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By
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Indian Agricultural esoarcb Institute,
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INT7I0BUCTT )N:

The growii”®s degree of sophistic itic. in the control
of the processes leading to the artificial transmutation of
genes establishes beyond doubt that mat ition breeding would
so n become, even more than befox-e, s very valuable tool in
accelerating the pace of rogresa in lent breeding. breeding
of i.-;dica rices is in an in .lug phase today* 1 decade
ago, it was widely held that only ja;onica varieties of rice
are capable of responding well to the application of largo
doses of fertilisers* This belief underwent a remarkable .
change after the development in Taiwan of Taichung i.ative-1,
)ee- jeo-woo0-gon, and l-geo-tze, three early maturing,
nitrogen responsive, photo-insensitive, semi-dwarf indica
varieties* The genetic factor for dwarfing arc = is X
spentmeo a mutation in p;0 -goo-woc.-gen and Taichung dative-1
was developed by crossing this strain dth lIsai-Yuan-chung.
These dwarf indie* strains have established that fertilizer
response is conditioned more by morphological characters
than by rthysiolo deal ones, because of their high fertilizer
responsiveness and yielding ability indica strains for the
first time started replacing ,ia onicao in Taiwan*

To get high yields, an efficient management of soil
fertility and vm.tr application is essential, when conditions
for plant growth ire thus improvd, conditions for the spread
of pathogens and jests become eoinoidently fav ur bio. This

Is the reason why diseases like bacterial blight hive
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assumed greater importance in I***D.P* districts like
Sahabad in Bihar than in areas where the practice of
fertilizer application has not become wide spread* Thus,
all varieties may develop diseases to a greater extent
when grown under conditions of high soil fertility* Certain
varietieg, like Taichung Native-I, arg, however, relatively
more susceptible to diseases like bacterial leaf blight
and Tungro virus (this latter disease is fortunately not
found_in India so far)* Varietal djversification and rapid
replacement of varieties would hence pe essential if rice
yields are to be pitched at levels exceeding 6 tons per
hectare over many years* For developing an assembly-line
of new strains as well as for rectifying solitary or
specific defects of otherwise good strains, the rice breeder
should take gdvantage of all the experimental tools now
available including mutation breeding*
Mutagens available:

When mutation breeding work was initiated in rice
in India by Drs* K* Ram\gah * N. Parthasarathy and
3. Ramanujam, over 3 decades ago, the mutagen commonly
employed was X-rays* Now,a wide range of physical and
chemical mutagens are available for creating new variation
in riee varieties. Among those found very effective are
neutrons, gamma rays and X-rays among physical mutagens and
ethyl methane sulphonate (EMS), diethyl sulphate (DES) and
nitroso-methyl urea (NMUJ) among chemicals* In plants like
bareley, nitroso-methyl urea has been found to be the most
potent mutagen (Fig*1l) and hence this chemical and a few
others like Nitroso-ethyl urea have been termed by Rapoport
of U*S.S*R* as \Super-mutagens,. Experiments cagried out at
the Indian Agricultural Regearch Instjtute indicate that
EMS and NWUJ are very effective in rice strains also.



Methods of Treatment and Handling

In order to recover as many aa of the mutations
induced as possible in the succeeding generations* it is
necessary to mvgpimise the possibility of glimiaating the
loss of cells carrying mutajjons through cell competition*
Fortunately, the dormant rice seed which is exposed to
treatment hag, S tg, 10 initials which wil], give rise to
tillers. By collecting the seeds from each of this
primary group of tillers separately and studying their
progenies, it would be possible to avoid the dilution
of the mutation frequency* @Iso, treating seeds after
dehusking enhances tha effectiveness of the mutagen and
helps to obtain very high frequencies of mutations
(Tables 1 and 2).*he frequencies given in Tables 1 and
2 arevthe highest so far realised in gice varieties* As
a precautionary measure for avoiding eont4mination with
foreign pollen, it would be advisable to self all the
treated Qvlagvts by placing envelopes or bags over the
inflorescences* In addition, to treating seeds* it is
possible to treat growing plants to small doses of
radiation o\\,/verwtheirventire life cycle in a Gam Garden
(Fig*2)* Such chronic irradiation helps to overcome some
of the limitations imposed by the competition for further
growth occurring among the cells of a treated meristem*
Varieties of indica have more than one gene governing
several traits and in suebfcases repeated or recurrent
irragviation of the treated material has an unmask\;\pg
effect on the exterpal magifestation of the characters
controlled by duplicate factors*
Types_of mutations, induced _ be

A wide spectrum of mutations can”induced in rice

by adopting suitable treatment and handling procedures*
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witr\}vthe theoretical knowlgdge gained on the frequency and
spoetrum of mutations induced by different mutagens and
treatment methods, it is essential that studies on the
maximisation othhe induced mutation frequencies are
initiated in rice on uhe model of the work already done in
barley and wheat* 3uch studies should 'te carried out in
varieties of Japonica, indica snu “avanlca. _ w

b. Induction of rotations for specific characters.!
Thiswwork will be principally for rectifying specific
defects in otherwisewdes\i/rable* varieties, liutations for
desirable morphological characters like the plant typo wu ch
IS best suited for making good use of solar energy as well
as the fer\t/ilizver aeplied* should be looked for* Among
physiological characters* mutations for photoperiodic
insensitivity* eailinesa (100 to 120 days from seeding
to maturity) and tolerance to salinity arc the problems
worthy of investigation* Among diseases, resistance to
blast and to bacterial blight were recommended for
investi,gation*

c* Use of radiations for special purpose**

1) Increasing recombination ani breaking undesirable
linkages For increasing recombination of genetic factors
in Japonica and iadica crosses and for broakind undesirable
linkages such as the association that appears to exist
between photcssnlti'tity and seed dormancy radiation
techniques may be useful.

1) induction and irradiation of haploidsjlrradiation
of haploids followed by colchicine treatment will be

another promising approach worthy of investigation in rice*
Induced nutations of practical valuet

The recent work done in India at the Central Rise
Research Institute, Cutt%)k* the Atomic Energy Establishmer
Trombay, the Bose Research Institute, Caieutta and the

Indian Agricultural Research Institute, Hew Delhi, has



given rise to many valuable mutations* Thus, an early
mutant isolated in Trombay ia the variety G.E.B, 24 is not
only 3 weeks eaflier than the parent, but has also more
grains per panicle (260 as compared to 180 in G.E.B.24)

and higher yield (10 co 12 percent more than the control).
At the I.A.R.l., Dr. S.V.s, Shastry and his colleagues
isolated several dwarf mutants in the fine grain variety,
N.P.130, in material treated with ~iaaa rays and E*M*S*
Some, of the desirable featureg, of these mutants were (a)
reduction in height from 150 cm in the parent to 100 cm in
the mutant, (o) thicker stem, (c) dark greenleaves which an
more efficient in the utilization ofsuniight, (d) a non-
lodging habit under high fertility conditions. The yields
obtained with these mutants in trials conducted in differenl
parts of Bihar, U.P and Punjab duringl965 indicated that
smie of thece dwarf mutants could be cultivated with profit
in soils fertilised with 100 Kg ii/ha (Bee Table 3)* The
great attraction of these mutations is that they have fine,
B&omati-typa of grain. As can be seen from tin data in
Treble 3, tho dwarf mutants, 5 |,y, 4, 12 and 13, are
uniformly supgrior at all the centres.

Seme recent research carried out at the |1.A.B.I.
under contract with the International Atomic Energy Agency ”
has,Jed to the isolation gf several interesting mutants in
Taichung Kative-1 and Taichung-65* in the former Variety,
attention has been paid to the isolation of mutations with
earlinocs and resistance to bacterial leaf blight, while
in the latter mutants with ucn-glufinous grains are being
developed* The progenies o* the treated material of these
two strains grown at the iaddy Breeding Station, Coimbatore
and the Central Eio« Research institute, Cuttack, contain

a wide array of useful types*
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Sophisticated mutation research in rice is only
in its infancy* We can confidently hope that the
knowledge now Icing gathered would enable us to take

advance of~this tool mare effectively and extensively

in futuie rice breeding research*



TABLE 1

Chlorophyll mutation frequency in Taichung Native - 1

HE lant Progw ir__ ~ __Jut pite emw .
Total 'uiafcer of1 ' --~» of Ohio<*o- Tota Number or % of chloro-
Doaaga number of slants phyll number of plants phyll
plants ueyvagatr'.r’i B-"apts risxta segregating; autrata
aan»ra-rBy»
IOKr a1 57 40*6 412 142 544
COST 12+ 55 440 e ISr- 55.2
S0Kr 92 5? 56.5 $35 148 444
40Xr 24 IS 75.0 126 69 547
EKS
1/500 125 41 52.0 625 87 13.0
1/4C0 125 48 534 620 97 15.6
1/500 125 65 504 548 228 58SJ.
1/200 3 51 54.3 442 178 40.2
1/100 55 24 60.5 176 80 454
Ce0BB + BVB
20Kr + 1/500 50 56 720 169 78 464
50Kr + 1/500 22 IB B5.3 fO 4 56.6



TABii] 2

Chlorophyll nutation frequency in
Taichung = 65

M2 p!lani prol™y ME Spike Pregesr*
"rib* of i ol No. of % of
Total plants chlero™  Total 2Jo. spites chloro-
Dosage No* of  Sfcgre- phyll ol segre- phyll
UISTX0 _Agygt- mutants spikes gating mutants
Qamma-raye
IOKr 85 29 541 372 79 21.2
20Kr 100 66 56.0 370 30 258
50Kr 52 14 45.8 135 58 27.1
Fvb
1/500 100 21 210 478 £5 111
1/400 10C 24 24.0 462 57 125
1/500 L3O 29 2i).0 590 Si 15.6
1/200 44 16 40.9 146 56 24.3
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Yield of dvarf mutants of N.P. 130 during the year 1965-66
at different centres.

Bank [Culture | Yield in | Culturey Yield in ) Culture [Yield in | Culture 1 Yield In | culture TfISftrin-------
No. I kg, per No, lkg. per No. . per No. 1 kg. per No. ta. per
I 1 hectare. | hectare™ 1 h&ctare. 5 hectare. X- hectare.
1 S13 2864 S U 3744 S 4 2984 S 4 3296 S 12 6203
2 S1 2808 S 3 3704 313 2885 S 12 3252 S 13 5977
3 S§S10 2628 31 3629 S 11 2806 S 2 3185 S4 5948
4 S 3 2610 S 4 3526 S 12 2786 31 3162 S1 5920
5 S 2 2538 S 12 3509 S1 2740 33 3117 S3 5778
6 S9 2663 S 14 3472 S 10 2670 S 10 3072 S7 5750
7 S 14 2467 310 3252 | 3 2667 S 11 2826 S8 5637
8 CH4 2467 313 3003 32 2656 S 13 2646 S 11 5551
9 S1n 2449 32 2980 S 3 2627 S5 2422 S 2 5410
10 S6 2431 N136 2706 314 2595 F -1007 2377 S5 5297
11 312 2341 36 2234 | 21 2524 2355 39 5070
12 S 4 2332 S5 2124 37 2119 39 2198 S 10 5042
13 S8 2287 39 2124 38 2000 36 2130 S6 4759
14 T21 2287 S7 2029 36 1897 37 2108 S 14 4674
15 S7 2269 S8 1965 S9 1798 S 14 2063 Bas 217 4674
16 S$5 2245 1950 35 1722 - -

Varieties underlined are the control checks In the trials.



