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ABSTRACT: The study was aimed to assess the genetic variability for yield and its components in the 
material comprised of 154 sorghum progenies of F3 generation obtained from eight crosses of resistant × 
susceptible type for grain mold. Out of six characters studied, highest phenotypic and genotypic co-
efficient of variability coupled with high heritability estimates was exhibited by grain yield. High heritability 
coupled with high genetic advance as percent of mean was observed for plant height, 1000 grain weight 
and grain yield per plant. Hence selection can therefore be based on these characters and their phenotypic 
expression would be good indicator of their genotypic potentiality. The remaining traits recorded lower 
scores in the three genetic parameters considered in this study and therefore offered less scope for 
selection as they were much more under the influence of the environment. The best five F3 progenies viz., 
second and third progenies of I 12 × IS 25017, sixth and ninth progenies of MR 836 × B 58586, fourth 
progeny of GM 94008 × SRT 26B were early to flower as compared to the best check DSV 6.  Seventh 
and ninth progenies of I 12 × IS 25017, sixth and thirteenth progenies of MR 836 × B 58586, third and 
seventh progenies of SRT 18 × MR 836; second third, fifth, sixth and seventh progenies of 296B × B 
58586, fifth progeny of GM 94008 × SRT 26 B were high yielding and moderately resistance to grain 
mould. Hence, selection can be made in there progenies in further generations to have high yielding and 
grain mould tolerant genotypes.  With respect to grain luster, lustrous grain group (49.35%) was the 
predominant, which was followed by medium luster (28.57%) and non lustrous (22.07%).  Lustrous grains 
generally exhibit resistance to grain mould, as such lustrous  grain shall not allow water drops to remain 
on grains during rains.  Hence mould shall not grow on lustrous grains. 
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INTRODUCTION 
 

 One of the major reasons for decrease in area of sorghum is development of molds on the  grains due to soaking 
of Kharif sorghum panicles  caught in September – October rains.  Grains attacked by mold become black in colour, 
poisonous and nutritionally poor thus become unfit for consumption. Hence, kharif sorghum grains fetche low market 
price.  In addition, consumption of these mold affected grains cause health hazards.  Mold reduces the germination 
per cent of the affected seeds thus reduce the quality of seed and grain.  Thus Sorghum grain mold constitutes one 
of the most important biotic constraints to sorghum improvement and production worldwide hence kharif sorghum 
cultivation becomes economically less viable. Development of grain mold tolerant kharif sorghum varieties is the 
need of the day, which helps the farmers in reducing the loss of grain quality and fetches him high market price.  This 
also reduces the cost of production by avoiding spraying of chemicals and also checks the environmental hazards. 
       Variability depends on heritable and non heritable components while coefficient of variation measure the 
magnitude of variability present in a population. Estimates of heritability and genetic advances are important 
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preliminary steps in any breeding program as they provide information needed in designing the most effective 
breeding program and the relative practicability of selection. Keeping these this in view the present investigation was 
initiated to study the genetic variability and diversity for grain mold tolerance in F3 progenies derived from eight cross 
obtained by crossing one parent resistant to grain mold and other one with good agronomic background. 
 

MATERIALS AND METHODS 
 

 The experimental material comprised of 154 F3 progenies derived from eight crosses obtained by crossing one 
parent resistant to grain mold and other one with good agronomic background. All the 154 F3 progenies along with 
resistant parent DSV6 and good combiner parent 296B  but susceptible to grain mold were  planted in a randomized 
complete block design with three replications in medium deep black soil under rainfed condition at University of 
Agricultural Sciences, Dharwad during kharif season . Each progeny was sown in three rows of 6 m length with inter 
row spacing of 45 cm and intra row spacing of 15 cm.. All the recommended practices were followed to raise good 
crop of kharif sorghum. Observations were recorded on five competitive plants chosen at random in each sub-plot. 
Measurements were recorded at appropriate stages of plant growth on all the six quantitative characters viz., days 
to 50 per cent flowering, days to maturity, plant height, panicle length, 1000 seed weight and grain yield per plant 
following recommendations of ICRISAT descriptor list for sorghum. The mean of five plants in each replication for 
each character was used for analysis of variance. Grain mold scoring was done after maturity. 
 The analysis of variance for each character was carried out as per the method suggested by Panes and 
Sukhatme (1978). Estimation of genetic variability parameters viz., phenotypic and genotypic variance were 
calculated according to the formula given by Lush. Phenotypic and genotypic coefficient of variation were calculated 
by the method suggested by Burton and Devane (1952). Heritability in broad sense (h2) was calculated as a ratio of 
genotypic variance to the phenotypic variance (Hanson  1956). Genetic advance was computed according to the 
method suggested by Johnson  (1955). Genetic advance as percentage of mean (GAM) was calculated by using the 
formula given below. 

GA 
GAM = ------- x 100 

X 
 
 Where, 
 

GA = Genetic advance 
X = Grand mean 

 
Screening for grain mold:  
 The experiment was grown under mist formation unit to facilitate mist formation on panicles from flowering to the 
physiological maturity to provide high humidity (>90% RH). This high humidity keeps the panicles moist for longer 
period. Moisture on panicle along with surrounding temperature creates the favourable condition for mold  
development. The mist was created by installing perforated GI pipes horizontally at the height of 10 feet above the 
ground on iron poles. These perforated pipes with minute holes were connected to high pressure bore well pump so 
that fine mist is formed and spread over the panicle when the water is passed through the perforated pipes. The mist 
formation unit was run for one hour thrice a day morning, afternoon and at evening. From each entry 10 plants of 
uniform height and flowering were tagged. The visual panicle grain mold rating was scored at physiological maturity 
and these tagged plants were harvested threshed separately and scored for threshed grain mold rating. Visual scores  
ere recorded using 1-9 scale, where 1= no mold, 2=1- 5%, 3=6-10%, 4=11-20%, 5=21-30%, 6=31- 40%, 7=41- 50%, 
8=51-75% and 9>75% mold. 
 

RESULTS AND DISCUSSION 
 

 Considerable amount of differences in their mean performance was observed in the experimental material with 
respect to all the characters studied, which indicates that the genotypes under study were genetically diverse (Table 
1).  The significant differences among sorghum F3  genotypes in the investigation indicate the presence of genetic 
variability in the material used and provide a good opportunity for yield improvement. This indicates that further 
improvement through selection for all characters studied could be effective.  The genetics of a metric character 
centers around the basic idea in the study of variation is its partitioning into components attributable to different 
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causes. The relative magnitude of these components determines the genetic properties of the population, in particular 
the degree of resemblance between relatives. Hence genotypic variance, phenotypic variance, genotypic coefficient 
of variability (GCV), phenotypic coefficient of variability (PCV), broad sense heritability, genetic advance and genetic 
advance expressed as percentage of mean for  6 characters were analysed and are presented in Table 1. 
 

Table 1. Estimates of variability, heritability and genetic advance for different characters in F3 progenies of sorghum 
 

Sl. No. Character Range Mean Variance GCV PCV h2 GA GAM 
Min Max σG2 σP2 

1. Flowering (days) 61 77 68.12 14.70 23.53 5.63 7.12 62.4 6.24 9.16 
2. Maturity (days) 108 137 114.55 68.35 92.39 7.22 8.39 74.00 14.65 12.78 
3. Plant height (cm) 98 262 191.11 1404.75 1472.88 19.61 20.08 95.40 75.40 39.45 
4. Panicle length (cm) 14.33 33 22.75 745 9.76 12.02 13.74 76.30 4.91 21.58 
5. 1000 gr. wt (g) 15.67 38.00 27.63 61.22 67.82 24.58 26.57 90.30 15.31 55.41 
6. Grain yield per plant (g) 19.0 80.33 40.19 97.55 114.06 28.31 29.80 85.5 18.82 46.82 

 
Genetic Variability   
 The order of genetic variability observed in the F3 progenies for different characters was as follows. Grain yield 
> 1000 grain weight > plant height > panicle length > days to flowering > days to maturity. The results revealed 
considerable phenotypic and genotypic variances among the genotypes for the traits under consideration. Large 
portion of the phenotypic variance was accounted by the genetic component and the contributions of genetic variance 
to phenotypic variance was more than 62% in all the traits  (Table 1). The estimates of GCV were high for grain yield 
per plant (28.31), 1000 gr. wt  (24.58), plant height (19.61). High ratios of the genotypic variance to phenotypic 
variance for plant height, 1000 grain weight and grain yield indicate the existence of immense inherent variability that 
remains unaltered by environmental conditions, which in turn is more useful for exploitation in selection and 
hybridization programs. 
 Similar results are reported by Kamatar  (2014) for grain yield per plant in foxtail millet . The remaining traits 
recorded moderate to low GCV estimates. The PCV values were higher than GCV values for rest of the traits which 
reflect the influence of environment on the expression of these traits.  
 
Heritability 
 High genetic coefficient of variation observed for grain yield, plant height and 1000 grain weight in the F3 
progenies does not provide full evidence for variation that ins heritable.heritable variation is a must for permanent 
genetic improvement. The genetic coefficient of variation along with heritability estimates provides reliable estimate 
of amount of genetic advance through phenotypic selection. Hence heritability estimates were done. 
 Moderate heritability values were recorded for flowering, maturity and panicle length, while high heritability 
estimates for other yield components viz plant height, 1000 gr. wt and grain yield per plant were recorded. The 
genotypic coefficient of variation along with heritability estimates provide reliable estimates of the amount of genetic 
advance to be expected through phenotypic selection (Burton, 1952). High heritability estimates for days to flowering, 
days to maturity, plant height, 1000 grain weight and grain yield indicate a high response to selection in these traits. 
Similar results were obtained by  Brunda SM   (2014) for  nutritional traits in foxtail millet. 
 Low phenotypic and genotypic coefficients of variability coupled with high heritability were exhibited by days to 
flowering and these results were in agreement with the earlier observations of Nimbalkar et al (1988), Rizwan Haris 
(2001) and Kamatar  (2011). Genetic advance as percent of mean was low, which is more or less in accordance to 
the findings of Naphade (1973) and Khanure (1993). 
 
Genetic Advance 
 Estimated heritability value alone is less reliable as these values are prone to alter with change in the 
environment and experimental material (Swarup and Changale 1962). Hence, the use of heritability values coupled 
with genetic advance would be more reliable than heritability alone. The expected genetic advance values for 6 
characters were estimated and expressed as percentage of the genotypes for each character so that comparison 
could be made among various characters, which had different units of measurement. High heritability along with high 
genetic advance is an important factor for predicting the resultant effect for selecting the best individuals. Plant height, 
1000 grain weight and grain yield per plant had high heritability accompanied with high genetic advance, while days 
to maturity had high heritability along with moderate genetic advance, where as  50 per cent flowering had high 
heritability with low genetic advance. 
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 Heritability and genetic advance are important selection parameters. The estimate of genetic advance is more 
useful as a selection tool when considered jointly with heritability estimates (Johnson , 1955). The estimates of 
genetic advance help in understanding the type of gene action involved in the expression of various polygenic 
characters. High values of genetic advance are indicative of additive gene action whereas low values are indicative 
of non-additive gene action. Thus the heritability estimates will be reliable if accompanied by high genetic advance. 
High heritability coupled with high genetic advance as percent of mean was observed for plant height, 1000 grain 
weight and grain yield per plant indicates that these are simply inherited traits and most likely the heritability is due 
to additive gene effects and selection may be effective in early generations for these traits. Similar results are reported 
by Biradar (1996) and Nguyen  (1999) for plant height; Singh and Makane (1980), Phul and Alla Rang (1986) and 
Rizwan Haris (2001) for grain yield per plant;  Kamatar  (2011) for grain yield and plant height which support the 
findings of the present investigation. 
 Days to maturity exhibit high heritability with moderate genetic advance indicates that this traits is most likely 
controlled by both additive and non additive gene actions. These results are supported by the findings of Kamatar  
(2011). Flowering had  high heritability coupled with low genetic advance indicates the non-additive gene effects and 
high genotypic and environment (G × I) interaction. However, grain yield exhibited high genetic advance over mean 
coupled with moderate estimates of broad sense heritability. Whereas, panicle length showed low heritability and low 
genetic advance. 
 Days to maturity registered low phenotypic and genotypic co-efficient of variability. This character exhibited  high 
heritability estimates but moderate genetic advance percent of mean. Hence, days to maturity may not be useful as 
criteria for selection for increased grain yield. Similarly Kamatar  2011 reported high heritability coupled but low 
genetic advance  for this trait. 
 From the above discussion, grain yield, panicle length, 1000 grain weight and plant height  had high to moderate 
genotypic variance, high to moderate heritability and greater genetic gain. Selection can therefore be based on these 
characters and their phenotypic expression would be good indicator of their genotypic potentiality. The remaining 
traits recorded lower scores in the three genetic parameters considered in this study and therefore offered less scope 
for selection as they were much more under the influence of the environment. 
 
Study of grain characters 
  Grain quality plays a vital role in consumer preference.  Grain characters viz., grain size, shape, colour, luster, 
grain weights are useful criteria for characterization of group of materials as these characters have consumer 
preferences and they show high heritability and stable expression.  Further, association of any grain characters with 
yield components serve as a marker in selection process.  The variability in five grain characters viz., grain size, 
grain shape, grain colour, grain luster and 1000 grain weight in F3 material of resistant × susceptible crosses was 
studied (Table 2 & 3).  
 

Table 2. Variation between F3 families of sorghum for grain mold associated characters 
 

Sl. No. Character F3 progenies 
No. of families Percent families 

1 Grain hardness 

a. Very soft 06 03.86 
b. Soft 39 25.32 
c. Partly hard 43 27.92 
d. Hard 66 42.85 
e. Very hard 00 00.00 
 Total 154 100.00 
2 Panicle compactness 
a. Very loose 00 00.00 
b. Loose 48 31.16 
c. Semi loose 61 39.61 
d. Compact 15 09.74 
e. Semi compact 30 19.48 
 Total 154 100.00 
3. Glume length 
a. Very short 68 44.15 
b. Short 44 28.57 
c. Medium 40 25.97 
d. Long 02 01.29 
e. Very long 00 00.00 
 Total 154 100.00 
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Table 3. Variation for grain characters in F3 progenies of sorghum 
 

Sl. No. Character F3 progenies  
No. of families Percent families 

1 Grain size  

a Small  18 11.68 
b Medium  62 40.25 
c Bold  74 48.05 
 Total  154 100.00 
2 Grain shape 
a Circular  110 71.42 
b Elliptic  44 28.57 
 Total  154 100.00 
3 Grain colour  
a White  40 25.97 
b Pearly white  73 47.40 
c Yellow  41 26.62 
 Total 154 100.00 
4 Grain luster  
a Lustrous   76 49.35 
b Medium  44 28.57 
c Non-lustrous   34 22.07 
 Total 154 100.00 
5 1000 grain weight  
a Very low 00 0.0 
b Low 44 28.57 
c Medium  72 46.75 
d High  37 24.02 
e Very high  01 0.64 
 Total 154 100.00 

 
  In respect of grain size at maturity large grain size (48.05%) was the predominant one, followed by medium grain 
size (40.25%) and small grain size (11.68%). With respect to grain shape, circular grain shape (71.42%) was 
observed in the large number of progenies than the elliptical grain shape (28%).  This trend is the resultant of 
influence of consumer preference on the breeder for selection of circular seed shape.  This frequency distribution is 
in accordance with the findings of Natarajan  (2003) and Chowdhury  (2004). The present study showed considerable 
variability for grain colour in F3 material of resistant x susceptible crosses of sorghum.  The frequency of pearly white 
genotypes were high (47.40%) followed by yellow (26.62%) and white (25.97%). Genotypes with hard grains, loose 
panicles, medium to long glume coverage and red and black coloured glumes had low incidence of grain mold (Patted 
etal  2011) 
  With respect to grain luster, lustrous grain group (49.35%) was the predominant, which was followed by medium 
luster (28.57%) and non lustrous (22.07%).  These results are in accordance with the findings of Chowdhury  (2004).  
Lustrous grains are generally exhibit resistance to grain mould, as such lustrousness of the grain shall not allow 
water drops to remain on grains during rains.  Hence mould shall not grow on lustrous grains. Audilakshmi  in 2007 
reported less grain mold in genotype CSH 16 which had lustrus grain, which fetches significantly high market price. 
  The 1000 grain weight is an important economic trait as it indicates the boldness of seed.  Frequency of medium 
size (46.75%) was predominant over the other groups in the present study.   
 
Promising progenies  for grain   yield and mold resistance 
 It is worthwhile to identify superior F3 progenies in respect of yield and grain mould resistance characters taking 
the performance of best check as the benchmark value.  Superior F3 progenies have been selected and listed in the 
Table 4 based on respect to grand mean ± CD at 5 per cent. 
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Table 4. Superior genotypes with better performance over the best check in F3 progenies of sorghum 
 

Sl. 
No. 

Characters No. of 
progenies 

Superior progenies (Mean +CD at 5%) Best 
check 

1 Days to 50% 
flowering 

59 Seventeen progenies of I-12 × IS 25017; Nine progenies of 27B × IS 25017;  
Eleven progenies of MR 836 × B58586; Two progenies of GM 94008 × SRT26B; 
Twenty progenies of SRT18 × MR 836. 

DSV6 

2 Days to Maturity 34 Three progenies of I-12 × IS 25017;  
Seven progenies of 27B × IS 25017;  
Five progenies of  IMS 9B × B58586;  
Three progenies of MR 836 × B58586; Seven progenies of SRT18 × MR 836; 
Seven progenies of 296B × B58586. 

296B 

3 Plant height 32 Eleven progenies of I-12 × IS 25017;  
Single progeny of 27B × IS 25017;  
Eight progenies of IMS 9B × B58586;  
Five progenies of MR 836 × B58586;  
Seven progenies of 296B × B58586.  

DSV6 

4 Panicle length 13 Four progenies of I-12 × IS 25017;  
Five progenies of 27B × IS 25017;  
Single progeny of IMS 9B × B58586;  
Three progenies of SRT18 × MR 836.  

DSV6 

5 1000 grain weight 16 Five progenies of MR 836 × B58586;  
Eight progenies of SRT18 × MR 836;  
Three progenies of 296B × B58586. 

DSV6 

6 Grain yield per 
plant 

19 Six progenies of I-12 × IS 25017;  
Seven progenies of 296B × B58586;  
Four progenies of SRT18 × MR 836;  
Two progenies of MR 836 × B58586. 

DSV6 

7 Reaction to grain 
mould   

44 Four progenies of I-12 × IS 25017;  
Single progeny of 27B × IS 25017;  
Three progenies of IMS 9B × B58586;  
Nine progenies of MR 836 × B58586; Eleven progenies of 296B × B58586;  
Four progenies of GMRP 9 × B58586;  
Two of GM 94008 × SRT 26B. 

DSV6 

 
  The best five F3 progenies viz., second and third progenies of I 12 × IS 25017, sixth and ninth progenies of MR 
836 × B 58586, fourth progeny of GM 94008 × SRT 26B were early to flower as compared to the best check DSV 6 
(Table 4).  Nineteenth and twentieth progenies of MR 836  × B 58586, first and third progenies of 296 B × B 58586, 
seventh progenies of SRT 18 × MR 836 were early to mature as compared to the best check 296 B (124 days).  
Fourth progeny of 27 B × IS 25017, first and sixth progenies of GM 94008 × SRT 26B, second and fourth progenies 
of IMS 9B × B 58586, were found to be better for plant height.  Ninth progeny of 296 B × B 58586, first progeny of 
GM 94008 × SRT 26B, seventeenth progeny of IMS 9B × B 58586, first and second progenies of 27B × IS 25017 
found better for desirable panicle length.  Eleventh progeny of I 12 × IS 25017, second progeny of MR 836 × B 58586, 
fifth and sixth progeny of GM 94008 × SRT 26B, ninth progeny of GMRP 9 × B 58586 were found promising for 1000 
grain weight as compared to best check. 
  Seventh and ninth progenies of I 12 × IS 25017, sixth and thirteenth progenies of MR 836 x B 58586, third and 
seventh progenies of SRT 18 × MR 836; second third, fifth, sixth and seventh progenies of 296B × B 58586, fifth 
progeny of GM 94008 × SRT 26 B were high yielding and moderately resistance to grain mould.  Hence, selection 
can be made in there progenies in further generations to have high yielding and grain mould tolerant genotypes.  
Audilakshmi  (2007) reported resistance to grain mold in Dharwad genotype SVD 9601 under epiphytotic condition. 
Similarly 384 F3 were selected for resistance to grain mold which were derivative of grain mold resistant x susceptible 
crosses (Ambekar  2011). Audilakshmi  (2011) reported the development of resistant recombinant inbred lines from 
cross between susceptible 296B and resistant B58586 line. 
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