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The Use of Induced u t it io n s  in  n ice  Improvement
ByH .3 . f"y uainathan,Indian A g r ic u ltu ra l esoarcb I n s t i t u t e , ■ New e l' i .

INT7I0BUCTI )N:The growii^s degree o f  s o p h is tic  i t ic . in  the con trol of the processes lead in g to the a r t i f i c i a l  transm utation o f  genes e s ta b lish e s  beyond doubt th a t mat itio n  breeding would so n become, even more than befox-e, s very valuable to o l in  a c c e le r a tin g  the pace o f r ogres a in  le n t breeding. breeding of i:.-;dica r ic e s  i s  in  an in  ..lug phase today* ■ decade a g o , i t  was w idely held that only ja ;o n ic a  v a r ie t ie s  o f r ice  are capable of responding w ell to the a p p lic a tio n  o f  largo doses of f e r t i l i s e r s *  This b e l ie f  underwent a remarkable . ̂ v/change a ft e r  the development in  Taiwan o f  Taichung i .a t iv e -1 , )ee- jeo-woo-gon, and I - g e o -t z e , three e a rly  m aturing, n itrogen  resp o n sive , p h o to -in s e n s itiv e ,  semi-dwarf in d ica  v a r ie t ie s *  The g e n e tic  fa c to r  fo r  dw arfing arc -• i s  x spentm eo a mutation in  p;o -goo-woc.-gen and Taichung d a t iv e -1 was developed by cro ssin g  th is  s tr a in  d t h  Isai-Y uan -chun g. These dwarf in d ie *  s tr a in s  have e sta b lish e d  that f e r t i l i z e r  response is  conditioned more by morphological ch aracters than by ■ h y sio lo  d e a l  ones, because o f  th e ir  high f e r t i l i z e r  responsiveness and y ie ld in g  a b i l i t y  in d ica  stra in s  fo r  the f i r s t  time sta rte d  rep lacin g  ,ia onicao in  Taiwan*To g e t high y ie ld s , an e f f ic ie n t  management o f s o i l  f e r t i l i t y  and vm.tr a p p lic a tio n  is  e s s e n t ia l , when con dition s fo r  p lan t growth ire thus im p ro v d , con dition s fo r  the spread of pathogens and je s t s  become eo in o id en tly  fa v  ur b io . This i s  the reason why diseases l ik e  b a c te r ia l b lig h t  h ive
i



» t 2.assumed greater importance in  I*^*D.P* d is tr ic ts  lik e  Sahabad in  Bihar than in  areas where the practice of f e r t i l iz e r  application has not become wide spread* Thus, a l l  v a rie ties  may develop diseases to a greater extent when grown under conditions of high s o il  f e r t i l i t y *  Certain v a rie tie s  lik e  Taichung N a tiv e -I, a r e , however, r e la tiv e lyw vsmore susceptible to diseases l ik e  b a cte ria l le a f  b ligh t and Tungro virus (th is  la tte r  disease is  fortunately not found in  India so far)* V arietal d iv e rs ific a tio n  and rapid— w —replacement of v a rie tie s  would hence be e ssen tia l i f  ricewyields are to be pitched at le v e ls  exceeding 6 tons per hectare over many years* For developing an assembly-line of new strains as well as for re ctify in g  s o lita r y  or sp e c ific  defects of otherwise good s tr a in s ,  the r ice  breeder should take advantage of a l l  the experimental tools nowvavailable including mutation breeding*Mutagens a v a ila b le :When mutation breeding work was in it ia te d  in  rice  in  India by Drs* K* Ramiah * N. Parthasarathy andvs3. Ramanujam, over 3 decades ago, the mutagen commonly employed was X-rays* Now,a wide range o f physical and chemical mutagens are available for creatin g new variation  in  riee  v a r ie tie s . Among those found very e ffe c tiv e  are neutrons, gamma rays and X-rays among physical mutagens and ethyl methane sulphonate (EMS), d ieth yl sulphate (DES) andv# —nitroso-methyl urea (NMU) among chemicals* In plants lik e  bareley, nitroso-methyl urea has been found to be the most potent mutagen (Fig*1) and hence this chemical and a few others like  N itroso-ethyl urea have been termed by Rapoport o f  U*S.S*R* as "Super-mutagens". Experiments carried out atV «> wthe Indian A gricultural Research In stitu te  indicate thatw wEMS and NMU are very e ffe ctiv e  in  r ice  strains a ls o .



Methods of Treatment and HandlingIn order to recover as many aa of the mutations induced as possible in  the succeeding generations* i t  is  necessary to minimise the p o s s ib ility  of elim inating thew w v *loss of c e l ls  carrying mutations through c e ll  competition*W WFortunately, the dormant rice  seed which is  exposed to treatment has S to 10 in i t ia ls  which w ill give r ise  tov w vt i l l e r s .  By co lle ctin g  the seeds from each of th is primary group o f  t i l le r s  separately and studying their progenies, i t  would be possible to  avoid the d ilu tio n  of the mutation frequency* A lso , treatin g seeds a fte r<** o*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 are the highest so far realised in rice  varieties* Asv **a precautionary measure fo r avoiding eont4mination with foreign p o llen , i t  would be advisable to s e lf  a l l  the treated plants by placing envelopes or bags over thew winflorescences* In ad d ition , to treating seeds* i t  i s  possible to treat growing plants to small doses of radiation over th eir entire l i f e  cycle in  a Gamma Gardenw w v w(Fig*2)* Such chronic irrad iatio n  helps to overcome some o f the lim itatio n s imposed by the competition for further growth occurring among the c e lls  of a treated meristem* V arieties of indica have more than one gene governing several tr a its  and in  suebfcases repeated or recurrent irrad iatio n  o f the treated m aterial has an unmaskingw we ffe ct on the external m anifestation o f the charactersw W Wcontrolled by duplicate factors*Types of mutations induced*-Jix----------------------a------------ * - beA wide spectrum of mutations can^induced in  rice  by adopting su itable  treatment and handling procedures*



i 5.

* with the th eoretical knowledge gained on the frequency andw “spoetrum of mutations induced by d ifferen t mutagens and treatment methods, i t  is  essen tia l that studies on the maximisation of the induced mutation frequencies arewin it ia te d  in  rice  on uhe model of the work already done in barley and wheat* 3uch studies should "be carried out in  v a rie tie s  of Japonica,  indica snu ^avanlca. __ wb . Induction o f rotations fo r sp e cific  characters.!This work w ill be p rin cip ally  for r e c tify in g  sp e c ific
wdefects in  otherwise desirable v a r ie t ie s , liutations forw v **desirable morphological characters lik e  the plant typo wu ch is  best suited for making good use of solar energy as well as the fe r t i l iz e r  applied* should be looked for* Amongv v vphysiological characters* mutations for photoperiodic in se n sitiv ity *  eailin esa  (100 to 120 days from seeding to maturity) and tolerance to s a lin ity  arc the problems worthy o f investigation* Among diseases, resistance to blast and to b a cte ria l b ligh t were recommended for investigation*wc* Use of radiations for special  purpose** i)  Increasing recombination ani breaking undesirable linkages For increasing recombination o f genetic factors in  Japonica and iadica crosses and for broakind undesirable linkages such as the asso ciatio n  that appears to e x ist between phot css n lt i 't ity  and seed dormancy radiation techniques may be u sefu l.i i )  induction and irrad iatio n  of haploidsjIrrad iatio n  o f haploids followed by colchicine treatment w ill  be another promising approach worthy o f investigation  in  rice* Induced nutations of p ra ctica l valuetThe recent work done in  India at the Central Rise Research In s t itu te , Cuttaok* the Atomic Energy EstablishmerwTrombay, the Bose Research In s t itu te , Caieutta and the Indian A gricultural Research In s t itu te , Hew D e lh i, has



given rise  to many valuable mutations* Thus, an early mutant iso lated  in  Trombay ia  the variety G .E .B , 24 is  notonly 3 weeks e a r lie r  than the parent, but has also  morew —grains per panicle (260 as compared to 180 in  G.E.B.24) and higher y ie ld  (10 co 12 percent more than the co n tro l). At the I . A .R . I . ,  Dr. S .V .s , Shastry and his colleagues isolated several dwarf mutants in  the fine grain v a r ie ty , N.P.130, in  m aterial treated with ^iaaa rays and E*M*S*Some of the desirable features of these mutants were (a)w wreduction in  height from 150 cm in  the parent to 100 cm in  the mutant, (o) thicker stem, (c) dark green leaves which a n  more e ffic ie n t  in  the u tiliz a tio n  o fsu n iigh t, (d) a non- lodging habit under high f e r t i l i t y  conditions. The yields obtained with these mutants in  tr ia ls  conducted in  differenl parts o f Bihar, U.P and Punjab during1965 indicated that smie o f thece dwarf mutants could be cultivated with p ro fit  in  s o ils  fe r t i l is e d  with 100 Kg ii/ha (Bee Table 3)* The great a ttra ctio n  of these mutations is  that they have f in e , B&omati-typa of gra in . As can be seen from tin  data in  Treble 3, tho dwarf mutants, 5 l , y ,  4,  12 and 13, are uniformly superior at a l l  the centres.w vSeme recent research carried out at the I .A .B .I .  under contract with the International Atomic Energy Agency  ̂has led to the iso la tio n  of several interesting mutants inw wTaichung Kative-I and Taichung-65* in  the former V ariety , atten tion  has been paid to the iso la tio n  o f mutations with earlinocs and resistance to b acteria l le a f b lig h t , while in the la tte r  mutants with ucn-glu^inous grains are being developed* The progenies oi* the treated m aterial of these two strain s grown a t the iaddy Breeding S ta tio n , Coimbatore and. the Central Eio« Research in s t it u t e , Cuttack, contain a wide array o f  useful types*



t 7.
Sophisticated mutation research in  rice  is  only in  i t s  infancy* We can confidently hope that the knowledge now Icing gathered would enable us to take advance of^this tool mare e ffe c tiv e ly  and extensively in futuie rice  breeding research*

<



TABLE 1Chlorophyll mutation frequency in Taichung Native -  1
H£ ,1ant P r o g w i r ____ _^  ___ jtit pite •-■iv _________  .. . _____Total 'uiafcer of1 ' ~ ~ ~ ? o f Ohio<*o- T otal Number or % o f chloro-

Doaaga number of s la n ts phyll number o f plants p h yll
plants uê .yvagatr'.r̂ i B-^apts r ls x ta  segregating;______ autrata

aan»ra-rBy»

lOKr 91 57 40*6 412 142 54.4
COST 12* 55 44.0 tA AKT̂"J lSr- 55.2
50 Kr 92 5? 56.5 $35 148 44.4
40Xr 24 IS 75.0 126 69 54.7EKS
1/500 125 41 52.0 625 87 13.0
1/4C0 125 48 53.4 620 97 15.6
1/500 125 65 50.4 548 228 5 SJ.
1/200 93 51 54.3 442 178 40.2
1/100 55 24 60.5 176 80 45.4

OaoBB ♦  EM3
20Kr ♦  1/500 50 56 72.0 169 78 46.4
50Kr ♦  1/500 22 IB ESI .3 fO 54 56.6



TABii] 2

Chlorophyll nutation frequency in 
Taichung •  65

M2 p!lani p ro l^ y ME Spike Pregesr*
"rib* o f  'i o l N o. of % o fTotal plants chlero ** Total ?Jo. spites chloro-Dosage No* o£ Sfcgre- phyll oI segre- phylluisnx-o - ^ s y s t - mutants spikes gating mutants

Qamma-raye

lOKr 85 29 54.1 372 79 21.2
20Kr 100 6 6 56.0 370 30 25.8
50Kr 52 14 45.8 135 58 27.1

F-M5

1/500 100 21 21.0 478 £5 11.1
1/400 IOC 24 24.0 462 57 12.5
1/500 LOO 29 2i).0 590 SI 15.6
1/200 44 16 40.9 146 5G 24.3
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■ faHL*. a aY ield  o f dvarf mutants o f  N .P . 130 during the year 1965-66a t  d iffe re n t centres.
[Culture 1 No.i | Yield in  | Culture i kg , per ft No,1 hectare. I 1 Y ield  in  ) Culture J kg. per | No.1 h e cta re^  1__ [ Y ie ld  in  } kg. per 1 hectare. I Culture No. I Yield In 1 k g . per 5 hectare. I Culture No.X- TflSftrin-------| t a .  per1 hectare.S 13 2864 S U 3744 S 4 2984 S 4 3296 S 12 6203S 1 2808 S 3 3704 3 13 2885 S 12 3252 S 13 5977S 10 2628 3 1 3629 S 11 2806 S 2 3185 S 4 5948S 3 2610 S 4 3526 S 12 2786 3 1 3162 S 1 5920S 2 2538 S 12 3509 S 1 2740 3 3 3117 S 3 5778S 9 2663 S 14 3472 S 10 2670 S 10 3072 S 7 5750S 14 2467 3 10 3252 I  3 2667 S 11 2826 S 8 5637CH 4 2467 3 13 3003 3 2 2656 S 13 2646 S 11 5551S 11 2449 3 2 2980 S 3 2627 S 5 2422 S 2 5410S 6 2431 N136 2706 3 14 2595 CB-1007 2377 S 5 52973 12 2341 3 6 2234 I  21 2524 I T 2355 3 9 5070S 4 2332 S 5 2124 3 7 2119 3 9 2198 S 10 5042S 8 2287 3 9 2124 3 8 2000 3 6 2130 S 6 4759T 21 2287 S 7 2029 3 6 1897 3 7 2108 S 14 4674S 7 2269 S 8 1965 S 9 1798 S 14 2063 Bas 217 4674S 5 2245 1950 3 5 1722 - -V arieties underlined are the control checks In  the t r ia ls .


