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ORGUM, Sorghum bicolor (L)

Moench, is a most important crop
in Asia and Oceania owing to ifs
great range of aduptation and pro-
ductivity of both grain and fodder.
Considerable interest has, therefore,
been shown in the improvement of
this crop in recent years, and rapid
advances made, mainly due to the
development of hybrids through the
use of cytoplasmic male sterility.
Such studies have, however, been
mainly confined to the improvement
of grain yield and its components.
The presently cultivated forage sor-
ghum varieties arc generally high
yielders but poor in nutritional qua-
lity characteristics like protein, ener-
gy valie and dry-matter digesti-
bility. To conceive a workable st-
rategy for the improvement of these
complex forage characters, an un-
derstanding of the genetic system
controlling them is necessary. The
present paper deals with the genetic
analysis of forage yield and quality

characters and thus gives basic in-
formation necessiry for formulating
the most efficient breeding procedure
for evolving forage sorghum varict-
ies of high forage quality as well as
yield,

MATERIALS AND METHODS

Kight diverse parents namely, 1. 8.
607--13, LS. 60740, .8, 7149, L. 8.
7237, 1.8, 8007, 1.8, 8345, L. 8. 10719
and 1. 8. 12306, their 28 single crus-
ses and F.'s were fested in a ran-
domized block design with four rep-
lications, Each plot was representcd
by two rows 3 m long each with 30
cm distance between the rows. Plant
to plant distance was maintained at
10em. Twenty plants were selected
at random in cach plot for recording
observations, The plants were used
for the analysis of total soluble solids
( hand refractometry ) and for other
characters, green forage yicld per
plant, dry-matter digestibility ( fol-
lowing the nylon bag technique hy

* A part of the Ph.D. Thesis by the senior author.
#¢  Present address : International Crops Research Institute for the Semi-
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Lawrey (1969 ), crude protein ( mac-
roKjeldah! ) and dry-matter percen-
tage, were studied on another ten
plants. All the observations were
recorded when the genotypes reached
50 % blooming.

Since the quality characters were
recorded in percentage, the data were
transformed using angular transfor-
tion, The genetic parameters were
estimated following Hayman ( 1954 )
and something like using the adapta-
tion to the computer program sug-
gusted by J. Lee and P. G. Kaltsikes
( Personal Communication ). Herita-
bility estimates were calculated by
the method of Mather and Jinks
(1971 ). Parents and F's were in-
cluded in the F, analysis and par-
cnts and F.'s in the F, analyais,

RESULTS

The analysis of variance ( Table
1) showed that there were signifi-
cant differences among the treat-
ments for all the characters under
study.

The homogeneity of ( Wr — Vr)
variances over arrays confirmed the
validity of the assumptions of dial-
lel analysis for all the characters in
both the sets of analyses ( F, and
F,) except grecn forage yield per
plant and crude protein in the F,
analysis ( Table 2),

A study of the cstimates of the
genetic components of variation
( Table 2) indicated that additive
component D was highly significant
for all the churacters cxccpt green
forage yield per plant in both the
analyses. Highly significant values
of H, and ht in the F, analysis show-
od that the dominance type of gene
action played a major role in the

determination of green fornge yield
per plant. Highly sigmificant values
of H, and H, in the F, analysis
confirmed the findings of F,. The
estimates of H, and H, were also
highly significant for crude protein
in the F_ analysis. The dominance
components were not significant for
dry-matter digestibility, total soluble
solids and dry-matter percentage in
both the sets of data, indicating,
thereby, the predomiant role of an
additive type of gene action controll-
ing these characters,

The estimates of F were not sig.
nificant for all the characters ex-
cept crude protein. The results of
both the sefs of analyses indicated
that the dominant and recessive genes
were more or less the same in the
parents. However for crude protein,
the estimates of F were positive
( both sets ) and highly significant

_in the F_ analysis, which indicated

that there were more dominant alleles
than recessives in the parents,

The proportion of the genetic
components and heritability are
presented in Table 3. The estimates
of degree of dominance ( H,/D )%
were higher than unity for green
forage yield per plant and crude
protein which indicated over domi-
nance. The proportion of genes hav.
ing positive and negative effects
(H_/4H, ) was not close to 0.25 for
gll the five characters. This showed
that such genes were not equally
frequent 1n the parents. The pro.
portion of dominant and recessive
genes [ (4DH, )" 4 F] /
| (1DH, )»*» + F | governing green
forage yield per plant was 8.15 in
the F, analysis, indicated thaf the
proportion of dominant allgles way
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TABLE 2. Estimates of genetic components of variation and test of
significance of Wr — V¢ for five characters in sorghum.

Green forage Dry matter ' Crude Total solu- Dry matter
Components yield/plant digestibility protein ble solids percentage
Parents and F/’s .
D 403.7 10.93%« 0.85%# 3.21 11.04%*
=+ 1025.3 + 2.38 =+0.26 +0.28 + 1.88
F 2914.7 — 9.04 0.71 0.56 — 2.32
+ 24226 + 5.63 =+0.61 +0.67 + 4.45.
“H, 8613.2%* — 149 0.96 0.90 0.15
) + 2356.9 + 548 +0.60 =+0.65 + 432
H, 3261.9 — 0.55 0.67 0.94 — 0.02
=+ 2050.5 + 4.77 +0.52 =+0.57 =+ 3.77
h2 9567.0** 4.81 0.55 —0.46 — 2.3¢
=+ 1375.2 =+ 3.20 +0.35 +0.38 + 2.53
Wr — Vr vari-
ance over
arrays 16914.0 1v.04 0.58 0.95 80.73
Parents and F.’s
D 403.7 10.93% 0.85%* 3.21%* 11.04%*
=+ 1212.8 + 2.88 +0.29 =0.38 + 1.69
F — 1894.4 — 6.65 3.56** —0.42 1.01
=+ 2665.7 =+ 6.81 +0.69 +0.89 =+ 4.00
H, 35725.3 —14.07 7.30%* 0.77 — 1.56
=+ 2788.0 + 6.562 +0.67 +0.86 =+ 3.89
H, 27732.4%* —16.41 341> 0.43 — 1.42
=+ 24255 =+ 5.76 =+0.59 =+0.75 =+ 3.38
h? — 3058.7 6.63 0.97 0.93 0.88
=+ 1626.6 + 3.86 +0.39 =+0.50 + 227
Wr — Vr vari-
ance over 48003.2=* 97.57
arrays 1.66** 1.89 15.73

P < 001

TYMITYd "1'8 GNY V3daD ‘9§



DIALLEL ANALYSIS IN SORGHUM 185

TABLE 3. Proportions of gemetic components and heritability estimates
for five characters in sorghum.

Proportiéh:/ Green forage Dry Total

herifability yield/ matter Crude soluble Dry matter
estimates plant  digestibility protein solids  percentage

Parents and F,’s

{H,/D )os 4.62 0 1.07 0.53 0.12
H,/4H, 0.10 0.09 0.18 0.26 -~ 0.04
(4DH, )93 + F

—— 8.15 0 2.29 0.72 0.05
(4DH, )o*—F

Narrow sense

beritability (%) 20.52 46.59 13.88 41.99 5345

Broad sense
heritability (%) 3231 4591 24.81 49.58 5341

Parents and F,’s

(H,/D jo-® 9.41 0 293 049 0
H,/4H, 0.19 029 0.12 0.14 091
(4DH, )*3 + F

—_— 0.60 0 6.01 0.77 0
(4DH, )°*-F

Narrow sense

heritability (%) 30.70 46.59 19.98 45.21 4717

Broad sense
heritability (%) 72.06 34.66 55.36 51.15 4379
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greater in the parents; however the
reverse was found from the F, ana-
lysis. Both the sets of analyses in-
dicated the higher proportion of
dominant genes in parents governing
crude protein,

‘Lhe estimates of heritability ( nar-
row sense )-varied from 13.9 ( crude
protein) to 534% (dry matter
percentage ). 1t was high mn case of
ary matter digestibility (46.6 ) and
total soluble sohds (42.0) in addition
to dry matter percentage and low in
green forage yield per plant and
crude protemn., 'The trend for heri-
tability estimates was almost the
same in the F, analysis,

DiscussioN

Diallel analysis 18 based on the
fultilment ot certain assumptions
suggested by Hayman (1954). ‘These
ussumptions cre Wploid segregution,
homozygosity ot parents, no diiferen-
ces between reciprocal crosses, indep-
endence of action of non-allelic ge-
nes, no muitiple alleles und indepen-
cdent distribution of gencs among
the parents. Surghum bicolor (L)
Moench is a diploid. ‘ihe parents
mcluded 1a the present study were
waintained by selting for several
yenerations and thus were expected
to be homozygous. 'The estimates
of Wy — V, for all the chracters
were non-significant, which indicated
the homogeneity of W, — V. values
and the validity of the various as-
sumptions concerning diallel analyais.

Analysis of both sets of data sug-
gested the importance of additive
fype of geme action for all the
characters exoept green forage yield
per plant, Dominance ( H, snd Hy )
type of gene action was not signifi-

cant for dry-matter digestibility,
total soluble solids and dry-matter
perclitage in both the sets of the
data, which suggested that the ad-
ditive type of gene action was play-
ing a greater rolc for these traits.
Dominance (H,) component of varia-
tion wus highly significant for green
forage yield per plant, indicating
non-additive type of gene action. The
dominance ( H, and H,) componeat
of variance was not sigaificant in
the F, analysis for crude protein.
However, 1n the F, analysis tiese
two components were highly signi-
ficant. Disparity between F, and F,
analysis may be due to certain link-
ages ( Hayman, 1954, 1958 ) or due
to sampling error.

Findings similar to these were
reported for foruge yield by Taru-
moto (1970 ) mn sorghum and Gupta
end Sidhu (1970 ) 1w pearl millet.
rowever, bBlum (1968) and Tarumoto
{ 1969 ) 1n sorghum reported a pre-
wominant role of the additive type
of gene action for forage yicld. This
could he uue tu having used a different,
material m thew studies. Studies on
wie anheritunce ot torage quabty
cnaracters 1n sorghum  are very
scanty, However, Ross et al, ( 1970
reported a predominant role of the
additive type of gene action for dry-
matter digestibility in smooth brome
grass. This is similar to our finding.

Narrow sense heritability estima-
tes were high for dry-matter digesti-
bility, total soluble solids and dry-
matter percentzge. It ranged from
41.0 to 540 % for these characters,
Improvement of these characters
through selecfion is expected to be
rapid. Heritability estimatcs were
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low for green forage yield per plant
and crude protcin. This is mainly
due to non-additive type of gene
action. The selection gains through
usual selection procedures may not
be substantial for these characters.
Under such u situation where both
additive and non-additive gene effe-
cts are important, some form of
recurrent selection programme is
suggested for greater amelioration.
After two cycles of recurrent selec-
tion, the selected elite lines should
be subjected to multilocation tests
for further evaluation.

SUMMARY

Two 8 x 8 ciallel cross analysis
( eight parents plus their 28 non
reciprocal crosses and eight parents
plus 28 F.'s) involving diverse par-
ents, 1. 8. 607—13, 1. S. 607—40, L. S.
7149, 1.8, 7237, 1. 8. 8007, 1. 8. 8345,
1.8. 10719 and LS. 12306 was con-
ducted for estimating the gene ef-
fects, through component analysis
for five forage charecters namely
green forage yield per plant, dry-
matier digestibility, crude protein,
total soluble solids and dry-matter
percentage in sorghum ( Sorghum
bicolor ( L. ) Moench ). Dry-matter
digestibility, total soluble solids and
dry-matter percentage werc predo-
minantly governed by &, ditive type
of gene action, whereas, dominance
variance were more important in ex-
pressing green forage yield per plant
and crude protein. Recurrent selec-
tion procedure for maximum exploita-
tion of the prevalent gene actions is
suggested fo evolving high yielding
and better qualify forage sorghum
verieties,
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