.  
 Entries from AVT: 2010, 2006, 2008, 2003, 2029, 2024, 2026, 2048, 2050 and from AHT trial: 1001, 

1003, 1002, LC, 1021, 1011, 1041, 1044 were promising entries that recoded good shaped panicle with 
bold grains. In SMVHT trial 1201, 1210, 1203, 1216, 1202, 1213, 1214 were found better. 

 Shoot fly damage was recored up to 30% in AVT and upto 50% I AHT trial. SMVHT trial recorded up tp 
40% shoot fly damage.  

 Overall, the trials were maintained in good shape. However, second weeding and intercultivation need to 
be done for better field maintenance. The record keeping was good. 

 
10. NANDED 
 Two trials from AICSIP (AVT & AHT) and one trial from state (SMVHT) were sown on 23-07-2012.  
 Total rainfall till 15th October was 495 mm against annual normal rainfall of 880 mm. There was 45% 

deficit in rainfall during this year.  
 Second weeding and thinning could not be done.  
 Overall the trials were not managed well and there was severe damage of shoot fly (50-80%).  
 No tillering was removed as a result no proper growth of crop. 
 Therefore, the AICSIP trials at Nanded may be treated as vitiated. 
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Recommendations 
 The breeding trials should be treated as vitiated. 
 
11. SOMNATHPUR 
 Two trials (AVT & AHT) from AICSIP and one trial from state (SMVHT) were planted on 26th June, 2012.  
 The farm is about 60 acres. One seed production plot of PVK 809 was planted on 22nd June, 2012 at the 

center which recorded 20% stem borer infestation.  
 Total rainfall received about 770 mm at Somnathpur. There was deficit of about 30% in rainfall. 
 Stem borer infestation was about 20% in AHT trial recorded in1007, 1010, 1051007, 1010, 1050 and 

1215 in SMVHT trial. 
 The entries from AVT trial: 2007, 2009, 2001, PVK 809 and from AHT trial: 1003, 1002, 1012, 1011, 

1043, 1041, 1005 were promising entries that recoded good panicle with bold grains. In SMVHT trial 
1214, 1216, 1211, 1208 were found good. 

 Entries that showed segregations are AHT: 1009, 1004, SMVT: 1204, AVT: 2003, 2004, 2010, 2008, 2009. 
 Overall, the trials were maintained weed free and record keeping was good. 
 The DD for RS 20,000 did not receive due of wrong mailing address. The problem has been resolved 

and DD sent the Comptroller, MAU, Parbhani on 17th October, 2012. 
 Over all trials were neatly conducted and crop condition was satisfactory. 

  
12. AKOLA  
Total rainfall was recorded about 740 mm while annual rainfall is about 650 mm showing 13% excess rain than 
normal rainfall. The dry spell during 3rd week of July to 2nd week of August caused aphid incidence and slow 
growth of sorghum entries in the trial. 
 
Breeding  
 Total six AICSIP trials were received and all were 

planted during 2-4th July, 2012. 
 There were three station trials and two university trials. 
 Very strong and systematic breeding development 

program was initiated by Akola centers. Some of the 
lines developed were: Restorer (239), AB lines (52), 
Wani selections (68), new MS line development 
program. 

 Maintenance breeding program was also conducted 
satisfactorily.  

 Very strong and systematic breeding development program was initiated by Akola centers. Some of the 
lines developed were: Restorer (239), AB lines (52), Wani selections (68), new MS line development 
program. Maintenance breeding program was also conducted satisfactorily.  

 The promising entries are AHT (GS): 1003, 1002, 1005, 1024, 1021, 1029, 1041, 1042, and 1043. AVT 
(GS): 2002, 2003, 2005, 2009, 2024, 2026, 2049, 2048. IHT (GS):3001, 3005, 3006, 3009, 3039, 3046, 
3045, 3067, 3075. IVT (GS): 4003, 4001, 4023, 4042, 4045, 4069, 4061, 4072. HN-I: 7, 14, 15,1 8, 25, 35, 
37, 42, 43, 58. HN-II: 233, 226, 231, 243, 249, 264, 307, 306, 288. SMVT: 1215, 1203, 1211, 1222. 

 There was 15-20 % shoot fly damage in AICSIP trials in general. 
 The trials were maintained neatly and record keeping was satisfactory.  
 
Agronomy  
 Only one trial (3K) on increasing sowing window was conducted and sown at different dates as per 

schedule. 
 The shoot fly incidence was recorded up to 40% and stem borer up to 10%. 
 Germination was severely affected due to bird damage particularly in D3 and D4 treatment.  
 The field maintenance and record keeping was very poor. Therefore, the trials should be treated as 

vitiated. 

 
Team monitoring Akola Centre 
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Entomology  
 Total 7 trials from AICSIP, three trials from DSR, entomology and one trial from ICRISAT were planted in 

the last week of July, 2012, evaluating against shoot fly resistance being a hot spot for the pest. 
 The range of shoot fly infestation was 40-80%  and stem borer damage was <10% almost in all trials.  
 Very few test entries were showed promise against shoot fly attack. The promising entries were: AHT-GS-

DP: 1001, 1007, 1051; AVT- GS-DP: 2001, 2002; IAVHT-MC: 5008, 5004, 5007, 5010, 5051; IVT-SC: 
6009, 6006, 6001, 6010, 6030, 6050, 6046, and 6042. None of the entries were promising in IAVHT-SS, 
IVT-GS and IHT-GS. 

 In F7-F8 progenies developed by entomology-breeding collaboration at DSR were evaluated where the 
test entries 9007, 9026, 9070, 9089, 9060, 9046 were relatively satisfactory. 

 Promising DP-SF lines 803, 804, 807, 811, 813, 808, 815, 817, 823, 832. 
 In SPRN-ICRISAT trial, shoot fly damage was 40-60%. The test entries 3007, 3013, and 3015 found good. 
 In IASFN trial, the entries 9007, 9009, 9023, 9025, 9042, 9034 were promising. 
 The stem borer damage was up to 10%. No promising entries were recorded.  

 
Pathology  
 Seven trials were sown on 20th June, 2012. About 25% shoot fly infestation was recorded. Grain mold 

rating was < 3 rating. 
 Grain filling in IAVHT-SS was affected due to midge attack at flowering stage 
 The promising entries against grain mold were AHT (GS-DP): PVK 801, 1007, 1005, 1023, 1045,1046; 

AVT(GS-DP): 2000, 2006, 2001, PVK 801, 2029,2047; IHT-GS: 3009, PVK 809, 3010, 3019, 3004, 3023, 
3046,3042; IVT-GS: PVK 801, 4022, 4016, 4004, 4021, 4013, 4052, 4077, 4072; AVT-GS: 6004, PVK 801, 
6007, 6003, 6021, 6022, 6027, 6043; IVT-SC: PVK 801, 8004, 8024, 8025, 8043, 8044. 

 In IAVHT-SS trial Grain mold was very low. Rust was ranged 2-7 in the rating. 
 Field maintenance and record keeping was not satisfactory. 
 
Germplasm 
 About 530 Germplasm lines were sown on 4th July, 2012 with an objective to evaluate for its agronomic 

acceptability.   
 The observations were recorded on Days to flowering, plat height. Other parameters (yield, fodder, days to 

maturity etc) will be recorded. 
 
Recommendations 
 Every year new crossing program should be undertaken to obtain the variability. 
 Evaluation of AICSIP forage breeding trials should be stopped since there is no data base information of 

requirement of forage in the area.  
 Collaboration between breeding, entomology and pathology need to be strengthening for developing 

breeding for multiple pest resistance.  
 Agronomy trial at Akola should be vitiated. 
 
13. BULDANA 
 Two trials (AVT & AHT) from AICSIP, one state trial (SMVHT) and one university trial were sown on 9th 

July, 2012.  
 Total rainfall was 599 mm as against annual normal rainfall 744 mm showing deficit of 20% during 2012.  
 The entries from AVT trial: 2002, 2003, 2004, 2006, 2023, 2022, 2026, 2024, 2044, 2043, 2042, and 

from AHT trial: 1001, 1002, 1005, 1006, 1022, 1021, 1026, 1025, 1045, 1042, 1041, 1046 were best 
entries. In SMVHT trial 1208, 1214, 1211, 1210 were found better than other entries. In university trial 
the entries 1002, 1004, and 1004 found better than other entries. 

 Shoot fly damage was recorded 20- 30% in AVT and 25-40% in AHT trial. SMVHT trial recorded 20-30 % 
shoot fly damage.  

 In university trial 30% shoot fly damage and stem borer peduncle damage up to 9 % was observed. 
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 There was lodging in the plots where tall entries were grown due to storm. 
 The expressions of the entries were very well seen in the field.  
 Overall, the trial maintenance was very good. The record keeping was good.  
 Suggested to record shoot fly infested plant for record purpose. 

 
14. MANGROL 
The centre is around 70 km away from Surat main Centre. This 
was a new research farm (2nd year of sorghum experiment) under 
NAU with 10 ha land. Two AICSIP trials viz., AVT (GS: 11 
entries+1 check) and AHT (GS: 12 entries+ 2 checks) were taken 
up. The crop was sown on 6th July 2012 and presently at maturity 
stage. Compared to the last year, both the trials were managed 
properly. However, one entry which had early maturity was 
completely damaged by the birds. It was suggested to keep proper 
bird watching and net bagging to protect the crop from bird 
damage.  In general the crop expression was very good. No 
disease incidence was observed. Plant stand was poor in some of 
the entries (2008, 2049) due to shoot fly and stem borer damage. 
Some entries in AVT (2001, 2008) and AHT (1004, 1007, 1008, 1010, 1006) were not uniform. GJ 38 and GJ 
42 were local checks for both the trials.  

Trial Entries 
AHT-GS Good – 1011, 1004, 1001; Early – 1012, 1009, 1004 
AVT-GS Good – 2004, 2006, 2005, 2002, 2003; Early – 2004, 2002; Very early – 2007; High shoot fly susceptibility – 2008, 2049 

 

Recommendations 
 It was suggested to maintain strict selfing in all the breeding material and germplasm accessions.  
 Plant stand was affected in some of the trials and entries. 
 
15. SURAT  
This centre received around1000 mm till date. There was normal rainfall during early July and crops were 
sown. Thereafter there was a long dry spell till mid September and later on received good rains. The 
experiments were planted during 5-8 July. All the trials were conducted properly and well managed. The 
breeding trials were monitored by Dr Hariprasanna and Pathology and Entomology trials by Dr. Y D Narayana. 
 

Breeding 
 Total 9 trials viz., AHT-GS, AVT-GS, IHT-GS, IVT-GS, IAVHT-MC, IVT-SC, AVT-SC, IAVHT-SS and 

Evaluation of Biomass have been taken up.  
 The crops in GS trials were in physiological maturity stage and SS trial was in hard dough stage. Most of 

the entries had very good expression. 
 In the IAVHT-MC, two cuts have already been taken and there was very good regeneration in most of the 

entries. Regeneration after 2nd cut was good in 5007, 5006, 5001 and 5008. Due to non-availability of MC 
local check CSV 21F was used as local check. GFY in top 3 entries and check were noted for both cuts.  

 In the SC trials the cuts were taken up at flowering stage. Local check used was GFS-5. GFY in top entries 
and check was noted for both trials. 

 Incidence of foliar diseases was bare minimum and no grain mold was observed. Damage due to shoot 
bug and stem borer was observed in some entries. Some of the entries in SS and High Biomass trial were 
purple types. 

 Apart from the trials, breeding material in different generations was available in both GS and Fodder 
sorghum. Some of the germplasm accessions were also planted for crossing programme.  

 There were 8 station trials like LSVT, SSVT, PET, etc. under different groups viz., early and mid-late 
duration, and seed multiplication of entries used in station trials. All the elite GS and Forage sorghums 
developed by the centre were put in demonstration. 

 Trial-wise promising entries for GFY in forage trials are as follows:  
 
 

 

M it i  t  t M l 
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Entry GFY (kg/plot) (1st Cut) LC (CSV-21F) - 40 
IAVHT-MC AVT-SC 
5004- 157 6001- 88.3 
5009- 148 6009- 87 
5005- 144 6002- 78 
LC (CSV-21F) - 134 LC (GFS-5) - 64  
5010- 74 IVT-SC 
5004- 67.6 8006- 102.6 
5009- 57.6 8007- 87.3 
LC (CSV-21F) - 40 8012- 85 
 LC (GFS-5) - 83 

 

 Trial-wise promising entries in other breeding trials are as follows:  
AHT-GS Good – 1012, 1001, 1005, 1010, 1006; Early – 1012, 1004, 1008, 1006; Late – 1003, 1005 
AVT-GS Good – 2006, 2003; Early – 2007; Late – 2004, 2010, 2009, 2001 
IHT-GS Good – 3009, 3017, 3015, 3016, 3012, 3004, 3007; Early – 3009, 3017, 3016, 3018, 3019, 3008, 3011, 3007 
IVT-GS Good – 4014; Tall/Very tall – 4003, 4019, 4023, 4008, 4001, 4004, 4007, 4005, 4014, 4018, 4013 
IAVHT-SS Good – 7004, 7022, 7014, 7011; Tall – 7008, 7004, 7005, 7022, 7012, 7013, 7002, 7020; Purple – 7005, 7023  
High Biomass Thick stem – 149, 150; Tall – 145, 150, 141, 143, 154 

 

Agronomy 
 Response of pre-released genotypes to fertility: The experiment was conducted as per the technical 

programme. All the genotypes responded significantly up to 100% RDF. However, visually the response of 
75% RDF and 100 RDF was at par. Among test genotypes, SPH 1680 was late but showing superiority to 
the other entries at lower fertility levels. 

 Performance of genotypes under varying dates of sowing: All the genotypes were performing well at Ist (15 
June) and 2nd (30 June) dates of sowing. At 3rd (15 July) date of sowing, CSV 17 was promising. At the last 
date (30th July) sowing, CSV 23 and CSV 17 were looking better but no panicle emergence so far. The 
genotypes were heavily infested with shoot fly at last date of sowing. 

 Integrated weed management: Weed pressure was very high. In weedy check plot, sorghum plant 
population was reduced due to weed competition. Pre-emergence application of atrazine (0.25 kg/ha) + 1 
HW at 30 DAS fb pendimethalin 0.50 kg/ha as pre-em (lay by) was promising for broad-spectrum weed 
control. 

 

Pathology 
 In pathology all the eight allotted trials were planted and the establishment and management of the crop 

was good. Since the crop was at milky and dough stage there was no incidence of ergot disease. It was 
informed to suggested to record foliar diseases and grain mold in coming days. 

 

Entomology 
 In entomology all 9 allotted trials were planted. The observation on shootfly infestation was completed in 

all the trials with maximum incidence recorded up to 75% in susceptible check. 
Recommendations 
 It was suggested to maintain strict selfing in all the breeding material and germplasm accessions.  
 
16. DEESA 
This centre received only 362.6 mm rainfall during this kharif season (14 June to 5 Oct 2012) as against the 
average rainfall of 730 mm of last 5 years. Most of the 
experiments were sown during last week of June, 2012. The soils 
are sandy (85% sand) and poor in water holding capacity. The 
crop was at dough stage but sowing the symptoms of moisture 
stress due to low WHC. The crop was badly attacked by shoot 
bug and midge. Breeding trials were critically monitored by Dr. 
Hariprasanna. 
 There were four GS trials, three Forage trials and two 

germplasm trials, besides station and state trials. All the 
trials were well laid out. But the expression was poor in most 
of the trials and there was more than 80% midge damage in 
almost all the entries resulting very severe yield reduction. 

 
Monitoring team at Deesa 
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Hence, grain yield data may not be considered. 
 In IAVHT-MC two cuts were already taken on 62 DAS and 138 DAS. The 2nd cut was delayed due to poor 

growth. In the SC trials, harvesting for GFY was done after 92 DAS (IVT-SC) and 95 DAS (AVT-SC) as 
flowering was delayed due to poor soil moisture. The GFY in top performing entries and local check (GFS-
5) was noted. 

 In the germplasm trial most of the entries were rabi types. Some of the accessions with good plant height 
and big panicles were ERS 23, ERS 26, ERS 33, GGUB 12, GGUB 30, ER 29, ER 1, ERN 10, EC 25. 
Accessions with very tall plant height and high biomass were E 193, E 194, E 197, E 206, E 232, ELG 23 
(thin stem and forage type), ELG 15, ELG 9 and ERN 1. ER 13 was like SSG 59-3 with very good tillering 
and thin stem. 

 The station trials included PET-Forage sorghum, PET-DP, Half-diallel-DP, and segregating material in 
different generations. State trials included SSVT-DP, LSVT-DP, SSVT-Forage, LSVT-Forage and LSVT-
Forage Early SC. 

 Under TSP, 66 FLDs were conducted. Fertilizer (Urea and DAP), seed (GJ 39) and insecticide 
(Chlorpyriphos) were supplied to the farmers as inputs.  

 Promising entries for GFY in forage trials are as follows:  
IAVHT-MC 

Entry GFY (kg/plot) (1st Cut) Entry GFY (kg/plot) (2nd Cut) 
5004- 147 5007- 120 
5010- 115 5010- 65 
5006- 110 5004- 64 
5007- 90 5006- 45 
LC (GFS-5) - 85  LC (GFS-5) - 54  

AVT-SC     IVT-SC 
Entry GFY (kg/plot)  Entry GFY (kg/plot) 
6009- 55 8006- 57 
6006- 51 8012- 53 
6005- 45 8007- 49 
LC (GFS-5) - 28  LC (GFS-5) - 26 

 Trial-wise promising entries are as follows:  
Trial Entries 
AHT-GS Big panicle – 1001, 1008; High Stem borer susceptibility – 1002  
AVT-GS Early – 2004, 2002; Tall – 2001; High stem borer susceptibility – 2008 
IHT-GS Early – 3016, 3018; Long panicle – 3015 
IVT-GS Tall – 4003, 4020, 4005; High stem borer susceptibility – 4007 

 
Recommendations 
 At Deesa more emphasis should be given on dual-purpose and forage sorghum. The post of Agronomist at 

this centre is lying vacant since last two year. Efforts should be made to fill up this post at the earliest. The 
matter was discussed with Associate Director of Research also. A strong letter from DSR may be written to 
the Vice Chancellor and Director of Research SDAU to fill up the vacant post. 

 It was suggested to maintain strict selfing in all the breeding material and germplasm accessions.  
 Plant stand was affected in some of the trials and entries. Proper plant protection measures need to be 

taken in future. Soil is very poor and hence it may not be appropriate to evaluate grain sorghum in the 
centre. 

 
17. UDAIPUR  
This centre received 693.2 mm rainfall during kharif season with proper distribution. Most of the experiments 
were sown during 5-9th July, 2012. The crop condition was excellent. The breeding trials were monitored by Dr 
Hariprasanna and Pathology trials by Dr. Y D Narayana. 
 
Breeding 
 There were seven AICSIP trials: four under GS and three under forage sorghum. All the trials were well 

laid out. The expression was very good in most of the trials and incidence of diseases and insect-pests 
was minimum. 
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 Five station trials viz., RVT-G&DP, SVT-1 and SVT-2, Station Hybrid Trial and SFT-SC were also 
conducted. Demonstration of all end products of the centre and entries contributed to the AICSIP were 
also taken up. 

 In IAVHT-MC (DOS 2.5.12) all three cuts were already taken on 2.7.12, 16.8.12 and 3.10.12, respectively. 
In the SC trials, harvesting for GFY was done at 50% flowering stage. The local check used in MC trial was 
SMU-1 and in SC trial it was PC 1080. 

 Apart from the trials, there was evaluation of germplasm (495 accn.), development of new crosses, 
evaluation of F1s and segregating generations of grain and forage sorghum in different generations and 
maintenance of AB lines. Breeder seed production of CSV 23, PC 1080 and CSV 17, and Nucleus seed 
production of CSV 10, CSV 15, CSV 17, CSV 23, Pratap Jowar 1430 (SU 556), PC 1080, CSV 28 and 
SPV 1753 were also taken up by the centre.  

 Performance of forage entries for GFY is as follows:  
IAVHT-MC 

Entry GFY (kg/plot) 
 1st Cut 2nd Cut 3rd Cut 
5004- 115 24 34 
5009- 110 26 20 
5010- 108 27 16 
5001- 78 51 11.5 
5005- 78 44 22 
5008- 77 38 33 
5007- 100 20 51 
5011- 96 16 50 
5006- 85 20 35 
LC (SMU-1) - 80 10 32 

 
AVT-SC     IVT-SC 

Entry GFY (kg/plot)  Entry GFY (kg/plot) 
6002- 70 8007- 47 
6005- 68 8010- 46 
6007- 65 8012- 45 
LC (PC-1080) - 45 LC (PC-1080) - 50 

 
 Trial-wise promising entries are as follows:  

Trial Entries 
AHT-GS Good – 1003, 1011, 1001, 1005, 1010, 1006, 1008; Early – 1004, 1012, 

1009; Poor plant stand – 1010  
AVT-GS Good – 2002, 2003; Very early - 2007; Early – 2005, 2010, 2006, 2002 
IHT-GS Good – 3009, 3015, 3014, 3006, 3012, 3011, 3007; Early – 3018, 3019  

Partial fertility – 3005 
IVT-GS Good – 4012, 4016, 4008, 4015; Early – 4020, 4011  

High stem borer susceptibility – 4018 
 
 Visited the FLDs of CSV 28 and SPH 1644. Performance of the CSV 28 was good. Expression in SPH 

1644 was very poor for grain yield as well as forage yield.  
Agronomy 
 Response of pre-released grain sorghum genotypes to 

fertility: SPH 1680 flowered early as compared to other 
genotypes and looking comparable to Checks CSH 16 
and CSH 25. 

 Response of pre-released single-cut forage sorghum 
genotypes to fertility: The experiment was conducted as 
per the technical programme.The crop was harvested 
during 17-22 sep 2012.SPV 2056 was promising (52.4 
t/ha green fodder yield) as compared to CSV 21F (47.4 
t/ha). 

 INM in sorghum-chickpea system: Vermicompost 1.25 
t/ha along with 75% RDF was looking better. 

 
Dr. JS Mishra in conversation with Dr. P. Singh during 

monitoring of Agronomy experiments at Udaipur 
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 Performance of genotypes under varying dates of sowing: Sowing at Ist date (15 June) could not be done 
due to delay in monsoon. Second (30 June) and 3rd (15 July) seems to be good and CSH 16 showing 
better. However, the last date (30th July) sowing was heavily infested with shoot fly and CSV 17 was 
looking better. 

 Integrated weed management: Atrazine (0.25 kg/ha)+ oxyfluorfen (0.15 kg/ha) as pre-em fb 2, 4-D (0.50 
kg/ha) as post-em or atrazine (0.25 kg/ha)+ pendimethalin (0.50 kg/ha) fb 2, 4-D (0.50 kg/ha) as post-em 
were promising. 

 Evaluation of sweet sorghum genotypes for forage potential: SSV 74 (60.46 t/ha green fodder yield) gave 
23.23% higher fodder yield over HC 308 (49.06 t/ha). 

 

Entomology 
 Nine trials as allotted by the DSR were conducted successfully.  
 The trials were sown late (26th July) so as to ensure heavy infestation of shoot fly.  
 In AHT (G&DP) entry no. 1011 with 18.7% SF DH, No. 2004 with 19.4% DH (IHT G), 3015 with 23.69% 

DH (IHT G), 4003 with 23.6% DH (IVT G), 5001 with 24.2% DH (IAHT MC), 6001 and 6009 with 23.3 and 
27.9 % DH (AVT SC), 7006 with 20% DH (IAHT SS), 810 and 806 with 23.9 and 26.2% DH (SF DP) and 
9022 and 9015 with 20.5 and 28.18 % DH were promising.  

 In addition to AICSIP trials, 2 station varietal trials were also planted and promising segregants were 
identified for advancement and development of new shoot fly resistant sources coupled with better grain 
and fodder yield potential.The promising crosses were CSV 10 x IS 2312 (better fodder type), SPV 1481 x 
IS 2122 DP type, compact panicle, taller plants) and SPV 1573 x IS 2122 (late and shoot fly tolerant 
27.89% DH). 

 

Pathology 
The Udaipur centre has been identified as hot spot for foliar diseases like leaf blight, anthracnose, Zonate leaf 
spot, target leaf spot and also rust. All the allotted eight trials were planted and establishment and management 
of the crop was very good. All the entries in each trial were artificially inoculated in leaf whorls with spore 
mixtures of foliar pathogens and the disease development was already noticed the spread of diseases.  

Anticipated another 20-25 days for full development of diseases for final scoring of trials.  On 12-10-12, the 
team visited Raimagara taluka of Rajsamund district, around 70 km away from Udaipur to monitor the 
demonstrations conducted under TSP. All the demonstrations were under full package with variety, CSV 28. 
Farmers were happy with the performance of the crop. It was suggested to keep bird watching as the crop was 
in dough stage. 
 
Recommendations  
 It was suggested to note down the number of hills in the multi-cut forage trials at all locations as stubble 

rotting affects the regeneration and resultant GFY in the subsequent cuts. Also, the cutting of main stem 
may be taken up about one foot above the ground level during first cut to minimize the rotting of nodal 
region from where tillers emerge. 

 There was less uniformity in some of the entries under IVT and AVT. Hence, genetically pure seeds have 
to be insisted from the contributors of entries. 

 

     

Demonstrations (CSV 28) at Farmer’s fields under TSP in Rajsamund district of Udaipur 
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18. PANTNAGAR 
General observation: The season was characterized by poor and erratic rain fall. Moderate to higher 
incidence of stem borer and foliar diseases were observed. Stalk rot was observed in a few entries. All the 
allotted trials were conducted. 
 
Breeding 

Name of trial Remarks/ promising entries/ treatments 
IAVHT-MC Second cut was taken up on 21.8.12 and  

Promising entries: 5008, 5005, 5004, 5007 and 5010 
AVT-SC  Trial was partially harvested. Foliar diseases such as zonate leaf spot was severe in 6009, 6010 and 

6029. Promising entries: 6005, 6003, 6041, 6044 and 6046 
IVT-SC Was sown on 29-6-2012; lodging was seen in entry 8006. 80004, 8005 and 8003 looked promising. 

8028 and 8031 were medium to tall and suitable for green chop 
IASSVHT-SS The crop is in flowering stage. 7021, 7014, 7002, were promising. Lodging observed in 7006, 7051 and 

7036. Stalk rot and stem borer infestations were severe in some entries (Ex. 7004, 7011). 
Seed yield trial forage The crop is in flowering stage. Lodginin in 9001 and 9008. 9004 was early while 9009 was late. Stalk 

rot damage led to poor stand in 9006. 
 

Agronomy 
Name of trial Remarks/ promising entries/ treatments 

Agro IKE - response of pre- released 
genotypes to fertility levels 

V3 highly susceptible to stem borer and poorest of all as seen. V1 and V2 were responding 
better to fertilizers, especially at lower doses 

Agro IKF - response of pre- released 
genotypes to fertility levels 

Promising entry/treatment: V2F3, V4F2, and V4F3. Entries fared as V2>V1>V3 

Agro 5K - Evaluation of sweet 
sorghum genotypes for single-cut 
fodder at different nitrogen levels 

Promising entry/treatment: CSH 22S5 better than the rest, followed by CSV 24SS, HC 
308 and SSV74, across different nitrogen treatments 

 

Pathology 
Name of trial Remarks/ promising entries/ treatments 

AHT-GS Promising entries-2010, 2029, 2042 

IHT-GS Promising entries- 3009, 3010, 3039, 3070, 3061 

IVT-GS Promising entries- 4020, 4051, 4065. Agronomic performance of 4065 was very good 

IAVHT-MC Promising entries-5008, 5024, 5044 and 5041. First cut was over on 22-8-2012. 

AVT-SC Promising entries-6001, 6025 

IAVHT-SS Promising entries-7016, 7041, 7044, 7064 

IVT-SC Promising entries-8013, 8025, 8042, 8053 

 
Additional trials on evaluation of hybrids developed by pooling of MS lines, germplasm evaluation 
experiments and state trials were visited. Station trials, breeding material related to the research activities 
of the centre were in good shape. Students' research experiments were going on well. 
 
Suggestions:  
 Need for compound wall/ fencing was felt due to threat of damage by animals and neighbourhood. 
 Scientists indicated that they can keep the experiments in better shape if well with irrigation pump is provided. 
 
19. JHANSI 
General observation: The season was characterized by early onset of monsoon followed by a 45 days gap in 
rain fall. Moderate incidence of stem borer and occasional foliar diseases were observed. All the forage 
breeding trials were conducted except seed yield trial. 
 
Breeding 
Name of trial Remarks/ promising entries/ treatments 
IAVHT Multi-cut forage 
sorghum  
 

Sown on 10-6-2012; first cut taken on 13-8-2012; trials was in very good condition with excellent re-growth. 
5008 and 5027 were looking good during re-growth. 5003- foliar diseases. During first cut, 5009 and 
5047 had maximum plot yields 
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Name of trial Remarks/ promising entries/ treatments 
AVT Single-cut forage 
sorghum 

Sown on 13 July, 2012. Those which had flowered were harvested. Promising entries were 6044, 6023 
and 6047. 6008 was susceptible to stem borer; 6001 and 6002 were late. 

IVT Single-cut forage 
sorghum 

Was sown late, i.e., on 1-9-2012 owing to incessant rains during July and August. Shoot fly damage was 
seen; germination was poor in 8009, 8013 and 8033. 8011 was not much affected by shoot fly. 

 
IGFRI-Jhansi scientists have initiated new research programmes for evolving forage sorghum cultivars and 
have requested DSR for germplasm and breeding material. 
 
Suggestions:  
 At IGFRI, Jhansi, forage sorghum research programme has taken off well and the breeder needs support in 

terms for useful germplasm and pre-breeding/partially advanced lines to make significant impact. Also, they 
do not have skilled personnel to make emasculations. 

 
20. MAURANIPUR 
General observation: The season was characterized by poor rain fall. However, the centre had protective 
irrigation facilities. Moderate incidence of shoot fly, stem borer and a few foliar diseases were observed. Some 
of the allotted trials were not conducted as no regular AICSIP sorghum staff were not in place. All allotted trials 
were conducted as below. 
 

Breeding 
Name of trial Remarks/ promising entries/treatments 

AHT (GS) Trial with 13 entries was planted on 137-12. 1027 recorded poor germination. 1031 was medium tall and 
uniform. 1 0 1 0 ,  1 0 3 0  w a s  e a r l y ;  1 0 2 8  n o t  uniform; 1026 and 1029 were late. 

AVT (GS) Trial (11 entries) was planted on 13-712. 2004 was uniform; 2007, 2027 and 2047 were early, 2009, 2008, 
2028 and 2030 were late. 2002 and 2026 had loose panicles. 2001 was very tall. 

 

Agronomy 
Name of trial Remarks/ promising entries/treatments 

Agro 1KB response of pre-released genotypes 
to fertility levels 

Six genotypes planted on 13-7-2012. SPV 2083 and SPH 1680 

Agro 3- Assessing the performance of 
sorghum genotypes in changing climate 

Genotypes sown on different dates and per instructions; germination affected in 
4th sowing (5-8-2012) due to rains 

 
Besides, maintenance of germplasm, selections in breeding experiments, multiplication of important lines relevant 
for the region was witnessed. Selections of scented sorghum lines were in the field and flowering. 
 

Suggestions:  
 Need for compound wall/ fencing was felt due to threat of damage by animals and neighbourhood. 
 There were no staff working in the sorghum component, hence important breeding activities of yester years 

were discontinued. However, it should be commended that staff of sesame project were maintaining sorghum 
germplasm and making some selections in the earlier bred material. 

 
21. LUDHIANA (PAU) October 4, 2012) 
General observation:  
Over all the experiments of all disciplines were in satisfactory condition agronomically (plant population, weed 
management and other cultural practices) and free from insect pest except some genotypes were highly 
infested with shoot borer in breeding trials.  
 

Breeding  
Name of trial Remarks 

MLT 1 Sudan hybrid 
trial 

 First cut was completed on 1/8/2012. 
 PSC 5 produced 600 kg /hectare 
 PSC 4 and PSC 5 were appearing promising, comparatively resistant to shootfly and leaf spots  
 Regeneration was poor in Sugargraze 

IAHT multi cut trial 
 

 Maximum initial vigour was recorded in 5002, 5004, 5006 and 5011 in R1; 5022, 5025, 5026 and 5027 in R2; and 
5044, 5045, 5046, 5047 and 5049 in R3.  

 First cut taken  on 28.6.2012 (55 days)  
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Name of trial Remarks 
 Promising lines which recorded higher green fodder yield 5002 & 5011 in R1; 5026 and 5027 in R2; and 5048 in R3.  
 Second cut taken on 15.9..2012.  
 Promising lines which recorded higher green fodder yield  were 5011, 5002, 5004 and 5010 in R1; 5024, 5026, 

5027 and 5031 in R2; and 5048, 5045, 5043, 5049 and 5042 in R3. 
AVT single cut trial 
 

 The trial was harvested already on 10.9.2012.  
 Among the test entries, 6002 recorded maximum green fodder yield and showed very good initial vigour in R1; 

6027 in R2; and 6050 in R3 maximum number of tillars per plant were recorded in 6004 in R1; 6022 in R2; and 6048 
and 6050 in R3. 

IVT single cut trial  Most of entries were already harvested.  
 The entries still to harvested were: REP 1 9006, 8012,8013, 8005, 8010; REP II-8025, 8029, 8033, 8032, 8026 

REP III- 8052, 8053, 8045, 8046 
 Plant population was poor in many entries 

Seed Yield trial  Entry No. 9008 in R1; and 9048 in R3 seems to appearing to have good grain yield.  
 Entries 9001, 9002 and 9008 in R1; 9021, 9022 and 9030 in R2; and 9041, 9042 and 9050 in R3 are late in maturity 

 
Agronomy  

 
22. HISAR 
Breeding 

Name of trial Remarks 
IAVT-MC First cut was already taken on 21/9/12and most promising entries were 5008, 5007, & 5010 in rep1; 5030, 5029 & 5027in 

Rep 2; 5050, 5041 & 5046 in R3,  
SSG 3 was promising, produced 1075Q/ ha during first cut 

AVT-SC First cut was already taken on 21/9/12 and most promising entries were 6030, 6042, 6007, 6048, 6045, & 6021 
IVT-SC The trial was already harvested on 21/9/12 and most promising entries were 8009, 8049, 8041, 8013, 8002, 8053, 8048, 

8047, 8033 & 8021. 
Forage Hybrid nursery trial  Most of the entries were ready for first cut.  

 Entry 2, 3, 4, 12 & 13 were appearing promising 
Seed yield trial   This was the 2nd year of testing of 10 entries of AVT 

 Sterility was observed in some of plots  
 S 541 was looking excellent line, should be tried for releasing at least at state level. It was showing a tolerance to stem 

borer at hot spot like Hisar. 
Forage advanced breeding 
nursery  

This trial with 10 entries belonging to crosses contributed by different centers/locations (national crossing programme). 
The trial was at F6 stage, it was ready for first cut. 

Screening for Salinity 
tolerance 

 Sown very late, 32 genotypes under four levels of salinity 
 Crop growth was very poor even in control conditions 
 Since the conditions were non-uniform within the net house, treatments should be randomized within the net-house to 

minimize the variations within replications. 
  Number of replication should be increased or each genotype should be sown in long rows and salinity should be 

monitored along the row. 
 Some genotypes are appearing having higher salinity tolerance, but it should be assured by monitoring the salinity 

levels (ECs) within each plot. 
State hybrid trial  State hybrid trial of 100 experiment hybrids was also conducted and many hybrids were appearing promising for 

multiplication testing 
Breeding material and Ms 
lines maintenance 

 Breeding material of different generation F4 onward, was under evaluations at two places, one for early testing for yield 
and other for seed/generation advancement of selected families 

 15 MS lines were maintained and also used for developing hybrids with different pollinators. 
 

Entomology and pathology  
In total 9 trials (forage, grain sorghum and dual purpose) were sown recoding the observation on stem-borer 
and leaf diseases. Office in-charge reported that none of the line is appearing t be better than S541, SSG 59-3 
and resistant check IS 2508. 
 

Agronomy 
In this center two experiments were conducted as agronomy fodder trials which were sown very late on 07-08-
2012 and were poor in plant population and suffering from weeds and high scarcity of water. The experiments 

Name of trial Remarks 
Response of pre 
released sorghum 
genotypes to different 
fertility levels 

 SPV 2057 & SPV 2058 were harvested on 26th Sept.  Both entries responded to 100% RDF (100 kg N + 20 kg P2O5 /ha), 
 SPV 2057 produced highest green fodder (658 q/ha)  
 CSV 21 was looking visually promising for green fodder as even lower leaves were green at 90 DAS.  
 ‘Raucella- a public sector line was an addition entry in this trial was appearing to have great potential of  fodder. 

Evaluation of sweet 
sorghum genotypes for 
single cut fodder at 
different nitrogen levels 

 SSV 74, CSV 24 and RSSV 167 performed better than other genotypes and response to two nitrogen (80 & 120 kg/ha) 
was similar.  

 
 SSV 84 and CSV 24 have poor plant population and suffering from leaf spot disease 
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were conducted in low line area and the plants were damaged due to stagnation of water. There was no critical 
difference in lower doses up to 75% RDF to control. Never the less RSSV 104, CSV 19 and SSV 167 were 
performed better than other. At present crop was attained about 50 to 130 cm height only. Other breeding trials 
were in satisfactory condition, genotypes SSG 59-3 and HJ 541 was very promising at the center. 
 
23. MEERUT 
In all there were three breeding trials and two Entomology Trials on forage sorghum conducted at Meerut 
Centre during Kharif 2012. The trial-wise observations of the monitoring team were as follows.  The center has 
experiments of breeding and entomological trials of single and multicut sorghum the crop was insatisfactory 
condition and soon on 14-07-12  in AVT genotype code AVT genotype 8001 in R1 and 8042 and 8017 in R3 
were promising.   
 

Breeding  
 Advanced Varietal Trial (Single-cut): This trial with 10 test entries and one local check was planted as per the 

Technical Programme on July 14, 2012.  In this trial, 4 entries viz. 6001, 6003, 6004 and 6005 got damaged 
due heavy rain. Few entries were already flowered and passed the harvesting stage (due to Monitoring Team 
visit) whereas few entries were still to be flowered. As per the general observations, 6044, 6045, 6048 and 6050 
look to be promising though actual performance will be known after harvesting.  Except for local and few other 
entries most of the entries showed resistance/tolerance to leaf diseases. 

 Initial Varietal Trial (Single Cut): The Initial Trial Varietal Trial (Single-cut) with 13 test entries and one local 
check, planted in the two tiers of 7 entries each, was also sown on July 14, 2012. In this trial also due to heavy 
rains and water logging 2-3 entries got damaged in first replication. This trial also planted as per Technical 
Programme was in the good shape. The entries 8001 and 8043 look to be comparatively better based on 
general appearance.  

 Advanced/Initial Varietal/Hybrid Trial (MC): This Trial was having 11 test entries and one local check. Two cuts 
in this trial were already taken with total green fodder yield (total of two cuts) ranging between 400-700 q/ha 
which is considered to be quite good keeping in consideration the low available rain water and scarcity of 
irrigation facilities. The trial was sown under irrigation during last week of April 2012. Regeneration for third cut 
was coming through data in AICSIP Report is generally included for two cuts only for uniformity. The monitoring 
team suggested that the data recorded on third cut may be used for other studies on regeneration capability 
and potential of different entries from three cuttings under assured water. 

 

Entomology  
 Two Entomology Trials viz. AVT (SC) and IVT (SC) on forage sorghum entries were also planted at the Centre. 

Observations on shoot fly dead hearts (%) at 14 days and 28 days and Stem borer, dead heart (%) at 28 days 
after sowing were recorded. The shootfly, dead heart (%) range was to found to vary between 6-18% at 14 days 
and between 3-23 % at 28 days. 

 Incidence of stem borer was comparatively low as compared to shootfly beside, AVT entries showed less insect 
damage as compared to IVT entries. 
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Report on monitoring of AICSIP trials - Rabi 2012-13 
 
 
Introduction: Rabi 2013 AICSIP trials were monitored during January-February, 2013. Five AICSIP centers 
were monitored by DSR and AICSIP scientists for proper conduct of the trials, monitoring biotic and abiotic 
stresses and other relevant issues. Composition of the monitoring team and their dates of visit are presented in 
Table 1. 
 
Table 1. Details of the monitoring teams for AICSIP trials during kharif 2013 

Center Team members Date 
Kovilpatti G Shyam Prasad and Sunil Gomashe Jan. 31, 2013 
Rahuri Aruna C, SR Kumar, TGN Rao and SN Kale Jan. 11, 2013 
Parbhani IK Das, SR Gadakh, BD Pawar and NS Thakur Feb. 6, 2013 
Dharwad B Subbarayudu and D Shivani Jan. 29, 2013 
Tandur AV Umakanth, Amir Basha and Sujatamma Feb. 8, 2013 
 
The monitoring reams visited the respective centers and submitted their reports, which have been summarized 
center-wise below:  
 
1. KOVILPATTI 
General observation: There was severe drought. After sowing crop during 17-18th Oct, 2013, 169 mm of rain 
fall was received. In Oct 2012 there was 9 rainy days. During Nov, 2012 only 21.2 mm of rain was received in 2 
rainy days. During the last week of Dec 15.4 mm of rain was received in 2 rainy days. Thus, the crop was 
severely affected by drought, leading to drying up of all the breeding trials. The plant stand was good. The 
breeding trials are vitiated and no data can be expected out of it. The total rainfall received up to December 
2012 was 224 mm as against a normal of 400-500 mm and there were no significant rainy days in the month of 
November and December. There was severe drought and it affected the entire crops in the region. Most of the 
entries in all the trial did not flower due to severe moisture stress 20 days after sowing. 
The center has conducted four breeding trials (IVT-GS, IAHT-GS, IVT-SC and AVT-SC) and four under 
entomology AVHT-SS, AVHT-DS, IHT-DS, IVT-DS, Local checks totaling 9 trials were conducted at Kovilpatti. 
Apart from this center has taken up maintenance of A, B lines (15 no.), Pollinators (109 no), resistance lines 
forv midge (8 no.), resistant lines for mites (8 no.), maintenance of F1 generation (A x R) and (R xR). The 9 
coordinate trials were sown during 17.10.12 to 18.10.12. 
 

Breeding 
 The entries 4024, 4041, 4064 and local check (K8) in IVT-GS (LK), 3013, 3034, 3047, 3067, 3076, 3097 in 

IAHT-GS (LK) showed comparative better performance than rest of the entries in severe drought condition. 
 In the IVT-SC (LK) entries 8050 and 8051 recorded better growth and produced seeds, while all other 

entries dried completely before booting. In AVT-SC (LK) 6010, 6021, 6047 were better. 
 The promising entries mentioned can provide only indication of their drought tolerance. Over all the 

breeding trials may be treated as vitiated. 
 

Entomology 
 In the entomology trials sufficient levels of shoot fly infestation was not there. One irrigation was provided. 

On enquiry it was revealed that fishmeal was applied at 15 DAE whereas it was to be applied earlier. The 
maximum levels of shoot fly infestation was 40 % DH at 28 DAE and for stem borer it was 5 % DH (45 
DAE). Moderate levels of midge infestation were noticed in late entries. 

 The promising lines for shoot fly are as follows based upon visual rating: 
AVHT-SS: 413, 407, 404, 433  AVHT-DS: 106, 107, 108, 104 
IHT-DS: 206, 205, 203, 207  IVT-DS: 318, 306, 317, 301 
LC : 602, 607, 608, 612   
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Station programme: This center has taken up the following programme 
i. Maintenance of A, B lines (15 no.), Pollinators (109 no),  
ii. Midge resistant lines (8 no.),  
iii. Mite resistant lines (8 no.) 
iv. Maintenance of F1 generation (A x R) and (R xR). The trials were sown during 17.10.12 to 18.10.12. 
v. Visited on farm trial (OFT) at South Chittamkulam village. The performance of CSV 17 was superior 

than the K8 and on par with TKSV 0809 
 
Suggestions:  
 AICSIP trials should be planted away from trees to avoid shade effect. 
 Protective irrigation should be provided during drought to breeding trials so that valuable data is not lost. 
 
2. RAHURI 
General comments:  
 This year the rainfall received was less than normal. A total of 439.9 mm rainfall was received in 29 rainy 

days, whereas 550 mm in 41-42 rainy days was normal pattern. 
 Different field experiments were in flowering to maturity stage and the crop stand was good. 
 The crop was observed to be free from pests and diseases and all experiments were well maintained 
 

Breeding  
 Six experiments were allotted to the centre under AICSIP breeding and all the six were sown on 25-9-12 

and 26-9-12. Crop stand was good and crop was free from pests and diseases. 
 The trials include one advanced and two initial grain sorghum trials, one sweet sorghum trial, one inter-

institutional hybrid trial, one CRS hybrid trial and one germplasm trial.  
 Two state level trials each with 20 genotypes and four trials under university multilocation testing were 

sown 
 There were eleven station varietal trials for different soil types, two station hybrid trials and four trials under 

HOPE project 
 One 7x7 diallel experiment was also taken up with parents suitable for medium and shallow soils 
 One sweet sorghum trials to record genotypes with high biomass coupled with better biochemical 

parameters was also sown in the field 
 Germplasm characterization of 500 lines was being carried out. Lot of diversity could be observed in the 

genotypes. 
 The segregating material at different stages of development and the seed production plots were also 

visited. 
 The promising genotypes in each of the trials include 

o AVHT- Plot nos. 104, 102, 106, 107, 108, 109, 124, 121, 144 
o IHT- Plot nos. 204, 208, 209, 207, 203, 227, 223, 225, 226, 224, 222, 249, 247 
o IVT- Plot nos. 306, 301, 312, 302, 319, 315, 311, 336, 362, 372 
o CRS hybrid trial- SLA110 x SLR75, SLA150 x SLR134, SLA19 x SLR61, SLA114 x SLR125 

 

 Agronomy and physiology:  
 There were three AICSIP Agronomy trials conducted at MPKV Rahuri center 
 Under physiology, four co-ordinated trials and four station trials on drought tolerance, root trait studies and 

suitable plant type for different soils depths were taken up 
 The objective of the first trial was to take up rainwater conservation practices during kharif & compare them 

with rabi season in-crop operations 
 Compartmental bunds during kharif was the promising treatment which helped conserve rainwater to 

benefit following rabi sorghum 
 The objective of second trial was to look at opportunities of increasing the sowing window so as to address 

the climate change related issues 
 Pre-poning the sowing date to September instead of the normal October had significant influence on rabi 

cultivar performance 
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 Delay in sowing has subsequent post-flowering abiotic stress effect on rabi sorghum and with shortened 
winter season could further aggravate the situation 

 Rabi cultivars Phule Vasudha and Phule Revati were the promising entries among the five cultivars being 
used in this experiment 

 Improving the crop performance with use of ‘Plantozyme’ chemical was the objective of the third AICSIP 
experiment 

 Spraying the ‘Plantozyme’ twice at 35 and 60 DAS proved better than seed treatment or granular 
application at the time of sowing 

 

Station programme:  
 Drip irrigation and scheduling (drip timing) based on the Evapo-transpiration (ET) related coefficients was 

the objective of the station expt. 
 This is the first year of the trial and need to be conducted over years to draw valid inferences based on 

economic returns and the pay-back period required for the initial costs invested for required drip facility 
 

Entomology 
 Nine entomology trials were taken under the AICSIP program targeting different pests such as shoot fly, 

stem borer and aphids. 
 Sowings of entomology trials were done on 1-10-12 
 Shoot fly incidence was high with more than 80% shoot fly deadhearts in susceptible check and about 

25% deadhearts in resistant check. Promising lines with shoot fly resistance on par with resistant check 
were noted. Stem borer incidence was less than 5%. 

 The promising lines for shoot pests in different trials include 
o AVHT- Plot nos. 108, 104, 102, 125, 128, 144, 142 
o IHT- Plot nos. 202, 207, 209, 227, 225, 226, 245, 248 
o IVT- Plot nos. 301, 316, 302, 348, 332, 331, 335, 377, 361, 370, 380 
o Aphid and shoot bug nursery- 1004, 1012, 1032, 1036, 1047, 1053, 1062, 1069, 1076 
o SFR & National genetic stock nursery- 113, 114, 117, 123, 129, 136, 137, 155, 166, 176, 178, 184, 

215, 224, 231, 238, 251, 263, 272, 276, 283. 
 

Suggestions: 
 It is very important to note the sterility of the genotypes in all the breeding trials  
 Station program to emphasize more on development of genotypes for different soil types 
 Since climate change related experiment is being conducted across multi-environments there is a need to 

use crop simulation modeling tool, so as predict the consequences of different dates of sowing (weather 
based differences) 

 AQUACROP model developed by FAO is freely available for this purpose 
 The only extra effort of the centers is to provide the leaf area index (LAI) at different critical stages across 

crop growth during the season 
 In the station trial at Rahuri on drip irrigation, the rainfed (un-irrigated) treatment can be avoided since it 

can help reduce the experiment size. 
 It is useful to note the recovery resistance of the genotypes in the shoot fly trials. 
 
3. PARBHANI 
General observation: Most trials were sown during mid-October using residual soil moisture. Shoot fly trials 
were sown during mid-September and aphid and INM trials during mid-November. Crops experienced drought 
as no rains were received on standing crop (30% deficit in total rainfall). Plant stand and crop managements 
were good and some of the trials were managed with life saving irrigation. 
 
Breeding  
 There were four AICSIP breeding trials (AVHT, IHT, IVT, HNT, PLT). Apart from AICSIP trials, 

multilocation station trials including varietal and hybrid trials (SMVT) under rainfed and irrigated conditions 
were conducted. Other trials included grain and fodder yield trials, and preliminary evaluation of hybrid and 
varietal trials, MAS for yield and quality etc.  
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 In general the crop expression was very good and trials were maintained properly. Sporadic / minor 
incidence of foliar diseases noted.  

 Trial-wise promising entries are as follows: 
o AVHT-DS: 101, 106, 107, 121, 123, 127, 147, 146, 148, and 141 
o IHT: 201, 203, 207, 209, 223, 225, 224,228, 242, 243, 244 
o IVT: 319, 311, 314, 320, 313, 318, 331, 339, 348, 345, 341, 372, 376, 360, 379 
o HNT: 615, 623, 628, 633, 638, 642616, 615, 608, 614 
o PLT: 533, 512, 515, 505, 521, 506, 537, 510, 501, 503, 576, 549, 555, 546, 542, 561, 550, 507, 595, 

583, 594 
 

Agronomy 
 In all three agronomy trials were conducted at Parbhani during Rabi 2012-13. The trials were INM in Rabi 

sorghum, Climate change sorghum window x variety, and Integrated nutrient management in kharif 
sorghum- chickpea cropping pattern: The experiment was conducted as per the technical programme and 
trials were properly managed.  Shoot fly incidence in few trials especially INM and climate change trials 
were visible. Regarding sowing window x variety trial, sowing in sorghum in 1st week of October with Phule 
Revati performed well. In INM trials response of Nutrient was poor.   

 

Pathology 
 In pathology all the four allotted trials were planted and the establishment and management of the crop were 

good. Tooth-pick inoculations have been performed for development of charcoal rot. Since the crop was at 
dough stage there was less incidence of charcoal rot. It was suggested to record all parameters of charcoal rot 
resistance at physiological maturity of the crop. 

 

Entomology 
 In entomology all 7 allotted trials were planted. The observation on shoot fly infestation was completed in all the 

trials with maximum incidence recorded up to 100% in susceptible check. Promising entries for shoot fly 
resistance were 103, 108, 123, 155, 332, 344, 370, 378, 404, 416, aphid resistance were 103, 104, 114, 115 
and 159. 

 

Physiology 
 Three trials were conducted, IAVHT-SS, advanced drought adaptation germplasm trial, and preliminary 

evaluation of diverse germplasm for Rabi adaptation trial. Promising entries for IAVHT were 7011, 7013, 7016, 
7001, 7003 and 7012.  

 

Frontline demonstration 
 FLDs with Parbhani Moti and PKV Kranti (total five FLDs) in Rmaetakle Talukas were very good in expression 

and with adequate plant stand (except in one that was sown after soybean). Farmers’ reactions revealed that 
people in the area are asking them for seed, and in quite high demand. Farmers were happy with the 
performance of the crop.  

 

Suggestions 
 Agronomy and Pathology programmes at MAU Parbhani, are being managed by scientists who are in 

additional charge for these activities. Regular Pathologist, Dr. Mulekar is in deputation doing PhD and presently 
at Gujarat. Regular scientists might do the job in better way. 

 
4. DHARWAD 
Breeding 
 IVT: D/S on 30-09-2012. Crop is in harvesting stage. Promising entries identified were 318, 314,313,315, 

312,306, 334,342,344, 348, 336, 364, 366, 375, 372 and 371. Local check used was DSV- 4. 
 IHT: D/S on 30-09-2012. Crop is in harvesting stage. None of the entries was found promising. Seed set 

was not observed in 207, 227 and 247 may be due to restoration problem. Local check used was DSV- 4. 
 AVHT: D/S on 30-09-2012. Crop is in harvesting stage. Lodging was observed in entry no. 104. Entry no 

109 appeared to be kharif type.  
 Rabi initial hybrid nursery: Few promising entries observed were 609, 615, 624, 640, 642, 

659,668,671,672,689,694,698,701,703, 706,708 and 710. Stem borer was observed in entry no 608 and 
lodging was noticed in entry no 612 and 677. Entry no 625 was kharif type.  
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 Station trials 
o MLVT: D/S on 2-10-2012. Crop in harvesting stage. 21 entries tested in 3 replications.  
o SVT-I: D/S on 2-10-2012. Crop in harvesting stage. 16 entries tested in 3 replications. 
o SVT-II: D/S on 2-10-2012. Crop in harvesting stage. 11 entries tested in 3 replications. 
o SHT-I & II: D/S on 3-10-2012. Crop in harvesting stage. 16 A x R hybrids tested in 3 replications in 

both the trials.  
 

 Agronomy  
 Enhancement of kharif fallow rabi sorghum (CSV 22R) productivity through in-situ moisture conservation: 

The rainfall received was below the normal and deficit moisture situation was seen during the crop growth 
period. Due to low rainfall there is no run-off and hence the impact of moisture conservation structures on 
crop growth is not distinct. Moreover instead of CSV 22R it would be better if a local variety is used for this 
experiment.  

 Integrated nutrient management in rabi sorghum (CSV 22R): Among all the treatments, munbean – rabi 
sorghum sequence cropping with 20 or 40 or 60 kg/ha appears promising followed by sunnhemp- rabi 
sorghum at all N levels.  

 Integrated nutrient management in kharif sorghum (CSH-16)- chickpea cropping system: During kahrif, 
application of FYM@5t/ha with 75% RDF followed by FYM @2.5t/ha + VC@ 1.25t/ha along with 100% 
RDF to kharif sorghum appears promising. During rabi, there is no visible treatments difference in chick 
pea because of delayed sowing of chickpea (D/S 23-11-2012) and no cold spell during the crop growth 
period.  

 Assessing the performance of rabi sorghum genotypes in changing climate: Among dates of sowing, Oct 
1st week sowing was the best and among the genotypes tested, CSH-15R was good in all dates followed 
by CSV -22R and Phule Vasudha.   

 Efficacy of plantozyme and planto granules in rabi sorghum (CSV 22R): Among all the treatments, RDF + 
Plantozyme @ 2ml/water at 35 and 60 DAS appears to yield better in terms of seed  and fodder yield. 
However, at present there are no visible treatmental differences. Plantozyme is related with drought 
tolerance capacity and to withstand terminal moisture stress.  

 
Entomology 
 Promising entries against shoot fly in different trials  
 The insecticides Dimethoate and Quinolphos were found toxic to sorghum even at recommended doses 

Trial Promising entries against shoot fly (%DH)  
B&R Lines 408 (20%), 412 (28%), 413 (35%), 414 (35%), 425 (20%), 426 (24%), 437 (35%), 438 (38%), 439 (29%), 442 (20%) 
IASFN 502 (15%), 505 (19%), 508 (21%), 511 (16%), 513 (13%), 519 (10%), 523 (18%), 532 (26%), 542 (14%), 544 (19%), 

549 (11%), 563 (29%) 
Local checks 603 (16%), 605 (29%), 606 (16%), 607 (23%), 613 (20%), 616 (32%), 626 (29%), 629 (29%) 
AVHT-DS M 35-1 (35%), M35-1 (22%), 145 (25%), M35-1 (34%) 
IVHT-SS 402 (37%), 406 (30%), 404 (36%), 443 (37%), 435 (24%), 440 (26%), 462 (26%), 466 (35%), 473 (33%), 464 (30%) 
IHT-DS 209 (17%), 208 (35%), 227 (32%), 229 (29%), 224 (30%), 242 (35%), 246 (36.11%), M35-1 (31%) 
IVHT-DS 318 (32%), Hathi, Kuntha (31%), 317 (31%) 310 (21%), 301 (20%), 303 (17%), 319 (18%), 342 (31%), 347 (20%) 

344 (27%), 348 (21%), 349 (32%), 333 (28%), 244 (25%), 374 (24%), 379 (29%), 361 (18%), 378 (25%), 373 (32%) 
MLVT 2012-1, 02, 03, 08, 09, 11, 12, 13, 17, 18 (14-25%), 2012-16, 08, 10, 15, 07, 13 (12-33%), 2012-13, 09, 16, 17, 18, 

02, 10, 4, 8 (8-29%) 
IABT-Lines 13-2 (19%), 19-2  (20%), M35-1 (15%), SPV86 (27%), 13-3  (26%), 13-2 (33%), SPV86 (22%), 13-3 (25%), 19-2 

(36%), M35-1 (34%), 13-3 (34%), SPV86 (35%) 
 
Suggestions 
 Early sowing is not recommended for rabi to avoid the carry over of the shoot fly in Dharwad location. 
 
5. TANDUR 
Breeding 
 The overall performance of the breeding trials was less than that of last year owing to terminal moisture 

stress 
 There was stem bending and lodging in some of the entries in breeding trials 
 The entry no`s 318, 306, 317, 303, 338 and 339 were found to be good yielders in the IVT-Deep soil 
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 In the AVHT-Deep soil, the entry no`s 106, 107, 109, 129, 144, 149 were promising as indicated by head 
size and the lodging percent was also less in these entries 

 In the IHT-Deep soils, the entries 209, 227, 242, 247 and 248 were promising. 
 The station breeding trial comprising of 13 crosses in F6, 18 crosses in F5, 14 crosses in F4, 22 crosses in 

F3 are being evaluated. 
 A crossing programme on drought, shoot fly and aphid tolerances is being attempted. 
 

Agronomy 
 In enhancement of kharif fallow rabi sorghum productivity through in-situ moisture conservation trials, 

vegetative growth of the crop and good earhead size was observed in compartmental bunding during 
kharif and flat sowing during rabi, which was followed by tied ridge and furrow at 5m during kharif and flat 
sowing during rabi.    

 In integrated sorghum management in rabi sorghum trial among the various pre-sorghum green manures, 
incorporation of Dhaincha (Sesbania acculeata) was having good impact on crop growth and earhead size. 
Different levels of nitrogen were not having any visual differences in Dhaincha incorporated plots. 

 In effect of scheduling of irrigation on growth, yield and economics of rabi sorghum under limited water 
availability conditions, applying 3 irrigations each at 35,55 and 75 DAS resulted in good growth and 
earhead size. 

 In dates of sowing trial, crop sown on 06-09-12 and 20-09-13 was having good vegetative growth and 
earhead size. 

 

Entomology 
 In AVHT(DS), entry no 101 in R1 , 123 and 129 in R2  were promising   lines against shootfly and 

stemborer  compared with susceptible check (DJ6514 <75%) and resistance checks (IS18551 < 2-3 %)  
 In IVT (DS), entry 101 in R1 and 310 and 317 were promising   lines against shootfly and stemborer 

incidence compared with susceptible check (DJ6514 <75%) and resistance checks (IS18551 < 2-3 %)  
 In IHT (DS), only 207 in R1 was promising against shootfly and stemborer incidence compared with 

susceptible check (DJ6514 <75%) and resistance checks (IS18551 < 2-3 %)  
 In AVHT (SS), 414 in R1 and 444, 443, 432 and 434 in R2 were promising   lines against shootfly and 

stemborer  incidence compared with susceptible check (DJ6514 <75%) and resistance checks (IS18551 < 
2-3 %)  

 

Recommendations  
 Concerted efforts need to be made to generate new breeding material 
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Stover quality analysis of grain sorghum entries in advanced trials 
 

B Venkatesh Bhat, Sujay Rakshit, A Vishala Devender & JV Patil 
Directorate of Sorghum Research, Hyderabad, AP 

 
Sorghum stover is a main source of fodder in semi-arid tropics of India. In grain sorghum stover is an important 
by-product, which plays an important role in deciding the value of the cultivar. Sorghum stover is highly nutritive 
and beneficial to the cattle, particularly in dryland farming system. Therefore, the quality of stover is a very 
important consideration in cultivar selection. While protein content and digestibility (measured as in vitro 
organic matter digestibility or IVOMD) are the important traits for stover quality, the fibre content (ADF and 
NDF) play a crucial role in providing roughage as well as in determining digestibility along with lignin quantity 
and structural composition. Ash content gives as idea of the minerals that are made available through stover. 
Like every year the advanced entries in both Advanced Hybrid Trial (AHT) and Advanced Varietal Trial (AVT) 
for grain purpose were tested for fodder quality. The results are summarized below.  
 
AHT was represented by 8 test entries and 5 checks. On the other hand, AVT was comprised of 6 test varieties 
and 5 checks. Stover samples from three locations, viz., Coimbatore in Zone I south, Akola in Zone II and 
Udaipur from Zone I North were collected and analyzed. Samples from Akola and Coimbatore were analyzed at 
DSR, while Udaipur samples were analyzed in Hisar. Data were recorded on 7 traits, viz., Crude protein (%), 
IVMOD (%), NDF (%), ADF (%), Dry matter (%), Ash content (%) and metabolizable energy (mj/ka). Data of 
AHT are presented in Table 1, while AVT data are presented in Table 2. 
 
Advanced hybrid Trial (AHT) (Table 1) 
The analysis of data revealed highly significant differences among the entries at each location, while pooled 
analysis showed no significant differences among the entries for all the traits. Ranking of entries varied from 
location to location, suggesting significant genotype  environment interaction. CSH 23 recorded highest CP at 
Coimbatore, while at Akola and Udaipur, CSH 25 and SPH 1674 topped respectively. In terms of IVMOD, SPH 
1680 topped both at Coimbatore and Akola, while at Udaipur SPH 1704 was superior. For both NDF and ADF 
local check topped at Coimbatore and at Akola CSH 25 was the highest.  CSH 16 and CSH 25 recorded 
maximum ash content at Coimbatore and Akola, respectively. Metabolizable energy was highest in SPH 1680.  
 
Overall, Highest CP was recorded by CSH 25 (7.27%) followed by SPH 1674 (7.16%) and CSH 23 (7.11%). 
The test hybrid SPH 1680 exhibited highest IVOMD (47.48%) followed by SPH 1704 (47.06%). The test 
hybrids SPH 1680 and SPH 1704 also had lowest ADF and lignin content, coupled with highest metabolizable 
energy. SPH 1674 had highest mean NDF (60.07%) followed by SPH 1682 (59.31%). SPH 1674, though had 
highest ash content (8.86%) among the test hybrids, had highest ADF (46.41%) as well. 
 
Advanced Varity Trial (AVT) (Table 2) 
In terms of Crude protein percentage CSV 27 topped at Coimbatore, while CSV 17 and SPV 2121 topped at 
Akola and Udaipur, respectively. SPV 2083 recorded high IVMOD both at Coimbatore and Udaipur, but ranked 
4th at Akola. At Akola CSV 23 topped for the trait. SPV 2121 topped for NDF and ADF at Coimbatore, while 
CSV 17 and CSV 20 remained among top 2 at Akola for these traits. In terms of ash content also, CSV 17 
performed best at both Coimbatore and Akola. SPV 2083 and CSV 27 recorded highest metabolizable energy 
at Coimbatore and Akola, respectively. Lignin content was lowest in SPV 2110 and CSV 27 respectively at 
Coimbatore and Akola. 
 
On an average, SPV 2083 was superior to most of the test entries and checks with regard to CP, IVOMD and 
metabolizable energy, characterized by lower ADF and lignin content. SPV 2061 was also superior but for the 
lower mean protein content. Among new entries, SPV 2122 and SPV 2114 were promising for many quality 
traits while they were on par with checks. SPV 2121, although had highest ash content, was poor for most of 
the stover quality traits. 
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Table 1: Stover quality of grain sorghum hybrids in Advanced Hybrid Trial - Kharif 2012 
 
  Crude protein (%) IVOMD (%) 

Sl.  COI  AKO  UDA  AV.  COI  AKO  UDA  AV.  
No Entry  R  R  R  R  R  R  R  R 
1 SPH 1674 (2) 6.66 7 5.41 10 9.41 1 7.16 2 41.05 12 48.03 7 47.90 3 45.66 9 
2 SPH 1679 (2) 6.67 6 5.49 8 7.66 9 6.61 10 43.00 9 48.13 5 46.90 6 46.01 6 
3 SPH 1680 (2) 5.86 11 5.05 13 9.41 1 6.77 7 45.88 1 49.36 1 47.20 5 47.48 1 
4 SPH 1682 (2) 5.72 12 5.99 3 8.97 2 6.89 5 41.40 11 48.25 2 45.40 10 45.02 13 
5 SPH 1702 7.09 3 5.59 6 7.00 10 6.56 12 44.10 7 47.00 12 45.20 11 45.43 11 
6 SPH 1703 6.83 4 5.59 7 8.54 4 6.99 4 45.65 2 48.19 3 43.90 12 45.92 8 
7 SPH 1704 6.11 9 5.32 11 8.10 6 6.51 13 43.70 8 48.18 4 49.30 1 47.06 2 
8 SPH 1705 6.10 10 5.59 5 8.75 3 6.81 6 44.84 4 47.81 10 46.20 8 46.28 4 
9 CSH 16 7.13 2 5.27 12 7.88 8 6.76 8 41.68 10 48.00 8 47.20 4 45.63 10 
10 CSH 23 7.40 1 6.05 2 7.88 8 7.11 3 44.71 5 48.07 6 46.00 9 46.26 5 
11 CSH 25 6.67 5 6.16 1 8.97 2 7.27 1 44.58 6 47.93 9 45.40 10 45.97 7 
12 CSH 27 6.45 8 5.46 9 7.88 7 6.60 11 45.10 3 47.34 11 46.70 7 46.38 3 
13 Local Check# 5.48 13 5.96 4 8.53 5 6.66 9 40.89 13 46.44 13 48.30 2 45.21 12 
    LOC. MEAN 6.48   5.61   8.38   6.82   43.58   47.90   46.58   46.02   
   C.D. (5%) 0.36   1.20   1.66   1.06   1.07   2.28   2.98   2.49   
   C.D. (1%) 0.49   1.62   2.33   1.44   1.44   3.10   4.18   3.37   
   C.V. (%)  3.33   12.68   9.11   9.25   1.45   2.83   2.94   3.21   
   F (Probability) 0.00   0.00   0.00   0.92   0.00   0.00   0.00   0.77   
# Local Check varies from Location to Location;  Coimbatore - CO (H) 5; Akola - SPH 1635;  Udaipur - PJ 1430 

 
  NDF (%) ADF (%) Dry matter (%) 

Sl.  COI  AKO  AV.  COI  AKO  AV.  COI  AKO  AV.  
No Entry  R  R  R  R  R  R  R  R  R 
1 SPH 1674 (2) 61.74 4 58.39 6 60.07 2 48.00 3 44.82 2 46.41 2 91.72 6 91.86 8 91.79 7 
2 SPH 1679 (2) 58.49 9 58.86 3 58.68 8 45.40 6 44.33 6 44.86 7 91.60 8 91.95 7 91.78 8 
3 SPH 1680 (2) 58.23 11 56.70 11 57.47 12 44.07 8 42.09 13 43.08 13 91.23 11 91.67 10 91.45 12 
4 SPH 1682 (2) 62.68 2 55.93 13 59.31 3 48.47 2 42.51 12 45.49 3 91.91 3 92.02 5 91.96 3 
5 SPH 1702 59.29 7 59.03 2 59.16 5 44.92 7 44.48 4 44.70 8 91.61 7 92.21 2 91.91 4 
6 SPH 1703 58.26 10 58.47 5 58.36 10 42.84 13 43.95 7 43.39 10 91.40 10 92.11 4 91.76 9 
7 SPH 1704 62.23 3 56.14 12 59.19 4 47.59 4 42.65 11 45.12 5 92.14 2 91.52 12 91.83 6 
8 SPH 1705 59.60 6 57.55 7 58.57 9 44.00 9 44.43 5 44.22 9 90.63 12 91.64 11 91.14 13 
9 CSH 16 60.94 5 57.16 9 59.05 6 46.78 5 43.55 8 45.17 4 91.87 4 91.86 8 91.86 5 
10 CSH 23 57.73 13 57.04 10 57.39 13 43.47 11 43.02 10 43.25 11 91.43 9 91.98 6 91.71 10 
11 CSH 25 58.65 8 59.21 1 58.93 7 43.99 10 45.84 1 44.92 6 91.84 5 92.21 3 92.02 2 
12 CSH 27 58.16 12 57.33 8 57.75 11 43.29 12 43.18 9 43.23 12 91.43 9 91.82 9 91.63 11 
13 Local Check# 64.57 1 58.53 4 61.55 1 49.88 1 44.72 3 47.30 1 92.57 1 92.23 1 92.40 1 
    LOC. MEAN 60.04   57.72   58.88   45.59   43.81   44.70   91.65   91.93   91.79   
   C.D. (5%) 1.36   2.73   4.04   1.26   2.91   3.88   0.27   0.71   0.67   
   C.D. (1%) 1.84   3.70   5.66   1.70   3.95   5.45   0.36   0.96   0.94   
   C.V. (%)  1.34   2.81   3.15   1.63   3.95   3.99   0.17   0.46   0.33   
   F (Probability) 0.00   0.00   0.71   0.00   0.00   0.48   0.00   0.00   0.15   

 
  Ash content (%) Metabolizable energy (mj/kg) Lignin (%) 

Sl.  COI  AKO  AV.  COI  AKO  AV.  COI  AKO  AV.  
No Entry  R  R  R  R  R  R  R  R  R 
1 SPH 1674 (2) 9.52 2 8.21 8 8.86 3 5.72 13 7.13 8 6.42 12 5.73 2 4.99 4 5.36 2 
2 SPH 1679 (2) 9.48 4 7.91 11 8.70 5 6.07 9 7.17 6 6.62 9 5.48 6 4.78 9 5.13 6 
3 SPH 1680 (2) 8.10 12 7.38 13 7.74 13 6.64 1 7.46 1 7.05 1 5.05 12 4.29 13 4.67 13 
4 SPH 1682 (2) 8.78 8 8.29 4 8.54 9 5.86 10 7.17 5 6.51 10 5.73 3 4.81 7 5.27 3 
5 SPH 1702 8.80 7 8.37 3 8.59 8 6.26 7 7.00 12 6.63 8 5.38 7 5.02 3 5.20 5 
6 SPH 1703 8.77 9 8.50 2 8.64 7 6.50 2 7.17 4 6.84 2 5.08 11 4.69 11 4.89 11 
7 SPH 1704 8.70 11 7.88 12 8.29 11 6.21 8 7.20 2 6.70 7 5.51 5 4.64 12 5.07 8 
8 SPH 1705 7.92 13 8.29 5 8.10 12 6.43 4 7.14 7 6.78 3 5.13 10 4.97 5 5.05 10 
9 CSH 16 10.00 1 8.27 7 9.14 1 5.85 11 7.12 9 6.49 11 5.68 4 4.74 10 5.21 4 
10 CSH 23 9.49 3 8.02 10 8.76 4 6.32 6 7.19 3 6.75 4 5.17 8 4.94 6 5.06 9 
11 CSH 25 9.46 5 8.72 1 9.09 2 6.33 5 7.10 10 6.71 6 5.15 9 5.03 2 5.09 7 
12 CSH 27 9.33 6 8.07 9 8.70 6 6.43 3 7.05 11 6.74 5 4.89 13 4.80 8 4.84 12 
13 Local Check# 8.73 10 8.28 6 8.50 10 5.76 12 6.95 13 6.35 13 5.94 1 5.25 1 5.60 1 
    LOC. MEAN 9.01   8.17   8.59   6.18   7.14   6.66   5.38   4.84   5.11   
   C.D. (5%) 0.31   1.19   0.93   0.16   0.36   0.42   0.18   0.60   0.49   
   C.D. (1%) 0.42   1.62   1.30   0.22   0.49   0.58   0.24   0.81   0.69   
   C.V. (%)  2.05   8.68   4.96   1.54   2.99   2.87   1.95   7.32   4.41   
   F (Probability) 0.00   0.00   0.22   0.00   0.00   0.14   0.00   0.00   0.09   
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Table 2: Stover quality of grain sorghum varieties in Advanced Varietal Trial - Kharif 2012 
 

  Crude protein (%) IVOMD (%) 
Sl.  COI  AKO  UDA  AV.  COI  AKO  UDA  AV.  
No Entry  R  R  R  R  R  R  R  R 
1 SPV 2061 (2) 6.15 8 4.52 10 8.75 4 6.47 10 48.45 3 51.30 3 45.20 9 48.32 4 
2 SPV 2083 (2) 7.83 4 4.77 9 8.54 5 7.04 4 50.59 1 49.78 4 51.20 1 50.52 1 
3 SPV 2110 7.16 5 5.50 5 8.09 9 6.92 6 49.51 2 48.59 9 42.40 10 46.83 8 
4 SPV 2114 5.95 11 6.04 3 8.10 8 6.70 8 46.49 7 48.95 8 50.80 2 48.74 3 
5 SPV 2121 6.05 10 5.00 7 9.41 1 6.82 7 38.76 11 49.63 5 47.40 5 45.26 10 
6 SPV 2122 6.39 7 4.91 8 8.75 4 6.68 9 47.34 4 49.58 6 49.80 3 48.91 2 
7 CSV 17 8.61 2 6.75 1 9.19 3 8.18 1 44.60 10 45.65 11 45.50 8 45.25 11 
8 CSV 20 8.76 1 6.49 2 8.32 7 7.85 2 46.82 5 47.25 10 46.60 7 46.89 7 
9 CSV 23 8.02 3 5.07 6 9.19 2 7.43 3 46.56 6 51.50 1 40.20 11 46.09 9 
10 CSV 27 6.08 9 4.47 11 8.75 4 6.44 11 45.94 9 51.42 2 47.10 6 48.15 5 
11 Local Check# 6.93 6 5.52 4 8.53 6 6.99 5 46.34 8 49.32 7 48.60 4 48.09 6 
    LOC. MEAN 7.08   5.37   8.69   7.05   46.49   49.36   46.80   47.55   
   C.D. (5%) 0.26   1.19   2.69   1.20   0.67   3.31   4.37   4.82   
   C.D. (1%) 0.35   1.62   3.83   1.63   0.91   4.51   6.22   6.58   
   C.V. (%)  2.12   13.00   13.91   9.96   0.85   3.93   4.19   5.96   
   F (Probability) 0.00   0.00   0.00   0.11   0.00   0.00   0.00   0.47   
# Local Check varies from Location to Location;  Coimbatore - CO 30; Akola - SPV 669; Udaipur - PJ 1430 

 
  NDF (%) ADF (%) Dry matter (%) 
Sl.   COI   AKO   AV.   COI   AKO   AV.   COI   AKO   AV.   
No Entry   R   R   R   R   R   R   R   R   R 
1 SPV 2061 (2) 55.94 10 54.73 11 55.33 10 40.85 9 40.01 11 40.43 10 90.61 10 90.39 11 90.50 11 
2 SPV 2083 (2) 53.88 11 55.53 8 54.71 11 38.70 11 40.92 8 39.81 11 90.84 9 91.11 7 90.97 10 
3 SPV 2110 57.01 9 57.84 3 57.42 5 40.44 10 42.80 3 41.62 7 91.31 5 91.54 5 91.42 5 
4 SPV 2114 57.78 7 56.58 6 57.18 6 43.53 3 41.58 6 42.56 4 90.46 11 91.64 4 91.05 8 
5 SPV 2121 64.03 1 56.59 5 60.31 1 51.28 1 41.68 5 46.48 1 92.27 1 91.28 6 91.78 3 
6 SPV 2122 57.19 8 55.37 9 56.28 9 41.72 7 41.27 7 41.50 8 91.07 8 91.08 8 91.07 6 
7 CSV 17 59.29 2 58.36 2 58.82 2 43.39 5 44.66 1 44.03 2 92.06 2 92.75 1 92.41 1 
8 CSV 20 58.11 5 58.58 1 58.34 3 40.93 8 43.40 2 42.17 5 91.45 3 92.33 2 91.89 2 
9 CSV 23 57.82 6 56.28 7 57.05 7 42.14 6 40.61 9 41.37 9 91.08 7 91.05 9 91.07 7 
10 CSV 27 58.82 4 55.20 10 57.01 8 43.69 2 40.07 10 41.88 6 91.17 6 90.78 10 90.97 9 
11 Local Check# 58.89 3 56.90 4 57.89 4 43.44 4 41.86 4 42.65 3 91.36 4 91.70 3 91.53 4 
    LOC. MEAN 58.07   56.54   57.30   42.74   41.71   42.23   91.24   91.42   91.33   
   C.D. (5%) 1.11   3.35   3.85   0.78   3.42   5.49   0.19   0.88   0.96   
   C.D. (1%) 1.51   4.57   5.48   1.07   4.66   7.81   0.26   1.20   1.37   
   C.V. (%)  1.12   3.48   3.02   1.08   4.81   5.84   0.12   0.56   0.47   
   F (Probability) 0.00   0.00   0.22   0.00   0.00   0.46   0.00   0.00   0.05   

 
  Ash content (%) Metabolizable energy (mj/kg) Lignin (%) 
Sl.   COI   AKO   AV.   COI   AKO   AV.   COI   AKO   AV.   
No Entry   R   R   R   R   R   R   R   R   R 
1 SPV 2061 (2) 8.22 9 6.76 10 7.49 10 7.03 3 7.62 3 7.33 1 4.45 8 4.21 10 4.33 11 
2 SPV 2083 (2) 8.60 6 7.46 6 8.03 6 7.26 1 7.33 4 7.30 2 4.40 9 4.42 8 4.41 10 
3 SPV 2110 8.21 10 7.53 5 7.87 7 7.18 2 7.11 9 7.14 4 4.35 10 4.69 3 4.52 9 
4 SPV 2114 8.13 11 8.24 3 8.19 5 6.72 5 7.14 8 6.93 7 4.89 5 4.59 5 4.74 4 
5 SPV 2121 9.84 2 7.42 7 8.63 3 5.37 11 7.30 5 6.33 11 6.33 1 4.44 7 5.38 1 
6 SPV 2122 8.27 7 7.23 8 7.75 9 6.84 4 7.29 6 7.07 6 4.80 7 4.66 4 4.73 5 
7 CSV 17 9.96 1 10.15 1 10.05 1 6.25 10 6.49 11 6.37 10 5.42 2 5.12 1 5.27 2 
8 CSV 20 9.08 3 8.96 2 9.02 2 6.61 7 6.80 10 6.70 9 4.97 4 5.08 2 5.03 3 
9 CSV 23 8.80 5 6.88 9 7.84 8 6.63 6 7.66 2 7.15 3 4.98 3 4.28 9 4.63 7 
10 CSV 27 8.26 8 6.72 11 7.49 11 6.58 9 7.67 1 7.13 5 4.97 4 4.17 11 4.57 8 
11 Local Check# 9.04 4 7.61 4 8.33 4 6.59 8 7.24 7 6.92 8 4.83 6 4.58 6 4.70 6 
    LOC. MEAN 8.76   7.73   8.24   6.64   7.24   6.94   4.94   4.57   4.76   
   C.D. (5%) 0.34   1.49   1.33   0.12   0.62   0.90   0.14   0.54   0.95   
   C.D. (1%) 0.46   2.03   1.89   0.16   0.84   1.28   0.20   0.74   1.34   
   C.V. (%)  2.25   11.33   7.22   1.02   5.01   5.84   1.71   6.94   8.92   
   F (Probability) 0.00   0.00   0.04   0.00   0.00   0.30   0.00   0.00   0.36   
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Sorghum food technology  
 

UD Chavan 
Mahatma Phule Krishi Vishwavidyalaya, Rahuri 

 
Highlights of research during 2012-13 
 
1. Among the new sorghum genotypes from Dharwad center, AVT; SPV 2122, SPV 2121, from AHT; SPH 

1705, SPH 1674 (2) and from LCD all genotypes were found promising and superior over the check (CSH-
14 and DSV-6) for dough, roti as well as nutritional quality parameters.  
 

2. From Rabi 2012-13 Rahuri centers’ sorghum samples, among the new sorghum genotypes from AVHT; 
SPV 2140, SPV 2139, SPV 2144 and CSV-22 were found promising and superior over the check M 35-1 
for dough, roti as well as nutritional quality parameters and from IVT; CSV-22, SPV 2215, SPV 2212, SPV 
2222 and SPV 2223 were found promising over the check M 35-1 for dough, roti as well as nutritional 
quality parameters. The new genotypes from IHT; SPH 1742 was found superior over the check for 
nutritional and roti quality parameters. 

 
Screening of AVHT, IHT and IVT kharif and Rabi sorghum genotypes for dough, roti and nutritional 
quality parameters (Centers: Rahuri and Dharwad) 
 
Roti and grain quality of sorghum 
In India sorghum is traditionally consumed in the form of unleavened pan cake/Roti/Bhakari. Because of 
sorghum is a staple food in many parts of the country. Though sorghum grains are nutritious, the consumption 
of this cereal is decreasing due to non-availability of easy cooking raw materials from the sorghum. The other 
major reasons are; dying traditional food habits, requirement of special skill for preparing sorghum rotis. For 
many years sorghum eating population particularly in rabi growing areas, the roti made from Maldandi (M 35-1) 
is preferred for taste and softness, over other genotypes. But now days some new genotypes of rabi sorghum 
are developed which gives better nutritional as well as organoleptic quality of the roti than the M 35-1.  
 
a) Flour and Dough quality 
Following 11 different flour and dough quality parameters were measured: 
 
1. Hectoliter weight (kg/hl)   6. Crude protein (%) 
2. Water absorption (%)   7. Soluble protein (%) 
3. Kneading quality (Scale 1-3)  8. Total soluble sugars (%) 
4. Spreading quality (Scale 1-3)  9. Free amino acids (mg/100g) 
5. Water required for dough (%)  10. Starch (%);  
11. Phenolics (%). 
 
Total thirty one advanced genotypes which include hybrids, varieties and were compared with check genotypes 
( DSV-6 and CSH-14). The results on flour, dough and roti quality is presented in Tables 1 to 6.  
 
Hectoliter weight: The hectoliter weight gives the soundness of the grain as well as higher recovery of the 
flour. It is a unit weight of the grain in a specific volume. The hectoliter weight ranged from 70.61 (CSH-14) to 
81.08 (CSH-16) kg/hl. CSH-16 genotype gave higher hectoliter weight than rest of the genotypes.  
 
Water absorption capacity: The water absorption capacity is positively correlated to the roti quality. The 
higher the water absorption capacity the superior was the quality of the roti. The water absorption capacity of 
flour ranged from 92% (SPH 1679 (2) to 118% (CSV 20 and SPH 1653).  
 
Water required for the dough: The water required for the preparation of dough was estimated for different 
genotypes and presented Table 1 to 6. The genotypes differed significantly for the water requirement for dough 
preparations. Higher water requirement for dough preparation is a good character for softness of the roti for 
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longer period. The water required for dough preparation ranged from 80 ml/100g flour (SPV 2122) to 110 
ml/100g flour (CSV 20, CSH 16, SPH 1674, SPH 1705, CSH 16 and SPH 1644). 
 
Kneading quality: The kneading quality of dough is measured on 1-3 scale (1-best, 2 -good and 3-poor). The 
kneading quality of dough gives cohesiveness of the dough which is good sign for better quality of the roti. All 
genotypes studied were found good kneading quality of the dough as compare to the checks. 
 
Spreading quality: The spreading of the dough while preparing roti was studied and the score ranged from 1.0 
to 2.0. All genotypes were found comparable to the local check for spreading quality of the roti. 
 
Crude protein: The crude protein content ranged from 8.68% (SUO-0701) to 10.03% (Local check DSV 6) in 
the advanced genotypes studied with their checks. None of the genotype swas found superior over local check 
studied. 
 
Soluble protein: The soluble protein content in the flour mostly responsible for the holding more water and 
developing smoothness to the roti. The soluble protein content in the flour ranged from 1.37% [SPH 1703 and 
SPV 2083 (2)] to 2.56% (SPH 1653). All the genotypes were significantly different in the soluble content.  
 
Total soluble sugars: The total soluble sugars ranged from 1.63% (SPH 1704) to 2.49% (SPH 1653). All the 
genotypes studied were significantly different. The higher sugar percentage in sorghum flour representing good 
amylolyptic activity while preparation of roti. It is also responsible for good taste of roti. 
 
Free amino acids: The free amino acids in the studied genotypes ranged from 67.19 mg/100g flour (SPH 
1653) to 108.68 mg/100g flour (SPV 1870). The advanced sorghum genotypes were significantly different in 
the free amino acid content.  
 
Starch: The starch content of the advanced genotypes ranged from 42.91% (SPH 1705) to 66.20% (SPV 
1870). Most of the new genotypes studied were showed higher amount of starch content than the local check 
(Tables 1,3&5).  
 
b) Roti quality 
A test panel consisting of 10 semi-trained judges for testing and scoring rotis for their organoleptic quality 
parameters was constituted. The evaluation was performed on a hedonic scale 1 to 9 range, like extremely 
(Excellent) 9 to dislike extremely (not acceptable) 1. The results of the organoleptic quality of roti were 
presented below. The roti quality was evaluated with six different parameters such as: 
 
1. Colour and appearance   2. Flavour 
3. Texture    4. Taste 
5. Overall acceptability   6. Storage quality after 4, 8 and 24 hrs. 
 
The data on colour, flavor, texture, taste and overall acceptability are presented in Tables 2, 4 and 6. 
 
Colour and appearance: The colour and appearance attribute is very important for immediately affect the 
acceptance of the product. The colour and appearance index ranged from 5.4 (DSV 6 and SPH 14) to 9.0 [SPH 
1674 (2)]. The studied genotypes were significantly different in their colour and appearance score. All 
genotypes from LCD were showed superiority in colour and appearance over local check. 
 
Flavour/aroma: For judging the roti quality flavor is one of the parameter mostly responsible to give their 
acceptance. The score ranged from 5.8 [CSH 14) to 8.6 (SPH 1653 (2)]. These all genotypes were significantly 
different for the flavor score. 
 
Texture: The texture of the roti gives the smoothness or roughness of the product. The texture score ranged 
from 5.8 to 8.2. 
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Taste:  Taste parameter is very important for the acceptance of any food product. It gives direct feelings of the 
consumer for that particular item. The taste score ranged from 5.8 (DSV 6) to 8.4 (SPH 1705). The genotypes 
from LCD lot were found superior for taste characteristics over the checks. 
 
Overall acceptability: The overall acceptability score is based on the average score of all other four 
characters (colour and appearance, flavor, texture and taste). The overall acceptability score ranged from 5.75 
(CSH-14) to 8.45 [SPH 1674 (2)]. 
 
Storage study: Storage study was under taken to study the loss in weight of roti during storage. The storage 
quality of the roti was evaluated for a total period of 24 hrs. The genotypes were significantly different. During 
this experiment three samples were drawn after 4 hrs, 8 hrs and 24 hrs at room temperature to see the loss in 
weight of the roti. The genotype SPV 2122, CSH 14 and DSV 6 showed minimum loss in weight after 24 hrs 
storage at room temperature (Tables 2, 4 & 6).   
 
Conclusions: During Kharif-2012 (Dharwad center) 11 sorghum genotypes from AVT, 13 genotypes from AHT 
and 7 genotypes from LCD were evaluated for roti and nutritional quality using above quality parameters. Roti 
quality judges by the semi-trained judges and nutritional quality based on some of the important nutrient 
present in sorghum grain. On the basis of these characters among the new sorghum genotypes from AVT; 
SPV 2122, SPV 2121, from AHT; SPH 1705, SPH 1674 (2) and from LCD all genotypes were found promising 
and superior over the check (Table 1 to 6) for roti as well as nutritional quality.   
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Table 1. Nutritional constituents responsible for roti quality prepared from different Kharif cultivars AVT of sorghum (Dharwad Center 2012). 
Genotype/ 
Entry code 

Colour of the 
grain 

Appearance/ 
Shape of the grain 

Hectoliter weight 
(Kg/hl) 

Water absorption 
(ml/100g) 

Crude 
Protein (%) 

Soluble proteins 
(%) 

Total sugars 
(%) 

Starch (%) Free amino acids 
(mg/100g) 

Phenolics (%) 

SPV 2061 (2) DW R 80.56 107 9.22 1.63 2.06 51.29 96.71 1.51 
SPV 2083 (2) DW R 80.31 102 9.03 1.37 2.19 53.54 97.04 1.53 
SPV 2110 DW R 77.42 103 8.92 1.74 2.26 60.61 101.31 1.21 
SPV 2114 DW R 79.87 103 9.52 1.97 2.03 48.12 88.46 1.39 
SPV 2121 DW R 80.19 107 9.53 1.54 2.12 50.27 97.44 1.46 
SPV 2122 DW R 79.09 110 9.46 2.08 2.04 50.61 92.29 1.34 
CSV 17 DW R 80.96 112 9.52 1.93 1.90 49.55 87.67 1.78 
CSV 20 DW R 77.35 118 9.65 1.46 2.02 51.65 95.88 1.87 
CSV 23 DW R 78.00 103 9.22 1.72 1.98 52.39 98.71 1.28 
SPV 1870 DW R 74.04 108 9.52 1.88 2.11 66.20 108.68 1.13 
DSV-6 DW R 79.14 105 10.03 1.70 2.13 49.29 102.62 1.29 
Range - - 74.04-80.96 102-118 8.92-10.03 1.37-2.08 1.90-2.26 48.12-66.20 87.67-108.68 1.13-1.87 
Mean - - 78.81 107 9.42 1.73 2.08 53.06 96.98 1.43 
S.E. + - - 1.92 4.60 0.29 0.21 0.09 5.22 5.82 0.21 
C.D. at 5 % - - 5.77 13.80 0.88 0.63 0.28 15.67 17.47 0.65 

Grain colour: Creamy = C, Creamy White = CW, Dull White = DW, White = W, Brown = B, and Dull Brown = DB.    Replications: 3 
Grain Shape: Round = R, Oval/Oblong = O and Wrinkle = W. 
 

Table 2. Organoleptic quality of roti prepared from different Kharif cultivars AVT of sorghum (Dharwad Center, 2012). 
Genotype/ 
Entry code 

Water required for 
dough (ml)/100g 

Kneading 
quality 

Spreading 
quality 

Organoleptic quality parameters Rank by 
DMRT 

Loss in weight during storage (%) 
Colour & 

appearance 
Flavour Texture Taste Overall 

acceptability 
4 hrs 8 hrs 24 hrs 

SPV 2061 (2) 95 1 1 6.2 6.4 6.0 6.4 6.25 10 3.45 4.14 4.99 
SPV 2083 (2) 100 1 1 6.4 6.4 6.4 6.6 6.45 9 1.86 2.80 4.89 
SPV 2110 90 1 1 7.0 7.0 6.0 6.8 6.70 7 1.90 2.94 5.73 
SPV 2114 90 1 1 7.2 7.0 7.4 7.0 7.15 5 2.71 3.65 4.55 
SPV 2121 90 1 1 7.4 7.2 7.2 7.2 7.25 3 2.56 3.75 4.94 
SPV 2122 80 1 1 7.4 7.4 7.6 7.4 7.45 2 1.86 2.58 4.63 
CSV 17 100 1 1 7.2 7.0 7.2 7.4 7.20 4 1.64 2.39 5.33 
CSV 20 110 1 1 6.8 7.0 7.0 6.6 6.85 6 1.89 2.54 5.28 
CSV 23 100 1 1 6.6 6.4 6.8 6.6 6.60 8 2.07 3.73 5.67 
SPV 1870 90 1 1 6.2 6.8 7.0 6.4 6.60 8 2.13 2.63 5.19 
DSV-6 100 1 1 7.4 8.0 7.8 8.0 7.80 1 2.53 3.36 5.87 
Range 80.110 - - 6.2-7.4 6.4-7.4 6.0-7.8 6.4-8.0 6.25-7.80 - 1.64-3.45 2.63-4.14 4.63-5.87 
Mean 95 - - 6.9 7.0 6.9 6.9 6.93 - 2.24 3.14 5.19 
S.E. + 7 - - 0.45 0.45 0.57 0.48 0.44 - 0.50 0.57 0.41 
CD at 5 % 23 - - 1.36 1.38 1.72 1.45 1.35 - 1.52 1.74 1.26 
Kneading quality of dough, score: Good = 1, Fair = 2, Poor = 3. Spreading quality of roti, score:  Easy spreading without crack = 1, Slightly difficult to spread with minute cracks = 2, Difficult to spread 
with cracks = 3. Sensory score: Like extremely (Excellent)-9, Like very much (Very good) - 8, Like moderately - 7, Like slightly-6, Neither like nor dislike - 5, Dislikes lightly - 4, Dislike moderately - 3, 
Dislike very much - 2, Dislike extremely-1. 
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Table 3. Nutritional constituents responsible for roti quality prepared from different Kharif cultivars AHT of sorghum (Dharwad 2012). 
Genotype/ 
Entry code 

Colour of 
the grain 

Appearance/ 
Shape of the grain 

Hectoliter weight 
(Kg/hl) 

Water absorption 
(ml/100g) 

Crude 
Protein (%) 

Soluble proteins 
(%) 

Total sugars 
(%) 

Starch (%) Free amino acids 
(mg/100g) 

Phenolics (%) 

SPH 1674 (2) DW R 75.60 117 8.99 1.58 2.12 49.98 87.22 1.73 
SPH 1679 (2) DW R 78.39 92 9.07 1.64 1.67 43.74 78.02 1.68 
SPH 1680 (2) DW R 78.86 107 9.40 1.68 1.83 46.07 83.49 2.21 
SPH 1682 (2) DW R 79.19 103 8.44 1.47 1.80 43.49 80.08 1.83 
SPH 1702 DW R 76.45 92 9.13 1.61 1.94 50.09 85.11 1.98 
SPH 1703 DW R 79.47 105 8.89 1.37 2.02 44.37 86.37 1.42 
SPH 1704 DW R 77.51 110 8.90 1.55 1.63 44.29 73.73 1.96 
SPH 1705 DW R 79.23 112 9.12 1.38 2.01 42.91 97.00 1.91 
CSH 16 DW R 81.08 108 9.43 2.09 2.00 47.98 83.75 1.92 
CSH 23 DW R 79.87 108 9.25 2.00 2.06 50.59 89.28 2.16 
CSH 25 DW R 79.21 102 8.97 2.04 1.91 48.54 84.56 1.81 
SPH 1644 DW R 78.99 105 8.71 1.52 2.12 47.26 92.93 1.27 
CSH-14 DW R 77.48 107 9.74 1.45 1.86 47.84 81.55 1.43 
Range - - 75.60-81.08 92-117 8.44-9.74 1.37-2.09 1.63-2.12 42.91-50.59 73.73-97.00 1.27-2.21 
Mean - - 78.56 105 9.08 1.64 1.92 46.70 84.85 1.79 
S.E. + - - 1.41 6 0.31 0.23 0.15 2.61 5.86 0.27 
C.D. at 5 % - - 4.24 20 0.96 0.71 0.45 7.85 17.60 0.82 

Grain colour: Creamy = C, Creamy White = CW, Dull White = DW, White = W, Brown = B, and Dull Brown = DB.    Replications: 3 
Grain Shape: Round = R, Oval/Oblong = O and Wrinkle = W. 
 

Table 4. Organoleptic quality of roti prepared from different Kharif cultivars AHT of sorghum (Dharwad Center, 2012). 
Genotype/ 
Entry code 

Water required for 
dough (ml)/100g 

Kneading 
quality 

Spreading 
quality 

Organoleptic quality parameters Rank by 
DMRT 

Loss in weight during storage (%) 
Colour & 

appearance 
Flavour Texture Taste Overall 

acceptability 
4 hrs 8 hrs 24 hrs 

SPH 1674 (2) 110 1 1 9.0 8.6 8.0 8.2 8.45 2 2.76 3.77 4.97 
SPH 1679 (2) 70 1 1 8.0 8.4 8.0 7.4 7.95 4 2.92 3.27 5.19 
SPH 1680 (2) 100 1 1 7.6 8.2 7.8 7.2 7.70 5 1.33 2.18 4.64 
SPH 1682 (2) 95 1 1 7.2 6.8 7.6 6.0 6.90 11 1.35 2.12 4.36 
SPH 1702 80 1 1 4.6 6.0 6.6 6.8 6.00 12 1.89 2.56 4.68 
SPH 1703 100 1 1 6.6 7.6 7.4 6.8 7.10 8 2.08 3.36 5.16 
SPH 1704 100 1 1 7.0 7.4 6.6 7.6 7.15 7 2.10 2.82 4.83 
SPH 1705 110 1 1 8.6 8.0 8.2 8.4 8.30 1 2.11 2.95 4.64 
CSH 16 110 1 1 7.0 7.6 7.6 7.4 7.40 6 1.73 2.58 4.17 
CSH 23 100 1 1 6.6 6.8 7.2 7.2 6.95 10 2.39 3.14 5.67 
CSH 25 90 1 1 8.2 8.2 7.8 7.6 7.95 4 2.01 3.55 5.41 
SPH 1644 110 1 1 7.2 7.4 6.8 6.8 7.05 9 1.89 2.44 4.89 
CSH-14 95 1 1 8.6 7.6 8.2 7.8 8.05 3 1.85 2.87 4.09 
Range 95-110 - - 6.6-9.0 6.0-8.6 6.6-8.2 6.0-8.4 6.00-8.45 - 1.33-2.92 2.12-3.77 4.09-5.67 
Mean 98 - - 7.4 7.6 7.5 7.3 7.45 - 2.03 2.89 4.82 
S.E. + 11 - - 1.10 0.70 0.54 0.61 0.66 - 0.44 0.49 0.44 
CD at 5 % 35 - - 3.33 2.11 1.64 1.85 1.98 - 1.34 1.48 1.34 
Kneading quality of dough, score: Good = 1, Fair = 2, Poor = 3. Spreading quality of roti, score:  Easy spreading without crack = 1, Slightly difficult to spread with minute cracks = 2, Difficult to spread with cracks = 3.Sensory 
score:  Like extremely (Excellent) - 9, Like very much (Very good) - 8, Like moderately - 7, Like slightly-6, Neither like nor dislike - 5, Dislikes lightly - 4, Dislike moderately - 3, Dislike very much - 2, Dislike extremely-1. 
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Table 5. Nutritional constituents responsible for roti quality prepared from different Kharif cultivars LCD of sorghum (Dharwad 2012). 
 

Genotype/ 
Entry code 

Colour of the 
grain 

Appearance/ 
Shape of the grain 

Hectoliter weight 
(Kg/hl) 

Water 
absorption 
(ml/100g) 

Crude 
Protein (%) 

Soluble proteins 
(%) 

Total sugars 
(%) 

Starch (%) Free amino acids 
(mg/100g) 

Phenolics (%) 

SPH-1653 DW R 73.65 118 9.01 2.56 2.49 52.80 67.19 1.22 
SPH-1655 DW R 76.28 113 8.92 2.16 2.07 52.32 74.05 1.20 
CSH-16 DW R 77.35 108 9.87 1.77 1.58 52.73 79.59 1.65 
SVD-701 DW R 72.16 102 8.68 1.91 1.68 57.97 79.99 1.65 
SVD-1101 DW R 72.66 112 9.49 1.52 1.50 49.93 81.81 1.97 
DSV-6 DW R 72.49 102 9.15 2.31 2.16 50.31 78.18 1.57 
CSH-14 DW R 70.61 105 9.05 1.65 1.71 49.78 79.26 1.27 
Range - - 70.61-76.28 102-118 8.68-9.87 1.52-2.56 1.50-2.49 49.78-57.97 67.19-81.81 1.27-1.97 
Mean - - 73.60 109 9.17 1.98 1.88 52.26 77.15 1.50 
S.E. + - - 2.21 5 0.36 0.34 0.33 2.63 4.63 0.26 
C.D. at 5 % - - 6.65 17 1.10 1.04 1.01 7.90 13.89 0.80 
Grain colour: Creamy = C, Creamy White = CW, Dull White = DW, White = W, Brown = B, and Dull Brown = DB.    
Grain Shape: Round = R, Oval/Oblong = O and Wrinkle = W.            Replications: 3 

 
Table 6. Organoleptic quality of roti prepared from different Kharif cultivars LCD of sorghum (Dharwad Center, 2012). 

 
Genotype/ 
Entry code 

Water required for 
dough (ml)/100g 

Kneading 
quality 

Spreading 
quality 

Organoleptic quality parameters Rank by 
DMRT 

Loss in weight during storage (%) 
Colour & 

appearance 
Flavour Texture Taste Overall 

acceptability 
4 hrs 8 hrs 24 hrs 

SPH-1653 95 1 1 7.6 7.2 7.6 7.8 7.55 1 1.59 2.60 4.84 
SPH-1655 95 1 1 6.4 6.8 7.2 6.8 6.80 2 2.30 3.03 4.94 
CSH-16 110 1 1 6.2 6.6 6.6 6.4 6.45 3 1.85 2.41 4.91 
SVD-701 90 1 1 6.0 6.2 6.8 6.2 6.30 4 1.83 2.30 5.72 
SVD-1101 105 1 1 6.0 6.4 6.2 6.2 6.20 5 1.58 2.53 5.49 
DSV-6 100 1 1 5.4 6.0 6.0 5.8 5.80 6 1.27 2.11 4.03 
CSH-14 90 1 1 5.4 5.8 5.8 6.0 5.75 7 1.35 1.86 4.76 
Range 90-110 - - 5.4-7.6 5.8-7.2 5.8-7.6 5.8-7.8 5.75-7.55 - 1.27-2.30 1.86-3.03 4.03-5.72 
Mean 98 - - 6.1 6.4 6.6 6.5 6.41 - 1.68 2.41 4.96 
S.E. + 6 - - 0.69 0.44 0.60 0.62 0.57 - 0.32 0.34 0.50 
CD at 5 % 21 - - 2.07 1.34 1.81 1.86 1.73 - 0.97 1.04 1.51 
Kneading quality of dough, score: Good = 1, Fair = 2, Poor = 3. Spreading quality of roti, score:  Easy spreading without crack = 1, Slightly difficult to spread with minute cracks = 2, Difficult to spread 
with cracks = 3. Sensory score: Like extremely (Excellent) - 9, Like very much (Very good) - 8, Like moderately - 7, Like slightly-6, Neither like nor dislike - 5, Dislikes lightly - 4, Dislike moderately - 3, 
Dislike very much - 2, Dislike extremely-1. 
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Rabi 2012-13 (AVHT, IVT & IHT) sorghum genotypes from Rahuri center for dough roti and  
nutritional quality evaluation. 

 
During Rabi - 2012-13, 12 sorghum genotypes from AVHT, 23 sorghum genotypes from IVT and 12 
sorghum genotypes from IHT were evaluated for flour, dough, roti and nutritional quality using following 
quality parameters. 
 
1. Hectoliter weight (kg/hl)   6. Crude protein (%) 
2. Water absorption (%)   7. Soluble protein (%) 
3. Kneading quality (Scale 1-3)  8. Total soluble sugars (%) 
4. Spreading quality (Scale 1-3)  9. Free amino acids (mg/100g) 
5. Water required for dough (%)  10. Starch (%) 
 
While the roti quality was evaluated using colour and appearance, flavour, texture, taste, overall 
acceptability and the storage quality after 4, 8 and 24 hrs storage at room temperature. The roti quality 
was judges by the semi-trained judges and nutritional quality based on some of the important nutrient 
present in sorghum grain. On the basis of these characters among the new sorghum genotypes from AVHT; 
SPV 2140, SPV 2139, SPV 2144 and CSV-22 as well as Phule Vasudha and Phule Suchitra were found 
promising and superior over the checks M 35-1 (Maldhandi) for roti as well as nutritional quality (Table 7 & 
8). The amino acid profile, mineral elements, vitamins and anitinutritional constituents were studied from 
these genotypes.  The content of these parameters are comparable to the checks (Tables 9, 10 and 11). 
 
The new 21 genotypes under IVT were studied and it was found that, the genotypes CSV-22, SPV 2215, 
SPV 2212, SPV 2222 and SPV 2223 were found promising and superior over the checks M 35-1 
(Maldhandi) for dough, roti as well as nutritional quality parameters (Table 12 & 13). 
 
Under initial hybrid trials 9 genotypes and three checks were studied for dough, roti and nutritional quality 
parameters. From IHT only one genotype SPH 1742 was found promising and superior over the checks M 
35-1 (Maldhandi) for roti as well as nutritional quality (Table 14 & 15). 
 
Considering the dough, roti and nutritional quality parameters, among the AVHT rabi sorghum genotypes 
SPV 2140, SPV 2139, SPV 2144 and CSV-22 from IVT; CSV-22, SPV 2215, SPV 2212, SPV 2222 and 
SPV 2223 and from IHT; only SPH 1742 were found to be promising and superior over the check M 35-1. 
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Table 7. Nutritional constituents responsible for roti quality prepared from different Rabi (AVHT) cultivars of sorghum (Rahuri Center 2012-13). 
Genotype Colour of the 

grain 
Appearance/ 

Shape of the grain 
Hectoliter 

weight (Kg/hl) 
Water absorption 

(ml/100g) 
Crude 

Protein (%) 
Soluble 

proteins (%) 
Total 

sugars (%) 
Starch (%) Free amino 

acids (mg/100g) 
Phenolics 

(%) 
SPV 2139 CW R 73.43 115 10.79 1.41 2.18 59.51 78.61 0.70 
SPV 2140 CW R 73.98 120 10.67 1.13 2.65 60.86 75.63 0.23 
SPV 2143 CW R 72.68 110 10.06 1.40 2.20 63.08 78.34 0.42 
SPV 2144 CW R 74.70 120 10.58 1.64 2.36 59.85 81.06 0.61 
SPV 2152 CW R 73.93 100 10.10 1.13 2.72 60.54 75.07 0.92 
SPH 1721 CW R 69.33 90 9.99 1.02 2.23 64.23 76.72 0.61 
CSH 15R CW R 70.75 110 10.04 1.47 2.32 61.73 75.94 0.66 
CSV -22 CW R 68.78 105 10.28 1.54 1.95 59.07 78.59 0.74 
M 35-1 (Maldhandi) CW R 65.18 100 10.10 1.70 1.05 61.24 92.06 0.94 
RSV 423 (P Vasudha) CW R 73.96 110 10.57 1.43 2.37 59.30 78.06 0.39 
RSV 1098 (P.Suchitra) CW R 73.09 120 10.17 1.22 2.19 60.07 80.27 0.83 
Range - - 65.18-74.70 90-120 9.99-10.79 1.02-1.64 1.05-2.72 59.07-64.23 75.07-92.06 0.23-0.94 
Mean - - 71.80 109 10.30 1.37 2.20 60.86 79.12 0.64 
S.E. + - - 2.82 9.24 0.27 0.21 0.41 1.54 4.46 0.21 
C.D. at 5 % - - 8.47 27.75 0.83 0.63 1.26 4.65 13.39 0.64 

Grain colour: Creamy = C, Creamy White = CW, Dull White = DW, White = W, Brown = B, and Dull Brown = DB.  Grain Shape: Round = R, Oval/Oblong = O and Wrinkle = W. 

 
Table 8. Organoleptic quality of roti prepared from different hybrid/varieties of Rabi (AVHT) cultivars of sorghum (Rahuri Center, 2012-13). 

Genotype Water required 
for dough (ml) 

Kneading 
quality 

Spreading 
quality 

Organoleptic quality parameters Rank by 
DMRT 

Loss in weight during storage (%) 
Colour & 

appearance 
Flavour Texture Taste Overall 

acceptability 
4 hrs 8 hrs 24 hrs 

SPV 2139 110 1 1 8.3 8.0 7.3 7.7 7.83 2 2.21 4.81 13.24 
SPV 2140 100 1 1 8.3 8.7 8.3 8.0 8.33 1 2.62 4.42 12.60 
SPV 2143 100 1 1 7.3 7.3 7.3 6.7 7.15 7 2.36 4.15 12.65 
SPV 2144 110 1 1 8.0 7.0 7.7 7.7 7.60 4 2.21 4.15 12.15 
SPV 2152 90 1 1 7.0 6.3 5.7 6.0 6.25 11 2.32 4.10 12.23 
SPH 1721 80 1 1 6.7 6.3 6.3 6.3 6.40 10 2.95 4.78 12.33 
CSH 15R 100 1 1 7.3 7.0 6.7 6.7 6.93 9 2.83 4.42 12.65 
CSV -22 100 1 1 7.3 7.7 7.3 8.0 7.58 5 2.18 6.73 12.57 
M 35-1 (Maldhandi) 90 1 1 7.3 6.3 7.7 7.0 7.08 8 2.23 4.83 12.42 
RSV 423 (P. Vasudha) 100   7.7 8.3 7.3 7.7 7.75 3 2.82 3.33 12.13 
RSV 1098 (P. Suchitra) 110 1 1 7.3 7.3 7.0 7.3 7.23 6 2.63 4.12 12.23 
Range 90-110 - - 6.7-8.3 6.3-8.7 6.3-8.3 6.3-8.0 6.25-8.33 - 2.18-2.95 3.33-6.73 12.13-13.24 
Mean 99 - - 7.5 7.3 7.1 7.2 7.28 - 2.49 4.53 12.47 
S.E. + 8 - - 0.49 0.78 0.67 0.66 0.59 - 0.27 0.80 0.30 
CD at 5 % 27 - - 1.46 2.36 2.04 1.99 1.77 - 0.83 2.42 0.92 

Kneading quality of dough, score: Good = 1, Fair = 2, Poor = 3. Spreading quality of roti, score:  Easy spreading without crack = 1, Slightly difficult to spread with minute cracks = 2, Difficult to spread with cracks = 3.  Sensory 
score: Like extremely (Excellent) - 9, Like very much (Very good) - 8, Like moderately - 7, Like slightly-6, Neither like nor dislike - 5, Dislikes lightly - 4, Dislike moderately - 3, Dislike very much - 2, Dislike extremely-1. 
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Table 9. Amino acid composition of rabi (2012-2013) AVHT sorghum genotypes (g/16 g Nitrogen). 
Parameter/ 

Genotype No 
SPV 2139 SPV 2140 SPV 2143 SPV 2144 SPV 2152 SPH 1721 CSH 15R CSV - 22 M 35-1 

(Maldhandi) 
RSV 423 

(P. Vasudha) 
RSV 1098 

(P. Suchitra) 
Alanine 7.97 8.08 7.98 7.53 8.23 8.22 8.01 7.86 6.91 8.05 7.98 
Arginine 5.08 5.25 5.36 5.26 5.27 5.04 5.11 5.05 4.50 5.15 4.78 
Aspartic acid 7.28 6.80 6.31 6.83 6.58 7.27 6.94 7.43 8.05 7.36 7.05 
Cysteine 1.00 0.90 0.87 0.84 0.82 0.87 0.90 0.88 0.94 0.92 0.86 
Glutamic acid 21.27 21.42 21.37 21.36 21.47 21.61 21.37 21.45 20.55 21.41 21.13 
Glycine 2.76 2.96 2.72 2.79 2.85 2.59 2.78 2.70 2.71 3.03 2.65 
Histidine 2.07 2.03 2.11 2.10 2.06 2.09 2.08 2.12 1.91 1.99 2.05 
Isoleucine 3.41 3.86 3.59 3.77 3.98 3.89 3.80 3.69 3.89 3.90 3.73 
Leucine 11.83 11.93 13.02 12.75 12.62 12.80 12.82 12.25 12.86 11.70 12.74 
Lysine 2.44 2.45 2.56 2.60 2.57 2.59 2.63 2.51 2.77 2.46 2.58 
Methionine 1.37 1.35 1.35 1.35 1.33 1.35 1.34 1.34 1.46 1.36 1.35 
Phenylalanine 5.04 4.93 4.79 4.78 4.80 4.94 4.87 4.97 4.66 4.93 4.90 
Proline 5.95 6.21 6.41 6.18 6.29 6.02 6.18 6.26 5.51 6.25 6.18 
Serine 3.21 3.43 3.20 3.34 3.41 3.24 3.36 3.17 3.61 3.52 3.23 
Threonine 2.98 2.94 2.93 2.94 2.91 2.96 2.94 2.93 3.13 2.95 2.94 
Tryptophan 1.24 1.17 1.13 1.11 1.10 1.10 1.09 1.19 1.04 1.18 1.15 
Tyrosine 3.12 2.96 3.05 2.95 2.87 2.87 2.91 2.94 2.93 2.95 2.93 
Valine 4.23 4.77 4.54 4.73 5.08 4.00 4.41 3.77 3.56 4.13 4.43 

 
Table 10. Minerals and vitamins present in AVHT sorghum genotypes grown at MPKV, Rahuri during rabi 2012-2013. 

Parameter/ 
Genotype No 

SPV 
2139 

SPV 
2140 

SPV 
2143 

SPV 
2144 

SPV 
2152 

SPH 
1721 

CSH 
15R 

CSV - 22 M 35-1 
(Maldhandi) 

RSV 423 
(P. Vasudha) 

AVHT 1098 
(P. Suchitra) 

Mineral elements, mg/100g 
Calcium 32.89 34.11 33.43 33.34 33.43 32.15 32.88 33.42 26.96 34.40 33.40 
Potassium 545 540 576 527 549 560 533 586 537 566 550 
Phosphorus 511 530 506 499 531 540 502 531 493 525 507 
Sodium 23.04 19.98 24.54 20.64 19.37 24.13 21.55 25.81 23.54 24.44 22.50 
Iron 7.53 7.20 8.28 7.66 7.54 7.95 7.98 7.55 7.19 7.36 8.17 
Magnesium 208 207 221 208 218 225 207 222 233 218 219 
Zinc 3.69 3.73 3.75 3.90 3.75 3.62 3.76 3.66 4.14 3.68 3.84 
Copper 0.88 0.93 0.95 0.93 0.95 0.97 0.98 0.83 1.00 0.84 0.90 
Manganese 3.00 3.04 2.69 2.93 2.99 2.82 2.87 2.76 2.34 2.88 2.68 
Vitamins 
β-Carotene, µg/100g 54.63 49.44 51.30 48.20 46.91 53.96 48.46 58.19 52.64 56.31 51.25 
Thiamine, mg/100g 0.34 0.33 0.35 0.34 0.34 0.37 0.37 0.34 0.54 0.33 0.42 
Riboflavin, mg/100g 0.08 0.09 0.04 0.03 0.04 0.02 0.09 0.04 0.05 0.07 0.07 
Niacin, mg/100g 3.26 3.36 3.14 3.29 3.37 3.06 3.05 3.09 2.93 3.10 3.29 
Folic acid, µg /100g 18.63 16.08 19.33 18.47 15.90 19.58 18.75 20.09 26.08 19.00 18.62 
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Table 11. Antinutritional factors present in AVHT sorghum genotypes grown at MPKV, Rahuri during rabi 2012-2013 
 

Parameter/ 
Genotype No 

SPV 2139 SPV 2140 SPV 2143 SPV 2144 SPV 2152 SPH 1721 CSH 15R CSV  22 M 35-1 
(Maldhandi) 

RSV 423 
(P. Vasudha) 

RSV 1098 
(P. Suchitra) 

Free amino acids, 
mg/100g 

78.61 75.63 78.34 81.06 75.07 76.72 75.94 78.59 92.06 78.06 80.27 

Phenolics, g/100g 0.70 0.23 0.42 0.61 0.92 0.61 0.66 0.74 0.94 0.39 0.83 
Oxalic acid, mg/100g 8.48 8.34 13.63 9.56 11.03 14.24 14.01 9.86 13.81 8.93 11.44 
Phytic phosphorus, 
mg/100g 

165 155 164 175 161 144 166 154 112 166 164 

 
 

Table 12.  Nutritional constituents responsible for roti quality prepared from different Rabi (IVT) cultivars of sorghum (Rahuri Center 2012-13). 
 

Genotype Colour of 
the grain 

Appearance/ 
Shape of the grain 

Hectoliter weight 
(Kg/hl) 

Water absorption 
(ml/100g) 

Crude 
Protein (%) 

Soluble 
proteins (%) 

Total 
sugars (%) 

Starch (%) Free amino 
acids (mg/100g) 

Phenolics 
(%) 

SPV 2212 CW R 74.19 100 8.69 1.52 1.85 62.62 75.60 1.80 
SPV 2213 CW R 76.55 90 8.39 1.86 2.26 65.97 70.49 1.82 
SPV 2214 CW R 74.52 120 8.55 1.53 1.93 61.76 76.28 1.86 
SPV 2215 CW R 71.90 110 9.42 1.51 2.29 64.11 75.55 1.90 
SPV 2216 CW R 75.29 100 10.08 1.01 2.06 56.77 86.70 1.89 
SPV 2217 CW R 72.92 130 9.87 1.09 2.07 58.38 76.69 1.73 
SPV 2218 CW R 73.64 95 10.59 1.08 2.06 45.49 67.84 2.09 
SPV 2219 CW R 74.81 100 9.64 0.96 1.88 53.72 87.47 2.07 
SPV 2220 CW R 74.74 90 10.82 1.02 2.19 47.76 83.85 1.62 
SPV 2221 CW R 75.38 110 10.87 1.08 2.22 53.29 80.29 1.92 
SPV 2222 CW R 74.34 110 9.20 1.60 2.33 64.22 79.84 1.75 
SPV 2223 CW R 75.97 105 10.23 1.06 2.17 54.09 90.76 2.05 
SPV 2224 CW R 75.26 120 8.74 1.55 2.14 61.29 78.25 1.80 
SPV 2225 CW R 73.65 105 9.59 1.05 1.99 61.48 85.85 1.92 
SPV 2226 CW R 74.00 100 9.27 0.76 1.59 56.02 85.48 2.01 
SPV 2227 CW R 75.32 115 8.90 1.24 1.74 53.90 75.81 1.78 
SPV 2228 CW R 74.34 100 8.91 1.27 1.89 59.25 79.09 2.02 
SPV 2229 CW R 75.67 110 8.54 1.58 1.92 61.44 80.05 1.88 
CSH 15R CW R 75.17 100 9.49 1.24 1.98 53.36 83.59 1.92 
CSV - 22 CW R 75.21 120 8.90 1.37 1.93 60.74 83.78 1.74 
RSV 1098 (P. Suchitra) CW R 72.61 120 9.47 1.59 2.00 58.40 81.00 1.84 
M 35-1 (Maldhandi) CW R 72.56 120 10.58 1.66 2.20 59.92 78.86 1.14 
Range - - 71.90-76.55 90-120 8.39-10.87 0.76-1.86 1.59-2.33 45.49-65.97 67.84-87.47 1.14-2.09 
Mean - - 74.28 108 9.48 1.30 2.03 58.06 80.21 1.84 
S.E. + - - 1.30 10 0.73 0.27 0.17 5.09 5.31 0.18 
C.D. at 5 % - - 3.91 32 2.22 0.83 0.54 15.27 15.96 0.57 

Grain colour: Creamy = C, Creamy White = CW, Dull White = DW, White = W, Brown = B, and Dull Brown = DB. Grain Shape: Round = R, Oval/Oblong = O and Wrinkle = W. 
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Table 13.  Organoleptic quality of roti prepared from different hybrid Rabi (IVT) cultivars of sorghum (Rahuri Center, 2012-13). 
Genotype Water required for 

dough (ml) 
Kneading 

quality 
Spreading 

quality 
Organoleptic quality parameters Rank by 

DMRT 
Loss in weight during storage (%) 

Colour & 
appearance 

Flavour Texture Taste Overall 
acceptability 

4 hrs 8 hrs 24 hrs 

SPV 2212 90 1 1 8.3 8.0 7.7 7.3 7.83 4 2.42 4.18 10.18 
SPV 2213 70 1 1 7.3 7.7 7.7 7.7 7.60 8 2.83 4.62 10.84 
SPV 2214 110 1 1 8.0 7.7 7.0 7.7 7.60 8 2.64 4.51 10.12 
SPV 2215 100 1 1 8.0 8.0 7.7 8.3 8.00 2 2.23 6.75 9.54 
SPV 2216 80 1 1 8.0 7.3 6.7 6.7 7.18 13 2.38 4.85 9.83 
SPV 2217 120 1 1 7.7 7.3 7.7 7.3 7.50 9 2.86 4.31 9.55 
SPV 2218 70 1 1 7.7 7.0 6.7 6.3 6.93 17 2.98 6.58 11.83 
SPV 2219 90 1 1 6.7 7.7 7.7 7.7 7.45 10 2.76 4.48 9.93 
SPV 2220 70 1 1 7.0 6.3 6.7 6.0 6.50 20 2.58 4.61 9.88 
SPV 2221 100 1 1 6.0 6.7 7.3 7.3 6.83 18 2.43 4.28 9.95 
SPV 2222 100 1 1 7.0 8.3 7.3 8.3 7.73 5 2.78 4.76 11.08 
SPV 2223 90 1 1 8.3 7.3 8.0 7.3 7.73 5 2.73 4.86 10.71 
SPV 2224 110 1 1 7.3 7.3 8.0 8.0 7.65 7 2.64 4.23 9.45 
SPV 2225 100 1 1 5.3 7.3 7.0 6.7 6.58 19 4.15 6.38 10.82 
SPV 2226 90 1 1 5.7 7.7 7.7 7.3 7.10 16 2.78 6.74 11.91 
SPV 2227 110 1 1 7.7 7.0 7.3 7.3 7.33 11 2.43 4.62 11.55 
SPV 2228 90 1 1 7.7 6.7 7.3 7.3 7.25 12 2.56 4.67 9.89 
SPV 2229 100 1 1 8.0 8.0 6.7 8.0 7.68 6 2.30 4.23 9.86 
CSH 15R 90 1 1 7.7 8.0 7.0 7.7 7.60 8 2.76 4.74 10.06 
CSV - 22 110 1 1 8.3 8.3 8.3 7.7 8.15 1 2.87 4.87 11.56 
RSV 1098 (P. Suchitra) 110 1 1 8.0 7.7 7.7 8.3 7.93 3 2.35 4.86 11.05 
M 35-1 (Maldhandi) 90 1 1 7.4 7.2 7.2 6.8 7.15 14 2.38 4.15 12.41 
Range 70-110 - - 6.0-8.3 6.3-8.3 6.7-8.3 6.0-8.3 6.50-8.15 - 2.23-4.15 4.18-6.75 9.54-11.91 
Mean 96 - - 7.4 7.5 7.4 7.4 7.41 - 2.69 4.82 10.53 
S.E. + 13 - - 0.80 0.51 0.45 0.59 0.42 - 0.38 0.93 0.83 
CD at 5 % 41 - - 2.42 1.56 1.37 1.79 1.29 - 1.14 2.82 2.52 

Kneading quality of dough, score: Good = 1, Fair = 2, Poor = 3. Spreading quality of roti, score:  Easy spreading without crack = 1, Slightly difficult to spread with minute cracks = 2, Difficult to spread 
with cracks = 3. Sensory score: Like extremely (Excellent) - 9, Like very much (Very good) - 8, Like moderately - 7, Like slightly-6, Neither like nor dislike - 5, Dislikes lightly - 4, 

Dislike moderately - 3, Dislike very much - 2, Dislike extremely-1. 
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Table 14.  Nutritional constituents responsible for roti quality prepared from different Rabi (IHT) cultivars of sorghum (Rahuri Center 2012-13). 
Genotype Colour of 

the grain 
Appearance/ 

Shape of the grain 
Hectoliter 

weight (Kg/hl) 
Water absorption 

(ml/100g) 
Crude 

Protein (%) 
Soluble 

proteins (%) 
Total 

sugars (%) 
Starch (%) Free amino 

acids (mg/100g) 
Phenolics 

(%) 
SPH 1740 CW R 75.15 110 10.24 1.06 2.06 50.45 82.75 1.91 
SPH 1741 CW R 74.62 120 9.49 1.03 1.96 53.30 82.22 1.82 
SPH 1742 CW R 75.38 100 10.04 0.76 1.84 52.42 88.14 1.96 
SPH 1743 CW R 74.28 90 8.54 1.25 1.77 52.71 81.64 1.70 
SPH 1744 CW R 74.82 95 9.79 1.24 2.32 56.53 80.32 1.77 
SPH 1745 CW R 75.52 100 9.85 0.93 1.86 52.55 89.42 1.85 
SPH 1746 CW R 74.96 110 10.88 1.14 2.27 54.66 84.90 2.19 
CSH 15R CW R 75.19 100 10.12 0.99 2.09 52.22 84.01 2.01 
CSV-22 CW R 75.26 105 9.15 1.05 1.77 56.44 86.77 1.73 
RSV 423 (P. Vasudha) CW R 73.93 110 9.68 0.73 1.68 56.39 84.56 2.00 
RSV 1098 (P. Suchitra) CW R 73.33 120 9.04 1.52 1.89 60.38 77.54 1.78 
M 35-1 (Maldhandi) CW R 72.56 120 10.58 1.66 2.20 59.92 78.86 1.14 
Range - - 72.56-75.52 90-120 9.15-10.88 0.73-1.52 1.68-2.32 50.45-60.38 77.54-89.42 1.14-2.19 
Mean - - 74.58 107 9.78 1.09 1.98 54.83 83.43 1.74 
S.E. + - - 0.86 9 0.63 0.23 0.20 3.00 3.45 0.50 
C.D. at 5 % - - 2.60 29 1.90 0.71 0.60 9.02 10.37 1.50 

Grain colour: Creamy = C, Creamy White = CW, Dull White = DW, White = W, Brown = B, and Dull Brown = DB. Grain Shape: Round = R, Oval/Oblong = O and Wrinkle = W. 
 

Table 15.  Organoleptic quality of roti prepared from different hybrid Rabi (IHT) cultivars of sorghum (Rahuri Center, 2012-13). 
Genotype Water required 

for dough (ml) 
Kneading 

quality 
Spreading 

quality 
Organoleptic quality parameters Rank by 

DMRT 
Loss in weight during storage (%) 

Colour & 
appearance 

Flavour Texture Taste Overall 
acceptability 

4 hrs 8 hrs 24 hrs 

SPH 1740 100 1 1 6.3 6.0 5.3 6.0 5.90 9 2.45 4.18 10.18 
SPH 1741 110 1 1 6.0 5.7 5.7 6.3 5.93 8 2.95 4.78 10.94 
SPH 1742 90 1 1 7.7 7.3 7.3 7.0 7.33 2 2.74 4.41 9.92 
SPH 1743 70 1 1 6.7 6.0 6.3 7.0 6.50 6 2.10 6.81 9.34 
SPH 1744 80 1 1 6.0 6.3 6.7 6.3 6.33 7 2.35 4.55 9.93 
SPH 1745 90 1 1 7.3 6.7 7.0 6.7 6.93 5 2.86 4.23 9.95 
SPH 1746 100 1 1 7.3 7.0 6.7 7.0 7.00 4 2.98 6.86 11.05 
CSH 15R 90 1 1 7.3 6.7 7.0 7.0 7.00 4 2.75 4.47 9.83 
CSV-22 90 1 1 7.7 7.3 7.3 7.3 7.40 1 2.35 4.46 9.58 
RSV 423(P. Vasudha) 100 1 1 7.3 7.0 7.0 7.3 7.15 3 2.15 3.31 10.01 
RSV 1098 (P. Suchitra) 110 1 1 7.7 7.3 7.3 7.3 7.40 1 2.32 4.25 9.85 
M 35-1 (Maldhandi) 90 1 1 7.4 7.2 7.2 6.8 7.15 3 2.78 4.18 11.41 
Range 80-110 - - 6.0-7.7 6.0-7.3 5.3-7.3 6.0-7.3 5.90-7.40 - 2.10-2.98 3.31-6.86 9.58-11.41 
Mean 93 - - 7.0 6.7 6.7 6.8 6.83 - 2.56 4.70 10.17 
S.E. + 11 - - 0.61 0.55 0.62 0.41 0.51 - 0.29 1.00 0.60 
CD at 5 % 33 - - 1.84 1.65 1.88 1.24 1.55 - 0.90 3.03 1.81 

Kneading quality of dough, score: Good = 1, Fair = 2, Poor = 3. Spreading quality of roti, score:  Easy spreading without crack = 1, Slightly difficult to spread with minute cracks = 2, Difficult to spread 
with cracks = 3. Sensory score: Like extremely (Excellent) - 9, Like very much (Very good) - 8, Like moderately - 7, Like slightly-6, Neither like nor dislike - 5, Dislikes lightly - 4, Dislike moderately - 3, Dislike 
very much - 2, Dislike extremely-1. 
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of Astral International Pvt. Ltd. New Delhi. 1-570. ISBN 978-81-7035-813-8. 
2. Chavan, U. D. and Pawar, V. D. (2012). Postharvest Management and Processing Technology (Cereals, Pulses, 

Oilseeds, Fruits and Vegetables). Daya Publishing House, New Delhi. 1-409. ISBN 978-81-7035-787-2. 
3. Chavan, U. D. (2012). Fast Food, Snack Foods Business. In Marathi. Godwa Krishi Prakashan, Pune, Maharashtra, 

India. 1-264. ISBN 978-81-906833-5-7. 
4.  Chavan, U. D. and Salunkhe, A. V. (2012). Potato Processing Business. In Marathi. Godwa Krishi Prakashan, Pune, 

Maharashtra, India. 1-128. ISBN 978-81-906833-6-14. 
 
B. Research papers/Articles   
1. Lonkar, P. B. and Chavan, U. D. (2013). Preparation and preservation of lemongrass [Cymbopogan flexuosus (Steud) 

Wats] powder for tea. Beverage and Food World. 40 (2): 47-51. 
2. Chavan, U. D., Patil, J. V. and Shinde, M. S. (2013). Nutritional quality of high yielding rabi sorghum genotypes. J. Agric. 

Res. Technol. 38 (1): 87-91.  
3. Dalvi, U. S., Chavan, U. D., Shinde, M. S., Gaikwad and Gadakh, S. R. (2013). Seasonal impact on biomass, juice quality 

and sugar attributes of sweet sorghum. J. Acad. Indus. Res. 1 (8): 431-434.  
4. Dhumal, S. S., Karale, A. R., Chavan, U. D., Masalkar, S. D., Mangave, K. K. and Jadhav, S. B. (2012). Effect of different 

juice extraction methods on the quality of pomegranate. Beverage and Food World. 39 (12): 37-38, 40. 
5. Gadakh, S. R., Shinde, M. S., Chavan, U. D., Gaikwad, A. R. and Patil, V. R. (2012). Phule Panchami (RPOSV 3) : A new 

grain popping rabi sorghum variety. Crop Res. 44 (3): 298-300. 
6. Dalvi, U. S., Chavan, U. D. and Patil, J. V. (2012). Varietal identification of sorghum [Sorghum bicolor (L.) Monech] 

cultivars by RAPD markers. Indian J. Agric. Biochem. 25 (1): 48-51. 
7. Chavan, U. D. and Amarowicz, R. (2012). Osmotic dehydration process for preservation of fruits and vegetables. J. Food 

Research. 1(2): 202-209. 
8. Kohinkar, S. N., Chavan, U. D., Pawar, V. D. and Amarowicz, R. (2012). Studies on preparation of mixed toffee from fig 

and guava fruits. J. Food Sci. Technol. 02 (2): 691-696. 
9. Dalvi, U. S., Chavan, U. D. Shinde, M. S. and Gadakh, S. R. (2012). Effect of staggered planting on stalk yield, sugar 

content and ethanol yield of sweet sorghum for increasing harvest window. Sugar Tech. 14 (2): 144-147. 
10. Chavan, U. D., Patil, J. V. and Shinde, M. S. (2012). Nutritional quality of high yielding rabi sorghum genotypes. J. Agric. 

Res. Technol., 37 (1): 46-50. 
 
C. Research papers presented at the National / International Conference / Workshop / Symposium / Convention 
1. Chavan, U. D., Pawar, G. H., and Shinde, M. S. (2013). Selection of genotype and development of technology for 

sorghum pops production. 3rd Incoftech-2013. Third International Conference on Food Technology held at Indian 
Institute of Crop Processing Technology, Ministry of Food Processing Industries, Government of India, Thanjavur, 
Tamil Nadu on 4th & 5th January, 2013. Abstract: IICPT/INCOFTECH/2013/PT-008. p.8. 

2.  Dhumal, S. S., Karale, A. R., Jadhav, S. B., Kad, V. P. and Chavan, U. D. (2012). Studies on the development of 
pomegranate juice processing technology: Use of clarification agents and methods. 5th Indian Horticulture Congress-2012 
at Punjab Agriculture University, Ludhiana. Abstract no. VII-53, p. 472. 

 
D. Research Folders in Marathi: 
1.  V. G. Phokarkar, S. R. Gadakh, U. D. Chavan, and G. H. Pawar (2012). Women Empowerment Through HOPE-

Project. MPKV/Extn. Pub. No. 850/2012. 
2.  S. R. Gadakh, U. D. Chavan, M. S. Shinde, G. H. Pawar, and A. R. Gaikwad (2012). Farmers’ Participation for Rabi 

Sorghum Variety Selection. MPKV/Extn. Pub. No. 849/2012. 
3. S. R. Gadakh, M. S. Shinde, U. D. Chavan, and A. R. Gaikwad (2012). Rabi Sorghum Variety Phule Suchitra for 

Medium Soil. MPKV/Extn. Pub. No. 835/2012. 
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Status of plant variety protection (PVP) in sorghum 
Hariprasanna K, Aruna C & M Elangovan 

Directorate of Sorghum Research, Hyderabad, AP 
 
Introduction:  Intellectual property refers to creations of the mind like inventions, literary and artistic works, and 
symbols, names and images used in trade or commerce, which can be protected by different forms of legal rights 
(Intellectual Property Rights - IPR) like patents, trademarks, copyrights or industrial designs. Intellectual property is 
divided into two categories: Industrial Property that includes patents for inventions, trademarks, industrial designs 
and geographical indications; Copyright that covers literary works (novels, poems, plays), films, music, artistic 
works and architectural design. Rights related to copyright also include those of performing artists in their 
performances, producers of phonograms in their recordings, and broadcasters in their radio and television 
programmes (www.wipo.int). IPRs are national in nature. 
 
Plant Breeders' Rights (PBR), is a form of IPR granted to the breeder of a new variety of plant that give the breeder 
exclusive control over the propagating material of the variety for a number of years. With these rights, the breeder 
can choose to become the exclusive marketer of the variety, or to license the variety to others. Protecting plant 
breeders' rights can stimulate investment for the development of new plant varieties. The World Trade Organization 
(WTO) requires member nations to provide protection for plant varieties either by patents or by an effective sui 
generis (stand alone) system, or a combination of both as per Article 27.3(b) of the Agreement on Trade-Related 
Aspects of Intellectual Property Rights (TRIPs). Most countries meet this requirement through UPOV (International 
Union for the Protection of New Varieties of Plants) Convention-compliant legislation. 
http://www.wto.org/english/tratop_e/trips_e/t_agm0_e.htmIndia adopted a plant breeders' rights law to acknowledge 
the achievements of breeders of new plant varieties.  
 
Protection of Plant Varieties and Farmers’ Rights Authority (PPV&FRA): India enacted ‘Protection of Plant 
Varieties and Farmers’ Rights Act’ in 2001 to provide for the establishment of an effective system for protection of 
plant varieties, the rights of farmers and plant breeders and to encourage the development of new varieties of 
plants. The PPV&FR Rules were notified in 2003. The Act recognizes the contributions of both commercial plant 
breeders and farmers in plant breeding. India is the first country to consider it necessary to recognize and protect 
the rights of the farmers in respect of their contribution made at any time in conserving, improving and making 
available plant genetic resources for the development of the new plant varieties. Under this Act, PPV&FRA was 
established on 11th November, 2005. The PPV&FR Regulations were notified in 2006. The Authority takes care of 
the ownership through registration of the varieties of all plant species except micro-organisms. The objectives of the 
PPV&FRA are: 
 
 To establish an effective system for protection of plant varieties, the rights of farmers and plant breeders, and 

to encourage development of new varieties of plants 
 To recognize and protect the rights of farmers in respect of their contribution for development of new plant 

varieties 
 To accelerate agricultural development, protect plant breeders’ rights, stimulate investment for R&D for the 

development of new varieties 
 To facilitate the growth of seed industry to ensure production and availability of high quality seed and planting 

material to farmers 
 
Registration of variety: A variety is eligible for registration under the Act if it is new and essentially fulfills the 
criteria of Distinctiveness, Uniformity and Stability (DUS). A variety is new if it has not been commercialized for 
more than one year. A variety is distinct, if it is clearly distinguishable by at least one essential characteristic such 
as height, maturity, color, etc. from any other variety. A variety is uniform if the plant characteristics are consistent 
from plant to plant within the variety. A variety is stable if its essential characteristics remain unchanged from 
generation to generation. The breeder must also give the variety an acceptable "denomination". Apart from new 
varieties, Essentially Derived Varieties (EDV), extant variety which is notified under section 5 of the Seeds Act, 
1966 or farmers’ variety or a variety under common knowledge can also be registered. A farmers’ variety means a 
landrace or wild relative or a variety traditionally cultivated and evolved by the farmers in their fields or about which 
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the farmers possess the common knowledge. Presently registration can be done for 57 crop species. The DUS 
guidelines for these crop species and list of DUS testing centres have been provided in the official website of the 
Authority (http://plantauthority.gov.in/). Application for registration of plant varieties should be accompanied with the 
fee of registration prescribed by the Authority. The duration of registration is 18 years for trees and vines, whereas, 
15 years for other crops from the date of registration. After the completion of the protection period the registration 
can be renewed by depositing the prescribed fee, if the annual fee has been paid regularly. Applications which 
have fulfilled all requirements and have been finally accepted by the Registrar for registration were issued 
Certificates of Registration. The details of certificate of registration are published in the official journal of the 
Authority - Plant Varieties Journal of India. The first issue of the journal was published in February 2007. 
 
DUS Testing in sorghum: The DUS test guidelines of sorghum is applicable to all varieties, hybrids and parental 
lines. Testing is done for two years at DSR, Hyderabad and MPKV, Rahuri in case of grain sorghum, and at 
GBPUA&T, Pantnagar and CCSHAU, Hisar in case of forage sorghum. The seed material required to be submitted 
by the breeder/applicant, test plot design to be adopted by the DUS testing centre, the methodology to be adopted 
for recording observations, and the characteristics on which observations have to be recorded along with the stage 
of the crop are detailed in the ‘Guidelines for the Conduct of Test for Distinctiveness, Uniformity and Stability on 
Sorghum’ published by PPV&FRA. (http://www.plantauthority.gov.in/pdf/GSorghum.pdf). 
 
Grouping of varieties: The candidate varieties for DUS testing in sorghum shall be divided into groups to facilitate 
the assessment of distinctness. Characteristics used for grouping are: 1) Kharif or Rabi adaptation. 2) Time of 
panicle emergence (50% of the plants with complete panicle emergence). 3) Total height of plant at maturity. 4) 
Panicle shape. 5) Colour of caryopsis after threshing. 
 
Characteristics: The test guidelines developed for sorghum includes 33 characteristics. Out of these, 21 
characteristics are visually assessed and 12 are measured. The visual assessment is of two types: visual 
assessment by a single observation of a group of plants or parts of plants (VG) (ex. days to 50% flowering, anther 
colour, glume colour) and visual assessment by observation of individual plants or parts of plants (VS) (ex. stigma 
anthocyanin colouration, midrib yellow colouration, arista formation). Similarly, assessment through measurement 
is of two types:  measurement by a single observation of a group of plants or parts of plants (MG) (ex. 1000-grain 
weight) and measurement of a number of individual plants or parts of plants (MS) (ex. plant height, stem diameter, 
anther length, stigma length). The legend (*) is used to denote essential characteristics ie., characteristic that 
should be observed during every growing period on all varieties and shall always be included in the description of 
variety. There are 15 essential characteristics in sorghum. The characteristics where some description or 
explanation is given in Section VIII of the Table of characteristics are denoted by legend (+). The stage of 
assessment and type of assessment against each characteristic is given in the 6th and 7th column of Table of 
characteristics, respectively. The classification of characteristics according to category and type of assessment is 
given in Table 1. 

 
Table 1. Classification of DUS characteristics in sorghum 

 
Category of characters Type of assessment 

VS VG MS MG Total 
Grouping (Kharif/Rabi adaptation + 4) - 3 1 - 5 
Essential (* marked) 5 7 3 - 15 
Descriptive (+ marked)  1 7 1 - 9 
Others  1 2 7 1 11 
Total  7 14 11 1 33 

 
Status of DUS Testing: DUS testing in sorghum for the purpose of registration of varieties under PPV&FRA 
started in 2008. So far 80 candidate varieties have undergone DUS testing since 2008 (Table 2). Out of these, 37 
candidate varieties have come from public sector breeders and 43 are from private sector breeders. The 
denomination of the candidate varieties tested for DUS traits is given in Table 3. 
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Table 2. Status of DUS testing in sorghum since 2008 
 

Year New VCK FV EDV Total Remarks 
2008 (Kharif) 9 0 0 0 9 All Pvt. Sector  
2008-09 (Rabi) 1 0 0 0 1 Public Sector  
2009 (Kharif) 6 0 0 0 6 5 Publ.+1 Pvt. Sector  
2010 (Kharif) 8 2 0 0 10 6 Publ. + 4 Pvt. Sector  
2011 (Kharif) 6 8 0 0 14 All Pvt. Sector  
2011-12 (Rabi) 5 0 0 0 5 3 Publ. + 2 Pvt. Sector  
2012 (Kharif) 7 20 1 0 28 21 Publ. + 7 Pvt. Sector  
2012-13 (Rabi) 5 2 0 0 7 1 Publ. + 6 Pvt. Sector  
Total 47 32 1 0 80 37 Publ. + 43 Pvt. Sector  

VCK: Variety under Common Knowledge; FV: Farmers’ Variety; EDV: Essentially Derived Variety 

 
Table 3. Candidate varieties tested since 2008 

Season Candidate varieties 
2008 (Kharif)  J 1061, J 1062, MIJ 007, J 1126, J 1127, J 1119, MIJ 006, JKSH 574, MRS 4649  
2008-09 (Rabi)  CSV 17 
2009 (Kharif)  CSV 20, CSV 22, CSV 23, CSV 18, CSV 21F, JKSH 02 
2010 (Kharif)  BGS 801, CSH 23, CSH 24MF, CSV 24SS, DSV 6, KSMS 233, KJH 6363, KSR 6203, P. Chitra, PVK 809 
2011 (Kharif)  HTGS 3201, DGJ 021, DGJ 018, DGJ 017, DGJ 015, DGJ 020, JKSH 234, HJ 513, JKSH 434, MRS 4094, MIJ 

005, NJH 40 (Ratna), DGS 019, KSR 6194 
2011-12 (Rabi) RS 585, 104A, 104B, KSR 6192, KSR 6195 
2012 (Kharif)  AKMS 14B, Indore 12, RS 29, IMS 9B, RS 673, AKMS 14A, 27B, C 43, AKR 150, MS 7A, MS 7B, 27A, JJ 1022, 

UPMC 503, 2219B, 2219A, Rampur local, 296A, 296B, WAN1 11/6 (PKV Ashwini), KSR 6176, 463A, DGJ 014, 
NSH 54, MIJ 010, MIJ 008, KSMS 263, KSMS 241  

2012-13 (Rabi) AKR 354, Suvarna, BGS 802, NRJ 01, NRJ 02, KSMS 234, KSMS 237 
 
Frequency of reference varieties used: For comparing the 80 candidate varieties tested for DUS traits since 
2008, a total of 57 reference varieties were used. Analysis of frequency of different reference varieties used to 
compare with the candidate varieties (Fig 1) indicates that some of the reference varieties were used more 
frequently compared to others. For example, the fertility restorer line CS 3541 has been claimed as reference 
variety in case of 11 candidate varieties. Similarly, the hybrid CSH 14 was used as reference for 10 candidate 
varieties while its parental lines AKMS 14A and AKR 150 have been claimed as reference varieties in case of nine 
and eight candidate varieties, respectively. Out of 57 reference varieties, 28 were used in case of single candidate 
variety only. The remaining were used as reference varieties for two to 11 candidate varieties. Season-wise 
analysis of reference varieties planted since 2008 showed that out of the 57 reference varieties, one reference 
variety was planted during all seasons except rabi 2008-09 (RS 29), three were planted during six seasons (AKR 
150, C 43 and Indore 12), four during five seasons (PVK 400, 27A, AKMS 14A and CS 3541), eight during four 
seasons (Fig. 2), seven during three seasons, 23 during two seasons and 11 during a single season. The stability 
of expression of reference varieties over the seasons can be assessed using the season-wise data for the DUS 
traits. 
 

 
Figure 1. Frequency of reference varieties used in DUS testing 
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From the experience gained through DUS testing since 2008, DSR has started selecting and growing appropriate 
reference varieties based on the grouping traits for testing the candidate varieties even when the applicant has not 
proposed the same as a reference for his/her candidate variety. Apart from the reference varieties proposed by the 
applicant, the PPV&FRA can also choose the reference variety from the Indian Information System as per DUS 
Guidelines (IINDUS) database based on the grouping traits. Due care is also being taken by the DUS testing Nodal 
Officer to compare the candidate variety with only the most appropriate reference variety, in addition to the norms 
like comparing hybrid with only hybrid, variety with variety, and A/B/R lines with A/B/R lines. Season of adaptation 
is also taken into consideration while evaluating candidate varieties. 
 

 
Figure 2. Season-wise reference varieties planted 

 
Most commonly claimed distinct traits: Analysis of the characteristics claimed by the applicants in the 80 
candidate varieties tested so far for assessment of distinctness in comparison to the reference variety indicated that 
the number of distinct characteristics claimed varied from 2 (AKR 150, BGS 802) to 14 (DGJ 017, NSH 54) with a 
mode of 6. The more commonly claimed characteristics were panicle shape and panicle density followed by total 
height of plant and caryopsis colour after threshing (Table 4).  Among these, three traits were used for grouping of 
the varieties (DUS #22, DUS #15 and DUS #26) also. It is also interesting to note that the deviation from the claims 
(by the applicant) was mostly observed in case of panicle shape and density, plant height and time of panicle 
emergence. The characteristics that were claimed less in general were stem diameter, colour of vitreous albumen 
in grain, grain threshability, etc. (Table 4). When the breeders plan to develop new varieties it would be better for 
the breeders to look for distinctness in characteristics that are claimed least so far so that the chances of qualifying 
the DUS test are higher. 
 

Table 4. More common (> 40%) and less common (< 10%) claimed distinct traits 
 

Sl. No. Characteristics Claimed (%) 
22.(*) (+) Panicle: Shape 59  
21.(*) Panicle: Density at maturity (ear head compactness) 59  
15. (*) Plant: Total height 53  
26. (*) Caryopsis: Colour after threshing 50  
14.(*) (+) Glume: Colour  48  
1. (+) Seeding: Anthocyanin colouration of coleoptile  41  
19. (*) Panicle: Length without peduncle 9 
8. (*) Stigma: Anthocyanin colouration  8 
20 Panicle: Length of branches (middle third of panicle) 8 
31.(*) Grain: Texture of endosperm (in longitudinal section) 8 
12. Anther: Length 5 
25.(+) Grain: Threshability  4  
32 Grain: Colour of vitreous albumen 3 
16 Stem: Diameter (at lower one third height of plant) 1 
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Applications filed and certificates granted:  Both public and private sector agencies were actively filing 
applications for sorghum variety registration since the very beginning of establishment of PPV&FRA. DSR has been 
given the responsibility of filing applications for extant varieties and famers’ varieties of sorghum on behalf of 
AICSIP centres apart from new varieties from the DSR breeders for plant variety registration. So far 98 applications 
have been filed by DSR and 27 registration certificates have been issued by PPV&FRA. Overall, 34 sorghum 
varieties have been registered and certificate of registration have been issued (Table 5). Out of 34, 27 are public 
sector bred varieties and seven are private sorghum varieties. 
 

Table 5. Sorghum varieties registered in the Plant Varieties Registry (till March 2013) 
 

Sl. No. Registration No. /date of grant Denomination of the candidate variety Name of applicant 
1.  3 of 2009/12.02.09 JKSH-22 (JKSH-161) JK Agri Genetics Limited 
2.  32 of 2009/12.02.09 CSH-13 ICAR 
3.  33 of 2009/12.02.09 CSH-16 (SPH 723) ICAR 
4.  34 of 2009/12.02.09 CSH-18 (SPH-960) ICAR 
5.  55 of 2009/16.04.09 CSV 216 (Phule Yashoda) (SPV-1359) ICAR 
6.  102 of 2009/20.07.09 CSH-15R (SPH 677) ICAR 
7.  103 of 2009/20.07.09 CSH-17 (SPH-660 ICAR 
8.  109 of 2009/20.07.09 CSV-15  ICAR 
9.  132 of 2009/21.12.09 CSH-22SS (NSSH-104) ICAR 
10.  133 of 2009/21.12.09 CSH-20-MF (UPMCH-1101) ICAR 
11.  144 of 2009/21.12.09 RSSV-9 (CSV-19SS) ICAR 
12.  163 of 2009/21.12.09 Pant Chari-5 (UPFS-32) ICAR 
13.  38 of 2010/20.10.2010 Haryana Chari-308 ICAR 
14.  43 of 2011/24.06.2011 AKSSV-22  Dr. PDKV, Akola 
15.  44 of 2011/24.06.2011 AKSV-13R (PKV-Kranti) Dr. PDKV, Akola 
16.  105 of 2011/01.11.2011 J 1126  MAHYCO 
17.  106 of 2011/01.11.2011 J 1062 MAHYCO 
18.  109 of 2011/01.11.2011 JKSH 574 JK Agri Genetics Limited 
19.  113 of 2011/07.12.2011 MIJ-007 Devgen N.V., Belgium 
20.  7 of 2012/16.01.2012 APK-1 TNAU, Coimbatore  
21.  16 of 2012/04.04.2012 Pant Chari-4 GBPUA&T, Pantnagar 
22.  17 of 2012/04.04.2012 Jawahar Jowar 1041 RVSKVV, Gwalior 
23.  18 of 2012/04.04.2012 Parbhani Moti  (PVR-396/SPV-1411) MAU, Parbhani 
24.  19 of 2012/04.04.2012 BSR-1 TNAU, Coimbatore  
25.  20 of 2012/04.04.2012 CO(S)-28 TNAU, Coimbatore  
26.  21 of 2012/04.04.2012 K-11 TNAU, Coimbatore  
27.  22 of 2012/04.04.2012 Paiyur-2  TNAU, Coimbatore  
28.  73 of 2012/02.07.2012 Pratap Jawar-1430 (SPV-1430) MPUA&T, Udaipur 
29.  74 of 2012/02.07.2012 Uttara (RSSGV-3) MPKV, Rahuri 
30.  75 of 2012/02.07.2012 Vasudha (RSV-423) MPKV, Rahuri 
31.  76 of 2012/02.07.2012 Parbhani Sweta (PVK-801) (SPV-1333) MAU, Parbhani 
32.  77 of 2012/02.07.2012 RSLG-262 (Maulee) MPKV, Rahuri 
33.  88 of 2012/02.07.2012 J1127  MAHYCO 
34.  136 of 2012/19.09.12 CSH-21 (MCSH-151) (SPH-1342) Devgen N.V., Belgium 
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Economic significance of Fusarium grain mold in sorghum  
 

IK Das 
Directorate of Sorghum Research, Hyderabad, AP 

 
Introduction: Several fungi (more than 40 genera) are associated with sorghum grain. Most of these fungi are 
generally restricted to the pericarp, but penetration into the endosperm can occur if the mature grain is exposed to 
high humidity for extended period. Depending upon the timing and degrees of penetration, these fungi are 
considered to be saprophytes or apathogenic weak parasites. The frequently encountered species are Fusarium, 
Curvularia, Phoma, Alternaria, Drechslera, Cladosporium, Aspergillus and Olpitrichum. However, only a few 
species infect sorghum flower during the early stages of grain development and are considered as pathogens. On 
approximate order of importance these are Fusarium moniliforme, Curvularia lunata, Alternaria alternata, and 
Phoma sorghina. Recently, the focus has been directed towards development of resistance against mold 
components, particularly the pathogenic components, rather than GMDC (grain mold disease complex) (Das et al. 
2010; Prom et al. 2011; Sharma et al. 2011). Once resistance genes against pathogenic components are identified 
subsequently, the resistance can be pyramided into a single sorghum cultivar using an appropriate breeding 
programme.  
 

Fusarium on sorghum: The genus Fusarium was introduced by Link in 1809 (Link 1809). Members of this genus 
are among the most widespread and important plant pathogens in the world. F. moniliforme is the name that has 
traditionally been used for various isolates of Fusarium from the Liseola section of the genus recovered from 
sorghum stalks and grain. Starting from seedling to harvest followed by storage of the grain several Fusarium 
species are associated with sorghum. F. moniliforme, is the pathogen of several diseases of sorghum including 
seedling blight, root and stalk rot, pokkah boeng or twisted top, grain mold and head blight worldwide (Table 1). 
 

Table 1: Fusarium induced diseases in sorghum 
Growth stages Disease Causal organism Reference 
Pre- or post- 
emergence seedling  

Damping-off Pythium, Fusarium, Aspergillus, 
Rhizoctonia, Phoma spp. 

Frederiksen 1986 

Vegetative stage Root and stalk rot F. moniliforme Reed et al. 1983 
Pokkah boeng or 
twisted top 

F. moniliforme var subglutinans Frederiksen and Duncan 1992 

Reproductive stage Grain mold F. moniliforme (F. andiyazi, F. 
proliferatum, F. thapsinum)* 

Zummo 1984; Onyike and Nelson 1992; Navi et al. 
1999; Summerell et al. 2003 

Head blight F. moniliforme Frederiksen et al. 1973 
 

Causal organism: Present understanding of Fusarium classification based on morphology and sexual cross-
fertility (mating type), divides F. moniliforme into 14 recognized species. Of these, F. andiyazi, F. nygamai, F. 
proliferatum, F. thapsinum and F. verticillioides have been reported to be associated with sorghum grain and F. 
napiforme with sorghum field debris. Other Fusaria that are not F. moniliforme but have been frequently isolated 
from sorghum grain in different countries include F. anthophilum, F. chlamydosporum, F. culmorum, F. equiseti, F. 
graminearum, F. oxysporum, F. pallidoroseum, F. sacchari, F. semitectum, F. solani and F. sporotrichioides. It is 
important to note that the above mentioned species were isolated from mature sorghum grain (weathered grain) 
either collected from field, farmer’s storage or from the market. Therefore, all of them may not be actual pathogen 
that can infect sorghum floret and cause GM. However, some of these saprophytes may be important for 
weathering of sorghum grain in the field. Till now there are only a few pathogenic Fusarium species (e.g., F. 
andiyazi, F. proliferatum and F. thapsinum) with proven capacity to cause GM in sorghum (Summerell et al. 2003; 
Little and Magill 2009; Prom et al. 2011). It would be interesting to know whether F. graminearum, a serious 
pathogen causing diseases on panicles of many important cereals (wheat, barley, maize, etc.), can infect sorghum 
floret and cause GM.  
 

Sources of inoculum: The Fusarium species causing grain mold of sorghum can be soil-borne, airborne, or 
carried in plant residue, and can be recovered from any part of an infected plant from the root to the flower. Plant 
residues and soil debris containing fungal hyphae and conidia seem to be the primary sources of inocula in the 
field. Special fungal structures (e.g., chlamydospores) may not be essential for winter survival of F. moniliforme. 
Conidia and hyphae of this fungus in sorghum stalks could survive two winters in Kansas without any loss of 
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viability or pathogenicity. F. moniliforme microconidia can survive up to 900 days at different levels of humidity and 
temperature under laboratory conditions. The natural inocula present over sorghum field during rainy season also 
suggested being sufficient for development of GMDC without any artificial inoculation. 
 

Infection and colonization: All previous studies indicate similar patterns of initial infection and subsequent 
colonization of sorghum spikelet tissues. Forbes et al. (1992) reviewed colonization events in mold resistant and 
susceptible cultivars in detail. Early events can be summarized as follows: initial infection by F. moniliforme occurs 
on the apical ends on the spikelet tissues including lemma, palea, glumes, filaments, and senescing styles. Fungal 
mycelium advances basipetally, either by colonizing spikelet tissues or by growing in voids between these tissues. 
Early colonization of glumes was found to be very heavy and caused little cellular disruption or pigmentation in the 
host. Within 5 days of inoculation, mycelium can be seen in all parts of the spikelet, with a denser growth around 
the ovary base. Lodicules appear to serve as an important energy source, and are always surrounded by dense 
fungal growth. From this energy source, near the point of attachment to the pedicel, infection of the ovary wall 
occurs. In the next stages of invasion, a dense mycelial mat progresses acropetally, between the aleurone layer 
and the pericarp. Subsequent invasion of the endosperm, embryonic tissues, and pericarp originates from this 
peripheral mat. When environmental conditions are appropriate, mycelial growth pushes through the pericarp, 
producing a white or pink fungal mass which can completely cover the grain. There are differences in early invasion 
processes and responses in resistant and susceptible cultivars. Resistant cultivar shows much mycelial growth in 
the voids between spikelet structures than the susceptible one. Unlike the susceptible cultivar the resistant one 
shows rapid localized pigmentation in areas where host and fungal tissues are in close association. 
 

Few recent studies corroborated the above findings of the earlier researchers. Inoculation of sorghum panicles at 
anthesis with F. thapsinum resulted in reduced caryopsis formation (Little and Magill 2009) suggesting its 
deleterious effect on the ovary and peripheral tissues resulting in seed abortion, especially in grain mold 
susceptible cultivars. Butler et al. (2008) reported that Fusarium spp. colonized the lodicule and ovary base and 
then progressed in an acropetal fashion as the caryopsis matures. While isolating mold fungi from different tissues 
of sorghum grain (black layer, pericarp, endosperm, and germ), they observed that black layer and pericarp yielded 
the highest levels of total fungi, than the endosperm and germ, irrespective of mold response of a genotype. 
Frequency of isolation of Fusarium spp., including F. thapsinum, was significantly greater (P ≤ 0.05) from mold 
susceptible genotype than from the resistant one. According to above early events and colonization processes, 
most of the infection takes place at anthesis and whatever fungal bloom seen on matured grain is mainly the outer 
growth of the fungi that infected living kernel tissues before PM. Strong positive correlation between mold scores at 
physiological and harvest maturity (P ≤ 0.01) partly support the above colonization processes.  
 

Symptoms: Fusarium grain mold (FGM) is a component of GMDC and is caused by Fusarium spp. Symptoms of 
FGM vary with the severity of infection and grain development stages. The first visible symptom of Fusarium 
infection is pigmentation of the spikelet tissues including sterile lemma, palea, lodicules and glumes. Anthers and 
filaments can also be infected depending on severity of infection. Early infection of sorghum floret at anthesis 
results in loss of caryopsis formation, florets blasting, poor seed setting and development of small and shriveled 
grains. Under humid conditions severely infected grains become fully covered by fungal growth even before PM 
and such grains disintegrate under slight pressure. Disintegration of molded grain before PM is termed as ‘pre-
mature kernel rot’ or simply ‘kernel rot’. Fusarium species generally produce pinkish white mycelium; powdery in 
appearance during early stages which later becomes pinkish fluffy and fluffy white. Internal colonization of grain 
often leads to sprouting of grains in the field under wet conditions. Such sprouted grains become soft due to the 
digestion of parts of the endosperm by α-amylase and are predisposed to extensive colonization by mold fungi, 
primarily species of Fusarium and Curvularia. Pre-harvest sprouting can occur as early as 15 days after pollination. 
Often the infected grains are discolored. Discoloration of grain is more prominent on white-grain than in brown/red 
grain sorghums. Fungal growth first occurs at the hilar end of the grain, and subsequently extends on the pericarp 
surface. Sometimes the fungus damages large areas of panicle including peduncle and rachis branches and 
spikelets, resulting in blighted panicle or head blight.  
 

Nature of damage: Fusarium species causes wide range of losses to sorghum. Frequency of occurrence and 
severity of disease caused by these fungi vary with the geographic location (country) and environmental conditions. 
Therefore, losses caused by these pathogens and their importance vary among sorghum growing countries. As a 
pathogen each of these fungi has certain effects on yield and quality of sorghum that can be analyzed to assess 
their relative importance in sorghum. Result of such an assessment based on information available in the literature 
has been presented in Table 2 that shows Fusarium spp. as the most damaging and economically important mold 
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fungi in sorghum grain mold complex. Apart from the pathogens, there are saprophytic Fusarium species which 
infect and colonize mature sorghum grains. The saprophytes may not be the actual yield reducers but have 
immense effect on grain quality particularly grain discoloration and appearance that determines market price of the 
produce. Overall Fusarium is responsible for reduction in grain yield, seed and grain quality, market acceptability 
and causing food and feed related toxicity to human, animal and poultry bird. 

 
Table 2. Relative importance of Fusarium and other genera of grain mold fungi for yield and quality of sorghum 

 
Economic significance 
Grain yield: Fusarium species are one of the major constraints for sorghum production. Infection of Fusarium not 
only reduces grain yield but also sets adverse effect on marketing and consumption of the infected grains. It is 
difficult to estimate accurate losses caused by GMDC or its component Fusarium, since it involves the assessment 
of losses from production to marketing and finally utilization of the grain or seed. Total annual loss due to GMDC in 
the semi-arid tropics is about US$ 130 million (ICRISAT 1992) and major share of this loss is possibly due to 
Fusarium. Production loss ranges from 30-100% depending on cultivar, and prevailing weather conditions during 
flowering to harvesting. Damages resulting from the early infection of Fusarium include reduction in caryopsis 
formation, arrest of kernel development, and decrease in grain mass and grain density. All these are directly related 
to grain yield. Infection by F. moniliforme and C. lunata has been reported to interfere with carbohydrate 
translocation to developing kernels, and thus causing reduction in size and weight of seed. In such a case, grain 
yield is reduced without visible mold development. Mold fungi are known to cause significant loss in grain weight in 
sorghum (40-70%). 
 

Seed quality: Seed quality is very important for the grower of the crop. Various physiological and biochemical tests, 
viz., seed germination, vigour index, field emergence, speed of germination, electrical conductivity of seed 
leachate, dehydrogenase and α-amylase activity in seeds give an insight about the biological quality of the grain 
and its value as seed. Certain grain mold pathogens have been repeatedly associated with losses in seed mass, 
grain density, germination and seed viability. Seed quality parameters in sorghum significantly decline with 
increasing temperature and relative humidity that support sporulation by the mold fungi and grain colonization. 
Fusarium species have relatively more adverse effect on seed germination of sorghum than other fungi. Effects of 
mold infection on seed quality vary among genotypes with white or colored grain. Decrease in test weight and seed 
germination in white cultivars is more than the red or brown ones. However, mere discoloration of grain does not 
mean that it is always internally infected or there is loss in total seed quality. 
 

Grain quality and marketability: FGM reduces quality of sorghum grain and its acceptability in the market. During 
the process of post-maturity weathering, sorghum grains are infected and heavily colonized by mold fungi including 
Fusarium. This causes discoloration and resultant reduction in market price of the grain. Molded grains (grain with 
visible mold sign) fetch in much lower market price (around 20% less) than that of normal grain. Audilakshmi et al. 
(2007) reported that the market price of product was reduced by 10 and 30% when it showed grain mold score of 3 
and 4, respectively (on a 1 to 5 scale where 1 indicates no mold and 5 indicates more than 50% grain surface 
molded). On visibly molded grain, F. moniliforme and C. lunata secrete enzymes that can degrade endosperm 
(starch) and germ tissues. In addition, F. moniliforme may stimulate plant enzymes causing the initiation of germi-
nation and the subsequent-breakdown of endosperm tissue. Regardless of the source, the enzymes reduce feed or 

Parameters Components 
 

Relative importance (1-5 scale)a Related referencesb 
Fusarium spp. Curvularia spp. Phoma spp. Other molds 

Yield Kernel formation 4 3 1 1 Castor 1981; Forbes 1986;  Little and Magill 2009 
Kernel mass and 
density 

4 3 1 1 Castor and Frederiksen 1977; Ibrahim et al. 1985 

Seed & 
grain quality 

Pre-harvest sprouting 4 2 1 1 Maiti et al. 1985; Steinbach et al. 1995 

Seed germination 
and viability 

3 2 1 2 Castor 1981; Garud et al. 2000;  Little and Magill 
2003; Prom et al. 2011;  Rodriguez-Herrera et al. 
2006a 

Seedling vigor 2 2 2 2 Kannababu et al. 2009 

Marketability Appearance 3 4 3 3 Indira and Rana 1997;  Audilakshmi et al. 2007  

Grain size 4 3 1 1 Ibrahim et al. 1985;  Little and Magill 2003 

Food safety Mycotoxins 
contamination 

5 1 1 3 Flannigan 1991; Bhat et al. 1997; Leslie et al. 
2005; Das et al. 2010 

a Relative importance of the fungal genera on a 1 - 5 scale (1= minimum and 5= maximum importance) on the yield, quality and safety parameters related to sorghum. b Includes references 
that give some indications or provide direct or indirect information for scoring relative importance of the component. 



 
                                                                                        All India Coordinated Sorghum Improvement Project, Hyderabad 
 
 

 
Report of the AICSIP Coordinating Team-agm13.doc  Page 76 of 91 

food value per kernel. Other damages that arise from FGM are related to storage quality, food and feed processing 
quality, and market value. 
 

Mycotoxins: FGMs contaminate sorghum grain with mycotoxins (Fusarial-toxins). Fusarial-toxicoses are a global 
problem, occurring in Africa, the Americas, Asia, and Australia. The change of the staple diet of Black South 
Africans from sorghum to maize was because of contamination of sorghum with mycotoxins. Fusarium species 
associated with sorghum synthesize a wide range of mycotoxins including fumonisin, moniliformin, fusarenon-X, T-
2 and nivalenol. Often minor infections in healthy looking grains are invisible. Fusarium in such grains produces 
Fusarial-toxins under inappropriate storage conditions. Toxigenicity varies among the species or strains within a 
species. Fusarium spp. from sorghum is known for variation in toxigenicity. In India F. proliferatum is reported to 
have maximum frequency of toxigenic strains for fumonisin than other Fusaria. Fumonisin B1 (FB1) has many 
adverse effects on human, animal and poultry bird including porcine pulmonary edema, liver toxicity and liver 
cancer in rats, atherosclerosis in monkeys, immunosuppression in poultry oesophageal cancer in human. In India, 
fumonisin levels between 300 and 600 mg/kg grain have been reported in corn and 0.1-2.7 mg/kg in sorghum grain 
infected with F. moniliforme. Fumonisin has been implicated as a possible cause of an acute disease outbreak in 
human beings in several areas of India. An outbreak of food poisoning characterized by abdominal pain and 
diarrhea, attributed to the ingestion of fumonisin-contaminated moldy sorghum and maize had been reported from 
several villages in South India. The fungus, F. moniliforme was found to be the causative agent of equine 
leucoencephalomalacia (ELEM), a fatal disease of horses. On the basis of available data on the toxicity and 
carcinogenicity of FB1, the International Agency for Research on Cancer classified the F. moniliforme toxin as a 
group 2B carcinogen. 
 

FGM thus comes in the way of utilization of sorghum grain as food and feed. This holds special significance for 
countries like India and African nations where sorghum is generally used as human food as well as in Americas and 
Australia where grains are used as animal feed. Mycotoxins produced by Aspergillus spp. (e.g., aflatoxins, 
ochratoxins) are also equally important in sorghum because of their deleterious effects on human and livestock 
health as well as trade. However, time and duration of association of these two fungi with sorghum are different. 
Fusarium species infects early at the initiation of flowering and may continue to be in the grain while in storage. 
Varietal resistance would, therefore, be more effective against Fusarium management than Aspergillus that infects 
mature grains either in the field or during transit and storage. Of late, non-food uses of moldy sorghum grains find 
application as raw material in industrial sectors. Brewing industries use moldy and germinating sorghum for making 
beer and whisky thus offer new market opportunities for molded sorghum. Mold infection during germination can 
exhibit slightly higher α-amylase activity compared to healthy grain suggesting that moldy grain may be suited for 
malting. The research process to enhance the efficiency of industrial use of grain and to encourage adoption of 
other post harvest methods to reduce grain mold should, therefore, consider the socioeconomic, operational, and 
institutional framework of the target group in addition to the technical aspect.  
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Agro-climatic situation and soil types across the sorghum growing areas during 
2012-13 

 
JS Mishra 

Directorate of Sorghum Research, Hyderabad, AP 
 
Overall, the country received 819.8 mm of rain (92% of the long period average-LPA) against LPA of 887.5 mm 
during June to September 2012 (www.imd.gov.in). India’s south peninsula region received 10% deficient rain this 
season. The central region got 4% deficient rain. The northwest region was 7% deficient in rains during Jun-Sep 
while India’s east and northeast region received 11% deficient rains (Table ). Seasonal rainfall was 93% of its LPA 
over Northwest India, 96% of its LPA over Central India, 90% of its LPA over south Peninsula and 89% of its LPA 
over Northeast (NE) India. Monthly rainfall over the country as a whole was 72% of LPA in June, 87% of LPA in 
July, 101% of LPA in August and 111% of LPA in September. Southwest monsoon current advanced over the 
Andaman Sea on 23rd May with a delay of about 3 days and set in over Kerala on 5th June, 4 days later than its 
normal date of 1st June. However, the southwest monsoon covered the entire country by 11th July, 4 days earlier 
than its normal date of 15th July. The withdrawal of monsoon from west Rajasthan commenced only on 24th 
September compared to its normal date of 1st September. 
 

Table. The actual season (June to September) rainfall over the country as a whole and four broad 
geographical regions during the 2012 SW monsoon season. 

Region LPA (mm) Actual Rainfall for 2012 SW Monsoon Season 
Rainfall (mm) Rainfall (% of LPA) 

All India 887.5 819.8 92 
Northwest India 615.0 569.3 93 
Central India 975.5 935.5 96 
Northeast India 1438.3 1275.3 89 
South Peninsula 715.5 643.9 90 

 
Zone-I (North): In this zone 2 AICSIP centres viz., Udaipur and Pantnagar were included.  
Udaipur: This centre received a total of 688.6 mm rainfall during crop season with fairly good distribution during 
entire crop season. The crop was sown during first week of July and received normal rains during its growth and 
reproductive periods (up to 30th Sep). The soil was sandy loam in texture, medium in available N and P, and high in 
K with pH 7.9.  
 

Pantnagar: This centre received 906.8 mm rainfall during crop season of which 80% was received during July-
August months.  The soil was silty loam, neutral (pH 7.1), medium in organic carbon (0.92%), medium in K (271 kg) 
and phosphorus (27.5) content. The experiments were sown during 12-21 June 2012. 
 

Zone- I (South): Two AICSIP centres viz., Coimbatore and Palem were included in this zone. 
Coimbatore: The total rainfall received during kharif crop season (st. week 19 - 44) was 285 mm, of which more 
than 50% was received during October. The crop was sown on 17th July 2012. The soils were clay loam in texture, 
slightly alkaline (pH 7.95), E.C. 0.45; and low in available nitrogen (220 kg/ha), medium in available phosphorus (35 
kg/ha) and high in available potassium (615 kg/ha). Soils were sufficient in Fe (5.90 ppm) but deficient in Zn (0.94 
ppm) content. The soil FC was 23.5% and WP 11.7% 
 

Palem: The soils were alfisols with sandy loamy texture having low available N (235 kg/ha) and medium in 
available P2O5 (27 kg/ha) and K2O (345 kg/ha). The crop was sown on 20th June 2012. The rainfall received during 
crop season was 206.8 mm.  
 

Zone- II  
Dharwad: The soil was medium-deep black clay, low in available N (194.8 kg/ha) and medium in available P2O5 
(33.5 kg/ha) and high in K2O (454 kg/ha) with pH (7.8). Soil moisture at Field capacity was 32% and at wilting point 
15%.Total rainfall received during crop period was 450.3 mm with almost uniform distribution. The crop was sown 
during 8-16 June, 2011.  
.  
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Parbhani: The total rainfall received during crop season was 687.6 mm. The soils were clay loam in texture, low in 
available N (138 kg/ha) and P (10.26 kg/ha) and high in K (445kg/ha) content with pH 8.24 and E.C. 0.26 and . The 
crop was sown during 4-7 July 2012. 
 

Indore:  The crop was dry-seeded during 18-20 June 2012. The total rainfall during kharif season was 938.2 mm 
with fairly proper distribution from last week of June to 2nd week of September. The crop faced drought during grain 
filling stage. Soil was neutral in reaction (pH 7.62), EC 0.38, low in organic carbon (0.34%), available N (162 kg/ha), 
medium on phosphorus (25.6 kg/ha) and high in potassium (432 kg/ha). 
 

Surat: This centre received 789 mm rainfall with fair distribution till grain filling stage. Crop was sown during 15th 
June to 6th July 2012. Soil was deep black, (>100 cm depth) with pH 7.81 and EC 0.37, low in OC (0.45%), and 
available N (243 kg/ha), medium in available P2O5 (34 kg/ha), and K2O (368 kg/ha). The soil Zn and Fe contents 
were 1.5 and 6 ppm, respectively. Soil moisture at Field capacity was 32% and at wilting point 16%. 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 1. Total rainfall (mm) received during crop season at various AICSIP centres 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Rainfall distribution during crop season in different sorghum zones 
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Rabi 2012-13 
Agro-climatic situation at different AICSIP centers:  The productivity of Rabi sorghum is largely dependent to rainfall 
received and conserved during preceding rainy season. The total rainfall received during July 2012 to Feb. 2013 
ranged from 395 at rahuri to 600 mm at Parbhani (Fig 1). However, the rainfall distribution varied at different 
location (Fig 2). Most of the rainfall was received during September to October months which facilitated sowing and 
enough for early sorghum growth. However, moisture stress at reproductive phase resulted in poor grain yield in all 
the rabi sorghum growing areas. There was no rainfall after first week of October at Solapur, Rahuri, Parbhani and 
Tandur and the crop faced severe drought right from seedling stage onwards.  At Dharwad, there was less but 
properly distributed rainfall up to first week of November.  
 

 
 
 
 
 
 
 
 
 
 

Fig. 1. Total rainfall (mm) received during July 2012-Feb 2013 at various AICSIP centres 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Rainfall distribution during rabi season at different Centres 
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Compositional grain quality of sorghum varieties & hybrids evaluated under 
advanced trial 

 
CV Ratnavathi, A Mahender, B Ranga, P Gowthami & JV Patil 

Directorate of Sorghum Research, Hyderabad, AP 
 
Introduction: Sorghum and millets have been important staples in the semi-arid tropics of Asia and Africa acting 
as principal sources of energy, protein, vitamins and minerals. Sorghum is considered as a nutritious coarse cereal 
grain that is almost on par or richer than rice and wheat for many nutritional components, especially dietary fiber, 
vitamins and minerals. Sorghum grain starch is slow digestible and is important attribute for recommending the 
cereal in the diet for diabetic population. The grains produced during rainy season attract low market value because 
of physical quality deterioration due to mold, but chemical quality does not always get affected significantly. Hence, 
grain quality evaluation of new sorghum varieties and hybrids assume significance apart from superiority for grain 
yield. However the deterioration of the grain occurs due to the water activity present in the grain. Slow starch 
digestibility is correlated to amylose content in the grain. Grain samples from varieties and hybrids evaluated under 
the advanced trial of AICSIP were analyzed for chemical quality parameters. The percent fat, starch, amylose and 
protein are the four major constituents of grain affecting the quality in sorghum. Therefore, percent fat, starch, 
amylose and protein were determined in the randomly collected replicated grain samples from the entries evaluated 
during kharif 2012 at four locations viz., Coimbatore, Akola, Indore and Surat. The results of advanced varietal trial 
are presented in Table 1A to 1Cand advanced hybrid trial is presented in Table 2A to 2C. The range of water 
activity, percent fat, starch, amylose and protein contents were presented in Table-3. 
 
Advanced Varietal Trial (Table-1A to 1C): : The data on water activity and percent fat in 11 genotypes from 
Coimbatore, Akola, Indore and Surat locations is presented in Table 1A. The data on percent starch and amylose in 
11 genotypes from the above four locations is presented in Table 1B while data on protein content is presented in 
Table-1C. Six grain sorghums were compared for all five grain quality parameters with five checks including one 
local check.  
 
Water activity: In general water activity was found higher at Coimbatore compared to other locations. There is no 
significant variation across genotypes while across locations variation was observed. 
 
Fat: Significant variation was observed across locations and also genotypes. The mean fat content varied from 2.64 
(SPV 2083) to 3.33 (SPV 2114) .Two genotypes SPV 2061 & SPV 2083 had lower fat content, 2.86 &2.64% 
respectively. Remaining four genotypes showed more than 3% fat content. At Coimbatore  and Akola fat content 
varied from 2.66 to 3.44 %, while at Indore fat content ranged from 2.33 to 3.66 (SPV 2110). At Surat it varied from 
2.44 to 3.44 %. Lower fat content and water activity may correlate to better shelf life of the grain as these two 
parameters may favour more insect infestation. 
 
Starch:  The mean starch content of the four locations varied from 58.29% (CSV 23) to 61.58 % (SPV 2061).The 
grain was affected by grain mold at Coimbatore location and so the grain starch content was relatively low and it 
ranged from 59.05 (SPV 2083) to 63.65 % (SPV 2115).  All the test varieties are superior to local check with mean 
starch content higher than the local check and SPV 2061(61.58) is superior to all the check genotypes (CSV 17, 
CSV 20, & CSV 23) and on par with check CSV 27 with (61.56). 
 
Amylose: Amylose content in the grain indicates the amount of resistant starch present in the grain. The digestibility 
of the starch is dependent on the amylose content. Genotypic variability for amylose content is low. The mean 
percent amylose ranged from 21.53 (SPV 2061) to 22.38 (CSV 20). Test entries SPV 2122 and SPV 2110 are 
superior or on par with check genotypes.  Due to grain mold amylase content was not affected.  
 
Protein: The mean protein content varied from 9.74% (SPV 2061) to 10.29% (CSV 17). At Coimbatore location 
higher protein content was observed compared to other locations and it varied from 9.60 (CSV 23) to 10.83% 
(Local Check). Test entries SPV 2083, SPV 2110, SPV 2114 and SPV 2121 are either superior or on par to check 
genotypes. Two test entries SPV 2061 and SPV 2122 recorded low protein content than check genotypes.  
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Advanced Hybrid Trial (Table-2A to 2C):  The data on water activity and percent fat in 8 test hybrids along with 4 
check hybrids and one local check genotype from Coimbatore, Akola, Indore and Surat locations is presented in 
Table 2A. The data on percent starch and amylose in 13 genotypes which include 8 test genotypes from the above 
four locations is presented in Table 2 B while data on protein content is presented in Table-2 C. Eight grain 
sorghum hybrids were compared for all five grain quality parameters with five checks including one local check.  
 
Water activity: In general water activity was found higher at Coimbatore compared to other locations. Grain at 
Coimbatore is efected by grain mold.  There is no significant variation across genotypes while across locations 
variation was observed.  
 
Fat: Significant variation was observed across locations and also genotypes. The mean fat content varied from 2.75 
(CSH 25) to 3.33 (SPH 1704) .Two genotypes SPH 1674 and SPH 1704 are superior to all the checks in fat 
content. Genotypes SPH 1702 &SPH 1703 had lower fat content, 2.86 &2.77% respectively. At Coimbatore, Akola 
and Indore locations, fat content was higher compared to Surat location. Lower fat content and water activity may 
correlate to better shelf life of the grain as these two parameters may favour more insect infestation. 
 
Starch:   The mean starch content of the four locations varied from 59.70 (SPH 1705) to 62.85 % (SPH 1674).The 
grain was affected by grain mold at Coimbatore location and so the grain starch content was relatively low and it 
ranged from 55.50 (SPH 1705) to 63.50 % (CSH 27).  Five test hybrids (SPH 1704, SPH 1703, SPH 1682, SPH 
1680 and SPH 1674) are superior to local check with mean starch content higher than the local check and two 
genotypes SPH 1682 (62.43) and SPH 1674 (62.85) are superior to all the check genotypes (CSH 16, CSH 23, & 
CSH25 and CSH 27) (Table-2A) 
 
Amylose: The mean percent amylose ranged from 20.78 (Local Check) to 22.15 (SPH 1704). Test entries SPV 
2122 and SPV 2110 are superior or on par with check genotypes.  Due to grain mold amylose content was not 
affected. Two test hybrids SPH 1702 and SPH 1704 are superior to all the check genotypes in amylase content 
(Table-2 B) 
 
Protein: The mean protein content varied from 9.91% (SPH 1682) to 10.27% (CSH 25). No significant variation 
among genotypes was observed, however variability across locations was observed.  High protein content was 
observed at Coimbatore and Akola locations. One test hybrid SPH 1674 is superior to all the check genotypes 
except CSH 25. 
 
Conclusion: The results of pooled analysis of data across all four locations are presented in Table 3. The 
conclusions drawn from the grain quality analysis are enumerated below. 
 
 The mean protein content ranged from 9.74% (SPV 2061) to 10.29% (CSV 17) 
 The mean starch content ranged from 58.29% (CSV 23) to 61.58 % (SPV 2061) 
 Hybrid SPH 1674 and varieties SPV 2083, SPV 2110, SPV 2114 and SPV 2121 are high protein 

genotypes 
 The percent protein (9.91 to 10.27) and starch (59.70 to 62.85) contents among the test hybrids had 

relatively narrow range. 
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Table 1: Grain quality of grain sorghum varieties in Advanced Varietal Trial - Kharif 2012 
 

S. 
No Entry 

WATER ACTIVITY PERCENT  FAT 
COI R AKO R IND R SUR R Av.  R COI R AKO R IND R SUR R Av. R 

1 SPV 2061 (2) 0.544 3 0.447 7 0.451 3 0.424 3 0.467 1 2.89 7 2.89 7 3.22 4 2.44 8 2.86 9 
2 SPV 2083 (2) 0.558 1 0.448 5 0.449 4 0.400 9 0.464 5 2.66 9 2.66 9 2.33 9 2.89 6 2.64 11 
3 SPV 2110 0.548 2 0.450 3 0.453 2 0.410 7 0.465 3 3.11 6 3.11 6 3.33 3 3.00 5 3.14 7 
4 SPV 2114 0.544 4 0.446 8 0.419 11 0.415 5 0.456 9 3.33 3 3.33 3 3.66 1 3.00 5 3.33 1 
5 SPV 2121 0.537 5 0.453 1 0.426 9 0.450 1 0.467 2 2.88 8 2.88 8 2.44 8 3.11 3 2.83 10 
6 SPV 2122 0.535 7 0.447 6 0.442 6 0.413 6 0.459 6 3.33 2 3.33 2 3.33 3 3.11 3 3.28 3 
7 CSV 17 0.530 9 0.446 8 0.426 10 0.429 2 0.458 7 3.11 5 3.11 5 3.33 3 3.44 1 3.25 4 
8 CSV 20 0.535 8 0.449 4 0.458 1 0.416 4 0.464 4 3.22 4 3.22 4 2.89 6 3.22 2 3.14 6 
9 CSV 23 0.515 10 0.450 2 0.429 8 0.400 8 0.449 10 3.44 1 3.44 1 3.22 5 2.78 7 3.22 5 
10 CSV 27 0.536 6 0.447 6 0.444 5 0.397 11 0.456 8 3.44 1 3.44 1 3.33 2 3.00 5 3.30 2 
11 Local Check# 0.486 11 0.444 9 0.429 7 0.397 10 0.439 11 2.88 8 3.44 1 2.77 7 3.11 4 3.05 8 
   LOC. MEAN 0.533  0.448  0.439  0.414  0.458  3.12  3.17  3.08  3.01  3.09  

   C.D. (5%) 0.064  0.012  0.032  0.041  0.019  1.03  1.01  1.26  0.96  0.35  
   C.D. (1%) 0.087  0.016  0.044  0.056  0.026  1.40  1.37  1.71  1.31  0.47  
   C.V. (%)  7.050  1.530  4.300  5.800  2.870  19.31  18.67  23.97  18.78  7.74  
   F (Probability) 0.000  0.000  0.000  0.000  0.133  0.00  0.00  0.00  0.00  0.00  

 
S. 
No Entry 

PERCENT STARCH PERCENT AMYLOSE 
COI R AKO R IND R SUR R Av.  R COI R AKO R IND R SUR R Av. R 

1 SPV 2061 (2) 60.20 7 61.65 5 61.35 4 63.10 3 61.58 1 21.66 9 21.07 9 21.69 10 21.71 7 21.53 11 
2 SPV 2083 (2) 59.05 11 57.50 8 60.80 5 62.45 4 59.95 8 22.27 4 21.76 4 21.76 8 22.07 6 21.97 5 
3 SPV 2110 63.65 1 60.25 6 60.30 7 59.20 7 60.85 4 22.30 3 21.69 5 21.97 7 22.32 4 22.07 4 
4 SPV 2114 59.90 8 61.85 4 58.30 11 62.10 5 60.54 7 20.43 11 20.74 11 23.22 2 22.84 2 21.81 8 
5 SPV 2121 61.05 3 64.30 1 60.20 8 59.25 6 61.20 3 21.12 10 20.79 10 22.25 6 22.91 1 21.77 9 
6 SPV 2122 60.45 6 57.50 8 61.80 3 63.20 2 60.74 5 22.04 7 22.68 1 22.55 4 21.46 8 22.18 2 
7 CSV 17 59.20 10 57.25 9 58.80 10 63.45 1 59.68 9 22.25 5 22.35 2 21.71 9 21.38 9 21.92 6 
8 CSV 20 59.85 9 63.05 2 60.60 6 58.95 8 60.61 6 22.45 1 21.10 8 23.30 1 22.66 3 22.38 1 
9 CSV 23 60.60 5 56.05 10 59.50 9 57.00 10 58.29 11 22.25 6 22.15 3 22.58 3 21.33 10 22.08 3 
10 CSV 27 61.40 2 62.10 3 64.10 1 58.65 9 61.56 2 21.94 8 21.51 6 21.23 11 22.32 5 21.75 10 
11 Local Check# 61.00 4 57.90 7 63.55 2 55.10 11 59.39 10 22.32 2 21.18 7 22.55 5 21.23 11 21.82 7 
    LOC. MEAN 60.58  59.95  60.85  60.22  60.40  21.91  21.55  22.25  22.02  21.93  
   C.D. (5%) 4.53  6.16  6.73  5.86  3.39  1.73  2.36  1.96  1.77  0.99  
   C.D. (1%) 6.19  8.40  9.18  7.99  4.57  2.36  3.22  2.67  2.41  1.33  
   C.V. (%)  4.39  6.03  6.49  5.71  3.89  4.64  6.43  5.16  4.71  3.12  
  F (Probability) 0.00  0.00  0.00  0.00  0.70  0.00  0.00  0.00  0.00  0.90  

 
S. 
No Entry 

PERCENT STARCH 
COI R AKO R IND R SUR R Av. R 

1 SPV 2061 (2) 10.67 2 9.27 11 9.44 11 9.58 9 9.74 11 
2 SPV 2083 (2) 10.83 1 9.33 10 10.13 6 9.99 3 10.07 5 
3 SPV 2110 10.13 7 9.40 9 10.41 3 10.15 2 10.02 8 
4 SPV 2114 10.53 3 9.90 6 9.90 10 10.19 1 10.13 3 
5 SPV 2121 10.10 8 10.00 4 10.19 4 9.81 7 10.03 7 
6 SPV 2122 10.53 4 9.47 8 10.02 8 9.66 8 9.92 10 
7 CSV 17 9.93 9 10.60 1 10.44 2 10.19 1 10.29 1 
8 CSV 20 10.37 5 10.33 2 10.17 5 9.84 6 10.18 2 
9 CSV 23 9.60 10 10.17 3 10.58 1 9.97 4 10.08 4 

10 CSV 27 10.23 6 9.97 5 10.05 7 9.89 5 10.04 6 
11 Local Check# 10.83 1 9.60 7 9.96 9 9.37 10 9.94 9 
    LOC. MEAN 10.34  9.82  10.12  9.88  10.04  
   C.D. (5%) 1.06  0.95  1.25  0.74  0.54  
   C.D. (1%) 1.44  1.30  1.70  1.00  0.73  
   C.V. (%)  6.01  5.71  7.23  4.37  3.75  
  F (Probability) 0.00  0.00  0.00  0.00  0.81  

# Local Check varies from Location to Location;  Coimbatore - CO 30; Akola - SPV 669 
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Table 2: Grain quality of grain sorghum hybrids in Advanced Hybrid Trial - Kharif 2012 
S. 
No Entry 

WATER ACTIVITY PERCENT  FAT 
COI R AKO R IND R SUR R Av.  R COI R AKO R IND R SUR R Av. R 

1 SPH 1674 (2) 0.531 9 0.435 13 0.430 4 0.407 12 0.451 13 3.11 3 3.33 3 3.33 4 3.44 1 3.30 2 
2 SPH 1679 (2) 0.528 10 0.468 7 0.396 11 0.475 5 0.467 9 2.89 5 3.55 2 3.11 8 3.00 3 3.14 4 
3 SPH 1680 (2) 0.558 3 0.482 3 0.384 12 0.446 10 0.468 8 2.77 6 2.89 7 3.55 2 2.78 6 3.00 5 
4 SPH 1682 (2) 0.553 4 0.502 1 0.406 9 0.479 4 0.485 2 3.00 4 3.33 3 3.00 9 2.66 8 3.00 5 
5 SPH 1702 0.466 13 0.484 2 0.428 5 0.441 11 0.455 12 2.89 5 3.00 6 2.77 11 2.78 6 2.86 10 
6 SPH 1703 0.573 1 0.469 6 0.428 6 0.470 8 0.485 3 2.55 9 3.00 6 3.00 10 2.55 9 2.77 11 
7 SPH 1704 0.507 12 0.459 9 0.426 7 0.486 3 0.469 7 3.11 3 3.67 1 3.66 1 2.88 5 3.33 1 
8 SPH 1705 0.535 8 0.469 5 0.437 3 0.470 8 0.478 5 3.22 2 3.00 6 3.00 10 2.77 7 3.00 6 
9 CSH 16 0.542 7 0.444 12 0.444 1 0.473 6 0.476 6 3.33 1 3.11 5 3.33 3 3.11 2 3.22 3 
10 CSH 23 0.548 5 0.454 11 0.405 10 0.454 9 0.465 10 3.33 1 3.00 6 2.55 12 2.78 6 2.91 7 
11 CSH 25 0.562 2 0.457 10 0.443 2 0.487 2 0.488 1 2.66 7 2.55 8 3.22 5 2.55 9 2.75 12 
12 CSH 27 0.544 6 0.462 8 0.382 13 0.473 7 0.465 11 2.44 10 3.00 6 3.22 6 2.89 4 2.89 9 
13 Local Check# 0.528 11 0.481 4 0.416 8 0.488 1 0.478 4 2.66 8 3.22 4 3.11 7 2.55 9 2.89 8 
    LOC. MEAN 0.537   0.467   0.417   0.465   0.471   2.92   3.13   3.14   2.83   3.00   
   C.D. (5%) 0.064   0.057   0.061   0.048   0.032   0.81   0.87   0.91   0.98   0.35   
   C.D. (1%) 0.087   0.077   0.082   0.065   0.043   1.10   1.18   1.23   1.33   0.47   
   C.V. (%)  7.090   7.220   8.650   6.070   4.780   16.46   16.52   17.18   20.56   8.14   
   F (Probability) 0.000   0.000   0.000   0.000   0.456   0.00   0.00   0.00   0.00   0.02   

 
S. 
No Entry 

PERCENT STARCH PERCENT AMYLOSE 
COI R AKO R IND R SUR R Av.  R COI R AKO R IND R SUR R Av. R 

1 SPH 1674 (2) 60.25 6 66.10 1 60.85 5 64.20 2 62.85 1 19.87 8 21.76 7 21.48 9 22.55 2 21.42 6 
2 SPH 1679 (2) 60.70 3 59.15 12 61.35 4 60.45 9 60.41 10 19.06 11 21.43 10 22.27 2 20.61 13 20.84 11 
3 SPH 1680 (2) 59.60 8 64.10 5 61.50 3 60.75 8 61.49 5 19.57 9 22.04 5 20.87 12 21.94 9 21.10 8 
4 SPH 1682 (2) 63.15 2 62.65 8 59.70 9 64.20 2 62.43 2 20.03 7 22.20 3 22.02 3 22.22 6 21.62 3 
5 SPH 1702 60.00 7 58.50 13 59.65 10 62.50 5 60.16 12 21.92 2 22.30 1 21.63 8 22.53 3 22.09 2 
6 SPH 1703 59.35 9 64.50 3 58.60 11 63.50 3 61.49 4 20.66 5 22.15 4 20.97 11 22.17 7 21.49 4 
7 SPH 1704 60.40 4 60.05 11 62.90 1 62.05 6 61.35 6 22.02 1 22.22 2 21.76 6 22.61 1 22.15 1 
8 SPH 1705 55.50 13 61.60 10 57.00 13 64.70 1 59.70 13 21.23 3 21.56 9 20.64 13 22.45 4 21.47 5 
9 CSH 16 60.30 5 64.45 4 58.50 12 59.30 10 60.64 9 21.00 4 21.12 11 21.15 10 21.33 11 21.15 7 
10 CSH 23 57.50 12 63.05 7 60.30 7 62.75 4 60.90 8 20.10 6 21.71 8 22.53 1 21.61 10 21.49 4 
11 CSH 25 58.35 11 64.60 2 61.80 2 61.70 7 61.61 3 19.44 10 21.84 6 21.79 5 21.15 12 21.05 9 
12 CSH 27 63.50 1 62.50 9 60.40 6 58.90 11 61.33 7 18.93 12 21.10 12 21.74 7 22.35 5 21.03 10 
13 Local Check# 58.50 10 63.50 6 60.12 8 58.85 12 60.24 11 18.08 13 21.00 13 22.02 4 22.02 8 20.78 12 
    LOC. MEAN 59.78  62.67  60.21  61.83  61.12  20.15  21.72  21.61  21.96  21.36  
   C.D. (5%) 7.39  8.33  5.47  8.67  3.00  2.56  1.28  1.59  1.79  1.04  
   C.D. (1%) 10.01  11.29  7.41  11.75  4.03  3.47  1.74  2.15  2.43  1.39  
   C.V. (%)  7.33  7.89  5.39  8.32  3.43  7.55  3.51  4.36  4.84  3.38  
   F (Probability) 0.00  0.00  0.00  0.00  0.70  0.00  0.00  0.00  0.00  0.21  

 
S. 
No Entry 

PERCENT STARCH 
COI R AKO R IND R SUR R Av. R 

1 SPH 1674 (2) 10.73 3 9.53 10 10.63 3 9.38 11 10.07 9 
2 SPH 1679 (2) 10.67 4 9.92 4 10.37 7 10.03 5 10.25 2 
3 SPH 1680 (2) 10.30 7 9.52 11 10.77 1 9.30 12 9.97 11 
4 SPH 1682 (2) 10.10 8 9.55 9 10.04 9 9.95 6 9.91 13 
5 SPH 1702 10.77 2 9.88 5 10.00 11 9.80 8 10.11 5 
6 SPH 1703 9.67 10 9.85 6 10.03 10 10.22 3 9.94 12 
7 SPH 1704 9.87 9 9.38 12 10.73 2 10.11 4 10.02 10 
8 SPH 1705 10.30 7 10.24 2 9.91 12 9.95 6 10.10 7 
9 CSH 16 10.30 7 9.85 7 10.08 8 10.23 2 10.12 4 

10 CSH 23 9.87 9 10.36 1 10.51 5 9.66 9 10.10 8 
11 CSH 25 10.63 5 10.18 3 9.84 13 10.43 1 10.27 1 
12 CSH 27 10.47 6 9.75 8 10.58 4 9.65 10 10.11 6 
13 Local Check# 11.07 1 9.28 13 10.51 6 9.83 7 10.17 3 

    LOC. MEAN 10.36  9.79  10.31  9.89  10.09   
   C.D. (5%) 1.12  1.00  1.18  0.78  0.56   
   C.D. (1%) 1.51  1.36  1.60  1.06  0.75   
   C.V. (%)  6.40  6.09  6.78  4.70  3.86   
   F (Probability) 0.00  0.00  0.00  0.00  0.98   

# Local Check varies from Location to Location;  Coimbatore - CO 30; Akola - SPV 669 

Table 3: Location wise range for quality parameters (hybrids) 
S.NO Parameter COI AKO IND SUR Loc. Mean 

1 Water activity(aw) 0.466-0.573 0.435-0.502 0.382-0.444 0.407-0.488 0.471 
2 Fat (%) 2.44-3.33 2.55-3.67 2.55-3.66 2.55-3.44 2.83 
3 Starch (%) 57.5-63.5 58.50-66.10 57.00-62.90 58.85-64.70 61.12 
4 Amylose(%) 18.08-22.02 21.00-22.3 20.64-22.53 20.61-22.61 21.36 
5 Protein (%) 9.67-11.07 9.28-10.36 9.84-10.77 9.30-10.43 10.09 

 



 
                                                                                        All India Coordinated Sorghum Improvement Project, Hyderabad 
 
 

 
Report of the AICSIP Coordinating Team-agm13.doc  Page 84 of 91 

Annexure 1: Summary of the achievements for best centre prize by AICSIP 
centres 

 

Criteria Marks Akola Bijapur Parbhani Udaipur 

Data quality 20         

Whether data booklets have been filled and 
submitted in right format (5 mark), CV of 
various experiments and utility of the data 
(10 marks), consistency of the quality of the 
data over last three years (5 marks). 
Information submitted by centers will be 
checked by coordinating unit. 

 Yes; <20%: 
Consistent 

No; 50% 
cases high; 
Moderate 

Yes; <8%; 
This year 
many trials 
vitiated 

Yes; 95% 
cases <25%; 
Consistent 

Monitoring team report 10         

Monitoring team report and their evaluation 
will be taken into consideration. Mainly will 
cover the quality of experimentation 
(including sticking to sowing plan, field data 
recording, plant protection measures, 
hygiene of the field etc.) (3 marks), 
maintenance of data booklet (3 marks), 
involvement of all the AICSIP staffs in the 
programme (4 marks) 

 Very good; 
Appropriate; 
Very good 

Very good; 
Appropriate; 
Good 

Below 
average; 
Moderate; 
Average 

Very good; 
Appropriate; 
Very good 

Compliance to the deadlines and 
response to Coordinating cell’s 
communications 

5         

Compliance of the centers to various 
deadlines (3 marks), Promptness in 
response and coordination with voluntary 
centers (2 marks). AICSIP Coordinating 
Unit will make this assessment 

 Very good; 
Good 

Poor; Very 
poor 

Good; Poor Very good; 
Very good 

Station research activities 20         

Includes the overall research activities other 
than AICSIP trial execution. Breeding (10 
marks), Agronomy (2.5 marks), Entomology 
(2.5 marks), Pathology (2.5 marks) and 
Physiology (2.5 marks). If position for any 
discipline is missing at the center that marks 
will be distributed to other disciplines 
proportionately. 10 marks in breeding is 
splited as follows: 

         

Germplasm holding (maximum 2 marks): 
<100 – 0.5 marks, 100-500 – 1.0 marks, 
and >500 – 2 marks 

 1045 1300 130 1313 

Germplasm registration (maximum 2 
marks): 0.5 marks per registration 

 14 
registered; 
11 submitted 

3     
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Criteria Marks Akola Bijapur Parbhani Udaipur 

Average crosses attempted per year 
(maximum 2 marks): <5 – 0 mark, 5-10 – 
0.5 mark, 10-20 – 1 mark, and >20 – 2 
marks 

 22 28 47 29 

Average segregating generations handled 
per year (maximum 2 marks): <100 – 0.5 
mark, 100-250 – 1 mark, 250-500 – 1.5 
marks, and >500 – 2 marks 

 138 107 9 114 

Station trial size and coordination with other 
disciplines in the research: 2 marks 

 22 trials 
involving 430 
entries 

13 trials 
involving 311 
entries 

4 trials with 
16 entries 

11 trials 
involving 243 
entries 

Splitting of 2.5 marks in other disciplines: 1 
mark per Technology gone to state 
department of agriculture (maximum 2 
marks for technology), any research 
programme other than AICSIP with 
significance (0.5 marks per experiment), 
respective PIs will make the objective 
assessment 

         

If any AICSIP scientist wins externally 
funded project 1 marks will be given 

 2   3   

Agronomy  6 trials No position Nil 2 recommen-
dations 

Entomology  4 trials; 15 
SF lines 

5 trials; 50 
lines 
identified 

6 trials, 40 
entries 
identified 

2 trials; 31 
entries 
identified 

Pathology  5 trials; 31 
promising 
GM line 

No position 1 trial 3 trials; 2 
entries 
identified 

Physiology  No position 5 trials; 34 
lines 
identified 

4 trials, 28 
identified 

  

Publications 10         

2 marks per international paper, 1 mark per 
national paper, 0.5 per abstract in national 
seminar. Publications made by scientists of 
the AICSIP center will only be considered. 
No consideration will be made for the 
publications led by DSR scientists. 

 1 
international; 
8 national; 5 
abstract  

6 national; 10 
abstract 

5 national,  6 national; 1 
abstract; 1 
book 
chapter; 3 
popular 
article 

Products developed 10         

Number of variety/hybrid/technology 
released or contributed to AICSIP/state 
trials (1 mark per entry/technology to 
AICSIP and 0.5 mark per entry/technology 
to state trial ) 
 
 
 

 34 to AICSIP; 
32 to Sate 

22 to 
AICSIP; 19 
to State 

16 to 
AICSIP; 30 
to state 

21 to 
AICSIP; 16 
to State 
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Criteria Marks Akola Bijapur Parbhani Udaipur 

Seed production 5         

Targeted and achieved seed production , 
<50% of target – 0 mark, 50-60% of target – 
1 mark, 60-75% of target – 2 marks, 75-
90% of target – 3 marks, 80-95% of target – 
4 marks, 95% or above of target – 5 marks 

 >100% of 
target 
achieved 

100% >100% 85% 

Extension activities 5         

Successful execution percentage of 
FLDs/TSPs (Maximum of 2.5 marks): <50% 
– 0 mark, 50-75% – 0.5 mark, 75-90% – 1 
mark, >90% – 1.5 marks 

 100% 100% 100% 100% 

0.5 marks per other extension activities like 
Kisan mela, radio talk etc. 

 18 Kisan 
Mela; 31 new 
paper article, 
15 radio/TV 
talks; 
Training 
organized 7 

6 Kisan 
Mela, 
Radio/TV 6; 
Pamphlets 2 

20 Kisan 
Mela; 25 
New Paper 
article; 25 
Radio/tv 
talks; 11 
pamphlets; 
14 training 
organized 

4 Kisan 
Mela; 11 
news paper 
article, 3 
radio 
programme, 
2 training 
organized 

Quality & quantity of seeds of the 
entries/checks contributed 

5         

Whether seeds of the checks/entries 
supplied in right quantity and quality. If a 
center has not contributed any entry there 
will be 0 marks 

 Yes Yes Yes Yes 

Financial compliance 5         

Fund utilization and submission of AUC  >80% 
utilization 

>90% No 
information 

120% 

Recognition to any AICSIP scientist at 
state or national level 

5         

1 mark per national recognition and 0.5 
mark per state recognition 

 2 state     1 National 
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Appendices 

Appendix I: AICSIP plan and instructions 

 
Zone-wise testing during the year will have all test-entries coded. Besides field performance and, 
screening for resistance to major biotic and abiotic stress factors, the additional data on grain and stover 
quality, market-price, and wherever possible even on food quality will be collected and documented. 
 
A. The trials and nurseries  

1. Kharif: IHT, AHT, IVT, AVT (If number of entries are less we will be clubbing hybrid and varietal 
trials like last year as IVHT and AVHT) 

2. Sweet sorghum: IHT, AHT, IVT, AVT (If number of entries are less we will be clubbing hybrid 
and varietal trials like last year as IVHT and AVHT) 

3. Forage sorghum (both single and multi-cut): IHT, AHT, IVT, AVT (If number of entries are less 
we will be clubbing hybrid and varietal trials like last year as IVHT and AVHT) 

4. Late kharif: IHT, AHT, IVT, AVT (If number of entries are less we will be clubbing hybrid and 
varietal trials like last year as IVHT and AVHT) 

5. Rabi: IHT, AHT, IVT, AVT (If number of entries is less, we will be clubbing hybrid and varietal 
trials like last year as IVHT and AVHT) and Parental line trials. 

6. Parental line trials:  All those from public sector need to submit all three parents of each hybrid 
sent for testing (min. 0.5 kg seed). 

7. Agronomy and physiology trials: For grain, dual purpose, sweet and forage sorghums as per 
the experimental plans 

8. Single-cut, multi-cut forages and any special purpose types: Discuss with PC. 
 
All the entries will be included in breeding, pathology and entomology trials. 
 
B. Calendar 
 

Activities Tentative  dates  
Submission of trial entries  01 April (Multi cut); 15 April (Kharif & Late kharif); 05 August (Rabi)  
Dispatching of seeds to centers  15 April (Multi cut); 15 May (Kharif); 30 July (Late kharif); 20 

August (Rabi)  
Report on sowings and plant stand  15 July (Kharif), 20 September (Late kharif) and 15 October (Rabi)  
Shoot fly data  As per plan provided by PI, Entomology  
Submission of final data  30 November (Kharif), 30 January (Late kharif) and 15 March 

(Rabi)  
Completion of statistical analysis of the 
data  

10 January (Kharif); 07 February (Late kharif); 20 April (Rabi)  

Completion of all reports in bound form  25 February  
Next AGM  April 
Proceedings of AGM  30 April 
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C. Special instructions and specific actions (a calendar is separately issued) 

 Periodic reports are needed from the Centres so that the PC is able update the ICAR Hqs. on 
sorghum situation in the country.  

 Calendar of activities:  The program is suffering because of non-adherence to the schedule, 
especially to dispatch data on coordinated trials. This calls for immediate remedial action.  

 SOEs and AUCs must be very promptly submitted. (So far, compliance on this ground is very 
poor).   

 Uniformity in reporting and data recording is a matter of concern, in spite of guidelines being 
circulated repeatedly.  Please use standard format, terminology and SI units. 

 Detailed pedigree of a test entry is a must: Without which no entry will be included in trials. 

 Submission of all parental lines (A, B and R) of all advanced entries with their pedigree 
details: is a must for conducting parental line trials. Without parental lines for PLT trials, entries 
for hybrid trials will not be accepted.  Ideally, you need to gather DUS data as soon as a good line 
is identified. 

 
D. Sources of errors and how to avoid them 

 Don’t treat the seeds of any entries: Seed treatments influence the outcome of pest and 
disease resistance trials. All treated entries will be summarily rejected. 

 Please fill all the fields in your data sheets: Absence of information creates problems for 
interpretation. 

 Please follow suggested plan strictly: Your own modified plans for experiments are 
impediments for uniformity in trials.  Always plant in time, and plant enough border rows. 

 Seeds should have good germination: The seeds with low germinability and vigour leads to 
poor plant stand and vitiates the experiment and even the ranking of top most hybrids. Seeds 
having less than 80% germination will be straight away rejected. 

 
E. Pedigree information, and source of original breeding stocks 

 There must be compulsorily checked by all public sector institutions.  Breeding schemes may 
also be mentioned such as MABC, derived from RM populations, etc., with all essential details. 

 From private sector also we invite all above information. Detailed pedigree and breeding scheme 
is compulsory for any repeated test (like AVHT). 

 We urge all to collect data on DUS characteristics even before submitting seeds. 
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Appendix II: Proforma for submission of entries for AICSIP trials 
(2 pages) 

 
To 

The Project Coordinator (AICSIP) 
Directorate of Sorghum Research 
Rajendranagar 
Hyderabad- 500 030 
 

Sub: Details regarding submission of entries for AICSIP Trials 

 

1. Kindly find attached here with the details, in the enclosed proforma, of our entries (including detailed 

pedigree for all centres, and Testing fees# @ Rs. 60,000/- plus service tax per entry per season for all 

private company entries as per ICAR norms) for testing in AICSIP Kharif / Late Kharif/ Rabi* multi-

location trials (IVT/AVT/IHT/AHT)** of kharif grain / rabi grain / single-cut forage / multi-cut forages / 

sweet sorghum. It is certified that the information submitted is true to the best of my knowledge. 

 

Thanking you, 

 

Sincerely, 

 

(Signature of Station I/c./DR/CEO /  
authorized signatory of the company) 
 

2. Name  :  __________________________________ 

Designation  :  __________________________________ 

Institute/  :  __________________________________ 

Company  :  __________________________________ 

Address    :  __________________________________ 

              :  __________________________________ 

Tel/Fax/E-mail :  __________________________________ 

 

(Seal/ Stamp) 

*Strikeout which is not applicable 
(Turnover to next page (landscape) 
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3. Name and address of the scientist submitting entries 

Name :  _____________________________     Designation :  _____________________________ 
Telephone:  _________________  Fax:  _________________           E-mail :  _____________________________ 

 

4. Name of the entry and detailed pedigree 
 

*Strikeout which is not applicable; § Trials: IVT, IHT, AVT, AHT, preliminary DUS Testing; Zones: I/II/III/All Zones 
** Entries without detailed pedigree are not accepted from public sector; parental lines (min. 500 g seeds) of hybrids must also be provided;  
# Private companies entries are accepted only along with DD for testing fees @ Rs.60,000/-plus service tax per trial/season as per ICAR norms;  Even for private, providing pedigree details is compulsory from 2nd year 
of testing. 

 
 
 

 
 
 
(Signature & date)                                                                              (Seal / Stamp) 
 
 

S. 
No 

Name of the 
entry (station 

code) 

Name of the trial and 
the Zone for which it 

is a entry§ 

Detailed Pedigree 
of hybrid/ variety** 

DUS 
characteristics 

Breeding method 
& stage (F7 etc.) 

Quantity of seed 
submitted(Kg) 

Seed germination (%) 
at the time of 

submission of entry 

Testing fees total 
(Rs.) 

DD No. and date; 
Name of bank on 

which DD is drawn# 
          

1. Please note that entries should not be treated with any chemicals.  Treated seeds are summarily rejected. 
2. Seed quantity to be submitted without fail: IVT-10 Kgs. IHT-10 Kgs. AVT-15 Kgs. AHT-15 Kgs.  For large plot agronomy trials of advanced entries: 25 Kgs. 
3. Your entries may not be accepted if: 

a. Quantity is less than specified; 
b. Germination after receiving is less than 85%; 
c. Seed is a mixture, or treated with chemicals; 
d. Not received before deadline. 

4. Please do not ask for extension of date for submission of seeds (date on which it reaches DSR only will be considered). 
IVT - Initial Varietal Trial; AVT - Advanced Varietal Trial; IHT - Initial Hybrid Trial; AHT - Advanced Hybrid Trial 
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Appendix III: Information on parental lines / entries submitted  
 

(AICSIP centre scientists to note: Without parental lines no hybrid will be accepted as entry in trials) 
(minimum quantity to be submitted: 100g)  

 
 

S. 
No. 

Name of 
the 

parental 
line 

Pedigree Year/Season 
of  

production 

Seed 
grading 
done? 
Yes/No 

Seed treatment done? If yes, with what 
chemical and concentration?  Why this 
was done in spite of instructions to the 

contrary? 
 
 

     

 
 

     

 
 

     

 
 
 
Certified that the above information is true to the best of my knowledge and I hereby confirm the 
same. 
 
 

Signature  :  ________________________________________ 

Name   :  ________________________________________ 

Centre/company :  ________________________________________ 

Address  :  ________________________________________ 

                    ________________________________________ 

     __________________Pin:__________________ 

Telephone  :  ________________________________________ 

Fax   :  ________________________________________ 

E-mail    :  ________________________________________ 

 
 
 

(Authorized signatory & date) 
 
 
 
Name & e-mail of authorized signatory: ____________________________ 

 
  
 

 


