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Induced mutations are the ultimate source o f 

v a r ia b i l i ty  fo r  having a positive  so leotion  response 

in  crop plants. Tbs exp lo ita tion  o f radiations and 

radiomimitio compounds fo r  inducing mutations/altor— 

ations in  the base sequence o f DNi\ is  one o f the moat 

potent lin es  o f contemperory orop improvement programme. 

I t  has boon proved beyond doubt tbat green revolutions 

to a certa in  extent is  a product o f induced mutations.

I t  has a lso been proved tbat the mutagens whether i t  

is  physical or chemical aan be b e n e fic ia lly  used for 

ta ilo r in g  better v a r ie t ie s  o f crop plants. I t  is  proved 

both in  seed propagated and vage ta tive ly  propagated 

crops that a l l  morphological and physiologica l characters 

w ith in  tba species boundary and even beyond th is can be 

induced by mutations. Whenever tbe availab le genetic 

va r ia tion  is  exhausted in a population further genetic 

va r ia tion  aan bo created only by Induced mutation. 

Whenever the conventional breeding programmes exhaust tho 

natural v a r ia b il ity  the p o s s ib ility  o ffered  by mutagenic 

agents fo r  creating v a r ia b il ity  has got considerable 

in te re s t. Larger genotic va r ia tion  means tbe p o ss ib ility  

o f Greater responses to selection  and higher afaances o f 

improvement. Gregory (1956) wbile working on induced
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mutations &zi peanut remarked th a t ra d ia t io n  is  as 

e f f i c i e n t  as h yb r id isa tion  in  supplementing g en e tic  

v a r ia b i l i t y  fo r  s e le c t io n  and in  c e r ta in  s itu a tio n s  

induced mutations a rc  the on ly  so lu tio n  fo r  tbe 

problems faced by tbe breeders* Brock (1971)c lo a r ly  

demonstrated tba t we can induce any mutation that 

occured n a tu ra lly  and probably many which have e ith e r  

never occured n a tu ra lly  or have been lo s t  from natu ral 

popu lation .

I t  is  a w a ll  recogn ised  fa c t  that induoed 

mutations can y ie ld  la rg e r  v a r ia b i l i t y  in  crop plants 

as is  evidenced by the rep o rts  made by induced mutation 

b reeders . But the la rge  number o f created  v a r ia b i l i t y  

is  being e lim inated  by tbe various fa c to rs  operated in 

tbe sequence o f  m utational events and screen ing processes. 

One o f ths major fa o to r  which p lays a d e c is iv e  r o le  in  

e lim in a tio n  o f  mutated secto rs  Is  through d lp lo n t ic  

s e le c t io n s . M a jo r ity  o f  mutation breed ing experiments 

have boon in it ia t e d  w ith  complex m u lt ic e llu la r  t is su es , 

e ith e r  w ith  seeds in  sexu a lly  propagated p lan ts or w ith  

buds or cu ttin gs  In  asoxu a lly  propagated spools s . Xn 

a l l  cases p lan ts w i l l  develop  ’ ch im eras*. which w i l l  

lead  0 d lp lo n t ic  s e le c t io n  and f in a l l y  e lim in a tio n  o f
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mutated sectors as reported  by severa l workers, Swaminathan 

e t  a l  ( 19 70 ) and Goud e t  a l  ( i 97° )  reported tbat plants 

w ith  d ra s t ic  Induced va r ia t ion s  have been elim inated due 

to  a v igorous d lp lo n t ic  s e le c t io n . Various rep orts  have 

been made by too many workers tbat the dormant embryo 

consists  o f  more than one c e l l .  Swaminathan (1966) in ferod  

that tbe dormant r ic e  seed when exposed to  mutagenic trea t

ment had o igh t to  ten in i t i a l s  whibb would g ive  r is e  to 

t i l l e r s .  Kawal ( 1963a ) reported that fo llow in g  treatment 

w ith heavy doses o f  ra d ia t ion , the same mutations was 

d is tr ib u ted  over almost a l l  the years in  ce rta in  p lan ts, 

in d ica tin g  tbat a l l  the pan ic les o rig in a ted  from a s ingle 

prim ordia. In  th is  case the experim ental evidences c le a r ly  

In fered  that a l l  primordia except one might have been 

k i l le d  by severe ra d ia tion  in ju ry . Tbese rep orts  and 

others based on d e ta iled  analys is in mutation frequency 

and segregation  r a t io s  c le a r ly  showed that sector s ize  

plays a major ro le  in Induced v a r ia b i l i t y .  In  general 

smaller tbs number o f i n i t i a l  c e l ls  grea ter w i l l  be tbs 

p ro b a b ility  fo r  mutation to  occur. So many experimental 

procedures have bean adopted to  reduce the number o f 

c e l l  involvements during tho process o f Induced mutations 

to y ie ld  s o lid  mutations and to  minimise d lp lo n t ic
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s e le c t io n s . C e l l  cu ltu re » meristem cu ltu re and pro 

and embryo cu ltu re promises a b e tte r  scope fo r  g e t t in g  

maximum induced v a r ia b i l i t y  in  th is  regard*

Recent advances mads in  cell/m erlstem /tissue 

cu ltu re  research  appear to  o f f e r  considerab le  promise 

in  terms o f induced mutations fo r  crop improvemant 

programmes. Of a l l  the various fa c to rs *  the most d e te r 

minate oo3 is  tb a t i t  is  easy to  handle a la rg e  number 

o f  ir ra d ia ted  m a ter ia ls  w ith in  a sm all volume. Or in  

other words induced mutations i s  r e la t io n  to  tissu e 

cu ltu re economise space. In  a d d it io n , embryo/tiaaue 

oubtura can bo ca rr ied  out a t any time o f tba yea r, 

whereas growing p lan ts in  f i e ld  may bs r e s t r ic t e d  to  

p a r tic u la r  season. I t  ie  a lso  an advantage tbat s e le c t io n  

fo r  a p a r tic u la r  t r a i t  may be done a t  the tissu e  le v e l*

I t  hos been rep orted  that any po rt o f a p lan t can be 

induced to form  c a llu s , inc lud ing embryos -  mature or 

immature, r o o t ,  l e a f  or stem s e c t io n s , anthers and p o llan  

grains| though seeds are tho e a s ie s t  m a te r ia l to  s ta r t  

w ith * Embryo cu ltu re seems to  be the second b es t easy 

m a ter ia l fo r  Induced mutagenesis. The c e l l  or meristem 

cu ltu re which in vo lve s  tbe form ation  o f ca llu s  re s u lts  

in  the c rea tion  o f somaclonal v a r ia t io n s , thereby the
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assessment o f inducod v a r ia b i l i t y  can never be properly 

ca rried  out* Talcing in to  account o f a l l  these fa c to rs*  

in  the present in ves tiga tion  to standardise the techni

ques o f Induced mutagenesis by using proembryos and 

embryos having d if fe r e n t  maturity vere taken up* The 

main ob jec tives  o f the in vestiga tion  includes

1* To standardise a su itable culture oisdium fo r

an ea r ly  ahd maximum embryo take and d if fe re n 

t ia t io n  in groundnut.

2* To standardise a very  successful surface

s t e r i l is a t io n  technique fo r  proembryos and 

embryos o f groundnut*

3* To assess the in fluence o f maturity o f the

proembryos and embryos fo r  tissue culture 

techniques in  r e la t io n  to induced mutagenesis*

h » To standardise the best technique o f mutagen

treatment while adopting embryo culture 

techniques.

5* To assess the optimum dose requirement for

maximum ombryo set and d if fe re n t ia t io n  to y ie ld  

maximum mutations.
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Tissue culture techniques in Crop Improvement proaraamasa

The basis fo r  plant tisoua culture is  tbe concept 

o f to tipotency underlined in  tba c o l l  theory by 

Scbleiden (1838) and Schwann ( 1839) .  Now a days tissue 

cu lture baa become an important to o l fo r  usa by tbe 

commercial plant propagators (Zimmerman, 1981). When 

tbe mlcropropagation assets o f tissue culture are combined 

w ith approprcate indexing and explant establishment te

chniques, then plant tissue oulture emerges as a potent 

research to o l in  fundamental and applied aspects of 

A gricu ltu re , H orticu ltu re, Forestry and drug manufacture.

Tbe pioneering experiments o f White (193^, 1939), 

Gautharet 0 9 3 8 ), Nobecourt (1939) sRoinert (1958),

Steward e t  a l  (1958) and Moral (i960 ) are often  c ited  

as tbe landmarks in  the developmental phase o f  plant 

tissue cu ltu re. The f i r s t  major completelyddfinod 

medium was developed by Murashige and Skoog ( 1962 ) .  To 

obtain optimal growth and to  indues tba nutrient media 

is  o ften  supplemented w ith natural extraota l ik e  coconut 

m ilk, yeast ex tra c t, f r u i t  Juica e tc . (Steward e t  a l  

195S| Hilderbrandt, 1963} V a s il and Hildebandt 1966} 

Butenko, 1968; S tree t, 1969). M a jority  o f the nutrient
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media new being used are ohemioally defined and oan be 

adopted to various uses by s ligh t modifications (Vaail 

and V asil, 1980).

The technique o f a r t i f i c ia l  culturing o f embryos 

has boon employed in  growing in torsp ec ific  hybrids, 

intergensrie hybrids, mono^lolda and polyploids (Heinz 

e t  a l ,  1977). The procedure is  based on tho principle 

o f produoing an abundant supply o f nutrition to the 

developing embryos so that they are not hindered by 

se lection  pressure and competition. Emrgyo culture tech

nique provides a way to produce viable mutants in several 

crop plants (Ghosh, 1962).

Tho best commercial application of tissue culture 

techniques has been in tbe production o f clonal plants 

at a very rapid rate compared to tbe conventional methods. 

Suob plants are raportod to grow faster and to mature 

ea r lie r  than eood propagated plants (Vasil and Vasil,198o). 

Xn v it r o  clonal propagation procedure have been standar

dised for a number of important plant species including 

sugarcane, cotton, mqlza, r ic e , tobacco, grasses and 

sevoral horticu ltu ral crops. Excellent reviews on the 

subject have been made by Murashige (197^- 1978). Vasil 

and V asil (1980) Hu and Wang (1983), Styer and Chin (1983)



and Sharp e t  a l  (198*0* A l l  species in  which organo

genesis and plant formation can be achieved in v i t r o  

may not be su itable for la rge scale clonal propagation 

(V a e il and V a s il,  1980). Genetic va r ia tion  may some

times take place in  tho c lona l population o f plants 

as a resu lt o f aneuploidy and po lyp lo idy introduced 

during c o l l  p ro life ra t io n  in  v i t r o  (Murashige, 197*0 •

Morel ( i 960 ) could standardise a procedure to 

render the orchid, (Cvrobidium) fre e  o f v iru s and thereby 

in  v i t r o  c lo n ia l m u ltip lica tion  gained momentum. The 

grea test suacess using th is technique has been achieved 

in herbaceous species. This success has been p a r t ia lly  

due to the weak ap ica l dominance and strong root regener

ating capacity  o f many herbaceous plants (Hu and Wang, 

19S3), The ro le  o f cytokin lns to release 4hs la te ra l buds 

from a p ica l dominance was reported by Wlckson and Thlmann 

(1958), This find ing was e f f e c t iv e ly  u t i l is e d  fo r  large 

scale c lon a l propagation in  strawberry by Boxus (197*0*

T ie  and Lsaw (1977) established papaya sosellings 

shoot tip s  in  v±tr<j and obtained p ro life ra iv e  growth on 

MS medium containing 0.3 /*M XAA and e ith e r  2.3 /u M 

Kino t in  or 2.2 -  *».*> /n M BA. The a p p lic a b il ity  o f the

t 8 i
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excised shoot t ip  culture techniques to a number of 

banana donee was assessed by da Gusman e t  a l (1976).

Although tho f i r s t  report on onbqnoed release of 

a x il la ry  buds was made by Custer ejt a l  ( 1980) , tbe 

pioneer work on application of in  v it r o  techniques 

on co ffee (Coffea SPP) was reportted by Staritsky 

( 1970) .  Nodal explants o f aacoptloally grown 3 month 

old co ffea  arabica plants cultured in MS medium with 

BA and XAA developed shoots at tho average rata of 

2.2 per node a fter too to f iv e  weeks.

Meristem culture techniques, as f i r s t  applied 

to caosava (Manlhot oaoulanta) cu ltivars employed the 

MS medium containing vitamins aa in the B5 medium 

(Gamborg at a l,  1908), supplemented with MAA, BA and 

GA at 1.0, 0.5 and 0.1 /* M, respective ly  (Kartha ajfc a l 

197*0» GA had a stimulating e f fe c t  on shoot growth from 

meristem culture as was reported by (Nair at; a l,  1979).

Vogotativs propagation of various palm species 

through tissue culture methods was attempted only during 

the la s t  decade. Techniques have been standardised for 

o i l  palm (Jones, 197*15 Corley gj; a l ,  1976, Rabachault and 

Martin, 1976), date palm (T isaerat, 19791 1981) and
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coconut (Blaise and Esuwens, 19811 Raju e_t a l  1984)

Blake and Eauwons (1980) obtained shoot l ik e  structu res 

w ith  no in te rven in g  ca llu s  s ta ge ; but these d id  not 

develop  in to  p la n t le ts ,

Skoog and M illa r  (1957) reported a high concen

t ra t io n  o f auxin and a low concen tra tion  o f cy tok ln ln  

promoted abundant c e l l  p r o l i fe r a t io n  w ith  ca llu s  and 

low auxin and high cy tok ln ln  concen tra tion  in  tbe medium 

promoted shoot morpbogenasia, Evans o_t a l  (1981 ) rep o rts  

tba t somatic organogeneais is  u se fu l in  induaing gen etic  

v a r ia b i l i t y  or to  recover pro e x is t in g  natu ra l genetic  

v a r ia b i l i t y .

Khan and Ghosh (1984) developed p la n t le ts  in  

C ioer ariotlnum  through tissu e cu ltu re , 3-5 shoot buds 

developed from  each coty ledonary node o f young seed lin gs  

ra ised  in  Gamborgs B5 medium supplemented w ith  BAP 

1.0 m g/ lit and these m u ltip le  buds developed profuse 

roo ts  in  B5 medium w ith  NAA 0.5 mg.

A wide range o f v a r ia t io n  in  chromosome numbers was 

noted In  the regenerated  p la n t la t  from shoot meristem 

cu ltu re  o f  Viana s in en s is  (Ahmed and Ghosbf 1982)

Excised shoot t ip s  o f  Viana munao and Vlgna ra d ia ta  

cu ltured  on Gamborgs basa l medium developed shoots and 

roo ts  (G oe l e t a l . 19 8 3 ) .  Techniques and media fo r
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cu lture o f  Soybean, pea, v igna  embryos from mature and 

Immature seeds wora-toated and su ccess fu lly  Given by 

Vagera and Hamckara, (1980).

Callus and roo t form ation from sugar beot anthers 

waa Induced on the Llnsmaier and SIcoog medium containing 

various growth eubstanoss and seve ra l saccharose le v e ls ,  

(ftogossinska and Goslca, 1975). The regeneration  p o ten tia l 

o f shoot a p ica l merlsteme o f Soybean, coupes, peanut, 

chickpea and bean was studied on agar s o l id i f ie d  MSemdiuni 

supplemented w ith  variou s concentrations o f BA and NAA 

alone or in  combination (Ear tha o_t a l> , 1981 ) .

A mo thod to  culture immature embryos o f Populua 

d e lto id ea  in  v i t r o  was su ccess fu lly  g iven  by Kouider 

o.t a l  ( 198*1) . M u ltip le shoots wore formed whan cultured 

on MS medium.

The p o s s ib i l i t y  o f c lo n a l propagation o f  banana 

through tissue cu lture was exp lored . Shoot t ip s  iso la ted  

from tho rhizomos were found to be eu itab le  m ateria l 

fo r  p la n t le t  production in  v i t r o . Excised shoot tip s  

w ith  the youngest leaves produced only one p la n t le t . 

(Doreswamy 0% ajL, 1983).
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T le a u a  c u l t u r e  t e c h n iq u e a  I n  G ro u n d n u ta

Spiolman o t a l  (1979) produced f e r t i l e  in to r-  

s p e c if ic  hybrids In large numbers daapito tbe p lo idy  

d iffe ren ces  between aome w ild  apeolas and tbe cu ltiva ted  

groundnut. Mora recent reporta of plant regeneration 

in »tiseu e  and organ cultturea creates hopaa fo r  regener

a tion  from sin gle  c e l ls  and app lication  of the so techniquea 

to  aome o f the re fra c to ry  problems in groundnut breeding 

(S aatri g_t a l  -  1981 and Mroginalci o_t a l  1981 ) .

Mroginslci and Fernandez (1979, 1980) succeeded 

in  Inducing p la n tle ts  in  anther cu ltures. Ths p lan tle ts  

have been obtained from anther culturea o f Arachis pu a illa  

and Arachla Sp. P .X .No.276233. Pittiaann (1981) cultuxid 

peanut anthera, cotyledons and le a f le t s  under in  v it r o  

techniques, When peanut cotyledons were grown in  media 

w ith  XAA and BAP or NAA* 2,4—D and BA, ca llus wore 

produced p la n tle ts  ware regenerated from anther cultures 

but no plants were recovered .

Meriatatn culture a

Production o f plants from meristem cu ltures and 

thalx su rv iva l a fte r  fSeezing fo r  28 days is  u t il is e d  fo r
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generation  o f d isease fre o  popu lations, long term 

storage and in te rn a tio n a l trans fer t£  germplasm 

(S a e tr i e t  a l l 19S1, Kartha o t  a l ,  1981 and B a ja j,

1979).

P lants o f  Araohia hypogaaa and C icer axie tlntua 

regenerated from tbs freeze  preserved cu ltures o f 

excised raoristems were transferred  to  s o i l ,  grown to 

m aturity and harvested. The seeds showed normal ger

mination and no change in  number o f chromosome was 

observed (BajaJ, 1983). Green immature le a f le t s  (2-5 mm 

in  length  from shoots o f germinated seeds or greenhouse 

grown p lan ts ) from seven species o f  Arachia were 

cu ltured a s e p t io a lly  on a medium oompsod o f Murashige 

and SIcoog s a lt s .  Gambor go B3 vitam ins, 0.8$ D ifco  

agar w ith  1 m g/ lit each o f NAA and BA and organogenesis 

occurad in  the l e a f l e t  cu ltures and p la n t le ts  were 

recovered,(P lttm ann at a l  ; 1983). L e a fle ts ,  o p ic o ty ls , 

hypoootyls, primary and secondary roo ts  and cotyledons 

excised from seven day old soadlings o f four cu lt iv a rs  

were cultured on MS medium supplemented w ith  2, 4-D,

1AA and NAA a t variou s concentrations in  combination w ith 

ICinatin and p la n tle te  were regenerated from ca llu s  

(Naraeimhulu and Reddy, 1983)0



Embryo cu ltu re !

Embryo culture technique is  a to o l for se curing 

v iab le  mutants in  many legumes (Ghosh o_t a l . 1979)*

Culture o f embryos in incompatible crosses in  

Arachla was suggested by Gregory (1946) but was not 

taken up. Gynophora development and pod in it ia t io n  

and development from those incompatible crosses have 

been induced by hormone treatments (S a o tr i and Moss,

1982) and Anonymous 1981)• Embryos of Arachla spp was 

cultured to  produce In te rsp ec if ic  hybrids (BajaJ et, a l 

1982) Embryos of Araohia hypoRaea M 13 (2 n = 4 x = 40 ), 

Araohia v l l lo s a  (2 n => 2x = 20) and th e ir  hybrid ware 

aultured ±n v i t r o  and plants were successfu lly  traneferred 

to s o i l*  The hybrids had 2 n =j 3 x a 30 and resembled 

Arachis hvpoaaaa. In  v i t r o  p la n tle t regeneration  o f 

Arachis f rom embryo axes and cotyledon segment was 

successfu lly  done (A treya el; a l  {1984)* In  ovule culture 

o f  embryos has been usefu l in a number o f plants where 

tbe d issection  and cu lture o f proembryos is  d i f f i c u l t  

(Ragbavan, 1976)* Martin (197°) cultured ovules from 

a e r ia l gynophorea o f Araohia hyponaea and obtained p lants, 

using MS with H eller 'a  microelements, vitam ins, amlnoaclds,

t 14 i



caseun bydrolysato and kina t in .  S a s tr i e t  a l \ (̂1 980)

although fa i le d  to  cu lture ovuluas succeeded in  ih~~v l t r o  

p o llin a t io n  o f ovulues.

Z iv and Zamslti (1975) were the f i r s t  to  su co t**- 

f u l l y  cu lturo tho term inal segments o f a e r ia l  gynophores 

and to obtain  pods. Hangaswamy a_t a l  . (19^5) reported 

ro o t  form ation from ca llu s  in  pericarp  cu ltures*

Induced mutation In  crop improvement!

The idea o f induced mutation in  quita o ld .

I t  was proposed Sibret by da V r ies  aa eq r ly  as 1901 

and the term mutation was derived  from the la t in  word 

1mutare' to denote change. X-ray was the f i r s t  rad ia

t io n  to be applied to  c e l ls  and chromosomes and subse

quently the in s ta lla t io n  o f coba lt aid cesium sources 

mads gamma rays a lso  a v a ila b le . The d iscover ies  o f 

Muller (1927) in  Drosophila and that o f S tad ler 

in  (1928) in  b a rley  and maize opened up a new f i e ld  

o f research which Jjas s ig n if ic a n t ly  advanced our knowledge 

in  gen e tics . In  add ition  to severa l ion iz in g  rad ia tion s , 

a  number o f chemical mutagens a lso  produce mutation* 

in  plants when applied s in g ly  or combined w ith  other 

chemicals and in  succession or simultaneously w ith
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w ith  ra d ia t io n *  (Chrenbcrg e_t a l .  . 19711 Konzak e_fc a l  |

1965.

Chemical mutagenesis was t r ie d  by Sbiemann (1912) 

w ith  eoma encouraging r e s u lts .  Tba experiments o f 

Auerbach and Roboon (19*17) w ith  D rosoph ila  using 

sulphur and n itro gen  mustards brought the usefu lness 

o f  chamicalB fo r  the induction  o f mutation* Freose 

( 19 6 3 )  o la s e i f ie d  chemical mutagens as baee analogue 

su b s titu tes , dyes, ao id s . m etals and a lk y la t in g  agents. 

In  higher p lan ts tbe la s t  group, e s p e c ia l ly  CMS has 

proved to  be v e ry  e f f e c t iv e .  The r e la t iv e ly  low to x ic  

and high g en e tic  e f f e c t s  o f  EMS (Gaul. 1 9 6 1 )  and i t s  

high m ttagenlc e f fe c t iv e n e s s  as w e l l  as e f f i c ie n c y  

in  higher p lan ts  (Konzak o_t a l t 1965) demand a tten tion  

fo r  enhanced p ra c t ic a l a p p lica tion *

Ir r a d ia t io n  resu lted  In delayed germ ination 

and reduced germ ination percentage a t higher doeee as 

observed by Shirsbov and Sbain ( 19 6 6 ) using gamma 

ra d ia t io n  in  f i e l d  beans; in  pea using gamma rays 

(S idorova  a_t a l , , 1966; Maslov and Stepanova. 19 6 7 )  and 

by A likban e_t a l  (1973) in  red gram w ith  FMS and gamma 

ra y s . Louis and Kadambavanasundaram (1973) found that
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la  covpea. germination was reduced by higher doses 

o f gamma rays and there was complete suppression 

o f germination in  60 Brad and above* In  groundnut.

Reddy ojt a l  (1977) found that germination ranged 

from zk to  57  percent.

Reduced germination was noticed wi tb higher 

doses o f chamlaal mutagens lik e  EMS. MMS, ethyleneImina 

e tc . in  Pisum and groundnut (B l is t  and G elin . 1965 ) .

In  pea W ellensiek ( 1965 ) observed that germination 

decreased rap id ly  w ith  increase in  aoncentrqtion of 

EMS.

Several workers have studied the re la tionsh ip  

between doaao of mutagen and su rviva l percentage. In  

black gram Jana (196*0 observed a d ire c t  re la tionsh ip  

between doses o f neutron and le th a l i t y .  Teodoradze ( 1966 ) 

noticed a decrease, in Soybsan and frencbbean. Constantin 

e t  a l  (1976) observed tbat in  populations o f Soybean 

grown in  green house the su rv iva l of plant decreased 

w ith increase in  dose o f EMS. The percentages o f healthy 

aeedlings and f u l l  grown plants decreased rap id ly  w ith 

increasing concentration o f EMS in  pea ( W ellensiek 

1965). NMU. DES and NED decreased the su rviva l rata in
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paa (Taraaenkov 1969). In  ooupea a t 0»25 porcent 

Elis and a t  0.025 percent MMS the su rv iva l percentage 

was d r a s t ic a lly  declined (Narslnghani and Kumar.1976).

Constantin ojt a l  (1976) roportod that in  

Soybean, seed lin g  heigh t decreased aeihe does o f gemma 

ra ys , neutrons. EMS and DCS increased. Witfe EMS, ISHS 

and E l in  Piaum, there was a considerable reduction 

in  height (D l ix t  and G elin . 1965). B l ix t  o_t a l  (1966) 

reported that ln te r v a r ie ta l d if fe re n ce s  in  pea, 

fo llow in g  varying treatments w ith  FHS, were shown by 

reduced seed ling  growth.

Chemical composition in  induced mutant groundnut 

was studied by Gadgil and U ltra  (1983). Twenty ono 

cu ltu res wore obtains cl f r  on X—ray and gamma ir ra d ia t io n  

o f Spanish improved e ith e r  as d ir e c t  mutants or by 

cseloction amongst hybride from intermutnnt crosaea.

Some cu ltu res showed a 2.3$ Increase in  o i l  oonrent 

over Spanish improved la rgo  seeded cu ltures contained 

5 .6  -  8$ Sucrose compared to  Spanish improved in  3.6$.

P r e fe r e n t ia l segregation  o f two a l l e l i c  mutations 

fo r  small lo a f  character in  groundnut was studied and 

reported by P a t i l  and Ilou li (198*0. Two ra d ia t ion
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in d u c e d  s m a l l  l e a f  m u ta n ts  i n  S p a n is h  im p r o v e d  h a d  m ors 

t h a n  30$ r e d u c t i o n  i n  l e a f  s i z e  a s s o c i a t e d  w i t h  a / n  

i n c r e a s e d  num ber o f  i m p a r lp i n n a t e  l e a v e s  i n  on e m u ta n t  

a n d  l i g h t  y e l l o w  f l o w e r  c o l o r  i n  th e  o t h e r s *  G e n e t i c  

e t u d l e s  d e m o n s t r a t e d  t h a t  t h e  tw o  m u t a t i o n s  w e r e  a l l e l i a  

and  c o n t r o l l e d  b y  r e c e s s i v e  f a c t o r s  d e s i g n a t e d  S I —im p 

a n d  3 1 ,  r e s p e c t i v e l y *  S e g r e g a t i o n  r a t i o s  i n  tb o  1 l4 , 

a n d  Mg i n d i c a t e d  a  lo w e r  f r e q u e n c y  o f  m u t a n t s  t h a n  

o x p a cstg d  w h ic h  i s  a t t r i b u t e d  t o  p r o f e r e n i a l  s e g r e g a t i o n  

i n  f a v o u r  O f n o r m a l l e a f  e i s o .

Ethidium bromide and a c r if la v in e  were superior t s  

in  mutagenic a o t iv it y to  X -raye, EMS and DBS in  groundnut 

(Lavy, 1976)* The frequent mutations induced a ffe c ted  

ch lo roph y ll and he ight*

Radiation  induced mutants produced large y ie ld  

w ith  la rge kernals and high o i l  content. Thla was reported 

by P a r i l  in  (1977).

Mutants BP 1 and BP 2 o f Arachia hvpoqaca which 

have a compact h ab it, la rge  kernels and la rge  pede and 

3bow e a r ly  and mid e a r ly  m aturity, r e s p e c t iv e ly  were 

derived  from the la te  maturing v a r ie ty  41 C, which feas a 

spreading habit and lu re e ls  and pods o f medium e la a • Xn 

t r ia ls  over thgoe years? those out y ie ld ed  the predominant 

v a r ie ty  (sinha and Rahman, 1979).
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A fa in t  orange flower coloured short statured 

mutant in  Groundnut was id e n t ifie d  by Dasale (1985).

This mutant v a r ie ty  showed both q u a lita t iv e  and quanti

ta t iv e  ohangaa w ith respect to the cu ltiva ted  v a r ie t ie s  

and bones he suggested tbat p le io tropy  is  involved 

and the o v e ra ll reduction in  alas may be re la ted  to 

chromosome number or s tru c tu re  The faiifcfe orange colour 

oould be a u sefu l genetic  mar liar fo r  maintaining v a r ie ta l 

p u rity .

C02 Mutant 3 raleaaed in  198*1 was dorivsd from 

Arachis hyppgaaa ov POL-1 treated u itb  the mutagen 

ethylmethane sulphonata. This was reported by Sivaraa 

e t  a l  (l9 8 5 ). Due to increased secondary branching 

and more pods/plant, i t  has a higher pod y ie ld  than 

POL-1 w ith a higher sh e llin g  outturn.

The performance o f gamma ray induced mutants of 

groundnut in  S r i Lanka was studied by Patbirana (1935) 

and ha reported that Mutant 180/21 and 180/22 from the 

5 Krad treated  cv GN 13 consisten tly  outyielded the 

con tro l v a r ie ty  k5 during tbfioe seasons and mutant 

980/30 from the 15 Erad treated or Vietnam gave a 5$ 

lower y ie ld  but higher hyiglda than *15 in  subsequent 

seasons. A l l  three mutants had b e tter  sh e llin g  percen

tages, la rger kernels and more 2 seeded pods than the
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recommended cu lt iva rs .

Seeds o f groundnut cv, NC AC 12, NC AC 10,

NC AC 21*1*1, M 13, COM and PI 2597*17 wore irrad ia ted  

w ith  5,10,15 and 20 KR gamma rays and grown surrounded 

by a po llen  parent. The e f f e c t  o f ir ra d ia t io n  on po llen  

s t e r i l i t y  and other quan tita tive  characters was studied 

in  Mj. Po llen  s t e r i l i t y  increased lin e a r ly  with 

increased dose in each cv. There was negative corre

la t io n  between inherent po llen  s t e r i l i t y  and percent 

increase in  s t e r i l i t y .  The 15 KB was the most e f fe c t iv e  

does fo r  inducing a high le v e l  o f pollen  s t e r i l i t y  

without changing tbe other characters. The co rre la tion  

between po llen  s t e r i l i t y  and cross p o llin a tion  was 

p o s it iv e . This was reported by Dutta a_t a l }  ( 1986) .

Joshua and Dhatia (1983) iso la ted  two la rge seed mutants 

in  groundnut. They are TG 1 obtained from Arachis hvppf;aaa 

cv Spanish Improved by X -irra d la tlon  TG 19, se lected  

from tbe A. hvnoaaea cross TG 17 x TG 1.

Eomanathan (l99*t) developed f iv e  Induced high 

y ie ld in g  mutants in  groundnut using 30 terad gamma ir r a 

d ia tion  o f *}0 MM EMS in  TMV 9 and using a combination 

o f 20 lerad gamma ir ra d ia t io n  and *J0mM EMS in  Ah. 7911.



Tlnoua cu lture techniqueb in  r e la t io n  to Induced mutagenesis

Among tho various techniques now a va ila b le  in  

tissue cu ltu re , the ueo o f tissu e cu lture induced muta

genesis fo r  p lan t m od ifica tion  is  a r e la t i v e l y  new and 

v e ry  a ttrac tive ) area o f research . In d iv id u a l p lan t c a lls  

or p o llen  grains growth in  cu ltures can serve as mutable 

m ateria l which can be grown in to  e n tire  p lan ts (Voshida 

and Ogawa, 1983). BajaJ (1971) studied the d ir e c t  and 

in d ire c t  e f fe c t s  o f gamma ir ra d ia t io n  on the seeds, 

seed lin gs , ca llus tissue cu ltu res , excised ro o ts , ovules 

and embryos and reported that ca llu s  tissue ou ltures are 

more rad io  re s is ta n t  than tbe in ta c t seed lin gs . George 

and Eao (1979) studied the in  v i t r o  regeneration  o f 

mustard plants on cotyledon explants from n on -lrrad la ted , 

ir ra d ia ted  and mutagen-treated seed. Shot form ation  in  

cotyledon  oxplants o f mustard was obtained in  MS medium 

w ith  NAA. Complete plants were obtained when eboots were 

rooted  in  MS medium. EMS bad an in h ib ito ry  o f f s e t  on 

shoot regeneration  and gamma rays in  doses above 2 KB 

suppressed shoot regen eration  but stimulated ca llu s  growth.

An in  v i t r o  propagation o f two genotypes o f 

Begonia hiomatis was achieved through adven titiou s shoot

t 22 t
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form ation on cultured le a f  d isc  axplants and subsequent 

transp lan ta tion  to  s o i l  o f explant parts w ith  adven titiou s 

shoots* A fte r  ir r a d ia t io n  o f detached leaves with 

d i f fe r e n t  doses o f X-rays and two cyc les  o f adven titiou s 

shoot formation on in  v i t r o  cu ltured le a f  d isc  exp lan ts, 

p la n t le ts  were produced* About 30$ o f those plants was 

mutated w ith  respec t to  the co lou r, s ize  and form o f tba 

leaves  and flo w e rs . The grea t m a jo rity  of tbs mutants 

(98«5$) proved to  be non chimeric (Boast e_t a l . ,  1980).

S liirv in  (1977) suggests a novel approach to 

in tra c lon a l p lant improvement which w i l l  u t i l i s e  both 

the natural and induced v a r ia t io n  associated w ith 

c lo n a lly  propagated plants through various in  v i t r o  

and in  v iv o  procedures. Many p lants obtained axe o f 

s in g le  c e l l  o r ig in  and hence o f pure mutant type 

avoid ing the ebimarlsm phenomenon.

Herten ^  a l  (1980) in ves tiga ted  what po ten tia 

l i t i e s  fo r  mutation breeding o f potato are o ffe re d  by 

using adven titiou s sprouts that a rise  in  v i t r o  from 

le a f  axplants a ft e r  X—ir ra d ia t io n . Mutation frequency 

and chimorlsm were studied in  subterranean and a e r ia l  

parte in  three v e g e ta t iv e  generations. P lants obtains d
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iscm  ir ra d ia ted  so ria s  produced a ve ry  high mutation 

frequency, a wide mutation spectrum and a ve ry  low rate 

o f  chimsrism.

X—ir ra d ia t io n  o f tuber eye—pieces o f the potato 

c u lt iv a r  Burmania (B -  173) hassasuited in  a p lant 

w ith  aberrant loaves which has been designated as 

n iv y  le a f  n and subjected to  fu rther in ves tiga tion s  and 

found that iv y  le a f  la  dominant w ithout any p ie io tro p ic  

e f f e c t s .  This was reported by Hartsn o_t a l  (1973).

Large numbers o f protop lasts showing reproducib le 

high p la tin g  e f f ic ie n c y  aan be iso la ted  from in  v i t r o  

propagated, haploid and d ip lo id , plants o f N lcotlana 

s v lv e o t r is . Their successfu l use in  the s e le c t io n  

o f biochem ical mutants depends on cu lture medium, c e l l  

d en s ity , age o f c o l ls  a t  s e le c tio n  e t c .  (Nagrutin and 

M u liar, 1981).

Ghosh (1982) reports  that tissue cu lture can be 

used as a to o l fo r  ra is in g  v ia b le  mutants, through 

embryo cu ltures in  Vigna sinenein and Viana rad la ta  and 

a lso  according to  him cbromoaome in s ta b i l i t y  in  tissue 

cu lture o f crop plants lik e  Vlana s in en s is . Plows sativum
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Triticum  aaativmn cv Sonalilca makes helps in  crea ting  

v a r ia b i l i t y  through induced mutagenesis. The chromo

some disturbancea which can be created by a mutagen w i l l  

become eas ie r  i f  in s ta b i l i t y  is  a va ilab le  e ith e r  in  the 

gcn ic or chromosome le v e l .
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The present in vestiga tion  to standardise the in  v i t r o  

cu lture techniques fo r  induced mutagenesis in  groundnut 

(Arachis bypogaea L ) was carried out a t the Plant Tissue 

Culture Laboratory attached to T rop ica l Botanic Gordons 

and Research In s t itu te , Kumarapuram, Trivandrum during 

1985-86, The p ro ject a lso  envisages to  analyse the 

in  v i t r o  regeneration o f embryos and proembryos and 

performance of p lan tle ts  In culture media. The d e ta ils  

o f the various procedures adopted are presented hereunder.

MATERIALS

Tbe m aterials fo r  tbe present In vestiga tion  used 

were proembryos and embryos (ex -p lan ts ) of groundnut 

(Arachis bypogaea L ) having four d if fe re n t  m aturities.

They include1

(1 ) Proembryo having 20 days development,

(2 ) Froambryo having 30 days development,

(3 ) Embryo from fu l ly  matured nut, immediately a fte r  

harvest and

(*») Embryos from dry nut, one month a fte r  harvest.

Tbe mutagen used was EthyImethane sulpbonato (EMS) 

a t 0.125$, 0.250$, 0.500$ and 0.750$ concentrations. Tbe 

media tested wore Whits 1e medium, MurashigQ—Skoog medium 

and Modified Murashige-Skoog medium.
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METHODS!

(A ) Raising the croo i

The land was w e ll  prepared by d igg ing twice and 

p rop erly  ploughed and le v e l le d .  Furrows and r id ges  

were taken w ith  p rov is ion  fo r  good drainage f a c i l i t i e s .  

Uniform seeds wSra co lle c ted  from w a ll d ried  nuts a fte r  

one montb o f h arvest. The seed nuts wera se lec ted  out 

and sown in  r id ges  a t 30 x 15 cm spacing. The plants 

wore maintained properly  fo llo w in g  the package o f 

p ractices  recommended fo r  the crop by Kerala A gr icu ltu ra l 

U n ive rs ity . S pecia l care was taken uo pr ov id a uniform 

f i e ld  cond ition  to  the crop t i l l  harvest. Tho crop was 

raiaed aa an ir r ig a te d  one by provid ing I r r ig a t io n  as 

and when requ ired . A l l  the a fte r  c u lt iv a t io n  p ractices  

includ ing earth ing up ju s t  p r io r  to  flow erin g  was 

provided uniform ly fo r  a l l  the p lo ts . About thousand 

p lants wera ra ised  fo r  the ex tra c tion  o f proembryos and 

embryos a t  d i f fe r e n t  developmental phases. The date o f 

pegging in  a l l  the plants wore p roperly  la b e lle d  to 

know the d i f fe r e n t  m aturity days o f  tbe nuts.

(B ) Extraction  o f proembrvoe and embryoal

(a ) Proambryo having 20 days developmont:

On the tw en ty fifth  day o f pegging the plants were 

pulled out c a r e fu lly  by g iv in g  proper ir r ig a t io n  and washed
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thoroughly In  running iapucitor. The nuts atta ined twenty 

days development baead on tbe date o f flow ering were 

ca re fu lly  removed and again washed thoroughly In w ater. 

Two hundred and f i f t y  such nuts were co lleo tad  and used 

fo r  tbe study, Tho plants were pulled out from a single 

row leaving the border plants as guard rows. The immature 

pods attained twenty days development were ca re fu lly  

s p l i t  open by using fin e  edged sca lpel and forceps and 

the nuts were separated out from tbe s h e ll.  These immature 

nuts were thoroughly washed in s t e r i le  d is t i l le d  water 

fo r  2 - 3  times and s to r il is e d  by using 70 peroent 

a lcoh o l. Again the nuts ware washed in  s t e r i le  d is t i l le d  

water and made ready fo r  proenbryo ex traction *

b ) Proembrvo having. 30 dava development!

On the t b i r t y f l f t h  day o f pegging tho plants were 

pulled out ca re fu lly  by g iv ing proper ir r ig a t io n  and 

washed thoroughly in  running water. The nuts attained 

th ir ty  days development based on the date o f flowering 

were ca re fu lly  removed and again washed thoroughly in 

w ater. Two hundred and f i f t y  euch nuts were co llec ted  and 

used fo r  tbe study. Tbe plants wera pulled out from a 

single  row leaving the border rows as guard rows. The 

immature pods attained th ir ty  days development were
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c a ra fu lly  s p l i t  open by using fin s  edged s ca lp e l and 

forceps and tbs nuts were separated out from the s b o ll .  

Tbeea immature nuts were tborougbly washed in  s t e r i le  

d is t i l l e d  water fo r  2 - 3  times and s t e r i l is e d  by 

using 70 percent a lcoh o l. Again the nuts wore washed 

in  s t e r i le  d is t i l l e d  water and made ready fo r  proembryo 

ex tra c t io n .

(o )  Embryo from fu l l y  matured nuti

Tilt fu l l y  matured plants based on the ohanging o f 

the colour o f the basa l loaves from green to yellcw  

wore pu lled out c a ro fu lly  by g iv in g  proper ir r ig a t io n  and 

washed thoroughly in  running tapwataz• Tho nuts a tta ined 

f u l l  m aturity were c a re fu lly  removed and again washed 

thoroughly in  w ater. Two hundred and f i f t y  such nuts 

were co lle c ted  and used fo r  the study, tffrile p u llin g  

out the p lan ts the border plants were l e f t  behind as 

guard rows. The fu l l y  matured pods were o a ro fu lly  s p l i t  

open by using fin e  edgad sca lp e l and forceps and the nuts 

wore separated out from the s h e ll .  These nuts wore 

thoroughly washed in  s t e r i le  d is t i l l e d  water fo r 2-3 times 

and s t e r i l is e d  by using 70 percent a lcoh o l. Again the 

nuts were washed in  s t e r i l e  d is t i l l e d  water and made 

ready fo r  embryo ex tra c t ion .
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(d )  Embnvo from dry nuti

The nuts from fr e s h ly  harvested p lan ts were 

separated and washed thoroughly in  running w ater to  

remove tba s o i l .  They wera then kept fo r  dry ing and 

stored  fo r  one month. A fte r  one month the nuts were 

washed thoroughly in  water and two hundred and f i f t y  

such nuts were used fo r  the study. Tne pods were 

s p l i t  open by using f in e  edged s c a lp e l and fo rc ep s  and 

the nuts were separated out from the s h e l l .  Tbe aa nuts 

were thoroughly washed in  s t e r i l e  d is t i l l e d  water fo r  

2—3 times and s t e r i l i s e d  by using 70 percen t a lc o h o l.

Again the nuts wore washed in  s t e r i l e  d i s t i l l e d  water 

and made ready fox  embryo ex tra c t io n *

(C ) S tandard isation  o f surface s t e r i l i s a t io n  techn ique»

Surface s t e r i l i s a t i o n s

Embryo from  dry nuts were used fo r  th is  pre lim in ary  

in v e s t ig a t io n . The dry nucs pr ceoakad in  d i s t i l l e d  water 

fo r  £*t hours by p lacin g  thorn in a wet muslin c lo th  were 

s p l i t  open by using a te r i lo  s c a lp e l and fo rc ep s . The 

ambryoe ware ex tra c ted  by separating them out from tho 

endosperm and the ex tra cted  embryos were washed thoroughly 

in  s t e r i l e  d i s t i l l e d  water. They were dipped in  70 percent 

e th y l a lcoh o l fo r  10 seconds. The a looh o l trea ted  embryos
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u er« taken out and then they were washed thoroughly 

in  s te r i lo  d is t i l l e d  w a ter . These surface s t e r i l i z e d  

oxplarits by using a lcoho l and o to r i lo  d is t i l l e d  water 

were kept in  mar cu rie  ch loride so lu tion  o f d i f fe r e n t  

concentration  as is  shown in  Table 1. The mercuric 

ch lo r id e  s t e r i l is e d  explanta were planted in  MS medium 

in  asep tic  cond ition  to ntudy the su rv iva l percentages.

TABU? 1

SURFACE STERILISATION TREATMENTS

S to r lla n t . Concentration
(in  percentage)

Time 
( in  minutea)

Su rviva l 
( in  per
centages)

3 28
0.05 5 *t0

10 70

3 90
Mercuric 0.1 5 70
Chloride 10 60

3 20
0.2 3 10

10 N il
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The survival percentage) resulted due to various con

centrations of mercurio chloride c lea r ly  indicated that 

to get maximum embryo d iffe ren tia tion  and su rviva l, 

treating the surface s te r ilis ed  embryos in 0.1 percent 

mar curio chloride fo r  three tninutos was the best technique.

(d ) S ter ilisa tion  o f nroorebrvos and embryosi

The surface s ter llia od  nuts by using 70 percent 

alcohol and s te r ile  d is t i l le d  water were e p lit  open by 

s te r ile  soalpal and forceps and the proembryos and embryos 

hidden inside the endosperm were taken out for further 

studies. Immediately a fter extraction , the proambryos 

and embryos were thoroughly rinsed in star l ie  d is t i l le d  

water, s te r ilis ed  in 0.1 percent oiercuric chloride fo r  

3 minutes and again washed thoroughly in e te r ile  d is t i l le d  

water before treating with the mutagen wherever i t  was 

necessitated d irec t planting of proembryoe and embryos 

were dons the surface s te r ilised  proembryos and embryos 

with mercuric chloride and s te r ilo  d is t i l le d  water were 

planted in culture tubes having 15 ml of modified solid 

2iS medium in an aseptic condition by using tissue culture 

hood provided with laminar air flow . Immediately a fter 

planting the proembryos and embryo in  culture medium they 

were arranged in  racks provided with fluorescent lamps
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in  an a ir  conditioned chamber•

(E ) S tandard isa tion  o f  Culture madlueu

Tba d l f fe r o n t  cu ltu re madia tooted  to  standardise 

tbe su ita b le  medium fo r  groundnut embryo in c lu des!

1 ) W h ite 's  medium

2 ) Murasbige-Skoog medium

3 ) M odified  Murashigo—Skoog medium*

Tbe d e ta i ls  o f the in gred ien ts  is  presented 

in  Table 2«



TABU 2

CHEMICAL CONSTITUENTS XM CULTURE MEDIA TESTED ( 1 l i t r e )

Whit#a medium. MS medium M od ified  MS medium

C on stitu en ts Q u antity C on stitu en ts Q u antity C onstitu en ts Q u antity
( i n  gm) ( in  gm) ( in  gra)

Calcium n it r a t e 0.200 Ammonium n it r a t e 1 .65 Ammonium n it r a te 1 .6 5
Potassium  n it r a t e 0.080 Potassium  n it r a t e  1 .90 Potaaslum  n it r a te 1 .90
Sodium dihydrogen

phosphate 0.165 Calcium  ch lo r id e OJikO Calcium ch lo r id e 0.1(40
Potassium  C h loride 0 .0 6 5 Magnesium 0.370 Magnesium sulphate 0.370

sulphate
Sodium su lphate 0.200 Potassium Potassium  d ihydrogen

d ih ydrogen  pbos. 0.170 phosphate. 0 .170
Magnesium su lphate 0.3600 Sodium EDTA 0.037 Sodium EDTA 0.037
F e r r ic  su lphate 0.0025 F e r r ic  su lphate 0.028 F e r r ic  su lphate 0.028

Manganese su lph . 0.022 Manganese su lphate 0.022

Manganese su lphate 0.0045 Z inc eu lpbato 0.0036 Zinc su lphate 0.0086

Z inc su lphate 0.0015 B o r ic  a c id 0 .0 0 62 B o r ic  a c id 0.0062

Potassium
Io d id s 0.00083 Potaesium  Io d id e 0.00083

c o n td .»



TABLE 2 (c o n td )

Whites tradiiua. MS modium Modified IIS medium

Constituents Quantity 
( in  gm)

Constituonta Quantity 
(in  &n)

Constituents Quantity 
( in  gm)

Boric acid 0.0015 Molybdic acid 0.00025 Molybdic acid 0.00025
Potassima Iodldo 0.00075 Copper eulphate 0.00025 Copper sulphate 0.000025
Sucrose ao Cobalt ch loride 0.00002k Cobalt ch loride 0.000024

agar 14 m yoinositol 100 mg
Sucrose 30 gm Sucrose 30 gta
agar 14 gQ agar 14 gm
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A l l  the chem icals used to  prepare the d i f fe r e n t  media

«s ra  o f A n a ly t ic a l Grade from B r it is h  Drug House (BDH),

S isco  Heooarch Labora tories  (SRL) and Merak (s igm a ).

Standard procedures B iondi and Thorpe ( 19 8 1 )  were adopted

fo r  the p reparation  o f the media. The pH o f Whites

medium was adjusted to  5 .6  and th a t o f  MS medium, basa l
Hand m od ified , to  3*8 w ith  the help o f a p m eter. The 

s o l id i f i c a t io n  o f madia was done by using 14 gm /lit 

agar (M erck ).

Corning brand cu ltu re tubes and co n ic a l fla sk s  wero 

used fo r  the study. S t e r i l is a t io n  o f the media was done 

a t  15 p s i fo r  18 minutes and s t o r i l i s a t io n  o f g lass  wares 

(cu ltu re  tubas and co n ica l C laaks) a t  15■pa i fo r  30 minutes. 

A l l  a sop tic  manipulations were ca rr ied  out in  a laminar 

a ir  flow  chamber.

The embryos extraatad  out from 24 hours presoaked 

d ry  nuts wore used fo r  th is  pre lim in ary  in v e s t ig a t io n .

The presoaked nuts were thoroughly washed in  s t e r i l e  

d i s t i l l e d  water fo llow ed  by 70 percent a lcoh o l*  Embryo 

e x tra c t io n  was ca rr ied  by using s t e r i l e  s c a lp e l,  fo rcep s  

and noodle. The embryos ex tracted  out in  a sep tlo  cond ition  

were trea ted  w ith  0.1 percen t mercuric ch lo r id e  fo r  

3 minutes and thoroughly washed in  s t e r i lo  d i s t i l l e d  water
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b e fo re  p lan tin g  i t  in  d i f fe r e n t  cu ltu re madia. Tba 

d i f f e r e n t  cu ltu re media planted w ith  the ourface s t e r i l i 

sed embryos were incubated a t 26 + 2° C w ith  a 1fi hi 

photoperiod (1000 lu x ) ,  supplied w ith  co o l day l ig h t  

flu o res cen t tubes. Tu en ty five  tubes each were provided 

fo r  each medium.

TAPIS 3

EMBRYO DIFFEREWI1 ATION ANALYSIS IN  DIFFERENT 
GUI/TORE MEDIA

Medium. Days taken 
to  embryo 
d i f f e r e n t ia 

t io n .

Percentage
d i f f e r e n t i 
a t io n .

W hites medium 12 days 75$

MS medium (B asa l) 10 days 80$

MS medium(modifled) 6 days 85$

A n a lys is  on the embjryo d i f fe r e n t ia t io n  presented 

in  Table 3 c le a r ly  demonstrated that M od ified  MS medium 

g ives  an « a l l y  and higher percentage d i f fe r e n t ia t io n  of 

•mbryos compared to  basa l MS medium and Whites medium. 

Th erefore in  the present In v e s t ig a t io n  to  standardise 

techniques in  v i t r o  cu ltu re methods in  r e la t io n  to  

induced mutagenesis by using e th y l me thaneoulphonate*
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M odified MS media was se lec ted  out ae the best medium.

(p ) Preparation  o f mutagen so lu tion s

The chemical mutagen — ethyImothanesulphonate (l¥?S),  

on a lk y la t in g  agent was used as the mutagenic agent.

The variou s concentrations ranging from 0.125$ to 

O.75# a t 0. 25$ in te r v a l was prepared by d is so lv in g  the 

mutagen^ in  double g lass d is t i l l e d  water * immediately 

be fore use. One hundred co ecjcb o f the variou s concen

tra tion s  were prepared by taking the ao lu tion  by tnicro- 

p lp e tte  and mixing i t  with 20 cc o f d is t i l l e d  w ater.

The standard so lu tion  was adjusted to 100 cc by using 

standard fla s k s . The p*' o f  the so lu tion  was adjusted 

to  neutral using sodium phosphate d ib as ic  s a lt  as b u ffe r . 

The mutagen so lu tion  o f va riou s concentration was s t e r i 

l is e d  a t 15 p s i fo r  17 minutes. The preparation  o f 

mutagenic so lu tion  was done a t room temperature.

( g ) P lan ting o f  Explants in  Culture Mediat

The p lanting o f  explants were done in  cu lture 

tubes or con ica l f la s k s , e te r il is o d  a t 15 p s i fo r  

30 minutes. Twenty to  twontyfive ml. each o f tbo 

s t e r i l is e d  and s o l id i f ie d  media was taken in  cu lture 

tubes and con ica l fla sk s . The ex tracted  proembryos and
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embryos having tbs proscribed maturity growtba wera 

planted into tbe oulture madia by using a tissue culture 

hood f it te d  u itb  laminar air flow . Tbe explant planted 

media in tubes or flasks wera incubated a t 26 +2°C uitb 

a 16 hr pbotopsriod (1000 lux) supplied by cool day ligh t 

fluorescent lig h ts . Proper s te r ilis a t io n  of tba foraops, 

scalpel and noodles were dons bsfore they wera used fo r 

taking tbe oxplants fo r planting In culture media. As 

tbe to ta l number of treatments in tba experiment was 

very high and the experiment was envisaged only to bave 

a preliminary investigation  on tbe standardioation of 

various techniques, no rep lica tion  was provided fo r eaab 

treatment. Tan tubaa/flaeks having two explants each 

were provided fo r  eqch treatment. Too much variation  

in  survival and other performances o f explante wore 

expocted due to tbe involvement o f various techniques 

o f treatments. Hence a fu ll- flod ged  s ta t is t ic a l approach 

became very d i f f ic u l t .

(H) Mutagen Treatments!

Tbe proembryos and embryos of tbe d iffe ren t maturity 

groups were subjected to tbe fo llow ing mottaodo of 

treatment.
( ! )  Treating the material at the time of planting8

Tba proembryos and embryos uere treated with tbe 

mutagen in  specified  concenyations. Tbe materials wore
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soaked In  mutagenic so lu tion  fo r  s ix  hours w ith  in te r 

m itten t shaking a t  h a lf hourly in te rva l*  The treated  

proembryos and embryos fo r  s ix  hours were taken out 

from the so lu tion  and washed thoroughly in  s t e r i l e  

d is t i l l e d  water and kept in  running d is t i l l e d  water fo r  

h a lf  an hour* The mtagsn treated  and thoroughly washed 

proembryos and embryos wore surface s t e r i l is e d  w ith  

marcurio ch loride as was standardised fo r  the present 

in v e s t ig a t io n *  The surface s t e r i l is e d  proembryos and 

embryos were then washed thoroughly in  s t e r i le  d is t i l l e d  

water to remove the traces o f mercuric ch lorid e  from 

the s t e r i l is e d  explants* The thoroughly washed explants 

were then placed in  the fo ld s  o f a s t e r i l e  b lo tt in g  

paper to  remove the excess q u a n titie s  of w a ter from tjie 

explants* These treated  and s t e r l l is e d  explants were 

planted in  the cu lture medium fo r  fu rther analys is*

( l i )  T reating the explants a ft e r  two days o f ou ltu rina i

Tbs excised  explants o f d i f fe r e n t  m aturity groups 

were cultured properly  in  the standardised medium as 

presented e q r l ie r  and allowed fo r  inaubation fo r  two 

days* A fte r  two days o f cu ltu rin g , the explants were 

token out from cu lture media and washed thoroughly in  

s t e r i l e  d is t i l l e d  water to  remove traces o f media*
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The explanta thus taken out from cu lture medium having 

two days development were treated w ith  respective  

concentration  o f mutagen so lu tion  fo r  s ix  hours as in  

case o f  d ir e c t  treatment* The treated  axplants were 

washed in  s t e r i le  d is t i l l e d  water and allowed to be in  

the running s t e r i le  d is t i l l e d  water f o r  h a lf an hour*

The mutagen trea ted  and thoroughly washed explants were 

again  surface s t e r i l i s e d  w ith  mercuric ch loride* The 

surface s t e r i l is e d  explants were then washed thoroughly 

in  s t e r i l e  d is t i l l e d  water and planted in  the fresh  media*

( l i i )  Treating the axplants throe days a fte r  cu ltu r in g »

The cultured proembryos and embryos wereallowed to 

grow in  the madia fo r  three days as was presented in  

previous case* A fte r  three days o f cu ltu ring  in  tba 

media, they were taken out from the growing media and 

w ith  the mutagenio so lu tion  as was done e a r l ie r *  ACter 

proper treatment and thorough washing, the treated  

exp lants were rep lan tod  in  a fresh  medium and allowed 

to  grow*

{ i v ) T reating the explants four dava a ft e r  cu ltu r in g>

The cultured proembryos and embryos were allowed 

to  grow in  the media fo r  four days as was presented in
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previous case. A fter four days o f culturing in the madia, 

they were taken out from tbe growing media and treated 

w ith the mutagenic solution as was dons e a r l ie r .  A fter 

treatment and thorough washing the treated explants 

were replanted in fteeb  medium and allowed to grow as was 

standardised.

( v )  Tm-fironratlne the mutagen culture madia a t d iffe re n t

phases of eacplant growth}

Ons of the ob jectives o f the present in vestiga tion  

was to trea t tbe explants in  culture madia treated with 

the mutagen solution  at d iffe re n t developmental phases 

of explant growth. The technique include treating the 

explants with the mutagsnio solution through the 

culture media a t the time of planting and two, three 

and four days o f growth in  the culture medium. The 

main idea was to feed the embryo w ith tbe mutagenic 

so lu tion  along w ith the nutrient media without, disturbing 

the explants having the d iffe ren t ebvelopsnental phases 

in  tho media. But unfortunately, wherever the mutagenic 

solution was added to  the culture medium, s o lid if ic a 

tion  o f the medium was quite impossible and tho 

explants became contaminated w ithin two/three days of 

cu lturing and got d is in tegrated .
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( I )  ObservationsI

D eta iled  observatidn on tbe fo llow in g  characters 

were taken from the cultured explants a t d i f fe r e n t  stages 

o f  th eir growth* Specia l core was taken not to disturb 

the growing oxplants under asep tic  condition . A l l  the 

m ateria ls used to take observations were s te r i l is e d  

properly  before use. The observations taken includei

(a )  Days taken fo r  Embryo s e t.

(b ) Percentage s e tt in g .

(c )  Length o f plantbfcs at f i f t e e n  days in te rva l.

(d ) Number o f le a f le ts  par p la n tle t at f i f t e e n  days 

in te r v a l.

(e )  Growth rate analysis baaed on height and 

number of leaves.

(a ) Dave taken fo r  Embryo s o t i

The number o f days taken by d if fe re n t  treatments to 

transform the w h itish  colour o f the explant to l ig h t  green 

colour was counted and caleu lated as the number o f days 

taken fo r embryo sat In the culture media.

(b ) Percentage s e tt in g t

Prom the th ird day o f p lanting o f  the explants, 

observations were taken on the transformation o f o r ig in a l
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colour o f tho explant to  the greenish pigm entation.

Booed on tho number o f explants se t  out o f  t o ta l  planted 

tbe percentage d i f fe r e n t ia t io n  fo r  each treatment was 

ca lcu la ted .

( c )  Length o f p la n tle ts  a t  f i f t e e n  days in te r v a l8

From the f i f te e n th  day o f p lanting o f  exp lan ts, 

observations on p la n t le t  heigh t was taken by using properly 

s t e r i l is e d  and marked g lass rods . Observation on p la n tle t  

h e igh t was taken a t f i f t e e n  days in to rva l t i l l  tbe s ix t ie th  

day o f exp lont s e t.

(d ) Humber o f 3s a f la ta  par p la n t le t  a t f i f t e e n  days in te r v a l

Proper counts on tbe number of le a f le t s  per p la n t le t  

was taken a t f i f t e e n  days in to rv a l from the day o f  explant 

se t to  the s ix t ie th  day.

( e ) G ro w th  r a t e  a n a l y s i s «

Observations made on p la n t le t  height and l e a f l e t  

number from the f i f t e e n th  day o f embryo se t  to s lx t ie tb  

day a t  f i f t e e n  days In to rv a l was token in to  consideration  

to  compute the growth ra te  analys is due to  various 

treatm ents.
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Embryo-taka analysis

The days taken f  or ambryo-tako aa influonood by 

d i f fe r e n t  embryonic stagea, methods o f mutagen trea t

ment and the d if fe r e n t  concentrations o f mutagen is  

presented in  Table 4.

(a )  Proetabrvo w ith  twenty dava developments

The number o f days taken fo r  embryo se t in  pro

embryos having twenty days development ranged from four 

( 0 . 250$ in  f i r s t  and second mode o f treatment) to nine 

days o f cu lturing (h ighest concentrations under third and 

fourth  mode of treatm ent). Not much d iffe ren ce  was 

observed in  con tro l under d if fe ro n t  modes o f treatment 

except in  the case of trea tin g  the m ateria l four days 

cu ltu rin g . The lower concentrations (0.125 and 0.23<5$ 

doQ-o not chow any d iffe ren ce  among the d if fe r e n t  mode of 

treatment* The higher concentrations took the n^Timim 

days fo r  tissue or embryo se t whsn compared to the lower 

concentrations and the con tro l population. The maximum 

number o f days fo r  embryo uptake was observed undor the 

highest concentration o f the mutagen ( 0 . 75$ ) in  the 

m ateria ls treated three days a fte r  cu lturing and both 

by 0 .30$ and 0 . 75$ when embryos wore treated four days 

a fte r  cu ltu ring . While comparing the d if fe re n t  concen

tra tion s and modes o f treatment i t  is  seen that 0.25$ in
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tha f i r s t  and second mode o f  treatment gave an o a r l ie r  

ombryo so t d a y s ). Not much in flu en ae was noticed  

under 0.125$ concen tra tion  oven a f t e r  tba disturbances 

created  four days a ft e r  cu ltu r in g .

(b )  Proveinbryo with 30 days development:

Tbe number o f days taken fo r  embryo s e t  in  pro

embryos having 30 days development ranged from four 

days ( 0 . 250$ in  f i r s t ,  th ird  and fourth  mode o f treatm ent) 

to  nine days in  the h ighest concentration  In m a jo rity

o f the modes o f treatm ent. As in  the case o f  the f i r s t

embryonic stage there was not much d iffe re n c e  in  the 

days token fo r  embryo d i f fe r e n t ia t io n  in  tha case of 

c o n tro l even whan i t  was in  the t h ir t ie th  day o f m aturity. 

The lower concen tra tions fa i l e d  to show any d if fe re n c e  

in  embryo s e t  compared to  c o n tro l popu lation . I n  tbe 

case o f t r e a t in g  the m a ter ia l four dayc a f t e r  cu ltu r in g , 

when co n tro l popu lation  took seven days I t  was nine days 

in  tho case o f  the h ighest concen tra tion . A l l  the other 

concen tra tions wore a t par or lower to  tho c o n tro l 

va lu e . The f i r s t ,  second and th ird  mode o f  troatmonfc did 

not show much d if fe re n c e  in  tbe number o f  days taken fo r  

embryo uptake under c o n tro l and lower concentrations
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o f  tho mutagan. The h igher concentrations took a longer 

p eriod  fo r  d i f fe r e n t ia t io n .  The lower con cen tra tions,

0.125$ and 0 . 25$ does not show any d if fe r e n c e  among the 

d i f f e r e n t  modes o f treatm ent. The maximum number o f 

days (n ine day*) taken fo r  embryo s e t  was shown by tba 

h igh est concentrations in  f i r s t ,  th ird  and fou rth  mode 

o f  treatment and in  0 . 50$ (e ig h t  days) under second 

motbod o f treatm ent. While comparing concen tra tion * and 

modes o f treatm ent, 0.25$ under the f i r s t ,  th ird  and 

fou rth  modes o f treatment gavo an e a r ly  embryo d i f f e r 

e n t ia t io n . Not much d if fo ro n ce  was observed under 0.125$ 

even a f t e r  the disturbances created  four days a fte r  

cu ltu r in g .

( c )  Embryos from fre sh  nutot

The period  taken fo r  embryo s e t  by fu l l y  developed 

embryos ranged from throe days, 0.250$ in  the f i r s t  

mode o f  treatment to  nine days in  the h igh est concentra

t io n  in  fou rth  mode o f treatm ent. Comparing to tbe c o n tro l 

popu lation  not $ucb d if fe re n c e  was observed under 

d i f f e r e n t  modes o f  treatm ent except in  the case o f t re a t in g  

the m a ter ia l four days a ft e r  cu ltu r in g . The higher 

concen tra tion  showed the maximum number o f  days fo r  embryo 

d i f fe r e n t ia t io n  compared to  lower concentrations and tbe



c o n tro l.  The lower concentrations (0.123$ and 0,250$) 

doss not show any d if fe re n c e  among the d i f fe r e n t  modes 

o f  treatm ent.

The maximum number o f days taken (9 days) fox 

embryo s e t  was shown by 0*73$ under the la s t  mods o f 

treatm ent. Embryos from fu l l y  matured nuts a ls o  showad 

an e a r l ie r  embryo uptake when they were trea ted  w ith  

0.250$ concen tra tion  o f  the mutagen. Even a f t e r  the 

disturbances created  a f t e r  four days o f cu ltu r in g  hot 

muo|l d if fe re n c e  was noticed  under 0 . 125$ concen tra tion . 

Com paratively a s tim u la tory  e f f e c t  in  embryo uptake 

was induced by 0 . 25$ (3-5 days) compared to  co n tro l 

(5 -7  days) in  a l l  the four modes o f treatm ent. In  

genera l th is  a f f e c t  was a lso  noticed  in  the oase o f 

0 . 125$ where the range was from 5-6 days.

(d )  Embryos from dry seed nutai

The number o f days taken fo r  embryo uptake in 

embryos from dry nut ranged from three days in  0.25$ 

concen tra tion  in  the f i r s t  mode o f treatm ent to  e ig h t  

days in  tha h ighest concentrations (0 .7 5 0 $ ), under 

th ird  and fou rth  mode o f treatment and in  0 . 500$ 

concen tra tion  under the second and fo u rth  mode o f 

treatm ent. Thera was not much d if fe re n ce  in  the days

t 4 8  i
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taken fo r  embryo uptake among the d i f fe r e n t  modes of 

treatment in  tbe lower concentrations (0.125 and 0.250$). 

Here a le o  tbe maximum number o f days fo r  embryo uptake 

was shown by the higher concentrations ( 0 . 500$ and 

0 *750$ ) ,  compared to  lower concentrations and the oon tro l. 

Among the d if fe re n t  modes o f treatment under 0 . 500$ 

concentration  the maximum number o f days were taken when 

the embryos were trea ted  two And four days a fte r  cu ltu ring . 

XJnder 0.750$ concentration these va lues were observed 

in  m ateria ls treated  a f t e r  three and four days o f cu ltu rin g . 

While comparing the d i f fe r e n t  modes o f treatment and 

concentrations o f mutagen, the f i r s t  mode o f treatment 

under 0 . 25$ concentration  o f  mutagen gqve an e a r l ie r  

embryo uptake. There was s lig h t  d iffe re n ce  in  the days 

taken fo r  embryo se$ under 0 .12 5  concentration  a fte r  the 

disturbances created fou r days a ft e r  cu ltu rin g . Here a lso  

the lower concentrations gave an e a r l ie r  embryo uptake 

in  a l l  tbe four modes o f treatment compered to  con tro l 

and higher concentrations.

In  general the number o f days taken fo r  embryo se t 

was tbe minimum (3 —5 days) in 0 . 25$ concentration 

compared to con tro l and a l l  other concentrations in a l l  

tha four modes o f treatm ent. Whan the daya taken fo r
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embryo uptake ranged from 3—5 days in  0 •25$, i t  was 5—7 days 

in  co n tro l, 4-6 days under 0.125$ and 5-9 days under 

0.5054 and 0.7554 concentrations. Ir re s p e c t iv e  o f mods 

o f treatment and concentrations, the number o f days 

taken fo r  embryo se t ranged from 4 - 9 , 4 -  9, 3 - 9  and 

3 - 8  under f i r s t ,  second, th ird  and fou rth  stages o f 

embryonic development. E a r lie r  the ex tra c tion  o f embryos 

longer was the days taken fo r  embryo s e t . In  a l l  the 

four embryonic atagQa analysed and the four d if fe r e n t  

modes o f treatment adopted abortest period fox embryo 

se t was noticed under 0 . 25$ compared to  co n tro l and a l l  

other concentration  o f EliS tes ted . Just reverse was the 

trend in  the case o f the h ighest concentrations i . e .  

ir r e s p e c t iv e  o f embryonic stages and mode o f treatment 

the maximum days wore taken by the h ighest (0 . 75$ ) 

concentration .

Embryo D if fe r e n t ia t io n s

The e f f e c t  o f  d i f fe r e n t  stages o f embryo develop

ment, methods o f treatment and the d i f fe r e n t  concentra

tion s o f mutagon on embryo d i f fe r e n t ia t io n  is  presented 

in  Table 5 . Tho d i f fe r e n t  techniques and the d i f fe r e n t  

concentrations adopted showed much in fluence on embryo 

d i f fe r e n t ia t io n .



TABLE U 

DAYS TAKEN FOR EMBRYO-TAKE
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.Embryonic
&tdgQQ«

Mods of 
treatments

Concentrations (y£)

Control 0.125 0.250 0.500 0.750

T1 5 6 6 7

T2 6 5 k 7 7

D1 T3 5 6 5 8 9

T* 7 6 5 9 9

T1 5 5 k 6 9

T 6 5 5 8 6
°2

im

T3 <5 6 U 5 9

Tl» 7 6 it 7 9

T1 5 5 3 6 6

T2 7 5 i» 7 8

°3 T3 6 6 5 8 7

T* 7 5 k 7 9

T1 6 i» 3 S 5

T2 5 5 k 8 7

D* T3 <S 6 5 6 8

7 6 5 8 8



(a )  Proembryos having twenty days development:

9 32 9

The pereraxsta&e embryo d if fe r e n t ia t io n  ranged from 

zero  ( in  higher concentrations) to  80$ ( in  co n tro l 

p opu la tion ). Phan the f i r s t  mode o f treatment gave a 

valuQ o f 0 -  80$, i t  wqB 0 to 70$j O to 60$ and 0 to 30$ 

under second, th ird  and fou rth  modes o f treatment 

re s p e c t iv e ly  In  proembryos having twenty days o f  develop

ment. Under $iae f i r s t  mode o f treatment 0.50$ and 0.75$ 

Q&ncentrationu fa i le d  to  show any embryo d i f fe r e n t ia t io n .  

Control population gave a higher percentage d if fe r e n t ia t io n  

(00$ ), compared to  0.125$ and 0 . 25$ c o n c e n tra t io n s ^ ^ ).

In  second mode o f treatment the maximum tissue d if fe r e n 

t ia t io n  was observed in 0 . 25$ concentration  ( 70$ ) 

compared to  0.12554 (60$) and c o n tro l ( 50$ ).  Here 0.50$ 

concentration  gave only 20$ d if fe r e n t ia t io n . In  the th ird  

and fourth  mode o f Creates nt both 0 . 50$ and 0 . 75$ fa i le d  

to shew any embryo d if fe x e n t ia t io n . In  the th ird  mode o f 

treatment 0 . 25$ and co n tro l population gave an equal 

percent d i f fe r e n t ia t io n  ( 60$ ) comparod to  0.125 (40$J.

The same trend was noticed in  the case o f  the la s t  mode 

o f treatm ent. When 0 . 125$ concentration gave 20$ d i f f e r 

en tia tio n  i t  was 30$ under both con tro l and 0 . 23$ treatm ents. 

In  general not much d iffe ren ce  was observed between 0.25$ 

concentration  (30 -  70$ ) and con tro l population ( 30- 80$ ) ,
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compared to 0.125$ ( 20- 70$ ) .  Whan 0.7554 fa i le d  to sh8w 

any embryo d if fe r e n t ia t io n  in  a l l  tha four mode o f t re a t

ment a, 0.5054 gave 2054 d if fe r e n t ia t io n  in  the second mods 

o f treatm ent.

(b ) Proambrvos having 30 days developm ent

Embryo d if fe r e n t ia t io n  as in fluenced by th ir ty  daye 

o f  embryo m aturity and variou s modes o f treatnn nt and 

concentration  showed v a r ia t io n  depending upon the tec$iniques 

adopted. When the percentage d i f fe r e n t ia t io n  ranged from 

30?5 (h igher concentration ) to  8054 (0.12554) in  tha f i r s t  

mode o f treatment* i t  was 20$ (0 .73$) to 70$ (0.25/4) in  

the second mode o f treatm ent. The h ighest concentration 

(0.7554) fa i le d  to  show any embryo d i f fe r e n t ia t io n  under 

ttia th ird  and fourth  mode o f treatment. When 0.5054 under 

tha th ird  mode of treatment gave 20$ d if fe r e n t ia t io n  i t  

was nero in  case o f fou rth  mode o f treatm ent. In  the th ird  

mode of treatment the lower concentrations (0,12554 and 

0.250f4) and the con tro l population gave a com paratively 

uniform value in  tissue d if fe ro u tra t io n . In  tha fourth  

mode o f treatment the maximum percentage was noted under 

0.2554 (7054) fo llow ed  hy con tro l {kQ#>) and 0.125$ concen

tra t io n  (30 $ ). Evan in  embryos having th ir ty  days o f
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m aturity , the higher concentration were not able to  

g iv e  a good percent o f embryo d i f fe r e n t ia t io n .  While 

comparing the e f f e c t  o f two lower concentrations, i t  

can be noted that 0 . 25$ gavo an uniform e f f e c t  (50-70$) 

compared to  0.125$ (30-80$).

(o )  Embryos from fu l ly  matured nutI

The embryos extracted  from the seeds Itrsnodiatoly 

a ft e r  harvest gave a com paratively higher percentage 

performance in  embryo d if fe r e n t ia t io n  compared to 

proembryos o f d i f fe r e n t  m aturity. The percentage 

d i f fe r e n t ia t io n  ranged from 10-80 in  the case o f  f i r s t  

mode o f treatment in  the h ighest concentration the 

con tro l and the lower concentrations re s p e c t iv e ly . A 

reduction  in  percentage d i f fe r e n t ia t io n  was noted only 

in  the oaoo o f higher concentrations, 60$ (0 .50$ ) and 

10$ (0 .75 $ )« An uniform ombryo d i f fe r e n t ia t io n  under

the f i r s t  mode o f treatment was noticed under con tro l, 

0.125$ and 0.25$ concentrations. In  the second mode 

o f treatment a com paratively b e tto r performance was 

noted in  almost a l l  treatm ents. The values ranged from 

20$ (0 .75$) to 80$ (c o n tro l and 0 .25$ ). In  the th ird

and fou rth  mode o f treatments 0 . 25$ gave the maximum 

percentage performance compared to  con tro l and a l l  other
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concentrations. In  both th ird  and fo u rth  modes o f t r e a t 

ment tho performance o f 0 . 125$ was at par w ith  co n tro l.

A reduction  in  percentage d i f fe r e n t ia t io n  was noted fo r  

higher concentrations o f EMS in  th ird  and fou rth  modes 

o f treatm ent. As in  the caso o f second mode o f treatment 

the maximum percentage embryo d i f fe r e n t ia t io n  was noted 

under 0.25$ ( 60- 80$ ) compared to co n tro l and 0.125$ 

(50-80$), 0.50$(«t0-60$) and 0.75$ (10-20$). Hero i t  

was so c le a r  tba t ir re sp ec t iv e  o f mode o f treatment higher 

the concentration  lea ser was the percentage d i f fe r e n t ia 

t io n .

(d )  Embryo from dry seed nut8

Tbe embryos extracted  from dry seed nuts showed a 

poor performance in  embryo d if fe r e n t ia t io n  compared to 

the embryos extracted  immediately a ft e r  harvest and 

proembryos having th ir ty  days m aturity. The fourth  mods 

o f treatment fa i le d  to show any embryo d if fe r e n t ia t io n  

in  any concentration inoludlng c o n tro l. When the per

centage d if fo r e n t ia t lo n  xanged from 20 to  60$ in  con tro l 

i t  wan 20-50J4, 30- 60$ , 20- 1*0$ and 0- 20$ undef! 0 . 125$ , 

0.25$, 0.50$ and 0.75$ concentrations r e s p e c t iv e ly . In  

tbe f i r s t  mode o f treatment the rejngo in  va lues were 

20 to  60$ (co n tro l and 0 .25$ ). When 0.50$ concentra

t ion  gave 1*0$ I t  was 50$ under 0.125$ EMS. In  the second



mods o f treatment, 0 . 50$ and 0. 75$ fa ile d  to show any 

embryo d if fe re n t ia t io n . When con tro l population gave 

1*0$ d iffe re n t ia t io n  i t  was 50$ and 30$ under 0 . 25$ 

aid 0.125$ concentrations of EMS resp ec tiv e ly . In  the 

th ird  mode o f treatment tha percentage d if fe re n t ia t io n  

were comparatively vary poor. I t  ranged from 20$ (0.5$. 

0.125$ and con tro l) to 30$ (0 ,25$). The maximum per

centage d if fe re n t ia t io n  was noticed in  0 . 25$̂  concen

tra tion  compared to con tro l and lower ttnd higher concen

tra tion s .

In  general tho embryos having twenty days o f maturity 

and fu l l  physio log ica l maturity gave a poor performance 

compared to embryos having th ir ty  days maturity and 

those extracted immediately a fte r  harvest. When percen

tage d if fe re n t ia t io n  ranged from 0-80$ in proembryos 

having twenty days development, i t  was 0 -  60$ under 

embryos extracted from dry soed nuts. Tho control popu

la tio n  ( 30- 80$ ) and the lower two concentrations ( 20- 70$) 

gave comparatively a higher percentage d iffe ren tia t io n  

in  proembryos having twenty days maturity when compared 

to the control population and the two lower concentrations 

( 20- 60$) in embryos extracted from dry seed nuts. Mhila 

comparing the performance o f embryos having th ir ty  

days o f maturity and embryo from seeds immediately 

a fte r  harvest, a better performaned was noted in  ambryos
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ex tracted  Immediately a fte r  harvest* Both co n tro l popu

la t io n  and lower concentrations gave a com paratively 

higher percentage d if fe r e n t ia r io n  (50-80$) in  the embryo 

ex tracted  from seeds immediately a f t e r  harvest ir r e s p e c t iv e  

o f  node o f treatm ent. In  th is  oase higher concentration  

a lso  gave a higher percentage d i f fe r e n t ia t io n  compared to 

a l l  other embryos having d i f fe r e n t  m aturity*

TAX) 13T 5
EMBHYO DIFFERENTIATION AS INFLUENCED BY DIFFERENT 

EMDRYONIC STAGES* MODE OF TREATMENT AND MUTAGEN 
CONCENTRATION

t 3 7  t

Embryonic Mode o f C on cen tra tion ^ )
stages* treatment* Control 0.125$ 0.250$ 0.500$ 0.750$

T1 80 70 70 - -

T2 50 60 70 20 -

D1 T3 60 40 60 - -

T4 30 20 30 - -

T1 70 80 70 30 30

T2 60 60 70 30 20
D2 T3 50 40 50 20 -

'4 40 30 70 - -

T1 80 80 80 60 10
T2 80 60 80 50 20

D3 50 50 60 40 _

x4 60 60 70 50 20

T1 60 50 60 40 20
T2 40 30 50 - _

D4 T3 20 20 30 20
T4 - - -
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Analysis on growth rate of Plantla ts»

(a ) Pro—arnbgyoa with twenty dava development

Tha influence o f tho various concentrations o f tbo 

mutagen due to the direct treatment in pr oerabryo having 

twenty days development at d ifferen t intervals of growth 

is  depicted in Table 5-1 •

In the control population the height of tbs planlet/ 

length of shoot varied from 3.3 to 15*2 cm from 15th day 

to 60rh day of growth respectively. The growth rata was 

maximum during i»5tb to 60tb day. Under 0. 125$ concen

tration tbe length of tbe shoot war led from 2.2 to 6.9 cm. 

Tbe growth rate increased with Increase in days of esta

blishment in  culture media. Tbs growth rqte was compara

t ive ly  poor compared to control. When 0.50$ and 0.75$ 

concentration fa iled  to sbow any plantlet establishment, 

0. 25$ concentration gave the maximum growth rata compared 

to 0.125$. Here tha bight o f plantlets rgaged from 3*1* 

to 10.% under 15th day to 60th day respectively. The 

growth rate was maximum during the period from 30th day 

to l*5th day of establishment. Compared to control 

population tbe growth rate was slow under 0. 25$ concen

tration especia lly in later period of growth.



Tho number o f loaves/p lan tlat as influenced by the 

d if fe re n t  treatment is  a lso  represented in  the same 

tab le . In  the con tro l population the number o f leaves 

per p la n tle t  ranged from 6 — 12 under f i f t e e n th  and 

s ix t ie th  days o f  establishment re s p ec tiv e ly . There was 

a steady increase in le a f  production aa influenced by the 

increase in days o f  m aturity. Under 0.125$ concentra

tion  the number o f leaves increased from 3 to  12 under 

f i f te e n th  day to s ix t ie th  day rappactive ly . liven though 

the number of leaves per p la n tle t  was lesser in  early period 

o f growth, on a Is t ie th  day of development the number o f 

leaves attached the same as in  con tro l population. The 

number o f leaves under 0.25$ concentration ranged from 

four ( f i f t e e n th  day) to f i f t e e n  (e ix t ien th  day ). Compared 

to con tro l and lower concentration, 0 . 25$ gave a higher 

le a f  production p o te n tia lity  esp ec ia lly  under la te r  stages 

o f development. On h jth  day and 60th day o f establishment 

the number exceeded the va lu oeia  con tro l population. The 

data c le a r ly  chew that bbth under 0.125$ end 0 . 25$ concen

tra tions the grouth ra te  was poor in  ea rly  otages o f esta 

blishment compared to con tro l population. The higher 

concentrations (both 0 . 50$ and 0 . 75$ ) fa i le d  to produce 

any le a f  during the en tire  period of growth.
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Growth ra te  o f p la n tlo ts  as in fluenced by d if fe r e n t  

concentration o f mutagen in  proembryos having twenty 

days o f development and the treatment a fte r  two days o f 

cu ltu ring  is  presented in  Table $-2.

The length  o f shoot in  co n tro l ranged from 0 .5  to 

2*5 cm, when i t  was 1.0 to 4.5 cm, 1.0 to 5*5 cm and 0.0 

to  0 .7  cm under 0.12554. 0.25/4 and 0.50$ concentrations 

o f EMS re s p e c t iv e ly . Here the lower concentrations 

showed a higher va lue in  length  o f shoot in  a l l  the 

d i f fe r e n t  stages o f growth when compared to  co n tro l. When 

co n tro l p la n ile ta  gave a maximum heigh t o f 2 .5  cm, i t  was 

4.5 cm and 5*5 cm under 0 . 125$ and 0 . 25$ concentrations 

r e s p e c t iv e ly . Even in  the e a r ly  stages o f establishm ent 

and development treatment w ith  lower concentration gave 

a stim ulatory effec$oompared to  co n tro l. U h ile comparing 

the lower concentrations i t  can be soen that growth ra te  

under 0.25$ concentration  was higher compared to 0.125$ 

eventhough i t  was the sams under the ea r ly  period o f 

development. The growth ra te  under 0.30$ was qu ite In s ig 

n if ic a n t  when compared to  co n tro l and other two lower 

concentrations. The maximum p la n t le t  heigh t a tta in ed  on 

s ix t ie th  day o f d if fe r e n t ia t io n  ( 0 .7  cm) was even lower 

to  the p la n t le t  height on f i f t e e n th  day under 0 . 125$ and 

O.2 5  concentrations. The lower concentrations wore able to
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g ive  a higher value oven on the f i r s t  day o f observation  

than that on the p la n t le t  heigh t on the s ix t ie th  day(0#7 cm) 

under 0 .50$concentration .

The number o f leaveo per p la n t le t  as in fluenced 

by variou s treatment is  a ls o  included in  the soma ta b le .

The number o f leaves per p la n tle t  va r ied  from 1 to  7 in  

c o n tro l, ( f i f t e e n th  to  s ix t ie th  day o f development) when 

i t  was 3 to  7 and 3 to 11 under 0 . 125$ and 0.25$ concent 

tra tion s  re s p e c t iv e ly . Evanthough the number o f leaves 

per p la n t le t  was low in  co n tro l population on f i f t e e n th  

day o f  establishment when compared to 0 . 125$ concentr

a tion  the number o f leaves per p la n t le t  a tta in ed  the 

same in  both, con tro l and 0 . 125$ concentration , on s ix t ie th  

day o f development. Prom the th ir t ie th  day 8f  development 

the number o f lea ves  per p la n t le t  under 0.125$ and con tro l 

were a t  par. The number o f leaves  per p la n t le t  under 0.25$ 

concentration  showed a higher valtie ( 3- 1 1 ) compared to 

0.125$ (3 -7 ) and c o n tro l ( 1- 7 ) ,  There wore d iffe ren ces  

in  le a f  production p o te n t ia l it y  be twoon co n tro l and 0.25$ 

concentration even from e a r ly  period o f development. On the 

s ix t ie th  day o f establishm ent the maximum number o f 

leaves per p la n t le t  was shown under 0 . 25$ concentration 

compared to 0.125$ and co n tro l p la n t le ts . The maximum 

reduction  in  number o f leaves par p la n t le t  was recorded
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u n d e r  0 .5 0 $  c o n c e n t r a t i o n .  T h e  d e v e lo p m e n t  o f  l e a v e s  i n  

t h i s  t r e a t m e n t  s t a r t e d  o n l y  a f t e g  t h i r t i s t h  d a y  o f  t i s s u e  

d i f f e r e n t i a t i o n .  On th e  s i x t i e t h  d a y  o f  d i f f e r e n t i a t i o n  

t h e  num ber o f  l e a v e s  p e r  p l a n t l e t  w a s  o n l y  f o u r  w h en  t h e  

lo w e r  c o n c e n t r a t i o n s  an d  c o n t r o l  g a v e  tb e  sam e num ber on 

t h i r t i e t h  d a y  o f  e s t a b l i s h m e n t .  Xn g e n e r a l  0 . 25$  c o n c e n 

t r a t i o n  g a v e  a  s t i m u l a t o r y  a f f e c t  i n  g r o w t h  r a t a  o f  p l a n t 

l e t s  w h i l e  0 * 75$  c o n c e n t r a t i o n  d id  n o t  p r o d u c e  a n y  l e a v e s  

a t  a l l .

T he i n f l u e h c e  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t b e  m u ta g e n  

i n  p r o e m b r y o s  h a v in g  t w e n t y  d a y s  d e v e lo p m e n t  a n d  th e  

t r e a t m e n t  a f t e r  t h r e e  d a y s  o f  c u l t u r i n g  i s  p r e s e n t e d  i n  

T a b le  6- 3 •

A m a rk e d  r e d u c t i o n  i n  g r o w th  r a t e ,  b o t h  i n  h e i g h t  

o f  p l a n t l e t s  a n d  num ber o f  l e a v e s  p e r  p l a n t l e t s  w a s  n o t i c e d  

w h en  th e  t r e a t m e n t s  w e r e  don e t h r o e  d a y s  a f t e r  c u l t u r i n g .

I n  t b e  c o n t r o l  p o p u l a t i o n  t h a h e i g h t  o f  p l a n t l e t s  r a n g e d  

fr o m  1 .8  t o  9.1 cm w h en  i t  w a s  0 .2  t o  1 .1  cm and 1 .6  t o  

7«5 o d  u n d e r  0.125$ an d  0.25$ c o n c e n t r a t i o n  r e s p e c t i v e l y .

The h i g h e r  c o n c e n t r a t i o n s  ( 0 .5 0 $  and 0 .7 5 $ )  f a i l e d  t o  show 

a n y  d i f f e r e n t i a t i o n  o f  t i s s u e s  e v e n  a f t e r  s i x t i e t h  d a y  

o f  p l a n t i n g .  Tho l o w e s t  c o n c e n t r a t i o n  ( 0 . 1 2 5 $ )  g a v e  a  

c o m p a r a t i v e l y  v e r y  p o o r  p e r fo r m a n c e  i n  i n c r e a s e  i n  l e n g t h  

o f  s h o o t s  co m p a red  t o  c o n t r o l  p o p u l a t i o n .  On t h e  s i x t i e t h  

d a y  o f  d e v e lo p m e n t  i t  w a s  a b l e  t o  g i v e  o n l y  1 .1  cm h e i g h t



whan i t  was 1*8 cm in  con tro l population on the fi f te e n th  

day of development. The growth rate in  ea rly  period of 

development under 0 . 125$ concentration wae quite in s ign i

f ic a n t .  While comparing the two la te r  concentrations 

( 0 . 125$ and 0. 255^) i t  can he seen that 0.2554 concentra

t ion  a lso  gave a higher growth ra te . I t  is  asin  that the 

treatment o f mutagen on the th ird  day o f cu lturing 

in fluence the stim ulatory e f fe c t  o f 0 , 25$ concentration 

noted in  the previous two modes o f troatment. Here the 

growth rate  under 0 . 25$ rangod from 1 .6  to 7*5 cm when i t  

was 1.8 to  9.1 cm in  con tro l. The d iffe ren ce  la  mainly 

noted in  the ea r ly  stages o f development.

The number o f  leaves per p la n tle t  as Influenced by 

d if fe r e n t  troatment is  § lso  represented in  the same tab le . 

A d ir e c t  r e f le c t io n  of tile p la n tle t height i s  noted in  

oase o f number o f leaves a lso . In  the oon tro l population 

the number o f leaves par p lan tle t ranged from 3 - 1 1  when 

i t  was 0 to  5 and 3 to 7 under 0. 125$ and 0. 25$ concen

tra t io n  re sp ec tiv e ly  from f i f te e n th  to s ix t ie th  day of 

establishment • A less  influence on the le a f produotlon 

p o te n t ia lity  is  noted under 0*25$ concentration compared 

to con tro l. Mar Iced reduction in  the production of leaves 

were noted under 0 .125$ compared to  0 . 25$ o ik ! con tro l.

The maximum number o f leaves a va ilab le  on the s ix t ie th  day

:  63 i
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o f embryo d iffe re n t ia t io n  was 11 leaves per p la n tle t in 

con tro l when i t  was 7 leaves per p lan tle t under 0.25#. 

when tbe p lan tle ts  showed the sans number o f leaves in 

tba ea r ly  stages of development in  both tbe treatments• 

(3-6 and 3-5 under control and 0.25# concentration 

resp ec tive ly  on tbe f i f t e e n  and tb ir t io tb  day o f  esta

blishment^

Table 6-h represent tbe growth rate o f p lan tlets
/

due in tbe e f fe c t  o f d iffe re n t concentration o f SMS in  

proembryo having twenty days development and treatment 

a fte r  four days o f culturiDg. Tye growth rate based on 

length o f sboot and number o f loaves per p lan tle t 

showed a irtarlped reduction in  a l l  tbe treatments* Haight o f 

p lan tle ts  ranged from 0.25 to 0.50  cm in control popula

tion  when i t  was 0 to 0*50 cm and 0 to 0.63 cm under 

O .125# and O.25# concentrations respec tive ly  from fifte en th  

to s ix tie th  day of development. Maximum reduction due to 

the influenca o f mutagen was noted In ea r ly  stages o f 

development compared to con tro l. P lan tle t hoight in it ia ted  

only on the th ir t ie th  day under both the concentration 

o f mutagen (0.125# and 0.25#). when i t  was ava ilab le  

on the fif te e n th  day o f d if fe re n t ia t io n  in  con tro l popu

la tio n . On the th ir t ie th  day o f development when control 

p la n tle ts  gave a height o f 0.30 cm i t  was 0.05 and
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0 ,1 7  ch under 0* 125$and 0* 25$ concentration  r e s p e c t i

v e ly *  On the 45th day o f establishment the p la n t le t  

beigftfc under 0 *25$ concentration ( 0*30 cm) was a t  pas 

w ith  the co n tro l p la n tla ta  ( 0 .3 3  cm) bat 0.125$ concen

tra t io n  showed a marked reduction  compared to  0 *25$ 

and con tro l popu lation . On the s ix t ie th  day o f  e s ta 

blishment tha p la n t le t  height both under con tro l and 

0.12554 concentration  wore a t par ( 0 .50  cm each ), when i t  

was O.6 3  cm under 0 . 25$ concentration . Uhan there was a 

steady Increase in  p la n t le t  heigh t In  co n tro l, under 

0 . 25$ concentration a stim ulatory e f f e c t  was noticed in  

la te r  3 tagas o f growth. Both tha higher concentrations 

(0.50$ and 0.75/4) fa i le d  to  show any embryo d i f fe r e n t ia 

tion  and growth.

The number o f leaves par p la n t le t  Included in cano 

tab le show that there was not much v a r ia t io n  be tween 

the mutagen treatmenta and the traated population w ith 

the con tro l p la n t le ts . Under 0. 125$ and 0 , 25$ concentra

tions lo a f production started  when before the p la n t le t  

increase or shoot length  increase was in it ia te d  whereas in 

con tro l population le a f  production started  only a f t e r  

a tta in in g  a p a rticu la r  shoot len gth . Leaf production in  

co n tro l p la n t la ts  sta rted  on ly on th ir t ie th  day o f es ta 

blishment when i t  was noted on f i f t e e n th  day under both



the lower concentration of tha mutagen. The number of 

leaves per p lantlet ranged from 1 to 5 in control p lantlets. 

when i t  was 2 to 5 under tha mutagen treatment from fifteen th  

to s ix tie th  day of establishment. Leaf production was not 

at a l l  Influenced by the mutagen treatment.

TAME 6-1
GROWTH HATE OP PLAKTIETS AS INFLUENCED BY DIFFERENT 
CONCENTRATIONS IN PROEMBRYO HAVING TWEMTV PAYS 

DEVELOPMENT UNDER DIRECT TREATMENT

Treatment Length o f shoot 
(cm)

Number of leave*

Control
15tfr day 3.5 6
30th day 5.9 7
45tb day 8.7 10
60th day 15.3 12

0.125
15th day 2.2 3
30th day 3.3 5
i»5»hday 5.0 7
60th day 6.9 12

0.25
15th day 3.4 4
30th day 5.0 8
45th day 8.1 11
60th day 10.4 13

0.50
15th day m
30th day -
45th day * **
60th day -
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TAB IE 6-2

GROWTH BATE OP PLANTLETS A S TNFLTJEKCED BY DIFFEREN T 
CONCENTRATION I K  PROEMBRYO HAVING TOE NTT DAYS OF 
DEVELOPMENT A HD TREATHENT AFTER W O  DAYS OF CULTURING

T r e a t m e n t . L e n g t h  o f  s h o o t Num ber o f
(cm ) l e a v e s

Control
1 5 th day 
3 0 tb day 
J)5£bday 
60th day

0.5
0.9
1 .8
2*5

1
3
5
7

0.125
1 5 th day 1 .0 3
30th day 1 . 6 4
45th day 2 .7 5
60th day it .5 7

0 .2 5
15th day 1 .0 3
30 tfa day 2 .1 4
45th day 4.1 7
60th day 5.5 11

0.50
15th day o .p 0
30th day 0 .4 0
45 th day 0 .6 2
60th  day 0 .7 4

0 , 7 5 1 5 tb day _

30 th day
45th day _

60th  day “ —
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TABIff 6-3

GROWTH BATE OF PLANTLETS AS INFLUENCED BY DIFFERENT 
CONCENTRATIONS IN  PBOEMBRTO HAVING TWENTY DAYS 
DEVELOPMENT AND TREATMENT AFTER THREE DAYS OF CULTURING

Treatment Length o f shoot 
(cm)

Number o f  lea ves .

C ontrol
1 5 th day 1.3 3
3 0 th day 3.8 6
45th day 7.6 8
60th day 9.1 11

0.125
1 5 th day 0 .2 0
30th day 0.3 1
45th day 0 .6 3
60th day 1 .1 5

0 .2 5
1 5 th day 1 .6 3
3 0 th day 2.3 3
45th day 3.8 6
60th day 7.5 7
u

0 .5 0
15th day - -
30th day — *»
45th day _ *
60th day —

0 ,7 5  15th day
3 0 th day —
45th day «•
60tbday •
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TABLE 6 - 4

GROWTH RATE OF PLANTUTTS AS INFLUENCED BY DIFFERENT 
CONCENTRATIONS XN PflOEMBRYO HAVING 20 DAYS DEVELOPMENT 
AM) TREATMENT AFTER FOUR DAYS OF CULTURING

Treatment Lgngth o f aboot 
(cm)

Number o f  leaves

C on tro l
1 5 tb day 0 .2 5 -

30 th day 0 .3 0 1
45th day 0.33 3
60th day 0.50 5

0.125
15th day 0 2
30 tb day 0 .0 5 3
45tb day 0 .2 0 3
60tb day 0 .5 0 5

0.25
15th day 0 2
3 0 th day 0.17 3
45th day 0 .3 0 5
60tb day 0.63 5

0 .5 0
15th day - -
30 th day -

45th day — -

60 tb day —

0.75
15tb day - ■B
30 th day — •
45th day - _

60tb day •
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(b ) Pro-embryo with 30 dava davalopmanti

The influence of tbe various concentrations of the 

mutagen due t o  the dire a t  treatment in procmbryo bavins 

th ir ty  days development at d iffe ren t in terva ls  o f growth 

is  depicted in Table 7-1•

In  the oontrol population the height of the p lantlet 

varied from 3.3 to 10.2 cm from fifte en th  day to s ix tie th  

day of growth respective ly . Tbe growth ratawas max imum 

during the 45th to 60tb day . Under 0.125# concentra

tion  tbe length of shoot varied from 1.3 to 8.1 cm and 

tba growth rate was comparatively poor compared to oontrol 

and 0.25#. Tba maximum growth rate was noticed under 

0.25# concentration (2.4 to 12.1 cm). Eventhough tbe 

growth rate during tbe early  days of d iffe ren tia tion  was 

comparatively less  in 0.250# concentration than the 

contro l, in tbe la te r stages o f development there was a 

steady increase In the length o f shoot. During the 

th irtie th  day o f d iffe ren tia tion  tbe length o f shoot 

under 0. 25# concentration (4.5 cm) was almost a t par 

with the oontrol (4.9 cm). The growth rate under 0.50# 

and 0.75# was quite ins ign ifican t when compared to 

control and tbe other two lower concentrations. The 

maximum plantlet height attained on s ix tie th  day of d i f fe r 

en tia tion , 1.3 cm and 0.8 cm, both under 0 .50# and 0.75#
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concentrations re s p e c t iv e ly  was even lower to the p la n t le t  

height on f l f ta o n th  day under 0 . 25# concentration and 

con tro l and was a t par w ith  0.125# concentration . In  goneral 

0 . 25# concentration  gave a stim ulatory o f fo c t  in  growth 

ra te  o f p la n t le ts .

The number o f loaves par p la n t le t  as in fluenced by 

varioue treatment le  a ls o  included in  the same ta b le . The 

number o f leaves  per p la n t le t  va ried  from 3 to  13 in 

co n tro l ( f i f t e e n th  to  s ix t ie th  day o f development) when 

i t  wae 2 to  8 , 4 to 14, 1 to  5 and 1 to  5 under 0.125#, 

0.25#, 0.50# and O.75# concentrations re s p e c t iv e ly . Thera 

was steady increase in  number o f loaves ao in fluenced 

by tha increase in  the days o f m aturity. Compared to 

0.25# and co n tro l, tho le a f  production p o te n t ia l it y  was 

poor in  0.125# concentration  o f tho mutagen. The number 

o f  loaves per p la n t le t  showed a higher value in  0.25#

(4 -  14) comparod to  0.125# ( 2- 8 ) ,  0.50# ( l - 5 ) ,  0 . 73?>

(1 -5 ) and co n tro l (3 -1 3 ). Tbe maximum number o f  leaves 

per p la n t le t  (14 ) on the s ix t ie th  day o f development 

was chownundar 0.25# concentration . The maximum reduction  

in  number o f leaves per p la n t le t  was recorded both under 

0.50# and 0.75# concentrations. On the s ix t ie th  day o f  

d i f fe r e n t ia t io n  the number o f  leaves par p la n t le t  was only 

f iv e  in  the as concentrations where the lovor concentrations



and con tro l gave ibg same number during the e a r ly  stages 

o f development* There was a stim ulatory e f f e c t  produced 

by 0 . 25?s concentration  on tba growth r a te ,  both in  length 

o f shoot and number o f leaves per p la n t le ts , o f p la n tle ts  

cu ltu red .

Growth ra te  o f p la n tle ts  as in fluenced by d if fe r e n t  

concentration  of mutagen in  proembryos having th ir ty  days 

o f development and the treatments two days o f cu ltu ring 

i s  presented in  Table 7-2.

The len gth  o f shoot in  con tro l ranged from 1.4 to 

9*7 cm, ubon i t  was 2 .0  to  1 2 . cm, 4.3 to  17*7 cm,0 .8  to 

4.2 cm and 0 .3  to 1.7 on in  0.125$, 0.25$» 0 .50?$ and 

0*75# concentration o f EMS re s p e c t iv e ly . Here the lower 

concentrations (0.125$ and 0 . 25?$) showed a higher value 

in  length o f shoot in  a l l  the d if fe r e n t  stages o f  growth 

when compared to  co n tro l and the higher concentrations 

( 0 . 50?$ and 0 . 75?$)* When con tro l p la n t le ts  gave a maximum 

heigh t o f  9«7 cm, i t  was 1 2 .1  cm and 17*7 cm under 0.125?$ 

and 0 . 25?$ concentrations r e s p e c t iv e ly . Even in  the ea r ly  

stages of establishm ent and development trea t in g  w ith  

lower concentrations gave a stim ulatory e f f e c t  compared 

to  aon tro l and higher concentrations. While comparing 

the lower concentrations, i t  can be seen that growth rate 

under 0 . 25?$ concentration  was higher compared to 0*125?$.
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The growth ra te  under 0.50# and 0.75# was qu ite In s ign i

f ic a n t  when compared to oon tro l and the other two lower 

concentrations. Tbe maximum p la n tle t  height atta ined an 

s ix t ie th  day o f d if fe re n t ia t io n  under 0 . 50# and 0.75#

(4.2 cm and 1.7 cm) was even lower to  the p la n tle t 

height on f i f te e n th  day under 0. 25# concentration.

Tba number o f leaves per p la n tle t as influenced by 

various treatment is  a ls o  included in  the eaina tab le .

The number o f loaves per p la n t le t  varied  from 4 to  14 

in  con tro l, when i t  was 5 to 14, 6 to 18, 1 to 4 and 

1 to 5 under 0.125#, 0.25#, 0.50# and 0.75# concentrations 

re s p ec tiv e ly  from f i f te e n th  day to s ix t ie th  day o f e s ta b li

shment. Eventhough the number o f leaves per p la n tle t  was 

low in  oon tro l population on f i f te e n th  day o f estab lish 

ment wbon compared bo 0 . 125# concentration, tbe number 

o f leaves per p la n tle t  attained tbe samo in  both oontrol 

and 0 . 125# concentration on s ix t ie th  day o f development.

The number o f leaves per p la n tle t under 0.25# showed a 

higher value (5-lS)coraparod to  0,125#, (5- 14 )  O.5O# (i- i| )r  

0.75# (1—5 ) and control (4 -14 ). There was d iffe ren ce 

between con tro l and O.25# concentration o f  mutagen in  

le a f producing p o te n tia lity  even from ea r ly  period of 

development. The maximum number o f leaves per p lan tle t
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produced ( 1 8 ) by 0 . 25?$ on the s ix t ie th  day o f develop

ment uaa higher when compared to  co n tro l and other 

concentrations o f EMS. The maximum number o f leaves 

a tta in ed  under 0 .50$ and 0 . 75$ (four and f iv e  re s p ec t i

v e ly )  was a t par w ith  the number o f leaves a tta ined  

during the f i f t e e n th  day (fou r and f i v e )  under con tro l 

and both under 0 *125$ and 0„ 255$ concentrations re s p e c t i

v e ly .  In  genera l, 0.25?$ concentration gavo a stim ulatory 

e f f e c t  in  growth ra te  o f p la n t le ts  even when the tre a t

ments were done two days a fte r  cu ltu ring the embryo.

The in fluence o f d i f fe r e n t  concentratiobs o f the 

mutagen in  proe,bryos having th ir ty  days development and 

the treatment a fte r  three days o f cu ltu ring is  presented 

in  Table 7-3•

Tjia length  o f shoot va r ied  from 1 .5  to 10.0 cm in  

con tro l (from f i f t e e n th  day to  s ix t ie th  day) whan i t  was 

2*5 to 1 2 .1  cm, 1 .2  to 8 .3  cm and 0 .6  to  1 .5  cm under 

0 . 125?$, 0 . 25$ and 0 . 50$ concentration of EMS re s p e c t iv e ly . 

The h ighest concentration (0 .75$) fa i l e d  to show any 

development on the d i f fe r e n t ia t io n  o f tissu es even a ft e r  

o ix t ia th  day o f davelopmsnA p lan ting . The lowest concen

tra t io n  ( 0 . 125$ ) gave a com paratively bettor performance 

in  the length  o f  shoot compared to con tro l and other



concentrations. On the s ix t ie th  day o f development I t  

was able to g ive  12.1 om heigh t. The growth rate  inoreasod 

w ith increase in  days o f establishment in cu lture media.

The maximum height attained under 0.50# concentration 

on s ix t ie th  day o f establishment { 1«5 om) was at par 

or even lower to tbe height attained on f i f te e n th  day 

o f development under a l l  other concentrations and control* 

While comparing w ith con tro l population, 0.125# concen

tra tion  gave a higher growth rate* Xt is  seen that the 

treatment o f  mutagen on the th ird  day o f cu lturing in fluences 

the stim ulatory e f f e c t  o f 0 . 25# concentration noted in  the 

previous two mode o f treatments. Here the growth ratd 

under 0.25# rangdd from 1 .2  to 8,3 cme when i t  was 2.5 

to  1 2 .1  and 1 .5  to  10 .0  ih  0 . 125# and oon tro l population 

re sp ec tiv e ly .

The number o f leaves per p la n tle t as influenosd by 

d if fe re n t  tratmant is  a lso  presented in  the same tab le .

A d ir e c t  r e f le c t io n  o f the p la n tle t  height is  noted in 

ease o f number o f leaves per p la n tle t a lso . In  tbe con tro l 

population the number o f leaves per p la n tle t  ranged from 

2 to 9 and i t  was 2 to 8 , 2 to  8 and 0 to 5 under 0 . 125# , 

0 . 25# abd 9.5# concentration from f i f te e n th  to s ix t ie th  

day o f establishment. Evonthougb le a f production in it ia te d
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only during the U5 th day under 0.50$ concentration: 

there was not much d ifference between the treated popu

la tio n  of d if fe re n t  concentrations and the o ontrol* The 

highest concentration ( 0. 75$ ) fa ile d  to produce any loa f 

during the en tire  period o f development.

Tabic 7-4 represent the growth rate o f p lan tlets  

due to the d if fe re n t  concentrations o f EMS in  proembryo 

having th ir ty  days development and treatment a fte r  four 

days o f cu lturing. The growth ra te , based on length o f 

shoot and number o f leaves per p lan tle t showed a marked 

reduction in  a l l  lbs treatments except in  0. 25$ concen

tra tion . Haight o f p lantloto ranged from 1.7 to 8.8  cm 

in  control population when i t  was 0 .9  to 6 .7  cm and 

2 .8  to 14.3 in  0.125$ and 0.25$ concentrations respecti

v e ly  from fifte e n th  to s ix t ie th  day o f establishment. 

Maximum reduction in  growth rate due to the e f fe c t  of 

mutagen was noted In early  stages o f development. Both 

the higher concentrations (0. 50$ and 0 . 75$ ) fa ile d  to 

show any d iffe re n t ia t io n  of tissues during the period 

o f development. The maximum height attained by p lan tlets 

under 0. 125$ concentration ( 6 .7  cm) was lower to the 

maximum height attained by the control (8 .8 cm) and 

0 .25$ concentration (14«3 cm). The height of p lan tle t 

on 45th day o f establishment under 0.25$ (8*9 cm) was 

at par w ith the maximum height attained by the control
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(8 .8  cm). In  genera l 0.25# concentration o f EMS gave a 

stim ulatory e f f e c t  on tho growth rata o f p la n t le ts  even 

when treatments were done a fte r  four days o f cu ltu rin g .

Tbe number o f loaves per p la n t le t  Included in  same 

tab le  show that there was va r ia t io n  among the various 

concentrations oftha mutagen and tbe trea ted  population 

w ith  tbe oon tro l p la n t le ts . The number o f leaves per 

p la n t le t  ranged from 4 to  12 In co n tro l, when i t  was 

3 to  9 and 5 to  19 under 0 . 123# and 0 . 25#  concentration 

from f i f t e e n th  dayto s ix t ie th  day o f establishm ent.

The le a f  production p o te n t ia l i t y  under 0.50# and 0.73# 

concentration of the mutagen was p r a c t ic a lly  n i l  while 

0.25# concentration  o f EMS gave tba maximum number o f 

loaves from f i f t e e n th  day tc  s ix t ie th  day o f e s ta b lish 

ment. The growth ra te  was higher during the la te r  stages 

o f development, Eventbough the number o f leaves per 

p la n t le t  was almost the same on f i f t e e n th  day o f develop

ment In  0.125#, 0 . 25# and c o n tro l, the increase was a t a 

slower ra ts  in  0 . t 25# w hile i t  was s te a d ily  increasing 

in  0.25# and con tro l*  The maximum number o f leaves 

a tta in ed  by 0.125# concentration  on s ix t ie th  day of 

development ( 9 ) wgs a t par w ith the number o f leaves per 

p la n t le t  on 45th day o f  establishm ent in  co n tro l population
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and w ith  the number o f leaves on t h i r t t i e t b  day In  0.25$ 

concen tra tion  of EMS. There was a sudden increase in  

number o f lea ves  per p la n t le t  from  45th day to  60tb day 

o f development under 0.25$ con cen tra tion . In  gen era l, 

0 . 25$ concen tra tion  produced a stim u la tory  e f f e c t  on the 

growth ra te  o f p la n t le ts  even a fte r  the disturbances 

crea ted  to the medium a ft e r  four days o f  cu ltu r in g .

TABLE 7-1
GROWTH BATS OP PLANTS? TS AS INFLUENCED BY DIFFERENT 
CONCENTRATIONS IN  PROEMBHYO HAVING THIRTY PAYS 

DEVELOPMENT UNDER DIRECT TREATMENT

» 78 i

Treatm ent. Length o f shoot(cm ) Number o f  lea ves

C on tro l
15th day 3.3 3
3 0 tb day 4.9 5
45th day 7.9 9
60tb day 10.2 13

0,1S515tfa day 1.3 2
30th day 2.3 3
45th day 4.3 5
60tb  day 8 .1 8

0a25 15th day 2.4 4
30 th day 4.5 7
45th day 8.8 12
60tb day 12.1 14

° * 5°  13th day 0.1 1
30th day 0.5 1
45th day 0.8 2
60th day 1.3 5

0-i 15tb day 1
30th day 0.2 3
45th day 0.5 4
60th day 0.8 5
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TABLE 7-2

GRfffTH RATE OF PLAKTIE TS AS INFLUENCED BY DIFFERENT 
CONCENTRATION IN PROEMBRYO 11AVXKG THZERTT DAYS OF 
DEVELOPMENT AND TREATMENT AFTER TWO DAYS OF CULTURIM*

Treatm en t Len gth  o f  ob oo t(c in ) Number o f  le a v e s

C o n tro l
15th day 1 .4 4
30  t il day- 2 .4 6
45 tb  day 5 .3 10
oDtb day 9 .7 14

0.125  ,15tb  day 2 .0 5
3 0 t ’a day 3*6 7
45th  day 7.4 11
60 t il day 12.1 14

0,25 15tb day 4 .3 5
3 0 tb  day 7 .2 9
45th  day 11.3 15
6 0 tb  day 17 .7 18

1 5 th  day 0 .8 1
3 0 th  day 1.1 1
45tb  day 1.9 3
6 0 tb  day 4 .2 4

0 ,75  15th day 0 .3 1
3 0 ib  day 0 .7 1
45th  day 1 .0 4
60 tb  day 1-7 5
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TABLE 7-3

GRCKJTH BATE OF PLAN TLETS A S  INFLUENCED B Y  D IFFE R E N T
CONCE NTR ATX OK IK PROEMBRYO HAVING THIRTY DAYS
DEVELOPMENT AND TREATMENT AFTER THREE DAYS OF

CULTURING

Treatment Length of shoot(cm) Number of leaves

Control
15th day 1.3 2
30tb day 2.3 1}
I»5th day 5.0 6
60ih day 10.0 9

° ' 1~5 15th day 2.5 a
30th day A.O 3
45th day 6.9 k
60tfa day 12.1 8

0.23
1 5 th day 1 .2 2
30 th  day 2 .1 3
1*5 tb day *».5 6
60 til day 8.3 8

O.5 0
15th day 0 .6 —
30th day 1 .0 _
I»5 th day 1 .1 3
SOth day 1 .5 5

0.75
15ib day - -
3 0 ih  day .. _
h%tii day «k»
60tb day - ««*



t S I I

TABLE 74 4

GaCWTri RATS OF PLA H TIZT5 AS INFLUENCED B Y  DIFFERENT 
CONCENTRATIONS I K  gflOSMBHYO H ftV I K  TUZHTY DATS 

DEVELOPMENT AND TMCATMSNT A FTl'B  FOUR DAYS 
OF CULTURING

Traatmsnt LaiVjfch o f eh oo t(ca ) Number o f 
loa ves

C ontrol
15th day 1.7 4
SOth day 2.5 6
45 tb day 4.8 9
60th day 8.8 12

0.125
15th day 0.9 3
30th day 1.8 4
45 tb  day 2.7 6
60th day 6.7 9

0 .2 5
15th day 2.8 5
30th day 5.0 8
*!5th day 8.9 12
60th day 14.3 19

0.50
13th day — ~
30th day — -

4 jt i) day - —

60th day - -

0.75
15th day - -
30th day —

45th day • «•

60 tb day «e»



(c )  Embrvo from fu l ly  matured nut!

The in fluence of the various concentrations of 

the mutagen due to  the d ir e c t  treatment in  embryos from 

fu l ly  matured nut a t d if fe re n t  In terva ls  o f growth i s  

depicted in  Table 8-1•

In  the con tro l population the length o f shoot

varied  from 1.2 to 3*5 cm from flf te o n tb  day to s ix t ie th  

day o f growth resp ec tive ly *  The growth ra tes  was maximum 

during 43th to s ix t ie th  day. Under 0.125$ concentration 

the length o f shoot varied  from 0.8 to 3*4 cm. Tbore 

was a decrease in ths length o f shoot in a l l  the concen

tra tions o f EMS compared to  con tro l population. The length 

o f shoot ranged from 1*1 to 3.1 cm. 0.6 to 1.6 cm and 

0 to 0.2 cm under 0.25$. 0.50$ and 0.75$ concentrations 

o f EMS resp eo tive ly  from f i f te e n th  day to s ix t ie th  day 

o f development. There was a linear doorcase in growth 

rate w ith increase in ths concentration o f mutagen. With 

increase in concentration o f mutagen from 0.1250» 0.25$» 

0.50$ to  0#75$ the shoot length decreased from 3*4 cm 

to 0*2 cm.

The number o f leaves per p la n tle t as influenced 

by the d i f fe r e n t  treatment is  a lso  represented in the 

same tab le . In  the con tro l population the number o f  leaves

: 82 i



5 83  t

par n la n t lo t  ranged from four to  ten under f i f t e e n t h  day 

to s ix t ie th  day o f establishm ent r e s p e c t iv e ly .  Thaxo 

was a steady increase in  number o f lea ves  as in fluenced 

by the increase in  days o f  m atu rity . Both under 0.125$ 

and 0 . 25$ the number o f  lea ve s  increased ffom  two to 

e igh t under f i f t e e n th  day to  s ix t ie th  day r e s p e c t iv e ly  

The number o f leaves  par p la n t le t  ranged from one to  

seven from f i f t e e n t h  to  s ix t ie th  dayunder 0.50$ concen

t ra t io n  o f EMS. Under 0*75$ concen tra tion  the le a f  

production s ta rted  only from t h ir t ie th  day ( 2 ) and 

a tta in ed  a maximum o f four lea ves  par p la n t le t  on s ix t ie th  

day. The maximum number o f leave a sta ined on s ix t ie th  

day of development under 0 . 50$ and 0.75$ (7  and 4 ) vas even 

lower or a t pax w ith  the number o f lea ves  produced by 

a l l  other concentrations o f EMS and c o n tro l popu lation .

A d ir e c t  r e f le c t io n  on the e f f o c t  o f mutagen on shoot 

len gth  is  seen in  case o f  number o f lea ves  per p la n t le t  

a ls o . W ith in creas ing  concentration  o f  mutagen there 

was a gradual reduction  in  the number o f lea ves  per 

p la n t le t .

Growth ra te  o f  p la n t le ts  as in flu enced  by d i f fe r e n t  

concen tra tions o f  mutagen in  embryos from fu l l y  matured 

nut and the treatm ent a f t e r  two days o f cu ltu rin g  is  

presented in  Table 8-2 .



The length  o f tha shoot in  co n tro l ranged from 1*6 

to  6.0 am when i t  was 0.8 to 3*1 cm, 1.10 to  3*5 cm,

0.6 to 2.8 and O to 0.3 under 0.125$, 0.25$, 0 .50$ and 

0.75# concentration o f EMS re s p e c t iv e ly . Here the 

co n tro l p la n tle ts  gave a higher growth ra te  compared to 

the p la n t le ts  under d if fe r e n t  concentrations o f mutagen. 

Uhon con tro l p la n tle ts  gave a maximum heigh t o f 6.0 cm, 

i t  was only 3.1 and 3.5 om under 0.125$ ODd 0 . 25$ 

concentrations re s p ec t iv e ly . The two lower concentrations 

gave sim ilar kind o f growth ra te . Tbe maximum height 

a tta ined by the lower concentrations (3.1 and 3.5 cm) 

was lower by or at par to  the height a tta in ed  by con tro l 

p la n tle ts  during the th ir t ie th  day o f growth (3*3 cm). 

The growth ra te  under the higher concentrations was 

com paratively poor compared to  con tro l and both the 

two lower concentrations. The growth sta rted  only a fte r  

the th ir t ie th  day o f establishment under 0.75$ and tbe 

growth ra te  was n e g l ig ib le .  The maximum heigh t atta ined 

by the p la n t le ts  under 0*50$ concentration  was a lso  lower 

to  the heigh t a tta ined by con tro l p la n t le ts  on the 

th ir t ie th  day o f development.

Tba number o f leaves nor p la n t le t  as Influenced 

by various treatment is  a ls o  presented in  the same 

ta b le . Tho number o f leaves  pa£ p la n t le t  va ried  from 

5 to 10 in  con tro l, when i t  was 5 to 11 , 3 to 9, 2 to 8
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an d 0 t o  5 u n d a r  0.125$, 0.25$* 0 . 50$ an d  0.75$ c o n c e n 

t r a t i o n  o f  EMS fr o m  f i f t e e n t h  d a y  t o  s i x t i e t h  d a y  o f  

e s t a b l i s h m e n t .  N o t much d i f f e r e n c e  w a s  n o t i c e d  b e tw e e n  

t h e  t r e a t m e n t  an d  th e  t r e a t e d  p o p u la t i o n s  w i t h  t h e  

c o n t r o l  e x c e p t  u n d e r  0.75$ c o n c e n t r a t i o n .  U n d e r 0.75$ 

o o n c e n t r a t i o n  th e  l e a f  p r o d u c t i o n  s t a r t e d  o n l y  o n  t h i r t i e t h  

d a y  t o  s i x t i e t h  d a y  o f  e s t a b l i s h m e n t .  The h i g h e s t  

num ber o f  l o a v e s  ( 1 1 )  p a r  p l a n t l e t  w a s  p r o d u c e d  u n d e r  

0.125$ c o n c e n t r a t i o n  on s i x t i e t h  dgty o f  d e v e lo p m e n t .

On the f i f t e e n th  day and s ix t ie th  day o f development, 

the number o f  leaves under 0.125$ and o o n tro l were a t 

par. But on the 45th and 60th day there was a s lig h t  

increase in  the number o f leaves  par p la n t le t  under 

0.125$. Hhile comparing the d i f fe r e n t  concentrations o f 

EMS, 0.125$ gave a stim ulatory e f f e o t  in  the le a f  

production p o te n t ia l ity  than the other 3 concentrations. 

There was not much d iffe ren ce  among 0.25$ and 0,50$ 

in  le a f production. The maximum number of leaves per 

p la n t le t  produced under 0.75$ (5 ) on the 60tb day wao 

a t  par w ith  the number o f leaves produced by co n tro l 

p la n tle ts  and 0 . 125$ concentration on the f i r s t  day 

observation (5 each ).

The in fluence o f d if fe r e n t  concentrations o f ths 

mutagen in  embryos from fu l ly  matured nut and the 

treatment a fte r  three day of cu ltu ring  is  presented in  

Table 8-3,
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In  con tro l population the length o f tho shoot varied  

from 1.7 to  4.4 cm (from f i f te e n th  day to  s ix t ie th  day 

o f development) when i t  was 1.3 to 3 .9 , 2.1 to 4*8 and 

0*3 to 1.2 in  0.125$, 0. 25$ and 0 . 50$ resp ec tiv e ly .

The highest concentration (0.75$) fa i le d  to show any 

tissue development oven a fte r  s ix t ie th  day o f p lanting. 

The lower concentrations gave q s im ilar growth ra te  as 

in  con tro l. Tho maximum height o f p la n tle t  attained 

■was in  0.25$ (4 .8  cm) concentration o f EMS. Hera from

the ea r ly  stages o f growth I t s e l f  thers was a steady

increase in  the length o f shoot. In  con tro l population

and 0.125$ concentration the increase in length o f shoot 

was maximum in  the ea r ly  stages o f growth (from fif te e n th  

to th ir t ie th  day). The maximum length o f shoot attained 

under 0*50$ concentration (1.2 cm) on 6otb day was 

even lower to the height attained by p lan tle ts  in 

con tro l population, 0.125$ and 0 . 25$ concentrations 

on f i f te e n th  day o f development. The growth rate 

in  e a r ly  period o f development under 0 .50$ concentra

tion  was n e g lig ib le . While comparing the two lower 

concentrations ( 0 . 125$ and 0.25$), i t  can be seen that 

0.25$ concentration gave a higher growth ra te*

Tho number o f loaves per p la n tle t  as influenced by

d if fe re n t  treatment is  also presented in  the same tab le .



In  oon tro l population tho number o f leaves ranged from 

3 to  7 , when i t  was 3 to 8 , 2 to  8 and 1 to  6 In 0 . 125$ , 

0 . 25$ and 0 . 50$ conosntxation o f tho mutagen r e s p e c t i

v e ly .  The h ighest concentration (0 .73$) did not produce 

any l e a f .  A d ir e c t  r e f le c t io n  o f tha e f f e c t  o f 0.75$ 

concentration  o f mutagen in  length  o f shoot Is  seen in  

number o f  leaves  a ls o . Tbe maximum number o f leaves per 

p la n t le t  ( 8 ) was produced under 0.125$ and 0.25$ concen

tra t io n s . Evanthough the number o f leaves  per p la n t le t  

under oon tro l and 0 . 125$ were the same ( 3 ) on f i r s t  

day o f observation , 0.125$ concentration  o f EMS gave a 

s l ig h t ly  b e tto r  performance than co n tro l. The maximum 

number o f  leaves a tta ined on s ix t ie th  day o f establishment 

under 0 . 50$ ( 6 ) waa a i  par w ith  the number o f loaves on 

th ir t ie th  day o f development under 0 . 125$ and was avon 

lowor to  tho maximum number of leaves a tta in ed  on 

s ix t ie th  day o f development under co n tro l, 0 . 125$ and 

0.25$ concentration o f EMS,

Table 8 - 4  represent the growth ra te  o f p la n tle ts  

due to the d i f fe r e n t  concentrations o f JH5S in  embryo 

from s u lly  matured nut a ft e r  four days o f cu ltu rin g .

Height; o f p lan ts ranged from 2.6 to 4.3 cm In  co n tro l and 

1*7 to 4.3 cm, 2 .0  to 5 .1  cm, 0 .4  to 1 .2  cm and 0 to 0.4 cm
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under 0.125$, 0.25$, 0 . 50$ and 0.73$ concentration o f 

EI5S re s p e c t iv e ly . EventhouGh the growth rata  was leaser 

than the con tro l in  0. 125$ and 0.23$ during the ea r ly  

a ta ge j o f growth, a tta in ed  the same length  during the 

la te r  etagaa o f growth. The maximum length  was noticed  

under 0.25$ concentration (5.1 cm). The growth ra te  

was qu ite  in s ig n ific a n t  and p ra c t ic a lly  n i l  under 0 . 50$ 

and 0.73$ concentration of EMS. Growth startad only 

by the 45tb day under 0.75$ and the maximum haight 

a tta in ed  (0 .4  eta) uao even lower to  the he igh t a tta ined 

on f i r  at day o f  observation under a l l  other concentra

tions o f EMS and the con tro l p la n t le ts .

The number o f leavaa par p la n t le t  included in  

the same tab le show that there was not ranch d iffe rsn oe  

among the d i f fe r e n t  concentration of the mutagen and 

the treated  population w ith the con tro l except in 

0.75$ concentration . Under the highest concentration 

(0 .75$) le a f  production started  even before the shoot 

langtn  in it ia t io n  (on th ir t ic th  d ay ) .  But the maximum 

number o f leaves a tta ined  here (3 ) was a t  par w ith the 

nuinoer o f leaves on the f i f t e e n th  day under 0.125$, 

0.25$ concentrations G£ EMS and co n tro l. The control 

p la n t le ts  and the p la n tle ts  under 0.125$ concentration 

gave equal number o f leaves in  a l l  the d i f fe r e n t  stages
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o f growth (3 ,4 ,6 ,8 ) .  There was a stim ulatory e f f e c t  under 

0.25$ concentration and tho maximum number o f loaves was 

noticed  hero ( 1 1 )*

TABia 8-1
GROWTH BATES OF PLANTLETS AS INFLUENCED DY DIFFERENT 

CONCENTRATIONS IN  EMBRYO FROM FULLY MATURED 
NOT UNDER DIRECT TREATMENT

Treatment Length o f shoot(cm) Numbor o f leaves

Control
15 th day 1 .2 4
30th day 2.5 6
45tb day 3.8 8
60tb day 5.5 10

0.125
1 5 th day 0 .8 2
30 th day 2 .6 5
45 th da^ 3.0 7
60th day 3.4 8

0.25
1 5 tb day 1 .1 2
30th day 1 .6 4
45th day 2.5 6
60th day 3.1 8

O.50
15th dny 0 .6 1
30 th day 0.9 3
45th day 1.3 4
60tb day 1.6 7

0.75
15th day — «•

30 th day - 2
45th day 0,2 2
60th day 0.2 4
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TABLE 8—2

GROWTH RATE OF PLANTLETS A S INFLUENCED B Y  D IFFERENT 
CONCENTRATIONS I N  EMBRYO FROM FULLY MATURED 

NUT AND TREATMENT AFTER TWO DAYS OF CULTURING

Troatmont Length of shoot(cm) Number of
loaves.

C o n t r o l

15th day 1.6 5
3 0 tb day 3.3 7
45th day 4.9 8
60th day 6.0 10

0 ,1 2 5
15tb day 0.8 5
30 th day 1 *7 7
45th day 2.3 9
60th day 3.1 11

0 ,2 5
15th day 1.1 3
30th day 1.9 6
45th day 2.6 8
60th day 3*5 9

0.50
15th day 0.6 2
30th day 1 .2 4
45th day 2.0 5
60th day 2.8 8

0.75
15th day — —
30th day — 3
45 th day 0.2 4
60th day 0.3 5



TAME 8 - 3

GROWTH RATE OF PLAN TLETS AS INFLUENCED B Y  D IF F E R E N T  
CONCENTRATIONS I N  EMBRYO FROM FULLY MATURED 
NUT AND TREATMENT AFTER THREE DAYS OF CULTURING

i  91 *

Treatm ent Length o f shoot 
( c b )

Number o f lea ves

C on tro l
15th day 1 . 7 3
30th day 3.1 4
45th day 3 .6 5
60th day 4.4 7

0.125
1 5 th day 1.3 3
3 0 th day 2 .7 6
45th day 3.4 7
60th day 3.9 8

0.25
15th day 2.1 2
30th day 3.4 4
45th day 4.3 6
60th day 4.6 8

0.50
15th day 0.3 1
3 0 th day 0 .6 3
45th day 1.0 5
60th day 1.2 6

0.75
15th day - —
30 ih day — _
4 5 th day «»
60th  day - -
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TABLE 8-4

GROWTH RATE OF PLANTLETS AS INFLUENCED BY DIFFERENT 
CONCENTRATIONS IN  EMBRYO FROM FULLY MATURED NUT 

AND TREATMENT AFTER FOUR DAYS OF CULTURING

Treatment Length o f shoot(cm) Numbo r o f  
Is ave s

Control
15 th day 2.6 3
30th day 3.0 4
45th day 3.7 6
60th day 4.2 8

0 .12 5
15th day 1.7 3
30tb day 2.9 4
45th day 3-7 6
60th day 4.3 8

0.25
15th day 2.0 3
30th day 4.1 7
45th day 4.6 8
60th day 5.1 11

0.50
15th day 0.4 1
30th day 0.7 3
45th day 1.0 6
60th day 1.2 7

0.75
1 5 th day - •»
30th day - 2
45th day 0.3 3
60ih day 0.4 3
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TABLE 8 -4

GROWTH BATE OF PLANTLETS AS INFLUENCED BY DIFFERENT 
CONCENTRATIONS IN  EMBRYO FROM FULLY MATURED NUT 

AND TREATMENT AFTER FOUR DAYS OF CULTURING

Treatment Length o f  sboot (cm ) Number o f  
l e a v e s

C o n t ro l
15tb day 2 .6 3
30th day 3 .0 4
45th day 3 .7 6
60th day 4.2 8

0.125
15th day 1.7 3
30th day 2 .9 4
45th day 3 .7 6
60th day 4.3 8

0.25
15th day 2.0 3
30th day 4.1 7
45th  day 4 .6 8
60th day 5.1 11

0.50
15th day 0 .4 1
30th day 0 .7 3
45th day 1.0 6
60tb  day 1 .2 7

0.75
15th day - -
30th day - 2
45th day 0.3 3
60th day 0.4 3
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le a v e s  as In flu enced  by in creas in g  days o f m atu rity . Under 

0.125$ concentration  the number o f lea ves  increased from 

2 to  6 from f i f t e e n t h  to  s ix t ie th  day. The growth ra ta  was 

com parativd ly poor than co n tro l and 0.25$ and 0.50$ concen

t r a t io n .  The number o f  lea ves  ranged from 7 to  21 and 8 to  

19 under 0 . 50$ and 0 . 25$ concen tra tion .

TABLE 9

GRBffTH RATE OF PLANTLETS AS INFLUENCED BY DIFFERENT 
CONCENTRATIONS IN  EMBRYO FROM DRY NUT UNDER 

DIRECT TREATMENT

Treatment Length o f  shoot 
(cm)

Number o f 
lea ves

Contr o l
15th day 1.31 5
30th day 2.2 9
45tb  day 3.9 14
60 th  day 5 .6 20

0.125
15th day 0.5 2
3 0 th day 1.1 3
45th day 1.7 5
60 tb  day 3 .2 6

0.25
15th day 0.9 7
30th day 1.9 12
45th day 3.4 17
60th day 5.6 21

0.50
15th day 1.8 8
30th  day 2.7 13
45th day 4.8 18
60tli day 6.1 19

0,75 15th day 0.3
30th day 0.5 *
4 5 th day 0.8 _
60tb day 1.0 -
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The present in v e s t ig a t io n  to  standardise the in  v i t r o  

cu ltu re  techniques in i t ia t io n  to  Induced mutagenesis In 

groundnut using proembryos and embryos o f d i f fe r e n t  

m atu rity  seams to be f i r s t  o f i t s  k ind. The main ob je 

c t iv e s  envisaged include standard isa tion  o f embryo 

cu ltu re techniques, techniques o f mutagen treatm ent 

and the best developm ental pbaso o f embryo fo r  mutagen 

treatm ent. The va r iou s  re s u lts  sh ta ln s ominatad during 

the in v e s t ig a t io n  i s  discussed below.

1 ) S tandard isa tion  o f cu ltura madia fo r  groundnut arabrvoi

Xn the presen t in v e s t ig a t io n  the three cu lturo 

media tested  include W h ite 's  medium, M.S. medium and 

M od ified  M.S.Medium. The three madia tes ted  gave s a t is fa 

c to r y  embryo take and tissu e d i f f e r s  n t ia t ion *  On compara

t iv e  a n a lys is  i t  was soon that tho m odified  Murashige Skoog 

medium gave a b a tte r  embryo take and an e a r ly  tissue 

d i f fe r e n t ia t io n .  Comparing the embryo take in  W hite*e 

media and M .S.baeal media, i t  was seen that MS medium 

gave an e a r ly  embryo take and tissu e d i f fe r e n t ia t io n .  

A na lys is  on the m od ifica tion  mads in  the haea l MS msdium, 

rayo -in os ito l gave an e a r ly  bud take andtiasue d i f fe r e n 

t ia t io n  compared to  basa l M.S. Medium. Standard isation  

o f  b es t medium was done using fu l l y  matured embryos from
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dry nuts. An ea r ly  embryo take and tissue d if fe re n 

t ia t io n  as noticed in  present in vestiga tion  using 

m odified Murosbige-Skoog medium was reported by various 

workers in  various crop plants including in  groundnut 

by Z iv and Zamski (J975) .  Mroginaki and Fernandez (1980), 

BaJaJ e t  a l  (1981 ) ,  MroginstdL at  a l  ( l 98l )  , in  tomato 

by Ta l a t a l  (1977)» in  forages by Rangan ( 1976 ) and in  

cocoa by J a la l and C o llin  (1979). The various resu lts  

obtained by using modified MS medium and tbs d if fe re n t  

treatment techniques as included in  p ro je c t is  presented 

below•

( 2 ) Days taken fo r  embryo sot and embryo d if fe re n t ia t io n  1

The a f fe o t  o f embryos in  d if fe re n t  growth phases, 

methods o f treatment under d if fe re n t  concentration 

o f the mutagen presented in Table-4 c le a r ly  show that 

the a ffe o t  is  modified by a l l  too fa c to rs  analysed. In 

proambryo having twenty days development, the medium 

doso le v e l  ( 0 . 25$ ) gave an ea rly  embryo set compared 

to con tro l and lower and higher mutagen doses employed. 

This particu la r concentration when applied on the fourth 

day o f cu lturing gave a sim ilar e f f e c t  as in  the case 

o f con tro l population. But in  higher concentrations a 

delay was experienced irresp ec tiv e  of method of 

treatment.
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This c loarly  demonstrates that tha mutagen treat

ment either d irect or a ftor culturing was e ffe c t iv e .

A delay in seed germination os a ffected  by the mutagen 

has bean reported by various workers in various crops, 

including f ie ld  beans by Shirahov and Shain (1966)j 

in  pea by Sidorova o t  a l t (1966)} Maslov and Stepanova, 

( 1967 ) in rod gram by Alilthan et a l ( 1973 ) and in 

cowpea by Louis and Kadambavanasundaram ( 1973a). The 

other three d iffe ren t types of embryos tested, embryos 

having th irty  days dovolopment, embryos from fresh 

seed nuts immediately a fte r  borvest and embryo from 

dry seed nuts also gave a similar stimulatory e ffe c t  

in medium and lower concentration of EMS compared to 

control population. Xn procmbryo having th irty  days 

development and in embryos from nuts immediately offer 

hardest, the e f fe c t  of the higher concentration (0.50$) 

was almost iden tica l to tbat of contro l. Gut tha 

highest concentration caused an inordinate delay 

fo r  embryo set in a l l  the methods of treatment adopted. 

The c f fe o t  o f the loiter and higher concentrations were 

also at par. The trend o f stimulatory e f fe c t  in the 

medium and to a certain  extent by tbe lower concentration 

and a drastic delay in  tjie highest concentration d e a r ly  

spells  out the fa c t that mutagen treatment by tie 

techniques adopted was e ffe c t iv e  and can have a detailed
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analysis on induced mutagenesis in  th is crop in  tbe con

centration above 0.25$. Analysis on the a f fe c t  o f d iffo ra n t 

methods o f treatment and the various concentrations of 

mutagen tested d e a r ly  show that proembryOB w i l l  bo in 

a position  to give a batter resu lt compared to matured 

or p h ys io log ica lly  matured embryos. This is  evidenced 

by tbe fo o t that mutagenic e f fe c t  as regards tbe embryo 

eat under higher concentrations was much delayed in 

embryos compared to proembryos, where the e f fe c t  due to 

medium and lower concentrations were s im ila r, or in 

other worda the matured etnbryoB were more mutagen res istan t 

compared to proembryos, but this was not much supported 

by the data availab le fo r  proombryos having both twenty 

and th ir ty  days o f development. The e f fe c t  due to hlghost 

concentration was id en tica l In both theeo pxoambryoa.

I t  ie  a lso  evidenced that when we use matured or pbyailo- 

g A c illy  matured embryos, tbe concentration of mutagan 

oolution can be increased. Tbe present in vestiga tion  a lso 

c le a r ly  demonstrate that when we ueo proembryos fo r induced 

mutagenesis, the concentration o f mutagen solution  can be 

lowered. Higher She maturity o f embryo greater w i l l  be the 

mutagen resistance for the embryos o f groundnut. Detailed 

analysis on other factors concerned w ith *e  d irec t e f fe o t



of mutagen In generation is  required to have a fin a l 

conclusion In this regard.

Tho e ffe c t  of d ifferent stages of development, 

mode of troatmont and the d ifferent concentration of 

mutagen used presented in Table-5 clearly  demons trate 

tbat embryo d ifferentiation  in culture media is  muob 

influenced by the factors analysed in deta il.

The data clearly demonstrates that tbe 3tago of 

embryo development determines tha mutatgan sensitiv ity . 

When tha proembryos having twenty and th irty  days develop

ment were not able to give a satisfactory embryo d iffe r 

entiation, the performances of matured embryos wore 

remarkable and i t  was also interesting to note that 

regardless of the maturity factor tho mutagen concen

tration played a major role in embryo d ifferentia tion  in 

culture medium. On an average the control population 

gavo a satisfactory performance whoa embryos wore grown 

without any disturbances in the substratum. Higher the 

disturbances created during the development in culture 

medium lesser was the percentage embryo d ifferen tia tion . 

This factor was reflected in a l l  the embryos of d ifferent 

maturity. But this general trend of drastic reduction in 

embryo d ifferen tia tion  was not noted in higher concentra

tions especially when the embryos were extracted icmediatsly

» 99 •
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a fte r  harvest. But the General trend ae la  observed 

in  con tro l vae noticed In  lower concentrations In 

almost a l l  the proembryos and embryos having d if fe re n t  

m aturity. Though re la ted  lite ra tu re  i s  not a va ilab le  in  

th is  particu la r crop i t  oan bo presumed that th is  embryo 

d if fe re n t ia t io n  may be due to disturbances created 

ddrlng tbe ea rly  stages o f development o f embryo in  

culture medium. In  general, a higher percentage redu

ction  in embryo d if fe re n t ia t io n  was observed in mutagen 

treated m ateria ls compared to con tro l. This reduction 

in  embryo d if fe re n t ia t io n  compared untreated materials 

can be attribu ted  to tbe b io  cbemloal changes orsated 

by the mutagen in  ea r ly  stages of development of 

proembryos and embryos.

On comparison o f the d iffe ren ces  in  embryo 

d if fd re n t ia t io n  in  proembryos having twenty and th ir ty  

days development, i t  oan be observed that embryo d i f f e r 

en tia tion  was b e tter  in  proembryos o f th ir ty  days of 

development compared to proembryos o f twenty days 

development. But when we compare percentage d if fe re n t ia 

tion  in  embryos extracted immediately a fte r  harvest 

and those from dry seed nuts, i t  oan be noticed that tbe
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maturity of the embryo and embryo d ifferen tia tion  due 

to various treatments do not bave close relationship.

This statement Is  supported by the fact that embryos 

from soed nuts Immediately a ftor harvest gave a very 

high d ifferentia tion  compared to embryos having fu ll  

physiological maturity and also from immature nuts. A 

general trend of higher embryo d ifferentiation  was noticed 

in embryos extracted from nuts immediately a fter harvest 

compared to embryos having fu ll  physiological maturity 

and proembryos of d ifferen t maturity. I t  is bettor to 

designate i t  as a higher mutagen reponse rather than to 

designate i t  as mutagen resistance by these embryos 

having fu l l  maturity. When proembryos having twenty 

days development and embryos with fu ll  ph ilological 

maturity were able to give only a poor performance, a 

maximum embryo d ifferen tia tion  was noticed in embryos 

extracted from nuts immediately after harvest followed by 

proembryos of 30 days development. Based on this result, 

i t  oan bo suggested that bast stage for embryo extra

ction for mutagen treatment is  from seeds immediately 

a fter harvest.

Comparing tbe e ffe c t  due to various concentrations 

o f mutagen adopting various modes of treatment in pro and
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and embryos having d if fe re n t  maturity i t  was observed 

that tha middle and lower concerntratiota o f mutagen 

gave a b e tter  performance to higher concentrations in  a l l  

tbe d iffa ra n t treatment techniques adopted. Of the two 

lower doses employed, 0*25$ gave tbe maximum response. Tbe 

e f f e c t  duo to the middle dose was a t par to tbe control 

m ateria l in  m ajority  o f  the treatments, but i t  varied  

depending upon the embryonic s tage . In  general the maximum 

response vaa noticed due to 0 . 25$ concentration compared 

to  0.125$. This response vaa much evidenced in  embryos 

having tha f u l l  maturity embryos extracted immediately 

a fte r  harvest o f  nuts. Tbe de leteriou s e f fe c ts  noticed 

by tho various concentrations in  embryos having fu l l  

ph ys io log ica l maturity and proembryos with lea s t maturity 

and a comparatively leaser e f fe c t  in  proembryos having 

th ir ty  days maturity c le a r ly  demonstrate tbat fo r  maximum 

embryo d if fe r e n t ia t io n , the correct stage fo r  embryo 

d if fe re n t ia t io n  i s  from seods immediately a fte r  harvest.

Growth rata  o f p lan tle ts  na influenced by d if fe re n t  

doses o f tbe mutagen and d if fe re n t  modes o f treatment in 

proembryos having twenty days development showed a 

remarlcablo va r ia t io n  -  in  growth and development. The 

data c le a r ly  demonstrated tbat i t  le  always ba tter to 

create only a minimum disturbance to tho embryo a fte r  

planting i t  in  the culture medium. This statement was
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made more c lear by the fa c t  that ovon in  untreated 

c o n tro l, tho maximum growth ra ts  o f p la n t le ts  was 

observed in  media having d ir e c t  treatm ent. In  con tro l 

population the growth ra te  was a lso  maximum In  undis

turbed madia oomparod to  a l l  other modes o f  treatment, 

taking in to  account the length o f shoot and number o f 

la q vo s . A steady increase in  growth ae was measured 

baood on length o f shoot and number o f leaves was a lso  

observed in  concentration  of mutagen so lu tion . But th is 

increase in  growth ra te  was a t  i t s  maximum In the undis

turbed media compared to  a l l  o th ers . The higher 

concentrations o f mutagen in  general fa i le d  to show any 

growth in  embryos planted, which may be due to  the 

d e le ter iou s  e f f e c t  oreatdd by the higher concentration 

through tlis non d i f fe r e n t ia t io n  o f proembryos and embryos, 

Ths grai'th  rate  analys is c le a r ly  demonstrate that i t  is  

not advisable to  recommend concentrations above 0 , 25$

EMS fo r  d e ta iled  analysis on m utational events in  th is 

p a rticu la r  crop v a r ie t y ,  Tha maximum growth ra te  ir r e s 

p ec tive  o f mods o f treatment in  proembryos o f twenty 

days developmont was observed under d ir e o t  treatment 

both in  tbe oaso o f length o f shoot and number o f leavae
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par p la n t le t .  Thus I t  can be in fe rrod  tbat when proembryos 

having 20 days development la  trea ted  wllfcb EMS concen

tra t io n  o f  the madium doses at the time o f p lan ting the 

pxoembryo can be recommended fo r  in  v i t r o  techniquea 

in  induced mutations.

Growth ra te  analys is based on shoot length and number 

o f  loaves per p la n t le t  in  proembryos having th ir ty  days 

development presented in Table 7 shows a ramarkable 

V a ria tion  whan compared to  proembryos having twenty days 

development. In  tbe case o f d ir e c t  treatment ir re sp ec tiv e  

o f tbo concentrations tissue d i f fe r e n t ia t io n  and growth 

ra ts  was s a t is fa c to ry  in  a l l  the concentrations both 

under d ir e c t  treatment and treatment a ft e r  two days of 

cu ltu r in g . Whereas tha h ighest concentration  on the 

th ird  day o f cu ltu ring and the higher concentrations 

( 0 *50$ and 0 . 75$ ) on fou rth  day o f cu ltu ring  fa i le d  to show 

any tissue d if fe r e n t ia t io n  and fu rthar developments. In  

oon tro l and lower concentrations not much reduction in  

growth ra te  was noticed when tha proembryos were treated 

a t tbe time o f cu ltu rin g  or two to three days o f  cu ltu rin g . 

But oven the lower concentrations showed a reduced growth 

ra te  when proembryos were treated  four days a fte r  

cu ltu r in g . There was a gradual decrease in  growth rate in
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higher concentrations as the treatment days were enhanced 

and was n il  on tko fourth day of culturing, h poor growth 

rate in higher concentrations on the treatments, tbe 

f i r s t ,  second and th ird , end complete fa ilu re of d if fe r 

entiation on fourth day of culturing c lea r ly  demonstfcatee 

that higher concentrations of mutagen (o »50$ and 0. 75$) 

cannot be adopted for in v it ro  techniques of induced 

mutagenesis in ground nut. Tbe growth rate reduction in 

the advanced stages of culturing can be attributed to tbe 

sen s itiv ity  of the cultured embryos for higher concentr

ations o f mutagen and a lso  for their unadjustabilitywith 

the disturbances created during the developmental process 

o f the proembryos in culture media. Comparing tbe e ffe c ts  

due to tbe proembryos having twenty and th irty  days 

development i t  can bo inferred that higher the maturity 

o f embryos within the seed greater was the resistance 

fo r the higher doses o f the mutagens and the disturbances 

created during the developmental process o f ths proembryos 

in  the culture medium. This is  more clear by the fact 

that whan proembryos having twenty days development gave 

maximum tissue d ifferen tia tion  and growth rato when the 

troatmente were done at tha time of planting, the proembryos 

having th irty  days development gave maximum expressions
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when treatments were done two days a fte r  culturing and 

comparatively an in s ign ifica n t reduction when treatments 

wore done three days a fte r  cu lturing. Thus when pro

embryos having th ir ty  days development are used for 

iuduoed mutagenesis adopting in, v i t r o  techniques there 

is  no harm in treating the materials w ith the mutagen 

r i l l  the third day of cu lturing. Comparative analysis 

on (he growth rate l/as influenced by proembryos having 

d iffo ron t growth maturity alao made i t  oloqr that 

proembryos having th ir ty  days development are better 

compared to  proembryos o f twenty days fo r induced 

muragenosin adopting in  v i t r o  techniques.

Growth rate o f p lan tlets  ad influenced by treatment 

o f tha mutagen in  d if fe re n t  days afdr culturing made i t  

c lear that embryos extracted from fu l ly  matured nuts 

immediately a fter harvost ino got a higher resistance 

to the bigher concentrations o f tha mutagen anf was 

possible to aceocsnodate the disturbances even on the 

fourth day o f cu lturing. Compared to procmbryo3 having 

d if fe re n t  maturity the embryos from fu l ly  matured nuts 

were able to have tissue d if fe re n t ia t io n  and growth and 

development even In higher concentrations used and also
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in treatments employed four days a fter culturing. This 

adds further to the fact that higher the maturity of 

embryos greater w i l l  be the mutagen resistance and 

aooommodability for the disturbances during the early 

developmental stages of tba embryos in culture madia.

I f  we compare tbe performance of proembryos having 

d ifferen t maturity with the embryo having fu l l  maturity 

i t  can qI bo be noticed that for maximum growth rate 

expressions i t  is  better to use proembryos having thirty 

days development rather than using proembryos of twenty 

days development and embryos from fu l l  matured nuts 

extracted Immediately a fter harvest. While comparing tbe 

performance of plantlets in culture media from 

proembryos baving twenty days development with that of 

embryos baving fu l l  maturity, proarabryoe baving twenty 

days development performed w ell to that of embryos of 

fu l l  maturity.

The performance of tbe embryo from dry nut gave an 

en tirely  d ifferen t pioture compared to embryos of a ll 

other age groups presented eaxlior. Eventbough treatments 

on dry nut smbryos were done on second, third and 

fourth days of culturing the embryo differentiation  and 

further growth and development of plantlets ware bindarad
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by/the production of excess quantities o f phenolic 

compounds by the p lan tlets. Tbis makes to give a 

general statement tbat without adopting further 

techniques i t  Is  quite iraposniblo to use the physio

lo g ic a lly  matured embryos fo r induced mutagenesis 

ndopjiftigg in v it r o  techniques in this particular 

crop. The frequent production o f pbenolio compounds 

requires standardisation o f further techniques to remove 

these grouth retarding substances by creating further 

disturbances of the embryoids during their developmental 

phases in oulturo medium. Xt is  doubtful whether these 

additional processes can give a chance fo r  easy e lim i

nation o f tbe matured types. Lesser tho disturbances 

greater w i l l  be tbe expressions o f induced v a r ia b il ity . 

The embryos from dry nuts were able to give comparatively 

a poor performance even when embryos were treated 

d ire c t ly  at tbs time o f culturing, though the higher 

concentrations wore able to  give embryo d iffe ren tia tion  

and further developments. Tbis statement is  further 

supported by tbe faot tbat even the untreated embryos 

were not able to give a comparable performance with 

those of embryos extracted from seeds immediately 

a fte r  harvest and proembryos analysed. Thus i t  can be
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concluded that embryos from dry seed nuts cannot 

be recommended fo r  Induced mutagenesis adopting 

tissue oulture techniques in  groundnut. The medium 

or the lower dose le v e ls  tested and the embryos 

extracted from nuts immediately a fte r  harvest or 

proembryos having 30 days development can be 

recommended fo r  further d e ta iled  analysis on induced 

mutagenic processes in groundnut adopting in  v i t r o  

cu lture techniques.
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Tbe in  v it r o  oultura techniques in  re la tion  

to Induced mutagenesis in  groundnut (Arachis hypogaaa «L) 

were standardised by using the most popular va r ie ty ,

TG—3. The experiment was conducted during 1985—86 

at the Plant Tissue Culture Laboratory attached to 

ttaa T rop ica l Botanic Gardens and Research In s t itu te .

Tho main ob jectives o f tbo present in vestigation  were 

to standardise tbe embryo culturo techniques in 

groundnut, to standardise surface s te r il is a t io n  tech

niques, to standardise tho correct age o f the embryo 

fo r  mutagen treatment, to standardiae tbe technique 

of treatment and a lso to  assess the dose requirement 

of a chemical mutagen, ethy l methane sulpbonate (EMS) 

to create v a r ia b il ity  in groundnut. Tbe dose e f fe c t  

was aasessed based on various growth indices including 

days taken fo r  embryo se t, percentage se ttin g  o f 

embryos, length o f shoot a t f i f t e e n  days In terva l, 

number o f le a f le ts  par p lan tle t at f i f t e e n  days In terva l 

and growtb rate analysis. Based on the resu lts  emirated 

from tbe in vestiga tion  the fo llow ing conclusions nre 

made from the experiment.
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1) Of tho thro* cu lture media tooted fo r  groundnut 

embryo, W hite 's media, Murashlgs-Skoog media (basa l) 

and Modified Muraobigo-Skoog media, a modified

MS medium was found to  be tbe best*

2) Of the various concentrations o f mercuric ch loride 

so lu tion  tested and various time in te rva ls  adopted 

fo r  treatment, the treatment 0 . 1$ mercuric chloride 

treatment fo r  three minutes was found to be tft* 

b est, based on su rv iva l percentage.

3 ) Treating the explants a t the time o f cu lturing 

was found to be tbe best technique o f treatment of 

proembryoe and embryoe by using mutagen solution.

4 ) Incorporating mutagenic so lution  w ith the culture 

medium was found to be a fa ilu re  duo to  non 

s o l id i f ic a t io n  o f culture medium and contamination 

o f explants planted.

5 ) Treatment o f embryos extracted from seed nuts 

co lle c ted  immediately a fte r  harvest fo llow ed w ith 

proembryos having th ir ty  days development was 

found to  be more su itab le fo r  mutagenio treatment 

compared to proembryo having twenty days development 

and embryos extraotad from seed nuts th ir ty  days 

a fte r  harvest.



F u lly  cntured embryos, extracted th ir ty  days 

a fte r  harvest were able to g ive  only a very  

poor performance compared to a l l  other types 

o f proetnbryos and embryos tested*

Treatment o f the embryos and proembryoe w ith 

mutagenic so lutions above 0. 505» was found to 

be le th a l*

The lower concentration (0*123$) gave a 

comparable resu lt w ith that o f untreated con tro l.

Xn m ajority o f the fa c to rs  analysed to assess the 

mutagenic e ffe c t iv en ess , 0 . 23^ gave a better 

performance compared to  con tro l and lowest 

concentration tr ied .

The best concentration fo r  the maximum mutational 

events in  groundnut while ex p lo it in g  in  v i t r o  

culture techniques aoama to l i e  between 0.25/i 

and 0,5076 o f EM3,

An e a r lie r  ombryo uptake was noted under 0 . 250$ 

etbylmethane oulpbonate so lution* Irresp ec tive  

o f the embryonic stage and the made o f treatments 

tr ied  in  the experiment, higher the concentration 

greater was the delay in  embryo take both in 

proembryoe and embryos.



The maximum percentags d iffe ren tia tion  of 

embryos vas observed in d irect treatments 

compared to other modes of treatments and 

higher the concentrations, lesser m s tbs 

percentage embryo d iffe ren tia tion . Treatment 

of explants with the mutagen at the time of 

culturing m s found to be rbo best to give 

maximum tissue d ifferen tia tion  compared to 

a l l  other modes of treatments.

Lesser the maturity of the embryos, greater 

was the damages created due to delayed 

treatments with the mutagen.

Growth rate analysis baaed on plantlet height 

and number of lsavas per plantlet c learly  

demonstrated that maturity o f the embryo 

plays a very important role on the performance 

of the plantlots. Embryos extracted from 

seed nuts immediately a fter harvest gave the 

maximum expression compared to a l l  othsr three 

maturity groups of embryos tested. Xt was also 

made clear that embryos extracted from seed 

nuts th irty  days a fter harvest are not at a l l  

suited for induced mutagancsis adopting
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in  v i t r o  cu lture techniques.

15 ) Based on the resu lts  eminated during the present 

in v e s t ig a t io n  i t  i s  recommended that fo r  d e ta iled  

analys is o f induced mutagenesis in  groundnut 

adopting in  v i t r o  culture techniques, m odified 

IIS medium, embryos ex tracted  frotnwaaad nuto 

immediately a fte r  harvest and a concentration of 

erhylmethaneeulpboxiate so lu tion  in  between 0 . 25^ 

and 0 »50$ w i l l  resu lt in maximum mutational 

events to g ive  an economic response to induced 

v a r ia b i l i t y  by minimising the d ip lo n t lc  s e le c tio n .
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Plata 2:

Plate 31

Plats 41

Growth ra ta  ae on 40th day o f cu ltu r in g
In  proembryoe having 20 days
deve lopmont (D ^).

Growth rats aa on 40tb day o f culturing 
In proombryos having 30 days davalopmant(D2) .

Growth rate as on 40tb day of culturing 
in Embryos oxtgactod a t the time of harvest

(d3)

Growth rats as on 40tb day of culturing 
in ambryos extracted one month aftor 
harvest (Djj)*

T a treatment at the time of culturing.
1

Co - Control

C1 - EMS 0.125$

C2 - EMS 0. 25$

C3 - EMS 0.50$

c4 - EMS 0.75$
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Plate 61

Plato 7?

Growth ra te  as on fto tb  day o f cu lturing
in  Proembryoa having twenty days
developmant (d )

Growth rata as on ftotb day of eulturing 
in proembryoa having 30 days davo lopms nt (D̂  ).

Growth rate as on 40th day of culturing 
in Embryos extracted at tho time of harvas t .

(d3)*

Tg «  treatment two days after culturing.

°o -  Control.

°1 • EMS -  0.1255«

°2 -  EHS -  0.25/4

°3 -  EMS - o.soji

Oft -  EMS -  0.7554
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Plats 8s Growth rats as o n  4oth day of culturing
in proembryos having twenty days
development (D^)

P la te

P la te

9l Growth ra ts  as on 40th day o f cu lturing
in  Proembryos having 30 days devQl0pment(D2 )

10s Growth rate as on 4otb day o f cu ltu ring
in  embryos extracted  a t  the tin e  o f harvest<v

T_ — treatment a ft e r  three days o f ou ltu ring .
J

Gq -  Control

Ct -  EMS -  0.1255°

C2 -  EMS -  0.255°

C3 -  EMS -  0.50$

-  EMS -  0.7356
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P la  ta 111 Growth rato as on 40th day of 
culturing in proambryoe having 
20 days development (D^)

Plats 12» Growth cats a* on 40th day o f
culturing In proambsyoo having 30 days 
development (Dg)

Plate 13» Growth rata as on 40th day of
oulttaring in  Emrbyoo ajctracted at the time 
of harvest (D^)

-  treatment a fter four days of culturing•

CQ -  Control.

C1 -  EMS -  0.125$

Ca -  EMS -  0.25$

C3 -  EMS -  O.f

C% -  EMS -  0.75$
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The present invaatigation antitled *In v itro  

techniques In rela tion  to lnduoad mutations in  Groundnut 

was carriad out in tba Do par too nt o f Agricultural Botany 

Collage o f Agriculture, Vellayani, during 1984-86.

A ll  tba works related to  tisaua culture analysis wars 

dona at tba Plant Tisaua Cultura Laboratory, attachad 

to Tzopioal Botanic Gardans and Research In s t itu te , 

Kumarapprara, Trivandrum. The main objective o f tba 

experiment was to standardise tbs best ambryo oultura 

technique in groundnut to etandardisa a successful 

mutation breeding programme by using the most potent 

chemical mutagen, otbylmethane sulpbonato. The project 

Has also envisaged to standardise the techniques to 

asseaa the correct stage of ambryo treatment uith the 

outagen and to standardise the best mode of treatment 

of the mutagen solution to the embryolds and embryos.

Three oultura madia, v is .  White's medium, 

Murashiga—Skoog medium (basal) and Modified Murasbigg— 

Skoog medium vara tasted to find out the boat oultura 

medium for groundnut embryos. Surface sterilisa tion  of 

embryos vara standardised by using mercuric chloride 

selecting out three concentrations, 0. 05$, 0*1$, and 

0.2$ and throe periods Of treatment, 3,5 end 10 minutes.
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The correct stage of embryos fo r the maxtcnuiu mutagenic 

a ffe c t  was done by using embryos having four maturity 

periods, embryos having twenty and th irty  days maturity, 

embryos from seed nuts immediately a fter box vest and 

embryos from dry saod nuts th irty  days a fter harvest.

The various concentrations of ethyl methane sulphonate 

tested include 0.125, 0.25 , 0.50 and 0 . 7 5 To standardise 

the technique of treatment of mutagen the various concen

trations tried were treated at d iffe ren t periods, 

treating the embryo a t tbe time of culturing, locating 

tho embryos two days a fter culturing, treating the 

embryos three days a fter culturing and treating tbe 

embryos four days afcefc culturing. Attempts were also 

made to test whether mutagenio treatment can bo carried 

out through tbe culture medium. As ths main objectives 

o f the experiment were to standardise various techniques 

of culturing and methods of treatment a fu lly  laid out 

experiment was not anvlsaged.

The modified Muraebigo-Skoog culture medium was 

found to be tbs best for groundnut embryos. Tbe bast 

result can be attained witb a surfaoe s te r ilisa tion  

of tbe embryos witb mercuric chloride at 0.1$ for three 

minutes. Of tbe d ifforan t treatment techniques adopted,



trea t in g  the embryos at the time o f cu ltu ring  was found 

to  be the most e f fe c t iv e  technique. Incorporating  the 

mutagenic so lu tion  along w ith  cu lture medium fa i le d  

to g ive  any p o s it iv e  r e s u lt .  The lower concentrations 

(0.125 and 0 . 25$ ) gave a b e tte r  performance based on 

days taken fo r  embryo se t and tissu e d i f fe r e n t ia t io n .  

Just reverse was the trend in  higher concentrations. 

Mutagenic so lu tion  having a strength o f 0 . 25$ to 0 .50$ 

is  reoommended fo r  y ie ld in g  maximum mutagenic events 

in  groundnut. Analysis on embryoids and embryos 

having d i f fe r e n t  m aturity c le a r ly  showed that embryos 

extracted  from seed nuts immediately a ft e r  harvest 

gave a b e tte r  response based on embryo tak e , percentage 

d i f fe r e n t ia t io n  and growth ra$e analys is compared to 

a l l  o ther. D eta iled  analysis using M odified MS medium, 

concentrations o f e th y l me thanesulphide^ranging from 

0 .2 5  to  0 . 50$ and trea tin g  the embryos extracted  from 

seed nuts immediately a ft e r  harvest ia  recommended 

fo r  d e ta iled  analys is on induced mutations in  groundnut 

adopting in  v i t r o  cu lture techniques.
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