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I N T R O D U C T I O N  X ^ '^ T /b T a T '' ^

The u se  o f io n iz in g  r a d ia t io n s  i n  m edicine f o r  v a rio u s  

th e r a p e u tic  and d ia g n o s tic  pu rp o ses and i n  b io lo g y  as an 

e f f e c t i v e  mutagen has s tim u la te d  th e  S c i e n t i s t s  to  i n v e s t i ­

g a te  th e  mechanism o f  a c t io n  o f th e s e  r a d ia t io n s  on l iv in g  

organism s. The v a s t  developm ent i n  th e  p ro d u c tio n  o f  atom ic 

weapons and th e  r e a l i z a t i o n  o f th e  e x te n t o f  damage to  th e  

l iv in g  organism , caused  by th e  r a d io a c tiv e  f a l l o u t ,  emerged 

from th e  u se o f  such weapons, g r e a t ly  s tim u la te d  such s tu ­

d ie s .  More th a n  t h a t  th e  modern b io lo g is ts  and g e n e t ic is ts  

a re  p ro b in g  a t  th e  u l t im a te  s e c r e t  o f  l i f e  o r  th e  f in e  

s t r u c tu r e  o f  th e  chromosome, th e  gene, and t h e i r  n u c le o - 

p r o te in  com ponents. I t  i s  o f  c o n s id e ra b le  i n t e r e s t  th a t  

th e  use by g e n e t i c i s t  o f  th e  knowledge and to o ls  o f r a d io -  

b io lo g y  i s  making a  s ig n i f ic a n t  c o n tr ib u tio n  to  our new 

knowledge o f  g e n e tic  f in e  s t r u c tu r e .

R a d ia tio n  g e n e tic s  had i t s  o r ig in  i n  th e  re s e a rc h e s  

o f M uller and S ta d le r  alm ost t h i r t y f i v e  y e a rs  ago. They 

dem onstrated  t h a t  by means o f X -rays i t  was p o s s ib le  to  

in d u ce g e n e tic  changes i n  anim als and p l a n t s .  These 

re s e a rc h e s  r e a l l y  opened a new e r a  f o r  fundam ental re s e a rc h  

i n  g e n e tic s .  Soon a f t e r  th e  above d is c o v e r ie s ,  i t  became 

e v id e n t t h a t  such induced m u ta tio n s can p r o f i ta b ly  be 

employed i n  p la n t  b reed in g  programmes.

P la n t  b reed in g  i s  c o n tr o l le d  e v o lu tio n . Two o f th e  

m ajor f a c to r s  i n  e v o lu tio n  -  reco m b in atio n  and s e le c t io n  -
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a re  e x te n s iv e ly  used by b re e d e rs  and r e f in e d  methods were 

developed d u rin g  th e  f i r s t  h a l f  o f  t l i i s  c e n tu ry  to  e x p lo i t  

them. In  th e  l a s t  t h i r t y  y e a r s ,  re s e a rc h  h as shown th a t  

m u ta tio n s , th e  t h i r d  m ajor f a c to r  i n  e v o lu tio n , o f f e r  an 

a d d it io n a l  t o o l ,  which i s  p o t e n t i a l l y  a b le  to  m odify and 

improve c u l t iv a te d  p la n ts  i n  a  way s im ila r  to  c o n v e n tio n a l 

b re e d in g  m ethods. Induced m u ta tio n  by io n iz in g  r a d ia t io n  

i s  p la y in g  a most im p o rta n t r o le  i n  th e  p re s e n t day b reed ­

in g  programme.

The n a tu re  o f  th e s e  induced m u tatio n s i s  a much 

d eb ated  to p ic  which even now rem ains u n s e t t le d .  In  

g e n e ra l th e re  a re  two m ajor sch o o ls  o f th o u g h t. The M uller 

school h o ld s th a t  th e  m a jo r ity  o f  th e  induced  m u ta tio n s 

r e p r e s e n ts  in tr a g e n ic  m u ta tio n s  o r t r u e  o r gene m u ta tio n s 

(M u ller 1 9 5 4 ) .  The second sch o o l re p re s e n te d  by S ta d le r  

and cow orkers, h o ld s t h a t  induced v a r ia t io n s  a re  e x tra g e n ie  

i n  o r ig in ,  m o stly  l e t h a l  o r s u b - le th a l  and th e  n o n - le th a l  

ones a re  p ro b ab ly  a r e s u l t  o f  d e le t io n  o f th e  components 

o f  a  complex lo c u s  le a v in g  a t  l e a s t  one o f  th e  s u b -u n its  

i n - t a c t .  (S ta d le r  1 9 5 4 ) .

The p la n t  b re e d e r i s  more i n t e r e s t e d  i n  th e  p r a c t i c a l  

u t i l i z a t i o n  o f th e s e  r a d ia t io n s  t o  h is  adv an tag e. The 

method o f  m u ta tio n  in d u c tio n  as a p la n t  b re e d in g  to o l  has 

been proved u s e f u l .  I t s  u s e fu ln e s s  was dem onstrated  f i r s t  

i n  Sweden th ro u g h  th e  b r i l l i a n t  research es? o f  N ilso n  E h le , 

G u stafsso n  and t h e i r  co -w o rk ers, who dem onstrated  i n  c e r e a ls



th a t  h ig h e r y ie ld ,  s t i f f e r  s tra w  and e a r l i e r  r ip e n in g  

ty p es co u ld  be produced by r a d ia t io n .  C o n sid erab ly  l a t e r ,  

i t s  u s e fu ln e s s  was dem onstrated  i n  th e  U n ited  S t a te s ,  

s h o r t ly  a f $ e r  World War I I ,  i n  a com prehensive experim ent 

o f  Gregory on A rachis hypogaea. I t s  u s e fu ln e s s  i n  th e  

t r a n s f e r  o f  d is e a s e  r e s is ta n c e  from w ild  r e l a t i v e s  to  c u l­

t iv a te d  p la n ts  was shown by S e a rs  (1 9 5 6 ) and E l l i o t t  (1 9 5 8 ) 

i n  wheat and Konzak (1 9 5 6 ) i n  o a ts .

B esid es th e  u t i l i z a t i o n  o f  X -rays to  p la n t  b reed in g  

programmes, i t  proved u s e f u l  to  so lv e  many o th e r  b io lo g ic a l  

problem s. I t  has been shown t h a t  d u rin g  th e  l i f e  o f  a  p la n t  

some i n t e r n a l  system s o r  c e l l s  a r e  more e a s i l y  m o d ified  by 

r a d ia t io n  th a n  o th e r s .  (Henshay and F ra n c is  1 9 3 5 ) ,  F u rth e r  

i t  has been shown t h a t  r a d io - s e n s i t iv e  system s may be modi­

f i e d  by changes i n  th e  e x te r n a l  o r  i n t e r n a l  environm ent 

(C a ld e c o tt  and Smith 1952; M ikaelson 1 9 5 4 ) .  A s tu d y  o f 

th e s e  p o s s ib le  mechanisms o f  e f f e c t s  may h elp  to  so lv e  

some o f  th e  p h y s io lo g ic a l problem s o f  grow th and d i f f e r e n ­

t i a t i o n .

In  th e  p re s e n t in v e s t ig a t io n  an  a tte m p t i s  made 

t o  e v a lu a te  th e  m orp h o lo g ical and c y to g e n e tic  e f f e c t s  o f  

X -rays on th e  common cowpea ( Vigna s in e n s is ) . Cowpea i s  

a prom inent member o f  th e  p u lse  g ro u p , e x te n s iv e ly  used  

i n  th e  S ta te s  o f  K era la  and M adras. The p la n t  i s  n a t u r a l l y  

s e l f  f e r t i l i z e d  and in  which v ery  l i t t l e  g e n e tic  v a r i a b i l i t y
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e x i s t s .  Dae to  t h i s  f a c t  in d u c tio n  o f  g e n e tic  v a r i a b i l i t y  

th ro u g h  a r t i f i c i a l  m u ta tio n  seems p r o f i t a b l e .

— 00O00— -
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B E V I  E W O F  L I I B B A f P B E

S ince th e  d isco v ery  o f  X -rays by Bontgen in  1895 

sc o re s  o f  s c i e n t i s t s  worked on th e  e f f e c t s  o f  th e s e  ra y s  

on p la n ts  and an im als. With th e  d isc o v e ry  o f  M uller (1 9 2 7 ) 

a s p e c ia l  im petus was re c e iv e d  f o r  th e  m u ta tio n  re s e a rc h .

In  th e  e a r l i e r  days o f  re s e a rc h , th e  main i n t e r e s t  was 

d ir e c te d  t o  th e  m orphological and p h y s io lo g ic a l  changes 

induced  by X -ra y s. But in  more r e c e n t  y e a rs  th e  main i n t e r e s t  

o f  work has been d ir e c te d  to  th e  u n d erstan d in g  o f  th e  g e n e tic  

e f f e c t s .  The p o s s ib le  u t i l i z a t i o n  o f  X -rays in  economic 

p la n t  and anim al b reed in g  has re c e iv e d  s t i l l  more im p o rtan ce , 

A s h o rt rev iew  o f  th e  e f f e c t s  o f  X -rays on p la n ts  i s  given  

below .

MOBPHOLOGICAL AMD PHYSIOLOGICAL EFFECTS OF X-BAYS. 

E ffe c t  o f  G erm ination.

Three y e a rs  a f t e r  th e  d isc o v e ry  o f X -ray sM ai d ine y 

and Thouvenin (1 8 9 8 ) found t h a t  th e  tre a tm e n t o f  dormant 

seeds o f  Convolvulus and Lepidium h a ste n e d  g erm in atio n . 

P f e i f f e r  and Simmermacher (1 9 1 5 )  r e p o r te d  t h a t  th e  germ ina­

t i o n  o f  Viea fa b a  was in c re a s e d  by s h o rt exposures to  

X -rays b u t le s s e n e d  by long  ex p o su res. C o n tra d ic to ry  to  

th e  above r e s u l t s  Ancel (1 9 3 4 ) i n  h e r experim ents u sin g  

hundreds o f  se e d s , found t h a t  i n  no ca se  g erm in atio n  was 

h a ste n e d  by i r r a d i a t i o n .

Kumar and Jo s h i (1 9 3 9 ) re p o rte d  th e  e f f e c t  o f

X- i t '
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X - ir r a d ia t io n  on th e  seed s o f  B ra s s ic a  ju n c e a , N ic o tia n a  

tab acu m t and Pennisetum  ty p h o id e s . They found t h a t  i r r a d i a ­

t i o n  im p aired  g erm in atio n  i n  a l l  c a s e s . Krisbnaswamy and 

Rengaswamy Ayyengar (1 9 4 1 )  re p o rte d  t h a t  in  Pennisetum  -  

ty p h o id e s X - ir r a d ia t io n  caused no re d u c tio n  i n  g erm in atio n  

p e rc e n ta g e , h u t s u r v iv a l  was r e p o r te d  to  be very  low i n  

t r e a t e d  seed s.

G ustafsson  and h is  co-w orkers p u b lish e d  a  s e r ie s  

o f  p a p e rs  on th e  e f f e c t s  o f  io n iz in g  r a d ia t io n s  on v a rio u s  

cro p  p l a n t s .  G ustafsson  (1 9 4 1 ) re p o rte d  th a t  d i f f e r e n t  

k in d s o f p la n ts  r e a c t  d is s im i la r ly  to  X - ir r a d ia t io n .  

E s p e c ia lly  i n s e n s i t iv e  a re  th e  seeds o f  th e  c ru c ife ro u s  

p la n ts  which in  c e r t a i n  c a se s  ( f o r  eg . w hite m u sta rd ) endure 

doses o f  1 , 0 0 , OOOr. and even more w ith o u t any marked red u ­

c t io n  i n  g erm in atio n  p erc e n ta g e  and s u r v iv a l .  On th e  o th e r  

hand seeds o f pea ( Pisum sativ u m ) a r e  v ery  s e n s it iv e ;  t h e i r  

maximum e f f e c t iv e  dose being  1 0 ,0 0 0 - 2 0 ,OOOr. The same 

a p p lie s  to  th e  seeds o f  sunflow er and sa ff lo w e rs  which 

cannot endure 1 0 ,OOOr.

F r o ie r  and G u stafsso n  (1 9 4 4 )  re p o r te d  t h a t  th e  l a r g e r  

th e  X -rayed seeds th e  more w i l l  th e y  endure i r r a d i a t i o n  and 

t h a t  t h e i r  g e rm in a b ili ty  and sp ro u tin g  a b i l i t y  were b e t t e r  

th a n  th e  s m a lle r  s e e d s .  T hese a u th o r s  a ls o  re p o rte d  t h a t  th e  

s p ro u tin g  a b i l i t y  f a l l s  p ro p o r t io n a te ly  w ith  th e  in c re a s e
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Higher germ ination percentage was reported by Jacob 

(1 94 9 ) in  irr a d ia te d  seeds o f  Jute ( Chorchorous sp .)

S u rvival was a lso  reported to  be higher in  some v a r ie t ie s  

used by him. C aldecott s i  s i  (1 95 4 ) reported reduction  

in  germination and seed lin g  su rv iv a l a fte r  X-ray and neutron  

ir r a d ia tio n . Wohrmann (1 95 5 ) found th at in  Alonecurus - 

n ra ten sis  germ ination was very adversely  a ffe c te d  by 

dosages between 18  and 26 kr; th e e f f e c t  varying in  lin e a r  

proportion to  the dose of X-rays used. G iles (1 95 6 ) found 

th at doses below 2 ,0 0 0  r  had no e f f e c t  on germination  

percentage in  seeds o f  Solanum aeau le: and in  excess o f th is  

th e percentage o f  germination decreased w ith in creased  

ir r a d ia tio n .

Ehrenberg (1 95 5 ) reported in creased  germination per­

centage and su rv iv a l with low doses o f  X-rays. But with  

in crea sin g  d ose-rate. S im ilar r e s u lts  were obtained by 

Spencer and C abunillas (1 9 5 6 ) with Indigofera endecanhvlla  

( tr a il in g  in d ig o ). They found th at the ir r a d ia tio n  sppeared 

to  promote e a r lie r  germination and th a t the seed lin g s  

displayed no d e f in ite  le t h a l e f f e c t s .  Contradictory to  

the above rep o rts, L esley  and L esley  (1 9 5 7 ) obtained con­

sid era b le  reduction in  germination in  ir r a d ia te d  tomato 

seed s. Matsura s i  s i  (1 95 7 ) a ls o  reported a considerable  

reduction in  the germination percentage o f wheat seeds  

a fte r  ir r a d ia tio n  with 20 kr X-rays and gamma rays.
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Micke (1958 and 1961) observed that when the seeds of 

M elilotus albus were treated  with X-rays ranging from 10- 

100 kr the germination cap acity  was u naffected, but le th a ­

l i t y  happened a fte r  about two weeks* Gottschalk and 

Scheibe ( i9 6 0 )  working with plants belonging to  leguminosae 

reported that the germ inability o f seeds was independent 

o f X-ray dose. Sim ilar reports came from Kundu sX  aX  (J.961) 

in  Chorchorus sp; Jan Sjodin (1962) working with V icia  faba, 

Katayama (1963) in  Orvza s a t iv a . Shastry and fiamiah (1961)  

in  Oryza, Jain e t  a l (1961) in  chrysanthemum and many other 

workers. Swaminathan s i  aX (1962) working with polyploid  

wheat a lso  came to  the conclusion that germ inability o f  

seeds was unaffected by low and moderate doses o f X-rays.

GROWTH OF PLANTS.

Kornicke (1 90 4 ) reported that in  B rassiea and V icia  

X-ray treatment o f seeds caused growth checking followed by 

an a ccelera tio n  of growth which was tra n sito ry  i f  the doses 

were not too high. The same author in  another report (1915)  

sta ted  that X-rays p a r a lle l other rays in  showing growth 

retardation with stronger doses but growth stim ulation  

with weaker doses. Miege and Coupe (1914) conducted ir r a ­

d iation  experiments on Raohanus and Leoidium and reported  

a stim ulating e ffe c t  which manifested i t s e l f  m  increased  

weight of leaves o f irrad iated  p lan ts as w ell as an 

in crease in  the tota lw eig h t. Schwarz (1914) a lso  found 

accelerated  growth in  V icia faba with weak doses of X-rays.
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J u n g lin g  (1 9 2 0 )  o b serv ed  t h a t  w ith  l i g h t  doses r o o t  grow th 

was u n a f f e c te d  w h ile  sh o o t grow th was in c r e a s e d .

T r a n s ito r y  a c c e le r a t io n  o f developm ent h a s  been 

o b serv ed  by Altman e t  a l  (1 9 2 3 )  i n  P h aseo lu s v u lg a r is  

i r r a d i a t e d  w ith  X -ra y s. A ccording to  them th e  s t im u la t io n  

dose v a r ie d  w ith  th e  s ta g e  o f  developm ent. A ncel (1 9 2 6 )  

b ased  on h e r  e x te n s iv e  ex p erim en t concluded t h a t  th e  so 

c a l l e d  ws tim u la t in g  e f f e c t ” o f  X -rays on developm ent o f  

p l a n t s  d id  n o t eftL st.

On th e  b a s is  o f  e x p e rim e n ta l ev id e n c e  o b ta in e d  on 

tw e lv e  d i f f i e r e n t  s p e c ie s  o f  p la n t s  S chw arts e t  a l  (1 9 2 3 )  

d e n ie d  th e  s tim u la t in g  a c t io n  o f  X -ra y s.

G e lle r  (1 9 2 4 )  a f t e r  e x a m in in g tb S o re s u lts  o f  e x p e r i­

m ents c o v e rin g  th e  p e r io d  o f  1 9 1 0 -1 9 2 3 , co n clu d ed  t h a t  lo w er 

d o se s  o f X -rays cau sed  a c c e le r a t io n  o f  developm ent w hile  

h ig h e r  d oses produced  a  d e p re s s in g  a c t io n .  He b e lie v e d  t h a t  

th e r e  was no d e f i n i t e  dose f o r  r e ta r d in g  o r  s t im u la t in g  p la n t  

grow th s in c e  th e  e f f e c t  was dependant on so many f a c t o r s .

A rn tzen  and K rebs (1 9 2 5 )  w orking w ith  p eas found 

t h a t  w ith  l i g h t  doses a  s t im u la t in g  e f f e c t  c o u ld  be demon­

s t r a t e d  f o r  th e  f i r s t ,  and in  some c a s e s  f o r  th e  second 

2 4  hour p e r io d  o f  e x p o su re . T h is  was fo llo w e d  by r e ta r d e d  

grow th.

I n  t r e a t i n g  d ry  and s p ro u tin g  seed s o f  wheat and 

p e a s w ith  v a r io u s  doses o f  X -ra y s, K o ltso v  and K o ltso v  (1 9 2 5 ) 

d id  n o t o b serv e  any s t a b l e  s t im u la t in g  e f f e c t .
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R evera (1 9 2 0 ) c o n sid e re d  in c re a s e d  developm ent o f  

a e r i a l  buds fo llo w in g  i r r a d i a t i o n  as a s t im u la tio n . In  th e  

same y e a r he re p o r te d  t h a t  X - ir r a d ia t io n  caused th e  r e t a r ­

d a tio n  in  th e  developm ent o f  c a s t e r  bean s. Goodspeed and 

Olson (1 9 2 8 )  s ta t e d  t h a t  a marked a e c e la r a t io n  o f growth and 

developm ent may r e s u l t  by a p p ro p ria te  X -ray d o ses. S h u ll 

and M itc h e ll  (1 9 3 5 ) concluded t h a t  s t im u la tiv e  e f f e c t  may 

be o b ta in e d  i f  a p p ro p ria te  c o n d itio n s  were employed. They 

dem onstrated  th e  a c c e le ra te d  development u sin g  *3 0 -1 2 0 r  o f  

f i l t e r e d  X -rays on s e e d lin g s  o f  common wheat o a ts  and sun­

flo w e r. E a r l ie r  flo w e rin g  was a ls o  r e p o r te d  by them.

There were a  number o f  e a r l i e r  r e p o r ts  in d ic a tin g  

t h a t  no k in d  o f  s t im u la tio n  was a s s o c ia te d  w ith  X -rays 

b u t on ly  r e t a r d a t i o n .  C apizzaro  (1 9 2 6 ) re p o r te d  tem porary 

r e t a r d a t i o n  o f  developm ent o c c u rrin g  i n  p ro p o rtio n  to  th e  

tim e o f  i r r a d i a t i o n  and th e  q u a li ty  o f  ra y s  u sed . M aisen 

and Mary (1 9 2 8 ) re p o rte d  marked i n h i b i t i o n  o f growth when 

seeds o f  Pisum sativum  were exposed t o  X -ray s. G locker 

e t  a l  (1 9 2 9 )  found r e ta r d a t io n  i n  growth o f b ean se e d lin g s  

p a r t i c u l a r l y  w ith  s o f te r  X -ray s.

Moore and H askins (1 9 3 3 ) re p o rte d  com plete i n h i ­

b i t i o n  o f  te rm in a l bud and extrem e f a s c i a t i o n  i n  c o tto n  

i r r a d i a t e d  w ith  h ig h  v o lta g e  X -ra y s .  Johnson (1 9 3 1 ) des­

c r ib e d  e x c e ss iv e  b ran ch in g  o f  stem o f  i r r a d i a t e d  H e lia n th u s  

and L ycopersicum . P a tte n  and Wigoder (1 9 3 9 ) su b je c te d  th e  

seed  o f b e a n s, m ustard  and b a r le y  to  r a d ia t io n  b u t f a i l e d
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to  g e t any marked s tim u la tio n . But Wort (1 9 4 1 ) re p o rte d  

t h a t  wheat seeds i r r a d i a t e d  w ith  low doses o f  X -rays p ro ­

duced l a r g e r  p la n ts  th an  th e  c o n tr o ls .  Jacob (1 9 4 9 ) re p o rte d  

" g ig a n tic "  p la n ts  i n  X -rayed Chorchorus P la n ts .

G elin  (1 9 5 4 ) re p o rte d  X -ray m u ta tio n s i n  peas 

and v e tc h e s , and reco rd ed  " v i t a l i t y  m u ta n ts" , i e .  ro b u s t 

m u lti-b ra n c h ed  ty p e s  and "m inus-m utants", such a s  dw arf­

n e s s ,  c h lo ro p h y ll d e f e c t iv e s ,  in h ib i te d  flo w e rin g  e t c .

These "m inus-m utants" were re p o rte d  to  r e v e r t  back to  

norm al ty p es m  l a t e r  g e n e ra tio n s . A g ig a s  form was a ls o  

re p o r te d  by him. Bruns (1 9 5 4 ) employed a dose o f 1 ,0 0 0 -  

2 0 ,0 0 0 r .  i n  T rifo liu m  p ra te n s e  and re p o r te d  dwarf and 

g ig a s  m u ta n ts.

Kuzin (1 9 5 5 ) ,  sum m arising th e  works o f S o v ie t 

S c i e n t i s t s  observed t h a t  d a ta  o b ta in e d  under p r a c t i c a l l y  

s im ila r  c o n d itio n s  a re  in d ic a t iv e  b o th  o f a  s tim u la tin g  

e f f e c t  and th e  absence o f  a s ta b le  p o s i t iv e  a c t io n . He 

re p o rte d  in c re a s e d  ro o t  e lo n g a tio n  i n  ry e  fo llo w in g  seed 

i r r a d i a t i o n  w ith  lOOr . I n  r a d is h  and p e a , th e  ro o t  le n g th  was 

r e p o r te d  t o  be s i g n i f i c a n t l y  g r e a te r  th a n  th e  c o n tr o ls  i n  

9 0 0 r . i r r a d i a t e d  groups. This s tim u la tin g  a c t io n  was re p o r­

te d  to  be a b sen t in  s o f t  w heats- In  an o th er v a r ie ty  o f  w heat, 

FTolov (1 9 3 6 ) found t h a t  r a d ia t io n  gave h ig h e r  y ie ld  and 

e a r l i e r  m a tu r ity . Kuzin (1 9 5 5 ) re p o r te d  t h a t  a ra d is h  

v a r ie ty  i r r a d i a t e d  w ith  1000 r .  gave e a r l i e r  r ip e n in g .



1 2

G ile s  (1 9 5 6 )  r e p o r te d  t h a t  i n  Solanum a c a u le  X - i r r a d ia -  

t i o n  cau sed  a  re d u c tio n  i n  s e e d lin g  grow th le a d in g  to  

d w arfin g . He re p o r te d  two p la n ts  i n  i r r a d i a t e d  l o t  which 

flo w e re d  p r o f u s e ly ,  produced l a r g e r  t e r r i e s  th a n  th e  

c o n t r o l s .  A s l i g h t  in c r e a s e  i n  h e ig h t  and w eight was 

o b serv ed  by  Spencer and C a b a n illa s  (1 9 5 6 )  i n  In d ig o fe ra  

e n d e c a p h y lla  fo llo w in g  X - i r r a d i a t i o n .  Yagyu and M o rris  

(1 9 5 7 )  found t h a t  m  X - i r r a d ia te d  to m ato , th e  s iz e  o f 

th e  f i r s t  two le a v e s  showed a  l i n e a r  c o r r e l a t i o n  w ith  th e  

d o se . B eard (1 9 5 8 )  found t h a t  i n  b a r le y ,  m a iz e , m u stard  

and s a ff lo w e re s  th e  h e ig h t  was l i n e a r l y  r e l a t e d  to  th e  

d o se .

From an e la b o r a te  s tu d y  S chw artz and Bay (1 9 5 6 )  

were a b le  t o  e s t a b l i s h  th e  s e e d lin g  h e ig h t-d o s e  c u rv e , 

p l o t t i n g  th e  s e e d lin g  h e ig h t a g a in s t  d o se . They found 

t h a t  a t  low  l e v e l s  th e r e  was th e  e x p e c te d  in v e r s e  r e l a ­

t i o n ,  b u t a  p o in t  was reach ed  a f t e r  which th e  o r i g i n a l  

trendw as=>reversed and a  f u r t h e r  in c r e a s e  i n  r a d i a t i o n  * 

dose r e s u l t e d  i n  an  in c r e a s e  i n  s e e d lin g  h e ig h t .  In  an 

e a r l i e r  p ap er Schw artz (1 9 5 4 )  n o te d  t h a t  a t  v ery  h ig h  

doses around 5 ,0 0 ,0 0 0  r  , where th e  s e e d lin g s  were tu r g i d  

and lo o k ed  p e r f e c t l y  n o rm al, grow th had c eased  a f t e r  

ab o u t 5 d ay s. S in c e  no d iv id in g  c e l l s  was o b serv ed  i t  

was su g g e ste d  t h a t  th e  growth was e n t i r e l y  due to  th e  

e lo n g a tio n  o f  c e l l s  a lre a d y  p r e s e n t  i n  th e  embryo.

Bose and Rao (1 9 5 9 )  i n  an  e x te n s iv e  work on th e



in d u ced  m u ta tio n s  i n  r i c e  re p o r te d  t h a t  th e  p la n ts  

from  seeds exposed up to  7 5 ,0 0 0  r  were norm al i n  ap p e a ra n ce , 

b u t showed slow  grow th i n  th e  s e e d lin g  s ta g e .  S h a s try  and 

Ramaih (1 9 6 1 )  r e p o r te d  c o n s id e ra b le  r e d u c tio n  i n  h e ig h t 

o f  th e  s e e d lin g s ,  th e  r e d u c tio n  b e in g  m ost pronounced 

beyond 22 k r .  P rem ature t i l l e r i n g  was n o tic e d  by them i n  

c e r t a i n  dw arf p l a n t s .

S c o s s i r o l i  a l  (1 9 6 1 )  r e p o r te d  X -ray  ex p erim en ts  

on T ritic u m  where th e y  ob serv ed  th a t  b o th  i n  t e t r a p l o i d  and 

h e x a p lo id  w heats X -ray  tre a tm e n t red u ced  th e  le n g th  o f  r o o ts  

s i g n i f i c a n t l y .  S im ila r ly ,  s i g n i f i c a n t  r e d u c tio n  i n  s e e d lin g  

le n g th  was a ls o  n o tic e d  by them i n  th e  t r e a t e d  s e r i e s .

They a ls o  re c o rd e d  t h a t  th e  a v erag e  le n g th  o f  in te rn o d e s  

was s h o r te r  i n  t r e a t e d  p la n ts  th a n  i n  th e  c o n t r o l .  T his 

le d  to  th e  r e d u c tio n  i n  t o t a l  p la n t  h e ig h t .  S c a r a s c ia  £ £  a l  

(1 9 6 1 )  r e p o r te d  t h a t  m  w heat th e  mean r o o t  and sh o o t le n g th  

was a  fu n c tio n  o f  d o se . They found t h a t  c e r t a i n  v a r i e t i e s  

w ere more s e n s i t i v e  to  X -rays th a n  o th e r s .

M icke (1 9 6 1 )  re p o r te d  a  78$  re d u c tio n  in h e ig h t  o f  

p la n ts  a t  f lo w e rin g  tim e a f t e r  i r r a d i a t i o n  w ith  4 0 ,0 0 0  r  i r r a ­

d ia t io n  w ith  5 ,0 0 0 - 1 0 ,0 0 0  re p  o f n e u tr o n s ,  th e  grow th was 

s t im u la te d . But no such s t im u la tio n  was o b serv ed  a f t e r  X- 

i r r a d i a t i o n .

Thus th e  p u b lish e d  r e p o r ts  le a d  to  no d e f i n i t e  

c o n c lu s io n s  re g a rd in g  th e  e f f e c t  o f  X -rays on grow th. In  

g e n e ra l i t  i s  ag reed  t h a t  a t  h ig h  doses grow th shows an  in v e rs e



r e l a t io n s h ip .  Again i t  i s  in flu e n c e d  by many f a c t o r s .

The s tim u la tin g  e f f e c t  o f  X -rays re p o r te d  by many a u th o rs  

has n o t y e t been proved c o n c lu s iv e ly .

F E R T I L I T Y

The f e r t i l i t y  o f  th e  X^ p la n ts  has been s tu d ie d  by 

s e v e ra l a u th o rs  w ith  s e v e ra l  p la n ts .  G ustafsson  (1 9 4 4 ) 

and F re is le b e n  and L e in (l9 4 3 )  re p o r te d  th a t  th e  f e r t i l i t y  

i n  b a r le y  d e c re a sed  w ith  in c r e a s in g  dose. S im ila r  r e s u l t  

came from Maekey (1 9 5 1 ) i n  b a r le y .  Wohrmann (1 9 5 5 ) s tu d ie d  

th e  p o lle n  '■ f e r t i l i t y  in  A lopecurus p r a te n s is  and a ls o  

o b ta in e d  dose p r o p o r t io n a l i ty  b o th  in  re g a rd  to  d i s t r i ­

b u tio n  on f e r t i l i t y  e la s s e s  and to  mean f e r t i l i t y .

C o n tra d ic to ry  to  th e  above r e p o r ts ,  G enter and 

Brown (1 9 4 1 )  s t a t e d  t h a t  i n  P h aseo lu s v u lg a r is th e re  was 

no d if f e r e n c e  in  p o lle n  s t e r i l i t y  i n  th e  c o n tr o l  and t r e a te d  

p l a n t s .  Z ach arias  (1 9 5 6 ) i r r a d i a t e d  soy-bean ( G lycine so.ja) 

and o b ta in e d  a d if f e r e n c e  o f 5$  betw een c o n tr o l  and 

tre a tm e n ts  b u t no d if fe re n c e  bein g  observed betw een d i f f ­

e r e n t  d o ses.B o th  Tedin and Hagberg (1 9 5 2 )  and H ackbarth 

(1 9 5 5 )  found no d if f e r e n c e  i n  f e r t i l i t y  between th e  

t r e a t e d  and c o n tr o l  m a te r ia ls  i n  L upinus.

Chaudhuri and Das (1 9 5 6 )  found th a t  m  X -ray  

t r e a t e d  Sesamum o r ie n ta le  th e  p e rc e n ta g e  o f p o lle n  s t e r i ­

l i t y  in c re a s e d  w ith  th e  dosage o n ly  u p to  4 0 ,0 0 0  r .  In  two



v a r i e t ie s  they  found t h a t  th e  p o lle n  s t e r i l i t y  decreased  

w ith f u r th e r  in c re a s e  in d o se , w hile in  an o th e r v a r ie ty  

they  found th a t  th e  p ercen tag e  of p o lle n  s t e r i l i t y  in c re a se d  

w ith  f u r th e r  in c re a s e  i n  dose.

Bekendam (1 9 6 1 ) showed th a t  in  r i c e  th e  percen tag e  

o f  s t e r i l i t y  in c re a se d  according to  th e  dose only  up to  a 

c e r ta in  l im i t  in d ic a tiv e  o f  a s a tu r a t io n  e f f e c t .  Thus 

th e  f e r t i l i t y  in  1 ,5 0 ,0 0 0  r  i r r a d i a t e d  l o t  was 5 8 .2 $  and 

in  3 ,2 0 ,0 0 0  r  i r r a d ia te d  l o t  i t  was 5 9 .4 $ .  This shows th a t  

th e  l i n e a r  r e la t io n s h ip  w ill  hold  t r u e  only  up to  a c e r ta in  

dose l i m i t .

Most o f  th e  workers agree t o  th e  co n clu sio n  th a t  

p o lle n  s t e r i l i t y  i s  l i n e a r l y  r e la te d  to  th e  dose. Evidences 

were a ls o  provided by Ehrenberg (1 9 5 5 ) in  b a r le y , Beard a l  

(1 9 5 9 ) in  b a r le y  and Kundu s i  a l  (1 9 6 1 ) i n  Chorchorus.

Ovule s t e r i l i t y  was a ls o  re p o rte d  to  be propor­

t io n a te  to  th e  dose. The s t e r i l i t y  in  th e  fem ale s id e  i s  

u s u a lly  le s s  d r a s t ic  th a n  in  th e  male s id e . G ustafsson 

(1 9 2 7 ) reco g n ised  two c la s s e s  o f s t e r i l i t y .  The f i r s t  

com prises such m utants th a t  a lre a d y  had reduced v i a b i l i t y  

i n  th e  v e g e ta tiv e  stag e  and conseq u en tly  poor seed s e t t in g  

and m utants th a t  were w holly o r p a r t i a l l y  s t e r i l e  due to  

a l te r e d  spike or flo w er s t r u c tu r e .  G ustafsson (1 9 4 7 ) 

re p o rte d  many such m utants in  b a r le y . W estergaard (1 9 2 8 ) 

as w ell as G ustafsson (1 9 4 7 ) re p o rte d  a p e c u lia r  mutant in



most o f  th e  s p ik e le ts  were s t e r i l e  except th e  top ones. 

G ustafeson, (1 9 4 1 ) re p o rte d  an o th er m utant w ith  re p e a te d ly  

ra m ifie d  e a rs  w ith  com plete ovule s t e r i l i t y .  S im ilar 

s t e r i l i t y  ty p es were a ls o  re p o rte d  by H arlan and Pope (1 9 2 2 ) 

and Smith (1 9 3 9 ) .

Smith (1 9 3 9 )  re p o rte d , i n  T ritieu m  monococcum an 

a n th e r le s s  m utant, where th e  a n th e rs  ceased  development 

b e fo re  o r  s h o r t ly  a f t e r  m eio sis .

The second type o f  s t e r i l i t y  d is tin g u is h e d  by 

G ustafsson (1 9 4 7 ) was, th a t  a ro se  as a r e s u l t  o f  d is tu rb e d  

m e io sis , caused by re c e s s iv e  fa c to rs .S m ith  (1 9 3 9 ) re p o rte d  

such s t e r i l i t y  i n  theprogeny o f  X -rayed T ritieu m  monococcum.

EFFECT OF PBE-SOAKING OH X-RAY 
------------SMSTCTITY.----------

S ince S ta d le r 's  in v e s t ig a tio n s  (1 92 8  b ) i t  has been 

known th a t  th e  m utation  frequency r i s e s  c o n sid e ra b ly  i f  

th e  seeds a re  soaked in  w ater b e fo re  i r r a d i a t i o n .  Moore 

and H askins (1 9 3 3 ) n o tic e d  th a t  presoaking  o f seeds b efo re  

i r r a d i a t i o n  enhanced th e  X-ray s e n s i t i v i t y  o f  c o tto n  seeds. 

Kumar and Jo sh i (1 9 3 9 ) re p o rte d  th a t  soaking o f seeds 

in c re a se d  th e  m utation  r a t e  and th a t  soaked ones in ju re d  

more th an  dry  ones. The f in d in g  o f th e  above workers has 

s in c e  been confirm ed by s e v e ra l in v e s t ig a to r s  (G u stafsso n  

1 9 4 0 , Wertz 194 0 , K aplanl940) .
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iG elin (1 9 4 1 )  a n a ly s in g  th e  co m p arativ e  e f f e c t i v e ­

n e ss  o f  X -rays on d ry  and soaked se e d s  found t h a t  se e d s 

c o n ta in in g  10$  w a te r show 1 2 .6 6 $  d is tu r b e d  d i v is io n ,  seeds 

w ith  1 5 $  w ater 2 7 .9 9 $  and seed s soaked f o r  2 3  h r s  i n  w ater 

o r  in 0 .0 1 $  h e te ro a u x in  s o lu t io n  5 3 .8 $  and 5 0 .9 9 $  d is tu rb a n c e s  

r e s p e c t i v e l y .

G u sta fsso n  (1 9 4 7 )  r e p o r te d  t h a t  th e  seed s t h a t  were 

soaked i n  w ater b e fo re  i r r a d i a t i o n  showed an i n f e r i o r  s p ro u t-
^C5

in g  a b i l i t y ,  a  h ig h e r  number o f  dead s e e d lin g s  and a  h ig h e r  

X^ s t e r i l i t y  th a n  seed s i r r a d i a t e d  in  th e  d ry  c o n d it io n . 

S im ila r  r e p o r ts  a ls o  came from D' Amato and G u sta fsso n  (1 9 4 8 )  

They fo u n d  t h a t  e e r t a i n  m u ta tio n s  such a s  th e  '’a lb o x a n th a '1 

d id  n o t a r i s e  a f t e r  an  i r r a d i a t i o n  o f  d ry  seeds b u t th e y  

were common i n  h y d ra te d  seed s e r i e s .

Mackey (1 9 5 1 )  r e p o r te d  t h a t  w ith  sm all in c r e a s e  i n  

w ater th e  c y to g e n e tic  i r r e g u l a r i t i e s  became more numerous 

and a c c o rd in g  t o  him t h i s  e f f e c t ,  a t  l e a s t  to  a  la r g e  

e x te n t ,  was due to  an in c r e a s e  i n  volume o f th e  s e e d . He a ls o  

found t h a t  i f  th e  seed s were p re -so a k e d  o n ly  f o r  a  few hours 

th e  in c r e a s e d  s e n s i t i v i t y  was r e v e r s i b l e  when th e  seed s 

were d e h y d ra te d  again.Nybom  e t  a l  (1 9 5 2 )  found t h a t  th e  

X -ray  s e n s i t i v i t y  o f  p re -so a k e d  g e rm in a tin g  b a r le y  seed s 

was a b o u t 6 -7  tim es g r e a te r  th a n  t h a t  o f  d ry  dorm ant s e e d s , 

th u s  s u g g e s tin g  san e c o r r e l a t i o n  betw een w ater c o n te n t  and 

X »ray s e n s i t i v i t y .



C a ld e c o tt (1 9 5 4 )  conducted c e r t a i n  ex p erim en ts to  

e s t a b l i s h  th e  r e l a t i o n  betw een h y d ra tio n  and r a d i a t i o n  

e f f e c t .  He p o in te d  o u t t h a t  " i f  th e  r o l e  o f  w a te r i n  

th e  s e n s i t i z i n g  o f  a  system  ctb X - i r r a d i a t i o n ,  i s  i n  la r g e  

p a r t  due to  chem ical e v e n ts  i n c i t e d  th ro u g h  r a d i c a l  

p ro d u c tio n , i t  would seem re a s o n a b le  to  assume t h a t  i n  

any b io lo g ic a l  system  i n  which th e  w a te r c o n te n t co u ld  

be v a r ie d  over r a t h e r  wide l i m i t s ,  th e  ra d io —s e n s i t i v i t y  

o f  th e  system  would in c r e a s e  w ith  in c r e a s in g  w ater c o n te n t" . 

C a ld e c o tt  found t h a t  th e  w ater c o n te n t o f  th e  seed s sh o u ld  

be in c r e a s e d  from 7$ o f  t h e i r  t o t a l  w eight i n  th e  unsoaked 

c o n d itio n  to  a b o u t 20$ i n  th e  soaked s e e d s , b e fo re  th e r e  

was an  in c r e a s e  i n  t h e i r  r a d i o - s e n s i t i v i t y .  In c re a s in g  

th e  w a te r c o n te n t o f  th e  seeds above 20$  r e s u l t e d  i n  th e  

s t r i k i n g  in c r e a s e  i n  ra d io  s e n s i t i v i t y .

In  a n o th e r r e p o r t  C a ld e c o tt ( l 9 5 4 )  p r e s e n ts  ev id en ce  

f o r  an in v e r s e  r e l a t i o n s h i p  betw een th e  w a te r c o n te n t o f  

th e  seed s and t h e i r  r a d i o - s e n s i t i v i t y .  T his r e l a t i o n s h i p  

was found to  h o ld  t r u e  f o r  doses o f 1 0 ,2 0 ,3 0 ,4 0  and 50  k r .  

C a ld e c o tt  ^1 9 5 5 ) a ls o  showed t h a t  th e  s e n s i t i v i t y  o f  

b a r le y  seed s to  X -rays as m easured by th e  in h ib i t io n c o f  

s e e d lin g  grow th and th e  freq u en cy  o f  chromosomal a b e r r a t i o n s ,  

d e c re a se d  as th e  w a te r c o n te n t i n  th e  embryo in c re a s e d  from 

ab o u t 4$ to  8 $ .

L e f o r t  ( 1 9 5 4 )  fo u n d  t h a t  d ry  dorm ant s e e d  o f  

L vcopersicum  escu len tu m  was about 4 to  5 tim es a s  r e s i s t a n t  

to  X - i r r a d i a t i o n  a s  seed s p re v io u s ly  soaked i n  w a te r .
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H ackbarth  (1 9 5 5 )  from h i s  ex p erim en ts  on 3 s p e c ie s  o f  

Lup1 nils found t h a t  th e  so ak in g  o f  seeds i n  w ater p re v io u s  

to  i r r a d i a t i o n  w ith  a dose o f  10 k r .  gave a c o n s id e ra b ly  

g r e a te r  number o f  m u tan ts th a n  th e  d ry  se e d s .

L e sle y  and L e sle y  (1 9 5 7 )  s u b je c te d  tom ato seed s 

to  X -rays i n  th e  d ry  and p re -so a k e d  c o n d it io n s .  They found 

t h a t  th e  p e rc e n ta g e  o f  g e rm in a tin g  seed s was low er i n  

soaked seed s th a n  i n  th e  d ry  se e d s and a ls o  more i r r e g u la r .  

P la n ts  o b ta in e d  from soaked i r r a d i a t e d  seed s were slow er

i n  grow th, more i r r e g u l a r  i n  m e io s is  

s t e r i l e .

and p a r t i a l l y  m ale

E hrenberg  (1 9 5 8 )  co n clu d ed  t h a t  soaked  seed s were 

more s e n s i t i v e  to  X -rays th a n  dorm ant s e e d s , s to r e d  un d er 

o rd in a ry  c o n d it io n s .  In  an  e a r l i e r  p ap er (E h ren b erg  jg±, a l  

1 9 5 3 ) i t  was a ls o  r e p o r te d  t h a t  w ith  low  dosages th e  p re ­

soaked seed s re a c h e d  h ig h e r  l e v e l s  o f  m u ta b i l i ty  th a n  th e  

dorm ant o n e s . In  one in s ta n c e  he found t h a t  w ith  a  dose 

o f  625 r  i n  b a r le y ,  th e  m u ta tio n  r a t e  i n  soaked seed s was 

seven tim es h ig h e r  th a n  t h a t  m  dormant s e e d s . I t  was a ls o  

shown by th e  same a u th o r  t h a t  i n  b a r le y  th e r e  was a co n s­

p icu o u s d e c re a se  i n  m u ta tio n  r a t e  o f  p re -so a k e d  seed s 

a s  th e  dose in c r e a s e d . S ooner o r  l a t e r  th e  m u ta tio n  r a t e  

dropped down to  th e  c h a r a c t e r i s t i c  m u ta tio n  r a t e  o f  dorm ant 

se e d s . W ith v ery  h ig h  dosages th e  p re -so a k e d  seed s gave 

low  m u ta tio n  r a t e s  o f te n  lo w er th a n  dormant s e e d s .

H ansel and Zakovsky (1 9 5 6 )  found t h a t  th e ty p e s  of



m utants produced were d i f f e r e n t  i n  soaked and d ry  i r r a d i a ­

te d  se e d s. This was i n  accordance w ith  th e  p re v io u s  f in d in g  

o f  D’ Amato and G u stafsso n  (1 9 4 8 ) .

H aekbarth (1 9 5 5 ) observed th a t  th e  in c re a s e d  ra d io ­

s e n s i t i v i t y  o f  p re -so a k ed  seeds h o ld s  tr u e  o n ly  i n  th e  

c a s e  o f  X -rays and t h a t  in  n e u tro n  i r r a d i a t i o n  th e re  was 

no such d if f e r e n c e .  C onfirm atory  r e p o r ts  on t h i s  a ls o  came 

from  C a ld e c o tt (1 9 5 7 )  and from Matsuo and Ando (1 9 5 8 ) .

Ehrenberg (1 9 5 5 ) s ta te d  t h a t  when c e l l s  i r r a d i a t e d  

w ith  th e  same X -ray dose a t  7 and 20$  m o is tu re , a p p ro x i­

m a te ly  th e  same amount o f  energy a re  d is s ip a te d  p e r c e l l  

i n  b o th  c a s e s . The r a d ia t io n  i n j u r y  was,however, ab o u t 4 

tim es g re a te r  i n  th e  form er.S uch in v e rs e  r e la t io n s h ip  between 

w ater c o n te n t and X -ray s e n s i t i v i t y  was a ls o  r e p o r te d  by 

Korah (1 9 5 7 ) .

S h a s try  and Bamiah (1 9 6 1 ) found t h a t  p re -so a k in g  

o f  r ic e  g ra in s  b e fo re  i r r a d i a t i o n  alm ost doubled th e  

m u ta tio n  r a t e .

Kundu (1 9 6 1 )  w orking w ith  J u te  observed

few er abnormal p la n ts  in  th e  soaked and i r r a d i a t e d  seeds 

th a n  i n  dry  i r r a d i a t e d .

Thus th e  r e p o r ts  on th e  r o l e  o f  p reso ak in g  in  

th e  r a d ia t io n  s e n s i t i v i t y  a re  c o n tr a d ic to r y . But i t  i s  

g e n e ra lly  a c cep ted  th a t th e  apresence o f w a te r, e s p e c ia l ly



when i t  c o n ta in s  d is s o lv e d  oxygen, i s  conducive o f m uta- 

g e n e c is . T his i s  m  l i n e  w ith  th e  id e a s  o r ig in a lly -  

su g g ested  by F ric k e  (F r ic k e  1 9 2 4 , 1 93 5 , F rie k e  and H art 1936 

F rie k e  s i  1 9 3 8 ) who reg ard ed  much o f  th e  b io lo g ic a l  

as w e ll as  chem ical in f lu e n c e s  o f  io n iz in g  r a d ia t io n s  a s  

due to  th e  fo rm atio n  o f a c t iv e  oxygen c o n ta in in g  groups 

(OH, Hg 02 )  from w ater and from oxygen d is s o lv e d  i n  w a te r.

A

CYTOGENETIC EFFECTS OF X-RAYS

The p a s t  q u a r te r  c e n tu ry  h as w itn e sse d  a trem endous 

amount o f r e s e a rc h  d e a lin g  w ith  th e  c y to lo g ic a l  e f f e c t s  o f 

v a r io u s  r a d ia t io n s .  The l i t e r a t u r e  on th e  s u b je c t  i s  volu­

m inous. The fre q u e n c ie s  and ty p es o f aberrations have proved 

to  be e f f e c t iv e  y ard  s t i e k s  f o r  th e  c y tr o lo g ie a l  a ssa y  o f  

r a d ia t io n  damage. These d a ta ,  to g e th e r  w ith  th o se  from 

com parable g e n e tic a l  and p h y s io lo g ic a l  s tu d ie s ,  have p ro -
A
- v ided some id e a  a s  to  how th e  in d iv id u a l  c e l l  may be k i l l e d

o r  a l t e r e d  te m p o ra rily  o r  perm anently  by r a d ia t io n .

The f i r s t  p u b lish e d  r e p o r t  o f th e  c y to lo g ic a l  e f f e c t s  

o f  X -rays was t h a t  o f L o p rio re  (1 0 9 8 ) who found t h a t  X -ray 

tre a tm e n t o f  Y a lis n a r ia  s p i r a l i s  produced an a c c e le r a t io n  

o f p ro to p la sm ic  stream in g  which was checked by lo n g e r ex­

p o su re s . L a te r  S eck t (1 9 0 2 ) dem onstrated  th e  same e f f e c t  

i n  O x alis  and Mimosa . W illiam s (1 9 2 3 ) found t h a t  X -ray 

tre a tm e n t caused changes in  cytoplasm  v is c o s i ty .
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Ju n g lin g  and Langendorf (1 9 3 0 ) dem onstrated  changes 

i n  th e  rhythm o f n u c le a r  d iv is io n  a f t e r  X -ray tre a tm e n t 

o f  V. fa b a  r o o t  t i p s .  P a tte n  (1 9 2 9 ) and Nakagawa (1 9 3 1 ) 

o b ta in e d  c o n s id e ra b le  m ito tic  d e p re ss io n  a f t e r  X -ray i r r a ­

d ia t io n .

x - gay  „e f f e ct  ,.,o n ,,g rogs jflNuwa&saaJuBfaansfl&»__

Gross chromosisomal a b e rra tio n s  a re  th e  main o b serv ab le  

c y to lo g ic a l  e f f e c t  o f  X -ray s. I t  i s  now known t h a t  chromo­

some breaks a re  produced w ith  a  frequency  sim ply p ro p o rtio n a te  

to  th e  t o t a l  dosage o f  io n iz in g  r a d ia t io n  a p p lie d . M uller 

(1 9 5 4 )  s t a t e s  t h a t  “th e  freq u en cy  o f  g ro ss s t r u c t u r a l  

changes v a r ie s  as a power o f  th e  dose h ig h e r  th an  one when 

X -or Gramma-rays a re  a p p lie d  i n  o rd in a ry  doses s in c e  w ith  

such i r r a d i a t i o n  th e  brokenends which u n ite  a re  u s u a lly  

produced by in d e p e n d e n tly  a r i s i n g  b reak s and th e  p ro d u c ts , 

th e  s t r u c t u r a l l y  changed chromosomes th e r e f o r e  re p re s e n ts  

a c o n c a te n a tio n  o f  e f f e c t s ” .

The p rim ary  g e n e tic  event i n  s t r u c t u r a l  changes 

has been proved to  be due to  th e  breakage o f  th e  chromo­

some th re a d . T his i n t e r p r e t a t i o n  was f i r s t  advocated by 

L e v itsk y  and A ra ra tio n  ^1931 ) on th e  b a s is  o f t h e i r  

s tu d ie s  on p la n ts  C repis « V ic ia  and S ecale  and by S ta d le r  

(1 9 3 2 )  on th e  b a s is  o f  h is  r e s u l t s  w ith  m aize. This has 

f u r t h e r  been su p p o rted  by M cClintoek (1 93 2  , 1 9 3 8 , 1 93 9 ) 

M uller and h is  co-w orkers ^11937 , 1 9 3 8 ,1 9 3 9 , 1 9 4 0 ) and 

by Sax (1 9 3 9 ) ,



Lea and C a tc h e sid e  (1 9 4 2 )  w orking w ith  T ra d e s c a n tia  

found t h a t  ch ro m atid  b re a k s  and is o c h ro m a tid  b re a k s  were 

in d u ced  a t  th e  p rophase s ta g e ,  w h ile  chromosome b re a k s  and 

chromosome in te rc h a n g e s  in d u ced  a t  th e  r e s t i n g  s ta g e .

In  b a r le y  Maekey (1 9 5 1 )  r e p o r te d  t h a t  th e  fre q u e n c y  o f  

c e l l s  w ith  frag m en ts  gave a l i n e a r  r e l a t i o n s h i p  to  th e  dose 

w ith  a  s lo p e  down a t  h ig h e r  dosages due to  a s a t u r a t i o n  e f f e c t .  

In  T ritie u m  v u lg a re  i t  was shown by Wagner (1 9 5 0 )  t h a t  th e  

neighbourhood o f  th e  cen tro m ere  and th e  ends o f  th e  chromo­

somes were much more s u s c e p t ib le  t o  X -ray  e f f e c t  and t h a t  

b reak ag e ta k in g  p la c e  m o stly  in  th e s e  re g io n s .

In  A llium  cep a  Rasch (1 9 5 2 )  o b serv ed  th e  fo llo w in g  

e f f e c t s  o f  X -ray s: tem p o rary  i n h i b i t i o n  o f  m i to s is ,  abnoijmal 

n u c le a r  d iv is io n s  cau sed  by a l l  ty p e s  o f  chrom osonal abeifa- 

t i o n s , abnorm al c e l l  d iv is io n s  and f i n a l l y  d e g e n e ra tio n  o f  

th e  n u c le i  and c e l l s  which were s e v e r e ly  damaged by th e  

o r i g i n a l  tre a tm e n t o r  had s u f f e r e d  su b seq u en t d i s o r i e n t a ­

t i o n .  The a b e r r a t io n  fre q u e n c y  was found to  be d i r e c t l y  

r e l a t e d  to  th e  d o se .

D avidson (1 9 5 7 )  o b serv ed  on V ie ia  fa b a  i n t e r s t i t i a l  

u n io n  o f  c h ro m a tid s ,m o stly  a t  homologous and r a r e l y  a t  

non-hom ologous p o in ts  and te rm in a l  u n io n  o f  ch ro m atid s  

(p o in t  u n io n s ) .  Such p o in t  unions d id  n o t occu r i n  a 

l im i te d  segm ent ab o u t th e  c e n tro m e re . Yagayu and M o rris  

(1 9 5 7 )  r e p o r te d  t h a t  in  X -ray i r r a d i a t e d  se e d s o f  to m ato ,
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the most observable chromosomal changes were the 

anaphase bridges and fragments, the frequency o f which 

varied lin e a r ly  with the dose. Such a lin e a r  rela tio n sh ip  

between dose and bridges and fragments was recen tly  reported  

by Basu (1962) in  root t ip s  o f ju te a fte r  seed irra d ia tio n  

with X-rays.

P a til  and Bora (1961) reported m ulti n u clei fo r­

mation follow ed by X-ray irra d ia tio n  o f seeds o f Arachis 

hvpogaea . Lagging o f chromosomes as a r e su lt o f the 

in a c tiv a tio n  o f centromere was noted by Sparrow (1 9 6 1 ).

M isd ivision  o f  centromere has been observed by Haque 

(1953) . Nondisjunction was n oticed  by Haque (1 9 5 3 ),

Swanson (1956) and Yagayu and Morris (1957) .

Swanson (1 95 7 ) and Sparrow (1961) reported chromosome 

stiek n ess and clumping as an immediate r e su lt o f  irra d ia ­

tio n  with high doses.

P ersisten t n u c le o li were observed m  irrad iated  

m aterial by McClintock (1 9 4 1 ) ,Sparrow (1961) and Evans 

(1 9 6 1 ).

Pseudochiasmata in  the somatic c e l l s  were reported  

by D1Amato (1954) and by Haque (1961) fo llow in g irra d ia tio n .



^  ^  * LIEitA S  ’

OBSERVATION ON SEGREGATING GENERATION (Xg)

An a n a ly s is  o f  th e  Xg p o p u la tio n  w il l  g ive an id e a  as 

to  what e x te n t th e  employed doses a re  e f f e c t iv e  i n  produc­

in g  m u ta tio n s . From such a n a ly se s  v a rio u s  m u ta tio n s were 

re p o rte d  by many a u th o rs  i n  v a rio u s  p la n ts .

G u stafsso n  (1 9 4 7 ) s ta te d  t h a t  th e m u ta tio n  tjppes o b ser­

ved i n  th e  s e g re g a tin g  g e n e ra tio n  m ight be d iv id e d  in to  

th r e e  ty p e s .

1 .  C h lo ro p h y il m utants

2 .  S t e r i l i t y  and l e t h a l i t y  m utants o f d i f f e r e n t  ty p e s

3 . V ita l  m u ta n ts .

The v i t a l  m u ta tio n s may be e i t h e r  m orp h o lo g ical o r  p h y sio ­

l o g i c a l  in  n a tu r e .

G ustafsson  (1 9 4 0 ) re c o rd e d  v a rio u s  ty p e s  o f  c h lo ro p h y ll 

m u tatio n s i n  th e  s e g re g a tin g  g e n e ra tio n  o f  X -rayed b a r le y .

He i d e n t i f i e d  v a rio u s  m utant ty p e s  such as 'A lbina,1 'Xantha,' 

’V irescen s,' ^ h l o r i n a  ' e t c . , F reA slben and L e in (l9 4 3 )  and 

F r o ie r  (1 9 4 6 ) a ls o  reco rd ed  d i f f e r e n t  ty p e s  o f  such m u tatio n s 

i n  b a r le y .

S jo d in  (1 9 6 1 ) s ta te d  t h a t  c h lo ro p h y ll m u ta tio n s were 

c o m p a ra tiv e ly  r a r e  i n  th e  s e g re g a tin g  g e n e ra tio n  o f  legum inous 

p la n t s .  He found t h a t  i n  legum inous p la n ts  th e  1 vididis 1 
ty p e  was th e  m ost common, which was c h a r a c te r is e d  by d i f f ­

e re n t  shades o f g reen . In  one ca se  he o b ta in e d  a se g re g a tio n  

r a t i o  o f 19 norm al: 6 a lb in a  from an X^ p la n t .

^  V E L L A Y A  |
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B lix t  (1 9 6 1 ) re p o r te d  a ty p e  o f  c h lo ro p h y ll m utant 

in  Xg and Xg o f  p e a s , which has been named a s  ’c h lo r o t ic a  

v a rio m a e u la ta 1, c h a r a c te r is e d  by p a tc h e s  o f green  and 

y ello w  s p o ts .

MoEBhp.lp.gj p a l ..ffiH t.a.t_lfiils_in Xg 

L eaf Types.

Goodspeed (1 9 2 8 ) re p o rte d  c r in k le d  and puckered 

le a v e s  i n  s e g re g a tin g  p o p u la tio n s  o f  i r r a d i a t e d  to b acco . 

K o rla c h a r and K illo u g h  (1 9 3 1 , 1 9 3 2 , 1 9 3 3 ) o b ta in e d  a 

fo rk e d  l e a f  m utant which i n h e r i te d  as a sim ple r e c e s s iv e . 

G u stafsso n  (1 9 4 7 )  s t a t e d  t h a t  b o th  b ro ad er and narrow er 

le a v e d  m utants were common i n  th e  Xg and X3 o f  i r r a d i a t e d  

b a r le y . Narrow and sm all leav ed  m utants were a ls o  re p o rte d  

by Athwal (1 9 6 1 ) i n  C ic e r .

S jo d in  (1 9 6 1 )  d e sc rib e d  an i n t e r e s t i n g  ' u n i f o l i a t a 1 

m utant i n  th e  X2 o f V ic ia  fa b a  w ith  sim ple le a v e s  in s te a d  

o f th e  norm al t r i f o l i a t e  le a v e s .  Such u n i f o l i a t a  m utants 

had a ls o  been n o te d  by Scheibe and G o ttsch alk  (1 9 5 6 ) and 

G o ttsc h a lk  (1 9 5 8 ) .

■OEfflMth. M lPi.t.

In  many c a se s  changes i n  th e  p a t te r n  o f growth 

o ccu rs under th e  in f lu e n c e  o f  r a d ia t io n .  Thus Wohrmann

(1 9 5 6 )  n o te d  t h a t  X -rays induced  t r a i l i n g  h a b it  in  non­

t r a i l i n g  ty p e s  o f  A lopeeurus p r a t e n s i s .  G elin  (1 9 5 4 )



o b ta in e d  m u lti-b ra n c h e d  ro b u s t  m u tan ts from  th e  o f 

i r r a d i a t e d  V ic ia  s a t i v a .

B u tle r  (1 9 5 4 )  r e p o r te d  two p e c u l ia r  ty p e s  o f 

tom ato p la n ts  c a l l e d  'p r o p e l le r *  and ' r o s e t t e 1.

Athwal (1 9 6 1 )  r e p o r te d  bushy m u tan ts i n  th e  Xg 

o f  i r r a d i a t e d  C ic e r , c h a r a c te r is e d  by v e ry  sm all i n t e r ­

nodes and c lo s e ly  packed le a v e s  and l e a f  l e t s .

N a ra h a ri and B ora (1 9 6 3 )  n o te d  s h o r t  eulm ed m utants 

i n  th e  second g e n e ra tio n  o f  i r r a d i a t e d  r i c e .

Flow er c h a n g e s.

Goodspeed (1 9 3 0 )  n o te d  f lo w e r c o lo u r  changes in  

th e  p ro g e n ie s  o f  i r r a d i a t e d  to b a c c o . I n t e r e s t i n g  flo w e r 

c o lo u r  changes were observed  by S jo d in  (1 9 6 1 )  i n  th e  X 

o f  V ic ia  fa b a  .Such flo w e r c o lo u r  changes were a ls o  

re p o r te d  by B runs (1 9 5 4 )  i n  T rifo liu m  and M e h lq u ist

(1 9 5 7 )  i n  © a rn atio n  and by Hoffmann and gosehke ■ (1955) i n  

Linum.

S jo d in  (1 9 6 1 )  re p o r te d  m u tan ts c h a r a c te r is e d  by 

s h o r t  c o r o l l a  tu b e s ,  abnorm al p e t a l s  and deform ed stigm as 

i n  th e  Xg o f V ic ia  f a b a . J a in  a l  (1 9 6 1 )  r e p o r te d  

double flo w e re d  m u tan ts i n  th e  second g e n e ra tio n o f  

Chrysanthemum. Menon (1 9 6 3  -  O ral com m unication) 

o b ta in e d  m utant p la n ts  in  cosmos w ith  two w horls o f  r a y  

f l o r e t s  i n s te a d  o f  one.



B h a tia  and Swaminathan (1 9 6 3 ) noted  m u ltip le  c a rp e l 

flow er m u tatio n  in  th e  se g re g a tin g  g e n e ra tio n s o f i r r a ­

d ia te d  bread wheat. T his c h a ra c te r  was re p o rte d  to  be 

re c e s s iv e  to  th e  norm al.

Jag ath esan  and S h a s try  (1 9 6 3 ) observed tw is te d  and 

d iv id ed  s ty le  in  th e  M2 o f  i r r a d ia te d  jfaaaypiwn MESttfc3ffl 

Swaminathan (1 9 6 3 ) re p o rte d  a m utant i n  Gossvpium in  

which th e  stam in al column and th e  s ty le  developed s e p a ra te ly .

Lechner (1 9 5 9 ) re p o rte d  changes i n  th e  p o s it io n  o f 

f r u i t s  in  V ic ia fa b a . S jodin  (1 9 6 1 ) found p la n ts  w ith 

h a i r le s s  pods m  Xg o f V icia  fab a  in s te a d  o f th e  normal h a iry  

ty p e s. Long and narrow pods were a ls o  re p o rte d  by him.

G u staffsson  (1 9 4 7 ) d escrib ed  th e  famous e re c to id  

m utants c h a ra c te r is e d  by very compact e a rs  and w ith  pro­

je c tin g  k e rn a ls . Swaminathan (1 9 6 3 ) o b tain ed  awned wheat 

p la n ts  from th e  Xg o f  an i r r a d ia te d  awnless v a r ie ty .

Rai (1 9 5 8 ) describ ed  a m utant in  B ra ssic a  w ith narrow  

sle n d e r e r e c t  pods. Tipped g ra in  m utants were o b ta in ed  

by N arahari and Bora (1 9 6 3 ) m  r i c e .

S < S £ d _ £ h 2 £ 3 £ j£ £ 2 .
S ta d le r  (1 9 3 1 ) o b ta in ed  a la rg e  number o f  m utants 

in  Zea mavs w ith changes in  seed c h a r a c te r s .  Most o f th e s e
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a f f e c t  th e  c o lo u r  o f  s e e d s . Alm ost a l l  o f  th e s e  were 

r e p o r te d  to  he in h e r i t e d  a s  sim p le  r e c e s s iv e s .  Zaehow

(1 9 5 8 )  o b ta in e d  m utant p la n ts  i n  th e  Xg and X^  o f 

i r r a d i a t e d  L upinus lu te u s  c h a r a c te r is e d  by sm a lle r  se e d s . 

T his proved to  be monogenic r e c e s s iv e  in - n a tu r e .  A nother 

m u tan t i s o l a t e d  by him had  sp e c k le d  s e e d s .S jo d in  (1 9 6 1 )  

re p o r te d  t h a t  m ost o f  th e  m u ta tio n s  in d u ced  i n  V ic ia  fa b a  

were c o n cern in g  th e  seed  c o a t  c o lo u r .  He o b ta in e d  about 

15 seed  c o a t c o lo u r  m u ta tio n s  from th e  Xg o f  i r r a d i a t e d  

V. F aba. The m ost common change b e in g  from th e  norm al 

y e llo w is h  t o  b la c k . Some o f  th e  c o lo u r  changes were a ls o  

re p o r te d  to  be a s s o c ia te d  w ith  o th e r  c h a r a c te r s  such as 

e a r l i n e s s ,  grow th h a b i t  e t c .

N ishim ura and Kurakami (1 9 5 2 )  and Campos and 

E s p i r i t u  ( i 9 6 0 )  r e p o r te d  seed  c o lo u r  m u ta tio n s  i n  r i c e .

S t e r i l i t y  m u ta tio n s .

S t e r i l i t y  m u tan ts were r e p o r te d  to  be common i n  

th e  s e g re g a tin g  p o p u la tio n s  a f t e r  X -ray tr e a tm e n t.  Such 

p la n ts  were abnorm al and u s u a l ly  f a i l e d  to  f lo w e r. Such 

m u tan ts were r e p o r te d  by  G u sta fsso n  (1 9 4 7 )  i n  b a r le y  

and S j o d i n ( l 9 6 l )  i n  V ic ia  f a b a . Athwal (1 9 6 1 )  r e p o r te d  t h a t  

th e  s t e r i l e  m u tan ts o b ta in e d  by him i n  C ic e r  has g o t 

l u x u r ia n t  v e g e ta t iv e  grow th and rem ained g reen  f o r  a 

lo n g e r  tim e . He re p o r te d  two ty p e s  o f  s t e r i l e  m u ta n ts , 

in to n e , th e  f lo w e rin g  was norm al b u t  th e  a n th e r s  f a i l e d  to
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d e h ise  and th e  p i s t i l  deform ed. In  th e  o th e r ,  th e  

f lo w e r was h ig h ly  abnorm al w ith  non f u n c t io n a l  stam ens 

and a n th e r s .

 00O00—
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M A T E R I A L S  A N D  M E T H O D S

The p r e s e n t  i n v e s t i g a t i o n  was c a r r i e d  o u t i n  th e  

D iv is io n  o f  A g r ic u l tu r a l  B otany, A g r ic u l tu r a l  C o lleg e  

and R esearch  I n s t i t u t e ,V e l l a y a n i ,  Trivandrum  i n  th e  

y e a r  1 9 6 3 -6 4 .

The m a te r ia l  s e le c te d  f o r  s tu d y  i s  an  e s ta b l is h e d  

v a r i e t y  o f  cowpea ( Vigna s i n e n s i s )  known as "A frican "  

T h is i s  an e a r ly  v a r i e t y ,  w hich ta k e s  ab o u t 7 0 -9 0  days 

to  m a tu r i ty .  The p la n t  i s  bushy i n  h a b i t ,  g ra in s  a re  

r e d  and s m a ll ,  Pure seed m a te r ia l  o f t h i s  v a r i e t y  was 

o r i g i n a l l y  o b ta in e d  from  th e  P u ls e  S p e c i a l i s t ,  A g ri­

c u l t u r a l  C o lle g e  and R esearch  I n s t i t u t e ,  C oim batore, and 

was m a in ta in e d  i n  th e  D iv is io n  o f  A g r ic u l tu r a l  B otany 

A g r ic u l tu r a l  C o lleg e  and R esearch  I n s t i t u t e ,  V e lla y a n i. 

The seed s were u n ifo rm ly  d r ie d  i n  th e  sun. Seeds o f  u n i­

form  s i z e  were s e le c te d  f o r  th e  i n v e s t i g a t i o n .

The X -ray i r r a d i a t i o n  was g iv e n  a t  th e  A g ric u l­

t u r a l  C o lleg e  and R esearch I n s t i t u t e ,  C oim batore, by  a  

P h i l i p s  X -ray u n i t .  The m achine o p e ra te d  a t  50 KVP and 

w ith  3 mA. o f tu b e  c u r r e n t  w ith o u t f i l t e r .  The t a r g e t  

d is ta n c e  was 12 cms. The dose d e l iv e r e d  was 68  r /s e c o n d .

The s e e d lo t  f o r  i r r a d i a t i o n  was d iv id e d  in t o  two. 

One h a l f  was soaked i n  d i s t i l l e d  w ater f o r  10 h o u rs  and 

th e  o th e r  h a l f  k e p t as d ry  s e e d s .



B oth soaked and d ry  seed s w ere sp re a d  i n  ca rd b o a rd  

boxes i n  a  s in g le  la y e r  and th e n  exposed to  d i f f e r e n t  

doses o f  X -ra y s. The doses employed were 1 ,0 0 0 ,  3 ,0 0 0 ,  

5 ,0 0 0 ,  7 ,0 0 0 ,  9 ,0 0 0 ,  1 1 ,0 0 0 ,  1 3 ,0 0 0  and 1 5 ,0 0 0  r  u n i t s .

Two hundred  seed s were i r r a d i a t e d  f o r  each tr e a tm e n t.

Thus th e r e  were e ig h t  doses and 16 tr e a tm e n ts .  Two 

c o n tr o ls ,  one soaked and th e  o th e r  d ry , were ta k e n  f o r  

com parison. T able 1  shows th e  d i f f e r e n t  t r e a tm e n ts .

The i r r a d i a t e d  seed s were sown th e  n e x t day . A ra n ­

domised b lo c k  d e s ig n , w ith  fo u r  r e p l i c a t i o n s  was u se d .

Ten seed s were sown i n  each p o t.

Along w ith  th e  p o t  c u l t u r e ,  a n o th e r  l o t  o f  hundred 

seed s from each tre a tm e n t and c o n tr o l  were sown i n  beds 

to  s tu d y  th e  g e rm in a tio n  p e rc e n ta g e , s u r v iv a lp e rc e n ta g e  

and to  g e t  a  la r g e  p o p u la tio n  f o r  o b ta in in g  in fo rm a tio n s  

on c h lo r o p h y ll  m u ta tio n s , p o lle n  s t e r i l i t y  and o th e r  

m o rp h o lo g ic a l c h an g es.

For m ito tic  s tu d ie s  th e  t r e a t e d  and c o n tr o l  seed s 

w ere g erm in ated  on m o is t f i l t e r  p ap er i n  p e t r i d i s h e s .  When 

th e  r o o ts  a t t a i n e d  ab o u t 2 cm. i n  le n g th ,  th e  t i p s  were 

c u t  an<  ̂ f ix e d  i n  3 : l s l  a lc o h o l a c e t i c  a c id ,  ch lo ro fo rm  

m ix tu re .

Out o f  th e  te n  seeds sown i n  each  tr e a tm e n t few 

se e d s  d id  n o t g erm in ate  and among th e  g erm in ated  ones few 

d id  n o t s u rv iv e . I t  i s  known t h a t  l e t h a l i t y  m a in ly  o ccu rs
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TBEASMEKffS e m p lo y e d  in  tee bxebhembnp

Treawaenb No• Tieateenta.

1 1,000 r Soaked

a 1,000 p Dry

3 3 ,000  r Soaked

4 3 ,00 0  r Dry

5 5,000  r Soaked

6 5,000 r Dry

7 7 ,000  r Soaked

8 7,000  r Dry

9 9,000 p Soaked

10 9,000  P Dry

11 11,000  p Soaked

18 11,000 p Dry

IS 13,000  P Soaked

14 13,000 P

15 15,000 P Soaked

16 15,000  P ray-

17 Corrfcrol soaked

18 Corrcrol Dry

4



F i g . l P la n  o f  l a y - o u t  o f  th e  e x p e rim e n t.

A. P o t c u l t u r e

B. F ie l d  l a y - o u t .
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in  th e  s e e d lin g  s ta g e . So t o  m a in ta in  u n ifo rm ity  ex cess 

p la n ts  were removed a f t e r  th r e e  weeks, r e ta in in g  s i x  p la n ts  

i n  each p o t.

During th e  co u rse  o f  s tu d y  th e  fo llo w in g  observa­

tio n s  were re c o rd e d .

1 G erm ination p e rc e n ta g e .

G erm ination co u n ts were tak en  from th e  2nd day a f t e r  

sowing and co n tin u ed  u n t i l  th e  7 th  day. The f i n a l  d a ta  

were tak en  f o r  a n a ly s is .

2 . P ercen tag e  o f  s u r v iv a l .

S u rv iv a l co u n ts were ta k e n  a t  weekly i n t e r v a l s .

The f i n a l  d a ta  were ta k e n  f o r  a n a ly s is .

3 . C h lo ro p h y ll a b n o rm a lit ie s .

S p o ttin g  o f  th e  f i r s t  le a v e s  w ith  v a rio u s  i n t e n s i ­

t i e s  o f g reen  and y ello w  was th e  commonest c h lo rp h y ll  

a b n o rm a lity . Such p la n ts  were counted  and c l a s s i f i e d  

acco rd in g  to  th e  i n t e n s i t y  o f  s p o tt in g .  The c l a s s i f i ­

c a tio n  was done acco rd in g  to  th e  system  o f  S jo d in  (1 9 6 1 ) ,  

graded on a s c a le  from 0 - 4 .  The grade 'O’ b e in g  a ssig n e d  

to  th e  le a v e s  which appeared norm al, grade 4 was a ss ig n e d  

to  th e  most in te n s ly  s p o tte d  and g e n e ra lly  deformed le a v e s  

and grades 1 - 3  being t r a n s i t i o n s  betw een O and 4 .

4 . P la n t  h e ig h t and grow th.

P la n t h e ig h t was m easured a t  weekly i n t e r v a l s  from
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th e  second week a f t e r  sow ing. The d a ta  were a n a ly se d .

5 .  P o lle n  s t e r i l i t y  s t u d i e s .

P o lle n  s t e r i l i t y  was s tu d ie d  from an e n t i r e l y  random 

sam ple. Prom each  tre a tm e n t te n  p la n ts  were s e le c te d  a t  

random. From each p la n t  one flo w e r was ta k e n . The p o l le n  

g r a in s  were s ta in e d  w ith  g ly c e r in e -a e e to e a rm in e . Ten 

f i e l d s  were sc o re d  f o r  s t e r i l e  and f e r t i l e  p o lle n  g r a in s  

from  each  s l i d e  a t  random. Thus hundred m ic ro sc o p ic  f i e l d s  

were s c o re d  f o r  each tr e a tm e n t,  from which th e  s t e r i l i t y  

p e rc e n ta g e  was c a lc u la te d .

The aee to c erm in e  s ta in in g  method i s  n o t a m easure 

o f  a b s o lu te  f e r t i l i t y ,  h u t i t  g iv e s  a f a i r l y  good id e a  o f  

th e  r a t e  o f  s t e r i l i t y  f o r  co m p arativ e  p u rp o s e s .

6 .  A verage flo w e r p ro d u c tio n .

A verage number o f  flo w e rs  produced i n  each t r e a t ­

ment was co u n ted  and a n a ly s e d .

7 . M orp h o lo g ical A b n o rm a litie s .

V ario u s m o rp h o lo g ica l a b n o rm a lit ie s  o b serv ed  were 

re c o rd e d  and p re s e n te d ,

8 . A verage y ie ld  o f  p o d s.

A verage y ie ld  o f  Pods i n  each tre a tm e n t was ta k e n  

and a n a ly s e d .

9 .  P e rc e n ta g e  o f  F r u i t  s e t .

From th e  t o t a l  number o f  f lo w e rs  produced and th e  

t o t a l  number o f  pods o b ta in e d , th e  p e rc e n ta g e  o f  f r u i t  s e t  

was c a lc u la te d  f o r  each tre a tm e n t and a n a ly s e d .
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1 0 . AggSflge. jQTffiLb.gr. .9, L-S.e-e.djS. .BSE-PSSt •
Average number o f  seeds p e r  pod was o b ta in e d  from 

random sam ple o f  hundred  pods from  each tre a tm e n t 

and th e  d a ta  a n a ly s e d .

1 1 .  W eight o f  100 s e e d s .

T h is  o b s e rv a tio n  i s  in c lu d e d  m ain ly  to  o b ta in  i n f o r ­

m atio n  on th e  e f f e c t  o f  X -rays on q u a n t i t a t i v e  c h a r a c te r s .

A random sample o f  100 0  seed s was w eighed and th e  d a ta  

a n a ly s e d .

C y to lo g ic a l - s tu d ie s .

Covjpea was found to  be a  d i f f i c u l t  m a te r ia l  f o r  

c y to lo g ic a l  a n a ly s is  due to  th e  sm all s iz e  o f  th e  chromo­

somes and th e  d i f f i c u l t y  i n  o b ta in in g  good p r e p a r a t io n s .

B oth aceto carm in e  and a c e to - o r c e in  were found to  be v e ry  

u n s a t i s f a c t o r y  f o r  th e  m a te r ia l .  So th e  r o o ts  were s ta in e d  

i n  h aem ato x y lin  fo llo w in g  H eid en h ain s m ethod. The p ro c e d u re  

c o n s i s t s  i n  h y d ro ly s in g  th e  r o o t  t i p s  a t  60°C i n  N.HC1 f o r  

f i f t e e n  m in u te s , fo llo w e d  by m o rd an tin g  i n  4 $  F e r r ic  -  

ammonium s u lp h a te  and s ta in in g  i n  0 . 5 $  h aem ato x y lin  s o lu tio n -  

Squashing was done m  45$  a c e t ic  a c id .

From each tre a tm e n t fo u r  s l i d e s  were s c o re d  f o r  

norm al and abnorm al a n a p h a se s . The p e rc e n ta g e  o f  abnorm al 

anaphases were c a lc u la te d  and a n a ly s e d . '
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Xg G en eratio n .

From th e  g e n e ra tio n  o f each tre a tm e n t a  random 

sample o f 125 seed s were s e le c te d  and sown i n  th e  f i e l d .  

Eventhough t h i s  was a very  sm all p o p u la tio n , i t  gave an 

id e a  on th e  ty p e s  o f  m u ta tio n s in d u ced  by X -ray s. Chloro­

p h y ll  m u ta tio n s , and m u ta tio n s a f f e c t in g  growth h a b i t ,  

f lo w e r c o lo u r , pod and seed c h a r a c te r s  were s tu d ie d  and 

p re s e n te d .

S t a t i s t i c a l  te c h n iq u e .

S t a t i s t i c a l  te c h n iq u e  c o n s is te d  o f R eg ressio n  

a n a ly s is ,  i e .  f in d in g  o u t how f a r  a g iv en  o b s e rv a tio n  

was r e la te d  to  th e  dose. To f in d  o u t t h i s ,  f o r  each 

o b s e rv a tio n  a s u i ta b le  model ( l i n e a r  or q u a d r a tic )  was 

f i t t e d  and th e  s ig n if ic a n c e  o f re g re s s io n  was te s te d  

u sin g  th e  a n a ly s is  o f  v a ria n c e  te c h n iq u e .

Among th e  o b s e rv a tio n s ,th e  t o t a l  flo w er produ­

c t io n  was an a ly se d  u sin g  th e  a n a ly s is  o f  v a ria n c e  

te c h n iq u e  f o r  th e  random ised b lo ck  d e sig n .

- — 00O00—



E X P E R I M E N T A L  R E S U L T S

The r e s u l t s  o f th e  p re s e n t in v e s t ig a tio n  on th e 

m orphological and c y to lo g ic a l  e f f e c ts  of X -rays on cowpea 

a re  given below

OBSERVATIONS ON THE X1 GENERATION.

According to  th e  d e f in i t io n  adopted i n  th e  p re se n t 

work, p la n ts  ra is e d  from th e  X-rayed seeds form th e  X^

g e n e ra tio n  • The X^ p la n ts  a re  o f te n  heterozygous f o r  

induced g e n e tic  changes o f v ario u s k in d s . The immediate 

e f f e c ts  o f X -rays a re  m an ifested  i n  th e  X  ̂ f e n e r a tio n .

E ffe c t o f X-rays on G erm ination.

In  a l l  tre a tm e n ts  germ ination  was noted  i n  th e  

second day a f t e r  sowing i n  soaked s e r i e s .  In  th e  c o n tro ls  

com plete germ ination  was observed by th e  fo u rth  day a f t e r  

sowing. By th e  e ig h th  day a f t e r  sowing alm ost a l l  th e  

seeds i n  a l l  th e  tre a tm e n ts  germ inated. Delayed germina­

t io n  was n o tic e d  i n  c e r ta in  c a s e s . Such delayed germina­

t io n  was e s p e c ia l ly  seen i n  th e  tre a tm e n t No.13 (1 3  k r .  

s o a k e d - ir ra d ia te d ) and 15 (1 5  k r .  s o a k e d - ir ra d ia te d ).  

Seven seeds i n  th e  tre a tm e n t No.13 and s i x  seeds in  th e  

tre a tm e n t No.15 were found to  germ inate f i f t e e n  days 

a f t e r  sowing.

The germ ination percen tag e  in  each tre a tm e n t i s  

given  in  Table I I .
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T A B L E  II

Data on the % of germination, survival, pollen s te r ility , Total flower production,and
percentage of fruit- 

set.

Bose 
(kr units)

$ of gexmina 
tlon

$ survival % pollen 
ste r ility

Mean flower 
production

£  of Fruit set

Dry Soaked Dry Soaked Dry Soaked Dry Soaked Dry Soaked

Control 100 99 100 100 2.7 2.9 55 54 54.57 53.8

1 98 100 100 83.8 4.8 26.1 50 53 52.13 46.8

3 100 99 95 84.2 7.3 15.9 51 50 55.17 48,5

5 100 97 91 80 11.1 21.0 48 48 51.91 52.2

7 96 100 86.4 74 13.8 18,9 51 48 45.06 53,6

9 96 96 80.2 68.5 16.4 21.2 53 56 49.14 47.5

11 89 97 76.4 62.8 20.5 23.5 46 62 49.46 53,0

13 93 79 69.8 59.6 24.9 24.8 48 58 52.92 47.9

15 100 81 62 55.8 28.8 27.5 49 57 53.54 46.4

/



t a b l e  i u
Analysis of variance fo r  te s tin g  the sig n ifican ce 

o f reg ressio n .

Percentage of G em ination, (soaked s e r ie s )

L inear model (jfe 1.33a: 8 6 .3 2 )

Source Sum of 
squares

Degrees
o f

freedom
Variance E -ra tio

® otal 545*556 8

Due t o  

itegression 379.346 1 379.346 1 5 .9 **

D eviation

from

reg ressio n
166.21 7 23.74

* *  S ig n ific a n t a t  1#
2

le v e l r -  0 .69



t a b l e  i ?

A nalysis of Marianos fo r  te s tin g  th e  sig n ifican ce  
o f reg ressio n . Germination percentage (Dry s e r ie s )

Linear model (y s  Q.342X + 92.679)

Source Sum o f
sy.ua re g

Degrees
o f

freedom
Variance f - r a t i o

T o tal 108.839 8

Dae to  

reg ressio n 52.2738 1 52.3738 3 .14

D eviation
from

reg re ssio n
72.6152 7 10.3756
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The t a b l e  r e v e a le d  t h a t  th e  g e rm in a tio n  o f seed s 

was n o t a f f e c te d  by th e  X -ray  tr e a tm e n t.  The r e g r e s s io n  

a n a ly s is  was c a r r ie d  o u t ,  th e  r e s u l t  o f  w hich i s  g iv en  

i n  ta b l e s  I I I  and IV. ,

The low  F - r a t i o  showed th a t  i n  th e  d ry  s e r i e s  th e  

r e g r e s s io n  was n o t s i g n i f i c a n t  which in d ic a te d  t h a t  th e re  

was no r e l a t i o n s h ip  betw een dose and th e  p e rc e n ta g e  o f  

g e rm in a tio n .

In  th e  soaked s e r i e s  th e  F - r a t i o  was s i g n i f i c a n t .  

T h is showed t h a t  t h e r e  was a  l i n e a r  r e l a t i o n s h i p  betw een 

dose and th e  g e rm in a tio n  p e rc e n ta g e . G erm ination p e r­

c e n ta g e  was th u s  in v e r s e ly  r e l a t e d  to  th e  d o se . The 
2

c a lc u la te d  r  was 0 . 6 9 .  So th e  l i n e a r  model f i t t e d  

( y  -  1 .3 3  x  +• 8 6 .3 2 )  was a  s a t i s f a c t o r y  f i t  f o r  th e  d a ta .

The r e g r e s s io n  e q u a tio n s  and th e  r e g r e s s io n  l i n e s  

a re  p re s e n te d  i n  f ig u r e  2 .

SurxLval-Qf-ftlmto. •
S u rv iv a l s tu d ie s  were co n d u cted  a t  th e  tim e o f  

th e  h a r v e s t .  Only b e a r in g  p la n ts  were a c co u n ted  a s  

s u r v iv a ls .  The p e rc e n ta g e  o f  s u r v iv a l  i n  each  t r e a t ­

ment i s  p re s e n te d  i n  T able  I I .

To th e  d a ta  on d ry  and soaked s e r i e s  l i n e a r  

m odels were f i t t e d  and when t e s t e d  th e s e  l i n e a r  m odels



F ig. 2 

F ig . 3

. Regression lin e s  and regression  
equation for the percentage of 
germination.

. Regression lin e s  and regression  
equation for the percentage of 
survival.
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were found to  b e good f i t .  T ables V and VI showed th e  

r e s u l t s  o f  th e  r e g r e s s io n  a n a ly s is .  The F - r a t io s  

o b ta in e d  vwere h ig h ly  s ig n i f ic a n t  i n  b o th  c a s e s . T his 

showed th a t  th e  p ercen tag e  o f  s u r v iv a l  was d i r e c t l y  

dependant on th e  dose and t h a t  th e r e  was a d ecrease  

i n  th e  p e rc e n ta g e  o f  s u r v iv a l  a s  th e  dose in c re a s e d  

The c a lc u la te d  r 2 was very h ig h  (0 .9 8  and 0 .9 2  re s p e c t­

iv e ly  f o r  d ry  and soaked) in d ic a t in g  th e  l i n e a r  models 

were good f i t  f o r  th e  d a ta .

The r e g r e s s io n  e q u a tio n s  o b ta in e d  a re  g iv en  below. 

Soaked s e r ie s  y s  2 . 591x + 9 1 .0 3 6  

Dry s e r i e s  y  s  - 2 .5 1 x  + 1 02 .3 82  

th e  r e g r e s s io n  l i n e s  a re  p re s e n te d  in  f i g .  2 .

The d a ta  showed t h a t  th e  minimum p e rc e n ta g e  o f  

s u rv iv a l  was i n  th e  15 k r .  soaked i r r a d i a t e d ,  where 

th e  p e rc e n ta g e  o f  s u r v iv a l  was o n ly  5 5 .8 .  A com parison 

betw een th e  d ry  and soaked s e r ie s  b rought o u t th e  

d if f e r e n c e s  between them and th e  e f f e c t  o f  p re -so a k in g  

on X -ray s e n s i t i v i t y .  In  th e  soaked s e r i e s ,  th e  

lo w e st dose ( l  k r . )  gave o n ly  8 3 .8 $  s u r v iv a l  w hile 

th e  same dose i n  th e  d ry  s e r ie s  produced no e f f e c t  on 

s u rv iv a l  p e rc e n ta g e . In  a l l  doses u sed  i t  was found

th a t  the s u r v iv a l  percentage  was low er i n  the soaked

s e r i e s  th a n  i n  th e  d ry  s e r i e s .

O b serv atio n s in d ic a te d  t h a t  l e t h a l i t i e s  m ainly



5 A B L $ V 

Analysis of variance table for testing the significance 

of regression 

Perce it age of survival (Dry series)

Linear moflell 7 z 2.51x + 102,382)

Source
a am of Degrees

of Variance S'-ratio
3M.ua res freedom

Total 1443 8

Due to
regression 1418*30 1 1418*30 458.96

Deviation
from 24.74 7 3.09

regression

Significant at 0.2$ level r8 a 0.98



T A B L B VI

Analysis of variance f o r  te s tin g  t i e  significance 

o f regression -  percentage of survival (soaked 

se rie s )

lin e a r  model (y -  a .591? + 91.036)

Source Stan of of variance p- ra tio
squares

T otal 1629.4489 8

regression 1514.066? 1 1514.066? 91.27

Deviation
from

regression 115.4213 7 16.4887

** S ignificant an 0 .1$  lev el s  0 .92
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o ccu rred  a t  th e  vary e a r ly  seed lin g  s ta g e . L eth al seed- 

in g s  were u s u a lly  p a le , s to p s growth and began to  w il t  

during  th e  f i r s t  week a f t e r  germ in atio n . S eedling  counts 

a f t e r  two weeks showed th a t  about 9 5$  o f  th e  l e t h a l i t i e s  

o ccurred  during th e  f i r s t  two weeks.

S eed lin g  a b n o rm a litie s  

Cotyledons and th e  f i r s t  l e a f .

Cotyledons and th e  f i r s t  le a v e s were normal i n  alm ost 

a l l  s e e d lin g s . Unequal co ty led o n s were n oted  i n  s ix  p la n ts ,  

among th e  tr e a te d  p la n ts .  One p la n t each was observed 

i n  tre a tm e n ts  3 , 7 , 9 ,  13 and 15 k r soaked seed i r r a d ia te d  

s e r ie s  and one p la n t in  9 k r dry  i r r a d ia te d .  In  a l l  

th e s e  ca se s one o f th e  co ty led o n s was found to  be v ery  

sm all and rudim entary , w hile th e  o th e r  very la r g e .

C rin k lin g  of th e  f i r s t  le a v e s  was observed in  many 

s e e d lin g s . The time o f emergence o f th e  f i r s t  le a v e s  was 

a ls o  u n a ffe c te d  in  most c a s e s . The f i r s t  le a v e s emerged 

i n  most o f  th e  p la n ts ,  th e  day fo llo w in g  th e  f u l l  emer­

gence o f  th e  se e d lin g  from th e  s o i l .  i e .  5 to  6 days a f t e r  

sowing on an average. V a tia tio n s  in  th e  tim e o f emergence 

was noted i n  f i f t e e n  se e d lin g s  -  3 p la n ts  i n  1 k r.so a k e d ,

1 p la n t i n  3 lor soaked, 2 p la n ts  i n  9 k r soaked, 1  p la n t  

i n  13 k r  soaked, 2 p la n ts  i n  15 k r soaked, 4 p la n ts  in  

15 k r dry and 2 p la n ts  m  11 k r dry i r r a d i a t e d  s e r i e s .
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These s e e d lin g s  on an  av e ra g e  to o k  7 to  10 days f o r  th e  

ap p earan ce  o f  t h e  f i r s t  two le a v e s  a f t e r  th e  plum ule 

had emerged from  th e  s o i l  f u l l y  i e .  ab o u t 1 2 -1 5  days 

a f t e r  sow ing.

^pjiQBhyll .variations •

C h lo ro p h y ll v a r ia t io n s  were th e  commonest ty p e  

o f  v a r i a t i o n  o b serv ed  i n  th e  s e e d l in g s .  C h lo ro p h y ll 

v a r i a t i o n  in c lu d e d  c h lo ro p h y ll  d e f i c i e n t  s p o ts ,  con­

s i s t e d  o f  u n ev en ly  d i s t r i b u t e d  groups o f  y e llo w  and y ello w ­

i s h  g reen  p a tc h e s  o f  c e l l s .  The s p o ts  o c c u rre d  m ost 

f r e q u e n t ly  i n  f i r s t  and second le a v e s .  U niform ly y ello w  

s e e d lin g s  were a ls o  n o te d .

The i n t e n s i t y  o f  s p o t t in g  was d i f f e r e n t  i n  

d i f f e r e n t  p l a n t s .  For co n v en ien ce th e  p la n ts  had been 

g rad ed  i n  a  f i v e  g raded  s c a le  0 - 4 .  The fre q u e n c y  o f p la n ts  

w ith  d i f f e r e n t  g rad es o f  s p o tt in g  i s  g iv en  i n  T ab le  V II.

The t a b l e  re v e a le d  t h a t  th e  fre q u e n c y  o f c h lo ­

ro p h y l l  a b n o rm a lit ie s  were much more common i n  th e  soaked 

s e r i e s  th a n  i n  th e  d ry  s e r i e s  and t h a t  th e r e  was an  in c r e a s e  

i n  th e  number o f  abnorm al p la n ts  a s  th e  dose in c r e a s e d .

For t e s t i n g  t h i s  dependence a  l i n e a r  model was f i t t e d  

t o  th e  d a ta  and i t  was found t h a t  t h i s  l i n e a r  model 

(y  -  1 . 2 6 x ^ 2 . 3 4 )  was a  good f i t .  The F - r a t i o  o b ta in e d

was s i g n i f i c a n t  a t  0 . 1 #  le v e l  o f  p r o b a b i l i t y .  The
2

c a lc u la te d  r  *  0 . 9 4 ,  in d ic a te d  t h a t  th e  l i n e a r  model was 

a  good f i t .  So th e r e  e x is te d  a  l i n e a r  r e l a t i o n s h ip



T A B L E  7 1 1  

Type3 ana ffgeM-uency of Chlorophyll abnormalities

Total 
3)080 No. of

(k r units) Planta ------
0

1 k r  
(a)

140 132

1 k r 140 138
(D)

3 k r 139 126

(3 )
3 k r 139 236
(D)

5 k r 136 124

(3 )
5 k r 
(®)

140 138

7 kr 140 125
(S)

7 kr
136 132

(D)

9 kr 136 118
(S)

9 kr 136 131
ID)
11 k r 135 115
(3)
11 kr 129 124

(D)
13 k r 108 87
(S)
13 k r 133 126
(D)
15 k r 120 93

(S)
15 k r 140 129
(D)
Control 139 -
(3 )

(D) 140 -

of planta w ith various 
t in s  grades.

1 2 v 3

4 2 1

2 - -

5 4 2

2 1 -

6 3 2

2 - -

8 2 2

3 1 -

9 4 2

3 1 1

10 4 4

2 2 1

3 5 9

2 3 1

5 6 7

4 3 2

?ot- Total io of
no. of chloro

  chloro- P ty ll
4  phyll v a ri-

v a ri-  a i t s ,
________ anta___________

1 8 5 .7

2 1.4

2 13 9 .3

3 2 .1

1 12 8.8

2 1 .4

3 15 10.7

4 2 .9

3 18 13.2

5 3.6

2 20 14.8

5 3 .8

4 21 19.4

1  7 5 .2

9 27 22.5

2 11 8 .5

0

0

a  : soaked. D : Dry



Analysis of variance f o r  te s tin g  the s ig n ifican ce  
of reg ressio n  -  Chlorophyll abnorm alities 

(soaked a e r ie s )

t a b l e  v i i i

lin e a r  model 1 7  -  1*26x + 2 .3 4 )

Source Sum of 
squares

Degrees
o f

freedom
Varianoe E -ra tio

T otal 874.37 8

Doe to

regression 353.43 1 353.43  118 .204**

Deviation
from

reg ressio n

2 0 .4 4 7 2 .99

* * S ig n ific a n t a t  2$ le v e l.
2

r  = 0 .9 4 .



t & b l e  i x

Analysis of variance f o r  te a sin g  the reg ressio n  . 

Chlorophyll abnormalit lea 

(Dry s e r ie s )

l in e a r  model (y  -  0 .433x  + 0 .843 )

Source sum of 

squares
Df. Variance E - r ^ tio

T o ta l 49.896 8

Due to  

reg ressio n
33.7085 1 33.7085 1 4 .6 **

D eviation

from 16.1875 7 2.3185

reg ressio n

.. g
*  S ig n ific a n t a t  1$  le v e l,  r  -  0 .57
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betw een dose and th e  freq u en cy  o f  c h lo ro p h y ll s p o tt in g .

Such a l i n e a r  r e la t io n s h ip  was le s s  e v id e n t in  

th e  dry s e r ie s  th a n  i n  th e  soaked s e r i e s .  The c a lc u ­

l a t e d  P - r a t io  was s ig n i f i c a n t  a t  1$  l e v e l .  The c a lc u la ­

te d  r 2 -  0 .6 7  in d ic a te d  t h a t  th e  l i n e a r  model (y  = 0 . 433x+ 

0 .2 4 3 )  was a s a t i s f a c t o r y  f i t .  But among th e  two 

s e r i e s  th e  soaked s e r ie s  gave b e t t e r  f i t  to  th e  l i n e a r  

m odel.

As s ta te d  e a r l i e r ,  th e  c h lo ro p h y ll  s p o ttin g  

was e v id e n tly  seen o n ly  i n  f i r s t  and second le a v e s .

The s p o ts  g ra d u a lly  d ecreased  i n  freq u en cy  and a re  com­

p l e t e l y  a b se n t from f i f t h  l e a f  onwards. Most o f  th e s e  

p la n ts  su rv iv ed  and a few f a i l e d  to  flo w er and s e t  

f r u i t s .

iifltfaal.. ^xant&a1. mutanta-

In  th e  t r e a t e d  p o p u la tio n  9 xantha m utants 

(c o m p le te ly  y ello w  s e e d lin g s )  were n o tic e d , o f  which fo u r  

were i n  15 k r .-s o a k e d  t r e a t e d  seeds and 5 i n  13  k r-so a k e d  

t r e a t e d  seed s* Out o f  th e  n in e  s e e d lin g s  6 were l e t h a l ,  

and one su rv iv e d , which ap p eared  abnorm al and c r in k le d .  

This p la n t  f a i l e d  to  flo w e r. In  th e  r e s t  o f  th e  two 

s e e d lin g s  th e  y ellow  le a v e s  dropped o f f  and a f t e r  a few 

days new green le a ve s  appeared. These p la n ts  were a ls o  

abnorm al and d w a rfish .

42



Pig, 4, Regression lin e s  and regression  
equation for the percentage o f  
2 'to chlorophyll abnormality.

F ig. 5 . Regression lin e s  and regression  
^equations for the height o f  
seedlings (After two weeks)



PERCENTAGE OP C H L O R O P H Y L L  A B N O R M A L IT Y

7*

D O S E f k r  u n i t s }  

HEIGHT OF SEEDLINGS [AFTER 2 WEEKS)
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Leaf A b n o rm alities.

Two p la n ts ,  one each in  13 k r  soaked i r r a d ia te d  

and 15 k r  d ry  i r r a d i a t e d ,  produced b i f o l i a t e  le a v e s upto  

th e  fo u r th  le a f  s ta g e . But from th e  f i f t h  le a f  onwards 

norm al t r i f o l i a t e  le a v e s were produced.

Two p la n ts ,  one each i n  13 k r soaked t r e a te d  and 

3 k r dry  t r e a te d  produced sim ple le a v e s in  th e  se e d lin g  

s ta g e . In  both  cases th e  le a v e s  had only  th e  te rm in a l 

l e a f l e t ,  th e  l a t e r a l  l e a f  l e t s  appeared as very  rudimen­

t a r y  s t r u c tu r e s .  This c h a ra c te r  a ls o  d isap p ear l a t e r .

GROWTH OF THE SEEDLINGS

The h e ig h t o f  p la n ts  was s tu d ie d  f o r  g e tt in g  

in fo rm atio n  on th e  e f f e c t  o f  X -rays on t h i s  complex 

c h a ra c te r .  The f i r s t  h e ig h t measurement was taken a 

f o r tn ig h t  a f t e r  sowing. Tables 13 and 14  re p re s e n t th e  

r e s u l t s  o f  th e  re g re s s io n  a n a ly se s .

The d a ta  on h e ig h t in  th e  d ry  s e r ie s  re v e a le d  

t h a t  th e r e  was l i t t l e  d iffe re n c e  i n  se e d lin g  s ta g e .

Both l in e a r  and q u a d ra tic  models were found to  be n o t 

s ig n i f ic a n t .  The re g re s s io n  a n a ly s is  gave an P - r a t io  

2 .2 2  which was n o t s ig n i f ic a n t .  This showed th a t  X -rays 

caused n e ith e r  d ep ressin g  nor s tim u la tin g  e f f e c t  on seed­

l in g  h e ig h t.

But i n  th e  soaked s e r ie s  th e re g re s s io n  a n a ly s is



%

Analysis of variance fo r  te s tin g  t i e  significance 

of regression  -  seedling height (dry  se rie s ) 

Quadratic model (y  « 0 .0045A  0.3396X + 9,4553)

r

T A B L E  X

Source Sum o f 
squares

Df Variance F -rs tio

T otal 0.7830 8

Due to  

regression 0.33338 2 0.16666 8.28

Deviation
from

reg ressio n
0.449687 6 0.074948



analysis? of variance for testing the significance 
of regression - seedling height (soaked’aeries)

« 2
Quadratic model y  -  *0*009 1 -  0 .0Q06*-\-Q.4087

T A B L E  XI

Source sum of 
squares

Df Variance F -ratiO

T o ta l 5.4053 8

Due to  
reg ressio n 4.7539 8 2.3769 2 1 .8 8 **

D eviation

from
reg ressio n

0.6514 6 0.1086

**  Significant at 1% lev e l
a

r  s  0 .8 7
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gave an F - r a t i o  2 1 .8 8  which was s i g n i f i c a n t  a t  \%  le v e l  

o f  p r o b a b i l i ty .  The l in e a r  model was found to  be n o t 

s i g n i f i c a n t .  So th e re  was no s t r i c t  l i n e a r  r e la t io n s h ip  

betw een tre a tm e n t and s e e d lin g  h e ig h t i . e .  th e  h e ig h t 

o f th e  se e d lin g s  n e i th e r  in c re a s e d  n o r d ecreased  l i n e a r l y  

w ith  th e  in c re a s e  i n  dose. But th e  q u a d ra tic  model was 

found to  be s i g n i f i c a n t .  The model f i t t e d  was y  -  -0 .009X 2 

0.006x-v- 9 .4 0 8 7 .  The c a lc u la te d  r 2 s  0 .8 7  which showed 

t h a t  th e  q u a d ra tic  model was a good f i t .

H eight m easurem ents i n  th e  su bsequent weeks 

a ls o  re v e a le d  th e  same tendency  as m a n ife ste d  by th e  

f i r s t  measurem ent. In  th e  t h i r d  week, i n  th e  d ry  s e r ie s  

c o n tr o l  gave an average h e ig h t o f  1 5 .9 5  cms. In  th e  

5p00 r  i r r a d i a t e d  p la n ts  th e  h e ig h t was 1 6 .3 7  cms, and 

i n  th e  h ig h e s t dose (1 5 ,0 0 0  r )  th e  h e ig h t found to  be 

1 5 .3 8  cms.

I n  th e  soaked s e r i e s ,  d ec re a se  i n  h e ig h t was 

found in  13  k r  and 15 k r  i r r a d i a t e d  l o t s .

H eight measurements i n  th e  7 th  week re v e a le d  

th e  f a c t  t h a t  th e  d ecrease  i n  h e ig h t i n  th e  13 and 15 kr 

soaked s e r ie s  was t r a n s i e n t  and ex p ressed  o n ly  i n  th e  

s e e d lin g  s ta g e s .  In  th e  7 th  week, i t  was found th a t  th e  

c o n tr o ls  gave a h e ig h t o f  7 0 .8 6  cms, w h ile  i n  th e  13  k r  

soaked s e r ie s  th e  h e ig h t was found to  be 7 2 .4 3  cms and 

i n  th e  15 k r th e  h e ig h t was 7 7 .2 5  cms. T h is in c re a s e



t a b l e  x i i  

Da ts  on w eekly h e ig h t m easurem ents

2nd week 3 rd  x«eek 4 t h  week 5 th  week 6 t h  week 7 th  week

D °  i * 6 ) Iiry Soa^® ^ Ery Soaked Dry Soaked Dry Soaked Dry Soaked Dry Soaked

0 9 .3 1 9 .5 1 1 5 .9 5 1 5 .3 4 2 2 .2 2 2 2 .3 2 3 1 .0 1 3 1 .8 4 6 0 .1 8 6 1 .5 4 7 1 .5 3 7 0 .8 6

1 9 .5 6 9 .2 5 1 5 .8 9 1 5 .3 2 2 2 .6 4 2 2 .2 2 3 1 .9 9 3 2 .5 1 5 4 .2 3 6 2 .4 6 7 4 .7 5 7 3 .0 7

3 9 .4 5 9 .2 7 1 5 .9 8 1 4 .9 1 2 2 .3 6 2 1 .7 5 3 3 .7 3 2 9 .6 2 6 0 .9 9 5 4 .2 4 7 5 .5 7 6 5 .7 5

5 1 0 .0 1 9 .0 8 1 6 .3 7 1 4 .9 8 2 3 .7 1 2 2 .0 3 3 3 .9 1 3 1 .4 1 5 7 .5 6 5 6 .7 3 7 2 ,0 7 6 9 .6 6

7 9 ,1 4 9 .4 7 1 5 .8 9 1 5 .7 5 2 2 ,8 5 2 2 .6 6 3 2  .3 0 3 1 .5 6 5 6*95 5 4 .1 3 6 7 .9 5 6 6 .1 5

9 9 .3 9 8 .  28 1 5 .5 4 1 3 .1 6 2 3 .1 3 1 9 .7 3 3 2 .5 4 2 6 .6 0 5 7 .5 5 5 2 .3 8 7 5 .1 1 7 0 .7 6

11 9 .3 5 8 .4 1 1 5 .6 3 1 2 .8 3 2 2 .2 2 1 9 .1 8 3 1 .9 1 2 8 .4 9 5 8 .0 4 5 0 .8 5 6 7 .8 3 6 7 .0 2

13 8 .9 5 7 .4 3 1 5 .9 5 1 1 .0 2 2 2 .1 0 1 7 .4 1 3 2 .1 6 2 6 .9 8 5 8 .5 5 5 1 .2 5 7 0 .6 9 7 2 .4 3

15 9 .0 6 7 .4 7 1 5 .3 8 11*57 2 3 .3 7 1 8 .4 7 3 2 .8 7 2 8 .4 7 5 5 .6 5 5 4 .7 5 3 9 .2 5 7 7 .2 5

L



Fig. 6

F ig. 7

Graph showing the f in a l height of 
plants (After 7 weeks)

. Regression equation and regression  
lin e  for the percentage o f p o llen  
s t e r i l i t y .
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ĉ

DOSE [ k r  u n i t s ]  

F IN A L  H E IG H T  O F  P L A N T S



t a b l e  x iii  

Analysis of variance for testing the significance 

of regiession . Pollen ste r ility  (dry series) 

Linear model (y •  1.706 x + 2.8016)

Source Df Variance E-ratio
Squares

Total 658.83 8

Sue to 
regression 654.5122 1 654.5222 1061.15**

Deviation
from 4.3178 7 0.6168

regression

■*?*—

* *  Significant at 0.1$ level 

r2 - 0.99



T A B L ® XIV

Analysis of variance fo r  te stin g  the significance  
o f regression . pollen s t e r i l i t y  - ( so ales cl ser ies)

Linear model (y - -9004 x -v- 26.6028)

Source Sim of 
squares

Df Variance F-ratio

Total 1441.26 8

Due to

regression 817.51 1 817.51 9,18*

Deviation
frost 623.75 7 89.107

regression

*  S ign ifican t at 5$ le v e l*  r2 - 0>56
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was n o t s t a t i s t i c a l l y  s i g n i f i c a n t .

The w eekly h e ig h t  m easurem ents a r e  g iv e n  i n  

T able X II.

POLLEN STERILITY

The p e rc e n ta g e  o f  p o l le n  s t e r i l i t y  was c a lc u la te d  

from  an e n t i r e l y  random sam ple. The c a l c u l a t e d  p e rc e n ta g e  

o f  p o l le n  s t e r i l i t y  i s  g iv en  i n  T able  No. I I .

From th e  v e ry  d a ta  i t  was u n d e rsto o d  t h a t  th e  

p e rc e n ta g e  o f p o lle n  s t e r i l i t y  was h ig h ly  c o r r e la te d  

w ith  th e  d o se . T his was e s p e c i a l l y  c l e a r  i n  th e  d ry  

s e r i e s .  T here was a  l i n e a r  in c r e a s e  i n  th e  p e rc e n ta g e  

o f  p o l le n  s t e r i l i t y  a s  th e  dose in c r e a s e d .

The r e g r e s s io n  a n a ly s is  o f  th e  d a ta  were g iv en  

i n  T ab le s  X II and X I I I .  In  th e  d ry  s e r i e s  i t  was found 

t h a t  th e  r e g r e s s io n  was h ig h ly  s i g n i f i c a n t  a t  0 . 1 #  l e v e l  

and th e  c a lc u la te d  r 2 -  0 .9 9  showed t h a t  th e  l i n e a r

m odel f i t t e d  (  y?: = 1 . 7 0 6 x ^ 2 .3 9 1 6 )  was a  v e ry  good 

f i t  f o r  th e  d a ta .  I n  th e  c a s e  o f  soaked s e r i e s ,  though 

th e  r e g r e s s io n  was s i g n i f i c a n t ,  th e  l i n e a r  model f i t t e d  

( y  -  - 0 .9 0 0 4 x + 2 6 .6 0 2 8 )  was found t o  be n o t  a  good f i t

eventhough i t  was a  s a t i s f a c t o r y  one. The r 2  was o n ly  

0 .5 6  which in d ic a te d  t h a t  th e  l i n e a r  model was 3 u s t  

s a t i s f a c t o r y .  In  th e  soaked s e r i e s  i t  c o u ld  be v is u a l iz e d



t h a t  th e r e  was a r a p id  in c re a s e  i n  th e  p o lle n  s t e r i l i t y  

in  th e  lo w e st dose namely 1 k r .  The p erc e n ta g e  f e l l  down 

i n  th e  fo llo w in g  d o ses o f  th re e  and 5 k r  and reach ed  

th e  minimum i n  7 k r .  Then ag ain  i t  in c re a s e d  l i n e a r l y  

from 9 k r  onwards and rea c h e d  th e  maximum i n  th e  h ig h e s t 

dose nam ely 15 k r .  The d a ta  su g g ested  t h a t  th e  p o lle n  

s t e r i l i t y  was h ig h e s t  when low and v ery  h ig h  doses were 

employed b u t was low er i n  th e  medium d o se s , f i g  7 g iv e s  

th e  r e g r e s s io n  l i n e s  f o r  th e  d a ta .

FLOWER PRODUCTION 

The a n a ly s is  o f  v a ria n c e  f o r  t o t a l  flo w e r p ro ­

d u c tio n  i s  g iven  i n  T able No. XIV.

The a n a ly s is  o f  v a ria n c e  showed th a t  thesse was 

no s ig n i f ic a n t  d if f e r e n c e  in  flo w e r p ro d u c tio n  between 

e o n tr o l  and th e  tre a tm e n t, th e re b y  in d ic a t in g  t h a t  th e  

tre a tm e n t o f  X -rays has no e f f e c t  i n  flo w e r p ro d u c tio n .

Again th e r e  was no s i g n i f i c a n t  d if f e r e n c e s  between 

soaked and d ry  s e r i e s  in  th e  p ro d u c tio n  o f f lo w e rs .

The v a ria n c e  ta b le  a ls o  re v e a le d  t h a t  th e  flo w e r 

p ro d u c tio n  was s i g n i f i c a n t l y  d i f f e r i n g  betw een th e  doses 

employed.

Mien th e  doses were ranked i t  was found t h a t  

th e  9 k r-so ak ed  was s i g n i f i c a n t l y  s u p e rio r  i n  th e  flo w er 

p ro d u c tio n  w ith  mean number o f  55 f lo w e rs . Doses 15 and 13



T A B L B 2V 

Analysis o f variance fo r 

T otal Flower Production

Source Sunan of 
squares

D£ Variance F-Batio

Sotal 96806. 95 71

Block 11133.83 3 3711.27 8.86*

Treatments 89174.70 17 1716,16 1.38

Treatment
Vs

Control 18441.84 1 1244.184 0.96

Soaked Vs

dry 83697.36 1 85697.56 1.05

Between 48878.94 7 6038.97 4.66**
Doses

E rror 66000*42 51 1294.18

*  S ignificant a t  5# le v e l

** S ignificant a t  2$ level



fi A N K I  N G

Rank Boses 
(k r  u n its )

Mean no* of 

Flowers
Successive
differences

C ritic a l
difference

1 9 k r 658*50

21,25

2 15 k r 637.25

4 .70

3 13 kr 632*50

12.25

17.89

4 1 k r 620.25
13,25

5 3 kr 607.00

15.75

6 7 k r 591,25

2 .50

7 11 k r 588.75

9.50

8 5 k r 579.25

Conclusion 9, 15, 13 , 1 , 3 ,  7 ,  11, 5 .



4 7

k r  gave s i g n i f i c a n t l y  g r e a te r  flo w e r p ro d u c tio n  th a n  

3 , 7 and 11 k r .

The com parison betw een soaked and d ry  s e r i e s  

r e v e a le d  some i n t e r e s t i n g  f a c t s .  C o n sid erin g  th e  

soaked s e r i e s  a lo n e  i t  was found t h a t  th e  maximum 

number o f  f lo w e rs  o b ta in e d  i n  12  k r-s o a k e d  i r r a d i a t e d  

l o t  w ith  a  mean flo w e r p ro d u c tio n  o f  5 8 , c l o s e l y  

fo llo w e d  by 15 k r .  w ith  an av e ra g e  o f  57 f lo w e rs .

The minimum flo w e r p ro d u c tio n  was n o te d  i n  5 and 7 k r .

B ut i n  th e  d ry  i r r a d i a t e d  s e r i e s  th e  a v e ra g e  

flo w e r p ro d u c tio n  i n  b o th  13  and 15 k r  was low , th e  

a v e ra g e  b e in g  48 and 49 r e s p e c t iv e l y .  In  th e  d ry  

s e r i e s  th e  maximum flo w e r was n o te d  i n  9 k r  w ith  an 

av erag e  o f  53  f lo w e rs .

I t  was a ls o  found t h a t  i n  th e  soaked s e r i e s ,  

th e  c o n tr o l  produced  an av erag e o f 5 4  f lo w e rs  which 

was low er th a n  th o s e  i n  9 , 1 3  and 15 k r-so a k e d  t r e a t ­

m en ts.

R e g re ssio n  a n a ly s is  f o r  th e  av e ra g e  flo w e r 

p ro d u c tio n  was a ls o  conducted  . B oth l i n e a r  and 

q u a d ra tic  m odels f i t t e d  t o  th e  d a ta  were found to  be n o t  

s i g n i f i c a n t  when t e s t e d .  T his showed t h a t  th e r e  was 

no r e l a t i o n s h i p  betw een X - r a y  dose and f lo w e r  p ro d u c t io n .



Graph showing the average flower 
production.

Regression lin e s  and regression  
equations for the average number 
o f seeds per pod.
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PERCENTAGE OF FRUIT SET

48

The p e rc e n ta g e  o f  f r u i t  s e t  was o b ta in e d  from  th e  

t o t a l  number o f  f lo w e rs  produced and th e  t o t a l  number 

o f  pods o b ta in e d . The d a ta  o b ta in e d  i s  p re s e n te d  i n  

T able No. I I .

Prom th e  d a ta  i t  was c l e a r  t h a t  th e r e  was no 

r e l a t i o n s h i p  betw een dose and f r u i t  s e t .  In  th e  d ry  

s e r i e s  th e  f r u i t  s e t  i n  th e  c o n tr o l  was 5 4 .5 7 #  ,

> i n  3 k r ,  5 5 .7 7 #  and i n  15 k r .  5 3 .5 4 # .  The lo w e st p e r ­

c e n ta g e  o f  f r u i t  s e t  was seen  i n  seven  k r ( 4 5 . 0 6 # ) .

The r e g r e s s io n  a n a ly s is  showed t h a t  th e  p e rc e n ta g e  o f 

f r u i t  s e t  was n o t dependent on th e  dose • B oth l i n e a r  

and q u a d ra tic  m odels tu rn e d  o u t t o  b e  n p t s i g n i f i c a n t  

when t e s t e d .

In  th e  soaked s e r i e s  a ls o  th e r e  was no s i g n i f i ­

c a n t re d u c tio n  i n  th e  p e rc e n ta g e  o f  f r u i t  s e t  as th e  

dose in c r e a s e d .  The h ig h e s t  p e rc e n ta g e  o f  f r u i t  s e t  

*  was found i n  c o n tr o l  p l a n t s  ( 5 3 . 8 # )  fo llo w e d  by 7 and

11  k r  (5 3 . 6  and 5 3 #  r e s p e c t i v e l y ) .  The lo w est p e rc e n ta g e  

f r u i t  s e t  was found i n  15  k r  i r r a d i a t e d  l o t  ( 4 6 . 4 # )  

fo llo w e d  by  1 k r ( 4 6 . 8 # ) .  In  g e n e ra l th e r e  was a 

re d u c tio n  i n  f r u i t  s e t  i n  low er and h ig h e r  doses th a n
/

i n  th e  medium d o se s . The r e g r e s s io n  a n a ly s is  was c a r r i e d

ou t B o th  l i n e a r  and q u a d ra t ic  m odels f i t t e d  t o

th e  d a ta  were found t o  be n o t  s i g n i f i c a n t .  The P - r a t i o



49

was found to  be o n ly  0 , 5 1 .  The r e s u l t s  in d ic a te d  t h a t  

th e  f r u i t  s e t  was in d e p e n d e n t o f  th e  d o se .

AVERAGE .NUMBER OF flT O fiUMBJaffi-

The r e g r e s s io n  a n a ly s is  ( t a b l e  No. X V III) showed

t h a t  i n  th e  d ry  s e r i e s  th e r e  was an in v e r s e  ( r e l a t i o n s h i p

betw een dose and se e d  s e t .  A l i n e a r  model was f i t t e d  to

th e  d a ta  o f  d ry  s e r i e s  (  y  *  0 .2 8 8 x  + 1 0 .9 0 6 ) .  The F - r a t i o

c a lc u la te d  was 1 6 6 .5 8  which was h ig h ly  s i g n i f i c a n t .  The 
2

c a lc u la te d  r  s  0 *9 7  in d ic a te  t h a t  th e  l i n e a r  model was 

a  good f i t  to  th e  d a ta .  Thus th e  p e rc e n ta g e  o f seed s e t  

was l i n e a r l y  r e l a t e d  to  th e  dose i e  th e  seed  s e t  d e c re a se d  

a s  th e  dose in c r e a s e d .

The r e g r e s s io n  a n a ly s is  o f  soaked s e r i e s  i s

g iv en  i n  T able  No. XVII. A l i n e a r  model was f i t t e d

( y  = 0 .2 5 7 x  + 1 3 .6 5 )  and when t e s t e d  i t  was found t h a t

th e  F - r a t i o  was 7 .8 8  which was s i g n i f i c a n t  a t  5 $  l e v e l .
2

The r  c a lc u la te d  was found t o  be 0 .5 3  which in d ic a te d  

t h a t  th e  l i n e a r  model was j u s t  s a t i s f a c t o r y ,  from  f i g . 8 

i t  co u ld  be seen  t h a t  th e r e  was a d e p re s s io n  m  a v erag e  

number o f  seed s i n  1  k r  and 3  k r ,b o th  o f  w hich d e v ia te d  

from l i n e a r i t y .  In  5 k r  and 7 k r  th e r e  was f u r t h e r  in c r e a s e  

i n  th e  seed s e t .  From *7kr to  11  k r  th e  av e ra g e  seed  number 

p e r  pod was a lm o st c o n s ta n t .  From 11 k r onwards th e  seed 

number was a g a in  re d u c e d . Thus th e  seed  s e t  was found to



T A B L 1  X7I
Average number of seeds/pod; 1000 seed weight and 

$  of abnormal anaphases.

Average number 1000 seed weighs $  of abnormal

o f seeds/pod anaphases
in  k r  ________________________ _________________________

un^ 3 Dry Soaked Dry Soaked Dry Soaked

Control 1 5 .9 15.6 71 .0 5 70.33 0 0

1 1 4 .8 1 2 ,8 70.54 68.39 2 .8 6 .4

3 1 4 .2 1 0 .5 68.93 69.86 4 .5 6 .7

5 1 3 .8 1 1 .5 69.52 69 .0 1 4 .9 5 ,6

7 1 3 .6 22.6 70.37 70.52 6.7 7 .4

9 1 2 .9 1 2 .1 68.97 71.38 8 .8 1 3 .2

11 12.7 1 1 .9 66.05 69*27 9 .3 1 5 .9

13 1 1 .4 1 0.5 66.28 66.79 10.3 1 7 .5

15 1 0 .8 8 .9 65 .4 4 64.82 1 2 .4 1 8.0



t a b l e  x s i i

A nalysis of variance fo r  -cessing th e  s ig n ifican ce  

o f  reg ressio n  -  Average ntsifcer of seeds per pod 
(sea ted )

Linear laoaai (y  ~ 0 .257  + 13,65 )

Source Sum of 
squares

D f farian ce F -ra tio

5?otal 28.056 8

Due to  

degression 14.8612 1 14.8612 7 .8 8 **

Deviation
from

re g re ssio n 13.1948 7 1.8849

*  S ig n ific a n t a t  5$ le v e l r S -  0 .5 3



t a b l e  x r a i
a n a ly s is  o f  v a ria n c e  f o r  t e s t i n g  th e  s ig n if ic a n c e  

o f  r e g r e s s io n , average number o f  seed s p e r  pod 

(d r y  s e r i e s )

L in e a r model (y  « 0 .2 8 8 x  + 1 0 .9 8 6 )

Source Sum of 
squares

Df ¥ariance F-ratio

Total 80.806 8

Sue to

regression 20.831 1 20.231 846.78**

Deviation
from 80.575 7 0.082

regression

* *  S ig n if ic a n t  a t  0 .1 $  l e v e l  r 8  -  0 .9 7

•1 -f



be l e s s  i n  low  and h ig h  d o s a g e s , and i n  medium d o se s  

th e  se e d  number p e r  pod was fo u n d  to  be r e l a t i v e l y  • 

h ig h e r .

A so m p ariso n  betw een th e  two c u rv e s  re v e a le d  

t h a t  t h e r e  was " s i g n i f i c a n t  d i f f e r e n c e  b etw een  th e  

soaked  and d ry  s e e d s  i n  a l l  d o s e s .  T h is d i f f e r e n c e  

seemed t o  be maximum a t  3 k r .  A t medium d o se s  th e r e  

a p p e a rs  to  be l i t t l e  d i f f e r e n c e  betw een d ry  and soaked 

s e r i e s .

WEIGHT OF 1 .0 0 0  SEEDS 

The w e ig h t o f  th o u sa n d  seed s d e te rm in e d  from  

a random  sam ple i s  g iv e n  i n  t a b l e  No. XVI.

The l i n e a r  m odel was found t o  be n o t  a  s a t i s ­

f a c t o r y  f i t  t o  th e  d a ta  so t h a t  a  q u a d r a tic  m odel 

was f i t t e d .  When t e s t e d  i t  was found t h a t  th e  F - r a t i o  

was n o t s i g n i f i c a n t  i n  b o th  s e r ie s .T h e  low  F - r a t i o  

showed t h a t  th e  seed  w eight was n o t  d ep en d en t on t h e  d o se . 

In  th e  soaked s e r i e s  th e  maximum w e ig h t was fo u n d  i n  

th e  9 k r  t r e a t e d  s e e d s .  I n  th e  d ry  s e r i e s  t h e  maximum 

w eig h t was o b ta in e d  i n  th e  c o n t r o l  and th e  minimum 

i n  th e  15 k r .  Much in c o n s ts ta n e y  was s e e n  i n  betw een 

d o s e s .  B ut th e  d i f f e r e n c e s  w ere n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t .
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MISCELLANEOUS OBSEBVATIONS

Pod c h a r a c te r s .

L i t t l e  v a r i a t i o n  was n o te d  in  re g a rd in g  th e  

f r u i t  c h a r a c t e r s .  One p la n t  was o b serv ed  i n  13  k r  

d ry  i r r a d i a t e d  l o t  w ith  b la c k  c o lo u re d  p o d s. In  norm al 

p la n ts  th e  c o lo u r  o f  th e  pods was s tra w  w h ite  when 

d r ie d .

One p la n t  i n  th e  13 k r soaked was found to  have 

u n ifo rm ly  la r g e r  pods and l a r g e r  seed s w ith  g r e a te r  

number o f  seed s th a n  th e  c o n tr o l  p la n ts  and a l l  o th e r  

p l a n t s  m  th e  i r r a d i a t e d  l o t .

Seed c h a r a c t e r s .

T hree se e d  c o lo u r changes were o b serv ed  i n  X^.

One p l a n t ,  found m  3 k r  -  d ry  i r r a d i a t e d  s e e d s , produ­

ced s tra w  w h ite , norm al s iz e d  pods b u t w ith  b u f f  c o lo u re d  

seed  i n s te a d  o f  th e  norm al r e d .  The s ia e  o f  th e  seeds 

was l a r g e r  th a n  th e  n o rm al. T his p la n t  gave o n ly  5 pods 

and a  t o t a l  o f 40 s e e d s .

Two p l a n t s ,  one each  i n  7 k r .  d ry  i r r a d i a t e d  

and 1 3  k r  -so a k e d  i r r a d i a t e d  produced g re y is h  c o lo u re d  s e e d s . 

The seeds o f  th e  p la n t  i n  7 k r  d ry  were found to  be l a r g e r  

th a n  th e  no rm al, w h ile  th e  o th e r  p la n t  produced norm al 

s iz e d  s e e d s . B oth o f  them gave few er number o f  pods and 

s e e d s . The form er p la n t  gave 13  pods and a  t o t a l  o f
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1 2 8  seed s and th e  l a t t e r  one gave 9 pods and a  t o t a l  o f 

82 se e d s .

Two p l a n t s ,  one each  i n  11  k r  soaked i r r a d i a t e d  

and 1 3  k r d ry  i r r a d i a t e d  gave seed s w ith  brow nish 

m o tt l in g s .  There was no s i z e  d if f e r e n c e  betw een th e s e  

and th e  c o n t r o l .

Thus a  t o t a l o f  f iv e  p la n ts  were o b ta in e d  w ith  

^  se e d  c o lo u r  ch an g es. These were e a r r i e d  on to  th e  2nd

g e n e ra tio n  f o r  f u r t h e r  s tu d y .

Abnormal s t e r i l e  m u ta n ts . (P l a t e s  2 and 3 )

Two p la n ts  -  one i n  1  k r  d ry  i r r a d i a t e d  and th e  

o th e r  m  7 k r  soaked i r r a d i a t e d . -  were found t o  be 

abnorm al i n  grow th . The le a v e s  were c r in k le d ,  w ith o u t 

any w ell dev elo p ed  b ra n c h e s . These were s t e r i l e  . One p l a n t  

f a i l e d  to  f lo w e r and th e  o th e r  flo w ered  b u t f a i l e d

f  to  s e t  f r u i t s .

CYTOLOGICAL EFFECTS OF X-RAYS 

F requency o f  abnorm al a n a p h a se s .

The p e rc e n ta g e  o f  abnorm al anaphases i s  g iv en  

i n  T able No. XVI.

F or g e t t in g  an id e a  on th e  dependence o f  abnorm al 

an ap h ases on d o se , th e  r e g r e s s io n  a n a ly s is  was c a r r i e d  

o u t . A l i n e a r  model was f i t t e d  to  th e  d a ta  o f  d ry  s e r i e s .



B e g re ss io n  l i n e s  and re g r e s s io n  

e q u a tio n s  f o r  th e  p e rc e n ta g e  o f  

abnorm al an ap h ases.





A nalysis of varian fe  fo r  te s t in g  t i e  s ig n ifican ce  
Of reg ressio n . % of a tn o rra l anaphases.

(Dry s e r ie s )  Linear model y  -  0.64x-v2.© 5

T A B L E  XXX

/ Source
Sum of 

sm. cares Df. Variance F -ra tio

T o tal 125.289 8

Due to

reg ressio n
\

105.27a 1 105.272
4c*

36.89

D eviation

from reg re­ 20.017 7 2 .859

ss io n

* *  S ig n ific a n t a t  2$> le v e l s  0 .8 4



T A B L E  20

Analysis of variance f o r  te s tin g  th e  s ig n ifican ce  of 

reg ressio n  of $  of abnormal anaphases (se a te d  s e r ie s )

Linear model (y  -  1 .1208  x -v 0 .12 9 4 )

Source
sum of 

squares
D f Variance v F -ra tio

T o tal 307.02 8

Due to  regre­

ssio n 285.0165 1 285.0165 90.67**

D eviation from 

re g re ssio n
22.0035 7 3.14335

* *  S ig n ific a n t a t  1$ le v e l 

2
r  = 0 .9 2
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The model f i t t e d  was (y  = 0 . 6 4 x 4 - 2 . 0 5 ) .  When te s t e d  

t h i s  model was fo u n d  to  be a  good f i t .  (T a b le  XIX) . The 

F - r a t i o  was s i g n i f i c a n t  a t  0 .1 $  l e v e l  and th e  r 2 c a lc u la te d  

was 0 . 8 4 .  These h ig h  v a lu e s  in d ic a te d  t h a t  th e  l i n e a r

model was a  good f i t  f o r  th e  d a ta .  There was an  in c re a s e

i n  th e  fre q u e n c y  o f abnorm al anaphases a s  th e  dose 

in c r e a s e d .

^  The l i n e a r  model f i t t e d  t o  th e  d a ta  o f  soaked

s e r i e s  ( y  r l * l 20 8 x '* 0 .1 2 9 4 )  was a ls o  found to  be h ig h ly

s i g n i f i c a n t ,  s u g g e s tin g  an e x a c t l i n e a r  r e l a t i o n s h i p .

(T a b le  XX). The r 2 c a lc u la te d  was 0 .9 2  i n d ic a t in g  t h a t  

th e  l i n e a r  model was a good f i t .  Here a ls o  th e r e  was 

a l i n e a r  in c r e a s e  i n  th e  fre q u e n c y  o f  abnorm al an ap h ases 

a s  th e  dose in c r e a s e d .

The r e g r e s s io n  l i n e s  f o r  th e  soaked and d ry  

s e r i e s  a re  re p re s e n te d  i n  f i g .  1 1 .

^  An ex am in atio n  o f  th e  d a ta  re v e a le d  t h a t  i n  a l l

d o s e s , th e  fre q u e n c y  o f abnorm al an aphases i s  h ig h e r  

i n  th e  soaked s e r i e s  th a n  i n  th e  d ry  s e r i e s .  T his 

i n d i c a t e s  t h a t  th e  soaked seed s a r e  more s e n t i t i v e  to  

X -ray s th a n  th e  dorm ant s e e d s .

Types o f  chromosomal a b e r r a t i o n s .

The m ain o b se rv a b le  chomosomal e f f e c t s  o f  X -rays 

were th e  anaphase b r id g e s  and fra g m e n ts . The anaphase

&
/
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b rid g e s  appeared  i n  s in g le s , doubles and i n  m u lt ip le s .

In  many c e l l s ,  b rid g e s  appeared i n  p a i r s .  P la te s  4 to  10 

shows th e  ty p es o f ehoromosomal a b e r r a t io n s  observed i n  

th e  r o o t  t i p s  o f  i r r a d i a t e d  seed s.

A part from th e  anaphase b rid g e s  and frag m en ts 

some o th e r  a b n o rm a litie s  were a ls o  n o te d . Among t h i s  

clum ping o f  chromosomes a t  m etaphase was im p o rta n t. Clump­

in g  was e s p e c ia l ly  common i n  r o o t  t i p s  o b ta in e d  from 

seeds i r r a d i a t e d  w ith  h ig h  d o sag es. Lagging o f chromosomes 

and p re c o c io u s  s e p a ra tio n  o f chromosomes were a ls o  

o b serv ed . M icronucleus fo rm atio n  was n o ted  i n  some c e l l s .

OBSERVATIONS OH SECOND GENERATION (X9 )

The r o le  o f  io n iz in g  r a d ia t io n s  i s  to  induce 

changes i n  th e  chromosomes and g enes. The X-̂  p la n ts  

r a is e d  from th e  X -ra d ia te d  seed s w il l  o f te n  hetero zy g o u s 

f o r  th e  v a rio u s  g e n e tic  changes induced by th e  r a d i a t i o n .  

A f te r  s e l f  f e r t i l i z a t i o n  th e y  g ive r i s e  t o  an  Xg genera­

t i o n .  I n  th e  Xg and i n  th e  l a t e r  g e n e ra tio n s  (x 3 o r x4 ) 

th e  m u tan ts se g re g a te  o u t. So an a n a ly s is  o f  th e  Xg gene­

r a t i o n  i s  v ery  e s s e n t i a l  to  u n d erstan d  th e  ty p es and 

e x te n t  o f  m u ta tio n s in d u ced  by th e  X - ir r a d ia t io n .

In  th e  p re s e n t in v e s t ig a t io n  a ls o  an Xg p o p u la tio n  

was r a is e d  and k e p t under o b s e rv a tio n . The seed s were grown 

i n  th e  f i e l d  and th e  m utant p la n ts  were re c o rd e d .
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O b serv atio n s were co n fin ed  to  m orp h o lo g ical c h a r a c te r s  

o f th e  p la n ts  o n ly . A la r g e  c o n tro l  p o p u la tio n  was a ls o  

m a in ta in e d  f o r  Comparison.

x2

< S l ig h t  f lu c tu a t io n s  were n o ted  in  th e  germ ina­

t i o n  p ercen tag e  o f  th e  seeds b elo n g in g  to  th e  v a rio u s  

d o s e s -  T able No.21  g iv es  th e  g erm in atio n  p e rc e n ta g e  

observed  i n  each tre a tm e n t.

The seeds o f  th e  f iv e  p la n ts ,  which gave seed 

c o lo u r changes i n  were sown s e p a r a te ly .  In  th e s e  

groups th e  g erm in atio n  p e rc e n ta g e  were found t o  be 

g r e a t ly  reduced a s  shown i n  tb b le  No.2 2 . T his re d u c tio n  

i n  g erm in atio n  p e rc e n ta g e  was e s p e c ia l ly  e v id e n t i n  p la n t  

Number 1 ,  4 and 5 .

S eed lin g  a b n o rm a litie s .

C h lo ro p h y ll changes.

From th e  X2 p o p u la tio n  a t o t a l  o f  n in e  a lb in o  

s e e d lin g s  and seven xan th a  s e e d lin g s  were n o te d . A ll 

o f  them were l e t h a l  and d ie d  w ith in  a few d ay s.

A la r g e  number o f  s e e d lin g s  w ith  c h lo ro p h y ll  

s p o ttin g  on th e  f i r s t  le a v e s  was observed. The s p o ttin g  

v a r ie d  i n  i n t e n s i t y  and e x te n t .

C rin k le d  and d is to r te d  p la n t s .

Many c r in k le d  and d is to r t e d  s e e d lin g s  were n o te d .

id/



t a b l e  xxx 

Germination Percentage in  X
11 ■ 1 ■ ■ «  I I — O

Peso 
(k r  u n its )

Bry Soaked

Control 98.8 98.6

1 96 9 0 .4

3 9 8 .4 9 1.2

5 96.8 9 0 .4

7 97.6 92

9 97.6 89.6

11 9 6 ,8 96

13 96.8 94

15 89.6 9 6 .8



Gemination $ observed in Seed colour change plant 

progenies.

S A B L E  XXII

Plant Ho. 00 .Of 
seeds 
sowed

NO. Ofseedsgeminated
Jt of gemi­
nation

I
(isolated from 3 kr dry)

40 6 15

8

(isolated from 7 kr dry)
135 m 88.9

3
(isolated from 11 kr 

soaked)
4

130 105 80.7

(isolated from 13 kr 
soaked)

75 34 45.3

5
(isolated from 13 kr 

dry)
130 18 13.8



T A B L E  XXIII 

Frequency of abnormal seedlings in  X..
 ---  -    -....   Ct

4

Bose 

(k r  u n its )
to y Soaked

C ontrol - -

1 7 15

S 5 13

5 9 11

7 12 15

9 14 17

11 11 13

13 19 21

15 17 25

6



These ap p eared  ex trem ely  abnorm al. The growth o f 

th e s e  was found to  be su p p ressed  i n  many c a s e s . Some 

produced norm al le a v e s  l a t e r .

Many p la n ts  which look: p e r f e c t l y  norm al a t  th e  

tim e o f g erm in atio n  rem ained s tu n te d  w ith o u t p ro p er 

v e g e ta tiv e  grow th. Many o f  th e s e  p la n ts  f a i l e d  to  

f lo w e r.

The t o t a l  freq u en cy  o f  abnorm al s e e d lin g s  reco rd ed  

i s  p re s e n te d  i n  T able No. XXIII.

Among th e  o f th e  seed co lo u r m utants th e  p e r­

c en tag e  o f  abnormal s e e d lin g s  was h ig h .

MORPHOLOGICAL MUTATIONS 

Growth c h a r a c te r .

I t  i s  r e c a l le d  h ere  th a t  th e  norm al p la n ts  

o f  th e  v a r ie ty  "A frican" i s  an e r e c t  growing ty p e  

w ith o u t any sp read in g  o r  tw in in g  h a b i t .  The branches 

grow in  an upward d i r e c t i o n ,  so th a t  th e  whole p la n t  

grows i n  a v ery  compact m anner. T his i s  a c o n s ta n t 

c h a r a c te r  o f  th e  v a r ie ty .

Many v a r ia t io n s  to  th e  above c h a ra c te r  were 

noted.am ong th e  i r r a d i a t e d  progeny. Some o f  th e  more 

conspicuous ty p es were th e  fo llo w in g *

i .  Ywinmfl .typas,.

These ty p e s  e x h ib it  th e  tw in in g  tendency even 

i n  th e  s e e d lin g  s ta g e . F ive p la n ts  were i d e n t i f i e d  w ith

56
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t h i s  h a b i t .

i i .  P r o fu s e ly  b ra n c h in g  and sp re a d in g  ty p e s .

Two p la n ts  were e x te n s iv e ly  b ra n c h in g  and sp re a d in g  

i n  h a b i t .

i i i .  Dwarf m u ta n ts .

These were v ery  prom inent and e a s i l y  i d e n t i f i a b l e  

due to  t h e i r  v ery  c h a r a c t e r i s t i c  a p p e a ra n c e . The b ran ch es 

were few er and grew a lm o st p a r a l l e l  to  th e  s u rfa c e  

and th e  b ran ch es a ro s e  from  th e  two s id e s  o f  th e  stem .

Four p la n ts  were n o te d  i n  t h i s  ty p e .

i v .  S t r a i g h t  stemmed m u ta n ts .

One p la n t  was n o te d  to  be o f  t h i s  k in d . The 

stem  was s t r a i g h t ,  w ith o u t any prom inent bran ch es . The 

le a v e s  w ereex in k led  and th e  p la n ts  a p p eared  t o  be abnorm al 

which f a i l e d  to  f lo w e r .

P la te s  10 -  17  r e p r e s e n ts  th e  v a rio u s  

m o rp h o lo g ic a l m u ta tio n s  o b serv ed  i n  th e  Xg p o p u la tio n .

F low er c h a r a c te r s .

Flow er c b lo u r  changes were o f  common o c c u rra n ee  

i n  th e  p o p u la tio n . The norm al f lo w e r p o sse sse d  a  l i g h t  

p u rp le  1 s ta n d a rd *  and wings w ith  v io le h  c o lo u r a t io n .  The 

most n o ta b le  changes were to  pure w h ite  and to  ye llo w .

Among t h i s  group th r e e  c a te g o r ie s  were o b serv ed .
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1 .  F low ers p u re  w hite

2 . Flow ers p u re  y e llo w

3 . S ta n d a rd  y e llo w  and ‘w ings* w h ite .

A p art from th e  above changes many o th e r  l e s s  n o ta b le  

changes were a ls o  o b serv ed . Some o f  which a re  th e  

fo llo w in g s

1 .  S ta n d a rd  p in k  w ith  wings w h ite

2 .  S ta n d a rd  b lu is h  v i o l e t  w ith  th e  same c o lo u r  

on th e  w ings.

3 .  S ta n d a rd  b lu is h  v i o l e t  w ith  wings l i g h t  p in k .

4 . S ta n d a rd  b lu is h  w ith  wings w h ite .

A p art from  th e  c o lo u r  changes o th e r  a b n o rm a lit ie s  

were a ls o  n o te d . I n  one c a se  i t  was found t h a t  th e  

flo w e rs  were deform ed and f a i l e d  t o  open. When examined 

t h i s  was found t o  be due to  th e  f u s io n  o f  th e  f l o r a l  

p a r t s .

PM.gharastfrEa*
Many v a r i a t i o n s  found t o  o ccu r i n  th e  X a f f e c t -Ct

in g  th e  pod c h a r a c te r s .  These m ain ly  a f f e c te d  th e  s i z e ,  

and c o lo u r  o f  th e  p o d s. The v a r io u s  ty p e s  o f  pods 

o b ta in e d  a re  r e p r e s e n te d  i n  p l a t e s  18  -  2 1 .

The c o lo u r  o f  th e  pods o f  th e  norm al p la n ts  

was s tra w  and th e  pods were s m a ll .  C olour v a r ia t io n s  

in c lu d e d  b la c k is h ,  b ro w n ish , re d d is h  w h ite , re d d is h  

w h ite  d i t h  deep p u rp le  f r e a k s  on th e  pods and l i g h t



g r e e n is h . The s iz e  o f  th e  pods o b ta in e d  from  v a rio u s  

m utant p la n ts  v a r ie d  from  la r g e  to  norm al s iz e d  to  sm a ll.

A few  p la n ts  gave v e ry  la r g e  pods w ith  l a r g e r  s e e d s .

SBBD COLOUR MUTATION.

Changes i n  seed  c o lo u r  was one o f  th e  m ost i n t e r e s t ­

in g  th in g s  ob serv ed  d u rin g  th e  c o u rs e  o f  th e  ex p erim en t.

I t  was e a r l i e r  s t a t e d  t h a t  f i v e  p la n ts  were o b ta in e d  i n  

th e  X^ g e n e ra tio n  w ith  c o lo u r  v a r i a t i o n s .  These f i v e  

p la n ts  s e g re g a te d  i n  Xg f o r  v a rio u s  seed  c o lo u r s .  The 

fo llo w in g  a re  th e  v a rio u s  c o lo u r  m u ta tio n s  i s o l a t e d  

from th e  f i v e  g ro u p s.

T h is  p la n t  was o b ta in e d  from 3 k r  -  d ry  i r r a d i a t e d  

l o t .  I t  g a v e b u ff c o lo u re d  seed s i n  X j. In  th e  Xg f iv e  

p l a n t s  re a c h e d  m a tu r i ty .  Out o f  t h i s  f i v e ,  two gave 

b u f f  c o lo u re d  s e e d s , 1  re d  c o lo u re d  seed s a s  i n  norm al 

p l a n t s ,  one gave se e d s  w ith  brown m o ttl in g  and one p ro ­

duced r e d  c o lo u re d  se e d s w ith  b la c k  m o tt l in g s .  One o f  

th e  b u f f  seeded  p la n ts  was o f  th e  s p re a d in g  ty p e . The 

brown m o ttle d  p la n t  gave pods w ith  a  b la c k is h  c o lo u r  when 

r ip e n ,  

glaflfc Nq.,.2

T h is p la n t  i n  produced g re y is h  m o ttle d  se e d s .

I n  t h i s  c l a s s  73  p la n ts  flo w e re d  and s e t  s e e d s . The 

fo llo w in g  ty p e s  were o b ta in e d .

59
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Seed c o lo u r Ho. o f  p la n ts .

G reyish  m o ttle d 22

Brown m o ttle d 8

White w ith  Brown eyes 7

White w ith  deep re d  eyes 6

White 4

Y ellow ish w hite 3

L ig h t re d 5

Bed (n o rm al) 18

I t  was n o ted  t h a t  th r e e  o f  th e  g re y ish  seeded

p la n ts  gave la r g e r  pods and seeds th an  th e  normal

p la n ts .  The c la s s e s  w h ite  w ith  deep re d  eyes and l i g h t

yello w , produced u n ifo rm ly  sm a lle r  se e d s. In  o th e r  ca se s

th e  seeds were o f  th e  same s iz e  as  t h a t  o f  th e  normal

p la n ts .

P la n t  H o.3.

This p la n t  produced brown m o ttle d  seeds i n  th e  X^.

In  t h i s  c l a s s ,  63  p la n ts  reached  m a tu r ity . The fo llo w in g

seed  ty p es were i s o l a t e d .

Brown m o ttle d 23

Bed norm al 27

White w ith  brown h allo w  
around th e  eye 3

Brown 3

L ig h t re d 5

G reyish m o ttle d 2
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No changes in  colour was noted to be associated with 

any morphological characters.

.Plant .Efr.,.4.

The o r i g i n a l  c o lo u r o f  t h i s  p la n t  i n  was 

g re y is h  m o ttle d . 18  p la n ts  reach ed  m a tu r ity . The 

se g re g a tio n  o f  th e  c o lo u r  m utants was a s  fo llo w s:

G reyish  m o ttle d 7

Red 4

Red w ith  b la c k  m o ttlin g s 2

Brown m o ttle d 3

Very l i g h t  re d 2

HLartJfajL.5'

The c o lo u r i n  th e 2L was brown m o ttle d .

flow ered and s e t  se e d s. The fo llo w in g  ty p es were

Brown m o ttle d 3

Red 2

Red w ith  b la c k  m o ttlin g 3

Brown 1

White w ith  re d  eyes 1

White w ith  brow nish eyes 1

G reyish m o ttle d a

One o f  th e  re d  seeded w ith  b la c k  m o ttlin g  was d w arfish  

in  n a tu r e .  One o f th e  brown m o ttle d  p la n ts  gave b la c k is h  

pods.
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In  th® Xg seed  c o lo u r  changes were a ls o  observed  

i n  th e  i r r a d i a t e d  p o p u la tio n  r a i s e d  from  th e  a p p a r e n tly  

norm al X-̂  se e d s . The fo llo w in g  c o lo u r  changes were n o te d .

1 .  The h a l f  re d -w h ite  ty p e . One p l a n t  was n o te d  

i n  th e  5 k r  d ry  i r r a d i a t e d  l o t  f o r  i t s  tw in in g  h a b i t .

T h is  p la n t  when m atured  gave seed s i n  which h a l f  o f  th e  

seed  -  th e  eye p o r t io n  -  i s  re d  and th e  o th e r  h a l f  w h ite . 

Only th r e e  pods were o b ta in e d . Seed s e t  seemed t o  be 

v e ry  low .

2 . G rey ish  m o ttle d . T hree p l a n t s  were n o te d  which 

gave l a r g e r  s iz e d  g re y is h  c o lo u re d  s e e d s .  Two o f th e s e  

were dw arf p l a n t s .  One p la n t  produced l a r g e r  pods a l s o .

3 .  Brown m o ttle d . F iv e  p la n ts  w ere n o te d  w ith  

brown m o ttle d  seed s . One o f  th e s e  was a  dw arf p l a n t .

4 . W hite w ith  b la c k  e y e s . One p l a n t  was n o te d  

which gave w h ite  seed s w ith  b la c k is h  c o lo u r  around th e  

eye p o r t io n .

5 . W hite seeded  ty p e . The p la n ts  were i s o l a t e d  

which produced  w h ite  s e e d s . I n  one c a se  th e  seed s were 

a  l i t t l e  l a r g e r  th a n  th e  norm al*

P la te s  2 2  and 23  r e p r e s e n ts  th e  v a r io u s  seed 

ty p e s  o b ta in e d  i n  Xg .
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OTHER MORPHOLOGICAL MUTATIONS.

Large le a v e d  m u tan t. (P la te  2 4 )

One p la n t  i n  th e  ^  (5  k r  d ry ) was v ery  prom inent 

due to  i t s  v ig o ro u s grow th, much l a r g e r  le a v e s  and tw ining  

h a b i t .  The le a v e s  were th ic k e r  th a n  th e  norm al le a v e s . 

F low ering %was d elayed  f o r  ab o u t 3 weeks . I t  produced

o n ly  th r e e  pods and th e  pods co n ta in e d  very  few seed s.
\

Ghimaeric p lan t.

One p la n t  i n  3 k r d ry  i r r a d i a t e d  group produced 

one branch which was a chim aera. The le a v e s  o f  one s id e  

were n o n n al, and i n  th e  o p p o site  s id e  th e  le a v e s  were 

o f  th e  m utant ty p e  w ith  g reen  and y ello w  p a tc h e s . P la te  

25  shows th e  n a tu re  o f  th e  chim aera.

■Anthocyanin production.

One p la n t  was observed i n  th e  3 k r  d ry  t r e a te d  

group, i n  which th e  peduncle was c h a ra c te r iz e d  by a 

deep p u rp le  c o lo u r . The c o lo u r was observed i n  no o th e r  

p a r t  o f th e  p l a n t .

In  two p la n ts  -  n o te d  i n  7 k r-so a k e d  i r r a d i a t e d  

s e r i e s ,  and 13 k r-d ry  i r r a d i a t e d  s e r ie s , t h e  low er p a r t  

o f  th e  stem p o ssessed  a deep p u rp le  p igm ent. This 

c o lo u ra tio n  appeared d i lu te d  in  th e  upper p o r tio n s  •

A nother i n t e r e s t i n g  case  o f  p ig m en ta tio n  was 

e x h ib ite d  i n  one p la n t  i n  9 k r - d r y  i r r a d i a t e d  group.
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I n  t h i s  p la n t  t h e  nodes o f  t h e  stem  p o s s e s s e d  

a  deep p u r p le  p ig m e n ta tio n . The pigm ent e x te n d e d  

a b o u t one c m .'to  t h e  u p p e r and  low er p a r t s  o f  th e  n o d a l 

re g io n .

T h ree p l a n t s  w ere n o te d  /  two i n  13  k r  -  and 

one i n  15  k r-s o a k e d  i r r a d i a t e d  -  i n  w hich t h e  s e p a ls  

w ere c h a r a c t e r i z e d  by p u r p le  s t r e a k s .

- — eeOee-----

\
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GENERAL CONSIDERATIONS.

I n  s p i t e  o f  a  la r g e  amount o f  work to  u n d e rsta n d  

th e  mechanism o f  a c t io n  o f X -ra y s, l i t t l e  p ro g re s s  h as been 

a t t a i n e d  t i l l  r e c e n t l y .  The dom inant th o u g h t u p to  1937  was 

t h a t  m e ta b o lic  r e a c t io n s  p la y  no p a r t  i n  th e  p rim a ry  a c t io n  

o f  X -rays and t h a t  any d e te c te d  m e ta b o lic  d is tu rb a n c e s  a r e  

a m a n if e s ta t io n  o f  d e g e n e ra tiv e  p ro c e s s e s  which succeeded  

th e  p rim ary  damage to  c e l l  grow th and th e  n u c le u s  (S c o t t .  

1 9 3 7 ) .  The t a r g e t  th e o ry  dom inated th e  f i e l d .  The c l a s s i c a l  

ex p erim en ts o f  D ale (1 9 4 0 )  bro k e th e  ground f o r  th e  in tr o d u c ­

t i o n  o f  th e  i n d i r e c t  a c t io n  th e o r y , so r e p e a te d ly  p re s e n te d  

by F r ic k e  (1 9 3 4 ) .  The g r e a t  advances made m  th e  f i e l d  o f  

f r e e  r a d i c a l  r e a c t io n s  and th e  p ro d u c tio n  o f m u ta tio n s  by 

th o s e  f r e e  r a d i c a l s ,  found i n  i r r a d i a t i o n  o f w a te r , have 

d em o n stra ted  th e  im p o rtan ce  o f t h i s  mode o f  a c t io n  o f  io n iz in g  

r a d i a t i o n  on th e  l iv in g  c e l l s .  I t  has been re p e a te d ly  shown 

by b i o l o g i s t s  and c h e m ists  (B a rro n  1954; H drt 1 9 5 8 ) t h a t  when 

w ater c o n ta in in g  d is s o lv e d  oxygen i s  i r r a d i a t e d  w ith  io n iz in g  

r a d i a t i o n  such as X -ra y s , th e r e  i s  th e  u l t im a te  fo rm a tio n  o f  

h y d ro x y l r a d i c a l s  and hydrogen atom s* HgO^ —^HO + H. In  th e  

p re se n c e  o f  d is s o lv e d  oxygen th e  hydrogen atoms combine t o  

form  OgH r a d i c a l s .  The OgH r a d i c a l s  may f u r t h e r  be red u ced  

by hydrogen atom s t o  hydrogen p e ro x id e . The h y d ro x y l r a d i c a l s  

may a ls o  g iv e  hydrogen p e ro x id e . These r e a c t io n s  a re
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c o n d itio n e d  toy many f a c t o r s  such as th e  oxygen c o n c e n tr a t io n , 

r a t e  o f  i r r a d i a t i o n ,  te m p e ra tu re  e t c .  ‘A ll th e s e  r a d i c a l s  

form ed a re  o x id is in g  a g e n ts .  I t  was p r e d ic te d  (B a rro n  1 9 5 4 ) 

t h a t  io n iz in g  r a d i a t i o n s  would o x id is e  th e  o x id a tio n  -  

. r e d u c tio n  system s o f  b io l o g i c a l  im p o rta n c e .

EFFECT OF PRE-SOAMG OK X-RAY SENSITIVITY.

I t  has been shown toy many w orkers t h a t  p re -so a k in g  

enhances th e  r a d i o - s e n s i t i v i t y  o f  th e  se e d s . (Moore and 

H ask in s 1 9 3 5 . ,  G u sta fsso n  1 9 4 0 , 1 9 4 7 . ,  W ertz 1 9 4 0 . ,  G elin  

1 9 4 1 . ,  Mackey 1 9 5 1 . ,  S h a s try  and Bamiah 1 9 6 1 ) .  The same 

c o n c lu s io n  can  a ls o  toe deduced from th e  p r e s e n t  i n v e s t i g a ­

t io n s  .

I t  was found t h a t  g e rm in a tio n  p e rc e n ta g e  was 

u n a ffe c te d  toy th e  X -ray  tr e a tm e n t i n  th e  d ry  s e r i e s , tout 

re d u ced  s i g n i f i c a n t l y  i n  th e  soaked s e r i e s .  T his i s  i n  l i n e  

w ith  th e  ev id en ces p re s e n te d  toy G u sta fsso n  (1 9 4 7 ) ,  L e fo r t 

(1 9 5 4 )  and L e sle y  and L e sle y  (1 9 5 7 ) .

L e t h a l i t y  was h ig h e r  i n  th e  soaked seeds th a n  i n  

th e  d ry  seeds i n  a l l  th e  d o se s . In  tooth c a s e s ,  a l i n e a r  

r e l a t i o n s h i p  betw een dose and s u r v iv a l  was found to  h o ld  good. 

G u sta fsso n  (1 9 4 7 )  and S ta p le to n  and H o lla e n d e r (1 9 5 2 )  a f t e r  

t h e i r  c a r e f u l  s tu d ie s  a r r iv e d  a t  s im i la r  c o n c lu s io n s .

I t  was o b serv ed  t h a t  a t  a l l  d o s e s , th e  fre q u e n c y  of 

c h lo r o p h y ll  a b n o rm a lit ie s  was h ig h e r  i n  th e  soaked th a n  i n
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the dry seeds. In both cases there were a lin e a r  increase in  

the frequency of chlorophyll abnorm alities, though th is  

re la tio n sh ip  was more evident m  the soaked s e r ie s .

Caldecott (1 9 5 6 )  and L esley and L esley (1 9 5 7 ) 

reported greater reduction in  seedling height in  the soaked 

seeds than in  the dry seeds. The present stu d ies confirmed 

the fin din gs o f  the above authors. I t  was found that in  the 

dry seeds there was no s ig n ific a n t reduction in  seedling  

h eigh t. But in  the soaked seeds there was a s ig n ific a n t  

decreases in  seedlin g height as the dose increased. The 

r e s u lts  showed th at the soaked seeds were injured more 

severely  than the dry ones by the X-ray treatment.

Increased XI s t e r i l i t y  was n oticed  in  the soaked 

seeds than in  the dry seeds in  almost a l l  doses employed 

except a t the h igh est dose. At the h igh est dose there was 

no s ig n ific a n t d ifferen ce between the two s e r ie s .  Compar­

able re su lts  came from Gustafsson (1 9 4 7 )  and D’Amato and 

Gustafsson (1 9 4 8 )  in  barley.

G elin  (1 9 4 1 )  found t h a t  th e  p e rc e n ta g e  o f  abnorm al 

c e l l  d i v is i o n  in c r e a s e d  w ith  th e  in c r e a s e  i n  w a te r c o n te n t.

I n  th e  p r e s e n t  in v e s t i g a t i o n  i t  was found t h a t  th e  p e rc e n ta g e  

o f  abnorm al an aphases was much h ig h e r  i n  th e  soaked seed s th a n  

i n  th e  d ry  seed s a t  a l l  doses s tu d ie d .

Thus a l l  the observations tend to prove that soak­

ing o f seeds in  water prior to irra d ia tio n  enhances the X-ray
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s e n s i t i v i t y  o f th e  se e d s. E hrenberg (1 9 5 3 ) observed th a t  

a t  co m p arativ e ly  low dosages, th e  p re -so a k ed  seeds reach ed  

h ig h e r  le v e ls  o f m u ta b il i ty  th a n  th e  d ry  se e d s . Thus he 

showed t h a t  w ith  a dose o f 625 r  i n  b a r le y , th e  m u ta tio n  

r a t e  i n  th e  soaked seeds was seven tim es h ig h e r  th an  th a t  

o f  dormant s e e d s .

The a c tu a l  re a so n  behind th e  in c re a s e d  s e n s i t i ­

v i t y  o f  p re -so a k ed  seeds i s  n o t c l e a r .  The in c re a s e  in  

volume o f  the seed  can be one o f  th e  re a so n s f o r  th e  

in c re a s e d  s e n s i t i v i t y .  Such a co n clu sio n  was f i r s t  advoca­

te d  by MacKey (1 9 5 1 ) .  The in c re a s e d  volume p ro v id ed  la r g e r  

a r e a  f o r  th e  a c t io n  o f r a d ia t i o n .  C a ld e c o tt (1 9 5 4 ) s ta te d  

t h a t  th e  in c re a s e d  s e n s i t i v i t y  was p ro b ab ly  th e  r e s u l t  o f 

th e  p ro d u c tio n  o f  c h e m ic a lly  a c t iv e  r a d ic a ls  from w ater. 

T h is was i n  l i n e  w ith  th e  o r ig in a l  f in d in g s  o f  F ric k e  

(1 9 3 4 , 1 9 3 5 ) .  F ric k e  and Demerec (1 9 3 7 ) found th a t  2 £  

X -rays was as e f f i c i e n t  as o rd in a ry  X -rays i n  producing 

m u ta tio n s . This ap p aren t v io la t io n  o f  th e  " ta r g e t  hypo­

th e s is "  was ex p la in e d  by them t o  be due to  th e  p ro d u c tio n  

o f  m u tatio n  v ia  th e  in te rm e d ia tio n  o f  " a c tiv a te d  w ater" .

EFFECT OF X-RAYS OH GERMINATION.

In the present in v estig a tio n  i t  was found that 

the germination percentage was not dependent on dose in  

the dry se r ie s . But ip  the soaked se r ie s  there was a 

lin ea r  relationsh ip  between dose and the germination per­

centage.
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Many w orkers (M icke 1 9 5 8 , ,  Bora and Rao 1 9 5 9 . ,  

G o ttsc h a lk  and S ch eib e  I 9 6 0 . ,  S h a s try  and Ramiah 1 9 6 1 . ,

Ja n  S jo d in  1962  and Katayama 1 9 6 3 ) r e p o r te d  t h a t  i n  th e  

dorm ant seeds th e  g e rm in a tio n  a b i l i t y  was u n a ffe c te d  by th e  

X -ray  tr e a tm e n t.  The p r e s e n t  s tu d y  confirm ed th e  above 

r e p o r t s .

In  th e  soaked s e r i e s  g e rm in a tio n  p e rc e n ta g e  was 

found u n a f f e c te d  by low and medium doses (1 0 0 0  to  9000  r ) ,  

b u t  a t  h ig h e r  dosages (1 1 0 0 0  t o  15000  r )  i t  was red u ced  

s i g n i f i c a n t l y .  However, f u r t h e r  in v e s t i g a t i o n  w ith  s t i l l  

h ig h e r  doses th a n  th o se  used  i n  th e  p r e s e n t  s tu d y  i s  

re q u ir e d  to  e s t a b l i s h  th e  l i n e a r  r e l a t i o n s h i p  betw een 

h ig h e r  doses and g e rm in a tio n  p e rc e n ta g e .

I t  i s  known t h a t  g e rm in a tio n  o f  th e  seed s does 

n o t fo llo w  c e l l  d iv is io n .  Smear p r e p a r a t io n s  o f  th e  t i p s  

o f  r a d i c l e s  when i t  w a si-1  cm. i n  le n g th  f a i l e d  to  re v e a l  

any d iv id in g  c e l l s .

S in c e  th e  m ain e f f e c t  o f  X -rays i s  on th e  chromo­

som es, th e  d e le te r io u s  e f f e c t s  w i l l  be m a n ife s te d  o n ly  when 

th e  c e l l s  b e g in  to  d iv id e .  Those c e l l s  which a re  to o  much 

a f f e c te d  by X -ray s w i l l  be damaged due t o  abnorm al m ito s is
A

t h a t  f o llo w s . The g e n e tic  complement o f  a  c e l l  i n  which a  

la r g e  number o f  chromosome b re a k s  have been in d u ced  w i l l  

rem ain  i n t a c t  a s  lo n g  a s  th e  c e l l  does n o t d iv id e .  S in ce  

th e  g e rm in a tio n  o f  th e  seed s does n o t fo llo w  th e  c e l l
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d i v i s io n ,  i t  can  be co n clu d ed  t h a t  th e  g e rm in a tio n  p e rc e n ta g e  

i s  u n a ffe c te d  by th e  X -ray  d o sag es.

C o n firm ato ry  ev id en ce  to  th e  above c o n c lu s io n  had 

been  re p o r te d  by S chw artz and Bay (1 9 5 6 ) .  They n o te d  norm al 

g e rm in a tio n  around 5 ,0 0 ,0 0 0  r  u n i t s .  The dose cau sed  t o t a l  

i n h i b i t i o n  o f  m ito s is  as ev id en ced  from th e  f a c t  t h a t  th e  

r o o t  t i p  sm ears showed no d iv id in g  c e l l s  and th e  grow th 

c e a se d  co m p le te ly  a f t e r  about f iv e  d ay s. The g e rm in a tio n  and 

th e  e a r l y  grow th, th e y  su g g e s te d , were due to  th e  e lo n g a tio n  

o f th e  c e l l s  a lr e a d y  p r e s e n t  i n  th e  embryo a t  th e  tim e o f 

i r r a d i a t i o n .

But th e  problem  ram ains why th e r e  was a  s i g n i f i c a n t  

re d u c tio n  i n  g e rm in a tio n  p e rc e n ta g e  a t  h ig h  doses i n  th e  

soaked s e e d s . I t  was n o te d  e a r l i e r  t h a t  th e  r a d i o - s e n s i t i v i t y  

i s  dependent on th e  p h y s io lo g ic a l  c o n d it io n  o f  th e  seed s 

(G u s ta fs s o n  1 9 4 4 ) .  Soaking o f seed s i n i t i a t e s  a s e r i e s  o f  

changes w ith in  th e  embryo. S c o tt  (1 9 3 8 )  had e a r l y  shown t h a t  

a t  h ig h  doses o f  X -rays th e  enzym atic a c t i v i t i e s  were 

i n h i b i t e d .  Such i n h i b i t i o n  o f enzym atic and horm onal a c t i ­

v i t i e s  may cau se  a  breakdown o f  th e  c e l l u l a r  m etab o lism .

A gain, a c t iv e  oxygen c o n ta in in g  r a d i c a l s  such a s  H2 02 and 

0 2H produced under th e  im p act o f  i r r a d i a t i o n  may o x id is e  th e  

b io lo g ic a l  system s a t  work i n  th e  em bryo(fiarron 1 9 5 4 ) .  T his 

may a g a in  i n h i b i t  th e  g e rm in a tio n  o f  s e e d s .

B arro n  and B o n zell (1 9 5 0 )  and B arro n  (1 9 5 4 )  re p o r te d  

th a t  th e  enzym atic changes in d u ced  by 1 0 ,0 0 0  r  o f  X -rays a r e  

r e v e r s i b l e  which i s  e s p e c ia l ly  t r u e  i n  th e  c a se  o f  th e
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cytochrom e -  o x id a tio n  -  re d u c tio n  system . S t i l l  h ig h e r 

dosages may cause perm anent a l t e r a t i o n  i n  th e  enzym atic 

system s which may m a n ife st i n  th e  g erm in atio n  fo llo w in g  

i r r a d i a t i o n .  T his m ight be y e t an o th e r re a so n  f o r  th e  

re d u c tio n  i n  g erm in atio n  p e rc e n ta g e  a t  h ig h e r dosages i n  

th e  soaked s e r i e s .

EFFECT OF X-RAYS ON SURVIVAL.

In  th e  p re s e n t in v e s t ig a t io n  i t  was found t h a t  

th e  s u r v iv a l  p e rc e n ta g e  was l i n e a r l y  r e l a t e d  to  th e  d o se, 

i e .  s u r v iv a l  d ecreased  p r o p o r tio n a te ly  as th e  dose in c re a s e d .

L in e a r r e la t io n s h ip  betw een dose and s u rv iv a l  

p e rc e n ta g e  was a ls o  re p o r te d  by Wohrmann ( 1 9 5 5 ) . ,  G iles 

( 1 9 5 6 ) . ,  E hrenberg (1 9 5 5 ) and S jo d in  (1 9 6 1 ) .  Yagayu and 

M orris (1 9 5 7 ) observed th a t  i n  dormant tom ato seeds th e  

s u r v iv a l  p e rc e n ta g e  was n o t reduced  by doses u p to  1 0 ,0 0 0  r  

and above t h a t  th e r e  was th e  ex p ected  l in e a r  re d u c tio n .

Even though th e  l i n e a r  model f i t t e d  to  th e  

s u rv iv a l  p erc e n ta g e  o f  d ry  s e r ie s  was found t o  be h ig h ly  

s i g n i f i c a n t ,  v a r ia t io n s  from l i n e a r i t y  was n o ted  i n  1  k r  

t r e a te d  se e d s . In  th e  dry  se e d s , 1 k r  caused  no re d u c tio n  

i n  s u r v iv a l .  The s u r v iv a l  cu rv e  i n  th e  d ry  s e r ie s  i s  alm ost 

sig m o id al i n  n a tu r e .  The i n i t i a l  f l a t  p o r t io n  o f th e  

sigm oid curve in d ic a te d  th a t  no m acroscopic b io lo g ic a l  

e f f e c t  was d e te c te d  u n t i l  a c e r t a i n  amount o f  l a t e n t  a c t io n  

o f  r a d i a t i o n  has accum ulated (Fano 1 9 5 4 ) .  T his r u le  was
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e s ta b l is h e d  i n  th e  r a d io b io lo g ic a l  l i t e r a t u r e  th ro u g h  th e  

works o f  th e  exponents o f  th e  ’' t a r g e t  th e o ry " . Drawing 

upon th e  above r u l e  i t  can  be s a id  t h a t  1 k r  i s  n o t s tro n g  

enough to  cau se  an accu m u latio n  o f  e f f e c t s  ( " h i t s " )  t o

produce a  v i s i b l e  e f f e c t  on th e  organism .

But th e  t y p i c a l  sigm oid  c u rv e  d i f f e r e d  from  th e  

one which was o b ta in e d  i n  th e  p r e s e n t  in v e s t i g a t i o n .  In  a 

t y p i c a l  sigm oid  c u rv e , th e  f l a t t e n i n g  i s  s e e n  i n  b o th  low 

and h ig h  d o s e s . T h is  f l a t t e n i n g  a t  h ig h  doses means t h a t  

th e  e f f e c t  i s  re a c h in g  co m p letio n  (Fano 1 9 5 4 ) .  But i n  th e  

cu rv e  o b ta in e d  i n  th e  p r e s e n t  i n v e s t i g a t i o n ,  th e r e  was no 

such f l a t t e n i n g  a t  h ig h  d o s e s . T his was c l e a r l y  due to  th e  

f a c t  t h a t  th e  doses employed were n o t h ig h  enough to  cause 

a s a t u r a t i o n  e f f e c t .  The lo w e st p e rc e n ta g e  o f  s u r v iv a l  

n o te d  was o n ly  62$  a t  15 k r .  The LD50 was n o t  re a c h e d  f o r

which s t i l l  h ig h e r  doses were r e q u ir e d .

S l i g h t  d e v ia tio n s  from l i n e a r i t y  was a ls o  o b serv ed  

i n  th e  c a se  o f  soaked s e e d s . The d e v ia tio n  was seen  i n  1 k r  

which gave o n ly  8 3 .8 $  s u r v iv a l  compared t o  th e  1 00 $  i n  th e  

d ry  s e r i e s .  T his f in d in g  i s  i n  l i n e  w ith  th e  o b s e rv a tio n  

o f  S h ren b erg  (1 9 5 3 )  who found t h a t  i n  th e  soaked s e e d s , 

c o m p a ra tiv e ly  low er do ses were v ery  e f f e c t i v e  i n  in d u c in g  

m u ta tio n s .

GROWTH OF THE SEEDLINGS.

Growth o f  p la n ts  i s  a  com plex c h a r a c te r  which i s  

q u a n t i t a t i v e  i n  n a tu r e .  Growth i s  a ls o  dependent on many 

e n v iro n m e n ta l f a c t o r s .  The e f f e c t  o f  X -rays on such a
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complex character i s  more d i f f ic u l t  to  evalu ate.

The present in v e s tig a tio n s  in d ica ted  th a t the seed l­

in g h eigh t in  th e dry s e r ie s  was not r e la te d  to  the dose. But 

in  th e  case o f  soaked seed s, heigh t was s ig n if ic a n t ly  reduced 

a t  higher dosages used.

The e f f e c t  o f  X-rays on growth i s  a co n tro v ersia l 

su b ject. Many authors reported an a c c e le r a tio n  of growth 

follow in g X -irrad iation  o f  seeds (Kornicke 1 9 0 4 . ,  Miege and 

Coupe 19 1 4, Goodspeed and Olson 1 9 2 8 ). No such a ccelera tio n  

was n oticed  in  the p resent study in  any dose.

The reduction in  growth in  the soaked s e r ie s  i s  in  

l in e  with the evidences presented by other workers 

(Capizzaro 1 9 2 6 . ,  Shastry and Ramiah 1 9 6 1 . ,  S c o s s ir o li  .gt a l  

1961 and Micke 1 9 6 1 ). But th e reduction m  h eigh t was not 

lin e a r  as reported by Beard e£ a l  (1 9 5 8 ).  I t  was found th at  

th e  h eigh t o f  p la n ts and dose r e la te d  c u r v ilin e a r ly .

The absence o f  any e f f e c t  on seed lin g  h eigh t in  

th e  dry irr a d ia te d  seeds might be due to the fa c t  th at the  

doses employed were not high enough to cause any suppression  

o f growth. Absence o f  any v is ib le  e f f e c t  on heigh t a fte r  

X -irrad iation  o f  dry seeds was p reviou sly  reported by Kuzin 

(1 9 5 5 ).

Even in  the soaked seed s, i t  was found that th e  

reduction  in  heightwas exh ib ited  only in  the seed lin g  sta g e. 

The height measurements a t  the 7th  sreek f a i le d  to  show any
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s ig n ific a n t d ifferen ce between the various treatm ents.

Growth ta k e s  p la c e  by r e p e a te d  c e l l  d iv is io n s .  The 

i n ju r io u s  e f f e c t  o f  r a d i a t i o n  on chromosomes i s  m a n ife s te d  

i n  th e  d is tu r b e d  d i v i s i o n s . I f  many c e l l  p rim o rd ia  i n  th e  

embryo w ere a f f e c te d  by r a d i a t i o n ,  th e n  such c e l l s  c o u ld  n o t 

com plete  th e  d iv i s i o n  c y c le s  s u c c e s s f u l ly  which r e s u l t  i n  

a  c e s s a t io n  o f  grow th i n  th e  e a r l y  s e e d lin g  s ta g e .

R ecent s tu d ie s  by v a r io u s  w orkers (D ’Amato 1 9 6 1 . ,  

B haskaran and Swaminathan 1 9 6 1 . ,  Swaminathan 1 9 6 1 . ,  S h a s try  

and Ramiah 1 9 6 1 ) in d ic a te d  a s tro n g  in tr a s o m a tic  s e l e c t i o n  

going on i n  th e  t r e a t e d  p l a n t s .  T h is in tr a s o m a tic  s e l e c t i o n  

e l im in a te s  th e  damaged and abnorm al c e l l s  le a v in g  th e  norm al 

c e l l s  to  p r o l i f e r a t e .  Thus, f u r t h e r  grow th o f  th e s e  s e e d l­

in g s  o ccu rs  by d iv i s i o n  o f norm al c e l l s .  So norm al growth 

o c c u rs  i n  th e  l a t e r  s ta g e s  o f  th e  grow th. E v id e n tly  such a 

phenomenon i s  r e s p o n s ib le  f o r  th e  absence o f any s i g n i f i c a n t  

d if f e r e n c e  i n  h e ig h t  m  m atu re  p l a n t s .  T his was f u r t h e r  

ev id en ced  from  th e  w eekly h e ig h t  m easurem ents re c o rd e d . So 

th e  r e d u c tio n  i n  grow th e x h ib ite d  by th e  s e e d lin g s  was 

t r a n s i e n t .

CYTOLOGICAL EFFECTS OF X-RAY TREATMENT.

In the present in v e stig a tio n  i t  was found that the 

frequency of abnormal anaphases gave a lin ea r  rela tio n sh ip  

with the dose. In a l l  doses employed the frequency o f  

abnormal anaphases was greater in  the soaked seed s e r ie s  

than in  the dry seeds. The main observable anaphasic
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abnorm alities were the bridges and fragments.

From h is  e la b o r a te  ex p erim en ts on T r a d e s c a n tia . 

G ile s  (1 9 4 3 )  had shown t h a t  th e  m ain chromosomal a b e r r a ­

t i o n s  in d u ced  a t  th e  r e s t i n g  s ta g e  were chromosomal 

te rm in a l d e le t io n s ,  chromosome exchanges and chromosome 

i n t e r s t i t i a l  d e le t io n s .  So th e  b r id g e s  o b serv ed  i n  th e  

anaphase m ight have been produced by chromosome exchanges.

Chromosome exchanges are two-hit aberrations 

requiring two independent breaks. The frequency o f  

chromosomal aberrations which involves two chromosomes or 

two lo c i  in  the same chromosome has been observed by Sax 

and Brumfield (1 9 4 3 )  to  increase as the square o f the 

X-ray dosages, but those resu ltin g  from s in g le  break as 

simple d eleg ation s, are d ir e c t ly  proportional to X-ray 

dosage. However, such relation sh ip  has been demonstrated 

to depend on the radiation-tim e - in te n s ity  fa cto r (Sax 

1941  and M arinelli 1 9 4 2 ) .

The l i n e a r  r e l a t i o n s h i p  o b ta in e d  i n  th e  p re s e n t  

i n v e s t i g a t i o n  th u s  d e v ia te s  from th e  above r u l e .  L in e a r  

r e l a t i o n s h i p  betw een th e  fre q u e n c y  o f  tw o - h it  chromosomal 

a b e r r a t io n s  and X -ray  dosages h as been r e p o r te d  by 

C a ld e c o tt  ( 1 9 5 4 ) ,  Yagayu and M orris (1 9 5 4 )  and Basu (1 9 6 2 ) .

S ax and B ru m field  (1 9 4 3 ) h y p o th e s iz e d  t h a t  i n  tw o- 

h i t  a b e r r a t io n s  th e  b re a k s  a r e  in d u c e d  by th e  p assag e  o f  

one e le c t r o n .  T h is  h y p o th e s is  has s in c e  been  shown to  be
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t r u e  by C a ld e c o tt  ( 1 9 5 4 ) ,  and Yagayu and M orris (1 9 5 7 ) .

In  such c a s e s  th e  in te rc h a n g e s  and dose v a r ie d  l i n e a r l y .  

T his m ight be th e  re a so n  f o r  o b ta in in g  th e  l i n e a r  r e l a t i o n ­

s h ip  i n  th e  p r e s e n t  s tu d y . Basu (1 9 6 2 )  a ls o  gave s im i la r  

e x p la n a tio n  f o r  h i s  r e s u l t s .

STERILITY IN Xg

I n  th e  p r e s e n t  i n v e s t i g a t i o n  i t  was found t h a t  

th e  s t e r i l i t y  o f  p o lle n  i s  h ig h ly  c o r r e l a t e d  t o  th e  dose 

o f  X -ra y s. In *b o th  d ry  and soaked s e r i e s ,  th e r e  was a 

l i n e a r  in c r e a s e  i n  p e rc e n ta g e  o f  p o lle n  s t e r i l i t y ,  though 

t h i s  r e l a t i o n s h i p  was more e v id e n t i n  th e  dry  s e r i e s .  

S im ila r  r e s u l t s  were o b ta in e d  by many o th e r  w orkers w ith  

d i f f e r e n t  p la n ts  (G u sta fsso n  1 9 4 4 . ,  Fre^selben and L ein  

1 9 4 3 , MacKey 1951 and Wohrmann 1 9 5 5 ) .

C o n tra d ic to ry  r e s u l t s  were o b ta in e d  by G enter 

and Brown (1 9 4 1 ) ,  H ackbarth  (1 9 5 5 )  and Z a c h a rias  (1 9 5 6 ) .  

These a u th o rs  r e p o r te d  t h a t  X -ray tre a tm e n t cau sed  no 

s i g n i f i c a n t  r e d u c tio n  i n  p o l le n  f e r t i l i t y .

C haudhuri and Das (1 9 5 6 )  o b ta in e d  l i n e a r  

in c r e a s e  i n  p o lle n  s t e r i l i t y  u p to  4 0 ,0 0 0  r  above which 

th e r e  was a  d e c re a se  i n  s t e r i l i t y .  They su g g e ste d  t h a t  

i n  some c a se s  th e  p h y sio ch em ical changes i n  th e  i r r a d i a t e d  

embryo may p r a c t i c a l l y  c o u n te r a c t  th e  e f f e c t s  o f  h ig h e r  

d o sag es.

The p r e s e n t  r e s u l t s  o b ta in e d  a re  n o t com patable 

w ith  th e  above r e p o r t s .  In  a l l  th e  do ses in v e s t ig a te d
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the p ollen  s t e r i l i t y  was found to  increase as the dose was 

increased. This i s  in  l in e  with the evidences presented by 

SJodin ( 1 9 6 1 ) .  Linear increase o f s t e r i l i t y  was a lso  

reported by Ehrenberg (1 9 5 5 ) in  b arley, Beard jgt (1 9 5 9 )  

in  barly, Bakendam (1 9 6 1 )  in  r ic e  and kundu e t (1 9 6 1 ) 

in  Chorchoru£.

In the present in v e stig a tio n  ovule s t e r i l i t y  was 

a lso  found to be reduced s ig n if ic a n t ly .  This i s  ind icated  

by the average number o f seeds per pod. Average number o f  

seeds per pod gave a lin ea r  re la tio n sh ip  with the dose.

Seed s e ttin g  was reduced as the dose increased.

MUTATIONS IN X2

Seed typ.es.

V a r ia t io n  i n  seed  c o a t c o lo u r  i s  th e  most i n t e r e s t ­

in g  c h a r a c te r  change ob serv ed  d u rin g  th e  c o u rse  o f  th e  

e x p e rim e n t. Such i n t e r e s t i n g  seed  c o a t c o lo u r  m u ta tio n s 

h as been r e p o r te d  e a r l i e r  by S ta d le r  (1 9 5 1 )  i n  Zea mavs and 

S jo d in  (1 9 6 1 )  i n  V ic ia  f a b a .

The g en etics o f the seed coat colour changes i s  

rather com plicated. In general the seed coat colour changes 

can be divided in to  three:

( i )  'whole colour' changes in  which the colour i s  

spread uniformly over the whole seed.

( i i )  'eye-colour' changes in  which the change in
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( i i i )  m o ttl in g s  i n  which th e  c o lo u r  i s  p r e s e n t  o n ly  

i n  c e r t a i n  a re a s  l i k e  p a tc h e s  o r  d o ts .

The whole c o lo u r  changes o b ta in e d  in c lu d e d  w h ite , 

l i g h t  r e d ,  brown and y e llo w ish  w h ite . The eye c o lo u r  changes 

n o t ic e d  a r e ,  w h ite  seed s w ith  brown e y e s , w h ite  seed s w ith  

re d  e y e s , w h ite  seed s w ith  b lu is h  m o ttl in g s  around th e  eye 

and w h ite  seed s w ith  b la c k  e y e s . M o ttlin g s  in c lu d e d  g re y is h , 

b ro w n ish , b la c k is h  and v i o l e t .

S in ce  a la r g e  number o f  se e d  c o a t c o lo u r  changes 

were p ro d u ced , i t  sh o u ld  e v id e n t ly  be due to  changes i n  th e  

g e n e tic  m a te r ia l .  The e x a c t n a tu re  o f  th e s e  changes i s  

d i f f i c u l t  to  i n t e r p r e t  w ith o u t f u r t h e r  i n v e s t i g a t i o n s .

H arland  (1 9 2 0 , 1 9 2 2 ) pro p o sed  fo u r  f a c to r s  as 

re s p o n s ib le  f o r  th e  'w hole c o lo u r s ' i n  V iena. They a r e  'B ',  

'XT', 'M' and 'R ' ,  th e  v a rio u s  co m b in atio n s o f which gave 

v a r io u s  c o lo u rs . A ccording to  t h i s  scheme th e  re d  seeded 

ty p e  i s  o f  th e  genotype *b n  m R .' 'R ' i s  a b a s ic  c o lo u r

g en e, i n  th e  absence o f  which th e  c o lo u r  w i l l  be whi!fce. 

T aking t h i s  e x p la n a tio n  i n to  a cco u n t th e  o r ig in  o f  w h ite  

seed s can be e x p la in e d  as due to  a d e le t io n  o f  th e  'R* 

lo c u s .

S p illm an  and Sando (1 9 3 0 ) p ro p o sed  e ig h t  f a c t o r s  

as re s p o n s ib le  f o r  seed  c o a t c o lo u r  m  V iena. They are  'B* 

(b ro w n ), 'R ' ( r e d ) ,  'U ' (w h i t e ) ,  'P* (p u r p l e ) ,  'F ' (d en se  

b lu is h  m o t t l i n g ) , *T ‘ (s p a r s e  m o tt l in g )  and 'X* ( i n h i b i t o r
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gene which i n h i b i t s  th e  e f f e c t  o f ’F ' )  . The a u th o rs  s t a t e d  

t h a t  v a rio u s  co m b in atio n s o f  th e  e ig h t  genes gave v a rio u s  

se e d  c o a t c o lo u r s .  D e le tio n  o r  m u ta tio n  o f  th e s e  f a c to r s  

th u s  le a d  to  changes i n  se e d  c o a t c o lo u r .  F o r example 

d e le t io n  o f  •R* lo c u s  w i l l  le a d  to  th e  p ro d u c tio n o f  w h ite  

s e e d s , and d e le t io n  o f  'X' p roduces dense m o ttl in g s  o n *th e  

se e d  c o a t s in c e  th e  i n h i b i t i o n  i s  rem oved. The produc­

t i o n  o f  o th e r  c o lo u rs  i s  d i f f i c u l t  to  i n t e r p r e t .  I f  i t  i s  

assumed t h a t  t r u e  gene m u ta tio n  can ta k e  p la c e ,  as shown by 

M u lle r (1 9 5 4 )  i n  D ro so p h ila , th e n  i t  can  be i n t e r p r e t e d  t h a t  

a  m u ta tio n  o f 'b '  t o  'B 1 w i l l  change th e  se e d  c o a t c o lo u r  

from re d  to  brow n, s in c e  rB ‘ i s  dom inant o ver ' R 1. W hether 

such  changes had ta k e n  p la c e  i s  d o u b tfu l which can  be 

c le a r e d  o n ly  by f u r t h e r  i n v e s t ig a t i o n s .

THE NATURE OF THE INDUCED MUTATIONS.

The t r u e  n a tu r e  o f  th e  in d u ced  m u ta tio n s  by io n iz ­

in g  r a d i a t i o n  i s  a  d eb ated  t o p ic .  M u ller and cow orkers 

o r i g i n a l l y  c o n s id e re d  t h a t  X -rays in d u ced  t r u e  m u ta tio n s  i n  

th e  g en e , and a c c o rd in g  to  them r a d i a t i o n  in d u ced  m u ta tio n s 

were t r u e  gene m u ta tio n s  (M u lle r  1 9 5 4 ) .  B ut d u rin g  th e  p a s t  

one decad e, t h i s  con cep t o f  gene m u ta tio n  was s e v e r e ly  ques­

tio n e d  by  v a r io u s  w o rk ers. S ta d le r  (1 9 5 4 )  s t a t e d  t h a t  most 

o f  th e  in d u ced  v a r ia t io n s  i n  m aize was e x tra g e n ic  i n  o r ig i n .  

He h ad  q u e s t io n e d  th e  v e ry  c o n cep t o f  gene o r  " tru e "  m uta­

t i o n s .  He p u t i t  "a m utant may m eet e v e ry  t e s t  o f  gene 

m u ta tio n  and y e t ,  i f  i t  i s  n o t  c a p a b le  o f r e v e r s e  m u ta tio n
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th e r e  i s  ground f o r  th e  s u s p ic io n  t h a t  i t  may due to  gene 

l o s s ,  w h ile , i f  i t  i s  c a p a b le  o f  r e v e r s e  m u ta tio n , th e r e  

i s  ground f o r  th e  s u s p ic io n  t h a t  i t  may due to  an e x p re s­

s io n  e f f e c t " .  A ccording to  S t a d l e r ,  th e  n o n - le th a l  v a r ia ­

t io n s  were p ro b a b ly  th e  r e s u l t  o f  d e le t io n  o f  th e  com ponents 

o f  a  com plex lo c u s ,  le a v in g  a t  l e a s t  one o f  th e  s u b -u n its  

i n t a c t .

I f  th e  above i n t e r p r e t a t i o n  i s  v a l i d ,  th e n  i t  

i s  o n ly  l o g i c a l  to  c o n s id e r  t h a t  th e  se e d  c o a t  c o lo u r  i n  

Y iena i s  governed by a  complex lo c u s ,  w ith  many s u b - u n i ts ,  

th e  d e l e t i o n ,  o r a l t e r a t i o n  o f  one may e f f e c t  a  change i n  

se e d  c o a t c o lo u r .

The f in d in g s  o f  th e  modern g e n e t i c i s t s  i s  alm ost 

on th e  v erg e  o f  s o lv in g  th e  m u ta tio n  problem . B enzer (1 9 5 7 )  

h a s  c o in e d  th e  term  "muton" t o  d e s ig n a te  th e  u l t im a te  u n it  

which when a l t e r e d  produce a  change i n  th e  organism . Muton 

i s  r e p o r te d  by him to  be ab o u t fo u r  t o  f i v e  n u c le o tid e  p a i r s  

lo n g . B enzer a ls o  in tro d u c e d  th e  term  " c is tr o n "  a s  th e  

u l t im a te  u n i t  o f  f u n c t io n ,  which i s  ab o u t 4 map u n i t s  or 

ab o u t 4 ,0 0 0  n u c le o tid e  p a i r s  lo n g . Each c i s t r o n  i s  a  group 

o f  p s e u d o a lle le s  and c o n s is te d  o f  a  la r g e  number o f  m utons. 

Any perm anent change i n  a  muton w i l l  be r e f l e c t e d  i n  th e  

organism  a s  a  m u ta tio n . The c i s t r o n  c o n c e p t i n  e sse n c e  i s  

th e  same a s  th e  'com plex lo c u s '  o f  S ta d le r  (1 9 5 4 ) .

Me C lin to e k 's  (1 9 5 1 ,  1 9 5 5 ) rem ark ab le  a n a ly s is  

on th e  m u ta tio n  system  i n  m aize re v e a le d  c e r t a i n  e lem en ts



c o n t r o l l in g  c e r t a in  c h a r a c te r s  and fu n c t io n s . Even though  

th e r e  i s  no d e f i n i t e  ev id en ce  fo r  th e  occu rren ce o f  such  

“c o n t r o l l in g  elem ents" from o u ts id e  Zea mays, th e r e  a re  

many record s o f  m utable genes and v a r ie g a te d  p a tte r n s  which 

su g g e s t  t h e ir  e x is t e n c e  (Swaminathan 1 9 6 3 ) .  The e x is te n c e  

o f  such elem ents i s  n o t u n lik e ly  i n  Viena a ls o .  The un­

ex p ected  ty p e s  o f  c o lo u r  Changes p o in ts  to  such a p o s s ib i­

l i t y .

S ep a ra tio n  o f  com plex lo c u s  was known t o  r e s u l t  

by ir r a d ia t io n .  Thus D avis and Wall ( i 9 6 0 )  were a b le  to  

sep a ra te  th e'V  lo c u s  in  T rifo liu m  r e p e n sT which r e s u lt e d  

i n  th e  p rod u ction  o f  d i f f e r e n t  l e a f  shapes in  th e  p r o g e n ie s .  

C onfirm atory ev id en ce came from Laughnan (1 9 6 1 )  in  m aize.

I t  i s  l i k e l y  th a t X-ray treatm en t s p l i t t e d  up a c l o s e l y  

lin k e d  group o f  p s e u d o a lle le s ,  th e  components o f  which 

produced v a rio u s c o lo u r  p a tte r n s  in  th e  s e e d . The p resen ce  

o f  m o d ifie r s  cannot be exclu d ed . T his id e a  i s  not incompa­

t i b l e  w ith  th e  id e a s  o f  S ta d le r  (1 9 5 4 )  on th e  ‘com plex lo c u s '  

and Benzer (1 9 5 7 )  on t h e * c is t r o n s '.  A thorough in v e s t ig a t io n  

i s  n e c e ss a r y  fo r  th e  e sta b lis h m e n t o f  th e s e  id e a s .

PRACTICAL UTILIZATION OF THE PRESENT 

INVESTIGATION

From th e  many e x c e l le n t  summaries a v a ila b le  o f  th e  

re se a r c h  c a r r ie d  ou t i n  d if f e r e n t  c o u n tr ie s  on th e u se  o f  

r a d ia t io n s  i n  p la n t b reed in g , i t  i s  c le a r  th a t  c o n sid e r a b le  

p r a c t ic a l  achievem ents have a lrea d y  been accom p lish ed  in  

t h i s  f i e l d ,  p a r t ic u la r ly  in  Sweden and Germany. Wherever



re s e a r c h  on m u ta tio n  b re e d in g  was c a r r i e d  o u t,  th e  e x p e rie n c e  

h a s  been t h a t  "in d u ced  m u ta tio n s  co u ld  in c r e a s e  th e  y ie ld in g  

c a p a c ity  o f  a v a r i e t y ,  o r  on th e  o th e r  hand, l e f t  i t s  produc­

t i o n  i n t a c t  and im proved s p e c ia l  q u a l i t i e s  o f  im p o rtan ce  i n  

modern a g r i c u l t u r e ,  such a s  s t i f f n e s s  o f  s tra w , e a r l i n e s s ,  

p r o t e in  c o n te n t ,  baking q u a l i t y ,  f i b r e  le n g th  and g r a in  s iz e " .  

(G u s ta fs s o n  and T edin  1 9 5 4 ) .

The p r e s e n t  i n v e s t i g a t i o n  seems to  be o f  v a lu e  i n  th e  

fo llo w in g  r e s p e c ts :

1 .  The d i f f e r e n t  seed  c o lo u r  m u ta tio n s  o b ta in e d  i n  

th e  X2 may be c a r r i e d  fo rw ard  and s e l e c t i o n  f o r  h ig h  y ie ld  

and o th e r  economic c h a r a c te r s  may y i e l d  new and b e t t e r  v a r ie ­

t i e s *

2 .  A few p la n ts  were o b ta in e d  i n  X2 w ith  l a r g e r  . 

pods and w ith  g r e a te r  number o f  s e e d s . S e le c t io n  among th e  

p ro g e n ie s  o f  such p la n ts  may g iv e  v a r i e t i e s  w ith  l a r g e r  pods 

and th u s  w ith  g r e a te r  y i e l d .

3 .  A few p la n ts  were i s o l a t e d  i n  2 ^  w ith  l a r g e r  

s e e d s . These may pro v e to  be o f  v a lu e  i n  fcourse o f  tim e .

4 . Prom th e  in v e s t ig a t i o n  i t  was found t h a t  th e  

se e d  c o lo u r  i s  th e  most e a s i l y  a f f e c te d  c h a r a c te r .  F u r th e r  

g e n e tic  in v e s t i g a t i o n  on t h i s  c h a r a c te r  may prove to  be o f  

g r e a t  t h e o r e t i c a l  s i g n i f ic a n c e ,  b ecau se  th e s e  may give
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in fo rm a tio n  on th e  n a tu r e  o f  th e  genes t h a t  c o n t r o l l i n g  th e  

c h a r a c t e r .  Such in v e s t i g a t i o n s  i n  m aize p ro v ed  to  he o f  

g r e a t  s ig n i f ic a n c e  i n  u n d e rsta n d in g  th e  n a tu re  o f  gene and 

gene a c t i o n .

— :oo0o:—



S U M M A R Y

T h is  t h e s i s  embodies th e  r e s u l t s  o f  an  in v e s t ig a ­

t i o n  c a r r i e d  o u t to  s tu d y  th e  e f f e c t  o f  X -rays on th e  

common cowpea ( V iena s t n e n s i s ) . A p u re  v a r i e t y  o f  cowpea 

(A f r ic a n ) was s e l e c t e d ,  d ry  and p re -so a k e d  seed s o f which 

w ere t r e a t e d  w ith  X -rays a t  th e  fo llo w in g  d o ses* 1 ,0 0 0 ,  

3 ,0 0 0 ,  5 ,0 0 0 ,  7 ,0 0 0 ,  9 ,0 0 0 ,  1 1 ,0 0 0 ,  1 3 ,0 0 0  and

1 5 ,0 0 0  r .  u n i t s .

G erm in atio n , s u r v iv a l  o f  p l a n t s ,  c h lo ro p h y ll  and 

o th e r  m o rp h o lo g ic a l a b n o r m a li t ie s ,  grow th o f p l a n t s ,  p o lle n  

s t e r i l i t y ,  flo w er p ro d u c tio n , f r u i t  s e t ,  av erag e  seed s p e r 

pod and 1000  seed  w eight were s tu d ie d .  The fre q u e n c y  o f  

abnorm al an aphases were s tu d ie d  from r o o t  t i p  sq u a sh e s. 

R e g re ss io n  a n a ly s is  was c a r r i e d  o u t f o r  alm ost a l l  o b serv a­

t io n s  t o  e s t a b l i s h  th e  r e l a t i o n s h i p  betw een doses and th e  

d i f f e r e n t  c h a r a c te r s  o b serv ed .

From th e  s tu d y  i t  was found th a t  d ry  and soaked 

seed s d i f f e r  i n  t h e i r  re sp o n se  to  X -ra y s , th e  soaked ones 

b e in g  more s e n s i t i v e  th a n  th e  d ry  o n e s. G erm ination  p e r­

c e n ta g e  was u n a ffe c te d  by X -rays i n  th e  d ry  s e e d s , b u t 

red u ced  s i g n i f i c a n t l y  i n  th e  soaked s e e d s . S u rv iv a l was 

found to  be l i n e a r l y  red u ced  i n  b o th  s e r i e s .  C h lo ro p h y ll 

a b n o rm a lity  was h ig h e r  i n  th e  soaked seed s th a n  i n  th e  dry 

s e e d s . In  b o th  c a s e s  th e r e  was a l i n e a r  r e l a t i o n s h i p .  

S e e d lin g  h e ig h t was found to  be re d u c e d  s i g n i f i c a n t l y  i n



th e  soaked s e r i e s ,  b u t was u n a f f e c te d  i n  th e  d ry  s e r i e s .  Even 

i n  th e  soaked s e r i e s ,  th e  r e d u c tio n  i n  h e ig h t  was found to  be 

t r a n s i e n t ,  becau se  l a t e r  m easurem ents f a i l e d  to  show any red u c­

t i o n  i n  h e ig h t .  J

T o t a l  f lo w e r  p r o d u c t io n  was fo u n d  t o  b e  n o t  s i g n i f i ­

c a n t l y  d i f f e r e n t  b e tw e e n  t h e  c o n t r o l  and tr e a t m e n t s .  B u t among 

th e  v a r io u s  t r e a t m e n t s ,  9  k r  p ro d u ced  s i g n i f i c a n t l y  m ore  

f lo w e r s  th a n  a n y  o t h e r  d o s e s .

P o lle n  s t e r i l i t y  i n  b o th  c a s e s  showed a  l i n e a r  in c r e a s e  

as th e  dose in c r e a s e d .

P e rc e n ta g e  o f  f r u i t  s e t  was u n a ffe c te d  by th e  X -ray 

tr e a tm e n t.  The av e ra g e  number o f  seeds p er pod was found to  

be red u ced  l i n e a r l y  w ith  th e  in c r e a s e  i n  d o se . The w eight o f 

seed s was u n a ffe c te d  by th e  tr e a tm e n t.

The fre q u e n c y  o f  abnorm al anaphases was found to  

in c r e a s e  l i n e a r l y  w ith  th e  d o se . In  a l l  doses th e  soaked 

se e d s gave h ig h e r  p e rc e n ta g e  o f  abnorm al an ap h ases th a n  th e  

d ry  s e e d s . Chromosome b r id g e s  and frag m en ts were th e  

commonest a b e r r a t io n s  n o t ic e d .

I n  th e  f i r s t  g e n e r a t io n  > f i v e  p la n t s  w ere o b t a in e d  

w it h  s e e d  c o lo u r  c h a n g e s .  The s e e d s  o f  t h e s e  p l a n t s  w ere  

c a r r i e d  t o  t h e  se c o n d  g e n e r a t i o n ,  w here t h e y  s e g r e g a t e d  f o r  

v a r io u s  s e e d  c o l o u r s .  About 1 7  d i f f e r e n t  ty p e s  o f  s e e d s  

w ere i s o l a t e d  i n  t h e  Xg.
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From th e  a p p a re n tly  norm al seed s o b ta in e d  i n  X^, 

125 seed s from  each  tre a tm e n t and c o n tr o ls  were s e le c te d  

and an  was t a i s e d  from th e s e  s e e d s . V arious m u ta tio n s , 

a f f e c t i n g  flo w e r c o lo u r ,  grow th h a b i t ,  pod and seed  c h a ra c ­

t e r s  were a n a ly s e d .

The im p o rta n t r e s u l t s  o b ta in e d  were d is c u s s e d  and 

p o s s ib le  i n t e r p r e t a t i o n s  o f  th e  r e s u l t s  were g iv e n . The 

p o s s ib le  v a lu e  o f  th e  in v e s t i g a t i o n  was a ls o  exam ined.
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2 .  from  1 k r  d ry  i r r a d i a t e d

3 . from  7 k a r  soaked  i r r a d i a t e d
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P l a t e  4 . A n orm al m etap h ase w ith  22 
chrom osom es.

P l a t e  5 

P la te  6

P l a t e  7 

P l a t e  8

. A norm al a n a p h a se .

. C e l l  show ing a m etap h ase p l a t e  
i n  which two chromosomes f a i l e d  
to  o r i e n t  i n  th e  e q u a t e r i a l  p l a t e .  
A fra g m e n t i s  a ls o  v i s i b l e .

On t h e  l e f t  o f  th e  p l a t e  a c e l l  
i n  te lo p h a s e  show ing th e  o r g a n is a ­
t i o n  o f  a  m ic ro n u c le u s .

. An an ap h ase  w ith  one b r id g e .

. M icro p h o to g rap h  o f  a  c e l l  which 
o r i g i n a l l y  in c lu d e d  f o u r  chromo­
some b r id g e s .  Two o f  w hich were 
b ro k en  up and two can  be v i s i b l e  
f a i n t l y .
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one b rid ge w ith  one fragm ent.

P la te  lb .  An anaphase w ith  one b rid ge and 
two fragm ents.
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1 1 . A p ro fu s e ly  branched and sp read in g  
p la n t  i s o l a t e d  from th e  Xg

1 2 . A m utant p la n t  from th e  X e x h ib it in g  
tw ining h a b i t .  2



21 fflrid

%



P l a t e

P l a t e

1 3 .  A m u ta n t p la n t  whose b ra n c h e s  and 
te r m in a l  bud e x h i b i t s  a  tw in in g  
h a b i t .  The p e d u n c le  was much lo n g e r  
th a n  th e  norm al p l a n t s  and p ro d u ced  
l a r g e r  p o d s.

1 4  A p la n t  o b ta in e d  i n  th e  Xg i n  w hich 
th e  b ra n c h e s  e x h i b i t  tw in y  h a b i t .  
T h is  p la n t  p ro d u ced  much t h i c k e r  
p o d s.
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P la te  1 5 . 

P la te  1 6 .

A m utant p la n t  i n  which some o f  th e  
b ran ch es e x h ib i t  tw in in g  h a b i t .

A m u tan t p la n t  whose low er b ran ch es 
e x h ib i t in g  t r a i l i n g  h a b i t .

w
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P la te  1 7 .  A dw arf m u tan t from  th e  Xg w ith  
i t s  v e ry  c h a r a c t e r i s t i c  a p p e a r­
a n c e .

P l a t e  1 8 .  The s t r a i g h t  stemmed m u ta n t.
The p l a n t  i s  abnorm al and s t e r i l e .
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1 . L arge pods w ith  s tr a w  w h ite  
c o lo u r .

2 . L arge and th i c k e r  pods w ith  
b ro w n ish  c o lo u r a t io n .

3 . L arg e  pods w ith  brow nish  
c o lo u r a t i o n .

4 .  Medium s iz e d  pods -  w h ite .

5 .  Medium s iz e d  pods w ith  r e d d is h  
w h ite  c o lo u r a t io n .

6 . Medium s iz e d  pods w ith  l i g h t  
g r e e n is h  c o lo u r .

P l a t e  1 9 .  T y p e s  o f  p o d s  o b t a i n e d  i n  t h e  Xg
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7 . T h ick  f l a t t e n e d ,  medium s iz e d  
pods w ith  brown c o lo u r .

8 . S m all pods w ith  r e d d is h  w h ite  
c o lo u r  and w ith  p u r p le  s t r e a k s .

9 .  Sm all pods w ith  b la c k  c o lo u r a ­
t i o n .

1 0 .  T h ick  f l a t t e n e d  pods w ith  s tra w  
w h ite  c o lo u r a t io n .

1 1 .  R eddish  w h ite  medium s iz e d  p o d s.

P l a t e  2 0 .  T y p e s  o f  p o d s  o b t a i n e d  i n  t h e

1 2 . Medium s iz e d  t h ic k  pods w ith  
l i g h t  y e llo w  c o lo u r .
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P la te  2 1 .  Types o f  pods o b ta in e d  i n  th e  Xq
1 5 .  S m all b la c k is h  pods.

1 4 . Sm all pods w ith  y e llo w ish  
c o lo u r a t io n .

1 5 . Medium s iz e d  b u f f  c o lo u re d  po d s.

1 6 . Very sm a ll s tra w  w h ite  p o d s.

1 7 .  Sm all pods w ith  l i g h t  g re e n is h  
c o lo u r .

18; Normal pods o f  th e  v a r i e t y  
A fr ic a n . -  C olour -  s tra w  
w h ite .





P la te  2 2 . Types o f  seed s o b ta in e d  from th e  X2 
g e n e ra tio n .

1 .  Normal re d  seed s o f  th e  v a r ie ty  
A fr ic a n .

2 .  R eddish seed s w ith  b la c k  m o tt l in g s .

3 . White s e e d s .

4 .  White seed s w ith  brown e y e s .

5 . W hite seed s w ith  b lu is h  m o ttlin g s  
around th e  ey e.

6 . G rey ish  m o ttle d  la r g e  s e e d s .

7 .  D ensely  m o ttle d  g re y is h  s e e d s .

S. R eddish w h ite  se e d s .

9 .  Deep brown m o ttle d  se e d s .
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1 0 . H a lf  w h ite  -  h a l f  r e d  ty p e .

1 1 .  L ig h t y e llo w is h  s e e d s .

1 2 .  W hite se e d s  w ith  r e d  e y e s .

1 3 .  L arg e brown s e e d s .

1 4 .  Sm all brown s e e d s .

1 5 .  R eddish  w h ite  se e d s  w ith  l i g h t  
brown m o t t l in g .

1 6 .  Deep Ash c o lo u r  m o ttle d .

1 7 .  W hite seed s w ith  b la c k  e y e s .

1 8 .  V ery deep v i o l e t  m o tt le d .

P l a t e  2 3 .  S e e d  t y p e s  i s o l a t e d  f r o m  t h e  Xg
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P l a t e  2 4 The l a r g e  le a v e d  m u ta n t.

P l a t e  2 5 .  The n o rm a l and  m u ta te d  
le a v e s  o f  th e  c h im a e ric  
p l a n t .
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