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ABSTRACT 

 

An adequate supply of better quality fodder is necessary to keep animal 

healthy and productive. Fodder crops provide cheaper feed for animals and play an 

important role in supplying the necessary nutrition to the livestock. Sorghum is a 

multi-purpose crop and plays a prime role in providing the fodder to the livestock. 

Most of the work in the past has been focused on increasing the yield of sorghum 

fodder but little efforts have been made so far on quality aspects. Keeping in view 

the importance of cyanide problem in deteriorating the quality of sorghum fodder, 

present study was conducted to evaluate different sorghum genotypes for fodder 

yield and its nutritional quality attributes under irrigated as well as rainfed 

condition. 

 

The research work comprising of four experiments, was performed on 

different sorghum genotypes at Department of Plant Breeding and Genetics, Pir 

Mehr Ali Shah Arid Agriculture University Rawalpindi. Major objectives of 

evaluation were to select best sorghum genotypes having higher fodder yield and 

minimum cyanide content and to find out the gene action governing the control of 

such traits and genetic variability in sorghum genotypes. Sorghum genotypes were 

examined for different morphological, biochemical and quality parameters under 

field as well as laboratory conditions.  

 

The performance of two sorghum genotypes viz V-1 and SV-6 was found 

excellent for total cyanide content, green fodder yield, total sugar content and crude  
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protein under both irrigated as well as rainfed conditions during the two years 

evaluation. Drought condition resulted in reduction of green fodder yield but 

cyanide content boosted up under water stress during assessment in two years.  

 

Significant G x E interaction was observed during analysis for all the traits 

under evaluation indicating influence of environment on the performance of 

sorghum genotypes. Higher phenotypic and genotypic variance estimates than the 

environmental variance estimates was observed indicating that the variation are 

genetic in nature and are heritable. Fodder yield and its components showed 

negative correlation with cyanide content at genotypic and phenotypic levels. 

Fodder yield, cyanide content and crude protein depicted high heritability and 

expected genetic advance during study. 

 

Partial diallel technique (Circulant Design) given by Kempthorne and 

Curnow (1964) was utilized to find out the gene action involved in the hereditary 

transmission of the characters under assessment. The ratio between specific 

combining ability (SCA) and general combining ability (GCA) variances for all the 

characters under assessment was greater than unity indicating non additive type of 

gene action. The parent CVS-13 and SV-6 were found good general combiner for 

fodder yield and cyanide content respectively. Almost all the characters showed 

significant better parent heterosis for fodder yield and cyanide content during the 

study.  
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Genetic diversity among ten selected sorghum genotypes was evaluated 

using ten SSRs primers. Nine primers evaluated successfully and yielded 91 total 

bands. 23 bands were polymorphic and only two primers depicted polymorphism. 

The size of scorable bands ranged from 174 bp to 600 bp. The efficiency of SSRs 

primers to amplify sorghum genotype ranged from 7 to 10. Dendrogram showed 

that three sorghum genotypes i.e. SV-8, SV-7 and SV-11 were distantly placed 

from the other genotypes and had greater genetic diversity. 

 

Based on present evaluation, two sorghum genotypes i.e. V-1, SV-6 gave 

promising results with respect to green fodder yield and total cyanide content. 

Whereas, two sorghum genotypes i.e. CVS-13 and SV-6 excelled as good general 

combiner for green fodder yield and cyanide content respectively. Therefore, future 

hybridization programme aimed at sorghum improvement for fodder yield and 

quality parameters should involve these sorghum genotypes as parents. 
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Chapter 1 

INTRODUCTION 

 

Sorghum is extensively grown throughout the world for grain and fodder. It 

is fifth major cereal crop in the world in terms of production and consumption 

(Shinde et al., 2010). Sorghum is widely cultivated as a source of fodder for 

livestock and it is preferred over Maize (Zea mays L.) due to its high tolerance to 

various stresses. It has fast profuse tillering, more leafiness, high palatability and 

high dry matter content (Mohanraj et al., 2006). Sorghum fodder restrains more 

than 50% palatable nutrients. It provides 45% nitrogen-free extract, 8% protein and 

2.5% fat (Azam et al., 2010).  

 

Anthropological evidence showed that in 8000 B.C. cultivated sorghum was 

collected (Smith and Frederickson, 2000). The sorghum cultivation was initially 

started in Ethiopia and its surrounding countries. Many sorghum cultivars were 

developed through uncontrollable selection. These varieties resulted from artificial 

and natural selection for desired traits (Doggett, 1970). These advanced sorghum 

varieties then reached into Middle East, India, China and Pakistan. 

 

 Sorghum initial domestication changed uncultivated types into advanced 

types with superior and non-shattering seed. With the passage of time, sorghum had 

been classified and re-classified by many scientists. It is now classified under the 

family Poaceae and genus Sorghum Moench (Clayton and Renvoize, 1986).  
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All Sorghums (Sorghum bicolor) are classified into five basic and ten 

intermediate races. These races of sorghum are identifiable on the basis of 

spikelet/panicle morphology (Smith and Frederiksen, 2000). 

 

In Pakistan, sorghum fodder is grown on 614870 hectares area. It produces 

16517010 tones sorghum fodder annually and having average yield of 26.86 tones 

per hectare. Similarly, in Punjab, sorghum fodder is grown on an area of 498.45 

thousand hectares. It had total annual production of 14496.53 thousand tones. 

Sorghum fodder has an average yield of 29.08 tones per hectare. Sorghum fodder 

contributes 30% to the total fodder production in Pakistan and 33% to the total 

fodder production in Punjab (Anonymous, 2012). 

 

Fodder crops are the cheapest source of feed for livestock in Pakistan. The 

present available fodder supply is 54-60% that is less than the actual need. This low 

fodder production is possibly due to minimum area under fodder production and low 

per acre yield. This fodder shortage is coupled with the reduction in area under 

fodder crops by 2% after each passing decade. The performance of dairy animals is 

positively correlated with the regular availability of quality fodder in sufficient 

amount. Therefore, in Pakistan and other developing countries the inadequacy of 

quality fodder is the critical limitation on profitable animal production (Sarwar et al., 

2002).  

 
Sorghum (Sorghum bicolor L. Moench) plays an important role as a major 

grain cum fodder crop. It has quick profuse tillering, more leafiness, high 

palatability and high dry matter content (Reddy et al., 2004).  
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The average fodder yield is less than the potential of 50-100 tons per hectare 

which is mainly due to imbalanced fertilizer, shortage of quality seed, increased 

insect/pest damage and poor package of technology. Mostly the tall varieties of 

sorghum are sown for fodder production and dwarf varieties for grain production 

(Nabi et al., 2006). Fodder yield alone cannot measure the feeding values of the 

crops. So the palatability and nutritional value of fodder must be determined for 

measuring the feeding value. It is observed that the sorghum varieties at blooming 

stage had higher essential nutrient content than at later stages of the crop (Yahya et 

al., 1995). 

 

The stover quality of fodder is determined by the genetic and environmental 

factors which create the opportunity for improving quality. Breeding or crop 

management practices improve the fodder quality but genotype x environmental 

interactions reduces the gain from these both approaches. In case of fodder and dual 

purpose sorghum, year and location effects are greater than the genotypic 

differences. So the assessment of stover quality over specific environment with 

diverse set of genotypes is essential, prior to start breeding for the improvement of 

stover quality of sorghum (Arora et al., 1975). 

 

Sweet sorghum (Sorghum bicolor L.) being a multipurpose crop can 

provide, feed, fodder and fuel.  Sweet sorghum has high biomass production, high 

brix percentage, short duration and low water requirement and wider adaptability 

(Reddy et al., 2005). All types of sorghum stalk contain sugar. The palatability and 

quality of fodder will increase by increasing the sugar content of sorghum stalk. 
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Therefore; the important goals of fodder breeding programme are to increase 

sweetness, leafiness and juiciness (Poehlman, 1994). At grain maturity stage sweet 

sorghums had 10–25% sugar in stalk juice. Sweet sorghums have the characteristics 

of extensive flexibility for adaptation, fast growth and sugar amassing linked with 

greater biomass in semi-arid tropics (Daniel et al. 1991). 

 

In order to evaluate the possibility of combined selection for two or more 

characters the study of association among biometrical parameters is essential. When 

the genetic association between two desired traits is positive then simultaneous 

improvement of these two characters is easy at the same time. On the other hand, if 

there is negative relationship between two desired traits then it is difficult to 

improve both traits simultaneously except that negative association is desirable for 

those two traits (Khairwal et al., 1999).  

 

Sorghum fodder is the basic feed for livestock. It is somewhat inferior in 

quality due to the presence of cyanide content in fodder. Sorghum leaves contain 

the cyanogenic glucoside called “Dhurrin”. Dhurrin and its catabolic enzymes are 

present in young tissue of green seedlings. Glycosides are stored in vacuoles of 

epidermal cells (Saunders and Conn, 1977). Degradation of dhurrin yields 

hydrocyanic acid (Halkier and Moller, 1991).  

 

Before initiating any crop improvement programme, the knowledge about 

the genetic architecture of the parents is necessary. Combining ability analysis 

helps in identifying the parents and these parents can be used for hybridization 
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programme in order to produce superior hybrids. As a general rule, additive gene 

action is determined by general combining ability, while the specific combining 

ability finds out non allelic interactions estimates (Jinks, 1954). 

 

The progress of any plant breeding programme can be assessed by the 

amount of genetic variations present in the population. Greater the genetic 

variability more will be the chances of success and vice versa. The phenotypic 

variability in a given environment reflects non genetic as well as genetic influence 

on the phenotypic expression. The genetic facts are inferred from phenotypic 

observations, which may be the results of interactions of genotype and the 

environment ( Lukhele and Obilana,1984 ). The molecular markers are believed to 

be an important device for plant breeding projects. Simple sequence repeats (SSRs) 

are a comparatively new group of genetic markers. They had series of short (2-6 

bp) DNA sequence (Brown et al., 1996).  

 

Large amounts of dhurrin is produced rapidly when plants under go 

environmental stress and disruption of leaf tissues. Hydrocyanic acid is instantly 

fascinated into the blood of grazing animals. It causes cellular asphyxiation 

resulting into animal death (Hoveland and Monson, 1980). Hence, it is dire need of 

the time to develop sorghum varieties/hybrids with high fodder yields and low 

hydrocyanic acid (HCN) content.  
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Keeping in view the importance of cyanide problem in deteriorating the 

quality of sorghum fodder, present evaluation was designed with the following 

objectives: 

 

1- To select the sorghum genotypes with minimum cyanide content   

     (HCN) coupled with high fodder yields and relatively better quality. 

2-To estimate the additive and dominant gene action of six selected           

    sorghum genotypes in partial diallel by combining ability analysis. 

3- To determine the genetic diversity of sorghum genotypes for the  

    specified traits using simple sequence repeats (SSRs) markers.    
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Chapter 2 

REVIEW OF LITERATURE 

 

Literature reviewed on the subject is given below: 

 

2.1 GENETIC VARIABILITY  

Progress in plant breeding depends on the amount of genetic variation 

present in a population. Therefore, the first step in any plant breeding program is 

the study of genetic variability. The genetic facts are inferred from phenotypic 

observations, which are the results of interaction of genotype and the environment. 

Effectiveness of selection depends on the magnitude of genetic variability in a 

particular character. 

 

2.1.1 Morphological Parameters 

Number of leaves plant-1and plant height in sorghum had higher genotypic 

and phenotypic variance components than the environmental variance estimates, 

which indicated that the character expression was genetic and can be exploited in 

breeding programs of sorghum crop (Bello et al., 2007). Application of urea at 

physiological maturity of sorghum crop significantly increased stem height, total 

fresh weight and total sugar while the application of potassium sulfate increased 

stem fresh weight, total fresh weight and total sugar. The best results were taken 

with the application of both fertilizers to sorghum crop (Almodares et al., 2008). 

 
Analysis of variance depicted the considerable differences among 

genotypes for plant height showing presence of variability among the sorghum 
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lines under evaluation. The higher values of genotypic coefficient of variation and 

phenotypic coefficient of variation were observed for plant height in sorghum 

(Chavan et al., 2010). Analysis of Variance showed significantly higher differences 

among sorghum genotypes for number of leaves, plant height and green fodder 

yield indicating the presence of genetic variability (Mohanraj et al., 2006). 

 

Studies were carried out to assess the degree of genetic differences in 

sorghum and significant mean squares were obtained for fodder yield, number of 

leaves plant-1 and plant height among different crop groups studied at two 

locations. The results indicated that the sorghum genotypes under study were 

highly diverse (Shinde et al., 2010). The evaluation disclosed large differences 

among sorghum genotypes for green matter yield, dry matter yield, stem diameter, 

number of tillers plant-1 and plant height. Many sorghum hybrids excelled their 

parental lines in fodder yield and in some of the yield-related traits. The increase in 

yield of these sorghum hybrids was related to an increase in their stem diameter 

and plant height in sorghum (Mohammad, 2007). 

 

Genetic variability was worked out for fifteen characters in sorghum and 

PCV was higher than the GCV indicating the influence of atmosphere on the 

expression of these traits. Plant height showed high values for GCV and PCV in 

sorghum (Vinodhana et al., 2009). Considerable differences were observed for 

number of leaves plant-1 and plant height in sorghum while the differences for 

number of tillers m-2, stem thickness, and green fodder yield were non-significant 

(Chohan et al., 2003).  
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Increased utilization of taller varieties as fodder crop has resulted in lodging 

of sorghum crop particularly under irrigated conditions (Miron et al., 2005). An 

evaluation of five sorghum varieties was carried out for stem thickness, plant 

height, sweetness, dry matter yields number of leaves plant-1 and green fodder 

yield. The variety JS-88 indicated significant variations for stem thickness and 

number of leaves plant-1 as compared to check. In the same way, JS-88 was better 

in green fodder and dry matter yield to Hegari variety (Nabi et al., 2006).  

 

Higher yield in new sorghum cultivars can be attributed to positive 

contribution of a combination of fodder yield components. The new cultivars are 

better for large scale cultivation under irrigated as well as rainfed conditions of the 

Punjab Province in Pakistan (Chaudhry et al., 1990). At early harvest, dry matter 

digestibility was affected by plant density but it had no effect on plant height 

(Carmi et al., 2006). 

 

An increase in main stem height, number of tillers plant-1, fresh fodder yield 

and dry matter yield was observed with increase in plant population density in 

sorghum crop (Bahrani and Deghani, 2004). Same sorghum genotypes showed 

differential response when planted under the diverse environments for green fodder 

yield and dry matter yield. These differences in fodder yield under diverse 

environments were due to differences in soil types, soil fertility, temperature, 

rainfall and other climatic conditions (Hussain et al., 2007).  

 
Sorghum genotype SSV-74 recorded the highest dry matter yield at the 

flowering stage and the highest total sugar content at maturity while the sorghum 
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genotype SSV -74 gave the maximum total sugar content at physiological maturity 

(Channappagoudar et. al., 2009). Sorghum hybrids "FS-25E" and "NK-326" 

having; thicker stem, higher leaf area and greater number of leaves plant-1 gave 

highest green fodder and dry matter yields. These two sorghum hybrids can be 

recommended for obtaining maximum green and dry matter production under 

rainfed conditions (Zahid and Bhatti, 1994). 

 

Twelve divergent sorghum varieties were evaluated for quantity and quality 

parameters. Significant differences were observed for plant height, green and dry 

matter yield, crude protein and nitrogen free extract. Summation of production and 

quality traits revealed the superiority of Hegari, JS-88 and No-9806 over other 

varieties for general cultivation in Peshawar and of similar climatic regions as a 

source of good fodder crop (Akmal et al., 2002). Delay in harvest and increase in 

nitrogen levels resulted in enhancement of green fodder and dry matter yield. 

Improvement in yield was mostly due to greater stem diameter, more number of 

leaves plant-1 and higher plant height (Ayub et al., 2002).  

 

Sufficient variation among the sorghum varieties were observed for stem 

diameter, number of leaves plant-1, plant height and dry matter yield. Abusabian 

was superior to other cultivars in plant height and stem diameter of the first crop 

while other cultivars were superior to Abusabian in dry matter of ratoon crop (Hani 

and Ali, 2006). All nitrogen levels and irrigation timing positively affected stem 

thickness and plant height in sorghum. Maximum plant height was depicted at 

uppermost nitrogen level (120 kg N ha-1). Irrigation applied after fifteen days of 
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sowing produced maximum plant height and stem thickness. Nitrogen applied at 

120 kg ha-1 rate and irrigation given after 15 days of sowing was the best 

combination with respect to yield traits (Haq and Jan, 2001).  

 

Fodder yield was significantly decreased with decreasing seed rate and 

increasing row spacing in sorghum. The highest fodder yield (77.95 t ha-1) was 

recorded at highest seed rate and narrow spacing, while the lowest green fodder 

yield (12.39 t ha-1) obtained by the lowest seed rate and highest row spacing (Malik 

et al., 2007). Sorghum line ANKSSS was superior in fodder yield to the parental 

population and the traditional check but was comparable to the recommended 

cultivar "Kambal" (Mohammad and Mohamed, 2009).  

 

An increase in N2, K2O rates significantly increases most growth 

parameters of the sorghum plant while an increase in planting distances 

significantly increases stem and leaf dry weight plant-1 (Pholsen and Somsungnoen, 

2004). Significant effect of treatments was depicted for number of leaves plant-1, 

green fodder yield, plant height, and plant density in sorghum. The maximum green 

fodder yield was recorded in the treatments where inorganic fertilizers were 

applied. Integrated use of inorganic fertilizers and organic sources has been 

suggested to exploit the yields of fodder sorghum (Ahmad et al., 2007).  

 

Sorghum crop harvested before heading gave lower yield as compare to 

crop harvested at 50% heading stages and at complete maturity. This was credited 

to greater number of leaves tiller-1 and higher plant height. It was concluded that 
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cutting of Sadabahar 50 percent heading was economical. It also provided 

succulent and superior quality fodder without affecting yield (Musa et al., 1993). 

Improved sorghum cultivars play an important role to enhance the fodder 

production and therefore, it is necessary to evaluate the performance of newly 

introduced cultivars of fodder sorghum for various morphological characters and 

fodder yield (Hussain et al., 1995).  

 

2.1.2 Biochemical Parameters 

Dry matter content and nitrogen free extract of sorghum variety CoFS 29 

was higher than variety Co 27 while the crude fibre content of Co FS 29 was lower 

than Co 27. The crude protein content was almost similar in both varieties of 

sorghum. The sorghum variety CoFS 29 was found superior to Co 27 in terms of 

chemical constituents indicating its greater fodder potential for livestock feed 

(Senthilkumar et al., 2009). Sorghum plant density affects the dry matter content, 

plant morphology, and chemical composition parameters that affect the fodder 

quality (Lafarag and Hammer, 2002). 

 

Six diverse dual purpose sorghum cultivars were evaluated for neutral 

detergent fiber (NDF), acid detergent lignin (ADL) and ash content. Significant 

genotypic differences were observed for dry matter yield (DMY) and NDF content 

(Rattunde et al., 2001). Early application of the whole dose nitrogen seemed to 

increase most of the growth parameters and fodder yield in sorghum. Nitrogen 

timing significantly affected the crude protein and crude fibre content in sorghum 

(Eltilib and Ali, 2006).  
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Decline of biomass quality was observed at later development stages of 

sorghum due to a decrease in the concentration of crude protein (CP) and an 

increase in the concentration of NDF and acid detergent fiber (ADF). Fodder 

sorghum had lower concentration of CP and higher NDF concentration (Pospisil et 

al., 2009). During the evaluation, an increase in seed rate resulted in decline of dry 

matter percentage but it increased the crude protein, ash and crude fibre (Ayub et 

al., 2003). 

 

Acid detergent fibre, crude protein and neutral detergent fibre were 

determined in two cuttings of sorghum fodder. Neutral detergent fibre, crude 

protein and acid detergent fibre of the second cutting of sorghum fodder were 

lesser than the first cutting (Pholsen et al., 1998). Crude protein, crude fat and ash 

were increased with increased nitrogen level and decreased with delaying the 

harvest of sorghum crop. Delay in harvest boosted the neutral detergent fibre but it 

was decreased by increasing the nitrogen level in sorghum (Ayub et al., 2002).  

 

There were sufficient variations among sorghum genotypes for neutral 

detergent fibre, crude protein and acid detergent fibre at all locations. Mulot had 

the highest crude protein content. E6518 and Ikinyaruka showed the highest NDF 

and ADF but were the lowest in crude protein, respectively (Ashiono et al. 2005). 

The productivity and quality of dwarf sorghum variety Tal was determined by field 

evaluation and chemical composition. High irrigation boosted the content of NDF 

and lignin, at early heading stages of sorghum (Carmi et al., 2005). 
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Different sorghum fodder varieties were analyzed for cell wall constituents. 

Sorghum variety, JS263 had greater silica and lignin, while neutral detergent fibre, 

hemicelluloses, acid detergent fibre and cellulose were greater in variety No. 94 

(Ashraf et al., 1995). Six sorghum hybrids were stored for 1, 7 and 21 days. The 

chemical composition of these hybrids was compared. Neutral detergent fibre 

exhibited a range of 38 to 50 g per 100 g of dry matter among hybrids. Cellulose 

and hemicellulose showed a range of 20 to 28 g per 100 g and 13 to 19 g per 100 of 

dry matter respectively (Philipp et al., 2007).  

 

The leaves and stems of six dual purpose sorghum cultivars were evaluated 

for total ash content, neutral detergent fibre, acid detergent lignin and acid 

detergent fibre, acid detergent lignin under two fertility and two planting density 

regimes. Significant genotypic difference was observed for neutral detergent fibre 

(Rattunde et al., 2001). Mean crude protein of genotypes was higher in second than 

first cut. NDF, ADF, cellulose and lignin accumulation was less in second than first 

cut. Results revealed that there was an increase in crude protein while reduction in 

cell wall content in second over first cut (Singh et al., 2007). 

 

Significant genotypic differences were observed among sorghum varieties 

for NDF, ADF and cellulose concentrations. NDF had lower concentration in 

brown midrib (bmr) varieties than in than the Piper cultivars due to lower amount 

of cellulose and ADL. Amount of acid detergent lignin averaged 45 g per kg dry 

matter for Piper variety, 25 g per kg for F1006-8 variety and 28 g per kg for S407 

variety (Gerhardt et al., 1994). Leaf had significantly higher crude protein 
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accumulation than stem at each stage of sorghum crop maturity. NDF and ADF 

content were significantly higher in leaf than stem at 50% flowering. Results 

revealed that with the increase in crop age there is decrease in crude protein and 

increase in fibre fraction in sorghum (Sing and Katiyar, 2003).  

 

In all varieties of sorghum, crude fibre, crude fats and ash constituted only 

7.2%-8.3% of the dry matter. The sum of the nitrogen free extracts and crude 

protein constituted 91% of the dry matter. The nutritive values of all varieties 

depend mainly on their content of nitrogen free extract and crude protein (Khair 

and Krause, 2003). Study was designed to find out the variations in fodder quality 

of sorghum as affected by different environments. Crude protein content varied 

from 6.98 to 8.02 % and crude fibre content from 30.84 to 31.68% at the three 

diverse locations. Same genotypes showed differential response when planted 

under the diverse environments for crude protein and crude fibre content (Hussain 

et al., 2007).  

 

Response of two sorghum cultivars to different nitrogen and phosphorus 

levels was studied under field conditions. The crude fibre and total ash were 

significantly higher for cultivar Hegari. The quality parameters like crude protein, 

total ash and crude fibre were sufficiently higher with the application of nitrogen 

phosphorus at the rate of 100 + 100 kg ha-1 (Ayub et al., 1999). Quality of sorghum 

fodder was improved with phosphorus application. Quality traits like crude protein, 

crude fibre and total ash were improved with the highest rate of phosphorus. 

Phosphorus application showed non-significant affect on neutral detergent fibre 
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and acid detergent fibre (Rashid et al., 2007). Three sorghum varieties were 

analyzed for proximate composition. The results revealed that the fat exhibited a 

range of 3.58 to 4.47%, fibre ranged from 1.64 to 2.26% and carbohydrate 

demonstrated a range from 68.34 to 69.65% (Gassem and Osman, 2003). 

 

Significantly highest crude protein was observed for sorghum variety, JS-

88. Maximum nitrogen free extract was reported in F-9601 and F- 9603 varieties. 

Summation of production and quality traits revealed the superiority of Hegari, JS-

88 and No-9806 varieties over other varieties for general cultivation as a good 

fodder crop (Zulfiqar and Asim, 2002). Neutral detergent fibre and acid detergent 

fibre content were lower in stem of stay green than go brown varieties of sorghum 

in different stages of crop maturity. Stay green cultivars had more crude protein 

and low fibre than go brown cultivars of sorghum (Sing et al., 2009).  

 

2.1.3 Quality Parameters 

2.1.3.1 Hydrocyanic acid  

The aglycone is classically derivative of hydrophobic amino acids of 

protein. These amino acids include valine, tyrosine, isoleucine or leucine and 

phenylalanine. The glycoside is generally a monoglycoside, even though there are 

many diglycosides and one triglycoside (Lichtenberg and Nahrstedt, 1999). 

Degradation of cyanogenic glycoside occurs in two steps. In the first step, the 

molecule is sliced, resulting in the manufacture of a sugar compound and a 

cyanohydrins compound. The cyanohydrin is unsteady and is further broken down, 

either on its own accord or in the presence of an enzyme (α-hydroxynitrilase). 
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Cyanohydrin is degraded into hydrogen cyanide (HCN) and a carbonyl group 

(Poulton, 1989) 

 

The cyanogenic glycosides are made up of a type of aglycone (α-

hydroxynitrile) and a sugar compound (D-glucose). The plants exhibit difference in 

the quantity of the hydrocyanic acid production. The manufacture of hydrocyanic 

acid is based on both the bio-synthesis of cyanogenic glycosides and on the 

presence or nonexistence of its degrading enzymes. The generation of hydrocyanic 

acid from cyanogenic glycosides is a two step process. It consists of degradation 

process of deglycosilation and cleavage of the molecule which is regulated by two 

enzymes namely; β-glucosidase and α –hydroxynitrilase (Vetter, 2000). 

 

Hydrogen cyanide is released from cyanide containing compounds by the 

process of cyanogenesis. Many cyanide containing plants liberate hydrocyanic acid 

in ample amount which is toxic and must be avoided by animals (Geadow and 

Woodrow, 2002). Sorghum fodder is considered as poor quality fodder due to 

lesser concentration of protein and existence of hydrocyanic acid (Hingra et al., 

1995). 

 

A number of sorghum species may accumulate large quantities of 

hydrocyanic acid. These cyanogenic compounds are located in epidermal cells 

(outer tissue) of the plant, while the enzymes which enable hydrocyanic acid 

production are located in the mesophyII cells (leaf tissue). Any activity such as 

cutting, wilting, freezing, drought, crushing, trampling, chewing or chopping that 
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causes the plant cell to rupture allow the enzyme to come in contact with the 

cyanogenic compound resulting in the production of acid (Kaicome, 2004). 

 

Hydrocyanic acid poisoning in the animal is influenced by potential 

hydrocyanic acid content in the plants, voluntary intake of the plant fodder and the 

time which is required to eat it. If the ingestion of the plant which is harvested at 80 

cm height is relatively slow, feeding about 7.5 kg of dry matter to a cow of 500 kg 

in weight, which is equivalent to about 60 kg of fresh fodder, may be safe 

(Takamitsu, 1973).  

 

Higher concentration of hydrogen cyanide is found in old varieties of 

sorghum varieties. So these old sorghum varieties had high potential for cyanide 

poisoning. Sorghum improved with brown midrib gene had greater feeding value 

than conventional sorghum (Kilcer et al., 2005). Cyanide concentration in sorghum 

crop raises slowly starting from the 46 cm plant height (about 0.698 mg/100g plant) 

and reaches to upper limit at the 80 cm plant height  and then declines little by little 

till it reaches up to 180 cm plant height (Al-Sultan et al., 2003). 

 

Flag leaves of KS8 sorghum (Sorghum bicolor L.) are low in dhurrin 

content and thus low in hydrocyanic acid potential. Whereas, the flag leaves of 

Colman sorghum are intermediate in hydrocyanic acid potential. The difference in 

hydrocyanic acid potential between Colman and KS8 depended primarily on a 

single gene (Haskins and Gorz, 1988). The hydrocyanic acid increased with 

increasing level of nitrogen fertilizer. The first cutting at 40 days interval contained 
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maximum hydrocyanic acid and it decreases with maturity of sorghum crop 

(Satjipanon et al., 1991). 

 

Toxic concentrations of hydrocyanic acid potential in sorghum plants 

occurred from the beginning of leaf appearance and it was the greatest at two-leaf 

stage. However hydrocyanic acid potential of the plants decreased sharply as the 

morphological maturity advances and it is very low at blooming stage. The highest 

hydrocyanic acid potential synthesis was found to be at the stage of growing point 

differentiation (Kim, 1987). The samples for estimation of hydrocyanic acid 

content were taken 32 days after sowing. The analysis of variance indicated 

significant differences for hydrocyanic acid content in all the genotypes (Mohanraj 

et al., 2006).  

 

The amount of cyanide content of sorghum leaves one week after 

germination was 740 ppm. It was decreased to 60 ppm three weeks later. The 

method, acid hydrolysis for hydrocyanic acid determination can be applied to all 

plants. But as compared to picrate paper method, this method is more difficult, less 

accurate and reproducible (Haque and Bradbury, 2002). Hydrocyanic acid potential 

was assayed at flowering and maturity in leaf blades of 39 lines of sorghum. 

Hydrocyanic acid potential in sorghum lines which were raised in a growth 

chamber increased significantly in all lines 4-5 days after planting and reached a 

maximum after 8-15 days (Shaug, 1990). 

 
Highly significant variations were found in sorghum genotypes for 

hydrocyanic acid potential, with a genotype X45106 which was selected for low 
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hydrogen cyanide (HCN) potential. Selection and breeding for low hydrocyanic 

acid potential seems a talented approach to ensure that sorghum will make 

available harmless fodder from an early growth stage (Wheeler et al., 1990). 

Sorghum halepense yielded 460.8, 144.8, and 44.22 ppm hydrogen cyanide (HCN) 

at tillering, flowering and post flowering stages respectively. It was accomplished 

that hydrocyanic acid level in Sorghum halepense would be toxic for herbivores at 

tillering and flowering stages (Sari et al., 1999). 

 

Increasing nitrogen rates increased sorghum fodder prussic acid percentage 

in sorghum fodder (Bahrani and Deghani, 2004). Two sorghum genotypes which 

were extremely resistant to sorghum midge had higher level of hydrogen cyanide 

(HCN) than susceptible genotypes. It seemed that in sorghum, midge resistance 

may be associated with threshold level of hydrogen cyanide (HCN) (Hanna et al., 

1999).  

 

Significant differences in hydrocyanic acid content developed in plants that 

received different levels of nitrogen. High and medium levels of nitrogen when 

associated with either low or medium P2O5 levels caused significant increase in 

hydrocyanic acid. Higher P2O5 levels tended to decrease the production of cyanide 

regardless of the associated levels of nitrogen (Verma and Abrol, 1971).  

 

The hydrocyanic acid potential of sorghum (Sorghum bicolor L.) plant is 

recognized as a heritable trait. The inheritance patterns of seedling hydrocyanic 

acid potential in reciprocal crosses of sorghum and sudangrass was studied. This 
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trait was found to be inherited quantitatively. Generation means analysis indicated 

that additive genetic effects were most important for seedling hydrocyanic acid 

potential (Lamb et al., 1987).  

 

It was observed that when flag leaf tissue from field-grown sorghum was 

dried at 75°C and then autoclaved, hydrocyanic acid potential values were about 

three times as high as those based on tissue that was autoclaved without drying. 

This indicated that when fresh field-grown sorghum leaf tissue was autoclaved, 

dhurrin was extensively altered or lost, and no hydrocyanic acid was produced. So, 

drying the tissue at 75°C prior to autoclaving effectively reduced this loss (Haskin 

et al., 1984). 

 

2.1.3.2 Sugar content  

The proper stage for higher brix in sorghum is the physiological maturity 

stage. At physiological maturity the high yielding genotypes recorded higher juice 

extractability per cent. The genotypes SSV-7073, SSV-74 and Rio recorded higher 

sugar content (brix value). Total sugar and non- reducing sugars in juice increased 

from flowering to physiological maturity whereas, reducing sugars decreased 

(Channappagoudar et al., 2007). 

 

Highly significant differences among sorghum genotypes were observed for 

mean brix data and associated traits. Mean brix ranged between 6.48 and 20.68 at 

maturity, and 7.24 to 18.48 at anthesis.  Ten varieties had brix values greater than 

16.0, which is above those reported for prominent sweet stalk varieties. Genotypes 
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that combined high brix at maturity and biomass yield are ideal for use as source 

germplasm (Makanda et al., 2009).  

 

Sugar content in sorghum stalk is a quantitative character determined by 

polygenes; the genes controlling lower sugar content appear partial dominant, and 

heritability of sugar content is not high (Hongtu and Xide, 1989). The sorghum 

variety Wray had three times more sucrose content as compared to variety H173, 

whereas reducing sugar level was similar in all the sorghum varieties (Dolciotti et 

al., 1998).  

 

High sugar content of sorghum stalk is an important factor in the sorghum 

silage production. Differences in sugar concentration at various growth stages and 

among internodes suggested that the sugar content of middle internodes is stable 

and suitable for measuring at early dough stage (Yun-long et al., 2006). Stay green 

genotype S35SG 06026 recorded higher brix and higher total sugar content (Parkhe 

et al., 2010).  

 

2.2 CORRELATION, HERITABILITY AND GENETIC ADVANCE 

The estimation of inter-relationships among quantitative traits is imperative 

for evaluating the possibility of combined selection of two or more characters. 

Correlation is an important tool in order to study the effect of secondary traits 

selection for genetic gain on primary trait under consideration. A positive genetic 

association between two desirable characters makes the work of the plant breeder 

easier for improving both parameters simultaneously. The effectiveness of selection 
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for any character depends not only on the extent of genetic variability but also in 

the extent to which it will be transferred from one generation to next. 

 

Fodder yield is positively correlated with plant height but negatively 

correlated with crude protein and harvest index in sorghum (Mohammad et al., 

1993). Genotypic correlations were of higher magnitude as compared to their 

corresponding phenotypic correlations for most of the character combinations in 

sorghum. Green fodder yield was found to be positive and significantly correlated 

with plant height. This indicated that any selection based on plant height would 

enhance performance and improvement in fodder sorghum yield (Singh et al., 

2009). Improvement of plant height should be faster because of higher heritability 

and greater phenotypic variation (Kenga et al., 2006). 

In correlation studies, numbers of leaves plant-1 and plant height are 

important traits for selection of dual purpose sorghum. The crude protein was 

negatively correlated with crude fibre and positively correlated with fodder yield. 

The crude fibre was significantly and negatively correlated with fodder yield 

(Sankarapandian and Kovailpatt, 2000). Dry fodder yield showed significant and 

positive correlation with leaf length, stem fresh weight, plant height, number of 

leaves, leaf width, and stem thickness in sorghum (Prabhakar and Reddy, 2007). 

 

Simple correlations were worked-out for stem thickness, plant height, leaf 

area, green fodder yield, and number of leaves plant-1 in sorghum. Plant characters 

like stem thickness, number of leaves plant-1 and plant height were positively and 

significantly correlated with green fodder yield. Heritability was higher for plant 
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height and stem thickness (Chaudhry et al., 1990). Higher heritability along with 

higher genetic advance was depicted for plant height (Mahajan et al., 2011).  

 

The genotypic variance was lower than the phenotypic variance for all the 

traits studied in sorghum. Higher genetic and phenotypic variance, heritability and 

genetic advance were observed for plant height and fodder yield which indicated 

that additive gene action was prevailing for these characters (Godbharle et al., 

2010). High heritability was recorded for plant height, grain yield, and dry matter 

production in sorghum. Low to medium heritability was observed in leaf area 

index; relative growth rate and harvest index (Salunke et al., 2001). 

 

The results showed that all the characters except hydrocyanic acid and 

crude protein had positive significant association with green fodder yield plant-1 in 

sorghum. Among these traits dry fodder yield exhibited high correlation coefficient 

for plant height, number of leaves and green fodder yield. Plant height exerted the 

highest direct effect on green fodder yield. Hence, selection for any of these traits 

might result in simultaneous improvement in the yield (Iyanar et al., 2010).  

 

Number of leaves showed moderately significant positive association with 

stem diameter in sorghum (Warkad et al., 2010). The differences among sorghum 

genotypes and genotype x season interaction were significant for almost all 

characters studied (Can and Yoshida, 1999). The sorghum performance is 

significantly correlated with plant height and maturity (Habyarimana et al., 2004).  

 



28 
 

Derivatives of B x B and B x R crosses exhibited a higher heritability 

estimates along with higher genetic advance for all the characters under study 

except number of leaves at both locations. The R x R cross derivatives recorded 

higher heritability along with higher genetic advance for the characters like plant 

height, fodder yield plant-1 and number of leaves at both the locations. Hence, 

selection made through these characters would be effective (Shinde et al., 2010). 

Plant height showed high value for PCV and GCV and greater estimates of 

heritability and expected genetic advance indicating the presence of additive gene 

action (Vinodhana et al., 2009).  

 

2.3 COMBINING ABILITY AND GENE ACTION 

The analysis of combining ability provides constructive information about 

the selection of parents in terms of their hybrid performance. Moreover, their 

analysis explicates the nature and extent of different types of gene actions 

concerned with the expression of quantitative characters. The information on the 

nature and extent of gene action is important in understanding the genetic potential 

of a population and in deciding the breeding procedure to be adopted in a given 

population.  

 

Improvement in sorghum has been made by transforming the local land 

races into more productive forms through hybridization to evolve highly adapted 

hybrids. This indicated the possibility of producing dual purpose sorghum hybrids 

by combining desirable germplasm accessions (Punitha et al., 2010). While 

studying the combining ability of 13 sorghum varieties the highest GCA and SCA 
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values were depicted in respect of fresh weight per plant and plant height (Khan, 

1961).  

 

Combining ability for four male sterile sorghum varieties was observed by 

crossing with four Sudan grasses and it showed that all the F1 hybrids were taller 

than normal sorghum varieties with fewer tillers and showed the highest specific 

combining ability for green fodder yield (Tarumato, 1970). Nine variable 

characters in the parents and progeny of a diallel cross of nine sorghum varieties 

were studied and higher values of GCA than SCA values were found for dry fodder 

yield indicating the chief role of additive genes (Kulkarni and Seeramulu, 1974).  

Sorghum crosses showed good GCA and SCA for dry fodder yield and 

SCA variance was higher than GCA variance for dry matter and tillers per plant 

(Sangwan et al., 1977) but negative GCA effects were observed for plant height 

(Oesai et al., 1980). Piper sudangrass showed the highest general combining ability 

value for plant height and sudangrass 337 was good combiner on average basis for 

number of tillers plant-1. The average performance of cross combinations of low 

hydrocyanic acid sudangrass gave high dry fodder yield. Sorghum 3048 showed 

highest values of specific combining ability for plant height and fodder yield in 

combinations with piper and low hydrocyanic acid content, respectively. Sorghum 

10390 showed its superiority for specific combining ability in cross combinations 

with low hydrocyanic acid content for tillers per plant (Mian and Khan, 1990).  

 

Specific combining ability variance for hydrocyanic acid content was 

higher than general combining ability variance in sorghum indicating the trait is 



30 
 

controlled by non-additive gene action. Three parents were found to be the best 

ones based on general combining ability effect and three hybrids were found to 

have maximum negative specific combining ability effect for hydrocyanic acid 

content (Mohanraj et al., 2006). General combining ability estimates were non-

significant for all the characters except plant height in F1 of sorghum crop. SCA 

estimates were large for plant height in F2 generation. The magnitude of GCA was 

much greater than SCA for majority of the traits in both generations. This indicated 

that additive component of genetic variance was more significant than non-additive 

component of genetic variance (Shakoor and Quereshi, 1999). 

 

In sorghum general combining ability and specific combining ability effects 

were considerable for stem brix and associated characters. This indicated that both 

additive and non-additive type of gene action respectively were imperative for 

controlling the parameters. The sorghum lines, ZLR1 and ICSVP3046 

demonstrated significant and positive general combining ability effects for stem 

brix (Makanda et al., 2009). On the whole, the mean yield of hybrid was 

extensively greater than that of the yield of parents and check varieties of sorghum, 

which was credited to higher levels of mid-parent as well as better-parent heterosis, 

respectively. GCA and SCA effects were important for all characters, indicating 

that both additive and non-additive type of gene actions were imperative (Makanda 

et al., 2010).  

 

ANOVA for combining ability indicated significant variation for GCA 

among males and females of sorghum crop for all characters under study. Male × 
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female interaction indicated the significant variation for specific combining ability 

for all characters studied. In term of plant height, 104A sorghum genotype was a 

good general combiner (Patil et al., 2009). Some sorghum hybrids showed a good 

conciliation between yield and quality parameters. Hybrids which were low in 

neutral detergent fibre and crude fat percentages come into view to be achievable 

without scarifying higher yield levels. Two sorghum lines with good general 

combining ability effects for neutral detergent fibre and crude protein were 

recognized. It was accomplished that utilizing heterosis in fodder sorghum to make 

better the quality characters might be hopeful (Mohammad and Talib, 2008). 

 

The magnitude of variance due to SCA was larger than GCA variance for 

all the traits indicating the high proportion of non-additive type of gene action. The 

parents RSSV-9, RSSV-47, NSS-05 and Kellar were good general combiners for 

majority of the characters (Kamdi et al., 2009). 

 

Three male sterile lines and 6 newly derived restorer lines of sorghum were 

crossed to understand the status of combining ability and the type of gene action for 

fodder yield and its component traits. Significant variances due to the GCA and 

SCA suggested the importance of additive as well as non-additive types of gene 

action in the inheritance of yield and yield component (Biradar et al., 2000). 

Significant differences were observed among SCA of some parents which showed 

the importance of dominant action of genes for majority of characters in hybrids. 

Highest positive specific combining ability was obtained for green fodder from two 

crosses and for dry matter (Fouman et al., 2003). 
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Non-additive gene action was observed for plant height and leaves plant-1. 

The lines 117-A, 116-A and testers RS-29, R5-540 and RSV-35R emerged as good 

general combiners for yield and yield contributing characters. Considering the 

specific combining ability effects, the crosses viz., 116-A xRs-67, 117-A x SPV-

999 and 53-A x SPV 475 were appeared to be most promising which can be 

exploited for development of hybrid (Gaikwad et al., 2002).  

 

Non-additive type of genetic variance played a preponderant part in the 

heritage of all the characters studied viz., number of tillers, plant height, stem 

diameter, number of leaves, dry fodder yield and green fodder yield. The parent’s 

viz., ICSA 693 and PKB 192 may be considered as better-parents in the present 

study as these parents recorded higher per se performance with positive and 

significant GCA effect for green fodder yield per plant. During the evaluation of 35 

sorghum hybrids, three hybrids were considered as superior hybrids as they 

recorded high significant specific combining ability effect for green fodder yield 

plant-1 (Prakash et al., 2010). 

 

A study was conducted to estimate heterosis in F1 hybrids of sorghum 

(Sorghum bicolor L.) using thirty-six hybrids. Among the hybrids, CSV 15 x SPV 

1521 recorded maximum yield with 90, 86.89 and 33.45 per cent average heterosis, 

heterobeltiosis and standard heterosis, respectively. The estimates of GCA and 

SCA depicted the presence of non-additive type of gene action for all the characters 

under study (Premalatha et al., 2006). Highly significant general combining ability 

effects of male parents were displayed for all parameters under evaluation. The 
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GCA to SCA ratios indicated that non-additive type of gene action was dominant 

for most characters. Both additive and non-additive type of gene actions were 

engaged among crosses. In hybrid breeding trial, testing of parental lines for GCA 

should be complemented by assessment of individual F1 hybrids for SCA (Kenga et 

al., 2004). 

 

2.4 HETEROSIS 

Hybrid vigor or increase in size, yield, and performance found in hybrids, 

especially if the parents have previously been inbred. The application of heterosis 

has been one of the most important contributions of genetics to scientific 

agriculture in providing hybrid corn, and vigorous, high-yielding hybrids in other 

plants and in livestock. 

 

Heterosis was estimated through a line x tester mating design in sorghum 

involving 5 lines and 6 testers. Out of 30 crosses 12 crosses showed significant 

positive heterobeltiosis (Khapre et al., 2007). A study was carried out to estimate 

heterosis of sorghum hybrids for sugar content. The hybrid performed better than 

their parents showing hybrid vigour up to 112% (Makanda et al., 2009).  

 

Stalk yield of sorghum hybrids was greater because of taller plants having 

larger stem diameter. During this evaluation, six sorghum hybrids depicted positive 

heterosis for brix (Pfeiffer et al., 2010). Heterosis was assessed for number of 

leaves, plant height, total leaf area, stem diameter, dry fodder yield and green 

fodder yield in sorghum. Three hybrids involving ICSA 77 as a female parent 
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displayed higher Better-parent heterosis for most of the traits. These hybrids were 

used as multicut hybrids for profitable utilization to increase the net fodder 

production in the country (Desai et al., 2000).  

 

Negative heterosis over the checks for plant height was observed for most 

of the sorghum hybrids. The cross 117A x PU 28 was the highest yielding, 

exhibiting significant heterosis over better-parent and both the checks. Among 

landraces, PU 28 and PU 16 proved to be better because of their good combining 

ability (Umakangh et al., 2006). Studies were initiated to estimate the heterosis, 

heterobeltiosis and standard heterosis in sorghum hybrids under rainfed condition 

for biometrical characters. Maximum heterotic value for grain yield was recorded 

for ICSA 70 x Paiyur 2. The hybrid AKMS 14A x Paiyur 2 gave higher straw yield 

plant-1. The hybrid involving the parents ICSA 70, AKMS 14A and Paiyur 2 

recorded more desirable performances for most of the characters studied 

(Manonmani et al., 2003). 

 

Twenty sorghum hybrids gave significantly higher yield than the restorer 

line NES-1007 and the check variety, Dorado. Most of the hybrids involving the 

restorer line Local-129 had significantly higher yield than the check variety, 

Dorado and only two hybrids were significantly higher than the check variety, 

Giza-15 (Hovny et al., 2000). Fourty sorghum crosses were developed from four 

introduced cytoplasmically male sterile lines (CMS) and ten restorer lines. The 

obtained data revealed that crosses had highly significant differences among all 

studied traits during both seasons and combined over the two seasons. Heterosis for 



35 
 

grain yield per plant was 103.09% of cross (ICSA-1 × ICSR-112). This cross 

significantly yielded more than the check hybrid, Shandaweel-2 (Hovny, 2000).  

 

Sixty crosses of sorghum were sown with the parents in a field experiment. 

For plant height, two hybrids showed significant positive heterosis over standard 

check. Heterosis for panicle length ranged from -27.2 to 12.1%, with only two 

hybrids exhibiting heterosis over the standard check. The estimates of standard 

heterosis for 1000-grain weight were moderate (Salunki and Deore, 2001). 

Heterosis and heterobeltiosis was reported for eight characters in an eight parent 

diallel of sorghum. Substantial degree of heterosis was observed for all the 

characters. The highest level of heterosis for yield was shown by the cross AKms 

33B × AKms 32B. Three crosses showed significant heterosis for yield along with 

six important characters (Thawari et al., 2000).  

 

Eight different sorghum genotypes were chosen for heterosis estimation. 

These genotypes were crossed in all possible combinations. Association between 

heterosis for vital yield components and genetic departure between parents was 

examined in five top crosses as well as in five commercial hybrids also. There was 

no perfect correspondence between level of heterosis stated in a cross and genetic 

deviation between parents (Rani and Rao, 2009). The extent of average heterosis 

and heterobeltiosis in sorghum were explored. Some hybrids showed a good 

conciliation between yield and some quality parameters. Hybrids low in crude fat 

and neutral detergent fibre came into view to be achievable without scarifying 
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higher yield. It was affirmed that utilizing heterosis in fodder sorghum to get better 

quality characters might be hopeful (Mohammed and Talib, 2008).  

 

The study was conducted to estimate the heterosis for yield contributing 

characters in sorghum. A marked degree of significant desired heterosis over 

better-parent and checks (CSH-15R and CSH-19R) was observed in many hybrids 

for yield related characters. Among 33 hybrids tested, four hybrids had significant 

positive heterosis over CSH-15R for grain yield and 23 hybrids for fodder yield, 

respectively (Kulkarni and Patil, 2004). 

 

2.5 MOLECULAR DIAGNOSTICS 

Molecular techniques give substitute technique for assessing genetic 

distinction in crop plants. These genetic differences are not subjected to 

environmental causes and are independent of the developmental phases of the 

plant. The development of molecular methods has resulted in non-conventional 

DNA-based techniques of perceiving polymorphism (Ayana et al., 2000a).  

 

SSR markers were highly polymorphic, with diversity indices ranging from 

0.59 to 0.99 with 0.91 mean values. Sorghum bicolor-derived SSRs have proven to 

be an efficient source of markers for genetic diversity studies of the relatively 

poorly characterized Australian indigenous sorghum species (Dillon et al., 2005). 

RAPD study of uncultivated sorghum germplasm from Ethiopia was carried out 

using nine decamer primers. It was established that the extent of genetic variation 

amongst the population was low to reasonable (Ayana et al., 2000b). 
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The degree of genetic variability among 80 sorghum genotypes using 20 

oligonucleotides primers was assessed and limited variations were found among the 

accessions (Ayana et al., 2000a). Variability among sorghum genotypes was 

evaluated utilizing RAPD markers and seed morphology. 94 genotypes put together 

into four main races (Dahlberg et al., 2002). The phylogenetic association amongst 

twenty two sorghum accessions was evaluated utilizing thirty two RAPD primers 

and it was established that low polymorphism was found among these sorghum 

genotypes than with SSR markers (Agrama et al., 2003).  

 

Thirty two sorghum accessions were finger-printed utilizing sixty four 

RAPD markers. Among these thirty two sorghum lines, AS 376 and K 2 were 

found to be distantly placed having a low similarity index. These two genotypes 

also varied greatly in dry matter production and plant height. These two lines 

having greater variability both at molecular and phenotypic levels were perfect as 

parents in breeding programmes, to build up better sorghum cultivars (Jeya 

Parakash et al., 2006). In order to measure the genetic variability among nine 

sorghum lines, nine simple sequence repeats (SSRs) markers were exercised. The 

results indicated that 58% of the SSR markers were polymorphic. The exclusive 

precise markers differentiated four out of nine genotypes. The cluster study of SSR 

information depicted a broad genetic background in the tested genotypes (El-

Awady et al., 2008).  

 

Forty nine sorghum SSR primer pairs were found out on a group of one 

maize and seventeen sorghum lines. Polymorphism amongst amplification products 
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were noticed with fifteen of these primer pairs. This polymorphism gave diversity 

assessment which ranged from 0.2 to 0.8 with an average diversity. These primer 

pairs are now obtainable for use as marker in crop improvement and maintenance 

measures (Brown et al., 1996). Simple sequence repeats markers are believed as 

the most appropriate and consistent method for DNA fingerprinting. Marker 

assisted selection for qualitative characters seemed the most successful after DNA 

finger printing whereas for quantitative traits the achievement is restricted. It is 

expected that use of marker will stay limited in these areas up to the availability of  

allele specific markers and the expenditure of marker investigation is lessen 

considerably (Farooq and Azam, 2002).  

 

An investigation of genetic variability amongst sorghum genotypes depicted 

that the genetic distances deliberated from SSR statistics were highly associated 

with the distances based on the geographic source and race categorizations. SSR 

markers seem to be predominantly helpful for the judgment of genetic resemblance 

amongst the different lines of sorghum (Agrama and Tuinstra, 2003). Bulked 

segregant analysis was performed in sweet sorghum using SSR on the two 

contrasting parents, their F1 and F2 and detected the co-segregation of pre-mapped 

SSR markers with total biomass. Phenotypic difference does not consistently 

reproduce genetic disparity due to the role of environmental interaction in 

establishing the phenotype or ancestry (Abdel-Tawab et al., 2004). 

 

The DNA is fairly appropriate for PCR employing SSRs markers for 

recombinant choice. Magnification have been attained for these markers by 
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utilizing model DNA taken out from fresh as well as frozen leaf tissues of different 

plants. DNA hoarded for more than two years has been effectively increased with 

SSRs markers, which demonstrate fitness of this technique after long-term storage 

of DNA. The simplicity of use and cost-effectiveness make the process striking 

(Ahmad et al., 2009).  

 

The relationship between phenotypic performance and genetic diversity was 

determined using simple sequence repeat (SSR) markers. The data obtained using 

SSR markers significantly correlated with those of phenotypic performance in this 

study, and the grouping of inbred lines based on the combination of the 

performance of six phenotypes was similar to that based on SSR markers (Anas 

and Yoshiida, 2004).  

 

A molecular genetic linkage map of sorghum was constructed with F2 

segregating population of 205 individuals. These individuals were derived from a 

cross between a high (1095) and low (N3) inbred lines. On the basis of linkage 

group locations of SSR markers, 19 linkage groups were detected. 18 linkage 

groups were aligned to the 10 sorghum linkage groups named A to J .The average 

and maximal distances between adjacent two individual markers were 3.6cM and 

19.4cM, and large gaps were not detected in this genetic linkage map (Yunlong et 

al., 2007). 

 

Fifteen SSR markers were mapped onto the AFLP linkage map. The traits; 

sugar percentage, dry matter yield and plant height were investigated. Simple and 



40 
 

composite interval mapping were used for QTL analysis. Significant QTLs were 

found for all the traits investigated, except for sugar percentage, indicating that 

there was no segregation of genes having major effects on this trait in the 

investigated population (Natoli et al., 2002).  

 

Thirty eight simple sequence repeats (SSR) markers generated 146 alleles, 

covering ten chromosomes of sorghum from a three different published SSR 

linkage map of sorghum. The average percentage of polymorphic loci and gene 

diversity were 82.8 and 0.217 respectively. Based on SSR assessment, 107 diverse 

sorghum accessions were selected. Almost all of the SSR alleles were retained in 

selected sorghum accessions except for the loss of a single allele at locus Xtxp287 

(Shehzad et al., 2009). 

 

Diverse germplasm accessions collected from different geographical 

regions should be considered for plant breeding programs to develop sweet 

sorghum cultivars or hybrids, and that this sweet sorghum panel can be further 

explored for association mapping (Ming et al., 2009). High level of diversity was 

observed among the 28 Eritrean landraces in both the number and size range of 

SSR alleles. Individual landraces were found to carry a high level of within-

population diversity and heterozygosity, and between-population diversity was 

equally high. Sufficient germplasm diversity and genetic novelty was available in 

Eritrean sorghums, and that SSR markers could contribute to the prudent use of this 

diversity for sorghum study and improvement (Ghebru et al., 2002). 
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A linkage map was constructed with 152 marker loci comprising 149 

microsatellites and three morphological markers. Several genomic regions showed 

multiple traits, suggesting the phenomenon of pleiotropy or tight linkage. Out of 49 

mapped genic-markers, 18 were detected associating either closely or exactly as the 

QTL positions of agronomic traits (Srinivas et al., 2009). Sufficient variations were 

found at the five microsatellite loci analyzed. The collection of sorghum appeared 

highly structured genetically with about 70% of the total genetic diversity 

occurring among accessions. Less than 15% of the total genetic diversity was found 

among morphologically defined race of sorghum or among geographic origin. 

Microsatellite data were useful in identifying individual accessions with a high 

relative contribution to the overall allelic diversity of the collection (Dje et al., 

2000). 

 

The pair wise similarity values showed that variety RARI-S3 and RARI-S-4 

were showing closest relationship with highest similarity value 95.6% while variety 

YSS-9 and 84G01 showed distant relationship with similarity value 67.8%. In this 

experiment RAPD proved to be a reliable, rapid and practical technique of 

revealing relationship among sorghum varieties (Mehmood et al., 2008).  Genetic 

similarity ranged from 0.36 to 0.92, indicating a relatively broad genetic base. 

RAPD analysis revealed maximum similarity between the Indian III and K-A-113 

sorghum genotypes, while the F-601 and F-606 were observed to be the most 

diverse genotypes. RAPD can be effectively used for studying genetic diversity in 

sorghum (Iqbal et al., 2010).  
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Identity of two hybrid samples of sorghum (Sorghum bicolor L.) was 

studied by DNA fingerprinting technique. RAPD analysis was applied to find DNA 

polymorphisms using 20 different primers. Out of 20 RAPD primers, 8 primers 

detected polymorphism between the hybrids. However, rest of the primers 

produced monomorphic pattern. Out of the 121 amplified loci, 33% were 

polymorphic. These polymorphic primers distinguished the sorghum hybrids. So, 

RAPD is a useful tool in the identification of hybrids (Tabassam et al., 2006). SSR 

markers were tested on nine inbred lines of Sorghum bicolor of different 

geographic origin. PCR analysis revealed a high degree of polymorphism. One 

locus allowed the identification of all of the nine inbred lines used in study. Seven 

of these SSR markers were mapped, using an existing sorghum RFLP map 

(Taramino et al., 1997). 

 

 Different methods of the estimation of genetic diversity were compared in 

order to evaluate their utility as a tool in germplasm conservation and plant 

breeding. AFLP, SSR and morphological traits markers were used for evaluation. 

The correlation coefficients showed that estimated values of genetic relationship 

given for AFLP and SSR markers, as well as for morphological and SSR markers 

were significantly related. AFLP and SSR markers proved to be efficient tools in 

assessing the genetic variability among sorghum genotypes (Geleta et al., 2006). 

The SSR map carrying additional SSR markers facilitated in mapping quantitative 

trait loci to the sorghum genome and mapped base gene cloning. The novel 

methods for calculating distance between DNA markers will be a useful tool for the 

comparative analysis of genetic markers between linkage maps with different 
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genetic backgrounds and the alignment of different sorghum genetic maps (Wu and 

Huag, 2006). 

 

Genetic diversity was evaluated among twenty seven sweet sorghum 

germplasm genotypes using RAPD polymorphic markers. RAPD markers were 

efficient and detected 93.4 per cent polymorphism among the accessions. All the 

genotypes were grouped into three clusters of which all the females came under 

one single cluster with exception of ICSB 293. Similarly all the males were evenly 

distributed except one genotype, SSV 74 which formed a distinct cluster itself. 

Hence, RAPD markers proved very useful in estimating the genetic diversity 

among sweet sorghum accessions (Kachapur et al., 2009).  
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 Chapter 3 
MATERIALS AND METHODS 

 

The present evaluation was carried out in the Department of Plant Breeding 

and Genetics, PMAS- Arid Agriculture University Rawalpindi during the years 

2009-2010. The research was comprised of four experiments as described below: 

 

3.1 EXPERIMENT NUMBER 1  

3.1.1 Experimental Material  

The material consisted of twenty five sorghum genotypes (Table 3.1). The 

seeds of these genotypes were collected from Fodder Research Institute, Sargodha 

and Crop Science Institute, National Agricultural Research Center, Islamabad, 

Pakistan.   

 

3.1.2 Experiment Location  

The study was conducted under irrigated and rainfed conditions during 

Kharif, 2009. During this experiment one trial was conducted at Arid Zone 

Agricultural Research Institute, Bhakkar under irrigated conditions in the first week 

of July, 2009 and the second research trial at Koont Farm, PMAS- Arid Agriculture 

University, Rawalpindi under rainfed conditions in first week of August, 2009.  

 

3.1.3 Experiment Layout and Design  

Twenty five sorghum genotypes were sown by hand drill following 

Randomized Complete Block Design with three repeats. Row to row distance was 

kept at 30 centimeters. Row length was maintained at 4 meters.  
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Table 3.1: List of 25 sorghum genotypes and source of collection  
 
S.No. Name of genotype Source of collection  
1 LOCAL CSI, NARC, Islamabad* 
2 SV-1 CSI, NARC, Islamabad 
3 RASILI CSI, NARC, Islamabad 
4 RARI-S-3 CSI, NARC, Islamabad 
5 SV-5 CSI, NARC, Islamabad 
6 DS-97 CSI, NARC, Islamabad 
7 SV-4 CSI, NARC, Islamabad 
8 JOHAR-1 CSI, NARC, Islamabad 
9 RARI-S-4 CSI, NARC, Islamabad 
10 RARI-SV-10 CSI, NARC, Islamabad 
11 JV-2002 FRI, Sargodha** 
12 SV-11 CSI, NARC, Islamabad 
13 RS-29 CSI, NARC, Islamabad 
14 SV-6 CSI, NARC, Islamabad 
15 CVS-13 CSI, NARC, Islamabad 
16 V-1 CSI, NARC, Islamabad 
17 CSV-15 CSI, NARC, Islamabad 
18 SV-7 CSI, NARC, Islamabad 
19 SV-8 CSI, NARC, Islamabad 
20 JS-2002 FRI, Sargodha 
21 ENTOSOL  CSI, NARC, Islamabad 
22 PARC-SS-2 CSI, NARC, Islamabad 
23 SPV-462 CSI, NARC, Islamabad 
24 YSS-9 CSI, NARC, Islamabad 
25 RARI-S-10 CSI, NARC, Islamabad 

*CRI, NARC=Crop Sciences Institute, National Agricultural Research Center, Islamabad 
**FRI= Fodder Research Institute, Sargodha 
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Four rows of each genotype were sown in each replication. Total 

experimental area was 512 m2 and the area of each experimental unit was 4.8 m2. 

Seed rate was used @ 80 kg per hectare.  Three irrigations were given to the 

irrigated trial. The fertilizers were applied @ 60 kilogram nitrogen and 30 kilogram 

phosphorus. All  phosphoric and nitrogen fertilizers were given at the time of 

sowing in rainfed trial but in case of irrigated trial all the phosphoric and 1/3 

nitrogen fertilizers were given at sowing time and rest of N2 fertilizer was applied 

equally at the first and second irrigation.  Agronomic practices were carried out for 

better crop stand and growth in both locations. Data for the morphological and 

quality parameters were collected from the field whereas data for biochemical 

parameters were taken from the laboratory.  

 

 
Ten sorghum genotypes with low cyanide content and high fodder yield 

coupled with relatively better quality were selected. Meteorological data of districts 

Bhakkar and Chakwal for the year 2009 are given in Table 3.2. 

 

3.1.4 Partial Diallel Crosses 

 3.1.4.1 Parents  

Six sorghum genotypes, three with high hydrocyanic acid content viz; SPV-

462, RARI-S-10, YSS-9 and three with low hydrocyanic acid content viz; V-1, SV-

6, CVS-13 were selected after taking data for total cyanide content from all the 25 

sorghum genotypes in both the trials. 
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Table 3.2: Meteorological data of district Bhakkar and Chakwal for the year 
2009 
Month District Bhakkar District Chakwal 

Rainfall 
(mm) 

Temp. (°C) Humidity Rainfall 
(mm) 

Temp. (°C) Humidity
Min. Max.  Min.  Max.  

January 19.00 4.58 20.16 93.00 19.53 2.01 18.21 89.87 
February 37.00 7.71 22.64 73.14 38.92 3.96 19.99 88.33 
March 63.00 11.41 27.45 75.45 39.68 7.98 25.28 80.26 
April 57.00 16.20 33.73 49.23 84.60 12.23 29.70 72.46 
May 0.00 21.80 40.51 52.23 39.99 17.90 37.24 44.18 
June 49.00 23.06 41.53 53.47 5.70 21.12 39.39 40.43 
July 88.00 25.03 39.06 80.90 189.41 22.52 36.51 64.12 
August 310.00 23.96 38.19 88.06 75.64 23.02 35.82 66.83 
September 66.00 20.66 37.66 82.93 39.90 19.90 34.90 61.19 
October 21.00 13.61 33.80 77.51 10.23 12.78 32.98 49.72 
November 2.00 7.76 26.53 73.47 7.20 7.13 23.00 60.65 
December 1.00 3.53 20.71 79.16 11.47 6.14 19.53 68.54 
Mean 62.75 14.94 31.83 73.21 46.85 13.06 29.38 65.55 
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3.1.4.2 Emasculation  

Sorghum heads have many small flowers and hand emasculation is very 

difficult for sorghum flowers. Hot water treatment has the problem of temperature 

maintenance. Therefore, in present study sorghum emasculation was made by poly 

ethylene bags. The desirable sorghum heads on which anthesis was yet to start at 

the tip of the head were selected. One-fourth of the spikelet was clipped off from 

top as well as from bottom of selected sorghum heads. These selected sorghum 

heads were covered with poly ethylene bags. These poly ethylene bags created 

humidity and the anthers came out without rupture; rendering the head as 

emasculated. 

 

3.1.4.3 Pollen collection  

The desirable sorghum heads were selected and covered with butter paper 

bags on the same day of emasculation in order to collect the pollens from the 

desired plant. 

 

3.1.4.4 Pollination 

After 24 hours the poly ethylene bags were removed. The sorghum heads 

were gently shaken to remove the extruded anthers. The emasculated sorghum 

heads were thoroughly checked and un-emasculated spikelets were clipped off with 

scissors. These emasculated heads were covered with butter paper bags in which 

the pollens were collected from the desirable head. The covered heads were gently 

shaken to ensure proper random pollination. 
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Table 3.3: Parents and crosses for partial diallel  
 

Parents Crosses 
P1 V-1 P1 x P3 V-1  x  CVS-13 
P2 SV-6 P1 x P4 V-1  x  SPV-462 
P3 CVS-13 P1 x P5 V-1  x  RARI-S-10 
P4 SPV-462 P2 x P4 SV-6 x  SPV-462 
P5 RARI-S-10 P2 x P5 SV-6 x  RARI-S-10 
P6 YSS-9 P2 x P6 SV-6 x  TSS-9 
  P3 x P5 CVS-13 x RARI-S-10 
  P3 x P6 CVS-13 x  YSS-9 
  P4 x P6 SPV-462 x YSS-9 
 
 
 
 
 
Table 3.4: Format for partial diallel crosses 
 
Parents V-1 SV-6 CVS-13 SPV-462 RARI-S-10 YSS-9 
V-1   X x x  
SV-6    x x x 
CVS-13     x x 
SPV-462      x 
RARI-S-10       
YSS-9       
Sample crosses with n= 6, s= 3, k= 2       
 

 

Table 3.5: Number of plants used in emasculation and pollen collection  

Sr.No. Genotype Emasculation Pollen collection 
1 V-1 15 0 
2 SV-6 15 0 
3 CVS-13 10 5 
4 SPV-462 05 10 
5 RARI-S-10 0 15 
6 YSS-9 0 15 
Total 45 45 
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3.1.4.5 Hybridization  

The six selected sorghum genotypes were crossed in a partial diallel fashion 

following the circulant design (Kempthorne and Curnow, 1961). The following 

crosses were made according to circulant design for six parents with sample size 3 

and k value of 2 (Table 33) and (Table 3.4). The sorghum genotypes with low 

hydrocyanic acid content were taken as female and ones with high hydrocyanic acid 

content as male parent during hybridization. 

 

Each cross was repeated over five plants which eventually lead to 45 plants 

as total nine crosses were made. At maturity the seeds of these crosses were 

collected and used for further studies. 

 

3.1.5. Data Collection  
 
3.1.5.1 Morphological parameters 

Data for the following parameters were collected from the field for both   

irrigated and rainfed trials at blooming stage: 

 

3.1.5.1.1 Plant height (cm)   

Five sorghum plants were arbitrarily selected from each genotype in each 

replication. Their height was taken from the base of the ground to the tip of the flag 

leaf with the help of meter tape. The mean height per plant was then determined. 
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Figure 1a: Pictures of experiment 1 of 25 sorghum genotypes grown under irrigated 
conditions during the year 2009  
 

 

 

 

 

        

Figure 1b: Pictures of experiment 1 of 25 sorghum genotypes grown under rainfed 
conditions during the year 2009  
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3.1.5.1.2 Number of leaves plant-1 

From each genotype in each replication five plants were randomly selected. Total 

numbers of the leaves of individual plants were counted. Then the average of leaves 

was worked out 

 

3.1.5.1.3 Number of tillers plant-1 

The tillers of individual plant were counted. Total five plants from each 

genotype in each repeat were selected. Then the average of tillers was deliberated. 

 

3.1.5.1.4 Fresh weight plant-1 (g) 

It was determined by the following method: 

Fresh weight plant-1 = Green fodder yield m-2/ No. of plants m-2 

 

3.1.5.1.5 Dry weight plant-1 (g) 

It was deliberated by the following rule: 

Dry weight plant-1 = Dry matter yield m-2/ No. of plants m-2 

 

3.1.5.1.6 Dry matter percentage (%) 

Dry matter percentage was computed by using the expression given below: 

DMP= (Dry Wt. of sample/Fresh Wt. of sample) x 100 

  

3.1.5.1.7 Moisture percentage (%) 

Moisture percentage was worked out by the following method: 

MP=100- Dry matter percentage  
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3.1.5.1.8 Green fodder yield (t ha-1) 

A sample of one square meter was taken at random from each genotype in 

each repeat. It was weight was determined with the help of mechanical balance. 

The sample yield was converted into green fodder yield in tonnes per hectare by the 

following procedure: 

GFY(t/ ha) = Green fodder yield m-2 x 10 

 

3.1.5.1.9 Dry matter yield (t/ha)    

A known weight of green fodder sample taken above was chopped and dried 

in oven at 80 °C temperature. The dry matter of the sample was measured (g) with 

the help of mechanical balance and it was converted into dry matter yield (Kg m-2 )  

as follows: 

(Dry weight of the sample/Fresh weight of the sample) x Green fodder yield m-2 

Dry matter yield (t/ ha) was calculated by the formula given below: 

DMY (t/ha) = Dry matter yield m-2 x 10  

 

3.1.5.1.10 Stem thickness (cm) 

Randomly five plants were selected from each genotype in each replication. 

The diameter of the stem was recorded from the middle portion of the stem with the 

help of vernier calliper for each plant. Average stem thickness was then found out. 

 

3.1.5.1.11 Plant population density (No. of plants m-2 ) 

A sample of one square meter was taken at random from each genotype in 

each repeat and the numbers of plants in one meter square were counted. 
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3.1.5.2 Bio-chemical parameters 

3.1.5.2.1 Proximate analysis 

Proximate analysis was carried out in the laboratory of Animal Science 

Institute, National Agricultural Research Center, Islamabad following the method 

of AOAC (2002) and data were collected for the following parameters: 

 

3.1.5.2.1.1 Crude protein (%)    

It was estimated by Kjeldahl method. 1 gram of oven dried sample, 30 

millilitres of conc. Sulphuric acid and five grams of digestion mixture (10 parts 

K2SO4+1part CuSO4.5H2O+1part Selenium metal powder) were taken and digested 

on a gas heater in Kjeldahl digestion flask (acid digestion).  The flask was cooled 

down and 100 ml volume was made by adding distilled water. Ten millilitres of 

aliquot were added for distillation. Nitrogen liberated as ammonia was accumulated 

in a recipient. The recipient contained 10 ml solution of boric acid (2 %). Two 

drops of methyl red indicator were also added to recipient. The quantity of 

ammonia (NH3) was titrated against the standard (0.1N) Sulphuric acid. The 

reading of Sulphuric acid was noted at light pink end point. The reading was 

recorded. Volume consumed by Sulphuric acid was multiplied by a factor 6.25 and 

amount of crude protein was determined. 

CP (%) =Consumed volume of Sulphuric acid x 6.25 

 

3.1.5.2.1.2 Crude fat (%) 

Sample was dried in oven. One gram of dried plant sample was put in 

extraction thimble. Thimble mouth was covered with cotton. The thimble was put 
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in the glass cover of Sachet’s apparatus. 150 millilitres of petroleum ether was 

taken in the receiving flask. The equipment was put in the heating assembly. The 

temperature of heating assembly was preserved at 60 °C. The extraction process 

was carried out for about 10 hours. Thimble was removed. Ether was gathered in 

the glass jacket until the receiving flask hold about 20-30 millilitres ether together 

with extract. The ether extract was transferred in a pre-weighed, clean and dried 

glass dish. Excessive ether under a hood was evaporated. Extract was completely 

oven dried at 105 °C temperature for half an hour. Weight of the extract (We) was 

measured after cooling the dish in the desiccators. Percentage of crude fat was 

determined by the following procedure: 

Crude Fat (%) = (We/Wd) 100 

Where  

We =Weight of ether extract 

Wd =Weight of air dried sample 

 

3.1.5.2.1.3 Crude fibre (%)  

Two grams of oven dried sample was digested in 500 millilitres beaker. 25 

millilitres of 1.25% Sulphuric acid were added and solution was diluted to 200 ml 

by adding distilled water. Beaker containing the solution was heated at 80 °C for 

about 30 minutes after starting the boiling. The content were filtered by linen cloth 

and the residues were washed with hot water. The residues were again digested 

with 200 ml of 1.25 % NaOH for 30 minutes similar to acid digestion. It was again 

filtered and washed with acetone. A crucible was taken and its weight was recorded 

(W1). The remaining material was transported to crucible. It was air dried in oven 
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for 24 hours at 105 °C temperature. The weight was recorded (W2) after drying the 

sample. The crucible was put in the muffle furnace. It was heated at 600 °C till grey 

or white ash. The weight of ash was noted (W3). Crude fibre percentage was 

determined by the following expression: 

Crude Fibre (%) = {(Wr – Wa ) / Wd} 100 

Where  

Wr =Weight of dried residues=W2-W1. 

Wa =Weight of Ash= W3-W1 

Wd =Weight of oven dried sample taken. 

 

3.1.5.2.1.4 Total ash (%) 

A clean and dry crucible was taken and its weight was recorded (W1). 5 g of 

oven dried sample was put in a crucible. The crucible was kept in a muffle heater. 

Crucible was heated at 600 °C till the sample is converted into white or grey ash. 

Then for cooling the crucible was placed in a desiccators. The weight of crucible 

along with ash was recorded (W2). Amount of ash (Wa) was calculated by 

subtracting W2-W1. The total ash (%) was worked out by the following method. 

Total Ash (%) = (Wa/Wd) 100         Where 

Wa =Weight of ash  

Wd =Weight of dried sample taken 

 

3.1.5.2.1.5 Nitrogen free extract (%)  

Nitrogen free extract percentage was determined as: 

NFE (%) = 100-(CP%+CF%+EE%+Ash %)      
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3.1.5.2.2 Fibre Analysis  

The fibre analysis was carried out in the laboratory of Animal Science 

Institute, National Agricultural Research Center, Islamabad following the procedure 

proposed by Van Soest and Robertson (1985) and data were collected for the 

following parameters: 

 

3.1.5.2.2.1 Neutral detergent fibre (%) 

In a tall beaker two grams oven dried sample was taken. 100 ml of neutral 

detergent solution and 0.5 gram of sodium sulphite were added in the beaker. The 

content were heated to boiling point and refluxed for 60 minutes. The sample was 

put under filtration through Buchner’s funnel by means of suction pump. The 

filtered mat was obtained after filtration was broken. It was filled with hot water up 

to 2/3 capacity. After stirring, it was allowed to be soaked for a while and washing 

was again repeated twice with hot water. A crucible was taken and its weight was 

recorded (W1). The sample residue was transferred to crucible. It was dried in an 

oven at 60 °C for few hours and then at 100 °C. Crucible was cooled in a desiccators 

for 30 minutes and weight was recorded (W2). ADF was determined by the 

following expression: 

ADF (%) = (Wt. of residue/Wt. of oven dried sample) 100 

Wt. of residue= W2-W1 

 

3.1.5.2.2.2 Acid detergent fibre (%) 

Two grams of dried sample were taken in a tall beaker. 100 ml of acid 

detergent solution (Acetyl trimethyl ammonium bromide) was added in the beaker. 
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The content were heated to boiling and refluxed for about 30 minutes. Sample was 

filtered through Buchner’s funnel using suction pump.  After breaking the mat, hot 

water was added to fill it up to its two-third capacity with hot water. After stirring, 

it was allowed to be soaked for a while and washing was again repeated twice with 

hot water. A crucible was taken and its weight was recorded (W1). Sample residue 

was transferred to crucible. It was dried in an oven first at 60 °C for few hours and 

then at 100 °C to a constant weight. Crucible was cooled in a desiccators for 30 

minutes and weight was recorded (W2). NDF was calculated by the formula give 

below: 

ADF (%) = (Wt. of residue/Wt. of oven dried sample) 100 

Wt. of residue= W2-W1 

 

3.1.5.2.2.3 Acid detergent lignin (%)   

After determination of acid detergent fibre, the residue with crucible was 

placed in glass tray. 72 % sulphuric acid was added in the content and stirred with 

glass rod until a smooth paste was formed by breaking all the clumps. Retaining the 

glass rod in the crucible, it was refilled with 72 % sulphuric acid and stirred at 

hourly intervals until the acid drained away. The crucible was kept at 20-30 °C and 

the content were filtered off after three hours with vacuum. The residue was rinsed 

with 72 % sulphuric acid and filtered off. The weight of the content were recorded 

(W3) and then the content were washed with water until became free from the acid. 

The stirring rod was rinsed and removed. The content of crucible was dried over 

night at 100 °C and were weighed (W4). The content were ignited in an oven at 600 

°C for three hours. Crucible was cooled down in a desiccators for 30 minutes and 
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weight was recorded (W5). Lignin and silica (Insoluble ash) were determined by the 

following procedure: 

Weight of residue (before washing) =W3-W1=W6 

Weight of residue (after washing) = W4-W1=W7 

ADL (%) = {(W6-W7)/Wt of sample} 100 

Silica (Insoluble Ash) %=( Weight of Ash/Weight of sample) 100 

Weight of Ash=W5-W1 

 

3.1.5.2.2.4 Hemicellulose (%) 

Hemicellulose was deliberated by the following equation: 

Hemicellulose (%) = NDF (%)-ADF (%) 

 

3.1.5.2.2.5 Cellulose (%) 

Cellulose was worked out as: 

Cellulose (%) = NDF (%) - {hemicellulose (%) + lignin (%) +Insoluble ash (%)} 

 

3.1.5.2.2.6 Organic matter (%) 

Organic matter was premeditated by the following method: 

Organic Matter (%) =Dry Matter (%) - Total Ash (%) 

 

3.1.5.3 Quality parameters  

Data for the following quality parameters were collected: 
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3.1.5.3.1 Total sugar content (%) 

Sugar content of sorghum genotypes at blooming stage were determined by 

temperature compensating hand refractometer by the method of Yun-long et al. 

(2006). 

 

Five plants were selected at random from each genotype in each replication. 

The juice from the main stalks of each plant was extracted by simply breaking the 

internodes at the centre. The juice of each of the five stalks was individually 

applied to the automatic temperature compensating hand refractometer and the total 

sugar content (in bricks %) were determined for all the genotypes in each 

replication.  

 

3.1.5.3.2 Total cyanide content (ppm)    

Forty days after emergence of sorghum crop a few plants were harvested. 

Total cyanide content were determined from the young sprouted leaves of sorghum 

genotypes by picrate paper method used by Egan et al. (1998). Data for total 

cyanide content were collected from both irrigated and rainfed trial when the crop 

was under drought condition. 

 

3.1.5.3.3 Preparation of picrate paper 

1.4 grams of moist picric acid were dissolved in 100 ml of 2.5% (w/v) 

Na2CO3 (Sodium Carbonate) and yellow picrate solution was made. Whatman 3 

MM filter paper was taken. It was cut into pieces (30 mm x 10 mm). These 

rectangular pieces were put in a yellow picrate solution for 30 seconds.  
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Figure 2a: Picture of picrate acid solution     Figure 2b: Picture of phosphate buffer 

 

            
 
Figure 2c: Picture of picrate papers               Figure 2d: Picture of picrate papers  
                                                                        suspended  
 
 

            
 
Figure 2e: Picture of HCN extracted             Figure 2f: HCN determination through  
 
                                                                                       Spectrophotometer 

Then filter paper pieces were taken out and air dried. A paper tape was taken and 

cut into 10mm x 30 mm strips.  
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3.1.5.3.4 Preparation of phosphate buffer 

80 ml of concentrated phosphoric acid (88% H3PO4) was added to 750 ml of 

distilled water.10 M solution of NaOH was made. For this purpose, 100 g of 

sodium hydroxide pellets were dissolved in water to prepare a solution of 250 

millilitres. Sodium hydroxide solution was added to the phosphoric acid solution 

with stirring up to the pH of 6.0.  

 

3.1.5.3.5 Determination of total cyanide  

Young leaves were chopped up with the help of scissors and were ground 

up thoroughly. 100 mg of well ground leaves were weighed by portable plastic 

balance. 1 ml of phosphate buffer solution and 100 mg ground leaves were added in 

a transparent plastic bottle. A yellow picrate paper was attached to one end of paper 

tape strip and the other end of paper tape strip was attached to lid of bottle from the 

inner side. Bottle was closed with lid. Another sample was prepared in the similar 

way but with no leaves. It served as blank. All the bottles were kept standing for 

twenty four hours at room temperature.  

 

The paper tape was removed carefully. Picrate paper was dip in 5 millilitres 

distilled water for half an hour with gentle shaking. In the same way, paper tape 

strip of blank picrate paper was removed. It was also put in 5 millilitres distilled 

water for about half an hour with periodic shaking. From both the bottles picrate 

paper was removed after 30 minutes. 
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The picrate solution was filtered through filter paper. First the absorbance of 

blank sample was measured by means of spectrophotometer at 510 nanometre. 

Then absorbance of all other picrate solution was measured and the absorbance of 

blank sample was subtracted from the absorbance of other samples. The total 

cyanide content in parts per million (ppm) were worked out by the following 

formula: 

Total cyanide content (ppm) =396 x absorbance. 

 

3.1.6 Data analysis 

3.1.6.1 Analysis of variance  

The data were put under simple analysis of variance technique (Steel et al., 

1997), to set up the major differences among sorghum genotypes and genotype x 

location interaction. The data of irrigated and rainfed trials were analyzed in 2-

factorial arrangements following the randomized complete block design with the 

format given in table 3.6. 

 

3.1.6.2 Mean comparison  

The means of the genotypes were compared by Duncan Multiple Range 

Test. Top ten out of twenty five sorghum genotypes were selected on the basis of 

means of total cyanide content (ppm), green fodder yield (t h-1), total sugar content 

(%) and crude protein (%). 
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Table 3.6: Format for analysis of variance for 2-factorial randomized complete 
block design 
 
S.No. Source of 

variation  
Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fc Ft 
5% 1% 

1 Replication r-1  SSr/df MSr/MSe 

 
  

2 Genotypes g-1  SSg/df MSg/MSe 

 
  

3 Location  l-1  SSl/df MSl/MSe 

 
  

4 GxL (r-1)(g-1)  SSgl/df MSgl/MSe  
 

 

5 Error r(gl-1)  SSe/df  
 

  

6 Total rgl-1      
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3.2 EXPERIMENT NUMBER 2  

3.2.1 Experimental Material  

The study material was comprised  of 10 sorghum genotypes (Table 3.7) 

which were selected from irrigated and rainfed trials of experiment number 1 on the 

basis of high fodder yield, low hydrocyanic acid, high sugar content and relatively 

better crude protein. 

 

3.2.2 Experiment Location  

The experiment comprised of two trials conducted under irrigated and 

rainfed conditions during Kharif, 2010. During this investigation, one trial was 

conducted at Arid Zone Agricultural Research Institute, Bhakkar under irrigated 

condition in the last week of June, 2010 and the second research trial at Kont Farm, 

PMAS-Arid Agriculture University Rawalpindi under rainfed condition in last 

week of July, 2010. Meteorological data of district Bhakkar and Chakwal is given 

in Table 3.8. 

 

3.2.3 Experiment Layout and Design  

Ten selected sorghum genotypes were propagated by hand drill following 

Randomized Complete Block Design with three replications Table 3.7. Row to row 

distance, row length and number of rows of each genotype in each replication were 

same as that of experiment number 1.  
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Table 3.7: List of 10 selected sorghum genotypes  
 
S.No. Name of Genotype  
1 V-1 
2 SV-6 
3 CVS-13 
4 SV-8 
5 RARI-S-4 
6 LOCAL 
7 JV-2002 
8 JS-2002 
9 SV-11 
10 SV-7 
 

Table 3.8: Meteorological data of district Bhakkar and Chakwal for the year     
2010 
 
 
Month 

District Bhakkar District Chakwal 
Rainfall 
(mm) 

Temp. (°C) Humidity Rainfall 
(mm) 

Temp. (°C) Humidity
Min.. Max.  Min.  Max.  

January 18.00 2.09 17.83 82.06 19.53 2.01 18.21 66.60 
February 14.00 5.64 22.92 70.12 38.92 3.96 19.99 71.71 
March 85.00 13.54 31.03 70.93 39.68 7.98 25.28 57.95 
April 1.00 17.27 38.43 63.33 84.60 12.23 29.70 43.38 
May 27.00 20.55 41.65 56.87 39.99 17.90 37.24 42.49 
June 45.00 23.00 41.83 59..36 5.70 21.12 39.39 41.23 
July 497.00 23.48 36.77 74.07 189.41 22.52 36.51 66.10 
August 390.00 23.12 35.16 80.80 75.64 23.02 35.82 82.64 
September 40.00 20.30 35.86 88.23 39.90 19.90 34.90 67.85 
October 0.00 17.16 33.96 78.74 10.23 12.78 32.98 61.62 
November 0.00 7.13 27.60 81.56 7.20 7.13 23.00 62.64 
December 1.00 1.80 21.09 72.70 11.47 6.14 19.53 67.98 
Mean 93.17 14.59 32.01 73.23 46.85 13.06 29.38 61.02 
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Figure 3a: Pictures of experiment 2 of 10 sorghum genotypes grown under irrigated 
conditions during the year 2010  

 

 

 

 

              

Figure 3b:  Pictures of experiment 2 of 10 sorghum genotypes grown under rainfed 
conditions during the year 2010  
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Total experimental area was 224 m2 and the area of each experimental unit 

was 4.8 m2. Seed rate was used @ 80 kg/hectare. Irrigation schedule to the irrigated 

trial and rate and time of fertilizer application to both trials were same as that of 

experiment 1. Data for the same parameters with the same procedure were collected 

as that of experiment 1. Two sorghum genotypes with low cyanide content and high 

fodder yield with better quality were further selected and finally recommended for 

general cultivation in the farmers’ fields.  

 

3.2.4. Data Collection  

The data were collected from both the trials for the same parameters and 

with the same procedure as described in experiment 1. 

 

3.2.5 Statistical Analysis 

 

3.2.5.1 Analysis of variance  

The procedure for analysis of variance was same as described in experiment 

number 1. 

 

3.2.5.2 Mean comparison  

DMR test was used to compare genotypic means. Top two sorghum 

genotypes out of ten were selected on the bases of means of total cyanide content, 

green fodder yield, total sugar content and crude protein. 
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3.2.6 Correlation, Heritability and Genetic Advance 

The relationship among morphological and quality parameters and 

biochemical and quality parameters of sorghum genotypes under study were 

estimated (Kown and Torrie, 1964) by genetic (rg), phenotypic (rp) and simple 

correlation (r). In order to determine genotypic (rg) and phenotypic (rp) correlation 

coefficients the analysis of variance and covariance were performed as follows: 

 

3.2.6.1 Analysis of variance 

Simple analysis of variance of data was carried out in order to find out the 

mean square for genotypes, genotype x location interactions and error. The data of 

irrigated and rainfed trials of experiment 1 and 2  were analyzed in 2-factorial 

arrangements following the randomized complete block design (Steel et al., 1997) 

with the format given in table 3.6. 

 

3.2.6.2 Estimation of component of genotypic variance  

The following components of genotypic variance were estimated from 

analysis of variance table: 

б2
g = (MSg-MSgl)/rl 

б2
gl = (MSgl-MSe)/r 

б2
p    = (б2

g) + (б2
gl/l) + (б2

e/rl) 

б2
e    = MSe 

Where  

MSg= Mean square for genotypes  

MSgl=Mean square for genotype x location  
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MSe= Mean square for error 

r = Number of replications 

l = Number of locations 

 

3.2.6.3 Coefficient of variation  

Phenotypic and genotypic coefficients of variations were computed using 

the procedure proposed by Burton and Devane (1953). 

 

3.2.6.3.1 Genotypic coefficient of variation (GCV) 

 It was calculated as:  

                            __ 
GCV (%) = (бg / X) x100 
Where  

бg  =Genotypic standard deviation.  

__ 
X  = Grand Mean. 
 
 
3.2.6.3.2 Phenotypic coefficient of variation (PCV) 

It was calculated as: 

                           __ 
PCV (%) = (бp / X) x100 
 
Where 

бp  =Phenotypic standard deviation.  

_ 
X  = Grand mean. 

These GCV and PCV values were recognized as low, moderate and high as 

suggested by Shivasubramanian and Menon (1973) which are as under: 

0-10%           : Low 
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11-20%    : Moderate 

21% and above  : High 

 

3.2.6.4 Analysis of covariance  

Analysis of covariance of data collected was carried out in order to 

determine the mean square products for genotypes, genotype x location interactions 

and error. The data of irrigated and rainfed trials of experiment number 1 and 

experiment number  2  were analyzed in 2-factorial arrangements following the 

randomized complete block design (Steel et al., 1997) with the following format: 

 

3.2.6.4.1 Estimation of components of genotypic covariance  

Covgxy   = (MPgxy - MPglxy)/rl 

Conglxy = (MPglxy - MPeixy)/ry 

Covpxy    = (COVgxy) + (COVglxy/l) + (COVexy/rl) 

Covexy    = MSPexy 

Where  

MPgxy   = Mean product of genotypes for traits x and y.  

MSPglxy = Mean product of genotype x location for trait x and y.  

MSPexy   =Mean product of error for trait x and y.  

r = Number of replications. 

l = Number of locations.  

x= first trait in the analysis of covariance.  

y= second trait in the analysis of covariance.  
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3.2.6.5 Genetic correlation coefficient (rg) 

The genetic correlation is represented by rg and was calculated as:                     

rg = COVgxy / ( б2gx  x  б2gy) ½ 

Where   

COVgxy = Genetic covariance for x and y traits. 

б2gx =      Genetic variance for x trait. 

б2gy =      Genetic variance for y trait.  

 

3.2.6.5.1 Test of significance 

Significance of genotypic correlation was tested by the method given by 

Snedecor and Cochran (1961). 

tcal= rg /SE (rg) 

S.E. (rg)= (1-rg
2/n-2) ½ 

The calculated value of t was compared with the table value of t at n-2 degree 

of freedom in t-table at 5% and 1% level of significance. 

Where  

S.E.(rg)= Standard Error of genotypic correlation 

rg = Genotypic correlation coefficient 

n= Number of genotypes 

 

3.2.6.6 Phenotypic correlation coefficient (rp) 

                       
rp = COVpxy / (б2px  x  б2py) 

½ 

 

Where  
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COVpxy = Phenotypic covariance for i and j traits 

б2px =      Phenotypic variance for x trait 

б2py =      Phenotypic variance for y trait 

 

3.2.6.6.1 Test of significance  

Significance of phenotypic correlation was tested by the method given by 

Snedecor and Cochran (1961). 

tcal= rp /SE (rp) 

S.E. (rp)= (1-rp
2/n-2) ½ 

Using t-table, the calculated value of t was tested against ttab at n-2 degree of 

freedom for 5% and 1% level of significance. 

Where  

S.E.(rp)= Standard Error of phenotypic correlation 

rp = Phenotypic correlation coefficient 

n= Number of genotypes 

 

3.2.6.7 Simple correlation coefficient (r)                      

r = COVxy / (Vx   x  Vy) ½ 

 COVxy = [∑xy-{(∑x)( ∑y)}/n]/n-1 

Vx i=     [∑x2-{(∑x)2/N}]/n-1 

 Vy =      [∑y2-{(∑y)2/n}]/n-1 

Where  

COVxy = Covariance between x and y traits 

Vx  =    Variance of x trait 
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 Table 3.9: Format for analysis of covariance for 2- factorial randomized 

complete block design 

 
Sr.No. Source of 

variation  
Degree of 
freedom 

Sum of 
product 

Mean 
product 

Fcal Ftab 
5% 1% 

1 Replication r-1  MPr/MPe MPr/MPe 

 
  

2 Genotypes g-1  MPg/MPgl MPg/MPe 

 
  

3 Location  l-1  MPl/MPgl MPl/MPe 

 
  

4 GxL (g-1)(l-1)  MPgl/MPe MPgl/MPe 

 
  

5 Error r(gl-1)  
 

    

6 Total rgl-1      
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Vy =     Variance of y trait 

n = Number of observations 

 

3.2.6.7.1 Test of significant  

Significance of simple correlation coefficient (r) was tested by t-test by the 

following formula  

tcal= r /SE (r) 

S.E. (r)= (1-r2/n-2) ½ 

 

The calculated value of t was tested against n-2 degree of freedom using ttab 

value at 5% and 1% level of significance  

Where  

S.E.(r)= Standard Error of simple correlation 

r = Simple correlation coefficient 

n= Number of genotypes 

 

3.2.6.8 Heritability estimates 

Heritability in broad sense was premeditated by the formula given by 

Hanson et al. (1956) which is given below: 

Heritability (h2
bs) = (б2

g/ б2
p) x100 

Where  

h2
bs = Heritability in broad sense  

б2
g= Genetic variance  

б2
p=Phenotypic variance   
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The heritability was divided into low, moderate and high categories as given 

by Robinson et al. (1949). 

0-30%    : Low 

31-60%   : moderate 

61% and above  : High 

 

3.2.6.9 Genetic advance (GA) 

Genetic advance was estimated from the formula proposed by Johnson 

et al. (1955) which is given below: 

Genetic Advance (GA) = h2
bs x k x бp 

Where, 

h2
bs = Heritability in broad sense 

k = Selection differential which is equal to 1.755 at 10% intensity for 

selection. 

бp = Phenotypic standard deviation. 

 

3.2.6.10 Expected genetic advance 

                      __ 
EGA = (GA /  X) x 100 
 
 
Where, 

GA = Genetic advance 

__ 
X = General mean of the character. 
 
 

Expected genetic advance was categorized as low, moderate and high as 

given by Johnson et al. (1955).It is as follows: 
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0-10%  : Low 

11-20%  : Moderate 

21% and above  : High 

 

 3.3 EXPERIMENT NUMBER 3  

3.3.1 Experimental Material  

The evaluation material was comprised of six sorghum parents and nine 

sorghum crosses made in experiment 1 (Table 3.2). 

 

3.3.2 Experimental Location  

The experiment was conducted at Arid Zone Agricultural Research Station, 

Bhakkar under irrigated conditions during Kharif, 2010. 

 

3.3.3 Experimental Layout and Design  

The seeds of nine F1 of partial diallel crosses and their six parents were 

sown in Randomized Complete Block Design format with three repeats. The row to 

row and plant to plant distance was kept at 30 centimeters. Row length and number 

of rows were kept same as in experiment 1.  

 

Total experimental area was 162 m2 and the area of each experimental unit 

was 3.6 m2. Irrigation schedule, fertilizer rate and time of application were similar 

to experiment 1. Data for the morphological, biochemical and quality parameters 

were collected. 
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3.3.4 Data Collection  

Data for the following parameters were collected from this trial with the 

same procedure as described above in experiment 1: 

 

3.3.4.1 Morphological parameters  

Plant height (cm) 

Number of leaves plant-1 

Number of tillers plant-1  

Stem thickness (cm) 

Fresh weight plant-1 (g) 

Dry weight plant-1 (g) 

Dry matter percentage (%) 

Moisture percentage (%) 

 

3.3.4.2 Bio-chemical parameters 

Data for the following biochemical parameters were collected with the same 

procedure as that of experiment 1. 

Crude protein (%) 

Crude fat (%) 

Crude fibre (%) 

Total ash (%) 

Nitrogen free extract (%) 
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Figure 4:  Pictures of experiment number 3 crosses along with parents grown under 
irrigated conditions during the year 2010  
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3.3.4.3 Quality parameters  

Total sugar content (%) 

Total cyanide content (ppm) 

 

3.3.5 Statistical Analysis 

 

3.3.5.1 Analysis of variance  

Data collected for various characteristics of nine crosses were subjected to 

the analysis of variance following the Randomized Complete Block Design format 

given in table 3.5 (Steel et al., 1997). 

 

3.3.5.2 Combining ability analysis 

Combining ability analysis for circulant mating design was worked out 

according to the method given by Kempthorne and Curnow (1961). Following steps 

were involved in this analysis: 

 

3.3.5.2.1 Preparation of symmetrical circulant matrix 

It was prepared by putting diagonal element equal to s (sample size), crosses 

equal to 1 and all other element equal to 0 with the following format:  

 
     A= 

 
 

3 0 1 1 1 0 
0 3 0 1 1 1 
1 0 3 0 1 1 
1 1 0 3 0 1 
1 1 1 0 3 0 
0 1 1 1 0 3 
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3.3.5.2.2 Computation of sum of uncorrected means of samples crosses and Qi 

Value  

For this computation correction factor was calculated and this correction 

factor was then subtracted from sum of uncorrected means crosses (Si) to get Qi 

value. Correction factor was calculated by the following formula: 

Correction Factor (C.F.) = (2 x G) / n                 

Where 

G= Sum of means of crosses 

n = Number of line (parent) involved in crosses  

Qi was computed by following the format given in Table 3.10 

 

3.3.5.2.3 Estimation of general combining ability (gca) effects 

 It was determined by the procedure given below in matrix notation: 

A G =Q and  

G= A-1 Q 

Where  

G= General combining ability effect 

Q= Corrected sum of sample crosses  

A-1= Inverse of matrix A 

 

3.3.5.2.4 Analysis of combining ability  

Sum of square due to gca= r∑ Gi Qi 

Sum of square due to sca=Genotype SS-SS due to gca 
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Analysis of variance for combining ability (Circulant design) in partial diallel is 

computed by the format given in Table 3.11. 

 

3.3.5.2.5 Estimation of components of variances 

gca variance = (MSg-MSs)/{rs(n-2)/(n-1)} 

Where  

MSg= Mean squares due to general combining ability.  

MSs=Means squares due to specific combining ability.  

r = Number of replication.  

s= sample size. 

n= Number of lines (parent). 

sca variance = (MSs – MSe)/r 

Estimates of additive component of variance = б2A= 2 б2gca 

Estimates of dominant component of variance = б2D= б2sca 

Estimates of degree of dominance=DD= (б2D/ б2A)1/2 

 

3.3.5.2.6 Calculation of standard error (SE)  

SE = (Average variance) ½ 

 Average variance (gi-gj) =2[(na°/n-1)-{1/2s (n-1)}] [б2
s+ б2

e/r] 

Where a° is the diagonal element of the inverse matrix 
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Table 3.10: Format for computation of Qi values  
 
Parents Crossed with 

parents 
Sum of uncorrected means of 
crosses (Si) 

Qi= Si-CF 

1 3,4,5   
2 4,5,6   
3 5,6,1   
4 6,1,2   
5 1,2,3   
6 2,3,4   
 

 

Table 3.11: Format for analysis of variance for combining ability analysis in 
partial diallel 
 
 
Sr.No. Source of 

variation  
Degree of 
freedom 

Sum of 
square  

Mean 
square  

Fcal Ftab 
5% 1% 

1 Replication r-1      
2 Genotypes (ns/2)-1      
3 gca n-1      
4 sca n {(s/2)-1}      
5 Error (r-1){(ns/2)-1}      
6 Total (rns/2)-1          
 

 

 

 

 

 

 

 

 

 

 



84 
 

3.3.5.2.7 Test of significance 

The significance of general combining ability effects was tested by the 

following formula: 

tcal= GCA/SE 

Where  

GCA= general combining ability effect  

SE = Standard Error =√Average variance= √2[(na°/n-1)-{1/2s (n-1)}] [б2
s+ б2

e/r] 

 

Calculated value of t was compared with tabulated value in t-table at error 

degree of freedom for 5% and 1% level of significance. 

 

3.3.5.3 Heterosis 

Heterosis was calculated by the formula given by Falconer and Mackay 

(1996) which is as under: 

Mid-parent heterosis= {(F1-Mid-parent)/Mid-parent} x 100 

Mid-parent = (Mean of P1 + Mean of P2)/2 

Heterobeltiosis= {(F1 – Better-parent)/Batter-parent} x 100 

 

3.3.5.3.1 Test of significance 

The significance of heterosis over mid-parent and better-parent was tested 

by t-test (Wynne et al., 1970) as described below: 

1- t (cal) for Mid-parent = (F1-MP) / (3/8 MSe)1/2 

2- t (cal) for Better-parent = (F1-BP) / (1/2 MSe)1/2 

Where  
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MP= Mid-parent= Average of male and female parent involved in the cross 

BP= Better-parent= Better-parent between male and female parent in cross 

MSe= Error Means Square 

The calculated values were compared with ttab value of t-table at error degree of 

freedom. 

 

3.4 EXPERIMENT NUMBER 4  

3.4.1 Molecular Diagnostics 

 

3.4.1.1 DNA extraction from mature dry seed of sorghum 

The mature seeds of each selected sorghum genotype were ground to fine 

powder and 0.01 gram of this powder was weighed in 1.5 millilitre eppendorf tubes. 

400 µl of extraction buffer and proteinase k were added in eppendorf tube and 

sample was vertexed. Sample was incubated at 37ºC for one hour. 400 µl of 2X 

CTAB (Cetyl tri-methyl ammonium bromide) were added in eppendorf tube. 500µl 

of chloroform (Isoamyl alcohol (24:1) with 5% phenol) was added in the sample. 

Sample was centrifuged at 12000 rpm for 10 minutes at 4ºC.  Supernatant (550µl) 

was transported to a new eppendorf tube. 366µl of Isopropanol were added. Sample 

was kept warm at room temperature for 10 minutes for DNA precipitation while 

gently inverting the tube. Sample was centrifuged at 12000 rpm for 5 minutes at 

4ºC. Supernatant was removed. The DNA pellet was washed with 70% ethanol (500 

µl). Sample was centrifuged at 12000 rpm for 5 minutes at room temperature 

(25ºC). The ethanol was poured off from the sample. The pellet was air dried for 5-

10 minutes at room temperature. Ethanol was removed thoroughly. 50µl of TE 
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Buffer were added and the pellet was suspended in the buffer. RNA was removed 

from the sample by adding 1.0 µl RNase (Stock conc. 10 mg / ml) and sample was 

incubated for 30-40 minutes.  

 

3.4.1.2 Simple sequence repeats (SSR) analysis 

3.4.1.2.1 Primer sequence 

Ten SSR primers were selected to amplify the genomic DNA of ten selected 

sorghum genotypes. The detail of the primer sequences are given in Table 3.12. 

 

3.4.1.2.2 Optimization of PCR conditions  

 PCR conditions for 10 oligonucleotides SSRs primers of sorghum were 

optimized. PCR thermal cycler was used in this evaluation. The total reaction was 

carried out in 25µl volume. The components of 25 µl reaction mixture were as 

given below. 

 

3.4.1.2.3 Component of Polymerase Chain Reaction (PCR) mixture 

The reaction mixture was consisted of the following components: 

DNA template 3 µl 10X Buffer   2.5µl dNTPs 0.5µl d3H2O 11.5µl 

Taq Polymerase 0.5 µl Mgcl2 2µl Primers 5µl   
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Figure:  5  DNA of ten sorghum genotypes extracted by CTAB method 
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3.4.1.2.4 DNA amplification 

For DNA amplification 10 oligonucleotides SSRs primers were used in 

polymerase chain reaction. The PCR reaction mixture (25 µl) included 0.5µl 

dNTPs, 2µl Magnesium chlorides, 5µl of primer and 0.5µl of taq polymerase, 3 µl 

of genomic DNA, 11.5µl of d3H2O and 2.5µl 10x reaction buffer,. Amplification 

was carried out in programmable thermal cycler. For SSRs analysis the 

amplification conditions were as;  

1-4 minutes Initial denaturation= minutes at 94ºC  

2- 35 cycles, each consisting of 

 Denaturation step=30 seconds at 94ºC   

 Annealing step=30 seconds at 50ºC -55ºC   (depending on primer)   

 Extension step= 2 minutes at 72ºC 

3-Final extension= 10 minutes 72ºC ensure completion of the primer extension  

4-Hold= 4ºC 

 

3.4.1.2.5 Agarose gel electrophoresis 

In order to evaluate quality of DNA it was run on 3% agarose gel. Gel was 

put in TE buffer which was stained with Ethidium bromide. DNA fragments were 

visualized by illumination with UV light (Kodak EDAS 290).  

 

3.4.1.2.6 DNA ladder 

The 100bp DNA Ladder used for estimation and quantification of DNA 

fragments on agarose gel. The DNA ladder was premixed with 6X loading dye 

solution for direct loading on gel. 
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Table 3.12: Simple Sequence Repeats Primers 
 
Oligo 
Name 

Primer sequences  Protein ID  Related 
to 

Product 
Size (bp) 

Xtxp357 
 

1F CGCAGAAATACGATTG Cytochrome 
P450 

HCN 273 
1R GCTATCTGGAGTAACTGTGT 

Xtxp094 
 

2F TTTCACAGTCTGCTCTCTG Cytochrome 
P450 

HCN 232 
2R AGGAGAGTTGTTCGTTA 

Xtxp208  3F AAGGCCGTGAGGATG Glucosyl 
transferase 

HCN 257 
3R AAGCAGCCAAGAGCAG 

Xtxp034  4F TGGTTCGTATCCTTCTCTACAG Glycosyl 
hydrolase  

HCN 365 
4R CATATACCTCCTCGTCGCTC 

Xtxp215  5F CCCAAAGCCAAGAAAAAG Glycosyl 
hydrolase  

HCN 174 
5R CGGCGGAAGCAGAC 

Xtxp273 
(Pbbf) 

6F GTACCCATTTAAATTGTTTGCAGTAG Prolamin-box 
binding factor 

PD 240-660 
6R CAGAGGAGGAGGAAGAGAAGG 

Xtxp123 
(Kaf2) 

7F TCGGCGAGCATCTTACA 
Kafirin2  

PD 289 
7R TACGTAGGCGGTTGGATT 

Xtxp136 
(Kaf3) 

8F GCGAATAGCATCTTACAACA 
Kafirin3 

PD 243 
8R ACTGATCATTGGCAGGAC 

Xtxp100 
(Kaf) 

9F CCGGCCGGCCAACCAACCAC 
Kafirin 

PD 270-590 
9R TGCCCCAACGCTCACGCTCCC 

SbKAFGKI  10F AGCATCTTACAACAACCAAT 
Kafirin2 PD 210 

10R CTAGTGCACTGAGTGATGAC 

HCN=Hydrocyanic acid               PD=Protein digestibility 
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3.4.1.3 Statistical Analysis 

The data for band score were collected. Photographs from Ethidium 

bromide stained agarose gel were used to score SSRs data for analysis. Band with 

similar mobility were taken as, alike fragment. Position of PCR bands was 

compared with molecular weight standard. All the data analyses were performed 

using the software Gelcompar II version 4.602 applied Maths Inc USA. After 

processing the gel images, all pair wise similarity values were worked with a 

similarity matrix converted into dendrogram using UPGMA i.e. unwieghted pair 

group method with the arithmetic average) clustering algorithm. 

 

Arithmetic Means (UPGMA) procedure was as follows (Nei and Li, 1979). 

GDxy = 1- dxy/dx+dy-dxy 

Where, 

                        GDxy = Genetic distance between two genotypes 

                        dxy = Total number of common loci (bands) in two genotypes 

                        dx = Total number of loci (bands) in genotype 1  

                        dy = Total number of loci (bands) in genotype 2.  

The 1-0 bivariate data matrix for ten sorghum genotype based on the data of 

nine amplified SSR primer were used to construct dendrogram using computer 

program “Popgene32” version 1.31. 
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Chapter 4 
RESULTS AND DISCUSSION 

 
 

4.1. EXPERIMENT NUMBER 1 

4.1.1 Selection of Genotype 

The experiment consisted of 25 sorghum genotypes. The study was 

conducted under irrigated and rainfed conditions. The objective of this experiment 

was to select 10 best sorghum genotypes on the basis of total cyanide content, green 

fodder yield, total sugar content and crude protein.   

 

4.1.1.1 Estimation of simple variability  

Simple variability was measured by using descriptive statistics. The values 

of mean, range, variance, standard deviation and coefficient of variation of four 

assessed traits for twenty five sorghum genotypes are given in Table 4.1. The 

descriptive statistics shown in this table indicated that total cyanide content 

(10080.27) and green fodder yield (92.01) showed the highest variances indicating 

a good scope for enhancement for these traits. Total sugar content (28.79) and 

crude protein (1.22) exhibited the lower magnitude of variances and thus the 

progress for these characters by means of simple selection might be limited. 

 

Mean values of green fodder yield and crude protein remained greater under 

irrigated conditions (38.53 t ha-1, 6.19 %) than the rainfed conditions (34.14 t ha-1, 

5.46 %) but total cyanide content and total sugar content had lower mean value 

under irrigated condition (456.19 ppm, 10.05%) than rainfed conditions 

(518.91ppm, 19.71%) respectively. This indicated that green fodder yield and crude 



92 
 

 

protein decreases and total cyanide content and total sugar content increases under 

water stress.  

 

Total cyanide content ranged from 216.75 to 607.43 ppm under irrigated 

conditions whereas, under rainfed conditions, total cyanide content exhibited a 

range of 270.47 to 639.01 ppm (Table 4.1). The genotype V-1 showed the lowest 

(216.75 ppm and 270.47 ppm) and SPV-462 manifested the highest (607.43 ppm 

and 639.01ppm) total cyanide content under irrigated as well as rainfed conditions 

respectively (Table 4.4). Green fodder yield expressed a range of 22.57 to 56.00 t 

ha-1 under irrigated conditions, similarly under rainfed conditions, green fodder 

yield ranged from 12.49 to 53.29 t ha-1 (Table 4.1). The sorghum genotype V-1 

showed the highest green fodder yield (56.00 t ha-1 and 53.29 t ha-1) under irrigated 

as well as rainfed conditions. Lowest (22.57 t ha-1 and 12.49 t ha-1) green fodder 

yield was manifested by the genotype Rasili for irrigated and rainfed conditions 

respectively (Table 4.4).  

 

Total sugar content exhibited a range of 6.53% to 15.93% under irrigated 

conditions while a range of 18.93% to 22.33% was observed for this trait under 

rainfed conditions (Table 4.1). The genotype V-1 displayed the highest sugar 

content (15.93% and 22.33%) under irrigated as well as rainfed conditions 

respectively. The genotype Rasili depicted the lowest (6.53%) sugar content under 

irrigated conditions whereas, minimum (18.93%) sugar content under rainfed 

conditions were manifested by the genotype SV-5 (Table 4.5). Crude protein under 

irrigated conditions was found in a range of 4.61% to 8.07% and under rainfed 
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conditions it exhibited a range of 3.56% to 6.31% (Table 4.1). The sorghum 

genotype V-1 had the highest (8.07% and 6.31%) crude protein under irrigated as 

well as rainfed conditions. Minimum crude protein (4.61%) was observed for 

genotype PARC-SS-2 under irrigated conditions while under rainfed conditions the 

genotype Entosol was the lowest (3.56%) for crude protein (Table 4.5). These 

results indicated that the genotype V-1 expressed the lowest total cyanide content, 

whereas it showed the highest green fodder yield, total sugar content and crude 

protein both under irrigated and rainfed conditions.  

 

Coefficient of variation is a directory of consistency and points out the level 

of experimental error. If the value of coefficient of variation is lesser the results 

would be more trustworthy and vice versa. Green fodder yield (5.51%) exhibited 

the lowest and crude protein the highest (9.02%) coefficient of variation under 

irrigated and rainfed conditions (Table 4.1). On the whole, the coefficient of 

variation for all the four traits remained in a suitable range. 

 

4.1.1.2 Analysis of variance  

Analysis of variance for total cyanide content, green fodder yield, total 

sugar content and crude protein was carried out in a 2-factorial RCBD format. The 

mean squares of the traits under study for 25 sorghum genotypes grown under 

irrigated and rainfed conditions during the year, 2009 are given in Table 4.2. The 

mean squares for genotype, location and genotype x location interaction depicted 

significant variations for all characters under study. The simple effects like 

genotype and location separately turn out to be futile when the genotype x 
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environmental interactions show considerable differences because it lessens the 

relationship between phenotypic and genetic values. In such case, the selection 

made in one environment will be inadequately executed in the other environment. If 

the genotype x environmental interaction is not considered, it becomes a cause of 

an upward unfairness in evaluation of genotypic variance.  

 

The significant mean squares for genotypes indicated that they had 

sufficient variations for most of the traits under study. The greater mean squares for 

locations suggested that the conditions in the two locations were not same in many 

ramifications. The outstanding means squares for genotype x locations showed that 

the environmental situations in the two places persuaded the progress of genotypes. 

Shinde et al. (2010), Hanna et al. (1999), Almodares et al. (2008) and Nabi et al. 

(2006) reported highly significant genotypic variation for green fodder yield, total 

cyanide content, total sugar content and crude protein which are in accordance with 

the present results.  

 

Estimates of genetic variance (δ2
g), phenotypic variance (δ2

p), 

environmental variance (δ2
e), genetic coefficient of variation and coefficient of 

variation due to phenotype of evaluated traits for twenty five sorghum genotypes 

are given in Table 4.3.The estimates  of genotypic variance (б2
g) for total cyanide 

content, green fodder yield, total sugar content and crude protein were displayed as 

9105, 73.52, 3.29 and 0.43 respectively whereas phenotypic variance (б2
p) were 

observed as 9518, 74.92, 3.90 and 0.60 for these traits respectively (Table 4.3). The 



95 
 

 

results indicated that the estimates of phenotypic variances (б2
p) were greater than 

the genotypic variance (б2
g) for all the traits under evaluation.  

 

The estimates of variance components for the two environments showed 

that most of the characters had higher phenotypic (б2
p) and genotypic (б2

g) variance 

estimates than the environmental variance (б2
e) estimate. The genetic variations are 

heritable and therefore, can be exploited in breeding programmes. Similar outcome 

to these results were reported by Godbharle et al. (2010) and Bello (2010). 

 

The genotypic coefficients of variation (GCV) for total cyanide content, 

green fodder yield, total sugar content and crude protein were recorded as  19.57 %, 

23.60 %, 12.19 % and 11.54 % respectively, whereas phenotypic coefficients of 

variation (PCV) were observed as 20.01 %, 23.82 %, 13.27 % and 13.75 % for 

these traits respectively (Table 4.3). The coefficient of variation due to phenotype 

was greater than the coefficient of variation due to genotype for all the traits which 

pointed out that all characters were highly influenced by environment but the 

differences between them were of lower magnitude. Shinde et al. (2010), Mohanraj 

et al.(2006), Vinaykumar et al. (2011) and  Mohammed and Talib (2008) reported 

greater PCV than the GCV for green fodder yield, total cyanide content, total sugar 

content and crude protein respectively in sorghum. 
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Table 4.1: Simple measures of variability for evaluated traits of 25 sorghum 
genotypes grown under irrigated and rainfed conditions during the year 2009 

 
Parameters Mean  Range Variance C.V. 

(%) 
 Irrigated Rainfed  Irrigated Rainfed   
Total cyanide 
content (ppm)  

456.19 518.98  216.75-607.43 270.47-639.01 10080.27 8.07 

Green fodder 
yield (t/ha) 

38.53 34.14  22.57-56.00 12.49-53.29 92.01 5.51 

Total sugar 
content (%) 

10.05 19.71  6.53-15.93 18.93-22.33 28.79 5.59 

Crude protein 
(%) 

6.19 5.46  4.61-8.07 3.56-6.31 1.22 9.02 

 
CV = Coefficient of variation 
 
Table 4.2: Mean squares for evaluated traits of 25 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2009 
 
Parameters MSg MSl MSgl MSe 
Total cyanide content  57108.19** 147883.96** 2478.16** 741.72 
Green fodder yield  449.496** 724.109** 8.330** 4.007 
Total sugar content  23.404** 3498.369** 6.661** 1.440 
Crude protein  3.624** 43.870** 1.073** 0.260 
 
** Highly significant at 1 % level of significance 
MSg = Mean squares for genotype 
MSl = Mean squares for location 
MSgl = Mean squares for genotype x location 
MSe = Mean squares for error 
 
Table 4.3: Estimates of variance components and their derivatives for 
evaluated traits of 25 sorghum genotypes grown under irrigated and rainfed 
conditions during the year 2009 
 
Parameters  б2

g б2
e б2

p GCV (%) PCV 
(%) 

Total cyanide content  9105 741 9518 19.57 20.01 
Green fodder yield  73.52 4.01 74.92 23.60 23.82 
Total sugar content  3.29 1.44 3.90 12.19 13.27 
Crude protein 0.43 0.26 0.60 11.54 13.75 
 
б2

g = Genotypic variance 
б2

e = Phenotypic variance 
б2

p = Environmental variance 
GCV = Genotypic coefficient of variation 
PCV = Phenotypic coefficient of variation 
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4.1.1.3 Mean comparison and selection  

The means of all the 25 genotypes for total cyanide content, green fodder 

yield, total sugar content and crude protein were compared by Duncan Multiple 

Range Test. Analysis of variance pointed out that interaction due to genotype and 

location had significant difference therefore, the factors; genotypes and location 

had relative effects rather than independent effects and only the interaction means 

could be compared. The comparison of mean under irrigated and rainfed condition 

for genotype x location interaction is given in Table 4.4 for total cyanide content 

and green fodder yield and in Table 4.5 for total sugar content and crude protein. 

The means of green fodder yield, total sugar content and crude protein were 

arranged in descending order but the means of total cyanide content were arranged 

in ascending order. 

 

On the basis of this comparison, 10 best sorghum genotypes performing 

better for the total cyanide content, green fodder yield, total sugar content and crude 

protein under both irrigated and rainfed conditions were selected for further 

evaluation. These sorghum genotypes were; V-1, SV-6, CVS-13, SV-8, LOCAL, 

RARI-S-4, JS-2002, JV-2002, SV-11 and SV-7.  
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Table 4.4: Mean comparison of 25 sorghum genotypes for total cyanide content (TCC) and green fodder yield (GFY) grown 
under irrigated and rainfed conditions during the year 2009. 

 
S.No. Genotypes  TCC Irrigated Genotypes TCC Rainfed Genotypes GFY Irrigaed Genotypes GFY Rainfed 
1 V-1 216.75  a V-1 270.47  a V-1 56.00  a V-1 53.29  a 
2 SV-6 243.27  a SV-6 281.42  a SV-6 50.47  b SV-6 45.21  b 
3 CVS-13 314.42  b CVS-13 409.07  b SV-7 48.43  b LOCAL 44.72  b 
4 SV-8 338.98  bc SV-8 465.30  c LOCAL 48.27  b SV-8 43.00  b 
5 LOCAL 346.76  bc LOCAL 471.11  c SV-8 45.13  c JV-2002 42.99  b 
6 RARI-S-4 368.15  cd SV-7 479.95  c CVS-13 44.00  d CVS-13 42.50  b 
7 JS-2002 380.29  cd JS-2002 485.23  c RARI-S-4 43.77  d SV-7 41.83  b 
8 JV-2002 396.40  de SV-11 489.59  c JV-2002 43.63  d RARI-S-4 41.79  bc 
9 SV-11 434.68  ef JV-2002 497.11  cd JS-2002 41.17  d JS-2002 39.37  cd 
10 SV-7 443.65  f RARI-S-4 505.96  d SV-11 41.10  d SV-11 38.88  de 
11 RASILI 457.65  f DS-97 513.35  d RS-29 40.90  de RS-29 35.64  ef 
12 RARI-S-3 460.28  f RS-29 541.21  d RARI-S-3 39.63  e RARI-S-3 35.17  fg 
13 RS-29 473.62  fg CSV-15 542.26  d RARI-SV-10 38.54  e RARI-SV-10 33.40  g 
14 DS-97 478.63  fg RARI-S-3 542.92  d SV-5 38.30  ef CSV-15 32.29  g 
15 CSV-15 513.08  gh RARI-SV-10 548.46  d RARI-S-10 36.97  f RARI-S-10 32.03  gh 
16 JOHAR-1 527.21  h JOHAR-1 550.83  de CSV-15 36.80  fg YSS-9 31.47  hi 
17 ENTOSOL  527.60  h SV-4 553.34  ef PARC-SS-2 34.80  gh PARC-SS-2 29.91  ij 
18 SV-1 536.32  hi ENTOSOL  574.47  f JOHAR-1 33.53  h SV-5 29.32  jk 
19 SV-5 540.93  hi PARC-SS-2 578.06  f SV-4 32.57  h JOHAR-1 27.57  k 
20 RARI-SV-10 547.93  hi SV-5 589.38  f YSS-9 32.37  hi SV-4 27.02  kl 
21 PARC-SS-2 551.89  hi RASILI 591.89  fg DS-97 30.74  ij SPV-462 24.79  l 
22 SV-4 560.21  hi SV-1 597.57  gh ENTOSOL  29.35  jk DS-97 23.90  l 
23 YSS-9 561.39  hi YSS-9 621.98  hi SPV-462 29.13  k ENTOSOL  23.61  lm 
24 RARI-S-10 577.10  ij RARI-S-10 634.66  i SV-1 25.10  l SV-1 21.20  m 
25 SPV-462 607.43  j SPV-462 639.01  i RASILI 22.57  l   RASILI 12.49  n 
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Table 4.5: Mean comparison of 25 sorghum genotypes for total sugar content (TSC) and crude protein (CP) grown under 
irrigated and rainfed conditions during the year 2009 
.  
S.No. Genotypes  TSC Irrigated Genotypes TSC Rainfed Genotypes CP Irrigated Genotypes CP Rainfed 
1 V-1 15.93  a V-1 22.33  a V-1 8.07  a V-1 6.31  a 
2 SV-6 13.47  b SV-6 21.00  a SV-7 7.25  a SV-7 6.29  a 
3 SV-11 13.20  b SV-8 21.00  a CVS-13 7.23  a SV-11 5.76  a 
4 RARI-S-4 12.87  bc RARI-S-4 20.47  ab SV-8 7.21  a JS-2002 5.68  a 
5 JS-2002 12.07  cd JS-2002 20.27  b SV-6 7.13  ab JOHAR-1 5.66  a 
6 SV-7 11.47  de LOCAL 20.20  b RASILI 7.04  b SV-6 5.62  a 
7 CSV-13 10.60  e CVS-13 20.07  b SV-4 7.01  b CVS-13 5.60  a 
8 SV-8 10.60  e JV-2002 20.00  b JS-2002 6.93  b RASILI 5.59  a 
9 JV-2002 10.47  ef SV-7 20.00  b JV-2002 6.88  b SV-8 5.52  a 
10 LOCAL 9.93    f SV-11 19.33  b RARI-S-4 6.76  b LOCAL 5.45  a 
11 SV-1 9.93    f DS-97 19.33  b SV-5 6.67  b RS-29 5.43  a 
12 SV-4 9.93    f YSS-9 19.07  bc SPV-462 6.35  bc JV-2002 5.41  a 
13 DS-97 9.87    f RARI-S-3 18.53  c SV-1 6.20  c DS-97 5.40  a 
14 RARI-SV-10 9.80    f JOHAR-1 18.33  c LOCAL 6.18  c RARI-SV-10 5.25  ab 
15 CSV-15 9.80    fg ENTOSOL 18.27  c SV-11 6.18  c RARI-S-4 4.91  b 
16 ENTOSOL  9.53    g RARI-S-10 18.27  c CSV-15 6.18  cd SV-1 4.90  b 
17 PARC-SS-2 9.20    gh SPV-462 18.00  c RARI-S-10 5.94  de SPV-462 4.90  b 
18 RS-29 8.67    h SV-1 18.00  c JOHAR-1 5.73  ef RARI-S-10 4.86  bc 
19 YSS-9 8.67    hi RARI-SV-10 17.00  c RARI-SV-10 5.02  f CSV-15 4.72  cd 
20 SPV-462 8.60    ij PARC-SS-2 17.67  c RARI-S-3 4.95  f SV-5 4.48  de 
21 JOHAR-1 7.87    j CVS-15 15.80  c ENTOSOL  4.87  f RARI-S-3 4.26  ef 
22 SV-5 7.80    j RS-29 24.00  cd RS-29 4.84  f SV-4 3.94  f 
23 RARI-S-3 7.53    jk RASILI 24.13  de DS-97 4.79  f PARC-SS-2 3.92  fg 
24 RARI-S-10 6.87    kl SV-4 22.67  ef YSS-9 4.78  fg YSS-9 3.78  gh 
25 RASILI 6.53    l SV-5 18.93  f PARC-SS-2 4.61  g ENTOSOL  3.56  h 
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4.1.2 Characters Association  

4.1.2.1 Association between morphological and quality parameters  

The correlation analysis of data collected from experiment1 was carried out in 

order to determine interrelationship of the characters under evaluation at simple, 

genotypic and phenotypic levels. Simple (r), genetic (rg) and phenotypic correlation 

coefficients (rp) for morphological and quality traits of 25 sorghum genotypes are given 

in Table 4.6, 4.7 and 4.8, respectively. The morphological and quality parameters under 

evaluation were:  

 

4.1.2.1.1 Plant height  

Plant height showed significant and positive association with total sugar content 

(0.39), dry matter yield (0.20), green fodder yield (0.24), stem thickness (0.29), number 

of tillers  plant-1 (0.32) and number of leaves  plant-1 (0.25) whereas, association 

between plant height and total cyanide content (-0.30) was demonstrated as negative but 

highly significant (Table 4.6). Genotypic and phenotypic relationships for plant height 

were non-significant with all the parameters under study (Table 4.7 and 4.8).  

 

The correlation illustrated that the plant height contributed positively towards number of 

leaves plant-1, number of tillers plant-1, stem thickness, green fodder yield, dry matter 

yield and total sugar content but negatively towards total cyanide content. These 

findings indicated that with increase in plant height, green fodder yield would increase 

but total cyanide content would decrease. The yield contributing traits can play an 

important role in this regard. So, plant height could be used as important factor in 
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getting better fodder yield and fodder quality in sorghum. Iyanar et al. (2010), Kachapur 

et al. (2009) and Zahid et al. (2002) reported the similar results for this trait in sorghum.  

 

4.1.2.1.2 Number of leaves plant-1 

Strong and positive relationship was found between number of leaves plant-1 and 

number of tillers plant-1 (0.37), stem thickness (0.19), moisture percentage (0.36), total 

sugar content (0.54) but with dry matter percentage (-0.36) and dry matter yield (-0.16) 

it was significant and negative (Table 4.6). Number of leaves plant-1 showed strong and 

positive genotypic correlation with green fodder yield (0.51) and total sugar content 

(0.41) but with plant population density (-0.39) and dry matter yield (-0.51) relationship 

was negative and significant (Table 4.7). There was non-significant phenotypic 

association between number of leaves plant-1 and all other traits under evaluation (Table 

4.8).  

 

Due to positive relationship, an improvement in the number of leaves plant-1 would 

increase the stem thickness and total sugar content because leaves are the photosynthetic 

machinery of plants and ultimately the synthesis of carbohydrates would be more 

resulting in vigorous growth. Therefore the trait number of leaves plant-1 could be used 

as a vital factor for increasing fodder yield and quality. Prabhakar and Ready (2007), 

Deepalakshmi and Ganesamurthy (2007) and Desai et al. (1999) reported significant 

and positive correlation between number of leaves plant-1 and green fodder yield in 

sorghum.   
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Table 4.6: Simple correlation coefficients among morphological and quality traits of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 
 NL/P NT/P ST PPD FW/P DW/P MP DMP GFY DMY TSC TCC 
PH 0.25** 0.32** 0.29** 0.12 0.12 0.10 0.02 0.02 0.24** 0.20* 0.39** -0.30** 
NL/P  0.37** 0.19* 0.02 0.03 0.15 0.36** .-0.36** 0.02 -0.16* 0.54** -0.07 
NT/P   0.68** 0.13 0.32** 0.13 0.25** -0.25** 0.49** 0.25** 0.37** -0.64** 
ST    0.07 0.36** 0.12 0.32** -0.32** 0.47** 0.22** -0.27** -0.70** 
PPD     -0.40** -0.36** 0.13 -0.13 0.41** 0.27** -0.11 -0.11 
FW/P      0.88** 0.18* -0.18* 0.65** 0.64** 0.08 -0.61** 
DW/P       -0.62** 0.62** 0.56** 0.79** 0.28** -0.48** 
MP        -1.00** 0.09 -0.56** -0.49** -0.08 
DMP         -0.09 0.55** 0.49** 0.009 
GFY          0.86** -0.04 -0.75** 
DMY           0.26** -0.62** 
TSC            -0.009 
* Significant at 5% level of significance                
** Highly significant at 1% level of significance 
 
P.H.= Plant height   
NL/P= Number of leaves per plant     NT/P= Number of tillers per plant   
ST= Stem thickness     PPD= Plant population density  
FW/P= Fresh weight per plant     DW/P=Dry weight per plant   
MP= Moisture percentage      DMP= Dry matter percentage  
GFY= Green fodder yield      DMY= Dry matter yield  
TSC= Total sugar content      TCC= Total cyanide content  
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4.1.2.1.3 Number of tillers plant-1  

Significant and positive association was found between number of tillers plant-1 

and stem thickness (0.68), fresh weight plant-1 (0.32), moisture percentage (0.25), green 

fodder yield (0.49), dry matter yield (0.25) and total sugar content (0.37) but dry matter 

percentage (-0.25) and total cyanide content (-0.64) exhibited negative and significant 

correlation with number of tillers plant-1 (Table 4.6). Significant and positive genotypic 

and phenotypic correlations were reported for number of tillers plant-1 and stem 

thickness, fresh weight plant-1, green fodder yield, dry matter yield and total sugar 

content whereas, strong and negative genetic as well as phenotypic association was 

found between number of tillers plant-1 and total cyanide content (Table 4.7 and 4.8). 

 

  On the basis of strong relationship with other yield components it is concluded that 

number of tillers plant-1 could be used as an important contributing factor in improving 

the fodder yield and quality in sorghum. These conclusions were drawn by Iyanar et al. 

(2010), Ezeaku and Mohammed (2006) and Hussain et al. (1991) for number of tillers 

plant-1 in sorghum. 

 

4.1.2.1.4 Stem thickness 

Stem thickness had positive and significant correlation with fresh weight plant-1 

(0.36) moisture percentage (0.32), green fodder yield (0.47), and dry matter yield (0.22). 

Relationship between stem thickness and dry matter percentage (-0.32), total sugar 

content (-0.27) and total cyanide content (-0.70) was shown as negative and significant 

(Table 4.6). At both genotypic and phenotypic levels; stem thickness was positively 

associated with fresh weight plant-1, green fodder yield and total sugar content but 

negatively correlated with total cyanide content (Table 4.7 and 4.8). Stem thickness 
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manifested strong and positive correlation (0.46) with dry matter yield at genotypic 

level (Table 4.7). 

 

It could be concluded from these findings that stem thickness might perform an 

important role in boosting the fodder yield and quality of sorghum due to strong positive 

association with fodder yield and strong negative with total cyanide content. Prabhakar 

(2003), Kumaravadivel and Amirthadevarathinam (2000) and Warkad et al. (2010) 

reported similar conclusions for stem thickness in sorghum. 

 

4.1.2.1.5 Plant population density 

Perusal of Table 4.6 indicated that plant population density showed positive and 

significant association with green fodder yield (0.41) and dry matter yield (0.27) but 

significant and negative correlation with fresh weight plant-1 (-0.40) and dry weight 

plant-1 (-0.36). Strong and negative relationships were depicted for plant population 

density and fresh weight plant-1 both at genotypic and phenotypic levels (Table 4.7 and 

4.8). These findings indicated that plant population density was strongly correlated with 

green fodder yield and dry matter yield and might play its role in improving the fodder 

yield in sorghum. Sandeep et al. (2011) and Akmal et al. (2002) reported the similar 

findings for plant population density in sorghum. 

 

 

 



105 
 

 

Table 4.7: Genotypic correlation coefficients among morphological and quality traits of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 
 
 NL/P NT/P ST PPD FW/P DW/P MP DMP GFY DMY TSC TCC 
PH 0.16 0.24 0.12 -0.01 0.11 0.21 -0.38 0.38 0.19 0.29 0.36 -0.29 
NL/P  0.00 0.32 -0.39* 0.19 -0.31 0.16 -0.16 0.51** -0.51** 0.41* -0.24 
NT/P   0.91** -0.04 0.46* 0.31 0.16 -0.16 0.55** 0.41* 0.68** -0.75** 
ST    0.02 0.53** -0.36 0.14 -0.14 0.62** 0.46* 0.75** -0.89** 
PPD     -0.43* -0.37 0.09 -0.09 0.39 0.28 -0.19 0.08 
FW/P      0.93** 0.38 -0.38 0.65** 0.69** 0.58** -0.68** 
DW/P       -0.69** 0.69** 0.63** 0.78** 0.55** -0.62** 
MP        -1.00** 0.31 -0.63** -0.25 -0.25 
DMP         -0.31 0.63** 0.25 0.25 
GFY          0.93** 0.83** -0.84** 
DMY           0.77** -0.77** 
TSC            -0.99** 
* Significant at 5% level of significance)           
   ** Highly significant at 1% level of significance 
 
P.H.= Plant height   
NL/P= Number of leaves per plant     NT/P= Number of tillers per plant   
ST= Stem thickness     PPD= Plant population density  
FW/P= Fresh weight per plant     DW/P=Dry weight per plant   
MP= Moisture percentage      DMP= Dry matter percentage  
GFY= Green fodder yield      DMY= Dry matter yield  
TSC= Total sugar content      TCC= Total cyanide content  
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4.1.2.1.6 Fresh weight plant-1  

Strong and positive association was recorded for fresh weight plant-1 with dry 

weight plant-1 (0.88), moisture percentage (0.18), green fodder yield (0.65) and dry 

matter yield (0.64) but with dry matter percentage (-0.18) and total cyanide content  

(0.61) it showed strong and negative association (Table 4.6). At genotypic and 

phenotypic levels, strong and positive relationship was observed for fresh weight plant-1 

with dry weight plant-1, green fodder yield, dry matter yield and total sugar content but 

strong and negative with total cyanide content (Table 4.7 and 4.8).  

 

Strong positive relationship of fresh weight plant-1 with fodder yield and its components 

and significant negative association with total cyanide content indicated that this trait 

could be used as an important factor for the improvement of fodder yield and fodder 

quality in sorghum. Similar results were depicted by Desai et al. (1999), Tariq et al. 

(2007) and Prabhakar (2003) for fresh weight plant-1 in sorghum. 

 

4.1.2.1.7 Dry weight plant-1  

Dry weight plant-1 had strong and positive correlation with dry matter percentage 

(0.62), green fodder yield (0.56), dry matter yield (0.79) and total sugar content (0.28) 

but with moisture percentage (-0.62) and total cyanide content (-0.48) strong and 

negative association was observed (Table 4.6). Significant and positive genotypic (rg) 

and phenotypic (rp) correlation coefficients were observed for dry matter percentage, 

green fodder yield and dry matter yield but they were negative and significant with 

moisture percentage and total cyanide content (Table 4.7 and 4.8). Dry weight plant-1 
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depicted significant and positive genotypic correlation coefficient (rg) with total sugar 

content (0.55).  

 

These findings pointed out that dry weight plant-1 contributed positively toward dry 

matter yield and green fodder yield but negatively toward total cyanide content. This 

showed that the trait, dry weight plant-1 could be used as important criterion for 

increasing and improving the fodder yield and quality of sorghum. Ayana and Bekele 

(2000a), Rani and Rao (2009) and Bello (2010) reported the similar results for dry 

weight plant-1 in sorghum. 

 

4.1.2.1.8 Moisture percentage  

The association between moisture percentage and dry matter percentage (-1.00), 

dry matter yield (-0.56) and total sugar content (-0.49) was observed as strong and 

negative (Table 4.6). Genotypic and phenotypic correlations between moisture 

percentage and dry matter percentage and dry matter yield were recorded as negative 

and highly significant (Table 4.7 and 4.8). These findings showed that moisture 

percentage negatively affected the dry matter percentage and dry matter yield and an 

increase in this parameter might decrease the dry matter percentage and dry matter yield 

ultimately. Comparable out comes were demonstrated by Iyanar et al. (2010), Thawari 

et al.( 2000) and Mallinath et al. (2004) for moisture percentage in sorghum.  

 

4.1.2.1.9 Dry matter percentage  

Relationship between dry matter percentage and dry matter yield (0.55) and total 

sugar content (0.49) was observed as significant and positive (Table 4.6). Strong and 
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positive associations were observed between dry matter percentage and dry matter yield 

both at genotypic and phenotypic levels (Table 4.7 and 4.8). These results showed that 

an increase in dry matter percentage might positively affect the dry matter yield of 

sorghum. These results are in harmony with the conclusions of Iyanar et al. (2010), 

Habib et al. (2007) and Mallinath et al. (2004) for dry matter percentage in sorghum. 

 

4.1.2.1.10 Green fodder yield  

The perusal of Table 4.6 showed that green fodder yield showed positive and 

highly significant correlation with dry matter yield (0.86) but negative and highly 

significant correlation with total cyanide content (-0.75). Highly significant and positive 

genetic as well as phenotypic correlations were found between green fodder yield and 

dry matter yield and total sugar content  but it was negative and highly significant with 

total cyanide content (Table 4.7 and 4.8).  

 

These conclusions pointed out that green fodder yield contributed positively towards 

dry matter yield but negatively towards total cyanide content. So, an improvement in 

green fodder yield could result in advancement in fodder quality as lesser amount of 

cyanide content is desirable. Shinde et al. (2011) and Rani and rao (2009) described 

similar conclusions for green fodder yield in sorghum. 
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Table 4.8: Phenotypic correlation coefficients among morphological and quality traits of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 
 NL/P NT/P ST PPD FW/P DW/P MP DMP GFY DMY TSC TCC 
PH 0.07 0.15 -0.10 -0.02 0.11 0.21 -0.34 0.34 0.17 0.27 0.26 -0.25 
NL/P  0.07 0.05 -0.23 0.09 0.17 0.13 -0.13 0.27 -0.29 0.23 0.15 
NT/P   0.82** -0.04 0.46* 0.33 0.07 -0.07 0.57** 0.43* 0.61** -0.78** 
ST    0.02 0.43* -0.29 0.12 -0.12 0.51** -0.36 0.58** -0.76** 
PPD     -0.42* -0.36 0.07 -0.07 0.39 0-.28 -0.18 0.07 
FW/P      0.92** -0.35 0.34 0.65** 0.67** 0.53** -0.66** 
DW/P       -0.65** 0.65** 0.63** 0.78** 0.48 -0.60** 
MP        -1.00** 0.28 -0.61** -0.17 -0.23 
DMP         -0.28 0.61** 0.17 0.23 
GFY          0.92** 0.76** -0.80** 
DMY           0.68** -0.73** 
TSC            -0.87** 
* Significant at 5% level of significance)   
** Highly significant at 1% level of significance 
 
P.H.=    Plant height   
NL/P=   Number of leaves per plant     NT/P= Number of tillers per plant   
ST=       Stem thickness     PPD=Plant population density  
FW/P=  Fresh weight per plant     DW/P=Dry weight per plant   
MP=     Moisture percentage      DMP= Dry matter percentage  
GFY= Green fodder yield      DMY= Dry matter yield  
TSC= Total sugar content      TCC= Total cyanide content  
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4.1.2.1.11 Dry matter yield  

Dry matter yield showed positive and highly significant correlation with total 

sugar content (0.26,) but negative and highly significant correlation with total cyanide 

content (-0.62).  At genotypic and phenotypic levels, strong and positive associations 

were observed for dry matter yield with total sugar content but strong and negative 

association with total cyanide content (Table 4.7 and 4.8). 

 

Strong association at all three levels indicated that the trait, dry matter yield could be 

used as an important factor in improving the fodder quality of sorghum. Ayana et al. 

(2000a), Tariq et al. (2007) and Prabhakar (2003) stated equivalent result for dry matter 

yield in sorghum. 

 

4.1.2.1.12 Total sugar content 

Evaluation of Table 4.7 and 4.8 demonstrated that total sugar content showed negative 

and highly significant genotypic and phenotypic correlations with total cyanide content. 

This indicated that an increase in sugar content might decrease the total cyanide content 

and improve the fodder quality. Makanda et al. (2009), Sandeep et al. (2011) and Iyanar 

et al. (2010) reported the similar results for total sugar content in sorghum.  

 

Above mentioned associations depicted that total cyanide content had negative 

and significant correlations with fodder yield and its components. It manifested that any 

enhancement in fodder yield and its components would ultimately reduce the cyanide 

content that might result in quality boost of sorghum fodder. 
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4.1.2.2 Association between biochemical and quality parameters 

Simple (r), genetic (rg) and phenotypic correlation coefficients (rp) for 

biochemical and quality traits of 25 sorghum genotypes are provided in Table 4.9, 4.10 

and 4.11 respectively. The biochemical and quality parameters under study consisted of:  

 

4.1.2.2.1 Crude protein 

The perusal of Table 4.9 indicated that crude protein had strong and positive 

correlation with crude fibre (0.36), total ash (0.18), neutral detergent fibre (0.38), acid 

detergent fibre (0.21), cellulose (0.24) and hemicellulose (0.21) but with nitrogen free 

extract (-0.57), organic matter (-0.16), total sugar content (-0.29) and total cyanide 

content (-0.59) the association was observed as strong but negative (Table 4.9). At 

genotypic (rg) and phenotypic (rp) levels, strong and positive correlation coefficients 

were observed for  crude fibre,  neutral detergent fibre and total sugar content but  

strong  and negative for nitrogen free extract and total cyanide content (Table 4.10 and 

4.11). Genotypic correlation coefficient (rg) was significant for acid detergent fibre 

(0.43) and acid detergent lignin (0.43).   

 

The positive and significant association of crude protein with sugar content and 

strong negative correlation with cyanide content at both genotypic and phenotypic levels 

indicated that any increase in crude protein would improve the fodder quality of 

sorghum. These outcomes are in accordance with the results of Bello (2010) and Zahid 

et al. (2002) for crude protein in sorghum who observed similar behavior for this trait. 
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4.1.2.2.2 Crude fat 

The results of simple correlation analysis (Table 4.9) showed that crude fat was 

significantly and negatively associated with crude fibre (-0.25), neutral detergent fibre (-

0.41), acid detergent fibre (-0.41) and cellulose (-0.42). Significant and positive 

genotypic and phenotypic correlations were observed between crude fat and neutral 

detergent fibre, acid detergent fibre (Table 4.10 and 4.11) whereas; crude fat had strong 

but negative genotypic correlation (rg) with cellulose (-0.60).  

 

Significant and positive genotypic and phenotypic correlations of crude fat with 

acid detergent fibre and neutral detergent fibre suggested that it can be considered as an 

important criterion in improving the fodder nutritional quality. Sankarapandian and 

Kovailpatt (2000) and Nabi et al. (2006) stated matching conclusions for crude fat in 

sorghum. 

 

4.1.2.2.3 Crude fibre  

Table 4.9 manifested that crude fibre had strong and positive correlation with 

neutral detergent fibre (0.62), acid detergent fibre (0.43), acid detergent lignin (0.22), 

hemicellulose (0.23), cellulose (0.39) and organic matter (0.22) but strong and negative 

with nitrogen free extract (-0.92) and total cyanide content (-0.51). Significant and 

positive genotypic and phenotypic correlations were observed between crude fibre and 

neutral detergent fibre, acid detergent fibre and total sugar content but it had negative 

and significant correlation with nitrogen free extract, and total cyanide content (Table 

4.10 and 4.11). At genotypic level crude fibre had strong and positive association with 

organic matter (0.45). 
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The results signified that crude fibre positively affected the acid detergent fibre, neutral 

detergent fibre and total sugar content but negatively affected the total cyanide content. 

So, an increase in crude fibre percentage might improve the fodder quality of sorghum 

by increasing sugar content and decreasing total cyanide content. Similar conclusions 

were drawn by Bello (2010), Kumaravadivel and Amirthadevarathinam (2000) and 

Carmi et al. (2006) for crude fibre in sorghum. 

 

4.1.2.2.4 Total ash  

Strong and positive correlation existed between total ash and acid detergent fibre 

(0.19) and cellulose (0.29) but with nitrogen free extract (-0.30), acid detergent lignin (-

0.21), organic matter (-0.65) and total sugar content (-0.45) it showed strong but 

negative association (Table 4.9). Significant and negative correlation coefficients were 

observed for neutral detergent fibre (-0.60) at genotypic level (Table 4.10) and for 

organic matter (-0.58) at phenotypic level (Table 4.11) respectively. The results 

indicated that total ash adversely affected the neutral detergent fibre and organic matter. 

So, any increase in total ash might deteriorate the fodder quality due to negative 

association with organic matter. These results are similar to the findings of Singh and 

Katiyar (2003) and Gassem and Osman (2003) for total ash in sorghum. 

 

4.1.2.2.5 Nitrogen free extract  

Nitrogen free extract had positive and highly significant correlation with total 

cyanide content (0.58) but with neutral detergent fibre (-0.61), acid detergent fibre (-

0.43), hemicellulose (-0.22) and cellulose (-0.42) it showed negative and highly 

significant correlation (Table 4.9). Strong and positive correlation was observed for total 
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cyanide content but strong and negative association for neutral detergent fibre, acid 

detergent fibre, cellulose and total sugar content at genotypic and phenotypic levels 

(Table 4.10 and 4.11). Nitrogen free extract had strong and negative genotypic 

correlation with hemicellulose (-0.45). These findings indicated that an increase in 

nitrogen free extract might deteriorate the fodder quality of sorghum due to its positive 

association with hydrocyanic acid and negative with sugar content. Rattunde et al. 

(2001) and Akmal et al. (2002) described analogous out comes for nitrogen free extract 

in sorghum. 

 

4.1.2.2.6 Neutral detergent fibre  

Perusal of Table 4.9 revealed that neutral detergent fibre exhibited strong and 

positive correlation coefficients for acid detergent fibre (0.66), acid detergent lignin 

(0.30), hemicellulose (0.40) and cellulose (0.62) but strong negative for total cyanide 

content (-0.45). Pronounced and positive genotypic and phenotypic correlations were 

observed for acid detergent fibre and cellulose (Table 4.10 and 4.11). At genotypic 

level, neutral detergent fibre had positive association with acid detergent lignin (0.43) 

but with total cyanide content (-0.54) it indicated strong and negative association (Table 

4.10).  

 

These conclusions illustrated that neutral detergent fibre had adverse effect on 

cyanide content and might perform an important role in improving the fodder quality of 

sorghum related to cyanide poisoning. Iyanar et al. (2010) and Ashraf et al. (1995) 

represented identical results for neutral detergent fibre in sorghum. 

 



115 
 

 

4.1.2.2.7 Acid detergent fibre  

Association between acid detergent fibre and acid detergent lignin (0.32) and 

cellulose (0.96) was found to be positive and significant but with hemicellulose (-0.42) 

and total cyanide content (-0.22) it was recorded to be strong but negative (Table 4.9). 

Strong positive genotypic (rg) and phenotypic (rp) correlation coefficients were observed 

for acid detergent lignin and cellulose (Table 4.10 and 4.11).  

 

Acid detergent fibre had negatively affected the total cyanide content resulting in 

a decrease in its concentration which might ultimately improve the sorghum fodder 

quality. These results are in agreement with the findings of Sing and Katiyar (2003) and 

Ashiono et al. (2005) who accounted negative correlation between acid detergent fibre 

and total cyanide content in sorghum. 

 

4.1.2.2.8 Acid detergent lignin  

 Acid detergent lignin had positive and significant correlation with total sugar 

content (0.18) but negative and significant correlation with total cyanide content (-0.24). 

Significant and negative genotypic correlation was observed between acid detergent 

lignin and total cyanide content (-0.41). Phenotypic association between acid detergent 

lignin and hemicellulose, cellulose, organic matter, total sugar content and total cyanide 

content was non-significant (Table 4.11).  
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Table 4.9: Simple correlation coefficients among biochemical and quality traits of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 
 CFA CFI TA NFE NDF ADF ADL HEMI CELL OM TSC TCC 
CP 0.004 0.36** 0.18* -0.57** 0.38** 0.21* -0.07 0.21* 0.24** -0.16* -0.29** -0.59** 
CFA  -0.25** -0.12 -0.13 -0.41** -0.41** 0.11 0.01 -0.42** 0.08 0.18 -0.02 
CFI   -0.02 -0.92** 0.62** 0.43** 0.22** 0.23** 0.39** 0.22** 0.11 -0.51** 
TA    -0.30** 0.11 0.19* -0.21* -0.10 0.29** -0.65** -0.45** 0.06 
NFE     -0.61** -0.43** 0.13 -0.22** -0.42** -0.02 -0.07 0.58** 
NDF      0.66** 0.30** 0.40** 0.62** 0.03 -0.11 -0.45** 
ADF       0.32** -0.42** 0.96** -0.08 -0.14 -0.22** 
ADL        0.02 -0.05 0.15 0.18* -0.24** 
HEMI         -0.42** 0.06 0.03 -0.28** 
CELL          -0.17* -0.28** -0.19* 
OM           0.54** 0.01 
TSC            -0.009 
 
* Significant at 5% level of significance 
** Highly significant at 1% level of significance 
 
CP =Crude protein  
C.FA   =Crude fat      C.FI         =Crude fibre   
TA  =Total ash      NFE        =Nitrogen free extract 
NDF =Neutral detergent fibre    ADF    =Acid detergent fibre 
ADL =Acid detergent lignin    HEMI    =Hemicellulose 
CELL = Cellulose      OM   =Organic matter  
TSC =Total sugar content      TCC   =Total cyanide content  
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These findings indicated that acid detergent lignin had negative association with 

cyanide content but positive correlation with total sugar content. An increase in acid 

detergent lignin might decrease the cyanide content but increase the total sugar content 

in sorghum fodder. These results are in harmony with the conclusions of Iyanar et al. 

(2010) and Gerhardt et al. (1994) for neutral detergent lignin in sorghum. 

 

4.1.2.2.9 Hemicellulose  

Strong negative correlation was observed for cellulose (-0.42) and total cyanide 

content (-0.28). Significant and positive genotypic correlation was observed for total 

sugar content (0.47) but negative and significant for total cyanide content (-0.48). 

Phenotypic association between hemicellulose and cellulose, organic matter, total sugar 

content and total cyanide content was displayed as non-significant (Table 4.11). 

 

These findings depicted that hemicellulose might play an important role in 

improving the sorghum fodder quality by increasing sugar content and decreasing the 

cyanide content. Ashraf et al. (1995) and Carmi et al., (2006) described the equivalent 

findings for hemicellulose in sorghum. 

 

4.1.2.2.10 Cellulose  

Table 4.9 documented that cellulose showed negative and significant correlation 

with organic matter (-0.17), total sugar content (-0.28) and total cyanide content (-0.19). 

Cellulose showed non-significant genotypic and phenotypic correlations with organic 

matter, total sugar content and total cyanide content (Table 4.10 and 4.11).  
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Table 4.10: Genotypic correlation coefficients among biochemical and quality traits of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 
 CFA CFI TA NFE NDF ADF ADL HEMI CELL OM TSC TCC 
CP -0.16 0.72** -0.21 -0.85** 0.65** 0.43* 0.43* 0.38 0.35 -0.26 0.69** -0.83** 
CFA  0.33 0.09 -0.14 0.55** 0.57** 0.17 0.00 -0.60** -0.02 0.06 -0.05 
CFI   -0.11 -0.97** 0.85** 0.66** 0.27 -0.35 0.66** 0.45* 0.57** -0.73** 
TA    -0.01 -0.60** 0.07 -0.37 -0.08 0.01 -0.11 -0.02 0.05 
NFE     -0.85** -0.60** -0.26 -0.45* -0.59** -0.34 -0.65** 0.75** 
NDF      0.79** 0.43* 0.39 0.76** 0.20 0.34 -0.54** 
ADF       0.51** -0.26 0.97** -0.07 0.04 -0.26 
ADL        0.09 0.27 -0.07 -0.04 -0.41* 
HEMI         -0.26 0.21 0.47* -0.48* 
CELL          0.06 0.03 -0.17 
OM           0.19 -0.28 
TSC            -0.99** 
* Significant at 5% level of significance 
** Highly significant at 1% level of significance 
 
CP =Crude protein  
C.FA  =Crude fat      C.FI         =Crude fibre   
TA =Total ash      NFE      =Nitrogen free extract 
NDF =Neutral detergent fibre    ADF     =Acid detergent fibre 
ADL =Acid detergent lignin    HEMI     =Hemicellulose 
CELL =Cellulose      OM     =Organic matter  
TSC =Total sugar content      TCC     =Total cyanide content  
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The results indicated that cellulose adversely affected the total cyanide content. 

These results are only based on simple correlation and this trend showed that cellulose 

might improve the fodder quality by decreasing the cyanide content. These conclusions 

are in accordance with the outcomes of Wheeler et al. (1990) and Mohammed and 

Mohamed (2009) for cellulose in sorghum. 

 

4.1.2.2.11 Organic matter  

Organic matter showed positive and highly significant correlation with total 

sugar content (0.54) but genotypic and phenotypic correlation between organic matter 

and total sugar content and total cyanide content were shown as non-significant (Table 

4.10 and 4.11). The findings showed that an improvement in organic matter might 

improve the fodder quality with increase in sugar content. Similar conclusions were 

drawn by Carmi et al. (2006) and Ashraf et al. (1995) for organic matter. 

 

4.1.2.2.12 Total sugar content  

Perusal of Table 4.10 and 4.11 revealed that total sugar content had negative and 

highly significant genotypic and phenotypic associations with total cyanide content. 

These findings depicted that an increase in sugar content might decrease the total 

cyanide content and improve the fodder quality. These conclusions are in agreement 

with the outcomes of Makanda et al. (2009) and Iyanar et al. (2010).  
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Table 4.11: Phenotypic correlation coefficients among biochemical and quality traits of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 
 CFA CFI TA NFE NDF ADF ADL HEMI CELL OM TSC TCC 
CP 0.12 0.55** -0.01 -0.68** 0.50* 0.29 0.30 0.28 0.22 0.21 0.56** -0.69** 
CFA  -0.30 -0.05 -0.13 0.49* 0.50* 0.15 0.01 -0.50 0.01 0.08 -0.04 
CFI   -0.05 -0.93** 0.77** 0.56** 0.25 0.27 0.54 0.39 0.49* -0.65** 
TA    -0.10 -0.16 0.09 -0.16 -0.09 0.13 -0.58** -0.00 0.17 
NFE     -0.75** -0.51** -0.22 -0.31 -0.49* -0.27 -0.55** 0.68** 
NDF      0.70** 0.39 0.36 0.65** 0.16 0.28 -0.50 
ADF       0.42* -0.32 0.91** 0.04 0.03 -0.22 
ADL        0.05 0.19 0.06 -0.04 -0.36 
HEMI         -0.34 0.15 0.32 -0.36 
CELL          0.03 0.02 -0.14 
OM           0.14 -0.25 
TSC            -0.87** 
* Significant at 5% level of significance 
** Highly significant at 1% level of significance 
 
CP  =Crude protein  
C.FA   =Crude fat      C.FI         =Crude fibre   
TA       =Total ash      NFE      =Nitrogen free extract 
NDF =Neutral detergent fibre    ADF     =Acid detergent fibre 
ADL =Acid detergent lignin    HEMI     =Hemicellulose 
CELL =Cellulose      OM     =Organic matter  
TSC =Total sugar content      TCC    =Total cyanide content  
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4.1.3 Heritability and Genetic Advance 

Analysis of variance was carried out in 2-facotorial randomized complete 

block design format. The mean squares of the parameters under study for 25 

sorghum genotypes grown under irrigated and rainfed conditions during the year, 

2009 are given in Table 4.12. The estimates of genetic (б2
g), phenotypic (б2

p) and 

environmental (б2
e) components of variance and their derivatives for the assessed 

traits of 25 sorghum genotypes are given in Table 4.13. The estimates of heritability 

in broad sense and expected genetic advance for evaluated traits of 25 sorghum 

genotypes are given in Table 4.14.  

 

Perusal of Table 4.12 manifested that highly significant mean squares for 

genotypes were observed for all the traits under assessment except for crude fibre 

which showed non-significant mean squares. All the traits under evaluation showed 

significant mean squares for locations except for crude fibre and hemicellulose. 

Plant population density, dry matter yield and crude fibre depicted non-significant 

genotype x location mean squares whereas all the remaining traits showed 

significant genotype x location interaction mean squares. Minimum coefficient of 

variation was observed for moisture percentage (2.47%) and maximum for number 

of tillers plant-1 (9.96%). Overall the coefficient of variation remained in an 

acceptable range (Table 4.12).  

 

The significant mean squares obtained from the analysis of variance for 

genotypes suggested that differences existed among the sorghum genotypes for 

most of the observed characters, indicating that they were highly variable. 
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Table-4.12: Mean squares for evaluated traits of 25 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2009 
 
Parameters  MSg MSl MSgl MSe  CV (%)
Plant height  1672.643** 18459.306** 330.494** 130.329 7.87 
Number of leaves plant-1 4.861** 126.960** 3.187** 0.904 7.92 
No. of tillers plant-1 0.813** 9.425** 0.266** 0.029 9.96 
Stem thickness  0.138** 1.208** 0.038** 0.001 5.75 
Plant population density  1389.646** 1244.160** 11.410 22.415 6.38 
Fresh weightplant-1  908.547** 296.750** 19.393* 10.203 6.38 
Dry weight /plant-1  136.205** 72.093** 5.020** 1.362 7.76 
Moisture percentage  58.108** 702.045** 11.124** 2.996 2.47 
Dry matter percentage  58.124** 701.093** 11.126** 2.997 5.80 
Green fodder yield  449.496** 724.109** 8.330** 4.007 5.51 
Dry matter yield 62.297** 2.755* 2.917 0.491 6.44 
Total sugar content  23.404** 3498.369** 3.661** 1.440 8.07 
Total cyanide content  57108.189** 1477883.961** 2478.163** 741.719 5.59 
Crude protein  3.624** 43.870** 1.073** 0.260 9.02 
Crude fat  2.552** 1.344** 0.138** 0.039 6.67 
Crude fibre  113.168 7.234 14.289 3.335 8.07 
Total ash  6.127** 78.684** 5.205** 0.184 5.23 
Nitrogen free extract  134.182** 289.732** 17.584** 4.417 3.47 
Neutral detergent fibre  161.537** 225.535** 21.377** 8.255 4.96 
Acid detergent fibre  162.384** 141.893** 34.463** 6.844 8.06 
Acid detergent lignin  11.913** 11.032** 2.367** 0.107 6.76 
Hemicellulose  96.818** 9.647 40.496** 4.500 8.33 
Cellulose  136.745** 517.899** 34.714** 6.671 9.56 
Organic matter  80.445** 1249.696** 14.496** 3.088 8.11 

 
MSg = Mean squares for genotypes 
MSl = Mean squares for locations 
MSgl = Mean squares for genotype x location interaction  
MSe = Mean squares for error 
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The significant mean square values obtained for location for some of the 

characters indicated that the environmental conditions in the two locations were 

different and that is why the genotypes did not perform in the similar way in both 

the environments.  

 

The substantial effects of genotype x location interaction mean squares 

displayed in most of the characters also advocated that the environmental situations 

in the two sites affected the genotype performance. Crude fibre having non-

significant mean squares for genotype, location and genotype x location interaction 

revealed that with respect to this trait the genotypes are genetically similar, there is 

no environmental influence and the performance of the genotype in different 

environment remained same. The selection for this particular character would 

therefore show no impact on genetic improvement. Comparable results were 

described by Chavan et al. (2010), Shinde et al. (2010), Vinodhana et al. (2009), 

Akmal et al. (2002) and Zahid et al. (2002) who accounted significant variation for 

different characters among sorghum genotypes studied. 

 

All the characters under evaluation showed higher estimates of genotypic 

and phenotypic variance than the environmental variance, whereas the estimates of 

phenotypic variances were greater than the genotypic variance estimates for all the 

characters under assessment (Table 4.13). High phenotypic as well as genetic 

coefficients of variation were observed for stem thickness (20.80%, 24.45%), plant 

population density (20.44%, 20.52%), fresh weight plant-1 (24.33%, 24.60%), dry 

weight plant1 (31.09%, 31.68%), green fodder yield (23.60%, 23.82%), dry matter 
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yield (28.94%, 29.64%), Crude fat (21.50%, 22.11%) and acid detergent lignin 

(26.11%, 29.17%) respectively. Over all GCV were smaller than the PCV in all the 

parameters under study (Table 4.13).  

 

The variance components for the two environments showed that most of the 

characters had higher estimates of phenotypic variances than the genotypic 

variances. Similarly, higher phenotypic and genotypic variance estimates than the 

environmental variance estimates were also displayed for all the parameters under 

study. Greater genotypic variance estimate than the environmental variance 

estimate showed that expressions for most of the characters were genetic, which 

could be subjugated in breeding programs. Bello et al. (2007), Mallinath et al. 

(2004), Sharma et al. (2006) and Bello (2010) reported greater estimates of genetic 

variance than environmental variance and their conclusions are analogous to the 

present results. 

 

An assessment of heritable and non-heritable components in the total 

variability observed is indispensable in adopting suitable breeding procedure. The 

transmissible portion of the overall observed disparity can be ascertained by 

studying the components of variation such as PCV and GCV. Generally, the PCV 

was greater in magnitude than the GCV. 

 

 High genotypic coefficients of variation and phenotypic coefficients of 

variation were also observed for some characters, which revealed that the genotypes 

had a broad base genetic background as well as good potential that would respond 
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positively toward selection. The genetic coefficients of variation were slightly 

greater than the phenotypic coefficient of variation for all the traits under study at 

both locations which suggested that environmental influence was moderate on these 

traits. These findings are identical to the outcomes of Bello et al. (2007), Mallinath 

et al. (2004), Sharma et al. (2006) and Chohan et al. (2003). 

 

Table 4.14 indicated that all the parameters under evaluation showed higher 

estimates of broad sense heritability except number of leaves plant-1 (34.45%) and 

total ash (15.06%). Expected genetic advance for all the characters under study was 

higher except for plant height (16.21%), number of leaves plant-1 (4.53%), moisture 

percentage (6.30%), dry matter percentage (14.78%), total sugar content (16.99%), 

crude fat (3.26), crude fibre (11.39%), total ash (13.64%), acid detergent fibre 

(16.11%) and cellulose (19.65%) which showed low to moderate estimates of 

expected genetic advance.  

 

Higher heritability in conjunction with greater expected genetic advance 

were exhibited for the traits stem thickness (72.36%, 31.05%), number of tillers 

plant-1 (67.31%, 25.27%), plant population density (99.18%, 35.72), fresh weight 

plant-1 (97.87%, 42.24%), dry weight plant-1 (96.31%, 53.55%), green fodder yield 

(98.15%, 41.04%), dry matter yield (95.32%, 49.59%), total cyanide content 

(95.66%, 36.69%), crude protein (70.39%, 29.43%), nitrogen free extract (87.08%, 

22.15%), neutral detergent fibre (86.77%, 41.02%), acid detergent lignin (80.13%, 

23.14%), hemicellulose (58.17%, 24.31%) and organic matter (81.98%, 33.59%) 

respectively. 
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Table 4.13: Estimates of variance components and their derivatives for 
evaluated traits of 25 sorghum genotypes grown under irrigated and rainfed 
conditions during the year 2009 
 
Parameters  б2

g б2
e б2

p GCV (%) PCV (%) 
Plant height  223.69 130.3 278.78 10.31 11.51 
Number of leaves plant-1 0.28 0.90 0.81 4.40 7.50 
No. of tillers plant-1 0.09 0.03 0.14 17.55 21.39 
Stem thickness  0.017 0.001 0.023 20.80 24.45 
Plant population density  229.71 22.41 231.61 20.44 20.52 
Fresh weightplant-1   148.19 10.20 151.43 24.33 24.60 
Dry weight /plant-1  21.86 1.36 22.70 31.09 31.68 
Moisture percentage  7.83 3.00 9.69 3.99 4.44 
Dry matter percentage  7.83 3.00 9.69 9.37 10.42 
Green fodder yield  73.53 4.01 74.92 23.60 23.82 
Dry matter yield  9.90 0.49 10.38 28.94 29.64 
Total sugar content  3.29 1.44 3.90 12.19 13.27 
Total cyanide content  9105 741.7 9518.0 19.57 20.01 
Crude protein  0.43 0.26 0.60 11.54 13.75 
Crude fat  0.40 0.04 0.43 21.50 22.11 
Crude fibre  16.48 3.34 18.86 17.94 19.19 
Total ash  0.15 0.18 1.02 4.78 12.32 
Nitrogen free extract  19.43 4.13 22.32 6.96 7.45 
Neutral detergent fibre  23.36 8.26 26.92 8.34 8.96 
Acid detergent fibre  21.32 6.84 27.06 14.22 16.02 
Acid detergent lignin  1.59 0.11 1.99 26.11 29.17 
Hemicellulose  9.39 4.50 16.14 12.03 15.78 
Cellulose  17.01 6.67 22.79 15.26 17.67 
Organic matter  11.10 3.09 13.41 15.30 16.90 

 
δ2

g  = Genotypic variance  
δ2

p  = Phenotypic variance  
δ2

e  = Environmental variance  
GCV  = Genotypic coefficient of variation 
PCV  = Phenotypic coefficient of variation 
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Greater heritability estimates in combination with moderate expected 

genetic advance were depicted for the characters plant height (80.27, 16.21%), dry 

matter percentage (80.86, 14.78), total sugar content (84.36, 16.99%), crude fibre 

(87.37, 11.39%), acid detergent fibre (78.78, 16.11%) and cellulose (74.61, 

19.65%) respectively.  

 

The success of any improvement program depends upon the genetic 

variation in the materials at hand. The greater the genetic variability the higher 

would be the heritability, hence greater the chances of success to be achieved 

through selection.  

 

In this study most characters showed high broad sense heritability indicating 

the possibility of a positive response to selection. This is because there is likelihood 

of transferring the heritable components from parents to offspring during breeding.  

 

If a character is influenced by environment, its heritability would be low in 

a population in which environments vary widely. On the other hand, in another 

population in which the environment is rigidly controlled so that those variations 

did not occur, the same character would tend to have high heritability. The efficacy 

of choice for any character depends not only on the extent of genetic inconsistency 

but also in the degree to which it will be transferred from one generation to next. 
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Table 4.14: Estimates of heritability and genetic advance for evaluated traits 
of 25 sorghum genotypes grown under irrigated and rainfed conditions during 
the year 2009 
 
Parameters  h2

BS GA EGA 
Plant height (cm)  80.24 23.51 16.21 
Number of leaves plant-1 34.45 0.54 4.53 
No. of tillers plant-1 67.31 0.43 25.27 
Stem thickness (cm)  72.36 0.19 31.05 
Plant population density  99.18 26.49 35.72 
Fresh weightplant-1 (g)  97.87 21.14 42.24 
Dry weight /plant-1 (g) 96.31 8.05 53.55 
Moisture percentage  80.86 4.42 6.30 
Dry matter percentage  80.86 4.42 14.78 
Green fodder yield (t/ha) 98.15 14.91 41.04 
Dry matter yield (t/ha) 95.32 5.39 49.59 
Total sugar content (%) 84.36 0.96 16.99 
Total cyanide content (%) 95.66 1.08 36.69 
Crude protein (%) 70.39 6.66 29.43 
Crude fat (%) 94.58 0.27 3.26 
Crude fibre (%) 87.37 7.22 11.39 
Total ash (%) 15.06 7.90 13.64 
Nitrogen free extract (%) 87.08 7.19 22.15 
Neutral detergent fibre  86.77 1.98 41.02 
Acid detergent fibre (%) 78.78 4.10 16.11 
Acid detergent lignin (%) 80.13 6.25 23.14 
Hemicellulose (%) 58.17 5.27 24.31 
Cellulose (%) 74.61 2.92 19.65 
Organic matter (%) 81.98 163.79 33.59 

 
h2

BS = Broad sense heritability 
GA = Genetic advance 
EGA = Expected genetic advance 
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Larger heritability together with greater expected genetic advance will 

facilitate reliable selection towards improvement. High heritability with moderate 

genetic advance appeared to be less affected by environmental fluctuations and 

governed by both non-additive and additive gene action, suggesting the possibility 

of improving these characters through simple selection methods. 

 

In present study the parameters with low heritability like total ash (15.06%) 

was greatly influenced by the environment and rest of all the parameters having 

high heritability were less affected by the environment. All the parameters having 

greater heritability in broad sense in accompany with higher and moderate genetic 

advances were less persuaded by the environmental fluctuations and could be made 

better by means of simple selection method. These outcomes are in harmony with 

the conclusions of Bello (2010), Bello et al. (2001), Carmi et al. (2006), 

Mohammad (2007) and Almodares et al. (2008). 

 

4.2. EXPERIMENT NUMBER 2 

4.2.1. Selection of Genotypes 

This investigation included 10 sorghum genotypes. The research was carried 

out under irrigated and rainfed conditions. The goal of this study was to select two 

best sorghum genotypes on the basis of green fodder yield, total cyanide content, 

crude protein and total sugar content. The priority criteria for selection were the 

same as that of experiment 1. 
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4.2.1.1 Estimation of simple variability  

The values of range, mean, variance and coefficient of variation of  

evaluated traits for 10 sorghum genotypes grown under irrigated and rainfed 

conditions during the year, 2010 are given in Table 4.15. The descriptive statistics 

shown in this table depicted that total cyanide content (3091.93) exhibited the 

maximum variance followed by green fodder yield (36.03) showing a good 

capability for improvement in these characters. Total sugar content (4.84) and crude 

protein (0.83) showed the lower extent of variances and thus the progress for these 

characters through simple selection might be restricted. It is therefore, evident from 

the results that green fodder yield and total cyanide content depicted higher 

magnitude of variances, emphasizing their importance in crop improvement. 

 

Mean value of green fodder yield and crude protein stayed greater under 

irrigated conditions (50.52 t ha-1, 6.55 %) than the rainfed conditions (43.18 t ha-1, 

5.43 %) but total cyanide content and total sugar content had smaller mean value 

under irrigated condition (291.38 ppm, 13.81 %) than rainfed conditions (312.53 

ppm,15.84 %) respectively. This pointed out that green fodder yield and crude 

protein was reduced and total cyanide content and total sugar content was boosted 

up under less water availability conditions. 

 

Total cyanide content ranged from 195.2 ppm to 378.2 ppm under irrigated 

conditions whereas, under rainfed conditions, total cyanide content exhibited a 

range of 229.9 ppm to 352.4 ppm (Table 4.15). The genotype V-1 showed the 

lowest total cyanide content (195.2 ppm and 229.9 ppm) under irrigated and rainfed 
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conditions respectively. The genotype SV-7 manifested the maximum (378.2 ppm) 

total cyanide content under irrigated conditions while under rainfed conditions, 

highest total cyanide content (352.4 ppm) were depicted by the genotype JS-2002 

(Table 4.18). Green fodder yield expressed a range of 43.31t ha-1 to 59.44 t ha-1 

under irrigated conditions, similarly under rainfed conditions, green fodder yield 

ranged from 38.26 to 51.69 t/ha (Table 4.15). 

 

 The sorghum genotype V-1 again showed the maximum green fodder yield 

(59.44 t ha-1 and 51.69 t ha-1) under irrigated as well as rainfed conditions, 

respectively. Lowest green fodder yield (43.31 t ha-1) was manifested by the 

genotype RARI-S-4 for irrigated conditions, whereas the genotype SV-11 exhibited 

the lowest green fodder yield (38.26 t ha-1) under rainfed conditions (Table 4.18).  

 

A range of 10.07 to 16.73% was depicted for total sugar content under 

irrigated conditions while under rainfed conditions total sugar content ranged from 

13.73 to 18.80% (Table 4.15). Highest sugar content (16.73% and 18.80%) were 

displayed by the genotype V-1 under irrigated as well as rainfed conditions, 

respectively. The genotype CVS-13 depicted the lowest (10.07%) sugar content 

under irrigated conditions whereas, minimum sugar content (13.73%) under rainfed 

conditions was manifested by the genotype SV-11 (Table 4.19). Crude protein 

under irrigated conditions was found in a range of 5.32 to 7.09% and under rainfed 

conditions it exhibited a range of 3.76 to 6.43% (Table 4.15). 
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Table 4.15: Simple measures of variability for evaluated traits of 10 sorghum 
genotypes grown under irrigated and rainfed conditions during the year 2010 

 
Parameters Mean Range Variance C.V. 

(%) 
 Irrigated Rainfed  Irrigated Rainfed   
Total cyanide 
content (ppm)  

291.38 312.53  195.2-378.2 229.9-352.4 3091.93 4.88 

Green fodder 
yield (t/ha) 

50.52 43.18  43.31-59.44 38.26-51.69 36.03 4.77 

Total sugar 
content (%) 

13.81 15.84  10.07-16.73 13.73-18.80 4.84 6.30 

Crude protein 
(%) 

6.55 5.43  5.32-7.09 3.76-6.43 0.83 8.17 

 
CV = Coefficient of variation 
 
Table 4.16: Mean squares for evaluated traits of 10 sorghum genotypes grown 
under irrigated and rainfed condition during the year 2010 
 
Parameters MSg MSl MSgl MSe 
Total cyanide content (ppm) 16872.64** 6710.26** 1701.084** 217.020 
Green fodder yield (t/ha) 112.705** 808.501** 11.685** 5.002 
Total sugar content (brix %) 13.194** 62.017** 7.923** 0.872 
Crude protein (%) 1.256** 18.883** 0.988** 0.239 
 
** Highly significant at 1 % level of significance 
MSg = Mean squares for genotype 
MSl = Mean squares for location 
MSgl = Mean squares for genotype x location 
MSe = Mean squares for error 
 
Table 4.17: Estimates of variance components and their derivatives for 
evaluated traits of 10 sorghum genotypes grown under irrigated and rainfed 
conditions during the year 2010 
 
Parameters  б2

g б2
e б2

p GCV (%) PCV (%) 
Total cyanide content (ppm) 2528 640 2882 14.78 15.79 
Green fodder yield (t/ha) 16.84 9.33 19.51 8.57 9.22 
Total sugar content (brix %) 0.88 0.87 2.20 6.32 10.01 
Crude protein (%) 0.05 0.24 0.21 3.53 7.64 
 
б2

g = Genotypic variance 
б2

e = Phenotypic variance 
б2

p = Environmental variance 
GCV = Genotypic coefficient of variation 
PCV = Phenotypic coefficient of variation 
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The sorghum genotype V-1 had the highest (7.09% and 6.43%) crude 

protein under irrigated as well as rainfed conditions. Minimum crude protein 

(5.32%) was observed for genotype SV-11 under irrigated conditions while under 

rainfed conditions the genotype CVS-13 was the lowest (3.76%) for crude protein 

(Table 4.19). These results clearly indicated that the genotype V-1 expressed the 

lowest total cyanide content, whereas it showed the highest green fodder yield, total 

sugar content and crude protein both under irrigated and rainfed conditions 

indicating usefulness of the genotypes for further improvement programs.  

 

Coefficient of variation is a catalog of consistency and specifies the level of 

experimental error. If the value of coefficient of variation is greater the findings 

will be unreliable and vice versa. Overall, the coefficient of variation ranged from 

minimum 4.77% (green fodder yield) to maximum 8.17% (crude protein) under 

irrigated and rainfed conditions (Table 4.15). All the four characters displayed 

coefficient of variation in a satisfactory range. 

 

4.2.1.2 Analysis of variance  

 The analysis of variance for the characters under evaluation was carried out 

in a 2-factorial randomized complete block design format. The mean squares of the 

characters under investigation for 10 sorghum genotypes grown under irrigated and 

rainfed condition during the year, 2010 are given in Table 4.16. All the parameters 

under evaluation showed highly significant differences for genotypes, location and 

genotype x location interactions. The individual results like locations and genotypes 

separately become futile when the genotype x environmental interactions illustrates 
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significant variations as it diminishes the relationship between genetic and 

phenotypic standards and choice made in one site will execute poorly in the other 

site. If the genotype x environmental interaction is not considered, it might results 

in an upward bias in evaluation of genetic variance. Mohanraj et al. (2006), 

Wheeler et al. (1990), Channappagoudar et al. (2009) and  Carmi et al. (2006) 

described significant genotypic variation for green fodder yield, total cyanide 

content, total sugar content and crude protein which are in agreement with the 

present results.  

 

 Estimates of genotypic variance (б2
g), phenotypic variance (б2

p), 

environmental variance (б2
e), genetic coefficient of variation (GCV) and coefficient 

of variation due to phenotype (PCV) for evaluated characters of 10 sorghum 

genotypes grown under irrigated and rainfed conditions during the year, 2010 are 

given in Table 4.17. The estimates of phenotypic variance for total cyanide content, 

green fodder yield, total sugar content and crude protein were observed as 2882, 

19.51, 2.20 and 0.21 respectively, whereas genotypic variance were displayed as 

2528, 16.84, 0.88 and 0.05 for these traits respectively. The results showed that the 

estimates of phenotypic variances were larger than the genotypic variance for all 

the characters under evaluation. The estimates of variance components indicated 

higher genotypic (б2
g) and phenotypic (б2

p) variances than the environmental 

variance (б2
e) except for crude protein. These traits depicted genetic expression 

which can be utilized in breeding programmes. Shinde et al. (2010), Vinaykumar et 

al. (2011) and Mohanraj et al. (2006) described similar results relating to genetic 

variations for different characters in sorghum crop.  
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 The genotypic  coefficients of variation (GCV) for total cyanide content, 

green fodder yield, total sugar content and crude protein were shown as 14.78 %, 

8.57 %, 6.32 % and 3.53%, respectively, whereas phenotypic coefficients of 

variation (PCV) were found as 15.79 %, 9.22 %, 10.01 % and 7.64 % for these 

traits respectively. In this study coefficient of variation due to phenotype was 

higher than the genetic coefficient of variation for all the traits which revealed that 

all parameters were highly affected by environment but the differences between 

them were of minor magnitude. Sharma et al. (2006), Manicham and Das (1994), 

and Vinaykumar et al. (2011) described lower genetic coefficient of variation than 

the phenotypic coefficient of variation for green fodder yield, total cyanide content, 

total sugar content and crude protein which are in agreement with the present 

results. 

 

4.2.1.3 Mean comparison and selection  

The means of the 10 genotypes for total cyanide content, green fodder yield, 

total sugar content and crude protein were evaluated by Duncan Multiple Range 

Test. The mean appraisal under irrigated and rainfed condition individually is given 

in Table 4.18 for total cyanide content and green fodder yield and in Table 4.19 for 

total sugar content and crude protein. The means of the parameters under evaluation 

were arranged in the same way as that of experiment 1. 
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Table 4.18: Mean comparison of 10 sorghum genotypes for total cyanide content (TCC) and green fodder yield (GFY) grown under 
irrigated and rainfed conditions during the year 2010 
 
S.No. Genotypes  TCC Irrigated Genotypes TCC Rainfed Genotypes GFY Irrigaed Genotypes GFY Rainfed 
1 V-1 195.2  a V-1 229.9  a V-1 59.44  a V-1 51.69  a 
2 SV-6 209.3  a SV-6 247.9  b SV-6 57.15  a SV-6 44.98  b 
3 CVS-13 279.5  b CVS-13 255.0  b CVS-13 53.21  b JS-2002 44.65  b 
4 SV-8 313.0  bc LOCAL 267.1  c Local 51.37  b SV-7 43.34  bc 
5 LOCAL 318.2  c SV-8 283.6  d SV-8 51.04  bc SV-8 43.31  bc 
6 RARI-S-4 320.8  c RARI-S-4 298.4  e JS-2002 51.02  bc LOCAL 43.17  bc 
7 SV-11 361.9  d SV-7 309.1  f   JV-2002 47.58  cd CVS-13 42.62  bcd 
8 JS-2002 373.8  d SV-11 328.4  g SV-7 47.33  d RARI-S-4 40.35  bcd 
9 JV-2002 375.3  d JV-2002 342.0  h SV-11 43.73  e JV-2002 39.43  cd 
10 SV-7 378.2  d JS-2002 352.4  i  RARI-S-4 43.31  e SV-11 38.26  d 
 
Table 4.19: Mean comparison 10 sorghum genotypes for total sugar content (TSC) and crude protein (CP) grown under irrigated 
and rainfed conditions during the year 2010  
 
S.No. Genotypes  TSC Irrigated Genotypes TSC Rainfed Genotypes CP Irrigated Genotypes CP Rainfed 
1 V-1 16.73  a V-1 18.80  a V-1 7.09  a SV-6 6.43  a 
2 SV-6 15.73  a SV-6 17.00  b CVS-13 6.30  a V-1 6.12  a 
3 JV-2002 15.63  a RARI-S-4 16.80  b SV-8 6.28  a SV-11 5.59  b 
4 SV-11 14.93  ab LOCAL 16.80  b SV-6 6.20  ab SV-7 5.59  b 
5 SV-8 14.40  c CVS-13 16.33  bc SV-7 6.12  b JS-2002 5.02  b 
6 LOCAL 13.77  bc SV-8 15.73  bc JS-2002 6.02  b RARI-S-4 5.44  b 
7 SV-7 12.77  c JV-2002 15.27  cd JV-2002 5.97  b LOCAL 5.30  b 
8 JS-2002 12.43  cd JS-2002 14.07  de RARI-S-4 5.86  b JV-2002 5.27  b 
9 RARI-S-4 11.57  de SV-7 13.87  de LOCAL 5.32  b SV-8 5.24  b 
10 CVS-13 10.07  e SV-11 13.73  e SV-11 5.32  b CVS-13 3.76  c 
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Two top performing sorghum genotypes were selected on the basis of mean 

comparison. These selected sorghum genotypes were; V-1, SV-6. These two 

sorghum genotypes having highest green fodder yield, total sugar content and crude 

protein and the lowest total cyanide content in this investigation were 

recommended for further evaluation and breeding programme in order to enhance 

the sorghum fodder quality and quantity. 

 

4.2.2. Characters Association 

4.2.2.1 Association between morphological and quality parameters  

Simple (r), genetic (rg) and phenotypic correlation coefficients (rp) for 

morphological and quality traits of 10 sorghum genotypes grown under irrigated 

and rainfed conditions grown during the year, 2010 are given in Table 4.20, 4.21 

and 4.22, respectively. The morphological parameters included plant height, 

number of leaves plant-1, number of tillers plant-1, stem thickness, plant population 

density, fresh weight plant-1, dry weight plant-1, moisture percentage, dry matter 

percentage, green fodder yield, dry matter yield and quality attributes consisted of 

total cyanide content and total sugar content. 

 

4.2.2.1.1 Plant height  

Plant height displayed strong and positive association with number of tillers 

plant-1 (0.31), plant population density (0.28), fresh weight plant-1 (0.54), dry 

weight plant-1 (0.43) green fodder yield (0.46) and dry matter yield (0.42). 

Genotypic and phenotypic associations for plant height were non-significant with 

all the parameters under evaluation (Table 4.21 and 4.22).  
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The relationship indicated that plant height contributed positively toward 

number of tillers plant-1, plant population density, fresh weight plant-1, dry weight 

plant-1, green fodder yield and dry matter yield. These findings pointed out that an 

increase in plant height would increase the fodder yield and reduce the cyanide 

content. So, plant height could be used as vital feature in improving fodder yield 

and quality in sorghum. Iyanar et al. (2010) and Zahid et al. (2002) declared the 

analogous results for plant height in sorghum.  

 

4.2.2.1.2 Number of leaves plant-1 

Strong and positive association was found between number of leaves plant-1 

and number of tillers plant-1 (0.43),  stem thickness (0.33), fresh weight plant-1 

(0.39) and green fodder yield (0.37) but with total cyanide content (-0.40) it was 

highly significant and negative (Table 4.20).  Table 4.22 indicated that number of 

leaves plant-1 showed strong negative genotypic association with total cyanide 

content (-0.63). There was non-significant phenotypic relationship between number 

of leaves plant-1 and all other traits under evaluation (Table 4.22).  

 

Due to positive association, an enhancement in the number of leaves plant-1 

would amplify the number of tillers plant-1, stem thickness, fresh weight plant-1 and 

green fodder yield but would reduce the total cyanide content due to negative 

association with it. Hence, number of leaves plant-1 could be used as an imperative 

feature for increasing fodder yield and quality. Prabhakar and Ready (2007) and 

Desai et al. (1999) described the equivalent results for number of leaves plant-1 in 

sorghum. 



139 
 

 

Table 4.20: Simple correlation among morphological and quality traits of 10 sorghum genotypes grown under irrigated and 
rainfed conditions during the year 2010 
 
 NL/P NT/P ST PPD FW/P DW/P MP DMP GFY DMY TSC TCC 
PH 0.21 0.31* 0.06 0.28* 0.54** 0.43** 0.09 0.09 0.46** 0.42** 0.03 -0.11 
NL/P  0.43** 0.33* 0.23 0.39** 0.14 0.21 -0.21 0.37** 0.08 0.004 -0.40** 
NT/P   0.06 0.14 0.38** 0.21 0.08 -0.08 0.46** 0.26* 0.44** -0.68** 
ST    0.25 0.07 -0.30* 0.58** -0.58** 0.34** -0.24 -0.49** -0.17 
PPD     -0.72** -0.79** 0.43** -0.43** 0.17 -0.50** -0.14 -0.17 
FW/P      0.77** 0.08 0.08 0.80** 0.68** 0.04 -0.34** 
DW/P       -0.69** 0.69** 0.39** 0.92** 0.22 -0.13 
MP        -1.00** 0.29* -0.67** -0.31* -0.15 
DMP         -0.29* 0.67** 0.31* 0.15 
GFY          0.50** -0.05 -0.39** 
DMY           0.25 -0.14 
TSC            -0.51** 
 
* Significant at 5% level of significance 
** Highly significant at 1% level of significance 
 
 
P.H.= Plant height   
NL/P= Number of leaves per plant     NT/P= Number of tillers per plant   
ST= Stem thickness     PPD= Plant population density  
FW/P= Fresh weight per plant     DW/P=Dry weight per plant   
MP= Moisture percentage      DMP= Dry matter percentage  
GFY= Green fodder yield      DMY= Dry matter yield  
TSC= Total sugar content      TCC= Total cyanide content  
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4.2.2.1.3 Number of tillers plant-1  

Significant and positive relationship was perceived between number of 

tillers plant-1 and  fresh weight plant-1 (0.38), green fodder yield (0.46), dry matter 

yield (0.26) and total sugar content (0.44) but highly significant and negative 

association was established between number of tillers plant-1 and total cyanide 

content (-0.68). Positive and significant  genetic as well as phenotypic relationship 

was observed between number of tillers plant-1 and total sugar content whereas, 

strong negative phenotypic as well as genetic association was established with 

number of tillers plant-1 and total cyanide content (Table 4.21 and 4.22). At 

genotypic level, association between number of tillers plant-1 and green fodder yield 

(0.77) was found as significant and positive (Table 4.21). 

 

  On the basis of strong correlation with green fodder yield and total sugar 

content it is stated that number of tillers plant-1 could be used as a significant 

criterion in improving the fodder yield and quality in sorghum. These outcomes are 

in harmony with the conclusions of Iyanar et al. (2010) and Hussain et al. (1991) 

for number of tillers plant-1 in sorghum. 

 

4.2.2.1.4 Stem thickness 

Stem thickness revealed positive and significant association with moisture 

percentage (0.58) and green fodder yield (0.34) but the relationship between stem 

thickness and dry weight plant-1 (-0.30) dry matter percentage (-0.58) and total 

sugar content (-0.49) was observed as negative and significant (Table 4.20). At 

genotypic and phenotypic levels, stem thickness was positively correlated with 
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moisture percentage but negatively associated with dry matter percentage and dry 

matter yield (Table 4.21 and 4.22). Strong and negative association was observed 

between stem thickness and dry weight plant-1 (-0.96) at genotypic level (Table 

4.21). 

 

These results emphasized on the fact that any increase in stem thickness 

would increase the moisture percentage, fresh weight plant-1 and green fodder yield 

but would reduce the dry weight plant-1 and dry matter yield. Prabhakar and Reddy 

(2007) and Warkad et al. (2010) stated the identical results for stem thickness in 

sorghum. 

 

4.2.2.1.5 Plant population density 

Table 4.20 manifested that plant population density had positive and 

significant relationship with moisture percentage (0.43) but negative and significant 

with fresh weight plant-1 (-0.72) and dry weight plant-1 (-0.79), dry matter 

percentage (-0.43) and dry matter yield (-0.50). Strong and negative association was 

observed for plant population density and fresh weight plant-1 and dry weight per 

plant both at genetic and phenotypic levels (Table 4.21 and 4.22). Plant population 

density depicted strong and positive genotypic association (0.76) but strong and 

negative phenotypic correlation (-0.64) with dry matter yield.  These conclusions 

stated that plant population density was positively associated with dry matter yield 

at genotypic level and might take its role in improving the dry fodder yield in 

sorghum. Akmal et al. (2002) described the matching results for plant population 

density in sorghum. 
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4.2.2.1.6 Fresh weight plant-1  

Strong and positive relationship was depicted for fresh weight plant-1 with 

dry weight plant-1 (0.77), green fodder yield (0.80) and dry matter yield (0.68) but 

with total cyanide content (-0.34) it displayed strong and negative association 

(Table 4.20). At genotypic and phenotypic levels, strong and positive association 

was recorded for fresh weight plant-1 with dry weight plant-1, green fodder yield and 

dry matter yield (Table 4.21 and 4.22). The correlation between fresh weight plant-1 

and total sugar content was shown as strong and positive (0.76) at genotypic level 

(Table 4.21). 

Strong positive association of fresh weight plant-1 with green fodder yield 

and total sugar content specified that it could be used as an important factor for 

improving the fodder yield and quality in sorghum. These outcomes are in 

conformity with the findings of Desai et al. (1999) and Prabhakar (2003) for fresh 

weight plant-1 in sorghum. 

 

4.2.2.1.7 Dry weight plant-1  

Dry weight plant-1 had strong and positive relationship with dry matter 

percentage (0.69), green fodder yield (0.39) and dry matter yield (0.92) but with 

moisture percentage (-0.69) strong negative alliance was observed (Table 4.21). 

Significant and positive genotypic (rg) and phenotypic (rp) correlation coefficients 

were viewed for dry matter percentage and dry matter yield but they were negative 

and significant with moisture percentage (Table 4.21 and 4.22). The genotypic 

correlation coefficient (rg) was significant and positive for dry weight plant-1 and 

total sugar content (0.69).  
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These results indicated that dry weight plant-1 contributed positively toward 

dry matter yield and total sugar content and could be used as essential factor for 

increasing and improving the fodder yield and quality of sorghum. Ayana et al. 

(2000a) and Bello (2010) declared the identical results for dry weight plant-1 in 

sorghum. 

 

4.2.2.1.8 Moisture percentage  

The correlation between moisture percentage and green fodder yield (0.29) 

was viewed as strong and positive but with dry matter percentage (-1.00), dry 

matter yield (-0.67) and total sugar content (-0.31) it was found as strong and 

negative. Genotypic and phenotypic associations between moisture percentage and 

dry matter percentage and dry matter yield were observed as negative and highly 

significant (Table 4.21 and 4.22).  

 

These conclusions manifested that moisture percentage negatively affected 

the dry matter yield and an increase in this parameter might reduce the dry fodder 

yield of sorghum. These outcomes are analogous to the results of Iyanar et al. 

(2010) and Mallinath et al. (2004) for moisture percentage in sorghum.  
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Table 4.21: Genotypic correlation coefficients among morphological and quality traits of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 
 NL/P NT/P ST PPD FW/P DW/P MP DMP GFY DMY TSC TCC 
PH 0.12 0.48 0.46 -0.48 0.53 0.55 -0.42 0.42 0.38 0.57 0.48 -0.06 
NL/P  0.56 0.52 -0.49 0.48 -0.22 0.16 -0.16 0.39 -0.09 0.56 -0.63* 
NT/P   0.04 -0.18 0.54 0.25 0.15 -0.15 0.77** 0.34 0.74* -0.85** 
ST    0.50 0.42 -0.96** 0.85** -0.85** 0.12 -0.73* 0.12 -0.60 
PPD     -0.89** -0.89** 0.57 -0.57 0.48 0.76** -0.33 0.16 
FW/P      0.85** 0.37 -0.37 0.82** 0.80** 0.76** -0.51 
DW/P       -0.81** 0.81** 0.47 0.97** 0.69* -0.16 
MP        -1.00** 0.09 -0.81** -0.47 -0.30 
DMP         -0.09 0.81** 0.47 0.30 
GFY          0.52 0.79** -0.81** 
DMY           0.96** -0.23 
TSC            -0.97** 
* Significant at 5% level of significance 
** Highly significant at 1% level of significance 
 
 
P.H.= Plant height   
NL/P= Number of leaves per plant     NT/P= Number of tillers per plant   
ST= Stem thickness     PPD= Plant population density  
FW/P= Fresh weight per plant     DW/P=Dry weight per plant   
MP= Moisture percentage      DMP= Dry matter percentage  
GFY= Green fodder yield      DMY= Dry matter yield  
TSC= Total sugar content      TCC= Total cyanide content  
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4.2.2.1.9 Dry matter percentage  

Significant and positive association was observed between dry matter 

percentage and dry matter yield (0.67) and total sugar content (0.31) while between 

dry matter percentage and green fodder yield (-0.29) strong and negative 

association was perceived (Table 4.20). Significant and positive genotypic and 

phenotypic associations were observed between dry matter percentage and dry 

matter yield (Table 4.21 and 4.22). These findings elucidated that an enhancement 

in dry matter percentage would positively affect the dry matter yield of sorghum. 

Iyanar et al. (2010) and Mallinath et al. (2004) stated identical results for dry matter 

percentage in sorghum. 

 

4.2.2.1.10 Green fodder yield  

Evaluation of Table 4.20 indicated that green fodder yield depicted positive 

and highly significant relationship with dry matter yield (0.50) but negative and 

highly significant association with total cyanide content (-0.39). Pronounced 

negative genotypic and phenotypic associations were found between green fodder 

yield and total cyanide content (Table 4.21 and 4.22). The genotypic association 

between green fodder yield and total sugar content (0.79) was found as strong 

positive. 

 

Green fodder yield contributed positively towards dry matter yield but 

negatively towards total cyanide content. So, any progress in green fodder yield 

would improve the fodder quality as lower amount of cyanide content is desirable. 
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These results are similar to the conclusions of Prabhakar (2003) and Shinde et al. 

(2011) for green fodder yield in sorghum. 

 

4.2.2.1.11 Dry matter yield  

Dry matter yield depicted positive and highly significant relationship with 

total sugar content (0.96) at genotypic level (Table 4.20). At simple and phenotypic 

levels, the association between dry matter yield and total sugar content and total 

cyanide content was established as non-significant (Table 4.20 and 4.22). 

 

Strong positive relationship of dry matter yield with total sugar content at 

genotypic level revealed that dry matter yield could be used as a main feature in 

improving the fodder quality of sorghum. Analogous results were elucidated by 

Ayana et al. (2000a) and Prabhakar (2003) for dry matter yield in sorghum. 

 

4.2.2.1.12 Total sugar content  

Appraisal of Table 4.20, 4.21 and 4.22 indicated that total sugar content had 

negative and highly significant simple (r) genetic (rg) and phenotypic (rp) 

correlation coefficients for total cyanide content. This pointed out that an increase 

in sugar content might lessen the total cyanide content and would improve the 

fodder quality. Makanda et al. (2009) and Iyanar et al. (2010) described the 

analogous results for total sugar content in sorghum.  
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Table 4.22: Phenotypic correlation coefficients among morphological and quality traits of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 
 NL/P NT/P ST PPD FW/P DW/P MP DMP GFY DMY TSC TCC 
PH 0.12 0.41 -0.34 -0.47 0.52 0.52 -0.38 0.38 0.35 0.52 0.35 0.05 
NL/P  0.53 0.31 -0.44 0.45 0.21 0.14 -0.14 0.37 -0.10 0.28 -0.58 
NT/P   0.00 -0.17 0.48 0.24 0.11 -0.11 0.67 0.31 0.86** -0.80** 
ST    0.36 0.31 -0.60 0.70* -0.70* 0.08 -0.64* 0.30 -0.17 
PPD     -0.89** -0.88** 0.53 -0.53 0.39 -0.64* -0.19 0.17 
FW/P      0.85** -0.32 0.32 0.84** 0.75* 0.44 -0.52 
DW/P       -0.80** 0.80** 0.48 0.96** 0.43 -0.16 
MP        -1.00** 0.11 -0.82** -0.25 -0.31 
DMP         -0.11 0.82** 0.25 0.31 
GFY          0.56 0.56 -0.79** 
DMY           0.55 -0.21 
TSC            -0.67* 
* Significant at 5% level of significance 
** Highly significant at 1% level of significance 
 
P.H.= Plant height   
NL/P= Number of leaves per plant     NT/P= Number of tillers per plant   
ST= Stem thickness     PPD= Plant population density  
FW/P= Fresh weight per plant     DW/P=Dry weight per plant   
MP= Moisture percentage      DMP= Dry matter percentage  
GFY= Green fodder yield      DMY= Dry matter yield  
TSC= Total sugar content      TCC= Total cyanide content  
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From these correlations studies, it was evident that total cyanide content had 

negative and significant correlation with fodder yield and its components. It 

indicated that any improvement in fodder yield and its components would 

ultimately reduce the cyanide content that might result in quality improvement of 

sorghum fodder. 

 

4.2.2.2 Association between biochemical and quality parameters 

Simple (r), genetic (rg) and phenotypic (rp) correlation coefficients for 

biochemical and quality traits of 10 sorghum genotypes grown under irrigated and 

rainfed conditions during the year, 2010 are given in table 4.23, 4.24 and 4.25 

respectively. The biochemical and quality parameters under study consisted of:  

 

4.2.2.2.1 Crude protein  

Perusal of the Table 4.23 depicted that crude protein had strong and positive 

association with cellulose (0.26) but strong negative relationship with acid 

detergent lignin (-0.42), organic matter (-0.31). Strong and negative correlation 

coefficients (rg) were observed for total ash (-0.84) and total cyanide content (-0.87) 

at genotypic level (Table 4.24). Strong and positive relationship was viewed 

between crude protein and total sugar content (0.68) at phenotypic level (Table 

4.25). The significant and positive association of crude protein with that of total 

sugar content and strong and negative with total cyanide content described that any 

boost in crude protein will improve the fodder quality of sorghum. Bello (2010) and 

Zahid et al. (2002) stated analogous performance of crude protein in sorghum. 
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4.2.2.2.2 Crude fat  

Table 4.23 indicated that crude fat was significantly and positively 

interrelated with acid detergent lignin (0.36) and hemicellulose (0.46) but 

significantly and negatively associated with crude fibre (-0.51), total ash (-0.37), 

nitrogen free extract (-0.55), neutral detergent fibre (-0.60) and total cyanide 

content (-0.41). Significant and positive genotypic and phenotypic relationships 

were observed between crude fat and neutral detergent fibre but nitrogen free 

extract indicated strong negative genotypic and phenotypic association with crude 

fat (Table 4.24 and 4.25). Crude fat revealed strong and positive genotypic 

relationship with crude fibre (0.88) and acid detergent fibre (0.72) but strong 

negative association was displayed between crude fat and total cyanide content (-

0.93) at genotypic level (Table 4.24). Strong negative correlation between crude fat 

and crude fibre (-0.72) was detected at phenotypic level (Table 4.25). 

 

Strong negative associations of crude fat with total cyanide content 

elucidated that it can be considered as an imperative measure in improving the 

fodder nutritional quality. These results are related to the findings of 

Sankarapandian and Kovailpatt (2000) and Nabi et al. (2006) for crude fat in 

sorghum. 
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Table 4.23: Simple correlation coefficients among biochemical and quality traits of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 
 CFA CFI TA NFE NDF ADF ADL HEMI CELL OM TSC TCC 
CP 0.02 0.02 0.14 -0.25 0.25 0.17 -0.42** 0.11 0.26* -0.31* -0.23 -0.08 
CFA  -0.51** -0.37** -0.55** -0.60** -0.19 0.36** 0.46** -0.10 0.05 0.19 -0.41** 
CFI   -0.24 -0.95** 0.57** 0.34** 0.13 0.30* 0.36** 0.24 0.31* -0.38** 
TA    -0.02 -0.22 0.27* -0.24 -0.44** 0.26* -0.62** -0.50** 0.25 
NFE     -0.61** -0.43** 0.19 -0.26* -0.45** -0.03 -0.16 0.39** 
NDF      0.42** -0.02 0.67** 0.40** 0.05 -0.01 -0.39** 
ADF       0.21 -0.40** 0.97** -0.09 -0.01 -0.31* 
ADL        0.15 -0.44** 0.24 0.21 -0.19 
HEMI         -0.39** 0.12 0.02 -0.14 
CELL          -0.11 -0.02 -0.24 
OM           0.37** 0.006 
TSC            -0.51** 
 
* Significant at 5% level of significance 
** Highly significant at 1% level of significance 
 
CP  =Crude protein  
C.FA   =Crude fat      C.FI         =Crude fibre   
TA       =Total ash      NFE      =Nitrogen free extract 
NDF =Neutral detergent fibre    ADF     =Acid detergent fibre 
ADL =Acid detergent lignin    HEMI     =Hemicellulose 
CELL =Cellulose      OM     =Organic matter  
TSC =Total sugar content      TCC    =Total cyanide content  
TSC =Total sugar content      TCC =Total cyanide content  
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4.2.2.2.3 Crude fibre  

Consideration of Table 4.23 showed that crude fibre disclosed strong and 

positive association with neutral detergent fibre (0.57), acid detergent fibre (0.34), 

hemicellulose (0.30), cellulose (0.36) and total sugar content (0.31) but strong and 

negative with nitrogen free extract (-0.95) and total cyanide content (-0.38). 

Significant and positive genotypic and phenotypic relationships were found 

between crude fibre and neutral detergent fibre but it showed negative and 

significant association with nitrogen free extract (Table 4.24 and 4.25). Crude fibre 

displayed strong and positive relationship with acid detergent fibre (0.65) and 

cellulose (0.79) at genotypic level (Table 4.24). 

 

As crude fibre positively affected the acid detergent fibre, neutral detergent 

fibre and total sugar content but negatively influenced the total cyanide content. So, 

amplification in crude fibre percentage might result in better quality of sorghum 

fodder. These conclusions are analogous to the outcomes of Bello (2010) and 

Carmi et al. (2006) for crude fibre in sorghum. 

 

4.2.2.2.4 Total ash  

Strong and positive association was seen between total ash and acid 

detergent fibre (0.27) and cellulose (0.26) but the relationship with hemicellulose (-

0.44), organic matter (-0.62) and total sugar content (-0.50) was revealed as strong 

and negative (Table 4.23). Significant and positive genotypic correlation 

coefficients (rg) were depicted for acid detergent fibre (0.66) and cellulose (0.89) 

but strong negative for neutral detergent fibre (-0.94), acid detergent lignin (-0.65), 
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hemicellulose (-0.82), organic matter (-0.73) and total sugar content (-0.84) at 

genotypic level. Phenotypic correlation between total ash and all other traits under 

evaluation was displayed as non-significant (Table 4.25). 

 These findings showed that total ash negatively affected the total sugar 

content. So, any increase in total ash might decrease the total sugar content and 

ultimately the fodder quality. These results are similar to the conclusions of Singh 

and Katiyar (2003) and Gassem and Osman (2003) for total ash in sorghum. 

 

4.2.2.2.5 Nitrogen free extract 

Nitrogen free extract had positive and significant correlation with total 

cyanide content (0.39) but with neutral detergent fibre   (-0.61), acid detergent fibre 

(-0.43), hemicellulose (-0.26) and cellulose (-0.45) strong and negative association 

was observed (Table 4.23). Strong negative correlation was observed for neutral 

detergent fibre and acid detergent fibre at genotypic and phenotypic levels (Table 

4.24 and 4.25). Nitrogen free extract had strong and positive correlation with total 

cyanide content (0.65) but strong and negative association with cellulose (-0.83) 

and total sugar content (-0.90) at genotypic level (Table 4.24). 

 

These findings indicated that an increase in nitrogen free extract might 

deteriorate the fodder quality of sorghum due to its positive association with 

hydrocyanic acid. Identical findings were stated by Rattunde et al. (2001) and 

Zulfiqar and Asim (2002) for nitrogen free extract in sorghum. 
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Table 4.24: Genotypic correlation coefficients among biochemical and quality traits of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 
 CFA CFI TA NFE NDF ADF ADL HEMI CELL OM TSC TCC 
CP -0.50 0.02 -0.84** -0.16 0.12 0.06 0.11 0.14 0.10 -0.41 0.80 -0.87** 
CFA  0.88** 0.14 -0.90** 0.81** 0.72* 0.47 0.45 -0.49 -0.09 0.43 -0.93** 
CFI   -0.58 -0.99** 0.93** 0.65* 0.10 0.51 0.79** 0.24 0.72 -0.51 
TA    -0.45 -0.94** 0.66* -0.65* -0.82** 0.89** -0.73* -0.84** 0.09 
NFE     -0.89** -0.96** -0.14 -0.31 -0.83** -0.05 -0.90** 0.65* 
NDF      0.15 0.62* 0.84** 0.06 0.17 0.81** -0.59 
ADF       0.53 -0.40 0.99** -0.19 0.79** -0.49 
ADL        0.29 0.41 0.36 -0.94** -0.67* 
HEMI         -0.48 0.26 0.33 -0.29 
CELL          0.27 0.75** -0.40 
OM           0.56 -0.20 
TSC            -0.02 
* Significant at 5% level of significance 
** Highly significant at 1% level of significance 
 
CP  =Crude protein  
C.FA   =Crude fat      C.FI         =Crude fibre   
TA       =Total ash      NFE      =Nitrogen free extract 
NDF =Neutral detergent fibre    ADF     =Acid detergent fibre 
ADL =Acid detergent lignin    HEMI     =Hemicellulose 
CELL =Cellulose      OM     =Organic matter  
TSC =Total sugar content      TCC    =Total cyanide content  
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4.2.2.2.6 Neutral detergent fibre 

Table 4.23 revealed that neutral detergent fibre exhibited strong and positive 

correlation coefficients for acid detergent fibre (0.42), hemicellulose (0.67) and 

cellulose (0.40) but strong and negative for total cyanide content (-0.39). 

Significant and positive genotypic and phenotypic correlations were observed for 

hemicellulose (Table 4.24 and 4.25). Neutral detergent fibre had positive 

association with acid detergent lignin (0.62) and total sugar content (0.81) at 

genotypic level (Table 4.24). These conclusions illustrated that neutral detergent 

fibre positively affected the total sugar content but adversely affected the cyanide 

content and any increase in its concentration would ultimately decrease the cyanide 

content. The findings are similar to the results of Iyanar et al. (2010) and Ashraf et 

al. (1995) described equivalent outcomes for neutral detergent fibre in sorghum. 

 

4.2.2.2.7 Acid detergent fibre 

Association between acid detergent fibre and cellulose (0.97) was found to 

be positive and significant but with hemicellulose (-0.40) and total cyanide content 

(-0.31) it was recorded as strong negative Table 4.23). Strong positive correlation 

coefficients were observed for cellulose (0.99)  and total sugar content (0.79) at 

genotypic level (Table 4.24) whereas, strong and negative correlation coefficients 

were detected for cellulose (-0.97) at phenotypic level (Table 4.25).  

 

Acid detergent fibre positively affected the total sugar content but adversely 

affected the total cyanide content. Any increase in acid detergent fibre might 

ultimately decrease the total cyanide content and would improve the sorghum 
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fodder quality. These outcomes are parallel to the results of Singh and Katiyar 

(2003) and Ashiono et al. (2005) for acid detergent fibre in sorghum. 

 

4.2.2.2.8 Acid detergent lignin  

 Perusal of Table 4.23 indicated that acid detergent lignin had significant 

and negative correlation with cellulose (-0.44). Significant and negative 

relationship was observed for total sugar content (-0.94) and total cyanide content  

(-0.67) at genotypic level (Table 4.24). Phenotypic association between acid 

detergent lignin and hemicellulose, cellulose, organic matter, total sugar content 

and total cyanide content was non-significant (Table 4.25). These findings indicated 

that acid detergent lignin had negative association with total cyanide content and an 

increase in acid detergent lignin might decrease the cyanide content in sorghum 

fodder. Iyanar et al. (2010) and Gerhardt et al. (1994) elucidated identical findings 

for acid detergent lignin in sorghum. 

 

4.2.2.2.9 Hemicellulose  

Association between hemicellulose and cellulose (-0.39) was observed as 

strong and negative (Table 4.23). Phenotypic and genotypic association between 

hemicellulose and cellulose, organic matter, total sugar content and total cyanide 

content was observed as non-significant (Table 4.24 and 4.25). These findings 

depicted that hemicellulose might decrease the cellulose content due to its negative 

association. These conclusions are similar to the results of Carmi et al. (2006) and 

Ashraf et al. (1995) for hemicellulose in sorghum. 
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Table 4.25: Phenotypic correlation coefficients among biochemical and quality traits of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 
 CFA CFI TA NFE NDF ADF ADL HEMI CELL OM TSC TCC 
CP 0.04 0.06 -0.31 -0.15 0.07 0.04 0.28 0.10 0.06 0.11 0.68* -0.49 
CFA  -0.72* -0.37 -0.76* 0.87** 0.52 0.39 0.46 -0.43 0.01 0.27 -0.60 
CFI   -0.37 -0.83** 0.83** 0.53 0.16 0.42 0.57 0.26 0.49 -0.50 
TA    -0.21 -0.59 0.27 -0.24 -0.51 0.28 -0.60 -0.52 0.27 
NFE     -0.80** -0.65* -0.17 -0.31 -0.68 -0.08 -0.48 0.58 
NDF      0.29 0.22 0.77** 0.25 0.21 0.35 -0.55 
ADF       0.02 -0.43 -0.97** 0.00 0.35 -0.45 
ADL        0.20 -0.24 0.18 -0.11 -0.29 
HEMI         -0.45 0.20 0.09 -0.21 
CELL          0.01 0.40 -0.37 
OM           0.31 -0.18 
TSC            -0.67* 
* Significant at 5% level of significance 
** Highly significant at 1% level of significance 
 
CP  =Crude protein  
C.FA    =Crude fat      C.FI         =Crude fibre   
TA       =Total ash      NFE      =Nitrogen free extract 
NDF =Neutral detergent fibre    ADF     =Acid detergent fibre 
ADL =Acid detergent lignin    HEMI     =Hemicellulose 
CELL =Cellulose      OM     =Organic matter  
TSC =Total sugar content      TCC    =Total cyanide content  
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4.2.2.2.10 Cellulose  

Cellulose showed non-significant correlation with organic matter; total 

sugar content and total cyanide content at simple and phenotypic levels (Table 4.23 

and 4.25). Strong and positive correlation was observed between cellulose and total 

sugar content (0.75) at genotypic level (Table 4.24). These findings manifested that 

cellulose had positively affected the total sugar content and might increase the 

fodder quality by raising the sugar content. These conclusions are similar to the 

results of Wheeler et al. (1990) and Mohammed and Mohamed (2009) for cellulose 

in sorghum. 

 

4.2.2.2.11 Organic matter  

Correlation between organic matter and total sugar content (0.37) was 

depicted as strong positive (Table 4.23). Non-significant genotypic and phenotypic 

correlations were observed for organic matter and total sugar content and total 

cyanide content (Table 4.24 and 4.25). These discoveries showed that an 

enhancement in organic matter might advance the fodder quality with increase in 

sugar content. Identical outcomes were stated by Carmi et al. (2006) and Ashraf et 

al. (1995) for organic matter. 

 

4.2.2.2.12 Total sugar content  

Evaluation of Table 4.23, 4.24 and 4.25 exhibited that total sugar content showed 

negative and highly significant simple (r) and phenotypic (rp) correlation 

coefficients for total cyanide content but non-significant at genotypic level. This 

specified that acceleration in sugar content might reduce the total cyanide content 
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and increase the fodder quality. Makanda et al. (2009) and Iyanar et al. (2010) 

conveyed the similar outcomes for total sugar content in sorghum. 

 

4.2.3 Heritability and Genetic Advance 

Data were analyzed in a 2-factorial Randomized Complete Block Design 

format. The mean squares of the traits under evaluation for 10 sorghum genotypes 

grown under irrigated and rainfed conditions during the year 2010 are given in 

Table 4.26. Estimates of genotypic (б2
g), phenotypic (б2

p) and environmental (б2
e) 

components of variance and their derivatives for the evaluated characters are 

presented in Table 4.27. The estimates of heritability in broad sense and expected 

genetic advance for appraised traits are given in Table 4.28.  

 

Significant mean squares were depicted for all the traits under evaluation for 

genotype. Mean squares for location were substantial for all the traits under 

evaluation except for number of tillers plant-1, plant population density, dry weight 

plant-1, crude fat, crude fibre, nitrogen free extract and hemicellulose. Genotype x 

location interaction means squares were robust for all the characters except for 

plant height, number of leaves plant-1, plant population density, fresh weight plant-1, 

dry weight plant-1, moisture percentage, dry matter percentage, dry matter yield and 

acid detergent fibre. Minimum coefficient of variation was observed for moisture 

percentage (2.42) and maximum for dry weight plant-1 (9.51). Generally, the 

coefficient of variation persisted in satisfactory range (Table 4.26).  
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Table-4.26: Mean squares for evaluated traits of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 
Parameters  MSg MSl MSgl MSe  CV (%) 
Plant height (cm)  5004.50** 10259.95** 204.806 179.71 8.43 
Number of leaves plant-1 10.238** 12.881** 1.088 0.755 7.14 
No. of tillers plant-1 1.040** 0.054 0.128** 0.016 6.53 
Stem thickness (cm)  0.023** 0.260** 0.015** 0.002 6.84 
Plant population density  512.400** 41.667 16.074 36.141 7.07 
Fresh weightplant-1 (g)  495.402** 1033.018** 19.269 15.392 6.99 
Dry weight /plant-1 (g) 95.112** 3.519 1.773 2.466 9.51 
Moisture percentage  85.712** 172.415** 4.648 2.921 2.42 
Dry matter percentage  85.712** 172.415** 4.648 2.921 5.82 
Green fodder yield (t/ha) 112.705** 808.501** 11.685** 5.002 4.77 
Dry matter yield (t/ha) 25.082** 4.494** 1.806 1.002 7.32 
Total sugar content (%) 13.194** 62.017** 7.923** 0.872 6.30 
Total cyanide content (%) 16872.6** 6710.3** 1701.1** 217.02 4.88 
Crude protein (%) 1.256** 18.883** 0.988** 0.239 8.17 
Crude fat (%) 1.942** 0.012 1.195** 0.015 4.84 
Crude fibre (%) 48.070** 4.406 12.111** 4.122 8.60 
Total ash (%) 3.119** 11.766** 1.773** 0.129 4.79 
Nitrogen free extract (%) 56.561** 13.123 16.581** 4.905 3.68 
Neutral detergent fibre  160.429** 161.803** 26.714** 5.121 4.25 
Acid detergent fibre (%) 84.237** 139.537** 38.538 2.981 5.73 
Acid detergent lignin (%) 6.461** 10.948** 4.058** 0.067 5.81 
Hemicellulose (%) 181.874** 0.824 26.016** 3.855 8.47 
Cellulose (%) 88.810** 199.911** 54.454** 2.979 7.14 
Organic matter (%) 137.817** 441.514** 14.897** 2.747 7.32 

 
MSg = Mean squares for genotypes 
MSl = Mean squares for locations 
MSgl = Mean squares for genotype x location interaction  
MSe = Mean squares for error 
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The significant mean square values got from the analysis of variance for 

genotypes, proposed that differences existed between the sorghum cultivars for 

most characters studied, showing the presence of genetic variability. The 

outstanding mean square values obtained for location for some of the traits showed 

that the conditions in the two locations were not similar and that is why the 

genotypes did not execute in the analogous way in both environments.  

 

The significant effects of genotype x location interaction mean squares that 

were exhibited in most parameters also described that the environmental situations 

in the two sites differently affected the progress of the genotypes. Non-significant 

mean square values detected for some traits displayed that the genotypes are 

genetically similar with respects to these parameters. Selection for these traits 

would therefore show no influence on genetic improvement. Similar findings were 

stated by Chavan et al. (2010), Shinde et al. (2010), Vinodhana et al. (2009), 

Akmal et al. (2002) and Zahid et al. (2002) in their studies. 

 

All the traits under study disclosed high genotypic and phenotypic variance 

than the environmental variance, while the genotypic variances were lower than the 

phenotypic variance for all the parameters under evaluation (Table 4.27). 

Extraordinary genetic as well as phenotypic coefficients of variation were observed 

for number of tillers plant-1 (20.41%, 21.80%), dry weight plant-1 (22.79%, 

22.89%), hemicellulose (21.99%, 23.75%) and organic matter (19.99%, 21.17%) 

respectively (Table 4.27). In general, genetic coefficients of variation were smaller 
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than the coefficients of variation due to phenotype in all the characters under 

assessment (Table 4.27).  

 

The estimates of variance components described that most of the traits had 

higher approximations of phenotypic variances than the genotypic variances. 

Likewise, higher phenotypic and genotypic variance estimates than the 

environmental variance estimates were also exhibited for all the characters under 

appraisal. These outcomes presented that expressions for most of the traits were 

genetic, which can be utilized in breeding programs.  

 

An evaluation of heritable and non-heritable parts in the total variability 

observed is essential in implementing suitable breeding procedure. The heritable 

part of the overall observed variation can be assessed by studying the components 

of variation such as coefficient of variation due to phenotype and genetic 

coefficient of variation. Generally, the genotypic coefficients of variation were 

lesser in magnitude than the phenotypic coefficients of variation. 

 

High genotypic coefficients of variation and phenotypic coefficients of 

variation were also perceived for some characters, which exposed that the 

genotypes had a broad base genetic contextual as well as good potential that would 

respond positively toward selection. The coefficients of variation due to phenotype 

were somewhat greater than genetic coefficient of variation for all the traits under 

evaluation at both locations which advocated that environmental impact was 

moderate on these characters.  
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Table 4.27: Estimates of variance components and their derivatives for 
evaluated traits of 10 sorghum genotypes grown under irrigated and rainfed 
conditions during the year 2010 
 
Parameters  б2

g б2
e б2

p GCV (%) PCV (%) 
Plant height (cm)  799.94 179.70 834.08 17.78 18.16 
Number of leaves plant-1 1.53 0.76 1.71 10.16 10.74 
No. of tillers plant-1 0.15 0.02 0.17 20.41 21.80 
Stem thickness (cm)  0.001 0.002 0.004 5.71 9.31 
Plant population density  82.72 36.14 85.40 10.70 10.87 
Fresh weight plant-1 (g)  79.36 17.74 82.96 15.54 15.89 
Dry weight plant-1 (g) 15.56 1.52 15.70 22.79 22.89 
Moisture percentage  13.51 2.61 14.23 5.27 6.41 
Dry matter percentage  13.51 2.61 14.23 12.14 12.46 
Green fodder yield (t/ha) 16.84 9.33 19.51 8.57 9.22 
Dry matter yield (t/ha) 4.88 1.25 4.22 13.66 14.25 
Total sugar content (%) 0.88 0.87 2.20 6.32 10.01 
Total cyanide content (%) 2528.59 640.16 2882.63 14.78 15.79 
Crude protein (%) 0.05 0.24 0.21 3.53 7.64 
Crude fat (%) 0.13 0.02 0.32 14.17 22.85 
Crude fibre (%) 6.00 4.12 8.01 10.36 11.98 
Total ash (%) 0.22 0.13 0.52 6.33 9.64 
Nitrogen free extract (%) 6.66 4.91 9.43 4.27 5.08 
Neutral detergent fibre  22.28 5.12 26.74 8.86 9.70 
Acid detergent fibre (%) 7.63 2.98 14.04 9.17 12.44 
Acid detergent lignin (%) 0.40 0.07 1.08 14.19 23.27 
Hemicellulose (%) 25.97 3.86 30.31 21.99 23.75 
Cellulose (%) 5.73 2.98 14.80 9.89 15.90 
Organic matter (%) 20.48 2.75 22.97 19.99 21.17 

 
δ2

g  = Genotypic variance  
δ2

p  = Phenotypic variance  
δ2

e  = Environmental variance  
GCV  = Genotypic coefficient of variation 
PCV  = Phenotypic coefficient of variation 
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These conclusions are in covenant with the outcomes of Bello et al. (2007), 

Mallinath et al. (2004), Sharma et al. (2006), Ping et al. (2005) and Chohan et al. 

(2003). 

 

Table 4.28 specified that all the traits under study presented higher estimates 

of broad sense heritability excluding stem thickness (37.62%), total sugar content 

(39.95%), crude protein (21.34%), crude fat (38.46%), total ash (43.16%), acid 

detergent fibre (54.25%), acid detergent lignin (37.19%) and cellulose (38.68%). 

Plant height (30.56 %), number of tillers plant-1 (33.54%), fresh weight plant-1 

(26.68%), dry weight plant-1 (39.81%), dry matter percentage (20.75%, dry matter 

yield (22.98%), acid detergent fibre (35.72%), hemicellulose (33.14%) and organic 

matter (24.30%) showed higher expected genetic advance during assessment.  

 

Larger heritability estimates in combination with higher expected genetic 

advance were shown for the plant height (95.91%, 30.56%), number of tillers  

plant-1 (87.68%, 33.54%), fresh weight plant-1 (95.66%, 26.68%), dry weight plant-1 

(99.12%, 39.81%), dry matter percentage (94.92%, 20.75%), dry matter yield 

(91.89%, 22.98%), hemicellulose (85.70%, 33.14%) respectively (Table 4.28). 

Larger heritability in conjunction with moderate expected genetic advance were 

witnessed for the characters;  number of leaves plant-1 (89.37%, 16.85%), plant 

population density (96.86%, 18.48%), green fodder yield (86.32%, 13.97%),  total 

cyanide content (87.72%, 15.42%) and neutral detergent fibre (83.35%, 15.19%) 

respectively.  
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The success of any evaluation program depends upon the genetic variation 

in the materials in hand. Greater the genetic variability the higher would be the 

heritability, hence better the probabilities of success to be attained through 

selection. In this study most characters exhibited high broad sense heritability 

representing the likelihood of a positive response to selection. This is because there 

is possibility of transferring the heritable components from parents to offspring 

during breeding.  

 

If a trait is influenced by environment, its heritability would be low in a 

population in which environments vary widely. On the other hand, in another 

population in which the environment is strictly controlled so that those differences 

do not occur, the same parameter would most likely to have high heritability. The 

efficiency of selection for any character depends not only on the amount of genetic 

variability but also in the level to which it will be transferred from one generation 

to next. Higher heritability in combination with greater expected genetic advance 

will enable consistent selection towards progress. Greater heritability together with 

reasonable genetic advance seemed to be less exaggerated by environmental 

variations and governed by both non-additive and additive type of gene action, 

advising the possibility of improving these traits through simple selection methods.  

 

In present evaluation, the traits with low heritability like total ash (15.06%) 

was greatly prejudiced by the environment and rest of all the characters having high 

heritability were less affected by the environment.  
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Table 4.28:  Estimates of heritability and genetic advance for evaluated traits 
of 10 sorghum genotypes grown under irrigated and rainfed conditions during 
the year 2010 
 
Parameters  h2

BS GA EGA 
Plant height (cm)  95.91 48.61 30.56 
Number of leaves plant-1 89.37 2.05 16.85 
No. of tillers plant-1 87.68 0.64 33.54 
Stem thickness (cm)  37.62 0.04 6.15 
Plant population density  96.86 15.71 18.48 
Fresh weightplant-1 (g)  95.66 15.29 26.68 
Dry weight /plant-1 (g) 99.12 6.89 39.81 
Moisture percentage  94.92 6.28 9.02 
Dry matter percentage  94.92 6.28 20.75 
Green fodder yield (t/ha) 86.32 6.69 13.97 
Dry matter yield (t/ha) 91.89 3.31 22.98 
Total sugar content (%) 39.95 0.17 2.86 
Total cyanide content (%) 87.72 0.38 15.42 
Crude protein (%) 21.34 3.72 15.73 
Crude fat (%) 38.46 0.55 7.30 
Crude fibre (%) 74.81 3.81 6.30 
Total ash (%) 43.16 7.56 14.19 
Nitrogen free extract (%) 70.68 3.57 11.85 
Neutral detergent fibre  83.35 0.68 15.19 
Acid detergent fibre (%) 54.25 8.28 35.72 
Acid detergent lignin (%) 37.19 2.61 10.80 
Hemicellulose (%) 85.70 7.50 33.14 
Cellulose (%) 38.68 1.04 7.02 
Organic matter (%) 89.19 82.65 24.30 

 
 
h2

BS = Broad sense heritability 
GA = Genetic advance 
EGA = Expected genetic advance  
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All the parameters having high broad sense heritability along with high and 

moderate genetic advances were less affected by the environmental variations and 

could be improved through simple selection method. These conclusions are 

identical to the earlier observations of Bello et al. (2001), Bello (2010), Mohammad 

(2007), Carmi et al. (2006) and Almodares et al. (2008). 

 

4.3. EXPERIMENT NUMBER 3 

 

Diallel cross analysis involving a set of “n” inbred lines in all possible 

combination becomes unmanageable when the number of lines increases. On the 

other hand, if only a small number of inbred lines are tested, the estimate of 

combining ability tends to have a large sampling error. These difficulties have lead 

to the development of the concept of sampling of crosses produced by large number 

of inbred lines without affecting the efficiency of diallel technique. To achieve this 

goal different approaches have been followed by various workers. 

 

4.3.1 Partial Diallel 

Kempthorne and Curnow (1961) presented the concept of partial diallel in 

which only a random samples of crosses “s” is analyzed where “s” is less than n-1. 

Both “s” and ‘n” should be neither odd nor even. With “n” lines the total number of 

crosses to analyze in a partial diallel is thus (ns/2). 
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The precision of estimates in partial diallel depends on the sample size “s” 

in relation to number of parental lines “n”. Thus observations by various workers 

have shown that biases in the estimates are more common when “s” is less than n-1. 

 

4.3.1.1 Advantages 

Partial diallel have a tendency to ignore certain crosses according to a 

definite plan, thus reducing number of crosses per parent exerting less crossing load 

without losing much of precision. Using the circulant design of partial diallel 

mating, we can rapidly screen the genetic stock.  

 

4.3.2 Analysis of variance  

In the present investigation analysis of variance was carried out according to 

Kempthorne and Kurnow (1961) method. The mean squares of the parameters 

under evaluation for nine crosses are given in Table 4.29. Genotypic mean squares 

for all evaluated traits were significant except for nitrogen free extract. Similarly, 

strong differences among the general combining ability mean squares were depicted 

for all the traits under study with the exceptions of nitrogen free extract. All the 

traits under assessment depicted significant specific combining ability mean 

squares except for crude fibre and nitrogen free extract (Table 4.29).  

 

Due to non- recordable variations among genotypes for nitrogen free extract 

the trait was not investigated further. Significant mean squares for genotypes of all 

the other traits indicated the existence of genetic variations to be manipulated for 

the betterment of yield and its various involving traits. 
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Table-4.29: Mean squares for evaluated traits of nine sorghum crosses grown 
under irrigated conditions during the year 2010 
 
Parameters  MSg MSe MS gca MS sca 
Plant height (cm)  2052.26** 274.25 2486.85** 1327.95* 
Number of leaves plant-1  4.29** 1.12 4.56* 3.84* 
No. of tillers plant-1  1.12* 0.05 1.17** 1.05** 
Stem thickness (cm)  0.09** 0.02 0.09** 0.07* 
Fresh weight plant-1 (g)  13830** 1961.92 15578.79** 10915.35** 
Dry weight plant-1 (g) 2144.26** 193.21 2204.59** 2043.71** 
Moisture percentage (%) 44.33** 0.96 45.23** 42.83** 
Dry matter percentage (%) 44.31** 0.96 44.61** 43.80** 
Total sugar content (%) 7.06** 1.03 8.29** 5.00* 
Total cyanide content (%) 6327.21** 689.85 6689.80** 5722.89** 
Crude protein (%) 3.04** 0.39 3.16** 2.85** 
Crude fat (%) 0.52** 0.08 0.59** 0.39* 
Crude fibre (%) 12.74* 4.72 14.76** 9.37 
Total ash (%) 18.18** 0.62 18.99** 16.83** 
Nitrogen free extract (%) 15.91 14.99 16.29 15.25 
 
MSg    = Mean square for genotype, MSe= Mean square for eroor 
MSgca = Mean square for general combining ability 
 MSsca= Mean square for specific combining ability  
 
Table 4.30: Estimates of genetic components and their derivatives for 
evaluated traits of nine sorghum crosses grown under irrigated conditions 
during the year 2010 
 
Parameters  б2

g б2
p б2

gca б2
sca б2

gca/ б2
sca 

Plant height  593 867 160.96 351.23 0.46 
Number of leaves plant-1  1.06 2.18 0.10 0.91 0.11 
No. of tillers plant-1  0.36 0.41 0.02 0.33 0.05 
Stem thickness  0.02 0.04 0.003 0.02 0.19 
Fresh weight plant-1  3956. 5918 647.70 2984.48 0.22 
Dry weight plant-1  650 844 22.35 616.83 0.04 
Moisture percentage  14.46 15.42 0.33 13.95 0.02 
Dry matter percentage  14.45 15.41 0.11 14.28 0.01 
Total sugar content  2.01 3.03 0.46 1.33 0.34 
Total cyanide content  1879 2569 134.29 1677.68 0.08 
Crude protein  0.88 1.27 0.04 0.82 0.05 
Crude fat  0.14 0.23 0.03 0.10 0.28 
Crude fibre  2.67 7.39 0.75 1.55 0.48 
Total ash  5.85 6.47 0.30 5.40 0.06 
Nitrogen free extract  0.86 14.18 0.14 0.64 0.22 
б2

g = Estimates of genotypic variance,    б2
p= Estimates of phenotypic variance 

б2
gca= Estimates of general combining ability variance, 

б2
sca= Estimates of specific combining ability variance  
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Larger mean squares for GCA and SCA showed existence of both additive 

type and non-additive type of gene action. Kamdi et al. (2009), Prakash et al. 

(2010) and Muhammad and Talib (2008) also stated significant variability for 

genotype, SCA and GCA for different characters in sorghum. 

 

4.3.3 Estimates of genetic components of variance  

The genetic component estimates and their derivatives for the assessed traits 

of nine crosses are given in Table 4.30. Phenotypic variance was greater than the 

genetic variance for all the traits. Similarly the estimates of general combining 

ability variance (б2
gca) were lower than specific combining ability estimates 

variance (б2
sca) for all the traits under assessment. It was supported by ratio of 

variance of general to specific combining ability (б2
gca/ б2

sca ) which is less than 

unity (Table 4.30). 

 

The results indicated that all the traits under study have higher phenotypic 

variance than genotypic variance which suggested that these parameters are 

affected by environmental influences. As the SCA variance was larger than the 

GCA variance and the ratio between SCA variance and GCA variance was less than 

unity this indicated the prevalence of non-additive type of gene action for the 

heritage of the evaluated characters.  

 

Therefore it appeared that the inheritance of all parameters was managed by 

non-additive gene action. Such type of gene action clearly showed that heterosis 

breeding would be ideal for their improvement. However for the evolution of 
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desirable genotypes with improved yield and yield components by recombination 

breeding, selection of superior plants should be deferred to later generation 

(Nadarajan and Gunasekaran, 2005). Premalatha et al. (2006), Gaikwad et al. 

(2002) and Vinaykumar et al. (2011) reported lower GCA variances than SCA 

variances and described the dominant type of gene actions for different traits in 

sorghum. 

 

4.3.4 Estimates of general combining ability effects and gene action  

The mean performance of parents and hybrids is believed to be one of the 

imperative measures for their assessment. However, the parents with high mean 

value may or may not communicate their high performance to their hybrids. This 

parental ability is projected in terms of GCA effects. The estimates of additive 

variance and dominance variance along with degree of dominance for all the traits 

under evaluation are presented in Table 4.31. The estimates of general combining 

ability effects pertaining to various traits are shown in Table 4.32. The explanation 

of the results is as under: 

 

4.3.4.1 Plant height  

The estimates of gca effects revealed wide differences among the parents. 

Two genotype V-1 (19.33) and SPV-462 (12.89) showed positive and significant 

gca effect while the genotype CVS-13 (-30.53) indicated the strong negative gca 

effect for plant height. Three genotypes depicted non-significant gca effects. The 

line V-1 showed the highest positive gca effect (19.33) while CSV-13 showed the 

highest negative gca effect (-30.35) during analysis (Table 4.32). Plant height had 
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greater dominance variance (351.23) than the additive variance (321.92) and degree 

of dominance (1.04) was greater than unity (Table 4.31). 

 

 These findings illustrated that plant height is commanded by non- additive 

type of gene action and the line V-1 was found to be the best general combiner for 

the trait plant height in sorghum due to strong positive gca effect.  

Kamdi et al. (2009) and Biradar et al. (2000) stated non additive gene action for 

plant height in sorghum. 

 

4.3.4.2 Number of leaves plant-1 

No genotype showed strong gca effects in any direction however, the line 

SV-6 showed highest positive gca effects (0.09) in the desirable direction while 

negative gca effects (-0.47) were depicted by the genotype TSS-9 (Table. 4.32). 

Table 4.31 indicated that the traits number of leaves plant-1 had degree of 

dominance (2.13) greater than unity due to greater dominance variance (0.91) than 

the additive variance (0.20). 

 

These conclusions clearly demonstrated that number of leaves plant-1 in 

sorghum had non-additive type of gene action and the genotype SV-6 having 

highest gca effects in the desired track could be used as good general combiner. 

Identical findings elucidated by Gaikwad et al. (2002) and Kulkarni and 

Sreeramulu (1974) for number of leaves plant-1 in sorghum. 
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Table 4.31: Estimates of additive and dominant components of variance and 
degree of dominance for evaluated traits of nine sorghum crosses grown under 
irrigated conditions during the year 2010 
 
Parameters  б2

a б2
d б2

a/ 
б2

d 
б2d / 
б2a 

D.D. 

Plant height (cm)  321.92 351.23 0.92 1.09 1.04 
Number of leaves plant-1  0.20 0.91 0.22 4.53 2.13 
No. of tillers plant-1  0.03 0.33 0.09 10.65 3.26 
Stem thickness (cm)  0.01 0.02 0.38 2.63 1.62 
Fresh weight plant-1 (g) 1295.40 2984.48 0.43 2.30 1.52 
Dry weight plant-1 (g) 44.69 616.83 0.07 13.80 3.72 
Moisture percentage (%) 0.67 13.95 0.05 20.87 4.57 
Dry matter percentage (%) 0.22 14.28 0.02 63.73 7.98 
Total sugar content (%) 0.91 1.33 0.69 1.45 1.21 
Total cyanide content (%) 268.59 1677.68 0.16 6.25 2.50 
Crude protein (%) 0.09 0.82 0.10 9.64 3.11 
Crude fat (%) 0.06 0.10 0.56 1.78 1.34 
Crude fibre (%) 1.50 1.55 0.96 1.04 1.02 
Total ash (%) 0.60 5.40 0.11 9.01 3.00 
Nitrogen free extract (%) 0.29 0.64 0.45 2.23 1.49 
б2

a= Estimates of additive variance  
б2

d= Estimates of dominant variance 
S.E.= Standard error 
D.D.=Degree of dominance = (б2d / б2a)1/2  
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4.3.4.3 Number of tillers plant-1 

Perusal of Table 4.32 displayed that the line TSS-9 had strong positive gca 

effects (0.17) while SV-6 showed the strong negative gca effects (-0.25). Four 

parental lines expressed non-significant gca effects. The additive variance (0.03) for 

number of tiller plant-1 was less than the dominance variance (0.33) and degree of 

dominance (3.26) was greater than unity for number of tillers plant-1 (Table 4.31). 

 

The outcomes suggested that the trait number of tillers plant-1 is governed 

by non-additive gene action.  The parental sorghum line TSS-9 having strong 

positive gca effects could therefore be used as good general combiner in the 

breeding programme. These results are similar to the findings of Prakash et al. 

(2010) and Jayamani (1991) for number of tillers plant-1 while working in sorghum 

genotype. 

 

4.3.4.4 Stem thickness  

Estimates of general combining ability effects (Table 4.32) indicated that 

the line CVS-13 had significant positive gca effects (0.19) while the other five 

genotypes showed the non-significant negative gca effects. The genotypes CVS-13 

showed the highest positive gca effect (0.19) while the genotype SV-6 showed the 

highest negative  gca effect (-0.07). Additive variance (0.01) was found lower than 

dominance variance (0.02) and degree of dominance (1.62) was greater than unity 

for stem thickness (Table 4.31). 
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These conclusions showed that stem thickness is controlled by dominant 

type of gene action and the line CVS-13 having strong positive gca effects in 

favourite trend might be used as the best general combiner for stem thickness in 

sorghum. These outcomes are parallel to the results of Kamdi et al. (2009) and 

Jayamani (1991) for stem thickness in sorghum. 

 

4.3.4.5 Fresh weight plant-1  

Significant and positive gca effects were important for fresh weight plant-1. 

Review of Table 4.32 showed that the genotype CVS-13 had strong and highest 

positive gca effects (48.44) while the line SV-6 showed the significant and highest 

negative gca effects (-35.67) during analysis. Rest of all parental genotypes showed 

non-significant gca effects. Dominance variance (2984.48) was greater than the 

additive variance (1295.40) for fresh weight plant-1 and degree of dominance (1.52) 

was recorded as greater than unity (Table 4.31).  

 

These results demonstrated that the trait fresh weight plant-1 is controlled by 

dominant type of gene action and the sorghum genotype CVS-13 with significant 

positive gca effects in the required positive direction could be used as good general 

combiner for this trait. Identical findings were described by Fouman et al. (2003) 

and Prakash et al. (2010) for fresh weight plant-1 in sorghum. 

 

4.3.4.6 Dry weight plant-1    

Among the six parental genotypes studied, the line CVS-13 expressed 

significant and positive gca effects (12.99) while five parental genotypes showed 
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the non-significant gca effects (Table 4.32). The genotype CVS-13 exhibited the 

highest positive gca effects (12.99) while the line V-1 (-8.00) expressed highest 

negative gca effects (Table 4.32). Degree of dominance (3.72) for dry weight   

plant-1 was greater than unity and additive variance (44.69) was lesser than the 

dominance variance (616.83) during analysis (Table 4.31).  

 

These outcomes indicated that dominant gene action is implicated in the 

heritage of fresh weight plant-1 and the parental genotype CVS-13 with strong 

positive gca effects in the required path might be used as good general combiner in 

further breeding programmes. Jayamani (1991) and Kamdi et al. (2009) studied the 

gene action in sorghum and reported dominant type of gene action in fresh weight 

plant-1 which is in accordance with the present findings. 

 

4.3.4.7 Moisture percentage  

Significant and negative gca effects were recorded for genotypes         

RARI-S-10 (-2.47) and SV-6 (-2.19) while the lines V-1 (2.13) and TSS-9 (1.37) 

depicted significant positive gca effects for moisture percentage. Two parental lines 

expressed non-significant gca effects. The genotype V-1 showed the highest 

positive (2.13) while the line RARI-S-10 showed the highest negative (-2.47) gca 

effects during evaluation (Table 4.32). Perusal of Table 4.31 indicated that additive 

component of variance (0.67) was lesser than the dominant components of variance 

(13.95) and degree of dominance (4.57) was greater than unity for moisture 

percentage in sorghum (Table 4.31). 
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These conclusions illustrated that dominant type of gene action was 

involved in the legacy of moisture percentage and the parents RARI-S-10 and SV-6 

having strong negative gca effects in the mandatory track could be used as good 

general combiner in further breeding programmes. Increase in moisture percentage 

will decrease the organic matter and deteriorate the nutritional quality of fodder. 

That is why negative gca effects are desirable for the trait moisture percentage.  

Analogous results were affirmed by Shakoor and Quereshi (1999) and Prakash et 

al. (2010) for moisture percentage in sorghum. 

 

4.3.4.8 Dry matter percentage  

The estimates of general combining ability effects revealed wide differences 

among parents. Two genotypes SV-6 (2.19) and RARI-S-10 (2.47) showed the 

strong and positive gca effects while the line V-1 (-2.13) and TSS-9 (-1.36) showed 

the significant and negative gca effects. Two parental genotypes depicted non-

significant gca effects. The genotype RARI-S-10 showed the highest positive gca 

effect (2.47) while the line V-1 depicted the highest negative gca effects (-2.13) 

during assessment (Table 4.32). For dry matter percentage degree of dominance 

(7.98) was much greater than unity and additive variance (0.22) component was 

lesser than the dominance variance (14.28) in sorghum (Table 4.31). These results 

indicated that the character dry matter percentage followed non-additive type of 

inheritance pattern and the genotypes, RARI-S-10 and SV-6 with strong positive 

gca effects in the appropriate direction could be used as good general combiner in 

breeding programmes. These findings are identical to the outcomes of Kamdi et al. 

(2009) and Prakash et al. (2010) for dry matter percentage in sorghum. 
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Table 4.32: General combining ability effects for evaluated traits of six sorghum 
parents grown under irrigated condition during the year 2010 

 
Parents General Combining ability Effects 

Plant 
height 

No. of 
leaves 
plant-1 

No. of 
tillers 
plant-1 

Stem 
thickness

Fresh 
weight 
plant-1 

Dry 
weight 
plant-1 

Moisture 
percentage

V-1 19.33** 0.00 -0.04 -0.04 7.67 -8.00 2.13** 
SV-6 3.11 0.09 -0.25** -0.07 -35.67** -0.08 -2.19** 
CVS-13 -30.53** -0.04 0.13 0.19** 48.44** 12.99** 0.54 
SPV-462 12.89** -0.20 -0.11 -0.02 12.59 -0.29 0.59 
RARI-S-10 -8.70 -0.17 0.16 -0.01 -15.00 9.48 -2.47** 
TSS-9 -6.84 -0.47 0.17* 0.04 3.48 -6.23 1.37** 
 

Table 4.32: (continued) 
 
Parents General Combining ability Effects 

Dry 
matter 
percentage 

Total 
sugar 
content

Total 
cyanide 
content 

Crude 
protein

Crude 
fat 

Crude 
fibre 

Total 
ash 

Nitrogen 
free 
extract 

V-1 -2.13** 1.10** 36.03** 0.21 -0.14 -0.33 2.34** -1.97 
SV-6 2.19** -0.89** -20.13** -0.21 -0.16 -0.25 -0.68** 1.37 
CVS-13 -0.53 1.82** 0.24 0.03 0.13 3.04** -2.28** -1.03 
SPV-462 -0.59 -0.60 15.75 -0.23 0.14 -0.79 0.49 0.39 
RARI-S-10 2.47** 0.36 -9.27 -0.16 -0.02 -1.01 0.11 0.99 
TSS-9 -1.36** -0.31 -11.88 0.35 0.06 0.36 -0.25 -0.52 
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4.3.4.9 Crude protein  

Out of six parental lines, no genotype exhibited strong gca effects in any 

direction.  The genotype TSS-9 had the highest positive gca effects (0.35) while the 

line SPV-462 showed the highest negative gca effects (-0.23) for crude protein in 

sorghum (Table 4.32). Evaluation of Table 4.31 depicted that dominance variance 

(0.82) was greater than the additive component of variance (0.09) and degree of 

dominance (3.11) was greater than unity for crude protein. 

 

These findings illustrated that non-additive type of gene action was 

exhibited for crude protein and the parent TSS-9 with highest gca effects in suitable 

trend might be used as good general combiner in breeding evaluation programmes. 

Similar results were obtained by Mohammad and Talib (2008) and Agrawal and 

Shrotria (2005) for crude protein in sorghum. 

 

4.3.4.10 Crude fat  

No lines presented significant general combining ability effects in any 

direction for crude fat. The genotype SV-6 had the highest negative gca effects (-

0.16) while the line SPV-462 exhibited the highest positive gca effect (0.14) during 

combining ability analysis (Table 4.32). The results of Table 4.31 revealed that 

additive variance (0.06) was less than the dominance variance (0.10) and degree of 

dominance (1.34) was greater than unity for crude fat. 

 

These discoveries elaborated that dominant type of gene action is involved 

in the heritage of crude fat and the genotype SPV-462 with highest gca effects in 
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the right direction might be used as good general combiner in evaluation 

programmes.  Similar results were obtained by Mohammad and Talib (2008) for 

crude protein percentage in sorghum. 

 

4.3.4.11 Crude fibre  

Only one parental line viz CVS-13 expressed the significant and positive 

gca effects (3.04) while the other five lines showed non-significant gca effects for 

crude fibre. The genotypes CSV-13 depicted the highest positive gca effects (3.04) 

while the line SPV-462 showed the highest negative gca effect (-0.79) during 

evaluation (Table 4.32). Additive component of variance (1.50) was lesser than the 

dominant component of variance (1.55) and degree of dominance (1.02) was 

greater than unity for crude fibre (Table 4.31).  

 

These conclusions illustrated that crude fibre is controlled by dominant type 

of gene action and the line CVS-13 with highest gca effects in the proper path could 

be used as good general combiner in further breeding programmes. Similar results 

were obtained by Mohammad and Talib (2008) for crude protein percentage in 

sorghum. 

 

4.3.4.12 Total ash 

Table 4.32 revealed that the parental genotype V-1 showed the strong 

positive gca effects (2.34) while the two genotypes viz SV-6 (-0.68) and CVS-13 (-

2.28) expressed the significant negative gca effects for total ash during assessment. 

Three parental genotypes showed non-significant gca effects. The genotype V-1 
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showed the highest positive (2.34) and the line CVS-13 expressed highest negative 

(-2.28) gca effects (Table 4.32). Results of the Table 4.31 manifested that degree of 

dominance (3.00) for total ash was greater than unity because dominance variance 

(5.40) was greater than the additive variance (0.60).    

 

These verdicts indicated that the character total ash is controlled by non-

additive type of gene action and the line V-1 with highest gca effects in the desired 

direction might be used as good general combiner for further breeding experiment. 

Similar results were obtained by Mohammad and Talib (2008) for total ash 

percentage in sorghum. 

 

4.3.4.13 Nitrogen free extract 

All the genotypes depicted non-significant gca effects for nitrogen free 

extract. The genotype SV-6 (1.37) showed the highest positive gca effects while the 

line V-1 (-1.97) depicted highest negative gca effects during assessment (Table 

4.32). Degree of dominance (1.49) was greater than unity because dominant 

component of variance (0.64) was greater than the additive component of variance 

(0.29) for the trait nitrogen free extract (Table 4.31). The further study for this trait 

is useless due to no recordable variations among the genotypes under evaluation. 

 

4.3.4.14 Total sugar content  

General combining ability analysis indicated that two genotypes CVS-13 

(1.82) followed by V-1 (1.10) exhibited strong and positive gca effects, while 

negative and prominent gca effects were displayed by the lines SV-6 (-0.89). Three 
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parental lines described non-significant gca effects. The genotype CVS-13 (1.82) 

depicted the highest positive gca effects while the line SV-6 (-0.89) showed the 

highest negative gca effect for total sugar content (Table 4.32). Component of 

additive variance (0.91) was lesser than the dominant variance component (1.33) 

and degree of dominance (1.21) was greater than unity (Table 4.31). 

 

These results indicated that the trait total sugar content had non-additive 

type of gene action and the line CVS-13 with highest gca effects in the pertinent 

course could be used as good general combiner for further evaluation processes. 

These conclusions are analogous to the results of Vinaykumar et al. (2011), Pfeiffer 

et al. (2010) and Premalatha et al. (2006) for total sugar content in sorghum.  

 

4.3.4.15 Total cyanide content  

Perusal of Table 4.32 showed that the genotype V-1 displayed highly 

significant and highest positive gca effect (36.03) while the line SV-6 exhibited the 

very strong and highest negative gca effects (-20.13) for total cyanide content. Four 

parental genotypes showed non-significant gca effects. The degree of dominance 

(2.50) for total cyanide content was greater than unity because dominant component 

of variance (1677.68) was greater than the additive component of variance (268.59) 

for this trait (Table 4.31).  

 

These results depicted that non-additive type of gene action was exhibited 

by the trait total cyanide content. As the cyanide content are undesirable in fodder 

quality so a line SV-6 with highest negative gca effects could be used as good 
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general combiner in further breeding and evaluation programmes. Identical 

conclusions were drawn by Mohanraj et al. (2006) and Iyanar et al. (2010) for total 

cyanide content in sorghum. 

 

4.3.5. Heterosis  

Heterosis is the process by which the efficiency of an F1 is higher than the 

mean of the parents. Hybrid or hybrid vigor is created by crossing two genetically 

diverse individuals. Genetically, the hybrid vigor is considered mainly to be the 

outcome of adding dominant or partial dominant alleles in repulsion at loci. As such 

one parent donates valuable alleles at one of the loci, while second parent provides 

enviable alleles at the other loci. Heterosis was observed among the hybrids over 

mid-parent (Table 4.33) and better-parent (Table 4.34) for various traits studied. 

The results are presented below: 

 

4.3.5.1 Plant height  

Mid-parent heterosis for plant height ranged from -3.31 to 33.82% and 

better-parent heterosis exhibited a range of -17.04 to 28.09%. Similarly, the hybrid 

CVS-13 x RARI-S-10 exhibited the lowest (-3.31%) while the cross V1 x SPV-462 

showed the highest (33.82%) mid-parent heterosis. Six hybrids showed the 

significant positive and three crosses non-significant mid-parent heterosis (Table 

4.33). The cross CVS-13 x RARI-S-10 (-17.04%) showed the lowest while the 

hybrid V-1 x SPV-462 (28.09%) exhibited the highest better-parent heterosis. Three 

crosses depicted significant and positive, one strong negative and five hybrids 

displayed non-significant heterosis over better-parent (Table 4.34). V1 x SPV-462, 
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SV-6 x SPV-462 and SPV-462 x YSS-9 were the top most on account of their 

desirable positive and distinct average heterosis and heterobeltiosis. 

 

These results revealed  that the hybrids V1 x SPV-462, SV-6 x SPV-462 

and SPV-4622 x YSS-9 performed better both for mid-parent as well as better-

parent heterosis and are ideal for exploitation of heterosis in breeding. These 

conclusions are identical to the results of Premalatha et al (2006) and Kulkarni 

(2002). They also detected hybrids with strong and positive average as well as 

standard heterosis for plant height in sorghum. 

 

4.3.5.2 Number of leaves plant-1 

Positive estimates of heterosis for number of leaves plant-1 are desired to 

develop high fodder yielding variety of sorghum. The mid-parent heterosis ranged 

from -16.92% to 14.98%. CVS-13 x RARI-S-10 had the highest negative (-16.92%) 

whereas, V-1 x CVS-13 indicated the highest positive (14.98%) average heterosis. 

Two hybrids showed significant positive, two significant negative and five hybrids 

non-significant mid-parent heterosis. V-1 x CVS-13 and V1 x SPV-462 showed the 

significant positive mid-parent heterosis in the desired direction (Table 4.33). 

Heterobeltiosis ranged from -18.73% to 11.85%. CVS-13 x RARI-S-10 revealed 

the highest negative (-18.73%) while V-1 x SPV-462 depicted the highest positive 

(11.85%) better-parent heterosis. Similarly, one hybrid depicted significant 

negative and eight crosses showed non-significant heterobeltiosis for number of 

leaves plant-1 (Table 4.34). 
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Table 4.33 Estimates of mid-parent heterosis for evaluated traits of nine sorghum crosses grown under irrigated conditions during 
the year 2010 
Crosses Mid-parent heterosis/Average heterosis (%) 

Plant 
height 

Number 
of leaves 
plant-1 

Number 
of tillers 
plant-1 

Stem 
thickness 

Fresh weight 
plant-1 

Dry weight 
plant-1 

Moisture 
percentage 

Dry matter 
percentage 

V-1  x  CVS-13 22.35** 14.98* 36.84** 31.44** 96.14** 52.98** 14.39** -23.88** 
V-1  x  SPV-462 33.82** 14.21* 33.33** 41.53** 145.79** 117.53** 7.27** -13.69** 
V-1  x  RARI-S-10 4.06 -3.03 110.00** 13.43 48.56** 24.95* 10.21** -19.31** 
SV-6 x  SPV-462 14.86* -1.40 24.64** 18.52 57.59** 93.35** -8.83** 23.27** 
SV-6 x  RARI-S-10 12.43* -0.79 17.07* 13.08 62.38** 128.52** -15.84** 41.94** 
SV-6 x YSS-9 13.34* 5.88 50.35** 19.98 51.96** 54.43** -1.12 2.70 
CVS-13 x RARI-S-10 -3.31 -16.92** 111.11** 21.53* 69.72** 83.78** -3.54 7.86 
CVS-13 x  YSS-9 8.93 -12.17 80.95** 33.33** 63.39** 48.05** 4.69* -9.65* 
SPV-462 x YSS-9 16.30** -14.05* 44.22** 31.26** 80.49** 58.58** 4.95* -11.65* 
Mean 13.64* -1.48 56.50** 24.90* 75.17** 73.57** 1.35 -0.27 
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Table 4.33 (Continued) 
 
Crosses Mid-parent heterosis/Average heterosis (%) 

Crude protein Crude fat Crude fibre Total ash Nitrogen free 
extract 

Total sugar 
content 

Total cyanide 
content 

V-1  x  CVS-13 4.71 -6.86 23.04** 8.13 -14.79** 26.94** 29.22** 
V-1  x  SPV-462 3.23 -3.12 -1.95 53.75** -11.24* 12.08 9.63* 
V-1  x  RARI-S-10 5.52 2.90 -10.11 47.28** -7.36 18.18* -2.50 
SV-6 x  SPV-462 -10.93 -0.95 -4.14 -13.44* 3.10 -2.39 -11.45** 
SV-6 x  RARI-S-10 7.45 -13.49 -11.69 -7.95 6.47 23.30** -24.14** 
SV-6 x YSS-9 13.74 -10.36 -0.21 -3.50 -1.71 12.27 -10.53* 
CVS-13 x RARI-S-10 -32.82** 11.96 6.79 -17.36* 0.02 44.39** -7.40 
CVS-13 x  YSS-9 20.10* -15.35* 11.70 -5.84 -10.34 34.82** -11.62** 
SPV-462 x YSS-9 51.01** 24.33** -7.70 -1.51 -3.85 37.20** -37.46** 
Mean 7.22 -1.21 0.64 6.62 -4.41 22.98** -7.36* 
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These results indicated that for number of leaves plant-1, the crosses V-1 x 

CVS-13 and V-1 x SPV-462 performed better for mid-parent heterosis and might 

be beneficial for increased number of leaves plant-1. These outcomes are similar to 

the results of Premalatha et al. (2006). They identified hybrids with strong positive 

heterosis over mid-parent and better-parent for number of leaves plant-1 in sorghum. 

 

4.3.5.3 Number of tillers plant-1 

Number of tillers plant-1 is an imperative constituent of fodder yield and 

positive heterosis is preferred for this trait in order to get better fodder yield. 

Average heterosis for number of tillers plant-1 varied from 17.07% to 111.11%. The 

CVS-13 x RARI-S-10 manifested the highest positive average heterosis. All the 

hybrids depicted significant and positive average heterosis in desired direction 

(Table 4.33).  Better-parent heterosis exhibited a range of 9.09 to 100%. The 

crosses V-1 x RARI-S-10 and CVS-13 x RARI-S-10 exhibited the highest 

significant positive heterobeltiosis. Among nine crosses, eight crosses exhibited 

strong and positive better-parent heterosis in most wanted directions (Table 4.34). 

 

 No cross displayed negative mid-parent as well as better-parent heterosis 

for number of tillers plant-1. These results showed that the eight out of nine crosses 

performed better both for heterosis and heterobeltiosis and might be useful for 

increased number of tillers plant-1 in sorghum. Makand et al. (2010) reported the 

similar findings and isolated hybrids with strong positive heterosis and 

heterobeltiosis for number of tillers plant-1 in sorghum. 
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4.3.5.4 Stem thickness  

Mid-parent heterosis for stem thickness ranged from 13.08 to 41.53%. The 

cross SV-6 x RARI-S-10 showed the lowest (13.01%) and while the cross V-1 x 

SPV-462 exhibited the highest (41.53%) mid-parent heterosis in the desired 

directions. Five crosses showed the significant positive and four crosses non-

significant mid-parent heterosis (Table 4.33).  

 

Better-parent heterosis exhibited a range of -5.79 to 27.95%, the cross V-1 x 

RARI-S-10 exhibited minimum (-5.79%) while the cross V1 x SPV-462 showed 

maximum (27.95%) better-parent heterosis in the preferred directions. Four hybrids 

exhibited strong positive and five crosses non-significant better-parent heterosis in 

desired directions. V-1 x CVS-13, V1 x SPV-462, CVS-13 x YSS-9 and SPV-462 x 

YSS-9, showed the pronounced positive average heterosis while the hybrid V-1 x 

SPV -462, CVS-13 x YSS-9 and SPV-462 x YSS-9 indicated the strong positive 

better-parent heterosis in the desired directions. No cross depicted negative mid-

parent as well as better-parent heterosis for stem thickness. 

 

These results specified that the crosses V-1 x SPV-462, CVS-13 x YSS-9 

and SPV-462 x YSS-9 performed better both for mid-parent as well as for better-

parent heterosis and might be ideal for further evaluation in sorghum. These 

outcomes are similar to the results of Agrawal and Shrotria (2005), Desai et al. 

(2000) and Pfeiffier et al. (2010). They categorized hybrids with strong positive 

heterosis as well as heterobeltiosis for stem thickness in sorghum. 
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4.3.5.5 Fresh weight plant-1  

Fresh weight plant-1 exhibited a range of 48.56 to 145.79% for mid-parent 

heterosis. The cross V-1 x RARI-S-10 showed the lowest (48.56%) while the cross 

V-1 x SPV-462 exhibited the highest (145.79%) mid-parent heterosis in the desired 

directions (Table 4.33). Heterobeltiosis ranged from 19.81 to 117.72%. The cross 

V-1 x RARI-S-10 manifested the lowest (19.81%) while V1 x SPV-462 showed the 

highest (117.72%) better-parent heterosis (Table 4.34). All the crosses showed 

significant and positive mid-parent as well as better-parent heterosis in desired 

directions. No cross depicted negative mid-parent as well as better-parent heterosis 

for fresh weight plant-1 in sorghum. 

 

These results indicated that for the parameter fresh weight plant-1, all the 

crosses performed better both for mid-parent as well as better-parent heterosis and 

might be useful for further evaluation. These findings are in agreement with the 

results of Agrawal and Shrotria (2005) and Jeyprakash and Das (1994). They 

reported hybrids having significant positive heterosis and heterobeltiosis for fresh 

weight plant-1 in sorghum. 

 

4.3.5.6 Dry weight plant-1  

A range of 24.95% to 128.52% was displayed for mid-parent heterosis. The 

cross V-1 x RARI-S-10 showed the lowest (24.95%) while the cross SV-6 x RARI-

S-10 exhibited the highest (128.52%) mid-parent heterosis (Table 4.33). Better-

parent heterosis manifested a range of 18.50% to 105.33%. The cross V-1 x RARI-

S-10 exhibited the minimum (18.50%) while the cross V1 x SPV-462 showed the 
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maximum (105.33%) better-parent heterosis (Table 4.34). Among nine crosses, all 

the crosses showed the significant positive mid-parent heterosis while eight crosses 

exhibited strong positive better-parent heterosis in desired directions. No cross 

showed negative average as well as standard heterosis during evaluation.  

 

These results indicated that the eight crosses performed better both for mid-

parent as well as better-parent heterosis and might be ideal for further assessment. 

Desai et al. (1999) identified hybrids with distinct positive average heterosis and 

heterobeltiosis for dry weight plant-1 in sorghum. 

 

4.3.5.7 Moisture percentage  

Negative heterosis for moisture percentage is desirable because moisture 

percentage is negatively correlated with dry matter yield and organic matter. Mid-

parent heterosis for moisture percentage ranged from -15.84 to 14.39%. The cross 

SV-6 x RARI-S-10 showed the lowest (-15.84%) while the cross V-1 x CVS-13 

exhibited the highest (14.39%) mid-parent heterosis. Five crosses depicted 

significant positive, two crosses significant negative and two crosses non-

significant mid-parent heterosis (Table 4.33).  

 

Better-parent heterosis exhibited a range of -16.56 to 8.22%. The cross SV-

6 x RARI-S-10 manifested the lowest while the cross V-1 x CVS-13 displayed the 

uppermost heterobeltiosis. In case of high parent heterosis, one cross displayed 

significant positive, three crosses significant negative and four crosses showed non-

significant hybrid vigour over the better-parent (Table 4.34). SV-6 x SPV-462 and 
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SV-6 x RARI-S-10 showed the significant negative mid-parent heterosis while SV-

6 x SPV-462, SV-6 x RARI-S-10 and CVS-13 x RARI-S-10 exhibited strong 

negative better-parent heterosis in desired directions.  

 

These results illustrated that the crosses SV-6 x SPV-462 and SV-6 x 

RARI-S-10 were identified as better performer for average heterosis and 

heterobeltiosis and might be favourable for further evaluation. These findings are in 

harmony with the conclusions of Laxman (2001). He detected hybrids with 

negative and substantial mid-parent as well as better-parent heterosis for moisture 

percentage. 

 

4.3.5.8 Dry matter percentage  

The magnitude and direction of average and standard heterosis was variable 

for dry matter percentage. Average heterosis exhibited a range of -23.88 to 41.94%. 

Minimum average heterosis (-213.88%) was depicted by the cross V-1 x CVS-13 

but maximum (41.94%) by the cross SV-6 x RARI-S-10 (Table 4.33). Better-parent 

heterosis manifested a range of -32.17 to 38.78%. Similarly, minimum (-32.17%) 

high parent heterosis was manifested by the cross V-1 x RARI-S-10 while 

maximum (38.78%) by the cross SV-6 x RARI-S-10 (Table 4.34). Two hybrids 

manifested significantly positive, five significantly negative and two crosses 

showed non-significant mid-parent as well as high parent heterosis. Out of nine 

crosses, two crosses showed the significant positive mid-parent as well as better-

parent heterosis in desired directions. SV-6 x SPV-462 and SV-6 x RARI-S-10 

showed the highly significant positive mid-parent as well as high parent heterosis. 
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Table 4.34 Estimates of better-parent heterosis for evaluated traits of  nine sorghum crosses grown under irrigated conditions 
during the year 2010 
 
Crosses Better-parent heterosis/Standard heterosis/Heterobeltiosis (%) 

Plant 
height 

Number 
of leaves 
plant-1 

Number 
of tillers 
plant-1 

Stem 
thickness

Fresh weight 
plant-1 

Dry weight 
plant-1 

Moisture 
percentage 

Dry matter 
percentage 

V-1  x  CVS-13 4.89 8.40 23.81** 9.54 63.38** 38.47** 8.22** -30.47** 
V-1  x  SPV-462 28.09** 11.85 25.00** 27.95* 117.72** 105.33** -2.38 -27.24** 
V-1  x  RARI-S-10 3.96 -10.46 100.00** -5.79 19.81** 18.50 0.17 -32.17** 
SV-6 x  SPV-462 14.20* -3.03 19.44** 14.93 52.45** 83.02** -9.73** 20.10** 
SV-6 x  RARI-S-10 8.31 -8.03 9.09 0.01 41.48** 95.51** -16.56** 38.78** 
SV-6 x YSS-9 9.44 4.13 41.33** 13.12 34.68** 28.25** -4.26 -4.91 
CVS-13 x RARI-S-10 -17.04* -18.73* 100.00** 21.03* 62.96** 74.93** -7.56** -1.65 
CVS-13 x  YSS-9 -0.35 -15.52 52.00** 25.00** 59.92** 45.98** 2.71 -13.09* 
SPV-462 x YSS-9 12.92* -14.05 41.33** 27.51** 64.84** 37.97** 2.61 -16.16* 
Mean 7.16 -5.05 45.78** 14.18 57.47** 58.66** -2.98 -7.42 
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Table 4.34 (Continued) 
 
Crosses Better-parent heterosis/Standard heterosis/Heterobeltiosis (%) 

Crude protein Crude fat Crude fibre Total ash Nitrogen free 
extract 

Total sugar 
content 

Total cyanide 
content 

V-1  x  CVS-13 -3.55 -18.34* 19.10** 2.15 -15.39* 10.28 20.50** 
V-1  x  SPV-462 -8.00 -9.56 -5.84 48.36** -13.01 -8.23 -20.74** 
V-1  x  RARI-S-10 1.33 0.12 -16.89* 36.84** -13.50* -7.98 -28.00** 
SV-6 x  SPV-462 -20.73 -2.74 -5.42 -13.92 0.93 -14.06 -35.72** 
SV-6 x  RARI-S-10 3.34 -15.70 -14.01 -11.02 3.46 2.66 -43.75** 
SV-6 x YSS-9 -0.32 -10.81 -0.76 -10.27 -2.50 -3.31 -32.68** 
CVS-13 x RARI-S-10 -35.67** 0.57 -4.17 -27.14** -7.22 34.62** -28.17** 
CVS-13 x  YSS-9 -1.75 -21.78* 2.18 -19.81* -15.18* 22.75** -30.35** 
SPV-462 x YSS-9 51.33** 22.70** -9.42 -8.88 -6.62 33.73** -40.75** 

Mean -1.56 -6.18 -3.92 -0.41 -7.67 7.83 -26.63** 
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 These results demonstrated that the crosses SV-6 x SPV-462 and SV-6 x RARI-

S-10 performed ideal both for average heterosis as well as heterobeltiosis and might be 

useful for further assessment. Carlos et al. (1998) and Reddy and Joshi (1993) 

distinguished such hybrids having strong positive average as well as standard heterosis 

for dry matter percentage in sorghum. 

 

4.3.5.9 Crude protein (%) 

Among hybrids, SPV-462 x YSS-9 was at the top, showing highest value of 

significant positive average heterosis (51.01%) as well as standard heterosis (51.33%). 

Similarly, the hybrid CVS-13 x RARI-S-10 had lowest magnitude of heterosis over 

mid-parent (-32.82) and high parent (-35.67) for crude protein. Two hybrids indicated 

significant positive, one hybrid significant negative and seven hybrids non-significant 

heterosis over mid-parent (Table 4.33).  

 

One hybrid showed significant positive, one hybrid significant negative and six 

hybrids non-significant standard heterosis (Table 4.34). The cross SPV-462 x YSS-9 

showed the highly significant and positive mid-parent as well as better-parent heterosis 

for crude protein in the desired directions. Identical results were stated by Agrawal and 

Shrotria (2005) and Mohammad and Talib (2008). They identified hybrids with strong 

positive heterosis and heterobeltiosis for crude protein in sorghum. 

 

These results explained that the cross SPV-462 x YSS-9 had ideal performance 

both for average heterosis and heterobeltiosis and might be useful for further 

investigations. 
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4.3.5.10 Crude fat  

Minimum average as well as standard heterosis was depicted by the cross CVS-

13 x YSS-9 with a value of -15.35 and -21.78%, respectively. Maximum mid-parent 

(24.33) and high parent (22.70%) heterosis was shown by the cross SPV-462 x YSS-9 

respectively. The distribution of heterotic effects categorized one hybrid with significant 

positive, one hybrid with significant negative and seven hybrids with non-significant 

mid-parent heterosis (Table 4.33). One hybrid showed significant positive, two hybrids 

indicated significant negative and six hybrids depicted non-significant high parent 

heterosis (Table 4.34). The cross SPV-462 x YSS-9 showed the highly significant 

positive average as well as standard heterosis in the desired directions.  

 

Evaluation of hybrids based on their significant desirable heterosis and 

heterobeltiosis resulted in the identification of one good hybrid viz SPV-462 x YSS-9 

which might be beneficial for further evaluation studies. Mohammad and Talib (2008) 

reported similar findings and identified hybrids with strong positive heterosis and 

heterobeltiosis for crude fat in sorghum.  

 

4.3.5.11 Crude fibre  

Mid-parent heterosis for crude fibre ranged from -11.69 to 23.04%. However, 

magnitude of high parent heterosis was comparatively higher in negative and lower in 

positive values. It ranged from -16.89 to 19.10%. Hybrid SV-6 x RARI-S-10 expressed 

lowest (-11.69%) value of heterosis over mid-parent whereas; V-1 x RARI-S-10 

depicted minimum value (-16.89%) of standard heterosis. The hybrid V-1 x CVS-13 

depicted the uppermost mid-parent (23.04%) as well as better-parent (19.10%) 
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heterosis. One hybrid revealed significant positive and eight hybrids depicted non-

significant heterosis over mid-parent Table 4.33). For high parent heterosis estimates, 

one cross showed significant positive, one significant negative and seven hybrids 

depicted non-significant values (Table 4.34).  V-1 x CVS-13 showed the highly 

significant positive mid-parent as well as better-parent heterosis in the desired 

directions.  

 

These results exhibited that V-1 x CVS-13 was found better hybrid for higher 

crude fibre. Mohammad and Talib (2008) described the similar results and detected 

hybrids with significant and positive heterotic effects for crude fibre in sorghum. 

 

4.3.5.12 Total ash  

Minimum average as well as standard heterosis was depicted by the same hybrid 

namely CVS-13 x RARI-S-10 with a value of -17.36% and -27.14 respectively. The 

cross V-1 x SPV-462 indicated the maximum heterosis for mid-parent (53.75%) and 

better-parent (48.36%) for total ash. Two hybrids possessed significant positive, two 

significant negative and five hybrids had non-significant mid-parent as well as better-

parent heterosis estimates. V-1 x RARI-S-10, and V1 x SPV-462 showed the highly 

significant positive average as well as standard heterosis in the desired directions. 

Consideration of heterosis and heterobeltiosis values identified two hybrids viz, V-1 x 

RARI-S-10, and V1 x SPV-462 in desired positive directions which might be better for 

total ash. Mohammad and Talib (2008) elucidated the similar conclusions and depicted 

hybrids with strong positive average heterosis and heterobeltiosis for total ash in 

sorghum. 
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4.3.5.13 Nitrogen free extract  

The range of average heterosis and heterobeltiosis was manifested as -14.79 to 

6.47% and -15.39 to 3.46% respectively. V-1 x CVS-13 expressed minimum values for 

mid-parent (-14.79%) and better-parent (-15.39%) heterosis while SV-6 x RARI-S-10 

displayed maximum value of heterosis (6.47%) and heterobeltiosis (3.46%) for nitrogen 

free extract. Two hybrids have significant negative and seven hybrids non-significant 

heterosis over mid-parent (Table 4.33). Three hybrids possessed significant negative 

and six hybrids non-significant heterosis over better-parent (Table 4.34). SV-6 x RARI-

S-10 showed the highest positive mid-parent as well as better-parent heterosis in the 

desired directions. Keeping in view the heterosis and heterobeltiosis estimates one 

hybrid viz SV-6 x RARI-S-10 was scored as promising hybrid for increased nitrogen 

free extract. Mohammad and Talib (2008) reported hybrids with positive heterotic 

effects for nitrogen free extract in sorghum. 

 

4.3.5.14 Total sugar content (%) 

Manifestation of heterosis for total sugar content was variable. Average heterosis 

for total sugar content ranged from -2.39 to 44.39% and better-parent heterosis 

exhibited a range of -14.06 to 34.62%. The lowest values of average and better heterosis 

were expressed by the hybrid SV-6 x SPV-462 and highest by CVS-13 x RARI-S-10. 

Six hybrids manifested significant positive and three hybrids non-significant mid-parent 

heterosis (Table 4.33). For heterobeltiosis estimates, three hybrids disclosed significant 

positive and six non-significant heterobeltiosis (Table 4.34). CVS-13 x RARI-S-10, 

CVS-13 x YSS-9 and SPV-462 x YSS-9 showed the highly significant positive mid-

parent as well as better-parent heterosis in the desired directions. 
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These results elucidated that the crosses CVS-13 x RARI-S-10, CVS-13 x YSS-

9 and SPV-462 x YSS-9 performed better both for mid-parent as well as better-parent 

heterosis and might be ideal for increased total sugar content. Pfeiffer et al. (2010) 

Premalatha et al. (2006) specified hybrids with strong positive average heterosis and 

heterobeltiosis for total sugar content in sorghum. 

 

4.3.5.15 Total cyanide content  

Significant negative heterosis for total cyanide content is desired to develop low 

cyanide sorghum genotypes. Average heterosis for total cyanide content exhibited a 

range of -37.46 to 29.22% and better-parent heterosis exhibited a range of -43.75 to 

20.50%. Maximum mid-parent (29.22%) as well as high parent (20.50%) heterosis was 

depicted by the hybrid V-1 x CVS-13 whereas, the lowest value of mid-parent (-

37.46%) and better-parent (-43.75%) heterosis was disclosed by the hybrids SPV-462 x 

YSS-9 and SV-6 x RARI-S-10, respectively.  

 

Two hybrids exhibited significant positive, five hybrids significant negative and 

two hybrids depicted non-significant mid-parent heterosis (Table 4.33). Among nine 

hybrids, one hybrid disclosed significant positive and eight hybrids significant negative 

heterobeltiosis estimates for total cyanide content (Table 4.34). SV-6 x RARI-S-10, SV-

6 x SPV-462, SV-6 x YSS-9, CVS-13 x YSS-9 and SPV-462 x YSS-9 showed the 

highly significant negative mid-parent as well as better-parent heterosis in the desired 

directions. 
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From heterosis and heterobeltiosis estimates five hybrids viz SV-6 x RARI-S-

10, SV-6 x SPV-462, SV-6 x YSS-9, CVS-13 x YSS-9 and SPV-462 x YSS-9  were 

rated as top favourite for the improvement of fodder quality due to decreased cyanide 

content. Shaug and Lo (1995) and Mohanraj et al. (2006) identified hybrids with strong 

negative heterosis and heterobeltiosis for total cyanide content in sorghum. 

 

4.4 Experiment Number 4 

4.4.1Genetic diversity 

Breeding techniques take benefit from comprehensive perception of the genetic 

diversity within collections of selected and uncultivated germplasm accessions. This 

information authorize for an accurate selection of the genotypes to be crossed to develop 

segregating populations valuable for breeding programmes and to establish the genetic 

basis of characters. Assessment and exploitation of assortment in plant genetics resource 

is fundamental for improvement of plant species (Shehzad et al., 2009).  

 

4.4.2 Molecular diagnostics for SSRs primers 

The study was made to assess the sorghum genotypes for genetic diversity by 

means of molecular diagnostics using simple sequence repeats (SSRs) markers.  

 

 

 

 

 

 



199 
 

 

Table 4.35: List of amplified SSRs primers along with product size 

Oligo 
Name 

Primer sequences  Protein ID Related 
to 

Band 
size (bp) 

Xtxp094 
 

2F TTTCACAGTCTGCTCTCTG Cytochrome 
P450 

HCN 232 
2R AGGAGAGTTGTTCGTTA 

Xtxp208 3F AAGGCCGTGAGGATG Glucosyl 
transferase 

HCN 257 
3R AAGCAGCCAAGAGCAG 

Xtxp034 4F TGGTTCGTATCCTTCTCTACAG Glycosyl 
hydrolase  

HCN 174 
4R CATATACCTCCTCGTCGCTC 

Xtxp215 5F CCCAAAGCCAAGAAAAAG Glycosyl 
hydrolase  

HCN 365 
5R CGGCGGAAGCAGAC 

Xtxp273 
(Pbbf) 

6F GTACCCATTTAAATTGTTTGCAGTAG Prolamin-box 
binding factor 

PD 240-600 
6R CAGAGGAGGAGGAAGAGAAGG 

Xtxp123 
(Kaf2) 

7F TCGGCGAGCATCTTACA 
Kafirin2  

PD 289 
7R TACGTAGGCGGTTGGATT 

Xtxp136 
(Kaf3) 

8F GCGAATAGCATCTTACAACA 
Kafirin3 

PD 243 
8R ACTGATCATTGGCAGGAC

Xtxp100 
(Kaf) 

9F CCGGCCGGCCAACCAACCAC 
Kafrin PD 

270-590 
9R TGCCCCAACGCTCACGCTCCC 

SbKAFGKI 10F AGCATCTTACAACAACCAAT 
Kafrin2 PD 

210 
10R CTAGTGCACTGAGTGATGAC 

 
HCN=Hydrocyanic acid      PD=Protein digestibility  
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4.4.2.1 Genetic diversity evaluation 

PCR based Simple Sequence Repeats (SSRs) primers were utilized in this 

evaluation. To identify genetic diversity at molecular level ten selected SSRs primers 

were applied on ten sorghum genotypes. Out of ten SSRs primers, nine were 

successfully amplified having an amplification rate of 90%. 

 

Gel electrophoresis patterns of Xtxp094, Xtxp208, Xtxp034, Xtxp215, Xtxp273 

(Pbbf), Xtxp123 (Kaf2), Xtxp136 (Kaf3), Xtxp100 (Kaf) and SbKAFGKI, SSRs primers 

are illustrated in Figure 1, 2, 3, 4, 5, 6, 7, 8 ,9 respectively as representative pictures.  

The loci like Xtxp094, Xtxp208,Xtxp034 and Xtxp 215  had homology with 

genes which produced proteins like Ctychrome P450, Glucosyl transferase, Glucosyl 

hyrdrolase. These proteins are enzymes which are responsible for degradation of 

cyanogenic glucoside compound called as dhurrin into hydrocyanic acid. So these 

primers sequences are found on locus at which genes encoding for proteins/enzymes 

responsible for the production of hydrocyanic acid are present. So these primers 

sequences are related to hydrocyanic acid production (Battarmakki et al., 2002 and 

Kong et al., 2000). 

 

The loci like Xtxp273 (pbbf), Xtxp123 (Kaf2), Xtxp136 (Kaf3), Xtxp100 (Kaf) 

and PbKAFGKI depicted relatedness with genes which controlled the production of 

proteins like Prolamine box binding factor, Kafrin2, Kafrin3 and Kafrin. Such proteins 

are responsible for insect resistance and indigestibility. The primers sequences used in 

this evaluation are found on the loci containing the genes responsible for production of 

Kafrin proteins.  The primers under evaluation are related to protein digestibility and 
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insect resistance (Battarmakki et al., 2000 and Taramino et al., 1997). The sequences of 

nine amplified SSRs primers are given in Table 4.35. 

 

Figure 13 showed the amplification profile of ten samples out of which nine 

samples gave visible bands (9). It was accomplished with SSRs primer Xtxp094. 

Scorable bands were detected for nine sorghum genotypes i.e. V-1, SV-6, CVS-13, SV-

8, Local, JV-2002, JS-2002, SV-11 and SV-7. All the nine sorghum genotypes were 

found monomorphic for a band length of 232bp. Total genomic DNA from remaining 1 

sample i.e. RARI-S-4 did not amplify using SSRs primer Xtxp094. 

 

Figure 14 exhibited the amplification profile of ten samples out of which eight 

samples gave visible bands (8). This was executed using SSRs primer Xtxp208. 

Scorable bands were perceived for eight sorghum genotypes i.e. V-1, SV-6, CVS-13, 

SV-8, RARI-S-4, Local, JV-2002 and JS-2002. All the eight genotypes were found 

monomorphic for the band length of 257bp. Total genomic DNA from remaining 2 

samples viz SV-11 and SV-7 did not amplify using SSRs primer Xtxp208. 

 

Figure 15 expressed the amplification profile of ten samples and all samples 

gave visible bands (10). It was attained using SSRs primer Xtxp034. Scorable bands 

were observed for all ten sorghum genotypes i.e. V-1, SV-6, CVS-13, SV-8, RARI-S-4, 

Local, JV-2002, JS-2002, SV-11 and SV-7. All the ten sorghum genotypes were found 

monomorphic for the band length of 174bp.  
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Figure 6: Agarose (3%) gel showing PCR amplification products of SSR primer   
                   Xtxp094 from DNA of 10 sorghum genotypes 

 
 
 
 
 

 
 
Figure 7: Agarose (3%) gel showing PCR amplification products of SSR primer   
                   Xtxp208 from DNA of 10 sorghum genotypes 
 
 
 
 
 

 
 
Figure 8: Agarose (3%) gel showing PCR amplification products of SSR primer   
                   Xtxp034 from DNA of 10 sorghum genotypes 
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Figure 16 revealed the amplification profile of ten samples and all samples gave 

visible bands (10). This was achieved by amplification of SSRs primer Xtxp215. 

Scorable bands were distinguished for all ten sorghum genotypes i.e. V-1, SV-6, CVS-

13, SV-8, RARI-S-4, Local, JV-2002, JS-2002, SV-11 and SV-7. All the ten sorghum 

genotypes depicted were monomorphism for the band length of 174bp.  

 

Figure 17 demonstrated the amplification profile of ten samples in which nine 

samples gave visible bands (17) using SSRs primer Xtxp273 (Pbbf). Sizes of Scorable 

bands ranged from 240 to 600bp. Scorable bands were observed for nine sorghum 

genotypes i.e. V-1, SV-6, CVS-13, RARI-S-4, Local, JV-2002, JS-2002, SV-11 and 

SV-7. Maximum Scorable bands (3) were given by genotypes SV-6 and minimum 

numbers of bands (2) were detected in genotypes V-1, CVS-13, RARI-S-4, JV-2002, 

JS-2002 and SV-11. Out of 17 total scorable bands, 15 were polymorphic and 2 were 

monomorphic. 88.2% polymorphism was detected in sorghum genotypes using Xtxp273 

(Pbbf) SSRs primer indicating greater genetic diversity among sorghum genotypes. 

Total genomic DNA from remaining 1 sample i.e. SV-8 did not amplify using SSRs 

primer Xtxp273 (Pbbf). 

 

Figure 18 showed the amplification profile of ten samples out of which nine 

samples gave visible bands (9). It was accomplished using SSRs primer Xtxp123 

(Kaf2). Scorable bands were identified for nine sorghum genotypes i.e. V-1, SV-6, 

CVS-13, SV-8, RARI-S-4, Local, JV-2002, JS-2002 and SV-7. All the nine genotypes 

showed monomorphism for the band length of 289bp. Total genomic DNA from 

remaining 1 sample i.e. SV-11 did not amplify using SSRs primer Xtxp094. 
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Figure 9: Agarose (3%) gel showing PCR amplification products of SSR primer   
                   Xtxp215 from DNA of 10 sorghum genotypes 

 

 

 
 
Figure 10: Agarose (3%) gel showing PCR amplification products of SSR primer   
                  Xtxp273 (Pbbf) from DNA of 10 sorghum genotypes 
 
  
 
 

 

             

Figure 11: Agarose (3%) gel showing PCR amplification products of SSR primer   
                   Xtxp123 (Kaf2) from DNA of 10 sorghum genotypes 
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Figure 19 depicted the amplification profile of ten samples out of which nine 

samples gave visible bands (9). It was executed using SSRs primer Xtxp123 (Kaf3). 

Scorable bands were observed for nine sorghum genotypes i.e. V-1, SV-6, CVS-13, 

RARI-S-4, Local, JV-2002, JS-2002, SV-11 and SV-7. All the nine sorghum genotypes 

were found monomorphic for the band length of 243bp. Total genomic DNA from 

remaining 1 sample i.e. SV-8 did not amplify using SSRs primer Xtxp094. 

 

Figure 20 showed the amplification profile of ten samples in which eight 

samples gave visible bands (12). This was accomplished using SSRs primer Xtxp100 

(Kaf). Sizes of Scorable bands ranged from 270 to 590bp. Scorable bands were detected 

for sorghum genotypes i.e. V-1, SV-6, CVS-13, RARI-S-4, Local, JV-2002, JS-2002 

and SV-11. Maximum Scorable bands (2) were given by genotypes SV-1, CVS-13, 

RARI-S-4 and JV-2002 while the minimum numbers of bands (1) were detected in 

genotypes SV-6, SV-8, Local, JS-2002 and SV-11. Out of 12 total scorable bands 4 

were monomorphic and 8 were polymorphic. So 66.6% polymorphism was detected in 

sorghum genotypes using Xtxp273 (Pbbf) SSRs primer. Total genomic DNA from 

remaining 2 samples i.e. SV-8 and SV-7 did not amplify using SSRs primer Xtxp100 

(Kaf). 

 

Figure 21 depicted the amplification profile of ten samples out of which seven 

samples gave visible bands (7) using SSRs primer SbKAFGKI. Scorable bands were 

perceived for seven sorghum genotypes. All the seven sorghum genotypes displayed 

monomorphism for the band length of 210bp. Total genomic DNA from remaining 3 

samples did not amplify using SSRs primer SbKAFGKI. 
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Figure 12: Agarose (3%) gel showing PCR amplification products of SSR primer   
                   Xtxp136 (Kaf3) from DNA of 10 sorghum genotypes 

 

 

 

 
Figure 13: Agarose (3%) gel showing PCR amplification products of SSR primer   
                   Xtxp100 (Kaf) from DNA of 10 sorghum genotypes 
 

 

 

 
 
Figure 14: Agarose (3%) gel showing PCR amplification products of SSR primer   
                   SbKAFGKI from DNA of 10 sorghum genotypes 
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Out of ten SSRs primers used, nine primers had given clear amplification. 

Ninety one (91) loci were traced by these primers. The size of amplification product 

ranged from 174bp to 600 bp. Greater numbers of scorable bands (17) were achieved 

from primer Xtxp273 (Pbbf)) while primer SbKAFGKI gave the lowest number (7) of 

scorable bands. Polymorphism was detected in two primers i.e.Xtxp273 (pbbf) and 

Xtxp100 (kaf).  

 

Efficiency of SSRs primers to amplify the genotypes ranged from seven 

genotypes by primer SbKAFGKI, eight genotypes by each of the primers Xtxp208 and 

Xtxp100 (Kaf), nine genotypes by each of the primers Xtxp094, Xtxp273 (Pbbf), 

Xtxp123 (Kaf2), and Xtxp136 (Kaf3) and ten genotypes were amplified by each of the 

primers Xtxp034, Xtxp215. 9 SSRs primers gave 91 total scorable bands in which 68 

bands were monomorphic and 23 were polymorphic in ten sorghum genotypes.  

 

After amplification of 9 SSRs primers, each of the sorghum genotypes V-1 and 

SV-6 showed the maximum total scorable bands (11) while minimum total scorable 

bands (6) were detected in by each of the genotypes SV-8 and SV-11. Four sorghum 

genotypes; CVS-13, RARI-S-4, SV-6, JV-2002 and JS-2002 gave 10 scorable bands. 

Sorghum genotype, Local depicted 9 and SV-11 showed 8 total scorable bands while 10 

total scorable bands during this study. Average bands per primer and average bands per 

genotype were depicted as 10.1 and 9.1 respectively. Average polymorphism rate was 

found as 25.35% which is low and it indicated that genetic diversity was low in sorghum 

genotypes under evaluation.  
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Table 4.36: Total scorable band of ten sorghum genotypes 
 
Genotypes Primers Total 

1 2 3 4 5 6 7 8 9 
V-1 1 1 1 1 2 1 1 2 1 11 
SV-6 1 1 1 1 3 1 1 1 1 11 
CVS-13 1 1 1 1 2 1 1 2 0 10 
SV-8 1 1 1 1 0 1 0 0 1 6 
RARI-S-4 0 1 1 1 2 1 1 2 1 10 
Local 1 1 1 1 1 1 1 1 1 9 
JV-2002 1 1 1 1 2 1 1 2 0 10 
JS-2002 1 1 1 1 2 1 1 1 1 10 
SV-11 1 0 1 1 2 0 1 1 1 8 
SV-7 1 0 1 1 1 1 1 0 0 6 
Total 9 8 10 10 17 9 9 12 7 91 
 
 
 
 
 
Table 4.37: Total scorable bands and polymorphism percentage of nine SSRs 
primers 
 
Primer Locus 
Name 

Total Bands Monomorphic 
band 

Polymorphic 
bands 

Polymorphism 
Rate 

Xtxp094 9 9 0 0 
Xtxp208 8 8 0 0 
Xtxp034 10 10 0 0 
Xtxp215 10 10 0 0 
Xtxp273 (Pbbf) 17 2 15 88.2 
Xtxp123 (Kaf2) 9 9 0 0 
Xtxp136 (Kaf3) 9 9 0 0 
Xtxp100 (Kaf) 12 4 8 66.6 
SbKAFGKI 7 7 0 0 
Total 91 68 23 25.27 
Average 10.11 7.55 2.56 25.35 
Range 7.-17 4-10 8-15 0-88 
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Battarmakki et al. (2000) and Brown et al. (1996) reported both monomorphic as 

well as polymorphic SSRs primers in sorghum but with higher polymorphism rate. Total 

scorable bands exhibited by ten sorghum genotypes and nine SSRs primers are given in 

table 4.36 and table 4.37 respectively. 

 

4.4.3 Statistical Interpretations 

4.4.3.1 Similarity matrix 

A similarity matrix was generated from SSR amplification data to estimate 

genetic similarity and relatedness among 10 selected sorghum genotypes (Table 4.37).  

The value of similarity co-efficient of selected sorghum genotypes ranged from 0.67 

(67%) to 0.100 (100 %).  

The maximum similarity of 1.00 (100%) was depicted by the sorghum genotypes: 

 V-1  with SV-6 

 V-1 with Local  

 V-1 with JS-2002 

 SV-6 with Local  

 SV-6 with JS-2002 

 CVS-13 with JV-2002 

 Local with JS-2002 

The sorghum genotypes showing a range of similarity matrix from 0.94 (94%) to 0.88 

(88%) were: 

 V-1 with CVS-13 (0.94) 

 V-1 with RARI-S-4 (0.94) 
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 V-1 with  JV-2002 (0.94) 

 V-1 with SV-11 (0.88) 

 SV-6 with CVS-13 (0.94) 

 SV-6 with RARI-S-4 (0.94) 

 SV-6  with JS-2002 (0.94) 

 SV-6 with SV-11 (0.88) 

 CVS-13 with RARI-S-4 (0.88) 

 CVS-13 with Local (0.94) 

 CVS-13 with JS-2002 (0.94) 

 RARI-S-4 with Local (0.94) 

 RARI-S-4 with JV-2002 (0.88) 

 RARI-S-4 with JS-2002 (0.94) 

 Local with JV-2002 (0.94) 

 Local with SV-11 (0.88) 

 JV-2002 with JS-2002 (0.94) 

 JS-2002 with SV-11 (0.88) 

The sorghum genotypes depicting the values of similarity matrix ranging from 0.86 

(86%) to 0.62 (62%) were: 

 V-1 with SV-8 (0.80) 

 V-1 with SV-11 (0.80) 

 SV-6 with SV-8 (0.80) 

 SV-6 with SV-7 (0.80) 

 CVS-13 with SV-8 (0.71) 
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Table 4.38: Dice coefficients of similarity matrix of 10 sorghum genotypes  
 

  V-1 SV-6 
CVS-
13 

SV-
8 

RARI-
S-4 Local 

JV-
2002 

JS-
2002 

SV-
11 SV-7

V-1 1.00 1.00 0.94 0.80 0.94 1.00 0.94 1.00 0.88 0.80 
SV-6   1.00 0.94 0.80 0.94 1.00 0.94 1.00 0.88 0.80 
CVS-13     1.00 0.71 0.88 0.94 1.00 0.94 0.80 0.86 
SV-8       1.00 0.71 0.80 0.71 0.80 0.62 0.67 
RARI-S-4         1.00 0.94 0.88 0.94 0.80 0.71 
Local           1.00 0.94 1.00 0.88 0.80 
JV-2002             1.00 0.94 0.80 0.86 
JS-2002               1.00 0.88 0.80 
SV-11                 1.00 0.77 

SV-7                   1.00 
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 CVS-13 with SV-11 (0.80) 

 CVS-13 with SV-7 (0.86) 

 SV-8 with RARI-S-4  (0.71) 

 SV-8  with Local  (0.80) 

 SV-8 with JV-2002 (0.71) 

 SV-8 with JS-2002 (0.80) 

 SV-8 with SV-11 (0.62) 

 SV-8 with SV-7 (0.67) 

 RARI-S-4 with SV-11 (0.80) 

 RARI-S-4 with SV-7 (0.71) 

 Local with SV-7 (0.80) 

 JV-2002 with SV-11  (0.80) 

 JV-2002 with SV-7 (0.86) 

 JS-2002 with SV-7 (0.80 

 SV-11 with SV-7 (0.77) 

 

 These results indicated that most of the sorghum genotypes had the greatest 

similarity with each other. El-awady et al. (2008) studied the genetic diversity among 

sorghum (Sorghum bicolor L.) genotypes using SSRs markers and concluded that these 

markers are particularly useful for the estimation of genetic similarity among the poorly 

characterized genotypes of sorghum. 
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4.4.3.2 Genetic distance matrix  

A distance matrix was generated from SSR amplification data to estimate 

genetic diversity among 10 selected sorghum genotypes (Table 4.38).  

The maximum genetic diversity of 0.38 (38%) was shown by the sorghum genotypes;   

 SV-8 with SV-11 

Sorghum genotypes having a genetic diversity ranging from 0.33 (33%) to  0.20 (20%) 

were; 

 V-1 with SV-8 (0.20) 

 V1 with SV-7 (0.20) 

 SV-6 with SV-8 (0.20) 

 SV-6 with SV-7 (0.20) 

 CVS-13 with SV-8 (0.29) 

 CVS-13 with SV-11 (0.20) 

 SV-8 with RARI-S-4 (0.20) 

 SV-8 with Local (0.20) 

 SV-8 with JV-2002 (0.29) 

 SV-8 with JS-2002 (0.20) 

 SV-8 with SV-7 (0.33) 

 RARI-S-4 with SV-11 (0.29) 

 RARI-S-4 with SV-7 (0.29) 

 Local with SV-7 (0.20) 

 JV-2002 with SV-11 (0.20) 

 JS-2002 with SV-7 (0.20) 



214 
 

 

Table 4.39: Dice coefficients of distance matrix of ten sorghum genotypes  
 

  
V-1 

SV-
6 

CVS-
13 

SV-
8 

RARI-
S-4 

Local
JV-
2002 

JS-
2002 

SV-
11 

SV-7 

V-1 0.00 0.00 0.06 0.20 0.06 0.00 0.06 0.00 0.12 0.20 
SV-6   0.00 0.06 0.20 0.06 0.00 0.06 0.00 0.12 0.20 
CVS-13     0.00 0.29 0.12 0.06 0.00 0.06 0.20 0.14 
S-V8       0.00 0.29 0.20 0.29 0.20 0.38 0.33 
RARI-S-4         0.00 0.06 0.12 0.06 0.20 0.29 
Local           0.00 0.06 0.00 0.12 0.20 
JV-2002             0.00 0.06 0.20 0.14 
JS-2002               0.00 0.12 0.20 
SV-11                 0.00 0.23 
SV-7                   0.00 
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 SV-11 with SV-7 (0.23) 

The genetic diversity of remaining genotypes ranged from 0.14 to 0.06 (14% to 4%) 

while following sorghum genotypes showed no genetic diversity with each other: 

 V-1 with SV-6 

 V-1 with Local  

 V-1 with JV-2002 

 SV-6 with Local  

 SV-6 with JS-2002 

 CVS-13 with JV-2002 

 Local with JS-2002 

 

These results indicated that three sorghum genotypes i.e. SV-8, SV-7 and SV-11 

depicted greater genetic distance and were genetically diverse. Abu Assar et al., (2005) 

assessed genetic variation in sorghum through SSR primers and found greater genetic 

diversity among the sorghum accessions and concluded that the choice of diverse parent 

for crossing based on molecular information would be helpful for plant breeders. 

 

4.4.3.3 Dendrogram Interpretation 

 The dendrogram was constructed by utilizing genetic distances among the 

selected sorghum genotypes in order to determine the grouping of the sorghum 

genotypes on the basis of similarities and differences (Figure 22).  
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Figure 15:  SSRs based dendrogram of ten sorghum genotypes 
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For making interpretation easy, dendrogram was divided into clusters. Similar 

genotypes were placed in small group known as cluster. In present study, dendrogram 

had been divided into two main clusters A and B.  

 

Cluster A: This cluster included only one sorghum genotype i.e SV-8 which showed 

maximum genetic distance and was distantly placed in dendrogram from other nine 

sorghum genotypes under evaluation. So this sorghum genotype remained un-clustered 

and showed a distinct behavior from all other sorghum genotypes under evaluation. It 

had greater genetic diversity from other nine sorghum genotypes under study. 

 

Cluster B: This cluster was further divided into two sub clusters i.e.  B1 and B2. 

 

Sub Cluster B1: This sub cluster included only one sorghum genotype viz SV-7 which 

depicted greater genetic distance from other eight sorghum genotypes of sub-cluster B. 

It was distantly placed in dendrogram from other genotypes of sub-cluster B. This 

sorghum genotype was genetically more diverse as compared to other genotypes of 

cluster B. 

 

Sub Cluster B2: This sub cluster consisted of eight sorghum genotypes i.e. V-1, SV-6, 

Local, JS-2002, CVS-13, JV-2002, RARI-S-4 and SV-11.  In this sub-cluster the 

sorghum genotypes SV-11 remained un-clustered depicting different behavior from 

other genotypes of sub-cluster B2. It is distantly placed in the dendrogram indicating 

greater genetic distance and more genetic diversity from other seven sorghum 

genotypes.  
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The dendrogram indicated that three sorghum genotypes i.e. SV-8, SV-7 and 

SV-11 remained un-clustered and depicted different behavior from other seven sorghum 

genotypes. These three sorghum genotypes had more genetic diversity and were 

distantly placed in the dendrogram.  

 

In the present molecular diagnostic the sorghum genotypes; SV-8, SV-7 and SV-

11 were found diverse genetically. Thus, these selected genotypes having greater 

genetic diversity could be used by breeders of Pakistan in future breeding and 

improvement programmes of sorghum. Geleta et al. (2006) studied the genetic diversity 

of sorghum using SSRs primers and concluded that genetic diversity played a vital role 

in any breeding programmes. Shehzad et al. (2009) concluded that sorghum accessions 

had greater genetic diversity and molecular markers were an excellent tool for 

assessment of genetic diversity in sorghum. 
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SUMMARY 

 

The present research on different sorghum genotypes comprising of four 

experiments was conducted at Pir Mehr Ali Shah Arid Agriculture University 

Rawalpindi. The objectives of this study were; to select the sorghum genotypes 

with minimum cyanide contents (HCN) coupled with high fodder yields and 

relatively better quality; to estimate the additive and dominant gene action of six 

selected sorghum genotypes in partial diallel through combining ability analysis; to 

determine the genetic diversity of sorghum genotypes for the specified traits using 

simple sequence repeats (SSRs) markers.  

   

In the first experiment twenty five sorghum genotypes were examined for 

different morphological, biochemical and quality parameters under field as well as 

laboratory conditions. Data were recorded for twenty four parameters. Analysis of 

variance for total cyanide content, green fodder yield, total sugar content and crude 

protein indicated significant differences for genotype, location and genotype x 

location interaction showing sufficient variability. Ten sorghum genotypes viz; V-

1, SV-6, CVS-13, SV-8, LOCAL, RARI-S-4, JS-2002, JV-2002, SV-11 and SV-7 

were selected due to their top performance with respect to these four parameters 

viz; total cyanide content, green fodder yield, total sugar content and crude protein 

used as criteria for selection. 

  

Green fodder yield depicted significant and positive correlation with 

number of tillers plant-1, stem thickness, fresh weight plant-1, dry weight plant-1 but 
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significant and negative association with total cyanide content both at genotypic 

and phenotypic levels. Total cyanide content showed significant and negative 

association with number of tillers plant-1, stem thickness, fresh weight plant-1, dry 

weight plant-1 green fodder yield, dry matter yield and total sugar content both at 

genotypic and phenotypic levels. 

 

Crude protein displayed significant and positive correlation with crude fiber, 

neutral detergent fiber and total sugar content but significant and negative with total 

cyanide content both at genotypic and phenotypic levels. Total cyanide content 

showed significant and positive association with nitrogen free extract but 

significant and negative with crude protein, crude fibre and total sugar content both 

at genotypic and phenotypic level. 

 

High heritability along with high expected genetic advance were displayed 

for the traits; number of tillers plant-1, stem thickness, plant population density, 

fresh weight plant-1, dry weight plant-1, green fodder yield,  dry matter yield, total 

cyanide content, crude protein, nitrogen free extract, neutral detergent fiber, acid 

detergent lignin, hemicellulose and organic matter, respectively. 

 

In the second experiment ten selected sorghum genotypes were studied for 

the same parameters as that of experiment 1. Two sorghum genotypes viz V-1,   

SV-6 were selected on the basis of total cyanide content, green fodder yield, total 

sugar content and crude protein due to their top performance with respect to these 

four parameters.  
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Green fodder yield depicted significant and positive correlation with fresh 

weight plant-1 but significant and negative association with total cyanide content 

both at genotypic and phenotypic levels. Total cyanide content showed significant 

and negative association with number of tillers plant-1, green fodder yield and total 

sugar content both at genotypic and phenotypic levels. 

 

Crude protein displayed significant and positive correlation with total sugar 

content both at genotypic and phenotypic levels. Total cyanide content showed 

significant and positive association with total sugar content both at genotypic and 

phenotypic level. 

 

High heritability along with high expected genetic advance were shown for 

the plant height, number of tillers plant-1, fresh weight plant-1, dry weight plant-1, 

dry matter percentage, dry matter yield and hemicellulose, respectively.  

 

In the third experiment, nine sorghum crosses along with six parents were 

evaluated for fifteen parameters viz; plant height (cm), number of leaves plant-1, 

number of tillers plant-1, stem thickness (cm), fresh weight plant-1 (g), dry weight 

plant-1 (g), moisture percentage (%), dry matter percentage (%), crude protein (%), 

crude fat (%), crude fiber (%), total ash (%), nitrogen free extract (%), total sugar 

content (%) and total cyanide content (%).  
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Analysis of variance depicted significant mean squares for genotypes, 

general combining ability and specific combining ability for most of the characters 

under assessment. All the traits under study had higher phenotypic variance than 

genotypic variance which suggested that these parameters were affected by 

environmental influences. Variance due to specific combining ability was greater 

than the general combining ability variance and the ratio between SCA variance 

and GCA variance was less than unity which indicated the preponderance of non-

additive gene action for the inheritance of the evaluated traits. 

 

The estimates of general combining ability effects indicated that the parents; 

SV-6  was good general combiner for moisture percentage, dry matter percentage 

and total cyanide content and CVS-13 for stem thickness, fresh weight plant-1, dry 

weight plant-1, total sugar content and crude fiber. Significant and positive mid-

parent as well as better parent heterosis was observed for number of tillers plant-1, 

fresh weight plant-1, dry weight plant-1 whereas, negative and significant for total 

cyanide content. 

 

 In the fourth experiment genetic diversity of ten selected sorghum 

genotypes was evaluated using ten SSRs primers. Nine primers were amplified 

successfully and yielded 91 total bands. The size of scorable bands ranged from 

174bp to 600bp. The efficiency of SSRs primers to amplify sorghum genotypes 

ranged from 7 to 10. The average of the total scorable bands per primers was 

recorded as 10.1. Two primers depicted polymorphism and yielded 23 polymorphic 

bands and rate of polymorphism was recorded as 25.35% during assessment.  
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Dice coefficient of similarity matrix indicated that the sorghum genotypes; 

V-1, SV-6 and CVS-13 depicted the greatest genetic similarity with other sorghum 

genotypes under evaluation. Dendrogram constructed on the basis of distance 

matrix divided the sorghum genotypes into two main clusters i.e. A and B. Cluster 

B was further sub divided into two clusters B1 and B2. Three sorghum genotypes; 

SV-8, SV-7 and SV-11 were distantly placed in the dendrogram indicating greater 

genetic diversity from the other sorghum genotypes under assessment. 

 

In present investigation, following conclusions were drawn: 

 Two sorghum genotype viz V-1, SV-6 performed better for green fodder yield, 

total cyanide content, total sugar content and crude protein under both irrigated 

and rainfed conditions during two years study. 

 Fodder yield decreases and cyanide content increases under water stress. 

 Significant genotype x environment interaction was observed for all the traits 

under evaluation indicating influence of environments on the performance of 

genotypes. 

 Higher phenotypic (б2
p) and genotypic (б2

g) variance estimates than the 

environmental variance (б2
e) estimate was observed for almost all the traits under 

study indicating that the variations are genetic in nature and are heritable.  

 Green fodder yield showed significant and negative genotypic and phenotypic 

association with cyanide content. 

 High heritability coupled with high expected genetic advance was observed for 

fodder yield, total cyanide content and crude protein. 
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 The ratio of specific combining ability variance to general combining ability 

variance (б2
sca/ б2

gca ) for all the characters under assessment was greater than unity 

indicating non additive type of gene action. 

 The parent CVS-13 and SV-6 were found to be the good general combiner for 

fodder yield and cyanide content respectively. 

 Almost all the crosses showed significant better parent heterosis for fodder yield 

and cyanide content. 

 Three sorghum genotypes viz V-1, SV-6 and CVS-13 showed the greater genetic 

similarity with other sorghum genotypes under assessment. 

 Three sorghum genotypes i.e. SV-8, SV-7 and SV-11 depicted the greater 

genetic diversity among the other sorghum genotypes under evaluation. 
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Appendix 1 Analysis of variance for plant height of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 951.568 475.784 3.65* 3.09 4.83 
2 Genotype 24 40143.440 1672.643 12.83** 1.61 1.99 
3 Location 1 18459.306 18459.306 141.64** 3.94 6.91 
4 G xL 24 7931.854 330.494 2.54** 1.61 1.99 
5 Error 98 12772.244 130.329    
6 Total 149 80258.412     
Coefficient of Variation: 7.87% 
          
     

 
Appendix 2 Analysis of variance for number of leaves plant-1 of 25 sorghum genotypes 

grown under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 5.675 2.838 3.14* 3.09 4.83 
2 Genotype 24 116.667 4.861 5.38** 1.61 1.99 
3 Location 1 126.960 126.960 140.40** 3.94 6.91 
4 G xL 24 76.480 3.187 3.19** 1.61 1.99 
5 Error 98 88.618 0.904    
6 Total 149 414.400     
Coefficient of Variation: 7.92% 
      

 
 

Appendix 3 Analysis of variance for number of tillers plant-1 of 25 sorghum genotypes 
grown under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.403 0.202 6.87** 3.09 4.83 
2 Genotype 24 19.500 0.813 28.02** 1.61 1.99 
3 Location 1 9.425 9.425 321.07** 3.94 6.91 
4 G xL 24 6.375 0.266 9.05** 1.61 1.99 
5 Error 98 2.877 0.029    
6 Total 149 38.280     
Coefficient of Variation: 9.96%    
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Appendix 4 Analysis of variance for stem thickness of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.005 0.003 1.94 3.09 4.83 
2 Genotype 24 3.310 0.138 106.01** 1.61 1.99 
3 Location 1 1.208 1.208 928.43** 3.94 6.91 
4 G xL 24 0.915 0.038 29.30** 1.61 1.99 
5 Error 98 0.127 0.001    
6 Total 149 5.565     
Coefficient of Variation: 5.75% 
 
 
 
Appendix 5 Analysis of variance for plant population density of 25 sorghum genotypes 

grown under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 66.04 33.020 1.47 3.09 4.83 
2 Genotype 24 33351.493 1389.646 62.00** 1.61 1.99 
3 Location 1 1244.160 1244.160 55.51** 3.94 6.91 
4 G xL 24 273.840 11.410 0.51 1.61 1.99 
5 Error 98 2196.627 22.415    
6 Total 149 37132.160     
Coefficient of Variation: 6.38% 
     
 
     
Appendix 6 Analysis of variance for fresh weight plant-1 of 25 sorghum genotypes grown 

under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 13.489 6.744 0.66 3.09 4.83 
2 Genotype 24 21805.130 908.547 89.05** 1.61 1.99 
3 Location 1 296.750 296.750 29.09** 3.94 6.91 
4 G xL 24 465.441 19.393 1.90 1.61 1.99 
5 Error 98 999.881 10.203    
6 Total 149 23580.     
Coefficient of Variation: 6.38% 
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Appendix 7 Analysis of variance for dry weight plant-1 of 25 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 3.251 1.626 1.19 3.09 4.83 
2 Genotype 24 3268.930 136.205 100.04** 1.61 1.99 
3 Location 1 72.093 72.093 52.95** 3.94 6.91 
4 G xL 24 120.483 5.020 3.69** 1.61 1.99 
5 Error 98 133.432 1.362    
6 Total 149 3598.189     
Coefficient of Variation: 7.76% 
  
 
      
Appendix 8 Analysis of variance for moisture percentage of 25 sorghum genotypes grown 

under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2.401 1.200 0.40 3.09 4.83 
2 Genotype 24 1394.583 58.108 19.39** 1.61 1.99 
3 Location 1 702.045 702.045 234.32** 3.94 6.91 
4 G xL 24 266.969 11.124 3.71** 1.61 1.99 
5 Error 98 293.614 2.996    
6 Total 149 2659.611     
Coefficient of Variation: 2.47% 
 
         

 
Appendix 9 Analysis of variance for dry matter percentage of 25 sorghum genotypes 

grown under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2.390 1.195 0.40 3.09 4.83 
2 Genotype 24 1394.975 58.124 19.39** 1.61 1.99 
3 Location 1 701.093 701.093 233.91** 3.94 6.91 
4 G xL 24 267.018 11.126 3.71** 1.61 1.99 
5 Error 98 293.735 2.997    
6 Total 149 2659.210     
Coefficient of Variation: 5.80% 
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Appendix 10 Analysis of variance for green fodder yield of 25 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2.371 1.186 0.30 3.09 4.83 
2 Genotype 24 10787.897 449.496 112.17** 1.61 1.99 
3 Location 1 724.109 724.109 180.70** 3.94 6.91 
4 G xL 24 199.920 8.330 2.08** 1.61 1.99 
5 Error 98 392.706 4.007    
6 Total 149 12107.004     
Coefficient of Variation: 5.51% 
 
 

 
Appendix 11 Analysis of variance for dry matter yield of 25 sorghum genotypes grown 

under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.165 0.083 0.17 3.09 4.83 
2 Genotype 24 1495.123 62.297 126.99** 1.61 1.99 
3 Location 1 2.755 2.755 5.62** 3.94 6.91 
4 G xL 24 70.012 2.917 5.95** 1.61 1.99 
5 Error 98 48.074 0.491    
6 Total 149 1616.130     
Coefficient of Variation: 6.44% 
 
        

 
Appendix 12 Analysis of variance for total sugar content of 25 sorghum genotypes grown 

under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.180 0.090 0.06 3.09 4.83 
2 Genotype 24 561.690 23.404 16.25** 1.61 1.99 
3 Location 1 3498.369 3498.369 2428.84** 3.94 6.91 
4 G xL 24 87.871 6.661 2.54** 1.61 1.99 
5 Error 98 141.154 1.440    
6 Total 149 4289.263     
Coefficient of Variation: 8.07% 
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Appendix 13 Analysis of variance for total cyanide content of 25 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 316.580 158.290 0.21 3.09 4.83 
2 Genotype 24 1370596.541 57108.189 76.99** 1.61 1.99 
3 Location 1 147883.961 147883.961 199.38** 3.94 6.91 
4 G xL 24 59475.914 2478.163 3.34** 1.61 1.99 
5 Error 98 72688.443 741.719    
6 Total 149 1650961.438     
Coefficient of Variation: 5.59% 
 
 

 
Appendix 14 Analysis of variance for crude protein of 25 sorghum genotypes grown under 

irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.115 0.058 0.22 3.09 4.83 
2 Genotype 24 86.965 3.624 13.94** 1.61 1.99 
3 Location 1 43.870 43.870 168.74** 3.94 6.91 
4 G xL 24 25.753 1.073 4.13** 1.61 1.99 
5 Error 98 25.478 0.260    
6 Total 149 182.181     
Coefficient of Variation: 9.02% 
 
  

 
Appendix 15 Analysis of variance for crude fat of 25 sorghum genotypes grown under 

irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.014 0.007 0.19 3.09 4.83 
2 Genotype 24 61.247 2.552 66.00** 1.61 1.99 
3 Location 1 1.344 1.344 34.77** 3.94 6.91 
4 G xL 24 3.321 0.138 3.58** 1.61 1.99 
5 Error 98 3.789 0.039    
6 Total 149 69.716     
Coefficient of Variation: 6.67% 
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Appendix 16 Analysis of variance for crude fibre of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 54.190 27.095 8.12** 3.09 4.83 
2 Genotype 24 2716.026 113.168 33.94** 1.61 1.99 
3 Location 1 7.234 7.234 2.17 3.94 6.91 
4 G xL 24 342.944 14.289 4.28** 1.61 1.99 
5 Error 98 326.811 3.335    
6 Total 149 3447.205     
Coefficient of Variation: 8.07% 
 
      

 
Appendix 17 Analysis of variance for total ash of 25 sorghum genotypes grown under 

irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.099 0.050 0.27 3.09 4.83 
2 Genotype 24 147.057 6.127 33.32** 1.61 1.99 
3 Location 1 78.684 78.684 427.81** 3.94 6.91 
4 G xL 24 124.915 5.205 28.30** 1.61 1.99 
5 Error 98 18.024 0.184    
6 Total 149 368.780     
Coefficient of Variation: 5.23% 
   
      

 
Appendix 18 Analysis of variance for nitrogen free extract of 25 sorghum genotypes grown 

under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 50.298 25.149 5.69** 3.09 4.83 
2 Genotype 24 3220.376 134.182 30.38** 1.61 1.99 
3 Location 1 289.732 289.732 65.59** 3.94 6.91 
4 G xL 24 422.018 17.584 3.98** 1.61 1.99 
5 Error 98 432.868 4.417    
6 Total 149 4415.292     
Coefficient of Variation: 3.47% 
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Appendix 19 Analysis of variance for neutral detergent fibre of 25 sorghum genotypes 
grown under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 3.263 1.631 0.20 3.09 4.83 
2 Genotype 24 3876.883 161.537 19.57** 1.61 1.99 
3 Location 1 225.535 225.535 27.32** 3.94 6.91 
4 G xL 24 513.037 21.377 2.59** 1.61 1.99 
5 Error 98 809.015 8.255    
6 Total 149 5427.733     
Coefficient of Variation: 4.96% 
  
       

 
Appendix 20 Analysis of variance for acid detergent fibre of 25 sorghum genotypes grown 

under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2.016 1.008 0.15 3.09 4.83 
2 Genotype 24 3897.209 162.384 23.73** 1.61 1.99 
3 Location 1 141.893 141.893 20.73** 3.94 6.91 
4 G xL 24 827.103 34.463 5.04** 1.61 1.99 
5 Error 98 670.736 6.844    
6 Total 149 5538.956     
Coefficient of Variation: 8.06% 
  
     

 
Appendix 21 Analysis of variance for acid detergent lignin of 25 sorghum genotypes grown 

under irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.202 0.101 0.95 3.09 4.83 
2 Genotype 24 285.904 11.913 111.55** 1.61 1.99 
3 Location 1 11.032 11.032 103.31** 3.94 6.91 
4 G xL 24 56.820 2.367 22.17** 1.61 1.99 
5 Error 98 10.466 0.107    
6 Total 149 364.423     
Coefficient of Variation: 6.76% 
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Appendix 22 Analysis of variance for hemicellulose of 25 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 1.462 0.731 0.16 3.09 4.83 
2 Genotype 24 2323.636 96.818 21.51** 1.61 1.99 
3 Location 1 9.647 9.647 2.14 3.94 6.91 
4 G xL 24 971.907 40.496 8.99** 1.61 1.99 
5 Error 98 441.038 4.500    
6 Total 149 3747.688     
Coefficient of Variation: 8.33% 
 
      

 
Appendix 23 Analysis of variance for cellulose of 25 sorghum genotypes grown under 

irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 3.137 1.568 0.24 3.09 4.83 
2 Genotype 24 3281.873 136.745 20.50** 1.61 1.99 
3 Location 1 517.899 517.899 77.64** 3.94 6.91 
4 G xL 24 833.144 34.714 5.20** 1.61 1.99 
5 Error 98 653.716 6.671    
6 Total 149 5289.768     
Coefficient of Variation: 9.56% 
 
      

 
Appendix 24 Analysis of variance for organic matter of 25 sorghum genotypes grown under 

irrigated and rainfed conditions during the year 2009 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2.343 1.171 0.38 3.09 4.83 
2 Genotype 24 1930.669 80.445 26.05** 1.61 1.99 
3 Location 1 1249.696 1249.696 404.66** 3.94 6.91 
4 G xL 24 347.904 14.496 4.69** 1.61 1.99 
5 Error 98 302.652 3.088    
6 Total 149 3833.263     
Coefficient of Variation: 8.11% 
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Appendix 25 Analysis of variance for plant height of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 294.604 147.302 0.82 3.24 5.10 
2 Genotype 9 45040.460 5004.496 27.85** 2.13 2.87 
3 Location 1 10259.953 10259.953 57.09** 4.09 7.32 
4 G xL 9 1843.254 204.806 1.14 2.13 2.87 
5 Error 38 6828.836 179.706    
6 Total 59 64267.108     
Coefficient of Variation: 8.43% 

 
 
 

Appendix 26 Analysis of variance for number of leaves plant-1 of 10 sorghum genotypes 
grown under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 1.105 0.553 0.73 3.24 5.10 
2 Genotype 9 92.139 10.238 13.56** 2.13 2.87 
3 Location 1 12.881 12.881 17.07** 4.09 7.32 
4 G xL 9 9.793 1.088 1.44 2.13 2.87 
5 Error 38 28.681 0.755    
6 Total 59 144.599     
Coefficient of Variation: 7.14% 

 
 
 

Appendix 27 Analysis of variance for number of tillers plant-1 of 10 sorghum genotypes 
grown under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 0.076 0.038 2.44 3.24 5.10 
2 Genotype 9 9.361 1.040 66.91** 2.13 2.87 
3 Location 1 0.054 0.054 3.47 4.09 7.32 
4 G xL 9 1.153 0.128 8.24** 2.13 2.87 
5 Error 38 0.591 0.016    
6 Total 59 11.234     
Coefficient of Variation: 6.53% 
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Appendix 28 Analysis of variance for stem thickness of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 0.000 0.000 0.01 3.24 5.10 
2 Genotype 9 0.210 0.023 11.06** 2.13 2.87 
3 Location 1 0.260 0.260 123.07** 4.09 7.32 
4 G xL 9 0.131 0.015 6.88** 2.13 2.87 
5 Error 38 0.080 0.002    
6 Total 59 0.681     
Coefficient of Variation: 6.84% 

 
 
 

Appendix 29 Analysis of variance for plant population density of 10 sorghum genotypes 
grown under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 114.633 57.317 1.59 3.24 5.10 
2 Genotype 9 4611.600 512.400 14.18** 2.13 2.87 
3 Location 1 41.667 41.667 1.15 4.09 7.32 
4 G xL 9 144.667 16.074 0.44 2.13 2.87 
5 Error 38 1373.367 36.141    
6 Total 59 6285.933     
Coefficient of Variation: 7.07% 

     
 
 

Appendix 30 Analysis of variance for fresh weight plant-1 of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 30.506 15.253 0.99 3.24 5.10 
2 Genotype 9 4458.620 495.402 32.18** 2.13 2.87 
3 Location 1 1033.018 1033.018 67.11** 4.09 7.32 
4 G xL 9 173.421 19.269 1.25 2.13 2.87 
5 Error 38 584.912 15.392    
6 Total 59 6280.477     
Coefficient of Variation: 6.99% 
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Appendix 31 Analysis of variance for dry weight plant-1 of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 6.897 3.449 1.40 3.24 5.10 
2 Genotype 9 856.007 95.112 38.57** 2.13 2.87 
3 Location 1 3.519 3.519 1.43 4.09 7.32 
4 G xL 9 15.960 1.773 0.72 2.13 2.87 
5 Error 38 93.702 2.466    
6 Total 59 976.086     
Coefficient of Variation: 9.51% 

     
 
 

Appendix 32 Analysis of variance for moisture percentage of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 4.209 2.104 0.72 3.24 5.10 
2 Genotype 9 771.410 85.712 29.34** 2.13 2.87 
3 Location 1 172.415 172.415 59.029** 4.09 7.32 
4 G xL 9 41.831 4.648 1.59 2.13 2.87 
5 Error 38 110.993 2.921    
6 Total 59 1100.858     
Coefficient of Variation:2.42 %   

  
 
 

Appendix 33 Analysis of variance for dry matter percentage of 10 sorghum genotypes 
grown under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 4.209 2.104 0.72 3.24 5.10 
2 Genotype 9 771.410 85.712 29.34** 2.13 2.87 
3 Location 1 172.415 172.415 59.029** 4.09 7.32 
4 G xL 9 41.831 4.648 1.59 2.13 2.87 
5 Error 38 110.993 2.921    
6 Total 59 1100.858     
Coefficient of Variation: 5.82 % 
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Appendix 34 Analysis of variance for green fodder yield of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 7.761 3.880 0.77 3.24 5.10 
2 Genotype 9 1014.344 112.705 22.53** 2.13 2.87 
3 Location 1 808.501 808.501 161.63** 4.09 7.32 
4 G xL 9 105.163 11.685 2.33* 2.13 2.87 
5 Error 38 190.080 5.002    
6 Total 59 2125.849     
Coefficient of Variation: 4.77% 

      
 
 

Appendix 35 Analysis of variance for dry matter yield of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 1.719 0.860 0.86 3.24 5.10 
2 Genotype 9 225.734 25.082 25.03** 2.13 2.87 
3 Location 1 4.494 4.494 4.50* 4.09 7.32 
4 G xL 9 16.255 1.806 1.81 2.13 2.87 
5 Error 38 38.075 1.002    
6 Total 59 286.276     
Coefficient of Variation: 7.32% 

     
 
 

Appendix 36 Analysis of variance for total sugar content of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 0.080 0.040 0.05 3.24 5.10 
2 Genotype 9 118.744 13.194 15.14** 2.13 2.87 
3 Location 1 62.017 62.017 71.16** 4.09 7.32 
4 G xL 9 71.307 7.923 9.09** 2.13 2.87 
5 Error 38 33.120 0.872    
6 Total 59 223.267     
Coefficient of Variation: 6.30 % 
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Appendix 37 Analysis of variance for total cyanide content of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 303.323 151.662 0.70 3.24 5.10 
2 Genotype 9 151853.720 16872.63

6 
77.75** 2.13 2.87 

3 Location 1 6710.261 6710.261 30.92** 4.09 7.32 
4 G xL 9 15309.76 1701.084 7.84** 2.13 2.87 
5 Error 38 8246.75 217.020    
6 Total 59 182423.81     
Coefficient of Variation: 4.88% 

      
 
 

Appendix 38 Analysis of variance for crude protein of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 0.555 0.278 1.16 3.24 5.10 
2 Genotype 9 11.308 1.256 5.26** 2.13 2.87 
3 Location 1 18.883 18.883 78.99** 4.09 7.32 
4 G xL 9 8.895 0.988 4.13** 2.13 2.87 
5 Error 38 9.085 0.239    
6 Total 59 48.727     
Coefficient of Variation: 8.17% 

          
 
 

Appendix 39 Analysis of variance for crude fat of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 0.008 0.004 0.26 3.24 5.10 
2 Genotype 9 17.480 1.942 133.81** 2.13 2.87 
3 Location 1 0.012 0.012 0.85 4.09 7.32 
4 G xL 9 10.757 1.195 82.34** 2.13 2.87 
5 Error 38 0.552 0.015    
6 Total 59 28.808     
Coefficient of Variation: 4.84% 
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Appendix 40 Analysis of variance for crude fibre of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 53.627 26.813 6.51 3.24 5.10 
2 Genotype 9 432.633 48.070 11.66** 2.13 2.87 
3 Location 1 4.406 4.406 1.07 4.09 7.32 
4 G xL 9 108.996 12.111 2.94** 2.13 2.87 
5 Error 38 156.626 4.122    
6 Total 59 756.288     
Coefficient of Variation: 8.60% 

 
 
 

Appendix 41 Analysis of variance for total ash of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 

 
S.No. Source of 

Variation  
Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 0.013 0.006 0.05 3.24 5.10 
2 Genotype 9 28.068 3.119 24.25** 2.13 2.87 
3 Location 1 11.766 11.766 91.50** 4.09 7.32 
4 G xL 9 15.954 1.773 13.79** 2.13 2.87 
5 Error 38 4.886 0.129    
6 Total 59 60.688     
Coefficient of Variation: 4.79% 

 
      
 

Appendix 42 Analysis of variance for nitrogen free extract of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 59.484 29.742 6.06** 3.24 5.10 
2 Genotype 9 509.048 56.561 11.53** 2.13 2.87 
3 Location 1 13.123 13.123 2.68 4.09 7.32 
4 G xL 9 149.232 16.581 3.38** 2.13 2.87 
5 Error 38 186.393 4.905    
6 Total 59 917.279     
Coefficient of Variation: 3.68 % 
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Appendix 43 Analysis of variance for neutral detergent fibre of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 11.547 5.774 1.13 3.24 5.10 
2 Genotype 9 1443.857 160.429 31.33** 2.13 2.87 
3 Location 1 161.803 161.803 31.60** 4.09 7.32 
4 G xL 9 240.425 26.714 5.22** 2.13 2.87 
5 Error 38 194.585 5.121    
6 Total 59 2052.217     
Coefficient of Variation: 4.25% 

 
 
 

Appendix 44 Analysis of variance for acid detergent fibre of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 3.689 1.845 0.62 3.24 5.10 
2 Genotype 9 758.136 84.237 28.26** 2.13 2.87 
3 Location 1 139.537 139.537 46.81** 4.09 7.32 
4 G xL 9 346.846 38.538 12.93** 2.13 2.87 
5 Error 38 113.272 2.981    
6 Total 59 1361.480     
Coefficient of Variation: 5.73% 

    
 
 

Appendix 45 Analysis of variance for acid detergent lignin of 10 sorghum genotypes grown 
under irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 0.152 0.076 1.13 3.24 5.10 
2 Genotype 9 58.148 6.461 96.14** 2.13 2.87 
3 Location 1 10.948 10.948 162.91** 4.09 7.32 
4 G xL 9 36.523 4.058 60.38** 2.13 2.87 
5 Error 38 2.554 0.067    
6 Total 59 108.325     
Coefficient of Variation:5.81 % 
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Appendix 46 Analysis of variance for hemicellulose of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 2.847 1.423 0.37 3.24 5.10 
2 Genotype 9 1636.863 181.874 47.18** 2.13 2.87 
3 Location 1 0.824 0.824 0.21 4.09 7.32 
4 G xL 9 234.144 26.016 6.75** 2.13 2.87 
5 Error 38 146.488 3.855    
6 Total 59 2021.165     
Coefficient of Variation: 8.47% 

 
 
 

Appendix 47 Analysis of variance for cellulose of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 5.163 2.582 0.87 3.24 5.10 
2 Genotype 9 799.290 88.810 29.82** 2.13 2.87 
3 Location 1 199.911 199.911 67.11** 4.09 7.32 
4 G xL 9 490.085 54.454 18.28** 2.13 2.87 
5 Error 38 113.188 2.979    
6 Total 59 1607.636     
Coefficient of Variation: 7.14 % 

      
 
 

Appendix 48 Analysis of variance for organic matter of 10 sorghum genotypes grown under 
irrigated and rainfed conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Fcal 
5% 1% 

1 Replication 2 7.347 3.673 1.34 3.24 5.10 
2 Genotype 9 1240.355 137.817 50.17** 2.13 2.87 
3 Location 1 441.514 441.514 160.73** 4.09 7.32 
4 G xL 9 134.074 14.897 5.42** 2.13 2.87 
5 Error 38 104.386 2.747    
6 Total 59 1927.676     
Coefficient of Variation: 7.32% 
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Appendix 49 Analysis of variance for plant height of nine sorghum crosses grown under 
irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 1048.91 524.455 1.91 3.63 6.23 
2 Genotype 8 16418.08 2052.260 7.48** 2.51 3.89 
3 Error 16 4387.94 274.246    
4 Total 26 21854.93     
Coefficient of Variation= 8.08% 

 
 
 
 
 

Appendix 50 Analysis of variance for number of leaves plant-1 of nine sorghum crosses 
grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 9.21 4.604 4.09* 3.63 6.23 
2 Genotype 8 34.35 4.293 3.82 2.51 3.89 
3 Error 16 17.99 1.124    
4 Total 26 61.55     
Coefficient of Variation= 8.72% 
    
 
 
 
 
Appendix 51 Analysis of variance for number of tillers plant-1 of nine sorghum crosses 

grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.27 0.135 2.54 3.63 6.23 
2 Genotype 8 8.99 1.124 21.14** 2.51 3.89 
3 Error 16 0.85 0.053    
4 Total 26 10.11     
Coefficient of Variation= 6.98% 
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Appendix 52 Analysis of variance for stem thickness of nine sorghum crosses grown under 
irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.05 0.025 1.42 3.63 6.23 
2 Genotype 8 0.68 0.085 4.87** 2.51 3.89 
3 Error 16 0.28 0.017    
4 Total 26 1.01     
Coefficient of Variation= 8.10% 

 
 
 
 
 

Appendix 53 Analysis of variance for fresh weight plant-1 of nine sorghum crosses grown 
under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 14478.00 7239.000 3.69* 3.63 6.23 
2 Genotype 8 110640.00 13830.000 7.05** 2.51 3.89 
3 Error 16 31390.67 1961.917    
4 Total 26 156508.67     
Coefficient of Variation= 8.45% 
  
 
 
 

 
Appendix 54 Analysis of variance for dry weight plant-1 of nine sorghum crosses grown 

under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2177.64 1088.819 5.64* 3.63 6.23 
2 Genotype 8 17154.10 2144.262 11.10** 2.51 3.89 
3 Error 16 3091.29 193.205    
4 Total 26 22423.02     
Coefficient of Variation=8.58 % 
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Appendix 55 Analysis of variance for moisture percentage of nine sorghum crosses grown 
under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 4.58 2.288 2.38 3.63 6.23 
2 Genotype 8 354.65 44.331 46.06** 2.51 3.89 
3 Error 16 15.40 0.962    
4 Total 26 374.62     
Coefficient of Variation= 1.42% 

 
 
 
 

 
Appendix 56 Analysis of variance for dry matter percentage of nine sorghum crosses grown 

under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 4.59 2.296 2.38 3.63 6.23 
2 Genotype 8 354.46 44.307 45.98** 2.51 3.89 
3 Error 16 15.42 0.964    
4 Total 26 374.47     
Coefficient of Variation= 3.17% 

 
 
 
 
 

Appendix 57 Analysis of variance for total sugar content of nine sorghum crosses grown 
under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 1.09 0.547 0.53 3.63 6.23 
2 Genotype 8 50.46 6.307 6.10** 2.51 3.89 
3 Error 16 16.55 1.034    
4 Total 26 68.10     
Coefficient of Variation= 9.35% 
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Appendix 58 Analysis of variance for total cyanide content of nine sorghum crosses grown 
under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2187.80 1093.898 1.59 3.63 6.23 
2 Genotype 8 50617.68 6327.211 9.17** 2.51 3.89 
3 Error 16 11037.66 689.853    
4 Total 26 63843.14     
Coefficient of Variation= 6.54% 

 
 
 
 
 

Appendix 59 Analysis of variance for crude protein of nine sorghum crosses grown under 
irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.04 0.021 0.05 3.63 6.23 
2 Genotype 8 24.33 3.041 7.78** 2.51 3.89 
3 Error 16 6.25 0.391    
4 Total 26 30.62     
Coefficient of Variation=9.79% 
 
 
 
 

 
Appendix 60 Analysis of variance for crude fat of nine sorghum crosses grown under 

irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.05 0.027 0.33 3.63 6.23 
2 Genotype 8 4.12 0.515 6.35** 2.51 3.89 
3 Error 16 1.30 0.081    
4 Total 26 5.48     
Coefficient of Variation=9.71 % 
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Appendix 61 Analysis of variance for crude fibre of nine sorghum crosses grown under 
irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 7.09 3.544 0.75 3.63 6.23 
2 Genotype 8 101.91 12.739 2.70* 2.51 3.89 
3 Error 16 75.55 4.722    
4 Total 26 184.54     
Coefficient of Variation= 7.22% 
 
 
 
 

 
Appendix 62 Analysis of variance for total ash of nine sorghum crosses grown under irrigated 

conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2.31 1.153 1.87 3.63 6.23 
2 Genotype 8 145.44 18.180 29.54** 2.51 3.89 
3 Error 16 9.85 0.616    
4 Total 26 157.59     
Coefficient of Variation=7.47 % 
 

 
 
 
 

Appendix 63 Analysis of variance for nitrogen free extract of nine sorghum crosses grown 
under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 32.79 16.397 1.09 3.63 6.23 
2 Genotype 8 127.23 15.904 10.6** 2.51 3.89 
3 Error 16 239.81 14.988    
4 Total 26 399.84     
Coefficient of Variation= 7.96% 
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Appendix 64 Analysis of variance of combining ability for plant height of nine sorghum 
crosses grown under irrigated conditions during the year 2010 

 
S.No. Source of 

Variation  
Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 1048.91 524.46 1.91 3.55 6.01 
2 Genotype 8 16418.08 2052.26 7.48** 2.51 3.71 
3 GCA 5 12434.24 2486.85 9.07** 2.77 4.25 
4 SCA 3 3983.84 1327.95 4.84* 3.16 5.09 
5 Error 16 4387.94 274.25    
6 Total 26 38273.01     
 

 
 
 

 
Appendix 65 Analysis of variance of combining ability for number of leaves plant-1 of nine 

sorghum crosses grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 9.21 4.61 4.10* 3.55 6.01 
2 Genotype 8 34.35 4.29 3.82** 2.51 3.71 
3 GCA 5 22.82 4.56 4.06* 2.77 4.25 
4 SCA 3 11.53 3.84 3.42* 3.16 5.09 
5 Error 16 17.99 1.12    
6 Total 26 95.90     
 

 
 
 

 
Appendix 66 Analysis of variance of combining ability for number of tillers plant-1 of nine 

sorghum crosses grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.27 0.14 2.54 3.55 6.01 
2 Genotype 8 8.99 1.12 2.54* 2.51 3.71 
3 GCA 5 5.83 1.17 21.95** 2.77 4.25 
4 SCA 3 3.16 1.05 19.83** 3.16 5.09 
5 Error 16 0.85 0.05    
6 Total 26 19.10     
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Appendix 67 Analysis of variance of combining ability for stem thickness of nine sorghum 
crosses grown under irrigated conditions during the year 2010 

 
S.No. Source of 

Variation  
Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.05 0.03 1.43 3.55 6.01 
2 Genotype 8 0.68 0.09 4.86** 2.51 3.71 
3 GCA 5 0.45 0.09 5.14** 2.77 4.25 
4 SCA 3 0.23 0.07 4.00* 3.16 5.09 
5 Error 16 0.28 0.02    
6 Total 26 1.69     

 
 
 

 
Appendix 68 Analysis of variance of combining ability for fresh weight plant-1 of nine 

sorghum crosses grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 14478.00 7239.00 3.69* 3.55 6.01 
2 Genotype 8 110640.00 13830.00 7.05** 2.51 3.71 
3 GCA 5 77893.96 15578.79 7.94** 2.77 4.25 
4 SCA 3 32746.04 10915.35 5.56** 3.16 5.09 
5 Error 16 31390.67 1961.92    
6 Total 26 267148.67     

 
 
 

 
Appendix 69 Analysis of variance of combining ability for dry weight plant-1 of nine 

sorghum crosses grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2177.64 1088.82 5.64* 3.55 6.01 
2 Genotype 8 17154.10 2144.26 11.10** 2.51 3.71 
3 GCA 5 11022.97 2204.59 11.41** 2.77 4.25 
4 SCA 3 6131.13 2043.71 10.58** 3.16 5.09 
5 Error 16 3091.29 193.21    
6 Total 26 39577.13     
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Appendix 70 Analysis of variance of combining ability for moisture percentage of nine 
sorghum crosses grown under irrigated conditions during the year 2010 

 
S.No. Source of 

Variation  
Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 4.58 2.29 2.38 3.55 6.01 
2 Genotype 8 354.65 44.33 46.06** 2.51 3.71 
3 GCA 5 226.17 45.23 47.00** 2.77 4.25 
4 SCA 3 128.48 42.83 44.50** 3.16 5.09 
5 Error 16 15.40 0.96    
6 Total 26 729.28     
 

 
 

 
Appendix 71 Analysis of variance of combining ability for dry matter percentage of nine 

sorghum crosses grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 4.59 2.30 2.38 3.55 6.01 
2 Genotype 8 354.46 44.31 45.97** 2.51 3.71 
3 GCA 5 223.05 44.61 46.29** 2.77 4.25 
4 SCA 3 131.41 43.80 45.45** 3.16 5.09 
5 Error 16 15.42 0.96    
6 Total 26 728.93     

 
 
 

 
Appendix 72 Analysis of variance of combining ability for total sugar content of nine 

sorghum crosses grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 1.09 0.55 0.53 3.55 6.01 
2 Genotype 8 56.46 7.06 6.91** 2.51 3.71 
3 GCA 5 41.45 8.29 8.11** 2.77 4.25 
4 SCA 3 15.01 5.00 4.90* 3.16 5.09 
5 Error 16 16.35 1.02    
6 Total 26 130.36     
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Appendix 73 Analysis of variance of combining ability for total cyanide content of nine 
sorghum crosses grown under irrigated conditions during the year 2010 

 
S.No. Source of 

Variation  
Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2187.8 1093.90 1.59 3.55 6.01 
2 Genotype 8 50617.68 6327.21 9.17** 2.51 3.71 
3 GCA 5 33449.02 6689.80 9.70** 2.77 4.25 
4 SCA 3 17168.66 5722.89 8.30** 3.16 5.09 
5 Error 16 11037.66 689.85    
6 Total 26 114460.82     
 

 
 

 
Appendix 74 Analysis of variance of combining ability for crude protein of nine sorghum 

crosses grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.04 0.02 0.06 3.55 6.01 
2 Genotype 8 24.33 3.04 8.76** 2.51 3.71 
3 GCA 5 15.78 3.16 9.09** 2.77 4.25 
4 SCA 3 8.55 2.85 8.21** 3.16 5.09 
5 Error 16 6.25 0.35    
6 Total 26 54.95     

 
 
 

 
Appendix 75 Analysis of variance of combining ability for crude fat of nine sorghum crosses 

grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 0.05 0.03 0.31 3.55 6.01 
2 Genotype 8 4.12 0.52 6.34** 2.51 3.71 
3 GCA 5 2.96 0.59 7.29** 2.77 4.25 
4 SCA 3 1.16 0.39 4.76* 3.16 5.09 
5 Error 16 1.30 0.08    
6 Total 26 9.59     
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Appendix 76 Analysis of variance of combining ability for crude fibre of nine sorghum 
crosses grown under irrigated conditions during the year 2010 

 
S.No. Source of 

Variation  
Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 7.09 3.55 0.75 3.55 6.01 
2 Genotype 8 101.91 12.74 2.70* 2.51 3.71 
3 GCA 5 73.79 14.76 3.13* 2.77 4.25 
4 SCA 3 28.12 9.37 1.99 3.16 5.09 
5 Error 16 75.55 4.72    
6 Total 26 286.46     
 

 
 

 
Appendix 77 Analysis of variance of combining ability for total ash of nine sorghum crosses 

grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 2.31 1.16 1.88 3.55 6.01 
2 Genotype 8 145.44 18.18 29.53** 2.51 3.71 
3 GCA 5 94.95 18.99 30.85** 2.77 4.25 
4 SCA 3 50.49 16.83 27.34** 3.16 5.09 
5 Error 16 9.85 0.62    
6 Total 26 303.04     
 

 
 

 
Appendix 78 Analysis of variance of combining ability for nitrogen free extract of nine

sorghum crosses grown under irrigated conditions during the year 2010 
 

S.No. Source of 
Variation  

Degree of 
freedom 

Sum of 
square 

Mean 
square 

Fcal Ftab 
5% 1% 

1 Replication 2 32.79 16.40 1.23 3.55 6.01 
2 Genotype 8 127.23 15.90 1.19 2.51 3.71 
3 GCA 5 81.47 16.29 1.22 2.77 4.25 
4 SCA 3 45.76 15.25 1.14 3.16 5.09 
5 Error 16 239.81 13.32    
6 Total 26 500.27     
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Appendix 79 Estimation of mid-parent heterosis for plant height from nine crosses of 
sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 199.7  CVS-13 142.7 171.20 V-1  x  CVS-13 209.5 22.35** 
V-1 199.7  SPV-462 182.6 191.15 V-1  x  SPV-462 255.8 33.82** 
V-1 199.7  RARI-S-10 199.3 199.50 V-1  x  RARI-S-10 207.6 4.06 
SV-6 184.7  SPV-462 182.6 183.65 SV-6 x  SPV-462 210.9 14.86* 
SV-6 184.7  RARI-S-10 199.3 192.00 SV-6 x  RARI-S-10 215.9 12.43* 
SV-6 184.7  YSS-9 172 178.35 SV-6 x YSS-9 202.1 13.34* 
CVS-13 142.7  RARI-S-10 199.3 171.00 CVS-13 x RARI-S-10 165.3 -3.31 
CVS-13 142.7  YSS-9 172 157.35 CVS-13 x  YSS-9 171.4 8.93 
SPV-462 182.6  YSS-9 172 177.30 SPV-462 x YSS-9 206.2 16.30** 
Mean 180.13   180.20 180.17  204.97 13.64** 
 
 
Appendix 80 Estimation of mid-parent heterosis for number of leaves plant-1 from nine 

crosses of sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 11.6  CVS-13 13.1 12.35 V-1  x  CVS-13 14.2 14.98* 
V-1 11.6  SPV-462 12.1 11.85 V-1  x  SPV-462 13.5 14.21* 
V-1 11.6  RARI-S-10 13.7 12.65 V-1  x  RARI-S-10 12.3 -3.03 
SV-6 11.7  SPV-462 12.1 11.90 SV-6 x  SPV-462 11.7 -1.40 
SV-6 11.7  RARI-S-10 13.7 12.70 SV-6 x  RARI-S-10 12.6 -0.79 
SV-6 11.7  YSS-9 12.1 11.90 SV-6 x YSS-9 12.6 5.88 
CVS-13 13.1  RARI-S-10 13.7 13.40 CVS-13 x RARI-S-10 11.1 -16.92** 
CVS-13 13.1  YSS-9 12.1 12.60 CVS-13 x  YSS-9 11.1 -12.17 
SPV-462 12.1  YSS-9 12.1 12.10 SPV-462 x YSS-9 10.4 -14.05* 
Mean 12.02   12.74 12.38  12.17 -1.48 
 
 
Appendix 81 Estimation of mid-parent heterosis for number of tillers plant-1 from nine crosses 

of sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 2.1  CVS-13 1.7 1.90 V-1  x  CVS-13 2.6 36.84** 
V-1 2.1  SPV-462 2.4 2.25 V-1  x  SPV-462 3.0 33.33** 
V-1 2.1  RARI-S-10 1.9 2.00 V-1  x  RARI-S-10 4.2 110.00** 
SV-6 2.2  SPV-462 2.4 2.30 SV-6 x  SPV-462 2.9 24.64** 
SV-6 2.2  RARI-S-10 1.9 2.05 SV-6 x  RARI-S-10 2.4 17.07 
SV-6 2.2  YSS-9 2.5 2.35 SV-6 x YSS-9 3.5 50.35** 
CVS-13 1.7  RARI-S-10 1.9 1.80 CVS-13 x RARI-S-10 3.8 111.11** 
CVS-13 1.7  YSS-9 2.5 2.10 CVS-13 x  YSS-9 3.8 80.95** 
SPV-462 2.4  YSS-9 2.5 2.45 SPV-462 x YSS-9 3.5 44.22** 
Mean 2.08   2.19 2.13  3.30 56.50** 
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Appendix 82 Estimation of mid-parent heterosis for stem thickness from nine crosses of 
sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 0.80  CVS-13 1.20 1.00 V-1  x  CVS-13 1.31 31.44** 
V-1 0.80  SPV-462 0.99 0.90 V-1  x  SPV-462 1.27 41.53** 
V-1 0.80  RARI-S-10 1.21 1.01 V-1  x  RARI-S-10 1.14 13.43 
SV-6 0.93  SPV-462 0.99 0.96 SV-6 x  SPV-462 1.14 18.52 
SV-6 0.93  RARI-S-10 1.21 1.07 SV-6 x  RARI-S-10 1.21 13.08 
SV-6 0.93  YSS-9 1.05 0.99 SV-6 x YSS-9 1.19 19.98 
CVS-13 1.20  RARI-S-10 1.21 1.21 CVS-13 x RARI-S-10 1.46 21.53* 
CVS-13 1.20  YSS-9 1.05 1.13 CVS-13 x  YSS-9 1.50 33.33** 
SPV-462 0.99  YSS-9 1.05 1.02 SPV-462 x YSS-9 1.34 31.26** 
Mean 0.95   1.11 1.03  1.28 24.90* 
 
 
Appendix 83 Estimation of mid-parent heterosis for fresh weight plant-1 from nine crosses of 

sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 220.67  CVS-13 331.33 276.00 V-1  x  CVS-13 541.33 96.14** 
V-1 220.67  SPV-462 286.00 253.34 V-1  x  SPV-462 622.67 145.79** 
V-1 220.67  RARI-S-10 360.00 290.34 V-1  x  RARI-S-10 431.33 48.56** 
SV-6 267.33  SPV-462 286.00 276.67 SV-6 x  SPV-462 436.00 57.59** 
SV-6 267.33  RARI-S-10 360.00 313.67 SV-6 x  RARI-S-10 509.33 62.38** 
SV-6 267.33  YSS-9 346.00 306.67 SV-6 x YSS-9 466.00 51.96** 
CVS-13 331.33  RARI-S-10 360.00 345.67 CVS-13 x RARI-S-10 586.67 69.72** 
CVS-13 331.33  YSS-9 346.00 338.67 CVS-13 x  YSS-9 553.33 63.39** 
SPV-462 286.00  YSS-9 346.00 316.00 SPV-462 x YSS-9 570.33 80.49** 
Mean 268.07   335.70 301.89  524.11 75.11** 
 
 
Appendix 84  Estimation of mid-parent heterosis for dry weight plant-1 from nine crosses of 

sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 90.90  CVS-13 112.17 101.54 V-1  x  CVS-13 155.33 52.98** 
V-1 90.90  SPV-462 80.70 85.80 V-1  x  SPV-462 186.64 117.53** 
V-1 90.90  RARI-S-10 101.37 96.14 V-1  x  RARI-S-10 120.12 24.95* 
SV-6 72.08  SPV-462 80.70 76.39 SV-6 x  SPV-462 147.70 93.35** 
SV-6 72.08  RARI-S-10 101.37 86.73 SV-6 x  RARI-S-10 198.19 128.52** 
SV-6 72.08  YSS-9 109.04 90.56 SV-6 x YSS-9 139.85 54.43** 
CVS-13 112.17  RARI-S-10 101.37 106.77 CVS-13 x RARI-S-10 196.22 83.78** 
CVS-13 112.17  YSS-9 109.04 110.61 CVS-13 x  YSS-9 163.75 48.05** 
SPV-462 80.70  YSS-9 109.04 94.87 SPV-462 x YSS-9 150.45 58.58** 
Mean 88.22   100.53 94.38  162.03 73.57** 
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Appendix 85 Estimation of mid-parent heterosis for moisture percentage from nine crosses of 
sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 58.84  CVS-13 65.96 62.40 V-1  x  CVS-13 71.38 14.39** 
V-1 58.84  SPV-462 71.76 65.30 V-1  x  SPV-462 70.05 7.27** 
V-1 58.84  RARI-S-10 71.96 65.40 V-1  x  RARI-S-10 72.08 10.21** 
SV-6 73.21  SPV-462 71.76 72.49 SV-6 x  SPV-462 66.08 -8.83** 
SV-6 73.21  RARI-S-10 71.96 72.59 SV-6 x  RARI-S-10 61.09 -15.84** 
SV-6 73.21  YSS-9 68.56 70.89 SV-6 x YSS-9 70.09 -1.12 
CVS-13 65.96  RARI-S-10 71.96 68.96 CVS-13 x RARI-S-10 66.52 -3.54 
CVS-13 65.96  YSS-9 68.56 67.26 CVS-13 x  YSS-9 70.42 4.69* 
SPV-462 71.76  YSS-9 68.56 70.16 SPV-462 x YSS-9 73.63 4.95* 
Mean 66.65   70.12 68.38  69.04 1.35 
 
 
Appendix 86 Estimation of mid-parent heterosis for dry matter percentage from nine crosses 

of sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 41.16  CVS-13 34.04 37.60 V-1  x  CVS-13 28.62 -23.88** 
V-1 41.16  SPV-462 28.24 34.70 V-1  x  SPV-462 29.95 -13.69** 
V-1 41.16  RARI-S-10 28.04 34.60 V-1  x  RARI-S-10 27.92 -19.31** 
SV-6 26.79  SPV-462 28.24 27.52 SV-6 x  SPV-462 33.92 23.27** 
SV-6 26.79  RARI-S-10 28.04 27.42 SV-6 x  RARI-S-10 38.91 41.94** 
SV-6 26.79  YSS-9 31.45 29.12 SV-6 x YSS-9 29.91 2.70 
CVS-13 34.04  RARI-S-10 28.04 31.04 CVS-13 x RARI-S-10 33.48 7.86 
CVS-13 34.04  YSS-9 31.45 32.75 CVS-13 x  YSS-9 29.59 -9.65* 
SPV-462 28.24  YSS-9 31.45 29.85 SPV-462 x YSS-9 26.37 -11.65* 
Mean 33.35   29.89 31.62  30.96 -0.27 
 
 
Appendix 87 Estimation of mid-parent heterosis for crude protein from nine crosses of 

sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 6.25  CVS-13 7.42 6.84 V-1  x  CVS-13 7.16 4.71 
V-1 6.25  SPV-462 4.89 5.57 V-1  x  SPV-462 5.75 3.23 
V-1 6.25  RARI-S-10 6.79 6.52 V-1  x  RARI-S-10 6.88 5.52 
SV-6 6.27  SPV-462 4.89 5.58 SV-6 x  SPV-462 4.97 -10.93 
SV-6 6.27  RARI-S-10 6.79 6.53 SV-6 x  RARI-S-10 7.02 7.45 
SV-6 6.27  YSS-9 4.72 5.50 SV-6 x YSS-9 6.25 13.74 
CVS-13 7.42  RARI-S-10 6.79 7.11 CVS-13 x RARI-S-10 4.77 -32.82** 
CVS-13 7.42  YSS-9 4.72 6.07 CVS-13 x  YSS-9 7.29 20.10* 
SPV-462 4.89  YSS-9 4.72 4.81 SPV-462 x YSS-9 7.40 54.01** 
Mean 6.37   5.75 6.06  6.39 7.22 
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Appendix 88 Estimation of mid-parent heterosis for crude fat from nine crosses of sorghum 
grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 2.63  CVS-13 3.49 3.06 V-1  x  CVS-13 2.85 -6.86 
V-1 2.63  SPV-462 3.04 2.84 V-1  x  SPV-462 2.75 -3.12 
V-1 2.63  RARI-S-10 2.78 2.71 V-1  x  RARI-S-10 2.78 2.90 
SV-6 2.93  SPV-462 3.04 2.99 SV-6 x  SPV-462 2.96 -0.95 
SV-6 2.93  RARI-S-10 2.78 2.86 SV-6 x  RARI-S-10 2.47 -13.49 
SV-6 2.93  YSS-9 2.96 2.95 SV-6 x YSS-9 2.64 -10.36 
CVS-13 3.49  RARI-S-10 2.78 3.14 CVS-13 x RARI-S-10 3.51 11.96 
CVS-13 3.49  YSS-9 2.96 3.23 CVS-13 x  YSS-9 2.73 -15.35* 
SPV-462 3.04  YSS-9 2.96 3.00 SPV-462 x YSS-9 3.73 24.33** 
Mean 2.97   2.98 2.97  2.94 -1.21 
 
 
Appendix 89 Estimation of mid-parent heterosis for crude fiber from nine crosses of sorghum 

grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 27.96  CVS-13 26.17 27.07 V-1  x  CVS-13 33.30 23.04** 
V-1 27.96  SPV-462 30.37 29.17 V-1  x  SPV-462 28.60 -1.95 
V-1 27.96  RARI-S-10 32.93 30.45 V-1  x  RARI-S-10 27.37 -10.11 
SV-6 31.20  SPV-462 30.37 30.79 SV-6 x  SPV-462 29.51 -4.14 
SV-6 31.20  RARI-S-10 32.93 32.07 SV-6 x  RARI-S-10 28.32 -11.69 
SV-6 31.20  YSS-9 31.55 31.38 SV-6 x YSS-9 31.31 -0.21 
CVS-13 26.17  RARI-S-10 32.93 29.55 CVS-13 x RARI-S-10 31.56 6.79 
CVS-13 26.17  YSS-9 31.55 28.86 CVS-13 x  YSS-9 32.24 11.70 
SPV-462 30.37  YSS-9 31.55 30.96 SPV-462 x YSS-9 28.58 -7.70 
Mean 28.91   31.15 30.03  30.09 0.64 
 
 
Appendix 90 Estimation of mid-parent heterosis for total ash from nine crosses of sorghum 

grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 9.14  CVS-13 8.13 8.64 V-1  x  CVS-13 9.34 8.13 
V-1 9.14  SPV-462 9.83 9.49 V-1  x  SPV-462 14.58 53.75** 
V-1 9.14  RARI-S-10 10.65 9.90 V-1  x  RARI-S-10 14.57 47.28** 
SV-6 9.94  SPV-462 9.83 9.89 SV-6 x  SPV-462 8.56 -13.44* 
SV-6 9.94  RARI-S-10 10.65 10.30 SV-6 x  RARI-S-10 9.48 -7.95 
SV-6 9.94  YSS-9 11.56 10.75 SV-6 x YSS-9 10.37 -3.50 
CVS-13 8.13  RARI-S-10 10.65 9.39 CVS-13 x RARI-S-10 7.76 -17.36* 
CVS-13 8.13  YSS-9 11.56 9.85 CVS-13 x  YSS-9 9.27 -5.84 
SPV-462 9.83  YSS-9 11.56 10.70 SPV-462 x YSS-9 10.53 -1.51 
Mean 9.26   10.49 9.88  10.50 6.62 
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Appendix 91 Estimation of mid-parent heterosis for nitrogen free extract from nine crosses of 
sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 54.02  CVS-13 54.79 54.41 V-1  x  CVS-13 46.36 -14.79** 
V-1 54.02  SPV-462 51.86 52.94 V-1  x  SPV-462 46.99 -11.24* 
V-1 54.02  RARI-S-10 46.86 50.44 V-1  x  RARI-S-10 46.73 -7.36 
SV-6 49.67  SPV-462 51.86 50.77 SV-6 x  SPV-462 52.34 3.10 
SV-6 49.67  RARI-S-10 46.86 48.27 SV-6 x  RARI-S-10 51.39 6.47 
SV-6 49.67  YSS-9 48.87 49.27 SV-6 x YSS-9 48.43 -1.71 
CVS-13 54.79  RARI-S-10 46.86 50.83 CVS-13 x RARI-S-10 50.83 0.02 
CVS-13 54.79  YSS-9 48.87 51.83 CVS-13 x  YSS-9 46.47 -10.34 
SPV-462 51.86  YSS-9 48.87 50.37 SPV-462 x YSS-9 48.43 -3.85 
Mean 52.50   49.52 51.01  48.66 -4.41 
 
 
Appendix 92 Estimation of mid-parent heterosis for total sugar content from nine crosses of 

sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 13.33  CVS-13 9.83 11.58 V-1  x  CVS-13 14.70 26.94** 
V-1 13.33  SPV-462 8.50 10.92 V-1  x  SPV-462 12.23 12.08 
V-1 13.33  RARI-S-10 7.43 10.38 V-1  x  RARI-S-10 12.27 18.18* 
SV-6 11.17  SPV-462 8.50 9.84 SV-6 x  SPV-462 9.60 -2.39 
SV-6 11.17  RARI-S-10 7.43 9.30 SV-6 x  RARI-S-10 11.47 23.30** 
SV-6 11.17  YSS-9 8.07 9.62 SV-6 x YSS-9 10.80 12.27 
CVS-13 9.83  RARI-S-10 8.50 9.17 CVS-13 x RARI-S-10 13.23 44.39** 
CVS-13 9.83  YSS-9 8.07 8.95 CVS-13 x  YSS-9 12.07 34.82** 
SPV-462 8.50  YSS-9 8.07 8.29 SPV-462 x YSS-9 11.37 37.20** 
Mean 11.30   8.27 9.78  11.97 22.98** 
 
 
Appendix 93 Estimation of mid-parent heterosis for total cyanide content from nine crosses of 

sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2 Mid 
Parent 

Hybrid (F1) Mid parent 
heterosis Name Mean  Name Mean Name Mean 

V-1 280.41  CVS-13 324.13 302.27 V-1  x  CVS-13 390.59 29.22** 
V-1 280.41  SPV-462 628.74 454.58 V-1  x  SPV-462 498.33 9.63* 
V-1 280.41  RARI-S-10 587.95 434.18 V-1  x  RARI-S-10 423.32 -2.50 
SV-6 284.04  SPV-462 628.74 456.39 SV-6 x  SPV-462 404.15 -11.45** 
SV-6 284.04  RARI-S-10 587.95 436.00 SV-6 x  RARI-S-10 330.73 -24.14** 
SV-6 284.04  YSS-9 562.56 423.30 SV-6 x YSS-9 378.71 -10.53* 
CVS-13 324.13  RARI-S-10 587.95 456.04 CVS-13 x RARI-S-10 422.30 -7.40 
CVS-13 324.13  YSS-9 562.56 443.35 CVS-13 x  YSS-9 391.81 -11.62** 
SPV-462 628.74  YSS-9 562.56 595.65 SPV-462 x YSS-9 372.54 -37.46** 
Mean 330.04   559.24 444.64  401.39 -7.36* 
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Appendix 94 Estimation of better-parent heterosis for plant height from nine crosses of sorghum 
grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 199.7  CVS-13 142.7  V-1  x  CVS-13 209.5 4.891 
V-1 199.7  SPV-462 182.6  V-1  x  SPV-462 255.8 28.092** 
V-1 199.7  RARI-S-10 199.3  V-1  x  RARI-S-10 207.6 3.956 
SV-6 184.7  SPV-462 182.6  SV-6 x  SPV-462 210.9 14.203* 
SV-6 184.7  RARI-S-10 199.3  SV-6 x  RARI-S-10 215.9 8.312 
SV-6 184.7  YSS-9 172  SV-6 x YSS-9 202.1 9.439 
CVS-13 142.7  RARI-S-10 199.3  CVS-13 x RARI-S-10 165.3 -17.043* 
CVS-13 142.7  YSS-9 172  CVS-13 x  YSS-9 171.4 -0.349 
SPV-462 182.6  YSS-9 172  SPV-462 x YSS-9 206.2 12.924* 
Mean 180.13   180.20   204.97 7.16 
 
 
Appendix 95 Estimation of better-parent heterosis for number of leaves plant-1 from nine crosses of 

sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 11.6  CVS-13 13.1  V-1  x  CVS-13 14.2 8.40 
V-1 11.6  SPV-462 12.1  V-1  x  SPV-462 13.5 11.85 
V-1 11.6  RARI-S-10 13.7  V-1  x  RARI-S-10 12.3 -10.46 
SV-6 11.7  SPV-462 12.1  SV-6 x  SPV-462 11.7 -3.03 
SV-6 11.7  RARI-S-10 13.7  SV-6 x  RARI-S-10 12.6 -8.03 
SV-6 11.7  YSS-9 12.1  SV-6 x YSS-9 12.6 4.13 
CVS-13 13.1  RARI-S-10 13.7  CVS-13 x RARI-S-10 11.1 -18.73* 
CVS-13 13.1  YSS-9 12.1  CVS-13 x  YSS-9 11.1 -15.52 
SPV-462 12.1  YSS-9 12.1  SPV-462 x YSS-9 10.4 -14.05 
Mean 12.02   12.74   12.17 -5.05 
 
 
Appendix 96 Estimation of better-parent heterosis for number of tillers plant-1 from nine 

crosses of sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 2.1  CVS-13 1.7  V-1  x  CVS-13 2.6 23.81** 
V-1 2.1  SPV-462 2.4  V-1  x  SPV-462 3.0 25.00** 
V-1 2.1  RARI-S-10 1.9  V-1  x  RARI-S-10 4.2 100.00** 
SV-6 2.2  SPV-462 2.4  SV-6 x  SPV-462 2.9 19.44** 
SV-6 2.2  RARI-S-10 1.9  SV-6 x  RARI-S-10 2.4 9.09 
SV-6 2.2  YSS-9 2.5  SV-6 x YSS-9 3.5 41.33** 
CVS-13 1.7  RARI-S-10 1.9  CVS-13 x RARI-S-10 3.8 100.00** 
CVS-13 1.7  YSS-9 2.5  CVS-13 x  YSS-9 3.8 52.00** 
SPV-462 2.4  YSS-9 2.5  SPV-462 x YSS-9 3.5 41.33** 
Mean 2.08   2.19   3.30 45.78** 
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Appendix 97 Estimation of better-parent heterosis for stem thickness from nine crosses of 
sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 0.80  CVS-13 1.20  V-1  x  CVS-13 1.31 9.54 
V-1 0.80  SPV-462 0.99  V-1  x  SPV-462 1.27 27.95** 
V-1 0.80  RARI-S-10 1.21  V-1  x  RARI-S-10 1.14 -5.79 
SV-6 0.93  SPV-462 0.99  SV-6 x  SPV-462 1.14 14.93 
SV-6 0.93  RARI-S-10 1.21  SV-6 x  RARI-S-10 1.21 0.00 
SV-6 0.93  YSS-9 1.05  SV-6 x YSS-9 1.19 13.12 
CVS-13 1.20  RARI-S-10 1.21  CVS-13 x RARI-S-10 1.46 21.03* 
CVS-13 1.20  YSS-9 1.05  CVS-13 x  YSS-9 1.50 25.00** 
SPV-462 0.99  YSS-9 1.05  SPV-462 x YSS-9 1.34 27.51** 
Mean 0.95   1.11   1.28 14.81 
 
 
Appendix 98  Estimation of better-parent heterosis for fresh weight plant-1 from nine 

crosses of sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 220.67  CVS-13 331.33  V-1  x  CVS-13 541.33 63.38** 
V-1 220.67  SPV-462 286.00  V-1  x  SPV-462 622.67 117.72** 
V-1 220.67  RARI-S-10 360.00  V-1  x  RARI-S-10 431.33 19.81** 
SV-6 267.33  SPV-462 286.00  SV-6 x  SPV-462 436.00 52.45** 
SV-6 267.33  RARI-S-10 360.00  SV-6 x  RARI-S-10 509.33 41.48** 
SV-6 267.33  YSS-9 346.00  SV-6 x YSS-9 466.00 34.68** 
CVS-13 331.33  RARI-S-10 360.00  CVS-13 x RARI-S-10 586.67 62.96** 
CVS-13 331.33  YSS-9 346.00  CVS-13 x  YSS-9 553.33 59.92** 
SPV-462 286.00  YSS-9 346.00  SPV-462 x YSS-9 570.33 64.84** 
Mean 268.07   335.70   524.11 57.47** 
 
 
Appendix 99 Estimation of better-parent heterosis for dry weight plant-1 from nine crosses 

of sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 90.90  CVS-13 112.17  V-1  x  CVS-13 155.33 38.47** 
V-1 90.90  SPV-462 80.70  V-1  x  SPV-462 186.64 105.33** 
V-1 90.90  RARI-S-10 101.37  V-1  x  RARI-S-10 120.12 18.50 
SV-6 72.08  SPV-462 80.70  SV-6 x  SPV-462 147.70 83.02** 
SV-6 72.08  RARI-S-10 101.37  SV-6 x  RARI-S-10 198.19 95.51** 
SV-6 72.08  YSS-9 109.04  SV-6 x YSS-9 139.85 28.25** 
CVS-13 112.17  RARI-S-10 101.37  CVS-13 x RARI-S-10 196.22 74.93** 
CVS-13 112.17  YSS-9 109.04  CVS-13 x  YSS-9 163.75 45.98** 
SPV-462 80.70  YSS-9 109.04  SPV-462 x YSS-9 150.45 37.97** 
Mean 88.22   100.53   162.03 58.66** 
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Appendix 100 Estimation of better-parent heterosis for moisture percentage from nine crosses 
of sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 58.84  CVS-13 65.96  V-1  x  CVS-13 71.38 8.22** 
V-1 58.84  SPV-462 71.76  V-1  x  SPV-462 70.05 -2.38 
V-1 58.84  RARI-S-10 71.96  V-1  x  RARI-S-10 72.08 0.17 
SV-6 73.21  SPV-462 71.76  SV-6 x  SPV-462 66.08 -9.73** 
SV-6 73.21  RARI-S-10 71.96  SV-6 x  RARI-S-10 61.09 -16.56** 
SV-6 73.21  YSS-9 68.56  SV-6 x YSS-9 70.09 -4.26 
CVS-13 65.96  RARI-S-10 71.96  CVS-13 x RARI-S-10 66.52 -7.56** 
CVS-13 65.96  YSS-9 68.56  CVS-13 x  YSS-9 70.42 2.71 
SPV-462 71.76  YSS-9 68.56  SPV-462 x YSS-9 73.63 2.61 
Mean 66.65   70.12   69.04 -2.98 
 
 
Appendix 101 Estimation of better-parent heterosis for dry matter percentage from nine crosses 

of sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 41.16  CVS-13 34.04  V-1  x  CVS-13 28.62 -30.47** 
V-1 41.16  SPV-462 28.24  V-1  x  SPV-462 29.95 -27.24** 
V-1 41.16  RARI-S-10 28.04  V-1  x  RARI-S-10 27.92 -32.17** 
SV-6 26.79  SPV-462 28.24  SV-6 x  SPV-462 33.92 20.10** 
SV-6 26.79  RARI-S-10 28.04  SV-6 x  RARI-S-10 38.91 38.78** 
SV-6 26.79  YSS-9 31.45  SV-6 x YSS-9 29.91 -4.91 
CVS-13 34.04  RARI-S-10 28.04  CVS-13 x RARI-S-10 33.48 -1.65 
CVS-13 34.04  YSS-9 31.45  CVS-13 x  YSS-9 29.59 -13.09* 
SPV-462 28.24  YSS-9 31.45  SPV-462 x YSS-9 26.37 -16.16* 
Mean 33.35   29.89   30.96 -7.42 
 
 
Appendix 102 Estimation of better-parent heterosis for crude protein from nine crosses of 

sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 6.25  CVS-13 7.42  V-1  x  CVS-13 7.16 -3.55 
V-1 6.25  SPV-462 4.89  V-1  x  SPV-462 5.75 -8.00 
V-1 6.25  RARI-S-10 6.79  V-1  x  RARI-S-10 6.88 1.33 
SV-6 6.27  SPV-462 4.89  SV-6 x  SPV-462 4.97 -20.73* 
SV-6 6.27  RARI-S-10 6.79  SV-6 x  RARI-S-10 7.02 3.34 
SV-6 6.27  YSS-9 4.72  SV-6 x YSS-9 6.25 -0.32 
CVS-13 7.42  RARI-S-10 6.79  CVS-13 x RARI-S-10 4.77 -35.67** 
CVS-13 7.42  YSS-9 4.72  CVS-13 x  YSS-9 7.29 -1.75 
SPV-462 4.89  YSS-9 4.72  SPV-462 x YSS-9 7.40 51.33** 
Mean 6.37   5.75   6.39 -1.56 
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Appendix 103 Estimation of better-parent heterosis for crude fat from nine crosses of sorghum 
grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 2.63  CVS-13 3.49  V-1  x  CVS-13 2.85 -18.34* 
V-1 2.63  SPV-462 3.04  V-1  x  SPV-462 2.75 -9.65 
V-1 2.63  RARI-S-10 2.78  V-1  x  RARI-S-10 2.78 0.12 
SV-6 2.93  SPV-462 3.04  SV-6 x  SPV-462 2.96 -2.74 
SV-6 2.93  RARI-S-10 2.78  SV-6 x  RARI-S-10 2.47 -15.70 
SV-6 2.93  YSS-9 2.96  SV-6 x YSS-9 2.64 -10.81 
CVS-13 3.49  RARI-S-10 2.78  CVS-13 x RARI-S-10 3.51 0.57 
CVS-13 3.49  YSS-9 2.96  CVS-13 x  YSS-9 2.73 -21.78* 
SPV-462 3.04  YSS-9 2.96  SPV-462 x YSS-9 3.73 22.70** 
Mean 2.97   2.98   2.94 -6.18 
 
 
Appendix 104 Estimation of better-parent heterosis for crude fiber from nine crosses of sorghum 

grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 27.96  CVS-13 26.17  V-1  x  CVS-13 33.30 19.10** 
V-1 27.96  SPV-462 30.37  V-1  x  SPV-462 28.60 -5.84 
V-1 27.96  RARI-S-10 32.93  V-1  x  RARI-S-10 27.37 -16.89* 
SV-6 31.20  SPV-462 30.37  SV-6 x  SPV-462 29.51 -5.42 
SV-6 31.20  RARI-S-10 32.93  SV-6 x  RARI-S-10 28.32 -14.01 
SV-6 31.20  YSS-9 31.55  SV-6 x YSS-9 31.31 -0.76 
CVS-13 26.17  RARI-S-10 32.93  CVS-13 x RARI-S-10 31.56 -4.17 
CVS-13 26.17  YSS-9 31.55  CVS-13 x  YSS-9 32.24 2.18 
SPV-462 30.37  YSS-9 31.55  SPV-462 x YSS-9 28.58 -9.42 
Mean 28.91   31.15   30.09 -3.92 
 
 
Appendix 105 Estimation of better-parent heterosis for total ash from nine crosses of sorghum 

grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 9.14  CVS-13 8.13  V-1  x  CVS-13 9.34 2.15 
V-1 9.14  SPV-462 9.83  V-1  x  SPV-462 14.58 48.36** 
V-1 9.14  RARI-S-10 10.65  V-1  x  RARI-S-10 14.57 36.84** 
SV-6 9.94  SPV-462 9.83  SV-6 x  SPV-462 8.56 -13.92 
SV-6 9.94  RARI-S-10 10.65  SV-6 x  RARI-S-10 9.48 -11.02 
SV-6 9.94  YSS-9 11.56  SV-6 x YSS-9 10.37 -10.27 
CVS-13 8.13  RARI-S-10 10.65  CVS-13 x RARI-S-10 7.76 -27.14** 
CVS-13 8.13  YSS-9 11.56  CVS-13 x  YSS-9 9.27 -19.81* 
SPV-462 9.83  YSS-9 11.56  SPV-462 x YSS-9 10.53 -8.88 
Mean 9.26   10.49   10.50 -0.41 
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Appendix 106 Estimation of better-parent heterosis for nitrogen free extract from nine crosses of 
sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 54.02  CVS-13 54.79  V-1  x  CVS-13 46.36 -15.39* 
V-1 54.02  SPV-462 51.86  V-1  x  SPV-462 46.99 -13.01 
V-1 54.02  RARI-S-10 46.86  V-1  x  RARI-S-10 46.73 -13.50* 
SV-6 49.67  SPV-462 51.86  SV-6 x  SPV-462 52.34 0.93 
SV-6 49.67  RARI-S-10 46.86  SV-6 x  RARI-S-10 51.39 3.46 
SV-6 49.67  YSS-9 48.87  SV-6 x YSS-9 48.43 -2.50 
CVS-13 54.79  RARI-S-10 46.86  CVS-13 x RARI-S-10 50.83 -7.22 
CVS-13 54.79  YSS-9 48.87  CVS-13 x  YSS-9 46.47 -15.18* 
SPV-462 51.86  YSS-9 48.87  SPV-462 x YSS-9 48.43 -6.62 
Mean 52.50   49.52   48.66 -7.67 
 
 
Appendix 107 Estimation of better-parent heterosis for total sugar content from nine crosses of 

sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 13.33  CVS-13 9.83  V-1  x  CVS-13 14.70 10.28 
V-1 13.33  SPV-462 8.50  V-1  x  SPV-462 12.23 -8.23 
V-1 13.33  RARI-S-10 7.43  V-1  x  RARI-S-10 12.27 -7.98 
SV-6 11.17  SPV-462 8.50  SV-6 x  SPV-462 9.60 -14.06 
SV-6 11.17  RARI-S-10 7.43  SV-6 x  RARI-S-10 11.47 2.66 
SV-6 11.17  YSS-9 8.07  SV-6 x YSS-9 10.80 -3.31 
CVS-13 9.83  RARI-S-10 8.50  CVS-13 x RARI-S-10 13.23 34.62** 
CVS-13 9.83  YSS-9 8.07  CVS-13 x  YSS-9 12.07 22.75** 
SPV-462 8.50  YSS-9 8.07  SPV-462 x YSS-9 11.37 33.73** 
Mean 11.30   8.27   11.97 7.83 
 
 
Appendix 108 Estimation of better-parent heterosis for total cyanide content from nine crosses 

of sorghum grown under irrigated conditions during the year 2010 
 

Parent 1  Parent 2  Hybrid (F1) Better parent 
heterosis Name Mean  Name Mean  Name Mean 

V-1 280.41  CVS-13 324.13  V-1  x  CVS-13 390.59 20.50** 
V-1 280.41  SPV-462 628.74  V-1  x  SPV-462 498.33 -20.74** 
V-1 280.41  RARI-S-10 587.95  V-1  x  RARI-S-10 423.32 -28.00** 
SV-6 284.04  SPV-462 628.74  SV-6 x  SPV-462 404.15 -35.72** 
SV-6 284.04  RARI-S-10 587.95  SV-6 x  RARI-S-10 330.73 -43.75** 
SV-6 284.04  YSS-9 562.56  SV-6 x YSS-9 378.71 -32.68** 
CVS-13 324.13  RARI-S-10 587.95  CVS-13 x RARI-S-10 422.30 -28.17** 
CVS-13 324.13  YSS-9 562.56  CVS-13 x  YSS-9 391.81 -30.35** 
SPV-462 628.74  YSS-9 562.56  SPV-462 x YSS-9 372.54 -40.75** 
Mean 330.04   559.24   401.39 -26.63** 
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Appendix 109  Layout of experiment number 1 (Irrigated conditions) conducted at Bhakkar  
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Appendix 110  Layout of experiment number 1 (Rainfed conditions) conducted at Koont Farm Rawalpindi 
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Appendix 111  Layout of experiment number 2 (Irrigated conditions) conducted at Bhakkar 
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Appendix 112  Layout of experiment number 2 (Rainfed conditions) conducted at Koont Farm Rawalpindi 
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Appendix 113  Layout of experiment number 3 (Crosses along with parents) 
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