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INTRODUCTION

Among th e  fo u r  b o ta n ic a l  sp e c ie s  o f H ib iscus 

v i z . , H ib iscus r o s a - s in e n s ls  L . , H*. Hook.,

H. m u ta b ilis  L. and H. s v r la c u s  L. grown a l l  over th e  

t r o p ic s  and su b tro p ic s  f o r  o rnam ental p u rp o se s , H ib iscus 

r o s a - s in e n s ls  L. i s  th e  most im p o rta n t. S e v e ra l of the 

new v a r i e t i e s  evolved m ainly th rough  h y b r id is a t io n  in  

th e  p a s t  a re  known f o r  t h e i r  l a r g e  conspicuous flo w ers  

w ith  m a g n if ic ie n t shades. Shoe flo w er w ith  i t s  e a s in e ss  

f o r  p ro p ag a tio n  and management i s  w idely  accep ted  as an 

ornam ental sp e c ie s  in  a l l  ty p e s  of g a rd en s . The c l im a tic  

c o n d itio n s  p r e v a i l in g  in  so u th  In d ia  i s  p a r t i c u la r ly  

s u i t a b le  f o r  growing a l l  types and sp e c ie s  o f H ib isc u s .

The shoe f lo w e r , p erh ap s i s  one o f  th e  e a r l i e s t  

sh rubs grown in  K era la  f o r  ornam ental as w e ll a s  f o r  

m ed ic in a l p u rp o ses . Ornam ental home garden ing  on a 

s o p h is t ic a te d  b a s is  i s  o f more r e c e n t  o r ig in  in  our s t a t e  

and th e re fo re  th e  p ro b ab le  reaso n  f o r  growing H ib iscu s 

on a w ider b a s is  in  K era la  homes in  th e  p a s t  m ight be 

because of i t s  m ed ic in a l v a lu e . A la rg e  number of types 

are  found f r e e ly  growing in  K era la  and most of th ese  

types a re  hardy  and to le r a n t  to  drought c o n d itio n s  compared 

to  th e  Hawaiian v a r i e t i e s .  These types a ls o  produce la rg e



number of f lo w ers  In  c o n t r a s t  to  Hawaiian h y b r id s . 

M orphological d e s c r ip t io n s  o f most of th e se  ty p e s , 

how ever, have n o t  been made and th e re fo re  they  do n o t 

p o sse ss  d i s t i n c t  v a r i e t a l  names. There appeared  g re a t  

p o s s i b i l i t y  to  u t i l i s e  th e  d i f f e r e n t  types of H ib iscus 

e x i s t in g  in  K era la  f o r  h y b r id is a t io n  purpose so as  to  

combine t h e i r  h a rd in e ss  w ith  th e  la rg e  b e a u t i f u l  f lo w ers  

of Hawaiian h y b r id s . D e ta ile d  m orphological d e s c r ip tio n s  

o f the  a v a i la b le  types were n e c e ssa ry  in  th e  absence of 

any re fe re n c e  in  t h i s  re g a rd .

The programme o f c rop  improvement in v o lv e s  

sy s te m a tic  h y b r id iz a t io n , th e  p r e - r e q u is i te  o f which i s  

th e  c o r r e c t  knowledge on th e  c o m p a tib il i ty  between p a re n ts  

concerned . The p o lio s  o u tp u t, v i a b i l i t y  and r e c e p t iv i ty  

o f stigm a a re  some o f  th e  im p o rta n t f a c to r s  to  be s tu d ied  

in  d e t a i l  b e fo re  ta ilin g  up any sy s te m a tic  h y b r id iz a t io n  

programme.

The p re s e n t s tu d ie s  were taken  up w ith  th e  

fo llo w in g  o b je c t iv e s .

1. To make d e ta i le d  m orphological d e s c r ip t io n s  

o f  the  ty p e s , v a r i e t i e s  and sp e c ie s  m a in ta in ed  in  the 

germ plasE c o l le c t io n  in  th e  C ollege of H o r t ic u l tu re .



2 . To s tu d y  in  d e t a i l  the p o lle n  m orphology, 

p o lle n  p ro d u c tio n , p o lle n  f e r t i l i t y ,  p o lle n  g e r a in a b i l i ty  

and p o lle n  s to ra g e  of th e  d i f f e r e n t  ty p e s /v a r i e t i e s  and 

s p e c ie s .

3. To study  the d i f f e r e n t  a s p e c ts  o f com pati

b i l i t y  l i k e  s e l f ,  i n t e r v a r i e t a l  and in t e r s p e c i f i c  

c o m p a tib i l i ty ,

The r e s u l t s  of th e  p re s e n t  study  a re  expected  

to  be u s e fu l  f o r  ta k in g  up d e ta i l e d  h y b r id is a t io n  programme 

in  shoe f lo w e r so as  to  evolve v a r i e t i e s  s u i t a b le  to  humid 

t r o p ic a l  c o n d i t io n s .
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REVIEW OF LITERATURE

The genus H ib iscu s c o n ta in s  ab o u t 300 sp e c ie s  

o f d i f f e r e n t  h a b i ta t s  v i z . , h e rb s , sh ru b s , t r e e s  and I s  

w idely  d i s t r ib u te d  In  th e  t r o p ic a l  and s u b tro p ic a l  re g io n s  

o f th e  w orld . Out o f th i s ,a b o u t  20 s p e c ie s  were re p o r te d  

to  be o f ornam ental v a lu e  (B a ile y , 19^9; Anon, 19591 

V a s is h ta , 1972? S hat, 1976? S r iv a s ta v a , 1982). However, 

th e  fo u r  b o ta n ic a l  sp e c ie s  o f H ib isc u s . namely g . ro s a -

a tem M te  L in n ., &. a n la& M *  &. Hook, and
g .  m u ta b ll ls  L. a re  m ainly used f o r  o rnam ental purposes 

In th e  t r o p ic a l  and s u b tro p ic a l  gardens (3 h a t,  1976). Of 

th e s e ,  g ,  gagfL-AM mftil L in n ., p o p u la r ly  known a s  ‘China 

rose* o r ‘ shoe flow er* i s  th e  most common and acclaim ed 

as th e  m ost b e a u t i f u l .  The S ta te  of Hawaii In  U.S.A. claim ed 

to  have th e  world * s r i c h e s t  and f i n e s t  v a r i e t i e s  (P a l and 

K rishnam urthy, 1967). They b ea r u n u su a lly  la rg e  f lo w ers  

w ith  w onderfu l b r ig h t  c o lo u rs .

1.1 M orphological d e s c r ip t io n

The genus H ib isc u s  has been d e s c r ib e d  by 

B ailey  (1 9 ^9 ); Anon (1959)? Handle (1971)? V asish ta  (1972)? 

B hatnagar (1975-76); Narayanaswaml and Rao (1976) and 

S hukla and M lara (1979). B a iley  (19^9) gave b r ie f



d e s c r ip t io n s  o f  JUfrlfiffMs M* B M fakU lS ,

M» e c h iz o p e ta lu s  and J .  s y r ia e u a . Though H ooker, 19^5 a s  

quoted  by Shukla and MLsra (1979) bad g iven  a  sp ec ie s  

s t a tu s  f o r  g .  s c h iz o o e ta lu s . V i la s in i  j& . (1966) 

co n s id e red  t h i s  a s  a v a r ie ty  o f shoe f lo w er because of 

i t s  v ery  resem blance w ith  th e  d i f f e r e n t  v a r i e t i e s  o f shoe 

f lo w e r . A number o f  ty p e s , v a r i e t i e s  and h y b rid s  in  H ib iscus 

rvaz-StXPm ato  a re  grown under d i f f e r e n t  c o n d i t io n s .

V i la s in i  £& j& . (1966) d e sc r ib e d  10 v a r i e t i e s  o f shoe 

f lo w er grown in  K era la . DevJLah (1966) r e p o r te d  t h a t  th e  

f lo w e rs  in  h y b r id s  were s in g le s ,  f l a t s  o r  sa u c e r  shaped.

A few cup shaped and some w ith  p e ta l s  re -c u rv e d  and wavy 

a l s o  o ccu rred .

Sundar (1971) re p o r te d  th a t  h y b rid  s e e d lin g s  in  

H ib iscu s bore m ost f a s c in a t in g  f lo w ers  and d e sc r ib e d  ten  

such h y b r id s . B hat (1976) d e s c r ib e d  te n  p rom ising  

In  t e r  v a r i e t a l  h y b rid  se e d lin g s  evo lved  a t  IXHB, ile ssa ra g h a ta . 

Bhat (1979) f u r th e r  d e sc r ib e d  fo u r te e n  new v a r i e t i e s  of 

a&tiUSMg ro s a - s in e n s ls  evo lved  th rough  h y b r id is a t io n  

a t  the  IIHB. Bhat and Verma (1980) gave d e ta i l e d  morpholo

g ic a l  f e a tu r e s  o f  s ix  hyb rid  s e e d lin g s .

B a iley  (1 9 ^ 9 )I Anon (1959); P a l and Krlshnam urthy

(1967) and Bose and Mukherjee (197?) re p o r te d  t h a t  most 

o f  ti.8 v a r i e t i e s  of MLolWHft I2 » rliU W I»U l and fl. aoajLzooatalu.



blossomed alm ost th ro u g h o u t th e  y e a r  and more abundantly  

in  the  l a t e  r a in s .  In  jg. m u ta b ilis  f  lo v e  r in g  took p la c e  

in  p ro fu s io n  during  Septem ber and O ctober. Devaiah (1968) 

re p o r te d  t h a t  h y b rid  se e d lin g s  o f Jg. r o s a - s in e n s is  

flow ered  p ro fu se ly  and bloomed c o n tin u o u s ly . Qhat (1976) 

observed t h a t  some o f th e  £ .  r o s a - s in e n s is  c u l t i v a r s  l i k e  

1Cromwell *, »B attlion*  and ‘Snow F lake  * flow ered  a lm ost 

round th e  y ea r under Bangalore c o n d it io n s .  The peak 

f lo w erin g  was observed d u rin g  th e  months of June to  O ctober, 

in  m a jo rity  o f th e se  v a r i e t i e s .

1 .2  A n th es is  and a n th e r  d eh iscen ce

V i la s in i  s i  aL . (1966) re p o r te d  t h a t  in  a l l  th e  

ten  v a r i e t i e s  of g .  r o s a - s ln e n s is  In c lu d in g  S ch iz o p e ta lu s  

th ey  o b se rv ed , an the  s i s  took p lace  between 5 to  6 am 

although  the  tim e o f d eh iscence  d i f f e r e d  between v a r i e t i e s .  

In e ig h t  v a r i e t i e s  i t  was between 7 and 10 am and in  

o th e r  two v a r i e t i e s ,  between 10 am and 1 pm and 3 and 5 pm» 

Bhat (1976) re p o rte d  t h a t  an th e s is  and a n th e r  deh iscence  

took p la c e  d u rin g  th e  morning h o u rs .

The r e t e n t l v i t y  of th e  c o r o l l a  was d i f f e r e n t  

in  d i f f e r e n t  v a r i e t i e s  ( V i la s in i  s i  &k*» 1966). In  some 

v a r i e t i e s ,  th e  c o r o l la  was r e ta in e d  up to  2^ h o u rs , w h ile  

in  o th e rs  f i t  l a s te d  upto  60 h o u rs , D evaiah (1968)



re p o r te d  t h a t  In  most o f th e  h y b rid  se e d lin g s  the f lo w e rs  

rem ained an th e  p la n t  f o r  two to  th re e  d ays.

2 . P o lle n  s tu d ie s

Wodehouse (19i5 )  v as  of o p in io n  th a t  th e  ev a lu a 

t io n  o f p a ly n o lo g ic a l c r i t e r i a  should  be c r i t i c a l  and 

c a u tio u s  In  advanced in v e s t ig a t io n s .  The f i r s t  use o f

th e  term  ’palynology* was made by Hyde and W illiam s In

18*4-5 as quoted by Bhojwani and B h a tnagar, 197^ and they  

r e f e r r e d  th e  study  o f e x te rn a l  m orpholog ical f e a tu re s  of 

m ature p o lle n  g ra in s  as palyno logy . Palynology d e a ls  w ith 

the  p r e - t e t r a d  and p o s t - t e t r a d  s ta g e s ,  th e  l a t t e r  in c lu d in g  

p o lle n  p ro d u c tio n , p o lle n  morphology, a n th e s is ,  p o lla n  

d is s e m in a tio n , p o l l i n a t io n ,  p o lle n  g erm ina tion  and f e r t i 

l i z a t i o n  (S r iv a s ta v a , 1982). The im portance o f  palyno logy

in  p la n t  taxonomy was s t r e s s e d  by Wodehouse (1935)»

E rd taan  (1952) and S tan ley  and L inskens (197*0.

King (1962) r e f e r r e d  to  such p ro ced u res  a s  

c o l l e c t io n ,  d ry in g , t e s t in g  v i a b i l i t y ,  s to ra g e  and shipm ent 

p a r t i c u l a r ly  as  th o se  In c lu s iv e  of the  tech n iq u es  o f 

p la n t  b reed in g  a s  " P o l l ln lc u r a t lo n " .

L i te r a tu r e  p e r ta in in g  to  th e  p o lle n  s tu d ie s  are  

numerous and some o f  th e  im p o rtan t works a re  reviewed h e re .



2.1  P o lla n  morphology

M orphological a n a ly s is  o f  p o l le n  h a s  been used 

a s  a working base to  throw  l i g h t  on th e  taxonomy, phylogeny 

and e v o lu tio n  o f an g io sp e raa  (H a ir , 1970). Gross 

morphology and s u r fa c e  topography of p o l le n s ,  h as  been 

w idely  adap ted  to  id e n t i f y  p la n ts  o f d iv e rg e n t and of 

c lo s e ly  r e la te d  ta x a  (Ahmedullah, 1983)*

Among the p ro ced u res  and te rm ino logy  p u t forw ard  

by v a r io u s  w orkers, the  ones proposed by Wodehouse 0 9 3 5 )»  

th e  a c e to ly s is  p ro cess  o f Erdtman (1 9 5 2 ), N a ir  O 96O),

N alr (1961) and KPC system  o f  H io jvan i and B hatnagar ( 197*0 

a re  widely' fo llo w ed .

Erdtman (195?) s ta te d  t h a t  th e  p o lla n  g ra in s  

p o ssessed  a  unique form and perform ed a  s p e c ia l  and v i t a l  

fu n c tio n . He observed t h a t  m a jo r i ty  o f p o lle n  g ra in s  had 

an in  t i n e  and an e x in e . Exine could  be s c u lp tu re d , 

r e t i c u l a t e  o r smooth, w ith  o r  w ith o u t s p in e s , and w ith  

consp icuous a p e r tu re s .  M aurix la ( 1956) re p o r te d  t h a t  

m orpho log ical v a r ia t io n s  a f f e c t in g  d i f f e r e n t  s t r u c tu r e s  

such a s  a p e r^ tu re s ,  s i z e ,  o r ex ine  p a t t e r n  v ere  the r e s u l t  

of p o ly p lo id y . Thus th e  morphology o f th e  p o lle n  g ra in s  

se rv ed  a s  an index  to  th e  h y b r id ! ty  s ta tu s  o f  anyone 

in d iv id u a l  even w ith in  a p o p u la tio n  o f anyone crop  p la n t .



P o lle n  morphology a s  an Index to  the  chromosomal compo

s i t i o n  o f  th e  p la n t  was In d ic a te d  by S r iv a s ta v a  

(197*0 in  h y b rid  Amaranthus (Anar an th u s  apinoaus x

A* SM&Hs).

S ev e ra l w orkers l i k e  F og le  (1977)» Maas (1977)» 

Westwood and G h a lllce  (1978) and M artine  and F r e t s  (1980) 

a ttem p ted  to  c l a s s i f y  th e  c lo n es  and sp e c ie s  o f  f r u i t  

t r e e s  based on p o lle n  ex ln e  c h a r a c te r i s t i c # s .  I n v e s t i 

g a t io n s  on p o lle n  morphology were conducted in  s e v e ra l 

c ro p s v i s . ,  c i t r u s  (N air and Mehra, 1961), Cocos n u o lf e ra  

(H a ir and S h araa , 1963), Annonas (Ih ak u r and S ingh , 1965), 

Psidiura qurtava (Singh and S eh g a l, 1968), J j j f f a  StSAAPMlm, 

( h a i r  and Deshpande, 1968), d io a co re a  (Jo se  and Magnoon, 

1972), Moiaordica Charon t i  a  (S a o j i ,  1975), A

(Nalawadl e t  a l . . 1975)* nutmeg (Uaeeem, 1979)* p in eap p le  

(H a ir , 1982) and V l t i s  v in i f e r a  (Ahraedullah, 1983) in  In d ia .

In Malvaceae fa m ily , Wodehouse (1935)* hang 

(1937) and Erdtman (195*0 re p o r te d  t h a t  p o lle n  g ra in s  of 

a l l  members o f Malvaceae were found and were p rovided  

w ith  sp in e s  of vary ing  shape and le n g th .  Erdtman (1952) 

d esc rib ed  th e  p o lle n  g ra in s  o f M alvaceae a s  3 to  h  c o lp o ra te  

and p o ly f o ra te ,  w ith  a  number o f  a p e r tu r e s ,  w ith  d iam eter 

rang ing  from  30 91 as  in  P la g la n th u s  b e lu t in u s  to  190 /U



In  Kokla k a u ie n s is .  H a ir  (1961), P rasad  (1965) and 

Sharma and R a s to g i (1965) re p o r te d  t h a t  th e  p o lle n  g ra in s  

o f M alvaceae, In  g e n e ra l were p an to p o ra te  and sp in o u s .

In  ornam ental H ib isc u s . H air (1961) observed  p o lle n  

v a r ia t io n s  in  e z in e  w ith  reg a rd  to  th e  s p in e s . V i la s in i  

e t  a l . (1966) re p o r te d  t h a t  th e  co lo u r  o f  th e  p o lle n  g ra in s  

o f  g .  r o s e - s in e n s is  v a r ie d  from l i g h t  y e llow  to  deep 

yellow  b u t d i f f e r e n t  v a r i e t i e s  d id  n o t  vary  much in  shape. 

They how ever, found t h a t  th e  p o lle n  d ia m e te r f o r  d i f f e r e n t  

v a r i e t i e s  v a r ie d  from  103.85 M to  17**. 9 P o lle n  g ra in s  

o f th e  genus H ib iscus were p an to p o ra te  and s p in a te  (H a ir 

and Kapoor, 197*0, S riv a a ta v a  (1982) d e sc r ib e d  th e  p o lle n  

g ra in s  o f  H ib iscu s h y b rid  (flUrigffljg TM ScSM tm&U  

pentaxaeroua z  U M lS& g and

found t h a t  the  g ra in s  were p a n to p o ra te , s p h e r io id a l  and 

sp in o se  and th e  p o lle n  s iz e  was 72 to  180 u . He a ls o  

reco rd ed  th e  occurrence o f v a r io u s  abnorm al ty p e s , in c lu d in g  

m ic ro g ra in s  and p o lle n o ld  bod ies in

2 .2  P o lle n  p ro d u c tio n

The r e l a t i v e  q u a n t i ty  o f  p o lle n  produced p e r  

blossom  o r  p e r  a n th e r  v ary  from  v a r ie ty  to  v a r ie ty  w ith in  

a s p e c ie s . A p re c is e  measure o f th e  amount o f  p o lle n  

produced by in d iv id u a l a n th e r s ,  f lo w e rs  o r  th e  p la n t  i t s e l f  

I s  e s s e n t i a l  to  e v a lu a te  th e  w orth of a  v a r ie ty  a s  a 

p o l l i n a to r  more a c c u ra te ly  (H air and Kapoor, 197*0.



D if f e r e n t  te ch n iq u es  have bean adopted  by 

v a r io u s  w orkers f o r  the e s tim a tio n  o f p o lle n  p ro d u c tio n , 

Pohly 1939 a t  quoted by V i la s in i  (1966) computed

th e  p o lla n  o u tp u t of some p la n ts  by em ptying th e  thecae 

and suspending th e  g ra in s  in  a  f ix e d  p o r tio n  of su spension , 

O berle and Geortsem (1952) dem onstrated  a  method of 

d e te rm in in g  th e  number o f p o lle n  g ra in s  p e r  a n th e r  w ith  

th e  a id  of haemocy tome t e r , a  tech n iq u e  adopted  in  the  

c l i n i c a l  f i e l d  to  coun t b lood  c o rp u se ^ l^ . They used 2*5 ml 

w ate r c o n ta in in g  0 ,25  p e r  c e n t  ca lgan  a s  d is p e rs in g  ag en t 

o f p o lle n  g r a in s .  They observed  marked v a r ia t io n  in  the 

number o f  p o lla n  g ra in s  produced by d i f f e r e n t  sp e c ie s  

and d i f f e r e n t  v a r i e t i e s  o f th e  same s p e c ie s . P o lle n  o u tp u t 

in  coconu t was es tim a ted  by Gang o i ly  &£ (1961), by

a  method more o r  l e s s  s im ila r  to  t h a t  of Pohl (1937) and 

found th a t  th e  mean p ro d u c tio n  of p o lle n  ranged  from 

11,678 to  26,2^5 p e r  flow er* The accuracy of haemocyto- 

m eter in  e s tim a tin g  th e  p o lle n  p ro d u c tio n  was f u r th e r  

confirm ed by th e  work o f Kao and Khader (1962) in  f r u i t  

c ro p s l i k e  papaya, pomegranate and sap o ta  and th e  method 

fo llo w ed  was s im i la r  to  t h a t  o f O berle and G eortsen  (1952), 

They used 2 ,5  ml o f  w ate r c o n ta in in g  0 ,5  p e r  c e n t  te e p o l 

(d e te rg e n t)  f o r  g e t t in g  a un ifo rm  p o lle n  d is p e rs io n . I t  

was observed t h a t  th e  number of p o lle n  g ra in s  p e r  a n th e r  

v a r ie d  from 682 to  3*297 in  s a p o ta , 8950 to  12,^65 in  

papaya and 15,982 to  23,170 in  pom egranate.



V ila s in i  jgJt .a l . (1966) found t h a t  1.25 ml 

each o f w ater and g ly c e r in e  w ith  te e p o l was the b e s t  

su spension  f o r  even d is p e rs io n  o f H ib isc u s  p o lle n  g ra in s*  

They observed t h a t  p o lle n  p ro d u c tio n  ranged from 159 to  

359 p e r  a n th e r  in  10 v a r i e t i e s  of

s tu d ie d . In v e s t ig a t io n s  on t h i s  l i n e  a s  in d ic a te d  above 

were a ls o  made in  dfrelagjgghum QpJiOTlVP

hirau tum  and A lthaea ro s e a  o f tta lvaeeae fam ily  (b r iv a s ta v a , 

1982)* P o lle n  p ro d u c tio n  vas *K)-1Q0 g ra in s  p e r  a n th e r  

in  A*. £&£Hlen£M> 100-200 in  J u  J&MS3L and 159 to  > 6  in  

Gossvpium h irau tu m . He observed h ig h e r  p o lle n  p ro d u c tio n  

in  th e  m iddle p e rio d  and l e a s t  in  th e  l a t e  p e r io d s . The 

p o lle n  p ro d u c tio n  p e r f lo w e r  depended on th e  nuuber of 

a n th e rs  in  in d iv id u a l  f lo w e r .

Brooks and P u r i  (1963) and Sharraa and Singh 

(1970) r e p o r te d  v a r ia t io n  in  atm ospheric  c o n d itio n s  

a f f e c t in g  p o lle n  p ro d u c tio n . Sharma and S ingh (1970) 

found t h a t  in  mango, h ig h e r  tem p era tu re  and d ry  c lim a te  

were a s s o c ia te d  w ith  in c re a se d  p o lle n  p ro d u c tio n . In 

co co n u t, sea so n a l and d iu rn a l  V a r ia t io n s  in  p o lle n  y ie ld  

were re p o r te d  by C h ild  (197*0.

Lobanov (1950) o b ta in ed  c o n s id e ra b le  ev idence 

to  show t h a t  p o l l in a t io n  o f f r u i t  p la n t s  w ith  l a r g e r  

amount o f p o lle n  r e s u l te d  in  g r e a t e s t  f e r t i l i z a t i o n  in



in t r a - V a r i e t a l  and i n t e r - v a r i e t a l  c ro s s in g s  and in  

h y b r id is a t io n  o f more d i s t a n t l y  r e l a t e d  fo rm s. S erg reev a  

(1952) found th a t  in  g o o se b e rrie s  and c u r r a n ts ,  h y b rid s  

r e s u l te d  from  p o l l in a t io n  w ith  la rg e  amount o f p o lle n  

v ere  more v ig o ro u s and had more v ia b le  seeds than  when 

sm all amount o f p o lle n  vas used .

2 .3  P o llen  f e r t i l i t y

The fu n c t io n a l  p o te n t ia l  o f p o l le n ,  in  th e  

p rocess of f e r t i l i z a t i o n  and p ro d u c tio n  o f  se ed s , vas 

r e a l i s e d  as e a r ly  a s  th e  p r e h is to r ic  p e r io d  (M aheahvari, 

1950). S tan ley  and L inskens (19/*0 em phasised th e  

im portance of p o lle n  v i a b i l i t y  in  h y b r id iz a t io n  and 

suggested  v a r io u s  methods f o r  te s t in g  th e  v i a b i l i t y  o f 

p o lle n  g r a in s .  S ta in in g  of p o lle n  g ra in  w ith  dyes vas 

o f te n  used  to  o b ta in  v i a b i l i t y  in d ic e s .  S tan ln g  te ch n iq u e  

to  study th e  f e r t i l i t y  o f p o lle n  g ra in s  vas adopted by 

Z ir k le , a s  e a r ly  a s  in  1937, who in tro d u c e d  aaetoearm ine  

s ta in in g  te c h n iq u e . He c l a s s i f i e d  p ro p e r ly  s ta in e d ,  plumpy 

and v e i l  developed p o lla n  g ra in s  a s  v ia b le  and s h r iv e l le d  

ones a s  n o n -v ia b le . Balasubramanyam (1959) in  guava, 

N lrm alendunath and Eandhawa (1959) in  pom egranate, Singh 

(1961) in  mango, S ingh (1962 a )  in  l l t c h i ,  N alavad i 

e t  a l . (1975) in  Annona, Naseem (1979) in  nutmeg, 

Kemamenor* ( 1980) in  p ep p e r, H air (1982) in  p in e ap p le  and



T essy  <1933) In  ja c k , adopted  acetocarm lne  t e s t  to  f in d  

o u t th e  p ercen tag e  p o lle n  f e r t i l i t y .  She s ta in in g  

p r o p e r t ie s  o f  v a r io u s  o th e r  compounds on p o lle n  f e r t i l i t y  

have a ls o  been re p o r te d . The chem icals used were io d in e  

(B a rn e tt and C arver, 196b) ,  p rop inocarm ine (Deshmukh e t  a l . .

1978) , m ethyl green g ly c e r in e  j e l l y  and a n i l l n e - o i l  g en tio n  

v i o l e t  (Qupta e t  a l . . 1979). The d i f f e r e n t  s ta in s  p o ssessed  

s p e c i f ic  s ta in in g  p ro p e r t ie s  as ex p la in e d  by S tan ley  and 

L inskens (197*0. A ccording to  them, acetocarm lne  s ta in e d  

e s s e n t i a l l y  chromosomes, io d in e  s ta r c h ,  a n i l in e  b lu e  in  

la c to p h e n o l c a l lo s e ,  p h lox in -m ethy l g reen  bo th  cytoplasm  

and c e l lu lo s e .

Vietess (1952) found th a t  th e  use o f  2 , 3 , 5 

t r ip h e n y l  te trazoL lum  c h lo r id e  was a  qu ick  and r e l i a b le  

method f o r  de term in ing  the v i a b i l i t y  o f  maize p o lle n .

J u t  O aerle and Watson (1953) found th a t  t h i s  techn ique 

was in e f f e c t iv e  in  th e  case  o f  peach , a p p le , p ea r and 

g rape  p o l le n . Aslam Jti, a l .  (196*0 and Hauser and 

M orzlson (196*0 proposed th e  use of te tra z o liu m  c h lo r id e  

f o r  d e te rm in in g  th e  p o lle n  f e r t i l i t y .

J a c o p ln l (195*0 developed a  r a p id  method o f 

te s t in g  p o lle n  v i a b i l i t y  u sin g  sodium b l s e l e n l t e .  V iable 

p o lle n  developed a  p a le  ye llow  c o lo u r  when s ta in e d  w ith



tv o  p e r  c e n t  sodium  b is e le n i te  s o lu t io n  f o r  h a l f  an 

h o u r to  tv o  h o u rs  in  th e  case  of s to n e  and pome 

f r u i t s .  N on-v iab le ones rfioved no co lo u r  change.

King (1960) d e s c r ib e d  a  t e s t  based  00 p e ro x id ase  

r e a c t io n  an ag a r medium. V iab le  p o lle n  g ra in s  rem ained 

sw ollen  and c o lo u r le s s  where as  n o n -v iab le  ones developed 

b lu e  o d o u r ,  b u t v ere  n o t s v o lle n . H ealop-H arrison  

and H ealop-H arrison  (1970) In tro d u ced  a f lu o re sc e n c e  

te ch n iq u e  in  which th e  v ia b le  g r a in s  produced b r ig h t  

f lu o re sc e n c e  and vas very  p rom ising  in  th e  case  o f 

members o f  gram lnae and com positae.

S tan le y  and L inskens (197*0 opined t e a t  th e  

use o f  s t a in s  v as  n o t s u f f i c i e n t l y  a c c u ra te  when 

compared to  germ ination  t e s t s ,  because th e  immature 

and ab o rted  p o lle n  g ra in s  a ls o  co n ta in ed  l e v e l s  of 

c o n s t i tu e n t  chem icals enough to  y ie ld  p o s i t iv e  r e s u l t s  

in  s ta in  t e s t s .

2 ,b  P o llen  germ in a tio n

M  JiX2* th e  stigm a p ro v id es  a s u i ta b le  s i t e  

f o r  g e rm in a tio n . However, s tu d ie s  v iv o  a re  n o t  

f e a s ib le  because o f th e  c o m p lic a tio n s  in v o lv in g  

p i s t i l l a t e  t i s s u e .  G erm ination t e s t s  were re p o r te d  to  be 

more a c c u ra te  than  s ta in  t e s t s  which gave on ly  a crude 

e s t im a te  o f  p o lle n  v i a b i l i t y  (S ta n ley  and L in sk en s , 197*0.



I t  was Amici, 182b as  quoted by S r iv a s ta v a  

(1982) who by h i s  o b se rv a tio n s  of p o lle n  germ ina tion  

in  P o r tu la c a  p rovided  a s c i e n t i f i c  b a s is  f o r  demon

s t r a t i n g  th e  fu n c t io n a l  im portance o f p o lle n  g ra in s .

The use o f a r t i f i c i a l  m edia f o r  p o lle n  g ra in s  d a te s  

back to  tiie  l a t e r  h a l f  of 19th  c e n tu ry . Adams, 1916 

( c i te d  from  J o h r l  j t  j a l . , 1977) re p o r te d  good p o lle n  

germ ina tion  a t  v a rio u s  c o n c e n tra t io n s  o f  sugar f o r  

d i f f e r e n t  f r u i t  c ro p s . Cane sugar was found to  be b e t t e r  

than  any o th e r  source o f ca rb o h y d ra tes  t r i e d  f o r  germ i

n a tio n  o f p o lle n  g ra in s  by many w orkers (E a s t and P ark , 

1918; A uchtor, 1921 and 0 * kelly  and Jo sep h , 1955).

Kobel, 1926 ( c i te d  from  J o h r l  s i  n i . . , 1977) germ inated 

th e  p o lle n  g ra in s  o f c e r t a in  f r u i t  t r e e s  in  sucrose  

s o lu t io n  and came to  th e  conc lusion  t h a t  d i f f e r e n t  

sp e c ie s  re q u ire d  v a ry in g  c o n c e n tra t io n s  o f  sucrose 

s o lu t io n s  f o r  t h e i r  g e rm in a tio n . G en era lly  two c e l le d  

p o lle n  g ra in s  re q u ire d  10-20 p e r  c e n t su c ro se  w hile  

th re e  c e l le d  ones up to  60 p e r  c e n t  (Shivanna e t  , 1979).

Sucrose medium was used f o r  i n  v i t r o  germ ination  

o f p o lle n  o f  H ib iscus v a r i e t i e s  by V i la s in i  s i  (1966)

and they  g o t 89.8 p e r  c e n t  germ ina tion  and 125.6 u  

tu b e  growth in  *+5 p e r  c e n t su cro se  s o lu t io n .  Singh (1959) 

Bandhawa and Sharma ( i9 6 0 ) ,  Kandhwawa and Negi (1965)



found b e s t  germ ination  in  20-25 p e r  c e n t sucrose  

s o lu t io n  In  f r u i t  c ro p s . Dubey (1969) re p o r te d  t h a t  

maximum germ ina tion  end tu b e  le n g th  o f p o lle n  was 

observed In  25 p e r  c e n t  sucrose  In  ok ra  p o lle n  g ra in s .  

P o llen  g erm in a tio n  vas s a t i s f a c to r y  w ith  25 p e r  c e n t 

su c ro se  f o r  Annona (K alavad i e£  a ^ . , 1975) and 

15 p e r  c e n t  su cro se  f o r  Cocoa (H avlndran , 1977)* Qupta 

e t  a l . (1979) re p o r te d  t h a t  ro se  p o lle n  germ inated b e s t  

in  25 p e r  c e n t  su c ro se . S riv a a ta v a  (1982) n o tic e d  

t h a t  in  malvaceous c ro p s , th e  p o lle n  g ra in s  germ inated  

in  v a r io u s  c o n c e n tra tio n s  o f g ro v th  m edia, namely 

15-50 p e r  c e n t  In Abelmoschus e a c u le n tu s  and 20-^5 

p e r c e n t  in  Oossypium h lrsu tu m  and Altfaae ro s e a . Of 

th e se  c o n c e n tra t io n s , 25, 30 and 35 P®* c e n t vere  found 

to  be th e  m ost p rom ising  and a s  a  s ta n d a rd , they 

su g g ested  t h a t  25 p e r  c e n t g ro v th  m edia f o r  germ inating  

th e  m alvaceous p o lle n  g r a in s .

Even though th e re  a re  c o n tra d ic to ry  o p in io n s  

on the endogenous and exogenous u t i l i s a t i o n  o f n u t r i e n t s  

by p o lle n  g r a in s ,  th e re  i s  a  g e n e ra l unan im ity  o f opin ion  

on th e  r o le  o f  su g ar in  c o n t ro l l in g  osm otic c o n c e n tra t io n s  

d u rin g  germ ina tion  o f  p o lle n  (V is s e r , 1955? 0 * K e lly , 1955? 

V a s i l ,  1958).



A ddition  o f su b stan ces  l i k e  ag a r  and 

g e la t in  promoted p o lle n  germ ination  (A garval e t  qL* ,

1957). Kubo (1960) p o in te d  o u t th a t  by adding ag ar 

o r  g e la t in  in to  th e  m edia, m o is tu re  e u l d  be su p p lied  

a t  a  c o n s ta n t r e l a t iv e  h u m id ity , S tan ley  and L inskens 

(197*0 em phasised th a t  ag a r su p p lied  m o is tu re , ca rb o 

h y d ra te  and o th e r  n u t r i e n t s .

Kuvada (1956) observed t h a t  th e  p o lle n  o f 

Abelmoschus e s c u le n tu s . H ib iscus xaanihot and an 

am ph ld ip lo ld  between the  tv o  gave b e s t  germ ination  in  

seven p e r  c e n t  agar and 20 p e r  c e n t  g lu c o se . D a tta  

(1950) o b ta in ed  good r e s u l t s  on p o lle n  germ ination  in  

d i f f e r e n t  sp e c ie s  o f H ib iscu s in  fo u r  p e r  c e n t audrose 

and tv o  p e r  c e n t  a g a r. Y i la s in i  (1966) a ls o

re p o r te d  t h a t  by the  a d d i t io n  o f  one p e r  c e n t a g a r , 

th e  germ ina tion  p e rcen tag e  vas in c re a se d  by tv o  p e r  c e n t  

and tu b e  le n g th  by f iv e  M in  H ib iscu s ro s  a - s in e n s is .

In  o k ra , seven p e r c e n t in c re a se  in  germ ina tion  and 60 /U 

in c re a s e  in  tube le n g th  vas re p o r te d  by th e  a d d itio n  

o f 10 p e r  c e n t  a g a r-a g a r  by JDubey (1969).

Singh (1959) found th a t  papaya p o lle n  gave 

6 2 .9  p e r  c e n t germ ina tion  in  f iv e  p e r  c e n t  sucrose 

s o lu t io n .  By th e  a d d i t io n  o f esse p e r  c e n t  a g a r , a  

h ig h e r  germ ina tion  o f 6 7 .6  p e r  c e n t v as  o b ta in e d . In  mango



good g erm in a tio n  o f p o lle n  vas o b ta in ed  in  a  medium 

c o n ta in in g  2 .5  p e r  c e n t su c ro se  and 0 .5  p e r  c e n t  ag ar 

(S ingh , 1961). Kao and Khader (1960) found th a t  16 

p er c e n t  su c ro se  and 0 .7  p e r  c e n t  a g a r  v as  th e  b e s t  media 

f o r  sa p o ta  p o lle n  germ in a tio n  w h ile  Singh and Sehgal

(1968) re p o r te d  th a t  5 to  7*5 p e r c e n t su cro se  and 0 .5  

p er c e n t  ag a r was b e s t  f o r  guava. Teasy (1983) observed 

t h a t  10 p e r  c e n t su c ro se  w ith  one p e r  c e n t agar vas b e s t  

f o r  jack  p o lle n  g erm in a tio n .

2 .h ,1 .  E f f e c t  of chem icals  

2 .h . 1 ,1 .E f f e c t  of b o r ic  a c id

tkshumucker (1935) f i r s t  re p o r te d  th a t  boron 

s tim u la te d  p o lle n  germ ina tion  and tube g rov th  jyg v i t r o  

and he found th a t  one to  10 ppm b o r ic  a c id  s tim u la ted  

bo th . Be made th i s  s i g n i f i c a n t  o b se rv a tio n  based on 

h is  s tu d ie s  m  1h e  o ccu rrence  of h ig h  l e v e l s  o f boron 

in  th e  stigm a t i c  f l u id s  o f  Nymohaaa. Thompson and 

3 a t j e r  (1950) observed t h a t  boron and b o r ic  a c id  a t  25 

to  ho ppm c o n c e n tra t io n s  had s tim u la to ry  e f f e c t  on p o lle n  

germ in a tio n  whereas a t  h ig h e r  c o n c e n tra tio n  b o r ic  a d d  

had an in h ib i to r y  e f f e c t .  Gausch and Dugger (1953) 

re p o r te d  t h a t  b o ra te  io n s  re a c te d  w ith  su g ar m olecules 

to  form  an lo n is a b le  su c ro se -b o rax  complex which moved



through th e  c e l l  r e a d i ly  than  n o n -b o ra ted  and non- 

io n is a b le  su cro se  m olecule* Munzer (1960) fouhd th a t  

0*001 to  0*01 p e r  c e n t  b o r ic  a c id  had a  s tim u la to ry  

e f f e c t  on germ ination  and tube  growth o f p o lle n  in  more 

than  60 angiosperms* V a s il  (1960) opined t h a t  boron 

helped  in  oxygen uptake in  a d d itio n  to  s y n th e s is  o f 

p e c t ic  su b stan ces  re q u ire d  f o r  th e  fo rm a tio n  of w a ll 

o f  the g erm in a tio n  tu b e . J a h r i  and V a s il  (1961) re p o r te d  

the e f f e c t  o f borh a s  b o r ic  ac id  and borax  in  su rp a ss in g
A

th e  e f f e c t  o f  any known hormones, v ita m in s  o r  o th e r  

chem ical su b s tan c e s . L inskens and Kroh (1970) opined 

t h a t  boronhad a r o le  in  th e  t r a n s lo c a t io n  an d /o r 

m etabolism  o f c a rb o h y d ra te s .

Rao and Khader (1960) found t h a t  germ ination  

of sa p o ta  p o lle n  could  be enhanced a p p re c ia b ly  by th e  

a d d itio n  o f 100 ppm b o r ic  acid* Singh (1961) observed  

t i ia t  20 ppm b o ric  a c id  gave b e t t e r  germ ina tion  o f  mango 

p o lle n  g ra in s , b u o ji  (1975) re p o r te d  9^ p e r  c e n t  germ i

n a tio n  in  100 ppm b o r ic  ac id  w ith  10 p e r  c e n t sucrose

L4s a  g h aB P flfo a*

V isse r  sSt .Si* (1977) re p o r te d  t h a t  15 p er c e n t 

su c ro se  w ith  k-Q ppm b o ric  ac id  in c re a se d  th e  p o lle n  

g erm ina tion  in  h y b rid  te a - r o s e .  R avindran  (1977) found



t h a t  100 ppm b o r ic  a c id  vas optimum f o r  cocoa p o lle n  

g e rm in a tio n . 2b b i t t e r  gourd,Deahpande (1970)

observed good p o lle n  germ ina tion  w ith  200 ppm b o ric  

a c id  and in  Ja c k , Tessy ( 1983) found 10 ppm th e  b e s t .

to  H ib iscus TQ&&TM n m g Xa3V ila a ln l  &£ j^ .(1 9 6 6 )  

re p o r te d  t h a t  a d d itio n  o f  100 ppm b o r ic  a c id  in c re a se d  

p o lle n  germ ina tion  (93*02 p e r  c e n t)  and tube growth 

( 138.60 u )  w hereas in  th e  absence o f b o r ic  a c id ,  only 

89.80 p e r  c e n t  and 125.^9 They a ls o  re p o r te d  t h a t  

200 ppm b o r ic  a c id  induced  b u rs tin g  o f p o lla n  g ra in  and 

reduced p o lle n  g e rm in a tio n .

2 .^ .1 .2  E f f e c t  of calcium  n i t r a t e

L in d fo rs s , 1896 and B rink , 192** a s  quoted by 

Tessy ( 1983) suggested  t h a t  calcium  n i t r a t e  vas an 

in h ib i to r  o f  p o lle n  g erm in a tio n  and tube grow th. On the  

c o n tra ry , Brewbaker and Kwadk (1963); Kvack and Brevbaker 

(1963); Kvack (1965); Jo se  and Magnoon (1972) and 

R avlndran (1977) r e a l i s e d  th e  e s s e n t i a l  r o le  o f  calcium  

in  p o lle n  g erm in a tio n  and tube grow th. A ction  o f 

calc ium  appeared to  be based  on th e  non -m etabo lic  

in c o rp o ra tio n  of calcium  in to  p e c t ic  su b stan ces o f th e  

p o lle n  v a i l  th u s  g iv in g  in c re a se d  r e s is ta n c e  a g a in s t  

b u rs t in g  o f th e  p o lle n  tu b e s . W eisenseel and J a f f a  (1976)



re p o r te d  th a t  th e  r o le  o f calc ium  and po tassium  m ight 

be by m a in ta in in g  th e  flow  of c u r r e n ts  th rough  th e  

p o lle n  tu b e s . G ovila and Bao <1969) and Go V ila  (1970) 

observed th a t  a d d itio n  o f Ca+* enhanced p o lle n  germ i

n a tio n  in  m alvaceous c ro p s . Bema Hen on ( 1980) re p o r te d  

h ig h e r  germ ina tion  o f p o lle n  in  pepper by th e  a d d it io n

of 100 ppm Ca No^. On th e  o th e r  hand , Teasy (1982)

re p o r te d  t h a t  Ca ilas m  in h ib i to ry  a c tio n  on jack  

p o l le n .

2.*+. 1 .3  E f f e c t  of growth hormones

Sm ith (1939) found th a t  3 - IAA had a fav o u rab le  

e f f e c t  on p o lle n  germ ina tion  and r a t e  o f  p o lle n  tube 

e lo n g a tio n . Kato (1955) o b ta in ed  in c re a se d  growth of 

p o lle n  tu b e , f iv e  tim es more th an  t h a t  o f c o n t ro l ,  

by th e  a d d i t io n  of 50 ppm QA in  frii ima lo n g ifo liu m .

In  lo q u a t  p o l le n ,  D ik s h it  (1956) found t h a t ,  NAA (5 Ppm)

and IAA (10 and 15 ppm) in c re a se d  th e  p e rcen tag e  of 

germ ina tion  and tube e lo n g a tio n . Konar (1958) s tu d ie d  

th e  e f f e c t  of IAA and k in e t ln  in  th e  p o lle n  o f P inus 

roxburgh lt and found t h a t  a d d it io n  o f  IAA in c re a se d  th e  

germ ina tion  p e rcen tag e  and r a t e  o f  tu b e  e lo n g a tio n .

Bose (1959) re p o r te d  t h a t  Ga  d id  n o t a f f e c t  p o lle n  

g e rm in a tio n , b u t tube le n g th  vas in c re a se d  seven tim es



than  t h a t  of c o n tro l  a t  0 .05  ng p e r l i t r e  (ppm) in  

Plaum sa tiv u m . Eao and Khader ( 1962) observed  th a t  

bo th  germ in a tio n  and tu b e  g ro v th  were prom oted by th e  

a d d i t io n  o f QA u p to  100 ppm in  sa p o ta  p o l le n .

V i la s in i  ejfe s i . ,  (1967) t r i e d  th re e  growth 

su b s tan ces  v i a . ,  3-IAA, QA and 2,^-D  a t  th re e  d i f f e r e n t  

l e v e l s  in  H ib iscus and concluded t h a t  QA and 2,^-D  

in h ib i te d  p o lle n  g e rm in a tio n , whereas 3-IAA d id  n o t 

produce any such a f f e c t .  A ll the  above th re e  growth 

r e g u la to r s  promoted p o lle n  tube e lo n g a tio n , o f which 

the  e f f e c t  o f XAA was most pronounced.

S inha  (1973) observed  t h a t  a d d i t io n  o f 10 ppm 

IAA in  th e  c u l tu re  medium enhanced the  p o lle n  tube 

growth in  jack  f r u i t .  Me Leod (1975) observed  th a t  

tom ato p o lle n  was a lm ost com pletely  in s e n s i t i v e  to  

p la n t  growth su b stan ces  l i k e  a u x in s ,g io o e re 11in s  and 

a b s c is s ic  a c id .

According to  M alik J&.. (1977) aux ins 

m obilized  re se rv e  food m a te r ia ls  by enhancing th e  

a c t i v i t y  o f  h y d ro ly s in g  enzymes and enhanced c e l l  e longa

t io n .  T essy ( 1983) observed  enhanced germ in a tio n  of 

81 .22  p e r  c e n t by th e  a d d i t io n  o f 10 ppm IAA r a th e r  

than  77.65 p e r c e n t in  su c ro se -a g a r  m edia.



2.W .2. P o lle n  tu b e  g ro v th

Amlcl, 1830 aa  quoted by ahojw ani and 

3 h a tn ag a r (197*0 th e  d is c o v e re r  o f p o lle n  tu b e  grow th, 

reco rd ed  po lyslphonous g erm in a tio n  o f  th e  p o lla n  

g ra in s  in  H ib iscu s  t r io n u a  and &, a y r la c u a . Zn th e  

l a t t e r  some p o lle n  g ra in s  gave r i s e  to  20 to  JO tu b e s . 

Iy en g ar (1938) re p o r te d  two tu b es  p e r  p o lle n  g r a in  in  

A s ia t ic  and in  t e t r a p lo id  American c o tto n  and concluded 

t h a t  th e  freq u en cy  o f  p d l e n  g ra in  producing  two tubes 

was g r e a te r  in  th e  t e t r a p lo id  American type than  in  

th e  d ip lo id  A s ia t ic  ones. P u re v a ll  and Randhawa (19^7) 

observed  b ran ch in g  o f the  tu b e s  b o th  i n  c u l tu r e  media 

and on stigm a t i c  su rfa c e  o f  b h in d i .  V i la s in i  £& a l .  

(1966) re p o r te d  po lyslphonous germ ina tion  in  g .  ro s a -  

s in e n s is  and lu b ey  ( 1969) in  Abelmoschus 

N a ir  097*+ 5 observed t h a t  ^beimosQhua p o lle n

g ra in s  were po lyslphonous and t h a t  on ly  one tube in  

anyone g ra in  was fu n c tio n a l  w h ile  f u r  t i e r  g ro v th  o f 

o th e r  tu b es  were a r r e s te d  by th e  fo rm a tio n  o f  c a l lo s e  

p lu g s .

The tim e taken  f o r  p o lle n  germ ina tion  v a r ie d  

w ith  s p e c ie s , P u re v a ll  and Randhawa (19*+7) found th a t



th e  p o lle n  g ra in s  o f  j | .  a s c u le n tu s  germ inated  50 

m inutes a f t e r  th ey  v ere  p la ced  In  c u l tu r e  media.

Y i la s in i  £& (1966) observed t h a t  p o lle n  g ra in s

of H ib iscu s ,rffjftT3&aaa*lft commenced germ ina tion  v i th ln  

30 m inutes of d u s tin g  and th e  r a te  of germ in a tio n  vas 

h ig h e s t  d u rin g  th e  f i r s t  hour and no more germ ination  

vas o b se rv ab le  a f t e r  th e  fo u r th  h o u r. They a ls o  

re p o r te d  t h a t  th e  r a te  o f  tube  e lo n g a tio n  v as  h ig h e s t  

from f i r s t  hour up to  e ig h t  h o u rs . Dubey ( 1969) re p o r te d  

t h a t  germ in a tio n  o f o k ra  p o lle n  s ta r t e d  tv o  h o u rs  a f t e r  

they  v ere  p laced  In su c ro se  s o lu t io n  o f  s u i t a b le  con

c e n t r a t io n .  In su c ro se -a g a r  medium, 89 p e r  c e n t germ i

n a ted  v l th i n  tv o  h o u rs .

2 ,5  P o llen  s to rag e

Methods o f p o lle n  c o l le c t io n  from  v a r io u s  

c ro p s f o r  b reed ing  purposes have been d esc rib ed  by 

B a rn e tt  and A risural (1952), Singh §1 . (1961) 

and S tan ley  and L inskens (1 9 ^ 0 .  C r i t i c a l  e x te rn a l  

f a c to r s  in c lu d ed  r e l a t i v e  h u m id ity , tem per tu re  and 

atm osphere su rrounding  th e  p o lle n . E x c e lle n t  rev iew s 

(Hi p o lle n  s to ra g e  a re  a v a i la b le  (M ahesvari, 1 9 ^ »

V is s e r ,  1955? Singh et* 2& ., 1961} and Shlvanna e t  a l . .

1979).



2 .5 .1  S to rag e  by c o n t ro l l in g  tem p era tu re  and 
hum id ity

P fu n d t, 1910 a s  quoted by N air (1982) observed 

t h a t  uiost o f th e  sp e c ie s  m ain ta in ed  t h e i r  p o lle n  v ia 

b i l i t y  under low r e l a t i v e  h u m id ity . A fte r  d e ta i le d  

s tu d ie s  on th e  p o lle n  s to ra g e  req u irem en ts  of 16 f r u i t  

t r e e s ,  King and Hesse (1938) concluded t h a t  th e  optimum 

s to ra g e  tem p era tu re  f o r  th o se  p o lle n  g ra in s  of t r e e  

c ro p s was around 30°F. Hebei (1939) co u ld  s u c c e s s fu lly  

s to r e  p o lle n  g ra in s  o f a p p le , p e a r ,  p each , plum and 

a p r ic o t  f o r  2 to  51 year*  in  a d e s ic c a to r  o v er su lp h u ric  

ac id  a t  28°C tem pera tu re  and 50 p e r  c e n t r e l a t i v e  

h u m id ity . O ollim iek (15^2) re p o r te d  t h a t  g rapes p o lle n  

could  be s to re d  a l iv e  f o r  one y e a r  a t  1°C under **0-50 

p e r  c e n t  r e l a t i v e  h um id ity . VaTas (1962) found th a t  

cocoa p o l le n  s to re d  f o r  a  week in  a  d e s ic c a to r  germ i

n a ted  b e t t e r  in  a r t i f i c i a l  medium. S ingh (1962b) found 

that at room tem peratu re  th e  mango p o lle n  rem ained 

a l iv e  f o r  12 to  20 days in  d e s ic c a to r s  and f o r  $ lg h t  

days in  p e t r id i s h .  At low  tem p era tu re , th e  p o lle n  s to re d  

in  th e  d e s ic c a to r  e x h ib ite d  lo n g e v ity  u p to  7 to  10 months. 

G oviln and Rao (1969) co u ld  s to re  th e  p o lle n  o f c o tto n  

f o r  two days only  a t  25 p e r  c e n t RH.

S in fh a (l9 7 3 )  observed th a t  jack  f r u i t  p o lle n  

co u ld  be s to re d  a l iv e  up to  e ig h t  months a t  0°C and



and a t  a  E.H , o f  25 p e r  c e n t  o r  below. Coconut 

p o lle n  d r ie d  a t  M)°C and k e p t over h $ ,k  p e r  c e n t 

su lp h u r ic  ac id  In  vacuum in  sea led  ampules a t  sub se ro  

te m p e ra tu re , rem ained v ia b le  f o r  more than  one y ea r 

(C h ild , 197*0. Sao^i (1975) re p o r te d  t h a t  the p o lle n  

o f Momordica o h a re n t la  cou ld  be s to re d  f o r  f iv e  days 

in  9°C w ith  fo u r  p e r  c e n t  R.H. Siamonds (1976) reco rd ed  

th a t  cocoa p o lle n  could  k e p t a t  5°C in  se a le d  tubes 

over calcium  c h lo r id e  f o r  abou t one week.

2 ,5 .2  P o lle n  s to ra g e  by f re e z in g

G riggs s i  j&* (1953) were ab le  to  s to re  th e  

p o lle n  o f  plum, peach , almond, a p p le , p e a r , c h e rry , 

c i t r u s  and w alnu t w ith o u t lo o s in g  th e  v i a b i l i t y  f o r  

one to  th re e  y ea rs  in  a  home f r e e z e r  a t  -18°C . B e tte r  

s to ra g e  l i f e  of p o lle n  g r a in s  o f f r u i t  c ro p s  in  deep 

f r e e z e r  h as  bean re p o r te d  by s e v e ra l  w orkers (S ingh ,

1962 a ;  S ingh , 1962 b ; Shukla and M isra , 1975* B karatne 

and S e n a th ira ja h , 1983). Singh (1962 a )  re p o r te d  t h a t  

l i t c h i  p o lle n  would be s to re d  under deep f re e z e  condi

t io n  (-23°C ) f o r  31 m onths. Mango p o lle n  gave a lo n g e v ity  

of 1*t months under deep f re e z e  a t  -23°C (S ingh , 1962 b ) . 

In  c i t r u s  Sachan and P a tro  (1970) re p o r te d  50 p e r  c e n t 

v i a b i l i t y  a f t e r  90 days s to ra g e  in  deep f r e e z e .  Shukla



and M isra (1975) im ported U-0 to  6*t p e r c e n t  f r u i t  

s e t  w ith  p o lle n  s to re d  In  deep f re e z e  f o r  15 days In  

k a g z i l im e . S k a ra tn e  and S e n a th lra ja h  (1983) re p o r te d  

t h a t  oven d ry ing  a t  37°C f o r  2 -8  hou rs fo llo w ed  by 

s to ra g e  in  a deep f r e e z e r  proved to  be th e  b e s t  method 

of s to r in g  th e  p o lle n  o f o i l  palm f o r  12 m onths.

2*5.3  P o lle n  s to ra g e  by f re e z e  d ry in g

L y o p h lliz a tio n  o r f re e z e  d ry in g  o f p o lle n  was 

re p o r te d  to  be one o f  th e  e f f i c i e n t  methods o f p o lle n  

s to ra g e  by S tan ley  and L inskens (197*0 and H air (1977). 

M athur (1969) f a b r ic a te d  a  sim ple vacuum cum f re e z e  

d ry ing  a p p a ra tu s  f o r  e f f e c t iv e  s to r in g  of p o lle n  g r a in s .  

C h ild  (197*0 re p o r te d  t h a t  coconut p o lle n  cou ld  be 

f re e z e  d r ie d  and s to re d  f o r  long  p e r io d s  In  sea le d  

ampules f o r  p o lle n  exchange between d i s t a n t  c o u n tr ie s .

2 .5*^ P o lle n  s to ra g e  in  o rg an ic  s o lv e n ts

The e f f ic ie n c y  o f o rg an ic  s o lv e n ts  l i k e  benzene, 

petro leum  e t h e r ,  e th a n o l, ace tone  and ch lo roform  in  

s to ra g e  of p o lle n  g ra in s  was s tu d ie d  by Iwanarai (1972 a ,b ;  

1973? 1975) ahd Iwanami and Nakamura (1 9 7 2 ). They 

p o in te d  o u t t h a t  t h i s  method avoided th e  problem  of 

m a in ta in in g  a  s p e c i f ic  r e l a t i v e  h um id ity  and suggested  

t h a t  t i l l s  techn ique  m ight be a  u s e fu l f o r  t r a n s p o r t in g



p o lla n  w ith o u t r e f r i g e r a t i o n .  Tessy ( 1983) re p o r te d  

t h a t  jack  p o lle n  could  he s to re d  up to  &  ho u rs  in  

p etro leum  e th e r  and in  ace to n e  upto  12 h o u rs  and th a t  

the  s to ra g e  t in e  cou ld  he ex tended  up to  *+8 hou rs In 

*f°C. M ishra and Shivanna (1 ) s tu d ie d  th e  e f f ic a c y

of o rg an ic  so lv e n ts  f o r  s to r in g  p o lle n  g ra in s  o f some 

legum inous ta x a  and re p o r te d  t h a t  o rg an ic  s o lv e n ts  were 

prom ising  on ly  f o r  s h o r t  te r n  and n o t  f o r  lo n g  te rn  

s to ra g e .

3 . C o m p a tib ility  s tu d ie s

B ailey  (1 * 9 ) ,  Datta (1959), Anon (1959), 
V a s ish ta  (1972), Bhat (1976) and Shukla and M isra (1979) 
re p o r te d  th a t  f lo w ers  o f I*.,

H. m u ta b il is  L. and l£ h j^ £ £ £ t£ j& H o o k . were b ise x u a l 

and g e n e ra lly  c ro s s  p o l l in a te d  and were en to n o p h ilo u s . 

B hataagar (1975-76) re p o r te d  humming b i r d s  were the  

p o l l in a t in g  ag en ts  in  H ib isc u s . V i la s in i  gt (1966) 

observed n a tu r a l  f r u i t  s e t  only  in  one v a r ie ty  o u t 

o f the  te n  v a r i e t i e s  s tu d ie d . However, by a r t i f i c i a l  

s e l f  p o l l in a t io n  th re e  v a r i e t i e s s e t  seeds which in d ic a te d  

th a t  th e  f a i l u r e  o f s e t t in g  seeds under n a tu r a l  cond i

t io n s  was due to  the  f a i l u r e  o f p o l l i n a t io n .  They 

re p o r te d  t h a t  some v a r i e t i e s  o f  H ib iscu s  ro s a -a ln e n s ia



were n o t cap ab le  o f  g e t t in g  seeds by a r t i f i c i a l  s e l f  

p o l l in a t io n  and in  sone v a r i e t i e s  th e  non seed s e t t in g  

n a tu re  was due to  la c k  o f  p o lle n  tube e lo n g a tio n  

beyond th e  reg io n  o f s t lg m a t lc  lo b e s ,  They d id  n o t 

g e t  any seed s e t  i n  gjbJUSMa »d*4goPfrtafl»9 and suggested  

t h a t  th e  e a r ly  a b s c is s io n  o f th e  s ty le  and s tig m a a s  

p o s s ib le  reason  f o r  th e  absence o f s e t .  B hat (1976) 

a ls o  re p o r te d  t h a t  m a jo r ity  o f th e  v a r i e t i e s  d id  n o t  

s e t  seeds n a tu r a l ly .

P a te l  (1933) re p o rte d  th a t  in  c o t to n ,  h y b r i

d is a t io n  between A s ia t ic  and new w orld ty p es was a 

f a i l u r e .  H utchinson a l . (1938) however, s u c c e s s fu l ly  

c ro ssed  th e  A s ia t ic  sp e c ie s  o f flg ftiaa tty  aiftguM B and 

Qoaavnium herbaolum  w ith  th e  w ild  A frican  sp ec ie s  

Qoasvplum anomnium. They f u r th e r  re p o r te d  th a t  more 

c lo s e ly  r e la te d  sp e c ie s  c ro sse d  w ith  each o th e r ,  w hile 

o th e rs  f a i l e d  to  c ro s s  o r  gave s t e r i l e  h y b r id s . According 

to  Silow  (1 9 M ) th e  cause o f i n t e r s p e c i f i c  in co m p atib i

l i t y  in  th e  genus Gossvoiua a s  a  whole was due to  the 

la c k  o f harmony between s p e c ie s . S ikka and Jo a h i (1960) 

enum erated s e v e ra l  s ta g e s  a t  which h y b r id is a t io n  between 

Goasypium sp e c ie s  m ight f a i l .

Tezim a, 1930} C h lzak l, 193^1 U stin o v a , 1937
s£*

as  quoted  by Nlrm ala (1982) and Arumugany(1975) made



s u c c e s s fu l  c ro s s  between Abelmoachus m anlhot and 

A. e s c u le n t  u s . Tezima re p o r te d  t h a t  r e c ip ro c a l  c ro sse s  

o f the  above sp e c ie s  y ie ld e d  no se ed s . Teshlm a, 1933 

a s  quoted by N lrm ala ( 1982) , Mamidwar j j l .  ( 1980) ,

N lrm ala ( 1 982) observed f r u i t  s e t  when sbelm oschtis 

e s c u le n tu a  was c ro sse d  w ith  asEijL&2l- A bortive  seed 

fo rm a tio n  by r e c ip ro c a l  c ro s s e s  of th e  above sp e c ie s  

v a s  re p o r te d  by Teshlma.

L inskens (1975) re p o r te d  t h a t  th e  in t e r s p e c i f i c  

in c o m p a t ib i l i ty  was h e te ro g e n ic , i . e . ,  c o n t ro l le d  by 

more than one gene a t  d i f f e r e n t  l o c i  on th e  chromosomes.

V en k ita raaa n i (1952). J o s h i £ t  (1958),

Raman and Famu (1962) and L a t t a  and Premnath (1969) 

re p o r te d  s u c c e s s fu l  i n t e r v a r i e t a l  c ro s s e s  in  d i f f e r e n t  

c ro p s .

O ast (1971) re p o r te d  t h a t  ornam ental H ib iscus 

was a h ig h ly  polym orphic c ro ss -c o m p a tib le  group of 

sp e c ie s  and complex h y b r id s . In In d ia  many new v a r i e t i e s  

of H ib iscus w ith  wide a r ra y  o f  c o n tra s t in g  f lo w er 

c o lo u r  com binations were produced by b reed in g  (L evalah , 

1968| Sundar, 1971; B hat, 1978, 1979; and Bhat and 

Verma, 1980). D evalah ( 1968) re p o r te d  t h a t  th e  H ib iscus 

se e d lin g s  evolved  through h y b r id is a t io n  from  Hawaiian 

H ib isc u s  were of enormous s iz e  h av ing  v iv id  and



c o n tr a s t in g  co lo u r co m o in a tian s. oundar (1971) 

re p o r te d  t h a t  h y b rid  H ib iscu s b o re  m ost f a s c in a t in g  

f lo w ers  w ith  enormous s iz e  m easuring 7 to  15 in ch es 

a c ro s s  and v a r ie d  in  c o lo u r  com binations. Bhat (1976) 

c ro ss  p o l l in a te d  n e a r ly  700 flo w ers  w ith  65 p a re n ta l  

com binations and re p o r te d  t h a t  th e re  were s l i g h t  v a r ia t io n s  

w ith  reg a rd  to  number o f days re q u ire d  f o r  seed m a tu rity  

(Vi to  70 days) and number of seeds p e r  c a p su le  (2 to  15) 

in  d i f f e r e n t  in t r a s p e c i f i c  com binations. Bhat (1979) 

re p o r te d  t h a t  fo u r te e n  new v a r i e t i e s  o f  m m  

r o s a - s in e n s ls  were bred  a t  th e  In d ian  I n s t i t u t e  of H o rti

c u l tu r a l  R esea rch , H essax g h atta  a f t e r  r ig o ro u s  sc re en in g  

of th e  la r g e  p o p u la tio n  of H ib isc u s  h y b rid  se e d lin g s .

In IB ® , 1200 numbers o f both  I n t e r s p e c i f i c  and i n t e r - 

v a r i e t a l  h y b rid s  were r a is e d  and from t h a t  s ix  new 

v a r i e t i e s  were re le a se d  d u rin g  th e  y e a r  1980 (Bhat and 

Venaa, 1980).
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MATERIALS AND METHODS

The in v e s t ig a t io n s  on p o lle n  morphology, 

p o lle n  p ro d u c tio n , f e r t i l i t y  and c o m p a tib i l i ty  s tu d ie s  

re p o r te d  in  the  th e s i s  v e re  c a r r ie d  o u t d u rin g  the 

p e r io d  from May 1982 to  Septem ber, 1983, The germ plaaa 

c o l l e c t io n  c o n s is t in g  o f th l r ty f o u r  ty p e s /v a r i e t i e s  

o f H ib iscu s ro aa -B ln en a la  L. and tv o  o th e r  sp e c ie s  v i z . , 

H ib iscu s  m u ta b ilia  L. and HibineuB a c h lz o p e ta lu s  Hook, 

m ain ta ined  In  th e  D epartm ent o f Pomology and F lo r i c u l t u r e ,  

C o llege  o f H o r t ic u l tu re ,  V e llan ik k a ra  were used f o r  the  

p re s e n t  s tu d ie s .  The type s /v a r ie  t i e s / s p e c i e  s  v ere  r a is e d  

from c u tt ln g s /b u d d lln g s  and p la n te d  in  th e  y e a r  1981.

L i s t  o f ty p e s /v a r i e t i e s  and t h e i r  so u rces a re  g iven  below.

A ccession  number/Name Source

1 ACC* 1 (Q u arre l s ta rj) lo c a l  c o l le c t io n from K era la

2 ACC. 2 lo o s l  c o l le c t io n  from K erala

3 ACC. 3 lo o e l  c o l le c t io n  from  K erala

ACC .if (S h a n ti) h y b rid  from  1IHR B angalore

5 Acc. 5 lo c a l  c o l le c t io n from  K erala

6 Acc.6 lo o e l  c o l le c t io n  from K erala

7 Acc* 7 lo o e l  c o l le c t io n from K erala



A ccession  number/Name Source

8 Acc* 8 lo c a l  c o l le c t io n  f r o a  K era la

9 Acc. 9
l o c a l  c o l le c t io n  from  K erala

10 ACC. 10 l o c a l  c o l l e c t io n  from Kexala

11 Acc. 11 lo c a l  c o l le c t io n  from  Kfcrala

12 A cc.12 lo c a l  c o l le c t io n  from  B angalore

13 A cc.13 lo c a l  c o l le c t io n  from K erala

1^ ACC.1^ l o c a l  c o l le c t io n  from  K erala

15 ACC.15 Lalbagh g a rd en , B angalore

16 A cc.16 (Nazneen) h y b rid  from  IIHR, B angalore

17 ACC.17 (N a rth ak i) h y b rid  fro m  IIHR, B angalore

18 ACC.18 (Hawaiian y e l lo v )  h y b rid  T.N. A. U ., Coimbatore

19 A cc.19 lo c a l  c o l le c t io n  from B angalore

20 ACC.20 (C h ltra le k h a ) h y b rid  from  IIHR, B angalore

21 Acc. 21 (T r ib a l Queen) h y b rid  from  IIHR, B angalore

22 A cc.22 lo c a l  c o l le c t io n  from  K erala

23 ACC.23 h y b rid  from  IIHR, B angalore

2b Acc. 2̂ + h y b rid  from  IIHR, B angalore

25 A cc.25 lo c a l  c o l le c t io n  from K erala

26 A cc.26 l o c a l  c o l le c t io n  from Coim batore

27 Acc .27 ( B e ^ a s e e r ) h y b rid  from  IIHR, B angalore

28 A cc.28 Lalbagh g a rd en , Bangalore

29 Acc.29 L albagh g a rd en , B angalore

30 ACC.30 ( S a t . I n d i r a  Qandhi) h y b r id  from IIH R,B angalore



A ccession number/Naas Source

31 A cc.31 (Thilakam ) h y b rid  from  T.M.A.U., Coimbatore

32 A cc,32 (Yellow s t a r )  T .N .A .U ,, Coimbatore

33 A cc.33 lo c a l  c o l le c t io n  from K erala

3^ A cc.3^ lo c a l  c o l le c t io n  from K erala

35 H lb l .e u .  n m ta b i l l .  (H.M. ) Iiooal c o l l e c t io n  f n .  b r a l a

36 H ib iscu s  sch laope t a lu s  (H .S .)  lo o  a >  c o l l e c t ! ®  ,f ron t o r s i .

1 .1  M orphological d e s c r ip t io n

S ince a l l  th e  ty p es m ain ta ined  d id  n o t p o ssess  

d i s t i n c t  v a r i e t a l  nam es, d e ta i le d  m orpho log ical d e s c r i 

p t io n s  of th e se  ty p e s /v a r ie t i e s  were made. A d e s c r ip t iv e  

blank was p rep ared  based on C h a ra c te rs  used  f o r  d e s c r ib in g  

th e  ty p es as adopted by Devaiah (1968), Sundar (1971),

Bhat (1976, 1979), Bhat and V ersa (1980) w ith  s u i ta b le  

m o d if ic a tio n s . She b lank  used i s  p re se n te d  in  Appendix I .  

The o d o u r s  o f th e  f lo w e rs  were compared by using  th e  

♦D ictionary  o f colour*  by Maerx and Bea Paul (1950).

D ata  on th e  number of f lo w ers  produced from June 

1982 to  Hay 1983 were reco rd ed . The number of flo w ers  

opened were counted d a i ly  and th e  t o t a l  number of f lo w ers  

produced in  a month was computed.



1 .2  A n th esis  and a n th e r  d eh iscen ce

In  o rd e r  to  c o l l e c t  b a s ic  d a ta  on a n th e s ia  and 

a n th e r  deh iscence in  th e  d i f f e r e n t  ty p e s /v a r le t ie s /a p e c ie s  

s e le c te d  f o r  the  study, th e  fo llo w in g  p ro ced u res  were adopted .

Ten m ature buds in  each ty p e /v a r ie ty  /s p e c ie s  were 

tagged  on th e  p rev io u s  day o f f lo w er opening f o r  observa

t io n s  on f lo w er opening in  d i f f e r e n t  ty p e  s /v a r ie  t i e  s /s p e c ie s  

s e le c te d  f o r  th e  s tu d ie s .  These f lo w er buds were observed 

a t  h a l f  h o u rly  in te r v a l s  f o r  re co rd in g  t h e i r  tim e o f  opening 

and re p e a te d  th r i c e .

F o r c o l le c t in g  d a ta  an th e  tim e  o f  an th e r 

d eh isce n ce , te n  m ature buds in  each ty p e /v a r ie ty /s p e c ie s  

were tagged  on th e  p re v io u s  day o f f lo w e r opening and they 

were observed a t  h a l f  h o u rly  in te r v a l  commencing from 

6 pm and re p e a te d  t h r i c e .

The tim e o f th e  fo ld in g  o f c o r o l la  was a ls o  

observed . F o r th i3  purpose th e  opened flo w ers  in  each 

ty p e /v a r ie ty /s p e c le s  w ith  s ta lk s  i n t a c t  were c o l le c te d  in  

the  even ing  and p laced  w ith  t h e i r  s ta lk  ends dipped in  

w a te r. These f lo w e rs  were observed a t  h o u rly  i n t e r v a l s  

and re p e a te d  th r i c e .  The tim e taken  f o r  th e  fo ld ed  

c o r o l la  to  f a l l  down was a ls o  no ted  under f i e l d  c o n d itio n s . 

The c lo se d  f lo w ers  were observed a t  12 h o u rs  in te r v a l  

u n t i l  th e  c o r o l la  com plete ly  f e l l  down.



2 . P o lle n  s tu d ie s

P o lle n  m orphology, p o lle n  p ro d u c tio n , p o lle n  

f e r t i l i t y ,  p o lle n  germ ina tion  and s to ra g e  l i f e  of 

p o lle n  were s tu d ie d  In t h i r t y  th re e  ty p e s /v a r le t i e s  o f 

H ib iscu s  ro s a - s in e n s is  and two o th e r  sp e c ie s  v i z . ,

H ib iscus m u t ^ l s  and Jg. a f f4 g 9 F f ta U 8 t

2 .1  P o llen  morphology

F low ers were c o l le c te d  soon a f t e r  a n th e r  deh iscence 

and k e p t  In  a d e s ic c a to r  f o r  one hour so as to  c o l l e c t  

tne  p o lle n  g ra in s  needed f o r  the s tu d y . P o llen  morphology 

was s tu d ie d  a f t e r  s ta in in g  the  p o lle n  g ra in s  u s in g  

ac e to c a rjr in e .

2.1*1 P o llen  s iz e

P o lle n  g ra in s  were d u sted  in  a drop of acetocarm ine- 

g ly c e r in e  medium on a c le a n  m icro sco p ic  s l id e  and covered 

w ith  ze ro  co v e rg la ss  f o r  30 m in u tes . D iam eter of 10 

norm al w e ll shaped, plumpy and w e ll s ta in e d  p o lle n  g ra in s  

from each  type o r  v a r ie ty  o r sp e c ie s  a s  th e  case may be 

was m easured a t  random u sin g  a s ta n d a rd iz e d  o cc u la r  m icro

m eter under low power o f  a m icroscope. The mean d iam eter 

was ex p ressed  in  m icrons.



2 .1*2  P o lle n  shape

The same s l id e s  were u t i l i z e d  to  study  th e  

shape o f p o lle n  g ra in s  under h ig h  power m a g n if ic a tio n .

C olour of u n s ta in e d , f r e s h  p o lle n  g ra in s  was 

s tu d ie d  under low power o f a m icroscope,

2 ,2  P o lle n  p ro d u c tio n

A haem ocytom eter was used f o r  e s tim a tin g  th e  

number of p o lle n  g ra in s  p e r  a n th e r . One hundred m ature 

a n th e rs  were g a th ered  from  f r e s h ly  opened flo w e rs  of each 

ty p e /v a r ie ty /s p e c ie s  b e fo re  an th e r  d e h isc e n c e . Mature 

a n th e rs  o f  each type  were taken in  s e p a ra te  v ia ls  and 

s to re d  in  a  d e s ic c a to r  f o r  f iv e  hours f o r  p ro p er d eh iscen ce . 

The method used by Y i la s in i  £& a l . (1966) was fo llow ed  

which i s  d e ta i le d  below.

A fte r  a n th e r  d e h isce n ce , 1 .25 ml o f w ater 

c o n tr iv in g  1 ,0  p er c e n t te e p o l was added to  th e  v i a l s  

c o n ta in in g  th e  a n th e rs  and the c o n te n ts  were shaken 

th ro u g h ly . To t h i s  1 .25 ml o f  g ly c e r in e  was added. A 

drop o f th e  above su sp en s io n , drawn in  a  f i n e  p ip e t t e ,  

was t r a n s f e r r e d  to  each  of the  two co u n tin g  chambers 

o f a  haem ocytom eter. P o llen  g ra in s  in  each of th e  fo u r  

c o rn e r  sq u a re s  in  bo th  coun ting  chambers were counted



and th e  nean number in  e ig h t  c o rn e r  sq u a re s  were 

c a lc u la te d .  F or each ty p e /V a r ie ty /s p e c ie s ,  f i r e  such 

e s tim a te s  were made.

The number of p o lle n  p e r  a n th e r  was c a lc u la te d  

a s  fo llo w s .

L et N m average number of p o lle n  coun ted  p e r c o rn e r

square  and X * number of p o lle n  p e r  a n th e r

then  H * X * 0 .1  * 25

0 .1  X a  25 H

X a 250 H

2 .3  P o lle n  f e r t i l i t y

F e r t i l i t y  o f  th e  p o lle n  g ra in s  was es tim a ted  by 

aeetocarm ine  s ta in in g  tech n iq u e .

P o lle n  g ra in s  were du sted  in  a drop o f aee tocarm ine- 

g ly c e r in e  medium on a  c le an  m icroscop ic  s l id e  fo r  30 

m inutes f o r  p ro p er s ta in in g  and examined under low power 

o f a  compound m icroscope. P o llen  f e r t i l i t y  was e s tim a te d  

by co u n tin g  f e r t i l e  and s t e r i l e  p o lle n  g ra in s  s e p a ra te ly .  

P o llen  g ra in s  which s ta in e d  w e ll , looked  plumpy and w e ll 

shaped were co n s id e red  as  f e r t i l e  and th o se  u n s ta in e d , 

sm a ll o r  s h r iv e l le d  as n o n -v ia b le  o r  s t e r i l e .  The o b se r

v a tio n s  were made in  te n  d i f f e r e n t  m icroscop ic  f i e l d s  and 

the  mean p ercen tag e  o f v ia b le  p o lle n  g ra in  was a r r iv e d  a t .



Three such e s tim a te s  ( s l i d e s )  were p re p a re d . F e r t i l i t y  

o f p o lle n  g ra in  vas ex p ressed  as  p e rc e n ta g e .

2.*+ P o lle n  germ ination

In  v i t r o  c u l tu r in g  o f p o lle n  g ra in s  vas made in  

a r t i f i c i a l  m edia.

2.1+.1 S ta n d a rd is a tio n  o f  media

The media t r i e d  by V i la s ln i  jgJ; &L. (1966) d id  

n o t  g ive s a t i s f a c to r y  germ ina tion  o f  th e  p o lle n  g r a in ,  

v h lch  n e c e s s i ta te d  f u r th e r  d e ta i l e d  s tu d ie s  f o r  s ta n d a r

d is in g  th e  m edia f o r  p o lle n  germ ina tion  and tube grow th.

The fo llo w in g  th re e  media v e re  t r i e d  and th e  

p o lle n  g ra in s  from th e  norm ally  seed s e t t in g  ty p e  (A cc.2 ) 

in  £• roS,a-ftM3gn,gjLg v e re  u t i l i s e d  f o r  s ta n d a rd is a t io n .

1. Sucrose media

The vary ing  c o n c e n tra t io n s  o f sucrose  in  d i s t i l l e d  

w ate r nam ely, 0 , 5 , 10, 15, 20 , 25 , 30 , 35, M>, **5, 50,
55 and 60 p e r  c e n t vere  made. P o lle n  g ra in s  were c o l le c te d  

soon a f t e r  a n th e r  d eh iscen ce  and th e  f r e s h ly  c o l le c te d  

p o lle n s  v ere  dusted  to  a  drop o f  th e  s o lu t io n  in  c a v i ty  

s l i d e s  and allow ed to  r e s t  a s  hanging  d ro p s . A humid 

environm ent vas p rov ided  f o r  the  g erm in a tio n  by p la c in g



th e  s l i d e s  in  a d e s ic c a to r  co n ta in in g  w a te r . Germ inated 

and n o n -g e ra ln a te d  p o lle n  g ra in s  were counted  and t h e i r  

tube  le n g th  was measured a f t e r  2W h o u rs , in  10 d i f f e r e n t  

m icroscop ic  f i e ld s  by o b se rv in g  under th e  low power o f  

m icroscope. V ia b i l i ty  was expressed  a s  p ercen tag e  and 

tu b e  le n g th  measured in  m icrons ( jtt). The t e s t  was rep ea ted  

fox th re e  tim es .

2 . Sucrose w ith  ag ar m edia

From th e  t r i a l s  using  su c ro se  m edia, th e  most 

s u i t a b le  c o n c e n tra tio n s  f o r  maximum p o lle n  germ ination  

and tube  growth was a r r iv e d  a t .  To th e se  c o n c e n tra t io n s , 

agar a t  0 .5* 1 .0  and 1 .5  P©r c e n t was added. Sucrose alone 

in  th r e e  c o n c e n tra tio n s  (2 0 , 25 and 30 p e r  c e n t)  and each 

in  com bination  w ith  c o n c e n tra tio n s  o f  a g a r  were a ls o  

t r i e d .  P o llen  germ ina tion  and tube grow th was a sse ssed  

by hanging drop te ch n iq u e .

3 . S u c ro se -c g a r-b o rlc  a c id  media

From th e  p rev io u s  s tu d ie s ,  th e  s u i ta b le  concen

t r a t i o n s  o f  su c ro se -a g a r  m edia were f ix e d  (20, 25 and 30 

p e r  c e n t sucrose  w ith  one p e r  c e n t  a g a r ) .  S u cro se -ag a r 

in  th e  above c o n c e n tra tio n s  and each  in  com bination  w ith  

th re e  d i f f e r e n t  c o n c e n tra tio n s  o f b o r io  a c id  v i z . , 50,

100 and 150 ppm were p re p a red . The p e r  c e n t v i a b i l i t y



of p o lle n  In  th e  above m edia was s tu d ie d  by hanging 

drop  te ch n iq u e .

To d eterm ine  th e  optimum tim e re q u ire d  f o r  

p o lle n  g erm ina tion  and tube grow th , o b se rv a tio n s  were made 

a f t e r  1 , 2 , 6 , 8 and 2k hours from d u s tin g . The

ex p erim en t was re p e a te d  th r ic e .

2 .^ .2  P o llan  germ ina tion  s tu d ie s  o f d i f f e r e n t  
type  s /v a r i e t i e s / s p e c i e s

From th e  s tu d ie s  a s  d e ta i le d  above, th e  b e s t  

medium f o r  p o lle n  germ ina tion  s tu d ie s  was f ix e d  (20 p er c e n t 

sucrose  + 1 p e r  c e n t  ag a r + 100 ppm b o r ic  a c id ) .  T h is 

medium was used f o r  f u r th e r  d e ta i l e d  s tu d ie s  on p o lla n  

g erm ina tion  and tube grow th in  35 ty p e s /v a r i e t i e s  o f

L. and in  j j .  m u ta o il is  L. and 

ac h lzo p e ta lo u s  Hook. In a l l  cases  s tu d ie s  were re p e a te d  

t h r i c e .

The le n g tn  o f p o lle n  tubes o f te n  g ra in s  s e le c te d  

a t  random from  each s l id e  was measured and mean tube 

growth was found o u t. As a  numoer of p o lle n  tu b es emerged 

from a  s in g le  g r a in ,  measurement were made only  o f  th e  

lo n g e s t  tu b e s . Three such measurements were made f o r  

each type and th e  d a ta  were s t a t i s t i c a l l y  an a ly sed .



2 .5  P o lle n  s to rag e

F iv e  ty p e s /v a r ie t i e s  v i a , ,  A cc.2 , Acc. 11,

A cc.18, Acc.22  and Acc.26 o f  ah o e flo v e r were s e le c te d  

f o r  th e  s tu d y . F low ers w ith  deh isced  a n th e rs  and f r e s h  

p o lle n  g ra in s  a s  the  case  was used f o r  p o lle n  s to ra g e  

s tu d ie s .

a re

The d i f f e r e n t  methods and c o n d itio n s  adopted 

d e ta i l e d  below.

1. F low ers a t  room tem p era tu re  (T^)

2 . F low ers a t  k°C in  r e f r i g e r a to r  (Tg)

3. F low ers o v e r ca lc ium  c h lo r id e  a t  room tem peratu re « 3 )

F low ers over calcium  c h lo r id e  a t  **°C (3^)
£'> • P o lle n  a t  room tem p era tu re  (T^)

6 . P o llen  a t  ^°C in  r e f r i g e r a to r  (Tg)

7 . P o lle n  o ver ca lc ium  c h lo r id e  a t  room tem peratu re <i? )

8 . P o lle n  o v er calcium  c h lo r id e  a t  *t°C (Tg)

9. P o llen  in  petro leum  e th e r  a t  *f°C in  r e f r i g e r a t o r  (Tg )

10. P o lle n  in  acetone a t  in  r e f r i g e r a t o r  (T1Q)

P o lle n  g ra in s  c o l le c te d  under d i f f e r e n t  s to ra g e  

c o n d itio n s  were Incubated  in  su c ro s e -a g a r -b o r ic  a c id  

medium (20$  ♦ 1$ + 100 ppm) and germ ina tion  percen tage  

were reco rd ed  a t  12 h o u rs  in te r v a l  u p to  9 6  h o u rs .



3 . C o m p a tib ility  s tu d ie s

Seven ty p e s /v a r ie t i e s  of H ib iscus ro e e -a in a a e la  £>. 

(A c t.2 , J>, 11, 16, 18, 22 and 26) ami two o th e r  spec l e a

namely j*. m tis tilX U  **• i k  SS& i& W tM bM  Hook, were 

s e le c te d  f o r  th e  s tu d y .

3.1 S e lf  c o m p a tib il i ty

The above seven ty p e s /v a r ie t ie s  o f Jj* ro e a -e in e n a la : 

i k  and i k  were s e l f e d .

3 .2  C ross c o m p a tib il i ty  
3 .2 .1 .  m t r a s p e c l f l c  c ro sse s

The fo llo w in g  were th e  fem ale and stale p a re n ts  used.

f v M s L J B m v P M ale p a r e n t

ACC. 2 A c c . 2

A c c . 5 ACC. 11

ACC, 11 A c c . 18

ACC.16 A c c . 2 2

ACC.18 ACC. 26

ACC. 22

A c c .2 6



S.r9gg..SP#JLPflta2Rf

2 x 11 5 * 2  11 x  2

2 x 18 5 x 11 11 x 18

2 x 22 5 x 18 11 x 22

2 x 26 5 x 22 11 x 2 6

5 x 26

3 .2 .2  I n te r s p e c i f i c  c ro s s e s

Three ty p e s /v a r ie t i e s  of H ib iscu s ro a a - s in e n s is  

(Acc. 2 t 18 and 26) and tv o  o th e r  sp e c ie s  v i z . ,  jj*. m u ta b il is  

(H.M .) and sc h iz o o e ta lu s  (H .S ,) were used f o r  c ro s s in g .

C ross com binations

2 x H.M. 18 x H.M. 26 x H.M. H.M. X 2 H .S. X 2

2 X H.S. 18 x H.S. 26 x H.S. H.M. X 18 H.S. X 18

H.M. X 26 H .S. X 26

H.M. X H.S. H.S. X H.M,

3 .2 .3  Techniques o f c ro s s in g  and s e l f in g

Mature buds of th e  fem ale p a re n t  were em asculated  

an th e  even ing  p r io r  to  th e  expected  d a te  o f  flo w er opening. 

E m ascu la tion  was done by f i r s t  removing th e  c o r o l la  by p ass in g  

a  k n if e  w ith o u t in ju r in g  th e  androeclum and th e  s ty le .  The 

a n th e r  lo b e s  were c a r e fu l ly  scraped  o u t le a v in g  th e  p i s t i l

16 X 2

CO X
CM

16 X 11 18 X 11

16 X 18 18 X 22

16 X 22 18 X 26

16 X 26

22 x 2 26 x 2

22 x 11 26 x 11

22 X 18 26 x 18

22 x 26 26 x 22



w ith  I t s  stigm a i n t a c t .  The em ascu lated  f lo w ers  were 

then  bagged t i l l  th e  n e x t morning. P o lle n  from  the  bagged 

flo w er o f th e  d e s ire d  p a r e n ts ,  soon a f t e r  d eh iscen ce  were 

b rought along  w ith  the  stam in& l column and slow ly smeared 

<xi th e  s t ig m a tic  su rfa ce  o f th e  fem ale  p a re n ts .  A fte r  

p o l l in a t io n ^ th e  f lo w ers  were bagged and p ro p e rly  l a b e l l e d .  

S w elling  o f th e  ovary was p e r c e p t ib le  w ith in  ^8  hours o f 

p o l l i n a t io n .  The bags were removed a f t e r  a  week of p o l l i 

n a tio n  and young ca p su le s  were allow ed to  develop  under 

n a tu r a l  c o n d itio n s .

F o r s e l f i n g ,  th e  same p rocedure  was fo llo w ed . 

P o llen  from  th e  bagged f lo w e rs  of th e  same p la n t  v%s used .

C apsule developm ent in  each o f th e  p o l l in a te d  

f lo w e rs  was observed an th e  5 th  day and 15th day a f t e r  

p o l l i n a t io n .  W herever c a p su le s  were r e ta in e d  a f t e r  15 days 

th ey  were observed t i l l  m a tu r i ty .

F o r a s se s s in g  th e  c ro ss  and s e l f  c o m p a tib i l i ty  

th e  c a p su le s  were h a rv e s te d  a t  f u l l  m a tu r i ty ,  j u s t  in  

advance o f  deh iscen ce  and th e  h y b rid  seeds were f r e s h ly  

sown in  p o ts  c o n ta in in g  the  p o tt in g  m ix tu re  1*1*1 (S o il*  

sandieovdung).

The fo llo w in g  o b se rv a tio n s  were made.



( i )  Number o f  c ro sse s  made and p ercen tag e  of f r u i t  s e t  

a t  5 th ,  15 t h  days and a t  m a tu r i ty .

P ercen tag e  o f su ccess  » Kttaber of f r u i t  s e t  x 100 (A)
Number o f c ro s s e s  hade

( I I )  Days to  m a tu rity

( I I I )  Number o f s e e d s / f r u i t  (c a p s u le )  (B)

( iv )  Days to  germ ination

(v ) P ercen tage  o f germ in a tio n  o f th e  seed s .

Seeds germ inated z  100 ^

Number o f  seeds sown

( v i ) P e rcen tag e  of s u rv iv a l  o f the  germ inated  se e d lin g s  (D)

S eed lin g s  su rv iv ed  x 100 

Number o f  se e d lin g s  germ inated

3*3 C r o s s a b i l i ty  index

F o r su c c e s s fu l crosses^  a c r o s s a b i l i t y  Index vas 

used to  measure th e  c ro s s in g  a f f i n i t y  between each p a i r  o f 

p a re n ts .  C ro s s a b i l i ty  index  vas c a lc u la te d  a s  su g g ested  

by Rao,1979*

C r o s s a b i l i ty  index
C ro ssin g  e f f ic ie n c y  of th e  c ro s s  x 100 

S e lf in g  e f f ic ie n c y  o f fem ale p a re n t 

A°* x B°* x C°* x D°* x  100 

A8* X a *  X C8* x D8*



c* * c ro sse d

s* s  s e lfe d

A s* P ercen tage  o f f r u i t  s e t

3 at Average number of seeds p e r  f r u i t

C at P ercen tage  g erm ina tion  o f th e  seeds

D * P ercen tage s u rv iv a l  of th e  germ ina ted  se e d lin g s

S t a t i s t i c a l  a n a ly s is

The d a ta  c o l le c te d  on d i f f e r e n t  a sp e c ts  were 

ta b u la te d  and ana lysed  s t a t i s t i c a l l y .  T ran sfo rm atio n s 

were done w herever needed and th e  d a ta  an a ly sed  by th e  

a n a ly s is  o f v a rian ce  te ch n iq u e . S ig n i f ic a n t  r e s u l t s  were 

compared a f t e r  f in d in g  o u t th e  c r i t i c a l  d if f e r e n c e .



J e s u i t s



Be s u i t s  o f  th e  In v e s t ig a t io n  on p o lle n  morpho

lo g y , p o lle n  p ro d u c tio n , f e r t i l i t y  and c o m p a tib il i ty  

s tu d ie s  In  H ib iscus ro s a - s in a n a la  L. and tv o  o th e r  

sp e c ie s  v i z . ,  & . Hook,

a re  p re se n te d  b e lo v .

1.1  M orphological d e s c r ip t io n

M orphological d e s c r ip t io n  o f  th l r ty f o u r  ty p e s /  

v a r i e t i e s  o f £• r o s a - s in e n s is  (H .B .){ and H. m u ta b illa  

(H.M .) and 11  ̂ s c h lz o p e ta lu s  (H .8 .) a re  p re se n te d  In  

Table 1. Photographs o f  a l l  th e  ty p e s /v a r le  t i e  s /a p ec  ie s  

a re  p re se n te d  In  p la te s  I ,  Z I, I I I ,  XT and T.

The p e ta l s  o f th e  lo c a l  ty p es v e re  g e n e ra lly  o f 

s in g le  shade whereas most o f th e  h y b rid s  p o ssessed  

d i f f e r e n t  shades on the p e t a l s .  The l e a f  shape v a r ie d  

w idely  between ty p e s /v a r ie t ie s / s p e c ie s  ran g in g  from 

deep ly  lo b ed  to  round o r co rd a te  o n es . Q en era lly  the 

lo c a l  ty p es  had o v a te , s e r r a te  le a v e s ,  w h ile  th e  Hawaiian 

v a r i e t i e s  and some h y b rid s  had th ic k  c o rd a te -o v a te  

c r in k le d  le a v e s  w ith a lm o st e n t i r e  o r  s e r r u la t e  m argin . 

The n u m erica l arrangem ent o f th e  f l o r a l  p a r t s  v i z . , 

th e  number o f e p ie a ly x  (5 to  9)» ntaaber o f lo b e s  o f  ca ly x



P la te  I  -  V. T y p e s /v a r ie t ie s /s p e c le s  of H ib iscus

1. Acc. 7 if. Acc. 1k
2. Acc. 19 5 . Acc. 10
3* Acc. 13 6 . Acc. 22

I I .

1. Acc, 17 (N a rth ak i)  Acc. 23
2. Acc. 28 $ . Acc. h (S h a n ti)
3. Acc, 16 (Nazneen ) 7 . A cc.32 (Yellow s t a r )
*f. Acc. 27 (BS'ftazeer) 8 . Acc. 2*f





1 .  H i b i s c u s  a m t a b i l l s  6 .  Acc.31 ( T h i la k a m )

2. H ib iscu s 5 . ACC.20 (C h it ia le k h a )

3. A cc.30 ( S o t .I n d i r a  Gandhi) Acc.29

P la te  IY.

1. Acc. 12 5 . A cc.33

2 . AOc. 15 6 . A cc.11

3 . Acc. 21 (T r ib a l  Queen) 7 . Acc. 2

H, Acc. 18 (Hawaiian y e llo w ) 8 . acc.26

9. Acc. 1 (Q u arre l s t a r  ?)



1



P la te  V.

1 .  Ab c .  5  A e c .  9

2 . Acc. 3 6* A cc.25
3. Acc. 6 7 •  Acc•3^

5 . Acc. 8

■





(2 to  7 ) ,  p e d ic e l  le n g th ,  f lo w er s iz e ,  le n g th  o f 

s tam ln a l column, number o f a n th e rs  p e r  f lo w er (b to  1M>) 

and le n g th  o f s ty le  v a r ie d  between s p e c ie s ,  v a r i e t i e s  

and ty p e s . F low ers of th e  Hawaiian v a r i e t i e s  and 

h y b r id s  in  g e n e ra l were o f la rg e  s i z e .  Double f lo w e rs  

had ex trem ely  s h o r t  s ty le s  w h ile  th e  s in g le s  p o ssessed  

lo n g  s t y l e s .  The number o f a n th e rs  were l e s s  in  double 

f lo w e rs  compared to  s in g le s .  The h y b r id s  had u su a lly  

l a r g e  s iz e d  a n th e rs  compared to  l o c a l  ty p e s . A ll th e  

s in g le s  had monadelphous s tam ln a l column whereas in  

doub les, m ultiade lphous c o n d itio n  was observed . The stam ln a l 

tube vas M en d is s e c te d  In to  two o r  more g roups, each 

w ife  v a ry in g  numbers of a n th e r s . The c e n t r a l  group was 

more th ic k e r  and p o ssessed  more number o f a n th e rs  compared 

to  th in n e r  tu b es  b ea rin g  l e s s e r  number of a n th e rs  in  

the l a t e r a l s .  In some ty p es o f  doubleSj, fe e  c e n t r a l  

monadelphous tube branched and th e  p e t a l s  j u s t  surrounding  

th e  s ta m ln a l tube g o t fu sed  a t  th e  b a s a l  reg io n  o f the  

tu b e . In  most of th e  double f lo w e rs  p e ta lo b y  of th e3 A
s t a m ln a l  co lu m n  e x te n d e d  t o  f e e  o v a r y .  In  A c c .3  a lo n e  

p i s t i l  w as r u d im e n ta r y  and i n  A c c . 3 t̂, s ta m e n s  w ere a b s e n t .

1 .1 .1  F low er p ro d u c tio n

D ata  on th e  m onthly f lo w er p ro d u c tio n  o f th e  

t y p e s /v a r i e t i e  s /s p e c ie s  a re  p re se n ted  in  Table 2 .



T able 2 . Flow er p ro d u c tio n  In  d i f f e r e n t  ty p e s /v a r te t i e s / s p e c ie s  o f H ib isc u s

s i .
N o.

T y p es /
v a r i e t i e s /
s p e c i e s

1982 1983 T o t a l
June Ju ly Aug. S e p t . O c t . N ov . D e c . Ja n . Feb. M arch A p r i l May

t A cc . 1*+ 390 383 383 323 720 233 2+8 638 820 700 1+80 1*+3 5*+6l
2 ACC. 22 225 375 *+58 285 *+05 180 203 1+80 690 578 578 323 1+780
3 ACC. 1 210 210 368 *+65 1+65 210 173 360 398 188 218 1*+3 3̂ +08
b ACC. 19 105 165 203 315 210 1*+3 315 623 570 383 180 68 3280
5 ACC. 13 263 398 353 75 165 1**3 75 323 315 278 113 53 255**
6 ACC. 26 53 98 225 263 1*+3 1*+3 173 300 285 180 255 105 2223
7 ACC. 7 128 150 2*+8 338 173 173 120 255 128 113 128 83 2037
8 ACC. 25 38 1^3 278 308 210 158 203 98 2+0 113 113 23 1925
9 ACC. 2 105 128 233 150 195 1^3 165 180 150 60 83 53 161+5

10 ACC. 33 90 150 225 188 195 173 90 113 2+0 38 23 23 151+8
11 AC C. 6 b  95 180 293 38 60 60 98 75 98 23 15 23 1558
12 ACC. 31 15 38 180 255 173 98 120 135 180 105 90 8 1397
13 ACC. 11 23 113 113 173 180 105 135 165 1*+3 38 38 23 12*+9
1*+ H.M. 0 0 120 323 128 233 173 53 60 0 0 0 1090
15 A c c . 9 90 83 128 233 2*+0 38 23 1+5 90 23 23 23 1039
16 A cc . 18 75 113 98 83 **5 68 53 75 165 195 38 30 1038
17 ACC. 5 75 98 108 135 1*+5 130 93 83 68 30 15 25 1005
18 ACC. 32 23 60 1^3 165 60 83 113 83 120 68 30 15 963
19 ACC. 3 113 218 165 98 153 *•■5 30 30 23 15 30 8 925
20 AC C . 28 15 53 128 173 83 53 38 *+5 105 98 60 30 881

(C ontd. )



s i .
No.

T ypes/
v a r i e t i e s /
sp e c ie s

1982 1 9 8 3
T o ta l

Ju n e J u ly A ug. S ep t. O ct. Nov. Dec. J a n . F eb . March A p r i l May

21 A cc . 12 0 15 0 0 15 6 0 *+5 105 2 7 0 150 150 30 8 * 0
22 A c c . 29 **5 83 105 **5 68 **5 98 9 0 68 *♦5 38 15 5**5
2 3 A c c . 3>f 60 38 165 165 6 0 5 3 8 3 8 15 2 3 68 2 3 716
2»* H.S. 3 0 5 3 1^ 3 150 9 0 6 0 75 53 2 3 12 8 0 6 9 7
2 5 A c c . 23 2 3 5 3 8 3 68 90 *♦5 2 3 9 8 60 3 0 1*5 15 6 3 3
26 A c c . 10 133 105 1 5 8 2 3 5 8 15 8 10 30 10 0 0 5 5 0
2 7 ACC. 8 2 3 15 9 8 60 5 3 3 8 3 8 »*5 3 8 15 8 15 M*6
2 8 A cc . 21 2 3 38 **■5 30 3 0 15 8 23 3 0 2 3 2 3 8 296
2 9 ACC. 15 8 2 3 15 0 0 8 3 8 30 5 3 3 0 8 0 2 1 3
30 ACC. 27 8 8 0 2 3 3 0 15 15 0 3 0 3 0 2 3 15 197
31 A c c . 2 0 8 15 0 2 3 5 3 8 2 3 8 15 8 8 15 181*
32 A c c . 16 2 3 38 3 8 8 15 15 1 5 0 8 0 9 0 160
3 3 ACc. 3 0 0 8 15 15 8 15 3 0 2 3 8 8 15 8 1 5 3

A c c . 17 0 0 0 8 1*5 2 3 2 3 0 8 0 15 15 137
3 5 A cc . ** 0 2 3 8 15 1 5 2 3 8 8 1 5 0 0 15 1 3 0
36 A c c . 2** 0 0 15 8 15 8 8 2 3 8 15 0 0 1 0 0

CJT
00



M ajo rity  o f th e  type s / v a r i e t i e s  of H.R. bloomed 

th ro u g h o u t th e  y e a r . Among the  two s p e c ie s ,  H .S. and

I I . M., th e  form er flow ered  th roughou t th e  y e a r  ex cep t 

d u rin g  May, w h ile  l a t t e r  flow ered  on ly  from  August to  

F eb ru a ry . I t  was observed t h a t  g e n e ra lly  f o r  a l l  ty p e s /  

v a r i e t i e s / s p e c ie s  August to  O ctober was th e  peak p e rio d  

of f lo w erin g  fo llow ed  by January  to  March w h ile  April-M ay 

was th e  le a n  p e r io d . M oderate f lo w erin g  vas n o tic e d  

d u rin g  Ju n e -Ju ly  and November-Decemoor. Acc. 11* showed 

th e  maximum flo w er p ro d u c tio n  d u rin g  th e  y ea r  fo llow ed  

by Acc. 22 and th e  minimum was n o tic e d  In  Acc.2*t. S ix tee n  

ty p e s /v a r i e t i e s  o f H.R. and one sp e c ie s  H.M. produced 

more than  1000 f lo w ers  p e r  y e a r .

1 .2  A n th esis  and a n th e r  deh iscence

R e s u l ts  of tile  s tu d ie s  on an th e s i s  a re  p re se n te d  

in  Table 3 . In  a l l  th e  t y p e s / r a r i e t i e s  o r  sp e c ie s  

f lo w er opening took p la c e  d u rin g  th e  e a r ly  morning h o u rs . 

M ajo rity  o f them opened between 5 to  6 am w hile  A cc.10 

and H.M. opened between h  to  5 am. In  A cc.2 , 5 , 6 , 7*

13 and 27, f lo w er opening took p la c e  between 6 to  7 am.

But in  m ost o f the  h y b rld a  l i k e  Acc.*+, 18, 20, 21 , 23 ,

£*+» 28, 30 and 31 f lo w er opening took p la c e  between 7 am 

and 8 ,30  am. There vas l i t t l e  sea so n a l V a ria tio n  in  t h i s  

between ty p e s /v a r ie t i e s  o r  s p e c ie s .



T able 3. F low er open ing , a n th e r  d eh iscen ce  and c o r o l la  r e te n t io n  in  d i f f e r e n t  
ty p e s / ? a r i e t i e  a /s p e c le s  o f H io iscu s

S I .  Tirae o f f lo w er Time o f a n th e r  Time tak en  by th e  Time taken by th e
No. opening d eh iscence  c o r o l la  to  fo ld  up c o r d l a  to  f a l l

*  ( h r .  ) do*  ( h r . )

1 ACC. 1 5 .0 0 mm 6 . 0 0 am 7 .0 0 - 8 .0 0 am 13 - 17 12 e» 36
2 A cc . 2 6 . 3 0 • 7 . 0 0 am 6.30 - 7 . 3 0 am 15 - 18 2*f - 36
3 A cc . 3 5 .0 0 mm 7 . 0 0 am 6.30 mm 7 . 3 0 am 1 6 - 2 0 2^ - if8

ACC. if 7 . 0 0 m 8 .0 0 am 8 .0 0 mm 9 .0 0 am 2 0 - 2 8 3 6 - 6 0

5 ACC. 5 6 . 0 0 - 7 . 3 0 am 8 .3 0 - 9 .3 0 Blil 18 - 2 3 if8 mm 7 2
6 A cc . 6 7 . 0 0 - 7 . 3 0 am 7 .0 0 - 7 . 3 0 am 1if - 16 12 - 36

7 A cc . 7 7 .0 0 mm 7 . 3 0 am 3 .0 0 - 5 . 0 0 pm 16 - 19 36 mm 6 0
3 A cc . 8 5 .0 0 - o « o o am 6 .0 0 - 7 . 3 0 am 1 3 mm 15 3 6 • V 8

9 A cc . 9 5 .0 0 - 6 . 0 0 am 9 - 0 0 mm 8 .0 0 am 18 mm 2 0 12 mm 36
10 Acc. 10 i f .o o - i f .  3 0 am 9 . 3 0 - 10.30 pm 1if - 19 if8 - 6 0
11 ACC. 11 5 .o o - 5 .3 0 am 6 .0 0 - 7 . 0 0 am 12 - 16 2*4- mm 36
12 Acc. 12 5 .0 0 - 5 .3 0 am 1 0 .0 0 mm 1 .0 0 pm 1 3 - 19 Sb - if8

13 ACC. 13 7 .0 0 mm 7 . 3 0 am 2 .0 0 - 5 .0 0 pm 16 - 2 0 36 mm if8

* Acc. l if 5 .0 0 - 6 .0 0 am 9 .0 0 - 1 .0 0 pm 15 - 17 - 36

15 ACC. 15 5 .0 0 - 6 .0 0 am 7 .0 0 - 8 .0 0 am 1 3 - 15 >+8 - 7 2
16 Acc. 16 5 . 0 0 - 6 .0 0 am 1 0 .0 0 - 10.30 am 15 - 18 36 - 6 0

17 A c c . 17 5 .0 0 - 5 .3 0 am 9.30 - 10.30 am 16 mm 1 9 36 - 6 0
18 Acc. 18 8 .0 0 - 8 .3 0 am 8 .3 0 - 9.30 am 13 mm 16 2if mm if8

(C o n td .)



S I .
Ho.

T y p e * /  
v a n e  t i e s /  
sp e c ie s

Time o f f lo w er 
o p e n in g

Time o f a n th e r  
d eh iscen ce

Time taken  by 
th e  c o r o l la  to  
fo l&  up 

(h r s )

Time tak en  by 
th e  c o r o l la  to  
f a l l  down 

( h r s )

19 A cc. 19 5 .0 0 as 6 .0 0 am 7 .3 0 - 8 .0 0 am 1k - 16 2 k - 1*8
2 0 ACC. 2 0 8 .0 0 «» 8 .3 0 am 8.30 - 9 .3 0 am 13 - 16 2k - h e

21 A cc. 21 7 . 3 0 - 8.30 am 9 .0 0 - 9 .  3 0 am 11 - 15 2k - 1*8
22 A cc . 22 5 .0 0 - 5 .3 C am 5 .0 0 - 6.30 am 13 mm 18 2k - k S

2 3 A cc. 2 3 7 . 0 0 - 8 .0 0 am 8 . 0 0 - 1 0 .0 0 am 12 mm 1 3 2k - 36
2»* A cc. 2»* 8 . 0 0 - 8.30 am 9 .0 0 - 1 0 .0 0 am 1 3 - 16 12 - 2*+
25 A c c . 25 6 .0 0 - 6 .3 0 am 7 .3 0 - 8.30 am * - 17 2 k - 36
2 6 A cc. 26 5 . o o - 6 .0 0 am 6 .3 0 - 8,30 am 15 - 21 2* - kB
27 ACC. 27 6 . 3 0 - 7 . 3 0 am 8 .0 0 -

aCO am 15 - 2 0 36 - 6 0
28 ACC. 2 8 7 .0 0 - 7 * 3 0 am 8 .0 0 - 9 .0 0 am 13 - 16 . 12 - 36
2 9 ACC. 2 9 5 . 0 0 - 6 .0 0 am 6 . 0 0 mm 7 . 0 0 am 16 - 1 8 2* mm1*6
3 0 Acc. 30 7 . 3 0 mm 8 . 0 0 am 8.30 mm 9 .3 0 am 1k - 2 0 2 k mm1*8

31 Acc. 31 7 . 0 0 mm 8 .0 0 am 8 .0 0 mm 9 .  0 0 am 12 mm 17 12 - 2k
3 2 ACC. 32 5 .0 0 mm6 .0 0 am 7 . 3 0 -

0•CO am 11* - 18 36 - 1*8

3 3 A c c . 33 5 . 0 0 - 5 .3 0 am 7 .0 0 - 8 .0 0 am 13 - 15 2** - 1*8
* A c c . * 5* 00 —,■S»00 m — . 2 6 - 36 6 0 - 7 2
35 H.M. k .o o - 5.30 am 5 .3 0 - 6 .3 0 am 12 mm 15 2 k - 36
36 H .S . 5 . 0 0 - 6 .0 0 am 7 .3 0 - 8 .0 0 am 16 - 2 0 12 - 2 k



T able 3 re  p r e t e s t s  th e  d a ta  on a n th e r  

d e h iscen ce . The r e s u l t  in d ic a te d  th a t  th e  a n th e r  

d eh iscen ce  took p la c e  d u rin g  th e  morning h o u rs . Irs 

most o f th e  type s /v a r ie  t i e s / s p e c i e s ,  a n th e r  deh iscence 

commenced so o n a fte r  th e  f lo w er opening w h ile  in  A cc.10, 

d e is to g a m y  was observed i . e . ,  th e  a n th e r  deh iscence 

took p la c e  b e fo re  f lo w e r  opening . In Acc. 12 and A cc .10  

a n th e r  d eh iscence  took p la c e  between 3 ,3 0  am to  1 pm 

and in  Acc.7  end 13 i t  was between 2 to  5 P®* There 

was n o t much seaso n a l v a r ia t io n  f o r  a n th e r  deh iscence 

in  most o f th e  ty p e s /v a r ie t l e s / s p e c le s .  A nther 

d eh iscence  was g e n e ra lly  e a r l i e r  d u rin g  w in te r  and 

summer th an  on ra in y  p e r io d s . In  A cc,16 and 21>s t r u 

c t u r a l  s t e r i l i t y  was n o tic e d  in  summer i . e .  an th e r  

d eh iscence  d id  n o t tak a  p la c e  a t  t h a t  tim e.

H ib isc u s  flo w er l a s te d  f o r  a  d ay , u s u a lly  fo ld in g  

an hour o r so a f t e r  sundown. During co o l months, 

th ey  l a s t e d  f o r  more tim e . F low ers o f  a l l  th e  ty p e s /

v n r le t i e s / s p e c ie s  fo ld ed  between 12 to  18 h o u rs  a f t e r
>o

f lo w er opening ex cep t H .S. (16 to  20 h o u r s ) ,  Acc.W
A

(20 to  28 h r a )  and Ace. Jk (26 to  30 h r s ) .  G enera lly  

th e  double p e ta i le d  ones and th e  h y b rid  flo w ers  l a s te d  

lo n g e r  than  o th e r s .



The r e t e n t i v i t y  o f th e  c o r o l la  was d i f f e r e n t  

in  d i f f e r e n t  ty p e s /v a r le t ie s / s p e c ie a  (T able 3 ) . In  

most o f the  ty p e s /v a r ie t i e s / s p e c ie s , th e  c o r o l la  f e l l

down wl th in  2h to  *+8 h o u rs  a f t e r  f lo w er opening.

However, Acc.V, 7 , 10, 16, 17 and 27 l a s t e d  up to  60 

h o u rs  w hereas, A/sc, 5 , 15 and 3^ l a s t e d  u p to  72 h o u rs .

2. P o lle n  s tu d ie s

2 .1 .  P o llen  morphology

P o lle n  g ra in s  appeared a s  powdery mass to  the  

naked eye and t h e i r  co lo u r  v a r ie d  from  w h ite  in  th e  

case  o f  Acc.10 to  cream y-w hite in  A cc.11, 26, 27 and 

H ib iscu s m u ta b il is  and yellow  In  a l l  th e  rem aining ones 

(P la te  V I). The o u te r  su rfa c e  of th e  yellow  p o lle n  

g ra in s  was found to  be surrounded by a  yellow  substance  

under low power o f a compound m icroscope. The amount 

o f th e se  substance v a r ie d  w ith  th e  ty p e s /v a r ie t ie s / s p e c ie s  

which r e s u l te d  in  v a ry in g  shades of y e llo w .

2 .1 •1 • P o lle n  shape

The p o lle n  g ra in s  o f d i f f e r e n t  t y p e s /v a r i e t i e s /  

sp e c ie s  were found to  have more o r  l e s s  s im ila r  shape 

(P la te  V II ) .  P o lle n  g ra in s  were p a n to p o ra te , sp h e ro id a l 

and sp in o se . Along w ith  normal p o lle n  g r a in s ,  abnormal





g ra in s  such a s  e lo n g ated  ones and p o l l in o id  bod ies 

( a n th e r id ia l  bodies resem bling  th e  p o lle n  g ra in s )  were 

a ls o  observed .

2 .1 .2  P o llen  s iz e

There vas s ig n i f i c a n t  In te rv a rJL e ta l v a r ia t io n  

f o r  p o lle n  s iz e  among th e  d i f f e r e n t  t y p e s / v a r i e t i e s /  

sp e c ie s  (Table W). S ize  o f  th e  p o lle n  g ra in s  V aried 

from 198. 58.71 in  Abe.25 to  125.91 p  in  Acc.29. The 

mean s iz e  was 160.67 u . Acc. numbers 25* 30, 11, 6 ,

20 , 18 , 21 , 32, 2 , 2*f, if, 26 , 5# 13 and 17 recorded  a 

h ig h e r  s iz e  than  th e  mean, w h ile  th e  p o l le n s  o f  th e  

rem ain ing  ty p e s /v ^ r ie t ie s / s p e c le s  were s m a lle r . The 

p o lio s  s iz e  was found to  d i f f e r  n o t  only between ty p e s /  

v a r i e t i e s  b u t a ls o  w ith in  them. V a r ia t io n  in  s iz e  vas 

found a ls o  between normal and abnormal g ra in s  and w ith in  

th e  norm al g ra in s .

2 .2  P o llen  p ro d u ctio n

T able if g iv es  an accoun t o f th e  r e s u l t s  o f  the 

e s tim a tio n  o f p o lle n  p ro d u c tio n  in  t h i r t y f i v e  ty p e s /  

v a r i e t i e s / s p e c i e s .  The d a ta  when s t a t i s t i c a l l y  an a ly sed  

showed s ig n i f i c a n t  d if fe re n c e  in  p o lle n  o u tp u t among 

th e  t y p e s /v a r i e t l e s / s p e c ie s .  The h ig h e s t  number of 

p o lle n  p e r  a n th e r  v as  reco rd ed  in  g .  m u ta b llia  (500)



T a b le  *♦. P o l l e n  s i z e ,  p r o d u c t io n  and f e r t i l i t y  i n  d i f f e r e n t  t y p e s / v a r i e t i e s / s p e c ! e s
o f

P o l le n s i z e P o l l e n  p r o d u c t io n P o l l e n  f e r t i l i t y

T y p e s /  Msan d ia m e te r  
v a r i e t i e s /  o f  p o l l e n  
s p e c i e s  ( p  )

T y p e s /
v a r i e t i e s /
s p e c i e s

jfean num ber o f  
p o l l e n  gj a i n s /  
a n th e r

T y p e s /
v a r i e t i e s /
s p e c i e s

P e r c e n t a g e
f e r t i l i t y

A c c . 26' 1 9 8 .5 8 H.M. 500 H.M. 97.** ( 8 0 . 7 6 )
A cc . 30 186.2** A c c . 2 7 1*82 A c c .2 0 9 6 .1  ( 7 8 .5 8 )
A c c . 11 17**.2»* A c c . 10 »*37 A cc . 1 2 * .  2  ( 7 6 .0 0 )
A c c . 6 1 7 3 .5 6 A c c . 33 3 7 5 A c c .10 9 1 .2  ( 7 2 .7 2 )
A c c . 20 1 7 3 .5 6 A c c . 6 362 A cc .2 2 89.6 (7 1 . 16 )
ACC. 18 1 7 2 .8 9 A c c . 32 357 A cc . 2 8 8 8 .5  ( 7 0 . 1 5 )
A c c . 21 1 7 1 .3 6 A c c . 2 3 35 0 A c c .2 9 8 8 .2  ( 6 9 .9 * 0
A c c . 32 1 7 1 .1 9 A c c . 2 2*5 A c c .11 87.6 ( 6 9 . 3 6 )

A c c . 2 1 7 0 .5 2 A c c . 22 * 5 H .S . 8 7 .5  ( 6 9 .2 6 )
A c c . 21* 1 7 0 * 1 8 A c c . 2 6 332 ACC. 2 3 8 7 . 0  ( 6 8 . 8 7 )
A c c . *«■ 1 6 6 .6 3 H .S . 32 0 A cc . 6 8 6 .7  ( 6 8 .6 * 0
A c c . 26 1 6 5 .6 2 A c c . 2** 312 A cc . 2 86.** ( 6 8 . 2 0

A c c . 5 1 6 k .61 A c c . 2 0 2 9 5 A c c .27 82.6 ( 6 5 . 2 0

ACe.  13 1 6 3 .5 9 A c c . 18 2 8 7 A c c .2 6 82.6 ( 6 5 . 3 2 )

A c c . 17 1 6 3 .0 8 ACC. 2 8 2 8 7 A c c .15 82.3  ( 6 5 . 1 2 )
A c c . 27 16 & .5 8 A c c . 2 9 282 A c c .33 7 7 . 9  ( 6 1 .9 6 )
H .S . 1 5 9 .9 5 A c c . 1 2 7 5 ABC. 32 7 7 .7  ( 6 1 . 8 5 )
A c c . 8 1 5 9 .8 7 A c c . 3 2 7 5 ACC. 3 7 6 .5  ( 6 1 .0 3 )
A c c . 2 3 1 5 9 .0 3 A c c . 15 27 5 A c c . 18 71* .1* ( 5 9 . 6 2 )
Ac c .  12 1 5 8 .6 9 ACC. 25 2 7 0 ACC,2 b 6 7 .5  (5 5 * 2 6 )
ACC. 19 1 5 8 .6 9 ACe. 31 2 7 0 a c c .  8 6 6 . 8  (5 * * .8 3 )

(C.cmtA~ ^



P o l l e n  s i z e P o l l e n  p r o a u c t io n P o l l e n  f e r t i l i t y

T y p e s /
v a r i e t i e s /
s p e c i e s

Mean d ia m e te r  
o f  p o l l e n

< P )

T y p e s /
v a r i e t i e s /
s p e c i e s

Mean num ber o f  
p o l l e n  g r a i n s /  
a n t h e r

T y p e s /
v a r i e t i e s /
s p e c i e s

P e r c e n t a g e
f e r t i l i t y

A c c . 2 8 1 5 8 .5 2 A c c . 30 2 5 7 A c c . 5 6 5 .7 ( 5 ^ .1 7 )
A c c . 10 1 5 7 .7 5 A c c . 19 2**5 ACC.25 6 2 .6 ( 6 2 . 3 1 )
A c c . 9 1 5 7 .5 0 A c c . 8 2 27 ACC.30 6 0 .0 ( 5 0 . 7 5 )
A c c . 1 1 5 7 .0 0 A c c . k 2 1 2 ACC. 19 5 9 .9 (5 0 .6 9 )
A c c . 3 1 5 6 .6 6 ACC. t4* 2 0 0 ACC. If 5 8 .9 ( 5 0 . 1 1 )
A c c . 1** 1 5 5 .9 8 A c c . 17 182 A ec .3 1 58.9 ( 5 0 . 1 0 )

H.M. 1 5 5 .^ 8 A c c . 9 170 ACC. 9 3 7 .8 ( 3 7 . 9 3 )
A c c . 33 1 5 3 .2 8 A ec . 12 J50 Aec.17 27.1* ( 3 1 . 5 9 )
A c c . 2 2 11*6.02 A c c . 5 * 5 A c c .16 17 .2 (2i*. 52)
ACe. 31 1 M .2 0 A c c . 7 t M ACC.1 3 * . 8 ( 2 2 . 6 2 )
A e c . 16 1 3 9 .7 6 A e c . 13 132 ACC.11* 1 1 .9 (2 0 .1 1 * )

A e c . 7 1 3 9 .2 8 A e c . 11 107 A cc .1 2 7 . 8 (1 6 .2 1 * )
A e c . 15 1 3 6 A 2 A c c . 21 95 ACC.21 5 . 8 0 3 . 9 * 0
A c e . 2 9 1 2 5 .9 1 A c c . 16 87 ACC. 7 i* .6 (1 2 .1 * 3 )

Mean 1 6 0 .6 7 Mean 268.1*6 -

C .D . 0.16 C .D . 0 .1 7 C .D . l* .6 6

Note* The d a ta  a re  p re se n te d  In  th e  d escend ing  o rd e r .
V alues In  p a re n th e se s  deno te  th e  means of th e  tran sfo rm ed  d a ta



and th e  lo w e s t In  A cc,16 (87) . She average number 

o f p o lle n  p e r  an th e r  worked o u t to  268, F re e  th e  ta b le  

I t  was found t h a t  H«M., H .S. and 19 ty p e s /v a r ie t i e s  

o f  H.B. produced h ig h e r  number o f  p o lle n  g ra in s  than  

th e  mean w hU e the  rem ain ing  ones had a  l e a s e r  p o lle n  

p ro d u c tio n .

2 .3  P o lle n  f e r t i l i t y

She d a ta  p re se n te d  in  Sable k  g iv e s  th e  r e s u l t s  

o f p o lle n  f e r t i l i t y  s tu d ie s  by a c e to c a n s ln e  s ta in in g  

te ch n iq u e , g* m u ta b il is  and Acc.2 0  showed s ig n i f i c a n t ly  

h ig h e r  p ercen tag e  o f f e r t i l i t y  compared to  a l l  o th e r  

t y p e s /v a r i e t i e s / s p e c ie s .  She minimum p o lle n  f e r t i l i t y  

was observed  in  A cc.7* She p o lle n  f e r t i l i t y  between 

ty p e s /v a r ie t ie s / s p e c ie a  v a r ie d  from  *t.6 p e r  c e n t In  A cc.7 

to  97#** p e r  c e n t  in  H.M.

2*U>. P o llen  germ ina tion

2 .^ .1 .S ta n d a rd is a tio n  o f  th e  c u l tu re  medium

Be s u i t s  of th e  s tu d ie s  on th e  s ta n d a rd is a t io n  

of medium f o r  v i t r o  c u l tu re  o f p o lle n  g ra in s  a re  

p re se n ted  In  Sable 5 .



2.*+.1.1. Sucrose s o lu t io n  a lo n e

T able 5 & g iv e s  th e  r e s u l t  o f th e  p o lle n  germ i

n a tio n  and tube  growth in  d i f f e r e n t  c o n c e n tra t io n s  o f 

su c ro se . The germ ina tion  p ercen tage  v a r ie d  depending 

upon th e  sucrose  c o n c e n tra tio n  in  th e  medium. Of th e  

13 su c ro se  c o n c e n tra t io n s  t r i e d ,  20 p e r  c e n t  sucrose 

gave th e  h ig h e s t  p e rcen tag e  o f germ ination  0+7*5) fo llow ed  

by 25, 30 , 35, *+0, 15 , 50 and 10 p e r  c e n t .  There

was no s ig n i f i c a n t  d if fe re n c e  between 20 and 25 p e r  c e n t  

su c ro se  on p o lle n  g e rm in a tio n . I t  was a l s o  found t h a t  

in  c o n c e n tra tio n s  below 5 p e r  c e n t  and above 55 p e r c e n t 

th e  p o lle n  g ra in s  f a i l e d  to  germ ina te .

Maximum tube growth o f p o lle n  was observed in  

20 p e r  c e n t sucrose (137 .33  jh) fo llo w ed  by 25 and 30 

p e r  c e n t  which produced a  tube growth o f 131.5 and 

12*+.97 jx r e s p e c t iv e ly .  There was no s ig n i f i c a n t  

d if fe re n c e  between th e se  c o n c e n tra tio n s  o f sucrose  on 

p o lle n  tube e lo n g a tio n . Between th e  tre a tm e n ts  30 and 

35 p e r  c e n t ,  *+0 and ^5 p e r  c e n t ,  **5 and 15 p er c e n t, 

and 50 and 10 p e r  c e n t ,  th e re  was no d i f f e r e n c e .

In  s u c r o s e  s o l u t i o n s  o f  c o n c e n t r a t i o n s  fro m  

2 0  t o  3 0  p e r  c e n t ,  b o th  p e r c e n t a g e  o f  g e r m in a t io n  and  

r a t e  o f  tu b e  e lo n g a t i o n  w ere fo u n d  t o  b e  h i g h e s t  ( F i g . 1 ) .



a )  (term ination  and tu b e  e lo n g a tio n  of 
p o lle n  g ra in s  in  su c ro se  m ediua.

Cane, o f 
sucrose  
s a in .  %

Mian
g e m in a t io n
w

Mean p o lle n  tu b e  
grow th ( fi)

0 0 0

5 0 0

1 0 6 . 7  (1 * * .9 8 ) M *.63

15 1 3 .2  ( 2 1 . 3 2 ) 6 7 .2 9

20 h ? . 5  (* * 3 .5 5 ) 1 3 7 .3 3

2 5 1*5.8 0 * 2 .6 0 ) 1 3 1 .5 0

3 0 ^ . 3  ( 3 5 .8 6 ) 12»*.97

35 2 9 .6  (3 2 .9 * * ) 1 1 2 .9 6

h o 2 5 . 5  ( 3 0 .3 3 ) 8 7 .8 9

h 5 2 0 . 9  ( 2 7 .1 7 ) 7 8 .9 7

50 10.»* ( 1 8 .8 1 ) 5 2 .1 9

5 5 0 -

6 0 0 -

C .D . 2 .8 5 1 2 .5 1*

V alues in  p a ren th e se s  denote th e  means o f th e  
tran sfo rm ed  d a ta .
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C o n c en tra tio n s  h ig h e r  than  30 p e r c e n t  v e re  found to  

have r e ta r d in g  e f f e c t  b o th  on germ in a tio n  and tube 

grow th. From th e se  s tu d ie s ,  th re e  c o n c e n tra tio n s  o f 

su c ro se  s o lu t io n s  v i s .  2 0 , 25 , and 30 p e r  c e n t were 

found to  be the  b e s t .

2 .^ .  1 .2 . Sucrose w ith  ag a r

R e s u l ts  of p o lle n  germ ination  and tube growth 

in  d i f f e r e n t  sucrose  and ag ar c o n c e n tra tio n s  a re  g iven  

in  Table 5b. Among th e  th re e  c o n c e n tra t io n s  t r i e d ,  20 

p e r  c e n t su c ro se  so lu t io n  gave th e  maximum germ ination  

o f p o lle n  g ra in s .

Agar c o n c e n tra tio n  o f the  medium a ls o  in f lu e n c e d  

th e  g e rm in a tio n  p ercen tag e  and tube e lo n g a tio n . A 

c o n c e n tra tio n  o f one p e r  c e n t  agar v as  found to  be s ig n i 

f i c a n t ly  su p e r io r  to  o th e r  c o n c e n tra t io n s  f o r  p o lle n  

g erm in a tio n  a s  w e ll a s  f o r  p o lle n  tube grow th. Agar 

c o n c e n tra t io n s  1 .5  p e r  c e n t  and 0 .5  p e r  c e n t  were s t a t i 

s t i c a l l y  on p a r ,  and gave low er germ ina tion  when compared 

to  one p e r  c e n t. The c o n tro l  (0$ a g a r)  reco rd ed  lo w e s t 

g e rm in a tio n  p e rc e n tag e . From th e  r e s u l t s ,  I t  was found 

t h a t  20 p e r  c e n t  su c ro se  and one p e r  c e n t  ag a r was th e  

b e s t  medium f o r  p o lle n  germ ination  and f o r  p o lle n  tube 

grow th.



Table 5 b .
G erm ination and tube e lo n g a tio n  in  su c ro se -a g a r  
medium.

T reatm ents Mean
g erm ination

Mean tu b e  
growth

( V )Sucrose 
cone. %

Agar
conc.%

20 0 .0 * 7 .5 0*3 .55) 137.33
0 .5 7 8 .3 (6 2 .2 0 ) 1+90.62
1 .0 80.5 (6 3 .8 0 ) 50*+.36
1 .5 79 .0 (6 2 .7 1 ) 382.1+7

25 0 .0 1+5.8 0*2. 60) 131.1+9
0 .5 73 .6 (5 9 .1 1 ) 33^.06
1 .0 96.1+ (60 . $2 ) 351.92
1 .5 7 ^ .0 (5 9 .3 1 ) 315.18

30 0 .0 3 M (3 5 .8 6 ) 12*+.97
o .5 62 .6 (5 2 .2 7 ) 250.63
1 .0 65 .2 (5 3 .8 7 ) 259.22
1 .5 60 .8 (5 1 .2 5 ) 238.27

C.D. 2.61 35.38

V alues In  p a ren th e se s  deno te  th e  means o f th e  
transfo rm ed  d a ta .



2 . M . 3 .  Sucrose in  com bination w ith  ag a r  and b o ric  ac id

Table 5b re p re s e n t*  th e  r e s u l t  o f  the  p o llen  

germ in a tio n  and tube growth In  d i f f e r e n t  su c ro se -a g a r-  

b o r ic  a c id  media.

A dd ition  o f  b o r ic  a c id  to  su c ro se -a g a r  media 

in c re a se d  th e  p ercen tag e  g erm in a tio n  and tube e lo n g a tio n . 

Among th e  fo u r  doses o f  b o r ic  a c id  t r i e d ,  100 ppm vas 

found to  be s ig n i f i c a n t ly  s u p e r io r  th an  th e  r e s t .  Concen

t r a t i o n s  above t h i s  r e s u l t e d  in  b u rs t in g  of p o lle n  g ra in s  

b e s id e s  red u c in g  the p o lle n  g e rm in a tio n . In th e  absence 

of b o r ic  a d d  in  sue ro s e -a g a r  m edia, th e re  vas s ig n i f i c a n t  

re d u c tio n  in  p o lle n  tu b e  grow th.

From th e  r e s u l t s  i t  was found t h a t  a  medium con

s i s t i n g  o f 20 p e r  c e n t  su c ro se , one p e r  c e n t  agar and 

100 ppm b o ric  a c id  was th e  b e s t  f o r  p o lle n  germ ination  

(33*8#) and tube  growth (962 .^8  jx) . The lo w e s t germ i

n a t io n  (5 0 .5 # )  vas in  th e  media c o n ta in in g  30 p e r  c e n t 

su c ro se  w ith  one p e r  c e n t  ag a r and 150 ppm b o r ic  ac id  

w h ile  th e  lo w e s t p o lle n  tube  growth was n o tic e d  in  30 

p e r  c e n t  su cro se  w ith  one p e r  c e n t ag a r and w ith o u t b o ric  

a c id .

O b serv a tio n s on th e  germ ination  o f  p o lle n  g ra in s  

in  the b e s t  medium showed th a t  th e  p o lla n  g ra in s  conaenced



Table 5 e .

Q enairiatlon and tube e lo n g a tio n  in  sue ro s e -a g a r  
b o r ic  a d d  medium.

T reatm ents Mean
germ ina tion
W

Mean tube  
growth

( ju )
Sucrose w ith  
1jf ag a r 

{%)

B oric a c id  
cone.
(ppm)

20 0 80*5 (6 3 .8 0 ) 50^.36
50 81.8 (6l*.78) 819.91

100 8 3 .8 (6 5 .6 9 ) 962.*+8
150 69 .2 (5 6 .2 7 ) 6^2 .89

25 0 7 6 > (6 0 .9 2 ) 351.92
50 78.*f (6 2 .3 3 ) 7 3 0 .*

100 8 0 .2 (6 3 .5 5 ) 623.09
150 55.8 (M3.31) 558.62

30 0 65 .2 (5 3 .8 7 ) 259.22
50 7 2 .0 (5 8 .0 2 ) 555.97

100 7 ^ .0 (5 9 .3 5 ) 607.88
150 5 0 .5 (**5.30) **36.19

C.D. 1.88 63.05

V alues in  p a re n th e se s  deno te  th e  means o f 
t r a n s f  ormed data*



Table 6 . In cu b atio n  p e rio d  f o r  p b lle n  g erm in a tio n  
and tube e lo n g a tio n  in  a u o ro ae -a g a r-b o ric  
a c id  m edia.

Hour* a f t e r
p o lle n
p la n t in g

P e re w ta g e
germ ina tion

Mean p o lle n  
tube  le n g th  

(J*  )

1 68.6 (55. 9M * * 7 .3 2

2 7**.8 <59.89) 668.33

H 8 1 .8  (6 ^ .7 7 ) 88*t.C*

6 82.8 (6 5 .5 3 ) 90^.18

6 8 3 .0  (6 5 .6 9 ) 960.83

* 8 3 .0  (6 5 .6 9 ) 962*8

C.D. 2-4-4 80. »2

N o te : V alues in  p a re n th e se s  denote th e  means
o f th e  transfo rm ed  d a ta



g erm in a tio n  w ith in  30 m inu tes of d u s tin g  a t  room 

tem p era tu re  i n  a  humid cham ber. The d a ta  p re se n te d  in  

Table 6 shoved th a t  th e  r a t e  o f  g erm in a tio n  and tube  

e lo n g a tio n  was h ig h e s t  du rin g  the f i r s t  h o u r , which 

p ro g re s s iv e ly  dec reased  t i l l  e ig h t  h o u rs , a f t e r  which 

th e re  was no f u r th e r  g e rm in a tio n  o r  tu b e  e lo n g a tio n .

The g erm in a tio n  p e rcen tag e  a lth o u g h  reached  a maximum 

in  e ig h t  h o u rs  a f t e r  p la n t in g ,  th e re  was no s ig n i f i c a n t  

d if f e re n c e  between 8 h o u rs  and W h o u rs .

2.W .2. P o lle n  g erm ina tion  in  d i f f e r e n t  t y p e s /v a r i e t i e s /
s p e c ie s

R e s u lts  of th e  s tu d ie s  on p o lle n  germ ination  

and tube growth o f  33 ty p e s /v a r ie t i e s  of 5 . r o s a - s in e n s is  

and two o th e r  sp e c ie s  namely g .  m u ta b ills  and 

fl. a re  p re se n te d  in  T able 7 .

V a r ia t io n s  in  p o lle n  germ ination  were s ig n i f i c a n t

between ty p e s /v a r ie t l e s / s p e c ie s .  P o lle n  g ra in s  o f  A cc,11 

gave th e  h ig h e s t  p e rcen tag e  o f  g e rm in a tio n  (85. 8$) 

fo llo w ed  by H.M., Acc.2 , 26 , 27 and 22 which were on p a r . 

The p e rcen tag e  germ ina tion  was below 20 p e r  c e n t in  fo u r

ty p e s . In  Acc.3 ,  7 , 9» 12 , 13» 16, 17, 19» 21, 28

and 31 , th e  p o lle n  g ra in s  f a i l e d  to  g e rm in a te .



Table 7* P o lle n  germ ina tion  and tube e lo n g a tio n  o f d i f f e r e n t  
ty  pe s /v a r  l e t i e a / s p e c ie s  o f  H ib isc u s .

P o llen  germ ina tion P o llen  tube grow th

T ypes/
v a r i e t i e s /
sp e c ie s

Mean p e r  c e n t  of 
g erm in a tio n

T ypes/
v a r i e t i e s /
sp e c ie s

Mean tube 
le n g th  

(

Acc. 11 85 .8 (6 7 .8 6 ) Acc. 2 962,if8
H.M. 8fc.5 (66. 80) AC0.11 961.if2
Acc. 2 83.0 (6 5 .6 9 ) H.H. 9*f0.22
Ace. 26 81 .5 (6fe,56) ACC.22 892.52
ACC. 27 79 .6 (6 3 .1 7 ) Acc. 26 8 6 2 .8M-
ACC, 22 79.3 (6 2 .9 2 ) ACC.25 73^.58
I .  S. 7U.6 (59.7*0 ACC .2 ? 718.15
A cc.15 7 2 .9 (5 8 .6 3 ) H.S. 6if5.01
ac c . 33 7 1 .3 (5 7 .5 9 ) ABC.18 621.16
Acc. 18 68.1 (5 5 .6 3 ) ACC. 32 607 .38
ABC. 5 6 3 .6 (5 2 .8 8 ) Acc. 30 589.89
Acc. 8 61 .2 (51.*+7) ABC. if 576.11
ABC. 32 59.1 (50. 2 1 ) ACC. 8 5Mf.8Af
ACC. if 5 1 .5 (*f 5 .6 5 ) A cc.33 5M .66
ACC. 25 b b . 3 (if 2 .8 7 ) Acc. 5 535.30
Acc. 30 M+.2 (if 1 .66 ) A cc .15 520,99
ACC. 2*f 37.6 (37.8*0 ABC.23 ifif3.61
ACC. 1 37.5 (3 7 .7 5 ) ACC. 1 ^3 5 .13
ACC. 23 28.1 (3 2 .0 3 ) ACC.29 if 27 .18
ACC. 10 18.3 (25.3*0 A6C,2if 395.91
ACC. 29 15.7 (2 3 .3 5 ) ACC.20 299A 5
ACc. 20 13.8 (2 1 .7 7 ) ACC.10 25**. 93
Acc. 6 2 .5 ( 8. 98) ACC. 6 8Af.8

C.D. 5 .23 - 109.05

Note i Values i n  p a re n th e se s  denote th e  means of 
transfo rm ed  d a ta .



The germ ina ting  p o lla n  g ra in s  in  a  m a jo rity  

were p o ly  siphon ous (P la te  V III  and IX ). The number o f 

p o lle n  tu b e s  v a r ie d  from  2 to  1b in  the  d i f f e r e n t  ty p e s /  

v a r i e t i e s / s p e c i e s .  In some o ases  in d iv id u a l  p o lle n  

tu b es were found to  be b ranched . I t  was f u r th e r  n o tic e d  

th a t  a l l  th e  tubes e x c e p t one stopped  e lo n g a tio n . The 

p o lle n  tu b es  u s u a lly  were lo n g  and s t r a i g h t  ex cep t f o r  

few te rm in a l o r  in te rm e d ia ry  en largem en ts c a l le d  v e s ic le s ,  

where th e  cytoplasm  was dense (P la te  X ). Form ation o f 

c a l lo s e  p lu g s  was a ls o  observed which n e a r ly  o r  com plete ly  

b locked th e  passage f o r  cytoplasm  (P la te  X I).

P o lle n  tube le n g th  was found to  v ary  among th e  

d i f f e r e n t  t y p e s /v a r ie t i e s  s tu d ie d . G re a te s t  tube le n g th  

was observed in  Acc.2 (962.*4-8 j i )  fo llo w ed  by A cc.11,

H.M., Acc.22 and 26 which were on p a r .  The l e a s t  tube 

le n g th  was observed in  Acc.6  (8 b .80 fi)  which was s ig n i

f i c a n t l y  i n f e r i o r  to  a l l  o th e r s .

2 .5  P o lle n  s to rag e

R e s u lts  of the  in v e s t ig a t io n  conducted  on s to rag e  

c a p a c ity  of p o lle n  g ra in s  o f th e  f iv e  ty p e s /v a r ie t ie s  

o f ffl&JLgfiH? r o s a - a in e n a if  under d i f f e r e n t  c o n d itio n s  

reco rd ed  a t  12 h o u rs  I n te r v a ls  a re  p re se n te d  in  Table 8a



P o lle n  g ra in s  germ inated  in  s u c ro s e -a g a r -b o r ic  
a c id  medium ( x  (00 )





Germinated p o lle n  g ra in s  showing v e s ic le s  
and c a l io s •  p lu g s  ( X  HO )





and 8b. The ta b le s  have been arranged  in  th e  o rd e r  

o f  th e  s to ra g e  l i f e  of p o lle n  g ra in s .

The r e s u l t s  in d ic a te d  t e a t  th e  s to ra g e  l i f e  

of p o lle n  g ra in s  was s ig n i f i c a n t ly  in f lu e n c e d  by th e  

d i f f e r e n t  methods o f s to ra g e  t r i e d .  In  a l l  th e  m ethods, 

th e  s to ra g e  l i f e  a s  in d ic a te d  by p o lle n  germ ination  

r a p id ly  d ec reased  re  aching  th e  miniuma w ith in  k8 to  96 

h o u rs . S to rage  o f f lo w e rs  w ith  a n th e r  column i n t a c t  a t  

k°o in  a  d e s ic c a to r  over calcium  c h lo r id e  (T^) gave 

s ig n i f i c a n t ly  s u p e r io r  s to ra g e  l i f e  o f p o lle n . P o llen  

g ra in s  s to re d  under the above method gave 6k , 7 p e r  c e n t  

o f g erm ina tion  a t  12 hou rs o f s to rag e  and l o s t  t h e i r  

v i a b i l i t y  a f t e r  8k h o u rs  o f s to ra g e . The n e x t b e s t  

s to ra g e  methods were k eep in g  th e  f lo w ers  a t  k°C in  

r e f r i g e r a t o r  (T ^), s to ra g e  of f lo w er o v e r calcium  c h lo r id e  

a t  room tem pera tu re  (T^) and s to rag e  o f p o lle n  over 

calcium  c h lo r id e  a t  k°C (T g). When e i t h e r  f lo w e rs  o r  

p o lle n  were s to re d  a t  room tem pera tu re  (T^ and T^), 

th e  p o lle n  g ra in s  l o s t  t h e i r  v i a b i l i t y  w ith in  k8 h o u rs . 

S to rage  o f  p o lle n  in  o rg an ic  s o lv e n ts , namely petro leum  

e th e r  anc ace to n e  r e s u l te d  in  in s ta n ta n e o u s  lo s s  o f  

v i a b i l i t y .

The r e s u l t s  th u s  in d ic a te d  th e  fo llo w in g .

1) S to rag e  under low tem pera tu re  in c re a se d  the 

s to rag e  l i f e  and r e s u l te d  in  h ig h e r  p e rcen tag e  of



P ercen tag e  o f p o lle n  germ in a tio n
Treatm ents Hours a f t e r  c o l le c t io n

12 2k 36 k8 60 72 6k 96

1. F low ers o ver calcium  
c h lo r id e  a t  b°C ( \ ) 6k. 70 

(53*55)
k 8 .6

( k k .18 )
30*6

(3 3 .5 9 )
2 0 .3

(2 6 .7 6 )
11.85

(2 0 .1 3 )
k .3 5

(1 2 .0 5 )
0 .5 8

(k .3 7 )
0

2 . Flow ers a t  k C < v
( H l b )

k1 .k
(k 0 .0 3 )

21.1
(2 7 .3 6 )

11 .5
(1 9 .8 0 )

3 .2
(1 0 .3 5 )

0 .6 2
(k .5 2 )

0

3. F low ers o v er CaCl2 (T O  
a t  room tem p era tu re

5 1 .8  
(h6.01  )

39*9
(39*20)

1 8 .9
(2 5 .7 5 )

9 .k
(1 7 .8 6 )

2 .15
(8 .k 6 )

0 .1 3  
(2 . 10)

0

k . P o llen  over 0aC lo 
a t  k°C 2 <*8>

5 7 .8
< k9 .5D

38.5
(3 8 .3 5 )

2 1 .0
(2 7 .2 8 )

11 .0
(1 9 .3 5 )

1.2
(6 .3 k )

0.08
(1 .6 k )

0

5 . P o llen  a t  k°C < V ko.65
(39*61)

3 0 .7
(3 3 .6 5 )

11.2
(1 9 .5 D

3 .7
(1 1 .0 9 )

0.11
(1 .9 3 )

0

6. P o llen  over CaC12 
room tem p era tu re

a t
< V 38 .2

(3 8 .1 6 )
2 8 .8  8 .9  
(3 2 .k 9 )  (17*38)

2 .75
(9 .6 3 )

0 .0 6
(1 .3 8 )

0

7 . F low ers a t  room 
tem p era tu re < V 3k .0

(35*67)
20 .7
(2 7 .0 3 )

k .7
(1 2 .5 7 )

0 .5 7
(k .3 k )

0

8 . P o llen  a t  room 
tem peratu re

<*5 > 27.1
(31*36)

16 .0
(2 3 .5 9 )

1.85
(7 .8 0 )

0 .0k
(1 .1 3 )

0

9 . P o llen  in  P e tr  o le  ian,m v 
e th e r  a t  k^C u 9 ' 0

10 .P o llen  in  ace to n e  
b°C

a t
<T10 ) 0

C.D, 1*36 1.k3 2.2k 1 .96 1 .79

H otel Values In parentheses denote the means o f  the transforffled data



P ercen tag e  g erm in a tio n

T y p e s /v a r ie t ie s Hours a f t e r  c o l le c t io n

12 2** 36 **8 60 72 9* 96

ACC. 26 53.*> 
(**6.9**)

**o.5
(3 9 .5 2 )

2 1 .8
(2 7 .8 6 )

11 .2
(1 9 .5 3 )

3.**
(1 0 .5 8 )

0 .5 ^
(**•20)

0 .07
<1.**6)

0

Acc. 11 55 A  
(**8.09)

**1.9
(**0.32)

1»*.85
(2 2 .6 5 )

8.05
(1 6 .^ 9 )

1.**5
(6 .9 3 )

0 .5 2  
0*. 13)

0 .0 5
(1 .2 7 ) 0

ACC. 22 5 ^ .3  
0*7 M )

3 7 .2
(3 7 .5 6 )

18 .3
<25.3*0

6 .7
<1**.96)

1 .2
(6 .2 2 )

0 .1 2
(1 .9 6 )

0

ACC. 2 *♦5.2
0*2.27)

31 .7
(3**.2»*)

11 .»* 
(1 9 .7 0 )

**.»*
(1 2 .1 0 )

0 .9
(5.**5)

0.11
(1 .8 9 )

0

Acc. 18 2 2 .K 
(2 8 .8 2 )

1**.6 
(22 . M*)

3 .95  
(11.**5)

0 .95
(5 .5 9 )

O.Cfc
(1 .1 8 )

0

B.D. 1 .0 8 1 .13 1 .77 1 .55 1 .39

N ote : V alues In  p a re n th e se s  deno te  th e  means of tran sfo rm ed  d a ta .



g erm ination  o f  p o lla n  g ra in s  th ro u g h o u t th e  p e rio d  

o f s to ra g e  l i f e .

2 )  S to rage  over calc ium  c h lo r id e  bo th  a t  room 

te m p era tu re  and b°C  h e lp ed  to  in c re a s e  th e  s to rag e  l i f e .

3 ) F low ers w ith  a n th e r  column i n t a c t  were found 

to  be b e t t e r  f o r  in c re a s in g  th e  l i f e  o f p o lle n  under

8to ra g e  than  p o lle n  g ra in s  a s  such .

The r e s u l t  of th e  a n a ly s is  showed s ig n i f i c a n t  

d if f e re n c e  between v a r i e t i e s / ty p e s  w ith  r e s p e c t  to  th e  

t i n e  taken  by the  p o lle n  g ra in s  to  lo o s e  t h e i r  v i a b i l i t y  

(Table 8 b ) . Acc.26 and 11 were found to  have a  s ig n i

f i c a n t ly  h ig h e r  lo n g e v ity  p e r io d  a s  compared to  a l l  o th e r  

ty p e s  o r v a r i e t i e s .  I t  was fa llo w ed  by Acc.22  and 2 .

Acc. 18 was found to  have th e  lo w e s t s to ra g e  l i f e .

3. C o m p a tib ility  s tu d ie s

£• and a l l  th e  v a r i e t i e s / ty p e s  of

£ • SgftftrflPPSfte ex c ep t A cc.2 f a i l e d  to  s e t  f r u i t s  

n a t u r a l l y 9 w h ile  j j . m u tn b illa  produced f r u i t s  in  abundance. 

In  adc. 2> f r u i t  s e t  was o c c a s io n a l and o ccu rred  m ainly 

d u rin g  th e  peak f lo w erin g  season  (August to  O ctober).



R e s u lts  o f  th e  s tu d ie s  on th e  s e l f  c o m p a tib i l i ty  

o f th e  seven ty p e s /v a r ie t ie s  o f £l&J8S»a y o j f t r i lM J Aff 

(H .B .) and then  o th e r  sp e c ie s  jj*. m u ta b il ia  (H.M .) and 

£* s o h is o p e ta lu s  (H .S .) a re  p re se n ted  in  Table 9 . *fcre 

than  75 p e r  c e n t  f r u i t  s e t  vas observed in  f iv e  V a r ie t i e s /  

ty p e s  of H.R, and in  H.M. a f t e r  5 days o f  p o l l in a t io n .

But th e  p ercen tag e  vas reduced to  *+8 to  82 .6  a f t e r  

15 days o f s e l f ln g .  At m atu rity*  H.M. gave th e  maxlmpm 

p ercen tag e  of cap su le  s e t  (8 2 .6 $ ) fo llow ed  by A cc.2 (62$) 

and A cc.26 (6 0 .8 7 $ ). A cc,5 gave th e  minimum (36$).

Two ty p es o f  H.B. v i z . ,  Acc.11 and A cc,16 and th e  

sp e c ie s  H .S, gave no f r u i t  s e t  when s e l f e d .  Number of 

days taken  f o r  m a tu rity  v a r ie d  f o r  d i f f e r e n t  ty p e s /  

v a r i e t i e s / s p e c i e s .  The v a r ie ty  ACc *18 took maximum tim e 

(38 d a y s )  w hile A cc.2 , th e  l e a s t  (28 d a y s ) .

Mean number of seeds p e r  c a p su le  a ls o  d if fe re d  

in  d i f f e r e n t  ty p e s /v a r le t i e s / s p e c ie s .  In  |I .  m u ta b ilia  

151*- to  218 seeds p e r  c a p su le  were fou n d , whereas,, in  

£• r o s e - s in e n s is  th e  number of seeds p e r  cap su le  v a i le d  

from  1 to  20.

W ith r e s p e c t  to  g erm ina tion  o f se e d s , A cc.18 

shoved maximum p ercen tag e  o f germ in a tio n  (69 .77$) fo llo w ed



T able 9 . S e l f  c o m p a tib i l i ty  in  d i f f e r e n t  ty p e s /v a r ie t i e s / s p e c ie s  o f H ib iscu s
(P ercen tag e  o f c a p su le  s e t ,  days f o r  m a tu ra tio n  and seed g e rn in a t io n )

S I .
Ho.

Genotype
No. or
f lo v e r s
p o l l in a te d

C apsule 
s e t  a t  
5 days

C apsule 
s e t  a t  
15  days

C apsule 
s e t  a t  
m a tu r ity

U * >

Days to  
m a tu ri
ty

Average 
No. o f 
seed s  
p e r
c a p su le
(B8* )

Days to  
germ i
n a t io n

Germi
n a t io n
percen
tag e
(C**)

S u rv iv a l ca 
germ i
n a ted  
s e e d lin g s

(Ds * )

1 . acc. a 50 80.00 6k . 00 62.00 30 12.20 17 **5.90 100.00

2 . Acc. 5 25 76.00 If 8. 00 36.00 31 8.50 18 65 .12 9 6 .k3

3. A cc.11 50 - - . - - - - -

k . Aee.16 10 - - - - - - - -

5. Acc. 18 13 76 .92 6 1 .5k k6 .15 38 8 .5 0 1k 69.77 96.67

6. Acc.22 21 7 6 .1 9 57 .1k k 2 .8 6 30 12.00 1k 56 .67 97.06

7. Acc.26 23 82.61 6 0 .8 ? 60.87 28 10.67 12 67.92 100.00

8 . H.M. 20 90.00 82.61 82.61 31 192.50 10 3 .33 100.00

9. H.S. 25 - - * - - - - -

CO
CO



by Acc.2 6  and Acc. 5 w h ile  H.M. showed th e  l e a s t  (3 .3 3 /0 . 

Acc.5 took maximum tim e f o r  germ ina tion  (18 d ay s) w h ile

H.M. took th e  l e a s t  (10 d a y s ). A ll th e  t y p e s /v a r i e t i e s /  

sp e c ie s  showed more th an  95 p e r  c e n t  s u rv iv a l  o f germ i

n a ted  s e e d lin g s .

3 .2  Cross c o m p a tib il i ty  

3 * 2 .1 . I n t r a s p e c i f i c  c ro s s e s

C ross c o m p a tib il i ty  among th e  seven types / v a r i e t i e s  

o f i k  m a = a jL m fllS -w a s  s tu d ie d . D ata  r e l a t i n g  to  th e  

p ercen tag e  o f  ca p su le  s e t  ( a f te r  5 d ay s , 15 days and a t  

m a tu r i ty ) f number o f days re q u ire d  f o r  seed m atu rity^and  

number o f  seeds p e r c a p su le , number of days re q u ire d  f o r  

seed g e rm in a tio n , g erm in a tio n  p e rcen tag e  of th e  h y b rid  

seeds and th e  su rv iv a l p e rcen tag e  o f germ inated  se ed lin g s  

are  p re se n te d  in  f a b le  10.

The r e 3u l t s  o f the  c ro s s e s  ( F ig .2 ) showed th a t  

w herever A c c . 11 was used  as the fem ale p a r e n t ,  th e re  was 

n> f r u i t  s e t .  This type was a ls o  s e l f  in c o m p a tib le . In  

c ro sse s  where Acc. 16 was the m a tern a l p a r e n t ,  f r u i t  s e t  

ranged from  15*79 to  38,88 p e r  c e n t .  In case  where th e  

fem ale p a re n t was A cc.5t th e  range o f f r u i t  s e t  was from 

16,22 to  37.8*t p e r  c e n t .  Acc.22 when used  as the fem ale 

p a re n t  gave a  f r u i t  s e t  ran g in g  from 28 .57  p e r  c e n t to



50 p e r  c e n t .  The p e rcen tag e  of f r u i t  s e t  v a r ie d  from 

38.89 to  53*19 uhen A ce.2 vas th e  p i s t i l l a t e  p a re n t .

When A cc.26 vas th e  m a te r ia l  p a r e n t ,  p e rcen tag e  o f 

f r u i t  s e t  ranged from 33*33 to  5 7 .11*.

W ith r e s p e c t  t o  seed  s e t , I t  vas found th a t  in  

c ro s s e s  where Acc.2 ,  5 and 26 v e re  th e  m a te rn a l p a re n t ,  

th e  seeds s e t  per f r u i t  vas h ig h  than  t h e i r  re s p e c tiv e  

s e l f e d  m a te rn a l p a re n t which ranged from 10 .8  to  17.**,

8 to  13 .8  and 6.5 to  13.6  seeds p e r  c a p su le  r e s p e c t iv e ly .

In  c ro s se s  where th e  m a te ra l p a re n ts  were Acc.$8 and 22, 

th e  mean number o f  seeds p e r  f r u i t  produced vas between 

5 to  8 .67  and 8 to  12 .5  r e s p e c t iv e ly  which was com parable 

to  th e  seed p ro d u c tio n  in  t h e i r  s e lfe d  m a tern a l p a re n t .

The mean seed s e t  p e r  f r u i t  v as  co m p ara tiv e ly  l e s s

when Acc. 16 vas used as  th e  p i s t i l l a t e  p a re n t (3*25 t o  7 .0 0 ) .

The germ ina tion  p e rcen tag e  o f th e  h y b rid  seeds 

v as  h ig h  in  c ro sse s  where A cc.2 , 22 and 26 v ere  used 

as the fem ale p a re n t ex cep t in  c ro sse s  22 x 18 and 26 x 18. 

But i t  v as  low in  c ro s s e s  where Acc.5  and 18 vere  used 

as th e  m a te rn a l p a re n t ex c ep t in  c ro s s e s  5 x 11 and 18 x 11. 

The p e rcen tag e  o f germ ina tion  o f  seeds o b ta in ed  from  crows 

com binations where Acc. 16 vas used as  tire p i s t i l l a t e  

P a re n t, vas v ery  low as compared to  o th e r  c ro s s e s .



liable 10. m t r a s p e c i f l c  c ro s s  c o m p a tib i l i ty  between d i f f e r e n t  t y p e s /v a r i e t i e s  of 
P M H 2  ,I9?a»aj.ngnj4 j L.

S I .
Ho. Qenotype

Ho. of
c ro sse s
made

C apsule 
s e t  
a f t e r  
5 days 

*

C apsule
s e t
a f t e r
I5^days

C apsu le  Days 
s e t  a t  to  
m a tu r ity  m atu- 

% r l t y
<AC* )

Average 
nu ./ber o f 
s e e d s /  
f r u i t
<B«*>

Days S e m i-  
t o  n a tio n  
g erm i- p e reen - 
n a t io n  tag e

(C °*)

S u rv iv a l 
o f seed 
l in g  
p e rc e n -

1 c 8* )

C roasa-
b i l i t y
index

%
( C . I . )

1 2 i  11 k? 7 0 .6 0 63 .82 53 .19 28 1 6 .2 13 76.5** 100.00 189.96
2 2 x 18 36 72.22 55.56 38.89 27 17.** 11 56.32 97.96 107.53
3 2 x 22 30 80.00 63 .33 Wo. 00 28 1 2 .2 12 73.77 95 .56 99.09
W 2 x 26 55 76 .36 65.**5 50.9** 28 1 0 .8 1** 70.37 100.00 111.51
5 5 x 2 M-9 75.51 38.78 20.W9 27 13 .8 16 62.32 100.00 91.71
6 5 x 11 Mf 7 5 .00 **7.73 20 .**5 29 1 1 .0 16 5**.55 100 .00 87.27
7 5 x 18 33 69 .70 51 .52 36.36 30 8 .0 15 55.00 95.W5 79.**7
8 5 x 22 37 67 .57 *♦3.2*+ 16.22 31 9 .25 11 65.22 96 .67 **9.23
9 5 x 26 37 81 .08 5**.05 30. 8W 31 8 .7 5 1** 59.09 100.00 82 .98

10 11 X 2 50 - - - - - - • •
11 11 x t8 1*7 - - - • - - - - •
12 11 x22 V9 • - - - - - - - •
13 11 *26 *♦9 - - - - • - - • •
1W 16 x 2 18 66.67 50.00 38.88 28 **•33 12 **5 .**5 90.00 -
15 16 x11 20 70.00 W5.00 25.00 29 3 .6 ? 1** 33.33 100.00 -
16 16 x18 1** 71 .**3 **2.86 21.W3 30 7 .0 0 13 **5.71 93.75 -
17 16 x 22 19 63 .15 **7.37 15 .79 31 3 .25 15 **3.75 85.71 -
18 16 x 26 15 7 3 .3 3 60.00 33 .33 30 3.25 13 31.25 100.00 <e»

(C o n td .)

CO
C7>



S I .
ffo.

Genotype

No. o f
c ro sse s
made

C apsule
s e t
a f t e r
5 days 

%

C apsule 
s e t  
a f t e r  
15 days 

*

C apsule Days 
s e t  a t  to  
m a tu r i ty  m&tu- 

% r i t y
<AC* )

Average
number of
w e d s /
f r u i t
(Bc *>

Days
to
germ i
n a tio n

Germi
n a tio n
percen
tage
(C6* )

S u rv iv a l 
o f  seed
l i n g  
pexcen-

* » ► )

C ro ssa 
b i l i t y
in d ex

% x 
( C . I . )

19 18 x 2 33 78 .78 60.61 *+8.*+9 37 8 .67 12 55.81 100.00 88 .68
20 18 X 11 2*+ 70 .83 58.33 50.00 35 7 .3 3 9 61 .08 100.00 112.31
21 18 X 22 21 66 .67 **7.62 28 .57 36 5 .0 0 11 56.00 92. 86 28 .08
22 18 X 26 20 7 5 .00 1+5.00 1+5.00 36 8 .3 3 12 57.1*+ 100 00 80 .96
23 22 X 2 26 76 .92 38.1+6 23.07 28 12.00 12 57 .89 93.9*+ 53.22
ifc 22 X 11 26 80.77 57 .69 *+2.31 27 12.50 11 71.*+3 97.78 130.57
25 22 X 18 2*+ 79 .17 50 .00 2 0 .8 3 28 10.75 12 55.56 96. 67 *+2.51
26 22 X 26 29 7 2 .M *+8.20 3 1 .03 28 8.50 9 67.*+0 100.00 6 2 .8 8
27 26 X 2 50 80.00 61+. 00 56 .00 27 11.20 1*+ 71.*+3 100.00 101.56
28 26 X 11 **9 7 7 .5 5 67.35 57.1*+ 28 13-60 15 77.9*+ 100.00 137.30
29 26 X 18 2** 70 .83 *+5.83 5 7 .5 0 26 10.50 15 56.60 100.00 50 .52
30 26 X 22 2* 66.67 37.50 33 .33 27 6.5Q 8 75.75 92.00 35.71

- J



F » « J .2 _ I N T R A S P E C I F I C  C R O S S E S  A M O N G  P I F F E R E N T  
T y P E S / v A R l E T i E S  OF HIBISCUS R O S A -S I N E N S I S .

? \
A c c .2 A cc . 11 A cc. 18 Acc.22 Acc.26

Acc. 2 <D 0 0 0 0

A cc. 5 0 0 0 0 0

Acc.11 0 0 o O 0

Acc. 16 0 0 0 0 0

Acc.18 0 0 <D 0 0

Acc 22 0 0 0 d> 0

Acc 26 0 0 0 0 <D

(g) N O R M A L  S E E D  S E T  O N  S E L F I N  Gi.

<$ N O R M A L  S E E D  S E T  O N  C R O S S I N G  

O  C R O S S E S  U N S U C C E S S F U L  ( N O  F R U I T  S E T )



The p ercen tag e  s u rv iv a l  of th e  h y b rid  s e e d lin  a 

vas more th an  95 p e r c e n t in  a l l  th e  c ro s s e s  ex cep t 

16 x 2 , 16 x 18, 16 x 2 2 , 18 x 22 and 26 x 22.

T here were only s l i g h t  v a r ia t io n s  w ith  r e s p e c t  

to  number o f days re q u ire d  to  w ed  m a tu r ity  and seed 

germ ina tion  in  d i f f e r e n t  c ro s s  co m b in a tio n s. In a l l  th e  

c ro sse s  th e  cap su le s  took com para tive ly  l e s s e r  tim e to  

a t t a i n  i t s  m a tu rity  than  t h e i r  s a lfe d  m a te rn a l p a re n t .  

G erm ination of th e  h y b rid  seeds v as  e a r l i e r  than t h e i r  

s e l f e d  m a te rn a l seeds ex c ep t in  th e  ca se  o f A cc.26.

3*2 .2 . I n te r s p e c i f i c  c ro s s e s

The r e s u l t s  o f  a l l  th e  c ro sse s  o f  th re e  H ljia c u a  

sp e c ie s  a re  shown in  Table 11 and F i g .3 . The c ro sse s  

between A cc,2 x H.S. and Acc*26 x H.S. a lthough  produced 

se e d s , th ey  were In v ia b le .  The f r u i t s  produced ou t of 

th e  c ro s s  A cc.18 x H.S. dropped a f t e r  15 days w ith o u t 

a t ta in in g  m a tu r i ty . The r e s u l t s  in d ic a te d  c e r ta in  degree 

of in c o m p a t ib i l i ty  between J .  r o s a - s in a n s is  and 

i*  ffs*4jppiitaa,wf«

The c ro s s e s  between g ,  r o s a - s in e n s is  and H .m u ta b ilis  

showed c a p su le  s e t  only a f t e r  f iv e  d ay s o f  c ro ss in g  b u t 

In abou t 15 days th e  c a p su le s  f e l l  down. C rosses u sin g



T able 11. I n te r s p e c i f i c  c ro s s  c o m p a tib i l i ty  betveen  th re e  sp e c ie s  o f H ib isc u s

s i .

Ho. Genotype
Ho. of
c ro s se s
made

C apsule 
s e t  a f t e r  
5 days

C apsule 
s e t  a f t e r  
15 days 

%

Capsule 
s e t  a t  
m a tu rity  

%

Days to  
m a tu rity

Average No. 
o f  s e e d s /
f r u i t

G erm ination
p e rcen tag e

(* )

1 2 x H.M. **9 16.33 mm mm mm «■»

2 2 x H.S. 39 7^.36 **1.02 5*13 27 8.** mm

3 18 x H.M. »*0 15.00 - - - - -
h 18 x H.S. 22 5**. 35 31.82 mm- 7 .0 e»

5 26 x H.M. 22 **0.91 - . - - mm

6 26 x H.S. 31 70 .96 35 .**8 6.**5 26 10.0 -
7 H.M. x 2 31 - - - - - -
8 H.M. x 18 18 4B» mm • mm e» -
9 H.M. x 26 22 - - - * - -

10 H.M. x H.S. mm mm • - • -
11 H.S x 2 20 - - mm - - •

12 H.S. x 18 2** - mm — - - mm

13 H .S. x 26 21 - mm • - mm

1** H.S. x H.M. 28 mm

CO
CD



F i g . 3 -  t N T E R .5 PEC.VFlG C R O S S E S  A M O N G  T H R E E  SPECIES
OF H IB IS C U S

V ' Acc. 2 Acc.18 A cc .26 H .M . H.S.

Acc. 2 © O 0

Acc. tS © © <2>

A cc.26 0 0 © O 0

H.M. o O o © o

H.S. o o o o o

©  N O R M A L  S E E D  S E T  O N  S E I L F I N  G .

0  N O R M A L  S E E D  S E T  W H I C H  G R E W  W E L L  

0  N O R M A L  S E E D S  B U T  D I D  N O T  G R O W .

r u it  g e t ,  b u t  f e l l  a f t e r  15 d a ys .

0  F R U I T  S E T ,  B u t  F e l l  A F T E R  5 D A Y S  

O  C R O S S  U N S U C C E S S F U L L  ( n o  F R U I T  s e t )



C apsules of m & m * *
1. Acc. 26
2, Acc. 2
3. Acc. 16

P la te  X III .

C apsules of

1. ACc. 22
2 . Acc. 18 
3* Acc. 5





Capaule and aaada o f  j}. n u t a b l l l .

P la te  XV.

Seeds of g .  m fa b A lig  and fl* ra g a -s in e n s is





II.M, and H .S, a s  th e  m a te rn a l p a re n ts  d id  n o t produce 

any ovary s t im u la tio n , w h ile  on a e l f in g ,  H.M. gave 

82.6 p e r  c e n t c a p su le  s e t .

3 ,3  C r o s s a b l l i ty  index

C r o s s a b i l i ty  index  was c a lc u la te d  (Table to )  and 

i t  was found to  be th e  h ig h e s t  f o r  Aoc.2 x 11 and the

lo w e s t f o r  18 x 22.

3.*<•. F r u i t  and seed c h a ra c te rs

V a r ia t io n  in  f r u i t  shape was n o tic e d  in  d i f f e r e n t  

ty p e s /v a r ie t i e s / s p e c ie s  (P la te  X II and X IU ) . The 

shape o f cap su le s  in  Fo was s im ila r  to  t h a t  o b ta in ed  by 

s e l f in g  th e  fem ale p a re n t .  The c a p su le s  o f  d i f f e r e n t  

ty p e s /v a r i e t i e s  of £ .  r o a a - s in e n s is  were a f  av o id , oblong 

o r subg lobose . They were beaked o r w ith o u t beak , w ith  

a c u te ,  f l a t  o r  em arg ln a te . The s e lfe d  c a p su le s  of 

m u ta b il ls  were g lobose and h a i ry .  (P la te  XIV)

The seeds o f  d i f f e r e n t  ty p e s /v a r i e t i e s  of 

JJ. r o s a - s in e n s is  were found to  have more o r l e s s  s im ila r  

shape. They were g lobose  and b la c k . The seeds of 

m u ta b ll ia  were ren ifo rm  and h a i ry  (P la te  XV) .



U LL lC U llL O n



DISCUSSION

Among th e  th re e  sp e c ie s  of H ib iscu s grown 

f o r  f lo v e r  a v i z . , m & 3 S M  roe a - s in e n s is  L. f 

fl. ffitfrftbUlfl and I*  fftMgPflgfraLMg Hook, th e  sp e c ie s
H. r o s a - s in e n s ls  i s  g ro w  w idely  under v a r ie d  c l im a tic  

and s o i l  co n d itio n s*  Humid t r o p ic a l  c o n d itio n s  o f 

K era la  p ro v id e  e x c e l le n t  environm ent f o r  growing a 

la rg e  number o f H ib iscus v a r ie t ie s *  Although shoeflow er 

h a s  been grown In K era la  from  tim e immemorial e s p e c ia l ly  

in  th e  hom estead f o r  ornam ental p u rp o ses , a ttem p t has 

n o t  so f a r  been made to  make a  com prehensive a n a ly s is  

of th e  s e v e ra l  types a v a i la b le  in  t h i s  p a r t  o f  th e  

co u n try . S ev e ra l of th e  types grown p o sse ss  conspicuous 

m agnlfi& nt f lo w e rs . The types grown in  our s ta te  are  

more hardy  and can w ith s tan d  d ro u g h t c o n d i tio n s .

The p re s e n t  in v e s t ig a t io n s  were m ainly aimed a t  

to  make a  d e ta i le d  .m orphological d e s c r ip t io n  of th e  

e x i s t in g  ty p es a s  w e ll  a s  to  study  in  d e t a i l  p o lle n  

morphology, p o lle n  p ro d u c tio n , p o lle n  f e r t i l i t y ,  p o lle n  

germ ina tion  and c o m p a tib i l i ty  s tu d ie s  so a s  to  a r r iv e  

a t  p o s s ib le  c o n c lu s io n s  f o r  u t i l i s i n g  th e se  ty p es f o r  

b reed in g  p u rp o ses.



The 36 ty p e s /v a r ie t ie s / s p e c ie s  m ain ta ined  in  

th e  D epartm ent o f Pomology and F lo r i c u l t u r e ,  C ollege 

o f  H o r t ic u ltu re  were u t i l i s e d  f o r  th e  s tu d y .

1 . M orphological d e s c r ip t io n

The n a tu ra l  v a r ia t io n  t h a t  e x i s t s  in  H ib iscu s 

i s  c o n s id e ra b le . M orphological d e s c r ip t io n s  o f  most 

o f  th e  l o c a l  types have n o t  been made so f a r .  

M orphological d e s c r ip t io n  o f th e  36 ty p e s / v a r i e t i e s /  

sp e c ie s  c l e a r ly  showed t h a t  s e v e ra l  o f them a re  d i f f e r e n t  

from th e  v a r i e t i e s  o r  ty p e s  a lre a d y  d e s c r ib e d  by B a iley  

(19**9), Bendle (1971), Sundar (1971), S h a t (1976, 1979) 

and Eh a t  and Yerma (1980). She growth h a b i t s ,  l e a f  

shape , n a tu re  o f flo w er and s iz e ,  p e d ic e l  le n g ta ,  number 

of lo b e s  in  th e  c a ly x , c o lo u r  o f c o r o l l a ,  le n g th  o f  

s ta m ln a l c d u m ), number o f an th e rs  p e r  f lo w e r , le n g th  of 

s ty le  and c o lo u r  o f stigm a appeared  to  be the d ia g n o s tic  

c h a ra c te r s  t h a t  could  be accounted f o r  c l a s s i f i c a t i o n  

of shoejflow er. The f r u i t  shape and s iz e  v a rie d  between 

sp e c ie s  and a lso  among ty p e s /v a r i e t i e s .  They were 

o vo id , oblong o r subglobose and p o ssessed  r id g e s  w ith  

v a ry in g  i n t e n s i t i e s  (P la te  X II and X I I I ) .  The f r u i t  

c h a ra c te rs  a ls o  m ight be u s e fu l in  th e  i d e n t i f i c a t io n  

o f v r i e t i e s .



The p re s e n t  study  a ls o  re v e a le d  t h a t  under K era la  

c o n d i t io n s ,  £ .  r o s a - s in e n s is  and g .

f  love red  th roughou t th e  y e a r . However, two peaks of f lo w erin g  

v iz .  one in  A ugust-O ctober and th e  o th e r  in  January-M arch 

were observed . In g ,  m u ta b l l la « f lo w erin g  took p la c e  

from August to  F ebruary  w ith  a peak in  Septem ber. S im ila r  

r e p o r ts  were made by B a iley  (19^9)* Anon (1959)5 P a l and 

K Tishnaaurthy (1967)* Devaiah (1968)* and Bhat (1976).

Anon (1959) re p o rte d  th a t  in  H ib iscus r o s a - s in e n s is  th e  

peak p e r io d  o f  flo w erin g  was during  th e  p e r io d  o f  l a t e  

r a in s  and in  jj* mu ta b  I l l s  i t  was in  Septem ber and O ctober.

P a l and Krishnazaurthy (1967) re p o rte d  t h a t  h o t  months 

were the  peak season of f lo w erin g  in  J .  r o s a - s ln e n s is . 

However, th e  peak f lo w e rin g  season under Bangalore co n d i

t io n  was re p o r te d  to  be from June to  O ctober by Bhat (1976). 

The low r a t e  o f f lo w er p ro d u c tio n  n o tic e d  in  April-M ay 

in  th e  p r e s e n t  study  m ight be due to  unusual heavy d ro u g h t 

t h a t  o ccu rred  during  th e  p e r io d . In  g e n e ra l y f lo w er produ

c t io n  was h igh  in  lo c a l  ty p e s  compared to  h y b rid s  and 

e x o t ic  v a r i e t i e s  (Table 2 ) .

The p re s e n t study  a ls o  In d ic a te d  t h a t  in  a l l  th e  

ty p e s /v a r ie  t i e s / s p e c i e s  f lo w er opening took p la c e  du rin g  

the  e a r ly  morning hours w ith  l i t t l e  se a so n a l v a r ia t io n s  

which i s  in  confo rm ity  w ith  th e  r e p o r ts  o f V ila a ln i  jgt a^ . 

(1966) and Bhat (1976). The a n th e r  d eh iscen ce  commenced



soon a f t e r  th e  f lo w er opening . In f lu e n c e  o f c l im a tic  

c o n d itio n  in  a n th e r  d eh iscen ce  was a ls o  observed in  

th e  p r e s e n t  s tu d y . Z t was observed t h a t  g e n e ra lly  th e  

double p e ta i l e d  ones and h y b rid  f lo w e rs  l a s te d  f o r  

more t i n e  w ith o u t fo ld in g  than  o th e rs  (Z able 3 ) . The 

r e t e n t i v i t y  o f c o r o l la  v a r ie d  g r e a t ly  ( 12-72  h o u rs)  

which was in  agreem ent w ith  th e  o b s e rv a tio n s  nade by 

V ila s  i n i  s i  h i*  (1966) and Devlah ( 1968) .

2 . P o llen  s tu d ie s

2 . 1 .  Hoiphology o f p o lle n

H ib isc u s  p o lle n  g ra in s  appeared as  powdery mass 

to  th e  naked eye and v a r ia t io n  in  th e  c o lo u r  o f p o lle n  

g ra in s  was a ls o  observed . In d iv id u a l p o lle n  g ra in  was 

p a n to p o ra te , sp h e ro id a l and sp in o se . O ccurrence of 

v a r io u s  abnorm al types was a ls o  n o tic e d . N air and 

Kapoor (197*0 and S r lv a s ta v a  (1982) a ls o  observed such 

v a r ia t io n s .  P o llen  d iam eter v a r ie d  and the  mean p o lle n  

d iam eter in  th e  ty p es s tu d ie d  ranged  from  125*91 to  

198.58 fx. V a r ie ta l  v a r ia t io n  in  p o lle n  s iz e  in  shoe 

f lo w er was re p o r te d  by V lla a ln i  s i  JSUL* ( 1966) . Though 

th e re  was v a r ia t io n  in  c o lo u r  and s i z e ,  th e  p o lle n  g ra in s  

of d i f f e r e n t  ty p e s /v a r ie t ie s / s p e c ie s  had s im ila r  

shape (P la te  VI and V II) .



2 .2 .  P o lle n  p ro d u c tio n

There was s ig n i f i c a n t  v a r ia t io n  f o r  the  p o lle n  

o u tp u t p e r  a n th e r  among d i f f e r e n t  ty p e s /v a r le t i e s / s p e c ie s  

(T able b ) and i t  ranged from  87 to  500. Such v a r ia t io n  

in  p o lle n  p ro d u c tio n  has been re p o r te d  by O berle and 

G eortzen (1952) In  g ra p e s , Rao and Khader (1962) in  f r u i t  

c ro p s  l i k e  s a p o ta  (682 to  3 ,2 9 7 ), papaya (%950 to  12^ 65) 

and pom egranate (15,9^2 to  23^170)? V i la s in i  ( 1966)

in  H ib iscu s (159 to  359) and S r iv a s ta v a  (1982) in  

m alvaceous c ro p s  l i k e  AbaLmoachus e s c u le n tu s  0*0-100), 

A lth aea ro aea  (100 to  200) and Qossypium h irsu tum  (159 to  

> 6 ) . The la rg e  s iz e  o f  th e  p o lle n  g ra in s  m ight be the  

reaso n  f o r  few er number o f p o lle n  g ra in s  p e r  a n th e r . The 

p o lle n  p ro d u c tio n  p e r  f lo w er depended on th e  number of 

an th e rs  p e r  f lo w er and i t  was observed  t h a t  i t  ranged from 

b to  1^0 (Table 1) in  d i f f e r e n t  ty p e s /v a r ie t ie a / s p e c ie s .

2 .3 . P o lle n  f e r t i l i t y

E stim a tio n  o f p o lle n  f e r t i l i t y  by ace to e  a r  mine 

s ta in in g  techn ique re v e a le d  s ig n i f i c a n t  v a r ia t io n  in  

d i f f e r e n t  ty p e s /v a r ie t i e s / s p e c ie s  (T ab le  b ) , i t  was 

found t h a t  H ib iscu s  m u ta b il is  (H.M .) had  th e  h ig h e s t  

number o f f e r t i l e  p o lle n  ( 9 7 , b % )  fo llo w ed  by Aec.20 

(9 6 .1 $ ) whereas,, A cc.7 reco rd ed  th e  l e a s t  p o lle n  f e r t i l i t y



(*f.6;0 (T ab le  M-). V lla a ln i  e t  a l .  (1966) re p o r te d  th a t  

th e  p o lle n  f e r t i l i t y  ranged from h  to  97 p e r  c e n t ,  which 

i s  in  g e n e ra l agreem ent w ith  th e  r e s u l t s  o f th e  p re s e n t  

s tu d y .

2.*+. P o lle n  germ ina tion

2. *f • 1 • S ta n d a rd is a tio n  o f th e  c u l tu r e  medium

The p o lle n  germ ina tion  s tu d ie s  u t i l i s i n g  th e  

medium a s  re p o rte d  by V ila s  i n i  s i  (1966) d id  n o t 

give d e s i r a b le  germ ina tion  o f  p o lle n  g r a in s ,  which 

n e c e s s i ta te d  s ta n d a rd is a t io n  o f th e  p ro p e r  medium f o r  

the  b e s t  germ ina tion  o f  p o lle n  g r a in s .  P o llen  germ ina

t io n  s tu d ie s  showed t h a t  su c ro se , ag a r and bozlc  a c id  

c o n te n t in  th e  growth media had profound in flu e n c e  on 

germ ina tion  and tube e lo n g a tio n  of H ib iscu s p o lle n .

There was no germ ina tion  in  d i s t i l l e d  w a te r. The I n a b i l i t y  

of th e  p o lle n  g ra in s  to  grow in  d i s t i l l e d  w ater m ight 

be due to  the  la c k  o f food re s e rv e s  i n  th e  p o lle n  g ra in s  

a s  re p o r te d  by E h le rs  (1951)* P o lle n  g erm in a tio n  was 

t r i e d  in  D if fe re n t  m edia v i z . t su c ro se  a lo n e , su c ro se  + 

ag a r and su c ro se  + ag a r + b o r ic  ac id  in  d i f f e r e n t  concen

t r a t i o n s .  From the  s tu d ie s  i t  was found th a t  maximum 

germination o f p o lle n  g ra in s  was o b ta in ed  in  20 p e r  c e n t



su c ro se  + one p e r  e e n t a g a r  + 100 ppm b o r ic  ac id  

fo llow ed  by 25 p e r e e n t sucrose  ♦ one p e r  c e n t  ag a r +

100 ppm b o r ic  a c id . The r e s u l t s  th u s  c l e a r ly  shoved 

t h a t  a com plete medium c o n s is t in g  o f  su c ro s e -a g a r -b o r ic  

ac id  i s  n e c e ssa ry  f o r  p ro p e r  germ ina tion  o f p o lle n  

g ra in s  in  H ib isc u s .

The e f f e c t  of sucrose  on th e  g erm in a tio n  of p o lle n  

g ra in s  was no tew orthy . P o llen  germ ina tion  and tube 

le n g th  improved w ith  th e  in c re a s in g  c o n c e n tra t io n  upto  

20-25 p e r  c e n t ,  t h e r e a f t e r  re co rd in g  a  downward tre n d  

(F ig , 1 ) ,

The e f f e c t  of su c ro se  in  p o lle n  germ ina tion  cou ld  

be a t t r i b u te d  to  f a c to r s  l i k e  n u t r i t i o n ,  osm otic or 

tu rg o u r  phenomena (V is s e r , 1955* Jo h r i and V a s il , 1961) 

o r i t  m ight be due to  a com bination o f v a r io u s  f a c to r s  

as p o s tu la te d  by 0*K elley  (1955)*

P o lle n  g erm in a tio n  and tube e lo n g a tio n  o f H ib iscus 

were s tim u la te d  by a g a r-a g a r  p re s e n t  in  th e  m edia. The 

germ in a tio n  and tube le n g th  reached  8 0 . 5  Pe r  c e n t and 

5Oh. 36 ju in  one p e r  c e n t agar mixed w ith  20 p e r  c e n t  su c ro se , 

whereas in  sucrose (20 p e r  c e n t)  alone^ i t  was only 

h-7 ,5  p e r  c e n t and 137.33 ;u (Table 5 b ) .  In flu en ce  of 

ag a r and g e la t in  p re s e n t  in  th e  c u l tu re  medium on germ ina tion



of p o lle n  g ra in s  was re p o r te d  by Agarwal £& £1,0957 )•

The s tim u la to ry  e f f e c t  o f  a g a r-a g a r  on p o lle n  tube 

growth was observed by Dubey (1969). Comoined e f f e c t  

of sucrose  and agar on p o lle n  g erm in a tio n  was observed 

by s e v e ra l  w orkers; KUvada ( 1956) in  Abelmoaohus 

gjg.iagB.tHg and flMsfijRff V ila s  i n i  &  (1966)

in  iJ. r o s a - s in e n s is ;  S ingh and Sehgal (1968) in  guava and 

N air (1962) in  pineapple* th u s  su p p o rtin g  th e  p re s e n t 

f in d in g s .

The b e n e f ic ia l  e f f e c t s  o f agar m ight be a t t r i 

bu ted  to  the supply of m o is tu re , ca rb o h y d ra te  and o th e r  

n u t r i e n t s  a s  suggested  by S tan ley  and L inakens (197*0.

P o lle n  germ ina tion  and tube growth were f u r th e r  

in c re a se d  by the a d d itio n  o f  100 ppm b o r ic  a£ id  in  the 

medium c o n ta in in g  20 p e r  c e n t  sucrose  and one p e r c e n t  

a g a r  (Table 5 c ) . Trie s tim u la to ry  e f f e c t  o f b o r ic  ac id  

on p o lle n  germ ination  and tu b e  growth h a s  been re p o r te d  

by v a rio u s  w orkers in  a wide range o f p la n ts  l i k e  

sap o ta  (Bao and Khader, 1960); mango (S in g h , 1961); 

h ib is c u s  (V i la s in i  e& a t . , 1966); cocoa (Bavin d r an , 1977) 

and te a  ro se  (V isse r  , 1977). In th e  p re s e n t  s tu d y ,

i t  was observed t h a t  up to  a  c o n c e n tra tio n  100 ppm b o r ic  

a c id ,  g erm in a tio n  and tube growth in c re a s e d . At 150 ppm



p o lle n  g ra in s  b u r s t  which r e s u l te d  in  poor p o lle n  

g e rm in a tio n .

P o llen  i s  g e n e ra lly  co n s id e red  to  be d e f ic ie n t  

in  boron and obv iously  a d d itio n  o f boron coulo in c re a se  

th e  po ll® ) germ ination  and tube  e lo n g a tio n  (O 'K elley , 

1955)* 3oron i s  re p o r te d  to  occur in  a  r e l a t i v e l y  h ig h e r  

c o n c e n tra t io n  in  p i s t i l l a t e  t i s s u e s  and Brewbaker (1959) 

su ggested  t h a t  b o ra te  su p p lie d  to  th e  p o lle n  had a v i t a l  

c o n tro l  on th e  b u rs t in g  of p o lle n  tube a t  th e  tim e of 

g e rm in a tio n  e i th e r  by c o n t ro l l in g  th e  w ate r uptake o r  by 

s t r u c t u r a l  enforcem ent by d is te n d in g  th e  i n t l n e .  I t  

h as  a ls o  been suggested  t h a t  boron h e lp ed  in  oxygen 

uptake in  a d d itio n  to  th e  s y n th e s is  o f  pec t i c  substance  

re q u ire d  f o r  th e  fo rm a tio n  o f th e  g erm in a tio n  tube w a lls  

(V a s i l ,  1960). The b e n e f ic ia l  e f f e c t s  o f  boron in  p o lle n  

germ ina tion  i s  a lso  a t t r i b u te d  to  th e  prom otion of sugar 

a b s o rp tio n , t r a n s lo c a t io n  an d /o r i t s  m etabolism  (Gausch 

and Dugger, 1953; L inskens and Kroh, 1970) .

The p o lle n  g ra in s  commenced germ ina tion  w ith in  

30 m inu tes o f d u s tin g  in  th e  b e s t medium v iz .  20 p e r  c e n t  

su c ro se  + one p e r  c e n t  a g a r  + 100 ppm b o r ic  a c id  and 

th e  r a t e  o f  g erm in a tio n  and tu b e  e lo n g a tio n  were h ig h e s t  

du rin g  th e  f i r s t  h o u r. A fte r  8 h o u rs  th e  germ ina tion  

t o t a l l y  ceased . Thus th e  optimum in c u b a tio n  p e rio d  f o r



g erm in a tio n  and tu b e  growth v&a found to  be b  to  8 

ho u rs  a f t e r  p o lle n  p la n t in g  (Table 6 ) . This i s  in  

agreem ent w ith  the r e p o r ts  of V i la s ln i  j j t  j £ .  (1966).

2.*+.2. P o llen  germ ina tion  in  d i f f e r e n t  type g /v a r ie  t i e s /  
sp e c ie s

There was s ig n i f i c a n t  d if fe re n c e  i n  germ ina tion  

of p o lle n  g ra in s  and tu b e  growth between t y p e s / v a r i e t i e s /  

sp e c ie s  (Table 7 ) .  X* 12 o f them, th e  p o lle n  g ra in s  f a i l e d  

to  g e rm in a te . The r e s u l t s  showed t h a t  c e r t a in  ty p e s /  

v a r i e t i e s  which gave h ig h  f e r t i l i t y  in  aeetocarm lne t e s t ,  

gave e i t h e r  poor o r  no germ ina tion  v i t r o . The n e c e s s i ty  

f o r  i n  v i t r o  c u l tu re  of p o lle n  g ra in s  to  a s s e s s  th e  

v i a b i l i t y  i s  th u s  em phasised . S tan ley  and L inskens (197*+) 

opined t h a t  th e  use o f s t a in s  was l e s s  a c c u ra te  a s  compared 

to  germ in a tio n  t e s t s .

As p e r  th e  s ta te m e n t o f J o h r i  j i *  (1977); 

v i a b i l i t y  should  be co n s id e red  a s  q u i te  d i s t i n c t  from th e  

g er rain a b i l i t y  o f p o lle n  i . e . , th e  s e l f  o r  c ro s s  com patib le  

p o l le n ,  though v ia b le ,  may o r  may n o t  germ ina te  on th e  

s tig m a . A lso in  an a r t i f i c i a l  medium, th e  v ia b le  p o lle n  

may f a i l  to  germ inate due to  la c k  o f  c e r t a in  e s s e n t ia l  

f a c to r s .  But th e  v ia b le  p o lle n  should g iv e  a h ig h e r  

p ercen tag e  o f  germ ination  and produce s u f f i c i e n t ly  long 

tu b e s  and a f f e c t  f e r t i l i z a t i o n  fo llo w in g  com patib le 

p o l l i n a t io n .



The germ ina ting  p o lle n  g ra in s  in  a  m a jo r ity  of 

ca ses  were po lysiphonous (P la te  V III  and IX) and a 

s in g le  g ra in  produced a s  many a s  p o lle n  tu b e s .

D if f e r e n t  ty  pe s /v a r i e t i e s / s p e c i e s  were found to  d i f f e r  

in  the  le n g th  o f t h e i r  p o lle n  tu b es  (T able 7 ) .  Acc.2 

produced th e  g r e a te s t  tu b e  le n g th  962.*4-8 fa fo llow ed  

by Ace. 11 and H.M. (961.1*2 fa and 9^0.22 /u)» T h is o b se r

v a tio n  i s  in  agreem ent w ith  r e p o r ts  of polysiphonous 

g erm in a tio n  in  d i f f e r e n t  sp e c ie s  o f  Malvaceae Pure w a ll and 

Rsjthava, 19^7» V ila s  i n i  1966| Dubey, 1969 and

S riv ast& v a , 1982). O ccurrence o f branched  tu b e s , 

te rm in a l o r  in te rm ed ia ry  v e s ic le s  and c a l lo s e  p lu g s were 

observed in  th e  p re s e n t  s tu d y . Dubey (1969) a ls o  observed 

c a l lo s e  p lu g s  in  23 p e r  c e n t p o lle n  tu b es of d k ra . Tupy 

( c i te d  from  Panda and D a tta , 1961) a ls o  observed c a l lo s e  

p lu g s in  ap p le  and found t h a t  sugar consum ption was same 

in  th e  p o lle n  tu b es w ith  and w ith o u t c a l lo s e  p lu g s . He 

f u r th e r  e x p la in e d  t h a t  g lycopyranose was re s p o n s ib le  

f o r  the  fo rm atio n  of tube v a i l s  and i t s  l im i te d  use du ring  

r e s p i r a t io n  o f p o lle n  tu b e s  r e s t r i c t e d  th e  p o lle n  tu b e  

grow th. P a te l  and D a tta  (1960)} Panda and D a tta  (1961) 

opined  th a t  c a l lo s e  fo rm a tio n  w%s due to  in c o m p a tib i l i ty  

r e a c t io n .  However, d e ta i l e d  in v e s t ig a t io n s  appear to  be 

n e c e ssa ry  on th e  occurrence  o f c a l lo s e  p lu g s , branched 

tu b es and v e s ic le s  In  H ib isc u s .



2 .5  P o lle n  s to rag e

Use o f s to re d  p o lle n  In  h y b r id is a t io n  becomes 

n ecessa ry  e s p e c ia l ly  when th e  sp e c ie s  o r  v a r i e t i e s  flo w er 

in  d i f f e r e n t  seaso n s . T r i a l s  on p o lle n  s to ra g e  re v e a le d  

t h a t  s to ra g e  ca p a c ity  of p o lle n  g ra in s  o f j j . ro a a - s in e n s is  

was v ery  low  under room tem p era tu re  (T able 8a ) .  The 

v i a b i l i t y  was l o s t  w ith in  W8 h o u rs  a f t e r  d eh iscen ce .

S to rage o f flo w ers  w ith  a n th e r  column i n t a c t  a t  **°C in  a  

d e s ic c a to r  over ca lc ium  c h lo r id e  gave b e s t  r e s u l t s  fo llow ed  

by s to r in g  theia a t  *f°C devoid  of ca lc ium  c h lo r id e . P o llen  

cou ld  be s to re d  up to  $*• h o u rs  b u t ,  th e re  was ra p id  

d e te r io r a t io n  in  p o lle n  germ ination  w ith  tim e o f s to ra g e . 

S to rag e  in  o rg an ic  s o lv e n ts  r e s u l te d  in  in s ta n ta n e o u s  lo s s  

o f v i a b i l i t y  (Table 8a ) .

The r e s u l t s  th u s  in d ic a te d  t h a t  s to ra g e  under low  

tem p era tu re  e s p e c ia l ly  over calcium  c h lo r id e  a t  *f°C 

in c re a se d  th e  s to ra g e  l i f e  and r e s u l te d  in  h ig h e r  percen tage  

o f germ ina tion  o f p o lle n  g r a in s .  The e f f e c t  o f low 

tem p era tu re  on p o lle n  s to ra g e  i s  th u s  confirm ed in  te e  

p re s e n t  s tu d y  a ls o .  Z t was a lso  found t e a t  s to rag e  w ith  

ca lcium  c h lo r id e  was b e n e f i c ia l .  E v id e n tly  th e  re d u c tio n  

in  hum id ity  when s to re d  over calcium  c h lo r id e  h as  u l t i 

m ately r e s u l te d  in  a b e t t e r  s to rag e  l i f e .  Methods of



e f f i c i e n t  s to ra g e  o f p o lle n  have been worked o u t In

s e v e ra l  c ro p s . Ring and Hesse (1938) found t h a t  con

t r o l l i n g  tem p era tu re  and hum idity  in c re a s e d  th e  s to rag e  

l i f e  o f p o lle n  g ra in s  o f  f r u i t  c ro p s . Nebal ( 1939) 

cou ld  s to r e  p o lle n  g ra in s  of a p p le , p e a r ,  plum, peach 

and a p r ic o t  f o r  2 to  5# y e a rs  a t  28°C and 50 p e r  c e n t 

r e l a t i v e  h um id ity . Singh (1962a), S ingh (1962 b ) ,  

S ingha(1972), C h ild  (197*0 and Slmmonds (1976) found 

th a t  c o n tro l le d  tem p era tu re  and hum idity  in c re a se d  th e  

s to ra g e  l i f e  o f  s e v e ra l f r u i t s  and p la n ta t io n  c ro p s .

G riggs f i t  fij,. (1953) and Nixon (1959) re p o r te d  th a t

s to ra g e  of p o lle n  g ra in s  in  a i r  t i g h t  c o n ta in e rs  a t  -18°C

in c re a se d  th e  s to rag e  l i f e  o f p o lle n  o f ' tem perate  f r u i t s  

l i k e  p each , plum, a p p le , ch e rry  and o l iv e .  S im ila r  

f in d in g s  were re p o r te d  by Singh (1962 a )  in  l i t c h i  where 

a  low te m p era tu re  of -23°C cou ld  p ro lo n g  th e  s to rag e  

l i f e  of p o l le n . The r e s is ta n c e  or to le ra n c e  to  damage 

of p o lle n  in  th e  c o n t ro l le d  tem pera tu re  and hum idity  

was cue to  th e  re d u c tio n  o f  M etabolic  p ro cess  and reduced 

r e s p i r a t io n  r a t e  due to  low w ater c o n te n t.  The b iochem ical 

r e a c t io n  i s  in h ib i te d  due to  low w ater c o n te n t and 

reduced enzyme a c t i v i t y  due to  d eh y d ra tio n  of p ro te in  

(Shivanna f it  t 1979).

The e f f ic a c y  o f  o rg an ic  s o lv e n ts  l i k e  petro leum  

e th e r ,  benzene, a c e to n e , e th a n o l and ch lo ro fo rm  in



p ro lo n g in g  th e  s to rag e  o f p o lle n  g ra in s  re p o r te d  by 

Ivanam i (1972, 1973 and 1975) and Iwanami and Nakamura 

(1972), M ishra and Shivanna (1982), N a ir (1982) and Tessy 

(1983) does n o t ho ld  good in  the  case  o f  H ib isc u s . The 

p o lle n  g ra in s  l o s t  t h e i r  v i a b i l i t y  in s ta n ta n e o u s ly  when 

s to re d  in  o rg an ic  s o lv e n ts .  The observed  lo s s  o f v i a b i l i t y  

d u rin g  s to ra g e  m ight be due to  c o n c u rre n t changes in  

enzyme a c t i v i t i e s ,  r e s p i r a t io n  r a te s  and a c t i v i t i e s  o f 

v itam in s  and endogenous growth hormones (N ie lso n , 1956; 

N ebel and B u t t l e ,  19571 S tan le y  and P o o s tc h i, 1962 and 

Otetneahan and S u llad iaa th , 1983) .

The methods o f  s to ra g e  employed in  the  p re s e n t 

s tu d y  were n o t e f f e c t iv e  f o r  lo n g  term  s to ra g e  o f p o lla n  

g r a in s ,  s in c e  v i a b i l i t y  was l o s t  r a p id ly  beyond th re e  days 

of s to r a g e .  F u r th e r  s tu d ie s  w ith  more e f f i c i e n t  methods 

of s to ra g e  i s  th e re fo re  n e c e ssa ry . However, in  H ib iscu s  

th e  s to ra g e  o f p o lle n  may n o t  be a  problem  under our 

c o n d itio n s  sin ce  th e re  i s  g re a t  sy n c h ro n isa tio n  in  

f lo w e rin g  amongst th e  ty p e s /v a r ie t i e s  o r  sp e c ie s .

The n a tu re  of f l o r a l  p a r ts  a ls o  in f lu e n c e d  th e  

s to ra g e  l i f e .  The f lo w e rs  w ith  a n th e r  colunn i n t a c t  

possessed , b e t t e r  s to ra g e  l i f e  than  p o lle n  g ra in s  a s  such , 

in d ic a t in g  t h a t  the  longevity o f p o lle n  when once detached  

from th e  a n th e r  column d ec reased  c o n s id e ra b ly . I t  m ight be 

due to  th e  extrem e d e lic a c y  of p o lle n  g r a in s .



The e f f e c t  o f v a r i e t i e s  on th e  p o lle n  

g e rm in a tio n  was a ls o  s ig n i f i c a n t .  Of th e  f iv e  ty p e s /  

v a r i e t i e s  t r i e d ,  Acc. 26 and Aec. 11 were found to  

have s ig n i f i c a n t  h ig h e r  lo n g e v ity  p e r io d  a s  compared 

to  a l l  o th e r  v a r i e t i e s  (T able 8 b ).

3 . C o m p a tib ility  s tu d ie s

&• s c h i  sops t a lu s  and a l l  th e  ty p e s /v a r ie t i e s  

o f Hj. ^gjftrffjgeagjLg e x c e p t Acc.2 f a i l e d  to  s e t  f r u i t s  

n a t u r a l ly .  m u ta b il is  a ls o  produced f r u i t s  in

abundance. In A e c . f r u i t  s e t  was o c c a s io n a l and 

o ccu rred  m ainly d u rin g  th e  peak f lo w erin g  season (A ugust- 

O c to b e r) . V i la s in i  ( 1966) ,  P a l and Krishnam urthy

(1972) and Bhat (1976) had a ls o  re p o r te d  t h a t  on ly  very  

few v a r i e t i e s  s e t  f r u i t s  under n a tu r a l  c o n d itio n s .

The f a i l u r e  o f  n a tu r a l  f r u i t  s e t  m ight be due to  problem s 

l i k e  la c k  o f  p o l l i n a t i o n ,  f e r t i l i z a t i o n , s e l f  s t e r i l i t y  e tc .

S tu d ie s  on s e l f  c o m p a tib il i ty  showed t h a t  

o u t o f th e  seven ty p e s /v a r i e t i e s  and two sp e c ie s  s e l f  

p o l l i n a te d ,  f iv e  ty p e s /v a r ie t ie s  of JJ. r o s a - s in e n s is  

v i z . ,  Acc.2 , 5* 18, 22 and 26 and m u ta b ilis  were found 

to  be s e l f  co m p atib le  (Table 9 ) .  I t  cou ld  be presumed 

t h a t  f a i l u r e  to  s e t  f r u i t s  under n a tu r a l  c o n d itio n s



m ight be due to  f a c t o r s  o th e r  than  s e l f  s t e r i l i t y .

I t  vas in t e r e s t i n g  to  n o te  t h a t  Acc.11 and H*. s c h ls o b e ta lu s  

which had a  h ig h  p e rcen tag e  o f p o lle n  germ ination  and 

tube grow tli Ju. v i t r o  co n d itio n  a , f a i l e d  to  s e t  f r u i t s

on s e l l i n g .  This m ight perhaps be due to  th e  m a tern a l 

in f lu e n c e  l i k e  cy to p lasm ic  in c o m p a t ib i l i ty  o r  in h ib i t io n  

o f p o lle n  germ ination  on s t ig m a tic  s u r fa c e .  In th e  ca se  

o f  s e l f  in co m p a tib le  ty p e  ACc.16, p o lle n  germ in a tio n  

v as  t o t a l l y  a b sen t i n  v i t r o .  B revbacker (1959) re p o r te d  

homomorphic s e l f  in c o m p a tib i l i ty  in  m alvaceous c ro p s .

S e lf  in c o m p a t ib i l i ty  mechanism h as  been n o ted  by s e v e ra l  

w orkers in  d i f f e r e n t  crops l i k e  E a s te r  l i l y  (E m sveiler 

and S tu a r t ,  19^8), mango (Singh §% a l . ,  1902), Jasm inua 

(Veluswaiay, 1981) and in  a ib ig c u s  by V i la a in i  £$  a l .  (1966).

F r u i t  s e t t in g  could  be seen in  most o f th e  

s e l f e d  ty p es o r  v a r i e t i e s  w ith in  f iv e  days a f t e r  p o l l i 

n a t io n .  However a l l  th o se  s e t  were n o t  c a r r ie d  to  

m a tu r i ty . Only 36 to  70 p e r  c e n t m atured in d ic a t in g  

th a t  f r u i t  shedding i s  a  conspicuous problem  in  H ib iscu s . 

The cau ses of f r u i t  drop have been a t t r i b u te d  to  f a c to r s  

l i k e  p h y s io lo g ic a l  and o th e r  in h e re n t  f a c t o r s .  (A dd ico tt 

and Lynch, 19551 Chadha and S ingh , 19631 Randhaw*, 1971 

and B ard v a j, 1975). In  a d d i t io n , i t  l a  p o s s ib le  t h a t  

th e  drop i s  a ls o  In flu e n ce d  by c l im a tic  and o th e r  en v iro n 

m ental f a c t o r s .



I t  v as  observed in  the  p r e s e n t  study  th a t  

th e  su ccess  o r  f a i l u r e  o f f r u i t  s e t  was a ls o  in flu en c ed  

by seaso n . Compared to  January  to  March, f r u i t  s e t t in g  

v as h ig h  in  August to  O ctober. F o r  h y b r id is a t io n  work 

in  H ib iscu s the fa v o u ra b le  p e r io d  co u ld  be e x p lo ite d  

f o r  b e t t e r  f r u i t  s e t .

3 .2  Cross c o m p a tib i l i ty

I n t e r v a r i e t a l  and i n t e r s p e c i f i c  c ro sse s  were 

a tte m p ted . The c r o s s a b i l i t y  was a s se sse d  on the  b a s is  

o f p e rcen tag e  o f f r u i t  s e t ,  average seeds p e r  f r u i t ,  

p e rce n tag e  germ ination  of seeds and p e rce n tag e  s u rv iv a l  

o f th e  germ inated  s e e d lin g s . Out o f th e  30 i n t e r v a r i e t a l  

c ro s s e s  made, only fo u r  were f a i l u r e  (Table 10 ). When 

Acc.11 vas used as m a te rn a l p a re n t f r u i t  s e t  cou ld  n o t be 

observed in  a l l  c ro s s e s .  T his p erhaps In d ic a te d  th a t  

c e r t a in  v a r i e t i e s  were n o t s u i ta b le  a s  fem ale p a re n t .  A 

com plete a n a ly s is  o f th e  v a r i e t i e s  w i l l  be n ecessa ry  

b e fo re  lau n ch in g  la rg e  s c a le  h y b r id is a t io n  programme.

In th e  rem ain ing  26 c r o s s e s ,  th e  p ercen tag e  o f 

c a p su le  s e t  vas h ig h  a f t e r  f iv e  days o f p o l l i n a t i o n , b u t 

l a t e r  t h e i r  p e rcen tag e  reduced c o n s id e ra b ly  (Table 10),

The c a p su le  s e t  i n  th o se  c ro sse s  int. i c  a ted  c ro s s  com patib le 

n a tu re  between them. The p ercen tag e  o f  cap su le  s e t  a t  

m a tu r i ty  v as  maximum in  c ro s s e s  where Acc.2 and 26 were



used as  th e  p i s t i l l a t e  p a re n t .  I t  f u r th e r  in d ic a te d  

t h a t  c ro s s  c o m p a tib i l i ty  was d ec ided  to  a  g r e a t  e x te n t  

by th e  v a r i e t i e s  s e le c te d .

With r e s p e c t  to  seed s e t ,  in  g en e ra l I t  was 

found t h a t  in  c ro sse s  where Acc.2 , 5 , 22 and 26 were 

th e  m a te rn a l p a re n ts  seed  s e t  p e r  f r u i t  was h ig h e r  than  

t h e i r  s e lfe d  m aternal p a re n t ( fa b le  10 ). This confirm ed 

th a t  I n t r a s p e c i f i c  c ro s s  in c o m p a tib i l i ty  i s  only  very  

l i t t l e  in  H ib isc u s . The p o s s i b i l i t y  of evo lv ing  new 

v a r i e t i e s  through in  t e r  v a r i e t a l  c ro s s e s  i s  th u s  very  

h ig h  in  shoe f lo w e r . Hew v a r i e t i e s  o f H ib iscus were 

evo lved  th rough  b reed in g  by Dei^Lah (1 9 6 8 ), Sundar (1971), 

Hhat (1976, 1979) and Bhat and Verma (1980). In  th e  

s u c c e s s fu l c ro sse s  th e  number o f seeds ranged from 3*25 

to  17 ,6  seeds p e r  c a p s u le . Bhat (1976) re p o rte d  2 to  15 

seeds p e r  c a p su le  in  some c ro s s e s .

The g erm in a tio n  p ercen tag e  o f h y b rid  seeds 

v a r ie d  between 31.25 to  77.9**. The germ ination  was w ell 

over 50 p e r c e n t in  a l l  th e  s u c c e s s fu l  c ro s s e s ,  excep t 

where Acc. 16 was used as th e  p i s t i l l a t e  p a re n t .  T h is 

in d ic a te d  th e  absence o f h y b rid  i n v i a b i l i t y  between th e  

ty p e s /v a r ie t i e s  of H. r o a a - s in s n s i s . The low germ ination  

p e rce n tag e  of seeds in  c ro sse s  where A cc.16 was used as  

fem ale  p a r e n t ,  could  be a t t r i b u te d  to  h y b rid  l n v i a b i l i t y .



The s u rv iv a l  p ercen tag e  o f germ inated  

s e e d lin g s  v a r ie d  from 90 to  100 and t h i s  shoved th a t  

h y b r id  i n v i a b l l i t y  v as  n o t a  problem  in  H ib isc u s . In a l l  

th e  c ro s s e s  th e  ca p su le s  took co m p ara tiv e ly  l e s s e r  tim e 

(26-37 days) to  a t t a i n  m a tu rity  than  t h e i r  s e lfe d  m aternal 

p a re n t  (28-38 d a y s ) . G erm ination o f h y b rid  seeds v ere  

a ls o  e a r l i e r  by 8 to  16 days than th e  seeds o b ta in ed  

from t h e i r  s e lfe d  m ate rn a l p a re n t ( 12 -18  d ay s). Bhat ( 1976) 

in  IIHE re p o r te d  t h a t  the c a p su le s  took M  to  70 days 

f o r  seed  m a tu rity  under Bangalore c o n d i t io n s .  In  th e  

p re s e n t  study  only  26 to  37 days v e re  re q u ire d  f o r  seed 

m a tu r i ty  under K era la  c o n d itio n s . The in f lu e n c e  of 

c l im a te  on seed m a tu r ity  i s  th u s  d e a r l y  e s ta b l i s h e d .

Cie c r o s s a b i l i t y  being  a  fu n c tio n  o f p e rcen tag e  

of f r u i t  s e t ,  number o f  seeds p er f r u i t ,  percen tage  

germ in a tio n  of se e d s , p e rcen tag e  s u rv iv a l  of germ inated  

se e d lin g s  both  in  c ro sse d  and s e l f e d  m a tern a l p a re n t ,  

th e  measure of c ro ss  a b i l i t y  a f f i n i t i e s  between any two 

sp e c ie s  i s  r e f le c te d  i n  h y b rid s  produced (Kao, 1979).

There vas a s ig n i f i c a n t  r e c ip ro c a l  e f f e c t  on over a l l  

c r o s s a b i l i t y  index  in d ic a t in g  th a t  th e  m atern a l p a re n t 

hac an In flu e n c e  an c r o s s a b i l i t y  in d e x . Velusvamy ( 1981) 

r e p o r te d  t h a t  a lth o u g h  s tro n g  in t e r s p e c i f i c  c ro ss  

in c o m p a t ib i l i ty  a s  w e ll a s  s tro n g  s e l f  in c o m p a tib i l i ty



system  e x is te d  in  Jaraim im . c ro sse s  were su c c e s s fu l 

w ith in  sp e c ie s  and th e  c ro ssed  seeds germ inated  w e ll .

The r e s u l t s  of th e  i n t e r s p e c i f i c  c ro s s  

c o m p a tib i l i ty  study  in d ic a te d  th e  e x is te n c e  of a  c ro ss  

in c o m p a t ib i l i ty  b a r r i e r  among th e  th re e  sp e c ie s  of 

H ib isc u s  (v id e  T able 11)* E f f o r ts  to  produce h y b rid s  

between th e  th re e  sp e c ie s  ended in  com plete f a i l u r e .  

W hatever f r u i t s  t h a t  i n i t i a l l y  s e t  e i t h e r  dropped soon 

o r  in  th o se  which were c a r r ie d  to  m a tu r i ty , th e  seeds 

d id  n o t  g erm in a te . The o b se rv a tio n s  made by G&st (1971) 

t h a t  ornam ental H ib iscu s was h ig h ly  polym orphic 

c ro ss -c o m p a tib le , needs f u r th e r  co n f irm a tio n  by d e ta i le d  

s tu d ie s .

In th e  p re s e n t  s tu d y , c ro s s e s  were f a i l u r e  

where j£. la u ta b illa  and so h iz o p e ta lu s  were used as 

th e  fem ale  p a re n t .  Whenever II. r o s a - s in e n s is  was used 

a s  th e  m atern a l p a r e n t ,  th e re  was b e t t e r  f r u i t  s e t .  In 

th e  case  o f H*. r.asar.s|peB |i4s x H. m u ta b il ia  f r u i t s  

t h a t  were i n i t i a l l y  s e t  d id  n o t come to  m a tu rity  w h ile  

in  &. KQ98zM£.8$Q9&2 * J . s c h lz o p e ta lu s , in  f r u i t s  which 

were c a r r ie d  to  m a tu r i ty  th e  seeds d id  n o t germ ina te .

In  c ro sse s  where f r u i t  d rop  occu rred  a f t e r  

f  iv* days of p o l l i n a t i o n ,  i t  in d ic a te d  th a t  the  i n i t i a l  

growth was m ainly s tim u la to ry  caused  by e n try  o f p o lle n



tu b e s  in  the  o v arian  cav ity *  Subsequent d eg en era tio n  

o f th e  o v arian  t i s s u e s  perhaps r e s u l t e d  in  the  shedding 

of th o se  f r u i t s  t h a t  were s e t .  The f a i l u r e  o f  seed 

g erm in a tio n  m ight a ls o  be due to  embryo and endosperm 

in c o m p a t ib i l i ty .  A ccording to  Eao (1979), th e  f a i l u r e  

o f  c ro s s e s  where th e re  was no f r u i t  s e t  a t  a l l  o r only  

r e s u l t e d  in  p a r then  oc a rp ic  f r u i t  p ro d u c tio n  o r f r u i t s  

w ith  shrunken s e e d s , were presumed to  be p o s t - f e r t i l i s a t i o n  

phenomena. Be f u r th e r  s ta te d  th a t  th e  p ro d u c tio n  o f 

shrunken seeds was th e  r e s u l t  o f  g e n e tic  in c o m p a tib il i ty  

between embryo and endosperm due to  in t e r s p e c i f i c  l e t h a l  

gen es. M uthukrishnan and P&plah (1930) and Veluswamy 

(1981) re p o r te d  s u c c e s s fu l  f r u i t  s e t  i n  in t e r s p e c i f i c  

h y b r id s  of jasm ine . The seeds however d id  n o t  g erm in a te .

According to  S ilow  (19**1) , th e  cause o f  i n t e r 

s p e c i f ic  in c o m p a t ib i l i ty  in  th e  genus Ooasvpiua as  a 

whole was due to  la c k  o f  harmony between sp e c ie s .

L inskens (1975) re p o r te d  t h a t  i n t e r s p e c i f i c  incom pati

b i l i t y  was h e te ro g e n ic . Pushkarnath  (19^2) showed th a t  

th e  e x p re s s io n  o f s e l f  and c ro s s  in c o m p a t ib i l i ty  in  

s e v e ra l  s p e c ie s  of d ip lo id  p o ta to e s  were c o n tro l le d  by 

an in co m p atib le  gene p o sse ss in g  a  number of a l l e l e s .





SUMMIT

The p re s e n t in v e s t ig a t io n s  v e re  c a r r ie d  o u t 

in  th e  D epartm ent of Pomology and F lo r i c u l t u r e ,  C ollege 

o f H o r t ic u l tu re ,  V e llan ik k a ra  du rin g  th e  y e a rs  19&1 to  

1983. The summary o f the  work done and r e s u l t s  o b ta in ed  

a re  g iven  below.

1. M orphological d e s c r ip t io n  o f 3^ ty p e s /  

v a r i e t i e s  of H. r o s a - s in e n s la  and tv o  o th e r  sp ec ie s  

v i z . , m u ta b ll ls  and v e re  made.

2 . In H. ro s a * s in e n s is  and J£* I£k ii2J2§ ia lM >  

flo w er p ro d u c tio n  vas found to  be th ro u g h o u t th e  y ea r  

w ith  tv o  peak se a so n s , v i z . ,  August to  O ctober and January  

to  March v h i le  in  g .  m u ta b ilis  f lo w e rin g  took p la c e

from August to  F eb ruary  w ith  a  peak in  Septem ber.

3 . In a l l  the  ty p e s /v a r ie t ie s  o r sp e c ie s , f lo w er 

opening and a n th e r  d eh iscen ce  took p la c e  du ring  the  

morning h o u rs ; form er between h  to  8.30 am and th e  

l a t t e r  so o n a f te r  f lo w e r opening , e x c e p t in  a c c .7 ,  10,

12, 13 and 1^.

h ,  jn  a l l  th e  ty p e s /v a r ie t ie s / s p e c ie s  ex c ep t in  

1* s c h ls o p e ta lu s . A cc A , and 3 ^ ,c o r o l l a  fo ld ed  w ith in  

12 to  18 hours a f t e r  f lo w e r  opening . Generall^the double



pe t a i l e d  ones and h y b rid  f lo w ers  l a s t  u n g e r .

The r e te n t io n  of th e  c o r o l la  d i f f e r e d  between ty p e s /  

v a r i e t i e s  and sp e c ie s  from to  7? h o u rs .

5 . S tu d ie s  on p o lle n  morphology showed t h a t  

w h ile  co lo u r  o f  p o lla n  g ra in s  v a r ie d ,  th e  shape was

more o r l e s s  c o n s ta n t in  a l l  ty p e s , v a r i e t i e s  and sp e c ie s . 

In d iv id u a l p o lle n  g ra in  was p a n to p o ra te , sp h e ro id a l and 

sp in o se . The p o lle n  s iz e  was found to  d i f f e r  n o t only  

between ty p es and v a r i e t i e s  b u t w ith in  them a ls o ;  th e  

d iam ete r ranged from 125.91 p  in  A cc.29  to  198.58 p  

in  A cc.25.

6 . The p o lle n  o u tp u t p e r  a n th e r  ranged from 87

in  Acc. 16 to  500 in  j£. m u ta b il is  and th e re  was s ig n i f i c a n t  

d if fe re n c e  between th e  ty p e s , v a r i e t i e s  and sp e c ie s .

7 . P o llen  f e r t i l i t y  a s  in d ic a te d  by the  a c e to -  

carm ine s ta in in g  te ch n iq u e  ranged from  b .6  p e r  c e n t in  

Acc.7 to  97 .^  p e r  c e n t  in  m u ta b i l i s .

8 . Media f o r  tn e  p o lle n  germ ina tion  was 

s ta n d a rd is e d . A medium c o n ta in in g  suexose (2 0 # ), ag a r 

(1 # ) and b o r ic  ac id  (100 ppm) was found to  be th e  b e s t  

f o r  p o l le n  germ ina tion  a s  w e ll a s  f o r  b e t t e r  p o lle n  

tu b e  grow th.



9. P o llen  g ra in s  commenced germ ina tion  w ith in  

30 m inutes of d u s tin g  in  th e  b e s t  medium in  a  humid 

chamber and th e  r a t e  of germ ina tion  and tube e lo n g a tio n  

were h ig h e s t  d u rin g  the  f i r s t  h o u r. G erm ination and tube 

growth con tinued  t i l l  e ig h t  hours o f  in c u b a tio n  a t  a  

d ec reased  r a t e .

10. S ig n i f ic a n t  v a r ia t io n  in  p o lle n  germ ination  

and tube e lo n g a tio n  was observed between ty p e s /v a r ie t i e s  

o r  s p e c ie s . Out o f  35 ty p e s /v a r le t i e s / s p e e ie s  s tu d ie d , 

only  23 o f  them showed germ ination  in  th e  b e s t  medium.

A ec.11 showed maximum germ ina tion  o f 8 5 .8  p e r c e n t 

fo llo w ed  by Jg. m u ta b ilis  and Ace.2 ,  w hile  th e  tu b e  le n g th  

vas maximum in  Aec.2 (962.M3 /a) fo llo w ed  by Acc.11 and 

M* m u ta b i l l s . Acqtoe^rraine s ta in in g  tech n iq u e  wae n o t  

a  r e l i a b l e  method of e s tim a tin g  v i a b i l i t y  of p o lle n  a s  

a l l  th e  g ra in s  s ta in e d  in  th e  ace toearm ine techn ique d id  

n o t  g erm in a te  v i t r o . Po lysiphonus germ ina tion  was 

observed in  m a jo rity  o f c a se s .

11• P o llen  s to ra g e  s tu d ie s  in d ic a te d  th a t  th e  

s to ra g e  c a p a c ity  o f H ib iscus p o lle n  was very  low under 

room te m p era tu re . But p o lle n  v i a b i l i t y  was r e ta in e d  

up to  $+ hours when th e  f lo w ers  were s to re d  w ith  a n th e r  

column i n t a c t  a t  *t°C in  a  d e s ic c a to r  o v er calcium  c h lo r id e . 

Low tem p era tu re  and low  hum idity  had a  s ig n i f i c a n t



in f lu e n c e  on th e  lo n g e v ity  o f p o lle n  g r a in s .  A cc.26 

and 11 were found to  have maximum s to ra g e  l i f e  as 

compared to  o th e r  ty p es  o r v a r i e t i e s ,

12. I t  was found t h a t  only A cc.2 and &• m u t« b llia  

s e t  f r u i t s  n a tu r a l ly .  ACC.2, *>? 18* 22 , 26 and 

£U m u ta b ilis  were found t o  be s e l f  co m p atib le . The 

f r u i t s  took 28 to  38 days to  reach  m a tu r i ty . M ature 

seeds germ inated  w ith in  16 to  18 d ay s . The number of 

seed s p e r  c a p su le  ranged from 15V to  218 in  Ig, m u ta b il is  

and 1 to  20 in  jg. ro a a -a in a n a ia . Seed germ ination  

ranged  from  3-33 p e r  c e n t  in  fi* m u ta b i l i s  to  69 .77  

p e r  c e n t  in  Acc. 18. The s u rv iv a l p ercen tag e  o f germ i

n a te d  s e e d lin g s  were over 95 p e r  c e n t .

13. I n t r a s p e c i f i c  e ro s i  c o m p a tib i l i ty  was 

observed  in  a l l  th e  c ro s se s  a ttem p ted  in  th e  sp e c ie s

H. r o s a - s in e n s is  e x c e p t in  ca ses  where A cc.11 was used 

a s  th e  m a te rn a l p a re n t .  It, a l l  th e  crosses-^the ca p su le s  

took co m p ara tiv e ly  l e s s e r  tim e to  a t t a i n  i t s  m a tu rity  

th an  t h e i r  s e lfe d  m a tern a l p a re n t .  In  m a jo rity  of 

th e  c r o s s e s ,  th e  g erm ina tion  o f h y b rid  seeds was 

e a r l i e r  than  the  seeds o b ta in ed  from  s e lfe d  m a te rn a l 

p a r e n t .  The c ro s s  A cc.2 x 11 had  th e  h ig h e s t  c ro s s * -  

b l l i t y  in d ex  fo llow ed  by Acc. 2 x 18 , 2 x 26, 18 x 11,

22 x 11 , 26 x 2 and 26 x 11.



1^. In t a r  s p e c i f ic  c o m p a tib il i ty  vas 

p r a c t i c a l l y  a b s e n t. Only in  th e  c ro s s e s  between
v

Acc. 2 x H .S ., and Acc. 26 x  H .S ., f r u i t  s e t  vas

o b se rv ed , b u t th e  seeds o b ta in ed  from th e  f r u i t s  9 >
j

f a i l e d  to  g erm in a te , th u s  a  s tro n g  b a r r i e r  f o r  

c r o s s a b i l i t y  and h y b rid  i n v i a b i l i t y  between the  sp e c ie s  

was e v id e n t .

15, The ca p su le s  o f d i f f e r e n t  ty p es  o r  

v a r i e t i e s  o f S . r o s a - s in e n s is  v e re  o f ovo id , oblong 

o r subglobose and H. xo u tab llis  v e re  g lobose and h a i ry .  

The seeds o f  g . r o s a - s in e n s is  v e re  g lobose and b lack  

and t h a t  o f m u ta b illa  v e re  r e n i f  orm, brown and 

h a i r y .
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D e sc r ip tiv e  b lank  f o r  H ib iscu s

1, H ab it -  V igorous/m oderately  v ig o ro u s /n o t v ig o ro u s

2 . L a te ra l  b ranches -  P ro fused /few

E r e c t / s l ig h t ly  d roop in g /d ro o p in g

3 . Leaves 

Shape -

S ize

M argin -

Apex

a v a te /c o rd a te /c o rd a te -o v a ls /o v a l/o b o v a te /

o b lo n g A ln e a r

Length cm to  cm

B readth cm to  cm

E n t i r e / s e  r r  a t e / s e r r u la te /d e n d a te /

d e n d lc u la ts A o b e d /d lv ld e d /u n d u la te /c re n a te /

notched

A c u te /a c cu m in a te /o b tu se /e a a rg en a te /a u c ro n a te

b .  F low er

Shape -  S a u c e r /c u p /b a ll / fu n n o l/ tu b u la r

D iam eter -  cm to  cm

N ature -  S in g le /d o u b le

E r e c t / s l ig h t ly  pendulous/pendu lous 

5 .  P e d ic e l -  J o in te d /n o t  jo in te d

From a x i l  to  j o in t  cm

From j o i n t  to  in v o lu c re  cm

T o ta l cm



6* E p ica ly x  

Number

Shape -  L in e a r/o v a te  A a n c e  p o in te d

7 . Calyx

Shape -  Shallow  cup A  in e a r  cu p /tu b u la r/co rap an u la te

8. C o ro lla

N ature -  C rink led /saooth /m edium

E n t i r e /d is s e c te d  

No. o f w horls -  S in g le /d o u b le / tr ip f tle /m u ltip jp ie  

C olour -  Upper s id e

Base

Tip

Boarder 

Lower s id e

9. stam ens

Length -  cm

No. o f  a n th e rs  •

10. P i s t i l

Length o f s ty le  -  cm 

C olour o f  stigm a -

11. W hether n a tu r a l ly  

seed s e t t in g /n o t  -



W eather d a ta  f o r  the  p e r io d  from May 1982 to  Septem ber 1983

Tem perature R e la t iv e  T o ta l Number of
Month (°C) hum id ity  r a i n f a l l  r a in y

 ..........—........................................      (mm) days p e r
Maximum Minimum month

1982
May 3 3 .8 0 afc.50
June 30 .60 23.10
J u ly 29.10 22.92
August 28,90 2k .30
Septem ber 30.98 2k. 00
O ctober 32. 0** 23 .13
November 31 A o 23 .93
December 31.93 23 .19

12§3
January 33.25 21.6k
F ebruary 3k.k6 22.70
March 36.15 23.76
A p ril 36.20 25.80
May 35.10 25.50
June 31 .90 2 k .50
J u ly 29.70 23.70
August 29.10 23.80
September 29 .50 23.ko

7 9 .9 113.5 8
7 9 .8 657.6 26
87.5 600 .9 26
85 .0 575.k 27
7 8 .9 67 ,k 10
7 7 .0 277.8 18
7 1 .9 98.k 7
58 .k 52 .0 1

51 .3 N il N il
6k. 0 N il N il
65.0 N il N il
66 .0 N il N il
69 .0 37 .k 3
79 .0 387.2 19
87 .0 580.6 21
87 .0 75k. 7 26
8 k .0 kgk .6 2k



A nalysis o f  v a r ia n c e  f o r  p o lle n  e ls e  in  d i f f e r e n t  ty p e s /  
v a r i e t i e s / s p e c ie s  o f H ib isc u s .

Source D egrees
of
freedom

Mean mm  
o f squares

Between ty p e s /v a r i e t i e s /  
sp e c ie s > 56.51**

W ithin t y p e s / v a r i e t i e s /  
sp e c ie s

0 .3 5

T o ta l * 9 9

*♦ S ig n i f ic a n t  a t  l e v e l

Appendix -  17

A nalysis of v a ria n ce  f o r  p o lla n  p ro d u c tio n  In  d i f f e r e n t  
ty p e s /v a r ie t i e s / s p e e ie s  o f H ib iscu s

Source
D egrees
o f
freedom

Mean sum 
o f sq u ares

Between t y p e s /v a r i e t i e s /  
sp e c ie s

3N 0.81**

W ithin t y p e s / v a r i e t i e s /  
sp e c ie s

1**0 0 .02

T o ta l

** S ig n i f ic a n t  a t  “\% l e v e l



A nalysis o f  v a rian ce  f o r  p o llo n  f e r t i l i t y  in  d i f f e r e n t  
ty p e s /v a r ia t i e  s /s p e c ie s

Source D egrees
of
freedom

Mean sum of 
sq u ares

Between ty p e s /v a r ie t le s / s p e c ie s 1167.82**

W ithin ty p e s /v a r ie t i e s / s p e c ie s 70 8 .20

T o ta l 1(*

** S ig n i f ic a n t  a t  \ $  l e v e l

Appendix -  VI

A nalysis  o f v a rian ce  f o r  s ta n d a rd is a t io n  o f sucrose  medium 
f o r  p o lle n  germ ina tion  and tube growth

Source D egrees of 
freedom

Mean sum of sq u ares

P o llen
germ ina tion

P o lle n  tube  
growth

Treatm ents 8 307.06** 3658.82**
E rro r 18 2 .77 3 A 0

T o ta l 26

** S ig n i f ic a n t  a t  l e v e l



A nalysis of v a r ia n c e  f o r  s ta n d a rd is a t io n  o f  su c ro se -a g a r  and s u c ro s e -a g a r -b o r ic
ac id  m edia0rp o lle n  germ ina tion  and tu b e  g ro v th .

A

Source
D egrees
o f
freedom

Mean sq u a res

Sucrose»-agar S u c ro se -a g a r-b o r ic  a c id

P o lle n
g erm in a tio n

P o llen  tube 
grow th

P o lle n
g erm in a tio n

P o lle n  tu b e  
g ro v th

Between su cro se  le v e ls 2 19.27** 781^5.1** 217.23** 216238.96**

Between a g a r /b o r ic  a c id  l e v e l s  3 39.63** 111037.73** 309.8k** 313190.08**

In te r a c t io n 6 ^33.73** 9362A5** 7.89** k068.k6**

E rro r 2k 2 .M MfO.86 1.2k 1399.9k

T o ta l 35

** S ig n i f i c a n t  a t  l e v e l



A nalysis  of v a ria n ce  f o r  tim e o f  in c u b a tio n  f o r  p o lla n  
g erm in a tio n  and tu b a  growth

Source Degrees of 
freedom

Mean sum o f squares

P o llen
g erm in a tio n

P o llen  
tu b e  growth

T reatm ent 5 50. 1 1** 127067.1+**

E rro r 12 1 .88 2027.6*+

T o ta l 17

** S ig n i f ic a n t  a t  1$ le v e l

Appendix •  IX

A nalysis o f  v a rian ce  f o r  p o lle n  g erm in a tio n  and tu b e  growth 
in  d i f f e r e n t  ty p e s /v a r ie t ie s / s p e c ie a  of H ib iscus

D egrees Mean sum of squares
OC/Ua C © of

freedom P o llen
g erm in a tio n

P o llen  tube 
growth

Between t y p e s / v a r i e t i e s /  
s p e c ie s

22 830.77** 161010.36**

W ithin t y p e s /v a r i e t i e s /  
sp e c ie s

*+6 10.11 M+02.08

T o ta l 68

** S ig n i f ic a n t  a t  1% l e v e l



A n aly s is  o f v a r ia n c e  f o r  p o llen  lo n g e v ity  o f f iv e  ty p e s /v a r i e t i e s  under d i f f e r e n t
s to ra g e  c o n d itio n s  a t  12 hours i n t e r v a l

Mean sum of sq u a re s
Source *#v %U Cv

of
freedom

12 hou rs 2b hours 36 h o u rs b& hours 60 h o u rs

T y p e s /v a r ie tie s b 1676.73** 128^.33** 963.70 ** 669.33** 271.96**

T reatm ents 7 357*87** 723.95** 11^.52** 1132.59** 721.52**
I n te r a c t io n 28 25.33** 20. ^ 0** 2 ^ .5 ^ * 23. 60** Mf.87**
E rro r 80 3*51 3.88 7 .2 9 9 M 5 .9 0

T o ta l 119

** S ig n i f i c a n t  a t  1% l e v e l
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I n v e s t ig a t io n s  were c endue te d  on the  p o lle n  

m orphology, p ro d u c tio n , f e r t i l i t y  and c o m p a tib il i ty  in  

3^ ty p e s  o r v a r i e t i e s  of H ib iscus ro a a - s in e n s is  L. and

tv o  o th e r  sp ec ie s  v i z . ,  Mm. m t & U t e  L. and g .  JSMffiSBaJtelMg 

Hook, in  th e  D epartm ent of Pomology and F lo r i c u l tu r e ,

C o llege o f H o r t ic u l tu re ,  K erala  A g r ic u ltu ra l  U n iv e rs ity , 

d u rin g  the  y ea r 1981-’83. S ince th e  types m ain ta ined  

d id  n o t  p o ssess  any d i s t i n c t  v a r i e t a l  names, d e ta i l e d  

m orpho log ical d e s c r ip t io n s  were made f o r  id e n t i f i c a t i o n .  

O b serv a tio n s  were a ls o  made an c e r t a in  a sp e c ts  of blossom 

b io lo g y  l i k e  f lo w e r opening, a n th e r  d eh iscen ce , fo ld in g  

o f c o r o l la  and r e te n t io n  o f  c o r o l la .

There was d i s t i n c t  v a r ia t io n  in  th e  morphology 

o f f lo w e rs  in  th e  36 ty p e s /v a r i e t i e s  o r sp e c ie s  s tu d ie d . 

F low er opening took p lace  du rin g  th e  morning h o u rs  and 

in  most o f  the  ty p e s /v a r ie t l e s / s p e c ie s  a n th e r  deh iscen ce  

commenced soon a f t e r  f lo w er open ing . The tim e tak en  f o r  

th e  fo ld in g  of th e  c o r o l la  ranged from 12 to  36 hou rs 

a f t e r  f lo w er opening and f o r  th e  r e te n t io n  of c o r o l l a  

ranged from 2k to  7? h o u rs .



P o llen  g ra in s  o f H ib iscu s v ere  p a n to p o ra te , 

sp h e ro id a l and sp in  os s  and v ere  125*91 to  198*58 m icrons ( /a) 

in  d iam ete r. P o llen  p ro d u ctio n  p e r  a n th e r  v a r ie d  from 

87 to  500 and p ercen tag e  o f p o lle n  f e r t i l i t y  ranged from 

*+.6 to  97. ^ .  S ta n d a rd iz a tio n  o f media f o r  p o lle n  germ i

n a tio n  and tube growth in d ic a te d  th a t  a  medium c o n s is t in g  

o f 20 p e r  c e n t su c ro se  -* one p e r  c e n t ag a r + 100 ppm b o ric  

a c id  was the b e s t .  The p o lle n  g ra in s  commenced germ ination  

w ith in  30 m inutes of d u s tin g  and gave s a t i s f a c to r y  

germ in a tio n  even a f t e r  fo u r  ho u rs  of in c u b a tio n  in  th e  

b e s t  medium. Of th e  35 ty p e s /v a r ie t ie s / s p e c ie s  t e s t e d ,  

o n ly  in  23 c a se s , p o lla n  germ inated  in  v i t r o .  Acc. 11 shoved 

maximum germ ination  of 85*8 p e r  c e n t  fo llow ed  by H.m u ta b ilis  

and A cc.2 v h lle  tube le n g th  v as  maximum in  Acc.2 ( 962.1*8 ju) 

fo llo w ed  by A cc.11 and a* a u t a b i l l s . Polysiphonoua 

germ in a tio n  was observed  in  m a jo r i ty  of c a s e s . P o llen  

g ra in s  could n o t be s to re d  f o r  more than th re e  days in  

any o f th e  methods employed in  th e  p re s e n t  s tu d y . Of th e  

d i f f e r e n t  methods t r i e d ,  s to ra g e  of f lo w e rs  w ith  a n th e r  

column i n t a c t  a t  **°C over calc ium  c h lo r id e  in  a d e s ic c a to r  

vas found to  be th e  b e s t  fo llow ed  by s to rag e  o f flo w ers  

a t  **°C w ith o u t calc ium  c h lo r id e .  A cc.26 and Acc. 11 had the 

lo n g e s t  s h e lf  l i f e  fo llo w ed  by A cc.2 .

I t  was found th a t  only  A cc.2 and m u ta b illa  

s e t  f r u i t s  n a tu r a l ly .  Out o f  th e  seven ty p e s /v a r ie t i e s  of



H. ro s a * s in e n s is  and two o th e r  sp e c ie s  v i z . , g ,  m u ta b ilia  

and 3 . s c h ia o p e ta lu a  s e l f e d , on ly  in  f iv e  ty p es o r  

v a r i e t i e s  of g ,  r o s a - s in e n s is  and in  the  sp e c ie s  

H. ra u ta b lljs  s e l f  c o m p a tib il i ty  was n o tic e d . The f r u i t s  

m atured in  28 to  38 days and germ inated  in  10 to  18 days.

The number of seeds p e r  cap su le  ranged from 8 .5  t o  192.5 

and seed germ ina tion  ranged from  3.33 to  69.77 p e r  c e n t. 

S u rv iv a l p e rcen tag e  o f germ inated  se e d lin g s  was more than 

95 p e r  c e n t.

Out o f  th e  in t r a s p e c i f i c  c r o s s  com binations t r i e d ,  

c o m p a tib i l i ty  vas observed in  a l l  th e  c ro sse s  ex c ep t in  

c a se s  where Aec. 11 vas used as th e  fem ale p a re n t .  The 

c ro s s  Ace,2 x 11 had th e  h ig h e s t  c r o s s a b i l i t y  in d ex  fo llow ed 

by ACe,2 x 1B, 2 x 26, 18 x 11 , 22 x 11, 26 x 2 and 26 x 11. 

I n t e r s p e c i f i c  c o m p a tib i l i ty  was p r a c t i c a l l y  a b s e n t.


