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INTRODUCTION



INTRODUCTION

M a n g o  (M a n g i j e r a  ind ica  L. ),  b e l ong i ng  to the f a mi l y  A n a c a r d i a c e a e  
is the l ead ing  frui t  c r o p  of India.  At  the na t iona l  level  it o cc u p i e s  4 2 . 60  per  
cent  o f  the a r ea  u nde r  frui t s and  c on t r i bu t e s  to 4 0 . 1 l pe r  cen t  o f  the total  frui t  
p rodu c t i o n  (S ingh ,  1996) ,  In Kerala ,  it is the  s e c o n d  i mp or t a n t  frui t  crop,  
o c c u p y i n g  an area  o f  7 5 , 0 0 0  ha wi th  an annua l  p r o du c t i o n  o f  2 , 5 0 , 00 0 t  (FIB,  
1996).  M a n g o  t rees  fo rm an integral  par t  o f  the h o m e s t e a d s  o f  Kerala .

T h e i e  are o ve r  three  h un d r e d  and  fi f ty m a n g o  var i e t i e s  in S o u t h  India  
(Naik,  1963),  used  for  table,  j u i ce  and /  or  c u l i na r y  pur poses .  T h e  var ie t ies  
are e i t he r  m o n o e m b r y o n i c  or  p o l y e m b r y o n i c .  In p o l y e m b r y o n i c  var ie t i es ,  
adv en t i ve  e m b r y o s  ar i se  f r om the cel l s  o f  the n uce l l u s  and  par t s  o f  the  ovary  
wal l .  Th es e  are me t r i c l i na l  in orgin and  are,  t he re fo re ,  h i gh l y  u n i fo r m and 
g ive  r i se  to t r u e - t o - t y p e  p l an t s .  M o s t  o f  the  local  v a r i e t i e s  o f  m a n g o  are
p o l y e m b r yo n i c .  T h e r e  are ten n a m e d  p o l y e m b r y o n i c  va r i e t i e s  in S ou t h  India  
(Naik ,  1963).

M a n g o  is c ross  po l l i na t ed  and is gene r a l l y  p r o p a g a t e d  by seeds .  Thi s  
l eads  to va r i ab i l i t y  a m o n g  the p rogeny ,  e x c e p t  in p o l y e m b r y o n i c  var ie t ies .  
Ther e  is a wi de  r ange  in the p r o du c t i v i t y  o f  ma n go ,  be i ng  3.5 to 13.5 t /ha / 
yea r  (S i n gh  and Pandey ,  1993).  Co n v e n t i o n a l  v eg e t a t i ve  p r o pa g a t i o n  me t hods



l ike i na rch i ng  and  s t one  gra f t i ng  are qu i t e  succes s f u l  ( S ingh ,  1996).  However ,  
the rate o f  mu l t i p l i c a t i on  is not  su f f i c i en t  to mee t  the d e m a n d  for  super io r  
p l an t i ng  mater i a l .

In vi tro  p ro pa g a t i o n  is useful  to e ns u r e  h igh  ra te  o f  mul t i p l i ca t i on .  It 
is i nc re a s i ng l y  be i ng  used  as an a l t e rna t i ve  m e a n s  o f  a sexua l  p ro p a g a t i o n  o f  
e c o n o m i c a l l y  i mp or t a n t  crops .  It r equ i r e s  only  a l i mi t ed  q u a n t i t y  o f  plant  
t i s sue  as t he  in i t i a l  e x p l a n t  and  is not  s e a s o n  d e p e n d e n t .  T i s s u e  c u l t u r e  
t echn i ques  can also aid in the p rodu c t i o n  o f  d i s ea se  - f ree p lan t s  and in the 
c ryo - p r es e r va t i on  o f  g e r mp l a s m.  Ti ssue  cu l t ure  m e d i a t ed  gene t i c  modi f i ca t i on  
serve  as c o m p l e m e n t a r y  to the c on ve n t io n a l  p l an t  b r e ed i n g  me t ho d s .

Ev o l v i n g  a p ro t oco l  for  in vitro  p r o pa g a t i o n  o f  m a n g o  wi l l  he lp  the 
rap id  c lona l  p r op a g a t i o n  and  ear ly  e s t ab l i s hme n t  o f  e l i t e  var i e t i e s  and  super io r  
hybr ids .  Ra p i d  mul t i p l i ca t i on  o f  sc ion mat er i a l  and  l arge  scale  p r o du c t i o n  o f  
c lonal  r oo t - s t ocks  are al so poss ible .  As  the root  - s tock i n f l u ence s  the 
g r o w t h  a nd  q u a l i t y  o f  the  sc ion ,  c lo n a l  roo t  s t oc k s  w o u l d  be h e l p f u l  in 
ens u r i ng  u n i f o r m  p e r f o r ma n c e  o f  the graf t s .  Ra r e  and  e n d a n g e r e d  cul t ivars ,  
e spec i a l l y  ce r t a i n  p r o mi s i n g  local  var ie t i es  o f  Kera l a ,  can  be mu l t i p l i ed  and 
saved f rom b e c o m i n g  ext inct .

In vitro  p r o p a g a t i o n  o f  m a n g o  has  been a t t emp t e d  (Li t z ,  1984a and 
1986a;  J a i swa l ,  1990;  Sah i j r am,  1990;  Li t z  and Gray,  1992;  J a n a  et  al. ,  1994).  
Howev e r ,  on l y  a few s t ud i es  re la te  to Ind ian  var i e t i es .  T h e  p r e sen t  s t udy  was 
taken up for  d e v e l o p i n g  p ro t oc o l s  for  the in vi tro  p r o pa g a t i o n  o f  i mp or t an t  
m o n o  and p o l y e m b r y o n i c  var i e t i es  o f  Kerala .





M a n g o  is a ma j or  fruit  c rop  o f  Ker a l a  o cc u p y i n g  an a rea  o f  7 7 , 000  ha 
(FIB,  1996).  It be l o ng s  to the f ami l y  A n a c a r d i a c e a e . On l y  very  few repor t s  
are ava i l ab l e  on the in vitro  p r o pag a t i on  o f  m a ng o .  T h e r e  are no repor t s  on 
the  in v i t ro  p r o p a g a t i o n  o f  m o n o e m b r y o n i c  a n d  p o l y e m b r y o n i c  m a n g o  
var ie t ies  o f  Kerala .  Th i s  r ev i ew h igh l i gh t s  the r e sea rch  on var i ous  aspec t s  o f  
in vi tro  p r o pa g a t i o n  via  somat i c  e mb r y og e n e s i s ,  s oma t i c  o r g an o g e n e s i s  and 
e nh a n c e d  r e l ease  o f  axi l l a ry  buds  in m a n g o  and re l a t ed  t ree crops .

A. ROUTES OF I N  V IT R O  PROPAGATION

1. SOMATIC EM BRYO GENESIS

S o ma t i c  e mb r y o g e n e s i s  is the d e v e l o p m e n t  o f  e m b r y o s  f r om somat i c  
cel l s  ( Ma s c a r e n h a s ,  1989).  S oma t i c  e m b r y o s  c l ose l y  r e s e mb l e  the i r  zygot i c  
cou n t e r  par t s  in s t ruc tu re  and  b i o chemi s t r y  ( A m m i r a t o ,  1987).  Howeve r ,  a 
f u n da me n t a l  d i f f e r e nc e  is that  the lat ter  t ends  to ma t u r e  i nc o m p l e t e l y  wi t hou t  
en t e r i ng  a rest  pha se  (Gray,  1987).

S o m a t i c  e m b r y o g e n e s i s  c o n s i s t s  o f  a l l  t h e  s t a g e s  o f  e m b r y o  
d ev e l o p m e n t ,  f rom the onse t  o f  e mb r y o g e n e s i s  to the p ro du c t i on  o f  a ful ly 
ma t ur e  d ev e l o p m e n t a l l y  a r res t ed  e m b r y o  ( R e n d e n b o u g h  et  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 rst  r e c o g n i s e d  by  R e i n e r t  (1 958 )  and 
S t e wa r d  ( I 958)  in the cu l t ur es  o f  car ro t  t i ssue.  T i s se ra t  et  al.  (1 979)  repor ted  
somat i c  e m b r y o g e n e s i s  in 32 fami l i es ,  81 g en e r a  and  132 species .



S ha r p  et  al. ( 1982)  repor t ed  that  soma t i c  e m b r y o g e n e s i s  i n i t i a t ed  ei ther  
f rom p r e - e m b r y o g e n i c  d e t e r mi ned  cel l s  ( P E D C )  or  f rom i nd uc ed  e mb r y o g e n i c  
d e t e r m i n e d  ce l l s  ( I E D C ) .  Wi l l i ams  and  M a h e s w a r a n  ( 1 9 86 )  r e p o r t e d  that  
soma t i c  e m b r y o s  co u l d  ar i se e i t he r  f r om s i ng l e  ce l l s  or  g ro u p s  o f  cel ls.

Di rec t  e mb r y o g e n e s i s  p r o cee ds  f r om the p r e - e m b r y o g e n i c  d e t e r mi ned  
c e l l s  w h i l e  i n d i r e c t  e m b r y o g e n e s i s  r e q u i r e s  t h e  r c - d c t e r m i n a t i o n  o f  
d i l l e r en t i a t e d  cel l s ,  ca l lus  p r o l i f e r a t i on  and  d i f f e r e n t i a t i o n  o f  e m b r y o g e n i c  
d e t e r m i n e d  cel l s  (Ka to  and  Takeuch i ,  1966).

P o t e n t i a l l y  e m b r y o g e n i c  c e l l s  a r e  d i f f e r e n t i a t e d  f r o m  c e l l u l a r  
aggr ega t e s  thtd have  di f fe rent i a l  s t a in ing  p roper t i es ,  c o n sp i c u o u s  s ize and large 
n u m b e r  o f  nuc l eo l i  ( K o n a r  et  al. ,  1972).  S o ma t i c  e m b r y o s  o r i g i na t e  f rom 
p r o - e mb r y o n i c  masses  o f  cel l s  that  d ev e l o p  f r om s ingle  cel l s  ( Ra g ha va n ,  1976).  
Th ey  p o s s es s  a b i p o l a r  s t r u c t u r e  wi th  a v a s c u l a r  s y s t e m  ( H a c c i u s ,  1978).  
A c c o r d i n g  to T i s se ra t  et  al.  (1979) ,  cel l s  that  u n d e r g o  e m b r y o  ini t i a t ion  are 
p r e -d e t e r m i n e d  and  the i r  s u b s eq u en t  e xp o s u r e  to e x o g e n o u s  g r o wt h  s ubs t ances  
f avour s  e mb r y og e n e s i s .

T h e  mo s t  i mp o r t a n t  app l i ca 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  is in the
large sca le  c lona l  p r o p a g a t i on  o f  p lant s  ( Janick ,  1993).  S o m a t i c  e m b ry o i d s
are useful  for  the  ana l ys i s  o f  m o l e c u l a r  and b i o c h e mi c a l  even t s  ( A mmi ra t o ,
1987).  P r o d u c t i o n  o f  ar t i f ic i a l  seeds  and d i rec t  r e g en e r a t i o n  f r om p ro t op l a s t
are f a v ou r e d  by so ma t i c  e m b r y o g e n e s i s  ( Ra z da n ,  1993).  O t h e r  uses  i nc lude
c rop  i mp r o ve me n t ,  me t ab o l i t e  p r o duc t i o n ,  d i sease  e l i mi na t i on  and  g e r m p l a s m  
prcsc rva t  ion.



a. Factors in fluencing somatic embryogenesis

T h e  key  f a c t o r s  w h i c h  i n f l u e n c e  s o m a t i c  e m b r y o g e n e s i s  are  p r e 

t r e a t me n t s ,  e x p l an t s ,  c u l t u r e  med ia ,  cu l t u r e  c o n d i t i o n s ,  g en e t i c  s tabi l i ty ,  
dens i t y  o f  e m b r y o g e n i c  ce l l s  and s y n c h r o n o u s  d e v e l o p m e n t  o f  e m b r y o i d s  

(Amrni ra to ,  1983).

i. E x p l a n t

E m b r y o g e n e s i s  is l arge ly  a f unc t i on  o f  t he  e xp l an t ,  par t i cu l a r l y ,  its 

type,  d e v e l o p m e n t  and  in t e rac t i on  wi th  the  g r o wt h  m e d i u m  (Li t z  and  Gray,  

1992) .

In vi tro  cu l t ur e  o f  nuce l l a r  e x p l an t s  g ive  r i se to so ma t i c  e m b r y o s  and 
even tua l l y  to ful ly d ev e l o p ed  plant s  ( K o c h b a  et al. ,  1972).  N u c e l l a r  t i ssues 
f r om bo t h  un f e r t i l i z e d  and  fe r t i l i zed  o vu l es  u n d e r g o  e m b r y o g e n e s i s  in vitro  

(Mi t r a  and  C ha t u r v e d i ,  1972).

Mi t r a  and  C ha t u r v e d i  (1972)  r epor t ed  that  e m b r y o s  ma y  ar i se e i t her  

d i r ec t ly  f r om the n uce l l u s  or  i nd i rec t l y  f r om the n uc e l l a r  ca l lus .  Nuc e l l a r  
adv e n t i ve  e m b r y o n y  ( p o l y e m b r y o n y )  occ ur s  in m a n y  w o o d y  p lan t  spec i e s  and 
is i de n t i f i ed  in s p e c i e s  b e l o n g i n g  to s ev e r a l  p l an t  f a m i l i e s  ( R a n g a s w a m y .  

1982) .

S t e v en s o n  ( 1956) ,  Ra n g a n  et  al.  ( 1968) ,  Mi t r a  and  C h a t u r v e d i  (1972) ,  
B e n - H a y y i m  and  N e u m a n n  (19 83 )  and  N a v a r r o  et  al.  ( 1 9 8 5 )  used  nuce l l a r



t i ssue as ex p l an t  for  i nduc i ng  somat i c  e m b r y o g e n e s i s  in c i t rus .  E i chho l t z  
*/ al.  ( 1 9 7 9 )  used  n uc e l l a r  exp l an t  for  i n d u c i ng  s o m a t i c  e m b r y o g e n e s i s  in 
M a lu s  d o m es t i ca .  In H ev e a  b r a z i l i e n s i s , Ca r r o n  and  En j a r l i c  (19 85 )  repor ted  
somat i c  e m b r y o g e n e s i s  f rom nuce l l a r  explan t s .

In man go ,  soma t i c  e mb ry og e n e s i s  was  ob t a i n e d  f r om nuce l l a r  explan t s  
in both p o l y e m b r y o n i c  (Li t z  et  al.,  1982 and 1984)  and  m o n o e m b r y o n i c  (Li tz,  
1984a)  var ie t ies .  The  s t age  o f  d ev e l o p m e n t  o f  the ovu l e  was  c r i t i ca l  and the 
o p t i mu m s t age  for  t ak ing  the expl an t  was  before  the e m b r y o  mass  f i l led the 
e m b r y o  sac (Li t z  et  al. ,  1992).  A l t h o u g h  m o n o e m b r y o n i c  and  p o l y e m b r y o n i c  
c u l t i v a r s  a p p e a r e d  to r e s p o n d  e q u a l l y  we l l ,  s o m a t i c  e m b r y o g e n e s i s  was  
obse r ve d  to be cu l t i va r  d ep e n d e n t  (Li t z  et  al. ,  1991).  A t t e m p t s  to ach i eve  

r e gene r a t i o n  f r om o t h e r  types  o f  exp l an t s ,  i n c l ud i ng  s h oo t  t ips,  l eaves  and 
s tem have  been u nsucces s f u l  (Li tz,  1993).

J a i s wa l  ( 1 9 9 0 )  co u l d  i n d u c e  in v i tro  s o m a t i c  e m b r y o g e n e s i s  f rom 
nuce l l us  o f  s o me  Indian  m a n g o  var ie t ies ,  n amel y  Langra ,  Des h e r i  and  B o m b a y
Green .  M a x i m u m  r e s p ons e  was  in Langra ,  whi l e  the  m i n i m u m  was  o bs e r ved  
in B o m b a y  Green .

J an a  e t  al.  ( 1994)  e v o l ved  t ec hn i ques  for  rap id  p r o du c t i o n  o f  s omat i c  
e mb ry os  wi th  no r ma l  d e v e lo p me nt a l  m o r p h o l o g y  f r om the n uc e l l a r  t i ssue o f  
three m o n o e m b r y o n i c  var ie t ies  n ame l y  A l p h o n s o ,  M u n d a n  and  Beneshan .

p r i mi o r d i a  at the sepal  i n i t i a t ion  s tage  and f l owe r  buds  wi th  m i c r o s c op or e



c on t a i n i n g  an t he r s  have  g iven  rise to asexua l  e m b r y o s  ( K o n a r  and Natara ja ,  
1965 and  1969).  S i mi l a r l y  the ca l lus  f rom f l ower  s e gmen t s ,  i nc l ud i ng  petals ,  
sepal s ,  an t her s ,  c a rpe l s  and i nvo l uc re  brac t s  o f  R. sc e le ra tu s  (Na t a ra j a  and 
K o n a r  1970)  and  P ter o th ec a  f a l c o n e r i  ( M e h r a  and  Me hr a ,  1974) has been 
repor t ed  to g en e r a t e  e m b r y o s  in vitro.  Mi t r a  and  Ch a t u rv e d i  ( 1972)  could  
obt a in  e m b r y o s  f r om ca l lus  that  o r i g i na t ed  in u n p o l l i na t ed  ovar i es  o f  Citrus  
a u r a n t i fo l ia  and  C. s inens i s .  In C ucurb i ta  p e p o  f o r ma t i on  o f  asexua l  embr yos  
f r o m  c a l l u s  p r o d u c e d  f r o m  p e r i c a r p  w a s  o b s e r v e d  ( S c h r o e d e r ,  1965) .  
Rao  (1 965 )  r epor t ed  s o ma t i c  e mb r y og e n e s i s  in S a n ta l u m  a lb u m  f rom embryo.  
G i n ga s  and  L i n e b e r g e r  ( 1 9 8 9 )  and  Vie i t ez  and  B a rc i e l a  ( 1 9 9 0 )  s t i mul a t ed  
s o ma t i c  e m b r y o g e n e s i s  in Q uercus  rubra  and C am el l ia  j a p o n i c a ,  respect ively,  
f r om z yg o t i c  e m b r y o  explant .

H a r a d a  ( 1 9 7 5 )  used  s t em and root  as e xp l an t s  for  i ni t i a t ing  somat ic  
e m b r y o g e n e s i s  in A c t in id i a  ch inens is .  Si t a  et  al.  ( 1 9 79 )  used  s t em explan t s  
for  i n d u c i ng  soma t i c  e m b r y o g e n e s i s  in S a n ta l u m  a lbum .

S o m a t i c  e m b r y o g e n e s i s  cou ld  be i nduced  f rom l eaf  by Son dah l  and 
S ha r p  ( 1 9 77 )  in C of fea  a r a b i c a  and  by Li t z  ( 1 9 8 6 b)  in c o c o a  ( Theo bro m a  
c a c a o  L.).

ii. Basal medium

I n d uc t i on  o f  so ma t i c  e m b r y os

A c c o r d i n g  to Ch r i s t i ans on  ( 1985) ,  an even t  mus t  ini t ia l ly occu r  that  
i nvo lves  a c h a n g e  in the de t e r mi na t i o n  o f  fate o f  ce r ta in  cel l s .  Thi s  chan ge  in 
the c o m m i t m e n t  o f  a cel l  is r e fe r r ed  to as an i nd u c t i ve  event .



S o m a t i c  e m b r y o s  h av e  been  g r o w n  on a r a n g e  o f  m e d i a  f r om the 
r e l a t i ve l y  d i l u t e  W h i t e ’s m e d i u m  ( W h i t e ,  1963)  to t he  m o r e  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  G a m b o r g  et  al.  ( 1 9 68 ) ,  M u r a s h i g e  and  S k o o g  ( 1 9 6 2 )  and 
S ch enk  and Hi l de b r a n d t  (1972) .

M u r a s h i g e  and S ko o g  m e d i u m  was  used  fo r  the  i ndu c t i on  o f  somat i c  
e mb r y o s  in c i t rus  ( B e n - H a y y i m  and  N e u m a n n ,  1983).  In app l e  (Var.  Gol den  
Del i c i ous ) ,  MS  m e d i u m  was  used for  the  i nduc t i on  o f  so ma t i c  e mb r y o i ds  
(E i chho l t z  et  a l ., 1979).

A key e l e m e n t  o f  MS m e d i u m  is the p r e se nc e  o f  h igh  l eve l s  o f  ni t rogen 
in the f o r m o f  a m m o n i u m  ni t ra te  ( A m m i r a t o ,  1983).  MS  m e d i u m  has  a high  
l evel  o f  i no rgan i c  sal t  and  a m m o n i u m  (Chen  et  al. ,  1988).

The  fo r m in wh i ch  n i t rogen  is s u pp l i ed  to the t i s sue  s y s t em is a key 
fac tor  in the d e t e r mi na t i on  o f  e mb r y og e n e s i s .  A m m o n i u m  ions  and  casein 
h ydr o l ysa t e  at low levels  s t rongl y  s t imul a t e  e m b r y o g e n e s i s  c o m p a r e d  to ni t rate 
ions (Ha l pe r i n  and  Wethere l l ,  1965).

Li tz  et  al.  ( 1982  and 1984),  Li t z  ( 1984a ) ,  L i t z  and  S c h a f f e r  (1987) ,  
D e w a l d  et  a l . ,  ( 1 9 8 9 a  and  1989b)  and  M a t h e w s  a nd  L i t z  ( 1 9 9 0 )  i n d u c e d  
somat i c  e m b r y o g e n e s i s  f r om the nuce l l us  o f  m a n g o  on m o d i f i e d  MS  m e d i u m  
c on t a i n i n g  ha l f  s t r engt h  m a j o r  sal ts.

Rao  et al.  ( 1982)  r epor t ed  the i nduc t i on  o f  ca l lus  f r om co t y l e d o n s  o f  
ma n go  on MS med i um.



L i t z  e t  a l .  ( l 9 9 1 )  o b t a i n e d  s o m a t i c  e m b r y o s  w h e n  n u c e l l u s  o f  
p o l y e m b r y o n i c  a nd  m o n o e m b r y o n i c  m a n g o  v a r i e t i e s  w a s  c u l t u r e d  on 
m e d i u m  c o n t a i n i n g  m o d i f i e d  B 5 m a j o r  sal t s  a nd  MS  m i n o r  sa l t s  and 
o rgan i cs .

Ini t i a t ion o f  s o ma t i c  e m b ry os

W h e n  t i s sues  are t r ans fe r r ed  f rom an auxi n  c o n t a i n i n g  m e d i u m  to an 
a u x i n  f r e e  m e d i u m  h a v i n g  n i t r o g e n o u s  c o m p o u n d s  l i k e  a m i n o  a c i d s ,  
e m b r y o g e n e s i s  wi l l  be t r i g g e r e d  ( R e i n e r t ,  1959) .  B u t e n k o  et  al .  ( 1 9 67 )  
s u g g e s t ed  tha t  mi ne r a l  sa l t s  sh o u l d  be p r e s e n t  at  a h igh  c o n c e n t r a t i o n  for  
e m b r y o  ini t ia t ion.  T a z a wa  and Re ine r t  (1969)  r e po r t e d  tha t  n i t rogen  should  
be p re sen t  e i t he r  in o rgan i c  or  i norgani c  fo rm,  for  the  in i t i a t i on  o f  somat i c  
e m b r y o i d s .

In man go ,  the ini t ia t ion m e d i u m  cons i s t ed  o f  m o d i f i e d  B 5 ma j or  salts,  
MS mi n o r  sal ts  and o rgan i cs  (Li t z  et  al. , 1984).  Li t z  (1 9 84 a )  r epor t ed  that  
somat i c  e mb ry og e n e s i s  occu r red  f rom nuce l l a r  ca l lus  o f  m a n g o  on ha l f  s t rength 
MS m e d i u m  c on t a i n i n g  1-2 mg/1 2 ,4-D.  A c c o r d i n g  to D e w a l d  et  al.  (1989a) ,  
mod i f i ed  B 5 m e d i u m  was  s i gn i f i can t ly  mo r e  e f f ec t i ve  than,  for  t he  p roduc t i on  
o f  soma t i c  e m b r y o s  f r om nuce l l a r  t i s sue  in man go .

Ma t u r a t i o n  o f  s o ma t i c  e m b ry os

Li tz  (1 9 8 4 a )  s u bc u l t u r e d  the e m b r y o g e n i c  n u c e l l a r  ca l l us  o f  m a n go  
on to mo d i f i e d  MS  m e d i u m  c on t a i n i n g  h a l f  s t r engt h  m a j o r  sal ts  w i t hou t  any 
g rowth  regu l a t o r s  to permi t  ma t u r a t i on  o f  e mb r y o s .  D ew a l d  et  al.  ( 1989b)



used  ma t u r a t i o n  m e d i u m  c ons i s t i n g  o f  m o d i f i e d  B 5 m a j o r  sal t s ,  MS  mi nor  

and  organics .

G e r mi na t i o n  o f  somat i c  e mb r y o s

If  s o m a t i c  e m b r y o s  a re  not  p h y s i o l o g i c a l l y  m a t u r e ,  t he y  c a n n o t  
g e r m i n a t e  n o r m a l l y  a n d  s u r v i v e .  P o o r  g e r m i n a t i o n  is t y p i c a l  in m a n y  
e m b r y o g e n i c  cu l t u r e  sys t ems .  Ra zd a n  ( l 993)  r e p o r t e d  tha t  g e r mi n a t i o n  o f  
s omat i c  e m b r y o s  can o cc u r  only  when  it was  m a t u r e  e n o u g h  to h av e  func t i ona l  
root  and shoo t  ap i ces  c a pab l e  o f  me r i s t ema t i c  g r owt h .

Th e  g e r mi n a t i o n  m e d i u m  used by Li t z  ( l  984a )  c on s i s t ed  o f  mod i f i ed  
M S  l i q u i d  m e d i u m  w i t h o u t  g r o w t h  r e g u l a t o r s  a nd  w i t h  20  p e r  c e n t  (v/v)  
c o c o n u t  water .

D e w a l d  et  al.  ( 1 9 8 9 b)  repor t ed  that  g e r m i n a t i o n  was  a c c o m p a n i e d  by 
s l ight  e n l a r g e m e n t  and  p r o gr e s s i v e  g r e e n i ng  o f  so ma t i c  e m b r y o  in mango .  
M o d i f i e d  m e d i u m  c o n s i s t i n g  h a l f  s t r e n g t h  m a j o r  sa l t  f o r m u l a t i o n  
s u p p l e m e n t e d  w i t h  c o c o n u t  w a t e r  a n 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 gn i f i can t ly  h i g h e r  g e r mi na t io n  rate.

iii. Plant  growth substances

Induc t ion  o f  s o ma t i c  e m b r y o s

G e n e r a l l y  the  p r e s e n c e  o f  an aux i n  in the  m e d i u m  is e s se n t i a l  for  
somat i c  e mb ry og e n e s i s .  T i s sue  and cal l i  ma i n t a i n e d  c o n t i n u o u s l y  in an auxin 
free m e d i u m  do not  form emb r y o s .



Hal per i n  (1 9 70 )  repor t ed  that  e m b r y o g e n e s i s  co u l d  be i nd uc ed  only 
in s u spens i on  cu l t ur es  wi t h  an auxin c on t a i n i n g  m e d i u m .  The  c o n v e r s i on  of  
a s o ma t i c  cel l  to an e m b r y o  is c a us e d  by an i n c r e a s e d  ra t io  o f  n i t rogen  to 
auxin (Re i ner t ,  1973).

Li t z  et al.  ( 1 9 8 2 )  o b t a i n e d  s o m a t i c  e m b r y o s  f r om the  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  m a n g o  c u l t i v a r s  on  m e d i u m  
s u p p l e m e n t e d  wi t h  e i t he r  c o c o n u t  wa t e r  or  benz y l  ade n i ne .  N u c e l l a r  ca l lus  
was  i nd u ce d  on mo d i f i e d  MS m e d i u m  s u p p l e m e n t e d  wi th  2 ,4 - D  1-2 mg/1 
(Li t z  et  a l . ,  1982;  Li tz ,  1984a) .  L i t z  et  al.  ( 1 9 8 4 )  c o u l d  i n d u c e  s o ma t i c  
e mb r y o g e n e s i s  f r om nuce l l a r  exp l an t s  when  c u l t u r ed  on m o d i f i e d  MS  m e d i u m 
wi t hou t  auxin.  Li t z  and S ch a f f e r  (1987)  o bs e r ve d  that  so ma t i c  e mb r y og e n e s i s  
f r om m a n g o  nucel l i  was  not  d ep e n d e n t  on 2 , 4 - D  as a s t i mul us .  However ,  
De wa l d  et  al.  ( 1 9 8 9 a )  i nc o r por a t ed  4.5 f iM 2 , 4 - D to m o d i f i e d  MS  m e d i u m  
for  the i nduc t i on  o f  somat i c  e mb ry os  in ma ngo .

S o m a t i c  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  u s i n g  M S  m e d i u m  
s u p p l e m e n t e d  wi t h  2 ,4 - D  5 .0  mg/1,  G A 3 5 .0  mg/1,  s u c r o s e  6 0 . 0  g/1 and 
ac t iva t ed  c ha rcoa l  2.5 g/1 ( Jana  f t  «/ . ,  1994).

In i t i a t ion  o f  s oma t i c  e m b r y os

L i t z  et  a l .  ( 1 9 8 2 )  c o u l d  i n i t i a t e  s o m a t i c  e m b r y o i d s  on  m e d i u m  
c o n t a i n i n g  c o c o n u t  water ,  BA or  no g r o w t h  r eg u l a t o r s .  L i t z  et  al.  ( 1984)  
r epor t ed  that  e f f i c i en t  somat i c  e m b r y o g e n e s i s  o cc u r r e d  whe n  nuce l l a r  ca l lus  
was  t r a ns fe r r ed  to l iquid m e d i u m  wi t hou t  2 ,4-D.



A t r e e  a nd  F o w k e  ( 1 9 9 1) r e p o r t e d  t ha t  c o n i f e r  s o m a t i c  e m b r y o i d s  
con t in u e d  to p r o l i f e r a t e  on a m e d i u m  c on t a i n i n g  bot h  aux i n  and  cyt oki n in .

Ma t u r a t i o n  o f  so ma t i c  e mb r y o s

Li tz  et  al.  (1983) ,  Li tz  and Gray  (1 9 92 )  and  R a zd a n  (1 9 93 )  repor ted  
that  m a t u r a t i o n  o f  m a n g o  s o m a t i c  e m b r y o s  o c c u r r e d  on m e d i u m  w i t ho u t  
g r o wt h  r egul a to r s .

C y t o k i n i n s  are i mp o r t a n t  for  s o ma t i c  e m b r y o  m a t u r a t i on  ( F u j i mu r a  
and K o m a m i n e ,  1980).  It i n f l uences  the d e v e l o p m e n t  o f  c o t y l e d on  ( A m m i r a t o  
and S t ewa r d ,  1971) and  shoot  apex ( K a v a t h e k a r  and  Johr i ,  1978).

T h e  e n d o g e n o u s  c o n c e n t r a t i o n  o f  A B A  in e m b r y o g e n i c  c u l t u r e s  
s h ow e d  a rap id  i nc rease  dur ing  soma t i c  e m b r y o  d e v e l o p m e n t  and  r eached  a 
p eak  at ma t ur a t i on  ( Ra j a s ek h a r an  et  al. ,  1982).

S e c o n d a r y  e m b r y os  ar i se f rom g l o b u l a r  o r  ea r ly  hear t  s t age  somat i c  
e mb ry os .  A m m i r a t o  ( 1 9 8 3 )  r e p o r t e d  tha t  a p u l se  o f  A B A  s u p p r e s s e d  the 
f o r m a t i o n  o f  s e c o n d a r y  e m b r y o s ,  s y n c h r o n i z e d  the  c u l t u r e s  a nd  i nh i b i t ed  
aber r an t  d e v e l o p m e n t  o f  e m b r y os  and p r e co c i o u s  g e r mi na t io n .

The  i mp or t an ce  o f  the appl i ca t ion  o f  A B A  for  the ma t ur a t i on  o f  somat ic  
e m b r y o i d s  was  r e p o r t e d  by A m m i r a t o  ( 1 987) .  He o b s e r v e d  tha t  so ma t i c  
e m b ry os  g ro wn  on A B A  c on t a i n i n g  m e d i u m  had  a h i g h e r  n u m b e r  o f  e mb r y os  
wi th two co t y l ed ons .  De wa l d  et al.  ( I 9 89 b )  repor t ed  that  A B A  in c om b i na t i on



with  c o c o n u t  wa t e r  and l ow suc rose  con c e n t ra t i on  me d i a t e d  n or ma l  somat i c  
e m b r y o  ma t ur a t i on  in man go .  But ,  the e f fect  o f  A B A  was  m a s k e d  when  it 
was  used  wi th  six per  cen t  sucrose .  Absc i s i c  ac id  i n f l u e n c e s  the qua l i t y  o f  
s omat i c  e m b r y o s  (Li t z  et  al. ,  1992).  He  ob s e r ve d  that  m a n g o  so ma t i c  e m b ry os  
could  to l e ra te  high c on c e n t ra t i o ns  o f  A B A  ( 100  p M ) .

R a z d a 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  t he  
d ev e l o p m e n t  and  g ro wt h  o f  the shoo t  mer i s t em o f  the e mb r y o i d s .

Ma t u r a t i o n  o f  soma t i c  e m b r y o  was  ob s e r ve d  in a r e duc e d  c once n t r a t i on  
o f  MS basal  m e d i u m  s u p p l e m e n t e d  wi th absci s i c  ac id  1.0 mg/1,  c o c o n u t  wa t e r  
20 per  cent  (v/v) ,  case in  h yd r o l y s a t e  100 mg/1,  s u c r os e  4 0 . 0  g/1 and  ac t i va t ed  
charcoa l  2.5 g/1 ( J ana  et  a l ., 1994).

G er mi na t io n  o f  somat i c  e mb ry os

M a t u r e  e m b r y o s  are c u l t u r ed  on g r o w t h  r e g u l a t o r  f r ee  m e d i u m  for  
g e r mi n a t i o n  a nd  p l an t l e t  d e v e l o p m e n t  ( At r e e  and  F o w k e ,  1991) .  Ra zd a n  
(1993)  r ep o i t e d  that  s o ma t i c  e m b r y os  g e r m i n a t e d  on g r o w t h  r e g u l a t o r  free 
med i um.

E x o g e n o u s l y  s u pp l i e d  G A 3 c a us e d  g e r mi n a t i o n  o f  s o ma t i c  e m b r y os  
in Citrus  s inen s i s  ( R a n g a sw a m y ,  1961) and S a n ta lu m  a lb u m  (S i t a  et  al. ,  1979).

K a v a t h e k a r  and Johr i  (1978)  r epor t ed  that  c y t ok i n i n s  are  s o m e t i me s  
requi red  for the g r o wt h  o f  e mb r y o s  into plant  lets.



M a t h e w s  and  Li t z  ( 1 9 9 0 )  s t ud i ed  k a n a m y c i n  s en s i t i v i t y  o f  m a ng o  
somat i c  e mbr y os .

J a n a  e t  a t .  ( 1 9 9 4 )  r e p o r t e d  t h a t  B A  5 . 0  m g / l  f a v o u r e d  n o r m a l
g e r m . n a t i o n  o f  t he  m a n g o  s o m a t i c  e m b r y o s .  P l a n t l e t  d e v e l o p m e n t  was  
c omp l e t e d  in 7 5 - 80  days.

iv. O t h e r  s u p p l e m e n t s

C oc o n u t  wa t e r

C o c o n u t  w a t e r  acts  as a s ou r ce  o f  r e d u c e d  n i t r og en  in the  m e d i u m
( Tul ecke  et  a l ., 1961).  H o m e s  ( 1967)  repor t ed  that  c o c o n u t  w a t e r  was  not  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  m a n g o ,  s o m a t i c
e mb ry og e n e s i s  was  i nduced  when  c o co nu t  wa t e r  was  i nc o r p o r a t ed  in the
me d i u m  (Li t z  et  al. ,  1982 and  1984;  De w a ld  et  al. ,  1989a) .  P r o l i f e r a t i on  o f
s o ma t i c  e m b r y o s  o cc u r r e d  whe n  the n u c e l l a r  t i s sue  was  s u b c u l t u r e d  into
m e d i u m  wi th  t we n t y  pe r  c en t  c o c o n u t  water .  M a t u r e  e m b r y o s  did not
deve lop  into nor ma l  p lant l e t s  when  t r ans fe r red  to m e d i u m  wi t hou t  coconu t  
water.

A c c o r d i n g  to D e w a ld  et  a !. ( 1 9 89 b )  ma t u r a t i o n  and  g e r m i n a t i o n  of  
somat i c  e m b r y o s  o f  m a n g o  wer e  a c h i eve d  by sequen t i a l  t r a ns f e r  o f  somat i c  
e m b r y os  on t o  m e d i u m  c on t a i n i n g  t we n t y  p e r  cent  c o c o n u t  w a t e r  and  r educed  
s u c r o se  c o n c e n t r a t i o n .  Li t z  et  at.  ( 1 9 9 2 )  r o u t i ne l y  a dd e d  f i l t e r  s t e r i l i zed  
coconu t  wa t e r  to the ma t ur a t i on  m e d i u m  in mango .



A s u bs t a n t i a l  a m o u n t  o f  r e d u c e d  f o r m o f  n i t r o g e n  is r e q u i r e d  for  
e m b r y o  ini t i a t ion  and  ma t ur a t i on .  Ra zd a n  ( l 993)  r e por t ed  tha t  c o c o n u t  water  
or  case in  h y d r o l y s a t e  cou l d  be used  as the s our ce  o f  r e d u c e d  n i t rogen .

S o l i d i f y i ng  age n t  (agar )

L i t z  et  al .  ( 1 9 8 2 )  r e p o r t e d  t ha 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 ccu r r ed  in l iquid me d i u m.  Cul t u r e s  in the ini t i a t ion  m e d i u m  d a r ke n e d  more  

quickly  in so l id  m e d i u m  than on l iquid m e d i u m  ( D e w a l d  et  al. ,  1989a) .  La rger  

e m b r y o s  w e r e  f o r m e d  in 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  

abn o r ma l i t i e s  we r e  more .  Soma t i c  e m b r y o s  p r o d u c e d  on m e d i u m  c on t a i n i n g  

ge l r i t e  w er e  l a r ge r  t han  t ho s e  p r o d u c e d  on a g a r  m e d i u m .  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 es s  w h e n  s o m a t i c  e m b r y o s  w e r e  c u l t u r e d  on  m e d i u m  

c on t a i n i n g  gel r i t e .

S u c r o s e

N o r m a l  s o m a t i c  e m b r y o 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  t han  w i t h  l ow c o n c e n t r a t i o n .  F o r  m a t u r a t i o n  o f  s o m a t i c  
e m b r y os  the o p t i m u m  con c e n t ra t i o n  o f  suc rose  was  six p e r  cent  ( De wa l d  

et  al. ,  1989b).

L i t z  e t  al .  ( 1 9 9 3 )  r e p o r t e d  t ha t  s u c r o s e  c o n c e n t r a t i o n  s h o u l d  be 
m a i n t a i n e d  at  m o d e r a t e l y  h i g h  l e v e l s  i n o r d e r  to p r e v e n t  p r e c o c i o u s  

g e r mi na t ion  o f  s oma t i c  e mb r y o i d s .



Agen t s  co u n t e r i ng  p o l yp h e n o l  i n t e r fe rence

Ch a r coa l  can ass i s t  in ads or b i ng  toxic  su bs t a nces  wh i c h  m a y  be present  
in m e d i a  as a resul t  o f  a u t oc l av i ng ,  or  p r o d u c e d  by c u l t u r ed  t i ssues .  F n d b o r g  

«  al.  ( 1 9 7 8 )  s h o w e d  t ha t  a c t i v a t e d  c h a r c o a l  c o u l d  a d s o r b  s o m e  p h e n o l s  
c o m m o n l y  p r o d u c e d  by w o u n d e d  t i ssues .  In dat e  pa l m,  a c t i va t ed  charcoa l  
e f fec t ive ly  p r e v e n t e d  b r o wn in g  o f  e xp l an t s  f r om ma t u r e  t rees  (Ti ssera t ,  1982).  
Hu a n d  W a n g  ( 1 9 8 3 )  f o u n d  t ha t  t r e a t i n g  t he  e x p l a n t s  w i t h  p o l y v i n y l  
p y r r o l i d o n e ,  w a s h i n g  t h e m  wi t h  s t e r i l e  w a t e r  a nd  i n c l u s i o n  o f  a c t i v a t e d  
cha rcoa l  in the m e d i u m  reduced  the o x i da t i on  o f  p o l y p h e n o l s  b ec a u s e  o f  the 
abs or p t i on  o f  the o x i da t i on  p r odu c t s  by t hese  c he mi c a l s .

I nc lus i on  o f  cha rcoa l  and P V P  in the  c u l t u r e  m e d i a  was  not  found to 
be he lpful  in a bs o r b i ng  phen o l i c  subs t ances  in c love  cu l t ures .  Al t e rna t i ve l y ,  
quick t r ans fe r  o f  exp l an t s  on to f resh me d i a  at the ra le  o f  fou r  to six t rans fers
a day was  found  useful  ( P r i yad a r s h an  et  a!.,  1989).

Ac t i va t ed  c ha r co a l  h a s t e n e d  the d i f f e ren t i a t i on  o f  s o m a t i c  e m b r y o s  in
mango (Litz el  a l . .  1984; Litz.  1986a).  However,  the mortality o f  the embryos
was very  high.

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

In man go ,  i nduc t i on  and g ro wt h  o f  ca l lus  wa s  be t t e r  in da r k  than wi th 
a nor ma l  p h o t o p e r i o d  ( Ra o  el  c l . .  1982) .  Li t z  ( 1 9 8 4 a )  and  D e w a l d  e,  cl.  
( 1 9 8 9 a )  m a i n t a i n e d  t he  c u l t u r e s  in t he  i n d u e , i o n  m e d i u m  a,  16 h o u r



p h o t op e r i od  and 25°C.  Li tz  et  al. ( 1 9 9 1) i n c u b a t ed  the e x p l an t s  o f  m a n g o  in 
d a r kness  at 25 ° C  and subcu l t u red  t he m dai ly  for  the  f i rst  week .

M a n g o  cu l t u r es  in the ini t ia t ion m e d i u m  wer e  kep t  in da r k  ( D e w a l d  et 

al. ,  1989a) .  Li t z  et  al.  ( 1 9 91 )  m a i n t a i n e d  the cu l t u r es  at  2 4 - 2 7 ° C  in da r knes s  

and s u bc u l t u r e d  it at t wo  wee ks  interval .

In m a ng o ,  the cu l t u r es  in the  m a t u r a t i o n  m e d i a  we r e  ma i n t a i n e d  in 
d a r kn es s  in o rd e r  to p r e ve n t  p r e co c io u s  g e r m i n a t i o n  o f  s o m a t i c  e mb r y o i d s  
( D e w a l d  et  al . ,  1989b and  L i t z  et  al. ,  1993).  T h e  m a t u r a t i o n  o f  somat i c  

e m b ry os  was  f o und  to p r oc e e d  mo r e  in d a r kn e s s  (Ra z da n ,  1993).

S o m a t i c  e m b r y o s  g r e w  v i g o r o u s l y  a nd  d e v e l o p e d  e x t e n s i v e  roo t  
sys t em w he n  e x p o s e d  to 25°C,  h igh  l ight  i n t ens i ty  and  c o n t r o l l e d  levels  
o f  CC>2 ( K o z a i  a n d  I w a n  a m i ,  1 988 ) .  A c c o r d i n g  to L i t z  et  a l .  ( 1 9 9 2 )  
g e r m i n a t i o n  o f  m a n g o  s o m a t i c  e m b r y o i d s  w a s  c h a r a c t e r i s e d  by  r a p i d  
e l onga t i on  o f  the  h yp oc o t y l  and  g r e en i ng  o f  co t y l e d o n s ,  w h i c h  o c c u r r e d  when  

somat i c  e m b r y o s  wer e  t r ans fe r r ed  to l ight .

b. Histological  characterization of  somatic  embryoids

Sag a r e  et  al. ( 1 995 )  s tud i ed  the h i s t o logy  of  so ma t i c  e m b r y o  ini t ia t ion 

and d e v e l o p m e n t  in ch i ck  pea  ( C icer  avie t i i ium  L. )  f r om d i f f e ren t  explant s .  
The  s tud i es  r ev ea l ed  that  so ma t i c  e m b r y o s  a rose  ind i r ec t l y  wi t h  an i n t e rven i ng  
ca l lus  phase  f r om i m m a t u r e  c o t y l e d on s  and  i m ma t u r e  e m b r y o  axis ,  d i rec t ly  
f rom mat ur e  e m b r y o  axi s  and by bot h  rou tes  f r om y o u n g  l eaf let s .



In C or nu s  f lo r id a  ( f l ower i ng  d o g w o o d )  the so ma t i c  e m b r y o s  e x a mi n e d  
h i s t o l o g i c a l l y  s u g g e s t e d  that  d i r ec t  s o ma t i c  e m b r y o s  we r e  d e r iv e d  f r om a 
s ingle  cel l  ( Tr i g i ano  et  al. , 1989) .  M a n y  o f  the e m b r y o s  that  had  d eve l op ed  
b ey o n d  the g l o b u l a r  s t age  were  fused in pai rs  a long  the ent i r e  l ength  o f  the 
h yp o co t y l  - radic l e  axis.  Each  e m b r y o  had  a c lo sed  v as c u l a r  sys t em,  a well  
d ev e l o p e d  root  me r i s t em and  a poor l y  o r g an i s ed  s h oo t  mer i s t em.

In Celery ,  Y on g- H w a n  Kim (1989)  c o n d u c t e d  h i s t o l o g i ca l  s tud ies  o f  
e m b r y o g e n i c  c o m p e t e n t  ca l lus  and i nd i ca t ed  that  t hey  we r e  i so d i ame t r i c  and 
eas i ly d i s t i ng u i s he d  f r om non e m b r y o g e n i c  ce l l s  by the i r  da r k l y  s t a i ned  nuclei  
and nucco l i .  S u b s e q u e n t  d iv i s i on  o f  t e r mi na l  ce l l s  f o r m e d  a mu l t i - c e l l ed  
g l ob u l a r  e m b ry o .  T h e  s u s p en s o r  a pp e a r e d  to d e g e n e ra t e  and  was  not  obs e r ve d  
in ma t u r e  s o ma t i c  e m b r y o s .  A p r o m i n e n t  e p i d e r m a l  l ayer ,  f o r m e d  on the 
g l obu l a r  e m b ry o ,  was  soon  f o l l o we d  by v as cu l a r  s t r and  d e v e l o p m e n t  at the 
hear t  shaped  s tage.  Dar k l y  s t a ined cel l s  ex t e n d i ng  f r om the base  o f  the e mb ry o  
to the c o t y l e d on a r y  r eg ions  represent  the ini t i a t ion  o f  v a s cu l a r  s t rands .  Hear t  
s h a p e d  e m b r y o s  d e v e l o p e d  i n t o  t o r p e d o - s h a p e d  e m b r y o s  s h o w i n g  we l l -  
d e v c l o p c d  co t y l e d on s .  S e c o n d a r y  e mb r y o s  o cc u r r e d  wi th  high f r eq u en c y  on 
the  c o t y l e d o n s  a nd  t he  h y p o c o t y l  w h i c h  i n h i b i t e d  g r o w t h  o f  t he  a p i c a l  
me r i s t em and  l imi t ed  the c on v e r s i on  o f  p r i ma r y  so ma t i c  e m b r y o s  into normal  
p lan t l e t s .

In R o b u s t a  c o f f e e ,  h i s t o l o g i c a l  e x a m i n a t i o n  r e v e a l e d  t h a t  e a c h  
e m b r y o i d  had  a b i p o l a r  s t r u c t u r e  m a k i n g  it c a p a b l e  o f  d e v e l o p i n g  into  a 
c om p l e t e  p lan t  ( S u m a r y o n o  and Tahard i ,  1993).



2. S O M A T I C  O R G A N O G E N E S I S

Genera l l y ,  a h igh  c on c e n t r a t i o n  o f  auxi n  and  a l ow con c e n t ra t i o n  o f
c y t o k i n i n  in t he  m e d i u m  p r o m o t e  a b u n d a n t  c e l l  p r o l i f e r a t i o n  w i t h  the
fo r ma t i on  o f  ca l l us  ( S ko o g  and  Mi l l er ,  1957).  On the o t h e r  hand ,  l ow auxin
and h igh  c y t ok i n i n  c o n c e n t r a t i o n  in the m e d i u m  resu l t  in the i nd uc t i on  o f
s h o o t  m o r p h o g e n e s i s .  A u x i n ,  a l o n e  o r  in c o m b i n a t i o n  wi t h  a v e r y  l ow
con c e n t ra t i o n  o f  cy t ok i n in ,  is i mp o r t a n t  in the i nd u c t i on  o f  roo t  p r i mordi a .
Soma t i c  o r g an o g e n e s i s  can be d i r ec t  or  ca l lus  m e d i a t ed  ( E v a ns  et  a l ., 1981)
and is useful  in i nd uc i ng  gene t i c  var i ab i l i t y  or  to r e c o v e r  p re - e x i s t i n g  natural  
gene t i c  var iabi l i ty .

Rao  et  al. ( 1981)  o bs e r ve d  ca l lus  p r o d u c t i on  w he n  s h oo t  t ip exp l an t s  
f rom ma t ur e  j a c k  t rees  were  cu l t u r ed  on MS  m e d i u m  c o n t a i n i n g  IA A (0.1 p pm)  
a lone or  in c o m b i n a t i on  wi th  BA  (2.0 p pm) .  H o w e v e r ,  the  ca l l us  fa i led to 
d i f fe ren t i a t e  into shoo t / roo t .  Ca l l us i n g  cou l d  be o b t a i n e d  f r om i n f lo r e s cence  
p r i mo rd i a  also.  Ca l l u s  i nd u ced  f rom h y p o c o t y l  s e g me n t s  d i f f e re n t i a t e d  into 
shoot  buds  whe n  cu l t u r ed  on MS  m e d i u m  c on t a i n i n g  1BA or  N A A  (1 .0  p pm)  
and BA (2 .0  ppm) .

In ma ngo ,  R a o  et  al.  ( 1 9 82 )  r epor t ed  that  the i nduc t i on  o f  ca l lus  f rom 
c o t y l ed on  t i ssue and root  r egene r a t i on  on MS  m e d i u m  c on t a i n i n g  N A A  (5.0 
mg/1),  K m e t i n  (2 . 5 - 5 . 0  mg/1) and  c o c o n u t  wa t e r  ( 1 5 0  ml/1).  Ca l l us  i nduct ion  
o ccu r r ed  t wo  week s  af t er  i nocul a t i on .  G r o w t h  was  found  to be bet t er  in the 
cul t ur es  ma i n t a i n e d  in the dark.  The  ca l lus  was  dark  and c om p a c t .  Dist inct



lobes  wer e  f o r m ed  in one  mon t h  old cul tures .  Roo t  ini t ia l s  d ev e l o p ed  dur ing

the second  wee k  were  pos i t i ve l y  geo t rop i c ,  s o me wh a t  flat  and t aper i ng  at the
top.  Roo t  caps  were  present ,  but  root  hai rs  were  absent .  S h o o t  d ev e l o p me n t  
was not  observed .

Mor e l  (1945)  was  the first  to repor t  on the p r o d u c t i on  o f  ca l lus  f rom
stem exp l an t s  o f  grapes .  P r oduc t i on  o f  ca l lus  cu l t u r es  f rom cxp l an t s  of
s t em t i s sues  (S t audt  e,  al. , 1972) and i mma t ur e  ber r i es  ( H a w k e r  el  al. ,  1973,  
has also been repor ted.

Ca l l us  p roduc t i on  f rom several  plant  par t s  o f  app l e  has been repor ted 
(Mu er al. ,  1977;  S c h n e i d e r  et  al.,  1978;  Fuku i  et  al. ,  1981).  Di f f e ren t i a t i on  
o f  roots  and  l eaves  f r om cal lus  was obse r ved  by M u  e t  al.  (1977) .  Chen  et  al. 
(1979)  ob t a ined  p lan t l e t s  r egene ra t ed  f rom the ca l lus  o f  e xp l an t s  f r om M.9  
root  s tocks.  Cal lus  was  induced  f rom s t em seg men t s  o f  MS  m e d i u m  con t a i n ing  
2.2 f iM BA,  10.7 n M  N A A  and 100 mg/1 case in  h y d r o l y s a t e .  Wh e n  the 
cal lus  was  t rans fe r red  to a s i mi l a r  m e d i u m  wi t hou t  N A A ,  shoo t s  di f ferent i a t ed .  
T h e s e  s h o o t s  w e r e  t hen  r o o t e d  in v i t ro  on a m e d i u m  c o n t a i n i n g  I BA.

Di f f e ren t i a t i on  o f  ca l lus  (de r i ved  f rom seedl i ng  t i s sues  o f  G o l de n  Del i c i ous )
into l eaves ,  shoot s  and  roots  was r epor t ed  by M e h r a  and  S a c h d e v a  (1979)  
and Liu  et  al.  (1981) .

N a i r  e t  al.  ( 1 9 8 4 )  s u c c e e d e d  in i n d u c i n g  a d v e n t i t i o u s  b ud s  f r om 
exc i sed  l ea f  exp l a i ns  o f  cus t a rd  app l e  (A n n o n a  s q u a m o s a  L. )  s eed l i ngs  on 
m e d i u m  c o n f i n i n g  0.5  mg/ l  BA and  0 .5  mg/ l  Kine t in .  Var ious  aux i ns  in



c o m b i n a t i o n  wi t h  the a bo v e  m e d i u m  p r o d u c e d  c a l l u s i n g  o f  the exp l an t s .  
M a x i m u m  n u m b e r  o f  shoot s  were  obt a ined  us ing the l ea f  base  wi th  pet iole  at 
a t empe r a t u r e  o f  2 7° C and a l ight  intens i ty  o f  100 lux.  Roo t s  wer e  ini t iated 
e r r a t i c a l l y  w h e n  i n d i v i d u a l  s h o o t s  w er e  t r e a t e d  w i t h  an a u x i n  a nd  then 
t r ans le r r ed  to an auxin free med i um.

O m u s a  et  al.  ( 1 9 8 7 )  r e p o r t e d  the p ro d u c t i o n  o f  ca l l us  f r om l ea f  
exp l an t s  o f  p o m e g r a n a t e  (P un ica  g r a n a tu m  L. )  whi ch  in turn r e g en e r a t ed  to 
a d v e n t i t i o u s  s h o o t s  a f t e r  t w e l v e  m o n t h s  o f  c u l t u r e  on  M S  m e d i u m  
supp l eme n t ed  wi th  0 .5 - 10  p M  BA and 0 .05-5  p M  N AA .

Ca l l us  was  i ndu ce d  f rom peta l  e xp l an t s  o f  C a m e l l i a  j a p o n i c a ,  
cu l t ur ed  on A n d e r s o n ’s Woody  plant  m e d i u m or  MS m e d i u m ,  s u p p l em e n t ed  
wi th Kine t in  and  2 ,4 -D (Shul t s  and Ha l de man ,  1995).

N eh r a  et  al.  ( 1990)  s t ud i ed  p l an t  r e ge ne r a t i on  us i ng  i m m a t u r e  l ea f  
e x p l a n t s  t aken  f r om in vi t ro  s hoo t s  and  g r e en  h o u se  g r o w n  p l an t s  o f  the 
s t r awber ry  cv. Red  Coat .  Both  types  o f  exp l an t s  f o r m ed  ca l lus  and mul t ip le  
shoots  at var ious  f r equenc ies  in the p resence  o f  5 p M  each  o f  BA and  2 ,4-D 
in 24 weeks .

3. E N H A N C E D  R E L E A S E  O F  A X I L L A R Y  B U D S

Mor e l  (1960)  was  the p i o n ee r  in a pp l y i ng  shoot  t ip cu l t u r e  as a clonal  
mul t i p l i ca t i on  tool .  He was success ful  in c lon ing  the orchid ,  C y m b id iu m  and 
s ince then,  in vitro  c lonal  mul t i p l i ca t i on  ga i ned  m o m e n t u m .  Ma n y  he r bace ous



hor t i cul tur a l  spec i es  have  been success fu l l y  mul t i p l i ed  us ing  this t echnique.  
The  success  has  been par t i a l ly  due  to the we a k  apica l  d o m i n a n c e  and  s t rong 
root  r egene ra t i ng  capac i t i es  o f  man y  h e r b a c e ou s  p l an t s  (Hu and Wang,  1983).

In ‘axi l l ary  shoo t  p r o l i f e r a t i o n ’ c y t ok i n in  is u t i l i zed  to o ve r c o m e  the 
apical  d o m i n a n c e  o f  shoot s  and to e nh a nc e  the b r a nc h i n g  o f  lateral  buds  f rom 
l e a f  axi l s .  T h i s  e n h a n c e d  r e l e a se  o f  a x i l l a r y  b u d s  w i t h  c y t o k i n i n s  was  
d i s cove r ed  by Wi cks on  and  T h i ma n n  (1958) .

Ther e  is no repor t  on the appl i ca t ion  o f  shoo t  t ip cu l t u r e  for  the micro  
p ropaga t i on  o f  mango.

In a t r ee  c r o p  l ike  g u a v a ,  A m i n  and  J a i s w a l  ( 1 9 8 7 )  r e p o r t e d  that  
axi l l a ry  buds  wer e  i nd u ce d  in vitro.  BA (4.5 | i M )  w i t h o u t  any  auxi n  and 
gibbere l l in  gave  the best  rate o f  shoot  mul t i p l i ca t i on .

Hos i e r  et  al.  (1985)  ach i eved  shoot  pro l i f e r a t ion  o f  l i genbe r ry  f rom 
shoot  t ips cu l t u r ed  on a low salt  m e d i u m  s u p p l e m e n t e d  wi t h  2iP.

Mul t i p l e  shoot s  o f  Ch i ne s e  ches tnut ,  f rom axi l l a ry  buds  o f  j uv en i l e  
shoots ,  wer e  bes t  p r o du c ed  wi th BA at 0 .44  | iM.  H i g h e r  c on cen t r a t i o n  o f  
BA (4 .44  | i M and  44 . 4  p M )  i nh i b i t ed  buds  f r om s p ro u t i n g  and  p r o mo t e d  
cal lus  g ro wt h  ( Qi - gu a n g  et  al. , 1986).

A r a dh a na  et  al. ( 1989)  coul d  d eve l op  axi l l a ry  buds  exc i sed  f rom 
in vitro g r own  seedl i ngs  o f  A c ac ia  a u r i c u l i f o r m is  on G a m b o r g ’s (B^)



basal  m e d i u m  s u p p l e m e n t e d  wi th  c o c o n u t  mi l k  (5 to 10 p e r  cen t )  and BA 
( 1 0 ' 6M) .

A c c o r d i n g  to S ug i u r a  et  al.  ( 1986)  d o r m a n t  bud  e x p l an t s  t aken f rom 
m a t u r e  t r e e s  o f  J a p a n e s e  p e r s i m m o n  cv.  H i r a t a n e n a s h i  w e r e  e s t a b l i s h e d  
succes s f u l l y  on mo d i f i e d  MS m e d i u m  wi th  n i t r a t e  r e d u c e d  to h a l f  s t r engt h  o f  
MS  or  W P M ,  bot h  s u p p l e m e n t e d  wi t h  B A 2.2 m M .

C u l t u r e s  w e r e  e s t ab l i s he d  f r om shoo t  ap i ces  (1-2  m m )  ini t i a t ed  on a 
me d i u m  c o m p o s e d  f r om K n o p ’s ma c r o  e l e m e n t s  and  M S  mi c r o  e l e me n t s  in 
the p r e s ence  o f  0.5 m g l ' 1 BA.

R a j m o h a n  ( 1 9 8 5 )  r e p o r t e d  MS  m e d i u m  s u p p l e m e n t e d  wi t h  G A  1.0 
p pm and  ac t i va t ed  c ha r co a l  1.0 per  cen t  was  su i t ab l e  for  the  e s t a b l i s h me n t  o f  
j a c k  shoo t  apices .

B. F A C T O R S  I N F L U E N C I N G  S U C C E S S  O F  I N  V I T R O  
P R O P A G A T I O N

1. E X P L A N T

a.  T y p e

L e a f  e xp l an t s  and  e xp l an t s  f o r m e d  f r om the apica l  par t  o f  the e m b r y o  
were  r epor t e d  to be the mos t  su i t ab le  mat er i a l  for  in vi tro  p r o pa g a t i o n  in date  
pa l m ( F a l c on e  and  Ma rc he sc h i ,  1988).



Ki ng  and  M o r e h a r t  (1 9 88 )  s t ud i ed  the i n f l ue nc e  o f  va r i o us  expl an t s  
viz., shoo t  t ip,  nodal  or  in t c rnoda l  s ec t i ons  on m o r p h o g e n e s i s  in Os ag e - o r a n g e .  
It was  o bs e r v e d  that  shoo t s  p ro l i f e r a t ed  f r om bot h  sh oo t - t i p  and  noda l  sec t ions ,  
but  not  f r om i n t e rnodes .

R a o  et  al.  ( 1 988 )  o bs e r ve d  that  f r esh c o t y l e d o n s  f o l l o we d  by l eaves
w e r e  t he  b e s t  s o u r c e  o f  e x p l a n t s  f o r  i n d u c t i o n  a n d  g r o w t h  o f  c a l l u s  in
A z u d i r a c t a  ind ica .

T h e  s t e m e xp l an t s  w e r e  mo r e  r e sp o n s i v e  than the pe t i o l e  e xp l an t s
wi t h  r e sp e c t  to c a l l us  i nd u c t i on ,  g r o w t h  and  d i f f e r e n t i a t i o n  in ma t u r e
l eg u m i no u s  t rees  viz.,  A lb i z z ia  lebbeck ,  Cass ia  f i s t u l a  and  C. siarnea  (Gharya l  
and M a h e s w a r i ,  1980).

b. Surface dis infection

E x p l a n t s  are  u sua l l y  cut  to a s i ze  l a r ge r  t han that  o f  the  f inal  one,  
su r face  s t e r i l i zed  and  t r i m m e d  to the f inal  s ize be f o r e  be i n g  t r an s f e r r e d  to the 
cul t ur e  vesse l  (Hussey ,  1979).  Th e  mos t  c o m m o n l y  used  su r f ace  s t c r i l ant  is 
s o d i um hyp o ch l or i t e .  F o r  so f t e r  t i s sues ,  a d i l u t i on  to l o w e r  s t r en g t h  ma y  be 
needed ,  but  a ny t h i ng  b e l ow  0.5 pe r  cen t  ma y  p ro v e  i ne f f ec t i ve  ( S o m m e r  and 
Ca ldas ,  1981).  C o n c e n t r a t i o n s  r a n g i ng  f r om 1.0 to 10 p e r  c e n t  ( K u o  and 
Tasay,  1977) h av e  been  used.  Genera l l y ,  a d r o p  o f  d e t e r g en t  is a d d e d  to the 
s u r f a c e  s t c r i l a n t .  M e r c u r i c  c h l o r i d e  is a n o t h e r  c o m m o n l y  u s e d  s u r f a c e  
s t er i l ant .



2. C U L T U R A L  M E D I U M

a. Basal medium

Wi de  var ie ty  o f  me d i a  have  been repor t ed .  T h e  c ho i c e  d e p e n d s  on the 
p lant  spec i e s  and  i n t e nd ed  use o f  the cul ture .  T h e  M u r a s h i g e  - S k o og  (1962)  
m e d i u m ,  c h a ra c t e r i z e d  by h igh  c on ce n t r a t i o n  o f  mi ne r a l  sa l t s  has  been  wide ly  
used  for  ge n e r a l  p lan t  t i s sue  cu l t ur e  and  spe c i f i c a l l y  for  m o r p h o g e n e s i s  and 
p lan t  r e g en e r a t i o n  ( Mu r a s h i g e ,  1974).

b. Growth substances

A u x i n s  a n d  c y t o k i n i n s  a re  i n e v i t a b l e  c o m p o n e n t s  o f  p l a n t  t i s s ue  

cul t ur e  media .  B A  has  been  the mo s t  e f f ec t i ve  c y t ok i n i n  for  me r i s t e m ,  shoot  
t ip and  b u d  c u l t u r es ,  f o l l o w e d  by Ki ne t i n  ( M u r a s h i g e ,  1974) .  Seve r a l  
s c i en t i s t s  h a v e  r e p o r t e d  2 - i so  p e n t e n y l  a d e n i n e  as t he  b es t  c y t o k i n i n  for  
mul t i p l e  shoo t  i nduc t i on  and ca l l us  r e g en e r a t i o n  ( E l t i n g c r  and  Precce ,  1985;  
Voyatzi  and  Voyatz iz ,  1989).  Lo  et  al.  ( 1 980 )  r ep o r t e d  tha t  h i g h  c y t ok i n i n  
c o n t e n t  w a s  d e l e t e r i o u s  to t he  i n i t i a t i o n  and  e l o n g a t i o n  o f  r oo t s  o f  bo t h  
m o n o c o t y l e d o n o u s  and  d i c o t y l e d o n o u s  plant s .  Young  ac t i ve l y  g r o w i n g  p lan t  

par t s  have  b een  d es c r ib e d  as an ac t i ve  si te for  auxi n  b i o s y n t h es i s .

3. PO LY P H E N O L  OXIDATION

P o l y p h e n o l i c  c o m p o u n d s  are p resen t  in ma n y  plant s .  W h e n  t i ssues  o f  
such  plant s  are i n j u red  d u r i n g  d i s s ec t i on ,  p he n o l i c  c o m p o u n d s  wil l  be ox i d i sed  
by p o l y p h e n o l  o x i d a s e s  a nd  t he  t i s s u e s  wi l l  t u r n  b r o w n  or  b l a c k .  T h e



oxi da t i on  p r o du c t s  are k n o wn  to inh ibi t  e n z y m e  act ivi ty,  ki l l  the e xp l an t  and 

dar ken  the t i s sues  and  cu l t u r e  media .  S uc h  p h e n o m e n a  are  se r i ous  set  backs  

in the e s t a b l i s h me n t  o f  p r i ma r y  cu l t ures ,  e sp ec i a l l y  in w o o d y  p l an t s  (Hu and 

Wang.  1983) .  S o m e  o f  the p r o c e d u r e s  used  to o v e r c o m e  the p r o b l e m  are 

addi t i on  o f  a n t i - o x i da n t s  to the cu l t u r e  m e d i u m ,  pre -  s oa k i ng  o f  the exp l an t s  

in an a n t i - o x i d a n t  b e f o r e  i n o c u l a t i o n ,  i n c u b a t i n g  t he  p r i m a r y  c u l t u r e s  in 

r ed uced  l ight  or  d a r kn e s s  for  an ini t ial  pe r i od  and  f r eq u e n t  s u b c u l t u r i ng  o f  

the e x p l an t s  in to  f r esh  m e d i u m .  Ich i hash i  and  K a k o  ( 1 9 7 7 )  c o u l d  con t ro l  the 

b r o wn i n g  o f  C a t t l e y a  shoo t  t ips by the add i t i on  o f  an a n t i - o x i d a n t  into  a l iquid 

m e d i u m  in s t a t i o n a r y  c o n d i t i o n s .  S t e v e n s o n  a nd  H a r r i s  ( 1 9 8 0 )  r e p o r t e d  

reduc t i on  in the d i s co l o r a t i on  o f  aga r  m e d i u m  wi th  P V P - 10 ( 0 . 0 1 %)  in Fuchs i a  

shoo t  t ip cu l t ur es .  G up t a  et  al.  ( 1 981 )  o b s e r ve d  d u r in g  the ini t ial  shoot  tip 

cul ture  o f  t eak  that  the m e d i u m  t u r ned  b l ack  and  all  the  e x p l an t s  died.  In 

o r d e r  to r e duce  the b l acken i ng ,  the e x p l an t s  wer e  ag i t a t ed  for  45 mi nu t e s  in a 

so lu t ion  o f  d i f f e r e n t  a n t i - b r o w n i n g  agen t s  in 0 .058  M suc rose .  T h e  c he mi ca l s  

t es ted we r e  H 20 2 (5%) ,  a scor b i c  ac id  (0 .28  m M ) ,  s o l ub l e  P V P  ( 0 . 7 % )  and 

po l yc l a r  AT (0 . 7%) .  B l ac k en i ng  was  r ed uced  by all the t r e a t men t s .  Mul t ip l e  

shoot s ,  n ev e r t he l e s s ,  wer e  f o r m e d  only  f rom the ex p l an t s  t r ea t ed  wi th  po l y c l a r  

AT, an i n s o l ub l e  PVP.  A less than 4 per  cent  b r o w n i n g  o f  the  gar l i c  me r i s t em 

d o m e  e x p l an t s  was  o b t a i n e d  by Wan g  and  H u a n g  ( 1 9 7 4 )  w h e n  the i ncuba t i on  

l ight  i n t ens i t y  d u r in g  the f i rst  m o n t h  was  150 lux.  In o r d e r  to r e d uc e  the 

a c cu mu l a t i on  o f  phe n o l i c  ox i da t e s ,  the ini t ial  i nc uba t i o n  p e r i o d  ( I to 6 weeks )  

has been  c a r r i e d  out  in d a r kn e s s  ( A d a m s  et al. ,  1979;  Me  C o m b  and  Ne wt o n ,  

1981;  M o n a c o  et  a l . ,  1977) .  T h e  t i s s u e  a nd  m e d i u m  d i s c o l o u r a t i o n  in



t h o r n l e s s  b l a c k b e r r y  c u l t u r e s  w er e  e f f e c t i v e l y  c o n t r o l l e d  by B r o o m e  and  

Z i m m e r m a n  ( 1 9 7 8 )  w h e n  the  s h o o t  t ip e x p l a n t s  w e r e  t r a n s f e r r e d  to f resh 

m e d i u m  o ne  o r  t wo  days  a f t e r  ini t ial  cu l t u r i ng .  L i t z  ( 19 8 6 a )  o p i n e d  that  the 
use  o f  the r e d u c i ng  agen t s  l ike a scor b i c  ac id  and  f r e q u e n t  s u bc u l t u r i ng  were  

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





MATERIALS AND METHODS

Inv es t i ga t i on s  on s t anda r d i sa t i on  o f  t e c h n i q u e s  for  the  rap id  in vitro 
c lonal  p r o pa g a t i o n  o f  m a n go  (M a n g i f e r a  ind ica  L. )  wer e  ca r r i ed  out  at the 
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  
Agr i cu l t ur e ,  Vel layani ,  d u r i ng  1992-96.

S t a nd a r d i s a t i o n  o f  t ech n i q ues  for  the in vi t ro  c lona l  p r o pa g a t i o n  o f  

m a n g o  wa s  d o n e  via.  s o ma t i c  e m b r y o g e n e s i s ,  s o m a t i c  o r g a n o g e n e s i s  and 
e nh a nc e d  re l ease  o f  axi l l a ry  buds.

T h e  ma t e r i a l s  used  and the m e t ho d s  t r i ed for  the va r i ous  s t ages  o f  in 
vitro  cu l t ur e  are d e s c r i b e d  in this chapter .

A. VARIETIES

Six m o n o e m b r y o n i c  m a n g o  var ie t i es ,  namel y ,  N e e l u m ,  Banga lo ra ,  
Pr ior ,  B a n g a n p a l l i ,  M u n d a p p a ,  M u l g o a  a nd  six p o l y e m b r y o n i c  va r i e t i e s ,  
namely ,  Olour ,  K ur u k ka n ,  Vel l ayani  Var ikka ,  Vel lar i  M a n g a ,  P a n c h a r a  Var ikka  
and K i l i c h u n d a n  wer e  s c r e ened  for  t he i r  ini t ial  r e sponse .  Two  var ie t i es ,  one  
each  f r om the t wo  g roups ,  s h ow i n g  the bes t  r e sponse ,  w e r e  se l ec t e d  for  fur ther  
s tudies .



B. EXPLANTS

N u c e l l u s  and  e m b r y o  mass  f r om the o v u l es  o f  t en d e r  m a n g o  frui ts 
( about  30- 45  days  a f t e r  f e r t i l i za t ion) ,  f loral  par t s  ( i m m a t u r e  f l owe r  par t s  and 
s e g me n t s  o f  i n f l o r e s c e nc e )  and  s e g me n t s  o f  t en d e r  l eaves  ( 15 - 2 0  days  old)  
were  used  as explan t s .

1. Nucel lus

N u c e l l u s  r e p r e s e n t s  t he  w a l l  o f  t h e  m e g a s p o r a n g i u m  a n d  is a 
n our i sh ing  t i s sue  for  the d e v e lo p i n g  e mb r y o .  Genera l l y ,  the n uc e l l us  r ema i ns  
wi t h i n  the c o n f i n e s  o f  t he  i nn e r  i n t e g u m e n t .  R a r e l y  it p r o j e c t s  i n t o  the 
mi c r o p y l e  or  b eyond ,  f o r m i n g  a nuce l l a r  beak.  As  it is par t  o f  the mo t he r  
plant  and  has  the s a me  ploidy,  it can  be used  fo r  c l ona l  p r o p a g a t i on .

2. Embryo

The  fe r t i l i zed  egg  is ca l l ed  zygote .  F o l l o w i n g  a p r e - d e t e r m i n e d  mo d e  
of  d e v e l o p me n t ,  it g ives  rise to an e mb r y o ,  w h i ch  has  the pot en t i a l  to form a 
c om p l e t e  plant .  I r r e spec t i ve  o f  the m o d e  o f  d e v e l o p m e n t ,  a m a t u r e  e m b r y o  
poss es se s  an e m b r y o n i c  root  ( radi c l e) ,  an e m b r y o n i c  s h oo t  ( p l u m u l e )  and one 
or  t wo  c o t y l e don s .  The  o cc u r r e n c e  o f  m o r e  than  one  e m b r y o  in a seed is 
t e r med  p o l y e m b r yo n y .  Seeds  o f  p o l y e m b r y o n i c  var i e t i e s  o f  m a n g o  p roduce  
upto  f ive a s e xua l  s ee d l i ng s  a long  wi th  the zygo t i c  one.  Of t e n  the zygot i c  
e m b r y o  ge t s  d eg e n e ra t e d ,  r e su l t i ng  in the p r o du c t i o n  o f  a se xua l  seed l i ngs  
on l y .  T h e  z y g o t i c  s e e d l i n g s  t ha 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 l y e m b r y o n y  is o f  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 .  T h e  a d v e n t i t i o u s  
e mb r y os  p r o v i de  u n i fo r m seed l i ngs  o f  the ma t e r na l  type.

3. Leaf  segments

S e g m e n t s  o f  t en de r  l eaves  f r om new f l u shes  we r e  used  for  inocula t ion .  
L e a f  s egment s ,  a long  wi th  mi dr i b  (p ieces  o f  one  and  h a l f  to two cm d imens i on )  
wer e  used for  i nocul a t i on  on the med i u m.

4. Floral parts

I m m a t u r e  f l o we r  buds  a long  wi th  the s t a lks  we r e  cu t  into  p i eces  o f  
two to three  c m and  used  as explan t s .

C. CO LL E CTIO N AND PREPARATION OF E X PL A N T S

Te nd e r  frui ts ( thi r ty to forty f ive days  af t er  fe r t i l i za t ion)  wer e  col l ec t ed  
f r om h ea l t h y  t rees  o f  m o n o e m b r y o n i c  and  p o l y e m b r y o n i c  m a n g o  var i e t i e s  
(Pla te  1). T h e  s i ze  o f  the f rui t s  va r i ed  a m o n g  the var i e t i es .  Gi r t h  in the middl e  
o f  the f rui t s  r an g e d  f r om 8.0 to 8 .3cm in N e e l u m  ( m o n o e m b r y o n i c ) ,  and 7.5 
to 7 . 8 cm in Vel lar i  M a n g a  ( p o l y e mb r yo n i c ) .

D. SURFACE STERILIZATION

T h e  f rui t s  ( a f t e r  r e m o v i n g  p ed i ce l )  and  the  l eav es  ( a f t e r  r e m o v i n g  
pet iol es )  and i n f l o r e s c e nc e  wer e  w as h e d  t h o ro ug h l y  in tap w a t e r  wi th  a few



Plate 2

Tender mango fruit of Vellari Manga dissected out exposing the 
nucellus and embryo mass (explants)





drops  o f  the wet t i ng  a gen t  ‘L a b o l e n e ’ f o l l o we d  by w a s h i n g  wi th  d ou b l e  glass  
di s t i l l ed water .

S u r f acc - s l e r i l i z a t i on  o f  the  p lan t  ma t e r i a l s  w as  c a r r i ed  out  ins ide  a 
l ami n a r  a i r  f low chambe r .  The  frui t s ,  a f t e r  ini t ial  W a n i n g ,  wer e  t r ans fe r r ed  
to a ster i le  b ea k e r  a nd  sur f ac e - s t e r i l i z ed  us ing  70 p e r  c en t  e thy l  a l cohol  for  
ten mi nut es .  Af t e r  d r a i n i ng  the a l cohol ,  the f rui t s  wer e  w as h e d  wi t h  s ter i le  
d oub l e  g lass  d i s t i l l ed  water .  T h e y  were  then t r ea t ed  wi t h  f r esh l y  p r e pa r ed  
so d i um h yp o ch l o r i t e  (1 . 0  p e r  cent )  for  30  min.  Th i s  was  f o l l o w e d  by wash i ng  
four  to f ive t imes  wi th  s t er i le  d oub l e  g lass  d i s t i l l ed  waler .

Il ic t en de r  l eaves  wer e  s u r f a c e - s t e r i l i zed  in a s l e r i l e  b e a k e r  us ing
sod i um h y p o c h l o r i l e  (0 .8  per  cent )  for  15 mi n  and  then w a s h e d  wi t h  s ter i le
doub l e  g lass  d i s t i l l ed  wa t e r  four  to f ive t imes .

E. INOCULATION AND INCUBATION

All the  i nocu l a t i on  o pe r a t i o n s  were  c a r r i ed  out  in a l a m i n a r  ai r  f l ow
chamber .

T he  tool s  (need l es ,  b lades ,  sca lpe l s ,  f o r ceps  e t c . )  and  t he  g l a s s wa r e s
requ i r ed  l o r  i no cu l a t i o n  wer e  w as h e d  t ho rough l y ,  r i nsed  wi th  d ou b l e  g lass
dis t i l l ed water ,  c ov e r e d  wi th  a l u m i n i u m  foi l  and a u t o c l a v e d  at I 2 I » C  and 1.06
k g / c m 2 p r e s su r e  for  4 0  min.

T h e  s u r f a c e - s t e r i l i z e d  f rui t s  w er e  cut  o pe n  u s i n g  s ca l p e l ,  w i t h o u t



l ong i t u d i na l l y  into t wo  equal  ha l ves  wi t h  d i s sec t i on  b l ad e  f i t t ed on handle .  
N uce l l u s  and  e m b r y o  mass  wer e  se par a t e ly  s c o o p e d  out  f r om the ovules .  The 
cot ton  p lugs  o f  the test  t ubes  /  E r l e n m e y e r  f l asks  wer e  r e m o v e d  and  the r im 
was  f l a me d .  T h e  n uce l l us  and  e m b r y o  ma s s  we r e  then  i no c u l a t e d  on the 
me d i u m.  Th e  r im o f  the cul t ure  vesse l s  was  aga i n  f l amed  and  c losed  wi th 
cot ton plugs .  W h e n  d i s p o s ab l e  s t er i l e  plas t i c  pet r i  d i shes  w e r e  used,  the s ides 
wer e  s ea l ed  us ing  c l i ng  f i lm,  af t er  i no cu l a t i n g  the ex p l an t s  and  c l os i ng  the 
d i shes .

T h e  c u l t u r es  we r e  i nc ub a t e d  e i t he r  in l i gh t  o r  d a r k n e s s ,  as p e r  the 
t r ea t ment s .

K. MEDIA

The  basal  me d i a  used  for  the s tudy  wer e  M S  ( M u r a s h i g e  and Skoog ,  
1962),  m o d i f i e d  MS,  B5 ( G a m b o r g  et  al. ,  1968)  and  S H  ( S c h e n k  and 
H i l d e b r a n d t ,  1972)  med i a .  Th e  c h e m i c a l s  u s e d  fo r  t he  p r e p a r a t i o n  o f  the 
cu l t u r e  m e d i a  wer e  o f  ana ly t i ca l  g r a de  f r om Br i t i sh  Dr ug  Ho u s e ,  B o m b a y ;  
Si sco  Re s e a r ch  Labora t or y ,  B o m ba y ;  Me r c k ,  B o m b a y  and  S ig ma ,  U.S.A.

S t a n da r d  p r o ce d u r es  wer e  f o l l o we d  for  the  p r e p a r a t i o n  o f  MS,  B5 and 
SH me d i a  ( Thor pe ,  1980).  S tock  so lu t ions  o f  the m a j o r  and  m i n o r  nut r i ent s ,  
ami no  ac ids  and  p l an t  g r o wt h  s u bs t a nce s  wer e  p r e pa re d  by d i s s o l v i n g  the 
requ i r ed  qua n t i t y  o f  Chemica l s  in spec i f i c  v o l u m e  o f  d ou b l e  g lass  di s t i l l ed 
wa t e r  and  wer e  s t ored  u nd e r  r e f r i ge ra t ed  co n d i t i o n s  (4°C) .



The  g l a s s wa r e s  used  for  the p r epa r a t i on  o f  the me d i a  wer e  w as h e d  wi th 
d i l u t e d  ‘L a b o l e n e ’ a nd  r i n se d  wi t h  d o u b l e  g l a s s  d i s t i l l e d  water .  Spec i f i c  
q ua n t i t i e s  o f  the  s t oc k  s o l u t i o n s  w er e  p i p e t t e d  out  i n t o  1000  ml  bea ke r s .  
Suc rose ,  g l u t am i n e  and  myo- i nos i t o l  wer e  adde d  f resh  and  d i s s o l ved .  C o c o n u t  
water ,  c o l l ec t ed  f r om f reshly  h a r ves t ed  t en de r  c o c o n u t s  ( e i g h t - m o n t h  old),  
was  then a dd e d  and  the v o l u m e  m a de  u pt o  950  ml ,  u s i ng  d ou b l e  g lass  di s t i l l ed 
water .  Wi t h  an e l ec t r on i c  pH me t e r  (Phi l i ps  make ;  mo d e l  P P  9 04 6 )  the pH of  
the so lu t ion  was  a d j us t ed  b e t wee n  5.6  and  5.8,  u s i n g  0.1 N N a O H  or  0.1 N 
HC1. A g a r  (in the case  o f  so l id  m e d i u m )  w as  then  a d d e d  to the  m e d i u m.  
Ac t i va t ed  cha rcoa l ,  w h e n  used  in the m e d i u m ,  was  a l so a d d e d  at this  s tage.  

The  f inal  v o l u m e  was  ma de  upt o  1000 ml.

T h e  so lu t ion  was  then hea t ed  by p l ac ing  the b e a ke r  on a h ea t i n g  mant l e  
and s t i r red t h r ough l y  for  u n i fo r m mixing ,  till the aga r  me l t ed .  T h e  m e d i u m  
was  p ou r e d  into p re - s t e r i l i zed  cul t ure  vesse ls .  C o r n i n g  b r a n d  test  tubes  ( 2 5 mm  
x 150 m m )  and  E r l e n m e y e r  f l asks  (100  ml )  w e r e  used  as c u l t u r e  vesse ls .  The  
test  t ubes  and  E r l e n m e y e r  f l asks  wer e  f i l led wi t h  15.0 ml  and  30.0  ml  o f  the 
m e d i u m ,  r e s p e c t i v e l y .  T h e  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  m e d i u m  wer e  
p l u gg e d  t ight ly  wi t h  cot ton .  T h e y  wer e  then a u t oc l a v e d  at 121°C and 1.06 

k g / c m 2 p r e s su r e  for  20 minutes .

F o r  the i nduc t i on  o f  s o ma t i c  e mb r y o i ds ,  d i s p o s a b l e  s t er i l e  plas t i c  petri  
d i shes  (55 m m  x 15 m m )  wer e  used  as cu l t ur e  vessel s .  T h e  cu l t ur e  m e d i u m 
was  p re - s t e r i l i zed  in su i t ab l e  E r l e n m e y e r  f l asks  (by a u t oc l a v i ng  at I 2 1 ° C  and 
1.06 k g / c m 2 pres su re  for  20  mi nut es ) .  The  pet r i  d i shes  wer e  o pe n e d  ins ide a



l ami n a r  ai r  f l ow c h a m b e r  and  the s t e r i l i zed  m e d i u m  (7 .0  ml  pe r  pet r i  dish)  
d i s p e n s ed  into each  pet r i  d i sh  us ing  s t er i l e  g lass  syr inge .  The  pet r i  d i shes  
wer e  then c l osed  and  sea l ed  t ight  wi th  c l ing  f i lm.  A g a r  was  not  use d  for  l iquid 
media .

G. SOMATIC EM BRYO GENESIS  

1. Induct ion of  somatic  embryoids

a. Treatments

T h e  t r e a t m e n t s  i nv o l v e d  c o m b i n a t i o n s  o f  p l an t  g r o w t h  s u b s t a n c e s ,  
ac t i va t ed  cha rcoa l ,  agar ,  suc rose ,  g l u t am i n e  and  a mi no a c i ds .  Th e  t r ea t ment s  
were  r ep l i ca t ed  20  to 3 1 t imes.

i. P l an t  g r o wt h  s ubs t an ces

Th i r t y  t r e a t me n t s  i nv o l v i ng  2 ,4-D,  BA and  G A 3 in c o m b i n a t i o n s  and 
a lone  wi th  con t ro l  wer e  t r ied for  i nduc i ng  so ma t i c  e m b r y o g e n e s i s  (Table  1).

ii. Suc r ose

C u l t u r e s  wer e  i no cu l a t ed  on a m e d i u m  c o n t a i n i n g  h a l f  s t r eng t h  MS 
basal  m e d i u m  s u p p l e m e n t e d  wi th  suc rose  30.0,  40.0 ,  5 0 . 0  and  6 0 . 0  g/1. Thes e  
t r e a t m e n t s  w e r e  c o m p a r e d  fo r  t h e i r  e f f e c t s  on t he  i n d u c 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 .



Table 1. P l an t  g r o wt h  su bs t an ces  t r i ed for  i nd u c i ng  s oma t i c  e mb r y o g e n e s i s

Cu l t u r e  m e d i u m  - H a l f  s t r e n g t h  MS  b as a l  m e d i u m  + S u c r o s e  6 0 . 0 g / l  +
g l u t a m i n e  4 0 0 . 0m g / l  + C o c o n u t  w a t e r  200 . 0ml / l  + agar  
5 .0g/ l  + A c t i va t ed  cha rcoa l  2.5g/ l

T r e a t me n t s Plant  g r o wt h  s u bs t a n c e s  (mg/1)

T i 2 , 4 - D  2 .0  + G A 3 5.0
T 2 2 , 4 - D  4 .0  + G A 3 5.0
t 3 2 ,4 -D 5 .0  + G A 3 5.0
T 4 2 , 4 - D  8.0  + G A 3 5.0
T 5 2 , 4 - D  16.0 + G A 3 5.0
T 6 2 , 4 - D  2 .0  + G A 3 10.0
T 7 2 , 4 - D  4 .0  + G A 3 10.0
T 8 2 , 4 - D  5 .0  + G A 3 10.0
T 9 2 , 4 - D  8.0 + G A 3 10.0
T , o 2 ,4 - D 16.0 + G A 3 10.0
T n 2 , 4 - D  2.0 + G A 3 20. 0
T 12 2 , 4 - D  4 .0  + G A 3 20.0
T 13 2 , 4 - D  5 .0  + G A 3 20 . 0
T h 2 , 4 - D  8.0 + G A 3 20 . 0
T 15 2 , 4 - D  16.0 + G A 3 20.0
T 16 BA 0.5 + G A 3 5.0
T 17 BA 1.0 + G A 3 5.0
T 18 BA  2.0 + G A 3 5.0
T 19 BA 0.5 + G A 3 10.0
T 2() BA 1.0 + G A 3 10.0
T 21 BA 2.0  + G A 3 10.0
T 22 BA 0.5 + G A 3 20.0
T 23 BA  1.0 + G A 3 20 . 0
T 24 BA 2.0 + G A 3 20.0
t 25 2 ,4 - D 5 .0  + BA 0.5  + G A 3 5.0
T 26 2 , 4 - D  5 .0  + B A 1.0 + G A 3 5.0
t 27 2 ,4 -D 5 .0  + BA 2.0 + G A 3 5.0
T 28 2 ,4 -D 5.0 + BA 0 +  G A 3 0
t 29 2 ,4 -D 0 +  BA 0 +  G A 3 5.0
T 30 2 ,4 - D 0 + BA 2.0 +  G A 3 0
T 3I Cont ro l  (No  P GS )



iii. A g a r  ( s o l i d i f y i ng  agent )

Di f f e r e n t  l eve l s  o f  aga r  (4.5,  5.0,  6.0 and  7.0  g/1) we r e  t r i ed for  the 
i nduc t i on  o f  s o ma t i c  e mb r y og e n e s i s .

iv. Am i n o  acids

Di f f e ren t  t ypes  o f  a mi no  ac ids  ( L - G l u t a m i n e ,  L - A s p a r a g i n e  and 
L - A r g i n i ne )  wer e  t r ied for  the i nduc t i on  o f  s oma t i c  e m b r y o g e n e s i s .  Di f f e rent  
l evels  o f  g l u t a m i n e  (400.0 ,  5 00 . 0  and  600 . 0  mg/ l )  w e r e  a l so t r ied.

v. C o c o n u t  wa t e r

C o c o n u t  wa t e r  at 0,  150.0,  2 00 . 0  and  2 50 . 0  ml/1 in the i nduc t i on  media  
was  t r i ed to s t udy  its e f fec t  on s o ma t i c  e mb r y og e n e s i s .

vi.  A c t i v a t e d  c ha r c o a l ,  P o l y v i n y l  p y r r o l i d o n e  ( P V P ) ,  A s c o r b i c  ac id  and  
Ci t r i c  ac id

Cu l t u r e s  wer e  i no cu l a t ed  on a m e d i u m  c o n t a i n i n g  h a l f  s t r eng t h  MS 
basal  m e d i u m  s u p p l e m e n t e d  wi th ac t i va t ed  cha rc oa l  (0.5,  1.5, 2.5 and 5.0 g/1 
and P V P  (0.7,  0.8 and 1.0 per  cent ) ,  a scor b i c  ac id  (75.0 ,  150.0 and  300 .0  
mg/ l )  and  ci t r i c  ac id  (75.0,  150.0 and 3 00 . 0  mg/ l ) .  T h e s e  t r e a t me n t s  were  
c o m pa r e d  for  t he i r  e f fec t s  on the i nduc t i on  o f  so ma t i c  e mb r y og e n e s i s .

O b s e r v a t i o n s  wer e  r e co r ded  on the n u m b e r  o f  cu l t u r es  i n i t i a t ing  cal lus  
f rom nuce l l u s  as wel l  as f rom e m b r y o  mass .  Ca l l u s  i ndex  (Cl )  was  c o m pu t e d



by m u l t i p l y i n g  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  w i t h  g r o w t h  s c o r e  (G).  
G ro w th  o f  the ca l lu s  was  a s se s se d  based  on v isua l  ra t ing  (w i th  sco re  1.0 to 
the sm a l le s t  and  sco re  4 .0  to the la rgest ) .  T h e  m e a n  sco re  w as  e x p re s s e d  as

g rowth  score ,  G.

b. B a s a l  m e d i a

S tud ies  w ere  c o n d u c t e d  to f ind  ou t  the  e f fec t  o f  ful l  as wel l  as ha l f  

s t rength  o f  m a jo r  sa l ts  o f  MS and B5 basa l  m e d ia  w i th  su p p l e m e n t s .  The  
e f fec t  o f  SH  m e d iu m  w as  a lso  tes ted .  T h e  t r e a tm e n t s  w ere  r e p l i c a t e d  20  to 36

t imes .

O b s e r v a t i o n s  w ere  m ad e  on the  n u m b e r  o f  c u l tu r e s  in i t ia t ing  ca l lus ,  

f rom  n uce l lu s  and  e m b r y o  mass .  C a l lu s  index  w as  a lso  c o m p u te d .

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

S tu d ie s  w ere  c o n d u c t e d  to f ind  ou t  the  e f fec t  o f  l igh t  on the induc t ion  
o f  som a t ic  e m b ry o g e n e s i s .  D a rk n e ss  w as  p ro v id e d  by p la c in g  the  cu l tu res  in 

cu l tu re  racks  c o v e re d  w ith  b lack  p o ly th e n e  shee ts  and  by  c o v e r in g  the  cu l tu re  
vesse ls  w i th  a lu m in iu m  foil.  L igh t  (pho to  p e r io d  16 h) w as  p ro v id e d  by 
f l u o r e s c e n t  t u b e s ,  g i v i n g  an i n t e n s i t y  o f  3 0 0 0  lux .  T h e  i n f l u e n c e  o f
t em p e ra tu r e  on induc t ion  o f  e m b ry o g e n i c  ca l lus  was  s tud ied  by k ee p in g  the 
cu l tu re s  ins ide  the c u l tu re  room  (26  ± 2 °C )  and  o u t s ide  the  cu l tu re  room at

am b ie n t  t e m p e r a t u r e  (32  ± 2°C).



d. Frequency of  subculture

F re q u e n c y  o f  su b c u l tu re  was s tud ied  by s u b c u l t u r i n g  at an in te rva l  o f  
5, 10 and  15 days  in the m e d iu m  o f  sam e  c o m p o s i t i o n .

O b s e r v a t i o n s  w e r e  m a d e  on  the  n u m b e r  o f  c u l t u r e s  s u r v iv i n g  and  
n u m b e r  o f  c u l tu res  in i t ia t ing  ca l lus .

2. Ini tiation of  somatic  embryoids

T h e  cu l tu res  from the induc t ion  m e d ia  w ere  t r a n s fe r r e d  to in i t ia t ion  
( e x p re s s io n )  m edia .

a. Treatments

T re a tm e n t s  inv o lv ing  c o m b in a t i o n s  o f  p lan t  g ro w th  reg u la to r s ,  vary ing  
levels  o f  su c ro se ,  c ase in  h y d ro ly sa t e ,  c o c o n u t  w a t e r  and  d i f f e re n t  types  o f  
a m in o a c id s  w ere  tr ied  fo r  the in i t ia t ion  o f  so m a t ic  e m b ry o id s .

i. P lan t  g ro w th  su bs tan ces

T w e n ty  t r e a tm e n t s  i n v o lv in g  2 ,4 - d i c h l o r o p h e n o x y  ace t ic  acid 
(2 ,4 -D) ,  6 -b en z y l  aden in e  (B A )  and  g ib b e re l l i c  ac id  ( G A 3) in c o m b in a t io n s  
and  a lone  w ere  t r i ed  to s tudy  the i r  e f fec t s  on the  in i t i a t io n  o f  som at ic  
e m b ry o id s  (Table  2).



Table  2. P lan t  g ro w th  su bs ta n ce s  tr ied  for  i n i t i a t in g s o m a t i c  e m b ry o id s

C u l t u r e  m e d i u m  - H a l f  s t r e n g th  M S b as a l  m e d i u m  + s u c r o s e  6 0 .0  g/1 +
g lu t am in e  4 0 0 .0 m g / l  + C W  2 0 0 .0 m l / l  + aga r  6 .Og/1 + 
AC 2 .5g /l  + CH 500 .0m g / l

T re a tm e n t s  P lan t  g ro w th  s u b s t a n c e s  (m g/ l )

T . 2 ,4 -D  1.25 + g a 3 5 .00  + BA 0.05

T 2 2 ,4 -D  0 .50 + g a 3 5 .0 0  + BA 0.05

T 3 2 ,4 -D  1.00 + g a 3 5 .00  + BA 0.05

T 4 2 ,4 -D  2 .00 + g a 3 5 .0 0  + BA 0.05

T 5 2 ,4 -D  5 .00 + g a 3 5 .0 0  + BA 0.05

T 6 2 ,4 -D  1.25 + g a 3 10.00 + BA 0.05

T 7 2 ,4 -D  0 .50 + g a 3 10.00  + B A  0.05

T 8 2 ,4 -D  1.00 + g a 3 10.00 + BA 0.05

T 9 2 ,4 -D  2 .00 + g a 3 10.00 + B A  0.05

T , o 2 ,4 -D  5 .00 + g a 3 10.00 + BA 0.05

T n 2 ,4 -D  1.25 + g a 3 5 .0 0  + BA 1.00

T l 2 2 ,4 -D  0 .50 + g a 3 5 .0 0  + BA 1.00

T 13 2 ,4 -D  1.00 + g a 3 5 .0 0  + BA 1.00

T , 4 2 ,4 -D  2 .00 + g a 3 5 .00  + BA 1.00

T 15 2 ,4 -D  5 .00 + g a 3 5 .0 0  + BA 1.00

T.fi 2 ,4 -D  0 .50 + g a 3 0 + BA 1.00
T n  2 ,4 -D  0 + G A 3 5.0  + B A  0
T lg 2 ,4 -D  5 .00  + G A 3 0 + BA 0
T 19 2 ,4 -D  5 .00  + G A 3 1.00 + BA 0
T 20 C on t ro l  (No  P G S )



ii. S uc rose

D i f f e re n t  l eve ls  o f  su c ro se  (40 .0 ,  50 .0  and  6 0 .0  g/1) w e re  tr ied  for  
in i t ia t ing  so m a t ic  e m b r y o i d s  from nuce l lu s  and e m b r y o  m ass  o f  N ee lu m  and 
Vellari  M anga .

iii. C ase in  h y d ro ly s a t e

C a se in  h y d ro ly s a t e  (400 .0 ,  5 0 0 .0  and  6 00 .0  mg/1) w ere  su p p le m e n te d  
in the  b a s a l  m e d i u m  to  s t u d y  t h e i r  e f f e c t s  on  th e  i n i t i a t i o n  o f  s o m a t i c  
e m b ry o id s .

iv. G lu ta m in e

In i t i a l  cu l tu res  w ere  t r an s fe r red  to h a l f  s t r en g th  MS basal  m e d iu m  with  
g lu t am in e  400 .0 ,  5 0 0 .0  and  6 00 .0  mg/1 to o b se rv e  the i r  e f fec t s  on the  in i t ia t ion  
o f  so m a t ic  e m b ry o id s .

v. A ga r

D i f f e ren t  leve ls  o f  aga r  (4 .5 ,  5.0,  5.5,  6 .0  and  6.5 g/1) w ere  tr ied  to 
s tudy  the i r  e f fec t s  on the in i t ia t ion  o f  so m a t ic  e m b ry o id s .

vi. C o c o n u t  w a te r

C o c o n u t  w a te r  at 0, 150.0,  2 0 0 .0  and  2 5 0 .0  ml/1 w ere  u sed  to obse rve  
their  e f fec t s  on the in i t ia t ion  o f  so m a t ic  em b ry o id s .



vii. A c t iv a t ed  cha rco a l

D i f f e ren t  qua n t i t i e s  o f  ac t iva ted  cha rc o a l  (1.5,  2.5 and  5 .0  g/1) were  

t r i ed  in the in i t ia t ion  media .

O b s e r v a t i o n s  on the n u m b e r  o f  c u l tu re s  i n i t i a t ing  so m a t ic  e m b ry o id s  

from nuce l lu s  as wel l  as f rom  e m b ry o  m ass  and  n u m b e r  o f  e m b ry o id s  p ro du ced  
per  c u l tu re  w ere  r eco rded ,  three  w eeks  a f te r  i ncuba t ion .

b. Basal media

D if fe ren t  basal  m ed ia  such  as MS (ful l  s t r en g th  and  h a l f  s t r en g th  m a jo r  
sa l ts) ,  and  SH m ed ia  w ere  tr ied.  O b s e rv a t i o n s  on the n u m b e r  o f  cu l tu res  
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  n u m b e r  o f  e m b r y o i d s  p e r  c u l t u r e  w e re  

reco rded .

c. Culture condit ions

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  the  i n i t i a t i o n  o f  s o m a t i c  
e m b ry o id s  w as  s tud ied .  L igh t  was  p ro v id e d  by  k ee p in g  the cu l tu r e  vesse ls  
u nde r  the f lu o re sc e n t  tube  l igh ts  at an in tens i ty  o f  3 0 0 0  lux. In o r d e r  to p rov ide  
da rkn ess ,  c u l tu r e  vesse ls  w ere  kep t  in cu l tu re  racks  /  s t ands  c o v e re d  with 
b lack  p o ly th e n e  shee t  o r  a lu m in iu m  foil.  T he  in f lu e nc e  o f  t e m p e ra tu r e  on the 
in i t ia t ion  o f  so m a t ic  e m b ry o id s  was  s tud ied  by k ee p in g  the  cu l tu re s  inside  
th e  c u l t u r e  r o o m  (2 6  + 2 ° C )  a n d  o u t s i d e  t h e  c u l t u r e  r o o m  at  a m b i e n t  

t e m p e ra tu r e  (32 + 2°C).



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  the  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  
som a t ic  e m b ry o id s  and  the n u m b e r  o f  e m b ry o id s  p r o d u c e d  pe r  cu l tu re .

d. Frequency of  subculture

T h e  e f fec t  o f  f r eq u en c y  o f  su b c u l tu re  w as  s tud ie d  by  s u b c u l tu r in g  at 
an in te rva l  o f  5, 10 and  15 days  on to a f resh  m e d iu m  o f  sa m e  co m p o s i t i o n .  A 
con t ro l  t r e a tm e n t  w i th  no  su b c u l tu r in g  w as  a lso  inc lud ed .

O b s e rv a t i o n s  w ere  m ade  on the n u m b e r  o f  s u rv iv ing  cu l tu re s ,  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  n u m b e r  o f  e m b r y o i d s  per  
cu l tu re .

3. Maturat ion of  somatic  embryoids

T h e  in i t ia t ed  s o m a t ic  e m b r y o id s  w ere  t r a n s fe r r e d  to the  m a tu ra t ion  
m e d iu m .

a. Treatments

i. A bsc i s i c  ac id

T he  so m a t ic  e m b r y o id s  from the in i t ia t ion  m e d iu m  w ere  t rans fe r red  
to the m a tu r a t io n  m e d iu m  c o n t a i n in g  d i f fe re n t  c o n c e n t r a t io n s  o f  abscis ic  
ac id  (0 .50 ,  1.00, 1.50, 2 .00,  3.17,  4 .22 ,  5 .00 ,  8 .44  and  10.56 mg/1). The
t rea tm en ts  w ere  re p l i c a te d  f i f t een  to tw en ty  fou r  t imes .



T he  e f fec t s  o f  va r ious  t re a tm e n t s  w ere  o b s e r v e d  fo r  a p e r io d  o f  e igh t  
weeks .  O b s e r v a t i o n s  w ere  m ade  011 the n u m b e r  o f  s u rv iv in g  cu l tu res ,  size 
( l eng th  in cm )  and c o lo u r  o f  the so m a t ic  e m b ry o id s .

ii. S uc ro se

C u l tu r e s  in i t ia t ing  so m a t ic  e m b ry o id s  w ere  t r a n s fe r r e d  to a m e d iu m  
c o n t a i n i n g  B 5 m a j o r  n u t r i e n t s  + M S m i n o r  n u t r i e n t s ,  s u p p l e m e n t e d  w i th  
su c ro se  15.0,  20 .0 ,  30 .0 ,  40 .0 ,  5 0 .0  and  6 0 .0  g/1. T h e s e  t r e a t m e n t s  w ere  
c o m p a r e d  fo r  the i r  e f fec t s  on the m a tu ra t ion  o f  so m a t ic  e m b ry o id s .

iii. A g a r  ( so l id i fy in g  agen t)

C u l tu r e s  in i t ia t ing  so m a t ic  e m b r y o id s  w ere  t r a n s fe r r e d  to a m e d iu m  
c on ta in in g  B 5 m a jo r  nu t r i en t s  + MS m in o r  n u t r i en t s  s u p p l e m e n t e d  with  agar
4.5,  5.0,  5.5,  6 .0  and  7 .0  g/1. T h es e  t r e a tm e n t s  w e re  a lso  c o m p a re d  for  the ir  
e f fec ts  on the m a tu ra t ion  o f  so m a t ic  em b ry o id s .

iv. C ase in  h y d ro ly s a t e  (CH)

C u l tu r e s  in i t ia t ing  so m a t ic  e m b ry o id s  w ere  t r a n s fe r r e d  to a m e d iu m  

c on ta in in g  B 5 m a jo r  nu t r i en t s  + MS m in o r  nu t r i en t s  s u p p l e m e n t e d  wi th  case in  
h y d ro ly sa t e  100.0 150.0,  200 .0 ,  300 .0 ,  4 0 0 .0  and  5 0 0 .0  mg/1. O bse rv a t io ns  
w ere  m ad e  on the n u m b e r  o f  s u rv iv ing  cu l tu res  su rv iv e d  and  size  and  c o lo u r  

o f  e m b ry o id s .



T h e  e f f e c t s  o f  v a r io u s  t r e a t m e n t s  w e r e  o b s e r v e d  fo r  a p e r io d  o f  e ig h t  

w e e k s .  O b s e r v a t i o n s  w e r e  m a d e  o n  th e  n u m b e r  o f  s u r v i v i n g  c u l t u r e s ,  s i z e  

( l e n g t h  in c m )  an d  c o l o u r  o l  the  s o m a t i c  c m b t y o i d s .

ii. S uc rose

C u l tu r e s  in i t ia t ing  so m a t ic  e m b r y o i d s  w ere  t r a n s fe r r e d  to a m e d iu m  
c o n t a i n i n g  B s m a j o r  n u t r i e n t s  + M S  m i n o r  n u t r i e n t s ,  s u p p l e m e n t e d  w i th  
su c ro se  15.0,  2 0 .0 ,  30 .0 ,  40 .0 ,  5 0 .0  and  6 0 .0  g/1. T h e s e  t r e a t m e n t s  w ere  
c o m p a r e d  fo r  the i r  e f fec ts  on the m a tu ra t ion  o f  so m a t ic  e m b ry o id s .

iii. A g a r  ( so l id i fy in g  agen t)

C u l tu r e s  in i t ia t ing  so m a t ic  e m b r y o id s  w ere  t r a n s f e r r e d  to a m e d iu m  
con ta in in g  B 5 m a jo r  nu t r i en t s  + MS m in o r  nu t r i en t s  s u p p l e m e n t e d  with  agar
4.5,  5.0,  5.5,  6 .0  and  7 .0  g/1. T h e s e  t r e a tm e n t s  w ere  a lso  c o m p a r e d  fo r  the i r  

e ffec ts  on the m a tu ra t ion  o f  som at ic  em b ry o id s .

iv. C ase in  h y d ro ly s a t e  (CH)

C u l tu r e s  in i t ia t ing  som a t ic  e m b r y o i d s  w ere  t r a n s fe r r e d  to a m e d iu m  

con ta in in g  B 5 m a jo r  nu t r i en t s  + MS m in o r  nu t r i en t s  s u p p l e m e n t e d  w i th  case in  
h y d ro ly sa t e  100.0 150.0,  200 .0 ,  300 .0 ,  4 0 0 .0  and  5 0 0 .0  mg/1. O b s e rv a t io n s  
w ere  m ad e  on the n u m b e r  o f  su rv iv in g  c u l tu re s  s u rv iv e d  and  size  and  c o lo u r

o f  em b ry o id s .



v. C o c o n u t  w a te r  (C W )

C u l tu re s  in i t ia t ing  so m a t ic  e m b ry o id s  w ere  t r a n s fe r r e d  to h a l f  s t reng th  
MS basal  m e d iu m  c o n ta in in g  C W  150.0,  2 00 .0  and  2 50 .0  ml/1.

vi. A ge n ts  c o u n te r i n g  p o ly p h e n o l  in te r fe ren ce

D if f e re n t  leve ls  o f  a c t iva ted  cha rc o a l  (0 .10 ,  0 .1 5 ,  0 .2 0  and  0 .25  per 
cent )  and  P V P  (0 .7,  0.8  and  1.0 per  cen t )  w ere  a lso  inc lud e d  in the m e d iu m  to 
obse rve  the i r  e f fec t s  on the m a tu ra t ion  o f  so m a t ic  e m b ry o id s .

vii.  P o ly e th y l e n e  g lyco l  (P E G )

C ul tu re s  in i t ia t ing  som at ic  e m b ry o id s  were  t r an s fe r red  to basal  m ed iu m  
co n s i s t in g  o f  B 5 m a jo r  sal ts  and  MS m in o r  sal ts  s u p p l e m e n t e d  w ith  PEG,
5.0,  8.0 and 10.0 per  cen t  and  o b s e r v a t io n s  r e c o r d e d  on  the n u m b e r  o f  cu l tu res  

su rv iv e d .

b. Basal medium

Basa l  m e d ia  such  as M S,  1/2 M S,  B 5, 1/2 B 5, B 5 m a jo r  + M S minor ,  
MS m a jo r  + B 5 m in o r  and  SH m e d ia  were  tr ied  to s t a n d a rd i s e  the ideal  basal  
m e d iu m  for the e f fec t ive  m a tu ra t ion  o f  the so m a t ic  e m b ry o id s .

O b s e r v a t i o n s  w ere  m ad e  on the n u m b e r  o f  cu l tu re s  su rv iv e d  and the 

size and  c o lo u r  o f  the em b ry o id s .



c. Culture condit ions

T h e  e f f e c t  o f  l i g h t  a n d  d a r k n e s s  on  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 ry o id s  was  s tud ied .  T he  cu l tu res  w ere  i n c u b a ted  in l igh t  (3 0 0 0  lux) and 
d a rkn es s .

O b s e r v a t i o n s  w ere  m ad e  a f te r  f ive  w ee k s  on the n u m b e r  o f  cu l tu res  
su rv iv ed  and  the size and c o lo u r  o f  the e m b ry o id s .

d. Frequency of  subculture

T h e  s o m a t ic  e m b r y o id s  w ere  s u b c u l tu re d  at f ive  days ,  ten days ,  f i f teen 
days  and  tw en ty  days  in te rva l  in the  sam e  m ed ia .  A c on t ro l  t r e a tm e n t  with  no 
s u b c u l tu r in g  was  a lso  tr ied.

O b s e r v a t i o n s  w ere  m ad e  on the n u m b e r  o f  cu l tu r e s  su rv iv e d ,  s ize  and 
c o lo u r  o f  so m a t ic  em b ry o id s .

4. Germination  of  somatic  embryoids

a. Basal medium

T h e  e m b r y o i d s  f rom  the m a tu r a t i o n  m e d ia  w e re  t r a n s f e r r e d  to the 
g e r m in a t io n  m ed ia .  Basa l  m ed ia  such  as M S,  1/2 M S,  B5,  SH,  B5 m a jo r  + MS 
m in o r  and  MS m a jo r  + B 5 m in o r  w ere  tr ied .  All  the t r e a tm e n t s  w ere  rep l ica ted  
15 to 25 t imes .



b. Plant growth substances

The  in f luence  o f  p lant  g row th  subs tances  l ike BA, G A 3, 2ip, IAA,  N A A  
a n d  k i n e t i n  w e r e  t e s t e d  by  i n c o r p o r a t i n g  t h e m  a l o n e  a n d  in v a r i o u s  

c o m b in a t io n s .  F i f ty  n ine  t r e a tm e n t s  (Tab le  3) w ere  t r ied  fo r  the  g e rm ina t io n  
o f  som at ic  em b ry o id s .

c. Thidiazuron

T h id i a z u r o n  was  t r i ed  at v a ry in g  c o n c e n t r a t io n s  (1 .0 ,  2 .0  and  4 .0  
mg/1) in l iqu id  media .

d. Sodium butyrate

S o d iu m  b u ty ra te  w as  t r ied  at c o n c e n t r a t i o n s  (0 .55 ,  1.10 and
1 .65mg/ l )  in the m e d iu m  to s tudy  its e f fec t  on  the  g e r m i n a t io n  o f  som at ic  
e m b r y o id s .

e. Nitrogen content

N it ro gen  c on ten t  o f  the MS basal  m e d iu m  w as  m o d i f i e d  by u s ing  ha l f  

s t reng th  and  one  fou r th  s t reng th  o f  a m m o n iu m  n it ra te  and  h a l f  and  one  fourth 
s t reng th  o f  p o t a s s iu m  nit rate.



T a b le  3. P l a n t  g r o w t h  s u b s t a n c e s  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

C u l tu re  m e d iu m  - Basa l  m e d iu m  c o n ta in in g  B5 m a jo r  sal ts  + MS m inor  + 
s u c r o s e  4 0 .0 g / l  + C W  2 0 0 . 0 m l / l  + a g a r  5 .0 g / l  + P V P  
10 .0g/ l

mcnts Plant growth substances 
(mg/l)

T l BA 0.05 + IAA 0.20
T2 BA 0.05 + IAA 1.00
T 3

BA 0.05 + IAA 2.00
T 4

BA 0.05 + IAA 5.00
T 5

BA 0.05 + IAA 10.00
T6 BA 0.05 + IAA 15.00
T 7

BA 0.05 + IAA 20.00
T8 BA 0.10 + IAA 0.20
T

9
BA 0.10 + IAA 1.00

T 1 10 BA 0.10 + IAA 2.00
T11 BA 0.10 + IAA 5.00
T12 BA 0.10 + IAA 10.00
T 11 BA 0.10 + IAA 15.00
T
1  14

BA 0.10 + IAA 20.00
T

15
BA 1.00 + IAA 0.20
BA 1.00 + IAA 1.00

T ,7

BA 1.00 + IAA 2.00
T

18
BA 1.00 + IAA 5.00

T
19

BA 1.00 + IAA 10.00
T

20
BA 1.00 +  IAA 15.00

T
21

BA 1.00 + IAA 20.00
T

22
Kinetin 2.80 +  IAA 0.20

T1  23
BA 0 .1 0 +  2ip 1.00

T
24

BA 0.10 +  2ip 2.00
T
1 25

BA 0.10 + 2ip 5.00
T

26
BA 0.10 + GA, 1.00

T 27
BA 0.10 + GA, 5.00

T 28
BA 0.10 + GA, 10.00

T
29

BA 0 .1 0 + GA, 50.00
T

30
2ip 1.0 + GA, 1.00

T r e a t m e n t s P l a n t  g r o w t h  s u b s t a n c e s  
( m g / l )  _____

T
11

2ip 1.00 + GA, 5.00
T
1  32

2ip 1.00 + G A, 10.00
T 33

2ip 2.00 + G A, 1.00
T1 34

2ip 2.00 + G A , 5.00
T

35
2ip 2.00 + G A , 10.00

T1 36
IAA 0.20 + G A ,  1.00

T
1  37

IAA 0.20 + G A, 5.00
T

38
IAA 0.20 + GA, 10.00

T
1  39

IAA 1 .0 0 + GA, 1.00
T

40
IAA 1 .0 0 + G A , 5.00

T
41

IAA 1.00 + G A, 10.00
T

4 2
2ip 2.00 + IAA 0.20

T
43

2ip 2.00 + IAA 1.00
T

44
2ip 2.00 + IAA 2.00

t 45 2ip 2.00 + IAA 5.00
2ip 2.00 + IAA 10.00

T
1 47

GA, 1.00
T

4 8
GA, 5.00

T
1  4 9

G A , 10.00
T1  5 0

BA 0.05
T1  51

BA 0.10
T
1  52

BA 0.50
T
1  53

BA 1.00
T
1 54

BA 2.00
T

1 55
BA 4.00

T
1  56

BA 6.00
T
1 57

BA 8.00
T

58
BA 10.00

T
1 59

BA 50.00



f. Osmotic  regulants

As an o s m o t i c u m ,  su c ro se  w as  in c o rp o ra t e d  in to  the m e d iu m  at
20.0 ,  30 .0 ,  40 .0 ,  50 .0  and 60 .0  g/1. A g a r  at 4.5,  5.0,  5.5 and 6 .0  g/1 was  also 
tr ied.  T h e  in f lu ence  o f  P E G  on the g e rm in a t io n  o f  s o m a t ic  e m b r y o id s  was 
s t u d i e d  by i n c o r p o r a t i n g  5 .0  and  10.0 p e r  c e n t  P E G  in the  g e r m i n a t i o n  

m ed iu m .  D i f f e re n t  leve ls  o f  so d iu m  c h lo r id e  viz.  (0 .05 ,  0 .10 ,  0 .2 0 ,  0 .4 0  and
0 . 8 0  p e r  c e n t )  w e r e  a d d e d  to the  m e d i u m ,  to  s t u d y  t h e i r  e f f e c t s  on 
g e r m in a t io n .

g. Ethylene inhibitors

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  a n d  c o b a l t  c h l o r i d e  at  
c o n c e n t r a t io n s  o f  5.0,  10.0 and  15.0 mg/1 w ere  t r ied  in the  g e r m in a t io n  m ed ia  

to study  the i r  effec ts .

h. Coconut water

C o c o n u t  w a te r  was  tr ied  at 0, 150.0 and  2 0 0 .0  ml/1 in the g e rm ina t io n  

m e d iu m .

i. Agents countering polyphenol  interference

D if fe ren t  leve ls  o f  cha rco a l  (0 .10 ,  0 .1 5 ,  0 .2  and  0 .25  pe r  cen t )  and 
P V P  (0 .7,  0.8  and 1.0 per  cen t )  w ere  a lso  tr ied  fo r  the g e r m in a t io n  o f  som at ic  
e m b ry o id s .



5. Observations

O b s e r v a t i o n s  w e r e  r e c o r d e d  o n  th e  n u m b e r  o f  c u l t u r e s  s u r v i v e d  and  

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

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

s i z e  o f  e m b r y o i d s  w e r e  m a d e  a f te r  f o u r  w e e k s .

6. Statistical analysis

T h e  d a ta  g e n e ra te d  f rom  the var ious  t ra i ls  w ere  s u b je c te d  to sta t i s t ica l  

ana lys is ,  in c o m p le te ly  r a n d o m is e d  des ign ,  w h e r e v e r  necessa ry ,  as pe r  Pause  

and Sukha t rne  (1978) .

7. M orphologica l studies

T h e  m o r p h o l o g y  o f  t h e  d e v e l o p i n g  s o m a t i c  e m b r y o i d s  o f  t he  
m o n o e m b ry o n i c  var iety,  N ee lum  and the  p o ly e m b r y o n i c  var ie ty ,  Vellari  M a n g a  

w ere  s tud ied .  T h e  p ro ce d u re  a d o p ted  w as  .

F ix a t i o n  ->  d e h y d r a t i o n  -> C r i t i c a l  p o i n t  d r y in g  -> g o ld  c o a t i n g  

e x a m in in g  in the  S ca n n in g  E lec t ron  m ic ro s c o p e  (S E M ) .

S a m p le s  o f  so m a t ic  e m b r y o i d s  o f  d i f fe re n t  s tages  w e re  co l l e c t e d  at 

ran do m  f rom  the c u l tu res  o f  N e e lu m  and  Vellari  M a n g a .  T h e  sa m p le s  were  
t rea ted  with  a f ixa t ive  for  24 hours .  T h e  f ixa t ive  c o n s i s t ed  o f  a m ix tu re  of 
g lu t a r a ld e h y d e  so lu t ion  (2.5 per  cen t )  and  p h o s p h a te  b u f f e r  (pH 7.2)  in

1:9 rat io.



a. Preparat ion of  g lutaraldehyde solution

2.5 ml o f  g lu t a r a l d e h y d e  w as  m ad e  up  to 100ml  w i th  d i s t i l l ed  water ,  
to get  2.5 p e r  c en t  g lu t a r a ld e h y d e  so lu t ion .

b. Preparation of  phosphate buffer (pH 7.2)

T w o  h u n d r e d  m i l l i l i t r e  p h o s p h a t e  b u f fe r  (pH  7 .2 )  w as  p r e p a re d  by 
m ix in g  190ml  o f  so lu t ion  A (0 .2  M m o n o b a s i c  s o d iu m  p h o s p h a t e ) ,  81 ml of  
so lu t ion  B (0 .2  M d ibas ic  so d iu m  p h o s p h a te )  and  100ml d is t i l l ed  water .

S o l u t i o n  A w as  p r e p a r e d  by  d i s s o l v i n g  3 . l 2 g  m o n o b a s i c  s o d i u m  
p h o s p h a t e  ( N a H 2 P 0 4 2 H 20 )  in 100m l  d i s t i l l e d  w a te r .  S o l u t i o n  B w as  
p repa red  by d i s s o lv in g  7 .1 6g d ibas ic  s o d iu m  p h o s p h a t e  ( N a 2 H P 0 4 12 H 20 )  
in 100ml  d i s t i l led  water .

A f te r  the  f ixa t ion ,  the  p lan t  t i s sues  w ere  w a s h e d  in p h o s p h a t e  buf fe r  
(pH 7 .2)  f ive to six t im es ,  to r e m o v e  the a d h e r in g  t races  o f  the f ixa t ive .  The  
t is sues w ere  then  d e h y d r a t e d  at room  t e m p e ra tu r e ,  u s ing  the fo l lo w in g  ace tone  

series.

S t r e n g th  o f  a ce tone  (%) T r e a tm e n t  t im e

5 0 25 min
7 0 20 min
9 0 60  min
9 0 12 h
95 25 min
95 25 min

100 30  min
100 30  min
100 30  min



O b s e r v a t i o n s  o n  s u r f a c e  c h a r a c t e r s  o f  n o d u la r  c a l l i  a n d  d i f f e r e n t  s t a g e s  

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

8. Histological studies

H i s t o lo g i c a l  s t u d i e s  w ere  m a d e  to a s c e r t a i n  the  s t a tu s  o f  s o m a t ic  

e m b r y o i d s  f o r m e d ,  b o t h  in t h e  m o n o e m b r y o n i c  v a r i e t y ,  N e e l u m  a n d  
p o l y e m b r y o n i c  var ie ty ,  Vellari  M a n g a .  D i f f e r e n t  d e v e l o p m e n t a l  s tages  o f  
s o m a t i c  e m b r y o s  s t a r t i n g  f r o m  the  i n d u c t i o n  o f  e m b r y o g e n i c  c a l l i  f r o m  
nuce l lu s  up  to g e r m in a t io n  o f  e m b r y o i d s  w ere  t aken  fo r  s a m p l in g .  F resh ,  
h and  se c t io ns  o f  the s a m p le s  w ere  taken  u s ing  a s h a rp  b lad e ,  s t a in ed  with

d ilu te  s a f r an ine  and  e x a m in ed .

H. E N H A N C E D  RELEASE OF AXILLARY BUDS

S h o o t  ap ices  and  nodal  s e g m e n t s  w ith  ax i l la ry  bud s  f rom  fr esh  sprouts 
o f  f ive  to ten  y e a r  o ld  m a n g o  t rees  w e r e  u se d  as e x p l a n t s .  T h e  e x p lan t s  
c o l l ec ted  f rom  fie ld  w ere  tho ro u g h ly  w ash e d  wi th  r u n n in g  tap  water .  They  
w ere  then w a s h e d  w ith  d is t i l led  w a te r  and  d ip p ed  in b av i s t in  (0 .10 ,  0 .15  and
0 .20  per  cen t )  fo r  60  min.  A f te r  w as h in g  out  the t races  o f  bav i s t in  w ith  steri le  
w ate r ,  the  e x p l a n t s  w ere  d ip p e d  in 70  p e r  c e n t  a l c o h o l  fo r  1.0 m in .  T he  
e xp lan t s  w ere  then t rea ted  w ith  0.7 per  cent  P V P  fo r  30  m in u te s  in a sh ake r  at

1 2 0  rp m .

T h e  e x p l a n t s  w ere  then  taken  to the l a m in a r  air  f low  c h a m b e r  and 
su rface  s te r i l i z ed  w ith  so d iu m  h y p o c h lo r i t e  or  m e rc u r i c  c h lo r i d e  so lu t ion .  A



few d rops  o f  ‘T e e p o l ’ w ere  added  to the s te r i lan ts .  T h e  de ta i l s  o f  the su rface  

s te r i l i za t ion  t r e a tm e n t s  are g iven  in Table  4.

Table  4. S u r f a ce  s te r i l i za t ion  t re a tm e n t s  t r i ed  fo r  s h oo t  ap ice s  o f  m a n go

Ste r i lan t Concent ra t ion  (%) Trea tm ent  t ime (min)

Sodium hypochlori te 1.00 and 2.00 20, 30 and 40

Mercur ic  chloride 0.05,  0.08 and 0.10 5, 8, 10, 12, 15 and 20.

T he  e xp lan t s  a f t e r  su r face  s te r i l i s a t ion  w ere  r in sed  (a t  leas t  f ive  t im es)  

w i th  st e ri le  water .  T h e  e xp lan t s  w ere  c a re fu l ly  t r a n s fe r r e d  to the  test  tubes  or  

c on ica l  f l asks  w ith  s te r i le  fo rceps .  T h e  cu l tu re s  w ere  i n c u b a ted  at 26 ±  2°C 

u n d e r  l i g h t  ( 3 0 0 0  l u x )  at  16 h p h o t o p e r i o d  p r o v i d e d  by  c o o l  w h i t e  

f lu o rescen t  tubes .

Var ie t ie s t r ied  - N ee lu m ,  M u lg o a ,  Vellari  M a n g a  and  Pul ich i .

T w en ty  f ive  t r ea tm en ts  w ere  t r i ed  fo r  e n h a n c e d  re l ea se  o f  ax i l la ry  buds 

(Table  5).



Table  5. T re a tm e n t s  tr ied  fo r  e n h a n c e d  re lease  o f  ax i l la ry  buds

T, MS + BA 5.0mg/l + N A A  0.2 mg/l + Sucrose 30.0g/l + AC 0. lg/1 + agar 5.5g/l 
T 2 1/2 MS + BA 2.0mg/l + IBA 0.5mg/l + AC 0.05mg/l + Sucrose 30.0g/l + agar 5.5g/l
T , 1/2 MS + BA 2.0mg/l + IAA 2.0mg/l + Sucrose 30.0g/l + AC 0.05g/l + agar 5.5g/l
T4 1/2 MS + IAA 2.0mg/l + 2iP 2.0mg/l + Sucrose 30.0g/l + agar 6.0g/l + Vit. C 150.0mg/l 

+ Citric acid 150.0mg/l
T5 1/2 MS + IAA 2.0mg/l + 2iP 4.0mg/I + Sucrose 30.0g/l + agar 6.0g/l + Vit. C 150.0mg/l 

+ Citric acid 150.0mg/l
T6 1/2 MS + IAA 2.0mg/l + 2iP 8.0mg/l + Sucrose 30.0g/l + agar 6.0g/l + Vit. C 150.0mg/l+ 

Citric acid 150.0mg/l 
T7 MS + BA 2.0mg/l + N A A  0.2mg/l + Sucrose 30.0g/l + agar 6.0g/l
Tg MS + BA 2.0mg/l + IAA 10.0mg/l + Sucrose 20.0g/l + agar 6.0g/l
T9 1/2 MS + BA 5.0mg/l + Sucrose 20.0g/l + agar 6.0g/l + PVP 7.0g/l
T |0 MS + BA 5.0mg/l + Sucrose 20.0g/l + agar 6.0g/l + PVP 7.0g/I + antibiotics 100.0mg/l
T , , 1/2 B5 + Sucrose 40.0g/l + BA 20.0mg/l + agar 4.5g/l + AC 1 .Og/1
T 12 1/2 B5 + BA 20.0mg/l + Sucrose 40.0g/l + agar 4.5g/l + AC 1 -Og/1 + antibiotics

200.0mg/l
T 13 1/2 B5 + 2ip 10.0mg/l + Sucrose 20.0g/l + agar 4.5g/l + antibiotics 200.0mg/l + PVP

10.0g/l
T |4 1/2 B5 + 2ip 20.0mg/l + Sucrose 20.0g/l + agar 4.5g/l + antibiotics 200.0mg/l + PVP

10.0g/l
T 15 1/2 B5 + IBA 2.0mg/l + Sucrose 40.Og/1 + antibiotics 200.0mg/l + AC 1 .Og/1 + agar

5.5g/l
T 16 1/2 B5 + IBA 10.0mg/l + Sucrose 30.0g/l + antibiotics 200.0mg/l + AC 1-Og/1 + agar

6.Og/1
T 17 B5 major + MS minor + Sucrose 30.0g/l + IAA 2.0mg/l + BA 0.5mg/l + agar 6.0g/l + PVP 

10.0g/l
T |g B5 major + MS minor + BA 1 .Omg/1 + Sucrose 30.Og/1 + agar 6.Og/1 + PVP 10.Og/1
T ]9 B5 major + MS minor + BA 1.5mg/l + Sucrose 30.0g/l + agar 6.0g/l + PVP 10.0g/l
T20 B5 major + MS minor + BA 2.0mg/l + Sucrose 30.0g/l + agar 6.0g/l + PVP 10.0g/l
T21 B5 major + MS minor + BA 4.0mg/l + Sucrose 30.0g/l + agar 6.0g/l + PVP 10.0g/l
T 22 B5 major + MS minor + BA 0.1mg/l + Sucrose 30.0g/l + agar 5.0g/l + PVP 10.0g/l
T 23 B5 major + MS minor + BA 1.0mg/l + Sucrose 30.0g/l + agar 5.0g/l + PVP 10.0g/l
T 24 B5 + BA 5.0mg/l + IAA 5.0mg/l + Sucrose 20.0g/l + AC 0.5g/l + agar 5.5g/l + PVP 

7.0g/l



O b s e rv a t i o n s

T he  t rea tm en ts  were  rep li ca ted  I 8 -30  t imes  and o bse r v a t io n s  were  made 
af ter  tw o  weeks .  O b s e r v a t i o n s  w ere  m ad e  on pe r  c en t  c o n t a m in a t i o n ,  p e r  cent  
su rv iva l  o f  cu l tu res ,  n u m b e r  o f  g ro w in g  cu l tu res ,  n u m b e r  o f  cu l tu r e s  show ing  
d i rec t  shoo t  re g en e ra t io n ,  n u m b e r  o f  m u l t ip le  sh oo t s  etc.

I. SOMATIC O R G A N O G E N E SIS

Im m a tu re  leaves  (15 -2 0  days  o ld )  w ere  c o l l e c t e d  f rom  c u r re n t  s e a s o n ’s 
g ro w th  o f  m a tu r e  six to ten y ea r  o ld  trees .  A f te r  r e m o v in g  the  pe t io le ,  leaves 
w ere  w a s h e d  t h o ro u g h ly  in d is t i l led  w a te r  fo l lo w e d  by s te r i le  water .  T hey  
w ere  then d ip p ed  in 0 .10  per  cent  B av is t in  so lu t ion  fo r  30  m in  and  t reated  
with  P V P  1.00 per  cen t  for  60  min.  Each  lea f  was  cut  into two  or th ree  pieces .  
They  w ere  s u b jec ted  to su r face  s t e r i l i za t ion  u s ing  c h e m ic a l s  as per  Table  4. 
A few  d r o p s  o f  the  w e t t i n g  a g e n t  T a b o l e n e ’ w e r e  a d d e d  to  the  w a s h i n g  

so lu t ions  as wel l  as s te r i l i z ing  agents .

T h e  exp lan t s ,  a f t er  su r face  s te r i l i za t ion  w ere  r in sed  (at  least  f ive  t imes) 
with  st e ri le  water .  T h ey  w ere  t r im m e d  to a size  o f  one  to tw o  squa re  cm 
before  t r an s fe r r in g  to cu l tu re  media .

Var ie t ies t r ied  - N ee lu m ,  M u lg o a ,  Vellari  M a n g a  and  Pu l ich i .

E lev e n  t r e a tm e n t s  w ere  t r ied  fo r  i n d u c in g  s o m a t i c  o rg a n o g e n e s i s  

(Table  6).



Table  6. T re a tm e n t s  tr ied  fo r  so m at ic  o rg a n o g e n e s i s

T j  M S  + 2 ,4 -D  2 .0 m g / l  + BA 1 .0mg/ l  + s u c ro s e  3 0 .Og/1 + aga r
6 .Og/1 + A C  1.0g/l

T 2 M S  + 2 ,4 -D  0 .5 m g / l  + k ine t in  1.0mg/l  + N A A  1 .0mg/ l  + suc rose
3 0 .Og/1 + aga r  6 .Og/1 + A C  1 .Og/1

T 3 MS + 2 ,4 -D  1 .Omg/1 + k in e t in  l .0 m g / l  + N A A  I .Omg/1 + sucrose
3 0 .Og/1 + aga r  6 .Og/1 + AC I .Og/1

T 4 M S + 2 ,4 -D  2 .Omg/1 + k ine t in  1.Omg/1 + N A A  1 .Omg/1 + aga r
5 .5g / l  + A C  1 .Og/1

T 5 M S  + 2 ,4 -D  4 .Omg/1 + k ine t in  1.Omg/1 + N A A  1.Omg/1 + agar
6 .Og/1 + A C  1 .Og/1

T 6 MS + N A A  0 .2 4 m g / l  + BA 2 .Omg/1 + su c ro se  3 0 .Og/1 + aga r
6 .Og/1 + AC I.Og/1

T 7 1/2 M S  + N A A  0 .2 4 m g / l  + BA 2 .Omg/1 + su c ro se  3 0 .0g/ l  + agar
6 .0g/ l  + AC 1.0g/l

T g B 5 + N A A  0 .2 4 m g / l  + BA 2 .0 m g / l  + s u c ro s e  3 0 .0g/ l  + agar
6 .0 g / l+  AC 1.0g/l

T 9 1/2 B 5 + N A A  0 .2 4 m g / l  + BA 2 .0 m g / l  + su c ro se  3 0 .0g/ l  + agar
6 . Og/1 +  A C  1 .0 g / l

T , 0 B 5 + 2 ,4 -D  2 .0m g / l  + BA 1.0m g/ l  + su c ro s e  3 0 .0g/ l  + agar
6 .0g / l  + AC 1.0g/l

T u  S am e  as T 6 but  w i th  ini t ial  c u l tu r in g  o f  the e x p l a n t  in l iqu id  MS
basa l  m e d iu m  for 24  h and  s u b c u l tu r in g  in so l id  M S  basa l  m e d iu m  
at a su b c u l tu r in g  f r eq u en c y  o f  24 h for  two  days



O b s e r v a t i o n s

O b s e r v a t i o n s  w ere  m ade  on n u m b e r  o f  cu l tu re s  s u rv iv e d  and  num ber  

o f  cu l tu re s  in i t ia t ing  ca l lus .





RESULTS

In v es t iga t ion s  were  ca r r ied  out  fo r  s t a n d a rd i s in g  in vi t ro  p ro p ag a t ion  
t ec h n iq ue s  in m an go .  T h re e  rou tes  n am e ly  s o m a t ic  e m b r y o g e n e s i s ,  som at ic  
o r g an o g e n es i s  and  e n h a n c e d  re lease  o f  ax i l la ry  bud s  w ere  t r i ed .  T h e  resu lts  
o f  the s tud ies  are p re sen ted  in the fo l lo w in g  pages .

A. I N  V I T R O  P R O P A G A T I O N  VI A  S O M A T I C  E M B R Y O G E N E S I S

1. V a r i e t i e s

a. M o n o e m b r y o n i c  var ie t ies

I n i t i a l l y ,  the  r e s p o n s e  o f  s ix  m o n o e m b r y o n i c  v a r i e t i e s ,  n a m e ly ,  
N ee lum ,  B a n g a lo ra ,  Prior ,  B a ng anp a l l i ,  M u n d a p p a  and  M u l g o a  w as  a ssessed .  
Nuce l lu s ,  e m b r y o  mass ,  lea f  se g m e n t s  and  f lora l  par ts  w ere  used  as exp lan ts  
for  the i n d u c t io n  o f  so m a t ic  e m b ry o g e n e s i s .  T h e  h ig h e s t  p e r  c en t  (66 .67)  
c u l tu re s  in i t i a t in g  e m b r y o g e n i c  ca l lu s  f rom  n u c e l l u s  w as  o b s e r v e d  fo r  the 
var ie ty  N e e lu m  (Table  7). T h e  least  r e sp o nse  (2 5 .0 0  per  cen t )  was  reco rded  
by M u n d a p p a  (F ig .  1). T h e  r e s p o n s e s  o f  M u l g o a ,  B a n g a l o r a ,  P r i o r  and  
B ang anp a l l i  w ere  58 .33 ,  50 .00 ,  33.33 and 41 .67  per  cent ,  re spec t ive ly .  N ee lum  
which  s h o w e d  the h ighes t  per  cent  r e sp o nse  f rom  nuce l lu s  (66 .67  per  cen t )  as 
wel l  as e m b r y o  mass  (75 .0 0  per  cen t )  was  se lec ted  fo r  fu r th e r  de t a i l e d  studies.



M o n  o c m b r y o n i c  
v a r i e t i e s

C u l l  tii es  ini i  in l i ng  
e m b r y o g e n i e  c a l l u s  

(%>
G r o w t h s c o r e C a l l u s i n d e x

N u c e l l u s E m b r y o
m a s s

N u c e l l u s E m b r y o
m a s s

N u c e l l u s E m b r y o
m a s s

N e e l u m 6 6 . 6 7 7 5 . 0 0 1 . 4 9 1 . 5 0 9 9 . 3 4 1 1 2 . 5 0

B a n g a l o r a 5 0 . 0 0 4 1 . 6 7 1 . 3 3 1 . 4 2 6 6 . 5 0 5 9 . 1 7

P r i o r 3 3 . 3 3 4 1 . 6 7 1 . 0 0 1 . 0 0 3 3 . 3 3 4 1 . 6 7

B a n g a n p a l l i 4 1 . 6 7 5 0 . 0 0 1 . 0 8 1 . 0 0 4 5 . 0 0 5 0 . 0 0

M u n d a p p a 2 5 . 0 0 1 6 . 6 7 1 . 0 0 1 . 0 0 2 5 . 0 0 1 6 . 6 7

M u l g o a 5 8 . 3 3 8 3 . 3 3 1 . 4 2 1 . 0 8 8 2 . 8 3 9 0 . 0 0

T he  da ta  re p re se n t  the ave rag e  va lue  o f  12 r ep l i ca t io ns

C u l tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + G A 3 5 .0 m g / l  + 2 ,4 -D
5 .0m g / l  + g lu t a m in e  4 0 0 .0 m g / l  + su c ro se  60 .0g / l  + agar  
5 .Og/1 + A C  2 .5g/l  + C W  2 00 .0m l / l

T he  m a x im u m  g ro w th  score  (G S)  o f  1.49 and ca l lu s  index  (C l )  va lue  o f  99 .34  
w ere  a lso  re c o rd e d  by N ee lum .  M u lg o a  r e co rded  a g ro w t h  sco re  o f  1.42 and 
a ca l lus  index  o f  82 .83  from nuce l lu s  and a g ro w th  score  o f  1.08 and ca l lus  
index o f  9 0 .0 0  f rom  e m b r y o  mass .  T he  least  r e sp o n se  (2 5 .0 0  pe r  cent )  from 
nuce l lus  and e m b ry o  mass  (16 .67  per  cen t )  was  o b s e r v e d  for  M un d ap p a .



Varie t ies

Fig, 1. E f fe c t  o f  m o n o e m b r y o n ic  m a n g o  v a r ie t ie s  
on  the  in d u c t io n  o f  s o m a t ic  e m b ry o g e n e s is  
f ro m  n u c e l lu s  and  e m b ry o  m a s s



In m o n o e m b ry o n i c  var ie t ie s  ind i rec t  e m b ry o g e n e s i s  w as  o bse rv ed  from 

both  nuce l lu s  and  e m b ry o  mass.

N ee lu m  w as  se lec ted  as the m o n o e m b r y o n i c  var ie ty  fo r  fu r the r  de ta i l ed

stud ies .

b. P o l y e m b r y o n i c  var ie t ies

Six p o l y e m b r y o n i c  va r ie t ie s  such  as O lour ,  K u ru k k a n ,  Vellari  M anga ,  
P an c ha ra  Var ikka,  K i l i ch u nd a n  and  Vel layani  Var ikka  w ere  a lso  c o m p a re d  for  
t h e i r  i n i t i a l  r e s p o n s e .  In p o l y e m b r y o n i c  v a r i e t i e s ,  d i r e c t  s o m a t i c  
e m b ry o g e n e s i s  from nuce l lus  and ind i rec t  som a t ic  e m b r y o g e n e s i s  f rom  em b ry o  

mass  w ere  obse rved .

The  h ighes t  per  cen t  (83 .33)  cu l tu res  in i t ia t ing  so m a t ic  e m b ry o id s  from 

nuce l lus  was  o bse r v e d  fo r  Vellari  M a n g a  (Table  8). P a n c h a ra  Var ikka ,  ano the r  
p o l y e m b r y o n i c  va r ie ty  r e c o r d e d  7 5 .0 0  per  c en t  c u l t u r e s  in i t i a t in g  so m at ic  
e m b ry o g e n e s i s .  E m b ry o  mass  o f  these  var ie t ie s  gav e  6 6 .67  pe r  c en t  cu l tu res  
in i t ia t ing  e m b r y o g e n i c  ca l lus .  The  least  r e sponse  f rom  n uce l lu s  w as  recorded  
by K u ru k k a n  (33 .33  per  cent )  and  f rom  e m b ry o  m ass  by  K i l i c h u n d a n  (33 .33  
per  cent ) .  T h e  nuce l l a r  exp lan t s  o f  the var ie ty ,  Vel layani  V ar ikka  did not  
r e sp o nd  to the t r ea tm en ts ,  w he rea s  its e m b ry o  m ass  r e c o r d e d  2 5 .0 0  per  cent  

cu l tu res  in i t ia t ing  so m a t ic  e m b ry o id s  (Fig.  2).

Vellari  M a n g a  was  se lec ted  as the p o l y e m b r y o n i c  var ie ty  fo r  fu r ther  

de ta i led  s tudies .



^  . A *

V a rie t ies

F ig . 2. E f fe c t  o f  p o ly e m b r y o n ic  o f  m a n g o  v a r ie t ie s  
on the  in d u c t io n  o f  s o m a t ic  e m b ry o g e n e s is  
f ro m  n u c e l lu s  an d  e m b ry o  m a ss



Table  8. E f f e c t  o f  p o l y e m b r y o n i c  m a n g o  v a r i e t i e s  on the  i n d u c t i o n  o f  
so m a t ic  e m b ry o g e n e s i s  from n uce l lu s  and  e m b r y o  mass

P o l y e m b r y o n i c
var ie t ie s

C u l tu re s  in i t ia t ing  
som at ic  e m b ry o id s  
f rom  nuce l lu s

(%)

C u l tu r e s  in i t ia t ing  
e m b r y o g e n i c  ca l lus  
f rom  e m b r y o  mass 

(%)

O lo u r 5 8 .3 3 4 1 .6 7

K u r u k k a n 3 3 .3 3 5 0 . 0 0

Vellari  M a n g a 8 3 .3 3 6 6 .6 7

P a n c h a ra  Var ikka 7 5 .0 0 6 6 .6 7

K i l i c h u n d a n 5 0 . 0 0 3 3 .3 3

Vel layani  Var ikka 0 2 5 . 0 0

The  da ta  r e p re se n t  the a ve ra g e  va lue  o f  12 re p l i c a t io n s

C ul tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + G A 3 5 .0 m g / l  + 2 ,4 -D
5 .0 m g / l  + g lu t a m in e  4 0 0 .0 m g / l  + s u c ro se  60 .0g / l  + agar  
5 .Og/1 + AC 2 .5g/l  + C W  2 00 .0m l / l

2. Explants

In the var ie ty  N ee lu m ,  e m b r y o  m ass  r e s p o n d e d  b e t t e r  than  nuce l l a r  
t issue .  In N e e l u m  7 5 .00  pe r  cen t  cu l tu r e s  in i t ia t ed  e m b r y o g e n i c  c a l lu s  from 
e m b ry o  m ass  (T ab le  .7). N u c e l l a r  t i s sue  in i t i a t ed  c a l lu s  in 6 6 .6 7  p e r  cent  
cu l tu res  only.  But  in Vellari  M ang a ,  nuce l lu s  was  the b e t t e r  e xp lan t ,  r ecord ing
83.33 per  cent  cu l tu res ,  in i t ia l ing  som a t ic  e m b r y o id s  (Tab le  8). T h e  e m b ry o



mass  o f  Vellari  M a n g a  in i t ia ted  e m b r y o g e n i c  ca l lus  in 66 .67  per  c en t  cul tures .  
L e a f  s eg m en ts  and  im m a tu re  f low er  par ts  did  not  r e sp o nd  in N ee lu m  and Vellari 
M a n g a .

W h e n  l e a f  s e g m e n t s  a n d  f l o r a l  p a r t s  w e r e  u s e d  as e x p l a n t s ,  the  
co n ta m in a t io n  ra te  was very  h igh.  T he  per  cen t  c o n t a m in a t i o n  o f  the exp lan ts  
ranged  f rom  5 0 .0 0  to 90 .00 .  In all the var ie t ie s  t r ied ,  bo th  l ea f  se g m e n t s  and 
im m a tu re  f lo w e r  par ts  did  not  r e spond  to the  t r e a tm en ts .

3. Phenolics interference

The  p ro b l e m  o f  p he n o l i c s  i n t e r fe ren ce  w as  very  s ev e re  w h ich  caused  
b r o w n in g  o f  m e d ia  and  t i s sues .  In the  v a r i e t y  N e e l u m ,  i n c o r p o r a t i o n  o f  
a c t iva ted  cha rc o a l  2.5 g/1 in the induc t ion  m e d iu m  w as  e f fe c t iv e  in reduc ing  
p hen o l ic s  p ro b lem .  E igh ty  pe r  cent  cu l tu re s  s u rv iv e d  in the t r ea tm en t ,  out  o f  
w h ich  66 .67  per  c en t  cu l tu res  s h o w e d  ca l lu s  in i t i a t ion  in h a l f  s t r en g th  MS 
basal  m e d iu m  with  su p p le m e n t s  (Table  9). W i th  5 .0  g/1 a c t iv a t e d  cha rcoa l ,  
though  86 .67  pe r  c en t  cu l tu res  su rv ived ,  on ly  5 3 .33  p e r  c en t  r e sponded :

In Vellari  M anga ,  use o f  a c t iva ted  cha rco a l  2.5 g/1 in the induct ion  
m e d iu m  w as  the  mos t  e f fec t ive  in r educ ing  p h e n o l i c s  p ro b le m .  T h e  t r e a tm en t  
r e g i s t e r e d  the h ig h e s t  p e r c e n ta g e  o f  c u l t u r e s  i n i t i a t in g  s o m a t i c  e m b r y o i d s
(80 .00) ,  ou t  o f  w h ich  66 .67  p e r  c en t  cu l tu re s  su rv ived .  T h e  low e s t  per  cent  
c u l t u r e s  ( 1 3 .3 3 )  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 as  o b s e r v e d  w h e n  1.5 g/1 
ac t iva ted  c h a rc o a l  was  added  in the induc t ion  m ed iu m .



Table  9. Hflec t  ol' a c t iva t e d  c h a rc o a l ,  p o ly v in y l  p y r r o l i d o n e  (P V P ) ,  citr ic  
ac id  and  a sc o rb ic  ac id  in e l im i n a t i n g  p h e n o l i c s  i n t e r f e re n c e  and 
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  f r o m  n u c e l l u s  o f  t he  m a n g o  
v a r ie t ie s  N ee lu m  and  Vellari  M a n g a

Treatment
Surviving cultures (%)
Neelum Vellari 

Manga

Cultures 
initiating 
embryogenic 
callus in 
Neelum

Cultures 
initiating 
somatic 
embryoids in 
Vellari Manga

(%) (%)

Act iva ted  charcoal  (g/1)
1.5 33.33 26.67 6.67 13.33
2.0 26.67 60.00 13.33 70.33
2.5 80.00 73.33 66.67 80.00
5.0 86.67 66.67 53.33 60.00

PVP (g/1)
7.0 13.33 6.67 0 0
8.0 40.00 26.67 0 0

10.0 60.00 40.00 0 33.33
Citric acid (m g/1)

75.0 0 0 0 0
150.0 0 0 0 0
300.0 0 0 0 0

Ascorb ic  acid (mg/1)
7 5 .0 0 0 0 0

150.0 0 0 0 0
3 0 0 . 0 0 0 0 0

The data represent the average value o f  15 rep lications

Culture m edium  for N ee lu m  - H alf  strength MS basal m ed iu m  + 2 ,4 -D  5 .0m g/l
+ GA-, 5 .0 m g / l  + CW  2 0 0 .0 m l/ l  + agar 5 .0 g / l

Culture m edium  for Vellari M anga - H alf  strength MS basal m edium  + 2 ,4 -D  2 .Omg/1
+ GA^ 5 .0m g/l  + CW  2 0 0 .0 m l/ l  + agar 6 .Og/1



Nucellus of Neelum in induction medium (Half strength MS basal medium 
supplemented with 2,4-D 5.0 mg/l and GA3 5.0 mg/l)

Plate 4

Nodular pro-embryos induced from the nucellus of Vellari Manga in half strength 
MS basal medium supplemented with 2,4-D 2.0 mg/l and GA3 5.0 mg/l





T h e  t r e a t m e n t s  w i th  v i t a m in  C or c i t r i c  ac id  w e r e  no t  e f fe c t iv e  in 
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  in N e e l u m  a n d  V e l l a r i  M a n g a .  O n l y  the  
t rea tm en ts  w i th  P V P  8.0 and  10.0 g/1 r e sp o nd e d .  W i th  P V P  8 .0  and  10.0 g/1, 
Vellari  M a n g a  r eg is te red  2 0 .0 0  and  33 .33  per  cen t  cu l tu r e s  in i t ia t in g  som at ic

e m b ry o id s ,  re spec t ive ly .

4. Induction of  somatic  embryoids

D iffe ren t  basal  m ed ia  w ere  tr ied  for  the induc t ion  o f  so m a t ic  em b ry o id s  

in the va r ie t ie s  N e e lu m  and  Vellari  M ang a .  T r e a tm e n t s  i n v o lv in g  var ious  
c o m b i n a t i o n s  o f  p l a n t  g r o w t h  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 ,  

sucrose ,  a m in o a c id s  and  agar  w ere  a lso  tr ied.

a. B asa l  m ed ia

Basa l  m e d ia  such  as MS m e d iu m  (ful l  and  h a l f  s t r en g th ) ,  B 5 m ed iu m  
(ful l  and  h a l f  s t reng th )  and  SH m e d iu m  w ere  c o m p a r e d  fo r  the  induc t ion  of  
som at ic  e m b ry o id s  in the var ie ty  N ee lum .  T he  study  re v ea le d  tha t  h a l f  s t rength  
MS basal  m e d iu m  was  the  bes t  for  the p ro du c t io n  o f  e m b r y o g e n i c  ca l lu s  from 
n uce l lu s  as wel l  as e m b ry o  mass  (P la te  3). In thi s  t r e a tm e n t ,  6 6 .67  per  cent  
c u l tu res  in i t ia ted  e m b ry o g e n i c  ca l lu s  from n uce l lu s  and  2 0 .0 0  per  cen t  cu l tu res  
in i t ia ted  e m b r y o g e n i c  ca l lus  f rom  e m b r y o  m ass  (Tab le  10). In ful l  s t reng th  
MS b as a l  m e d iu m ,  o n ly  2 6 .6 7  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  f rom  
n uce l lu s  and  13.33 per  c en t  f rom  e m b r y o  mass .  N o n e  o f  the cu l tu re s  in i t ia ted  
e m b r y o g e n i c  ca l lus  f rom  nuce l lu s  and e m b r y o  m ass  o f  N ee lu m  w hen  B 5 and 
SH m ed ia  w ere  used.  In h a l f  s t reng th  o f  MS basal  m e d iu m  with  su pp lem en ts ,



T h e  t r e a tm e n t s  w i th  v i t a m in  C o r  c i t r i c  ac id  w e r e  no t  e f fe c t iv e  in 

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  in N e e l u m  a n d  V e l l a r i  M a n g a .  O n l y  the  
t r e a tm en ts  w i th  P V P  8.0  and 10.0 g/1 r e sp o nd e d .  W i th  P V P  8.0  and  10.0 g/1, 
Vellari  M a n g a  r eg is te red  2 0 .0 0  and  33 .33  per  c en t  cu l tu r e s  in i t i a t ing  som at ic

em b ry o id s ,  re spec t ive ly .

4. Induction of  somatic  embryoids

D iffe ren t  basal  m ed ia  w ere  tr ied  fo r  the induc t ion  o f  so m a t ic  em bryo id s  
in the  var ie t ie s  N e e lu m  and  Vellari  M ang a .  T re a tm e n t s  i n v o lv in g  var ious  
c o m b i n a t i o n s  o f  p l a n t  g r o w t h  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 ,  

sucrose ,  a m in o a c id s  and  aga r  w ere  a lso  tr ied.

a. Basa l  m ed ia

Basa l  m e d ia  such  as MS m e d iu m  (ful l  and  h a l f  s t r en g th ) ,  B 5 m ed iu m  
(ful l  and  h a l f  s t r en g th )  and  SH m e d iu m  w ere  c o m p a r e d  for  the  induc t ion  of  
som at ic  e m b ry o id s  in the var ie ty  N ee lum .  T he  s tudy  re v ea le d  tha t  h a l f  s t rength  
MS basal  m e d iu m  was  the bes t  fo r  the p ro du c t io n  o f  e m b r y o g e n i c  ca l lus  from 
nuce l lus  as wel l  as e m b ry o  m ass  (P la te  3). In thi s  t r e a tm e n t ,  6 6 .67  per  cent  
cu l tu res  in i t ia ted  e m b ry o g e n i c  ca l lus  from nuce l lu s  and  2 0 .0 0  p er  cent  cu l tu ie s  
in i t ia ted  e m b r y o g e n i c  ca l lus  f rom  e m b ry o  m ass  (Tab le  10). In ful l  s t reng th  
MS b as a l  m e d i u m ,  on ly  2 6 .6 7  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  f rom  
nuce l lu s  and  13.33 per  cen t  f rom  e m b ry o  mass .  N o n e  o f  the cu l tu re s  in i t ia ted  
e m b r y o g e n i c  ca l lus  f rom  n uce l lu s  and e m b r y o  m ass  o f  N ee lu m  w hen  B 5 and 
SH m ed ia  w ere  used .  In h a l f  s t reng th  o f  MS basal  m e d iu m  with  su pp lem en ts ,



the h ig h es t  g ro w th  sco re  o f  1.50 and  a ca l lus  index  o f  100 .00  w ere  reg is te red  
by n uce l lu s  and a g ro w th  score  of 1.00 and a c a l lus  index  of 2 0 .0 0  by em b ry o  
m a s s .  H a l f  s t r e n g t h  o f  B 5 b a s a l  m e d i u m  w i t h  s u p p l e m e n t s  i n i t i a t e d  
e m b r y o g e n i c  ca l lu s  f rom  2 0 .00  pe r  cen t  c u l tu re s  o f  n u c e l lu s  and  6 .67  per  cent  

cu l tu res  o f  e m b r y o  mass .

Table  10. E ffec t  o f  basal  m ed ia  on the induc t ion  o f  so m a t ic  e m b ry o g e n e s i s  
f rom  n uce l lu s  and e m b ry o  mass  o f  the m a n g o  var ie ty  N ee lu m

B a s a l
m e d i u m

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

( %)
G r o w t h s c o r e C a l l u s i n d e x

N u c e l l u s  E m b r y o  
m a s s

N u c e l l u s E m b r y o
m a s s

N u c e l l u s E m b r y o
m a s s

M S 2 6 . 6 7  1 3 . 3 3 1.00 1.00 2 6 . 6 7 1 3 . 3 3

'/i M S 6 6 . 6 7  2 0 . 0 0 1 . 5 0 1.00 1 0 0 . 0 1 2 0 . 0 0

B S 0  0 0 0 0 0

Vi B 2 0 . 0 0  6 . 6 7 1.00 1.00 2 0 . 0 0 6 . 6 7

S H 0  0 0 0 0 0

T he  da ta  r e p re sen t  the ave rag e  value  o f  15 r ep l i ca t io ns

S u p p l e m e n t s  : 2 , 4 - D  5 . 0 m g / l  + G A 3 5 . 0 m g / l +  g l u t a m i n e  4 0 0 . 0 m g / l  +
suc rose  60 .0g/ l  + aga r  5 .0g/ l  + A C  2 .5 g / l  + C W  2 00 .0m l / l



T h e  sam e  basal  m ed ia  used for  N ee lu m  var ie ty  w ere  t r i ed  fo r  Vellari  
M ang a .  H a l f  s t r e n g th  MS basa l  m e d iu m  r e c o r d e d  the h ig h e s t  n u m b e r  o f  
cu l tu res  in i t i a t ing  ca l lus  f rom  nuce l lu s  (80 .0 0  pe r  cen t )  and  f rom  e m b r y o  mass  
(30 .0 0  p e r  c en t )  (P la te  4). In thi s  t r e a tm e n t  a g ro w th  sco re  o f  1.00 and a 
ca l lus  index  o f  3 0 .00  w ere  r eg is te red  by the c u l tu r e s  o f  e m b r y o  mass 
(Table 11). Ful l  s t reng th  o f  MS basal  m e d iu m  re c o r d e d  6 0 .0 0  p e r  cen t  cu l tu res  
i n i t i a t i n g  e m b r y o i d s  f r o m  n u c e l l u s  and  2 0 .0 0  p e r  c e n t  c u l t u r e s  in i t i a t in g  
e m b r y o g e n i c  c a l lu s  f rom  e m b r y o  mass .  T he  c o r r e s p o n d in g  ca l lu s  index  value 
reg is te red  was  2 0 .00  with  a g ro w th  sco re  o f  1 .00. .  W h e n  B 5 and  SH m ed ia  
w ere  t r i ed ,  o n ly  10.00  p er  c en 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 s  f rom  
nuce l lus .  N o n e  o f  the cu l tu r e s  in i t ia ted  ca l lus  f rom  e m b r y o  m ass  in these  
basal  m ed ia .  H ow ev e r ,  h a l f  s t reng th  B 5 basa l  m e d ia  in i t ia t ed  so m a t ic  e m b ry os  
in 3 0 .00  per  c en t  cu l tu res  o f  nuce l lu s  and  10.00 per  cen t  cu l tu r e s  o f  e m b ry o  

mass.

b. P lan t  g ro w th  su bs tan ces

T h i r t y  t r e a t m e n t s  o f  p la n t  g r o w t h  s u b s t a n c e s  i n c o r p o r a t e d  in h a l f  
s t reng th  M S basa l  m e d iu m  w ere  t r i ed  fo r  i nd u c in g  s o m a t ic  e m b r y o i d s  from 
nuce l lus  as wel l  as e m b r y o  m ass  o f  N ee lum .  T he  t r e a tm e n t  T 3 (2 ,4 - D  5 .0 m g /  
1 and  G A 3 5 .0 m g / l )  r e co rded  the h ighes t  p e r  cent  c u l tu re s  (6 2 .5 0 )  in i t ia t ing  
e m b r y o g e n i c  ca l lus  from n uce l lu s  (Table  12). A g ro w th  sco re  o f  1.40 and 
c a l l u s  in d e x  v a lu e  o f  8 7 .5 0  w as  r e c o r d e d  fo r  th i s  t r e a t m e n t .  T h e  sam e  
t r e a tm en t  in i t i a t ed  e m b r y o g e n i c  ca l lus  in 20 .83  per  cen t  cu l tu re s  f rom  e m b ry o  
mass.  A g ro w th  sco re  o f  1.00 and  ca l lus  index  o f  20 .83  w ere  obse rved .



Table  11. E f f ec t  o f  basal  m e d ia  on the ind u c t io n  o f  s o m a t ic  e m b ry o g e n e s i s  
f rom  n u ce l lu s  and e m b r y o  m ass  o f  the m a n g o  var ie ty  Vellari  M anga

B a s a l
m e d i u m

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  

( % )

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

( % )

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

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

M S 6 0 . 0 0 2 0 .0 0 1 . 0 0 2 0 .0 0

'/2 M S 8 0 .0 0 3 0 .0 0 1 . 0 0 3 0 .0 0

b 5 1 0 .0 0 0 0 0

>/2B5 3 0 .0 0 1 0 .0 0 1 . 0 0 1 0 .0 0

SH 1 0 .0 0 0 0 0

T he  da ta  re p re s e n t  the av e ra g e  va lue  o f  10 rep l i c a t io ns

S u p p l e m e n t s  : 2 ,4 -D  2 .0 m g / l+  G A 3 5 .0 m g / l  + g lu t a m in e  4 0 0 .0 m g / l  + sucrose  
60 .0g / l  + C W  2 0 0 .0 m l / l  + aga r  6 .0g / l  + A C  2 .5 g / l

The  t r e a tm e n t s  T 5, T , 2, T 20, T 25, T 26 and  T 27 a lso  in i t ia t ed  e m b r y o g e n i c  
ca l lus  (Table 12). E igh t  t r e a tm e n t s  (T4 , T 9, T j j , T 13, T 21, T 29, 1 and  T 31) 
did not  r e sp o n d  in ind u c in g  e m b r y o g e n i c  c a l lu s  f rom  n uce l lu s .  T re a tm e n t s  

T 2P r 22’ T 29 and  T 3l were  not  e f fec t iv e  for  i n d u c in g  e m b r y o g e n i c  ca l lus  
f rom e m b r y o  mass .



Table  12. E f f e c t  o f  p l a n t  g r o w t h  s u b s t a n c e s  on the  i n d u c t i o n  o f  s o m a t ic  
e m b r y o g e n e s i s  f rom  nuce l lu s  and e m b r y o  m ass  o f  the m a n g o  var iety
N e e lu m

C u l t u r e s  i n i t i a t i n g
P l a n t  g r o w t h e m b r y o g e n i c G r o w t h  s c o r e C a l l u s  i n d e x
s u b s t a n c e s c a l l u s  ( % )
( m g / 1) E m b r y o  

m ass
N u c e l l u s E m b r y o  

m ass
N u c e l l u s E m b r y o

m a ss
N u c e l l u s

T i 2 , 4 - D  2 . 0 + G A j  5 . 0 1 2 . 5 0 0 1 . 0 0 0 1 2 . 5 0 0

T  2 2 , 4 - D  4 . 0 + G A j  5 . 0 2 0 . 8 0 0 1 . 2 0 0 2 5 . 0 0 0
z

T , 2 , 4 - D  5 . 0 + G A - ,  5 . 0 6 2 . 5 0 2 0 . 8 3 1 . 4 0 1 . 0 5 7 . 5 0 2 0 . 8 3

T  4 2 , 4 - D  8 . O + G A 3 5 . 0 0 0 0 0 0 0

T S
T 6

2 , 4 - D  1 6 . 0 + G  A-, 5 . 0 4 5 . 8 3 1 6 . 6 7 1 . 0 0 1 . 0 0 4 5 . 8 3 2 9 . 1 7
2 , 4 - D  2 . 0 + G A - ,  10 . 0 3 7 . 5 0 8 . 3 3 1 . 0 0 1 . 1 0 3 7 . 5 0 8 . 3 3

T  7 2 , 4 - D  4 . O + G A 3 1 0 . 0 2 5 . 0 0 2 0 . 8 3 1 . 0 0 1 . 0 0 2 5 . 0 0 2 0 . 8 3

T 8 2 , 4 - D  5 . O + G A 3 10 . 0 1 6 . 6 7 8 . 3 3 1 . 1 0 1 . 2 0 1 8 . 3 4 1 0 . 0 0

T  9 2 , 4 - D  8 . O + G A 3 10 . 0 0 0 0 0 0 0

T , o 2 , 4 - D  I 6 . O + G A 3 10 . 0 2 9 . 1 7 1 2 . 5 0 1 . 0 1 . 0 2 9 . 1 7 1 2 . 5 0

t i i
2 , 4 - D  2 . 0 + G A j  2 0 . 0 0 0 0 0 0 0

T , 2 2 , 4 - D  4 . O + G A 3 2 0 . 0 4 1 . 6 7 0 1 . 0 0 4 1 . 6 7 0

T I3 2 , 4 - D  5 . O + G A 3 2 0 . 0 0 0 0 0 0 0

T ,4 2 , 4 - D  8 . O + G A 3 2 0 . 0 1 6 . 6 7 2 0 . 8 3 2 . 0 1 . 0 3 3 . 3 4 2 0 . 8 3

T >5 2 , 4 - D  16 . 0 + G  A 3 2 0 . 0 8 . 3  3 0 1 . 0 0 8 . 3 3 0

T 16 B A  O. 5 + G A 3 5 . 0 8 . 3 3 0 1 . 0 0 8 . 3 3 0

T  | 7 B A  I . O + G A 3 5 . 0 3 7 . 5 0 8 0 . 8 3 1. 3 1 . 0 4 8 . 7 5 8 0 . 8 3
B A  2 . O + G A 3 5 . 0 1 2 . 5 0 8 . 3 3 1.1 1 . 1 1 3 . 7 5 9 . 1 6

T ,9 B A  O.5 + G A 3 10 . 0 4 . 1 7 0 1 . 0 0 4 . 1 7 0

T 20 B A  I . O + G A 3 10 . 0 5 1 . 1 7 0 1 . 2 0 0 6 5 . 0 1 0

T 2 I B A  2 . O + G A 3 10 . 0 0 0 0 0 0 0  .

T 22 B A  O.5 + G A 3 2 0 . 0 8 . 3 3 0 1 . 0 0 8 . 3 3 0

T 23 B A  I . O + G A 3 2 0 . 0 0 2 0 . 8 3 0 1 . 0 0 2 0 . 8 3

T  24 B A  2 . 0 + G A ,  2 0 . 0 3 3 . 3 3 0 1 . 0 0 3 3 . 3 3 0

T 25 2 , 4 - D  5 . O + G A 3 5 . 0 + B A 0 . 5 4 1 . 6 7 4 . 1 7 1 . 2 1 . 0 5 0 . 0 1 4 . 1 7

T  2(i 2 , 4 - D  5 . O + G A 3 5 . 0 + B A 1 .0 4 1 . 67 3 7 . 5 0 1 . 1 0 1 . 0 4 5 . 8 4 3 7 . 5 0

* 27 
1 28

2 , 4 - D  5 . 0 + G A - ,  5 .0 + B A 2 . 0 4 5 . 8  3 1 6 . 6 7 1 . 0 1 . 0 4 5 . 8 3 1 6 . 6 7  .
2 , 4 - D  5 . 0 2 0 . 8 3 1 2 . 5 0 t . O 1 . 0 2 0 . 8 3 1 2 . 5 0

■*29

T 30
G A 3 5 . 0  
B A  2 . 0

0
0

0
8 . 3 3

0
0

0
1 . 0

0
0

0
8 . 3  3

T 3I C o n t r o l  ( N o  P G S )  . 0 0 0 0 0 0

T h e  d a t a  r e p r e s e n t  t h e  a v e r a g e  v a l u e  o f  2 4  r e p l i c a t i o n s



The  p o lyem bryon ic  variety,  Vellari M anga  ini t iated somat ic  embryoids  
at lower levels  of  2 ,4-D (2.0 and 4.0 mg/1). T rea tm ents  1', (with  2 ,4 -D  2.0 
mg/1) and T 2 (with  2 ,4 -D  4.0 mg/1) in i t iated  somat ic  em b ry o id s  in 83.33 per 
cent  cu l tu res  f rom  nuc e l l a r  t is sues (Table  13). H ow ev e r ,  4.17 per cent  
cu l tures  in i t ia ted  cal lus from em b ry o  mass in T ( m ed ium .  In T 2 m edium
33.33 per  cent  cul tures  ini t iated em bryogen ic  cal lus with  a ca l lus  index value 

o f  33.33.

W hen  no plant  g rowth  subs tances  were used  in the induct ion  medium,  
none of  the cu l tures  in i t iated  em bry og en ic  cal lus  in both  N ee lum  and Vellari 

Mariga.

c. So l id i fy ing  agent  (agar)

Effect  o f  the so l id ify ing  agent ,  agar on the induct ion  of  em bryogen ic  
ca l lus  u s in g  n u c e l l a r  p lan ts  in N e e lu m  and  Vel lar i  M a n g a  w as  s tud ied .  
S igni f ican t  d if fe rence  was obse rved  am ong  the levels  o f  agar  with  respect  to 
the per cent  cu l tu res  ini t iat ing  em bry og en ic  cal lus.  A ga r  5.0 g/1 p roduced  the 
h ig hes t  per  c en t  cu l tu res  (55 .56 )  in i t ia t ing  e m b r y o g e n i c  ca l lu s  in N ee lum  
which  was on par  with  agar 6.0g/l  (Table 14). H owever ,  in Vellari  M anga ,  the 
effects  of  d i f fe rent  levels  of  agar  were  not  s ign i f ican t  in induc ing  somatic  
embryoids .  The  h ighest  and lowest  levels  of  agar t ried reduced  the per cent 
cul tures inducing  somat ic  em bryo id s  in both the var iet ies .



Table  13. E f f e c t  o f  p l a n t  g r o w t h  s u b s t a n c e s  on the  i n d u c 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  from n uce l lu s  and  e m b r y o  m ass  o f  the m a n g o  variety
Vellari  M a n g a

Plant growth
substances
(mg/l)

Cultures
initiating
somatic

embryoids
from

nucellus

(%)

Cultures 
init iating 

embryogenic 
callus from 

embryo mass 
(%)

Growth 
score of 

embryogenic 
callus from 

embryo mass

Callus 
index of 

embryogenic 
callus from 

embryo mass

T l 2,4-D 2.0+GA-,  5.0 83.33 4.17 1 . 0 0 4.17

T2 2,4-D 4.0+GA-,  5.0 83.33 33.33 1 . 0 0 33.33

1 3 2 ,4-D 5 . 0 + G A ,  5.0 7 5.00 8.33 1 . 1 0 9.16

T 4 2,4-D 8 .O+GA3 5.0 37.50 25.00 1.00 25.00

T 5 2,4-D I 6 .O+GA3 5.0 0 8.33 1.00 8.33

T6 2,4-D 2 .O+GA3 10.0 41.67 0 0 0
T 7 2,4-D 4 .O+GA3 10.0 12.50 16.67 1.00 16.67

T8 2,4-D 5 .O+GA3 10.0 45.83 0 0 0
t 9 2,4-D 8 .O+GA3 10.0 8.33 4.17 1.00 4.17

Tio 2,4-D I 6 .O+GA3 10.0 12.50 0 0 0
T , , 2 ,4-D 2 .O+GA3 20.0 70.83 16.67 1 . 1 0 18.34

1 12 2,4-D 4 .O+GA3 20.0 4 1.67 0 0 0
T , 3 2,4-D 5 .O+GA3 20.0 12.50 12.50 1.00 12.50

T I4 2,4-D 8 .O+GA3 20.0 0 0 0 0

'I'IS 2,4-D 16.0+GA,  20.0 0 0 0 0

T I6 BA  O.5 + G A 3 5.0 12.50 8.33 1 . 0 0 8.33

T I7 BA I .O + G A 3 5.0 25.00 0 0 0

T I8 BA 2 + G A 3 5.0 4.17 0 0 0

T,9 BA  O.5 + G A 3 10.0 33.33 0 0 0

^20 BA  I .O + G A 3 10.0 75.00 12.50 1 . 1 0 13.75

T 2 i B A  2 .O+GA3 10.0 37.50 0 0 0  •

T22 BA  O.5 + G A 3 20.0 20.83 0 0 0

T 23 BA  I . O + G A 3 20.0 0 0 0 0

T 24 BA  2 .O+GA3 20.0 8.33 0 0 0

t 25 2,4-D 5 .O+GA3 5 . 0 + B A 0 . 5 62.50 0 0 0

T 26 2,4-D 5 .O+GA3 5.0+B A 1.0 75.00 0 0 0

"^27 2,4-D 5 .O+GA 3 5 .0+BA2.0 4 1.67 0 0 0

T 28 2,4-D 5.0 0 0 0 0

t 29 G A 3 5.0 0 0 0 0

T30 BA  2.0 0 4.17 1 . 0 0 4.17 .

T 3I Control  (No PGS) - 0 0 0 0

T h e  d a t a  r e p r e s e n t  t h e  a v e r a g e  v a l u e  o f  2 4  r e p l i c a t i o n s

C u l t u r e  m e d i u m  - H a l f  s t r e n g t h  M S  b a s a l  m e d i u m  + g l u t a m i n e  4 0 0 . 0 m g / l  + s u c r o s e  6 0 . 0 g / l  
+ C W  20 ( ) . 0 ml / l  +  a g a r  6 . 0 g / l  + A C  2 . 5g / l



A g a r
(g/D

C u l tu r e s  in i t i a t in g  
e m b ry o g e n i c  ca l lus  
in N e e l u m  ( %)

C u l t u r e s  in i t ia t in g  
S o m a t i c  e m b r y o id s  
in Vellari  M a n g a  (%)

4 .5 2 7 .7 8 2 7 .7 8
(3 1.64) (3 1 .6 4 )

5.0 5 5 . 5 6 3 9 . 8 9
( 4 8 .7 5 ) ( 3 8 .8 0 )

6 .0 4 3 . 4 4 4 2 . 8 6
( 4 1 .2 7 ) ( 4 0 .6 5 )

7 .0 2 2 . 2 2 2 5 . 6 6
( 2 7 .7 6 ) ( 3 0 .0 6 )

C D  (5%) 12.30 NS

The  da ta  r e p re se n t  the av e ra g e  va lue  o f  l 8 rep l i c a t io ns  

Values in p a r en th e s i s  are  the t r a n s f o r m e d  va lues  

NS - N o t  s ig n i f i c an t

C u l tu re  m e d iu m  for  N e e l u m  - H a l f  s t reng th  MS basa l  m e d iu m  + 2 ,4 - D 5 .0 m g /
1 + G A 35 . 0 m g / l  + g l u t a m i n e  4 0 0 . 0 m g / l  + 
su c ro se  60 .0g/ I  + A C  2 .5g / l  + C W  2 00 .0m g / l

C u l tu r e  m e d iu m  fo r  Vellari  - H a l f  s t r en g th  M S basa l  m e d iu m  + M a n g a  2,4-
D 2 .0 m g / 1  + G A 3 5 . 0 m g / l  + g l u t a m i n e  4 0 0 . O m g /  
1 + s u c r o s e  6 0 . 0 g / l  + A C  2 . 5 g /1  + C W  
2 0 0 . 0 m g / l



d. A c t iv a t ed  C ha rco a l

A m o n g  the  var ious  leve ls  o f  a c t iva ted  cha rc o a l  t r i ed ,  2 .5g / l  reg is te red  
s i g n i f i c a n t l y  h i g h e r  p e r  c e n t  i n i t i a t i o n  o f  e m b r y o g e n i c  c a l l u s  in N e e l u m  
(78 .24 )  and  so m a t ic  e m b ry o id s  in Vellari  M a n g a  (66 .13 )  f ro m  n u c e l l a r  exp lan ts  
(Table  15). T h e r e  w as  a lso  s ig n i f i c a n t  d i f f e r e n c e  a m o n g  t r e a t m e n t s  in the 
in i t i a t io n  o f  e m b r y o g e n i c  c a l lu s  f r o m  e m b r y o  m a ss  in N e e l u m .  A c t iv a t ed  
cha rc o a l  2 .5g / l  in d u ce d  the h ig h es t  per  c en t  cu l tu re s  p r o d u c in g  e m b r y o g e n i c  
ca l lus  (62 .33 ) .  H ow ev e r ,  there  w as  no s ig n i f i c an t  d i f f e re n c e  a m o n g  the  leve ls  
o f  a c t iva ted  c h a rc o a l  in the  in i t ia t ion  o f  e m b r y o g e n i c  c a l lu s  f r o m  the em b ry o  
mass  o f  Vellari  M a n g a .  W h e n  ac t iva ted  c h a rc o a l  was  not  u sed  in the m ed iu m ,  
none  o f  the cu l tu re s  in i t ia ted  e i th e r  so m a t ic  e m b ry o id s  o r  e m b r y o g e n i c  ca l lus  
in bo th  the  var ie t ies .

e. S uc ro se

S u c r o s e  6 0 . 0 g / l  r e g i s t e r e d  s i g n i f i c a n t l y  h i g h e r  p e r  c e n t  c u l t u r e s  
in i t ia t ing  e m b y o g e n i c  ca l lu s  from the n u c e l l a r  e x p l a n t s  o f  N e e lu m  (66 .54).  
T h e  r e s p o n s e  o f  s u c r o s e  5 0 . 0 g / l  w a s  on  p a r  w i t h  s u c r o s e  6 0 . 0 g / l .  T h e  
p e r ce n ta g e  ind u c t io n  d ec re a s e d  wi th  d e c re a s in g  leve ls  o f  s u c ro s e  (T ab le .  16). 
S uc ro se  3 0 .0g / l  r e c o r d e d  the  least  r e sp o n se  (25 .0 8  pe r  cen t ) .  S u c r o s e  6 0 .0g /  
1 a lso  r e c o r d e d  s ign i f i c an t ly  the h ig h es t  pe r  c en t  c u l tu r e s  in i t i a t in g  som at ic  
e m b r y o id s  f rom  n u c e l l a r  t is sue  o f  Vellari  M a n g a  (66 .54 ) .  F o r  the  induc t ion  
o f  e m b r y o g e n i c  ca l lu s  f rom  e m b r y o  m ass  o f  N e e lu m ,  the h ig h e s t  per  cent  
r e sponse  w as  o b s e r v e d  for  suc ro se  5 0 .0g / l .  In th is  t r e a tm e n t  83 .33  per  cent  
c u l t u r e s  i n i t i a t e d  e m b r y o g e n i c  c a l l u s .  In V e l la r i  M a n g a  t h e  m o s t  idea l  
c o n c e n t r a t io n  o f  su c ro se  w as  40 .0 g / l ,  for  i n d u c in g  e m b r y o g e n i c  c a l lus  from 
e m b ry o  m ass  (66 .67  per  cent ) .



Table  15. E f f e c t  o f  a c t i v a t e d  c h a r c o a l  on  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 g e n e s i s  f r o m  n u c e l l u s  a n d  e m b r y o  m a s s  o f  the  m a n g o  
var ie t ie s  N ee lu m  and Vellari  M a n g a

Charcoa l
(g/1)

Cul tures ini t iat ing  
em bryogen ic  cal lus / 
somat ic  em bryo id s  
from nucellus  (%)

Cul tu res  in i t ia t ing  
em b ry og e n ic  cal lus 
from em bryo  mass (%)

N ee lum Vellari
Manga

N ee lum Vellari
M anga

0.5 11.66 19.52 24.47 38.28
(19.61) (25.57) (31 .23) (37.78)

1.5 26.18 23.16 36.24 54.21
(30.32) (28.57) (36 .67) (47.59)

2.5 78.24 66.13 58.57 62.33
(62.32) (54.75) (50 .38) (52.68)

5.0 63.25 45.45 50.17 53.70
(52.96) (42.37) (45 .02) (47.76)

CD 9.54* 1 1.89* 12.78** NS

T he  d a ta  r e p re s e n t  the a ve ra g e  va lue  o f  21 rep l i c a t io ns

Values  in p a r e n th e s i s  are  the t r a n s f o r m e d  va lues

* S ig n i f i c a n t  at  5% level
** S ig n i f i c a n t  at 1% level
NS N ot  s ig n i f i c an t
C u l tu re  m e d iu m  for - H a l f  s t reng th  MS basal  m e d i u m  + 2 ,4 - D 5 .0  mg/1 +
N e e l u m  G A 35 .0 m g / l  + S u c r o s e  6 0 . 0 m g / l  + C W  2 0 0 . 0 m l / l  +

a ga r  5 .0g /l  + g lu t a m in e  4 0 0 .0 m g / l

C u l tu re  m e d iu m  for - H a l f  s t r en g th  M S basa l  m e d iu m  + 2 ,4 -D 2 .0 m g / l  + G A 3 
Vellari  M a n g a  5 .0 m g / l  + g lu t a m in e  4 0 0 .0 m g / l  + s u c ro s e  60 .0g / l  + C W

2 0 0 .0 m g / l  + aga r  6 .0g /l



Sucrose
(g/D

Cul tures  in i t ia t inga 
em bryogen ic  cal lus / 
somat ic  em bryo ids  
from nucellus (%)

Cul tures  initiating*5 
em bry og en ic  cal lus 
from em bryo  mass (%)

N ee lum Vellari
M anga

N ee lum  Vellari 
M ang a

30.0 25.08 36.13 16.67 33.33
(27.71) (36.35)

40.0 36.14 38.50 33.33 66.67
(36.87) (38.25)

50.0 54.52 58.71 83.33 50.00
(47.65) (50.42)

60.0 66.54 66.54 66.67 50.00
(55.01) (55.01)

CD (5%) 10.53 16.12

a - The data represent  the average  value  o f  36 rep lica t ions 

b - The data  represent  the average  value of  6 rep lica t ions

Values in parenthes is  are the t rans formed  values

C u l tu r e  m e d iu m  for - H a l f  s t reng th  M S basal  m e d iu m  + 2 ,4 -D 5 .0 m g / l  + 
N e e lu m  G A 35 .0 m g / l  + g lu t a m in e  4 0 0 . 0 m g / l  + C W  2 00 .0 m l / l

+ aga r  5 .0g /l  + A C  2 .5g/l



f. A m in o  ac ids

D i f f e r e n t  t y p e s  o f  a m i n o  a c id s  su c h  as g l u t a m i n e ,  a r g i n i n e  and  
a sp a r ag in e  4 0 0 .0 m g / l  w ere  tr ied  for  i n d u c in g  s o m a t ic  e m b r y o i d s  in both  
N ee lu m  and Vellari  M a n g a  (Table  17). A rg in in e  and  a s p a r a g in e  w ere  not  use fu l  
for  the ind u c t io n  o f  e m b ry o g e n i c  ca l lus ,  w h e re a s  g lu t a m in e  g av e  the h ig hes t  
pe r  c en t  c u l t u r e s  i n i t i a t in 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  o f  N e e lu m
(60 .00 )  and  Vellari  M a n g a  (80 .00 )  and  f rom  e m b r y o  m ass  o f  N e e l u m  (20 .00 )  
and  V el la r i  M a n g a  ( 4 0 .0 0 ) .  T h r e e  l e v e l s  o f  g l u t a m i n e  4 0 0 . 0 ,  5 0 0 . 0  and  
6 0 0 . 0 m g / l  w e r e  t r i e d  fo r  i n d u c i n g  e m b r y o g e n i c  c a l l u s .  T h e r e  w a s  no 
s ign i f i c an t  d i f f e r e n c e  a m o n g  the  r e sp o n se  o f  the  d i f f e r e n t  l eve ls  t r i ed  when  

nuce l lu s  o f  N e e l u m  and e m b r y o  m ass  o f  Vellari  M a n g a  w er e  u se d  as exp lan t s  

(Tab le  18). In Vellari  M a n g a  g lu t a m in e  6 0 0 .0 m g / l  p r o d u c e d  s ign i f i c an t ly  
the  h ig 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  ( 6 9 .3 9 )  f rom  
nuce l l a r  e xp lan t s .  In N ee lum ,  e m b r y o  m ass  p ro d u c e d  s ig n i f i c a n t ly  the h ighes t  
per  c en t  cu l tu re s  in i t ia t ing  e m b r y o g e n i c  ca l lus ,  w hen  g lu t a m in e  w as  used  in 
the m e d iu m  at 4 0 0 .0 m g / l  (58 .26) .

g. C o c o n u t  w a te r

T h e  e f fec t  o f  c o c o n u t  w a te r  in the ind u c t ion  o f  e m b r y o g e n i c  ca l lus  in 

N e e lu m  and  so m a t ic  e m b r y o i d s  in Vellari  M a n g a  w as  s tud ied .  It was  
o b s e r v e d  t h a t  2 0 0 . 0 m l / l  o f  c o c o n u t  w a t e r  f a v o u r e d  i n i t i a t i o n  o f  
e m b r y o g e n i c  c a l lus  in 4 5 .08  per  cent  cu l tu r e s  ol n u c e l l a r  ex p lan t s  of  
N e e l u m .  T h i s  t r e a t m e n t  w as  on p a r  w i th  c o c o n u t  w a t e r  1 50 .0m l / l  
su pp o r t in g  3 8 .0 0  per  cen t  cu l tu r e s  in i t ia t ing  e m b r y o g e n i c  c a l lu s  (Tab le  19).



Amino  aicd

Cul tures  ini t iat ing  
em bryogen ic  cal lus / 
somatic  em bryo ids  
from nucellus (%)

Cul tures  in i t ia t ing  
em bry og en ic  cal lus / 
from em b ryo  mass  (%)

N ee lum Vellari
M anga

N ee lum Vellari
M anga

G lu tam ine 60.00 80.00 20.00 40.00
(400 .0m g / l )

Argin ine 20.00 40.00 20.00 0
(400 .0m g / l )

Aspa rag ine 40.00 40.00 0 0
(400 .0m g/ l )

The data represent  the average value of  5 rep lica t ions

C u l tu r e  m e d iu m  fo r  - H a l f  s t r en g th  MS basa l  m e d iu m  + 2 ,4 -D  5 .0 m g / l  + 
N ee lu m  G A 35 .0m g / l  + C W  2 0 0 .0 m l / l  + a g a r  5 .0 g / l  + A C  2 .5 g /

1 + S u c ro s e  60 .0g / l



G lu tam ine
(mg/1)

Cul tures  ini t ia t ing  
em bryogen ic  cal lus / 
somatic  em bryo id s  
from nucellus  (%)

C ul tu res  in i t ia t ing  
e m b ry og en ic  cal lus 
from em bryo  mass (%)

Neelum Vellari
M anga

N ee lum Vellari
M anga

400.0 48.26 54.69 58.26 40.87
(43 .96) 47.95) (49 .98) (39.48)

500.0 30.50 31.90 3 1.43 33.58
(33.16) (34.25) (33 .79) (34.65)

600.0 32.25 69.39 41.31 43.14
(34.07) (56.86) (39 .91) (41 .00)

CD NS 12.76 9.93 NS

The data represent  the average  value of  18 rep lica t ions  

Values in paren thes is  are the trans formed  values 

NS - Not  s ignif ican t

C u l tu re  m e d iu m  for - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D 5 .0 m g / l  + 
N ee lu m  G A 35 .0 m g / l  + C W  2 00 .0 m l / l  + a g a r  5 .0g /l  + AC 2 .5 g /

1 + S u c ro se  60 .0g / l



Coconu t  water  
(ml/1)

Cul tures  ini t iat ing  
em bryogen ic  cal lus / 
somat ic  em bryo ids  
from nucellus  (%)

C ul tu res  in i t ia t ing  
e m b ry og e n ic  cal lus 
from em b ry o  mass  (%)

N ee lum Vellari
M anga

N ee lum Vellari
M anga

150.0 38.00
(38.01)

38.36
(38.19)

44.83
(42 .47)

28.73
(32.25)

200.0 45.08
(42.10)

37.64
(37.79)

48.08
(43 .91)

30.84
(33.54)

250.0 26.16
(30.64)

23.65
(28.82)

30.02
(32 .87)

27.40
(31.38)

Contro l 5.28
(10.60)

5.28
(10 .60)

0 0

CD (5%) 8.35 9.21 NS NS

The data represent  the average  value o f  18 replica t ions  

Values in parenthes is  are the angula r  t rans formed  values 

NS - Not  s ign if ican t

C u l tu re  m e d iu m  for - H a l f  s t r en g th  MS basa l  m e d iu m  + 2 ,4 - D 5 .0 m g / l  + 
N ee lu m  G A 35 .0m g / l  + aga r  5 .0g /l  + A C  2 .5 g / l  + S u c ro s e  6 0 .0g /

1 + g u t a m in e  4 00 .0 in g / l

C u l tu re  m e d iu m  for - H a l f  s t r en g th  MS basa l  m e d iu m  + 2 ,4 - D 2 .0 m g / l  + G A 3 
Vellari  M a n g a  5 .0 m g / l  + aga r  6 .0g / l  + A C  2 .5 g / l  + S u c ro s e  60 .0g / l  +

g u t a m i n e  4 0 0 . 0 m g / l



In Vellari  M a n g a ,  150 .0m l/ l  and  2 0 0 .0 m l / l  c o c o n u t  w a te r  p ro d u c e d  the  h ighes t  

per  c en t  cu l tu r e s  in i t i a t in g  so m a t ic  e m b ry o id s  f rom  n u c e l lu s  ( 3 8 .3 6  and  37 .64  

r e sp ec t ive ly ) .  T h e  t r e a tm e n t s  w i th o u t  c o c o n u t  w a t e r  r e c o r d e d  on ly  5 .28  per  

cen t  cu l tu re s  in i t i a t ing  e m b r y o g e n i c  c a l lus  f rom  n u c e l lu s  o f  N e e lu m  as well  

as Vellari  M a n g a .  C o c o n u t  w a te r  I50 .0ml/1,  2 0 0 .0 m l / l  and  2 5 0 .0 m l / l  though  

f a v o u re d  the in i t ia t ion  o f  e m b ry o g e n i c  ca l lus  f rom  e m b r y o  m ass  o f  N ee lum  

and Vellari  M a n g a ,  the i r  e f fec t s  w ere  not  s ign i f i c an t .  N o n e  o f  the cu l tu res  

in i t ia ted  e m b r y o g e n i c  ca l lu s  w hen  the e m b ry o  m ass  o f  bo th  the va r ie t ie s  were  

c u l tu red  in m e d ia  w i th o u t  c o c o n u t  water .

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

D ark ,  r a the r  than  l igh t  con d i t ion ,  c o m b i n e d  w i th  low  t e m p e ra tu r e  w a s 1 

idea l  fo r  i n d u c i n g  s o m a t i c  e m b r y o i d s  bo th  in N e e l u m  and  Vel lar i  M a n g a .  

W h e n  the cu l tu re s  w ere  kep t  u n d e r  da rk  at low t e m p e r a tu r e  (26  + 2°C) ,  57 .14  

per  cen t  cu l tu re s  in i t i a ted  e m b r y o g e n i c  ca l lus  f rom  n u c e l l a r  ex p lan t s  o f  

N ee lu m  and  85 .7  1 per  c en t  c u l tu res  in i t ia ted  so m a t ic  e m b r y o i d s  f rom  nuce l lus  

o f  Vellari  M a n g a  (Tab le  20).  H ow ev e r ,  w hen  the c u l tu r e s  w ere  kep t  u nde r  

da rk  at r o o m  t e m p e r a t u r e  (32  ± 2 ° C ) ,  on ly  14.29 pe r  c e n t  c u l t u r e s  in i t ia ted  

s o m a t i c  e m b r y o i d s  in V e l la r i  M a n g a .  N o n e  o f  t h e  c u l t u r e s  o f  N e e l u m  

re s p o n d e d  u n d e r  the s a m e  co n d i t io n s .  U n d e r  l igh t  (3 0 0 0  lux and  16h pho to  

per iod )  at bo th  low and  ro o m  t e m p e ra tu r e ,  n uce l lu s  o f  N e e l u m  and  Vellari  

M a n g a  d id  not  in i t ia te  so m a t ic  e m b r y o i d s  or  e m b r y o g e n i c  ca l lus .



Culture
conditions

Cultures initiating 
embryogenic callus (%) 

Neelum

Cultures initiating 
somatic embryoids (%) 

Vellari Manga

L ig h t (3000 lux; 
16h photoperiod) + 
Low temperature
(26 ± 2°C)

0 0

L ig h t (3000 lux; 
16h photoperiod) + 
Room temperature

0 0

Darkness +
Low temperature 
(26 ± 2°C)

57.14 85.71

Darkness + Room 
t e m p e r a tu r e

0 1 4 .29

T he  da ta  r e p re s e n t  the av e ra g e  va lue  o f  7 rep l i c a t io ns

C u l tu re  m e d iu m  for - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  5 .0m g / l  + GA-, 
N ee lum  5 .0m g / l  + C W  2 0 0 .0m l / l  + a g a r  5 .0 g / l  + AC 2 .5g /l  +

S u c ro se  60 .0g / l  + g lu t a m in e  4 0 0 .0 m g / l



i. F r e q u e n c y  o f  s u b c u l tu r in g

W h e n  s u b c u l t u r e d  at f ive  d ay s  i n t e rv a l ,  n u c e l l a r  t i s su e  o f  N e e lu m  
r e c o r d e d  3 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  e m b r y o g e n i c  c a l l u s  and  Vel lar i  
M ang a ,  4 0 .0  p e r  cen t  cu l tu re s  in i t i a t ing  so m a t ic  e m b r y o i d s  (Tab le  21).  But  
w hen  the c u l tu r e s  w ere  kep t  w i tho u t  s u b c u l tu r in g ,  the  n u c e l l a r  ex p lan t s  o f  
N e e l u m  a n d  V el la r i  r e s p o n d e d  less  by  p r o d u c i n g  10.0  a n d  2 0 . 0  p e r  c en t  
c u l tu re s  i n i t i a t in g  e m b r y o g e n i c  c a l lu s  and  s o m a t i c  e m b r y o i d s  r e s p e c t iv e ly  
(Fig.  3).

M in i m u m  t im e  (6-7  w eek s  in N ee lu m  and 4-5  w e e k s  in Vel lar i  M a n g a )  
w ere  taken  by  the  e x p l a n t  in in i t i a t ing  e m b r y o g e n i c  ca l lu s  /  s o m a t i c  e m b ry o id s  
w hen  sub  c u l t u r e d  at f ive  days  in te rva l .  B u t  w h e n  the  c u l t u r e s  w ere  kept  

w i thou t  su b c u l t u r i n g  m a x im u m  t im e  (8 -9  w ee k s  in N e e l u m  and  6-7  w eeks  in 
Vellari M a n g a )  w ere  taken  fo r  ind u c in g  som at ic  e m b r y o g e n e s i s .

5. Init iation of  somatic  embryoids

a. P lan t  g ro w t h  su bs ta n ce s

T h e  e m b r y o g e n i c  cal l i  f rom  the ind u c t ion  m e d ia  w ere  t r a n s fe r re d  

to in i t ia t ion  m ed ia .  T w en ty  t r e a tm e n t s  o f  p lan t  g r o w th  s u b s t a n c e s  were  
tr ied  for  in i t ia t ion  o f  so m a t ic  e m b ry o id s .

In the var ie ty ,  N ee lum ,  the t r ea tm en t ,  T 14 ( 2 ,4 - D - 2 .0  mg/1 + G A 3 5.0 
mg/1 and BA 1.0 mg/1) su p p le m e n te d  in the basal  m e d iu m  reg is te red  the h ighes t



per  cen t  cu l tu res  (72 .72 )  in i t ia t ing  som a t ic  e m b ry o id s  f rom  e m b ry o g e n i c  cal lus  
o f  nuce l lu s  (Tab le  22;  P la te  5). T h is  was  fo l lo w e d  by T 1() (63 .6 4  per  cent )  
and  T,- (54 .55  pe r  cent ) .

Table  21.  E f f e c t  o f  f r e q u e n c y  o f  s u b c u l t u r e  on  the  i n d u c 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  f rom  nuce l lu s  o f  the m a n g o  v a r ie t ie s  N e e lu m  and 
Vellari  M a n g a

S u b c u l t u r i n g
in te rv a l
(d ays )

C u l tu r e s  in i t i a t ing  
e m b ry o g e n i c  c a l lus  (%)

C u l t u r e s  in i t i a t in g  
s o m a t ic  e m b r y o i d s  (%)

N e e lu m Vellari  M a n g a

5 3 0 .0 4 0 .0

10 2 0 .0 4 0 . 0

1 5 2 0 .0 2 0 .0

0 10.0 2 0 .0

The  da ta  r e p re s e n t  the av e ra g e  va lue  o f  10 rep l i c a t io ns

C u l tu re  m e d iu m  fo r  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  5 .0 m g / l  + G A 3 
N e e lu m  5 .0m g / l  + C W  2 00 .0 m l / l  -I- a g a r  5 .0g / l  + A C  2 .5g/l  +

S u c ro se  60 .0g / l  + g lu t a m in e  4 0 0 .0 m g / l

Cul ture  m e d iu m  lo r  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  2 .0m g / l  + G A 3 
Vellari M a n g a  5 .0m g / l  + aga r  6 .0g /l  + A C  2 .5g/l  + S u c r o s e  60 .0g/ l  +

g lu t a m in e  4 0 0 .0 m g / l



Subculturing in te rva ls  (days)

F ig . 3. E f fe c t  o f  f re q u e n c y  o f  s u b c u l tu r e  on th e  in d u c t io n  
o f  s o m a t ic  e m b ry o g e n e s is  f ro m  n u c e l lu s  o f  
th e  m a n g o  v a r ie t ie s  N e e lu m  and V e lla r i  M anga



Table  22.  E f f e c t  o f  p la n t  g r o w th  s u b s t a n c e s  on the  i n i t i a t io n  o f  som a t ic  
e m b r y o i d s  f rom  nuce l lu s  and  e m b r y o  m ass  o f  the  m a n g o  var ie ty  
N e e l u m

Plant  g ro wt h  s u bs t an c e  
(mg/1)

C ul t ur es  i ni t ia t ing"  
s omat ic  e m b r y o i d s  (%)

N u m b e r  o f h 
c m br y o i d s / c u  Iturc

Nu c e l l u s E m b r y o  
m a s s

N uce llu s E m b r y o  
mass

T , 2 , 4- D 1.25 + G A ,  5 00  + BA 0.05 2 7 . 2 7 9 . 0 9 1 1 .50 4 . 25

T 2, 4- D 0 . 5 0  + G A ,  5. 00  + BA 0.05 18. 18 0 12.25 0
T 2, 4- D 1.00 + G A ,  5 . 00  + BA 0.05 2 7 . 2 7 9 . 0 9 3 1 . 0 0 4 . 5 0

T 2, 4- D 2 . 00 + G A ,  5 . 00  + BA 0.05 4 5 . 4 5 18. 18 2 3 . 5 0 10.75

T 2, 4- D 5 . 00  + G A ,  5 . 00  + BA 0.05 5 4 . 5 5 0 4 6 . 2 5 0
T 2, 4- D 1.25 + G A ,  10.00 + BA 0.05 0 9 . 0 9 3 6 . 2 5 7 . 0 0

T 2, 4- D 1.00 + G A ,  10.00 + BA 0.05 18. 18 2 7 . 2 7 1 9 . 0 0 10.50

T8 2 , 4- D 1.00 + G A ,  10.00 + BA 0.05 0 0 0 0
T 2, 4- D 5 . 00  + G A ,  10.00 + BA 0.05 9 . 0 9 9 . 0 9 4 5 . 7 5 10.0
T o 2, 4- D 5 . 00  + G A ,  10.00 + BA 0.05 6 3 . 6 4 0 19. 75 0
T, t 2 , 4- D 1.25 + G A ,  5 . 00  + BA 1.0 3 6 . 3 6 3 6 . 3 6 I 1.75 9 . 25

T,2 2 , 4- D 0 . 50  + G A ,  5 . 00 + BA 1.0 4 5 . 4 5 0 16. 75 0
T . i 2, 4-D 1.00 + G A ,  + 5.00 + BA 1.0 5 4 . 5 5 0 2 0 . 5 0 0
T ,4 2, 4- D 2 . 00 + G A ,  5 . 00 + BA 1.0 7 2 . 7 2 2 7 . 2 7 3 6 . 5 0 1 2 . 5 0

T s 2 , 4- D 5 . 00 + G A ,  5 . 00  + BA 1.00 0 18. 18 0 7. 0

T,6 2, 4- D 0 . 50  + G A ,  0 + BA 1.00 4 5 . 4 5 4 5 . 4 5 18. 25 9 . 75

T,7 2 , 4- D 0 + G A ,  5.0 + BA 0 2 7 . 2 7 9 . 0 9 2 1 . 5 0 5 . 5 0

T,g 2 , 4- D 5 . 00  + G A ,  0 + BA 0 18. 18 9 . 0 9 2 9 . 7 5 7. 75

2, 4- D 5.0 + G A ,  10.0 + BA 0 9 . 0 9 18. 18 1 8 . 75 4 . 75

T20 Cont ro l  ( No PGS) 0 0 0 0

a. The  data r epr es ent  the a ver age  of  I I r epl ica t ions
b. The  data r epr es ent  the a ver age  of  4 r ep l ic a t ions

Cul tur e m e d iu m - Hal f  s t re ngt h MS basal  m e di um  + sucr ose  60 . 0g / l  + g l u ta m in e  4 0 0 . 0 m g / l  + CH 5 0 0 0  
mg/1 + agar  5 0 g/1 + C W 200 .0  nig/l + AC 2.5g/ l



T h e  h ig h e s t  n u m b e r  o f  e m b ry o i d s  p r o d u c e d  p e r  c u l t u r e  was  46.25 
when  the e m b r y o g e n i c  c a l lus  f rom  n u c e l l a r  e x p la n t s  w as  s u b c u l t u r e d  on T 5 
m e d iu m .

T h e  re s p o n s e  o f  the e m b r y o g e n i c  ca l lus  f rom  e m b r y o  m ass  was  the 
bes t  in T 16. T h e  t r e a tm e n t  i n i t i a t ed  s o m a t i c  e m b r y o i d s  in 4 5 .4 5  p e r  cent  
cu l tu res .  H o w ev e r ,  the m ean  n u m b e r  o f  e m b r y o i d s  p er  c u l tu r e  w as  the h ighes t  
in T 4 (1 2 .5 0 ) ,  f o l lo w e d  by T 9 (10 .00 ) .  W h e n  the  p la n t  g r o w th  su bs tan ces  
w e r e  no t  i n c l u d e d  in the  m e d i u m ,  n o n e  o f  t he  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 ry o id s  f rom  both  nuce l lu s  and  e m b r y o  mass .

In the var ie ty ,  Vellari  M a n g a  the t r e a tm e n t  T J2 (2 ,4 -D  0.5 mg/1 + G A 3 
5 .0  mg/1 + BA 1.0 mg/1) in i t ia ted  so m a t ic  e m b r y o id s  in 8 6 .67  per  cen t  cu l tu res  
(Table  23;  P la te  6). T h is  was  fo l lo w e d  by T 2 (73 .30 ) ,  T 6 (6 0 .0 0 )  and T ]fl
(60 .00) .  T h e  t r ea tm en t ,  T 3, T g, T 14 and  T J5 d id  no t  r e sp o nd .  In i t i a t ion  o f  
s o m a t i c  e m b r y o s  in 13.33 pe r  c en t  c u l t u r e s  w as  o b s e r v e d  in b asa l  m e d ia  
w i tho u t  p lan t  g ro w th  subs tances .

T h e  h ig h es t  n u m b e r  o f  e m b r y o id s  pe r  c u l tu re  w as  o b t a in e d  w hen  the 
e m b r y o g e n i c  ca l lu s  o f  nuce l lu s  was  c u l tu red  in T 12 (90 .5 0 ) ,  f o l lo w e d  by T )6 
(81 .50 )  and  T 9 (7 5 .25 ) .

T h e  e m b r y o g e n i c  ca l lu s  d e r iv e d  f rom  e m b r y o  m ass  o f  Vellari  M anga ,  
when  t r a n s fe r r e d  to the t re a tm e n t s  T 4 (2 ,4 -D  2 .0  mg/1, G A 3 5 .0  mg/1 and BA 
0.05 mg/1) and  T [2 (2 ,4 -D  0.5 mg/1 + G A 3 5 .0  mg/1 and  BA 1.0 mg/1) the 
h ighes t  p e r c e n ta g e  in i t ia t ion  o f  s o m a t ic  e m b r y o s  (4 0 .0 0  pe r  ce n t )  resu l ted .  
T 3 (2 ,4 -D  5 .0  mg/1 + G A 3 5 .0  mg/1 + BA 0.05 mg/1) r e c o r d e d  33 .33  p e rcen tag e  
in i t ia t ion  o f  so m a t ic  e m b ry o id s .  N on e  o f  the cu l tu re s  in T p  T 9, T M, T !(S and 
T 20 re sp o nd e d .



Different stages of somatic embryoids initiated from the nucellus of Neelum 
in half strength MS basal medium supplemented with

2,4-D 2.0 mg/l, GA3 5.0 mg/l and BA 1.0 mg/l

Plate 6

Different stages of somatic embryoids initiated from the nucellus of Vellari Manga 
in half strength MS basal medium supplemented with

2,4-D 0.5 mg/l, GA3 5.0 mg/l and BA 1.0 mg/l





Table  23. E f fec t  o f  p lan t  g r o w th  s u b s t a n c e s  on the in i t i a t io n  o f  som at ic  
e m b r y o id s  f rom  nuce l lu s  and  e m b r y o  m ass  o f  the m a n g o  variety 
Vellari  M a n g a

Plant  g r o wt h  s u bs t anc e 
(mg/ l )

Cul t ur es  i n i t ia t i ng11 
s omat ic  e m b r y o i d s  (%)

N u m b e r  o f h 
e m br y o i d s / c u l t u r e

Nu c e l l u s E m b r y o
muss

N u c e l l u s E m br y o
mass

2, 4-D 1.25 + CiA, 5 . 00  + » A  0.05 20.00 0 16 . 50 0
T 2 2 , 4- D 0 . 5 0  + G A ,  5 . 00  + BA 0.05 7 3 . 3 3 20.00 3 3 . 7 5 5. 50

T 3 2, 4-D 1.00 + G A ,  5 . 00  + BA 0.05 0 1 3 . 33 0 8. 50

t 4 2 , 4- D 2 . 00 + G A ,  5. 00 + BA 0.05 4 0 . 0 0 4 0 . 0 0 4 0 . 0 0 20 . 25

T 5 2, 4- D 5 . 00  + G A ,  5. 00 + BA 0.05 3 3 . 3 3 3 3 . 3 3 5 0 . 0 0 10.25

T6 2 , 4- D 1.25 + G A ,  10.00 + BA 0.05 6 0 . 0 0 20.00 6 2 . 5 0 1 1.50

t 7 2 , 4- D 0 . 05 + G A ,  10.00 + BA 0.05 4 6 . 6 7 13. 33 18.75 6 . 25

T 8 2, 4-D 1.00 + G A ,  10.00 + BA 0.05 0 6 . 6 7 0 13.75

t 9 2, 4-D 2. 00 + G A ,  10.00 + BA 0.05 20.0 0 7 5 . 2 5 0
t io 2,4-D 5 . 00  + G A ,  10.00 + BA 0.05 20.0 1 3 . 3 3 8 . 25 6 . 75

T n 2, 4- D 1.25 + G A ,  5. 00 + BA 1.00 13. 33 0 3 6 . 5 0 0
T , 2 2, 4- D 0 . 50  + G A ,  5.00 + BA 1.00 8 6 . 6 7 4 0 . 0 0 9 0 . 5 0 15.25

T I3 2 , 4- D 1.00 + G A ,  5 . 00  + BA 1.00 4 6 . 6 7 1.3.33 4 0 . 2 5 14. 00

T , 4 2 , 4- D 2. 00 + G A ,  5.00 + BA 1.00 0 6 . 6 7 0 8.0
T,s 2, 4- D 5 . 00  + G A ,  5 . 00 + BA 1.00 0 20.0 0 10.25

T I6 2, 4- D 0 . 5 0  + G A ,  0 + BA 1.00 6 0 . 0 0 0 81 .50 0
T , 7 2, 4-D 0 + G A ,  5 . 00  + BA 0 4 6 . 6 7 20.00 4 9 . 7  5 7 . 5 0

T , S 2, 4- D 5. 00 + G A ,  10.00 + BA 0 0 2 6 . 6 7 0 10.25

T , 9 2 , 4- D 5. 00 + G A ,  10.00 + BA 0 2 6 . 6 7 1 3 . 33 1 8. 25 11.25

T20 Cont ro l  ( No PGS) 13.33 0 6.0 0

a. The  data repr es ent  the aver age  of  I 1 r epl ica t ions
b. The data r epr es ent  the a ver age  of  4 r epl ica t ions

Cul tur e  m e d iu m - Ha l f  s t rengt h MS basal  m e d iu m + sucr ose  60 . 0g / l  + g l u t a mi ne  4 0 0  Omg/I + CH 600 0 
mg/l  + agar  5.5 g/1 + CW 200 .0  ml/l  + AC 2.5g/ l



Somatic embryoids initiated from the embryo mass of Neelum

Plate 8

Somatic embryoids initiated from the embryo mass of Vellari Manga
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b. Basa l  m e d ia

In N ee lu m ,  h a l f  s t reng th  MS basal  m e d iu m  was  the bes t  in in i t ia t ing  
som at ic  e m b ry o id s  from nuce l lu s  and e m b ry o  mass.  In h a l f  s t reng th  MS media ,  
som at ic  e m b ry o id s  w ere  in i t ia ted  in 56 .56  per  cen t  cu l tu re s  (Tab le  24). In 
ful l  s t r eng th  M S  and B 5 basal  m e d ia  so m a t ic  e m b r y o i d s  w ere  in i t ia t ed  in
33.33 per  cen t  in cu l tu res .  T h e  e m b ry o g e n i c  ca l lu s  d e r iv e d  f rom  e m b ry o  
mass  o f  N e e l u m  in i t ia ted  som at ic  e m b r y o id s  in 2 2 .22  pe r  c en t  o f  c u l tu res  only  

in h a l f  s t reng th  MS basa l  m e d iu m  (P la te  7). Ful l  s t r en g th  M S ,  B 5 and SH 
b a s a l  m e d i a  d id  n o t  s u p p o r t  t he  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  f r o m  

e m b ry o g e n i c  ca l lus  o f  e m b r y o  m ass  in the m a n g o  va r ie ty  N ee lum .

T h e  n u m b e r  o f  e m b r y o i d s  per  cu l tu re  f rom  the e m b ry o g e n i c  ca l lus  o f  
nuce l lus  in N ee lu m  was  s ign i f i c an t ly  the h ighes t  in h a l f  s t r en g th  MS basal  
m e d iu m  (48 .80 ) .  T h e  leas t  r e sp o nse  w as  o b s e r v e d  w hen  s u b c u l tu re d  in SH 
basal  m e d iu m  (11.11 e m b ry o id s  / cu l tu re ) .  T he  e m b r y o g e n i c  c a l lu s  ob ta ined  
f rom  e m b r y o  m ass  o f  N e e l u m  w hen  s u b c u l t u re d  in h a l f  s t r e n g th  MS basal  
m e d iu m  gave  7 .50  som a t ic  e m b ry o id s /c u l tu re .  N o n e  o f  the cu l tu r e s  in o the r  

m ed ia  re sponded .

In Vellari  M a n g a ,  h a l f  s t r en g th  MS basal  m e d iu m  in i t i a t ed  som a t ic  
em b ry o id s  f rom  the e m b r y o g e n i c  ca l lu s  o f  nuce l lu s  in 7 7 .78  per  cen t  cu l tu res  
which  was  the h ighes t  (Table  25). T he  per  cen t  cu l tu res  in i t ia t ing  som at ic



e m b ry o id s  w h e n  c u l tu red  in full s t r eng th  MS basa l  m e d iu m  w as  55.56.  
The  per  c en t  cu l tu r e s  in i t ia t ing  so m a t ic  e m b r y o id s  in B 5 and  S H  basa l  m ed ia  

w ere  33.33  and  2 2 .22  respec t ive ly .

Table  24. E f fec t  o f  basal  m e d ia  on the in i t ia t ion  o f  so m a t ic  e m b r y o i d s  from 
n uce l lu s  and e m b ry o  mass  o f  the m a n g o  var ie ty  N e e lu m

Basal
m ed ium

Cul tures  ini t iat ing  
somatic embryoids  (%)

N um b er  of  em bryo ids  / 
cu l tu re

Nuce l lus Em bryo
mass

N uce l lu s E m bryo
m ass

1/2 MS 56.56 22.22 48.80 7.50

MS 33.33 0 30.80 0

B5 33.33 0 29.00 0

SH 11.11 0 10.20 0

CD (5%) 13.09

T he  da ta  r e p re se n t  the ave rag e  va lue  o f  12 r ep l i ca t io ns

S u p p l e m e n t s  in cu l tu re  m e d iu m  - 2 , 4 - D  2 .0 m g / l  + G A 3 5 . 0 m g / l  + BA
1 .0 m g / l  + S u c r o s e  6 0 . 0 g / l  + g l u t a m i n e
4 0 0 . mg/1 + C H  5 0 0 .0 m g / l  + aga r  5 .Og/1 +
C W  2 00 .0m l / l  + AC 2 .5g/l



Basal
m ed ium

Cul tures in i t iat ing 
somatic embryoids  (%)

N um b er  of  
cu l tu re

em bryoids  /

N ucellus Em bryo
mass

N uce l lus Embryo
mass

1/2 MS 77.78 33.33 63.20 17.80

MS 55.56 0 66.20 0

B5 33.33 11.11 16.60 8.10

SH 22.22 0 14.80 0

CD (1%) 16.77

The data represent  the average value of  12 replica t ions

S u p p le m e n t s  in c u l tu re  m e d iu m  - 2 , 4 - D  0 . 5 m g / l  + G A ^  5 . 0 m g / l  + BA
1 .0 m g / l  + s u c r o s e  6 0 . 0 g / l  + g l u t a m i n e
4 0 0 . mg/ l  + C H  6 0 0 .0 m g / l  + a g a r  5 .5g / l  +
C W  2 00 .0m l / l  + A C  2 .5g /l

T h e  h ig h es t  n u m b e r  o f  e m b ry o id s  per  c u l tu re  o b ta in e d  f rom  nuce l lus  
was  when  c u l tu r ed  on full s t reng th  MS basal  m e d iu m  (66 .20 ) ,  w h ich  was  on 
par  with  h a l f  s t reng th  MS basal  m e d iu m  (63 .20 ) .  T h e  n u m b e r  o f  e m b r y o id s /  
cu l tu re  p ro d u c e d  f r o m  the e m b ry o g e n i c  c a l lus  o f  e m b ry o  m ass  in h a l f  s t reng th  
MS basal  m e d iu m  was  17.80 (Table 25;  P la te  8), w h e re a s ,  in ful l s t rength
MS basal  m e d iu m ,  som at ic  e m b r y o id s  did not  ini t iate.



c. S uc rose

In N ee lum ,  suc ro se  60 .0g/ l  in the m e d iu m  fa v o u re d  the in i t ia t ion  o f  
so m a t ic  e m b r y o id s .  E ig h ty  per  c en t  cu l tu r e s  in i t i a t ed  s o m a t i c  e m b ry o id s  
f rom  the e m b r y o g e n i c  ca l lus  o f  nuce l lu s  (Table  26).  T h e  S u c ro se  levels ,  5 0 .0g/  
1 and  60 .0g / l  w ere  found  to be the bes t  in in i t ia t ing  s o m a t ic  e m b r y o id s  from 
the e m b ry o g e n i c  ca l lus  o f  e m b r y o  mass  in N ee lu m  (40 .0  p e r  cent ) .  N u m b e r  
o f  e m b r y o id s / c u l t u r e  was  h ighes t  at 50 .0g / l  f rom  the  e m b r y o g e n i c  ca l lus  o f  
bo th  n uce l lu s  and  e m b ry o  m ass  o f  N e e l u m  (5 8 .5 0  and  10.60, r e s p ec t ive ly )  
(Fig.  4).

Table  26. E f f e c t  o f  s u c r o s e  on 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  f r o m  
n uce l lu s  and  e m b ry o  mass  o f  the m a n g o  va r ie ty  N e e l u m

Sucrose
(g/1)

Cul tures ini t iat ing  
somatic embryoids  {%)

No. o f  em bryo id s  
per cul ture

Nucellus Em bryo
mass

Nucellus Em bryo
mass

40.0 40.00 20.00 45.83 2.80
50.0 60.00 40.00 58.50 10.60
60.0 80.00 40.00 57.66 8.50

CD NS 5.14

The data represent  the average value o f  5 rep lica t ions  

NS - Not signi f icant
C u l tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  2 .0 m g / l  + G A 3

5 . 0 m g / l  + BA 1 .0 m g / l  + g l u t a m i n e  4 0 0 . 0 m g / l  + C H  
5 0 0 . 0 mg/1 + C W  2 00 .0m l / l  + aga r  5 .0g / l  + A C  2 .5g/l
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F ig . 4. E f fe c t  o f  s u c ro s e  on th e  n u m b e r  o f  s o m a t ic  e m b ry o id s  
p e r  c u l tu re  f ro m  n u c e l lu s  a n d  e m b ry o  m ass  o f  the  
m a n g o  v a r ie t ie s  N e e lu m  a n d  V e lla r i  M anga



S u c r o s e  5 0 . 0  g/1 and  6 0 .0  g/1 f a v o u r e d  the  i n i t i a t i o n  o f  s o m a t i c  
e m b ry o i d s  f rom  e m b ry o g e n i c  ca l lus  o f  nuce l lu s  in Vellari  M a n g a  (60 .0  per  
cen t  c u l tu re s  each ) .  T h e  h ighes t  n u m b e r  o f  e m b r y o id s  pe r  c u l tu r e  w as  42 .00  
w hen  suc ro se  6 0 .0g / l  was  used  in the m e d iu m  (T ab le  27) .  H ow ev e r ,  the effec t  
was  on par  w i th  su c ro se  50 .0g / l  p ro d u c in g  4 1 .5 0  e m b r y o i d s  /  cu l tu re .  Suc rose  
40 .0g / l  and  60 .0g / l  p r o d u c ed  the h ig h es t  pe r  c en t  cu l tu r e s  in i t i a t in g  som at ic  
e m b r y o id s  f rom  the e m b ry o g e n i c  ca l lus  o f  e m b r y o  m ass  (20 .00 ) .  How ever ,  
the n u m b e r  o f  e m b ry o id s  p ro d u c e d  p er  c u l tu r e  w as  h ig h e s t  at suc rose  
60 .0g/ l  (15 .3 0 )  w h ic h  was  on par  w ith  su c ro se  50 .0g / l  (11 .20 )  (F ig .  4)

Table  27. E f fec t  o f  suc ro se  on the in i t ia t ion  o f  so m a t ic  e m b r y o i d s  from 
n uce l lu s  and  e m b r y o  m ass  o f  the m a n g o  var ie ty  Vel la r i  M a n g a

Sucrose
(g/1)

Cul tures  ini t iat ing  
somatic  embryoids  (%)

No. of  em bryo ids  
per cul ture

Nuce llus Em bryo
mass

N uce l lu s Em bryo
mass

40.0 40.00 20.00 20.50 2.80

50.0 60.00 10.00 41.50 11.20

60.0 60.00 20.00 42.00 15.30

CD (1%) 13.18 7.01

The data represent  the average  value of  5 rep lica t ions



d. C ase in  h y d ro ly s a t c

C a s e i n  h y d r o l y s a t e  5 0 0 . 0 m g / l  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  f r o m  
e m b r y o g e n i c  ca l lu s  o f  nuce l lu s  in 66 .67  per  cen t  cu l tu r e s  o f  N ee lu m .  The  
sam e  t r e a tm e n t  in i t ia ted  the h ighes t  n u m b e r  o f  e m b r y o id s  p e r  c u l tu r e  (54 .00)  
w h ic h  w as  on  p a r  w i th  c a s e in  h y d r o l y s a t e  6 0 0 . 0 m g / l  ( 4 5 .6 0 ) .  F r o m  the 
e m b r y o g e n i c  c a l l u s  o f  e m b r y o  m a ss  in N e e l u m ,  16.67  p e r  c e n t  c u l t u r e s  
in i t ia ted  so m a t ic  e m b r y o id s  w hen  case in  h y d ro ly sa t e  5 0 0 .0 m g / l  was  used in 
the in i t ia t ion  m e d iu m  (Table  28).  Bu t  the n u m b e r  o f  e m b r y o id s  p ro d u c e d  per 
cu l tu re  from the em b ry o g e n i c  ca l lus  o f  e m b ry o  mass  was  not  s ign i f ican t .  W hen  
no case in  h y d ro ly s a t e  was  used  so m a t ic  e m b ry o i d s  w ere  not  in i t ia ted .

Table  28.  E f fec t  o f  case in  h y d ro ly s a t e  on the in i t ia t ion  o f  so m a t ic  em b ry o id s  
f rom  nuce l lu s  and  e m b r y o  mass  o f  the m a n g o  va r ie ty  N ee lu m

CH
(mg/ l )

Cul tures  in i t iat ing  
somatic  embryoids  (%)

No. o f  em bryo ids  
per cul ture

Nuce l lus Em bryo
mass

Nuce l lu s E m bryo
mass

400.0 33.33 8.33 32.20 18.20
500.0 66.67 16.67 54.00 21.35
600.0 50.00 8.33 45.60 25.38
0 8.33 0 8.80 0
CD (5%) 18.76 NS

The data represent  the average value of  7 replica t ions  

NS - Not sign if ican t  '



In Vellari  M a n g a ,  C H  5 0 0 .0 m g / l  was  fou nd  to be the bes t  in in i t ia t ing  

so m a t ic  e m b r y o i d s  f rom  n u c e l lu s  and  e m b r y o g e n i c  c a l lu s  o f  e m b r y o  mass  
(Table  29).  T h e  h ig h es t  per  cen t  c u l tu res  in i t ia t ing  so m a t ic  e m b r y o id s  from 
n uce l lu s  was  at case in  h y d ro ly sa t e  5 00 .0m g / l  (85 .71 ) .  At ca se in  h yd ro ly sa te  
600 .0rng/ l ,  the per  cent  cu l tu re s  in i t ia l ing  o f  so m a t ic  e m b r y o i d s  was 71.43.

Table  29. E f fec t  o f  case in  h y d ro ly sa t e  on the in i t ia t ion  o f  so m a t ic  em b ry o id s  
f rom  n uce l lu s  and  e m b ry o  mass  o f  the  m a n g o  va r ie ty  Vel lar i  M a n g a

CH
(m g/ l )

Cul tures in i t iat ing  
somatic  embryoids  (%)

No. o f  em bryo ids  
per  culture

Nuce l lus E m bryo
mass

Nuce l lus E m bryo
mass

400 57.14 14.29 52.80 13.0

500 85.71 28.57 72.80 14.50

600 71.43 0 79.80 0

0 14.29 14.29 23.60 5.75

CD (5%) 19.48 10.13

The data represent  the average value of  7 replica t ions  

NS - Not  sign if ican t

C u l tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  () .5mg/l  + G A 3
5 .0 m g / l  + BA I .Omg/1 + s u c r o s e  6 0 .0 g / l  + g lu t a m in e  
400 .0m g / I  + C W  2()().()mg/l + aga r  5 .5g /l  + AC 2.5g/l



The  p e r c e n ta g e  was  14.29, w hen  no  CH w as  used .  T h e  p e r  c en t  cu l tu res  

in i t ia t ing  so m a t ic  e m b r y o id s  f rom  the e m b r y o g e n i c  ca l lus  o f  e m b ry o  

m ass  was  h ig h es t  at C H  5 0 0 .0 m g / l  (28 .57) .  At CH 6 0 0 .0 m g / l ,  som at ic  

e m b ry o id s  f rom  e m b r y o g e n i c  ca l lus  o f  e m b r y o  m ass  d id  not  ini t iate.  

The  h ig hes t  n u m b e r  o f  e m b ry o id s  from n uce l lu s  w as  o b ta in e d  at CH 

6 0 0 . 0 m g / l  (7 9 .8 0 ) .  T h e  t r e a t m e n t  w as  on  p a r  w i th  C H  5 0 0 . 0 m g / l  

p ro d u c in g  7 2 .8 0  e m b r y o id s  per  cu l tu re .  T h e  h ig h e s t  n u m b e r  o f  e m b ry o id s  

p ro d u c ed  f rom  the e m b ry o g e n i c  ca l lus  o f  e m b r y o  m ass  w as  at CH 

5 0 0 .0 m g / l  (1 4 .50 ) .

e. G lu ta m in e

G lu ta m in e  4 0 0 .0 m g / l  was  the bes t  in in i t i a t in g  s o m a t ic  e m b ry o id s  

from the e m b ry o g e n i c  c a l lus  o f  nuce l lu s  and  e m b r y o  m ass  in N ee lum .  

E m b r y o g e n i c  ca l lus  o f  n uce l lu s  in i t ia ted  so m a t ic  e m b r y o i d s  in 62 .50  

per  c en t  c u l t u r e s  (T ab le  30) .  T h e  e m b r y o g e n i c  c a l l u s  o f  e m b r y o  mass  

in i t i a t e d  s o m a t i c  e m b r y o i d s  in 2 5 .0 0  p e r  c e n t  c u l t u r e s .  A t  g l u t a m in e  

600 .0m g / l ,  e m b r y o g e n i c  ca l lu s  o f  nuce l lu s  in i t ia ted  s o m a t ic  e m b ry o id s  

in 5 0 .0 0  pe r  cen t  cu l tu re s  and  the e m b r y o g e n i c  c a l lu s  o f  e m b r y o  mass  

d id  not  in i t ia te  so m a t ic  e m b ry o id s .  T h e  n u m b e r  o f  e m b r y o i d s  p r o d u c ed  

p e r  c u l t u r e  f rom  n u c e l l u s  w as  s i g n i f i c a n t ly  the  h ig h e s t  at  g lu t a m in e  

400 .0 rng / l  (81 .83 ) .



G lu tam ine
(mg/ l )

Cul tures  ini t iat ing 
somatic embryoids  (%)

N um b e r  of  em bryo ids /  
cu l tu re

Nucellus Em bryo
mass

Nuce l lu s Embryo
mass

400.0 62.50 25.00 81.83 10.75

500.0 50.00 12.50 59.16 8.11

600.0 50.00 0 46.00 0

CD (5%) 22.64

The  da ta  re p re se n t  the ave rag e  va lue  o f  8 rep l i c a t io ns

C ul tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  2 .0 m g / l  + G A 3
5 .0m g / l  + BA 1.0mg/l  + C H  5 0 0 .0 m g / l  + su c ro se  6 0 .Og/1 
+ C W  2 00 .0m l  + aga r  5 .5g/l  + A C  2 .5g /l

In V e l la r i  M a n g a ,  g l u t a m i n e  4 0 0 . 0 m g / l  a n d  6 0 0 . 0 m g / l  i n i t i a t e d  

som at ic  e m b r y o id s  in 87 .50  per  cen t  c u l tu res  and 6 2 .5 0  pe r  cen t  cu l tu re s  from 

nuce l lu s  (Table 31).  T h e  e m b r y o g e n i c  c a l lu s  f rom  e m b r y o  m ass  d id  not  

i n i t i a t e  s o m a t i c  e m b r y o i d s  e i t h e r  at  g l u t a m i n e  4 0 0 . 0 m g / l ,  5 0 0 . 0 m g / l  or  
6 0 0 .0 m g / l .  T h e  n u m b e r  o f  e m b r y o i d s  p ro d u c e d  p er  c u l t u r e  f rom  n uce l lu s  
was not  s ign i f i can t .



G lu tam ine
(mg/ l )

Cul tures in i t iat ing  
somatic  embryoids  (%)

N um b e r  of  
cu l tu re

e m bryo ids /

N ucellus Embryo
mass

N uce l lu s Em bryo
mass

400.0 87.50 0 105.83 0

500.0 25.00 0 80.83 0

600.0 62.50 0 85.83 0

CD NS

T he  da ta  r e p re se n t  the ave rag e  va lue  o f  8 r ep l i c a t io ns  

NS - N o t  s ign i f i c an t

C ul tu re  m e d iu m  - H a l f  s t r eng th  MS basal  m e d iu m  + 2 ,4 -D  0 .5 m g / l  + G A 3
5 .0m g / l  + BA 1.0mg/l  + su c ro se  60 .0g / l  + C H  6 00 .0m g / l  
+ C W  2 00 .0m g / l  + aga r  5 .5g /l  + A C  2 .5g /l

f. C o c o n u t  w a te r

C o c o n u t  w a te r  2 00 .0  ml/1 was  fo u n d  to the bes t  in in i t ia t ing  
som at ic  e m b r y o id s  f rom  nuce l lu s  and  e m b r y o g e n i c  ca l lu s  o f  N ee lum .  

T h e  t r e a tm e n t  r e c o r d e d  6 0 .0 0  p e r  c en t  c u l t u r e s  in i t i a t in g  so m a t ic  
e m b ry o i d s  and  p r o d u c e d  5 6 .0 0  n u m b e r  o f  e m b r y o i d s  p er  c u l t u r e  from 
the e m b r y o g e n i c  ca l lus  o f  n uce l lu s  (Tab le  32). C o c o n u t  w a t e r  2 00 .0m l / l  
in i t ia ted  so m a t ic  e m b r y o id s  in 10.00 p er  c en t  cu l tu re s  and  p ro d u c ed
12.0  e m b r y o id s  per  cu l tu re  from e m b ry o g e n i c  ca l lus  o f  e m b r y o  mass.



Coconut
water
(ml/1)

Cul tures ini t iat ing 
somatic embryoids  (%)

N um b er  o f  em bryo ids /  
cu l tu re

Nucellus Embryo
mass

Nuce l lus Embryo
mass

150.0 50.00 0.0 38.40 0
200.0 60.00 10.00 56.00 12.00
250.0 50.00 10.00 44.00 9.25
0 10.00 0 18.00 0

CD (5%) 14.26

The  da ta  r e p re sen t  the av e ra g e  va lue  o f  10 r ep l i ca t io ns

Cul tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  2 .0m g / l  + G A 3
5 .0 m g / l  + BA 1 .0mg/l  + su c ro se  6 0 .0 g / l  + C H  5 0 0 .0 m g / l  
+ aga r  5 .Og/1 + A C  2 .5g /l  + g lu t a m in e  4 0 0 .0 m g / l

W hen  c o c o n u t  w a te r  was  not  used  in the cu l tu re  m ed ia ,  n on e  o f  the cu l tu res  
in i t ia ted  so m a t ic  e m b r y o id s  from the e m b ry o g e n i c  ca l lus  o f  e m b r y o  mass 
in N ee lum .  H ow eve r ,  the e m b r y o g e n i c  ca l lu s  o f  n uce l lu s  in i t i a t ed  som at ic  
em b ry o id s  in 10.00 per  cent  c u l tu re s  in the a b s en ce  o f  c o c o n u t  water .  
Th is  t r e a tm e n t  resu l ted  in 18.00 e m b ry o id s  per  cu l tu re .

In Vel lar i  M a n g a ,  c o c o n u t  w a t e r  2 0 0 .0 m l / l  and  2 5 0 . 0 m l / l  in i t i a ted  
som a t ic  e m b ry o id s  from nuce l lu s  in 80 .00  p er  cent  cu l tu res .  H ow eve r ,  the 
n u m b e r  o f  e m b r y o i d s  p ro d u c e d  per  c u l tu re  was  not  s ig n i f i c an t  (Tab ic  33).



Coconut
water
(ml/1)

Cul tures ini t iat ing  
somatic  embryoids  (%)

N u m b e r  of  
cu l tu re

em bryo ids /

Nucellus Embryo
mass

N uce l lu s Em bryo
mass

150.0 50.00 10.00 30.20 10.80

200.0 80.00 20.00 36.00 12.50

250.0 80.00 10.00 35.00 10.10

CD NS NS

T he  da ta  r e p re se n t  the av e ra g e  va lue  o f  10 rep l i c a t io ns  

NS - N ot  s ign i f i c an t

C u l tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  0 .5 m g / l  + G A 3
5 .0 m g / l  + BA 1.0mg/l  + su c ro se  6 0 .0 g / l  + C H  6 0 0 .0 m g / l  
+ aga r  5 .5g /l  + A C  2 .5g /l  + g lu t a m in e  4 0 0 .0 m g / l

T he  e m b r y o g e n i c  ca l lus  o f  e m b ry o  mass  a lso  s h o w e d  the  h ig h es t  r e sp o nse  at 
c o co nu t  w a te r  200 .0m l / l .  N on e  o f  the c u l tu res  in i t i a t ed  s o m a t ic  e m b ry o id s  
w hen  c o c o n u t  w a te r  was  not  added  to the in i t ia t ion  m e d iu m .

g. S o l id i fy in g  agen t  (agar )

A g a r  5 .0g / l  and 5 .5g /l  w hen  added  to the  m e d iu m  w ere  fo und  to 
be best  in in i t ia t ing  so m a t ic  e m b r y o i d s  in 7 0 .00  pe r  cen t  cu l tu re s  f rom  the 
e m b r y o g e n i c  c a l l u s  o f  N e e l u m  ( ' f a b l e  34) .  Bu t  the  h i g h e s t  n u m b e r  o f



e m b ry o id s  pe r  cu l tu re  was  re c o rde d  w hen  aga r  5 .0 g / l  was  add ed  to the  m e d iu m  
(44 .33 )  w h ic h  w as  on p ar  w ith  m e d iu m  c o n t a in in g  a g a r  4 .5g / l  (3 8 .3 3 )  and 
aga r  5 .5g / l  (36 .33 ) .  In l iqu id  media ,  on ly  10.00  pe r  c en t  cu l tu re s  in i t ia ted  
s o m a t ic  e m b r y o i d s  f rom  e m b r y o g e n i c  c a l lu s  o f  n u c e l l u s ,  p r o d u c i n g  19.67 
e m b ry o id s  p er  cu l tu re .  In l iqu id  m ed ia ,  e m b r y o g e n i c  ca l lu s  f rom  e m b ry o  
mass did not  in i t ia te  so m a t ic  em b ry o id s .  T he  e m b r y o g e n i c  c a l lus  o f  e m b ry o  
mass in i t ia ted  so m a t ic  e m b ry o id s  in 3 0 .00  per  cen t  c u l tu r e s  w h ich  was the 
h ighes t  and p ro d u c e d  12.30 e m b ry o id s  pe r  cu l tu re  w hen  a g a r  in the m ed iu m  
was 5.0g/l .

Table  34. E f fec t  o f  aga r  on the  in i t ia t ion  o f  so m a t ic  e m b r y o i d s  f r o m  nuce l lus
and  e m b r y o  mass  o f  the m a n g o  var ie ty  N e e lu m

Agar
(g/1)

C u l tu r e s 3
ini t ia t ing
embryoids

somatic
(%)

N um b er  o fb 
em bryo ids  / 
cu l tu re

Nucellus Embryo
mass

Nuce l lu s Em bry o
mass

4.5 60.00 0 38.33 0
5.0 70.00 30.00 44.33 12.30
5.5 70.00 20.00 36.33 7.80 .
6.0 50.00 10.00 22.33 9.00
6.5 20.00 10.00 17.00 0
0 10.00 0 19.67 0
CD (1%) 13.44

a - The data represent  the average  value of  10 replica t ions  
b - The data represent  the average  value of  8 rep lica t ions



In Vel lar i  M a n g a ,  a g a r  5 .5 g / l  and  4 .5 g / l  w as  the  bes t  in in i t i a t in g  
so m a t ic  e m b r y o i d s  f rom  n u c e l lu s  ( 5 0 .0 0  p e r  cen t ) .  H o w e v e r ,  the  h ig h es t  
n u m b e r  o f  e m b ry o id s  p e r  cu l tu re  (53 .33 )  was  o b s e rv e d  in the t r e a tm e n t  hav ing  
aga r  5 .5g/l .  T he  t r ea tm en t  with  aga r  4 .5g /l  p ro d u c e d  on ly  23 .33  n u m b e r  o f  
e m b r y o i d s  p e r  c u l t u r e .  T h e  t r e a t m e n t  w i th  a g a r  5 .0 g / l  i n i t i a t e d  s o m a t i c  
e m b ry o id s  in 10.00 p e r  cent  cu l tu res  o f  the e m b r y o g e n i c  c a l lu s  o f  e m b ry o  
mass.  T h e r e  w ere  12.50 e m b ry o i d s  per  c u l tu re  (Tab le  35). In l iqu id  media ,  
b o th  n u c e l l u s  and  e m b r y o g e n i c  c a l l i  o f  e m b r y o  m a s s  i n i t i a t e d  s o m a t i c  
e m b ry o id s ,  the pe r  cen t  in i t ia t ion  being  3 0 .0 0  and  10.00 re spec t ive ly .  The  
n u m b e r  ol e m b r y o i d s  p e r  c u l tu re  were  a lso  less w i th  16.00  and  6 .9 0  from 
nuce l lus  and e m b r y o g e n i c  cal l i  o f  e m b ry o  mass ,  w hen  c u l tu r ed  in l iqu id  media .

Table  35. E f f ec t  o f  aga r  on the in i t ia t ion  o f  so m a t ic  e m b ry o i d s  f rom  nuce l lus  
and  e m b ry o  m ass  o f  the m a n go  var ie ty  Vellari  M a n g a

Agar
(g/1)

Cul tures
somatic

in i t ia t ing3 
embryoids  (%)

N um b er  of  
cu l tu re

e m b ry o id s /b

Nuce l lus Embryo
mass

N uce l lu s Em bryo
mass

4.5 50.00 10.00 23.33 11.80
5.0 40.00 10.00 49.67 12.50
5.5 50.00 0 53.33 0
6.0 40.00 0 50.00 0
6.5 30.00 0 25.33 0
0 30.00 10.00 16.00 6.90
CD (1%) 15.65

a - The  da ta  r e p re se n t  the ave rag e  value  o f  10 rep l i c a t io ns  
b - The  da ta  re p re se n t  the ave rag e  va lue  o f  8 rep l i c a t io ns



h. A c t iv a t ed  cha rco a l

A c t iva t ed  cha rcoa l  w hen  used at the rate  o f  2 .5g /l  in the m ed ia ,  in i t iated  
som a t ic  e m b r y o id s  in 5 0 .0 0  pe r  c en t  cu l tu res  f r o m  the  e m b r y o g e n i c  ca l lus  o f  
n uc e l l a r  ex p lan t s  o f  N e e lu m  (Table  36).  T h e  h ig h e s t  n u m b e r  o f  e m b ry o id s  
p er  c u l tu re  was  a lso  o bse r v e d  at cha rcoa l  2.5 g/1 (28 .67 ) .

In Vellari  M anga ,  the h ighes t  per  cen t  in i t ia t ion  o f  so m a t ic  em b ry o id s  
f rom  nuce l lus  (43 .80 )  was  at ac t iva ted  c h a rc o a l  1.5g/l  in the  m e d iu m .  The  
n u m b e r  o f  e m b r y o id s  p ro d u c ed  per  cu l tu re  was  not  s ign i f i can t .

Table  36.  E f f ec t  o f  a c t iva ted  cha rc o a l  on the in i t ia t ion  o f  s o m a t ic  e m b ry o id s  
f rom  nuce l lu s  o f  the m a n g o  var ie t ie s  N e e lu m  and Vel lari  M a n g a

Act iva ted
charcoal
(g/1)

Cul tures  ini t iat ing  
somatic  embryoids  (%)

N u m b e r  of  em bryo ids /  
cu l tu re

N ee lum  Vellari 
M anga

N ee lum Vellari
M anga

1.5 33.33 43.80 16.67 19.50
2.5 50.00  40.00 28.67 19.17
5.0 33.33 20.00 10.33 15.67

CD (5%) 12.55 NS

The data represent  the average value of  8 replica t ions  
NS - Not  sign if ican t

C u l tu re  m e d iu m  - H a l f  s t r eng th  MS basal  m e d iu m  + 2 ,4 -D  2 .0 m g / l  + G A 3 
for N e e l u m  5 .0 m g / l  + BA 1.0mg/ l  + su c ro se  60 .0g / l  + C H  5 0 0 .0 m g / l

+ C W  2 00 .0m l / l  + aga r  5 .0g/l  + g lu t a m in e  4 0 0 .0 m g / l



i. C u l tu re  co n d i t io n s

In bo th  N e e lu m  and  Vellari  M ang a ,  w hen  the c u l tu r e s  w ere  incuba ted  

in d a r k n e s s  and  low  t e m p e r a tu r e  at (2 6 °C  ±  2 °C )  s o m a t i c  e m b r y o i d s  were  

in i t ia ted  at h ig h e r  rate as c o m p a r e d  to l igh t  (3 0 0 0  lux;  16h p h o to p e r i o d  and 

am b ien t  t e m p e ra tu r e  at (32°  ±  2°C)  f rom  n u c e l l a r  e x p lan t s  (Tab le  37). In 

d a rkness  p lus low tem p e ra tu r e  (at 26°C  ±  2°C) ,  cu l tu re s  o f  N ee lu m  in i t iated  

s o m a t i c  e m b r y o i d s  in 6 6 . 6 7  p e r  c e n t  o f  c u l t u r e s  a n d  p r o d u c e d  5 0 . 8 0  

e m b ry o id s /c u l tu re .  In l ight  p lus  low t e m p e ra tu r e  (at  2 6 ° C  ±  2°C) ,  the per  

cent  cu l tu res  in i t i a t ing  som at ic  e m b ry o id s  w as  on ly  16.67 w i th  13.15 n u m b e r  

o f  som at ic  e m b ry o id s  /  cu l ture.  In l ight  at room  tem p e ra tu r e  so m a t ic  em b ry o id s  

did not  in i t ia te  f rom  the e m b ry o g e n i c  ca l lus  o f  N e e lu m  nuce l lu s .

In Vellari M a n g a  som at ic  e m b ry o id s  w ere  o b s e r v e d  in 83 .33  per  cent  

cu l tu res  in d a rk n e s s  p lus  low  t e m p e r a tu r e  (26°  ±  2°C) .  T h e r e  w ere  6 0 .10  

e m b ry o id s /c u l tu re .  In a cu l tu re  c on d i t ion  o f  d a r k n e s s  and  ro o m  t em pe ra tu re ,  

the nuce l lu s  o f  Vellari  M a n g a  in i t ia ted  so m a t ic  e m b r y o i d s  in 6 6 .67  p e r  cent  

cu l tu res  and  p ro d u c e d  5 0 .60  e m b ry o id s  per  cu l tu re .

j .  F r e q u e n c y  o f  s u bcu l tu r ing

O f  the fo u r  f r eq u en c ie s  o f  su b c u l t u r i n g  tes ted ,  the  c u l tu r e s  o f  both  

N ee lum  and Vellari  M a n g a  when  s u bc u l tu re d  at f ive days  and ten days  interval ,  

gave  the bes t  r e s p o n s e s  in the in i t ia t ing  so m a t ic  e m b r y o i d s  (Tab le  38).



Cul ture
cond i t ions

Cul tures
somatic

ini t iat ing  
embryoids  (%)

N u m b e r  of  
cu l tu re

em bryoids /

Neelum Vellari
Manga

N ee lum Vellari
M anga

Light (3000 lux; 
16h pho toper iod)  + 
Low tempera ture  
(26 +.2°C)

16.67 16.67 13.15 20.0

Darkness  +
Low tempera ture  
(26 ± 2°C)

66.67 83.33 50.80 60.10

Darkness +
Room tempera ture
(32 ± 2°C)

50.00 66.67 18.35 50.60

Light  (3000 lux;
1 6h pho toper iod)  + 
Room tempera ture  
(32 ± 2°C)

0 16.67 0 5.10

The  da ta  r e p re sen t  the ave rag e  va lue  o f  6 rep l i c a t io ns

C u l tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  2 .0 m g / l  + G A 3
for N ee lu m  5 .0m g / l  + BA l .Orng/1 + su c ro se  60 .0g / l  + C H  5 0 0 .0 m g / l

+ C W  200 .0m l/ I  + aga r  5 .0g / l  + A C  2 .5 g / l  + g lu t am in e  
4 0 0 .0 m / l

C u l tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  0 .5 m g / l  + G A 3
for Vellari  M a n g a  5 .0 m g / l  + BA 1.0mg/l  + su c ro se  60 .0g / l  + C H  6 00 .0m g / l

+ C W  2 00 .0m l / l  + a g a r  5 .5g /l  + A C  2 .5g / l  + g lu t am in e  
4 0 0 . 0 m g / l



Table  38. E f f e c t  o f  f r e q u e n c y  o f  s u b c u l t u r e  on  the  i n i t i a t i o n  o f  s o m a t ic
e m b ry o id s  f rom  nuce l lu s  o f  the m a n g o  var ie t ie s  N e e lu m  and  Vellari 
M a n g a

S ubcul tu r ing
in terval s
(days)

Cultures survived 
(%)

Cul tures  in i t ia t ing  
em bryo ids  (%)

Nee lum Vellari
M anga

N ee lum Vellari
M anga

5 77.78 77.78 44.44 55.56
10 77.78 88.89 66.67 55.56
15 33.33 66.67 33.33 50.00

0 33.33 55.56 22.22 33.33

The  da ta  r e p re se n t  the ave rag e  value  o f  9 r ep l i c a t io ns
Cul ture  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  2 .0 m g / l  + GA
for N e e lu m  5 .0 m g / l  + BA 1.0mg/ l  + su c ro se  60 .0g / l  + C H  500 .0m g / l

+ C W  2 00 .0m l / l  + aga r  5.0g/I  + A C  2 .5g /l  + g lu tam in e  
4 0 0 . 0 m g / l

C u l tu re  m e d iu m  - H a l f  s t reng th  MS basal  m e d iu m  + 2 ,4 -D  0 .5 m g / l  + GA 
for Vellari M a n g a  5 .0m g/ l  + BA 1.0mg/l  + suc ro se  60 .0g / l  + C H  6 00 .0m g / l

+ C W  2 00 .0m l / l  + aga r  5 .5g / l  + A C  2 .5 g / l  + g lu t am in e  
4 0 0 . 0 m g / l

W hen  s u b c u l t u r e d  at f ive  days  in te rva l  the e m b r y o g e n i c  c a l lu s  o f  N e e lu m
n uce l lu s  in i t ia ted  so m a t ic  e m b ry o id s  in 4 4 .4 4  p er  c en t  cu l tu re s  and  Vellari
M a n g a  in 5 5 .5 6  p e r  cen t  cu l tu res .  In N ee lum ,  w hen  the e m b r y o g e n i c  call i
w ere  s u b c u l tu re d  at 10 days  in te rva l ,  66 .67  p e r  cent  cu l tu res  in i t i a t ed  som at ic
e m b ry o id s .  In Vellari  M ang a ,  the c o r r e s p o n d in g  va lue  w as  5 5 .5 6  p e r  cent .
W hen  no s u b c u l tu r in g  was  done ,  on ly  less p e r  cent  cu l tu re s  in i t ia t ed  som at ic
e m b ry o id s  f rom  n uce l lu s  in both  N e e l u m  (22 .22  pe r  cen t )  and  Vellari 
M a n g a  (33 .33  per  cent) .



6. Maturation of  somatic  embryoids

a. A bsc i s i c  ac id  (A B A )

D if f e r e n t  leve ls  o f  A B A  w ere  t r i ed  to s tudy  i ts e f fec t  on the m a tu ra t ion  

o f  s o m a t i c  e m b r y o i d s .  In N e e l u m ,  w h e n  A B A  5 .0  mg/1 w as  u sed  in the 

m a tu ra t ion  m e d ia  75 .0  pe r  cen t  cu l tu res  su rv iv e d  (Tab le  39). T h is  t rea tm en t  

had a low f r eq u en cy  o f  secondary  som a t ic  e m b r y o id  p ro du c t io n .  The  t rea tment  

p ro du ced  large  s ized  (1 .0 -2 .0 c m )  l ight  b row n  s o m a t ic  e m b r y o i d s  (Pla te  9). 

W hen  A B A  4 .2 2 m g / l  was  used in the m a tu ra t ion  m ed ia ,  8 7 .50  pe r  cen t  cu l tu res  

su rv ived  and  the size was 1 .0 -1.5cm. At  the l o w e s t  c o n c e n t r a t io n  o f  A B A  

( 0 . 5 0  mg/1)  t r i e d ,  a h ig h  f r e q u e n c y  o f  s e c o n d a r y  s o m a t i c  e m b r y o i d  

p ro du c t io n  was  o bse rved .  Th is  t r e a tm en t  p ro d u c e d  sm al l  s o m a t ic  em b ry o id s  

(< 0 .5cm ) .  T he  c o lo u r  o f  e m b ry o id s  was  c ream .  At the h ighes t  level  o f  

A BA  (1 0 .5 7 m g / l ) ,  the size  o f  e m b ry o id s  w ere  0 .5 c m  and  on ly  12.50 per  
cen t  cu l tu res  su rv ived .

The  size  o f  so m a t ic  e m b r y o id s  o f  Vellari  M a n g a  w hen  A B A  4 .22

mg/1 and 5 .0  mg/1 w ere  added  in the m a tu ra t ion  m e d iu m  w as  1.5 -2 .0  cm

and 1 .0 -2 .0cm,  r e sp ec t ive ly  (Table  39).  At A B A  4 .2 2 m g / l ,  the f r eq u en c y

o f  s e c o n d a r y  s o m a t ic  e m b r y o  p r o d u c t i o n  w as  low. T h e  c o l o u r  o f

e m b ry o id s  var ied  f rom  c re a m  to l igh t  b rown .  A t  the h ig h es t  leve l  o f  A B A

(10 .57  mg/1), the s i z e o f  e m b r y o id s  r anged  f rom  0 . 5 - 1.0cm. T h ey  w ere  c ream  
in colour .



N e e l u m V e l l a r i  M a n g a
ABA
(mg/l)

“Cultures
survived

(%)
Secondary

somatic
embryo
genesis

bSize of  
embryoids 

(length 
in cm)

Colour
of

embryoids
“Cultures
survived

(%)
Secondary

somatic
embryo
genesis

bSize of  
embryoids 

(length 
in cm)

Colour
of

embryoids

0 . 5 0 2 5 . 0 H i g h <  0 . 5 C r e a m 3 7 . 5 0 H i g h 0 . 5 C r e a m
1 . 0 0 3 7 . 5 H i g h 0 . 5 - 1 0 C r e a m 5 0 . 0 0 M e d i u m <  0 . 5 C r e a m
1 . 5 0 1 2 . 5 M e d i u m <  0 . 5 C r e a m 3 7 . 5 0 M e d i u m 0 . 5 - 1 . 0 B r o w n
2 . 1 1 5 0 . 0 H i g h 0 . 5 L i g h t

b r o w n
1 0 0 . 0 M e d i u m 0 . 5 C r e a m

3 . 1 7 7 5 . 0 M e d i u m 0 . 5 - 1 . 0 C r e a m 3 7 . 5 0 L o w 1 . 0 - 1 . 5 C r e a m
4 . 2 2 8 7 . 5 M e d i u m 1 . 0 - 1 . 5 B r o w n 5 0 . 0 0 L o w 1 . 5 - 2 . 0 L i g h t

b r o w n
5 . 0 0 7 5 . 0 L o w 1 . 0 - 2 . 0 L i g h t

b r o w n
6 2 . 5 0 M e d i u m 1 . 0 - 2 . 0 C r e a m

8 . 4 4 5 0 . 0 L o w 0 . 5 - 1 . 0 C  r e  a in 3 7 . 5 0 L o w 1 . 0 - 1 . 5 C r e a m
1 0 . 5 7 1 2 . 5 L o w 0 . 5 C r e a m 3 7 . 5 0 L o w 0 . 5 - 1 . 0 C r e a m

a. T he  d a ta  re p re se n t  the ave rag e  va lue  o f  8 rep l i c a t io ns
b. The  da ta  r e p re se n t  the ave rag e  va lue  o f  10 re p l i c a t io n s

L o w  0-5 se c o n d a r y  e m b ry o id s
M e d i u m  5 -25  s e c o n d a r y  e m b ry o id s  
H ig h  25 and  abo v e  se c on d a ry  e m b ry o id s

C u l tu re  m e d iu m  - Basa l  m e d iu m  with  B5 m a jo r  sa l ts  + MS m in o r  sal ts  + 
for  N ee lu m  suc rose  50 .0g / l  + C H  100 .0m g/ l  + C W  2 0 0 .0 m l / l  + P V P

10.0g/l  + agar  4 .5g /l



Somatic embryoids of Neelum in maturation medium 
(Basal medium containing of B5 major salts and MS minor salts 

supplemented with abscisic acid 5.0 mg/l)

Plate 10

Vellari Manga somatic embryoids in basal medium containing B5 major salts and 
MS minor salts supplemented with abscisic acid 4.22 mg/l





b. Basa l  m e d iu m

In both  N e e lu m  and Vellari  M a n g a ,  basa l  m e d iu m  c o n s i s t i n g  o f  B 5 
m a jo r  sa l ts  and  M S  m in o r  sal ts  was  the  bes t  fo r  the  m a tu r a t io n  o f  som at ic  
e m b ry o id s  (T ab le  40) .  In N ee lum ,  5 1 .14  p er  c en t  c u l tu r e s  su rv iv e d  in this 
m ed ium .  T h e  e m b ry o id s  w ere  c ream  and large s ized  ( 1 . 0 - 1.5cm in length).  
In full s t r en g th  and  h a l f  s t reng th  MS basal  m e d iu m ,  t h o u g h  a h ig h e r  per  cent  
su rv iva l  co u ld  be o b s e r v e d  (71 .43  and  85.71 r e s p e c t i v e ly ) ,  the  size  o f  the 
e m b ry o id s  was  b e lo w  0 .5cm .  B 5 and SH basal  m e d ia  a lso  d id  not  su pp o r t  the 
m a tu ra t ion  o f  so m a t ic  e m b ry o id s  p ro d u c in g  u n d e r  s ized  e m b r y o i d s  (< 0 .5cm).

In Vel lari  M a n g a ,  basal  m e d iu m  c o n s i s t in g  o f  B 5 m a jo r  sa l ts  and  MS 
m in o r  sa l ts  s u pp o r ted ,  85.71 per  cen t  su rv iva l  o f  cu l tu r e s  and  p ro d u c e d  c ream  
c o lo u red  s o m a t ic  e m b ry o id s  o f  1 .0 - 1.5cm size  (P la te  10). W h e n  ful l  s t reng th  
MS as well as B 5 basal  m ed ia  w ere  used,  the size  o f  the so m a t ic  e m b ry o id s  
was less than  0 .5 c m  (Table  40).

c. S uc rose

W h e n  s u c ro s e  4 0 .0  g/1 or  5 0 .0  g/1 was  a d d e d  in the  m a tu r a t io n  
media ,  the so m a t ic  e m b ry o id s  p r o d u c ed  w ere  1 .0 -1 .5cm in leng th ,  in N ee lu m  
(Table  41) .  With  4 0 .0  g/1 sucrose ,  80 .0  per  cent  cu l tu re s  su rv iv e d ,  w hereas  
w ith  50 .0  g/1, on ly  20 .0  per  cen t  o f  the cu l tu re s  su rv iv ed .  S u c ro s e  15.0 g/1, 
u s e d  in the  m e d i u m  c o u l d  not  i n c r e a s e  the  s i z e  o f  e m b r y o i d s .  A l l  the 
e m b ry o i d s  w ere  be low  0 .5 c m  and  w ere  c re a m  in colour .



N e e l u m V e l l a r i  M a n g a
B a s a l
m e d i u m

C ul t ur es
s u r v i v e d

(%)

Size of  
e m b r y o i d s  

( lengt h 
in cm)

C o l o u r
o f

e m b r y o i d s

C u l t u r e s
s u r v i v e d

(%>

Size of  
e m b r y o i d s  

( leng t h  
in cm)

C o l o u r
of

e m b r y o i d s

M S 7 1 . 4 3 < 0 . 5 C r e a m y
w h i t e

8 5 . 7  1 < 0 . 5 C r e a m

1/2 M S 8 5 . 7 1 < 0 . 5 C r e a m 1 0 0 . 0 0 1 . 0 C r e a m

B 5 4 2 . 8 6 < 0 . 5 C r e a m 4 2 . 8 6 <  0 . 5 L i g h t
b r o w n

1 /2  B , 4 2 . 8 6 0 . 5 - 1 . 0 B r o w n 8 5 . 7 1 0 . 5 0 C r e a m

B ,  m a j o r  + 5 1 . 1 4 1 .0 - 1 .5 C r e a m 8 5 . 7 1 1 .0 - 1 . 5 C r e a m
s a l t s
M S  m i n o r  s a l t s

M S  m a j o r  + 4 2 . 8 6 0 . 5 - 1 . 0 C r e a m 5 1 . 1 4 0 . 5 C r e a m
s a l t s
B 5 m i n o r  s a l t s

S H 2 8 . 5 7 < 0 . 5 B r o w n 4 2 . 8 6 0 . 5 C r e a m

The data represent  the average  value  o f  7 repl icat ions

Supplements  in the culture - Sucrose  5 0 . Og/1 + A B A  5 . Omg/1 + CH 100.0  mg/ l  + CW  
medium for N e e lu m  . 2 0 0 .0 m l/ l  +  P V P  10.0g/l  + agar 4 .5g/ l

Supp lements  in the culture - Sucrose  4 0 . 0g / l  + A B A  4 . 2 2 m g / l  + CH 10 0 .0  mg/ l  + CW  
medium for Vellari M anga  2 0 0 .0 m l/ l  +  P V P  10.0g/ l  + agar 6 . 0g/ l



Neelum Vellari Manga
Su c r o s e
( g / 1)

C u l t u re s
s u r v i v e d

(%)

Size of  
e m b r y o i d s  

( leng t h  
in cm)

C o l o u r
o f

e m b r y o i d s

C u l t u r e s
s u r v i v e d

(%)

Size o f  
e m b r y o i d s  

( le ng th  
in cm)

C o l o u r
of

e m b r y o i d s

1 5 . 0 4 0 . 0 0 < 0 . 5 Cream 2 0 . 0 0 < 0 . 5 Cream

2 0 . 0 4 0 . 0 0 0 . 5 Cream 2 0 . 0 0 < 0 . 5 Cream

3 0 . 0 8 0 . 0 0 0 . 5 - 1 . 0 Light
brown

6 0 . 0 0 < 0 . 5 Cream

4 0 . 0 8 0 . 0 0 1 . 0 - 1 . 5 0 Cream 4 0 . 0 0 1 .0 - 2 . 0 Cream

5 0 . 0 2 0 . 0 0 1 . 0 - 1 . 5 0 Cream 6 0 . 0 0 0 . 5 - 1 . 0 Light - 
brown

6 0 . 0 6 0 . 0 0 0 . 5 Light
brown

2 0 . 0 0 0 . 5 - 1 . 0 Light
brown

The data represent  the average  value o f  10 rep lica t ions

Cul ture  m ed ium  - Basal  medium with B 5 major  sal ts + MS m inor  sal ts + ABA 
for N e e lu m  5 .0mg/l  + CH lOO.Omg/1 + C W  200 .0m l/ l  + PVP  10.0g/l +

agar  4.5g/l



In Vellari  M a n g a ,  suc ro se  40 .0  g/1 in the  m a tu r a t io n  m e d iu m  was  the 

bes t  w h ic h  p r o d u c e d  c r e a m  c o lo u r e d  s o m a t i c  e m b r y o i d s  o f  1 .0 -2 .0 cm  size 

(Table  41) .  W i th  5 0 .0  g/1 and 60 .0  g/1 su c ro se  in the m e d iu m ,  the som at ic  

e m b ry o id s  p r o d u c e d  w ere  0 . 5 - 1.0cm in size  and  w ere  l igh t  b row n .

d. S o l id i fy in g  agen t  (agar )

A g a r  4 .5  g/1, 5 .0  g/1 and  5 .5  g/1 f a v o u r e d  m a t u r a t i o n  and  y i e ld e d  

somat ic  e m b r y o i d s  o f  0 .5 - 1 ,0cm size,  in N e e lu m  (Tab le  42) .  W h e n  the som at ic  

e m b ry o id s  w ere  c u l tu r ed  in m a tu ra t ion  m e d iu m  w i th  4 .5  g/1 agar,  80 .0  per  

cen t  of the c u l tu res  su rv ived .  T he  t r ea tm en ts  w i th  5 .0  g/1 and  5.5 g/1 agar  

su p p o r t ed  6 0 .0  p er  cen t  su rv iva l  o f  the  cu l tu res .  T h e  c o lo u r  o f  e m b ry o id s  

w ere  c re a m  and  l igh t  b rown .  T he  so m a t ic  e m b ry o id s  in the t r e a tm e n t  with

7.0 g/1 agar,  the  size  o f  e m b ry o i d s  w as  b e lo w  0 .5 c m  and  w ere  b rown 

co loured .  In l iqu id  m e d iu m ,  20 .0  p e r  cen t  o f  cu l tu re s  su rv ived .  The  

e m b r y o i d s  w e r e  l a rge  s i z e d  ( 1 . 5 - 2 . 0 c m ) .  H o w e v e r ,  v i t r i f i c a t i o n  o f  the 
e m b ry o id s  was  o b s e r v e d  (P la te  11).

In Vellari  M a n g a ,  aga r  5 .0  g/1 f a v o u re d  the  p r o d u c t i o n  o f  the  largest  

em b ry o id s  (1 .5 -2 .0cm ) .  T h e  e m b ry o id s  w ere  c re a m  c o lo u r e d  (Tab le  42) .  Agar,  

4 .5g / l  f a v o u r e d  the  p r o d u c t i o n  o f  c r e a m  e m b r y o i d s  o f  s ize  0 . 5 - 1 .0cm. In 

Vellari  M a n g a  also,  in l iqu id  m e d iu m ,  l igh t  b ro w n  s o m a t ic  e m b r y o i d s  o f  1.0- 

1.5cm size  w ere  o b ta in e d .  But  the r e su l t a n t  e m b r y o i d s  w ere  v i t r i f i e d  and 
g radu a l ly  n ec ro s i s  dev e lo p ed .



A matured
B5 n

Plate 11

Somatic embryoids of Neelum in liquid maturation media

S asalt!TnHyM ?fV ella ri * fanga in 9ermination medium containing 
J salts and MS minor salts supplemented with BA 1.0 mg/l





N e e l u m V e l l a r i  M a n g a

A g a r
(g/D

C u l t u r e s
s u r v i v e d

(%)

Size of  
e m b r y o i d s  

( l en gt h  
in cm)

C o l o u r
o f

e m b r y o i d s

C u l t u r e s
s u r v i v e d

(%)

Size of  
e m b r y o i d s  

( l en gt h  
in cm)

C o l o u r
o f

e m b r y o i d s

1.5 4 0 . 0 0 < 0 . 5 C r e a m 2 0 . 0 0 < 0 . 5 C r e a m

4 . 5 8 0 . 0 0 0 . 5 - 1 . 0 C r e a m 6 0 . 0 0 o1IT;o C r e a m

5 . 0 6 0 . 0 0 0 . 5 - 1 . 0 C r e a m 6 0 . 0 0 1 . 5 - 2 . 0 C r e a m

5 . 5 6 0 . 0 0 0 . 5 - 1 . 0 L i g h t
b r o w n

6 0 . 0 0 0 . 5 C r e a m

6 . 0 6 0 . 0 0 0 . 5 C r e a m 4 0 . 0 0 0 . 5 C r e a m

7 . 0 4 0 . 0 0 < 0 . 5 B r o w n 2 0 . 0 0 0 . 5 L i g h t
b r o w n

0 2 0 . 0 0 1 . 5 - 2 . 0 C r e a m 4 0 . 0 0 1 .0 - 1 .5 L i g h t
b r . o w n

T he  da ta  r e p re s e n t  the  a v e ra g e  va lue  o f  5 rep l i c a t io ns

C u l tu re  m e d iu m  - Basa l  m e d iu m  w i th  B 5 m a jo r  sa l ts  + M S  m in o r  sal ts  + 
fo r  N e e lu m  su c ro se  50 .0g / l  + A B A  5 .0 m g / l  + CH 100 .0m g/ l  + C W

2 0 0 .0 m l / l  + P V P  10.0g/l



e. C a se in  h y d r o ly s a t e  (CH)

C a s e in  h y d ro ly s a t e  lOO.Omg/1 in the m a tu r a t i o n  m e d iu m  w as  found  
to be the bes t  in ge t t ing  m a tu re  s o m a t ic  e m b ry o id s  o f  0 . 5 - 1 .0cm size  in N ee lum  
(Tab le  43) .  W h e n  C H  w as  u sed  at  h ig h e r  q u a n t i t i e s  ( 2 0 0 .0 m g / l ,  3 0 0 .0 m g / l  
and  4 0 0 .0 m g / l ) ,  the size  o f  e m b r y o i d s  was  b e lo w  0 .5 c m .  W h e n  no casein  
h y d r o ly s a t e  w as  used ,  the size  o f  e m b r y o i d s  w as  on ly  0 .5 c m  and  w as  c ream  
c o lo u re d .

In Vel lar i  M a n g a ,  w i th  C H ,  1 00 .0m g / l  in the  m a t u r a t i o n  m e d iu m ,  
b rown  c o lo u r e d  so m a t ic  e m b ry o id s  co u ld  be o b t a in e d  w i th  a si ze  ra n g in g  f rom
1.0 to 1.5cm.  W i th  150 .0  mg/ l  o f  C H ,  the size  o f  e m b r y o i d s  w as  0 .5 - 1 .0cm  
and  w i th o u t  C H ,  the size  w as  b e lo w  0 .5 c m  (Tab le  43) .  In bo th  c a s e s  the  c o lo u r  
o f  the e m b r y o i d s  w as  c ream .

f. P o ly e t h y l e n e  g lyco l  (P E G )

M a tu ra t io n  m e d ia  w ith  and w i tho u t  P E G  d id  no t  inc re a se  the size o f  
e m b ry o id s  in N e e lu m  as wel l  as Vellari  M a n g a .  T h e  si ze  o f  e m b r y o i d s  in all 
t r e a tm e n t s  w as  b e lo w  0 .5 c m  (Tab le  44) .

g. C o c o n u t  w a te r

In N e e l u m ,  w h e n  c o c o n u t  w a t e r  w as  no t  a d d e d  in the  m a t u r a t i o n  
m e d iu m ,  the e m b r y o i d s  w ere  u n d e r - s i z e d  (< 0 .5 0 c m )  (T ab le  45) .  But  w hen
2 00 .0  ml/1 or  2 5 0 .0  ml/1 c o c o n u t  w a t e r  w as  add ed  in the  m a tu r a t i o n  m e d iu m ,  
size  o f  the e m b r y o i d s  cou ld  be inc re a se d  to 0 . 5 0 - 1 .0cm.  At 2 0 0 .0  ml/1 c o c o n u t  
water ,  the p e r  cen t  su rv iva l  was  66 .67 ,  w h e re a s  at 2 5 0 .0  ml/1, 5 0 .0 0  per  cen t  
o f  c u l tu res  su rv ived .



CH
( m g / 1)

N e e l u m V e l l a r i  M a n g a
C u l t u r e s
s u r v i v e d

(%)

Size of  
e m b r y o i d s  

( le ng th  
in cm)

C o l o u r
o f

e m b r y o i d s

C u l t u r e s
s u r v i v e d

(%)

Si ze  of  
e m b r y o i d s  

( l en gt h  
in cm)

C o l o u r
o f

e m b r y o i d s

1 0 0 . 0 0 8 0 . 0 0 0 . 5 - 1 . 0 C r e a m 1 0 0 . 0 0 1 . 0-  1 .5 B r o w n

1 5 0 . 0 0 8 0 . 0 0 0 . 5 C r e a m 1 0 0 . 0 0 0 . 5 -  1 . 0 C r e a m

2 0 0 . 0 0 8 0 . 0 0 < 0 . 5 C r e a m 6 0 . 0 0 O b C r e a m

3 0 0 . 0 0 6 0 . 0 0 < 0 . 5 C r e a m 4 0 . 0 0 0 . 5 C r e a m

4 0 0 . 0 0 4 0 . 0 0 < 0 . 5 C r e a m 7 0 . 0 0 0 . 5 C r e a m

5 0 0 . 0 0 6 0 . 0 0 0 . 5 B r o w n 5 0 . 0 0 0 . 5 - 1 . 0 C r e a m

0 4 0 . 0 0 0 . 5 C r e a m 3 0 . 0 0 <  0 . 5 C r e a m

T he  da ta  re p re s e n t  the a v e ra g e  va lue  o f  10 rep l i c a t io ns

C u l tu re  m e d iu m  - Basa l  m e d iu m  with  B 5 m a jo r  sa l ts  + M S m in o r  sal ts  + 
fo r  N e e l u m  su c ro se  50 .0g / l  + A B A  5 .0 m g / l  + C W  2 0 0 .0 m l / l  + P V P

10.0g/l  + aga r  4 .5g /l



N e e l u m V e l l a r i  M a n g a

PEG
( g / 1)

C u l t u r e s
s u r v i v e d

( %)

Size of  
e m b r y o i d s  

( l en gt h  
in cm)

C o l o u r
o f

e m b r y o i d s

C u l t u r e s  Size of  
s u r v i v e d  e m b r y o i d s  

( %) ( l en gt h  
t in cm)

C o l o u r
o f

e m b r y o i d s

5 0 . 0 5 0 . 0 < 0 . 5 C r e a m 6 0 . 0  0 . 5 C r e a m

8 0 . 0 5 0 . 0 < 0 . 5 C r e a m 7 0 . 0  <  0 . 5 C r e a m

1 0 0 . 0 5 0 . 0 < 0 . 5 C r e a m 7 0 . 0  < 0 . 5 C r e a m

0 6 0 . 0 < 0 . 5 C r e a m 6 0 . 0  < 0 . 5 L i g h t
b r o w n

T h e  d a ta  r e p r e s e n t  the  a v e ra g e  va lue  o f  6 rep l i c a t io ns

C u l tu re  m e d iu m  - Basa l  m e d iu m  w i th  B 5 m a j o r  sa l ts  + M S m in o r  sal ts  +
for N e e l u m  su c ro s e  5 0 .0 g / l  + A B A  5 .0 m g / l  + C H  100 .0m l / l  + C W

2 00 .0g / l  + P V P  10.0g/l  + aga r  4 .5g / l



N e e l u m V e l l a r i  M a n g a

c w
( ml / l )

C u l t u r e s
s u r v i v e d

(%)

Si z e  o f  
e m b r y o i d s  

( l e n g t h  
in c m)

C o l o u r
o f

e m b r y o i d s

C u l t u r e s
s u r v i v e d

(%)

S i ze  o f  
e m b r y o i d s  

( l e n g t h  
in c m)

C o l o u r
o f

e m b r y o i d s

1 5 0 . 0 6 6 . 6 7 0 . 5 0 C r e a m 8 3 . 3 3 < 0 . 5 0 C r e a m

2 0 0 . 0 6 6 . 6 7 o o C r e a m 1 0 0 . 0 0 0 . 5 - 1 . 5 C r e a m

2 5 0 . 0 5 0 . 0 0 0 . 5 0 - 1 . 0 L i g h t

b r o w n

8 3 . 3 3 0 . 5 C r e a m

0 5 0 . 0 0 < 0 . 5 0 C r e a m 5 0 . 0 0 < 0 . 5 0 L i g h t
b r o w n

T he  da ta  re p re s e n t  the  av e ra g e  va lue  o f  6 rep l i c a t io ns .

C u l tu r e  m e d i u m  - Basa l  m e d iu m  with  B 5 m a jo r  sa l ts  + M S  m in o r  sa l ts  + 
fo r  N e e l u m  su c ro se  50 .0g / l  + A B A  5 .0 m g / l  + C H  100 .0m l/ l  + P V P

10.0g/l  + aga r  4 .5 g / l



In Vellari  M a n g a  also,  w hen  c o c o n u t  w a te r  w as  not  a d d e d  in the media ,  
the size  o f  e m b r y o i d s  was  b e lo w  0 .5 0 cm .  With  2 0 0 .0 m l / l  c o c o n u t  water ,  the 
size  was  0 . 5 - 1.5cm. T h e  e m b r y o id s  w ere  c re a m  c o lo u r e d  and  c e n t  p e r  cent  o f  
the cu l tu re s  s u rv iv e d  (Tab le  45).

h. A c t i v a t e d  C h a rco a l

T h e  d i f f e r e n t  l eve ls  o f  c h a r c o a l  t r i ed  d id  no t  i n f lu e n c e  the size  o f  
e m b ry o id s  in N e e lu m  and  Vellari  M a n g a .  W h e n  c h a rc o a l  w as  no t  added  in the 
m a tu ra t ion  m e d iu m ,  none  o f  the cu l tu r e s  o f  N e e lu m  o r  Vel lari  M a n g a  su rv ived .  
At  all the  leve ls  o f  a c t iva t e d  c h a rc o a l  in the m e d iu m ,  the  s ize  o f  e m b ry o id s  o f  
N e e lu m  w ere  0 .5 c m  and  Vellari  M a n g a  0 .5 -1 .0 c m  (Tab le  46) .

i. P o ly v in y l  p y r ro l i d o n e  (P V P )

T he  d i f f e re n t  leve ls  o f  P V P  d id  not  inc re a se  the s ize  o f  e m b ry o id s .  • 
B u t  the h ig h es t  p e r  c en t  su rv iva l  was  w ith  P V P  1.0 p e r  c e n t  in N e e l u m  (80 .00)  
and  Vellari  M a n g a  (70 .00 ) .  T he  size  o f  e m b r y o id s  w as  b e tw e e n  0.5  and  1.0cm 
in all cases .  W h e n  P V P  was  not  i nc lud e d  in the m a tu r a t i o n  m e d iu m  none  o f  
the cu l tu r e s  o f  N e e l u m  and  Vellari  M a n g a  s u rv iv e d  (T ab le  47) .

j .  L igh t

D a r k n e s s  w as  b e t t e r  fo r  the m a tu r a t io n  o f  s o m a t ic  e m b r y o i d s  than  
l ight.  In d a rk n e s s ,  83 .33  per  cent  o f  N e e lu m  c u l tu r e s  s u rv iv e d  and  the size 
o f  e m b r y o i d s  w as  0 . 5 - 1 .0cm (T ab le  48) .  C e n t  p e r  c e n t  o f  Vel la r i  M a n g a  
c u l tu res  s u rv iv e d  p r o d u c in g  c r e a m  c o lo u r e d  so m a t ic  e m b r y o i d s  o f  s ize 1.0- 
1.5cm, in d a rkn es s .  U n d e r  l igh t  ( 3 0 0 0  lux;  16h p h o to p e r io d )  6 6 .67  per  cen t  
cu l tu re s  o f  N e e lu m  su rv iv e d  p ro d u c in g  very  sm al l  s ized  e m b r y o i d s  (< 0 .5cm ) .



AC
(%)

N e e l u m V e l l a r i  M a n g a

C u l t u r e s
s u r v i v e d

(%)

Size of  
e m b r y o i d s  

( l en gt h  
in cm)

C o l o u r
o f

e m b r y o i d s

C u l t u r e s  Size of  
s u r v i v e d  e m b r y o i d s  

(%) ( l e n gt h  
in cm)

C o l o u r
of

e m b r y o i d s

0 . 1 I 0 . 0 < 0 . 5 C r e a m 2 0 . 0  0 . 5 - 1 . 0 C r e a m

0 . 1 5 1 0 . 0 0 . 5 C r e a m 2 0 . 0  0 . 5 - 1 . 0 C r e a m

0 . 2 4 0 . 0 0 . 5 C r e a m 6 0 . 0  0 . 5 - 1 . 0 C r e a m

0 . 2 5 5 0 . 0 0 . 5 C r e a m 8 0 . 0  0 . 5 - 1 . 0 C r e a m

0 0 0 0 0  0 0

T h e  da ta  r e p re s e n t  the a v e ra g e  va lue  o f  10 rep l i c a t io ns

C u l tu re  m e d iu m  - Basa l  m e d iu m  w ith  B 5 m a jo r  sa l ts  + M S  m in o r  sal ts  + 
fo r  N e e l u m  s u c ro s e  5 0 .0 g / l  + A B A  5 .0 m g / l  + C H  100 .0m l / l  + C W

2 00 .0g / l  + a g a r  4 .5 g / l



N e e l u m V e l l a r i  M a n g a

P V P
(%)

C u l t u r e s
s u r v i v e d

(%)

Si z e  o f  
e m b r y o i d s  

( l e n g t h  
in cm)

C o l o u r
o f

e m b r y o i d s

C u l t u r e s  S i z e  o f  C o l o u r  
s u r v i v e d  e m b r y o i d s  o f  

( %)  ( l e n g t h  e m b r y o i d s  
in c m)

0 . 7 5 0 . 0 0 . 5 - 1 . 0 C r e a m 6 0 . 0  0 . 5 - 1 . 0  C r e a m

0 . 8 6 0 . 0 0 . 5 - 1 . 0 L i g h t
b r o w n

7 0 . 0  0 . 5 - 1 . 0  C r e a m

1 . 0 8 0 . 0 0 . 5 - 1 . 0 C r e a m 7 0 . 0  0 . 5 - 1 . 0  C r e a m  ‘

0 0 0 0 0  0  0

T he  d a ta  r e p re s e n t  the  av e ra g e  va lue  o f  10 re p l i c a t io n s

C u l tu re  m e d iu m  - Basa l  m e d iu m  with  B 5 m a jo r  sa l ts  + M S m in o r  sal ts  + 
fo r  N e e lu m  su c ro s e  5 0 .0 g / l  + A B A  5 .0 m g / l  + C H  100 .0m l / l  + C W

2 00 .0g / l  + aga r  4 .5g /l



N e e l u m V e l l a r i  M a n g a

C u l t u re
c o n d i t i o n s

C u l t u r e s
s u r v i v e d

(%)

Size of  C o l o u r  
e m b r y o i d s  o f  

( l en g t h  e m b r y o i d s  
in cm)

C u l t u r e s  Size of  
s u r v i v e d  e m b r y o i d s  

( %) ( l e ng t h  
in cm)

C o l o u r
of

e m b r y o i d s

L i g h t  
( 3 0 0 0  l u x ;
1 6 h r  p h o t o p e r i o d )

6 6 . 6 7 < 0 . 5  C r e a m 6 6 . 6 7  0 . 5 - 1 . 0 L i g h t
b r o w n

D a r k n e s s 8 3 . 3 3 0 . 5 - 1 . 0  C r e a m 100.00 1 . 0 - 1 . 5 C r e a m

The  da ta  r e p r e s e n t  the av e ra g e  va lue  o f  6 rep l i c a t io ns

C u l tu re  m e d iu m  - Basa l  m e d iu m  with  B 5 m a jo r  sa l ts  + M S  m in o r  sal ts  + 
fo r  N e e lu m  s u c ro se  5 0 .0 g / l  + A B A  5 .0 m g / l  + C H  100 .0m l / l  + C W

2 00 .0 g / l  + P V P  10.0g/l  + a g a r  4 .5 g / l

C u l tu r e  m e d iu m  - B asa l  m e d iu m  w i th  B 5 m a j o r  sa l ts  + M S m i n o r  sal ts  + 
fo r  Vel lar i  M a n g a  su c ro se  40 .0g / l  + A B A  4 .2 2 m g / l  + C H  100 .0m l/ l  + C W

2 0 0 .0 m l / l  + P V P  10.0g/l  + aga r  6 .0g / l

In Vellari  M a n g a ,  the size  o f  e m b r y o i d s  was  0 .5 -  1.0cm u n d e r  l ight  with  the 
same per  c en t  su rv iva l  (Tab le  48).



k. F r e q u e n c y  o f  su b c u l tu r in g

S u b c u l tu r i n g  at an in te rva l  ten days  w as  g o o d  in in c re a s i n g  the size 
o f  so m a t ic  e m b r y o i d s  ( l . 0 - l . 5 c m )  for  N ee lu m  (Tab le  49) .  In Vellari  M anga  
s u b c u l tu r in g  at  an in te rva l  o f  15 days  p ro d u c ed  c r e a m  c o lo u r e d  e m b ry o id s  o f  
s ize  0 . 5 - 1.5cm. W h e n  no s u b c u l t u r i n g  was  done ,  the e m b r y o i d s  w ere  small  
(0 .5cm ) .  In b o th  cases ,  50 .0  pe r  cen t  o f  the cu l tu r e s  s u rv iv e d  in the  m a tu ra t ion  
media .

7. G erminat ion  of  somatic  embryoids

a. P la n t  g r o w th  su bs ta n ce s

O f  the  49  c o m b in a t i o n s  o f  P G S  t r ied  (T ab le  3),  n o n e  o f  the t rea tm en ts  
f a v o u re d  n o r m a l  g e r m i n a t io n  o f  s o m a t i c  e m b r y o i d s  o f  N e e l u m  and  Vellari  
M anga .  H o w ev e r ,  the p re se n c e  o f  BA in the g e r m in a t io n  m e d iu m  was  found  
to i n f lu e n c e  the  g e r m i n a t i o n  o f  s o m a t ic  e m b r y o i d s  in N e e l u m  and  Vellari  
M ang a .  T h e  p e r c e n ta g e  g e r m in a t io n  o f  s o m a t ic  e m b r y o i d s  o f  N e e lu m  and 
Vellari  M a n g a  va r ied  w i th  d i f fe re n t  leve ls  o f  BA (Tab le  50) .  B A  0 .1 0 m g / l  
w as  s i g n i f i c a n t l y  s u p e r io r  to all  o t h e r  l eve ls  o f  BA in the  g e r m i n a t i o n  o f  
som a t ic  e m b r y o i d s  o f  N e e lu m  e x c e p t  BA 0 .0 5 m g / l  and  B A  0 .5 0 m g / l  w h ich  

w ere  on par. BA 0 .1 0 m g / l  r e c o r d e d  a per  c en t  g e r m i n a t io n  o f  4 1 .6 0  (Fig .  5). 
BA 10 .00mg/ l  and  5 0 .0 0 m g / l  w ere  no t  use fu l  in the g e r m i n a t io n  o f  som a t ic  
e m b r y o i d s  o f  N e e lu m .  BA 0 .1 0 m g / l  p r o d u c e d  n e a r - n o r m a l  g r o w t h  o f  the 
som a t ic  e m b r y o i d s  and  the leng th  o f  e m b r y o i d s  va r ied  f rom  2 .0 - 3 .0cm .



N e e l u m V e l l a r i  M a n g a

Sub cul t ur i ng
int erval
( days )

Cu l t u r e s
s u r v i v e d

(%)

Size of  
e m b r y o i d s  

( l engt h  
in cm)

C o l o u r
o f

e m b r y o i d s

Cu l t u r e s
s u r v i v ed

(%>

Size of  
e m b r y o i d s  

( l engt h  
in cm)

Co l o u r
of

e m b r y o i d s

5 4 1 . 6 7 0 . 5 - 1 . 0 C r e a m 6 6 . 6 7 0 . 5 - 1 . 0 C r e a m

1 0 5 0 . 0 0 1. 0 - 1 . 5 C r e a m 5 0 . 0 0 1d C r e a m

15 5 8 . 3 3 0 . 5 - 1 . 0 C r e a m 5 0 . 0 0 0 . 5 - 1 . 5 C r e a m

2 0 5 0 . 0 0 0 . 5 C r e a m 4 1 . 6 7 ©o C r e a m  •

0 4 1 . 6 7 < 0 . 5 C r e a m 5 8 . 3 3 0 . 5 L i g h t
b r o w n

The  da ta  r e p re se n t  the av e ra g e  va lue  o f  12 rep l i c a t io ns

C u l tu re  m e d iu m  - Basa l  m e d iu m  with  B 5 m a j o r  sa l ts  + M S  m in o r  sal ts  + 
for  N e e l u m  s u c ro s e  50 .0g / l  + A B A  5 .0 m g / l  + C H  1 00 .0m l / l  + C W

2 00 .0g / l  + P V P  10.0g/l  + a g a r  4 .5 g / l

C u l tu re  m e d iu m  - Basa l  m e d iu m  with  B 5 m a jo r  sal ts  + MS m in o r  sal ts  + 
for Vellari  M a n g a  su c ro se  40 .0g / l  + A B A  4 .2 2 m g / l  + C H  l()().()ml/l + C W

2 0 0 .0 m l / l  + P V P  10.0g/l  + a g a r  6 .0g / l



BA
(mg/l )

Cultures3
survived

(%)

Cultures w i th b 
germinat ing  
embryoids

(%)

Siz e  o f  
embryoids  

( length  
in cm)

G row th o f  embryo ids

0.05 3 0 .0 0 3 3 . 3 3 ( 3 5 .0 8 ) 1 .5-2 .0 Wel l  d e v e l o p e d  root 
sys tem

0. 10 5 0 .0 0 4 1 . 6 0  ( 4 0 . 4 9 ) 2 .0 - 3 .0 Near normal

0 .50 2 0 .0 0 2 5 . 0 0  ( 3 1 . 3 5 ) 1 .5-2 .0 Near normal

1.00 4 0 . 0 0 2 5 . 0 0  ( 3 1 . 3 5 ) 1 .0-1.5 Enlargement  and 
pro gre ss ive  greening  
o f  embry o ids

2 .00 10.00 8.33  ( 1 4 . 5 0 ) 1.0-1.5 D e v e l o p m e n t  o f  
secon dary  somatic  
embryoids

4 .0 0 5 0 .0 9 16.67 (22 .1 1 ) 0 . 5 - 1 .0 Malformed

6 .00 6 0 .0 0 8.33  ( 1 4 . 5 0 ) 0 . 5 - 1 .0 Fused co ty l ed on s

8.00 4 0 .0 0 8.33  ( 1 4 . 5 0 ) 0 . 5 - 1 .0 Malformed

10.00 3 0 .0 0 0 — —

50 .0 0 10.00 0 — —

CD (5%) 9 .8 0

a - T he  d a ta  r e p r e s e n t  the  a v e ra g e  va lue  o f  10 r e p l i c a t io n s  
b - T h e  d a ta  r e p re s e n t  the a v e ra g e  va lue  o f  12 r e p l i c a t io n s

Values in p a r e n th e s i s  are the t r a n s fo r m e d  va lues
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Fig. 5. E f fe c t  o f  B A  on  g e rm in a t io n  o f

s o m a t ic  e m b r y o id s  f ro m  n u c e l lu s  o f  the  
m a n g o  v a r ie t ie s  N e e lu m  and  V e lla r i M an ga



BA
(mg/1)

Cul tures3
survived

(%)

Cultures  w i th b 
germinat ing  
embryoids

(%)

S iz e  o f  
embryoids  

( length  
in cm)

Grow th o f  em bryo ids

0.05 5 0 .0 0 2 5 . 0 0  (31 .3 5 ) 0 . 5 - 1 .0 Malformed
0. 10 4 0 . 0 0 33 .3 3  (35 .0 8 ) 2 .0 -2 .5 Root  we l l  d ev e lo p ed
0. 50 4 0 .0 0 5 0 .0 0  ( 4 4 . 1 7 ) 2 . 5 - 3 .0 Root  we l l  deve lop ed
1.00 3 0 .0 0 5 8 .3 3  ( 5 0 . 5 6 ) 3 .0- 3 .5 Near normal  growth with

a root and sh oo t  pole
2 . 00 20 .0 0 33 .3 3  ( 3 5 . 0 8 ) 2 .5 - 3 .0 Fused c o ty l ed on s
4. 00 3 0 .0 0 8.33  ( 1 4 . 5 0 ) 3 .0- 3 .5 Malformed
6. 00 10.00 8.33 ( 1 4 . 5 0 ) 1 .5 -2 .0 S hoot  not we l l  devel oped
8.00 10.00 16.67 (2 2 .11 ) 2 . 0- 2 .5 Lack o f  shoo t  pole
10.00 20 .0 0 8.33 ( 1 4 . 5 0 ) 1 .5 -2 .0 Norm al  growth o f  root

sys tem
5 0 .0 0 20 .0 0 0 — —

C D  (5%) 9. 80

a - T he  da ta  r e p r e s e n t  the av e ra g e  va lue  o f  10 r e p l i c a t io n s  
b - T h e  d a ta  r e p re s e n t  the av e ra g e  va lue  o f  12 re p l i c a t io n s

Values  in p a r e n th e s i s  are  the  t r a n s f o r m e d  va lues

C u l tu re  m e d iu m  - Basa l  m e d iu m  with  B 5 m a jo r  sa l ts  + M S  m in o r  sa l ts  + BA
1.0mg/l  + su c ro se  50 .0g / l  + a g a r  5 .5g / l  + P V P  10.0g/l  + 
coha l t  c h lo r ide  l().()mg/l



Basal
medium

Cul tures2
survived

(%)

Cultures  w i th b 
germinat ing  
embryoids  

(%)

Size  o f  
embryoids  

( length  
in cm)

Grow th o f  em bryo ids

MS 50 .0 0 22 .2 2  (25 .9 1 ) 1 .0-1 .5 Root s  we l l  d eve lop ed
1/2 MS 5 0 .0 0 1 6 . 6 7 ( 2 2 . 1 1 ) 0.5 Roots  wel l  d ev e lo p ed
1/2 MS with  
N H 4 NO-, 1/2

4 0 .0 0 22 .2 2  ( 2 5 . 9 1 ) < 0 .5 Roots  we l l  d ev el op ed

1/2 MS with  
N H 4 N 0 3 1/4

2 0 .0 0 16.67  (22 .1 1 ) 0 . 5 - 1 .0 Shoot s  fused  and 
secon dar y somatic  
em b r y o g e n e s i s  observed

1/2 MS with  
K N 0 3 1/2

3 0 .0 0 2 2 .2 2  ( 2 5 . 9 1 ) 1 .5 -2 .0 Precoc iou s  germinat ion

1/2 MS with  
KNO-, 1/4

4 0 .0 0 5. 55  (7 .9 2 ) 0.5 Abnorma l  growth

B5 60 .0 0 16.67  ( 2 2 . 9 1 ) 0 . 5 - 1 .0 Sh oo t  p ol e  lacking
B5 major  
salts +
MS minor salts

60 .0 0 3 8 .8 9  ( 3 9 . 3 3 ) 2 .0 -2 .5 Near normal growth

MS major  
salts +
B5 minor salts

5 0 .0 0 33 .3 3  ( 3 5 . 5 6 ) 1 .5-2 .0 Malformed

SH 0 0 — —

CD  (5%) 9.89

a - The data represent  the average  value  o f  10 replicat ions  
b - The data represent the average  value  o f  18 replications

Values in parenthes is  are the transformed values

Supp lements  - BA 0.1 mg/ l  + sucrose  4( ) .0mg/ l  + agar 5 .0g / l  + P V P  10.0g/l



Basal
medium

Cultures11
survived

(%)

Cultures w i th b 
germinat ing  
embryoids  

(%)

Size  o f  
efnbryoids  

(length  
in cm)

Growth o f  embryo ids

MS 2 0 .0 0 2 7 .7 8  ( 3 1 . 2 9 ) 0 . 5 - 1 .0 Root s  we l l  d eve loped  
but co t y l e d o n s  fused

1/2 MS 7 0 .0 0 3 3 .3 3  (35 .5 6 ) 1 .0-1.5 P recoc ious  germinat ion
1/2 MS with  
N H 4 N 0 3 1/2

8 0 .0 0 27 .7 8  (31 .2 9 ) 2 .0 -2 .5 Malformed

1/2 MS with  
N H 4 N 0 3 1/4

4 0 . 0 0 3 8 .8 9  ( 3 8 . 2 3 ) 1 .5-2 .0 Malformed

1/2 MS with  
K N 0 3 1/2

3 0 .0 0 2 2 .2 2  ( 2 5 . 9 1 ) 1 .0-1.5 Malformed

1/2 MS with  
K N O ,  1/4

3 0 .0 0 16.67 (2 2 .11 ) 0.5 Tricotyly

B 5 5 0 .0 0 11.11 ( 1 9 . 2 6 ) 1 .5-2 .0 Ab norma l  shoot  growth  
and normal  root growth

B^ major  
salts +
MS minor salts

5 0 .0 0 5 5 .5 6  ( 4 7 . 8 5 ) 2 . 0 - 3 .0 Near normal growth

MS major  
salts +
B^minor salts

4 0 .0 0 2 7 .7 8  ( 3 1 . 2 9 ) 2 . 0 - 3 .0 Wel l  d e v e l o p e d  root  
sys tem

SH 10.00 0 — —

C D (5%) 1 1.23

a - The data represent the average  value  o f  10 replicat ions  
b - The data represent the average  value  o f  18 replicat ions

Values in parenthes is  are the transformed values

Supplements  - BA  1 .()mg/l + sucrose  5().()g/l + agar 5 .5 g/ l  + PVP 10 .0g / l



A germinating somatic embryoid of Vellari Manga in basal medium 
containing B5 major salts and MS minor salts supplemented with 

BA 1.0 mg/l and sodium chloride 0.5 g/l

Plate 14

Abnormal growth of a germinating somatic embryoid of Vellari Manga 
when sucrose was reduced in the germination medium





c. S u c ro se

In N e e lu m ,  su c ro se  4 0 .0  g/1 and  5 0 .0  g/1 co u ld  in i t i a t e  nea r  no rm a l  

g ro w th  o f  the so m a t ic  e m b ry o id s .  T h e s e  t r e a tm e n t s  c o u ld  p r o d u c e  20 .0  per  

c en t  g e r m in a t io n  (Tab le  54) .  T h e  g e r m in a t e d  e m b r y o i d s  w e r e  2 .0 - 2 .5cm  in 

length .  A t  the lo w e s t  leve l  o f  su c ro se  (20 .0g / l ) ,  t h o u g h  10.00  p e r  cen t  cu l tures  

su rv ived ,  none  g e r m in a ted .  At the h ighes t  level  (6 0 .0 g / l ) ,  10.00 per  cent  
g e rm in a ted .  Bu t  they w ere  m a l fo rm e d .

Table  54.  E f f ec t  o f  su c ro se  on the  g e r m in a t io n  o f  s o m a t ic  e m b r y o i d s  o f  the 
m a n g o  v a r ie ty  N ee lu m

Sucrose
(g/1)

Cultures3
survived

(%)

Cultures  w i th h 
germinat ing  
embryoids

(%)

Siz e  of  
embryoids  

(length  
in cm)

Grow th o f  em bryo ids

20 .0 10.0 0 — —

30.0 20 .0 10.0 1 .5-2 .0 Near normal

40 .0 4 0 .0 20 .0 2 .0- 2 .5 Near normal

50 .0 60 .0 20 .0 2 .0 -2 .5 Near normal

60 .0 100.0 10.0 2 . 0- 2 .5 C o ty le d o n s  fused

T he  da ta  r e p r e s e n t  the av e ra g e  va lue  o f  10 re p l i c a t io n s



In Vellari  M a n g a ,  su c ro se  5 0 .0  g/1 was  the  bes t  in the  g e rm ina t io n  

o f  the so m a t ic  e m b r y o id s  with  a g e rm in a t io n  p e r c e n ta g e  o f  4 0 .0  (Table  55).  

T he  g e r m i n a t e d  e m b r y o id s  s h o w e d  nea r  n o rm a l  g r o w th  and  w ere  2.5-  

3 .0cm  in leng th .  W h e n  su c ro se  20 .0g / l  w as  used  in the  g e r m in a t io n  

m e d iu m ,  on ly  10.00 per  c en t  g e r m i n a t e d  wi th  m a l f o r m e d  shoo t  (P la te  

14).

Table  55.  E f fec t  o f  suc ro se  on the g e r m i n a t io n  o f  s o m a t ic  e m b r y o i d s  o f  the 
m a n g o  v a r ie ty  Vellari  M a n g a

Sucrose
(g/D

Cultures11
survived

(%)

Cultures  w i th b 
germinat ing  
embryoids

(%)

Siz e  o f  
embryoids  

(length  
in cm)

Grow th o f  em bryo ids

20 .0 50 .0 10.0 1.5-2 .0 Malformed

30.0 50 .0 ! 0 .0 1 .5-5 .0 Malformed

40 .0 60 .0 30 .0 2 .0- 2 .5 Near normal

50 .0 60 .0 4 0 .0 2 . 5 - 3 .0 Near normal

60 .0 80 .0 20 .0 1 .5 -2 .0 Near  normal

T he  da ta  r e p r e s e n t  the av e ra g e  va lue  o f  20  rep l i c a t io n s

C u l tu r e  m e d iu m  - Basa l  m e d iu m  with  m a jo r  sa l ts  + M S  m i n o r  sa l ts  + BA



d. T h id i a z u r o n

T h id i a z u r o n  d id  not  he lp  in the g e r m in a t io n  o f  s o m a t i c  e m b ry o id s  o f  

N ee lu m  and  Vel lari  M ang a .  O n ly  sw e l l in g  o f  the e m b r y o i d s  w as  obse rved .  

N o  p r o p e r  g e r m in a t io n  w as  o b s e r v e d  (T ab le  56) .  T h e  g e r m i n a t e d  e m b ry o id s  

w ere  m a l f o r m e d .  In the g e r m in a t io n  m e d iu m  w i th o u t  t h id i a z u r o n ,  2 0 .0 0  per  

c e n t  c u l t u r e s  o f  N e e l u m  a n d  1 0 .0 0  p e r  c e n t  c u l t u r e s  o f  V e l l a r i  M a n g a  

g e r m in a t e d  w i th  nea r  n o rm a l  g row th .

Table  56.  E f f e c t  o f  t h i d i a z u r o n  ( T D Z )  on  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  o f  the  m a n g o  var ie t ie s  N e e l u m  and  Vel la r i  M a n g a

TDZ
(m g/ l )

Cul tures  with germina t ing  
e m bryo ids  (%)

Growth  o f em bryo ids

N ee lum Vellari
M anga

N ee lum Vellari  . 
M anga

Contro l 20.0 10.0 Near Near
normal normal

1.0 10.0 0 M a l f o rm e d —

2.0 20.0 0 M a l fo rm e d —

4.0 10.0 10.0 M a l f o rm e d M a l f o rm e d

The data represent the average  value o f  10 repl icat ions

Culture medium for - Basal  medium with B s major salts + MS  minor salts + BA 0.1
N ee lum mg/ l  + agar 5 .0g / l  + P V P  10.0g/ l  + S ucros e  4 0 .0 g / l

Culture med ium for - Basal  medium with B s major salts  + MS minor salts + BA 1.0
Vellari Man ga mg/ l  + agar 5 .5g / l  + PVP 10 .0g / l  + Su cr ose  5 0 .0 g / l



e. P o ly e th y l e n e  g lyco l

T h e  i n f l u e n c e  o f  p o l y e t h y l e n e  g ly c o l  ( P E G )  in the  g e r m i n a t i o n  of  

som a t ic  e m b r y o i d s  was  s tud ied  by i n c o rp o ra t in g  5 .0  and  10 .0  pe r  cen t  PEG 

to the g e r m in a t io n  m e d iu m .  T he  d i f f e re n t  leve ls  o f  P E G  d id  no t  s u p p o r t  the 
g e r m in a t io n  o f  so m a t ic  e m b r y o i d s  o f  N e e l u m  and  Vel la r i  M a n g a .

f. S o d iu m  b u ty ra te

T h e  e f f e c t  o f  s o d iu m  b u ty ra te  in the  g e r m i n a t i o n  m e d iu m  (0 .55 ,  

1.10 and  1 .6 5 m g / l )  w e r e  o b s e r v e d .  S o d i u m  b u t y r a t e  w as  no t  u s e fu l  in 

ind u c in g  the g e r m in a t io n  o f  the s o m a t ic  e m b r y o id s  o f  N e e l u m  and  Vellari  

M a n g a .

g. S o d iu m  c h lo r id e

S o d i u m  c h l o r i d e  at 0 .0 5  p e r  c e n t  c o u l d  i n i t i a t e  g e r m i n a t i o n  o f  

N ee lu m  and  Vellari  M a n g a  so m a t ic  e m b ry o id s .  In N e e lu m ,  50 .0  per  cent  

g e r m in a t io n  and  in Vellari  M a n g a  4 0 .0  p er  c en t  g e r m in a t io n  co u ld  be o b ta in e d  

(Tab le  57) .  N e a r  n o r m a l  g ro w th  o f  the  e m b r y o i d s  c o u ld  be o b s e r v e d  in both  

cases  (P la te  13). In the g e r m in a t io n  m e d iu m  w i th o u t  s o d iu m  c h lo r id e ,  though  

norm a l  g ro w th  cou ld  be obse rved ,  the per  cen t  g e r m in a t io n  w as  2 0 .0  in N ee lum  
and 10.0 in Vellari  M ang a .  At the h ig h es t  leve ls  o f  s o d iu m  c h l o r i d e  tr ied 

( 0 .4 0  and  0 .8 0  p er  c e n t )  the s o m a t i c  e m b r y o i d s  o f  b o th  v a r i e t i e s  d id  not  
g e rm ina te .



Sodium
chlo r ide
( %)

Cultures  with germina t ing  
em bryo ids  (%)

Growth  o f  embryoids

N ee lum Vellari
M anga

N ee lu m Vellari
M anga

Contro l 20.0 10.0 Near
normal

Near
normal

0.05 50.0 40.0 Near  
norm  al

Near
normal

0.10 10.0 10.0 N ear
norm a l

M a l f o rm e d

0.20 0 10.0 — M a lfo rm ed

0.40 0 0 — —

0.80 0 0 — —

T he  da ta  r e p r e s e n t  the a v e ra g e  va lue  o f  10 rep l i c a t io ns

C u l tu re  m e d iu m  - Basa l  m e d iu m  w i th  B 5 m a jo r  sa l ts  + M S  m i n o r  sal ts  + BA 
for N e e lu m  0 . 1 mg/1 + a g a r  5 .0g / l  + P V P  10.0g/l  + S u c ro s e  40 .0g / l



h. E th y le n e  inh ib i to r s

D i f f e r e n t  l ev e l s  o f  s i l v e r  n i t r a t e  and  c o b a l t  c h l o r i d e  w e r e  t r i ed  as 

e th y le n e  inh ib i to r s ,  w h ic h  can  p r o m o te  g e r m in a t io n .  S i lv e r  n i t ra te  d id  not  

su pp o r t  the g e r m in a t io n  o f  so m a t ic  e m b r y o i d s  o f  N e e l u m  and  Vellari  M a n g a  

(Table  58) .  C o b a l t  c h lo r i d e  s u p p o r t ed  g e r m in a t io n  o f  bo th  N e e l u m  and  Vellari 
M a n g a  s o m a t ic  e m b r y o i d s  (P la te  17). In N e e lu m ,  c o b a l t  c h lo r i d e  10.0mg/l ,  
15 .0 m g / l  and  5 .0 m g / l  w ere  fou nd  e f fe c t iv e  in the  n o r m a l  g e r m in a t io n  o f  a 
few  so m a t ic  e m b r y o id s .  C o b a l t  c h lo r ide  10.0 mg/ l  co u ld  in i t ia te  g e rm in a t io n  

in 40 .0  p er  c en t  cu l tu r e s  o f  N ee lu m  so m a t ic  e m b r y o i d s  and  2 0 .0  p er  cen t  o f  
Vellari  M a n g a .  C o b a l t  c h lo r i d e  15.0 mg/ l  w h e n  a d d e d  to the  g e r m in a t io n  

m e d iu m  c o u ld  in i t ia te  g e r m in a t io n  in 10.0 p er  c e n t  c u l tu r e s  o f  N e e l u m  and 

Vellari  M a n g a  (Fig .  6) W h e n  no  e th y le n e  i n h ib i t o r  w as  u sed ,  the  pe r  cen t  

g e r m in a t io n  w as  re d u c e d  to hal f ,  a l t h o u g h  the  e m b r y o i d s  w e r e  nea r  n o r m a l . '

i. C o c o n u t  w a te r

C o c o n u t  w a te r  150 .0ml/ l  and 2 00 .0 m l / l  in the m e d iu m  w as  e f fec t ive  

in 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  than  in m e d i u m  w i t h o u t  c o c o n u t  

water .  C o c o n u t  w a t e r  150 .0ml/ l  and 2 0 0 .0 m l / l  c o u ld  g e r m in a t e  4 0 .0  per  cen t  

c u l t u r e s  o f  N e e l u m  ( T a b le  59) .  C o c o n u t  w a t e r  1 5 0 . 0 m l  in t h e  m e d i u m  

p ro d u c e d  m a l f o r m e d  g ro w th  w h e re a s  2 0 0 .0 m l  o f  c o c o n u t  w a t e r  in d u c e d  near  

no rm a l  g ro w th  o f  e m b r y o id s  and the leng th  r a n ge d  f rom  3 .0 - 3 .5 cm  (P la te  18). 
W h e n  no c o c o n u t  w a te r  was  used ,  t h o u g h  5 0 .0  p e r  c en t  c u l t u r e s  su rv iv ed ,  

none  g e rm in a ted .



Developmental stages of somatic embryoids initiated from 
nucellus of Vellari Manga

Plate 16

A typical bipolar somatic embryoid of Vellari Manga



' 1 *? » 4<3 $
\ . \  1\  \

1

— -

1



Normal growth of Vellari Manga somatic embryoid in germination mediu 
supplemented with BA 1.0 mg/l, sodium chloride 0.5 g/I and 

cobalt chloride 10.0 mg/l

Plate 18

A germinated somatic embryoid of Neelum in medium 
supplemented with coconut water 200.0 ml/l





T r e a t m e n t
( m g / l )

C u l t u r e s  w i t h  g e r m i n a t i n g  
e m b r y o i d s  (%)

G r o w t h  o f  e m b r y o i d s

N e e l u m Vel luri
M a n g a

N e e l u m Vel la r i
M a n g a

C o n t r o l 2 0 . 0 1 0 .0 N e a r  
n o r m a l  and  

w e a k

N e a r
n o r m a l

Silver nitrate
5 . 0 0 0 — —

1 0 .0 0 0 — —

1 5 .0 0 0 — —

Cobalt chloride
5 . 0 5 . 0 0 N e a r

n o r m a l
—

10 .0 4 0 . 0 2 0 . 0 N e a r
n o r m a l

N e a r
n o r m a l

1 5 .0 1 0 .0 1 0 .0 N e a r
n o r m a l

N e a r
n o r m a l

The data represent the average  value  o f  2 0  repl icat ions

Basal  m edium for - Basal  medium with B 5 major salts + MS minor minor  salts + BA  
Nee lum 0 .1 m g / l  + sod ium chloride  0 .5g / l  + agar 5 .0g / l  + P V P  10.0g/l  +

s u c r o s e  4 0 . 0 g / l

C u l t u r e  m e d i u m  f o r  - B a s a l  m e d i u m  w i t h  B s m a j o r  s a l t s  +  M S  m i n o r  s a l t s  +  B A  1 . 0  
V e l l a r i  M a n g a  m g / l  +  s o d i u m  c h l o r i d e  0 . 5 g / l  +  a g a r  5 . 5 g /1 +  P V P  1 0 . 0 g / l  +

s u c r o s e  M ) . 0 g / 1



0 5 . 0  1 0 . 0  1 5 .0
C obalt ch lo ride  (m g /l)

Fig. 6. E f fe c t  o f  c o b a l t  c h lo r id e  on g e rm in a t io n
o f  s o m a t ic  e m b ry o id s  f ro m  n u c e l lu s  o f  the  
m a n g o  v a r ie t ie s  N e e lu m  and  V e lla r i M anga



c w
(ml/1)

Cultures
survived

(%)

Cultures  with  
germinat ing  
embryoids

(%)

S iz e  of  
embryoids  

( length  
in cm)

Grow th o f  em bry o ids

150.0 60.0 40.0 2.0-2.5 Malformed

200.0 60.0 40.0 3.0-3.5 Near  normal

0 50.0 — — —

The data represent the average  value  o f  10 replicat ions

Culture m ed iu m  - Basal  med iu m  with B 5 major salts  + M S minor sal ts + B A  0. lmg/1 + 
agar 5 .0g / l  + PVP 10.0g / l  + Su crose  4 0 .0 g / l

In Vellari  M ang a ,  c o c o n u t  w a te r  2 0 0 .0m l / l  e f fec ted  g e r m in a t io n  in 60.0  

per  c en t  cu l tu re s ,  p ro d u c in g  2 .0 - 2 .5 cm  s ized  e m b r y o i d s  o f  n ea r  n o r m a l  g ro w th  
(Tab le  60) .  W h e n  no  c o c o n u t  w a t e r  w as  used ,  on ly  10.0 p e r  c en t  cu l tu res  

g e r m in a ted .  T h e y  w ere  smal l  s ized  (0 .5 c m )  and  m a l fo rm e d .

j .  S o l id i fy in g  age n t  (agar )

A g a r  5 .0g /l  in the g e r m in a t io n  m e d iu m  fa v o u re d  the g e r m in a t io n  o f  
s o m a t ic  e m b r y o i d s  o f  N e e lu m .  It s u p p o r t e d  g e r m i n a t i o n  in 7 5 .0  pe r  cen t  
cu l tu res ,  p r o d u c in g  n ea r  n o r m a l  g e r m i n a t io n  o f  the  e m b r y o i d s  (Tab le  61) .



CW
(ml/l)

Cultures
survived

(%)

Cultures  with  
germinat ing  
embryoids  

(%)

Siz e  o f  
embryoids  

(length  
in cm)

Growth o f  embryo ids

150.0 5 0 .0 50 .0 2 . 0 -2 .5 Near  normal

20 0 .0 60 .0 60 .0 2 .0 -2 .5 N ear normal
0 30 .0 10.0 0.5 Fused c o ty l edons

The data represent  the average  value o f  10 repl icat ions

Culture m ed iu m  - Basal  med ium with B^ major salts  + MS minor sal ts  + B A  1.0mg/ l  + 
agar 5 .0g / l  + P VP  10.0g/ l  + Su cr ose  5 0 .0 g / l

Table  61 . E f f e c t  o f  a g a r  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  o f  the  
m a n g o  var ie ty  N ee lum

Agar
(g/D

Cultures8
survived

(%)

Cultures  with*1 
germinat ing  
embryoids

(%)

Size  o f  
embryoids  

(length  
in cm)

Grow th o f  em bryo ids

4.5 60 .0 50 .0 1 .0-2 .0 Near  normal

5 .0 70 .0 75 .0 2 .0- 2 .5 Near normal

5.5 60 .0 50 .0 2 .0 -2 .5 Near  normal

6.0 50 .0 25 .0 1.0-1.5 Malformed

0 4 0 .0 0 25 .0 2 .0 -2 .5 Vitri fied shoot

a - The data represent  the average  value o f  10 repl icat ions  
b - The data represent  the average  value o f  4 repl icat ions

Culture med ium - Basal  medium with B ,  major salts + MS minor sal ts  + BA 1 .Omg/1 + 
agar 5 .0g / l  + PVP l ( ) .0g/ l  + Su cr ose  4 0 .0 g / l



G e r m i n a t i o n  m e d i u m  w i t h  a g a r  4 . 5 g / l  a n d  5 . 5 g/1 g a v e  5 0 . 0  p e r  c e n t  

g e r m in a t io n  o f  N e e l u m  so m a t ic  e m b r y o id s .  T h e  si ze  o f  e m b r y o i d s  ranged  

f r o m  2 . 0 - 2 . 5 c m .  In l i q u id  m e d i u m ,  2 5 .0  p e r  c e n t  g e r m i n a t i o n  c o u l d  be 
obse rved .  B u t  the g e r m in a t e d  e m b r y o id s  p ro d u c e d  v i t r i f i ed  shoo t .

In Vel lar i  M a n g a ,  a g a r  5.5 g/1 w as  the  bes t  in s u p p o r t in g  5 0 .0  pe r  cen t  
g e r m in a t io n  o f  so m a t ic  e m b ry o id s .  A wel l  d e v e lo p e d  roo t  s y s t e m  and  n e a r 

n o rm a l  shoo t  g ro w th  re su l ted  (Tab le  62;  P la te  19). T h e  e m b r y o i d s  w ere  2.5 

to 3 .0 c m  in l e n g th .  A g a r  4 .5 g / l  a n d  5 .0 g / l  w e r e  a l s o  g o o d  in i n d u c i n g  

g e r m in a t io n  ( 5 0 .0  p e r  cen t ) .  Bu t  the size  o f  e m b r y o i d s  w as  l i t t le  r e d uced  

(2.0-2.5cm). Liquid medium favoured germination in 50.0  per cent cultures 
o f  Vellari  M a n g a  so m a t ic  e m b ry o id s .  T h o u g h ,  the  si ze  o f  e m b r y o i d s  inc reased  

( 1 .5 - 2 .0 cm ) ,  the  e m b ry o id s  in l iqu id  m e d iu m ,  b e c a m e  v i t r i f i e d  and  g radua l ly  
b ec a m e  nec ro t ic .

k. A c t iv a t ed  c h a rc o a l  and  P V P

D if fe ren t  leve ls  o f  a c t iva ted  cha rc o a l  and  P V P  w ere  t r ied  in e l im in a t ing  

the p ro b l e m  o f  p h e n o l i c  i n t e r f e re n c e  and  the re  by g e t t in g  p r o p e r  g e r m in a t io n  

o f  so m a t ic  e m b r y o i d s  o f  N e e l u m  and  Vellari  M a n g a .  P V P  1.0 p e r  c en t  was  

f o u n d  b e t t e r  than  all  the l ev e l s  o f  a c t i v a t e d  c h a r c o a l  in o b t a i n i n g  h ig h e r  

p e r ce n ta g e  o f  g e r m in a t io n  (30 .0 )  in N e e lu m  (Tab le  63).  H o w e v e r ,  a c t iva ted  
c ha rcoa l  0 .1 0  pe r  c en t  was  the bes t  in in i t i a t ing  roo t  d e v e l o p m e n t  in 20 .0  per  
cen t  c u l tu res  o f  N e e l u m  so m a t ic  e m b ry o i d s  (Tab le  63).



Well developed root and shoot system of a germinated 
somatic embryoid of Vellari Manga

Plate 20

A germinated somatic embryoid of Vellari Manga planted out 
in potting media (sterilized sand)





Agar
(g/D

Cultures11
survived

(%)

Cultures  with*5 
germinat ing  
embryoids  

(%)

Siz e  o f  
embryoids  

( length  
in cm)

Growth o f  embryo ids

4.5 50 .0 50 .0 2 .0 -2 .5 Near normal

5 .0 60 .0 50 .0 2 .0 -2 .5 Near normal

5.5 60 .0 50 .0 2 . 5 - 3 .0 Wel l  d e v e l o p e d  root  
sy s t em  and near  
normal  shoot  growth

6.0 60 .0 25 .0 1 .5-2 .0 Fused c o ty l ed on s

0 7 0 .0 50 .0 1 .5 -2 .0 S w e l l i n g  but no normal  
growth

a - T h e  da ta  r e p r e s e n t  the a v e ra g e  v a lue  o f  10 rep l i c a t io n s  

b - T h e  d a ta  r e p re s e n t  the a v e ra g e  va lue  o f  4 r e p l i c a t io n s



Treatment
(%)

Cultures
survived

(%)

Cultures with  
germinat ing  
embryoids

(%)

Size  o f  
embryoids  

( length  
in cm)

Growth  o f  embryo ids

A c t iv a te d  c h a rc o a l

0.1 30 .0 20 .0 1 .0-2 .0 Well  d e v e l o p e d  root  
sy s t e m  and mal formed  
shoot

0 .15 30 .0 20 .0 2 .0 -2 .5 Well  d e v e l o p e d  root  
system

0.2 20 .0 20 .0 1 .5-2 .0 Well  d e v e l o p e d  root  
system

0.25 4 0 .0 10.0 1 .5-2 .0 Weak

P V P

0.7 50 .0 10.0 1 .5-2 .0 Root  sy s t e m  d ev e lo p ed

0.8 50 .0 10.0 1 .5-2 .0 N o  sh oo t  pole

1.0 60 .0 30 .0 1 .5-2 .0 N o  shoot  pole

T h e  da ta  r e p r e s e n t  the a v e ra g e  va lue  o f  10 re p l i c a t io n s



In V el la r i  M a n g a ,  P V P  1.0 m g / l  e f f e c t e d  g e r m i n a t i o n  o f  s o m a t i c  

e m b ry o id s  in 30 .0  pe r  c en t  cu l tu res .  T h e  e m b r y o i d s  w e re  h a v in g  n ea r  no rm a l  

g ro w th  (Tab le  64) .  In Vellari  M a n g a ,  a c t iva t e d  c h a rc o a l  0 .1 0  pe r  c en t  also 

s u p p o r t e d  3 0 .0  pe r  cen t  g e rm in a t io n  o f  so m a t ic  e m b r y o i d s  and  p ro d u c e d  2.0- 

2 .5cm  s ized  e m b r y o i d s  (Table  64).  H o w ev e r ,  the  p e r  c en t  su rv iva l  o f  the 
som at ic  e m b r y o i d s  w as  the h ig h es t  (7 0 .0 0 )  in the  m e d iu m  w i th  P V P  1.00 

per  cent .  T h e  g e r m in a t e d  e m b r y o id s  had  b e t t e r  roo t  g r o w t h  than  shoo t  g rowth .

8. H istological studies

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

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

e m b ry o g e n i c  ce l l s .  T h e  c o m p e t e n t  ce l l s  w e re  d a rk ly  s t a in e d  (P la t e  21).  At  

the t im e  o f  cu l tu re ,  the  p a r e n c h y m a  w as  f i l led  w i th  fo o d  r e s e rv e s  (P la te  22). 

G l o b u l a r  e m b r y o s  p r o t r u d e d  f r o m  the  c a l l u s  s u r f a c e ,  d u r in g  d e v e l o p m e n t  

(P la tes  23 & 24) .  A p ro m in e n t  e p id e r m a l  layer,  f o r m e d  on the g lo b u l a r  e m b ry o  

was  soon  f o l lo w e d  by  v a s cu la r  s t rand  d e v e lo p m e n t  at  the h ea r t  s h a pe d  stage.  

D ark ly  s t a in e d  ce l l s  e x t e n d in g  f rom  the base  o f  the  e m b r y o  to the  c o ty le d o n a ry  

reg ions  r e p re s e n t  the in i t ia t ion  o f  v a s c u la r  s t r a n ds  (P la te  25 & 26) .  M a tu re  

so m a t ic  e m b r y o i d s  w ere  b ip o la r  s t ru c tu re s  and  the  roo t  and  s h o o t  m e n s t e m s  

w ere  c o n n e c t e d  by  v a s c u l a r  s t r a n d s  ( P la t e  27) .  L o n g i t u d i n a l  s e c t io n  o f  a 

g e r m i n a t e d  s o m a t i c  e m b r y o i d  h ad  a m e r i s t e m a t i c  g r o w i n g  t ip  (P la t e  28).  

H ow ev e r ,  no h i s to lo g ic a l  v a r ia t io n  in the bas ic  c h a ra c t e r s  co u ld  be o bse rved  

be tw een  the  so m a t ic  e m b r y o id s  o f  N e e lu m  and  Vellari  M ang a .



Treatment
(%)

Cultures
survived

(%)

Cultures with  
germinat ing  
embryoids  

(%)

Size  o f  
embryoids  

(length  
in cm)

Grow th o f  em bry o ids

C h a r c o a l

0.1 6 0 .0 30.0 2 .0- 2 .5 Better root growth  
than shoo t  growth

0.15 50 .0 10.0 1.0-1.5 Malformed

0.2 50 .0 10.0 2 . 5 - 3 .0 Fused co ty l ed on s

0.25 4 0 .0 20 .0 1 .5-2 .0 Fused co ty l ed on s

P V P

0.7 50 .0 20 .0 2 .0 -2 .5 Malformed

0.8 60 .0 20 .0 2 .0- 2 .5 Nea r normal

1.0 70 .0 30 .0 1 .5-2 .0 Near normal

T he  da ta  r e p re s e n t  the a v e ra g e  va lue  o f  10 re p l i c a t io n s



L.S. of embryogenic cells of Neelum nucellus distinguished 
by their darkly stained cells

Plate 22

L.S. of embryogenic cells of Vellari Manga nucellus distinguished 
by their darkly stained cells with reserved food materials





Section of an embryogenic callus of Neelum 
showing initiation of globular somatic embryoids

Plate 24

of a somatic embryoid from the nucellar tissue of Vellari Manga





Plate 25

L.S. of a somatic embryoid of Vellari Manga with vascular strand development

Plate 26

L.S. of a matured somatic embryoid o f Neelum showing 
the development of vascular strands





L.S. of a typical bipolar somatic embryord of Vellari Manga. 
The darkly stained cells shows the vascular connection 

between the root and shoot

Plate 28

L.S. of a germinated somatic embryoid of Vellari Manga 
showing the meristematic growing tip





9. M orp h o log ica l stud ies

Using scanning electron microscope, the morphological characters of  
the different somatic embryoids o f  Neelum and Vellari Manga, were studied. 
The examination o f  the the embryogenic callus, showed the presence o f  lobed, 
more^or less individualized and organized globular structures (Plate 29 & 30). 
The p ro -em b ryogen ic  ce l l  c luster com p osed  o f  early stages  o f  globular  
embryos and pro-embryogenic cell aggregates (Plates 29 & 30). In a mature 
somatic.embryoid, cotyledons were well developed (Plate 31). A germinated 
somatic embryoid with a well developed root and shoot primordium could be 
observed for both Neelum and Vellari Manga (Plate 32). Abnormalities 
such as fused cotyledons and secondary somatic embryoids were seen (Plates 
33 & 34).

The studies could reveal little variation in morphological characters,. 
of the different stages o f  somatic embryoids formed from the embryogenic  
calli, o f  Neelum  and Vellari Manga.

B. I N  V I T R O  P R O P A G A T I O N  V I A  E N H A N C E D  R E L E A S E  O F  
A X IL L A R Y  BUDS

O f the v a r io u s  su r fa ce  s t e r i l i z a t io n  trea tm en ts  tr ied , so d iu m  
hypochlorite, 1.0 and 2 .0  per cent for 20.0, 30.0  and 40.0 min was not effective. 
A ll the cultures got contaminated. Mercuric chloride (0 .05 , 0 .08 and 0.10  
per cent) for 5.0, 8.0, ,10.0, 12.0, 15.0 and 20.0  min was also tried. The per 
cent contamination was very high in all treatments, except in mercuric chloride 
0.05 per cent for 15.0 min. When the explains were surface sterilized with



Pro-embryogenic cell cluster composed of early stages ofglobular embryos 
from nucellar explants of Vellari Manga (SEM photograph)

Plate 30

Globular somatic embryoids initiated from the embryogenic callus of 
Neelum.nucellus (SEM photograph)





A matured Vellari Manga somatic embryoid with well developed cotyledons
(SEM photograph)

Plate 32

A germinated somatic embryoid of Vellari Manga (SEM photograph)





Malformed shoot with fused cotyledons of a Neelum somatic embryoid
(SEM photograph)

Plate 34

Secondary somatic embryoid originated from the cotyledon of a 
primary somatic embryoid as an abnormality (SEM photograph)





0.05 per cent mercuric chloride for 15.0 min, 40.0  per cent cultures o f  Neelum,
26 .67  per cent o f  M ulgoa and 53.33 per cent o f  Vellari M anga survived  
(Table 65). But no further response was observed in all the varieties tried. 
The problem o f  phenolic interference was severe. Both the tissue and media 
finally became brown.

Explants (shoot tips and nodal segm ents) o f  both m onoem bryonic  
(Neelum  and Mulgoa) and polyembryonic varieties o f  mango (Vellari Manga 
and Pulichi) did not respond to in vitro  propagation via  enhanced release o f  
axillary buds. O f the twenty five  treatments tried for enhanced release of  
axillary buds (Table 5), none was effective. However, the nodal segments o f  
in vitro zygotic  plant-lets o f  Vellari Manga when cultured on MS medium  
supplemented with BA 5.0 mg/I, N AA 0 .2  mg/1, Sucrose 30.0  g/1, activated 
charcoal 1.0 g/1 and agar 5.5 g/1, responded. Sprouting o f  axillary buds was 
observed (Plate 35 & 36). However, multiple shoot formation could not be- 
obtained. When subcultured, the tissue browned and the shoots gradually 
became necrotic.

C. I N  V I T R O  PR O PA G A T IO N  VIA  SO M A T IC  O R G A N O G E N E S IS

Sodium  hypochlorite  and mercuric chloride were used as surface  
sterilants. Sodium hypochlorite (1 .0  and 2 .0  per cent for 20 .0 , 30.0  and 40.0  
min) was not e ffe c t iv e .  A ll  the cultures were contam inated  (Table 66).  
Treatment with mercuric chloride 0.05 per cent for 8.0 min was effective  and 
resulted in 50 .0  per cent contamination free cultures in Neelum , 30.0  per cent 
in M ulgoa, 10.0 per cent in Vellari Manga and 10.0 per cent in Pulichi 
(Table 66).



Elongation of axillary bud from the nodal segment of 
in vitro shoot of Vellari Manga

Plate 36

Further growth of the elongated axillary bud





Table 66. E ffect  o f  mercuric chloride on. the surface sterlization  o f  leaf  
segments o f  the mango varieties Neelum, Mulgoa, Vellari Manga 
and Pulichi

Mercuric chloride Cultures survived (%)

(%) Time (min) Neelum Mulgoa Vellari
Manga

Pulichi

0 . 05 5.0 30.0 0 0 10.0

0 .05 8.0 50 .0 30 .0 10.0 10.0

0 .05 10.0 10.0 10.0 10.0 0

0.05 12.0 10.0 0 0 0

0.05 15.0 0 0 0 0

0.05 20 .0 0 0 0 0

0.08 5.0 10.0 10.0 10.0 20 .0

0 .08 ©GO 10.0 0 - 0 0

0.08 10.0 0 0 0 0

0. 08 12.0 0 0 0 0

0.08 15.0 0 0 0 0

0.08 . 2 0 .0 0 0 0 0

0 .1 0 5.0 0 0 0 o

0 .1 0 8.0 0 0 0 0

0 ,1 0 10.0 0 0 0 0

0. 10 12.0 0 0 0 0

0. 10 15.0 0 0 0 0

0. 10 20 .0 0 0 0 0

The data represent the' average value o f  10 replications



Of the eleven treatments tried (Table 6), one was effective  in inducing 
indirect organogenesis. The treatment (MS + NAA 0.24m g/l + BA 2.0m g/l + 
sucrose 30 .0g /l  + agar 6.0 gm/1, with initial cuituring o f  the explant in liquid 
MS basal medium for 24h and subculturing in solid  MS basal medium at a 
subculturing frequency o f  24h for two days) was effective  in inducing callus 
growth from the leaves o f  Neelum and M ulgoa (Plates 37 & 38). But the calli 
when transferred to medium for shoot regeneration no response was observed. 
Proliferation o f  calli could only be observed in the case o f  both Neelum and 
M ulgoa.



Callus production from leaf segment of Neelum

Plate 38

Callus production from leaf segment of Mulgoa
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DISCUSSION



D, which favoured induction o f  somatic embryogenesis. Jana et al. (1994), 
in the mango variety Alplionso and Bindu (1995), in the mango varieties 
Vellari M anga and Pulichi, observed that somatic em bryogenesis could be 
induced only in a medium supplemented with 2 ,4 -D  and GA3.

Sucrose is an ideal carbon /  energy source and an osm oticum  for 
supporting somatic embryogenesis. Induction o f  somatic embryogenesis and 
the early stages o f  somatic embryo development often require moderate to 
high concentrations o f  sucrose (Dewald et al., 1989a). In the present studies, 
per cent induction o f  somatic embryogenesis was the highest at sucrose 60 .0g/ 
1, from nucellus in the monoembryonic variety Neelum , as w ell as in the 
polyembryonic variety Vellari Manga (66.54 per cent). Sucrose 30.0g/l and 
40.0g/l produced only less per cent induction (Table 16). According to 
Dewald et al. (1989a), five to six per cent sucrose was required to maximize, 
somatic embryo production in mango varieties James Saigon amd Parris and 
for the production  o f  norm ally d ifferentia ted  som atic  em bryos. This  
requirement may be related to the specific  carbohydrate metabolism through 
which water relations and endogenous phytohormones are regulated (Chong 
and Pua, 1985). The findings o f  Bindu (1995) that sucrose 60 .0 g /l  was 
beneficial in inducing somatic embryogenesis in the variety Vellari Manga  
and Pulichi supports the result o f  the present investigations. In citrus also, 
sucrose stimulated somatic embryo development, according to Kochba et al.
(1978).

For somatic embryogenesis, the optimal concentration and form o f  
nitrogen appears to be critical (Sharp et al.,  1980). The benefits o f  reduced



DISCUSSION

M ango (M a n g i fe ra  inclica L.) is a leading fruit crop o f Kerala. It 
occupies an area o f 7 5 ,0 0 0  ha in the State and has an annual production of
2 ,5 0 ,000  t (FIB, 1996). There are over 350 mango varieties in South India 
(Naik, 1963). The varieties are either monoembryonic or polyembryonic.

M ango is cross pollinated a n d  is generally propagated by seeds. This 
has led to variability among the progeny. However, only limited variability 
occurs in the case  o f  p olyem bryon ic  varieties. Conventional vegetative  
propagation methods like inarching and stone grafting are quite successful 
(Singh, 1996). However, the rate o f multiplication is not sufficient to meet 
the demand for superior planting materials.

E volv ing  techniques for the in vitro propagation o f  mango varieties 
will help rapid clonal propagation and early establishment o f  trees having  
superior traits. Rapid m ultip lication  o f  scion  material and large sca le  
production o f  clonal root-stocks are also possible. As the root-stock influences 
the growth and quality o f  the scion, clonal root-stocks would be helpful in 
ensuring uniform performance o f  the grafts. Rare and endangered cultivars 
can be multiplied and prevented from becoming extinct. Success has been 
reported on the in vitro  propagation o f  mango varieties (Litz, 1984a and 1986a;



Litz and Gray, 1992; Jaiswal, 1990; Jana et al.,  1994). H owever, several 
problems have to be tackled before commercially viable protocols could be 
developed. The present studies were conducted for evolv ing  protocols for 
the in v i tro  propagation  o f  m on oem bryon ic  and p o ly em b ry o n ic  m ango  
varieties o f  Kerala. The results o f  the investigations are discussed in the 
fo llow ing  pages.

Standardisation o f  techniques for the in vitro clonal propagation o f  
mango was done via  som atic  em bryogen esis , som atic  organogenesis  and 
enhanced release o f  axillary buds. The best response was observed for in 
vitro propagation via somatic embryogenesis, whereas the other two routes 
showed only an initial response.

Somatic embryogenesis is the process by which somatic cells  develop  
into plants through a ser ies  o f  stages  characteristic  o f  z y g o t ic  em bryo  
development (Plates 15 & 16). Somatic embryogenesis has been reported in 
many higher plants (Evans et al .,  1981) and represents the most striking 
confirmation o f  totipotency.

S ix monoembryonic and six polyembryonic mango varieties o f  Kerala 
were screened for their initial response in inducing somatic embryogenesis. 
T he m o n o e m b r y o n ic  v a r ie t ie s  w ere  N e e lu m , B an g a lo ra , B a n g a n p a ll i ,  
Mundappa, M ulgoa and Prior. The highest per cent (66 .67) cultures initiating 
em bryogenic callus from nucellus and embryo mass (75 .00) was in the Variety 
Neelum. The least response (25.00 per cent) from nucellus and embryomass



C L6.67 per cent) was observed for Mundappa. The six polyembryonic varieties 
tried were Olour, Kurukkan, Vellari Manga, Panchara Varikka, Kilichundan 
and Vellayani Varikka. The variety Vellari Manga showed the best response. 
This variety initialed somatic embryoids from nucellus in 83 .33 per cent  
cultures and embryogenic callus from embryo mass in 66.67 per cent cultures. 
The variety  V ellayan i Varikka did not respond to any o f  the induction  
treatments when nucellus was used as explant. The ability to form somatic  
embryoids, in most cases, is not merely an intrinsic property o f  a species. 
Instead, it is a property under genetic control such that individual genotypes  
within a species can differ in their ability to undergo somatic embryogenesis  
(Litz and Gray, 1992). This type of genotypic variation has been reported in 
other crops. James et al. (1984) demonstrated that M alus  root-stocks M.25 
and M.27 could be regenerated on the same medium; however, M.9 and M.26  
could not be regenerated using the same protocol. In mango, Litz et al. 
(1984) reported that somatic embryogenesis occurred in five out o f  the nine 
polyembryonic cultivars used in their study. The response appeared to be 
related to the degree o f  polyembryony in the ovules at the time o f culture 
(Litz et a l ., 1984). They observed somatic em bryogenesis from nucellar 
explants in both monoembryonic and polyem bryonic varieties. Although  
monoembryonic and polyembryonic cultivars appeared to respond equally  
well, somatic embryogenesis was observed to be cultivar dependent (Litz 
et al., 1991). Mathews and Litz (1992) reported that certain cultivars like 
Red Itam araca did not respond to the treatm ent for ind u cin g  som atic  

em bryogenesis.



B ased  on the in itia l response  s tu d ies ,  N ee lu m  from am ong the 
monoembryonic varieties and Vellari Manga from among the polyembryonic  
varieties were selected for further detailed studies.

Embryogenic potential is largely a function o f  the explant, its stage 
of development and the interaction o f the explant with the growth medium. 
Choice o f  appropriate explant is, therefore, critical for morphogenesis. Of 
the different explants used for inducing somatic embryogenesis, only nucellus 
and embryo mass responded. In the variety Neelum, nucellar tissue initiated 
em bryogenic callus in 66.67 per cent cultures. Embryo mass o f  Neelum  
initiated embryogenic callus in 75 .00 per cent cultures. But in Vellari Manga, 
nucellus was the better explant, recording 83.33 per cent cultures initiating 
somatic embryoids. The embryo mass o f  Vellari Manga initiated callus in
66.67 per cent cultures. The present studies showed the superiority o f  nucellus 
for inducing somatic em bryogenesis. Nucellus represents the wall o f  the 
megasporangium and is a nourishing tissue for the developing embryo (Plate 
2). As it is part o f  the mother plant and has the same ploidy, it can be used for 
clonal propagation. In perennial fruit crops, somatic em bryogenesis was 
reported from the nucellar tissue o f  Citrus  spp. (Stevenson, 1956) for the 
first tim e. Som atic  em bryogenesis  was subsequently  obtained from the 
n u c e l lu s  in P y r u s  c o m m u n i s  (Jan ick , 1 9 8 2 ) ,  S y z i g i n m  spp . (L itz ,  
1984 b ) ,E r iobo trya  j a p o n ic a  (Litz, 1985) and T heobro m a  cacao  (Sondahl, 
1991). These studies confirmed the morphogenic potential o f  the nucellus 
for a broad range o f  woody plant species. In mango also, nucellus has been 
identified as the best explant for inducing somatic embryogenesis by Litz



et al. (1982, 1984 and 1992) and Dewald et al. (1989a and 1989b). The present 
study revealed that embryo mass could also be used as explant for inducing 
somatic embryogenesis. But the propagules obtained cannot be used for clonal 
propagation since variability may occur. Somatic embryogenesis has also been 
reported from embryo mass explant in Theobroma cacao  (Pence et al.,  1979) 
and Persea americana  (Pliego-Alfaro and Murashige, 1988).

According to Sharp et al. (1982), there are two patterns o f  somatic 
embryogenesis. In the first, embryogenesis proceeds from cells that are already 
determined for embryogenesis prior to culturing the explants. Embryogenesis 
from these pre-embryogcnic determined cells (PEDC) requires only an in vitro 
environment to release them into the requisite pattern o f  cell division. In 
contrast, induced embryogenic determined cells (IEDC) require an in vitro 
e n v ir o n m en t  not on ly  to re-enter  the m ito t ic  c y c l e ,  but a lso  for  re-- 
determ ination  o f  the form erly qu iescent c e l ls  to an em b ryog en ic  state. 
Embryogenesis from both PEDCs and IEDCs are inductive, the former being 
permissive while the latter is directive. Direct and indirect embryogenesis  
are used to describe PEDC and IEDC embryogenesis, respectively. In direct 
e m b r y o g e n e s is ,  so m a tic  em b ryo id s  appear d irec t ly  from the exp lan t,  
whereas,in indirect embryogenesis a highly organized callus phase is observed  
(Sharp et al., 1982). In the present instance also, similar results could be 
obtained. In the monoembryonic variety Neelum, indirect embryogenesis was 
observed from both the nucellus and embryo mass. In the polyembryonic  
variety Vellari Manga, on the other hand, direct embryogenesis occurred from 
the n u c e l lu s  and an in d irec t  on e  from  the em b ry o  m ass . S o m a t ic



embryogenesis can occur directly from the explant without an intermediate 
callus phase, as observed in the nucellus o f  polyembryonic Citrus  sp. (Rangan 
et al.,  1968) and M alus  domest ica  (Eichholtz et al.,  1979). In mango, an 
embryogenic callus is induced in nucellar explants o f  the monoembryonic  
type, although somatic embryos developed permissively from nucellar explants 
of  the polyembryonic type. Litz et al. (1982) reported that in polyembryonic  
m ango var ie t ies ,som atic  em bryogen esis  occurred directly  from nucellar  
explant. E m bryogen ic  c e l ls  do not occur naturally in the n u ce llus  o f  
m onoem bryonic mango (Litz et al . ,  1982). It is evident, therefore, that 
e m b r y o g e n ic  c e l l s  m ust be in d u ce d  in v i t r o  from  the n u c e l lu s  o f  
monoembryonic types o f  mango. For that purpose, growth substances are 
essential in the medium, especia lly  auxins or auxins in combination with  
cytokinins (Fujimura and Komamine, 1980),

The various steps involved in somatic embryogenesis are induction  
o f  e m b r y o g e n ic  c a l lu s /s o m a t ic  em b ry o id s ,  in it ia t io n ,  m aturation  and 
germination o f  somatic embryoids. The influence o f  culture medium, culture 
condition (light and temperature) and frequency o f subculture on the in vitro 
response o f  explants was studied.

K ohlenbach (1978 ) v iew s the induction o f  em bryogen esis  as the 
previous transformation o f  vacuolated parenchymatical ce lls  into densely  
cytoplasmic cells with an embryogenic determination. These embryogenic  
determined cells laterjead to embryo development by polarized cell divisions, 
typical o f  the embryogenic developmental sequence (globular, heart, torpedo 
and colyledonary stages) (Plate 15).



C h o ic e  o f  the b asa l m ed iu m  can in f lu e n c e  the in d u c t io n  o f  
embryogenic callus /  somatic embryoids in the cultures. O f the different basal 
media such as MS, 1/2 MS, 1/2 B5 and SH studied, MS basal medium was 
found better for the induction o f  somatic embryogenesis in the monoembryonic  
variety Neelum and in the polyembryonic variety Vellari Manga, when both 
nucellus and embryo mass were used as explants. In the basal media B5 and 
SH, som atic em bryogenesis was not induced in N eelum  (Table 10). T,he 
strength o f  MS basal medium was also studied in relation to induction o f  
somatic embryogenesis. Half strength MS basal medium was found better 
than the full strength medium. When nucellus and embryo mass o f  Neelum  
were cultured in half strength MS basal medium, 66.67 per cent and 20 .00  per 
cent cultures initiated embryogenic callus, respectively. In full strength MS 
basal m edium , nucellus and embryo mass exp lants o f  N eelum  initiated  
embryogenic callus only in 26.67 and 13.33 per cent cultures, respectively. 
In half strength MS basal medium, 80.00 per cent cultures induced somatic 
embryoids from nucellus and 30.00 per cent cultures induced embryogenic  
callus from embryo mass explants o f  Vellari Manga. In full strength MS basal 
medium, 60 .00  per cent cultures induced somatic embryoids from nucellus 
and 20.00 per cent induced embryogenic callus from embryo mass. In SH  
and B 5 basal media, 10.00 per cent cultures induced somatic embryoids from 
nucellus, whereas, embryo mass did not respond. Growth and morphogenesis 
o f  plant tissues in vitro are largely governed by the composition o f culture 
media. Although the basic requirements o f  cultured plant tissues are similar 
to those o f  w h o le  plants, in practice, nutritional com ponents promoting  
optimal growth o f  a tissue may vary with respect to the particular species.



M ed ia  c o m p o s i t io n s  are th er e fo r e ,  fo r m u la ted  c o n s id e r in g  s p e c i f i c  
requirements o f  a particular culture system. Evans et al.  (1981) noted that
70.00 per cent o f the explants o f  various crops were cultured on MS medium  
or a modification o f  MS. A key element o f  the MS medium is the presence of  
high levels o f  nitrogen in the form of ammonium nitrate. A substantial amount 
o f  nitrogen, usually in reduced form such as ammonium salts is required for 
somatic embryogenesis. The superiority o f  half strength MS basal medium  
may be due to the low ionic strength which was found beneficial in inducing 
somatic embryogenesis. The same strength o f  MS basal medium was identified  
as the best in inducing em bryogenic callus in mono and polyem bryonic  
varieties o f  mango (Litz et til., 1982; Litz, 1984a; Litz, 1984b; Bindu, 1995).

S om atic  em bryogenesis  in both mono and polyem b ryon ic  mango  
varieties is found to be auxin - dependent. The presence o f  an auxin, mostly
2,4-D, in the medium is generally essential for inducing somatic embryogenesis 
(Litz et al., 1982). In the monoembryonic variety Neelum, 2 ,4-D  5.0mg/l 
supplemented with G A 3 5.0m g/l in the medium was found to be the best in 
inducing embryogenic callus from the nucellar tissue (62 .50  per cent) and 
embryo mass (20.83 per cent). When 2,4-D 5.0mg/l alone was used in the 
induction medium without G A3, the percentage induction o f embryogenic  
callus was reduced to 20.83 in nucellus and 12.50 in embryo mass (Table 12). 
When no plant growth substances were supplemented in the induction medium, 
induction o f embryogenic callus did not take place. This showed that 2,4-D  
along with G A 3 was essential for induction o f somatic embryogenesis in the 
present instance. Growth regulator concentrations in the culture medium are



critical to the control o f  growth and morphogenesis (Skoog and Miller, 1957). 
In the p resen t  s tu d ie s ,  in d u ct io n  o f  so m a tic  e m b r y o g e n e s is  in the  
polyembryonic variety occurred at lower levels o f  2 ,4 -D  along with GA3. 
The combination o f  2 ,4-D (2.0mg/I and 4.0m g/l) with G A 3 (5.0mg/l) was the 
best for the induction o f somatic embryoids from the nucellar tissue o f  Vellari 
Manga (83.33 per cent). When 2,4-D  5.0mg/l alone was used, induction did 
not take place (Table 13). When no plant growth substances were added in 
the induction medium also, induction did not happen as in the case o f  the 
monoembryonic variety. Hammerschlag et al. (1985) reported that in Prunus  
p e r s i c a ,  2 ,4 -D  is the only auxin which induced som atic  em bryogenesis .  
Embryogenic callus o f  woody angiosperm species was obtained on a medium 
containing 2 ,4 -D  or other synthetic auxins (Hammerschlag and Litz, 1992). 
The mechanism by which 2,4-D  operates in achieving embryogenesis is not 
w ell understood. In PEDC system, the role o f  auxin is to clone PEDCs, 
whereas, in IEDC systems, it is the mitogenic substance that results in re
determination (Wann, 1990). M orphogenesis in polyem bryonic mangoes  
conforms with the pattern o f  direct somatic embryogenesis from predetermined 
embryogenic callus (Sharp et al., 1980), whereas, somatic embryogenesis from 
explanted monoembryonic nucellus involves the induction o f embryogenically  
determined cells. In the present studies, G A3 was also found to be essential 
along with 2 ,4-D  in inducing somatic embryogenesis. Gibberellins promote 
cell division and elongation. In tissue culture media, G A 3 is used to stimulate 
new growth (Danielle  and William, 1989). It can promote the growth o f callus 
in combination with auxin and low rates o f  cytokinin (Engelke et al., 1973). 
In the present instance, G A 3 might have caused a synergistic effect with 2,4-



nitrogen in addition to nitrate nitrogen for induction o f somatic embryogenesis 
has already been established (Evans et al., 1983). In the present studies, 
reduced nitrogen was provided in the form o f  amino acids and coconut water.

Amino acids provide plant cells with an immediately available source 
o f  nitrogen and their uptake can also be much more rapid than that o f inorganic 
nitrogen in the same medium (Thom et al., 19 8 1). In the present studies, of  
the three typ es o f  am ino acids used, nam ely, g lu tam in e , argin ine and 
asparagine, only glutamine was found promising in the induction o f somatic 
e m b r y o g e n e s is  o f  both m o n o em b ry o n ic  and p o ly e m b r y o n ic  v a r ie t ie s .  
G lu ta m in e  4 0 0 .0 m g / l  w hen  added to the m ed iu m , in d u ce d  so m a tic  
embryogenesis in 48.26 per cent cultures o f  Neelum. A higher concentration 
(600.0mg/I) was found to induce the response in 69.39 per cent cultures of  
Vellari Manga from nucellar explants. When embryo mass was used as explant; 
the same trend could be observed for both varieties (Table 18). The results 
were similar to the findings o f  Jana et al. (1994 )  and Bindu (1995) who 
o b se r v e d  g lu ta m in e  to be the best  am in o  ac id  in in d u c in g  so m a tic  
embryogenesis in different mango varieties. In carrot also, Kamnda and Harada
(1 9 7 9 )  o b se r v ed  that g lu ta m in e  w as n e c e ssa ry  for in d u c in g  so m a tic  

em bryogenesis.

Coconut water 200 .0m l/l in the medium was found to induce somatic 
embryogenesis in 45.08 per cent cultures from nucellar explants o f  Neelum. 
In Vellari Manga, coconut water 150.0ml/l and 200.0m l/l in the medium were 
good in inducing somatic embryogenesis in 38.36 per cent and 37.64 per cent



cultures, respectively, from nucellus. When coconut water was not added, the 
percentage induction was only 5.28 from the nucellus o f  both Neelum and 
Vellari Manga, whereas, the embryo mass did not respond. This shows that 
coconut water is essential in the induction medium. Coconut water acts as a 
source o f  reduced nitrogen in the medium (Tulecke et al.,  19 6 1). Steward et 
al. (1 964) claimed that coconut water in the medium was required for cell 
d iv is io n  and em bryo form ation in carrot c e l l  cu ltures. In m ango, the 
importance o f  coconut water in inducing somatic embryogenesis was reported 
in the varieties Cambodiana, Carabao, Ruby and Kent (Litz et al.,  1982 and 
1984) and James Saigon and Parris varieties (Dewald, 1989a). According to 
M athews and Litz (1992 ),  coconut water can even replace plant growth  
substances in inducing somatic embryogenesis in PEDCs. Jana et al. (1994)  
and Bindu (1995) also concluded that coconut water 200.0m l/l was essential 
in inducing somatic embryogenesis in the mango varieties Alphonso, Mundan; 
Beneshan, Pulichi, Kilichundan and Vellari Manga.

Agar is used as a gelling agent for plant tissue culture media. In the 
present instance, agar 5.0g/l in the medium recorded significantly higher per

s

cent cultures inducing embryogenic callus in Neelum (55.56 per cent). Agar 
6.0g/l induced maximum somatic embryoids in Vellari Manga (42.86 per cent). 
Intrestingly, in liquid medium, induction o f  somatic embryogenesis could not 
be obtained for both Neelum and Vellari Manga. Rao and Narayanaswami 
(1972) noted that asexual embryos produced from agar gelled media appeared 
more normal than those in liquid media. P h ysio lo g ica lly ,  agar is not a 
completely inert material and is a source o f  various types o f  substances which



may influence growth in sensitive species (Hu and Wang, 1983). According  
to Dewald et al. (1989 a & b), developmental anomalies were less when mango 
somatic embryos were cultured on medium containing agar. Bindu (1995)  
also stressed the importance o f  agar in the medium in inducing somatic  
embryogenesis in polyembryonic mango varieties.

The addition o f  activated charcoal in the medium is useful for the 
induction o f somatic embryogenesis. Activated charcoal is commonly used 
to remove inhibitory substances o f  tissue or medium origin. It has the ability 
to modify medium composition by adsorbing a wide range o f compounds. It 
can prevent unwanted callus growth and promote morphogenesis, particularly, 
embryogenesis. In the present studies, activated charcoal was found essential

ii'

for the induction o f  somatic embryogenesis. Browning o f tissue and media 
were severe when cultured in media without activated charcoal, in the case of  
both Neelum and Vellari Manga. Such cultures did not show further response. 
A ctiva ted  charcoal 2 .5 g / l  reg istered  the h igh est  per cent induction  o f  
em bryogen ic  callus from nucellus o f  N eelum  (78 .2 4 )  and Vellari Manga 
(66.13) and from embryo mass of Neelum (58.57) and Vellari Manga (62.33). 
At the lower levels o f  activated charcoal (0 .5g/l and 1.5g/l), the percentage 
induction was reduced. Earlier reports show ed that activated charcoal 
hastened the differentiation o f somatic embryos in mango (Litz et a l ., 1984; 
Bindu, 1995). Bindu (1995) observed that activated charcoal 2 .5g /l  was 
effective  in inducing somatic em bryogenesis in the polyembryonic mango 
varieties Vellari Manga and Pulichi. Hu and Wang (1983) found that treating 
the explants with PVP, washing them with sterile water and inclusion o f



activated charcoal in the medium reduced the oxidation o f  polyphenols because 
of the adsorption o f  the oxidation products by these chemicals. The importance 
of activated charcoal in the induction o f  somatic em bryogenesis, even by 
replacing auxin, have also been reported in carrot (Fridborg and Eriksson, 
1975), Caricci s t ipu la ta  (Litz and Conover, 1982) and date palm (Tisserat, 
1982).

Along with the culture media, culture conditions also influence somatic 
embryogenesis. When the cultures were incubated in induction medium and 
kept under darkness at low. temperature (26 + 2°C), 57 .14  per cent cultures 
induced embryogenic callus from the nucellus of Neelum and 85.71 per cent 
induced somatic embryoids from Vellari Manga. Keeping the cultures under 
l igh t (3 0 0 0  lux; 16h ph otop er iod ) at lo w  tem perature and at am bient  
temperature (32 ±  2°C) did not induce embryogenic callus in Neelum  and 
Vellari Manga, from nucellar explants. Similar results were obtained by early 
workers in mango. Induction and growth o f  mango callus were better in dark 
than under a normal photoperiod (Rao et al . ,  1982). Litz et al . (1992 )  
maintained the nucellar cultures in the induction_medium in darkness at 25°C. 
Jana et al.  (1994) observed that dark culture condition was better for induction 
o f  somatic embryogenesis than light, for the varieties Alphonso, Mundan and 
Beneshan. Bindu (1995) found that darkness combined with a temperature o f  
26 ±  2°C favoured the induction o f  somatic embryogenesis o f  Vellari Manga, 
Pulichi and Kilichundan. The probable reason may be that under darkness, 
photo-oxidation o f auxin in the medium is reduced and hence the potentiality 
for inducing somatic embryogenesis is increased. Dark culture conditions 
can also reduce polyphenol oxidation which may accelerate the response.



Many plants are rich in poly-phenolic compounds. After tissue injury 
during d issec t io n , such com pounds w ill be ox id ized  in the presence o f  
polyphenol oxidases and the tissue will turn brown or black. The oxidation  
products (orthoquinones) are known to inhibit enzym e activ ities, kill the 
explants and darken the tissues and culture media, thereby reducing the in 
vitro response. Such phenomena impose a serious block on the establishment 
o f  primary cultures, e sp ec ia lly  in w oody plants (Hu and Wang, 1983). 
Frequency o f  subculture can overcom e this problem  and in f lu en ce  the 
effectiveness o f  somatic embryogenesis. In the present study, when the initial 
explants were subcultured at five days interval, 30.0 per cent cultures initiated 
embryogenic callus from the nucellar explants o f  Neelum and 40 .0  per cent 
from Vellari Manga. As the interval o f  subculturing was reduced, the phenolic  
in te r fe r e n c e  w as m in im ise d .  W hen the c u ltu r e s  w e re  kept w ith o u t  
subculturing, there was a serious problem of phenolics interference and the- 
percentage response was reduced to 10.0 in Neelum and 20.0  in Vellari Manga 
(Table 21). Litz (1986a) reported on the use o f  frequent subculturing to 
counteract polyphenol interference in mango somatic em bryogenesis  and 
thereby to increase the response. Litz el ill. (1991) got similar response when 
m ango ex p la n ts  w ere subcultured  da ily  for the f irst  w eek . Frequent  
su b c u ltu r in g  w as a lso  fou n d  to be b e n e f ic ia l  in in d u c in g  so m a tic  
embryogenesis in apple (Paul et a l ., 1994).

After four to five weeks in the induction medium, the embryogenic  
calli were transferred to the initiation or expression medium. The choice of  
basal m edium  is critical for the in itiation  o f  som atic  em bryoids. The 
com position o f  basal media has been shown to influence specific  in vitro



responses and their stages. Different basal media such as MS (full and half 
strength), B 5 and SH were tried. MS basal medium was found to be better 
than B 5 and SH media. The concentration o f  inorganic salts in the MS basal 
medium also seemed to influence the per cent initiation o f  somatic embryoids, 
since half strength MS medium was found to be the best for Neelum (56.56  
per cent) and Vellari Manga (77.78 per cent). The number o f  embryoids  
produced per culture was also the highest (48.80) in this concentration for 
Neelum. In Vellari Manga, the highest number o f  embryoids per culture was 
produced in full strength MS basal medium (66.20) which was on par with 
half strength MS basal medium (63.20). Litz et al. (1982) reported that MS 
basal medium consisting of half strength major salts was more effective than 
full strength MS basal medium for the initiation o f somatic embryoids in 
mango varieties Cambodiana, Carabao and Sabre. Bindu (1995) could also 
identify  h a lf  strength MS basal media as the best in in itiating som atio  
embryoids in the varieties Vellari Manga, Pulichi and Kilichundan. However, 
Jana et al . (1994) obtained the initiation o f  somatic embryoids o f  mango  
varieties Alphonso, Mundan and Beneshan in full strength MS basal medium. 
This difference can be attributed to the genotypic variations among varieties.

It is w e l l  kn ow n  that p lant grow th  s u b s ta n c e s  in f lu e n c e  the  
developmental stages in somatic embryogenesis. The requirement can vary 
with plant species and varieties. In the present instance, the highest per cent 
cultures (72 .72)  initiating somatic embryoids from em bryogenic callus o f  
nucellus in Neelum was in half strength MS basal medium supplemented with
2 ,4 -D  2 .0 m g / l ,  G A 3 5 .0 m g /l  and BA I .Omg/1. The h igh est number o f



embryoids (46.25) was obtained when subcultured in the medium containing
2.4-D  5.0m g/l, GA3 5.0mg/l and BA 0.05m g/l. In Vellari Manga, the highest 
percent cultures initialing somatic embryoids (86.67) from nucellus was when 
subcultured in media supplemented with 2 ,4-D  0.5m g/l, G A 3 5.0m g/l and BA
1.0 mg/1. The highest number o f  embryoids (90.50) was also obtained in the 
same combination o f  plant growth substances. The number o f  embryoids 
produced per culture was 1.96 times higher in Vellari Manga than in Neelum. 
The highest number o f embryoids produced in Vellari Manga, a polyembryonic  
variety, may be due the pre-einbryogenically determined state o f  the cells of  
its nucellus. When 2 ,4 -D  was excluded from the media, the percentage  
initiation was drastically reduced in both the varieties (Tables 22 & 23). When 
no plant growth substances were included in the medium, initiation o f somatic 
embryoids did not take place in Neelum. And in Vellari Manga, the percentage 
initiation was reduced to 13.33. In usual practice, the embryogenic callus 
growing on induction media with relatively high 2 ,4-D  concentrations does 
not initiate somatic embryoids until after transfer to a medium lacking 2,4-D  
or to one with a substantially lower 2 ,4 -D  concentration (Fujimura and 
Komamine, 1980). Litz et al. (1982) reported that somatic embryoids did not

V

develop beyond the globular stage on initiation medium containing 2,4-D .  
After subculture on medium without 2,4-D, advanced stages o f  somatic embryo 
development were observed. In cashew, Jha (1988) observed that removal of
2 .4-D in the initiation medium enhanced the number o f  embryoids produced; 
but they failed to develop plantlets. Vieitez and Barciela (1990) observed 
that globular and heart shaped embryoid structures o f  C amel l ia  ja p o n i c a  
differentiated follow ing transfer to medium without 2,4-D. But in the present



studies, lower levels o f  2 ,4-D along with G A35.0mg/I and BA 1.0mg/l was 
found to be best in initiating somatic embryoids. Cytokinins stimulate cell 
division and gibberellin induces cell elongation and enlargement. G A3 and 
BA might have caused a synergistic  effect  with 2 ,4 -D  and favoured the 
initiation o f  somatic embryoids. This has been supported by the findings o f  
Atree and Fowke (1991), who also reported that somatic embryoids initiated 
on a medium containing auxin and cytokinin. The beneficial effects o f GA3 
in the initiation medium was observed by Nitsch and Nitsch (1969). They 
recorded that the presence o f  gibberellin in the initiation medium affects the 
rate o f  e m b r y o  d e v e lo p m e n t  but has no e f f e c t  on the fr e q u e n c y  o f  
embryogenesis. Bindu (1995) reported the use o f  2 ,4-D  along with GA3 for 
initiating somatic embryoids in the mango varieties Pulichi and Kilichundan.

Sucrose has been reported to be the most effective  reduced carbon- 
source for the initiation o f somatic embryoids (Verma and Dougall, 1977). 
This requirement may be related to the specific  carbohydrate metabolism  
through which water relations and endogenous phytohormones are regulated 
(Chong and Pua, 1985). In the present studies, sucrose 60.0g/l in the medium  
favoured the initiation o f somatic embryoids in 80.0 per cent cultures o f  
embryogenic callus o f  Neelum and produced 57 .66  embryoids per culture. 
At sucrose 40.0g/l, the per cent initiation was reduced to half (Table 26). In 
Vellari Manga, sucrose 50 .0g/l and 60.0g/l were effective in initiating somatic 
embryoids in 60.0  per cent cultures and produced 41 .50  and 42 .00  embryoids, 
respectively. Most o f  the other reports also show that a higher concentration 
of sucrose was necessary for somatic embryo initiation. According to Dewald



et al. (1989a), f ive  to six per cent sucrose was required to maximise somatic 
embryo production in mango and for the production o f normally differentiated 
somatic embryos. Bindu (1995) also reported that sucrose 60.0  g/1 is the most 
ideal for the initiation o f  somatic embryoids in the polyembryonic mango 
varieties Vellari Manga and Pulichi. It should also be noted that raising tire 
sucrose concentration in the primary medium to 12 per cent benefitted the 
formation o f  embryogenic callus from the scutellum o f  immature embryos of  
Zea m ays  (Lu and Ozias, 1982). The high response might have been due to 
increased osmotic potential provided by higher concentration o f  sucrose. It 
should also be noted that sucrose acts as a source o f  carbon and energy.

Reduced nitrogen in the basal medium is necessary for the initiation 
of somatic embryoids (Evans et at., 1983). Reduced nitrogen was available 
in the form of glutamine, casein hydrolysate and coconut water which may be 
more readily metabolised than inorganic nitrogen.

The amino acid, glutamine supplements the existing  ammonium to 
nitrate ratio in the m edium , thereby in f lu e n c in g  in it ia t ion  o f  som atic  
embryogenesis and morphogenesis (Litz and Gray, 1992). Glutamine 400 .0  
mg/1 was identified to be the best in initiating somatic embryoids (62.50 per 
cent in Neelum and 87.50 per cent in Vellari Manga). The highest number of  
embryoids produced per culture was also recorded in glutamine 400.0  mg/1 
(81.83 in Neelum and 105.83 in Vellari Manga). The results are in agreement 
with the findings o f  Bindu (1995), who also identified glutamine 400.0mg/l  
to be the best in initiating somatic embryoids in the mango varieties Pulichi,



Kilichundan and Vellari Manga. However, Jana et al. (1994) obtained the 
in itiation  o f  som atic  em bryoids at a h igher concentration  o f  g lutam ine  
(600.0m g/l) in the varieties Alphonso and Beneshan. This variation might be 
due to varietal differences.

Inclusion o f casein hydrolysate (CH) at a concentration o f  500.0  
mg/1 in the initiation medium significantly enhanced the per cent initiation 
and number o f  embryoids in Neelum and Vellari Manga (Tables 28 & 29). 
Jana et al. (1994) and Bindu (1995) got similar results which justified the 
present findings. In their studies, CH (500.0m g/l) was identified as the best 
for initiating somatic embryoids in different varieties o f  mango. Casein  
hydrolysate is a non-specific organic nitrogen source and serves as an amino 
acid supplement (Skoog and Miller, 1957).

Coconut water was beneficial in initiating somatic embryoids. Coconut 
water acts as a source o f  reduced nitrogen in the medium (Tulecke et a l ., 1961). 
Coconut water 200 .0  ml/I in the initiation medium could produce significant 
response in the initiation of somatic embryoids (60.0 per cent in Neelunl and
80.0 per cent in Vellari Manga). When coconut water was not added in the 
medium, the per cenL initiation was reduced to 8.33 in Neelum with only 8.80  
embryoids per culture. However, in Vellari Manga, initiation did not occur. 
Dewald et al. (1989a) reported that coconut water (20.0 % v/v) added to the 
basal medium enhanced somatic embryo production in both James Saigon and 
Parris mango varieties. Jana et al. (1994) and Bindu (1995) also reported 
that coconut water 200 .0m l/l  was best in initiating somatic embryoids in



different mango varieties. According to Steward et al. (1964), coconut water 
in the initiation medium was required for cell division and embryo formation 
in carrot cell cultures. All these showed that coconut water is essential for the 
initiation o f somatic embryoids.

G e llin g  agents are reported to in f lu en ce  som atic  em bryogen esis ,  
especially initiation. Agar 5.0 g/I and 5.5 g/1 could initiate somatic embryoids 
in 70.0  per cent cultures o f  Neelum. The highest number o f  embryoids was 
produced when agar 5.0 g/1 was used (44.33). In Vellari Manga, agar 5.5 g/1 
initiated somatic embryoids in 50.0  per cent cultures and produced 53.33  
emryoids per culture. As the concentration o f agar was increased, the number 
of embryoids produced was found to decrease (Table 34 & 35) . This can be 
due to the reduced availability o f  nutrient ions as the osmotic potential in the 
medium increased. When agar was not used the per cent initiation and number  
o f  embryoids produced were very low (Tables 34 & 35). In addition, the 
embryoids produced in liquid medium were vitrified. Gradually necrosis 
developed and the embryoids died eventually. According to Dewald et al.
(1989a), developmental anomalies were less when mango somatic embryos

%
were cultured on medium containing agar. The optimum concentration o f  
gelling agent was found to influence the initiation o f somatic embryoids. 
Jana et al. (1994) reported that the initiation o f somatic embryoids took place 
when agar 4 .2g/l was used in the medium for the mango varieties Alphonso  
and Beneshan. Bindu (1995) observed that agar 6.0g/l was the best in initiating 
somatic embryoids in Pulichi and Vellari Manga varieties. These variations 
might be due to varietal differences.



Activated charcoal at 2.5 g/1 was found ideal in initiating somatic  
embryoids in both Neelum and Vellari Manga (Tabic 36). In this concentration,
50.00 per cent initiation with 28.67 embryoids per culture was observed in 
Neelum  and 40 .00  per cent initiation with 19.17 embryoids per culture in 
Vellari Manga. When activated charcoal was not used in the medium, the 
cultures turned brown and no response could be obtained. This may be due 
to the ability o f  activated charcoal in removing substances o f  tissue or medium 
origin that are growth inhibitory. It has the ability to m odify  medium  
composition by adsorbing a wide range o f  compounds. Jana et al. (1994) and 
B ind u  ( 1 9 9 5 )  su p p orted  the f in d in g .  T h ey  o b se r v e d  that so m a tic  
em bryogenesis could be initiated in mono and polyem bryonic varieties of  
mango in MS basal medium with supplements and activated charcoal 2.5 g/1.

Frequent subculturing onto fresh medium is essential to overcome the- 
problem of phenolics interference and thereby to increase the in vitro response. 
In the present studies, subculturing at five days were ideal in initiating somatic 
embryoids than when kept without subculturing. Subculturing at five days
produced 44 .44  per cent initiation o f  somatic embryoids in Neelum and 55.56

\

per cent in Vellari Manga. Subculturing at ten days produced 66.67 per cent 
initiation in Neelum and 55.56 per cent in Vellari Manga. When the cultures 
were kept without subculturing, it produced only 22.22 per cent initiation in 
Neelum and 33.33 per cent in Vellari Manga (Table 38). Litz (1 986a) reported 
that frequent subculturing was necessary to counteract polyphenol interference 
in mango som atic  em bryogenesis . Bindu (1995 ) observed that frequent  
subculturing was necessary to increase in vitro response o f  mango somatic



embryoids. Subculturing at shorter intervals was also found to be beneficial 
during somatic embryogenesis in apple (Paul et al.,  1994).

Culture conditions (light and temperature) influenced the initiation 
of somatic embryoids. When kept under darkness at a temperature o f  26 + 
2°C, 66.67 per cent o f  the cultures o f  Neelum and 83.33 per cent cultures of  
Vellari M anga in itiated  som atic  em bryoids from em b ryogen ic  callus o f  
nucellus (Table 37). The highest number o f  embryoids were also produced at 
the same culture conditions (50 .80 in Neelum and 60.10 in Vellari Manga). 
None o f  the cultures initiated somatic embryoids when kept under light either 
at room temperature or at low temperature. These results are supported by 
earlier reports. Dewald et al. (1989a) kept mango cultures in the initiation 
medium only in dark. Litz et al. (1991) also maintained the cultures at 24- 
27°C in darkness and subcultured at two weeks interval. Bindu (1995) could- 
initiate somatic embryoids from the nucellus o f  polyembryonic varieties of  
mango only when the cultures were kept under darkness at a temperature of  
26 ±  2°C. The increased in vitro response under dark condition might be due
to the reduced polyphenol content and changes in the endogenous ratio of

\

plant growth substances as the photo-oxidation o f auxin is reduced.

Somatic embryoids obtained in the initiation medium were transferred 
to the maturation medium. According to Litz et al. (1992), control o f  somatic 
embryo maturation was the most critical and d iff icu lt  process in mango  
regeneration. If the somatic embryos are not physiologically  mature, they 
cannot germinate normally and usually cannot survive. Size o f  embryoids



(length in cm) can be taken as an indication o f maturity (Litz et al., 1982); 
the larger Lhe size'the more mature they will be. Mango embryos are very 
large at the time o f  physiological maturity in vivo. Generally they will be 3.0 
to 4.0cm  long and require several months in ovulo  to attain the required size  
(Janick, 1984). With this objective in mind, in the present investigations,  
different treatments were given to initiate maturation. The treatments included 
plant growth substance (A B A ), basal media, media com position , osmotic  
regulations, culture conditions and frequency o f  subculturing.

The plant growth substance (ABA) is a growth retardant, and has been
demonstrated to inhibit somatic embryo development beyond the early stages
and initiate maturation (Nadel et al., 1990). ABA influenced the quality o f
somatic embryoids produced. It increases the uniformity o f  somatic embryoids
and reduces the development o f  abnormal forms (Ammirato, 1983). In the-
present studies, various concentrations o f  A B A  were tried for obtaining
physiogically  mature somatic embryoids. For obtaining maturation of
Neelum somatic embryoids, ABA 5.0 mg/1 in the maturation medium was
e ffe c t iv e ,  the s ize  being 1.0 - 2 .0  cm (Plate 9). In Vellari Manga; the

\

requirement o f  ABA was slightly less. *®ie largest size o f  embryoids (1.5 -
2.0 cm) was attained when the somatic embryoids were subcultured onto 
maturation m edia sup p lem en ted  with 4 .2 2  mg/1 A B A . At the h ighest  
(10.57m g/l) and lowest (0 .50m g/l) levels o f  A B A , the size was 0.5 cm and 
below (Table 39). Earlier, Litz et al. (1992) reported that 3 .00 jiM 
(0 .79m g/l) ABA had a significant effect on the appearance o f  mango somatic  
embryoids. According to Bindu (1995), maturation o f  somatic embryoids of



polyembryonic mango varieties (Pulichi, Kilichundan and Vellari Manga) was 
attained when ADA 4.22 mg/1 was supplemented in the medium. But Jana et 
al . (  1994) could  obtain matured som atic  em bryos o f  the m ango varieties  
Alphonso, Mundan and Beneshan, when ABA 1.0mg/l was used in the medium. 
This might be due to the varietal differences. The normalizing effect o f  ABA  
on embryo maturation has also been observed with D aucus  carota  (Kamada 
and Harada, 1981) and Pennis tum americanum  (Vasil and Vasil, 1981). Kochba 
et al. (1978) also reported that ABA promoted somatic embryo development 
in citrus ovular callus. All these findings revealed that ABA might serve to 
promote somatic embryo maturation by countering the e ffects  o f  growth  
promoters. Hence its addition to culture medium may permit somatic embryo 
maturation to proceed under conditions where it normally would not occur. 
In the present studies, though some extent o f  maturation o f  somatic embryoids 
could be observed, physiolog ically  mature large sized somatic embryoids- 
were difficult to obtain. Hence attempts are being made to ensure proper 
maturation o f  the somatic embryoids before transferring to the germination 
medium for effecting normal germination o f  somatic embryoids.

Various types o f  basal media and the concentration o f  inorganic and 
organic salts in the basal medium have been shown to influence the maturation 
o f  som atic em bryoids. In the present studies, m odified  basal medium  
containing B 5 major salts and MS minor salts and organics was identified as 
the best for the maturation o f Neelum and Vellari Manga somatic embryoids. 
This modified basal medium produced the largest sized somatic embryoids 
(1.0-1.5 cm length). When full strength MS basal medium and B 5 medium



were used separately, the somatic embryoids produced were below 0.5 cm 
(Table 40). Dewald et al. (1989 b) obtained mature embryoids on incubation 
of the cultures in a maturation medium consisting o f B 5 major salts, MS minor 
salts and organics. However, Jana et al. (1994) and Bindu (1995) reported 
that half strength and full strength MS basal media, respectively, were ideal 
for maturation o f  somatic.embryoids: This might be due to the variation in 
chemical composition o f  tissues with respect to varieties (Razdan, 1993).

Sucrose was provided in the medium for optimising the maturation 
process o f  somatic embrydids. In the present studies, attempts were made to 
find out the effects o f  concentration o f  sucrose in the maturation medium on 
the response o f  the embryoids. The effective concentrations were 40.0  g/I 
and 50.0  g/1. These concentrations produced 1.0-1.5 cm long embryoids. 
When the concentration o f  sucrose was reduced below 30 .0  g/1 in Neelum- 
and 40.0 g/1 in Vellari Manga, the length o f  embryoids was below 0.5cm. At 
the highest level o f  sucrose also (60.0g/l), the length o f  embryoids was much 
reduced (0.5cm) in Neelum (Table 41). This indicates that a moderately high 
level o f  sucrose is necessary during :the maturation period. Previous reports 
have also shown that a moderately higher concentration o f sucrose is necessary 
for embryo maturation. According to Dewald et al.  (1989 b), sucrose 60.0 g/
1 was essential for the maturation o f mango somatic embryoids. This might 
be due to varietal differences. Litz et-dl'.-{ 1993) also reported that a moderately 
high level o f  sucrose :should be maintained in order to prevent precocious  
germ ination and control the developm ent o f  mango som atic  em bryos to 
physiological maturity iri-the varieties.Sensation, Golden Brooks and Brooks.



Jana et al. (1994) could get matured somatic embryos o f  Alphonso, Mundan 
and Beneshan when 40.0g/l sucrose was used in the medium. The increased  
osmotic potential provided by moderately higher concentration o f  sucrose  
might have contributed to the increased size o f  the embryoids. Sucrose can 
also act as the carbon and energy source causing increased size  (length in cm) 
of embryoids.

A substantial amount o f  reduced form o f  nitrogen is required for 
embryo maturation (Rnzdan, 1993). Casein hydrolysalc (100.0 to 500 .0  
mg/1) and coconut water (150.0 ml/I to 250 .0  ml/1) were tried in the maturation 
media. Casein hydrolysate 100.0 mg/1 in the medium produced 0 .5 -1 .0  cm 
long somatic embryoids in Neelum and 1 .0 -1.5cm long somatic embryoids in 
Vellari Manga. At higher leve ls  o f  CH tried (300 .0 , 4 00 .0 , 5 0 0 .0  and 
600.0m g/l), the size  o f  embryoids produced were 0.5 cm or below (Table 43). 
At zero level also, the length o f  embryoids was 0.5cm  contributing to poor 
germination. Hence optimum concentration o f CH was standardised. In earlier 
reports also, CH (lOO.Omg/1) was found to be the best in initiating maturation
of mango somatic embryoids o f  different varieties (Jana et al.,  1994; Bindu,
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1995). Casein hydrolysate is a non-specific source o f  organic nitrogen and 
serves as an amino acid supplement (Skoog and Miller, 1957).

Optimum quantity o f  coconut water for the maturation o f  somatic  
embryoids could be standardised. Coconut water 200 .0  ml/1 produced 0.5-  
1.0cm long somatic embryoids in Neelum and 0 .5 -1 .5  cm long embryoids in 
Vellari Manga. When coconut water I50.0ml/1 and 250 .0m l/l were used in



the maturation medium, the size o f  Vellari Manga somatic embryoids was 0.5cm  
or below. Hence coconut water 200.0m l/l is recommended to be supplemented  
in the maturation media. Coconut water, when not added in the medium, 
resulted in somatic embryoids o f  less than 0.5 cm length in both varieties 
(Table 45). The result emphasised the importance o f  coconut water in the 
maturation o f  somatic embryoids, since it is a source o f  reduced nitrogen, 
minerals, vitamins, plant growth substances and sugars. Coconut water was 
identified as an essential component in the maturation o f  somatic embryoids 
by various workers in mango. According to Dewald et al. (1989b), maturation 
o f  somatic embryoids o f  mango variety Parris was achieved by sequential 
transfer o f  somatic embryoids into medium containing 200 .0  ml/1 coconut 
water and reduced sucrose concentration. The mango somatic embryoids that 
were produced on media containing coconut water were also larger and had 
few developmental abnormalities. Jana et al. (1994) and Bindu (1995) also 
identified 200.0m l/l coconut water to be the best in getting matured mango 
somatic embryoids. Coconut water 150.0 ml/1 and 250.0m l/l in the medium  
might be sub and supra optimal, respectively, for the maturation process o f  
somatic embryoids, as it reduced the size o f  embryoids.

Osmotic potential can be critical in the maturation process o f  somatic 
embryoids. Agar and polyethylene g lycol (PEG) were tried in the maturation 
medium to bring about various ranges o f  osmotic potential. Agar (4.5, 5.0  
and 5.5 g/1) in the medium produced 0 .5-1 .0  cm long embryoids in Neelum. 
But in Vellari M anga, agar 5 .0  g/I in the medium produced large sized  
embryoids (1 .5-2.0cm ). At higher concentration o f agar (6 .0g /l and 7.0g/l),



'he s ize  o f  embryoids was reduced (0 .5cm or below ,. This might be due t0 
•he n o ,  availability o f  nutrients fro , ,  the tnediutn due to very high o s .o t i e  
potential. I t  was interesting to note that somatic embryoids o f  Neelum and 
Vellari Manga were found to increase in size when cultured in liquid media 
(1 .5 -2 .Ocm and 1 .0 - i .5 c m  respectively). But later they becam e vitrified, 
decayed and perished. Other scientists who worked on m ango could also  
Observe certain barriers in the maturation process in liquid media. According  
to D ew ald  et al. (1989b), larger embryos were formed in liquid maturation 
media but developmental abnormalities were more. He observed that somatic 
embryoids grown on solid maturation medium developed more normally. Jana 
et al . (1 9 9 4 )  could obtain matured som atic  em bryoids o f  A lphonso  and 
Beneshan when they used 4 .2g/l agar in the medium. This might be due to 
the varietal difference. Bindu (1995) identified agar 5 .5g/l to be the best in 
getting  proper 'maturation o f  P u lich i and K ilichu nd an  m ango somatic*  
embryoids.

In the present studies, it was found that PEG had no effect on the
i

maturation o f  somatic embryoids in both Neelum and Vellari Manga. At all 
the lev e ls  tried, the s ize  o f  em bryoids were 0 .5 cm  or b e low  (Table 44).  
Optimum concentration o f PEG could not be obtained because the various 
concentrations tried might be sub or supra optimal. Hence further studies are 
required.

The effect o f  charcoal and PVP were also studied in the maturation 
p ro ce ss  o f  so m a tic  e m b ry o id s  by red u c in g  the s e v e r i ty  o f  p h e n o l ic s



interference in the medium and rem oving inhibitory substances. When 
charcoal or PVP were not added in the maturation medium, there was a high 
rate o f  phenolics interference and none o f  the somatic embryoids survived 
(Tables 46  & 47). PVP had a better response than charcoal in adsorbing 
phenolic substances. PVP 1.0 per cent in the maturation medium produced 
0.5 to 1.0 cm long embryoids in Neelum and Vellari Manga (Table 47). At all 
the levels o f  activated charcoal tried, the length o f  Neelum somatic embryoids 
was much reduced (0.5cm or below). In Vellari Manga, no difference could 
be observed (Tabic 46). PVP was reported to remove phenolic substances 
more eff ic ien tly  than activated charcoal in mango somatic em bryogenesis  
(Jaiswal, 1990). In the case o f  teak somatic embryogenesis, Gupta et al. (1980)  
observed PVP to be more effective. Activated charcoal might have adsorbed 
some o f  the useful substances needed for growth along with the inhibitory  
su b stan ces  (Fridborg et a l . ,  1978). This m ight be the reason for the  
comparatively reduced response when compared with PVP. However, Jana et 
al. (1994) and Bindu (1995) obtained matured somatic embryoids o f  mango 
when activated charcoal 2 .5 g /l  was used in the medium . This could be 
attributed to the differences among varieties.

Dark culture condition was found to be beneficial during the process 
o f  maturation o f  mango somatic embryoids. It was found that incubating the 
cultures in darkness favoured the maturation o f  em bryoids. The size  o f  
embryoids ranged from 0 .5 - 1.0cm in Neelum and slightly larger (1 .0 -1.5cm) 
in Vellari Manga (Table 48). The importance o f  darkness have also been tested 
by other workers who observed favourable responses. Litz et al . (1991)



maintained the cultures o f  mango in maturation media under darkness only. 
Bindu (1 9 95)  reported that in mango som atic cm b ryogcn csis , phenolics'' 
problem could be minimised if  the cultures were kept under darkness till 
germination. She observed that the somatic embryoids kept under darkness 
matured early than those kept under light. In addition to maturation, darkness 
also prevented precocious germination o f  somatic embryoids (Dewald et al., 
1989b; Litz et al., 1992).

Frequent subculturing could be identified as a beneficial step in the 
process o f  maturation o f  somatic embryoids. The present studies revealed  
that subculturing at 10 days interval produced 1 .0 -1 .5  cm long som atic  
em bryoid s in N ee lu m  and 15 days in terva l produced  0 .5 -1 .5  cm lo n g  
embryoids in Vellari Manga (Table 49). However, when the cultures were 
kept without subculturing, embryo size could not be increased (0.5cm or. 
below). Earlier, Litz et al.  (1991) maintained the cultures o f  mango in 
m aturation  m ed ia  by su b c u ltu r in g  at tw o w e e k s  in te r v a l .  F requent  
subculturing was also found to be beneficial in the maturation o f  apple somatic  
embryoids (Paul et al.,  1994).

G erm in ation  o f  so m a tic  e m b r y o id s  is a c r i t ic a l  fac tor . Poor  
germination is typical in many embryogenic culture systems (Litz et al.,  1982). 
They reported many develop m enta l abnorm alities during the course  o f  
germination. In the present instance also, barriers still persisted, even though 
stray instances o f  germination were observed. However, the problem can be 
tackled by optim ising  the culture media and com ponents (PG S, osm otic



regulants, ethylene inhibitors), maturity associated  problem s and culture  
conditions.

The somatic embryoids were transferred to the germination medium 
after attaining a size  o f  l.O to 2.0cm . Treatments invo lv ing  plant growth  
substances lik e  B A , G A 3, 2iP, N A A  and their com binations in various  
concentrations were attempted for the germination o f  somatic embryoids. All 
PGS except B A  could not bring about germination o f  somatic embryoids. BA  
0 . Img/J and I.Omg/I supplemented in the germination medium were found to 
produce near normal germination o f  somatic embryoids o f  Neelum  (41.60 per 
cent) and Vellari Manga (58.33 per cent), respectively. At higher concentration 
(10 .0 m g /l and 50 .0m g/l) ,  none o f  the embryoids o f  N eelum  show ed near 
normal or normal germination. In Vellari Manga, germination did not occur 
at the highest concentration (50.0m g/l) and at I0.0mg/1, very poor germination  
(8 .33  per cent) was observed. Thus, higher concentration  o f  BA had a 
suppressive effect on somatic embryo germination. However, Jana et al. 
(1994 ) reported that BA 5 .0m g/l favoured normal germination o f  mango  
somatic embryoids o f  the variety Alphonso. Bindu (1995) observed that 2iP  
1.0m g/l and B A  1.0m g/l supported near normal d ev e lop m en t o f  Pulich i 
somatic embryoids. Litz (1984a) could obtain normal growth o f  the embryoids 
in a hormone free medium. These variations might have happened since the 
responses were cultivar-dependent. BA is a synthetic cytokinin analogue. 
Kavathekar and Johri (1978) reported that cytokinins are required for the 
growth o f  embryos and development o f  the shoot apex. According to Skoog  
and Miller (1957), a high cytokinin/low auxin favours shoot differentiation, 
whereas the reverse, root formation.



T h id ia z u r o n ,  a su b s t itu te d  p h en y l urea c o m p o u n d  has been  
demonstrated to stimulate in  vitro  meristeni and shoot formation at usually 
low concentrations (Briggs e t  a l . ,  1988). These com pounds have strong 
cytokinin like effect on a wide range o f  species and on species that respond 
little to conventional cytokinins. However, in the present instance, the use 
o f  thidiazuron in the germination medium was not benefic ia l (Table 56). 
Abnormal sw elling  with fused cotyledons and improper shoot and root 
development o f  the somatic embryoids resulted. Surprisingly, in the absence 
o f  thidiazuron, 2 0 .0 0  per cent and 10.00 per cent germ ination could be 
observed for Neelum and Vellari Manga, respectively. This clearly revealed 
that thidiazuron was not necessary for the germination o f somatic embryoids.

The ch o ice  o f  basal medium could in fluence  the germination o f  
somatic embryoids. The concentration o f  inorganic and organic salts in the 
basal medium influenced the germination o f somatic embryoids. A basal 
medium consisting o f B5 major salts and MS minor salts supported the highest 
percentage germination o f  somatic embryoids in Neelum (38.89 per cent) and 
Vellari Manga (55.56 per cent). Near normal growth o f the embryoids could 
be obtained in this basal medium (Plate 13). When full strength MS and B5 
media were used separately, the per cent germination were reduced to 33.33  
in Neelum and 27.78 in Vellari Manga, respectively, with abnormal growth. 
Likewise abnormalities in germination were observed in most o f  the cases. 
Earlier reports in mango also showed that modified B 5 medium consisting of  
half strength major salt formulation supplemented with coconut water and 
casein hydrolysate resulted in significantly higher germination rate (Dewald



et a l ., 1989b). He reported that germination was accom panied by slight 
enlargement and progressive greening o f the somatic embryoids when cultured 
in the above basal medium. However, Jana et al. (1994) could get normal 
growth o f  Alphonso somatic embryoids in half strength MS basal medium. 
This might be because the optimum requirement is species or varietal specific  
(Razdan, 1993).

A correlation existed between high frequency production o f normal 
somatic embryoids and medium com position. Som atic em bryogenesis is 
dependent on the optimal quantity and ratio o f  nitrogen in the medium (Sharp 
et al., 1980). Among the various treatments tried, it was observed that reduced 
concentrations o f  ammonium and nitrate ions did not influence the germination 
o f  somatic embryoids (Tables 52 and 53).

Ammirato (1983) reported the benefit o f  using reduced nitrogen in 
addition to nitrate nitrogen for somatic embryogenesis. Steward and Shantz 
(1959) suggested  that reduced nitrogen could be supplied in the form o f  
complex addenda such as coconut water. In the present studies also, treatments 
with and without coconut water were tried. In the treatment with coconut 
water (2 0 0 .0  ml/I), near normal germination o f  the em bryoids could be 
achieved in 40 .0  per cent cultures o f  Neelum and 60.0  per cent o f  Vellari 
Manga. When coconut water was not used, germination o f Neelum somatic 
em bryoids did not happen. H owever, in Vellari M anga, 10.0 per cent  
germination was observed. But the resultant plantlets were malformed with 
fused coty ledons and absence o f  bipolarity. Previous reports have also



supported the importance o f  coconut water in the germination o f  somatic 
em bryoids o f  m ango. L itz et al. (1 9 8 2 )  reported that normal plantiet  
development from mature somatic embryoids has not occurred following  
the transfer o f  somatic embryos to coconut water free medium. Dewald et al. 
(1989a) observed that the mango somatic embryos that were produced on 
media containing coconut water were larger and had few  developm ental 
abnormalities. Jana et al. (1994) and Bindu (1995) had also reported the 
importance o f  coconut water (200.0m l/l) in the germination o f  mango somatic 
embryoids.

Osmotic potential was found to influence the germination o f  somatic  
embryoids. For regulation o f  osmotic potential, treatments involving sucrose, 
agar, polyethylene glycol (PEG) and sodium chloride were tried. The stress 
conditions provided by these chemicalsexcept PEG favoured their near normal 
germination. However, normal germination could not be obtained except in a 
few instances. Formation o f secondary somatic embryoids from hypocotyls  
were common. The embryoids germinated precociously and grew as small 
seedlings instead o f  completing normal embryonic development. Secondary

s

somatic embryoids from the cotyledons and hypocotyls inhibited growth of  
the apical meristem and limited the conversion o f primary somatic embryoids 
into normal plantlets (Kim and Janick, 1989).

In the mango variety Neelum, sucrose 40.0  g/1 and 50.0 g/I could  
initiate normal growth o f somatic embryoids. 20.0 per cent germination could  
be effected in both cases (Table 54). At sucrose 60 .0  g/1 in the medium,



abnormal growth with fused cotyledons were observed in some o f the somatic 
embryoids, whereas, at sucrose 20.0 g/1, no germination was observed. In 
Vellari Manga, sucrose 50.0  g/1 could induce germination in 40.0  per cent 
cultures with a near normal growth (Table 55). However, many abnormalities 
such as fasciation and poorly developed apical meristem were noticed. It was 
observed that som atic  em bryos that were d ifferentiated  in high sucrose  
concentration were more normal in appearance than those in low sucrose  
concentration. This shows the superiority o f  sucrose as the most effective  
reduced carbon source for somatic embryogenesis, although many other mono 
and disaccharides can be successfully employed (Verma and Dougall, 1977). 
In m a n g o ,o th e r  s c ie n t i s t s  had reported near norm al so m a tic  em bryo  
development and germination when 60.0g/l sucrose was used in the medium  
(Litz, 1985 and Dewald et al., 1989b). Higher sucrose concentration also 
prevented precocious germination in carrot (Ammirato and Steward, 1971).- 
However, Jana ef al. (1994) found that only 20.0  per cent sucrose was necessary 
for the germination o f  somatic embryoids o f  mango variety Alphonso. The 
requirement o f  reduced quantity o f  sucrose in this context might be due to 
the varietal difference.

Near normal germination o f somatic embryoids could be obtained in 
so lid  medium  than in liquid medium. In N ee lu m , agar 5 .0 g / l  initiated  
germination in 75.0  per cent cultures (Table 61). In Vellari Manga, agar 5.5g/
I initiated germination in 50.0 per cent cultures (Table 62). In liquid medium, 
near normal growth with vitrification was observed in Neelum. In Vellari 
Manga, when the embryoids were cultured in liquid germination media they
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Sodium  chloride was included in the germination m ed‘ 
osmoticum to provide stress for the germinating embryoids. Sodium chloride 
0.05 per cent supplemented in the germination medium effected  50.0 per cent 
germination in Neelum and 40 .0  per cent germination in Vellari Manga 
(Table 57). Near normal growth with proper shoot and root development and- 
e lo n g a t io n  o f  h y p o c o ty l  cou ld  be obtained  in a f e w  em bryo id s. The  
germinated embryoids had a well developed root system with 4.50 to 5.25cm  
long tap root and seven to eight laterals. The shoot system  consisted o f  two
w ell developed green leaves (1 .50 x 1.0cm) having normal venation and

\
m orp hology . A w e ll  d ev e lo p ed  ap ical m eristem  cou ld  be seen  in the 
germinated embryoids. At the. higher levels o f  sodium chloride (0 .10  and
0.20 per cent), abnormal growth was observed and at the highest levels (0.40  
and 0 .80 per cent), none germinated. When the somatic embryoids were grown 
in culture m edia w ithout sodium  chloride, though near normal growth  
occurred, the per cent germination was very much reduced (20.0  per cent in 
Neelum and 10.0 per cent in Vellari Manga). The beneficial effect o f  osmotic



stress have been reported in carrot by Kamada et al. (1986). He concluded  
that factors which influence the physiology o f  cultured cells have a positive  
effect on embryogenesis. The influence o f  sodium chloride in effecting near 
normal germination can be attributed to its ability in preventing secondary 
so m a tic  e m b r y o g e n e s is  and reducing  d ev e lo p m en ta l  ab n orm alit ies  by 
regulating the osmotic potential. However, further studies are required to 
confirm the result.

Sodium butyrate is known to influence histone deacetylation and the 
expression o f  genes that are switched off in the developmental sequence (Perry 
and Chalkley, 1981). For overcoming the maturity associated problems, i f  
any, and for improving the germination o f  mango somatic embryoids, sodium  
butyrate was incorporated in the germination medium. However, no beneficial  
effect-was observed

Ethylene can influence the process o f  maturation and germination. The 
endogenous ethylene level from the nucellus o f monoembryonic mango has
been reported to be higher than from the polyembryonic type o f nucellus (Litz

\

et al., 1993). Endogenous ethylene level above the critical concentration can 
be inhibitory. For addressing this problem, ethylene inhibitors were usdd. 
Silver nitrate and cobalt chloride at 5.0, 10.0 and I5.0mg/1 were tried. In 
N e e lu m  arid V ellari M anga, cob a lt  ch lo r id e  ( 1 0 .0 m g / l )  co u ld  in d u ce  
germination in 40 .0  per cent cultures o f  Neelum and 20 .0  per cent cultures of  
Vellari Manga. A near normal growth o f the somatic embryoids with a terminal 
shoot primordium was observed in some o f  the embryoids. A few plantlets



%

could be planted out. Silver nitrate was not beneficial (Table 58). According  
to Tisserat and Murashige (1977), ethyiene suppressed embryo germination  
in Citrus an d  D aucus  cultures. According to them, the availability, uptake, 
evolution and dispersion o f various gases can affect somatic embryogenesis. 
The effect o f  ethylene inhibitors was studied by Roustan et al. (1989). They 
observed that cobalt chloride at concentrations 10 to 50 fiM effectively  
inhibited ethylene production by em bryogenic cultures and significantly  
stimulated somatic embryogenesis in carrot. They also observed that increase 
in embryo number was proportional to the inhibition o f ethylene production. 
However, further studies are required.

A ttem p ts  w ere  made to o v e r c o m e  the p ro b lem  o f  p o ly p h e n o l  
interference in the germination medium. Of the two agents tried for reducing 
the severity o f  phenolics interference, PVP proved more efficient than activate^ 
charcoal (Tables 63 and 64). This chemical at 1.0 per cent supported the 
highest per cent germination (30.00) in Neelum and Vellari Manga somatic 
embryoids and effected more or less near normal growth. Activated charcoal 
along with adsorbing inhibitory growth substances can also bind useful 
hormones and other metabolites (Eriksson, 1978 and Henshaw, 1978) and this 
lack o f  selectivity might have been the reason for its less efficient response. 
PV P w as fou n d  e f f e c t iv e  in o v e r c o m in g  the p ro b lem  o f  p o ly p h e n o l  
interference in various stages of mango somatic em bryogenesis (Jaiswal, 
1990 and Litz et al., 1993). PVP was also proved most effective in eliminating  
the problem o f  phenolics interference in teak, Tectona grandis  (Gupta et al., 
1980).



A few plantlets o f  Neelum and Vellari Manga that showed near normal 
germination were planted out in plastic pots containing sterilized sand after 
treatment with systemic and contact fungicides (Plate 20). The pots were then 
placed in a mist chamber having 25.0 per cent shade, a relative humidity of
80 .0  per cent and a temperature o f  26-27°C . The plants survived  for a 

'maximum of three weeks. They turned necrotic and finally dried. Ex-vitro  
establishment is a very critical step in somatic em bryogenesis. Rajmohan 
(1985) reported that ex-vitro  establishment is difficult in woody perennials. 
Special treatments like inclusion o f Vesicular Arbuscular M ycorrhyza in 
potting medium and carbon dioxide enrichment might become essential in 
overcoming ex-vitro  establishment problems.

H isto log ica l studies were made to ascertain the status o f  som atic  
embryoids formed from nucellus o f  Neelum and Vellari Manga. A closed  
vascular system  typical o f  som atic embryoids could be observed. Each 
embryoid had a bipolar structure and the root and shoot meristems were 
connected by vascular strands (Plates 25, 26 & 27).

Morphological characters o f  the embryoids were also studied using 
scanning electron m icroscope (SEM). The morphological features o f  the 
embryogcnic callus and different stages of-cmbryoids (globular, heart-shaped, 
torpedo and cotyledonary) could be viewed using SEM and were observed to 
follow the typical developmental sequence o f  a true somatic embryoid (Plates 

29, 30, 31 & 32).



From the present in v e s t ig a t io n s ,  the cu lture  m edia  and culture  
conditions for the first two stages o f  somatic embryogenesis, namely, induction 
and initiation could be standardised with respect to two varieties o f  mango 
(Neelum and Vellari Manga). Proper maturation and normal germination o f  
the embryoids could be successfully  induced and near normal germination  
could be obtained in certain treatments.

Mango somatic embryoids seem to be peculiar in several respects. S ize  
of embryoids appears to be a deciding factor in the maturation and germination 
process. A genotypic influence is apparent in embryogenesis. The conditions 
favouring successful maturation and germination o f embryoids in the varieties 
Alphonso, Mundan and Beneshan (Jana et al., 1994) were not useful for 
Neelum and Vellari Manga. Optimum duration o f  embryoid maturation also 
seem s important. S ince  a positive  response could be obtained from the.  
ethylene inhibitors studied for germination, this needs special attention, both 
in the p ro ce sses  o f  maturation and germ ination . D ifferen t  types  and 
concentration o f  ethylene inhibitors should be resorted to, which might be
useful for success. Triazole compounds could also be resorted to, for inducing

\

normal germination o f embryoids. A better understanding o f  the inherent or 
induced inhibitors during the course o f  embryogenesis may also be helpful. 
Methods have to be standardised for obtaining a sequence o f  growth media to 
ach ieve  high frequency production o f  m o rp h o log ica lly  normal som atic  
embryos. Method should also be standardised to increase the size o f  embryoids 
and to attain correct physiological maturity so that normal germination occurs. 
Further refining o f  the maturation and germination media is thus necessary.



T h e  o th er  rou tes  o f  in v i t r o  p r o p a g a t io n ,  n a m e ly ,  so m a tic  
organogenesis and enhanced release o f  axillary buds were also attempted for 
the propagation o f  different monoembryonic and polyembryonic varieties of  
mango. But promising results could not be obtained. Previous reports on in  
vitro  somatic organogenesis and enhanced release o f  axillary buds are lacking.

Microbial contamination has long been a major problem in the culture 
establishment o f  explants. Since the plant parts are exposed to the field for a 
long time, they harbour various micro-organisms, many o f  which penetrate 
into the plant tissues and hence get. easily contaminated (Chen and Evans, 
1990). In the present study also, high rate o f  fungal contamination was 

' observed. However, the explants (leaf segments) could be successfully  made 
aseptic by treating with mercuric chloride (0.05 per cent) for eight minutes 
and shoot tips and nodal segments with mercuric chloride (0.05 per cent) for 
fifteen minutes. But bacterial contamination occurred even at advanced stages 
of organogenesis, making it difficult to have a systematic study on the in 
vitro  propagation via  somatic organogenesis and enhanced release o f  axillary 
buds. System ic presence o f  bacteria has been reported to contaminate the 
cultures at the tim e o f  culture establishm ent or subsequently  during the 
proliferation in many species (Zimmerman, 1985). The same problem was 
reported in clove by Geelha (1995). Explants from seedlings raised under 
sterile conditions may so lve  the problem of system ic bacteria (Rajmohan, 
1985). Preliminary studies also pointed out to two other primary problems, 
polyphenol oxidation and reduced response o f  the explants. Due to these



problems also, the studies could not be continued. Further refinement o f  media 
is thus necessa ry  for standard ising  in v i tro  propagation  o f  m ono and 
polyembryonic varieties o f  mango via somatic organogenesis and enhanced 
release o f  axillary buds.



SUMMARY



SUMMARY

Attempts were made in the Plant Tissue Culture Laboratory o f the 
Department o f  Horticulture, College o f  Agriculture, Vellayani during 1992- 
96 to standardise in vitro  techniques for the rapid clonal propagation o f  mango 
(M ang ifera  indica  L.).

M eth o d s  to s ta n d a r d ise  in v i t r o  p r o p a g a t io n  o f  m on o  and 
polyembryonic varieties o f  mango grown in Kerala were tried via  somatic  
embryogenesis, somatic organogenesis and enhanced release o f  axillary buds.

Six monoembryonic and six polyembryonic varieties o f  mango were 
used for the initial response studies. Different explants such as nucellus and 
embryo mass from the ovules o f  tender mango fruits (about 30-45 days after 
fertilization), floral parts (segments o f  immature inflorescence) and segments 
o f  tender leaves (15-20 days old) were used.

The effects o f  different basal media, plant growth substances, sucrose, 
amino acids, casein hydrolysate, sodium chloride, polyethylene g lycol, sodium  
butyrate, silver nitrate, cobalt chloride, coconut water, agar, activated charcoal 
and polyvinyl pyrrolidone on the in vitro  response o f  various stages o f  somatic 
embryogenesis (induction, initiation, maturation and germination o f somatic 
em bryoids) were studied. The in vitro  response as influenced by culture



conditions (light and temperature) and frequency o f  subculture were also  
studied.

H istological and morphological studies o f  the somatic embryoids using 
hand sections and scanning electron microscope were made to ascertain the 
status o f  the somatic embryoids.

The salient findings o f  the above studies are summarised in this chapter.

1. T he in i t ia l  r e s p o n s e  in in d u c in g  so m a tic  e m b r y o g e n e s is  o f  s ix  
m onocm bryonic mango varieties, namely, N eelum , Bangalora, Prior, 
Banganpalli, Mundappa and Mulgoa was studied. The highest per cent 
cu ltures  (6 6 .6 7 )  in it ia t in g  e m b ry o g en ic  ca llu s  from n u ce llu s  was  
observed for the variety Neelum. The least response (25 .00  per cent) 
was recorded by Mundappa. Neelum was selected for further detailed  
studies.

2. Six polyembryonic varieties o f  mango such as Olour, Kurukkan, Vellari
\

Manga, Panchara Varikka, Kilichundan and Vellayani Varikka were also 
compared for their initial response. The highest per cent cultures (83.33)  
initiating somatic embryoids from nucellus was observed for Vellari 
Manga. The least response from nucellus was recorded by Kurukkan 
(33 .33  per cent), whereas, the nucellus o f  Vellayani Varikka did not 
respond. The variety Vellari Manga was se lected  for more detailed  
studies.



3. In the monoembryonic varieties o f  mango, indirect embryogenesis was 
observed from both nucellus and embryo mass. In Ihe polyembryonic  
varieties, direct somatic em bryogenesis from nucellus and an indirect 
one from embryo mass were observed.

4. In the variety Neelum, embryo mass recorded the highest response in 
inducing somatic em bryogenesis (75 .0 0  per cent) whereas in Vellari 
Manga, nucellus was the best explant (83.33 per cent).

5. In all the varieties tried, both leaf segments and immature flower parts 
did not respond in inducing somatic embryogenesis.

6. Incorporation o f  2.5 g/1 activated charcoal in the induction medium was 
the most effective  in reducing the problem of phenolics in both Neelum  
and Vellari Manga.

7. Attempts to reduce phenolic interference with citric acid or ascorbic acid 
were not effective.

8. Of the different basal media tried, half strength MS basal medium was 
the best for the induction o f  embryogenic callus or somatic embryoids 
from nucellus and embryo mass o f  Neelum and Vellari Manga.

9. Culturing the explant (nucellus) in induction medium supplemented with 
2,4-D  5 .0  mg/1 and GA3 5.0 mg/1, recorded the highest per cent cultures



(62 .50) initiating embryogenic callus in Neelum. However, in Vellari 
Manga, the highesL per cent induction (83.33) occurred at lower levels 
o f  2 ,4-D  (2.0 and 4 .0  mg/I) along with GA3 5.0 mg/1. When no plant 
growth substances were used, induction did not take place.

10. Sucrose 60.0 g/1 in the induction medium registered significantly higher 
per cent cultures inducing somatic embryogenesis from nucellar explants 
o f  the monoembryonic variety Neelum and polyembryonic variety Vellari 
Manga (6 6 .5 4  per cent). The percentage induction decreased with  
decreasing levels o f  sucrose.

11. Am ong the different types o f  aminoacids tried for inducing somatic  
e m b ry o g en es is ,  arginine and asparagine w ere not u se fu l ,  whereas, 
glutam ine (4 0 0 .0  mg/1) gave the h ighest per cent cultures inducing  
som atic  em b ryog en esis  from nucellus o f  N eelum  (6 0 .0 0  per cent).  
Glutamine 600.0  mg/1 produced the highest per cent cultures initiating 
somatic embryoids (69.39) in Vellari Manga.

12. Coconut water 200 .0  ml/1 in the induction medium favoured 45.08 per 
cent induction from nucellus o f  Neelum. In Vellari Manga,coconut water
150.0 ml/1 and 200 .0  ml/1 produced the highest per cent cultures inducing 
somatic embryogenesis from nucellus (38.36 and 37 .64 , respectively). 
The treatments w ithout coconut water recorded only 5 .2 8  per cent  
induction in Neelum as well as Vellari Manga.



13. Agar 5 .0  g/1 produced the highest per cent cultures (55 .56)  inducing 
somatic embryogenesis in Neelum whereas in Vellari Manga the effects 
were not significant. The highest and lowest levels o f  agar tried reduced 
the per cent induction in both the varieties.

14. In d u ct io n  m ed iu m  w ith  2 .5  g/1 o f  a c t iv a te d  c h a r c o a l  reg is ter e d  
significantly higher per cent initiation o f  embryogenic callus in Neelum  
(78.24) and somatic embryoids in Vellari Manga (66 .13) from nucellar 
explants.

15. Incubating the cultures in dark, rather than light at regulated temperature 
(26 ±  2°C) was ideal for inducing somatic embryogenesis both in Neelum  
and Vellari Manga.

16. When subcultured at f iv e  days interval, nucellar  t issue  o f  N eelum  
recorded 30.0  per cent cultures initiating embryogenic callus and at five  
to ten days subculture interval, 40.0  per cent in Vellari Manga. The
cultures when kept without subculturing, the problem  o f  phenolics

%
interference was very severe and the percentage response was reduced to
10.0 in Neelum and 20.0  in Vellari Manga.

17. Half strength MS basal medium was identified as the best for the initiation 
o f  somatic embryoids in Neelum (56.56 per cent) and Vellari Manga 
(77.78 per cent) from nucellus. The number o f  embryoids produced per 
culture was also the highest in half strength MS basal medium for Neelum



(48.80). However, in Vellari Manga, the number o f embryoids produced 
in MS basal medium (66.20) was on par with half strength MS basal 
medium (63.20).

18. The highest per cent cultures (72.72) initiating somatic embryoids from 
nucellus o f  Neelum was in initiation medium supplemented with 2,4-D
2 .0  mg/1, G A 3 5 .0  mg/1 and BA 1.0 mg/1. The h igh est number o f  
em bryoid s (4 6 .2 5 )  was obtained when subcultured in the medium  
containing 2 ,4 -D  5.0 mg/1, G A3 5.0 mg/1 and BA 0.05 mg/1. In the case 
o f  Vellari M anga, the h igh est  per cent cu ltures in it ia t in g  som atic  
em bryoid s (8 6 .6 7 )  from n u ce llus  was when subcultured  in media  
supplemented with 2 ,4 -D  0.5 mg/1, G A 3 5.0 mg/1 and BA 1.0 mg/1. The 
highest number o f  embryoids (90 .50 )  was also obtained at the same 
com bination o f  plant growth substances. The number o f  embryoids- 
produced per culture was almost double in Vellari Manga than in Neelum. 
When 2,4-D was excluded from the media, the percentage initiation was 
drastically reduced in both the varieties.

19. Su rcose  6 0 .0  g/1 in the medium favoured the in itiation  o f  som atic  
embryoids in 80.0 per cent cultures from embryogenic callus o f  nucellus 
in Neelum. At sucrose 40.0  g/1 the percentage initiation was reduced to 
half. However, the number o f embryoids produced were not significant. 
In Vellari Manga, sucrose 50.0  g/I and 60.0 g/I were effective in initiating 
somatic embryoids in 60.0 per cent cultures and produced 42 .00  and 
41 .50  embryoids per culture, respectively.



20. Glutamine 4 00 .0  mg/1 was found to be the best in initiating somatic  
em bryoids (6 2 .5 0  per cent in N eelum  and 8 7 .50  per cent in Vellari 
Manga). The highest number o f  embryoids produced per culture was 
also at glutamine 400 .0  mg/1 (81.33 in Neelum and 105.83 in Vellari 
Manga).

21. Inclusion o f  casein hydrolysate 500 .0  mg/1 in the initiation medium
significantly enhanced the per cent initiation and number o f  embryoids
in Neelum and Vellari Manga.

22. Addition o f  coconut water 200 .0  ml/1 in the initiation medium could  
produce significant response in the initiation o f somatic embryoids (60.0  
per cent in Neelum and 80.0 per cent in Vellari Manga). The number of  
embryoids produced per culture from nucellus was 56.0  in Neelum and
36.0 in Vellari Manga, when 200 .0  ml/I coconut water was used.

23. Agar 5.0 g/1 and 5.5 g/1 could initiate somatic embryoids in 70 .0  per
cent cultures o f  Neelum. The highest number o f  embryoids per ceulture
was produced when agar 5 .0  g/1 was used (44.33). In Vellari Manga, 
agar 5.5 g/1 initiated somatic embryoids in 50.0  per cent cultures and 
produced 53.33 embryoids per culture. As the concentration o f  agar 
increased, the number o f  embryoids produced per culture was found to 
decrease.

24. Activated charcoal 2.5 g/1 was found ideal in initiating somatic embryoids 
in both Neelum and Vellari Manga. When activated charcoal was not



used in the medium, the cultures turned brown and no response could be 
obtained.

25. Subculturing at five days (44.44 per cent response in Neelum and 55.56  
per cent in Vellari Manga) and ten days (66 .67  per cent response in 
N eelum  and 55 .56  in Vellari Manga) were ideal in initiating somatic  
embryoids than when kept without subculturing.

26. Culture conditions (light and temperature) influenced the initiation o f  
somatic embryoids. When kept under darkness at a temperature o f  26 + 
2°C, 66.67 per cent cultures o f  Neelum and 83.33 per cent cultures of  
Vellari Manga initiated somatic embryoids from the embryogenic callus 
o f  nucellus. The highest number o f .embryoids per culture were also 
produced at the same culture conditions (50.80 in Neelum and 60.10 in 
Vellari Manga). None o f  the cultures initiated somatic embryoids when 
kept under light either at room temperature (32  + 2°C ) or at low  
temperature (26 + 2°C),

27. Maturation o f  Neelum somatic embryoids was hastened when 5.0 mg/1 
abscisic acid was supplemented in the maturation medium, producing 
1.0-2.0 cm long embryoids. In Vellari Manga the maximum size (length 
in cm ) o f  em bryoids (1 .5 -2 .0  cm ) was attained when the som atic  
embryoids were subcultured into the maturation media supplemented with 
4.22 mg/1 abscisic acid. At the highest and lowest level o f  abscisic acid, 
the length o f  embryoids was 0,5 cm and below.



28. Modified basal medium containing B5 major salts, MS minor salts and 
MS organics was identified as the best for the maturation o f  Neelum and 
Vellari Manga somatic embryoids and produced 1.0 - 1.5 cm long somatic 
embryoids.

29. Attempts were made to find out the effects o f  reduced concentrations of  
sucrose in the maturation medium. The effective concentrations were
40.0 g/1 and 50.0 g/1 and produced 1.0-1.5 cm long embryoids.

30. Casein hydrolysate 100.0 mg/1 in the maturation medium produced 0.5-
1.0 cm long somatic embryoids in Neelum, whereas, casein hydrolysate
100.0 mg/1 and 150.0 mg/1 produced 0 .5 -1.5 cm long embryoids in Vellari 
Manga.

31. Maturation media supplemented with 200.0 ml/1 coconut water produced 
somatic embryoids o f  0.5-1.0 cm length in Neelum and 0.5-1.5 cm length 
in Vellari Manga. When coconut water was not added in the medium, 
only somatic embryoids o f  less than 0.5 cm length could be obtained.

32. Agar (4.5, 5.0 and 5.5 g/1) in the maturation medium produced 0.5-1.0  
cm long embryoids in Neelum. In Vellari Manga, agar 5.0 g/I in the 
medium produced 1.5 - 2.0 cm long embryoids. At higher concentration 
o f  agar, the size o f  embryoids was reduced. In liquid medium, though 
the size o f  embryoids was found to increase, vitrification was observed 
later, destroying the embryoids.



33. Polyethylene glycol had no effect on the maturation o f  somatic embryoids 
o f  both Neelum and Vellari Manga.

34. Polyvinyl pyrrolidone had a belter response than activated charcoal in 
adsorbing phenolic substance and thereby contributing to the maturation 
process. Polyvinyl pyrrolidone 1.0 per cent in the maturation medium  
produced 0.5 - 1.0 cm long embryoids in Neelum and Vellari Manga.

35. The effect o f  light on the maturation o f somatic embryoids was studied. 
It was found that incubating the cultures in darkness was beneficial for 
the maturation to proceed. When kept under darkness, the length o f  
embryoids ranged from 0.5-1 .0  cm in Neelum and 1.0-1.5 cm in Vellari 
Manga.

36. Subculturing at ten days interval produced 1.0-1 .5 cm long somatic  
embryoids in Neelum and at fifteen days interval produced 0.5 - 1.5 cm 
long embryoids in Vellari Manga. However, when the cultures were kept 
without subculturing, embryo size could not be increased.

37. The concentration o f inorganic and organic salts in the basal medium  
in fluenced  the germination o f  somatic em bryoids. A basal medium  
consisting o f  B5 major salts and MS minor salts supported the highest 
percentage germination o f  somatic embryoids in Neelum (38.89 per cent) 
and Vellari Manga (55.56 per cent). Near normal to normal growth of  
the embryoids could be obtained in this basal medium.



38. The plant growth substance BA 0.1 mg/1 and 1.0 mg/1 supplemented in 
the germination medium were found to g ive  near normal germination of  
somatic embryoids o f  Neelum (41.60 per cent) and Vellari Manga (58.33  
per cent), respectively.

39. Supplementing thidiazuron in the germination medium was not beneficial 
in the germination o f  both Neelum and Vellari Manga somatic embryoids.

40. Coconut water (200 .0  ml/1) could effect near normal germination of  
somatic embryoids o f  Neelum (40.0  per cent) and Vellari Manga (60.0  
per cent). When coconut water was not used, germination o f  Neelum  
somatic embryoids did not occur. However, in Vellari Manga, 10.0 per 
cen t  germ ination  was ob served . But the resultant p lan tlets  were  
malformed and .undersized with fused cotyledons, lacking bipolarity:

41. Polyethylene g lyco l had no effect in the germination o f  Neelum  and 
Vellari Manga somatic embryoids.

42. In Neelum, sucrose 40.0 g/1 and 50.0  g/1 could initiate normal growth of  
the somatic embryoids (20.0 per cent germination). At sucrose 60.0  g/1 
in the medium, abnormal growth with fused cotyledons were observed 
in som e o f  the som atic  em bryoids whereas at sucrose  2 0 .0  g/1, no 
germination was observed. In Vellari Manga, sucrose 50 .0  g/1 could  
germinate 40.0  per cent cultures with a near normal growth. However, 
many abnorm alities such as fasc iation  and poorly d evelop ed  apical 
meristems were noticed.



43. Near normal germination o f  somatic embryoids could be obtained in solid  
medium than in liquid medium. In Neelum, agar 5 .0  g/1 helped in the 
germination in 75 .0  per cent cultures. In Vellari Manga, agar 5.5 g/1 
supported germination in 50.0  per cent cultures.

44. Sodium chloride 0.05 per cent supplemented in the germination medium  
e ffe c te d  germ ination  in 5 0 .0  per cent cultures o f  N eelum  som atic  
em bryoids and in 40 .0  per cent cultures o f  Vellari M anga somatic  
embryoids. Near normal growth with proper shoot and root development 
and elongation o f  hypocotyl could be obtained in a few embryoids.

45. Attempts to find out the effect o f  sodium butyrate on the germination o f  
somatic embryoids was not fruitful.

46. Cobalt chloride (10.0  mg/1), supplemented in the germination medium 
could induce germination in 40.0  per cent cultures o f  Neelum somatic 
embryoids and 20.0  per cent cultures o f  Vellari Manga. A near normal
growth o f  the somatic embryoids with a terminal shoot primordium was

%observed in some o f the embryoids. A few plantlets could be planted 
out. Silver nitrate was not useful in the germination process o f  mango 
somatic embryoids.

47. Attempts were made to overcome the problem o f  polyphenol interference 
during germination o f  somatic embryoids. O f the two agents tried for 
reducing the severity o f  phenolics interference, polyvinyl pyrrolidone



(1.0 per cent) proved more effective than activated charcoal, supporting
3 0 .0  per cent germ ination  o f  N eelum  and Vellari M anga som atic  
embryoids.

48. Though a few plantlets o f  Neelum and Vellari Manga that showed near 
norm al germ in ation  and grow th  w ere p lanted  out in p la stic  pots  
containing sterilized sand, ex-vitro  establishment was not successful.

49. H isto log ica l studies revealed a c losed  vascular system , typical o f  a 
somatic embryoid. Each embryoid had a bipolar structure.

50. Scanning Electron M icroscop ic  studies depicted the m orphologica l  
features o f  different stages o f  somatic embryoids (globular, heart, torpedo 
and coty ledonary  stages)  w hich were typical o f  the developmental-  
sequence o f  a true somatic embryoid.

51. Attempts to standaridse in vitro propagation via  somatic organogenesis 
were not successful. However, de-differentiation could be induced from 
leaf segment explants o f  Neelum and Mulgoa.

52. Attempts to induce regeneration via enhanced release o f  axillary buds 
were not successful.



7/j vitro somatic embryogenesis from nucellus of the mango variety Neelum

Collect the explant

Surface sterilize |

Dissect the fruit, remove the ovule and 
scoop out the nucellus

Inoculate in the Induction medium and 
subculture into medium of the same 
composition at an interval of 5 days. 
Keep the cultures under darkness at 
26°±2°C

Transfer to the initiation medium and 
subculture into medium of the same 
composition at an interval of 5-10 days. 
Keep the cultures under darkness at 
26°±2°C

m\
& ?

i

a
|  42-51 days

m

70% alcohol for 10.0 minutes 
followed by 1% sodium  
hypochlorite solution for 30.0 
minutes

Tender mango fruits 
(30-45 days old)

Half strength MS basal medium 
supplemented with 2,4-D 5.0 
mg/l, GA, 5.0 mg/l, sucrose 60.0 
g/1, glutamine 400.0 mg/l, CW 
200.0 ml/1, AC 2,5 g/1 and agar 5.0g/i

Half strength MS basal medium 
supplemented with 2,4-D 2.0 mg/ 
I, GA3 5.0 mg/l, BA 1.0 mg/l, 
sucrose 60.0 g/l, glutamine 400.0 
mg/l. CH 500.0 mg/l, CW 200.0 
ml/l, AC 2.5 g/l ana agar 5.0 g/l

Transfer to the maturation medium and 
subculture into medium of the same 
composition at an interval of 10 days. 
Keep the cultures under darkness at 
26°±2°C

Transfer to the germination medium. 
Keep the cultures under light (3000 lux 
and 16h photoperiod) at 26°+2°C

Plant out in small pots (5.0 x 5.0 x 7.5 
cm size) and cover with polythene bag

30-35 days
T(S,

|  55-70 days

|  45-60 days

Basal medium with Bs major salts 
and MS minor salts supplemented 
with ABA 5.0 mg/l, sucrose 40.0 
g/l, CH 100.0 mg/l, CW 200.0 
ml/l, PVP 10.0 g/I and agar 4.5 
g/l

Basal medium with Bs major salts 
and MS minor salts supplemented 
with BA 0.1 mg/l, sucrose 40.0 g/ 
I, sodium chloride 0.5 g/l, cobalt 
chloride 10.0 mg/l, PVP 10.0 g/l 
and agar 5.0 g / t_____________

Potting medium - sterilized sand



In  vitro somatic embryogenesis from nucellus of the 
mango variety Vellari Manga

Collect the explant
Tender mango fruits 

(30-45 days old)

Surface sterilize
70% alcohol for 10.0 minutes 
followed by 1% sodium  
hypochlorite solution for 30.0 
minutes

Dissect the fruit, remove the ovule and 
scoop out the nucellus

Inoculate in the induction medium and 
subculture into medium of the same 
composition at an interval of 5-10 days. 
Keep the cultures under darkness at 
26°±2°C

Transfer to the initiation medium and 
subculture into medium of the same 
composition at an interval of 5-10 days. 
Keep the cultures under darkness at 
26°±2°C

Transfer to the maturation medium and 
subculture into medium of the same 
composition at an interval of 15 days. 
Keep the cultures under darkness at 
26°+2°C

Transfer to the germination medium. 
Keep the cultures under light (3000 lux 
and 16h photoperiod) at 26°±2°C

25-31 days

Half strength MS basal medium 
supplemented with 2,4-D 2.0 mg/ 
I, GA3 5.0 mg/l, sucrose 60.0 g/I, 
glutamine 600.0 mg/l, CW 200.0 
ml/1, AC 2.5 g/I and agar 6.0 g/I

28-35 days

Half strength MS basal medium 
supplemented with 2,4-D 0.5 
mg/l, GA, 5,0 mg/l, BA 1.0 mg/i, 
sucrose 60.0 g/I, glutamine 400.0 
mg/l, CH 600.0 mg/l, CW 200.0 
ml/l, AC 2.5 g/I and agar 5.5 g/I

Basal medium with B5 major salts 
and MS minor salts supplemented 
with ABA4.22 mg/l, sucrose 40.0 
g/I, CH 100.0 mg/l, CW 200.0 
ml/l, PVP 10.0 g/I and agar 5.0g/t

Basal medium with B5 major salts 
and MS minor salts supplemented 
with BA 1.0 mg/l, sucrose 50.0 
g/I, sodium chloride 0.5 g/I, cobalt 
chloride 10.0 mg/l, PVP 10.0 g/I 
and agar 5.5 g/I

38-47 days

Plant out in small pots (5.0 x 5.0 x 7.5 
cm size) and cover with polythene bag

Potting medium - sterilized sand
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a b s t r a c t

Standardisation o f techniques for the in M tr o  propagation o f mango 
( M a n g i fe m  ind ica  L.) varieties was attempted. The studies were carried out 
at the Plant Tissue Culture Laboratory, Department o f  Horticulture, C ollege  
of Agriculture, Vellayani, during 1992-96.

Attempts for the in v itro  propagation via  som atic  em bryogenesis , 
somatic organogenesis and enhanced release o f  axillary buds were made. Six 
m on oem b ryon ic  an ^ix polyembryonic mango varieties were subjected to 
the initial r e s p o n s e s t u d i e s .  Neelum (monoembryonic)-and Vellari Manga 
( p o l y e m b r y o n i c )  vaeties were selected for further detailed studies. Explants 
I'k nucellus em b° mass’ segments o f  leaf and inflorescence were used.
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ABSTRACT

Standardisation o f techniques for the in vitro  propagation o f  mango 
(M ang ifera  ind ica  L.) varieties was attempted. The studies were carried out 
at the Plant Tissue Culture Laboratory, Department o f  Horticulture, College  
of Agriculture, Vellayani, during 1992-96.

Attempts for the in v itro  propagation via  somatic em bryogenesis ,  
somatic organogenesis and enhanced release o f  axillary buds were made. Six  
m onoembryonic and six polyembryonic mango varieties were subjected to 
the initial response studies. Neelum (monoembryonic)-and Vellari Manga 
(polyembryonic) varieties were selected for further detailed studies. Explants 
like nucellus, embryo mass, segments o f  leaf and inflorescence were used.

The e ffec ts  o f  culture medium (basal m edium , major and minor  
nutrients, plant growth substances, casein hydrolysate, sucrose, glutamine, 
coconut water, activated charcoal, polyvinyl pyrrolidone, sodium butyrate, 
thidiazuron, p o lyeth y len e  g ly co l ,  sodium  chloride, s i lver  nitrate, cobalt  
chloride and agar), culture conditions (light and temperature) and frequency  
of subculture on the various stages o f  somatic embryogenesis were studied.

Among the various explants tried, somatic embryogenesis could be 
ind u ced  o n ly  from n u c e l lu s  and em bryo  m ass. In N e e lu m , so m a tic



embryogenesis could be induced in 66.67 per cent cultures o f  nucellus and
75.00  per cent cultures o f  embryo mass. In Vellari Manga 83.33 per cent 
cultures o f  nucellus and 66.67 per cent cultures o f  embryo mass responded.

Somatic embryogenesis from nucellus o f  Neelum could be best induced 
on half strength MS basal medium supplemented with G A 3 5.0m g/l, 2,4-D  
5 .0m g/l, sucrose 60 .0 g /l ,  glutam ine 400 .0m g/l,  coconut water 200 .0m l/l,  
activated charcoal 2.5g/l and agar 5.0g/l. The ideal treatment for inducing 
somatic embryogenesis from nucellus o f  Vellari Manga was half strength MS 
basal medium supplemented with 2 ,4-D 2.0m g/l, G A 3 5.0m g/l, sucrose 
60.0g/l, glutamine 600.0 mg/l, coconut water 200.0ml/I, activated charcoal 
2.5g/l and agar 6.0g/I. Subculturing in medium o f  the same composition at 
an interval o f  five days increased the percentage induction in Neelum (30.0  
per cent) and five to ten days in Vellari Manga (40.0 per cent).

The best treatment identified for the initiation o f  somatic embryoids 
from nucellus o f  Neelum was half strength MS basal medium supplemented
with 2 ,4 -D  2.0mg/I, G A3 5.0m g/l, BA 1.0mg/l, sucrose 60.0g/I, glutamine

\

400.0m g/l, casein hydrolysate 500.0m g/l, coconut water 200 .0m l/l, activated 
charcoal 2.5g/I and agar 5.0g/l. The ideal treatment for the initiation o f somatic 
embryoids from nucellus o f  Vellari Manga was half strength MS basal 
medium supplemented with 2 ,4-D  0.5m g/l, GA3 5.0m g/l, BA 1.0mg/l, 
sucrose 60.0g/l,  glutamine 400.0m g/l, casein hydrolysate 600.0m g/l, coconut 
water 200 .0m l/l,  activated charcoal 2 .5g/l and agar 5.5g/l. Subculturing at an 
interval o f  ten days in Neelum and five to ten days in Vellari Manga was



b en ef ic ia l  for the in itiation  o f  som atic  em bryoids. The corresponding  
percentage o f  initiation o f  somatic embryoids was 66.67 in Neelum and 55.56  
per cent in Vellari Manga.

A medium containing B5 major salts and MS minor salts supplemented  
with abscisic acid 5.0m g/l, sucrose 40 .0g /l , casein hydrolysate 100.0mg/l, 
coconut water 200.0m l/l, polyvinyl pyrrolidone 10.0g/l and agar 4.5g/l was 
the best for supporting the maturation o f the somatic embryoids o f  Neelum. 
The best medium for the maturation o f  the somatic embryoids o f  Vellari Manga 
contained B 5 major salts, MS minor salts, abscisic acid 4 .22m g/l, sucrose 
40 .0g /l ,  casein hydrolysate lOO.Omg/1, coconut water 200 .0m l/l,  polyvinyl  
pyrrolidone 10.0g/l and agar 5.0g/l. The size o f  embryoids was the highest 
(1.0- 1.5cm long) when subcultured at an interval o f  ten days for Neelum and 
fifteen days (0 .5 -1.5cm long) for Vellari Manga.

Incubating  the cultures in darkness at 26  ±  2°C  favoured the 
induction, initiation and maturation o f  somatic embryoids o f  both the varieties.

Near-normal germination o f  the somatic embryoids o f  Neelum was 
observed when cultured on a medium containing B 5 major salts and MS minor 
salts, BA 0.1 mg/l, sucrose 40 .0g /l , sodium chloride 0 .5g /l,  cobalt chloride  
10 .0m g/l ,  p o ly v in y l  pyrro lidone 10 .0g /l  and agar 5 .0 g / l .  Near-norm al 
germination o f  the somatic embryoids o f  Vellari Manga was observed on a 
medium containing B 5 major salts and MS minor salts, BA 1.0mg/l, sucrose  
5 0 .0 g / l ,  so d iu m  ch lo r id e  0 .5 g / l ,  cob a lt  c h lo r id e  IO.Omg/1, p o ly v in y l



pyrrolidone 10.0g/I and agar 5.5g/l. A few germinated embryoids were planted 
out. However, they did not survive.

Histological and morphological studies ascertained the status o f  the 
somatic embryoids formed. Scanning electron microscope studies depicted 
the m orp h o log ica l features o f  the d evelop m en ta l stages o f  the som atic  
embryoids.

Attempts to standardise in vitro  propagation via somatic organogenesis 
and enhanced release o f  axillary buds were not successful. However, de
differentiation could be induced from leaf segment explants o f  Neelum and 
M ulgoa.


