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INTRODUCTION

The usa o f  semidwarfs, undoubtedly, i s  the most b r i ­

l l i a n t  success in  the area o f  r i c e  breeding• The r e a l is a ­

t i o n  that response t o  f e r t i l i z e r  app lica tion  was more a 

m orphological than a p h y s io lo g ica l  phenomenon ( Swaminathan, 

1966a) led to  a wide spread search fo r  gene3 in cerea l  crops 

which decide the id e a l  plant type . In r i c e ,  the plant type 

concept has m aterialised  a f t e r  the id e n t i f i c a t io n  o f  

Dee-geo-voo-gen and the development o f  Taichung Jative-1 in 

Taiwan. Jennings (1 1 64) viewed the ideal plant type in r ice  

f o r  the t r o p ic s  as one with e r e c t ,  short,  th ick ,  dark ’reen 

leaves and short sturdy stem. my others hove also described 

the id ea l plant type Tilted to the tro  >icr. i th  s l ig h t  a l te ra ­

t i o n s .  The plant typo concept h is thus been chan i t r  v ith  

the changing requirements and breeding o b je c t iv e s .

The in troduction  o f  Taichung N ative-1 and I in to  

India estab lished  tho plant type concept in the country. The

term inology has cone to  stay in a s s o c ia t io n  with nonlodping, 

short plant stature and short,  e r e c t ,  dnrk green lo a v e s .  I t

has enabled the gen et ic  destru ct ion  o f  y ie ld  barr iers  in r ice

and has been respon sib le  fo r  n breakthrough in r i c o  production 

in  many "outh East Aslan countries includ ing  Ind ia . However, 

the large scale c u l t iv a t io n  o f  the dwarf v a r ie t ie s  ra ised  

hopes and fe a r s j hopes f o r  the fa c t  that y ie ld s  o f  the order
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unknown earlier could be realised under proper management and 

fears on account of their susceptibility to major pests and 

diseases.

During the past two decades, nearly  150 semidwarf r i c e  

v a r ie t ie s  o f  d i f fe r e n t  duration , p rod u ct iv ity  and grain q u a lity  

have been released in India  f o r  commercial planting* These 

semidwarf r i c e  v a r ie t i e s ,  at the present, occupy nearly 30% 

o f  the t o t a l  r i c e  area in  the Country. V ir tu a lly  a l l  o f  them, 

including IR-3 and Taichung d a t iv e -1 , have a common source of 

dwarfism derived from Dee-geo-woo-gen desp ite  d i f fe ren ces  in 

the donor v a r ie t i e s .  Thi3 slmoly inherited  dwarfin'; gene not 

only shortens the culm length ; but a lso  brings about severa l  

other changes such S3 s t i f f  straw; short,  e r e c t ,  dark green 

leav«3 and increased t i l l e r i n g .  Lt thereby modifies the plant 

a rch itectu re  as w oll  as p h y s io lo g ica l  p ro p e r t ie s .  1th a 

s in g le  gene dominating large  crop areas, there is  a p o te n t ia l  

danger o f  gen et ic  narrowness. The alarming uniformity created 

by th is  narrow genetic  base in respect o f  such an important 

gene or  gene complex f o r e t e l l s  genetic  v u ln e r a b i l i ty  t o  many 

adverse con d it ion s  includ ing  disease and pest e p ip h y to t ics ,  

and poor a d a p ta b il ity  to  d iverse  environments. The r i c e  

workers have now rea lised  the urgent n e ce s s ity  fo r  widening 

the g e n e t ic  base o f  semidwarfism. In recen t years , many pro­

j e c t s  have been in i t ia t e d  f o r  screening the e x is t in g  geraplasm 

f o r  dw arfing/sem idvarfing genes and fo r  the induction  o f  dwarf 

autatIona•

2



Induction o f  mutations by ra d ia tion s  and chemical muta­

gens has become a qu ite  usefu l t o o l  in  modem plant breeding. 

Mutation research in  r i c e ,  from the point o f  view o f  i t s  

improvement, dates back to  1934. This approach has engaged 

the a tten tion  o f  a number o f s c i e n t i s t s  p a r t icu la r ly  in  Asian 

cou n tries  where r i c e  forms the s ta p le  food . As pointed by 

Svaminathan (1966b), the r i c e  plant v/ith i t s  e s s e n t ia l ly  

secondary polyp lo id  nature, with a p a r t ia l ly  d i3on ic  and 

p a r t ia l ly  polysomic genetic  c o n s t i tu t io n ,  and a s t r i c t  s e l f -  

p o l l in a t in g  system, i s  id e a l ly  suited  Tor Improve.102it through 

mutation breeding. Several v/orkers have estabiisneci that 

induced mutants would obviously be of importance in  r i c e  

breeding through th^ lr  d irect  as w e l l  as in d ire c t  uses. In­

duced short statured mutants have been reported in r ic e  right 

from Ichijirao in 1934. 'emidw irf  mutants conforalng to the 

plant tyme have a lso  been id e n t i f i e d  by soje  workers.

The genetics  of induced mat mts are r e la t iv e ly  l i t t l e  

in vest iga ted  up on. The a l l e l i c  re la t io n sh ip  o f  mutants, both 

n a tu ra lly  occirrlnrr and Induced, has boon studied by n few 

workers. Xingh et n l .  (1979) reported that while mo it o f  the 

n a tu ra lly  occurring semidwarf mutants were a l l e l i c  t o  

D ee-geo-voo-gen , many o f  the induced aemldwarf rautunto were 

n o n a l l e l i c .  Ikehsshl and Klkuchl (1992) were o f  the view that 

the same Locus In the th ird  linkage group was respon sib le  f o r
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th* semi dwarf iso which Isad to a breakthrough for yield level 

independently in different regions of the World,

Genetic analysis  o f  aeo idvarf mutants provides a means 

t o  ascerta in  the a l l e l i c  re la t ion sh ip  o f  the mutants with 

Dee-geo-woo-gen, Incorporation  of plant type in to  the w ell 

adapted native  v a r ie t ie s  through the conventional combination 

breeding not only d isturbs the genetic  background o f  these 

v a r ie t ie s  but a lso  perforce  re ta in  soue o f  the undesirable 

e f f e c t s  in  s p ite  o f  e f f i c i e n t  s e le c t io n .  Mutagenesis pro­

v ides  an unique method o f  inducing plant types into  the native 

v a r ie t ie s  without disturbing th e ir  genetic  background.

The present p ro je c t  has been taken up as a part o f  the 

nation-wide e f f o r t  to  id e n t i fy / in d u ce  dwarfing genes non­

a l l e l i c  to Hgvg gene to  provide a v/ido genetic base f o r  serai- 

dwarf lam. The inve.at Ig itiono aimed a t : -

1 . tha induction of plant tyoe semidi-Mrfs in three native 

w e ll  adaoted v a r i e t i e s ,  v i z . ,  Mtb- ), tb -2 9  and tb-10

using gamma rays and hM'J;

2. the study o f  the genetic  r e la t io n s h ip  o f  the induced serai- 

dwarfs with Hee-geo-voo-gen to  id e n t i fy  n o n a l le l i c  semi- 

dwarfing genes) and

3. the study o f  the a l l e l i c  r e la t io n s h ip  o f  the inducod 

mutants•
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REVIEW OF LITERATURE

At the turn o f  the century, the enormous p o te n t ia l  use­

fu lness  o f  Induced mutations fo r  Diant breeding has s t ir red  

the Imagination o f  g e n e t ic is t s  l ik e  De Vries , TJilsson I’h le ,  

Muller and Gustafsson. The scope f o r  producing b e t te r  species 

o f  cu lt iva ted  plants and domesticated animals by the mutation 

technique was antic ipated  by them ( c . f .  waul, 1964). j he use 

o f  X-rays fo r  inducing mutation was suggested by De / r i e s  in 

190'-* ( c . f .  Dlakesee, 1 )3 6 ) ,  Koemicke In 1 05 and Gager In 

1908. However, the conclusive proof that ion is ing  radiations 

induce mutations was orer.ented by 'u l l o r  1 )27) in rosovh ila .  

Re p o rt  3 of f.tadler (1920), Gager and lakes lee (1927) end 

loodsoeed ( 1029 ) indicated  the use of ion is in g  rad iat ions  for 

inducing mutations in p lm t s .  ihe h i s t o r i c a l l y  important 

f i n d i n g  of this p- riod were f o l i o  r,d in the next three to  

four decades by Invest igat ion s  of a purely experimental nature, 

such as , the type of muti'renr., dosage'., !*L e f f e c t s ,  segrega­

t io n  In Mp and ; t , , mutant tyoes and c y t o lo  lea l  ch a ra c te r is ­

t i c s .  These ear ly  works did not contr ibute  much to plant 

improvement. Th  ̂ seventies  witnessed the p ra c t ica l  u t i l i s a ­

t io n  o f  induced mutations In a wide range o f  crops (Gregory,

1772).

Even before  the d iscov ery  o f  the mutagenic e f f e c t s  of 

X - r t y i , the aearch fo r  chemicals capable o f  causing mutation*
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began (Auerbach, 1967). Early in  the Century, chemical muta­

genesis was attempted by Schiemann (1912), Induction o f  muta­

t ion s  by means o f  chemical treatments with mustard gas was 

demonstrated by Auerbach and Robson (13^2, 19^7) in ungland 

and lapoport (19^3) in the USSR. 3ince then, a nuabar o f  

chemicals possessing mutagenic properties  have been id e n t i ­

f ie d  and th e ir  e f f e c t s  studied . The reports  on the induction 

o f  mutations in  higher plants with chemical muta.r êns are 

numerous in recent years.

Among the numerous radio-mimetic chemic-'ls nru known, 

the a lky lat ing  agents are the most e f f i c i e n t  in a vide array 

o f  organisms from bacteria  t )  mammals (Auerbach, 1 ^ 1 ) .

Within the a lk y l  -ting .groua, monofunction.il agents in Tcncral 

and ethyl methane sulphon^te in p a r t i -  llnr apoeir  to ho more 

e f f i c i e n t  in several org inl^Tio Including h i 'her  plants 

(Awsmimthan et a l . ,  1 )62 ) .  The inut \ onic e f f i c i e n c y  j f  < th rl* ft/ 90

methane sulphonote was f i r s t  demonstrated by Heslot r*t a l ,  

( 1 9 5 9 ) and l i t e r  by Lhrenberg ( 1 ) 6 ) ) ,  n i t r  )soguanidine, a 

comparatively new i id ltlon  t o  the ser ies  of p o ten t ia l  chemical 

mutagens i s  reported to  induce higher mutation frequency than 

EH3, KWU and gamma rays ( Awsminothan et a l . ,  1179),

A wide range of both physical and chemical mutagens Is 

now a v a i la b le .  The r e la t iv e  advantages and diaadvm tages of 

the d i f f e r e n t  mutagens have been investigated  by many workers. 

Ehrenberg et a l . (1961) and Helner et a l . (1960) showed that
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some chemicals induced mutations w ith  frequencies two to  

three times higher than the highest frequencies obtained 

fo l low in g  rad iation  treatments, Sato (1966) reported HI and 

EMS to  be more powerful mutagens than radiations in inducing 

v i s i b l e  mutations in  r i c e ,  Physical mutagens l ik e  X -rays, 

fa s t  neutrons and g im-aa ray3 have been frequently employed 

in inducing usefu l mutations in crop plants as compared to  

chemical mutagens ( "waminathan, 1 )69b ) .  The ava ilab le  l i t e r a ­

ture on mutation breeding is  flooded with works on induced 

mutation through io n iz in g  rad ia t ion .  In sexually propagated 

crops ,  chemical mutagens yielded very hi h nutation frequen­

c ie s  and in roost c ises they wore mure o f  ic tent  than ion iz ing  

ra d ia t ion s  (Knmra and hrunn^r, 1 *7^), however, it. i s  premature 

to assess the merits of chemlcnl muta ona on the h ir is  o f  the 

number of v a r ie t ie s  to  which they have riven r i s e ,  s ince 

extensive  work with chemical -nut i -ona h -ve began onl / in 1 '60, 

fo l lo w in g  the introduction  of ethyl methane sulphonuto, /3s 

such, the choice between the physical and chemical mutagens 

f o r  induced mutagenesis in >nly a rb itrary .  wsmln than (1969c), 

however, opined that neutrons among the ra d ia t ion s  and ethyl 

methane sulphonute among the chemicals were genera lly  the 

mutagens o f  ch o ice .  Mair (1971) ranked the mutagens as gamma 

rays, EMS, NMU and fast  neutrons In terns o f  the frequency of 

v ia b le  mutations they induced. Based on t h e i r  e f f i c i e n c y  at 

doses inducing s im ilar  b i o l o g i c a l  e f f e c t s ,  they were reported
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to bo in the order gamma rays, EMS, fast neutrons and iIMU.

He, thus, concluded that gamma rays were the best In inducing 

viable mutations in rice. Thus, both the kinds of mutagens 

have proven to be of value in induced mutagenesis.

Since the premier works o f  Yamada (1917) and Kakamura 

(1913) which ind icated  increased y ie ld s  with exposure o f  

seeds to X-rays f o r  short periods, the l i te ra tu re  on induced 

mutations in r i c e  has accumulated tremendously. Jhe progress 

in mutation research and the p r a c t i c a l  achievements in crop 

improvement have been reviewed by many investigator 's  such as 

(Aumrbach, 1961; Gaul, 1 i/61 , 1 j6 h ;  jporrov, 1 ;61 ; p arrow 

et a l . ,  1 9 6 5 ; Nil m et n l , p i 9 6 0 ; 1 h i ;  Cust f a  o n ,  1 jGZ , 1969; 

Guatafsaon 7.nd 5ad«i, 1 9 6 6 ; o s la t ,  1 j G j ;  yboa an! .»och, 1965; 

fitubbe, 1567; Narayanan and Konzak, 1 /Go; WTiinuthun, 1 169a 

cirri b; ' fa ir ,  1971; 'Gscuro et a l . ,  1 )71 ; Oovindasvuni et a l . ,  

1572; Carnahan et a l . ,  1975; ChokrabarUii nd on, '1975;

Rutger et a l . ,  1976; Hak nd Mun, 1)76; *v:un nd a r i , 1979; 

h a jra ,  1979; Bwivedl e ‘- a l . ,  1979; oikaolnen, 1 979s 'recdharan, 

1979; Hiraiwa and Tanaka, 1999; fatnnik r t  a l . ,  1959; Kawni, 

1990; -5aini end Kumur, 1990; Bakirov, 19 30; /wan and \ lioema, 

1931 ; Guo, 1991; *1«hadevap,>«! et e l . p 1991; dutger * nd Brandon, 

1901; "antes, 1991; Ashri, 1932; Lnl nd tiichhsrl*, 1982; 

Ganashrm and h it t in g to n ,  1903; Debnath and Mukerjee, 1J85; 

Meae at a l . p 1984),

Bparrow et a l. (1939) listed 31 publications on radio
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botanical studies in rice f o r  the 60-year period from 1896 

to 1955- While Mayar (1965) reviewed most o f  the mutation 

works in  rice upto I965t Gustafsson and Gadd (1966) attempted 

to  r e la te  the breeding ch a ra c te r is t ic s  and accomplishments 

to  the works which had been done with r i c e  mutations. Mikaelsen 

( 1979 ) reviewed induction  o f  mutations and th e ir  nature, types 

o f  u se fu l  mutations including those fo r  plant height, changes 

in  flow ering  and maturation, resistance to  diseases and pests, 

and the use of induced mutations in r i c e  breeding. The ava i­

lab le  l i t e r a tu r e  on these aspects is  r. j vast t h -.t i t  la  out 

o f  the 3Cope o f  the present study to review then. .utation 

breeding f o r  res istance  has ooened jp a new and vast Tie Id o f  

research . Streams o f  resu lts  o f  such in vest iga t ion s  L ve b^on 

presented in more recent Literature. nother u u c c t  o.i rota­

t ion  breeding that has n t t n c t o d  the attention  of researchers 

a l l  ov®r the arid is  the induction o f  desired ulsnt types.

This review 'Ivon greater  emotnsls to  induced mutagenesis 

In re la t io n  to  crop breeding.

I . E f fe c t s o f  mutagens in the generation

The mutagenic s e n s i t iv i t y  o f  p lin l n is  usua lly  measured 

by parameter* such a* g e m in a t io n ,  su rv iva l,  plant growth, 

f e r t i l i t y  and ch lo ro p h y ll  d e f i c ie n t  chimeras.

■ ) 0tn»ln«tl3n

Ooud e t  a l * / ( l 9 6 7 ) ,  Hiddlq (1967) end Gamshun (1970)
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reported that germination was not much a ffe c te d  by radia­

t io n s ,  though damage occurred afterwards. Germination was 

not a f fe c te d  even at r e la t iv e ly  higher doses o f  rad iations 

' (H a ir ,  1971). However, considerable delay in  germination o f 

seeds at high doses o f  rad iations  was reported by Yaaagata 

e t  a l .  (1969) and Goud et a l .  (1967).

9n the other hmd, germination was g rea t ly  reduced by 

chemical mutagens such as d ie th y l  sulml Le (Rao nd “yengar, 

196A; Nair, 1971), ethylene imlne ( Yama.gata et a l . ,  1565), 

e th y l  methane sulohon te (/amagrta et a l . ,  1965; Ganns lion,

1970; Hair, 1971; h a ir ,  1976 >, nitrosomethyl urea ( ' id d iq ,

1967; Giddiq and 9waminathan, 1969; ,a ir ,  1971 , methyl methane 

sulphonate (Nair, 19711 and oethyl n i t r )  n i t r o s o Mumnidine 

(Hair, 1971).

b) Survival

The number o f  seedlings surviving a f t e r  mut w n  treatment 

has been observed to  decrr*aso with increasing doses o f  muta­

gens, both physica l and chemical (Rao and Ayengar, 1 ';’>6A; 

Yamagita et a l . ,  1965; Glddiq, 1967; l idd io  and '.waminnthan, 

1968; Genashan, 1979). wamlnathan et n l .  (1970) Indicated , 

bated on the data on the percentage o f  M., su rv iva l,  t)ust the

t o x i c i t y  o f  MG and NWJ was very h igh , followed by that of gamma
LDrays and The 50 appeared to be 50 kR with gamma rays

and 0.50*', 0 . 0 1 5  4 and 0.010* with EMG, NMU and NO, respectively,
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Even at very law doses , reduction in  germination and survi­

v a l  fo llow in g  treatment with NMU, ttNNG and :riS was s ig n i f ic a n t .  

EHS caused lea st  l e t h a l i t y ,  compared to  other chemicals 

(Hair, 1971). He fu rth er  reported that in chemical mutagen 

treatments, seed lin gs  reaching the fourth le a f  stage almost

always survived to  maturity and indicated  the d i f fe re n ce  bet­

ween the nature o f  le th a l  e f f e c t s  induced by rad ia t ion s  and 

chemicals. Guo et a l .  (1933) did not find s ig n i f i c a n t  corre­

la t io n  between seed ling  survival rate  in  the M- and mutation 

frequency in the .

c )  Plant growth

In several r a d io -b io l o g i c a l  experiments, seedling in ju ry  

(measured by the rate o f  reduction In shoot growth) h -3 oeer. 

uosd as a r e l ia b le  estimate of the damage. Reduction in heicht 

o f  the plants hns been more d ra s t ic ,  gen era lly  in treatments 

with rad ia t ion s  than with chemicals ( . i idd iq ,  1 :)e>7; Pinrh, 1970). 

/ i t h  gamma rays, a l in e a r  re la t ion sh ip  between the dose and 

the reduction  in shoot growth has been reported , flatnuo et a l ,  

s (1993), Yamaguchi (1964) ind Maslma and Kawni (1)39) found 

that seedlings  were le*s  variab le  in height a f te r  Irra d ia t ion  

with neutrons than with X-rnys. Among the chem icals, n i t r o ­

somethyl urea was found to  be highly e f f e c t i v e  In reducing 

the height o f  seed lin gs  (Singh, 1973). He further reported 

that the seed lings recovered In growth rate  a f t e r  43 day*.
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Heir (1971) observed grea ter  In h ib itory  e f f e c t  o f  rad iations 

and most o f  the mutagenic chemicals on the ro o t ,  In compari­

son w ith  the e f f e c t  on the shoot. He fu rth er  reported that 

with higher doses o f  gamma rays and NMU the in h ib itory  e f f e c t  

on the ro o t  was twice as intense as that on the shoot. The 

height o f  the plants decreased p rogress ive ly  with Increas­

ing doses o f  the mutagens. Gamma rays and :-h*!U were more 

e f f e c t i v e  in  reducing the height o f  the plants (Nair, 1971). 

The low v a r ia b i l i t y  in  height fo llow ing  exposure to  fast  

neutrons than to  X-rays, g itnma rays and chemical mutagens 

was explained by him as due to a more uniform e f f e c t  of f a s t  

neutrons on the b i o l o g i c a l  material re su lt in g  from th e ir  

r e la t iv e  in s e n s i t iv i t y  to the action o f  modifying fa c to rs  

and absence o f  secondary p h ys io log ica l  e f f e c t s .

d) deed f e r t i l i t y

Decreased pollen and seed f e r t i l i t y  showed a l inear  

re la t io n  with mutagen doses (R eachell ,  1157; Chang end Hsioh, 

19371 Yaaaguehl, 1964} U ddlq , 1 *67; Ingh, 1970 and Awnn and 

Bari, 1979). ^ekendam (1961), Henderson (1963) and Teh and 

Henderson (1963) indicated a decrease in f e r t i l i t y  with 

increase In dose, upto a ce r ta in  le v e l  beyond which there wes, 

however, a saturation  e f f e c t .  Henderson (1963),  Teh and 

Henderson (1963 ) ,  femaguchi (1964) and Siddiq (1967) found 

that neutron* reduced f e r t i l i t y  more severe ly  than X-rays and
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gaeea rays. Chemical mutagens such as d ie th y l  sulphate 

(Rao and Ayenger, 1964; Sato, 1966), ethylene oxide (Sato, 

1966), n itrosom ethyl urea and e th y l methane sulphonate 

(" id d iq  and Swaminathan, 19685 Nair, 1971), methyl methane 

sulphonate and methyl n itro  n itro s o  guanidine ( l a i r ,  1 9 7 1 ) 

were reported to  Induce much le s s  s t e r i l i t y  than rad iations . 

Sato (1966) however reported that reduction o f  f e r t i l i t y  

in  treatment was to a marked extent comparable to  the very 

low s t e r i l i t y  in  the case o f  treatment" with ethylene oxide 

and d ie th y l su lp h ite .  Suo et a l .  observed that

3 t e r i l i t y  had no co rre la t ion  v/ith mutation frequency in 1 ie

A 2  "

9 ) r.hlmeras

Shastry nd iamiah (1)61) ana ' i  i-.iiq (1 hi?) observed 

ch loroph y ll  d e f i c i e n t  sectors ori the planto of r i c c .

Tanika (197))) recorded such sec tors  in he h -p lo id  o lvn ts ,  

fo l low in g  chronic gamma l r r  n l ia t ion .  *! »ir (1 *7 1 ) obtained 

plants with c h lo r o t i c  streaks a f t e r  treatment with fa s t  neu­

trons at a very low frequencyj but not in treatments v lth  

X-rays or gamma n y s .  Plants with ch lorophyll  d e f i c ie n c ie s  

were observed fo l low in g  treatment with chemlc \l mutagens such 

as e th y l  methane sulphonate and nitrosom ethyl urea by atiddiq 

(1 9 6 7 ),  Singh (1970) snd Mslr (1971 ). The frequency o f  plants 

with ch lorop h y ll  d e f i c i e n t  se c to rs  was found to  increase 

p rog ress ive ly  with increasing doses o f  chemical mutagen*
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(Nsir, 1971)* Plastid mutations warm thought to be respon­

sib le for the variegations aean in generation followed 

by irradiation (Hsieh, 1959). The possibility  o f  the chimeras 

being pcriclinal or having an origin from physiological d is ­

order was indicated by Siddiq (1967). lie found then to  be 

non-heritable•

I I . Mutations in the Mn generation

The terminology in l i t e ra tu re  fo r  characteris ing  the 

d i f fe r e n t  types of mutations i s  not uniform. The terms macro- 

and micromutations were used with v u r io js  connotTcions. Gaul 

(1 361) prooosed the fo llowin '?  phenotyni r. c l a s s i f i c a t i o n  of 

mutations.

1. Macromutattons: ^ecognizabl-" in u s in g le  plant, 

e i th e r  t r a n s p e c l f i c  or in t r  in ocn if l c .

2. MIcrorautatlono: Uecognizablo only in a groin of 

p lants ,  e i th er  m ’n i fe n t  or c r y o t i c .

MaeromutatIons Included mut itlonn iiflVcting culm length, 

growth h ab it , heading date, spike den sity , ranthocymnin deve­

lopment e t c .  (Gaul, 196*0. I t  was obvious that such a system 

o f  c la s s i f i c a t i o n  p r e s e n t e d  many d i f f i c u l t i e s  in uoinr: the 

terms macro- and micromutations with any degree o f  consistency 

(3wamlnsthan, 1966b). Gvaminsthan ( I W t )  proposed the fo llow ­

ing c l a s s i f i c a t i o n  based la rg e ly  on the screening procedure 

to  be adopted, the extent o f  p le io t r o p ic  or associa ted  e f fe c t s  

and the phylogenetic  value o f  the induoed mutants •
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1 • Micromutations -  a ll  mutations identifiable and fixable 

only through the adoption of biometrical procedures.

2 . V is ib le  mutations -  a l l  mutations id e n t i f ia b le  by "eye inspe­

ction™ or  by the use o f  appropriate screening procedures 

such as the crea t ion  o f  ep ip h y to t ics  o f  d ise a ses .  These 

could be described  under two sub groups: (a ) le t h a l  and 

(b ) v ia b le .

3- Macroniutations -  a l l  mutations, though inherited  Q3 a 

s ing le  u n it ,  leading to  several phenotypic consea nonces.

Such mutations might be the resu lt  of the locus involved 

being a compound one or due z o  c i  et l in k -gc  or , enuine 

p le io trop y .

Systematic mutations - a l l  mutations which e i th e r  simulated 

an already e x is t in g  tax on or n ecers it  ted the creation  of 

a new systematic un it ,  by v ir tu e  o f  the character e f fe c ted  

being a key one.

* )  Chlorophyll mu tations

Qustsfason (19^0) c la s s i f i e d  ch lo rooh y l l  mutations. This 

was fu rth er  extended by Konzsk et a l .  (1060).

1) frequency

Several workers reported increase in  frequency o f o h lo ro -  

phyll mutations with in creasin g  doses o f  mutagens. Chlorophyll 

mutations were foteid to  increase  fo l low in g  X -irrad in tion
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(ICaval and Sato, 1966). At moderate dosea o f  X-rays and gamma 

rays, the frequency reached a maximum and decreased at higher 

doses (Matsuo e t  a l . ,  1938; Miah et a l , ,  1970). Bekendam

(1961), S iddiq  (1967) and Siddiq and Swaminathan (1969) found
»• *

an exponential increase in the frequency o f  ch lorophyll muta­

t ion s  with increase in  dose of the mutagens. A l in ea r  r e la ­

t ion sh ip  between mutation frequency and dose o f  X-rays and 

gamma rays was reported by Yamaguchi and Iliah (1964) und 

Singh (1970). Matsuo et a l .  (1958), fasima and Kawui (1959) and 

Yamaguchi (1964) observed an increase in the frequency of 

mutations with increasing dose of neutron ir ra d ia t io n .  

Swaminathan et a l .  (1970) reported hi h mutation frequency 

fo llow in g  i r r a d ia t io n . f a i r  (1971) obtained hiqheat frequen­

c ies  o f  ch lorop h y ll  mutations with g 1 n:;n rays. But ,>:r unit 

b a s is ,  fa3t neutrons were more e f f e c t i v e  thon g vma r^ys.

Lai and f ich h a r ia  (1982) found maximum ch loroph y ll  mutations 

in  T-141 and minimum in iatna fo l low ing  treatment with gamma 

rays.

High ch lo rop h y ll  mutation frequenclee were reported with 

ethylene lmines (Yamsgata et n l . ,  1x69; Kawai ind hnto, 1965), 

d ie th y l  sulphate (Gopal Ayengar et a l . ,  1969), eth y l nothane 

sulphonate (^waminathan, 1966b; Ism ail, 1969; Nair, 1971), 

n itrosom ethyl urea (Swaminathan, 1966b; Blddiq, 1967| Nair,

1971) and methyl n itrosoguanidine ( r,wamlnnthttn e t  a l . ,  1 >69, 

1970). He.jra (1979) obtained h ighest frequency o f  ch lorophyll
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mutations following treatment with ethyl methane sulphonate 

for alx and seven hours. Guo et a l , (1933) found no sign ifi­

cant correlation between seedling survival rate In Mj or fre­

quency of s te r ility  on the one hand and chlorophyll nuta­

tion frequency in the M2 on the other.

11) Spectrum

Several in v est ig a tors  reported d if fe re n ce s  in  the 

spectrum o f  ch lorop h y ll  mutations induced by physica l and 

chemical mutagens. Ethyl methane sulphonate among chemicals 

and fa s t  neutrons among radiations induced wider spectrum 

(gwaainathan, 1966b; hwamimthan et ~»l.f 1979). lb  in an 

predominated the ch lorop h y ll  mutation r.pectrum follow ed by 

v l r l d l s  and xanthas in treatment v/ith radiations whereas in 

treatment with chemical mutagens such as ethyl methane sulpho­

nate and d ie th y l sulphate, xonthas and v i r l d i s  were found to  

in crease  with a proportionate decrease in alblnns ( ■-ekandan, 

1961; Chao and Chal, 1961; ilatsumura and C.nbuchi, 1 hawai,

1966; 9ato, 1966; Ranu and danu, 1969; Nair, 1 *71 ) • The 

higher frequency o f  nlblnnn was explained by I'waminathan et a l .  

( 1979 ) as due to  the large  number o f  l o c i  governing th i3  

phenotype. Kawal and 9ato (1965), id-iiq (1967) and Siddiq 

end Eweminathan (1968) found the speotrum o f  ch loroph y ll  

mutations to  be dependent on the mutagen used. Mair (1971) 

reported that d i f fe r e n c e s  in the spectrum o f  mutations were 

not significant between doses o f  either radiations or chemical 

mutagens•

1 7
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b) Viable Mutations 

i )  Frequency

Singh (1970) and Hair (1971) reported high frequencies

of viable nutations in the mutagen treated materials* Siddlq

(1967) observed that the frequencies c le a r ly  indicated  a 

saturation e f f e c t .  According to  Kawai (1969), the frequency 

was higher a f t e r  ir ra d ia t io n  with p i le  neutrons than v/ith 

X-rays. Siddiq (1967) opined that at comparable doses o f  

e thy l methane sulphonats and gamma rays, the frequcEicies o f  

v iab le  mutations were more or le ss  the same v/hereas ingh 

(1779) considered ethyl methane sulDhonate as the most potent 

mutagen, tioir (1971) observed that the types o f  v iab le  nuta­

t ion s  induced with the d i f f e r e n t  mutagens did not d i f f e r ;  but 

th e ir  r e la t iv e  frequencies were d i f f e r e n t .  d ir e c t  l in ear  

re la t ion sh ip  betv/een the frequency o f  v iab le  mutations and 

dose gamma rays and fa s t  neutrons was observed by wan and 

Bari (1979). kal and illchharia (1132) reported d i f fe r e n t  

frequencies of viable  mutations in d i f fe re n t  v a r i e t i e s .

Biddlq (1967), »lddlq and r.wam inn than (1963) reported

a wider spectrum of v iab le  mutations a f t e r  treatment with

ethyl methane aulphonate than that obtained with rad ia t ion s .  

Singh (1970) also reported similar resu lt*  after treatment 

with nitroso methyl urea. Hair (1971) observed high f r e ­

quencies of mutants with altered duration and grain type 

following treatments with gamma raysf mutants affecting culm

4
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length after treatments with ethyl methane sulphonate and 

mutants with panicle and spikelet abnormalities following 

treatments with fast neutrons. He further suggested that 

the mutation spectrum could be altered through the use of 

different mutagens.

Large c o l l e c t io n s  o f  v iab le  mutants were reported by 

severa l workers. Kawai (1963) induced more than 1090 types 

in a 3 ing le  variety  by rad ia t ion  treatment. About 1400 mutant 

l in e s  with stable  v i s i b l e  characters iao la ted  a f t e r  gamma 

ir r a d ia t io n  o f  growing plants v/ere an3cabled by Tanaka 0  969). 

Bekendam (1961) alno reported a large number of mutant types, 

l e l a t i v e l y  smaller groups include 473 types inducoJ with " 1

by r'awai (1963)» 233 types with  ̂1 b / lasina and wi\v/».i (1933), 

254 types by )uang (1964), 121 tyien by ’ larle (I9b7.>* 6G types 

by Owsminathan et a l .  (1970) and 33 tapes by Viado c t  a l .

(1970). 'lair (1971) reported severa l types of mutants in 

the Ip a f te r  treatment with both physical and chemical muta­

gens. Viable mutations a f t e r  treatment with mutagenn, v/ere 

reported by many workers (Misrn e t  a1 . ,  1971{ dacuro et a l . , 

1971; Govindaswami e t  a l . ,  1972; Kedriy et n l . ,  1973; 'w lvedl 

e t  a l . ,  1 9 7 9 ; R o l l i c k  et a l . ,  1130; Hahndevappa e t  a l , ,  1101; 

Aahrl, 1932; Ganashsn and W hittington, 1983 and )kuno, 1183). 

Hiralwa and Tanaka (193*)) i s o la te d  male s t e r i l e  mutants 

fo l low in g  treatment with gamma rays and ethylene imine.



11) Types of nutations

Svaainatftan (1964) proposed a scheme for classification  

of nutations affecting one or several morphological charac­

ters such as (1) macromutations, (2) visib le mutations and 

(3) systematic mutations.

1) Macromutations

Mutations a f fe c t in g  more than one character of the same 

plant were reported in many in v es t ig a t io n s .  These simulta­

neous changes were inherited  an a s ing le  unit o f  recombination 

Erectoides mutants formed one of the n o jor  types of toacromuta- 

t io n s .  These were characterised  by short stature ,  a t i f f  straw 

broad and dark green lea v es ,  compact ear and small -rains.

The d i f f e r e n t  types o f  e re c to id e s  mutants d i f fe r e d  with re s ­

pect to  characters such as height, s t i f fn e s s  of culm and 

leaves, number o f  t i l l e r s ,  compactness of p m ic len  aid s ize  

o f  grain (L a ir ,  1971). Lrecto ldes taut into were reported by 

Mssina and Xawoi (1939), Hu et a l .  (1 )69), Matsuo and Jnozawa

(1961), Li et  a l .  (1961, 1962, 1366), Kawai (1969) and Hair 

( 1971 ) .  Several mscromut into other than erecto ideo  wore 

is o la te d  by Mair (1771), Eacuro et a l .  (1971),  nreerongasamv 

et a l . (1973), niakrabarthi and Men ( 1 9 7 9 ) , Pwivedl et a l. 

(1779) and Ganashan and /h l t t ln g to n  (1933).

2) Visible mutations

nutations affecting specific plant characters have been 

induced with a variety of radiations and ohenlcals.
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Culm leturth

Kawal (1962), Tanaka (196Q) and Nalr (1971) raportad the 

common occurrence of mutants with reduced height. Semidwarfs 

and dwarfs have been reported by numerous investigators 

(Masima and Kawai, 1938; Kawai et a l , ,  1961; Dekendam, 1951; 

Matsuo and Onozawa, 1961; Haieh, 1962; darahari and Bora,

1963; Kawai, 1963; Shastry, 1965; Shastry and Hadhachary,

1965; Swarainathan, 1966b; Siddiq, 1967; Siddiq and dwaainathan, 

1968; Ismail, 1969; Singh, 1-370; Itiah et a l . p 1970; Ganashan, 

1970; Hair, 1971; Siam et a l . ,  1971; 'recrangaoany at a l . ,  

1973* Ghakrabarthi and "on, 1975; Govindaavmrni Pt a l . ,  1 372; 

Dwivedi et a l . ,  1979; d a jr i ,  1979; Salvidnvapoo et a l . ,  11Q1; 

tlarie, 1931; sh rl , 1932; Ganashan and ’ l i it t ington , I 399 and 

Okuno, 1993). A ta 11 nutrjnt v/ua re nortec! by Gutger and 

Carnahan (1931). Ilajra c t  a l .  (1 392) reported tv;o t a l l  nutnnti 

with significantly longer intornodnn.

Leaf types

Harrow leaf mutants ware most frequent as reported by 

Heieh (1962), fihftstry (1365),  ' iddlq (1967), Tanaka (1969), 

Singh (1970) and "\rfaninathan et a l .  (1 370). Boat le a f  mutants 

have been reported under d i f fe r e n t  names like incurved lamina 

or rolled leaf by Harahari and Dora (1963)• Tanaka (1g6b), 

Singh (1 9 7 0 ),  Twaminothan p t  a l . (1970) and Rutger (1977). 

Decrease in leaf length was observed by Kawai and Garaharl 

(1971), Nalr (1971), Rutger (1977) and Ganashan and 

Whittington (1983).

UJ
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Ear typas

Tanaka (1968) observed short panicle  mutants more fr e ­

quently than long panicle  mutants. He got mutants with 

lax  panicles as frequent as those with compact p a n ic les .

Most o f  the short culm mutants showed reduction in panicle 

length (Kawai and Uarahari, 1971? Ganashan and h h itt in gton , 

1933). Govindaswaa i et a l .  (1972) reported long panicle 

mutants. Mutations a lter in g  panicle  density to  y ie ld  compact 

and open types were reported by r.ingli (1970) and Mav/al and 

Marahari ( 1 9 7 1 ) .

Grain types

Mutation a f fe c t in g  grain s i z e ,  shape, co lour, awns, 

pubescence and breaking v/ere reported by many workera. kawal

(1962) and Ganashan (1979) reported short grain types more 

frequently  than l^rgo grain typon. iutantn with altered 

grain s iz e  and shape v/ere recorded by , ‘ea ch e l l  1.1197), Wora 

and r?ao (1 )5 3 ) ,  yokudo et  a l .  (1959), Mw/ai and Mnrnhari

(1971),  l a l l i c k  et a l .  (1 W5) and Jkuno (1933). Hair (1971 ) 

recorded mutants with small, medium and large grains and 

others with bold or f in e  grains. Mutants with loan p,rains 

o f  reduced s ize  were reported fo l low ing  ir ra d ia t ion  with 

gamma ray by Ganashan and h itt in g ton  (1103).  Tawny glume 

mutants (Haieh, 1962), mutantn with dark brown glunon 

(S id d iq , 1967) and awned mutants ( l o r la n o ,  1961) were also



reported. Tip owned nut ant a were more frequent than fu lly  

owned mutants (Siddiq, 1967).

3) Systematic mutations

Shastry (1965) is o la te d  a dwarf in  Qryza satlva  resem­

b ling  a wild sp ec ies  9. granulata. Mwaminathan (1966b) a lso  

obtained a s im ila r  type and a mutant in  0. g laberr loa  resem­

b lin g  0. ru flp og on . Siddiq and fwaminathan (1363) and 

Swaminathan et a l .  (1963) iso la te d  stable mutants Qjffocting 

the key characters that usually d ist inguish  .jap onion and 

and 1ndica  v a r i e t i e s .  Nair (1971) obtained two mat nto 

resembling 9« porennls sub a p. ba rth l l  and a th ird  resembling 

aatlva var. fatua.

I I I .  ~lant height and plant type mutanta

The b e l i e f  that .japonlca v a r ie t ie s  o f  r i c e  alone were 

capable o f  responding w ell  to  the app lica t ion  of large doses 

o f  f e r t i l i z e r s  underwent a remarkable change a f te r  the deve­

lopment in  Taiwan of ’. e r -g e o-woo-pen, Taichung Native-1 and 

I - g e o - t z e ,  three early  maturing, nitrogen responsive, photo- 

in een o it iv e  semidwarf lnd ica  v a r ie t ie s .  These dwarf lnd lca  

v a r ie t ie s  estab lished  that f e r t i l i z e r  response was conditioned 

more by morphological characters than by p h y s io lo g ica l  ones 

(Swsainathsn, 1966s). That the degree o f  response t o  n itro ­

genous fe r tiliz e r s  wss very much dependent on the plant type 

was suggested by Rsaiah (1966). Seethareasn (1 >69) reported
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that a v a r ie ty  that y ie lded  v e i l  would have e r e c t , short 

and dark green leaves and that the capacity  to  y ie ld  high was 

g e n e t ic a l ly  linked with other ch a ra c te r is t ic s  o f  the v a r ie ty ,  

the sun o f  which con stitu ted  the "plant typ e" , Kumar et a l ,  

(1967) believed that the re a l is a t io n  th at response to  f e r t i ­

l i z e r  ap p lica t ion  was more a morphological than a physio lo ­

g i c a l  phenomenon led to  the wide spread search f o r  genes in  

ce re a l  crops which would help in developing a plant type 

capable o f  y ie ld in g  h ea v ily . From these the plant type con­

cept in  r i c e  emerged.

Recent developments in  r i c e  breeding have made a s ig n i ­

f icant  contribution  towards the plant type concept, Iho  

plant tyoe concept has, however, been changing with changes 

in breeding o b je c t iv e s .  Tsunodn (1 -j 59 )  found that lav; n i t r o ­

gen responders had Iona, broad, th in , drooping, pale roen 

le  avei and t a l l  weak stem. He further observed such n plant 

type to  be fa r  more common in the t r o p i c s .  Tsunodn (1 X?P.) 

characterised  high nitrogen responsive r i c e  plant no one 

having e r e c t ,  short, narrow, thick and dark green leaven and 

sh ort ,  sturdy stem, '’hart stature , s t i f f  straw and o re c t  

leaves o f  moderate length which remained green u n t i l  maturity 

were considered as the t r a i t s  for  d es ira b le  plant type 

(B eachell and R cott ,  1963)* Jennings (196M observed th a t ,  

although many environmental and cu ltu ra l fa c to r s  were asso­

c ia ted  with low y ie lda  In the t r o p ic a ,  the type o f  the plant 

capable o f  more e f f i c i e n t  performance under t r o p ica l  cond ition
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was mors important. P articu lar  le a f  and stem types were 

necessary f o r  substantia l grain y ie ld ,  Jennings (1964) viewed 

the id e a l  plant type f o r  the tro p ic s  as one having e r e c t ,  

short, narrow, th ick  and dark green leaves and short sturdy 

stem. He conceived that under the conditions of low n itrogen , 

reduced l ig h t  and wide spacing, they yieldc2d poor because of 

in s u f f i c i e n t  le a f  area. Improved cu ltu ra l  pract ices  led to  

con tro l led  Increase In f o l i a g e .  The need f o r  modification 

o f  the plant tyoe wan stressed  by ache 11 and Jcuailiigs v1 f?65) 

Tanaka (1365) found c e r t a i n  nor aholo' i c  / . l  ch-ractrr-. i  j  ' j o  

related to  high nitrogen ran some In r i c e  end aonsci an. m g,

not a et a l .  1 36 ‘ i iu n~mea tii'/c •1/ ■' 11 o i h r  .1 i  / in i

and nitrogen r s s p o m o  co  i l l  i:-1 i da i  l i m e t i  - o /ai'S 

of the plant 1 700 . '.eacna'll .1 -C ••.•aaeriioe i ta -1 c • .

f o r  the v a r ie ta l  tyoen 1  or i.r • t r ip le s  an f o l i o  ;

1 • Gariy maturity md inuonnit L /  !t;; to  ...a- 1. " ;a 

S. ';e l a t i v e l y  short,  u >ri fat ,  mrm-w, i f ' in

green l o a v s  nornlttirv; ponrtrail  on .md cff ie lcn 't  

ut 1112a11 on of aun 1 L gI i t .

5. I h o r t , sturdy culm t 1 r f l u e '  toil inr if. h ip  

f e r t i l i t y  l e v e ls .

U, Resistance t o  serious pent a <nd d iseases .

5. -eed dormancy at the time o f  harvest.

6. Moderately f i m  t h r e s h s b l l i t y ,

7. T!i#r|a grain y ie ld  with high milting recovery
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v Kuoar et a l .  (1967) regarded plants possessing synchro­

nous tille r in g , optimum number of wide, upright leaves and 

thus the capacity  f o r  maximum u t i l i z a t i o n  of sunlight and

other factor's f o r  energy building process ,  as id ea l  plant

type In barley . According to Seetharaaan (1969) tho plant 

type concept was associated  with short plant stature with 

short leaves remaining more or Xcbs in an erect alighnent 

with the culm and dark green leaves. . o nu.y.ve -.ted t in t  ~uch 

a morphological frame work was ideal f o r  e f f i c i e n t  functioning 

from the production point.

" l i n t  type3 with intermediate rrcaf. re c ontinuod 

rece ive  a tten t ion  for sro-v; of le-.u . c *./ i t e r  :• or.i p jI ,

because v a r ie t ie s  v;Lth L riro J r t  ' v i  L ix ;r e 1 .tea
■* * >In such areas gave more at :bln y ie ld s  a n short ’ 

v a r ie t ie s  ('-.non., 1970 .  ''no ji-yai oi.) 1 : . 1 : !  von" 

short stature over t r< 1i at iturr* '. ' a * '• * h 1 ar; * ■* -n

photosyntheria and r e n o l r o t i on. t vn. >1 *nt te i W 1 t o  y  v r  

high proportion o f  non-nhotosynthntir r-nuer. ond m rc  droop­

ing Isa vs s re s u lt in g  in high resp ira t ion  end lov  oh yt viyni be­

s ts  (3houich, 1977). 'liny workers hive? suggested that oia it 

type in r ic e  is  associated  with nem ldnrf or d u ir f  stature 

(Jennings, 1964? aaschall and Jennings, U fo j  •wanlnathjan, 

I966t| Heather w i n ,  1966j ftamiah, 19661 Tanaka, 1 K>3j I’.eddv 

and Isddy, 19731 ninsjh et a l . ,  1979 and hutgor, 19 >1).
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Several in v est ig a tors  have is o la te d  usefu l mutants in 

r i c e .  Short statured mutants induced by X-rays were f i r s t  

reported by I c h i j ia a  (1934). Raolah and Rao (1933) obtained 

short stature mutants with large number o f  t i l l e r s  a f t e r  irra ­

d ia t io n  with X-rays. Juans and Chang (1350) found that 

induced mutants a f fe c t in g  culm length were most frequently  

shorter  than the co n tro l .  i>;urfs with interred!av.r? atatvr®, 

normal a article and grain ./ore f a i r l y  ca non in i r ra  .1 tec

material (9hah et a l . , 1^51) .  V o r i / r r '  :nC TuteiI.or • v'i .ad • 

and Campos ( 1962) rccorda i  bettor  yioL 'La : nut mtu in - i r r a ­

diated materials. Juan.g (1 V.Vi i s o la te  ' i’itnnt e -rac-

te r ised  by vigorous growth a ] t r r c  ,te ou.. * L?

resorted  xutunti in rLc°  . 'a - f j l  ^ : r  aain beecuso .. ii ' ir  *

lodg lar  res is tan ce ,  rw }*»+.> _ni e > i j. •-i, <?•’'* -c i ,  dor!: r'r - ’ io  voa

jnd camtacfc j m i c l o ,  i'.a ’ i it at r L r  v r.!.i t f u i  «.:i ;i. ted 

from ? u l in ln o r l , rr? leaned fo r  com iorr.1 • 1 r.ultiv 1 jr» it; i )bh 

in Japnn was dencrlbod i>y i  r;ni M o .y :.  ; i x. r.t a ‘ -  i

obtained f  i l l  Trying grmnn ray trori tniruit 'l 'turvd ■■(•von days 

e a r l i e r  and produced more grains o f  su.irrior q u t l i t v  

(Rmjpgopalan, 1 i • Trombay ilne-1 ( -1 ) derived i’ros

•iLB-24 by guama Irrad ia t ion  was 15 to 2d dnya e a r l ln r  la 

f low er in g ,  short-sfcatured and prxhimd larger number o f  grains 

(Bweain vthan, 1^70). fttsra et  a l .  ( 1 d7 1 ) reported several 

ben e fL cie l  mutations fo r  culm shortening, high y ie ld ,  e a r l l -  

n ess ,  higher protein  content and res is tan ce  to neats ami d is ­

eases ,  and water logg in g ,  s / t e r  treatment of se*ds of two
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Oryza

with d i f fe r e n t  chemical nutagens. Many useful mutants with 

high y ie ld ,  ea r l in ea s ,  short s ta ture ,  lodging res is ta n ce ,  

high harvest index and erect  leaves were iso lated  from trie 

progeny o f  gamma irrad iated  seed at dose range of 20 t o  

3o krad by Tscuro et  a l ,  (1971). ‘ -eddy and Teddy (1971) 

observed that a seal dwarf mutant i s o la te d  from 119.-4? v, fas  urn at hi ’’ 

fo l low in g  treatment with d iethyl sulphate yielded 20 aor cent 

more th n i -4 ? , motored e a r l ie r  by 1 J days and was lodging 

r e s i s t  ant. The evolved s m l  dwarf v a r ie ty  could be rracccss- 

f u l l y  used d i r e c t ly  f o r  c o r  -^rclal cu lt  i  vac ion Jae t o  i t s  

d i s t in c t  improve..! a at f  j t  v irioua or ; t i c  ch..r -cter  •,

Tovi/rJosw j j l et - 1, ' "1 *72) racjrteu  • .-/an jco.aisin ;i,a cut" 

with short culm, long a? n i c i e s , hi"ii ' ' ik c le t  f e r c i i i t ; ; P

or r d n  v  ol.lt y ad " • orto* r ho ;in , 1 i me. Tsarovc r>nt 

In thd rv n i r r  o,? i d l e r ’ , 1; !n L ' Ti arc ylo. '/, , 1 d o  ir. vo i  :ht , 

kc m ̂  1 sj ar’ ad a’ a , gel in 1r’ a 19 ?n loaoer *f. ire rv,a ' H / i h c  

content j i s  -lao r o j  orted . f’ om >arln - tan yie ld  imi rr her 

t.m I t s ,  d  (1 H 3 > eat,a hi I shod Lb >t f-ho indue x-d nut vita in 

r i c e  w«r® as pood as the short stiturnH v a r ie t ie s  evolved

through h y b r id ise t ia n ,  ".r^emngosuTiy et: n l .  (1 V3) iso la ted  

e i r l y  f l r a r i n g  mutants in the r ice  vnrloty  TKR-6, the o u r l i -  

nass ranging from seyrn t o  f i f t e e n  days as compared to con tro l ,  

a f t e r  gamma ray treatment. Plant type mutants wer^ reported 

by Reddy and deddy (1974), HangAdharnn et  a l .  (1974),
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Rftddy « t  a l .  (1975), Chakrabarthi and Sen (1975), Hajra 

(1379), 9ra3ad and Slnha (1979), "antog (1931), Rutger (1931), 

Aahrl (1382), Ganaghan and Whittington (1933) and Sreerangasamy 

and Anand akuaar (1933).

Carnahan et a l .  (1975) reported the re g is tra t io n  o f  11=, 

a autant r i c e  v a r ie ty ,  f o r  release f o r  coauercin l cu l t iv a t io n .  

China autant, a idyh y ie ld in g  ahort-c . ’ln  var ie ty  was released 

for  cu l t iv a t io n  by c h e i le a l  auta •.enccin o f  the po ruler t  11 

v a r ie ty ,  C ' A 1 33-3 o f  i l o a i n i r  (  ' r e ^ d ' - v r  ^  1,  1 :’7  ) ) .  i r o  - . i r t i V G  

a - i t  :nta with Io le r  "too to  lino i.:c*r a u ‘h •'a vrii~ il"’r l  . ^rynae.

■Can than on an oryy u  m ’ the t »n • ro vie a'-’ > r~ " urtod b;r

.latnur '1 )7 . hi f-fo s v r i '  *• : ,  .oa°l,  1 o u r in , ik i

and l y  uL : jch i ,  v  j r i  ; la 1 y

•tieaLred o /  t r o i t  : 1 :  ... : • >: • ' in , -hr

j t ; "  j T  arm.' c ta ..1 , •: .lea ’ "•• 1 , ■ ' . ' ■ in ■- , nr

e T i /  hi •» /I  1.1 , r lc i  /  , ' / ■ *.■/ *- ■ .fa: v* • ■•e La

at rav, 1 b >3) .  i>. A." , _ r  >r A re • tod

!■'- -Jhon't f A h Mid '«•' u. i • t h \ 7 l r mil ot i l .  (1 v] m isted

1 wi t h 'In". >r hi rh-^r no-1 n u >n 'nr,. h I no t nee r>f

improving Mfl r 1 ^1 rn r 1 re •r i i  • »,]., itnrl f u" t I • •! nv; me through 

l,ndT>"»<1 tv it i k t-i *» n  d^nor? fjed Tiy ' hmrlnvap >n et e l ,  i 1 Hill.

' LLjrLa hnhda -• ncl ' l l o r l n ’'helm, two nlvvrt atntured nut mtfl 

with better  t i l  I« ring and y ie ld ,  were laolirted f o i l  .owing 

rauta,**n t r ^ n t^ n t  o f  th« vori^ty  - l l o r i o  11 (*1ari*, 1/»81). 

t mutant with hotter  looking trun*lun*nt. kern* Vs and unriRht
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leaves with n a rrw  and appressed blades va3 obtained f r o *  

mutagen treated Iii-5  (Aahri, 1932), \ dwarf mutant obtained

by trea t in g  with gaana rays wag released f o r  commercial 

cu lt iv a t io n  in S ri Lanka (Ganaghan and vh ittington , 19Q3).

Three promising dwarf aacromutant3 were id e n t i f ie d  (Treersngasamy 

and Anandakumar, 1933) in  the o f  TlCi-6 treated v:itn chemical 

mutagen3. These phot03ynthetica lly  e f f i c i e n t  mutants were 

te s ted  f o r  d ire c t  use and a3 parents to  provide a lternate  

dwarfing genes.

The induced mutants obviously can p l .n  an i  lport rrt ro le  

in r i c e  breeding through choir  iro c t  "»s well is 1 * ’ .1 v e t  

use3 • In -Topen, k lh ik sr i  -’ e r l  yr--g "ro.-j the in-luce vut' at, 

laimsi .nd u.jihik *rl ■Vri'/o : from >novh-r nut n t  • oro r : ported 

to  cover subst -n t is !  r ice  arc \ i.o, 1 V . . i ' •*» ’

reported that 'using both cheuic.il aid physical mt . . •-r , 

nut on t linos wo re obtained and t-.at t r  / \r-rr os on h r  hybri­

d isa t io n  fo r  the improvement o f  n t lv o  ty>es. .h e  i w  b n w  

dwarfing gone sources in breed in program5 .-vs in on* or  t a 

avoid the r isk  o f  s ing le  gene inc.orp o n  i;.L on .for -J war winy. c 

,stressed  by Calni and K u w  ( 1 ih ) ) .  "sole (1981) reported 

that Thetalm  a was se lected  from the cron a between two induced 

mutants o f  M in r lo  i i . rh*talam n had s t i f f  straw and reduced 

plant height of GO cm against 190 cm fo r  A 1 l o r Lo II nnci enrly 

maturity. The f i r s t  su ccess fu l  short stature v a r ie ty  released 

in C a li forn ia  was f s r l o s e  76, an induced mutant from Carlose.

I t  was hybridised In turn with other t a l i  v a r ie t ie s  t o  create



fou r  short stature v a r ie t ie s  (Rutger, 1981). Rutgejp (1992) 

discussed the uses o f induced mutants in  r ic e  improvement in 

C a li fo rn ia .  He fu rth er  observed that the incorporation  of 

induced mutants in to  standard h ybrid isa tion  programmes was 

made easy by the c lo s e  re la t ion sh ip  o f  the mutants and the 

Californian v a r ie t ie s  from which the mutants were evolved.

A aemidwarf l in e  G 31, with narrow, e re c t ,  th ick  leaves with

greater  photosynthetic rates ,  was se lected  from the c'- o f  a
►

cross between an induced nut ant of the variety  lists ani shiki and 

leltoku-p ( Vamaguchi et a l . ,  1 )31) .  a l ik  (13-32) reported 

3 tab le  r ice  mutants which m ufcurcd 2 3 ci.y a e a r l i e r  a ollowing 

gamma irra d ia t ion  o f  n-asusathi :;V0. ^0 living mutants were

resorted  by itaul nd i< ur-r  1 1 . > : > }  in r. iie.thi ?7 ) : in a Jk on a 

349. The p o s s i o i l i t y  0" a in ; the induced u jt  mt.i o '  

as parente to oravidc o l t e m  ite dv/nr•'L1 '* penes '..-as i.k* 3: red 

by tree  ran 30 sen 7 ~nd nmndnkunar . 1 ) ]*•}.:•.

a ) in h er itance of p la nt hoirrht  an< 1 pi : t  type

inch pi oat heir a I; mostly dec Luos t! r nl at tope f .it i  1 

an import on t ngrrnon Ir. character. It  in the non icd • \ : 3 on o f  

height with other n orpholog ico l  componentn ounh an prnfuoe 

t i l l e r i n g ,  upright leaven o f  appropriate r Azp end sturdiness 

o f  stem that c infers the a b i l i t y  to the p l /n t  to respond to 

good msrmg^.ient• Therefore an undent ending o f  the nr-nre 

o f  inheritance  o f  the dwarf plant type could be o f  considerable 

plant breeding value.



Much be fore  the e x p lo ita t io n  of the Bgwg dwarfing gene, 

the genetlc3 of dwarfneaa In spontaneous and Induced dwnrfs

was studied by many workers (Darnell et  a l . ,  1922; Akenlne,/'
1923; Kadam, 1937; JJagai and Takahashi, 1932; Botany c t  a l . , 

1959* Hsleh, 1962), Parnell e t  a l .  (Tp22) recorded taet 

characters l ik e  s t i f f ,  erect,atera; broad, coarse le a f  :nd e re c t ,  

compact panicle  went together with dwarf h ab it .  :: o ^ ns ‘ 1 925) 

crossed z\jd dwarfs d i f f e r  in • In he 1 ’ h'c and obtained t a l l  

plants. i o  found 1  t a l l ,  3 f i r s t  type of dwarf, 5 metend tyoe 

of dwarf -and 1 third typo of dwarf _n I: so '0 , uno o Tc non-
d

a l l e l i c  dwarf inn in r i c e .  '.n ong ifia fa -e g r e g a n  t i or.uio 

receooiveo ap yen ring as d yjble d.’ards . r  o re -•. ilt  if in ter ­

action  of trie rones were •• I a o re * orted. nginoto ■. 1 

raportod e. dwarf in r:\c'» ' .-led *. ao Lr-.sc’ l-.isl p.-. a <■-1 >.o

dominant. In separate cr  os -lea sue'1 : a ’’ fa  x ’ r 'sa r i ­

ns a a ond IiV’ sa wer** Juan to  be al vile n l r  o 11 l o -

raorohs (Puni in, 1 jo ’ • . }o further s.u * •-,r ted t n t  rh ortsrss

might be a a topic do, iln mi t ) tn llnr-i'’ »r t i l l e nnn mi. 'at ho a 

31 mols dominant to ah ortfr-sn„ tnl>oritaru'o of plant -t vtnre on 

ths h'-nii of multiple fa c to rs  ’as a lso  pontulatftrl hv bln . f iv e

dwarfing d^, d-J# d , ,  d  ̂ and d- were reported , of which

rJL was mors fr*au«nt (Kndon, 1937)» Tod on and henchnll (1'»b3)f. •

found double recessivea  appearing nw double dwarfw JLn t'io r .̂  

of or between two dwarfs. Hut on ; et a l .  (1 939) oeinsd
I

that th* dwarfness in r i c e  wag c ondlt loned by the Interact Inn
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o f  thrss  recess ive  genes da , and dc . Cm th is  b a i ia ,  they 

oasuasd the genic co n s t itu t io n  o f  the fo u r  parents involved 

in the study as DaDQdbdbdcdc , and

DaDadbdbDcEc * The ’̂ further reported that f o r  the e^orcasion 
o f  the character dwarfism, two o f  the throe recess iv e  gcnos

were required. In daponlca r ic e  v a r ie t ie s ,  twelve du.ari’ing

genes were id e n t i f i e d  and assigned to  a even d i f fe r e n t  linkage 

. groups (T&kahashi, 1964). fa  linosn of eta wao found to ee 

p a r t ia l ly  dominant to  the rhortnosn o f  I -geo-tr .e .  hr -rc-  

sonco o f  nodi f yin ■ gene:' o j i r t v c i c  1 0 t:.e dwarf in ; : n ".e fear, 

a lso  been reported (* n on . , 1 ) . "vrr: et e l .  ; i • • re .ar­

te J that a r i n le rocerrivn - : -e c tuo ).*. ore Oj. a t

in r i c e ;  but he 7 r.lra onvL r 1 ;e d f n  r >ie a" c j i r,c . ie rocii- 

f i e r r  in the e:< area - i on of far* :ft  ui 1 crorr  iv t  ccn

13, a t i l l  lod'Tin^-nu'.ceoti.bio v r ir tv

rulaed r e l i c t i o n ,  thr- )•’ r̂. 11 ■1 \■ i  y ca l le r  f.!: m -  i ),

fho p population nhr?ri orannii 11/ a blear il d IntrllXJ'C ion 

end could re a d i ly  ho divided in to  a t  »• 1 "rou > aiu a reovt 

group of plant a which ahTw«d a a ii: i a fact ory f i t  to te e  f : 1 

r a t i o ,  indicating i r lngle  reennnivn gone f i r  rh irtn era ,  l' r*o- 

bably with a few m odifiers  co n tro l  I inn the nluorfc stature 

(■•no n . , 1 966a ) .  The mod* of inheritance of plant height In 

CP-9L9 appeared to  be more complex then In Taiwan1 0 seo luw irfr , 

suggesting a polygenic  additive  syrlen  co n tro l l in g  the charac­

te r  (Anon., 1fj£6b ) .  le v e r '.1 crosses  between dwarfs unU t a i l s ,
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and semi dwarfs and t a i l s  were undertaken at the IRRI and the 

F2 data indicated  that dwarf stature wag contro l led  by a single 

recess ive  gene probably with severa l modifiers and aeoidwarfism, 

by genes o f polygenic  additive nature. The d iverse  Fg d is ­

tr ib u t io n  in  the crosses between dwarfs end semidwarfs, among 

the dwarfs and among the semidwarfs suggested that ta l ln ess  

was generally  dominant over short s ta tu re 5 but the dominance 

was incomplete. A complex of height genes with varying degree 

o f  dominance and magnitude o f  e f f e c t  was involved in one 

cro3sas. The m odifiers  d i f fe re d  in t.*o d ire c t io n  01 ..acts 

'  ( \non. ,  1 763) • iuge and ' urakTai x I jn b founi cha - a v i e s  

o f  the high y ie ld in g  var ie ty  Tar- ,iue 3 a ; • nci che ~v _ „-j gu- ous

mutant from iinhozu t o  be con tro l led  hr :\ s ing le  rvwa"n ve*» — •

gene. The recess ive  gone wis thri~ht :> uloc!: the k; j.v; rsion o f  

□sva lom ta  to kaurene in the? pathw \ y  -v TTic'uiol i. ' e

moderately short .it - Luro of •' —1 w.i-- s s s . t L ' i i y  c nylr ' l ied  

by a s ingle  roc®3 sivr- .-e.ne .-md a fpw mod i f  Vers ( e :-L.«1 ran on 

and hrlv  lath iv -, 196')), The g one nu- acted os a nun press or 

recess ive  f o r  height in T-ZjSG which wan s i  no o f  moderate

short stature, F- o f  the cross hot-vem • d - 1 a,id f-Gg(> was t 11 

and in th® Fot  t a l l ,  moderately shirt; end ®xtreaely short
r

plants were re a l is e d  in a r»tLo of l i G i l ,  They, th oro lore ,  

concluded that th® psrenfcs d i f f e r e d  by t  o pairs of ganes.

Dwarfism in r i c c  was reported to  be contro lled  by s 

s in g le  recess ive  ^ena hy raony other workers ( ’utiub 1 bf>9ji
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Heu et a l . ,  1963; Foster and Rutger, 1973b; Belaya, 1979;

Ken, 1979a; Wahiduzzaaan and Ahamed, 1930; Ghosh et  a l . ,  1931; 

Gu and Zu, 1931; Kikuehi et a l . , 1931; Singh and Sharaa,

1932; Shinabashi, 1932). But cases of recess ive  gene3 con­

t r o l l i n g  ta l ln e ss  were also reported (lamiah, 1 9 3 3 b; Kadam, 

1937; Rutger, 1 331). r j . t ra et a l .  (1 973) explained the 

pattern o f  segregation o f  plant height in F p  through a 3sgene 

hypothesis .  Hvaoubramanian and ladhavanenon (1 773}  found 

the s lant height to bo under the con tro l  o f  dominant additive 

genes. Foster and iutger ( 1 / f f a ) reparted that the in h er i ­

tance In slant height coulu be accounted fo r  by three unjor 

genes with additive l o c i  e f f e c t  . itii lu l l  or part ia l  dominance 

f o r  t a l l  genes. The sumo authors fou.ed tae dwarfinm in three 

other crosses to  be* con tro l led  by . .n i t i  jIc ;orio ;yst.cn.

Fen (1971 a; nhilo essur.ii.rr’ I.rat. the ta l ln e s s  v::,c- iar^o ly  undeitk

domln-art aonogenic c o n tr o l ,  Lie acc in.enco of tr: . ~r> ivo 

IndlvlJanla In the Fp wan expl Ined as due t o som" modifiers 

c o n t r o l l in g  semidwarflnm. <orreg tJ an .>vl r 'c.a;Vainrt ia n  among 

the modifiers resulted In J.hn nppe at »nne of t.r msgroa^hvo 

In d iv id u a ls .  ani'I Jtssasi >n md r-h sn»’ d i 1 ilh i round chart 

statura to v* racem ive to t, i l l  end very t '11 stature, the 

shortness being con tro l led  by a major a l l e l e ,  deny mones 

with smaller cumulative e f f e c t s  wore U.so thought to  bo asso­

c ia te d .  They further reported that the d  ̂ frequeue/ curve 

fo r  t a l l  x very t a l l  was uniaodal Indicating  polygenic
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inheritance . Ghosh et a l .  (1931), a f t e r  studying the segre­

gation  pattern in vo lv in g  four dwarfs, concluded th at in  three 

dwarfs the dwarfism was determined by a s ingle  recess ive  

gene whereas in the otner, two re cess iv e  genes were involved 

in  the expression o f  dv/arfism. Cu and 7u (1931) were of 

opinion that two monogenic recessive  genes, and controlled  

the dwarf stature . They described the genotypes of the iwarfs 

as d.j Qn  ̂ ni r;̂  d y ip ; and the doable recessive  a a.' u ^ d p d ^ .

A o s i r  of genes with partia l dominance con tro l l in g  culm length 

was resorted by (on *, 1 ~,7 l a . fhe j !  at height in rdUe was also 

reported to  be under the contro l  of : :rfc.l- l l v  dozaimrfc additive 

genes ;1 i  n ~ h  et a l . ,  1 732). Gan is i n  ,rf  . n it  tin , o or. J  15; 

reported four d i f f e r e n t  l o c i  v'Lda v ryin degrees o f  rvee- 

ssiveness co n tro l l in g  short: cu l1i . L cn ic  r.e :re ; it ion ; i th  

com ole sent rry *,r*no a c t i o n  n r ojrtod ay h~ar. in :ia and on 

(19 33; la the f, of a cross oat .cun t  co t Hi ul nv.s. r.r 

r e s u lt  woo explained as duo to  i;he presence of one : ;) or doni- 

m nt ;eno each Is t l r  t a l l  parent■j a

b) Genetic analysis af Induced p! nt •ype_ mat \ntt

lucent r i s e  brendlnr hint a ry in s  rihxn  that i t  in the 

n w  plant type, characterised by a dwarf ntaturo ornl h l , n  

harvest Index, which has led to  a na;) rr brook -1hr ju ;a in the 

y ie ld ing  a b i l i t y  of the t r o p ic a l  r ice  v a r ia t io n .  h ju s Ulorable 

research has therefore  been carr ied  out to Induce dwarf md 

semldvarf types. Genetics o f  the Induced mutants are re la ­

t i v e l y  l i t t l e  in vest iga ted .  The Induced mutants, spsrt from
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th e ir  d ir e c t  use f o r  commercial cu lt iv a t io n ,  can be o f  in­

d ire c t  use for improving the l o c a l  strains (Futsuhara e t  a l . ,  

1967? MIcke e t  a l . ,  1972; Reddy and Padma, 1976; ^adma and 

Reddy, 1977; Bakirov, 1930; Sato, 1930; Saini and nucur,

1939; Rutger, 1931; Yaaaguchi et a l , ,  1931; Malik, 1932;, A 

thorough knowledge o f  the breeding behaviour o f  the induced 

autants is  a p re -req u is ite  fo r  d irect in g  research aimed at 

improvement o f  l o c a l  strains using these mutants.

Short statured mutants induced by -rays wore f i r s t  

reported by -chijlm a (1 \5k) in a .1 aoonicn cultivor*. "ov-rr.l 

short sivtured induced mu i: a nt 3 a ore 1 ;/'•-* reported i'~ da /  erica 

cu lt iv a rs  Aishinura end Murakami, 1 j . j ' d  . Chan - ;1 } ,  f taaied

the cnaracteriati.es of the v- r  .y in.hired mutants r". : - A i r  

inheritance. I sieh (1 952 • obt ined i r d  cicdiM: - t r: * ■ ir tho

F0 of the cross between induced mutant'" rr t ^ l l  t a c : 1, Pic £1
.sh o r t -s t l f  f  culm of ir ra d i  :Vorl - 7A i dv. irf b?k wrd a•. a 

nono7enic recess ive  to the t a l l  locig Ln '-m isceptlblc .. *- Ip, 

probably with a few modi f lora  co n tro l l in g  the short stature 

(•non., 1 ¥ ’> } ) ,  arnh ir i  ( 1 Ko 1) found that each o f  the l iv e  

X-ray Induced dwarfs was governed by a roconsive gene Cor 

plant height. The nenidwarflsm in the induced mutants of 

Hb-47 desumithi was Inherited as e\ simple m ceos ive  { eddy 

and Reddy, 1771). ksch of the f i v e  seaidwnrfn, d^, d7 , dn,/ f f X
end obtained fo llow ing  treatment of the l o c a l  t a l l  r ic  

v a r ie ty ,  fe l la k a tte ra  was con tro lled  by a s ing le  recess ive



gene (Reddy and Padaa, 1976; Padma and Reddy, 1977)* Rutger 

et a l . (1976) reported that the induced short stature of mutant
i

D j  va* conditioned by a s in g le  re cess ive  gene. 'larahari ( 1979) 

is o la te d  several semidwarf and dwarf mutants in d i f fe r e n t  

v a r ie t ie s  and found that most o f  them were s in g le  gene rece -  

sa iv e s .  Mohanty and Das (1979) reported that the induced 

dwarf o f  the upland v a r ie ty ,  Dular was conditioned by a mono­

genic recess ive  gene. The F^s o f  the cross between the variety  

Brown gora and i t s  induced dwarf auti.it V o ra  mutcntn was t a l l  

and in  the F p t t a i l s  and dwarfs appeared in a 3:1 ra t io  

(itrasad and Sinha, 1979). 'inch et a l .  (1379) found he 

dvarfness o f  the induced f’entr 1 African hut ant to  a mono­

genic re cess iv e  with equal strength of m odifiers  of p os it iv e  

and negative e f f e c t s .  Mackill and out ;cr (1 J7 0 too l  ted 

several height mutants in the irradiated  c u l t i v : r ,  arioso 

and found that seraidwarfiso in  the mutants won conditioned 

by s ingle  recess iv e  geneo . Combining d i f fe r e n t  nenldv*~rfing 

genes Into one l in n , they showed the ir  e f f e c t s  to  hr cumula­

t i v e ,  the double dwarfs being shorter th in both the lemidwarfs . 

The dwarf Ison induced in IR-8 was inherited 3imply with partia l 

dominance ( f la l l ick  et a l . ,  1980). Ghosh et a l , (1081) reported 

that the induced mutant c m . 13-324 was n double recess ive  

dwarf and had n o n a l le l ic  genes f o r  dwarflam. Another Induced 

mutant JB1.308 raut 47 was reported by th© name authors to  be 

semidwarf, possessing a s in g la  recesaiva gene f o r  dwarfism.
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Marshall and Murphy (1931) found a s ingle  p a r t ia l ly  rece­

ssive  gene to  be responsible f o r  dwarfism in  barley* Poly­

genic inheritance fo r  plant height in the induced mutants 

in  r i c e  was reported by Marie (1931). hutgor (1981) reported 

a t a l l  mutant in which the ta l ln e s s  was inherited as a niuole 

r e c e s s iv e .  Ikuno (1933) observed induction o f  short culm 

and simultaneous chsnres in other characcers to  be tea resu lt  

of s in g le  recessive  m u t 't isn .  I In further r m 'i r te l  Y; et at 

least  two long culm n u t  ut':s • n u ' . d o r  the contro l  - - i 1 c  

genes. Pour d i f f e r e n t  l o c i  / i th  11•’* "c-r at ’e re 's  _v"' ^ccoesive 

nosa con tro l l in g  culm length rvosv'sc'i by Panes '  ̂ *-'.d 

' h i t  i  nj t on ( I f  3 3 ) .

c i  ' l l n l l r '  o f  d* e r f  in ’mu ••

lost of the modern Li ,n yicajia. v • raw t ic  . ^

or ig in  t .0 crocse j of :;o:.liu > u’f.S c -.■ i 0- . . 00-  <. ,

* i f. b ur. g i.iwive-'i , I s i.d fuuin u i t .lv it . ve . .*.« < • >—-^ v p

•Jee-ge 0-  ;oo-«-;en nd nir.aun ; i.uLiv. -  i c -rr> i o ■ ,̂v. , i l l  vie

fo r  s&miidw irfism Ch. mg ut *L.f I )i/j; u on. , 1 ‘o '^ j  -d vii.no 

H»nd Jennings, 1 >69; • 'M in inn Lmi t 3 . apparent nnotLc 

s im i la r i ty  In improved r i c e  v a r ie t ie s  I ' l i r a  et \1 . p * b ; 

diaryrove et a l . ,  10 7 9 i .  tf the varl >»if* fa c t o r  < f o r  rise limited 

adoption o f  the high y ie ld in g  nemlrlvnr? v a r ie t ie s  in many 

Asian cou n tr ies ,  a high degree o f  smrmut L b i l i tv  t .» mime >son 

*nd Ins sot  pe.ata, an i a narrow choice of q u a l ity  gr ;dem have
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bMn found to  be wore inport ant. The a ssoc ia t ion  o f  these 

two major drawbacks with most o f  the high y ie ld ing  v a r ie t ie s  

has been attributed  to the dwarfing gene of Dee-geo-woo-gen. 

This gen etic  v u ln era b ility  and genetic  su f fo ca t ion  necess i­

tated the broadening o f  the genetic base. Chang CIJ7G) 

emphasized the importance o f  iden t i fy in g  a lternate sources 

o f  major dwarfing genes. Chile  nost o f  the dwarfs o f  opon- 

taneous o r ig in  had Invariably dwarfin'* genes a l i e l i e  to  

Dee-ge o-v oo-gen, induced nutagonesIs up.OL.ro-J to  r ive  r ise  

t o  dwarfing genes d i f Cerent from those found in the naturally  

occurring dwarfs {"itr-h et a 1 . ,  1D7 •; '.heha uhl ni i  l„

1192). In a revio -? o~ :d r r  p-s i n  l iver • Li: r j r  cno so-? I-.. t rrf 

high y ie ld in g  v a r ie t ie s  in is-i l l  !*a, e;aue L ' 1 11 g; ~ev*vad 

that a l l  the senidw.rf i y ie ld ing  v ‘•V'cies c a r ' i r  c 

dwarfing gene of -'-vr -nd aurrested that no* s nircvs o\> 1 J V y

dwarfi sa a h o a 1 '1 be u" o li.

A oorion o f  nearly th ir ty  vo >ra !> vo • \s"ca; h ' • n Hr- 

ex tons i vo use of the srnLde i r f  in / . gerv's. i jwcvor, 

a l l e l i c  re la t io n sh ip  o f  theoo / 'o m i  in hr Inn o lu c id ntod 

only In the past few yearn, g iv ing  ,r*or!ning idnnn >•; vp f - r ih e r  

imvyrov^TTjent o f  high y ie ld ing  v a r ie t i e s .  ' agao I -ej, rr ported 

severa l s in g le  gene recess ive  dwarf typon id ) ,  tie also

indicated that independent genes (d- % <U» d^ ............) Wf*cn

involved in theae d i f fe re n t  typea. That f i l l  the three 

n itrogen responsive early  maturing seinl A e r f  in d lu o j  frost
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Taiwan v i z . ,  TN-1 f Dgwg and I -g e o - t z e  carried the sane aa^or 

gana fa r  short stature was proved in  th e ir  gen etic  studies 

at the IRRI (Anon., 1966c, 1969). Variations in the Fp d is -  

tr ib u tion  in  the crosses  o f  thest v a r ie t ie s  with a common 

parent were described as due to the presence o f  modifying 

genes o f  negative and p o s it iv e  e f f e c t s  (Anon., 1963). Acce­

ss ion  6393, o r ig in a tin g  from CP-231, exhibited  a more como'le 

mode of inheritance f o r  stature in d ica tin g  the n o n a l le l ic  

nature of the dwarfing genes (Anon., 1)'jCb). At le a s t  14 

a d d it ion a l semidwarf v a r ie t ie s  or l i m a  of oossibl-; d i s t in c t  

o r ig in  were a l l e l i c  to  i Li e t  a l . ,  1 V.C » mule moves. 1

dwarfs n o n a l le l ic  to  r »gw•*; were >1id l : o .  i, ro c ’:n c r m :e . ’ 

among tne dwarfs and t h e  semidwarf■’ se lected  from ’ ĉ T. ' r l a  
c o l l e c t i o n  at the IF! I ,  the following a tv* ins could bo roc ay 

nised as having n s n n l le l ic  gone or reir-s ’ or ’ hart 't. r.a ^  • *

(Anon., HoG;.

1. T.alkoku dwarf and ' . l -y rh -lu  duT.f

2. Fann/ sonldw irf

3. Intermediate ncmldwarf and 1 on m  1 n scmiihrsrf

4 . Accession 6 7)3 <nd I J-P73

5. F7-36, TP-1 n nd 1.1-8.

A suppressor gene n o n a l le l ic  to  gwg gene con tro ll in g  

plant height was reported by Teethnrarcnn and arlvssfcwm 

(1969), The Chinese semidwarf Chen-chu-ni had the eerml'tomrf 

gene o f TN-1, although there might have d i f fe r e n t  modifying



genes f o r  h e i g h t ,  C h e n g - c h u - a i - 1 1  and Chi-nan-ai had d i f f e ­

r e n t  ge n e s  f o r  s e a i d w a r f i s m  ( A n o n . ,  1973 and 1 9 7 6 ) .  The 

i n d u c e d  s e a i d w a r f s ,  KT 20- 7 4 , IK3 ^w2 and f'e 30-21 and rurbachi 

f r o m  China and C 5 3 - 3 9  mutant from Burns had the sano dwarf­

i n g  gene aa TTI—1 . iieddy and Padtaa ( 1 3 7 6 ) demonstrated that

the f iv e  induced dwarf mutants, d,-, d~, d j  and d.,.. were
o (  d 9 u

n o n a l le l i c  t o  ",ywg. T h e s e  d w a r f i n y  genes w e re  a l s o  n o n ­

a l l e l i c  t o  <i c c o t h e r  { "ha da a and le d a y ,  1 1 7 7 ) .  h a r a h s r i  

( 1 9 7 9 ) r e p o r t e d  •: o.ue La .lucod iai a n t s  l i e  l i e  t o  3  ; v_ u o r a s t o  

and Cn r.g ( > 379/ r o  p o r t e  i n on ' I I . .  l i e .  r  w u :  • j v u i v i l . :  ^

i n h e r i t a n c e  o f  d w a r f I n  • La r i c e . 4 pq 1 . S1 . . - . t i d i e d

th e  a l l e l i c  r e i n  L i  • o ? I \. '  j  , v i  *• h\ r f f- m c j  -

c o r. ■) inine ; three i-.jor r;ro « •" a? ’ : •. 1

se v en  du . r f  n ; a • 11 l i e  t j o< -  r* j_<- on

w i t  a c o l i  f l o r a  of  i o i i u  a t l /  nr.', ’ I  Lvo p f  f r - c l r , . L - '

G r o u  > > ( c o m p r i s e d  of f o u r  & i : r?n";  i • 1 io T L  U ;  i j

I -? e  ami cn - bub -I • a 1 t  *e and o u I  num­

b e r  o f  n o d i  ” in  pa >f p )n i t  i v e  and i n  :  il i v ;  o f  fe e t  s .  nr  

I n i i o * . ]  Qatar i  £ ' ' h n n t r a l  t P r l c  1 . ui. ant  • a i> h c on mi, i t  r  ccd 

G r o u p  5 h i d  a d w a r f  in ,  • r n n o  non 11 H e  i o  I - .  o >-fc-c nvid 

L e r - g e  ) - w i  o - y e n  and a l s o  n o n a l l e l i c  t o  f he d w a r f  I n n  r;one of  

the  f i r s t  and -second g r o u p s .  lack 111 --nd b u t y e r  (1 .57.0 I n ­

d u ce d  t h r e e  nan . ' l i e  lie:- s e r n i d v i r f  Uig  g e n e n  ( n d , ,  sd-> end nd, > 

i n  t h e  c u l t i v s r ,  C n r l o n e .  d a i n i  m d Kum ar  (1 H O )  r e p o r t e d  

n new source of dwarfing gene Id e n t if ied  an n spontaneous
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aut&nt in  th# v a rie ty  Jhona 349; but the a l l e l i c  r s lc i lo n  

of th# new source with Dgwg was not rep orted . The induced 

mutant Reinei and Jikkoku had dwarfing genes a l l e l i c  t o  Dgwg 

(Ikehashi and Kikuchi, 1930). They further suggested that 

Hokuriku 100 and Kochihibiki mi *ht have d i f fe r e n t  semidwarf 

genes. Tsai (19S0) concluded that the locus f o r  earlln ocs  

was composed o f various gene s ite s  with p os it ion  e f f e c t s  con­

s t i tu t in g  i s o a l l e l i c  system. Rutger (1 .01 ) studied the a l l e l i c  

re la t ion sh ip  o f s ix  induced nut ants r*ncl v/g. :Q:.sucv . >pa 

et * I .  (1931) reported the t the induced Ly m .uniug r.vut .nt 

was n o n a l le l i c  t o  'fT';,rT one -,-ith ? s * ten o f  n o J i l i e r :  with 

p os it iv e  e f f e c t .  ' r-vp̂ nt no  jus scmidw-rf nut nL s '  n il  .jo ich 

64, which aho'.'cd frequent b .• ck nut • i jn , a t l in o ‘.a e re -orted 

to  be n o n a l le l i c  to  the >clier •.ouid’ • r_‘ c u l t iv  irn i st >v i

and Tesnu, 1 -<32). KlnoanLfcn end ' ii  ilr rhi (1 in, recent

work involv ing  12 dwarf r i c e  l in  s witr ..nknown ;e'.iOt;per, end 

.31 l in e s  :7l th atn ;lo dwnrf r*v»rker l i r a  eh owed u -ny UunrCin:' 

genes to be n o n a l le l ic .  LI nd hi (I ). 12' found tmTP mupor 

recess ive  nonalLnlic genes con tro l l in g  plant hei ht in x ice  

which wem absent In the cult ivated  senltlv/ir f  v a r ie t ie s .

d) il.e io troplc action of the dwarfing jy v ion.

Xt la th# a ssoc ia tion  of height wl*h other eomuononts 

o f  a m orphological typ« f,*ir|.h as profuse t i l l e r i n g ,  upright 

lesvee o f ^appropriate * l7,e and pturdlnrps o f nten f h t c j i -  

f#r« upon th# plant the a b i l i t y  to respond to good manag#s»nt.
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Dwarf out ant b reported in  the e a r ly  l i te ra tu re  were generally 

economically undesirable, o ften  because o f  reduced aize and

y ie ld  (Jodon and Beachell, 19^3; 9eetharanian, 1969; Haeklll
+- y

and lu tger , 1979)* P le io tro p ic  e f f e c t s  including changes in 

le a f  shape, s iz e  and orientation? seed s iz e ,  sh .ne, s t e r i l i t y ,  

and panicle characters are a cornuon feature o f  the sealdwarf­

ing genes. Many semidwarfing gene3 reported have desirable 

p le io t r o p ic  e f f e c t s ;  but undesirable e f fe c t s  are a ls o  not 

uncommon.

Parnell et a l .  (1922) recorded that characters l ik e  

s t i f f ,  erect  stem; broad, coarse le a f  and erec'c, coapact 

panicle  wore inherited  together a l th dwarf habit. r.a:ii b 

(1933 a) found that besides sta tu re , a l l  the characters a 

the dwarf plant, i t3  short and compact ear, broad leaves, 

round shape o f  grain e t c .  v/cn1 t runs,ait ted together. :*'org

a sso c ia t ion  o f  plant height with flow ering duration :av* Iso 

reported ( la o la h , 1933b). Mutations causing reduction in 

p lant height in nsn>cl ation with a c l  inter of DL.iur inJpfiolo- 

g l c s l  characters l ik e  t i l l e r  nuubcr, f l Mp le a f  length , in te r -  

nod# number and length as well as panicle  and grain characters 

in  d i f fe r e n t  magnitudes were observed by Maslms and Kauai 

( 1 99G), Tanaka (1960), Kswal arid Msrshari (1971)» Rortdv and 

Reddy (1971), Esouro e t  a l .  (1971 )• Dwlvedi ot a l .  (1 >79),

len to*  (1981) and Jkuno (1993). P le io tro p ic  e f f e o t  o f  the»

semidwarfing genes was a lso  reported by ;ni\ny workers ( -aaohell
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•nd S co tt ,  1963; lteu et a l . ,  1968; 0an3shan, 1971, Mu, 1'973; 

Reddy et a l . ,  1975; MItra and flukherji, 1982). Aquino <.nd 

Jennings (1966) observed desirable p le io tro p ic  e f f e c t s  o f  

dwarf gene on reduced le a f  length, e re c t  le a f ,  growth and 

strong seedling v igou r . A suppressor gene, su -f  a f . ’eating 

culm length with o l e i o t r o o i c  e f f e c t  on can ic le  exoreosion 

and le a f  characters vas reported by fcethsraman (1 iC)) arid 

Seetharaman and frivastuvu (1969). Mutants with a reduction 

in  the plant height to  the extent of f i f t y  pn-r rant recorded 

s ign i ficant and remarkably l w e r  values In rc^unclG loa ~ih, 

ex tras !on ,  length and nujb'-r o f  " n i n e  oar nanicle 

et  a l . ,  1 J7 9 ) . These authors h in f  l r t ' r r  :>bse r v r ' j 

m ultiple  changes In v r io j^  T.orobo-pbysi >lo~Icnl canr c ; ' r s  

-lasociateJ v'ith dwarfism mU/ht be duo u  p lo io t r o o ic  c cc t  

of the major dw ic f ing  gen?. . ia -k i i l  .'no ; utgc" ( 1 .*f 9 * v ,,orted 

o senidwsrfinr :eno, ad^, that demonstr • fed o l r io t r o  lie e f fe c t  

o f  s a u ll  need r •.re and s l lv ifc ly  c  i r l i  *r m tu r ity .  They '-'Lao 

observed phnnoty s ic  rHsslni'lnrifcy nrjin* the i l l o l i  r,< • ,1 -  

dwarf mutants due to  d i f fe r e n t  n le lo t^ op lc  e f f e c t s .  ho 

p o s s ib i l i t y  of the existence of d i f fe r e n t  n lle lon  ' H i  i f  

rent agr ono-nlc d e s i r a b i l i t y  at each particu lar  loci', i > s len i -  

cated by the sane authors. rvsn and •. heems (1991) observed 

in g'liiga ray induced semid*arf mutants o f  Dasumafchl > / ' ,  t in t  

reduction  in height is associated  with reduction In n w ic 1* 

components o f  y ie ld ,  P le io tro p ic  e f f e c t s  o f ear ly  maturing



4 8

genes an ln tem ode elongation  were reported by Yokoo and 

Okuno (1931). 3hinabashi (1?>32) observed several dwarfing 

genes having p le io t r o p lc  e f fe c t  on shape and size  o f  grains.

Okuno (1'983) found that in the induced semidwarf out ante,
i

short culas and simultaneous chanyeo in other characters were 

con tro lle d  by s in g le  recessive  genes. Mont o f  the short culm 

mutants reported by f in is h m  and .hittinprcon (1  3339 showed 

reduction  in pan icle  length, nuacer of gr^ino utJ , ai se* 

but increase in ::ho number of t i l l e r s .

e ) In temode lengt h In short cu le  mut?rtn

The p ' t t r r e  o f  r e d a c t !  or ! r t r r  *.t:t  vnode* 1 .!.•

seaid'v-  r'Cs " r. i  - i-rer^ w a ’ a a f l a :  .';er. ay *nn/  ' ■ :*a• ~ 

1 } 1 *)C7;  "  a , 1 5 * 1 ;  *u * m  as  •; 1 ' c  i . ,  , 1 • ' C l ;  ‘ /

■l' /  T v r v , ,  1"G5: •" r T i u ; • ! . ,  1 ; e t  I .  ,

M s 7 1 *f<  ̂ O . 1 T ) ;  ' ’ i t  ' v . -nth r :^  f v r  ••, i 1 • 1

-.t o

n i l ;  v - , n i -m t 7 ' .

ivouaro v 1 ) : > ' . )  i j u r i ' 1 i n  < t  ;, i io iv -^ u  1 . 1 a ; I n  c *al .< 
in  the dwarfs was due to . ,n> nhorfcenod i . i t o r a j jc i 3 *

typen o f dwarfs were uh *r*icL«rlm»J iiy r\h 'rtoued Ln4m  ' t ' 

(Nagao, 1 yj l ; .  <*wai et i l .  (1 '561 ; .nt rHecJ the p v l.r rv. ?>’ 

Lntemode ©Ion*; l ion  In the indu ed short culm mut:r,n< ~u 

observed that there wnn reduction in the interlude Ivey ".9 

but not in the number. Shortening o f  the interns In, M ioidi 

brought about reduction in culm length , did not liwsya 1 f v o 

t o  the s t i f fn e s s  of the culm (Joshua ot u l . f T96)). kuw *1 

and Flsraharl (1971) recorded tft*t the la rg est  contribution
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to  the reduction  o f  cu la  length was made by internode 1 and 4 

( fr o a  t o p ) .  They, however, found that the lower the p os it ion  

o f  the in tem od e , the la rg er  was i t s  r e la t iv e  reduction ra te . 

Reddy and Reddy ( 1 3 7 1 ) observed that the panicle be raring 6th 

in tem ode (from the base) contributed maximum towards shorten­

ing o f  the culm followed by the 5th , 4th , 3rd, 2nd and 1 st 

irrtem odes. Reddy et a l .  (1375) were o f  opinion that the 

reduction  in the plant stature o f  scinitiv^rf and dwarf cut ants 

was mainly due to decrease? in the length o f  s p e c i f i c  in t e r -  

nodes • They observed t;h~ t In net id r i ' , the intern ode-2 

(from to o l  ihow«d the lco  redact L o » 'a lerrTh, where - the 

intern ode-4  erd the Intern i V - 5  -..o- ki- r i :m i red » t ;  .a* In

• rdwarfs, the intern ode-1 o'- v:od the le  . : t  redaction 

in tern  od e -4 , the mnximun. it per ot l. (1 .* ? r no. i.-vrr, iuunu 

that In tae Induced senldv'T*’ v.nt.rr o .  1 en; :i n‘ i i vrTI 1 c '

four inte -nodes vm  nigni PJ c *ntly rec ur n i , wnlLe t ho Ip

length end the length o f  the fi^th Intc mode did not d i f f e r  

s ig n i f i c a n t ly ,  deduction in the upper I'mr Intoni.v.fC''’ *n 

dwarf induced •nut^ntn wen r h o  observed hv Hnllich et n l, 

( 1 1 B0 ) .  Ha/)ri »t i l .  ( 1  H P ) observed 1 on or  internodrn In 

he iniuoed t i l l  mutants.dU



MATERIALS AND METHODS



MATERIALS AND METHODS

The study was undertaken in  the Department o f  Plant 

Breeding, C ollege  o f  A gricu ltu re , V ellayani, during the 

period  from 1931 to  19S4.

A. MATERIALS

I .  B io lo g ic a l m aterials

B io lo g ic a l  materials involved in  the study consisted 

o f three t a l l  Indies r ic e  v a r ie t ie s ,  v i z . ,  Ptb-9, ^tb-lO 

and Ptb-28, and the dwarf lndlea high y ie ld in g  va r ie ty ,

Jyothl (P tb -3 9 ) .  They ore presented as f igu re  I .  the? f i r s t  

three are pure line  s e l e c t ! ju s  from I j c s I  v a r ie t ie s  and the 

fourth  evolved through hybrid ization  and se le c t io n  at the 

Rice Research s ta t ion , Ruttambl.

Pure seeds o f  these v a r ie t ie s  v/crr? jbtained from the 

Rice Research S tation , Pattambi.

Ptb-9 in a medium duration va r ie ty  (1>9 days) su itab le  

f o r  the f i r s t  crop (Aprll-May to  J u ly - \ugunt). I t  io  one o f 

the popular v a r ie t ie s  due to itn hardiness. The purple colour 

o f  the plant helps in easy weeding operation s. I t  i s  p a rti­

c u la r ly  suited to  flood ed  areas on account o f i t s  flood  

to le ra n ce .

Ptb-10 la  a short duration  (93 dsys) cosm opolitan v a r ie ty  

end i s  cu lt iv a ted  a l l  through the year. I ts  a d a p ta b ility  fo r  

cu lt iv a t io n  in  a l l  the three major crop seasons in  the Mtate
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has made i t  popular among the t a l l  lnd ica  v a r ie t ie s  o f  the 

S ta te . Q uality o f  r ic e  is  e x ce lle n t  (Rahadevan, 1966). Due 

to  i t s  wider a d a p ta b ility  and other desirab le  fea tu res9 th is  

v a r ie ty  formed the base m aterial f o r  evolving a large number 

o f  high y ie ld in g  v a r ie t ie s  in  the S tate. Annapurna 

(TN-1 x P tb -1 0 ), Triveni (TN-1 x P tb -lo )x  IR -3 ) ,  Rohini 

C?tb-10 x IR-3) , Jyothi (Ptb-10 x IR -3 ), Aswathl (Rtb-10 x 

D ee-geo-voo-gen ),Sabari (IR-3 x^TN-1 x Ptb-10) and Bharat hi 

(?tb -10  x IR-3) were evolved with *tb-lQ as the base varie ty  

through recombination breeding.

Ptb-28 is  an upland (aodan) v a r ie ty .  I t  is  st.irdy and 

can withstand dry sowing and moisture stress  conditions during 

the early  3tages of growth.

Jyothi (Ptb-39) was chooen as a knovm source oi 

Dee-geo-woo-gen dwarfing gene fo r  studies on genetic analysis  

o f the i n d u c e d  mutants. I t  Is a semidwarf, high y ie ld in g  

v a r ie ty  evolved through se le c t io n  fo llow ing  hybrid isation  

between *tb-10 and IR -3 . I t  carr ies  the lee-geo-woo-gon 

dwarfing gene contributed by IR-3.

The m aterials fo r  the study nlso in c lu ded t -

i )  the and Mg generations from Ptb-9, Ptb-10 nnd

Ptb-28.

i l )  the generation  o f  the semidwarf mutants se lected

in  the
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H i )  the F\j and F2 generations o f  the crosaes between 

the nine mutants and th e ir  resp ective  t a l l  ln d lca  

parents.

iv )  the and F2 generations o f  the crosses between

the nine mutants and Jyothi.

v) the and F2 generations o f the crosses between

the nine mutants in  a l l  possib le  combinations 

without re c ip r o ca ls .

I I .  .iutagens

Physical a3 w ell as chemical mutagens were used f o r  the 

induction o f  mutation.

i ) Ph'/3 i  ca 1 nut 3 gen

Taana ir ra d ia t io n  wa3 d?ne u s in T the Co source et 

the Department o f  Botany, Kerala U niversity , Karyovattom. A 

wide range o f  doses from 10 to 45 krarl at increments o f  5 kmd 

were tr ie d  to  get maximum incidence o f  mutations no as to  

i s o la t e  usefu l v ia b le  plant type (dwarf and semidwnrf) mutants,

i i )  Chemical mutagen

The most e f f e c t iv e  chemical mutagen, v i z . ,  ethyl methane

0.5*/, 1.0^ and 1.5^ was employed f o r  induction  o f m utations.

three concentrations, v i z . ,



B. METHODS 

I .  Induction  and Iso la t io n  o f  mutants

1) S e le ction  o f  seeds

V e il f i l l e d  grains o f uniform s iz e  were hand picked 

to  obtain  samples o f  the three v a r ie t ie s  (P tb -9 , 10, 2B) fo r  

mutagenic treatm ent. Seeds were uniform ly dried and s ta b ilized  

f o r  moisture content at 10 to  12 per cent. The v ia b i l i t y  o f  

the seeds was confirmed through germination te s ts  conducted 

separate ly .

l i )  Treatment o f  3 eeds with gumma ra ,'s

Selected seeds from the three v a r ie t ie s  were pa died in 

samples o f  200 in small polythene covers . The seeds wore 

spread evenly In tne covers to ensure uniform exposure to  the 

ra d ia t io n . The seeds were irradiated through a s in g le  expo­

sure. The doses were regulated by adjustment o f  time.

The procedure for  treatment with KMS was baaed on the 

recommendations o f the th ird  research co -ord ination

meeting on the use o f induced mutations In r i c e  brooding 

(Anon., 1967). Three samples o f  seeds in each o f  the v a r ie ­

t i e s ,  P tb-9 , Ptb-10 and Ptb-28 were pre-soaked in water fo r  

16 hours. At the end o f  the pre-soaklng p er iod , the needs 

were drained end pressed between fo ld s  o f b lo t t in g  paper to  

remove the s u p e r f ic ia l  water. 30 ml EH' so lu tio n s  o f  the 

required concentrations were taken in  co n ica l fla sk s  and the



seeds were dropped in to  the autsgen so lu tio n . The quantity 

of the autagen so lu tion  was s u f f ic ie n t  to  cover the seeds 

coapletely. The seeds were s t ir re d  in term ittantly  and retained 

in  the autagen so lu tion  f o r  e igh t hours at a temperature o f 

28®C. The chemical was then drained o f f  and the seeds were 

thoroughly washed with d is t i l l e d  water.

A set o f  seeds soaked in d i s t i l l e d  water continuously 

f o r  24 hours served Q9 the con tro l  f o r  comparative studies.

i i i )  Handling o f  materials a f te r  mutayen treatment

The seeds a f t e r  mutagen treatment wore hindled in the 

ia a ed ia te  and subsequent generations as per the recommenda­

tio n s  o f the panel meeting on co -ord in ation  o f  research on 

the use o f mutations in r ice  breeding ( Anon., 1 l56d ) .

iv )  generation

Beeds treated with IM1 v/ere sovm alone v/ith the con tro l 

immediately a f te r  the treatment while the seeds treated with 

gamma rays were nonked in water for 24 hours before sowing. 

They were sown in petri dishes llnod with wet f i l t e r  paper 

in  fou r r e p lic a t io n s , each containing, 50 seeds.

The germinated seeds were transferred  to the f l©ld 

nursery in earthen pots from the th ird  day onwards. Cach seed 

was sown f l a t  on the s o i l  surface with the embryo on the side 

at more or lesa  uniform spacing• Sowing the seeds in  earthen 

pots fa c i l i t a t e d  easy management* The seed lings were
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transplanted t o  the aain f i e ld  when they were 30 days o ld ,

In sin g les  at a c lo s e r  spacing o f  20 cm between the rows and 

10 a* within the row. The plants were provided with minimum 

f e r t i l i t y  to  avoid excessive growth.

The fo llow in g  observations were made in  the genera­

t io n .

1) G em ination

Gem inated seeds were counted in the p e tr i  dichos from 

the th ird  day to  the seventh day.

2) Survival

The number o f  surviving plants v/ore estimated, both in 

tne f i e l d  nursery and in the main f i e l d .  <; t  the s c e d l in '  

s ta g e , the surviving seedlings v/ore counted on the 13 th day.

In the main f i e l d , the surviving plants were counter at 

flow ering. All plants with rreen colour were counted is 

su rv iv in g .

3) Plant height

Geedllng height was measured on the 30th day at the time 

o f  tran sp lan tin g . >*lant height was measured in the main f i e ld  

at flow erin g . Measurement a were taken on 20 plants se lected  

at random from each r e p lic a t io n  o f  each treatm ent.

4) Seed f e r t i l i t y

Seed f e r t i l i t y  waa estim ated by counting the grain and 

ch a ff on f iv e  ears each, ae leoted  from the 20 plants*



3) Abnorm alities in  seedlings

Counts on abnorm alities such as narrow and crink led  

leaved seedlings were taken in  the nursery.

6) Harvesting plants

The main and fou r primary ears v/ere tagged and harvested 

separate ly  from each p lan t. Thus a t o t a l  o f f iv e  ears v/ere 

harvested from each o f  the >1̂ p lants.

v) Mg generation

The seeds o f the plants v/ere sown in ra ised  nursery 

beds o f 3.3 x 1 .3 x 0 .3  m. ;ends from each olunt were sown 

in  fiv e  separate l in e s ,  each l in e  cunt lining seeds from an 

ear. The fo llow in g  observations were recorded at the ccodlinij 

stage in the Mg generation.

1) Chlorophyll mutations

Chlorophyll d e f ic ie n t  plants v/ere scored in the nursery 

from the 13th day onwards a fte r  sowing. The ear progenies 

segregating f o r  ch lorophyll mutants woro scored to  ca lcu la te  

mutation freq ’iency per 10*3 plants and por 100 flj oa rs . A 

maximum o f  50 plants from one end in  each ear-progeny row was 

scored  to count the to ta l  number o f  mutants nnd normal seed­

lin g s  and the mutant frequency per 103 Mg plants was estim ated. 

In segregating progen ies, the mutant and normal seed lings were 

counted sep a ra te ly . The ch lorop h y ll mutants were c la s s i f ie d
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according to the system suggested by Gustafsson (1940) and 

expanded by Konzak et a l . (1963).

2) Viable nutations

Among the v ia b le  mutants, seedlings with reduced height 

could be rea d ily  recognised  in the nursery. Tuch seed lin gs 

with reduced height were scored on the 30th day.

T hirty-day old seedlings were transplanted in  the main

f ie ld  as ear progeny rows. .Tingle seedlings were planted at 

a wider spacing o f  25 cm between the raws and 20 cm within 

the rows. A ll the available  seedlings were transplanted Tram 

each ear.

Individual plants were observed p e r io d ica l ly  Cron the 

1 3 th d*y onwards a f t e r  transplanting, to id e n t i fy  the mutants 

which d if fe re d  from the normal plants ohenotyp ico lly , Trom 

among the mutants id e n t i f ie d ,  plant type aomidvnrf mutants were 

lo ca ted . They were marked and the t <11 plants around them were

removed so that the growth of the mutant might not a ffe c te d .

The mutants were p er iod in a lly  observed to study th e ir  growth 

pattern . The v iab le  mutants se lected  wore described for  th e ir  

morphological characters . The mutants id e n t i f ie d  and iso lated  

were harvested sep ara te ly , observations on the fo llow in g  

characters were made on the mutants.

a) r»lant height

Height was measured from the ground t o  the t ip  o f  the
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f la g  le a f .  Th* culm length was recorded from the ground 

le v e l  to  the neck o f  the ear.

b) Duration

Number o f  days upto harvest was recorded.

c ) Leaf shape, s iz e ,  co lour and orientation

The upper most le a f  below the f la g  le a f  was used fo r  

measuring the length and width. Leaf length was measured 

from the junctura to  the t i p .  L'idth was recorded at the widest 

portion  of the lamina. Based on the or ien tation , the leaves 

were grouped as erect  or drooping. haaed on the width, the 

leaves were c la s s i f i e d  as broad (>  1.1 cm), narrov; V3.J to

1.1 cm) or very narrow (<0.^3 cm), fmsed on the co lou r, the 

leaves were pale green, green or dark green.

d) T i l le r s  and t i l l e r i n g

The mutants were grouped as shy t i l l e r i n g ,  moderately 

t i l l e r in g  and heavy t i l l e r in g  b sod on the number par 

bearing t i l l e r s .

e ) Plant type

Based on the stand o f  th© plant and nature of the t i l l e r s ,  

the olants were grouped as compact with compact t i l l e r s ,  

medium with slanting  t i l l e r s  and open with wide open or 

spreading t i l l e r s .
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f )  Lodging at naturlty

Based on the nature o f the culm, the plants were weak 

or strong. The plants were described  as lodging or non- 

lodging baaed on the tendency to  lodge a fte r  heading but 

before  m aturity.

g) Ear and grain characters

The number o f  productive t i l l e r s  v/ere recorded. The

length  o f  the ears v/ag measured from the ba3e to  the t i p .

Baaed on the nature, the ears v/ere coimact, medium or ooen.

The mean number o f grains per ear was estimated by counting 

the grains in f iv e  e a n .  Based on exsertion , the ears '.err 

e ith e r  exserted or parti o i ly  exserted . hr size of the -rains 

was determined based on 1000  jrain  weight.

v i )  A 7 generationJ

i\-i generation was r i is e d  from the seeds obtained from 

tin* mutants in the ll~ generation to confirm th e ir  mutantc
nature. Mg plants were harvested separately and the fi- gene­

ration  ra ised  under almost id en tica l  con d it ion s , fhe obser­

vations recorded in the Mg were recorded in the M̂  a lso .

v i l )  " e le c t io n  o f  plant type mutants

Senidwarf plant type mutants with compact t i l l e r s t e rect 

dark green leaves and nonlodging habit conforming t o  the con­

cept o f  high y ie ld in g  v a r ie t ie s  (Beechell* 1Q66) were se lected
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from the generation . These height mutants were described 

in  d e ta il f o r  th e ir  m orphological characters using the des­

c r ip t iv e  blank proposed by Ramiah (1938) and Chang and Bardenas

(1964) with su ita b le  m od ifica tion s .

I I .  Genetic an a lysis  o f  the mutants

The nine semidwarf mutants se lected  from the genera­

t io n  (M2 , and n1z> from ?tb -9 ; -1-192, A 107 and A 111 from 

?tb -23  and M 292, M 207 and M 210 from rtb-19) were grown in 

earthen pots along v/ith the parental v a r ie t ie s  and Jyoth i. 

Three sets of seeds in each tyoc v/ore sown at in t e r /  Is of 

19 days t ) get synchronised flowerin'* to  f  a c i l i ta te  cross ing .

i j  h ybrid isation

The fo llow ing  crosses were unciert

1) The nine mutants with th e ir  resoect ive  t a l l  parov;:s  to  con­

firm the gen etic  nature of the mutant::..

2) The nine mutants v/ith Jyothi to study the genic r e l  t ion -

3hip o f the mutants v/ith the Pgw;r dv/nrfing gene.

3) Between the nine mutants In nl.1 possib le  (96) combina­

t ion s  without rec ip roca ls  to  study the genic re la tionsh ip  

between them.

Wet c lo th  method was adopted fo r  emasculation o f  the 

■ p ik e le ts . Hand p o llin a t io n  o f  the emasculated sp lk c le ts  waa 

e ffe c te d  at 9.00 AM w ith the pollen  c o lle c te d  from the desired
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pollen parent. The pollinated panicles were protected by 

covering with butter paper cover immediately after dusting 

of the pollen.

i i )  F-j generation

The generation o f  the 5b combinations as fo llow s  

were grown and studied .

1) ftutant3 with the respective  t a l l  parents -  9 Nos.

2) Mutants with Jyothi . .  - 9  Nos.

3) between the mutants . .  -  36 Nob.

The fou r  parental v a r ie t ie s  and the nine mutants were 

a lso  grown along with the hybrids f:>r comparison. wato on

the fo llow in g  characters were recorded.

iPlant height: Id en tif ied  as t a l l ,  9emidwarf or dwarf based 

on the height. Measurements o f  culm length v/as aLso node.

Plant type: Recorded as open, medium or compact.

Inrtemode: The number o f lntem odeo and the mean length 

o f  the internode fo r  studying the pattern of in tom ode elonga­

t i o n .

Leaf: Mature o f  o r ie n ta t ion , length, width and co lou r .

Strawi Weak or sturdy, lodging or n ot .

Eersi Number of ears.

Her characters! F.xeerted, partially cxserted or enclosed\
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compact, semiopen or open; length  o f  ear; number o f  grain ; 

1000 grain w eight.

In feren ce ! on the gen etic  nature o f each mutants in  

r e la t io n  to  i t s  parent, the v a r ie ty  Jyoth l and the other 

mutants were drawn te n ta t iv e ly  based on the plant type o f  the 

h yb rid .

i l l )  F2 generation

The F-j o f a l l  the 5  ̂ cross  combinations were se lfed  and 

harvested separate ly . The ?2 was raised on plant progeny 

b esis  and scored f o r  height and plant type segregation . The 

segregating plants were c la s s i f i e d  as t o l l  (above 113 ca ) ,  

lem idvarf (between 71 to  110 ca) and dwarf (70 cm and below''. 

The chi-square tent o f  goodness o f  f i t  was employed.
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EXPERIMENTAL RESULTS

I .  Induction o f  mutations

a) E ffe c t  o f mutagens In the ILj generation

The e f f e c t  o f gamma rayo and EM- on germination o f  seeds, 

olant su rv iv a l ,  plant height and seed f e r t i l i t y  was estimated.

Gerainat i  on :

Data on the percentage o f  germination recorded o n  a is 

4th and 7th days and the mean soriod fo r  germination are ore­

sented in table 1. -ven high dosos of y:moa r oy s .lid not 

a f fe c t  the germination o f  the seeds appreciably while errni- 

nation decreased progressively  . i th  i  no re as in do-.os o 

The percentage o f  gem ination  recorded on the 7th c r.~ ••.>s 

more than that recorded on 4th day, e.srr c i  i l ly  at r oe -.or 

doses o f the mutagens. Considerable delay in 'e rn ir  i i  in was 

observed at h i /'her doses o f not in the nut arena as snom Py an 

increase in the moan peri xi o f  germination, no .over, ■« mr© 

was no d i f fe r e n t*  In vorint >1 ros on in to the mutagens 

indicated by the percentage o f  germination nnd the noon period 

f o r  germination.

S u rv iva li

The percentage o f  survival o f  the seedlings in the nur­

sery at 30 days and that o f  the plants in the main f i e l d  at 

flow ering  were recorded and presented in  tab le  2. Gama rays



T a b le  1 .  E f f e c t  a f  gaaoa rays and EM3 on g e m in a t io n  o f

(Sem ination percentage

rtutagen and ? tb -9  ^tb-IO ^ b -2 3
dose —--------------     —

4th 7th 4th 7th 4 t1' 7th
day day d" /  d • y day u<ay

C ontr 01 103.0 133.0 133.0 10 0. J 10 9.0 13.3.0
5naa r ays 1

10 krad 36. 3 06.0 95.5 06.0 91 .0 07. J
15 95.0 >6.3 >4.0 )5.0 35. 3 97.3
20 a 95.0 -'5.3 94.5 l j . 0 15.3 94.0
25 ! 0 . 3 9^.3 92.5 94.5 • * —:•. 7 55. 9
30 J 90.3 93.0 00.5 52. 3 92. 3 04.5
35 1 39.5 33.3 3^.5 32.3 5 3. 3 92. 5
40 n 37.5 33. 3 35.5 .'•2.0 33.3 02.9
45 i 35.5 92.5 -34.5 01.5 33.5 91.5

e*t- 0.7 95.0 35. 3 93.5 35.5 92.5 93.0
1 .0 34.5 36.0 8 5 .0 3 . .5 8 3.5 37.5
i .5- 31.5 33.3 73.3 34.5 79.5 82 . 0

seed s in  the

Mean period for gemination

in days

)^tb-9 Otb-10 :tb -2a

3 . 3 3 . 0 3 . 0

3 .  > 3 . 1 7 . 2

5 . 2 3 . 2
i

J  e - .*

3 . 2 3 . 2 Ji. J

.  6 3 . 6 : . 0

0 . 5 . * 7

• 3 3 . 3 J  e ^

5 - 0 4 . 0 •'‘•a <

4 .  1 4 . 2

3 . 1 3 . 3
r "7

3 . 4 3 . 4  ̂* J

3 .  0 3 . 8
•» ** 

.  0

as %  of control 

?tb -9  Ptb-10 Ptb-28

100 100 100

100 103 106
106 100 113
106 106 116
120 120 116
120 116 124
127 127 130
130 133 136
136 139 139

103 109 109
113 113 116
120 127 130

CD
ro



T a b le  2 .  E f f e c t  o f  gaona rays and ECS on s u r v iv a l  o f  p la n ts  in  th e  H|

Mutagen and 
dose

Survival (percentage o f  con tro l)

at 30 days at flow erin g

?tb-9 9tb—10 ?tb-2S Ptb-9 /tb -10 Ptb-28

C ontrol 100 100 100 100 100 100
Gama rays:

10 krad 100 93 93 100 98 97
15 • -18 93 100 93 99 98
20 IV 93 93 99 97 96 96
25 * 93 36 97 96 JO 95
30 If 95 96 '5 94 94 93
35 IV 35 ■35 36 32 dO 78
40 II i l 63 63 52 47 49
45 IV 62 61 62 35 37 34

SMS 0 .% 96 95 95 92 90 89
1.0% 90 39 93 32 94 81
1• 9* 33 33 32 79 78 76

CD
CO
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caused le th a lity  at higher doses w ith d ra s tic  decrease in  

su rv iva l o f plants with increasing doses. BIS a lso  proved 

t o  be le th a l as in d icated  by decreased survival ra te s . A 

fu rth er  reduction in  survival was observed at the advanced 

stage o f  growth at higher doses o f  gamma rays. But ouch 

reduction  in  surv iva l o f  plants was not noticed in treatment 

w ith EM".

nlant height:

Seedling height on the 30th day at the time o f  trans­

planting and plant height at flowering v/ere computed a:: per­

centages o f the con tro l and presented in  table 3. mealing 

height wa3 found to decrease w i t h  increasing domes of both 

the mutagens. The magnitude o f reduction was mreotee v>. the 

seedling stage than at f low er imp fo r  the g rao cose of 

Comparing the two mutagens, .1 ’ w so  more e ffe c t ive ' i n  *■»•'»a : ic­

ing the seed ling  height th m  gamma r n rr> but these ol.-.nto partly  

recovered from in jury at la  to r stapes of growth.

Teed f e r t i l i t y !

Data on seed rertJ.li.ty showed s ir .n ifica n t d l f i'cronosa 

between treatments (Table b ) .  The percentap.es of need f e r t i ­

l i t y  decreased with increasing doses of the mutagena. ven- 

though both the mutagens induced greater f e r t i l i t y  reduction 

e t higher d oses, the e f f e c t  wss more draatio  at higher Joses 

o f  gamms rays thsn iilfl.



T a b le  3 . E f f e c t  o f  nut agens on se e d lin g  and p la n t h e ig h t In  the

hit age n and
’ eedllng

(
height at 50 

o f  con tro l)
days Plant height at flowering 

(f'- of control)
dose >tb-9 Ptb-10 -tb-23 * tb -9 rtb-13 Ptb-2Q

Control I 3 J 100 133 100 100 100
0 areas rays:

10 Surad 36 53 133 35 06 98
15 * 92 33 J2 95 36 94
20 ■ y ) : 1 3 9 92 34 96
23 " 34 53 13 33 33 84
30 - 31 O 31 05 33 84
35 ■ 76 72 73 31 79 82
40 ■ 69 67 67 69 75 79
45 " 63 -0 6.3 08 63 69

ET4S 3 .5* 35 34 34 n o
J 6— 30 94

1 •Or 72 71 72 39 92 91
1 . 5** 6 3 32 63 02 00 89

03
cn



T a b le  4 .  t f f e c t  o f  auto^ens on seed f e r t i l i t y  in  the I*ij

Mutagen and dose
*t b- ) i?tb-10 IPtb-28

.He..in o f
con tro l

of
con tro l I lean 5l o f  

con tro l

C ontrol 33.5 133 33.5 100 95.0 100
JaflLBB ra y s :

13 krad 7 2 .? 7o 75.4 34 t »■ y r /;>*6 79
15 m 38.6 72 J3 • J • 77 69.0 73
20 a 43.3 42 41.7 47 45.7 47
25 35 = 3 s i ̂ . 51.9 33 55.2 38
30 a 2 j , J OL- ■ 21.0 5>- V 2-> *0 28
35 a 13.0 i j 1 j. 5 23 1 6 . 4 18
40 a 15.7 i • I j.2 13 16.0 17
45 a 12.2 i ; 11 .3 13 '15.4 17

E13 3.5^ 32.1 V » 3 4  3 84.5 91
1.0% 7 3 .? 33 -7 ,» '1 1 ■ o ■36 /3 .0 84
1.5 -’ * 2  * r

t

’■ ”3 . j 63 o3.7 68

cn
cn
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A bnoraslltisa  in  seed lin gs:

Induced abnorm alities in  seed lin gs such as narrow and 

crin k led  leaves were more at the higher doses o f  gamma rays. 

Such abnormal plant3 e ith er  got eliminated through le th a l i ty  

or recovered at la te r  stages o f  growth and grew in to  n om sl 

p lan ts .

b) e f f e c t  o f mutagens in the 'Â  generation 

Chlorophyll mutations;

The frequency o f  c h lo r o o h / l l  m um tionn wan ooti:naieC 

per 111 planta, 101 earn and 11 j seedlings the

data oresented in tab les  3 t j 7. he; frequency incrvu::^. 

upto 01 krad in the cam  of m m a r r / a .  t hi -hr.- ,< r\- 

(AO and A5 krad) the upaar'vrt drop in the frequency .. .. f be 

due to elim inations on uccount of lo ta  l i t y .

In tensity  o f  c olour and J i f  f  pro nee a in the pof-mm •f’ 

co lour d is tr ib u t io n  formed tm  b n h  fo r  the elm '•if? r ■'i \n 

o f  ch loroph yll mutants. The re la t iv e  percentage of  r i^ o r e n t  

type3 o f  mutants are presented in t  >blon 0 to  Id. 

were most frequent in g <m ri ray ire  at- m t n , whrrenn, \rlrh\ia, 

was predominant in trsa tn en ts . lb ln r>S and moat of the 

Xmathas perished and did not survive ir>yond the noodiing 

stags.

Viable nutst.ionsi

A ll  nutations e f fe c t in g  ths morphology o f  the d iffe re n t



T a b le  5 .  Frequency o f  c h lo r o p h y ll  n u ta tio n s  in  th e  M0 (P tb -9 )

MuUftB end 
dost

funber of 
plant progenies

Nuaber o f  4- 
ear progenies

flmuber of M2 Mutation frequeney

Scored Segre­
gating

"cored Segre­
gating

Seed­
lings
scored

Chloro­
phyll
mutants

-er 109 Per 100 
•î  plantsllj eara

Per 100 
M2 seed­

lings

Control >3 130 2500 «•

fii—a rayi: 
19 krad 30 7 2 72 9 3342 6a 14 3.08 0.81
15 m 30 9 243 13 7753 73 13 5.24 0.94
20 m 30 11 2 l 2 6 6541 79 22 2.83 1.21
25 30 3 1 J5 12 5466 67 16 6.49 1.22
30 ■ 30 12 132 19 4342 34 24 10.43 1.15
35 ii 30 13 I4S 31 7407 61 26 14.68 2.44
*0 ft 30 3 143 12 231 I 59 16 8.10 2.55
45 ft >0 2 104 2 943 7 4 1.21 0.74

EJtS 0 .5> 30 12 ^17 16 5733 63 24 7.37 1.18
1• OSt >0 13 24 z 22 6343 81 26 9.05 1.28
1 50 17 134 13 3203 49 34 11.67 1.53

cn
co



T a b le  6 .  rrequency o f  c h lo r o p h y ll n u ta tio n s  In  th e %  (P tb -1Q )

Number o f  Number o f  ear Number o f  M2 Mutation frequency
5tuta«en and '>lant prjgmUea ^rjjjenlea

dose
Scored Segre­

gating Scored Segre­
gating

Seed­
lin gs
scored

Chloro­
phyll 
□utants

9#r 100
plants

Per 100 
Rj ears

Per 100 
Mp seed­

lings

C ontrol 50 <•» 150 — 1533 — _ — •

Osama ra ys : 
10 krad 53 9 293 12 9243 143 13 4.03 1.51
15 4 50 11 273 21 9035 143 22 7.69 1.59
20 • 50 11 279 23 7939 139 22 8.24 1.75
25 9 55 15 261 51 6337 225 30 11.88 3.30
50 9 50 17 233 33 7332 232 34 13.87 3.10
35 m 53 19 204 27 6313 209 38 13.24 3.21
40 9 5) 5 193 9 4326 156 10 4.67 3.61
45 9 50 2 151 5 2377 39 4 3.31 1.64

£K5 0 .5* 53 9 237 26 7992 192 18 9.06 2.40
1.0% 50 19 26} 47 3437 237 38 17.48 2.82
1 .5* 53 17 197 41 6716 139 34 20.81 2.81

cn
CJ3



Tabla 7 . j-lraquency o f  ch lorophyll nutations In the M., (rtb~23)
L.

Mutagen and
’ .'unbar o f  >L Number o f  <0̂

plaint progenies ear progenies
h umber o f  M Mutation frequency

dose
Ccored Dagre-

gacing ''cored egre-
g. it lng

Seed­
lin gs

scored

Chloro­
phyll

mutants

*er 100
1

1
plnnts

Par 100 
^  aars

Par 100 
M2 saad-

lln gs

Control 30 — 130 — 2500 — — - •

C i— i  rays:
ID krod 53 12 234 12 1317 143 24 4.22 1 . 5 3
1 5  *» 50 12 236 10 04-01 163 24 3.05 1 . 9 9
CD a 53 14 243 2 2 7614 107 20 3.83 2.36
25 * 53 11 223 26 070-7 216 O'''C-m C • 11.66 3.22
>0 * >0 n 2J»2 36 27 2 )4 30 14.38 2.51
55 • 50 1 3 104 3 0 431 3 106 36 19.57 4.54
40 * 30 7 2 07 21 6.344 21 >3 14 10.40 3.43
4p * 50 1 146 0 2416 43 2 6.16 1.99

2*2 0.5* 30 1 3 7 r 74 3 *73 713 70 3.19 2.37
1 30 22 275 43 i j 0 7. 241 24 15.64 2.68
1.5* 50 21 2 1 3 3 j 6 j  11 1 07 22 13.31 2.89



Table 3 . R e la t iv e  percentage \S d i f f e r e n t  tvpea v..pactraan) jC ch lo r o p h y l l  mutants in
the A ?  ( ^tb-9)

T ota l ana- Relative percentage o f ch lorop h y ll mutants
ber o f
amtaats A '< V C S Others

Jmmha rays:
10 krad 63 o -) ■ 3 13.2 4.5 - 1.3 -
15 * » —** 33. 3 T O 3.6 1.4 - -
20 * '7 64.5 1 ,1 . 1 12.7 5.1 5.1 2.5
25 » o7 71 . 6 4 . 5 14. j 4.5 4.5 -
33 * 54 66. 7 1 .1.5 11.1 - «a» 3.7
35 it 51 63.3 16.4 3.3 1.7 3.3
40 * 59 64. 4 3.4 13.2 3.1 3.4 3.5
45 it 7 42.3 57.2 - - - -

n o.3* 53 21.4 1 37.4 - 2 .9 -
1 . J - 31 13.5 14. i 4 ) . 7? 7.4 3.7 6.2
1 .5 33.6 3.2 46. ) 6.1 6.1 2.1

A-A lb in a , Y-T’antha, / - / i r l d i o ,  '.-Chlorinn, - I t r ia t a

3utagen and 
doee

■xl
M



fa b la  9 .  O e la t iv #  percen tage s f  d i f f e r e n t  ty^>«3 (spectrum ) o f  c h lo r o p h y ll m utants in
th e «2 (? t b -1 0 >

rtagen and 
dome

To t ji 1 n o t ­
her o f  

autaato

Uela tive percent a fjm o f  ch lsrophyll nut ant a

Y • «. 7 c r> Other*

a ia
10 !

rays : 
trad UJ - 4 - 3 1 J.7 «» -* **• J 0.7

15 • 1 6 j . 7 1 J.2 12.6 3.5 - -
20 m 1 3? 69.3 12.2 10 . 3 5.3 1.4 -
05 n 2 2-3 61.1 1 *.7 3.4 6.7 4 . 0 1.3
>3 n 2 ;2 3 5 . 1 I--. 7 3.1 2 . 2 2 . 6 -
35 m 21? ■5 1 .9 2 J . 5 3.3 1 . 4 1.0 -

40 it 1 JO :6 .9 1 5.6 **T*-> • .J 4 . 5 4 . 5 1.3
45 m 3 ) 71-5 j . i - 7.7 7.7 -

IS 0 .5* 1 j2 2 i.7 14 . 5 4 0 . 6 3.3 —*  ̂JJ.D 4.7
1.0% 217 11.3 1 5 . 2 47.7 1.7 1.7 2 .9
1 1 .3 1 3 . :3 1 3 . 5 6 2 . 4 6 . 9 1.6 -

l b i n : i ’T- Vantha, V -/lr l-J l3 , - 3 i . i  j r i n -1 j — t r i  cit n



f a b l s  1 0 .  R e la t iv e  percen tage of d i f f e r e n t  types (spectrum ) o f  c h lo r o p h y ll mutants in
th e  (P tb -2 8 )

.Rutai^ec end Total Relative percentage o f ch lorophyll mutants
dote □uBOvr 

o f  autdunts A X V C S Others

Ginmi rays: 
10 krad 143 72.0 14.7 10.5 2 .8
15 n 163 76.2 7.7 7.7 3-6 2 .4 2 .4
20 n 177 73.1 11.7 3.1 3.6 2.5 1.0
25 m 216 56.3 17.1 13.6 0 .9 2.0 1.8
30 9 204 65.7 1.3.3 14.2 1.9 1.9 2.5
35 9 196 7 7 . 6 11 .2 9 . 7 1.5 - -
40 9 218 3 3 . 3 18.8 13.b 0 .5 0 .9 0 .9
45 W 48 33.3 39.6 13.3 - - 8.3

EHS 0 .5% 213 31.4 1 8 . 0 56.3 1.4 0 .5 1.9
1 . o - ; 2 4 1 3 1 - 1 7 . 5 5 a . 7 3.3 1.2 1.2
1.5** 1 7 7 2 5 . 1 1 3 . 3 5  3 . 9 2.1 0 .5 3.1

A -A lbina, X - X a n t h a ,  V - 7 i r i d i s , C - C h l o r i n a , 0 - 5 t r l a t a

-vl
CO
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plant parts except ch loroph yll d e f ic ie n t  types were classed 

as v ia b le  mutations. Such mutations wore detected In in d i­

v idual plants in the M2 generation by v isu a l observation .

The induced changes in  certa in  cases a ffected  one or more 

characters o f  a plant at the same time.

The v ia b le  mutation frequencies estimated .separately 

f o r  the three v a r ie t ie s  as mutations oer 100 M-j ears are 

presented in  ta b le  11. The frequencies were found to increase 

with increasing doses of gamma rayQ an v/ell as F.'V . hoy did 

not d i f f e r  appreciably in the three v a r ie t ie s .

A wide spectrum of mutations ting vr-riou: m o r p h o ­
l o g i c a l  characters such an height, iu r - limn, le a f ,  g a r !c l ?  

and grain were id e n t i f ie d  and is o la te d . The r e l  t iv : ' ycrcon- 

tagea o f  height, duration and lea f  t / o e  lutants arc- Ivon in 

ta b le  12, The type o f  nutations induce^ by the two 'u t n -ens 

did not d i f f e r .  But d iffe ren ces  v;ero jfverved in the r  la tive  

frequencies o f  the difforr-nt types /Id a prndomin me  ̂ ir 1 he 

mutants a ffe c t in g  culm length, hut ants with altered duration 

were more frequent among the typnn ind.iard ly  gamma rayn. 

Dwarfs and semid-zarfs among the mu bints e f fe c t in g  culm length 

and la te  tyoes among the mutants with altered maturity i*?rlod, 

were predominant• Mutants with enhanced e f fe c t s  su.\h as t a l l  

sta tu re  and very long duration were a lso  among the types 

induced.



T ab le  11. Frequency of viable mutatljns in the M

Ttb- j i'tb-10 Ptb-28

^uta gen and
d3M

Muaber a? 1- ear 
progenies Mutation 

pe r 1 J 3
dumber of ML ear 

progenies Mutation 
per 100 _

dumber o f  M. ear 
progenies Mutation 

per 100
'co re d Oegre ra­

ting

■s • ••
earn "cared Segrega­

tin g
ears Scored Segrega­

tin g
H<l ears

C ontro1 100 mm 10 0 mm 100 _ •
G u u  rays: 

10 krad 100 1 9. 0 10 ) 7 7 .0 100 8 8.0
13 * 10 0 17 17.0 100 17 17.0 100 18 18.0
20 » 1 30 24 24. ^ 1 ) 0 22 22.0 00 23 23.7
25 • 33 23 2 0 .6 1 JO 01 31.0 93 26 27.9
30 - 32 27 2 0.3 91 06 23.6 36 24 27.9

VjJ VJ1 * 35 33 33 .3 33 35 39 .3 34 32 38.1
40 " 63 31 4 j . ° 72 3 6 50 .0 53 30 51.7
45 * 57 23 4 ;.1 51 25 4 9 .0 56 28 50.0

E3C9 0 • ̂ r-> 100 3 M 0 10 ) 0 3 .0 100 6 6 .0
1.0% 100 23 2 3 . 0 0 .) 27 27 .0 109 20 28.0
1 . 5- 77 39 f *—-> ^ -O 3 5 4 0 .4 96 38 39.6

-s j
cn
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Table 12. Relative percentage o f h e igh t, duration and le a f
type mutants In the M2

Number o f  mutants Relative percentage

Gamnia rays E11S Gamma rays EMS

Height mutants:
T a ll 2
Semidwarf 22
Dwarf 9

Duration mutants:
Sarly 6
Late 9
Very la te  1

Leaf type mutants: 
Narrow

4 33.3 66.7
43 33.0 ob .2
13 40.9  39.0

2 73.0 23.0
3 72.7 *27.3

109.0

1 75.0 25.0
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Height ant a n ts :

Mutants a f fe c t in g  culm length alone were se lected  fo r  

deta iled  study. They appeared in  three d is t in c t  c la sses .

i )  Those which were t a l l e r  than the parental types (above 

143 cm f o r  mutants o f  ?fcb-9» above 133 cm fo r  mutants of

?tb-23 and above 122 cm fo r  mutants o f  Ptb-10).

i i )  Those which could be c la s s i f ie d  as seraldvarfs (71 cm to 

110 cm).

i l l )  Those which v/ere dwarf a (70 cm -ni below).

'bit o f  the 03 height mutanti id e n t i f ie d ,

63 semidwarf and 22 dvarf (Table 13)- art/one nut rvto ..-ore 

selected  fo r  morphological analysis , -a s cr ip t io n  o 7 

height mutants is  given in table  14.

The 41 airt-nta exhibited v r i  j . . In hoi hi T., uro I P

ranging from 01 cm ‘ ytb- ' routes-,t  -  •> r j ‘I 3 > cl tt-TT

mutant -  M 104). The t 1.1 it at ' ' ri '1 * if Lo . n • s c  . 'tion  

o f lnteraoden and not. duo to  an incr^ ’so in the riu of 

intern ode*. The nemidwarfs a) r»  npjr-- rrs to  i» ive ; ne 

number o f  Intemoden an the on root type a, n he in

height was duo to  reduced length of tin in ter  nodes. ut in

the dwarfs, the number n* w ell oe length o f  the inic."nodes 

have been reduced. The lower most internode could not be 

recognised in  certa in  esses due to  the d ra s t ic  reduction in 

i t s  length. Dwarf* th ere fore  appeared t o  possess smaller
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Table 13. D istr ibu tion  o f  v ia b le  height mutants -
mutagen wise

9  <?■ w
Mutation and dose T all Semidwarf Dwarf

Gamma rays 10 krad
1 5 n - - -

2 0 n - 2 -
2 5 n - 3 -
3 0 n - 9 2
3 5 n 2 3 9

4 0 n - - 5
4 5 n - - -

EM3 0.5# 1 3 -
1.0% 2 2 4 3
1. 5 rn 1 1 6 1 0

Total 6 65 22



T a b le  1 4 .  D e s c r ip t io n  o f th e h e ig h t Mutants

51«
Ha.

fmrmntm/ 
nutants

Plant
height

(cm)

Nuaber
Of

In ter ­
nodes

Dura­
t io n

(days)

Plant
type

1 2 ___3 4 5 /*o

1 ?tb -9 133 6 130 open
2 •n 1 12 o 123 compact
3 H 2 >4 6 115 compact
4 sf 3 03 -«*o 132 medium
3 a 4 103 6 130 compact
6 fl 5 61 5 73 compact
7 n 6 38 6 120 compact
8 S 7 95 6 130 medium
9 * 3 102 6 132 medium

10 n 9 154 6 156 open
11 M 10 62 5 35 compact
12 H 11 91 <*•& 145 omen
13 H 12 98 o 142 medium
14 M 13 146 6 132 open
15 H 14 95 6 120 compact
16 * 15 153 6 175 o pen
17 ~itb -2 3 135 6 115 open
18 i.4 101 93 6 102 camp ict
19 i  102 93 6 110 compact
20 * 103 103 6 102 medium

Lodging Leaf
length

(cm)

Laaf
width
(cm)

Leaf orien­
ta tio n

Laaf colour

7 0 9 10 11

susceptib le 56 0.9 drooping palo gram
resistan t 32 1.2 erect green
resistant 30 1.1 erect dark green
susceptib le 44 1.2 ere ct green
resistant 33 1.2 erect dark green
res is ta n t 14 0.5 erect dark green
res istan t 34 1.4 erect dark green
susceptib le 45 1.2 drooping green
susceptib le 46 1.3 drooping green
susceptible 61 1.2 drooping pale green
res is ta n t 25 0 .6 erect dark green
susceptib le 36 1.2 drooping green
res istan t 42 1.1 erect green
susceptible 5Q 0.9 drooping pale green
susceptible 34 1.3 erect dark green
susceptib le <30 1.2 drooping pale green
susceptible 52 1.1 drooping pale green
resistant 41 1.1 erect pale green
res is ta n t 34 1.2 erect dark green
susce >tible 44 1.1 drooping pale green

(con td .)



Table 14 contd.

1 2 3 4 5 6

21 H 104 159 6 149 open
22 n 105 105 «■*o 113 medium
23 ^ 106 93 o 105 medium
24 A 107 92 6 115 comp act
25 * 103 93 ro 93 toediam
26 H 109 O’) o 195 coopact
27 M 110 103 D 105 taediLLn
28 A 111 95 o 110 coapact
29 A 112 72 3 35 open
30 A 113 106 6 115 medium
31 2tb-10 122 +o 92 open
32 A 201 95 6 12 open
33 ft 202 39 o 59 corap act
34 203 93 *3 95 COOOiCt
35 A 204 39 O 92 □ediuu
36 .4 205 83 6 92 medium
37 n 206 135 6 135 open

30 4 207 91 6 93 c ouoact

39 1 203 39 6 33 medium
40 M 209 39 6 95 c orapsct
41 ft 210 91 6 95 compact
42 A  211 93 6 95 medium

43 M 212 93 6 95 medium
44 ft 213 33 r

n 93 corapaci:

7 8 9 10 11

susceptib le 49 1.0 drooping pel# green
susceptib le 43 0 .9 erect pele green
resistant 47 0 .9 drooping pale green
resistant 38 1.2 erect dark green
resistant 42 1.1 drooping green
redistant 42 1.2 erect green
re s 1 st int 36 0 .9 erect pele  green
resistant 34 1.1 ere ct dark green
res is tan t 26 0.7 erect green
susceptib le 41 1.0 drooping pale green
susceptib le 48 3.3 drooping pale green
resistant 46 0 .9 drooping pale green
res istan t 33 3.9 erect dark green
reais tant 39 1.0 erect green
susceatibLe 34 0.9 drooping pale green
susceptib le 35 o.a erect green
susceptib le 49 o.a drooping pale green
res istan t 30 1 . 1 erect dark green
resistant 34 1 . 1 drooping pale green
res istan t 36 1 . 1 erect dark green
res is ta n t 33 1.3 erect dark green
susceptib le 34 1.2 erect green
susceptib le 34 1.1 drooping green
resistant 34 1.2 erect green

00
o
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number of 3hortenad internodes. Some of the height sut-iuts 

are presented in figure I I I .

The duration, i . e . ,  the number of days upto maturity 

ranged from 73 to 175 days for mutants of Ptb-9, from -u  to  

103 days f o r  mutants of Ptb-10 and from 35 to  145 days for  

mutants of ^ h -2 3  (Table 14). Doth early and la te  uut ints 

appeared. h i l c  most o f the dv/arfs v;cro early craturin/;, the 

ta l l  out ’.nts generally  showed a tendency fo r  lato  • irrrnrity.

T he parent varl^tio ? t /pi : ' ’ ! ! /  p en ole at type with 

oaen t i l l e r s .  11 zhn t i l l  n u t  nt" c-'hl7 itari -alaio — ii

plant type. put of the 34 -’em!dwarf r , 16 only had c pm. ct

plant type. The other'’ •••; r-a either .>per or rival li \ -• ; *-:ea.

The compact types were f / o ia  illy  characterised by orvet loaves 

pihich were cither r^oa or ' .rU i.reon, hn d -.’srf ~ \~r,~ .. y..\-

poct md Vi -d very n rr > . 1' a/ «a si- >• *1 i- r r  y  • '

•ill the t 111 plants '.ad ,od e ith er  at iicuiia ;

ripening o f  the g r i i m .  hln was duo to lo r  T - nJ rp -i- ruin. 

Among the seoldwa r fs , those .-/ith coop irt t i l l e r s  v»r»ro Inva­

r ia b ly  r e s i s t  nt to lodrlnr while seal h m irfe with 3pra ar 

medium open stand s u c c u m b e d  t.o lod gins’ none tine o f  t o r  bonding 

before ripen ing . '’ho short and stout ruin o f  the 

aemidvsrtg with the t ig h t  wrap Ing of le a f  sheath over t*e 

culm have contributed to th e ir  lodging res is ta n ce . ITim dvarfe 

were h ighly  nonlodging.



Figure I I I

V arieties and height mutants

i )  Ptb-9 and height mutants

1 , 5, 9 and 13~Ptb-9 
Others -  mutants





Figure I I I

V arieties  and height mutants

i i )  ?tb-1Q Luid height mutants 

1 -  Ptb-10 

Others -  mutants





Figure I I I

V arieties  and height mutants

i i )  Ptb-10 and height mutants 

1 -  Ptb-10 

Others -  mutants





Figure I I I

V arieties  and height mutants

i i i )  Ptb-28 and height mutants 

1 -  Ptb-28 

Others -  mutants
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The length  o f  the leaves varied from 14 cm (M 5) to 

61 cm (H 9 )  and breadth (measured at the widest portion) 

ranged from 0 .5  cm (M 5) to 1 .4  cat (H 6 ) . Tall mutants 

appeared t o  possess long  leaves w hile sealdwarfs had ahort 

le a v e s . IV arf p lants in va riab ly  had la rg er  number of very 

narrow and th ick  le a v e s . Leaves had an erect orien ta tion  

in  the sen!dwarfs and dwarfs while they were e ith e r  curving 

or drooping in  t a i l s .  In the t a l l  mutants, the leaves showed 

e a r ly  senescence. The dwarfs and aaaldwarfs had r e la t iv e ly  

la rg e  number of fu n ctio n a l leaves at maturity than the parents 

and the t i l l  mutants. In moat o f the sealdwarfs the f la g  lea f 

a* fu n ctio n a l ot m aturity. Tho co lou r  o f the leaves ranged 

ron oa le  grson t o  green In t a i l s  and to  dark green in  many 

of tho 3 s o l  dwarfs vnd dwarfs.

"'he t o l l  mut-'nts appeared to be shy t i l l e r i n g  (4 Dr 5 

orod'i“t i v e  t i l l e r s )  while the aeoidwarf3 were moderately 

t i l l e r i n '  'a  to 12 productive t i l l e r s *  and dwarfn 'v rn  pro- 

f inoly t i l l e r i n g  ( onto 7L- productive t i l l e r a )  as indicated 

i r  t-iol* 1 >. hi In the seraidwarfs had n greater proportion 

■if ,>r>duntlva 1111^rn t )  tho to ta l  t i l l e r s ,  in dwnrfo and 

t ^ l l s  tan i r i ’j i r 4 lan. narrovy. ioonr the oenidwan , 14

t/D^o exh ib ited  n /nrhnnlned  ripening o f  enrs while tho others 

p-iH both ripens- anrlijennfi ears »t the time of hrtrv^st

,r»*'jrn hi /  3 io f i - »r if n cfc'vl t i l l e r i n g .

Vi

/*



T tU c 1 5 . Car and grain  characters o f  the tonight nut ant ■

S I .
No.

P arent*/
nutazrt*

Nunbar o f  
aar* par

p lan t
Typn o f  

aar E xesrtion
Lnngth 
o f  ear*

(cn )

Hunter o f  
g ra in  

pgr # *r

100 gra in

" S T
1 2 3 4 5 6 7 a
1 Ptto-9 6 open axsarted 23 .3 79 2 .76
2 n 1 7 ooena exserted 22 .4 96 2.S1
3 ?! 2 9 radium exserted 33.1 119 2 .7 9
4 * 3 5 medium p a r t ia l ly

exserted
21.9 105 2 .7 6

5 M 4 3 open 1 23.2 120 2 .7 8
6 H 5 76 open exserted 9 .5 12 2 .19
7 A 6 13 medium exserted 24.3 141 2 .92
a *  7 3 medium p a r t ia l ly

exserted
23.4 117 2 .7 2

9 * S 3 open n 2 1 .8 122 2.68
10 n  9 4 open exserted 20 .2 91 2.74
11 M 10 63 open p a r t ia lly

exserted
13 .2 14 2.23

12 A 11 6 open n 23.6 73 2 .72
13 A 12 3 medium ti 22.1 114 2.67
14 M 13 3 open exserted 23.2 89 2 .78
15 A 14 12 compact exserted 23.9 138 2.92
16 M 15 4 open p a rt ia lly

exserted
21.2 83 2.80

17 Ptb-28 4 medium exserted 24.5 87 2.87
19 n  101 9 open p a r t ia lly

exserted
22.3 126 2.85

19 M 102 8 medium exserted 25.7 148 2.91
00
co

(c o n t d . )



Ta b le  15 oontd.

1 2 _______3 _

20 N 103 7
21 rt 104 5
2 2 PI 105 8
23 A  106 7
24 M 137 l
25 A  108 b

2 6 M 139 3
2 7 31 110 7
23 A  111 12
2 ) 31 112 43
50 n  1 1 3 3
31 ?tb-10 5
32 n  201 5

33 PI 202 9
34 A  203 9
35 M 204 a

56 A  205 5
37 N 206 5
33 « 207 11
39 A  208 3
40 M 209 6
41 3 210 10
42 M 211 4
43 * 212 6

44 A  213 3

4 5

aediuai exsetrted
open exserted
Jaen• exserted
laedlm exserted
jediua exserted
open p a r t ia l ly

exserted
medium exserted
medium exserted
compact exserted
nedium exserted
medium exserted
open exserted
open p a r t ia lly

exserted
medium exserted
open exserted
open p a r t ia l ly

exserted
open n
medium II
medium exserted
open exserted
me d i  urn exserted
compact exserted
open exserted
open p a r t ia lly

exserted
medium exserted

6 _____ 7______ 6
22.6 94 2.73
22.4 128 2.78
24.2 103 2.82
2 4 .6 >2 2.82
23.3 141 2.98
24.3 108 2.86

22.3 132 2.79
23.4 11 :> 2.74
23.6 116 2.94
11.2 24 2.22
2 4 . a 127 2.56
20.4 72 2.79
19.8 93 2.63

21.8 )4 2.84
19 .4 36 2.75
20.1 103 2.74

19.0 100 2.74
13.9 102 2.81
20.9 98 2.88
13.7 121 2.79
20.2 115 2.79
21.9 187 2.92
18.3 131 2.79
17.6 107 2.68

17.5 94 2.79

00



8 5

Th« nuabar o f  t a r s ,  type o f  ear e x se rtlo n , length  o f 

ta r , nuabar o f  grains per ear and weight o f  103 grains o f  

the autants are presented in table 15. The number of ears 

per plant ranged from k  in ta ll  types to 76 in dwarf types. 

The range of variation f o r  ear length was froQ 3.5 cu in 

dwarfs to 25.7 cm in  semidwarfs. The t a i l s  and seuiclw.arfa 

appeared to possess o am of almost comparable length ; but 

the number o f  grains por ear ■•/as greater  in seuiiduurT . tnan 

in the ta ils  in d ic a t iv e  o f  higher gr_in  density in ohu aensi- 

dwarfn. 'Tee ears o f  neciid'.-nrfn v/erc d e h o r  completely or 

p a r t i a l l y  exserted . ~he vrelght of 1 >J grains rangnu from 

2 .1 1 to  2 . IB (7. The oh -pe of the yr :i;vi varied froa almost 

round to  slender e longated .

•11 the 41 se lected  nut nts were n irried fon.*nrc! to  vhe

Mt to  confirm th e ir  nut nt nature. 'lie norpholo j ic  ol matures 

of each progeny woro scored . 'The data did not Y ’ 'ioy
j

appreciab le  v a r ia t ion  from those in the ;2 * Thf? nU v d i f f e ­

rences observed in qu an titative  astinution  might h o  due to  

th# a f f e c t  o f  the season. This won n e o n  in  o il t ’Toao

including tha parentn.

I I .  Oanatlc ana ly s is  o f p lan t ty2^nL^^.an$i*

hlna **io rphol o g ic a l ly  d is t in c t  mutant* with plant type 

characters (5 froa each variety) war# selected for jpenetlc 

analysis (Plgur. IV). Th. d .ta ll .d  aarptologlcal description



"1.jure IV

■lent type- isutant3 - e le c t e d  f a r  re re t i c  b .n^ly il i
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of these plant type mutants and the 4 v a r ie t ie s  i s  given in 

ta b le  16.

The nut ant 3 were semid’warf in  stature with short erect 

leaves (Figure V) oriented at an angle o f  about 30 degrees 

to  the v e r t i c a l  axis and have short erect  f la g  leaves which 

remained functiona l at maturity. In contrast to the open

plant iv*bit o f  the parental tyoes, they exhibited conv ict 

habit  with moderate number of com anc:: u l l i r n .  The r*
-J

were -roon to  »-nrh green in colour * VMinnt the ;.*• le  green 

leaves of the parent'’.. ~r.o proportion of the fun 'v iona l  

to  the d r /  leave a at maturity hi h in .root of ~’ c anlrctGd 

tut in to .  hvonthourn the j.-rd d o  la n d u  remained ••neirn ;e-. 

t*v» number of groin a >er ear ■. a a r an a ider 'h iy  h i '  i in ’ .one 

mu t n t j  in d ica t ing  hi'do ,rr d mi*.:*'. ho mu** ant • nor. 

s ho*.-y di f ‘"erenca in grain size and oh ion from the parental 

V/acn. v jh at maturity the mat: mt *. proved to be ro a . h a . t  

t.o 1 odg i n whi le the t a l l  parents lodged well beforo maturity.

11 the nine mutants v»nr° oro-v *’ lth  t h d r  m a '^ r t lv e  

parent* to confirm th e ir  re connive genetic  nature, •to inves- 

ticMte the 1 l i e  Hr. r e la t io n  i f  the induced dwarfing roues.o *"

with the Ogwg dwarfing gone, the mutants were cron nod ’ ’1th 

fyothl f a known ca rr ie r  o f  the Tgwg dwarfing geno, 1th the 

o b je c t  o f  studying the a l l e l i c  re le t lo n rh lo  o f  the u mrfing 

,g*n*s end th e ir  mode o f  inheritance the seialdwsrf mutant*



Tab la  16, Dmtallad aorpn a log ica l d a a cr lp c ion  o f  tha alna salactad plant trpa a u t in ia ,  tha Lr p i n n t i  tod JyotKi

O t i a r l f U a P tb -9 H 2 * 6 n N 102 n 107 A 111 P tb -1 0 n 202 n  207 n 210 J y o t h l

1 2 3 % s 0 T a 9 10 11 12 13 14

Culm:

a ) D U a i t i r  (cm ) 1 . ? 1.6 1 .3 1 .0 1 . 3 1 .9 1 .5 1 .4 1 . 3 1 .3 1 .1 1.3 1 .4

k ) I^anfth (am ) 96 ^2 to ~*2 9* 71 70 71 89 66 71 70 72

o) B aarlJig  p a a ic la a 3 10 1 4 5 10 12 14 5 12 13 13 11

d )  Sot b a a rla g  p a a ls la a  3 5 > % 2 •>«h. 5 5 3 2 3 3
a 9 t r « i | t h l « U »tr:xng i : r 3 n ^ watt s t r o n g s t r o n g ■ t r o n g vaak s tro n g s trc n g • tro n g atPong
-mml i
a ) Laagtb  (c a ) 36 50 60 VI* '■6 34 48 33 30 33 38
b) k id t h  (c a ) U O 1.1 * .* 1 .3 1.1 1.2 1 .2 1.1 0 . 9 0 . 9 1 .1 1 .3 1 .1
a) C o lo u r pa La d a rt dart da r t p i  I t d i r t Jar* dark p a le dark dark dark d a rk

graan g raea r * ? « a g re e n g re e n green g re e n g re e n g reen g r e t n graan graan g ra a n

f la g  la a f  angla d r o o p in g • r a c t rvorir  r a t a l • r a c t n r r l r ? n t a l t r a c t c u r v in g h o r i z o n t a l d r o o p i n g h o r i z o n t a l  c u r v in g t r a c t t r a c t
Lotaraodm i 

a )  l a t e r 6 6 6 6 0 0 6 6 6 6 6 6 6
a ) Laagth 1 6 .0 11 .9 • V  3 . *> , < ».. 15 .6 1 1 .9 1 1 .7 1 1 .9 1 4 .8 1 1 .4 1 1 .8 1 1 .7 1 1 .9
P la n t halgfct (c a ) 15a 9 - 5a 95 1 35 95 12 95 122 89 91 91 93

lu s c a - r a a la - r t i  l a - re 31 s - 3 us c a - r e e l a - r a t  l a - re s 1 a - auaca- r e s i a - ra i l a - r a a la - r a a i a -
p t l b L i : t a : t i n t cant p t l b la c 4tn t tan  t t ant p t l b l a t ant ta n t ta n t ta n t

P la n t typa 3 pan com pact compact compact c o t n compact c o a p a c t c o a p a c t opan coapact compact compact compact
Panic la  a
■ ) r n » opan amdium amd L -a c r e p a c t cpen mad 1 um madlua coapact opaa madlua a a d lu a compact compact
b ) Langtb (c a ) 26 33 2* 2** 26 26 2̂ 26 22 22 21 22 2*
c )  ffiafcar o f  grmlma 6a 121 -3 ! * *> 72 1*2 146 118 58 96 101 172 126
d ) K z s t r t l a ( Z i t r t i d e xaa rtad ■ u c r . H • x ia r t a d f x s i  r tad ■ x s e r t  ed • x a a r  ta d • x a e r te d e x a a r ta d a xxa rtad a xat rta d • x ia rta d a x s a rta d
SplfcmLat a t a r l l i t y  (%) 3 .0 3 .2 * . 0 3 .8 * . 2 3.0 5.6 4 .1 4 .3 4 .3 4 . 2 6 .2 4 . 6
P a rio a rp  o o la u r a n ita v h l ta v U ita v h l  ta rad rad rad rad rad rad rad ra d rad
i 000 g ra in  wmignt ( g ) 2 7 . a 2 7 . 9 2a. a 2 9 .9 2 1 . 2 29.1 28.9 2 9 .3 2 7 .9 28. 5 2 8 . 7 29. 2 28. 1
Dmrmtiomi
a )  Da fa  "to f lo m a rln g 98 91 93 93 97 97 90 86 67 72 72 73 87
a ) Dafa to  m a tu rity 130 i i 3 120 120 115 1 10 115 110 95 69 93 93 107
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were crossed aaong themselves in a ll possible combinations, 

a) Crosses with the parents:

i) M 2 x ? tb -9 :  The Mg mutant woo semidwarf (34 ca) with 

erect dark green leaves and Ptb-C was t a l l  ( 1 3 3  cm) with 

drooping pale green leaves. As shown in tab le  17, t 5k? ".jS

’were t a l l  with a mean plant height o f  141 cm (figure  vl •

They had drooming leaves, elongated internodes and open lsnt 

habit and were susceptib le  to l o f " ! . '  . . .n male .w- leaves

exhibited e ir ly  lane'.c one a. Ti . :> ipulatio::, » • r? .'“37

plant i , 291 bad hoi "ht \bov? 1'M -a • rid ' I f e l l  ' M a i  t .ae 

range o f  71 am to 119 c a c / la  1 *' • o b in " 3r 1

birtion. 1 y-i frn"tunna/ »a o 1 - — - » • i n i 11 *

’ 1 1  to  129 m  • *'i:>-re ,,rT - 1  '• i. an -.ornt- ' a  t o

ffrouo o f  t  j ! 1  and sornic!’-* »r*f , l ;•»t » aa 1 road  c l  . '  ' ' ' r r r v e dao i

f o r  t ' ir t a l l  s la n t s  wns IT! to  1 4 a -n ” M t h a t fa - ’ r -.Vhmrffl 

in 91 t v 199 on. Thn fr^ nan/'!.? s of  ' "V 1 il n t ’ o* a a w orrd

■▼roupsf v i z .  , t o l ' l  onr.1 'ipn.9!,. ' i r r  CIt  t n 1 *,1 r a t i o  ' t ra b lab

p ro b a b i l i ty .  The t 11 aegrnirnnta r-vhinited thn character of 
-

the P- plants n.irh a.« n r / :•? >tlbl l l t y  t o lod *lu:g, long drooping 

[gnyo",, p s r l /  ^onficpnc*! o f  leaven and open habit with woak 

t i l l e r s • The semldwnrfn In thn V7 nopulntion were Eilnont 

s im ilar  to  the mutant parent.

i l )  M 6 x r»tb-r)i 7he height o f  r 1 plants rrvn grd f r n  

137 to 143 cm (Table 17) while M 6 had n mean height;, of 38 oa.



Table 17. Characters o f  tha hybrids and parents
parents

SI Parent/ 
»a hybrid

Plant height 
(cm)

tange

Sua-
ber
o f

in ta r

Dura­
t io n  
apt o 
aatu-

Lemrth
o f

leaves
(era)

nodes n t y
(days)

1 Ptb-9 129-147 133 O 130 56
2 1 2 30-102 94 5 11 3 30
3 >1 6 30-93 3 3 K 120 3 4

4 M 14 35-104 )3 0 1 2  9 3 4

3 M 2 x i^tb- 9 136-145 141 3 12-3 5 4

6 M 6 x ? tb - 9 137-145 142 6 123 5 6

7 n 14 x r tb -9 133-140 136 6 126 54
a Ptb-23 127-143 135 6 115 02

9 W 102 33-106 33 D 1 1 0 34
10 M 107 32-102 32 6 115 3 3

1 1 H 111 37-102 95 6 119 3 4

1 2 H l02xPtb-23 1 3 5 - 1 4 1 133 6 1 1 2 52
1 3 * l07xPtb-23 130-135 132 6 1 1 2 5 2

14 A 111xPtb-28 132-139 136 6 115 54
15 Ptb-10 115-131 122 6 92 4 8

IS M 202 73-95 39 6 3 9 33
17 S 207 73-90 91 6 93 30
18 n 210 76-93 91 6 95 33
19 «  202xPtb-10 113-124 120 6 95 43
XI W 207xPtb-10 121-127 124 6 3 0 54
21 * 2lQatPtb-10 124-131 123 6 95 53

in crosses between the Mutants and their

Ir le n ta - Colour o f  Lodging
t io n  o f  leaves
leaves

drooping pa la green susceptib le open
e re c t dark green resistant coflipact
erect dark green re s is ta n t compact
e :’ect dark green r e s i s t ant compact
dr jo pin r; pale green su scep tib le open
drooping pale green su scep tib le open

' suing•> . j p ile green su scep tib le open
droooiiig pale green su scep tib le open
erect dark green resista n t compact
erect dark green resistan t compact
erect dark green res is ta n t compact
drooping pale green susceptib le open
drooping pale green susceptib le open
drooping pale green susceptib le open
drooping pale green su scep tib le open
erect dark green resistan t compact
erect dark green res is ta n t compact
erect dark green resistan t compact
drooping pale green susceptib le open
drssoinr1. • pale green susceptib le open
drooping pale green susceptib le open

Plant
habit



t i k l a  1 8 .  f n ^ m c y  i l n t r i b u t i o n  f o r  b a l f n t  i n  c r o a M i  o f  n u t  a n t i  w i t h
r

U  M t l g h t  d u u i  i n

■ 0 . r m m v t /  c t h n  ■
6 1 - 7 0 7 1 - 8 0 8 1 - 9 0 9 1 - 1 0 0 1 0 1 - 1 1 0 1 1 1 - 1 2 0

1 P t b - 9 • • - - - -

2 ■  2 - - 8 33 7 -

3 If 2  z  P t b - 9 - 3 2 6 43 3 3
4 M 4 - 6 2 7 1 ? - -

3 1 1  4  x  P t b - 9 - 1 41 50 7 6

6 11 1 4 - - 6 41 3 -

7 H  1 4  x  P t b - 9 - 1 3 4 18

a P t b - 2 8 - - - - - -

9 n  1 0 2 - - 1 3 29 8 -

1 0 N 1 0 2  x  P t b - 2 8 - 6 36 34 - 5

1 1 I f  1 0 7 - - 1 2 32 6 -

1 2 I f 1 0 7  x  P t b - 2 8 4 4 23 4i* 3 1 0

1 3 11 111 - - 3 *3 2 -

1 4 H 1 1 1  x  P t b - 2 8 - 3 33 *! 9

1 3 P t b - 1 0 - - - - - 21

1 4 If 2 0 2 - 3 18 29 - -

17 11 2 0 2  x  P t b - 1 0 8 2 2 38 6 18 64

1 8 H 2 0 7 - 2 2u 2* - -

19 n  2 0 7  x  P t b - 1 0 9 > * 3 - 21 38

2 0 H  2 1 0 - 5 17 23 - -

21 11 2 1 0  x  P t b - 1 0 14 31 4 6 3 2 3 29

tbtir pannts in P2

-----------------------------------------------------------T ota l T a ll S a a l- D n r f  J*
1 2 1 -1 3 0  1 3 1 -1 * 0  1 * 1 -1 3 0  1 5 1 - 1 6 0  d w a r f  ( 3 i 1 )

5 39 6 -  3 0 3 0  -  -

50 -  30

70 1*2 6* 8 287 209 7 8  -  0 .6 6 7 .

50 -  30

90 123 26 3 3*7 2*8 99 -  2 . 2 0 9

50 -  30

1 1 7  1 3 * 9 3 386 281 105 -  0 . 8 7 8

1 * 3 ^  2 -  50 5 0 -

50 -  50

88 126 27 3*2 2*6 96 -  1 .7 3 1

50 -  50

*9 206  9 11 293 215 78 -  0 .* 5 2

50 -  50 -  -  .

*1 19* 35 * 388 2B3 105 -  0 . 8 7 6

26 3 -  -  50 50

50 -  50

1 5 6  1* 2 328 25* 7* -  1 .0 * 0

50 -  50

i « 8  37 12 -  3*9 256 93  -  0 .6 3 1

5 0 - 5 0

1 3 1  *8 9 33* 2 * 0  9* -  1 .9 3 9
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Th# p la n ts  resem bled the t a l l  parent in  appearance with 

open h a b it , weak stand , e longated  ln tem odes and culmf long 

droop in g  p a le  green  leaves and lodg in g  s u s c e p t ib i l i t y .  Both 

t a l l  and s e a l dwarf p lants appeared in  ? 2 popu lation . Among 

347 $2 Pl a n ts , 99 had plant height ranging from 71 to 110 era 

and 24a from  111 to  160 cm ( f ig u r e  V II-2 , Table 1 3 ). This

se g re g a t io n  p a ttern  gave a good f i t  f o r  a 3 t a i l s  1 soaldwarf
2

r a t io  when te s te d  with ^  t e s t  of goodness o f  f i t .  The t a l l  

? 2  p lan ts  with t h e i r  long culm, weak stand, open habit,  shy 

t i l l e r i n g  and lon g  drooping pale green leaves resembled the 

F-j p lants  and the t a l l  parent. They succumbed to  lodging at 

o r  a f t e r  heading . The semidwarfs res is ted  lodging and exhi­

b ite d  coraoact p lant h ab it ,  e r e c t  and dark green leaves. The

short  and sc out v/ith reduced intern Jdol lengch.

i l l ' :  :i 14 jr >tb-9: An " iven  in ta b le  17, the ^ lants

rangad In halp.ht fr o n  1 3 3  to  1 «n cn. ‘'ho mutant parent was 

B .* ld w » r f  (35 en) and W tb-) t  >U (133 <sa). The 1 plants 

vara  n lm lla r  to thn t a l l  parent, and exhibited  thn open plant 

h a b i t , in n ,  d ro cp ln *  l « n v « ,  In con tra st  t o  tha compact habit 

and a ran t l . a v . a  o f  l b -  B P .ldw .rf mutant parant. 'ho  plants 

wars found to  lodga  immadlntely a f t a r  heading. The g ,  pro- 

g .n y  i n d i c a t e  a blmodal d is t r ib u t io n  f o r  plant h . l r h t  with

103 a.mldwarf p la n t ,  with halght ranging from 71 to  1 1 0  cm

, ,  , * , P^  i l l  to  160 c «  (T .h l .  10, I ln urs  VII-and 201  t a l l  p la n t ,  from i n  to  tw
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Th* '*2 t e s t  o f  goodness o f  f i t  revea led  that the 3 t a l l i l  Be a l- 

d w f  model would be a good f i t  w ith  high p r o b a b ility . The 

open h a b it ,  lon g  culm , elongated in tern od es , drooping long 

le a v e s  and lo d g in g  s u s c e p t i b i l i t y  made the t a l l  F2 plants 

resem ble the 7  ̂ p la n t  w hile  the semidwarfs appeared d is t in c t  

w ith  e r e c t  le a v e s , compact habit and nonlodging nature#

i v )  M 102 x ? tb -2 3 :  The mean height o f  M 102 was 03 ca

and th a t  o f  ldtb-28 was 135 cm. The range o f  variation  o f

h e igh t in  was from 1 3 5  to  141 ca and i s  recorded in tab le  1 7 .

The /1-T.ts in  the F- generation  were cii iracterised  b /  elongated

In tern odes  and long  cu la , long drooping leaves and s u s ce p t ib i l i ty

t o  l o d g in g . They appeared i ln o s t  a l u l l  <t to  the t i l  parent.

In the ? -  r e n o r a t io n ,  out o f  ;.h2 □ ! tntrp 240 were t a i l  (above2

1 1 0  cn) and 1 6  s ea id v n r f  (botv/oen 71 ana 1 0 0  ca.). 1  nts in

the 101 to  110 ca claan v/err- la a s t  absent (Figure V l i -4 ,

Table 13; c l e a r l y  in d ica t in g  two d i s t in c t  groups o f t  11 and 

•enldw arf 'i lan ts  In '■ 5:1 r.ia<lol r.avo a R;od f i t  to the 

observed  fr e q u e n c ie s  of t n l la  nd nomi.Warfn « l t h  hi 'h nroba- 

b l l l t / .  The t a l l a  w nn  n t ' i l l i r  to  the and the t o - -  parent 

w ith  Ian* cut™, e l 3 n*ater] ln ternodea , Ion* and drooping leaves 

•nd open h a b i t .  The/ lodged a f t e r  heading. The senldwnrfs 

tad  e r e c t  le a v e s  «nd were r e s is ta n t  t  , lodging « l t h  short and

sto u t  stem-

Y) M 107 x P tb -28 . W hile H 107 « •  •••idwarf ^  ca) 

r ,  p la n ts  were t e l l  w ith  .  r a n *  f o r  p len t height f r a .  130 to
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135 e .  (Table 17). The F, plants were characterised by long 

eula, elongated Intern odea, leaves which were drooping and 

open plant h a b it . As In the case o f the t a l l  parent, the F. 

plants were s u s ce p t ib le  t o  lodging. In the plant height 

ranged from o1 t o  160 cm w ith  two modal c lasses  of 91 to 100  ca 

131 t o  140 cm (Table 13) e The r e la t iv e ly  low frequency 

of p la n ts  between the two modal c lasses d is t in c t ly  divided 

the ? 2  p op u la tion  in to  two group a v i a . ,  t a l l  and senidwarf 

(F igure 7 I I - 5 ) .  ^henotyp ica lly ,  the t a l i  planta could be 

d is t in g u ish e d  from mho planta of the other group * i'*h their  

open h a b i t ,  s u s c e p t i b i l i t y  to lodein • rr.d le a f  characters.

The Is uvan were lonr nd droooirr; .and ..’cro pale rreor. ’ 'ailc 

the lemldwarf oLnntn rcsomhlaJ the .mat'-r.t parent in aty 0 a ran r e , 

s i z e , c o lo  ur* and o r ien ta t ion  thu I'^-Vcn. Mt of id n  t o t a l  

o f  237 ' pla .its , 211 wore t a l l  "'nd 73 nonldvarf« ±h\-* eagre—

g a t l  on pattern  .*» » 7«<1  ' I t  t o  the or wcted w d c l  >£

3 t a l l :  1 .leu ldw ir!’ .

v i  y 1 1 1 1  •/ ’ tP -2d! *1 1 1 1  WQri uciudv/arf wit l a . on

height o f  15 c * .  Tno 'n U k .  * » * 0  ' « * «  ™

in g  f r o *  132 to  1 Xlci  An height (Table 17). In Plc l t  nni

l . « f  characters th e  p a  resem ble. the t a l l  parent. W « to  the 

lon g  cu la  r e s u lt in g  from elongated  I n t e n s e *  they lodged 

b e fo re  - s t u r l t y .  Plant height varied  from 71 to  160 «  could

be divided into t e l l ,  and eeeldw.rf. (ngur. t I I -6 ) . «

the 3 *  %  aegreganta. 203 had height above 110 e . and
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b «tv «en  71 t o  30 cm to  101 to  110 c .  classes (Table 13).

The t e s t  o f  goodness o f  f i t  indicated  that the segregation 

f  or p la n t h e igh t gave a s a t is fa c to r y  f i t  fo r  the 3 t a l l j l  se o i- 

dwarf m odel. The t a l l  p lants had a c lo se  s im ila r ity  with 

“the r^s and the t a l l  parent, ? t b -23, The leaves were long 

and droop in g  with pale green co lou r, the t i l l e r s  wore open 

and the plant3 were su scep tib le  to lod g in g . The senidwarfs 

resem bled the mutant parent '] 111 in almost a l l  characters.

v i i ’l P. 1 2  y. rjtb -10 :  h i lo  ! 222 and ^tb-10 had mean

heights  o f  8? cm and 122 cm renaectivoly  the height of ^  

a lants racked from 113 to  12T cm (Table 17). Unlih.e the 

sea l dwarf the  ̂a h >/1 leave a which were pale green

and drooping with ear ly  rv»nr*nconar?. ''fie culm appeared to  be

lone  with e-long ’ ted intern o le s ,  M:t>-10 and f ,, plant appeared 

to  be s i m i l a r . ’pable 16 reveals  that the ■ 0 d istribution  fo r  

p lant height ah mod va r ia t ion  from 61 to 73 c i  clan.a to  1*0 to 

1 >0 cm c l  a a.a with two modal claason of i  to  )2 cm '.nd 1«.1 to

100 cm. Tanumlng the l im it  between the t a l l  nnd the somi-

iw arf 03 100 cm, the e n t ire  Ft, papulation could bn ground

into t a i l s  and aemldwarfn. Within the n«midwnrf«, the varia-

t l o n  was unlaodal and continuous suggesting that n i l  plnnt. 

w ith in  t h .  rang, o f  61 to  1 0 0  cm could h. consldsrsd as a

s ln g l .  group (F lgur* V I I -7 ) .  Thus out o f  32B F* 
o b s .r v .d , 2-oA wars t a l l  and 7k w .r . s.n>idw»rf ind icating a

. « ™ « l o n  p .tio . rm « 2 * . . t  »r .< at ™ n ~
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th is  assum ption. The t a l l  p lants In the ?2 to  a great extent 

looked l ik e  the and the semidwarfs, the mutant parent.

v l i l )  M 207 x Ptb-10: The mean plant heights o f  H 207,

'’ tb -IO  and the F1 p lants  were 91 cm, 1 2 2  cm and 1 2 0  ca res- 

p e c t iv e ly  v ^ b l e  17)* ' h l le  il 207 had erect leaves and com­

pact h a b it ,  the 7^s l ik e  the t n l l  parent, Ptb-10, had Ion-; 

d roop in g  leaves and open h a b it• U/jO ’ ’ere ^lso cham ctcriaed 

by elongated in tem od e  -j uid s u a ce p t ib i l i ty  to lod -in. as the 

t a l l  earent . Unlike the , the 70 orogeny 3howed -rent 

v a r ia t io n  in plant height and associated characters• lants 

ranged in height ^ron 61 1 1  13") cn ( Table 13). I f  i;:o plants 

above 1 1 ”) en are con .si fie red ’ a t a l l  plants, the  ̂ consisted 

o p 2 1 <o t- ’ l l s  and 13 nenidn-^fn (•'igure rl . Thin nmrega- 

1 1  on r a t i  o rave a sn tin fa o t  oey t It to . I 1 nuclei• ihe c. 1 1 s 

in  the nooeared t o rose able the and the t a n  parent
f

Mhereaa the dwarf n with th e ir  con n e t  habit short nnd

i t a r i y  e d a  and nroc.t dark greon leaven looked l ik e  the mutant

parent •

lx )  I 2 1 0  X l - . b - n :  "’h« 17, *Vwt«i opooorod *;> bn t 1 ' 1

UKa th* t a l l  p-irant, P t h - n .  Tha r  w bright o f  -,n wo,

120 cm w hile  th st  o f  »  310 -so  11 cm M'shla 17). no , 

p lants  ho'l long and drooping lonvan, slon**t*d intnrnodM 

anrl ooan habit which «od* t h n  V><1g« befora maturity. Tha 

F_ sa gr .ga ta d  f i r  s ta tu r*  and tha a s s o c i a t e  charaotar-. ih . 

sa g ra g st ln g  plants ran«ad In h .t «h t  from 61 to 70 c .  elms.



98

to  140 t o  130 can c la s s .  The frequency o f  the semidwarf 

p la n ts  was maximum In the 31 to  90 cm c la ss  and that o f  the 

t a l l  p la n ts  was maximum in  the 121 to  130 cm c la ss . A clear 

break in  the d is t r ib u t io n  curve was observed at the 91 to  100  cm 

c la s s  w ith  the miniuum number o f  in d iv idu a ls  (Figure VI1-9; 

Table 1 3 ) .  Plants f a l l i n g  between 61 t o  70 cm claoa and 

3 1  t o  1 0 0  cm c la ss  wore considered as scmidwarfs and the rest 

as t a l l 3 .  Jther assoc ia ted  characters such a3 long and droop­

in g  le a v e s ,  ooan plant habit and s u s c e p t ib i l i t y  to lodging 

were a l s o  taken in to  consideration  f o r  the grouping o f  tnc 

p la n t s . Xst of 334 p lan ts ,  249 were t  11 rind 34 semidvurfs. 

This In i i  c ited  that the p i n t s  segrogatoa 3 t a l l :  1 senidwarf.

h )  g ro sse s  with .Tyothi

1) -Tyothi x 1 2: -Jyothi, a known ca rr ie r  of ••gar, dwarf-

I n -  % r t n e t  had i  aeon holrht of cn i inicatins Itci -.o.Udwarf 

nature . Vary had e re c t  dark ireon leaven which slic ed I  -te

The oe-.lduur? nature v.-is :u<> to the shortened

I n t .m o d e s  and not dun to  reduction in l ie  nuaber of inuor- 

M d . ,  . I n c .  both the t a l l  'nd .Tyothi pV.ntn had nlnont the

number o f  in te m o d e s .  " h .  '1 2 mutant was also nenldvarf 

t jU  cn) w ith thm essoclatad  l « f  ™d characters. The

h eigh t o f  P  p lants rongad from 73 to  10.3 c  with o moon o f 

101 c  M m t U ,  noturo (T sh l. 1 9 ). Tho p lant,

w r o  .1 *0  o h . r . c t . r i t . d  b ,  . n e t  . h r t  dark gra .n  l a w .

compact h a b it  and lodging raalatanoa (r lg u r .  V I I I ) .  *n



Table 19. Characters o f  the hybrids and panants InLl J*

S I .
* o .

P aren t/h ybrid
Plant height 

(cm)
dum­
ber

• i n t e r -  
njdea

Dura­
t io n
(days)

Leaf
le n s

(cm
Range Mean

1 J y oth i 34-104 95 6 1 1 0 36
2 A 2 39-102 94 o 115 30
3 J y oth i x M 2 95-103 1 0 1 6 103 30
4 A 6 30-93 33 6 1 2 0 34
5 J y o th i x A o 1 2 2 - 1 3 0 1 2 6 6 105 53
6 A 14 35-104 95 6 1 2 0 34
7 J yoth i x A 14 124-133 129 6 103 5?
S A 102 33-106 33 6 1 1 0 34
9 J yoth i x M 102 135-139 137 6 1 1 0 49

10 n 107 32-102 92 6 115 33
11 Jyoth i x M 107 133-134 132 6 1 1 0 51
12 * 111 37-102 95 6 1 1 0 34
13 J yoth i x M 111 94-101 98 6 1 1 0 35
14 M 202 73-95 39 6 39 33
13 J yoth i x ?! 202 39-96 93 6 93 34
16 * 207 73-99 91 G 93 30
17 J yoth i x ?! 207 122-123 125 6 93 53
18 5! 210 76-98 91 6 95 33
19 J yoth i x M 210 124-129 126 6 1 0 1 50

crosM i between mutant a and Jyothi

Leaf o r ie n -  Leaf Lodging Plant
tu t io n  co lo u r  habit

e r e c t dark green r e s is ta n t compact
e re c t dark green r e s is ta n t compact
e r e c t dark green r e s is ta n t compact
e re c t dark green r e s is ta n t compact
drooping pale green su sce p tib le open
erect dark green re s is ta n t compact
drooping pale green su sce p tib le open
erect dark green re s is ta n t compact
drooping pale green su sce p tib le open
ere c t dark green re s is ta n t compact
drooping pale green su scep tib le open
erect dark green re s is ta n t compact
erect dark green re s is ta n t compact
ere ct dark green res is ta n t compact
ere c t dark green res is ta n t compact
erect dark green re s is ta n t compact
drooping pale green su scep tib le open
erect dark green res is ta n t compact
drooping pale green su scep tib le open

CD
-J
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plan t h*lgftt r u i « |  f r o .  71 to  30« c l . a .  to  101 to  110 o  

c la s s  (Tabla 2 0 ). Th» d is tr ib u t io n  pattern suggested that

*11 ***• 218 p2 Pla n t» « w  s.aaldwarfs (Figure IX -1 ). xr. 

appearance they were In d istin gu ish able  from the parents.

11) J y o th i x M 6 i Both Jyoth l and a 6 were semidwarfs 

w ith  the c h a r a c t e r is t ic  le a f  and culm characters. The leaves 

were dark green , sh ort and e re ct  and the culm was ohort -jid 

■ to u t . In  con tra s t  to  the parents, the I ^3 were t a l l  s,126 cm) 

w ith  long  culm as a re su lt  o f elongated internodes Viable 19) .  

The p lants ex h ib ited  open habit and lodged a fte r  heading. The 

le a v e s  were lo n g ,  pale green and drooping. In tho , a to ta lLa

nuaber o f 33 1  p lants were stud ied , jn lik e  in  the i'1# the 

p len t  height In the ranged from 71 to  00 cm claoo to 1 1̂ 

t o  1 5 0  cm c la ss  w ith  two modal c lasses  of hi to  1 0 P cm and 

1 2 1  t o  1 11 cm, The r e la t iv e ly  low frequency of the plants in 

‘between these two modal c lasses  divided tho frequency d ic t r i -  

but 1  bn Into tw » d i s t in c t  r r w u  (F I t jt o  l v- 2 ;  Table ' V .  C m -

a ldarln i: 1 1 1  -a  >' '-hr u.iper llrolt i t  - l in t  helsht. . jr  seml-

d w a rfe ,  th« ;o f " H  ', :l>n Jf ' 1 > t '1’ 1’  1,1,1 1 ,6  ‘W!l1'

d w a r f i . The r' ,  o 3 .ilr.t-.On rrod fit. to n ~»7 isvtel

w ith h l ,h  Tte I. .1 1 .  were I n v a r l - lv  H n r o c t n r l^

b y  l i n r * .  dnrt •:«i’ i v , t n . 1  l - r r a  an,, * » M t .



faala M. rriquiKr cuatrihutioa for haljat La c ra m  Wivnb aurtaata and Jyothi la F,

s i .
H e i g h t c l a s a v i i n  on

T o t a l T a l l S a a i d w a r f D w a rf

»i^» mmttm 1 i«i mtft

r *
t o . V ~  60 6 1 -7 0 7 1 - a o 9 1 -9 0 9 1 - 1 0 0 1 0 1 -1 1 0 1 U - 1 2 0 1 2 1 -1 3 0 1 3 1 -1 * 0 1 4 1 -1 5 0 1 5 1 -1 6 0

(3 1 7 /
3 i 6 i 1 )

i J y a X h l - - - 15 2? 12 - - - . • 50 30 m m

2 n 2 - - - 9 35 7 - - - - - 50 - 30 m aa

5 J y « h - L  i  M 2 - - 1 10^ 0 - - - - - 218 — 2 1 8 m •
« * b - - e> Viw 1? - - - - - - 50 - 30 m -

3 J y t r t b l  x M 6 - - 1 H 5o 9? Q 11 123 62 9 - 381 203 176 m 0 . 0 6 4

0 H 1* - - - b 41 x - - - - - 50 - 30 m m

J y o x h - i  x W 3 6 h~* 6e 13 IB 116 56 17 4 365 211 132 22 0 .4 0 1

a M 102 - - - i x«*■ 29 8 - - - - - 50 - 50 •* m

9 J y « * L L  x M 102 3 13 33 79 15 21 95 40 11 6 327 173 136 18 2 . 2 3 2

*0 *  i c r - - - i  2 52 6 - - - - - 50 - 30 - -

J  y  a r t a i  x H ' y * - - 1b 41 8^ 12 19 97 67 23 - 359 206 133 - 0 .1 8 1
- ■) n  m - - - \m/ *5 *. - - - - - 50 - 50 - -  .

13 Jyo rtxu  X H 1J»1 - - 3 1 *05 * 18 15 - - - - - 246 - 246 -

' k II 202 - - ✓ 13 2 9 - - - - - - 5 0 - 30 Mi -

- T O ’t a i  x H 2CZ - 2 9 8 0 106 11 - - - - - 208 — 200 - -

1 6 n 2 c r - - 2 2 * 2 * - - - - - - 50 - 30 - -
1.7 J j& tS lL  x *  20*7 <4 23 10 2 8 95 M* 12 122 56 3 - 367 193 1*7 27 2 .1 0 3
* a *  2 ^ 0 - - 3 • 2 8 - - - - - - 50 - 50 - -

*9 Jyorcfel x 1  r o - — 5 5 1 116 7 1 9 91 96 10 - 394 218 176 - 0 . 2 3 6

CD
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(Tmble 1 9 ) .  They were ch a ra c te r is e d  by la r g e  narrow and 

drooping le a v e s , lon g  culm and open h a b it . Tha lon g  culm 

was the r e s u lt  o f  the e lo n g a t io n  o f  in tern od es  and not due to  

in crease  in  th e  number o f  in tern od es  s in ce  th e  in tom od s  num­

ber o f  both  the semidwarf parents and the F^s was almost the 

saoe . The e lon gated  in te rn od cs  made the p la n ts  succumb to  

lodg in g  at the time o f  heading . In the* ^ , p lant height variedu
from 51 to  60 cs  c la s 3 t o  1p1 to  1 '*0 cn c la s s  (Table 20 „ The

d is t r ib u t io n  a ls o  in d ica ted  3 mode.-, ( •'I 'u re  I 2 -3 K  gaining 

plants below 70  cm an dv /irfs  one 7_, po, uL t io n  coal'.' : • in-
t —

sidered  t o  novo segregated f o r  t o l l s ,  so /iiurrirf s ~na Tmc’Ts. 

Thus out o f  36.) '2 o l^ n t c , I I i worn t a l l ,  T? sonidvr.ri i d 

22  dwarf. This a o r re g v .ion o.’ t t o r s  oT ? ' j  a koou ‘i j to  a

3:6j 1 model. Tie ~y s’ T; ) mo'of w  s vr.^6 b ^ T 1 1

d i f f i c u l t y  Ln d ia t i 'T 7r i ” hir. • b  ̂v /  -n TV T o  t r^n  

dw arfs . Tha dwarfs r 0 V ;1 \o «l 'i : l r  m o b  T . t i  ’Oi" . f d . T r

primsrl 1 /  b »ca 1 1 0  o f  Mr- rr <ur  ̂ 1 calm "1o t'v'~Ti, I t  a - -r . ' that

th#? h l /J d y  reduced on I t  len g th  In d<or " vmn *0  f  ’ n ic -

t i o r  ? n  n u m b e r  n  v o l .  1  ) r n ' ? ;  h  o f  t l \ o  n t ^ m i  ' ' h i . ‘  ' i

dwarfs were a l^o c ’ooro^tori ned by very short th ick  f'arh y r 'e n  

e re c t  leavaa and o ften  by la rg o  number o f  t i l l nra , They nod 

cottn^ct p lan t habit and were non lodging .

lv ) J yoth l k d hi2i while both Jyoth l and J 1 h: wore 

•••ldwarf in  s t a t u r e ,  the F^a were t a i l  ( 1 37 cmj with 1  mg 

•nd drooping leave*  (Table 1 9 ) .  The t e l l  c u l»  appeared to he
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4 m  to  the elongation of lute modes rather than an increase 

In the nueber of intem odes. Plant height shoved great 

variation in the F2 generation. I t  ranged from 51 to 60 cm 

class for the shortest t o  151 t o  160 cm class for the t a l l e s t  

plants (Table 2 0 ) .  The a r b it r a r y  l im it  o f  70 cm between 

dvarfs and sem idwarfs and 110 cm between semidwarfa and t a i l s  

divided the d is t r ib u t io n  in to  th ree  groups (F igu re  I X -4 ) ,  The 

?2 p opu lation  co n s is te d  o f  173 t a i l s ,  136 semidwarfs and 18 

d v a r fs . The t a i l s  had long droop in g  leaves and resembled 

the F^s. They lodged before  r ip en in g  o f  the g ra in s .  11 the 

seeldwmrfs were s im i la r  in  height and resembled the parents.

I t  was d i f f i c u l t  t o  fu rth er  group then in to  the t . ; j  parental 

ty p e s . The dwarf p lants formed u d ia t in c t  group with vh e ir  

v ery  sh ort s ta tu r e ;  sm all,  e r e c t ,  th ick  and very dark reon  

lea v es  and compact h a b it .  The pattern  o f e lon g a t ion  o f  in te r ­

nodes revealed  that w hile  t i l l s  and sculJaarXn had almost the 

sea* number o f  d is t in g u is h a b le  in to rn o d o s ,  the dwarfs had a 

low er number. The redu ction  In culm length in  uwurio, th ere ­

f o r e ,  appeared t o  be due to  a re d u ct io n  in number an v /e ll  as 

length o f  in te r n odes . The observed frequ en cies  o f  t a i l s ,  

semldwarfs and dwarfs showed good f i t  to  a 9ibs1 model. Here 

a g a in , as in  the case the cro ss  J y o th l x K 14, the j i 3*3 1 1 

model could not be used because o f  the d i f f i c u l t y  in  d is t in ­

guishing the two types of semldwarfs.

v ) Jyothl i  M 107i Data presented in  ta b le  11 in d ic a te  

that the 7^ plants were t a l l  isilike the parents which were
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semldvarf. There were distinct differences in the orienta­
tion, length, colour end in the stsge of senescence o f leaves 
in the parental and generations. ‘ hile both Jyothi and 
K 107 had short, erect and dark green leaves, the F^s possessed 
long pale green nearly drooping leaves. The compact h a b it  

did not appear to have been inherited by the t a l l  p la n t 3 . 

While the range o f  v a r ia t io n  f o r  p la n t  height was from 130 

to 1 3  ̂ cm in  the ^ , i t  was f r o  a 7 1  t z  ZO eu c la rr  *■ j  K>1 to  

1 3 0  cm c la s s  in  the (Tab?.? 2 0 ) .  .mu of the : 1  ̂ s _ ' ;«?re 

sh o r te r  than 70 cm. P. seed on the . i M 'ihut.f on f o r  >i.jnt 

height (Figure I v -5 )  the popu lation  grou??d. int~ ■ 11s 

end s e s ld w a r f* . >\ fu r th e r  htou iin~ of "lonidwarfs ,* •" o c, Li. f i -

c u lt  because o f  t h e i r  u n i f : n l fcy. 71 h? “s ■?.!'•* ■md 

could be fu rth er  d.lo t l_rv~ui p'ocd by t e-n r  LJ '” *t li ' V !v . a l e a f  

ch sra ot^ ro . The t ^ l ln  lo 'igrd •’ ? h r  h e r In~ aML:- t ’ * u.cai- 

d v o r fs  were nonloO^ing. <ut o f  the P.'"1  ̂ e l  1 - , ' ’ .)< > acre

t a i l s  and 137 ssmld’ -n r fo  s h o u ld  to  r,T - i r r i -n t c  -v- - — -?tion  

ra t i o  o f p 17* Th*1 t * s t  o f  ’ ??dnr "p i f  fit e l " ? ; n ir Irncd 

t h is  a s s\nr?t 1  on,

v i ) J y o th i  r 1 1 1  3 The >/crr si i i l r ^  to ji^rrntal 

plants in  s ta tu re  being semi dwarfs • Tun hoirht, r^n, o v:r\r\ 

fro* 94 to 191 cm with the mem height o f  91 cm (T.e'.’ la 1 9 ) .

Tha culm and leaf characters also closely resemble 1 those of 
***• Parents. In the generation, o il the plant? appeared 
to be aemidwsrf with a very narrow ranre of variation liable 20



«

Ko plant with height m o re than 110 cm or leas than 70 on 

could be racovarad in tha ? 2  (Figure IX -6 ). Almost a l l  plants 

had conpact habit, aract darts green leaves and lodging resis­

tance • I t  was therefore assumed that there was no segrega­

tion fo r  plant height and associated characters in the Fg.

v i i )  J y o th i x M 202j As in  the cross Jyoth i x M 111, tha 

p lan ts were semidwarfs and were In d istin gu ish a b le  from the

p a ren ta l typers, ~*lant height in  the ranged from 39 to 

96 cm (Table 1 9 ) .  They exh ib ited  compact habit and lodging 

re s is ta n ce  and possessed short e r e c t  darl: green leaven. The 

narrow range o f  v a r ia t io n  f o r  p lant height in the ~n \Table 2 0 )
i_

and u niaodal d i s t r ib u t io n  suggested absence o f  segregation 

f o r  the ch a ra cter  (Figure I X -7 ) .  A l l  the could be con si­

dered as setnidwarfs• Further, a l l  the plants had unifora  

compact p lant habit and sh ort ,  e r e c t  dark green leaves which 

fu r th e r  confirmed the assumption.

v i i i )  .Tyothi x M 207: Vo against the semidwar.f stature 

of Jyothi snd M 2 1 7 1 the n were t  a l l .  The plants ranged 

from 122 to 128 cm in height (Table 10) .  They were characte­

rised by long, pal* green anti drooping le a v e s| long rind weak 

culm and open habit. Elongation o f  lntemodes contributed 

to tha increased culm length. Almost a l l  the plants 

succumbed to lodging a fter  heading. The F2 distribution for 

plant height shoved great variation and ranged from 31 to 60 cm

1 0 3
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c la s s  t o  141 t o  150 ca c la s s  (Table 2 0 ) .  The d is t r ib u t io n  

was a ls o  ch a ra cter ised  by 3 nodes the nodal c la s s e s  being 

61 t o  70 ca , 81 t o  90 cn and 121 lj 130 cm (F igure IX -S ).

The p a ttern  o f  seg reg a tion  in d ica ted  tho presence o f  t a l l ,  

samidwnrf and dwarf p la n ts . C onsidering  the plants below 

70 cm as dw arfs, th ose  f a l l in g  between 71 to  110 ca as aerni- 

dwarfs and those above 110 cm a3 t o l l s ,  the popu lation  

cou ld  be considered  to  c o n s is t  o f  193  t a i l s ,  1^7 semidv/arf 

and 27 dw arfs, a n a ly s is  o f tha observer! frequ en cies  showed 

s a t is fa c t o r y  f i t  to  0 :6 :1  r a t i o .  As in the crosses  Jyoth i  x 

M 14 and Jyoth i x .1 102, 1 :3 s 3:1 nodel could rot  be usod 

because o f  the d i f f i c u l t y  In further c l a s s i f y in r  the semi- 

dwarfs duo to  n i n i l o r i t y  in inpoornnce. 'Thc t 11s I-*i»• i r" —

t e r i s t i c  long drooo in g  leaves ond c io n  ' ’ l in t  habit v i l n  the 

dwarfs had very s h jr t  a ton and th ick  d irk  i-tgoh e ro r t  lea v e s . 

The short culms o f  the dwarfs ao.jp a rod t j 00 v:.«?ns lower 

number o f shortened intarnodoa th «.n in Air arnidwarfn and 

t e l l s .

i x )  J y o th i x •< ? 19: -h lle  both 1 hr? parents v^ro n^n 1-

dw arf, the p lants were ta lL , the mean p lu nt height, hojng 

125 cm. The range o f  v a r ia t io n  nnrl the nenn height o f  the 

F^a are presented  in  ta b le  19. The long  culm was the r e s u lt  

o f  the e lo n g a tio n  o f the ln tem oden  ra th er thsn an Increase 

in  the number o f  in tern od es . Unlike the sem idwarfa, the t a i l s  

poeseaaed lon g  laaves which wera e ith a r  curving  or drooping
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»na •xniDixea open habit leading to  lodging before grain 

r ip en in g . The F  ̂ plant height was characterised by biaodal 

d is t r ib u t io n  ranging from 71 to  80 cm cla ss  to  141 to  150 cm 

c la ss  (F igure IX -9) .  The modal classes were 91 to  100 cm 

and 131 to  140 cm. The r e la t iv e ly  low frequency in the class 

1 0 1  t o  1 1 0  cm v ir t u a l ly  divided the d is tr ib u tion  into two 

d i s t in c t  group3 , v i z . ,  t o l l s  and semidwarf s .  None of the 

plants could be recognised as having height less  than 70 cm. 

Thus among the 3^4 plants studied, 218 v/ere t a i l s  and 

176 were semidwarfs (Table 20 ). The c 'd -square analysis 

ind icated  s a t is fa c to r y  f i t  to  0:7 r a t io .  The t o l l s  resembled 

the F-s while  the so.nidwarf s looked lik e  the parents.

c )  Crosses between the mutants

i )  2 x i"j 6 : both -I 2 and I 8 v.'jra the indu.oi nut ants

0 +  ‘ t 'o-'J. '1 2 (04 c i )  wo 3 .slighcly t ' l i e r  tiian . • o , -> ■ cm,';

but A 6 took a to  1 0  da/s more to complete flowering. Inlike 

t h .  wrt.nt.-i, tha n  lAmtn worn t a l l ,  tha hal<tht ranfjlwj f r o .  

1J4 to  141 a-n with a anrm of  1?0 cn (Table 211, Abo : ^  

reaeah le j . 'th -:1, with Ian", drooolng . " la  tfrnnn Iow an , '.i»n 

plant h »M t end s u s c e p t l b i l l t /  t o  loda in j (Mfiura ) .  The 

p . t t . m  o f  e longation  o f  the mternodea nhow.d that the in - 

c r . e e .  In e u l .  X.n«th wee the re su lt  o f  increased Interned, 

length  and not doe to Increase In th . n u .b r  o f  ln tern od .. .

In th .  '■'j gen era tion , plant h . lg h t  ranged f r o .  th .  /I to «  c «  

- 1 . . .  to  151 to  160 -  c l . . . .  D istribution  o f  F, was a b l .od U



T a k lt 21 . Character* o f  the hybrids and parents In o rJ is ta  between the entente

5 1 . P arents/hybride
Plant height 

ic e )
Nuaber Curs­

or tiOIl
Leaf 

length
Leaf orien 

ta t io n
Leaf

co lo u r
Lodging Pleat

So. Range ^4ean in te r ­
nodes

(days) (cm)

1 2 3 4 5 6 7 8 J 10 11

1 If 2 30-102 94 0 115 30 erect dark grean re s is ta n t coapaot
2 f 6 3*0-93 33 b 129 34 e re c t dark green re s is ta n t coapact
3 4 14 35-104 95 O 129 34 erect dark greeri r e s is ta n t coapact
4 * 102 33-106 93 r6 1 1 0 34 erect dark green re s is ta n t coapact
3 n 1 0 ? 32-102 92 sO 115 33 erect dark green re s is ta n t coapact
6 jt 1 1 1 37-102 95 6 1 1 0 34 erect dark green re s is ta n t coapact
7 X 202 73-95 39 /~6 39 93 erect dark green r e s is ta n t coapact
8 X 207 73-99 91 r"b 93 30 erect dark green re s is ta n t coapact
9 M 210 76-93 91 6 95 33 erect dark green re s is ta n t coapact

1 0 H 2 x «  6 134-141 139 6 123 53 drooping pale green su scep tib le open
11 X 2 x X 14 133-139 136 6 139 53 drooping pale green su scep tib le open
12 n 2 x n 102 131-140 135 6 120 53 drooping pale green su scep tib le open
13 X 2 x X 107 123-134 131 6 120 56 drooping pale green su scep tib le open
1 4 X 2 x M 111 93-109 103 6 115 34 erect dark green res ista n t coapact
13 X 2 x M 202 69-101 93 O 93 32 erect dark green res is ta n t coapact
16 X 2 x X 207 124-130 123 6 195 56 drooping pale green susceptib le open
17 1 2 x M 210 126-133 131 6 195 56 drooping pale green su scep tib le open
10 X 6 x M 14 137-142 139 6 130 56 drooping pale green susceptible open M
19 X 6 x M 102 129-134 132 6 1 1 5 54 drooping pale green su sceptib le

j

open 00
20 It 6 x M 107 95-101 97 6 95 32 erect dark green res ista n t coapact

(con td .)



Ta b le  21 momtd

1 2 3 4 5 0

21 1PI 6 x M 111 126- 1 32 129 6 1 1 0

22 n  6 x A  202 122-130 126 6 1 0 2

23 M 6 x n  207 124-130 127 b 115
24 * 6 x H 210 94-93 96 6 103
25 W 14 x M 102 125-130 129 sO 126
26 M 14 x  A  107 130-137 134 6 115
27 * 14 x a 111 130-136 133 6 115
28 H 14 x M 202 121-127 124 6 03
29 * 14 x A  207 121-130 126 6 1 0 1

30 n  14 x A  210 127-132 129 6 105
31 A  102 x H 107 135-159 1 36 6 115
32 PI 102 x A 111 130-139 133 6 115
33 A  102 x M 202 123-150 126 r~b 1 0 2

34 A 102 x M 2 07 95-100 98 3 95
33 K 102 x A  210 125-134 129 6 1 0 2

36 M 107 x H 111 132-140 137 6 115
37 M 107 x M 202 124-130 126 6 1 10
38 M 107 x A  207 126-133 130 6 103
39 ?l 107 x A 210 3-7-96 92 6 95
40 S 111 x *  202 85-94 99 6 95
41 * 111 x H 207 125-130 128 6 •>3
42 S 111 x S 210 127-133 130 6 98
43 * 202 x A  207 121-128 125 6 33
44 PI 202 x A  210 118-124 1 2 2 6 90
45 8  207 x 210 121-125 123 6 95

J7__ 8 • 9 0*“

1111 11

56 drooping pale green susceptible open
51 drooping pale green susceptible open
52 drooping p ile  green susceptible open
32 e re c t dark green re s is ta n t coepact
54 drooping pole green su scep tib le open
51 drooping pole green su scep tib le open
54 droo jing pale grce: 1 su sce p t ib le open
30 drooping green su sce p t ib le open
31 drooping pale green su sce p t ib le open
4 j drooping pale green su scep tib le open
54 drooping pale green su sce p t ib le open
54 droooing pale green su scep tib le open
51 drooping pole green su scep tib le open
34 erect dark green re s is ta n t coapact
43 droo oing*> 4^ [3a le green su scep tib le open
54 drooping pale green su scep tib le open
4o drooping green su sceptib le open
54 drooping pale green su scep tib le open
33 erecf; dark green res is ta n t coapact
34 erect dark green resistant compact
48 drooping pale green susceptib le open
49 drooping pale green susceptib le open
4S droooingj pale green susceptib le open *-»

y— •

43 drooping pale green susceptib le open ^
51 drooping pale green susceptib le open
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h tha modal c la a * * . 0f  91 to  100 cm and 1 3 1  t o  14G cm 

**  w ith  r e la t iv e ly  low er number o f  p lants in  b et- 

( iffura XI- 1 1 Table 2 2 ). The low frequency o f plants 

observed in  101 to  11q and 111 to  1 2 0  c lasses d is t in c t ly

**** t a l l  and sea idvarf plants. But none o f  the 

p la n ts  were below 70 ca . Out o f  the 363 F'2a studied , 2 

were t a l l a  and 164 semidwarfs. The segregation f i t t e d  with 

h igh  p r o b a b i l i t y  t o  the r a t io ,  0 :7 .  The t a l l  plants looked

l i k e  the F^s and Ptb- 9  exactly  while the aaaidwarfs resembled

th e  mutant paren ts . T further grouping sealdv’aris  however,

v ia  not p o s s ib le .

11) M 2  x K 14; While both M 2 and n 14 were lonidwnrfs

w ith  compact h a b it ,  e rect  dark green leaves and stout culm

w ith  lo d g in g  r e s is ta n c e ,  the were wenk with Ion" culn and 

narrow long leaves which were oale g r - o r .  They e h , uni anen

h a b it  and - l u w p t i b i l l t y  to l o s i n g .  V: r ^ c j  c ?*r]

1 59  cb  in  !<**■ <**>*• 2 1 ). -iw elan  ; a  on ln t r « ,* o n

l .d  to  th* lans eul". --nlch «Mto the p l -v t i  wnU on,! ™nc«ptlbl*>

¥TO v T l ’U.Um * »r height w- •. r. ueh t o  lo d g in g .  r 1 *, •
Ueigbt ra iled  h 0 >1 h •• i Cm

more

in  F- than in  the ; r
i - • -n r 1 r u  « i irr n n " ■r V c 1 ') n or a . tuv ob- ̂ I, , -"1 J '** 'J  ̂fy * 1 ̂   ̂ 't o  ' > v c J

m  . . .  = "r "  1
-1 ! hn-;uu. rr y.ijn --a*- 1 ,.i! ‘ •ot.edu  ^  f three d  n «  eegregati-^n •*.

r ,,r piontH ie 71 M r> C-, f a r  ur* > <r«H 
by th* l o «  t r * v w r

n fche a-:<> a - . ' <1 u t 2-* * *"r*, , m ,,-u <* <n "* -vi 'with frVie m A ■- -  - '
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111 t o  120  cm c l * « ,  ^
• Thus th« Fg consisted o f  137 t a i ls ,

 ̂ BceLdvarf■ snH 1 / *
dwarfs. The Fg frequency d istribu tion

In ta b le  22. The frequencies o f  the segregating 

g ve a s a t is fa c to ry  f i t  to  a 0s6i1 model. Further

grouping o f  aemldwarfa was d i f f i c u l t  eventhough the saoidv/arfs

ex h ib ite d  s l ig h t  va r ia t ion s . The ta lla  resembled the F^s 

and Ptb—3 while the oemidwarfs were similar to  the mutant 

p a re n ts . . /h ile  t i l l s  had ch a ra cter is t ic  leave3 and plant 

h a b it , the aemidwirfs had short erect leaves and compact habit. 

The dwarfs formed a very d is t in c t  grouo with compact habit, 

more numerous t i l l e r s ,  very short culm and short, erect, thick 

and dark green leaves. The lover  internodes were so much 

shortened that they were unrecognisable with the result that 

the culm of dwarfs appeared to  have a lower number of Inter-

nodQS.

i l l )  I 2 M 102i T ! '1 G  r ) G a n  height of M 2 was cm and

th a t  f o r  ’ 1 103 03 cm. ThP ran no o f  height in --I'm 131 to
„ r i „«■ i c .ti nn recorded in table 2 1 .  ̂ nppe-140 cn with * c 1 «

„ . . .  rhnrnc‘ f r n t L c  Long droouing leaves, wnair long»r «d  t a l l  wltn c n a n c , B n . ^  *
u. The lone culm carried elongated in ter -

c u l*  and oo«n h a b it ,
-  .  ln v «r l* b ly  lodged Immediately a fte r  hooding, 

n o d .* .  Th. " i »  lrrr" r
,  y jr l . t l o n  In plent bel<5ht wan oboorvad

A v ery  v id e  r*n^e
Th. .h o r t . s t  Pl*nt* wer. grouped und.r the class

in  t h .  y  t< illM t p Urlt  « . »  In th . c l . . .  1r>1 to
51  t o  60 a* «  height r .v . « l .d  3 medal o l9 s .e e ,
160 cm. F2 d is tr ib u t io n  fo r  h . gn
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* W J  # LI rvt* 91 to  100 ca and 131 to  140 cm (Figure XI-3
R a la t iv a ly  f ___

I'equency o f  plants In classes between these

c la s se s  d is t in c t ly  separated the population Into three 

grou ps. Out o f  331  ?2 p lants, 191  were t a i l s ,  116 were 3 emi- 

dw arf3 and 24 were dwarfs (Table 22 ). The frequenclei o f  

seg reg a tin g  plants showed good f i t  fa r  the 9x6s 1 model when 

te s te d  s t a t i s t i c a l l y ,  The t a i l s  wor^ sim ilar In appearance 

to  the F  ̂3 and lodged before maturity. The semidwarfs v;ith

t h e i r  short culm, erect  short leaves and compact habit r e s ls -w *•

ted  lo d g in g . The dwarfs t y p ic a l ly  had vary short culm -nd 

v e ry  short but th ick  and dark green loaves which were upright. 

Many o f  them had large number of t i l l e r s  with small panicles. 

Observations on internodo elongation pattern indicated that 

dwarfs e i th e r  had very shortened unrecognisable l o - e r  intcr- 

nodai or had reduced number of intem oaes while boih t  .11s 

and oemldwarfs had almost e-.uol number of Internodes even

though o f d i f f e r e n t  lengths.

I V )  '1 2 x M 107: OhUo .1 2 and *i 107 were seaMworf L5

^ ■ n o r t lv e ly )  tho ipn were t a l l  with cm and 1? d m  r * s p o c c * v n i . . y  1

P1 ) .  They had long drooping leaves 
Jht Of 1 ?1 «  (ir,b1'  .. _  .

_  . grain.t th* s*mlflwnrf parents, ' ,a  ladp.d
a open h a b it ,  *«

„  . M U M  W  *’  “  *  “
o .  . . .  .M .U M  far ,U M  M U M  w lt»  

a l . 1  d U t r lb u  ______  ca rp i ,u r .  .1 -4 ,
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2 2 ) .  Aba«nc« of plants In ths 101 to  110 cm class  

and tha low fraquancy o f plants In tha 111 to 120 cm class

P® - d tha two groups of t a l l  and semidwarf plants. No 

plant could be recognised as having height below 70 cm. The 

t a l l  p lan ts were associated v/ith the characteristic long 

pale green drooping leaves, long culm with elongated in ter- 

nodes and open habit. They more or less  resembled the 

p la n ts . Eventhough the se; i dwarf3 shx./ed variation they 

could not be fu rth er  grouped. They possessed erect darU 

green lea v es  and compact habit. The shsrt and stout stem 

made then  r e s i s t  art to  lodging. Jut of ?19 plants scored, 

174 were t ^lls and 143 semidwarfs. ‘renuencies of plants 

. . g r e e t i n g  above and to low the height c lass  of 131 to  1 1 0  cm

f i t t e d  o 9 : 7  r a t io  with high probab ility .

V ■ r- 1 1 1 : Like the mu tent 'i-rents , the " p  were

r .a -ed  from 58 to 199 cm with a value

i .  o i l  Th- r , o  looked like  the parents in the 
o f  107 rn  ' 7 1 0 1 b < V -  , n - 1 ,

„ i . «  j f  loaves, plant. habit -id l3 r g- 
o r i s h t e t lo n  of leaves , n l .e

f Flaure X ,. The/ had short erect  leaves which 

U * l ; v„ n , t  the rl(Mining -  the g ra in , ,  exhibited

^ ' T J h l t  ond vere res is ta n t  to l o d . i n , .  nven though
» »  _  w  MUh,  lhan th.  »U  . »

* “  9  " * ■ “  , 1 0 »
pi . „ t .  ~  <r°  ■ 1 1 0  _  (F1!urF > 1 - 1 . T .M .  a ) .

, . n  b . i »  ■a „    *  . .  » » " *  » “ * « *
In .p p .« r » n r .., or
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^ 2 ® r ®  s t i b l t d  t h t  f  t  .
1 Plants and th e ir  mutant parents * The

and stout with shortened intem odes and the
p la n ts  wers nonlodging.

1 ) M 2 x M 2 0 2 : The mean plant height in the ^  gene­

ra  „ 1  on was 9 3  c:a (ta b le  2 1 ) suggesting aemidviarf stature as 

in  the  case o f  t h e i r  parents. The char act e r i s t i c  features 

3j> aenidwarfs, v i z . ,  erect short, dark green leaves, som-

o a s t  m b i t , short and stout culm with shortened irvtemodes

and nonlodging nature, were observed in the g. plants. hile  

th «  ranged from 1 5  to  101 cm fo r  U'-nt height, ike - 

p l a n t o ranged from 71 to >*) cm clans to 1)1 to 11") cn class 

( 7 lg u r «  ’C - r5, Table 22). -11 the olnstr, were noro or less

i  I * -*  r  ->o r j i  a n t s  t n  a o o e a rs n c o  • 7 n  •: i • r o t s e m  'a» - fc ** |

n 3 d o  n b i  t h o y  <jy.h1.bi te d  '••••»*'> i l n i i l a r i t "  •. i r ’ i

v,o  „ r , n V .  3f  t V- r ,  v - . - .  ■
' 1

7 7 , . h i 1 '- b o th  t h e  m u t a n t s ,  d . v > r.n )
J  i  L i \ d  A . < - ) ! *  LLA-

• ,, - 3/ -.,oro . - .o ^ l . lw c rf  in  n t . - l u r e ,  th e  V  MOrc'Jjp r| S  0 , v. ) ~4‘ * 1

t; u
\  bvl 1 W  ^  « " " «  1G ,V" n "  WlOar^nts , 1

.  0E* n plant M b i t ,  nnrl Md wenk lone r.ul u .

A n r i '  "  '  “  „  r „ u l t  o f  . l o n n - t l i n  o f  l n t e m ’K l f ' f l .
TM  i o n ,  culm -  -  ^  ^  coaM ^  . ttPlbutw, , ,  tM

Th"  ^  "  ,  , ^ - t l o n  o f  l n t « m * « .  t l »
lo n g w * «K  ««*■ »  A 'M  J rt was very U n i t . * .  <h*

m m e  o f  p l® n t
F v  t w  y . p i r t l o n  f o r  p l« n t  h*lFht. t’lnntu
F  S h o x » d  - W  r » w «  »■
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S tu p ed  from 51 to  60 cm claas to  151 to 160 cm claas
(T able 2 2 ) .  Th* t? -

™ 2 curve showed 3 modal c la sses , v i z . ,  61 to
9 t o  100 as an(j 131 to  140 cm. There was no plant in

th e  claaa  101 t o  110 cm. S im ilarly , in  the class 71 to  93

th  re  was low frequency o f plants. These divided the d i s t r i ­

b u tion  curve in to  three (Figure X I-7 ).  Thus in the Fg, 203 

t a i l s ,  1 1 5  semidwarfs and 16 dwarfs were recognised. Apart 

fro u  the stature-, other characters isror is ted  with the d i f f e ­

rent h e ig h t  groups were halofu l in g-v.nihg the pliv.it.3• The 

t  • 113 ex h ib ited  open habit • *ith Ion ; cj'iy . id Ion drooping 

l a n v e t , while tha nenidwerfs had short culn ana sha erect 

l e a v e s ,  The nnal I'-n” '-] vers 0 mind'-In- .'hereus ih.* .1 1 s

lo d g e d .  The dwarfs h .1 very ihort ruin i-id vary aa » * - ,  up-

—,/j T«-̂ . 4 rw 1 -tr\ dnrh T'^as 1 : v a a . ’ ' ah sar/ea. f  lUonciesi d - P H J ' *

j f  h-Tl-ht T »  . 1 -ho'J'2'1 1 :oo:l to  r i1.'. J with

hl*h p n h a b l l l f . / .  ?h* w n H - i r f .  n -M H c m  v L v i  . but 

l t  w„  * ,  f . r t l —  H.vt^ lnt-> r, ' 0  there-

f o r ,  t h e  * 0 d « l  wnn m t  W  ^  t e n t i n g  the

o f  f i t .

o v d 213" 'TT’r ’•)1 Tlt,r 11 f' r lonr;' t r '" Qnd
V! ^  ' ,m1, th .  mutant parent n v ld * i  vet- n ^ M m r t .

t i l l  st^t.ur* unl.i.K*
„  c.r.o.,ri.«. * ,.t. *«r •—

r ” "  r’ ' « » »  « ' •  T"-> —
leu ve*  vh lah  *h',w m m  l it v to  I t 1 "tig . Th*

.  h. b i t  « b ib i t .< t  .u A w p m im s r
open 11 wp(| o n t r l but.rt by the "Vongst.d

i ™ .  c u l " *  ®f  fcM f'
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Biaoda! distribution was observed In the ? 2 
eaocieua frequencies in the two modal classes of

9 00 cm and 131  to 140 cm (Figure XI-3) . The absence

of plants in the 1 1 1  to 120 cm clasB aeparated the two 

groups of ta ils  and semidwarfs. Out of 294 ?2 plants 153 

were t a l l  and 141 Bemidwarf (Table 22), The tails \;ore cha­

racteristica lly  weak with long culm and long drooping leaves 

and showed open habit and lodging, Thua, they rese iblcd the 

But the seuitiwarfs had compact I iM't, and erecb al'ort 

leave a and wore njnloj&lng. The T I of goodiy ;~,'i of f it  

revealed that the obscrvc-d frequo id  a.a t'j ila  nr. - -anlduarfs

f i t  tea r/oli. to a g:7 node I..

i ' x )  . 6c v  1 4 . l o t h  . u and . 1  '■> v c r c  oi t b - 9

»• - m "* - * ■jT'ip iq
3 wore oemidwnrl vit/n me an height a- ->< ̂  ‘ *

c t L / o i y .  '.mlii'-o the mutant3 the t- « « rc - • 1, th e

j _■ - r ..l n , n ,  04 with a ran.A w 0 7  tJ cn. Thein nei^n ■- 0- i n o --
he ieavcL -ore long

Plant-, - « r *  or I o t . -  -
„  m A  ahrweu o.<rX,' h'.notccaca a — l:o the

sh drohjlnr, n ir‘ „
V- i- -ere err "  nnd nhjred ''cry late« . ? - WF.'i* li Vll'l ti V. A *

>f / ■  exhibited , , n  l , M t  nnd ,.cnk stand
inescen--e. a  ̂ J  that the long culn was the

*  s V x 'Y  *  Intern  r .^tributrd to  "lieir.temones men •
i r u l t o f  elonrT^ var* r»4 ion fo rthe rr\»v>* of va rm ion

j . i v .m r v  to  1x1 gins#^ C P t l o l l i  •/ Jn thB f,i (  the ^  pl-ntn . * M -

L.nf. h .U h t  « »*  *• plm +s M l  1"
s t a t i o n  in  hei^n t*

Lted wirf" v", r l
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th* c la s s  71 ta  ^
90 cm and the ta lle st  In the class 141 to

190 GB ijv
d is tr ib u t io n  f o r  plant height Bhowed two 

modal c la s s e s  o f  9 1  to  190 cm and 131 to  149 cm with re la -

’̂3V ^reciuencieg in between which divided the d is t r i ­
b u t io n  in to  two groups o f t a i l s  and semidwarfs (Figure XI-9)

/ i r t u a l l y  none o f  the plants could be considered as dv?arf.

ihe 2*2 progeny included 176 t a i l s  and 149 semidwarfs. The

se g re g a t io n  o f  t a i l s  and semidwarfs showed good f i t  to  9: 7

r a t i o ,  when tes ted  using chi-square te s t  of goodness of f i t .

The t a l l  plants in the 17 ̂  were more or less similar to the

s la n ts  and Ptb- 1  and the senidv/arfs resembled the mutant

p a r e n t s .

y t 6  x  ;i 1 0 2 : U n l i k e  t h e  mut n t s ,  t h e  shov:ed

. a n g o t l o n  o f  l n t e r n o d e a  r e q u i t i n g  i n  l o n g  c u lm .  ?he p l ' J n t s  

i n  t i l l  and weak w i t h  open h a b i t .  The le a v e n  w ere  lon_,

H a  z m n  ond d r o o p i n g  and showed e a r l y  o e n o n cen cc.  h i l e

im s s m i d v a r f  p a r e n t " ,  w e re  n o n l o d f j i n n «  t h e  r a lo d ' .o d  a f t e r  

rid ing . H e i g h t  v a r i e d  f r o m  1 2 > t o  154 cm w i t h  a noun o f  

5 2  - h e  n » «  o f  v a r i a t i o n  C o r  p l a n t  h e i g h t  i n  t h e  F - ,

-  * -  g rea ter ,  - e  o f  the S o r t e r  p lant, had

l . h t  o f  7 1  to  00 cm while the t a l l e s t  plants had height a
,  Th. F, population shoved a blmodal d ls tr lb u -

31 t o  160 cm. The P e
i . nt  height with a low frequency In the 10

lWl re XI-10) which divided the population Into
in  rm c le s *  (F igure XI

„ f  t e l l *  eemldvarf*. hrt of J47 ' ?
«  d i s t i n c t  group* o f  t e l l
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studied

t o  120 cm o r  above
and the re at were e ith e r  in th© claas 

or  below. The t a i ls  had a close s im ilarity  

 ̂ p lants even though within the t a l l  plants the range 

o f  v a r ia t i o n  f o r  height was more than that in the . The 

lo n g  pale green drooping leavea, open habit and lodging 

nauora made the plants look, l ik e  The semidwarfo were

n on lod g in g  with compact habit and short stout cula. fhc 

in tern od e  e lon g a tion  pattern showed that both semadwarfo and 

t a i l s  had n laost the sane nuaber of intem odos, but in ta i ls  

th* in to  mod 9 3 wore much elongated than those in soraicuaris. 

The observed frequencies  of t i l ls  and oonidworfs il^uOd with

h igh  a r o b a b l l i t /  to the ra t io  ? '7 »

x l j  ' 66 x 107i Tne T13 h -d al.oo.ot the same pi nt.
- - —— j m

rn t  is tne mutant paren ts  ( :;7 c a ) .  J.ke the urn nt^ . my 

, ^ 1  5V W lc t  h i o l t ,  o ro ct  short leaves c.nd short 'me! stout

.  r r„  „ t t , m  of Interns ,o o lm r-U lon  t o .  .lr,o c u r a b l e .

„*.rt frora 71 co TO cn clair. o 101 t o  '1 °  era7 s la n ts  ringed r.rom i

* "  ' „  , „ , t  ( ,1(,ur« ■'•1-111. ivonthiu*., height variat ion
, p non- of the plants hid hcl[Jrt below 

l ”  " *  ' 2  2  1The Plants he, e rect  « «  —  loaves
ih 'l ’/P I lU Cue~m or  «w j _

'  ° r  ’ h , / * Th,y  did not loflfi* presuraebly duo to

— Ct ^  * The plant characters of 2*1 '>• " tudi*d
a a i* fiut cul® • - _______-  ~t find„„rf .to .it  ou « .  uniform In h .l«h t  and »»»->-

.t e d  t h -t ,  t h . /  « < *

, a  c h » r * c t e r * >
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* i i )  M 6 x M 1 1 1 , „  t
' "  5 ' m* 'the Mutant o f  Ptb-9 and «  111,

th e  Mutant o f  P tb-28 Bn*v, «...• ootn the mutants were semidwarf and
had e r e c t  dark i

sreen lea ves . But the F1s appeared to  be
t m l l  (129 ca } vi+v* s

long pale green, drooping leaves. They

the c h a r a c te r is t ic  open plant habit and weak stand 

( - a b l e  2 1 ) .  Ahe s u s c e p t ib i l i t y  to  lodging exhibited by the 

l-j s rfaa due to  the elongated lntem odes in contrast to  the 

sh orten ed  lnternodea o f  samidv/arf mutants. The d istribution  

o f  F2 p lants  f o r  plant height showed two modal c lasses ,  a 

modal c la s s  of 1 31 to  140 cm fo r  t a i l s  and another modal

c l a s s  o f  91 to  190 cm f o r  semidwarfs ("injure XI-12). The

low fre q u e n c ie s  o f  plants in the c lasses  of 101 to 110 cm

and 111 t o  120 cm separated the two groups. The frequencies 

o f  tha plants segregating above and below 110 cm f i t t e d  a 

3 , 7  „ t l o  with n i -n  probab il ity  Uabia 2 2 ) .  Vte t o i l o  above 

1 , 3 ttl . . t o  char-ictcriiod uy Ion,; culo, ion,- uoie breen

- h  n i l i t v  co lodging while the seQichwirfale a v e s  and s o s c e p t i D i l l ^  *
1 v rvf h a r k  T o e n  l e a v e s  and short culm.b « l y -  ■ > ;  cm had short dork .,roen

Th*/  re  n jn 1 odglag .
- i n )  H 6 * a 202. r.ven though derived from different 

* th  m 6 <88 no) end H 202 (00 cm) were of olmost

W l , t l T h t ”  But th , P l-nto in t h .  F, R .n»r*tlon o f  t h .  c r o „
. q u . l  h , i * h  . ^  r a n , l n «  from 122 t o  130 cm with «

„  6 .  M 202 - r #  «  ^  curving or  drooping l . a v . s ,

—  -  u 6 "    ’ 1" “
m en  b m b l t  I**1* 1 *



1

in  c o n tr a s t  to  ths nut ant parents. A comparison o f in te r -  

nodes on the main culm has revealed that the parents and the 

progeny had almost equal number of internodes but they 

d i f f e r e d  in  the pattern o f  e longation . The long culmed F1s 

had e lon ga ted  in ternodes. The ? 2 d is tr ib u tion  fo r  plant 

h e ig h t was bimodal with two modal c lasses of 81 to  90 cm and 

121 t o  130 cm (Figure X I-13 ).  Durt o f  390 F2b studied, 211 

were t a l l  and 1Q3 semidwarf considering 110 cm as the upper 

l im i t  f o r  the semidwarfs. The frequencies o f  t a l l  and semi- 

dwarf p lan ts  showed good f i t  with high probability  to  J i7 

r a t i o  (Table  2 2 ) .  The semidwarfs even though having s ligh t  

v a r ia t io n s  In other characters could not be c lags iiiod  lurther. 

The t a i l s  were t y p i c a l ly  open, weak crimed and exhibited 

l - y i i t l n z  • juaosptlb llli 'y . 7b r r enld’-arCfl carried  erect dark 

green -.hart leaves and compact habit and were nonlocking.

, r , i ?T7 ■ tvio -vlintn in the F1 generation werey^J  ' > I ' M*   ̂• r'- I

t i l l  -jnlIKn the no-.Wv.arf aat-nt onrm ta. v.hlle noon helcht

, ,  ' ,, * ca -no -hat o '  m 707 wnn H cm, the F, M  the

or 177 am (T .M -  71 ). Tn e n tra n t  to  the erect 

a b ort  '-.ark green leaven o f  the paronta t he t a l l  F, pWnta

' -d  ion *  .r o o o in *  I—  «h lch  P - *  ^
J  With a b a t e d  i n t e n d s  and open plant habit. 

nad °  ' _ ntB w, r e  nonlodging, the tnlta in the
* h l l «  t i i .  » « * ld « a r  „> ^  heading before

. a d i f fe r e n t  p«rioas
f  g en era t ion  l o  S* eealdvarf p lw t *

,  , - „ p  generation , » « "
r ln e n ln * .  I »  tr*  P* *

1 2 1
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2s • 209 were above 110 cm and 1 7 ^ were 
below  110 ca VT

^1-1*0. The t a i l s  resembled the F^s
in  phenotvoe w ith  •,

0nS eulag, lodging s u s ce p t ib i l i ty  and
d roop in g  1 one i » a v » B <-*  ̂ .** «3« -‘tmidwarfa were sim ilar to  the mutant
pa ren ts  In appearance. The lntem ode elongation pattern 

showed th a t  the ta l ln  and aomidvarfa had equal number of 

in o a rn o d e a ; but while the t n l l o  had elongated intemodes 

th «  nea idw arf3 had shortened lnternodea. The observed f r e -

qurnaiOB o f  t  l l s  end ix-midvnrfs were tested and foirrj to  f i t

t o  tr.e r 11 1  :> '~l ->blc 92 ) .

» /

lA. i

croet

' 1 a r

r ’MO: tike th? .orort: p -he :"1 p l ia ,  ware

>-£. n^-.n he-qht w in ,  r ’ ^ut/le 21 . n oxter-

, ^  -r -o -;hr / reaenblrrl t . - .^r  a a  aw in hsvf i

■ f w n  It* .von ,-Jtb -.Mrt ' a^u '; he

. c n o i n t  hnhlt -nJ r ,  — tn I ' - ’ ’ a - .
n/) f. - 'O'*  ̂ • - 1 r« m'l Y«' 1  ̂̂

. .  1 r*~» ~ ' u j v •r'_ vm f i * J .i ' i
•: ’ , ni , , ' ~ M V .  ’-ice n'"v’ V t w

■ ’• '•' '■ ' 1 ... a w n  11'. r ., ’11 the
.. V ->.-■! 1 ft ‘ •

„ r r  (-,KU, ? -W  '•*« orlen -
i r , -  n r  1 v~ ' r\*rr 1 ’ * 1 n

• / 11. i . - -•

/i

? —  - ' r1 ‘.<r>j . t
- , r rt c > U » r  ^  t , i r  c ® P # C t

—  ^  , *-T?n' S ^ 7 * * *  were a -  t j p l e *  •< i —
b U  ^  r e i l ' t . n c e  . „  nl, j r t „ « d  I n * ™ —  «

„ r f , .  The V  M  _

»  e e i - I ^ T f  » ^ * nt •', r *, ,  d . r l v i t l w  ** ^
„ vox Mutant vi 1

* ’ *  * ■’  ,  , « » •  « •  - n ai

,  a t  » ’
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■utanta vara 93 ^
and Q̂s ____

“ «  h . t « u  o r  l2q EWCtlvely whlle tf»  F1 8 * -
( T . b l .  2 1 ) .  um iw  ° B 8Ug8*8tln8 th e lr  ta l1  stature

c h a r a c te r is e d  by ^  ™  tyPlCally
^  curving leaves and long weak culm. 

The open h a b it  and I qh 
ging nature were a lso  associated with 

th e  t a l l  F .a in
e 1» Plant height ranged from 125 to  

Jt in  unlike the , the height showed great 

v a r i a t i o n .  I t  ranged from 51 to  60 cm class to 151 to  160 cm 

c lB 3 i .  ihe d is t r ib u t io n  W33  characterised by 3 modal c lasses! 

v i z . ,  61 t o  70 cm, 91 to  100 cm and 121 to 130 cm (figure  >:i-16; 

The low frequency o f  plants in classes between the successive 

modal c la s s e s  divided the population into three groups, t a i l s ,  

sem idw arfs and dwarfs. 70 cm was considered as the upper lim it 

o f  dw arfs  and 110 cm as that of the semidwarfs. The t s l l s  had 

lo n g  l e a v e s ,  long and weak culms and open habit. The semi- 

dw arfs  h id  'lark gre*n e re c t  leaves and compact habit. The 

dvrarf,  had very th ick  end short dark green leaves and numerous 

com pact t i l l e r s .  The patten , of in terned , elongation Indicated

th at th e  t a i l s  and - i d w s r f s  had enual number of i n t e r s
o f elongation . The semlduarfn were 

but had d i f f e r e n t  degre d
, h,  , h,r ten .d  in tem od ee . The dwarfs appe re

^  intirnaM < w  

t o  p o ssess  v ery  ,,co*n la # d  was «1 »°  ! « ■  th*n
.  ̂ t u „t  COUldo f  ln t e r n o d .s  th e t  gnd . . . id w a r fs  ware

. .^.Idwarfs*
3f  t a i l s  «n  .uoovMbed to  lodging nearly at

i * . ™  - » •  *  *
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12
h e a d in g ,  ^  f

r r »qwanci*t  of th. .
• goad f i t  t o  Q ,  ,  “  sr*8atln8 Plants shoved

9 ,6 ,1  ■<*•! (Table 22) .
^ v i i )  H 14 x h 107 m,

* 110 height of the F1 plants o f  the
cross ranged froa ^  .

0 7  an suggesting t a l l  nature o f  the
progeny, unlike the .

mldwarf stature o f  the mutant parents
(T a b le  2 1 ) .  T a l ln e - .xness wag also t y p ic a l ly  associated with long
p a le  green  leaves which drooped and open habit with open 

t i l l e r s .  Long culms with elongated internodes were a lso  the 

f e a t u r e s  o f  the t a l l  F>jS, F£ population exhibited segrega­

t i o n  f o r  plant h e ig h t. T a ll plants above 110 cm and semi- 

d w a rfs  113 cm or below appeared In the (Table 22). The 

d i s t r i b u t i o n  was t y p i c a l ly  bimodal. The modal classes observed 

were 01 to  100 cm and 121 to 130 cm with low frequency classes 

in  betw een. The occurrence of low frequency of plants in the 

c l a s s e s  m  to  110 cm and 111 to  120 cm separated the two 

grou p*  o f  t a i l s  and aemidwarfs (Figure XI-17). The t a i l s  

resem bled  the F, phenotyplcally while the semldwarfa were

« o r e  o r  1 -ss  t0 th® P" rPnt° '  ^  ln t° rn°de
. t e l l s  semidwarfs nlno had almost the same

elongat. on ^  ^  .)arent,  r e s ^ c t lv e ly .

p a t t e r n  as "  1 werc tnn  above 110 co and 167

Out o f  36* 2 „ 33iness o f  f I t  Indicated that
*  Th® .

w «r«  ,  o f  the segregating plants agreed with
th e  o b . . r v * d  freqnenc • ^  th .  n U o  0f  0 .7 .

frequ en ois*  «  f
th e  e*p s«|t « <)
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dwarfs
» * U )  M  1 4  X  „

a (05 __ ‘ WhUe "  1(* Md W 1 1 1  war* aemi-

UnUkat b .  P« rant a wlth ^  ' ™  " * *  -> ■  «

powMMd long pale ^  1“ V' 8’ th* ?1 plants
®reen drooping leaves. The culms were

^  t a t , n W M  much elongated. The plants lodeed a fte r
S h l l e  the mutant parents exhibited compact habit 

th e  ? 19 were open with open t i l l e r s  (Table 21 ). When the 

F1s showed narrow raig© o f varia tion  fo r  plant height, from 

130 uO 136 cm, the FgS exhibited very wide range of variation 

frorn 3*1 to  SO cm c lass  to  151 to 160 cm c la ss .  The r 0 d is­

t r i b u t i o n  f o r  plant height showed three inodes, the modal 

c l a s i e s  being 61 to 70 cm, 01 to  100 cm nd 121 to  130 cm

tut® v I -1 *3) • Classes with re la t iv e  low frequency of in d l-  

v l i ’j o l s  In between the modal c lasses divided the d istribution  

i n t o  th re e  grou os , v i z . ,  t a i l s ,  semldworfo and dwarfs. The

c h a r a c t e r i s t i c  feature of the t a i l s ,  v i z . ,  l o n g  p a le  green

Ion* culm, ooen habit and lodging su scep tib il ity  were

observed  In the t a l l  segregants. The semidwarfs resembled
♦ i f  the characters. The dwarfs had very 

t h .  mutant a In moo. ^  ^  ^  leav„ ,
a . v*»r/

*h 9 r t  "  c t  habi t  and had numerous t i l l e r s .  The in te r -
e x h ib i t e d  comp* ln d loated that the lower most ln ter -

n o d . e lo n g a t io n  d istin gu ish ab le . Thus the number

n o d . in  th * d* * r f ‘‘ "* *  to  be low when compared to
.  ̂ A * * r tn

o r  ln t .r n o d e s  i  p la n t .,  t a l U *
end t a U * -  w t  ••m ldw .rf* n m
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109 i«*idvspfB Md 13

actin g  plants 8h3w '*  The «* the .egre-

tested  using c h l-8 "  m is f a c t °ry f i t  to 9:6:1 ratio when 
t e s t  o f  goodness of f i t  (Table 22).

Xlx) IM 4 v M 
* Th« t a l l  F^a d if fe red  from the 

a r t  nut ant parents in  plant height and associated 
c h a r a c t e r s . The mean helght o f  planta ln  ^  generatlon wa,

H e  that In M 14 and M 202 was 95 cm and 09 ca ro 3pec- 

t i v e l y . ihe c o lo u r f s ize  and orientation  of the leaves o f 

th e  -j 3 d i f fe r e n t  from that of the mutants. The long

and we ak culm o f  the plants made them lodge immediately 

a f t e r  heading (Table 2 1 ) .  F0 plants varied widely in plant

h e ig h t  and associated  t r a i t s .  The shortest plants could be

r e c o g n is e d  under the c la s s  51 to 60 cm while the t a l le s t  

p la n ts  were included under the class 141 to 1oO cn .table 22). 

T h is  13 la  contrast to  the narrow range o f  variation fo r  height 

in  th# ? 1 veneration . The pattern o f  d istr ibu tion  Indicated

„ r th re .  d i s t in c t  height groups In P2> v ia . ,  the p re se n ce  Oi x m r -
«nnldwar^^ between 71 nnd 110 cm and

t a l l *  n b w  m  ^ mldwar
'  f  , f  7 0 c# or b^lov (Figure n - n ) .  nut o f  the to ta l

^  the p gen eration , 195 were t o l l s ,  1*5
355 P la n ts  sturil# - wlth th e ir  long culm,

 ̂ <t *7 dwaris®
. . m l d v . r f *  3 ^  1, av„  r.Atmbled the .pa while

op#n h a b it  and ion* ^  ^  „ r . c t  x .a v .»  and short

sem idw arfs w ith th e ir  ^  ^  p eren t.. The fr .q u .n -

snd s t o u t  culm* l3 ° k* t a l l . ,  eesldwerfs end
« areg*U ng P1 ,n t*

. . . .  „ f  the s «* r »*
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dwarfs

waa n o t  ussd t ln e .  r*t l 0 * Th* " 0dBl 9,313,1
u . ** s®fflidwarfs could not be further grouped
based on h e lch t

associated  characters.
xx) M u, x 'a -a

’ Unlike the parents, M 14 and :■ 2 0 7

th e  FT s were t a l i  * ,*1 - l t h  mean height o f 126 cm. The mutants

rn c te r ia e d  by short erect dark green loaves, short

and ato>it culms and compact habit. But the t a l l  '^ s  had long

pa le  groon drooping loaves, weak and long culm and open habit.

The t i l l  s la n ts  lodged bofore ripening of the grain (Table 21). 

In the  \  gone rat ion , wide range of segregation was noticed 

u n l ik e  in  the f -  . !.ei ?ht ranged from the class 31 to (.0 cm 

t o  the c lo s e  141 to  130 cm. Tiiren modal classes wore observed 

In try* - m t r l b u t l o n  curve S. -.bio 2 2 ) .  Yl» clasoea corresponded

w ith  ',1 7 )  on, )1 to  101 cn and 121 to  130 ea. i - t in c t

„  T - 1 to f o r  three d i f fe re n t  helrht 'Touon wan Indicated
, n 1 ar r s in the classes 71 to a) cm,by f v .  l v i  ' r r * i » n t 7  01 nnn .. .  xn

. n1 1  tJ 1 2 1  cm ( " I m r e  >X-2 0 l .  fhc t  .lln
1 m i *  ̂ 113 sm and 11 » «*

n  / long md weak calmed and nuccumbnd to lod.-ing 
* * r «  t r  "■ • "  9p(m P l.„,t hnblt vnn -'-loo d is t in c t  from
, r t „ r  ^ l n « .  ‘ ^  ’̂ r f ,  ^  dwarf n . The n « l d * r f -

th e  « o n o - c t  ho - ^  nn(l MniMct twhit which mode them

hod sh ort  and ’ t J l   ̂ ^  (U.,t ln c t  from the t o l l s

lo d g in g  r e i l i t , n ''- culm «nd th ick , dark green

«md n em ld -n r f -  * l t h  t M J lt#rn o t  interned. . lon g st lon  U p l ­

and .h o r t  ■ *** ldwBPf .  had . t a o . t  »au«l m-nber
„  + t)1# t « U *  •*» *•"

gated  th a t  th
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appeared to poa«.M 1*n*th v0Ul9 th . dwarf*

Th. obsarved f r . q ^ ”  n’“ b*r °* r*“ gnlaabla ^ .m o d ...
•howd g30d m  t ta lla* « *  dvarfa-

**P«cted frequencies when the model
9 joi 1 was used, a ftrr+K.

urther c la s s i f i c a t io n  o f semidwarfs was
d i f f i c u l t .

x x i )  M 14 x M 2101 Though the mutants were semidwarfs, 

th e  p la n ts  were t a l l  ty p if ie d  by elongated and weak culms; 

open h a b i t ,  drooping, pale green and long leaves and suscepti­

b i l i t y  t o  lodging (Table 21). The long culm resulting in 

lo d g in g  appeared to  be due to the elongation of intem odes.

The range o f  v a r ia t io n  fo r  plant height y/b b  much greater in 

th e  ? 2 g en era tion . Plants with height o f 71 to 80 cm to

141 t o  13*8 cm occurred in the V2 generation unlike in the

F . The v2 d is t r ib u t io n  fo r  Plant hGlCht wa9 ty p ica lly
,o1 ^Toooea o f 91 to 100 cm and 131 tob la o d a l  w ith  the n ^ a l  c lasses oi ?

/ — yt ?1) The low frequencies o f plants in140 cm (F igu re  XI-Zi J ■
-,-vl t o  1 1 7  c»  and 1 1 1  to  120  cm s.paratad d is t in c t ly  

C l M , * S d . « l d w a r f a .  Ho plant could b . c l a .a l f l .d  a .

i m  p) p l, „ t .  „

( T .b l .  2 2 ) .  Th. « th.  .u ta n t.. Furth.r o la .a l-

w h l l .  t h .  • « idW arf"  u  d lff lcu X t  *nd t h . r . f o r .  th . aba.rvad

f lo a t l « h  t .U . -nd a a - l d - r f .  « «  t .a fd
fr .q u .n cl«»  o t  th. ••«r* p>tl#> Th.  ob..nr.d

f 9r gaodB.M *  "
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irm q u m n cl,,
803,1 f i t  t0 th* expected fnqunolH .

x* u ) «  102 *  M i n ,
o f  P tb -28  » nd '  B° th  M 102 ^  "  107 were mutant*

S**idw arta" But the Fd plants from the 
c ro a s  were t a l l  with .

a “ *an height o f  136  cm. The F.s looked
exactly like Ptb-2 3  with t « n  ,

ta l1  culmst weak and open habit, long
and d ro op in g  leaves and lodging su s ce p t ib il ity  (Table 21).

2  Saneration, segregation fo r  plant height occurred, 

^•gregants with height o f  71  to  80 cm to  1 5 1  t o  160  cm 

a p p ea red . The d is tr ib u t io n  curve (Figure 71-22) revealed 

two modal c la s s  o f 91 to 100 cm and 131 to  140 cm. The low 

f r e q u e n c ie s  in  the height c lasses 10 1  to 1 1 0  cm and 1 1 1  to  

1 2 0  cm separated the plants Into two d is t in c t  height groups 

o f  t a i l s  and semidwarfs. Out of 369 F? plants studied, 195 

were t a i l s  and 174 semidwarfs (Table 22 ). The seaidvjarfs 

showed s l i g h t  v a r ia t io n ,  but further grouping was not possib le . 

They resembled noro or le s s  the mutants while the t a i l s  were 

In d is t in g u is h a b le  from Ptb-28. The t e s t  o f  goodness of f i t  

in d i c a t e d  th at the observed frequencies o f  ta i ls  and semldwarf.

m  to  • m  - * * 1  hl !>

«  1 0 2 «  «  ' ” " “ t

th . Fa P l * " «  tnU# Th* P‘ rent9.u t e n t  p e re n te . ĉhar8ct. r ,  a lso  (Table 21) 

the V  d l f f r - 1  ln * gtatur#i long 8nd „ . k  culm, open

n -  F1* With th #lr  „  dro0ping l on* r— - bl*d Ptb’ 29*
habit .nd pel* rlpenln« of the grain.. the eutant

.  p .  lodged *>*r
tfhile th* '1
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h e ig h t  w .  g rea t# r  -  " "  ^  01 va ria tion  fo r  plant

w ar. In c lu d ed  tn the ^  8*n*^atl0n• The 3hortest Planta
c la »s o f  51 to  60 cm while t a l le s t

■•gregants were in u .
height class o f 151 to  160 cm (Table 22).

r ib u t io n  curve showed three modal classes o f  61 to
73 cm, 91  t o  100 cm and 1 3 1  to  140 cm (Figure XI-23). Th e  

l o w  f r e q u e n c i e s  o f  p l a n t s  i n  7 1  t o  3 -D cm, 1 0 1  t o  1 1 0  cm and

1 1 1  t o  1 0  cm c l a s s e s  s e p a r a t e d  th e  p l a n t s  i n t o  t h r e e  d i s t i n c t

h e i g h t  g r o u p s ,  v i z . ,  t o l l s  above 1 1 0  c q ,  semidv/arfo between 

71 arui 113 cm and d w a r f s  below 71 cm. J u t  o f  t h e  334 i'g segre- 

ginrfcs, 213 were t a i l s ,  144 semidwarfs and 22 dwarfs. The 

t a i l s  could  w e ll  be recognised due to their  resemblance t o  

Ft >■ 23. They a lso  exhibited lodging tendency a fter  heading, 

rwar f s  f ormed a d is t in c t  g r o u p  with much reduced culm length; 

v a r y  n h ort ,  th ic k ,  dark g r e e n  and erect leaven and with large 

nunber a? t l l l e r i .  The nemidwarfs resembled th e  mutant parents

. . .  af the segreg 'ting planta in the ? ,  au^.eated The fr e q u e n c ie s  at tne
- - e . \  The abaervod froq.mnciea showed ; .aod

9  r a t i o  9 : b i ’ - , n *
t .a ted  with chi-square t o s t .

the r a t i o  when t e « w
„  202 . While H 102 and H 202 w ere  o e m l-

"  10„  L i g h t  o f  93 -  »nd 09 cm resp ective ly , th . 
d w er fs  w ith  mein ^  ^  ^  th,  p .ren ts , the

h y b r id  had a » " ,an h apfln h ab it, long dropping pale

F1.  had e lon gated  (T|ibl,  2 1 ). The pattern o f

M ia tr ib u tl^  curvtI * * * ”  t h r « #  fiadfil  d i s t r i o u ^ i
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» u g S .« t ln g  t h r * .  helff. +
dwarfs between 71 of tails above 110 cm, semi­

s ’-  * 1 -2 4 ) .  0^  r r r  and ^  be i°w 7 1  -  c f i -
l e a v e s  and 1m i  , ^  185 t a n  Wlth l0ns curvlng

a with elongated Internodes, 114 were
se u ld w a r fs  w ith  stout and short stem and erect leaves and 

24 vere dwarfs with very short culm and thick dark green 

- r e r t  le a v e 3 (Table 2 2 ) .  '..hlle the t a i l s  and semidwarfs had 

aim os t  e lual number of internodes, the dwarf 3 had less  number 

Oi. r e c o g n is a b le  internodes. The observed frequencies of the 

■ d ifferen t  height groups showed good f i t  to the 9 : 6 : 1  ra tio .

m  ' * 192 x !1 297: "he T?1 plants resembled the mutants

ph?n o ty  ai a i l l y .  h i le  the mutnta had one an height 01 9a cm 

and 31 cm r e s p e c t iv e ly ,  the mean height o f the vras '.13 cm 

('Tab Is  2 1 ) .  There was s im ilar ity  in the pattern of intemode 

. l o n g  i t  Ion. In the co lour, s ize  and orientation of Ic ivcs j 

ln  th e  p lant hab it  and resistance to  lodging the F.o had close

With mutant parents. Even though the ,> r.enera- 

, ,  w ld .r  range of varia tion  in plant height than

tn* T l r f !  » '  "’■* ("1”  71 “
a >  „ „ „  m  « „  P., P P . " «

, nd shove 1 1 0  cm „ h3rt leav„  end shortened
A H it  aul®» •h9d mhort and s t  They reB. nbled th . mutant

ln ts rn o d s *  *nd 

p n r s n t s .





1 3 1

**^ 1 ) M lo g  x M 21  
sem id w a rfst th® both M 102 and M 210 were

af 129 ca (Table 21 t0 * * ta l1  v ith  a mean height
, ^*^°hgation o f  the intei*nodes imparted

culm
-  ----  xi ûj. u jx line

p la n ts  made tha™
5 c e ? t i b l e  t 0  l o d g i n g  u n l i k e  t h e  p a r e n t s ,

1  p l a n t s  w e re  a l s o  a s s o c i a t e d  w i t h  th e  t y p i c a l  c h a r a c -

hs t a i l s ,  v i z . ,  long and drooping leaves, early

s c n ~ ’ ~0nce o f  leaves e t c .  The ?2  d istr ibu tion  curve fo r  plant 

h « ig n t  snored two modes corresponding with the 91 to 190 cm 

and 131 to 140 cm claaaes (Figure 1 -26 ). The low frequency 

o f  p la n ts  in the c lasses  191 to 11 a ca nd 111 to 129 cm 

seoar-ited  the olantn into  tv/o h°i 'ht groups, t e l ls  and semi-W

dv3T*f*^® Tn^re wnj  no plant v/Vilcii could bo considered us dwarfs 

Out i f  306 7o plants 1 160  were t 4l l s  and sernlduariS 

(■’’ abl's 2 2 ' .  The seralrtw-irfa could be e a i l ly  recognised from 

to#  n i l s  bec.-usc o f  th e ir  short stature, erect short leaves,
concoct habit and nonlodijing nature. >bser- dark co lo u r ,  conu

hh* jo t  *orn of internode elongation Indicated that 
v i t  ion s  on the j o t -er

I >•o i ls  had almost equnl number of lntoi'- 
both  thfllr lpngth# The s e d a t i o n  into

— ’  “  tnq , .  —  -  * «  « > « — - i “
„ U ,  .rri "

“ ' " ' ■ “ “ “ I , , , . ,  Th. „  «  —
X X V l l )  M d 1 1  w » r .  t a l l  ( 1 V  « )  » nd M » « b l « d

p e re n ta , * 107 ‘,nd "  ’ whlch t h .  « * « * .  da**lvad-

p tb -2 8  t h .  p U »
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showed io n -  ,

long culm* v .r . *w. leaV"  WhlCh wer“ dr03PinE-
nodes - v  re su lt  o f elongation o f  the in ter­
n od es . The open habit and lort^

M  lodging su s ce p t ib il ity  o f  Ptb-23
reappeared  in  thQ t?

1 P1&nta (Table 2 1 ) .  in  the ? 2, a wide
range o f  v a r ia t io n  fo r  plant helght wa3 observedi I t  ranged

the 71 t o  80 co c la ss  to  151 to  160 cm c lass . The 

1  d is t r ib u t io n  with low frequency o f  plants in between 

t^e modal c la sse s  indicated the presence o f  two height groups 

( f i g u r e  <1 -27). The Fp population consisted of 160 t a i l s  and 

133 aemidwarfs (Table 22 ). The 3eniidv/arfs, could not be fur­

t h e r  c l a s s i f i e d .  The frequencies of the segregating plants 

snowed a s a t is fa c t o r y  f i t  to  9 : 7  ra t io  when tested with

c h i -s q u a r e  t e 3t  o f  goodness o f  f i t .  h ile  the t a l l  plants

the and 'tb -2 3 , the semidwarfs, more or le s s ,

look ed  l i k e  th e ir  mutant parents, A 107 and .1 111 in■ jpL ymm  ̂ a ■ ft ̂  ^

c h a r a c t e r s .  The t a i l s  and semidwarfa d if fe re d  not only in 

p la n t  M l » «  but a lso  in the colour .and orientation of loaves.

P lant h a b it  and s u s c e p t ib i l i t y  to  lodging.

) ,, 1 0 7  X M 2021 The moan height o f  the F, plant.

XKV , n . t  t h e  s o m ld w o r f  s t a t u r e  o f  t h e  mutant

was 1 2 6  am ** n ness o f the ?. plants was
a a 9 0 ? .  T h e  t a l l n e s s  o r  m e  ,  i

. ix 107 and
p a r e n t s ,  . g o l u 9 t e r  o f  o t h e r  c h a r a c t e r s  su ch

t y p i c a l l y  a e ® b c l a t e d  w op. n  h a b l t ,  l o d g i n g  s u s o e -

* »  Ton* drooping ' , nfrn o < i»»and long cu l« (T«M » 21). Out

p t i b l H t y .  • * • » « • «  t M  g e n e r a t i o n ,  161 were a im .
o f  31 1  p l a n t s  studle
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d i s t r ib u t i o n  f o r  **** ^  and 110 °®“ Th* bimodal
t h .  c la s s e s  51 t  ĥ* l ®ht and the abaence at Plants in

f d  o n ly  two h e i ; ht° K:  ^  61 "  70 00 ^  XI“ 29> » ™ ~  
. .  UP3 » v i z , ,  t a i l s  and semidwarfs. While

^  aP?€ared t 3  *  s im ilar to  the F, plants in almost 
r p h o lo g ic a l  features with th e ir  long drooping pale 

green  le a v e s ,  s u s c e p t ib i l i t y  to  lodging and long culm with 

• lo n g i t e d  in tern od es , the semiduarf.s with th e ir  shirt culm, 

e r e c t  dark green leave3 and compact habit resembled . '197  and 

M 292, more or len s . The frequencies of the t a i l s  and serai- 

d w arf3 shyred good f i t  to  9:7 ra t io  (Table 22).

x x lx )  i 107 x 7 207: The plants registered a mean

h e ig h t  of 1 30 cm suggesting t a l l  stature in contrast to  the 

semi dwarf nature o f  the parents (Table 21). While the mutant 

p a re n ts  rjrl short e re c t  dark green leaves and short culm which

a id e d  in  r e l a t i n g  l o g i n s ,  the F , .  poaawsod Ioivt drooping

. . 1 .  „ r ~ n  l a * v -  and Ion, md weak culm with e lan , tod inter- 

n3d„  which —  th . plants . . - c p t i b l h  to  lodging. The K,

, M ,n revealed ths preSHmB ^  t ,U n  P" d a0midWarf" '
P° ° U *  , /(6 p plantn, 271 were t a l l  and 143 went
In a pop-ila tlan  a '  ^  plant,

fT, b l «  2 2 i Figure. .™ id w .r f «  ,T .  ^  wepB slrallar ta th.
In app#arar

wan 7 cm" ;1warfg roem bled the mutant parent a. Th.

?1 .  where** th .  pUnt type with ahort erect  dark

. . . i d w a r f s  . * M w t #  ln t , rood„ .  They were largely

gr«<tn *nd

oa and 150 ^
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r e s is ta n t  t o
^h ll§  fw. ^

iM « d la te ly  after tha ta lls  succumbed to lodging
«n -j j .  _ r®*nc* sari* The short cula i
semidwarfa
Fo d is t r ib u t i  shortened Intemodea.

3n g9v> 8 sa t is fa c to ry  f i t  to  9>7 ra t io  fo r  
t a i l s  a ^  s.m idw arfs.

XXX)  ̂07 Y M 0*1 a _
* m < n o :  The ra n g e  o f  v a r i a t i o n  f o r  p l a n t

L 1 g e n e r a t i o n  was from  03 t o  96 cm w i t h  a mean 

o f  92 c m .  A l l  t h e  F ^ s  w e re  se m id w a rfa  l i k e  t h e i r  p a r e n t s ,  

i n e  c o m p a c t  t i l l e r s ,  r e d u c e d  culm l e n g t h  w i t h  s h o r t  i n t e m o d e s ,  

s h o r t  e r e c t  d a r k  g r e e n  l e a v e s  and r e s i s t a n c e  t o  l o d g i n g  were 

t h e  o t h e r  f e a t u r e s  e x h i b i t e d  b y  th e  F ^ s  ( T a b l e  2 1 ) ,  I n  t h e  F 2  

g e n e r a t i o n ,  p l a n t a  ra n g e d  f r o m  7 1  t o  1 1 1  cm c l a s s  t o  1 0 1  t o  

1 1 0  cm c l a s s  i n  h e i g h t  ( T a b l e  2 2 ) .  None o f  t h e  p l a n t s  were

b e l o w  7 1  cm and above  1 1 0  cm s u g g e s t i n g  t h e  absence of b o t h

d w a r f i  a n d  t  i l l s  I n  t h .  ? 2 . T h e  o a t t c m  o f  d i s t r i b u t i o n  a l s o  

ln d lo a t .d  t h .  o r e o . n e .  o f  o n l y  s e m id w a rfa  i n  t h e  F ,  p o p u l a t i o n  

( , i ? u r .  x i - 3 1 ) .  A lm o s t  a l l  p l a n t s  wore c h a r a c t e r i s e d  b y  s h o r t

c ju n s ,   ̂ elongation
le a v e * .  Observations -  —  f

e t h .  reduction in h .lgh t in th . culm wa, du. to  
r .v .m l .d  th a t  th m  ^  -UB „  the R u c t i o n

th . ahort.nlng of 
. th _ numb«r o f  in t .m o d .••

,  , * » .  ™  —  “ i !h * • ' F’  ' 1“ ’ “
*XX,) M 11 * 96 to 9*> «* <T ,bl* 21)* In th* th*

90 em w ith •  m n*« r f  ^  lfl tfl.  71 to 80 c .  ol«.» and

,h o r t « t  P i-"* ' ~ r*
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4.W 101 to  110 ca claas (Figure X I-31). Even
though the ran?e

va ria tion  o f  plants in P9 was more than in
th e  F., a l l  i-v»

* plants could be considered as semidwarfs 
(T a b le  22) tvu»

se semidwarfs in  the F^ also possessed chara- 
i a t i c  short culm with reduced intem ode length, erect

d rk  green le a v e s , compact t i l l e r s  and resistance to  lodging.

x x x i i )  A 111 x M 207: Unlike the mutant parents the F^s

were t a l l  with the mean plant height of 128 cm. The F^s 

3howed open habit and had long droopin';, pale green leaves.

They were a lso  su scep tib le  to lodging (Table 21). The pattern 

o f  In te m o d e  e longation  showed that the increased culm length 

was due t o  e longation  of lnternodea which made the plants weak 

and s u o c e o t ib le  to  lodg ing . The F2 plants showed a very wide 

ran.~e i f  v i r l i t l o n  in  plant height and exhibited a three modal 

d i s t r i b u t i o n  « l t h  the nodal classes o f  61 to  70 ca, 01 to  100 cm 

and 171 to  151 cm f i g u r e  XI-32). The three modal u letrlbu- 

, 1 „  t h .  » . • - » ’ « «  ~ l . t l v . W  1 «™

t h .  e l . . . -  1" «“  **—  * *

, f  W  V“ -  , ’ U ‘ ' "M
’  , » .  ,  . Th. h l h  —  *“  h  ’ ™ ' °  “dw arfs  in  tl* 2 h .b it  ond eusc.*rtriOblng leaves and open habit ana »u»
appearance with X- ^  ^  th.  BUtant

p t m n t ,  t o  w ith Bhortf 0reot „ nd darK gre .n  l .a v .s .

p a ren ts  in  *PP*i r  ^  ^  ^  had v. r y .hort tt.lok and

Th# d w a r f, which w r .  , „ ldw. r f ,  « *  d v .r f .  resisted

a . ^  araen !• • « *  ^

t h §  i .
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lo d g in g .  Tht p a tt«m
t . , , „ r  in t*rnoci* elongation indicated thatb oth  t a l l *  and

rfa  had almost equal number o f d is t in ­
g u ish a b le  int^r-**^

ea even though the internodes o f  t a l l  planta 
t l n c t l y  e longated . The dwarfs had less  number o f  d is - 

n gu ish ab le  internodes which were much shortened. Out o f  

37 2 p la n ts , 216 were t a l l ,  1 Z*1 aemidwarf auad 19 dwarf.

Among tn e  semidwarfs, a further grouping was not possible and 

t h e r e f o r e  f i t t i n g  o f the normal dihybrid ratio  of ~;:3 i 3 s1 wa3 

n o t  attem pted. The d is tr ib u t ion  in the n gave, ho.;cver, a 

s a t i s f a c t o r y  f i t  to  9 : 6 : 1  ra tio  with hi *h probability ( oble 2 2 ) ,

xxx l i i )  M 111 x M 219: Both 111 and :i 210 were cemi-

rjvarf s ; but the plants in the F1 generation were a l l  t a l l  with 

T,»rn h e i ~'nt o f  130 cm. The t o l l  F.,o ’■■’em  associated • 1 th lonr; 

d r o o o ln ?  le a v e s ,  boen t i l l e r - ,  week straw and susceptib il ity

to  la d g in g  ln contrast tJ th e lr  pirc'r't '  (Voble “1 j * vhc 
bim odal d i s t r ib u t io n  o f  the oopulatlon an, the 

, f  f r e iu e n c y  c lasses  between the nodal classes divided

the p o p u la t io n  into two d is t in c t  height „roupo U'inure XI-33).

* *  or 3 >0 F? p u n t ,  observed. 171 I t a l i a  and —
. b "  2 p, While the tu l le  r e n e w e d  the the

dWaI' f9 i U ar to the -nutant* with short culm, erect
*•<■1 dwarf* -a r e  * a ^  „ gr,„a t io n  fo r  plant height

,n d  dark g r - n  U m " M' ^  r # t l ,  fo r  t e l l *  and nemldwerfs.
gave * . a t l . U c t o r y  ^  12J m  f3r th,

u 207I Th* »®*n 
jocaiv) *  202 * t # u  unHKe th e ir  mutant

r , punt* 1 * 1 - * *  thrt tMy
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parents. The F s
■utan+ 1 raaaebled Ptb-10 from which both the
. evolved. The long and weak culm, open
t l l l t r s  I l j f lg  lMllo fyyiA .

Breen drooping leaves and su scep tib ility  
ging were the ch a ra c te r is t ic  features o f the F1 plants

(T a b le  2 1 ) .  Th* ^
laodal d is tr ib u t io n  and the occurrence of 

quency c la sse s  between the modal classes c learly  indi­

ca te d  the presence of 3 d is t in c t  height groups in the F«
a

* f i g u r e  < 1 -34 ). Based on height, 327 F2 plants wero grouped 

i n t o  172 t a i l s ,  131 3emldwarfs and 24 dv/arfs (Table 22). The 

t a i l s  resembled the F^s. The semidwarfs had short culm, short 

dark green e r e c t  leaves and wore resistant to  lodging. The 

dw arf3 had short th in  culm with dark green, thick erect and 

sh ort  l e a v e s . They exhib ited  comoact stand with numerous 

t i l l e r s .  The segregation  fo r  height agreod to a 9:6:1 ratio

w ith  h igh  p r o b a b i l i ty .

xxxv) : i  252 X M 2101 The plants registered a aeon 

h e ig h t  of 122 « .  In appearance the alaoat roaeabled 

^ - 1 9 .  ^  F, p l a n t a  posaeaaed long, pale green, drooping
. w ith  elongated Intemodee end open t lU e r e .

^  the F2

?  I  ,  f o r  stature w*e o— d. The —  

r * t l3 n  ,e g r# g  d th.  ppje.nee o f  1 -  f m - c y  . U » «  » * - "
a t t r i b u t i o n  end ^  # < M W W i o f  two d i t t o *

the .«1 .1  10 , 0ut , f  506 F2 p l e n f .  166 « r *
h e ig h t  group* ( frlguI’   ̂ (T. b l .  22) .  Hone o f  the Fj ptonta

t a l l  end 1 »  « * r *  — l
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could be canaldtp«ri
F • in  the B"  . The t a l l  plants resembled the

lo u r  and orien ta tion  o f  leaves and in the pattern

rnode e lon g a tion . The semidwarfs were almost similar
'bo th e  mutant nare*n+ w.nxai but a further grouping was not possible.
The ch i-squarp  f aoi. ^-3b o f goodness o f f i t  confirmed the segrega-
t i o n  o f  t a i l s  and semidwarfs in the 9:7 ra t io .

xotxvl) M 207  x M 2 1 0 : V/hile the mutants, M 207 and M 210

were semidwarfs, the plants were t a l l  v.ith the mean height 

o f  123 on. In con trast to the 3hort erect dark green leaves 

and compact t i l l e r s  of the mutants, the had long pale green 

d rooo in T  leaves  and open habit (Table 21). They lodged after 

haadinT. The d is tr ib u t ion  showed two height groups v i z . ,  

t i l l s  -nrl aenldwsrfs (Fl.cure X I-36 ). The t a l l  plants looked 

I lk - !  the V  whereas the semidwarfs reso ibled the autant 

p ore at 1 . Th- ^  papulation of;718 plants studied, consisted 

3f  171 t a i l s  and 147 semidwarfs (Tabic 22). ihe chl-squar. 

a n s l / s l s  i n d i c a t e d  sa t is fa c to ry  f i t  to  . i7  r a t io .
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- ion  3 i  QUtations by radiations and chemical 

ens has become a quite useful t o o l  In modem plant

— >ucces3 o f  mutation breeding largely depends 

3Ui ^  J®rvt* ^ndinn; of the process j .  induction sad recovery 

Ox nutations  and the screening methods dor identif/in.c the

d e s i r e d  tut art s. j  s i c  information on the type and Joses of
•• r-tp - •■’ e s s ,  i reauency sad ooectniu o f  mt; vLans induced rd 

t re 1 .t ive  f * tve-r.r s ucci e ’ Fi ch  1 ■: o? ; ifderc'...t 

■vfa ' 0 " i  i. • .•' se s “ L i l la vtilLsin" c i .  1 s '  b rcr lia  e... cc-A

*L I VC* 1 /  f v T * ;■ ? V i > -  3v -  /  n*-• l ‘u \rJ  \1 i  1: .c j T ' 1 o_ * »„ V-vMh. ?

Tis .a ’ Ives js t *■ racs.-C i  a ; a ,  of :u•: aeon

, / i. a . , ic  i ir f i j i o ‘ 1 i t ' 1 1

a or 1 e >
ri 4

, *< .. \ a ■ .,h • r-f ft -» >n ; u'Vioro-
i i

/ ' a  ' *
f

1 i •

• j  it ’ j r r* ' i

j i" '> i 1 / I j cL L i b "L o •

) ."n , la i

, me s 1 1
j _ . - - ■ - —:

. _ lo ..»wr i ! ”
n r . >: , r  ^  1

,  .    .

‘  ;  * * . « r » .
 ̂c *nr Y ̂  *.nl ia 'A n t

, i ,  , i r 11 im ury ( Fla >r/
. n v n l^ l3 10  .

. Ci-np manat Lons) 
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, (fhroao^ ^ a  *DBri



a given mutagenic treatment, there is  a correlation  
e«n .1̂  damage and Hg mutation frequency (Gaul, 1‘339) • 

fo.. - a quantitative determination o f i>Î  damage has become 

routine  procedure in (nutation breeding experiments (..a ir,

1 771 ) • -venthough several cr ite r ia  are followed for  measur­

ing the damage to plants, the ^ e f fe c ts  in the present study 

were estimated by observing germination, survival, :l -n t  height 
and seed f e r t i l l r y .

Germination of r ice  seeds was not affected a o >rc clably 

by gTnno r o /s  even at high doses of bj or 43 itr ad. uL sur­

v iv a l  o f  seedlLn ts onJ plants wi? redaced pro,ar?s-ivaly with 

increasing do'ms of radiation. TnLs fin sing agree* i 'h  the 

resorts  of previous workers ' h u j  ot c l . , l > 7 ;  ’ i - i  , I -6? ; 

inn non 1 >73 mi .air, 1 /1 ) . -o loiv  on 1 - th - 1 u .art . o f  

,7 3:033-1 r /s  ' ' a a nvidont in the pro'.en: study by the L j  nu itrr 

of p lm t s  ia r  /  i /in at f lo  :ering. • vch prolonged i - • ’• * 1  action 

o f  ra lo t io n  van reported by Y.-iauvrnta • t nl. t1 top,’ , one! rt 1

1 V'ri) and i i l r  '1 7 0 .  In contrast to f, >'ns' r u  , . Inhl-
. . , in r )mi'lorsbly and the reduction In • eraina- blted g a r n im t l  on c >noi iwi /
^ _ r .n l .v p  v. Lth lucre min ; djr.cn. However, eventlon  was progressive

•t th« highest Jf the che,nic,:i1 muta; Pn' n rlr ly  1 1 1  th*
surviving cached  the f l o r i n , ,  stage. faanfiet.

•t .1 .  Gan-shnn ( I I P )  and <*>lr ( W »  "p a rte d  that
* " -™ in  .tlon c in <lderabl/. hair (1 71) also

^  inhlbLts *.n«ln->tion
, ln rhe*,le*l murtsgen treatment*. ,1 , seedling*

jbserved th**t in

1 4 0

LH
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*u-n le a f  stage almost always survived upto
m aturity . Thunus the present work a l 3 0  revealed the d if fe ren ce

In the nature o f  the le th a l  e f f e c t s  between ganraa irra d ia t ion
S.-*

and ^,4, treatm ent. Radiation induced le th a lity  was manifested 

subsequent t o  germination through a prolonged lethal action 

even a t  tne advanced stages o f  plant growth, whereas chemical 

induced l e t h a l i t y  >/as mostly expressed through inhibition of

germ ination .

. € ' d 1  i  n ' in ju r1/ as tig as ared by the rate of reduction in 

shoot grx/th his been used as a re liab le  estimate of 1 -tv e 

in severa l b io lo g ic a l  experiments. iddiq ( 1 Jo7) ••■a in h

(1170) observed a l in  ar relationship between dose s..' ’ us 

rays and reduction in shoot ,rx /th . 'ho resu l’.s recorded in 

t i e  present in vest ig  a‘cion ilso iniiic the a 10 crc t0 «

BventhoJ7h ’ -Iso redaced the height of shoot progressively

with -.-?•! d >nen, tha « f fee t  was loss drastic  rj c J3,.sr. d

f> tb-ht af m  i" rays. •■lnllor res i l t i  were r-partcU by nany

w orker, '  W m ,  ’ ’V  * »  '*>• 1 >7' ’ ' ; , l r ' 1 m ) ' ™  r ’ t0 " f
re d u ct io n  In < rw th  was nsre n lg n lC lo n t  during the noedlln3

, t , , ,  than at Is te r  n t , ;o s  s f  grawth. Indicating m "P a r e n t

,  _ l i n t ,  rrsa In jury an growth adv inced .recovery  of ^ r,lu,u
n in*-! this phenomenon as dur to the growth ox ( ]  ) J 1) explain®^ th is

s 4. , t i c  ce l lo  which replaced the injured ones unin jured  m e r U t e  T it le  ce

growth proceeded.
ln ^  was found to  decrease considerably 

*ed f e r t i l i t y  in  "h

air
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with Increasing dos** ~<>ses of gamma rays* At the highest dose
krad, f e r t i l i t y  was as low as 13>• Increase in seed 

l i t y  with increased do3e o f  radiation was reported by 

Bekendam (1361), Henderson (1963), 3 iddiq (1967), h'air ( 1 9 7 1 )

m-ny others. The low incidence of s t e r i l i t y  a fter  treat­

ment with ZH j even at hi/rher doses was a conspicuous f  e at are‘ £

observed in the present study. At 1.9 concentration of rl-ld, 

seed f e r t i l i t y  regained at the leve l of 64 to  6 3 v in contrast 

to 13 to  17 at 43 krad of gozima rays, r-ao and Ayengar >.1334), 

r id'lLq and "varoinsthan ( 1 9o3a) :.nd lair (1971) also pointed 

out to oh a feature in rice.

b To tat ions in the 'A0 generation

g sv^ra 1  terns have boon used fo r  ch lracterisin the 

•different types of mutations without be in ’ c leor ly  defined 

( r . n  i l ,  13Vi). V ita l  mutations ’-'ere c lo -u l f ied  by laul *1>o1) 

bon** >n the method of detection, t u t  in, whether the muta­

t io n  could he r e c k o n e d  In a sin,Me iVmt or In a group of

jolontn, into nucromut .tlons and mlcromutetlomo, respectively. 

M,e r u p t i o n s  -are  further c la s s i f ie d  Into t ra n -o o c l f lc  and 

l „ t r . a p e d f l e .  whereas mlcromutatlona warn .rouped into .a n l-
-.w.mln’ then ( W )  c la ss if ied  mutation.

f e s t  ®nd cryp*ic  •

in t o  th .  fo l lo v lh *  ft«P  W -
M l nutations that could ba Isolated

1 ) nieromutatlonsi
on. .<laptlOT o f h i3* * 4 1 , 1 0 '’ 1  pr=>o.dures.through tn« v
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^ i i lb lo  nutations: This group included mutations

that could be id en t if ied  either by the naked eye or 

by tue use of appropriate screening procedures, 

ihey could be e ith er  lethal or v iab le .

i l l )  ’’ acromutatlons: Mutations in which the change,

though inherited as a single unit of recombination, 

yet a ffe c t in g  a conste lla tion  o f  characters.

i v .) Systematic mutations: Mutations, that either 

simulated an already existing taxon or necessitated 

the creation of a new systematic unit by virtue of 

the character affected be in ' a i;ev one.

In tne present ln v est lF j t l ons, mutations were broadly 

crrouo^d Into cnlorophyll mutatlms md viable mutations. ’.he 

c h la r a p v / l l  aut-v.lons were further c larn lfied  accarsln ta 

the v /e ten  au: jetted by Ouetefe.non (1 M )  -hid exp tiWl by 

..Jn„ k , t  8 1 . ' 1 ^ ! .  .'non-- the viable mutvtluna, i x r r . u m -

t l , ns " .van ln ith in .  1 ')'■<>) «er* ntud'.nd in deta il .

, n 8CCurate with id j f  e . . .toutin ' Induced -nutrtlaii Cr--  

,VJ. ne l„  , u - t  e » P . n « t .  far the blue Intraduced by factar* 

»uch 83 d lpxantlc  se le c t ion .  « U 1  pra,eny nice and Increased

, 1M , C .u te ted  seotar at hither danen (M inn. 1964). In .
i v u .  r lre  where the eabrya has already 

t l  l l e r l n i  cerea l liK*
nunber o f  spike prlmardla, th . e a t l -

,d ifferen tia ted  lnM  1

v. a an ? l ants w U 1  * 1W* y9 °V*r 
’ I t w  fredd .no/ 1 "  oo-.pari.an with th .  other method,

o f  th*
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s a t i a t e  baaed an \\0 plants, the M, soike 
estim ate w i l l  be 1 n

influenced by the size o f  the mutated sector
M. SQlirp . ,

M2 P ro g e n y  aize (Gaul, DSD). Th e se
may d is t o r t  the fiinr.4.*unctional relationship betv/een dose and
mutational resnon« to a very serious degree. Therefore the 

a i  e o f  the Mp mutant frequency w il l  be the best estimate 

o f  the i n i t i a l  mutation frequency. According to tionzak et a l .

(1963), whe ‘*-2 seedling basis fo r  estimating mutation fre ­

quency oerzi.i t s  the resolution of separate mutational events 

occurring  within ^ spike, du ller  (1 JUo) in rabido j.zlo also 

found that the . .0 mutant frequency was the best es t ix -tc
c-.

e s p e c i a l l y  a t  h i g h e r  doses,  M ow cver,  a r v o l l a  e t  m l .  ./l -hf)  

r e s o r t e d  t h a t  i n  b a r l e y ,  th e  m u t a t i o n  r a t e s  of  a p i c a l  z l ik e s  

r e  s a i n e d  i n d e p e n d e n t  o f  th e  d e c re e  ot t i l l e r i n g  and i,.iCT(.j .o r -  » 

a r e l i a b l e  e s t i m  t o of m u t a t io n  f r e q u e n c y  c o u ld  be lairdc by 

U t i l i . z l . n K  t n .  a p i c a l  i  Aker,  f a r  e c a r l n  ; n u t  . t i a m .

Mut-itUn frequencies wore estlm Led os the number >f
-ion 'A ) Lantn, the number of mutations per mutations oer 103 •, •

i bna number of mutants * r  10 ) 1 -, pi nts.DO M1 spiknw *nd tne numoer o
n n th  lf.nrl an the number of mutation* per The frequencies o s t ln ^ e u

wither values than the other two estimates 110 i1, slants gnv* higher »
for. bjth the mutsgens. Thli ov ld .ntly  

,t esch  pC the dpeee i or
m n Pf the nutation event in oonsld.ration

„ . r  ^  tM  Ih.  oia, „ TOU

, f  the .Ur eren d ln th# . . . . . e t  In v ee t lh .U M .
nutation  frequency *-

In contrast to  the
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rfischsd a m y 4 mi ̂  0 t  Au® at 30 or 33 krad of gamma rays and 1 .3 or

At s t i l l  higher do3es o f  gamma rays, a reduction
in  the mutation frequency was observed. However, such a

redu ction  at higher doses was low in the case o f  SMS. The

phenomenon indicated elimination of mutations at the higher 

d ose s .  - i a i l a r  observations were made by Matsuo et a l .  (1933), 

Masima and Kawai (1 Jo9), famaguchi (1964), Mi ah et a l .  (1779) 

and hair  (1771).

Viable nutation frequencies estimated per 193  ̂ ears 

were f  o n i  to increase v ith  increasing oases of mat >gons 

reaching a maximum at or near the highest doses emoioyed.

3 arum a rays induced higher frequencies of viable mutants than 

7, « : a h i le *9 at the highest dose of 1.5 yielded a mutation 

fre iueney  o f  *0 .4 , -awn  r 1 7 - .it 43 krid recorded the hi :host 

Hie.ic/  of ,1.7 rnutitlons o u r  105 e-.ri.  iddiv} ,1 u7) 

vj-.r-.-0 th-t at c >n n ra h l-  doiea o f  and :* n a  r-yn, the 

requencie .  o f  v iable mutitlom were o r  lev .  the same

. .  -i-.tr (1771) .bnrrved that l r r - n wctlve of the c r i -  n r i c e » Mir \ '
. r l ,  rar e f f i c i e n c y .  «5™»a My" rmd 1 ' a ',Pe ,red ta bP raJre
f f l c l e n t  in Inducing vl .hie w t .t la n a  In r ice .  Th- r e .a l t .

ng Ln/*sU B‘tions also agree with the abovef  the oresent ln/es^.M,

bserv^ti'snSe
„ mon* th . chemical, and f . . t  neutron, .eon- the

r.oorted to induce wld.r aueotnn o f rort«-
« d l . t um« r* p3rt _ , vrjol

• „ ,th «n  196fib} and -v .»ln«th»n  et a l . ,  1770).- —  t •wa*ln*tn»n#

r*r>
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HwsLiiinithan et \i Jb2) suggested that the location  of 
S  ~ ating to  chlorophyll development in  the proximal

gments and the high s u s c e p t ib i l i t y  of such regions to  Eli" 

a c t io n  might be the fa c to rs  involved in the induction of a 

large nuaber o f  ch lorop h y ll  mutints with FUS. The result 

obta ined  in the present in vest iga tion s  revealed that two 

3 pectrun o f  indoced mutants d i f f e r  bntween gamma m /s  and 

.'•i . . I b in .i was the most frequent t /o e  folio*./ing treatment 

w ith  gmmna rays -it the d jses  t r ie d .  n increase in the f r e ­

quency o f  v i r i J i s  followed by a corresponding decrease in the 

frequency of a lb ino was observed in 1 treatments. uch 

s i  Tin! f lean t d i f fe r e n c e s  in the spectrum 3 i mutants between 

rnd 1  it i on" on the one hind and chemic-i mu.-q.enrj o.: e o r

were re so r te d  by Fefcnnd.im O ;61 ) ,  ' Ino and •’•hoi

•v«ei ' I  , 2 ifl’J -ind i’asu (.1 >■'■'■)) ->.>d •' - i r  0 - 7 1 !  r i c e .  

0 .r t  iCaw.il ind - , t 3  ( 1 1 6 j ) , " l d d l . t  (1 >07) end ' i d . U  and

- -■ .I n .th e n  (1T65J -re  o f  the view t h .t the e p e c tn n  of 

c h lo r o p h / l l  mutht I tm « . . M  bo Independent of autneone •*«!.
. -ir qjbinss wan explained by twrxmin-thanThe hU her frequency of

<v n ,« t-:> f-h* large nilnbrr of l  >ci .governing
mt . ( 1 771) rliJ °

t h is  phenotyp«»
„ „ n l  report f> of differences In the apectrim 

Thrr# sever
i r w im l  mutations induced by radiations and 

o f  v ia b le  morphol g
Th« strongest evidence no.nea from the 

chan 1  c «  1  * «   ̂ (ihrenber* et e l . ,  1  KM n r i l »
e r e c t i l e  * ut*ntf' 1



^ 1 * 1  1 9 6 ' J } .  T n  f utne present study, viable mutants v/ 1th 
s l t s r s d  height ftai i

semidwarf and dwarf), duration (early ,
l  it© and verv j

y and lea f shaoe, s iz e ,  colour and orienta-
n (n a r r > (| short, e re c t ,  drooping, dark green) v/ere observed. 

-»ir .1 >71 i reported that the spectrum o f  induced viable 

muw tr.cG included high frequency of mutants with altered dura­

t i o n  and grain type following treatment with gamma rayn and 

high frequency of mutants affecting culm length, following 

: ? i ’ treatments. " iu i la r  results v/ere recorded in the present 

in v estig ation s  a lso . h ilo  nearly 6G of the mutants with 

altered  s t  ture were recovered from the a" treated a .teria l,  

more than 73 of the mut mto with altered duration v;as induced 

by ^ 3^3 irradiation . There observi t i ons suggested tnat the 

nutation spectrum can be nLterecl through the use of different

mutagens.

,i i , r .e number 3f viable mut -.ntn '.-ere lnal-tod In the 

pr^ . r t  , t  Mly. They SJ..eared In lew Crequendca In the nerre- 

gvtlnr v r - s n r n l e i  In the :b, generation. Their t i n t

, p p M r ir, the ^  generation Indicated the r e c e i v e  nature.

i Kin mitnntn vere screened nnd M hoi ht mutants Nln*tythr«© v iab le  mutant
g . i .o t e d .  The height mutants Included M U .

■ r.r t voee. "’‘ ich nut ante a ffect in g  oulm length 
■ealdwarf and dwarf typea.

, r t ed by many warK.ra f a l l x l n g  treatment with m d l -

" " "  ch#„ 10aX ™  ^  re03r” ed *

tU n9 c .rnab .n  (1 *1 >  -  > * * •  *  ^ ld>' ‘r fRutgmr 'ind ( irn

1 4 7
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and dvart  nut ant3
r* reported by Nair ( 1 9 7 1 )» Greening asamy 

37„), Chafcrabarthi and Sen (1975), Dwivedi et a l .  (1973),
v*ahadevappa et  a l .  ( 1 9 3 1 ) ,  Aahri (1932) and Ganashan and
ft h i t t  in rt  3n (1 3  ̂ rvJ ®®3ng many others. Short and narrow leaved
out were al30 id en tif ied  in the present study. The lea f 

o f  l u c h  a mutant measured a width of 3.3 cm. Narrow leaved 

mutants were reported to  be most frequent in mutagen treated 

m ateria l (Hsieh, 1362; f'hastry, 1963; Siddiq, 1967; Ten ka,

1 9 . edi y,  1 977 end Oanashan and Whittington, 1G9T). or 

type -outsits included comaact, semi-oocn and ooen types.

Snort panicle  mut >nts with panicles as short as 9.5 era were 

a l i o  observed. Tanaka (1 963) observed such short panicles 

frequently  a f te r  treatments with mutijens. K a u a i  and arahari 

(1*71) and Gnnashan and ..hittington (1 }33) observed that most 

o f  the snort culm mutants had reduced p n ic le  length. In the 

a m e n t  study, the Jwrirf out .ntn hut com idertb ly  r e iucod 

pan ic les  while t in t  o f  the scmldwarf mutants hod either n jru i l  

o s n lc le s  or s l ig h t ly  lancer pnnlcloa. Covindnsu-uiy et a l .  

M772) hnv? rowrtert such mutants with longer pnnlcloa
 ̂irlo to study tho ( in ln  shine and else

though no at tempt
. , n,,oBtlrntlJnn, the occurrence of m i l l  sited In the present ln / .n t  ,

. by lower weight Of the grain*. s few
grain* w*« ln d lo e le l  oy

l ( h n ,  lw  weight a* 31.-? * cor 1000 grain* were 
mutants rflth 7n>

”  K“ “  ‘_  mort freq'ient thin l*rs# grain t;ypea. 
short g r a n  types were - o r .

ven
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3itant3 W*re reported by other workers al30
1^71; rtallick et a l . t 19^9  and ^kuno, 1 9 3 3 ) .

c )  Plant type nutants

plant type concept in r ice  emerged through the deve­

lopment o f  short statured Indies strains in Taiwan. These 

semidwarf Indies varie t ies  have established that f e r t i l i z e r  

responsiveness is  conditioned sore by morphological features 

trim  by p h ys io log ica l ones ( 'waminatnan, 1)66a). Ithough 

many environmental and cultural factors are associated with

low y ie ld s ,  the t /o e  of the slant cue dole of more e f f ic ien t■» » » *.

p e r f  ormar.ee onder t r o o i c i l  conditions is more import ant. 

Jennings (1 }64) vicr./ed the ideal plant type for  the tropics

as one aivlnr e re c t ,  short, thick md rk ’ reen le ivor. and

short sturdy stem. The slant type concept his, hr./cver, been 

ch-oegin z  v i th the chancing breeding requirements. orly

M f i r l t y ;  l n s e n i l t l v l t y  t o  d a y  l e n g t h ;  r e l a t i v e l y  r l . i r t ,  

u p r i g h t ,  n i r r w ,  t n l c k  ond dnrk ; r o m  1 < m v p s ;  s h o r t  r . t u r d /  

o u l u  t o  r . 1 . i c «  I  r u i n  - " - I  r o s  l n t . - . n c o  t o  s e r i o u s  o r a l s  « *  

d t M . , 3 e ,  w e r e  c o n n l d s r w l  b y  R a c h e l !  (1  * 6 )  " *  t h e  c  . o r a c t . w

with Ideal P i '"*  * " * •  T'V' i 'ap̂ JVO,, t ” plC" 1 Pi'lnt

t W  « .  - r f l -  *  ChanrtlBr 0 9 7 2 ) "  PVmt ^  aUltU"
urôtmcond ition s , had n helaht o f  to  11)

th a t ,  under r
thlok and sturdy culn that did not bond or break

"  f e r t i l i t y  lav®las « l th Inherent heavy tU la r ln *  capa-
h i^h # , Mir. panicles par unit are* and v lth  erect,that produced taors P

Lth *

Lty

c n
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sh o rt , dark green leaves that permitted greater penetration
cy

o f  su n lig h t . Beachell and Jennings (1963), Sv/aminathan (1966^), 

Seetharaaan ( 1 5 6 9 ) and many 3thers described the Idea l plant 

t yp« the t r o p i c s .  Many workers suggested that pluat t /p e  

in  r i c e  i s  a ssoc ia ted  with semidwarf or dwarf stature 

.Jenningst 1164; Beachell and Jennings, 1963; .Iwaminathan,

1966^; iiauiah, 196b; Tanaka, 1167; 'eetharaman, 1961; ’.eddy 

and 'eddy, 1973; linedi et a l . p 1177 and Mutger, 1131 •

'line mutants conforming to  the plant tyoe were se le c ted  

in  the present study. They hod short culm; c r c c t ,  t h ic k ,  dork 

green leaves and n o n - l odging habit. !'n r i c e ,  such pi at type 

mutants were reported a fte r  gamma i r r  i l la t io n  by h . ’1 c t  a l .  

(1961), Tanika 1 )68 , «la Jagopalan (1 ) 3  , iv/onin than 1971 

Escuro et a l .  (1 o71 ) , »ovindaswany et a l .  „1 i7 i ; ,  r^ erargasauy

(1 1 7 3 ),  Kaul ( 1Ib l  i , T o il  (1 i'anaguc 1 a l .  ,p1 i p

Gao (1 961 ) , i j o  (1 >B1 ) and Parrish; n >md h it t in  vt on J  m3). 

Misra e t  iL. ' 1 *71 ) , Keddy and Pndrnc (1 >76), noddy r t  iVL.i1 <7'1 ) , 

Hetjre  (1 1 7 1 ),  ireedharnn (1 1 7 )) ,  Knul <1 r \ ) ) , *.h r a  . and hal 

(1 9 8 1 ) ,  Ireersngasamy and /‘•nandokumnr i1pM3) end Gann shun and 

W hittington  (1983) iso la te d  many p l -n t  type mutant a In r ic e  

f o l lo w in g  treatment with M ••

I I .  G enetic snaljQlJ.

In r i c e ,  height decides  la rg e ly  the plant t/pe nnd th ere­

fore  i t  i s  an important agronomic character . I t  la  the
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a s s o c ia t io n  o f  height with the other components o f  the 

•orphot ype such as profuse t i l l e r i n g ,  upright leaves o f  

appropriate  s iz e  and sturdiness o f  stem that confers the

a b i l i t y  t o  the plant to  respond to good management. There­

fo re  an understanding o f  the genetic basis  o f  the induced 

p lant tyoe  mutants in r i c e  can be of considerable  plant 

breeding va lu e .

i sot of crosses  was undertaken to study the- genetic  

nature o f  the Induced semidwarf mutants. was t a i l

(133 cm) but the mutants derived from i t  (;" 2, T 6 ~nd 14, 

were semi dwarf •. ith  he 1 ~ht ranging fron a 3 to  93 cm. 3he 

hybrids In each of the three crosses  between the out nts and 

? t b -9 ,  ware t a l l  'nd sere lodging l ik e  the t 11 parent. h i le  

the mutants had :hor* , dark green, erect  leaves , th e  hybrids 

had lon^, s o le  green, d r o o p l n . g  1 oves l ike  the t .11 n rent.

The p i n t  height in  ̂ generation in each of the crosses 

showed a wide range of varia tion  ( 7 1 - 30 cm c la ss  to  1 >1-110 cm 

c l a s s ) .  The frequency d is t r ib u t io n  in t hr th, was hlnodrl wit>- 

mSTimun frequ en cies  In the modal c l  m on  of VI t  ) l h  cm r*nd 

1 3 1  to 141 cm. R e la t iv e ly  very low frequencies wore observed 

in  111 t o  110 cm and 111 to 121 cm c la s s e s .  The blmodal

d is t r ib u t io n  and the low frequency of plants in th‘* c lasses

between the modal c l«e * e «  d i s t in c t ly  divided the F? popula­

t i o n  in to  two height groups» v i z . ,  the t a l l  and the semidwarf. 

Th. fr#qu«ncl*B  o f  th» pi™ ** s a « r .* . t ln «  fo r  height above
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and below 1 1 0  cm f i t t e d  a 3x1 r a t io .  A l l  the t a l l  plants 

above 110 ca had long pale green drooping lea v es . The sem i- 

dwarf a resembled the mutants in  appearance. The t a l l  stature  

o f  the and the monogenic segregation o f  3 t a l l x l  semidwarf

in  the t> 2 in  each o f  the crosses indicated that the seraidwarf 

mutants ca rr ied  a recess iv e  gene fo r  s ta tu re . While Ptb -28  

had a mean height o f  1 3 5  cm, i t s  mutants (II 1 0 2 , A 1 0 7  and 

M 111) ranged from 82 to  106 cm in height. The in  each o f  

tne crosses  o f  the mutants with i t s  parent v/ero t a l l  and the 

^2 ® 3 bTrf®d a bi.nodal d is t r ib u t io n  ind ica tin g  the presence o f  

two height grouos, v i s . ,  the t i l l  and the semi dwarf . The f r e ­

quencies o f  the t a i l s  and nemidwarfn gnve a good f i t  to  3 s1 

r a t i o .  A t b - 2 3 ,  the t i l l  and the t a l l  ^  aegreg'.-nts had 

very  c l  or e resemblence whereas the semldv/orf oegre _.ntc 

resembled the mutants. The appearance o f  the t a l l  and 

the 3:1 segregation  In the IT c le a r ly  ind icated  the monogenic
Wmm

re ce s s iv e  n lture o f  the ch aracter . The ^ 3  o f  the croatos 

o f  Ptb-10 with i t a  mutants w on  alno t  i l l ,  .similar to  fclio 

oth er  F -a , The d is t r ib u t io n  curve o f Lhe 7? populationsI r’
in d ica ted  the p r e s e n t  o f  both t a i l s  and seraidwarf s . ihr

pattern  o f  segregation  suggested a 3*1 r a t io  fa r  the t n l l s

end the sem ldvsrfs  with high p ro b a b ility . While the » fJn

and the t a l l  segregants were phenotypic a l ly  s im ila r  t o  the

t a l l  pmrerrt, the semldvsrf* in the F? c l o s e ly  resembled the

mutants• The 3*1 segregation  In the F?  and the appearance of 
t a l l  F^s In d ica ted  monogenlo co n tro l o f  s ta tu re  with t\m 

dominance o f  ta lln e a s  over semidwarfneas. Such monogenic
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re ce ss iv e  dwarf Isa  and seiildwarfisn o f  both spontaneous and 

induead nutanta in  r ic e  vara reported (Anon., 1964, 1966a). 

Akeolne (1 9 2 5 ), Ra*iah (1935a), Chang (1965), Suge and 

Rurakami (1 9 6 3 ), Seetharaman and Srivnstava (1969 ), Foster 

and Rutger (1 9 7 3 ), Ghoah et a l .  (1931), RIngh and c: harms 

(1932) and hinnbashi (1932) reported spontaneous dwarfs 

(sea idw arfn ) in  r i c e  which behaved as simple re ce 3 s iv cs  to 

t a l l  plant3 . Simple recess ive  nature of the induced dv/arf 

mutants in  r i c e  was a lso  reported e a r l ie r  ( n o n . ,  I )-'J; 

'S'arahari, 1969, 1977; Reddy and Reddy, 1971; Reddy _nd tadma, 

1 976; Rutger et a l . ,  1976; Mohanty and as, 1977; rased and 

Sinha, 1977; t fo l l ic k  et a l . ,  1 <30; Ghosh et  a l . ,  1 9,j'l and 

dkuno, 1903)- The resu lts  recorded in the present ir.VGGtle;a- 

tLona are however, not in agreement with the f in d in g s  of 

Ra-nish (1 933*i ; , Anon. (1966b, 1969'; and. Ao s tc r  ana .ucger 

( 1 9 7 3 ) wh) envisaged the inheritance oA dwarfism on tiie basis  

o f  m ultip le  fa c to rs  or polygonLc ldditLvc system with p a r t ia l  

or incom plete dominance.

The fa c t  that the mutants and the nemidwarf segrv/gonts 

In hu*d ‘,hort» dsrk ®rf,pn» or0ot l^ v e s  and the t a i l  T^a 
and the t a l l  segregants possessed long, drooping, palo green 

leaves like the t e l l  parents indicated that the stature nnd 

the other characters went together. Similarly while n il the 

t a l l  plants were susceptible to lodging, seeldwarfs were 

n o n -lo d g in g . I t  U  th * r .fa r*  ougg.stod th .t  th . . . J a r  gan.
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c o n t r o l l in g  stature has in fluence on other characters such 

a* l e a f  length , co lou r  and or ien ta tion  and lodging h a b it .

The r e s u lts  thus showed the macromutational e f f e c t  (Swaminathan, 

1164) o f  the gene co n tro ll in g  s ta tu re , leading t o  severa l 

phenotypic conseauences, That the gene co n tro ll in g  s t a t u r e  

ha* p le io t r o p lc  e f f e c t  on other characters l i k e  l e a f  o r i e n t a ­

t i o n ,  l e a f  co lo u r , l e a f  s i z e ,  s t i f f n e s s  o f  culm, l o d g in g  

h a b it  e t c .  was r e p o r t e d  by many w o r k e r s .  -^arnell e t  c l .  (192-2' 

and Ramlah (1933a and 1 9 3 3 b » in  spontaneous mutants and 

Maalma and Kawai ( 1 1 3 9 ) ,  Xav/ai and li \rah r i  ( 1 3 7 9 ), Jcudy 

and Reddy ( 1 9 7 1 ) ,  Escuro  e t  a l .  ( 1971) ,  w iv e d i  et a l .  ;1 .-79), 

i ant os (1931) and )kuno (1913) In induced mutants in r i c e  

found m acrom u tat ion a l  e f f e c t s  o f  ~he gene co n tro l l in g  s ta tu re .

Jyoth l is  a semlclworf va r ie ty  carrying l. arfing

gene in h er ited  through I t-3 . \ e e - ^ e o - ’oo-gen, T-Ish vr. '

N a tlv e -1 , I -g e u -tz e  and I i--3 a l l  carry the so 10 d ’srC.ln , 

gene (Chang et n l . ,  1960 ; 9nan., 1 )66, 1969; A-julno end 

Jennings, 1966j 'is c k l l l  end Rutger, 1>79). rgwg Uar^lnr 

gene has been reported to be simply inherited  no r\ r  c o -r lv o  

gene (A non ., 1964; Hisn/r, 1963; 3eethnraean and hrlvnetava, 

19 69 ) .  Crosses between the nin9 Induced semidwarf mutants 

and Jyoth l were undertaken to  understand the a l l e l i c  r e la t io n ­

ship  between the Induced dwarfing genes and the Dgwg dwarfing

gene.
Croeses o f  the autsnts H 2, M 111 and M 292 with Jyoth l



y ie ld ed  sea idvarf a ranging In height fron  73 to  102 cm 

In d ica t in g  that these mutants had a dwarfing gone i s o a l l o l i c  

t o  Dgvg gene (Figure X II ) .  The unimodal d is t r ib u t io n  o f  the 

c-j population  in  a l l  the crosses and the maximum frequency 

o f  p lants in  the c la ss  o f 91 to  100 cm indicated a s in g le  

h e ight group v i z . .  oemidwarf. The non-segregating senidwarf 

F2a confirmed the l 3 o a l l e l i c  nature o f the dwarfing gone o f  

the mutants n 2, 1 111 und ' 202 with the r gwg g . c ,  any 

o f  the dwarfs o f  soont moous o r ig in  and several induced chords 

were a lready resorted  to  be Q l lu l ic  to  the Z'*gwg du: ’ ...1 et 1 . ,

1 0^6; leetbaranan and r i v i3 ‘: v a , 1 0-01 ;  arahari, I *7 75 

Anon,, 1071; Oingh ct  a l . ,  107 ?; annul, 1 Ml; Ikuhanni re. 

X lk u ch i, 1^02). The nresent Windin'5, i thus agree /I t  i ‘t " r 

rsoorr.a . The rautanta , Tyothi, th e ir  , a and r. . orx r
' C m

dark 7reen e re c t  leaves and non Lodging l  In. " ic an-'oclr .lior 

o f  then® charactorn with the ne-nldwarf at tare in p uvnt \±t 

Fm and *p  g e n e ra t i jm  indin 1 the r c r o a u t  iti in 1 e f f e c t  of 

the gene c o n tr o l l in g  stature an reported ■> / nc >ro ot nL.

M T71). Dwlv<®dl *»t a l .  (1170), innton (1 11 ) and ‘Kun 0  ̂1 H*1.

A l l  the oth er  nix mutants in c rumen with -Tyothi produced 

t a l l  F-n ranging front 122 to  130 n  in height. The ”  n o f  the 

crosses  in v o lv in g  M 6, M 107 and :1 210 ranged in height from 

71 to  150 cm. The populations showed blmodnl d is t r ib u t io n  

with model c la sse s  corresponding to  11 to  100 cm and 1?1 to

130 om in  the F2 o f  .Tyothi x M 6 and Jyoth i x Ml 107 and <1 to 

100 cm and 131 to  1*Q cm in the o f  Jyoth i x M 211. The

l z > z >
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■ne modal classes divided the d istribution  
in to  two hel _

w** groups. Absence o f  plants below 71

io n  and th e  occurrence o f  low frequency In
c le e a e e  betw een

cm per-
the c la s s i f i c a t i o n  o f  the population into senidwarfs

c**) and t a i l s  (above 110 cm). The segregation o f 

p lan ta  in to  t a i l s  and senidwarfs f i t t e d  a 9:7 ra t io .  The

complementary behaviour o f  each of the mutants in crosses 

w ith  J y o th i f o r  steture  in  the and the dihybrid segrega­

t io n  r a t i o  in  the ?  ̂ suggested nonalle lisn  fo r  dwarfing genes 

bet~/een J y oth i end these mutant®. (Figure X II ) .  The recombi­

nant*! ir. ^  carrying both tho nonallelic, dwarfing rosea are 

l n d l s t Lngulohobla from other semidwarfs B vhia nonjpoearance 

o f  a sera ra te  hnlght group (double dwarf,) in the 1 biggest ©d 

the non a d d it iv e  action  of the dvarfin" r?nco o f  the mutants 

w ith  th at o f  J y oth i.  Thus the uresent study indicated that 

t h .  d v a r f ln e  : o n ^  o f  M 6, 1 107 and "  ?10 arc nonello llc  

t o  ^  d w r f l n ft sen ..  They are complementary and nonaddl- 

t l v «  in  . c t i o n .  Such Induced cample-wmory dwarfing p n t*

„ „ U . H .  «  O M  * • »  » ” • —  — '  r ‘ ”  W  “ aW
PiriT rr  (1?78), Hack i l l  undend P .d .. ( 1 9 7 6 ).  ter end

^  M 779) ,m ,h  . t  «1 . ( 1 W ) .  Ohosh et  a l .  ( 1 » 1 )
Rutger (1979>* A j 
I k .h M h l end Kllcuchl (1982).

t h. lght in the F? m  cranee. Involving H

T Z I » « -  -  -  - — "

( r .  .1 «> '* >  “ •
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d is t r ib u t io n  curve o f  the F2 In each o f  the crosses. The 

■3<U1 c lasses  were 61 to  70 cm, 91 to  100 cm and 121 to 130 cm. 

The occurrence o f  frequency o f  plants in 71 to  S3 cm,

101 to  110 ca and 111 to 120 cm classes d is t in c t ly  divided 

the  d is t r ib u t io n  in to  three height groups, v i s . ,  t a l l  (above 

110 cm), 3&midwarf (71-110 cm) and dwarf (below 71 cm). 

•Occurrence o f  plants in 01 to 60 cm and 61 to 70 cm classes 

revea led  the presence o f an additional height group, v i z . ,  

aworf,, than tho.ee in the crosses involving w 6, 107 and

M 21 0„ >gregat i  on of the population into t a l l ,  semidwarf 

and dwarf ^nve a rood f i t  to  ?:6 :1  ratio  with high probability. 

The 3:3;1 model -ron not tr ied  because o f the d i f f i c u l ty  in 

d 1 s t lnculsh in  r betv/crn the two •’ roups of geraldwar'o. - a l l

i n-j the dihybrid segregation in p in each oi the crosses

c^ n fln e -1  the n o n a lle l ic  n .tura J~ I ’ . 102 LlJ • 207 v,lth

J / o t h l  i t  th* locus con tro ll in g  bol 'lrt  \ 1-ure VI I / .  ho

d i f f i c u l t - /  in antinm i-.h in ;-. the two troupe of the o cn W w rf.

V i v r ^  t h e ir  s im ila r ity  In nature, .he dwnrfn In the 2

wer.  e v id e n t ly  th .  r - o u l t  , f  oOdltlvc notion of the two dvarf-

ln g  , . n e s .  Th- present Inee a c t i o n s  than r e v e le d  thot
. n 2  , z y j  hod dwarfing genes n on a lle lic

T Z  ^  d- * r n n ?  ^  ln M C h " " ■  “ u t ,n tl 

1 Z L .  -  -  -    —  -
n-osseeslng dwarfing genes nt two dlf>

double re cess  v* wm 1# m„ t 0f  the
. , M 779) ob*i*rved that whil

l o c i .  Tlngh et »!•
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dw srfs o f  spontaneous o r ig in  would have dwarfing genes 

a l l e l i c  to  Dgwg, the induced dwarfs in aany cases had dwarf­

ing genes n o n a lle l ic  to  Dgwg. Results recorded in the present 

study a lg o  revealed that some of the induced dwarfing, genes 

ur* n o n a l le l i c  to  Dgwg. Such n on a lle lic  induced dwarfing 

^enes w ith additive action  were reported by TCacid.ll and 

Rutger (1T71) and Ghosh ot a l .  (1381).

^11 the mutants M 6, A 1^, M 102, "  1j7> II 207 and - 210 

and the v a r ie ty  Jyothi v;ere senid'./arf in stature \:ith short 

e r e c t ,  darh rreen leaves and nonlodgint short cuV 'p */heress 

tne t-11  rr s and the t ? l l  aegre^mts rra lised  in the

these sut-nto with Jyothi hid long pale free v

i n j ^ l n e  leaver  and Ion- lodgln. ; culn. ;he oeraldv-rf 1E re ‘  

S-Irt,  m  - 2re n entiled the autsnte and Jyothi, aho-d r ;  the

e l a t i o n  of  the-.o ch n rarton  v lth  olo.ot stature. a m  v .ry  

, h i r %  dark T een , thick lenvas and the very abort cu l l  of
„ h i ,  dw «rti n" In c o n f in e d  thin oesoclntlon od add ltlv . the double cM i r ^

„nn con tro ll in g  the stature over other n.no- o f f e c t  o f  the «t«n«n co n tro l..i > i,

Clrt<td ch a ra c te r - .

In - r  .utanta with J y -th l .  U  -  « * «  « * *

„ ,  „  111 and M 202 had dwarflM 1M’ U °  f  “
’ . h, j  rtwarflnfi K*n«* nonnllnltethe other autanta had dwarrma a

DgwS *• »  ’  « . r r .* * t l o o  In th . F2 generation
The o « t t<*m o f  w « r , » sl 

t o  D*WI. a o .n .n .ln g  n m .U » U °  dwarf m «
„ v. a l . d  that th -  -u ta n t . p ~ " « *
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11 in to  two groups. H 6, M 107 and tl 210 had dwarfing 

? n o n a l le l ic  and nonadditive to  the Dgwg dwarfing gene, 

xh* n o n a l la l i c  dwarfing gene3 o f M 14, M 102 and M 207 were 

however, add itive  in a ct ion . Thus based on the resu lts of 

th e  c ro sse s  with J yoth i, the nine mutants could be c la ss ified  

in to  three  groups as fo llow s :

i  ,* 1 2 ,  M 111 and M 202 p o s s e s s i n g  d w a r f i n g  genes 

i s o n l l e l i c  w i t h  Dgwg d w a r f i n g  g e n e .

i i )  M 6 ,  M 107 and M 210 w i t h  d w a r f i n g  genes n o n a l l e l i c  

and n o n a d d i t i v e  w i t h  Dgwg d w a r f i n g  gene.

H i )  ! 1 4 ,  1 102 and M 207 w i t h  d w a r f i n g  genes n o n a l l e l i c

and a d d i t i v e  w i t h  Dgwg d w a r f i n g  ge n e .

o f  -all the crosses  among <’• 2, il 111 and A  202 were

semldwnrf l l l te  t h e i r  parents ( "'I-7 ore XIX). The rnn~c o f

v e r i a t i * .  fo r  plant height In V  theo° c ™ 3 ^
T h ,  ljni e , * 1 » l  d i s t r i b u t i o n  w i t h  th e  M d . i l  c l a s s  o f  )1 t o  100 cro

« . . .  . U  «  " 2
• -tornldwirf. These observations ttw sane height group, v i z . .  somldwurl.

, t . d that the dwarfing genes In the Induced ..m ldvrf

„  2 *™ l , 1 , l l ° 11C ” l ' “  -  “ ” “ r

„  D  « • -  « ■ "  * w  “
D . . U . U C  d - « W   -------------------------------- “

‘ ‘ 1 ‘  ( A r t . .  " " I  » »  ** "*  " 1”t -w ^ t z e  and D«w« <A'5uin’
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Anon.. 1 9 6 4 ) .  Rutger ( 1 9 7 8 )  showed that the Induced short 

atatured  mutant I>51 poaseesed the same gene fo r  semidwarfi»m 

ft* Dee-geo-woo-gen. In subsequent crosses, another mutant 

0^ was proved to  be a l l e l i c  to  and Dee-geo-woo-gen

( R u t g e r ,  1 9 7 9 ) .  f l a c k l l l  and R u t g e r  ( 1 9 7 9 )  r e p o r t e d  t h a t  

I n d u c e d  m u t a n t s  D2^ p and D g-  possessed l s o a l l e l l c  s e u i -  

d w a r f i n g  g e n e s  a t  t h e  l o c u s  s d ^  and t h e  m u ta n ts  end 

p o s s e s s e d  i s o a l l e l i c  s e m l d w a r f i n g  gene3 at a n o th e r  lo c u a  s d ^ .  

D l n g h  e t  a l .  ( 1 9 7 ) )  a l s o  s t u d i e d  th e  a l l e l i c  re  l a  11 one 111 p o f  

s e v e r a l  d w a r f s  and r e p o r t e d  t h a t  1 3  o u t  o f  th e  1^ mutants 

s t u d i e d  w e r e  a l l e l i c  w i t h  D e e - g e o - w o o - g e n ,  I k e h u s h i  and 

r i i k u c h l  (1 932 ; w e re  o f  t h e  v i e w  t h a t  t h e  same lo cu s  l o c a t e d  

i n  t h e  t h i r d  l i n k a g e  g r o u p  was r e s p o n s i b l e  f o r  setniuwarfism 

wnJLch was u t i l i s e d  i n  th e  b re a k  t h r o u g h  o f  y i e l d  l e v e l  i n d e ­

p e n d e n t l y  in d i f f e r e n t  r e g i o n s  o f  th e  o r l d ;  i n  the t r o p i c s  

i n  t h e  T o n  o f  T'J, and in —i j  i n  the o a t h  West Japan t h r o u g h  

t h .  J  L k k o k u - f l e r l v T t l v e n ; i n  t h e  W orth  t o o t  Japan by an Indu ced 

a u t m n t i  i n  K o r a n  as t h e  b . s o  f o r  t h e  « r e « n  r e v o l u t i o n  end i n  

C a l i f o r n i a  i n  t h e  form  o f  C e r i o s e  7 6 .

I n  c „ „ . ,  b e tw e e n  t h e  a e m ld w a r f  rnutont* H 6 ,  I 107 and

t h-iBht o f the F.a ran gad from 0'> to  101 cm
Nl 210, tha plant heigh , 1

► i ,  e.midwnrf sta tu re . Tha Bamldwarflnc **ne* indicating th e ir  e.midwar, U o
c n t ,  wera th e ra fo r . axpaot.d to  b . l . o * l l « U c  

, f  thaa* *utanta ^
r . Tha fn plant* ran*ad from n

( f ig u r e  X I I ) .  ^  2 .  af m ly  . . . i d v . r f * .  Tha
M U ftt ln d lo a t ln *  t h .  p r a . . " «
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1 n* aoaence o f  segregation fo r  plant height
in  the ? 2 o o n f lr o  that the dwarfing gene, m  then a mutants

are l s o a l l e l l c .  In crosses with Jyoth i, these outants pro­

duced t a l l  s with F2 populations segregating for  height 

in d ica t in g  non a lle lism  with Dgwg gene. Theref ore a 6* M 107 

and M 210 ca rr ied  a dwarfing gene d ifferent from  that o f  Dgwg. 

Thla gene, expected to be at a locus d ifferen t froa sdo,, was 

designated 3d^. Further evidence that these two dwarfing 

genei are n o n a l le l i c  was provided by the crosses between the 

autants carry ing  them. In the crosses M 2 x M 6, '1 2 x il 107,

A 2 x M 010, 111 x 1 6, 1 111 x A 117, *1 111 x .-i 21J,

M 2 ) 2  x .! S, i 202 x M 107 and M 202 x M 2 1 0 ,  t h e  h e ig h t  of  

the F̂  3 r a n g e d  f r o m  113 t o  1^1 cm and t h a t  o f  th e  i^3 froa 

e i t h e r  /1 t o  *30 cm o r  31 t o  JO cm t o  e i t h e r  1^1 to  10) cm o r  

131 t o  160 cm. T h u s  i n  th e s e  c r o s s e s ,  th e  Fo,s were t a l l  and 

t b s  ? 2 n s e g r e g a t e d  f i r  p l a n t  h e i g h t  I n t o  t o l l  and a e a ld w a r f .  

T h - s « >  results c o n f i n e d  t h a t  t h e  d w a r f i n g  gene of : 2 ,  II 111

l i d ,  202 , , , >  in d if fe r e n t  f r o ,  t h a t  o f ,  6 . ,  10, -  - 2 1 0  

( , „  ) .  I t  is  thus Clear that genes sd, and sd , arc nonnllellc

• nd^ th 't w hile  sd, in I s o s U e l l c  with gene, nd;, in

n o n a l l e l i c -

f M „ „  o f  M 1* with «  102 « " d 1 207 pr3,’UC*'1 V  ran8ln*
, rr3B1 51  to  153 lh h .lg h t .  Th-

4 1 1 c m  ^ n d  p® I r
f r J *  3 - -xh lb lt#d  thP„  h .U h t Kroup.,
r  .  ware t - U  wh*r* d «on *tr«ted

.  . . .  , . u .  « . 1 « "  1“ r< -
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th»t H 14 had a dw ^e.
r in S n o n a lle lic  to  that o f  M 102 and 

crosses  w ith Jyothi i t  was proved that the dwarfing 
o f  M 14 was n o n a lle l ic  to  sd1 and sd2. The dwarfing 

^ene o f  M 14 may be designated sdv  That sd~ was nonalle lic  
"to d <8  ̂ and sd^ was further demonstrated by Its crosses with 

thm  ®u t jn t s carrying the genes sd,, (H 2, M 111 and A 212) and 

5^2 ^  ^ ^ ^07 and M 210). A ll the crosses M 2 x 1  14,

M 111 x W 14, M 202 x 11 14, II 6 x II 14, H 107 x M 14 and

: 21 0 x M 14 produced t a l l  I?^s ranging from 121 to  142 cm in

h e ig h t .  fhe F2s o f  11 14 with i 2, i 111 and r\ 232 ranged 

from 31  t o  160 cm v/ith three d is t in c t  height groups, v i z . ,  

t a l l , semidwarf and dwarf whereas the FpS of H 14 v;ith I* 6, 

yj i o y  Jnd Vi 210 ranged from 71 to 160 cm which se,i3regated 

In to  t o l l s  and seoildwarfs. The t '11 ?1a and the pattern J.

? s .g r e g a t l  on c xifiraed that the dwarfing Qene of i 14 tsdp

•<1S n o n a l l e l i c  to  hd1 and sd2 (Figure M X).

■1 10? y M 217. the F. height ringed fronIn the cross A 1 J<£ x n u l
t ,  100 c  suggesting nemldwarf ntnturc. The «•_, -enemtlon 

, d ld  not s h ~  - W .  r a n g ,  o f  v a r ia tio n , . U  the individuals

range o f  sem ldworf. The sesddwarf F, and 
i inor Within th* rangw

eating  F, conflrsied that the dwarfing genes of
t h .  noneegregstlng  2 In crosses with

?  ! , , , 1 1 .1 1 0  (F igure  X I I ) .

*  1 0 2  * . „  , 0 7  proved t o  he d i f f e r e n t  from t h .  f i r s t
J yoth i. '|1:1 * j, 111 M 2o2) andG? &> H 107’

-  etitflnts V U m  * ‘ . . .

tw’  , a t *  fu rth # r  confirmed by th e ir  crossed - 1
u , 1 0 ) .  T h is  w «  fu rth e r
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2. M 111, H 202, n 6, n 107 and ft 210. I n a l l  these crosses

1* V€r* t a l l « The F2 segregated into t a l l ,  semidwarf 
and dvarf i n respect o f  crossea with I 2, 'A 111 and M 232

^nJ in to  t a l l  and seaidwarf in crosses with M 6, 'A 137 and 

213. Thus the dwarfing gene o f A 102 nnd ri 237 was non­

a l l e l i c  to  and sd-,. The croases : 1j2 :< I 14 and

07 x ' 1 4  had already proved that r 14 had a gone (sd-.' 

d i f f e r e n t  from that >f ' 132 and '! 237. Thun the dwarfing 

gone o f  ’ ! 132 and h 737, i s  non Vila l i e  to  sc.. , sd., r.-1 s-.u.

i.h i 3 > 3 ^9 "YY/  b-3 Lnulc vtoa ■  ̂ z ~ t . .-I — <•

7ml joed i .- 'rfln- ' - •■n-n both ■ ' *..ri non Ih lV- t >

 ̂ 7 j. r "in ~ go ie were roriortod :;** .. ny ••> orknr-• ’■ fa­

l l /  o or orr ~ non ' l i e  l ie  d'-arf'LP * 'r- ̂  1 ■-
3 - -T » T -1 *V« • T'15 1 , .1 . . ’f. v e r ’ l  d ; 'r . t 'o - 1 '

f r " ,  :; • t  3f  .v-w- ■ n n -> 1

v , —  . L - t  "'I • • ' '■ • 1 ^

, r , n _  r fs  “ 1 1 ’

„ „  » - ) r  W 7, 1 ' N  i r - l v i  ' ) f >

,  , , , . w  ( 1  '761 I -->T- • r • f «*! « h -f  clwo
r-,7f,j. Ti'i -,1n- ■

r 1 i -i .•ir-’ - i n ,  worn n . w l l o l l c  
. j . . , r r v i t - m W ,  ' ” '»■■ • -

" ,c*' „ m w - < s  S'.-vi ' I " 1 rovrUml t.i*>of. , * o t  npnsUc «o >1/
' T ', J’  l i r l l r ,  d w a r f i n '  i .m e s  - ' l -> R ’

^  ' ,ur i , ,n' ' nd in allrtlc
, „  ft nl n*  ln.lac.sr, nutsnts n Which ,

’ " V  ■' in„ th - oth-rw nrc n « v U * H c .  < »  —
* -  ^  ^  "  ; , , s d l - , ^ l n t h . p r - n t ^ y

. nature of 2 neddv !?7 !
L* U  v r«p srt af ,nd '^ 9 0 \ with the rep
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n o n e l l e U c  t .  ^  ^  ^  ^  d®’ ^  “ d dl°  ^
®ach other. The view that unlike the dwarfs

o f  spontaneous orig in  Uui ,gLn» which are usually a l l e l i c  to  the Dgwg
ff Tie, the induced dwarfs give r ise  to  n on a lle lic  genes

6X 4 1 . 1 -| ,1 lends support tD the results of the
P nx atody . Jut of the four induced dwarfing genes, three 

were n o n a l l e l i c  to  the Dgwg gene. The studies of Mackill and 

Rutger (1-J7 3) who induced three n on a lle lic  genes (sd^, sdn and

sd in  the cu lt  Ivor 'C a r loso1 1 : :  provide supoori to tU e

r e s u l t s .  Kinoahita and Shinbnshi (U J2) and Li and :hu ( 1 2  

have a lso  reported n on a lle lic  dv/arfin genes in r ice .

In i l l  the crosses among the mutants carrying the gene3 

^nd sd Jt the ^s sp oared to be t~.ll, with height ranging 

from 1 1 3  CO Ln 1 -M;5 x !1 111 to 141 cm in ,i 2 x 1 d>. the

'J i i t r l b ' i t l  >n in the F2 ^enentlJn , showed wider rmgos varyina
lj 1 4---v o , rm c l i l 'O S  to  141 to 1'3J CiTi orfrom 71 to  33 c i  or *1  to h  cm c u i

Tn p-irh of th° ^ 1  two ai it inci nodal
1 3 1  t o  160  C/i c m  ° 3 - In GiCr‘ n  2*

I 19 1  1 5  1 7. ) 3r 131  to 140 cm were
e l c ,  „  » U . ,  /1 t .  100 CU m.l 121 to

. The of ^  f l u e n c y  c l * . *  or the v irtual

lb,SrVP i t  ilant-, hetween th. - a l  a l * . .  dletlnctly divided

b - t i *  l - »  * «  ^  " ,UP3> V’ 7"  M#ldWarf9 8n<1t h .  d i a t r l  - nt,  , aTre*otlru? *boV. « d  below

t 8 U '*  1 th . C D «H <  flU S d "  raU J Wh* "  ta ^
110 ° m “  m  Th" l "  the P* lnclUd,d r* C3Mb1'
* — « * . *  i f  • ^  K B n „ f  Y l l . ,  . d ^ - W

« , n t .  o r ry in *  both

th s t  the InducMi .
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cnese double s«a id varfs  are phenotypically indistingui­

shable from sing le  senldwarfs suggests that s&j and sd2 are 

nonadditive  in  a c t io n .  The d i f f i c u l t y  in testing the ? 2 

d ih ybrid  segregation  using the 9 :3 0 :1  model was that the 

ta re e  types o f  senidwsrfs were in d is t in rTuishable. Padma and•«r

fteddy (1977) and '.ackill vid rtutger (1979) have ulso reported 

such Induced n o n a l le l i c  d /a r f ing genes vith nonadditive cam­

p le  nectary a c t io n .

Croa3 G3 involving the gor.'-s rd  ̂ and ad, yielded t a l l  - .jS 

ranging from 121 cm in the cross II 1  ̂ x N 202 t j  133 cm in the 

c ro ss  : 1 2 x 1 ̂ . The F-s in each of the crosses showed a
c.

wi aer raage of v lriation  far ol nt height and se ^re0 «.ec ..ith

three nodal c l i s - e s  corresponding to 61 to 70 cm, )1 to 103 cm 

ind 121 t j  1^3 or 131 f  c i. Three d is t in c t  hei :ht groups

rflCHmn** dje ta the I jw fre  uency classes between the 

. * , !  c u « « .  a th ln  cJcti nel,,ht * « u 3. the distribution was

« 1  continuous With limited variation. Thus the V

t „  a 1 1  the cr  —  s e d a t e d  f >r t  ,1 1 , semidwarf nd dwarf
,1 r 11« 1 9 th§ q i Gs 1 m l  to •

„  fchalr frrn lenclea (TV" a **><! f i t  »  the
1 nm t-wo types of oomidwnrfa

. 1  r f l e u l t y  in d l* t ln *u leh ln «  the two type
Th* d . . _ ra^lP ajsfiinnt the

♦ n e r . l t  te s t  in* *  thed id  not P i t. n recombination
, The dwerfe -e re  the re su lt .

0, 3 , 5 ‘ 1 , d and id , th e ir  genstyp* brtn*

,r  ~  - t z ~  —  — -  “ “  “  ^

— -  — * - **“
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Tid./arfo permitting them to be distinguished phenoty- 
p i c a l ly  in d icated  that the dwarfing genes sd,, and sd^ were 

a d d it iv e  in  a c t io n . This observation Is in conformity with

the r e s u lts  o f  M ackill and Rut get (1979) that sim ilar non-
*

ac*d itive  Induced dwarfing genes were present in 

C a li fo rn ia n  r ic e  variety  Carloce.

The F^s of the crosses of the mutants carrying the 

dw arfing renes md sd^ were ta l l*  The variation f:>r pl^nt

h e ivh t  in the was greater ranging from 31 to 163 cm. Three

modal c la sses  were observed in each of the distributions 

in d ic a t in g  the orosence of three height groups, v i z . ,  t a l l ,  

semidwarf dwarf. The frequencies af the ? 2 plants segre­

ga tin g  f >r t ’11, semidwarf nd dwarf in each of the crosses 

f i t t e d  t-.e 1 r a t io .  The dwurfs appeared thrmi-h inter­

a c t io n  o f "d, and nd,, in the rocombinants carrying bath the 

dwarf inr ««nee. Indicating that the f^enea 3d, and 3d(> wore

a d d it iv e  Ln action .

Th,  c r >33.,9 af the mutant3 with .tones nd, and sd , yielded

Ll p a. The h e i g h t  range in F2 v irled from 71 to 1o
1 i.« nf the F-, population in ouch o f  thei i n d a l  d is tr ib u t io n  o f  th e  *2 P P

r'i msrn i n  betw een th e  nodal c la s s e s  
1 fh  I ™  f r e q u e n c y  c l a s s e s  i n

yLth in t i  on into t i l l s  and. • the . l * M l f l c « t i m  o f th . population lo t
fflS e l „  , f  plants above nnd below 1™ «
I d w a r f s .  Th* fr#qU* Xh» n.mldwarf

-o . . t l o  with high probability , tad th . 9 t7  re , nd
, - . .h  ^ r . e  groups, v l t . ,  « « j  2 5 J

t h e  F ,  i n c l u d e d
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ad
3*d 3 ' lhBy M r * Phenatyplcally ln d l8tlngul«h«bl. 

In d ica t in g  that ad
2 an-: 5d3 were nonadtlltive in action. I t

i s  th e re fo re  ^
axed that sd2 and siK ore nonallelic dvarf-

i th  nonaduitive action similar to tho3G reported
by Mima and ft*ddy (1977) and Mackill and Rutger (I j l j ) .

study 3 : the crosses involving sd2 and revealed 

the^ the ^  were t a l l  indicating the n on o llr l ic  re l  tion 

b«tveen  ad2 an’1 3Ĉ .  The in the cron-es exhibited n v.’ider

rsn go o f  U T tr lbu tl  on from 71 to 1fc3 cm. The pitvam of

a0 g r o r 01Lon in each of the f-,8 phowed too nodal c i jn  ,-n corroo-
£_

3 and in to  J1 to 7 j c a and 12 1 to 1; 1 c *1 or 1 31 t 0 ! a cm.

The low f  r*qu«n' 7 closnea in bo tv. eon tne udai c l o v e s  divided 

th® oooulation Lnto t . o  height groopa, /L' . ,  v, 11 1.. seai- 

d - i - f .  Tn® fro a»nc i a ^  p i  ritn o tneae height groupa 

n t t . 1  with r.t-h orob . b l l l t y  the < : 7  no r r m t l .n  rh la .  The 

, . . H w . r r t  pb.-.M-iln? both the dvurfln r.enes in uie
. i -h ihlo fro a the other -co ld  / rf~. ihis ai o:vl* ndi s t in o; j Lsn it> L. t ji

thmt , d ? .*•  n ^ ^ d l t . v n  in ctlon .

th . rr.nnon botw.en th. mutant. o r r y l l *  th .
inc ■ I*1 a

? Th*' c pop >1 >ti on^and od, were MIL. nt r» k ^

- 7 :  - I -  r .n « .  uf * * r L t lo n  r r »  >1 to  1&> «  * > « *
" h . „  , b, .n r .d  in th. a u t r lb u t u n  ou rv ., .  th.

. , * 1 * 1  c l  c ponded to  61 t o  70 cm, I H c i

n o d ' 1  " t  , 4 !  a , ,  t i . t l n o t  M !ir »a * t lon
n o  r* or ”

e i t h e r  171 t3  -roup. -«■  ln d lc .t . i l  by the l w
- h, . .  i x t t . n *  h .U «  «r9Up f ir thr*«

n were 
cd
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fr«q u a ncy  plant
Th# t # » t  8 111 th* ClQB,®s between th® a^dal classes.
era* S ^ h e ss  Of f j ,t  showed that the F2 plants segre­
gated in t o  q t= m ,£  .

semidwarfsl dwarf, Indicating dlhybrid
se g re g a t io n  with it iv e  a ct ion . The dwarf group in F0 was 

the in teraction  between the dwarfing genes sd-j 
the genotype o f  the dwarfs being sd^sd^sd^od^. The 

r e s u l t s  are in  conformity with the findings o f  Jordon and

Be a che 1 1  (1943 ); Mackill and Rutger (1979)3 Gu and 9u (1931) 
and Shoah e t  a l .  ( 1 9 3 1 ) ,

In the present investigations, four induced sotnidvrorfing 

g en es , v i z . ,  sd-j , sdp, sd^ and sd^ were iden tified . Those

were found to bo n on a lle lic  to each other ^Figure T i l l ) .  

The gene was i s o a l l e l i c  with Dgwg dwarfing genet ..rile

th® others were n o n a lle l ic  with hgwg gens. ihe gene sd2 showed

n on a d d lt lve  a ct ion  with the other genes. The geneo ocl,, sd , 

and s -g  in a l l  combinations. hod additive action (Figure XXV).

. ______   rtffnr.t.q of the gene c o n tr o l l ing p lant

helflh.t
1 >tb-G. ?>tb~RO and r*tb-10 wereTh«  parental v a r f t l M  -tb  1,

inln -reen , drooping open habit and
1  w ith  ion ? 1  ̂ .

oula. 411 the f,s'nlrtwBrf mnt',nts liwe P
,In«5 t a l l  CU a o W .o t  habit and nonlodglng ahort

V, «ra a n , »h0 with t h . l r  parents, th .

-  *“  « *  Cr,M”  . ^ . t . d  in to  ,  t .U . .1
, _ r .  t a l l  ^  ^
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t 9 U  F ,s  ana F ,  
l e a f  and cu ln  ch 2 the ta U  P*rents ^  a l l  the

-aractora while the aenldwarf F,s resesbled
* " * " * > •  •’ « ,  l „ a ic „ . a 1 M  and C(]1,  ^

always associated with plant height. The long, pale 

,r*2 .n  drooping leave3, open habit and lodging culo are 

e la te d  always with t a l l  plant stature v;hile short, dark 

green and e re c t  leaves, conpict habit anti nonlodging culm are 

always assoc ia ted  • itn  semidv/arf stature. The segregation 

o f  these  characters In F, a lso fallow the pattern of segre- 

g t i o n  f j r  s ta tu re . In ^ach of the crosses between the 

autants carry ing  n o n a lle l ic  gsnes for  height (sdnj, ad^i sd  ̂

and sd^ >, t i e  r^s were t i l l .  In contrast to the short, erect, 

d ere an leaves and short nonlod’ int culm of the scaidwurf 

nutarrts, the and the t a l l  r\ neTre--ants hid lan: pale

;r0„ n , d raaa in ; loavea and t a l l  la d - ln '  cula. The senlduarf

Ln the P, ronaiDled the .nutanta. In fact, the 
m Ln <! _ .

M „ ,C *  h 'bLt, nanlad^lng ih )r t  culn md . , ^w«s> -.*■ t ire, comonc . u «*.«•»
t  ,h a r t  l - e n  wore Inherited enbloc I n d i c a t e  that then.- 

; r ; , r .  .nverned by a .1 „ * U  , n e t l c  unit which behave,

0h* r ',Ct '  t ,  th.  n ,rn>l -tn tu ro . Then. — I t a therefore

“  * r - Ĉ LV# t tM  mscra«utatlanal e f fe c t  af the peaeo
e t r w i l y  * >*«*9 evident fran theae

i rivarf atature. i t  is  
c , „ t r a l U « P  - 1  B u w t  rpn„  „ , VP pxelatropic e ffe c t

t h .  ^  pinnt M lsh t( 1(rtf calaur, loa f

-  • ~ " 1 - « ‘ n .  m . e .  « .  n - r n .  — .
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• lon ga ti
c o n t r o i u ^  p U n t P ° f  **" 8*ne

ype rinds support in  the reports by many

a rn e ll et a l .  (1922), Ramiah ( 1933 ) ,  Maalma 
and <awai (iQiQ\  ̂ . _

• and Beaohell and Scott (1963). Hair (19 7 1 )
T*® p 0 Î L 9 d

aacromutant dwarfs and aeaidwarfa showing 

-ion  In a number of vegetative an v/oll as reproductive 

ch a ra cters  simultaneously. He further reported that the com­

p lex  o f  characters  expressed by these raacrorautants v.*cro inhe­

r i t e d  as a s in g le  genetic unite Cianaahan ( 1 9 7 1 )» Reddy et a l .  

,1 3 7 3 ; ,  Jkuno (1993) and Ganashan and hittington (1333) also 

ra a orted  p le io t r o p i c  e f f e c t  o f the major genes controlling

p la n t  tyae.
The pattern of intern ode elongation in the aeaidwarf 

mutant! and the dwarf recomblnantn Indicated that i/lAie the 

r e d u c t io n  In th . t o ta l  culm length In the semldworfn v.-oa by

« .  , h . r t . n . a  t »  « « »  » « « !  t u l o  l « t l >  1"

. . .  , ™  ™ . i =  t f  — 10 « “  *— " *
Tho reduction i n  l e n g t h  wan r e l a t i v e l y  

. . .T l  as th e ir  number. -
,  r M  l o w . r  l n t s r n o d e a .  «  - u l t o  were r e p o r t e d

* 0 r * (V i5 1 ) , K.wal - d  N n r a h n r i  ( 1 9 7 1 ) .  .toddy e t  e l .
p y  K a w a l  ( 1 9 8 O). T *oe a p p a re n t  r e d u c t i o n  I n

( 1 9 7 5 )  * *  H a l U r k  _ \ n th .  d w a r f s  m i g h t  be due t o  th e

th .  number ot  ^ * ^ l-ngth l n  t h e  b M t l  ln t .rn od es  and th .

e * tr .m «  reduction  ^ cdgn L ln B  them.

oon**1,J*o t  d l f f lC 'J 3t  s .aldw orfs 1 . on. of the n o .t
Undoubt*^1 '*  th* of r l c a br.»d lng in thia

b r l l U . n t  — —  10
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■ '• n tu ry , Hawtym

v a i l i n g  ,  ’ " 0 t  b* o v , r l o c i k e d  t h a t  «>•  p p . -
j, 37* q n m i  »

. .  e* l  d w a r f i s m  I s  m o s t l y  t h e  one I d e n t i f i e d
J UL̂jf —I

Sen d e s p i t e  t h e  d i f f e r e n c e  i n  th e  do no r
v a rie tie s . i t h .

i n  rl e  gene d o m i n a t i n g  l a r g e  c ro p  a r e a s ,
t h e r e  may he n ,

P t e n t i a l  d a n g e r  o f  l o s i n g  th e  g e n e t i c  d i v e r -

/• T h e  a l a r m i n g  u n i f o r m i t y  c r e a t e d  by  t h e  narrow g e n e t i c  

b a s e  i n  r e s p e c t  o f  s u c h  an i m p o r t a n t  gene o r  gene comolex 

. o r e t e l l a  t h e  g e n e t i c  v u l n e r a b i l i t y  of t h e  semldwurf r i c e  

v a r i e t i e s  t o  many a d v e r s e  c o n d i t i o n s  i n c l u d i n g  d isease  and 

p e s t  e p i p h y t  o t i c s ,  and p o o r  a d a p t a b i l i t y  t o  d i v e r s e  e n v i r o n ­

m e n t  a .  T h e  u r g e n t  need f o r  c r e a t i n g  g e n e t i c  d i v e r s i t y  f o r  

d w a r f i n g  g e n e s  t o  a v o i d  t h i s  g e n e t i c  s u f f o c a t i o n  hcs been f e l t  

k e e n l y  i n  t h e  r e c e n t  y e a r s .  3f c o n s i d e r  a b le  i n t e r e s t ,  as 

9 J W « n t e d  by t h .  p r e s e n t  .study I s  th e  u s e f u l n e s s  of in d u ced  

„ u t a  - e n e n l s  i n  developing a l t e r n  A e  s o u r c e s  Cor s h o r t  s t a t u r e .  

T h ,  d w a r f i n g  g e n e s .  n o n a l l e l i c  t o  Dow; . e n e ,  I s o l  t o d  I n  the 

a d o p t e d  , « . t U  background can be e x p e c te d  t o  be v a l u a b l e  I n  

- 1  . . . l i n , t  e x c e s s i v e  g e n e t i c  u n i f o r m i t y  I n  f u t u r e  

* “ ■ ' Th e  rrcnen In d u c e d  and I s o l a t e d  i n  Hoe
n r i f r r i l ^ '  Uie ’

h V . o n l y  favourable  p l . l o t r o p i c  e f f e c t s  on 

p r . a . n t  - t u d y  -  ^  ^  c h B r a c t e r s  end hence can be o f

v e g ' - t s t  i v e  » »  ' " t j t j r *r i c e  b r e e d i n g  programmes. 

l * s * n s *  u s .  I "  f  c o m b ln n t l o n  b r e e d i n g  method, I n

I n  t h *  e * v e n  ____ o t h e r  gene* "1*

t io n  to  the , „ , t i c  system

in f* Ad 1
in c J ^ P ° r

adapted
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W U t l e e .  Ev, n tlw
h e lp  t o  avoid  o , r y  e f r i o i ent se lection  procedures can

ap lcuoua . B u t ^  ^  ' ffeC t3  ' “ “ h VlSlbU  c3n"

w lth  the d e o i r ^ r  Unde9lr3bl* 38,168 33y 3 t l U  * " l r t  alon«
* ones. The non-adaptability to adverse 

and the susceptibility to various peats and

hJf,n bY  ̂my of the high yielding semidwarf varieties 
carrying the Dgwg dwarfing gene can ba attributed to the

presen ce  o f  many a lien  nan-adapted genes, whose individual

e f f e c t s  are not v i s ib le  and conspicuous to get sieved through

the .se lect ion  o r jce a se s .  Mutation breeding provides a too l  by

which the v e i l  adapted genetic background of the native varie-

t i s 3 I"  disturbed to the minimum e?ctent far incaraorating the

d m i r e d  alant type. The seuidwarf mutants are therefore

»xo#*cted 11 have the adapted genetic aackground.

JtlP aJtant eoch In ^ b -10  (M 211) nod Ptb-23 O’. 102)

„ u i i  b. J8C 38 c3m,erclJl V rlCtlC1’ l? " "
- 1 in thn ev i lu at ion t r i l l s .  Thus, the time found promising in th

w e d  in  d eve lop !"*  -d-pted eemldworf varirtlon could 

ln V ’  reduced by the n u ta tion ,!  npproech. Combination
c o n . l d T d .U r  rin* *ene* with additive e f fe c t  (sd^, ed^ 
o t  d i f f e r e n t  d-er atablthe plant type. tven-

9 < V  n lr fit  H.IP * "  <r# of no p r o c t l c . l  value et th .

though »uch extren  hi~her production potentlel

o r . e . n t ,  t W  ■ * * *  ’’L *  r e . i e t .n o .  end inor-eeed t l U r l n .  
through . d d i t i - l  lodfW*
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SUMMARY

The major objectives o f  the study were to induce and 

id e n t i fy  plant type mutants in r ic e ,  to study their mode of 

inheritance and to investigate the a l l e l i c  relationship of 

the induced dv/arfing genes betv/een themselves and with the

gene. Mutations were thus induced in three 

w e ll  adapted t a l l  indlca strains, v i ? . „  tb -9, >tb -2G -and

Ptt-19 using gamma rays and ethyl methane sulphonate. ‘..'hose 

v a r ie t i e s  h..ve t a l l  lodging culm, Ion ’ cirooping palo green 

leaves and a van spreading t i l l e r s . Observations on t . ic  e f fe c t  

o f  mutagen.s o n  the and A -  generations were re c a riled.

Term in a t i  an of r ice  seeds was not affected by 3 a\.o rays 

even it h im  uoaes. F *T inhibited omination and the reduc­

tion  was p r o ’•restive with increasing d r c o ,  onsldcrable dciay 

In Termination v:as observed at higher doses of bote t*‘o nut3-  

ren3a h i l °  'ana ra/o induced lethality  of soedlin a it nil 

doaes with drastic  e f f e c t  at hi h doses, the lo\ doses of EKS 

were not ietnal 1 0 the seedlings. Plant height was affected 

by the mutagens with increasing e ffe c t  at high doses. Doth 

nm* ravs caused s linear decrease in fe r t i l i t y  with

>■] ones. FM8 • as compared to gemma rays induced lav

d . * r « . «  o t  s t . r l l i t y .

ChUrbphyll BUtatlvn. w r r  Indued by bith the muta*.n«.

f r # n u , n t  l n  8 “ * r B y



—— was predominant in EMS treatments, A large number

i^ble mutants were Iso lated , They exhibited a wide spec- 

rU*  •3rP to l3g ica l characters such as height, duration,
l e a f ,  panicle and grains, There was predominance of mutants 

a f f e c t in g  culm length and many dwarfs and semidwarfs wore 

id e n t i f i e d ,  *mong the mutants with altered duration, late 
types were more frequent.

Tron among the 13 height mutants (6 t a i l s ,  63 semidwarfs 

and 22 dwarfs), M were selected for detailed morphological 

s tu d ies .  The neight of these mutants ranred from 61 to 139 cm.

mile the t a l l  and 3emidwarf mutants h. d almost the same number 

of internodec as the parental types, the dwarfs had a low 

n timber of recognisable intern odes • Tolls appeared co have 

elongated intemodes while semidwarfs and dwarfs hid shortened 

in ternodes. The selected he
d u r .t lon  -.pto maturity (70 t )  17> d v /s ) ,  lea f  length (14 to

61 cm' i le a f  orientation (erect to droo-lng), lea f colour 

dirK green to  pole green), number of tiii.Ic.e be irln.’ t i l l e r s  

{ k  to 76) *n<1 plent tyoe (compact to open). Variation In ear 

and grain characters such os type of » n  (open, semiopen and 

comoect ) , e x e r t i o n  of ears ( fu l ly  exsorted and partially  

• xeerted) and weight end length o f  ears were recorded. While 

of the semidwarfs and dwarfs were nonlodging the t o l ls

succumbed to  lodging.
prM  among 41 height mutants, nine plant type mutan .  

w. «a»ai-tv) Which were morphologically d is t in c t ,
{’ 3 from **ch va



> 7  S '

s e le c t e d  for  .genetic a n a ly s is .  They were aeaidwarf with 

s h o r t  stu rdy  culm, 3rm ll e re c t  dark green le a v e s ,  compact 

i l l - r a  end lo d g in g  r e s is ta n c e .  The nine mutants were crossed 

w ith  t h e i r  r e s p e c t iv e  t a l l  parents to confirm the recessive 

g e n e t i c  nature o f  the mutants and with Jyothi to ascertain 

th e  genic relationship  of the induced dwarfing genes with that 

or Lgwg, The mutants were crossed among themselves in a ll  

p o s s io le  combinations to study the a l l e l i c  re la t ionsh ip  of the 

ind uced dwarfIng genes•

Crosses of the seraidv/urf mutants with ti.e parcivLo yielded

t i l l  7 ^  3 in a l l  cases, r.cgreguti on in gave a ratio of

3 t a i l s  :1 semi dwarf confirming the monogoric reces^iv-"' nature

j f  tne icaldwarf mutants. The semidwarf 7 ^ s  end nor.se regating

F s in crosses  of "  P . ,  1 111 md M P O P  with Jyothi rv — ested
2

that these mutants carried '3 dwurfln ~ rip •-hlch Is l s a a l le l i c  

with b r w :  dwarf i n 7, ® one. The F.,3 In the crosses J? t. e jthcr 

s ix  mutants with Jyathl, were t a l l .  The F? o seprc-ated far
plant height ind as vaclated character-, i-og,testing nanelleUsm 

between these dwarfing R"nen and the LWw; dwarfing eene. Th. 

d i f f e r e n c e  In the sefiregatian pattern Indicated that H 6. M 107 

and A  1 carried  a d i f fe r e n t  dwnrflnij geie fram tint  carried

by M 1 P  H 102 Bnd 2 0 7 ‘

c r o s s e s  between mutants c a n f ln w d  that mutant* H 2, ’1 111

and s 2 0 2  c a r r ie d  th .  ^ I c h  wm f  mnd I s o -

a"  . t h  i*w« zen e . Thla gene w e. deslgnatad ad1 . the
a l l e l i c  w ith  ■«**
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 ̂*\ s ^nd p a ___i 2® ar tna crosses among mutants M 6 f M 107 and M 210

anflnaed that these mutants carried a d ifferent dwarfing gene

h ich  waa n on a lle lic  to  Dgwg gene. This gene was designated

3^2* Crosses of M 14 with M 102 and 'A 207 revealed that M 14

carried  a dwarfing gene d ifferen t from those of M 102 and

? 207. This gene was designated sd^. The cross ,1 102 >: H 207

produced seaidwarf T?1 and nonsec; re gating seraidwarf These■ L—

re su lts  suggested that M 102 and M 207 had another dwarfing 

gene, designated as sd^.

Tne crosses betwean mutants carrying d ifferent dwarfing 

genes, v i z . ,  i'.d ,̂ sd2 * 3d 7 and sd^ confirmed that t ore induced 

dwarfing pones were nonalle lic  to each i t  or. They prod .ced 

t a l l  s ar.d F ^3 segregating for  height in e l l  combin'" t ion s.

Ow irf ing  'ene sd . in combination with other genes prod-tied 

s e ’ re la t in g  with ratio  of 1 t a i l :7  oomidwarf. '11 other 

geneo, v i z . ,  sd1 , sd;5 and sd^, In o i l  coobinations produced 

the f  segregation ratio of ) t a l l :  0 scnidwarf :1 dwarf. * he 

resu lts  India jtsd that nt-, won non.idditivo in action with the 

other n o n a l le l i c  dwarfing gene a cd1, nd? nnd sd^ while they in 

c o r t l n r t l *  » h w d  additive Interaction.

rh- „ , c r o„,ut«tlon .l e f fe c t  of the gones controlling  plant

t  ,e waa re v o iled  by tha ntudy of plorrt character-. ouch an
width, orientation, colour nnrl s .n .acenc. o f  lenvesi

1 1 „ i.n«th| r e « l ‘,t!,rlc* t0 l3<J*in g ' ori,ntntlon  ’ f  t lU l,rs  e t0 ‘
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s* characters were found to  be associated with plant height, 

h i le  t a l l  plants in  the parental, F1 and F2 generations had 

long lodging cula, long pale green drooping leaves showing the 

tendency fo r  early senescence, the seraidwarfs in a l l  the gene­

r a t io n s ,  had short nonlodging culm, short erect dark green 

leaves and compact t i l l e r s .  These characters were found to  be 

in h erited  enbloc. The semidv/arf mut-nts are therefore consi­
dered a3 aacromutants.

The study revealed the usefulness of nutritional approach 

for evolving plant type mutants with alternate sources for 
dwarfing genes t h t h e  D'prf.'1; dwarfing gene. This widens the 
genetic base of soaidv/arfs most of vhirh at present depend 

directly or indirectly on the single I gu i source.

The possibility of ev^lvin? pl-nt type mutants in the 
native varieties without disturbln their veil adapted genetic 
background has been onfimed in the present investigation. 
hll ,  tw,  , f  the nine outints appear ta hold prpnlno In preli- 

iln-ry Bt’KU."" t> be lined directly far oan.nerclal cultivation,
, « , - ,v  -erve on alternate ciurrnn far dwir.au; onesthe ofch«m 'sJ»y

h- .v n la lt .d  In cirnbLnatlan broedlnfr prd-mranen.
whLch can be
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ABSTRACT

Maost a l l  of the high yielding seaidwarf varieties 

derived th e ir  plant type from the Dgwg dwarfing gene, 
re u lting  in tne alarming uniformity of these varieties in 

respect to th is  major gene, which has p le iotrop ic  e f fe c t  on 

severa l other characters. The necessity of evolving alternate 

sources o f  semidwarfing genes in the well adapted genetic back­

ground of the native varieties  ha3 been stressed by many wor­

kers. <ith  th is  object in view, the orcsent study was taken 

up in the Department of Plant Breeding, College of Agriculture, 

Vellayani. The major objectives of the investigation were to 

indues plant type mutants In three well adapted native varie­

t ie s  (? tb -9 ,  -tb-10 and *tb-23)f to study the a l l e l i c  relation­

ship o f  the induced dwarfing genes between themselves and with 

Dgwg. Mutations were induced using varying doses of gamma

rays and EM3,

The M- and M- generations were studied. The e f fec t  of
I  '  *

th .  mutagens on seed germination, plant growth nnd n to r l l l ty  

wa9 3bserved In the « 1 generation. In the M2> chlorophyll 
and v iab le  mutations were studied. Among the viable mutants, 

height mutants were Investigated In d e ta i l .  Altogether 93 

w l ght m u t a n t s  were Iden tified . F inally , nine semidwarf plant 

type mutants (3 from each variety) with morphologically d ie -  

U n c t  characters were selected for genetic analysis.



Crosses o f  the mutants with th e ir  respective parents 

were undertaken to  confirm th e ir  recessive genetic nature, 

an each o f  the crosses, the F, was t a l l  end the F_ gave a 

segregation  r a t io  o f 3 t a l l s l  aemidwarf Indicating the mono­

genic co n tro l and recessive nature of the neriidwarf stature•

The ant ant 3 were croo3ed with Jyotni, a known carrier of 

Egwg dwarfing gene, to understand the al l e l l c  r«lfetionarii;j

o f  the mutant dwarfing gene a with Tgwg gen*. /jrt of tn* nine

□rut a n ts , three (M 2, '1 111 and A, 202 yielded « % a id w ■. rf .(e

and r.on^egregatLng aeaidworf lndiootlve of iv/al'i/ iLem.

In a l l  other crosses the « â were t - l i  i r d "̂ *5 teryrvjfcted 

fa r  plant height s-jggenting tr*e nonallelic  n-st-r«» -5 

j v i r f i r . r  gene3 of tha o jtantt «ith  t . t t  jf .ogw?. ..V-jTtt y 

4 - ; 7  irsd d 210 yielded a 0:7 or- • r e 7 .ion ratio a-t

«  i u , 102 and 1 207 gave a 0:6:1 oo ;re,;otior. r - t .v  Lr. v *

P T ' ' e  d i f f e r e n c e  bef.eon tr.e  d . a r f l r . /  r / / .  ^ r r . K
f  2  -   ̂ ^ *3. * •#! ■* * * -  “

yy the two set 3 o f aut'irit^s

1 1 * l i e  r . i - . t l . ' . s h lp s  of U -  in* *'-•« < - « * » «

w*r* , ' . / W  in t w  -.r .sn -«  u *  « * * « • •  '• “ *
i i , *» 2 1 111 Ml‘d 1 20  ̂ hA !

* -•  ̂ ( i  II m7
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, y. -n i l*  11 i 02 wf.rt * W  ^  m 7 W r

an 4, f y i r f l v  * *,1
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The dwarfing gene sd2 did not show additive e ffe c t  with 

the other dwarfing genea whereas sd1 , cd7 and ad  ̂ exhibited 

add itive  e f f e c t  in  a l l  combinations.

The study revealed the macro mutational e ffe c t  of the 

major gene co n tro l l in g  plant type. Plant height was found to 

be associated  with other characters such as orientation, aize, 

co lou r  and stage o f senescence of leaves; orientation of 

t i l l e r s ;  lodging nature e tc .  which control the plant Gyoe.

The p o s s ib i l i t y  of evolving alternate sources of dwarf­

ing genes than that of Pgvg in the native varieties without 

d isturbing th e ir  adapted genetic background has been established 

by the present study. r|1he induced dwarfing genes n^m lle llc  

to Dgwg gene w i l l  bo o f  use in widening the genetic base of 

the high y ie ld ing semidv/arfs• Twj 01 the selected pi s.u type 

n u t in t i  h)l<l aroaUe f i r  bain? uud far direct camicreial 

c u l t iv a t io n  while other.n may bo used In cMblmtlan breeding

prograaa*^ •


