EVALUATION OF SUNFLOWER INBREDS FOR
THEIR COMBINING ABILITY
BY LINE X TESTER ANALYSIS

A. C. SHANKARA

DEPARTMENT OF AGRICULTURAL BOTANY
UNIVERSITY OF AGRICULTURAL SCIENCES
BANGALORE
1981



EVALUATION OF SUNFLOWER INBREDS FOR
THEIR COMBINING ABILITY
BY LINE X TESTER ANALYSIS

A. C. SHANKARA

Thesis submitted to the
University of Agricultural Sciences, Bangalore
in partial fulfilment of the requirements for
the degree of
MASTER OF SCIENCE (AGRICULTURE)
n
AGRICULTURAL BOT ANY
"Bangalore July, 1981



U. A. S. BANGALORE
'UNIVERSITY  LIBRARY

5 SEPI9BI

acc. Noa 1065
CL. NO. ot snsrsaresomomsn




Dedicated to

Late Dr. X. M. D. Nayar



Department of Agricultural Botany
University of Agricultural Soiences
ore

CERTIFICATE

This is to certify that the thesis entitled "EVALUATION
OF SUNFLOWER INBREDS FOR THEIR COMBINING ABILITY BY LINE X TESTIR
ANALYSIS" submitted in partial fulfilment of the reguirenents
for the degree of MASTER OF SCIENCE(AGRICULTURE) in AGRICULTURAL
BOTANY to the University of Agricultwral Sgiences, Bangalore, is
a record of research vork carried out by Mr.A,.C,Shankara, under
my guidance and supervision and that no part of the thesis has
been submitted for the award of any other degree, diploma,
associateship, fellowship or other similar titles.

Qiq,,tbv;;
(A.Seetharam)
Asgociate Co-ordinator
July , 1981 (Minor Millets and Geruplasm llounuum)
APPROVED BY:
Chairnan: M a Llwqiiici:i - —
-
Members ¢ 1.
(G.Shivashenkar)
(.{. v g a
Muﬂ

5. bow Mw?%/

(H.N,Venkataramu)




ACKHNOWLEDGEMENT

It is my pravile-ge to express my deep sense of
gratitude and sincere thanks to Dr.A.Seetharam, M.Se(Agri),
P, D(IARL), Associate Co-ordinator(Minor Millets and Germplasm
Mobilization), ICAR and Chairman of my Advisory Committee for
suggesting the interesting problem, his able guidance and
constant encourageament throughout the course of this study.

I am grateful to Dr.G.Shivashankar, Frofessor of
Agricultural Botany; Sri.S.S5,5indagi, Project Co-ordinator
(Sunflower) and Sri.M,N,Venkataramu, Junior Statistician(Sunflover
and members of my Advisory Committee for their construotive
oriticisms and reviev of the manusoript.

My thanks are also due to Pr.K,Giriraj, Senior Sunflower
Breeder, Sri.B.T,Shankare Gowda, Plant Soientist(Ragi) and
Sri.D.Sudhakar, Research Assistant(Dryland Agrieulture), for
their co-operation in my study and reviewing the manuseript
eritically.

I thank Dr.K,G,Shambulingappa, Geneticist(Sunflower)
and Mrs,P,Kusuma Kumari, Research Assistant(Sunflower) and
other staff members of Sunflower Scheme, for their co-operation
rendered during my study.



I am thankful to Mr,.H,Dayakara Reddy, Mr.A,.Vittala Raya
Kini and other P,G,Students and staff of the Department of
- Agrioultural Botany, for their co-operation, I thank
Mr,Kenchaiah and Mr,Chickegowda for their help during my study.
My sincere thanks are also due to Mr.N,V,Srinivasa, for neatly
typing this thesis.

I am also grateful to the authorities of Indian Council
of Agricultural legearch, far the financial assistance during
the course of my study,

1 an very muoch indebted to Sri,.M,Aswathaiah, Sri,F.K,
Subramany Swamy, Sri.N,Nandappa, my parents, uncles and sisters
for their lively company and encouragement during my study.

)

Bangalo .
July 2‘\!{.1901 (A.C, Shankara)



) 94

11

V1

Vil

GONTRNIS

IilLE
INTRODUCTION

REVIEW OF LITERATURE
MATERIAL AND METHODS

EXFERIMENTAL RESULYS

l, Analysis of varianoe for
parents and orosses

2. Hetervsis
3. Oombining ability varianses
4. Combining adility effeots

DIBOUSBION
SUMMARY

o0 e

L LR

a



4

15

16

L1232 OF TABLES
212I%

Meteeor-ological observations during
the exparinental period

Analysis of variance for ten
charseters in sunflowver

Mean valuss for different charasters
under etudy in respest of hytwrids and

Hetexrosis in respeet of number of
days taken to 50 per oent flowering

Heterosis in respest of plant height
Hetorosis in respest of stem girth

Heterosis 4{n respect of eapitulum
dianster

Heterosis in respest of plant yield
Hetercais in respest of volume wveight
Hetercsis in reaspect of test weight
Hetsresis in respect of hull content
Hetervosis in respeot of oil content

Heterosis in respeet of oil yield
per plant

Variences due to general and specifie
oombining ability

Genaral coabdining abllity effects for
feaale and male parents

Specifie combining ability effeets
for the hybrids

.0 e

e e

60

o0

a8

(2

[ X X J

see

[ X X ]

2 &3 AU B5& ¢

N
=

&



INTRODUCTION




I. INTRODUCTION

Sunflower (Heliauthus snnuus L.), a memder of the
fanily Compositae (Asteracese) is sn important oil seed orop,
ranking sesond in the world produstion of edidle oil., It s
believed to have originated in Mexico and Central Ameriea, dut
undoubtedly its domestication as an oil seed orep vwas first
started in USSR {n early part of nineteenth century. However,
with the development of varieties in Russia with high seed
yield and oil potential in 1960's, its cultivatien has spread
40 other continents. In the year 1980, sunflover was grown
over 11,81 aillion heetares in various parts of the vorld and
USSR alone acoounted for 39 per cent of tetal verld preduction
(Anon., 1980). The developaent of sunflower hybrids in early
1970's in Franoe, Romania, and USA has further incressed its
scope and importance in the world edidle oil trade,

large soale cultivation of omtlohr in India as &
source of edible oil vas started in 1972 vith the introduetion
of high ylelding Russian varieties. The oultivars EC.68414
(Peredovik) and EC,68415 (Armavirskij-3497) vere found suitable
for our country and is growvn presently in many states.

Being essentially a oross pollinated orop, it exhibits
heterogencity vithin the varietal population. Frior to the
discevery of oytoplasmic male sterility by lIselereq (1966),
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the breeding was mainly to develop superior populations
folloving the methods of population breeding. Nevertheless,

in recent years there is shift in breeding technigue from
population improvement to heterosis breeding by way of develop-
ing single eross hybrids. Iybrid sunflover is preferred over
presently grown open pellinated varieties in viewv of their
homogensity, uniformity and imparting stability to the production
Besides, hybrid swmflowers are more self fertile, thus showing
enhanced seed set and seed filling (Seetharam, 1980, 1981). The
value of hybrids in sunflower production wvas recognised long
back in many countries particularly in France, Romania, USA

and Canada and the first commercial hybrid was released in
France as early as 1969.

In heterosis breeding progranmes, the knowledge of
relative role of general combining ability (gea) and specifie
combining ability (eca) for quantitative charsoters influencing
yield and its components is very necessary in seleoting the
inbreds as parents for the production of superior hybrids.
Sprague and Tatum (1942) defined ‘god as average performance of
a2 line in several hybrid combinations and ‘sca’'as the effects
in certain specifio combinations which significantly deviated
from 'gea’ on the basis of average performance of the line involve
The line x tester analysis is one of the simplest and efficient



methods of assessing combining ability ef large number of inkred
lines, This method has been followed in sunflover and in many
other erop plants (Miller and lLee, 19643 Murthy gt al., 1967;
Shankere Gowda, 19703 Sindegi, 19725 Setty and Basudeo Singh, 1977)|

The present study is sn atteapt to assess the utility
of 22 promising indred lines as parents in the heterosis breeding
programme by line x tester analysis, Sixty six hywrids, produced
by eressing 22 inbreds with 3 testers, were studied for their
eonbining ability and extent of heterosis for important yield
and yield attributes. The ebjectives of this study vere!

1, To assess the general and specific conbining
ability of indreds and to esticate the extent

of heterosis in respest of yield and yleld
attridbutes.

2. %0 identify superior inbdreds for further
utilisation in the produstion of hydrids and
.,RM‘.Q

Y. To understand the gens astion foar various

quantitative charasters.
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Il. REVIEW OF LITERATURE

As sunflover is an highly oross pollinated orop, it is
ideally suited for exploitation of hybrid vigeur, In the
past 3~4 deocades the improvenment in this erop was mainly through
BMags selection and recurrent seleotion procedures which resulted
in the development of populations, S8ince 1970 more exmphasis
is being given to the development of hybrids and this has been
possible dus %o the discovery of oeytoplasmio-genstio-male _
sterility in this orop. The first step in the development of
hydrids is the seleotion of parents (inbreds) with good nicking
abiiity., Of the several methods availabdble to assess the
oondbining ability of inbreds; line x tester analysis is ons
vhioh is simple and efficient, In literature, there are not
many reports on the utility ef lime x tester analysis in the
study of eombining ability and hetercsis of sunflover indbreds,
The follovwing reviev is an attempt made to oompile all the
pertinent literature availadle in this area,

A, Sopbining abllily

In the study of large number of inbreds and their top
eresses vith the variety Sunrise at Maniteda (Canada) by
Russel (1953), it vas revealed that correlation ccefficients
between days to flowering, plant height and head diameter



of indreds and same characters in the top orosses were
positive and highly significant, But there was no relatien~
ship between the 10 plant eharmcters vis., yield of inbred,
leaf area, plant height, days to flowering, days to maturity,
stialk diameter, head diameter, rust rating, vigeur rating and
per eent lodged plants of the indbreds and sombining ability
for yield in top orosses.

In the study of top orosses vith I‘ and I, inkreds,
Sehulse (1960) obeerved in the pregenies, a fev vith good and
others vith poor eombining ability in respest ¢f seed yield,
1000 seed weight and oil content, As some progenies gave
Righer yield than that of the test variety, he eoncluded that
the top oross method should be used for the produstion of
hybrids.

Nttt (1966) observed signifioant genersl eonbining
ability and speeifis oombining ability effeets for seversl
charasters, BNetinates of GOA variance were greater than SCA
varianse for days to maturity, dushel wveight and oil eontent,

Kovaoik and Skaloud (1972) in a 4-parent diallel eross
obdserved the significant differenses in gea fer plant height
and seed yield per head, A high sea for seed yield per head
and oil eontent wvas shown by eombinations of lines derived from



Rusyne~9 and Slovenskasiva, The ratio of variability
ecaponents of goa and soa was 119,64 for seed weight per head
indicating that suitable hybrids rather than parental lines
should be seleoted, But it vas opposite in the ocase of
earliness vhere corresponding ratio wvas 111, In another study
Kloosowskii (1972) obtained positive correlation betveen gea
and yield, This vas oonsidered valusble in developing high
yielding synthetic varieties, ’

Klimov (1972) studied 30 Soviet varieties by poly-ercss,
top eress and diallel oross methods, Goed goa was found in
Voronesh-151, Ohakinskif-269, Chernyanka-66 and Enisei and
mediun goa in the more commen varieties ineluding Peredovik
(Yangusrd ), Armavirsiij-3497, VNIIMK~6540 and VNIIME-1646,
vhile VNIIMK-8883, VNIIMK-8931, Vostok (East), Vympel (Pemmant),
Smena (Change) and luoh (Ray) all had poor goa.

Anaghshenko and Roshkova (1974) made a etudy on
comdining ability for seed yield in sunflower. Out of 39 lines
evaluated, the highest goa was shown by K,2140 ef Australia,
Good soa wvas shown by the Russian varieties Sputnik, Zarys
(Davn), Voskhod (Asoent), Saratov-2114 and K,2080 from Iraq
and K,2171 from Romania,

High GCA for seed yield in such varieties as Armavir-1813,
Chernyanka and Sputnik was observed by Anashehenko gt al. (1973).
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Iyalyushicin and Sharova (1975) at Meldavian Experimental
Station, observed that lines setting less than 50 per cent ef
seeds on selfing, generally had a higher gea than more |
autegamous forms. An evaluation was made on 150 lines for goas
35 per oent of the 1'1 hybrids obtained, exceeded VHIIMK-1646
in seed yield by 3~9 o/ha,

Kostyuohenko (1976) erossed eleven lines with six
testers and estadlished a direst corxrrelation bhetween the yield
of lines and their respective top-eroes hybrids. HNigh yielding
1ines had high goa for yield.

Setty and Basudeo Singh (1977), in a line x tester
snalysis invelving 10 indbreds and 2 open pollinated sunflewer
varieties studied various economio charagters and found that
gone astion for flowering, head diameter, seed filling, hull
content and seed yield was predominently non-additive but it
vas additive for days to 75 per cent maturity and plant height.

Burlov and Buntovekii (1978) in their study with 8 lines
obnrvoﬁ that gea for seed yield and oil yield per heotare
depend more on environmental conditions. While it was not so
for oil content, The lines 04,2586 and K,395 had high gea
for most oharacters and were promising.



Kevacik and Skaloud (1978) established 4ifferences in
oombining ability for plant height and achene yield from the

data recorded on a vide renge of oharacters in parental lines
and hybrids.

Manjunath (1978) studied the genetics of some quanti~

tative oharaoters in sunflower. Analysis ef data frea Fy, F,,
BO,, B0, frem a 10x10 diallel oross study  has revealed that
dozinant x dominant gene aotion wvas more important than dominant
gone astion for days to flowering, leaf number, lemgth and

breadth, stem girth, ratio of head weight to seed yileld, 190 seed
‘\M.ghtmdmdmmporw. But, the reverse vas true
for plant height, head diameter, head weight and seed yield.
Doainent x dominmnt was more important than sdditive x dominent
gene astien for days to maturity, dut deth were equally important
far petiole length., Epistasis was important fer ray and brast
aumbder and oil ocontent, In general, over dominance was
prevalent and dominant genes had positive effeets.

Studies made by Rozhkova (1978), in the sunflower
colleotions revealed that 19 per oent of the lines had high goa.
Three testers proved signifiocant to determine the soa of the
lines studied.

Roshkove (1978a) in her another study determined gea
of 64 varieties and various inbdbred lines by means of tep erosses



using 4 testers. A line from variety Sputnik showed high gea,
as 414 18 other forms, inoluding Peredovik ulushshemnyi (Improved
Vanguard) and a line from the variety G-22, Some reeiprooal
differences in goa were found and the line Zhs-17 gave more
heterotic progeny when used as female rather than male,

Sudhakar (1978) observed significant soa effects only
in seven out of 27 top oross hybrids for some of the charaoters
studied like seedling height, days taken to flowering, stea
girth and plant height. Among females Krasneodorates, RM.62,
HS,5% had good goa effeots. Non-additive gene sction wves
predoninsnt for seedling height, plant height, days to flovering,
sten girth, head diameter, days to 75 per cent maturity, numnber
of filled seeds, volume weight and test weight, whereas gense
sstion vas additive for number of leaves, plant yield, hull
ocontent and oil eontent,

Alekseov gt al. (1979) determined the goa of short
stemmed indreds by top orosses vith the tall Majak and Zenit
and the short Donskoi niskoroslyi.47 and Chernyanka-66., High
goa for seed yleld was shown by suoh hybrids as 3/9%, 3/102,
4/1%, 3/11 and also by Ohernyanka-66.

Sindagi ¢t al. (1979), observed that the nature of
gene agtion wvas predominantly additive for the characters
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studied in a line x tester ansalysis involving 11 inbdred lines
and 3 open pollinated sunflower varieties. Among females

~8,~RE=-234 and 83-69874-91 were good oomdiners for ytoid and
yield ocomponents, while 82-161 proved to be the beat combiner
for oil content, hull content and test weight, OCrosses
5,-145-1/64 x Morden, 83-69874-91 x Romson Record and
S,=415-2/151 x EC,68415 gave high soa effeots for the number
of filled meeds, yleld, hemd diameter, oil oontent and test
veight,

B, ligteronia

leteroeis is inoreased vigour of the F; of a cross
over the mean of the parents or dbetter parsnt, Various
hypotheses have been advanced to explain the phenomenon of
heterosias, According to the most accepted hypothesis,
doninance, over dominance and epistasis (inter-aleliic
interaction) all aoting together produce heterotio effect.

Habura (1958), studied heterosis for yield and yield
attributes in 100 orosses of sunflower and found heterosis in
25 hybrids only, with respect to growth and oil ocontent,

Kovacik (1959 and 1960) made several inter-varietal
orosses and observed that seed yield in rl obtained was higher
than that of both the parents and the extent of inorease ranged
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from 1 to 20 per cent, Differences were also observed with
respeot to o4l content, but only a few hybrids exoeeded the

parents. The F s were more vigorous and flowered earlier
than the parents,

Kurnik and Zelles (1962) while comparing the progwies
fron selfed and oroased seeds, observed that plants froa
orossed seeds flowered 3 days later and they were 18,7 per cent

taller, 4.2 per cent higher yielding and 10.8 per cent higher
in 1000 grain wveight,

Popov and lasarov (1963) developed inbred lines froa
high ylielding varieties and reported that a&ng;o oross and
top oross hydrids exseeded their parents in oil eontent and
seed yields, Soms inter-varietal hybrids exceeding their
parents in seed ylelds were also obtained,

Neagu and Catrina (1965) offected direot axd resiprocal
orosses between Timigara lines ocharsoterised by high seed
production. Out of 18 Fys studied 4 shoved heterosis for
seed veight per plant 10 for seed yield per heotare, and 6 for
oil esontent, lMoat of the hybrids matured 1-2 days earlier

than their respeotive early parents and 1-~5 days earlier than
the standard variety VNIIMK-893%1,
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Schuster (1964) made studies on heterosis and inbreeding
depression in sunflover hybrids and ohserved that, mors than
S50 per oent of the hybrids in their study exhibited heterosis
upto 47 per ocent over the best population, Heterosis for
seed yield vas upto 70 per cent in 32,8 per cent of the hybrids
and 18 per oent of the hybrids showed heterosis for kernsl
psroentage and oil content respectively.

Heterosis for plant height and seed yield was observed
in a study of 8 sunflower hybrids by Putt (1966). Soerbdas
(1966) obtained inter-varietal hybrids with low husk eontent,

Crebenjuk (1967) in a study of ways of using inbred
lines of sunflower in breeding fer heterosis, observed heterosis

in interline hybrids for yield upto 54 per cent over standard
variety VNIIMK-1646,

Kloosowskii (1967) eompared inter-varietal hybrids with
interline hybrids for various qualitative and quantitative
oharagters, le observed higher heterotic effeets in inter-line
hybrids than inter-variesal hybrida.

Kloozowskii and Kolodsiejozak (1967) asompared interline
am! line x variety hybride with 4 cheoks. None of the hybride
vere earlier than standard variety Borowskii. Interlins
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hybrids yielded better than chesks., A fev hybrids equalled
the oheok varieties, Feredovik and SBmena in oil and kernel
percentage,

Vranceanu (1967) effeoted 125 and reoiprocal single
oroases by artifioial hybridisation between 83-84 inbred lines.
27 hybrids gave heterosis for seed yield ranging froa 9 te
28.8 per cent over the best oheck variety VNIIME-8931, The
best hybrid had oil content upto 63,5 per ocent which was
3.2 per cent more than check variety,

Yulpe (1967) obtained 118 single eross hybrids using
nale sterility and fertility restoration systems, of vhioch
33 gave higher seed yields than VNIIMEK-8931, Out of these,
2 hybrides gave maximum inorease 30 to 35 per cent for seed
yield; 81 per oent gave higher o0il yields and 101 had higher
oil oontent than VNIIMK-8931, Maximum inorease was upte
8 per oent in 3 hybrids for oil content, Heotolitre and
1000 grain veight vere greater than the control in 58 amd
76 hybrids respectively, In general, the hybrids were dwarf
with thick stems and matured 8 days earlier than their parents.

Gundasv (1968, 1968a) reported an inorease of 20 to
30 per cent seed yield; upto 40 per ocent oil yield more than
the contrel VNIIMK~-8331 in the interline hybrids. By the use
of male sterile lines, Vranceanu and Stoenescu (1969) in a
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diallel eross observed 7 proaising hybrids shoving heterocesis
for seed yield and oil content to an extent of 78 per cent and
13 per oent respectively. These hybrids out ylelded the
standard variety Record by 24 per cent in seed yield and

31 per oonti?on content. In another study, Vranceanu snd
Stoenesou (1976) observed an inorease of 14 per oent more oil
in one of the hytride than the standard variety Heaord,

Shuravina (1969) gompared the line x variety hybrids
with the parents for sugar, oil, protein, and phosphorus
contents in the seeds, The oil content in the oross 19 x Majak
was 49.4 g per 1000 kexnals wvhile the parents had 29,0 and
41,7 g 04l per 1000 kernals respectively, Inter-varietal
hybrids between cultivars with high oil contents were interaediate

Vol'F (1969) reported that interlins and top-cross
hybrids showed marked heterosis for high oil eontent. Velkov
(1970) oonoluded from his studies on the F, and I, generationsthat
the ocharacter plant height was controlled by dominant gene
astion and had marked heterotic effect in all the hybrids.

Neagu (1970) while studying the performance of soas Fy
hybrids between mutant sunflower linss, observed that the
hybrids had faster growth rate and 23 hybrids were earlier by
1 to 12 days than their earlier parents. In 28 hybrids, ylelds
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vere between 118 to 245 per oent of the control value., Of the

quantitative ocharaoters studied, the plant height showed high
heterosis.

Heterosis for plant height, ashens yield, and oil
content in the hybrids derived from the lines of Russian,
Polish and Canadisn origin was observed by Kloosowskii (1971).
Heterosis was upto 10,4 per cent and 13 per cent for plant
height and oil oontent respectively, T™he hybride yielded
almost double as compared to parents,

Iagleroq (1971) observed an yield inoreass of 12 to
40 per cent over standard Peredovik by a hybrid developed on
tho' bagis of genetic male sterility.

Stoyanova ¢t gl. (1971) 4in a study involving 192
stabilised inbred lines and 140 ¥y hybrids showed that |
Mid-parent heterosis ooourred in respeot of plant height and
oil ocontent upto 29 per cent and 5 per cent respestively.

Vicentini (1971) reported, that the hydrid prodused
by orossing aninbred line of high performance vwith genetic
msle sterile line, surpassed the oheck variety Record by
24 per cent in seed yield, lHeterosis for this ohziraotor was
as high as 78 per cent. .-

J£
- UNIVERSITY OF AGPICULTURAL SCIENCES,

UNIVERSITY LipnAmy ‘ [\I(] 0 Q 3

GKVK BANGALURE-560 085,
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Kovacik and Skaloud (1972) have also reported heterosis
for yield, sise of seeds, head diameter and plant height.
Pogorletskii (1972) observed low hull percentage in one of tho‘
hybrids derived by orossing 4 cytoplasnic sterile lines with
lines heterosygous for sterility (Helianthus annuus x H.juberoaus).

Klocsowskii (1972) obtained achene yields of over
30 quintals per hectare and oil yields greater than 10 quintals
per hectare in the ’1' from experiaental orosses, representing
heterotic effeots of 90 to 100 per oent for seed yield, In F,

achene yield and oil ocontent were dropped by 20 and 4 per cent
respectively,

Shuravina (1972) erossed 7 cultivars with high and
10 wvith lov oil ocontent with two testers having high oil content,
Half the hybrids exceeded the parents in seed weight upte
2% per oent, those with the greateat inorease excoeeded the
parents by 46 per cent in the seed yield, some hybrids also
shoved reduction in husk ocontent, three hybrids exceeded the
higher parent in oil oontent by 2.4 to 2.6 per cent and the
standard by upto 3.7 per oent in protein ocontent. In another
study with 21 hydrids, 16 displayed hetcmal; for seed weight
upto 39 per oent and for seed yield upto 20 per cent over the
tester. But all the hybrids had high hull eontent and lov
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oil content, In another ctndyuiu‘la hybrids obteined dy
erossing inbred lines, 14 showed heterosis in seed weight
upto 90 per cent and yield inoreases upto 34 per cent, 7Ten
hybrids had a reduced husk ocontent and 3 excelled both parents
in o4l content upto 4.8 per cent.

In a study of interline and variety x line hybrids by
Vol'? and Dumacheva (1972), it was observed that 10 to 20 per cent
of combinations vere promising in hetercsis for yield, Heterosis

for seed yleld was more strongly expressed than heterosis for
oil content,

In & study of F, hybrids obtained from a full diallel
oross involving 8 inbred lines, Pogorletskii (1973) observed
heterosis for stea height, head diameter, 100 seed weight,
nunber of seeds per hesd, oil content and yield, Different
degrees of dominence vas showed for tallness, large head, high
oil oontent and high yield.

Vranceanu (1973) and Vranceanu g% al. (1973) 4in the
trials of hybrids based on lines observed 13 to 21 per oent
higher yield anmd 1 to 2 per cent higher oil ocontent than the
oheck variety Rescord, In snother study a total of 12 hybrids
vere assessed of whiech lS-12, 16 and 17 were 16 to 19 days
earlier than Record, H8-52, 39, 55 and T3 were slightly earlier
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than this variety and gave higher yields, The hybrids HS,53,
52, 12 and 3% had high oil content than the check variety.
Hyvrids were highly uniform vith reapeet to their height.

Changes in the fatiy seid content in the oil adwring
hybridisation was obeerved by Ermakova and Popova (1974). They
oompared 4 hydbrids showing heterosis for yield with their
parental forms. The seed oil of Peredovik 12 x Chernyanka-66
and Smena x SL Armavir-1813 contained more linoleio acid than
that of both the parents and the oil of Armavir 1813-081 x
Chernyanke~66 contained slightly mare oleio acid than that of
both its parents,

Fiok and Zimmer (1974) in a study involving four
restorers vis., RHA,271, RHA,273, RHA,274 reported that hybrids
have higher o1l ocontent and also yield 2 to 31 per cent nore
seed then Peredovik, In another study (1974a), they effected
eross between 4 male-sterile lines vis,., HA.285, HA,286, HA.287,
HA,289 vith 2 testers vix,, RHA,2680 and RHA,282. Five of the
hybrids whioch vere tested gave an average inoreased yield of
77 per oent above the variety Sundak.

Semienchuk ot al. (1974) developed an hybrid Debalk G 104
in Argentina, whioh exceeded in oil yield per heotars by

30 per cent, besides maturing 4 to 7 days earlier,



Turchi (1974) made orosses between introduced varieties
and looal in Kenya and observed an inorease in seed yield over
the loocal parent and redusction in oil percentage compared to
introduced parent,

Harinarayana gt al. (1976) observed that in a spontaneous
self-ocompatible mutant the perosntage of filled seeds after
selfing ranged from 25 to 56 per ocent as against, 0 to 8,5 per oom{
in self compatidble lines, In hybrids from orosses bdetveen
self inocompatidle and aoif-—oompatibh plants, the filled achenes
after selfing ranged fxrom 0 to 83 per cent with a mean of
48 per cent compared with means of 40 per cent and 6 per cent in
the self-compatible and self~-incompatible lines respectively.

In the study of some charasters in oil swmflover
Kloosowskii (1975), observed heterosis for various compeonents
of yield. Mean heterosis for achene yield was 43 per cent in
inter line hybrids and 18 per cent in line x variety hybrids.

Stoyanova and lvanov (1975) observed heterosis for
oil oontent in the !‘1 from interline orosses. The hybrids
sxneeded the mid-parental value by 1,2 to 6,7 per oent in oil

content. But no heterosis ocoured for protein content,

Stoyanova gt al. (1975) observed that out of 2500 -
interline hybrids studied in Bulgaria, some 90 per cent had
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marked heterosis, but only 3 per ocent exceeded ths staniard
Peredovik in oil yield per heotars. For protein content many
of the hybrids were close to the low protein parent.

Several promising hybrids have been bred recently by
Voskoboinik and Soldatev (1975) in USSR, notably MS,257, M3,353
and M8,127, vhich exceeded the standard VEIIMK-8931 by 18 to
30 per cent in seed yield. Also promising was MML-{I obtained by
oroseing mutant lines whioch exceeded VNIIMK-8331 in oil yleld
by 13 per oent,

Vranceanu (1975) while discussing the theorctiocal and
prastical problems on the use of heterosis in suflowver,
lpggoltod that consideration be given to the inheritance of oil
ocontent and it wvas suggested that in breeding for high oil
content, varieties of VNIIMK type should be used although they
do not give high degree of heterosis vhen intercrossed,

Gorbachenko (1977) prodused 520 P}, interlins,
variety-line and inter~varietal hybrids dy diallel orosses
between short and tall varieties. He ebserved that the highest
Yielders were observed by orosaing short lines, families and
varieties vith the variety Chernyanka-66, The best hybrid 3/102
yielded upto 30,7 quintals per heotare. The best 1'1 hybrids
vhich had Donskoi-niskoroslyi-47 as the short parent gave 15 to
24 per cent higher seed yield than the better parent.
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Top oross hybrids were produced between 30 Russian
varietios vith 35 testers by Klimov and Ermoshin (1977). Of
the hybrids studied, 26,3 per cent showed, 10 to 2% per cent
heterosis, 50,1 per oent showed 1 to 9 per oent heterosis and
rest shoved no heterosis for seed yleld.

Kovaoik and Skaloud (1978) in a study of combining
ability observed considerable amount of hetercsis for achene
yield, schene aise, oapitulum dismeter and plsnt height, Heterosid
was not observed vith rsspect to earlinsss and oll yield.

Pasusei and Alba (1977) while evaluating the hybrids
and commercial varieties of sunflower as & main crop and as a
catoh orop in Italy, observed that some hybrids gave higher
yields than the best variety,.

Seetharaa g% al. (1977) obtained 8 hybrids By erossing
4 oytoplasnic male sterile lines and 2 restorers. The hybrids
shoved signifioant positive heterosis for days to flover, plant
height, head sise, test weight, eil content and geed yleld,
Heterosis was non-signifiocant for stem girth and nuszder of
leaves. The best hybrids BSH-1 and BESH-2 gurpassed the cheek
variety EC.68415 (Armaviriski] 3497) by 30 per cent in seed yield

Skorie (1977) observed that 4 single oross hybrid
varieties derived from N3-RM yielded 25 to 30 per cent more
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grain yield and were earlier, shorter and more resistant 4o
disease than Peredovik and VNIIMK-893%1, Two hybrids had
approximately 3 per oent higher oil content,

Voskoboinik (1977) using the lines derived from Soviet
varieties wvith high oil content and lines from USA, France,
Remania, Argentina and Canada produced 320 inter-line hybrids.
Seme of them out yielded the standard Peredovik by 10.7 to
33.8 per cent. The single inter line hybrid 5 (485 x 1485)
out yielded the standard dy 14 to 1% per centy and the hydrid
OP8-1870 exnoceded Peredovik by 15 to 20 per cent in seed yield,

Yulpe (1977) produced a series of asingle, double and
three wvay hybrids in Roaania utilising male sterility and |
sompared them with Lecard, All the hybrids were earlier and
shorter and had larger flover heads, 1000 seed weight and yields,

. Bunndt g% al. (1978) found that the doudble and three
wvay eross hybrids vere similar to single oross hybrids in seed
yield, eil content and oil yield., Heterosis for oil content
vas 3 to 10 times less than that for seed yield and oil yield.

Reshkova (1978) observed that eleven erosses out ylelded
the standard wvariety Peredovik dy 12 to 23 per cent,

Singh gt al. (1978) while studying the heterosis in
intervarietal crosses ebserved that the variety EC,93611-1
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produced good hybrid if used as male parent, P 21 M8 x E0,93611-1,
EG,27638 x EC,93611~1 and EC,27631 x EC,96311~1 were superior

to the eontrol varfety for seed yield, numder of filled seeds,

100 seed weight, The first two of these orosses were supsrior

to the better parent in seed yield,

Sudhakar (1978) 414 not f£ind heterosis over the best
parent in top oross hybrids for sny traits atudied except for
number of leaves in only one oross, Considerable heterosis
vas obeerved over mid-parental values for the characters studied,
Magnitude of heterosis over mid-parental values vere upto 41,351
and 51,92 per cent for plant yield and oil content respestively.
Hybrids showing higher magnitude of desirable heterosis also had
better mean performance in aany of the eharssters.

Inter}ine hybrid MI~3 (NA 234 x BK 66) was develeped
using eytoplasmic male sterility by Voskoboinik (1978), I%
maturel in 97 days, 3 days earlier to Peredovik and reeorded
e height of 190 om as against 203 om in Peredovik, It ylelds
33.% and 16,7 quintals per hectare of seed and oil respectively
indioating 4.4 and 2,6 quintals per hectare more than Peredovik.
Anether early hymatosq wilci: ripens in 9% days and reaches
an height of 159 om and seed yield of 29,2 quintals per hestare.

In oomparative trials of native and fereign sunflover
hybrids Vratario and Krigmanie (1978) observed that eut of
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26 hybrids ten surpassed the two standard varieties in achene
yield, Only one hybrid surpasséd VIIIMK i{n seed oil content
vhile 4 414 so in oil yield, Dedio (1979) while studying the
performance of sunflower hybrids in Canada, observed that the
hybrids yielded 79 per oent more than Peredovik, In a trial
of 4 hybrids at four sites the hybhrids ylelded 20 per cent more
than the open pollinated contrals, At Altona, in large scale
field tests, they out yielded Saturn by about 15 per cent in
1977 and upto 60 per cent in 1978,

Eleotrophoretic analysis of proteins vas used by
Zagsharskii (1978) as a method of seleeting parental pairs in
bréodinz for heterosis. Eaoh variety has its own speoifioc
protein fraotions. l’1 hybrids had all the protein fractions
of the parental lines., The greater the number of speeifio
fractions in the parental forms, the greater vas the heterotio
effeot in the hybrids, | |

Alekseev gt al. (1979) concluded that the intervarietal
hybrids between the short and tall testers proved proaisings
the bdest for seed yleld wvas Donskoi niskoroslyi~47 x Chernyanka-66
In respest of o0il yield, the best hybrids were 4/8 x Majak,
4/13 x Chernyanka=-66 and 3/95 x Chernyanka-66.

Frank (1979) observed that male sterile line HR-0 has
go0d combining ability giving hybrids wvhioh exceeded the contrel
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VNIIME=6540 by 4 to 47 per cent in yield and 48 to 53,68 per eent
in o4l content,

Gorbsshenko (1979) msde all possidle orosses between
the tall Majak and Zenit and the short Donski-niskoraslyi-47,
Chernyanka-66 and Karlik-68, The hyurids showed heterosis
for seed yield and o1l yield, The most promising vere hybrids
involving Donski niskoroslyi-47. In the dest Wldl. seed
yield vas 15 to 22,4 per ocent higher than in the better parent.

Rosoriteleva and Beletskii (1973) studied genome
plastoms interaction and the effeet of mutant plastome in
different genetic baok grounds on heterosis in sunflover. They
observed that the mutant plastom effeoted heterosis for oil
ocontent, husk ocontent, plant height and 1000 seed weight,

Vranceanu and Stoenesou (1979) in their study on
heterosis in single, three-way and doudble oross sunflower
hybrids found that all types of hybrids had siailar values fer
seed yield, quality oharaoters and days to flowering., Differences
in height vere apparent, the three way and in partioular double
oross hybrids vere taller. Comparis-on wvith the parental
lines showed that average levels of hetercsis vers similar in
eash type of hybdrid.
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II1. MATERIAL AND METHODS

The experimental aaterial eonsisting of 91 entries -~ 66
t0p erosses and 22 feamals and 3 male parents - wvas sown at
Gandhi Krishi Vignana Kendra, University ef Agrieultural Soiences,
Bengalore during kharif 1980, The experimental bdloek had red
sandy soils vith a pH areund 6,0, The monthly rainfall
average Aaximwa and aininum temperature, relative hunidity and
sunshine heours that prevailed during the experimental miod_ |
are presented in the Table 1,

A. Matsriala

22 Hungarian inbred lines were used as female parents
and three verieties as testers. The female lines wvere 256,
260, 263, 263A, 266, 269, 270, 272, 273, 276, 277, 278, 264,
266, 288, 289, 290, 2904, 292, 294, 296 and 298, The
three testers used in the study wvere Morden, EC,68415
(Armavirisikij=3499) end Canadian genepool.

B, Methoda

Croasing tashniguat The seeds of inbred lines and testers were
sevn separately at Jandhi Krishi Vignana Kendra, Bengalore
during June 1979, A solution of 100 ppm Gibberellic aseid was
used for induwoing male sterility in the inbkred lines. e
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method suggeated by Seetharas and Kusumakumsri (1975) feor
inducing male sterility by the application of 0,5 ml GA., at the
star bud stage consecutively for two days was followed, |
Pollimtion of the treated plants by the foreign pollen was
avoided by sovering the heads with cloth bags., Controlled
hand pollination was done by eollesting the pollen from the
tester parents, In all 66 hybrids vere produced by erossing
22 inbred lines with 3 testers. |

C. Iavout

The minely one entries (66 hybrids, 22 lines and 3 testers)
were sown in a randomised ocomplete bloock design with 3 repli-
oations, Kaoh entry vas raised in 2 row plots with a rov
length of S meters. The spacing maintained was 50 om detween
rows and 30 om detween plants, The hybrids and parents wers
randomigsed separately dut grown in contiguous plots. As
regards manuring 30, 90 and 60 kg of nitrogen, phosphorus and
potash respectively per hectare as the dasal dose was applied
and another 30 kg nitrogen pexr hectare as top dressing vas
applied 35 days after soving, The other package of practices
reocomnended for irrigated sunflower were followed to raise
the orop.
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D. Sampling and obssrvationa

Six plants vere tagged at rsndos in each treatasnt in
8 replication for resording detailed observation on the follewing
eharssters. |

1. Nugber of davs taken to SO pex oent floveringt: Number of days
taken for the opening of ray florets in 50 per cent of the total
plants was recorded, |

2. Plant haighst Height was measured at maturity in ea frem
the base of the plant at ground level to the point of attachment
of capitulum,

|

S. Samm_girtht Dianster of the stem at the first dasal node
vas measured in om with vernier ea lipers,

4. Capitulum disnetert' Piameter of the eapitulun was measured
at the maximua width of head in em. |

S. Xlant visld: The filled seeds odtained after threshing were
dried and the weight was reecordsd in greas,

6. Yoluas waight! Weight of a lmown velume of (200 ml) seeds
vas taken ag oriteria and this vas recorded in grans,

7. Zagt veightt One hunired seeds were separated fron eash
treatment and {ts weight wvas recorded in grams,
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8; Hull gontgnt: Fifty seeds were dehusked in each treatment
by hand and the weight of husk to the total seed weight
(huskekernal ) was expressed in percentage,

9. 241 content: Oil content was determined with the help of

20Pi minispec NMR (Nuolear Magnetic Resonance) speotrometer that
vas available in the Sunflower Projeot, University of Agricultwral
Seiences, Bangalore, This instrument gives direet value of

0il econtent in the seeds that were previously oven dried.,

10, 941 yield per plant: Data on oil content obtained under
iten 9 above together with seed yleld per plant (itea 5) was
used to work out the oil yield per plant and it was expressed
in grams, VWhile c¢caloulating oil yield, 10 per cent of the
veight was deducted from the seed yield as moisture content
and it was ealculated as follows.

011 yield lant _ 90% of seed yield/plamt _ Oil
yhelg e it . () VB 1 T aeeds

E. Analysis of variange for parents and hybride

The mean of each replication far the above said ten
charaoters recorded for hybrids and parents were subjeoted to
statistiocal analyeis and the variances due to different sources
were worked.



ANOVA Table for parents and hybrids

— e e
Replication (r=-1)

Treatnents (t=1)

Parents (p~1)

Parents vs Crosses 1

Crosses (ag-1)

Iines (£-1) My
Testers (m=1) ¥,
Iines x Testers (n~1)(£-1) My
Error (¢=1)(r-1) My
Total (tr-1)

vhere, r = nunber of replications
n = nuuber of male parents (testers)
£ = nunber of female parents (inbred lines)

F. Combining ability analvels

Expected mean sum of squares are not available for
modified line x tesier analysis., So the mean of each
replication for the above said ten ohlfntcrn recorded for
hybrids alone vere subjected to line x tester analysis and the



32

variangse of gensral comdining ability (GCA) of the parents and
specifis comdining ability (SCA) of the hybrid combinations were
vorked out based on the proecedure develeped by Kemptherns (1957).

ADVA Tadble for eombining ability

Expested mean sum of

Souree a.f. M88 squares

Repliocatien (r=1)

Crosses (ng-1)

Iines (£-1) My  cRer Oov0rs)-2 Cov(H8)e
mr Cov(HS)

Testers (m=1) My 2ep Cov(¥8)~2 Cov(HS)e
£y Oov(HS)

Iines x Testers (a=1)(g=1) My g2or Cov(P8)-2 Cov(HS)

Errer (r~1)ne-1) ¥, &2

Total (nfy-1)

vhere, r = numbder of replications
® = nuaber ¢f male parents (testers)

£ = nunber of female parents (indred lines)

Cov(PS) = ocovarianse of full sibde

Cov(HS) = covarianse of half side

.

Fron the expestations of mean sum of squares, covarianse

of full sids (PS) end covariance of half sibs (HS) were estimated

as follows!



(M =Mg) o (M, =N;)
cmiamo(ns).:l-'%-‘-.—ﬂﬁ—ﬁ—

oM Yo(M =M, Yeo(M M ‘
ovartanse(re) « A NN | 6 or(ndorteonentiis

Varianoce dus to G0A = Qov(HS8)
Yariance due to 3CA = Cov(F3)-2 Cov(HS)

After estimating Cov(H3) and Cov(FS) the GCA varianse
of lines and testers and SCA variance for the hybrids vere
estinated as shown delov!

GCA variance for lines = i'-b-

GCA variance for testers = Eﬂ&

-M
8CA varianse for hyhrids = 5;—‘

vhere, Nlnﬂmmotuqnm-&ntctmhl
lauﬂommothulrndmtonho
ll,.!lanoun of squares dus to females x males

l(‘ = Nean sum of aquares due to error.
Estimation of sapdhining ahility sffeots

The model used to estimate goa and sea effects of 1ijk
observations wvaas

Ij = fa s gl ¢ gd v eL) o el
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whers, A = pepulation mean
gl = goa effoot of 1'D female parent
&3 = gon effeet of 33 mnle parent
81] = sea effeet of 13 ocombinatien
i = nuober ef female parents
J = number of male parents
k = nunber of replications,

The individual effests vere estimated as indioated
bolov?e

a) ldness gi = 3has - Zeas

where, Xi.. = total of 1“ female parent over all male parents
and replicatiens.

b)Tcﬂm:u-%-%

vhere, X.j. = total of J'® male parent over sll female parents
and replications

Spesific combining ability effeots

by o B - e By B

vhere, Xij. = 1) combination total over all repliestions.

The standard error (SE) pertaining to goa effeet of
male and females) and soa effeots of different gombinatiens
wvere 6aloulated as delows
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#8004 for foaales « | ERSZTACINS

SE GCA for males = \/Mglum

= oo IW

o
@, Abbroviationa used

goa = General gcondbining adility effects.
sea = Zpecific combining ability effectes,
GCA = Varianoce due to general eombining ability.
9CA = Variance dus to speeifis combining ability.

H, Estimnstion of leterosis

The over all mean value for essh parent or hybrid fyrom
all the three replioations for eash charaster vas taken for the
estination of heterosis, Heterosis over mid-parent, higher
parent, best parent were couputed. Heterosis wvas caloulated
as the pereentage inorease or decreass of mean rl performanse.

z

»,-HP
1) Above mid-parental value = —hz— x 100

»,-HP
11) Over that of higher parental value = -b-— x 100

y,-2?
111) Over that of best parental valus = —4p— x 100
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NP = Mid-parental valuet For eash sharsster studied the
airthaatic aean value of two parents involved in
the oross wvas taken.

HP = er perental value: For each eharaster superier
ue of the two parents in eash eross was taken,

BP = Best parental value: For each charsster studied
the best value among 25 parents involved in the
study vas taken,

The folloving standard errors were used to test the

signifiocance of heterosis.

M, o
ax(ur) and SE(BR) = [t

vhere, » the error mean sum of square.



EXPERIMENTAL RESULTS




IV, EXPERIMENTAL RESUIYS

The results of the present study on Heterosis and
combining ability in sunflowver involving 66 top erosses,

22 inbred lines and 3 testers are presented under four broad
heads.

1l. Analysis of variance for parents and orosses.
2, Heteroasis.

3+ Combining ability variances.

4, Combining ability effects.

1. Agalysis of variance for parents and orosses

The ANOVA showing the mean sum of squares for the ten
characters namely nunber of days taken to 50 per cent flowering,
plant height, stem girth, capitulum diameter, plant yield,
volume weight, test weight, hull content, oil content and oil
yield per plant are presented in Table 2, The mean value
recorded for the above characters of both crosses and parents
are presented in Table 3,

Significant block effects were observed for all the
charaoters exoept number of days taken to 50 per cent flowering
and plant height. lMean sum of squares for treatments were
highly signifiocant for all the ten charaoters. Treatmeant mean
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sur of squares wvas further partitioned and the varianses due

to parents were found highly signifieant fer all the charaoters.
Mean sum of squares dus to parents ve crosses were significant
for number of days taken to 50 per cent flowvering, plant height,
sten girth, plant yield, volume weight, test weight, oil content
and oil yield per plant. Varianee due to orosses was signifi-
eant for all the sharacters; while variance due to lines vas
signifioant in seven out of ten echarasters exeept in yield per
plant, test weight and oil yield per plant, Differences detween
testers were highly significant for all characters exoept volume
veight, Varianoe dus to line x tester intersction was found

t0 be highly significant for all the characters except stea
girth and sapitulun diameter,

The msan sun of squares due to testers wvas of higher
lunliudo oompared to those dus to lines or line x testers
exoept in the case of volume weight and thereby indicating
greater diversity among male parents compared to female parents.

2., Heteromis

Heterosis was studied for all the ten characters under
"study. The mean values of rln were ocompared vith the wvalue

of mid-parent (MP), higher parent (HP) and the best psrent (BF)
end the differences were expreased as peroentage heterosis and
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the data are presented in Tadble 4 t0 15. The results obtained

in respest of various oharacters are presented below.
2.1, Bugher of days taken to 50 per ecent flovering

The line wvhioch flowered early among the lines inoluded
in the study vas considered as the bdest parent. The inbred
line 286 (55,33 days) among fewmales and Morden (55,33 days)
among aales vere the earliest (Tadle 3). The hydrid 284 x Morden
vas the first to flower amng hybrids (55,00 days).

Thirty eight out of 66 hybrids exhibited negative
heterosis over nid-parental value ranging from -0.28 to -8.74
per ocent and in 26 hybrids it was signifioant. The extent ef
positive heterosis ranged from 0,26 to 14,46 per ocent and in
18 hybrids it vas significant. The hybrids, 265 x EC,68415
and 290A x 0,68415 4id not show any heterosis over mid-parental
value (Table 4).

Fourteen out of 66 hybrids showed negative heterosis
ranging from =0,60 to -8.06 per cent over higher parent. But
only in 8 of thenm it wvas significant, Fifty hybrids showed
positive heterosis of which 26 hybrids exhibited significant
differences., Extent of positive heterosis wvas from 0,50 te
19,88 per cent. Only 2 eut of 66 hybrids did not show heterosis.
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Only one hybrid 284 x Morden flowered earlier than best
parent and the extent of negative heterosis was -0,60 which
hovever was not significant, Two hybrids did not show any
heterosis., Remaining 63 hybrids flowered later than best
parent and the extent of positive heterosis was from 0,60 to
21,68 per cent, but only in 51 hybrids it was signifiocant,

Crosses between earliest male and female parents did not
result in early flowering hybrids.

2.2. Elant helght

Line 259 (161.2 om) was the tallest among the female
parents and EC,68415 (178.7 om) was the tallest among males,

The hybrid 276 x E0.68415 (184.2 om) was the tallest among the
hybrids.

Fifty out of 66 hybrids showed poil.tivo heterosis
ranging from 0,59 to 39.27 per cent over mid-parent values
(Table 5), of which only 16 hybrids showed significant positive
heterosis, The remaining 16 hybrids showed negative heterosis
over mid-parent values ranging from -0,06 to -20,66 per cent,
Only one hybrid (289 x EC,68415) was significantly shorter than
its mid-parental value.

Forty four hybrids out of 66 showed negative heterosis
over higher parent ranging from =0,67 to =30,55 per cent. But



47

-

*queo Jod T 48 FURCTITUBTSus

*jueo Iod G 3v JUVOTITUT (G,
00°0 16'8  #x21°02 T00dBU3y X Q62 ST~ SV T~  4B80°2T SGIVE9°0R X 962 »x81°62- 22°0 ¥9°¢  uepIoy X 962
£S5V -  60°F 89°Tt toodeusg X ggg %0 e- w09~ 6v°2  GTI¥89°0% X 962 xxB9°¥S- ¥IG-  G0°'T uepaoy ¥ 962
89 - LT1°2  l2°tT 100daven X 62 ¥9°¢-  ¥9°¢~.  69°IT GIYE9°0T X Y62 8L°8~ #x9T°92 #»G¥°82 USPION X ¥62
€6°¢T- 91°9- TL*0- Ttoodsusy X 262 65~ 65y~ 06  GTIVL9°0F X 262  #18°6T- 68°T- 16°S uspIOY X 262
65°g- L9*0- 6¥°y  Toodeuep Xyp6Z (A 16°6~ 26°0~ STY8Y°DIX Y062  #86°8I- 6¥°I- ° 16°9 uepIoy Xy062
[4: 324 26°¢ #9721 T100dewmesn X 062 0°9- ¥0°9~ 9T°Y  GIVBI°OX X 062 «xSP°¥2- 21°9~ 650 uepIo X 062
wOF°L1-  ¥6°6- 18°0- T00dousp X 682 »xGS 0L~ xaGS°0E~ ¥x99°02- GIVE9°0T X 692 #x¥0°62- 0€°G- 98°T- UOPIOY X 682
1L°9~ Lt 68°L tToodeusy X ggz ¥9°T1T~  $9°TT- LV°2- GIVSI°0F X 892  «S€°LT- 2L°1 676  uepioy X 982
({4428 L¥*9 ga8t°P2 tToodousy X ggg ¢z 1~ £2°1- «x06°61 SI¥89°pa X 992 £6°G= »416°¥S #xl2°6{ UGDPIOY X 98T
6V°CT-  L9°G~ ¥2°1 1oodeuen X g2 €€t L- 65 L~ Le*S  SsT¥89°od X Y82 80°6- 90°6- LL*6 uepIoy X ¥8Z
#9C°LT~- 88°6- 98°1 Toodsusy X QLg <9~ 65°C~  4£6°2T STIVE9°0Y X 8L2 4xTL°B2- 66°0 66°1 UBPIOR X 8L
€6°CT- 9T1°9- 85°9  Toodeusy X L2 ST*¥T- ST°VI~  21°T  G1¥89°07 X LLZ ,«92°82- 18°2 682 vepIoy X LL2
26°TT- 96°¢~ 9L°6 Toodeusy X gLZ 80°% B0°C  #xGT°22 GIVB9°0H X 9LZ  #ZV°6T- #LS°ST #2€°9T WODIOR X QL2
#82°91- 2ZlL°g- §6°L- Toodousy X GLZ  H#SP°OT~ «GFP°9T-  2ZT°CT- STIPEY°0F X GLZ ¥6°S-  BL°Y #al2°0T URpPIOR X GL2
r<°6- 9T°T- «90°ST 100dausy X 2.2 i5°2- L8°2~  #BY°LT STVRY*OX X 2LZ #x(6°L2- €6°C s8°9 uspIoy X 2LZ
#69°81- GL°T1- 2§°¢- Toodeuwep X QL2 £€9°0T~ £9°0T- L0°T ST¥B9°0F X OLZ #x90°2€~ . ¥9°IT~ £€°L- wWeDPIOl X QL2
«099°22- #89°¢T- GU°G- Toodousy X 692 LY°T11~ Ly°1T-  6e°¢  STPB9°0T X 692  #69°6T- $9°21 «68°CT UOpION X €92
#e89°G2- 4L6°8T- 68°8- To0deusy X g9z 66°L- 66°L~ SY°L  SI¥89°0d X 992 aeTL°L2- 08°1 10°¢  UepPWR X 992
90°g- ¥2°0 19°9  1oodeusy Xy¢gZ st°1 13 A% O £L°CT STVB9°0y XvE9Z SS°¥I- L6°S  W#0L°CT uepIoy X¥Y(92Z
1$°6- "“r- 62°T1 Toodeuey X (g2 09°%T~ 09°FI- 90°C~ SGIVBI°HA X €92 #a19°C2~ G9°L 69°8  uspIoy X (92
#T9°ST- 66°L- 91°$ toodeusy X 09z 16°6~ T6°6~ £2°L GT¥99°0% X 092 xu68°€2- SI°6 §8°6  wWepPIOY X 092
«8$° 8T~ 22°TI- 9¥°01- reodousy X gGg S 21~ 2¥°2T- 08°L- STVE9°0H X 962 w#ab2°GZ- #49T"LI- ©96°9- UuUSpIOR X 9C2

i« Zoao om.«naohomnz sess0Ip a T840 omquoo.uomm: ss@soxg HMopb owmmuoég se880%9

1PN ywtd Jo

s10adseX UF STEOISIOR °$ OTARE

-



48

only in 5 hybrids namely 256 x Morden, 275 x EC.68415,

289 x £0,68415, 266 x Genepool and 269 x Genepool, it wvas
significant, The remaining 22 hybrids showed positive
heterosis ranging from 0,22 to 34.91 per oent of vhich the 3
hybrids vis., 276 x Morden, 286 x Morden and 294 x Morden were
significantly taller than their parents.

Sixty three hybrids sut of 66 showved negative heterosis
ranging from -1,2% to ~-%2,06 per oent over best parent ef whioh
in 28 hybrids it was significant, Two hybdrids namely
26%A x EC,.6841% and 276 x EC,.5841% shoved positive heterosis
vhich however was not signifiocant and the hydrid 298 x Genepool
d1d not shov heterotic effect fer height.

The female line 286 showed significant positive
heterosis in ecomdination with all the three testers over
aid-parental value,

2.%. Ster girth

Iine 275 (2,47 on) and EC,68415 (2,40 on) had the
highest sten diameter smong females and males respectively.
The hybrids 263A x EC.68415 and 266 x E0,68415 recorded the
highest sten girth (2,2% ea) among the hybrids.

All the hybrids exoept two 2904 x EC,68415 and
2904 x Genepool showed sither significant positive or negative
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heterosis over mid-parental valuss, MNineteen hybrids showed
significant positive heterosis ranging froam 0,93 to 7.69 per ocent,

Forty five hybrids showed significant negative heterosis ranging
froa ~1,0% to -20,58 per cent (Tadle 6)

As regards heterosis over higher parent, 57 hybrids
shoved signifioant negative heterosis ranging from ~1,50 %o
«235.75 per oent, 8ix hybrids showved signifioant positive
heterosis ranging from 1l.45 to 4,99 per oent, Three hybrids
vis., 294 x Morden, 292 x Genepool and 294 x Genepoel 4did not
shov heterosis.

All the hybrids showed signifieant negative heterosis
over dest parent, The extent of negative heterosis vas =9,72
t0 =%4,01 per cent, |

Out of 66 hytrids six hybrids (namely, 276 x Mordem,
294 x EC,68415, 286 x Genepool, 288 x Genepool, 290 x Genepool
and 296 x Genepool) showed signifiocant positive heterosis over
unid~parental value and higher parent,

2.4. Sapitulun dianmeter

The line 275 had the highest capitulum diameter (17,3 om)
among females and :0,68415 had the highest capitulunm diameter
(18,4 on) among pollen parents. The hybrid, 263 x 3C,68415
recorded highest capitulum diameter (17.6 om) among the hybrids.
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Of the 66 hybrids studied, 49 showed mgatin heterosis
over mid-parental values ranging froa =-0,64 to ~19.41 per ceant:
however in 46 hybrids it was significant, The remaining 17
hybrids showed positive heteorosis from 0,61 to 10,69 per cent
(Tadble 7) of whioh in 12 hydrids it wvas significant,

As regards, higher parent and best parent heterosis
all the 66 hybrids showed highly nimiﬁoaﬁt negative heterosis,
the extent being -2,31 to ~24.42 per ocent over higher parent
and =4,35 to =29,3% per cent over dest parent,

2.5. Elant yield

The line 275 recorded highest yield (45,60 g) smeng
the females and E0,68415 (47.58 g) among the msles. However,
the high yielding hybrid (49,32 g) involved the parents 263 and
EC, 68415,

Twelve hybrids out of the 66 shoved positive heterosis
over the aid-parent value ranging from 0,44 to 43.358 per oent,
hovever only in 7 hybrids it vas significant, The hybrid
265 x EC,68415 recorded higher significant pesitive heterosis.
Fifty three hybrids shoved negative heterosis of which in 45
hybrids it was gignificant, The extent of heterosis ranged
frem ~2,09 t0 =47.72 per oent (Table 8), One nybrid
263 x Genepool 4id not show any heterosis.
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Only one hydrid 263 x EC,68415 showed positive heterosis
vhioh hovever was not significant over higher parent., Sixty
four hybrids showved negative heterosis ranging froa -5.00 to
=49,88 per ocent over higher parent,

8ixty five out of 66 hybrids showed signifioant
negative heterosis over best parent ranging froa -6.79 to
=54.94 per oent, One hybrid 263 x EC.68415 had shown positive
heterosis dbut the value was not significant,

The 1line 263 performed better showing positive heterosis
in comdination with Morden and significant positive heterosis
in combination with EC,68415 over mid-parent value, It also
shoved positive heterosis over higher and bBetter parent in
combination with £C,.68415 (Table 8),

2.6. Yolume welight

The line 275 (79,86 g) and Genepool (74,53 g) had
highest volume weight recorded among females and males
respectively, The hyhrid 290 x EC,68415 had shown highest
volume weight (85,47 g) among the hybrids.

Torty out of 66 hybrids showed positive heterosis over
rid-parental value ranging from 0,16 to 18,54 per cent of which
in 22 it vas significant, The remaining 26 hybrids recorded



o

negative heterosis ranging from -0,81 to ~12,42 per ocent; and
in twelve of thea it was significant (Table 9).

Twenty four hybrids showed positive heterosis over
higher pmrent, and in 7 of them it was signifioant, The
extent of heterosis ranged from 0,81 to 15.81 per cent., The
remaining 42 hybrids shoved negative heterceis ranging from

«0,71 to ~16.44 per cent, dut in %0 of them only it vas
eignifioant,

Four hybrids showed positive haterosis over best parent
ranging from 0,18 to 7.02 per cent of which one hyhrid
(290 x EC,68415) was significant, Sixty two remaining hybrids
shoved negative heterosis ranging froea -0,16 to -18,57 per ocent
and in 52 of then it was signifioant,

Iine 296 performed detter with all the three testers
®y giving positive heterosis over aid and higher pareantal
values, Idme 260 in oombination with EC,68415 and Genspool
showed significant positive heterosis over mid-parental value
and positive heterosis over higher parent,

2.7. lent velcht

The line 289 had the highest test weight (4.97 g) smeng
the females and EC,6841% had the highest test weight (6,00 g)
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among the pollen parents, The hybrid 263 x EC,68415 had the
highest test weight (6,17 g) among the hybrids.

Twelve hybrids showed positive heterosis ranging from
0.22 to 28,27 per cent over mid-parent and in 8 of them it was
significant and the hybrid 263 x EC,68415 recorded highest
positive heterosis, Fifty two hybrids showed significant
negative heterosis ranging from ~0,57 to =-26,14 per cent. Two
out of 66 hybrids viz., 276 x Morden and 290A x Genepool did
not show heterosis (Table 10),

One hybrid - 263 x EC,68415 - exhibited significant
positive heterosis over higher parent and also over best
parent, Remaining 65 hybrids showed significant negative
heterosis ranging from -6,39 to =-35,00 per cent over higher
parent and from ~10,00 to =38,33 per cent over best parent,

The line 296 showed significant positive heterosis
over mid-parent value in combination with all the three
testers. The line 263 also showed significant positive
heterosis over mid-parent value, higher parent and best parent
in combination with EC,68415 and over mid-parental value with
Genepool.

2.8, Hull gontent

In sunflower low hull content is preferred as oil
content is inversely related to hull content, The line 275
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(21,22 per oent) and EC,68415 (23,43 per cent) had low hull
content among fenales and males respectively. The hybrid

290 x Genepool (21,95 per cent) recorded lowest hull content
among hybrids.

Thirty one out of 66 hybrids showed negative heterosis
ranging froan ~-0,58 to -~19,22 per cent over mid-parental value,
26 of them had signifiocant negative valuss., Remaining 35
hybride #xhibited positive heterosis, ranging from 0,47 teo
26,78 per cent, and in 26 hybrids it was signifiocant (Table 11).

Fourteen hybrids showed lesser hull content than the
higher parent, Extent of negative heterosis vas froa -0,64 teo
«14.95 pexr cent and in 10 hybrids it vas significant. None
of the. lines showed negative heterosis with EC,68415., Pifty one
out of 66 hybrids exhidited positive heterosis ranging froa
0,27 to 37.04 per ocent, of whieh only in 5 hybrids it wvas not
significant, One hybrid 256 x Morden 4id not shov any heterosis

positive or negative for this ocharaster over higher parent,

All the sixty six hybrids under study had more hull
osontent than their best parent., They showed significant
positive heterosis ranging from 2.73% to 38,97 per cent, The
lines 294 and 298 41d shov significant negative heterosis over
mid-parental value with all the three testers. The lines 294
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and 286 showed signifioant negative heteresis over mid-parental
and higher parental values in combination with Morden and
Genepool.

2.9. 91l eantent

The line 278 recorded highest oil eontent (47.60 per eent)
among females and genepool recorded highest oil content (44.20
per cent) among the pollen parents. The hybrid 260 x E0,68415
exhibited highest oil content (47.10 per cent) ameng the
hybrids.

Forty nine out of 66 hybrids exhidbited positive
heterosis over nid-parental values; however in 38 hybrids only
1t vas significant, Extent of heterosis was froam 0,01 to
22,81 per oent, The hybrid 272 x EC.68415 recorded highest
positive heterosis. Seventeen hybdrids showed negative heterosis
ranging from -0,03 to ~11,25 per cent, Of them, twelve hybrids
showed signifiocant negative heterosis (Tabdle 12).

Twenty six hybrids showed positive heterosis over
higher parent ranging froa 1,06 to 18,84 per cent and in
21 hydrids it vas significant, The hydrid 260 x EO,6841%
recorded highest positive heterosis, Thirty seven of the
renaining forty hydrids shoved negative heterosis ranging
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from ~0,02 to ~8.54 per oent, and in 27 it wvas significant.
Three hybrids aid not show heterosis.

Sixty five out of 66 hybrids shoved negative heterosis
over best parent ranging from -1,05 to ~27.7% per ocent and
63 of them exhidited signifioant values, One hybrid -
284 x £0,68415 - recorded significant positive heterosis.

The 1line 272 showed signifioant positive heterosis
over mid-parental valus in combination with all the three
testers, The line 277 exhibited significant positive heterosis
over mnid-parental value and higher parent in ocombination vith
EG,68415 and Genepool. Idne 284 with EC,68415 recorded
significant positive heterosis over mid-parent, higher parent
and best parent values., Iins 283 vith all the three testers
showed significant positive heterosis over mid and higher
parental values,

2.10. Oil vield per plant

The line 279 (19.08 g) snd EC,.68415 (18,92 g) recorded
highest o0il yield per plant among females and males respestively,
and the hybrid 263 x EC,68415 recorded highest oil yield per
plant (18.28 g) among the hybrids.

Sixteen out of 66 hybrids exhibited significant positive
heterosis over mid-parental values, ranging from 2,66 to 40,80
per ocent, The hybrid 263 x EC,68415 recorded highest positive



heterosia. TForty nine hybrids showed negative heterosis,
renging from =0,07 t0 ~44.90 per cent, of thea in 46 it wvas

significant, One hybrid 276 x Genepool did not show heterosis
( Table 13 )o

The hydhrid 276 x Morden recorded significant positive
heterosis over higher parent, Remaining 65 hybrids exhibited
negative heterosis ranging froa -2,70 to -5%.09 per cent, of

thex exoept one hydrid (290 x Morden) others showed significant
negative values,

All the hydrids exhidited significant negative heterosis
over best parent ranging from -4.,19 to -62,10 per cent, The
lines 263, 272 and 298 in combination with Morden and EC,68415
showed highly eignifiocant positive heterosis over mid-parental

values.
3. Combining ability variange

The variances were partitioned into varianoes due to
general combining ability (GCA) and speoifioc combining ability
(SCA), GOA and SCA variances for ten characters under study
are detailed in Tadle 14.

It eould be inferred from the table that non-additive

gene aotion is more proainent for seven out of ten oharacters
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Table 14. Varianees due 0 general and speeifieo somdining
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ability

Charaster "::ﬁ due "::‘:: QU  en 1 ses
Ho,0f days taken %o
504 flowering 5.0%9 4.294 110,852
Plant height 133.172 66.9%3 110.499
Sten girth 0,0049 0.0056 181,143
Capitulum dismeter 0.243 0,008 110,056
Plant yield 4,957 14.183 193.2%6
Yolume weight 0,706 8.576 1112.,150
Test veoight 0,0204 0.1152 115,647
Hull eentent 0,746 1,1%0 111,515
011 content 1,352 1,672 111,237
01l yield per plant 0.979 2.445 112,497
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under study namely, stem girth, plant yield, volume weight,
test weight, hull content, oil content and oil yield per plant
as the variances due to SCA were higher in these eharsoters,
But the remaining three characters - Humber of days taken

to 50 per cent flowering, plant height and capitulum diameter -
have higher variances due to GCA gompared to SCA suggesting the
operation of additive gene astion, The ratio betwean GCA

and SCA variances was least (1:0,056) for the character volume
weight and highest (1112.150) for volume weight -omong the
characters studied. |

4. Combining ability effectis

The general combining ability effects for lines and
teaters pertaining to ten oharacters are presented in Table 15,

The lines 277, 289, 266, 290, 278, 260, 269, 270 and
290A showed signifiocant negative effeots while the lines 286,
292, 298, 276 aﬁd 294 showed significant positive effects for
auaber of days taken to 50 per ocent flowering. The lines
286, 294, 263A, 298 amd 276 showed high gea effeots for plant
height, The lines 289, 270, 260, 277, 256 and 269 exhibited
signifioant goa effeots for dwarfness, The lines 272, 276
and 286 showed high goa effeots for stem girth while the lines
289, 270, 260 and 278 had signifioant negative goa effeots for



€5°0 85°0 Ly*0 £I°0 G660 T2°1 80 600 ST'E 670 4T 3@
L£°0 0 €¢°0  60°0 . 19°0 $8°0 12°0 . #0*0 €2°2 S£°0 ¥S 38 soTey
! et 8S°T -  l2°T  ¥¢°0  lé°2  e2'¢ €0°T  ¥1°0 £5°8 (49 ¢ 9T e
L T0°1 Nt 68°0 ¥2°0 28"l @ec2 ¢€L°0 010 £0°9 v6°0 ¥S 18 seTvmweq
, ‘T
ST°0- #229°0 ##28°0- $0°0- L0°0  69°0- £I°0- T0%0 ##0S°€ - wabl°O Toodeusy
#2lT°T  2269°0 PT°0- #x61°0  T2°0 %3T9°2  #x?¥°0 wxl0°0 4xl0°0T 24£6°T S1¥e9°ox
a320°T=  #xTE°T- #x96°0 ax¥T1°0~ 62°0-4x16°T- *1£°0~ #x80°0- »2lG°€T~ »xl9°2~ uepIoR
#£T°1 892°T  «#2L°2- T0°0 «xl£°€- €0°2 €2°0  S0°0 #«l0°6 »ell°2 862
#0°0 $6°0 B1°0- PT°0 «x66°C 92°0- 99°0- §0°0- 8L°2 L0°0- 962
60°0 220 #96°0- 20°0- #x0€°€ YO 1- 22°0- €0°0 #x38°€X %877 T ¥62
1£°0- 9970~  LT°0- LT"0- . 60°T~ 2¥°0-  #£L°0  T0°0- 60°Z *e18°2 262
%0°0 aVP T- 6670~ #aSP°0  WS2°C  E¥°T 10°0- ©0°0 26°2 «0°T~ vO62
anll®T #0€€°2  #xf0°2- OT°0 #x6L°S «l8°C €€°0 20°0 ©60°¢ sa¥l° T~ 06e
#20°T-  #05°T  #62°T- #0€°0 &¥2°2 #40€°S~  #86°0- #xT12°0- x#88°02- sul0°2~ 6e2
€0°0-  «6€°T- 89°0  22°0- .29°0- 96°0 $€°0 %00 2U°C r°o 88z
82°0  waSE°2-  92°0  ST°0- aufl°9- #Y8°Z  «aSP'T  #2T°0 »«TE°6Y »=f0°$ 992
$6°0  xu66°C  #4T9°T~ 6T°0 #400°S £¥°0- 02°0- .60°0 T2°T- 26°0- oz
¥8°0- ##88°C-  89°0 #82°0- ax¥T1°S~ 6¥°0 #8L°0- #2T°0- 99°¥- sef9° T~ 8LZ
o¥$°T- a92°1 ¥$°0  60°0~ #x92°7 #u9C°P- £9°0- 80°0-4u£6°8- - hdd
onS858°2 =+209°1T LL°O It°o L9°F 246€°S ¥S°0 #LT°0 «£1°8 ap€0%2 9Lz
90°0 #67°1 90°0- T0°0  I¥°1- 18°0- 62°0  00°0 8T°Z - ero sLz
.°0- GE°0~  B2°0  €0°0- 2ZE°0 OS5 T~  WLL0 W£T°0 LP°Y 10°0- 2z
2u66°2=  2a¥l°2- 2aP$°C #a2GC°0~ #ulS T-2al1°9- #6L°0~ wa¥?T°0- 5uBS° 11~ «l0° T~ olL2
¥6°0- $6°0  #02°T- LI*0- TO0°0 e£6°2- 60°0- 20°0- #2T°L- «ST°T- 692
99°0~ #200°2- 2aSL°T  #£E°0~ #a22°S- 95°0- 0r°0- 00°0 waPS°TI- *«$8° T~ 992
«ST°1 TI°0- #¥0°T au$¥°0  SE°T- #88°2 89°0  S0°0 wa¥S°21 0L°0 vE9e
w612 60°T~ w#u6S°T #s07°0  2u91°F 4408°9 #»6L°0  90°0 ¥ ¢~ o0 €92
22°0- «x60°2  -LT°0- €0°0- 66°0 B6°T-  SBT'0- #1210~ 2P  «kTF°I- 092
FTT-  WSP T~ #e¥S°T  #2€°0- aell°? ¥6°T1-  2€°0-  90°0-aa?S°0- £9°0~ 9%
d zed use JuWOS IWFTeA JUFTEA emetp wWITP ‘ Juyzenory
VI Tho | Tl | Trem | aseg smrog ﬁﬂ wmnideg  meyg e B e s

3

s3wazed sTem pus STSWEF J03 S30033¢ L3TTIAe FUTUTQESS TeIsuwey ST ST



this sharacter. Ilines 286, 263, 272 and 292 had high goa
effeots and the lines 269, 278, 270 had signifioant negative
gos effects for eapitulum dismeter. The lines 263, 276, 2634,
290 and 266 had significant gea effects for the charseter plant
yield, vhereas the lines 270, 277, 289 and 269 had eignificant
negative effeets. The lines 290, 284, 277, 2%6, 294, 290A
had high goa effeets, while the lines 286, 266, 270, 298, 278
and 263 had signifiocant negative goa effeots for volume weight.
Idnes 290A, 2634, 263, 289 exhibited high gea effects for test
weight, vhereas the lines 280, 266, 256, 289 and 278 showed
signifisant negative goa effects fer this character. The
1ines vhich have significant negative gea effeets for hull
eontent were 298, 290, 284, 289, 269, 294 and 2904, vhereas
the lines vhuhﬁiilgniruant positive effects for this charaster
vers 270, 266, 263, 256 and 265A, The lines 284, 290, 260,
276, 279, 269 and 298 had high goa effeets for oil eontent
while the lines 278, 270, 286, 266, 256, 290A and 286 had
signifieant negative gea effects for this sharsster, Vith
respeot t0 eil yield per plant the lines 276, 263, 290, 2634
and 298 exhibited high gea effeots vhereas the lines 270, 256,
277 and 289 had signiffeant negative goa effests. |

Ameng the three males Morden showed significant negative
goa effests for all the characters studied exoept for hull eentent



70

in vhieh i% showved high pesitive gea effeets. 120,68415%
exhibited high significant positive effeets for all the
oharseters exeept hull content and volume weight. It shoved
non-significant positive goa effeot and non-significant negstive
gea offect for volume weight and hull content respectively.
Genepool had high goa effects for number of days taken to

5O per oent flowering, plant height and eil ocontent and {4 had
signifieant negative goa effeet for hull content, It had
non-gignifiocant positive goa effects for the charcoters stem
girth and volume weight, non-significant negative goa effects
for the ocharasters capitulua &iameter, plant height, test weight
and ¢il yield per plant.

The specific combining ability effeots (soa) pertaining
40 ten eharacters studied are presented in Tadle 16,

Idnes 294, 289, 275 and 292 vith Morden and 284, 270,
298, 260, 269 with I0,68415 and 288, 289, 290, 256 and 276 - o
with Genepoel had high sea effeets for number of days taken to
50 per cent flowering., Iines 276, 298, 284 vith Morden and
294, 289, 292, 275 with EC,68415 and 260, 270, 269 with Genepool
had eignificant negative sea effests fer this charaster, 8ix
1ines vith Marden, seven with EC,.68415 and six with Genepool
also had positive soa effests and the rest had nsgative effects.
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Iines 275, 269 with Morden, 278, 276, 266 with EC,68415
and 298, 296, 290, 289 with Genepool had high ssa effects
vhereas lines 298, 272 with Morden; 27%, 289 with FC,68415 and
266, 269 with Genepool had signifioant negative ses effeets
for plant height, Ten lines with Morden, eight wvith E0,68415

~ snd five with Genepool had positive sea effects for the same
charaoter,

Only three hybrids 1.e,, 266 x EC.68415 and the lines
290, 296 with Genspool had high sea effects and 292 with
Morden; 289 with EQ,68415; 265A and 266 with Genepool had
signifioant negative sos effects for stem girth, Eleven
lines vith Morden, sleven with E0,6841% and eight vith Genepool
alse shoved positive sea effects and the rest had negative sea
effecta for stem girth,

Only one hydrid - 296 x Genepool - had high esa effect
and 296 vith Morden and 298 with Genepool had significant
negative 20a offeot for capituluz diameter., Eleven lines with
Morden, eleven with B0,68415 and twelve with Genepool hasd
signifricant positive soa effectis and the rest had negative
effests for capitulua diameter.

Idnes 276, 289, 269 with Morden; 263, 263A with
EC,68415 and 276, 296, 278 with Genspool showved high sea effects
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for plant yield vhereas 278, 292, 263A with Morden; 276, 290
with EC,68415 and 289, 263, 256 with Genepool had significant
negative sca effects. Seven lines with Morden, ten with
EC,68415 and nine with Genepool had positive sca effects and
rest of the hybrids had negative effects.

Morden with 263, 294, 289, 276 and EC,68415 with 290,
256, 2634, 277 and Genepool with 275, 260, 298, 292 showed
high sea effeets for volume weight, vhereas lines 277, 260,
2634, 255, 296 with Morden; 263, 269 with 20,68415 amd 256,
290, 289 with Genepool had signifiocant negative soa effects,
Eight lines with lMorden, five with EC,68415 and nine with

Genepool also had positive soa effects, remaining hybrids had
negative effeots.

Iines 276, 289 with Morden; 263 x BEC,68415 and 278 x
Genepool showed significant positive soa effeots and the lines
263, 292, 278 with Morden, 278 x EC,68415 and 298 x Genepool
had significant negative soca effects for test weight. Nine
lines with Morden, eleven with EC,68415 and ten with Genepool
also had positive sea effects,

Lines 284, 276 with Mordems hybrid 275 x EC,68415 have
got high signifiocant negative sea effect anl the lines 275,
260 with Mordens the hybrid 276 x EC,68415 and lines 284, 296,
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290A vwith Genepool had signifieant positive sea effects for
the character hull content. Ten lines with Horden, twelve
with EC,68415 and thirteen with Genspoel also showed negative
sea effects and rest had positive effeots,

The hydrids 289 x Morden, 284 x EC,68415 and 277 x Genepool
had high ssa effests fer oil eontent and the lines 278, 260,
277 with Morden; 266, 2904, 289 with EC,68415 and the hybrid
290 x Genepool had significant negative soa eoffects. Eleven
1ines with Morden, eleven with BEG,68415 and ten with Genepoel
had positive sea effects for the oil eontent.

Towr 1lines 289, 294, 276, 290 vith Morden; two lines
26%5A, 26% with BC,68415 snd three lines 277, 278, 296 with
Genepool had high sea effests for oil yield per plant md 278,
26%A, 292, 277 vith Merden; 276 with FC,68415 anmd 289, 263,
294, 256 with Genepool had aignifiocant negative sea effeots.
Bight lines vith Morden, nine vwith EC,68415 snd eight with
Genepool shoved positive sea effests and remaining hydrids
exhibited negative sea effects.
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V. DISCUSSION

Breeders are mainly interested in the improvement of
the ultimate yield and its components which are polygenically
inherited and they do not behave as simple Mendelian traits.
The eompenent analysis is helpful in predioting vhioh of the
oerosses are proamising en the basis of the extent of additive
genetie variance, The concept of general and speoific
eonbining ability (Sprague and Tatum, 1942), which are due to
additive and non-additive gene astion respectively, helps the
breeder in assessing many lines of oross pollinated orop plants
in a short period for commervial exploitation of hetercsis.

The ultimate ocholice of the 1lins to bde used is determined
by two factors: (1) Per ss performance of the lines (1i) its
behaviour i{n hydbrid combination. Some idea on the usefulness
of the parents may be obtained froa their individual performance
partioularly in respeet of yield components (Gilbert, 1958),

Genetio struoture and divergence detween the parents
involved governs the neture of gene astion, It is therefore
nesesssry to assess the genetic potentialities of the parents
in hybrid ocombination through systematis studiese in relation to
general and specific combining abilities. Idine x tester
analysis or indhred x variety or top oroes, method has been
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extensively used in estimating the ocombdining adility of lines
in various orops like maige, bajra, sorghum, castor and
sunflowver,

In sunflover, the exploitation of heterosis and
development of hybrids vas made. easy with the discovery ef
gonetic and oytoplasmic male-sterility., The maximum utilisation
of heterosis in a orep is possidle vhen variances dus to both
additive and non-additive gene aotion are fully exploited as
they play a significant role in determining the magnitude of
the expression of yield and its components., In the present
investigation line x tester analysis was under taken for
estimating the combining ability and magnitude of heterosis in
tventy tvo inbred lines of sunflever, The results obtained
are discussed in the following pages,

A, Magnitude of Heteroais

One of the objectives of the present study was to
estimate the extent of heterosis for wvarious characters., Three
methods vis,, deviation from mid, higher and best parent were
enployed to msasure the magnitude of heteroais.

For days taken to 50 per cent flowering, all ths hybrids
shoved positive heterosis over bdest parent., Thirty eight out



of sixty six hydrids showed negative heterosis over amid~-parent
valus suggesting the non-additive gene action for earliness in
these erosses, JFourteen hybride exhibited negative heterosis
over higher parent, hence over deminanse for earliness operated
in these orosses. However 26 and 8 hybrids showed significant
negative heterosis over mid and higher parental values _
respestively, Kovaoik (1959, 1360), Neagu and Catrina (1963),
Yulpe (1967, 1977), Vranoceanu (1973), Semienchuk gt al. (1974),
Neagu (1970), Skorio (1977) and Voskoboinik (1978) reported that
hybrids have flowered earlier., BSeetharam g% sal. (1977) reported
signifioant positive heterosis; Setty and Basudeo Singh (1977)
observed hoterosis upto -1,18 per oent in the best eross. Kurnik
and Zelles (1962) and Kovasik and Skalouwd (1978) reported delayed
flovering in the hybrids.

For plant height, only 2 hybrida (263A x EC,68415 and

276 x EC,68415) ghowed non-signifiocant positive heterosis over
best parent. Forty hybrids had positive heterosis over
nid-parental value indiecating the non-additive gens sstion in
those orosses, but the heterosis vas significant only in

16 hybrids. Twenty hybrids showved positive heterosis over
higher parental valus upto 34,91 per cent suggesting the over
deminance gens aotion for plant height in these crosses.
Several authors have reported marked heterosis for plant
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height (Kurnik and Zelles, 1962; Sechuster, 19643 Puts, 19663
Neagu, 1970; Velkov, 1970; Kloosowskii, 1371) Steyameva gt al.,
19713 Koveoik and Skaloud, 1972 and 19783 Megreletskii, 1973;
Seetharam gt al., 1977). Oa the eontrary Yulpe (1957, 1977)
and Skorio (1977) edserved redustion in plant height in hybrids.

Negative heterosis over best parent vas observed by
all the 66 hybrids for the character stea girth, However,
20 hybrids out of 66 showed positive heterosis over mid-parental
value suggesting the non-additive gene aotion for this
character, Six hybrids showed positive heterosis over higher
parent indisating over-doaninence for higher stea girth in these
orosses, Vulpe (1967) reported thioker stem in the hybrids.

Seetharan g% al. (1977) reported non-signifiocant hetercsis fer
this charaocter,

A1l the 66 hydrids shoved significant negative heterosis
over higher and best parent values for eapitulum diameter,
Seventeen hybrids showed positive heterosis over mid-parental
value upto 10,69 per oent and of these in 12 hybrids it was
signifticant, 8o, non-additive gene sotion wag found to bve
operating in these orosses for head dimmeter, Idne 266 shoved
signiticant pesitive heterosis over the mid-parental value in
ocombination with all the testers, Significant positive heterosis
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has ‘aho been observed by Schuster (1964) upto 60 per oent
and upto 17 per eent by Setty and Basudeo Singh (1977) snd
various degrees by Pogorletskii (1973), Kevaoik and fkaleud
(1972, 1978), Vulpe (1977) and Seetharam gt al. (1977).

Por seed yield, only one hybrid 263 x 30,.68415 showed
non=signifioant positive heterosis over higher and bdest parent
values, Fositive heteroais over mid-parental values wvas
observed in 12 hybrids and a mxhuoiﬂ.ﬁs per oent was regorded
in the ocress 26% x EC,68415. This is suggestive of non-additive
gene sotion for this charaster atleast in these orosses., The
erosases vhich showed higher magnitude of heterosis for seed
yield, in gensral also showved higher heterosis in important
yield occuponents like sten girth, volume weight, test weight,
oapitulus dianeter, Marked heterosis for the charaoter seed
yield has also been reported by many suthors (Habura, 1958;
Kovaocik, 1959 and 19603 Kurnik and Zelles, 19623 Popev and
lagarov, 1963; Neagu and Catrina, 1963; Sehuster, 1964: Puts,
19663 Vulpe, 1967; Vrsnceanu, 1967 end 1973; Grebenjuk, 1967
Gundaev, 1968 and 1968a; Vranceanu and Stoenesou, 1969; Neagu,
1970; Vieentini, 19713 leelereq, 19713 Kloosowskii, 1972 and
1975; Vol'F and Dumscheva, 1972; Kevacik and Skalowd, 1972
and 19783 Shuravina, 19723 Turchi, 19743 Fiok and Zimmer, 1974;
Voskoboinik and Soldatov, 19753 Paoucoi and Alba, 19773
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Kitnov and Eymoshin, 19773 Setty and Basudeo Singh, 1977}
Seetharan st gl., 19773 Gorbachenko, 1977 and 19793 Veskoboinik,
1978; Vrataric and Krismanic, 197683 Singh gt al., 19783 Dedio,
19793 Frank, 19793 Roshkova, 1978).

For volume weight, 4 hybrids showed positive heterosis
over best parent and in the oross 290 x BE0,68415 1t was
significant, Forty hybrids exhibited positive heterosis over
Ald-parental value suggesting non-additive gene astion for this
charaoter in thess orosses. Twenty four hybrids showed
positive heterosis upto 15,81 per cent over higher parents
revealing over domin noe in these orosses for volume weight,
Iine 296 performed well with all the three testers by shovwing
positive heterocsis over mid and higher parental values. Vulpe
(1967) observed heterosis for hestolitre weight.

For test weight, only one hybrid - 263 x FC,68415 -
shoved significant positive heterosis over higher and best
parent. Twelve hybrids showed positive heterceis over
aid-parental values upto 28,27 per cent. This suggested
again the operation of non~additive gens action in these
orosses. Kurnik and Zelles (1962) observed heterosis upte
10,8 per oent for 100 seed weight. Vulpe (1967), Pogorletskii
(1973), Seetharsm gt al. (1977), Vulpe (1977), Singh gt al. (1978)
have also reported significant positive heterosis for test weight.
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Hull content is an iaportant character that determines
the oil content in the seed, All the 66 hybdrids under study
had more hull eontent than deat parent. Thirty one hybrids
shoved negative heterosis upto -19,22 per cent over aid-parental
values suggesting non-additive gens agtion in these orosses,

But the negative heterosis was significant in 14 hybrids. In

14 hybrids negative heterosis for hull content was observed

over higher parent upto =14,95 per eent indicating the operation
of over doninance gene astion in these erosses, ILines 294

and 298 shoved significant msgative hetereosis over amid-parental
values with all the three testers. Sohuster (1964), Pogorletskii
(1972), Setty and Basudeo Singh (1977) and Seerdak (1966)
observed generally lover husk oontent in the hydrids, while

Shuravina (1972) reported that the hybrids had higher hull
eontents.

Heterosis for oil content has deen reported by several
authors (Habura, 19583 Popov and lesarov, 1963; Heagu and
Catrina, 19633 Schuster, 1964; Vranceanu, 1967 and 1973; Vulpe,
1967y Shuravina, 1969 and 19723 Vranceanu and Stoeneseu, 1969;
Vol'F, 19693 Turchi, 19743 Pogorletskii, 19733 Kloosowskii,

1971 and 19723 Stoyanova gt al., 1971 and 1975: Seetharam g% al.,
19773 Piok and Zimmer, 1974; Stoyanova and Ivanova, 1975
Bunnit ¢t gl., 19768 Skerio, 1977; Vratario and Krismanic, 1978;
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Frank, 19793 Rosoriteleva and Beletskii, 1979). In the
present stuly only one hybrid (284 x EC,68415) recorded signifi-
eant positive heterosis (4,11 per sent) ever best parent.

Forty nine out of 66 hybrids showed positive heterosis upto
22,81 per cent over mid-parental values indicating the pre-
dominance of non~additive gene actien in the control ef this
charaoter, Besides 26 hybrids exhibited positive heterosis
over higher parental values upto 18,84 per ocent., lense over-
dorinmee gene astion also carmot de ruled out, The lines
272 and 289 performed well with all the three testers. Kovacik
and Skaloud (1978) and Turchi (1974) did not obmserve heterosis
for oil content in the hybrids.

For oil yield per plant nons of the 66 hybrids showed
heterosis over bdest parent. Qnly ene hybrid (276 x Merden)
shoved significant pesitive heterosis (4.82 per ocent) over
higher parent, Bixteen out of 66 hybrids showed significant
positive heterosis over mid-parental values upte 40,80 per cent
suggesting that non-additive gene astion is operating in theese
orosses for oil yield, The lines 263, 272, 298 in combimation
vith Merden snd EC,68415 showed significant heterosis over
mid-parental values, Heterosis for oil yield vas reported
by Vulpe (1967), Gundeav (1968, 1968a), Pegorletskii (1974),
Senienchuk ot gl. (1974) and Gorbachenko (1979),



B. Dax gp performance and oombining sbility

Among the females, for the character days taken to
50 per oent flowering, the line 286 which was earliest in
flovering and the lins 292 vhiech flowered later smong the
female lines tested showed high goa effeets, wvhile the line
277 which vas internmediate shoved signifiocant negative effests.
With respest to plant height, the line 256 (tallest) has
signifisant negative gea effect eompared to the line 275 (next
tallest) vwhioch had slight positive effeot, hereas the lines
260 and 276 (dwarfs) showed negative and significant positive
effects respestively. The line 272, dwarfest among all female
lines showed slight positive effect,

T™he line 275 which had thiocker stem among the lines
hed very lov goa effect. ldne 256 (next best) shewed slight
Regative effeot, while the line 286 though its per ma
perfarnance wvas lov had higher gea effeet.

As regards capitulum diameter the line 275 had higher
nean diameter dut it had slight positive goa effect., Iine 298
having least mean diameter also had lov positive effect, Mut
the line 26% had slightly lov mean diameter with high gea
effeot, ILines 286, 272, 263 and 292 though have average
diameter have high goa effects.
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Though the 1line 275 was the top yielder with highest
Yyield per plant among all the lines, had negative goa effeot.
But the line 284 (next best) has got high positive effest.
Line 272 (poer yielder) had negative effeot. Iines 263, 276,

290, 263A and 266 have got high goa effects with aversge Der se
performange,

With respect to volume weight, 1fne 275 possessed higher
mean volume weight but shoved negative effect while 277 and 284
(next best 1ines) showed higher goa effects. The lines 29%6,
290 and 296 also shoved higher goa effects sventhough they had
average volume weight.

As regards test weight, the line 289 perforamed well
both in per ge performance and goa effect, ILinmes 26%A and 290A
have average test weight dut showed high effeet., The line
296 with least test weight shoved lov effect,

The line 294 has got highest hull eontent but showed
slight negative effect. Idnes 266 and 270, though had slightly
higher hull oontent also showed higher goa effects. The line
275 had lowest hull oontent and aleso negative effect.

The line 284 whioh had highest oil content also had
high goa effeot for this character. The line 272 with lovw
01l eontent shoved negative effeot.
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The line 275 was good in per e performance dut the
line 276 vas good combiner for oil yield per plmmt, The line

272 had low par as performanse and also had negative effeot.

Among males EC,6841% was a good performer in 7 out of
10 oharacters studied. Mexrden was good in par ae performance
in respeot of days taken to flowering vhereas Genepool vas
go0d in per e performance for volume weight and oil content.
EC,68415 had high goa effeots for all the charaoters excepting
volume weight and hull oontent, Morden had high gea effeoct
for hull content but showed significant negative effects for
days to 50 per cent flovering, plant height, stea girth,
eapitulum diameter, plant yield, test weight, oil content and
oil yield per plant, GUenepool showed high effects for plant
height, days to 50 per cent flowering, oil eontent but showed
significant nogative effest for hull content.

Only a few hybrids shoved significant sea effectis for
the oharsoters studied., e hybrids 284 x Morden, 276 x Merdem,
289 x EC,68415 and 260 x Genepool were better in performance
for early flovering and also found to be the good spesific
combinations, The best combinations for tallness vwere the
orosses of 275 end 269 with Mordem, 278, 276, 266 with EC,68415
and 298, 296, 290 and 289 with Genepool, while for dwarfness
the hybrids 298 x Morden, 275 x EC,68415, 289 x EC,68415,



88

266 x Genepool =nd 269 x Genepool showed signifisant effects.
There wvas great variation for plant height ameng orosses.

The hybrids 263A x ©C.68415, 266 x EC.68415, 290 x Genepoel
and 296 x Genepool have performed well with respect to stem
girth and aleo shoved high sea effects. Only one hybrid
=296 x OGenepool ~ showed dignificant soa effeot for ospitulum
dianeger vith fairly high mean diazeter., JYor plant yield
the combinations of 263 and 263A with E0,68415 showed high
eoa offeots with high mean perforuance., Also the hybrids
vig,, 277, 278, 296 vith Genepool and 276, 289, 290, 269 with
Morden had good sos effects.

The combinations of 290, 256, 2634 and 277 with
BC,.68415 have got high mean volume weight and also had good
sos offects. The hybrids 273 x Genepeol, and 263, 294, 289,
276 in eombination with Morden and 260, 298 with Genepool also
had high soa effeot vith average mean performanse for volume
weight, Tor test weight, 263 x EC,.68415 had highest test
weight among the hybrids and aleo highest soa effest, TThe
hybrids 276 x Morden and 278 x Genepool also had good sea
effeot for test veight, With regard to hull content,

284 x Morden, 276 x Morden and 275 x EC,68415 had high negative
008 effects and also lov hull gontent, The hybrids
289 x Morden, 284 x F0,68415 and 277 x Genspool have got high



mean perfaormance for oil content and also high sos effects
for this charaoter, The hybrids 263A x EC,68415 and

263 x EC,68415 have given high oil yield per plant and also
had high soa effeoct for this character, In addition to these
hybride, 277 x Genespool and 289, 294, 276 in cocubination with

Morden and 278, 296 with Genepool have given moderate oil yield
per plant with high soa effects.

In the present study ths three testers used were well
established varieties wvith droad genetioc bage. These varieties
have bheen under continuous intensive selection to maintain their
porformo&:‘oth yield and oil produotivity at a high level.
Infact in these populations, the genetioc basis ef their high
average perforaance has been due to expleitation of heterosis
using the additive genetic component, The extent of heterosis
observed in the top oroes hybrids in the present study parti-
oularly for yield was not of very high order, One of the
reasons for this is that the genetie baskground of the pollen
involved in the pollination is mot wmniform in viev of the
highly heterogen:vus nature of the tester parent, Naturslly
eesh plant in the top eross hybdrid is genotypically and pheno-
typrieally different whioch is not the case in the single oross
hybrid, This heterogemity naturally brings down the extent
the heterosis expreseed for various oharasoters.

v
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Further in the present study the per gq perforaance
of lines was not related to their gea effeots or their
performance in eombination with testers. So both per me
performance and goa effects of the lines should ds taken into
consideration while seleoting the lines for future use,
Similar observations have been made by Pathak and Prakash Kuaar
(1975) in cotton.

Iine 277 was a good ecabiner for early flowerigg vhile
line 286 was 8 good combiner for late flowering, capitulum
diameter and tallness, and the line 289 for dwarfness. Iines
276 and 272 vere good combinexs for thiok stem and 263 was goed
ocorbiner for plant yield and 290 for velume weight. Ilines
263A and 290A were found 10 be good oombiners for test weight
and the linss 298, 284 and 276 were good combiners for lowv hull
content, high oil content and high oil yield per plant
respectively. |

The lines 275, 284, 276, 2689, 265A and 256 have showed
higher per sg performance for all the charsoters studied.
Besides the lines partisularly 284, 276, 269 and 263A also had
good goa effeets for important yield contribduting ocharasters
like plant yield, test weight, head diameter, volume weight,
oil ocontent and oil yield, So thess lines ocould dbe utilised
further in dreeding in the development of hybrids and/or
synthetios. ‘
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C. Gana astion

The estinates of varianses due to 6CA (general combining
ability) and SCA (specific combining ability) revealed that the
both additive and non-additive gene setion play an important
role in the ocontrol of charaoters studied.

Nature of gene astion was prominently non-additive for
seven out of ten characters studied namely, stem girth, plant
yield, volume weight, test weight, hull content, oil oontent
and ¢il yield per plant, Vhereas in the remaining three
csharasters vis,, nunber of days taken to 50 per ocent flovering,
plant height and ocapitulun diameter the additive gene astion
vas found to be important,

The ratio between varianse dus t0o GCA and SCA varied
from eharsoter 10 charsoter. The differexse wvas minioua in
the charaoter ocapitulum diameter and maximum in velume weight,

Different results have been reported in the literature
§n the nature of gene action in the gontrol of various
charascters in sunflower. Setty and Basudee Singh (1977)
observed non-additive gene action is more predominsnt for
days to0 flovering, ospitulum disaeter, seed filling, seed yileld
and hull eontent, vhile additive gene astion for 75 per cent

e
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maturity and plant height, Kovasik and Skalowd (1972)
reported non-additive gene action wvas proainent for days to
flovering, plant height, stem girth, capitulum diameter, ‘
volune weight and test weight vhereas additive gene sotion for
plant yield, hull content and oil eontent. Putt (1966)
reported predoainznt role of additive gene asotion for days to
maturity bushel weight and oil content, while Manjunath (1978)
reported non-additive gens astion for days to flovering, stea
girth and 100 seed weight, but additive gens agtion for plant
height, head diameter and plant yield,

Sudhakar (1978) reported predeominsnt role of non-additive
gone astion for seedling height, plant height, days to flowvering,
stea girth, head diameter, days to 75 per cent maturity, number
of filled seeds, volume weight and test weight, vhereas additive
gene action for nunber of leaves, plant yield, hull content and

oil oontent,



SUMMARY




VI. SIMMARY

he present study vas mvinnd to assess ﬁn breeding

| value of 22 inbred lines of sunflower for their utility in the
development of hydrids and gyntheties. The inbreds used in
study vere vis., 256, 260, 263, 263A, 266, 269, 270, 272, 275,
276, 277, 278, 284, 286, 288, 289, 290, 290A, 292, 294, 296

and 298, They vere orossed with three open pollinated varieties
vis., Mordem, £0,68415 and Genepool wvhich vere used as testers.
The resulting 66 indred x variety hybrids were studied for the
amount of heterosis for 10 charsstiers namely, days taken to

50 per cent flowering, plant height, stem girth, capitulum
dianmeter, plant yleld, volume weight, test weight, hull content,
oil econtent and oil yield per plant and estimation of gensyal
oombining ability of females and males desides the study nature
of gene aotion in the control of these characters, The
important findings wvere:

l. Ameng 22 inbred lines, 275, 264, 276, 269, 2634
and 256 have showed higher per sa performance for
all the charasters studied, bdesides they aleo had
goed goa effects for many yield emtributing
characters, So these lines ocould be utilised
for the dovcl&:‘punt of synthetice or hybrids.
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4.

5e

Considerable heterosis was observed over
aid-parental values for all the characters
studied in different top orosses. .Ronrtholon
heterosis over higher and beat parents was
observed only in a fev e¢rosses for mest of the
charasters exscepting capitulum diameter and
plant yield.

Yor plant yield, the extent of heterosis observed
over mid-parental values ranged from 0.44 %0
43.58 per ocent, for oil content from 0,01 to
22.81 per cent and for oil yield per plant

from 2,66 to 40,80 per oent in 4ifferent top

oroanses.

Hybrids having higher aagnitude of desiradle
heterosis also had oonsiderable mean perfarmance
vith respect to other characters excepting plant
height and hull conteng,

Hetorosis in seed yield was expressed through
heterosis in yileld compenents like stea girth,
oapitulum diameter, volums weight and test
veight,



6.

Te

Non-additive gene agtion was more important
for seven out of ten characters studied vis,,
sten girth, plant yield, voluse weight, test
weight, hull content, oil ocontent and oil yleld
per plant vhere as additive gene sotion wvas
important for days to 50 per eent flowering,
plant height and ocapituluz diameter,

Mean performance of the orosses had not ‘
ocorresporded with the par ae performance of the
parents but well related vith the goa effects
of their parents, 8o the erosses involving
the parents with good goa effeocts yielded
superior hybdrids. Thus the perforaance of the
eross gould be predicted on the dasis of gos
offeots of parents involved,
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