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Summary of AICSIP research achievements - Kharif 2011 

1. 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 2011 – 12.  

 
A: Collection / assembling 
 A total of 70 accessions collected from Uttarakhand (30 acc.) and Kutchch regions of Gujarat (40 acc.). 
 The local landraces jonnel, jowari and bajra are collected from Uttarakhand. 
 The local landraces Chachadia (2 acc.), Danchania (2 acc.), Dinelenia (1 acc.), Gundri (4 acc.), Solapuri (4 acc.) and Bajri (1 

acc.) are collected from Gujarat. 
 8091 accessions received from ICRISAT and assembled at DSR.  

 
B: Characterization / evaluation 
 Mini-core collections (242 acc.): Maximum variability was observed in the plant height and days to 50% flowering. The 

following distinct traits were identified for utilization in the crop improvement programme, very early flowering (66 acc.), early 
flowering (43), tall plant height (37), very tall plant height (49), long leaf length (15), very broad leaf width (95), long length of 
panicle branches (17), and very long length of panicle branches (17).  

 Kharif landraces (103 acc.): Maximum variability was observed in the plant height, days to 50% flowering and leaf length of 
blade. The following distinct traits were identified for utilization in the crop improvement programme, very early flowering (11 
acc.), early flowering (16), tall plant height (19), very tall plant height (74), very long leaf length (18), very broad leaf width 
(76), and long length of panicle branches (12), Medium length of panicle branches (66).  

 Kharif landraces (103 acc.): Hyderabad - the traits days to 50% flowering, plant height, leaf width and ear-head length were 
highly significant and leaf length was significant. Deesa - The traits days to 50% flowering, plant height, ear head length, leaf 
length and fodder yield were highly significant. Indore - The traits plant height and 1000-seed weight was highly significant.  

 Kharif germplasm (500 acc.): Udaipur - The traits days to 50%flowering, days to maturity and plant height were highly 
significant. Rahuri - None of the traits were significant. Coimbatore - None of the traits were significant 

 Rabi germplasm (500 acc.): Tandur - None of the traits were significant Parbhani - The traits days to 50% flowering, days to 
maturity and grain yield were significant. Bijapur did not submit the data. 

 Location-wise potential germplasm lines identified from these 103 kharif landraces are presented in Table 12. Two 
accessions (E 158 and ERN 25) were early, one accession (ERN 26) short plant height, four accessions (GGUB 40, E 109, E 
246, EA 10) were very tall observed in two loation potential in two locations and one accession is early (EJN 11) in all the 
three locations. 

 
D: Conservation 
 31,545 accessions were conserved at medium-term storage. The maximum contribution was from repatriation material 

(19,199 accessions). 
 During the reporting period, 8161 accessions were added to the MTS as new material.  

 
E: Multiplication 
 A total of 1866 acc. of indigenous collections which includes 242 acc. of mini-core collections are being multiplied during rabi 

(2011 – 12). 
 843 acc. of Maharashtra collections are being multiplied during rabi (2011 – 12). 

 
F: Distribution 
 A total of 10,001 acc. distributed to the bonafied user in the country.  
 500 acc. of kharif germplasm evaluated at Udaipur, Coimbatore and Parbhani during kharif 2011 
 500 acc. of rabi germplasm evaluated at Rahuri, Bijapur and Tandur 

 
G: Registration 
 PVPFRA: Two varieties viz., CSV 26 and CSV 27 submitted to the Plant Variety under the New Varety category. All other 

quarries are being answered  
 NBPGR: Sakkari Mukkari Jola registered by RARS, Dharwad with NBPGR. A total of 46 genetic stocks were registered  

2. Forage sorghum (C Aruna) 
Introduction: During 2011-12 three multilocation trials, one each on single-cut forages and 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).Three 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. 
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A. Multi-location trials 
Single-cut - Trial 1: Initial and Advanced varietal trial (Single-cut) 
 Eleven genotypes along with 2 checks (HC 308 and CSV 21F) were evaluated at 16 locations during kharif 2011. 
 SPV 2057 (from Rahuri) in the second year of testing ranked first for green (435 q/ha) and second for dry (144 q/ha) 

fodder yields with 12% and 13% improvement for green and dry fodder yields over CSV 21F at national level. 
 Other varieties in the second year of testing, SPV 2058 (from DSR) and SPV 2056 (from Rahuri) recorded 7% 

improvement for green fodder yield over CSV 21F. 
 SPV 2057 had more per day productivity compared to the checks and ranked first for protein yield (10 q/ha) and 

digestible dry matter also (65.1 q/ha).   
 SPV 2057 recorded very less shoot fly deadhearts (43%) compared to the checks, HC 308 (61%) and CSV 21F (60%).   
 Among the initial varieties, SPV 2131 (420 q/ha), SPV 2130 (413 q/ha) and SPV 2128 (412 q/ha) were found promising 

with more than 5% improvement for green fodder yield over CSV 21F.  
 
Multi-cut - Trial 2: Initial varietal and hybrid trial (Multi-cut) 
 Eleven entries including 6 test hybrids, 2 test varieties, 2 hybrid checks (CSH 20MF and CSH 24MF) and one variety 

check (SSG 59-3) were evaluated over 17 locations. 
 The hybrid SPH 1700 (from DSR) recorded 10% improvement for green (1030 q/ha) and dry (241 q/ha) fodder yields 

over the check, CSH 24MF. Its per day productivity of green and dry fodder yields was also high. 
 Another hybrid SPH 1697 (from Pantnagar) recorded 9% improvement for green (1017 q/ha) and dry (242 q/ha) yields 

over CSH 24MF. 
 Protein yield and digestible dry matter were high in SPH 1695 (19.8 & 104 q/ha) and SPH 1697 (18.3 q/ha; 112 q/ha).  
 None of the multi-cut varieties could exceed SSG 59-3 for fodder yield. 
 
Trial 3: Advanced seed yield trial     
 Eight genotypes including three single cut varieties, two multicut varieties, two single cut national checks (HC 308 and 

CSV 21F) and one multicut check (SSG 59-3) were evaluated for grain yield at four locations. 
 The single-cut varieties, SPV 2058 (24.8 q/ha) and SPV 2056 (23.2 q/ha) yielded 22% and 14% increase in seed yield 

compared to CSV 21F. 
 The multi-cut variety, SPV 2107 (22.5 q/ha) recorded 5% increase over SSG 59-3. 
 
B. Co-ordinated forage sorghum research 
Trial 4: Evaluation of forage locals from different states for fodder yield and quality   
 Nineteen genotypes involving 12 forage lines from different states, 4 sweet sorghum genotypes and 3 checks were 

evaluated in RCBD with 3 replications in 9 locations. 
 CO(FS) 29 from Tamil Nadu recorded high green & dry fodder yields and per day productivity compared to the checks.  
 High leaf stem ratio was observed in Ramkel, Rampur local and the sweet sorghum genotypes. 
 High protein percent was observed in S 541 (8.2%) and HC 136 (7.8%). High digestibility was observed in RSSV 9 

(56.8%) and HC 136 (54.2%). 
 TSS was high in the sweet sorghum genotypes, and in SL 44 and GFS 5. 
 
Trial 5: Screening and making selections in F4 progenies developed for specific traits 
 F4 progenies of 20 crosses made for improvement of different traits were distributed to 6 centres. 
 A total of 108 selections were made at different centres for different target traits  
 
Trial 6: DUS characterization of promising mutagenic derivatives of SSG 59-3  
 16 mutagenic derivatives of SSG 59-3 promising for fodder yield components and quality were evaluated for DUS traits   
 A lot of variation was observed for different quantitative and qualitative traits between the lines. 
 SSG 236 (20.9 g), SSG 231 (18.5 g) and SSG 253 (16.8 g) had more test weight compared to SSG 59-3 (14 g) 
 
Overall conclusions 
 In IAVT (SC), SPV 2057 the variety in the advanced testing, was the most promising genotype for green and dry fodder 

yields, per day productivity and fodder quality with significantly higher fodder yield compared to the checks.  
 SPV 2057 had high level of tolerance to shoot pests. 
 The performance of SPV 2057 over two years in the multi location testing for fodder yield, quality and shoot pest 

resistance was also found promising.  
 Among the entries in the initial testing, SPV 2131, SPV 2130 and SPV 2128 were promising for fodder yield. 
 In IVHT (MC), the hybrid SPH 1700 recorded significant improvement for green fodder yield over the checks, CSH 

20MF and CSH 24MF. It’s per day productivity of green and dry fodder yields was also high compared to the checks. 
 Another multicut hybrid, SPH 1697 recorded 9% improvement for green and dry fodder yields over CSH 24MF. 
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 In the advanced seed yield trial, the single cut varieties, SPV 2058 and SPV 2056 and the multicut variety, SPV 2107 
were found to yield more grain compared to the respective checks at all India level. 

 The experiment on evaluation of forage local germplasm and sweet sorghum lines showed that fodder variety from 
Coimbatore, CO(FS) 29 had high fodder yields and per day productivity.  

 For fodder quality S 541, GFS 5 and HC 136 were found promising. TSS was high in all sweet sorghum genotypes and 
in SL 44 and GFS 5.  

 Under trait based improvement program for forage sorghum, 108 F4 progeny selections were made for different traits. 
 In the trial on DUS characterization of SSG mutagenic derivatives, lot of variation was observed between the 

genotypes for both quantitative and qualitative traits. 
 

Follow-up for Kharif 2012 
 Promising genotypes from initial trials of both single-cut and multi-cut types will be evaluated in the advanced trials 

during kharif 2012  
 The selections made under trait specific breeding program will be tested across locations based on the uniformity of the 

line and the seed available.  
 The promising germplasm and breeding lines identified with good fodder quality attributes will be utilized in the 

breeding program to enhance fodder quality 
 Promising SSG mutant derivatives will be registered with NBPGR 

3. Breeding  Grain sorghum (S Audilakshmi, Prabhakar & Sujay Rakshit) 
During 2011, we have dealt with applied as well as basic and strategic research. Applied aspects deal with multi-location 
yield trials to evaluate finished or nearly finished products mainly at various centers of the All India Coordinated 
Improvement Project. We consolidated the basic and strategic research on drought we were conducting in net work mode 
for last 3-4 years and published an article in international journal. Under basic and strategic research, we have collected MS 
and R lines developed at various centers and developed hybrids. These hybrids were evaluated at multi-locations in two 
hybrid nursery trials. AICSIP centers have successfully registered sorghum genetic stocks and released new state varieties. 
Following are the details of progress made during this year (2011 to 2012). 
 
Multi-location AICSIP trials: During 2011, we conducted 9 multi-location yield trials, 6 in kharif and 3 in late kharif.   
Advanced Hybrid Trial (Tables 1.A, I.B and 1.1 to 1.6) 
 Zone I (Table 1.A):  In Zone I, the top hybrid, SPH 1674 (5587 kg/ha) for grain yield showed superior fodder yield 

(17205 kg/ha) as compared to 5311 kg/ha of grain and 15755 kg/ha of fodder of CSH 16, check. 
 Zone II (Table 1.B):  Five hybrids performed significantly superior for grain yield over the check, CSH 16. SPH 1648 

recorded high grain (5113 kg/ha) and high fodder yield of 14761 kg/ha against that of CSH 16 (4409 kg/ha of grain and 
12556 kg/ha of fodder). The second best hybrid, SPH 1674 also recorded high grain (5002 kg/ha) and fodder yield 
(14789 kg/ha). 

 

Advanced Varietal Trial (Tables2.A, 2.B and 1.1 to1.6) 
 Zone I (Table 2.A):  One variety, SPV 1999 showed marginal yield improvement (3.6%) over CSV 15 and 21% yield 

improvement over CSV 23. SPV 1999 ranked first by yielding 3858 kg/ha of grain against 3723 kg/ha of CSV 15, 
check. 

 Zone II (Table 2.2): SPV 1999 was superior to CSV 23, check by 8.6% for grain yield, and SPV 2061 for fodder yield by 
5% over CSV 15.  

 

Initial Hybrid Trial (Tables 3.A, 3.B and 3.1 to 3.6) 
 Zone I (Table 3.A): The top yielding hybrids, SPH Nos 1703, 1704, 1706, showed 3 to 9% increase for grain yield over 

the check, CSH 16. Hybrids superior for grain and fodder yields were SPH 1703 and SPH 1704. SPH 1703 recorded 
4942 kg/ha of grain and 10662 kg/ha of fodder against 4521 kg/ha grain and 10198 kg/ha fodder of CSH 16.  

 Zone II (Table 3.B): Six out of 10 hybrids performed superiorly (13 to 4% increase over the check, CSH 16). SPH 1702 
and SPH 1705 showed high grain and fodder yields. SPH 1702 recorded grain yield of 4658 kg/ha and fodder yield of 
15585 kg/ha as compared to grain yield of 4133 kg/ha and fodder yield of 14541 kg/ha of CSH 16. 

 

Initial Varietal Trial (Tables 4.A, 4.B and 4.1 to 4.6) 
 Zone I (Table 4.A):  The variety, SPV 2122 yielded highest grain yield of 4431 kg/ha and fodder yield of 13507 kg/ha. 

The check, CSV 23 yielded 3775 kg/ha of grain yield and 14460 kg/ha of fodder yield. 
 Zone II (Table 4.B): SPV 2114 (GY =3935 kg/ha; FY = 19390 kg/ha) and SPV 2122 (GY =3792 kg/ha; FY = 18860 

kg/ha) were superior to CSV 20 (GY =3569 kg/ha; FY = 17479 kg/ha) for grain and fodder yields.  
 
Late kharif 
Advanced hybrid and varietal Trial (Tables 7.A and 7.1 to 7.6) 
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 Hybrids: Hybrids superior for grain and fodder yields were SPH 1648, SPH 1679, SPH 1680 and SPH 1683. SPH1648 
recorded 4025 kg/ha of grain and 10713 kg/ha of fodder against 3399 kg/ha grain and 9470 kg/ha fodder of CSH 16. 

 Varieties: The test variety SPV 2078 recorded highest grain yield of 3414 kg/ha as compared to 2965 kg/ha of CSV 20 
and 3212 kg/ha of CSV23. 
The high grain yielding variety, SPV 2078 showed less fodder yield as compared to the check, CSV 23. 

 
Initial Varietal Trial (Table 8.A) 
 Variety, SPV 2117 recorded grain superiority by yielding 4480 kg/ha of grain yield against 3865 kg/ha of CSV 23, 

check. This variety showed 2% increase for fodder yield over CSV 20. 
 

Initial Hybrid Trial (Table 9.A) 
 Hybrids superior for grain and fodder yields were SPH 1707 and SPH 1706. SPH 1701. SPH 1707 recorded 3854 

kg/ha of grain and 12649 kg/ha of fodder against 3482 kg/ha grain and 9363 kg/ha fodder of CSH 16. 
 

Coordinated sorghum breeding research: As in previous year, we have published jointly with AICSIP associates one 
article on drought tolerance in international journal.  During 2011, we developed hybrids with the parental lines from different 
centers and evaluated hybrid performance in multi-locations. The inter-institutional hybrids, CMS 10-2A × NR 486 topped 
across three locations followed by 70A × AKR 505. Six hybrids performed better than CSH 25. During 2011, 17 CMS lines 
were obtained from Parbhani (2), Indore (4), Akola (2), Dharwad (5) and DSR (4). Seeds were provided to Parbhani, Indore, 
Akola and DSR for development of new sets of inter-institutional hybrids. 
 
Achievements in sorghum breeding at AICSIP centers: Akola center is focusing on development of parental lines with 
tolerance to gain mold and shootfly. Thirty three pairs of MS lines and 10 restorers are in advanced generation. At Indore, 20 
newly developed R lines were evaluated for grain yield and out of these, 6 R lines namely I-28, I-26, I-27, I-29, I-16, 20-1-1-
2-1, and 2-2-3-1-3, were superior to C43, check for gain yield. Surat center collected, evaluated and maintained grain 
sorghum (491), forage germplasm (72), rabi sorghum (40) and sweet sorghum (144). A New hybrid Co 5 from Coimbatore 
tolerant to shootfly and grain mold was released for Tamilnadu state during 2011. Palem submitted identification proposal of 
a dual purpose variety PSV56. At Parbhani, 10 rabi based MS pairs and 16 kharif MS pairs are maintained along with 40 
rabi and 18 kharif restorers. Dharwad: one variety SVD-0203 (4371 kg/ha) recorded significantly superior grain yield over 
DSV-6 (3569 kg/ha) check variety. Udaipur: Variety, Pratap Chari 1080 was released at state level and notified. 

 
Bijapur: A total of four special food purpose varieties viz., AKJ-1 (for flaking), SMJ-1 & RSJ-1 (for hurda purpose) and KMJ-1 
(for pop purpose) were notified by University for further release at state level for commercial cultivation. Two R354-shoot fly 
resistance QTL introgressed lines (RSF 0810 and RSF 0833) were found promising in hybrid combinations with 104A for 
shoot fly resistance components. Tandur: During rabi 2011-12, an entry TNDS -1 (PV 15 × CSV 216 R) was given for minikit 
testing in Ranga Reddy, Nalgonda, Kurnool, Adilabad, Khammam and Mahabubnagar districts. The entry topped in grain 
(3178 kg/ha) and fodder yields in multi-location testing at Nandyal, Palem, Madhira and Tandur centers in A. P.   

 
Pantnagar: Notification of single cut forage sorghum variety, Pant Chari 7 and multi-cut forage sorghum variety, Pant Chari 8 
was issued by “Central Sub-Committee on Crop Standards, Notification & Release of Varieties in gricultural Crops”. Hisar: 
Forage sorghum genotype, S 541 was identified by University varietal identification committee for its release at state level. 
The proposed variety has given 12.8 and 5.2% increase over the check, HC 308 in green and dry fodder yields, respectively 
and was notified by University for further release at state level for commercial cultivation. 

 
Achievements in sorghum breeding at DSR: At DSR, the emphasis is laid on basic and strategic research resulting in 
development of grain sorghum genotypes with particular end uses (starch and nutritional), superior rabi sorghum, forage and 
sweet sorghum genotypes.  
 
Nutritional and industrial sorghum 
 240 genotypes comprising parental lines, released cultivars, and selected germplasm accessions were re-analysed for 

grain iron and zinc content. The grain iron content ranged from 12 to 75.5 ppm and zinc content from 6.3 to 51.4 ppm. 
EP 92 and EP 117 had above 75 ppm iron content and EP 127 had the highest zinc content.    

 A set of 195 mini-core accessions along with 48 elite lines were evaluated for various grain yield and quality traits. IS 
15744, IS 19153, IS 23514, IS 23586, IS 23579, IS 23891, IS 31706, ISA 4360, IS 4698 were promising for grain 
weight and grain yield.  

 Two B lines, SBC 1174 (58 days) and SBC 1170 (59 days) were of early duration as compared to the check, 296B (67 
days).  Four MS lines, SBC 1170 (82.5 g/plant), BX 456 (84.5 g/plant), BX474 (80 g/plant) and SBC1184 (84 g/plant) 
were significantly superior to the check, 296B (57.5 g/plant).  

 Six restorers, CB 122, 124, 127, 129, 136 and 137 were found promising with grain yield more than 100g per plant, 
where as C 43 yielded 76.5g/pl.   
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Rabi sorghum  
 A total of 186 crosses were made between 20 rabi and kharif genotypes. The temperature during the entire crossing 

period recorded was below 15oC. Seed set was low in E 36-1, C 43, AKR 354 when used as both male and female 
parents indicating their susceptibility to cool temperatures. The seed set was good in CSV 8R, Phule Anuradha, Phule 
Chitra, Phule Vasudha, PKV Kranti, SPV 1595 when used as both male and female parents indicating their tolerance to 
cold stress. 

 B line improvement for diversifying genetic base led to selection of 16 B lines out of 82 lines with rabi traits. Ten test 
hybrids, superior to CSH-15R for grain and fodder yields were selected. Selected B lines were SLB-9, 10, 12, 19, 22, 
27, 45, 46, 56, 59, 60, 73, 82, 96, 101 and 104. R line improvement for diversifying genetic base led to selection of 21 
R lines out of 63 lines with rabi traits.. Selected R lines were SLR-10, 13, 17, 24, 30, 31, 47, 57, 60, 67, 70, 72, 75, 87, 
89, 90, 91, 97, 130, 136 and 143.  

 

Forage sorghum 
 Four fodder hybrids yielded more than 10% over both the checks, CSH 20MF and CSH 24MF for green and dry fodder 

yields. 417 A × PC 23 recorded about 30% improvement for green fodder yield and 16% improvement for dry fodder 
yield over the checks 

 220 forage germplasm lines were evaluated in augmented design using 2 checks, SSG 59-3 and CO (FS) 29. Lines 
performing superiorly for high number of tillers were IS nos. 697, 704, 722 and 698 and for high number of leaves were 
IS 3310, 3341, 3246 and FM 872. 

 

Sweet Sorghum 
 Combining ability studies (5 L × 4 T analysis) in sweet sorghum were carried out for brix, stalk yield and juice 

characters. Among lines, DMS 10B and DMS 8B exhibited significant and positive GCA effects for total biomass and 
juice yields while for brix content, DMS 30B was promising. Among testers, SSV 74 and CSV 19SS were promising 
general combiners for fresh stalk. 

 

Marker assisted breeding 
 A significant, moderate and positive correlation of coefficient of marker polymorphism (30 SSR markers) among the 

parental lines with mid-parental heterosis (r = 0.42*) and better parent heterosis (r = 0.56*) for grain yield was 
observed. EST-SSR and QTL-linked markers showed a better correlation (slightly >0.6) as compared to genomic SSR 
markers. This set of 30 SSR markers were validated among new parental lines and are considered to have the 
potential for the prediction of grain yield heterosis in sorghum. 

 Cluster analysis revealed substantial diversity among the parental lines and elite genotypes as also evidenced from the 
Jaccard’s genetic similarity values. A very high estimate of fixation index   (FST = 0.35, P= 0.001) was obtained when 
genotypes were structured as rainy and post-rainy, a much higher estimate (FST = 0.40, P= 0.001) was obtained when 
classified as varieties, maintainers, restorers and germplasm lines indicating strong distinction based on usage groups. 

  
Publications: During 2011-12, we published 30 articles in international and national journals. 

4. Sweet sorghum (AV Umakanth) 
Trial 1a: Evaluation of initial and advanced sweet sorghum varieties and hybrids (IASSVHT)-Kharif 2011 
 Twenty IASSVHT trial entries comprising 13 varieties, 5 hybrids along with 2 checks (CSV 19SS & CSH 22 SS) were 

evaluated at 12 locations during kharif 2011. 
 SPH 1711 with a flowering of 72 days was the most early test entry in the entire trial and had 10% superiority for early 

flowering over the check hybrid (80 days) 
 For total fresh biomass, among hybrids, SPH 1670 had a numerical superiority of 9%. SPV 2074 among the varieties 

recorded a significant superiority of 13% while SPV 2075 (10%), SPV 2135 and SPV 2068 (7%) had a numerical 
superiority over CSV 19SS and these entries were promising for fresh stalk yields too. 

 For grain yield, none of the test hybrids were significantly superior to the check CSH 22SS. Among the test varieties 
SPV 2137 (24%), SPV 2074 (24%), SPV 2134 (20%), SPV 2070 (14%) and SPV 2135 (10%) were numerically superior 
to the check. 

 All the hybrids except SPH 1670 and SPV 2137 recorded more than 5% numerical superiority for juice brix over 
respective checks.   

 For juice yield, the hybrid SPH 1670 exhibited a superiority of 7% while the varieties SPV 2075 and SPV 2074 recorded 
a numerical superiority of 9% over respective checks. 

 For total sugar yield, hybrids SPH 1713 and SPH 1711 were superior to the check CSH 22SS by 23% and 17% 
respectively and among the varieties, SPV 2135 and SPV 2074 were superior to varietal check CSV 19SS by 14%. 

 For calculated bioethanol yields, the hybrids SPH 1713 (23%) and SPH 1711 (18%) recorded superiority over the 
check hybrid and the test varieties, SPV 2135 and SPV 2074 were superior to check variety by 14% and 13% 
respectively.  



 

                                                                                          Directorate of Sorghum Research, Hyderabad 

AICSIP Coordinating team report agm12.doc  Page 8 of 76 

 

 
Trial 1b: Evaluation of initial and advanced sweet sorghum varieties and hybrids (IASSVHT)-Rabi 2011-12 
 The check variety CSV 19SS was the earliest to flower in the entire trial 
 SPH 1670 among hybrids and CSV 19SS among varieties were early maturing (113 days). 
 For total biomass, SPH 1669 and SPH 1670 had a marginal superiority while almost all the test varieties except SPV 

2075, SPSSV 40 and SPV 2070 had superiority over the check variety 
 For fresh stalk yields, the hybrid SPH 1670 had a superiority of 10% over the check hybrid. Among varieties, SPV 2133 

(25%), SPV 2076 (19%) and SPV 2068 (11%) were superior to the check 
 For juice brix, SPH 1670 recorded a significant superiority of 33% over the check hybrid 
 With respect to juice yields, the hybrids SPH 1669 (19%), SPH 1670 (27%), varieties SPV 2074 (20%), SPV 2133 

(15%), SPV 2137 (14%) and SPV 2069 (12%) were superior to the respective checks. 
 For total soluble sugars (TSS), the hybrids SPH 1669, SPH 1670 and SPH 1711 and variety SPV 2068 were superior 

to the respective checks 
 For computed ethanol yields, the hybrids SPH 1711 (12%) and SPH 1713 (10%) were superior. While among the 

varieties, SPV 2133 and SPV 2069 were promising.  

5. Sorghum agronomy (JS Mishra) 
Field experiments were conducted during kharif 2011 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.   
 
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, 50% RDF, 100%RDF (80:40:40 kg NPK/ha), and 150% RDF)] 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. 
 

S.No. Types of sorghum Test entries Checks Locations Promising treatments/entries 
1KA. Grain sorghum 

(Zone-I North) 
SPH 1635 
SPH 1641 
SPH 1651  

CSH 16,  
CSH 23 

Udaipur, 
Mauranipur  

At Udaipur, SPH 1635 produced 9.7% higher 
grain yield over CSH 23 and at Mauranipur, SPH 
1641 and SPH 1651 produced 14.19 and 10.24 
% higher grain yields over CSH 16 (check). Sig-
ificant response was observed up to 100% RDF. 

1KB. Grain sorghum 
 (Zone-I South) 

SPH 1635 
SPH 1641 
SPH 1651 

CSH 16,  
CSH 23 

Coimbatore, 
Palem 

At Coimbatore, test genotype, SPH 1635 was on 
a par with both the checks for grain yield. At 
Palem, SPH 1635 (2752 kg/ha) produced 13.67% 
and 22.3% higher grain yields over CSH 16 and 
CSH 23. 

1KC. Grain sorghum 
 (Zone-II) 

SPH 1635 
SPH 1647 
SPH 1648 
SPH 1655  

CSH 16,  
CSH 23 

Parbhani, 
Dharwad, 
Indore, 
Surat 

Test genotypes SPH 1647 (3499 kg/ha) being at 
par with SPH 1648 (3462 kg/ha) yielded 7.2% 
and 6.8% more over checks, CSH 16 and CSH 
23, respectively. Significant response of 
increasing fertility levels was observed up to 
100% RDF (80:40:40 kg N, P2O5 and K2O/ha). 

1KE. Sweet sorghum SPSSV 39 
SPSSV 40  

CSV 
19SS  

Indore 
Pantnagar 

Test genotype SPSSV 40 gave significantly 
higher grain yield (1926 kg/ha) and net returns 
(Rs. 32,104/ha) over check CSV 19SS (1062 
kg/ha). Significant fertility response was observed 
up to 100% RDF. 

 

2 K.  Integrated Nutrient Management in kharif sorghum-chickpea cropping system: A long-term field experiment was 
initiated 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. 
 

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, Mauranipur, Udaipur and 
Akola.  Interaction effect between dates of planting and cultivars shows that the performance of cultivars varies with dates of 
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planting at different locations. Sowing on 15 June gave the highest grain yield at Dharwad and Indore, however, at Parbhani, 
sowing on 30th June was the best. 
4K. Integrated Weed Management: Rainfed kharif sorghum is heavily infested with weeds, resulting in reduced crop yields 
and higher cost of production. Field experiments were conducted at six locations (Coimbatore, Udaipur, Dharwad, Parbhani, 
Indore and Surat) to find out the effect of integrated weed management practices on weeds and yield and economics of 
grain sorghum. Results revealed that tank mixed application of atrazine.0.25kg/ha+ pendimethalin 0.5kg/ha as pre-
emergence followed by 2,4-D 0.5kg/ha as post-emergence gave effective control of weeds, higher grain yields and benefits.  
 
5K. Evaluation of sweet sorghum genotypes for single-cut fodder at different nitrogen levels: Being a high biomass 
producing crop, sweet sorghum can also be used as high yielding single-cut fodder. Field experiments were conducted at 
Hyderabad, Udaipur, Hisar, Pantnagar, Solapur, Dharwad, Coimbatore to evaluate the performance of 3 sweet sorghum 
genotypes (SSV 84, SSV 74 and SSV 19SS) along with HC 308 (popular SC fodder as check) for single-cut fodder with two 
nitrogen levels (80 and 120 kg/ha). Results revealed Sweet sorghum genotypes ‘SSV 74’ and ‘CSV 19SS’ yielded 
significantly higher than ‘HC 308’ across the locations and hence, can be used for single-cut fodder purpose. 

6. Sorghum physiology (SS Rao) 
Trial 1K.Ph-11: Characterizing and identification of new sorghum sources for high biomass for second generation 
biofuels traits 
Evaluation sixteen sweet sorghum entries for both first and second generation biofuel traits indicated that SSRG 254 and 
SSRG 236 were the earliest ones.  Entries SSRG204 (9%), SSRG 200 (13%) & SSRG 214 (15%) gave higher fresh 
biomass (9.0-15%). In fresh stalk yield, entries SSRG 204 (36%), SSRG 164 (19%) and SSRG 200 (15%) were superior. 
Sugar and bioethanol yields ranged from 0.63 to 2.62 t/ha and 335 to 1395 L/ha, respectively. SSV 74 alone recorded 28 % 
more sugar and bioethanol yields than control CSV19SS.  
 
Trial 2K-Ph-11: Assessment of sweet sorghum for post-harvest deterioration of stalks and juice quality 
Significant differences were observed for stalk yield, juice yield, TSS, RS and sucrose content. The stalk yield declined with 
increase in storage time. Mean juice yield declined significantly by 14% at the end of 3 days of storage. Mean total soluble 
sugars (TSS) had marginally   increased (22%) across five day storage. Sucrose content decreased from 10.28% (control) 
to 7.39% at the end of 5 days of storage with a 47 % decline by 24hours.  These results suggest that the sugar content in 
the stalks and their weights can be retained up to 2-3 days after harvest in the ambient field storage conditions under the 
mild winter conditions of November.   
 
Trial 3K-Ph-11: Effect of staggered planting on stalk yield, sugar content and ethanol yield of sweet sorghum for 
increased harvest window 
There was 18 day delay for days to flower when planted in 1st week of August than 1st week of June. Fresh stalk yield 
decreased by 11, 25 and 52%, respectively in 1st July (D3), 16th July (D4) and 1st Aug (D5) plantings  over 1st June (D1). 
CSH22SS produced 11% more stalk yield than best variety SSV74. The yield among the varieties was similar across 
planting dates. Juice yield decreased significantly as planting delayed from June to August. CSH22SS gave 13% more 
juice yield than best variety SSV74. Mean sugar yields decreased significantly as plantings delayed from 1st June to 1st 
August.  CSH22SS produced 18% more sugar yields than best variety SSV74. Computed bioethanol yields ranged from 
526 to 1369 L/ha with a mean of 951 L/ha across plantings and cultivars. Highest ethanol yields were obtained with 1st 
June plantings (1127 L/ha). At Phaltan, 1st July (D3), 16th July (D4) and 1st August (D5) plantings produced 22, 49 and 
129% lower bioethanol yields, respectively over 1st June (D1). Among the cultivars, hybrid CSH22SS (1113 L/ha) 
produced 18% more bioethanol yields than best variety SSV74 (941 L/ha). In varieties, both SSV84 and SSV74 were 
statistically on par for ethanol yields. These results clearly indicate that best sowing window for increasing stalk, sugar and 
bioethanol yields is between 1st June and 1st July.   

7. Sorghum entomology (VR Bhagwat & Shyam Prasad) 
Introduction:  Genotypes received from AICSIP centers in the form of seven trials (AHT-GS & DP, AVT- GS & DP, , IHT- 
GS & DP, IVT- GS & DP , IVHT--MC, IAVT-SC, and IAVHT-SS) were evaluated for shoot fly, stem borer and other pests for 
resistance/tolerance at the respective hot-pot locations mainly Coimbatore, Dharwad, Palem, Rahuri, Parbhani, Akola, 
Indore, Surat, Hisar and Udaipur. Other than regular trials, pest specific trials three on shoot fly and two on stem borer were 
formulated with the team effort of entomology-breeding-germplasm and evaluated for susceptibility/resistance accordingly. 
 
Pest scenario in sorghum: This year there was relatively low rainfall than normal rain fall in all most all centers. As a result, 
the pest incidence was moderate to higher particularly, at Akola, Parbhani, Dharwad, Udaipur; and stem borer at Dharwad, 
Hisar, Surat and Coimbatore. The peduncle damage and tunneling damage has shown increase in percent particularly in 
Parbhani, and Coimbatore. Very low incidence of midge (<5%) was recorded in Deesa, Dharwad and Coimbatore district. 
Among the ear head pests, Calocoris angustatus was noticed up to 10% in some parts of states. The panicle head worm 
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and Helicoverpa armigera infested sorghum up to 10 %. The mite incidence was recorded at low level in Surat and 
Coimbatore area. 
 
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, AVT-GS&DP,  IHT-GS &DP and IVT-GS&DP none of the test entries 
found better than resistant check IS 2312 or IS 18551. The range was of deadhearts at 28 DAE was from 30.5-87.7%  
 
Forage (multi cut): Across the locations and genotypes, the shoot fly damage at 28 DAE was from 31.2 to 87.5% being an 
average of 60.5%. No entry was on par with resistant check IS 18551. Resistant check recorded 31.2% DH. 
 
Forage (single-cut): Across the locations and genotypes, the shoot fly damage at 28 DAE was from 31.2 to 88.9% being an 
average of 59.3%. Although the data was statistically significant at 5% level, only one entry (SPV 2057) was on par with 
resistant check. 
 
Sweet sorghum: Across the zones and genotypes the entry SPV 2136 recorded lowest deadhearts % and was on par with 
resistant check. The damage range was 30.7-86.3% with an average of 58.9% at 28 DAE. 
 
Shoot fly resistance nursery: Across the locations, the damage range was from 28.5-80.8% with mean of 45.9%. The entries 
08 BSF 06, 08RAgro 01, NRCSFR08-3-C 43 x IS 18551, NRCSFR 09-3(296 B x IS 2122) x (296 B x IS 18551), 
NRCSFR11-4, SUENT 9, SUENT 26, EP 57, EP 58, EC 15, POP 52 and EP 96 were on par with resistant check IS 18551.  
The resistant check recorded 28.5 % DH at 28 DAE. 
 
Northern based dual purpose sorghum (DP-SF): Across the locations, the damage range was from 27.1-73.9% with mean of 
40.0%. The entries P 55, PGN 65, PFGS 45, P 48, ICSV 705, LAWA, LDR 218, LDR 238, LOCAL -5, M-35-1, P 29, P 41, P 
45, PFGS 23, PGN 39, PGN 4 RED, PGN 45, PGN 53, PGN 66, PGN 75, RSE 03, RSSV 9, SUENT 13,  and AKR 354 were 
on par with resistant check IS 2312.  The resistant check recorded 27.1 % DH at 28 DAE. 
 
National Genetic Stock Nursery for shoot fly (NGSN-SF): Five hundred and twenty five lines (including susceptible checks) 
were evaluated for susceptibility to shoot fly at three locations. Overall, the shoot fly deadheart range was 19.1 to 100 % 
being an average of 51.5%. The Germplasm that showed <25% deadhearts are EJ 37, EB 2, E 56, E 72, E 75, EG 5, VKG 
34/66. 
 
Overall conclusions: The four years data of shoot fly revealed that Dharwad, Parbhani, Rahuri, Akola and Udaipur centre 
may be considered for hot spot for shoot fly screening, further there is a need to record the data on plant population, 
seedling vigor, seedling glossiness, seedling height, chlorophyll content, days to flowering, effective tillering to interpret the 
findings in a more effective way especially in shoot fly trials. 
 
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 and Ludhiana moderate population 
was observed. The peduncle damage particularly at Dharwad, Coimbatore and Parbhani is increasing.   
 
Grain and dual purpose sorghum: Across the locations and genotypes, the data was non-significant in AHT-GS&DP trial. 
The overall mean DH % due to stem borer at 45 DAE was 15.3% and the range was from 11.4 to 26.4%. All test entries 
except SPH 1679 was on par with resistant check IS 2205. In AVT-GS&DP, the test entries SPV 1999, SPV 2000, SPV 
2079, SPV 2083, CSV 15, CSV 17 and SPV 462 were on par with resistant check IS 2205.In IHT-GS&DP, the locations and 
zones the overall mean DH % due to stem borer at 45 DAE was 12.1% and the damage ranged was from 6.0 – 23.7 %. 
SPH 1704 was on par with resistant check IS 2205. In IVT-GS&DP, the overall mean DH % due to stem borer at 45 DAE 
was 15.4 % and the range was from 8.3 – 26.7 %. The entries SPV 2115, SPV 2121, SPV 2119, SPV 2118, SPV 2122, SPV 
2120 and SPV 2125 deadhearts on par with resistant check IS 2205 (8.3 %). 
 
Forage (multi cut): The entries that recorded <15% damage are SPV 2107, SPV 2108, SSG 59-3, CSH20MF and local 
check. The mean DH was 16.2% being a range of 12.8-20.9 %. 
 
Forage (single-cut): Across the locations and zones, overall the mean deadheart was 21.4% with a range from 11.2-29.9 %. 
The entries that recorded low deadhearts are SPV 2057, SPV 2058, SPV 2126, SPV 2129, SPV 2133 and local check. 
 



 

                                                                                          Directorate of Sorghum Research, Hyderabad 

AICSIP Coordinating team report agm12.doc  Page 11 of 76 

 

Sweet sorghum: Across the locations and zones the overall mean DH % due to stem borer at 45 DAE was 19.5 and the 
range was from 12.8-25.0%. The test entries SPSSV 39, SPV 2068, SPV 2075, SPV 2076, SPH 1669, SPH 1711, SPH 
1712, SPH 1713, SPV 2074, SPV 2133, SPV 2137 and local check were on par with resistant check IS 2205. 
 
Northern region Dual purpose sorghum (DP-SB): The data on dead hearts at 45 DAE was recorded at, Hyderabad and 
Hisar. At Hisar the data was not significant. The range of deadhearts was 26.5 to 43.0 % averaging of 33.4%. At Hyderabad, 
the deadhearts range was from 9.0 to 59.1 with a mean of 23.5%. The test entries that showed promises against stem borer 
susceptibility are PFGS 45, ICSV 700, ICSV 705, ICSV 714,P 23, P 41, P 45, PFGS 37, PGN 30, PGN 35, PGN 39, PGN 
53, PGN 61 RSE 0 RSSV 9, Satpani, and SUENT  13. They were on par with resistant check IS 2205. 
 
National Genetic Stock Nursery (NGSN-SB): The preliminary screening of genetic stock was conducted at three locations, 
Hyderabad, Palem and Surat. Five hundred and twenty five lines (including susceptible checks: DJ 6514) were evaluated for 
susceptibility to stem borer. Every 20 rows were followed by susceptible check and were planted 15 days before test entry 
planting. At Hyderabad, artificial inoculation of neonate larvae (5 larvae/ whorl) was carried out. Whereas Germplasm, were 
evaluated under natural conditions at Surat and Palem. About 143-197 (~174 ) Germplasm lines could germinate at three 
centers. Overall, the stem borer deadheart % at 45 DAE range was 3.25 to 88.73 % being an average of 33.41%.  The data 
on deadheart % due to stem borer at 45 DAE are detailed in Table 12. Only four Germplasm lines have shown least damage 
(up to 10%) and they are EG 20, ELG 14, 1159 and 1480. 
 
Overall conclusions: Moderate to high incidence of stem borer. The peduncle damage due stem borer is increasing in some 
parts of AICSIP centers. 
 
Head bug (Calocoris angustatus): Head bug population density at milk stage was recorded at Palem and Parbhani. The 
population colonization of head bugs was up to 17 bugs/panicle and damage rating was up to 4 in the scale of 1-9..  
 
Midge (Stenodiplosis sorghicola Coq): The data on spike let damage rating (1-9) due to head bug population and 
damages were not recorded at any one of the centers. Spike let damage rating (1-9) due to midge was recorded at 
Coimbatore centre in traces.  Up to 5% midge damage in Vidarbha region of Maharashtra were noticed. 
 
Sugarcane aphids (Rhophalosiphum maidis): The data on aphid population did not recorded since population was 
inadequate at research station. Whereas, in farmers field the incidence was observed and range was from 2.5 to 17.0%. 
 
Spider mite, Oligonychus indicus (Hirst): The damage due to mite was recorded at Surat. The population was ranged 
from 0.5-5.5 adults/plant and infestation rating was 4-9 in the scale of 1-9. 
 
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 acerage.  
 
Looking ahead: There is a need to conduct large scale trials on IPM at farmer’s field with new molecules and considering 
cost effective models for sorghum farmers.  
 
Future work plan Kharif 2012: 
 Observations on shoot fly should be recorded when deadhearts reaches at 70 % in susceptible check.  
 Dharwad, Parbhani, Akola, Indore and Udaipur centre may be considered as hot-spot for shoot fly screening.  
 Coimbatore, Dharwad, Parbhani, Palem, Hisar and Surat centre to be considered as hot-spot for testing stem borer 

resistance. 

8. Sorghum pathology (Ashok Gadewar) 
Introduction: Total 87 trials (grain cum, dual purpose, forage and sweet sorghum, were evaluated against ear head & foliar 
diseases in endemic areas (Palem, Coimbatore, Dharwad, Akola, Parbhani, Surat, Udaipur and Pantnagar) spread over 
three sorghum growing zones.  
 
General trend: Grain mold incidence at Coimbatore was very high as compared to other places. On the contrary at 
Dharwad, Parbhani  Coimbatore and Akola the grain mold appearance & incidence was optimum. At Surat ergot was 
recorded in all the trials but not in severe form but downy mildew was rampant at Dharwad. The severity of foliar diseases in 
test entries at Udaipur was not optimum though the checks contracted severe infection. At all the trial centres disease load 
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was optimum as indicated by appearance of disease severity in susceptible checks as well as local checks. Target leaf spot 
was recorded at Dharwad, Coimbatore and Udaipur only and sooty mold at Akola.  
 
Grain and dual purpose sorghum: Resistance against grain mold was lacking in all the trials but moderate resistance 
could be observed after pooling data of national trials. In advanced hybrid trial (AHT- GS & DP) moderate resistance to grain 
mold was observed in SPH 1641(2), SPH 1653, SPH 1668, SPH 1635(2), SPH 1685, and SPH 1680 (3.5-4). Under AVT- 
GS & DP advanced varietal  (AVT- GS & DP) trial moderate resistance was recorded in SPV 2061, SPV 2000, CSV 15, SPV 
1999 (2), and SPV 462 (3.5- 3.8). In Initial hybrid trial (IHT- GS &DP) the test entries SPH 1701, SPH 1709, LC, SPH 1708, 
and SPH 1707 (3.6-3.9) expressed moderate resistance whereas in initial varietal (IVT GS & DP) trial SPV 2117, SPV 2125, 
SPV 2122, CSV 17, and CSV 23 (3.6-3.9) showed moderate resistance. Menace of downy mildew was rampant at Dharwar, 
extent of ~41 per cent damages were recorded though etries like SH1655, SPH 1668,SPH 1675, SPH1679, SPH 1680, SPH 
1684 and, SPH 1685 (AHT GS & DP)  and SPV 2079 and SPV2061 (AVT- GS & DP) were free. Ergot wsa recorded at Surat 
but overall incidence was less than 10 per cent. Major foliar diseases were anthracnose, leaf blight and Zonate leaf spot with 
a severity index between 1.0 – 6. However, resistance to moderate resistance is available to these diseases as listed below 
in respective trials. Rust was confined to Parbhani, Dharwad and to certain extent to Udaipur. Target leaf spot was mainly 
recorded from Coimbatore, Dharwad and Udaipur and resistance was available to these diseases.  
 
Forage sorghum: Two trials (AVHT MC & IAVT- SC) on forage sorghum were conducted at various places. Grain mold 
resistance was available in multi cut in entries SPV 2107, SPH 1699, SSG 59-3, and CSH 20 MF etc whereas moderate 
resistance was found in SPV 2058 only in single cut. Zonate leaf spot was recorded mainly at Dharwad, Udaipur & 
Pantnagar and resistance was recorded in SPV 2107, SPH 1698, SPH 1695, SPV 2108, SPH 1699, SPH 1700 and etc in 
multi cut whereas it was in  SPV 2058, SPV 2129, SPV 2127, SPV 2026, SPV 2131in single cut. None of the entry was 
resistant to leaf blight in multi cut and only moderate resistance could be found in  SPH 1695 and resistance could be found 
in SPV 2058 in single cut. In multi cut resistance to anthracnose could be observed in SPH 1699, CSH 20MF, CSH 24 MF 
and SPH 1696 and in single cut they were SPV 2129, SPV 2158. 
 
Sweet sorghum: Trials on sweet sorghum (IAVHT SS) were laid at five locations (Parbhani, Dharwad, Surat, Udaipur and 
Pantnagar). Resistance grain mold could not be recorded and   moderate resistance was observed in SPH 1669 and SPH 
1712 only. Resistance to downy mildew could be found in SPH 1669, SPH 2074, SPH 1670, SPV 2135 and CSH 22SS at 
disease hot spot i.e. Dharwad. None of the entries were resistant against anthracnose and leaf blight but moderate 
resistance was recorded in SPSSV 40, SPV 2136, SPV 2074, SPV 2075, SPH 1712 and SPV2074, SPSSV40, SPV 2075, 
SPH 1669, SPH1712 for respective diseases. Resistance to zonate leaf spot was recorded in SPV 2070, SPSSV40, 
SPV2135, SPH1669, and SPH1711. Rust was not a major problem at various locations.  
 
Variability in anthracnose pathogen- Extreme variability in anthracnose pathogen Colletotrichum sorghi was recorded at 
Pantnagar using twelve differentials. There was a differential behaviour of isolates to age of the seedlings. Among the five 
isolate tested only one isolate could not infect differential PC 5 at both the leaf stages (3 and 6 leaf stage). However other all 
the isolate became more aggressive as the plant advanced.   
 
Overall conclusion: It is important to locate resistance against grain mold in region I and II as these are prone zones. 
Downy mildew at Dharwad is emerging as threat and resistance is important in sorghum in this area. The data in all the trials 
indicates that multiple resistances in single cultivar is difficult but combination of resistance and moderate resistance can be 
achieved. .   
 
Looking ahead: Concept of multiline varieties may be explored in view of absence of multiple resistances. Variabilty studies 
on anthracnose fungus can be up scaled looking results obtained this year.  

9. Sorghum nucleus, breeder seed production & DUS (M Elangovan) 
During 2011-12, 156.75 q breeder seed was produced against the BSP-I allocation of 112.60 q.  A total of 824 kg nucleus 
seed was produced against the allocation of 657 kg.   
 
The centre-wise allocation for nucleus seed production and tentative allocation for breeder seed production has been made 
for 2012 – 13 seed production in centres across 15 AICSIP locations. 
 
DUS testing of ten candidate varieties for first year, fifteen candidate varieties for second year during kharif 2011; and seven 
candidate varieties for first year in rabi 2011-12 was completed and kharif 2011 data is submitted to PPV&FRA, New Delhi.   
 
Farmer participatory seed production was taken up to multiply new varieties (CSV 20, CSV 22, SPV 462, CSH 16, CSH 25, 
CSV 18, C 43, Phule Revati, Phule Vasidha, Phule Anuradha & Phule Yashoda) for popularization, licensing and 
commercializing. 
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Summary of AICSIP research achievements - Rabi 2011-12 
 

1. Breeding  Grain sorghum (S Audilakshmi, Prabhakar & Sujay Rakshit) 
During 2011, two types of experiments were conducted.  One was multi-location yield trials of the finished products like 
varieties and hybrids, and the second was development of test hybrids from pooled MS and R lines from various centers and 
evaluating the test hybrids in multi-location. The major results are given below. 
 
I. Multi-location yield trials: Rabi 2011-12  
1. Advanced Varietal and Hybrid Trial-I (Deep soil): In this combined trial of varieties and hybrids, 5 varieties and 4 hybrids 
along with 4 checks were evaluated for grain and fodder yields and other agronomic traits.  Four hybrids (SPH-1689, SPH-
1690, SPH-1663, and SPH-1666) and 3 varieties (SPV-2033, SPV-2034, and SPV-2035) were superior to the checks, CSH-
15R and CSV-22, respectively, for both grain and fodder yields. 
 
2. Advanced Varietal and Hybrid Trial-II (Shallow soil): Thirteen genotypes including hybrid and variety checks were 
evaluated in this trial.  The hybrid, SPH-1665 was superior to the check, CSH-15R by 17.4% for grain yield. The variety, 
SPV-2029 was significantly superior to the check, Mauli giving an increase of 38.0% of fodder yield. Other varieties, SPV-
2048, SPV-2034, and SPV-2084 were superior to the check, Mauli by 29.8%, 8.0% and 4.8%, respectively, for fodder yield. 
 
3. Initial Varietal and Hybrid Trial-III (Deep soil): The hybrid, SPH-1721 and varieties, SPV2144 and SPV-2139 were superior 
for grain and fodder yields than the check, CSH-15R and CSV-22, respectively. The varieties, SPV-2142, SPV-2144, SPV-
2149, SPV-2150, and SPV-2151 were bold seeded than the check, CSV-22. 
 
4. Initial Varietal and Hybrid Trial-IV (Shallow soil): SPV 2155 showed numerical superiority over the check, Mauli for grain 
yield. None of the varieties was better than the check, Phule Anuradha. The varieties, SPV-2159, SPV-2154, SPV-2157, and 
SPV-2158 were superior for fodder yield to the check, Mauli by 18.6%, 15.5%, 7.4% and 5.5%, respectively. 
 
5. Parental line trial:  A combined parental line trial consisting of 27 parents (A/B lines and R lines) was conducted at 
Nandyal and Parbhani. There was good synchronization in parental lines (A/B and A/R lines). The high yielding CMS lines 
and R lines were AKRM 66-2A, 456A, I 27, AKR-492, AKR-456, AKR-504, RR-06-1, RS-585, UPMC-503, CB-134, CB-147, 
AVU-1, AVU-2 and AVU-3. 
 
II. Rabi sorghum breeding research under team efforts 
a) Development of new hybrids by pooling A and R lines available in the project: The parental lines (14 nos. CMS lines and 
20 nos. R lines) pooled from rabi centers and DSR were crossed to develop 69 experimental hybrids. New hybrids will be 
tested across locations during Rabi 2012-13.  
 
b) Evaluation of newly developed experimental hybrids under team efforts: A total of 40 experimental hybrids developed 
during 2010-11 were evaluated in 2 trials at 3 locations (Solapur, Bijapur and Rahuri). In EHT-I, six new hybrids and in EHT-
II, seven new hybrids were superior in grain yield than the check, CSH-15R. 

2. Sorghum agronomy (JS Mishra) 
Field experiments were conducted during rabi 2011-12 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.   
 
1 R. Response of advanced/pre-released sorghum genotypes to fertility levels under different soils and moisture 
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, 50% RDF, 100%RDF (60:30:00 kg NPK/ha), and 150% 
RDF)] across the rabi sorghum growing regions 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. 
 

S. No. Situation Test entries Checks Locations Promising treatments/entries 
1.1R Rainfed deep 

soil 
 

SPH-1663, 
SPH-1666, 
SPV 2033, 
SPV, 2034, 

CSH-15R, 
M35-1, 
CSV-22 

Parbhani, 
Rahuri, 
Dharwad and 
Tandur 

Test hybrids ‘SPH 1663 and SPH 1666’ were on a par 
with check ‘CSH 15R’ , however, at Rahuri and 
Tandur, SPH 1666 gave 17 and 19% higher grain yield 
than the check. Among the test varieties, SPV 2034 
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S. No. Situation Test entries Checks Locations Promising treatments/entries 
SPV 2035, 
SPV 2049 

gave 18% and 5% higher grain yields over M 35-1 and 
CSV 22. 

1.2R. Rainfed 
shallow to 
medium soil 
  

SPH 1663, 
SPH 1665, 
SPV 2029, 
SPV 2031, 
SPV 2034, 
SPV, 2048 

CSH-15R, 
M35-1, and 
Phule Mauli 
and P. 
Anuradha 

Solapur Test hybrids (SPH 1663 and SPH 1665) were on a par 
with check (CSH 15R) for grain and stover yields. Test 
variety SPV 2034 gave 32% higher yield than P. Mauli 
and SPV 2034 and SPV 2048 were superior to P. 
Anuradha for stover yields. 

1.3R. Irrigated 
conditions 

SPH-1620, 
SPV-1830,  

SPV-1833 

CSH-15R, 
M35-1, 
CSV-22 

Rahuri, 
Solapur 

Test hybrid ‘SPH 1620’ gave 17.6% higher grain yield 
at Rahuri (4011 kg/ha) and 13.7% higher at Solapur 
(2956 kg/ha) as compared to check ‘CSH 15R’ Test 
variety, ‘SPV 1830 yielded 54% more than M 35-1 and 
19.5% higher than CSV 22. Test hybrid SPH 1620 and 
variety SPV 1830 with 100% RDF were more 
promising. 

2R. 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 
20.6% higher grain yield than that of flat sowing, conserved more soil moisture and gave maximum net returns and B: ratio. 
 
3R. Integrated Nutrient Management in rabi sorghum: Green manuring with Dhaincha gave 37% higher grain yield (2634 
kg/ha) of rabi sorghum than that sown after kharif fallow (1918 kg/ha). 
 
4R. 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 given at 55 DAS. 
 
5R. Effect of INM practices of kharif sorghum on yield of subsequent chickpea in sorghum-chickpea system: 
Maximum chickpea yield (2004 kg/ha) was recorded with application of FYM 2.5t + vermin-compost 1.25 t/ha in combination 
with 100%RDF to preceding sorghum 

3. Sorghum physiology (SS Rao) 
Trial 1R:  Preliminary evaluation of diverse germplasm for rabi adaptation: Days to flowering had shown (0.299; P0.05) 
positive correlation with 1000-seed weight, grain yield (0.263; ns), while negatively related with photosynthesis rate at anthesis 
(r=-0.323; P0.05). Entries Khadkat local, Honawad-2, SSRG164, and SSRG 206 had shown high SPAD values (52-53) than 
check CSV22R. High photosynthesis rate was recorded by RSV1478, Yadgir local, Mundewadi local, Patoda local and Halyal 
local which are superior to check Phule chitra. Land races Nimbodi local (47% more), Halyal local (29%), Honwad 2 (29%) and 
Bairodagi (20%) gave superior grain yields than check CSV22R.  
 
Trial 2(M) & 3(S): Evaluation of advanced rabi sorghum entries for drought adaptation in medium in medium and 
shallow soils: Average plant height decreased by 13.2 % in shallow soil over medium. CRS 15 (0.649) and BRJ 204 (0.705) 
showed less drought susceptibility index (DSI) means more plant height stability. Plant height and days to flowering showed 
significant positive correlation with biomass mass at maturity (0.561, 0.507; P ≤ 0.05 rep. in medium and shallow). LAI 
decreased in shallow soils over medium by 15.8%. Mean biomass decrease in shallow soils over medium was 33.5% and 
37.0% at flowering and maturity, respectively. Entries, BRJ 204 in medium soil and RSV 1415 in shallow soils produced higher 
biomass at flowering and maturity in both soil depths. Relative water content (RWC) declined by 7.4 % in shallow over medium 
soils and CRS19 and CRS20 recorded high RWC than checks in both soils. Mean Photosynthesis rate (Pn) decreased by 
9.1% in shallow soil over medium soil. BJV116, RSV1420 and RSV1098 showed significantly higher Pn rate than checks. 
Stover yield declined by 33.0 % in shallow soil over medium.  DSI for stover yields at maturity, Phule Anuradha (0.462) and 
RSV 1420 (0.552) possessed lower DSI values means more stable performance under drought. Mean grain yield reduced by 
38% in shallow soils over medium with a reduction range of 17 to 49 %.   CRS20 (12%) CRS19 (7%) gave marginal superiority 
for grain yield in medium, while none was superior to check Phule Anuradha in shallow soil. Phule Anuradha recorded low DSI 
for grain (0.452) and stover (0.462) yields means more stable performance across the soil depths and possessing drought and 
heat stress tolerance in rabi receding soil moisture conditions.  
 
Trial 4 R and 4 Irrg: Evaluation of sorghum plant types for root characteristics:  Mean plant height, and grain yield 
decreased in rainfed condition by 10 and 50% over irrigated. Mean SPAD chlorophyll value decreased by 18 % in rainfed over 
irrigated.  Average root length, root volume, and root numbers declined by 22, 50% and 37 % in rainfed condition than in 
irrigated. In root length under rainfed condition, none was superior to check Phule Chitra.  RSV1098 recorded higher root 
number in both rainfed and irrigated conditions. BJV83 alone recorded 20 and 16% more root mass than checks which was 
significantly (P0.05) different.  
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Trial 5R: Sweet sorghum evaluation for stalk yields, biomass, juice quality (sugar traits) and winter adaptation:  
SPSSV 30 was on par with check CSV19SS for fresh biomass and stalk yield. In juice brix, SPSSV30 alone recorded 
significantly higher (16%) than check CSV19SS. Similarly, SPSSV30 recorded 10.0 and 6.7% more TSS and sucrose 
content than check CSV19SS. Computed ethanol (EtoH) and sugar yields differed significantly (P0.05) and was ranged in 
132 -548 Lha-1 and 0.68- 1.44 t ha -1 , respectively. Interestingly, SPSSV30 showed significant superiority by 51 and 107 % 
in EtoH and sugar yields, respectively. In grain yield, hybrid CSH 22SS gave highest, while in varieties SPSSV6, SSV84, 
SSV74 and SPSSV27 showed significant superiority over check CSV19SS. 

4. Sorghum entomology (VR Bhagwat & Shyam Prasad) 
Introduction: Genotypes from nine trials (AVHT-DS, AVHT-SS, IVHT-DS, IVHT-SS, SFR (F5), Local checks, B & R lines, 
ASFN  and Aphids Nursery trials) were evaluated mainly for shoot fly, stem borer, sugarcane aphids and shoot bugs for 
resistance/tolerance at the hot -pot locations : Kovilpatti, Dharwad, Bijapur, Rahuri, Parbhani, Tandur, Hyderabad and 
Solapur. In most of the parts there were inadequate rains during Kharif as a results Rabi crop suffered due to residual 
moisture that influenced on the later part of plant growth during maturity.  
 
Pest scenario in sorghum: In Rabi sorghum, shoot fly (Atherigona soccata Rond.) is a major biotic constraint followed by 
the sugarcane aphid (Melanaphis sacchari Zehntner), and corn plant hopper (shoot bug) (Peregrinus maidis Ashm.). They 
often occur sequentially or together. In recent years, the infestation of shoot bug at early stage of crop was also reported. 
The damage by the homopteran pests is greatly amplified by inducing plant moisture stress alone or in association with the 
prevailing drought conditions. The stem borer (Chilo partellus Swin.) occasionally occurs but not considered as severe pest 
in Rabi sorghum.  
 
In Kovilpatti region there was low damages due to shoot fly (0.0-10.45 %) and stem borer (18-20%).  Midge incidence was 
moderate but low on K-8. Low population of head bug and shoot bug were noticed. In Karnataka, The incidence of shoot fly 
ranged from 25- 60 % The populations of stem borer, head bug, shoot bug, aphids, ear head caterpillar’s viz., Helicoverpa 
armigera, Stenochroia elongella and were negligible during the cropping season. Coccinellids were observed in the month of 
January in some of farmer’s field. Shoot bug damage was recorded in Bijapur area and was about 38%.  Aphid damage was 
recorded up to 60%. In Maharashtra, overall shoot fly damage was moderate to high (up to 40%). The incidence of stem 
borer was very low (< 3 %), particularly, peduncle damage was recorded up to 10%.  
 
Shoot fly (Atherigona soccata, Rond) 
General trend: The shoot fly incidence was moderate to high (15-90%) at Dharwad, Parbhani, Rahuri and Solapur when 
evaluated under artificial conditions.  
 
Advanced varietal & hybrids (DS & SS): In AVHT-DS, AVHT-SS trials, very few of the test entries (SPV 2034, SPV 2049, P. 
Anuradha, SPV 2034, SPV 204, SPV 2029, Maulee, SPV 2038, SPV 2031) found better than resistant check IS 2312 or IS 
18551. The range was of deadhearts at 28 DAE was from 20 to .70%.  
 
Initial varietal & hybrids (DS & SS): In IVHT-DS & IVHT –SS trials SPV 2141, SPV 2139, SPV 2152, SPV 2138 and SPV 
2143, SPV 2160 and P. Anuradha recorded notable low damage due to shoot fly. 
 
Germplasm, Shoot fly resistant nursery trials:  Elite lines and preliminary lines were evaluated at hot spot places. The 
promising ones are  EC 12 x EP 133-5-2, EC 12 x POP 52-3-1, EC 19 x EP 133-2-3, PEC 9 and LG Kumbhari local and 
NRCSFPR09-3, NRCSFPR10-4, RSE 03 and M 35 x RR 9808. From genetic stock evaluation, the lines SEVS –12, EP –80, 
E – 8, E –92, E –97, PEC –5, PEC –8, NSJB-6562, EG –57, SEB –12002, SEB –12008 and EG -97 had recorded lowest 
damage (up to 30%).  
 
Overall conclusions: The 3 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 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 was moderate. The highest damage was noticed at Palem (~20 %). At Kovilpatti, 
Parbhani moderate  population was observed mostly peduncle damage was seen.   
 
Advanced varietal & hybrids (DS & SS): The overall mean of DH % due to stem borer at 45 DAE was 8.00 %.  The test entry 
SPV 2034, SPH 1690, Local check, C 43 and Y 75, Local check, SPV 2029, SPV 2031, CSH 15R recorded at 45 DAE  and 
the range was from 0.0 -40.0 %. All test entries were on par with resistant check IS 2205.  
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Initial varietal & hybrids (DS & SS): Across the locations and zones the overall mean DH % due to stem borer at 45 DAE 
was 10.0% and the range was from 0.00- 15.00 %. The entry SPV 2157, SPV 2161, SPV 2152 and was on par with 
resistant check IS 2312.  
 
Overall conclusions: Moderate to high incidence of 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 population density and damage rating at milk stage was recorded at 
Kovilpatti. The population colonization of head bugs was up to 30 bugs/panicle. The entries that showed promises in AVHT 
trials are: SPH 1663, CSH 15R, Local check, TAM 428, M 35-1, CSH 15R, C 43 and Y 75. 
 
Sugarcane aphids (Rhophalosiphum maidis): The data on aphid damage rating (1-9) was recorded at Bijapur, Rahuri 
and Parbhani centers. The range was from 4.5-8.0 .0 with an average of 6.5 damage rating. The damage rating was low in 
SPVs 2033, 2035, 2049, 2031, 2034, SPH 1690 in advanced trials. The entries SLB 50, SLB 79, SLB 80, SLB 83, ICSV 
93046, KR 191, KR 196, ICSB 323, 61588, ICSB 323, ICSR 165, RS 29, LONG SPS 43 and TAM 428 found promising in 
aphid resistant nursery trials. 
 
Shoot bug (Peregrines maidis, Ashmead): The shoot bug damage rating was observed from 1.5 to 4.5 with an average of 
3.5.  the entries SPH 1666, SPV 2034, SPV 2035, SPV 2049, SPH 1689, P. Anuradha, Y 75, CSH 15R, LC, SPV 2031 had 
low shoot bug damage in advanced trials. Whereas, in aphid & shoot bug nursery trials the entries ICSV 93046, SLB 50, 
SLB 81 and M-35-1 showed low damage. 
 
Validation of IPM: Validation of IPM modules was studied at two locations: Kovilpatti and Bijapur. The seed treated 
sorghum (either with Imidacloprid @ 5 g/kg seed or Thiamethoxam 70 WS @ 3 g/kg seed) and plus spraying of  metasystox 
(0.07%) or NSKE (5%) was beneficial in terms of reducing pest damage and producing higher yield as compared to other 
treatments. On farm trial at Parbhani was benefited to the farmers in terms of grain and fodder yield as compared to regular 
control. 
 
Looking ahead: There is a need to repetition of conducting large scale trials on IPM at farmer’s field through front line 
demonstrations. 
 
Future work plan Rabi 2011-12: 
 Germplasm may be evaluated at hot spot locations to identify improved sources for major pests. 
 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, Dharwad, 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 may nor occurred regularly, but occasionally Dharwad, Kovilpatti and may be considered as testing spots. 
 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. 
 

Table 1:  Promising entries with less susceptibility to key pests of grain sorghum in different AICSIP 
trials- Rabi 2011-12 (Locations: 7) 

Trial Shoot fly Stem borer S. aphids Shoot bug H bug 
AVHT-DS SPV 2034 and SPV 2049 SPV 2034, SPH 

1690, Local check, 
C 43 and Y 75 

SPV 2033, SPV 
2035, SPV 2049, 
SPH 1690, M-35-1 

SPH 1666, SPV 
2034, SPV 2035, 
SPV 2049 and SPH 
1689 

SPH 1663, CSH 15R, 
Local check and TAM 
428 

AVHT-SS Phule Anuradha, SPV 
2034, SPV 204, SPV 2029, 
Mauli, SPV 2038, SPV 
2031 and Local check 

Local check, SPV 
2029, SPV 2031, 
CSH 15R 

Local check, SPV 
2031 and SPV 2034 

Phule Anuradha, Y 
75, CSH 15 R, 
Local check, SPV 
2031 

M 35-1, CSH 15R, C 
43 and Y 75 

IVHT-DS SPV 2141, SPV 2139, SPV 
2152, SPV 2138 and SPV 
2143 

SPV 2152 CSH 15R, SPV 
2144, SPV 2154, 
SPV 2153, SPH 
1720, SPV 2145, 
SPV 2142, CVS 22, 
SPV 2139 

Local check, SPV 
2151, SPH 1721, 
SPV 2146, CSH 
15R and SPV 2150 

SPV 2139, SPV 2140 
and SPV 2154 

IVHT-SS SPV 2160, Phule Anuradha SPV 2157, SPV 
2161 

SPV 2163, SPV 
2161, CSH15R, 
TAM 428 

C 43, SPV 2161, 
SPV 2160, SPV 
2162 and Maulee 

SPV 2157, SPV 2163, 
CSH 15R, M-35-1, 
TAM 428 and DJ 6514 
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5. Sorghum pathology (Ashok Gadewar) 
I. Disease situation 
Prevalence of charcoal rot and lodging in sorghum growing region (rabi-2011-12) was estimated around Solapur and 
Dharwad. Crop lodging at maturity was rampant and the incidence of charcoal rot (CR) ranged 50-70% around Solapur and 
10 - 50% Dharwad. Most of the farmers grow cultivar locally identified as local, Maldandi, Dukari, Yosada, and Dagadi. 
Around Parbhani reddening of foliage was recorded which was widely spread. Viral diseases were also recorded but in 
traces.  At Dharwad foliar diseases rust and downy mildew were prevalent with low intensity/incidence.  
 
II. Management of charcoal rot 
i. Eco- friendly management of charcoal rot through seed treatment: Field trials on management of charcoal rot through eco 
friendly seed treatments were laid at Solapur and Dharwad during Rabi 2011-12. There were seven treatments that included 
bleaching powder in different combinations along with treatments with ash, FYM, and Bavistin. Seed treatment of sorghum 
with bleaching powder (100%) reduced CR incidence by 33.6 % followed bleaching powder 75% (i.e. Bl. powder + FYM in 
3:1 proportion) and bavistin reducing incidence by 27 and 25.8 per cent respectively. The reduction in the incidence with 
these treatments was significant at both the places.  These treatments also reduced the pith rot significantly in the range of ~ 
33- 34 per cent. The treating of seeds also increased grain yields substantially at both the places and increase was highest 
(~65%) when seeds were treated with bleaching powder (100%) followed by bavistin. Similarly treatments also increased 
fodder yield significantly at both the places.   
 
ii. Evaluation of germplasm for resistance against charcoal rot: Trials with twelve advanced hybrids and varieties in deep soil 
revealed low incidence (~38.8 to 42.1%) of Charcoal rot in test entries SPV 2034, SPH 1666, SPV 2033 and CSV 22 and 
there were no significant differences between test entries tested at four locations with pith rot that ranged 16.8 to 22 cm. 
Trials in shallow soils showed  that  the advanced entries SPV 2031 and SPV 2029  contracted lowest charcoal rot in the 
range of ~39.8  to 43.9% among ten test lines and pith rot length was 18.1 to 22.6 cm. Evaluation of 19 test lines of initial 
hybrids and varieties revealed  entries SPV 2150, SPV 2154, CSH 15R, CSV 22 and SPV 2152 had contracted ~38  to 
40.0% charcoal rot disease and there were no significant differences between test entries and checks. Performance of initial 
hybrid and varieties in shallow soil revealed lowest charcoal rot (~38 to 41%) in SPV 2158, SPV 2159, and SPV 2162 and 
fourteen entries tested did not differ with pith rot ~15 to 21 cm.  

Trial Shoot fly Stem borer S. aphids Shoot bug H bug 
SFR (F5)-SF Shoot fly: EC 12 x EP 133-5-2, EC 12 x POP 52-3-1, EC 19 x EP 133-2-3, PEC 9 and LG Kumbhari local 
LC-SF-SB Local checks, DSV 4, 

DSV 5, CSV 22, Phule 
Anuradha  and M 35-1 

DSV 4, CSV 216R, 
Maulee 

Parbhani Moti, 
K-8 and M-35- 

Parbhani Moti, K-8 and 
M-35- 

 

B & R lines SLB 50 and SLB 25-1 SLB 50, SLB 56, 
SLB 59, SLB 71, 
SLB 72,  SLR 72  
and SLR 73 

SLR 73   

ASFN Shoot fly: NRCSFPR09-3, NRCSFPR10-4, RSE 03 and M 35 x RR 9808 
APSHN Aphids:  SLB 50, SLB 79, SLB 80, SLB 83, ICSV 

93046, KR 191, KR 196 and long SPS 43 
Shoot bug: ICSV 93046, SLB 50, SLB 81 and M-
35-1 

SFR (ICAR-
ICRISAT 

Shoot fly: 32733,  ICSB 424, ICSB 433, ICSB 463, ICSB 708, ICSB 717, ICSV 93093, IS 5480, IS 5622 and 
PS 35805 

APHN  
(ICAR-ICRISAT) 

Aphids: ICSB 323, 61588, ICSB 323, ICSR 165, RS 29, LONG SPS 43 and TAM 428 
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Report on monitoring of AICSIP trials - Kharif 2010-11 
 

Sujay Rakshit 
Directorate of Sorghum Research, Hyderabad, AP 

 

Introduction: Kharif 2010-11 AICSIP trials were monitored during September to October, 2011. Twenty one 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 201 
Center Team members Date 

Palem AV Gadewar and Shekarappa Sept 15, 2011 
Coimbatore and Bhavanisagar G Shyam Prasad, VS. Kubsad, G Sajjanar and Yogendra Singh Sept 21-22, 2011 
Dharwad Prabhakar, RK Choudhary and Ameer Basha Sept 13, 2011 
Mandya BV Bhat, HC Lohithashwa, , BG Shekara, KT Pandurange Gowda  Sept 15-16, 2011 
Solapur, Phaltan and Rahuri SSR Rao and NS Thakur Sept 15-17, 2011 
Akola, Parbhani, Badnapur, Buldana VR Bhagwat, SR Gadakh, AV Gadewar Sept 27- Oct 03, 2011 
Surat, Mangrol, Deesa, Udaipur JS Mishra, TG Nageaswar Rao and DB Pawar Sept 25-30, 2011 
Mauranipur, Jhansi, Pantnagar  Hariprasanna K, SK Pahuja and C Sudhakar  
Hisar, Ludhiana, Meerut AV Umakanth, T Hussain and Z N Patel Oct 1-3, 2011 
 
The monitoring reams visited the respective centers and submitted their reports, which have been summarized center-wise 
below: 
 
Palem 
 The center received ~467 mm rainfall during May to 3rd Sept with intermittent (37 days) showers throughout kharif 

2011.  The trial was laid out in red sandy loam soil type. All the trials were maintained in good condition. 
 In Pathology trial IAVHT SC entry 6022 had shown typical symptoms with reverse folding of leaves. This observation 

was discussed among the fellow scientists and their opinion was that this could be a phenomenon of drought tolerance.  
 In some trials, new pest damage was noticed. The nature of attack due to insect was typical with a hole at the apex end 

of grains. This was observed at many entries in pathology trials.  
 Five pathology trials (AHT GS & DP, AVT GS & DP, IHT GS & DP, IVT GS & DP and IAVHT SC) were sown on 14-07-

11 with local check PSV. The crop stage was in flowering to milky stage and so the grain mold score was not taken. 
Foliar leaf spots (LB, ZLS and Anthracnose) were prevalent in all the trials but intensity was low. Over all the trials were 
well managed. 

 Five breeding trials (AHT GS & DP, AVT GS & DP, IHT GS & DP, IVT GS, IAVHT SS) were conducted.  All the 
breeding trials generally showed minor attack of foliar diseases but in many entries low intensity of leaf rust was 
observed. Grain mold was not observed. All the trials were sown on 18-06-11 except IAVHT SS which was sown 15-
07-11. Some early entries in different trials were as follows: 1003,1002,1004,1014, 1016, 1032 (in AHT GS & DP), 
2005, 2003, 2008, 2041, 2048, 2042 (in AVT GS & DP), 4003, 4015 (in AVT GS & DP). In IHT GS & DP, entry 3011 
was not uniform in height and 3030 had loose panicle. Entries were in flowering to grain formation stage. In IAVHT SS 
also entries were in flowering to grain formation stage. Over all the trials were well managed. 

 Only one agronomy trial ie., response to different fertility levels in pre released genotypes was conducted. Five hybrids  
viz., SPH 1635, SPH 1641, SPH 1651, CSH 16 and CSH 23 were raised in split plot design. Over all SPH 1635 was 
found promising. 

 Five entomology trials (AHT GS & DP, AVT GS & DP, IHT GS & DP, IVT GS & DP and F6) were sown on 28-06-11 
except F6 (repeated) which sown on 15-07-11. In AHT GS & DP resistant checks (IS 18551 & IS 2205) recorded 0 to 
10 % attack of shoot fly & stem borer. Susceptible check (DJ 6514) had attack of about 40-60% by both the pests. 
Promising entries for shoot fly were 1010, 1012, 1038, and 1067 with about 20% attack. For shoot borer entries viz., 
1012,1009,1079,1069 had less than 10% damage. In AVT GS & DP resistant checks (IS 18551 & IS 2205) exhibited 0 
to 10 % attack of shoot fly & stem borer. Susceptible check (DJ 6514) had attack of about 50% by shoot fly and stem 
borer 30 to 70%. Promising entries for shoot fly were 2002, 2001, 2027, 2024, 2041, 2043 with 10 to 30% damage. For 
shoot borer entries viz, 2005, 2007,2021,2024,2048 showed less than 20% infestation. In IHT GS & DP resistant 
checks (IS 18551 & IS 2205) had about 0 to 10 % attack of shoot fly & stem borer. Susceptible check (DJ 6514) had 
attack about 60% by shoot fly and stem borer 30 to 60%. Promising entries for SF were 3008, 3004, 3031, 3023, 3049, 
3042 showing about 20 to 30% attack. For Shoot borer the promising entries were 3008, 3006, 3005, 
3028,3031,3041,3052 showing attack of 10-20%. In IVT GS & DP resistant checks (IS 18551 & IS 2205) had about 0 to 
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10 % attack of shoot fly and stem borer. Susceptible check (DJ 6514) had attack about 70% by shoot fly and stem 
borer 40 to 60%. Promising entries for SF could be 4012, 4013, 4070, 4072, 4033 showing about 10 to 20 % attack. 
For shoot borer entries 4004, 4008, 4081, and 4046 had recorded attack of 0-15%. In F6 trial, resistant checks (IS 
18551 & IS 2205) showed attack of shoot fly and stem borer in the range of 5 to 30 %. In checks Swarna and SSV it 
was above 70% by both the pests. Promising entries for SF were 55-1-1-4, 48-3-1-2, 42-2-2-4 against SF with 10-20% 
incidence. For stem borer 1-1-2-1 and 78-1-2-4 showed around 15 % incidence. 

 
Coimbatore  
 The center has conducted seven breeding trials (AVT(GS& DP), AHT (GS & DP), IVT (GS & DP), IHT (GS & DP), 

Hybrid nursery I & II, Stability of micronutrients); one under genetic resources (Evaluation of DSR Sorghum 
germplasm); Four under forage sorghum (IAVHT (MC), IAVT (SC), Local checks, Seed yield trial); One under sweet 
sorghum (IAVHT-SS). Under Agronomy, three trials (IKB, KB, KB); Eight under entomology AHT (GS & DP), AVT(GS & 
DP), IHT (GS & DP), IVT (GS & DP), IAVHT(SS), IAVHT(MC), IAHT(SC), DP-SB); five under Pathology (AHT (GS & 
DP), AVT(GS& DP), IHT (GS & DP),IVT (GS & DP), IAVT(SC) totaling 29 trials were conducted at Coimbatore. 

 Overall there was 25-30% sorghum midge infestation leading to loss in yield. The incidence of shoot fly was low 
whereas the incidence of borer was 10-12 % DH. 

 Trial-wise promising entries in breeding trails are as follows: 1002, 1004, 1011, 1012, 93, 1001, 1006, 1031, 1047, 
1036, 1069, 1075, 1077 (AHT GS&DP); 2048, 2022, 2024, 2025, 2007, 2008, 2020 (AVT GS&DP); 4014, 4020, 4006, 
4002, 4040, 4033, 4034, 4035, 4048, 4072, 4075, 4066, 4068 (IVT GS&DP); 3042, 3052, 3046, 3050, 3026, 3032, 
3028, 3027, 3003, 3009, 3007, 3008 (IHT GS&DP); 9016, 9009, 9021, 9022, 9036, 9043, 9045, 9066, 9067, 9069, 
9081 (Hybrid nursery-I), 10001,10005,10009,10011,10012, 10021, 10025, 10028, 10030, 10032, 10045, 10049, 10051 
(Hybrid nursery-II), 5010, 5008, 5003, 5031, 5021, 5029, 5048, 5044, 5051 (IAVHT-MC); 6007, 6011, 6010, 6033, 
6031, 6028, 6052, 6044, 6049 (IAVT-SC); MP chari, Sangoli Hundi, Rampur local, SSV 84, RSSV 9 (Evaluation of local 
checks); 8004, 8008, 8027, 8026 (Seed yield forage trial). 

 In entomology trial, overall there was 25-30% sorghum midge infestation leading to loss in yield in the trials. The 
incidence of shoot fly was low (12-16% DH), whereas the incidence of borer was 10-12 % DH. In all trials, data on 
shoot fly and stem borer have been recorded. Promising entries are: 1003, 1031, 1050, 1046, 1047 (AHT GS & DP); 
2001, 2002, 2008, 2010, 2025, 2029, 2042, 2049 (AVT GS& DP); 3011, 2007, 3005, 3023, 3031, 3049, 3052 (IHT GS 
& DP); 4010, 4067, 4018, 4039, 4042, 4051 (IVT GS & DP); 5011, 5028, 5024, 5006 (IAVHT SS); 7013, 7009, 7045, 
CO FS 20 (IAVHT MC); 6003, 6013, 6010, 6009, 6011, 6026, 6045, 6053 (IAHT SC); 133, 151, 161, 165, 266, 263, 
261, 253, 246, 241, 237, 231, 202 (DP-SB). 

 In pathology trial, significant observations were as follows: Incidences of zonate leaf spot, leaf blight were observed on 
entries 1015, 1008, 1050, 1031 in AHT GS & DP trial; no disease in AVT GS&DP and IVT GS&DP; CO 30 (Local 
check), 3030 were infected with Zonate leaf spot in IHT GS & DP; Slight incidence of rust was observed in 6003, downy 
mildew in 6001, anthracnose in 6006 & 6032 in IAVHT (SC) 

 Three agronomy trials viz., Trial Response of pre-release sorghum genotypes to different fertilities (I KB), Integrated 
weed management and Evaluation of sweet sorghum genotypes for single cut fodder at different N levels were 
conducted and date of sowing was 28.06.11. Trial management was good. 

 
Recommendations including follow-up action: 

 The kharif crop was in very good condition and all the trials were laid out satisfactorily. 
 Due to lack of pest knowledge midge attack was not managed resulting in 25- 30% loss. For midge management 

plant protection with systemic insecticides should be taken from anthesis. For reliable yield data may be recorded 
from selfed panicles which will have less midge attack. 

 In few experiments there was no germination due to atrazine toxicity (from previous season) as opined by 
the  station scientists. 

 There was no/ poor germination in over 180 lines (germplasm) sent by DSR 
 
Bhavanisagar 
 At ARS, Bhavanisagar, two breeding trials AHT (GS & DP), AVT (GS& DP) were conducted. The trials were sown on 

17.6.11 & 29.6.11. There was moderate infestation of midge and borer. Promising entries were 1004, 1109, 1010, 
1039, 1038, 1072, 1078 (AHT GS&DP); 2046, 2021, 2009, 2006, 2001, 2004, 2007 (AVT GS & DP). 

 
Dharwad 
 Climatic situation and crop condition: The kharif sorghum trials were sown during the 2nd week of June 2011. The total 

rainfall received during the cropping period was June (194.0 mm), July (131.0) mm rain fall followed by 14 rainy days 
and in August, 124.2 mm rainfall with 13 rainy days. The distribution of rainfall indicated that there was no delay in 
onset of monsoon.  The rainfall received during second fortnight of June and first week of July was adequate to sow the 
kharif crops. Hence, most of the sowings were done in the 2nd week of June 2011.Germination and crop response was 
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satisfactory. The shoot flies and shoot borer incidence was less and downy mildew disease incidence was sparse. 
Now, the crop is at flowering and grain filling stage. 

 In general, the plant populations in AICSIP breeding trials and all other station trials were optimum. Promising 
genotypes in AICSIP breeding trials are as follows: 4007, 4018, 4004, 4020, 4011, 4005, 4001, 4012, 4002 (IVT 
GS&DP); 1003, 1002, 1012, 1017. 1008, 1010, 1001 (AHT GS&DP); 2008, 2010, 2009 (AVT GS&DP); 3006, 3011, 
3003, 3009 (IHT GS&DP). Trials were sown in June 15-16. 

 Besides coordinated trials, one multi-location state varietal trial, 5 station varietal trials, 90 germplasm lines, 100 local 
land races and segregating breeding materials were evaluated. 

 Agronomy trials were sown during 14-15th June. The overall plant population was good. Presently the crop is at grain 
filling stage and condition is very good. Records related to data collection and management were up-to-date. 

 Response of pre-released sorghum genotypes to fertility: Excellent experimentation with clear-cut expression of the 
treatments was observed. Test genotype “SPH 1647” with 100% RDF was as good as ‘CSH 16’ with 150% RDF.  

 Integrated nutrient management in Sorghum-chickpea cropping system: The experiment was laid-out nicely. INM 
involving vermi-compost was looking better than that of FYM.  

 Performance of sorghum genotypes in changing climate (increased sowing window): The experiment was conducted as 
per the plan. The 15th June sowing was promising, as the centre received normal monsoon. 

 Integrated weed management: The experiment was conducted successfully with clear-cut treatment difference. Pre-
emergence application of atrazine+pendimethalin, Atrazine fb 2,4-D or  lay-by application of pendimethalin were 
promising. Oxyfluorfen as pre-emergence was toxic. Commelina was not controlled by atrazine.  

 Evaluation of sweet sorghum genotypes for single-cut fodder: Of the 4 genotypes (SSV 74, CSV 19SS, SSV 84 and HC 
308), SSV 74 with higher leaf area was promising. CSV 19SS was partially lodged. 

 In pathology, 8 AICSIP (AHT GS&DP, AVT GS &DP, IHT GS&DP, IVT GS &DP, IAVHT MC, IAVHT SC and IAVHT SS 
and Germplasm ergot preliminary screening) and 6 station trials were conducted. AICSIP trials were sown on 29.06.11. 

 The major disease grain mold was not seen but only foliar diseases were seen in all the trails (foliar disease was just 
started i.e. Leaf blight and Anthracnose). In AHT GS&DP all the entries in this experiment showed tolerance to downy 
mildew, except entry AHT- GS& DP 1001 (22.5 %) and bulky –Y (27 %) compared with susceptible check DMS-652 
susceptible for downy mildew showed 42.2% disease incidence. Whereas, QL-3  resistant check showed 0% 
incidence. In AVT GS &DP four entries viz., AVT-GS & DP-2007,2009,2008,2010 were highly resistant to downy 
mildew when compare with susceptible check H-112 (34.8 %) and resistance check IS 14338 (0 %). In IHT GS&DP 
entries like 3006 and 3008 were highly resistance to downy mildew, while in IHT GS&DP 3003 (21 %) and 3002 (11 %) 
incidence was seen when compared with resistant and susceptible checks. In IVT-GS &DP 4001 and 4005 were highly 
resistant while others showed downy mildew incidence. In IAVHT MC entries 5002, 5004, 5011, 5008 showed 
maximum disease incidence compare with other entries. QL-3 (R) and DMS-652 used as resistant and susceptible 
checks, respectively. In IAVHT-SC except 6024 all showed downy mildew incidence when compared with checks like 
B-58586, QL-3 and IS 14338(R). In IAVHT SS promising entries against downy mildew were 7016 and 7004. Downy 
mildew was seen in all the experiments and this was observed from early stage to leaf shattering stage followed by 
plant mortality. The grain mold disease was just started in breeding and agronomy plots and not seen in plant 
pathology experiments, because crop was in flowering stage.  

 In entomology seven trials were conducted in kharif at Dharwad. The entries with minimum incidence of stem borer in 
various trials are as follows: 1002, 1017, 1011, 1008, 1010, 1040, 1032, 1037, 1038, 1045, 1069, 1072, 1078, 1062, 
1067, 1077 (AHT GS&DP); 2001, 2005, 2003, 2002, 2009, 2010, 2030, 2028, 2029, 2026, DSV-6, 2027, 2021, 2022, 
2024, 2041, 2048, 2045, 2044, 2047, DSV-6 (AVT GS&DP); 3011, 3004, 3001, 3010, 3022, 3023, 3028, 3048, 3050, 
DSV-6, 3041, 3051 (IHT GS&DP); 4003, 4017, 4007, 4019, 4014, 4016, 4011, 4005, DSV-6, 4042, 4033, 4015, 4053, 
4048, 4039, DSV-6, 4042, 4073, 4072, 4077, 4067, 4066, 4070, DSV-6, 4081 (IVT GS&DP); 5002, 5008, 5003, DSV-6, 
5007, 5022, 5027, 5029, 5025, 5023, 5042, 5044, 5041, 5047, 5043 (IAVHT MC); 6004, 6006, 6002, 6003, 6008, 6013, 
6010, 6007, 6005, 6024, 6032, 6029, 6021, 6050, 6042, 6044, DSV-6, 6047, 6052 (IAVHT SC); 7011, 7006, 7014, 
7001, 7016, 7012, DSV-6, 7039, 7048, 7047, 7035, 7033, 7062, 7066,  DSV6, 7069, 7074, 7077, 7065 (IAVHT-SC). 

 
Recommendations: 

 As there was change in the post of breeder, the present Breeder was advised to get the detailed pedigree of the 
breeding materials received from the previous breeder. 

 It was suggested to purify the CMS lines maintained and use them in making test hybrids by utilizing the available 
restorers. 

 In all the agronomy trials, initial soil fertility data is required to draw a valid conclusion and economics of the 
treatment need to be worked out. 

 In the long-term experiment on Integrated nutrient management in Sorghum-chickpea cropping system, initial soil 
fertility data is required to draw a valid conclusion 

 Correlation of data with weather parameters (rainfall, temp, etc) is required in the trial on the performance of 
sorghum genotypes in changing climate (increased sowing window). 
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Mandya 
 Four trials have been taken up at the center. 
 IAVHT MC was raised on 16-6-2011 and the first cut was taken during 11-23th August 2011. The recommendation of 

cutting at 60 days after sowing was not followed and cut was taken at 50% flowering. Infestation of shootfly and downy 
mildew were noticed in some entries in the regenerating flush. 

 IN AVT SC trial, entries were sown on 26-6-2011 and cut during 28-8-2011 to 8-9-2011 at 50% flowering stage as 
recommended. Some entries showed re-growth potential. 

 AHT DS&DP trial was sown on 16-6-2011 and the entries were in seed filling to physiological maturity stage. 
Expression of characters was excellent. Trial was well managed. Incidence of leaf blight was seen which seem to have 
started after beginning of seed set. The trial was covered with nylon net to avoid seed yield loss by the feeding of birds. 

 AVT GS&DP trial was raised on 16-6-2011 and the entries were in seed filling to physiological maturity stage. 
Expression of characters was excellent; however, the trial had higher plant density than recommended. Also, owing to 
delay in the covering of the trial with nylon net, seed loss up to 95% were seen in a couple of entries, due to bird 
feeding. Incidence of leaf blight was visible which seem to have initiated after seed set started. 

 
Recommendations: 

 Allocation of FLDs to farmers in the sorghum growing regions Southern dry zone of Karnataka, i.e., Chamaraj 
Nagar, Nagamangala taluka and parts of Mysore district may be considered from next year to popularize dual 
purpose sorghum varieties. 

 Concerned scientist has been advised upon to avoid the shortcomings of trials in the for future 
 
Solapur 
 The crop condition of trials on forage sorghum and sweet sorghum was good. The rainfall received at Solapur during 

kharif was adequate (517 mm) for raising kharif crop. In IAVT single-cut forage trial, the crop condition was good, while 
some entries (6047, 6042) affected by downy mildew.  Entry nos 6041, 6046 and 6032 were promising for green forage 
yields.  In evaluation of sweet sorghum as single cut forage for fertility response, CSV 19SS and HC 308 with 120 kg N 
were promising.  

 
Phaltan  
 At phaltan, a total of four AICSIP trials were conducted in kharif 2011.  The rainfall received was more than adequate 

both during pre-and post flowering stages of crop growth. In staggered planting effects on yield and quality for 
increasing harvest window experiment, lodging occurred in some entries. Late sown (August first) crop affected by 
shoot fly. CSH 22SS is found to be promising. In IAVHT SS trial, entry No 7011 was superior. In general, incidence of 
shoot fly was more. In high biomass sweet sorghum for second generation biofuel trial, entries SSRG 222, SSRG 147 
and SSRG 200 were found to be stable with good vigor and high biomass.CSV19 SS showed lodging. A set of 15 
sweet sorghum hybrids (sent by Dr Umakanth) for stalk sugar and biomass is also under evaluation. Besides, a total of 
about 20 trials consisting of breeding materials, segregating populations were planted in kharif 2011. 

 
Rahuri 
 Crop condition was excellent (height 4.0-5.0m) at Rahuri and all the trials were planted as per the approved technical 

program. A total of 447 mm rainfall was received from June to September which was adequate for raising the 
successful crop in kharif. In IAVHT sweet sorghum trial, entries 7013, 7006, 7012, 7009, 7035, 7036 etc. were found to 
be good for vigorous growth, biomass accumulation and agronomic superiority. In staggered planting effects on yield 
and quality, both June 1 and June 16 planting were promising and CSV 19SS, and CSH 22SS were showing good 
vigor and biomass across planting dates. In both station and MLT trials on sweet sorghum, entries RSS238, RSSV167, 
RSSV 291, RSSHH 18 were found promising.  In high biomass evaluation for second generation biofuel trial, SSRG 
200, SSRG 204, SSRV 43, SSRV 43, SSRG 254 and SSRG 297 were found promising for biomass. Also, visited the 
rainout shelter and root system facilities for drought adaptation studies of rabi sorghum which are working well. 
Technical program for conducted experiments with rainout shelter is suggested. Trials on segregating materials (about 
200 progenies) of sweet sorghum for biomass and stalk sugar were also under evaluation. 

 A total of five entomology AICSIP trials were conducted at Rahuri. The shoot fly incidence varied from 17 (IS 2205 
(susceptible check)) to 84% (DJ 6514 (resistance check)). Promising entries for low incidence shoot fly include entry # 
1012 (37%), 1041(37%) in AHT (GS & DP), 2010(49%) in AVT (GS & DP), 3001 in IHT (GS &DP) 3a &b, 4046 (38%) in 
IVT (GS &DP) 4a &b and 7006 (35%), 7040 (24%) 7065 (21.2%) in IAHT (SS).      

 
Recommendations: (General):  

 Centre In charges are requested to permit concerned discipline scientists to visit DSR HQ for  technical training 
and interaction with PI  and other scientists during crop season 
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Jalna  
 Three trials were conducted. Over all trials were neatly conducted and crop condition was satisfactory.  
 In drought screening trial stay green traits were visually graded in to the background of S 35 and R 16.  
 In evaluation of new germplasm lines for disease resistance, low infection of grain mold was observed. Entry no ERN 

23, no 15 & 16 had few grains infected with grain mold. Foliar diseases like anthracnose in local collected varieties 
were more than Leaf blight. Leaf damage due to stem borer infestation was low (2-4 scale). Shoot fly incidence was 
low.  

 In evaluation of kharif hybrids for yield potential no apparent grain mold infection was observed. Foliar diseases 
observed were anthracnose, LB and rust in traces. Stem borer damage was low (2-4 scale). Entry nos 1, 3, 5, 6, 7, 28, 
29, 36, 57, 62, 63, 67, 68, 73, 78, 83, 88, 90, 94, 98 and106 were agronomically superior. 
 

Parbhani 
 Total eight trials were sown at two dates with an objective to record stem borer (early planting) and shoot fly (late 

planting) infestation at appropriate time. Germination was satisfactory (90%). Grass hopper attack was moderate in 
some trials. Generally side shoots on top of the plant seen in all trials. The trials were neatly managed. 

 The infestation due to shoot fly was observed and ranged from 10-85%.  The entries found less susceptible to shoot fly 
were: AVT (Nos 2010, 2001, 2004, 2023, 2022, 2028, 2047, 2041, 2043), AHT (Nos 1017, 1012. 1006, 1008, 1038, 
1031, 1050, 1037, 1033, 1072, and 1074),   IHT (Nos: 3010, 3007, 3011, 3028, 3041, and 3052).  IVT (Nos 4001, 4002, 
4016, 4019, 4039, 4038, 4047, 4065, and 4078).  

 The infestation due to stem borer was < 26%. The entries found less damaged were: AVT (Nos 2003, 2002, 2010, 
2026, 2028, 2043, 2050), AHT (Nos 1001, 1011, 1015, 1007, 1039, 1038, 1046, 1075, 1072, 1062, IHT (Nos: 3010, 
3008, 3005, 3030, 3027, and 3046). IVT: 4002, 4047, 4044, 4049, 4074, 4072, 4062.   

 The shoot bug damage was recorded < 11%. The entries that showed low damage were Nos: AVT: (Nos 2007, 2005, 
2010, 2030, 2026, 2021, 2046, 2050). AHT (Nos: 1001, 1019, 1017, 1008, 1007, 1011, 1015, 1039, 1046, 1034, 1073. 
IVT: 4014, 4033, 4047, 4049, 4048, 4042, 4067, 4080, 4076, 4066. IHT: 3008, 3004, 3010, 3036, 3032, 3046, 3051. 

  
Akola 
 The rainfall was recorded 555 mm till 3rd October 2011 at Akola centre. The dry spell during 3rd week of July to 2nd week 

of August caused aphid incidence and slow growth of sorghum lines in the trial. 
 Total eight AICSIP trials were sown during 6-8 August, 2011 at Akola for evaluating shoot fly resistance.  
 The shoot fly dead hearts ranged from 30 to 90% in all trials. SPV 669 used as a local check. Not a single entry 

recorded relatively low shoot fly infestation in AVT, AHT. In NCB for shoot fly resistance trial, the entries that recorded 
relatively low deadhearts were 8025, 8032, 8033, 8034, and 8035 (35-45DH%). 

 
Buldhana  
 Two trials AHT & AVT were sown on 12-07-2011 at Research station, Buldhana. Trials were maintained in good 

conditions. Plant population was satisfactory.                
 In AHT, entries found good were 1018,1002,1018,1015,1011,1008,1001, 1075,1076,1077,1080. 
 In AVT, the entries were found good: 2001, 2002, 2010, 2043, 2050, 2048, 2042, 2045, and 2047. 
 
Recommendations:   

 Testing of TSS in selected lines is suggested for Jalna center. 
 To reduce the attack of grasshopper, trenching around the field is suggested in Parbhani.  
 Entomologist from Akola was asked to select entries on basis of low shoot fly damage and selfed the seeds for 

further use. 
 
Udaipur 
 This centre received 950.6 mm rainfall during kharif season with proper distribution. Most of the experiments were 

sown during 5-7th July, 2011, except that of multi-cut, which was sown on 29th April. The crop condition was very good.  
 Six breeding trials were conducted. Promising entries were: 3008, 3009, 3030, 3023, 3029, 3043, 3047, 3048 (IHT 

GS&DP); 4006, 4012, 4042, 4048, 4036, 4045, 4063, 4075, 4080 4081 (IVT GS&DP); 1002, 1011, 1013, 1016, 1048, 
1041, 1040, 1071, 1076, 1079, 1080 (AHT GS&DP); 2001, 2006, 2007, 2010, 2023, 2027, 2028, 2030, 2042, 2043 
(AVT GS&DP); 5008, 5009, 5022, 5023, 5031, 5043, 5048, 5051 (IAVHT MC). IAVHT SC trial was harvested. 

 In agronomy trials, trial on response of pre-released genotypes to fertility SPH 1635 flowered early as compared to 
SPH 1641 and SPH 1651. SPH 1635 with 100% RDF was better. Towards INM in sorghum-chickpea system 
Vermicompost 2.5 t/ha or FYM 2.5 t/ha+vermicompost 1.25 t/ha along with 75% RDF was looking better. Performance 
of genotypes under varying dates of sowing at Ist date (15 June) could not be done. Second (30 June) and 3rd (15 July) 
seems to be good and all the genotypes were equally good. However, the last date (30th July) sowing was heavily 
infested with shoot fly. Towards integrated weed management Atrazine (0.25 kg/ha) + oxyfluorfen (0.15 kg/ha) as pre-
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em followed by 2, 4-D (0.50 kg/ha) as post-emergence or atrazine (0.25 kg/ha) + pendimethalin (0.50 kg/ha) followed 
by 2, 4-D (0.50 kg/ha) as post- emergence were promising. Evaluation of sweet sorghum genotypes for forage 
potential: SSV 74 was taller than all other genotypes with good foliage. Also seen 3 station trials (Tillage × N 
management; micro-nutrient, and INM in sorghum-barley system). 

 Nine entomology trials as allotted by the DSR were conducted successfully. The trials were sown late (23rd July) so as 
to ensure heavy infestation of shoot fly. The shoot fly infestation ranged from 8-10% in resistant checks and more than 
90% in susceptible checks. Plant growth was affected due to heavy rains during vegetative growth period. In addition to 
AICSIP trials, station varietal trials and regional shoot fly nursery was 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. 

 All the pathology trials viz., AHT (GS &DP), AVT (GS & DP), IHT (GS & DP), IVT (GS & DP), I & AVHT (MC), IAVHT 
(SC) & IAVHT (SS) were conducted successfully. Sowing was done on 9th July and plants were inoculated on 8th 
August 2011. The inoculums was grown on autoclaved sorghum and dried. This was applied in the whorls of the plants 
at 30 days after sowing. Infector rows were planted with susceptible entry Kekri local. In view of the continuous rains 
received at Udaipur, congenial weather conditions prevailed which helped in the development of all the foliar diseases. 
The infector rows had 100% incidence of all foliar diseases viz., anthracnose, zonate leaf spot, leaf blight and sooty 
stripe. Since the crop was in soft-hard dough stage, the incidence of grain mold did not develop at this stage. Final 
observations will be recorded on 1-9 scale for all the disease at maturity of the crop. 

 
Deesa 
 The centre received 763.7 mm rainfall during kharif season (2nd July to 17th Sep 2011) with proper distribution. Most of 

the experiments were sown during last week of June, 2011, except that of multi-cut, which was sown on 27th April. All 
the trials were properly conducted and managed. The crop condition was very good. The soils are sandy (85% sand) 
and poor in water holding capacity. The crop was at dough stage but showing the symptoms of moisture stress due to 
low WHC.  

 Among breeding trials in IHT GS&DP, promising entries were IHT 3005 and IHT 3003 with stay green character under 
moisture stress conditions. IHT 3002 and 3024 were good for dual purpose. In IVT, entry 4004 was the shortest with 
smaller panicles. In IAVHT-MC forage sorghum, 2 cuts were already taken. IAVT-SC was already harvested. In 
Germplam evaluation for various traits, 249+ germplasm were evaluated.  

 Besides AICSIP trials, the centre had 9 state/station trials including one on demonstration of popular forage lines viz. 
GFS-4, CSV-21, GJ-42, GJ-39, GJ-36 and GJ-35. 

 In general the incidence of stem borer was 10-15% (leaf damage). Regarding the entomological trials, only one trail on 
evaluation of sorghum genotypes (F3 material) against midge was allotted to the centre as the incidence of midge was 
noticed during previous year. 

 
Surat  
 This centre received high and continuous rainfall during July and August (1200 mm till date). The crop was sown during 

7-10 July. All the trials were conducted properly and well managed. Due to delay in sowing, some of the entries were in 
flowering stage. Due to heavy soil and continuous moisture, inter-cultivation was difficult. This centre seems to be a 
hot-spot for mites. 

 In breeding trials promising entries were 3002, 3005, 3029, 3051 (IHT GS&DP); 1014, 1002, 1018, 1005 (AHT GS& 
DP); 7048, 7067, 7069, 7080, 7063, 7064 (IAVHT SS); 5007, 5027 and 5023, 5030, 5029, 5025 (IVHT MC). 

 In general the incidence of shoot fly was 8-10% in resistant checks and more than 70% in susceptible. The genotypes 
viz. 1018 and DJ 6514 were highly damaged by shoot fly (70-80%). Good work is going on in screening for shoot fly, 
stem borer, and mites. Separate trial was conducted for screening against mite. Fish meal application was not taken up 
as natural incidence of shoot fly was high. Some of the best performing entries in various trials were, 1018, 1011, 1005, 
2205, 4003, 4018, 6009, 5011, 7011, 7003, 7015, and 7005. In the fodder trial, 36, 66, 707 113 were good. Entry 103 
was highly susceptible.  

 The natural enemies of mites (Stethorus sp) were observed on some of the plants. Surat is a hot spot for mite 
incidence therefore; the work on evaluation of sorghum genotypes against mite should be conducted at Surat centre. 
Some of the genotypes viz. 7069 and 7067 were heavily damaged by mites. The leaf damage was 80-90%. 

 There were seven pathology trials. The date of sowing was 9th July 2011. The crop condition was excellent. The crop 
was in soft dough stage. The pathologist was advised to grow and maintain all susceptible checks for various diseases 
at Surat. Infector rows should be planted 20 days in advance of trial sowing date. He has to maintain culture of all foliar 
diseases, multiply on autoclaved sorghums and infect them at 30 days old seedling by whorl placement and record for 
development of diseases. He was also advised to provide sprinklers to get epidemic of sorghum grain molds. In case 
sprinklers are not available, he was advised to cover the panicles with cloth bags and spray water both in the early 
mornings as well as in the late evenings to provide high humid conditions which are congenial for the development of 
the diseases. 
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 Among agronomy trials on response of pre-released genotypes to fertility, lower fertility levels delayed the flowering of 
all the test genotypes. All the genotypes responded significantly up to 150% RDF. Performance of genotypes under 
varying dates of sowing: All the genotypes were performing well at 1st  (15 June) and 2nd (30 June) dates of sowing. At 
3rd (15 July) date of sowing, CSV 17 started panicle emergence. At the last date (30th July) sowing, CSV 23 was looking 
better but no panicle emergence so far. All genotypes were heavily infested with shoot fly at last date of sowing. 
Integrated weed management: Weed pressure was very high. In weedy check plot, very few sorghum plants were seen 
due to weed suppression effect. Tank mixed pre-emergence application of atrazine (0.25 kg/ha) + oxyfluorfen (0.15 
kg/ha) was promising for broad-spectrum weed control. 

 
Mangrol 
 This was a new research farm under NAU with 10 ha land. Two trials viz., AVT (GS) and AHT (GS) were taken up by 

the new team of scientists, who have joined recently. Because of heavy rains and poor drainage at the farm, some of 
the entries were washed out. They could not do proper inter-cultivation and also the thinning. Otherwise, some of the 
entries were promising. 

 In AVT, the performance of the entries 2007, 2006, 2005, 2010, 2003 was good. However lot of differences in 
replications were observed. Even within the replication also, because of variation in soil fertility, land level, water 
stagnation, there was no uniformity in the crop. In view of the non uniformity of soil, it is not advisable to take the data in 
to consideration.  

 
Recommendations:  

 At Udaipur, more emphasis should be given on dual-purpose and forage sorghum, as the area under grain 
sorghum in Rajasthan is very meager. 

 Similarly in Deesa also, more emphasis should be given on dual-purpose and forage sorghum. The post of 
Agronomist at this centre is lying vacant since last one year. Efforts should be made to fill up this post at the 
earliest. 

 Surat centre may be notified as hot-spot for screening against mites. 
 At Mangrol, proper drainage and land leveling of the farm is required before planning for the next season. 

 
Jhansi  
 Total 7 trials viz., AHT-GS&DP, IHT-GS&DP, AVT-GS&DP, IVT-GS&DP, IAVHT-SC, IAVHT-MC and Evaluation of local 

fodder sorghum checks have been taken up.  
 The crops in GS&DP trials were in flowering stage. Crop stand was affected due to heavy rains received after sowing. 

No local check was included in the trials. In the AHT-GS&DP, about 35 plots had < 5% deadheart due to shoot fly while 
about 30 had moderate tolerance with 5-10% deadheart. 

 Plant population was very poor in some of the entries in IHT-GS&DP, AVT-GS&DP, IVT-GS&DP, and IAVHT-SC. Leaf 
folder damage was noticed in some of the entries. No flowering was observed in IHT-GS&DP and AVT-GS&DP. Plant 
stand and crop condition is very poor in IAVHT-SC, trial is nearly vitiated and no data are expected.  

 Heavy incidence of foliar diseases was observed in many of the entries in local check trial. Some of the entries were 
purple types. 

 Two cuts were taken in IAVHT-MC and the stubbles were irrigated for regeneration. The trial was sown on 7.5.11; 1st 
cut was taken up on 10.7.11 and 2nd on 4.9.11. No regeneration was noticed in many of the entries. Entry 5009 
recorded high biomass in 1st (87 kg/plot) and 2nd (41 kg/plot) cut compared to SSG 59-3 (70 kg/plot and 32 kg/plot, 
resp.) followed by 5005 (79 kg/plot and 31 kg/plot, resp.). There was no regeneration after 2nd cut in 5031, 5030, 5022 
while 5044 and 5002 showed good regeneration. Heavy foliar diseases incidence was noticed in this trial. 

 Segregating materials have been raised under Breeding nursery for disease resistance. One BMR line, IS 218872 had 
very prominent brown mid-rib with short height. 
 

Mauranipur  
 There were 5 Breeding AICSIP trials. The crop condition was very good in all the trials except one agronomy trial. The 

breeding trials were sown on 6.7.11 and most of the entries were in grain filling stage. A local check ‘Bundela’ (SPV 
1388) was included in all the trials. Some promising entries were 1004, 1014, 1018. 

 There were 3 station trials: SVT with 8 entries in 3 replications; PYET with 15 entries in 3 replications; Mutant trial with 
4 entries in 3 replications. The local checks like Hathi Khootha, Vijetha and Mau Type 1 were included in SVT. In the 
PYET except a few all were very tall and late flowering types and suited for DP. The physical mutants for better seed 
size were evaluated under Mutant trial; all the entries were very tall and late.    

 Two agronomy trials were conducted. Trial on response of pre-released sorghum genotypes to different fertility levels 
was executed as per the technical program. It was sown on 08-07-2011. The trial management and book keeping was 
good. Crop growth and expressions were optimum. No incidence of major pests and diseases were noticed. Good 
response to applied fertilizers by all the test genotypes was noticed even upto 150% RDF (F3). Progressively enhanced 
vegetative and reproductive attributes were observed with each incremental application of fertilizers from 0% RDF to 
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150% RDF. Among the genotypes investigated, SPH 1651 found to be superior in terms of growth and expressions 
which was followed by SPH 1635. SPH 1641 appeared to be very late (as it did not attain flag leaf stage).  Contrast to 
this, CSH 23 was found very early with short stature. SPH 1651 found to express better even at 100% RDF. 

 Second agronomy trial on Assessing the performance of sorghum genotypes in changing climate was executed in 
accordance to the technical program. The trial was sown on four different dates as per the treatment requirement (D1 - 
20-06-2011, D2 - 05-07-2011, D3 - 20-07-2011 and D4 - 05-08-2011). The trial management and book keeping was 
good. Crop growth and expressions were optimum. No incidence of major pests and diseases were noticed. Among 
different sowing dates, D2 (05-07-2011) and D3 (20-07-2011) manifested optimum crop growth and development. Late 
onset of monsoons adversely affected the germination and establishment of the crop in D1 (20-06-2011). The late sown 
crop (D4 i.e., 05-08-2011) resulted in very poor growth and plants were stunted. Too much delay in sowing time seems 
to hinder the crop growth adversely. Poor plant stand in D4 might be due vulnerability of crop to shoot fly under late 
sown conditions. Among various genotypes tested, CSH 16 appeared to be better in terms of growth and expressions. 
CSV 23 appeared to be very late. This entry even under first date of sowing (20-06-2011), found to be still at pre-
booting stage. 

 
Suggestions made: 

 It is suggested to have proper bunding around the fertilizer treatmental plots in order to arrest fertilizer drift and to 
have proper expression of the treatments. 

 
Pantnagar  
 There was heavy rainfall during both July and August and the total rainfall has crossed 2000 mm during this year. All 

the trials were sown timely (15-17 June). There were 9 Breeding trials and 7 Plant Pathology trials. Because of excess 
rainfall, plant stand and grain filling in breeding trials have been severely affected in some of the trials. There was 
forced senescence due to incessant rainfall. 

 Apart from AICSIP trials, there were 2 State trials on SC and MC forage. A varietal museum with all the released fodder 
and DP types was also raised. Pant Chari-5 has stay green nature, sweet and juicy stem with GFY of 500-600 q/ha. 
Pant Chari-6 (UPMC 503) was released as MC fodder variety at State level. Pant Chari-7 has been released as SC 
variety in October 2010. Pant Chari-8 (UTMC 535) is the MC variety in pipeline.  

 The IAVHT-SC was sown on 15.6.11 and harvested at 50% flowering or 85 DAS. Rampur Local was the local check. 
Plot size was 20 m2. The IAVHT-MC was sown on 29.4.11. 1st cut was taken on 28.6.11 (60 DAS) and 2nd cut on 
14.8.11. The trial was ready for 3rd cut. MP Chari was the local check. Plot size was 10 m2. There was good to very 
good regeneration in most of the entries (5002> 5009> 5003> 5007> 5005> 5006> 5008> 5011> 5010> 5004). Stubble 
rotting was noticed in many entries, and the monitoring team suggested taking observation on survival rate of stubbles. 
In the evaluation of local checks, there were 19 entries in 3 replications, with a plot size of 3 m2.  

 Apart from AICSIP trials, breeding materials for basic genetic research comprising of 27 F1s, 17 F2s, 174 progeny rows 
of F3s, 175 progeny rows of F4s, 121 progeny plots of F5s, 98 progeny plots of F6s and 17 progeny plots of F7s were 
also planted. A total of 334 germplasm accessions are being characterized for fodder traits. Male sterile lines (42 pairs) 
and crossing block (41 entries) were planted on 30.8.11 for maintenance/seed increase.  

 Seven Plant Pathology trials were taken up. Incidence of foliar diseases under artificial inoculation was very severe. 
High incidence of Anthracnose and ZLS was observed in local check – Pusa Chari-23. In case of IAVHT-MC, incidence 
of foliar diseases was less in the tillers appeared after 2nd cut. Some of the moderately tolerant entries identified were 
as follows: 1014, 1013, 1043, 1049, 1075 (AHT-GS&DP); 2007, 2008 (AVT-GS&DP); 3007, 3046 (IHT-GS&DP); 6007, 
6005, 6048, 6044, 6052 (IAVHT-SC); 7001, 7039 (IAVHT-SS).  

 Two agronomy trials were conducted. Trial on Evaluation of sweet sorghum genotypes for single cut fodder at different 
nitrogen levels and seed rates was implemented as per the technical program. It was sown on 14-06-2011. The trial 
management and book keeping was good. Crop growth and expressions were optimum. In most of the test entries no 
incidence of major pests and diseases were noticed. However, CSV 19SS found to be highly susceptible to leaf spot 
diseases. Growth and development of all the entries were found to be highest at 120 kg N/ha. Among the genotypes 
investigated, SSV-74 found to be superior in terms of growth and expressions which was followed by SSV-84. The 
check entry S-308 was also found to result in better growth. Dense planting at seed rate of 60 kg/ha likely to produce 
the highest biomass. Trial on Response of pre-released sorghum genotypes to different fertility levels was sown on 11-
06-2011. Crop growth and expressions were average. Plant stand in majority of test genotypes was inadequate. 
Varying degree of leaf spot disease incidence was noticed in all the genotypes. CSV 19SS was severely affected by 
leaf spot diseases. Among various genotypes tested, SPSSV 40 appeared to be the best in terms of growth and 
expressions. Good response to applied fertilizers by all the test genotypes was noticed even upto 150% RDF (F3). 
Progressively improved vegetative and reproductive attributes were observed with each incremental application of 
fertilizers from 0% RDF to 150% RDF. 
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Suggestions made: 
 Keep up the appropriate plant stand in agreement with the varying seed rates. 
 Maintain adequate / appropriate plant population which is a pre-requisite for obtaining statistically valid agronomic 

data on yield and economics. 
 
Meerut 
 The total rainfall received up to September 2011 was 417 mm as against a normal of 720 mm  
 The crop was stressed and shoot fly and stem borer damages were noticed 
 There was high weed infestation in the plots and plant protection measures were inadequate 
 In general the forage sorghum trials were not up to the mark 
 The entries 6009 (SC), 5050 and 5047 in multi-cut were found promising for forage yield  

 
Hisar 
 In general, trials were managed well 
 In the IAVHT (Multi-cut), two cuts were completed and the entries 5023 and 5051 were promising for yield in the 1st 

cuts 
 In the IAVHT (single-cut), there was heavy infestation of stem borer and the incidence of gray and zonate leaf spots 

was high. The local check HJ 541 was quite promising 
 In the AHT (GS and DP), the entries 1005 and 1049 were promising 
 In the IHT (GS and DP), the entry 3025 and in IVT (GS and DP), the entries 4002, 4048, 4038 were promising 
 The tan SSG mutants were performing well in terms of leaf disease resistance 
 In the agronomy trial on sweet sorghum, there was heavy infestation of stem borer on SSV 84 and SSV 74 while CSV 

19SS and HC 308 suffered least damage and performed better at 100%RDF. 
 In the entomology trials, even the resistant check IS 2205 suffered damage 
 
Ludhiana 
 Similar to Hisar, the IAVHT (Single-cut) suffered from heavy leaf disease incidence. The entries 6043, 6001, 6029, 

6050 and 6041 were early while 6041 was highly susceptible to stem borer. 
 The expression of grain sorghum was quite impressive as against the forage sorghum.  
 In the AHT (GS and DP), the entries 1020, 1042, 1009, 1015 and 1005 were promising. 
 In the AVT (GS and DP), the entries 2007 and 2029 were tall and dual-purpose types 
 The entry SL 44 was quite early. 
 In the seed yield trials, the entries 8007, 8001, 8016, 8014, 8012, 8028, 8026 and 8022 were early to flower. 
 In the IAVHT (SS), the entries 7017, 7005, 7048, 7043, 7061 and 7074 were early to flower. 
 The entries 7007, 7016, 7020 exhibited very thick stalks while 7035 was a high biomass entry (>5m). 
 
Suggestions: 

 Interdisciplinary approaches may be practiced while breeding for shoot fly and stem borer resistances 
 Trial fund for voluntary centres should reach to the concerned authorities in time and it should be increased 

substantially as present amount is inadequate 
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Report on monitoring of AICSIP trials - Rabi 2011-12 
 

Prabhakar 
Centre on Rabi Sorghum (DSR), Solapur 

 
Center Team members Dates 

Rahuri HS Talwar, Prabhakar, SP Mehtre DG Daware, RM Kokate and 
DT Deshmukh,  

January 5, 2012 

Solapur and Bijapur SS Rao, Sujay Rakshit, AD Pawar and  DB Pawar  January 17-18, 2012 
Dharwad Prabhakar, IK Das and Sashidhar Reddy January  4 and 18, 2012 
Phaltan MS Raut and Prabhakar January 28, 2012 
Parbhani , Akola and Washim TG Nageswara Rao, S Ravi Kumar, BD Biradar and AP Biradar February 7-9, 2012 
Surat and Tanchha  SR Gadakh February 14,  2012 
Tandur K Shyam Prasad, VS Kupsab and ST Kajjidoni February 20, 2012 

 
 

Highlights 
 
MPKV, Rahuri  
 In general, the plant populations in AICSIP breeding trials were less than the optimum. However, the plant population in 

all other station trials and breeding materials were satisfactory. 
 In hybrid development programme, two new promising CMS lines are in final stages of stabilization. The regular CMS 

lines, 185A and 1409A are being used for making experimental hybrids. 
 Under the trial on ‘evaluation of rabi sorghum genotypes at different fertility levels’, there were apparent differences in 

performance under different fertility levels and genotypic variations were evident.  
 Under the irrigated trials, there were clear differences amongst the fertility levels, with F3-150% RDF (120:60:60 NPK 

kg/ha) showing better performance..  
 In the Enhancement of kharif fallow rabi sorghum productivity through in-situ moisture conservation trial, the treatments 

C1-Compartmental bunding during kharif and flat sowing in rabi; and C2- Tide ridging during kharif at 3.60 m and flat 
sowing in rabi were promising. 

 All the physiology trials were good and required data set was recorded 
 

Parbhani 
 The rain fall was less (677.5mm) than normal at Parbhani. Although Kharif situation was good but rabi was badly 

affected due to poor rains in the month of October. The first experiment related to integrated nutrient management in 
rabi sorghum was sown on 04 November 2011. The cultivar CSV 22R was sown across all the treatments, sub- plot 
treatment differences between control and external application of nitrogen were not visible at this stage of monitoring. 

 In the experiment related to integrated nutrient management in kharif sorghum based cropping system (Sorghum-
Chickpea) chickpea, the kharif season treatments influence on chickpea during rabi were not visible at this stage of the 
expt., since this was the first year of the crop rotation.  

 In the experiment related to mandatory evaluation of improved rabi sorghum cultivars across variable fertility levels, the 
rabi hybrids SPH 1663 as compared to CSH 15R (check) & SPV 2034 as compared to CSV 22 (check) were visually 
promising. 

 In the new hybrid development programme 16 MS lines and 18 restores were utilized to produce new hybrids. To 
develop early maturing terminal drought tolerant hybrids 22 MS lines and 12 restorers were utilized.   

 In the maintenance breeding programme, nucleus seed production programme was organized in the four varities 
SPV1411,CSV18 SGS8-4 and SPH 1641 

 
Akola  
 A total of 60 AB pairs were maintained. .Majority of these were having bold and lustrous grains In addition 152 restorers 

and 188 F3 lines derived from 15 crosses were sown. One 8x8 diallel was laid out 
 
Wasim 
 In the 2 multi-location trials, 3 entries were found promising. 
 
Dharwad  
 In general, the plant populations in AICSIP breeding trials and all other station trials were optimum.  
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 Besides coordinated trials, one multi-location state varietal trial, 2 station varietal trials, 262 germplasm lines, 236  
minicore collections, 260 breeding lines, hybrid and varietal trials received from CRS (DSR), Solapur and other 
segregating breeding materials were evaluated. 

 Sorghum downy mildew (SDM), rust and tar spots were commonly observed on almost all entries. Systemic infection of 
DSM was severe in a few entries in AVHT and IVHT in which 30 to 40% plants were dead by SDM. Apart from 
systemic infection there were moderate to high incidence of local lesions.  

 Some of the released varieties (in demonstration plot) such as DSV4, Annigeri, Phule Panchami and CSH15R recorded 
quite high incidence of SDM local lesions. Shoot fly dead heart ranged from 32 to 48% on resistant IS 2312 and 86 to 
100% on susceptible DJ 6514 in different trials.  

 In general, plant stand was low in most of the agronomy trials. As per the scientists concerned, poor seed germination 
and shoot fly incidence were two main reasons for the poor plant stand.  

 The impact of soil and moisture conservation practices on crop was not distinct most probably because of insufficient 
rainfall during kharif season..  

 
Solapur: 
 The total rainfall received (761 mm) at Solapur was close to normal. The actual distribution of rainfall indicated that 

there was rainfall received during boot and anthesis stages.  Because of failure of rainfall around PI stage (40-45 DAS); 
the crops sown in shallow to medium soil have failed to emerge their heads.  

 In 2 breeding trials (IVHT-SS, AVHT-SS), poor ear head emergence was recorded due to moisture stress during GS 2 
& 3. Nucleus and breeder seed production of parental lines of CSH 15R was also taken up.  

 Seed production of Phule anuradha, RSV 673, 104A and RS 585 has taken up at Mulegaon Farm.  
 Station breeding trials comprising varietal and parental lines development programme was good condition, though 

effect of drought was noticed.  
 At Solapur ADR four AICSIP trials, viz., IVHT SS, AVHT SS, IVHT DS and AVHT DS were conducted very nicely. Data 

book maintenance and quality of execution of experiment were satisfactory. 
 Evaluation of pre-release cultivars for fertility response indicated that cv SPV 1830 and SPH1620 had better 

performance, while growth and biomass increased with increased fertility levels.  In in-situ moisture conservation trials, 
compartmental bunding and flat bed sowing followed by furrow opening in alternate rows were found promising.   

 In response to rabi sorghum to irrigation scheduling, irrigation at Panicle initiation, boot and 50% flowering was 
promising. 

 The trials were organized as per technical program.  Drought stress symptoms were severe due to depletion of soil 
moisture beyond permanent wilting point. . 

 Sorghum Pathology trials (AVHT-DS & IVHT-DS) were laid properly and crop stand was satisfactory. 
 
Bijapur 
 At Bijapur, the total rainfall received was close to normal.  The distribution pattern was similar to Solapur where in, 

severe drought stress conditions were prevailing from boot stage on wards due to failure of rains in November 
coinciding Panicle Initiation stage.   

 All the trials in breeding, pathology and physiology were conducted as per technical program.  Severe drought stress 
symptoms were prevailing in shallow soils due to that some entries fail to produce ear heads.   

 Four AICSIP (IVHT-SS, AVHT-SS, IVHT-DS and AVHT-DS) were conducted following proper agronomic practices. 
Trial execution quality was very good. In shallow soil experiments excessive lodging was recorded due to severe 
drought and strong wind.  

 Under station and collaborative trials four hybrid trials are being executed. Some of the B lines look to be very 
promising and may directly be used as variety. Seed production programme for M 35-1, 5-4-1, DSV 4, DSV 5 and CSV 
216R were also taken up.  

 Promising entries listed with drought adaptive features include Mardi local, Yadgir local, Honward local in preliminary 
evaluation, RSV 1098, BJV 116, BRJ 204, in medium soil and CRS 20, CRS 15 and BJV 116 in shallow soil were 
promising. 

 Four trials (AVHT-DS, AVHT-SS, IVHT-DS, and IVHT-SS) have been laid properly and the condition of trials was good. 
Incidence of leaf blight was slight to moderate. Incidence of stripe virus was slight 

 
Phaltan  
 All the AICSIP trials were sown during 2nd and 3rd week of October (8-23 Oct) utilizing available soil moisture.  
 In general, the plant populations in AICSIP breeding trials and all other station trials were satisfactory. 
 Besides coordinated trials, 20 station trials on testing breeding materials developed for grain and sweet sorghum, 

experimental hybrids of grain and sweet sorghum and evaluation of CMS lines. Rabi germplasm lines, mostly locals 
were also evaluated. 
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Tandur   
 The center conducted 2 breeding trials, 4 agronomy trials, 4 entomology trials under AICSIP. Apart from this 

preliminary evaluation of diverse germplasm for rabi adaptation, advanced drought adaptations germplasm trial- 
medium soil, trial on drought and Rabi germplasm evaluation were taken up. 

 All the experimental were neatly maintained, labeled and well conducted. The data books were up to date. 
 The shoot fly infestation ranged from 5 – 80 % DH. There was 6 – 70 % borer infestation in terms of dead hearts  
 Evaluation of advanced sorghum genotypes to fertility levels. SPV 2049, SPV 2035 were found performing well based 

on growth expression. No visible effect of fertility levels observed. 
 INM in Rabi sorghum: Dhaincha rotated with sorghum at all N levels was found promising. 
 Scheduling of irrigation in Rabi sorghum: Irrigation at 35 DAS found promising. 
 The entomology trials suffered extensive pig damage. The crop needs to be protected from Pig damage by erecting 

strong fence around the field.  
 
Tancha  
 In IVHT, plant population is less than 50% in each plot. Germination is less due to less moisture available at the time of 

sowing.  
 In AVHT, there was no plant stand in RI, RII and RIII. Each replication having very poor per plant stand due to lack of 

germination 
 

 
Detailed report 

 
MPKV, Rahuri (January 5, 2012) 
 
Monitoring Team:  Drs HS Talwar, Prabhakar (DSR, Hyderabad and Solapur), SP Mehtre DG Daware and RM Kokate 
(MAU, Parbhani) and DT Deshmukh, PDKV, Akola. 
 
General: Rahuri also received 506.0 mm of rain fall, which is about 97% of the normal rainfall. During rabi season, the 
amount of rain fall was 113.9 mm in 11 rainy days, which helped to establish the crop. All the experiments were well 
established and the crop growth was good. 
 
a) Breeding 

Main observations in AICSIP breeding trials at Rahuri-Rabi 2011-12 
 

Name of 
trial 

DOS Crop/ trial 
conditions  

Main finding / observations Suggestions Remarks if any 

AVHT  
(Deep soil)  

30/09/11 Grain 
filling 
stage  

1. Some genotypes were lodged due to storm 
occurred on Dec 30. 
2. Promising genotypes on the basis of visual 
observations  
R- I – 102, 103, 104, 106, 111,112 
R – II – 123, 125 , 132 
R – III -  142, 144, 148, 151,152 

Mechanical 
damaged due to 
lodging need to be 
recorded   

1.Trial & field record were
well maintained  
2.  In R-II genotype code no.
131 showed poor plant stand 

IVHT (Deep 
soil)  

30/09/11 Grain 
filling 
stage  

Some genotypes were lodged due to storm 
occurred on Dec 30.  
Promising genotypes -visual obser. 
RI –301,304, 305, 309,310,311, 312  
R II –333,343,342, 349,33, 344, 345  
RIII -  367, 371, 362, 378,369,377 

Mechanical 
damaged due to 
lodging need to be 
recorded   

Trial & field record was well 
maintained  

Experiment
al Hybrids   
(Dr. 
Prabhakar)  

17/09/11 Grain 
filling 
stage  

Promising genotypes -visual obser.  
R- I – CN.11, CN.12 & CN.16 
R – II – CN.11, CN.12. CN.18 
R – III -  CN.7, CN.11, CN.12 

Sterility percentage 
in hybrids need to 
be recorded  

Trial & field  record was well
maintained  
Hybrid trial need to be
conducted in rainfed &
irrigated condition.   

Initial – cum- 
Advanced 
sweet sorghum 
varietal & 
Hybrid Trials  

29/09/11 Grain 
filling 
stage  

Promising genotypes-visual obser.   
R- I – 7003, 7009 & 7013 
R – II – 7036 & 7038 
R – III -  7063, 7064 & 7066 

Irrigation may please 
be given if required   

Same trial was conducted
during kharif season the
thermo-sensitive geno  may
be recorded  

Development 
of new 
hybrids. 
Inter 
institutional 

20/09/11 Grain 
filling 
stage  

22 CMS lines from DSR, Hydrabad were 
planted along with 10 R lines from Rahuri centre
& total 97 hybrids were developed during rabi 
2011-12.  

Synchronized DOF 
in parental block 
need to be 
recorded  

Crossing block was well 
maintained  
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Name of 
trial 

DOS Crop/ trial 
conditions  

Main finding / observations Suggestions Remarks if any 

Hybrid Trial 
(Sanjana 
Reddy) 

Evaluation 
of DSR 
germplasm 
trial 

11/10/11 Grain 
filling 
stage  

500 germplasm lines received from DSR 
Hyderabad were planted and promising 
genotype were marked and selfing was done.  

Top 10 germplasm 
lines on the basis of 
yield & resistance to 
biotic and abiotic 
stresses need to be 
evaluated at different 
locations.  

Trial was well maintained  

 
 In general, the plant populations in AICSIP breeding trials were less than the optimum. However, the plant population in 

all other station trials and breeding materials were satisfactory. 
 In hybrid development programme, two new promising CMS lines are in final stages of stabilization. The regular CMS 

lines, 185A and 1409A are being used for making experimental hybrids. 
 In demonstration plot released genotypes from other centers need to be demonstrated 
 Besides strong varietal development programme at Rahuri, the centre should also make more experimental hybrids 

utilizing CMS lines 185A, 1409A, 104A and two new CMS lines with promising locals and available R lines and test 
their suitability in deep soils and under irrigated conditions. 

 
b) Entomology 

Trial name DOS Crop conditions in response to 
biotic & abiotic stresses 

Remarks Suggestion 

SFR-F5 32 
entries 

9-10-11 Good, 2 irrigations after sowing SF 10-70% 011 observation taken, no 
shoot bug stem borer 5-20% 

nil 

AVHT (20,DS) 5-10-11 Good, 2 irrigations after sowing Aphid: 7-8; SF: 11-85%; Shoot bug: nil; 
Stem borer: 5-28% 

nil 

IVHT (5S, 22) 5-10-11 Good, 2 irrigations after sowing SF: 13-76%; Shoot bug: nil; Stem 
borer: 5-28% 

nil 

APSHN (28) 17-10-11 Good, poor germination in some entries Aphid: 3-8 ; Shoot bug: nil Sowing should be 
late in November 

AVHT (5S, 18) 5-10-11 Good, poor germination in some entries SF: 15-71%; Shoot bug: nil; Stem 
borer: 5-20 % 

nil 

IVHT (D5, 27) 5-10-11 Good, poor germination in some entries SF: 16-70%; Shoot bug: nil; Stem 
borer: 6-15% 

nil 

DTR (25) 5-10-11 Good, poor germination in some entries SF: 25-87%; Shoot bug: nil; Stem 
borer: 7-15% 

nil 

AFSN 5-10-11 Good, poor germination in some entries SF:22-73% 
 

nil 

 
c) Agronomy 
 All the rain fed trials were conducted in good field management.   
 The plant population & overall growth was satisfactory  
 Under the trial on ‘evaluation of rabi sorghum genotypes at different fertility levels’, there were apparent differences in 

performance under different fertility levels and genotypic variations were evident. Among the genotypes, SPH-1663, 
SPV-2049, SPV-2033 and SPV-RSV-1098 relatively looking better than check CSV-22R and CSH-15R.   

 Under the irrigated trials, there were clear differences amongst the fertility levels, with F3-150% RDF (120:60:60 NPK 
kg/ha) showing better performance. Amongst the seven genotypes, SPH-1620, SPV-1830, SPV-1833 and the check 
CSV-22 performed better irrespective of fertility levels.  

 In the Enhancement of kharif fallow rabi sorghum productivity through in-situ moisture conservation trial, the treatments 
C1-Compartmental bunding during kharif and flat sowing in rabi; and C2- Tide ridging during kharif at 3.60 m and flat 
sowing in rabi were promising. 

 
d) Physiology 

 
Name of trial DOS Entries + 

checks 
Crop conditions Remarks if any 

ADA germplasm trial in 
shallow soil  

21/09/11 12+4  Good, requited data set 
was recorded 

nil 

ADA germplasm trial in 
medium soil  

21/09/11 12+4  Good, requited data set 
was recorded 

To improve for drought tolerance in medium soil, we 
need concentrate more on root traits. 

Preliminary evaluations 21/09/11 45+3  Good, requited data set nil 
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Name of trial DOS Entries + 
checks 

Crop conditions Remarks if any 

of diverse germplasm  was recorded 
Evaluating the sorghum 
plant types for root 
characteristics  

15/10/11 9+4  Good, requited data set 
was recorded 

Care need to be taken that roots of adjacent 
genotypes should not be intermingled. Think of put 
partition in between the genotypes 

Physiological studies of 
Rabi sorghum 
genotypes in context 
with climate change 

As per 
sowing 
dates 

6  Good, requited data set 
was recorded 

Good trial to know the effect of different regimes of 
temperature on different growth phases. Met data 
and soil moisture need to be monitored regularly. 
Studies on pollen viability/pollen germination in three 
sowing may be planned for next season 

Evaluation of sorghum 
lines for drought 
tolerance (NICRA 
project) 

11/10/11 50+6 Plant population was 
less, 10-20% plants 
were infested by shoot 
fly attack, post flowering 
stress was imposed. 
Green leaf area at 
flowering was 
measured. Regular soil 
sampling was taken  

Need to take intensive plant protection measures to 
control, particularly, shoot fly infestation. 
 
Green leaf area retention to be scored regularly at 
10-15 days interval. 

 
 

Parbhani, Akola and Washim (February, 7-9, 2012)  
 
Monitoring team: TG Nageswara Rao, S Ravi Kumar, BD Biradar and AP Biradar 
Season:  This rabi sorghum situation is very bad as the rainfall was too less and in most of the fields the crops did not 
germinate well. Further cold at flowering in certain areas affected in flowering and grain filling.. All the basic information on 
weather and crop condition in general were collected. 
 
Parbhani 
a) Pathology 
All the four pathology trials were sown as per the plan along with kekri local as check on the first fortnight of October 2011. 
However the soil sickness has to be improved further by adding inoculums regularly to the fields by growing susceptible 
variety viz., CSV-8R continuously in the same field. Further soil application of inoculums in furrows at the time of sowing was 
advocated. The tooth picks are to be thoroughly washed before inserting them in the both les so as to remove all toxic 
materials, then PDB is to be poured and the bottles are to be autoclaved. All the bottles are to be inoculated thoroughly with 
young culture of Macrophomina. After a fortnight all bottles are to be shake thoroughly so as to be mixed thoroughly. 
Abundant sclerotial formation must be observed before inserting them in the test plants.  
 
b) Agronomy 
There were three Agronomy expts. that were being conducted during rabi 2011-12. While two of them were related to 
integrated nutrient management, the third was the mandatory experiment evaluating advanced sorghum genotypes to 
fertility levels in a rainfed rabi environment. 
 

   
Agron Expt. I Agron Expt. II Agron Expt. III 

 
The first experiment related to integrated nutrient management in rabi sorghum was sown on 04 November 2011. The 
cultivar CSV 22R was sown across all the treatments which consisted of the following: 
 
Main plot (Kharif):                             Sub Plot:  

1. Cowpea fodder 1. Control (No external input) 
2. Green gram 2. 20 kg N per ha. 
3. Dhaincha 3. 40 kg N per ha. 
4. Fallow 4. 60 kg N per ha. 
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CSV 22 was in grain filling stage and legume incorporation at the end of  kharif  season has long term consequences on rabi 
sorghum. The sub- plot treatment differences between control and external application of nitrogen were not visible at this 
stage of the expt. 

 
 
In the second experiment which was related to integrated nutrient 
management in kharif sorghum based cropping system (Sorghum-
Chickpea) chickpea was sown on 23 November 2011. The cultivar 
BDN 797 was sown across all the treatments which consisted of the 
following kharif treatments: 
 
 
 

Main plot :                       Sub Plot:  
1. Vermicompost 1. Control (No external input) 
2. Farm yard manure 2. 50 kg N per ha. 
3. FYM + Vermicompost 3. 75 kg N per ha. 
4. Control 4. 100 kg N per ha. 

 
The kharif season treatments 
influence on chickpea during rabi 
were not visible at this stage of the 
expt., since this was the first year of 
the crop rotation. 

 
 

 
The kharif season treatments 
influence on chickpea during rabi 
were not visible at this stage of the 
expt., since this was the first year of 
the crop rotation. 

 
 
The third experiment related to mandatory evaluation of improved rabi sorghum cultivars across variable fertility levels was 
sown on 13 October 2011. The rabi improve hybrids and varieties along with the checks were as follows: 
 
Main plot :  Sub plot:      

1. Native fertility 1. SPH 1663 4. SPV 2033 8. M 35-1 
2. 50% of RDF 2. SPH 1666 5. SPV 2034 9. CSV 22 R 
3. 100% of RDF   6. SPV 2035   
4. 150% of RDF 3. CSH 15R 7. SPV 2049   

 
Among the rabi hybrids SPH 1663 
as compared to CSH 15R (check) 
& SPV 2034 as compared to CSV 
22 (check) were visually promising. 
 
To attain interaction effect between 
fertility level & genotypes the 
Agronomist was advised to take an 
appropriate crop prior to rabi 
sowings so as to exhaust excess 
soil nitrogen.  
 
Creating a fertility gradient should 
help identify cultivar differences in 
terms of their potential to exploit a 
given nutrient environment. 
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c) Breeding 
The rain fall was less (677.5mm) than normal at Parbhani. Although Kharif situation was good but rabi was badly affected 
due to poor rains in the month of October. The lower minimum temperature was also less than normal during December 
which affected seed setting. In AICRP programme Three trials were laid out Viz., Advnaced varietal cum hybrid trial (12+1) , 
Initial Varietal  cum Hybrid trial (19+1) and parental line trial (27) .All the tree trials were sown on 11.10.2011. The layout 
was as per satirical requirements and the plant stand was optimum. Some of the promising entries in AVHT were 
105,108,110in R-I, 121,122,125in R-II and 141,142,144in R-III. In IVHT in R-I 301,305,318 were promising, while in R-II 
335,341,342,334,348 &345 were promising and in R-III 361,363,373,379 were promising. In the parental line trial entry No 
521,522 and 525 in R-I were promising and in R-II 531,538,540,543 and 553 were promising and in R-III 564,574,579 and 
583 were promising. In the state level evaluation two trails were laid out one in rainfed and the other with irrigation. Both the 
trials had 20 entires each. In the rainfed trial entry number 4,5,9,19 were promising and under irrigation 16,17,19 in R-I and 
10,14 and 16 in R-II. 
 
In the breeding material a total of 25 A/R pairs (10 rabi based and 15 kharif based material) were maintained. In the new 
hybrid development programme 16 MS lines and 18 restores were utilized to produce new hybrids. To develop early 
maturing terminal drought tolerant hybrids 22 MS lines and 12 restorers were utilised.  A total of 15 BxB crosses eight BxR 
crosses and 30 RxR crosses were effected and will be evaluated in the subsequent years. A total of 115 germplasm lines 
were evaluated for grin and fodder and aphid tolerance. 
 
Marker assisted F3 progenies were evaluated for high grain and fodder yield and tolerance to shootfly.In the maintennece 
breeding programme nucleus seed production programme was organized in the four varities SPV1411,CSV18 SGS8-4 and 
SPH 1641 
 
Akola  
A total of 60 AB pairs were maintained. .Majority of these were having bold and lustrous grains In addition 152 restorers and 
188 F3 lines derived from 15 crosses were sown. One 8x8 diallele was laid out 
 
Wasim 
Two state MLT were laid out. Three entries were found promising. 
 
Concerns expressed by the centres: Parbhani: Frequent changes in staff in AICSIP are causing lot of problems and many 
posts are still vacant which are not filled by the University. Dr. Kokate is a senior sorghum breeder who has been working for 
the last several years has been transferred to other station.  Akola: Agril Asst post is vacant and needs immediate filling. 

 
UAS, Dharwad (January 4 and 18, 2012) 
Team:  Dr. Prabhakar (Team Leader), Dr. IK Das, Sashidhar Reddy (members). 
 
Climatic situation and crop condition: All the AICSIP trials were sown during 2nd and 3rd week of October (8-23 Oct) utilizing 
available soil moisture. During October an excess rainfall of 91.1 mm was received which helped for timely sowing of rabi 
experiments. However, post germination period was mainly dry. November month received 86% less rainfall than normal 
rainfall. The germination and crop stand was satisfactory in most of the trials barring a few. The crop was at grain filling 
stage in majority of the trials at the time of this visit. Because of medium to medium-deep soil, effects of post flowering 
drought were not visualized prominently in these trials. 
 
a) Breeding 
  
In general, the plant populations in AICSIP breeding trials and all other station trials were optimum. Promising genotypes in 
AICSIP breeding trials are as follows 
 

Name of trial Date of sowing Main finding / observations 
AVHT (DS)  8-10-2011 Promising genotypes: 105. 101. 110, 104, 106, 121, 122, 126, 121, 128 
IVHT (DS) 7-10-2011 Promising genotypes :305, 315, 306, 308, 318 

 
Besides coordinated trials, one multi-location state varietal trial, 2 station varietal trials, 262 germplasm lines, 236  minicore 
collections, 260 breeding lines, hybrid and varietal trials received from CRS (DSR), Solapur and other segregating breeding 
materials were evaluated. 
 
b) Pathology 
 Visited AVHT-DS, AVHT-SS, IVHT-DS, IVHT-SS, germplasm, SDMN and CR management trials.  
 Sorghum downy mildew (SDM), rust and tar spots were commonly observed on almost all entries.  
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 Systemic infection of DSM was severe in a few entries in AVHT and IVHT in which 30 to 40% plants were dead by 
SDM. Apart from systemic infection there were moderate to high incidence of local lesions. Some of the released 
varieties (in demonstration plot) such as DSV4, Annigeri, Phule Panchami and CSH15R recorded quite high incidence 
of SDM local lesions. 

 Charcoal rot was not observed most probably because of the stage of the crop which was in grain filling stage.   
 
c) Entomology 
 Visited AVHT-DS, AVHT-SS, IVHT-DS, IVHT-SS, B&R lines and ASFN trials that were conducted for evaluation of 

resistance to shoot fly. 
 Shoot fly dead heart ranged from 32 to 48% on resistant IS 2312 and 86 to 100% on susceptible DJ 6514 in different 

trials. 
 As per observations recorded by entomologists at 28 DAS, no entry in AVHT-DS, IVHT-DS, IVHT-SS and in B&R lines 

was resistant (≤40% DH) to shoot fly. Entry 207 (33% DH) in AVHT-SS was promising. 
 Some entries in ASFN (e.g., 804, 8.7, 818, 839, 843, 844, 845, 850, 851, 858, and 859) that developed 20 to 38% 

shoot fly DH looked promising. 
 
d) Agronomy 
 Visited four different agronomy experiments on moisture conservation practices, nutrient management and genotypic 

response to soil fertilization.  
 In general, plant stand was low in most of the agronomy trials. As per the scientists concerned, poor seed germination 

and shoot fly incidence were two main reasons for the poor plant stand. The crop was also affected by partial incidence 
of downy mildew disease. 

 The impact of soil and moisture conservation practices on crop was not distinct most probably because of insufficient 
rainfall during kharif season. 

 Significant visual differences due to treatments were not perceptible much and data analysis might give real picture.  
 
Recommendations: 

 As there was change in the post of breeder, the present Breeder was advised to get the detailed pedigree of the 
breeding materials received from the previous breeder. 

 It was suggested to purify the CMS lines maintained and also received fro CRS (DSR), Solapur. They can be used 
in making test hybrids by utilizing the available restorers 

 In recent times Rabi cultivars and the advanced entries are showing increasing susceptibility to one or the other 
foliar diseases especially SDM (as evident from moderate to severe disease incidences form different locations 
including Hyderabad in the recent times). Therefore, regular artificial screening of advanced material should be 
undertaken at different locations to avoid future epidemic.  

 Earlier SDM was a disease during kharif season only. Why it is becoming severe during Rabi day-by-day should 
be found out. 

 Moisture conservation experiments conducted at different locations by Agronomist may be utilized for recording 
charcoal rot incidence.   

 
Solapur and Bijapur (January 17-18, 2012). 
Team leader: Dr SS Rao, Sujay Rakshit, AD Pawar nd DB Pawar) 
 
Agroclimatic situation:  The total rainfall received (761 mm) at Solapur is close to normal of 753 mm.  The actual distribution 
of rainfall indicated that there was rainfall received during boot and anthesis stages.  Because of failure of rainfall around PI 
stage (40-45 DAS), the crops sown in shallow to medium soil have failed to emerge their heads.   
 
At Bijapur also, the total rainfall received was close to normal.  The distribution pattern was similar to Solapur where in, 
severe drought stress conditions were prevailing from boot stage on wards due to failure of rains in November coinciding 
Panicle Initiation stage.   
 
Solapur: At Solapur all the trials were conducted as per technical program. 
 
a) Breeding: Two AICSIP rabi trials, viz., IVHT-SS and AVHT-SS were executed at the center, which were sown on 
01.10.11. Poor ear head emergence was recorded due to moisture stress during GS 2 & 3. Some early entries in AVHT (SS) 
were 201, 202, 206, 208, 209, 222, 223, 225, 227, 242, 243, and promising entries were 202, 206, 208, 209, 222, 223, 227, 
242, 243 and 247. Similarly in IVHT (SS) early entries were 407, 409, 411, 412, 424, 427, 431, 433, 450, 453 and 454, and 
promising entries were 402, 405, 407, 409, 411, 412, 423, 424, 427, 429, 431, 433, 442, 450, 453 and 454. Beside the 
AICSIP trials nucleus and breeder seed production of parental lines of CSH 15R has been taken up. Seed production of 
Phule anuradha, RSV 673, 104A and RS 585 has taken up at Mulegaon Farm. Overall crop condition is not good due to 
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severe drought condition. Under station programme three station trials comprising 62 entries have been taken up in addition 
to breeding nursery with 421 entries in different generations. B line trial with 82 entries and 3 R line trials with 63 entries are 
also being executed at the center. Eighty experimental hybrids are under testing along with 4 checks. Station breeding 
programme is in good condition, though effect of drought was noticed. At Solapur ADR four AICSIP trials, viz., IVHT SS, 
AVHT SS, IVHT DS and AVHT DS were conducted very nicely. Data book maintenance and quality of execution of 
experiment were satisfactory. 
 
b) Agronomy: Evaluation of pre-release cultivars for fertility response indicated that cv SPV 1830 and SPH1620 had better 
performance, while growth and biomass increased with increased fertility levels.  In in-situ moisture conservation trials, 
compartmental bunding and flat bed sowing followed by furrow opening in alternate rows were found promising.  In response 
to rabi sorghum to irrigation scheduling, irrigation at Panicle initiation, boot and 50% flowering was promising. 
 
c) Physiology: The trials were organized as per technical program.  Drought stress symptoms were severe due to depletion 
of soil moisture beyond permanent wilting point.  Entries BJV 83, CRS 15, in medium soil and CSSR 15, CRS 19 and BJV 
114 in shallow soil were promising for drought adaptation. 
 
d) Pathology: Sorghum Pathology trials AVHT-DS & IVHT-DS were sown on 10th Oct. 2011 and AVHT-SS, IVHT-SS & seed 
treatment trials were sown on 14th Oct. 2011 following prescribed design of experiment. Trials have been laid properly and 
crop stand was satisfactory. Artificial inoculation of AVHT-DS & IVHT-DS trials was done by toothpick method on 16th & 17th 
December 2011and artificial inoculation of AVHT-SS & IVHT-SS trials was done by toothpick method on 23rd December, 
2011. Charcoal rot disease will appear at the end and data only can be recorded at the end. Leaf blight incidence was 
moderate.  
 
Bijapur: All the trials in breeding, pathology and physiology were conducted as per technical program.  Severe drought 
stress symptoms were prevailing in shallow soils due to that some entries fail to produce ear heads.   
 
a) Breeding: Four AICSIP rabi trials, viz., IVHT-SS, AVHT-SS, IVHT-DS and AVHT-DS were conducted here following 
proper agronomic practices. Trial execution quality was very good. In shallow soil experiments excessive lodging was 
recorded due to severe drought and strong wind. Promising entries in IVHT-SS were 402, 412, 413, 424, 429, 434, 447 and 
452. In AVHT-SS promising entries were 203, 205, 221, 227, 231, 241, 245, 246, 249 and 250. In IVHT-DS promising 
entries were 308, 311, 315, 332, 333, 342, 346, 364, 367, 369, 372 and 377, while those in AVHT-DS were 109, 122, 130, 
132, 141, 144 and 148. Under station and collaborative trials four hybrid trials are being executed. Several selections in 
advanced generations are under evaluation. Some of the B lines look to be very promising and may directly be used as 
variety. They have seed production programme for M 35-1, 5-4-1, DSV 4, DSV 5 and CSV 216R. Four germplasm 
evaluation programme are under progress. State evaluation programme is also under progress there. They have some 
advanced generation under MAS programme. 
 
b) Physiology: Promising entries listed with drought adaptive features include Mardi local, Yadgir local, Honward local in 
Preliminary evaluation, RSV 1098, BJV 116, BRJ 204, in medium soil and CRS 20, CRS 15 and BJV 116 in shallow soil 
were promising. 
 
c) Pathology: Four trials (AVHT-DS, AVHT-SS, IVHT-DS, and IVHT-SS) were sown during second week of October, 2011 
following prescribed design of experiment. Trials have been laid properly and the condition of trials was good. Incidence of 
leaf blight was slight to moderate. Incidence of stripe virus was slight. Charcoal rot disease was not noted, it will appear at 
the end.  
 
Phaltan (January 28, 2012) 
Team:  Dr. MS Raut and Prabhakar 
Climatic situation and crop condition: All the AICSIP trials were sown during 2nd and 3rd week of October (8-23 Oct) utilizing 
available soil moisture. Drought situation prevailed as the total rain fall was just 413 mm during the year. There was no rain 
fall after sowing. The plant population was satisfactory, but the trial was affected by moisture stress. 
 
a) Breeding: In general, the plant populations in AICSIP breeding trials and all other station trials were satisfactory. 
 

Name of trial Date of sowing Main finding / observations 
IVHT (SS)  14-10-2011 Promising genotypes :405, 404, 406, 403, 413 
AVHT (SS) 14-10-2011 Promising genotypes :209, 202, 201, 206, 208, 227, 221, 222, 223 
IVHT ( Sweet Sorghum) 3-10-2011 Promising genotypes :7013, 7011, 7003, 7018, 7008, 7014, 7009, 7010, 7002 
Sweet sorghum trial 
sent by DR. SS Rao  

3-10-2011 Promising genotypes :SSV-84, SPV-422, SPSSV-6 
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Besides coordinated trials, 20 station trials on testing breeding materials developed for grain and sweet sorghum, 
experimental hybrids of grain and sweet sorghum and evaluation of CMS lines. Rabi germplasm lines, mostly locals were 
also evaluated. 
 
Recommendations  
 It was suggested to purify the CMS lines of grain and sweet sorghum maintained at Phaltan.  
 It was suggested to take up sowing in flat beds and not in ridges and furrows. 
 The segregating breeding materials of sweet sorghum appear promising and they should do critical selection and 

rejection. 
 The local rabi germplasm need to be submitted to DSR, Hyderabad along with passport data.  
 
Tandur (February 20, 2012)  
Monitoing team:   Drs. K Shyam Prasad, VS. Kubsad and ST Kajjidoni 
 
General observations: The center has conducted two breeding trials, four agronomy trials, four entomology trials under 
AICSIP. Apart from this preliminary evaluation of diverse germplasm for rabi adaptation, advanced drought adaptations 
germplasm trial- medium soil, trial on drought and Rabi germplasm evaluation were taken up.All the experimental plots were 
neatly maintained, labeled and well conducted. The data books were up to date.  Following are the observations trial wise: 
 

BREEDING 
S.No Trial DOS Promising lines Remarks 
1 IVHT (DS) 29.10.11 335, 334, 306, 311, 308 Poor plant stand was seen in 315, 336; Lodging was 

seen in 319, 318, 303, 301, 304, 314, 306; Suggested 
to change local check in future, they used PKV 801 

2 AVHT (DS) 29.10.11 112, 131, 121, 127, 128, 
146 

Lodging was seen in 102, 302 
Suggested to change local check in future, they used 
PKV 801 

ENTOMOLOGY:  The shoot fly infestation ranged from 5 – 80 % DH. There was 6 – 70 % borer infestation in terms of 
deadhearts  
 
S.No Trial DOS Promising lines Remarks 
1 AVHT- 

DS 
16.10.2011 128, 102, 132, 141, 150, Y 75, 128, 

142, 151 
The trials suffered extensive damage by 
wild pigs, however data on Shoot fly and 
borer were recorded. It is not possible to 
record data on panicle pest, yield and 
stem tunneling as crop is ravaged.   
 

2 AVHT- SS 16.10.2011 203, TAM 428, 248, 244, 205, 207, 
204 

3 IVHT- DS 16.10.2011 Y 75, 346, 302, 379, 346, 377 
4 IVHT SS 16.10.2011 413, 449, 443, 447, 402, PKV801, 412 
AGRONOMY 
S.No Trial DOS Findings Remarks 
1 Evaluation of 

advanced sorghum 
genotypes to fertility 
levels. 

19.10.11 SPV 2049, SPV 2035  were found 
performing well based on growth 
expression 
No visible effect of fertility levels  
observed. 

Crop is at maturity stage. 
Poor plant stand in SPH 
1663, SPV 2034, CSH 15R, 
Maldandi and CSV 22 
Lodging observed in SPV 
2049 

2 Enhancement of 
Kharif fallow- Rabi 
sorghum productivity 
through in situ 
moisture conservation 

Kharif: 3.7.11 
(Green gram) 
Rabi: 4.11.11 
(Sorghum) 

Compartmental bunding during 
Kharif and flat sowing in rabi 
resulted in better growth expression. 

Crop is at maturity stage 
Used Karamveer hybrid 
instead of CSV 22 due to 
insufficient seed  

3 INM in Rabi sorghum Kharif: 4.7.11  
Rabi: 4.11.11 
 

 Dhaincha rotated with sorghum at 
all N levels was found promising. 

Green gram, cowpea, 
Dhaincha were intercrops 
tried in Kharif. 
Sorghum is at maturity stage 
Cowpea was harvested for 
grains instead of fodder 

4 Scheduling of 
irrigation in Rabi 
sorghum 

20.10.2011 Irrigation at 35 DAS found 
promising. 

Irrigations were given @ 
1260 liters/ plot. 
Used Karamveer hybrid 
instead of CSV 22 due to 
insufficient seed 

OTHER TRIALS SENT FROM DSR 
1 Preliminary evaluation of diverse 

germplasm for rabi adaptation 
19.1
0.11 

Crop is in grain hardening stage. 
Flowering data has been recorded 

Sent by Dr. SS Rao 
Yield data will be recorded. 
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2 Advanced drought adaptation 
germplasm trial- Medium soil 

19.1
0.11 

Crop is in grain hardening stage. 
Flowering data has been recorded 

Sent by Dr SS Rao 
Yield data will be recorded. 

3 Trial on drought stress: 20.1
0.11 

Crop is in grain hardening stage. 
Flowering data has been recorded 

Sent by Sujay and monitored 
by him. 

4 Rabi sorghum germplasm for 
evaluation 

24.1
0.11 

Crop is in grain hardening stage Sent by M Elangovan. 

 
Recommendation 
 In the breeding trials PKV 801 was used as local check it was suggested to use Maldandi as local check. 
 The entomology trials suffered extensive pig damage. The crop needs to be protected from Pig damage by erecting 

strong fence around the field.  
 Sufficient seeds may be provided in future especially for agronomy trials otherwise designated variety is being 

replaced. In Agronomy expts Krantiveer Hybrid was used instead of CSV 22. 
 It has been observed that the monitoring team was not having consolidated list of trials, in future compiled information 

may be provided with respect to trials dispatched from DSR. 
 
Tanchha (February 14, 2012) 
 
Monitoring team: Dr. SR Gadakh 
Following are the observations trial wise: 

 
Trial 

Name 
Date of 
Sowing 

Crop condition response to biotic 
and abiotic stress 

Remark Promising entries Suggestions 

IVHT 13.10.2011 Plant population is less than 50% in 
each plot Germination is less due to 
less moisture available at the time of 
sowing. But germinated plant having 
good plant stand and earhead. 

RI- 310,307,309,308,306,301 
RII- 345,338,332,333,334,348 
RIII-370,364,367,369,373,361 

1) Due to less 50% plant 
population trail is treated as 
vitiated. 
2) Sowing should be taken at 
proper soil moisture. 

AVHT 13.10.2012 There was no plant stand in RI, RII 
and RIII. Each replication having very 
poor per plant stand due to lack of 
germination. 

-- This trial there as visited. 
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Agro-climatic situation and soil types across the sorghum growing areas 
 

JS Mishra 
Directorate of Sorghum Research, Hyderabad, AP 

 
Overall, the country received 900 mm of rain against the long period average of 887.5 mm in 2011. The southwest monsoon 
season (June to September) rainfall over the country as a whole was 101% of its long period average (LPA). Season rainfall 
over North-eastern India was below its LPA by 14%. Season rainfall over south Peninsula was normal. However, the season 
rainfall over Central India and North-west India were 10% and 7% above their LPA values respectively. The monthly rainfall 
over the country as a whole during the season was 12% above LPA in June, 15% below LPA in July, 10% above LPA in 
August and 6% above LPA in September. Out of 603 meteorological districts for which data are available, 453 districts 
(76%) received excess/normal rainfall and the remaining 150 districts (24%) received deficient/scanty rainfall during the 
season. Advance of Southwest monsoon over the Andaman Sea was delayed by about 10 days. The monsoon set in over 
Kerala on 29th May, three days before its normal date of 1st June and covered the entire country by 9th July, 6 days earlier 
than its normal date of 15th July. The withdrawal of monsoon from west Rajasthan was delayed and it commenced only on 
23rd September (IMD Report, 2011).   
 
Zone-I (North) 
Udaipur: Crop received a total of 868 mm rainfall. The crop was sown during first week of July and received normal rains 
during its growth period (up to 15th Sep) and later faced moisture stress during reproductive phase due to withdrawal of 
monsoon after 3rd week of Sep. The soil was sandy loam in texture, medium in available N and P, and high in K with pH 7.9 
and OM 0.32%. 
 
Pantnagar: This centre received the highest rainfall (1922 mm) during crop season with high intensity in Aug and Sep 
months. Soil was silty loam, neutral (pH 7.2), medium in organic carbon (0.79%), medium in K (255 kg) and phosphorus 
(28.5) content. The experiments were sown on 14th June 2011. 
 
Hisar: The crop received 708 mm rainfall with fair distribution from June-September. The soil was sandy loam in texture, low 
in available nitrogen and medium in P and K. Experiments were sown during 20th July 2011.  
 
Zone- I (South) 
Coimbatore: The total rainfall received during kharif crop season (st. week 19 - 44) was 441 mm. The crop was sown on 
28th June 2011. The crop faced severe drought at grain filling stage (2nd fortnight of Sep to first week of Oct). The soils were 
clay loam in texture, slightly alkaline (pH 8.05), and low in available nitrogen (219 kg/ha), medium in available phosphorus 
(32 kg/ha) and high in available potassium (616 kg/ha). Soils were sufficient in Fe (5.90 ppm) but deficient in Zn (0.94 ppm) 
content. 
 
Palem: The soils were alfisols with sandy loamy texture having low available N (230 kg/ha) and medium in available P2O5 
(29 kg/ha) and K 2O (335 kg/ha). The crop was sown on 23rd June 2011. The rainfall received during crop season was 563.5 
mm. The crop faced moisture stress at grain filling stage (2nd fortnight of September). 
 
Zone- II  
Dharwad: The soil was deep black clay, 75 cm deep, low in available N (195 kg/ha) and medium in available P2O5 (33.5 
kg/ha) and high in K2O (454 kg/ha) with pH (7.8). Total rainfall received during crop period was 768.6 mm with almost 
uniform distribution. The crop was during 8-16 June, 2011.  
.  
Akola: This centre received low  rainfall (479.5 mm) during the crop season. The soil was medium-deep (>75 cm depth), 
clay loam in texture, low in organic matter (0.74%) and nitrogen (174 kg/ha), medium in phosphorus and high in available 
potassium content. The crop was sown on 7th July 2011.  
 
Parbhani: The total rainfall received during growing season was 625 mm. The soils were clay loam in texture, low in 
available N (198 kg/ha) and P (16.5 kg/ha) and high in K (658 kg/ha) content with pH 8.24 and OC 0.42%. The crop was 
sown during 8-10 July 2011. 
Indore:  Crop received 1433 mm total rainfall during kharif season with fairly proper distribution up to 15th September. The 
crop was sown on 19-20 June 2011. Soil was neutral in reaction (pH 7.4), low in available N (200 kg/ha), medium on 
phosphorus (22 kg/ha) and high in potassium (540 kg/ha). 
 
Surat: This centre received 1041 mm rainfall, of which, maximum was concentrated from July to 2nd week of September. 
Crop was sown on 1st July 2011. Soil was deep black, deep (>100 cm depth), low in OC (0.41%), and available N (229 
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kg/ha), medium in available P2O5 (31 kg/ha), and K2O (376 kg/ha) with pH 7.74. The soil Zn and Fe contents were 1.1 and 
5.2 ppm, respectively. 
 

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

 

 

 

 

 

 

 

 
Fig. 2. Rainfall distribution during kharif season in different zones 

 
Rabi sorghum growing regions received very less rains during rabi season (September 2011 to February 2012). 
It ranges from 113.9 mm at Rahuri to 280.2 mm at Dharwad (Fig 3). Most of the rainfall was received during 
September to October months which facilitated sowing and enough for early sorghum growth (Fig 4). However, 
moisture stress at reproductive phase resulted in poor grain yield in all the rabi sorghum growing areas. 
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Fig. 3. Total rainfall (mm) received during crop season (Sep-Feb) at various AICSIP centres 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Rainfall distribution during rabi season at different Centres 



 

                                                                                          Directorate of Sorghum Research, Hyderabad 

AICSIP Coordinating team report agm12.doc  Page 41 of 76 

 

Biofortification: Novel tool to fight micronutrient malnutrition 
Hariprasanna K, A Ashok Kumar1 & JV Patil 

Directorate of Sorghum Research, Rajendranagar, Hyderabad - 500 030 
1International Crop Research Institute for Semi-Arid Tropics, Patancheru, A.P.  

 
Micronutrient malnourishment: Human beings require a number of nutrients to meet their metabolic needs and to stay 
healthy. Inadequate consumption of even one of the nutrient will result in adverse metabolic disturbances leading to 
sickness and poor health. Malnutrition is responsible for more deaths than any other cause, and it also contributes to 
increased morbidity, disability, stunted mental and physical growth (WHO and FAO 2003). Micronutrient malnutrition, often 
known as ‘hidden hunger’, affects more than one-half of the developing world’s population (Bouis 2002), especially the 
women and preschool children. It is now increasingly being recognized as a serious food-related health problem. Two of the 
most widespread micronutrient deficiencies are that of iron and zinc. Iron deficiency affects 3.7 billion people (Welch 2002), 
while an estimated 49% of the human population is at risk for inadequate zinc in their diet (Brown et al. 2001). The poorest 
people in the arid and semi-arid tropics are at a high risk from deficiencies of calories and micronutrients as they cannot 
afford a variety of nutrient rich food items in their diet.  
 
Biofortification: Food fortification 
and diet supplementation with iron 
and zinc have resulted only in limited 
success in the target regions. These 
interventions require infrastructure, 
sophisti-cated processing techniques 
and product control, purchasing 
power or access to markets and 
health care systems for their success. 
Hence, new approaches are needed, 
especially to reach the people living in 
remote rural areas. Biofortification is a 
powerful intervention tool in this 
direction. Biofortification is the 
process of development of micronutrient-dense staple crops using the best traditional breeding practices or modern 
biotechnology. Biofortification is the first agricultural tool now being employed to address micronutrient malnutrition 
worldwide. Micronutrient-enriched staple plant foods, can significantly improve the amount of these nutrients consumed by 
the target populations, and provide a sustainable and low-cost way of reaching people with poor access to market or health 
care systems. Biofortification is a scientific method for improving the nutritional value of foods already consumed by those 
suffering from hidden hunger (Bouis et al. 2011). 
 
The biofortification approach has multiple advantages: (i) It capitalizes on the regular daily intake of a consistent and large 
amount of food staples and hence, implicitly targets low-income households. (ii) After the one-time investment to develop 
seeds that fortify themselves, recurrent costs are low. (iii) Nutritionally improved varieties will continue to be grown and 
consumed year after year, making the system highly sustainable. (iv) It provides a feasible means of reaching 
undernourished populations in relatively remote rural areas, where access to commercially marketed fortified foods is 
limited. (v) Biofortification may lead to increased farm productivity as mineral rich seeds when sown to infertile soils would 
produce more viable and vigorous seedlings, and higher plant stand resulting in enhanced crop yields (Nestel et al. 2006).  
 
While improving the crops for micronutrient densities through biofortification, three primary issues have been identified that 
are required to make it successful (Bouis and Welch, 2010): (i) A biofortified crop must be high yielding and profitable to the 
farmer. (ii) The biofortified crop must be shown to be efficacious and effective at reducing micronutrient malnutrition in 
humans. (iii) The biofortified crop must be acceptable to both farmers and consumers in target regions. Additionally, the 
micronutrient enrichment levels must be relatively stable across various growing environments, and the bioavailability of 
micronutrients in enriched lines must be tested in humans to ensure that they improve the micronutrient status of people 
preparing and eating them (Welch and Graham, 2004). Phytate is one of the major determinants of iron and zinc 
bioavailability in the diet (Lopez et al. 2002). Under human physiological conditions, some phytate complexes are insoluble, 
thus decreasing the bioavailability of cations, especially iron and zinc. Hence, lower phytate content in the grains is a 
desirable trait. Physiological basis for micronutrient efficiency in crop plants is not clearly understood. Several barriers have 
to be overcome in genetically modifying plants to accumulate more micronutrients that are result of tightly controlled 
homeostatic mechanisms, which regulate metal absorption, translocation and redistribution in plants allowing adequate but 
non-toxic levels to accumulate in plant tissues.  
 

Iron is a redox-active constituent of the catalytic site of heme and non-
heme iron proteins. About half of the anaemia cases are caused by iron 
deficiency. Iron deficiency adversely affects cognitive development, 
resistance to infection, work capacity, productivity, and pregnancy. 
Zinc is involved in RNA and DNA synthesis, and is a constituent of many 
zinc-containing enzymes critical to cellular growth and differentiation. 
Zinc deficiency leads to impaired growth, immune dysfunction, increased 
morbidity and mortality, adverse pregnancy outcomes, and abnormal 
neuro-behavioural development. 
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Biofortification is being attempted in all major food crops. Various steps in breeding for micronutrient enrichment include: (i) 
Identification of genetic variability within the range that can influence human nutrition. (ii) Introgressing this variation into high 
yielding, stress tolerant genotypes possessing acceptable end-use quality attributes. (iii) Testing the stability of iron and zinc 
accumulation across the target environment. (iv) Large-scale deployment of seed of improved cultivars to farmers. The 
biofortification programme requires that agricultural research make direct linkages with the human health and nutrition 
sectors. This demands a multidisciplinary research approach. 
 
Harvest plus: A global alliance of research institutions and implementing agencies, called HarvestPlus, is aiming to improve 
human nutrition through the process of biofortification. It is an initiative of the Consultative Group on International Agricultural 
Research (CGIAR), and is coordinated by the International Centre for Tropical Agriculture (CIAT) and the International Food 
Policy Research Institute (IFPRI). In the first phase (2004-2007), the target crops were rice, wheat, maize, common bean, 
cassava and sweet potato along with 10 other crops including sorghum and pearl millet that are consumed by the majority of 
the world’s poor in Africa, Asia, and Latin America. Good genetic variability for iron and zinc contents in the target crops has 
been reported and efforts are on to breed varieties with these traits in high yielding background. Where sufficient variability 
for desired trait is not available, genetic engineering and genomics tools are also being explored. The Phase II (2009-2013) 
is aimed at specific biofortified crop variety development for target countries and populations.  
 
A consortium consisting of Africa Harvest Biotech Foundation International and other agencies along with Pioneer-Dupont is 
undertaking African Biofortified Sorghum (ABS) project since July 2005, which is funded by the Grand Challenges in Global 
Health initiatives of the Bill & Melinda Gates foundation. The objective of the project is to develop a more nutritious and 
easily digestible sorghum that contains increased levels of lysine, vit. A and E, and more available iron and zinc, for the arid 
and semi-arid tropical areas of Africa. 
 
Indian scenario: The magnitude of micronutrient deficiency in India is alarming particularly among children, women of 
reproductive age, and pregnant and lactating women (Sharma 2003). The intake of micronutrients in daily diet is less than 
50% RDA in over 70% of Indian population (NIN 2002). Iron deficiency anaemia is very common amongst Indians and its 
prevalence varies from 75% among children and women to 45% among adult males (Narsinga Rao 2003). The prevalence 
of zinc deficiency has not been adequately investigated, partly due to lack of suitable biomarkers. Using disability adjusted 
life years (DALYs) technique; it has been found that zinc deficiency in India is a highly relevant health problem and 
responsible for a loss of 2.8 million DALYs (Stein et al. 2007).  
 
With vast population involved in agriculture in India, the two most cost-effective approaches would be dietary diversification 
and crop biofortification to complement the on-going efforts to combat micronutrient malnutrition. In the year 2004, 
Department of Biotechnology (DBT) has initiated the India Biofortification Programme to develop and disseminate varieties 
of rice, wheat and maize biofortified with iron, zinc and provit. A. In March 2007, HarvestPlus signed a MoU with DBT; and in 
August 2010, ICAR, DBT and HarvestPlus signed agreement of cooperation to collaborate on developing and disseminating 
micronutrient-dense crop varieties. At present three projects are being undertaken: biofortification of wheat for micronutrients 
through conventional and molecular breeding; rice biofortification with enhanced iron and zinc in high yielding non-basmati 
cultivars through marker assisted breeding and transgenic approaches; and development of micronutrient enriched maize 
through molecular breeding. Recently, the DBT has sanctioned a project on sorghum biofortification titled ‘Biofortifying 
sorghum with high grain iron and zinc content for combating micronutrient malnutrition’ being implemented by ICRISAT, DSR 
and MAU, Parbhani. 
 

Prospects for sorghum biofortification: Sorghum is the fourth most important cereal consumed in India. Consumption is 
the highest (75 kg grain/head/year) by rural consumers in the inland central region of Maharashtra, followed by the inland 
eastern region of Maharashtra and inland northern region of Karnataka (Rao et al. 2006). In terms of nutrient intake, 
sorghum accounts for about 35% of the total intake of calories, protein, iron and zinc in the dominant 
production/consumption areas. Sorghum is a cheap source of energy, protein, iron and zinc next only to pearl millet. The 
intake of iron and zinc is lower than the recommended dietary allowance (RDA), particularly in low-income rural households 
in sorghum consuming regions, like in other areas. Targeting micronutrient-dense sorghum cultivars to these regions would 
help in alleviating micronutrient malnutrition.  
 
Sorghum grain has a nutritional profile better than that of rice, the chief staple food of majority (Hemalatha et al. 2007), but 
the bioavailability of iron and zinc in sorghum is poor compared to other cereals and pulses owing to high fibre content. 
Reports from NIN, Hyderabad indicate that sorghum is superior to rice for contents of protein, minerals and iron, while the 
values are on a par or marginally better than that of wheat. Sorghum has limited information base and research related to 
biofortification. Preliminary studies have indicated limited variability for grain iron and zinc contents (Reddy et al. 2005). 
Subsequently, significant genetic variability has been observed among parental lines, varieties and germplasm accessions 
from core collection (Ashok Kumar et al. 2010, 2011; Sanjana Reddy et al. 2010). Only weak genotype × soil fertility 
interaction has been reported for grain micronutrients. Pre-breeding feasibility studies at ICRISAT have indicated the 
possibility of introgression breeding for micronutrient contents in sorghum (Ashok Kumar et al. 2012). 
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Studies have been initiated at DSR to characterize genotypes for levels of micronutrients, nutritional and anti-nutritional 
factors. Significant variation was observed for micronutrient contents and nutritional factors like polyphenols, phytate, 
cyanogen, trypsin inhibitor and anti-oxidant activity among the 200 sorghum genotypes comprising hybrid parents, popular 
cultivars, breeding lines and selected germplasm accessions tested at the Agharkar Research Institute (ARI), Pune (Agte et 
al. 2009). Good range for iron and zinc contents has also been observed among 60 yellow pericarp sorghum and elite lines 
with low amylose content. All these results are being confirmed further. Testing the stability of grain iron and zinc contents 
across growing conditions, and the effect of external application of iron and zinc fertilizers on grain micronutrient status is 
also underway. Once suitable donor parents for high iron and zinc content are identified, they will be utilized in breeding 
programmes with high yielding and adapted genotypes, to combine agronomic superiority and high micronutrient content in 
the grains.  
 
Thus, Biofortification in sorghum appears to be a feasible strategy to alleviate the micronutrient malnutrition among the rural 
poor considering the high prevalence of micronutrient deficiency and high intake of sorghum in the major 
production/consumption regions in India. The availability of high variability for grain micronutrient contents holds promise to 
develop superior varieties with enhanced nutritional quality.  
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Mites–emerging as major threat to sorghum production 
KA Patel1,  BD Jadhav1 & VR Bhagawat2 
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Introduction: Sorghum (Sorghum bicolor (L.) Moench) is an important food crop valued both for grain and fodder in 
Gujarat. In Gujarat It is cultivated in 1, 25,800 hectares in 2010-11 (76400 hectares in Kharif season and 49400 
hectare in Rabi season). In South Gujarat it is mainly grown for grain purpose. (41300 hectares during rainy season 
and 21800 hectares during post rainy season). It ranks 3rd in hectarage among food grain crops in Gujarat. It is mainly 
cultivated in two seasons viz., rainy season (mid June to September) and post rainy season (October to February) 
depending upon the climatic conditions in different agro-climatic zones of Gujarat.  So many crops insect and mite 
pests are major constraints to higher yields. The spider mite, Oligonychus indicus (Hirst) was first described by Hirst 
in 1923 as Paratetranychus indicus. Later Pritchard and Baker (1955) revised this genus and renamed as 
Oligonychus indicus. This mite is one of the major pests of sorghum causing severe damage in many parts of the 
country including Gujarat (Sarma 1985; Shah et al.  1975; Rai et al. 1989 and Patel et al., 1993). The intensification of 
agriculture incorporating high yielding varieties coupled with improved agronomic practices and availability of other 
hosts create a congenial environment for this spider mite and results in the occurrence of this pest as regular one on 
the crop. Incidence of mite on sorghum crop has been increased during last 3-4 years particularly in south Gujarat. 

  
Super family  Tetranychoidea Family  Tetranychidae Subfamily  Tetranychinae  
Tribe  Tetranychini Genus  Oligonychus 

 
Common names: Banks grass mite, Spruce spider mite, Conifer spider mite, Avocado brown mite, Avocado red mite, 
Mango spider mite, Grass webbing mite, Southern red mite, Persea mite, Sugarcane leaf mite, rice spider mite, corn spider 
mite, and cotton spider mite. 
 
Identification: Body grayish green with black blotches scattered over dorsum (plate 1). Aedeagus with distal end 
enlarged forming acute angle with axis of the shaft. In male, tibia I with 2 sensory and 11 tactile setae, tarsus I with 2 
sensory and 4 tactile setae proximal to duplex setae; tibia II with 1 sensory and 6 tactile setae, tarsus II with 2 
sensory and 5 tactile setae proximal to duplex setae. In female, tibia I with 1 sensory and 8 tactile setae, tarsus I with 
2 sensory and 2 tactile setae proximal to duplex setae; tibia II with 1 sensory and 6 tactile setae, tarsus II with 1 
sensory and 3 tactile setae proximal to duplex setae. Sensillium on palp tarsus 2 times as long as broad 
(Gupta,1985). 
 
Nature of damage: Adults scattered on lower side of the leaves and start weaving webs within which they lay eggs 
and form a colony. Initially infestation starts along the midrib from lower leaves, later spread gradually to whole plant. 
As a result of feeding, the pale yellowish/whitish patches on leaves appeared which coalesce to form large patches. In 
case of severe infestation the leaves appear as burnt which dry up and fall off. The photosynthetic activity is 
adversely affected. Sometimes the entire crop may dry up especially in neglected fields. In certain varieties viz.BP-53, 
Surat 1, Sona 108 and Hybrid CSH 1. This mite caused reddish patches on under surface of leaves, which was locally 
known as ‘Ratdo’ in South Gujarat (Plate 1). 
 

 
Plate: 1 Sorghum field heavily attacked by O. indicus 

 

Importance: Sorghum is an important staple food crop of Gujarat as well as other states of India. The dual 
purpose sorghum varieties are more preferred in Gujarat. Some of the varieties which are high yielding, good grain and 
fodder quality and also resistant to major pests of sorghum. Such varieties are susceptible to mite which takes heavy toll 
under conducive environment. Since last few years the mite infestation is going to be very severe particularly on susceptible 
varieties. Mites a group of terrestrial, minute arthropod pests, generally escape attention of those involved in production 
process, even though they play a significant role in reducing sorghum yield. 
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Economical losses: The sorghum spider mite O. indicus is one of the serious pests of the crop. It rivals the insect pests in 
inflicting damage to sorghum at various growth stages. The feeding by this mite in sorghum and sugarcane results initially in 
development of red spot on leaves and with sustained feeding, the red spot spread in size and coalesce forming large red 
patches. Finally the leaves become red, necrotic and dry and ultimately results in loss of grain yield as well as poor quality of 
fodder. In case of heavy infestation, it cause yield loss up to 57.9 % in grain and 40.4 % in straw yield. (Manjunatha 
and Puttaswamy 1990). 

 

Biology of O. indicus:Both the sexes of O. indicus passed through three stages viz. egg, larva, two nymphal stages viz.  
Protonymph and Deutonymph and adult and a short resting periods  known as quiescent. The egg Stage lasted on an 
average 3.76 ± 0.25days. Average larval period for male was 1.63 ± 0.48 and for female 2.39 ± 0.94 days and  
protonymphl period was 0.90 ± 0.46 day for male and 1.25 ± 0.77day for female whereas deutonymphal period was 1.11 
± 0.21for male and  1.37 ± 0.42 for female. Adult period was 2.63 ± 1.30days for male and 12.20 ± .90 days for female. 
The total life cycle was completed in 8.62 ± 1.48days and 32.04 ± 4.17days for male and female respectively. The pre-
oviposition, oviposition and post-oviposition periods were 1.47 ± 0.37, 8.70 ± 1.29and 6.99 ± 1.61days respectively. The 
female laid average 45.95 ± 12.79 eggs during its life span.  
 

Different stages of Oligonychus indicus 

    
Eggs                                  Larva                                  Protonymph 

   
Male                                        Female 

Management of O. indicus 
 Close inspection of field at regular interval helpful in determining initiation of the infection. 
 Adoption of clean cultivation & removal of weeds in fields & from borders aid in checking mite infection to crops. 
 Removal and destruction of heavily infested leaves & the debris by burning. 
 After cessation of rain or during post monsoon period the eggs that are not washed away by rain provide re 

infestation to crops and favorable climate condition build up the heavy population. Hence inspection /watch the 
crop carefully. 

 If predators (viz. Stethorus paupuculus and predatory mites exits in the fields use safer pesticides vise neem 
products through not as effective as chemical acaricides.  

 Sowing of mite resistance varieties of sorghum. 
 Spraying of miticides (two sprays) like Propergite 0.05% or Dicofol 0.05% at the time of initiation of mite 

incidence. 
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Post harvest management of grain sorghum 
K Srinivasa Babu, G Shyam Prasad & VR Bhagwat 

Directorate of Sorghum Research, Hyderabad, AP 
 
Sorghum is one of the important staple food crops of India. It is cultivated in about 7.7 million hectares of land with a 
production of 6.98 million tons during 2009-2010.  If we look closely the Rabi accounts for nearly 60% of the total area and 
production. The kharif production is mostly utilized for industrial purpose because of its inferior quality (mold infected) while 
the Rabi production goes for human consumption. Sorghum crop is mostly grown by small and marginal farmers with limited 
resources who cannot afford to store it in scientific way to avoid storage losses. The four million tones grain sorghum of Rabi 
production and seed requirements of farmers which accounts to about a lakh tons needs proper storage to avoid the storage 
losses. 
 
In India, about 12 to 16 million tons of food grains lost due to poor storage techniques as per  the world bank report, 1996. If 
we put this in monetary terms, it amounts to huge Rs 50,000 crores annual foodgrain losses (www.indiawaterportal.org). The 
government of India spent Rs.46,456 crores towards food subsidies during 2009-10. In other words whatever, the amount 
government is giving for food subsidies is being lost in storage due to improper storage methods, defeating the basic 
purpose of food security of the union government. Though the Food Corporation of India (FCI) has the storage capacity of 
about 30.5 million tones with a network of 1800 plus storage godowns, it doesn’t store sorghum in its godowns. A traditional 
estimate of about 80% of the grain produced is retained by the farmers and is stored at farm level only 20% is traded in the 
market. 
 
Storage insects of sorghum: The group of insects that damage stored grain of sorghum can broadly be placed in two 
groups, as internal feeders, and external feeders of grain or on the finished products of grain. Beetles, weevils and moths 
are the most common insect’s pest of stored seed. The important stored pests are: 
 
1. Internal feeders 

Common name Systematic position 
Rice weevil Sitophilus oryzae (Curculionidae, coleoptrea) 
Lesser grain borer Rhizopertha dominica (Bostrychidae, coleoptera) 
Angoumois grain moth Sitotroga cerealella, (Gelechiidae, Lepidoptera 

 
2. External feeders 

Common name Systematic position 
Khapra beetle Trogoderma granarium, (Dermestidae, Coleoptera) 
Red flour beetle Tribolium castaneum, T. confusum, (Tenebrionidae, Coleoptera) 
Saw toothed grain beetle Oryzaephilus surinamensis, (Silvanidae, Coleoptera) 
Rice moth Corcyra cephalonica, (Galleridae, Lepidoptera) 
Tropical Warehouse Moth Ephestia cautella (Hb.) (Phycitiae, Lepidoptera) 
Indian meal moth Plodia interpunctella (Phycitiae, Lepidoptera) 
Grain mite Acarus siro (L.) Order: Astigmata 

 
Storage losses: In India, post-harvest losses caused by the unscientific storage, insects, rodents, micro-organisms etc., 
account for about 10 per cent of total food grains (Anonymous, 1971). Reported storage losses vary widely between 5 and 
50 % (Swaminathan, 1977). Adults and larvae of Sitophilus oryzae feed on sorghum grain causing 2-21% losses for 
improved cultivars in India.  The major economic loss caused by grain infesting insects is not always on account of the 
actual material they consume, but also on the amount contaminated by them and their excreta which makes food unfit for 
human consumption. Reduction of weight losses in bulk storage of grain and grain deterioration in storage is caused mainly 
through (a) bio-deterioration, (b) insects and pests, and (c) moulds and fungi. Bio-deterioration is due to the activity of 
enzymes present in the seed. The extent of deterioration depends upon the level of enzyme activity, which in turn is 
determined by moisture and temperature.  According to one estimate, the harvest and post harvest losses are detailed in the 
following table.  It has been estimated that about 2.20 percent of jowar is lost at farmers’ level during harvesting, threshing, 
winnowing, transportation and storage. Estimated post-harvest losses at producers’ level are given in the following Table. 
 

S. No. Losses (during and other causes) Percentage (of Losses) 
1. Threshing 1.0 
2. Transport 0.5 
3. Processing - 
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4. Rodents 2.50 
5. Birds 0.5 
6. Insect 3.0 
7. Moisture 0.5 
 Total 8.00 

(Source: Report of the Committee on Post Harvest Losses of Food grains In India, Ministry of Food and Agriculture, GOI, 1971.) 
 
Estimated post- harvest losses of jowar at producers’ level 
 

S. No. Operations Losses (% to total production) 
1. Losses in transport from field to threshing floor 0.68 
2. Losses in threshing 0.65 
3. Losses in winnowing 0.32 
4. Losses in transport from Threshing floor to storage 0.21 
5. Losses in storage at farmers’ level 0.34 

Total 2.20 
(Source: Marketable Surplus and Post Harvest Losses of Jowar in India, 2002, Directorate of Marketing & Inspection, Nagpur.) 
 
To minimize post harvest losses, the following measures should be followed. 

 The crop should be harvested on attaining physiological maturity and moisture brought down to below 9 5 moisture. 
 Use strong, and clean packaging material for storage and transport. 
 Use pest control measures (fumigation) before storage. 
 Provide aeration to stored grain and stir grain bulk occasionally. 
 Seed should not be exposed to direct sunlight. 
 Seed should be inspected at fortnightly interval. 
 Use proper techniques while handling (loading & unloading), to avoid losses during transport. 

 
Food Corporation of India Grade Standards: The Jowar shall be dried and matured grains shall have uniform size, shape and 
colour. It shall be in sound merchantable condition and also conforming to PFA standards.  Jowar shall be sweet, hard, clean, 
wholesome and free from Argemone mexicana and Lathyrus sativus (khesari) in any form, coloring matter, moulds, weevils, 
obnoxious smell, admixture of deleterious substances and all other impurities except to the extent indicated in the schedule below: 
 
Schedule of specification 

S.No. Refractions Maximum Limits (%) 
1. Foreign matter * 
2. Other foodgrains 
3. Damaged grains 
4. Slightly damaged & discoloured grains 
5. Shrivelled & Immature grains 
6 Weevilled grains 
7. Moisture content 

*Not more than 0.25% by weight shall be mineral matter and not more  
than 0.10% by weight shall be impurities of animal origin. 

N.B.: 
 The definition of the above refractions and method of analysis are to be followed as given in Bureau of India ‘Standard “Method of 

Analysis for foodgrains” Nos. IS: 4333 (Part-I): 1996 and IS:4333 (Part-II):2002 and “Terminology for food grains” IS : 2813-1995 as 
amended from time to time. 

 The method of sampling is to be followed as given in Bureau of Indian Standard `Method of sampling of Cereals and Pulses ` No. IS 
: 14818-2000 as amended from time to time. 

 Within the overall limit of 1.0% for “Foreign Matter” the poisonous seeds shall not exceed 0.5% of which Dhatura and Akra seeds 
(Vicia species) not to exceed 0.25% and 0.2% respectively. 

 Kernels with glumes will not be treated as unsound grains. During physical analysis the glumes will be removed and treated as 
organic foreign matter. 

 
The Codex Alimentarius Commission has established global standards for sorghum grains under Codex Standard 172-
1989. However, individual producing countries have their own standards for internal procurement from farmers or by import. 
In commercial trading the quality standard for sorghum is agreed between buyer and seller and is usually associated with 
the intended use of the crop. Nevertheless, the principles of the Codex standard may be included within the specifications. 
Summary of Codex Standard 172-1989 
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The standard applies to sorghum for direct human consumption. 
 Grains shall not have abnormal odour or taste. 
 Grains may be white, pink, red, brown orange or yellow or may be a mixture of grains. 
 Grains must be sound, clean and free from living insects. 
 Moisture content will not exceed 14.5 percentage 
 Ash not more than 1.5 percentage on dry matter 
 Protein (N x 6.25) not less than 7 percentage on dry matter basis 
 Tannins: For whole grains - not to exceed 0.5 percentage on dry matter. 

 
Hygiene: Grain should be prepared in accordance with the Recommended International Code of Practice, General 
Principles of Food Hygiene (CAP / RCP 1-1969, Rev. 2, 1985).  Free from micro-organisms, substances originating from 
micro-organisms, or other poisonous substances in amounts which may represent a hazard to health. 
 
Packaging: Packed in containers (including sacks) which will safeguard the hygienic, nutritional and technological qualities 
of the grain.  A summary of general tolerances for grain defects is given in Table 
 

Tolerances for defects in sorghum 
 

Defect Limit Definition 
Blemished grains including 
diseased grains 

3.0% 
0.5% 

Insect or vermin damaged. Sprouted, diseased, frost damaged or other. 
Evidence of decay, mould or bacterial decomposition. 

Broken kernels 5.0% Pieces which pass through a screen with round holes 1.8 mm in 
diameter 

Other grains 1.0% Non-sorghum - legumes, pulses, other edible cereals. 
Foreign matter including 
inorganic matter 

2.0% 
0.55% 
(inorganic 
matter) 

All organic and inorganic material which is not sorghum, broken kernels, 
other grains and filth. Includes loose sorghum seedcoats. 

Filth 0.1% Impurities of animal origin. 
Toxic or noxious seeds Free from amounts which may be a hazard to health. 
Contaminants Free from heavy metals in amounts hazardous to health. 

 
Requirements for safe and scientific storage: Following requirements should be considered for safe and scientific 
storage of jowar: 

 Selection of site: The storage structure should be located on a raised well drained site. It should be easily accessible. 
The site should be free from water logging, dampness, excessive heat, insects, rodents, termites etc. 

 Selection of storage structure: The storage structure should be selected according to the quantity of jowar to be stored 
and the period of storage. In godowns sufficient space should be provided between two stacks, between stacks and 
walls, so that proper aeration can be available. 

 Cleaning and fumigation: Before, storage of jowar, godown/structure should be properly cleaned and fumigated. There 
should be no cracks, holes or crevices in the structure. 

 Drying and cleaning grains: Before storage jowar grains should be properly dried and cleaned to avoid quality 
deterioration. 

 Cleaning of bags: Always use new gunny bag. In case of second hand gunny bags, it should be disinfested by boiling in 
one percent Malathion Solution for 3 to 4 minutes and fully dried. 

 Separate storage of new and old stock: To prevent contamination from the old stock to new stock, it is advised to store 
them separately. 

 Use of dunnage : Bag of jowar should be kept on wooden crates or bamboo mats along with cover of polythene sheet to 
avoid absorption of moisture from the floor. 

 Proper aeration: Proper aeration should be provided during dry and clean weather but care should be taken to avoid 
aeration in rainy season to protect the stock from moisture. 

 Cleaning of vehicles: The vehicles used for transportation of jowar should be cleaned by phenyl to avoid infestation. 
 Regular inspection: To maintain proper health and hygiene of stock regular inspection of stored jowar is necessary. 

Periodic fumigation should be carried out in case of long term storage. 
 
Management of sorghum insect pests 
A. Physical control measures: The infestation of stored grains by insect pests largely depends on the three factors 
temperature, moisture content of grain, availability of oxygen. All these factors are required for normal development and 
multiplication of insects. Hence, they have to be properly manipulated through design and construction of storage 
structures/godowns and storage practices so as to create physical conditions unfavorable for attack by insects. 
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i) Use of low and high temperatures: The insects can be controlled either by increasing or decreasing storage temperature. 
Optimal temperature for most of the storage insects is between 25 and 330 C. Temperatures between 13 and 250 C will slow 
development. High temperatures of 35o C and above will stop development. Refrigerated aeration of grains stored in bins 
gave results on par with insecticide treatment in Australia, USA and Israel in controlling storage pests (Navarro and 
Calderon, 1982). High temperature disinfestations using heated air grain driers, fluidized beds, spouted beds, pneumatic 
conveyors, a counter flow heat exchanger, high frequency waves, microwaves, infra red waves and solar radiations have 
been satisfactorily used for in disinfesting grains. 
 
ii) Irradiation: Low dose irradiation completely kills or sterilizes the common grain pests, and even the eggs deposited inside 
the grains. Moreover, only a single radiation exposure of grains is sufficient for disinfestations. This, therefore, is ideally 
suited for large-scale operations, thereby offering substantial economic benefits. Irradiation can also serve as an effective 
process for disinfestations of certain prepacked cereal products like atta, soji (rava) and premixes. Low dose applications 
(Less Than 1kGy) has been found useful for Insect disinfestation in stored grain, pulses and products 
 
iii) Use of controlled atmosphere: In grain storage, insects can be controlled by decreasing O2 or increasing CO2 or N2 
concentration in the atmosphere thereby interfering with the normal respiration of insects. This is achieved by modified 
atmospheric storage, controlled atmospheric storage or airtight storage. In case of modified atmosphere, the storage 
atmosphere is modified by introducing CO2 or N2 replacing O2. Controlled atmosphere is precisely maintaining the 
composition of selected gases such as CO2, O2 and N2 at specified concentration under normal pressures or under partial 
vacuum.  Airtight or hermetic storage of grains/seeds lead to decrease in available O2 and increase in CO2 due to respiration 
and metabolism of the seeds.  
 
B.  Chemical control measures: Amongst the present methods of insect control, chemical control is the most popular and 
perhaps most effective one. They may be used for both type of treatments. a. Prophylactic treatment and b. Curative 
treatment 
 
a. Prophylactic treatment 

 If the produce is meant for seed purpose, mix 1 kg of activated kaolin or malathion 5% D for every/100 kg of seed and 
store/pack in gunny or polythene lined bags. 

 Apply one of the following pesticides at the specified dosage over the bags. Malathion 50 EC : 10 ml per litre of water 
and 3 litres of spray solution per 100 sq.m. (or) DDVP 76% SC : 7 ml per litre of water and 3 litres of spray solution per 
100 sq.m. 

 Air charge alleyways or gang ways with one of the following chemicals. Malathion 50 EC : 10 ml/litre of water (or) DDVP 
76% SC : 7 ml/litre of water. Apply one litre of spray solution for every 270 cu.m. or 10,000 cu. feet. Spray the chemicals 
on the walls and floors and repeat the treatment based on the extent of flying and crawling insects. 

 Gunny bag impregnation: Empty bags are soaked in 0.1% malathion emulsion for 10 minutes and dried before using for 
seed storage. 

 
b. Curative treatment 

 Draw samples of seeds or grains at fortnightly intervals and classify the infestation as follows. When there is no pest - nil 
infestation. Up to 2 insects -mild infestation More than 2 insects -severe infestation 

 Decide the need for shed fumigation (entire store house or godown) or cover fumigation (only selected blocks of bags) 
 Choose the fumigant and work out the requirement on the following guidelines. 

i. Aluminium phosphide: The dosage of Aluminium phosphide for cover fumigation is 3 tablets of 3 grams each per ton 
of grain and for shed fumigation is 21 tablets of 3 grams each for 28 cu. Metres. The period of fumigation is 5 days. 

ii. Methyl bromide (MB): MB which has been widely used in temperate regions of the world has been found unsuitable 
for Indian conditions as it affected seed germination drastically at temperature above 20°C. Among the above three 
chemicals, Aluminium phosphide is most commonly used. In case of cover fumigation, mix clay or red earth with 
water and make it into a paste form and keep it ready for plastering all round the fumigation cover or keep ready 
sand-snakes. Insert the required number of aluminum phosphide tablets in between the bags in different layers. 
Cover the bags immediately with fumigation cover. Plaster the edges of cover all round with wet red earth or clay 
plaster or use sand-snakes to make leak proof. Keep the bags for a period of 5 – 7 days under fumigation Remove 
the mud plaster after specified fumigation period and lift cover in the corner to allow the residual gas to escape. Allow 
aeration and lift cover after a few hours. Follow similar steps in case of shed fumigation also. 

 
c. Use of plant products 
The powders of leaves of Neem, and Nochi, Vitex negundo when mixed with grains gives protection from insects. 
Experimental results show that the fresh leaves of Begunia mixed with paddy at the rate of 2% w/ protected the grains from 
insect attack for 9 months. Neem leaf powder, turmeric powder, Sweet Flag (Vasambu) Rhizome powder all at 10g /kg have 
been found to be effective against storage pests. 
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Analysis of stover quality in grain and dual purpose sorghum 
S Audilakshmi, B Venkatesh Bhat, A Vishala Devender & JV Patil 

Directorate of Sorghum Research, Hyderabad, AP 
 

 
AHT grain and dual purpose Stover is an important byproduct of sorghum cultivation and a crucial component 
of farmers’ decision to cultivate sorghum. Also, sorghum stover is a main source of fodder in semi-arid tropical 
India.  The stover of sorghum is highly nutritive and beneficial to the feeding cattle in the dryland farming system. 
Therefore, the quality of stover is a very important trait in cultivar selection. While protein content and digestibility 
(measured as in vitro organic matter digestibility, 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 an idea of the minerals that are made available 
through stover. This report summarizes the quality of stover in terms of its digestibility, fibre, protein and ash 
content for all the genotypes in the advanced trials of grain and dual purpose sorghum during kharif 2011.   
 
There were 17 grain sorghum hybrids and one dual purpose hybrid in the AHT. Under AVT, four test varieties of 
grain sorghum and one test variety of dual purpose sorghum were characterized for stover quality traits. The 
stover samples from three locations were analysed for stover quality, i.e., from Coimbatore in zone 1; Akola and 
Indore in zone 2. 
Sorghum (kharif 2011) 
The analysis of data revealed highly significant differences among entries at each location, though the pooled 
data did not show significant differences for many of the traits (Table 1). This indicated the interaction of 
genotype with the environment. SPH 1635 had highest IVOMD (47.19%) and high crude protein (6.63%). It also 
recorded lower fibre content and lignin. Entries SPH 1682 and SPH 1685 showed high protein content (6.88 and 
6.81% respectively) and moderate digestibility (IVOMD 45.89 and 45.34% respectively). Dual purpose hybrid 
SPH 1668 had higher protein (6.56%) but had high lignin (6.54%). Maximum digestibility of 47.41% was exhibited 
by the check CSH 23 owing to minimum lignin content (5.81%). 
 
SPH 1678, despite high protein content (6.56%), showed only 44.97% digestibility. Digestibility of SPH 1675 
(46.64%) and SPH 1647 (46.39%) were high whereas the crude protein content in these entries were moderate 
to low (6.38 and 5.69% respectively). Local checks were poor in both protein content and digestibility compared 
to test entries. They had moderate fibre content but higher lignin. 
 
AVT grain and dual purpose sorghum (kharif 2011) 
Similar to AHT, highly significant differences were seen among entries at each location, though the pooled data 
did not show significant differences for the traits (Table 2). Of the four grain sorghum varieties tested across 
three locations, test entry SPV 1999 recorded high IVOMD (45.68%), low protein content (5.88%) and low lignin 
(6.38%). SPV 2000 had highest crude protein (6.75%) coupled with moderate IVOMD (42.51%). Similarly, SPV 
2061 (dual purpose) and SPV 2083 had high protein content (6.56%) combined with lower IVOMD (40.63-
41.58%). SPV 2079 showed high IVOMD (43.88%), but lowest protein content (5.29%). Maximum NDF was 
observed in SPV 1999 which had minimum ADF, leading to high IVOMD.  
 
The checks CSV 17, SPV 462 and CSV 15 recorded higher digestibility (43.39-48.02%), but were poorer in 
protein content (except  CSV 15). The check CSV 23 was poor in both protein content (5.94%) and digestibility 
(39.21%). Check CSV 17, though possessed low crude protein content (5.25%) and recorded high IVOMD 
(48.02%) owing to low lignin (5.84%). It was interesting to note that local check varieties had high lignin (8.13%) 
and lowest IVOMD (38.04%) and low protein (6.13%) , compared to trial entries and national checks. 
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Table  1: Stover quality of grain sorghum genotypes in Advanced Hybrid Trial  (Kharif  2011) 
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1 SPH 1635(2)(GS) 7.00 7.56 5.44 6.63 3 60.10 57.46 63.53 60.36 21 47.28 40.70 43.17 43.72 20 7.50 5.15 5.52 6.05 16 
2 SPH 1641(2)(GS) 5.75 6.94 5.56 6.06 10 62.47 58.75 63.58 61.60 16 49.80 40.60 43.62 44.67 14 7.90 5.19 6.03 6.37 7 
3 SPH 1647(2)(GS) 6.25 6.50 4.31 5.69 17 62.11 58.32 64.75 61.73 15 49.45 39.77 44.68 44.63 15 7.80 4.62 5.62 6.01 18 
4 SPH 1648(2)(GS) 5.56 6.88 5.44 5.94 12 63.10 63.49 66.55 64.38 3 48.59 45.60 46.49 46.89 1 7.57 5.82 6.27 6.55 1 
5 SPH 1651(2)(GS) 7.06 7.31 4.94 6.44 6 60.85 61.52 63.45 61.94 11 47.62 42.15 42.93 44.23 18 7.46 5.32 5.46 6.08 14 
6 SPH 1653 (GS) 5.06 6.56 3.88 5.19 20 63.70 62.37 68.02 64.69 2 49.23 42.54 46.79 46.19 6 7.37 4.92 6.30 6.20 11 
7 SPH 1655(2)(GS) 5.94 7.50 4.94 6.13 9 62.73 58.44 64.17 61.78 12 48.05 41.41 43.79 44.42 17 7.36 5.22 5.74 6.11 13 
8 SPH 1668 (DP) 6.69 6.50 6.56 6.56 5 60.49 63.95 65.54 63.33 6 47.50 46.01 46.89 46.80 2 7.64 5.85 6.13 6.54 2 
9 SPH 1674 (GS) 7.00 6.50 4.63 6.06 11 59.02 63.20 65.82 62.68 9 47.18 44.96 45.13 45.76 8 7.28 5.07 5.97 6.11 13 
10 SPH 1675 (GS) 7.13 7.31 4.63 6.38 7 60.32 60.00 63.62 61.31 17 47.30 41.09 43.72 44.04 19 7.58 4.89 5.71 6.06 15 
11 SPH 1676 (GS) 6.94 6.75 3.94 5.88 14 62.31 61.59 65.81 63.24 7 47.19 43.40 45.08 45.22 11 7.42 5.26 5.96 6.21 10 
12 SPH 1678 (GS) 7.25 7.56 4.94 6.56 4 61.09 59.57 64.56 61.74 14 48.66 43.06 44.80 45.51 10 7.71 5.17 6.05 6.31 9 
13 SPH 1679 (GS) 4.63 7.31 4.13 5.38 18 64.98 60.60 64.65 63.41 4 48.60 43.30 44.67 45.52 9 7.35 4.84 5.54 5.91 19 
14 SPH 1680 (GS) 6.88 6.94 3.75 5.88 15 61.74 61.00 67.24 63.33 5 48.94 41.81 49.63 46.79 3 7.58 5.19 6.69 6.48 5 
15 SPH 1682 (GS) 7.06 8.00 5.69 6.88 1 60.53 59.47 61.95 60.65 20 48.78 41.90 43.75 44.81 13 7.69 4.82 5.83 6.11 12 
16 SPH 1683 (GS) 5.38 4.13 5.94 5.13 21 63.85 58.28 64.84 62.32 10 48.50 46.55 44.35 46.47 4 7.74 5.71 5.82 6.43 6 
17 SPH 1684 (GS) 4.69 7.13 4.25 5.31 19 66.08 61.31 68.11 65.17 1 49.37 42.88 46.58 46.28 5 7.45 5.26 6.25 6.32 8 
18 SPH 1685 (GS) 7.06 7.44 5.94 6.81 2 60.92 58.68 63.22 60.94 18 48.44 41.38 44.97 44.93 12 7.89 5.18 6.53 6.53 3 
19 CSH 16 6.38 6.44 4.81 5.88 13 61.48 59.14 64.67 61.76 13 48.36 41.40 43.90 44.55 16 7.55 4.72 5.84 6.04 17 
20 CSH 23 5.31 8.94 4.38 6.19 8 62.77 56.65 62.73 60.72 19 48.46 38.57 43.31 43.45 21 7.33 4.51 5.60 5.81 20 
21 Local check# 5.94 6.81 4.50 5.75 16 62.08 64.56 62.72 63.12 8 47.56 44.86 45.74 46.05 7 7.59 5.37 6.57 6.51 4 

   LOC. MEAN 6.25 7.00 4.88 6.06   62.03 60.40 64.74 62.39   48.33 42.57 44.95 45.28   7.56 5.15 5.97 6.23   
  C.D. (5%) 2.13 0.00 1.75 1.31   3.16 0.01 3.76 2.69   2.21 0.01 5.11 2.43   0.69 0.00 1.28 0.44   
  C.D. (1%) 2.81 0.00 2.38 1.81   4.23 0.01 5.03 3.59   2.96 0.01 6.84 3.25   0.92 0.00 1.72 0.59   
  C.V. (%)  20.4 0.01 21.9 13.4   3.09 0.01 3.52 2.61   2.78 0.01 6.89 3.25   5.51 0.01 13.0 4.27   
  F (Probability) 0.00 0.00 0.00 0.28   0.00 0.00 0.00 0.02   0.00 0.00 0.00 0.12   0.00 0.00 0.0 0.02   

Sl. 
No 

Entry Metabolizable energy 
(mj/kg) 

IVOMD (%) Ash content (%) 

1 SPH 1635(2)(GS) 5.32 7.74 7.33 6.79 2 38.52 52.60 50.44 47.19 2 14.75 10.55 9.80 11.70 5 
2 SPH 1641(2)(GS) 4.96 7.56 7.23 6.58 7 35.98 50.77 49.51 45.42 10 13.23 10.02 9.30 10.85 15 
3 SPH 1647(2)(GS) 4.87 7.79 7.46 6.70 4 36.47 52.31 50.40 46.39 4 13.25 10.94 8.38 10.86 14 
4 SPH 1648(2)(GS) 5.21 6.75 6.59 6.18 21 38.03 48.60 45.31 43.98 20 13.22 10.02 8.52 10.59 16 
5 SPH 1651(2)(GS) 5.14 7.29 7.19 6.54 10 37.39 49.86 48.88 45.38 11 14.06 10.33 9.28 11.22 11 
6 SPH 1653 (GS) 5.18 7.09 7.00 6.42 14 37.60 47.62 48.51 44.58 17 12.39 10.53 7.25 10.06 21 
7 SPH 1655(2)(GS) 5.02 7.40 7.21 6.54 9 36.99 50.22 48.67 45.30 13 13.57 11.74 9.25 11.52 8 
8 SPH 1668 (DP) 5.08 6.82 7.21 6.37 17 37.18 49.10 47.92 44.73 16 14.44 9.89 6.94 10.42 19 
9 SPH 1674 (GS) 5.07 6.83 7.03 6.31 19 36.36 46.24 48.43 43.68 21 15.91 10.23 8.52 11.56 7 
10 SPH 1675 (GS) 5.33 7.63 7.22 6.72 3 39.09 52.22 48.62 46.64 3 15.36 10.89 9.72 11.99 1 
11 SPH 1676 (GS) 5.33 7.15 7.09 6.52 11 39.01 48.30 48.56 45.29 14 13.35 10.16 8.12 10.54 17 
12 SPH 1678 (GS) 4.89 7.13 7.13 6.38 16 36.69 49.56 48.65 44.97 15 14.01 11.64 8.60 11.42 10 
13 SPH 1679 (GS) 5.31 7.14 7.48 6.64 5 38.58 48.96 50.85 46.13 5 11.80 11.06 8.43 10.43 18 
14 SPH 1680 (GS) 5.10 7.59 6.54 6.41 15 37.55 54.30 45.48 45.78 7 14.64 10.42 8.47 11.18 12 
15 SPH 1682 (GS) 4.89 7.55 7.39 6.61 6 36.79 50.80 50.08 45.89 6 14.60 10.90 9.44 11.65 6 
16 SPH 1683 (GS) 5.09 6.47 7.21 6.26 20 38.28 44.92 49.40 44.20 18 12.99 13.90 8.87 11.92 2 
17 SPH 1684 (GS) 5.40 7.13 6.86 6.47 13 40.02 49.28 47.61 45.64 8 11.70 11.11 8.15 10.32 20 
18 SPH 1685 (GS) 4.98 7.44 7.04 6.49 12 37.26 50.26 48.51 45.34 12 14.02 11.66 9.70 11.79 4 
19 CSH 16 5.03 7.44 7.16 6.54 8 36.68 50.52 49.14 45.45 9 13.74 11.76 10.01 11.84 3 
20 CSH 23 5.49 7.68 7.48 6.88 1 40.03 52.18 50.03 47.41 1 13.36 12.52 8.65 11.51 9 
21 Local check# 5.18 7.08 6.83 6.36 18 37.88 48.19 46.49 44.19 19 14.16 9.67 9.51 11.11 13 

   LOC. MEAN 5.14 7.27 7.13 6.51   37.73 49.85 48.64 45.41   13.74 10.95 8.80 11.16   
  C.D. (5%) 0.66 0.00 0.84 0.42   3.68 0.01 4.75 2.72   2.12 0.00 2.25 1.53   
  C.D. (1%) 0.88 0.00 1.12 0.57   4.92 0.01 6.36 3.64   2.84 0.00 3.00 2.05   
  C.V. (%)  7.76 0.01 7.11 3.95   5.91 0.01 5.92 3.63   9.35 0.01 15.45 8.30   
  F (Probability) 0.00 0.00 0.00 0.17   0.00 0.00 0.00 0.38   0.00 0.00 0.00 0.28   
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Table  2: Stover quality of grain sorghum genotypes in Advanced Varietal Trial  (Kharif  2011) 
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1 SPV 1999 (2) (GS) 5.56 7.75 4.25 5.88 9 63.22 64.22 64.93 64.13 1 46.36 40.96 46.83 44.71 10 7.15 5.34 6.66 6.38 10 
2 SPV 2000 (2) (GS) 6.06 5.25 8.88 6.75 1 63.60 62.77 54.52 60.30 9 46.23 43.93 49.42 46.52 7 7.01 5.07 8.93 7.01 4 
3 SPV 2079 (2) (GS) 5.25 4.88 5.50 5.19 11 64.86 63.07 62.66 63.53 2 46.56 44.58 50.33 47.16 4 6.98 5.61 7.89 6.83 7 
4 SPV 2061 (DP) 6.56 5.19 8.00 6.56 2 59.72 61.80 56.48 59.33 11 46.48 43.41 50.50 46.80 6 7.08 5.35 8.58 7.00 5 
5 SPV 2083 (GS) 4.69 6.31 8.69 6.56 3 66.10 60.70 54.24 60.35 8 47.68 42.07 51.13 46.96 5 6.99 5.58 9.24 7.27 2 
6 CSV 20 5.69 5.25 8.31 6.44 5 61.31 61.76 59.84 60.97 5 48.17 43.00 51.03 47.40 3 7.17 5.33 8.49 7.00 6 
7 CSV 15 5.13 7.06 7.19 6.50 4 63.17 58.34 58.76 60.09 10 47.58 40.80 50.65 46.34 8 7.03 4.95 8.47 6.82 8 
8 CSV 17 5.75 4.56 5.44 5.25 10 64.27 56.99 60.32 60.53 7 46.90 38.90 41.80 42.53 11 7.27 4.72 5.53 5.84 11 
9 SPV 462 5.31 5.00 8.06 6.13 6 64.98 60.65 58.14 61.26 4 46.49 40.96 49.33 45.59 9 6.82 4.92 8.14 6.63 9 
10 CSV 23 5.31 4.88 7.56 5.94 8 65.24 64.97 57.81 62.67 3 48.17 45.15 51.59 48.30 2 7.28 5.56 8.86 7.23 3 
11 Local check# 4.94 5.69 7.69 6.13 7 64.33 60.71 57.76 60.93 6 46.74 52.65 49.56 49.65 1 6.85 9.21 8.34 8.13 1 

   LOC. MEAN 5.50 5.63 7.25 6.13   63.71 61.45 58.68 61.28   47.03 43.31 49.29 46.54   7.06 5.60 8.10 6.92   
  C.D. (5%) 1.25 0.00 2.50 2.00   3.68 0.01 4.31 4.24   2.85 0.00 3.47 4.02   0.71 0.00 1.35 1.59   
  C.D. (1%) 1.75 0.00 3.38 2.75   5.02 0.01 5.87 5.78   3.88 0.00 4.73 5.48   0.97 0.00 1.84 2.17   
  C.V. (%)  13.7        . 20.2 19.2   3.39 0.01 4.31 4.06   3.56        . 4.13 5.07   5.92 0.01 9.75 13.4

9 
  

  F (Probability) 0.00 0.00 0.00 0.81   0.00 0.00 0.00 0.40   0.00 0.00 0.00 0.12   0.00 0.00 0.00 0.39   
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1 SPV 1999 (2) (GS) 5.51 7.56 6.65 6.57 2 39.62 52.38 45.05 45.68 2 12.95 7.28 8.78 9.67 11 
2 SPV 2000 (2) (GS) 5.68 7.23 5.26 6.06 6 40.40 47.69 39.44 42.51 6 11.76 8.95 16.29 12.33 3 
3 SPV 2079 (2) (GS) 5.77 7.06 6.05 6.29 4 40.77 48.60 42.27 43.88 4 12.10 9.93 9.69 10.57 10 
4 SPV 2061 (DP) 5.25 7.03 4.97 5.75 8 37.26 47.68 36.95 40.63 9 14.06 9.81 13.66 12.51 2 
5 SPV 2083 (GS) 5.58 6.94 4.73 5.75 9 40.19 48.81 35.74 41.58 8 10.76 10.31 15.47 12.18 4 
6 CSV 20 5.34 7.19 5.32 5.95 7 37.69 48.61 38.97 41.75 7 13.28 9.18 12.48 11.65 6 
7 CSV 15 5.58 7.33 5.66 6.19 5 39.48 49.94 40.75 43.39 5 12.16 11.15 12.20 11.84 5 
8 CSV 17 5.50 8.25 7.25 7.00 1 39.54 55.01 49.50 48.02 1 12.54 10.55 11.08 11.39 8 
9 SPV 462 5.79 7.82 5.45 6.35 3 40.96 51.45 39.50 43.97 3 11.58 9.21 13.67 11.48 7 
10 CSV 23 5.43 7.05 4.29 5.59 10 39.39 47.17 31.07 39.21 10 11.87 7.81 13.22 10.97 9 
11 Local check# 5.65 4.55 5.35 5.18 11 39.94 34.78 39.40 38.04 11 11.95 13.21 12.95 12.70 1 

   LOC. MEAN 5.55 7.09 5.54 6.06   39.57 48.37 39.88 42.61   12.27 9.76 12.68 11.57   
  C.D. (5%) 0.73 0.00 1.41 1.12   4.29 0.01 7.45 6.15   2.36 0.00 4.10 2.94   
  C.D. (1%) 1.00 0.00 1.92 1.52   5.85 0.01 10.16 8.39   3.21 0.00 5.59 4.01   
  C.V. (%)  7.8 0.01 14.9 10.8   6.37 0.01 10.97 8.47   11.27 0.01 18.96 14.91   
  F (Probability) 0.00 0.00 0.00 0.14   0.00 0.00 0.00 0.11   0.00 0.00 0.00 0.61   
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Compositional grain quality of sorghum varieties & hybrids evaluated in 
advanced trial 

CV Ratnavathi, D Gopala Krishna & P Gowthami 
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 a par or richer than rice and wheat for many nutritional components, especially 
dietary fiber, vitamins and minerals. 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. Grain samples from varieties and hybrids evaluated under the advanced trial of AICSIP were 
analyzed for chemical quality parameters. The percent starch and protein are the two major constituents of grain 
affecting the quality in sorghum. Therefore, percent starch and protein were determined in the randomly collected 
replicated grain samples from the entries evaluated during kharif 2011 at two locations viz., Akola, and 
Coimbatore. The results of advanced varietal trial are presented in Table 1 and advanced hybrid trial is 
presented in Table 2. The range of starch and protein contents were presented in Table-3. 
 
Advanced Varietal Trial (Table-1): The data on percent protein, and starch in 11 genotypes from Akola and 
Coimbatore locations is presented in Table 1. Four grain sorghums and one dual purpose sorghum were 
compared for starch and protein contents with six checks including one local check. The data are compared with 
their respective checks of grain sorghum and dual purpose sorghums respectively. 
 
Protein: The protein content varied from 9.42% (CO 30) to 10.20% (SPV 2000) at Coimbatore location where as 
at Akola location 9.30 (SPV 2083) to 10.06 (SPV 2000). The Mean content of protein in two locations varied from 
9.38 (local check) to 10.06 (SPV 2000).  Genotypes SPV 2000 (10.13%), SPV 2079 (9.74%) and SPV 1999 
(9.73) were superior to check genotypes for the protein content. The pooled average protein content in genotype 
SPV 2000 was significantly (p ≤ 0.01) different among the genotypes tested.  
 
Starch: The starch content varied from 62.57% (SPV 2000) to 66.43% (SPV 1999) at Coimbatore location where 
as at Akola location 63.37 (CSV 23) to 66.03 (Local Check SPV 669). The Mean content of starch in two 
locations varied from 63.18 (SPV 2000) to 66.23 (SPV 669&CO 30).  Genotypes SPV 1999 (65.90%), SPV 
2083(65.75%), SPV 2061 (65.47) and SPV 2079 were on par to check genotypes for the starch content. The 
pooled average starch content in varieties was not significantly (p ≤ 0.01) different among the genotypes tested.  
 
Advanced Hybrid Trial (Table-2): The data on starch and protein contents of the advanced hybrids tested are 
presented in Table-2. The data represent two test locations, Akola and Coimbatore. A total of 18 test hybrids out 
of which 17 are grain sorghum and one is dual purpose sorghum genotypes were evaluated for grain quality 
parameters, percent starch and protein. Three genotypes CSH 16 and CSH 23 along with location local checks 
(Coimbatore: CO (H) 5 and CSH 9) were used for comparison. The variability for grain quality parameters protein 
and starch across locations and genotypes was very limited. 
 
Protein: The protein content at Coimbatore location varied from 9.44% (SPH 1635) to 10.22% (SPH 1680). The 
protein content at Akola location varied from 9.38% (SPH 1635) to 10.22% (SPH 1676). In Coimbatore ten 
genotypes were superior to the three check genotypes while in Akola 15 genotypes were superior to the check 
genotypes. The genotypes SPH 1651, SPH 1653,SPH 1655, SPH 1674, SPH 1675, SPH 1678, SPH 1679,SPH 
1680, SPH 1683 and SPH 1685 were superior to check genotypes at Coimbatore. Except the genotypes SPH 
1635, SPH 1641 and SPH 1653, rest of the genotypes were superior to check genotypes at Akola. The pooled 
average protein content was significantly (p ≤ 0.01) different between genotypes and fourteen genotypes were 
superior to check genotypes. 
 
Starch: The starch content at Coimbatore and Akola locations varied from 62.60% (SPH 1655) to 66.47% (SPH 
1635) and 63.43% (SPH 1682) to 67.67% (SPH 1678) respectively. In Coimbatore location SPH 1635 was 
superior to all the genotypes as well as check genotypes while in Akola five genotypes, SPH 1635, SPH 1641, 
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SPH 1668, SPH 1674 and SPH 1678 were superior to the check genotypes. The variability for grain quality 
parameters (protein and starch) across locations and genotypes was very limited.  The mean starch content 
varied from 63.63 (SPH 1682) to 66.73 (SPH 1635) and also was significantly (p ≤ 0.01) different between 
genotypes. The genotypes SPH 1635 and SPH 1641 were found superior to the check genotypes. 
 
Conclusion: The results of pooled analysis of data across all three locations are presented in Table 3. The 
conclusions drawn from the grain quality analysis are enumerated below. 
 

1. The mean protein content ranged from 9.48 (SPV-462) to 9.99 (CSH-16) 
2. The mean starch content ranged from 63.0 (CSV-17) to 66.1 (SPH-1641) 
3. SPV 2000 and SPH 1680 had the highest protein content in Coimbatore while SPH-1678 had the 

highest starch content in Akola 
4. The percent protein (9.47 to 10.03) and starch (63.63 to 66.73) contents among the test hybrids had 

relatively narrow range. 
 

Table-1 Starch and Protein contents in sorghum genotypes (Advanced Varietal Trial - Kharif 2011 

 

    % STARCH % PROTEIN 
Sl.   COIMBATORE   AKOLA   MEAN   COIMBATORE   AKOLA   MEAN   
No Entry   R   R   R   R   R   R 
1 SPV 1999 (2) (GS) 66.43 1 65.37 3 65.90 2 10.15 2 9.31 10 9.73 3 
2 SPV 2000 (2) (GS) 62.57 11 63.80 8 63.18 11 10.20 1 10.06 1 10.13 1 
3 SPV 2079 (2) (GS) 65.10 7 65.13 4 65.12 7 10.13 3 9.35 7 9.74 2 
4 SPV 2061 (DP) 66.20 3 64.73 7 65.47 4 9.72 7 9.35 8 9.53 9 
5 SPV 2083 (GS) 65.50 5 66.00 2 65.75 3 9.52 10 9.30 11 9.41 10 
6 CSV 20 63.87 9 64.87 5 64.37 8 9.83 5 9.39 6 9.61 6 
7 CSV 15 65.60 4 64.80 6 65.20 5 10.01 4 9.39 5 9.70 4 
8 CSV 17 65.47 6 64.80 6 65.13 6 9.69 8 9.57 2 9.63 5 
9 SPV 462 64.80 8 63.70 9 64.25 9 9.55 9 9.55 3 9.55 8 
10 CSV 23 63.77 10 63.37 10 63.57 10 9.79 6 9.42 4 9.61 7 
11 Local chk# 66.43 2 66.03 1 66.23 1 9.42 11 9.33 9 9.38 11 
    LOC. MEAN 65.07   64.78   64.92   9.82   9.46   9.64   
   C.D. (5%) 1.40   1.51   1.39   0.70   0.48   0.45   
   C.D. (1%) 1.91   2.07   1.98   0.96   0.65   0.64   
   C.V. (%)  1.26   1.37   0.96   4.19   2.96   2.10   
   F (Probability) 0.00   0.00   0.01   0.00   0.00   0.15   
# Local Check varies from Location to Location;  Coimbatore - CO 30; Akola - SPV 669  
GS : Grain Sorghum hybrid      DP : Dual Purpose hybrid  
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Table-2  Starch and Protein contents in sorghum genotypes (Advanced Hybrid trial - Kharif 2011) 

 

Table-3 Location wise range protein and starch contents. 

S.NO Parameter Coimbatore  Akola Location mean 

1 Protein (%) 9.42 to 10.20  9.30 to 10.06 9.38 to 10.13 

2 Starch (%) 62.57  to 66.43 63.37 to 66.03  63.18 to 66.23 

 

 

 

 
 

  % STARCH % PROTEIN 
S.No  Entry COIMBATORE R  AKOLA  R MEAN  R COIMBATORE R  AKOLA R  MEAN  R 

1 SPH 1635(2)(GS) 66.47 1 67.00 4 66.73 1 9.44 20 9.38 21 9.41 21 
2 SPH 1641(2)(GS) 65.33 6 67.23 2 66.28 2 9.84 14 9.45 19 9.65 17 
3 SPH 1647(2)(GS) 63.37 15 64.67 19 64.02 17 9.56 17 9.67 13 9.61 18 
4 SPH 1648(2)(GS) 64.60 9 65.33 15 64.97 11 9.63 15 9.76 8 9.70 16 
5 SPH 1651(2)(GS) 64.50 10 65.23 17 64.87 12 10.05 8 9.77 6 9.91 7 
6 SPH 1653 (GS) 65.60 3 65.50 13 65.55 7 10.01 9 9.57 18 9.79 12 
7 SPH 1655(2)(GS) 62.60 18 65.63 12 64.12 16 10.15 4 9.74 9 9.95 5 
8 SPH 1668 (DP) 63.60 14 66.70 5 65.15 10 9.93 13 9.63 15 9.78 14 
9 SPH 1674 (GS) 64.90 7 67.07 3 65.98 4 10.05 6 9.64 14 9.84 10 
10 SPH 1675 (GS) 62.63 17 66.50 7 64.57 13 10.05 7 9.71 12 9.88 8 
11 SPH 1676 (GS) 62.90 16 66.20 9 64.55 14 9.54 18 10.07 1 9.80 11 
12 SPH 1678 (GS) 63.90 11 67.67 1 65.78 5 10.20 2 9.80 5 10.00 2 
13 SPH 1679 (GS) 64.77 8 66.40 8 65.58 6 10.09 5 9.84 3 9.96 3 
14 SPH 1680 (GS) 64.50 10 65.90 10 65.20 9 10.22 1 9.83 4 10.03 1 
15 SPH 1682 (GS) 63.83 12 63.43 21 63.63 18 9.84 14 9.72 10 9.78 13 
16 SPH 1683 (GS) 64.60 9 63.73 20 64.17 15 9.99 10 9.87 2 9.93 6 
17 SPH 1684 (GS) 65.47 5 65.30 16 65.38 8 9.95 12 9.77 7 9.86 9 
18 SPH 1685 (GS) 63.73 13 65.37 14 64.55 14 10.19 3 9.72 11 9.96 4 
19 CSH 16 65.50 4 64.80 18 65.15 10 9.59 16 9.62 16 9.61 19 
20 CSH 23 66.30 2 65.73 11 66.02 3 9.49 19 9.44 20 9.47 20 
21 Local chk# 64.50 10 66.60 6 65.55 7 9.96 11 9.58 17 9.77 15 
   LOC. MEAN 64.46   65.81   65.13   9.89   9.69   9.79   
  C.D. (5%) 1.77   1.86   2.22   0.44   0.51   0.37   
  C.D. (1%) 2.37   2.48   3.03   0.60   0.69   0.50   
  C.V. (%)  1.66   1.71   1.63   2.72   3.21   1.81   
  F (Probability) 0.00   0.00   0.38   0.00   0.00   0.09   

# Local Check varies from Location to Location;  Coimbatore - CO (H) 5; Akola - CSH 9   
GS : Grain Sorghum hybrid      DP : Dual Purpose hybrid 



 

                                                                                          Directorate of Sorghum Research, Hyderabad 

AICSIP Coordinating team report agm12.doc  Page 56 of 76 

 

Research gaps in abiotic stresses management in sorghum 
HS Talwar, Sujay Rakshit, R Madhusudhana & JV Patil 

Directorate of Sorghum Research, Hyderabad, AP 
 

Sorghum [Sorghum bicolor (L.) Moench ] ranks fifth among the world’s most important crops. More than 70% of the  total 
world’s sorghum production comes from the developing countries in Asia and Africa, where crop is grown with limited input 
of water and nutrients. After mid-eighties, the sorghum production in India declined sharply. This is due to steep decline in 
the total cultivated area as a result of changes in government policies and expansion of irrigation facilities that favoring 
cultivation of other high value crops and changes in food habits of people. Currently, sorghum is grown in about 7.69 m ha 
during both rabi (4.39 m ha) and kharif (3.31 m ha) seasons (TE 2009/10). In India, Sorghum is mainly grown as a rainfed 
crop (92% of the area) with about 85% of the production concentrated in Maharashtra, Karnataka and Andhra Pradesh, all 
falling under warm semi-arid region. Hence, sorghum is one of the major food crops in drought prone regions, having 
potential as food, feed, fodder and bio fuel production (“FFFF”). In India, national productivity of sorghum is very low (880 
kg/ha) as against high yield obtained in USA and China. Low productivity can be attributed to low and marginal management 
and rainfed cultivation. Since sorghum is predominantly cultivated as rainfed crop, the climatic factors play a significant role 
in its productivity. With the threat of climate change and variability (CCV) looming large on crop productivity, the most 
vulnerable regions of the world are the tropics particularly the semi-arid regions where higher temperature and increase in 
rainfall variability could have substantially negative impacts (IPCC 2007). Climate change on rabi (post-rainy season) 
sorghum likely to reduce the yields up to 7% by 2020, up to 11% by 2050 and up to 32% by 2080. Impacts are projected to 
be more in south-west followed by south-central and central zones in India (Srivastava et al. 2010). Adaptation strategies 
like changing variety and sowing dates reduced the climate change impacts to some extent, but complete amelioration of 
yield loss beyond 20C rise may not be obtained even after doubling of rainfall in most of the sorghum growing regions.  
 
Yield gaps were analyzed in detail by Murty et al. (2007) in both kharif and rabi sorghum. The districts were ranked based on 
the share of cultivated area in a district to the total cropped area in the country. The top districts covering 50% of the 
cropped area were grouped into primary production zone. Next group of districts covering 35% (50% to 85%) of the total 
cropped area were placed in the secondary production zone. The districts which had <1000 ha sown to the crop were 
grouped as “others” and the rest were placed in the category of tertiary production zone. 
 
Yield gaps in Kharif sorghum: Murty et al. (2007) reported that the simulated rainfed potential, frontline demonstration 
(FLD) and district mean yields for the primary production zone were 3210, 1810 and 1080 kg ha1, respectively. For the 
secondary zone, the yields in the same order were 3390, 1880 and 860 kg ha1, respectively; and for the tertiary zone these 
were 3410, 1840 and 850 kg ha1, respectively. Total yield gaps for the primary, secondary and tertiary zones were 2130, 
2530 and 2560 kg ha1, respectively. The lowest yield gap in the primary production is mainly due to the low and erratic 
rainfall. While YG I was 60 to 65%, YG II was 35 to 40% of the total yield gap. Mean seasonal rainfall was 660 mm for the 
primary zone, 770 mm for the secondary zone and 660 mm for the tertiary zone, respectively. It was estimated that out of 
660 to 770 mm of seasonal rainfall in the production zones, about 50% was lost as surface runoff and deep drainage. Mid-
season drought is the major constraint for kharif sorghum across the production zones in India (Murty et al 2007). Apart from 
that, pests like shoot fly, stem borer and head bug cause damage to the crop. Diseases like grain mold, followed by ergot 
are the major yield reducers. Preference of farmers for pearly white grain and roundness of the grain is the other constraints 
for the adoption of improved varieties and hybrids of sorghum.  
 
Yield gaps in Rabi sorghum: Simulated rainfed potential, FLD and district mean yields of rabi sorghum were 1310, 1480 
and 480 kg ha1, respectively, for the primary zone. For the secondary zone, the yields in the same order were 1360, 1290 
and 680 kg ha1, respectively. For the tertiary zone, simulated rainfed potential and district mean yields were 1000 and 750 
kg ha1, respectively and the FLD yields were not available. Primary production zone had the highest gap of 830 kg ha1, 
followed by secondary production zone with a gap of 680 kg ha1 and tertiary zone with a gap of 280 kg ha1. Yield gaps I and 
II for the production zones could not be estimated accurately because of insufficient FLD data (Murty et al. 2007). Mean 
rainfall during rabi season varies from 60 mm for the tertiary zone to 180 mm for the primary zone, with a high coefficient of 
variation ranging from 43% to 94% across locations within each production zone. Water surplus (runoff plus deep drainage) 
was negligible ranging from 20 to 90 mm in the production zones. Terminal drought is the major abiotic constraint for rabi 
sorghum. Shoot fly, head bugs and stalk rot are the major biotic constraints for rabi sorghum. 
 
Mechanisms of Abiotic stress tolerance are often complex: The mechanisms by which crops maintain yield under 
abiotic stress are poorly understood. This is particularly problematic for drought stress, as:  
 
 Stress can occur at different stages of the plant development, with different effects on plant function, and thus requires 

distinct mechanisms for tolerance  
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 A variety of additional abiotic stresses commonly occur during drought, such as high temperatures, high concentrations 
of salt and other toxic solutes and low availabilities of nutrients (Salekdeh et al. 2009; Mittler, 2009) and these vary with 
location and time; and  

 There is a diversity of mechanisms and combinations of mechanisms which can be used by plants to tolerate each of 
these stresses (Salekdeh et al. 2009;  Reynolds and Tuberosa , 2008) 

 
In addition, the sensitivity of many crops to a particular abiotic stress varies depending on their developmental stage. The 
stress tolerance mechanisms are controlled by a variety of genes, which are expressed at different times during the life of 
the plant. Plant adaptations to most abiotic stresses involve a range of traits which combine to contribute to overall whole 
plant tolerance. Individual genes have been reported to improve the stress tolerance of crops, for example the transcription 
factor ZmNF-YB2 has been shown to improve drought tolerance in maize. However, the diverse of environments in which 
these genes increase yield remains to be shown.  The complexity of plant stresses adaptation makes breeding for abiotic 
stress tolerance, particularly for drought much complicated. There are two approaches i) Reverse genetics approach and ii) 
Forward genetics approach.  
 
Reverse genetics approach: The ‘reverse genetics’ approach, starting at the molecular level, is often promoted as a simple 
and direct means for achieving major yield gains. Reverse genetics seeks to find what phenotypes arise as a result of 
particular genes. This is based on candidate genes to increase the tolerance of crop plants is also fraught with danger. 
Targeting induced local lesions in genome (TILLING) is potential reverse genetics tool to address the complex traits (Colbert 
et al. 2001). 
 
Forward genetics approach: Forward genetics approach is a very powerful approach to decipher complex traits. In this 
naturally occurring variation of abiotic stress tolerance in varieties, landraces and wild relatives of crops are identified and 
studied to identify the genes that contribute to the tolerance. The genetic loci determining these traits can then be 
discovered by correlating trait values with the genetic variation in a large mapping population differing for traits. The mapping 
population may be a synthetic structured population or collection of divergent natural germplasm lines. Synthetic population 
may be derived from bi-parental crosses like recombinant inbred lines (RILs), backcross inbred lines (BILs), double haploids. 
Alternatively, mapping populations involving multi-parents like multiparent advanced generation intercoss (MAGIC) 
population may also be used (reviewed by Rakshit et al., 2012). Collection of natural variations may be used for gene 
mapping through association mapping in LD-mapping. Once the molecular bases of traits contributing to tolerance have 
been identified using these forward genetic approaches, marker-assisted breeding and genetic modification (GM) 
technologies can be used to introduce these traits (genes) into high yielding elite cultivars. Whether forward genetic or 
reverse genetics approaches are followed, it is necessary to have well-defined genetic materials and reliable and accurate 
quantitative phenotyping techniques (Salekdeh et al. 2009; Berger et al. 2010). Phenotyping of some of the abiotic stress 
tolerance can be relatively easily measured, such as the accumulation of Na+ in leaf blades. On the other hand, other traits 
like growth immediately after application of salt to obtain a measure of the‘osmotic’ component of salinity stress are more 
difficult to measure. For traits where it is more difficult to control the onset of the stress, such as drought tolerance, multiple 
measurements over time are also required both of the plant and of the environment in which it is growing. 
 
The first research gap in area of abiotic stress management in this contest, particularly for drought tolerance is to develop 
the accurate phenotyping techniques. Conventional methods for phenotyping plants are frequently laborious and destructive 
and often involves the removal of biomass for analysis. Recent developments in high-throughput, non-destructive imaging 
technologies allow a researcher to obtain multiple images of the same plant at different time points and at different 
wavelengths, thereby offering new non- destructive methods for acquiring quantitative data on plant growth, health and 
water use under abiotic stress. Some of these technologies have already been used to quantify traits related to drought, salt 
and heat tolerance in a number of crop plants. The majority of experiments, though, have focused on shoot traits. Despite 
the likely importance of tolerance mechanisms in roots, such as optimizing architecture to improve access to soil water, 
there have been few genetic studies of roots due to difficulties in phenotyping roots. These studies have identified important 
root traits for abiotic stress tolerance, such as Al and B tolerance (Jefferies et al. 1999; Ma et al. 2005), nitrogen deficiency 
(Laperche et al. 2006) and phosphate deficiency (Walk et al. 2006). It is imperative, therefore, to develop accurate non-
destructive root phenotyping assays to further elucidate mechanisms of abiotic stress tolerance. In addition to the relevant 
phenotyping technique, it is important to have defined and monitored growth conditions so that environmental influences on 
plant can be considered. 
 
Screening for specific tolerance traits in a controlled green house environment or growth chamber is often necessary to 
reduce the complexity of interactions between genetic and environmental interaction on phenotype (so-called ‘G x E’). In 
controlled environments, the onset of some abiotic stresses can be clearly defined, such as the addition of salt to 
hydroponics, withholding water or dropping the temperature of a growth chamber. Control of the environment comes at the 
cost of reduced real-time situations This is more so when plants are grown in pots rather than in the field, and the trade- off 
between control and real situations needs to be carefully considered when a particular hypothesis is being tested. One way 
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to assess the impact of this loss of real situations is to relate growth room and green house results in a particular population 
with yield in a range of field sites.  Application of molecular and physiological knowledge that may help to improve the 
adaptation to drought needed to take into consideration four steps, particularly where the focus is specially on developing 
crop drought tolerance (Sinclair 2011), it is anticipated that many of the conclusions of this discussion apply to other abiotic 
stresses. 
 
 Assessing potential yield benefit and variation within a germplasm population for trait.  
 Developing suitable phenotyping methodologies for the traits of interest. 
 Reliable techniques to track expression of a desired trait through the breeding process.  
 Creating appropriate new criteria for cultivar selection  
 
Assessment of benefit: It is necessary to move beyond intuitive anticipation of a significant benefit from a putative trait 
before launching a major research program to develop an improved cultivar. An example illustrating the failure of intuition in 
developing drought tolerance is the substantial investment in transgenic lines that display tolerance under severe water 
deficit. Experiments are reported that impose drought stresses resulting in the death or near death of wild-type and survival 
of transgenic sister lines. The problem is that simply enhancing survival of grain crops is irrelevant in commercial production. 
Any situation where water availability is so low to threaten survival means that even if the plants survive, crop yield will 
necessarily be very low and the farmer will be economically devastated.  Rather than survival, realistic yield improvements 
likely need to address one of the following traits:  
 
 Increase plant access to water, most likely through deeper rooting, to support better crop growth;  
 Conserve soil water for use during late-season water deficits; or  
 Overcome special sensitivities in the plant that limit yield formation under water deficit.  
 
The initiation point to genetically enhance crop yield when subjected to environmental stress should be the collection of 
evidence giving a solid basis for anticipating a relevant benefit under production conditions and for quantifying the expected 
yield gain. Unfortunately, many current studies started with expensive and sophisticated molecular studies without any direct 
evidence that modification would have practical benefit. Important sources of such evidence are experimental results in 
which trait response is induced experimentally in high-yield commercial cultivars to mimic anticipated genetic modification. 
Relevant question in this regard is how large is the yield-increase observed in such experiments? In studies on increasing 
drought tolerance of nitrogen fixation, such results were obtained by applying high amounts of nitrogen fertilizer to soybean 
plots subjected to drought stress. In these experiments, removing plant dependence on symbiotically-fixed nitrogen during 
water deficits resulted in yield gains of 15–20%. A very useful approach to fully understand possible yield changes as a 
result of trait modification is to use mechanistic crop models to simulate yield response over a range of growing seasons and 
geographical locations.  
 
Trait phenotyping: The expression of any particular physiological trait is highly dependent on the environment in which the 
crop is grown. The existence of desired genetic code in a genotype offers no assurance about the expression of plant 
phenotype in a given environment. The challenge to make progress in developing higher yielding crops is that physiological 
phenotype other than yield must be documented at every step of the breeding process.  
 

Undue or sole emphasis on genomics will lead to an ever increasing gap between the genetic information acquired and an 
understanding of the phenotype, a ‘phenotype gap’. Indeed, the lack of ability to phenotype plants for specific trait 
performance has been a critical limitation in applying physiological information for more than half a century. The challenge is 
that it is very difficult to accurately phenotype plants for anything but the most obvious trait. Most of the physiological traits 
that impact on response to environmental stress require detailed, sophisticated and usually expensive techniques to 
phenotype plants, and can be applied only to a very limited number of genotypes.  
 

Not surprisingly, many physiological studies searching for genetic variation have frequently involved no more than 20 
genotypes, and almost never more than 50 genotypes. Conversely, there have been a few attempts to search a large 
number of genotypes for genetic variation, and these attempts have failed due to the lack of sophistication in the screening 
technique. The dilemma of phenotypic screens is either it is too difficult and sophisticated, or too crude with poor resolution 
in a multi-tiered screening sequence. A simple but less accurate screen that allows a large number of genotypes to be 
examined is a first-tier screen followed by tiers of more sophisticated screens of decreasing numbers of genotypes. Such 
multi-tiered screens for crop improvement are not new in classical breeding efforts. ‘Tandem’ selection breeding is used 
regularly in some crops.  
 

A significant challenge for genetic studies of abiotic stress tolerance is the speed at which phenotyping assays can be done. 
With high-throughput assays now available for gene identification and molecular marker generation, the process of 
phenotyping thousands of plants is becoming the limiting component, the ‘phenotyping bottle- neck’. In recent years, number 
of high-throughput phenotyping methods is coming on line to help increase the speed at which plants can be phenotyped.  
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Use of these facilities, in conjunction with techniques for rapid marker generation and gene identification will help accelerate 
the identification of traits and genome loci that contribute to stress tolerance in plants.  
 

Despite the advantages of using controlled environments to reduce variability in experimentation, such experiments are 
likely to underestimate the plasticity in plant responses to abiotic stresses in field conditions, and will fail to adequately 
account for interactions with other environmental effects, both abiotic and biotic. It is therefore also necessary to undertake 
field trials of populations of plants over several years at several sites to test the relevance in the field of traits measured in 
controlled conditions and to identify components of abiotic stress tolerance which may have been overlooked or deemed 
unimportant in glasshouse experiments. The recent advances in phenotyping technologies in the field will also be important, 
such as digital RGB (red, green and blue) images and infrared thermography for shoot measurements, and the use of 
minirhizotrons, ground penetrating radar and electrical resistivity imaging for noninvasive imaging of roots. When combined 
with techniques for precise characterization of growth environments, such as high-resolution EM38 mapping linked to a 
global positioning system, genetic studies in field-grown conditions become possible. 
 

While there is still much useful variation for abiotic stress tolerance within crop species, there is not as much potential as 
there could be, due to the narrowing of genetic diversity within elite germplasm during the course of plant breeding. It has 
been estimated that approximately 15% and 40% of the available genetic variation has been captured in modern wheat and 
barley varieties, respectively. However, there is still wide genetic diversity in plants which are landraces or near wild relatives 
of crops. Phenotyping of a large range of land races and near wild relatives has demonstrated that there is indeed large 
phenotypic variation for abiotic stress tolerance traits, with some near wild relatives showing greater abiotic stress tolerance 
than current elite cultivars. If the genetic basis encoding the desired abiotic stress tolerance trait can be identified through 
the use of forward genetic approaches, such as mapping for quantitative trait loci (QTL) and positional cloning, this would 
make the task of breeding or engineering tolerant crops much easier. 
 

Tracking of phenotypic improvement: Unfortunately, the approach of using multi-tiered screens is likely only suited for 
identifying parental lines with desired physiological traits. This approach is too laborious for tracking a trait through each 
stage of a breeding effort in a large segregating populations. How can the status of a physiological trait in a breeding effort 
be resolved? Of course, one very appealing approach is to identify a genetic marker or maybe a specific nucleotide 
sequence completely linked with the desired trait. The challenge, as discussed above, is that response to any abiotic stress 
is not likely to be under the control of a single or even a few genes. One possibility is that a collection of markers might be 
identified that contribute to physiological phenotype. Nevertheless, genetic markers only offer information about the genetic 
potential related to expression of physiological trait(s) for abiotic stress tolerance. While markers offer important information, 
they do not provide insight about the level of expression of a trait over a range of field environments. Trait expression is 
likely to be very much dependent on the biotic and abiotic environment in which the plant is grown. Within the plant the level 
of redundancy, location of the gene within the genome, and regulation by other genes may also impact trait expression. 
Therefore, the genetic tag could be useful in ensuring the possibility of phenotypic expression, but unfortunately, such tags 
do not offer definitive information about phenotypic expression being sought in superior lines. The ultimate solution is to 
have ‘tools’ available to document phenotypic expression at each stage of breeding and in each test environment. However, 
such comprehensive tools seem improbable, if not impossible, and unrealistic for practical breeding programs. What can be 
then the alternative to tracking phenotypic expression at each stage in the breeding process? One possibility may be to 
focus efforts on phenotyping for physiological performance only at a few critical stages in the breeding cycle. Certainly, one 
critical stage would be the initial identification of parental lines, either existing genotypes or transgenic lines that readily 
express the desired trait under a range of conditions. This can be accomplished by the multi-tiered approach discussed 
earlier. The 2nd critical stage for physiological phenotyping might be after the breeding population has been decreased to a 
limited, yet substantial number of candidate lines by using standard selection criteria. In this process, initially lines from the 
population may be removed that do not contain the marker for the desired trait or  show susceptibility to disease or insect, 
vulnerability to lodging, or have in undesireable agronomic characteristics. At this stage, the number of candidate lines can 
be narrowed further using second or third tier screens to a manageable number of lines for yield test. The final critical stage 
is to document that those high yielding lines identified in field tests also readily express the desired physiological trait. This 
information provides assurance that the yield increase might be a result of the putative physiological trait. Of course, if the 
high-yielding lines are shown not to have the desired traits then the breeder is left with a high yielding line, and additional 
studies will be needed to resolve the reason for the yield improvement). Roy et al (2011) employed such multi-tiered 
phenotyping at critical stages with success in efforts to develop genotypes with nitrogen fixation tolerance to soil drying. 
 

Cultivar selection: Due to complex interactions between physiological processes and the abiotic stresses in the field, it is 
unlikely that small changes in a physiological trait will result in a uniform increase in yield across all environments. 
Physiological trait improvement for drought conditions, unlike disease or insect tolerance for which the presence of the 
desired trait itself has virtually no negative consequences on yield, can have quite variable impact on yield across 
environments. Instead of evaluating candidate cultivars based on grand mean yields over environments, which is a common 
approach, the more useful information is a probability response for yield change in the targeted environments. What are the 
environmental circumstances and probability for yield gain and by how much, and conversely what are the environmental 
circumstances and probability for yield loss and by how much? Results from field tests with soybean lines identified as 
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having drought tolerance of nitrogen fixation provided information on yield response across environments. Yield tests were 
made at a number of locations in the southeast USA and the yield in each case was compared with the average yield of 
commercial cultivars. The results of these tests showed a yield advantage for one genotype (R01-518F) in those 
environments where average yield of commercial cultivars was 250–360 g m2 . Outside this commercially important range of 
yield, there was no consistent yield advantage or disadvantage for R01-518F. Therefore, if there is a reasonable fraction of 
growing seasons in the 250–360 g m2 range, the nitrogen fixation drought tolerance trait would be advantageous for 
farmers. Farmers seem willing to accept probability data on yield response if such information will improve their economic 
wellbeing. Farmers need to know the fraction of growing seasons a yield gain might be anticipated, the fraction of years 
when there is no yield benefit, and the fraction of years when the stress-tolerant cultivar will result in a yield loss. Cultivars 
with stress-tolerant traits might be sold like insurance in that the improved cultivar gives increased yields in low-yield, low-
income years but the insurance premium is ‘paid’ in the very good years when a yield decrease would result in a small 
income loss in years of high revenue. 
 

Conclusion: Abiotic stress tolerance is complex.  Plant adaptations to most abiotic stresses involve a range of traits which 
combine to contribute to overall whole plant tolerance. Application of molecular and physiological knowledge may to improve the 
adaptation to abiotic stresses particularly drought. But it should take into consideration four steps specially to improve crop drought 
tolerance, it is anticipated that many of the conclusions of this discussion apply to other abiotic stresses;  (i) assessing potential 
yield benefit and variation within a germplasm population for trait, (ii) developing suitable phenotyping methodologies for the traits 
of interest, (iii) reliable techniques to track expression of a desired trait through the breeding process, and (iv) creating appropriate 
new criteria for cultivar selection. Therefore, It is imperative, therefore, to develop accurate non-destructive root phenotyping 
assays to elucidate mechanisms of abiotic stress tolerance. In addition to the relevant phenotyping technique, it is important to 
have defined and monitored growth conditions so that environmental influences on plant can be considered. Most of the 
physiological traits that impact on response to environmental stress require detailed, sophisticated and usually expensive 
techniques to phenotype plants, and can be applied only to a very limited number of genotypes. Sophisticated tools must be 
developed to monitor phenotype expression at the crop level to characterize variation among genotypes across a range of 
environments. Once stress-tolerant cultivars are developed, regional probability distributions describing yield response across 
years will be necessary. 
 

Therefore, multi-tiered screens for crop improvement can be an appropriate approach. A simple but less accurate screen that 
allows a large number of genotypes to be examined is a first-tier screen followed by tiers of more sophisticated screens of 
decreasing numbers of genotypes. Such multi-tiered screens for crop improvement are not new in classical breeding efforts. A 
significant challenge for genetic studies of abiotic stress tolerance is the speed at which phenotyping assays can be done. With 
high-throughput assays now available for gene identification and molecular marker generation, the process of phenotyping 
thousands of plants is becoming the limiting component, the ‘phenotyping bottle- neck’. In recent years, number of high-throughput 
phenotyping methods is coming on line to help increase the speed at which plants can be phenotyped.  Use of these facilities, in 
conjunction with techniques for rapid marker generation and gene identification will help accelerate the identification of traits and 
genome loci that contribute to stress tolerance in plants.  
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Sorghum food technology: Research report 2011–12 
UD Chavan 

Mahatma Phule Krishi Vidyapeeth, Rahuri 
 
Highlights of research 
1. Among the new sorghum genotypes from AVHT, SPV 2042, SPV 2044, and SPV 2043 genotype were found 

promising for roti and nutritional quality as compared to the check (DSV 4) of rabi 2010-2011 from Dharwad center.  
2. Rabi sorghum genotypes from Bijapur analyzed for their roti and nutritional quality. From the results, it was found that, 

the new genotypes BJV 44 and SPV 1833 were superior over the control checks (DSV 4, DSV 5 and M 35-1).  
3. From Rabi 2011-12 Rahuri centers’ sorghum samples, among the new sorghum genotypes from AVHT, AVHT 103, 

AVHT 101, AVHT 106, AVHT 112 and AVHT 1098 were found promising and superior over the checks M 35-1 and 
Phule Maulee (RSLG 262) for roti as well as nutritional quality and from IVHT, IVHT 365, IVHT 378, IVHT 373 and 
IVHT 363 were found promising and comparable to the check for roti as well as nutritional quality.  

 
1. Screening of AVHT, and IVHT kharif and Rabi sorghum genotypes for dough, roti and nutritional quality 
parameters (Centers: Rahuri, Parbhani, Hyderabad, Bijapur and Dharwad) 
A. Results: Rabi 2010-11, sorghum genotypes (AVHT) from Dharwad Center 
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 study made on the dough, roti and nutritional 
quality of 27 rabi sorghum genotypes grown at Dharwad to identify superior genotypes.  
 
a) Flour and dough quality: Following 10 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 (%) 

 
Twenty seven advanced genotypes which include four hybrids with one check and nineteen varieties were compared with 
three check genotypes (CSH 15R, CSV 22, M 35-1 and local check DSV 4). The data on flour, dough and roti quality is 
presented in Tables 1 to 2.  
 
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 68.15 (SPV 2048) to 76.45 (CSH 1663) kg/hl. The 
CSH 1663 genotype contained higher hectoliter weight than rest of the genotypes studied.  
 
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 115% (SPH 
1620 and SPH 1647) to 140% (SPV 2032, SPV 2033 and SPV 2039).  
 
Water required for the dough: The water required for the preparation of dough was estimated for different genotypes and 
presented Table 2. 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 longer period. The water required for dough 
preparation ranged from 85 ml/100g flour (SPH 1647, SPH 1663, SPV 1830 and SPV 2033) to 110 ml/100g flour (SPV 2044 
and check M 35-1). 
 
Kneading quality: The kneading quality of dough is measured on 1-3 scale (score 1 is the best and 2 score is good and 3 
score is 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. 
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Crude protein: The crude protein content ranged from 8.00% (SPV 2049) to 9.67% (Local check DSV 4) in the advanced 
genotypes studied with their checks. None of the new genotype was found superior over local check studied. 
 
Soluble protein: The soluble protein content in the flour mostly responsible for the holding more water and becoming the 
smoothness to the roti. The soluble protein content in the flour ranged from 0.85% (SPV 2040) to 1.48% (SPH 1666). All the 
genotypes were significantly different in the soluble content.  
 
Total soluble sugars: The total soluble sugars ranged from 1.60% (SPV 2048) to 2.50% (CPH 1666). All the genotypes 
studied were significantly different. The higher sugar percentage in sorghum flour representing good amylolyptic activity 
while preparation of roti. 
 
Free amino acids: The free amino acids in the studied genotypes ranged from 70.78 mg/100g flour (CPH 1666) to 83.75 
mg/100g flour (DSV 4 Local check). The advanced sorghum genotypes were significantly different in the free amino acid 
content.  
 

Starch: The starch content of the advanced genotypes ranged from 54.71% (DSV 4) to 64.87% (SPV 2045). All genotypes 
studied were showed higher amount of starch content than the local check.  
 
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) 1 to dislike extremely 
(not acceptable) 9. 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 Table 2. 
 

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 1.6 (SPV 2042) to 5.1 (SPH 1647). The studied genotypes were 
significantly different in their colour and appearance score. The new genotypes SPV 2042, SPV 2044 and SPV 2043 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 2.0 (SPV 2042, SPV 2043 and M 35-1) to 4.5 (SPH 1663). These all genotypes were significantly 
different for the flavor score. The genotypes SPV 2042 and SPV 2043 were found superior for flavor characteristics over the 
checks. 
 

Texture: The texture of the roti gives the smoothness or roughness of the product. The texture score ranged from 2.0 to 5.1. 
 

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 1.6 (SPV 2042 and SPV 2044) to 4.5 (SPH 1663). The genotypes SPV 
2042 and SPV 2043 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 1.80 (SPV 2042) to 4.78 (SPH 1663). 
 

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 2042, SPV 2043 and SPV 2043 showed minimum loss in weight after 24 hrs storage at room temperature (Table 2).   
 

Conclusions: During Rabi (Dharwad center 2010-11) 17 sorghum genotypes from AVHT 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 AVHT, SPV 2042, SPV 2044, and SPV 2043 were found promising and superior over the check 
(Table 1 & 2) for roti as well as nutritional quality.   
  
B. Results: Dough, Roti and Nutritional quality of Rabi (2010-11) sorghum genotypes from Bijapur Center 
Grain samples of twelve rabi sorghum genotypes were from Bijapur AICSIP Center for flour, dough, roti and nutritional 
quality evaluation. The above given ten parameters for flour and dough quality and six parameters for roti quality were used. 
From the results, it was found that, the new genotypes BJV 44 and SPV 1833 were superior over the control checks (DSV 4, 
DSV 5 and M 35-1 (Table 3 and 4).  
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C. Rabi 2011-12 (AVHT & IVHT) sorghum genotypes from Rahuri center for roti and nutritional quality evaluation 
During Rabi - 2011-12, 17 sorghum genotypes from AVHT and 20 sorghum genotypes from IVHT were evaluated for flour, 
dough, 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, AVHT 103, AVHT 101, AVHT 106, AVHT 112 and AVHT 1098 were found 
promising and superior over the checks M 35-1 (Maldandi) and Phule Maulee (RSLG 262) for roti as well as nutritional 
quality (Table 5 & 6). The amino acid profile, mineral elements, vitamins and anitinutritional constituents also studied from 
these genotypes.  The content of these parameters are comparable to the checks (Tables 7, 8 and 9).   

 
Considering the roti and nutritional quality parameters, among the IVHT rabi sorghum genotypes IVHT 365, IVHT 378, IVHT 
373 and IVHT 363 were found to be promising and superior over the check M 35-1 (Table 10 and 11) for roti as well as 
nutritional quality. 
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Table 1.  Nutritional constituents responsible for roti quality prepared from different Rabi (AVHT) cultivars of sorghum (Dharwad Center 2010-11). 
 
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 1620 CW R 75.14 115 9.27 1.19 2.24 57.89 75.96 1.42 
SPH 1647 DW R 76.37 115 8.78 1.32 2.22 59.94 77.49 1.36 
SPH 1663 CW R 76.45 130 8.93 1.34 2.17 58.82 73.72 1.40 
SPH 1666 CW R 73.52 135 9.28 1.48 2.50 62.91 70.78 1.51 
SPV 1830 CW R 73.05 131 8.53 1.19 2.00 61.97 77.00 1.23 
SPV 1833 CW R 73.85 118 8.22 1.28 1.76 59.55 73.35 1.29 
SPV 1835 CW R 70.21 130 9.55 1.09 2.02 59.11 71.66 1.56 
SPV 1891 CW R 75.16 128 8.26 1.11 1.92 61.17 72.32 1.18 
SPV 2029 CW R 73.44 135 8.34 1.20 1.81 61.59 74.68 1.40 
SPV 2032 CW R 73.98 140 8.40 1.33 2.10 63.41 74.98 1.24 
SPV 2033 CW R 72.22 140 8.10 1.43 1.94 62.39 74.71 1.28 
SPV 2034 CW R 74.38 130 8.46 1.19 1.92 61.49 77.30 1.32 
SPV 2035 CW R 73.22 135 8.60 1.03 1.85 58.41 80.31 1.23 
SPV 2039 CW R 75.46 140 8.69 1.09 2.03 59.29 76.74 1.28 
SPV 2040 CW R 75.96 125 8.84 0.85 1.97 60.04 80.59 1.22 
SPV 2042 CW R 74.42 138 8.85 1.15 2.22 62.31 78.05 1.06 
SPV 2043 CW R 73.63 138 8.37 1.17 2.29 63.17 72.19 1.08 
SPV 2044 CW R 72.36 135 8.51 1.20 2.07 62.44 72.49 0.94 
SPV 2045 CW R 71.59 135 9.41 1.12 2.25 64.87 81.91 1.31 
SPV 2046 CW R 72.98 138 8.51 1.18 1.94 61.51 75.22 1.10 
SPV 2047 CW R 75.42 124 8.72 1.14 2.00 61.34 76.16 1.16 
SPV 2048 CW R 68.15 123 8.03 1.10 1.60 59.24 76.83 1.42 
SPV 2049 CW R 74.05 132 8.00 1.26 1.71 60.35 75.12 1.34 
CSH 15R CW R 74.92 130 8.72 1.20 1.99 58.05 77.98 1.39 
CSV 22 CW R 72.41 129 8.62 1.16 1.93 60.17 76.73 1.34 
M-35-1 CW R 75.36 138 8.65 1.19 2.04 60.32 77.24 1.18 
DSV-4 CW R 76.21 136 9.67 0.89 2.03 54.71 83.75 1.12 
Range - - 68.15 - 76.45 115 - 140 8.00 -9.67 0.85 -1.48 1.60 -2.50 54.71 -64.87 70.78 -83.75 0.94 -1.56 
Mean - - 73.85 131 8.67 1.18 2.02 60.61 76.11 1.28 
S.E. + - - 1.88 7.18 0.44 0.13 0.19 2.08 3.07 0.13 
C.D. at 5 % - - 5.64 21.53 1.34 0.40 0.57 6.26 9.22 0.40 
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 2. Organoleptic quality of roti prepared from different hybrid Rabi (AVHT) cultivars of sorghum (Dharwad Center, 2010-11). 
 

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 1620 80 1 1 5.0 4.2 4.4 4.1 4.43 21 2.90 3.91 10.23 
SPH 1647 85 1 1 5.1 4.3 4.6 4.2 4.55 22 2.81 4.32 12.21 
SPH 1663 85 1 1 5.0 4.5 5.1 4.5 4.78 23 3.82 4.20 12.80 
SPH 1666 100 1 1 4.5 3.9 3.8 3.4 3.90 20 2.50 4.01 11.30 
SPV 1830 85 1 1 3.2 3.0 3.2 2.8 3.05 17 2.76 4.03 12.02 
SPV 1833 80 1 1 2.6 2.2 2.6 2.6 2.50 10 2.80 3.98 10.62 
SPV 1835 80 1 1 3.4 2.4 3.0 2.8 2.90 15 2.99 3.43 10.62 
SPV 1891 100 1 1 3.2 2.2 2.6 2.6 2.65 12 2.50 3.79 11.49 
SPV 2029 95 1 1 3.0 2.8 2.8 2.6 2.80 14 2.63 3.59 10.90 
SPV 2032 95 1 1 3.8 3.2 3.0 3.2 3.30 19 2.55 3.86 10.81 
SPV 2033 85 1 1 3.4 2.6 3.2 2.8 3.00 16 2.90 3.60 10.52 
SPV 2034 90 1 1 2.4 2.2 2.2 2.6 2.35 7 2.68 3.71 10.88 
SPV 2035 90 1 1 2.8 2.4 3.0 2.8 2.75 13 2.47 3.35 10.92 
SPV 2039 100 1 1 2.4 2.8 2.8 3.2 2.80 14 2.78 3.82 10.21 
SPV 2040 100 1 1 2.2 2.6 2.2 2.4 2.35 7 2.45 4.00 10.03 
SPV 2042 105 1 1 1.6 2.0 2.0 1.6 1.80 1 2.10 3.35 10.01 
SPV 2043 100 1 1 2.4 2.0 2.2 1.8 2.10 4 2.52 3.78 10.05 
SPV 2044 110 1 1 1.8 2.2 2.0 1.6 1.90 2 2.41 3.79 10.07 
SPV 2045 95 1 1 2.2 2.6 2.8 2.2 2.45 9 2.80 3.21 10.11 
SPV 2046 90 1 1 3.6 3.2 3.6 2.6 3.25 18 3.15 4.01 10.98 
SPV 2047 95 1 1 3.0 2.2 2.4 2.0 2.40 8 2.31 3.82 10.35 
SPV 2048 90 1 1 2.2 2.4 2.2 2.4 2.30 6 2.30 3.71 10.48 
SPV 2049 90 1 1 3.2 2.4 2.4 2.2 2.55 11 2.41 3.84 10.30 
CSH 15R 80 1 1 3.2 2.2 1.8 2.4 2.40 8 2.81 3.70 10.23 
CSV 22 95 1 1 3.4 2.6 2.0 2.4 2.60 12 2.61 3.62 10.12 
M-35-1 110 1 1 2.2 2.0 2.1 2.0 2.08 3 2.30 3.01 10.11 
DSV-4 100 1 1 2.6 2.3 2.0 2.0 2.22 5 2.65 3.98 10.45 
 85-110 - - 1.6-5.1 2.0-4.5 2.0-5.1 1.6-4.5 1.80-4.78 - 2.10-3.82 3.01-4.32 10.01-12.21 
Range - - - - - - - - - - - - 
Mean - - - 3.09 2.72 2.81 2.66 2.82 - 2.65 3.76 10.70 
S.E. + - - - 0.93 0.71 0.84 0.72 0.76 - 0.32 0.29 0.70 
CD at 5 % - - - 2.80 2.13 2.52 2.16 2.30 - 0.98 0.88 2.12 

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) ‐ 1, Like very much (Very good) ‐ 2, Like moderately ‐ 3, Like slightly‐4, Neither like nor dislike ‐ 5, Dislikes lightly ‐ 6, Dislike moderately ‐ 7, Dislike 
very much ‐ 8, Dislike extremely‐9. 
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Table 3. Nutritional constituents responsible for roti quality prepared from different Rabi cultivars of sorghum (Bijapur Center 2010-11). 
 

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 2049 CW R 74.58 110 8.63 0.89 1.12 64.12 75.80 1.00 
SPV 1891 CW R 76.01 100 8.99 0.86 2.12 64.38 81.31 1.38 
SPV 1833 CW R 76.40 125 8.92 0.90 2.12 60.95 82.58 1.08 
BJV 385 CW R 78.76 95 9.92 0.91 2.07 59.85 91.98 1.81 
BJV 44 CW R 78.03 100 9.69 0.75 1.99 54.84 89.40 1.55 
BRJ 204 CW R 75.96 100 8.79 0.74 1.91 59.58 82.52 1.14 
BJV 80 CW R 76.08 100 8.65 0.93 1.88 59.98 83.31 1.24 
CSV 22 CW R 77.98 100 9.94 0.69 2.12 58.05 92.70 1.51 
M 35-1 CW R 79.12 100 9.35 0.88 2.12 56.93 92.47 1.30 
DSV 4 CW R 78.82 105 9.89 0.36 1.80 59.97 93.16 1.17 
DSV 5 CW R 76.12 115 8.58 1.01 1.33 66.26 87.12 1.00 
BJV 44 CW R 76.96 110 9.49 1.09 2.33 64.77 73.39 1.00 
Range - - 74.58-79.12 95-125 8.58-9.94 0.36-1.09 1.12-2.33 54.84-66.26 73.39-93.16 1.00-1.55 
Mean - - 77.08 104 9.23 0.82 1.91 60.81 85.48 1.30 
S.E. + - - 1.37 7.02 0.51 0.18 0.33 3.31 6.45 0.22 
C.D. at 5 % - - 4.13 21.07 1.54 0.55 1.01 9.92 19.35 0.68 
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 4. Organoleptic quality of roti prepared from different Rabi cultivars of sorghum (Bijapur Center, 2010-11). 
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 2049  90  2  2 3.8 3.8 3.2 2.8 3.40  12 2.54 3.96 9.56

SPV 1891  85  1  1 3.2 3 3.4 2.6 3.05  11 2.51 3.97 10.17

SPV 1833  100  1  1 1.6 1.4 1.2 1.2 1.35  2 2.15 3.05 9.38

BJV 385  75  2  2 2.6 1.8 2.6 2 2.25  5 2.13 3.30 9.98

BJV 44  90  1  1 2.8 2.8 3 2.4 2.75  8 2.50 3.98 9.92

BRJ 204  75  1  1 2.8 3.4 2.4 2.6 2.80  9 2.38 3.62 9.69

BJV 80  90  1  1 2.2 2.2 2.2 2 2.15  4 2.43 3.78 9.87

CSV 22  85  1  1 3.0 2.6 3.4 1.8 2.70  7 2.38 3.90 10.15

M 35‐1  95  1  1 2.2 2.2 1.8 1.4 1.90  3 2.18 3.10 10.35

DSV 4  90  2  2 3.2 3 3 2.4 2.90  10 2.48 4.03 10.18

DSV 5  100  1  1 2.2 2.8 3.2 2.4 2.65  6 2.01 3.96 9.88

BJV 44  105  1  1 1.2 1.2 1.2 1.2 1.20  1 2.10 2.95 9.15

Range  75‐105  ‐  ‐ 1.2‐3.8 1.2‐3.8 1.2‐3.4 1.2‐2.8 1.20‐3.40  ‐ 2.01‐2.54 2.95‐4.03 9.15‐10.35

Mean  90  ‐  ‐ 2.57 2.52 2.55 2.23 2.43  ‐ 2.32 3.63 9.86

S.E. +  8.52  ‐  ‐ 0.69 0.75 0.76 0.52 0.64  ‐ 0.18 0.39 0.34

CD at 5 %  25.59  ‐  ‐ 2.09 2.25 2.30 1.57 1.93  ‐ 0.55 1.19 1.03

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) ‐ 1, Like very much (Very good) ‐ 2, Like moderately ‐ 3, Like slightly‐4, Neither like nor dislike ‐ 5, Dislikes lightly ‐ 6, Dislike 
moderately ‐ 7, Dislike very much ‐ 8, Dislike extremely‐9. 
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Table 5. Nutritional constituents responsible for roti quality prepared from different Rabi (AVHT) cultivars of sorghum (Rahuri Center 2011-12). 
 

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 
(%) 

AVHT 101 CW R 79.77 125 10.41 1.40 2.23 60.05 74.87 0.38 
AVHT 102 CW R 77.10 118 9.96 0.97 2.48 62.41 76.99 0.33 
AVHT 103 CW R 77.61 135 9.97 1.38 2.67 60.65 75.95 0.18 
AVHT 104 CW R 78.13 120 10.09 1.13 2.40 64.28 74.60 0.40 
AVHT 105 CW R 78.23 123 10.03 1.50 2.23 63.23 74.40 0.59 
AVHT 106 CW R 75.19 120 10.29 1.24 2.15 63.24 77.02 0.25 
AVHT 107 CW R 77.80 118 10.05 1.41 2.38 60.85 77.57 0.70 
AVHT 108 CW R 76.11 120 9.87 1.27 2.51 59.94 78.87 0.33 
AVHT 109 CW R 79.48 122 9.99 1.17 2.19 64.76 73.58 0.15 
AVHT 110 CW R 78.60 126 9.44 1.61 2.22 62.21 75.91 0.85 
AVHT 111 CW R 76.75 122 10.41 1.14 2.80 62.01 77.06 0.84 
AVHT 112 CW R 74.49 125 10.13 1.06 2.73 62.64 76.38 0.28 
AVHT 1098 CW R 77.54 130 10.83 1.50 2.23 61.60 74.92 0.22 
RSV 423 (P. Vasudha) CW R 76.33 135 10.49 1.14 2.41 61.86 77.85 0.28 
RSLG-262 (P. Maulee) CW R 80.58 130 10.11 1.38 2.30 60.90 72.68 0.22 
RSV 237 (P. Chitra) CW R 78.03 130 10.80 1.70 2.22 59.47 70.65 0.33 
M 35-1 (Maldhandi) CW R 79.56 133 10.58 1.66 2.20 59.92 78.86 0.14 
Range - - 75.19-80.56 118-135 9.44-10.80 0.97-1.70 2.15-2.80 59.47-64.76 70.65-78.87 0.14-0.85 
Mean - - 77.72 125 10.18 1.33 2.37 61.76 75.77 0.38 
S.E. + - - 1.58 5.59 0.31 0.21 0.20 1.51 2.13 0.22 
C.D. at 5 % - - 4.77 16.78 0.93 0.63 0.60 4.53 6.39 0.66 

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 6. Organoleptic quality of roti prepared from different hybrid/varieties of Rabi (AVHT) cultivars of sorghum (Rahuri Center, 2011-12). 

 
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 

AVHT 101 100 1 1 7.6 7.4 7.4 7.2 7.40 2 2.23 4.85 13.44 
AVHT 102 80 1 1 6.0 6.6 6.2 6.4 6.30 12 2.67 4.47 12.63 
AVHT 103 100 1 1 8.0 7.6 7.8 7.2 7.65 1 2.35 4.12 12.15 
AVHT 104 90 1 1 6.6 6.6 7.4 7.0 6.90 7 2.78 4.54 12.56 
AVHT 105 90 1 1 6.6 6.6 7.6 6.8 6.90 7 2.34 4.02 12.43 
AVHT 106 95 1 1 7.6 7.2 7.6 7.2 7.40 2 2.94 4.76 12.23 
AVHT 107 80 1 1 7.0 6.4 7.4 6.8 6.90 7 2.83 4.42 12.25 
AVHT 108 90 1 1 6.4 6.6 6.4 6.6 6.50 9 2.08 6.79 13.57 
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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 

AVHT 109 85 1 1 6.4 6.2 6.2 6.6 6.35 11 2.21 4.84 12.24 
AVHT 110 90 1 1 7.2 6.6 6.8 7.4 7.00 6 2.79 4.20 12.45 
AVHT 111 90 1 1 6.4 6.6 6.2 6.4 6.40 10 2.93 6.08 13.36 
AVHT 112 100 1 1 7.2 7.4 7.0 7.8 7.35 3 2.85 3.51 12.06 
AVHT 1098 100 1 1 7.2 7.4 7.2 7.4 7.30 4 2.36 4.10 12.43 
RSV 423 (P.Vasudha) 100 1 1 7.6 7.4 7.2 7.4 7.40 2 2.85 3.35 12.18 
RSLG-262 (P.Maulee) 90 1 1 6.8 6.8 6.4 6.4 6.60 8 2.23 4.86 12.26 
RSV 237 (P. Chitra) 100 1 1 8.0 7.6 7.2 7.8 7.65 1 2.27 4.18 12.18 
M 35-1 (Maldhandi) 90 1 1 7.4 7.2 7.2 6.8 7.15 5 2.38 4.13 12.41 
Range 80-100 - - 6.0-8.0 6.2-7.6 6.2-7.8 6.4-7.8 6.35-7.65 - 2.08-2.93 3.35-6.79 12.06-13.44 
Mean 93 - - 7.1 6.9 7.0 7.0 7.01 - 2.53 4.54 12.52 
S.E. + 6.66 - - 0.58 0.44 0.52 0.44 0.43 - 0.29 0.81 0.45 
CD at 5 % 20.00 - - 1.74 1.34 1.57 1.34 1.32 - 0.87 2.45 1.38 

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. 

 
Table 7. Amino acid composition of rabi (2011-2012) AVHT sorghum genotypes (g/16 g Nitrogen). 

 
Parameter/ 
Genotype No 

AVHT
101 

AVHT 
102 

AVHT 
103 

AVHT 
104 

AVHT 
105 

AVHT 
106 

AVHT 
107 

AVHT 
108 

AVHT 
109 

AVHT 
110 

AVHT 
111 

AVHT 
112 

AVHT 
1098 

RSV 
423 

Phule 
Maulee 

Phule 
Chitra 

M 35-1 

Alanine 8.12 8.05 8.23 8.26 7.90 7.98 7.99 8.07 8.29 8.00 8.11 8.04 8.16 8.05 8.29 8.01 7.94 
Arginine 5.11 5.44 5.40 5.52 5.20 5.27 5.30 5.52 5.06 5.16 5.58 5.46 4.69 5.46 4.65 4.46 4.94 
Aspartic acid 6.78 6.82 7.41 6.40 6.83 6.74 7.18 7.01 6.74 6.94 6.83 6.72 7.43 6.74 6.58 7.22 7.22 
Cysteine 0.76 0.78 0.84 0.88 0.83 0.88 0.79 0.87 0.81 0.85 0.81 0.84 0.89 0.89 0.80 0.93 0.80 
Glutamic acid 21.55 21.70 21.68 21.60 21.55 21.58 21.51 21.39 21.40 21.48 21.59 21.46 21.03 21.60 20.91 21.04 21.52 
Glycine 2.71 2.62 2.81 2.78 2.78 2.60 2.80 2.78 2.78 2.80 2.77 2.73 2.99 2.84 3.02 3.15 2.82 
Histidine 2.11 2.10 2.09 2.08 2.09 2.11 2.11 2.08 2.06 2.11 2.10 2.08 2.04 2.02 2.05 2.03 2.11 
Isoleucine 3.87 3.92 3.84 3.76 3.95 3.74 3.96 3.77 3.95 3.86 3.90 3.77 3.83 3.78 3.84 3.74 3.93 
Leucine 13.26 12.55 12.23 12.92 13.35 13.22 13.18 12.07 13.33 13.43 12.51 12.23 12.62 12.05 12.48 12.09 13.27 
Lysine 2.63 2.54 2.48 2.56 2.60 2.59 2.55 2.52 2.61 2.62 2.52 2.50 2.58 2.48 2.58 2.49 2.57 
Methionine 1.32 1.34 1.34 1.33 1.34 1.35 1.36 1.37 1.33 1.33 1.36 1.36 1.36 1.34 1.32 1.35 1.35 
Phenylalanine 4.90 4.91 5.06 4.89 4.92 4.96 4.83 4.98 4.92 4.90 4.91 4.95 4.92 5.00 4.80 4.91 4.86 
Proline 6.29 6.12 6.06 6.40 6.05 6.13 6.03 6.16 6.24 6.13 6.09 6.15 6.09 6.41 6.24 6.20 6.01 
Serine 3.32 3.17 3.33 3.32 3.44 3.22 3.34 3.26 3.48 3.42 3.30 3.21 3.56 3.32 3.63 3.60 3.43 
Threonine 2.90 2.93 2.93 2.92 2.94 2.94 2.95 2.98 2.93 2.93 2.95 2.95 2.97 2.93 2.93 2.96 2.94 
Tryptophan 1.04 1.11 1.14 1.11 1.03 1.08 1.09 1.17 1.05 1.05 1.13 1.18 1.08 1.17 1.11 1.13 1.05 
Tyrosine 2.86 2.91 2.92 2.94 2.88 2.93 2.95 2.96 2.82 2.92 2.94 2.93 2.96 2.92 2.88 3.02 2.99 
Valine 4.74 4.58 4.66 4.48 4.30 4.41 4.59 4.72 4.40 4.35 5.03 4.93 4.10 4.62 4.95 4.19 4.57 
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Table 8. Minerals and vitamins present in AVHT sorghum genotypes grown at MPKV, Rahuri during rabi 2011-2012. 
Parameter/ 

Genotype No 
AVHT 
101 

AVHT 
102 

AVHT 
103 

AVHT 
104 

AVHT 
105 

AVHT 
106 

AVHT 
107 

AVHT 
108 

AVHT 
109 

AVHT 
110 

AVHT 
111 

AVHT 
112 

AVHT 
1098 

RSV 
423 

Phule 
Maulee 

Phule 
Chitra 

M 35-1 

Mineral elements, mg/100g 
Calcium 34.98 35.79 37.02 36.96 33.91 34.08 36.23 37.34 34.51 34.36 35.84 35.69 32.62 36.95 30.99 32.25 31.66 
Potassium 553 552 553 535 544 542 546 564 523 520 533 573 564 581 535 546 514 
Phosphorus 526 518 526 511 521 517 521 518 515 511 507 519 514 516 507 521 502 
Sodium 22.55 21.39 20.98 24.59 21.50 22.04 20.37 21.54 23.01 22.05 19.49 20.16 23.19 22.03 20.81 22.85 20.68 
Iron 7.84 7.38 6.98 7.62 7.95 8.18 7.20 7.11 7.86 7.63 7.06 7.56 7.82 7.26 7.82 7.33 7.35 
Magnesium 232 215 218 212 224 225 213 214 222 215 203 222 222 216 215 209 203 
Zinc 3.77 3.67 3.81 3.61 2.76 3.75 3.80 3.78 3.76 3.81 3.76 3.70 3.84 3.69 3.87 3.94 3.87 
Copper 0.93 0.92 0.93 1.00 1.01 1.04 0.95 0.92 1.02 1.02 0.96 0.96 0.90 0.93 0.96 0.81 0.92 
Manganese 2.78 3.11 3.28 2.95 2.82 2.91 3.11 3.17 2.81 2.71 3.21 3.00 2.77 3.03 2.82 2.99 3.05 
Vitamins 
β-Carotene, µg/100g 50.24 51.53 48.89 53.14 47.20 48.24 48.07 50.12 48.75 46.96 47.73 49.10 50.57 52.03 46.71 54.23 46.49 
Thiamine, mg/100g 0.36 0.31 0.30 0.35 0.36 0.37 0.33 0.34 0.41 0.37 0.31 0.35 0.40 0.36 0.42 0.38 0.33 
Riboflavin, mg/100g 0.03 0.01 0.02 0.03 0.02 0.01 0.03 0.03 0.02 0.01 0.03 0.04 0.04 0.02 0.01 0.09 0.08 
Niacin, mg/100g 3.32 3.79 3.59 3.23 3.01 3.10 3.41 3.38 3.05 2.98 3.66 3.44 3.15 3.34 3.26 3.18 3.34 
Folic acid, µg /100g 17.64 16.40 15.47 18.78 18.67 18.99 16.55 16.96 17.91 18.84 15.16 16.37 18.50 17.46 16.99 18.67 17.69 

 

Table 9. Antinutritional factors present in AVHT sorghum genotypes grown at MPKV, Rahuri during rabi 2011-2012. 
Parameter/ 

Genotype No 
AVHT 
101 

AVHT 
102 

AVHT 
103 

AVHT 
104 

AVHT 
105 

AVHT 
106 

AVHT 
107 

AVHT 
108 

AVHT 
109 

AVHT 
110 

AVHT 
111 

AVHT 
112 

AVHT 
1098 

RSV 
423 

Phule 
Maulee 

Phule 
Chitra 

M 35-1 

Free amino acids, mg/100g 74.87 76.99 75.95 74.60 74.40 77.02 77.57 78.27 73.58 75.91 77.06 76.38 74.92 77.85 72.68 70.65 78.86 
Phenolics, g/100g 0.38 0.33 0.18 0.40 0.59 0.25 0.70 0.33 0.15 0.85 0.84 0.28 0.28 0.22 0.28 0.33 0.14 
Oxalic acid, mg/100g 12.50 10.71 9.49 13.33 13.59 14.09 9.92 11.04 13.89 12.71 8.60 11.13 9.18 9.80 10.85 7.19 6.62 
Phytic phosphorus, mg/100g 160 195 201 177 171 167 199 193 169 174 201 189 160 175 138 147 180 
 

Table 10.  Nutritional constituents responsible for roti quality prepared from different Rabi (IVHT) cultivars of sorghum (Rahuri Center 2011-12). 

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 (%) 

IVHT 361 CW R 76.15 120 10.49 1.30 2.45 62.50 77.73 0.30 
IVHT 362 CW R 78.28 120 10.46 1.27 1.88 62.29 76.52 0.15 
IVHT 363 CW R 75.73 128 10.39 1.21 2.14 59.75 79.08 0.52 
IVHT 364 CW R 80.61 120 10.22 1.42 1.96 62.26 76.26 0.30 
IVHT 365 CW R 75.47 130 10.44 1.44 2.24 62.78 78.11 0.30 
IVHT 366 CW R 77.21 120 10.11 1.67 1.85 61.70 82.80 0.21 
IVHT 367 CW R 77.78 125 10.85 1.12 2.78 60.01 78.31 0.77 
IVHT 368 CW R 78.18 127 10.74 1.61 2.19 63.36 77.94 0.30 
IVHT 369 CW R 77.32 125 10.48 1.29 2.58 60.13 77.86 0.41 
IVHT 370 CW R 77.86 118 9.72 1.60 1.91 60.98 74.46 0.31 
IVHT 371 CW R 76.12 115 10.58 1.18 2.30 61.06 79.11 0.44 
IVHT 372 CW R 75.53 120 10.22 1.39 2.27 62.97 77.74 0.80 
IVHT 373 CW R 77.60 130 10.45 1.28 2.09 60.05 78.72 0.53 
IVHT 374 CW R 76.52 125 10.46 1.35 2.19 60.23 81.06 0.35 
IVHT 375 CW R 78.26 120 10.48 1.34 2.64 61.75 76.52 0.48 



 

                                                                                          Directorate of Sorghum Research, Hyderabad 

AICSIP Coordinating team report agm12.doc  Page 71 of 76 

 

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 (%) 

IVHT 376 CW R 76.89 130 10.24 1.19 2.03 61.38 79.15 0.83 
IVHT 377 CW R 75.84 133 10.62 1.20 1.80 61.06 80.73 0.55 
IVHT 378 CW R 76.69 132 10.88 1.58 2.41 60.68 80.15 0.66 
IVHT 379 CW R 77.36 132 9.81 1.47 2.20 62.56 75.87 0.65 
RSV 423 (P. Vasudha) CW R 76.33 135 10.49 1.14 2.41 61.86 77.85 0.28 
M 35-1 (Maldhandi) CW R 79.56 133 10.58 1.66 2.20 59.92 78.86 0.14 
Range - - 75.47-80.61 115-135 9.72-10.88 1.12-1.67 1.80-2.78 59.75-62.97 74.46-82.80 0.14-0.83 
Mean - - 77.20 126 10.41 1.37 2.22 61.39 78.33 0.44 
S.E. + - - 1.29 5.79 0.28 0.17 0.25 1.09 1.85 0.20 
C.D. at 5 % - - 3.88 17.38 0.85 0.51 0.78 3.29 5.56 0.61 

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 11.  Organoleptic quality of roti prepared from different hybrid Rabi (IVHT) cultivars of sorghum (Rahuri Center, 2011-12). 
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 

IVHT 361 90 1 1 6.8 6.4 7.2 6.8 6.80 9 2.43 4.15 10.13 
IVHT 362 80 1 1 6.8 6.8 6.4 6.8 6.70 10 2.93 4.72 9.94 
IVHT 363 100 1 1 7.6 6.4 7.4 7.4 7.20 4 2.84 4.31 9.62 
IVHT 364 100 1 1 6.2 5.6 6.2 6.2 6.05 17 2.13 6.85 10.34 
IVHT 365 100 1 1 8.4 7.0 8.2 8.2 7.95 1 2.34 4.65 9.73 
IVHT 366 95 1 1 6.6 6.0 6.2 6.6 6.35 15 2.82 4.21 9.75 
IVHT 367 100 1 1 6.4 6.4 6.4 6.2 6.35 15 2.94 6.56 11.53 
IVHT 368 100 1 1 6.4 6.0 6.6 6.4 6.35 15 2.73 4.41 9.23 
IVHT 369 100 1 1 6.6 6.4 6.6 6.6 6.55 12 2.53 4.64 9.85 
IVHT 370 90 1 1 6.8 6.6 6.4 6.8 6.65 11 2.33 4.21 9.85 
IVHT 371 90 1 1 6.8 5.8 6.4 6.8 6.45 14 2.74 4.72 10.08 
IVHT 372 95 1 1 7.0 6.4 6.8 7.2 6.85 8 2.70 4.83 11.71 
IVHT 373 90 1 1 7.4 6.6 7.2 7.8 7.25 3 2.66 4.23 9.41 
IVHT 374 90 1 1 7.2 6.4 7.0 7.2 6.95 7 4.15 6.38 10.82 
IVHT 375 100 1 1 7.0 6.2 6.4 6.4 6.50 13 2.78 6.74 11.91 
IVHT 376 100 1 1 7.0 6.8 7.0 7.0 6.95 7 2.43 2.62 11.55 
IVHT 377 90 1 1 7.6 6.6 7.0 7.2 7.10 6 2.56 4.67 9.89 
IVHT 378 80 1 1 7.4 7.0 7.6 7.2 7.30 2 2.30 4.23 9.86 
IVHT 379 80 1 1 6.4 6.0 6.2 6.4 6.25 16 2.76 4.74 10.06 
RSV 423 (P. Vasudha) 100 1 1 7.0 6.8 7.2 7.4 7.10 6 2.85 3.35 12.18 
M 35-1 (Maldhandi) 90 1 1 7.4 7.2 7.2 6.8 7.15 5 2.38 4.13 12.41 
Range 80-100 - - 6.2-8.4 5.6-7.0 6.2-8.2 6.2-8.2 6.05-7.95 - 2.13-4.15 2.62-6.85 9.23-12.41 
Mean 94 - - 7.0 6.4 6.8 6.9 6.80 - 2.68 4.73 10.47 
S.E. + 7.38 - - 0.50 0.40 0.51 0.50 0.43 - 0.39 1.04 0.96 
CD at 5 % 22.15 - - 1.52 1.21 1.56 1.51 1.32 - 1.19 3.14 2.88 

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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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. Dual purpose: 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. 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) 

4. 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) 

5. 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) 

6. 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. 

7. 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). 

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

9. 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 Proposed 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. 30,000/- 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.  
4. Name and address of the scientist submitting entries 

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

 

5. 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.30,000/- 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 charac-
teristics 

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: ____________________________ 

 
  
 


