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I. INTRODUCTION 

In ",:orld food production and rural economy, the role and imporl<lllcC 

of forages for feeding domestic herbivores is no! so small It nc('ds grculcr 

attention and research, The soaring prices of dairy products and sometimes 

their non-availability In sufficient quantities are often attributed to thl..! 

increasing price of cattle feeds. Therefore large-scale production of green 

fodder will help to bring do\vn tht: prices of concentrates and rcar health:­

milch animals. In dairy production. the cosl of feed constitutes ahnut 6()-6:' 

per cent of lOla 1 cost of milk productlon. Year round supply or forage I~ \',:r.\ 

important in order to stabilize animal production especially in the milk-shed 

areas and also for farmers who maintain dairy animals as a source of income. 

The green nutritious fodder paves the way not only for augmentint,> tilL' 

economic production of animal products. but also far tht: uvadahillt;. Ill' 

draught pO\'II-er in the era of energy crisis. 

Indian agriculturc is oriented towards a mixed farming in \\hi(h 

livestock is an important part of the crop production system. Eventhough 

there is large population of livestock in India, the praducti\ it)" is 10\\ 

which is attributed to shortage of feed both in quantity und 4U<.dil;'. In 

KcrahL fodder crops arc grown in an area of 3241 ha and the producllOll IS 

only 4R660 million tonnes. At present. the defiCit is too high that we (lrt: 

able to meet only 40 per cent of the animal feed. Because of increa~ed 

pressure on arable land for grains and commercial crops it is not posslhk 

to extent area under foddcr crops. 

Thl' present status of fodder production and produuivity ill tilt: ,>[.!lL' 

arc not satisfactory. The present statistics rcveals that there IS 41 per ccnl 

deficit in thc availability of dry matter for fccding livestock. The only 

solution for bridging the gap betv,een the demand and sllrr1y nf gr-:-:n 

fodder lics in maxllnizing the fodder rroductiol1 111 space and lill1-:. h:; 
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identifying new forage resources and increasing the fodder production \\'itl1111 

the existing farming system. This calls for the need to rejuvenate and also !() 

incn:ase the productivity of fodder crops by developing llC\\ varietles. 

Sorghum [S'orghunl hicolor (1,,) Moenchl is an important cereal 

crop which is widely llsed for forage production due to its quick growing 

habit. high yield potentiaL better palatnbility and digestibility (TarUll1lllo. 

1971). But it is shy liliering. Sud<ltl grass (,)'orghu/ll sJI(/{/neJ1.lc) is 111);11 

tillering and perennial in nature. 

Breeding for forage sorghum can be meaningful only v,'hcn the Ill'\\ 

stable \'ariel), evolved combines high yield and hetter quality for 

improv<':!11l'nt in such an important crop, the prerequisite is thl..: sl..:kctiOIl or 
suitable parents. which could combinl..: weI! and produced desirahle 

hybrids and segregants. Selection of appropriate parents is the ke) \() 

SLlccess even for successful exploitation of heterosis The combinln!! 

ability elucidates the nature of gene action involved in the inheritance oj" (l 

trait The nature of gcne effect for yield and its component trails has ,\ 

bearing on the development of efficient breeding procedure. Line x lestl'r 

mating design was used to gcncrate material for estimation oj" cOll1binjn~ 

ability effects. which provide hasie idea about the genetic potential o( the 

parents. Interspecific hybridization between genetically divergent 

species of sorghum [S'orghum hic%/' (I..) Moench] and sudan gra"" 

(."';()/'~hll!ll sudanense) has been attempted to dev.:lop hyhrids h\ 

combining the high yield potential and quality attributes of sorghum ill1d 

the high tillering and perennial nature or sudan grass. 

Keeping in vie"v of the above J"acts. the present studv \\US 

umknaken \vith the followll1g objectives: 

:J j'o study the type of gene action involved in the inheritancl' Dr 
dirrl:n:nt l:haractl'rs. 

:J To study the magnitllue of heterosis and combining ahillty Dr 
parents and crosses for fodder yield and nther related characters. 
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2. REVIEW OF LITERATURE 

The selectioll of suitable parents for hybridization is one lll" th .... 

most import<lnL steps in breeding programme. Selection of pan:nls un tll<--' 

basIs of phenotypic performance alone is not a sound procedure since 

phenotypically supcriur iillt:S may yield poor recombinants 111 tilL-' 

segregating generations. It is therefore. essential that parents should hI.' 

dlOs .... n un lhe basis ur tlli..'ir geneti!.: value. 

intl'fSpccific hybrids between S'orghum hicolor (I..) Mocnch. 2n - 21) 

and 5;urghum slIdanellse, 2n ..0: 20 are the most widely studied in the gelllls 

sorghum. A review of n:search on different aspects like heterosi~. 

combining ability ami gene action is presented below. 

2 1 HETEROSIS 

Breeders of crop species lIsually observe that mean performance- oj' 

FI generation obtained by crossing two genotypes, is superior than mean 

performnnce of the pnrent nnd this phenomenon is knov ... '11 as heterosis. 

Genetlc Jivcrsity. gcnctic basc and adaptability of parental lint:s inllucncc 

the expression oj" heterosis. Existence of a significant amuunt PI' 

uominance variance is csscntial for undertaking heterosis hreeding 

programme. 

Conner and Karper (1927) reported heterosis in sorghuill first. 

SilKC thcn scvcral workl'rs havc reported heterosis for vnrious characters 

in sorghum (Shambulingappa and Magoon, 1963: Chandra el a/ .. 19()l) 

Argikar and CIHlvan (1957) observed heterosis for lllllllb(.!r ilf" 

Ieavcs. Kambal and Webster (1966) reported that hybrids and parents 

possessed approximalely same number of leaves. However. Kirby and 

Atkins (1'-)68) :.Jlld (Chandra (!( ul., 1(71) observcd increased number of 

lea\'l's in hybrids. 



Raillalingam and Raman (1974) studied several interspecific 

hybnds viz .. 5,'org/lIIl11 slIhglabrescens x Sorghum .l"udunense. ,\'o/"ghll!ll 

doclllw :x S. .1"11(/(1111.'11.\'('. ,)'_ slIhi(lhrescens x S. halepense and S, .I'ULiOI1(,I1.I'(, 

:x ,)'_ halel}(,l1se and reported that interspecific hybrids were vigorous but 

differed in the degree of expression of heterosis in respect to plant height. 

length of panicle and peduncle. 

Rau and Goud (1975) reported the presence of hderosis in sorghum 

for number of leaves. Kambal and Abu-EI-Gasim (1976) dctl:ctl:d unly 

lo\\' heterOSIs for tIllS tmll. Indi and Gaud (1981) recorded non-significLll1l 

hctcrobc I tiosis. Saradamani (1982) observed relati ve heterosis uptll 

II g 50 per (ent ,1I1d hctcrnhcllinsis upto 111.48 per cent. 

Chaudhary c( (I/. (1980) studied FI hybrids of ten varieties oj" 

Sorghum hiocofo/" with nne variety of S. sudanense on a reciprucaJ baSIS. 

The hybrids had signiJ"icant increase over both the parents in respect of 

number of leaves per plant and dry weight of the plant and a considerable 

illl:n:asc in leaf area. They were intermediate in stem thickness und 

mOisture (untenl. 

Muhammad e( al. (.I98t) studied FI hybrids of four I.:ytoplasmi( 

mak steri Ie sorghum varieties with four sudan grass varieties. The 

hybrids showcd improved vigour for fodder yield and seven yield related 

quality traits. Like sudan grass. the hybrids could be ratoaned. 

Girko (1985) crossed inbred sudan grass lines with eMS forms or 

grain sorghum and reported that relative heterosis for vegetative weight 

from [\YO CliIS \\as 03.3 per cent and for number of internodes 26.13 per 

((nt. Heterosis was -13.93 per C(l1t in the first cut. Partial dominance \\'as 

obs(l"vL'd ror leaf width. degree of tillering and panicle length. 

Hhagmal and l'vlishra (1985) crossed Fl hybrids of Sorghum hicoloF 

\\Ith ,\'O}"ghlllll .\'wlulJellse. From this three way cross hybrids showed 

signlrkanl posltivc transgressivc segregation lor plant height. culm 



thickness and leaf breadth and both positive and negative transgression for 

number of leaves and lear length. Highest per cent of individuals showing 

heterosis were observed for plant height (68.96 per cent) followed by lear 

length (62.67 pCI' cent), leaf number (48.27 per cent). culm thIckness 

(27.58 per cent) and lear breadth (24.14 per cent). 

Nayeem ef al (1987) studied 80 sorghum hybrids produced by a 

line x tester mating system and reported marked variation in protein 

content among hybrids. Rathore and Singhania (1987) observed high 

heterosis as well as in breeding depression for number of leaves und stem 

thickness. Geetha and Rana (1987) found that the grain yield was hight::;;t 

in Fl followed by successive depression in F2 and FJ generations. 

Cheralu and Rao (1989) recorded heterosis for plant height. stem 

thickness and grain YIeld. I-kterosis for days to 50 per cent tlO\vning. 

plant height and grain Yleld was reported by Amsalu and Bapat (199U). 

Nandul1\valker (1990) studied 33 hybrids involving thrt:e male sterile and 

II diverse restorer lint:s and observed that the lines 1258 A pruduced 

greater proportion oj' hybrids with significant heterosis for grain yield thall 

thl' otht:r two male steriks 136 A and 1202 A. Highest heterosis or 78.5() 

per cent was reported (or grain yield. Significant heterosis was <1ls\l 

lloticl'd for paniclt: weigh! and paniele length. 

Pathak and Sanghi \. 1992) observed highly significant heterosis for 

green fodder yield and varying degrees of heterosis for all the eharaders 

studied. 

Jayamani and Dorairaj (1993) reported the combing abllity for 

seven quantitative characters through line x tester analysis involving SIX 

Sorghum hieolor lines and five Sorgum halepense (2n = 40) testers. They 

reported the heterotic vigour of the hybrids for green fodder yield and its 

component characters. 



Jayamuni and Dorairaj (1994b) studied 30 hybrids produced from 

interspecific crosses between five sorghum bicolor varieties and five 

accessions of S. huh'pen.I'!!. Heterosis for green fodder yield in both the 

main fodder crop and the ratoon crop was best in the hybrids SS31 x FD 

1693. SS 30 x I'D 1694. SS 30 x FD 1693, SS 44 x FD 1694 and SS 44 x 

F]) 1691. 

Sanakarapandian ef 0/. (1994 b) reported heterosis in fodder traits 

of sorg.hum in 42 hybrid combinations. They reported best performance 

I'ur plelnt height, crude protein content, total soluble solids and dry mutler 

pruduction. 

Ganesh /!! (II. (1997) reported sorghum genotype Co 26 as a guod 

donor for panicle ",!eight and yield. They observed high negative heterosis 

for Jays to 50 per cent flowering and the highest standard heterosis for 

panl(':ic kngth and 100 grain weight. An experiment conducted by 

Crhornde L'I u/. (1997) v'iith fuur lines and 10 testers was fuund to exhibit 

significant posillve heterosis and heterobeltiosis for days to 50 pLT cent 

flowering, plallt height and grain YIeld. 

Kumar and Kumar· (1998) studied interspecific hybrids between 

sorghum j,\'orghulI1 hi c%j" (L.) Moench] and sudan grass (Sorghum .l'IJdanel1se) 

In a line x tester design allli reported predominance of SeA variance I'm 

all the characters except leaf area and number of nodes per plant. ICS r\ 

101 and ICSR 93014 were found to be good combiners for most of thl' 

characters studied. Among the hybrids ICSA 101 x SSG~59~3 and lCSA 

75 x SSG~59~3 were found to have high SCA effects, 

Grcw'al eI (1/. (2003) studied the heterotic potential of fodder yield 

and its component traits in forage sorghum. The extent of heterosis varied 

from green fodder yield, dry fodder yield, plant height, tiller number per 

plant and days to 50 per cent flowering. On the basis of heterosis, crossl.:s 

ICS 13A x S 241. lMS 9A x SSG-59-3 and lCS 4A x HC 308 were 

identified as the most promising hybrids for green and dry fodder yield. 



c.2 COMBINING ABILITY AND GENE ACTION 

Studies on combining ability are useful in understanding the nature 

of genetic variance present in the material for deciding the appropriatt: 

breeding procedures that could be used for crop improvement. Combining 

abillly is defined as relative ability of a genotype to transmit its desirable 

performance to its crosses. 

Kempthorne (1957) defined the GCA and SeA as (J2GCA and 

a:SCi\ rcspl..!ctively in terms of covariance of half sibs (HS) and rull sibs 

(rS) in random mating population where GeA is covariance HS and SeA 

is covariance FS-2 (Cov.HS). Allard (1960) classified combining ability 

into general combining ability and specific combining ability (SCA). J-Ie 

defined the GCA as average performance of a strain in a series of crosses 

and SeA as the deviation from the performance on the basis of GCA. 

Studies on combining ability carried out in sorghum are summarized 

below 

Dangi el (II. (1480) in a line x tester analysis involving five 

rullinators \vith 17 lines observed preponderance or additive gene action 

for fodder yield. 

Lazanyi and Bajaj (1986) and Chandrashekerappa (1987) fOLlnd 

rredOlllinlillt role of <ldditive gene action for plant height and ranii..:le 

weIght as il1lhcated by the higher estimates of GC A variance. 

Nimbalkar ,l11d Bapat (1987) reported the involvellll!l1t ur bUIll 

additIve and non-additive gene action controlling days to 50 per cent 

thm ering. plant height and prt:dominanct: of non-addi ti ve genL: action for 

numher of leaves. Kulkarni and Shinde (1987) found the predominance or 

additive gene action for days to 50 per cent tlo\wring. 

Sahib (!/ (1/. (1988) reported the predominant role of GCA variance 

for days to 50 per cent flowering. number of leuves and grain yield. 

Mallick e! 01. (1988) found significant SeA effects for protein content. 



Malli~k and Gupta (llJ88) reported significant additive and non-additivl' 

gene actIOn for davs to 50 per cent flowering, plant height and number or 

Lakshmaiah (1988) reported non-additive gene action for days to 50 

per cent flowering, plant height and grain yield. 

Shaug (1992) reported that the mean square of GCA for HeN at 60 

(HeN 60) days and HeN al maturity (HCNM) was highly significant in 

males but not in females. seA was only significant for HeN 60. GCA 

for lieN 60 and HeN M exceeded seA. He reported that those traits in 

males with higher genotypic components also had higher combining 

ability effects and can he used as breeding materials for reducing He(\,' 

pLltl'ntial in (oragl' sorghum. 

Scnthil and Palanisamy (1993) reported that the cross combinations 

IS 1112 A x TNS 30 had high relative heterosis and IS III 2A x AKR I 

had high heteroheltiosis for days to 50 per cent flowering. 

Naik e( (1/. (1994) studied the combining ability of five females and 

1\\-0 males in line :\ tester analysis and reported the predominance of llUll­

additive gcne actIon for days to 50 per cent nowering, plant hcight anu 

grain) IcIJ. 

Sankarapandian el (I/. (1994a) were evaluated for combining ability 

Three lines wcre eJ"l)ssed \.vith 14 testers and resultant 42 hyhrid 

combinatIons and their parents for fodder yield and their component 

dwracters. They observed non-additive gene action for number or leaves. 

leaf ~tem ratio. total soluble solids at maturity, crude protein and dry 

maller yield per plant whereas plant height was observed to be controlled 

by ildditin: gene action. Among the different combinations. 2077A .\ I·S 

35-1.2077 A x FS \.2219 A x FS I were the best combiners having high 

scu effects 



Veerabadhiran ef af. (1994b) reported higher SeA than GCA for 

dIfferent yield characters except for number of leaves. 

Ja\'amani and Oorairaj (1995) reported that the variance due In 

(ieA was IlHHe than the variance due to SeA for days to 50 per cent 

n()\\crtng. Manickam and Das (1995b) in a line x tester analysis 

illvol\,llH! three lines and fourteen testers reported that SCA variance was 

predominant over GCA variance for plant height, stem girth and grain 

yield. for number or leaves predominance of additive gene action was 

noticed. 

Sllepea and Klloduhng (1995) reported that the mean squares of 

GCA and SeA of pOlassium and hydrocyanic acid at heading and maturity 

were al! significantly different. The additive variances of chemical 

components were higher than the dominant variances at heading, however. 

similar vartances were observed between additive and dominant 

components at maturity. Thc SeA of crude protein was highly significant 

at heading and maturity. 

Chand (1996) reported both additive and non-additive gene action 

in graIn yield and plant he~ght. His studies indicated the cultivar Co 26 as 

the kst cOl11biner for all the traits studied. 

Hadhe and Palil (1997) reported additive gene action for plnnt 

ht:ight and non-additive gene action for grain yield and other attrihutes. 

seA \'al'lancc \vas pn:dominant for grain yield, which could profitably be 

exploIted for the production of hybrids. The female MS 2077 A and male 

SPV ]))6 \\'ere observed to be the best combiners for almost all traits 

except plant ht:ight and 100 grain weight 

Hhaduuriya and Saxena (1997) observed the predominance of both 

additive and nOlH:ldditivc gene action for days to 50 per cent f10wering 

<1nd grain yield, whi1-: the Inheritance of plant height and panicle length 

sho\\ed predominance or additive gene actIon. 



If) 

Rau and J\rllna (1997) in a line x tester analysis involvlI1g three 

lines and fOllr lesters reported tbe preponderance of nOll~additi\'e gene 

action for days to 50 per cent flowering, panicle weight and grain yi..:ld 

The predominance of additive gene action was noticed in plant height and 

panicle length 

Ilovny ef at, (2000) studied the combining ability of thirty cxotic 

lincs ((,\itS) with two restorers and reported non-additive gClll.!tic variance 

in determining yield 

Iyanar et £II. (2001) studied forty hybrids in line x tester design 

\\ lth fOllr lines and ten testers and observed that non-additive gene action 

was predoll1lnant for days to 50 per cent tlowering, panicle weight. pallid..: 

length, plant h<:ighL kaf llumb!..':!", test weight and seed yield. 

Kunawade e/ Iff CWOI) analysed a line x tester sel of FI 's along 

with parents and reponed additive gene effects for inheritance of palllcle 

breadth, I (JOO grain \veight <lI1d grain yield per plant, while plant height. 

days to 50 per cent /lowering, leaves per plant and panide length \\-ere 

predominantly under non-additive gene effects. 

Combining ability for seed yield and its components wen.: studied 

uSing five lines and 12 testers by Siddiqui and Baig (2001). The results 

indicated the presence of non-additive gene action for plant height, grain 

yield and ear head characters, while additive gene action for days to 50 

per cent fluvvering. 

Khatri and Lodhi (2004) estimated the genetic and interaction 

components was carried out for green fodder yield and dry fodder yield in 

six gelH:rations of six crosses involving four sorghum genotypcs at two 

stages, it'. crop \vithollt cutting and in raloon sorghum crop. Both 

additive and dominance gene effects were found significant in majority or 
crosses both green fudder and dry fodder yield with preponderance of 

ndditivt,; ~t,;nt,; cfkcts. 
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c.3 QUALITY TRAITS 

Gupta e/ (1/. (1l)76) studied green forage, dry matter and crud.: 

protein yu:dds per plant and reported higher yield of hybrids than tht: 

p~lrI.:nt \'urieties. 

Paroela I!I 01. (1977) also reported higher green forage and dry 

forage YIelds of hybrids than the good forage lines. 

:-..Iawrajaratnam <lnd Chandrasekharan (1983) while studying 

heterusis in the hybrid TNAU eN 2 observed a higher photosynthetic rate, 

phospho enol pyruvate carboxylase activity and nitrate reductase activit) 

than its parents. 

Surt:ndran 1:'1 ill. (1988) crossed 5/ hic%r val'. mediocre (Co 11) 

,md ,-l wild diploid species .\', halr!pen.l'e. The hybrid, fS I, was identified 

that comhined the juicy stem of Co 11 with the hardiness. tillering and 

rntooning ability of S. ha!e/wnse. The green fodder yield of 44.5 t ha"1 III 

thl' first crop, being 21.4 per cent and 10.0 increases over Co 11 and K 7, 

rl'speclively It had n DM content of 24.2 per cenl. protein eontl'nt ur 9.R 

jJl'r cent, bl'ix content oj" 7.4 per cent and digestibility of 65,8 per cent. 

which \vcre higher thnn those of Co II and K 7. It was also rich [11 

mineral ckmenls. In multilocation and adaptive research trials it 

performed better than Co II and K 7 and was released for cui tivatiun III 

1986 under the name Co 27. 

Jayamani and DorairaJ (1994a) developed five sweet sorghum 

varieties ,llld Co 27, a fodder sorghum variety were crossed with 

,)'orgllll/11 ha/epcnse. AI] the hybrids produced twice as much green fodder 

yield in both the first and second cuts as compared with Co 27, the control 

variety. The majority of hybrids had much higher numbers of tiller per 

plant than the parents. SS 2S x FD 1690 and SS 2S x FD 1692 were the 

most promising and are recommended for breeding multi cut sorghum 

types. 



Gaiko ill 01. (1997) reported that six sudan grass (S'orRhum sudanese) 

varieties and sorghum (.'I' hicolor) x Sudan grass hybrids were used to 

prepare dried fodder. The hybrids exceeded the varieties in green matter 

production; the highest green matter yields at the first + second cuts were 

given among the varieties of Stanichnaya 7 (20.8 + 14.4 t ha- I) and 

Stepnyachka (15.7 + 12.7 t ha- I) and among the hybrids by lntensivnyi 

(29.2 .,.. 14.1 t ba- I). These forms also had the highest sugar content In the 

fodder. The highest conknt or digestible protein and carotene in the d!'l<..'d 

fodder was found in lntensivnyi. 

Joshi el 01. (1998) reported dry matter partitioning and nutritive 

value of forage sorghum plant components. Total carbon, nitrogen as well 

as dry weight of leaves and roots increased gradually LlPto 75 days after 

sowing and then decreased. whereas shoot, dry weight and its carbon and 

nitrogen content increased throughout the vegetative and reproductive 

period. Shoots were much marc fibrous in comparison to leaves, since the 

concentration of natural detergclll fibre (NDF), acid detergent fibre 

(1\OF), cellulose and lignin \vas higher in shoots than in kaves at all 

stages of growth and development. The observed significant decrease in 

in I'ilro dry matter digesti'bility (IVDMlJ) of leaves and shoo Is with <In 

advancement in plant growth was mainly due to their corresponding 

increase in fibre components (NDF and ADF) and tannin content. 

Khan cl al. (2002) released a multi cut fodder sorghum COFS 29 

(TNS 30 x 5,'. slIt/lInense) with an yield potential of 170 t ha'l af ~ITcn 

foddcr per year in five harvests (main crop + four ratoons) at 65 - 70 days 

intervals. It is tall in stature and produces 10-15 thin 'tdlers, highly leary 

with high palat<lbility. It has mare crude protein content than Ca 27 and 

less crude fibre and HeN conten!. The digestible dry matter and in l'ill'lI 

digestibk dry matter were also higher than Co 27. 



24 HCN CONTENT 

Sorghum plants contain a cyanogenic glucoside, dhurrin, a group of 

nItrogenous secondary compounds which during enzymatic hydrolysis 

release hydrocyanic acid (I-leN), glucose and P-hydroxy benzaldehyde. In 

sorghum, the HeN content was found to be higher in summer than In the 

kharlfs.eason. This \-vas reported by Eberhart and Russell (1966). 

The HeN is toxic to animals and the lethal dose is 200 ppm or 20 

mg / IOU g DM (Gillingham e( (/1.,1969; Me Bee e( al., 1980). The HeN 

content is found to be maximum at 30 days stage. It increases with 

nitrogen fertilization, \\ater stress. frost and decreases with phosphorus 

appl1catioll. plant age. drying, irrigation and ensling. 

Rabas el at. (1970) studied two sudan grass varieties und four 

sorghum x sudan gruss hybrids and reported that the grazing performance 

of cattle for the sudan grass and sorghum x sudan grass hybrids was 

ne!;<llively corrdated \vith HeN concentration. The results suggested that 

selection for low HC:-J concentration to avoid prussic acid poisoning 

might also result in increased palatability. 

Luthra 1.'1 ol. (1976) analysed 5S yellow endospermic struins of 

sorghum and observed that varietal differences in accumulation of nitrate 

nitrogen ;.md hydrocyanic acid existed. Both the toxic constituents co­

existed at a particuhn stage, thereby necessitating the estimation of these 

poisonolls constituents. 

Liu and Wu (19g6) studied 118 varieties of sorghum and observed 

that the seedlings at four days al'tt.:r germination recorded the highest lieN 

content. Grain and roots had a low content, while the conknt in kat' 

shei.llh and kaVl.;s was l:onsidcrably higher, the first leaf having the highest 

conttl1t. 

Who.:o.:kr ..:( 0/. (1990) studIed the erreet of plant maturity, nitrogen 

fertilizer. phosphorus ft:rtilizer, water stress, light intensity and temperature 



on ! leN potential (IICJ\p) of Sorj{hum biculur x Surghum sudanense) <:lnd 

(Sorgh/lm IW/('j)(!I1.H) x ,)'orghllnl roxhurghii) x ,(,,'orghlln1 arllmlinacclIlIl 

hybnds and reported that nitrogen fertilizer (200 kg N/ha) increased 

11CNp but mme so 'Ill fuJi light (100 Ill/kg compared with 1430 mg) thall in 

50 per cent shade (190 mg compared with 690 mg). Acute water stress 

appeared to reduce HCNp but this was confounded with the strong decline 

due to aging. Neither the application of super phosphate nor change in 

light intensity and change in h:mperature had direct significant effect 011 

HCNp. Thty concluded that breeding and selection for low HCNp is a 

promising approach to ensure that sorghum plants could provide non-toxic 

forage from an early stage of growth. 



MATERIAL 
AND METHODS 



3. MATERIAL AND METHODS 

The present study on "Interspecific hybridization in Sorghum" \\as 

earned out at the lkpanmcnt or Plant Breeding and Genetics. Colle!,'.!.! Dr 
Agriculture. VdlaY<lni. Thlfuvamlllihapuram during September 2()03 ttl 

July 2004. The details of the materials used as well as the method adopted 

are given in this chapter. 

3.1 MATERIAl.S 

The five superior Sorghum [S'orghuin hic%r (L.J Moenchl 

accessIOns \'i~ .. GD 65174-1, GO 65174-2, GD 65195. GO ()5139 alld 

Ace. No. 846 with high yield potential and hetter palatability selectt:d 

f'rum llll' pn:\'ious study \V(TC llsed as lines. Three sudan grass (S'org/711111 

slidoi/l:/ls(') accessions \'i~ .. Jhansi locaL SSG-59-J and IS-720 with high 

tillerillg were used as lesters. Till' lines and testers arc giv\:n in Plates I 

and 2. 

METIIODS 

3.2.1 Hybridiz:ltioll between Lines and Testers 

The five lines and three testers were crossed and seeds oj" fifteen 

hybrids were collected. The lines. tcsters and their hybrids are pres~Jlled 

in Table 1. 

3.2.1.1 Emasculation and Crossing 

Hand emasculation suggested by Quinby and Martin (1954) was 

followed. The panicles of both the parents were cnclosed in craft paper 

bags 1mmediately after the emergence of the panicle from the boot leaf. 

On the ~vening of the day preceding the day of crossing, a few plants of 

the female parents 111 which nowcring had commenced were chosen. A 

small bUllch o/" spikdels abollt to bloom on the next day was Sclcl:kd for 

emasculation with thc hdp of pointed needle. The three stamens \vcre 



Plate I. Sorghum hieD/or (Lines) 

Plate 2. Sorghum sudanense(Testers) 
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Table 1. List of ran:nts and hybrids 

----,---:-:-------
Sl ~) ~ llcltJl1l.!nts Name of variety / cross 

I I I I ----'i, ___ 0_'0,--,-65,-1_7_4_-_1 ____________ _ 

[' __ --"--+ ___ t_',' ____ +_U_D_65_1_7_4-_2 ________ _ 

~ L, GD65195 
I ------------------+---------- ._- --- --------

L, U065239 4 
-- ------_.---~ , Acc. No. 846 
-- -- ----------.-

(, [, Jhansi local 

7 , 

I R 

I I <) 

SSG-59-3 
-----4------------

IS 720 
----1----- --

T, 
--+---------~---------~ 

0065174-\ x Jhansi local 

10 L,xT. G065174-lxSSG-59-3 
------------'------ --------1 

II, l.,xT, 'U065174-lxIS-720 

1 ---- I.. X I, "l"G065174-2 x Jhansi local 

_I, 1_____ L. x I, I GD65 174-2 x SSG-59-3 

14 L. x T, (i[)65 I 74-2 x IS-720 
---

15 LixTI GD65195 x.lhansi local 

12 

: __ I(~ 
I 17 , 

L3 x "1'2 

L.1 x T; 

---+-------------~ 
G 1)65195 x SSG-59-3 

, 

GI)65195 x IS-720 

~ I X L~ x II UD65239 x -'hansl local 

, -; 'J -t-----L,xT, ____ JC;[)6523<) x SSG-59-3 

'[ 2() L~ x T, 'UD65139 x IS.720--------j 

~
21 , _____ ~-~< x 11 /\cc. No. g46-::JJ:~~i -I-~~~- _ i,' 

"1) - L, x T~ Ace. No. 846 x SSG-59-3 1 i"--;; 1----I.'-,-X-[-,----+1\(;Co No. 846 x IS-720 I 
___________ J 



pllsh~d out one by onl..' from the interior of the spikek! without Injuring 

the u\'ary lhe pl'd!f.:ell~lte spikd.:ts \vhich are staminate are thell I..'llt ofr 

U~IJJg ~clssurs. Thl' eillasculated spike lets \vcre then covered by <l small 

butter paper bag (Plate 3). On the next day morning pollen collected from 

thl' pulkn pare-Ilt \Aas dusted on the stigma of the emasculated spikekts. 

Tu '.l\'oid contamination th.: bag \\as fastened. This \\/'-IS repeall:d (or the 

slIccl..'l'ding t\\O or three days. The seeds were collected 20 to 25 days 

after pollination. The sl'cd set percentage was computed by counting the 

ll11mbl'r of splkekts l'l11Jsculakd aud the number of seeds obtained. 

J.2.2 Evaluation of Hybrids 

rill' lines. testers and their Ilybrids \H're r~liscd along wllh ;1 clll:d. 

COI"S-2lJ ill ralldollli;::ed block design with (\\'0 replications during. Jalllwr) 

tu .Julle. 200-+ I"hl' spaCIng wns 50 x 30 cm in plots of size 3,5 x 1.5 m 

(Plate 4). The 15 hybrids and parents were allowed for natural 

pullin:llion. The recommended agronomic practices and need bused plant 

protl'ctiul1 Illi...'<lsurcs followed 111 accordancc 

RCCllllllllendatinns u( Package ul' Pmcticl's of lhe Keral,j AgriclIltllr,1i 

Lini\'ersitv (KAt;. lOU?). The oh:".cfvalions \vere recorded 011 vanous 

hllll1letl"lc characters at each harvcst. replication wise from a r,1I1d(l1ll 

sample of fi\-c plants each \Vltl1 respect to treatments and the mean valliCs 

\\l're Llsed for statistical <lIlZlIYS1S 

.\.2,.' Oh~l'rY:tti()Il.~ 

3.2.3,1 P/allt lIeigh, 

The height of the plant from the ground level to the tip of the nWln 

tiller al the time or han est was measured 111 Clll. 

3.2.3.2 Tiller !Villi/be/' per PIIIIII 

Thl' total nUl1lbl'J' of tillers from a random sample of len plants per 

plot was counted at h<lrvl'sl and tht: mean value was calculated. 



Plot. 3. Crossing block 



Plate 4. Sorghum x sudan grass hybrids. Field view 



3.2.3.3 Stem Girth 

The girth at the middle of the fourth internode from the top \vas 

measured and expressed 111 em. 

3.2.3.4 Interllodal Lellgth 

The length of the fourth internode from the top was measured in 

eentllneters. 

3.2.3.5 LC~lf: Stem Ratio 

Ten plants selected at random from each plot were harvested and 

leaf and stem of each plant were separated. Weight of leaf and stem was 

recorded separately and leaf: stem ratio worked OLlt. 

3.2.3.6 Pol/ell Fertility 

Pullen fertility of tht: observational plants was estimated by 

staining pullen grains from mature anthers on a glass slide with glycerlnc­

,)ccl()('?,mninc (I I). The partly and poorly stained. shrivelled and cmpt~ 

polkn grains were considered as sterile while pollen grains which wen: 

full and wdl stained were considered as fertile. Pollen fertility was 

expressed in percentage 

3.2.3.7 Leaf Number per Plant 

The total number of leaves from a random sample of ten plants per 

plot ,-vas counted at harvest and the mean number recorded. 

3.2.3.8 Leaf Weig/lt per Plllnt 

Ten plants were selected at random from each plot. leaves were 

separated and the mean leaf weight per plant was estimated and expressed 

III gram. 

3.2.3.9 Day.\·to 50 per celli Flowering 

Number of days from sowing to the day un which 50 per cent plants 

of an accession have started flowering. 
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3.2.3./0 Green Fodder Yield 

The total \v~ight of the observational plants were taken at the time 

or Iwrvest and mean \veight calculated and multiplied with the number of 

plants in llne hcct,He and expressed in tonnes per hectare. 

3.2.3.1I Dry Fodder Yield 

One hundred gram of the fresh sample from the observational 

plants were taken and dried under normal conditions for 10 days. This 

\\-'as then dried in an electric oven at 60°C for 24 hours. The dried 

samples werc weighed and the dry niatter content was calculated in 

percentage. The green fodder yield was multiplied with dry matter 

cuntent to get the dry fodder yield per hectare in tonnes. 

3.2.3./2 Cruder Protein COlltent 

The total nitrogen content of the oven dried samples of the 

observational plants \',:as estimated by modified Mierokjddhal method 

(Jackson, 1967). The nitrogen value was mUltiplied by the factor (}.25 tll 

llbtalll the crude protein content expressed as percentage. 

3.2.3./3 Crude Fibre COlltellt 

Dried plant samples collected at the time of plant harvl:5l WI:I"l' 

uLilw,-:d for the estimation of crude fibre by acid and alkali digesli()11 

llll,thod (Sadasiv<lm and Manickam, 1992). 

From the representative sample of the dricd pJant, two grams tuken 

and boiled with 100 1111 or sulphuric acid for 30 minutes. Then it \vas 

filtered through a muslin cloth and the i"iitratc was washed with boiling 

water until the washings were no longer acidic The residue obtained was 

again boiled with 200 ml of sodium hydroxide solution for 30 minutes It 

was again filtered through muslin cloth and washed with 25 III I of 1.25 p-.:!" 

cent boiling sulphuric acid, 350 ml of water and 25 1111 alcohol. The 

I'esldue was trulls'l'erred to ashlng dish which wus pl"~ weighed (Wd. Ti,t.: 



)"C'ilc!\!(.' wac-; thcn dricd for two hours at 130 ± 2°('. The dish was cuukd 

<tllli w.:ighcd (\\.1 2). Then the residue was ignited for 30 minutes at 600 ± 

15°(", couled in desiccator and w·eighed (W J ). 

Percentage crude fibre in the sample was estimated as : 

Loss of \vcight on ignition 

\\'eight of sample 

(W, -\VJi - (W1-\V,) 

\Veight of s<llllpk 

3.2.3. /4 HeN COlllellt 

x 100 

x 100 

The HeN content was tktcrmined by the plcnc acid method u( 

Hogg and Ahlgren (1942). The samples for the analysis of HeN were 

taken from the portion of the tiller immediately below the upper most Iedf 

cullar. Transfl.:rred 0.2 g chopped green plant material to tcst tube (2.5 elll 

x 20 cm). then dddeu 3-4 drops of chloroform and suspendcu a strip ui" 

moist Whatmnn No.1 filter paper (15.5 cm x 1.7 em) saturated ",:jlll 

sudiulll plcratl.: solution {jm:parl.:d hy dissolving 25 g sodium carbona\!: 

and 5> g picric acid in one litre of distilled water. The saturated filter 

paper strip was held in place with a cork stopper, which was used to seal 

the test tube. The incubation was carried out at room temperature for 24 

h The sodium picrate present on the filter paper was reduced in the 

prt:scncc of HeN. After 24h, the paper strip was removed and colour was 

eluted in 10 1111 of distilled water. The absorbance of thl.! colour was 

measured at 515 nm against a reagent blank treated in the same manner as 

the plant sample. The amount of HeN in ppm on dry weight basis was 

cal.ulaled by calibrating the absorbance with KeN (5'-40 ppm) in water as 

standard (GiJlchris! 1;'( (II., 1967). 



3.2.3./5 P(ll(lt(lbili~r 

Equal quantitil's of sudan grass. sorghum and hybrids wcre fcd to 

thl' cattle and it was found that hybrids had been completely consLlmed 

]] SI AllSnCAL ANALYSIS 

Analysis of variancc was done for all the characters under study 

and tested for significance (Singh and Chaudhary, 1985), 

3.3.1 Combining Ahility Analysis 

Combing ability analysis of the Line x Tester was done through 

ANOVA technique (Dabholkar. 1992) as follows (Tabk 2), 

Table 1, Analysis of variance for line x tester design 

df 
- -

1'- I 
._---

~;~- -t 
I 

RepJ'lcation 

, Genotypes 
----,-

11-1 

Parcnt~ li -" 1) - I 

I P-::;:--v,-. -n-o~-,-c~ I 

I Cruss~~ 
;1. I Illes 

1 .\ 1 -I 

- I 

c Linl' x ll'~tel-

! ss MS I Expected mcan sq 

_~SSR MSR 
- -

SSG MSG 

liar!.: I 

-----1 

SSP MSP 
" 

SSG MSO 
- -

sse MSC 
-- - --

- --~ 

- - -cr-c + rcr-,\('{I + rt (j-,~", (l) 

I crce + rcr~scu t- r! (j"'gU/ (t) 

Where, n -0 nunibcr of treatment materials (1 + t + It) 

r = number of replications 

I = number of lines 

t = number of testers 



3.3.1.1 Estimation of General and Specific Combining Ability Effects 

Gcner~d combing ability effect (gca) of parents and specific 

cllmbining ah!llty t::ff(;(;t (.\'cu) of hybrids were estimated llsing he 

follo\\,lllg 1110(.1\:1. 

\Vherc, ~l = population In(;an 

j"f j' 'lil I" g, = gca e eet 0 I Inc 

tOtO f 'lil g, = gca e eet o.J tester 

s'.I = sca effect of ijlll hybrid. 

e,,~ =:; error ussociated with ijk!h observation. 

I. 2. "" .. I 

.I L 2. .. ,1 

I. 2 ..... r 

The individllul effects were estimated as follows: 

x 
(1) Mean 

rlL 

(ii) gcu d'fect oj" lines 

x," x""" 
g, 

rt fit 

(iii) gca effect of testers 

x 

rl rlt 



(iv) sea cff~ct of hybrids 

Xu x 
S'J + 

r rl rl rlt 

Where, 

X c;;; totality of observations on all hybrids over 'r' number of 

replications. 

X,. totality of observations on illl line over ·t' 

tesLers and 'I" replications. 

X'j = totality or observations on /11 tester over' l' lines and' r' 

replications. 

Significance of combining ability effects was tested as . 

( LllecL) 

SE icrrccl) 

\\oherc. 

SE of gut (lincs) 

SE or get! (testers) 

SF or ,\('0 (hybrid.,» = 

~ 
~~ 

3.3.1.2 Combiuing A bilify Analysis 

Th~ GC;\ variance for lines and testers and SeA variance for thc 

hybrids were calculated as follows: 



'..;..'1 

ML - ML, 

cr 2 UCA (lines) -------- = Cov. H.S. (lines) 
It 

MT - ML, 
cr 2 (jCA (h.'sters) = Cov. H.S. (testcrs) 

rl 

MLT - Me 
(J~ SeA (h\'briJs) 

r 

3.3.1.3 Gelle A ('Iioll 

/\fLu l'stimating the Vari<ll1CeS duc to gem:ral combining abllity 

(0~ (rCA) dnd specific combining ability (cr2 SeA) tbe gene actillll \.,.as 

\\ orked oul as : 

a~ (jCA [-'4+--~J 0
2
/\ 

Will're. r = inbrcl'lhng I:udlicient 

II' inbrcdl11g is abscll! (F = 0) 

4a 2 
(iC/,\ 

("j 2 d -la' SeA 



The significance of cr~/\ is tested respectively for lines and testers 

(1:-; : 

Fflll(l-I)(t-I)) 

1ft-I). (I·-I) (1-1)) 

F [ (I - I) (1 - I). (n - I) (r - I) ) 

ML! MLT 

MT! MLr 

MLT! Me 

3.3.1.4 Proportiollal Contribution of Lines, Testers and Line x Tester to 

the Total Slim of Squares of the Hybrids 

S.S. (lines) 
Contrihution of lines ------- x 100 

S.S. (hybrids) 

S.S. (testers) 
Contributioll oj" le:-;ters x 100 

S.S. (hybrids) 

S S. (line x tester) 
Contribution or lin.:s x t.:sters ~ x ) 00 

S.S. (hybrids) 

].3.2 Estimation of Heterosis 

IleLerOSIS (expres:-;ed in percentage) was estimated for all the 

cilaradcrs ovcr Illld parent (relative heterosis). better parent 

(heterobeitiosls) and :-;tandard variety (standard heterosis) as suggested hy 

Rai (1979). 

3.3.2.1 Relative Heterosi!J' 

Relative heterosis was estimated as the percentage deviatIon of till' 

mean performance of FI (Fd over the mcan performance of the parent~ 

(\-11') 



Rdative hclcrosi~ (RII) x 100 
MP 

Where MP = mid parental mcan value 

1"1 = ;.Jveragc performance of Fj 

3.3.2.2 Helerobeitiosis 

Heterobeltiosis was estimated in comparison to the better parent as 

Heterobeltiosis (HB) x 100 
81' 

Where BP :::: better parental mean of a particular cross. 

3.3.2.3 Standard Heterosis 

Standard heterosis W<lS estimated in comparison to the standard 

variety as 

F, - SP 

Standard heterosis (SI-I) x 100 
SP 

Where SP = mean of the standard variety. 

The significance of different types of heterosis was tested by °t 

test with (11 - I) (r - I) degrees of freedom. The critical difference (CD) 

fur comparison ur 

l-"I \vith MP is 

F I with HP is 

FI with SP is 

tJ 
3 Me 

2r 

tJ 
2 Me 

r 

2 Me ! 
tJ~r~ 



RESULTS 



~. RES liLTS 

fifteen hybrids derived from the cross between Sorr,hum hic%r 

and Sorghum slIdal1el1se were evaluated along with their parents for 

hctcrllSls and combining ability for 13 characters namely, plant height. 

tiller number pef plant. stem girth, internodal length, leaf: stem rallu, leur 

number pCI' plant. leur weight pef plant, days to 50 per cellt !lowering, 

green fodder yield, dry fodder yield, crude protein content, crude fibre 

contcnt cllld HeN content. Apart from these palatability and polll.!l1 

Skflilty \\'L'rl' also studied 

The data were subjected to Line x Tester analysis and the results 

are presented belo\-\'. 

4.1 ~1 [AN PERFORMANCE 

Significant genotypic differences were observed fur aU the 

characters. The mean performance of lines, testers and their hybrids for 

different characters an: presented in Table 3a and 3b. 

4.1.1 Plant Height, em 

The mean plant height ranged from 147.90 em (GD 65174-2) to 

185.00 em (GD 65174-1) in lines, 167.80 em (Jhansi local) to 204.00 em 

(IS-no) In testers and 114.10 em (GO 65174-2 x SSG-59-3) to 205.50 em 

(GO 65195 x Is-no) tn hybrids with their average height being 16645 

em, 185.90 em ,1nJ 159.80 cm respectively. 

4.1.2 Tiller Number per Plant 

Thc IllC<ln tiller number per plant ranged from 2.10 (GD (5234)!(l 

?70 (Ace 1<0 846) in lint'S, 3.90 (IS-720) to 4.05 (SS(}-59-J) in teSWrs 

and 2.40 (J\c. ~o. 846 x Jhansl local) to 6.60 (GD 65174-2 x Jhansi local) 

in hybrids with their average tiller number per plant being 2.40, 3.80 and 

4.50 respectively. 



'J ahlc .~;i Mean perfnrmiJlll'l' or lines and lCs!crs for \'Jnot!s characters 

i~;r~der~ r--'~ I ilTer-1 
Plant '>;1':111 

I . I I llUl1lb~r ! 
lei!! 11 ' girth 

ITc .. " i {CI~l} I per (em) 
~llrne~.+-__ ._ --+ plant 1--
, I I:\ES , 

(lD65174-1 185,00 :; I.~ J 50 

C, D6:, I 74-~ 147,90 2.U5 4.70 

: Internodal II Leaf 
: kn!.!th st<.'1ll 

i~)t,"tiO 

! 2'i.]O ' 0.23 

18.50 0.29 

I,l'af 
Ilumber 

Leaf 
\\eight 

Days to 
';;0 pel' 

p~r '~r plam cent 
plant ~(g) n()werin~ 

20.7:'\ 6lL::;0 

16.XO 158.50 64 7.~ 

Greel~- T?'Y 
fodder : fodder 
yield I \'jeld 

Crude 
protein 
contell1 

(i ha· l
) (t ha") =-'-+- (%) 

IOI.On 578 7.05 

lSI 50 10,15 7.48 

Crude HeN 
libr.' 

Content 
content 

(ppm) 
(~'",-'---

Ifn IX 

32 :,\7 I S3 35 

I I (,j)6:,\139 

i 

~A" No.84" I 2.70 

160 . .'iO 2.55 

160.40 2,10 

ISO.90 

16.50 0,21 

:; ·w 2060 0.31 

7. I 0 1 X.SO 0,29 23 80 

:; 1.26 

166.71 

156.40 

32.49 

::::: I :::: ,7,7,'5°0 :::, I ::: 

t963T875_+-_16_8_.8_0-+_"_.3_0+~~7 133.00 
-t-----t 

I ',LS rERS 

, JhanSI local 167,SO 4,00 :; 50 16.90 0.34 50.20 

SSG-)9 :; IS7.S0 4,0:'\ 3AO 17.30 0.29 100,20 

IS 7~O 204.00 3.90 2.70 19.70 0.31 49,00 

!CUI'S-29 :~1-,4,,6-,.D'--_I_~3-,A'--_1~3-,.-,I_t---,,"=i_+- 0 5 ~~~. 
!SE '=-=1 1.2) 041 0.18 024 I O?~~SI_l 
'~~d)O';;) __ f J,67 L21 05~ 07, ~ 00J6 2-::" I 

,--,---- --

98,75 77.50 

149.40 7375 

181.50 75 50 

1504 67 5 

'.09-+_0~ 
6.15 .::' . ..1.~ i 

6 !.50 4.10 6.16 35.65 36.6X 

148.50 10.16 5.77 35.64 46.17 

125,50 8.16 5,08 34.95 66.17 

168.3 11.4 7.5 31.5 182 5 

139 0.15 O.I.'i 0.16 --+- -t--t--
054 

_1.09 044 0.44 0.-16 I 58 



Table 3b Mean performance of hyhrlds for various characters 

('haracter~ 

~1' r Plant 
Tiller Leaf 

b Stem [ntemoda[ Leaf. 
num er . number 

height ~!!Irth [en!:!.th stem er - - P" 
1 ",,,,;em, t:') ~ (~~ (Clll) ratio pant __ . ., plant 
GD6) [74-1 

I "Jhan~1 13920 3.80 3.50 20,60 0,38 33 SO 

loc,1 tf= ~i GD6.~ 174-1 
I SSG -9' 2UI.90 3,4S 770 20.50 0,37 96,40 

" J-) -.' ' ---r- " -
, 

--

(iD65 17·[-1 i 
3,]0 D.2:; 79.65 

Leaf Day~ iOTGr.:ell r-Ory 
weight 50 per fodder fodder 

per plant cent \'Icld vield 
(g) fiowerin!! (i hOI ~ I ) (t ha· l

) 

, 

I 100.2:" 67.25 :'540 .,,48 
, 

358.00 I 07jO! 270]0 18 IS 

: I 
124,00 I 100.50 6.48 

! Crude Crude 
protein fibre 
content content 

(%) (%) 

I 7,45 31.50 

I 

4.24~1 

5.52 , 3.L~5 

I , 

, 

HCN 
Cont:,r~t I 

~I~I 
, 

18~.50 

II 16636 I 
1670+ I "IS-720 J 14050 I 400 I 7D.7S ! 

I 
I -t-- I t-_·---".-'-" , I- .:-1 G065174-2 ' I 

"Jhansi I 142.30 6.60 

I3J~ 
-"'1 
'31~ 2.70 15.70 0,24 52.85 78.80 69,00 101.00 8,46 4.49 .:l_. _ , ,,,,, ::t I 

. -

GD65174-1 
, 

"SSG-59-3 114.10 4.90 3,70 13.70 0.51 106.10 175.50 

~~ 
200.50 13.46 6.70 3057 

GD6Sli4-2 I , 
, 

8,27 30.04 
x IS-720 

135.90 3.80 6.60 15.70 0.28 50.10 

'* 
180,50 14.79 

--. 

GD65J95 x 
154.00 4.60 , 10 14.70 0,61 61.75 159,15 91.55 176.00 ]4.45 8.48 30.41 .,. , 

Jhansi local ! 

~0.31 : 

33.16 

33.35 

GD65195 x 

! 
I j 

144.10 3.50 3 50 13.1 () 0.23 99.65 127 75 I 69.50 108.40 9.23 
'I 

9.56 30JJ[ , 
SSG-59-3 

, 

I 1--:1 I .- -

I 597.:-T 4~,3() , GD65195" , ! 

IS-720 
20).50 4 in () -0 29.70 o "7 I 57.50 652.7:> 66,7:> 5.08 , 32.30 

L_......L ._-"'-1_. 



Table 3b. Continued 

J
r

' ~har.""ters I, I, Tiller r---- -- I Leaf I Leaf! DU;'5 to Green Dr) ~rud-'-'! -(-,,-d-,-I'-------,I 
Plant I Stem Internod Leaf: weight 1 50 pcr I. C I' HeN 

I 
number number fodder fodder' protein 1 fibrc 

, ,-~"" I ';:~;' : ;.:, I f::,~ ", ::,," ~:: I :~, ;~ I ~:::'" , '''':', " ,::::'1, I ";0:;," ";;," ',:~' 
f---- ' (rJ I " '--j 

~1~:i11~~a~ t-' 161.6(:1) .'~'. '"" I ,",,, ,"" NO I ",', "",,-f-I-17-6-,O-0-+-'-4:~-'~!--7-)-8-·,f-i -,-,,-,-:, ; L~0'16111 
GD6"39, I I '!-- , -+ -

1 SSG-59-3 I 17620 i 370 430. 1970 034 10915 29425 I 66,7:' 56050 37.46 I 55:: 31.26 50,16 

, ~D76ig]9' I '003-;;1 440 ! ) 50 I 15,60 044 97-,'-0 -jI49.S0 1 67.50 L~ I ,95 ~AO :' 47X I 31.44-+1-, o-o-.()~ 
- '-- I ~ I t---

~~~~~s~'I!;:1 1151.50 2,40 7*50 12.50 0.17 78.50 1377.75 70 75T~)-'-29~i 8.S~ 30~11 5 ,oo~ 
Ace. No. 846 

. x SSG-59-1 202.90 3.90 6.70 27.70 0.66 231.85 649,50 68,25 548.90 36,45 5.32 31.49 166.60 

I Ace No,-8-~6--\-----+----\-------'r---+----\----\---+----+--"-0-'4-0-+----\----+----'-1- ,­
~~--t_'4_9_'_'_0--t_'_',_6_0_+, __ 3_,_50_+_2_2_.3_0_+_0_,,_~5_-+_7_8_,9_0_t--_'_8_,7_5-1 __ 7_'_,_2_,_I-_" __ --;e-_7_O_O __ 'I-_6_,8_5"_+-_3_'_,3_4_+-_15,,(,_,,0_0-,1 

~ 1.25 0.41 0.18 0.24 0.012 0.81 2.09 0.83 1.39 0.15 0.15 0.16 0.54 

~(_O_O_5J_-'--_3_,6_7_-'--_1.2_'_-',_O_,_52 _ __'___0_,7_3 _ __'___O,_0_36_.L,_'_.3_'_~_6_,'_5 __ Li' _'_4_3 _ __,___4_0_9_--,-_O_4_4 _ __,___O,_44 _ __,___O_,4_6_L-_'_'_'8_~ 



-t.1.3 Stem Girth, l'm 

The mean stem girth rang~d from 3.40 em (GD 65195 and (iU 

(5139) to 7.10 em (Acc. No. 846) in lin~s, 2.70 em (IS-720) tu 350 (Ill 

(1hansi local) III kster:-; and 2.70 em (GO 65174-2 x Jhansi local) to 9.70 em 

(GD 65195 x IS-720) in hybrids with their average stem girth b~ing 5.25 cm. 

3 10 Cill and 6.20 em respectively. 

-t.1 A Inernod:d Length, em 

The mean Internodal length ranged from 16.50 em (GD (5195) to 

25.30 cm (GO 65174-1) in lines, 16.90 cm (Jhansi local) to 19.70 em 

(IS-720) in testers and 12.50 cm (Acc. No. 846 x Jhansi local) to 29.70 cm 

(CiD 65195 x IS-720) in hybrids with their average internodal length being 

20.90 cm. IH.30 em and 21.10 cm respectively. 

-t.I.S Leaf: Stem R'ltio 

rill' ml'an leaf. stem ratio ranged from 0.21 (GO 651')5) to 0.32 

«(iD (5239) III linl:s. O.2X (SS(j-5')-3) to 0.34 (.Jhansi loud) in tl.;stl:rs and 

0.23 (GO 65195 x SSG-59-3) to 0.72 (GO 65195x IS-720) in hybrids ""ilh 

their dverage h:af: slem rat!u being 0 26, 0.31 and 0.47 respectively. 

-t.1.6 Leaf I\umbcr per Plant 

The mean I~af numbcr per plant ranged from 16.80 (GO 65174-2) 

to 29.25 (GO 65239) in Jines, 49.00 (1S-720) to 100.20 (SSG-59-3) in 

testers and 33.50 (GO 65174-1 x Jhansi local) to 231.85 (Acc. No. g46 x 

SSG-59-3) in hybrids with their average leaf number per plant ratio being 

23.02, 74.6 and 132.67 respectiv~ly. 

4.1.7 Leaf Weight per Plant, g 

The mean leaf weight per plant ranged from 149.75 g (GO 65195) 

to 196.35 g (Ace. No. 846) in lines, 98.75 g (Jhansi local) to 181.5 g 

(IS-720) in testl:rs and 78.8 g (GD 65174-2 x Jhansi local) to 652.75 g 



(UO 65195 x IS-720) in hybrids with their average leaf weight per plant 

being. 173.05 g, 140.12gand 365.77 grespectively. 

-I.I.S l>::tys to 50 Per cent Flowering 

lhl! mean days to 50 per l!l!nt flowering ranged from 64.75 ((i]) 

65174-2) to 70.75 (GO 65195) in lines, 73.75 (SSG-59-3) to 77.5 (Jhansi 

lo\:ul) in testers and 66.75 (GO 65195 x IS-720) to 91.55 (GO 65239 x 

SSG-50-3) in hybrids with these average days to 50 per cent flowering 

being 67.75, 75.62 and 79.15 respectively. 

-1.1.9 Grren Fodder Yield, t ha-1 

The llll!Un green fodder yield ranged from 77.30 I ha'] (GO 65105) 

Lo 168.80 ! !la-] (Ace. No. 846) in lines, 61.50 t ha- I (Jhansi local) to 

148.50 t ha'i (SSG-59-3) in tl!sters and 55.40 t ha- I (GO 65174-1 x Jhansi 

Incal) to 597.00 t ha· 1 (UD 65195 x IS-720) in hybrids with their averagl! 

fodder yield being 123.05 t hu- I
• 105.00 t ha- I and 326.20 t ha- I respl!c!ively. 

-1.1.10 Dry Fodder Yield, t ha- I 

The mean dry matter yield ranged from 5.13 t ha- I (GO 65105) tu 

II 30 t ha- I (Ae\:. No. 846) 'in lines, 4.10 t hu-! (Jhansi local) to 10.16 t ha'] 

(SG-59-3) in testers and 3.48 t ha- I (GO 65174-1 x Jhansi local) to 40.30 t !la'! 

(GO 65195 x IS-720) in hybrids with their average dry mutter yield being 

8.21 Iha· I
, 7.13 Lhu· 1 and 21.g9 tha'! respectively . 

.. Lt.ll Crude Pn)tein COlltent, ~% 

Thl' mean crudc proteIn content ranged from 5.77 pCI' cent (J\cc. 

:-Jo. g46) to 7.4g per cent (GD 65174-2) in lines, 5.08 per cent (lS-720) to 

6.16 per cent (Jhansi local) in testers and 4.24 per cent (GO 65174-1 :\ 

SSG-59-)) to 9.56 per cent (GD 65195 x SSG-59-3) in hybrids with thm 

uvcruge crude protein content being 6.62 per cent, 5.62 per cent and 6.90 

per l!ellt respectively. 
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-1-.1.12 Crude Fibre Content, % 

The mean crude fibre content ranged from 31.26 per cent (GO 

65239) to 33.23 per cent (GO 65174~ I) in lines, 34.95 per cent (IS-720) to 

35.65 per cent (Jhansi local) in testers and 30.01 per cent (GO 65195 x 

SSG-59-3) to 33.25 per cent (GO 65174-1 x IS-720) in hybrids with their 

average fibre content being 32.24 per cent, 35.3 per cent and 31.63 per 

celll respectively . 

..J.l.13 HeN Content, ppm 

The mean l-l(,N conknt ranged from 133.00 ppm (Ace. No. lH6) to 

183.35 ppm (GD 65174-2) inlincs. 36.68 ppm (Jhansi local) to 66.17 ppm 

(IS-nO) in testers and 31.31l ppm (GD 65195 x SSG-59-3) to 182.50 ppm 

(GD 6517..+-1 x Jhansi local) in hybnds with their average cyanide content 

being 158.17 ppm, 51.42 ppm and 106.90 ppm respectively. 

4.2 COMIlINING ABILITY ANU GENE ACTION 

All the characters were subjected to line x tester analysis to study 

t!,('n(' action !n t('fIllS of general combining ability and specific I:ombining 

uhility elTe!.:ts Crable 4). ·~he gca effects of lines and also that of kskrs 

did not dirkr significantly but highly significant difference in sea effect 

\\'us obsL'l'ved in hybrids. 

-1.2.1 General Combining Ability Effects 

TilL' general combining ability effects of parents for 13 characters 

are presented in Table 5. 

4.2.1.1 Plallt height, em 

General combining ability ('ffects of lines varied from -30.57 for 

UU 65174-2 to 18.36 Illf UJ) 65239. The lines GU 65195 (653), (;J) 

65239 (I S.J6) Gnd Ace. No. 846 (6.49) showed significant positive gCd 

l'I'fects while line (JD 65 J 74-2 had significant but negative geu dleet. 



'I J.hlc 4 Abstract of AN()V A of the characters 

\;fean square 

'--~ -T-Jllcl 
.~---. ~----

--- -------, 

Leof nUlllhc:f:af weIght pe1 
per pl;:mt I LA., plant (g) 

Source 
Plant height b 

( 
Ilum er per 

dl' em) 

I 
planl 

j 1 Illes (-t-c-n-lak-' -1- - - -r--

I 4 2035.84 ~ 62 
rllcllcntl ___ ,_ _ f-------;.--' 

" I esters I 
I (male parent) 2 

~~~~cr' ---r--X 

lError I 22 
-"-__ --L 

0.32 

Stem girth 
(em) 

J 54 
, 

Inlemodal 
length (em) 

27 71 

I J.?af: stem 
WIIO 

(). ()) 402445 t,30967S 

r-
~~5_8 __ 1 

, , 

U. 02 ~~ 22 5_4-t ___ 54_6_6_5_,S_7_-l 

7120 .. 1' 00(," i 4352.13" 83212.50" 

-0-1-2 'I. 0.0003 1-~3 
___ ~ ___ I _..1 

27.29 

878 

'-SignlficJ.nt cit 5 pCI' cent leyel **Significant i:ll 1 per cent level 



Table 4 COlltinued 

Mean square 

Source 

~ ---

*Significllll il!:'\ pcr Cent lc\l'l **SI!-'nlfic3nt at I p,-'r Cl'll! level 



Table 5 Cicl1l:Tal combining abil!t~ efkcts of lines and l<..'~kr' 

I GD65195 67.06" I 6.53** 0.17 O.53*'" 059** 0.11** 1439** 

10D65239 I 18.36" . -0.23 -0.87" -0.03 ~o 07** -796**' -48.35** 

! Ace. No. 846 6.49** i -O.79~~_ ~99*_' _, _2.2_7'_'_f-- -0.09 37.84*~ _! 12915** 

l-SE ±-~-1-=--=--=-0._n~~1 __ 0._2~~~ -':-014 0.0 I ~~ 0 4 7~ -t- 1.21 

Testers 1 

lhansilocal -11.42** 0.08 -0.69** j -181** -006 -1747** -73.03** 

SSG-59-3 6.50** -0.21 0.27* I 0.37** 0.02 ~J6.72** 74.81 ** 

IS 720 4.92" 0.12 0.41" I 1.43 0.04 ~ -1926"_ I -1.79 _II 
c--~~- +---.~~--+ ---t--:- I - - - +-

__ ..s"_'_± ___ ~..rJ56~ __ -0~8 ___ , o.I~-_--'_0U051 0.36 l_(~_._~94_--' 
'"Significant at :' pl'f (enl lc\ L'! ""'Significant at 1 per ctnt k"\'l'I 



Tno!c :5 Continued 

I (JJ)():5174-1 
I 
, GJ)65174-2 
, 
I.GD65195 

-2.R9** 

2.31 ** 

4.54** 

----.-------,..- --_. --_. 

Sf ± I) ~-

-] OJ.52** -g.:.; 7* * 

-5.50*~' 

48.21** :.; 58 * * 

**Signlficant:l1 I ]1LT cC!1tl l'\cJ 

-O.S1*'" 1.15** 

-0.06 -D.55** 

-0.52** 

II 117 

IleN contcnL 

(prm) 

-6534""* 

j-_.- --_.-

0.14 
--, 

I 



Among ksters SSG-59-J (6.50) and IS-720 (4.92) had significant positih' 

gca c(Jl:ClS \vhilt: Jhansi local had significant negative gea effect (-11.42). 

4,2.1.2 Tiller Number per Plant" 

The general combining ability effects of lines varied from -0.79 for 

Ace. No. 846 to 1.00 for GD 65174-2. GD 65174-2 (1.00) showed 

significant positive gca effect while Acc. No. 846 had significant but 

negatJ ve gca effects. None of the testers showed significance for gca 

effect. 

4.2.1.3 Stem Girth, em 

Among lines Acc. No. 846 (0.99) and GO 65195 (0.53) showell 

significant positive gca eHects for stem girth. Significant negative gca 

effect was shuwn hy (iD 65239 (-0.87) and GO 65174-2 (-0.57). Only two 

out of three testers had significant gca effects for stem girth. SSG-59-3 

(O.:?7) and IS-720 (0.41) had significant positive gca effect while JhllllSi 

local sho\ved significant negative gca effect (-0.69). 

4.2.1.4 Interllodal Lellgth, em 

Three lines namely· Ace. No. 84() (2.27). GO 65174-1 (0.69) and 

eil) ()5195 (0.59) recorued significant positive gca cffects fOf intcrnodul 

knglh. GD 65174-2 (-353) and GO 65239 (-0.03) recorded significant 

hut negative gca effects. Among testers. IS-720 (1.43) and SSG-59-.1 

lO.37) had significant positive gca effccts while only Jhansi local had 

significant negativc gca effect (-1.81). 

4.2.1.5 Leaf.' Stem Ratio 

Among lines. unly GD 65195 showed significant positive gca <.:rfect 

(O.ll) fur leaf stem ratio. Significant hut negative gca effects wer(" 

"bserved for Ace. No. 846 (-0.09). GD 65174-2 (-0.06) and GD 65174-1 

(-(l.U7) and GO 65139 (-0.07). Non!.: ufthe tcsters showed significance for 

gca effects. 



4.2.1.6 Leaf Number per Plant 

Till.: gca effect of lines showed significant values for leaf numb!..!!' 

pCI' plant. The lines. Acc. No. 846 (37.84) and GD 65195 (14.39) lwd 

significant positi\'!..! gca effects while the remaining three lines had 

signl1'icant but negative gca effects. Among testers, SSG-59-] (36.72) had 

significant positive gca effect while IS-720 and Jhansi local showed 

significant negative gca effects of -19.26 and -17.47 respectivt:!y. 

4.2.1.7 Leaf Weigflt per Plant. g 

The general combining ability effects for leaf weight per plant had 

significant positive values for Ace. No. 846 (129.15) and GD 65195 

(67.06). The lines. GO 65174·2 (-95.75), GO 65174-1 (-52.10) and GO 

65139 (-48.35) had significant negative gca effects. Among testers. only 

SSG-59-3 had significant positive gca effect (74.81) while Jhansi loud 

(-73 .03) and IS-720 (-1.79) showed significant negative gca effects. 

4.2.1.8 Days to 50 per cellI Flowering 

All linl.:s had significant gca effects l'or days to 50 per cent 

flowering. Lines. GD 6519? (4.54) and GO 65174-2 (2.31) had significant 

positive gC<l effects. Significant negative gca effect was shown by UD 

65230 (-2.08). GO 65174-1 (-2.89) and Ace. No. 846 (-0.98). Among 

tl·sters. Jhallsi local showed significant positive gca efll!d (2.52) while 

signifie,lllt ncg<lli\'e gc<.! effects were shown by IS-720 (-1.54) and 

SSG-59-] (-U.971 

4.2.1.9 Green Fodder Yield,I/IlI" 

All the five lines had significant general combining ability dfects 

fur gr~~n fodder yield. The lines Acc. No. 846 (89.68), GD 65239 (50.56) 

~Ind GO 65195 (48.21) had significant positive gca effects while the 

remainmg lines showed negative gca effects. Among testers SSG-59-3 

(91./3) recorded significant positIve gca effect while Jhansi local (-72.61) 

and IS-720 (-19.52) n:conJcd significant negative gca effects. 



4.2.1.10 Dry Fodder Yield, tlza- I 

For dry fodder yield, the gca effect of lines showed significant 

valucs. The lines Acc. No. 846 (6.54), GO 65239 (3.75) and GO 65195 

(3.58) had significant positive gca effects while others had significant 

negatlVl' gca cffects. Among testers, SSG-59-3 (5.21) recorded significant 

positl\'e gca effect while Jhansi local (-3.66) and IS-720 (-1.55) recoHkd 

significant negative gca effects. 

4.2.1.11 Crude Protein COlltellt, % 

Among lines. the gca for crude protein content had slgnificanl 

positlYC valucs for un 65195 (1.16) and Ace. No. 846 (0.37). Signlficiln'l 

hut negatl\C gca effects \verc shown by Jines GO 65174-1 (-0,8J). (jJ) 

652:19 (-0.65) and GD (l5174-2 (-0.06). Among testers, Jhansi local (0.73) 

and SSG-S9-3 (0.28) had signi/'icant positive gca effects while IS-720 had 

negative gca effect (-O.45). 

4.2.1.12 Crude Fibre Contellt, % 

Regarding the gca effects of lines, significantly negative gca effects 

were shown by GO 65195 (-0.52) and GO 65174-2 (-0.55) for crude fibre 

content. Among lines, only GD 65174-1 showed significant positive gca 

effect (1.15) for crude fibre content. Among testers, SSG-59-3 (-0.16) <lnd 

Jhansi local (-O.28) had significant negative gca effects while Is-no had 

significant positive gca effect (0.44). 

4.2.1.13 /fCN COlltellt, ppm 

-Thn::~ lines I'i:: .. GD 65239 (2.12), Ace. No. 846 (26.27) and GO 

6517-J.-1 ((l2.73) recorded significant positive gca effects for HeN content. 

Significant but negative gca effects were shown by GO 65174-2 (-25.7X) 

and GD 65195 (-65.34). Among the testers, SSG-59-3 (4.96) and Jhansi 

local (I ,88) had significant positive gca effects while only IS-720 had 

:-;igniJ"icant negative gca effect (-6.84). 



-1.2.2 Spccific Combining ability effects 

The specific combining ability effects of hybrids for 13 characters 

are given in Table 6 and Fig. 1. 

4.2.2.1 Plant Height, em 

The specific combining ability effects of fourteen out of 15 hybrids 

\\ere found to be significant for plant height. Five hybrids had significant 

positive sea effects. The highest positive effect was shown by the cross 

(;0 65174-1 x SSG-59-3 (34.87). All other hybrids differed significantl) 

from th(' hybrid GD 65174-1 x SSG-59-3 for sca effect. The 100vcst 

PllSltivdy significant sea effect was shown by GO 65239 x IS-720 (i5.6S). 

In the cas(' of negatively significant sea effects, the highest negative effect 

\-\'i.\S recorded by GO 65195 :\ SSG-59-3 (-30.27) and thl! lowest by (il) 

65195 x .Jhansi local (-2.45). 

4.2.2.2 Tiller Number per Plant 

TJ1rI.~(, out of 15 hybrids showed significant positive sca effects 

wlllk [\\.t) had SIgnificant Il('g,ative sca effects. The highest positivi.! 

significant sca erfect was shown by GD65174-2 x Jhansi local (1.42) and 

io\\est positive value by GO 65174-1 x IS-720 (0.53). All other hybrids 

differed significantly from the hybrid GD 65174-2 x Jhansi local l'or sea 

effects. GD 65174-2 x IS-nO recorded highest negatively significant sea 

effect (-1.42) while Ace. No. 846 x Jhansi local recorded the least 

negative effect. 

4.2.2.3 Stem Girth, em 

Fourteen out of 15 hybrids had significant sea effect for stem girth. 

Six hybrids had significant positive sca effects. The highest positive sea 

efkct was recorded by GlJ 65195 x IS 720 (3.81) and the ]oust by Ace. 

No. 846 x SSG-59-3 (0.53). All the hybrids with significant positive sea 

t:J'J'l:C[S except Acc. No. 846 x SSG-59-3 were on par with each other. Nine 

hybrids had significant n('gative sea effects. The hybrid Ace. No. 846 x 
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IS-720 had the: highest negative value (-2.81) while GD 65174-1 x Jhansi 

1(1cal had the least negative value (-0.65). 

4.2.2.4 Internodal LellgtlI, em 

All hybrids except Ace. No. 846 x IS-720 had significnnt sea effect 

for internodal lel11.;th. Out of the 15 hybrids, seven had significant 

I1egati\'(: sea effects. The hybrid. Ace. No. S46 x Jhansi local had the 

highest Ill'gative effect of -6.53 and GD 65174-2 x lS-720 had the lov,.est 

IH:galiH: cfkct of -0.77. The positively significant sea effects ranged frum 

() 79 ((;D 65239 x SS(i-59-3) to 9.10 (GD 65195 x IS-720). 

4.2.2. S Leaf.- Stem Ratio 

Regarding leaf stem ratio. six out of 15 hybrids had positive 

significant sea effects while six hybrids had significant negative sea 

crfects. The highest rositivel.y significant sea effect was recorded by the 

hyhl"lds GD 65174-2 x SSG-59-3. GD 65195 x Jhansi local. GD 65195 x 

IS-720 and Ace. 1\0 ~46 x SSG-59-3 (0.15). The hybrid GD 652.19 x 

IS-720 had the 10\\/est positive sea eff't:ct. The significant negative sea 

effeels ranged frull1-0.30 (GD 65195 x SSG-59-3) to -0.04 (GD 65174-2 

x Jhansi local and GD 65195 x IS-720). 

4.2.2.6 Leaf Number per Pltlllt 

Aillhe hybrids except GD 65174-1 x Jhansi local, GlJ 65174-1 x 

SSU-59-3 and GD 65174-1 x IS-720 had significant sea effects for leaf 

number per plant. Four out of 15 crosses had the highest positive 

significant sea effects. The hybrid GD 65195 x Jhansi local had the 

hight:Sl positive significant sea effeet of 72.92 while GD 65174-1 x IS-720 

had tht:' IU\\L.'SI valll~ of 29.06. All the hybrids differed significantly frum 

GO 65195 x Jhan'jj local. Eight hybrids showed significant negative sea 

effects rangIng from -43.37 in GO 65195 x SSG-59-3 to -10.17 in GD 

6S 174-1 x SSG-59-3. 



4.2.2.7 Leaf Weight per Plant, g 

All the sca effects for leaf weight per plant were found to b<--' 

significant ncep! for the hybrid GD 65174-2 x Jhnnsi local. Out of the 15 

hyhrids. seven showed positive sca effects and the remaining seven 

silo\\·ed negative sca effects. The highest positively significant sea c!Tcct 

was shown by the hybrid G D 65195 x IS-720 (341.29) and the hnvesl by 

GD 65239 x SSG-59-3 (21,60). The hybrids differed significantly from 

euch other. In thc case of negatively significant sca effects. the values 

ranged from -274.79 (Ace. No. 846 x IS-720) to -20.81 (GD 65174-1 x 

.Ihansi local). 

4.2.2.8 DaY!i to 50 per CellI Flowering 

Fum llllt l)/" 15 hybrids had positively SIgnificant sca cllccts Willi<--' 

five hybrids had significant negatIve sca effects. The highest positlvc 

significant sca effect was recorded by the hybrid UD 65195 x Jhansi local 

(13.10) nnd the lowest by Ace. No. 846 x IS-720 (3.38). The hybrids 

differed signlficulltly from each other. In the case of negatively 

signIficant sea effects, the values ranged from -7.64 (GO 65195 x IS-720) 

to -2.18 (Ace. No. 846 x .Ihansi local). 

4.2.2.9 Green Fodder Yield, t IIll- 1 

All the sea effects were found to be significant for green fodder 

yield. Seven out of 15 hybrids showed significant positive sea effects. 

The highest positive significant sea effect was recorded by the hybrid 

UD 65195 x IS-720 (322.72) while the lowest significant positive sca 

effect v,;<.\s for GD 65174-2 x ./hansi local. All the seven hybrids differed 

significantly from each other. Eight hybrids had negatively significant sea 

dIects ranging from --277.53 to -14.06 in GD 65195 x SSG-59-3 ami GLJ 

65174-1 x Jhansi local respectively. 



4.2.2.10 Dry Fodder Yield, lito' 

All the hybrids except GO 65174~2 x Jhansi local had significant 

sca cJTecls (or dry fodder yield. Six out of 15 hybrids had significanl 

posillve sea efl"ects. The hybnds. liO 65195 x IS~ 720 n:corded the highest 

positiVi.:: sen effect (20.52) while GO 65174-1 x SSG-59-] recorded the 

lllwesl \'alue (3.57). The bybrid GD 65195 x IS-720 was significantly 

sllpl'rillr to all other hybrids for dry fodder yield. Eight hybrids had 

IIl:gatl vely signi ficanl sea cilects which ranged from -17.31 for GO 65195 

:\ SSli-59-1 tll-O.I? l"or GD ()5174-2 x Jhansi local. 

4.2.2.11 Crllde Protein Coutent, % 

Seven out of 15 hybrids had significant positive sea effects for 

crude protein content. The highest significant positive sea effect \\"<lS 

recorlkd by GO 65174-2 x IS-720 (2.25) and the lowest by Ace. No. 846 x 

IS-720 (0.18). All the hybrids differed significantly from GD 65174-2 x 

IS-720. Five hybrids showed significant negative sca effects ranging frum 

-272 for GO 65174-2 :x Jhansi local to -0.66 for GO 65239 x IS-720. 

4.2.2.12 Crllde Fibre Coutell/, % 

hll" crud(: fibre conten\. nin(: aLit of 15 hybrids had significant sca 

effects. Fiv.: hybrids had signil"icant negative sca. The highest lwgativel:­

sqpllficant sea effect was sho\\-"11 by the hybrid GO 65174-2 x IS-720 

(-1.28). rhe lowest vnllle was recorded by GO 65239 x lS-720 (-0.32). 

Four hybrids showed significanl positive sca effects. The highest 

positively significant sca effect was shown by GD 65174-2 x Jhansi local 

(1.43) and lllW.:sl by Ace. No. 846.\ IS-720 (0.43). 

4.2.2.13 lieN Con/enl, ppm 

All the hybrids .:xcept GD 65174-1 x SSG-59-3 had significant sea 

effects for HeN content. Eight out of 15 hybrids had significant positive 

sea d"fects. The hybrids GO 65239 x Jhansi local recorded the highest 

positive sea effect (48.18) while GD 65239 x IS-720 recorded the lowest 



value (6 73). Six Fls showed significant sca effect \\'a5 shown by Ace. No. 

846:,\ Jhansi local (-75.97) and lowest by GD 65195 x Jhansi local (-1.16). 

4.1 COMI'ONLNTS OF GENETIC VARIANCE 

Dominance vuriance were high for all the characters. Additi\'e 

\.'i:1rianc~ \Ni:1S not estimable for the characters except tiller number per 

plant. leur number per plant. crude fibre content and lIeN content. The 

ratio of additive variance to dominance variance was less than unity for 

lIe!'.' content (0.06). leaf llLlIll"ber per plant (0.0178), crude fibre content 

(0.017) and tiller Humber per plant (0.0035), while for all other characters 

the r,illO wns not l'stim'lble. 

4.4 PROPORTIONAL C:ONTRlBlnION 

The proportional contribution of lines, ksters and crosses to lOtal 

variance of the characters under study is presentcd in TabLe 7 and Fig. 2 

The values ranged from 10.99 for stel11 girth to 62 X? for II (' N 

content among IlIlcs. Among testers, the valut:s ranged from U.82 fur 

lIeN cont('l1t to 28.45 for kaf number per plant. In the case of crosst:s. 

the values ranged frum 36.36 for HeN content to 83.44 for stem girth. 

Tilt' crusses had conwhutt'd maximum tu the total varianct' for all 

tht: characters and the testers hall the least contribution to tht' IOt,t! 

V:HldIKI.' \vltll respect to crosst's and IIIlCS. 

-l j IIEIElWSIS 

"I ht' superiority of the hybriLls was estimated on the basis of mid 

parental valLic (rclative heterosis), better parental value (heterobeltiosis) 

und standard check, COFS-29 (standard heterosis) for the 13 charactt'rs 

studied. The grapillcal representatIOn of relative heterosis, heterobeltlOsi~ 

and standard heterosis for thirteen characters are given in Fig. 3. The 

values an: expresscd in percentage. 



Table 7 Prnportinllal contrihution of lines. teslCrs dnd line '\ tC:-.\L"r:' t,l the 
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Plant height (em) Tiller number per plant 
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Fig. 2. Proportional contribution of lines, testers and 
line J: tester to the total variance 
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-1.5. J Phlnt Height, em 

The heterosis per cent for plant height ranged from -32.02 (GO 

65174-2 x SSG-59-3) to 12.76 (GO 65195 x IS-720) faT relative heterosis. 

from -3~ 24 (GO 65174-2 x SSG-59-3) to 8.04 (Ace. No. 846 x SSG-59-J) 

for heterobe1tiosis and -44.07 (GO 65174-2 x SSG-59-3) to 0.73 (Gil 

65195 x IS-720) for st<wdard heterosis (Table 8). Positive and significant 

fc!allV\.' heterosis was shown by hybrids GO 65174-1 x SSG-59-3 (8.31 

pCI' cent). C;f) 65195 x IS-TW (12.76 per cent), GO 65239 x Is-no (9 9J 

per cent) and Acc. No. 846 x SSG-59-3 (10.06 pr cent). Two hybrids 

showed significant positive hetcrobeltiosis, GD 65174-1 x SSG-59-3 (7.51 

lh'r CCllt) and Ace. No. 846 x SSG-59-3 (8.04 per cent). Maximum 

swndard heterosis ,vas rccordcd by GO 65195 x IS-720 (0.73 per cent). 

4.5.2 Tiller Number per Plant 

Eight hybrids showed significant positive heterotic vigour over the 

1111(1 parents (or thiS char(lcter. The heterosis per cent for tiller number per 

plant ranged from -2~L36 (J\ce. No. 846 x Jhansi local) to 118.18 (GD 

65174-2 x Jlwl1si local) Positive significant heterobeltiosis was recorded 

by the hybrid GlJ 65174-2'x Jhansi local (65 per cent). Hybrids showing 

pusltive significant standard heterusis was GO 65174-1 x IS-720 (13.58 

per cent) (ruble 9). GO 65174-2 x Jhansi local (62.96 per cent), (il) 

65174-2 x 5S0-59-3 (20.99 per cell!), GO 65195 x Jhansi local (13 . .58 per 

cent) imd GO 65195 x IS-720 (16.05 pt:r cem). 

4.5.} Stem Girth 

The hl'lerosis per cent for stem girth ranged from -34.15 ((il) 

65174-2 x Jhansi local) to 218.03 (GD 65195 x 1S-720) for relati\ t: 

heterosis. frolll-50.70 (Acc. No. 846 x IS-720) to 185.29 (GD 65195 x IS-

7201 (or hotorobeitiosis aod -61.07 (UD 65174-2 X Jhan,j local) 10 36.6" 

«jl) (J5195 .\ IS-720) for standard heterosis Crable 10). Eight hybrids 

"howed significant positive relative heterosis. Five hybrid sho\Ved 



Tabk g. ]-Ieterosi.o, (%) for plant hcight. cm 

IlybrtlL 
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significant positivi.' h-:tcrobdtiosis. Hybrids of Gf) 65174-1 x SS(i-5lJ-3 

(-"P.89 pcr cent), (jD 65174-2 X SSG-59-] (-47.89 per cent), (JD 6517...J--~ 

:-. IS-710 (-7.04 per cenl). Ace !\in. 846 x SS(j-59-J (-5.63 per Cl'llt) and 

(JJ) 65239 x Jhansi local and (,D 65239 x SS(j-59-3 showing significant 

negative standard heterosis for Ihis character (-39.44 per cellt), rom 

hyhrids showing significant positive standard heterosis . 

.. .,5A Internodal Length 

The extent of heterosis over mid parent ranged between 29.97 per 

cent (Ace. No. 846 x Jhansi loc<11) and 64.09 per cent (GD 65195 x IS-

720) for internodal length. Hybrids of GD 65195 x IS-720 (64.01) per 

cent), Gf) 65:?39 x Jhunsi ]()(:al (8.27 per cent), GO 65239 x SSCi-59-.1 

(3.96 per cent), Ace. ~o. 846 x SSG·59·3 (53.46 per ct:nt) and Acc. No 

846 x lS·720 (15.84 per cent) showing significant positive relativc 

heterosis for this character. Thret: hybrids showed significant positive 

hetcrobeltiosis was GD 65195 x IS·720 (50.76 per cent), Acc. ;'\Jo. 846 x 

SSG-59-3 (47.34 per cell1) and Ace. No. 846 x IS-720 (13.19 per cent) 

Eleven hybrids showed significant negative standard heterosis (Tabk 11). 

GD 65195 x IS-720 (17.39. per cent) and Ace. No. 846 x SSG-59-} (4.4l) 

per cent) showed significant positive standard heterosis . 

.. L5.5 Le~lf: Stem Ratio 

Nine hybrids showed significant positive relative heterosis for this 

character. The heterosis pl!r Cl!nt for leaf/stem ratio ranged from ::ns.~--I 

(GD 65239 x Jhansi local) to 175.00 (GD 65195 x 15-720) for rclativl' 

heterosis. from -30.88 (G065239 x Jhansi 10c<1l) to 130.64 (GD 65195 .\ 

IS-720) for ht:terobcltiosis and -32.35 (GO 65195 x SSG-59-3) to 110.29 

((iD 65195 .\ IS-720) fur standard heterosis Crable 12). Nine hybnd 

showed significant positive heterobeltiosis for this character. Four hybrids 

showed significant positive standard heterosis was GO 65195 x Jhallsi 

local (79.41 per Cl'nL). GD 65195 x IS-720 (110.29 per cl:nt), Ace. )'<0. 8--16 

x SSG-59-3 (95.59 per cl'nt) and Acc. No. 846 x IS-720 (63.23 per el:ntj. 
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.. LS.() Leaf 1'.·umbcr per Plant 

Significant positive relative hcterosis vvas observed for all the 14 

11;' Ol'l d:-; , the range being 14.78 per cent (GD 652)9 x Jhansi loed) to 

~6.).7l) per ccnt ((iD 65195 x Jhansi local) except GD 65174-1 x Jhansi 

lucal T(;!11 hybrids had pnsitivdy significant values while one hybrid h<Jd 

lll'gati\'l:ly significant hctt:robcltiosis (Table I). Maximum positively 

significant standard heterosis was recorded for Ace. No. 846 x SSG-50 .. J 

(IJl.3\) p('r cent) followed by (jD 65195 x Jhansi local (61.43 per cent), 

(j]) 6523l) x SSG-59 .. ) (8.9J per cent) and GD 65174-2 x SSG .. 59-3 (5.80 

pl'r centl. 

4,5.7 Leaf Weight per Plant, g 

The heterosis per cent for leaf weight per plant ranged from -47 73 

(Ace. No. 846 x IS-nO) to 294.11 GD 65195 x Is-no) for reiative 

heterosis. from -50.28 (GD 65174-2 x Jhansi local) to 259.64 (GD 65195 

x IS-720) for heterobeltiosis and -59.87 (GD 65174-2 x Jhansi local) to 

232.44 (GD 65195 x IS-720) for standard heterosis (Table 14). Nine 

hybrids showed signiricunt positive heterosis for relative heterosis. Eight 

hy-brld shu\ved significant positive heterosis over better parent. Six 

hybrids showed positive significant and two hybrids showed significant 

negati\'c hl.!tcrosis for this character. 

4 .. 5.8 D~lYS to 50 per ccnt Flowering 

Thc hyhrids exhibited significant negative standard hetefDsis. T\\o . 
hybnds showed significant negative relative heterosis. The hybrid (j[) 

65195 x Jhansi local (23.51 per cent) exhibited the highest significant 

positive relative heterosis. Two hybrids recorded significant positive 

h":krubcitiosis with the hybrids (iD 65174-2 x SSG-59~3 (8.61 pCI' cent) 

and GD 65195 x Jhansi loca! (18.13 per cent). Five hybrids recorded 

significant negative standard heterosis with the hybrids GD 65174-1 x 

Is-no (-709 per cent) and Ace. No. 846 x IS-720 (-6.77 per cent) (Table 15) 
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Table 11. IIeteroS1S (%) ror leaf: stem ratio 

i---;"lybrid:-----I" Relative Hderosis ! H~lerobeIli~~--- -StaIHI;;l'd.-- --
~. (j~_ I (HBl __ --L,_~!e~~"--~Sl-!J_~ 

G06SI?"-] x Jilallsi local I 32.74** -----r-- 1029* I I02() , I GD6)174-1 x SSG-59-3 r 4S.00·" --i--- 34.54 H --T' -=--i; X':;--_-

IGD65174-l x IS-nO I -467 ---t-- '-1774 I -25UO 

I GOGSI74-? x Jilansl local I -21 60 -1---,----- -27 94 ---T --.2794-'·-

j GOGSI74-? x SSG-StJ-3 . 82 14** 7895** -----t--- 5000---
I G065)7"-? x Is-no -420 -806 --I - '--~~ 

I GD65195 x Jhallsi local i 12UL2** 79,41'* 'j---~_4I*-;--' 
f-==-c":-~~=---t----:-:'':---+--~'''--I' --'-cc--I GD65195 xSSG·)9-3 I -515 -1636 -3235 

~ GD65195 x_IS_._7_2~O ____ -r I, ___ '_'_S_,O_O_'_' ____ e-----1-3-O-,-64-"---t- 11'0 29*~--_ i 
10065239 ~ Jhansi local i -21L24 -30 88 -30,1\1) 

I G!J6523lJ x SSG-59-] 1695** =F 9.52¥ 

I' ('1065239 x IS-7_"(-'-_-_-~_--l-.__1I---'4.:cOc:,8c:O..,'~' _, _39_6S u _--1--1 
, Ace No S..t6 x .iilJllsi local -11.69 -19.11 I ' 

1.47 

- I () I 2 
---_._-_. 

135.39** 129.3 J H 95 59** I --_._- , 
85.00** 79.03** 63 J~*¥ I -, ---,---

0,03 I 0.035 0 OJ5 

I Ace. ?\'o. 846 x SSG-59-3 

Ace, No, 846 x IS-720 

CD (0.05) ---------
*Significilill [It .:=; per ~en! level **Significant at I· pcr cellt It:vel 

T<lbJc 13, Heterosis (%) ror leaf number per plnllt 
----- -------,--c:--c~__;c--,__-__cc-__c___c_ 

I
I Relative Heterosis Helcrobeltiosis- i - -Slal1d~l~d 

H}brlus I 

I 
--,,(Ie.' .. "!) ---1----'-' ("H,,8,,),-_ ~ I c ~~~J S~ _I' 

c-:G"D"6"5"'-='_4.",I_'-,:J,,hacco,,,,-,, "'0,,,'-,'-,' _-] 11-.---:-;:·5'-'-=5-=7~--.1-----3J .27 --+, __ ,_._66_57 ___ , 
i_ GD65174-1 x SSG-59-3 59.40~· -3.79 \ _J.79 H 

IGD65174-lxlS-720 I 12839** 62,54°! .20-s-,--1 r-1.:c:=.:c.:c-.:--=-'-='''----:---i,I----'-'s .. '''''-6-'-;:'- -+--"'::':5",,"-8'--+ . '7 -,- ._- ~ GD65174-2 x ]ilal1si local l. I ... ~, 

I-G-D-6-5-17-4-·'-,-S-::;-' '--50-3 -'Ir---s;CCI -=3-=7-::'-;:'=_'===+=- 5',89~--'---~-=-~ ~~q~~ _' 

r GD65174-2 x IS· '20 __ j-- 5227** 224 ---1 -)0 ()(J 

I GU6SI')S" JJWWI IOCClI' II 363 79 q ----:;~~;-; - 1- ~4)';;-----.- ,----
>9-3 66,43 H -0 55*~ -055 H I G06S1 \)5 )( SSG-

GD65195 x IS-7'2 --', (] 67.76** 17.35** -42.61 

I local 14.78** -9. 1 6 -54 49 

I --
59-3 68.64** 8.93** 8.\)3 U 

(J 1 148 ISh 98 16*" I -3,(]9" 

GD65239 x Jhall~ 

I G06523\) x SSG­

I G065239 x IS-~=' 

L/\I:~ No_846xJI,~)C<lI----l---_ 11_16~ )637 -_I ()U 

I Ace. ~'o. 846)( S'iG-S9-3 I 1739jU _, . J3J'~-~ - 13139-;''' 

L0-cc No. 846 ~~-no --1 __ ~'~'6:c.c7~O_'_' __ --+,_-.~6~'c:.:c02=-H 1- --~12-6--

I , .. . .. -'--r-- - ---,-, 

I CD (0 (J)_'I ___ . I - 2.07 L_ 2.39 -=-~-=---~'J9:=--=- .~i 
**Slglllfic~lIt at I per' cc:nl level 



Table 14. Heterosis (%) for. leaf weight per plmlt. g 

Relative Helerobelliosl~'----r-'St;llld~IfJ ._-, 
Hybrids I f- . _-+--,-H~'~!e~'~'o~s~is~(~R~I~'I~)+ __ --,(HB) I_HI:II:~.si~~ 

r'G~'D~6~'~'~[7:_'I_-~I_'~J~h~"~'''~i~lo~'~C~I __ ~I ---c~-'~I 68c-_+-_'--c~-:~'6~'~5~_~ ~~X 94. 
006517.)-lxSSG-59-} _L_I~ .. 49** 11766t* J-. _0~J_3~* 
G065174-1 x 15-720 '1'- ~26 79** ·31 6S -3() 85 

1 GD65 I 7-+-2 x Jhansi Joca-I ---'- ~-]~,~, ~7-]---+----'-50-2-'-' t-·-- -5~) ::;-7-. -

GD65174-2 x SSG-59-] 1399** 10.72** --r -- -IU 6::'t'-=-_. 
G065174-2 x JS-720 158S" 8.54** r- 0 33~¥ 
GD65195xJhallslloc[l1 f __ 2S17*" 6.3,P* _ .. _---J-__ ...:.~·.~.i9 .. . _ 1 

G065195 x SSG-59-] I -1459 ,1<1 69 _.~._ -2.) <).) ' __ 

G06519)xJS-T20 I 294.IIH 25964"* I 2,2 l.j'~ 
'~0652-]9-"-J-ha-';;-'1 -0-,-,1-- I---llihl*'*-i--~60 --.- - 21 7-.;-F-'-.--_.- t·--~-~_~;(:~-~ GD65239 x SSG-)lJ-3 

I 
04.12¥* 91.38** =t G065239 x IS-720 -10 8 I -17.63 

Ace. No. 8-16 x Jilansi local 156.01 H 92.J9~* , I - --.-- -. 
Acc. ~o. 846 x SSG-59-J [ 275.70** 230.79** 23079¥* 

Acc No. 846 x [5-720 I -47 7J -49 70 -49 7 I 
._--- - -, I ==~C'cDc:;'( O~O"') )'---:- .Lc-c-_.:.).:.a.c-__ . .L __ 6.~14,--_. __ . __ 6 .~. __ 

, 

*-Slgnificanl al I per cent It;vel 

Table 15 Heterosis (%) (or days to SO per cent .flowering 

, 
1 Hel<:I'osis (RH) 

GD65174-1 x Jilansi local -7 .88 

G065174-1 x SSG-59-J -5 09 

G065174-1 x IS-720 - I 74 

G065174-2 x Jhansi loc[ll -2.98 

I-Ielel"llbeltio~is Standard 
(lIlJ) 

-

-13 n 
. -SA7 

-6 29 

-

Ht:[CI·()~I.,> (SII) 

r----13.22 .. -. 

I -11: l}1J 

1 -8.71 H 

-10.,,--1 
-

! G 065174-2 _x 5SG-59-3 15 67"* 861 q 

, , - -

)--' , - , -"' - ) 

Acc. No. 846 x Jhansi local -3.25 -8 7 I -8 7: * 
Acc. No 846 x S5G-59-3 -4.2 I -7.46 -I J 93 

Ace ,"0 846 x IS-720 0.17 -4 30 ---_._- ----. - 244 2.4·1 . __ L -t 2.1 I 
*Signiflcilnl al 5 per cellI kvl'i **Signiflcuill al I PCI' cenl le\el 



GI) 65174-:': :\ SSG-59-3 and GD 65193 x Jhansi local ranged being:; .15 

to I ~.I~. 

-1..5.9 Green Fodder yield, t ha-! 

The heterosis nt/lie ranged from -31.81 per cent to 488.76 per cent 

for relatIve heterosis, fro111 -45.15 per cent to 375.69 per cent for 

heterobeltiosis and --67.18 per cent to 253.67 per cent for heterusis in th(: 

hybrids of Of) 65174-1 x Jhansi local, GD 65195 x IS-720 respcctivdy. 

Tt.'ll hybrids showed positive sig!llfieant heterosis for relative heterosis 

and he!erobcltiosis for green fodder yield. Nine hybrids showed positi\e 

slandaru heterosis for this charactt:r Crable 16). 

-'-S.IO Dry Fodder Yield, t ha-! 

Significant positi\"<.~ relative heterosis for dry fodder yield \\'<JS 

exhibited by twelve hybrius. of which the maximum value was shown by 

UD 65195 x Is-no (506.24 per cent). Ten hybrids showed signIficant 

positive heterosis and standard heterosis for this character Crable 17). 

4.5.11 Crude PI·otein Content, % 

Seven hybrids showed significant positive relative heterosis for this 

character. The highest significant positive relative heterosis was shown by 

the hybrid GD 65195 x SSG-59-3 (45.68 per cent). Seven hybrids showed 

significant positive heterosis for better parent. GD 65174-2 x IS-nO 

(10.55 per cent). GD 65195 x Jhansi local (13.29 per cent), GO 65195 x 

SSG-59-3 (27.72 per cent) and Ace. No. 846 x Jhansi local (14.63 pcr 

cenl) ShllWCU significant positivc standard heterosis for crude protein 

con\(:l1t (Table 18). 

4.5.12 Crude Fibre Content, % 

Only two hybrids vi:: .. GD 65174-1 x SSG-59-3, GD 65174-1 x IS-

720 shu wed significant negativc Slanuard heterosis. The valu!."!s being -7..j. 

and -6.73 respectively. None of the hybrids showed significant pusitive 

values for relative heterosis and heterobeltiosis Crable 19). 
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Table 16. Heterosis (%) for green fodder'yield, t 11<1'[ 
-------- , 

I-! ele I"obe I t i O~ i s StilllJ;lrd I 

Table 17 Heterosis CVo) for dry fodder yield, ( l1a'[ 
,--- --- --- ---,' -- - .-

Iktno\l\ (:"11) 

·r) 7 I B 

. ..j() -I() 

--II! I () 

, , 

--- , 

• II I 'I I Relatlvl.' If(;ll'j'ob<.'ltlosi~ SI;lIhldrc! 
\ ) 1"[ ( S "" 

~" HeteroSIS (lU-I) __ (_jl~ __ J __ -+ ~~rusis (:-'~_J_ 
I r,r)65174-1 x Jh,lllSi lucal -29 )5 -39'79, -6920 

R~'i~ SS~j-5l)·:; 127~'~' -~"_' __ r_. __ 7_8_6_'_'_' ___ 1-, ___ -,·· ()5:_6_~*_~_·' __ 
'GD65~J~-1 x IS-720 1 __ ~.6 ___ I <0'064 , -·1265 

GD6517-1-2 x jhailsi local 1 J::U; I ** .. ~:.I (; GP .. __ t- -. -i-5-:!J~_ 
32.5_"_'_' __ +_ 3? ~]"'* __ j ___ IO_16 P 

__ 

OD65174-2 x Is·no I 6156** 4576 n .]0 93** 

GD651 H-2 x SSG-59-] 

GD65195 x Jh,ln~i local 213.22 P ._'_'_I,77 h
" __ I__ 2_~~_~~_ 

GD6S]95 x SSG-59-] ____ I 20.73** -l) 15 ___ . ___ -!_~_~ 

GD6S195" IS-720 ____ --1--506.24*. :\ JlJ3 52=-=-_~~ ____ 2S~:.~_ 
GD6j~_,l)~Jh,\Ilsllllcal 1121~~* T210" :::'9.,::;" 

" C;D6j2:;(), ~SCJ-5l)-) ~---- 301.66'* -+-- 2687)*;--- I 23 I ~_~d 
r--' ---,--.---- --- ,-- -- ----I-- ,-- - -------t-

GD6j239'/IS-720 I ~8 X6** cD 97** --J l) 73 d 

Ace \Jo X-I6" JhJl1si lueal -~X-I_82H I 16018**' ,-

Ace. i\o 846 x SSG-)9 3 

Aee No 

L. __ 

X46 x IS-j"'O 

CD(UOj) 

16U 18~~ 

-31U)5 

IJ -1.1 

j 



Tahle I X I-Il't~rosis (%) for crude prot<.:in conlcnL % 

p~: ~ ~;~f-: -:: 'I 

CI)(,51 ~·I-

¥*SigllliICdlli ut I p<':I' ('<':111 ievl'l 

Tabk It;, j·!ctl'rosis l~/o) for crud~ fihre cOlltL:nl. % 

I 
Rel:ll1 \'<': 

j I) bl'lds 
c---c-c--c- 1'letl'rll_"I~ (RII) 

G06517:.J-1 -< Jh~lll~i Iuclil I -s 5:.J 

-4 1-1 

H e(cro be 1 t i 0 S I'> 

I, ("") 
I---'~II 6" 

t-- -7',g 

~ ,~ 

1 

StilllJili ,I 
Ilel<':1 u" I, t:-, III 

-II ·17 

1- 'StandarJ 

I !!~~~H)~';:~\2!.!) 

I , 
i 

II! + 

- I -I '")" 

- 1:1 7-1 

_ 1.1 (, l) 

- I.' 8::' 

\) ,,'J 

- 1.2 ,,-1 

I ' " - - ," 

- I I S I 

- I -I ~ I 

- I I () 7 

-9 27 



-'.5.13 HeN Content, ppm 

Six hybrids showed significant positive retatiV'.:' hdcl"osis rangil1g 

f1'01116.89 {GO (15!74-! x IS-720) to 85.96 (Ac('. No. X46 x SS(i-5()-.1) rtil 

lieN content. Acc. No. 846 x SSG-59-3 (25.26) and Acc. No. 846 x IS-

720 (17.29) showed the significant positive hctcrobeltiosis. None of the 

hybrids showed significant positive values for standard heterosis Cfable 20). 

4.6 POLLEN FERTILITY 

The pollen grains of lines, testers and hybrids were examined for 

pollen fertility. 

The pollen grains of lines, testers and hybrids were fertile. Among 

lilles pollen fertility ranged from 64.68 per cent in GD 65174-1 to 98.46 

per cent in A('c. No. 846. Among testers it ranged from 36.82 per cent 111 

Jhansi lo('al to 3991 per cent in IS-720. The pollen tertility of hybrids 

ranged from 26.72 per ('ent in OJ) 65174-1 x Jhansi local to 87.34 per ('('111 

in GD 65195 x SSG-59-3 Crable 21). 
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5. DISClISSIOr>' 

The primary aim of plant br<.;eding is to evolve SlIpnlOl" gt'llulypl'S 

with high Yield and better gLlality Interspecific hyhridi".(ltion is lIsed III 

fudder crop:::; fur developing high Yldding Vimt:lil's SllC( .. ·l,~,.r111 

inl\?rSpccific hybrids or Sorghum hic%r and Sorghum slIIiuilellS(! h~!\ l' 

bl;;:en reportl.'li I..'arller. In Vlev\' or this, the present study \Vas underlakl'll III 

product' hybnds With high forage yield and quality. Tilt: n:sults or rill' 

study arc thscussed 

5.1 MEAt-; PERFORMANCE 

Tbl: five sllpl'rior Sorghum [Sorghum hic%r (L.) l'vloencliJ 

acceSSions l"i:.': 0D 65174-1, GD 65174 .. 2, GD 65195, (j[) 65239 ,Jlld 

Ace. No 846 \\'ith high yield potential and better palaUlbility sl'lcClL'd 

from the previolls study were llsed as lines. Three sudan gnJss (Sorghlllll 

sudunense) accessions viz., Jhansi local, SSG~59-3 and lS~nO With high 

tillering were used ,1S testers 

Among hnes, Acc. No. 846 was J"ound superior based un mean 

performance (or tiller number pl..!!" plant, stem girth, leaf weight pl..!r plunt, 

green fodder yield and dry fodder yield. For plant height and crude fibrc 

content. ClI) ()5174~1 recorded maXlIl1Um mean. Anwng the uther IIIlCS. 

GD 65230 \V(}S found superi()]" for leaf stem ratio and l.:ar llumher pcr 

plant LlllC GO 65195 recorded the highest mean tor days tt) 50 pcr cent 

flowering. Line GD 65239 and Acc. No. 846 had the low!.:sl crudc rion: 

content and HeN content respectively. Tilt: internodal length \\'<15 

1llinillWm in the lint.' GD 65 J 95. 

Test!.:rs did not show much variation in mean perforlll<ll1c!.: fm tillel 

number pt.'r piunt, crude protein content and crude fihre cOIHt'nt .'\Jllung 

teskrs. Jhansi local \\-<.\5 found superior for stem girth, k,Il': stelll I·alill. dilY~ 

to 50 per cent !lowering and crude protem content. The tesler, SSCj-5 l)-3 



silo\,,.-cd superiority over other testers for tr<:uts like tiller number PCI' plant, 

lear numhcr per plant. green fodder yield and dry rodder yield. The 

ll1aximum value for plant height and leuf 'We!ght per plant \\'C1S !-"::c()rLicd h\" 

Is-nu rv1inimulll value was rccorded ror inte!"l1utial Icnglh ;111(1 )-1('\' 

content by .lhansi local IS-720 l"ccurticd the minimuill \'<lI u\..· l-(H utld~' 

ribr\..' content. 

Among hybrids. GO 65195 .'i. Is-no \vas found Sliperior based un 

!l1l.'an performance for plant hcight, stem girth, lear S[Cll! ratiu. k<li' 

\Veight per plant. green foddcr yield and dry fodder yield. AI!lll!!g th\.., 

other hybrids, GO 65174-2 .'i. Jhansi local was round supcrinr luI' 1!lln 

number per plant, Acc. No. 846 x SSCj-59-J for leaf number per plal1l ,Illd 

GO 65195 x Jhans! local for days to 50 per cent flowering The minimum 

mternodal length was recorded by Acc. No, 846 x Jhansi local Thc h)"bnd 

GD 65195 x SSG-59-3 had lo\v crude fibre content and HeN (Onl<:nt The 

highest mean performance for crude protein content \\,\." ~ll\ll'\ll hy 

GD 65]95 '\ SSG-5lJ-3. 

- 7 
).- STuDIES ON COMBING /\BILlTY AND HETEROSIS 

Fifteen hybrids developed by crossing five lines (Sor~hllm bie%r) 

(\nd three testers (Surghum slidanense) were evaluated for combing ablll1). 

Relative hetcrosis, standard heterosis and heterobeJtiusis \\l'rC cstit1ldh:d 

for fodder yield and other yield attributes. 

Coml))ning ability analysis givcs useful Illfol"m<ltlOl1 reg<\rd1n!c" 

selection of parents in terms of performance of their hybrids II alsu serves 

as a po\',:erful tool to elucidate the expression of quantlwtlvc 1r:llh J hnl' 

an.: sevt:raJ techniques for the evaluation of j:;enotypes. I'll...: Line \. I L's1l'r 

technique IS a good approach for screenillg the germplasl11 ilnd lll\lrt: 

number or parents on the basis of gca and sea \'ariullccs. It alsu cnabks u,-; 

tu Lllldcrstand the naturc of gene action involved In the l:\pressll)!J (II 

various quantitative traits. The technique me<l::.ures the gl.! and SCI 



van::tIlCl':; and the genetic components of v::trlilncc (<-ILiLilli\-l' ~ll1d Lil):nlll~I[I(l' 

Tlh.' results of combining ability and helt'ru:;is ,He ,jl:;cu:;-.,ed. 

characten\ I.')l'. 

5.2.1 Plant I-leight 

(;enl'tie ddlerences ,11llOllg 11l1es a:; well ,)S Icsh.:r:; ,Ir'~' 11\11 

significant Ilence an I'slill1J.te or additive genetic \.'arJ<lilCl' Iws 11(1 

rclevance But plant height docs not appear to be consistent ()\'l'r oi rkrcnt 

testers. Only sea Vi.l.nance was found to be significant iJollllnant gelw 

'-Iction rcsponsible in this case. The 1Il1port::llH':c of this t;.pl' ui' gcnc ,Itlllll! 

for plan! height \\'as reported earlier by \llllbctlbr and ILlpal (I 9S7 L 

Lakshm<.lI'lh (1988). N,llk 1.'1 al (1994) Iyanar el ul, (2001). i<.ull<-l\\"ILie cl 

01. (200 I) and Siddiqui ::tnd Raig (2001) in sorghum x sudan gra:;s hyhrid:;, 

On thc other hand. the importance of additivc gem-: ,Iclion \\',lS l'I.:purll'd h: 

La7anyi (jlld Bajaj (1986), Sankarapandian t'I (II. (1994a). Ibdhc ~IIH.I PUlil 

(1997) and Rao and Aruna (1l)97) in sorghuill Thc Il1lpmlancc uj' h()l); 

addili\'l~ ,llld non-additive gcne ~lCti()n fOl' plant hl'ight W:l5 I'l'purtl'd h~ 

\1allick dllei Gupta (1988). Chand (19l)()) and Bh<ldulIri)"<! and S,l;":l'[li! 

(1997) III .surghul1l. 

Anwng lines, GD 65195, GD 651]0 and Ace Nu 84() ~lnd ([Il1Ullt: 

testers SSCl-59-3 and Is-no had posllivcl;. :;lgllil'icCllll ,id.e~\ crkch 

P(lSltl\'C .... Cd I.'rreCl \\oClS ShU'vVIl by the crllS.s GD ()~ 17-1--1 '\ :-;S(J-)9--' 

Positively Significant sca effect was shov,n by eiD 65230 ;..: Is-no \\hlch 

had parents \\ith minil1lulll positive gca cfi'ccls, Thl.' uther guml hyhrld.., ((It 

plant heigh! were GD 65174-2 x Jhansi local. GD ()510S x IS-72(1. (il) 

6523l) ;..: IS-720 find Ace. No. 846 ;..: SSG-59-3 Tile nClle!" c()lllbll1dlitlll !"dr 

plant height. thereforc lnvll!\ed p,-lfeilis \\Ith IlL',id.clll\l' :\ ]1Ci:!,III\'l' dlld 

POSill\'c,\ PUSili\'c gene effects 



Significant positive heterosis over rdati\'(.' hClcrl)sl~ \\as I'cc\ll'dcd 

by four hyhrids. The hybrid Gl) 65195 x Is-no recorded till' 11 I); i1 (", ( 

significant posill\"e standard heterosis Sl'Vl'll hybrids had .~ign!l·ii.'alll hl,t 

ncgatl\'e standard hctl'rllSIS (or this ch:lraclCl" Only !\\() h)hlld~ 11.1,1 

POSltlVC significant val lies for hctcrobcltiosis I-Ict~'rusis ill pl:lllt ]l\.'lght 

\\o<1S reportcd by Rnllwlingal1l and Raman (1974), Bhagillcd dnd \'11\i1LI 

(19R5), Chcrnlu and Rna (1989), Amsa[u and Bapat (199()). 

Sankarapandian e! (I/. (199--1b). Ghorade e! ill (1997) dlld (jn:wal L'I ul 

(2003) in surghum 311d sorghum .\ sudan hybrids 

5.2.2 Tiller Number per Plant 

Genetic difference among lincs as well as tc:sters were not 

signlfic[lilt Only sea \'anancc WLiS found to be significant IlcnCL' 

dominant gene acllon i:-; responsible in lilkr nUlllber per pl:lllt ThL' 

prcdul1linance of sea \'dnanCe \vas reported by K1Il1l<!r a!ld Kumar (ll)lJS I 

Contradictory to this prCdOl1l11l(1l1Ce of additivc ge!le actloil \\':I~ rep(HiL'~! 

by Badhe and Patil (1997) in fodder sorghul1l. 

IIIlC UD 65174-2 was found to have posltl\'ely signiriulilt ~C,I 

effect ror tiller !lumber per plant. NOlle of the tcstns slw\\cd PU~lll\ e 

signlfic,lllt gca erlCets Five uut or 15 hybrids were fOllnd tl) h~I\'c 

slj;nificant scu efrects. (iD 65174-2 x Jhansi local which had pdn:nh \\ Ilh 

!lcgatl\'e :..; negative gea effects showed the maximum sca eflCets. A 1110 Ill:!­

thc rcst. (iO 6517--1-1 x IS-720 and GD 65174-2 x IS-720 had !legati\e \ 

positive gea effects. Apart from this GD 65174-2 x IS-720 and Acc Nu 

846 x Jh,ll1si local also had Significant sea efTc ct:-;, Out ur these t'i\l' 

hybrids. three resulted from parents. which \Vere good .\ pou]' CUlllbllln~ 

,1l1d two of them resulted of parellts With poor combiners 

In til..:: prl'sent study, heterosis. the cross GD 65174-2 ,\ Jh:Il1S1 ll)c,li 

had maximum standard hekrosis followed b)- Gj) ()5174-2 .\ SS(J-)l)-., 

GU ()5195 .\ IS-720 and (if) 65174-1 "IS-720 Out uj' the 15 Il\hm].., 

eIght had significant POo.ltl\,":: r..::I:J\lve heterosis and Ihe cr\l~S ()j) ()5 1 -:-t-.:' 



x ./hunsi local had significant posItive helcrobeJliosls Ileterosls in pLllll 

hClght \\'as rcported in sorghum by Shalllbulingappa nnd \/1<igl)()11 (]l)h.1) 

and ChandrJ ('I ,,/. (1069). Slmliar results \\<cre also n:p0rll'd hy Pali1:1k 

,llld Sangill (1991) and Cire\val (If ill. (100]). 

5.2.3 Stem Girth 

GCl1elll: differences ;)l1l0ng lincs as well ,IS \l:stl'rs \\..:rl' 11\)1 

signIficant Iknce an estImate for additIve genctlc Vat'WllCC hil', II() 

relevance. But sh.'m girth does not appear to be conSI:.tent over ditfl'tTt1l 

testers. Dominant gene action was responsible in this casco rvlanickum Clnd 

Das (1905) rcported the predomInance of sea variance o\'-.-:r (;Cl\ \'~trl;llll'l' 

for stell] girth. 

Among lines, only GO 65195 and Ace. No. 846 hdd P()sill\,\.'I) 

signlfil'dl1t gca effects. Among testers. Jhansl loc<.11 lwei n..:gdlIH' gl'd 

eJlel'ls The posItIvely significant sca effect \\as recordeci by til..: 11\ romls 

GO 65195 x SSG-59-J and Ace !'Ju 846 x SSU-5tJ-3, \\,hich had Pd)"l'llb 

WIth posItIve gca ~ffects. Apart from this, the crosses GU 65174-1 .". SS(r-

50-3, GO 65174-2:\ IS-720. (;D 65139 x Jhunsi local and I\l'( No X-H) \ 

.Thansi loutlilad significant pllstti\'c sca eCfects. 

Regarding heterOSIs, eight out of 15 hybrids showed sll;nll"il'dnt 

pllsili\'e relatIve heterosis for this eharactcr. Onl),' rive hybrids SilU\\l':..i 

significant pOSItive hetcrobeltiosis. Significant poslti\'l' stLll1d~II'd hl't<.:rd"i" 

WdS shown by the cross (JD 65195:\ Is-no Rathorc and Slllgl1allld (1\}X7) 

obscl"\'cd hIgh heterOSIs as wdl as inbreedillg depreSSion 1'01' :-,tl.!lll gll"lh 

Charalu and Rau (1989) )"(:~cordcd heterosis for stcm girth III sllq;liLlIIl 

However. in ror~gc sorghum, it was reported by Chaudhary L'f ul. (I ()X(J) 

that hybrids were generally intermediate between both thc parl't1ts 



5.2 .... IntenlOdal Length 

Fur Inkrnodnl length. Line x Tt'stl'r ill[l'rLlctl\lll ~d()nl' \\,1.\ r(}1I11d III 

be sIgnificant. Since SeA v<lriallcc alonc \\,~IS fOllnd III bl' sl';1l1ficdnl II \,:,111 

he aS~lI111cd 111'-11 tills Inllt IS c0I11r,)lled by domInant ~CI1C delhl11 

Lines. GO 65174-2 and GO 65239 had ncgntivcly sIgnificant gCiI 

effccl \'vhilc all testers except Jhunsl local shuwed positively significant 

gca effects. Negatively signIficant sca l'ITect was shown by the e1"l)\:) "\C\,.' 

No. ~46 .x. Jhancii local. Parents \'vilh positi\'c gca l'tleel:-. \\crc 111\ uh l'd 111 

thc nus:; The uIIH.T goud hybrIds I'or reduced InICrnO(1c11 kngth \\\,.']",,: (I]) 

65174-1 x IS-710. GD 65174-1 x SSG-50-]. Ci[) 65174<~ '\ !S-72(j. (d) 

65105 x Jllansi locaL GD 65105 x SSG-59-3 and GD ()S139 x IS-72() 

whIch \vere found to be on par Thcy had parents with posit!\'c \. POSlll\''': 

ami POSlli\'e x negatl\;e combining uhilit) effects 

OUI of thc 15 hybrids. II shuwed ~lgnifical11 I1Cgdll\'l' o.;tdnLi,ll'LI 

hetcro:;is. the maximul1l ncgati\·c valul' shown by ejl) 65174-~ '\ S;-;(i-_';;l)--; 

fullowni by GO 65174-1 :\ Is-no. CD 65174-2 .'\ .lh:ll1si luc,li. ejD (l)1 74-

2 :\ Is-no. liD 65105 x Jhansi local nnd (jD 6523\) x 1;-;-nO. h\\,.' 

hybrids showr:d positive significclilt relative heterosis alld thrcc sl](l\\cd 

positivcly SIgnificant heterube1tio~i~. j-jelerosis in intcrnoli;li kngth \\'d_~ 

reportcu in snrghuill b) (;ir]]"(1.1 and Goud (1981) and ])illa[.:;'l1- (ll)X5) 

5.2.5 Leaf: stem Ratio 

Genetic differenccs amung lines as wt:ll as lesters \\'\:re nut 

Significant. DOl1linllnt gene action is rl'sponsiblc for this. S<llil ... arapdl1lil<lll 

ef (1/ (1994n) In sorghum reported Similar trends. 

/\mollg lilll'S. (ll) 65195 had significant pusitl\'l' gel ..:J'I"eCls (luI 

of ~1 hybrids. only six hybrids sho\\ed pusitlve significant SCI ('!ll'd~. 

Positi\c sea erfect was shown by the cru~scs Cil) 65174-2 x ;-;S(J-)l)-J. liD 

65195 x .lhansi local. GD 65195.'\ IS-720 3nd Ace. Nt) X4() x SSCI-Sl)-J,. l' 

bet\\'Cell p,lrcllb \\'ith neg31ive .'\ P05Iti\'e. positivc .'\ pusitl\'c elmi IWo.;lll\C 



-,.' 

:\ nl'gall\'l' gca effects The remaining crosses \'i~., (;l) 65 17-+~ I :\ .lll.IIISI 

local and OD 65139 x JS~720 were fOllnd to be signlriulnt 

.'\11 the hybrids I'Xeepl (il) (15174-1 x .lh;lllsl Itll,:,11 SilUlll',i 

sq;nJt'ie'llll POSIll\'t: relalive helerosis Out of 15 hybrid~ j() sIHl\\l'd 

significant positi\l' hL'terobl'llltJSIS. Crusses liD 65174-2 x SVi-)tJ-). (il) 

65195.\ .Ihansi local. GD 65239 x SSG-59~3 and Ace Nu X-J.(J:-, SS(i-)lJ-) 

showcd slgJllficant ptlsitive standznd hckrosis for this cilar:lcll'l­

JaYdmani (1991) r~pur!ed similar resulls in fodder sorghum Paliuk ,1111i 

Sanghl (1092) observed highly significant heterosis fur this cil;ll"aClI'l". 

5,2.6 Leaf NumbCl' per PI~lnt 

(jl'lletic differcncl's among line as well as tesll'rs \\eJ"C !lUI 

sIgnificant Hcncl' an estll1lall' uf additl\'c genetic \",:lrl:lllce heL" 11\1 

reie\',IJ1ce But Ic~lr number per plant does not appl'ilr to be Ct)nSlstellt ()\l'r 

different leSlcrs. Only sen vnfl,lnce was found to be slgnlfic,1Il1 i)ulllin;.11l1 

gene aclilln responsible in thiS case. Silllilar results \\CI'C rl'IWrll'd h\ 

Sankarapilildian 1/1 af. (19')4'-1), Iyanar 1'1 (1/ (~OO I) ilnd Kand\\adc t'I (1/ 

(200 I) III i'uddt'r sorghuill. COlllrary lD tillS I'v!anid:illll dilL! Das (I (J'}5) 

reported the jJl·c\,all:ncc or adcrltivl' genc action for thiS char:lL'll'r 

NIlllbalkar ~\lld Bapill (In7) and f'vbllid; <lnd (iu)1t:1 II()XX) 

rcporll'd hOlh nddilivc and non-additive gene action (or thiS clldrClctl'r III 

sorghuill. SallJb el 01. (1988) reported the predominilllCI' uf (leA VilI"ldlll;l' 

for Ilumbcr of" Je8\'CS Veerabadhiran ef (II. (1994) repurltll higher :-.ca lhall 

gea for eli rfCrCnl Yield charaetl'rs except for number or 1l:a\\:s 

Among llncs. Ace ~.(). 8-J.6 and (JD 65195 ,tnd among Il;sll'r:-. SS(I-

50-3 \Vere found to be g,otld gencral combincrs for kal' number pel" plalll 

four crosses had signlfieunt poslli\ e sea effecls, ur which (ll) (J5195 .\ 

JlHlllSI local sho\\'ed maximum effeel Both Ihe pUrCJ11S lll\'ul\'l'd 1Il the 

crt'l')S h~ld poslti\(' .\ negati\e gca cnects Of the l'L'lllilllllllg ertls<.,cs \\1111 

pD~Jli\e :ilgniJle,llll sea effects, GO 0517-1--1 x Is-no <lIlL! (i/) (1.523l) \. JS~72U 



had parents 'vvith negative x negative effects ond Ace ~o. ~46 x SS(i-S'l-3 

had p3rl.'Ilb 'v\ ilh positive x positive gca effects. 

Reg3rdlng heterosis. all those hybrids with sigillficdilt j1U'lili\ '-' :il',l 

effccTS. cxccpt LTD 65174-1 x .Ihan:'1 local had positivI,> and ~1t!lliJIC~lttt 

rCI,lll\ e heterosis Out of 15 hybrids. ten :ihowed positiv ..... dnd Slglll fll'<ltll 

hctcrnheltil):'I'>. Only fOllr hybrids shl1\veci significant positl\'c ~ulndard 

heterOSIs for this character. Ace, No. 846 x SSG-59-3 had the maximuill 

standard hctl.'rosis followed by (;0 65195 x .1hansi lucul, (j[) (JS~~,) .\ 

SSG-59-3 and liD 65174-2 x SSG-59-3, Similar results \\',-'rl' l'l'PlH!I.'\.1 h,\ 

!\rglbr alld Ch,wan (1()57), Kambal and \Vebster (I')()()). Klrh) dnd 

Atkins (1968), Chandra ef oj (1971) In sorghum hybrids, and Ran <llhl 

Goud (1975). Kambal and Abu-EI-Gasim (1976), Jndi <1m! (HlUJ (19X! J. 

Saradalllani (1982). Bhagmal and \'11shra (1985) and Rathul',-' (lild 

Singhanicl (1987) In fodder SDI'ghlllll, 

5,2.7 Leaf Weight per- Pbnt 

There was significant variation among crosses and 1.inc x lcsters, 

Spl'cifi...: combing ability varianc~ \vas significant and or higher magnltlilk 

Indicating thc prcdomlnancl.' of dominant gene actiull In till' l'_\prl.':-,siun \11 

this ...:haractl.'r. 

Among lines, GD 65195 and Acc. Nu. 846 sho\-vcci posltl\'cl~ 

significant gca effects for leaf weight per plant and nlllLlng testers. SS(i-

59-3 had positlVl'ly significant gC3 eftCct. Seven oul of 15 (russ,-'~ lwd 

puslt1vdy significant sca effects, The cross GO 65195 x IS-720 1" Cl glllld 

h) brtd \o:ith p,uents haVing positivI.' x negative gca clrcets. The uliln 

crosses \\ ll)(.:h had positivcly significant sca crfects \\ ere eil) h517-t-l \. 

SSCJ-5lJ-3, (il) 65174-1 x 1S-720, CiD 65239 x SSlj-5 l)-3. ,\cc ~() 0-th \. 

Jlwl1si local c111U Ace. 010 84h x SSG-5LJ-J. These crOsses held till_'ll· p,lI'Clll,~ 

\\ith negative x j1\lsitivc. negativc x negative and pOSltl\C x ncg~lll\'C gC,t 

effects. 



Ilett:rosis 111 lear weight per planl \\'U,~ rcpurtl'd III :)urgllllnl 11.' 

Sh,lmhulll1gappa and Magoon (1963) and Chandra ('I ill. (!<.J(l(») ()lll) llille 

hybnds :.ho\\·cd sIgnificant positive relative hcterllsis and ""'lght In hl'ld" 

showcd significant pos'ltivc hekfubeltiosis Six hybrids sllo\ved slgllJi"icCllll 

POSltlVC standard heterosis. rhe cross GD 6{)I{)5 x IS-720 shu\\cd high 

relative heterosis. hetcrobelllOsis and standard heterosIs lklno:)i:. In 1e,,1' 

weight per plant was reported in fodder sorghum by Pallwk and Sangill 

(1992 ) 

5.2.S Days to 50 per cent Flowering 

The involvement of dominant gene action for days to 50 pt:r cent 

Jlowering was indiented by the predoll1in,!1lce of SeA \',lridllcl' \I\'er (Il .\ 

V,-lrlanee Similar results were rerortcd by Lakshlllalah (19~K). ~"IIJ". .:I (// 

(1994), Rao and Aruna (1997). lyanar 1.'1 (II. (2001). [<'ll1<.lWadl' et {Ii. 

(20Ul) and Sldchqui alld Baig (2001) III fodelL'r sorghuill CUlllral'Y t(1 till\ 

Kulkarni and Shillde (19R7) reported the predominance uf ~lddill\'L: gl'Il<...' 

action Till' lnv{)lv~ment of both additivl' and non-addll!vc gene aetlUll \\,1" 

reported by Nlmbalkar and 13apat (1987), Mallick <Inc! (iupl<.! (19gk). 

Bhadollrl:a and S~lxen'J (1997). S'Jilib ef al. (ICJK8) and Jayum;Jlll <llld 

Dllr<.ura.l (1l)l)5) reported the predominancc of (leA \';lri'IIlCl.' for lhle. 

eil,lracter 

The lines. GD 65174-1, GD 65239 and Acc. 1\'0. k-hl 1',\hd}11l'Li 

significant ncgativc gca effects and were good general cllmblIH.'f:'. I hL 

testers SSG-59-3 and lS-720 exhibited significant negatiye gca I'llCCb 

GD 65174-1 x JhansllocaL GO 65174<Z X Jhansi locaL CD 6SI{)) '\ SS(i­

)0-3. (JU 65195 x IS-720 and Ace No. 846 x Jhall:>1 local were good 

specific C(lmbllll'rS as they exhibited significant sca effecls. 

"1"\\0 hybrids exhibited significant relati\'e hetcrosle. .11ld 

hcterobeltlosls. Nonc of the hybrids sho\'I'cd ll~gati\'e valu .... 's Cor I·elall\'...: 

heterosi:, ;l11d hetcrobcltiosis. The hybrids. (jf) 6517-1-1 x IS-720. (il) 

65174-2 x Is-no. CiD (j5139 x Jhansi local Ace. :-<0. X4h.\ .lham,1 Il>":ClI 



~I 

and Ace Nl). 846 x IS-720 recorded significant llq!~lti\'C standard 

hctcru:::'j~. The highest signillcant negative standard heterosis \~;lS SI1\l\\'11 

by the cruss GD 65195 ;.; SSCi-59-3. Ciancsh {;'/ 0/. (19971 rcpl)rtcd hl~ll 

Ilcgall\C hdl'rOsis for d~I)'S tu 50 pcr cent riowcring In Cmldl'l" .~(lrglllllll. 

Ilelerosis COl" days to SO per cellI rJo\vcrlng was recorded hy Cilcr:liu ;llld 

Rao (1 S!Xl)). Amsalu 'IlH.l 13apat (1990) cll1d Grl'vvaJ el ul. C:!()03) in j'uddl'r 

surghuill The significant positive heterOSIs and hclcrohcil]o:-'Is \\,-'r~' 

reponed hv SCllthll Cllld Palanisdmi (1')93) and (;horddc (,I iii. (jl)lj:) 111 

surghul11 

5.2.9 Green Fodder Yield 

h)l" green fodder yield. hne x lester mean squan: cIrUllI..' \\<lS IUlIIld 

sigllij'icalll. suggesting the significance of unly sea dlcct for tills [t'dll. Sli 

this character is under control of uuminant gene [lclWIl Slllliiar I'esull:, 

were repllrtcd by Dangi ef (II. (1980) in fodder sorghulll. (iupt,] cl dl. 

(1976) dllLl Parudi.l el {II. (1077) reported higher grl'en fodder Yield III 

hybnds lhun in'purcnls. Both additive and dominance gCllc action \\[!-'> 

n:ported by Khatri and Lodhi (2004). 

Three hnes and one tester recorded pusitively significant gca 

effects. :\mullg lilll'S. Ace, 1\0, ,s46 recorded the 1ll!.l:\lmLli1l p(l~ill\'l' o;C,l 

Crrl'Cl and among tcstCl"S. SSG-59-3 showcd maximum POS]II\'c gC,l clleCl 

The hybrid. (JD 65195 x IS-710 showed the maximum sca effcct folluwcd 

b) GD 6:"1]9 x SSG-50-3 and Ace. l\u g46 x SS(j-5Sl-J The 1':lI'CI1L" 

il1\'oln:d 111 these crosses had positive x negative and positi\'(.~ .\ pO'>ili\'c 

gca effec!';. The Illinimulll positively significant scn efrect was sil()\\ [I b\ 

GD 6517-+-2 :\ .lhansl local which had parents \\'ith negdll\,c .\ Ilq,"~lli\'c gCd 

effects, 

Thl' hylmd (iD 65195 x IS-720 reeurded maximulll sig,nlt'lcanl 

positn e \ ellUL'S for ull the three lypes of" hcterosls Fi:: . slan<.Llrd hell'rush. 

relaliv(! hl'lcrosis and hctcrobeltiosis. This W~IS follo\\cd by (.if) (i52_1lJ \ 

SSG-59-.1 and Ace. No. 846:\ SSG-59-3, Onl) nine Ollt ur I:; hybrids ildd 



sig,nificanl pOSHI\,C standdfu heterosIs. Ten hybnds SIH)\\l'd ",'Igniricellll 

posiri\'e rcialih' helerosis and heterobeltiosis. Sillldar t"c:>ults \\Cl"l' 

rl'p(lrted carli(':r lw P'cltilak nlld Sanghi (1992). .Ia\,~lllwlli elml Pur.!l!"dl 

(I')!.)]). \Iui1UlllllWU c/ ,,/. (19RI) <!nd CJrevl'-aI cf 01 (2()()_";j III Slll';lllIlll 

hybllos. riley repurl,.'d tl1<lt the hybrids had Impruved \,lgOUf [01- ~rCl'1l 

fodder yicld. Heterosis for green fodder yield in both the JllalJl and 1"<11Ullll 

CfOp \\'(1::; best in the hybrids as suggested by Jayamani and i)ol'air;l,i 

(199~b) in fodder sorghum 

5,2,10 Dry Fodder Yield 

Line :\ testcr mean square was fuunu significant i'or 01"\ roddn 

\'ield suggesting thl' signIficance of SC!\ variance. I:rum tillS. It c~ln hl' 

inferred that the expression oj' the character is under till' Influence ui 

domInant gene action. Similar results 'w~rl;! reported e~lrlll'r by 

S,lllk~lrap,lll(l!an (I ul (1994;'1) In fodder sorgJllIlll. (iuptu cl til (t lJ76 ) dllli 

p~]j"uda CI ul. (1977) I'epurled higher dry fodder yields of hybrid III J'odder 

sorghum Thc importance of buth additive dnd dOl11inance gCl1l' aUlU]) \\<1" 

reported by Khatri and Lodhi (2004). 

The ilnl's, (iO 65195, GO 65239 and Ace. )\0. 846 and tl'stel", SSCi-

59-3 had significant positive gca effects lor dry fudder ),ield /\nHIIl12 

hybrids, CO (lSISl5 x Is-no had the maXIl1lUm ro.~iti\'c SCI l,rrcl'l \\II\.'l"l' 

thL' p,nents \\-itl1 positive and negatIve gca 1'1Tects. Other good hybrids, eiD 

652Y) x SSG-5Sl-3, Ace. No. 846 :\ Jhansi local. Ace. ~o. f.:40 .\ SSCi-5 l)-.1. 

GO 65174-2.\. Is-no and GO 65174-1 x SSU-59-3 when lhe pnn::nb werl' 

h<n'ing P(lSitl\l' x positive, positive x negati\'c ,Ind negall\'l' x Ilcg<lti\c gl',1 

ef(ecl.s. 

Heterosis III dry fodder yield was rr;:ported in fodder surgilulll b,\ 

Shumbulingappa and \1ugoon (1963) and Chandra ('/ ul (19()l)) rhe 

hybrid (if) ()51()5 x Is-no rcconkd the highcq ~Igillriclni P()",J{I\\.· 

st~lnd~Jrd hl'tr;:rosis for dr~ fodder yield It \\,h Colluw,,;,1 111 (iU ()521~) "\ 

~S(;-)l)-J and ;\(l' j<o. S-l-6 .\ SSCJ-59-3. Onl) nllll' out ur 15 11: hflds hdd 



significant poslti\'e standard heterosIs, Significant ro~itlve rel~lll\C 

hctt:rosis \\";lS exhibited by 12 hybrids. Tt.:11 hybrids <;ilL)\\'L'd sit!-llif"ic<!Ilt 

positi\'e Ih:.,tcrobeltiosis Similar results were rt.:purted hv S,lIlkar;lpnlllll:111 

ef 01. (19 l)-+b) and (:;rewu] el u/. C~OO}) in fodder sorghum 

5.2.11 Crude Protein Content 

lor crude pratl'in content. Ille,lll square was :,ignlfic:lllt UIlI) Illr 1111~' 

x lc:':.ter Indicating thc prescnce of dominant gene actIOn I his \\,IS 

reported earlier by Sanakrapandian ef (II (1994a) in foddL'r surgilum 

.~·kllliek t'f ill. (1')88) reported signifiC<lIlt sca t:fkct for this l')wrelckT 

Gupta i!! ul. (1976) reported highcr crude protein cDlllenl III S(lQ;i1ulll 

hybl'lds cum pared to parents. 

Among lines, Gl) 65195 and Ace. No. 846 and among teskrs. 

Jhansi lucal and SSG-59-3 showed posItively significant gCel errl'cts 1(11" 

crudl' protelll conlent. Seven out of 15 hybrids hud ]xlSlliwiy sit!-nificdllt 

sca .:ffccts. The maximum positively SIgnificant sea eff.:cl \\:lS silo\\ II b~ 

rhe cross (jl) 6517-+-2 x IS-720 

Only four hybrids sho\\-eu SIgnificant positive standard het('rllSI.~ for 

crude pl"lltcin content. Seven hybrids showcd signll'ican!ly POSttlh' 

r.:I'ill\'C Ilctcr(lst'. ,1IlU ,,1\ showcd signific,lllt positi\'c Iil'tl't"ohl'llltl:-'I" Illl' 

mcl.\inlllill sl<lIILi,ml hLlerusls was shu\\'tl by the ltylJl"ld lli) (I.') I 1).'1 \ ~.\ll-

59-3. ~n\ ':Clll c/ ul. (19S7) reported a marked variation in )1wll'in ClllllL'tlt 

among 11.' bnds l-iet.:rusis in crucie protl:lll content W::I:-' rq)()r\l'd III 

sorghuill by Sank,lrapandlan dill. (1,)94b), 

5.2.12 Crude Fibre Content 

(Jilly sell \'[lri8Ilcc \\'<-IS /"ound to be slt!-niJ"ic<lllt rOt nlilk I'ihl'l' 

eOllll'nt inJlcating the effect of dominant gent' -t([IOIl. 

I I ill'S. (j[) 65174-1, GD 65195 and lesters. Jhansi local ~Ind SS(I-

59-3 rccord.:d Significant negative gca effects. The IlHlXIlllllJlI Il.:gali\'l' -;C~I 

cJlect \\'~lS sIH)VI,1l by (if) 65174-2 x IS-720 which \\'~IS e\'o!\'cd (Will 



parents \\1111 negative x positive gcu effects. This \\(1S followed by (;1) 

65174-1 \. Jhansi local. GO 65174-1 x Jhansi local. (JD 6511)5:\ SS(j_)l)_ 

J. (;f) ()~239 x IS-720 and Ace. No. g46 :\ .llwllSI local Thl' p:lI"l"llh 

lll\'olved In these hybrids had positivI,' :\ negative. negallvc .\ Ill'gal1\T :llld 

negati\"(;:~ \ posltivl' gca efrccts. 

Rl'~<lrdlng heterotic ('flects. Ilune ur the hybrid:, :,llU\\cd "cl111 

significant rclutivl' heterusis and hetcrobeltiusis. Onl\' two hybrid,>. (d) 

65174-1 :\ SSCJ-59-3 and GD 65174-1 x IS 720 had slgnd'il'dlll nc~.111\l' 

standard heterosis. Hderusls in crude fibre el)nlent III ;,\Hglwill \\cl.~ 

reponed hy Shambuling,appa nlld \'l:.tguon (1963) and Ch,llldra l'! (1/ 

5,2.13 HeN Content 

SC:\ varinl1ce was found to he Significant j'or 11Cr'< e(ll11ellt 

indicating the presence or dOlllllHlnl gene actiun 

l.in>!s, (jD65174-2 and (iD 65195 and tester IS-72() rl'eurded 

significant llegali\e gel! effects. The maximull1 neg,ltivl' sed errect \\-,1:-; 

ShO\\"1l b) Acc No. 846 x Jhansi local which \\-<.\s evolvcd 1"1'0111 paITllt.~ 

wlt11 posIli\'e gca effects. rhis was i'ollowed by (J!) 65~.1l) \. SSCi-)()-.-;. 

GO 6523') \. Jhansl locul. GD 65174-1 x IS-720. (.iD ()SI74-1 ,\ IS-72u. 

GO 6519:' x SSG-59-3 and GD 65195 x Jhansl local. Thc pan:nts lllvul\'cd 

in these crosses had positivc x positive, negative x negativc. positl\c x 

negallvc ,Illd negativc x positive gca cffects. 

Regarding hcterotlc errects. nonc of thc hybrid;, ShOWl'~! slgnirjcll1~ 

\',ilUl'S I'll: ::'1<llllLnd helerosi::.. rel,lllvc hcter()SI" ,llld helL'rllhclll(L~I.~ Illlll\1 

CYUIlIC aCid content has been found 10 be a heredilmy charddl'l'. Int"lucnccd 

by enl'iWlllllental condllioll (Boyd ef a!. 1938) All tile p;Jr~nts ,1Ild 

hybrids have lieN content belo\-\' 200 ppm. The tuxic k\'cl of h:dr(l 

cyanic aCid h,IS been reported to be abuve 100 ppm (CiilllllgJWIll.;t {Ii. I \)(jl)j 



Pullen fenillly of the hybrids showed wide r(IIl~l' oj' \;lrlClhilil\ 

(~() 7'2 to .s7 3~ per cellI) The hIgh fertlilt) pel-el'nla,l.!l' \11' the 11: hrlLl" 

indicates thaI lilcH' IS scope for recombinatlun hreedlng [() {len'lllp Ill'\\ 

\ anCllCS, 

From the combinIng ability (1I1alysls, it is seellth;l\ Ihrl'l' \llil (11-llll' 

hnes namely, CiD ()51')). GO 65239 and i\CC, No, ~46 h:l\(' :--1l;nit'ilcI111 ~L',: 

eflects (or green foddcr yield CI able 22). The line Ace. ~() ,s'+(l 1\ ,Itt 

llllhtaJ1lhng gcncrcd cllmbiner for eight ch<lt"i.lcters \'i::, plaJlt hl'i\:'.lil. \\l'1ll 

girth, leat' number per plant, !cnr weIght per plant. duys to 5U 11l'l" (l'111 

flo\\-ering, dry fo~kkr yield and crude pruteill content ulld ~.rl'l'\l i"uddl'I' 

:ield ,IS the gca et'i'ecls \\'ere significant for the these cJwraCIl'I_\ I hl' lilll.' 

GD 65 I 05 had signIficant gca effects I'm phll1t height. stelll ginh, k'dt' 

stem rntiu. leaf number pel' plant, !car \lv'eight per plelll\. green I'udder 

yield, dry fodder yield, crude protein content, crude fihre contl.!l1t ,llld 

I-IC1< content GO 65239 exhibited significant gca effects for plant height. 

days to 50 per eent tlowering, green foddcr yield, dry fodder) H..'ld .lIld 

crude fibrl' contenl 

Among the three teS(CI-S, alolle SSCi-59·3 is <In oUl:-.t<Jncllog gClll'ldl 

combIner for eight ch,uacters besides grecll toddcr yield 1'1:, plant heigh!. 

Slt:lll gIrth, leaf llumber per plant. kat' weight per plant. days to 50 PCI­

cent fje)\\cnng. dry fodder) leld, crude protein content ~llld C!"Lllk t'illl'l' 

((Intent Is-no h:ld slglllfic<1llt gca ('Ilects rOl' plant hci~h\. ,!l'11l !--II-III. 

del\'S III 5U pu cent llo\\el'lng and 1ICI'< content. JhdllSI local c_\hd)ltcd 

Significant gca effccts ror Intcrnodal length, crude protclll COJltcnt ,Ind 

crudc fibrc conknl(Tublc ~2). 

Among the 15 hybrids e\uluated, sc\,cn h~l\"c Slglllfi,::tllt :--,,',i ,,'rtl'l'l~ 

(or grecn fudder yteld. Must of the hybrids c\htbilcd \i~nlt'il'<l111 \C.I 

effects fnr Il1clllY characters simultancollsl)" (T,lblc 23) ']\\U h)brtd:--. (d) 

65174-2.\ .lhansi local and CiD 651,)5.\ [S-7~lJ h,l\''':: sl~nirH':(lnt ,Cd clCL'L';\ 

for plant height. stelll girth, !cdr stem ratIO. d'I)'S to 50 pl'r Cl'llt fiU\\l't'lllg 



Table 22 nest lines and testers for variolls charilCtl'rs based Oil ((1111 hl111 1l,!1 

ability 

----,-- -- -- -I 
Best lines Best l<...'Sll'r.,> 

Sl. 
Characters 

No, 1 , r---
! I Plan! height ((111) 
--------

Tiller !lumber pel" plant liD 6517:-t-2 

-----]---1 ''":,; ~,rth (1111) --i 1\,,_ CJn_ X4(, 

~ - ! Internodal kng~: (IIll)~Gr;65174-= _ 

:) I Lear: stem ratio I (j I) 65195 
'--- -----j------

i (1 Leaf llul1lh .... ']" plT plant Acc. 1\0 8~6 

[ 

IIS-7'o_ 
SS(J-",9-3 

r~dn:-'I l()<...ill 

I , -

~- ---- -- ---. ----- ,------

__ 7_+I_-_e'_I1_-,_,_cighl per plant (g) . Ace. :-!o. 846 I SS(~_~:_~~] 

I Days to SO percent flovv'ering j GO 6S";39, L'S-720 

I ___ _ I GO (,S 174-_1_ 

~~ llirlenlc,dder yield (t hal) ~ No 846 I SSt,-S')-, 

~I_ Ory fodder yield (t hu-') ~ 1\0_ 84;,----1 ~SC;-50-J 
I~de protein""nt,nt (%) , GO 65 19S~s, 10,,11 ____ _ 

, 1= 1 Crudelibrccontent(%) GO 6S174-2 ___ tllrci'''i Ind 

I 13 IICI\ content(pplll) 1 G D 6 S I 9 S ~-72~_ 

8 



Table 23. Combination of parents fOJ" various characlers hased un specific 
combining ability effecls 

I~·-~·'I~~.,- T 
• -......... ' Jh;ln~i 10(,11 SS(j-59-:i [~. 7.:'U 

L il1e~ 

GO 65174-1 

I 

I 

Le,j[" stem ratio '~l~~t height --t~Tiil~n~l-bl'I' l'l'I" 

Crude protein I Skm ginh pl:lll: 

content Leaf weight p.:r plalli 11I<:1'lwd;11 kwnl 

LC~lf Illl 111 i1n pc'!" Crude fibl-\: conitnt Green foddn yi.:ld 

Dry fodder Yield plctlll 

Plant height 
Tiller numb"r jll:l­
pi ant 
(It'een fodder yil:ld 

r liltCrtlodal length 

I. 

L.:af stem ratio 

Ltafllillllber per 
I plant 

D;lY<; to 50 pn celli 

fI(lwerlng 

I-leN Ctlll[~'nt 

Stem ginh 

Leaf II'elght per 
plant 
Cnlue protein 
conkll t 

0:1)" I,) ~IJ I'n ll'llt 
f]tl\\Cl'lllg 

IlL \J ~l)IlICllt --c-:-;---;-- ~~ .-~~-. 

Internodal length SI<:111 ~inh 

Lear stt:m ratio Illt~'1-11Od;]1 kll~[h 

!)ay~ to: 50 pel' c~nt Leal" \~ciglll p~'1' 
flowering plallt 

Crude plole'lll COlltelit (il'C~11 foddl.'l \ 1,~'I,1 

Cnlde fibrt COllltll[ lJl: I-oei,itl' \ IL'I,] 

CI-I~ck I]i'OiClll 

i C~)llkIH 

I 
CI'lIdt (line Cllllknt 

-1-----_---- IfS"_~' content __ 
Internodal'length TPialli height 

Crude protein content 'Sttlll girth 
Crude fibn: content Lcaf ,[em I-,ll II) 

HeN content I <.',11 \\<:I~hl Ih'l 
p I dill 

Leaf" weight pel' rlallt 

Green fodder yield 

Dry fodder YIeld 

HCN COlllent 

ljIC~'11 l'odd,'I- >1''':'''' 

____ .J?~~()~I' \ I~'I .. I 
Pldll[ hLlgl1l 

IntnnuJal length 

LeJ]" ~ttlll nlilo 

l_c~lr 1111mbel IWI' 
J'ldlil 

L_ 
;\ce. \'o-S~-6---I, S[l';l-I-g.i-l"Ih- PLlIlI height 

Tilll:I' 11 II III bc:r per 

plallt 

("1'llde' Id)lC lll!llL'lli 

1111~'I-I1<)d;11 iCIH.:!1i 

J);-]:~ 10 _~() :','1 ~L':I 

rI ,J 1\ c'l I Jig 

L __ 1.. 

Leaf \\'~i1!ht P('J' 
pi ;1Il[ 

GIl'l'n lodder ;'-'ieIJ 

Dr! fuJdel' yield 
Crllde protein 
COllknt 

Stem ginh 
Leaf stem I',!lio 

l.eaf number per plani 

Leaf weight per plallt 

Green f\JudICI- Yield Ci-lide fibr<: conknt 

Ile\' ,",Jl1ttll[ _J~r~)ry fOdd_,_, _Y'I_'_"_' __ 

Cnld~' proi<."li1 
c(llltc'nt 



and green fodder yield. Among the other hybrids Acc. t\o. X46 x SS(;-5lJ-~ 

have significant sca effects for seven characters, GD 65239 x IS-710 for 

five characters, Acc. No. 846 x Jhansi local for eight chilr~lclers. CiD 

65174-2 xiS- 720 for eIght characters. The hybrids, GD 65174-1 .x SSCi-

59-3 and GD 65239 x SSG-59-3 exhibited significant scu l'Ilect fur grccll 

fodder yield. It is also observed that many of the parents invol\cd III the 

supl'rior cross combinations arc also good general combiners. 

The good hybrids. bascd on mcan performance, sca elfL!cts and 

standard heterosis for vanous characters are presented in Tabk 2-1-

Among the hybrids, GD 65llJ5 x IS-720 (Plate 5) rceurdcd Iligil 

mean performance, sca effect and standard heterosis for plant heigh!. stem 

girth, leaf./ stem ratio, leaf weight per plant, green fodder .yield and dry 

fudder yield. The hybrid Ace. Nu. 846 x SSG-59-3 (Plate 6) recorded 

high mean performance, sea effect and standard heterosis for plant heq:!.ht. 

leaf: stem ratio, leaf number per plant, leaf weight per plant. greell ruddn 

yield and dry fodder YIeld. The hybrid (;I) 65195 x SSG-59-3 (PI<11l' 7) 

recorded hIgh mean performance, sea effect and slandard heterosis for 

some characters. GD 65174-2 x Jhansl local (Plate 8) recorded high mean 

performance, sea effect and st<1ndurd heterosis for tdler number per plant. 

Thus among the 15 hybrids evaluated, GD 65195 x JS-7:2() llild .'\...'~' 

No. 846 x SSG-59-3 arc found to be supcrior based on mean p..:ri",)rlllancl'. 

sea effects and standard heterosis. Hence these hybrids Cdll be aLiYancl'd 

for further trials to develop high yielding hybrid varieties. 



T<lble 24 Promising hybrids based on mean performance. sca effects and standard heterosis 

, Ch,nactel"s 

Plant height (elll) 

k~'''''bn pn p""' 
Stem girth (em) 

lntl.T[lOual length (em) 

~. 

: Leaf ~tem ratio 

--_._-

i.e:!!' l1umbc) per plant 

~,;, '''"',, 
I 

[in plant (g) 

Mean performance sea effects 

GO 6519S x IS- T~O. GO 65239 x IS- GD 65174-1 x SSG-59·}, Cit> 6~ 19.~ 
720, Ace No. 846 x SSG-59-3, GD IS-TW. Ace No 8,16 x SSG-.~9 ., 
65174-1 x SSCj-.'i9-3 

GO 65174-2 x, Jhansi local. GO 
65174-2 x SSCJ-S9-3, GD65195 y 

IS-720 

GD65195 x Is-nO.GD 65174-1 x 

SSG-59-3, Ace No 846 x Jhansl 

GO 6S 174-2 x Jhans[ local 

CiD65195xIS-720,(iD6S174-1 x 
SSG-.'i9-3. Acc. No. 846 x Jhansi 

Standa['d h<'leTosis 

Ci])6S19~" 1~·7!() 

GD 65174-2 x Jhansi local 

G1J65195 x IS-720 

--, 
I 

Ace No 846 x Jhansl local. GD Al'C Nu 846 x Jhansl local. {JD I GO 65174:2 "SSG-59-3, GO -I '000' 1fOOO' 
65195 x SSG-59-}. (iO 65174-2 x 6S195 \ SSG-S9-3 i 65195 x Jhanq local I 
SSG-59-3 t 

GD65195 x lS-72U, Ace. No. 846 y I (if) ()~ 17--\-2 x SS('-,)9·3. GD 6S19~ \ GD65195 x IS-i2~~~(( -'~-t~~~4~l 
SSG-59-3. GD 65195 x Jhansl local 7, Jhans[ local. (iD6519:, y IS-/20. 

I Ace. l\p S..J6 x SS(i-:,4-3 

.Acc Nt) 846 .- \SCi-59-3 '~-G-~; ~'.;19.~' Ih<1I1\[ l(l(al ,I'lC ],\" 

8--1(1 A SS(,-~9-:; 
-- ----

(iD 6519:';.- IS-nO_lIcc. No 846 (il) ().~19~, 1:-;-720 
SSC-59.] I 

~ 
" SSG-59-.'. (J)') h~ 19~ < Jhan~[ , 

I (lea I 
------

i Acc No 8)(, \<..,( I 5'-1-.\ 

(,D65195, IS-"";I). '\CC No 8--16 
SSei-"'!-



Table 24 Continlled 

[Ch(lr~~-lCr~ 

Days to 50 per celli tluwl'rlllg 

i---~~~an 1 _______ '_'_"_'_I_f_,_,_15 =-------~~-b '"",d"d h""om --I 
(,D65195 ~. Is-no. (jl) 6_~ 174-2" I Cit) 6:' 174-1 x 1')-7:~U. I\C( '\Jo ----I 

(,reen fodder yield (1 l1a- l
) 

Dry fodder Yleld (1 ha· l
) 

, 

GO 6519) x IS-nO, (,f) 652,9 x 

SSG-59 3, r\cc No 846 x ::-'SG-
59-3 

i G065195 x IS-nOJjl) 65239 x 

59-3 

Jhans'j local i 8-16 x Jhallsi 
I Jhansi local 

local. (if) 65239 x 

GD65195 x Is-no 

GD65195 x IS-720 

GD65195xlS-720,GD65239 x 
SSCJ-59- __ " Ace No 846 x SSG-
59-3 

0065195 x IS-nO.GD 65239 x 

SSG-59-3, Ace No 846 x SSG-
59-3 I 

SSG-59-3, Ace. No. 846 x SSG-

--4------------------+---------

I 

Gl) 65195 x SSG-:'9-3 Crude protein content (%) 

Crude fibt-e contenl (0'0)---+!-'-,I-'-'-'519) x SSG S9 

---+------­
I IeI\' cOlltent (pplll) (if) (519)" SSC,-)') , 

, 
______ L 

GD65174-2 x lS-720,GD65195x 
SSG-59-3 

GD 6) [7.f-2 ': 1<;-720 

Ace. No 8.f6 ,. Jh(lIl~1 local. (j D 

GO 65195 x SSG-5LJ-3 



PI.teS. GD 65195> JS.720 

PI.te 6. Ace. No. 846 :I sse-S9-3 



Plate 7. GD 65195 x SSG-59-3 

Plate8. GD 65174-2 x Jha.s; local 



SUMMARY 



(), SUMMARY 

Till: pn:sclll study on 'IntcrSpl'Clfic hybridization In Sor~lllllll' \\.1> 

conducted in the Department of Plant Breeding and Gcndics, Colleg..:: uf 

Agriculture, Vellayani during 2003·2004 with the objective ofcxpioilatiull 

of hybrid vIgour through interspecific hybridization in sorghum. 

Hybridizution was done between five accessions of sorghuJll 

[Sor;:;hllm hicolol" (L.) Moench] as lines and three 8CCCSS1()n~ or SUc\,lll 

grass (Sorghum slIJollense) [IS testers Udoptlll!,; Line x Tester Illd[lll~ 

design. The 15 hybrids along with their parents were evaluat<.:J fur. mean 

performance, combining abdity, heterosis and gene action based on 13 

characters namely. plant beight, tiller number per plant. stem gIrth. 

internodal length. leaf;' stem ratio, leaf number per plant. kat' \\cight pl'r 

plant, days to 50 pt:r cent Ilo\vering. green foddl'r yield, dry fodder yil'ld. 

crude protein content. crude fibre content and HeN content 

Biometrical observations were recorded at 50 pcr Cl:nt llowerin!;!. 

and at maturity. The analysis of variance inuicateu that the lrt:atlllcnl 

differences among the parents and hybrids were signiric,tIl1 rur all the 

biometrical and quality attributes. 

Studies on combining ability sho\ved higher magnitude ur seA 

variance 1'01' all characters Indicating the predominance of dOIlllnanec gUle 

action. Based on gca effects, the hnes GO 65195, GO 652]9 dnd ;\cc. \() 

846 were found to be good genera! combiners for green (odder yield and 

other related characters. Among these GO 65239, Acc. No. S4(i ,1Ilei (;1) 

65239 had high gca effects along with good mC8.n performance for t'Jt:ell 

fodder YIeld and it::; component trLuts like stem gIrth, It:af !lumber per pldnl 

and leaf weIght per plant. 

Among testers, SSG-59-3 and IS-720 ,sere fOLlnu to bt: good 

general combIners based on mean pt:rformance and gCd t:Jft'cts TIl<.: It:-";[(.:r 



SSG-59-~ had guod general combining dblllt) ror :i1.\ lr:lll:i I;:;. pldlll 

height. lear numbcr per plant. kat' \veight pcr plan!. grceil rllddcr ~ Icle!. 

dry rudder yield and crude prntein content. The tl'sll:r SSCi-59-J had ~!.ll()d 

mean perfornHlI1cc for tiller number per plant. lear number pCI' pl'lnt. d'IY~ 

to 50 per cent flowering, green fodder yield and dry fodder yield .. lh'll1S1 

local had good mean performance for slem girth, leaf ,/ stem ratio. crude 

prokin content and l-lC;-..J content. rile t('steL IS-720 had good gCd (PI' 

stem girth and mean performance for plant hl'ight, leaf v\elghl per pl'llll 

and crude fibre contenl. 

Among hybrids. GO 65195 x IS-720 and Ace. No. 846 x SSCi-59-3 

were fOllnd to be good specific combiner for varillus characters '111..: 

hybrid CJO 65195 x IS-720 wns a gO(ld specific COmblll<.ltioll (ClI' ri\'c 11;111" 

1'1:., stem girth, lea!",1 stelll ratio. leaf weight per plant. greell rodder :- icl,i 

and dry fodder yield and Ihe hybrid Acc. No 846 x SSG-59-J was a !,'.(Jud 

specific combination for kaUstem ratio, leaf number per plant, leaf weigh! 

per plant and green fodder yield. 

Based on l11~dl1 performance. scn effects and standard hete(osis. Ihl' 

hybrid GO 65195 x [S-720 was found superior fur plant heigh!. stem girth. 
, 

lcaL'stem ratio. leaf weight per plant, green fodder yield and dry (udder 

yield. Also the hybrid Acc. No. 846 x SSG-59-J \vas found superior for 

rlant height, JenUstclll ratio, leaf weight. kaf lluJl).bcr. gn:l.'n (odder .\ IL'ld 

and dry fodder Yield. Hence the hybrids GO 65195 x IS-720 <'ll1d ,\cc ~'l) 

S-J.6 .\. SSG-5 l )-J can be advanccd for further trials to dc\'elop sorghulll 

sudan grass hybrids with high fodder yield and bettcr qual It)', 
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AllSTRACT 

:\ '.Iud: PI1 'Interspccific hybridi;,ullllil ill ~l)rt',Il\I[ll' \\,\" Cell'I'led lllil 

III the fkpartl11CIll uf j>!clllt 8rcl'ding <-lIld (iCllClIC:" Culk!:!l' ()j" .·\gt Il'\lltlll'-' 

Vcllil;',llli dunng 2U(J,l-2()()..j \\'1111 the obil'CI1\C or dl'\l'l'ljllllg "'I'gl'lll:l­

~lld,lll !:!I',t:-,s h:hrtd:-. \\'1111 high fodder :lcld Pl)[C!III.1i ;uhi l'l':I~'1 cIU.lili\ 

j-[\'l' slIj)cri,lf <lccl'ssi\ms ofsorghul1l \'1: .. (ji) ()Sl7-l--1 Jd)(lS17-1-..:'. lill 

65 It):'. (JI) ():,~39 and Ace. :--In. R46 (lines) \\<ILI1 high yield Pll\\.:IlIIUI ,[lId hl'lll" 

P,dd\~lhilll: dilL! ([Hel' dl'l'CSSlllilS ul" SlIddll gt',IS", I'i: .1!Jelll'.l 1\)(,1:. c.;\(J-~()- ~ 

and IS-721) (teslcrs) \\'1111 high ldkrillg ;lhilit>, \\'(.'[\' ,:rll:,s,-'d II' d I Illl: \ 1""\-'1 

llW(ll1g dl':oil,!ll to Ohl;[ill 1) h) lmd l'lllllbin,III(lllS 

C 11<.'c k 

Thc IllleS, lcster'> ,\Ild thclr h) brill'> \\CI'C C\',i!LI,licd 

('01-:-;-]') III ;1 replicated Cield trial I'M IllC~lll 

cnlllbll1ln~ dbllll) ,Illd hl·h:rU'>I~. Ob"l'\,\'C1tiullS \111 

number pcr pl<ll11. sll'm gIrth. Illternudul length. 

,II () II)..' \ \ : t II ,I 

I'<...'r I () 1"111 ,IIIC(: 

li,'IC'hl, illk' 

Ilumbcr pcr phlilL ledr wClght per plant. days III 50 pl'\" ,',::It 1"1\1\\ ,', 11:.'-' 

green i'udder yield, dr) i'oddel' yield. crulle prokin C()llk'lll, <...'rLl~k j'ihr~' 

content ,llld ]IC\l CDlltl'llt \\cre recorded. Significalll dll krL·n ..... c" dt1li1ll c 
trl',ltmcnb" \\'C1"e uhsl'l"\'ed I' Dr illl characlers. SlglllriCc\llt dIIILTL'IlL'L"-' ;11l](lll;C 

Cj"()s~e~ \\ere ()b_~er\'cd fllr all ..... haractcl's cxccpt tillet, 11\1111[,','1' Il~'I- rl<ll1l 

(JL·lh.'r,d dilL! '>lH:l'Ii"i ..... Clll11hliling ilhllity \',ni,lllCc" dlhll'I-I-~','I" \\,-'l'l' ,l'.lell,'" 

The llldgniludc pr SC.\ \.lrl;Jlll'l' ,dulle \ldS :-ilglllll~':llll '\l~''-',l'~:II\~ II';,' 

\)I'l'L!umllunc,' "j' dnI1l111clll ..... C gene ClCllOll III C()nl["U\\lllg \h<...'~\..' tr.tll.., 

8ilsed on lllcan pcri'orllldlKc and gca crt'cclS, :\-.:c i''';u X4(, \Id'> 

idcnllfied <I:; thc bc~t gellnal cOlllbin~r among lilll's elmi SS(,-:"'J- -, ~lllltI11C: 

le:,kr-. Till' l'1"dS::it.:~, (jj) 6)195 _\ Is-no <ll1d :\l'l ,\" S"':(, '\ ""l,-~'i- ~ 

\\'cr,' (()utld Itl he j1H)l11isillg ((1r grl'cn l'uddcl· )'ll:ld dlld Il'> ~'\'11l])(111"111 iLlli, 

b:lscd UII 11\\.-'.\11 pLI'r<.lI'm~1I1Cl', sed Ci'i'l'l'b :11H1 ~lCIIHldl-cl h~'IL'tlhl~ I kll,',' 

thesc cnls'>es can be '.I(l\'ClllCl:Ll for funhcr II'i:tls fur ,iL'\ 1..'\('I,)ll1g ~LlP~'rI(\1 

:::,urghlll1l-:-iud,lll gl'<l~" lwhrld \',ll"Iell"':-i 
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