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Inheritance of Characters in Safflower—Carthamus
tinctorius L.
By M. VENKOBA RAO,
I_Agricul#um! Research Station, Hagart

. Introduction The safflower is an oil-seed crop belonging to ths
natural order Compositae. This was once. grown extensively.in Bengal,
‘United Provinces, the Punjab, Bombay and the Central Provinces for the
extraction of an yellow dye, carthamin, from the floreis of this plant, but
writh the introduction of synthetic dyes, this indusiry has ceased to exist, and
’iha importance” of this crop has very much dwindled. I[tis now grown
merely fof the sake of its oil. The seeds when crushed yield a clear straw-
izoloured oil which is largely used for culinary purposes. In the Madras
Premdency this crop is cultivated chiefly in the black soils of the Ceded
Districts, the largest area being in the Bellary district. Little known outside
the Ceded Districts it does not find a place in the Season and Crop Report’
of this Province. This crop is sown in QOgctober--November and is har-
vested by February. It is usually sown as a mixture with coriander, sorghum
or wheat, -As a pure crop it is sown only along the borders of fields where
its spiny bracts serve as a protection against cattle trespass.

The literature regarding this crop is rather scanty. The earliest refer-
ence is in the Commercial Products of India, Watt (1908), where a general
account of this ¢rop is given and the existence of two types of plants, the
spinose and the spineless, is recognised, Howard ef al (1215) published
detailed descriptions of 34 types. Subsequently Sabnis and Phatak (1935)
have made a classilied list of 63 types, based on the flower colours and on
the nature and shape of bracts. At the Agricultural Research GStation,
Hagari, selection work on this crop has been in progress {or some time snd
the mnds of inheritance of a few plant characlers has also been studied
incidentally. The results oblained are recorded in this paper.

Epinnse and spineless types In safflower two distinct types, the
spinose and the spineless can be distinguished. In the spinose type the
tips and margins of the involucral brscis as well as those of the upper
leaves become stiff and spiny, while in the spineless lhe bracts and leaves
are devoid of any such outgrowths. The difference belween the two lypes
becomes very marked when the flower heads appear. With regard lo the
genetic behavicur of these two chsraciers mention is mede in the Scienlilic
Reports of the. Pusa Institute (1931 te 1934) that the gpineless behaves as
a recessive to its allelomorph spinose in a 1:15 ratio as a result of dupli-
cate factors. The inheritance of thiese characters were sludied at Heagari In
anumber of artilicial crosses and il was {ound that the spinose iype
behaved as a simple dominant to the spineless type (Table I).

Bloomy and bloomless types Ancther differentiation of iypes _hna
been made out from the presence or ebsence of heavy bloom on the inner
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bracts of the involucre. This bloom agives a whitish uppearance to'the I:-lan{a
when the flower heads appear, while plants without ~such® bianm appea.
green. An examination of the several iypes grown. at this Stntmn showes
that bloom is present in all lypes, the density of the depcmt ‘alone ‘beine
either heavy or sparse. Sabnis and Phatak {1'5?35} in their clasmﬁcaﬁon o
Indian salflowers describe these lwo iypes as “laner. bracts felted anc
white” and " Inner bracte smooth and green”. This " felted and whitist
appearance’ is due to the heavy deposit of whitish, waxy and halrlike outl
growths on the surface of the involucral bracts. A study of the segregﬁ
tions for these two characters showed that the heavy bloom behaves as ¢
simple dominant to sparse bloom (Table II).
TABLE 1. Segregation for Spinese snd Spineless bracts.

Behaviour gf progeny

Generation Selection number Character . . Segregating for
ofselecction _ .
: Spinose  Spineless
C. T. 53 '
Parents } G T. 62 _ | a ?
F.1 Cross 28 & 29 Spiny
F.2 From cross 28 i— _
C.T. 364 & 305 Spiny . 63 ‘ 24

From cross 29 :—

C, T.331 to C. T. 335 P 496. 156
F.3 From C. T. 304: — : x
EI Ti 3ﬂ4r1g-3| 7-. ?} 11- N 525 Iﬁﬁ
w J04/2&8 oy Pure -
« S04f6 & 10 : Spineless . Pyre
From C. T, 305 ;— -
C.T.305/1,2,4to 5 Spiny T 229 -
o J05/5&8 Spineless - FPure
Total 1733 375

Expected (3:1) 1731 577
X2=00022, P between 095 & 0 90, :

TABLE 11 Segregation for Heavy Bloom and Sparse Bloom

. Character Behaviour of progeny
Generation Selection number _of Segregating for
Selection  Heavy bloom Sparse bloom
Parents }8 $ Eg ¥ 3
F.1 Cross 28 & 29 _ Heavy bloom
F,2 From cross 28 :—
(C. T. 304 & 305 Heavy bloom 63 19
From cross 29 :(— PR . )
G, T.331 to C. T. 335 ' 494 158

F.3 From C. T, 304 :—

C.T,304/1,3,6,92 to 11 . 648 221
C.T.304/4 &8 " - Pure
_ C,T.304/2,7& 8 Sparse hluom ) Pura
Frma (_31 T. 3?5 == :

3051, 2, 4 to 7 Heavy bloom 659 4 219

C.T.305/3 &8 j:, Fure 19

) Tﬂtal 1869 617
. Expected {(3:1) 13645 6215

X2 =0-1303, P between 0'8 & (-7 . B
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Linkage relationship When the interactions between the two pairs
nharacters, spinnse and spineless and heavy bloom and sparse bloom
‘ete studied; it was found that a linkage. existed between the two seis of
=[1a]nmnr'phs with a cross-over value of 137 +27., Table ]Il (a) and (b) give
1e relevant data, in the coupling and repulsion phases respectively.

TAB_LE IlI. Linkage belween spininess and bloom

Behaviour of progeny

Character Segregating for

Seneration Selection number of ' Spinose Spineless
selection

Heavy Sparse Heavy Sparse
bloom Dbloom bloom bloom

(@) Conpling phase

Parents {33 S - 9
F. 1 Cross 9 F.1
F.2 From cross 9:—
. C. T, 291 Spinose, )
- heavy bloom 109 11 8 30
Expected @ 13}, Cross-over 110 9 9 30

. X2=06547, P between 095 & 090
(b) Repulsion phasa

: C.T.53
Parents G T. 62
F.1 Cross 28 & 29 F.1
F. 2 Frpm cross 28 1—
' C. T.304 & C. T. 305 Spinose,
heavy bloom 45 18 23 1
From cross 29 :— :
C. T. 331 to 335 " 339 157 155 1
. 3 From C. T, 304 :—
C.T.304/1,3,9 & 11 sy 201 144 1246 2
From C, T. 305:--
C.T.305/1,2,4t0 7 . 432 217 2_2? 2
) Total 1107 536 541 6
‘Expected & 13% cross-over 1103 539 539 9

*—~10386, P between 08 and 07

Normal and rosette types In the course of these sludies one late
type, C. T, 12, was-isolated, which had numerocus close-sel radial leaves
resulting in a rosetlle- like appesrance. The plants of this lype were similar
to the erect 2nd late types, Neos. 1, 2, 5 and 15 among the Pusa types
(Howard et al, and.Ssbnis and Phalak). The genetic behaviour of this {ype
of plant-hahﬂ was studied and the data are pregented in Table IV. It would
be zeen that Roselte is & simple recessiva b tha narmal lune and is also

inherited independently of spininess.
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TABLE IV
Hﬁ'i:nvmur ﬂi’ prng&ny_ 5
Characier SEﬂregﬂ:mg for C e
Generation Family number selezzinn Spinose - .- Spmeleas
. MNormal Rosetie _._.‘Hﬂrmnl Rusatta:
Parent C.T.12 ) 9
F.1 Natural cross F. 1 .
i . T. 81 Spinose, - L3 - .
52 < Tl mormal 199 59 56 .21
F.3 From C. T, 81—, it )
C,T.143 10 C, T. 148 " 795 ‘290 272 104
"Total 994 349 - 328 - 125

Ezpected (9:3:3:1).

101025 336'75 ° 336'75.. 112°25

X*=2'3827, P hatween 05 and a

C.T. 150 Spinose,
normal Pure o
., T, 149 " 106 34
Ezxpected (3:1) 105 as
X*=0'116, P beltween O'S and 07
C. T. 152 Spinose, i : i :
rosette Fure
C. T. 151,153 and 154 5 ., 222 66
Expected (3:1) 216 72

_ X*=2'000, P betwesns 0°2 and 0'1
C. T. 155 and 156 Spineless, . _
. mormal Pure
536 185

540075 180'25
X2 =0'5004, P betweosn 0'5 and 0'5

C. T, 157 and 158 i
Expected (3: 1)

C. T. 159 and 160 Spineless,

rosette Pure

Floret colours The flowers in Corthamus tinctorius are arranged in

- composite heads. The {lorets, which are all tubular in this genus, exhibit

four different colours ranging from white to orange.. The existence of such

colour differences has been recorded by Howard, Howard and Khan (1915)

and their descriplion of the Pusa types is based mainl:r on these variations

in {lower colours, Ssbnis and Phatak (1935) also, have taken the floret
colour-groups as the basis for their classification of Indian safflowers.

The ecolour groups referred to above are as follows :—

() Orange Florets yellow when fresh, developing a reddish tint on
fading and drying finally to orange, This is the commonest and most
predominant type in the Bellary area. The flower buds are vellow. bt thasa
too, if injured develop a reddish colour at the tips.

(i) Bed Florets reddish orange while fresh and deep red on drying.

(iii) Yellow TFlorets yellow both when fresh and dr}' Both the buds

and florets resemble type (i) when fresh, but does not changa colour on
drying.
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(iv). White' Florels white, which when dry turn cresmy white,

.These" four types have been described by Sabnis and Phatak as
(i) {lorets yellow, turning red on fading, (i) [lorets reddish orange, turning
to deep red on fading, (iii) florets yellow turning to brownish yellow on
fading -and (iv) florets while.

. These four types can easily be dislinguished, the colours being quite
stable and recognisable even long after the plants have matured and dried
up. In the inheritance studies recorded below, oranage, red, yellow and
white refer to the colour of the dry florats.

Inheritance of floret colours: Mention is made in the Scientific
Reports of the Pusa Institute (1935-36) thst orange and yellow are both
dominant to white. At this stalion, numerous single-factor segregations for
flower colours, have been recorded, from various natural and artificial
crosses. These are summarised in Table V below. '

TABLE V
. . cte
Colour groups fﬁqrgiﬁis Actoal Eﬁg-uet::rg Xe Probability
Studied Pumbers o5 ratio
' P between

1. Yellow & white 4 477152 472:157 02336 05 & 07
2. Red & white: 10 1347:430 1333:-444 06186 03 &05
3. Red & vellow 5 418:130 411137 04764 03 & 05
4, {Jfaqge & white 2 410:132 407:135 01206 07 & 08
5. Orange & yellow 7 T78:253 773:258 00934 07 & 08
6., Orange & red 14 1753:579 1749:583 00092 09 & 095

It is seen irom the table that (1) orange is dominant to red, yellow
and white, (2) red is dominant to yellow and white and (3) yellow is
dominant to while, each with a single factor difference. This indicates that
three factors are necessary for the menifestation of the crange colour, two
for the red and one for the yellow.

In table VI are civen the two-faclor segregalions observed in the floret
colours. ltwould be noled that all of them are mcdilied 9:3:3:1 ratios
where the last two groups get merged into ¢ne, due to the interaction of
factors.

TABLE VI
Expeﬁted ; |
Actual numbers L* oand
Colour groups numbers | on 9:3:4 probability . Remarks
ralio
P
hetween
1. Red: yellow : white 98: 26: 38| 91: 30: 411-30310°5 & 07 | Artificinl cross
2 Orange:vellow:white | 93: 39; 44| 99: 33: 441478003 & 05 o,
3. Orange: reﬂ :white 69212261304 [687:229: 306)0 0888 |0°95&0-98 Nalural cross
4. Oranpe:red: vellow 2811113:127::93: 985 IJUEE'BE(:-? 28603 | Artificial crose
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ihe above data (lable V1) suggests the following hypothesis. The basic
cnlour of- t'he {lorets is yvellow and is due to a factor 'Y'. In the absence of
tl'ns facl-or no colour can develop arid the flotets remain while. A supple-
mentary factor 'R* ac:lmg in conjunclion with 'Y ‘ produces red colour. A
,thlrd factor "O' with 'R’ produces the orange colour, butas 'R’ itself
:requlres the. prasence of Y for manifestation, the nrﬂnqe colour would con-
‘tain all the three factors O, R and Y. Factor ‘O’ cannot develop the
orange eolour without 'R’ nor can 'O’ and 'R’ produce any colour without
-thfa.lhasic colour factor Y. On this hypothesis the genetic constitution of
‘the four types of floret colours would be as follows—

Phenotype (Genetic constitutions
Orange OO RRYY
Red co RRYY
Yellow oorr YY, OO rr YY
White OORRyy, OOrryy, coRRyy, corryy

With the.object of testing this hypothesis, a cross was msde between C.T. 18
a white with the constitution OORRyy and a yellow (C. T. 40) of the consti-
tulion corrYY. 'The behaviour of this cross was studied up to the third
generation and it was found to substantiate the above hypothesis in all
respects. The'data are detailed in Table VII.

The inheritance of these floret colours was found to be independent of
the nature of the bracts, (spiny' or spineless), as seen from the data pre-
sented in Table VIIL

TABLE VIII

“ Sepgregating for

= Spiny Spineless
= ) - Mature

5 Seleclion nmumber of @ i g -
o parent & o " = b =
(7] o e - | = o e
O S = B & = B
F.2 GC.T.34/1 Spiny natural cross from

. ) spineless white bulk lot C. T. 34.

.3 C.T. 119 Spiny

1 ) orange 14 « 3 ] 3 2 2
F 4 FremC.T.719

C,T.i81 i 100 32 43 33 15 15
e o 182 " 78 40 33 29 7 10
184 - im 50 42 32 12 16

T s 189 1] 111 43 ﬁ’ﬁ 52 "‘? 23

Totalof F.3 & F. 4 434 148 190 149 43 68
Expected on 27 :9:12:9: 3:4 ratio 435 145 |94 145 48 - 65
H2=09165 I* is between (0°98 and 0°95

Summary In safflower (Carthamus {inctorius L.) the mode of
inheritance of a8 number of characlers have been studied and recorded.

Spincse bracls behave @s'a simple deminanl {o spineless. Sparse
bloom on the inveolucral brocts behaves as a simple recessive to heavy
bloom. The iwo sels of allzlomorphs were lound 1o be linked with &
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cross-ovar value of 13 /. Roselle-like arrangement ol leaves was a simple:
recessive lo the normal, This characler was independent of spininess.

Four types ol [loret colours viz. orange, red, yellow .apd__whilr; nave
been observed, The genelic inler-relalionship o these.iour colours are
‘explained on a three factor hypothesis.

There is a basic factor 'Y  for colour, due to -which" the florats are
yellow., Inthe absence of this factor no colour can develop: and j'th@
florets are white A supplementary factor 'R’ produces the red. colour
in the presence of 'Y'. A third factor 'O’ develops the orange colour in
conjunction with 'R’ which in turn is depsndant on 'Y’ the basic colour
factor, for its manifestation

The inheritance of these flower colecurs were found to be independent
ol the nature of bracls.
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A Plea ior Reviving the Omblachery Breed of Cattle
in the Tanjore District

By R. SESHAYYA, M. A, B.L.,
Secretary, Tail-end Association and
Member, District Agricultural Association

Omblachery breed The district of Tanjore, familiarly known as the
"granary of the South”, is also reputed from time immemorial, for its sturdy
cattle, in relation to its agriculiural economy. The ryols of the district
have been depending for long, for their agricultural operations on.a well-
suited local breed of caftle known as the ""Omblachery breed ”, taking its
name from a village called Omblachery, in the Taluk of Tiruturaipundi.
The bullock of this breed is a sturdy worker, both at the wheels and at the
plough. It is of medium size with a comparalively small head. Its com-
plexion-is, generally, bluish grey, ‘and it has a white star on its fore-head.
It has shining dark eyes and wears a few thick hairs, on its.chin. Its tail is
black above the thighs and ends with a lotus like brush of snow-white hair,
soft and glossy like silk, [ts hoofs are ‘equally white and resemble ivory,
in their finish. The pure bred pedigree sire is generally ferocious by natura.
Owing to the laerge demand for this breed of caltle and due to lack of
organised effort in breeding in the past decade, its population in the village
of Omblachery has slowly dwindled. A{ present, the pure stock is very

rare and outnumbered by those of mixed blood. The pure breed is known
throughout the district, as the jothi madu.



