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Data are p resen ted  on leaf  abnormali t ies ,  pollen sterility, seed sterility and survival in M ,  genera t ion  following seed treatment 
o m ungbean  cv. ‘D h a u l i ’ with gam m a-rays  (10  and 40kR ) ,  EM S (0.1 and 0 .8% ) and NG (0.01 and 0 .05% ).  The  M, p lant material in 
each treatment was d iv ided  into selected  and unse lec ted  lots. Selected  lots consti tu te  the plants w hich  suffered the above  physiological  

am ages .  The  se lec ted  and unse lec ted  lots in M 2 were aga in  grouped  into non-segregating  and segregat ing  (m acrom uta t iona l)  families, 
e normal look ing  p lants  from segregat ing  M 2 families o f  selected and unse lec ted  lots were advanced  to M ,  genera t ion .  Seed  yield/  

p ant was recorded  on s ingle  p lant basis in M , ,  M 2 and M 3 generation. The  m acrom uta t ion  frequency  in se lected  lot was nearly double  
than its unse lec ted  counterpart .  Very high po lygen ic  variabili ty  was realised in treatments  with h igher  m utagen ic  doses  (close to L D Qn) 
o f  se lected  segrega t ing  popula t ion  fo llowed by that o f  unse lec ted  lot in both M ,  and M ,  generations .  Selec t ion  for m icro-m uta t ion  can 
be ea rn ed  ou t  re liably  with  h igher  degree  o f  precis ion  by identify ing  M , plants with m ax im um  dam ag e  from these h igher  dose  m utagenic  
treatments  and select ion  o f  p rom is ing  m icrom utan ts  in their  M 2 segregat ing  popula t ions.  The selected segrega t ing  popu la t ions  (o f  M ,)  
exhib i ted  mean shif ted towards  negat ive  direction, but a few m icrom utan t  plants with excep t iona l ly  high yield potential  com pared  to 
those from se lec ted  non-seg rega t ing  and unse lec ted  segrega t ing  popula t ion ,  cou ld  be recovered  due to its very w ider  range and high 
induced  gene t ic  variability. This  saves time, labour,space and cost towards exper im enta t ion  and paves the way for h igher  degree  o f  
genetic  im provem en t  th rough  micro-and m acrom uta t ion  as well.

K ey  W o r d s :  G a m m a  rays, EM S, NG, selection strategy, micromutaion .

T he literature on the induction o f  polygenic  m u 
tations in crop  plants has been extensively d o c u 
mented. However,  no significant breakthrough has 
yet been achieved for plant productivity,  more p lau 
sibly due  to lack o f  eff ic ient  handling procedure  for 
effective isolation o f  polygenic  mutations.  It is in 
vogue to advance  non-segregat ing  (normal looking) 
M 2 families  to M 3 genera t ion  and apply first s ieve o f  
selection not ear l ier  than M 3. This undoubted ly  in
creases the plant populat ion,  larger part o f  which is 
non-m uta ted  material.  It is m ost  likely that p rom is 
ing m icrom utan ts  are lost with the advance  o f  g en 
eration. This  paper  presents  a more precise and real
istic p rocedure  for reducing  a larger part o f  the non
mutated material  and thereby paves the way for e f 
fective and reliable recovery  o f  micromutants .

MATERIALS AND METHODS

Six sets o f  500  seeds o f  m ungbean ,  cv. ‘D h au l i ’ 
were treated with low and high mutagenic  doses of  
gam m a-rays  (10  and 40kR),  E M S  (0.1 and 0 .8%) and 
NG(0.01 and 0 .05%).  The higher mutagenic  doses 
cited here correspond  to doses close to L D 9Q. C h e m i
cal t reatments  were adminis tered  for three hours  at 28 
± 1°C fo l lowing a pre-soaking  o f  11.50 hours in

distilled water  and gam m a-rays  t reatments  were given 
in the 6 0 co cell at IARI,  N ew  Delhi.  Observat ions  
were recorded on M j leaf abnormalities e.g., unifoliate, 
unifoliate with 1-2 lobes, bifoliate,  bifoliate with 1- 
2 lobes, tr icotyledonary, trifoliate w'ith asymmetrical  
position o f  side leaflets and truncated leaves at 25 
days after sowing (DAS). Each M j  plant was e x a m 
ined for pollen and seed sterility (%). The percentage 
o f  survival was recorded at 60 DAS. M ? and M 3 
generat ions  were grow n fo l lowing pedigree  method. 
The entire M j population in each t reatment  was d i 
vided into selected and unselected lots to study the 
effect o f  physiological  d am ag e  on induced polygenic  
variation in M 2 and M 3. The selected lots consti tute

Table 1. Effect o f  m utagenic  trea tments  on M ,-abnorm ali t ies  and 
variabili ty  in yield/plant.

M u t a g e n  D ose L e a f  Po l len  
a b n o r -  s te r i l i ty  
m a l i t ie s  ( % )

m

S e e d  Sur-
s te r i l i iy  vival

m  ('*)

______ S e e d  y ie ld /p lan t  (g)
R a n g e  M e a n  C V

('*)

G a m m a -
ra y s

EM S

N G

C o n tro l

l()kR
40kR
0 . 1 % 
0.8 Vr 

0.01 % 

0 .0 5  '7c 
0.0

2.5
23.3

1.2
10.5

1.3
15.2
0.0

0 .9
30 .5
0.8
8.2
1.0

10.0
0.0

5.3
65 .3  

3.9
28.3 

5.2
38.8
0.0

82.4
18.1
85.2
25.2
80.3 
22.0 
90.0

3 .9 -5 .2  
I .5 -2 .2

4 .0 - 5 .9  
1.7 -2 .5

4 . 1-5 .9  
2 .3 -3 .0  
4 .0 -5 .5

4.5
1.8
5.3
2.1
5 .0  
2.7
5.1

19.0
16.5
20.3
17.3
19.5
17.0 
18.8
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Tabic 2. M acro -m uta t ion  frequency and effect o f  M ,  selection on induced  variabili ty  in M 2 for plant productiv i ty  (g).

Mutagen Dose M utation  frequency
(%)

Unselected  (segregating) Selected  (segregating)

U n se le c 
ted

S e le c 
ted

Range Mean C.V.
(%)

Range Mean C.V.
(%)

G a m m a- 10 kR 1.21 1.75 4.0-6.8 5.3 20.3 3.0-8.7 5.8 25.3

rays
40 kR 15.3 24.50 2.0-9.7 5.1

(10.3)
30.4 0.9-1 1.3 4.5

(15.3)
35.8

EMS 0.1 % 2.09 2.31 3.0-8.9 6.0
(12.50)
23.2 3.5-7.8 6.0

(22.5)
28.3

0.8 % 9.53 16.73 2.5-9.8 6.5
(15.2)
31.1 1.5-13.3 4.8

(21.5)
40.8

NG 0.01 % 1.71 1.93 3.8-8.3 6.3
(18.8)
23.5 3.8-10.3 8.0

(30.0)
31.8

0.05 % 7.92 18.33 2.0-9.5 6.0
(13.5)
35.8 2.5-15.1 5.3

(20.0)
48.3

Control 0.00 0.00 4.8-6.9 5.9
(15.2)

19.9 4.8-7.0 5.8
(30 .2)

20.0

* Figure within  parenthes is  indicate  variabili ty  induced  in non-segrega ting  population  in M 2-

Table 3. Effect o f  M 0 selection on induced  variability in for 
plant productivity.

Mutagen Dose C V (% ) in un 
selected seg re 
gating  p o p u la 
tion

CV (%) in s e lec 
ted segregat ing  
population

G am m a-rays 10 kR 28.3 35.3
40 kR 38.1 55.4

EMS 0.1% 32.2 35.2
0.8 % 40.0 68.2

NG 0.01 % 36.5 40.3
0.05 % 45.0 70.8

Mj plants which suffered from any o f  the above 
physiological  dam ages  plausibly caused by mutagenic 
treatment.  T he  selected and unselected lots in 
were again g rouped  into non-segregating  and segre
gating (m acrom uta t iona l)  families. The normal look
ing plants (w ithout  any dam age  and macromutat ion)  
choosen  random ly  from segregating M 0 families of  
selected and unselected lots were advanced  to M 3 
generation.  M acro-m uta t ion  frequency (chlorophyll  
and m orphologica l)  was scored as percent M 2 seed
lings. Seed yield/plant was recorded on single plant 
basis in each treatment in M (, M 2 and M 3 generation. 
Data were subjected to a appropriate statistical method 
to measure  the relative eff iciency o f  mutagenic treat
ments in relation to the quantum of induced genetic 
variability.

R E S U L T S  A N D  D I S C U S S IO N

The m ature  em b ry o  in seed is the target  of 
mutagenic treatments and the initial d iv id ing  cells 
are the independently  mutating genom e (Keiding. 
1970). The authors assessed the extent  o f  dam age  to 
these ‘initial ce l ls ’ caused by mutagenic  treatments. 
In general,  high mutagenic  doses  impair  both the 
growth and reproductive  phase leading to very low 
survival at maturity. Further,  g am m a-ray s  caused 
higher mutagenic  dam age  than the chemica l  mutagen 
(Table 1). Significant reduction in fertility o f  seed 
was realised in the mutagenic  t reatments  particular!) 
at higher doses close to -L D 90 in each o f  the mutagens. 
Hence,  seed sterility (ovule  abort ion)  may be cons id
ered as reliable criterion for assessing physiological 
dam age  caused by mutagenic  treatments.

lIt is reasonable  to assume that a few survived M 
plants (in high dose treatments)  expressed  maximum  
physiological  dam age  (s), bore a larger section o f  
chimeral  sector and may impact altered character 
manifestat ion in the entire mutagenised  material in 
succeeding generations.  While,  lower doses seem to 
have lower frequencies o f  chimeral  plants and very 
small mutated tissue in chimeric  plants may not co m 
pete successful ly  with non-m uta ted  tissue during 
d ep lo n t ic  se lec t ion .  T h is  p a v e s  lit t le scope  for 
haplontic selection and the plants are likely to pro
duce practically very few mutated seeds.
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It is ev ident  from Table 1 that marginal  increase 
in variability in lower doses  over  the control led to 
the express ion  o f  po lygen ic  variability even earlier 
than M 2. In contrast ,  m ask ing  o f  genetic  effects  due 
to high seed sterility in high m utagenic  doses  may be 
responsib le  for  low variability in seed yield c o m 
pared to control  (Sharma,  1986). P lant  productivity  
in high m utagen ic  doses  reduced  to approximately  
ha lf  ow ing  to excess ive  physio logical  dam ages  par
ticularly seed sterility in M , .

Irrespective o f  the kind o f  m utagens  used, the 
genetic  variability induced was h igher  in selected 
segregating m u tagem sed  populat ion than its sister 
unselected popula t ion  in M 9. It is worth to note  that 
the macromutat ion frequency in selected lot was nearly 
double  than its unselected  counterpart  and the fre
quency  was except ional ly  high in high mutagenic  
doses  (Table 2).

In g e n e r a l ,  th e  s e g r e g a t i n g  p o p u l a t i o n  
(m a c ro m u ta t io n a l )  o f  e i the r  o f  the  se lec ted  and 
unselected lot is show n to express  about  three-fourth 
t imes h igher  induced variability com pared  to their 
respective non-segregat ing  populat ion.  The selected 
segregat ing  popula t ion  exhib i ted  h igher  variability 
over  its coun terpar t  in the unselected lot in M ? as 
well as M 3 genera t ion .  Purposefully,  promising  M 7 
families  (based  on high mean and high standard 
devia t ion)  o f  the selected segregating populat ion in 
high m utagen ic  doses were  identified and stressed 
upon for single plant selection for assessment o f  genetic 
im provem en t  per se  with regard  to seed yield in their 
M 3 pedigree  lines and succeeding generations.  This 
is because ,  the probabil i ty  o f  the so called ‘m in o r ’ 
genes also to be hit may be high where macromutational 
events are already identified and more so in the material 
where  there is c lear  ev idence  o f  genetic  dam age  due 
to treatment.

Data presented  in Table 2 and 3 showed notice
able increase in variability in M 3 over  generation 
which has often been referred to as release o f  add i
tional variability. This  is ascribable  to the m ech a 
nism o f  inheri tance in the polygenic  system. The 
exceptional ly  h igher  percen tage  o f  release o f  add i
tional variability in selected segregat ing  population 
o f  high m utagen ic  doses  than correspond ing  low 
doses in M 3 genera t ion  can be traced back to the 
extensive  dam age  in selected plants in Mj g en e ra 
tion. Hence,  selection o f  M ,  plants with m axim um

dam age  is a pre-requisi te  to increase the eff ic iency o f  
mutation breeding for po lygen ic  traits.

T h e  s e g r e g a t in g  p o p u la t io n  in v o lv in g  h igh  
mutagenic  doses  particularly that o f  0 .05%  N G  had 
very wider  range  but low m ean  perfo rm ance  with 
regard to plant productivity  in M 2. T he  shift  o f  mean 
towards negative direction may be ascribed to the 
fact that these segregat ing popula t ions  o f  selected 
lot contain  h igher  proportion  o f  inferior individuals  
which may be due to ca rry -over  effects  o f  mutagenic  
dam age  by high doses o f  mutagens.  However,  a few 
m icrom utan t  plants (one in 0 .8%  EM S two in 40K R  
gam m a-rays  and four in 0 .05%  N G ) with high seed 
yield had been isolated from som e prom is ing  fam i
lies o f  se lec ted  s e g re g a t in g  p o p u la t io n  in high 
mutagenic  doses in M 2 fo l lowed by conf irmation  in 
M 3 and succeeding  generat ions .  Such mutants  were 
subjected to single plant selection based on criterion 
erstwhile  m entioned,  in each generat ion;  and were 
shown to have very high yield potential  (10  q/ha) in

generation.  This  envisaged that som e cells o f  
mutant tissues (or mutant  sectors)  o f  Mj plants with 
m ax im um  mutagenic dam age  might have  experienced 
activation o f  sleeping genes  or duplicat ion  o f  genes 
with addit ive  effect and thus led to recovery  o f  trans- 
gressive mutants  towards posit ive direction for seed 
yield. Such a reliable recovery o f  high yielding mutants 
has been reported by Tripathy etal. (1992) in mungbean 
and Tripathy (1997) in Lathyrus sativus. T he  se lec
tion strategy followed in the present  investigation 
can undoubted ly  save time, space,  labour  and cost 
tow ards  ex p e r im en ta t io n  with  c o n s e q u e n t  h igher  
degree  o f  genetic  im provem ent  through micro- and 
m acrom uta t ion  as well.

REFERENCES

Keiding Niels  1970 The variance o f  X 9 m utan t  f re
quency est imate in barley. Hereditas 66  263-268.

S h a r m a  B 1986  I n c r e a s i n g  the  e f f i c i e n c y  o f  
mutagenesis  for m icrom uta t ions  by early generation 
selection. Indian J  Genet 45 (suppl) 88-100.

Tripathy S K, Y Sahoo S K Patnaik & B N Samolo  
1992 I n d u c t i o n  o f  h ig h  y i e l d i n g  m u t a n t s  in 
m ungbean  ( Vigna radiata (L.) Wilczek).  In Orissa 
Botanical Society Annual Conference 1992 Berhampur 
Orissa India  p 20.

Tripathy S K 1997 Genetic Rectification in Khesari 
(Lathyrus sativus L). Ph D Thesis  Utkal University  
Vani Vihar Orissa  India.


