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1. INTRODUCTION

In world lood production and rural economy. the role and imponance
of forages for feeding domestic herbivores is not so small. [t needs greater
aitention and rescarch. The soaring prices of dairy products and somcetimes
their non-availability in sufficient quantities are often attributed to the
increasing price of cattle feeds. Therefore large-scale production ot green
fodder will help to bring down the prices of concentrates and rcar healthy
milch animals. In dairy production. the cost of teed constitutes ahout 60-63
per cent of total cost of milk production. Year round supply ol lorage is very
important in order 1o stabilize animal production ¢specially in the milk-shed
arcas and also for farmers who maintain dairy animals as a source of incomu.
The green nutritious fodder paves the way not only for augmenting the
cconomie production of animal produocts. but also lor the availability of

draught power in the cra of cnergy crisis.

[ndian agriculture is oriented towards a mixed farming in which
livestock is an important part of the crop production system. Eventhough
there s large population of livestock in India, the productivity is low
which is attributed 1o shortape of teed both in quantity and quality. In
Kerala. todder crops are grown in an arca of 3241 ha and the production is
only 48660 million tonnes. At present, the deficit 18 too high that we ure
able to meet only 40 per cent of the animal fced. Because of increased
pressure on arable land for grains and commercial crops it is not possible

to extent arca under fodder crops.

The present status of fodder production and productivity in the state
arc not satisfactory. The present statistics reveals that there s 41 per cent
deficit in the availability of dry matter for feeding livestock. The only
solution for bridging the gap between the demand and supply of green

fodder lies in maximizing the lodder production in space and tinme, by



identifving new forage resources and increasing the fodder production within
the existing farming system. This calls for the need to rejuvenate and also to
increase the productivity of fodder crops by developing new varieties.
Sorghum [Sorghum bicolor (1..) Moench| is an important cereal
crop which is widely used for forage production due to its quick growing
habit. high yield potential. better palatability and digestibility (Tarumoto.
1971). But it 1s shy tillering. Sudan grass (Sorghum sudanensce) 1s high

tillering and perennial in nature.

Breeding for forage sorghum can be meaningful only when the new
stable wvariety evolved combines high vield and better quality for
improvement in such an important crop. the prerequisite is the selection of
suitable parents. which could combine welt and produced desirable
hybrids and segregants. Selection of appropriate parents is the key (o
success even for successful exploitation of heterosis. The combining
ability elucidates the nature of gene action involved in the inheritance of
trait. The nature of gene effect for vield and its component traits has a
bearing on the development of efficient breeding procedure. Line x tester
mating design was used to gencrate material for estimation of combining
ability effects. which provide basic idea about the genetic potential of the
parents. Interspecific hybridization between genetically divergent
species of sorghum [Sorghum bicolor (1..) Moench| and sudan grass
(Sorghum sudanense) has been attempted to  develop hybrids by
combining the high yield potential and quality attributes of sorghum and
the high tillering and perennial nature of sudan grass.

Keeping in view of the above facts. the present study was
undertaken with the following objectives:

2 To study the type of gene action involved in the inheritance of
difterent characters.
2 To study the magnitude of heterosis and combining ahihity of

parents and crosses for fodder vield and other related characters.
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2. REVIEW OF LITERATURE

The selection of suitable parents for hybridization is one ol the
most important steps in breeding programme.  Selection of parents on the
basis of phenotypic pert‘ormahce alone 1s not a sound procedure since
phenotypically superior lines may yield poor recombinants i the
segregating generations. It 1s therefore. essential that parents should be

chosen on the basis ol their genctic value.

Interspecific hybrids between Sorghum bicolor (1..) Moench. 2n = 20
and Sorghum sudanense, 2n = 20 are the most widely studied in the genus
sorghum. A review of research on different aspects like heterosis,

combining ability and gene action 1s presented below,
2.1 HETEROSIS

Breeders of crop species usually observe that mean performance of
Fy generation obtained by crossing two genotypes, is supcrior than mean
performance of the parent and this phenomenon is known as heterosis.
Genetic diversity, genetic base and adaptability of parental lines influence
the expression of heterosis.  Existence of a significant amount ol
dominance variance is essential lor undertaking heterosis  breeding

programme.

Conner and Karper (1927) reported heterosis in sorghum [irst.
Since then several workers have reported heterosis for various characters

in sorghum (Shambulingappa and Magoon. 1963: Chandra ef af.. 1909).

Argikar and Chavan (19573 observed heterosis for number of
leaves. Kambal and Webster (1966) reported that hybrids and parcnts
possessed approximately same number of leaves. However, Kirby and
Atkins (1968) and (Chandra er «f.. 1971) obscrved increased number ol

lcaves in hybrids.
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Ramalingam and Raman (1974) studied several interspecific
hybrids viz., Sorghum subglabrescens x Sorghum sudanense. Sorghun
dochna x S sudanense. 8. sublabrescens x S, halepense and S, sudanense
x S hualepense 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.

Rao and Goud (1975) reported the presence of heterosis in sorghum
for number of leaves. Kambal and Abu-El-Gasim {1976) detected only
low heterosis for this trait. Indi and Goud (1981) recorded non-signiticant
heterobeltiosis,  Saradamani (1982) observed relative heterosis upto

118.50 per cent and heterobeltiosis upto 111.48 per cent.

Chaudhary e¢r af. (1980) studied F; hybrids of ten varieties of
Sorghum hiocolor with one variety of S sudanense on a reciprocal basis.
The hybrids had signilicant increase over both the parents in respect of
number of leaves per plant and dry weight of the plant and a considerable
increase in leaf area.  They were intermediate in stem thickness and

moisture content,

Muhammad et «f. (1981) studied F{ hybrtds of four cytoplasmic
male sterile sorghum varieties with four sudan grass varieties. The
hybrids showed improved vigour for fodder yield and seven yield related

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

Girko (1983) crossed inbred sudan grass lines with CMS forms of
grain sorghum and reported that relative heterosis for vegetative weight
from two cuts was 93.3 per cent and for number of internodes 26.13 per
cent. Heterosis was -13.93 per cent in the first cut. Partial dominance was

observed tor leaf width. degree of tillering and panicle length.

Bhagmal and Mishra (1985) crossed F| hybrids of Sorghum bicolor
with Sorghion sudanense. From this three way cross hybrids showed

significant  positive transgressive segregation for plant height. culm



thickness and leaf breadth and both positive and negative transgression for
number of leaves and leaf length. Highest per cent of individuals showing
heterosis were observed for plant height (68.96 per cent) followed by leal
length (62.67 per cent), leaf number (48.27 per cent), culm thickness

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

Naycem e/ al. (1987) studied 80 sorghum hybrids produced by u
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 and stem
thickness. Geetha and Rana (1987) found that the grain yield was highest

in F, followed by successive depression in F; and Fiy generations.

Cheralu and Rao (1989) recorded heterosis for plant height, stem
thickness and grain vicld. Heterosis for days to 50 per cent tlowering.
plant height and grain yield was reported by Amsalu and Bapat (1990),
Nandanwalker (1990) studied 33 hybrids involving three male sterile and
11 diverse restorer lines and observed that the lines 1258 A produced
greater proportion of hybrids with significant heterosis for grain yield than
the other two male steriles 136 A and 1202 A. Highest heterosis of 78,50
per c;:nt “was reported [or grain yield.  Significant heterosis was alse

noticed for panicle weight and panicle length.

Pathak and Sanghi (1992) observed highly significant heterosis for
green fodder yield and varying degrees of heterosis for all the characters

studied.

Jayamani and Dorairaj (1993) reported the combing ability for
seven quantitative characters through line x tester analysis involving six
Sorghum bicolor lines and five Sorgum halepense (2n = 40) testers. They
reported the heterotic vigour of the hybrids for green fodder yield and its

component characters.
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Jayamani and Dorairaj (1994b) studied 30 hybrids produced from
interspecific crosses between five sorghum bicolor varieties and five
accessions of S hulepense. 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 FID 1694, SS 30 x FD 1693, SS 44 x FD 1694 and 8§ 44 x
FD 1692,

Sanakarapandian er «f, (1994 b) reported heterosis in fodder traits
of sorghum in 42 hybrid combinations. They reported best performance
for plant height, crude protein content, total soluble solids and dry matter

production,

Ganesh ¢r «l. {(1997) reported sorghum genotype Co 26 as a good
donor tor panicle weight and yield. They observed high negative heterosis
for days to 30 per cent tlowering and the highest standard heterosis for
panicic length and 100 grain weight.  An experiment conducted by
Ghorade et of. (1997) with four lines and 10 testers was found to exhibit
signilicant positive heterosis and heterobeltiosis for days to 50 per cent

flowering. plant height and grain yield,

Kumar and Kumar-(1998) studied interspecilic hybrids between
sorghum [Sorghum bicolor (L.) Moench] and sudan grass (Sorghum suduncnse)
in a line x tester design and reported predeminance of SCA variance for
all the churacters except leat area and number of nodes per plant. [CS A
101 and ICSR 93014 were found to be good combiners for most of the
characters studied. Among the hybrids ICSA 101 x SSG-59-3 and 1CSA
73 x 88G-59-3 were found to have high SCA effects,

Grewal ef af. (2003) studied the heterotic potential of fodder yield
and its component traits 1n forage sorghum. The extent of heterosis varied
from green fodder yield, dry fodder yield, plant height, tiller number per
plant and days to 30 per cent flowering. On the basis of heterosis, crosses
ICS 13A x S 241, IMS 9A x S§8G-59-3 and ICS 4A x HC 308 were

identificed as the most promising hybrids for green and dry fodder yield,



2.2 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 appropriate
breeding procedures that could be used for crop improvement. Combining
abilily is defined as relative ability of a genotype to transmit its desirable

performance to its crosses.

Kempthorne (1957) defined the GCA and SCA as o’GCA and
o SCA respectively in terms of covariance of hatf sibs (HS) and full sibs
(I'S) in random mating population where GCA is covariance HS and SCA
is covariance FS-2 (Cov.HS). Allard (1960) classified combining ability
into general combining ability and specific combining ability (SCA). e
defined the GCA as average performance of a strain in a series of crosses
and SCA as the deviation [rom the performance on the basis of GCA.
Studies on combining ability carried out in sorghum are summarized

below.

Dangi er af. (1980) in a line x tester analysis involving five
pollinators with 17 lines observed preponderance of additive gene action
for fodder yiceld.

Lazanyt and Bajaj (1986) and Chandrashekerappa (1987) lound
predominant role of additive gene action for plant height and panicle

welight as indicated by the higher estimates of GCA variance.

Nimbalkar and Bapat (1987) reported the involvement of both
additive and non-additive gene action controlling days to 50 per cent
tlowering. plant height and predominance of non-additive gene action for
number of leaves. Kulkarni and Shinde (1987) found the predominance of
additive gene action for days to 30 per cent flowering.

Sahib er «f. (1988) reported the predominant role of GCA variance
for days to 30 per cent flowering. number of leaves and grain yield.

Mallhick e/ «f. (1988) found significant SCA effects for protein content.



Mallick and Gupta (1988) reported significant additive and non-additive
gene action for days to 50 per cent flowering, plant height and number of
leuves.,

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 HCN at 60
(HCN 60) days and HCN at maturity (HCNM) was highly significant in
males but not in females. SCA was only significant for HCN 60. GCA
for IICN 60 and HCN M exceceded SCA. He reported that those traits in
males with higher genotypic components also had higher combining
ability effects and can be used as breeding materials for reducing HCN

potential in forage sorghum.

Senthil and Palanisamy (1993) reported that the cross combinations
IS 1112 A x TNS 30 had high relative heterosis and IS 111 2A x AKR 1

hud high heterobeltiosis for days to 50 per cent flowering,

Naik ¢t «f. (1994) studied the combining ability of five femalces and
two males in line x tester analysis and reported the predominance ol non-
additive gene action for days to 50 per cent flowering, plant height and

grain yield.

Sankarapandian ¢t «f. {1994a) were evaluated for combining ability,
Three lines were crossed with 14 testers and resultant 42 hvbrid
combinations and their parents for fodder yield and their component
characters. They observed non-additive gene action for number of leaves.
leaf stem ratio. total soluble solids at maturity, crude protein and dry
matter vield per plant whereas plant height was observed to be controlled
by additive gene action. Among the different combinations. 2077A x FS
33-1,2077 A x FS 1. 2219 A x FS 1 were the best combiners. having high

sca eltects.



Veerabadhiran er al. (1994b) reported higher SCA than GCA for

different yield characters except for number of leaves.

Jayamani and Dorairaj (1995) reported that the variance due (o
GCA was more than the variance due to SCA for days to 50 per cent
Towering.  Manickam and Das (1993b) in a line x tester analysis
involving three lines and fourteen testers reported that SCA variance was
predominant over GCA variance for plant height, stem girth and grain
vield. For number of leaves predominance of additive gene action was

noticed.

Suepea and Kuoduhng (1995) reported that the mean squares of
GCA and SCA of potassium and hydrocyanic acid at heading and maturity
were all significantly different. The additive variances of chemical
compeonents were higher than the dominant variances at heading, however.
similar variances were observed between additive and dominant
components at maturity. The SCA of crude protein was highly significant

al heading and maturity.

Chand (1996) reported both additive and non-additive gene action
in grain yield and plant height. His studies indicated the cultivar Co 26 as

the best combiner for all the tratts studied.

Badhe and Patil (1997) rcported additive gene action for plant
height and non-additive gene action for grain yield and other attributes.
SCA variance was predominant for grain yield, which could profitably be
exploited for the production of hybrids. The female MS 2077 A and malc
SPV 386 were observed to be the best combiners for almost all traits

except plant height and 100 grain weight.

Bhadouriya and Saxena (1997) observed the predominance of both
additive and non-additive gene action for days to 50 per cent flowering
and grain yield. while the inheritance of plant height and panicle length

showed predominance ol additive gene action.



Rao and Aruna (1997) in a line x tester analysis involving three
lines and four testers reported the preponderance of non-additive gene
action for days to 50 per cent flowering, panicle weight and grain yicld,
The predominance of additive gene action was noticed in plant height and

panicle length.

Hovny ef afl. (2000) studied the combining ability of thirty exotic
lines (CMS) with two restorers and reported non-additive genetic vartance
in determining yield.

Iyanar ¢ «f. (2001) studied forty hybrids in line x tester design
with four lines and ten testers and observed that non-additive gene action
was predominant tor days to 50 per cent tflowering. panicle weight. panicle

length, plant height. {eal number, test weight and seed yield.

Kanawade ¢ af. (2001) analysed a line x tester sel ol I')'s along
with parents and reported additive gene effects for inheritance of panicle
breadth, 1000 grain weight and grain yield per plant, while plant height.
days to 30 per cent flowering, leaves per plant and panicle length were

predominantly under non-additive gene effects.

Combining ability for seed yield and its components were 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
vield and ear head characters, while additive gene action for days to 50

per cent Howering.

Khatri and Lodhi (2004) estimated the genetic and inleraction
components was carried out for green fodder yield and dry fodder yield in
six generations of six crosses invelving four sorghum genotypes at two
stages, ¢, crop without cutting and tn ratoon sorghum crop. Both
additive and dominance gene effects were found significant in majority of
crosses both green fodder and dry fodder yield with preponderance of

additive gene effects,



2.3 QUALITY TRAITS

Gupta er «f. (1976) studied green forage, dry matter and crude
protein vields per plant and reported higher yield of hybrids than the

parent varieties.

Paroda et al. (1977) also reported higher green forage and dry

lorage yields of hybrids than the good forage lines.

Natarajaratnam and Chandrasekharan (1983) while studying
heterosis in the hybrid TNAU CN 2 observed a higher photosynthetic rate,
phospho ¢nol pyruvate carboxylase activity and nitrate reductase activity

than its parents,

Surendran et «f. (1988) crossed S bicolor var. mediocre (Co 11)
and a wild dipioid species 8. hulepense. The hybrid, FS [, was identified
that combined the juicy stem of Co 11 with the hardiness, tillering and
ratooning ability of S. halepense. The green fodder yield of 44.5 t ha™ in
the first crop. being 21.4 per cent and 10.0 increases over Co 11 and K 7,
respectively. It had a DM content of 24.2 per cent, protein content of 9.8
per cent, brix content of 7.4 per cent and digestibility of 65.8 per cent.
which were higher than those of Co Il and K 7. It was also rich in
mineral elements.  In multilocation and adaptive research trials it
performed better than Co 11 and K 7 and was released for cultivation in

1986 under the name Co 27.

Jayamant and Dorairay (1994a) developed five sweet sorghum
varieties and Co 27, a fodder sorghum variety were crossed with
Sorghum halepense. All the hybrids produced twice as much green fodder
yield in both the first and second cuts as compared with Co 27, the control
vartety. The majority of hybrids had much higher numbers of tiller per
plant than the parents. SS 25 x FD 1690 and SS 25 x FD 1692 were the

most promising and are recommended for breeding multi cut sorghum

Lypes.



Gaiko ef al. (1997) reported that six sudan grass (Serghum sudanese)
varieties and sorghum (S bhicolor) x Sudan grass hybrids were used w
prepare dried fodder. The hybrids exceeded the varieties in green matler
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™) and
Stepnyachka (15.7 + 12.7 t ha™') and among the hybrids by Intensivnyi
(29.2 + 14,1 t ha™"), These forms also had the highest sugar content in the
fodder. The highest content ol digestible protein and carotene in the dried

todder was found in Intensivoyi.

Joshi et al. (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 increascd gradually upto 75 days after
sowing and then decreased, whereas shoot, dry weight and its carbon and
nitrogen content increased hroughout the vegetative and reproductive
period. Shoots were much more fibrous in comparison to leaves. since the
concentration of natural detergent fibre (NDF), acid detergent [libre
(ADF), cellulose and lignin was higher in shoots than in leaves at all
stages of growth and development. The observed significant decrease in
in vitro dry matter digestibility (IVDMD) of leaves and shoots with an
advancement in plant growth was mainly due to their corresponding

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

Khan et af. (2002) relcased a multi cut fodder sorghum COIS 29
(TNS 30 x S swdunense) with an yield potential of 170 t ha™' of green
fodder per year in five harvests (main crop + four ratoons) at 65 — 70 davs
intervals. Tt 1s tall in stature and produces 10-15 thin Tillers, highly leaty
with high palatability. [t has more crude protein content than Co 27 and
less crude fibre and HCN content. The digestible dry matter and in vitro

digestible dry matter were also higher than Co 27.



2.4 HCN CONTENT

Sorghum plants contain a cyanogenic glucoside, dhurrin, a group of
nitrogenous secondary compounds which during enzymatic hydrolysis
release hydrocyanic acid (HICN), glucose and P-hydroxy benzaldehyde. In
sorghum, the HCN content was found to be higher in summer than in the

kharit season. This was reported by Eberhart and Russell (1966).

The HCN is toxic to animals and the lethal dose is 200 ppm or 20
mg / 100 g DM (Gillingham et af., 1969; Mc Bee et al., 1980). The HCN
content 1s found to be maximum at 30 days stage. [t increases with
nitrogen fertilization, water stress. frost and decreases with phosphorus

application. plant age. drying, irrigation and ensling.

Rabas er wf. (1970) studied two sudan grass varieties and tour
sorghum x sudan grass hybrids and reported that the grazing performance
of cattle for the sudan grass and sorghum x sudan grass hybrids was
negatively correlated with HCN concentration. The results suggested that
selection for fow HON concentration to avoid prussic acid poisoning

might also result in increased palatability.

Luthra et ul. (I‘)?G) analysed 55 yeilow endospermic strains of
sorphum and observed that varictal differences in accumulation of nitrate
nitrogen and hydrocyanic acid existed. Both the toxtc constituents co-
existed at a particular stage, thereby necessitating the estimation of these

poisonous constituents.

Liv and Wu (1986) studied 118 varieties of sorghum and observed
that the seedlings at four days after germination recorded the highest [ICN
content. Grain and roots had a low content, while the content in leal
sheath and leaves was considerably higher, the [irst leaf having the highest
content,

Wheeler er of. (1990) studied the effect of plant maturity, nitrogen

tertilizer. phosphorus fertilizer, water stress, lght intensity and temperature



on HCN potential (HCONp) of Sorghum bicolor x Sorghum sudanense) and
{Sorghum halepense x Sorglhum roxburghii) < Sorghum  arundinacenm
hybrids and reported that nitrogen fertilizer (200 kg N/ha) increased
HCNp but more so i full Tight (100 m/kg compared with 1430 mg) than in
30 per cent shade (190 mg compared with 690 myg). 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 temperature had direct significant effect on
HCNp.  They 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™ was
carried out at the Department ol Plant Breeding and Genetics. College of
Agriculture, Vellayani. Thiruvananthapuram during Scptember 2003 to
July 2004. The details of the materials used as well as the method adopted

are given in this chapter.
3.1 MATERIALS

The five superior Sorghum [Sorghum bhicofor (L.) Moench]|
accessions viz.. GD 65174-1, GD 65174-2, GD 65195, GD 65239 und
Acc. No. 846 with high yicld potential and better palatability selected
from the previous study were used as lines. Three sudan grass (Sorghun
sudanense) accessions viz.. Jhansi local, S8G-59-3 and [S-720 with high
tiflering were used as testers. The lines and testers are given in Plates |

and 2.
3.2 METHODS
3.2.1 Hybridization between Lines and Testers

The five lines and three testers were crossed and secds ol fifteen
hybrids were collected. The lines. testers and their hybrids are presented

in Table 1.
3.2.1.1 Emasculation and Crossing

Hand cmasculation suggested by Quinby and Martin (1954) was
followed. The panicles of both the parents were enciosed in craft paper
bags immediately after the emergence of the panicle from the boot leaf.
On the evening of the day preceding the day of crossing, a {few plants of
the female parcents in which flowering had commenced were chosen. A
smali bunch of spikelets about to bloom on the next day was scelected for

emasculation with the help of pointed needic. The three stamens were



Plate 2. Sorghum sudanense (Testers)



Table 1. List of parents and hybrids

Treatments

| SI \0 1 Name of variety / cross
R L, GD65174-1
2 Ly TGD6s174-2 B
3 L, GD65195
4 L GD65239 I
___5 ” ]\ /\u. No. 846
6 o [; Jhansi local
7 T, $SG-59-3
8 1, 1S 720 -
9 L xT GD65174-1 x Jhansi local
o L, x T GD65174-1 x $8G-59-3 ]
" Lyx T | GD65174-1 x 1S-720
1 Lo T, GD65174-2 x Jhansi local
13 Ly x T | GD65174-2 x $5G-59-3 _
14 ax Ts GD65174-2 x 18-720
BE L, x T, GDG5195 x Jhansi local
16 Lsx T GD65195 x $SG-59-3
7 Lyx T GD65195 x 18-720
ij?\’ ) __!_4_ x 'l‘.|. P GD65239 x JThansi locél
SRCE Lix T GD65239 x S8G-59-3 T
T Ly % s 6165239 x 18-720
21 _.I % 'l‘",.. ”\u. No. 846_>< Jhams.i local o
2 C Lax T Ace. No. 846 x $SG-59-3 N
e

Acc. No, 846 x 18-720




pushed out one by one from the interior of the spikelet without injuring
the ovary. The pedicellate spikelets which are staminate are then cut off
using scissors. The emasculated spikelets were then covered by a small
butter paper bag (Plate 3). On the next day morning pollen collected from
the polien parent was dusted on the stigma of the emasculated spikcelets.
To avoid contamination the bag was fastened. This was repeated lor the
suceeeding two or three days. The seeds were collected 20 to 25 days
alter pollination. The seed set percentage was computed by counting the
number of spikelets emasculated and the number of seeds obtained.
3.2.2 Evaluation of Hvbrids

The lines. testers and their hybrids were ruised along with a check
COFS-29 1n randomized block design with two replications during January
to June. 2004, The spacing was 50 x 30 e¢m in plots of size 3.5 x 1.3 m
(Plate 4).  The 15 hybrids and parents wcre allowed for natural
pollination. The recommended agronomic practices and need based plant
protection  measures  were  followed  tn accordance  with  the
Recommendations of Package ol Practices ol the Kerala Agricultural
University (KAL. 2002). The observations were recorded on vartous
biometrie characters at cach harvest, replication wise [rom o random
sample of five plants cach with respect to treatments and the mean values

were used Tor statistical analysis.
3.2.3 Obscervations
3.2.3.1 Plant Height

The height of the plant Irom the ground level to the tip of the main

tiller at the time of harvest was measured in cm.
J.2.3.2 Tiller Number per Plunt

The total number of tllers Irom a random sample of ten plants per

plotwas counted at harvest and the mean value was caleulated.



Plate 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 was

measured and expressed in cm.
3.2.3.4 Internodal Length

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

.2.3.5 Leaf : Stem Ratijo

I

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 leat : stem ratio worked out,
3.2.3.6 Pollen Fertility

Pollen fertility ol the observational plants was cstimated by
staining pollen grains from mature anthers on a glass slide with glycerime-
acetocarmine (1 < 1} The partly and poorly stained. shrivelled and empty
pollen grains were considered as sterile while pollen grains which were
full and well stained were considered as fertile.  Pollen fertility wus
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 was counted at harvest and the mean number recorded.
3.2.3.8 Leaf Weight per Plant

Ten plants were selected at random from each plot, leaves were
separated and the mean leaf weight per plant was estimated and expressed

in gram.
3.2.3.9 Days to 50 per cent Flowering

Number of days from sowing to the day on which 30 per cent plants

of an accession have started flowering.



3.2.3.10 Green Fodder Yield

ol harvest and mean weight caleulated and multiplied with the number of

plants in one hectare and expressed In tonnes per hectare.
3.2.3.11 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
was then dried in an electric oven at 60°C for 24 hours. The dried
samples were weighed and the dry matter content was calculated in
percentage.  The green fodder yield was multiplied with dry matter

content to get the dry fodder yield per hectare in tonnes.
3.2.3.12 Cruder Protein Content

The total nitrogen content of the oven dried samples of the
obscrvational plants was estimated by modified Microkjeldhal method
(Jackson, 1967). The nitrogen value was multiplied by the factor 6.25 to

obtain the crude protein content expressed as percentage.
3.2.3.13 Crude Fibre Content

Dried plant samples collected at the time of plant harvest were
utilized for the estimation ot crude fibre by acid and alkali digestion

method (Sadasivam and Manickam. 1992).

From the representative sample of the dried plant, two grams taken
and boiled with 200 ml of sulphuric acid for 30 minutes. Then it was
filtered through a muslin cloth and the [ltrate was washed with botling
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 ml of 1.25 per

cent boiling sulphuric acid, 350 ml of water and 25 mi alcohol. The
residue was transferred to ashing dish whlch was pre welghed (W) T'hu



residue was then dricd for two hours at 130 + 2°C. The dish was cooled
and weighed (W), Then the residue was ignited for 3¢ minutes at 600 &
[3°C, couled in desiceator and weighed (Wi).
Percentage crude libre in the sample was estimated as :
Loss of welght on ignition

= x 100
Weight of sample

(W2 = W)= (W5~ W)
e x 100
Weight of sample

3.2.3.14 HCN Content

The HCN content was determined by the picric acid method ot
Hoge and Ahlgren (1942). The samples for the analysis of HCN were
taken trom the portion of the tiller immediately below the upper most leal
collar. Transferred 0.2 g chopped green plant material to test tube (2.5 ¢m
X 20 c¢m), then added 3-4 drops of chloroform and suspended a strip of
moist Whatman No. 1 filter paper (15.5 ¢cm x 1.7 cm} saturated with
sodium picrate solution {(prepared by dissolving 25 g sodium carbonate
and 3 g picric acid in one litre ol distilled water. The saturated [ilter
paper sirip was held in place with a cork stopper, which was used to seal
the test tube. The incubation was carried out at room temperature tor 24
h. The sodium picrate present on the filter paper was reduced in the
presence of HCN. After 24h, the paper strip was removed and colour was
eluted in 10 ml of distilled water. The absorbance of the colour was
measured at 515 nm against a reagent blank treated in the same manner as
the plant sample. The amount of HCN in ppm on dry weight basis was
calculated by calibrating the absorbance with KCN (540 ppm) in water as
standard (Gillchrist er af., 1967).



3.2.3.15 Palutability

Equal quantities of sudan grass. sorghum and hybrids were fed to

the cattle and it was found that hybrids had been completely consumed.
3.3 STATISTICAL ANALYSIS

Analysis of variance was done for all the characters under study

and tested for significance (Singh and Chaudhary, 1985).
3.3.1 Combining Ability Analysis

Combing ability analysis of the Line x Tester was done through

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

Table 2. Analysis of variance for line X tester design

- .:.S‘_ourcu o :_ ) dr [ S8 | MS Expected mcan-.squurc —i
_I_-‘.epl'lcation s ! B 1 SsR {MsR | |
“(H}unn.typcs hn -1 ! S5G MSG i a )

. Parents ; (0~ ty- 1 S55P MSP ||

| I.Jarcnts VS, CEOSSUS I ) 550 MSO

| Crosses. T lsse | wmse w |
a.lines [ ' SSL ] M 6%+ role, + It Uf\w_” () .

I[ e S — 4_ =

ChoTestes -1 I SST M, | o'y + Ty t 1l (T;gu.r ()

I—L Line x w.;tcr “ i_(] =1yt 1) SSLT | MLy TGEU +r 0-3_\_(_”

‘ Error e e ssE | M, |[ =2 _

|! Total ‘ _n.r - |

Where, n = number ol treatment materials (I +t + [t)

number of replications

._‘
I

= number of lines

i = number of testers




3.3. 1.1 Estimation of General and Specific Combining Ability Effects

General combing  ability effect (gea) of parents and specific
combining ability cffect (sca) of hybrids were cstimated using he

following model.
Xk =gt g+, 1 e
Where, (1 = population mcan
gi = geu effect of i™ line

tester

g, = gea effect of' ]
s = sca effect of ij" hybrid.

e, = error associated with ijk"" observation.

1 = 1.2, ...
| = I, 2. 1
k = 1.2 i

(1} Mcan = _
rit
(11) gea ctfect of lines
X . X ..
2 = -
rt rlt

(i11) gea effect of testers

X.,. X ..

rl rlt
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(iv) scu eftect of hybrids

X Xi.. X, X
S, = e —
r r1 ri rlt
Where.
X ... = 1otality of observations on all hybrids over "r’ number of
replications,
X... = totality of observations on i line over 1’
testers and “roreplications,
X.;.  =totality ol observations on i tester over I’ lines and "r’

replications.
Significance of combining ability effects was tested as :
(Ellee)

[ e
SE (effect)

where.

SE of gea (hnesy =

SIof geet (testers) =

SE ol sca (hybrids)

3.3.1.2 Combining Ability Analysis

The GCA variance for lines and testers and SCA variance for the

hybrids were calculated as follows:



ML — MLy
5” GCA (lines) = - = Cov. H.S. (lines)
rt
MT — MLy
a” GCA (testers) = - = {owv. H.S. {testers)
rl
MLT - Me
o SCA thybndsy = —_—
¢

3.3. L3 Gene Action
Alter estimating the variances due to general combining abiliy
LR . Ly 2 .
(o GCAY and specific combiming ability (o” SCA) the gene action was

worked out as ;

1+ F
o” GCA = | ——1| oA
4
d=F ]2
oo SCA « — — | oD
2

Where, I = inbreeding coellicient

LU imbreeding is absent (F = 0}

c’ GCA - Vi o A
o’ SCA - Vi 57D
So. ga do° GCA

i

ad = 167 SCA



(-

¥

The significance of oA is tested respectively for lines and testers
5 I

Fl0 D.A-He-n) = ML / MLT

13[(1—1).(1--1)u—1)] = MT / MLy

and that of 67 D from

F[(l—-l)(t—l),(n—l){r—l)] = MLT / Me

3.3.1.4 Proportional Contribution of Lines, Testers and Line x Tester to
the Total Sum of Squares of the Hybrids
S.S. (lines)

(ontribution of Hnes = x 100
S.8. (hybrids)

S.S. (testers)
x 100

Contribution ol testers

§.S. (hybrids)

S 8. (ling x tester)
x 1040

Contribution of lines x testers
S.S. (hybrids)

3.3.2 Estimation of Heterosis

Heterosis (expressed 1n percentage) was estimated for all the
characters  over  mid  parent  (relative  heterosis),  better  parent
(heterobeltiosis) and standard variety (standard heterosis) as sugpested by

Rai (1979).
J3.3.2.f Relative Heterosiy

Relative heterosis was estimated as the percentage deviation of the
mean performance of Fy (Fy) over the mean performance of the parents

(MP).



o

Fy) - MP
Relative heterosis (RH) = — x 100
MP

Where MP = mid parental mean value

I') = average performance of Fy
3.3.2.2 Heterobeltiosis
Heterobeltiosis was estimated in comparison to the better parent as
F, —BP

Heterobeltiosis (HB) = —— x 100
BP

Where BP = better parental mean of a particular cross.
3.3.2.3 Standard Heterosis

Standard heterosis was estimated in comparison to the standard
varicly as

F, - SP
Standard heterosis (SH)Y = ——F— x 100
SP

Where SP = mean of the standard variety.

The significance of different types of heterosis was tested by U
test with (n — 1) (r — ) degrees of freedom. The critical difference (CL3)

for comparison ot

I, with l\a—1~]’ 15 t

I
<
o

Fiowith BP is t

I

g
<
L1

F, with SP is l\[—u———
r
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4. RESULTS

Fifteen hybrids derived [rom the cross between Sorghum hicolor
and Sorghum swudanense were evaluated along with their parents for
heterosis and combining ability for 13 characters namely, plant height.
tiller number per plant. stem girth, internodal length, leaf : stem ratio, leat
number per plant, leaf weight per plant, days to 50 per cent flowering.
green fodder yield, dry fodder yicld, crude protein content, crude fibre
content and HCN content.  Apart from these palatability and pollen

sterility were also studied.

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

are presented below.
4.1 MEAN PERFORMANCLE

Significant genotypic differences were observed for all the
characters. The mean performance of lines, testers and their hvbrids for

difterent characters are presented in Table 3a and 3b.
4.1.1 Plant Height, cm

The mecan plant height ranged from 147.90 cm (GD 65174-2) 1o
185.00 ¢m (GD 63174-1) in lines, 167.80 ¢m {(Jhansi local) to 204.00 cm
(IS-720) 1n testers and 114,10 ecm (GD 65174-2 x §§G-59-3) to 205.50 cm
(GD 63195 x 18-720) in hybrids with their average height being 166.45

em. 183.90 ¢cm and 159.80 cm respectively.
4.1.2 Tiller Number per Plant

The mean tiller number per plant ranged from 2.10 (GD 65239) 10
2.70 (Acc. No. 846) in lines. 3.90 (I1S-720) to 4.05 (8§8G-39-3) in testers
and 2.40 (Ac. No. 846 x Jhansi local) to 6.60 (G2 65174-2 x Jhanst local)
in hybrids with their average tiller number per plant being 2.40, 3.80 and

4.50 respectively.



Table 2a Mean performance of lines and 1esters lor various characters

[ Characters T filver ' Taat T Tear T hawio 1 Green e e T Crode =
Characters Plant I|I|e|_ Stem . Internodal Leafl | | at ['t,d[ '?“-‘5‘0 E;leen ,DI'\ (md,L (_rudc. HON !
. i numbel ) i ) i number weisht S0 per fodder -+ fodder protein fihre . ;

: height per gith length stem pet el p] 1 cent vield | vield content | content Content. ¢
: s . . gt 4 %) 21 pHan I ¥ ¥ 2
reamens | ™| g e | wem oo { B L ME™ | e | oy | am | ow | ea 00
| LINES ;‘ " i : |
i . . ! N

N - ! ) | ! :.

GDOXITA-T - yg500 | 215 350 | 2330 0 023 2075 115725 | 6850 | 10100 | 578 7.05 © 3323 18318
 ODE3T4-2 1 14700 1 205 4.70 ‘ 18.50 029 | 1680 | 15850 | 6475 | 15150 | 1015 | 748 3257 18335
- GDO3195 160.50 | 2.5 340 16.50 021 | 1955 | 14975 1 7075 ' 7730 5.13 7.35 3225 0 16671

|

(1363239 16040 | 210 340 2060 0.31 2035 1 15395 | 6860 | 12250 | 849 7.25 3126 | 15640
| | . : |

Acc.No. 836 | 18090 ' 270 7.10 18.80 029 | 2380 : 19635 | 6875 | 16880 | 1130 577 | 3249 | 13300

|

TESTERS
Jhansilocal 1 16780 | 4.00 350 1690 0.34 5020 | 98.75 7750 | 6150 | 4.10 6.16 | 3565 | 36.68
$8G-39-3 187.80 | 4.05 | 340 1 1730 | 029 | 10020 | 14940 { 7375 | 14850 [ 1016 | 577 | 3564 | 46.17
IS 720 204.00 | 390 2.70 19.70 0.31 4900 ! 181.50 | 7550 \ 125.50 | 8.16 508 | 3495 | 6617
COIS-29 146.0 | 34 3.1 12.5 05 816 | 1504 675 | 1683 | 114 7.5 315 182.5
SE 123 041 018 | 024 ! o012 0.81 2.09 0.83 139 0.15 0.15 0.06 | 054
ICD 10.05) 367 2 e oo [ ooose o2z T oers T ocas 1 aw 0.4 0.4 046 . 158




Table 3b  Mean performance of hybrids for various characters

.(.hardCIt.l'b Plant Tiller Stem lnternodal rLeaf; leaf l@af Daysto | Green _L)r) Crudlc_] Crude HCN \I
number number | weight 50 per fodder todder | protein fibre | '
. height girth lenath stem = o . Content
_ RPN (em) (un) (cm) ratio per per plant cent vield ¥ |e1dl content | content (ppm)
}'Irea[mems g o Elam plant (g ﬂmserinu {1 ha_") {tha) (%) (%) 4‘ |
GD65174-1 , !
x Jhansi 13920 | 3.50 2060 © | 038 | 33.50 100.25 67.25 3540 3.48 7.45 3150 118250
lacal ' \ | ]
GD65174-1 _ ‘ 'I 3 l
201 S 3 35 2703 . 2 .
«§SG-50.3 | 20190 7.70 20.50 | 0.37 ‘ 96.40 | 35800 67.50 27030 18.13 4.24 33.01 166 36 |
| Gp6s174-1 ) - ) |
e 14050 | 460 | 330 i 1670 | 025 | 7965 | 12400 | 7075 | {0050 | 648 | 552 0 3325 | 13328
xi5-720 f
GD65174-2 ‘ \ ] |
x Jhansi I 14230 6.60 270 15.70 2 69.00 101.00 8.46 449 32.03 83.11
local ’ ’ |
- . | —_ | . —1 JRS—
GD65174-2 (. ﬁ o o .
Y $5G-5g.3 | 11410 | 4.90 3.70 1 ‘ 80.10 200.50 13.46 6.70 30.57 1031
GDG65174-2 .
’IS 73;) 135.90 3.80 6.60 197.00 72.00 180.50 14.79 8.27 30.04 33.16
— — ...*.
5=
GDGf 195 > a60 | 310 | 15935 | 9155 | 176.00 | 1445 | 848 | 3041 | 3335
Jhansi local l
GD65195 x ' < -
3 3 3 ; 5 23 . R
$5G-59-3 | 3.50 3.50 : 12775 69.50 108.40 923 | 936 001 3130 |
‘fg’?ﬁfg T_”U“ 50 0 470 9o 29 65275 1 66,75 [ S97.00 | 40.30 508 | 3230 ! 3325
S N D B i . - }




Table 3b. Continued

ﬁ&ﬁ?aclers ) . i Leaf | Dassto o [
Plant l Tiller Stem [nternod Leaf: \ Leaf \ weight | 50 per (_]rwn pry (_rud_e | Crude HCN
N ; number . ] number = fodder fodder protein | fibre
. keight ; girth al length stem per cent . . content
-Treaimerﬁé- {cm) pet ‘ {cm} {cm) ratic per lant flowerm vield (1 yicld content | content (ppm)
[ plant | plant P i ha'') {t ha"} (%) (%) PP _
I L _ T— g) g | . | B I
GD65239 x R T . ) i . . . e e
. 162.60 3.30 4.30 20.30 0.23 4560 | 14975 | 7100 176.00 14.62 7.38 3125 115016
Jhansi local ; ; |
I e —— _J
~ 577
GD65259 x 176.20 | 3.70 4.30 19.70 0.34 10915 | 29425 | 6675 560.50 37.46 5.50 3126 5016
$$G-59-3 ; ! :
—— | o . i _
ODOO9™ | 20050 | 440 | 350 | 1560 | 044 | 9700 | 14050 | 67.50 | 15095 | 1240 , 478 | 3144 | 10000
_.;:_.__ [ I o 5 |
Acc. No. 846 . _ ’ : _
e MOS80 5150 1 240 7.50 12.50 0.27 78.50 | 37775 | 7075 | 35650 | 2940 | 858 : 3058 | S0.16
x Jhansi local
PR E— _—
Acc. No. 846
e - 202.90 3.90 6.70 27.70 0.66 23185 | 64950 | 68.25% 548.90 36.45 5.32 3149 | 166.60
¢ x §8G-59-3
Acc.No.846 | | B | | |
[xig-‘ﬁo 149.10 3.60 3.50 2230 0.55 7890 | 98.75 72.25 160.40 } 7.00 6 .85 ] 32.34 ] 156.00 |
[ se | 12 041 0.13 0.24 0012 | 081 | 209 | 083 139 0.15 015 | o016 | ose |
| CD(0.05) 367 | |.21_W| 0.52 0.73 0.036 l 239 | 615 243 L 409 0.44 0.44 l 0.46 1.58

el



4.1.3 Stem Girth, cm

The mean stem girth ranged from 3.40 cm (GD 65195 and GD
63239) 1o 7.10 cm {Acc. No. 846) in lines, 2.70 ¢m (18-720) to 3.50 ¢m
(Jhansi local) in testers and 2,70 em (GD 65174-2 x Jhansi local) to 9.70 cm
(GD 65195 x [S-720) in hybrids with their average stem girth being 5.25 cm.

5.10 ¢y and 6.20 cm respectively.
4.1.4 Inernodal Length, cm

The mean internodal length ranged from 16.50 cm (GD 651935) w0
2530 em {(GD 65174-1) 1 lines, 16.90 em (thansi localy to 19.70 ¢m
{I1S-720} in testers and 12.50 cm (Acc. No. 846 x Jhansi {ocal) to 29.70 em
(GD 65195 x 1S-720} in hybrids with their average internodal length being

20,90 cm. 18.30 con and 21.10 cm respectively.
4.1.5 Leaf: Stem Ratio

The mean leaf © stem ratio ranged from 0.21 (GD 65195) 1o 0.32
(GL 65239) in lines, 0.28 (SSG-59-3) to 0.34 (Jhansi local) in testers and
0.23 (GD 65195 x S8G-59-3) to 0.72 (GD 65195x 1S-720) in hybrids with
theic average leaf @ stem ratio being 0.26. 0.31 and 0.47 respectively.
4.1.6 Lecat Number per Plant

The mean leat number per plant ranged from 16,80 (GD 65174-2)
to 29.25 (GD 65239) in lines, 49.00 (IS-720) to 100.20 {S5G-59-3) in
testers and 33.50 (GD 65174-1 x Jhansi local) to 231.85 (Acc. No. 846 x
$8G-59-3) in hybrids with their average leaf number per plant ratio being

25.02, 74.6 and 132.67 respectively.
4.1.7 Leaf Weight per Plant, g

The mecan leaf weight per plant ranged from 149.75 g (GD 65195)
to 19635 g (Acc. No. 846) in lines, 98.75 g (Jhansi local) to 181.5 g
(18-720) in testers and 78.8 ¢ (GD 65174-2 x Jhansi local) to 652.75 ¢



(GD 65195 x 1S-720) in hybrids with their average leat weight per plant
being 173.05 g, 140.12 g and 365.77 g respectively.

4.1.8 Days to 50 Per cent Flowering

The mean days 10 50 per cent flowering ranged from 64.75 (GD
635174-2) to 70.75 (GD 65195) in lines, 73.75 (S8G-59-3) to 77.5 (Jhansi
local) in testers and 66.75 (GD 65195 x 18-720) to 91.55 (GD 65239 x
S$8G-59-3) in hybrids with these average days to 50 per cent flowering

being 67.75, 75.62 and 79.15 respectively.

4.1.9 Green Fodder Yield, t ha

The mean green fodder yield ranged from 77.30 t ha' (GD 63195}
to 168.80 t ha”' (Acc. No. 846) in lines, 61.50 t ha' (Jhansi local) to
148.50 t ha' (88G-59-3) in testers and 55.40 t ha” (GD 65174-1 x Jhansi
localy to 597.00 t ha”! (GD 65195 x 1S-720) in hybrids with their average

fodder vield being 123.05 tha™. 105.00 tha™ and 326.20 tha™ respectively.
4.1.10 Dry Fodder Yield, t ha”

The mean dry matter yield ranged from 5.13 t ha' (GD 65195) 1o
11.30 t ha" (Acc. No. 846} in lines, 4.10 t ha” (Jhansi local) to 10.16 t ha
(SG-59-3) in testers and 3.48 t ha™ (GD 65174-1 x Jhansi local) to 40.30 t ha
(GD 63195 x [S-720) in hybrids with their average dry matter yield being

8.201 tha'. 7.13 tha and 21.89 tha' respectively.
4.1.11 Crude Protein Content, %

The mean crude protein content ranged from 5.77 per cent (Acc.
No. 846) to 7.48 per cent (GD 65174-2) in lines, 5.08 per cent (1S-720) to
0.16 per cent (Jhansi local) in testers and 4.24 per cent (GD 65174-1 x
SSG-39-3) to 9,56 per cent (GD 65195 x SSG-59-3) in hybrids with their
average crude protein content being 6.62 per cent, 5.62 per cent and 6.90

per cent respectively,



322

4.1.12 Crude Fibre Content, %

The mean crude fibre content ranged from 31.26 per cent (GD
635239) to 33.23 per cent (GD 65174-1) in lines, 34.95 per cent (IS-720) to
35.65 per cent (Jhansi local) in testers and 30.01 per cent (GD 65195 x
§8G-59-3) to 33.25 per cent (GD 65174-1 x 1S-720) in hybrids with their
average fibre content being 32.24 per cent, 35.3 per cent and 31.63 per

cent respectively.
4.1.13 HCN Content, ppm

The mean HCN content ranged from 133.00 ppm (Acc. No. 846) to
183.35 ppm (GD 65174-2) in lines, 36.68 ppm (Jhansi local) to 66.17 ppm
(18-720) in testers and 31.30 ppm (GD 65195 x SSG-59-3) to 182.50 ppm
(GD 65174-1 x Jhansi local) in hybrids with their average cyanide content

being 158.17 ppm, 51.42 ppm and 106.90 ppm respectively.
4.2 COMBINING ABILITY AND GENE ACTION

All the characters were subjected to line x tester analysis to study
gene action in terms of general combining ability and specific combining
ability cifects (Table 4). The gea cffects of lines and also that of testers
did nov differ significantly but highly significant difference in sca effect
was obscrved in hybrids.

4.2.1 General Combining Ability Effects

The general combining ability effects of parents for 13 characters
are presented in Table 5,

4.2. 1.1 Plant height, cm

General combining ability effects of lines varied from -30.37 [or
GD 651742 to 18.36 for GD 63239. The lines GD 65195 (6.33). GD
065239 (18.36) and Acc. No. 846 (6.49) showed significant positive geu

eftects while line G 65174-2 had significant but negative gea effect.



Table 4 Absiract of ANOQVA of the characters

’7 Mean square
Source o , Tiller | o ] . e
Plant height Stem girth [ntemodal Leal: stem | Leaf number | Leaf weight per
. | number per X o )
di {cm) : plant (cm) length {(cm) ratio | per plant ' plant (g)
Iines {female } . . - ‘a
. | 4 2035.84 2.62 3.54 2771 .05 4024.45 53096.78
parent) : . ;
— - — [ - . .
Testers , . . . T 5 e , i 7'.) ) ) .
(male parent) 2 P 984.34 0.32 3.58 27.29 0.02 1012254 54665.57
| Lne X 8 692560 | 174v | 1343 | 71200 | goere | 43520300 | §3212.500%
| Tester < ! ' e - Lo S -
Error 2 L 34 0.34 0.06 0.12 0.0003 | 133 8.78
L | d | ]

fStgmificant at 3 per cent level  **Significant at 1 per cent level



Tabie 4 Continued

L

Source I 1 Green foc T D fodder 1
‘ T Days to 50 per (}reif:{:f](;ddcr DI};i{;}ljde] Crude protein
‘ df J cent flowering (i ha'l) ({ ha_J) content (%)

R _ e — —_— . _— _
Lines ' | |
(female ‘ 4 ; 66.17 ‘ 46277.22 25512 3.85
oarent} I | ’ !

Teses | T T T T T
(male parent) 2 | 48 .30 70705.81 214.59 4.04
Line x | T . o e R '

%Teswr _ 8 | 103.33%* :\ 76765.05%% 334.82+* 7.05%

| Errer e SN It ' 100 | 004 | 0043

S S B S (R R

*Stgnificant at 5 per cent level

Mcan square

*Siuniticant at [ per cent level

| Crude fibre
‘ content (%)

THCN content

(ppm)

374 87
R

4152.70%* |




Table 5 General combining ability effects of lines and testers

T
[ ( haracters r : \ ! ‘ | _ \
‘ : | Plant hetght i Tilier number . Stem girth | Intemodal | lLeaf siem | leafnumber  Leaf weight per |
| Treat "[ ‘ {cm) per plant fem) | length (em) ratio per plant plant (g) ‘
[Preatment © 4 Vo L T
‘ Lines ' |. ’ i

| i “
i GD65174-1 | -0.81 | <015 -0.07 : 0.69%* -0.07** -22.06%% 1 S52.00%¢ \
| GD65174-2 '| S30.57F% 0% | 2057 | S3.53%% | L0.06** 22.22%% 1 .95.75% \
' GD65195 | 6.53%* | 0.17 | o0.53% | 059%x 0.11%% | 1439%x | g7.06%r
1 GD65239 ' 18.36*%  -0.23 -0.87%* ‘[ -0.03 -0.07%* 7.96%+ ‘ -48.35%% |
| Ace. No. 846 6.49%* | -0.79** 0.99%% | 227** -0.09 37.847 | 129 15%¢ | L
L SE + Jﬁ 072 | 024 010 | 0.4 001 | 047 | 120 |
| Testers ! | B *i |
| _ | |
| Jhansi local ! S11.42%% { 0.08 20.69%*% | -1.81%+ -0.06 17.47%* ‘ -73.03%*
| | |
$8G-59-3 | 6.50%* | -0.21 0.27+ |[ 0.37** 0.02 36724 L 7481%% |
| |
| 1S 720 { 4.92%* ! 0.12 0.41%* 1.43 0.04 -19.26%% L -1.79 1
,—\_ o _{ = t —_— — ] . . —_—
| SE + i 0.56 o018 0l 0.005 | 036 0.4 0.94 |

“Significant at 3 per cent level  #*#Significant at I per cent level



Table 3 Continued

[— : : — __[_ —_——— e —— e e ——
Characters | AP Vv s ! |
: . Days to 50 per ; ("“e’? fodder ‘ Dy foddnr | Crude protein | Crude fibre HCN content
' ‘ o ., vield vield i 0 o |
| cent flowering Iy | 1, content {%) content (%) (ppm) l
| Treatment o (tha™) - (tha} | | | \
—_—— et
| Lines | | I | , ;
! ] | ; |
 GDO63174- 1 | 2,896 1 1035244 [ BATH 081 Loy | 6273 ‘
| ! | ) ,‘
' GD6S174-2 > 3k ga92%x L sspEe | L0067 -0.53% oI
| I | '
| GD65195 s o 48.21%¢ ! 3.58% L6 1 0532FF L L6534%F
| GD65239 | 2.98% ! 5056t | 3.75% | 06St | 0.1 ] REL
' | |
| Acc. No. 846 | -0.98* | 89.68%% | | 654r 037% | -0.04 26.27%% |
RN Ut e ISt O SR s B S
| SE 0.48 l 0.81 0.09 009 | 0.09 0.31 |
T
| | | |
I[ Thansi local i 2.532%% :’ -72.61** i -3.66%% l 0.73** 1 -0.28** 1 1.88%% |l
I%G 93 | 097 oI s |[ 028+ | -0.16* | 490 {
|15 720 o psae BRI ] SLASEE | 045% | o4arr L 6 B415
—_— —__.____,_,_,_:,__ —_— e ) —_— == ] —_ —_
I SE £ 0.3 0.07 0. 14 '

“Srgmirant at 3 per cent leved

ESigntficant at 1 per cent level



Among testers $SG-59-3 (6.50) and [S-720 (4.92) had significant positive

gea ollects while Thansi 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
Acc. No. 846 to 1.00 for GD 65174-2. GD 65174-2 (1.00} showed
significant positive gea effect while Acc. No. 846 had significant but
negative gea effects. None of the testers showed significance for gca
eftfect.
4.2.1.3 Stem Girth, cm

Among lines Acc. No. 846 (0.99) and GD 65195 (0.53) showed
significant positive gea effects for stem girth, Significant necgative gea
effect was shown by GD 65239 (-0.87) and GD 65174-2 (-0.57). Only two
out of three testers had significant gca effects for stem girth. SSG-59-3
(0.27) and 1S-720 (0.41) had significant positive gea effect while Jhansi

local showed significant negative gea effect (-0.69).
4.2.1.4 Internodal Length, cm

Three lines namely- Ace. No. 846 (2.27). GD 65174-1 (0.69) and
GD 63195 (0.59) recorded significant positive gea cffects for internodal
length, GD 65174-2 (-3.53) and GD 65239 (-0.03) recorded significant
but negative gea etfects. Among testers, 1S-720 (1.43) and SSG-39-3
(0.37) bhad significant positive gea effects while only Jhansi local had
significant negative gca effect (-1.81).
4.2.1.5 Leaf : Stem Ratio

Among lines, only GD 65195 showed significant positive gea ¢lfect
{0.11}) for leaf : stem r:nio,.- ISigni[‘icant but negative gea effects were
observed tor Ace. No. 846 (-0.09), GD 65174-2 (-0.06) and GD 65174-]
(-0.07) and GD 65239 (-0.07). None of the testers showed significance for

gea eftfects.



4.2.1.6 Leaf Number per Plant

The gea effect of lines showed significant values for leal number
per plant. The lines. Acc. No. 846 (37.84) and GD 65195 (14.39) had
significant positive gea effects while the remaining three lines had
significant but negative gea effects. Amony testers, S§G-39-3 (36.72) had
significant positive gca effect while 1S-720 and Jhansi local showed

significant negative gea cffects of ~19.26 and —17.47 respectively.
4.2.1,7 Leaf Weight per Plant, g

The general combining ability effects for leaf weight per plant had
significant positive values for Acc. No. 846 (129.15}) and GD 65195
(67.06). The lines. GD 65174-2 {-95.75), GD 65174-1 (-52.10) and GD
65239 (-48.35) had significant negative geca effects. Among testers. only
§8G-59-3 had significant positive gca effect (74.81) while Jhansi local

{-73.03) and IS-720 (-1.79) showed significant negative gca effects.
4.2.1.8 Days to 50 per cent Flowering

Al lines had significant gea effects for days to 50 per cent
flowering. Lines, GD 65195 (4.54) and GD 65174-2 (2.31) had significant
positive gea effects, Significant negative gea effect was shown by GD
63239 (-2.98). GD 65174-1 (-2.89) and Acc. No. 846 (-0.98). Among
testers, Jhanst local showed signilicant positive gea effect (2.52) while
signtficant negative gea effects were shown by [8-720 (-1.54) and

$8G-39-3 (-0.97).
4.2.1.9 Green Fodder Yield, tha'

All the five lines had signilicant general combining ability effects
for green fodder yield. The lines Acc. No. 846 (89.68), GD 65239 (50.56}
and GD 65195 (48.21) had significant positive gea effects while the
remaining lines showed negative gea effects, Among testers SSG-59-3
(92.13) recorded significant positive gea effect while Jhansi local (-72.61)

and [8-720 (-19.52) recorded signiflicant negative gea effects.



4.2.1.10 Dry Fodder Yield, t ha''

For dry fodder yield, the gca effect of lines showed significant
values. The lines Ace. No. 846 (6.54), GD 65239 (3.75) and GD 65195
(3.58) had significant positive geca effects while others had significant
negative gea effects. Among testers, SSG-59-3 (5.21) recorded signilicanl
positive gea effect while Jhansi local (-3.66} and [S-720 (-1.55) recorded

significant negative gea effects.
4.2.1.11 Crude Protein Content, %

Among lines. the gea for crude protein content had significant
positive values for GID 65195 (1.16) and Acc. No. 846 (0.37). Significani
but negative gea effects were shown by lines GD 65174-1 (-0.81), G
03239 (-0.65) and GD 65174-2 (-0.06). Among testers, Jhansi local (0.73)
and S5(-59-3 (0.28) had significant positive geca effects while [S-720 had

negative gea effect (-0.45).
4.2,1.12 Crude Fibre Content, %

Regarding the gea effects of lines, significantly negative gea eftects
were shown by GD 65195 (-0.52) and GD 65174-2 (-0.55) for crude fibre
content. Among lines, only GD 65174-1 showed significant positive gea
effect (1.15) for crude fibre content. Among testers, SSG-59-3 (-0.16) and
Jhanst local (-0.28) had significant negative gca effects while 1S-720 had

stgnificant positive gea effect (0.44),
4.2.1.13 HCN Content, ppm

Three hines viz., GD 65239 (2.12), Ace. No. 846 (26?27) and GD
03174-1 (62.73) recorded significant positive gea effects for HCN content.
NSignificant but negative gea effects were shown by GD 65174-2 (-25.78)
and GD 65195 (-65.34), Among the testers, SSG-59-3 (4.96) and Jhansi
local (1.88) had significant positive gca effects while only 15-720 had

signilicant negative geu effect (-6.84).



4.2.2 Specific 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, cm

The specific combining ability effects of fourteen out of 15 hybrids
were found to be significant for plant height. Five hybrids had significant
positive sca cffects. The highest positive effect was shown by the cross
GD 65174-1 x 8SG-59-3 (34.87). All other hybrids differed significantly
from the hybrid GD 65174-1 x 88G-59-3 for sca effect.  The lowest
positively significant sca effect was shown by GD 65239 x 18-720 (15.68).
In the case of negatively significant sca effects, the highest negative cffect
was recorded by GD 651935 x 88G-59-3 (-30.27) and the lowest by GD

65195 x Jhansi local (-2.45).
4.2.2.2 Tiller Number per Plant

Three out of 15 hybrids showed significant positive sca c¢ffects
while two had significant negative sca effects. The highest positive
significant sca effect was shown by GD65174-2 x Jhansi local (1.42) and
lowest positive value by GD 65174-1 x 18-720 (0.53). All other hybrids
differed significantly from the hybrid GD 65174-2 x Jhansi local for sca
effects. GD 63174-2 x IS-720 recorded highest negatively significant sca
effect (-1.42) while Acc. No, 846 x Jhansi local recorded the least

negative effect.
4.2.2.3 Stem Girth, cm

Fourteen out of 15 hybrids had significant sca effect for stem girth.
Six hybrids had significant positive sca effects. The highest positive sca
cffect was recorded by GD 65195 x IS 720 (3.81) and the least by Acc.
No. 846 x SSG-59-3 (0.53). All the hybrids with significant positive sca
elTects except Ace, No. 846 x SSG-59-3 were on par with cach other. Nine

lybrids had significant negative sca effects. The hybrid Acc. No. 846 x



Table 6 Specific combining ability effects of hybrids

{haracters | THler . ‘ l Leal ' Leat ] Davs to Green | Drv ‘ Crude Crude ~ —‘
Plant Stem Internodal Leaf: ; - . N . . . HCN
heioht | number wirth lenath stem nunther weight 50 per fodder lodder | protein fibre content
(c':]'l} i per (zcm) | (u?‘.) ratio per perplant . cent vield vield . content | content (ppm)

Treatments ¢ plant : _ plant (2)  flowering (tha) {tha™) (%) . (%) P |
L . — , e o | .
| GD6s174-1 | | |
% Jhansi A | 025 | -065% 3 14%* 0.10%% | -18.58%* | 20.81%* -~ 377%% 1 13.06%* 2023% 0.og** -0.80** 16.G ] **
focal ? l i
1 - | -
GD65174-1 ! ' -
N 529119 ]3 34.87%» -0.29 2.59% 0.86** 0.02 -10.17%* 1 89.10%* -0.03 36.10%* 3.57% SL2PEE QA9 0.68
| 7 i i |
2?557[’:;)4_1 -24.95%% 0.53 [.95%* -3.00%* | -0.12%¢ | 2006%* -68.20%* 379k S22.05%F 0 -] 34% 0.23 022 -H) 50%+
GD65174-2 ) | T ) |
x Jhansi 2295%% | 142¥F | 095%* 2.47%* .04+ 0.63 .39 ST 12.94%* -0.12 2y 143** | G.04%*
local
(GD65174-2 | 1 e |
$SG 503 | 23T 001 191y LTI 0ds* ] 031 | 4975 T 757re | 5229 | B98% ¢ 049r | 014 2305
1-07= .
GD65174-2 | e |
6 “I? 021 -1.42%% | ] .B3%* 0.7 .10 -0.33 48 35%+ || 0.16 39.35%* 410> 22534 S128FF ) 3219
| * 18-720 |
=72 | :
L + —.
q
?h[;t?:ill?)_c:l 245 0.25 -1.65%* -2.66%* 0.15%* | 72.92%* | -80.07** 13.10%* A509%*% | 3 2xx .04 -0.22 -1.16*
g = +
GD6:\I9_§ ¥ 13027%¢ | 056 | 221 -6.44%* -30%% | A43.97FF | 26051 | -3dert | 2T7753% | (1730 ] 2134 073 | 630%
S5G-59.3 :
?S[_)?')S{)I - 271 1031 . 3BI** S.10** QUS| 29.54%% | 341200 | 764 3227724+ 20524+ | 2|8%* .95 7.46%*
| - : | i e | _ B
| SE L1 041 F 08 024 0012 0.8i 09, 08 ] 138 1 05 0.15 0.16 0.54
- |
CD©Os) | 367 (.73 - 0036 239 613 243 | 1.09 04 046 158

Sy



Table 6

Continucd

- : : — — —— - ¥ . S
Charaveers [ ! . . _ D -
- Tiller ; < al s - i Lde Crude -
Plaat i”u_ Sterm U Ipternodal | Leat: ol . [‘L.d l_,j_'\ t | (.'IL_LH _DI-\ o L[Lid} _m'j& HION
heioht . numbet it lenuth ‘ som nember weizli S per fodder todder protein fitwe cantent
o Coper = . = . [ per per plant vent vield vield | content | content
rentd ) tcng | {cmy) rativ | , LT IR N i PN {ppm)
I'reatments plant _ Cooplam (g) Mowering & (tha 'y | dthas ey %
N S S SO | e s e . I .
GD6S239 . | . . e en o vens . _ cine . e !
Ihansi local AN | 45 RRFE 5 ATEE .04*7 | 22088 2495 Dk ~FAdAr g 32 076" 021 48 18
L T _Jl__, —_— . _ — P — S —
03 ; 1 ! H H
(’Dﬁ"‘ f Sloposs | 039 001 0.79%* 001 o ngoe |owee o | oz oo 0.1 EETIES
88G-59-3 1 : | | . |
5 “ . I : i —_——— ——— . —_ [— ‘ _i—.. - i —_—— ;
:JSD?;O 2 IS687F 041 03 45T | 006% L 324177, eSS 063 | -I2468% | TSST D60t L 0520 5 673%
_ S 4' Y PR _ N - [ WL S
" Acc. No. | ] . ‘ | i ;
D846 > Jhansi 191 | 098 1 229% 1 653%F ¢ 0Q6*t | 3378%% | 7544 Dgxs L 03 R4** L 878%F | 093%* 061 | 73978 |
' local ! ! | ! | |
by o | .= - ] — | ] o
- Acc, No _ | | | i | ! '
CB46:¢ SSG- 1 2BATHE 081X L OS3TT L 649%F | 0SM 0 SIS 199354 1 119 DO I2050% | 696% | 13T 218 3738
593 _| | -' | | | | |
“ i _ _ - -4 A ; '
m - - ;
| Acc. No || _ | ‘ ' ! ‘ = i
P86 % IS S2R0M 088 2RI o 305 0.0 SRLARE | 274794 IARFE | 2555 | -1AT5% | 1.38* 043%%  3§.59%* l,
720 : ’. | ’| | é | - : :
I‘ P [ ' - + .__é.- . _'_I - —_— .l _— .__'. —_— | R —_—
SE 1.25 341 7 08 0.34 0. UIE o081 0 209 (L83 1.39 | O 15 0.1s 016 0.54
; | * ; |
— i i . . ; ——a— - - . — .. : —
CH (0.03) 267 121 052 | 073 \ 0036 239 615 1 o2ar o409 oom | oow T oous o 1ss |
—_— - — - N —_ _ B — e JH— !

*Significast ai & per cent ovzl *Sienificant at 1 per cent level
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18-720 had the highest negative value (-2.81) while GD 65174-1 x Jhansi

local had the least negative value (-0.65).

4.2.2.4 Internodal Length, cm

All hybrids except Acc. No. 846 x 1S-720 had significant sca cflect
for internodal length.  Out of the 15 hybrids, seven had significant
negative sca ¢ffects.  The hybrid. Acc. No. 846 x Jhansi local had the
highest negative effect of —6.55 and GD 65174-2 x 18-720 had the lowest
negative effect of —0.77. The positively significant sca effects ranged from

0.79 (GD 65239 x S8SG-39-3) to 9.10 (GD 65195 x 18-720).
4.2.2.5 Leaf: Stem Ratio

Regarding leaf : stem ratio, six out of !5 hybrids had positive
signilicant sca effects while six hybrids had significant negative sca
etfects. The highest positively significant sca effect was recorded by the
hybrids GD 65174-2 x SSG-59-3, GD 65195 x Jhansi local, GD 65195 x
185-720 and Acc. No. 846 x SSG-59-3 (.15). The hybrid GD 65239 x
I5-720 had the lowest positive sca etfect. The significant negative sca
effects ranged from —-0.30 (GD 65195 x S§G-59-3) to -0.04 (GD 65174-2
x Jhansi local and GD 65195 x 1S-720).

4.2.2,6 Leaf Number per Plant

All the hybrids except GD 65174-1 x Jhansi local, GD 65174-1 x
S8G-59-3 and GD 65174-1 x [S-720 had significant sca effects for Icaf
number per plant.  Four out of 15 crosses had the highest positive
signiticant sca effects. The hybrid GD 65195 x Jhansi local had the
highest positive significant sca effect of 72.92 while GD 65174-1 x [§-720
had the lowest value of 29.06. All the hybrids differed significantly from
GD 65195 x Jhanst local. Eight hybrids showed significant negative sca
effects ranging from -43.37 in GD 65195 x 8$8G-59-3 to —10.17 in GD
653174-1 x S8G-539-3.



4.2.2.7 Leaf Weight per Plant, g

Al the sca effects for leaf weight per plant were found to be
significant cxcept for the hybrid GD 65174-2 x Jhansi local. Out of the 15
hybrids. scven showed positive sca effects and the remaining seven
showed negative sca effects. The highest positively significant sca cffect
was shown by the hybrid GD 65195 x 1S-720 (341.29) and the lowest by
GD 65239 x SSG-59-3 (21.60). The hybrids differed significantly from
each other, In the case of negatively significant sca effects. the values
ranged from —-274,79 (Acc. No. 846 x 1S-720) to -20.81 (GD 65174-1 x

Jhansi local).
4.2.2.8 Days to 50 per cent Flowering

Four out of 15 hybrids had positively significant sca ceifects while
five hybrids had significant negative sca effects. The highest positive
significant sca cffect was recorded by the hybrid GD 65195 x Jhansi local
(13.10) and the lowest by Acc. No. 8460 x [S-720 (3.38). The hybrids
dittered significantly from cach other. In the case of negatively
signiticant sca effects, the values ranged from -7.64 (GD 65195 x [S-720)
o -2.18 {Acc. No. 846 x Jhansi local).

4.2.2,9 Green Fodder Yield, tha

All the sca cffects were found to be significant for green fodder
yvield. Seven out of 15 hybrids showed significant positive sca effects.
The highest positive significant sca effect was recorded by the hybrid
GID 63195 x IS-720 (322.72) while the lowest signiftcant positive sca
eftect was tor G 65174-2 x Jhansi local. All the seven hybrids differed
significantly from each other. Eight hybrids had negatively significant sca
effects ranging from -277.53 to —14.06 in GD 65195 x §SG-59-3 and GD

65174-1 x Jhansi local respectively.
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4.2.2.10 Dry Fodder Yield, t ha

All the hybrids except GD 65174-2 x Jhansi local had significant
sca clfcets for dry fodder yield. Six out of 15 hybrids had significant
positive sca effects. The hybrids, GD 65195 x [S-720 recorded the highest
positive sca elfect (20.52) while GD 65174-1 x S8G-59-3 recorded the
lowest value (3.37). The hybrid GD 65195 x 1S-720 was significantly
superior to all other hybrids for dry fodder yield. Eight hybrids had
negatively significant sca eflects which ranged from —17.31 for GD 65195

N SSG-39-3 t0=0.12 for GD 65174-2 x Ihansi local.

Seven out of 135 hybrids had significant positive sca effects for
crude protein content. The highest significant positive sca effect was
recorded by GD 65174-2 x 1S-720 (2.25) and the lowest by Acc. No, 846 x
I1S-720 (0.38). All the hybrids differed significantly from GD 63174-2 x
1S-720. Five hybrids showed significant negative sca effects ranging from

=272 for GD 65174-2 x Thansi locul 10 —0.66 for GD 65239 x [8-720.
4.2.2.12 Crude Fibre Content, %

FFor ¢crude tibre content. nine out of 15 hybrids had significant sca
cftects. Five hybnds had significant negative sca. The highest negatively
stenilicant sea effect was shown by the hybrid GD 65174-2 x [5-720
(-1.28). The lowest value was recorded by GD 65239 x [S-720 (-0.32).
Four hybrids showed significant positive sca effects. The highest
positively signiticant sca effect was shown by GD 65174-2 x Jhansi local
(1.43) and lowest by Ace. No. 846 x [S-720 (0.43).
4.2.2.13 HCN Content, ppm

All the hybrids except GD 65174-1 x SSG-59-3 had significant sca
effects tor HCN content. Eight out of 15 hybrids had significant positive
sca cflects. The hybrids GD 65239 x Jhansi local recorded the highest
positive sca effect (48.18) while GD 65239 x 1S-720 recorded the lowest
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value (6.73). Six F;s showed significant sca effect was shown by Acc. No.
846 x Jhansi local (-75.97) and lowest by G 65195 x JThansi local (-1.16).
4.3 COMPONENTS OF GENETIC VARIANCLE

Dominance variance were high for all the characters. Additive
variance was not estimable for the characters except tiller number per
plant. leal number per plant. crude fibre content and HCN content. The
ratio of additive vartance to dominance variance was less than unity tor
HCN content (0.06), leaf number per plant (6.0178), crude fibre content
((1.017) and tiller number per plant (0.0035), while for all other characters

the ratio was not estimable.
4.4 PROPORTIONAIL CONTRIBUTION

The proportional contribution of lines, testers and crosses to total

variance of the characters under study is presented in Table 7 and Fig. 2

The values ranged from 10.99 for stem girth to 62.82 tor HCN
content among lmes.  Among lesters, the values ranged from 0.82 lor
HCN content to 28.45 for leal’ number per plant. In the case of crosses,

the values ranged from 36.36 lor HCN content to 83.44 for stem girth.

The crosses had contributed maximum to the total variance for all
the characters and the testers had the least contribution to the totul

variance with respect to crosses and lines.
4.5 HLETEROSIS

The superiority of the hybrids was estimated on the basis of mid
parental value (relative heterosis), better parental value (heterobelttosis)
and standard check, COFS-29 (standard heterosis) for the 13 characters
studied. The graphical representation of relative heterosis, heterobeltiosts
and standard heterosis for thirteen characters are given in Fig. 3. The

values are expressed n percentage.



Tabte 7 Proportional contribution of lines, testers and line x testers to the

lotal vartancy

S| ‘ o N o Lme xo Tester,
‘ o :| Character \ Line, % | Fester. % ‘ 0
BRI 34.43 $32 5725

2 | Tiller number per plant 4186 2.59 ‘ 55 54

3 ._Sln.'m gifﬂl (cm) - —IU()‘) B 3_7? o 83 44

4 ;I._Imernodal length (em) i 15.08 742 I‘ ?7_4-‘)

) i Leal : stem ratio 26.72 7.29 ‘ 65.,.“‘)8

O | Lcal‘-ﬁtil_nber per plant 22.62 28.43 | |' 43?‘)‘3
|——? ' Leaf weight per p!dﬁ (g) ‘ 2151 11.07 N _6?42 o
{ 8 | Days to 50 per cenl flowering ~ 22.2_8 8.13 I _(;9_.3_8 o
‘ 9 (Jleen fodder yield (¢ ha™) ’ 1968 15.03 -l_ ();_:’()
- : e

10§ Dry fodder yicld (t Im ) | 24.72 10.39 | 64 88
|P_1 1 o Crude prmc:m Contc.ni -(; u) I[| ] ‘).2.() 13 1z 70.62 _
‘I ‘ -('r‘udc fibr‘c content (%) 14,5_.4. I(’J,quh-_.1i 13_9-\ -
i ‘.] [CN counlenl {ppm) 62.82 U,SE- !E V30




Plant height (cm)

10.99

Stem girth (cm)

65.98

Leaf : stem ratio

41.86

55.54 2.59

Tiller number per plant

15.08

77.49
Internodal length (¢cm)

22.62

48.93

Leaf number per plant

[ MLine (%) @Tester %) MLinex Tester %)

Fig. 2. Proportional contribution of lines, testers and
line x tester to the total variance
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11.07

67.42

Leaf weight per plant (g)

19.68

15.03

65.29

Green fodder yield (t ha-1)

19.26

70.62

Crude protein content (%)

2228
1

69.58

Days to 50 per cent flowering

24.72
64.88

Dry fodder yield (t ha-1)

14.54

10.12
10.51
48.95

Crude fibre content (%)

62.82

HCN content (ppm)

| WLine (%) M Tester (%)

@ Line x 'I‘es?er (_;_A:) |

Fig. 2. Continued
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4.5.1 Plant Height, cm

The heterosis per cent for plant height ranged from -32.02 (GD
65174-2 x SSG-59-3) to 12.76 (GD 65195 x 1S-720) for relative heterosis.
from —39.24 (GD 65174-2 x $SG-59-3) to 8.04 (Acc. No. 846 x S8G-59-3)
for heterobeltiosis and —44.07 (GD 65174-2 x S8G-59-3) to 0.73 (GD
65195 x 18-720) for standard hetcrosis (Table 8). Positive and significant
relative heterosis was shown by hybrids GD 65174-1 x SS8G-59-3 (8.31
per cent), GD 65195 x IS-720 (12.76 per cent), GD 65239 x [85-720 (9.93
per cent) and Ace. No. 846 x S8SG-59-3 (10.06 pr cent). Two hybrids
showed significant positive heterobeltiosis, GD 65174-1 x §8G-59-3 (7.51
per centy and Acc. No. 846 x SS8G-39-3 (8.04 per cent).  Maximum
standard heterosis was recorded by GD 65195 x 1S-720 (0.73 per cent).

4.5.2 Tiller Number per Plant

Light hybrids showced significant positive heterotic vigour over the
mid parents Jor this character. The heterosis per cent for tiller number per
plant ranged from -28.36 (Acc. No. 846 x Jhansi local) to 118.18 (GD
63174-2 x Thanst local). Positive significant heterobeltiosis was recorded
by the hybrid GD 65174-2-x Jhansi local (65 per cent). Hybrids showing
positive significant standard heterosis was GD 65174-1 x [S-720 (13.58
per cent) (lable 9), GD 65174-2 x Jhansi local (62.96 per cent), GD
65174-2 x 8§5G-59-3 (20,99 per cent), GD 65195 x Jhanst local (13.38 per
cent) and GD 63195 x 1S-720 (16.05 per cent),

4.5.3 Stem Girth

The heterosis per cent for stem girth ranged from ~34.15 (GD
63174-2 x Jhanst local) to 218.03 (GD 65195 x 1S-720) tor relative
heterosis, trom =50.70 (Acc. No. 846 x I8-720) 1o 185.29 (GD 65195 x IS-
720) for heterobeltiosis and —61.97 (GD 65174-2 x Jhansi local) to 36.62
(G 05195 x 15-720) for standard heterosis (Table 10).  Eight hybrids

showed  significant  posttive relutive  heterosis. Five hybrid showed



Table 8. Heterosis (%) for plant height. CII“H

| v brids | Relative ‘ Heterabeltiosis : Standard
‘ Hetuosu{RI{} {lll!} N Hetc_r'u.\i_.a[k;lh

| GD65174-1 « Jhansi local | 2009 T a6 -; 3170

(,D(n]m TvssGgaos 17 ,[**' A RIEE
GD65 | 74-1 x 18-720 j 22776 S3103

' GD65174-2 « Shansi local | -9.85 1509 ,
[ GD635174-2 « $5G-59-3 32 02 } 39 24
[Gp63174-2 18720 2276 | 33.34 5338
| GD()‘\JL)\ = Jhansi Iocal _| -6.18 ; - -R22 * R
GDES195 = §8G-59-3 -17.25 ! -23.27 | -29.30
&6V x5 I I S F LA B
L GD63 195 < 18-720 12.76% 0.73 ! 737"

GD6323 9 » Jhansi local ' -0.91 -3.09 | oy
|_ phhiad el i___._ . N E U i
GD65239 « - $8G-59-3 | 120 -6.18 | -13.63%" ,
— - — e
| GD65239 x 1$-720 l O 9.93% ‘ -1.81 | 181

. T_ S S S A .
[ Acc. No. 846 x Jhansi lecal ~13.10 -16.25 23,734

[Ace No w05 88G-59-3 | 1006 | o s
_Ace. No. 846 x 18-720 ' 22,52 -26.91 : 269, !
_ (D(O()n 318 | a7 ' 167

"*%wm icant at | pu cent level
Table 9. Heterosis (%) for tiller number per plant

- [_h_.bl.-]';" ) T Relative THeterobeltiosis | Stndard
| JrHewmsis (RH) (HB) | Heterasis (11 |
RS | Heterosis (F ) g Heter 1

] GIX63174-1 - + Jhansi local 23.58 -3 00 -6 17

R EEE S S T T e Y R M

Lg{(gMu-I -‘_r_s__-_?zo | srer 17,94 R
GD65174-2 - Jhansi Jocal [ nsase T esees T 629600
GDG3174-2 = $8G-59-3 L e0estt [ 2099 2099

EDGjiﬂf_’ « 18-720 | 27.75% -2.56 N

| GD65195 « thansi local I 040 1500 B
_GD6S193 x SSG-593 N 6.06* T 1358 '

%6\10) « 15-720 T P ' 0510

@63239 = Jhansi ruc.al L _1____]“4'?5 T -12.50———_ B

[GD65239 « 85G-595 2032 T g6 ]

| GP63239 < 15720 | deerr [T iag2 o7
Acc. No. 846 = Jhansi local T Ta%36 T o0 o

| Acc. No. 846 - $8G-59-3 T Tsss T ]

(AccNosao1s720 T 009 i 760

| cbwosy 1 wves ] 1o -

*Sigmitficant at 3 per “eent level ’*\wmmam at | per cent fevel



()

significant positive heterobeltiosis. Hybrids of GD 65i7;-2 X S8G-39-°
(-47.89 per cent), GD 65174-2 X SSG-59-3 (-47.89 per cent), GD 65174-2
N 18-720 (-7.04 per cent). Ace. No. 846 x SSG-39-3 (-5.63 per cent) and
GD 65239 x Jhansi local and GD 65239 x $5(-59-3 showing significant
negative standard heterosis for this character (-39.44 per cent). lour

hybrids showing signilicant positive standard heterosis.
4.5.4 Internodal Length

The extent of heterosis over mid parent ranged between 29,97 per
cent (Acc. No. 846 x Jhansi local) and 64.09 per cent (GD 65195 x IS-
720) for internodal length. Hybrids of GD 65195 x 1S-720 (64.09 per
cent), GID 65239 x Jhansi local {8.27 per cent). GD 65239 x S8G-39-3
(3.96 per cent), Acc. No. 846 x SS5(G-59-3 (53.46 per cent) and Acc. No.
846 x [S8-720 (15.84 per cent) showing significant positive relative
heterosis for this character. Three hybrids showed stgnifican! positive
heterobeltiosis was GD 65195 x IS-720 (50.76 per cent), Acc. No. 846 x
SSG-59-3 (47.34 per cent) and Acc. No. 846 x [S-720 (13.19 per cent),
Eleven hybrids showed signiticant negative standard heterosis (Table 11).
GD 63195 x 18-720 (17.39 per cent) and Acc. No. 846 x S5G-59-3 (9.49

per cent) showed significant positive standard heterosis.
4.5.5 Leaf : Stem Ratio

Nine hybrids showed signiticant positive relative heterosis for this
character. The heterosis per cent for leaf/stem ratio ranged from  28.24
(GD 63239 x Jhansi local) to 175,00 (GD 65195 x I8-720) for relative
heterosis, from -30.88 (GD65239 x Jhansi local) to 130.64 (GD 635195 x
1S-720) for heterobeltiosts and —32.35 (GD 65195 x SSG-59-3) 10 110.29
(G 65195 x IS-720) for standard heterosis (Table 12). Nine hybrid
showed significant positive heterobeltiosis for this character. Four hybrids
showed significant positive standard heterosis was GD 65195 x Jhansi
local {(79.41 per cent). GD 651935 x 18-720 (110.29 per cent), Acc. No. 846
X S8G-59-3 (95.59 per cent) and Acc. No. 846 x [S-720 (63.23 per cent).
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4.53.6 Lcaf Number per Plant

Sipniticant positive relative heterosis was observed for all the 14
hvbrids, the range being 14.78 per cent (GD 65239 x Jhansi local) to
363.79 per cent (GD 65195 x Thanst local) except GD 65174-1 x Jhansi
local. Ten hvbrids had positively significant values while one hybrid had
negatively significant heterobeltiosis (Table 13). Maximum  positively
significant standard heterosis was recorded for Acc. No. 846 x S8G-59-3
{(131.39 per cent) followed by GD 65195 x Jhansi local (6143 per cent),
GD 63239 x SSG-59-3 (8.93 per cent) and GD 65174-2 x SSG-59-3 (5.89

per cent).
4.5.7 Leaf Weight per Plant, g

‘The heterosis per cent for leaf weight per plant ranged from —47.73
(Acc. No. 846 x [S-720) to 294.11 GD 65195 x 18-720) for relative
heterosis, from —-50.28 (GD 65174-2 x Jhansi local) to 259.64 (GD 65193
X 18-720) for heterobeltiosis and -59.87 (GD 65174-2 x Jhansi local} to
23244 (GD 65193 x [S-720) for standard heterosis (Table 14). Nine
hybrids showed significant positive heterosis for relative heterosis. Eight
hybrid showed significant positive heterosis over better parent. Six
hybrids showed positive significant and two hybrids showed significant

negative heterosis for this character.
4.5.8 Days to 50 per cent Flowering

The hybrids exhibited signiticant negative standard heterosts. Two
hybrids showed significant ncgzilivc relative heterosis.  The hybrid GD
65195 x Jhanst local (23.51 per cent) exhibited the highest significant
positive relative heterosis.  Two hybrids recorded significant posilive
heterobeltiosts with the hybrids GD 65174-2 x SS§SG-59-3 (8.61 per cent)
and GD 65195 x [Thansi local (18.13 per cent). Five hybrids recorded
stgnificant negative standard heterosis with the hybrids GD 65174-1 x

[8-720 (-7.09 per cent) and Acc. No. 846 x [8-720 (-6.77 per cent) (Table 15).



Table 12. Heterosis (%) for leaf : stem ratio

|r_ _;iybrid-‘i_ _’ Relative Heterosis | " Heterobeltiosis | Standard
L y ! (RH) | (HB) | Heterosis iSHy |
GD63174-1 x Jhansi local | 32.74* I 10.29* | 029
GD63174-1 x $8G-59-3 48.007* 1 34.54%* | 882

| GDGS 1741 % 18-720 46T T

GD65174-2 x Jhansi local | -21.60 -27.94 jr 2794

GDG5174-2 xmg—']km_*"ﬂ_ T s T 5000
GD65174-2 x 1$-720 ,- -4.20 806 1 Jeis
GD65195 x Jhansi local | 21824 | 79.4) [IECE T

| GD65195 x $8G-59-3 ] 515 -16.36 P 75255

[ GD65195 x 15-720 ! 175.00%* 130.64%* l I

e

[ GD65239 « Jhansi tocal | 824 T~ 3ess | Soss
| GD65239 x $8G-39-3 | 1695 | 932" _j.___.__._l_-if_ B
| GD65239 x 18-720 | 40.80%* O 39.68*¥ 29 4|

 Ace No. 846 « Jhansi local | -12.69 TR 1912

" Acc. No. 846 x %SG 59-3 135.39%* S 129.3(1** i 935 50%% ---_Iji
Ace, No. 846 x 15-720 i 85.00¥%* g 79.03%# 63 23%% 1|
' €D (6.05) 0.03! T 0033 ( 0055

*Significant at 3 per cent level **Significant at I per cent level

Table 13. Heterosis (%) Tor leaf number per plant

| Hybrids o [ Relative Heterosis _Hetcr.obeltiu)s]s—.}__ Standard _.I
_ (RH) . (HB) Heterosis (SH)
‘ GD65174-1 x Jhansi local -5.57 ‘ 3327 ‘ 6657 |
| GD65174-1 x $8G-39-3 59 407 R
| GD65174-1 x 1S-720 128.39% - 62.54% % l 2051 |
[ GD65174-2 % Jhansi local | 5776 sa8 | aros
| GD6517d4-2 x $8G-59-3 8137 5897 sge
[ GD65174-2 x 15-720 .- 52, 7?**'m+ 224 | 3000
| G1265195 « Jhanei local 365.79% |7 2220 | T siante
GD65195 x S§G-59-3 i 66437 0554 T s
GD65195 x 15-720 -' 67.76%* ' 1738« | 4260
GD65239 x Jhansi local 14.78%* AT L 54,49 i
| GD65239 x $5G-39-3 68.64%* . 8.93%x | gu3++ 1
TGDnssj 9 x 187 | 148 18*  98.16% e
| Acc. No. 846 = il ansi [ncal___{ﬁ__ 20167 ll. 56}_7_"‘_"‘____?____1(_;0_____
At No. 846 x §5G-59- S 273957 ] B HER

Acc. ’\'o 846 = x15-720 116,70+ : 61 02¥* <2126
~ CDo.us) 207 [ 239 ] 239 |

**Significant at | per cent level




Table 14. Heterosis (%) for leaf weight per.plan't._ g

——

Hybrids

Relative o .
Heterosis (RH) _

1}_01)65 174-1 x Jhansi local

GD6317d-1 % §8(G-59-3
GD63174-1 = 18-720

mf} 17422 ¢ Jhansi local !
I GD65174-2 x S8G-39-3 ’
GD65174-2 x 18-720

GD65195 x Jhansi local
GD65195 x $5G-59-3
GD65195 x 1S-720

| GD63239  Jhansi local [

p—

GD65239 x SSG-59-3 |

GD65239 = 1S-720
i Acc. No. 846 x Jhansi local
Acc. No. 846 x §8(-59-3 '|

Acc. No. 846 x [8-720
CD(0.03)
**Significant at 1 per cent level

-47.73 -
] 532 j

Table 15. Heterosis (%) for days to 50 pcr'cem flowering

_ Hybrids ’

Relative

Heterosis (RH)

He[crobeltiosis- ‘ Sl.;mddrd
{HB} i Ht.[gi)_;ns{%}[ ]
-21.68 -36.25 ‘ -18.94
133 49%* 127.66%*% 8233
o l 26.79% | -31.68 3685
3873 | w5028 "_"T_'—'_-T) g7
13,9+ 10.72%+ 1062+
’ I5.88%* | B.54%+ 0.33%
R RELD T 6.34%¥ 1889 1.
1459 114,69 3494
[ 29417+ 259 6a*r 32 440
18.61%* 260 '_“wl )
94 12%% | 9138*r [ 4986
-10.81 T 76y | 2386
[56.01%* 92 396
275.70%* 530797 .
BTk
64

Standard
Heterosis (SHI

| GD65174-1 x Jhansi local R
GDG65174-1 x $8G-59-3 3 -8 B
GD65 1741 x 1$-720 .74 629 T e
' GD65174-2 x Jhansi local | 2,98 -10.97 [ 10.97 !

IGDesm-z x 5$G-59-3 | 5 67 % r BRI
GD63174-2 x 1S-720 267 U aes T a9
GD65195 x Ihansi local s T s

|GL>65|9~>><55C 59-3 ___J_ 531 _ 576 J 1052 _%

| GD65195 « 15-720 | 872 H__'QO____ 1387
GD65239 » Jhansi local _J 281 839 _ ..._T.Sﬁ)i o
| GD63239 x $5G-59-3 i 6.22 -9 49 58T
| GD63239  15-720 J 6.3 i 10,39 ] 12.90

{ Acc. No. 846 x Jhansi local l" -3.25 ‘ EIA

| Acc. No. 846 x SSG-59-3 | -4.21 11.93 '

N‘Acc No. 846 x I5-720 0.17 . 6.77%%

T T ooy ’* 2] r_T_ 2T Taay T

*Significant at 5 per cent level

**Slgnlhcam at | per cent level
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GD 63174-2 x S8G-59-3 and GD 65193 x Jhansi local ranged being 3.3:

to 18,13,
4.5.9 Green Fodder yiceld, t ha

The heterosis value ranged from —31.81 per cent to 488.76 per cent
for relative helerosis. from —45.15 per cent to 375.69 per cent for
heterobeltiosis and —-67.18 per ¢cent to 233.67 per cent for heterosis in the
hybrids of GD 63174-1 x Jhansi local, GD 65195 x 15-720 respectively.
Ten hybrids showed positive significant heterosis for relative heterosis
and heterobeltiosis lor green todder yield. Nine hybrids showed positive

standard heterosis for this character (Table 16).
4.5.10 Dry Fodder Yicld, t ha

Significant positive relative heterosis for dry fodder yield was
exhibited by twelve hybrids. of which the maximum value was shown by
GD 631935 x IS-720 (506.24 per cent). Ten hybrids showed significant

positive heterosis and standard heteresis lor this character (Table 17).
4.5.11 Crude Protein 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 1S-720
(10.55 per cent). G 65195 x thansi local (13.29 per cent), GD 65195 x
S8G-59-3 (27.72 per cent) and Ace. No. 846 x Jhansi locz;l {14.63 per
cent) showed significant positive standard heterosis for crude protein
content (Table 18).

4.5.12 Crude Fibre Content, %

Only two hybrids viz.. GD 65174-1 x SSG-59-3, GD 65174-1 x IS-
720 showed significant negative standard heterosts. The values being -7 .4
and ~6.73 respectively. None ol the hybrids shewed significant positive

values for relative heterosis and heterobeltiosis (Table 19).



Table 17. [{CHHOSP»F%)IOrdI\TOddLl)lchl

Table 16. Heterosis (%) for green todderylcld tha
.' lybrids Relative Heterobeltiosis Standard I
i ) _ Heterosis (RH} (HB)Y N I{c[uow, [SI_I_;:____ il
| 6D63174-1 < dhansifocal | 318 4s1s 7
GD65174-1 «85G-593 | 116.67** §2.02%+ | ani3e
!—KJIT. [1 % [S-720 IRV J[ 1092 <) 40,46
GDOS 174-2 » Jhansi local E 3335 b oo
| GDOS174-2 > $8G-59- 33.67% | 32.34%% } 18780
D63 [74-2 x 18-720 i 30,327 (9.04%s T gg3e :
[GD65195 « Jhansi local | 153.607* 127.68++ _ 126 !
| GD65195 = $8G-59-3 | 3,98 | 2700 1 3508
| GD63195 = 1$-720 ~|— asg76*r | 37569 __1 253670
| GD63239 ~ Ihansi local Poors0% [ - 4367 1200
[ GD63239 x §5G-59-3 T e [T e EERERIEEE
" GD65239 % 1872 224 2nrer | 9,95
AL.L. No 846 = Jhansi [ocal ! 200 59+* \ 111 19x* l_l tgEr .
Fcc_ No. 846 x SSG-39-3 C 24598 225 g% LT has g
| Acc. No. 846 x 15720 TR \ vy dusr
| CD{0.0s) 3.55 | 400 ] 409
**Significant at | per cent level )
ha'J

Standard

|: Hybrids Rcldltv {LI-L‘.J. (:BTINJ;?_I :
Heterosis (RH) {HB) Heterosis (SHY
| GD65174-1 x Iansi local 22955 53979 -69.20
GD65174-1 x $8G-39-3 127.73%% | 78,64 % 60.627%
GDGSIT4-1 x 18-720 706 20,64 T
| GD63174-2 x Jhansi local TRIEL 1660 T 250y
| GD65174-2 x $3G-59-3 32598 32530 960
[ GD63174-2 x 1S-720 61 564 T 4576mr O 30.93%F
GDG6I195 « Jhansi local 213.22%* ) 18177 27092
GD63195 x $5G-59-3 IR 915 s .
| GD65195 » 15-720 | 50624+ L 3&)3_,32___1”_____ 256644+
CD(nW) < Jhansi local TV R E T 72.10%* 29 387~
| GD6523Y 5 85G-59-3 i 301,66+ 4\? T EEC N IR
D63 239 7 1S- 720 J 18.86%F | 4597+ :[ B
l,L No. 846 x Jhansi local | 281 .82%* r 160 [ g*+ ! L6 1 §=*
| Acc.No 846 x $SG-39-3 | 239.70%* 20057+ 923 sy
TAcc. No. 846 < 15720 | -28.08 | TGser ] Sses
| wwﬁw___ B 038 o G4 0

**Sianificant at 1 per cent level



Table 18, Heterosis (%) for erude protein content,
| " Fivbrids o ‘ Rcia.tive l Hth;’_I'Ulei()‘ii:s“- | _%tundm:i !
Heterosis (RH) _(HB} L dleterosiy (51
GDOSI74-1 ~ Jhansi local | 12797 | sere ] war
| GD6S 1 74- ! .55(1.59-3 R f 39779 e
GDESITI-] - IS-720 L ' 2 28
| GDO3174-2 - hansi del_ N ?___JF— ves
GD65174-2 - $5G-59-3 |03 10,49 ! 049
GDOS174:2 « 15720 | 31700 Ta0.ssrr 1o sse
GD63 195 ~ Jhansi local 25540 T 1537% ‘ RIS
1 GD65195 + $8G-59-3 B AR
(Jl)(mn)w 15-720 T L 18.26 3088 SR
| GD63239 - Jhansi local TRELE Taer LTS
GDOS239 > §8G-39-3 s T o380 2675
GD63239 » [8-720 ] B 238 T 5 00 —l 5007
| | Acc. No. 846 x Jhansi local \ 4384 39 284 11637+
/\CL No. 846 x $8G-59-3 | -7.75* -7.79 _l__ 2886
Ace. No. 846 > 18-720 26.38%% 18 80** ’ g 4"
SR YU R TR B CE N Y E

**Signmumt at I percent level

Table 19, Heterosis ( ’o) for crude fibre com:,nl %%
' Hybrids .- Rcl.i_lm, ™ Heterabeltioss ‘_ Standard
[ | e | Q) s 811y
'__('D()‘?IT:I-I < Jhansi local I_ -§.54 !
| GDOSIT-1 > $5G-59-3 A4t |
(GD6SI74-1 <1720 . 247 ]
GD6s | ?4—'2 -«'.-Eans] foval |_ -(}.fjl_‘) " - o N
[ GD65174-2 < §5G-59-3 | 1036
TGD65 1742 4 18720 I 162 '
G653 195 » Ihansi local | -10.43
GD65195 » $8G-39-3 ' 059
GD63195 « 15-720 ___1—___;_55 I |
| GD65239 » Thunsi local T 59 ‘ B
| GD65239 - $8G- 593 655 _‘_
L GND65239 ~ 15-720 H -3.04 -
l Ace. No. 540 ” Jhanm Im 1| | 1033
[ Acc No 846« 58G=39-3 | 7156 | o
Acc No. 846 x 15:720 | .3.08 '
r D wosy ] 26 a

“§|un|[|uml at A pu ceit Jevel




4.5.13 HCN Content, ppm

Six hvbrids showed significant positive relative heterosis ranging
from 6.89 (GD 05174-1 x 15-720) 10 85.96 (Acc. No. 846 x §50G-39-3) lor
IICN content. Acc. No. 846 x $5G-59-3 (25.26) and Acc. No. 840 x [s-
720 (17.29) showed the significant positive hetcrobeltiosis. None of the

hybrids showed significant positive values for standard heterosis (Table 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
lines pollen fertility ranged from 64.68 per cent in GD 65174-1 to 98,46
per cent in Acc. No. 846. Among testers it ranged from 36.82 per cent in
Jhanst local to 39.91 per cent in IS-720. The pollen ftertility of hybrids
ranged from 26.72 per cent in G 65174-1 x Jhansi local to 87.34 per cent
in GD 65195 x SSG-59-3 (Table 21).



Table 20. Heterosis (%) for HCN content, ppm

-

Heterobeltiosis Standiard

Hybrids Relative _
: Ileterosis (RH) {H13} Heterousis (SH)
GD65174-1  Jhansi local 66.017* 2037 IRRC R
CGD63 17441 x $8G-39-3 15.07%% 918 T ey
}’GD(:_%]M—I; 15-720 | 6.89%+ 2724 ¢ 273
GD65174-2 » Jhans local -24.46 254.67 54.67
G651 742 < $8G-59-3 -12.59 45,29 s
GI65174-2 x 19-720 27342 8191 s
GDOS 193 « Jhansi local 67.20 7999 818
GD63 195+ $8G-59-3 | 70.59 8122 B 8397
| GD(J:?]\‘}:"\“:ISJEU I _ -30.05'_1__ ) __Eu__sa ____J
| GD63239 = Jhansi local 555> -3.99 18,10 '
GD65739 x $SG-39-3 ~50.48 67 93 N LY T
GD65239  15-720 210,14 36.06 TS
\LL Noo 846« Jhanst local -40.88 "-62.28 o _:’_‘ 6;‘
Acc. No 846 x $§G-59-3 | 85.96%* k200 | o
" Ace. No. 846 x 18-720 | s6.65% 17,29+ P e
] €D (0.03) I 158 sy

**Significant at | per cent tevel
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Table 21, Pollen fertility of parents and hybrids

S1. No. Treatments

Pollen fertility (%)
1 GDO5174-1

64 .64 E

2 GD65174-2 '“ 769

3 GD63195 ST erse
4 GD63239 o §7.76

3 Acc. No. 8‘-_1_6_ ) ) L)H'-l() |

i O . Jhanst local 36.82

7 $8$(-59-3 : 37.01

% |1s720 | | 39.9]
9 1 GD65174-1 x Jhansi local o 2672
10 | GD65174-1 % $5G-59-3 1 48.68
L GDOS1T-] % 182720 7908
12 (’_if)()ﬁl?-‘l-_é”% Ji.]emsi local B 362:
13 GD65174-2 x S8G-59-3 380

14 1 GD65IT74-2 « 18720 | 76.68

15 | GD63193 x Jhansi local 3838

16 1 GDO3193 x 8S8G-59-3 8§7.3

17 GD63195S « 18-720 76,25
18 (G63239 x Jhansi local 6720
19 GD63239 x $8G-59-3 80 36

200 GD65239 x 1S-720 73,

22 Ace. No. 846 x 55G-59-3 7826
23 | Ace. No. 846 x 1S-720 ! 62 .60+
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5. DISCUSSION

The primary aim of plant breeding is to evolve superior genolypes
with high yield and better quality. I[nterspecific hybridization is used 1
fodder crops for developing  high  yicelding  varieties,  Successtul
interspecilic hybrids ol Sorghum bicolor and Sorghum sudunense have
been reported earlier. In view ol this, the present study was undertaken 1o
produce hybrids with high forage yield and quality. The results of the
study are discussed.
5.1 MEAN PERFORMANCL

The five superior Sorghum  [Sorghum  bicolor (L) Moench]
accessions vize G 63174-1, GD 63174-2, GD 65195, G 63239 and
Acc. No. 846 with high y}cld potential and better palatability sclected
from the previous study were used as lines. Three sudan grass (Sorghum
sudanense) accessions viz., Jhansi local, S§G-59-3 and IS-720 with high

tillering were used as testers.

Among lines, Acce. No, 846 was found superior based on mean
performance for tiller number per plant, stem girth, leat weight per plant.
green fodder vield and dry fodder yield. For plant height and crude fibre
content. G 65174-1 recorded maximum mean. Ameoeng the other lines.
GD 063239 was found superior for leat @ stem ratio and leal” number per
plant. Line GD 65195 recorded the highest mean tor days o 50 per cent
flowering. Line GD 635239 and Acc. No. 846 had the lowest crude libre
content and HCN content respectively. The internodal length was

minimum in the line GID 65195,

Testers did not show much variation in mean performance for uller
number per plant, crude protein content and crude fibre content. Among
testers, Jhansi local was found superior for stem girth, leal @ stem ratio, days

to 50 per cent flowering and crude protein content. The tester, SSG-39-3



showed superiority over other testers for traits like tilier number per plant,
leal’ number per plant, green todder yield and dry fodder yield. The
maximum value lor plant height and leaf weight per plant was recorded by
1S-720. Minimum value was recorded for internodal length and HON
content by Jhanst local. 1S-720 recorded the minimum value for crude

fibre content.

Among hybrids. GD 65195 x 1S-720 was found superior bascd on
mean performance for plant height, stem girth, leaf @ stem ratio. leat
weight per plant. green fodder yield and dry lodder yield. Amony the
other hybrids. GD 63174-2 x Jhangi local was lound superior Tor uller
number per plant, Acc. No. 846 x SSG-39-3 for teaf number per plant und
GD 63195 x Jhansi local for days to 50 per cent flowering. The minimum
mternodal length was recorded by Acc. No. 846 x Jhansi local. The hybnid
GD 65195 x SSG-59-3 had low crude fibre content and HCN content. The
highest mean performance for crude protein content was shown by

GD 63193 x SSG-39-3.
5.2 STUDIES ON COMBING ABILITY AND HETEROSIS

Fifteen hybrids developed by crossing five lines (Sorghum bicalor)
and three testers (Sorghum sudanense) were evaluated for combing ability.
Relative heterosts, standard heterosis and heterobeltiosis were estimated

for fodder yield and other yield attributes,

Combining ability analysts gives useful 1nformation regarding
selection of parents in terms of performance of their hybrids. [t also serves
as a powerful tool to elucidate the expression of quantitative traits. Fhere
arc several techniques for the evaluation of genotypes. The Line x ‘Tester
technigue 15 a good approach lor 5c1‘ecniﬁé ‘the germplasm and more
number of parents on the basis of gea and sca vartances. [t also enables us
to understand the nature of genc action involved in the expression ol

various quantitative traits. The technique measures the pea and sca



variances and the genetic components of variance tadditve and dominance

varianced,

The results of combining ability and heterosis are  discusscd.

characterwise.
5.2.1 Plant Height

Genetic  differences among  tines as well as  testers  are not
significant. Hence an estimate ol additive genetic varanee has no
relevance. But plant height does not appear to be consistent over dilferent
testers. Only sca varlance was found to be sigmificant. Dominant gene
action responsible in this case. The importance of this type ol gene action
for plant height was reported ecarlier by Nimbalkar and Bapat (1987,
Lakshmaiah (1988). Naik ¢r af. (1994). lyanar er «/. (2001}, Kanawade ¢
«l. (2001) and Siddiqui and Baig (2001} in sorghum x sudan grass hybrids,
On the other hand, the importance of additive gene action was reported by
Lazanyi and Bajaj (1986), Sankarapandian ¢ «f. (1994a). Badhe and Patil
(1997) and Rao and Aruna (1997) i sorghum.  The importance ot botl
additive and non-addiuve gene action for plant height was reported by
Mallick and Gupta (1988). Chand (1996) and Bhadouriva and Saxcena

{1997 in sorghum.

Among lines, GD 63195, GID 65239 and Acc. No. 846 and amony
testers S8G-59-3 and 1S-720 had posiuvely significant pea elfects.
Positive scu elfect was shown by the cross GD 63174-1 x SSG-39-3.
Positively significant sca effect was shown by GI> 65239 x 1S5-720 which
had parents with minimum positive gea cifects. The other good hybrids tor
plant height were GD 65174-2 x Jhansi local, GD 635195 x 1S-720. GD
63239 x [S8-720 and Acc. No. 846 x S8G-59-3. The heter combination for
plant hewghte therelore mvolved parents with negative x negative and

positive X pusitive gene cliecets.



Significant positive heterosis over relative heterosis was recorded
by four hybrids. The hybrid GD 63195 x 18-720 recorded the highest
significant positive standard heterosis. Seven hyvbrids had significant bul
negative standard heterosis for this character. Only tswo hybrids had
positive significant values for heterobeltiosis. Heterosis in plunt height
was reported by Ramalingam and Raman (1974), Bhagmal and Mishra
(1985), Cheralu and Rao (1989)., Amsalu and Bapat (1990},
Sankarapandian er af. {1994b). Ghorade er «f. (1997) and Grewal ¢r ol

(2003) in sorghum and sorghum x sudan hybrids.
5.2.2 Tiller Number per Plant

Genetic  difference among hines as well as testers  were not
significant.  Only sca variance was found to be significant. Henee
dominant gene action is responsibie in tller number per plunt. The
predominance of sca vartunce was reported by Kumar and Kumar (1998,
Contradictory to this predeminance ol additive gene aclion was reported

by Badhe and Patil (1997) in fodder sorghum.

Line GD 65174-2 was found to have positively signilicant geu
effect tor tiller number per plant. None ol the testers showed positive
stgnificant gea effects. ive out of 15 hybrids were tound to huve
significant sca effects. G123 65174-2 x Jhanst Jocal which had parents with
negative x negative gea cffects showed the maximum sca effects. Among
the rest, GD 65174-1 x 1S-720 and GD 65174-2 x 15-720 had negative x
positive gca effects. Apart from this GD 65174-2 x [S-720 and Acc. No.
846 x Jhansi local also had significant sca effects. Oul ol these five
hybrids, three resulted from parents. which were good x poor combiners
and two of them resulted of parents with poor combiners.

In the present study, heterosis, the cross GD 65174-2 x Jhansi local
had maximum standard heterosis followed by GI) 63174-2 x S5G-39-3.
GL 05193 x IS-720 and GD 65174-1 x I8-720. Qut of the I3 hyvbrids.

eight had significant positive relative heterosis and the cross GD 63174-2



x Jhansi local had significant positive heterobeltiosis. leterosts in plant
herght was reported in sorghum by Shambulingappa and Magoon (1963
and Chandra ¢s /. (1969). Similar results were also reported by Pathak

and Sanght (1992 and Grewal ¢ ¢f. (2003,
5.2.3 Stem Girth

Genetic dilferences among lines as well as (esters were not
significant. Hence an estimate lor additive gencte variance has 1o
relevance. But stem girth does not appear to be consistent over ditferent
testers. Dominant gene action was responsible in this case. Manickam and
Das (1993) reported the predominance of sca variance over GCA variance
for stem girth.

Among lines, only GD 63195 and Acc. No. 846 had positively
signtficant gea effects. Among testers. Jhansi local had negative gea
effects. The positively significant sca etlect was recorded by the hybrids
GD 65195 x SSG-39-3 and Acc. No. 846 x SSG-59-3, which had parents
wilth posilive gea stfects. Apart from this, the crosses GD 63174-1 x S8G-
59-3. GD 65174-2 x IS-720. GD 65239 x Jhansi local and Ace. No. 846

Thansi local had significant positive sca effects.

Regarding heterosis, cight out of 15 hybrids showed signilicant
positive relative heterosis for this character, Only five hybrids showed
significant positive heterobeltiosis. Significant positive standuard heterosis
wus shown by the cross GID 63195 x 18-720. Rathore and Sinchania (FV87)
observed high heterosis as well as inbreeding depression tor stem girth.
Charalu and Rao (1989) recorded heterosis for stem girth in sorghum,
However, in forage sorghum, 1t was reported by Chaudhary er of. (1980

that hybrids were generally intermediate between both the parents.
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5.2.4 Intcrnodal Length

tor internodal length, Line x Tester interaction alone was found 1o
be signilicant. Since SCA variance alone was found to be significant it can

be assumed that this trait is controlled by dominant gene action,

Lines, GD 635174-2 and GD 65239 had ncgatively significant gea
elfect while all testers except Jhansi local showed positively significant
gea effects. Negatively significant sca elfect was shown by the crass Ace.
No. 846 x Jhansi local. Parents with positive gea effects were mivolved in
the cross. The other good hybrids for reduced internodal lTength were GD
63174-1 x IS-720, GD 65174-2 x $5G-39-3, GD 63174-2 x 18-720. (D
65195 x Jhansi local, GD 63195 x 55G-39-3 and GD 63259 x [S-724
which were found to be on par. They had parents with positive x positive

and postlive x negative combining ability etfects.

Out of the 13 hybrids. 11 showed signilficant negative standurd
heterosis. the maximum negative value shown by GID 63174-2 x S8G-34-3
followed by GD 65174-1 x5 [S-720. GD 65174-2 x Jhansi local. GD 03174-
2 x 1S-7200 GD 63195  x Jhansi local and GD 63239 x [S-720. Five
hybrids showed positive significant relative heterosis and three showed
positively significant heterobeltiosis.  Heterosis in miternodal fength was

reported in sorghum by Giriraj and Goud (1981) and Dinakar (1985).
5.2.5 Leaf : stem Ratio

Genetie differences among lines as well as testers were not
stgntficant. Dominant gene action 1s respensible for this. Sankarapandian

eral. (1994a) in sorghum reported similar trends.

Among lines, G 65195 had significant positive gea cilects. Oul
of 21 hybrids. only six hybrids showed positive significant sca cffects.
Positive sca effect was shown by the crosses GD 631742 x SSG-39-3. GD
03193 x Jhansi local, GD 65195 x [S-720 and Acc. No. 8460 x SSG-39-3 1 ¢

between parents with negative x positive, positive x positive and positive



N negatlive gea eftects. The remaining crosses viz.. GD 031741 x Jhans

local and GD 63239 x 1S-720 were found to be significant.

Al the hybrds except GD 0 65174-1 x 0 JThanst Jocal showed
stgntficant positive relatve heterosis. Out of 15 hybrids 10 showed
significant positive heterobeltiosis. Crosses G 65174-2 x S5G-39-3. 6D
63193 x jhansi local, GD 65239 x 85G-39-3 and Acc. No. 840 x SSG-34-5
showed significant positive standard heterosis  for  this  character,
Jayamani (1991) reported similar results in fodder sorghum.  Pathak and

Sanghi (1992} observed highly significant heterosis tor this character,
5.2.6 Leaf Number per Plant

Genetie  differences among line as well as (eslers were  not
significant. Henee an estimate of additive genetic varianee has no
refevance. But leal number per plant does not appear to be consistent over
different testers. Only sca varliance was found to be signilficant. Dominant
genc action responsible m this case. Stmilar resulls were reported by
Sankarapandian ¢/ «f. (1994a), Ivanar e of. (2001) and Kanawade er af.
(2001) in lodder sorghum.  Contrary to this Manickam and Das (1995)

reported the prevalence of additive gene action for this character,

Nimbalkar and Bapat (1987) and Mallick and Gupta (198,
reported both additive and non-additive gene actign for this charucter in
sorghum. Salhib er /. (1988) reported the predomimance ol GCA variance
for number of leaves. Veerabadhiran e af. (1994) repoited higher sca than

gea for different yield characters except for number of leaves,

Among lines. Ace. No. 846 and GD 65195 and among testers 85G-
39-3 were found to be good general combiners for Teal number per plant.
Four crosses had significant positive sca effects, of which GI) 63195 x
Jhansi local showed maximum effcet. Both the parents involved m the
cross had positive x negative gea effects. Of the remainmg crosses with

positive signilicunt sea effects, GD 63174-1 x IS-720 and G 63239 x [S-720



had parents with negative x negative elfects and Acc. No. 846 x 885G-59-3

had parents with positive x positive gea effects,

Regarding heterosis. all those hybrids with sigmificant positive sca
cffects. except GD 65174-1 x Jhanst local had positive and signifteant
relative heterosis, Out of 13 hybrids, ten showed positive and signihicant
heterobeltiosis.  Only four hybrids showed significant positive standard
heterosis tor this character. Acc. No. 846 x SS8G-59-3 had the maximum
standard heterosis followed by GD 65195 x Jhansi local. GD 63239 x
SSG-39-3 and GD 65174-2 x SSG-59-3. Similar results were reported by
Argikar and Chavan (1957), Kambal and Webster (19066). Kirby und
Atkins (1968), Chandra er o/, (1971) 1n sorghum hybrids, and Rao and
Goud (1975). Kambal and Abu-Cl-Gasim (1976). [ndi and CGoud (1981 .
Saradamani (1982), Bhagmal and Mishra (1985) and Rathore und

Singhania (1987) in fodder sorghum.
5.2.7 Leaf Weight per Plant

There was significant variation among crosses and Line x Testers.
Specilic combing ability variance was significant and of higher magnitude
mdicating the predominance of dominant gene action in the expression of

this ¢haractoer.

Among lines. GD 65195 and Acc. No. 8§46 showed positively
significant gea cffects for leat weight per plant and among testers. SSG-
39-3 had positively significant gea elfect. Seven out of 15 crosses had
positively signilicant sca effects. The cross GD 63195 x [S-720 1s a good
hybrid with parents having positive x negative gea eltects. The other
crosses which had positively significant sca effects were G 03174-1
SSG-39-3. 6D 63174-2 x 18-720, GD 63239 x 88G-39-3. Acc. No. 846 5
Jhansi focal and Ace. No. 846 x 8SSG-59-3. These crosses had their parents
with negative x positive. negative x negative and positive X negalive ucu

effects.
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Heterosis 1 leal weight per plant was reported 1n sorghum b
Shambulingappa and Magoon {1963} and Chandra ¢t «f. (1969). Only nine
hyvbrids showed signilicant positive relative heterosts and cight hybrids
showed significuant positive heterobeltiosis. Six hybrids showed sientficant
positive standard heterosis. The cross GD 69195 x [85-720 showed high
relative heterosis, hetcrobeltiosis and standard heterosis. Heterosis i leat
weight per plant was reported in fodder sorghum by Pathak and Sanghi

(1992).
5.2.8 Days to 50 per cent Flowering

The imvolvement ol dominant gene action for days to 30 per cent
flowering was indicated by the predominance of SCA variance over GUA
vartance. Similar results were reported by Lakshmaiah (1988). Nwik e o/
(1994), Rao and Aruna (1997), lyanar ¢/ «f. (2001). Kanawade er ol
(2001 and Siddiqui and Batrg (2001} in fodder sorghum. Contrary o this
Kulkarni and Shinde (1987) reported the predominunce of addinve gene
action. The mvolvement of both additive and non-additive gene action was
reportcd by Nimbalkar and Bapat (1987), Mallick and Gupta (1988,
Bhadouriva and Saxena (1997). Salhib e¢r «/. (1988) and Jayamani and
Dorarray (1993) reported the predominance of GCA vartance for this

character.

The lines. GD 65174-1, GD 65239 and Acc. No. 846 cxhibited
significant negative gea effects and were good general combiners. The
testers 3SG-39-3 and 15-720 exhibited significant negative gea elfects.
GD 65174-1 x Thansi local, GD 65174-2 x Jhansi local, GID 65195 x SSG-
59-3. GD 63195 x 1S-720 and Acc. No. 846 x Jhansi local were good

specific combiners as they exhibited stenificant sca ctfects,
pecit ymbiners as they exhibited stenit 1 fiect

Two  hybrids  exhibited  significant  relative  heterosis and
heterobeltiosis. None ol the hybrids showed negative values [or relutive
heterosis and heterobeltiosis, The hybrids, GD 65174-1 x I5-720. (D

65174-2 ~ I8-720, G 63239 x JThanst local Acce. No. 8460 x JThansi Toval
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and Acc. No. 846 x [S-720 recorded significant ncgative standard
heterosis. The highest significant negative standard heterosis was shown
by the crogs GD 63193 x §SG-59-3. Ganesh ¢r «f. (1997 reported hich
negative heterosis for days (o 50 per cent flowering in fodder sorghun.
Ieteresis lor days to 50 per cent HTowering was recorded by Cheralu and
Rao (1989). Amsalu and Bapat (1990} and Grewal ¢r «f. {2003} in fodder
sorghum.  The significant positive heterosis and heterobeltionis were
reported by Senthil and Palanisami (1993} and Ghorade ¢/ wf. (19971 n

sorghum.
5.2.9 Green Fodder Yield

For green fodder yield. line x tester mean square alone was found
significant. suggesting the significance of only sca effect for this trait. So
this character is under control of dominant gene action.  Similar results
were reported by Dangi ef «f. (1980) in fodder sorghum. Gupta ¢/ alf.
{1970} and Paroda et af. (1977) reported higher green fodder yield in
hybrids than in-parents. Both additive and dominance genc action was

reported by Khatri and Lodhi (2004).

Three lines and one tester recorded positively significant gea
effects. Amoeng lines. Ace, No. 846 recorded the maximum positive acu
cifcet and among testers, $SG-39-3 showed maximum positive gea clftect,
The hybrid, GD 65195 x 1S-720 showed the maximum sca elfect followed
by G 63239 x 55G-39-3 and Acc. No. 846 x SS5G-39-3. The parents
imvolved in these crosses had positive x negative and positive x positive
gea effects. The minimum positively significant sca effect was shown by
GD 65174-2 x Jhanst local which had parents with negative X negative gea
eflects.

The hybrid GD 63195 x 18-720 recorded maximum signiticant
positive values for all the three wypes of heterosis viz.. standard heterosis,
relative heterosts and heterobeltiosis. This was Tollowed by GD 65239 «

S8G-59-3 and Ace. No. 846 x S85G-59-3. Only nine out of 13 hybrids had
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significant positive standard heterosis, Ten hybrids showed signilicant
posttive  relative heterosts and  heterobelttosis. Simitlar results were
reported carlier by Puthak and Sanghy (1992}, Javamunt and Dorairy
(1993, Nuhammad er of. (1981) and Grewal ef of. (2003) m sorchum
hybrids,  They reported that the hybrids had improved vigour for areen
fodder yteld. Heterosis lor green fodder yield in both the main and ratoon
crop was best in the hybrids as suggested by Jayamani and Dorairaj

(1994b} 1n fodder sorghum.
5.2.10 Dry Fodder Yield

Line x tester mean square was tound significant Tor dry fodder
vield suggpestng the significance of SCA varance.  [From this. it can be
inferred that the expression ol the character 1s under the mfluence ol
dominant gene action.  Stmilar  results  were  reported  earlier by
Sankarapandian ¢ o/, (1994a) 1in todder sorghum. Gupta ¢/ af. (19763 and
Paroda er af. (1977) reported higher dry fodder yields of hybrid i fodder
sorghum. The importance of both additive and dominance gene action wis

reported by Khatri and Lodhi (2004 ).

The tines, GD 65195, GD 65239 and Acc. No. 846 and tester, S8G-
59-3 had significant positive gea effects lor dry fodder yicld. Among
hvbrids, GD 65195 x [S-720 had the maximum positive sca eltect where
the parents with positive and negative gea eltects. Other good hybrids, GI)
65239 x SS8G-59-3, Ace. No. 846 x Jhansi local, Acc. No. 840 5 S8G-39-3.
GD 65174-2 x 15-720 and GD 65174-1 x SSG-59-3 when the parents were
having positive x positive, positive X negative and negalive X negalive goa
etlects.

Heterosis i dry fodder vield was reported in fodder sorghum by
Shambulingappa and Magoon (1963) and Chandra ¢ of. (1909} The
hybrid GD 63195 x [S-720 recorded the highest signiticani positive
standard heterosis for dry fodder yield, Howas followed by GD 035239 «

SSG-39-3 and Ace. No. 846 x 85G-39-3. Only nine out of I3 hyvbrids had



significant positive standard heterosis.  Signilicant positive refative
heterosis was exhibited by 12 hybrids.  Ten hybrids showed significan
positive leterobeltiosis, Similar results were reported by Sankarapandiun

ef al. (1994b) and Grewal ef ¢/, (2003) in fodder sorghum,
5.2.11 Crude Protein Content

For crude protein content. mean square was significant only for line
x tester indicating the prescence of dominant gene action, This was
reported ecarher by Sanakrapandian e/ o/, (1994a) in fodder sorghum.
Mallick vi af. {1988) reported significant sca ellect for this character,
Gupta ¢f af. (1976) reported higher crude protein content in sorghum

hybrids compared 1o parents.

’

Among lines, G 65193 and Acc. No. 846 and among testers,
Jhansi local and SSG-59-3 showed positively significant gea effects for
crude protetn content. Seven out of 15 hybrids had positively significant
sca effects. The maximum positively significant sca effect was shown by

the cross GD 63174-2 x [8-720.

Only four hybrids showed significant positive standard heterosis tor
crude protein content.  Seven hybrids showed significantly  positive
refative heterasis and six showed significant positive heterobeltiosts. The
maximunt standard heterosis was shown by the hybrid GD 63195 & SSG-
39-3. Nayeem ¢/ of. (1987) reported a marked variation in protein content
among  hybrids. Heterosis in crude protem content was reported  in

sorghum by Sankarapandian ef «f. (1994Dh).
5.2.12 Crude Fibre Content

Only sca variance was found 1o be signiticant for crude tibee

content indicating the effect of dominant gene action.

Lanes, GD 635174-2, GD 65195 and testers, Jhansi local and SSG-

39-3 recorded significant negative gea effeets. The maximum negative sca
clfect was shown by GD 65174-2 x IS-720 which wuas evolved rom
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parents with ncgative x positive gea cffects. This was followed by GD
65174-1 x Jhansi local. GD 65174-1 x Jhansi local. GD 05195 x $5G-59-
3. GD 63239 x 18-720 and Acc. No. 846 x Jhanst local. The parents
involved in these hybrids had positive x negative, negative x negative and

negative N positive gea ellects.

Rewarding  heterotic cffects. none ot the hybrids showed anv
signiticant refative heterosis and heterobeluiosis. Only two hybrids. GD
63174-1 « 8§8G-59-3 and GD 65174-1 x IS 720 had signtficant pegative
standard heterosis. Heterosts in crude fibre content in sorghum wuas
reported by Shambulingappa and Magoon (1963) and Chandra ¢t ol

(1969).
5.2.13 HON Content

SCA  vartance was tound to be significant for HCON content

indicating the presence of dominant gene action,

anes, GDOS174-2 and GD 65195 and tester IS-720 recorded
stgnificant negative gea effects. The maximum negative sca eftect was
shown by Acc. No, 846 x Jhanst local which was evolved from parents
with positive gea eftects. This was followed by GB 63239 x S8G-39-3,
GD 05239 x Jhanst local, GD 65174-2 x IS-720, GD 03174-1 x I8-720,
GD 65195 x $5G-39-3 and GD 65193 x Jhansi local. The parents involved
in these crosses had positive x positive, negalive x negative, positive x

negative and negative X positive gea ettects.

Regarding heterotic effects, none of the hybrids showed signilicant
values Tor standard heterosis, relative heterosis and heterobeltiosis. Hydro
cyanic acid content has been found to be a hereditary character, intluenced
by environmental condition {(Boyd e/ afl., 1938) All the parents and

hybrids have HCN content below 200 ppm. The toxic level ol hvdro

cyanic acud has been reported to be above 200 ppm (Gillingham vr o/, 1909).



iy

Pollen fertility of the hybrids showed wide range of variabilin
(20.72 1o 87.34 per centy. The high fertility percentage of the hybrids
indicates that there 1s scope for recombination breeding to develop new

VATICLIC S,

From the combining ability analvsis. 1t ts seen that three out of Tive
lines namely, GD 65193, GD 63259 and Ace. No, 8406 have signitivant oca
effects for green fodder yield (Table 22). The line Acc. Noo 840 0s an
outstanding general combiner for eight characters vizo plant height. stem
girth, leat number per plant, leaf weight per plant. davs to 50 per cent
Towering. dry fodder vield and crude prowein content and green fodder
vield as the gea etfects were significant for the these characiers. The e
GD 63193 had significant gea cffects for plant height, stem girth. Tead
stem ratio. lecal number per piant, leal weight per plant, green fodder
vield, dry fodder vield, crude protein content, crude fibre content und
HCN content. GD 65239 exhibited significant gea effects for plant height.
days to 30 per cent flowering, green fodder yield, dry fodder yield and

crude fibre content.

Among the three testers, alone $5G-39-3 15 an outstanding general
combiner for eight characters besides green todder yield viz., plant height,
stem girth, feat number per plant. leat’ weight per plant. days to 30 per
cent flowering, dry fodder yield, crude protein content and crude fibre
content. 1S-720 had significant sea effects for plant heights stem girth,
days to 30 per cent flowering and HON content. Jhansi local exhibited
significant gea effects for internodal length, crude protein content and

crude fibre content (Table 223,

Among the 15 hybrids evaluated. seven have significant sca efleess
for green fodder yield, Most of the hybrids exhibited significant scu
effects for many characters stmultancously (Table 233 Two hybrids, GD
65174-2 x Jhanst local and GD 635195 x IS-720 have signilficant sca elfects

for plant height, stem girth, [eal : stem ratio. days w0 30 per cent flowering



Table 22,

e

Best lines and testers for various characters based on combining

ability

. _ S — . e —— _

s ! _, | - | |

Characters ‘ Best lings Best testers

I No, ‘ [
! . — .i . _— b e— . P —————
™~ o . e .
|1 Plant height (em) GIY 63239 SS{-39-3

2 Tiller number per plant GD 63t74-2 -

3 | Stem girth {cm) | Ace. No. 846 ‘ [5-720.

| S853-39-3

3 Internodal length {¢m) G 65174-2 ‘ Jhansi focal

3 Leal : stem ratio GD 63193 ! -
i 6O Leat number per plant ~Acce. No. 8§46 SSG-39-3

7 Leat weight per plant {g) c Acc. No. 846 | S50-39-3

8 1 Daysto 50 per cent flowering | GD 65239, 15-720

| GD 65174-1

9 | Green fodder yield (tha™) "Ace. No. 846 SS5G-39-3

10| Dry fodder yield  (tha™) Acc. No. 846 88G-39-3

Il | Crude protein content (o)  GD 65195 Jhansi local

[2 Crude fibre content (%) GD 65174-2 Thunst local

HCN content (ppm)

| GD 65195

[ [8-720




Table
combining ability
‘ 1L\lLIH
Lines -
"GD 6“]7‘4-I Leal

a4

23. Combination of parents for various characters
effects

Hanst local S5(3-39-3

]
|
|
|

stem ratio
Crude protem
content

Crude fibre content

Plant height
Stem girth
Leaf weight per plant

| Green fodder yicld

Dry fodder vield

based on specitic

—_-
i

|

15-724

Tiller number pu
plant

Mnervodal lengtl:
Laeat number per
plunt

Dravs o 30 per cent
flowering
[TON content

GD 65174-2

Ptant height

Tiller number per
plant

CGreen fodder vield

Internodal lengti
Leaf : stem ratio
Leaf number per
plant

- Days to 30 per cent

fTowering

“HCN content

tnternodal length
Leaf ; stem ratio
Days to 50 per cent
flowering

Crude protein content
Crude fibre conteni

Stem girth
Internadal tength
Lecal weight per
plant

Gireen fodder sield
Dy Todder vield
Cride protein
content

Crude fibre content
HGN content

Internodal length
Crude protein content
Crude fibre content
HCN content

Plant hetght
Stem girth

Leal™ stem ratio
Feal wereht per
plant

Green fodder vield

Dry todder ) |\|L|

G 63239

Stem girth
Leal weight per
plant

Crude protein
content

Ace. No.

b-lﬁ

'
RO

Stem girth
Leaf weight per
plant

Green fodder yield
Dry fodder yield
Crude protein
content

Crude fibre content
H( N ocolittent

Plant height

| Leat:

Leal weight per plun!l
Green fodder yicld
Dry fodder vield
HCN content

Tiller number
plan[

Stem girth
stent ratio

Leafl number per plan:

per

. Leaf weight per plamt

Green fodder yield

| Dry foddej vield

Plant huuh[
internodal tength
iLeal
Leat number per
plimt

stemt ratio

Crade ribie content
Internadal fength
Dyavs to S0 ner cent
fTowering

Crude protein

Ceontent
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and green fodder yield. Among the other hybrids Acc. No. 846 x 85G-39-3
have significant sca etfects for seven characters, GD 65239 x [5-720 for
five characters, Acc. No. 846 x Jhansi local for eight characters. GB
65174-2 x 15-720 for eight characters. The hybrids, GD 653174-1 x SSG-
59-3 and GD 65239 x S5G-59-3 ¢xhibited significant sca elfect fur green
fodder vield. It is also observed that many of the parents involved in the

supertor cross combinations arc also good general combiners.

The good hybrids, based on mean performance, sca eltects and

standard heterosis for various characters are presented in Table 24,

Among the hybrids, GD 65195 x IS-720 (Plat¢ 5) recorded high
mean performance. sca effect and standard heterosis for plant height. stem
girth, leaf / stem ratio, leaf weight per plant, green fodder vield and dry
fodder vield. The hybrid Acc. No. 846 x SSG-59-3 (Plate 6) recorded
high mean performance, sca etfect and standard heterosis lor plant hetght.
leaf : stem ratio, leaf number per plant, leaf weight per plant, green fodder
yield and dry fodder yield. The hybrid GI> 65195 x SSG-59-3 (Plate 7}
recorded high mean performance, sca effect and standard heterosis for
some characters. GD 65174-2 x Jhansi local (Plate 8) recorded high mean

performance, sca effect and standard heterosis for tiller number per plant.

Thus among the 15 hybrids evaluated, GD 65195 x [S-720 and Ace.
No. 846 x $SG-59-3 are found to be superior based on mean perlformance.
sca elfects und standard heterosis. Hence these hybrids can be advanced

for further trials to develop high yielding hybrid varieties,



Characters

Plant height (cm)

Table 24 Promising hybrids based on mean performance. sca effects and standard heterosis

Mean performance

sca cffects

GD 65195 = [8-T20. GD 65239 = [5-
720, Acc. No. 846 x §SG-39-3, GD
051741 x S85(1-59-3

Standard heterosis

GD 63174-1 » §8G-39-3, GD 63195
= IS-7200 Ace. No. 846 = S5G-59-3

Titler number per plant

GD 63174-2 x fhanst local, GD
65174-2 =% S8G-39-3, GD 65195 «
{5-720

Stem girth (em)

GD 65195 x 15-720.GD 65174-1 x
S85G-59-3, Acc. No. 846 x Jhanst
local

GD 63174-2 % Jhans local

G 63195 = I15-771(}

GD 65174-2 = Jhansi local

GDOSI95 x IS-720, GD 65174-1 =
$50-59-3, Acc. No. 846 x Jhansi
local

GD 65195 x 15-720

[nternodal length (cm)

| Acc. No. 846 x Jhansi local,-GD

65195 x §SG-59-3, G 65174-2
58G-39-3

" leaf - stem ratio

Leaf number per plant

leaf welght per planr (g)

GIY 65195 % 185-720, Acc. No. 846 =
§SG-59-3. GD 63195 ~ jhanst local

- L

Ace. No. 846 x Jhansi local. GD .
63193 x §8G-539-5

GD 65174-2 % §8G-39-3, GD
P 65195 x Thansi local

TG 651742 x $SG-59-3. GD 63193
©x Jhansi local, G 63193 « 1S-720.
Acc. No. §40 = 85¢G-39-3

GD 65195 = 15-720. Ace. No. 846
* 88G-39-3. G A5195 « Jhans
lacal

Acc. No. 846 » S5(-39-3

SS8G-59-3

GI3 65195« 15-720. Acc. No. 846 ~

G 6S3195 « Hhanst local. Ace No
846 - NSG-39-3

G a3193 - 15720

Acc. No B16 o S80-539-3

CGD 63195 - IN-T200 Ace No. 846
- S8G-R9-S

bt



Table 24 Continued

Characters | Mean performance sca effects Standard heterosis
Days to 50 per cent fMlowering ‘ GD 63195 % 1S-720. G 65174-2 G 63174-1 = 15-720. Ace. No.
! Jhansi local 846 = Jhansi tocal, GI» 65239 x
Jhansi foca!
Green fodder vield (tha™) I GD 65193 x 15-720, G 65239 x GD 635195 = 18-720 GD 65195 x 18-720, GI> 65239 x
' 85G-39-3, Acc. No. 840 « 58G- S8G-39-3, Acc. No. 846 = 55G-
- 39-3 59-3
. Dry fodder vield {(tha) [ GD 651935 < 15-720.GD 65239 x GD 65195 % 1S-720 GD 65195 x 15-720.GD 65239 x
: = $8G-59-3, Acc. No. 846 x SSG- $SG-59-3, Acc. No. 846 x S8G-
T 59-3 59-3 ’
i Crude protein content (%) GD 65193 x S5G-59-3 GD 65174-2 x 18-720, GD 63195 x| GD 65195 x SSG-39-3 :'
| | $5G-59-3 : :
I . [ — e e | - T :
| Crude fibre content (%) G 63193 x 88G-59-3 GD 65174-2 » [8-720 f
: e e e . — —_— :
- HON content {ppm) GODO3195 « 55G-59-3 Acc. No. 846 » JThansi lecal. GD ;
i 63239 w §8(-59-3
B e —— L . e L e e e




Plate 5. GD 65195 x 1S-720

Plate 6. Acec. No. 846 x SSG-59-3



Plate 8. GD 65174-2 x Jhansi local



SUMMARY



6. SUMMARY

The present study on “laterspecilic hybridizatton in Sorghum’ was
conducted in the Department of Plant Breeding and Genetics, College of
Agriculture, Vellayani during 2003-2004 with the objective of exploitation

of hybrid vigour through interspecific hybridization in sorghum.

Hybridization was done between five accessions of sorghum
[Sorghum bicolor (L.) Moench] as lines and threce accessions ol sudan
grass (Sorghum sudanense) as testers adopting Line x Tester mating
design. The 15 hybrids along with their parents were evaluated for. mean
performance, combining ability, heterosis and genc action based on 13
characters namely, plant height, tiller number per plant. stem girth.
internodal length, leaf / stem ratio, leaf number per plant. leat weight per
plant, days to 30 per cent [Towering, green fodder vield, dry fodder vicld.

crude protein content, crude tibre content and HCN content.

Biometrical observations were recorded at 50 per cent flowering
and at maturity. The analysis of vartance indicated that the treatment
differences among the parents and hybrids were signilicant for all the

biometrical and quality attributes.

Studies on combining ability showed higher magnitude ol SCA
variance for all characters indicating the predominance of dominance gene
action. Based on gea effects, the lines GD 65195, GD 65239 and Acc. No.
846 were found to be good general combiners for green lodder vield and
other related characters. Among these GD 65239, Acc. No. 846 and G
63239 had high gcea effects along with good mean performance for green
fodder vield and its component traits like stem girth, leaf number per plant

and leaf weight per plant.

Among testers, SSG-59-3 and [8-720 were found (o be good

general combiners based on mean performance and pea effects. The tester



N

SSG-59-3 had good general combining ability Tor six traits iz, plant
height, feaf number per plant, leaf weight por plant. green fodder vield.
dry fodder yicld and crude protein content. The tester SSG-39-3 had good
mean performance for tiller number per plant, icaf number per plant, days
to 50 per cent flowering, green fodder vield and dry fodder yield. JThansi
local had good mean performance for stem girth, leaf / stem ratto, crude
protein content and HCN content. The tester. [8-720 had good gea tor
stem girth and mean performance for plant height, leaf weight per plant

and crude fibre content,

Among hybrids. GD 65195 x 18-720 and Acc. No, 846 x $8G-39-3
were found to be good specific combiner for various characters. The
hybrid GD 63195 x 1S-720 was a good specific combination for five traits
viz., stem girth, leal / stem ratio. leal weight per plant, green fodder vicld
and dry todder vield and the hybrid Acc. No. 846 x §5G-59-3 was a good
specific combination for leaf/stem ratio, leaf number per plant, leaf weight

per plant and green fodder vield.

Bascd on mean performance, sca effects and standard heterosis, the
hybrid GD 63193 x IS-720 was found superior for ptant height. stem girth,
leaf/stem ratio, leat weight per plant, green fodder yield and dry lodder
yield. Also the hybrid Acc. No. 846 x S5G-59-3 was found superior for
plant height, leat/stem ratio, leaf weight, leaf number. green fodder vield
and dry fodder yield. Hence the hybrids GD 65195 x 1S-720 and Ace. No.
846 x SSG-39-3 c¢an be advanced for further trials 1o develop sorghum

sudan grass hybrids with high fodder yield and better quality.
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ABSTRACT

A study on Cnterspecthic hybridization in Sorghum™ was carried out
in the Department of Plunt Breeding and Genetics, College ol Agriculture.
Vellavan Juring 2003-2004 with the objecuve of descloping sorelum-
sudan wrusy hvbrids with high fodder vield potentiad and hoeiter (quabity.

Frve superior accessions ol sorghum vz, GD 0S174-1.GD03174-2. G
63193, G 63239 and Ace. No. 840 (lines) with high vicld potential and better
palatability and three acceessions ol sudan grass vico Jhanst Tocal, SNG-59-3
and 1S-720 (restersy with high tullerimg ability were crossed v a Line v Tester
mating design to obtain 15 hybrid combinations.

The hnes. testers and their hybods were evaluated wong wiah o
check COES-29 in o rephicated  field teial for mean perlormance.
combining ability and heterosis. Observations on plant hereht vller
number per plant, stem gieth, internodal length. Teat stem ratio. leuf
number per plant. feal werght per plant, days to 30 per cent tlowering,
green fodder yield, dry fodder yield, crude protein content. crude ibre
content and HCN content were recorded. Significant difterences amony
treatments were observed for all characters. Significantcdillerences amony
crosses were observed for all characters except tilfer number per plant
General and specific combuing ability variances and eltevts were studicd
The magmiude of SCA vartanee alone was sigmbicant sugoosung the
predominance of dominance gene action in controllmg these traits

Based on mean performuance and gea celtects, Ace. Nu, 840 was
identified as the best general combiner among lines and SNG-39-3 umonge
testers. The crosses. GD OST93 X IS-T720 and Ace. Noo Ba0 v SNG-39-0
were found to be promasing Tor green fodder vield and (s commponenn s
based on mean performance. sca ¢ffects and standard hoeterosis Tlenee
these crosses can be advanced Tor Turther trials tor develaping superior

sorghum-sudan grass hybrid varieties.
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