
FLOWER BUD DIFFERENTIATION IN

By
RAJAH P. S.

THESIS
Submitted in partial fulfilment of 

the requirement for the degree of

m m r m  m  m a u l  m  U Q m i m n v m
Faculty of Agriculture 

Kerala Agricultural University

Department of Horticulture (Plantation Crops & Spices) 
COLLEGE OF HORTICULTURE

VELLANJKKARA - TRICHUR



DECLARATION

I hereby d ecla re  that th is  th e s is  e n t it le d  

"Flower bud d if fe r e n t ia t io n  in  Piper sp »" is  a 

bonafide record  o f  research  work done by me during 

the course o f  research  and the th es is  has hot 

p rev iou s ly  formed the basis fo r  award to  me any 

degree, diploma, a ssoc ia tesh ip , fe llow sh ip  or other 

s im ila r  t i t l e , . o f  any U n iversity  or S o c ie ty ,

VellaniMc&ra
'i ■ / • i,cl 85 ■



Dr. N. MOHANAKDMARAN
ASSOCIATE DIRECTOR OF RESEARCH 
N ational A g ricu ltu ra l Research P ro je c t  
(Southern Region)
College o f  A gricu ltu re , V e lla y a n i.

C e r t if ie d  that th is  th es is  e n t it le d  ’’Flower 

bud d if fe r e n t ia t io n  in  Piper s p ."  is  a re co rd  o f  

research  work done by S h ri. Rajan, P .S . under my 

guidance and su pervision  and that i t  has not 

p rev iou s ly  formed the basis fo r  the award o f  any 

degree, fe llow sh ip  or a ssocia tesh ip  to him.

CERTIFICATE

V ellanikkara
Dr. N. MOHANAiCOMARAN

Chairman, 
Advisory Committee



GE.BTIflSATE

We, the undersigned, members o f  the advisory  

committee o f  S h r i. E a ja n .P .S ., a candidate fo r  the 

degree o f  Master o f  S cien ce  in  H orticu ltu re  with major 

in  H o rticu ltu re , agree that the th e s is  e n t it le d  "Flower 

bud d if fe r e n t ia t io n  in  P iper an."  may be submitted by 

S h ri. Bajan. P .S , in  p a r t ia l  fu lfilm e n t  o f  the requirement 

for  the degree.

Chairman Pr . H* I'lVJOAML JaurtMJ-UCllI

Member Si PBQF. S. jMArKRISHHAH

P r. L M J .  HAMBOQDIBI



AG KNf OWIjEDGEMEHTS

I  wish to express my h e a r t fe lt  gra titu d e  and indebtness t o j -  

Dr,. F» Mohanakumsran, A ssociate  D ir e c to r , FA HP (Southern R egion), 

C ollege o f  A gricu lture,, V ellayan i and the chairman o f  my advisory  

committee, fo r  h is  va lu ab le  guidance, con stru ctiv e  c r it ic is m  and 

constant encouragement during the course o f  in v estig a tion s  as 

w ell as during the preparation  o f  the th e s is .

P ro f , S , Balakrlshnan, M u lti-s ta te  Cashew P r o je c t , Madak&athara, 

Dr, £.M,W. Hamboodiri, P rofessor and Mead, Department o f  

A g r icu ltu ra l Botany, C ollege o f  H orticu ltu re , Vellanilckara and 

Dr, Abi Cheeran, P rofessor (P epper), KADP, V ellanikkara members 

o f  my advisory  committee fo r  th e ir  va lu ab le  help  and astu te advice 

throughout the course o f  th is  study.

Dr, B. Kalyanasundaram, A ssociate  D irector  ,Y et. and Animal 

S cien ces fo r  h is  teen  in te re s t  and s in cere  help in  m icrotechniques 

and fo r  suggesting the sta in in g  schedu le .

The Dean, Faculty o f  H orticu ltu re , THAU and S r i.A , D ora ira j,

Ph.D. S cholar, Department o f  Pomology, THAU fo r  su ggesting  the 

method o f  estim ation  o f  growth substances and fo r  th e ir  valuable 

guidance in  th is  r e s p e c t .

Dr, K, Unnikrishnan, Header, Department o f  Plant morphogenesis, 

C aliou t U n iversity , fo r  the gu idelin es suggested by him to assess



the degree o f  d if fe r e n t ia t io n  in  shoot a p ice s ,

S ri,A bdu l Hameed, A ssocia te  P ro fessor , S o i l  Science and 

A g r icu ltu ra l Chemistry HARP (SB)* V&Llayani fo r  h is  t i r e le s s  and 

s in cere  help  in  photomicrography

the P ro fessor  and Head as w ell as other s t a f f  members, Department 

o f  P lan tation  Crops and Spices fo r  the t i r e le s s  and tim ely  help 

rendered by them,

a l l  my fr ien d s and co llea g u es  fo r  th e ir  valuable help  and whole

hearted co -o p e ra t io n .

Indian Council o f  A g r icu ltu ra l Besearch fo r  the ju n ior  fe llow sh ip  

awarded to me during the tenure o f  th is  study.

Y ellan ikkara .
2. - i •' S'-



CONTENTS

Pages
I  INTRODUCTION . . .  y

I I  REVIEW OF LITERATURE . . .  4

I l l  MATERIALS AND METHODS . . .  3 4 .

IV RESULTS . . .  4 ^

V DISCUSSION . . .

VI SUMMARY . . .  8-3

REFERENCES . . .  L -  xVii

APPENDIX

ABSTRACT



LIST OF TABLES

Carbohydrates, n itrogen  and C/N r a t io  in  the shoots 
o f  Panniyur-1

Content o f  phosphorus and potassium  in  the sh oots o f  
Panniyur-1

Endogenous le v e ls  o f  auxins and in h ib ito rs  in  the 
shoots o f  Panniyur-1

C orre la tion  between flow er bud d if fe r e n t ia t io n  and 
fa c to rs  in flu en cin g  i t ,  in  Panniyur**1 ( la g  0 -  la g  6)

C orre la tion  between flow er bud d if fe r e n t ia t io n  and 
environmental fa c to r s  in flu e n c in g  i t ,  in  Earimunda 
( la g  0 -  la g  6 )

D iffe r e n t ia t io n  o f  flow er buds in  two v a r ie t ie s  o f  
pepper, Panniyur -1 and Ear imunda

Number o f  days taken fo r  com pletion  o f  d if fe r e n t  
stages o f  flow er bud d if fe r e n t ia t io n *



LIST 01 FIGURES

1. R e la tion sh ip  between c lim a tic  fa c to r s  and flow er bud 
d if fe r e n t ia t io n  ( in  Panniyur-1)

2 . R ela tion sh ip  between c lim a tic  fa c to r s  and flow er bud 
d if fe r e n t ia t io n  ( in  Earimunda)

3 . R e la tion sh ip  between n u tr it io n a l fa cto rs , and flow er 
bud d if fe r e n t ia t io n  ( in  Panniyur-1 )

4 . R ela tion sh ip  between hormonal fa c to r s  and flow er bud 
d if fe r e n t ia t io n  ( i n  Panniyur-1)

£• C orre la tion  o f  c lim a tic  fa c to rs  and flow er bud 
d if fe r e n t ia t io n  ( la g  0 -  la g  6 ) in  Panniyur-1

6 . C orre la tion  o f  n u tr it io n a l fa c to rs  and in h ib ito rs  w ith 
flower; bud d if fe r e n t ia t io n  ( la g  0 -  la g  6 ) in  Panniyur-1

7*. C orre la tion  o f  c lim a tic  fa c to rs  with flow er bud d if fe r e n 
t ia t io n  ( la g  0 -  la g  6 ) in  Ear imunda.

S. Flower bud d if fe r e n t ia t io n  in  Panniyur-1 and Ear imunda.



LIST OF PLATES

P la t e -I ,  L .S . o f  v eg e ta tiv e  bud showing the apex p r io r  to  the 
in i t ia t io n  o f  a l e a f  X 12 .5 .

P la t e -I I ,  The v eg eta tiv e  apex in  P la t e -I ,  m agnified -  showing i t s  
c o n ic a l  nature and tunica-corpus la y ers  X 100.

P l a t e - I l l ,  L .S . o f  veg eta tiv e  bud showing fee  apex a fte r  the 
in i t ia t io n  o f  a l e a f .  X 25.

P la te -IV , The apex in  P la t e - I l l ,  m agnified -  showing i t s  sharply 
c o n ica l  n ature. X  1 0 0 .

P la te -V , L .S . o f  a bud at fee  tra n s it io n  s ta g e . X 25*

P la te “V I, fe e  apex in  P late-V , m agnified -  showing the deeply 
sta in a b le  a p ica l c e l l s ,  X 100.

P late^V II, L .S . o f  flow er bud showing in it ia t io n  o f  spike 
primordium X 50.

P la te -V III , L .S , o f  flow er bud showing enlargement o f  spike 
primordium. X 25.

P la te -IX , The spike primordium in  P la te -V III , m agnified -  showing 
the deeply s ta in a b le  periphera l la y e r s . X 100.

P la te -X , L .S . o f  flow er bud showing the c y l in d r ic a l  spike primordiun 
p r io r  to  bract in i t ia t io n  X 25.

P la te -X I , L .S . o f  flow er bud showing in it ia t io n  o f  b ra ct and 
flow er prim ordia X 1 2 .5 .

P la te -X II , L .S . o f  flow er bud showing development o f  bract and 
flow er prim ordia X 1 2 .5 .
P la te -X III , The bract and flow er prim ordia in  P la te -X II , 
m agnified X 50.

P late-X IV , A flow er primordium in  P late  XII m agnified -  showing 
the row-wise arrangement o f  c e l l s .  X 100.

Plate-XV, L .S . o f  flow er primordium (fem ale) showing ovary w all 
and developing integuments, X 25.

P late-X V I, L .S . o f  flow er primordium (fem ale) showing ovary w all 
and f u l l y  developed integuments. X 25.
P late-X V II, L .S . o f  m ature - female flow er X 12.5

/
P la te -X V III, L.S* o f  flow er primordium (herm aphrodite) X 25.

P late-X IX , L .S , o f  stamen showing miorospores, in s id e  the p o lle n -  
sa c . X 50*



( z l n i r o J u c l to n



INTRODUCTION

In plants l ik e  pepper, in  which the reprodu ctive  

stru ctu re  is  the econom ically  important p a rt, every 

attempt should be made to enhance the flow er bud d if fe r e n 

t ia t io n  a c t iv i t y .

T h e o re t ica lly  a l l  the buds in  a plant' are capable 

o f  d i f fe r e n t ia t in g  in to  flow ers , i f  the con d ition s  w ithin  

as w ell as ou tside  the p lant are con gen ia l a t the time 

o f  d i f fe r e n t ia t io n .  Hence, inform ation on the r o le  o f  

variou s environm ental, n u tr it io n a l and hormonal fa c to rs  

in  flow er bud d if fe r e n t ia t io n  w il l  provide v a lu a b le 't ip s  

fo r  su cce ss fu l crop produ ction  in  flow erin g  crop p la n ts . 

These ba s ic  inform ation form the s c i e n t i f i c  basis fo r  

determ ining the cu ltu ra l, manorial and ir r ig a t io n a l  

requirem ents and fo r  schedu ling them in  such a way that 

the fa c to r s  w ithin as w e ll as outside the p lan t are 

manipulated favourably fo r  bringing about maximum flow er 

bud d i f fe r e n t ia t io n .  Such information. ha$ been put 

to p r a c t ic a l  a p p lica t io n  in  s c ie n t i f i c  cu ltu re  o f  other 

orop p lants l ik e  grapes,, apple, orange, mango, a p r ic o t , 

plum, e t c .

The main y ie ld  components, in  pepper as in  any 

other flow erin g  orop p lan t, are determined daring flow er



z

bad d if fe r e n t ia t io n  and development. Number o f  sp ikes 

per p la n t, average length  o f  the sp ik es , number o f  

b err ies  per spike and the average w eight o f  the b e rr ie s  

are the important y ie ld  determinants in  pepper. Some o f  

these are known to be seq u en tia lly  lin k e d . A d e fic ie n o y  

a f fe c t in g  a component ea r ly  in  the course o f  development 

may be p a r t ia l ly  compensated, i f  the con d ition s  la te r  

improve. The scope fo r  compensation decreases with 

ontogeny, the la s t  component in  the sequen tia l chain 

o f fe r in g  the le a s t  opportunity t o  mate good the e f f e c t  

o f  ea r ly  d e f ic ie n c ie s .  Inform ation on the ontogeny o f  

flow er development, the time la g  between flow er bud 

d if fe r e n t ia t io n  and v is u a l emergence, the s i t e  and time 

o f  flow er bud d if fe r e n t ia t io n  e t c .  w i l l  aid in  scheduling 

the cu ltu ra l op era tion s , manuring, pruning, ir r ig a t io n  and 

hormonal a p p lic a t io n '; , to the best o f  advantages. Such 

in form ation ; c o l le c t e d  from h is t o lo g ic a l  stu d ies  on 

flow er bud d if fe r e n t ia t io n  has been put to  p r a c t ic a l  use 

in  a number o f  crop  p la n ts .

In pepper, flow er bud d if fe r e n t ia t io n  stu d ies ■-

have been in it ia te d  a t  the College o f  H orticu ltu re
»

V ellan ikkara, Trichur and already some basic  data have 

been c o l le c t e d  (H a lin i, 1983).. The present study,
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the second in  the s e r ie s ,  con sisted  o f  two p a rts , 

namely examination o f  the r o le  o f  d if fe r e n t  fa c to rs  

on flow er bud d if fe r e n t ia t io n  and in v e s t ig a t io n  on the 

h is t o lo g ic a l  aspects o f  the p rocess . V a r ie ta l d iffe re n ce s  

in  these resp ects  between Panniyur-1 and Ear imunda were 

a lso  su b jected  to c r i t i c a l  study.



S I  e v te w  o f  c S i t e r a l u r e



2. REVIEW OP LITERATURE

The tr a n s it io n  from veg eta tiv e  to  reprodu ctive  

phase in  p lants is  a fu n ction a l a c t iv i t y  which a ttra cted  

sev era l in v e s t ig a to rs . The fa c to r s  in flu en cin g  flow er 

bud d if fe r e n t ia t io n  w ithin as w e ll as ou tside  the p la n t, 

the s i t e  and time o f  flow er bud d if fe r e n t ia t io n  and the 

duration  from in i t ia t io n  to  v is u a l emergence are o f  

p a rticu la r  importance with re sp e c t  to crop p rod u ction .

The l it e r a tu r e  a v a ila b le  on the above aspects has been 

review ed h ere .

2 .1 .  Paotors in flu en cin g  flow er bud d i f fe r e n t ia t io n /  
flow erin g .

2 .1 .1 .  C lim atic fa c to r s

A nalysis o f  weather data to examine th e ir  p oss ib le  
impact on flow erin g  o f  p lants was done by p ick e r in g  ( 1 9 1 6 )

who observed that the weather o f  England tended to form

a b ien n ia l cy c le  and he considered  t h is ,  as the main

reason fo r  b ien n ia l bearing in  apple . Macaun (1917)

made observations on sim ila r  l in e s  in  Canada. According

to Gibbs and Swarbrick (1 9 3 0 ), the v a r ia tio n  in  time o f

flow er bud d if fe r e n t ia t io n  depended upon c lim a tic  cond ition

The r o le  o f  the d if fe r e n t  weather parameters on flow erin g

o f  important crops has been in vestiga ted  by severa l 

workers.
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2 .1 .1 .1 .  Temperature

Apple flow er buds formed more r e a d ily  during 

warm dry weather than during eoo l weather (G ribanovskgi, 

1960). Suzuki and Tonno (1971) reported  that the average 

minimum temperature in e a r ly  March and the average 

maximum temperature in  m id-A pril were c lo s e ly  co rre la te d  

with the s ta r t  o f  bud break* Mousdale (1983) stated  that 

innate bud dormancy declin ed  during winter bud burst and 

th is  cou ld  be a r t i f i c i a l l y  induced by tra n s fe rr in g  the 

p lants to a growth chamber at 25*0. This low temperature 

hastened the decline o f  a b s c is s ic  acid  (ABA) in buds.

In a p r ico t , Brown (1960) got a cu rv ilin e a r  

re la tio n sh ip  between temperature and development o f  

flow er buds. In -boffee, a temperature drop fo llo w in g  

r a in , plays a d e c is iv e  r o le  in  breaking flow er bud dormancy 

(Went, 1957; Bees, 1964). This has been reported  e a r lie r  

in  another gregarious flow erin g  p lant Dendrobinm s p . . 

(C oster , 1 9 2 6 ) .

High mean temperature was found to  induce 

d if fe r e n t ia t io n  o f  flow er buds in  d if fe r e n t  sp ecies  o f  

Citrus (Abbot, 1955; Bandhawa and Disna, 1947; Singh 

and Dhuria, 1960; Bajpai and Mourya, 1965). On the other
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hand Moss (1969) reported  that more in flo re s ce n ce s  were 

preduced at lower temperature in  sweet lim e . Lenz (1969) 

found that flow erin g  did not occur at high day/n ight 

temperature o f  30*0/25 *0, even,though v e g e ta tiv e  growth 

was ev id en t. H all e t  a l .  (1970) obtained more flow er 

bud in i t ia t io n  at coo le r  a ir  temperature o f  2 0 *0/ 15 *0  

(d a y /n ig h t) than at temperature o f  30*0/10*0.

In grapes, Per o ld  (1927) found that warm and dry 

con d ition s  in  preceding season favoured flow er bud i n i t i a 

t io n .  K olesnik (1953) recorded  poor d i f fe r e n t ia t io n  

o f  buds under low tem perature. Nikov (1964) opined 

that grapes do n ot req u ire  low temperature fo r  the 

tr ig g e r in g  o f  flow er bud in i t ia t io n .  Baldwin (1964) and 

D im itrieva (1969) obtained p o s it iv e  c o r r e la t io n  between 

flow er bud in it ia t io n  and mean tem perature.

Singh (1953) reported  warm season to be conducive 

fo r  flow er bud d i f fe r e n t ia t io n  in  mango. Ravisankar e t  a l .

( 1 9 7 9 ) observed that a drop in  n igh t temperature and humidity 

increased flow er bud in i t ia t io n .

As the temperature r o s e , v eg eta tiv e  growth sta rted  

and consequently the number o f  d if fe r e n t ia te d  buds increased 

in  karaunda (M ishra e t a l . ,  1 9 6 8 ) .  In jamun, warm season
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was found to be conducive fo r  in i t ia t io n  o f  f l o r a l  buds 

(Mishra and B a jpa i, 1973).

In low bush blueberry  H all e t  a l . (1970) found that 

the number o f  prim ordial me r is  terns and the degree o f  

development o f  f l o r a l  prim ordia were enhanced by warmer 

co n d it io n s .

Studies on flower bud d if fe r e n t ia t io n  in  pepper were 

ca rr ied  out fo r  the f i r s t  time at the C ollege o f  H orticu ltu re , 

V ellanikkara in  which H alin i ( 1 9 8 3 ) found that mean tempera

ture was h igh  a£ peak periods o f  f l o r a l  bud d if fe r e n t ia t io n .

2 . 2 , 1 . 2 . B a in fa l l ,  i r r ig a t io n , humidity and water r e la t io n s .

In apple, Wiggam (1918) observed that blossom showers 

were needed fo r  obta in in g  good crop . A ccording to Lees 

( 1 9 2 6 ) a wet summer was fo llow ed  by le s s  f r u i t  bud form ation  

and poor y ie ld .  C o lliso n  andHarlan (1927) and Degman e t  a l .

( 1 9 3 3 ) pointed  out the in flu en ce  o f  r a i n f a l l  on flow er bud 

form ation  in  apple.

A ccording to A ldrich and Work (1934) and Magness

( 1 9 3 4 ) ,  prolonged drought induced more flow er buds in 

peach.

In grapes, p erold  (1927) observed that warm and 

dry con d ition s  in  the preceding season favoured flow er bud 

in i t ia t io n .  Balaeubrahmanyam. (1971) found la  temporary
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water s tre ss  p r io r  to flow er bad d if fe r e n t ia t io n  to  be 

b e n e f ic ia l .

In oase o f  mango, i t  has been observed that 

heavy ra in s  during the period  o f  flow er bad / in it ia t io n  

stim ulated veg eta tiv e  growth at the expense o f  f r u i t  

p rodu ction  (Qhaoko and RancLhawa, 1971). Ravisahkar 

e t  a l .  ( 19 7 9 ) observed that drops in  n igh t temperature 

and hum idity enhanced flow er bud in i t ia t io n .

In c o f f e e ,  a gregarious flow erin g  p lant d eta iled  

stu d ies have been made. Based on h is  stu d ies  in  the 

co a s ta l humid reg ion  o f  Peru, where in tern a l water 

p o te n tia l o f  the plant is  n ot c o n tro lle d  by tra n sp ira tion  

but by the a v a ila b le  s o i l  m oistu re , Alvim (1960) 

opined that flow erin g  prim a rily  depended on r a in f a l l  

d is tr ib u t io n  fo llow ed  by a p eriod  o f  s t r e s s . He found 

that under con d ition s  favouring  high tra n sp ira tion  

ra te , the m oisture s tress  cou ld  not be c o n tro lle d  

e ith er  by ir r ig a t io n  or by keeping the p la n t in  n u trien t 

s o lu t io n . Pranco ( 1 9 6 2 ) observed that c o f fe e  plants 

in  n u trien t so lu t io n  blossomed a t  the same time as 

these in  the surrounding f i e ld s .  Rees (1964) could  

observe flow er in g  a fte r  the f i r s t  showers in  c o ffe e  

plants kept watered in  dry season . Van der Veen
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(19&8) and Browning (1971) reported  that con d ition s  

favouring constant high water p o te n tia l w ith in  the plant 

such as r a in f a l l ,  ir r ig a t io n , low temperature e t c .  induced 

dormancy due to  h igh  con cen tra tion  o f  a b s c is s io  acid  as 

a r e s u lt  o f  enhanced tra n s looa tion  r a te s . Alvim e t  a l .  

(1972) observed water p o te n tia l o f  c o ffe e  p lants to  be 

co n tro lle d  by hum idity; but r a in fa l l  inoreased the 

r e la t iv e  hum idity and in fluenced  the water p o te n t ia l ,  thus 

a f fe c t in g  flow erin g  in d ir e c t ly .  Alvim (1973) opined 

that m oisture s tre ss  due to low water p o te n tia l caused 

by h igh  tra n sp ira tion  or low s o i l  moisture reduced a b s c is s ic  

acid  con cen tra tion  due to reduced tra n s lo ca tio n  from 

leaves to flow er buds.

In pepper, H alin i (1983) observed flow er bud 

in i t ia t io n  to be tr iggered  by the r e c e ip t  o f  pre-monsoon 

showers a fte r  a long s p e l l  o f  dry weather. R a in fa ll was 

found to  be the c r i t i c a l  fa c to r  in flu en cin g  flow er bud 

d if fe r e n t ia t io n  in pepper.

2 .1 .1 .3  Light.

Shade g rea tly  reduced the flow er bud d if fe r e n t ia t io n  

in  apple (K ra y b ill, 1923; Autoher e t  a l ,  1926; Jackson and 

Palmer, 1977)* in  a p r ico t  (Jackson, 1969) and peach 

(E ^ ra y b ill, 1923).

In grapes, i t  was found that a r t i f i c i a l  shading 

depressed the fr u it fu ln e s s  o f  the ce n tra l buds and y ields
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were reduced due to  retarded development o f  flow er prim ordia 

(May and A n t i c l i f f ,  1964 and Dikan 1976), Balasubrahmanyam 

(1971) opined that photosynthetic and photomorphogenic 

processes were dependent on l ig h t  perceived  by le a v e s . 

V a ria tion  in  fr u it fu ln e s s  in  grapes was thus a ttr ib u ta b le  

to  the sunshine and in te n s ity  o f  l i g h t .

2 .1 .2  N u trition a l fa c to r s

2 .1 .2 .1  Carbohydrates, n itrogen  and carbon /n itrogen  r a t i o .

Kraus and E rayb ill thepioneer workers on th is  aspect 

o f  flow ering  stressed  the importance o f  carbon /n itrogen  

balance as ea r ly  as in  1918.

In apple spurs p ossessin g  f r u i t  buds had a greater 

supply o f  starch  than unproductive spurs (G ourley, 1915). 

Chandler (1925) proposed that a poor crop may re su lt  from ( i )  

a general d e f ic ie n c y  o f  carbohydrates or d e fic ie n c y  o f  a 

p a rticu la r  carbohydrate, ( i i )  d e fic ie n cy  o f  a carbohydrate- 

n itrogen  compound or ( i i i )  an unfavourable C/N r e la t io n s h ip .

Hooker (1950) a lso  found carbohydrate to  be a determining(
fa c to r  in  flow erin g . Arohbold (1928) rep orted  that the 

g rea test demand for n itrogen  was during blossom ing and 

f r u i t ,  s e t t in g  period  and o f carbohydrate from there on 

u n t il f r u i t s  were p r a c t ic a l ly  f u l l  gown. However, Sabulka 

(1962) could not get any c o r r e la t io n  between flow er bud 

in i t ia t io n  and n itrogen  con ten t.
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Regarding C/W r a t io ,  Kar and Randhawa (1968) observed 

that i t  was high in September flu sh , interm ediate in  June- 

Tuly flu sh  and low in  March f lu sh . The C/U r a t io  increased 

with the age o f  sh oot. Carbohydrate l e v e l  in  non bearing . 

shoots were found to be greater than that in  bearing sh oots .

In grapes, the a x il la r y  buds which developed a fte r  

pruning d if fe r e n t ia te d  into  flow er buds w ithin  40 to 90 

days and th is  was a ttr ib u ted  to the ex istence o f  optimum C/U 

r a t io  (Thomas and Bernad, 1937? Shantha, 1965; Rao and 

Sathyanarayana, 1978). Chadha and Oheema (1971) observed 

that in  'P e r le t t e ' starch  accum ulation favoured flow er 

bud in i t ia t io n .  However, Winkler e t  a l .  (1 9 6 2 ), Ehajuria e t  a l .  

(1970) and Chitkara e t a l . (1972) cou ld  n ot obta in  any 

c o r r e la t io n  between flow erin g  and C/N r a t i o .

A n itrogen  supply that induced normal growth andgood 

fo l ia g e  colour fo s te re d  fru it fu ln e s s  in  grapes. A temporary 

red u ction  in  a v a ila b le  n itrogen , a lso  inoreased fru it fu ln e s s  

w ithout a f fe c t in g  bunch s iz e  (W inkler, 1945). Baldwin ( 19 6 6 ) 

a lso  recorded  s im ilar fin d in gs from A u stra lia . B indr a and 

Chohan (1974) reported  that higher le v e ls  o f  n itrogen  enhanced 

‘ bud k i l l i n g ' and decreased d if fe r e n t ia t io n  causing barrenness 

in  grapes.
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Fayek e t  a l .  (1983) found that in  Dwarf Cavendish 

banana, sh o r t ly  before and at flow er bud d if fe r e n t ia t io n , 

carbohydrate content declin ed  while n itrogen  content 

showed a reverse  trend .

Carbohydrates appeared to in flu en ce  fr u it in g  in 

'W ilk in g ' mandarin leaves (Lewis e t  a l .  (1952) InA ’ V a len cia ' 

orange (Jones e t  a l .  196$ ) .  Smith e t  a l .  (1952) in 

’V a len c ia ’ orange and Dugger e t a l .  (1969) in  lemon reported  

marked seasonal v a r ia t io n  in th e ju tiliza b le  carbohydrate 

m ateria ls  w ith peak accumulation p r io r  to  flo w e r in g .

Jones e t a l .(1 9 7 0 ) observed that carbohydrate accumulation 

in  ’ V a len cia ' orange leaves sampled in February was in verse ly  

re la te d  to f r u i t  load  on the tree  at sampling; but 

d ir e c t ly  re la ted  to  the amount o f  f r u i t  produced from 

flow erin g  vhich  fo llow ed  the time o f  l e a f  sam pling.

In 'Shoumati' orange n itrogen  content o f  o lder leaves 

was depleted  by blossom ing andhence a negative  c o r re la t io n  

was observed (Ayalon and M anselise, 1960). Harding e t  a l . 

(1962) in  dr'anges and Aiyappa e t  a l .  ( 1 9 6 5 ) in  mandarin 

observed that the l e a f  n itrog en  content was high in  the non- 

fr u it in g  branches than in  the fr u it in g  branches. In sweet 

orange, M ille la  (1968) observed high l e v e l  o f  n itrogen  before  

flow er bud in i t ia t io n ,  which d eclin ed  l a t e r .
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High starch  reserv es , to ta l  carbohydrates and 0/ET r a t io  

in  shoots favoured flow er bu.d d if fe r e n t ia t io n  in  mango (Haik 

and Shaw, 1937; M allik , 1953? Singh 1960? Sen e t  a l . ,  1963). 

Sai (194-6) proposed that b ien n ia l bearing is  cond itioned  by 

n u trien t d e fic ie n c y  e s p e c ia l ly ,  that o f  n itro g e n . Chacko 

(1968) found, h i$ i  le v e l  o f n itrogen  p r io r  to  f r u i t  bud 

d if fe r e n t ia t io n , which was depleted  during flow erin g . A 

sim ilar treptl was observed in  the case o f  carbohydrates a ls o .

Bai and Ramadasan (1982) found that the number o f
\

female flo w e r  produced were maximum during M arch-April in  

coconut, She sta rch  content in  stem and leaves a lso  was 

maximum during th is  p eriod .

In pepper, t o t a l  so lu b le  carbohydrates, n itrogen  

content and C/H r a t io  o f  the two types o f  la te r a ls  and o f  the 

new shoots varied  con sid era b ly  during the growth c y c le .

Car bon -n itrogen  r a t io  exh ib ited  two peaks, the f i r s t  synchroni' 

3ing w ith  the commencement o f  the d if fe r e n t ia t io n  process 

and the second, w ith the step up o f  flow er bud d if fe r e n t ia t io n  

a c t iv i t y  (H a lin i, 1983).

2 .1 .2 .2 .  Phosphorus and potassium .

Other two primary n u tr ie n ts , phosphorus and potassium 

have a lso  been studied in  a number o f  crops v i s -a -v is  flow er
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bad d i f fe r e n t ia t io n .  Elhinnawy (1956) opined that phosphorus 

and calcium  p la y  an important r o le  in  p erce iv in g  flow erin g  

response in  p la n ts .

Harding e t  a l .  (1962) in  oranges and Aiyappa e t  a l .

(1965) in  mandarins observed that, at f u l l  bloom sta ge , le a f  

n u trien t status o f  n o n -fr u it in g  term inals in  reaps c t  o f  

phosphorus and potassium were high than those o f  f r u it in g  

term in als.

In grapes. B otter and P h ilip  (1950) found that h igh 

le v e l  o f  phosphorus favoured flow er bud in i t ia t io n .

Increase in  fr u it fu ln e s s  due to  the a p p lica t io n  o f  phosphatic 

f e r t i l i s e r s  to  grapes have teen  reported  by K olesnik (1953) 

and Arutjuna (1 9 6 4 ). Havelfca (1964) recorded  an increase in  

fru it fu ln e s s  due to  the a p p lica t io n  o f  phosphatic f e r t i l i s e r s . 

Srinivasan and Muthukr ishnan (1970) reported ' that ea rly  

a p p lica tion  o f  potassium (20 days a fte r  pruning) advanced 

the bud development and correspon d in gly  increased  the 

f e r t i l i t y  o f  the basal buds,

Singh (1959) Kasarjan e t  a l .  ( 1 9 6 5 ) and TMmmaraju

(1966) reported  that high le v e l  o f  phosphorus favoured

flow er bud in i t ia t io n  in mango. There was maximum accumulation 

o f  phosphorus and potassium before  flow er bud d if fe r e n t ia t io n ,
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which declined  as the tree  passed through the d i f fe r e n t  stagea 

o f  f r u i t  development (A vilan , 1971? Pathak and,Panday, 1978). 

Singh and Singh (1973) found that h igh  le v e l  o f  phosphorus 

favoured flow er bud d if fe r e n t ia t io n  in  mango. The low 

amount o f  the n u trien t in  'o n ' trees  reduced v eg e ta tiv e  

growth a fte r  harvest and a lso  subsequent flow er bud form ation .

In straw berry, phosphorus a p p lica t io n  at f r u i t  bud 

in i t ia t io n  stim ulated the d if fe r e n t ia t io n  o f  buds (Hodzaeva, 

1962),

In guava, Rodriguez (1967) reported  th at le v e ls  o f  

n itrogen , phosphorus and potassium were high at f u l l  bloom 

stage in  n o n -fru it in g  term inals than those in  f r u i t in g  

term in als.

2 .1 .3 .  V a rie ta l in fluen ce

Gibbs and Swarbrick (1930) sta ted  that the time o f  

flow er bud d if fe r e n t ia t io n  showed v a r ia t io n  with v a r ie ty .

In grapes, v a r ie ta l  d if fe r e n ce  has been observed as an 

important fa c to r  causing v a r ia tio n  in  f r u i t  bud d if fe r e n t ia t io n  

e s p e c ia lly  w ith resp ect  to  time (Bernad, 1932? Bernad and 

Thomas, 1933? Winkler and Shemsettin, 1937). In a study 

made in  I t a ly ,  K halil (1961) found that flow er bud d if fe r e n 

t ia t io n  occurred  by e a r ly  June in qv*, Bar bera. Bindra (1981) 

studied  the time o f  flow er bud d if fe r e n t ia t io n  in  d if fe r e n t

v a r ie t ie s  o f  grapes and found that the peak d if fe r e n t ia t io n  
v dwas by 3 A p r il in  'P e r le t t e ',  by 11th A p r il in  'Beauty 

S e e d le s s ',  by 18th A p ril in  ' Banquabad' and 9th May in
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Anab-e-shahi.

P u jitha  and Yagi (1956) reported  that in  Japan, blossom 

bad d if fe r e n t ia t io n  occurred by the middle o f  December in  

Washington Navel, by la te  January in  V alencia  and Pukuhara 

'and by ea rly  February in  New Sommer, They found th at blossom 

bud d if fe r e n t ia t io n  continued fo r  about four months in  

Washington Navel. In North Ind ia , the time o f  flow er bud 

d if fe r e n t ia t io n  has been reported  to  be the beginning o f  

January in  Blood Bed and the end o f  January in J a ffa  (Babu 

and Kaul, 1972).

In mango, v a r ie ta l  in fluen ce  has been shown as an 

important fa cto r  causing v a r ia tio n  in  time o f  f r u i t  bud 

d if fe r e n t ia t io n  (S ingh, 1958).

Pathak and Singh. (1977) observed th at in  'Pusa Early 

Dwarf' v a r ie ty  o f  straw berry, the bud development was rapid  

a fte r  in i t ia t io n  and hence i t  flow ered e a r ly  as compared 

to Eatrain Sweet v a r ie ty .

2 .1 .4 .  Hormonal fa c to rs

E laborate stu d ies  have been made in a number o f  crops 

to fin d  out the re la tio n sh ip  between a ction  o f  growth substances 

and flow er bud d if fe r e n t ia t io n .

2 .1 .4 .1 .  Auxin

Harada (1962) and Hilman (1962) reviewed the p h y s io lo g io a l 

a c t io n  o f  auxins in  flow erin g  and concluded that the main 

e f f e c t  might be e ith e r  on p re -in d u ctiv e  vegeta tive  growth or 0,n
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p ost-in d u ctiv e  f l o r a l  development. Paulet and K itsch  (1964)

and K itsch  and K itsch  (1967) opined that auxins had an 
in h ib ito ry  e f f e c t  on form ation o f  flow er buds, both in  short 
day and long day p la n ts . Wardell and Skoog (1969) explained

that low concentration  o f  auxins promoted flow erin g , w hile 

higher ones were in h ib ito ry .
In peach, Blommaert (195$>) co rre la ted  the term ination

o f  r e s t  in  flow er buds and veg eta tiv e  buds with the 

disappearance o f  an ether ex tra cta b le  in h ib ito r  and an 
increase in  auxin type a c t iv i t y .

In an year round study, Ramsay and Martin (1970)

could  not d e te c t  any con s is ten t auxin a c t iv it y  in  a p r ico t  
buds.

Alvim (1958) cou ld  not induce flow erin g  in  c o f fe e  by 

spraying hormones coming under auxin ca tegory .

Based on h is  in v estig a tion s  on a lte rn a te  bearing in  

mango, Ghacko e t  a l  (1972) reported  that a t R f 0 .3  -  0 .6  the 

con cen tra tion  o f  indole  a c e t ic  acid  equ ivalents was high in 

'o n ' year than in ' o f f '  y ear . The shoots o f  Dushehari 'o n '

(an irreg u la r  bearing variety) and Totapuri Red Small trees 

(a  regu lar bearing v a r ie ty  which were expected to flow er 

during 1968 contained a higher le v e l  o f  growth promoting 

substances during the p eriod  o f  flow er bud in i t ia t io n  than 

the shoots o f  Dushehari ' o f f '  trees vhioh remained v e g e ta t iv e . 

During October-December (th e  period o f  flow er bud d i f f e r e n t ia 

t io n  in  Korth In d ia ), the le v e l  o f  growth promoters increased 

in shoots o f  'Dushehari 'o n ' t r e e s . In ' o f f  trees o f
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Dushehari the increase was n e g l ig ib le .  Singh and Singh 

(1974) found that regular bearing v a r ie t ie s  in  general 

contained higher amounts o f  growth prom oting substances than 

b ien n ia l bearing v a r ie t ie s .

2 .1 .4 .2 .  In h ib ito rs

Evidences p o in t to the r o le  o f  in h ib ito rs  in  the 

regu la tion  o f  flow er bud d if fe r e n t ia t io n . In h ib ito rs  

might in fluen ce an e sse n tia l phase o f  f l o r a l  d if fe r e n t ia t io n  

o£ development (Zeewast and Lang, 1963). A b sc is s ic  acid  

(ABA) is  be lieved  to be a growth in h ib ito r  a ssocia ted  with 

mechanism o f  bud dormancy in p lants (Eagles and Wareing,

1964? M illborrow , 1966). Lipe and Crane (1966) and 

Martin e t  a l .  (1969) found that le v e ls  o f  ABA corre la ted  

with the r e s t  period  o f  buds and seed s.

Alvim (1960) observed that water s tre ss  reduced a growth 

in h ib ito r  resp on sib le  fo r  bud dormancy in  c o f f e e .  Van de* Veen 

(1968) treated c o f fe e  flow er buds with 200 ppm ABA in 

la n o lin  paste and found them dormant fo r  severa l months. 

Watering subsequently was in e f fe c t iv e .  Conditions favouring 

constant increase in  water p o te n tia l (frequen t ir r ig a t io n , 

low tra n sp ira tion  ra te s , g t c . )  Aspt flow er buds dormant due 

to high con cen tra tion  o f  ABA as tra n s lo ca tio n  o f  i t  was 

easy from the leaves to the buds at higher water p o te n tia l 

(Van der Veen, 1968 ; Browning, 1971). Alvim (1973) a lso
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opined that m oisture s tress  by low s o i l  moisture sta tu s or 

by h igh  tra n sp ira tion  ra te s , reduced ABA con cen tra tion  in  

flow er buds, p o ss ib ly  because o f  reduced tra n s lo ca tio n  from 

the leaves to the flow er buds, which resu lted  in  the 

term ination  o f  true dormancy.

Browning (1971) estim ated the con tent o f  ABA in c o f fe e  

flow er buds c o lle c te d  be fore  and a fte r  bud break caused by 

ra in . The y ie ld  o f  ABA, as estim ated by b ioassay , was 0 .10  ~ 

0 .1 6 /u g /g  (d ry  w eight) f o r  the dormant flow er buds and 0 .04 ~ 

0.09  >ug/g fo r  the buds c o l le c t e d  two days a fte r  ra in .

In h is  in v estig a tion s  on causes o f  a ltern ate  bearing 

in  mango Qhacko e_t a l (1972) observed that the le v e l  o f  

in h ib ito r  was low during August (p r io r  to  flow er bud 

d if fe r e n t ia t io n )  which increased subsequently in  Ootober- 

November and recorded a maximum in  November -December (a t  the 

time o f  flow er bud d i f f e r e n t ia t io n ) . The 'o n ' trees  

recorded more in h ib ito rs  compared to the ' o f f  trees  which 

ind icated  the p o s s ib i l i t y  cdf (v e g e ta t iv e ) groitfth. promoting 

a c t iv it y  o f  growth substances l ik e  g lb b e r e l l ic  a c id  and 

auxin, counteracted  by in h ib ito r s . Singh and Singh (1974) 

stated  that regular bearing mango v a r ie t ie s ,  in  gen era l, 

contained higher amounts o f  in h ib ito rs  than b ien n ia l 

bearing v a r ie t ie s .
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Hie term ination  o f  r e s t  in  bu.d was co rre la ted  with 
decrease in  the le v e l  o f  in h ib ito r  a c t iv i t y  in  p'each (Blommaert, 
1955) and a p r ico t  (Ramsay and M artin, 1970).

Iwasaki and Weaver (1977) and Emerson and Powel (1978) 

found that ABA decreased daring c h i l l in g  by which bad growth 
was promoted in grapes.

Moasdale (1983) found that innate bad dormancy declin ed

daring winter bad burst in  apple and th is  can be a r t i f i c i a l l y  

indaced by tra n s fe rr in g  the p lants to a growth chamber a t 25*0. 

According to him th is  temperatare hastened the d ec lin e  o f  

ABA in  bads.

2 .2 . E x tra ction , n o r if io a t io n  and estim ation  o f  growth 
su bstan ces.

Apart from the sop h istica ted  instrum ental methods, 

s e n s it iv e  bioassays have been standardised fo r  estim ation  o f  

grovjth substances in  p la n ts . Minor m od ifications' may become 

necessary  with re sp e c t  to the crop , the plant p a rt, the 

environmental con d ition s  and in fra s tru ctu ra l f a c i l i t i e s  

a v a ila b le .

2 .2 .1 .  E xtraction

Organic so lven ts l ik e  methanol, e th y l a lco h o l, acetone, 

ch loroform  e t c .  are gen era lly  used fo r  i n i t i a l  e x tra c tio n  in  

\^hich p lant tissu e  is  freezed  or c h i l le d  and mascerated 

rep ea ted ly . Of a l l  the so lv en ts , methanol is  the w idely  

used one. Ramsay and Martin (1970) used i t  fo r  the ex tra ction  

o f  growth substances from a p r ico t  le a v e s , Raviaankar (1983) 

from ginger leaves and Chellappan (1983) from banana le a v e s .
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2 .2 .2 .  P u r if ic a t io n  and separation

F ra ction a tion  method (based on d i f f e r e n t ia l  s o lu b i l i t y )  

was employed by Oogan and Payton (1970) a&d Sharma and Singh

(1980) fo r  ex tra ction  and p u r if ic a t io n  o f  auxins from peach 

le a f  e x tr a c t . Ohacko e t  a l  (1972 ), Rehman e t  a l  (19 75 ), 

Ohellappan (1985) and Retvisankar (1983) used the same method 

f o r  ex tra ction  and p u r if ic a t io n  o f  auxins from e x tra cts  o f 

mango lea v es , tom ato, banana and ginger r e s p e c t iv e ly .

U itsch  (1956) fo llow ed  the a c e to n it r i le  method fo r  

p u r if ic a t io n  o f  growth substances in  which the p lant ex tra ct 

was shaken with a c e to n it r i le  and hexane, and the a c e to n it r i le  

layer was d iscarded . Hexane layer was c o lle c te d  and d r ied .

For further p u r if ic a t io n  and sep aration , paper 

chromatographic methods are w idely  adopted. K itsch  (1956) 

proposed paper chromatography for p u r if ic a t io n  o f  auxins.

The p lant residue was d isso lv ed  in d i s t i l l e d  water and the 

r e su lt in g  so lu t io n  spotted  in  Whatman Ho.1 chromatographic 

paper and run in  a chromatographic chamber in  ascending or 

descending method using isopropan ol, ammonia, water 

(10 : 1 : 1 v /v )  so lu t io n  as the running medium. Singh 

and Gurang (1982) employed descending paper chromatography 

using Whatman No.1 chromatographic paper. The running 

so lu t io n  was isopropanol ; ammonia : water (10 s 1 : 1 v /v )  

fo r  auxins and isopropanol : n"butanol ; ammonia : water 

(6  : 2 : 1 : 2 v /v )  fo r  in h ib it o r s .
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In chroma t  o graphy, the d if fe r e n t  groups o f  growth 

substances are separated at d if fe r e n t  R f p o s it io n s  depending 

on the running so lu t io n , the chromatogram paper, running 

tim e, method employed (asoending/descending) e t c .

Gur and Samish (1966) reported  growth a cce le ra to rs  in  

m ngo at Rf 0*57 in  bark ex tra ct o f  s e e d lin g s . Ramsay and 

Martin (1970) could not obtain  auxin type a c t iv it y  c o n s is te n tly  

in  any fra c t io n  o f  chromatogram o f  fresh  peaoh le a f  e x tr a c t .

In mango shoot e x tr a c t , Ohacko e t  a l  (1972) found growth 

prom oting a c t iv it y  a t two zones (R f 0 .4  -  0 .5  and 0 .8  -  1 .0 ) ,  

The fa c to r  present at I f  0 .8  - 1 . 0  was not c o n s is te n t . 

T h erefore , the fa cto r  at Rf 0 .3  -  0 .6  on ly  was reckoned an 

indole  a c e t ic  acid  (IAA) equ iva len t. Mainland and Eck (1974) 

reported  a ctiv e  growth substances between R f 0 .3  “ 0 .6  in  

the ex tra cts  o f  flow ers  and one week o ld  fr u it s  o f  b lu eberry . 

Singh and Singh (1974) observed auxin l ik e  a c t iv i t y  at two 

R f p o s it io n s  (0 .4  -  0*5)and(0 .8  -  1 ,0 )  in  mango shoot e x tra c t . 

The a c t iv it y  o f  auxin l ik e  substances was con fined  to  Rf 

0 .2  -  0 .4  in  banana leaves (Ohellappan, 1983) and ginger 

lea ves  (R avis auk ar, 1983).

M illborrow  (1966) as w e ll as Iwaaaki and Weaver (1977) 

repoted that ABA was assooia ted  with R f 0 .6  -  0 .8  in  grape.

In peach, Ramsay and Martin (1970) reported  peak in h ib ito ry  

a c t iv i t y  at Rf 0 .6  -  0 .7 .  Gur and Samish (1966) repcrbed 

an in h ib ito r  compex in  mango at R f 0 .70  -  0 .93 in  bark 

ex tra ct  o f  mango se e d lin g s . Ohacko e t  a l (1972) obtained 

in h ib ito r  a c t iv it y  in  mango shoot e x tra cts  at R f 0.6 -  0 .9
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and Singh and Singh (1974) at Ef 0 .7  -  0 .8 .  The a c t iv it y  

o f  in h ib ito rs  was confined  to Ef 0 .5  “ 0. 7 in  banana leaves 

(Chellappan, 1983) and ginger leaves (Bavisankar, 1983).

2.2.3 '* Estim ation

Several b io lo g ic a l  agents are employed fo r  d e tection  

and estim ation  o f  growth substances. Mer e t  a l . (1962) employed 

wheat c o le o p t i le  b ioassay fo r  d e teo tion  o f  au x in s. "Wheat 

c o le o p t i le  s e c t io n  s tra ig h t growth bioassay" has been 

reported  as a simple and se n s it iv e  method fo r  estim ation  

o f  auxins (M itch el and L iv in gston , 1968; Eehman e t  a l . ,

1975; Chellappan, 1983? Bavisankar, 198^). "B ice  second l e a f  

sheath b ioassay" was p erfected  by Ogawa (1963) fo r  both 

auxins and in h ib it o r s .

Bor in h ib ito rs  a lso  a number o f  b io lo g ic a l  t e s t s ' 

are a v a ila b le . Ohacko e t  a l . , (1972) and Singh and Singh 

(1974) employed "c re ss  seed germ ination in h ib it io n  bioassay" 

fo r  a b s c is s ic  a c id  (ABE). E idelnant e t  a l ,  (1980) p erfected  

"mustard seed germination in h ib it io n  bioassay" fo r  ABA.

Behman et a l . (1975) employed th is  method in  tomato,

Chellappan (1983) in  banana and Bavisankar (1983) in  g in ger.

2.3* Time o f  flow er bud d if fe r e n t ia t io n
I

Wide v a r ia tion s  have been reported  on the time o f  

flow er bud d if fe r e n t ia t io n  in grapes, depending on the v a r ie ty ,
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loca tion , and environm ental fa c to rs  (Bernard, 1932;

Bernad and Thomas, 1933; Winkler and Shemsettin, 1937;

R a jar am e t  a l . 1964, Nayana et. a l . 1068; Ohadha and Cheema, 

1971; Rao and Sathyanarayana, 1978; Bindra, 1981).

Bernard (1932) esta b lish ed  that the c lu s te r  primordium 

was term inal in  o r ig in ; but appeared la te r a l  to the apex 

during the subsequent developm ental stages o fth e  prim ordial 

sh oots .
1

Flower bud d i f fe r e n t ia t io n  in  grape^has been reported  

to take p lace during the period  preceding the f r u it in g  season 

(Bernard, 1932; Rajaram e t  a l .  1964 and Ohadha and Cheema, 

1971)* Constantine (1958) reported  that flow er bud i n i t i a 

t io n  in  grapes began soon a fte r  the appearance o f  the 1 7 th 

or 20th le a f  and th is  character was reckonedas a b io lo g ic a l  

method fo r  determ ining the time o f  f r u i t  bud - in it ia t io n ,

$n mango a ls o , wide v a r ia tion s  have been reported  

in  thejtime o f  flow er bud d if fe r e n t ia t io n  from  year to year, 

p lace to  p lace  andvariety to variety  (S ingh, 1958) • In 

F lor id a , i t  was in October (S turrock , 1934; Mustard and 

Lynch, 1946); but delayed to  the f i r s t  week o f  November in  

la te  Season v a r ie t ie s  (S tu rrock , 1934)♦ In India  also ,



rep orts  in d ica ted  that the time o f  flow er bad in i t ia t io n  

vary from p la ce  to  p lace  -  October to beginning o f  November 

in  Bihar (Sen and M allik , 194"!) 5 middle o f  August to  end 

o f  October in  Punjab (M usahib-ud-din, 1946)? December in  

Saharanpur (S ingh , 1960); f i r s t  fo rtn ig h t o f  August in  

Vengurla and September in  Poona (Savjant, 1969).

In  C itru s , d if fe r e n t ia t io n  occurred  a t  the in i t ia t io n  

o f  growth in  the sp ing or  upon the resumption o f  growth at 

any other season o f  the year subsequent to  a period  o f  

environmental con d ition s  favourable fo r  the accum ulation o f  

food  reserves (A bbot, 1935; Bandhawa and Diana, 1947; Ahamed 

and Khan, 1951; Ayalon and M onselise, 1960; Bandhawa and 

Chopra, 1963; Mishra and Yamdagni, 1968), In sweet orange, 

d if fe r e n t ia t io n  was observed by January 20th while in  grape 

f r u i t  it -  was by February 13th (Abbot, 1935)*

In f i g ,  in i t ia t io n  and d if fe r e n t ia t io n  o f  flow er buds 

occurred  throughout the growing season, which\&s from the 

beginning o f  A p ril to the 15th o f  J u ly . The f i r s t  crop 

'Breba' was produoed from the buds that d if fe r e n t ia te d  in  

the previous year and the second crop , e ith er  from the buds 

that d if fe r e n t ia te d  in  the previous year or from the? buds 

d if fe r e n t ia te d  during the season, (Bane and Singh* 1965)



In pepper, stu d ies  conducted a t the E erala A g ricu ltu ra l 

U n iversity  in  v a r ie ty  Panniyur-1 by 'H a lin i (1983) have revea led  

that flow er bud d if fe r e n t ia t io n  occurred on ly  in  the new shoots 

a r is in g  from the la t e r a ls .  A spurt o f  flow er bud d if fe r e n t ia t io n  

a c t iv i t y  was observed immediately a fte r  the r e c e ip t  o f  pre-monsoon 

showers and maximum flow er bud d if fe r e n t ia t io n  occurred during 

June-July, The process o f  flow er bud d if fe r e n t ia t io n  was completed 

w ith in  about 20 days o f  i t s  commencement.

2 .4 ;  H isto logy  o f  flow er bud d if fe r e n t ia t io n

Eeports in d ica te  that the h is t o lo g i c a l  features o f  the 

develop ing  dow er buds are more or le s s  sim ilar in  a l l  p lants 

at i n i t i a l  stages o f  development. But la t e r ,  the shape, the 

p attern  o f  development and the duration  vary con sid era b ly  in  

d if fe r e n t  sp ecies  o f  p lants depending on the type and nature 

o f  in flo re sce n ce  produced.

2 .4 .1 .  Ifeg e ta tiv e  avax

The v e g e ta tiv e  apex fo llo w s  the tun iea-aofpus concept 

o f  a p ica l meristem arrangement; I t  i s  gen era lly  co n ica l and 

surrounded by poin ted  l e a f  prim ord ia . The c o n ic a l  nature o f  

v eg e ta tiv e  primordium has been observed in  crop p lan ts such 

as grapes (Ohadha and Oheema, 1971) mango (Singh 1960),

■jaman (Mishra and B ajpal, 1973)? andstrawberry (Pathak and

25
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Singh.? 1977). Shukla and B ajpai (1974) found that the 

veg eta tiv e  apex was dome shaped in  l i t o h i .  E in ert et a l ,

( 1 9 7 0 ) made s im ilar observations in  L ilium  lon g iflo ru m , »

In c a u lif lo w e r , the young le a fy  plant was observed to possess 

sm all pointed  shoot apex surrounded by narrow le a f  prim ordia 

which arose in  s p ir a l  su ccess ion  around the shoot apex. The 

apex continued to d if fe r e n t ia te  fo l ia g e  as long  as the p lant 

was not co ld  treated? (a  p re -r e q u is ite  fo r  " f lo w e r in g " .)

(Sadik, 19 6 6 ) .  In tSJango, Singh (1960) found that the 

v eg eta tiv e  apex was c o n ic a l .  He cou ld  n ot observe any 

d is t in c t  stages in the developmental p ro ce ss .

In pepper H a lin i (1983) reported  three d is t in c t  stages 

in  the developmental process o f  the veg eta tiv e  bud. At the 

beginning o f  in i t ia t io n  the v eg eta tiv e  pr imordium was 

c o n ic a l ,  u n d iffe ren tia ted  and surrounded by l e a f  sheaths 

which elongated in  the further s ta g e s .

2 .4 .2 . T ran sition  stage

The occurrence o f  a tra n s it io n  stage in  d if fe r e n t ia t in g  

flow er buds has been described  by Jan ick  (1 9 7 2 ). On tra n s it io n , 

growth o f  the ce n tra l p ortion  was reduced or in h ib ited  and 

the meristem was fla tte n e d  in con stra st to  the e o n o ica l 

v eg e ta tiv e  meristem. Another ba sic  d if fe re n ce  was that
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there was no e lon ga tion  o f  the ax is  between su ccessive  

f l o r a l  prim ordia as there was between le a f  prim ordia. Esau 

(1962) stated  that the small depth and com paratively broad 

expanse o f  the m eristem atic t issu e  were the common h is t o lo g ic a l  

fea tu res  o f  f l o r a l  meristem.

Broadening and f la t te n in g  o f  the a p ic a l  meristem ju s t  

before flow er bud in i t ia t io n  have been observed in  c it ru s  

(Abbot, 1935; Bandhawa and Diana, 1947; Miahra and Yamdangi,

1968; Babu and Kaul, 1972), l i t c h i  (Shukla and B ajpai, 1974), 

Strawberry (Pathak: and Singh 1977)» karaunda (Mishra e t a l . ,

1968), c o f fe e  (Alvim , 1973) and in  jaman (Mishra and.

B ajpai, 1973).

In d ica tion s are a v a ila b le  in  a number o f  crop  plants 

on the occurrence o f  a tra n s it io n  stage during bud d if fe r e n 

t ia t io n .  In grapes form ation o f  b ract primordium was the 

f i r s t  in d ica tion  o f  the form ation o f  c lu s te r  primordium 

(Winkler and Shem settin, 1947)« Ohadha and Oheema (1971) reported 

that the l e a f  primordium was pointed whereas c lu ste r  primordium 

was broad.

In mango, high mer istem a tic  a c t iv i t y  marked by the 

production  o f  braod c o n ica l protuberances in  the a x ils  of 

s c a le s , has been reported  as the f i r s t  s ign  ofblossom  bud 

d if fe r e n t ia t io n  ( Gunjate e t  a l , 1977; Bavisahter et a l ,  1979)•



In f i g ,  bud primordium appeared to te roundish and 

convex (Bane and Singh, 1965).

N a lin i (1985) described  the appearance o f  two u nd ifferen  

t ia te d  c o n ica l prim ordia surrounded by l e a f  sheath as the 

f i r s t  s ig n  o f  flow er bud in i t ia t io n .  These prim ordia could  

not be d istin gu ish ed  from the v eg eta tiv e  prim ordia.

2 .4 .3  Development o f  f l o r a l  prim ordia

Further development o f  d if fe r e n t ia te d  f l o r a l  

primordium fo llo w s  varia n t patterns and is  determined mainly 

by the type and nature o f  in flo re sce n ce  produced.

In P e r le tte  grapes Ohadha and Oheema (1971) described  

the process o f  development o f  in flo re sce n ce  primer d ia . A fter 

d if fe r e n t ia t io n , the c lu ste r  primordium produced numerous 

growing p o in ts . The c lu s te r  primordium con sisted  o f  a 

complex branching system and the e longation  o f  c lu ste r  

branches occurred gradually  with continued rapid  d iv is io n , 

iiith  the advancement o f  season, the c lu s te r  primordium 

increased in  s iz e  with numerous growing p o in ts .

In mango, fou r staged have been id e n t if ie d  in  the 

development o f  the f r u i t  bud, (Sen, 1943? Gunjate e t  a l . ,

1977? Bavisankar e t  a l . , 1979)w A fter d i f fe r e n t ia t io n  the 

buds became plump and c o n ic a lly  protruded out o f  the s c a le s . 

The main ax is elongated and became m ultilobed  due to the 

development o f  primary branches o f  flower p a n ic le . Some 

o f  the s ide  protuberances a lso  became m ultilobed  due to
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the presence o f  prim ordia o f  secondary branches. In the 

th ird  stage* the flow er buds which became c o n ic a l  and plump 

and emerged oat o f  the s c a le s .  D uring,the fou rth  

stage* the so a le s  sta rted  loosen in g , in d ica tin g  bud break:.

The f l o r a l  organs developed in  the su ccession  sep a ls , 

p e ta ls ,  stamens and c a r p e ls .

In c o f fe e ,  there was a f la tte n in g  o f  the a p ica l 

growing poin t with i t s  subsequent d iv is io n  in to  two flow er 

bud prim ordia . -They developed in to  two la te r a l  dome shaped 

growing poin ts which produced a d d ition a l la te r a l  flow er buds 

r e s u lt in g  in  an op p osite  decussate in flo re sce n ce  (Alvim , 1973).

In f i g ,  Bane and Singh (1965) id e n t i f ie d  f iv e  stages 

in  the d if fe r e n t ia t io n  o f  flow er buds. As the d if fe r e n t ia t io n  

proceded the apex turned com pletely  concave and was lin e d , 

with f l o r a l  prim ordia.

Sharma and Singh (1980) observed four stages in  the 

development o f  flow er prim ordia in  Pus a. E arly Dwarf 

straw berries,. The c o n ica l u n d iffe ren tia ted  primordium 

broadened and fla tte n e d  on in i t ia t io n .  Subsequently, the 

primordium elongated  and new growing poin ts  appeared at the 

base, ju s t  below those o f  the primary flow ers . Sepals and 

" p eta ls ' developed in  the primary flow ers in  the next stage.. 

L a ter , rudimentary stamens., and p i s t i l s  appeared in  the 

primary flow ers .
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In pepper, f iv e  stages were Id e n t if ie d  in  the development 

o f  flow er buds (N a lin i, 1983). During the f i r s t  sta ge , two 

u n d iffe ren tia ted  o o n ica l prim ordia surrounded by l e a f  sheath 

were observed in d ica tin g  the commencement o f  flow er bud d if fe r e n 

t ia t io n  p ro ce ss . Towards the la t t e r  h a l f  o f  the f i r s t  sta ge , 

one o f  the prim ordia was found to be broadened and e lon gated . 

Appearance o f  a dome shaped stru ctu re  at the apex o f  the 

broadened primordium in  the second stage denoted spike in i t ia t io n  

s ta g e . The th ird  stage in d ica ted  f l o r a l  in i t ia t io n  and a 

stru cture  resem bling the pepper spike couldbe c le a r ly  observed. 

During the fou rth  stage d if fe r e n t ia t io n  o f  f l o r a l  parts were 

observed., Stamen and p i s t i l  premordia cou ld  be seen towards 

the end o f  the fou rth  s ta g e . Completion o f  the d if fe r e n t ia t io n  

process was ind icated  by the appearance o f  the stamens and 

the ovary during the f i f t h  s ta g e .

2 .5 .  M icro technique

M icrotechniques fo r  h is t o lo g ic a l  examination o f  pepper 

shoot tissu es  were, standardised by F a lin i (1983) who concluded 

that form alin  -  ace to •'■alcohol (3?AA) is  the best k i l l i n g  and 

f ix in g  agent and te r t ia r y  butyl a lco h o l (TBA) s e r ie s ,  the best 

fo r  dehydration . The embiedding medium used was Hance’ s 

p a ra ffin  mixture w ithout ceres in  and the sta in in g  methods 

adopted were s a ffra n in , s in g le  s ta in in g  and s a ffr a n in -fa s t  

green double s ta in in g .
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Johanson (1940) described  FAA as the most w idely 

used f ix a t iv e  in  which, p lant specimens cou ld  be. le p t

id e n f in i ie ly  without appreciab le  damage. Among the
$

dehydration methods, graded se r ie s  o f  TBA: e th y l a lco h o l s 

water mixture was found to be s a t is fa c t o r y .  Sass (1951) 

opined that isop rop y l a lc o h o l, vhioh can be purchased 

w ithout r e s t r ic t io n s ,  os uld be used in  e x a ctly  the same 

manner as scanty e th y l a lco h o l for dehydration purposes 

along w ith TBA.

To f a c i l i t a t e  easy s e c t io n in g  o f  the specimens 

and to obta in  the desired  th ick n ess, the embedding media 

must be m odified  to s u it  the experim ental m a teria l.

Sass (1951) suggested that the texture and cu tt in g  

property o f  s o f t  p a ra ffin  cou ld  be m odified by add ition  

o f  other m ateria ls l ik e  rubber, bees wax or other hard 

waxes l ik e  o e r e s in .

A s e c t io n  must be so sta ined  that con tra stin g  

co lou rs  are exh ib ited  by the d if fe r e n t  parts as c e l l  

w a ll, protoplasm and n u c le i .  Thus even t r ip le  or m ultiple 

s ta in in g  may be come n ecessary . Sass (1951) opined th at 

the r e a l  te s t  fo r  the d e s ir a b i l i t y  o fa  m ultip le  s ta in  

is  i t s  s p e c i f i c  s e le c t iv i t y  o f  the co lou r components 

fo r  d e fen ite  m orphologica l/chem ica l e n t it ie s  in  the c e l l s .
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Haidenhan's Azan sta in in g  has been reported  as a very  

prom ising t r ip le  s ta in  combination fo r  animal t is su e  

(M allory , 1961) in  which the dyes used were azooarmin,

Orange G ., and a n il in  b in e. Reports on i t s  use fo r  plant 

m ateria l are not a v a ila b le . Gray (1958) described  carmin 

sta in s  as g iv in g  brigh t red co lou r to the n u c le i .  Orange.G. 

is  one o f  the mas t  important eytoplasm io oountersta ins 

and is  s p e c i f ie d  in  innumerable s ta in in g  schedules 

(Johanson, 1940; Sass, 1951). Johanson (1940) described  

a n ilin  blue as a good cou n tersta in  fo r  p lant t is su e s  

where i t  sta in s the c e llu lo s e  c e l l  w alls and achrom atic 

f ig u r e s .



QfYlaierial s an d  (M ethod*



3 . MATERIALS AED METHODS

The stu d ies on "Flower bud d if fe r e n t ia t io n  in 

Piper a p ."  were ca rr ied  out a t the C ollege o f  H orticu ltu re , 

V ellan ikkara in  Panniyur*^ and Karimunda v a r ie t ie s  o f  

b lack  pepper. The seven years o ld  v in es  were under 

uniform cu ltu ra l and manurial treatments as per the package 

o f  p ra c t ice  recommendations o f  the Kerala A g r icu ltu ra l 

U n iversity  (A non., 1982). The experim ental standards o f  

Panniyur-1 were ir r ig a te d  during the summer months.

3.1 Factors in flu en cin g  flow er bud d i f fe r e n t ia t io n /
flow erin g

3 .1 .1  Qlim atio fa c to r s

From the weather data c o l le c te d  a t the ' B* c la ss  

m eteoro log ica l observatory  in  the campus, fo r tn ig h t ly  

averages o f  d a ily  maximum temperature, d a ily  minimum 

tem perature, r a in fa l l ,  d a ily  maximum r e la t iv e  hum idity, 

d a ily  minimum r e la t iv e  hum idity and d a ily  sunshine hours 

were computed. These parameters were examined fo r  th e ir  

p o s s ib le  r o le  in  flow er bud d if fe r e n t ia t io n .

3 .1 .2  H u trition a l fa c to r s

P lant samples were analysed at fo r tn ig h t ly  

in te rv a ls  to  determine the le v e ls  o f  carbohydrates, 

n itrog en , phosphorus and potassium . For th is  purpose,



f iv e  Panniyur-1 standards were se le cte d  a t random and 

la te r a ls  were c o l le c te d  at fo r tn ig h t ly  in terva ls*  

s ta r t in g  from 1st August, 1983 to 31st J u ly , 1984.

The samples were la b e lle d , dried  in  an oven at 80*0 

fo r  48 hours and powdered using a grinder (M u ltip lex ) 

to  a fin en ess  o f  14 mesh.

T ota l so lu b le  carbohydrates in  the samples were 

determined by the method suggested by D eiraz (1 9 6 1 ). 

N itrogen in  the samples was estim ated by co lo r im e tr ic  

method as suggested by S n e ll and S n e ll (1 9 6 7 ). To 

estim ate the phosphorus and potassium contents the 

powdered p lant m ateria l was d igested  in a mixture o f  

n i t r i c  a c id , sulphuric: a c id  and p e rch lo r ic  a c id  in  the 

r a t io  9 * 2 : 1 .  The phosphorus content was determined 

c o lo r im e tr io a lly  by the 'Vanadomolybdate ye llow  colou r 

method in  n i t r i c  a c id  medium and potassium , p h otom etrica lly  

(Jackson, 1958).

The le v e ls  o f  d if fe r e n t  n u tr it io n a l fa c to r s  thus 

obtained were corre la ted  with the data on flow er bud 

d i f  f  er en t  ia  t  io n .

3 .1 .5  Hormonal fa c to r s

Endogenous le v e ls  o f  growth substances 

coming under the groups auxins and in h ib it o r s ,  in  the 

p lan t samples were analysed at fo r tn ig h t ly  in te rv a ls .
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3 .1 .3 .1  Extr a c tion  and pur i f  iea t ion

A known weight o f  the sample (bads w ith nodal

r e g io n ) ,  c o l le c te d  ea r ly  in  the morning, was ex tra cted

w ith 80 per cent p r e -c h il le d  methanol fo r  24 h rs , a t

5*0. A fter r e -e x tr  a c t io n  tw ice the ex tra cts  were balked.

The ex tra ct was f i l t e r e d  through g la ss  wool and d iv ided  

q u a n tita tiv e ly  fo r  separation  andpur i f io a t io n  o f  aaxins 

and in h ib ito rs  as d e ta iled  below (Murakami, 1970; Hehman 

e t  a l . ,  1975)

Ether 

vacuo

3 .1 # 3 .2  Ohromatographic separation

Por separation  o f  both auxins and in h ib ito rs  

the resid u e  obtained was d isso lv ed  in a known volume 

o f  d i s t i l l e d  water and su b jected  to ascending paper 

chromatography using Whatman Hq.1 chromatographic paper.

The running so lu t io n  used was isopropanol : ammonia : Water

Sample

Extracted th r ice  with 80$ methanol a t 5*0 

E xtract f i l t e r e d  and PH adjusted to  2 .5i
Treated with 

D iethyl ether
i

fr a c t io n  dried  in  

(below  40*0)

i
Residue
(auxin  e x tra c t)

Treated with acetone

Acetone fr a c t io n  dried  in  

v.acuo (below  40*0)

Residue
(In h ib ito r  e x tr a c t )
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(10 1 : 1 v /vO . The chromatograms so developed were

dried  a t  room temperature and stored  below 50*0.

3.1*3 Estim ation

"Wheat c o le o p t i le  s e c t io n  s tra ig h t growth 

bioassay" (M itch e ll and L iv in gston , 1968) was employed 

fo r  estim ation  o f  auxins. The quantity  o f  auxins was 

worked out from in d iv id u a l B f p o s it io n s  which showed 

s ig n i f ic a n t ly  more response than the c o n t r o l ,  by r e fe r r in g  

to  the standard curve obtained from the b ioassay  o f  

authentic IAA. Authentic IAA gave s ig n i f ic a n t ly  more 

response than the co n tro l a t Bf p o s it io n  0 .2  -  0 .4 .  As 

i t  was observed that in  pepper bud e x tra c t , the auxin 

a c t iv it y  was n ot very  con s is te n t  at these Bf p o s it io n s  

or at a&y other p o in t, the reg ion s shown by authentic 

IAA (E f 0 .2  -  0 .4 )  were se le c te d  fo r  b ioassay  o f  auxin 

a c t iv i t y .  Then in d iv id u a l va lues were posted and presented 

as IAA eq u iv a len ts ju g /g  fre sh  p lant sample.

"Mustard seed germ ination inhibition b ioassay" 

(E idelnant e t  a l . , 1980) was employed fo r  estim ation  o f  

in h ib ito r  con ten t. The in h ib ito r  content was worked 

out fo r  the Ef 0 .6  -  0 .8  r e fe r r in g  to  the ABA bioassay 

standard curve and expressed as ABA equ iva len tja.g /g  

fre s h  weight o f  p lant sample. The in h ib ito r  a c t iv it y  

was found to  be very  co n s is te n t at Bf 0 .6  ~ 0 .8 .
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3 .1 .4 *  C orre la tion  o f  d if fe r e n t  fa c to r s  on flow er bad
d i f fe r e n t ia t  ion

To examine the in flu en ce  o f  environm ental, 

n u tr it io n a l and hormonal fa c to rs  on flower bud d if fe r e n t ia t io n  

in  Panniyur-1, the fa c to r s  in  a fo r tn ig h t  were co rre la te d  

w ith  the data on flow er bud d if fe r e n t ia t io n  during the f o r t 

n igh t (sim ultaneous or la g  0 ) .  In a d d ition , the fa c to r s  

during the preceding fo r tn ig h t were co rre la ted  with the data 

on flow er bud d if fe r e n t ia t io n  during a p a rticu la r  fo rtn ig h t 

( la g  1 ) .  S im ila rly  the fa c to rs  during two fo r tn ig h t  before  

and data on flow er bud d if fe r e n t ia t io n  during a p a rticu la r  

fo r tn ig h t a lso  were co rre la ted  ( la g  2 ) .  L ikew ise, analyses 

were done upto la g  6 .

In Earimunda th is  an alysis was done on ly  with 

re sp e ct  to environmental fa c t o r s ,

3 .2  H is to lo g ic a l  stu d ies

3 ,2 ,1  C o lle c t io n  and storage o f  -plant sample.

For h is t o lo g ic a l  s tu d ies  on flow er bud d iffe re n tia tio n  

twenty standards o f  Panniyur-1 were se le cte d  and from each 

standard, two buds emerging out o f  the la te r a ls  te re
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c o l le c t e d  at fo r tn ig h t ly  in terv a ls  s ta r t in g  from 1 5 th 

June, 1983 to 31st Ju ly , 1984. In case o f  Earimunda, 

f iv e  standards were se le c te d  and from each standard 

f iv e  buds were c o l le c te d  at random at fo r tn ig h t ly  

in te rv a ls  s ta rt in g  from 1st August 1983 to  31st Ju ly , 

1984. The buds scooped out without in ju ry  to the apex 

or la t e r a l  parts during morning hours were kept in  FAA 

as suggested by Sass (1 9 5 1 ).

Por the purpose o f  estim ating the t o t a l  time 

taken fo r  com pleting the d if fe r e n t  stages f i f t e e n  buds 

were taken d a ily  from a s in g le  standard o f  Panniyur-1, 

s ta r t in g  from 4th June, 1984. These were processed  and 

examined fo r  the d if fe r e n t  s ta g e s .

3 .2 .2  P rocessin g  o f  the specimens
/

3 .2 i2.1 K illin g  and f ix in g

PAA was used for  k i l l in g  and a lso  as a f ix a t iv e  

in  which specimens were kept immersed in  corked specimen 

tubes. Specimens could  be stored  in PAA throughout the

*  Form alin-A ceto-A lcho1 -  (PAA)
Ethyl a lcoh o l -  50 ml
G la cia l a c e t ic  acid  -  5 ml
Formaldehyde (3 7 “40$) -  10 ml
D is t i l le d  water -  35 ml
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period  o f  study o f  about one year without any 

damage to tis su e  orga n isa tion  or shrinkage o f  the 

o e l l s .

3 .2 .2 .2 .  Dehydration.

Specimens were dehydrated a fte r  a minimum 

storage p eriod  o f  one week in  FAA. For th is  two 

methods were t r ie d .  In the f i r s t  method, suggested 

by Johanson (1940) and standardised fo r  pepper buds 

by N alin i (1983)» e th y l a lco h o l was used along with 

t e r ita r y  bu ty l a lcoh o l (TBA) as the dehydrating agent. 

(2 )  In the second method, isop rop y l a lco h o l was used 

along with TBA. The schedule fo llow ed  in  the second 

method is  g iven  b e low :-



41

Specimens in  FAA

decanted and flood ed  with 50$ isopropanol 
(5  h rs)

1
decanted and flooded  with so lu t io n  I 

(5  h rs )
i

decanted and flood ed  w ith so lu t io n  XI 
(12 h rs )

I
decanted and f lo o d  w ith so lu t io n  I I I  

(3  h rs)

decanted and flooded  w ith s o lu t io n  IV 
(3  h rs)

I .
decanted and flooded  with s o lu t io n  Y 

(12 h rs )
I

Biased w ith 3 changes o f  TBA and flood ed  
in  the la s t  change 

(12 h rs )
I

P a ra ffin  in f i l t r a t i o n .

Grade
Wo.

95$ Isopropanol 
(m l)

Absolute 
Isopropanol 

.  -  (m l)________
TBA
(ml)

Water
(m l)

I 30 - 10 40
II 50 - 20 30

I I I 50 - 35 15
IY 50 - 50 -
Y - 25 75 -
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As the second method was found to  f a c i l i t a t e  good 

p a r a ffin  in f i l t r a t io n  and provide other d es ira b le  fea tu res 

to  the specimens th is  was adopted fo r  fa rth er  s tu d ie s .

3 .2 .2 .3 .  P a ra ffin  in f i l t r a t io n

A fter dehydration in f i l t r a t i o n  was done using 

p a ra ffin  with oeres in  (M.P. 60 *G) as described  by v 

Johanson (1 9 4 0 ).

3 .2 .2 .4 .  Embedding

The fo llo w in g  four types o f  media were used fo r  

embedding.

S o ft  p a ra ffin  (M.P. 60-62*0)

S o ft  p a ra ffin  (M.P. 58-60*0)
#

Hance's mixture w ithout ce res in  

P a ra ffin  with oeresin  (M.P. 60*0)

P a ra ffin  with ce re s in  (M .P.60*0) which was found 

to  be superior to the other media by v ir tu e  o f  i t s  ex ce lle j 

cu tt in g  property  at room temperature and i t s  a b i l i t y  to  

form good ribbons o f  desired  th ickness on s e c t io n in g , was 

se le c te d  and used fo r  fu rth er s tu d ie s .

* Hance’ s mixture w ithout oeres in  contains 100.0 g 

p a r a ff in , 4 .5  g rubber p a ra ffin  mixture and 1 .0  g 

b e e 's  wax.



3 .2 .3  Microtome se ction in g

S ection s were taken at a th ickness o f  10-12yu 

using a jun ior ro ta ry  microtome machine as per standard 

microtomy (Johanson, 1940).

3 .2 .3  Stain ing

The se c t io n s  a ff ix e d  to s l id e s  were sta in ed  with 

Haldenhan' s Asan as per the method suggested by M allory 

0969), the schedule o f  x^hich is  given below:

S ections a ff ix e d  to s l id e s  

Heated to  50*0
i , ,

Xylene I (5 Min)
I

Absolute Isopropanol (2 min)
I

95$ isopropanol (2 min)
1

70$ isopropanol (2  min)
1

50$ isopropan ol (2 min)
1

30$ isopropanol (2  min)
I

D is t i l le d  water (2  min)
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Azooarmin.G. (1 hr at 60-70*0)
I

coo led  and d iffe re n t ia te d  in  d ila te  ammonia so lu t io n  
*A rrested d if fe r e n t ia t io n  in  1$ a c e t ic  a c id - so lu t io n  
1

Mordanted in  phosphotungstic a cid  5% (1 ” 3 hours)

Rinsed with d is t i l l e d  water
1

stained with A n il in  blue-orange 0 mixture (30 min) 

50$ isopropanol (-30 se c )

90$ isopropan ol (50 se c )

Absolute isopropanol (30 s e c )

Xylene (1 min)
j'

D ried & mounted in  Canada balsam.

* Azooarmin G

Azocarmin 6 . -  0.1 g
G la c ia l a c e t ic  a c id -  1 ml 
D is t i l le d  water -  100 ' ml

** A n ilin  blue -  Orange G mixture

A n ilin  blue (water 
s o lu b le )  -  0 .5  g
Orange G. -  2 .0  g
G la cia l a c e t ic  acid  -  8 ml
D is t i l le d  water -  100 ml
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3 *2 .4  M icroscopic examination

The s l id e s  were examined through a b inocu lar 

m ono-ob jective m icroscope (Olympus KIOBI) with 10 X/5 X 

o b je c t iv e  and 10 X eye p ie c e .C r it ic a l  examinations were 

done at hi^aer m agn ification s using a binocular 

'N ikon optiphot* m icroscope a v a ila b le  a t the Central 

Instruments Laboratory, N ational A g r icu ltu ra l Research 

P r o je c t ,  (Southern Region) C ollege o f  A g ricu ltu re , 

V e lla y a n i.

3.-2.5 Photomior o gr aphy

Photomicrographs o f  the se le cte d  se c t io n s  were 

taken using a photomicrography system (Nikon Optiphot 

w ith Fx -  35A) a v a ila b le  at the Central Instruments 

Laboratory, NASP (SR ), C ollege o f  A griou ltu re , V e lla ya n i. 

ILLPOSD black  and white negative f i lm  o f  120ASA, Sakura 

co lou r SR-100 n egative  f ilm  o f  100 ASA and Xbdachrome 

co lou r p os it iv e , f i lm  o f  64 ASA were used fo r  tak ing the 

photom icrographs.
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4 . RESULTS

The r e s u lts  o f  the in v e stig a tio n  conducted on 

"Flower bud d if fe r e n t ia t io n  in  Piper sp" are presented 

in  th is  ch a p ter . The stu d ies  conducted in  two v a r ie t ie s  

o f  pepper, Panniyur-1 and Ear imunda, con s is ted  o f  two 

p a rts , one on the fa c to rs  in flu en cin g  flow er bud 

d if fe r e n t ia t io n  and the other on the . h is t o lo g ic a l  

a sp ects . The observations were made over a period  o f  

one year from 1st August, 1983 to 31st J u ly , 1984.

4 .1 . Factors in flu en cin g  flow er bud d i f fe r e n t ia t io n /
flow erin g

4 .1 .1 .  C lim atic fa c to r s

4 .1 .1 .1 .  Temperature

During the period  o f  observation , the maximum 

temperature rose  from 2 8 .1 4 *C at the beginning o f  Aggust 

to  33.-38e0 a t the middle o f  January and reached the peak 

o f  37.67*0 in  the second fo r tn ig h t o f  March. T h erea fter, 

the maximum temperature d eclin ed  to 3 4 .5 *C in  the 

la t t e r  h a l f  o f  May and came down to 28.75*0 by the end 

o f  J u ly . The minimum temperature flu ctu a ted  between 

21.54 'C  and 2 6 .4 3 ‘ C. The months o f  October,. November, 

June and Ju ly  recorded the low est readings fo r  minimum 

temperature (F ig .1 , Appendix I ) .

4.1 .1 .2 .  R a in fa ll

The t o t a l  r a in fa l l  during the p eriod  o f  study was
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3393 mm which showed wide v a r ia tio n  from n i l  (during the f i r s t  

h a l f  o f  December and during the months o f  January and March) 

to  494 mm (during  the f i r s t  fo r tn ig h t o f  June). The amount o f  

r a in fa l l  a v a ila b le  from the f i r s t  fo r tn ig h t  o f  December to 

the second fo r tn ig h t  o f  March was n e g l ig ib le .  Pre-monsoon 

showers arrived  by the beginning o f  A p r il .  In May, p r e c ip ita t io n  

was n e g l ig ib le .  South West monsoon commenced by the f i r s t  fo r tn ig  

o f  June (P ig 1 , A p p en d ix .I)*

4 .1 .1 .3 .  .Sunshine hours

The d a ily  sunshine hours ranged from 0.95 (June 

1 st fo r tn ig h t )  to  10*42 (March 2nd fo r tn ig h t ) .  There was a 

d ra s t ic  redu ction  in  brigh t sunshine hours in  June and July 

consequent on the onset o f  South West monsoon. During August- 

September months a ls o ,  i t  was minimum (F ig ,1 , A ppend!x l).

4 .1 .1 .4 .  R e la tive  humidity

The r e la t iv e  maximum hum idity which was above 90*0 

per cent in  August-September months d eclin ed  gradually  and the 

minimum o f  67*8  per oent was recorded in  December, There was 

a s l ig h t  increase in  r e la t iv e  maximum hum idity, subsequent 

to  the pre-monsoon showers in  May, fo llow ed  by a sudden increase 

as a r e s u lt  o f  the monsoon ra ins in  June and Ju ly  months. The 

r e la t iv e  minimum hum idity a lso  fo llow ed  a sim ilar trend 

( F i g . l ,  A ppendix .I)>
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4 .1 .2 .  Nu.trit io n a l  fa c to rs

4 .1 .2 .1 .  Carbohydrates, n itrogen  reserves  and C/N r a t io  

Data on fo r tn ig h t ly  v a r ia t io n  o f  t o t a l  so lu b le

carbohydrates and n itrogen  in  Panniyur-1 nodal region s are 

presented in  Table 1, along with the 0/N r a t i o .

During the period  o f  observation , the to t a l  

so lu b le  carbohydrates varied  from 3.04 to  5.99 per cent 

and n itrog en  from 1.63 to 3.14 per c e n t . In both the oases, 

the trends o f  accom u lation /dep letion  were e r r a t ic  and 

did n ot show any d e f in it e  p a ttern . However, a s l ig h t  

increase in  the n itrogen  content was observed in  June-Juiy 

months (F ig .3 ) .

The 0/N r a t io  ranged between 1.22 and 2.86 with 

a mean o f  2 .0 7 . Prom the beginning o f  October to  the middle 

o f  November, the middle o f  December to the middle o f  

'February, A p r il f i r s t  h a lf  and from the middle o f  May to the 

middle o f  June, the G/N r a t io  remained above the mean.

The maximum C/N r a t io  o f  2.,86 was recorded fu r in g  May 2nd 

h a l f .  During the other p e r io d s , the r a t io  f e l l  below the 

mean.

4 .1 .2 .2 .  Phosphorus and potassium

The content o f  phosphorus and potassium in  the 

p la n t samples o f  Panniyur-1 are g iven  in  Table 2 . During 

the period  o f  study, phosphorus content varied  from 0.102 

per cent in  February 1st fo r tn ig h t  to 0.143 per cent in  

September 2nd and December 2nd fo r tn ig h ts . No d e f in ite
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pattern  could  be observed in  the accum ulation o f  phosphorus (P ig .3 ) .

The potassium content ranged from 1.871 per cent in  

February 2nd fo r tn ig h t  to 2.921 per cent in  August t s t  fo r tn ig h t .

I t  remained h ig h  from August to  the middle o f  January. .

T h erea fter, i t  decreased and the low le v e l  p e rs is te d  t i l l  

May xheii i t  again increased (F ig .3 ) .

4 .1 .3 .  Hormonal fa c to r s

Data on the auxin and in h ib ito r  contents in  Panniyur-1 

shoots are presented in  Table 3 and F ig .4 .

4 .1 .3 .1 .  Auxin,s

In paper chromatography o fp u r if ie d  pepper shoot 

e x tra c t , auxin l ik e  substances were not con s is te n t  at a 

p a r ticu la r  B f p o s it io n . As authentic indole  a c e t ic  acid  

(IAA) was separable at Bf 0 .2 -0 .4 ,  th is  p ortion  was se le cte d  

fo r  estim ation  o f  auxin lik e  substances.

During the p eriod  o f  study, the endogenous le v e l  o f  

auxin l ik e  substances varied  from 0 .0 1 -0 .0 2  jug /g  o f  fre sh  

p lan t m ateria l (expressed  as IAA)

4 .1 .3 .2 .  In h ib ito rs

In h ib ito rs  were found to be lo ca ted  a t  R f p o s it io n  

o f  0 .5 “ 0 ,7  in  the paper chromatograms o f  pepper shoot 

ex tra cts  and th is  was found to  be co n s is te n t  throughout 
the p eriod  o f  study.



Table 1 . T ota l so lu b le  carbohydrates, n itrogen  and C/N 
r a t io  in  the shoots o f  Panniyur -  1 .

Date o f  
observation

F ortnight
No.

Carbohydrates
%

N itrogen
1o

C/N
r a t io

1.8 .1983 I

r—CM.■cj- 2 .89 1.45
15.8.1983 II 4.41 2.92 1.51

1.9 .1983 I I I 3.91 2.13 1.83
16.9.1983 IY 4.09 2.04 ,1 .54

1.10.1983 V 3.41 1.63 2 .09

15.10.1983 YI 5.40 1.95 2.76
1.11.1983 YII 5.25 1 .87 2.81

15.11*1983 V III 3.69 2,19 1.68
1 .12.1983 IX 3.04 2.49 1.22

15.12.1983 . X . 5.04 1.99 2.53
1.1.1984 XI 5.03 1.94 2.59

15.1.1984 XII 4.63 2.13 2.17
1.2.1984 X III 4.71 2.01 2.31

15.2.1984 XIV 3.93 1.91 2.05
1.3.1984 XV 3.81 2.00 1.91

15*3.1984 xsni 3.80 2.10 1.81
1.4.1984 XVII 5.63 2.06 2.73

15.4.1984 XVIII 4.75 2.40 1.98
1.5.1984 XIX 3.83 1.91 2.01

15.5.1984 XX 5.12 1.79 2.86
1.6.1984 XXI 5.43 2.03 2.67

15.6.1984 XXII 4.65 2.72 1.71
1.7.1984 XXIII 4 .63 3.14 1.47

15.7.1984 XXIV 5.99 3.05 1 .96

:* Mean o f  f iv e  standards each with four shoot samples



Table 2 , Content o f  phosphor as and potassium in  the 
shoots o f  Panniyur-1.

Date o f  O bservation Phosphorus Potassium
  •___________________z _____________________ z

V.8%1963 0.123* 2.921*
15.8.1983 0.132 2.834

1 .9 .1983 0.119 2.658
16.9.1983 0.143 2.841

1.10.1983 0.104 2.653
15.10.1983 0.106 2.226

1.11.1983 0.109 2.358
15.11.1983 0.116 2.156

1.12.1983 0 .137 2.347
15.12.1983 0.143 2.148

1.1 .1984 0.134 2.092
15.1.1984 0.116 1.982

1.2.1984 0.102 1.991
15.2.1984 0.109 1,871

1.3 .1984 0.111 1.923
15.3.1984 0.123 1.874

1.4.1984 0.112 1.935
15.4.1984 0.109 2.021

1.5.1984 0,131 1.981
15.5.1984 0.111 2.123

1.6 .1984 0.142 2,392
15.6.1984 0.127 2.180

1.7 .1984 0.137 2.428
15.7.1984 0.122 2.491

* Mean o f  5 standards each with four shoot samples
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Table 3 . Endogenous le v e ls  o f  auxins and in h ib ito rs  in  the

shoots o f  Panniyur- 1 .

Date o f  observation  Auxins In h ib itors
jag /g  Jig/g

1.8 .1983 0.015 0.14
15.8.1983 0.015 0.13

1 ,9 .1983 0.010 0.15
16-.9.1983 0.020 0.14

1.10.1983 0.010 0.16
15.10.1983 0.010 0.14

1.11.1983 0.015 0 .1 8
15.11.1983 0.015 0.20

1.12.1983 0.020 0.21
15.12.1983 0.010 0.21

1.1 .1984 0.015 0.28
15.1.1984 0.015 0.19

1.2.1984 0.015 0.21
15.2.1984 0.015 0.22

1.3.1984 0,015 0.19
15.3.1984 0.010 0.15

1.4.1984 0.010 0.14
15.4,1984 0.010 0.14

1.5 .1984 0.015 0.12
15.5.1984 0.015 0.13

1 .6 .1984 0.010 0.11
15.6.1984 0.015 0.12

1.7 .1984 0.015 0.11
15.7.1984 0.010 0.12

* Expressed as indole  a e e t io  acid  jxg/g fre sh  plant 
sam ple.

** Expressed as a b s c is s ic  acid  jag/ g  fre sh  plant 
sam ple.





During the period  o f  study, the l e v e l  o f  in h ib ito rs  

varied  from 0 .1 1 i-0 .28 ju g /g  o f  fresh  p lant m ateria l (expressed  

in  terms o f  a b s c is s ic  a o id ) .  The in h ib ito r  content increased  

from the s ta r t  o f  the observations during the f i r s t  fo r tn ig h t  

o f  August to  the middle o f  January. Then, i t  gradually  

decreased and reached the low est l e v e l  o f  0 .1 1 ju g /g  by 

June 1st. fo r tn ig h t . This low le v e l  p e rs is te d  t i l l  the end 

o f  observations in second fo rtn ig h t o f  J u ly .

4 .2 . C orre la tion  between environm ental, n u tr it io n a l and 
hormonal fa c to r s  and flow er bud d if fe r e n t ia t io n

4 .2 .1 .  Panni.yur-1

In  Panniyur-1,; the weather parameters as w e ll as 

the n u tr it io n a l and hormonal fa c to rs  were corre la ted  with 

the data on fLower bud d i f fe r e n t ia t io n .  The fa c to rs  in  a 

fo r tn ig h t  were co rre la te d  w ith the data on f  loiter bud 

d if fe r e n t ia t io n  during the fo rtn ig h t (sim ultaneous or la g  0 ) .  

In a d d ition  the fa c to rs  during the preceding fo r tn ig h t  were 

co rre la te d  with data on flow er hud d i f fe r e n t ia t io n  during 

a p a rticu la r  fo r tn ig h t ( la g  1 ) .  S im ila r ly  the fa c to r s  

during two fo rtn ig h t before  and data on flower bud 

d if fe r e n t ia t io n  during a p a rticu la r  fo r tn ig h t  a lso  were 

c o rre la te d  ( la g  2 ) .  L ikew ise, analyses were done upto 

la g  6 . The c o r r e la t io n  c o -e f f i c i e n t s  are presented in  Table 4 

and P ig . 5 and 6 .

In the simultaneous an a lysis  or la g  0 , r a in fa l l ,  

r e la t iv e  maximum hum idity, r e la t iv e  minimum humidity and

50
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n itrogen  showed p o s it iv e  c o r r e la t io n  (r= 0 .64*$ , 0 .42* , 0.52** 

and 0 . 6.6** , r e s p e c t iv e ly )  with the number o f  flow er buds 

d if fe r e n t ia te d . Maximum tem perature, sunshine hours and 

in h ib ito rs  showed negative c o r r e la t io n  (r= “ 0 .45*» -0 .4 9*  

and - 0 . 55** , r e s p e c t iv e ly ) .

R a in fa ll , r e la t iv e  minimum hum idity and n itrog en  during 

the preceding fo r tn ig h t ( la g  1 ) were p o s it iv e ly  co rre la te d  

(r=  0 .6 1** , 0 . 48* and 0 . 48* , r e s p e c t iv e ly )  w ith the number 

o f  flow er buds d if fe r e n t ia te d . Sunshine hours and in h ib ito rs  

were n eg a tiv e ly  co rre la te d  (r= -0.46:* and - 0 . 55** , r e s p e c t iv e ly ) .

R a in fa ll  during the second fo r tn ig h t  p r io r  to 

d if fe r e n t ia t io n  ( la g  2 ) showed p o s it iv e  c o r r e la t io n  (r= 0 .45*) 

while in h ib ito rs  recorded  negative c o r r e la t io n  (r  = - 0 . 50* ) .

The l e v e l  o f  in h ib ito rs  during the th ird  fo r tn ig h t 

p r io r  to  d if fe r e n t ia t io n  ( la g  5 ) showed s ig n i f ic a n t  

co r re la t io n  (r=  - 0 . 44* ) .

Maximum and minimum temperatures during the 4th and 5th 

fo r tn ig h ts  p r io r  to  d if fe r e n t ia t io n  ( la g  4 and la g  5 ) showed 

s ig n i f ic a n t  c o r r e la t io n  with the number o f  buds d if fe r e n t ia te d  

(r=  0 . 55* and 0 . 62** , r e s p e c t iv e ly  during la g  4 and r= 0 . 56* 

and 0 . 47* , r e s p e c t iv e ly  during la g  5 ) .

Maximum temperature during the 6th  fo r tn ig h t p r io r  to  

d if fe r e n t ia t io n  ( la g  6 ) showed s ig n if ic a n t  co rre la tio n



Table 4» C orre la tion  between flow er bud d i f fe r e n t ia t io n  and fa c to r s  
in flu e n c in g  i t  at d i f fe r e n t  fo r tn ig h ts  (from  la g  0 to  la g  6)

in  P anniyur-1 .

C orre la tion  co -e f f i c ie n t s .

Factors

Sim ulta
neous

( la g  0)

P reced ing  
fo r  tn ig h t

( la g  1)

P r io r  to 
the 2nd 

f o r t 
n igh t
( la g  2)

P rior  to  
the 3rd 

f o r t 
n igh t

( la g  3 )

P r io r  to  
the 4th 

f o r t 
n igh t
( la g  4)

P rior  to  
the 5th 

f o r t 
n igh t

( la g  5)

Pr io r  to  
the 6th 

f o r t 
n ig h t

( la g  6 )

Maximum temperature *
-0 .4 5 -0*34 -0.11 0 .27 0.55 0 .62**

*•*
0 .7 4

Minimum temperture -0 .2 4
„ *•* -0 .1 9 -0 .0 2 * 0.31 0 .56 0.47* -0 .2 2

R a in fa ll 0 .64 0.61 0.45 0.11 -0 .2 6 -0 .1 5 -0 .2 1
Sunshine hours -0 .4 9* -0 .4 6 -0 .3 9 -0 .0 6 0.31 0.03 -0 .4 0
R e la tiv e  maximum hum idity 0.42* 0.31 0.25 0 .08 -0 .0 2 0.05 -0 .1 3
R ela tive  minimum humidity #r¥r

0.52 0 .48* 0.36 0 .0 8 -0 .1 8 -0 .2 ? -0 .3 2
Carbohydrate 0 .37 0.26 # 0.34 0.28' 0 .14 0.15 0.31
STitrogen 0.66 0 .4 8 0 .0 3 -0.31 -0 .2 9 0 .1 8 -0 .0 5
C/IT r a t io -0 .2 2 -0 .1 0 0.21 0.39 0 .23 0.16 0.41
Phosphorus 0.22 -0 .3 3 0.21 0.12 -0 .1 2 0 .45 -0 .2 9
Potassium 0.12 0.05 -0 .1 8 -0 .2 9 0.05 -0 .3 5 -0 .1 6
Auxin -0 .1 2

** 0 .04 -0 .1 2
*

-0 .1 2 * 0 .04 -0 .1 2 -0.02,
In h ib ito rs -0 .5 5 -0 .5 5 -0 .5 0 -0 .4 4 -0 .3 8 -0 .3 2 -0 .2 0

* S ig n if ic a n t  a t  5$ le v e l
** S ig n ifica n t  a t 1$ le v e l
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(r=  0 .7 4 * * ). With the number o f  buds d if fe r e n t ia te d .

4 .2 * 2 . Karimunda

In Karimunda, the weather parameters were co rre la ted  

( la g  0 to la g  6.) with the data on flow er bud d if fe r e n t ia t io n . 

The c o r r e la t io n  c o e f f i c ie n t s  have been presented in  Table 5 

and P ig , 7 .

In the sim ultaneous ( la g  0) an a lysis  r a in f a l l ,  r e la t iv e  

maMmum humidity and r e la t iv e  minimum humidity were p o s it iv e ly  

co rre la ted  (r= 0 .6 4 ** , 0,52** and 0.55**» r e s p e c t iv e ly )  with 

the number o f  flow er buds d if fe r e n t ia te d , while sunshine hours 

recorded  negative c o r re la t io n  (r=  -0 .4 3 *^ .

B a i n f a l l  and r e la t iv e  maximum hum idity during the 

f i r s t  fo r tn ig h t  p rior  to d if fe r e n t ia t io n  ( la g  1) showed 

s ig n i f ic a n t  c o r r e la t io n  >£iioh were p o s it iv e  (r= 0.43* in  

both the c a s e s ) .

B ela tive  maximum humidity was p o s it iv e ly  co rre la ted  

(r~  0 .44*) with the number o f  flow er buds d if fe r e n t ia te d , 

during the second fo r tn ig h t  p r io r  to  the p rocess ( la g  2 ) .

Maximum andminimum temperatures during the th ird  

fo r tn ig h t  p rior  to  d if fe r e n t ia t io n  ( la g  3) showed s ig n i f ic a n t  

p o s it iv e  c o r r e la t io n  (r= 0 .58** and 0 ,45*» r e s p e c t iv e ly )  with 

the number o f  flow er buds d if fe r e n t ia te d .



Table 5. C orre la tion  between flow er bud d if fe r e n t ia t io n  and environm ental 
fa c to r s  in flu e n c in g  i t  a t d if fe r e n t  fo r tn ig h ts  ( la g  0 to  la g  6)

in  Karimunda.

C orre la tion  co-- e f f i c ie n t s

Factors S im u lta - 
neous

( la g  0)

P receding
fo r tn ig h t

( la g  1)

.Prior to  
the 2nd 

f o r t 
n igh t 
( la g  2)

P rior  to  
the 3rd 

f o r t 
n ight 
( la g  3)

P rior  to  
the 4th 

f o r t 
n igh t, 

( la g  4 )

Bf io r  to  
the 5th: 

f o r t 
n ight 

( la g  5)

P r io r  to  
the 6th 

f o r t 
n igh t 

( la g  6)

Maximum temperature -0*31 -0 .0 3 0,26
**

0 .5 8 0.25 o . n
#■*

0 .7 8
Minimum temperature -0 .01 0.03 0 ,23 0.45 0 .47 0.23 0 .2 2
R a in fa ll >0.61 *

0.43 0.19 -0 .1 3 0.29 -0 ,2 8 -0 .3 9
Sunshine hours -0 .43* -0 .2 6 -0 .11 0.19 -0 .0 3 0 .44* 0.41
Maximum humidity

**
0,52

*
0 .43

*
0 .44 0 .2 9 0.11 0.12 -0 .2 6

Minimum humidity 4fr*
00.55 0 .37 0.15! -0 .1 3 -0 .3 3 -0 .4 9 0 .5 7

* S ig n ifica n t  a t 5$ le v e l
** S ig n if ic a n t  at ,1$ le v e l
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Only maximum temperature was s ig n i f ic a n t ly  co rre la te d  

(r »0 .4 7 * )  w ith the d i f fe r e n t ia t io n  process during the fou rth  

fo r tn ig h t p r io r  to  d if fe r e n t ia t io n  ( la g  4 ) .

Sunshine hours during the 5th fo r tn ig h t  p r io r  to  

d i f fe r e n t ia t io n  ( la g  5) recorded  p o s it iv e  c o r r e la t io n  (r=  0 .44*) 

with the process , w hile r e la t iv e  minimum humidity recorded  

negative  c o r r e la t io n  (r=  -0 .49*)•

Maximum temperature and r e la t iv e  minimum humidity during 

the 6th fo r tn ig h t  p r io r  to  d if fe r e n t ia t io n  ( la g  6 ) ,  showed 

s ig n i f ic a n t  p o s it iv e  c o r r e la t io n  (r= 0 .78** and 0 .57**, 

r e s p e c t iv e ly )  with the number o f  flow er buds d if fe r e n t ia te d .

4.-3. H is to lo g ic a l  stu d ies

An year-round study was made in  Panniyur-1 aid  Kar imunda 

to  assess the ra te  o f  flow er bud d if fe r e n t ia t io n  during each 

fo r tn ig h t  and a lso  to examine the h is t o lo g ic a l  fea tu res  o f  

the d if fe r e n t ia t in g  buds.

4 .3 .1 .  Bate o f  flow er bud d if fe r e n t ia t io n

4 .3 .1 .1 .  Panniyur-1

The data regarding d if fe r e n t ia t io n  o f  flow er buds have 

been presented in  Table 6 and P ig ,8 . D if fe r e n t ia t io n  cou ld  n ot 

be observed during the period  s ta rtin g  from the middle o f  

September to the end o f  December. Thereafter a gradual increase 

in  flow er bud d if fe r e n t ia t io n  a c t iv it y  was observed which



Table 6 . D if fe r e n t ia t io n  o f  flower bads in  two v a r ie t ie s  
o f  pepper, Panniyur-1 and Karimunda.

Percentage o f  d if fe r e n t ia t io n  
observed

Date o f  observation  ~ : '
Panniyur-1 Kar imunda

f  $

1.3*1983 y 25.0 . 12

15.8.1983 7.5 12
1.9 .1983 7.5 8

16.9.1983 0 12
1.10.1983 0 8

15.10.1983 0 16
1.11.1983 0 8

15.11.1983 0 0
1.12.1983 0 0

15.12.1983 0 0
1;1 .1984 5 <0 0

15.1.1984 7 .5  • 0
1.2 .1984 2.5 0

15^2.1984 7.5 0

-A • Vj* • VO CD 4* 7.5 4
15.3.1984 10.0 6

1.4 ,1984 15.0 40
15.4 .1984 15.0 ■ 48

1,5 .1984 20.0 56
15,5.1984 22.5 36

1.6 .1984 27.5 72
15.6.1984 60.0 76

1,7 .1984 90 ,0 88
15.7.1984 87.5 48

40 buds examined a t the ra te  o f  two from 20 se lected  
standards.
25 buds examined at the ra te  o f  f iv e  from f iv e  se le c te d  
standards?
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reached the maximum ( 9 0 .0  per ce n t) during the f i r s t  fo r tn ig h t 

o f  J u ly . The second fo r tn ig h t  o f  Ju ly a lso  recorded  high 

degree o f  d if fe r e n t ia t io n  (8 7 .5  per c e n t ) .  During the month 

o f  August and the f i r s t  fo r tn ig h t  o f  September, d if fe r e n t ia t io n  

o f  flow er buds was observed at a reduced ra te  (7 .5  to 25 .0  per 

ce n t) •

4 .5 .1 .2 .  Ear imunda

The data on d if fe r e n t ia t io n  o f  flow er buds in  Kar imunda 

are presented in  Table 6 and F ig .8 . D if fe r e n t ia t io n  cou ld  

not be observed during the period  s ta r t in g  from the middle o f  

November to  the middle o f  February. A gradual step  up in  flow er 

•feud d if fe r e n t ia t io n  a c t iv i t y  was observed a fte r  February.

The f i r s t  fo r tn ig h t  o f  Ju ly recorded  maximum percentage o f  

d if fe r e n t ia t io n  (8 8 .0 ) .  By the end o f  Ju ly , the percentage 

o f  flow er bud d if fe r e n t ia t io n  f e l l  below 5 0 .0 . From the 

beginning o f  August to  the middle o f  November, on ly  very  

l i t t l e  d i f fe r e n t ia t io n  could be observed (8 .0  to  16 ,0  per c e n t ) .

4 .5 .2 .  H isto logy  o f  a p ica l meristem

Median lon g itu d in a l se c t io n s  were examined m icroscop ica lly  

to  unravel the h is t o lo g ic a l  fea tu res  o f  the d if fe r e n t ia t in g  

buds in  Panniyur-1 and Kar imunda v a r ie t ie s  o f  pepper.

P la tes  I-IV

In P lates I  to IT, the a p ica l meristem appears
\

co n ica l and is  seen surrounded by l e a f  prim ordia . The s iz e
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and shape o f  the apex show v a r ia t io n . In P la tes  I and I I  the 

a p ioa l meristem is  broadly oon ioa l with com paratively increased 
dimensions in jw id th  and heigh t above the prim ord ia l s i t e .  The

apex is  sharply co n ica l with reduced dimensions in  P la tes I I I  

and IV, The in te rn a l corpus c e l l s  o f  the a p ica l meristem is  seen 
covered by a two layered  tunica* The plane o f  d iv is io n  in  

tu n ica  appears to be a n t ic l in a l  (P la tes  I I  and IV ).

On one s id e  o f  the apex, there is  a wedge l ik e  p rotu 

berance in  p la tes  I I I  and IV . This developes in to  a fo l ia g e  

l ik e  stru ctu re  enlarged on the adaxial s id e ,  the enlargement 

being to  a le s s e r  exten t at the basal p ortion  (P la te  I  and I I ) .  

Prom the c o n ica l  apex, l e a f  prim ordia can be seen o r ig in a t in g  in  

su ccession  (P la te  1 ) .  The d is t a l  ends appear as un ited . However, 

independent layers  o f  a n t ic l in a l ly  d iv id in g  s u p e r f ic ia l  c e l l s  

(P la te  I I )  separate the l e a f  prim ordia.

PlatesV and VI

In P lates V and VI the c o n ic a l  apex can be seen transforme 

in to  a convex hem ispherical stru ctu re  which has a m antle-core 

co n fig u ra tio n . The outer layer o f  the c e l l s  c o n s t itu t in g  the 

mantle are sm all, le s s  vacuolated  and deeply s ta in e d . The c e l l s  at 

the ce n tra l zones co n s t itu t in g  the core  are com paratively larger 

in  s iz e  and l ig h t ly  sta in ed . The apex is  seen covered by le a f  

prim ordia .
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P l a t e - I f L .S . o f  v e g e ta t iv e  bad showing the apex p r io r  to  the
in i t ia t i o n  o f  a l e a f .  X 1 2 .5 .



P la t e - I I ,  The v e g e ta t iv e  apex in  P la t e - I ,  m agn ified  -  showing
i t s  o o n io a l nature and tu n ioa -oorp u s  la y e rs  X 100.



P l a t e - I l l ,  L .S . o f  v e g e ta t iv e  bad showing the apex a fte r  the
in i t i a t i o n  o f  a l e a f .  X 25.



Plate-IV, The apex in P la t e -I l l ,  magnified -  showing its  sharply
oonioal nature, X 100,



P la te -7 ,  L . S .  o f  a bad a t  the t r a n s it io n  s ta g e . X 25*
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P la t e  711

She hem ispherical meristem seen in  P latesV  and VI, 

has grown in to  a dome shaped stru ctu re  in  P late V II . The 

c e l l s  are densely  s ta in ed . The in i t ia t io n  o f  a bract 

primordium (a t  the base o f  dome shaped s tru ctu re ) is  a lso  

ev id en t. A lso d is t in g u is h a b le ;in  prim ordial ffohm adjacent 

to the dome shaped stru ctu re , is  a narrow pointed  l e a f  

primordium..

P lates  V III to X

The dome shaped stru ctu re  can be, seen developed in to  

a c y l in d r ic a l  stru ctu re  in  P lates V III to  X. The cen tra l 

rib -m eristem  o f  the c y l in d r ic a l  s tru ctu re , ch aracterised  by 

v e r t ic a l  rows o f  c e l l s ,  is  sta ined  on ly  to  a le s s e r  degree 

(P la tes  IX and X ).

P lates XI to  XIV

On the periphery o f  the developing c y l in d r ic a l  

s tru ctu re , c e r ta in  m eristem atic zones ( in  a crop e ta l su ccession ) 

can be observed from where fin g e r  l ik e  p ro je c t io n s  have 

developed. Small dome shaped stru ctu res a ltern a te  fhe fin ger  

l ik e  p ro je c t io n s  (P la te  X I ) .  The prim ordia l sp ike can be 

e a s ily  recogn ised  in  P lates XI and X II. The b ract prim ordia 

and the oval flow er prim ordia, which are deeply sta ined  w ithin 

th e ir  a x ils  are prominent in  P late  X II. Under m agn ification
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the flow er prim ordia show row -w ise arrangement o f  a n t io l in a l ly  

d iv id in g  o e l ls  w ith n u c le i .

P la tes  XV to XVII

In P late XV, the ovary w a ll is  seen fu l l y  developed, 

and in sid e  i t ,  the double layered  integumentary t is su e s  can 

be seen to  be p a r t ia l ly  developed. In P late XVI, the in tegu 

ments are seen f u l l y  developed, and cover the n u ce lla r  t is s u e . 

Some space is  seen in  between the integuments and ovary w a ll. 

P late  XVII show a matured female flow er with p a p illa te  

stigm a.

P la tes  XVIII and XIX

In hermaphrodite flow ers two to four stamens can 

be observed on the s id es  o f  the ovary. In median lon g itu d in a l 

s e c t io n  on ly  two stamens cou ld  be seen (P la te  X V III). P late 

XIX Is  the m agn ification  o f  a mature stamen w ith p o llen  

grains in s id e  the p o llen  sa c .

4 .3 .3 .  lime taken fo r  flow er bud d if fe r e n t ia t io n

To obtain  inform ation  on time taken from the 

commencement to the com pletion  o f  the d if fe r e n t  stages o f  

the d if fe r e n t ia t io n  p ro ce ss , buds were extracted  d a ily  

s ta r t in g  from 4th June, 1984, from a s in g le  standard, o f  

Panniyur -1 .

The d e ta ils  o f  th is  an a lysis  have been presented 

in  Table 7 . In tern a l developmental stages were completed
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Ia1»le 7 “  Number o f  days taken fo r  com pletion 
o f  d i f fe r e n t  stages* O  P a w ^ -l)

^ n , . , Days on which the stage Developmental stage * was obaerved

Spike in i t ia t io n  stage *2 -  B6
Development o f  spike prxmordium D4 D10
I n it ia t io n  o f  bract and flow er 
primordiam D7 * B18
I n it ia t io n  of flow er primordium B14 I)18
Development o f  flow er primordium B15 "  B26

* Based on 15 shoot ap ices examined each day 
s ta r t in g  from 4th:r June, 1984.
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w ithin  about 20 days a fte r  the in it ia t io n .. A fter  the bud
/

break i t  took  about f iv e  days fo r  the com plete development 

o f  f lo w e rs . Thus, the t o t a l  time for  com pletion  o f  the 

d if fe r e n t  stages : worked out to about 25 days.

i
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5 . DISCUSSION

Flower bud d if fe r e n t ia t io n  is  an important event 

in  the l i f e  o f  a flow erin g  plant and is  dependant on a h ost 

o f  fa c t o r s .  Inform ation  on the s i t e  and time o f  d i f fe r e n t ia t io n , 

the stages in  the d if fe r e n t ia t io n  process  and the fa c to r s  

in flu e n c in g  the process  w i l l  provide invaluable t ip s  for 

schedu ling the package o f  p ra otices  fo r  su cce ss fu l crop 

p rod u ction .

Pepper ex h ib its  simultaneous flow erin g  over 

extended areas w ith in  a short p e r io d . From one day to the 

n ext, a l l  the p lants bloom, depending on the c lim a tic  pattern  

o f  the reg ion  (p a r t ic u la r ly , the r a in fa l l  d is t r ib u t io n ) .

This sudden blooming could be seasonal or non-seasonal.

Alvim (1964) grouped th is  type o f  p lants under gregarious 

flow erin g  ca teg ory . The other w e ll known gregarious 

flow erin g  p lants include c o f fe e  (Alvim , 1964) and Dendrobium 

crumenatum (C oster , 1:926 ). Inform ation on the fa c to rs  that 

tr ig g er  the process o f  flow er bud d if fe r e n t ia t io n  in  

gregarious flow erin g  plants would help  to  create /m ain ta in  

favourable con d ition s  fo r  optimum crop p rod u ction . A 

comprehensive an a lysis  o f  the c lim a tic  as w ell as other 

fa c to rs  was, th e re fo re , attempted to a scerta in  the r o le  o f  each 

in  tr ig g e r in g  flow er bud d if fe r e n t ia t io n  a c t iv i t y  in  pepper.
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5*1* factors Infl usnaing flower bud differ ent iation/flowcrlng  

5 *1 .1 . Qliaa,tlo factors 

5 .1 .1 .1  * Temperature

Daring the period o f observation, the nuwimum temperature 

varied from 28.17*3 during the f i r s t  fortnight o f  August to 

57*69*3 during the second fortnight o f March. The maxima 

temperature remained relatively  high firom the middle o f  

February to the end o f May, after which i t  ahowed a decline 

due to the South West Monsoon. The minimum temperature also  

was high during this period ( i ' l g . l .  Appendix.!).

The peak: d iffer satiation period was June-July 

in both the varieties stud led . The maximum and minimum 

temperature which remained high during the summer season prior 

to the onset o f the South West Monsoon might have been 

conducive for a step up in the flower bud differentiation  

a ctiv ity , as indicated by the significant positive correlation  

(Table 4 and 5 ) . A spurt In flower bud differentiation was 

reported in mango consequent on a drop in the night temperature 

and inoreaee in humidity (Bavisankar at a l . .  1979). In 

apple, Suaokl and Taao (1971) found that the average maximum 

tamper at ure in mid-April was closely correlated with the bud 

break*. Warm and dry conditions in the preceding season 

favoured flower bud differentiation in grapea (Perold, 1927),
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mango (Singh., 1958), karauuda (Mishra e t  a l . , 1968) and in 

jaman (Mishra and B ajpai, 1973). In gregarious flow erin g  

p lants l ik e  c o ffe e  (Went, 1952; Rees, 1964; Alvim, 1973) 

and dendrobium (C oster, 1926) a drop in  temperature fo llo w in g  

a s tre ss  caused by high temperature induced a sudden step  up 

in  flow er bud d if fe r e n t ia t io n . A sim ilar p o s s ib i l i t y  could 

be expected in  th is  case a ls o , as the r e la t iv e ly  high maximum 

and minimum temperature from the middle o f  February to 

the middle o f  May was fo llow ed  by a drop in  both maximum and 

minimum temperatures consequent on the a r r iv a l o f  the South 

West monsoon.

5 .1 .1 .2 .  R a in fa ll , ir r ig a t io n , hum idity and water re la t io n s

The weather data presented in  Appendix 1 ind icated  

that the t o t a l  amount o f  r a in fa l l  was n e g lig ib le  from the 

f i r s t  fo r tn ig h t  o f  December to  the second fo r tn ig h t  o f  March. 

Summer showers were a va ila b le  in  A p r il; but again in  May, 

p r e c ip ita t io n  was n e g l ig ib le .  The South Viest monsoon 

commenced by the f i r s t  fo r tn ig h t  o f  June. Table 4 and 5 

show s ig n i f ic a n t  p o s it iv e  c o r r e la t io n  between flow er bud 

d if fe r e n t ia t io n  on the one hand and r a in fa l l  during the 

fo rtn ig h t p r io r  to flow er bud d if fe r e n t ia t io n  on the other 

in  both Panniyur-1 and Earimunda, The r a in f a l l  two f o r t 

n ights before  the flow er bud d if fe r e n t ia t io n  exh ib ited
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s ig n i f ic a n t  c o r r e la t io n  only in  the case o f  Panniyur-1.

These fin d in gs  are in  conformity with those o f  N a lin i (1983) 

who id e n t i f ie d  r a in fa l l  as a c r i t i c a l  fa c to r  which tr ig g ered  

flow er bud d if fe r e n t ia t io n  a c t iv i t y  in  pepper.

I t  may be seen that the spurt in  the d if fe r e n t ia t io n  

a c t iv i t y  in  Ear imunda was immediate a fte r  the r e c e ip t  o f  

r a in fa l l ,  compared to that in  Panniyur-1. The amount o f  

r a in fa l l  requ ired  to  tr ig g e r  flow er bud d if fe r e n t ia t io n  

a c t iv it y  seemed le s s  in  Karimunda* compared to  that in 

Panniyur-1 •

The r e la t iv e  maximum humidity which was above 90 .0  

per cent during August and September d eclin ed  gradually to 

67*8 per cen t by December. There was a s l ig h t  increase in 

the r e la t iv e  maximum hum idity consequent on the r e ce ip t  o f  

the pre-monsoon showers in  May fo llow ed  by a sudden 

s ig n i f ic a n t  increase w ith the onset o f  South West monsoon 

in  June-Ju ly . The r e la t iv e  minimum hum idity a lso  exh ib ited  

a s im ila r trend. The c o r r e la t io n  an a lysis  (Table 4 and 5» P ig .5' 

in  Panniyur-1 revea led  that the r e la t iv e  humidity in  the 

fo r tn ig h t  preceding flow er bud d if fe r e n t ia t io n  exerted  

p o s it iv e  in flu en ce  on the p rocess . In Earimunda, increase in 

the r e la t iv e  hum idity during the f i r s t  andsecond fo r tn ig h ts  

p r io r  to flow er bud d if fe r e n t ia t io n  favourably  in fluen ced  

the p ro ce ss . Thus, in  both the v a r ie t ie s ,  the increase  in



63

the r e la t iv e  humidity p r io r  to the d if fe r e n t ia t io n  period  

seemed to have in fluenced  the process favou ra b ly . JTalini 

(1985) reported  that the r e la t iv e  hum idity was high, during 

the peak d if fe r e n t ia t io n  period  in  Panniyur-1. In the present 

stu d ies a ls o , sim ilar fin d in gs  have been obta in ed .

The experim ental standards o f  Panniyur-1 were under 

i r r ig a t io n  during the summer months and could  not have been 

under moisture s t r e s s .  Therefore, i t  appears that i t  is ih o t  

the a v a i la b i l i t y  o f  water in  s o i l ;  but the in tern a l water 

p o te n tia l th at in fluenced  the d i f fe r e n t ia t io n  p rocess . The 

high temperature and low r e la t iv e  humidity which preva iled  

during the summer months enhanced tra n sp ira tion  causing a 

redu ction  in  water p o te n tia l o f  the p la n t. However, subsequent 

to the a r r iv a l  o f  pre-monsoon showers and commencement o f  

South West monsoon by May-June, the in tern a l water content 

o f  the p lant in creased , due to  reduced tra n sp ira tion  at 

low temperature and h igh  r e la t iv e  hum idity. The fa c t  that 

the summer ra in s were n o t e f f e c t iv e  in  tr ig g e r in g  the 

d if fe r e n t ia t io n  process a lso  supported th is  argument.

In c o f f e e ,  a gregarious flow erin g  p lant Alvim (1960) 

found that flow erin g  is  p rim arily  dependant on r a in f a l l  

fo llo w in g  a period  o f  s t r e s s . He opined that under con d ition s  

favou rin g  h igh  tra n sp ira t io n , the m oisture s tress  cannot be
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co n tro lle d  by ir r ig a t io n , bat hum idity can co n tro l 

tra n sp ira tion  and thas the in tern a l water p o te n tia l o f 

the p la n t.

5 .1 .1 .3 .  ( f ig h t ;

During the p eriod  o f  ob serva tion s , the mean d a ily  

sunshine hours ranged from , 0.95 at the beginning o f  June 

to 10.42 by the end o f  March. (Appendix I ) .  There was a 

d ra s t ic  redu ction  in  b r ig h t sunshine hours in  June and 

Ju ly consequent on the onset o f  South West monsoon. Sunshine 

hours, simultaneous to  flow er bud d if fe r e n t ia t io n  was 

n eg a tiv e ly  corre la ted  with the process in  both the v a r ie t ie s  

(Table 4 and 5; F ig . 5 and 7) whether or not the decrease 

in  sunshine hours played any d ire c t  or independant r o le  in  

the d if fe r e n t ia t io n  prooess can n ot be deduced from these 

data . However, an in d ir e c t  e f f e c t  o f  the cloudy days during 

the ra in y  days can be l o g i c a l ly  assumed. The c o r r e la t io n  

between sunshine hours during the 4 , 5 and 6 fo r tn ig h ts

p rio r  to  d if fe r e n t ia t io n  and the number o f  buds d if fe r e n t ia te d  

xvas p o s it iv e  in  both the v a r ie t ie s  but s t a t i s t i c a l l y  s ig n if ic a n t  

on ly  in  Karimunda (du rin g  the f i f t h  f o r t n ig h t ) . Hearer to  

the peak flow er bud d if fe r e n t ia t io n  p e r io d , the c o r r e la t io n  

became n egative . This in d ica tes  the p o s s ib i l i t y  that the 

photosynthetic  and photomorphogenic process are dependant 

on l ig h t  perceived  by the leaves and fru it fu ln e s s  is  a t tr ib u ta 

b le  to  sunshine hours and l ig h t  in te n s ity  during the fou rth  

to  s ix th  fo rtn ig h ts  p r io r  to flow er bud d if fe r e n t ia t io n .
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In grapes, Balasubrahmanyam (1971) found that fr u it fu ln e s s  

was a ffe c te d  by sunsh ine hours during the period  preced ing  

flow er bud d i f fe r e n t ia t io n .

5 .1 .2 ,  N u trition a l fa c to r s

5 .1 .2 .1 .  Carbohydrates, n itrog en  and 0/N r a t io

Data on the content o f  carbohydrates and, n itrogen  

in  shoot as w e ll as C/N r a t io  are presented in  Table 1. The 

trends o f  accum ulation o f  carbohydrates and n itrogen  were 

e r r a t i c .  The carbohydrate content showed an in crease  from the 

second fo rtn ig h t ofMay andthe high le v e l  p ers isted  t i l l  the end 

o f  the observation  period  in  the second fo r tn ig h t o f  Ju ly .

N itrogen a lso  showed gradual increase from the second fo rtn ig h t

o f  May onwards. C orre la tion  c o -e f f i c i e n t s  between the carbohydrate

content during the p r e -d i f fe r e n t ia t io n  period  (upto la g  6)

and flow er bud d if fe r e n t ia t io n  fa i le d  to  show s ig n if ic a n ce

at any p er iod . N itrogen showed p o s it iv e  c o r r e la t io n  daring

the time o f  d if fe r e n t ia t io n  ( la g  0) and a lso  during the

preced ing  fo r tn ig h t ( la g  7 ) .  C/N r a t io  exh ib ited  a ltern a te

peaks and f a l l s  (Table 1, D ig. 3 ) .  But p r io r  to  flow er bud

d if fe r e n t ia t io n ,  ( in  the second fo r tn ig h t  ofMay and in  the

f i r s t  fo r tn ig h t  o f  June) the C/N r a t io  exh ib ited  peak values

which declined  during the succeeding fo r tn ig h ts . The C/N

r a t io  was not found to be co rre la te d  with flow er bud d if fe r e n t ia t io n

at any p eriod . In pepper, ITalini (1985) a lso  reported  that



the so lu b le  carbohydrates, n itrogen  and C/N r a t io  o f  

the la te r a ls  and new shoots varied  con sid era b ly  during 

the growth c y c le .  In her stu d ies  the C/N r a t io  exh ib ited  

two peaks, the f i r s t  synchronising with the commencement o f  

v eg e ta tiv e  growth and the second w ith the step  up in  

flow er bud d if fe r e n t ia t io n  a c t iv i t y .  Peak accum ulation 

o f  carbohydrates has been reported  in  mango (Haik and 

Shaw, 1937; Singh, 1960; Sen e t a l , 19^9)» grapes 

( Ohadha and Cheema, 1971) and coconut (B ai and Ramadasan, 

1982) p r io r  t o  or a t flow er bud d if fe r e n t ia t io n  stage .

The rep orts  a lso  in d ica te  that the C/H r a t io  is  lowered 

a fte r  the p rocess . N itrogen content a lso  was reported  

to be h igh  a t flow er bud d if fe r e n t ia t io n /f lo w e r in g  in  

apple (Arch&old, 1928) sweet orange (M ile l la ,  1968) and 

mango (Chacko, 1968). In grapes higher le v e ls  o f  

n itrogen  decreased d if fe r e n t ia t io n  causing barrenness 

(Baldwin, 1966; Bindra and Chohan, 1974). High C/N r a t io  

favoured flow er bud d if fe r e n t ia t io n  in  apple (Chandler,

1925) grapes (Thomas and Bernad, 1937; Eao and Sathyanarayana

1978) and mango (Naik and Shaw, 1937; Singh 1960, Sen e t  a l . . 

1963). However, Winkler a l .?  (1962) and Chitkara e t  a l . 

(1972) in  'Anab-e-shahi* and Khajuria e t  a l . (1970) in  

*Gulabi* v a r ie t ie s  o f  grapes cou ld  n ot get any s ig n i f ic a n t  

c o r r e la t io n  between C/N r a t io  and flow er in g .
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5 .1 .2 .2 .  Phosphorus and potassium

Data presented in  Table 2 in d ica te  that during the 

period  o f  study phosphorus cohtent varied  from 0.102 per cent 

in  the f i r s t  fo r tn ig h t o f  February to 0 .143 per cent in  the 

second fo r tn ig h t  o f  September. Potassium content showed 

v a r ia t io n  from 1.871 per oent in  the second fo r tn ig h t o f  

February to  2.921 per cent in  the f i r s t  fo r tn ig h t  o f  August,

The pattern  shows that the v a r ia tio n  in  the content o f  

these elements during the p eriod  are n e g lig ib le  e s p e c ia lly  

in  the case o f  phosphorus. Their contents were n ot seen 

co rre la te d  with flow er bud d if fe r e n t ia t io n  at any period  

(Table 4 ) .  There was no d e fe n ite  pattern  o f  accum ulation 

o f  these elements during the period  o f  study, which is  

con tra d icto ry  to  the rep orts  o f  A vilan  (1971) and Pathak 

and Pandey (1978) in  mango and Rodriguez, (1967) in  guava, 

which show that before or at d if fe r e n t ia t io n  there was peak 

accum ulation o f  phosphorus and potassium vh ich  declined  

a fte r  flo w e r in g . At f u l l  bloom stage phosphorus and potassium  

in  the leaves o f  non “ fruiting branches were high compared 

to that in  fr u it in g  branches o f  oranges (Harding e t  a l . ,  1962) 

and mandarins (Aiyappa e t  a l . » 1965) . The v in es in  the present 

stu d ies were w ell managed and manured (as per the package o f  

p ra ct ise s  recommendations o f  the Kerala A g r icu ltu ra l U n iversity ),, 

and no d e fic ie n c y  o f  these elements was seen at any p er io d .
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A separate t r i a l  seems necessary to study the e f f e c t  o f  

these elements on flow er bud d i f fe r e n t ia t io n .  The e x p e r i

mental v in es  are to  be ap p lied  with graded doses o f  

elements and th eir  r o le s  have to be a ssessed .

5 .1 .5 .  Hormonal fa c to rs

5.1.5*1• Auxin

During the period  o f  study, the endogenous le v e l  

o f  auxin l ik e  substances varied  from 0.01 -  0 .0 2 ju g /g  

o f  fresh  weight o f  p lan t samples (expressed  as indole 

a c e t ic  a c id ) .  In the paper chrom atography o f  p u r ifie d  

pepper shoot ex tra cts  auxin l ik e  substances were n ot con sisten t 

a t  a p a r ticu la r  E f p o s it io n . The authentic indole  a c e t ic  

a c id  sample were separable at E f 0 .2  -  0 .4  and the data 

given in  Table 3 were estim ated from th is  p ortion  * I t  

is  to be admitted that th is  may not r e f l e c t  the r e a l  

status o f  auxin a c t iv i t y  and fo r  the purpose * stu d ies 

employing sop h ist ica ted  instrum ental methods are n ecessa ry . 

Paper chromatography has fa i le d  to show con s is ten t auxin 

type a c t iv i t y  at a p a r ticu la r  p o s it io n  in  a number o f  

o c ca s io n s . Earnsay and Martin (1970) cou ld  not, get any 

auxin type a c t iv it y  c o n s is te n t ly  at any fr a c t io n  o f  

chromatogram in  peach l e a f  e x tr a c t . In mango shoot e x tra c t  

Chacko e t  a l . ,(19 72 ) found growth promotor a c t iv i t y  at 
two re g io n s , Ef 0 .4  ”  0 .6  and 0 .8  -  1 .0 . He found that
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the a c t iv i t y  at Rf 0 .8  -  1 .0  was not c o n s is te n t . Hence the 

a c t iv it y  at other reg ion  on ly  was u t i l iz e d  fo r  estim ation  o f  

auxins.

5 .1 .3 .2 .  In h ib itors

Data presented in  Table 3 show that during the 

p eriod  o f  study the le v e l  o f  in h ib ito rs  varied  from 0.11 -  0 .28  

ju g /g  o f  fcesh  p lant sample (expressed  as a b s c is s ic  a c id ) .

The in h ib ito r  content gradually  increased from the s ta r t  

o f  the observation s in  the f i r s t  fo r tn ig h t o f  August and 

reached the maximum le v e l  during the f i r s t  fo r tn ig h t  o f  

January. T h erea fter , i t  decreased and the low  le v e l  was 

reached by the end o f  observation  in  the second fo r tn ig h t o f  

J u ly . In the c o r r e la t io n  analyses (Table 5» M g  6) the 

in h ib ito rs  showed s ig n if ic a n t  negative  c o r r e la t io n  with 

d if fe r e n t ia t io n  during the corresponding fo r tn ig h t  ( la g  0) 

and a lso  during the period  up to  the th ird  fo r tn ig h t  p rior  

to  d if fe r e n t ia t io n  (upto la g  3 ) .  This in d ica te  th at the low 

le v e l  o f  in h ib ito rs  during p r e -d if fe r e n t ia t io n  period  

stim ulated t h i s .  In h ib itors  have been reported  as one 

o f  the fa c to r s  which co n tro l bud dormanc y , d if fe r e n t ia t io n  

and flow erin g  in  a number o f  crop  p lants l ik e  peach 

(Blommaert, 1955)» c o ffe e  (A lvim , 1960 and 1973), a p r ico t



(Hamaay and M artin, 1970) and grapes ( Iwasaki and Weaver, 

1977).

A c r i t i c a l  examination o f  the data revea l 

temperature r e la t iv e  hum idity, r a in fa l l  and in h ib ito rs  

as p o ss ib le  fa c to rs  in flu en cin g  flow er bud d if fe r e n t ia t io n  

in  pepper. The increase in  maximum and minimum temperature 

by the end o f  January during a period  when r a in fa l l  was 

scanty , seems to have caused a d ec lin e  in  the r e la t iv e  

humidity o f  atmosphere. During th is  p e r io d , b righ t 

sunshine hours were a lso  maximum. These environnBntal 

con d ition s which p ers isted  t i l l  the onset o f  the South 

We3t Monsoon in  the beginning o f  June, th e re fo re , 

favoured high rate  o f  tra n sp ira tion  redu cin g  the in tern al 

water p o te n t ia l  o f  the p la n t . The in h ib ito r  content 

recorded  an inverse re la t io n s h ip  with these fa c to r s ,  

neither the m oisture re ce iv ed  from the scan ty  r a in fa l l  

during the p eriod  (summer showers) nor that supplied  

through ir r ig a t io n  could  maintain the in te rn a l water 

p o te n tia l o f  the p lant a t a s u f f i c ie n t ly  h igh  le v e l .

The low water p o te n tia l o f  the plants could have 

reduced the tra n slooa tion  o f  the in h ib ito rs  from the 

leaves to the bud., Thus, the in h ib ito r  l e v e l  in  the 

buds during the hot summer preceding the p eriod  o f  

peak d if fe r e n t ia t io n  was found to be low . The low 

in h ib ito r  l e v e l  could have favourably  in flu en ced  the

7U
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flow er bad d i f fe r e n t ia t io n .  Supporting evidences are 

a va ila b le  from the in v estig a tion s  on p h ysio logy  o f  

flow erin g  in  another gregarious flow erin g  p la n t , c o f f e e .  

Alvim (1960) found that flow erin g  in c o f fe e  is  prim arily  

dependant on r a in fa l l  d is tr ib u t io n  fo llo w in g  a period  

o f  s t r e s s .  He stated  that under con d ition s  favouring 

high tra n sp ira tion  r a te s , the m oisture s tre ss  cannot 

be c o n tro lle d  by ir r ig a t io n . He observed that water 

s tre ss  reduced the tra n s lo ca tio n  o f  a growth in h ib ito r  

from the leaves to  the buds and was re sp o n s ib le  fo r  bud 

dormancy. Tan der veen (1968) and Browning (1971) a lso  

made s im ilar observations in  c o f fe e .  A ccording to  them, 

the in crease  in  water p o te n t ia l  due to frequent ir r ig a t io n , 

low tra n sp ira tion  ra tes  e t c .  kept the flow er buds 

dormant due to high con cen tra tion  o f  a b s c is s ic  afeid as 

tra n s lo ca tio n  o f  i t  was enhanced from the leaves to 

the buds a t  higher water p o te n t ia l .  In another rep ort 

Alvim, (1973)ooncluded that m oisture s tre ss  e ith er  by 

low m oisture status in  the s o i l  or by h igh  tra n sp ira tion  

r a te , reduced the ra te  o f  tra n s lo ca tion  and lowered the 

in h ib ito r  concentration  in  the flow er buds, term inating 

the bud dormancy.

Further stu d ies  are requ ired  to  determine whether 

or not a dormancy system as suggested in  c o ffe e  (Tan der 

Teen, 19 6 8 } Browning, 1971; Alvim, 1973) e x is ts  in  pepper
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a ls o .  There are grounds to b e liev e  that the buds in  which 

the d if fe r e n t ia t io n  process has been tr iggered  (due to 

favourable tem perature, sun-shine hours, reduced r e la t iv e  

hum idity and low le v e l  o f  in h ib ito r s )  remain dormant or 

qu iescent t i l l  the a r r iv a l o f  the monsoon showers.

5 .2 . H is to lo g ic a l stu d ies

5 .2 .1 .  Hate o f  flower bud d if fe r e n t ia t io n

The data on the ra te  o f  flow er bud d if fe r e n t ia t io n  

in  Panniyur-1 and Karimunda are presented in  Table 7 and P ig ,8

In Panniyur-1, the second h a l f  o f  June and the month 

o f  Ju ly  recorded maximum percentage o f  flow er bud d if fe r e n t ia 

t io n  w hile in  Kar imunda, the maximum percentage o f  d i f fe r e n t ia 

t io n  occurred  during the month o f  June and the f i r s t  fo rtn ig h t 

o f  J u ly . Thus, Ear imunda seems to  be two weeks e a r l ie r  than 

Panniyur-1. Gibbs and Swarbrick (1930) stated  that the time 

o f  flow er bud d if fe r e n t ia t io n  showed v a r ia t io n  among the 

v a r ie t ie s  o f  a number o f  crop p la n ts . Bindra (1981) studied 

the time o f  flow er bud d if fe r e n t ia t io n  in d if fe r e n t  v a r ie t ie s  

o f  grapes and found that flow er bud d if fe r e n t ia t io n  period  

was 3rd A p ril in  'P e r le t t e ' ,  11th A p r il in  'Beauty s e e d le s s ',  

18th A p r il in ' Banquabad' and 9th May in  'A n ab-e-shah i* . 

V a r ie ta l in flu en ce  has been shown as an important fa c to r  

causing v a r ia t io n  in  the time o f  f r u i t  bud d if fe r e n t ia t io n  

in  c it r u s  (P u jith a  and Y agi, 1956; Babu and Eaul, 1972), mango 

(S ingh , 1958) and straw berry (Pathak and Singh, 1977) a ls o .
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The data (T a b le .6 , P ig  8) a lso  in d ica te  that p rior  

to the peak period  (m iddle o f  Jane to end o f  J u ly ) , d i f f e 

r e n t ia t io n  a c t iv it y  was n e g l ig ib le  in P an n iyu r-i. But 

Karimunda exh ib ited  fa ir  amounts o f  d i f fe r e n t ia t io n  

p rior  to the peak d if fe r e n t ia t io n  period  (beginn ing o f  June 

to middle o f  J u ly ) . The d if fe r e n t ia t io n  a c t iv i t y  thus 

seems more spread out in  Karimunda, while i t  is  m ostly 

con fined  to June-July and ea rly  August in  Panniyur-1. The 

response o f  Karimunda to sm aller qu a n tit ies  o f  r a in fa l l  

might be c it e d  as the reason  fo r  th is  spread o f  flow er in g . 

Flowering p r io r  to the outbreak o f  monsoon may r e s u lt  in  

wastage o f  the p o te n t ia l it y  o f  the p lants and cause redu ction  

in  y ie ld ,  as p o ll in a t io n  andberry se t  in  pepper, which 

depend on ra in  would be a f fe c t e d .  In the c o r r e la t io n  

an a lysis  in  Panniyur-1, the r a in fa l l  during the f i r s t  

and second fo rtn ig h ts  p r io r  to d i f fe r e n t ia t io n  was s ig n i f ic a n t ly  

co rre la ted  with the p ro ce ss . In Karimunda, the r a in fa l l  

during the f i r s t  fo r tn ig h t p r io r  to  d if fe r e n t ia t io n  

on ly recorded  s ig n if ic a n t  c o r r e la t io n . This shows that 

a fte r  the r e c e ip t  o f  s u f f i c ie n t  quantity o f  r a in fa l l ,  

le s s  time is  taken by Karimunda compared to  Panniyur-1 to 

reach the peak d if fe r e n t ia t io n  a c t iv i t y .  The e a r lin e ss , 

and the p rotra cted  nature in  the flow erin g  h a b it  o f
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Kar imunda further r e in fo r ce s  th is  p o in t .

5 .2 .2 .  H isto logy  o f  flow er bud d if fe r e n t ia t io n

Normally each node o f  a pepper v in e  has a le a f  

an a x i l la r y  bud and four to s ix  adven titiou s r o o t s .  At 

flow erin g  the spikes are produced opposited  to the lea v es .

5 .2 .2 .1 .  The vegeta tive  meristem

The v eg e ta tiv e  apex was found to be more or le s s  

c o n ica l  and surrounded by le a f  prim ordia that had in it ia te d  

from i t  (P la tes  I to 1 7 ). No. fundamental d iffe re n ce s  were 

observed in  re sp e c t  o f  the shape or the tissu e  orga n iza tion , 

between the two v a r ie t ie s  stu d ied . The co n ica l nature o f  

the veg eta tiv e  primordium has been reported  in  pepper 

(H a lin i, 1983) as w e ll as in  other crop  p lants l ik e  mango 

(S ingh , 1960), jaman (Mishra and B a jpa i, 1973)* grapes 

( Ohadha and Cheema, 1971) and strawberry (Pathak and Singh, 1977)

The s iz e  and shape o f  the apex v a r ied  con siderab ly  

during a s in g le  p lastochrone o f  l e a f  in i t ia t io n ,  from broadly 

co n ica l ju s t  p r io r  to  in i t ia t io n  (P la te  I and I I )  to  sharply 

c o n ica l immediately afterwards (P late  I I I  and 17)., I t  

can be presumed that l e a f  in i t ia t io n  xvould continue from 

the apex, as lon g  as i t  remained in  v eg e ta tiv e  sta ge .

The e lon ga tion  o f  the ax is reported  by Hal ini. (1983) was 

n ot observed in  the present s tu d ie s . The non-median or



oblique nature o f  the aeotiona might have led  N alin i (1983) 

to  p ostu la te  that the ax is o f  the v eg eta tiv e  buds elongated 

a fte r  the in i t ia t io n  and to denote that as the second stage 

in  the development o f  v eg e ta tiv e  buds. In mango, Singh 

(1960) cou ld  n ot observe any d is t in c t  stage r in  the development 

o f  v eg eta tiv e  buds. . In o a u liflo w e r , the v eg e ta tiv e  apex remained 

co n ica l and continued to d if fe r e n t ia te  leaves as long  as i t  

was n ot c o ld  treated  (Sadik , 1962).

The v eg eta tiv e  apex in  pepper fo llow ed  the tu n ica - 

oorpus concept o f  t is su e  arrangement. The tu n ica  was found 

to be b i-la y ered  in  pepper shoot apex (P la te  I I ) .  Schimidt 

(1924) who postu la ted  the tun ioa-corpus theory d iv id ed  the 

apex into two r e g io n s . According to him, the outer tun ica  

la y e r , in  which the plane o f  d iv is io n  was p r in c ip a l ly  a n t i

c l in a l ,  covers the inner corpus in  which there was no 

d is t in c t  plane o f  d iv is io n .

5 .2 .2 .2 .  The tra n s it io n

In p la tes  V and V I, the veg eta tiv e  apex appears 

fla tte n e d  and transformed into  a convex hem ispherical structure, 

with a m antle-core co n fig u ra tio n . Broader expanse o f  the 

m eristem atic t is su e  together w ith f la tte n in g  o f  the apex have 

been reported, as the h is t o lo g ic a l  features o f  the a p ica l 

meristem on tr a n s it io n  (Janik , 1972). Broadening and 

f la tte n in g  o f  the a p ica l meristem on tra n s it io n  have been



observed in  c it r u s  (Abbot, 1935; Bandhawa and Disna,

1947, Mishra and Yamdagni, 1968); taraunda (M ishra, e t  a l . 

1968), grapes (Ohadha and Gheema, 1971), jaman (Mishra 

and B ajpai, 1973), c o f fe e  (Alvim , 1973) and l i t c h i  

(Shukla and B ajpai 1974). The outer layers  o f  c e l l s  

c o n s t itu t in g  the mantle are sm all and densely sta in ed , 

while the c e l l s  a t the cen tra l zone c o n s t itu t in g  the core 

are larger in  s iz e  and l ig h t ly  s ta in ed . This in d ica tes  

that the mantle reg ion  was in  a c t iv e ly  d iv id in g  stage 

(P la te  V, V I ) .  Sometimes a few p e r ic l in a l  d iv is io n s  occur 

in  tu n ica , which is  a co n tra d ict io n  o f the o r ig in a l  

d e f in it io n  (Sch im idt, 1924). Later Popham and Chan (1950) 

introduced the term mantle fo r  a l l  the outer layers  o f  the 

apex which can be d istingu ished  h is t o lo g ic a l ly  from the 

inner c e l l  mass, core  w ithout tak ing into  account the 

plane o f  d iv is io n s  in  these la y e r s . The tun ica  layer 

which is  d is t in c t  during the v eg e ta tiv e  stage is  not d is t in 

guishable at the tra n s it io n  stage due to  the a c t iv e  d iv is io n  

o f  c e l l s .  On tr a n s it io n , the a c t iv e ly  d iv id in g  c e l l s  

were deeply sta in ed .

5 .2 .2 .3 .  The flow er bud meristem 

Spike in i t ia t io n

The meristem which was conspicuously  hem ispherical 

: a t the tr a n s it io n  stage (P la tes  V and VI) fu rth er developed
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aa a dome shaped stru cture (P la te  V I I ) .  The spike primordium 

is  seen in i t ia t e d .  The prim ordia o f  the l e a f  ad jacent to

the sp ik e , the bract at the base o f  the sp ik e  and the o lder 

leaves can a lso  be seen in  P late V II . N a lin i (1985) reported  

appearance o f  two c o n ica l prim ordia surrounded by a le a f  

sheath as the in d ica tion  o f  the commencement o f  flow er bud 

in i t ia t io n .  According to h er, one o f  the prim ordia 

broadened, elongated and developed into the sp ike primordium 

w hile the other remained as the a x i l la r y  v eg e ta tiv e  bud 

primordium. But the present stu d ies revea led  that two 

u n d iffe ren tia ted  co n ica l prim ordia may not be v is ib le  in  

a l l  the cases where d if fe r e n t ia t io n  had taken p la ce . An 

advancement in  the d if fe r e n t ia t io n  o f  the spike primordium 

is  l ik e ly  to  leave the a x i l la r y  bud primordium as ru d i

mentary. A d iffe re n c e  in  the cu ttin g  plane o f  the section s  

can be another reason fo r  n ot being able to  observe two 

prim ordia a t  the commencement o f  the d i f fe r e n t ia t io n .

Spike development

The pattern  o f  further development o f  the 

d iffe r e n t ia te d  f l o r a l  primordium takes d if fe r e n t  cou rses , 

determined mainly by the type and nature o f  the in f l o r e 

scence produced. In p lants producing branohed in flo re s ce n ce ,
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the prim ordia a fte r  d i f fe r e n t ia t io n  produce numerous 

growing poin ts  whioh la te r  develop into in flo re sce n ce  

branches, as in  the case o f  grapes (Ohadha and Oheema,

1971)» c o f fe e  (Alvim , 1973) and mango (Bavisankar e t  a l . ,

1979). However, in  pepper, branching o f  the primordium 

was not observed . The dome shaped stru ctu re  developed 

in to  a c y l in d r ic a l ,  w e ll developed spike primordium 

(P la tes  V III to X ).

Bract and flow er in i t ia t io n

During the next stage, prim ord ia l bracts and 

flow ers are seen in it ia t e d  on the s id e s  o f  the c y l in d r ic a l  

: sp ike primordium in  aeropeta l su ccess ion  (P la te  X II-X IV ).

In the periphery o f  the developing 3p ike, mer istematic^ 

zones with deeper s ta in a b i l i t y  can be observed in  acrop eta l 

s p ir a l  order . These l o c i  emerge ou t as protuberances, 

denoting the se c to rs  o f  bract in i t ia t io n .  In each s e c to r , 

the tu n ica  d ivided  by a n t ic lin a l  d iv is io n s  keeping pa$e 

with the m u lt ip lica t io n  o f  corpus c e l l s .  Prom the ax is 

o f  b ra ct prim ordia, f l o r a l  bud meristems d if fe r e n t ia te *

These fin d in gs are in  agreement w ith those o f  N alin i (1 9 8 3 ).

Flower development

In the f l o r a l  prim ordia that were to  develop as 

fem ale/herm aphrodite flow ers , the ovary w all developed
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from the p eriph era l area . Inside t h is ,  d if fe r e n t ia t io n  

o f  the two integuments en clos in g  the nucellus takes 

p la ce  (P la te  XV-XVI). Some space seen led?t out in  

between the ovary w all and the integuments is  the 

ovarian  lo c i i le .  Simultaneous to ovary w all d if fe r e n t ia t io n , 

ovule d i f fe r e n t ia t io n  a lso  takes p la ce . Josh i (1944) 

described  the ovary o f  Piper longum as having a s in g le  

orthotropus oviile w ith two integum ents.

in  male/hermaphrodite flow ers , the flow er 

prim ord ia l development led  to two to  four sh ort stamens.

A ll  the stamens are n ot v is ib le  in  the median lon g itu d in a l 

se c tion s  (P la tes  XVIII and XIX). P o llen  grains are 

v is ib le  in sid e  the p o lle n  sac in  P late XIX. Mathew 

(1958) found that m icrosporogenesis in  P iper nigrum 

took p la ce  when spikes were about three to f iv e  centim etees 

lon g . He a lso  observed a four layered  anther w all 

inside  which the m icrosporangia d ivided  to  produce the 

m icrospores.

The above observations in d ica te  that i t  is  the 

term inal v eg e ta tiv e  apex that gets d if fe r e n t ia te d  in to  the 

in flo re sce n ce  in  pepper. An a x i l la r y  veg eta tiv e  bud c o n t i“  

nues the growth sym bodially . The a x i l la r y  bud was v is ib le  

c le a r ly  during the la te r  stage o f  the development (P la te  X I I ) .
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With regard to  the h is t o lo g ic a l  fea tu res  and the 

stages o f  development, no d iffe re n ce s  were observed between 

the two v a r ie t ie s  o f  pepper, studied  Panniyur-1 and Kar imunda.

5*2 .3 . Time taken fo r  flow er bud d if fe r e n t ia t io n

The data presented in  Table 7 - in d ica te  that the 

t o t a l  time taken fo r  the d if fe r e n t ia t io n  o f  the flow er 

buds in  pepper is  about 25 days. This duration  i s  reckoned 

from the commencement o f  spike in i t ia t io n  to the com plete 

development o f  the gametophytes. The appearance o f  hemispherical 

p r e -d if fe r e n t ia te d  apex (t r a n s it io n  s ta g e ) was not considered  

as the commencement o f  the d if fe r e n t ia t io n  p rocess , as the 

degree o f  d if fe r e n t ia t io n  was d i f f i c u l t  to  a scerta in  at th is  

s ta g e . N alin i (1983) observed that the process o f  flow er 

bud d i f fe r e n t ia t io n  was completed w ith in  about 20 days o f  

i t s  commencement. The appearance o f  two u n d iffe ren tia ted  

co n ica l prim ordia was reckoned by W alini as the f i r s t  

s ta g e . I t  is  c le a r ly  seen in  the present stu d ies that th is  

is  a l i t t l e  advanced s ta g e . Further, N alin i considered 

the appearance o f  the d if fe r e n t ia te d  f l o r a l  buds with 

embryo sac and stamens as the term ination  o f  the d i f f e r e n t ia 

t io n  p ro ce ss . The present stu d ies in d ica ted  that the 

d i f fe r e n t ia t io n  o f  the integuments, ov u les , p o llen  g ra in s , 

e t c .  fo l lo w  the d if fe r e n t ia t io n  o f  the embryosac and
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stamens. Thus the d iffe r e n c e  o f  f iv e  days observed 

between the two stu d ies  does not seem a t d iscrepancy.

5 .2 .4 .  Micro teohnique

In the present s tu d ies , c e r ta in  m od ifica tion s  

were tr ie d  fo r  dehydration and p a r a ff in  embedding o f  

the specim ens. Isopropy l a lc o h o l, was found to be u se fu l 

e x a c tly  in  the same manner as the e th y l a lcoh o l fo r  

dehydration purposes in  the te r t ia r y  bu tyl a lco h o l (TBA) 

s e r ie s .  Sass (1951) had reported  that isoprop y l 

a lco h o l may be used fo r  dehydration o f  ce rta in  p lant 

t is s u e s . He a lso  suggested that the texture and 

cu tt in g  property o f  s o f t  p a ra ffin  cou ld  be m odified  by 

the a d d ition  o f other m ateria ls l ik e  rubber, b e e 's  wax 

or c e re s in . In the present s tu d ie s , "p a ra ff in  with 

ce re s in "  was found to  be superior to  the other embedding 

media, in  terms o f  cu tt in g  property  and adherence 

between the se c tio n s  to form the r ib b on s .

Haidenhan's Azan is  a very  prom ising t r ip le  sta in  

fo r  animal t is s u e s , as reported  by M allory (1 9 6 1 ). The 

sta in  components were, azooarmin, Orange G. and a n ilin  

b lu e . Reports on the use o f  Haidehhan's Azan in  plant



tissu e  are n ot a v a ila b le . The present stu d ies  revea led  

that the s ta in  is w ell adapted to p lant t is su e s  a ls o . 

Contrasting co lou rs were exh ib ited  by the c e l l  w all,; 

the cytoplasm  and the n u cleu s. Carmine gave br igh t red 

colou r to the n u c le i ,  while Orange G. acted as a cytoplasm ic 

o o n te r -s ta in .A n ilin  blue sta in ed  the c e l l  w alla b lu e.
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6 . SUMMARY

6 .1 .  Studies were undertaken at the C ollege o f  H orticu ltu re , 
V ellanikkara during 1983~'84 in  two b lack  pepper 
v a r ie t ie s ,  Panniyur-1 and Karimunda, to  c o l le c t  
inform ation  on the fa c to rs  in flu e n c in g  flow er bud 
d if fe r e n t ia t io n /f lo v /e r  ing and on the h is t o lo g ic a l  
aspects o f  the p rocess .

6 .2 .  The maximum and minimum temperatures in  the preced ing  
summer and the subsequent monsoon showers, played 
important r o le s ,  in  tr ig g e r in g  the flow er bud 
d i f fe r e n t ia t io n a s t iv it y .  These fa c to r s  exh ib ited  
s ig n if ic a n t  p o s it iv e  c o r r e la t io n  with the process* 
Maximum and minimum, humidity showed p o s it iv e  c o r r e la 
t io n  with process at the time o f  d if fe r e n t ia t io n , 
while sunshine hours recorded n egative c o r r e la t io n .

6 .3 .  The carbohydrate content and the C/N r a t io  fa i le d  to 
show s t a t i s t i c a l ly  s ig n if ic a n t  c o r r e la t io n  with flower 
bud d if fe r e n t ia t io n . However, carbohydrate accumula
t io n  and G/N r a t io  b u ild  up were observed p r io r  to  
the peak d if fe r e n t ia t io n  p e r io d . N itrogen content 
showed s ig n ific a n t  p o s it iv e  c o r r e la t io n  with the process 
at the time o f  flower bud d if fe r e n t ia t io n  andalso 
during the preceding fo r tn ig h ts . Phosphorus and 
potassium content d id  not show much v a r ia t io n
during the course o f  stu d ies  and th e ir  c o r r e la t io n  with 

i ’i flow er bud d if fe r e n t ia t io n  also  were not s ig n i f ic a n t .

6 .4 i  Auxins were found to be not con s is ten t a t any Rf 
p o s it io n  o f  the chromatograms. In h ib ito r  content
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recorded  a d eclin e  daring the summer months and the 
low le v e l  p ers isted  throughout the p eriod  o f  peak 
d if fe r e n t ia t io n  a c t iv it y  (June-Ju ly) In h ib ito rs  were 
con sisten t a t B f 0 .5  “  0 .7 .

6 .5 .The low water p o te n tia l in  the p lants during the summer 
months (caused by h igh  atm ospheric temperature, sca n ty  
r a in f a l l ,  low r e la t iv e  humidity and h igh  tra n sp ira tion ) 
appears to  have reduced the tra n s loca tion  o f  in h ib ito rs  
from the leaves to the buds, reducing i t s  content in  the 
la t t e r ,  The m oisture supplied by the scanty r a in fa l l  
during the summer months ot! supplemented by ir r ig a t io n  
was not e f f e c t iv e  in  r a is in g  the water p o te n tia l o f  the 
p la n t, under con d ition s  favouring high tra n sp ira tion .

6 .6 . Specimens fo r  microtomy could be stored  in  PAA without 
damage. Haidenhan's Azan was found to g ive acceptable 
s ta in in g  o f  the (pepper) p lant specim ens.

6 .7 .  Maximum flow er bud d if fe r e n t ia t io n  was observed from the 
middle o f  June to the end o f  Ju ly in  Panniyur-1. The peak 
appeared a l i t t l e  advanced in  Earimuhda, from the beginning 
o f  June to the middle o f  J u ly . Compared to Panniyur-1,
Kar imunda showed fa ir  amounts o f  flower bud d if fe r e n t ia t io n  
during some o fth e  other months a ls o .

6 .8 . Basic d iffe re n ce s  were not observed in  resp ect  o f  the 
h is t o lo g ic a l  features o f  d i f fe r e n t ia t io n , between the two 
v a r ie t ie s  under study, Panniyur-1 and Karimunda.

6 .9 . The veg eta tiv e  bud appeared c o n ica l  and surrounded by l e a f  
prim ordia. The leaves continued to be in it ia te d  from i t  
during veg eta tiv e  phase.
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6 .1 0 . The change over o f  the shape o f  the meristem from 
c o n ica l to hem ispherical in d ica ted  the t r a n s it io n  
from v eg e ta tiv e  to  f l o r a l  phase. The apex at th is  
stages ex h ib ited  h igh  m eristem atio a c t iv ity ..

6 .1 1 . A fter tra n s it io n  the hem ispherical stru cture  
enlarged in to  a dome shaped one, thus in i t ia t in g  
the sp ike. The prim ordia o f  the b ra ct (sp ik e  
b ra c t )  and the subtending l e a f  a lso  were v is ib le
at the spike in i t ia t io n  s ta g e . The dome shaped struoture 
developed in to  the c y l in d r ic a l  sp ike primordium. On 
the periphery  o f  i t ,  f l o r a l  prim ordia developed as 
fin g er  l ik e  p ro je c t io n s  in  the a x i l s  o f  poin ted  br.act 
prim ordia (flow er b r a c t ) .  The above stages were seen
completed b e fo r e  v is u a l emergence o f  the sp ik e . The 
male and female gametophytes developed a fte r  the emergenc 
o f  the spike * At m aturity the ovule* were seen covered 
by a tw o-layered  Integument, and an ovary w a ll. In 
hemaphrodite flow ers , stamens developed a t the s ides 
o f  the ovary. The process  o f  d i f fe r e n t ia t io n  was 
seen completed w ithin  about 25 days o f  in i t ia t io n .
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A ppendix .I. Weather data fo r  the p eriod  s ta rt in g  from 

1st August, 1983 to 31st J u ly , 1984.

__ . . , . Maximum Minimum Suaahine ^ t - ^  S e la t iv e
Forxnight tempera- tempera- ~ _  maximum minimum

ture tore  • hum idity hum idity
. G 0 mm . h r s . % 1

August I 28.1?- 23.46 494.0 1.14 93.5 • - 80,9
August I I 29.45 24.11 259.9 2.33 93.7 78.9
September I 30.60 23.94 154.1 3,90 93.9 74.1
September I I 30.09 23.90 345.0 3.30 92.6 76.9
October I 30.76 21.54 •62.7 7.74 91 .0 63 .7
October I I 31.32 26,43 87.1 6.22 88 .3 64.3
November I 32,02 21.96 43.4 7 .78 84.3 58 .3
November I I 32.57 22,60 16.8 8,06 83 .0 57.8
December I 32.19 24.10 00.0 9.10 67 .8 47.9
December I I 30.73 25.23 24.4 4.95 79,6 61.4
January I 31.98 23.63 00.0 £.®5 7 0 . 7 49.3
January I I 33*38 22.91 00 .0 7.91 73.1 41.1
February I 33,94 24.42 4 .8 7.28 69.1 42.2
February I I 35,90 25.02 22.2 9.52 69.9 41.1
March I 33.42 24.82 00.0 4.72 82.0 54.7
March I I 37,67 23.68 00.0 10.42 84.1 46.4
A p r il I 35.21 24.29 147.6 7.30 79.7 56.4
A p ril I I 34,50 24,90 84 .3 7.51 88.1 60.5
May I 34.32 26.27 29.0 9 .0 8 85.1 53.7
May II 34.50 25.80 37.7 6.40 86.1 62.7
June I 29.62 22.98 433.0 0.95 92.7 80,1
June I I 28,40 22,44 419.8 1.86 93*3 80.6
Ju ly  1 28.49 22.99 417.6 3,39 91 .3 79.3
July I I 28.75 22.83, 311.8 2 ,78 94.5 76.5

* Source, B c la ss  m eteoro log ica l observatory , V ellan ihkara .
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ABSTRACT

Studies were undertaken at the C ollege o f  H orticu ltu re , 

Y ellanikkara during 1983“ ’ 84 in  Panniyur-1 and Kar imunda v a r ie t ie  

o f  pepper to  c o l l e c t  inform ation on the fa c to rs  in flu en cin g  

flow er bud d if fe r e n t ia t io n  and on the h is t o lo g ic a l  aspects o f  

the p rocess .

. Among the c lim a tic  fa c to rs  maximum andminimum 

temperature during the preceding summer as w ell as the monsoon 

showers exh ib ited  s ig n if ic a n t  p o s it iv e  c o r re la t io n  \tfith flow er 

bud d if fe r e n t ia t io n  p ro ce ss .

Among the n u tr it io n a l fa c to rs  stu d ied , carbohydrates 

and 0/N r a t io  were found to  be high p rior  to the peak d if fe r e n 

t ia t io n  p e r io d . However, these fa i le d  to show s ig n if ic a n t  

s t a t i s t i c a l  c o r r e la t io n . S ig n ifica n t  accum ulation o f  n itrogen  

was found in  the shoots p rior  to d if fe r e n t ia t io n .,  Phosphorus 

and potassium contents were not corre la ted  w ith  the p rocess .

In h ib itor  content o f  the shoots p r io r  to  d if fe r e n t ia t io n  

was found to n ega tive ly  ih flu en ce  the p rocess .

Peak period  o f  d if fe r e n t ia t io n  was observed from the 

middle o f  June to the end o f  Ju ly  in  Panniyur-1, while I t  was a 

l i t t l e  advanced in I<arimunda (from  the beginning o f  June to the 

middle o f  J u ly ) .  There were no fundamental d iffe re n ce s  in  

the h is t o lo g ic a l  aspects o f  flow er bud d if fe r e n t ia t io n  between 

the two v a r ie t ie s .



The bud which was c o n ica l during the veg eta tiv e  

phase changed into a dome shaped stru cture  during the 

tra n s it io n . Afterwards, th is  grew in to  a c y l in d r ic a l  

stru cture on the s ides o f  which bract and flow er prim ordia 

developed in  aeropeta l su ccess ion . D iffe r e n t ia t io n  and 

development o f  ovary w a ll, integuments, ov u les , p o llen  

sa cs , p o lle n  grains e t c ,  fo llo w e d . The vhole process o f  

d if fe r e n t ia t io n  was com pleted.w ithin  about 25 days o f  i t s  

commencement,


