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Experimental strategy for the improvement of Brassica crops.

V. ARUNACHALAM
Divieion of Genetics
Indian Agricultural Research Institute
New Delhi-110012,

The breeding procedures that were employed so far
in the Brasgsgica group of crope were based on the traditional
approach like identifying good single croee combinatione and

evolving variety derivatives in advanced generations by pedigree

- breeding. This resulted in varieties which had two genotypes

incorporated =t the most.

the area and production of rapeseed and mustard in 1969-70
were 3.1 million hectares and 485 kg/ha only. The.higheat yields
per hectare recorded in All India Coordinated 0il seeds Project
during 1971-72 were 956, 1817, 1256 and 2225 kge for brown eareon
yellow sarson, toria and ral respectively. The respective average
yields remained at 720, 874, 1011 and 1744 kge. It would be seen,
therefore, that a lot of scope exists to tone up the,yieid levels

by reorienting the existing breeding procedures.

Lhe modern concepts of plant breeding mainly rest on the
formulation of procedures to bring in divergent, productive and
competing genotypes into a composite variety or population. Such
procedures are adopted even in self-pollinated orope like wheat
and barleywith some modiiicationé. They have paid rich dividends
in cross=pollinated crops especially in maize.

Braggica campestiris

Bragsica campegtries var. brown sarson, though classified
ags a crogs-pollinated crop, has some associated problems. There
are eéﬁf-inc?mpatlﬁ}e and s§4f~compatible typfs and aleo those
of intermediate ranges of self~incompatibility. On selfing,
self-fncompatible types do not set seed; however bud=-pollination
overcomes thie difficulty. Emasculation ie needed in orxrder to

effect crosses between self-=compatible types. Thie crop ie

‘entomophilous, and as such the success of the genotypie mixing
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‘under isolation depends on the amount of bee activity. Hence
genotypic inter-mixtures cannot as readily be obtained even
in self-incompatible types as could be obtained in maigze under

isolation.

As would be found in any crops-pollinated crop, inbreeding
doee® have an adverse effect in thie crop as wekl, though the
degrée of inbreeding depression depends on the genotypes used
to a certalin exient. ihus the maintenance of varietal purity
becomes a problemy more so that of maintaining the ddentity
of the parente of a synthetic variety? for example.

Careful considerations of the breeding problems involved
in this crop would immediately suggest that it would be
worthwhile to breed composite populations in order to bring
about eignificant yield improvement. The pilot experiments
conducted in the biometrical genetice unit do provide some
methods of compoeit§ing,productive populations in a reasonably

ghort period.
| It has been found in several crop plante that a careful
planning of a qpltiple cross programme would help in associatiny
a group of genotypes in a single productive composite populatio;
( MacKey, 19633 Jensen, 1970 ). It was found that a fruitful
choice of parents of multiple-crosses can be made on the
general and specific combining ability effectis of eingle crosse
aggesgsed at Fl levei. Bagic work conducted on three-way croesges
in brown sarson and three-~ and four-way crosses in triticale

at the biometrical genetice unit had shown that the following
choices would be preferred in that orderj eelecting thosee
singlecrosses (F1l) as multiple crose parente (i) in which the
"geCoete @ffects of the parenis are in opposite dizectiona; the
total acting in- the desirseble direction, the §.C.a. effects
being non-significant. (ii) in whioch the ge.C.a. effects are
in the same desirablé direction with non-gignificant s.ce.a.
effects.-and (iii) in which the sum of the g.C.a. and 8.G.a.
effects is in the desirable direction, the g.ce.a. effecie are

in opposite direction and the s.c.a. effect ies emall though

eignificant.
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Similar criteria can also be applied to choose the
top=-most three- or four-way crosses at their Flilevel. It
would be necessary to effect the choice on the basis of a
few key=charactere related 1o yield in order o achive the

required improvement at population level.

A poseible short-term approach fox population improvemeh
in brown sarson is diagramatically outlined in Fig.l. The
‘éyapme ig based on the following broad concepts 3
(A) Creatiorn of an effective gene pool ( on the basis of

reinforeing ceneral combining ability effecte ) as a

resarvoir of additive genetic variance.

(B) Release of a number of desirable and coadapting
recombinants through transgressive segregation and
break=up of undemsirable linkages by intezmating'in
gegregating generations and

(C) Composition, through modified uaes selection, of
produciive Blite gene pools, from which a number of
productive composites can be derived and a portion of
which can be ueed to initiate a parallel programme x

starting from step (A).

We would now deal with each of thé gteps in details

(A) An initial single-cross hybrid programme of the sige

of 200 crosees is carried out. These crosses may gornm a

diallel set or a line x testexr set or fit into a known deeign

allowing the eetimation and testing 0of geaeral and spegiide
combining ability effecte and variances. For example, a half
diallel involving 20 parents or a line x tester mating involving

20 female and 10 rale parents'would euffice for a start. It

would be very essential to include paxente senetically dlverse
&
for a number of Jleld attxibutes and aleo belonging to differeni

geographiecal, ecological or agro=-climate rogione.
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One=~half of the gingle cross gced naterial is used to
grow the Fl1 and evaluate the geCea. and s.c.a. effects. on
this basie, a minimum of 20 Fl's are selecied as outlined
earliere. 1f more than 20 Fi's are avadlable for selection
( which may be eo in many cssee ), sete of 20 Fl's can be

nede tp run parallcel programnes.

These 20 Fi'sg will'now be crossed in direct and reciprocal
combinations with at leat 10 varietieg or lines which are
agronomically good and possese desirable yield atrributes
to make up 200 three-way crocses. ihese are once more tested
for their conmbining avility and scts of 16 top-most three-way
crogsses were gelected as before, to run parallel programmess
Confining oumr attention 0 ocne guch get, the seede of the
15 selected single-cross x variety combinations and their
correeponcing variely X gingle=crcses reciprocals are mixed
in equal quantity‘to form the source gene pool. Thus two tests
of combining ability are invelved to form “he source genepool,

one at girgle cross and the other at the three-way cross level.

As obsexrved earlier, the formation of this source gene pool
ghould ve baged 0a &t least ithe two most iuportant yield
components, number of primery and of seccndary branches per

plant in addition tc the single plant yield.

(B) “he progeny pool from the scurce pcol ie obtained through
n26s inter-crossing. Plante raised fron the source gene pool
were taken at random as fenmalcecomwe and after emgseculation,
pollingted with the mixed pollen from = number of other plantse
from the same pool, in icolation. Seede of as many such crossee
ae physically feaeible are mixed w0 gevwv the comporsite F2 seed
material., fhe F2 ie grown eimilayly and a cycle bf gimilar
inte£~czoseing répeated. Tﬂiee such c¢ycles in all ('refer‘to
Fig.1l), would be enough to complete the formation of necessary

reconbinantee.
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1t ig necegsary o use e se2dc of inter=crosses ona.
- t0 produce the progeny generation in each cycle. In case it
i¢ decided to uce only self incompatible types, the inter-crosseé.'
can be alloved to be made ir. isolation avoiding hand-crossing .
Becauce of the entomophilous nature of poilination, the time
involved ito obtain a good shufile of genes may be more depending
upon a number of factors. Thus it would seem worth the effort
if the parental seeds are obitained by hand~crossinge Anoihhy
advantage in hand-crossing would be the poseiblity of including e
even self=-compatible and intermediate types in the source gene

pool which would make it more effective because of the divereity

arong taegse types.

(C) Mass eelection is now carried out at plant level to
1dentify‘elite gene pools to‘formiproductive ¢omposites.
Since a good degree of homoseneity would have been obtained
a5 the end of the setp (B), it would not be nacessary to
elininate a large proportior of nlants by mass selection at
this gtage. On the cther hand, elite gene pools of various

“ potentials can be foramed.

In this connection, it will be of utility to base
selection on the three key charac.ers, primary branches,
secondary braacheg and yield., 3ince primaries and secondariee
are correlaved between themselvee and ﬁish yield also, a choice
fagouring a large number of branches and high yield will be
prefexred at plant level. If, in addiuvion, the choice stipulates
that the number 2f secondar;, branches should be less than twice’ﬁ

the number of primary branchee ( the lower the better j, a

degirsble conpact plant frame can alsn be automatically selected

for« Variations nf these criteria can lead to the formation of

different productive groups. 1t ie worth-noting thak intermating‘
between these groupe can form further produciive groupse
he mass selection at plant level ie now carried out once m

nore within individual groups, using similar criteria mentioned

above.
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Each of these groupe has now attained the status

of productive composite populations and can go for initial

yield evaluation trials,

Yield and 0il Content

Contrary to the existing opinion, that a negative
correlation among seed size, yield and oil content exist
in brown sarson, Swedish reports affirm simultaneous improvement
for yield and oil content ( Olsson, 19603 Appleqvist and Ohleon,
1972 ). This would therefore enable one to effect selection for
high oil content at the step (C). Therefore while effecting
mass selection the character, 0il content should be included
right from the ﬁeginning of the step (C). Quick screening for
cil content by NIMR Spéctrometer should be very helpful in this
regard. ' |

B:dwn gareon ie affected only by aphids in India, which

can effectively be controlled by spraying parathion or malathion.

Flexibility and Or
*’_ Flexibilitys ‘©The programme of population impiovément
cén admit of gome flexibilities at siage A. For example, if, at
any time of the execution of the programme, genetically diverse-
material or extoic germ plasm become availabie which are worth
txying into the source pool, they can be introduced at the
three-way crossing programme by crossing them with the already
chosen eingle crossee. ihis would mean it would be necessary to

retain one half of the seeds of source pool for such eventualities

This programme should be iaken up both ¥or brown sarson

and toria varieties of Brasesica campestirig separately.

Initial etudies of inter-varietal crosses among brown
and yellow sason and toria revealed that recombinante incorporati
the good atiributes of the parental varieties can be isolated
( Rathinam, 1974 ). Hence it is worth constructing eource gene

pool with inter=varietal crocses and running psrallel programmee

of population improvement.

0
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Organisations FeW'cantres of the Ooordinated Projeet
should be identified and individual workers mmde responsible
for the necessary crossing programmes. It 18 necessary that
a good anmount of crossed seeds ig collected to allow for Fl
teeting at single and thee-way crosses level. The assembled
gseed material can be grown at two locations, Delhi and Kanpur
t0 eveh.out environmental fluctuations. The data can be analyeed
at Delhi Centre and the selection of crosses to generate
gource pool be made. The vhole process of analyeis including

gelection can be easily programaed on a computer.

After the gource pool is assembled, the three cycles of
inter~crossing can again be eaeily carried out by dividing
the woxk among the gane centres which made the crosgses. After
every cycle of intercro:sing, the crossed seeds should be pooled
from all centreﬁimixed thoroughly and again distributed for the
next cycle of intercrossing. This procese would work smoothly
unless a vast amount 0f location interaction is¢perating
Apriori however, there is no strong reason to presume the
operation of undesirable interactions. When stage C is reached,
the homogeneous material can be grown in one location, Delhi

and composites developed.

Thue 1t would be seen four seasons are required for
gstage A, three for B and two for Cj the time period can be

cut if an off-season crop can be raised in a suitable location.
Braggica junceal

Braceica juncea being a strictly self=pollinated
crop, breeding procedures should be directed at developing

guperior variety derivatives.

The programme given for Bragesica campestris can be
modified co suit the needs of'thie ¢rops Such a programme ie
outlined in Fig.2. ‘he steps are self~explaﬁatozy. 1% would be
noted that the source pool would coneieﬁiof gsuperior eingle
three=way combinations ( Single crose x variety and corresponding

variety x single orose pooled) identified on the character meane



and combining ability components. Each such,eeiected combination
will undergo inter=crossing within. The inter-croesed geeds

will be grown and the second cycle of inter-cpossing will be

made. The crossed material will be raised and mass eelection

( for number of primary and secondary branchee and single

plant yield) at plant level will be made as described earlier.
Three cycles of such selection should be aqﬁle to produce a

derivative ready for tegting in an initial evaluation trial.

The source pool can start with five superior three-way
combinations and the 10 inter-crosses among theme. ‘‘hus 16 deri-
vatives would be a¥ailable at the end of the programme for

cormparative evaluatione

If the source pool containg more number of superior
combinations, parallel programmes can be run. The workload can,

a8 described earlier, be arranged to be shared by a few centres.

Similay flexibility and organisational feavures am in
Bragsica campestris can also be introduced in this programme.

In conclusion, one would obgerve that the success of
the programmes would depend on the success of constructing an
effective gene pool. No doubt mate®ial from different genetie
and geographical sourcese chould be included. It would be ideal
to identify genetically resistant sources of aphids and plug
them into the source gene pool. For‘thie purpose, eiﬁultanooua
programmes to identify aphid resistant genotypes would be worth=

initiatinge.

=000~



References
A, SRS

Appleqvist, L.A. and Ohlson, Re ( 1972) (Ed.). Rapeseed

Jensen,

MacKey,

Olsson,

Elsevier Publishing Co, New York.

N.P. (1970). A diaalel selective mating system fox
cereal breeding. Crop Sci., 10: 629-634.,

Jo (1963). Autogamous plant breeding based on already

high=-bred material. Recent Plant Breeding Research.
Svalof 1946-1961. (e%s. E, Akerberg et al), dohn Willey

& Sons, New York ¢ ppe. 73=88 .

Ge (1960)= Some relations between number of seeds
per pod, seed size and oil content and the effects
of selection for these charactere in Brassica and
Sinapgis’s Hereditas, 46 3 29«70,

Rathinam, A.D. (1974). Genetic analysis of yield components

in inter~varietal hybrids of Bragsica campestirig I,
gnpugliehed,Ph.D. thegiey, P.GeSchool, 1.A.R.I.,
ew Delhi,

«) 000~



SC x \Var

. ~
Test Sefock

SouRce GENE Pool ‘

Vay x Sc|

Q«mol '/3’{)(;"6',;2_@.

Iw&ﬁ.v-cwﬁ W yvuxed ,DDMGM

—_—
Cowv;omilé ~ 1

S

IV\X'E Y Cv&ia

—
Compesile FQ

]

Lwheve voss

—_—

MMAM

/&Jﬂd‘ic‘n Y lﬁfw

H2
Moeoug /}Jnohcm

"EVALUATION

yr \

H3

[Jé’awu(' M

- TRIAL '



] T—y
a

HQFﬁV H3F1>
Iw(lv - CyYodh
HaFR | H3FQ

L——T_——P ;

R

Ha M1 H3mg

—— BN

Views

=
j
<
} So

:
Mauys Sd‘ld‘lmﬂ ok P
S A

m?;;v><5t

L

T‘&‘:f ’, ) 'I‘-««- w OF ’ R"_-"
Condk C.OVM}DWM? ( Vav x 5¢C) WOLmoLuuLs

(gcx\kn)




