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INTRODUCTION

Mango ( M a n g i f e r a  i n d i c a  L> , b e l o n g i n g  t o  the  f a m i l y  

Anaoard  i a c e a e . i s  one o f  the  s i x  ma jor  f r u i t  c ro p s  o f  the  

w o r l d .  I t  i s  a n a t i v e  o f  I n d i a  and i s  b e i n g  c u l t i v a t e d  f o r  

more than f o u r  thousand y e a r s .  Out o f  the  63 mango g ro w in g  

c o u n t r i e s  o f  the  w o r l d ,  I n d i a  i s  the  l a r g e s t  p r o d u c e r .  The 

c o u n t r y  has more than one thousand mango v a r i e t i e s .

T h e r e  a r e  250 t o  300 mango v a r i e t i e s  in  K e r a l a ,  o f  

which 10 t o  15 a r e  p o l y e m b r y o n i c .  Salem,  N i l e s w a r  Dwar f ,  

O l o u r ,  K u r u k k a n ,  M y l e p e l i a n ,  B a p p a k a i ,  B e l l a r y ,  G o a ,  

C h a n d r a k a r a n  and Goa K a s a r g o d  a r e  some o f  t h e  w e l l  known 

p o l y e m b r y o n i c  v a r i e t i e s  grown in  the  s t a t e  ( S i n g h ,  1990>. 

S e v e r a l  d e s i r a b l e  q u a l i t i e s  l i k e  l a r g e  number o f  f r u i t s  per  

p l a n t ,  g o o d  aroma and j u i c e  c o n t e n t ,  h i g h  TSS ,  r e g u l a r  

b e a r i n g  h a b i t ,  h i g h  p r o d u c t i v i t y  p e r  p l a n t  and r e s i s t a n c e  to 

b i o t i c  and a b i o t i c  s t r e s s  c o n d i t i o n s  a r e  e x h i b i t e d  by  t h e  

p o l y e m b r y o n i c  v a r i e t i e s ,  whi ch  can be e x p l o i t e d  by  the  mango 

b r e e d e r s .  I n  a d d i t i o n ,  such v a r i e t i e s  a r e  u s e f u l  r o o t s t o c k s  

f o r  s e v e r a l  commerc i a l  monoembryonic  v a r i e t i e s .  D e c l i n e  in 

the  c u l t i v a t i o n  o f  p o l y e m b r y o n i c  v a r i e t i e s  has been app aren t



in K e r a l a  as  a r e s u l t  o f  the  new p r i o r i t i e s  consequen t  t o  the  

ch a n g in g  s o c i o - e c o n o m i c  and f a m i l y  s t r u c t u r e s ,  and land use 

p a t t e r n .  As such,  t h e r e  i s  an i m m e d i a t e  n e c e s s i t y  t o  

p r e s e r v e  the  v a r i e t i e s  and t h e i r  c u l t i v a t i o n .

I n  v i t r o  c l o n a l  p r o p a g a t i o n  h e l p s  t o  m u l t i p l y  and 

p r e s e r v e  t h e  r a r e . v a r i e t i e s . I t  h e l p s  t o  o v e r c o m e  t h e  

p rob l em o f  h e t e r o g e n e i t y  among the  r o o t s t o c k s  as w e l l .  As 

the  r o o t s t o c k  i n f l u e n c e  the  g ro w th  and q u a l i t y  o f  the s c i o n ,  

,c I ona 1 r o o t s t o c k s  wou ld  be h e l p f u l  i n  e n s u r i n g  u n i f o r m  

p e r f o r m a n c e  o f  the  g r a f t s .

The r e  a r e  r e p o r t s  on the  _in v i t r o  p r o p a g a t i o n  o f  

mango v a r i e t i e s  v i a  s o m a t i c  e m b r y o g e n e s i s  ( L i t z  e_t a i .  , 1982

and 1984; Dewald ej^ ad.., 1989a and 1989b; L i t z  e_t a_L. , 1991

and 1992) .  Somat i c  e m b ry og en es i s  i s  a p r o m i s i n g  r o u t e  f o r  

m i c r o p r o p a g a t i o n .  Somat i c  embryos a r e  b i p o l a r  s t r u c t u r e s  

b e a r i n g  r o o t  and shoo t  a p i c e s .  Both the  me r i s t em s ,  n e c e s s a r y  

f o r  c o m p l e t e  g r o w t h ,  a r e  i n i t i a t e d  s i m u l t a n e o u s l y  f r o m  

s o m a t i c  e m b r y o s .  E m b r y o g e n i c  c u l t u r e s  c a n  p r o d u c e  l a r g e  

number o f  embryos need not  be s e p a r a t e d  manua l l y .  I t  has 

been  o b s e r v e d  tha t  the  p o l y e m b r y o n i c  v a r i e t i e s  r espond more 

r e a d i l y  t o  i n v i t r o  t r e a t m e n t s  t h a n  t h e  m o n o e m b r y o n i c
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v a r i e t i e s .  H i g h e r  d e g r e e  o f  po l y embryony  lias been found to  be 

a s s o c i a t e d  w i t h  b e t t e r  j_n v i  t r o  r e sp on se  ( L i t z ,  1984) .

The p r e s e n t  s t u d i e s  were  taken up f o r  o p t i m i s i n g

t h e  p r o t o c o l s  f o r  s o m a t i c  e m b r y o g e n e s i s  i n  a f e w
/

p o l y e m b r y o n i c  mango v a r i e t i e s  o f  K e r a l a  l i k e  Ka11u v a r i k k a , 

P u l i c h i ,  K i l i o h u n d a n ,  V e l l a r i ,  Tha i imanga  and V a r ik k a .  The 

r e s u l t s  may s e r v e  as u s e f u l  g u i d e l i n e s  f o r  s t a n d a r d i s i n g  in  

v i t r o  p r o p a g a t i o n  t e c h n i q u e s  f o r  monoembryonic  v a r i e t i e s  tha t  

a r e  c o m p a r a t i v e l y  d i f f i c u l t  to  be s t a n d a r d i s e d .
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REVIEW OF LITERATURE

In  v  j t r o  p r o p a g a t i o n  i s  b e i n g  c o n s i d e r e d  as  a 

b e t t e r  a l t e r n a t i v e  to  the  c o n v e n t i o n a l  methods,  f o r  the l a r g e  

s c a l e  c l o n a l  p r o p a g a t i o n  o f  t r e e  c r o p s .  In  v i  t r o  p r o p a g a t i o n  

i s  p o s s i b l e  v i a  enhanced r e l e a s e  o f  a x i l l a r y  buds,  so ma t i c  

o r g a n o g e n e s i s  and s o m a t i c  em b ry o g e n e s i s  ( M u ra s h i g e ,  1974) .  

Among t h e  t h r e e  r o u t e s ,  s o m a t i c  e m b r y o g e n e s i s ,  w i t h  i t s  

h i g h e r  r a t e  o f  m u l t i p l i c a t i o n ,  i s  p r o m i s i n g  f o r  t h e  

m i c r o p r o p a g a t i o n  o f  t r e e  s p e c i e s .  E m b r y o g e n i c  c u l t u r e s  

p r o d u c e  l a r g e  number o f  s o m a t i c  e m b r y o s .  S o m a t i c  e m b r y o s  

have bo th  shoo t  and r o o t  p o l e s .  The embryo ids  need no t  be 

s e p e r a t e d  manua l l y .

Mango i s  a major  f r u i t  c r op  o f  K e r a l a  o c c u p y in g  an 

a r e a  o f  76 ,675  ha ( F I B ,  1994 ) .  I t  b e l o n g s  t o  the  f a m i l y  

A n a c a r d i a c e a e . Only  v e r y  few r e p o r t s  a r e  a v a i l a b l e  on the in 

v i  t r o  p r o p a g a t i o n  o f  mango. Out o f  them, s t i l l  f ew r e l a t e  to 

the  I n d i a n  v a r i e t i e s .  T h e r e  a r e  no r e p o r t s  on the  j j l  v i t r o  

p r o p a g a t i o n  o f  p o l y e m b r y o n i c  mango v a r i e t i e s  o f  K e r a l a .  Th i s  

r e v i e w  h i g h l i g h t s  the  r e s e a r c h  on the  v a r i o u s  a s p e c t s  o f  in 

v i t r o  p r o p a g a t i o n  v i a  s o m a t i c  e m b r y o g e n e s i s  in  mango and 

r e l a t e d  t r e e  c r o p s .



Somatic;  e m bryog en es i s  i s  the deve l o pme nt  o f  embryos 

f r om  s o m a t i c  c e l l s  ( M a s o a r e n h a s , 1 9 8 9 ) .  S o m a t i c  e m b r y o s

c l o s e l y  r e s e m b l e  t h e i r  z y g o t i c  c o u n t e r p a r t s  in s t r u c t u r e  and 

b i o c h e m i s t r y  ( A m m i r a t o ,  1 9 8 7 ) .  H o w e v e r ,  a f u n d a m e n t a l  

d i f f e r e n c e  i s  s e e n  b e t w e e n  z y g o t i c  and s o m a t i c  e m b r y o s  i n  

that  the  l a t t e r  t ends  t o  mature i n c o m p l e t e l y  w i t h o u t  e n t e r i n g  

a r e s t  phase  (G ra y ,  1987) .

Somat i c  e m b ryog en es i s  c o n s i s t s  o f  a l l  the s t a g e s  o f  

embryo d e v e l o p m e n t ,  f rom the  o n s e t  o f  e m b ry o ge n es i s  t o  the 

p r o d u c t i o n  o f  a f u l l y  mature  d e v e 1 opmenta 1 1 y a r r e s t e d  embryo 

(Redenbough  ejt al_. , 1991)  .

S o m a t i c  e m b r y o g e n e s i s  was f i r s t  r e c o g n i s e d  by  

R e i n e r t  ( 1 9 5 8 )  and S t eward  ( 1958 )  in  the  c u l t u r e s  o f  

c a r r o t  t i s s u e .  T i s s e r a t  e_t ad.  ( 1979 )  r e p o r t e d  somat i c  

e m b r y o g e n e s i s  in  32 f a m i l i e s ,  81 g en e ra  and 132 s p e c i e s .

D i r e c t  e m b r y o g e n e s i s  p r o c e e d s  . f r o m  t h e  p r e -  

e m b r y o g e n i c a 1 1 y  d e t e r m in e d  c e l l s  w h i l e  i n d i r e c t  embryo&Gnes i s  

r e q u i r e s  the  r e - d e t e r m i n a t i o n  o f  d i f f e r e n t i a t e d  c e l l s ,  c a l l u s  

p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  of  em bryog en i c  de t e rmined  

c e l l s  ( K a t o  and T a k e u o h i , 1966 ) .  P o t e n t i a l l y ,  embryogen i c  J
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c e l l s  a r e  d i f f e r e n t i a t e d  f rom c e l l u l a r  a g g r e g a t e s  tha t  have 

d i f f e r e n t i a l  s t a i n i n g  p r o p e r t i e s ,  c on sp i cuou s  s i z e  and l a r g e  

number o f  n u c l e o l i  (Konar  et. aj_. , 1972) .

Somat i c  embryos o r g i n a t e  from p r o - e m b r y o n i c  masses 

o f  c e l l s  t h a t  d e v e l o p  f r om  s i n g l e  c e l l s  ( R a g h a v a n ,  1 9 7 6 ) .  

Th ey  p o s s e s s  a b i p o l a r  s t r u c t u r e  w i t h  a v a s c u l a r  s y s t e m  

( H a c c i u s  , 1 9 7 8 ) .  A c c o r d i n g  t o  T i s s e r a t  e_t a 1 ■ ( 1 9 7 9 ) ,  t h e

c e l l s  th a t  undergo  embryo i n i t i a t i o n  a r e  p r e -d e t e r r a in e d  and 

t h e i r  s u b s e q u e n t  e x p o s u r e  t o  e x o g e n o u s  g r o w t h  s u b s t a n c e s  

f a v o x i r s  e m b r y o g e n e s i s .  S h a rp  e_t aj_. ( 1 98 2 )  r e p o r t e d  t h a t  

s o m a t i c  em b ry o g e n e s i s  i n i t i a t e d  e i t h e r  from p r e - e m b r y o g e n i c  

d e t e r m i n e d  c e l l s  o r  f r om  i n d u c e d  e m b r y o g e n i c  d e t e r m i n e d  

c e l l s .  W i l l i a m s  and Maheswaran (1 9 8 6 )  r e p o r t e d  th a t  so ma t i c  

embryos c o u l d  a r i s e  e i t h e r  f rom s i n g l e  c e l l s  o r  g roups  o f  

c e l  I s .

T h e  m o s t  i m p o r t a n t  a p p l i c a t i o n  o f  s o m a t i c  

e m b r y o g e n e s i s  i s  i n  t h e  l a r g e  s c a l e  c l o n a l  p r o p a g a t i o n  o f  

p l a n t s  ( J a n i c k ,  1993 ) .  Somat i c  embryo ids  a r e  u s e f u l  f o r  the 

a n a l y s i s  o f  m o l e c u l a r  and b i o c h e m i c a l  e v e n t s  ( A m m i r a t o ,

1 9 8 7 ) ,  P r o d u c t i o n  o f  a r t i f i c i a l  s e e d s  an d  d i r e c t  

r e g e n e r a t i o n  f r o m  p r o t o p l a s t  a r e  f a v o u r e d  b y  s o m a t i c
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e m b r y o g e n e s i s  ( R a z d a n ,  1 9 9 3 ) .  O t h e r  u s e s  i n c l u d e  c r o p  

improvement ,  m e t a b o l i t e  p r o d u c t i o n ,  d i s e a s e  e l i m i n a t i o n  and 

germplasra p r e s e r v a t i o n .

I .  F a c t o r s  i n f l u e n c i n g  s o m a t i c  e m b ry og en es i s

T h e  k e y  f a c t o r s  w h i c h  i n f l u e n c e  somat ic* , ,  

e m b r y o g e n e s i s  a r e  p r e - t r e a t m e n t s ,  e x p l a n t s ,  c u l t u r e  media,  

c u l t u r e  c o n d i t i o n s ,  g e n e t i c  s t a b i l i t y ,  d e n s i t y  o f  embryogen i c  

c e l l s  and synchronous dev e l o pm ent  o f  embroyo ids  (Ammirato 

1993) .  A c c o r d i n g  t o  F i . t che t  ( 1989) the impor tan t  f a c t o r s  

f o r  s o m a t i c  e m b ryog en es i s  a r e  the  p r e s e n c e  o f  an aux i n  and a 

r educed form o f  n i t r o g e n  in  the  o u l t u r e  medium.

A. E x p l a n t

Embryogenes i s  i s  l a r g e l y  a f u n c t i o n  o f  the  e x p l a n t  

p a r t i c u l a r l y  i t s  t y p e ,  d e v e l o p m e n t ,  and i n t e r a c t i o n  w i t h  the 

g r ow th  medium ( L i t z  and Gray ,  1992) .

A t r e e  and  F o w k e  ( 1 9 9 1 )  r e p o r t e d  t h a t  s o m a t i c  

embryos can be induced o n l y  f rom embryon i c  t i s s u e s .



In  v i t r o  c u l t u r e  o f  n u c e l l a r  e x p l a n t s  g i v e s  r i s e  

to  s o m a t i c  embryos and e p v e n t u a l l y  t o  f u l l y  d e v e l o p e d  

p l a n t s  (K o c h b a  e_t a_l_. , 1 9 7 2 ) .  N u c e l l a r  t i s s u e s  f r o m  b o t h

u n f e r t i l i z e d  and f e r t i l i z e d  o v u l e s  undergo  e m br yo ge ne s i s  in 

v i t r o  ( M i t r a  and C h a t u r v e d i ,  1972) .

Mi t r a  and C h a tu r v e d i  ( 1972) r e p o r t e d  th a t  embryos 

may a r i s e  e i t h e r  d i r e c t l y  f r o m  t h e  n u c e l l u s  o r  i n d i r e c t l y  

f r om  t h e  n u c e l l a r  c a l l u s .  N u c e l l a r  a d v e n t i v e  e m b r y o n y  

( po 1 yembryc rny )  o c c u r s  i n  many w o o d y  p l a n t  s p e c i e s  and i s  

i d e n t i f i e d  in s p e c i e s  b e l o n g i n g  to s e v e r a l  p l a n t  f a m i l i e s  

(Rangaswamy,  1982) ,

S t e v e n s o n  ( 1 9 5 6 ) ,  Rangan .et. ILL* ( 1 9 6 8 ) ,  M i t r a  and 

C h a t u r v e d i  ( 1 9 7 2 ) ,  Ben-Hayyim and Neumann (1 9 8 3 )  and Nav ar r o  

e t  a 1 . ( 1 9 8 5 )  used n u c e l l u s  as e x p l a n t  f o r  induc in g  somat i c

e m b r y o g e n e s i s  i n  c i t r u s .  E i c h h o l t z  e_t aj_. ( 1 97 9 )  u s e d  

n u c e l l a r  e x p l a n t  f o r  i n d u c in g  so m a t i c  e m br yo ge ne s i s  in  Ma1 us 

domest  i c a . I n  Hevea b r a z i 1i ens  i s . Car ron and E n j a l r i c  ( 1985) 

r e p o r t e d  s o m a t i c  e m b r y o g e n e s i s  f r om  n u c e l l a r  e x p l a n t s .

I n  mango, s o m a t i c  e m b ry og en es i s  was o b t a i n e d  from 

n u c e l l a r  e x p l a n t s  in bo th  p o l y e m b r y o n i c  ( L i t z  et. aj,. , 1982



and 1984)  and monoembryonic  ( L i t z ,  1984a)  v a r i e t i e s .  The 

s t a g e  o f  d e v e l o p m e n t  o f  t h e  o v u l e  was c r i t i c a l  and t h e  

optimum s t a g e  f o r  t a k i n g  the  e x p l a n t  was b e f o r e  the  embryo 

mass has f i l l e d  the  embryo sac  ( L i t z  et^ jil_. , 1992) .  A l though  

monoembryonic  and p o l y e m b r y o n i c  c u l t i v a r s  appear  t o  respond
f

e q u a l l y  w e l l ,  . s o m a t i c  e m b r y o g e n e s i s  was o b s e r v e d  t o  be 

c u l t i v a r  dependen t  ( L i t z  e_t aj_. i 1991) .

Rao ( .1965)  r e p o r t e d  s o m a t i c  e m b r y o g e n e s i s  in  

Santa  1 urn album f rom embryo.  G ingas  and L i n e b e r g e r  ( 1 98 9 )  and 

V i e i t e z  and B a r c i e l a  ( 1 9 9 0 )  s t i m u l a t e d  s o m a t i c  e m br yo ge ne s i s  

in  Quercus rub ra  and Camel 1 i a  . i a p o n i c a . r e s p e c t i v e l y ,  f rom 

z y g o t i c  embryo e x p l a n t  on ba sa l  medium a l o n e .

Harada ( 1975 )  used stem and r o o t  as e x p l a n t s  f o r  

i n i t i a t i n g  s o m a t i c  e m b r y o g e n e s i s  i n  Ac t  i  n i d i a c h i  nens  i s . 

Lakshmi S i t a  e i  aj_. ( 1 9 7 9 )  used stem as  e x p l a n t  f o r  ind uc i ng  

s o m a t i c  em b ry o g e n e s i s  in  Santalurn a l b u m ■

Soma t i c  e m b ryo g en es i s  c ou ld  be induced f rom l e a f  by 

Sondahl  and Sharp ( 1 9 7 7 )  in  C o f f e a  a r a b i c a  and L i t z  (1986b )  

in Theobroma c a o a o .



B. Basa l  medium

1. I n d u c t i o n

A c c o r d i n g  t o  C h r i s t i a n s o n  ( 1 9 8 5 )  an e v e n t  must 

i n i t i a l l y  o ccur  tha t  i n v o l v e s  a change in  the d e t e r m i n a t i o n  

o r  f a t e  o f  c e r t a i n  c e l l s .  T h i s  change in  the  commitment o f  a 

c e l l  i s  r e f e r r e d  t o  as an i n d u c t i v e  e v e n t .

Somat i c  embryos have been grown on a range  o f  media 

f rom the  r e l a t i v e l y  d i l u t e  Wh i t e s  medium ( W h i t e ,  1963) to the 

more c o n c e n t r a t e d  f o r m u l a t i o n s  o f  Gamborg  e_t a 1 . ( 1 9 6 8 ) ,

Murash i ge  and Skoog ( 1962 )  and Schenk and H i l d e b r a n d t  ( 1 9 7 2 ) .

The f o rm in  wh i ch  n i t r o g e n  i s  s u p p l i e d  t o  t h e  

t i s s u e  s y s t e m  i s  a k e y  f a c t o r  i n  t h e  d e t e r m i n a t i o n  o f  

e m b r y o g e n e s i s ,  Ammonium i ons and c a s e i n  h y d r o l y s a t e  a t  low 

l e v e l s  s t r o n g l y  s t i m u l a t e  e m b ryog en es i s  compared t o  n i t r a t e  

i ons  ( H a l p e r i n  and W e t h e r e l l ,  1965) .

M u r a s h i g e  and  S k o o g  med ium was  u s e d  f o r  t h e  

i n d u c t i o n  o f  s o m a t i c  embryos  in  c i t r u s  ( B e n - H a y y i m  and 

Neumann, 1983) .  In a p p l e  ( v a r .  Go lden  D e l i c i o u s )  MS medium 

was used f o r  t h e  i n d u c t i o n  o f  s o m a t i c  e m b r y o i d s  

( E i c l i h o l t z  e t  a],. , 1,97.9).
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S e v e n t y  per  c en t  o f  the  e x p l a n t s  were  c u l t u r e d  on 

MS medium o r  m o d i f i e d  MS medium f o r  so m at i c  emb ryo gen es i s  

(Evans  e_t aj_. , 1981) .  A key  e l ement  o f  MS medium i s  the

p r e s e n c e  o f  h i gh  l e v e l s  o f  n i t r o g e n  in  the form o f  ammonium 

n i t r a t e  (Ammirato ,  1983) .  MS medium has a h i g h  l e v e l  o f  

i n o r g a n i c  s a l t  and ammonium (Chen Zhengua e_t a_l_. , 1988) .

L i t z  .et. ad.  (1982 and 1984 ) ,  L i t z  ( 1 9 8 4 a ) ,  L i t z  and 

S c h a f f e r  ( 1987) ,  Dewald e_t ad.  (1989a and 1989b)  and Mathews 

and L i t z  ( 1 9 9 0 )  in d u c e d  s o m a t i c  e m b r y o g e n e s i s  f r om  t h e  

n u c e l l u s  o f  mango on m o d i f i e d  MS medium c o n t a i n i n g  h a l f  

s t r e n g t h  major  s a l t s .

Rao e_t al_- ( 1 9 8 2 )  r e p o r t e d  the  in d u c t i o n  o f  c a l l u s  

f rom c o t y l e d o n s  o f  mango on MS medium.

L i t z  e_t ad_. ( 199 1 )  o b t a i n e d  so m at i c  embryos when 

n u c e l l u s  o f  p o l y e m b r y o n i c  and monoembryonic  mango v a r i e t i e s  

we r e  c u l t u r e d  on medium c o n t a i n i n g  m o d i f i e d  Bg major  s a l t s  

and MS minor  s a l t s  and o r g a n i o s .

2 . I n i t i a t i o n

When t i s s u e s  a r e  t r a n s f e r r e d  f r o m  an a u x i n  

c o n t a i n i n g  medium to an a u x in  f r e e  medium h a v in g  n i t r o g e n o u s
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compounds l i k e  amino  a c i d s ,  e m b r y o g e n e s i s  was t r i g g e r e d  

( R e i n e r t ,  1 9 5 9 ) .  Bu tenko  f^t aj_. ( 1 9 6 7 )  s u g g e s t e d  t h a t  

m in e ra l  s a l t s  should  be p r e s e n t  a t  a h i g h  c o n c e n t r a t i o n  f o r  

embryo i n i t i a t i o n .  Tazawa and R e i n e r t  ( 1969 )  r e p o r t e d  that  

n i t r o g e n  s h o u l d  be  p r e s e n t  e i t h e r  in  an o r g a n i c  f o r m  o r  

i n o r g a n i c  f orm f o r  the  i n i t i a t i o n  o f  s om at i c  embryo id s .

I n  m a n g o ,  t h e  i n i t i a t i o n  med ium c o n s i s t e d  o f  

m o d i f i e d  Bg ma jor  s a l t s ,  MS minor  s a l t s  and o r g a n i c s  ( L i t z  

e t  a 1 . , 1 9 6 4 ) .  L i t z  ( 1 9 8 4 a )  r e p o r t e d  t h a t  s o m a t i c

e m b r y o g e n e s i s  o c c u r r e d  f rom n u c e l l a r  c a l l u s  o f  mango on h a l f  

s t r e n g t h  MS medium c o n t a i n i n g  1-2 mg/1 2 , 4-D. A c c o r d i n g  to  

Dewald e_t a K  ( 19 89a )  m o d i f i e d  Bg medium was s i g n i f i c a n t l y  

more e f f e c t i v e  f o r  t h e  p r o d u c t i o n  o f  s o m a t i c  e m b r y o s  f r o m  

n u c e l l a r  t i s s u e  in mango.

3.  M a t u r a t i o n

L i t z  ( 1984a )  s u b c u l t u r e d  the  em bry oge n i c  n u c e l l a r  

c a l l u s  o f  mango on t o  m o d i f i e d  MS medium c o n t a i n i n g  h a l f  

s t r e n g t h  major  s a l t s  w i t h o u t  any g r ow th  r e g u l a t o r s  to pe rmi t  

m a t u r a t i o n  o f  embryos .  Dewald e_t aj_. ( 1989b)  used m a tu r a t i o n  

medium c o n s i s t i n g  o f  m o d i f i e d  B5 major  s a l t s ,  MS minor  s a l t s  

and o r g a n i c s .



4. Germ inat ion

I f  s o m a t i c  embryos a r e  no t  p h y s i o l o g i c a l l y  mature ,  

they  cannot  g e r m i n a t e  n o r m a l l y  and s u r v i v e .  Poo r  g e r m i n a t i o n  

i s  t y p i c a l  i n  many e m b r y o g e n i c  c u l t u r e  s y s t e m s .  R a zd a n  

( 1 9 9 3 )  r e p o r t e d  tha t  g e r m i n a t i o n  o f  so m a t i c  embryos can occur  

o n l y  when i t  i s  mature enough t o  have  f u n c t i o n a l  r o o t  and 

shoo t  a p i c e s  c a p a b l e  o f  m e r i s t e m a t i c  g row th .

T h e  g e r m i n a t i o n  med iu m u s e d  b y  L i t z  ( 1 9 8 4 a )  

c o n s i s t e d  o f  m o d i f i e d  MS l i q u i d  med ium w i t h o u t  g r o w t h  

r e g u l a t o r s  and w i t h  2 0  p e r  c e n t  ( v / v )  coconut  w a t e r .

Dewald et. aj_. ( 198 9b )  r e p o r t e d  t h a t  g e r m i n a t i o n  was 

accompani ed  by s l i g h t  e n la r g em en t  and p r o g r e s s i v e  g r e e n i n g  o f  

the  s o m a t i c  embryo in  mango. M o d i f i e d  Bg medium c o n s i s t i n g  

o f  h a l f  s t r e n g t h  ma jo r  s a l t  f o r m u l a t i o n  suppl emented w i th  

c o c o n u t  w a t e r  an d  c a s e i n  h y d r o l y s a t e  r e s u l t e d  in  

s i g n i f i c a n t l y  h i g h e r  g e r m i n a t i o n  r a t e .

C. P l a n t  g r o w t h  s u b s t a n c e s

I .  I n d u c t i o n

G e n e r a l l y  the  p r e s e n c e  o f  an a u x in  in the  medium is  

e s s e n t i a ]  f o r  embryo i n i t i a t i o n .  T i s s u e  and c a l l i  ma in ta in ed  

c o n t i n u o u s l y  in  an aux i n  f r e o  medium do not  form embryos.



H a l p e r i h  (1'97"0) r e p o r t e d  t h a t  e m b r y o g e n e s i s  c o u l d  

b e  i n d u c e d  o n l y  i n  s u s p e n s i o n  c u l t u r e s  w i t h  an  a u x i n  

c o n t a i n i n g  medium. The c o n v e r s i o n  o f  a s o m a t i c  c e l l  t o  an 

embryo i s  caused  by an i n c r e a s e d  r a t i o  o f  n i t r o g e n  t o  aux i n  

( R e i n e r t ,  1973 ) .

L i t z  e_t a_l_. ( 1 9 8 2 )  o b t a i n e d  s o m a t i c  embryos f rom

t h e  n u c e l l u s  o f  c u l t u r e d  o v u l e  e x p l a n t s  o f  p o l y e m b r y o n i c  

mango c u l t i v a r s  on medium supp l emented  w i t h  e i t h e r  coconut  

w a t e r  o r  b e n z y l  a d e n i n e .  N u c e l l a r  c a l l u s  was induced on 

m o d i f i e d  MS medium suppl emented  w i t h  1-2 mg/1 2 , 4-D ( L i t z  

e t  a l  . . 1982; L i t z ,  1984a ) .  L i t z  e_t a_l_. ( 1 9 8 4 )  c o u ld  induce

s o m a t i c  e m b r y o g e n e s i s  f rom n u c e l l a r  e x p l a n t s  when c u l t u r e d  on 

m o d i f i e d  MS medium w i t h o u t  a ux in .  L i t z  and S c h a f f e r  ( 1987 )  

o b s e r v e d  t h a t  s o m a t i c  em b ry o g e n e s i s  f rom mango n u c e l l i  i s  not  

dependant  upon 2 , 4-D as a s t i m u l u s .  Howeve r ,  Dewald e_t a 1 . 

( 1 9 8 9 a )  i n c o r p o r a t e d  4 .5  uM 2 , 4-D to  m o d i f i e d  MS medium f o r  

the  i n d u c t i o n  o f  s o m a t i c  embryos in  mango.

2.  I n i t i a t i o n

L i t z  e t  a 1 . ( 1982)  c o u l d  i n i t i a t e  s o m a t i c  embryo ids

i n i t i a t e d  on medium c o n t a i n i n g  co con ut  w a t e r ,  BA o r  no g ro wt h
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r e g u l a t o r s .  L i t z  e_t a_L. ( 1984 )  r e p o r t e d  t h a t  e f f i c i e n t  

s o m a t i c  e m b r y o g e n e s i s  o c c u r e d  when n u c e l l a r  c a l l u s  was 

t r a n s f e r r e d  to  l i q u i d  medium w i t h o u t  2 , 4-D.

A t r e e  an d  F o w k e  ( 1 9 9 1 )  r e p o r t e d  t h a t  c o n i f e r  

s o m a t i c  e m b r y o s  c o n t i n u e d  t o  p r o l i f e r a t e  on a med ium 

c o n t a i n i n g  bo th  a u x in  and c y t o k i n i n .

3. M a t u r a t i o n

L i t z  et. a_l_. ( 1 9 8 3 ) ,  L i t z  and Gray ( 1992) and Razdan 

(1.993)  r e p o r t e d  t h a t  m a t u r a t i o n  o f  mango s o m a t i c  e m b r y o s  

o c c u r e d  on medium w i t h o u t  g r ow th  r e g u l a t o r s .

irv
C y t o k i n i s  a r e  i m p o r t a n t  f o r  s o m a t i c  e m b r y o  

m a t u r a t i o n  ( F u j i m u r a  and Komamine, 1980) .  I t  i n f l u e n c e s  the 

d e v e l o p m e n t  o f  c o t y l e d o n  (Ammira to  and S t eward ,  1971)  and 

sh oo t  apex ( K a v a t h e k a r  and J o h r i ,  1978) .

The endogenous  c o n c e n t r a t i o n  o f  ABA in  embry oge n i c  

c u l t u r e s  showed a r a p i d  i n c r e a s e  d u r i n g  s o m a t i c  em bry o  

d e v e l op m en t  and r e a ch ed  a peak a t  m a t u r a t i o n  ( R a j a s e k h a ra u  

e t  a d . , 1982) .
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S e c o n d a r y  embryos  a r i s e  f r o m  g l o b u l a r  o r  e a r l y  

h e a r t  s t a g e  s o m a t i c  embryos .  Ammirato ( 1983 )  r e p o r t e d  tha t  

a p u l s e  o f  ABA s u p p r e s s e d  t h e  f o r m a t i o n  o f  s e c o n d a r y  

embroyos ,  s y n c h r o n i z e d  the  c u l t u r e s  and i n h i b i t e d  a b e r r a n t  

d e v e l o p m e n t  o f  embryos and p r e c o c i o u s  g e r m i n a t i o n .

The impor tan ce  o f  the  a p p l i c a t i o n  o f  ABA f o r  the 

m a t u r a t i o n  o f  so m a t i c  embryo ids  was r e p o r t e d  by Ammirato 

( 1 9 8 7 ) .  He o b s e r v e d  t h a t  s o m a t i c  e m b r y o s  g r o w n  on ABA 

c o n t a i n i n g  medium had a h i g h e r  number o f  embryos w i t h  two 

c o t y l e d o n s .  Dewald  e t  a 1 ■ ( 1 9 8 9 b )  r e p o r t e d  t h a t  ABA in

c o m b i n a t i o n  w i t h  coconut  w a t e r  and low s u c r o s e  c o n c e n t r a t i o n  

m e d ia t e d  normal  s om at i c  embryo m a t u r a t i o n  in  mango. But ,  the  

e f f e c t  o f  ABA was masked when i t  was used w i t h  s i x  pe r  c en t  

s u c r o s e .

A b s c i s i c  a c i d  i n f l u e n c e s  t h e  q u a l i t y  o f  s o m a t i c  

embryos ( L i t z  e_t aj_. , 1992) .  He o b s e r v e d  th a t  mango so ma t i c  

embryos c o u l d  t o l e r a t e  h i g h  c o n c e n t r a t i o n s  o f  ABA (100 u M ) .

Razda n  ( 1 9 9 3 )  o b s e r v e d  t h a t  h i g h  a u x i n  l e v e l s  

i n h i b i t e d  the  d e v e l o pm en t  and g r ow th  o f  the shoo t  mer i s t em o f  

the  e m bryo i d s .



4. Germinat ion

M atu re  embryos  a r e  c u l t u r e d  on g r o w t h  r e g u l a t o r  

f r e e  medium f o r  g e r m i n a t i o n  and p l a n t l e t  deve l opment  ( A t r e e  

and Fowke ,  1 9 9 1 ) .  Razdan  ( 1 9 9 3 )  r e p o r t e d  t h a t  s o m a t i c  

embryos g e r m i n a t e  on g r o w th  r e g u l a t o r  f r e e  aga r  medium.

E x o g e n o u s l y  s u p p l i e d  GA3 c a u s e d  g e r m i n a t i o n  o f  

s o m a t i c  embryos in  C i t r u s  s i n e n s i s  (Rangaswamy, 1981) and,  

Santalum album (Lakshmi  S i t a  e_t al_, , 1979) .

K a v a t h e k a r  and  J o h r i , ( 1 9 7 8 )  r e p o r t e d  t h a t

o y t o k i n i n s  a r e  somet imes r e q u i r e d  f o r  the  g rowth  o f  embryos 

i n t o  p l a n t l e t s .

D. O th e r  supp l ements

1. Coconut  w a te r

Coconut  w a t e r  a c t s  as  a s ou r c e  o f  r educed  n i t r o g e n  

in  the  medium ( T u l e c k e  e_t aj^. , 1961) .  Homes ( 1967) r e p o r t e d

t h a t  c o c o n u t  w a t e r  was n o t  a' p r e - r e q u i s i t e  f o r  i n d u c i n g  

e m b r y o g e n e s i s .  In  mango, so m a t i c  em br yo ge ne s i s  was induced 

when c o con ut  w a t e r  was i n c o r p o r a t e d  in the medium ( L i t z  e t
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a l  . , 1982 and 1984; Dewald et. a i .  , 1989a ) .  P o l i f e r a t i o n  o f

s o m a t i c  e m b r y o s  o c c u r e d  when t h e  n u c e l l a r  t i s s u e  was 

s u b c u l t u r e d  on to  medium w i t h  twen ty  pe r  c en t  coconut  w a t e r .  

M a tu re  em br yos  d i d  n o t  d e v e l o p  i n t o  n o r m a l  p l a n t  l e t s  when 

t r a n s f e r r e d  t o  medium w i t h o u t  coconut  w a t e r .

A c c o r d i n g  t o  Dewald e_t al_. C 1989b)  m a t u r a t i o n  and 

g e r m i n a t i o n  o f  s o m a t i c  e m b r o y o s  o f  mango w e r e  a c h i e v e d  by 

s e q u e n t i a l  t r a n s f e r  o f  s o m a t i c  embryos on to  medium c o n t a i n i n g  

t w e n t y  p e r  c e n t  c o c o n u t  w a t e r  and  r e d u c e d  s u c r o s e  

c o n c e n t r a t i o n .  L i t z  e_t a 1 . ( 1 9 9 2 )  r o u t i n e l y  a d d e d  f i l t e r

s t e r i l i z e d  coc onu t  wa te r  t o  the  m a t u r a t i o n  medium in  mango.

A s u b s t a n t i a l  amount o f  r educed  form o f  n i t r o g e n  i s  

r e q u i r e d  f o r  embryo i n i t i a t i o n  and m a t u r a t i o n .  Razdan (1993 )  

r e p o r t e d  t h a t  coconut  wa te r  o r  c a s e i n  h y d r o l y s a t e  c ou ld  be 

used as th e  r educed  s our c e  o f  n i t r o g e n ,

2. Agar

L i t z  e_t aj_. ( 1 9 8 2 )  r e p o r t e d  th a t  e f f i c i e n t  soma t i c  

e m b r y o g e n e s i s  o c c u r e d  in  l i q u i d  medium.  C u l t u r e s  i n  the  

i n i t i a t i o n  medium darkened more q u i c k l y  in  s o l i d  medium than



f o r m e d  i n  l i q u i d  m a t u r a t i o n  m e d i a  b u t  d e v e l o p m e n t a l  

a b n o r m a l i t i e s  were  more.  Somat i c  embryos p roduced  on medium 

c o n t a i n i n g  g e l r i t e  we re  l a r g e r  than thos e  p roduced  on aga r

medium. D e v e l o p m e n t a l  a n o m a l i e s  w e r e  l e s s  when s o m a t i c

embryos were  c u l t u r e d  on medium c o n t a i n i n g  g e l r i t e .

3.  S u c r o s e

Normal  s o m a t i c  embryo s  w e r e  o b t a i n e d  w i t h  h i g h  

s u c r o s e  c o n c e n t r a t i o n  than w i t h  l ow  c o n c e n t r a t i o n .  Fo r  

m a t u r a t i o n  o f  so m a t i c  embryos the  optimum c o n c e n t r a t i o n  o f  

s u c r o s e  was s i x  p e r  c e n t  (Dewald e_t a_L. , 1989b) .

L i t z  e_t a 1 . ( 1 9 9 3 )  r e p o r t e d  t h a t  s u c r o s e

c o n c e n t r a t i o n  should  be m a in t a in e d  a t  m o d e r a t e l y  h i gh  l e v e l s  

i n  o r d e r  t o  p r e v e n t  p r e c o c i o u s  g e r m i n a t i o n  o f  s o m a t i c  

embryo i d s .

4. A c t i v a t e d  c h a r c o a l

A c t i v a t e d  c h a r c o a l  h a s t en ed  the  d i f f e r e n t i a t i o n  o f  

s o m a t i c  embryos in  mango ( L i t z  ej, aj_. , 1984; L i t z ,  1986a) .

Howeve r ,  the  m o r t a l i t y  was v e r y  h i g h .

on l i q u i d  medium (Dewald a_l_. , L989a). La rg e r  embryos were



E. C u l t u r e  c o n d i t i o n s

I n  mango, i n d u c t i o n  and g ro w th  o f  c a l l u s  was b e t t e r  

in  dark  than w i t h  a normal  p h o t o p e r i o d  (Rao et. aj_. , 1982) .

L i t z  ( 1 98 4a )  and Dewald e i  aj_. ( 19 89a )  m a in ta in ed  

the  c u l t u r e s  i n  the  i n d u c t i o n  medium a t  16 hour p h o t o p e r i o d  

and 2 5 ° C .

. L i t z  .et, aX- ( 1 9 9 1 )  i n c u b a t e d  the  e x p l a n t s  o f  mango 

in  da rknes s  a t  25°C and s u b - c u l t u r e d  them d a i l y  f o r  the  f i r s t  

w e e k .

Mango c u l t u r e s  in  the  i n i t i a t i o n  medium were  kept  

in  d a r k  ( D e w a l d  e_t al_. , 1 9 8 9 a ) .  L i t z  e_t a_L- ( 1 9 9 1 )

m a i n t a i n e d  the  c u l t u r e s  a t  24 -  27°C in  da rk nes s  and sub­

c u l t u r e d  i t  a t  two weeks i n t e r v a l .

I n  mango, the  c u l t u r e s  in  the  m a t u r a t i o n  media were  

m a i n t a i n e d  i n  d a r k n e s s  i n  o r d e r  t o  p r e v e n t  p r e c o c i o u s  

g e r m i n a t i o n  o f  s o m a t i c  emb ryo ids  (Dewald  et. a_l_. , 1989b and

L i t z  eX aX* i 1993) .  The m a t u r a t i o n  o f  s om a t i c  embryos was 

f ound t o  p r o c e e d  more in  d a rk n ess  (Razdan,  1993) .



S o m a t i c  embryo s  g r e w  v i g o r o u s l y  and  d e v e l o p e d  

e x t e n s i v e  r o o t  sys tem when the  expos ed  t o  25°  C, h i g h  l i g h t  

i n t e n s i t y  and c o n t r o l l e d  l e v e l s  o f  COg ( K o z a i  and Iwanami ,

1988 ) .

A c c o r d i n g  t o  L i t z  fvt a_l_. ( 1 9 9 2 )  g e r m i n a t i o n  o f

mango s o m a t i c  embryo ids  was c h a r a c t e r i s e d  by r a p i d  e l o n g a t i o n  

o f  the  h y p o c o t y l  and g r e e n i n g  o f  c o t y l e d o n s ,  which occured  

when s o m a t i c  embryos were  t r a n s f e r r e d  t o  l i g h t .
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MATERIALS AND METHODS

I n v e s t i g a t i o n s  on o p t i m i s i n g  t e c h n i q u e s  f o r  somat i c  

e m b r y o g e n e s i s  in  p o l y e m b r y o n i c  mango v a r i e t i e s  we re  c a r r i e d  

out-  a t  t h e  P l a n t  T i s s u e  C u l t u r e  L a b o r a t o r y ,  D e p a r t m e n t  o f  

H o r t i c u l t u r e ,  C o l l e g e  o f  A g r i c u l t u r e ,  V e l l a y a n i  f rom January  

1993 t o  August  1994.

The m a t e r i a l s  and 'methods t r i e d  f o r  the  i n d u c t i o n ,  

i n i t i a t i o n ,  m a t u r a t i o n  an d  g e r m i n a t i o n  o f  t h e  s o m a t i o  

em bry o id s  a r e  d e s c r i b e d  i n  t h i s  c h a p t e r .

A.  VARIETIES

S i x  p o l y e m b r y o n i c  mango v a r i e t i e s  o f  K e r a l a  namely 

P u l i c h i ,  K i l i c h u n d a n ,  V e l l a r i ,  K a l l u v a r i k k a ,  Tha l imanga  and 

V a r i k k a  were  used f o r  t h e  s tu dy .

B. EXPLANTS

N u c e l l u s  and embryo mass f r o m  t h e  o v u l e s  o f  t e n d e r  

mango f r u i t s  ( a b o u t  30 -45  d a y s  a f t e r  f e r t i l i z a t i o n )  and 

segments  o f  t e n d e r  l e a v e s ,  were  used  as  e x p l a n t s .



1. N u o e l l u s

N u c e l l u s  r e p r e s e n t s  the  w a l 1 o f  the  megasporangium 

a nd  i s  a n o u r i s h i n g  t i s s u e  f o r  t h e  d e v e l o p i n g  e m b r y o .  

G e n e r a l l y ,  the  n u c e l l u s  r ema ins  w i t h i n  the  c o n f i n e s  o f  the 

i n n e r  in t e gument .  R a r e l y  i t  p r o j e c t s  i n t o  the  m i c r o p y l e  o r  

beyond,  f o r m in g  a n u c e l l a r  beak.  As i t  i s  p a r t  o f  the  mother 

p l a n t  and has th e  same p l o i d y  i t  can be used f o r  c l o n a l  

p r o p a g a t  i o n .

2.  Embryo

The f e r t i l i z e d  eg g  i s  c a l l e d  z y g o t e .  F o l l o w i n g  a 

p r e - d e t e r m  i n e d  mode o f  d e v e l o p m e n t ,  i t  g i v e s  r i s e  t o  an 

embryo,  wh i ch  has the  p o t e n t i a l  t o  form a co m p le t e  p l a n t .  

I r r e s p e c t i v e  o f  t h e  mode o f  d e v e l o p m e n t ,  a m a t u r e  em bry o  

g e n e r a l l y  p o s s e s s e s  an embryon i c  r o o t  ( r a d i c l e ) ,  an embryoni c  

s ho o t  ( p l u m u l e )  and one o r  two c o t y l e d o n s .  The o c c u r r e n c e  o f  

more than one embryo in  a s e ed  i s  termed p o 1ye mb ryo ny . Seeds 

o f  p o l y e m b r y o n i c  v a r i e t i e s  o f  mango  p r o d u c e  u p t o  f i v e  

n u c e l l a r  s e e d l i n g s  a l o n g  w i t h  the  z y g o t i c  one.  O f t e n  the  

z y g o t i c  embryo g e t s  d e g e n e r a t e d ,  r e s u l t i n g  in  the  p r o d u c t i o n  

o f  n u c e l l a r  s e e d l i n g s  o n l y .  The  z y g o t i c  s e e d l i n g s  t h a t  

s u r v i v e  a r e  g e n e r a l l y  l e s s  v i g o r o u s .  P o 1yembryony i s  o f
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g r e a t  s i g n i f i c a n c e  in  H o r t i c u l t u r e .  The a d v e n t i t i o u s  embryos 

p r o v i d e  u n i f o rm  s e e d l i n g s  o f  the  mate rna l  t y p e ,

C. COLLECTION AND PREPARATION

T e n d e r  f r u i t s  ( t h i r t y  t o  f o r t y  f i v e  d a y s  a f t e r  

f e r t i l i z a t i o n )  w e r e  c o l l e c t e d  f r o m  h e a l t h y  t r e e s  o f  

p o l y e m b r y o n i c  mango  v a r i e t i e s  f r o m  d i f f e r e n t  p a r t s  o f  

T h i r u v a n a n t h a p u r a m  d i s t r i c t .  E x p l a n t s  w e r e  p r e p a r e d  and 

i n o c u l a t e d  w i t h i n  24 hours  o f  e x c i s i o n  f rom the  t r e e .  The 

s i z e  o f  th e  f r u i t s  v a r i e d  w i t h  the  v a r i e t i e s .  The l e n g t h  o f  

f r u i t s  r anged  f rom 2 .5  t o  4 . 0  cm. Tender  l e a v e s  f rom new 

f l u s h e s  were  c o l l e c t e d  and i n o c u l a t e d  w i t h i n  s i x  hours .  The 

f r u i t s  ( a f t e r  r e m o v i n g  p e d i c e l )  and  t h e  l e a v e s  ( a f t e r  

r emo v ing  p e t i o l e s )  we re  washed t h r o u g h l y  in  t ap  w a t e r  w i t h  a 

f e w  d r o p s  o f  t h e  w e t t i n g  a g e n t  ' L a b o l e n e ’ , f o l l o w e d  by 

wash ing  w i t h  d o u b l e  g l a s s  d i s t i l l e d  w a te r .

D. SURFACE STERILIZATION

S u r f a c e  s t e r i l i z a t i o n  o f  the  p l a n t  m a t e r i a l s  was 

c a r r i e d  out  i n s i d e  a l aminar  a i r  f l o w  chamber.  The f r u i t s ,  

a f t e r  i n i t i a l  c l e a n i n g ,  were  t r a n s f e r r e d  t o  s t e r i l e  beaker  

and s u r f a c e  -  s t e r i l i z e d  u s i n g  70 p e r  c en t  e t h y l  a l c o h o l  f o r



10 m i n u t e s .  A f t e r  d r a i n i n g  t h e  a l c o h o l ,  t h e  f r u i t s  w e r e  

washed w i t h  s t e r i l e  d o u b l e  g l a s s  d i s t i l l e d  w a te r .  They were  

then t r e a t e d  w i t h  f r e s h l y  p r e p a r e d  sodium h y p o c h l o r i t e  ( 1 . 0  

p e r  c e n t )  f o r  3 0 , m inutes .  T h i s  was f o l l o w e d  by washing  f o u r  

t o  f i v e  t im es  w i t h  s t e r i l e  d o u b l e  g l a s s  d i s t i l l e d  w a t e r .  The 

t e n d e r  l e a v e s  ( b r o n z e  c o l o u r e d )  we re  s u r f a c e - s t e r i l i z e d  in  a 

s t e r i l e  b e a k e r ,  u s i n g  sodium h y p o c h l o r i t e  ( 0 . 8  p e r  c e n t )  f o r  

15 m i n u t e s  a n d  t h e n  w a s h e d  w i t h  s t e r i l e  d o u b l e  g l a s s  

d i s t i l l e d  w a t e r  f o u r  t o  f i v e  t im es .

E. INOCULATION AND INCUBATION

A l l  t h e  i n o c u l a t i o n  o p e r a t i o n s  w e r e  c a r r i e d  o u t  

under  a l aminar  a i r  f l o w  chamber.

The t o o l s  ( n e e d l e s ,  b l a d e s ,  s c a l p e l s ,  f o r c e p s  e t c . )  

an d  g l a s s w a r e  r e q u i r e d  f o r  i n o c u l a t i o n  w e r e  w a s h e d  

t h o r o u g h l y ,  r i n s e d  w i t h  dou b l e  g l a s s  d i s t i l l e d  w a t e r ,  c o v e r e d  

w i t h  a luminium f o i l  and a u t o c l a v e d  a t  1 2 1 °  C and 1.06 Kg/cm2 

p r e s s u r e  f o r  40-45 m inute s .

The s u r f a c e  -  s t e r i l i z e d  f r u i t s  were  d i s s e c t e d

u s i n g  s c a l p e l  w i t h o u t  i n j u r i n g  t h e  o v u l e .  The  o v u l e  was



t ak en  out  w i t h  f o r e o e p s  and out  l o n g i t u d i n a l l y  i n t o  two equal  

h a l v e s  w i t h  d i s s e c t i o n  b l a d e  f i t t e d  on hand l e .  N u c e l l u s  and 

embryo  mass w e r e  s e p a r a t e l y  s c o o p e d  o u t  f r o m  t h e  o v u l e .  

N u c e l l a r  t i s s u e  and embryo mass w i t h  a p o r t i o n  o f  the  o v u l e  

a l s o  we re  used f o r  i n o c u l a t i o n .  The c o t t o n  p lu g s  o f  the  t e s t  

t u b e s / E r 1enmeye r  f l a s k s  w e r e  r e m o v e d  and t h e  mouth was 

f l am ed .  . The n u c e l l u s  and embryo mass was then i n o c u l a t e d  on 

the  medium and the  mouth o f  the  c u l t u r e  v e s s e l s  was a g a i n  

f l amed  and c l o s e d  w i t h  c o t t o n  p l u g s .

When d i s p o s a b l e  s t e r i l e  p l a s t i c  p e t r i  d i s h e s  were 

used ,  a f t e r  the  n u c e l l u s  and embryo mass were  i n o c u l a t e d  i n t o  

the  medium and a f t e r  c l o s i n g  the  p e t r i  d i s h ,  the  s i d e s  were 

s e a l e d  u s i n g  c l i n g  f i l m .

The i n o c u l a t e d  c u l t u r e  v e s s e l s  were  kept  e i t h e r  in 

l i g h t  o r  d a rk n es s .

F. MEDIA

T h e  b a s a l  m e d i a  u s e d  f o r  t h e  s t u d y  w e r e  MS 

( M u r a s h i g e  and Skoog ,  1962)  m o d i f i e d  MS and Bg (Gamborg ej  ̂

a 1. , 1968)  media.  The c h e m i c a l s  used f o r  the p r e p a r a t i o n  o f

the  c u l t u r e  media  were  o f  a n a l y t i c a l  g r a d e  f rom B r i t i s h  Drug



House (BDH, Bombay) ,  S i s c o  R ese a r ch  L a b o r a t o r y  (SRL,  Bombay) ,  

Merck (Bombay)  and Sigma ( U S A ) .

S t a n d a r d  p r o c e d u r e s  w e r e  f o l l o w e d  f o r  t h e  

p r e p a r a t i o n  o f  MS and Bg m e d i a  ( T h o r p e ,  1 9 8 0 ) .  S t o c k  

s o l u t i o n s  o f  ma jor  and minor  n u t r i e n t s ,  amino a c i d s  and p l a n t  

g r o w t h  su b s t a n c e s  were  p r e p a r e d  by d i s s o l v i n g  the  r e q u i r e d  

q u a n t i t y  o f  c h e m i c a l s  in  s p e c i f i c  v o l u m e  o f  d o u b l e  g l a s s  

d i s t i l l e d  w a t e r  and were  s t o r e d  under r e f r i g e r a t e d  c o n d i t i o n .

A l l  i t ems  o f  g l a s s w a r e  used f o r  the  p r e p a r a t i o n  o f  

the  media we re  washed w i t h  d i l u t e d  ‘ L a b o l e n e ’ and r i n s e d  w i t h  

d o u b l e  g l a s s  d i s t i l l e d  w a t e r .  S p e c i f i c  q u a n t i t i e s  o f  s t o ck  

s o l u t i o n s  w e r e  p i p e t t e d  o u t  i n t o  a 1 0 0 0  ml b e a k e r .  

S u c r o s e ,  g l u t a m i n e  and m y o - i n o s i t o l  w e r e  a d d e d  f r e s h  and 

d i s s o l v e d .  Coconut  wa t e r  (200 m l . )  c o l l e c t e d  from f r e s h l y  

h a r v e s t e d  t e n d e r  coconut  ( e i g h t  months o l d ) ,  was then added 

and  t h e  v o l u m e  made  u p t o  950 ml u s i n g  d o u b l e  g l a s s  

d i s t i l l e d  w a t e r .  Wi th  an e l e c t r o n i c  pH me te r  ( P h i l i p s  make, 

model  PP 9046 )  t h e  pH v a l u e  o f  t h e  s o l u t i o n  was a d j u s t e d  

be tween  5 . 6  and 5 . 8 ,  u s i n g  0.1 N NaOH o r  0 .1  N HC1. Agar  ( i n  

the  c a s e  o f  s o i l d  medium) was then added to  the medium and 

the  f i n a l  vo lume was made upto  1 0 0 0  ml.



2 8

The s o l u t i o n  was then h ea t e d  by p l a c i n g  the  beake r  

on a h e a t i n g  mant l e  and s t i r r e d  t h r o u g h l y  f o r  un i f o r m m ix in g ,  

t i l l  a g a r  m e l t e d .  A c t i v a t e d  c h a r c o a l ,  when us ed  in  t h e  

medium, was added a t  t h i s  s t a g e .  The medium was poured to 

p r e - s t e r i 1 i z e d  c u l t u r e  v e s s e l s  which were  r i n s e d  w i t h  doub l e  

g l a s s  d i s t i l l e d  w a t e r .  C o rn ing  brand t e s t  tubes  (25 x 150 

mm J and E r l e n m e y e r  f l a s k  ( 1 0 0  m l )  w e r e  u s e d  as  c u l t u r e  

v e s s e l s .  The t e s t  tubes  and Er l enm eye r  f l a s k s  were  f i l l e d  

w i t h  15.0 ml and 30 .0  ml of .  the  medium, r e s p e c t i v e l y .  The 

c u l t u r e  v e s s e l s  c o n t a i n i n g  the  medium were  p lu gg ed  

t i g h t l y  w i t h  c o t t o n .  They  were  then a u t o c l a v e d  a t  

121°C and 1.06 Kg/om^ p r e s s u r e  f o r  20 m inutes .

For  the  i n d u c t i o n  o f  so m a t i c  em bry o id s ,  d i s p o s a b l e  

s t e r i l e  p l a s t i c  p e t r i  d i s h e s  (55 mm x 15 mm) were  used as 

c u l t u r e  v e s s e l s ,  In  t h i s  c a s e ,  the  c u l t u r e  medium was p r e ­

s t e r i l i z e d  in s u i t a b l e  E r l e nm eye r  f l a s k s  ( b y  a u t o c l a v i n g

fl ^a t  121 C and 1.06 Kg/om p r e s s u r e  f o r  20 m in u te s )  and poured 

w h i l e  h o t  i n t o  t h e  p e t r i  d i s h e s .  Th e  p e t r i  d i s h e s  w e r e  

o p e n e d  i n s i d e  a l a m i n a r  a i r  f l o w  ch a m b e r  and s t e r i l i z e d  

medium ( 7 . 0  ml p e r  p e t r i  d i s h )  d i s p e n s e d  i n t o  each p e t r i  

d i s h  u s i n g  s t e r i l e  g l a s s  s y r i n g e .  The p e t r i  d i s h e s  were  then 

c l o s e d  and s e a l e d  t i g h t l y  w i t h  c l i n g  f i l m .
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Agar  was not  used in  the  cas e  o f  l i q u i d  media.  The 

s t e r i l e  p e t r i  d i s h e s  were  opened i n s i d e  the  laminar  a i r  f l o w  

chamber and s t e r i l i z e d  f i l t e r  paper  d i s c s  (54 mm r a d i u s )  

were  put  i n s i d e  u s in g  s t e r i l i z e d  f o r c e p s .  The medium was 

d i s p e n s e d  ( 2 . 0  ml p e r  p e t r i  d i s h )  u s i n g  s t e r i l i z e d  g l a s s  

s y r i n g e .  The p e t r i  d i s h e s  were  c l o s e d  and s e a l e d  t i g h t l y  

us ing  c 1 i ng f i l m .

G. SOMATIC EMBRYOGENESIS 

1. I n d u c t i o n  o f  s o m a t i c  embryo ids

a .  T r e a t m e n t s

T w e n t y  s i x  t r e a t m e n t s  w e r e  e v a l u a t e d  f o r  t h e i r  

a b i l i t y  t o  i n d u c e  s o m a t i c  e m b r y o i d s  ( T a b l e  1 ) .  The  

t r e a t m e n t s  i n v o l v e d  c o m b in a t i o n s  o f  p l a n t  g rowth  sub s t an ce s  

( 2 , 4 -D ,  GA3  and BA)  a c t i v a t e d  c h a r c o a l ,  a g a r ,  g l u t a m i n e ,  

s u c r o s e  and s t r e n g t h  o f  the  basa l  medium ( h a l f  and f u l l ) .  

C u l t u r e  media we re  supp l emented  w i t h  2 , 4-D 1.0 -  16.0 mg/1, 

BA 0 . 5  -  2 .0  mg/1, GA^ 5 .0  -  20 .0  mg/1, a c t i v a t e d  c h ar co a l

500.0  mg/1 -  5 .0  -  g/1 ,  aga r  4 .5  -  7 .0  g/1 ,  g l u t a m i n e  400.0  

-  600 .0  mg/1 aud s u c r o s e  30 .0  -  60 .0  g/1.  The t r e a tm e n ts

were  r e p l i c a t e d  s i x  to  tw en ty  f o u r  t im es .



O b s e r v a t i o n s  w e r e  r e c o r d e d  on t h e  num ber  o f  

c u l t u r e s  i n i t i a t i n g  embryo mass, c a l l u s  and m u l t i p l e  embryos.

b.  Basa l  media

S t u d i e s  we re  conduc ted  t o  f i n d  out  the  e f f e c t  o f

f u l l  s t r e n g t h  and h a l f  s t r e n g t h  o f  t h e  m a j o r  s a l t s  o f  MS

b a s a l  med ium w i t h  s u p p l e m e n t s .  T h e  t r e a t m e n t s  w e r e  

r e p l i c a t e d  18 t o  24 t im es .

O b s e r v a t i o n s  were  made on the  number o f  c u l t u r e s

i n i t i a t i n g  embryo mass, c a l l u s  and m u l t i p l e  embryos.

c .  C u l t u r e  c o n d i t i o n s

S t u d i e s  we re  con du c t ed  t o  f i n d  out  the  e f f e c t  o f  

l i g h t  on th e  i n i t i a l  e s t a b l i s h m e n t  o f  the  c u l t u r e s .  Darkness 

was p r o v i d e d  by p l a c i n g  the  c u l t u r e s  in c u l t u r e  r acks  c o v e r e d  

by b l a c k  p o l y t h e n e  s h e e t s  and by  c o v e r i n g  the  c u l t u r e  v e s s e l s  

w i t h  a lu m in iu m  f o i l .  L i g h t  ( p h o t o p e r i o d  16 h o u r s )  was 

p r o v i d e d  by  c o o l  w h i t e  f l u o r e s c e n t  t u b e s ,  g i v i n g  a l i g h t

i n t e n s i t y  o f  3000 lux .

O b s e r v a t i o n s  w e r e  r e c o r d e d  on t h e  num ber  o f  

c u l t u r e s  i n i t i a t i n g  embryo mass,  c a l l u s  and m u l t i p l e  embryos.



T a b l e 1. T r e a tm e n ts  t r i e d  f o r  t h e  i n d u c t i o n  o f  s o m a t i c
embryoids from n u c e l lu s  and embryomass

No. T r ea tment

T j  1/2 MS + 2 , 4-D 2.0mg/l  + GAg 10.0mg/l  + G lu t  400.0mg/l
+ Sue 3 0 , 0 g / 1 + CW 200.0  ml/I

T 2  1/2 MS + 2 , 4-D lO.Omg/1 + GAg 10.0mg/l  + G lu t  6 0 0 . Omg/1 
+ Sue 3 0 . 0 g / 1 + CW 2 0 0 . Oral/I

T 3 1/2 MS + 2 , 4-D 2 . Omg/1 + GAg 5 . Omg/1 + G lu t  4 0 0 . Omg/1 +
Sue 3 0 .0  + Agar  7 . 0 g / l  + CW 2 0 0 . 0ml/I  + AC 5 . 0 g / l

T^ 1/2 MS + 2 ,4 -D  4.0mg/l  + GAg 5.0mg/l  + G lu t  4 0 0 . Omg/1 +
Sue 3 0 . Og/1 + Agar  7 . 0 g / l  + CW 200 .0ml/I  + AC 5 . 0 g / l

Ts 1/2 MS + 2,4-D 8 . Omg/1 + GAg 5 . Omg/1 + G lu t  4 0 0 . Omg/1 +
Sue 3 0 . Og/1 + Agar  7 . 0 g / l  + CW 2 0 0 . 0ml/I  + AC 5 . Og / 1

Tg 1/2 MS + 2 , 4-D 1 6 . Omg/1 + GAg 5.0mg/l  + G lu t  4 0 0 . Omg/1 +
Sue 3 0 . Og/1 + Agar  7 . 0 g / l  + CW 2 0 0 . 0ml/I  + AC 5 . 0 g / l

T? 1/2 MS + 2 , 4-D 2 . Omg/1 + GAg 1 0 . Omg/1 + G lu t  4 0 0 . Omg/1 +
Sue 3 0 . Og/1 + Agar  7 . 0 g / l  + CW 2 0 0 . 0ml/I  + AC 5 . Og/1

T 8 1/2 MS + 2 , 4-D 4 . Omg/1 + GAg 1 0 . Omg/1 + G lu t  4 0 0 . Omg/1 + 
Sue 3 0 . Og/1 + Agar  7 . Og/1 + CW 2 0 0 . Oml/I + AC 5 . 0 g / l

T 9 1/2 MS + 2 , 4 - D  8 . Omg/1 + GAg 1 0 . Omg/1 + G lu t  4 0 0 . Omg/1 +
Sue 3 0 . Og/1 + Agar  7 . Og/1 + CW 2 0 0 . Oml / 1 + AC 5 . Og / 1

T 1q 1/2 MS + 2 ,4 -D  1 6 .Omg/1 + GAg 10.0mg/l  + G lu t  400.0mg/l  
+ Sue 3 0 . Og/1 + Agar  7 . Og/1 + CW 2 0 0 . Oml/I + AC 5 . Og/1

T u  1/2 MS + 2 ,4 -D  2 . Omg/1 + GAg 20.0mg/l  + G lu t  400.0mg/l  + 
Sue 3 0 . Og/1 + Agar  7 . 0 g / I  + CW 2 0 0 . Oml/I + AC 5 . 0 g / l

T 12 1 / 2  MS + 2 *4-D 4 . Omg/ 1 + GAg 20.0mg/l  + G lu t  4 0 0 . Omg/] +
Sue 3 0 , Og/1 + Ag a r  7 . Og/1 + CW 2 0 0 . Oml/]  + AC 5 . Og/1

T 1 3 MS + 2 ,4 -D  8 . Omg/1 + GAg 2 0 . Omg/1 + G lu t  4 0 0 . Omg/1 +
Sue 3 0 . Og/1 + Agar  7 . Og/1 + CW 2 0 0 . Oml/I + AC 5 . 0 g / l

T i 4  1/2 MS + 2 , 4 -D  1 6 .Omg/1 + GAg 2 0 . Omg/1 + G lu t  400.0mg/l  
+ Sue 3 0 . Og/1 + Agar  7 . 0 g / l  + CW 2 0 0 . Oml/I + AC 5 . Og/1



No. T rea tment

T 1 5  1/2 MS + 2 , 4 -D  5.0mg/l  + GAg 10. Omg/1 + BA 2.0mg/l  +
G l u t  600.  Omg/1 + Sue 6 0 . 0 g / l  + A g a r  6 . 0 g / l  + AC 
5 . Og/1 + CV 2 0 0 . Oml/I

T 1 6  1/2 MS + 2 ,4 -D  l.Omg/1 + GAg 10.0mg/l  + BA 0.5mg/l  +
G lu t  6 0 0 . Omg/1 + Sue 6 0 . 0 g / f  + Agar  6 . Og/1 + AC 5 . 0 g / l  
+ CW 2 0 0 . Oml/I

T 1 7  1/2 MS + 2 ,4 -D  2. Omg/1 + GAg 10.0mg/l  + BA 0.5mg/l  +
G l u t  600.  Omg/1 + Sue 6 0 . 0 g / l  + A g a r  6 . 0 g / l  + AC 
5 . Og/1 + CW 2 0 0 . Oml/I

T 1 8  1/2 MS + 2 ,4 -D  3. Omg/1 + GAg 10. Omg/1 + BA 0.5mg/l  +
G lu t  6 0 0 . Omg/1 + Sue 6 0 . Og/1 + Agar  6 . Og/1 + AC 5 . Og/1 
+ CW 2 0 0 . Oml/1

T . q 1/2 MS + 2 ,4 -D  4. Omg/1 + GAg 10.0mg/l  + BA 0.5mg/l  +
G lu t  6 0 0 . Omg/1 + Sue 6 0 . 0 g / f  + Agar  6 . Og/1 + AC 5 . Og/1 
+ CW 2 0 0 . Oml/I

T 2 0  1/2 MS + 2 ,4 -D  l.Omg/1 + GAg 10. Omg/1 + BA l .Omg/l  +
G l u t  600.  Omg/1 + Sue 6 0 . 0 g / l  + A g a r  6 . O g / 1 + AC
5 . Og/1 + CW 2 0 0 . Oml/I

T 2 1  1/2 MS + 2 , 4 - D  2.  Omg/1 + GAg iO.Omg/1 + BA l.Omg/1 +
G lu t  6 0 0 . Omg/1 + Sue 6 0 . 0 g / l  + Agar  6 . Og/1 + AC 5 . Og/1 
+ CW 2 0 0 . Oml/I

T 2 2  1/2 MS + 2 ,4 -D  3. Omg/1 + GAg 10.0mg/l  + BA l.Omg/1 +
G lu t  6 0 0 . Omg/1 + Sue 6 0 .0 g / l  + Agar  6 . 0 g / l  + AC 5 . 0 g / l  
+ CW 2 0 0 . Oml/I

T 2 3  1/2 MS + 2 ,4 -D  4.  Omg/1 + GAg 10.0mg/l  + BA l .Omg/l  +
G l u t  6 0 0 . Omg/1 + Sue 6 0 . 0 g / l  + Agar  6 . Og/1 + AC 5 . Og/1 
+ CW 2 0 0 . Oml/1

T 2 4  1/2 MS + 2 ,4 -D  4 . Omg/1 + GAg 5 . Omg/1 + BA 0.5mg/l  + G lut
4 0 0 . Omg/1 + Sue 6 0 . Og/I + Agar  6 . 0 g / l  + AC l . O g / l  + CW
2 0 0 . Oml/I

T 2 5  1/2 MS + 2 , 4 -D  5 . Omg/1 + GAg 5 . Omg/1 + G lu t  400.0mg/l  +
Sue 6 0 . Og/1 + Agar  6 . 0 g / l  + AC 2 . 5 g / l  + CW 2 0 0 . Oml/I

T MS + 2 , 4 - D  5 . Omg/1 + GA~ 5.0mg/l  + G lu t  400.0mg/l  +/£b ■*Sue 6 0 . Og/1 + Agar  6 . O g A  + AC 2 . 5 g / l  + CW 2 0 0 . Oml/I



2. I n i t i a t i o n  o f  somatic  embryoids

T h e  c u l t u r e s  f r o m  t h e  i n d u c t i o n  m e d i a  w e r e  

t r a n s f e r r e d  to  i n i t i a t i o n  ( e x p r e s s i o n )  media.

a .  T r e a t m e n t s

T w e l v e  t r e a t m e n t s  we re  t r i e d  f o r  the  i n i t i a t i o n  o f  

s o m a t i c  e m b r y o i d s  ( T a b l e  2 ) .  T h e  t r e a t m e n t s  i n v o l v e d  

c o m b i n a t i o n s  o f  2 , 4 - D  ( 2 . 0 0 - 1 0 . 0 0  m g / 1 ) ,  GAg ( 5 . 0 0 - 1 0 . 0 0  

mg/1) ,  BA ( 0 . 0 5 - 1 . 0 0  mg/ i )  and s t r e n g t h  o f  the  basa l  medium 

( f u l l  and h a l f ) .  The t r e a t m e n t s  w e r e  r e p l i c a t e d  12 ' t o  40 

t i m e s .

O b s e r v a t i o n s  on the  number o f  c u l t u r e s  i n i t i a t i n g  

s o m a t i c  em bry o id s  f rom n u c e l l u s ,  as w e l l  as from embry oge n i c  

c a l l u s  and number o f  c u l t u r e s  h a v i n g  m u l t i p l e  embryos were 

r e c o r d e d  t h r e e  weeks a f t e r  i n c u b a t i o n .

b.  C u l t u r e  c o n d i t i o n s

T h e  e f f e c t  o f  l i g h t  and  t e m p e r a t u r e  on t h e  

i n i t i a t i o n  o f  s o m a t i c  e m b r y o i d s  was s t u d i e d .  L i g h t  was 

p r o v i d e d  by  k e e p i n g  the  c u l t u r e  v e s s e l s  under  the  f l u o r e s c e n t



T a b l e  2.  T r e a t m e n t s  t r i e d  f o r  t h e  i n i t i a t i o n  o f  s o m a t i c  
embryo i ds

No. T r eatment

11 1/2 MS + GA 5. Omg / 1 + G lu t  400.0mg/l  + Sue 6 0 .0 g / l  +
Agar  6 . Og/1 + CH 500 .0  mg/1 + AC 2 . 5 g / l  + CW 2 0 0 . Oml/I

12 1/2 MS + 2, 4-D 5 . Omg/1 + G lu t  4 0 0 . Omg/1 + Sue 6 0 .0 g / l  +
A gar  6 . 0 g / 1 + CH 500 .0  mg/1 + AC 2 . 5 g / 1 + CW 2 0 0 . Oml/I

13 1/2 MS + 2, 4-D lO.Omg/l  + Glut  400.0mg/l  + Sue 6 0 . Og/1
+ A g a r  6 . O g / 1 + CH 5G 0 .0 m g/ l  + AC 2 . 5 g / l  + CW
2 0 0 . Oml/I

14 1/2 MS + 2 ,4 -D  2 . Omg/1 + BA 1.0 mg/1 + GA 5.0mg/l  + G lu t
4 0 0 . Omg/1 + Sue 6 0 . Og/1 + Agar  6 . Og/1 + CH 5 0 0 . Omg/1
+ AC 2 . 5 g / l  + CW 2 0 0 . Oml/1

15 MS + 2, 4-D 10.0mg/l  + GA 10.0mg/l  + Glut  600.0mg/l  +
Sue 6 0 . Og/1 + AC 2 . 5 g / l  + CH 50 0 .Omg/1 + Agar  4 . 5 g / 1 +
CW 2 0 0 . Om1/1

16 MS + 2 , 4-D 10.0mg/l  + GA iO.Omg/1 + BA 0 . 0 5 g / l  + Glut
6 0 0 . Omg/1 + Sue 60. Og/1 + AC 2 . 5 g / l  C1I 500. Omg/1 +
Agar  4 . 5 g / l  + CW 2 0 0 . Oml/I

17  1/2 MS + BA 0.5mg/l  + G lu t  600.0mg/l  + Sue 6 0 .0 g / l  + CH
5 0 0 . Omg/1 + Agar  6 . Og/1 + AC 2 . 5 g / l  + CW 2 0 0 . Oml/I

18 1/2 MS + 2 ,4 -D  1 0 .Omg/1 + BA 0 . 5rag/1 + G lu t  6 0 0 . Omg/1 +
Sue 60.  Og/1 + CH 500. Omg/1 + Agar  6 . 0 g / l  + AC 2. 5 g / 1 +
CW 2 0 0 . Oml/I

19 1/2 MS + GA 5. Omg/1 + BA 0.05mg/l  + Sue 60. Og/1 + CH
500. Omg/1 + AC 2 . 5 g / l  + Agar  6 . 0 g / l  + CW 200. Oml/I +
G lu t  400.0mg/l

I ^ q 1/2 MS + 2 ,4 -D  5.0mg/l  + BA 0.05mg/l  + G lu t  400.0mg/l  +
Sue 6 0 . Og/1 + CH 5 0 0 . Omg/1 + Agar  6 . Og/1 + AC 2 . 5 g / l  +
CW 2 0 0 . Oml/I

111 ^  + 2,4-D 10.0mg/l + BA 0.05mg/l + Glut 400.0mg/l + 
Sue 60.Og/1 + CH 500.Omg/1 + Agar 6.0g/l + AC 2.5g/l 
+ CW 200.Oml/I

1 1 2  1/2 MS + 2 ,4 -D  2 . Omg/1 + GA 5.0mg/l  + BA 0 . 05mg/1 + Glut
4 0 0 . Omg/1 + Sue 6 0 . Og/1 + CH 5 0 0 . Omg/1 + Agar  6 . Og/ 1 
+ AC 2 . 5 g / l  + CW 2 0 0 . Oml/I



t u b e l i g h t s  a t  an i n t e n s i t y  o f  3000 lux .  In  o r d e r  to p r o v i d e  

d a r k n e s s c u 1 t u r e  v e s s e l s  we re  kep t  in  c u l t u r e  r a c k s / s ta n d s  

c o v e r e d  w i t h  b l a c k  p o l y t h e n e  s h e e t  o r  a luminium f o i l .  The 

i n f l u e n c e  o f  t e m p e r a t u r e  on  t h e  i n i t i a t i o n  o f  s o m a t i c  

e m b r y o i d s  was s t u d i e d  by  k e e p i n g  t h e  c u l t u r e s  i n s i d e  t h e  

c u l t u r e  room ( 2 6 °  +, 2 °C )  and o u t s i d e  the  c u l t u r e  room a t  room 

( a m b i e n t )  t e m p e r a t u r e .

O b s e r v a t i o n s  w e r e  r e c o r d e d  on t h e  n u m b e r  o f  

c u l t u r e s  i n i t i a t i n g  s o m a t i c  e m b r y o i d s  and t h e  number  o f  

e m b r y o i d s  p r oduced  p e r  f l a s k .

3.  M a t u r a t i o n  o f  s o m a t i c  e m b r y o id s

The i n i t i a t e d  s o m a t i c  e m bryo i ds  were  t r a n s f e r r e d  to  

the  m a t u r a t i o n  medium.

a .  T r e a t m e n t s

i .  ABA

Fo r  the  m a t u r a t i o n  o f  s o m a t i c  em b ry o id s ,  MS and B5 

b a s a l  m e d i a  w e r e  u s e d .  The s o m a t i c  e m b r y o i d s  f r o m  t h e  

i n i t i a t i o n  medium were  t r a n s f e r r e d  t o  the  m a t u r a t i o n  medium 

c o n t a i n i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  a b s c i s i c  a c i d  

( 0 . 5  -  10.57 mg/1) .  S om a t i c  embryos  f rom the i n i t i a t i o n  media
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were  t r a n s f e r r e d  t o  100 ml Er l enmeye r  f l a s k  c o n t a i n i n g  40 .0  

ml o f  the  m a t u r a t i o n  media .  The t r e a t m e n t s  were  r e p l i c a t e d  

e i g h t  t o  tw e n t y  t h r e e  t imes .

The e f f e c t s  o f  v a r i o u s  t r e a t m e n t s  were  o b s e r v e d  f o r  

a p e r i o d  o f  s i x  weeks.  O b s e r v a t i o n s  were  made on the  s i z e  

and c o l o u r  o f  t h e  s o m a t i c  e m b r y o i d s  and on t h e  number  o f  

s o m a t i c  em bry o id s  pe r  f l a s k .

i i . S u c r o s e

C u l t u r e s  i n i t i a t i n g  s o m a t i c  e m b r y o i d s  w e r e  

t r a n s f e r r e d  t o  Bg medium c o n t a i n i n g  s u c r o s e  15 .0 ,  20 .0  and

30 .0  g/1 .  These  t r e a t m e n t s  we re  compared f o r  t h e i r  e f f e c t s  

on the  m a t u r a t i o n  o f  so m a t i c  embryos .

The e f f e c t s  o f  v a r i o u s  t r e a t m e n t s  we re  o b s e r v e d  f o r  

a p e r i o d  o f  s i x  weeks .  O b s e r v a t i o n s  were  made on the s i z e  

and c o l o u r  o f  the  s o m a t i c  em bryo ids  and the  number o f  so m a t i c  

emb ryo ids  p e r  f l a s k .

b.  C u l t u r e  c o n d i t i o n s

The e f f e c t  o f  l i g h t  and da rknes s  on the  m a t u r a t i o n



T a b l e  3 .  T r e a t m e n t s  t r i e d  f o r  t h e  m a t u r a t i o n  o f  s o m a t i c  
embryo i ds

No. T r eatment

Mt 1/2 MS + BA 0.5mg/l  + IBA O.lmg/1 + GA 5.0mg/l  + G lut
4 0 0 . Omg/1 + Sue 4 0 . 0 g / l  + CH 5 0 0 . Omg/1 + Agar  6 . 0 g / l  
+ AC 5 0 0 . Omg/1 + CW 2 0 0 . Oml/I

M2  1/2 MS major  + 1/2 Minor  + F u l l  o r g a n i c s  + CH 100.0mg/l  
+ Sue 4 0 . 0 g / l  + A g a r  5 . 5 g / l  + AC 2 5 0 . 0 m g / l  + CW
2 0 0 . 0 m1 / 1

M3 1/2 MS + ABA 0.5mg/l  + CH 100.0mg/l  + Sue 4 0 . 0 g / l  + Agar  
5 . 0 0 g / 1 + AC 2 5 0 . Omg/1 + CW 2 0 0 . Oml/I

M4 1/2 MS + ABA l .Omg/l  + Sue 40.0mg/l  + CH 100.0mg/l  + Agar  
5 . 5 g / l  + CW 2 0 0 . Oml/I + AC 2 5 0 . Omg/1

M5 1/2 MS + ABA 1.5mg/l  + CH 10 0 .Omg/1 + Sue 4 0 . 0 g / l  + Agar
5 . 5 g / l  + CW 2 0 0 . Oml/I + AC 2 5 0 . Omg/1

Mg 1/2 MS + ABA 2 . Omg/1 + CH 10 0 .Omg/1 + Sue 4 0 . 0 g / l  + Agar
5 . 5 g / l  + CW 2 0 0 . Oml/I + AC 2 5 0 . Omg/1

My 1/2 MS + ABA 5.0mg/l  + CH 100.0mg/l  + Sue 4 0 . 0 g / l  + Agar
5 . 5 g / l  + CW 2 0 0 . Oml/I + AC 2 5 0 . Omg/1

M8 1/2 MS + ABA 10. Omg/1 + CH 100. Omg/1 + Sue 4 0 . 0 g / l  +
Agar  5 . 5 g / l  + CW 2 0 0 . 0 m l / 1 + AC 2 5 0 . Omg/1

Mg 1/2 MS + CH 100. Omg/1 + ABA 4 .23  mg/1 + Sue 4 0 .0 g / l  + 
Agar  6 . Og/1 + AC 2 5 0 . Omg/1 + CW 2 0 0 . Oml/I

M^q 1/2 MS + CH 100.0mg/l  + ABA 4.76mg/l  + Sue 4 0 .0 g / l  +
Agar  6 . Og/1 + AC 2 5 0 . Omg/1 + CW 2 0 0 . Oml/I
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No. T r ea tmen t

Mn  1/2 MS + CH 100. Omg/1 + ABA 5.29mg/l  + Sue 4 0 . 0 g / l  +
Agar  6 . Og/1 + AC 2 5 0 . Omg/1 + CV 2 0 0 . Oml/I

M1 2  1/2 MS + CH 100. Omg/1 + ABA 10.57mg/l  + Sue 40. Og/1 +
Agar  6 . 0 g / l  + AC 2 5 0 . Omg/1 + CV 2 0 0 . Oral/I

M1 3  1/2 MS + CH 100. Omg/1 1 + ABA 1.32mg/l  + Sue 4 0 . 0 g / l  +
Agar  6 . Og/1 + AC 2 5 0 . Omg/] + CW 20 0 .0m l/ l . ___

M1 4  1/2 MS + CH 1 0 0 . Omg/ 1 + ABA l .Omg/1 + PEG 5 0 . 0 g / l  + Sue
40 . Og/'l + Agar  6 . 0 g / l  + AC 250.  Omg/1 + CW 200. Oml/I

Mi 5 Bg M a j o r  + MS minor  + CH 250.0mg/l  + ABA 0.79mg/l  +
A g a r  6 . 0 g / 1 + AC 2 5 0 . 0 m g / l  + Sue 20 . O g / 1 + CW
2 0 0 . Oml / 1

M16 B5 Ma jo r  + MS minor  + CH 250. Omg/1 + ABA 0.79mg/l  +
A g a r  6 . 0 g / l  + AC 2 5 0 . O m g / 1 + Sue  1 5 . 0 g / l  + CW
2 0 0 . Oml/I

Mi? B5 M a jo r  + MS minor  + CH 2 5 0 . Omg/1 + ABA 0.79rag/l  +
A g a r  6 . O g / 1 + AC 250 . Omg/ 1 + Sue  3 0 . 0 g / l  + CW
2 0 0 . Om1 / 1



IP,

o f  s o m a t i c  e m b r y o i d s  was  s t u d i e d .  T h e  c u l t u r e s  w e r e  

in cu b a t ed  in  l i g h t  (3000 l u x )  and da r kne ss .

O b s e r v a t i o n s  were  made a f t e r  f o u r  weeks on the  s i z e  

and c o l o u r  o f  th e  e m b r y o i d s  as  w e l l  a s  on t h e  number  o f  

e m br yo id s  p roduced  pe r  f l a s k .

4. G e r m i n a t i o n  o f  s o m a t i c  em bryo id s

T h e  e m b r y o i d s  f r o m  t h e  m a t u r a t i o n  m e d i a  w e r e  

t r a n s f e r r e d  t o  the  g e r m i n a t i o n  media.

a .  T r e a t m e n t s

T h i r t y  t r e a t m e n t s  we re  t r i e d  f o r  the  g e r m i n a t i o n  o f  

s o m a t i c  e m b r y o i d s  ( T a b l e  4 ) .  MS was u s e d  as  t h e  b a s a l  

medium. A l l  th e  t r e a t m e n t s  w e r e  r e p l i c a t e d  s i x  t o  f o r t y  

t i m e s .  The t r e a t m e n t s  i n c lu d e d  c o m b in a t i o n s  o f  p l a n t  g r ow th  

s u b s t a n c e s ,  s u c r o s e ,  a g a r ,  coconut  w a t e r ,  n i t r o g e n  s o u r c e ,  

sodium b u t y r a t e  and p o l y e t h y l e n e  g l y c o l  ( PEG) .

The i n f l u e n c e  o f  p l a n t  g r ow th  su bs ta n ce s  l i k e  BA 

( 0 . 5  -  20 .0  mg/1), .  GA3 ( 0 . 1  -  10 .0  gm/1) ,  2 i P  ( 1 . 0  -  5 .0

mg/1)  and NAA. ( 0 . 1  mg/1)  on t h e  g e r m i n a t i o n  o f  s o m a t i c
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e m b r y o i d s  was s t u d i e d  by i n c o r p o r a t i n g  them ( i n  v a r i o u s  

c o m b i n a t i o n s )  i n  the g e r m i n a t i o n  media .  N i t r o g e n  so ur ce  o f  

the  MS ba sa l  medium was m o d i f i e d  by u s i n g  h a l f  s t r e n g t h  and 

one f o u r t h  s t r e n g t h  ammonium n i t r a t e  and h a l f  s t r e n g t h  

p o t as s iu m  n i t r a t e .  Suc rose  was i n c o r p o r a t e d  i n t o  the medium 

a t  2 0 . 0 ,  3 0 . 0  and 9 0 . 0  g/ 1 .  The  c o n c e n t r a t i o n  o f  a g a r

v a r i e d  f rom 4 .5  to  10.0 g/1 in  the  d i f f e r e n t  t r e a t m e n t s .  

The i n f l u e n c e  o f  PEG on the  g e r m i n a t i o n  o f  so m a t i c  embryo ids  

was s t u d i e d  by  i n c o r p o r a t i n g  f i v e  p e r  c e n t  PEG t o  t h e  

g e r m i n a t i o n  medium. Sodium b u t y r a t e  ( 1 0 . 0  uM) was added to 

t h e  m e d i u m .  C o c o n u t  w a t e r  was t r i e d  a t  2 0 0 . 0  m l .  A 

c o m b i n a t i o n  w i t h o u t  coconut  w a t e r  was a l s o  i n c lu d e d .

O b s e r v a t i o n s  were  r e c o r d e d  on the  g e r m i n a t i o n  o f  

s o m a t i c  e m b r y o i d s ,  f o r m a t i o n  o f  r o o t  and s h o o t ,  s i z e  o f  

e m b r y o id s ,  c o l o u r  o f  embryo ids  and number o f  embryo ids  per  

c u l t u r e  a f t e r  f o u r  weeks.
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T a b le  4. Treatments  t r i e d  f o r  the g e rm in a t ion  o f  somatie
embryoids

No. T r ea tment

G, MS + BA 5 . Omg/1 + Sue 3 0 . Og/1 + AC 2 . 5 g / l  + Agar  5 . 5 g / l  
+ CV 2 0 0 . Oml/I

G2 1/2 MS + BA 10. Omg/1 + Sue 2 0 .0 g / l  + AC 1 . 0 g / l  + Agar
5 . 5 g / l  + CW 2 0 0 . Oml/I

Go 1/2 MS + BA 2.5mg/l  + Sue 2 0 .0 g / l  + AC 1 . Og/1 + Agar
5 . 5 g / l  + CV 2 0 0 . Oml/I

G4 1/2 MS + BA 1.25mg/l  + Sue 2 0 . 0 g / l  + AC 1 . 0 g / 1 + Agar
5 . 5 g / l  + CW 2 0 0 . Oml/I

G5 MS + BA 5 . Omg/1 + Sue 3 0 . 0 g / l  + AC 2 . 5 g/ I  + Agar  5 . 5 g / l  
(No cw)

Gg MS + BA S . O m g / l  + Sue  3 0 . 0 g / l  + A g a r  5 . 5 g / l  + CW
2 0 0 . Oml/I (No AC)

G7 MS + BA 5 . Omg/1 + Sue 3 0 . 0 g / l  + CW 2 0 0 . Oml/I

G8 MS + BA 1 0 . Omg/1 + GAg 1 0 . Omg/1 + Sue 30 .0 g/ l  + AC 2 .5 g / l
+ Agar  6 . Og/I + CW 2 0 0 . Oml/I

G9 MS + BA 2 0 . Omg/1 + Sue 3 0 . 0 g / l  + Agar  6 . 0 g / l  + AC 2 . 5 g / l  
+ CW 2 0 0 . Oml/I

Gjq MS + BA 10.0mg/ l  + GAg 5 . 0 m g / l  + Sue 3 0 . 0 g / l  + A g a r
6 . Og/1 + AC 2 . 5 g / l  + CW 2 0 0 . Oml/I

Gu  MS + GAg 10. Omg/1 + Sue 3 0 . 0 g / l  + Agar  6 . 0 g / l  + AC
2 . 5g/ l  + CW 2 0 0 . Oml/I

G 1 2  1/2 MS + BA 10. Omg/1 + Sue 3 0 .0 g / l  + Agar  4. 5 g / 1 + AC
2 . 5 g / l  + CW 2 0 0 . Oml/I

G1 3  MS + Sue  3 0 . O g /1 + A g a r  6 . O g / 1 + AC 2 . 5 g / l  + CW
2 0 0 . Om1 / 1

G1 4  1/2 MS + BA l.Omg/1 + GAg 5.0mg/l  + Sue 3 0 . 0 g / l  + CW
200 .0ml/ l  + V i t  C 150ppm + C i t r i c  a c i d  150ppm

G1 5  1/2 MS + BA 1 + Sue 30. Og/1 + Agar  lOg/1 + AC 2 . 5 g / l  +
CW 200 .0ml/ l  + V i t  C“ 150ppm + C i t r i c  a c i d  150ppm



No. T reatment

Gi e  1/2 MS + BA l.Omg/1 + Sue 90.  Og/1 + Agar  5. 5 g / 1 + AC
2 . 5 g / l  + CW 200 .0m l/ l  + V i t  C 150ppra + C i t r i c  a c i d
150ppm

Fr es h  n u c e l l u s  kep t  a s i d e  embryos in  Gg

G 18 1/2 MS + BA l.Omg/1 + Sue 30.0g/l + Agar 5.5g/l + AC
2.5g/l + CW 200.0ml/l + Vit C ISOppm + Citric acid
i SOppm

Gjg 1/2 MS + BA 0.5mg/l + GAg O.lmg/1 + NAA O.lmg/1 + Sue 
30g/l + Agar 6.0g/1 + AC 2.5g/l + CW 200.Oml/I

° 2 0 1/2 MS + 
6 . Og/ 1

BA 5 
+ AC

.Omg/ 1  + 
2 . 5 g / 1 +

2 i P  i .Omg/1 + 
CW 2 0 0 . Oml/I

Sue 3 0 . Og/1 + Agar

G 2 1 1/2 MS + 
6 .Og / 1

BA 1 
+ AC

■Omg/ 1  + 
2 . 5 g / l  +

2 i P  1 . Omg/1 + 
CW 2 0 0 . Oml / 1

Sue 3 0 . Og/1 + Agar

G 2 2 1/2 MS + 
2 . 5 g / 1

2 iP  
+ CW

5 . Omg/ 1  + Sue 3 0 . Og/1 
2 0 0 . Oml/ 1

+ Agar  6 . Og/1 + AC

G23 1/2 MS + 
6 . Og / 1

BA 1 
+ AC

.Omg/ 1  + 
2 . 5 g / l  +

2 i P  5 . Omg/1 + 
CW 2 0 0 . Oml/I

Sue 3 0 . Og/l  + Agar

O to 1/2 MS + 
6 . Og / 1

BA 5 
+ AC

. Omg/ 1 + 
2 . 5 g / l  +

2 iP  5 . Omg/1 + 
CW 2 0 0 . Oml/I

Sue 3 0 . Og/1 + Agar

G25 1/2 MS + 
6 . Og / 1

BA 5. 
+ AC

Omg/1 + 
2 . 5 g / l  +

2 i P  2 . Omg/l + 
CW 2 0 0 . Oml/I

Sue 3 0 . Og/l  + Agar

G26 1/2 MS + BA 1 0 . Omg/1 + GAg 1 0 . Omg/ 1 + Sodium b u t y r a t e
10 uM + Sue 
2 0 0 . Oml/I

3 0 . Og/1 + Agar  6 . Og/1 + AC 2 . 5 g / l + CW

O to -0 1/2 MS + 
6 . Og / 1

BA 1 
+ AC

.Omg/ 1  + 
2 . 5 g / l  +

PEG 5 0 . Og/1 + 
CW 2 0 0 . Oml/I

Sue 3 0 . Og/l  + Agar

G28 1 / 2  + tN H4 ND3 h a l f )  + BA l.Omg/1 + 2 i P  l .Omg/1 + Sue
3 0 . Og/1 + Agar  6 . Og/1 + AC 2 . 5 g / l  + CW 2 0 0 . Oml/I

G29 1 j^2 MS + NOg l / 4 t h  c o n e )  + BA l .Omg / 1  + 2 iP  i .Omg/1
+ Sue 3 0 . Og/1 + Agar  6 . Og/1 + AC 2 . 5g/I  + CW 2 0 0 . Oml/I

G30 1 / 2  MS + . ( KNO3 h a l f )  + BA l .Omg/1 + 2 i P  l .Omg/1 + Sue
3 0 . Og/1 + Agar  6 . Og/l  + AC 2 . 5 g / l  + CW 2 0 0 . Oml/I



T a b l e  5. T r e a t m e n t s  t r i e d  f o r  th e  i n d u c t i o n  o f  so m a t i c  
e m b r y o i d s  f r om l e a f  e x p l a n t

No.  T r ea tm en t

L'j MS + 2 , 4 - D  2.  Omg/1 + BA l .Om g/1  + AC 1 . 0 g / l  + A g a r
6 . Og/l  + Sue 3 0 . Og/l  + CW 2 0 0 . Oml/I

L 2  MS + 2 , 4 - D  2. Omg/1 + BA l .Omg/1 + Sue 30.0g/_l

Lg MS + 2 , 4 —D 0 . 5 m g / l  + BA 0 . 5 m g / l  + NAA 0 . 5 m g / l  + Sue
3 0 . Og/l  + CW 2 0 0 . 0m1/1

L4 MS + 2 , 4 - D  2 . 0mg/l  + BA l . O m g / l  + AC 0 . 1 g / l  + A g a r
6 . 0 g / l  + Sue 3 0 . 0g/ l

L 5 MS + 2 , 4 - D  O.Smg/1 + BA 0 . 5 m g / l  + NAA 0 . 5 g / l  + Sue
3 0 . Og/l

Lg 1/2 MS + 2 , 4 - D  5 . Omg/l + GAg 5 . Omg/1 + G lu t  4 0 0 . Omg/1 +
Sue 6 0 . Og/l  + Aga r  6 . Og/1 + AC 2 . 5 g / 1 + CW 2 0 0 . Oml/I





RESULTS

T h e  r e s u l t s  o f  t h e  i n v e s t i g a t i o n s  a i m e d  a t  

o p t i m i s i n g  the  _in v i  t r o  p r o d u c t i o n  o f  so m at i c  embryo ids  in 

p o l y e m b r y o n i c  mango v a r i e t i e s  a r e  p r e s e n t e d  in  t h i s  c h a p t e r .

A. V a r i e t i e s

N u c e l l u s  a s  w e l l  a s  e m b r y o  mass  f r o m  s i x  

p o l y e m b r y o n i c  mango v a r i e t i e s ,  namely ,  T l i a l imanga,  P u l i c h i ,  

K a l l u v a r i k k a ,  K i l i c h u n d a n ,  V e l l a r i  and V a r i k k a  ( T a b l e  6 ) 

we re  used f o r  the  i n d u c t i o n  o f  so m a t i c  embryogenes  i s . The 

h i g h e s t  p e r  c e n t  ( 8 7 . 5 0 )  c u l t u r e s  i n i t i a t i n g  s o m a t i c  

em bry o id s  f rom n u c e l l u s  was o b s e r v e d  f o r  K a l l u v a r i k k a . The 

l e a s t  r e s p o n s e  ( 5 0 . 0 0  p e r  c e n t )  was r e c o r d e d  by  V e l l a r i .  

E x p l a n t s  ( n u c e l l u s  as w e l l  as  embryo mass)  o f  K i l i c h u n d a n  d id  

not  r e spond  t o  the  t r e a t m e n t s .  The r e s p o n s e  o f  the  o t h e r  

t h r e e  v a r i e t i e s  r a n g e d  f r o m  6 3 . 1 5  t o  7 6 . 9 2  p e r  c e n t .  

A l t h o u g h  n u c e l l u s  f rom V e l l a r i  r e c o r d e d  the  l e a s t  p e r  c e n t  

c u l t u r e s  i n i t i a t i n g  s o m a t i c  em bry o id s ,  embryo mass o f  the 

v a r i e t y  was o b s e r v e d  t o  have  the  h i g h e s t  p e r  c e n t  i n i t i a t i o n  

( 9 1 . 6 6 ) . -  The l e a s t  r e s p o n s e  ( 2 7 . 2 7  pe r  c e n t )  f rom embryo 

mass was o b s e r v e d  f o r  V a r i k k a .  The o t h e r  t h r e e  v a r i e t i e s  

r e c o r d e d  64 .29  t o  83.34 p e r  c en t  i n i t i a t i o n .



us.

B. E x p l a n t s

1 . Response

The r e s p o n s e  o f  the  d i f f e r e n t  e x p l a n t s  w i t h  r e s p e c t  

t o  t h e  i n d u c t i o n  o f  s o m a t i c  e m b r y o i d s  was s t u d i e d .  Two 

v a r i e t i e s  ( V e l l a r i  and KaI  1u v a r i k k a ) w e r e  u s e d  f o r  t h e  

p u rp os e .  Th re e  t y p e s  o f  e x p l a n t s ,  namely,  n u c e l l u s ,  embryo 

mass and t e n d e r  l e a f  segments  we re  used.  Embryomass r e c o r d e d  

t h e  h i g h e s t  r e s p o n s e  ( 9 1 . 6 6  p e r  c e n t  c u l t u r e s  i n i t i a t i n g  

s o m a t i c  embryos )  i n  V e l l a r i  ( T a b l e  7 ) .  In  Ka11u v a r i k k a , the 

b e s t  r e s p o n s e  ( 8 7 . 5 0  p e r  c e n t )  was  o b s e r v e d  f r o m  t h e  

n u c e l l u s .  But l e a f  s e g m e n t s  o f  b o t h  v a r i e t i e s  d i d  no t  

r e s po nd  t o  the  t r e a t m e n t s .  However ,  numerous smal l  creamy

g l o b u l a r  s t r u c t u r e s  w e r e  s e e n  i n i t i a t e d  f r o m  t h e  l e a f  

e x p l a n t s  o f  V e l l a r i .  Such s t r u c t u r e s  f a i l e d  t o  d e v e l o p  

f u r t h e r  on s u b c u l t u r e .

2. O r i e n t a t i o n

T h r e e  t y p e s  o f  o r i e n t a t i o n  w e r e  t r i e d  w h i l e  

i n o c u l a t i n g  n u c e l l a r  t i s s u e .  I n  t h e  f i r s t  t y p e ,  n u c e l l a r  

t i s s u e  was s cooped  out  f rom the  o v u l e  and i n o c u l a t e d  on to  

t he  medium. I n  the  s e con d  t y p e ,  n u c e l l u s  a l o n g  w i t h  a 

p o r t i o n  o f  t h e  o v u l e  was i n o c u l a t e d  w i t h  t h e  o v u l e  i n



46

Culture medium : 1/2 MS + 2,4-D 5,0 mg/1 + GAg 5.0 mg/1 + glutamine 400.0 
mg/1 + sucrose 60.0 g/1 + agar 6.0 g/1 + AC 2.5 g/1 + CW 200.0 ml/I

T a b le  6. I n f lu e n c e  o f  v a r i e t i e s  on the  in d u c t ion  o f  somatic
embryoids

V arie ty R ep lica tion
Cultures in it ia t in g  

somatic embryoids /multiple/ 
zygo tic  embryos (.%)

Nucellus Embryomass Nucellus Embryomass

Thaiimanga 19 28 63.15 64.29

Pu lich i 17 7 70.58 71.42

Kalluvarikka 8 12 87.50 83.34

Ki 1 ichundan 23 20 0 .0 0 0 .0 0

Varikka 13 1 1 76.92 27.27

Ve l l a r i 4 12 50.00 91.66

Table 7. In fluence o f  explants on the 
zy g o t ic  embryos

induction o f somatic / multiple

V arie ty R ep lica tion Cultures in it ia t in g  somatic 
embryos/cal1us/multiple/ 

zygo tic  embryos (%)

Nucellus Embryomass Leaf
segment

Nucellus Einbryomass Leaf
segment

Ve l lar i .  4 12 24 50.00 91.66 0.00

Kalluvarikka 8 12 18 87.50 83.34 0.00



T a b l e  8 . E f f e c t  o f  o r i e n t a t i o n  o f  e x p l a n t  on the  _in v i t r o  
re sp o n se

C u l t u r e  medium : 1/2 MS + 2 , 4 - D  5 .0  mg/1 + GA3 5 .0  mg/1 +
g l u t a m i n e  400 .0  mg/1 + s u c r o s e  60 .0  g/1 + a ga r  6 ,0  g/1 + AC 
2 .5  g/1 + CW 200.0  ml/1

T rea tmen t R e p l i c a t  i o n Cu1tu r e s  
i n i a t  ing 
soma t i c  
embryos (%)

N u c e l l u s  p l a c e d  on the  
medium

6 16.67

N u c e l l u s  + p a r t  o f  o v u l e  
i n o c u l a t e d  h o r- izon ta  1 1 y

6 16.67

N u c e l l u s  + p a r t  o f  o v u l e  
i n o c u l a t e d  v e r t i c a l l y

6 6 6 . 67

T a b l e  9.  E f f e c t  o f  v a r i o u s  t r e a t m e n t s  on t h e  j j i  v i t r o  
re sp o n se  o f  l e a f  e x p l a n t s

T r e a t -  R e p l i -  Con tami-  Response
ment * c a t i o n  n a t i o n

(%) (%)

L 1 1 2 83.30 0 . 0 0

L 2 24 66 . 67 8.33

L 3 1 2 1 0 0 . 0 0 0 . 0 0

L4 1 2 1 0 0 . 0 0 0 . 0 0

L 5 1 2 1 0 0 . 0 0 0 . 00

L 6 18 44 . 40 0 . 00

* C o m p o s i t i o n  o f  t r e a t m e n t s  g i v e n  in T a b l e  5.



h o r i z o n t a l  p o s i t i o n .  I n  t h e  t h i r d  m e t h o d ,  n u c e l l u s  a l o n g  

w i t h  a p o r t i o n  o f  the  o v u l e  in  a v e r t i c a l  p o r t i o n  was used.  

The maximum r e s p o n s e  ( 6 6 . 6 7  pe r  c e n t )  was o b s e r v e d  in  the  

t h i r d  t y p e  o f  o r i e n t a t i o n  ( T a b l e  8 ) .  The r e s p o n s e  f rom the 

f i r s t  and the  second t yp e  was 16.67 p e r  c en t  o n l y .

C. I n d u c t i o n  o f  s o m a t i c  embryo ids

I .  T r e a t m e n t s

D u r i n g  th e  f i r s t  s e a s o n  ( J a n u a r y  t o  May 1 9 9 3 ) ,  

t w e n t y  f i v e  t r e a t m e n t s  i n v o l v i n g  v a r i o u s  c o m b i n a t i o n s  o f  

p l a n t  g ro w th  s u b s t a n c e s ,  g l u t a m i n e ,  a c t i v a t e d  c h a r c o a l  and 

a g a r  we re  t r i e d  f o r  the  i n d u c t i o n  o f  so m at i c  em bry o id s .  The 

most p r o m i s i n g  t r e a tm e n t  was found t o  be 1/2 MS + g lu t a m in e

400 .0  mg/1 + 2 ,4  -  D 5 .0  mg/1 + GAg 5 .0  mg/1 + s u c r o s e  60 .0  

g/1 + a g a r  6 .0  g/1 + AC 2 .5  g/1 + CW 200 .0  ml/I  ( T 2 5 J.

T w e n t y  t h r e e  t r e a t m e n t s  w e r e  t r i e d  d u r i n g  th e  

second s ea son  ( J a n u a r y - A p r i I  1994)  f o r  two v a r i e t i e s  ( P u l i c h i  

and K a l l u v a r i k k a ) . For  b o th  the  v a r i e t i e s ,  the  most p r o m i s i n g  

t r e a t m e n t  f o r  t h e  i n d u c t i o n  o f  s o m a t i c  e m b r y o i d s  f r om  

n u c e l l a r  t i s s u e  ( P l a t e s  1 and 2 )  was f ound t o  be Tg$ ( T a b l e s



i n i t i a t e d  in  70 .58  p e r  c e n t  o f  the  c u l t u r e s  o f  P u l i c h i  and

8 7 . 5 0  p e r  c e n t  o f  t h e  c u l t u r e s  o f  K a l  l u v a r i k k a  when
i

s u b j e c t e d  t o  T 2 5  • In  P u l i c h i ,  the  embryo mass s u b j e c t e d  to 

t h i s  t r e a t m e n t  e x h i b i t e d  i n i t i a t i o n  o f  c a l l u s  in  14.29 per  

c e n t  o f  t h e  c u l t u r e s  and m u l t i p l e  embryos in 57.14 p e r  c en t  

o f  the  c u l t u r e s .  The r e sp o n se  f rom n u c e l l a r  t i s s u e  was 66.67 

p e r  c e n t  in  the  t r e a t m e n t s  T4 , T g , T^7 > and T2 4  ( T a b l e

-10) . The t r e a tm e n  t 4> T8 ’ T 17 and T 24  c o n t a i n e d  4 .0  mg/1

2 ,4 - D  w h i l e  T j g  had 8 .0  mg/1 o f  the  p l a n t  g r ow th  subs t an ce .  

The t r e a t m e n t s  Tg ,  Tg and Tgo  r e c o r d e d  50 .0  per  c e n t  r esponse  

f rom n u c e l l u s .  Th e r e  was no r e s p o n s e  f rom n u c e l l a r  t i s s u e  in 

the  t r e a t m e n t s  Tg ,  T 7 , T j q ,  T ^ j  and T 2 q*

The  t r e a t m e n t  ^25 was t h e  b e s t  f o r  i n i t i a t i n g  

so m a t i c  em bryo i d s  f rom the  n u c e l l a r  t i s s u e  ( 8 7 . 5 0  p e r  c en t  

c u l t u r e s )  i n  K a l l u v a r i k k a . T h i s  t r e a tm e n t  p roduced  m u l t i p l e  

/ z y g o t i c  embryos in 66 .67  p e r  c e n t  c u l t u r e s  and c a l l u s  in 

1 6 . 67  p e r  c e n t  c u l t u r e s  f r om  e m b r y o  mass ( P l a t e  8 ) . The  

t r e a t m e n t  T 4 i n i t i a t e d  s o m a t i c  em bryo ids  f rom n u c e l l a r  t i s s u e  

in  75 .00  pe r  c e n t  o f  the  c u l t u r e s .  As i n f l u e n c e d  by the 

t r e a t m e n t ,  33 .30  p e r  c e n t  c u l t u r e s  i n i t i a t e d  c a l l u s  and 16.67 

p e r  c e n t  c u l t u r e s  i n i t i a t e d  m u l t i p l e  e m b r y o s  f r o m  em bry o

10 and 11) .  Somat ic  embryoids from n u c e l l a r  t i s s u e  were
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mass. The t r e a t m e n t  Tg , T j y ,  T g j  and T 2 2  i n i t i a t e d  so ma t i c  

em bryo ids  in  66 .67  pe r  c e n t  o f  the  c u l t u r e s  f rom n u c e l l a r  

t i s s u e .  T h e r e  was no r e s p o n s e  in  the  n u c e l l u s  t r e a t e d  w i t h

T6 '  T 10 '  T 11 and T 14 ‘

The most e f f e c t i v e  t r e a t m e n t s  f o r  i n i t i a t i n g  c a l l u s  

f rom embryo mass o f  P u l i c h i  we re  Tg (1/2 MS + 2 ,4 -D  8 . 0  mg/1 

+ GAg 10.0 mg/1 + g l u t a m i n e  400 .0  mg/1 + s u c r o s e  30 .0  g/ l  +

a g a r  7 . 0  g/1 + AC 5 . 0  g/1 + CW 200 .0  m l/ 1 ) ,  T 1 3  (1/2 MS +

2 , 4 - D  8 . 0  m g/1 + GAg 2 0 . 0  m g/1 + g l u t a m i n e  4 0 0 . 0  mg/1 +

s u c r o s e  30 . 0  g/1 + a g a r  7 .0  g/1 + AC 5 .0  g/1 + CW 200.0

ml/1 )  and T 18  ( 1/2  MS + 2 ,4 -D  3 .0  mg/1 + GAg 10.0  mg/1 + BA

0 .5  mg/1 + AC 5 . 0  g/1 + CW 200 .0  mg/1 + s u c r o s e  60 .0  g/1 + 

a g a r  6 . 0  g/1 + g l u t a m i n e  600.0  mg/1) .  A l l  t h e s e  t r e a t m e n t s  

r e c o r d e d  5 0 . 0 0  p e r  c e n t  c u l t u r e s  i n i t i a t i n g  c a l l u s .  The 

t r e a t m e n t s  Tgg  and T^y r e c o r d e d  42.86  p e r  c en t  and 40 .00  per  

c e n t  r e s p o n s e ,  r e s p e c t i v e l y .  I n  K a l 1u v a r  i k k a ,  t h e  b e s t

t r e a t m e n t s  we re  T j g  and T j g  wh i ch  r e c o r d e d  66 .67  pe r  c ent  

c u l t u r e s  i n i t i a t i n g  c a l l u s  f rom embryo mass. F i f t y  pe r  c en t  

r e s p o n s e  was r e c o r d e d  f o r  T j ^  ( 1/2 MS + 2 ,4 -D  2 . 0  mg/1 + GAg

10.0 mg/1 + BA 0 .5  mg/1 + g l u t a m i n e  600 .0  mg/1 + s u c r o s e  60 .0  

g/1 + a g a r  6 .0 g / 1 + AC 5 .0  g/1 + CW 200 .0  m l/ 1 ) .
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Table 10. E ffect o f culture media on the induction o f somatic
embryoids in the mango va rie ty  Pulichi

Treat­
ment *

Rep lication Cultures
in i t ia t in g
embryoids
from
nucellus 

C%>

Cultures 
in i t ia t in g  
ca llus 
from
embryo mass 

(%)

Cultures 
in i t ia t in g  
multiple/ 
zygo t ic  
embryos from 
embryo mass

Embryo-
mass

Nucellus

T3 2 4 50.00 0 .0 0 50.00

T4 4 6 66.67 0.00 50.00

T5 3 3 33.30 0.00 66.60

T 6 4 2 0 .0 0 25.00 25.00

T7 3 3 0 .0 0 0 .0 0 33.30

T8 5 3 66.60 2 0.00 20.00

T9 4 2 50.00 50.00 0.00

T 10 4 3 0 .0 0 25.00 0 .00-

T 11 6 9 0 .0 0 6.67 1 1 . 10

Ti 2 7 7 14.29 14.29 28.57

T13 6 6 33.30 50.00 0.0 0

T14 7 9 33.30 14.29 0.0 0

T16 2 8 12.50 0.0 0 50.00

T17 5 6 66.67 40.00 40.00

T 18 3 3 66.67 50.00 0.00

T19 3 3 0 .0 0 33.30 0 .0 0

T 20 4 8 50.00 25.00 75.00

T 21 7 5 60.00 14.29 28.57

T 22 6 9 44.40 16.67 16.67

T23 7 9 2 2 .2 0 42.86 0 .0 0

T24 6 6 66.67 0 .0 0 66.67

T25 7 17 70.58 14.29 57.14

CD
e-n 8 10 40.00 12.50 62.50

* Composition o f treatment given in Table -  i
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Thble 11. E ffect o f culture media on the induction o f somatic
embryoids in the mango va r ie ty  Ealluvarikka

Trea t-  Rep lication  Cultures Cultures Cultures
ment * in i t ia t in g  in i t ia t in g  in i t i a t ing

---------------------------  embryoids ca llus multiple/
from from zygo t ic

Embryo- Nucellus nucellus embryo mass embryos from
mass (%) (%) embryo mass (%>

T3 3 3 33.30 0 .0 0 33.30

T4 6 4 75.00 33.30 50.00

TS 3 5 40.00 0.00 66.67

T6 6 6 0.0 0 0.00 33.30

T7 6 6 33.30 0.00 33.30

T8 4 6 66.67 25.00 25.00

T9 3 5 20.00 33.30 33.30

H h-t o 6 6 0 .0 0 33.30 16.67

T 1 1 3 3 0 .0 0 33.30 0.00

T 12 3 3 33.30 16.67 33.30

T13 6 6 33.30 66.67 16.67

T 14 3 6 0 .0 0 33.30 66.67

T 16 4 6 50.00 0 .0 0 50.00

T17 4 6 66.67 50.00 25.00

T18 6 6 33.30 66.67 16.67

T19 6 6 33.30 33.30 50.00

T20 4 8 50.00 0.0 0 50.00

t 2! 6 8 66.67 16.67 50.00

T 2 2 6 6 66.67 0 .0 0 66.67

T23 6 9 2 2 .2 0 33.30 66.67

T24 6 8 62.50 0.0 0 66.67

T25 12 8 87.50 16.67 66.67

T 26 9 9 33.30 0.0 0 44.40

* Composition o f treatments given in Table -  1
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In  P u l i c h i ,  the t r e a t m e n t  T 2 0  11 /2 MS + 2 ,4 -D  1.0 

mg/1 + GA3 10.0mg/l  + BA 1 .0  mg/1 + g l u t a m i n e  600.0  mg/1 + 

s u c r o s e  6 0 . 0  g/1  + a g a r  6 . 0  g/1 + AC 0 . 5  g/1 + CW

200.0 m l/1 )  r e s u l t e d  in the  h i g h e s t  pe r  c en t  c u l t u r e s  ( 7 5 . 0 0 )  

i n i t i a t i n g  m u l t i p l e  embryos from embryo mass. Response  o f  

l e s s  v a l u e  was r e c o r d e d  by Tg ( 66 .6 7  pe r  c e n t ) ,  T 34 ( 66 .67  

pe r  c e n t )  and T 2 0  ( 6 2 . 5 0  pe r  c e n t ) .  I n  Ka11u v a r i k k a , the

t r e a t m e n t s  Tg,  T 2 2 J ^ 2 3 ’ ^24 anc* ^25 P r °duced  66.67 per

c e n t  and T4 1 T 16 ’ T 19 ’ T20 and ^21 Pr oduced 50 .00  pe r  c ent

c u l t u r e s  i n i t i a t i n g  m u l t i p l e  embryos .

In  P u l i c h i  as w e l l  as K a 11u v a r i k k a , the n u c e l l a r  

t i s s u e  t o o k  f o u r  t o  s e v e n  w e e k s  f o r  i n i t i a t i n g  s o m a t i c  

em b ry o i d s .  P r o d u c t i o n  o f  c a l l u s  and m u l t i p l e  embryos from

embryo mass t ook  o n l y  e i g h t  t o  f o r t e e n  days .

2.  B asa l  media

F u l l  s t r e n g t h  and h a l f  s t r e n g h t  o f  MS basa l  medium 

was used f o r  the  p r o d u c t i o n  o f  so m a t i c  e m br yo id s ,  c a l l u s  and 

m u l t i p l e  em bryo ids  ( T a b l e  13) .  H a l f  s t r e n g t h  MS basa l  medium 

(1/2 MS + 2 , 4 -D  5 .0  mg/1 + GAg 5 .0  mg/1 + g l u t a m i n e  400.0 

mg/1 + s u c r o s e  60 .0  g/1 + aga r  6 .0  g/1 + AC 2 .5  g/1 + CW

2 0 0 . 0  mg/1 ) was found to be the  b e s t  f o r  the p r o d u c t i o n  o f



s o m a t i c  em bryo ids  f rom n u c e l l a r  t i s s u e  in P u l i c h i  ( 7 0 .5 9  per  

c e n t )  and K a l l u v a r i k k a  ( 8 7 .5 0  pe r  c e n t ) .  Wi th  h a l f  s t r e n g t h  

MS b a s a l  medium, 14 ,29  p e r  c e n t  o f  t h e  c u l t u r e s  p r o d u c e d  

c a l l u s  and 57.14  pe r  c e n t  p roduced m u l t i p l e  embryos f rom the 

embryo mass o f  P u l i c h i .

I n  K a l l u v a r i k k a ,  16 .67  p e r  c e n t  o f  t h e  c u l t u r e s  

i n i t i a t e d  c a l l u s  and 62 .50 p e r  c e n t  o f  the  c u l t u r e s  i n i t i a t e d  

m u l t i p l e  em bryos  in  h a l f  s t r e n g t h  MS b a s a l  medium w i t h  

s u p p l e m e n t s .

Wi th f u l l  s t r e n g t h  MS basa l  medium, h a v in g  MS +

2 , 4  D 5 . 0  mg/1 + GAg 5 . 0  mg/1 + g l u t a m i n e  4 0 0 . 0  mg/1 + 

s u c r o s e  60 .0  g/1 + a ga r  6 ,0  g / l  + AC 2 .5  g/1 + CW 200.0  ml/I  

o n l y  4 0 .0 0  p e r  c e n t  o f  the  c u l t u r e s  o f  P u l i c h i  and 33 .30  pe r  

c e n t  o f  t h e  c u l t u r e s  o f  K a l l u v a r i k k a  i n i t i a t e d  s o m a t i c  

em br yo id s  f rom n u c e l l a r  t i s s u e .  C a l l u s  was seen i n i t i a t e d  in 

12.50 p e r  c en t  o f  the  c u l t u r e s  and m u l t i p l e  embryos in 62.50 

p e r  c e n t  o f  the  c u l t u r e s  o f  the  embryo mass o f  P u l i c h i .  None 

o f  the  c u l t u r e s  were  o b s e r v e d  to  i n i t i a t e  c a l l u s  f rom the 

embryo mass o f  K a l l u v a r i k k a .  However ,  44 .40  pe r  c en t  o f  the 

c u l t u r e s  i n i t i a t e d  m u l t i p l e  embryos f rom the embryo mass o f  

Ka. 1 1 uva r  i kka .
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3. C u l t u r e  c o n d i t i o n s

When th e  c u l t u r e s  CT 2 5 ^ ’ w e r e  k e p t  u n d e r  l i g h t  

( 3000 l u x )  none o f  the  c u l t u r e s  i n i t i a t e d  s o m a t i c  embryo ids  

f rom nuce l  l a r  t i s s u e  where as 16.67 pe r  c en t  and 50 .00  per  

c e n t  o f  the  c u l t u r e s  i n i t i a t e d  c a l l u s  and m u l t i p l e  embryos,  

f rom the  embryo mass, r e s p e c t i v e l y  ( T a b l e  12 ) ,  When the 

c u l t u r e s  w e r e  k e p t  in  d a r k n e s s ,  6 6 . 6 7  p e r  c e n t  o f  t h e

c u l t u r e s  i n i t a t e d  s o m a t i c  embryo ids  f rom n u c e l l u s ,  33.33 per  

c e n t  i n i t i a t e d  c a l l u s  and 50 .00  pe r  c en t  i n i t i a t e d  m u l t i p l e  

e m b r y o s  f r o m  t h e  e m b r y o  m a s s .  The  t i m e  t a k e n  f o r

d i f f e r e n t i a t i o n  was no t  found t o  be i n f l u e n c e d  by l i g h t .

D. I n i t i a t i o n  o f  s o m a t i c  embryo ids

1. T r e a t m e n t s

T h e  e x p l a n t s  f r o m  t h e  i n d u c t i o n  m e d i a  w e r e  

s u b j e c t e d  t o  t w e l v e  t r e a t m e n t s  f o r  the i n i t i a t i o n  o f  so ma t i c  

embry o id s .  The t r e a tm e n t  I ^ q ( 1/2  MS + g l u t a m i n e  400.00 

mg/1 + 2 , 4 -D  5 .00  mg/1 + BA 0 .05  mg/1 + CH 500.00 mg/1 +

s u c r o s e  60 .00  g/1 + a g a r  6 .00  g/1 + AC 2 .50  g/1 + CW 200.00 

ml/1 )  was f ound t o  be the  b e s t ,  s u p p o r t i n g  55 .50  p e r  c ent

c u l t u r e s  ( P l a t e s  3 and 4 )  i n i t i a t i n g  s o m a t i c  e m b r y o s  f r om
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T a b l e  12. I n f l u e n c e  o f  l i g h t  on t h e  i n d u c t i o n  o f  s o m a t i c  

embryo ids

T r e a t -  R e p l i c a t i o n  

ment *

C u l t u r e s  

i n i t i a t i n g  

embryo i ds  

f rom

n u c e 1 1  us 

(% )

C u l t u r e s  

i n i  t i a t  ing 

c a l l u s  

f  rom

embryo mass 

(.%)

C u l t u r e s  

i n i t i a t i n g  

mult  i p  1 e/ 

z y g o t  i c  

embryos f rom 

embryo mass 

{%)

Embryo-

mass

Nuce- 

1 lu s

L i g h t  6 

t T 2 5 )

6 0 . 0 0 16. 67 50

Dark 6 

<T 25>

6 66.67 33.30 50
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Table 13. E ffec t o f basal media on the induction o f somatic embryoids

Trea t-  Rep lication  Cultures Cultures Cultures
V ar ie ty  ment *  in i t ia t in g  in i t ia t in g  in it ia t in g

---------------------  embryoids cal lus multiple/
from from zygo t ic

Enbryo- Nuce- nucellus embryo mass embryos from 
mass I lus (%) (%) embryo mass

Pulich i T25  7 17 70.59 14.29 57.14

Pulich i T26 8 10 40.00 12.50 62.50

Kalluvarikka T25  12 8 87.50 16.67 66.67

Kalluvarikka T26 9 9 33.30 0.00 44.40

*  Composition o f  treatments g iven  in Table -  1
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cen t  o f  the  c u l t u r e s  i n i t i a t e d  s o m a t i c  embryos f rom n u c e l l a r  

t i s s u e  ( P l a t e s  11 and 1 2 ) .  Somat i c  embryos were  a l s o  found 

i n i t i a t e d  f rom n u c e l l a r  t i s s u e  s u b j e c t e d  to  the t r e a tm e n t s  1  ̂

( 4 1 .6 7  p e r  c e n t ) ,  I g ( 4 1 .6 7  pe r  c e n t )  and 1^ ( 4 0 . 0 0  per

c e n t ) .  Th e r e  was no i n i t i a t i o n  o f  so m at i c  embryo ids  in  the 

t r e a t m e n t  I g  and I g in  wh i ch  f u l l  s t r e n g t h  MS basa l  

medium was used  ( T a b l e  14 ) .

I n  (1/2 MS + 2 ,4 - D  10.00 mg/1 + BA 0 .05  mg/1 + 

g l u t a m i n e  400 .00 mg/1 + CH 500.00 mg/1 + s u c r o s e  60.00 g / 1  + 

ag a r  6 .00  g/1 + AC 2 .50  g/1 + CW 200 .00  ml/1)  was o b s e r v e d  t o  

be the  b e s t  t r e a t m e n t  f o r  i n i t i a t i n g  s om a t i c  embryo ids  from 

e m b r y o g e n i c  c a l l u s  ( P l a t e  5 ) .  T h i s  t r e a tm e n t  r e c o r d e d  26.67 

p e r  c e n t  c u l t u r e s  i n i t i a t i n g  s o m a t i c  e m b r y o i d s .  L e s s  

r e s p o n s e  was r e c o r d e d  by I g ( 2 5 . 0 0  pe r  c e n t )  and I g  ( 20 .00  

pe r  c e n t )  in which  the  c o n c e n t r a t i o n  o f  2 , 4 - D  was 10.0 mg/1. 

The t r e a t m e n t s  I j ,  I g  and I g d i d  n o t  i n i t i a t e  s o m a t i c  

emb ryo ids  f rom em br yo ge n i c  c a l l u s .

M u l t i p l e  embryos o b t a i n e d  f rom the i n d u c t i o n  medium 

wer e  t r a n s f e r r e d  t o  the  i n i t i a t i o n  medium w i t h  the o b j e c t i v e  

o f  i n i t i a t i n g  s o m a t i c  e m b r y o i d s .  H o w e v e r ,  o n l y  f u r t h e r

n u c e l l a r  t i s s u e s  (T a b le  9 ) .  In the t reatment  I g , 42.50 per
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g r ow th  o f  the  m u l t i p l e  embryos was f a v o u r e d  ( P l a t e s  6 , 7, 9

and 10 )  . S o m a t i c  embryos  c o u l d  n o t  be  o b t a i n e d .  A l l  

t r e a t m e n t s  e x c e p t  1 ^ f a v o u r e d  the  g ro w th  o f  m u l t i p l e  embryos.

2. C u l t u r e  c o n d i t i o n s

The i n f l u e n c e  o f  l i g h t  and t e m p e r a t u r e  on t h e  

i n i t i a t i o n  o f  s o m a t i c  embryos was s t u d i e d .  In  the  p r e s e n c e  

o f  l i g h t ,  o n l y  16 .67  p e r  c e n t  c u l t u r e s  i n i t i a t e d  s o m a t i c  

e m b r y o i d s ,  wh er e  as 6 6 .6 7  p e r  c e n t  o f  t h e  c u l t u r e s  in  

d a r k n e s s  i n i t i a t e d  s o m a t i c  e m b r y o i d s  ( T a b l e  1 5 ) .  T h e  

p e r c e n t a g e  o f  c u l t u r e s  i n i t i a t i n g  s o m a t i c  embryo ids  remained 

the  same ( 6 6 . 6 7 )  when the  c u l t u r e s  were  kep t  a t  26 + 2 'C  and 

a t  room t e m p e r a t u r e .  However th e  number o f  embryo ids  produced  

p e r  f l a s k  was h i g h e r  (2 0 -3 0 )  when the  c u l t u r e s  we re  kept  in 

d a r k n e s s .

E. M a t u r a t i o n  o f  s o m a t i c  em b ryo id s

1. T r e a t m e n t s

S i x t e e n  t r e a t m e n t s ,  i n v o l v i n g  v a r i o u s  com b i na t i o ns  

o f  ABA ,  s u c r o s e  and  b a s a l  m e d i a ,  w e r e  t r i e d  f o r  t h e



T a b l e  14 . E f f e c t  o f  c u l t u r e  m e d i a  on 
s o m a t i c  embryo ids

t h e  i n i t i a t i o n  o f

T r e a t ­ R e p l i - C u l t u r e s  i n i t i a t i n g Cu1t u r e s  i n i t -
ment * c a t  ion s o m a t i c  em bryo ids  i a t i n g  m u l t i p l e /

-------------------------------------------- z y g o t i c  em bryos(%
N u c e l l u s  Embryomass

* 1 23 30.43  0 .00 34 . 78

r 2 40 42 .5  20.00 25.00

T3 32 18.75 9 .38 2 1  .8 8

X4 20 40 .00  10.00 40.00

T5 18 0 . 0 0  0 . 0 0 33. 30

X6 18 .0 . 0 0  0 . 0 0 27 . 78

J7 1 2 41.67  0 . 00 0 . 0 0

I 8 1 2 41.67 25 .00 8.33

I 9 15 13.33 6.67 26 .67

I 1 0 18 55.50  16.67 1 1 . 1 1

I 1 1 15 20 .00  26.67 2 0 . 0 0

1 1 2 18 33 .30  16.67 16.67

♦ C o m p o s i t i o n  o f  t r e a tm e n ts  g i v e n  in  T a b l e -  2

T a b l e  15. I n f l u e n c e  o f  c u l t u r e  c o n d i t i o n s  
o f  s o m a t i c  em bryo id s

on the  i n i t i a t i o n

T r e a t ­
ment

R e p l i c a t i o n  C u l t u r e s
i n i  t i a t  i ng  
emb ryo ids  {%)

No. o f  em bryo ids  
pe r  c u l t u r e

L i g h t 6 16. 67 17 -  20

Dark 6 66.67 20 -  30

Low temp. 
CA/C)

6 66 .67 20 -  30

Room temp 6 6 6 . 67 13 -  15
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m a t u r a t i o n  o f  so m a t i c  em bryo id s .  The c r i t e r i a  f o r  a s s e s s i n g  

t h e  m a t u r a t i o n  o f  s o m a t i c  e m b r y o i d s  was t h e  s i z e  o f  t h e  

embryo i d s .

The maximum s i z e  o f  embryo ids  was o b t a i n e d  f rom the  

t r e a t m e n t  Mg (1/2 MS + CH 100.00 mg/1 + ABA 16 uM ( 1 0 . 5 7  

mg/1)  + s u c r o s e  40.00  g/1 + a g a r  6 .00  g/1 + AC 2 .50  g/1 + CW

200 .00 m l / 1 ) .  I n  t h i s  t r e a t m e n t  100 t o  150 cream c o l o u r e d  

embry o id s  p e r  f l a s k  were  o b t a i n e d .  The s i z e  o f  the  embryo ids  

ran ged  f rom 0 . 5  t o  1 .5 cm. Cream c o l o u r e d  embryo ids  o f  the  

s i z e  0 . 5  -  1 .0  cm were  o b t a i n e d  in  the  t r e a t m e n t s  Mjg ,  M^g 

and ( T a b l e  16 ) .

The h i g h e s t  number (1 0 0 -2 0 0 )  o f  embryo ids  p e r  f l a s k  

was r e c o r d e d  in  the  t r e a t m e n t  Mg .

a .  S u c ro s e

T h r e e  t r e a t m e n t s  i n v o l v i n g  d i f f e r e n t  s u c r o s e  l e v e l  

( 1 5 . 0 ,  20 . 0  and 30 .0  g/ 1 )  were  t r i e d  f o r  the  m a t u r a t i o n  o f

s o m a t i c  em b ry o i d s .  The basa l  medium, Bg was used .  T h e r e  was 

no i n c r e a s e  i n  t h e  s i z e  o f  e m b r y o i d s  i n  t h e s e  t h r e e  

t r e a t m e n t s .  The c o l o u r  o f  t h e  embryo id s  changed f rom cream 

to  l i g h t  brown ( T a b l e  17 ) .



T a b l e  16. E f f e c t  o f  c u l t u r e  media on the  m a t u r a t i o n  o f  
s o m a t i c  em bryo id s

T r e a t ­
ment *

R e p l i -  
c a t  i on

L i v e  
o u 1 t u r e s
(.%)

No.  o f  S i z e  o f  
embryo ids  embryo ids  
pe r  c u l t u r e  (cm)

Co lou r  o f  
embryo ids

M1 23 91 . 30 2 - 2 0 0 .5 Cream

M2 51 82.35 3-12 0 .5 P ink

M3 15 80 .00 1 0 0 - 2 0 0 < 0 .5 Cream

M4 15 93.  33 100-150 < 0 .5 Cream

m5 15 73.33 50-80 0 .5 - 1 Cream

M6 15 6 6 . 67 30-50 0 .5 Cream

m7 1 2 33 .3 6-30 < 0 .5 L i g h t
brown

M8 1 2 16.67 17-25 < 0 .5 L i g h t
brown

m9 8 75 .00 100-130 0 . 5 - 1 . 5 Cream

M1 0 1 0 80 .00 100-150 0 . 5 - 1 .0 Cream

M1 1 8 62. 25 70-100 0 . 5 - 1 .0 Cream

M1 2 8 37 .50 40-60 < 0 . 5 L i g h t
brown

M13 1 0 70'.00 50-70 0 .5 Cream

M14 1 2 41 .67 100-150 < 0 .5 L i g h t
brown

M15 1 2 25 .00 30-50 < 0 .5 L i g h t
brown

« i e 15 2 0 . 0 0 16-50 0 .5 L i g h t  
brown 
and t r a ­
nsparent

* Compos i t i on  o f  t r ea tments  g i v e n  in Tab l e  -  3.



T a b l e E f f e c t  o f  s u c r o s e  on the  m a t u r a t i o n  o f  
embryo ids

somat i c

T r e a t ­
ment *

R e p l i c a t  i on L i v e
c u 1 t u r e s  

<%)

N o . o f  
embryo ids  
p e r  c u 1 t u r e

S i z e  o f  
embryo ids  

( cm)

M9 1 2 41 .67 10-30 < 0 .5

M1 0 1 2 25.00 30-50 < 0 .5

M1 1 1 2 2 0 . 0 0 16-50 < 0 .5

* C o m p o s i t i o n  o f  t r e a t m e n t s  g i v e n  in T a b l e  -  3.

T a b l e  18. E f f e c t  o f  
embryo id s

1 i g h t  on t h e m a t u r a t i o n  o f  s o m a t i c

T r e a t ­
ment

R e p l i c a t  i on L i v e
c u 1 t u r e s  

{%)

No. o f  S i z e  o f  
embryo ids  embryo ids  
p e r  c u l t u r e  (cm!

L i g h t 6 66.67 50-100 < 0 .5

D arkness 6 83.33 60-120 < 0 .5



2. C u l t u r e  c o n d i t i o n s

T h e r e  was  no d i f f e r e n c e  i n  t h e  s i z e  o f  t h e  

em br yo id s  as i n f l u e n c e d  by l i g h t .  When th e  c u l t u r e s  were  

kept  under  l i g h t ,  the  p e r c e n t a g e  o f  l i v e  c u l t u r e s  was 66.67 

and when kep t  under da rkness  i t  was 83 .33  pe r  c e n t .  In  both 

c a s e s  t h e  s i z e  o f  t h e  e m b r y o i d s  r e m a i n e d  t h e  same.  The  

a v e r a g e  number o f  em bryo ids  p e r  f l a s k  was h i g h e r  ( 60  -  1 2 0 ) 

when kep t  in  da rknes s  ( T a b l e  18 ) .

F.  G e r m i n a t i o n  o f  s o m a t i c  em bryo id s

T h i r t y  t r e a t m e n t s  were  t r i e d  f o r  the  g e r m i n a t i o n  o f  

s o m a t i c  embryo id s  ( T a b l e  4 ) .  However ,  normal  g e r m i n a t i o n  

o f  t h e  s o m a t i c  embryo ids  was not  o b s e r v e d  in any o f  the 

t r e a t m e n t s  ( T a b l e  19 ) .

G e r m i n a t i o n  o f  s o m a t i c  e m b r y o i d s  was a t t e m p t e d  

u s i n g  t r e a t m e n t s  i n v o l v i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  BA. The 

s i z e  o f  the  embryo ids  was i n c r e a s e d  in  the  t r e a t m e n t  (MS + 

BA 5 . 0  mg/1 + s u c r o s e  30 .0  g/1 + a g a r  5 .5  g/1 + cw 200.0  ml/1 

+ AC 2 .5  g / 1 ) .  The c o l o u r  o f  the  embryo ids  turned  g r e e n  in 

t h i s  t r e a t m e n t .  But none o f  t h e  e m b r y o i d s  show ed  norma l  

g e r m i n a t i o n  ( P l a t e s  13 and 14 ) .  The c o n c e n t r a t i o n  o f  BA was
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i n c r e a s e d  t o  10 . 0  mg/I in  Gg ■ I n  t h i s  t r e a t m e n t ,  2 0 - 8 0  

em bryo ids  were  p roduced  p e r  f l a s k ,  which were  p ink  a t  f i r s t  

and tu rned  cream l a t e r .  I n  the  t r e a t m e n t s  Gg and , which 

had red u ced  c o n c e n t r a t i o n s  o f  BA, 20-30  smal l  cream c o l o u r e d  

em bryo ids  were  p roduced.

V a r i o u s  c o m b in a t i o n s  o f  BA and 2 iP  were  t r i e d  f o r  

t h e  g e r m i n a t i o n  o f  s o m a t i c  e m b r y o i d s .  Out o f  t h e  s i x

t r e a t m e n t s  (Ggg ,  Gg j  > ^22' ^ 2 3 J *^24 anc* ^25^ o n *y ^2t ^a v i n^

BA 1.0 mg/1 and 2 iP  1 .0  mg/1 s u ppo r t ed  abnormal  g e r m i n a t i o n  

o f  s o m a t i c  e m bryo id s .  In  $22 ant* ^24 s e c °n d a r y  embryo ids  

were  f o rmed  w i t h  h i g h  f r e q u e n c y  ( P l a t e  15 ) .

None o f  th e  c u l t u r e s  s u r i v e d  when GAg a l o n e  ( 10 . 0  

mg/1 )  was supp l emented  in  the  g e r m i n a t i o n  medium ( G ^ ) .

The t r e a t m e n t s  w i t h  v a r i o u s  c o m b in a t i o n s  o f  BA and 

GAg (Gg ,  Gg and G^q ) f a v o u r e d  s e c o n d a r y  e m br yo ge ne s i s  in h i gh  

f r e q u e n c y .

The t r e a t m e n t  G j g h a v in g  BA 0 ,5  mg/1, GAg 0.1 mg/1 

and NAA 0 .1  mg/1 d i d  not  suppo r t  the  g e r m i n a t i o n  o f  soma t i c  

e m bryo id s .
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In  the  t r e a tm e n t  G g , l a c k i n g  AC, so m at i c  embryo ids  

d i d  no t  s u r v i v e .

The i n f l u e n c e  o f  ammonium i ons  and n i t r a t e  i ons  on 

the  g e r m i n a t i o n  o f  s o m a t i c  embryo ids  was s t u d i e d  by v a r y i n g  

th e  c o n c e n t r a t i o n  o f  ammonium n i t r a t e  and p o t a s s i u m  

n i t r a t e  i n  t h e  med iu m ^ 2 8 ’ ^ 2 9  ari<* ^ 3 0  ̂ ‘ t h e s e

t r e a t m e n t s  BA 1.0 mg/1 and 2 iP  1.0 mg/1 were  added.  The 

r e s u l t s  s h o w e d  t h a t  r e d u c t i o n  i n  t h e  c o n c e n t r a t i o n  o f  

ammonium i ons  o r  n i t r a t e  i ons  d i d  not  f a v o u r  the  g e r m i n a t i o n  

o f  s o m a t i c  em bryo id s .

I n  the  c o n c e n t r a t i o n  o f  s u c r o s e  was i n c r e a s e d

to  90 .0  g/1 in o r d e r  t o  p r o v i d e  s t r e s s  c o n d i t i o n  t o  en a b l e  

t h e  g e r m i n a t i o n  o f  s o m a t i c  e m b r y o i d s .  T h e r e  was no 

i m p r o v e m e n t  i n  t h e  s i z e  o f  e m b r y o i d s  and  n o n e  o f  t h e  

embry o id s  g e r m i n a t e d .

In  o r d e r  t o  s tu d y  the  i n f l u e n c e  o f  coconut  wa te r  on 

the g e r m i n a t i o n  o f  so m a t i c  e m br yo id s ,  two t r e a t m e n t s  (Gg and 

G ^ J  were  a t t e m p t e d .  When coconut  w a t e r  was not  added t o  the 

medium the  s i z e  o f  the  em bryo ids  i n c r e a s e d  and the c o l o u r  o f  

the  em bryo ids  changed f rom cream to  l i g h t  g r e e n .  Abnormal
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g e r m i n a t i o n  o f  e m b r y o i d s  was a l s o  o b s e r v e d .  When o n l y  

c o c o n u t  w a t e r  was added  t o  t h e  medium w i t h o u t  a n y  p l a n t  

g ro w th  s u b s t a n ce s  the  em bryo ids  d i d  no t  g e r m i n a t e .

Sodium b u t y r a t e  was no t  b e n e f i c i a l  t o  s u p p o r t  

no rma l  g e r m i n a t i o n  o f  s o m a t i c  e m b r y o i d s .  I n  6 2 6 * s od iu m  

b u t y r a t e  ( 1 0 . 0  uM) was added a l o n g  w i t h  BA 10.0 mg/1 and GA^

10.0 mg/1. The s i z e  o f  the  embryo ids  in c r e a s e d  t o  0 . 5 - 1 . 0  cm 

and t h e r e  was a c o l o u r  change f rom cream to  l i g h t  g r e e n .  In 

o n e  p a r t i c u l a r  i n s t a n c e  f r o m  o n e  e m b r y o i d  t w o  l e a f y  

s t r u c t u r e s  we re  o b s e r v e d  t o  be d e v e l o p e d  f rom the  embryo id .

I n  G^g, the  c o n c e n t r a t i o n  o f  a g a r  was i n c r e a s e d  to

1 0 . 0  g / 1  i n  o r d e r  t o  p r o v i d e  s t r e s s  c o n d i t i o n  f o r  th e  

g e r m i n a t i o n  o f  s o m a t i c  e m b y o i d s . E v e n t h o u g h  t h e r e  was an 

i n c r e a s e  in  the  s i z e  o f  the  em bryo ids  i t  soon  turned brown 

an d  f i n a l l y  b l a c k .  F rom  t h e  b a s e  o f  t h e s e  e m b r y o i d s  

s e c o n d a r y  e m b r y o i d s  s t a r t e d  i n i t i a t i n g .  I n  ^ j 2 t h e  

c o n c e n t r a t i o n  o f  a ga r  was red u ced  t o  4 .5  g/1.  T h i s  t r ea tm en t  

d i d  not  su ppor t  the  g e r m i n a t i o n  o f  so m a t i c  em bry o id s .  Cream 

c o l o u r e d  sma l l  embryo id s  were  b e i n g  p roduced  c o n t i n u o u s l y .



When f i v e  p e r  c e n t  p o l y e t h y l e n e  g l y c o l  was added 

a l o n g  w i t h  BA 1 .0  mg/1 p ro p e r  g e r m i n a t i o n  c o u l d  no t  be

o b t a i n e d .

The use o f  l i q u i d  media (Gy and as w e l l  as

c i t r i c  a c i d  and v i t a m i n  C ^ 1 4  ̂ t r i e d  f o r  i n d u c in g  normal 

g e r m i n a t i o n  o f  so m at i c  em bry o id s ,  r e s u l t e d  in m o r t a l i t y  o f  

the  c u l t u r e s .

F re sh  n u c e l l u s  was scooped  out  f rom ten d e r  o v u l e s  

and k ep t  in  c l o s e  c o n t a c t  w i t h  the  so m at i c  embryos as a nurse  

c u l t u r e  t e c h n i q u e .  N u c e l l u s  as  w e l l  as the  cream c o l o u r e d  

em bryos tu rn ed  b l a c k  and f i n a l l y  became dead.
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Table 19. E ffect o f culture media on the germination o f somatic embryoids

Treat- R ep li-  L ive  Colour Size
ment * cation  cultures o f  o f

(%) embryoids embryoids
(cm)

Number o f
embryoids Other 
per Observat ions
culture

J6

G8

T9

G10

G11

r12

'13

G14

'15

'16

'17

'18

10

10

10

10

40

10

10

9

9

9

9

20

12

14

8

8

6

6

80.00

100.00

100.00

90.00

72.50

77.70

77.70 

66.67

80.00

83.30

75.00

75.00

83.30

Green

Pink

Cream

Cream

Light
green

Cream

Cream

Cream

Cream

Cream

Cream

Cream

Cream

1-1.5

0.5-1

< 0 . 5

0.5

1-1.5

< 0.5

< 0.5

< 0.5

< 0.5

< 0.5

1 .5-2.0

0.5

0.5

3-14

20-80

20-30

20-30

3-20

100

100

50

50

5-20

5-20 

50

6-20

Root & malfor- 
ined shoots 
were seen

Roots were seen 
in a few culture

The embryoids 
f i n a l l y  turned 
brown



no

Gig  6 33.3

G20 7 71.42

G21 6 100.00

G2 2  6 50.00

G23 6 66.67

G2j| 6 16.67

Cream 0.5 6-20

Cream 0.5 6-30

Cream 0.5 3-12

Cream < 0.5

Cream 0.5 4-15

Cream < 0.5

°25 6 66.67 Transp­
arent

< 0.5 40-60

CO
(S 8 75.00 Light 

green 
& cream

0 .5-1.0 3-15

G27 8 50.00 Cream 0.5 10-30

G28 6 66.67 Cream 1 . 0 17-30

G29 8 62.50 Cream

01ind

25-30

10 70.00 Cream 0.5 30-50

Roots were fo r ­
med in some 
embryoids. In 
some lea fy  s t r ­
uctures were 
seen.

Numerous embry­
oids were clus­
tered together 
which could not 
be seperated, 
appearing more 
or less l ike  
cal lus.

Numerous embry­
oids were clus­
tered together 
which could not 
be seperated, 
appearing more 
or less l ik e  
cal lus.

2 lea fy  struc­
tures were obs­
erved from one 
embryoid.

* Composition o f treatment given in Table -  4.
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Table 20. E ffect o f form of nitrogen on the gei-mination o f somatic
embryoids

Treat­
ment *

R ep li-  
cation

L ive  
cultures 

(%)

No. o f
embryoids
per
cu1 ture

Size
o f

embryoids
(cm)

Colour Other 
o f observa- 

embryo ids t ions

G21 6 100.00 3-12 0.5 Cream Roots and 
lea fy
structures
were
formed in 
a few 
embryoids.

G28 6 66.67 17-30 1 . 0 Cream

°29 8 62.50 25-30 0 .5-1.0 Cream

G30 10 70.00 30-50 0.5 Cream

* Composition o f treatments g iven  in Table -  4.

Table 21 E ffe c t  o f  coconut water 
embryoids

on the germination o f somatic

Treat­
ment *

Rep li­
cation

Live 
cultures 

(%)

No. o f
embryoids
per
culture

Size
o f

embryoids
(cm)

Colour Other 
o f observa- 

embryoids tions

G5 40 72.5 3-20 1-1.5 Cream & 
1 ight 
green

Roots
were
formed in 
a few 
embryoids

G1 10 80 3-14 1-1.5 Green

* Composition o f treatments given in Table -  4.



T a b l e  22.  E f f e c t  o f  s u c r o s e  on the  g e r m i n a t i o n  o f  soma t i c  

embryo ids

T r e a t ­ R e p l i - L i v e No. o f S i z e Co 1 our
ment * c a t  ion c u 1 t u r e s embryo id s o f o f

m per embryo id s embryo ids
c u 1 t u r e ( cm)

G16 8 75 50 0 .5 Cream

G18 6 83 .3 6 - 2 0 0 .5 Cream

* C o m p o s i t i o n  o f  t r e a t m e n t s  g i v e n  in  T a b l e  -  4.



P l a t e s  I and 2 

N u c e l l u s  in  i n d u c t i o n  medium f o r  so m at i c  e m b r y o g e n e s i s .





Soma t i c

P l a t e s  3 and 4

embryo ids  i n i t i a t e d f rom muce l I





Soma 
f rora

P l a i n  5

: i c  embryo ids  i n i t i a t e d  from e m b r y o g e m c  c a l l u s  d e r i v e d  
embroyomass

P l a t e  f>

M u l t i p l e  e mb r y o s  formed from e m b r y o  explant

'





i

P l a t o  7

M u l t i p l e  embryos forme*! f rom embryo e x p l a n t

P l a t o  8

D e v e l o p i n g  z y g o t i c  embryo

1





P l a t e s  9 anil 10 

D e v e l o p i n g  zy go t i c  em bry o





t

P l a t e  11

D e v e l o p m e n t a l  s t a g e s  o f  s o m a t i c  e m b r y o i d s  i n i t i a t e d  f r om  
n u o e 11  us

P l a t e  12

Somat i c  erabryoid in t o r p e d o  s t a g e



*  * •



Somatic: e m b r y o i d  s h o w i n g  d e v e l o p m e n t  of root and shoot

P l a t e  13

P l a t e  14

Abnormal g e r m i n a t i o n  o f  so m a t i c  embryo id





P l a t e

Secondar y  somat i

I

I

embryo ids

5





DISCUSSION
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DISCUSSION

T h e r e  a r e  250 t o  300 mango v a r i e t i e s  i n  K e r a l a .  

About  10 t o  15 o f  them a r e  p o l y e m b r y o n i c .  G e n e r a l l y ,  the  

p o l y e m b r y o n i c  t y p e s  have s e v e r a l  d e s i r a b l e  c h a r a c t e r s  f rom 

the  b r e e d i n g  p o i n t  o f  v i e w ,  such as r e g u l a r  b e a r i n g  h a b i t ,  

l a r g e  number o f  f r u i t s  p e r  p l a n t ,  g o o d  a r om a  and j u i c e  

c o n t e n t ,  h i g h  TSS and r e s i s t a n c e  t o  b i o t i c  and a b i o t i c  

c o n d i t i o n s .  They  a r e  w i d e l y  used f o r  d o m e s t i c  consumpt ion .  

P o l y e m b r y o n i c  v a r i e t i e s  a r e  u s e d  a s  r o o t s t o c k s  i n  mango 

g r a f t i n g .  T h e r e  a r e  c h a n c e s  o f  t h e s e  v a r i e t i e s  b e c o m i n g  

e x t i n c t  due t o  the  ch ang ing  s o c i o - e c o n o m i c  f a c t o r s  and the  

new p r i o r i t i e s  in  c u l t i v a t i o n .

L a r g e  s c a l e  c l o n a l  p r o p a g a t i o n  o f  p o l y e m b r y o n i c  

r o o t s t o c k s  w i l l  be u s e f u l  t o  b r i n g  abou t u n i f o r m i t y  in  the  

p e r f o r m a n c e  o f  mango g r a f t s .  T h i s  w i l l  h e l p  in  p r e s e r v i n g  

the  g e n e t i c  w e a l t h  o f  mango as w e l l .  Th e re  a r e  r e p o r t s  on 

t h e  x n  v i t r o  p r o p a g a t i o n  o f  m a n g o ,  e s p e c i a l l y  o f  

p o l y e m b r y o n i c  v a r i e t i e s  v i a  s o m a t i c  e m b r y o g e n e s i s . I t  has 

been  o b s e r v e d  t h a t  the  p o l y e m b r y o n i c  v a r i e t i e s  respon d  more 

r e a d i l y  t o  in  v i t r o  p r o p a g a t i o n  t h a n  t h e  m o n o e m b r y o n i c  

v a r i e t i e s .  The p r e s e n t  s t u d i e s  we re  i n i t i a t e d  f o r  o p t i m i s i n g



s o m a t i c  em b ryo g en es is  in a f ew p o l y e m b r y o n i c  V a r i e t i e s  o f  

K e r a l a  ( P u l i c h i ,  K a l 1u v a r i k k a , V e l l a r i ,  V a r i k k a ,  Tha l imanga 

and K i 1 i c h u n d a n )  . The  o u t c o m e  o f  t h e  i n v e s t i g a t i o n s  a r e
s

d i s c u s s e d  i n  the  f o l l o w i n g  p a ges .

S i x  p o l y e m b r y o n i c  mango  v a r i e t i e s  o f  K e r a l a  

( K a l 1u v a r i k k a , P u l i c h i ,  K i l i c h u n d a n ,  Tha i imanga ,  V e l l a r i  and 

V a r i k k a )  w e r e  u s e d  f o r  t h e  i n d u c t i o n  o f  s o m a t i c  

e r a b r y o g e n e s i s . Among t h e s e ,  K a l i u v a r i k k a  and V e l l a r i  showed 

b e t t e r  d e g r e e  o f  r e s p o n s e .  The v a r i e t y  K i l i c h u n d a n  d i d  not  

respon d  t o  any o f  the  i n d u c t i o n  t r e a t m e n t s .  Mathews and L i t z  

(199G)  r e p o r t e d  tha t  c e r t a i n  c u l t i v a r s  l i k e  'Red I t a m a r a c a 1 

d i d  n o t  r e s p o n d  t o  t h e  t r e a t m e n t s  f o r  i n d u c i n g  s o m a t i c  

e m b r y o g e n e s  i s . L i t z  e_t aj_. ( 1984^.) r e p o r t e d  t h a t  s o m a t i c  

e ra b ryogen es is  o c c u r r e d  i n  f i v e  out  o f  th e  n in e  p o l y e m b r y o n i c  

c u l t i v a r s  used in  t h e i r  s tu d y .  The r e sp o n se  ap p ea red  to  be 

r e l a t e d  t o  th e  d e g r e e  o f  po l y em bry ony  in the  o v u l e s  a t  the  

t ime  o f  c u l t u r e .

In t h e  p r e s e n t  i n v e s t i g a t i o n s ,  n u c e l l u s ,  embryo mass 

and segments  o f  t e n d e r  l e a v e s  we re  used as e x p l a n t s  f o r  the 

i n d u c t i o n  o f  s o m a t i c  e r a b r y o g e n e s i s . Only  n u c e l l u s  and embryo



mass p rod u ced  s o m a t i c  em bry o id s .  N u c e l l u s  r e c o rd e d  70 .58  pe r  

c e n t  r e s p o n s e  i n  P u l i c h i  an d  8 7 . 5 0  p e r  c e n t ,  i n  

K a l l u v a r i k k a . Embryo mass r e c o r d e d  71 .42  pe r  c e n t  re sp o n se  

in  P u l i c h i  and 83 .34  p e r  c e n t ,  i n  K a 11u v a r i k k a . I n  p e r e n n i a l  

f r u i t  c r o p s ,  s o m a t i c  e m b r y o g e n e s i s  was r e p o r t e d  f r o m  t h e  

n u c e l l a r  t i s s u e  o f  C i t r u s  s p p . ( S t e v e n s o n ,  19 56 )  f o r  t h e  

f i r s t  t ime .  Somat i c  e m b ry o g en es is  was s u b s e q u e n t l y  o b t a i n e d  

f rom n u c e l l u s  i n  Pyrus  commun i s ( J a n i c k ,  1982) ,  Mang i f  e r a  

ind  i ca ( L i t z  e t̂ aX. , 1982,  1984 and 1992 ;  L i t z ,  1982 and

Dewald a t  a_L. , 1989a and 1989b) ,  Syzyg ium spp.  ( L i t z ,  1984b)  

and E r i o b o t r y a  i a p o n i c a  ( L i t z ,  1985) .  P ence  jet aj_. ( 1979 )  and 

P l e i g o  -  A l f a r o  a n d  M u r a s h i g e  ( 1 9 8 8 )  o b s e r v e d  s o m a t i c  

e m b r y o g e n e s i s  w i t h  Theobroma  c a c a o  and P e r s e a  amer  i c a n a  . 

r e s p e c t i v e l y ,  f r om  embryo e x p l a n t .  M u r a l i d h a r a n  pj. a 1 . 

( 1 9 9 4 )  r e p o r t e d  t h a t  i n  mango, s o m a t i c  e m b ryog en es i s  o c c u r r e d  

o n l y  f rom z y g o t i c  embryo and no t  f rom the  n u c e l l u s .

D i f f e r e n c e  in  r e s p o n s e  due t o  the  o r i e n t a t i o n  o f  

e x p l a n t  was r e p o r t e d  by  many w o r k e r s .  I n  t h e  p r e s e n t  

i n s t a n c e  a l s o ,  o r i e n t a t i o n  o f  t h e  e x p l a n t  i n  t h e  medium 

i n f l u e n c e d  the  i n i t i a l  r e s p o n s e .  Maximum re s p o n s e  ( 6 6 .6 7  pe r  

c e n t )  was o b s e r v e d  when the  n u c e l l u s  a l o n g  w i t h  a p o r t i o n  o f  

the  o v u l e  was i n o c u l a t e d  in  a v e r t i c a l  p o s i t i o n .
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The s t a t u s  o f  a c e l l  a t  t h e  t i m e  o f  t a k i n g  t h e  

e x p l a n t  i s  t h e  m o s t  i m p o r t a n t  f a c t o r  f o r  s o m a t i c  

e m b r y o g e n e s  i s ( T i s s e r a t  e_t a 1 ■ , 1979, )  . When n u c e l  lu s  was

used  as  t h e  e x p l a n t ,  s o m a t i c  e m b r y o i d s  w e r e  s e e n  p r o d u c e d  

d i r e c t l y  w i t h o u t  an i n t e r m e d i a r y  c a l l u s  phase . Mathews and 

L i t z  ( 199G)  r e p o r t e d  th a t  s o m a t i c  e m b ryog en es i s  can occur  

d i r e c t l y  f r o m  t h e  e x p l a n t  w i t h o u t  an i n t e r m e d i a t e  c a l l u s  

phase  as o b s e r v e d  in  the  n u c e l l u s  o f  monoembryonic  Ci t rus sp.  

CRangan e_t aj_. , 1968)  , Ma lu s  d o m e s t  i  ca  ( E i c h h o l  t z  e_t aj_. , 

1979)  and p o l y e m b r y o n i c  mango ( L i t z  e_t a_L- j 1982) .  A c c o r d i n g  

t o  Sharp  et. aj_. , ( 1 9 8 0 ) ,  t h i s  d i r e c t  p e r m i s s i v e  p a t t e r n  o f

s o m a t i c  e m b r y o g e n e s i s  i s  d u e  t o  t h e  p r e s e n c e  o f  p r e -  

e m b r y o g e n i c a l l y  d e t e r m i n e d  c e l l s  (PEDC) in  th e  e x p l a n t .  They 

a l s o  d e s c r i b e d  i n d i r e c t  s o m a t i c  e m b r y o g e n e s i s  as  o b s e r v e d  in 

t h e  i n d u c e d  e m b r y o g e n i c a l l y  d e t e r m i n e d  c e l l s  ( I E D C ) .  

F o l l o w i n g  the  i n d u c t i o n  o f  m o r p h o g e n e t i c a l l y  competent  c e l l s ,  

de v e l o p m e n t  o c c u r s  in  a p e r m i s s i v e ,  i n d i r e c t  manner a c c o r d i n g  

t o  th e  p r e - d e t e r m i n e d  f a t e  o f  t h e s e  c e l l s .  I t  was o b s e r v e d  

t h a t  when emb ryo  mass was u s e d  as  t h e  e x p l a n t ,  s o m a t i c  

emb ryo ids  were  p rodu ced  o n l y  a f t e r  u n d e r g o i n g  an i n t e r m e d i a r y  

c a 1 1  us p h a s e .
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The s t r e n g t h  o f  t h e  b a s a l  medium i n f l u e n c e d  t h e  

p r o d u c t i o n  o f  s o m a t i c  embryo id s  in  mango. H a l f  s t r e n g t h  MS 

b as a l  medium was found b e t t e r  f o r  the  p r o d u c t i o n  o f  soma t i c  

e m b r y o i d s  f r o m  t h e  n u c e l l a r  t i s s u e  i n  P u l i c h i  and  

K a l l u v a r i k k a  compared t o  f u l l  s t r e n g t h  MS basa l  medium. The 

same s t r e n g t h  was i d e n t i f i e d  a s  t h e  b e s t  by  L i t z  e t a 1 . 

(1982 and 1984)  and L i t z  ( 1 9 8 4 a ) .

In  IEDC, s o m a t i c  e m b r y o g e n e s i s  i s  u s u a l l y  induced 

by an a u x in .  When s o m a t i c  em b ry o g e n e s i s  o ccur  d i r e c t l y  f rom 

t h e  e x p l a n t  w i t h o u t  an i n t e r m e d i a t e  c a l l u s  p h a s e ,  p l a n t  

g r o w t h  s u b s t a n c e s  a r e  no t  n e c e s s a r y  i n  the  medium, but i t  i s  

o f t e n  s t i m u l a t e d  by au x in s  as  w e l l  as cocon u t  wa t e r  (Mathews 

and L i t z ,  1992) .  I n  the  p r e s e n t  s t u d i e s ,  2 , 4 - D  5 . 0  mg/1 and 

GA3 5 .0  mg/1 a l o n g  w i t h  20 .0  p e r  c e n t  coconu t w a t e r  was found 

the  b e s t  f o r  the  i n d u c t i o n  o f  so m a t i c  embryo ids  f rom n u c e l l a r  

t i s s u e .

C u l t u r e  c o n d i t i o n s  i n f l u e n c e  the  r e s p o n se  o f  the  

e x p l a n t s .  When th e  c u l t u r e s  in  the  i n d u c t i o n  medium were 

kep t  under da rkne ss  66 .67  p e r  c e n t  o f  th e  c u l t u r e s  i n i t i a t e d  

embryo mass f rom the  n u c e l l u s  w hereas  none o f  the  c u l t u r e s  

r e s p o n d e d  when  k e p t  u n d e r  l i g h t .  L i t z  e t̂ a 1 . ( 1 992 )
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m a i n t a i n e d  th e  n u c e l l a r  c u l t u r e s  i n  the  i n d u c t i o n  medium in 

d a rk n es s  a t  25°C.

The c o n c e n t r a t i o n  o f  i n o r g a n i c  s a l t s  in the  basa l  

medium i n f l u e n c e d  the  i n i t i a t i o n  o f  so m at i c  em br yo id s .  H a l f  

s t r e n g t h  MS basa l  medium was i d e n t i f i e d  as the  b e s t  f o r  the  

i n i t i a t i o n  o f  s o m a t i c  em bry o id s .  In  the  p r e s e n t  s t u d i e s ,  when 

f u l l  s t r e n g t h  MS b a sa l  medium was used ,  none o f  the  c u l t u r e s  

i n i t i a t e d  s o m a t i c  em bry o id s .  A c c o r d i n g  to  L i t z  et. jlL. ( 1982.) 

m o d i f i e d  MS b a sa l  medium c o n s i s t i n g  o f  h a l f  s t r e n g t h  major  

s a l t s  was more e f f e c t i v e  than f u l l  s t r e n g t h  MS b as a l  medium 

f o r  the  i n i t i a t i o n  o f  s o m a t i c  em bryo ids  in  mango. However ,  

Dewald e_t a_L- ( 1 9 8 9 a )  r e p o r t e d  tha t  so m a t i c  embryo p r o d u c t i o n  

in  mango was the  l o w e s t  on MS and m o d i f i e d  MS ba sa l  media.

A c c o r d in g  t o  them m o d i f i e d  Bg b a sa l  medium was optimum f o r

s o m a t i c  e m b r y o g e n e s i s  and f o r  the  ma int enance  o f  embryogen io  

m a s s e s .

For  th e  i n i t i a t i o n  o f  so m a t i c  embryo ids  f rom embryo 

mass,  p rod u ced  f rom n u c e l l a r  t i s s u e ,  2 , 4-D 5 . 0  mg/1 and BA

0 .05  mg/1 and f rom e m b ryog en i c  c a l l u s ,  2 , 4-D 10.0 mg/1 and BA

0 .0 5  mg/1 were  i d e a l .



L i g h t  i n f l u e n c e d  t h e  i n i t i a t i o n  o f  s o m a t i c  

em b ry o id s .  When kept  in  d a r k n e s s ,  66 .67  pe r  c en t  o f  the 

c u l t u r e s  i n i t i a t e d  s o m a t i c  embryo ids  whereas when kept  under 

l i g h t ,  o n l y  16 .67  p e r  c e n t  i n i t i a t e d  s o m a t i c  e m b r y o i d s .

A c c o r d i n g  t o  L i t z  e_t al_. ( 19 92 )  c o n t r o l  o f  s omat i c  

embryo m a t u r a t i o n  was the  most c r i t i c a l  and d i f f i c u l t  p r o c e s s  

in  mango r e g e n e r a t i o n .  The g r ow th  i n h i b i t o r  ABA i n f l u e n c e d  

th e  q u a l i t y  o f  s o m a t i c  e m b r y o s .  I n  t h e  p r e s e n t  s t u d i e s ,  

v a r i o u s  c o n c e n t r a t i o n s  o f  ABA ( 0 . 5 0  mg/1 t o  10.00 mg/1) were 

t r i e d  i n  t h e  d i f f e r e n t  t r e a t m e n t s  f o r  t h e  m a t u r a t i o n  o f  

s o m a t i c  embryos .  The maximum s i z e  o f  s o m a t i c  em bryo ids  was 

o b s e r v e d  when 4 . 23  mg/1 ( 1 6 . 0  qM) ABA was i n c o r p o r a t e d  in the 

medium. L i t z  e_t a_l_. ( 1 992 )  r e p o r t e d  th a t  3 .0  uM ABA had a

s i g n i f i c a n t  e f f e c t  on t h e  a p p e a r a n c e  o f  man go  s o m a t i c  

embryos .  A b s c i s i c  a c i d  i s  a g ro w th  r e t a r d a n t  which i n h i b i t s  

s o m a t i c  embryo d eve l o pmen t  beyond the  e a r l y  s t a g e s  and i s  

u s e f u l  i n  s u p p r e s s i n g  s e c o n d a r y  embryo id  f o r m a t i o n  (Amrairato,  

1983 ) .

A c c o r d i n g  t o  Dewald e_t a_l_. ( 198 9b )  s u c r o s e  60 .0

g / 1  was e s s e n t i a l  as a ca rb on  s o u rc e  f o r  the  m a t u r a t i o n  o f  

s o m a t i c  embryos .  I n  the  p r e s e n t  s t u d i e s ,  a t t e m p t s  were  made
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to  f i n d  out  th e  e f f e c t  o f  red u ced  c o n c e n t r a t i o n s  o f  s u c r o se  

in  the  m a t u r a t i o n  medium. A l l  t h e  embryo ids  tu rned  brown and 

f i n a l l y  b l a c k  when th e  c o n c e n t r a t i o n  o f  s u c r o s e  was reduced  

be l o w  40 .0  g/1.  T h i s  i n d i c a t e s  t h a t  m o d e r a t e l y  h i g h  l e v e l s  

o f  s u c r o s e  i s  n e c e s s a r y  d u r i n g  the  e a r l y  m a t u r a t i o n  p e r i o d .  

L i t z  ej^ a_L. ( 1992)  r e p o r t e d  t h a t  i n  o r d e r  t o  p r e v e n t  

p r e c o c i o u s  s o m a t i c  embryo  d e v e l o p m e n t ,  s u c r o s e  had t o  be  

m a i n t a i n e d  a t  m o d e r a t e l y  h i g h  l e v e l s  d u r i n g  t h e  e a r l y  

m a t u r a t i o n  p e r i o d .

The e f f e c t  o f  l i g h t  on the  m a t u r a t i o n  o f  soma t i c  

em b ryo id s  was s t u d i e d .  I t  was o b s e r v e d  th a t  the  s i z e  o f  the  

embryo id s  was not  i n f l u e n c e d  by l i g h t .  However ,  Dewald e_t a l  . 

( 1 9 8 9 b )  f o u n d  t h a t  i n c u b a t i n g  t h e  m a t u r i n g  c u l t u r e s  i n  

d a rk n es s  was b e n e f i c i a l .

P o o r  g e r m i n a t i o n  i s  t y p i c a l  i n  many e m b r y o g e n i c  

c u l t u r e  sy s t em s .  In c u l t u r e  sys tems  in which w e l l  d e v e l o p e d  

embryos a r e  f o rmed ,  poor  g e r m i n a t i o n  cannot be a t t r i b u t e d  to 

abnorm al s o m a t i c  embryo de ve l opm ent  (G ra y ,  1990) .  Mango i s  

a r e c a l c i t r a n t  p l a n t  w i t h  l a r g e  s o m a t i c  embryos .  Near normal 

s o m a t i c  embryo d ev e l o pm en t  and g e r m i n a t i o n  have been  a c h i e v e d  

by  m a i n t a i n i n g  t h e  e a r l y  g l o b u l a r  and h e a r t  s t a g e  s o m a t i c
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em bryos  in  t h e  d a r k n e s s  on medium w i t h  6 0 . 0  g / 1  s u c r o s e  

supp l emented  w i t h  200 ml/1 coconut  w a t e r  ( L i t z ,  1988; Dewald 

e t  a d . ,  1989b ; .  I n  t h e  p r e s e n t  i n s t a n c e ,  g e r m i n a t i o n  o f  

s o m a t i c  em bryo id s  was a t t e m p t e d  u s i n g  t h i r t y  t r e a t m e n t s .  In  

c e r t a i n  t r e a t m e n t s ,  abnormal g e r m i n a t i o n  was o b s e r v e d .  Growth 

r e g u l a t i n g  f a c t o r s  an d  o s m o l a r i t y  w e r e  r e c o g n i s e d  as  

i m p o r t a n t  f a c t o r s  f o r  c o n t r o l l i n g  d e v e l o p m e n t  i n  s o m a t i c  

embryogenes  i s (Dewa ld  ê t aj_. , 1989b) .  T r e a tm e n ts  i n v o l v i n g

g r o w t h  r e g u l a t o r s  l i k e  BA,  G A , 2 i P  and  NAA and  t h e i r  

c o m b i n a t i o n s  in  v a r i o u s  c o n c e n t r a t i o n s  were  a t t e m p t e d  f o r  the  

g e r m i n a t i o n  o f  s o m a t i c  e m bryo id s .  For  r e g u l a t i n g  the  o sm o t i c  

p o t e n t i a l ,  t r e a t m e n t s  i n v o l v i n g  p o l y e t h y l e n e  g l y c o l  and 

i n c r e a s e d  c o n c e n t r a t i o n s  o f  a g a r  and  s u c r o s e  w e r e  t r i e d .  

T h ese  t r e a t m e n t s  were  no t  v e r y  u s e f u l .  Sodium b u t y r a t e  was 

i n c o r p o r a t e d  in  the  medium in  o r d e r  t o  su pport  g e r m i n a t i o n  o f  

s o m a t i c  e m b r y o i d s .  Sodium b u t y r a t e  i s  known t o  i n f l u e n c e  

h i s t o n e  d e a c e t y l a t i o n  and the  e x p r e s s i o n  o f  gen es  tha t  a r e  

s w i t c h e d  o f f  i n  t h e  d e v e l o p m e n t a l  s e q u e n c e  ( P e r r y  and  

C h a l k l e y ,  1981 ) .  T h i s  c h e m i c a l ,  howeve r ,  was not  b e n e f i c i a l  

in th e  p r e s e n t  i n s t a n c e .  Somat i c  e m b ryog en es i s  i s  dependent  

on th e  o p t i m a l  c o n c e n t r a t i o n  and form o f  n i t r o g e n  (Sharp  e_t 

a l  . . 1980) .  When th e  e f f e c t  o f  redu ced  c o n c e n t r a t i o n s  o f

ammonium and n i t r a t e  i ons  was s t u d i e d ,  i t  was o b s e rv e d  that



reduced  c o n c e n t r a t i o n s  o f  ammonium and n i t r a t e  i ons  d i d  not  

i n f l u e n c e  th e  g e r m i n a t i o n  o f  s o m a t i c  em bry o id s .  Ammirato 

( 1 9 8 3 )  r e p o r t e d  th e  b e n e f i t  o f  u s i n g  r e d u c e d  n i t r o g e n  in  

a d d i t i o n  t o  n i t r a t e  n i t r o g e n  f o r  s o m a t i c  e m b r y o g e n e s i s  . 

S t eward  and Shantz ( 1 959 )  s u g g e s te d  th a t  r educed  n i t r o g e n  

c o u l d  be  supp l  i e d  i n  t h e  f o rm o f  c o m p l e x  a d d e n d a  suc h  as 

cocon u t  w a t e r .  I n  the  p r e s e n t  s t u d i e s  a l s o  t r e a t m e n t s  w i t h  

and w i t h o u t  cocon u t w a t e r  was t r i e d .  I n  bo th  t r e a t m e n t s  o n l y  

n ea r  normal  g e r m i n a t i o n  cou ld  be  a c h i e v e d .  F r esh  n u c e l l u s  

f rom te n d e r  mangoes was scooped  ou t and k ep t  in  c l o s e  c o n t a c t  

w i t h  t h e  s o m a t i c  embryos in  th e  g e r m i n a t i o n  medium w i t h  the 

hope tha t  the  f r e s h  n u c e l l u s  would su p p l y  v i t a m i n s ,  m i n e r a l s  

and p l a n t  g r o w t h  su b s ta n ces  n e c e s s a r y  f o r  the  g e r m i n a t i o n  o f  

s o m a t i c  em bryos . H ow ever, th e  t r e a t m e n t  was not  v e r y  u s e f u l .

The c u l t u r e  media and c u l t u r e  c o n d i t i o n s  f o r  the  

f i r s t  two s t a g e s  o f  s o m a t i c  e m b r y o g e n s i s , namely  i n d u c t i o n  

and i n i t i a t i o n ,  c o u l d  be s t a n d a r d i s e d  w i t h  r e s p e c t  t o  two 

v a r i e t i e s  o f  mango ( P u l i c h i  and Ka11u v a r i k k a )  i n  th e  p r e s e n t  

i n v e s t i g a t i o n s .  h o w e v e r ,  p r o p e r  m a t u r a t i o n  and no rm a l  

g e r m i n a t i o n  o f  th e  em bryo ids  c ou ld  be s u c c e s s f u l l y  induced.  

Mango s o m a t i c  e m b r y o i d s  seem t o  be  p e c u l i a r  i n  s e v e r a l  

r e s p e c t s .  S i z e  o f  the  embryo id s  a p p ea rs  t o  be d e c i d i n g  in
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m a t u r a t i o n  and g e r m i n a t i o n  p r o c e s s .  A s t r o n g  g e n o t y p i c  

i n f l u e n c e  i s  a p p a r e n t  i n  e m b r y o g e n e s i s . Th e  c o n d i t i o n s  

f a v o u r i n g  s u c c e s s f u l  m a t u r a t i o n  and g e r m i n a t i o n  o f  embryo ids  

in t h e  v a r i e t i e s  A l p h o n s o ,  Mundan and B a n e s h a n  w e r e  n o t  

u s e f u l  f o r  P u l i c h i  and K a l l u v a r  i k k a  op t imum d u r a t i o n  o f  

e m b r y o i d  m a t u r a t i o n  a l s o  s eems  i m p o r t a n t .  The  r o l e  o f  

e t h y l e n e  i n  i n h i b i t i n g  t h e  p r o c e s s  o f  m a t u r a t i o n  and  

g e r m i n a t i o n  n eeds  s p e c i a l  a t t e n t i o n .  E t h y l e n e  i n h i b i t o r s  

l i k e  s i l v e r  n i t r a t e ,  c o b a l t  c h l o r i d e  and amino e t h o x y  v i n y l  

g l y c i n e  m i g h t  be  u s e f u l  f o r  s u c c e s s .  T r i a z o l e  compounds  

c o u l d  a l s o  be  r e s o r t e d  f o r  i n d u c i n g  n o r m a l  g e r m i n a t i o n  o f  

e m b r y o id s .  A b e t t e r  u n d e r s t a n d i n g  o f  the  in h e r e n t  o r  induced 

i n h i b i t o r s  d u r i n g  t h e  c o u r s e  o f  e m b r y o g e n e s i s  may a l s o  be 

h e l p f u l .  C o n s i d e r i n g  the  suc c e s s  in  i n d u c in g  and i n i t i a t i n g  

s o m a t i c  e m b r y o i d s  f r o m  n u c e l l a r  t i s s u e  i n  t h e  p r e s e n t  

i n v e s t i g a t i o n s  and s u c c e s s f u l  r e p o r t s  in  c e r t a i n  o t h e r  

v a r i e t i e s ,  i t  may not  be v e r y  d i f f i c u l t  t o  e v o l v e  p r o t o c o l s  

f o r  s u c c e s s f u l  s o m a t i c  e m b r y o g e n e s i s  in  t h e  v a r i e t i e s  

P u l i c h i  and K a l l u v a r i k k a .
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A t t e m p t s  were  made t o  o p t i m i s e  the  t e c h n i q u e s  f o r  

i n v  i t r'o s o m a t i c  emb r y o g  e n e  s i s i n  p o l y e m b r y o n i c  mango  

v a r i e t i e s .  S i x  v a r i e t i e s  n a m e l y  K a l l u v a r i k k a ,  P u l i c h i ,  

V e l l a r i ^  V a r i k k a ,  T h a l i m a n g a  and K i l i c h u n d a n  w e r e  u s e d .  

R esponses  o f  th e  v a r i e t i e s  as w e l l  as e x p l a n t s  we re  s t u d i e d .  

S ta n d a rd ^ sa t  io n  o f  b a sa l  media,  c u l t u r e  medium components and 

c u l t u r e  c o n d i t i o n s  d u r i n g  v a r i o u s  s t a g e s  o f  s o m a t i c  

e m b r y o g e n e s i s , name ly ,  i n d u c t i o n ,  i n i t i a t i o n ,  m a tu r a t i o n  and 

g e r m i n a t i o n  was a t t e m p t e d .  The s t u d i e s  were  con du c ted  from 

J a n u a r y  1993 t o  Au gu s t  1994 a t  t h e  P l a n t  T i s s u e  C u l t u r e  

L a b o r a t o r y ,  D e p a r t m e n t  o f  H o r t i c u l t u r e ,  C o l l e g e  o f  

A g r i c u l t u r e ,  V e l l a y a n i .

The s a l i e n t  f i n d i n g s  o f  the  s t u d i e s  a r e  summarised

be 1 ow :

1. V a r i a t i o n s  were  o b s e r v e d  in  th e  r e sp o n se  o f  d i f f e r e n t  

p o l y e m b r y o n i d  mango v a r i e t i e s  i n  t h e  i n d u c t i o n  o f  

somiat i c  e m b r y o i d s .  The h i g h e s t  p e r  c e n t  c u l t u r e s  

i n i t i a t i n g  s o m a t i c  e m b r y o i d s  f r o m  n u c e l l u s  was  

o b s e r v e d  f o r  i t a l l u v a r i k k a  ( 8 7 . 5 0 ) ,  The l e a s t  r esp on se
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was r e c o r d e d  by V e l l a r i  ( 5 0 , 0 0  pe r  c e n t ) .  K i l i c h u n d a n  

d i d  no t  respond  t o  any o f  th e  t r e a t m e n t s .  V e l l a r i ,  

r e c o r d e d  th e  maximum ( 9 1 . 6 6  p e r  c e n t )  c u l t u r e s  

i n i t i a t i n g  s om a t i c  embryo ids  f rom embryomass and the  

l e a s t  r e s p o n s e  ( 2 7 . 2 7  p e r  c e n t )  was r e c o r d e d ,  i n  

Var i k k a .

2. T h ree  t y p e s  o f  e x p l a n t s  v i z .  n u c e l l u s ,  embryo mass and 

s e g m e n t s  o f  t e n d e r  l e a v e s  w e r e  t r i e d .  Embryo  mass 

r e c o r d e d  t h e  maximum r e s p o n s e  ( 9 1 . 6 6  p e r  c e n t )  i n  

V e l l a r i ,  w h i l e  n u c e l l a r  t i s s u e  r e c o rd e d  th e  maximum 

r e s p o n s e  ( 8 7 . 5 0  p e r  c e n t )  i n  K a l l u v a r i k k a .  L e a f  

s egments  d i d  no t  resp on d  t o  t r e a t m e n t s .

3. The maximum re sp o n se  f rom n u c e l l a r  t i s s u e  ( 6 6 .6 7  per  

c e n t )  was o b s e r v e d  when t h e  n u c e l l u s  a l o n g  w i t h  a 

p o r t i o n  o f  th e  o v u l e  was used f o r  i n o c u l a t i o n  in  a 

v e r t i c a l  p o s i t i o n .

4. S o m a t i c  e m b r y o i d s  w e r e  p r o d u c e d  f r o m  t h e  n u c e l l a r  

t i s s u e  d i r e c t l y .  T h e r e  was no i n t e r m e d i a r y  c a l l u s  

p h a s e .
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5. T h r e e  t y p e s  o f  r e s p o n s e  w e r e  o b s e r v e d  f r o m  t h e

e m b r y o m a s s . I n  t h e  f i r s t  t y p e  c a l l u s  was p r o d u c e d  

i n i t i a l l y  and s o m a t i c  embryo ids  were  p roduced  when the 

c a l l u s  was t r a n s f e r r e d  t o  the  i n i t i a t i o n  medium. In  

the  second  t y p e ,  m u l t i p l e  embryos were  p rodu ced  which 

f u r t h e r  d e v e l o p e d  i n t o  p l a n t l e t s .  I n  the  t h i r d  t y p e ,  

the  embryo d e v e l o p e d  d i r e c t l y  i n t o  a p l a n t l e t .

6 . H a l f  s t r e n g t h  MS b a s a l  medium was b e t t e r  f o r  t h e

p r o d u c t i o n  o f  s o m a t i c  em bryo ids  f rom n u c e l l a r  t i s s u e  

compared to  f u l l  s t r e n g t h .

7. 2 , 4 - D  5 . 0  mg/1 + GAg 5 .0  mg/1 was found t o  be the  b e s t  

c o m b i n a t i o n  o f  p l a n t  g r o w t h  s u b s t a n c e s  f o r  t h e  

i n d u c t i o n  o f  s o m a t i c  em bryo ids  f rom n u c e l l u s .

8 . E i g h t  t o  f o u r t e e n  d a y s  w e r e ,  r e q u i r e d  f o r  t h e

p r o d u c t i o n  o f  c a l l u s  a n d  m u l t i p l e  e m b r y o s  f r o m  

embryo mass,  w hereas  n u c e l l u s  to ok  f o u r  t o  seven  weeks 

f o r  th e  i n i t i a t i o n  o f  s o m a t i c  embryo ids .

9. I n d u c t i o n  o f  s o m a t i c  e m b r y o i d s  was b e t t e r  when t h e

c u l t u r e s  w e r e  k e p t  unde r  d a r k n e s s  ( 6 6 . 6 7  p e r  c e n t )  

com pared t o  th o s e  under l i g h t  ( 1 6 . 6 7  pe r  c e n t ) .
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10. H a l f  s t r e n g t h  MS b a s a l  medium w i t h  s u p p l e m e n t s  was 

f ound i d e a l  f o r  the  i n i t i a t i o n  o f  s o m a t i c  embryo ids  

c o m p a r e d  t o  f u l l  s t r e n g t h  MS b a s a l  med iu m w i t h  

suppl  ea ien ts .

11. Deve lopment  o f  s o m a t i c  embryo ids  f rom embryo mass was 

h i g h e s t  ( 5 5 . 5 0  p e r  c e n t )  i n  the  medium c o n t a i n i n g

2 ,4  -  D 5 .0  mg/1 + BA 0 .05  mg/1.

■ 12. F o r  i n i t i a t i n g  s o m a t i c  e m b r y o i d s  f r o m  e m b r y o g e n i c

c a l l u s  2 , 4 -D  10.0 mg/1 + BA 0 .0 5  mg/i was the  b e s t .

13. I n i t i a t i o n  o f  s o m a t i c  em bryo id s  was o b s e r v e d  in  66.67 

p e r  c e n t  c u l t u r e s  k ep t  under da rk n ess  as  a g a i n s t  16.67 

p e r  c e n t  under 1 i g h t .

14. T h e  p e r c e n t a g e  o f  c u l t u r e s  i n i t i a t i n g  s o m a t i c  

emb ryo ids  rem ained  the,  same ( 6 6 . 6 7 )  when th e  c u l t u r e s  

w e r e  k e p t  a t  room t e m p e r a t u r e  and i n  c u l t u r e  room 

te m p e ra tu re  ( 2 6 ± 2 * C ) .

15. The m a t u r a t i o n  o f  s o m a t i c  embryo ids  was a s s e s s e d  based  

on th e  s i z e  o f  em br yo id s .  A b s c i s i c  a c i d  a t  16.0 uM in
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the  m a t u r a t i o n  media r e c o r d e d  th e  maximum s i z e  ( 0 . 5  -

1 .5 cm) o f  em b ryo id s .

L i g h t  d i d  no t  i n f l u e n c e  the  s i z e  o f  the  em bry o id s .

The em b ryo id s  d i d  p o t  s u r v i v e  i n  l i q u i d  medium as w e l l  

as  i n  th e  t r e a t m e n t s  h a v in g  no a c t i v a t e d  c h a r c o a l .

Among th e  v a r i o u s  c o m b i n a t i o n s  o f  2 i P  and BA t r i e d  

f o r  t h e  g e r m i n a t i o n  o f  s o m a t i c  em br yo id s ,  2 iP  1.0 mg/1 

+ BA 1 . 0  mg/1 was  f o u n d  t o  s u p p o r t  n e a r  n o r m a l  

d e v e l o p m e n t  o f  s o m a t i c  em bry o id s .  L e a f y  s t r u c t u r e s  

and r o o t s  h a v in g  n ea r  normal morpho log y  were  p rodu ced .

None o f  th e  c u l t u r e s  s u r v i v e d  when GA a l o n e  ( 1 0 . 0  

mg/1 ) was su pp lem en ted  in  th e  g e r m i n a t i o n  medium.

R e d u c t i o n  in  t h e  c o n c e n t r a t i o n  o f  ammonium i o n s  o r  

n i t r a t e  io n s  d i d  no t  f a v o u r  the  g e r m i n a t i o n  o f  so mat i c  

embryo i d s .

21.  S t r e s s  c o n d i t i o n  was p r o v i d e d  t o  t h e  e m b r y o i d s  by  

i n c r e a s i n g  the  c o n c e n t r a t i o n  o f  a g a r  and s u c ro s e  in



th e  g e r m i n a t i o n  medium. H ow ever , th e s e  t r e a t m e n t s  d i d  

no t  su p p o r t  th e  g e r m i n a t i o n  o f  s o m a t i c  embr yo id s .

22. When 10.0 uM sodium b u t y r a t e  was added a l o n g  w i t h  BA

and GA, the  s i z e  o f  em b ryo id s  in c r e a s e d .

23. P o l y e t h y l e n e  g l y c o l  ( 5 0 . 0  g/l) a l o n g  w i t h  BA

( 1 . 0  mg/ 1 ) i n c o r p o r a t e d  i n  t h e  medium was n o t  v e r y

u s e f u l  f o r  the  normal  g e r m i n a t i o n  o f  embryo ids .
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ABSTRACT

S t u d i e s  w e r e  c o n d u c t e d  t o  o p t i m i s e  t h e  _i_n v i t r o  

p r o p a g a t i o n  t e c h n i q u e s  v i a  s o m a t i c  e m b r y o g e n e s i s  i n  

p o l y e m b r y o n i c  mango  v a r i e t i e s  ( V e l l a r i ,  K a l l u v a r i k k a ,  

T h a l i m a n g a ,  K i l i c h u n d a n ,  P u l i c h i  and V a r i k k a )  o f  K e r a l a ,  

d u r in g  1993-1994 a t .  th e  Departm ent o f  H o r t i c u l t u r e ,  C o l l e g e  

o f  A g r i c u l t u r e ,  V e l l a y a n i .

C u l t u r e  media and c o n d i t i o n s  c ou ld  be s t a n d a r d i s e d  

f o r  t h e  f i r s t  two s t a g e s  o f  s o m a t i c  e m b r y o g e n e s i s ,  n a m e l y  

i n d u c t i o n  and i n i t i a t i o n .  However ,  a t t e m p t s  f o r  ind uc in g  

normal m a t u r a t i o n  and g e r m i n a t i o n  o f  the  em bryo id s  were  not  

so s u c c e s s f u  i .

F i v e  o u t  o f  th e  s i x  v a r i e t i e s  o f  mango ( e x c e p t  

K i l i c h u n d a n )  r e s p o n d e d  t o  t h e  i n d u c t i o n  t r e a t m e n t s  f o r  

s o m a t i c  e m b r y o g e n e s i s .  K a l l u v a r i k k a  r e c o rd e d  th e  h i g h e s t  per  

c e n t  c u l t u r e s  ( 8 7 . 5 0 )  i n i t i a t i n g  s o m a t i c  e m b r y o i d s  f r o m  

the  n u c e l l a r  t i s s u e .  P u l i c h i  was ob s e rv e d  to  i n i t i a t e  the 

h i g h e s t  p e r  c e n t  c u l t u r e s  ( 9 1 . 6 6 )  i n i t i a t i n g  s o m a t i c  

embryo ids  f rom embryo mass c u l t u r e d .



S om at i c  em bryo ids  w ere  induced and i n i t i a t e d  f rom 

n u c e l l u s  as  w e l l  a s  embryo mass .  From t h e  n u c e l l u s ,  t h e  

em b ryo id s  we re  p rodu ced  d i r e c t l y ,  w i t h o u t  any i n t e r v e n i n g  

c a l l u s .  The embryo mass g a ve  r i s e  t o  em bryog en i c  c a l l u s ,  

m u l t i p l e  em bryos o r  z y g o t i c  em bryos.

The s o m a t i c  e m b r y o i d s  f r o m  n u c e l l a r  t i s s u e  w e r e  

b e s t  i n d u c e d  when c u l t u r e d  i n  d a r k n e s s  on h a l f  s t r e n g t h  

M ura sh i g e  and Skooge  b a sa l  medium suppl emented  w i t h  2 , 4-D 5 .0  

mg/1, GA3  5 . 0  mg/1, g l u t a m i n e  400 .0  mg/1, su c r os e  60 .0  g / 1, 

co con u t  w a t e r  2 0 0 . 0  m l/ 1 , a g a r  6 . 0  g / 1  and a c t i v a t e d  c h a rc o a l

2 . 5  g/1.

Som a t i c  em bryo ids  f rom n u c e l l a r  t i s s u e  were  found 

t o  be i n i t i a t e d  in  55 .50  p e r  c e n t  c u l t u r e s  on h a l f  s t r e n g t h  

Mur ash i ge  and Skoog b a sa l medium supp l emented  w i t h  2 , 4-D 5 .0  

mg/1, BA 0 .05  mg/1, g l u t a m i n e  400 .0  mg/1, c a s e i n  h y d r o l y s a t e

500 .0  mg/1, s u c r o s e  60 . 0  g/1,  cocon u t  w a t e r  200.0  m l / 1 , a ga r

6 . 0  g/1 and a c t i v a t e d  c h a r c o a l  2 . 5  g / 1 .  D a r k n e s s  was

e s s e n t i a l  f o r  the  i n i t i a t i o n .  Ambient  t e m p er a t u re  and in  the 

c u l t u r e  room t e m p e r a t u r e  ( 2 6 ° C )  were  e q u a l l y  e f f e c t i v e  f o r  

the  i n i t i a t i o n .
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A b s c i s i c  a c i d  was t r i e d ,  among o t h e r  t r e a t m e n t s  

f o r  i n d u c i n g  p r o p e r  m a t u r a t i o n  o f  t h e  s o m a t i c  e m b r y o i d s  

i n i t i a t e d  f r om  n u c e l l a r  t i s s u e .  The  maximum s i z e  o f  t h e  

em bryo id s  was o b s e r v e d  on h a l f  s t r e n g t h  M urash ige  and Skoog 

b a s a l  m ed iu m  s u p p l e m e n t e d  w i t h  ABA 1 6 . 0  uM,  c a s e i n  

h y d r o l y s a t e  100.0 mg/1, s u c ro s e  40 .0  g/1,  cocon u t w a t e r  200 .0  

ml/1,  a g a r  6 . 0  g/1 and a c t i v a t e d  c h a r c o a l  2 .5  g/1.  S i z e  o f  

th e  em bryo id s  was not i n f l u e n c e d  by l i g h t .

A t t e m p t s  f o r  i n d u c i n g  n o r m a l  g e r m i n a t i o n  o f  t h e  

s o m a t i c  em b ryo id s  f rom the  m a t u r a t i o n  medium were  made u s i n g  

t r e a t m e n t s  i n v o l v i n g  p l a n t  g ro w th  su b s ta n ces  (BA, 2 i P ,  GAg 

an d  N A A ) ,  f a c t o r s  kno wn  t o  i m p a r t  o s m o t i c  s t r e s s  

( Po 1 ye  the  1 ene  g l y c o l ,  and h i g h  c o n c e n t r a t i o n s  o f  s u c ro s e  and 

a g a r ) ,  s o d i u m  b u t y r a t e ,  kno wn  t o  i n f l u e n c e  h i s t o n e  

d e a c e t y l  a t i o n , and a c t i v a t e d  c h a r c o a l ,  c a p a b l e  o f  a b s o rb in g  

i n h i b i t o r s .  H ow ever , th e  t r e a t m e n t s  we re  no t  v e r y  u s e f u l  in  

in d u c i n g  normal  g e r m i n a t i o n  o f  the  embry o ids .


