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Heterosis and combining analysis in Safflower (Carthamus tinctorius
Linn.)
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Top cross analysis consisted of crosses between GMS line AKSMS 1 as atester (female) and twenty one male lines. Significant
heterosis was observed for all the ten quantitative traits except number of capitula per plant and oil content. The magnitude of
heterosis and useful heterosis was low and differed for different characters. The highest magnitude of useful heterosis was
observed inrespect of number of seeds per capitulum (53.78 %), seed yield per plant (27.23 %), 100 seed weight (2.58 %) and days
to maturity (-2.87 %). Only one cross, AKSMS 1 X JL SF 228, recorded significant useful heterosisover check variety, Bhimafor
seed yield per plant (27.23 %). AKSMS 1 X JLSF 228 showed significant highest useful heterosis for number of seeds per
capitulum (53.78 %). The estimates of general combining ability indicated that JL SF 288 recorded highest significant general
combining ability effect for seed yield per plant (26.27**), plant height (10.41 **) and number of seeds per capitulum (9.87**). A
1 showed significant general combining ability effect for seed yield per plant (15.91**). Bhimawas good general combiner for seed
yield per plant (13.39**), plant height (6.16**), number of primary branches per plant (1.74**) and 100 seed weight (0.96**).
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INTRODUCTION

flower is one of the most important oilseed crop.
flower has been gaining increasing popularity in

recent yearsin several partsof the county because of its
adaptability under drought conditions. The increase in
productivity through breeding efforts has not been
adequate because of traditional selection methods
following hybridization. Heterosis breeding could be a
potential alternative for achieving quantum jumps in
production and productivity. The significant break through
in yield advances could be made through expl oitation of
heterosis at commercial level (Knowles, 1989).The
comprehensive review of heterosisin safflower indicate
that there is a significant amount of heterosis over
commercid cultivarsindicating the possibility of exploiting
heterosis at commercial level in safflower. In absence
of cytoplasmic malesterility, genetic male sterility offers
avast scopein safflower hybrid devel opment programme
(Heaton and Knowles, 1980, Chitanvis et al. 1999). In
1997, DSH 129, a safflower hybrid was released for
commercial cultivation by DOR, Hyderabad with 20 to
22%yieldincrease over national check, A . Thisindicates
that GMS can be successfully used in development of
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safflower hybrid varieties. The present study was
undertaken to assessthe heterosis, combining ability and
identify the experimental potential hybrids.

MATERIALS AND METHODS

The present study was conducted in 2000, at the Farm of
Department of Agricultural Botany, College of Agriculture,
Nagpur,(India).The experimental material comprised of
eleven lines selected for high yield, earliness and wider
adaptability viz., JLSF 228N 7,CTV 209, JL SF 88,Sharda,
BLY 652, AKS 65, AKS 68, HUS 305,A, Bhimaand ten
exoticlinesviz.,, S541, W6-872, Pl 401470, PI307029A,
P1307029B, PI537601A, PI537601B, P1401473,
P1401479A,P1401479B. Each line was crossed with a
commontester i.e. AKSMS 1, agenetic male sterileline,
to obtain 21 crosses during winter 1999.

Thus, complete set of material; under study consisting
of onetester, 21 lines and 21 crosses, among them were
raised in randomized complete block design with two
replications during winter 2000. The plants were spaced
45 cm between rows and 30 cm between plants. Fifteen
plants per genotype per row were grown. Border plants
weregrown on al sidesof the block to avoid border effect.
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Table 3. Estimates of heterosis (H) and useful heterosis (UH) over Bhima for different characters.
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Crosses Plant height (cm) No. of primary No.of seeds 100seed Seed yield /plant Daysto
branches/plant /capitulum weight (g) (9) maturity
H UH H UH H UH H UH H UH H UH
AKSMS1X 210 1517 571 - 39.70° 53.78° -0.45 - 5969 2723 -654 -
JLSF 228
AKSMS1X -11.23" - -7.10" - 3537 4800° -11.02° - 2023 - -480° -
N7
AKSMS1X -0.81 10.19°  -13.02 - 15177 14.107 25347 2587 27297 - 3497 -
CTU 209
AKSMS1X -4.62 5.76 -3.217 - -126  6.89 423" - 1469 - 437" -
JLSF 88
AKSMS1X -242 576 -1534" - 26.79° 29437 193" - 1038 - -308" -
Sharda
AKSMS1X 042 962" -6.34" - 7.72° 21547 -456 - 9.22 - 509" -
BLY 652
AKSMS1X -3.37 1.85  -11.927 - -355 10737 -1092" 1517 -2045" - -469° -
AKS 65
AKSMS1X -7.76 - 761" - 294 867 -501 - 0.13 - -3697 -
AKS68
AKSMS1X -15.13" - 6.71" - 357 17.78° -0.09 - 901" - 455" -
HUS 305
AKSMS1X -3.77 9.00° -1.20 - 1752 3453 -549" - 26507 466 -3447 -
Al
AKSMS1X -406 1008 1198~ - 14957 26.347 1008 2417 2957 120 -677 -
Bhima
AKSMS1X 1599" 1080 -456" - -1855° - 261" - 1558 - -6.02" -1.03
S541
AKSMS1X -7.67 - 16.11" - 3.69 - 130" - 47477 - 4157 -2.28
W6-872
AKSMS1X 7.79 11.167  -459” - -9.29” - 6.91" - -1.73 - -812" -2.87"
Pl 307029A
AKSMS1X -1.64 0.62 5.06" - -4.75 - 2.84" - 37060 - 6107 -074
307029 B
AKSMS1X -6.55 0.10 -2.89" - 2350° 14.38" 1.89" - 35127 - 5817 -1.73
Pl 537601A
AKSMS1X 643 11477 1146”7 - 20.16° 21.66° 6.42" - 822" - 5707 -158
PI
537601B
AKSMS1X 1458° 1034 828" - 28447 19.84" 14.70" - 113727 - 507" -059
Pl 401473
AKSMS1X 12.72° 1008 2364° - 14587 16.127 -2.36" - 26697 - 5397 -103
Pl 401479 A
AKSMS1X -5.29 - -0.63 - 14447 8120 -1.04 - 22307 - -6.387 -2.09
Pl 401479 B
AKSMS1X 5.25 2.42 9.83" - 2845° 515 2000 - 7636 - -528" -1.18
Pl 401470
SE (Diff) (+) 3.49 4.03 0.68 323 374 039 045 721 833 080 0.93
* -P<0.05 ** .P<0.01

Recommended package of practices was followed to
raiseagood crop. Datawere recorded for ten competitive
plants of each genotype for thefollowing charactersviz.,
plant height (cm), number of primary branches per plant,
number of capitula per plant, number of seeds per
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capitulum, 100 seed weight (g), seed yield per plant (g),
oil content (%) and days to maturity.

The estimates of general combining ability effects
were estimated by using top-cross method as suggested
by Davis (1927) and White and Richmond (1963).



HETEROSIS AND COMBINING ANALYSIS IN SAFFLOWER

Heterosis was estimated by standard methods.

RESULTS AND DiscussioN

The phenomenon of heterosiswas of general occurrence
for most of the charactersunder study except for number
of capitula per plant and oil content. The magnitude of
heterosis and useful heterosis was low and differed for
different characters. Heterosis have been already
reported for various characters in safflower by many
workersincluding Solman et al. (1958), Wandhare (1997)
and Naoghare (2000). The commercial value of hybrid
will depend on whether it ismore profitable than the best
available commercial cultivar. In this study, the highest
magnitude of useful heterosiswas observed in respect of
number of seeds per capitulum (53.78 %), 100 seed weight
(2.58 %) and daysto maturity (-2.87 %) indicated in Table
1. On the basis of the result in the study, only one cross,
AKSMS 1 X JLSF 228, recorded significant useful
heterosis for seed yield per plant (27.23 %) and number
of seeds per capitulum (53.78 %) over the check variety,
Bhima. The DSH 129, a safflower hybrid released for
commercial cultivation had recorded 20to 22 % increase
inyield over national check, Al. Naoghare (2000) reported
16.99 % useful heterosis over Bhimafor seed yield per
plant. This clearly indicates that the extent of useful
heterosis observed is very low for its exploitation at
commercial scale. Therefore, there is need to evaluate
large number of geneticdly diverselineswith genetic mae
sterilelinesso astoidentify hybrid combinationswith very
high useful heterosis.

Theestimates of general combining ability indicated
that JLSF 288 recorded highest significant general
combining ability effect for seed yield per plant (26.27**),
plant height (10.41 **) and number of seedsper capitulum
(9.87**) (Table. 2) A 1 showed significant general
combining ability effect for seedyield per plant (15.91**).
Bhimawas good general combiner for seed yield per plant
(13.39**), plant height (6.16**), number of primary
branches per plant (1.74**) and 100 seed weight (0.96**).
Thisindicatesthat rest of the linesare not useful for the
development of hybrid variety in safflower particularly
withreferenceto genetic male sterileling, AKSMS 1. In
safflower, the seed yield per plant ismainly dependent on
number of primary branches per plant and number of
capitulaper plant. However, in the present study none of
theline showed significant general combining ability with
AKSMS1for thesetraits. Naoghare (2000) a soindicated

the poor general combining ability of parental lineswith
AKSMS 1. Thissuggeststhat direct utilization of AKSMS
1, genetic male sterile line for development of hybrid
varietiesin safflower is not useful. Therefore, thereisa
need of conversion of AKSMS 1, genetic male sterile
linein good agronomic background such as Bhima, A 1.
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