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A line X tester analysis in sorghum  invoelving Fifreen
Fia hybrids obtained by crossing Five restorer liness onto

2le steriie iines showed sipndficant general

|

each af threece

comhining al-ility among males for plant bheight and 1060-—ceed

+iowering, plant

ol

weight and among femalies +r- days top S0
neight, nead weight, pumher of kerpels/panicle and 1000-seed
weight. Bpecitic combining aRpility variances were
significant fur percentage protein, panicie iengih and grain

2w a . - . - - ¥ .
yvield, ne a-ff* ratio revealed the preponderance
of ninm—additive gens action for ail charascters except plant

height, days 1o 507 flowering and 1000-sepd welighi.
Marropw sense heritability sstimates were high #or plant

- -~ . .

lowering andg iodl-seed weilghi: moderaie

»

O

ﬁ-
)

height, dave (o

for head welght, seedling Vigour and mamber oF
Kernelsipanicie; low for panicie length, percentage protein
ann grain yvielid,

The presentP of neilerosis for Jow » 10w, 10w ¥ hiigh,
high x 1pw hybrids {for grain vyield, supports that an
appreci aiple amount of non—allelic genic interaction exist for
this trait.

The resiorer
general combiners for grain  yieid, while hybrid combinations
FeDGddR v RNR7IIGEe, T71%R = mNe Fiid

excelied in thelr specific comkining ability for this trait.
Hi gh genetic rorrel ation retween rmber of

kernels/panicie and grain yvield, 1nrilcates that selection of

plant types from this population which producre large number

nf kernels/panicie would enhance the attainment of lines or

hybrids with high vield poiepntials.
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CHAPTER ONE

INTROGUICTION

Sorghum (Sorghum biceior {iL.) Foench) i1s the
fourth most important cereal crop in the worid,
behind wheat, rice anf maize (Furseglove, 1577).
The crop is an important source of food, livestocik
teed and industrial raw material.

in Nigeria, it is the most important cereal food
rrop but 1ts cultivation i1s resiricted to the
Savanna zones. it Fforms the staple +Food for
millions of people in ihese areas because the grains
are usern to produce various incal fonds and drinks.
The Jeaves and grains are also used as livesiock
feerd, while the sitalks are used Ffor fencing, fuel,
making baskets, mais, huts and a variety of other
purposes (Durtis, 1945; Doggeti, 1570).

s well as its importance as a fTood crop,
sorghum is alsn used in the industries for various
pur poses, It is used in wmaking bread, cakes, wax,
syrup, starch, beverage {food and drinks, and for
hrewing (Nwasike, 1987; 1987). The Nigerian Federal
Bovernment ‘s han on the i1mportation of other cereal
protucts like wheat and bariey will likely increase
ihe inusirial demand of sorghum. Thus, the present
ievel of production of sorghum, of which BO-B5S% is
consumed mailniy as food, must bDe doubled so as to
accommodate the impending i1ndustrial demand of the
crop (Nwasike, 1F87). The present land area devoted

to sorghum production is approdimately & wmillion

enpatism LIBRARY



nertares (Nwasike, 1982: 1587 {bilana, 1983), with
a total annual production of between 3
million tonnes and an average yielod of 800 to 1087

H 4y -

kg/ha 10bilana 1963;

in a crop isprovement programme, the uwitimate
goal is to evnlve cuitivars that perform betier than
the existing ones. tine way of achieving this goal
i through bhyhridization of inbred ines. The
choice nf suitable parents in the deveiopment of
superior hybrigs is a matier of constant concern to
Drapders. This is because the performance of an
inhred line per se 18 o alwayse a good indicator of
their superior combining ability. It 1 a common
exparience 0f the breeder thai certain combinations
nick well to produce superior hyirids whereas others
involving equally promising parents produce disa-—-
pp@inting progeny. It 1s therefore npecessary to
assess the genetic potential of the parents by
sgsTimating their combining ability bhetore they are
used in hybridization progammes,

Sorghum peing essentially a self-poilinated
crop does not Jend jteelds naturally to rapid gensiic
manipulations, like hyboridization, as do other open
pallinated crop Species like malze and millet.
However, wiin the discovery of cyLoplasmic genetic
male sterility and the sterilify-restorer system in
sOrghum, breeders have bheen abie to develop superior

sorgihum hybridse with much rapidity. Thus, hesides

eliminating the burden of emasculations in sarghum,



the line i tester techriaoue gives a usetul
opportunity for rapid develwpment of hybrids and is
more comprehensive than other breeding technigues
like dialliel, which are generally bhased on tewer
parents (Chandra et al., 1946%:,

The obiectives of this study are therefore:

p asspse the combining ab1lity of some sorghum

-
]

a)

lines {(to be used) in hybrid combinationsg

f

0 fdetermine the geEne aciion governing the
inheritance of sone desired agronomic ftraits and
per cent proitein;y and

)} To estimate phenotypic and genotypic correla-
tions ampong the tralis, sp as To determine ihe

degree of assocciation among them.



COMBINIANG ABILITY

The term comhining ability is commonly used by
brepders IR express the relative performance of a
iine in hybrid combinations and is usually divided
into two, general and specific combining ability,
which will herein e dencited ats ga.Cc.a and s.C.a
resperftively. Bpraguse and Tatum (1747} defined
g.C.a as the average performance of a2 line in hybrid
comrination. They used the term s.c.a to designate
instances 1in which certain nviwid combinations do
relatively better or worse than wouid be expected on
the basis of tne average performance of the lines
invoived. A Iow variance for s.c.a Bffect was said
fo indicate that hyhrids involving a particular jine
have perforemed as expected on  the basis of Thelr
O.C.8a.

General combining ability in particular, is
directly related to the breeding valiue of the parent
{Falconer, 1981, and is assoriated with additive
oRMNe Action. Specific combining abhility on Tthe
ocither hand, 1s commonly assgoiated with all effects
which cannpi be accounted +or by the afdditive
scheme, such as dominance, epistasis and genptype —
environment interaction i(Rosenow, 1570},

Fatimates of d.c.a anhd s.0.a variances from a

sef of crosses relate tn estimates of genetic
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variance for the base populiation from which the
parent varieties are sampies {(Matzinger and Kemp-—
thorne, 15546). General combining ability 1s
relatively more imporiant than s.c.a 1in previously
unselected materials, while s.c.a assumes greater
imporiance in materials wihiich have been previously
seiecited for g.c.a (Sprague and Tatum, 1582; Kambai
and Webster, 19465; Beil, 1965)., Their interactions
with the environmeni also vary. Kambal and Webster
{19460 and Jater Niehaus and Pickett (1966) found
g.r.a to he more siable ithan s.c.a over locations
and yepars, while a contrary result where s.c.a was
more stable was reported by Beil and Atkin {15675,
Matzinger e+ al. (195%) bhad earlier found the
tollowing interactions tn be significant 1in a
dialiel analysie of yieid data obtained from several
crosses in maize; g.c.a A years, g.c.a i years i
locations and s.C.a x Jocations. They concluded
that estimates of combining ability obtained from a
single environmeni are sublject to Jarge bias from
interactions of general effecis with years and
iocations,

Several studies on combining abiliity indicate
that general combining ablliity 1s more important
than specific combining ability, although specific
eftects are of sufficient importance to merit
attention in breeding programmes (Rosenow, 1970).
Beil and Atkins (15957) found significant diffrerences
among g.c.a of all the lines for all characters

measured, while significant differences among s.c.a
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were expressen opnly for 100U—-seed weinht. Fiukara
11970 reported sighnificant g.c.a mean sqguares for
aili cnaracters stndied, althougnh S.0.a MRan SOUAres
were alsn significant for 1000-seed weight, days to
0% blocom and per cent oii. Out of eieven chara-—
cters stutiedi, Karale t ai. {19848 +Found bBoih
g.e.a and 5.C.A variances to be highly significant
hut g-c.a componentes were consisiently of higher
magniitude han those For s.c.a ¥for most of the
characters studied.

Niehaus and Fickett {15566] computed og.c.a and
S.C.a componenis from a izligl cross involving o

-

. Fa and F= generations.

inbred Jines in t

s
T

General rombining ability was  important in bokh the
Fiand Fa generations, whereas oS..&a was infiu-
ential only 1in the F,. generation but =ti111 o a
iesser degree. Though variances for g.C.a anid S.C.&
effecis were noth signifticant, gqeneral effects were
consistently larger 1in magniitwde than spercific

.

effects iRosennw, 17783 Singhana, 1980%. A simijar

n

trend was reporied for forage vield in sorghum where
general efferts were 0.5 times larger than those
for specitic efiecis ihium, 174687, Thus, oggett

ve genetic wvariance is

-

{1977} voncluded that addit
the mnst inportant part of total genetic variance in
£0F gFilm.

Reporis on some other cereals have shown the

same trend. Badwal {i%79) studied g.c.a and 5.c.a

et

‘e
=

+or yvield antd vield components in mil sing a &

dialliel analysis. For vield componenis, the

LY
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magnitude of variances was higher +or g.c.a than
for s.c.a, aithough for grain vield s.c.a was more
important. Singh et al. {(i980) obtained signifi-
cant g.c.a and s.c.a mean squares tor all characters
studied in a diallel cross in millety; but the
general effecis were predominant. Haliauer (19581),
working with rye hybrids made +rom diallel crosses
wiih seiected and unseiecied inbred lines, found
that g.c.a accounted for most of the genetic varia-
hility among crosses. Studies on wheat (Gyawalil et
al., 19483 PFrown, 196467 as well as barley (Hayes
and Faroda, 1574) showed that s.c.a and g.c.a were
poth signifticant hut g.c.a was more important.

Contrary resulits where s.c.a was more important
have been reported. Cox and Frey (1984) for
erampie, estimaied combining abillity varliances using
F= populations of oais. Flaximum specific effecis
exceeded general effecis for all #raits in both
maies and females., Khaugura et al. {1980)
computed g.c.a and S.c.a variances using a 15 x i3
diallel in pearl wmwillet and obtained a dominant
effect nf s.c.a variance over that of g.c.a.

in a study of harvest index in  sorghum using
HA-linesy 10 R-= ldines and their &0 F. hybrids
iFalanisamy and Subramanian, 1554) ali the 1i&6
parents exhibited the preponderance of non-additive
gene action 1in governing the trait. The females
contribuied more to total general effects than the
maies, 0.05 ko 0.0354 as opposed o 6.006 to 0.025,

respectively. Crook and Casady {(1974) studied



compbining ability in sorghum for 10 characters and
found sighnificant s.c.a for all the characters.

fther studies have shown the importance of both

Q.C.& and €.c.a wvariances in  Bxpressing characiers

Q.

in grain sorghum. Dabholkar ef al. (i986) studie
gene arction for yieid, i000—grain weight and three
other plant characters in a é& x &6 diallel without
reciprocals ansi founo relatively aqual and
significani g.C.a ano S.0.8 variances for all the
characters. &nalysis of data on several aogronomic
characiers from 40 ., hybrids and their parents
grown at two locatinns revealed that general and
specific efferts and atiditive and pon-agditive
componente of varianres were of enqual importance for

Ay

all] characters (Chaudhary et o1, 1583).

Nigeritan sorghums are planted at the beginning
nf the rainy season, +tiower as the rains stop and
ripen on residual soii moilsture. They are tall,

ate maturing and low vieliding since they have a iow

pud

proportiaon of grain to siem angd leaf, and they
mature wnder moistuwre stressed conditipn {(Andrews,

97T . Frotic varieties and hybrids on the other

-

have short growing season with higher yielts

-
Q.

- 1a)

iNarman et ai., 1974; Andrews, 1978). However ,
they matuwe during the rains andd are affected by
mould, giving poor grain quality and yield josses.

ime of maturity am moisture availabiiity are two

important factors that must be considered when



improving sorohum grain  vyield and aguality 1in

Nigeria.

iatio

4

Guinby (1%4A7) suggested that flopral ini

-

is contrnilied by fowr gene ioci, based on a2 smal
number of major genes with continuous variation due
spiely to multiple alieiic variants of these penes.
iLatenpss was said 1o be dominant over eariiness but

s relationship cnuld be reversed hy dominant

b+

n

ﬁ-

alleles at other Joci.

The nature of gene action controlling §)owe-
ring hnas Depn variously reported. Evidence o0of
greater infiuence of adoitive gene action over non-—

additive gene action has been reported by severail

authprs., Kuitadia et af. (1i983a, 198307, working
with a T » 5 diallel cross reporied significant

2l

dditive components for daves to BGE bloom and days

o

to matwrity. Simiiariy, Nandanwankar ano

atepallewa {1984) fopund cepnsiderable additive genhe

-
L]

it

04 flowering in  rabl sorghum,.

-t

ffect for days ©to °f

L]

b

—

Fittinger and Cantre 79 crossed 50 random

]

I (i

)

poilen parents and three random ssed parenis of

diverse origin. Their analyeis revealed the prepon—

derance of additive gene action in controliing this
characier. The resuiis of RKao (1F77F  which were
based on sorghum of equally diverse origin {exotic x
intian) aliso showed Thal eadditive gene ervect had a

e me

maior infiuence on days to S0 fiowering.
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Similar resulis indicating the importance of
additive gene action +or iFhis itrait have been
reported by Rao et al. (i978), WRao and BGoud
{1577a), Indi and Boud {(i580), Singhania (1580} and
ChandrashekKharappa (1587). Pased on Fa means,
Hasal (1971) obtained high heritability wvalues and
greatest genetic advance For days to S0% flowering
which are alil indices of high additive type of gene
action.

However , the +indings of Govil and Furty {(1980)
showed that boitnh additive and non-additive gene
actions were imporitant in inftluencing days to 5074
fiowering. They evaluated 10 diverse varieties and
their 45 F, hybrids, and found g-c.a and s.c.a to
he boith significant for this characier, although the
g.C.a variance was 0Ff greater magniiude., Simijariy,
Karade et al. {i9843) analysed a 9 x 9 diallel
cross and found that g.c.a variance was of greater
value however g.c.a and S.C.a variances were both
significant for this character, in a line x tester
analysis involving 5 lines and 7 testers, Huga et
&l (1987) noticed that maturity was wunder non-—
additive gene control while days tao 50% flowering
was controiled by both additive and non—addi tive
gene effects, Days to 50% flowering has been shown
i he polygenic in inheritance and under the infiu-
ence of both additive and dominance gene effects
{(Rello and Ohilana, 1585, Rao (19730 reporied
significant reciprocal effecis for days ©n 5S50%

..

Flowering only, among i) characiers measwred, while



Nimhalkar and Bapat {(i987) obtained moderate herit-
ability for this irait.

On the conirary, Khotyieva et al. (19835 in
the Soviet inion reporied ithe preponderance of
dominance and epistasis eftecis in coniroliiing
emergence to flowering period. Their analysis was
hased on 120 hwybrids, Z0 R-lines and 4 A-lines,
iising five generation mean analysis tn estimaite gene
eftect in grain sorghum, Desai et i, (1984) also
reporied dominance effect for days to 50X fiowering.
Heterosie has heen reported for this characier

{Bodani anid Chaturvedi, 1978).

FLANT HETGRT

Flant bheight is an important frait in sorghum
and has been assoclated with grain yield., The Dia
locus +or height and ma locus governing maturity are
closely Tinkead (Quinby and Farper, 1954), Filant
nheight was also shown to he governed by four inde-—
pendently inheriited genes, pius a moditying compliex,
and Fallness was tound tn be dominant ©to dwarfness.
Rao and BGoud (1577h)  showsed That internode lengih
was highly correlated wiith plant height (r = 0.56).
Genes that reduaced the Jlength of internodes in
sorghum were considered as dwarting genes while
genes thal reduced Tthe size of plant paris other
than the internodes were exciuded from the category
of dwarting genes (Guinby, 1587a). Chavda ano
Drolisom {(1570a) reporied heterosis for plant heighi

along wilh ciher characiers like larger and longer

Ay S
e Jﬂ"’«ﬁ
Y
<

i,



ieaves, higher dry matter vyield and more novies as
well.,

Chandak and Nandanwankar {(19848) studied gene
action for piant height at different growth stages
{60, 75 ami TS0 days) using five crosses, iheir
parents, Fa, B., and Bz generations. Addi tive
gene action was pbtained Ffor all crosses atter &0
days, while dominance gene action became prominent
in some rrosses atriter 75 and 0 days. Dominance x
Vominance gene action was not  found significant in
most cases, leading The authors to conclude ithat
gene action in most of ihe cases depended on the
parents used. The analysis of parents, F,, Fa
and Fx populations from 7 tall late w 2 short
eariy materials revealerd that plant height was under
polygenic inheritance and was under additive and
non—additive gene infiluence (Bellieo and Obilana,
185, In another study invoiving 3 tall x o dwarf
varieties, analysis +From 285 hyhrids and Fa popu-—
iatinns excliuding reciprocals revealed that additive
as well as pon-additive gene action were operative
in fhe inheritance of the traiit {(Nimbalkar and
Papat, 1987, They alseo obiained moderate herit-
apility value for this character.

The results of Bhahane and BRapat {1781 on the
other hand showerd the 1mportance of non—additive
gene action alone in the control of plant heighi.
Ross et al. (I983) working wiih Fforage sorghum
obtained high wvalues for g.c.a components for ailil

characters excepi plani helght where ithe s.c.a
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component was signiticanitiy hnigher. These resulis
are 1n agreement with those of Foster and Weng
{i979), FKEhoityleva et al. {i580), while Further
evidence was given by Desail and Kukadia {(1985) who

recorded the highest positive hneterosis Jor plant

neight,
Contrasting resulis wer e reported by
Nandanwankar and Katepalliewar {i%84) who found

considerable additive gene acition for plant heighi
in "rabi” sorghum. JIn a stwiy of American x African
sorgihwm Rap et ai. (1F78) reporied plant heighi to
e under additive gene control. ther studies based
on 7 % 7 and ¥ x % diallel analysis by Kanaka (1982}
anid Karale et al. (1984) respectively, r realed
the intfiluence of additive gene action Wi plant
neight. Simijar findings have heen reported for
forage sorghum (Lodhi #7 al., 1978; Sharma, 1580,
and 1n o ain sorghum Finker et al. {1974} who

ohtained high narrow sense heritability wvalue for

thie character.

YIFID AND YIFLD COMFONENTS

A knowledge of the genetic contrnl of grain
yield as well as iis attribuies is essential for ithe
developmeni of relevant breeding procedures. Some
of the vyield atiributes include nhead weighit, head

-

iength, 1000-seed weight and seed number.
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a! Head wsight

The analysis of Fi, Fa and hackcorosses by
indi anl Gnud {1581) revealed the presence of

overdomi nance for head welighi in an analysis  of

—

African x American ©rosses in sorgnum., tao (1984

reporiend anditive gene action +for K11 characters
measwred ercept par weight while Hirada and Borikar

{1FH4) alsp foung eplstatic e+f+fect for this charac—

¥

ter. FHigh positive heterosis (147%) was reported

”

for this trait. These findings denote the imporg-—-

ri-

ance nf non-additive gene action in the inheritance
nt this chararier.

Byihari and HNagari {1980 on the other hand
found signifirant g.c.a and s.r.a variances for head
welght, meaning fthat both additive and non—additive
qene efftects were 1mporiant in controiiing the
characier. Varjanres gur 10 @-C.a and S.0.3 were
hoth significant for head weighit, although s.c.a

- - -

varilance was of preater magn e (Deshmukh, 153,

Contrasting results on the prevalence  of
additive gene action For heatd weighi were recorded
by Bittinger and Cantrell {1779, Gond et ai.

ity value for

-4

i1980G) laker obtained a high heriiabi

Ear _iength

Far ilengitihh was reported to e under additilve

=

~r

(=}

gene controil iBirada and Barikar, 1784,
analysis was hased on data +rom Fa.s Fae Foas

Fay, and Rz generations.



that of Singhana {(i980) and 1is compiemented
“ildty value obtained Ffor this
characier by Rao and Goud (i577a) and Boud et al.
{i98G). Indl and Gourd {i%81) obtained heterosis for
i1 other characiers measuwred except ear 1engih.
Contlicting resulits showing high heterosis for
this characiter were hiowever reporied by Ferez Cabera
and Miller (1985) and Desai et ai. (i780) in a
iine x tester analysis aver locations. Raiju et
ai. (1980} presenied evidence +for dominance angd
epistatic effect for ear length. FPartial dominance
has also been reported for this character in forage

e

sorghum (Kukadia and Singhania, 1780).

el Brain weight
Govil and Flurty (1980) using data bpased on 10

diverse sorghum 1ines and their 845 F. hnybrids
revealierd the presence of additive gene action for
1000 - grain weight, Similar resulis were obtained
by Bawazir {(i587%). However, fthe findings of
Dahholkarr et ajJ. (1984) stressed the importance
nf hoth additive and non-additive gene control for
this character. Significant g.c.a and s.C.a
variances were ootained for this trait, although
s.c.a estimates were of bigher magnitude (Rao and
Goud, 1577al. Dabholkar and Bagnhel {i980) on the
other hand reported a range of complete dominance to
overdominance +or this character while Perez Cabrera

and FMiller {19851 Jater ohtained high negative



heterosis for 3J00-grain weight. But according to
Rao (19730 this trait is predominantly under domin-—

ance gene action.

) Brain yield

Grain yielid has been reported to he under non-
additive gene influence. Indi and Goud (1981} for
examplie analysed F,5, Fa5 and their paciicrosses
and found overdominance effect +for grain yield.
This result ie in agreement with those of Rao
{1973, Dabholkar and Baghel 119803, Knhotyieva et
ai. (i%8B0) and Lazanyi et al, (i983), and was
complimenterd by Harer and Hapat (198Z2) who obtained
high positive bheterosis of 1974 Ffor grain yield.
Kachave and Nandanwankar (1980) studied gene effect
for grain yield in Six Crosses for six generations.
Dominance gene efiect was found to be higher than
additive, additive » additive, additive x dominance
gene effecis in five oubt of the six crosses. In an
inheritance stuwdy invaiving two  "rabi"  sorghum
crosses, dominance and epistasis gene efftects were
found to be more jmpaw tant than additive gene effect
for grain yielid per plant. iising a line x tester
analysis, Desal et &#j. (1980) Desail and Fukadia
{(i985) amvi Kuikarai and Shinde (i985) obtained
highest positive hetern=ise (14.67-F1.3%4), {(Z1-44%)

and &5.5%, respectively, for this trait. The



.

findings of Jan-Orn et al. (i97&6), PBhale ano
Borikar {(i587) and Nandanwanker and Chandak (1588)
also revealed the imporiance of non- additive gene
action in governing this character.

However , evidences of additive gene effect for
grain yield exist. Spivakov (188} studied +ivee
formse of “"Kafircorn”, tihwree of grain sorghum and (wo
*banty corn® all (8. bicolor) in a diallel scheme.
Only the QgQ.c.a variance was tound significant +or
grain yield- In anofher study, based on & / — Jines
x 10 R-lines <{line w testerl, Fralanisamy and
Bubramanian  {158&) ot ad ned significant Q-C.a
variance for this trait, Similar resulits were

»

reported by Nandan—wankar and Falepallewar (1584,

FROTEIN AND LYSINE

The nutritional qualily of sorghum is raither
iow compared wikh other cereals since lysine, an
essential amino acid, is present in low concen—
trations, and ieucine, which has been shown ©o be
pellagragenic in nature is present in high ammouni S.

However , the discovery of ithe ppaque - 27 and flioury

- 2 muiant genes in maize (Feriz et ai., 15564)
which increased the proporiion of lysine in the seed

has given o ot of impeius to sorghum breeders.  In
an effort o improve the nuiritional quality of
sorghum grains, twoe genetic smuianis, one naltural and
one induiced, that 1ncreased the lysine concentration

in the endosperm and iapwoved protein quality of the

grain were identified; the natural mutant gene (hi)
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11i&67Y  and #7156 1175B" from Ethiopla (Bingh and
*p-72ig® was induced
by chemical mutagensis of a normal sorghum line
{Fiohan, 1%755. The nutritional quality ef these
mutants is comparable to that of opague — 2 maize
when +ed *to rats {Gingh and Axtell, 1%73; Grteii,
iFEid. Itr i pvitent therefore that genetic
improvement in sorghum grain protein centent and
quaiity is pocsible thr ough splection, since
variations exist +or this frait. Eariier repwrisc by
Lowe 11908} gave the average proteip content of
SOrgiitiR &5 R.0 per cent. Reports from several other

- - b il
]

workeras (Firkett, i9&8%; Singh and Putell, 15735 Rana

F31) indicated a range

[EL]

et
-

-t

and Furty, i%75 and #Axte
of 5.9 to 20 per cont.

Genetic variations For  sorghws graln proiein

gene pffects although adriitive effect has been more
id

Coiline and Fickeit (19725, 1%77%h) using line
tester and diallel analysis resperctively. found con-
zigerahle adfitive gene effect for per ceni protein
in grain sSorghum. Finnyn et 27, {1980 tested i
high ivysine tines rerived from
male sterile lines also derivernd +from

backcrossing ¥o male — sterile lines,

i
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sie Of variancte showed significan



i
in general combining ability effects +For grain
protein, Fredominantiy additive gene action (Nanda
and Rao, 1980G) and high heritability vaiues {(Crook
and Casady, 19748; FEckeibel et al., 1977) have also
been reporied for this frait.

Rana and Fluriy (1975 however using both line x
iester and dialilel design obtained evidence of both
additive and non—-additive gene action for grain
protein 1in both designs. Analysis of crosses
hetween grain and fodder  corghum, Rao and Ahluwalia
{1980) alsn obtained significant g.c.a and s.c.a tor
per ceni protein in grains., Rao {(1972) had aitribu-—
ted Lhe increased rate of nitrogen uptake Lo non-
additive gene effeci and ithe toial uptake of pitrogen
to he adrAitive in inheritance.

The findings of Rana and Furty (1975) showed
inat protein was under the control of three sets of
genes, while one set controlied lysine in grain
sprghum. Axiteil (iI551) also revealerd that the high
iyeine character in "P=721" is conditioned by a
singie gene that is partially dominant. Evidence
from ihe experiments of Rana and Furty (197500 and
Collins and Fickett (1577b) showed the importance of
non—additive gene action in governing the inheri-—
tance of ilysine in protein. Nayeem and Bapat (i534)
obtained significant s.c.a variance Ffor lysine in
protein in their analiysis involving 8 A-lines, 10 R-
lines anag their 80 F, hybrids, Contradictory
resuliits of predominanily additive gene action for
lysine in protein was however reported by Govil and

FMurty (1973) and Fonyo et aj. (1988).
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INTERCHARACTER CORRELATION

Since ithe most important characters like yield
anfd protein are compiex 1in inheritance and may
inval ve several related characters, the degree of
genotypic and phenotypic correlations between yield,
protein andg other characters are important. PBreeders
are iooking for characiers that are correlated to
vield and nuality. These atiributes are easier 1o
seiect sinre they are most easiliy seen, and moreso,
it is expensive 1o analyse for ifraiis like proiein
and lysine. Correlated characiters are important to
a plant ibwreeder because he can predict  ihe change
brought in hy one of them when selection is praciti-
ced for the other (Falconer 1581},

The eariier work of DBDuinby and Karper (1945)
showed 1inkage between height gene and the maturity
gene iMa. iater Duinbyi(1577) gave evidence that
maturity genes control itime of floral initiation and
in addiiion influence rate of growih as measured by
ieaf size and panicie weight. The state of Dix
gene ar 1 oand 7 dward height ievelis infiuenced main
head yieln, ti1ller vyield, toital vyield, kernels per
near, heads per plant, 1000-seed weight, kernel
weight and panicle Jength (Campbell and Casady,
iSAT) ., Node nuAaner wWas not  artected, which
indicated ithat maturity was not influenced by this
gene, Falanisamy ami FPrasad (i1584) studied ihe
assoriation between plant heighi, number of days to
finwering and grain vyield in a set of 32 grain

sorghum varieties of diverse geongraphical origin.
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heir resulits revealed that days to 50% fiowering
was sigmficantly associated wiih plant height (r =

U.4¢53) and grain yiel

{

Pl

Z0}. The assnciation

o

i = 6.

o.

between plant height and grain vield was also highly

) . -

significant {r = G.6%}. The relationship between

{)

ieid, maturity, and plant height was studied for up

~

o five generations {(Reddy and Ran, i%71}. A posi-

ﬂl

\

ey
L) L

n
H-
H

dive relationship was  found hetween day a =

owering amnd plant

-

fFiowering and yield, days o S04 §
neighi, plant height and yield. {In the contrary,
gariy filowering and seed weight were aiso reporied
to be thw most important factors influencing grain
vield {Mishra amd Rao, 1980). Eckebeil &1 al.
(i977) obtainmed a negative and significant associa—
tion between grain yvield and days to 50% flowering.

. T

Agunbiade (iF

1

i} referred Tt hres vield

componenis {seed numher, seed weight, and panicles

per piant} of sorghum as the vield triangie. i

<

facior tnat causes reductiaon in sire of any of the

three attributes will nitimately reduce crop vield.
Fositive correlavions have been reporied between

-

vield and seed number {Signhania, 17680

r
Is
=
ﬂ-
i}
(L1
-4

-

i787; Jimenwrr and Casas 1965: Flonyvo ef s8f., 19887
vield and seerd weinht (Mishra and Rao, 17803 Mawder,
i97%7; Ramamam et &f., 1%¥084: ESpivaitov, 1588ip vield
anii panicie @mer plant  {(dain and  Auiakh, 1%71;
Agunidi ade, 15584}, twmt numher of seeris per head had
the greatest and mpst consistent effect on total
grain yield {Fischer and Kertisz, 15763 Buinby,

>

i%430h; Nieuwhaus and Ficketrt, 17683 Singhania, 1780



Jimenez and Casas, 1983). The results of Fonyo ei
ai. (196868) showed that the increase 1in yield of
iines in hnybrid combinations derived +rom "F-721°
"opague stock" occured without affecting kernel
welghi but number of kerneis per panicie was the
most important component for yvield. Axtell (1981)
nad earlier reported that the number of kernels per
panicie and/or numher of paniclies per unii area of
iland were ihe mosi imporitant componenis for grain
yvield in lines containing the "0" genes {opanque — 7
genes) .

The relalionship between seedling vigouwr and
grain yield was reported to be positive (Chlina and
Phul, 1%87). The same wiwkers obtained a negative
correiation between seediing vigour and grain
protein, while with lysine and tryptophane i1t was
positively correlatend.

The relationships bhelween vyield and protein,
yield and lysine and lysine and protein have also
peen studied {(dbhifarin, 194693 HAhifarin and Fickett,
1769 Rana and WFurty, 15753 Axtell, 15813 Fonvyo et
al., 1988R). Honyo et al., (1988) studied inter-—
character correiation using "FP=-771" opaque endnsperm
storck. The correlations hetween grain vyield and
proftein in 20 F, hybrids were negative (r = =0.863)
andi significaniy, while ihat wiith Ilysine conceni-
ration in proisin was also negative buit pon- signi-—

1cant. An aimost simiiar correlation value

-5

ir = =0.64) for grain yield and proftein had eariiler

been reported (Cnilins and Fickett, 1972a). Rana
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and Furty 119750 obtained negative but ipw
correiations bpeaitween grain vield and lysine.
Negative correiations DrRtween grain igd and

vie
farin, 1%96%;:

[N

proiein have aiso been reporied 6D

Abifarin and Firnkett, 1%56%; Crook and Casady, 17723
Putell, 1FEL) on the ocontrary posiitive correlations
were reported by Aiakaiye (1951). Brtudies beitwesn

protein and lysine have shown negative relationships

—

{Nana and farity, 1979; Toilins and Fickett, 1%7Zal.



irestorers)

NR711467,

Fifteen hyorids were

CHAPTER THREE

MATERTAI 5 AND FIFTHODS

in the growing season of 1988 five male parents

NR71156,

SOMWnN

NR71176,
three ftemale parents
FMAT and F6OGATZA were in a

made bhetween

NR71177, NR713178,

imale steriles) ZZ1%9A,

Dreeding nursery.

the five R—-iines

and the ihree A-lines using factorial mating design

or Design 171

description of the parental

in Table i.

of Comstock and

Robinson (i952). The

materials are presented

Tabhle 1 Description of parenis

Farent Agronomi © characier s Origin

NR71156 White agrains, loose head Are restorer lines deve-
NR71176 White grains, inose head ioped from breeding
NR71177 | oose head programmes in Institute
NR71178 Whiie grain, compact head for Agricultural

NR7167 White grain, Joose head Fesearcihn Samaru

221%9h Yelliow grain, loose head Are exntic male sterile
M&AO04A7A fBemi compacit nhead iines obtaind from

MAT Yeilow grains, compact international Crop Rese-

oval head

arch Institute in ihe
Semi—Arid Tropics,
ICRISAT, Tndia




During the railny season of 1%8% the 15
hybrids, and their parenis werse sown Ih replicated

trials at two lacations, Bamaru {Northern guinea

-4

Savannal and Kano {Budan Savannal., he design

was & randomised compliete block with four (8}

-

Of Size WAt £ rows each H o Ip

'rz

replications.

ord

length. Inter and intra row spacings of 75 x 30 cm

wWas used.

-

Aboui five seeds/hill were sowr  and  later
thinned down o0 Twn sesdiings per stand Two wesks
aftter saowing during which milssing nills were
compensated {for | by transplanting T3 qive &
population of 40 plants per 6 m row, about BH,BEH
plants/ha. )

Thirty-two kilograms per hectare of single
sﬁperphnsphate fertiltizer iFails} was appiied as
hasal rdresssing prior ©To ridping and sowing, wnile
&7 kgifha of niirogen (urea) fervilizer was applied
in spiit doses, as npasal  and top  dressipg. The
first 37 kg/iha af Hitrogen {lirea) was applied as
hasal while 30 kgiha ithree weerks atter sowing, iust
atter thinping. A mixture of gramoxone ang
sorghoprim & was sprayed as pre-emergence herticide.
Thereatter, weeds were controlled Dy hoe—weeding
Iwice, as follpws, Threr wesks and six wesks atter

SOWING. The plants were spraved with Vertox 8% to

- .

e following data were

control stem  borer.,

collected from each trial hefore angd after harvestis



i. Seedling vigour: Vigour of the piant 70 days

atter sowing, based on a T~1 scale.
5 — most vigorous plot
i - Ieast vigorpus plot

2. Flant height: The distance between ground level
to the base of Lhe flag leat at maturiiy.

3. Days o 50% flowering: The number of rays from
sowing to when one hal+s of the plants in a plot
are at anithesis,.

4. 1000-seed weight: The weiaght of 1000 randomly
selpciend seepds,

. Head weighiy The weight of the dry head, ear or
panicle,

s, Tueher of kernels/panicie: This was calculated
based on the folliowing formulia {(Jan—-Orn, 1573):

Weight of grains/panicie x 1000
1000—grain weight

that is,

if 1060 grains weigh X grams
I grain will weigh _X
1000 grain weight
therefore i¥ _X is weight of 1 gram,
1000 grain weight
¥ grams is weight of ¥V » 1000 grains
wnere i = 1000 grain welght
¥ = grain weight per panicle

7. Head {panicie) lengith: The distance between ihe
hase and the tip of the panicle.

8. ©Brain yield: The weight of threshed grains.
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e Frotein: Nitrogen vaiue of seeds were anal ysesd

using micro-¥jeldahl s method and per cent
protetn was estimated by multipiying nitrogen

*

per cent by &£:25.

k]

The data copllected From the Kanpo +#ield was
unreiiabie and was thus not inciuded in the

Tatistical analysis.

in

A randomised complete hIock design wiih four

raeplications was userd.

Tn the analyslis of variance {(ANGOVA), =ources of
variations are partitionsed into variation among

parents amnd hyiwids (Tatde Zi.

Tabie 2 Form of analysis of variance for parenis

antl Fryiedds

Sources OoF varitstions Degrees BSums nf Fean

of Freedomn  squares SQuUarpes

(. a3 (85.5.3%  {F.5.)
Replirations (r—ii 3 3 RAZ
Eniries {e~13 22 E E/22
Farents ip—-ii F ¥ P/7
Mybrids {hr—=13 id H HM/14
Farents vs Hybrids {n-1) i it P
FError {(r—i)ie-3i) b E E/4S
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Hypbrids are fwriher subdivided into males,
femaies and males » females, which provide test for
GeC-a2 and s.c.s {Table 3i.

able I Fore of analveis of variance fov hybrids

Srurces of variations Degrees Expecten
of Freedom Mean SOUAFPS
b
id.f.) E.FM.B.)

Replications (r—1) >
Males {m—1) 4 E2B + rfTmus + g2
Females if—-1} 2 22 ¥ rg e + mrgZ,
flales x« Females (m-iiiF-13 B E2e + g Zmur
Error imé-idir-i; 42 )

Total mfr—i o7

The hyhrids {males effects, females effects,
males x females effecis) was analysend based on the

following Jinear mndel.

¥aaw = B+ Qa + @y + Bas + Prax
whers i = 1,7 4uex:a>}
J= 1'? .'..II::'
¥e3ee = the observatiorn on the hybrid between the

ith male and ith female in the kih
replication
'H = popuiation mean

Q9 = @ffeci cosmon to a)] progeny of the 1th

R-line
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Qs = effect common to all progeny of the jth
A-line
Ba 3 = effect specific to the progeny of mating

the 1tM B-line and Jjth A-line

il

S g random experimenial error

The form of analysis of variation among F.
hybrids is presented in Table 3.

In this analysis, males and females express the
g.c.a while males x Females interaction represent
ithe s.r.a. Geneiic components of variance was

estimaied from the expectations of mean squares

according to Singh and Chaudbary (1985 :

6=m = 18w - MBaxf = g.a = TCov H.B. = 173620 = §2gcam
r¥

62F = FMBy — FBmue = gy = Cov HeS = 1/4628 = E7geme
©im

EZIN T =TI mue s =118 =T (FL. 51 —ZC0v iH. 5) =1 /36D = Taca

-
where

Mo = @mean sSguare males

1S, = mean sauare femal es

MOmue = maies x females interaction mean square
5. = ervor mean sguare

r = npumber of replications; r = §

7 = pumber of femaiesy; § = =

m = npumber of malesy; m = 5

= additive ageng efrect

w = dominance gene efiect



and the average additive genetic variance (£&48°)

&2 = Cov {H.B) average
= 3 [4F-13MSus =11 FiB0 ~ FiSme
ridmt ~ m ~ £} L m+ ¥ —~ 7

The g.c.a and s.c.a effects for each character

L

wiii he sstimated as per bBeil and Atkins (1567

Q.r.4. imale) = ¥, - ¥
G:C.2. i{femaie; = ¥y — :; and
S.Cea ifybrids) = ¥es — Yo = Y, 4+ ¥
wWere
¥. = mean performance of hybrids with a given
male parent averageod over ali replications
and temales
¥, = mpan performance of hybrids with a given
female parent averagen over all replications
and males
Y3 = msan of a given hyhrid averaged over
replications.,
¥ = experimental mean {mean performance of aill
hybrios).
The significance of general anrd speritic

compining abliiity effecis for each character was

tested using formulae analogows to those proposed by

Baiiey Jr as used by Cox and Frey (19584} and Monyo

et al. {1%58).
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S5.Fqs = |M3, (§-13)
—_—
m¥r
where

FiSm = mBAn SQUare maies
S, = mEean souare females
S.Eas = standard errow of g.C.a for males
S.Eas = mtandarg ervror OF D.r.a for females
r = number or replications
¥ = pumber of females
m = number of asles

Bimilariy, significance for s.c.a effents:

t = guc.a
DrF.50n
S.E.s.0.8 = | MSpe (m—3) (§=3) |
mtr
where
MiBme = mean sguareg maies x females
B.E.s5ca = standarnd ervror for S.c.a

Marrow sense heritability was estimated using

Gratius ¥ af. (1952 formulae as used by Abifarin

4y



h = T + g%

&2F + £ o+ g% im v £%e/r

Heterntic effect was determined, as increass or
decrease of F, mean over that of the superior

parent as foiiows:

oy

andl a5 increase or  decrease  over the mid—-parent

value as follows:

H= F.~ (P, + Pad/2 x 100

Wnere

E; = mean perforsance of hybrid formed between
the i'th male ani i'th femaie parent.

ﬁ.p = mean performante of superior parent of &
roammon hybhrid

5; = mean oOFf parenl one

Fa = mean of parent two

Puncan’s New HMultiple Range Test (DNFRT) was
used to test significant differences hetween means.

Genotypic and phenntypic correjations  were
estimated for pairs of all traits studied from mean

SQUAres and mean cross producte as 7o) lows:

Fauaw = ;'ig."{ =By — Fiee . [

{Fig= —Fex ) {Ffigy—ifey) 172
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TErcwyy = FHgx - gy

{Fign . Figy) 172

e = Fiex . ey

i{Fiex . Fipy: L7/2

where
Ffigr.gy = mean product of traits ¥ and ¥ and,
Figr and Mgy = mean suares oF Traits X ang ¥V,

respectively

Mex.ey = errpr mean product of traits X and ¥

and ,

fax and Fey = error mean souares of traite X and Y
respectively
K4,
Tahie 4 Form of analysis nf variance and nnvariance‘Jk-CdQe
£/ 37

for all pairs of characters

Sources of variations d.¥. Trait { Trait ¥ fFiean product

Reps ir—ij s - - -
Entry ie—-1) b Flgu Mgy Figx. gy
Error {r-1)ie-1} frés Fiex Fey Mex.ey




RESULTS
The analysis of variance of parenis and hybrids
for nine characters is presenied in Table 5. Highly
signitficant differences (F = 0.01) were shown among
all entries for all the characters, except per cenft

protein which showed signiticant divference ((F =

0. 050, The parents revealed highly significant
differences irF = 0,01) for seedling vigour, days o

S0% fiowering, plant height, panicle length and
grain yieid, but significanit difrerences (F = 0.05),
for head weight. No significant differences were
abservend among the parents for number of kerneis/-—
panicie, 1000-seed weight and protein. The females
among the parents showed higniy significant difire-
rences (F = 0,01 Ffor plant height, while ithe males
showed highly signiticani ditferences (F = G,01) tor
seedling vigour , days to 50% flowering, plant height
anf panicie lengih. Females vs males differed at (F
= 0,017 For seedliing vigour, plant height, head
weligth and grain yielid but at {(F = 6.05) for panicie
Jength.

Hybridse were highly significantiy different (F
= 0,013 Ffor all the characters studied except for
seedling vigow and per cent protein where the
differences were significant F = 0.05). Farents Vs
hybrids contrast was highly sigmificant (F = G.0.1)

for all characiers excepi seediing vigour and per

ceni prorein.
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isbie 3 #malysis of variance showing sources of variations, degrees of freedow id.f.i,
and Apan cquares ig.s.) of nine fraits in sorghom

Sourcgs of [ Seediing Days ip 300 Flant oo of

variations vigour fiowering  height  kerpeis/
papicie
Rear Squares

Fepircations 3 0,817 7,04 34 . 6R%E 3Y9TAb
Entries i 4386 59,0780 1384, %0% 4BZITTE

Farenis (P} 7 2.4HZ%%  Gp,G0ed  (0EZ. VDR B714DZ

Femsies iF} Z $,333 i7.86 736.16% 158313

fiales iH ] i.82RE%  EBG0RE TURG.AORE  ARZTYT

Frgaie Vs Haie i 10,258+ 5,80 271.008% 73850
Ayorids iHi id 2,6508  FE.2088 899,304k 1478500
F s it i G.268  30s,4GE%  A79.SHRR 77T7aGEs

Frror ah 0.433 6. 89 740 326083

i, ¥ Dignitirant af ¥ = 0.05 and F = 0,03, respectively
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Table & shows the analysis of variance
ftorcombining abiliity For nine characiers. Highly

significant differences among males were observed in

their g.c.a +or plant heignht ((F = 0,01} and
significant differences observed for 1000-seed
weight (F = 0,035)., The Qg.c.a estimaied +From the
female effecis were highly significant (P = 0.01)

for days to 50% flowering, plani neight, nhead weight
and 1000-grain weight amd significant

iF = 0.,05) for seediing vigour anfd number of
kerneis/panicie. Significant variations for s.c.a
imaies » femaies) were obtained for seediing vigour,
per rent protein, grain yield ait F = 0.05) and for

-

panicie lengnht at (F = 5,01).

<)

Fetimates of male, female, males x +emales
componenis of variance are presented in Table 7.
Female componenis of variance were larger in
magnitude ihan those +or maies tor all the charac-
ters excepli for per cent protein and panicie iengih.
This further indicaies ithe predominance ot female
varianeces over ithose for malese as  already shown by
their mean squares (Tanie A).

The 62A - provides estimate for aver age

g.c.a {average additive gene etffect) while g%5.

gives ihe estimate of average s.C.a lLaverage
dominance gene efrect). in qgeneral, there was a
preponderance  of non—arnditive component 162 )

over the addi-tive component (2.} of variance
for six out of ©The nine characters studied, as

indicaited by the §2./4%s ratio. However,
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abie & FAnaiysts of variance showing sources of variations, degrees of treedom {d.f.},
N6 #ean souares ip.s,i for crapining abiiity for nise traiis in sorgium

Sources of a.f. Seediing Havs to S Fiant He, of
variations . vinour Flowering height kerpeis/
panicie

fiean Bquares

Repiicatinas 3 EMRYE .09 163,718 L3260
Hales ] 1,692 12.42 i387. 704 B78330
Temales ? f 3508 147828 32916+ 5505700
Aales x Femaies 8 i, 2044 8,19 So. 442 7e7Ta0
Error LY, B, 437 5,73 73, oh8 LYy

=y
H
=

#, & Digniticant at P = 3,05 and



Table & (Toni'd)

Sources of Head i00l-grain  Fanicie  Frotein Brain
variatians welghi weigni iengih i yield
Rean Squares

Fepiications 0.0016744 3.8777 7.578 §.1508 16007
fiaies 0, 6003371 31,055 §.587 i1.853 581500
remaies 0,0083054% 83,9568 7.453 b. 1513 J763300
fiaies x Femaies G.000475 b, 7038 5,785% 7.18508 33355734
Error 0, 0007955 5.1572 i,3303 29975 1414391

&, # Sigaiticant at F = 0,05 and 7 = 4,

i, respeciively,
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variance components due to average additive effect
of genes were predominant for plant height, days to
50% fiowering and 1000-grain weight.

Narrow sense heritability estimates (Tablie 7)
were as low as —33% for grain yield and as high as
95.08% for plant height. Similariy, heritabiliity
estimates were low for per cent protein (i5.88%) and
paniclie Jength ({272,194, moderate for seedling
vigour {(45.48%), number of kernels/panicie (5&46.55%),
head weighi {(&3.667%), high for dayes to S0% flowering
{(87,08%) and 10G0O-grain weight (77.28%).

The estimates of g.c.a and s.Cc.a effecis are
presented in Tabies B to 14. Concluding Ffrom the
g.c.a effects §for seediing vigour (Table 8), NR
71177 was the most intiuential male parent whiie
771594 was the most infiuential +female parent for
ihis character. For days to 50X #iowering, the
restorer NR 71178 and male sterile 77194 were very
important in reducing fliowering date (Table Fi.
Feiimates of g.c.a for plant height {(Table 130)
showed that NR 71156 and MAT were important in
reducing plant height. Incidentally, hybrid FBS x
NR 71156 had the lowest mean grain yield (Rank i5,
Appendix T

i7) Ffor plant height.

i1, and the Jowest heterosis value (Table

The estimates of g.c.a effects for pumber of
kerneis/panicie (Tabie 11) indirated that FAT was
ihe most influential among the female parents. NR
71156 and WNR 711746 had high non-significanit g.c.a

efttecic among the males, while the highest vaiue for
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Table 7 Estimates of general and specific combining ability
eftectis for davs to 50 per cent flowering

Specitic eftert {85, .3+ Ceneral effect

iga P

Farent FEATH FOOD4ZR T

NR 711556 G. 347 -0, 551 G260 ~0,75

NI Fii7A 1.7487 —1.130 ~0. 6353 1.58

R 71177 1.047 G. 037 O.937 -3, 0%

MR 71178 G600 = J03 -0, JZ03 -3.0G

R F1147 —1.650 . AEGERE O.197 05.25

General ~%. 02 —-G.37 Z.849

efvyect

LA = P

L xS Sitgnificantly oifferent from zero at the .01

prohabiiity level.

++ S.E (Qu) = fto_omy To.e: (G.Fi} = 2.53;, 4.1%

= B.F {gy) = to.oms to.or (Z.72) = TF.0bh, 12.97

+ B.E {140 = To.omy To.or 1091 = 1.95, Z.7i1
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s

S.C.a was withh The cross FA% x NR 71178 foliowed hy

MRY were good

- - . —

22i9A » WNRY1174. Altbhough MEFIIE7 an

Q.

F .

general combiners, significant vaiuves for s.c.a were
recorded for heat weight
MSO0AZA w NR711V7, and FRAY = RR 71177, Anotiner
vield component. , 10G0--seed welght , exin

negative significant s.c.a valueg {for hyoriag F&O0EZH

b
HI
n
[ ]

n
n

b1

¥ MR 71178 and nigh positive non-significa
NR 71178 (Table 13i. Lines
NR 71378 and 22190 were the most  infiueniial male
and ftemaie parents, respectively, For ithis trait.
With regards to panicie lengih ({(Table 14}, male

- A,

parents NN 71167 ang NR 71177 were important while

was important among fhe +femaies in infiuencing

L)

2]

this characier.

]

The g.c.a efferts for per cent prorein (Table 1909

indicated that was the most important male

parent for this character and MR 71177 the least.

—

Simiiarly, <S21%h was the most imporitant female

1

by

parent and A% ithe jeast. FHowever, judging from the

s.C.a value, hybrid FSD04ZH » MR 71178 was the most
important for this trait. It also accounted for the

nignest mean per  Ccent protein  anong the nyvorids

{Appendix 11},

From estimates of g.c.a +0or grain vield i

P~
-
W
[

T
i
3
123
=
r
W

FHY and MR 71154 were the least infliuen
for this characier. Tieir hybrid,
was The ieast in terms of grain vieind (Rppendix 117,
and hatd a significant negative sS.c.a value {

and ZZ1%0 were the most

28]

143, Lirmes NR 7117
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Tanhle 17 Fstimates of general and specific combining ability

efvecits for head weight

Bpeciftic effect (5,,1+ General eftect
(G ) ++

Farent 22154 M&G04ZA MAT
NR 7ii5s G.GO8T G. 0008 -G, 0098 G, a0657
NR 71174 G, 00483 ~0.0O0R 06,0044 0, 0025
NR 71177 83,0001 O0,017% -0.01461% -0,01
NR 71178 -0, 0033 ~0. 0075 0. 004 -0.0017
NR 71147 -0, O0R% ~0.0055 6.0155 O, 0086
General ~-G.G151 ~G. 003 G.GiB1
erfect
®* {gs)
* Significantly different +rom zero at G.05

probability Tevel,
s S'F tq.) i’g.qa' to_a; ‘0-0647‘
* B.E {gs) to.oms to.oar (G.017)
b B.F (S14) = to.ome To.as (0.0075)

W

G.1%, 0.02
0.078, 0.07

nnou

0,016, 0,022



L
T

Tahie IT cCostimates nf general ann specitic combining abiiity
effects Ffor 1000-grain welght
Boecific efftect (5, 40+ beneral effect
(Qii‘i"i'
Farant 22190 MOHGGETN T
R 71156 0,43 —Gi, B4 G. 025 ~L3, X7
MR 71174 -1.3158 F.11 G. Ob ~0. 54
R 71177 -1.165 1,127 i 28 S
NR 731178 .57 —Z.b63% —-{1, 54 Z2.54
Wik 71167 G, 541 {2 C G, GG .92
Benerai i-71 5,17 -i.885
effect
¥ g,
* Significantiy different from zere at 0.035
probability level.
-+ 5. {Qg} = i‘r_'a_osg fo_o: 3.4 = 3.9. &Hah
# Svi: {g_j} = tﬁ_an, tq,o; {i--}"' = 5:&4, qua
+ g'!‘—: ‘5._1) = i‘g_a:., ig_n; {quéi} = ?nGS; ?:'2‘:'
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Table 15 Estimates of general and specific combining ability
effects for protein

bpecific effect (S440+ General effect
Qs ) ++

Farent 2719A F&6004240 MAT
NR 71156 0.24 -1.052 0.812 -0.252
NR 71176 -0.57 ~-0.7487 1.322 -0.859
Nk 71177 1.53 -0.242 -1.270 -0.959
NR 71178 -0, 806 i.948 -1.098 0.825
NR 711467 -0.34 0. 086 G, 2482 1.245
Generai 0.47 0. 142 -0.612
effect
® Qs
++ S.FE {(gs) = tfo.omy toe.or (0.8%9) = Z.47, 4.1
» S.E ‘g,j = 'i:o,o.' tq_ol \.0145) = 1140’ :oé
+ S-E fs.,) = tp_“' i‘o_og ‘0.?9} = ?-10' 2-9
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Tablie 14 Estimates of general and specific combining ability
effects for grain yield
Speciftic effect (5., + General ettect

Qe 7 ++

FParent ZZ154A MAO047H FAT

Nk 711536 20Z2.27 i30%9.26 —-i611.92% -474.03

NR 71176 -50.53 ~-330.73 381.27 ii4.86

NR 71177 -170.50 ~-%6H.31 Z266.81 $99.29

NR 71178 -442.75 -439.06 881.81 192.06

NR 71147 361.52 -543.15 81.63 37.82

General 358.29 i1.30 -{05 .60

effect

* (g,i

- Significantly different from zero at 0.05 nrobability

jevel

++ B.E (ge) = to.omsy tao.ox (282) = H72, 1113.2

* B.E (gs) = to.omy to.ox (329.6) = 1048, 1925.0

+ BJE (#35) = to.omi to.os (867) = 1427, i988.0
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influeniial maie and female parenis, respectively.
However , ithe higest positive s.c.a valiue was
ohtained for hybrid H600428 »x WNR 71156 which gave
the highest woean grain yielod among the hybrids
{(Oppendix 11,

The highesi wmean heterasis was obtained for
grain yieid (Z4.84%) and lowest {(=7.7%4) for Days to
0% flowering (Tabie 173, Heterosis for individual
crosses expressed as percentage increase or derrease
nf hybrid mean caver  the mean of the superior parent
{(ASF) nr, the mid—parent {4 #MF)} is presented in
Table 17, Foih ponsitive and negative heterosis were
ohtained for all the characters. Estimates expres—
sed ac LBF  were cenerally, emaller than correspon—
ding estimates expressed as ZMFP. It 1s more meaning-
ful fo compare ihe F, wvigour with the superior
parent ratrher than the mid-parent, shce this gives
an estimate of improvement made.

in Tabhle 17, heterosis on this basis is expressed
for yvieid in twelve out of ihe fifteen F. lines.
Tt is interesting to note that the highest heterosis
for grain yield (74.21% GF, 170.057%Z FF) was exhibi-
ted by hybrid 77154 x» NR 71178 (yield Rank &,
Appendix 1T} and hailh parente are relatively Jow in
grain vielrd {(Appendix Table 1) bub are good general
combiners (Tahie 14).

For protein content, most of the hyhrids were
iower than their superior parents as indicated by
ihe many wunfavourabie inegativel heterosis., The
nighest favourabie heterosis was exhibited by hybrid

FMAEGOATANR 71178 with vield rankina 17 (Appendix 17)



(2]
—

Jabie 17 Heterosis of hydbrids over superior (sp) and eid-parent (mpi for ail characters measured in this study
Cross Rank+ Seediing Days to 501 Plant height  Wumber of Head weight i000-grain
vigour lowering kernels/head weignt
{TAF) 1% SF) (THP) (% AP {TRF) (X 5P (TR (USP) (TAP (ISP (XRPY  {I5F)

2215h x BRT1ITA 7 RN -3 -6,80 -7.08 A1LR3 22,30 B3R 83.50 83,29 4b3B 11.8Y 20,35
AMI04ZH x AR7IISE 1 -40.00 -23.08 -4.88 -7.57 75,36 18,30 #0.35 40,00 50.00 AZ.77 0.83 8.3
AAS « NRTTI5A 15 -80,00 -51.8 05,27 1R -3,07  -5.76 36.77 43,86 43,75 55,33 -a.6D b 17
27158 « WRTi1T74 3 0,80 0,756 2836 10,47 4000 15,08 Z1.i8 45.87 16,23 &.17 .58 13,83
RaOOAZR « WRTIITA 31 70,83 000 1,73 -4 1.3 &85 3051 1513 137 S.Bh 5.9 Qi.d
fAT x RR71I74 §  -U.08 -i3.5%5 4,43 0.97 2640 5.07 37.5% 36,77 48,86 93,95 4.3 -L.4&Y
221%h x WRT1I77 -] 116 7103 -B.0A 10,52 7ARZ 35,10 -10.37 75,95 -iR.37 -L.b1 16.BF Z1L1T7
AAOOAZA x RRRITTT  F 5.26 2121 -7.A5  -H.48 32,77 iV.4d 2,77 14,17 01,72 W.BS L3 ATG
RAS » WRT1177 il 18,47 -13.58 -6 -3.B6 ZR.90 R0 5.45 R.J6 1,07 B.99 -10.26 5.9
Z7i5A « WRTII78 A LA 81Li8 7,75 <183 M847 40,09 20,05 46.86 6,18 12,47 35.93 485
Fo0047h x WRTIITR 12 8.57 20,83 -10.10 -i4.5% 75.87 25,03 -R.Z0 -2.30 15,79 SA.01 28,28 4.3
AT x ARTIITE 3 i5.25 17.65 -5.73 -i0.77 7536 13.74 50.03 T7Z.50 52.54 57.3 -5.93 -L.713
2715 x WRT1I8T 2 85,00 §R.47 -B.B1 -10.58 89,76 35,07 -1A.83 20,57 -3.A3 I0LBD 15,77 75,88
RAGOAZA x WRTIIAT 18 -86.51 -35.71 -5.48 -5.88 78,97 7,78 5.0 70,11 13,38 35.47 317 1188
AAS x NRTIi8T i3 -,73 -71,05 -7.4h 7,81 23.A7 7,59 35,39 45.96 59.18 71,10 -0.78 -0.57
fiverage heieresis (1) -2.7 7. 7% i3, dRie i5, 16w 74,574 §.bdEE

i+ Signiticani at 1T jevel of probabiiity
+ feans of qrain yieid are ranked from nighest (i} to lowest {i5}
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Shorter planis and early maturing plant types
were considered superior {o taller plants and late
maturing plants respecrtively. Except for hyhrid FAT
» NR 7115046 yield ranking 15 {(Appendix 117  all the
hybrids were talier than their respective parents.
Twelve ouwi of Ffifieen hybrids flowered earlier than
their superimor parenis, as 1s inpdicated by the
negative heterosis values. For seedling vigour,

seven hybrids indicated positive heterpsis.
Negative heterosis was expressed in two hybrids
for number of kernels/panicie and in ihres hybrids
for head weighi, Five out of fTitteen heterotic

values were negacive for the 1000-grain weight and

panicie Jengii. The highest heteroiic effect tor

b

i000—grain weight, (35.93% &P, J42.685% HFP)  was
expressed in hybrid iTh x 71178 wiih vyield
ranking A& (Hppendix 11). This hybrid also gave the
highest helerotic effect for grain yieid. Hybrid
Z7198 . NR 71178 had the third highest heterotic
vaiue (20.15% 5F, 48.84&7 MFY  for numiber of
kerneis/panicie while hyhbrid FA004828 x NR 71156 with
yvield raniking 1 {(Appendix 17}, gave the +ourth
highest heterntic values. For panicie lengith, the
highesi heteroiic values were +or hybrid FAT  x NR

71178 with yield ranking 3 (Appendix 11} and hybrid

FOEOOATANR » 71158 with yield ranking 1 (Appendix 117
had the +i+ih. A similar trend was recorded for

plant heighi and days io S0Y% flowering where highesi
neterntic eftrects For Phese characiers were
exhihited for the same hybrid (271784 x NR 7178) as

well as for grain yield.



—
-

N

Fhenotypic (ran’, genoiypic i{(rg)l and error
ire} correlations are presented 1n Table iB. ALl
the correlation coefficients determined were posi-—
ftive, while the rest were indeterminable, because
ihe vaiues were greater than 1. For phenotypic
correlation coet+ficients {rph), only number of
kerneis/panicie was significantiy correlated (F =
0.01) with grain vyield. Fercentage proiein was
nighly correlated (F = G.01) with 1000G-grain weilght
(ren = 0.90%9), and seediing vigour r an=0.455) .
Highly significant phenotypic correlations ((F =
0.01) were also obtained hetween seedling vigour,
100G~grain weight, with panicie length, while 10006~
grain weight, panicie lengith with days to S04 F]lowe-
ring followed a similar trend.

The genciypic correlation coefficient {rgl for
vield was highly significant (F = 0.01) with number
of kernels/panicie, and non-significant +or ajil
other trailits. Fercentage proitein was significantly
correlated (F = G.01) with 1000-grain weighit, seed-—
iing vigour, and non-signitficant wiih grain yieid
and plant heighi. Correlation beitween panicle
iengih with seedling wvigour, 1000-grain weight and
days to S04 flowering was significant at F = 0.01
ievel. The sirongest association was obtained tor
protein and 1000-grain weiaght {(rg = G.954), followed
by yvield and number of kernels/panicie {rg=0.573).
The error correlation coerficient for yield with number
of kerneis/paniclie (r.=0.5637) was highly significant,

{(P=0.01) meaning that these two characters are influen-—

ced by the same differenies of environmental conditions.



adie I8 benolyplc iry) and phenctvpic ir,e} i brarkets correlation rpséficients
are in upper triangis, srror correiation coeificients irad are in lpwer triangie

Seediing days tp 30 Fiant Ho. of

vigour % tiowering neight kernelsipanicie
Seetling P00 tih, 27 {0,047} i, G0}
vigour G177 3,633 4,00}
fiays to 55 4. 73R i.08 {- i i- 3
% fiowering : - -
Fiant ¥, 126 7. 0588 i.0% i- 3
nelgRt -
Ho. of kerpeis/gamirie  G,00i - - ii.00 )
Heag weight - - 9. 063 0. GUGR3
{G0-grain weight 0. 253% 4. Faee 0, 877kx 0. 604
Fanicle jength {i, AB0EE (,5354% {0, 78088 8,407
Proteip ikl ] T H g, 002 0. 3phEE -
frain visid ¢, andi 4,005 i, ShRkE

¥, t& genpte signiticant ai 0.0% and Q.01 propapility levels, respectively;
-, i~} dennie genatypic and phemotypic correiation coefficients greater than i, respectively,



Tanie 18 iCont'di

nead weight iotd-grain  Famizie Froiein brain yieia
wPight iengih i
feedling vigour i- {0,181 0,381%  (D.880%%  (D,004)
- 0,15 0,33 0.754 0,007
Days io 507 fiowering { - i0.304) 44 i9,50%& (- ) {0,003}
- G.i;? 5:‘;75‘ - C‘.ﬁﬁi
Flani height {3,0010 {3, 0950 {9,1200 {0,109 {9,013
- 5,038 3. i0i 0,045 0,014
Wo. of kernels/panicie i6, 0001 i5,002i {0,002 i- i i0,548) ##
008 0,002 0,003 - 0,523%4
Head weight 1,00 (- i {- 1 {- ] i, 001}
- - - 0,001
1000-grain weight - 1,00 {0,46%i%8 {0, 90%1%%  (0.000)
- IR IS T . 550 3,002
Fanicie lenqih - 0,5504% 1.00 { -1 {0,003
- ﬁ.wz
Protein % - - 0, 7704 1,00 i=- i
0.001
braip yield - 0,007 - 0,007 i.00

¥, ¥ depote sigmiicant ai 0,05 and 0,00 probability leveis, respectively;
-, i~} denote genoiypic and phenpiypic correiaiion coefficienis greater than 1, respectively.
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CHAFTER FIVE

DISCUSSTION
The significant differences observed among the
genotypes {(entries) for all traiits (Table 5) indicate
that an appreciable amount of genetic variation exists
among the eniries Ffor the ftraiis measured. This is
expecied since wide ranges 1n means were recorded for
most of the characiers. Falconer (1981) has pointed
ouib that the amouni of i1mprovemeni that can be made by
selection among e numbker oFf crosses depends on the
amount of variation beitween ithe crosses and on ihe
intensity of selertion since selection is ultimately
appiied to the crosses, in this study the hybrids
differed significantly for all the characters measured
therefore these characiers couid be easily seiected
for a breeding programme.
fnalysis of variance for combining ability gives
the relative importance of g.c.a or s.c.a effects to
the total genetic variability present in a population.
This serves as a useful tool fo plant breeders since
breeding methodoiogies may depend upon the nature of
gens action that controls a particular character
within a population.
in this study, Lhe present significant differences
for g.c.a variances for seedling vigour, days to S50%
flowering, plant heighi, head weighi, number of
kerneis/panicies and 1000-seed weight reveals fthe
importance of addiiive gene action in controlliing

ihese chararcters.




Percentage protein, orain vield, paniclie iengih
and seediing vigour were shown To DB under non-
additive gene 1intiluence since the maie x  {female
interaction mean squares were significant o these
characiers.

However, the relative contributions of ihe g.

imaie effecisi, Q; ifemale efferts) and .4 {(ma

[N
B

x Ffemaler effecis) to the total genetic vartability

present in a population remains pbhscwed until these
varimis variance components are partitioned. Lompo-—
nents of variance (Table 7) revealed that the female
effects were more inflwential than the male effects in
The sxpression of most characters in the hybrigds.
Anifarin {1%46%) reporterd hnilgher variance components
for male eftects +for all characters while Famiral and
Webster (1%580D) repnorted same Ffor grain vield. Beil
{1965) on the other bhand obtained larger variance
component for femals sffects for grain yvieid. Alld
autrnors aittributed Jarger variance components To nigh
ievel DFf genetic diversity of either the K-ilnes imale

parentsll or A-iline {female parentsi. An examination

of The @ean sQuares fOr comparisons among maie ang

Temale parents {(Tahle 0 showed that the male parents
were generally more diverse than the females. How—

ever, a study of variance compopents showed that the
g, ifemale) effects were more important than  the
Qs imale? erfects For most characters. Falconer
(1983} had earlier noited that the performeance of an
inbred jine 1is rcorreliaied with 1is pertormance 1in

crosses Lo some exient depending on how much of the
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variance is fdue to adrditive genes. It i1s thus likely
that oniy a small portion of the variation found among
the male parenis was additive.

Dihval iwal {(1977) reported that seed protein
content of F, hyhrid seeds 1in bread wheat, corn and
soybean 1s reguiated by genotypes of the maternail
parent rather fthan ihe hybrid endosperm or hybrid
seed. in this stwiy, the male component effect
aithough nnt significani, was more influential than
the female effect +Ffor this character. However , this
characier is under non—additive gene control as indic—
ated hy the significant males » femaies interaction
{Tabie Hl, and 1w g=,/65p ratio (Table 7)) and
nigh significant s.c.a effects {(Table 1i5). This
result coniradicis those of FMongo et al., (1988) and
Nanda and Rao (1980} who reporied predominantiy
additive gene action for this character, but tends to
support the findings of Rana and Flurty (1975) that
non—additive gene action was imporiant for per cent
protein.

Specific combining ability has been shown io
assume greater importance than Q.c.a on materials that
have been previously tested and selecied for g.c.a
{Sprague and Tatum, 1547; Kambal and Webster 19565;
Feil, 1960). The lines 1in ithis stwiy constituie eliite
lines among the Samaruy bDreeding stock and have
therefore been highly selected for grain yield over
the years. Thus the s.c.a portion of total genetic
variance was high and significant Ffor grain yield.

This resulit agrees wiih those of Nandanwanker and
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Chandak {(i984, iLazanyi et al. (1983} and PBhale and
Borikar (1982). On the contrary, Spivakov (1588)
reporied predominantly additive gene action Ffor this
trait.

The major emphasis in this study was For grain
yviein, A clioser look at the vyield attributes was
therefore worthwhile. Variance components (Table 7}
reveaied that although the mean squares +or femaie
effects were significant for head weight and numbher of
kernels/panicie ({(Table &) indicating presence of
additive gene effect, their estimates of g3, were
twice and seven times, larger than for g a. Thas
suggesis ithat the degree of dominance was higher +or
total performance than For its individual component,
indicating that these characters were more under non-—
additive gene infiuence. The 6Z%2a/6%n ratio
{Table 7} further contirms That panicie length and
grain yield were predominantly under non-additive gene
rontrol, while additive gene action predominated for
1000~grain weighi. Thus the inheritance of yield and
its components did not +Foliow the same trend as 1006-
grain weight was predominantly under additi ‘e gene
controi. Brain yield is a quantitative char .<ter, and
its expression is complex, based o the interaction of
a few tn many genes, alithouu) the inheritance of vyield
componenis may be e cher additive, non-additive or
hoth.

The ighh values oFf 63%a-/6°e ratio i >

obtained for plant height and days to 504 fiowering
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stress ihe importance of additive portion of genetic
variance 1in controlling the inheritance of ithese
characters. Simiiar results have been reported for
plant nheight (Sharma, 1980; Karale et al., 1984) and
days to 504 fiowering {(Kukadai et al., 1983aj;
bhandrasne Knarappa, 1987).

Although this experiment was designed to study
combining abiiity, information on heritabiiity 1is
usetful In predicting the relative importance of g.c.a
and sS.c.a. Narrow-sense neritability measures the
relative imporiance of the additive portion of the
genetic variance that can be transmitted to the next
generation of offspring (Fehr, 19873, A high value
for narrow—sense heritability therefore indicates ithat
additive gene action is importani for controlling the
character while a low value signifies non—additive
gene intdluence. Mloderate narrow—sense heritabiliity
vaiue would mean ©that both additive and non—additive
gene action are important in influencing the express-—
ion of the character, and that an appreciablie amount
of additve eftect exist for improvement.

The high estimates of nparrow—-sense heritability
cbtained for plani height, days to 50%Z fiowering and
1000—grain weight 1n this situdy supporis the high
E%a- /6% ratio earlier reported for these
characters and indicates that these characiers are
largely conirolliea bhy additive gene action. These
characters couid be easily selecited 1n a breeding
pProgramme since they are Tixaislie. High stimates of

heritability have also heen reporited by Basal (1971)
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for days o SUY fiowering and Finkner et ali.
for plant height,

Fioderate narrow-sense heritability estimates for
nean weight, seedling vigow, and number of kernels/s—
panicie indicate ithat an appreciabie amount  of
imnrovemant is  expected tihwrough selection since a
signil ficani amount atdiitive opeEneiirc VAriance i
present within the tptal genetinc variance for these
characters. For the economicalily important charac-—
ters, grain vigld and protein gquality, narrow-sense
neritaciiiiy wes low, PNMphasizing The 1Mporiance ofF
non—adgditive gens? actlon  and the environment in
controiling ihedr EXPr sl D . These charapcters
incidentaliy had npigh  cnefficients oFf wvariation

tApPenoi x ¥ othus jending credence to the fact that

2 and  was

pir

Tan

[T

mnst n+¥ the warlation was not  her
theretore due {0 genic interaction and ihe environ-
MeNT. .

The negative value nf heritability estimated for

grati vielld 1in Uhils study was simpiy considered as
iow. Negative romponents ofFf  variance have  Deen

reparited in grain  sorghum {(Jan-0Oro, 15773 Marquez-

a—

Sanchez and Hajlauer, 19703, They atiributed this to

L

A} Sample size

wssortative mating

El

1

F

c} Teficiency in the geaetic aodel

dil  linkayger and estimaies of actual zero values.
Estimates nf components of variance also depend on the
relative magniiude or  the mean squares in Tthe analy-—

sty which in turn depend on the degree of freedom
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{(Marquez-Sanchez and Hallauwer, i570). in this study,
the male » Female interaction mean square was of
ilarger magnitude than fthose for males and females for
grain yield, and heritapiliity was estimated using
variance components.

In an experiment such as this, heterosis is ihe
main attraction. As far as breeders fvor agricultur-
ally Important self—pollinating crops are concerned,
the maior consideration are, first, whether or not it
is possiile to obtain sufficient heterosis for chara-—
ciers of econpmic importance wunder condiibions which
also give high yield per wnil area of land, and,
secondiy, whether or noit it is possible to Fix such

heterosis in pure breeding lines {(Kraljevic-Ralalic

et al., 19786},
In ihis stwiy, significani heterosis was exiiibil-—

ted for all the characters except perceniage protein
and seedling vigouwr , as indicated hy the parent versus
hybrids confrast. Heterosis 1s expected since some
amount oFf genelic variaiviliiy exists between and among

-—

the parental lines (Table 5.

The highest mean helerosis was obdained for grain
vield (24.84%), followed by head weight (Z4.53%) and
then number of grains/panicle {(159.18%), Grain yield
has been ohserved Lo be the most heterotic character
in sorghum, closely +followed by number of grians per
paniclie (Kambal and Webster, 15465; ginqhana, 1986G) .

Feiernsis for grain yielid 1n sorghuam 1s  well
documented. Desal and Kukadia (1$85), Harer and Baput

{(1982) , ¥ulkaric (196850 all obtained the highesi



positive heiterosis af 1ih.H
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z
1974 and (65%) respectively for grain yield., This
compares favourably with the range (5.46-120%) of
positive heterosis pbtained +or this frait in this
sTuriy.
Frevipus studies with grain s=sorghum have also
shown heterasis +or other characters as reported tn

study. Doianl ang Chaturvedl 1i%78) raporited

F

this

———y

high heterosis for days tn 50% finwering, while Desai

¥ -

and Hukadia (Ii985) reported heierosis +or plant
heiaght. For head weight, Firads and Borikae (15845

recorded high positive heterosis {1§7%), while Perez
Cabrera and #Filier (1985} reported heterosis +or
panicie lengih and grain welght.

Rased on investigations on heterposis, 1t appears

that the factors +that contribute to grain vieldo
include 1000-seen weight, number of kernels per
panicie, panicie Jenght, greater plant beight, and
earlier Flowerinag since hybrids that showed high
neterosis for vield exhibited high heteroeis for these
traits. Studies on the sxpression of bvirid vigow 1n
grain sarghum in the linited States pf America have
shown that the main 1ncrease comes from  more grains
per plant {Buinby, 1%ATL). i was aiso supgested that

greater yield of hvorids may e atiributed to more

rapid cell division of the apical meristem, as with

in heterwvsis studies, the breeder iz also

interested in fthe amount of heterosis that can be

nseful for improvement. He i particuliariy interested

in that hyhrid combination fhat differs sigpnificantiy
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from ihe mean performance, oOFf the parents, ©the best
parent, or from ihe highest yielding commercial
varieiy. Farents of such hybrids are selerited for
their g or s.c.a, since thiee uitimate goal in a hybrid
programme 1s to invientity genoiypes which could excel
in their combbining ability.

in the present study, the F, vigour compared
with the superior parent (45F) was considered in more
details than with the mid-paent (ZUFP) since this gives
an estimate of ©the i1mprovement made. A simiar
approach was used by Fonseca and rFaitterson (1968), but
is herein referred to as heterosis rather than hetero-
bejtiosis.

It is therefore notewrthy that the highest
heterosis for grain vyield was exhibited by hybrid
T71F4 (high) x NR7I1I78 (highl, yvield ranking 4 (Appen—
dix 17} whose parents have high Qg.c.a effects for this
trait. This means a poriion of the s.c.a effect may
he fixable, therefore these parents could be seiecied
for their g.c.a in a hybwrid programme, since their
high g.c.a effect is retiected in ©their s.c.a.
Hybrids formed with female parents 22193 gave consist-—

-

ently high grain yield, ranking second, fourth, Tifih,

S«

and sevenih  (Hppendix 17). However, the high
effects for MAGGATAHA (low) w NR711S56 {iowd >
A thagh) % NR7T1IA7 (Jowl > FAT (Jow) x NR 71178

sixt

n

R

w

-
£

ey
£

N)

highl hybrids which were the top fthree hybrids in

"~
-

terms of grain yield, reveal the importance of genic

interaction for this character. Such cross combi-—

nations are nat likely Lo give good segregranis



but the parents could be selerited For their s.c.a
effecis. Theretore rrossing such "good lines”™ with
sunsequent testing and selection 1in hyborid combi-
nations, may e an effectiive breeding method.

Brain protein has been shown to be under non-
additive gene intiuence. Among the bybrids, hybrids
FiRT {lowl » NR 71147 (highl, HFH&H004748 (lowl x NRTLIT7
{nigh) were significanily higher in per cent protein
ithan the oihers, Thnis 1indicates that hybrids wiih
high percentage protein involved at least one high
general combiner. Since these hybrids are low yiel-
ding (Ranks 12 and 10 respectively, Appendix 11),
seleciion intensity Ffor this character among the
hybrids pust be Jow, wuniess the main objective of the
hreeding programae is for profein quality.

The predominance of npon—additive components of
variance and the high level of domipance +or grain
vield and proiein, impose some 1imitis on the progress
of improvemeni through direci selection +or these
characters., Tn such a situation, a selection pro-
cedure thal gives proper weight to related characters
DeCcOmESs RECPSSary Since this may cause a simul taneous
improvement in yield and quality. The success of this
stralegy depends Tto a Jarge extent on the pature and
magnitude of intercharaciter associations, and the
heritability ratios of the characters concerned.

Fositive sigoificant correlation (F = 0.01)
hetween protein with seeidling vigow and 1000-seed

weight at both genotypic and phenpotypic levels,
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impiies that selecting for more vigorous plants and
heavier seeds might increase the chances of improving
grain protein. Fositive correlation between 1000~
grain weight and protein, bhave been reported by
Abifarin (196%9.

The raither weak positive association between
grain yield with days to 50% flowering and plant
neight, suggest ithat shorter plant iypes or early
tiowering planits could bhe breed successtully to some
extent withoul offseiting grain yield,. Fercentage
protein, nead weight, 1000-grain weight, and panicie
iength all showed weak association with grain yield,
indicating that these characiers behave i1ndependent of
yield.

That number of kernels/panicle 1s the most influen—
tial characiter in grain yield is cleariy brougth out
by this study, as 1t was the only charactier so correl-
ated wikth yield. Several authors inciuding Buinby
{16701, Niehaus and FPicketi {19643, Fisher and
Kertisz (19767, Singhana (1580), Axtell {19815,
dimenez and Casas (19871 and Nandanwankar and Chandak
{i584) agree that numher of kerneis/panicie has the
greatest and most consistent effect on total grain
vield in sorghum. in this study, the herritability
eetimaied for number of kernels/panicie was moderate
sn  although the 62 a6 %o ratio Was 10w, an
appreciable amount of additive genetic variance exists
for this trait. Therefore, significant progress in
seleciing ftor grain vyield is expecierd wnen screening
segregations on  the hasie of npumher of kernels/-

panicie.



SUMMARY AND CONCLUSION

Fach of five poilen fertility restoring (R) JTines
was crossend onfto three male steriie () lines to
obtain fifteen F, hybrids. The nyobrids and  their
parents were grown at two locations with two rows esach
randomised four times. The loss of an experiment at
one location limited the analysis to one location thus
piasing the result to an unknown extent.

iLine x tester procedure was used to estimate ihe
g-c.a anti s,.c.a variances among ine F, hybrids. The
iinear model assumed for this analysis inciuded; an
effect due to the g.c.a of an A-line, an effect due to
the g.c.a of an R-iine. an effect due to the s.c.a of
the male 1 female interaction plus an effect due fo
random error.

Bignificant differences among males were observed
in their g.c.a for plani height and 1000-seed weight.
The females differed significantiy in their g.c.a for
days to S04 flowering, plant height, head weight,
number of kernels/—-panicle, seedling vigour and 1000-
seed welght. Significant variation +For s.c.a were
obtained +For percentage protein, panicle length,
seedling vigouwr and grain yieid.

Fvaluation of variance components 63 - /6%
reveaied that most characters were more under the
influence of non—additive effect of genes except for
plant height, days in 50X +lowering and 1000-seed
weight.

The following values were abtained for estimates

of narrow sense neritabniiiiy; seediing vigour
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{82.58%3, days to 3GE +iowering (853,
%), number of kernelsipanicle (56.55%), head
weight {63.5646%), iGG0-geed weight {(77.28%), and
panicie length (Z7.319%), percentage protein {i5. AR
grain yvieid (~33%},.

Wide ranges in means were recorded for most of
the chaeracters, Grain wvieid ranged from 1887.78-
5329.40 kgrha while percentage protein ranged from
A.4H406-14,43%. Hybrid means were generaily higher tnan
the means of the parents except for the characters
sepdling vigour and days to SGE  fiowering. The
greatest average heterosis was obtained for grain

vield {24.84%F JFollowed by nead welght (Z4.53

*

numer of kprnels/panicie (190187, pilant height
{i3. 45}, 1000-grain weight {F.64%5, panicie ienght
i, rdays to DUO¥ {fiowering -7.7%4), =esdling
iy, and least Ffor percentage protein

For individual hybride, hybrid 22150 » NR71178,
which were foth good general compiners {or  grain
vield, gave the highest positive heterosies value
(783,714 BF ang 1Z56.574 #MP). Hybrid RSOG4Z2A x WR71178H
gave the Mmighest positive heterosis Ffor percentage

protein {(3G.F4% GF, 56.204 FF).

e

Values for the general response p¥ parental Jines
as expressad in hybrid rombinations indicate that for
grain yield, Jines {NR71I7B} and {2219AQ) are parents
witih good g.c.a and are expected to perform well wien

inclunded in most  hybrid programnes, Fased on the

specific combining ability effect, and the per se ,
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prmance of the hybrids, nybrids BAOGAZHA x

L
SN
b

—
ry

F2iTH » NRYIISET  ann FBT x NR71IITE which were the top

Pl
-
"1
M
m
o
[
]

yhrids, anfd vigided betiter than the highest

ielding parent could be selected as superior hybrids

~

for grain yieln. Duperinr specific combiners  for

oA ——

perrentage protein were FPHGGATH » NATIITE)  andg PGT R
NR71167.

Fer cent protein was significantiy correlated

3

—

with msesdliing wvigour and 10G0-—grain weight, whiie
grain yield was significantiy correlated only wiih

number of kernelis/panicie.

The results in this stuwdy indicate that most of

tne characiers measured in this populiation inciuding

grain yield, were more under non—additive effect of

+

genes. SHelection of inbrerd fines ¥o he used in hybrid

-

programmes shoulda e on the basis of specitic combi-—
ning abtliity of the lines. Unce spme high yvielding

nyorids are ideniiftied, they could Then De capital i sed

]

on, in fuwrther testing and seliection, +or the develop-
ment of hybrid grain sorghum. Owing to the signific-

ant genptypic rorrelation beitween grain yield and

23k, 1t 1is

ot
W

number of kerneis/spaniclie irg =

conciv-bded that seliecting plant types  from  Ehis
population that produce Jarge number of seeds/head
would increase the possibility of obhtaining iines or

hybrios with high vield potentials.
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