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Associate Prof: of Plant Breeding.
Inghiana
Dated March 7, 1967.
Respected Dr. Swaminathan:
Thanks for your letter and also for writing to N.R.C.
I am enclosing herewith the revised manuseript alongwith both the reports.
All the changes suggested in first report have been done, while about
second report, I can say as given under, point to point:-
(1) Presentation and analysis
(1) and (ii). Required information given. .
(1i1) - Tt is not possible to give more details as it will increase
/ the number of tables, because to give analysis of variance
/ for each will need twelve more tables. For the purpose of
v knowing significance, C.D. values are given.
(iv) - I think, there is no harm in giving F-values, but if you like,
treatment mean squares for each may be given in place of 'F!.
This will be with you in the snalysed data. Flguss/ semm L=
DYRFCTOR Aeelifce A o, - u? /ufu.p,
AR (v) - This seems to be serious objection, to me. You please decide
N(LQA’['HQ whether to keep Delhi data or not. :
Date.\3:247 (2) Interpretation : R

(i) - There is no need to prove the homozygous nature of tetraploids,
it is only expected as discussed. Tt will be desirable if it
can be said that tetraploids were obtained from a few plants
of T 20, .

(11) - It can be either way, but "recombination"{ better than
"segregation",

Please see these and finalise. I would 1ike to have a copy
of the final manuscript, as soon it is done.

With respects and regards,

Sincerely yours,

Codrtte
(A.X. Gupta)

Dr. M.S. Swaminathan,

Director,

I.A.R.I.,

New Delhi - 12,
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/(41) Tt is not made sufficiently clear what data come from what selection procedure.
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few lines) indicates amother. Does the l’ data in Table 1 come from familied selected in
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< jated than in control families, since
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chromosome loss, ete., may ocour. If satisfactory evidence camnot be givem auch
of the discussion is imappropriate. The potential practical value of the work is of
course unaffected by this uncertainty in the origin of the induced variation.™  ~ -

(11) why is recoubination (rather than segregation) suggested om page 7, line 67
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fNDUCED VARIABILITY AND SELECTION ADVANCE FOR BRANCHING

N’ IN AUTOTETRAPLOIDS OF Brassica campestris var. Toria

A.K. Gupta* and M.S. Swaminathan,
Atomic Energy Laboratory, Indian Agricultural
Research Institute, New Delhi

ABSTRACT:

et e o —

Autotetraploids of Brassica campestris var. torila
(2n = 4x = 40) were produced at the Indian Agricultural
Research Institute in 1941 through colchicine treatmen
in the diploid strain T.22. The seed fertility of the
autoploid was initially very low but was brought to
the level of the diploid through the mass pedigree
system of selection. In spite of the improved fertility
and also larger seed size, the yield of the autoploid
did not exceed that of the diploid, owing to a reduction
in the ability to produce secondary and tertiary branches.
Hence, seeds of an tevolved' autoploid culture belonging
to the Cjg generation were exposed to 96 and 128 Kr
of X-rays in 1960. A biometrical study of progeny
means and variances was conducted in the Mg and M,
generations. Selection norms for secondary branch
number were fixed and the selected plants were allowed
to inter-cross. Recurrent selection was practised in the
My, Mg and Mg generations. An yield trial comparing
the selected bulks from the treated and control families
was conducted at three locations during 1965-66. The
results indicated that (a) the variance for secondary
branch number was enlarged in the M2 and M3 populations,
while the means were not affected, (b) there was a positiv
selection advance for branch number during the Mg, My
and Mg generations and (¢) true-breeding tetraploid
cultures with a significantly higher number of secondary
branches could be established. Thus, the poor branching
ability of the autoploid population could be remedied
and promising tetraploid cultures developed.

.

*Present address: Department of Plant Breeding,
Punjab Agricultural University,
Ludhiana, Pb., India. :



INTRODUCTION

Polyploidy was induced in Brassica campestris

var. toria Duth & Full.(2n = 20, strain T.22) in 1941
at the Indian Agricultural Research Institute, New Delhi,
by RAMANUJAM and DESHMUKH. 1®) The raw tetraploids
(2h = 4x = 40) had a low seed fertility but through
the introduction of the mass pedigree system of selection,
the fertility of the autotetraploids was brought almost
to the same level as the diploids.‘17118): coincident
with the increase in fertility, the multivalent frequency
registered a drop.(23) In spite of the great improvement
in the number of seeds per siliqua in the 'evolved!'
autotetraploids and also the larger size of seed in then,
they ylelded less than the diploids in yield trials. An
Ahalysis of the causes for the lower yielding potential
of the autotetraploids showed that the tetraploids had
a significantly lower number of secondary and tertiary
branches per plant.(z) Thus, while gaining in seed
fertility, there has been a loss in branching ability.
The evolved autotetraploids in the 019 generation showed
very little variability for the number of the primary
and secondary branches per plant and hence offered little
scope for selection. Since radiations can induce
variations in polygenically determined traits, it was
considered worthwhile to irradiate the evolved tetraploids,
screen the population for variability for the number of
secondary branches and assess the scope for making selectior
advance for this trait.
MATERTAL AND METHODS

Seeds from a single open pollinated plant of
tetraploid toriz were taken and were irradiated with
96 Kr and 128 Kr of X-rays. For these treatments, s
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Phillips X-ray machine was used, operating at 50 KV,
2ma, without filter, at a dose rate of 16 Kr per minute
at a distance of 2cm. Seeds arranged in a single

layer were exposed for different durations of time
depending upon the dose. Control and treated seeds

were allowed to germinate in pans and three week-old
seedlings were transplanted in the fileld in rows

1.5 ft. apart with one foot inter-plant distance. For
raising the M, generation, M; plants from each treatment
were selected at random and their progenies were grown
in a Randomised Complete Block design with three replica-
tions, in 12 ft. long rows, 1.5 ft. apart with one row
per progeny in each replication. A similar layout was
adopted for comparing M3 progenies. Data on the number
of primary and secondary branches were taken from 10
plants chosen at random in each progeny both in the M,
and Ma generations. The progeny mean and variance (plot
variance) were calculated and statistical analysis was
done on these means and variances. Means were analysed
according to the randomised block design analysis and
F-values were calculated. For the plot varlances of each

progeny, the following transformation was used:

(n;-1) log_s 2 yhere s,2 :plot variance
> 2 e 1 p

and ny number of plants on which

312 is calculated

These transformed values were then subjected to an
analysis of variance and F-values were calculated. The
plant progenies which were significantly superior to the
control in plot mean and plot variaﬁcé were selected for

being carried forward to the next generation.
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In the M, and M, generations, an elite bulk
of single plant selections, having 20 and more secondary
branches was made in each treatment as well as the
control. In M4 the genotypes with high branch number
in each treatment group, were sown in isolation and
allowed to intercross. This seed was carried to the
next generation and this procedure was also followed
in the Mg generation. Finally at Mg, the selected bulks
from each‘treatment were tested for branching ability
at three different locations. A randomised biock design

with four replications was adopted for these trlals.

RESULTS

The observations on populztion means and variénces
;n the M2 and M3 generations are summarised in Table 1.
The mean values did hot change but the variance was
enlarged, especially for the number of secondary branches.
This increase was more pronounced in M3, particularly ~
in the 96 Kr treatment. The analysis of variance carried
out on plot means and plot variances in each generation
revealed significant differences between control and
irradiated progenies. F-values for secondary branch
number were significent at 1% level both for plot means
and plot variances (Table II). Following selection,
the mean number of primary and secondary branches
increased (Fig.l). The increase was marked in
the Mg population.

The relative performance of the elite bulks in
the Mg generation at three different locations revealed
that a family dérived from 96 Kr treatment was superior

 in secondary branch number at all the locations (Table III).
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The number of siliquae per main shoot and the number
f seeds per siliqgg'were either the same as in the

control population, or a 1little higher.

DISCUSSION

B

Following the reports of CLAYTON AND ROBERTSON'S)
and BUZZATI-TRAVERSO and 5COSSIROLI‘7)many studies

have been conducted on mutagen-induced enlargement of
variability for polygenically determined characters

(see review by 5C0SSIROLI‘P}. In most of these
studies it has been observed that the mean of the
irradiated populizign either remains unchanged or is
altered in thetg;direction. The variance in contrast

is significantly increased in comparison with the control
for the particular character studied. The present
findings are in agreement with this general trend. While
the population means did not change significantly after
irradiation, the variances were significantly increased.
In the M.

3
order than in the M, generation, particularly in the

generation, the varlance was of a higher

96 Kr treatment. BHATTIA AND SWAMINATHAN ‘%) in nexaploid
wheat and KOO (13) in hexaploid oats have also reported
that the increase in variance is more in the Mq generation
in comparisbn'with M. KAO et gl,(ll) obsefved in rice

a greater increase in variance in the M5 generation and
constructed formulae to calculate the radiation-induced
genetic variance expected in the M2 and M3 generations.,
Their studies reveal that the fixable part of the variance
is more in the M3 generation. Similar results have also ’

12 pawreNcE‘®) found a significant

been reported by KONDO
increase in the additive and dominant components in
irradiated populations of Arabidopsis thaliana for

flowering time.
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Increase in the genetic variability is caused
byhthe occurrence of extreme types, both on the positive
and negative sides of the mean value. Therefore, it
should be possible to shift the mean in any direction

(16) observed

through artificial selection. OKA et al.
in irradiated material of rice that selections for plant
height and heading date were equally effective in both
directions. However, BATEMAN(S) in a re-interpretation

of OKA's data concluded that the altered mean and variance
arise from mutations in one direction. He further

remarked that thére is excess of mutations in the positive
direction for most of the quantitative characters.
BHATTA and VAN DER VEEN'®) also reported that selection
led to a shift in the mean value for maturity period
only in the positive direction in EMS-treated
Arsbidopsis thaliana. BROCK(G) proposed the hypothesis
that in species which have’previously been subjected

to breeding and selection, random mutations would

result in an increase in variance and a shift in the
mean in a direction opposite to that of the previous
selection history. GAUL and AASTVEIT(g) did not agree
with this hypothesis of BROCK and suggested that random
mutatith_result'in a change of the mean in a direction
associated with reduced vitality. Thus, the alteration
of the mean would be largely independent of the genotype
used for the mutagenic treatment.

In the present investigation it was possible to
shift the mean for secondary branch number towards the
positive side in tetraploid toria, after recurrent
selection 1n the 96 Kr treated population. Induction
of variability must be followed by selection in order

to shift the;mean value of a quantitative character.
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ﬁROCK(G) pointed out that the mean value for a character
also moves away from the direction of previous selectionj
hence, selection must be applied to stabilise the mean
at a desired level. The present data provide evidence
in support of the effectiveness of promoting cycles of
recombinations within the selected lines. Mutagenic
efficiency as applied to polygenic traits should be f
measured not by the induced variance but by the selection
advance rendered possible.

. Polyploidy, by virtue of the buffering effect
caused by gene and segmental duplications, has been
a favourable feature in mutation breeding (15’21’22).
In autoploids, recessive mutations are expressed more
readily in My and later generations than in the Mz(zl).
So far, no data on the induction of mutations for
polygenic traits in autoploids are available. The present
study suggests that autoploids are not only suitabie
for the recovery of mutations in qualitative characters
but also in quantitative traits.

Mutation breeding has until now been largely
confined to the improvement of self-pollinated crops.
This is due to the difficulties inherent in allogamous
plants in disfinguishing between induced mutations and
the release of the variability already present(lo).
Nevertheless, some improvement has been made through
mutation breeding in cross-pollinated crops like Sinapis
alba. Toria is a self-incompatible crép and diploid and
auto-tetraploid toria are cross incompatible. The
tetraploid puopulation, derived from a single original
diploid strain could obviously undergo mating only within
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Table I

Average Means and Variances in Control and
Irrddiated M% and M3 progenies of tetra-
p

oid toria
Treatment Total no. Primary Branches Secondary Branches
of progenies Average . Average Average AVerage

______________________________ Mean _ variance ___ Mean __ variance_
My generation

Control 21l 6.54 4,02 9.24 14.93
X-ray, 96 Kr 78 6.48 3.86 9.24 26.47
X-ray,128 Kr 72 6.38 3.28 8.77 23.95

MB generation

Control 15 6.89 5.88 6.49 24.37
X-ray, 96 Kr 66 6.71 6.73 6.64 31.03
X-ray,128 Kr 60 6.55 5.98 6.38 29.73
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Table 2

Analysis of plot means and plot variances in M2 to MG
generations of tetraploid Toria

- T T eSS SE S S TN e e e S e SR S s T e S s TR G S W N A S G R G T T e S W W W T W T e e e W e S e T e e e

Character Generation F=value F-value
(Means) (Variance)
Primary Branches M2 2.6 1.38%%
" " M 1.59 1.87
n n My 1.73 * 1.18
» " M 2.89 * 4,63%*
" n M 6.55 ** 22.17+*
Secondary branches M2 1. 7O%% 1,59%*
" " My 1.61% 1.81%*
" " M5 2.21% 2.12%%
" o M6 2.53%% 0.05

* Significant at 5% level.
** Significant at 1% level.

Table 3

Performance of tetraploid Toria Selections
(M6 generation) at different locations

Treatment Location Primary Secondary  Number of

branches branches seeds per
siliqua

Control Kanpur 8.3 5.5 10.7

Control Bhubaneshwar 6.5 T 7 o

Control Delhi * * *

96 Kr Kanpur 9.6 11.3% % 10.6

96 Kr Bhubaneshwar 6.0 13.2%% 14.5

96 Kr Delhi 13.0 19.8 %7

128Kr Kanpur 9.3 9.9 9.5

128Kr Bhubaneshwar 5.7 9.7 12,0

128Kr Delhi 10.4 6.8 165

* Data obscured by poor plant growth caused by soil alkalinity
** Significantly superior.
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a restricted genotypic spectrum. Cross-poll;nation

in such instances is not synonmous for heterozygosity.
This could be one factor responsible for the striking
selection advance made in irradiated cultures, in contrast
to the lack of response to selection met with in the
control families. The improvement of autotetraploid
toria for the number of secondary branches through
induced polygenic variation is yet another example of

the value of the mutation breeding technigue for special
purposes in plant breeding.

Acknowledgement: Our sincere thanks are due to

pr. B.R. Murty and Mr. V., Arunachalam for advice on
statistical analysis and to Mr. A, Khan for help in
recording and analysis of fleld data. We are also
grateful to Messrs S.B.P. Rao and ii,N. MHohanty for
conducting the trials at Kanpur and Baubaneshwar

respectively.

1. Andersson, G. and Olsson, G.(19564). Svalofs Primex
white mustard - 2 market varlety selected in

Yeray treated material. Acta Agric. Sgand.,4:574

Asana, ReDe, Singh, SeFey Wattasl, P.N., Saxena, HeKe
11959). A comparative study of a 51p101d and
an induced tetraploid of
var., toria.I. Observations on morphclogica
chagaggors related to yleld. Ind. J. Bi‘

2. "P .

3., Bateman, A.J. (19569). Induction of polygenic
mutations in rice. Int. 4. Rad. Blol.,):425-427

4., Bhatia, C, and swaminathan, M.S. (1962). Induced
lygenic variability in Bread Wheat and its

ar on selection procsdures. Z.Pflanzenuchtung
_g(ﬁ 1317-326.

2

5. Bhatia, C.R. and Van der Veen J.H. (1965). Two memy
_way selection for EMS induced micromutation

in « FAG/IAEA Report. Suppl.
ng. Botany, G 407



9

6. B?OCk, ReDe (1965)0 Induced matations affectin8
quantitative characters. FAO/IAEA Report. Suppl.

Rad. Botany, 5: 451.

7. Buzzati-Traverso, A.A. and Scossrioli, R.E. (1968).
X-ray induced mutations in polygenic systems.
Second U.N., Conf. on Peaceful uses of Atomiec
Energy, 15/F/1.391.

5
8. Claytor, G. and Robertson, A. (19¢5)., Mutation and
quantitative variation. Am. Nat., £9: 151-158.

9, Gaul H., and (1966) .

10, Gustafsson, Ae. (1964). Mutatlion, viability and population
structure, Acta Agric. Jc « 43 601-632

11. Kao, K. Hux C.Hey Chnn%, W.T. and Oka, H.I,(1960),
A biome trical genetic study of irradiated
population in rice: Genetic variance due to

different doses of X-rays. Bot. Bull. Acad. Sinica,
13: 101108,

12. Kondo, S.Ls (1963). A biophysical theory for radiation
induced polygenic mutations. J. Ggnet., $8: 216-224.

13. Koo, F.K.3, (1962). Polygenic variability induced by
thermal neutron irradiation. Rad. Res., 163 591.

14, Lawrence, C.W. (1965). Radiation induced polygenic
gutigions. PAG/IAEA Report. Suppl. Bad. Botany,
o .

15, MacKey, J. (1954). Mutation breeding in polyploid
cereals. Acta. Agric. Scand., 4: 549-557

160 Oka, H.J.’ Hayashi, Jo a.nj Shiojiri Ic (19&).
Induced mutations of polygenes I‘or guantitative
characters in rice. J. Hered., 42(1):1ll-14.

17. Parthasarathy, N. and Rajan, S.3. (1953) . Studies
on the fertility of autotetraploids of

campestris var. toria. Euphvtica, 2:25-37.

18. Rajan, 3.8. (1955). The effectivencss of mass pedigree
system of selection in the improvement of seed
setting in autotetraploids of toria. Ind. J. Genet.
u’ 47.490 5

19, Ramanujam, S. and Deshmukh, MJ.(1945). Colchicine
induced polyploidy in crop plants.III.
Oleiferous Brassicae. Ind. J. Cenet., S5:63-8l.

20, Scossiroli, R.E. (1965). Value of induced mutations for
gmuhuve character in plant breeding. FAO/IAEA

eport. Supple. Rad. m' S 443-450,

21, Swaminathan, M.S. (1957). Polyploidy and sensitivity
to mutagens. m- lo - 11(2)3 296-304.

22, Swaminathar, M.S. (1965). The use of induced mutations
in plant breeding. FAO/IAEA Report of Rome Meeting,
1964. Svppl. Rad. Botany, H: 619-642.



2 10

e

23, Swaminathan, M.S. and Sulbha, K. (1959). Multivalent :
frequency and seed *Brtility in raw and evolved

tetraploids of ggnnga;z;g var. torilas
Ze. Wiﬁ -392.

LR R

) py A{ >,
/) I T R e .
"‘\ = T’
/

Table I g fo A gt
R

Average Means and Varlances in Control and
Irrddiated Hg and "3 progenies of tetra-
P

oid toria

Treatment  Total no. Erinary Brancheg immmnu
of progenies Average Average Average AVerage
Mean _ variance __ Mean __ variance

- - - -

M, generation

Control 21 6.54 4,020929) 9,24 14,93(23
X-ray, 96 Kr 78 6.48 3.86 (10:01) 9,24 26,4726
X-ray,128 Kr 72 6.38 3.28 (3% 8,77 23,95 (1¢
G I3 D=2y | =t /19 ¥)  p.8Y g_‘_j‘;ri(o.ﬂ

M, generation
Control 15 6489 5.88(/5% 6.49 24,37(253
X-ray, 96 Kr €6 6.71 6.73(/3t5) 6.64 31,08 ¢/
X-ray,128 Kr 60 6.56 5.98 (214 €.88 29,7347
Co :’f“ . [7 . 5\,'0 Z‘g}‘g}s } ﬁm w'{j-;’—

(A =

7‘ LM.,L-A«S ,(,‘_. Te MLL'Q Sz ;;A,.(,t_?;j 1&{Wﬂ( vatioraced &

-



