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Early fruit drop in tree crops w ith  special reference to  rubber 
{H evea  brasiliensis) — A  review

S u m m ary

The present article surveys the possible reasons for 
early fruit drop in tree crops with special reference 
to rubber. They are environmental, physiological, 
embryological or pathogenic. Abortion o f  pistillate 
flowers and fruit occurs generally in three distinct 
periods: due to under developed flowers, failure of 
pollination and embryo abortion due to embryologi­
cal and physiological factors. Fruit set can be in­
creased by hand pollination, use o f growth hormones 
or by the application o f fertilizers. The failure o f seed 
production results in the loss o f numerous poten­
tially good cross combinations thus limiting the 
progress o f genetic improvement o f the species. M o­
reover seeds are the rich sources o f genetic variability.

K ey w o rd s :  abscission, early fruit drop, growth 
regulators, rubber.

Z u sa m m e n fa s su n g

In vorliegendem Beitrag werden die moglichen Ur- 
sachen fur den verfruhten Fruchtfall an Baumen, mil 
besonderer Beriicksichtigung der Kautschukbaume. 
naher betrachtet. Die Ursachen konnen aus der Um- 
welt resultieren, phytosoziologisch, embryologisch 
oder pathogen bedingt sein. Das Abortieren pistillater 
Bliiten und Fruchte geschieht allgemein in drei ge- 
trennten Perioden: au fG rund  unterentwickelter Blii- 
ten, durch Storung bei der Bestaubung und durch 
Abfall der Embryonen infolge embryologischer und 
physiologischer Faktoren. D er Fruchtansatz kann 
durch manuelle Bestaubung, den Einsatz von Wachs- 
tumshormonen oder durch den Einsatz von Diinger 
erhoht werden. Eine Storung der Samenproduktion 
ergibt sich aus dem Verlust zahlreicher potentielle 
guter Kreuzungsmoglichkeiten, wodurch ein Fort- 
schritt in der genetischen Aufwertung der Art be- 
grenzt wird. Uberdies sind die Samen die reichen 
Quellen der genetischen Variabilitat.

Introduction

A lth o u g h  th e  m ech an ism  o f  re p ro d u c tio n  in  
A n g io sp e rm s h as  lo n g  been kno w n , th e  reasons 
w hy  th e  p is til is n o t fertilized  by th e  p o llen  o f  
th e  sam e species a re  on ly  now  becom ing  a p p a ­
ren t. T h e re  is little  d o u b t th a t , as a  resu lt o f  
p o llin a tio n  chem ica l signals trav e rse  the style 
a n d  in fluence  flo ra l physio logy . In  a d d itio n , 
th e re  is so m e ev idence  to  suggest th a t in  the  
fina l stages o v u le  m a tu ra tio n  is induced  by 
p o llin a tio n . I f  th is  is so  th en  it w ou ld  ensu re  
th a t  th e  ovu les a re  a t th e  co rrec t physio log ical 
s tag e  o f  d ev e lo p m en t a t  th e  tim e o f  th e  a rriv a l 
o f  th e  m ale  gam ete .

Seeds a re  o f  g rea t im p o rta n c e  in b reed ing  
p ro g ram m e s fo r  th e  m u ltip lic a tio n  o f  th e  c ro p  
ev en th o u g h  vegeta tive  m eans a re  ava ilab le  in 
tree  c ro p s . B ut th e  p e rcen tag e  o f  fru it set is 
fo u n d  to  be low  in  m an y  tree  c ro p s . P rem a tu re  
abscission  o f  f ru its  is se rious p ro b lem  in  apples, 
p ea rs , o ran g es , ru b b e r  a n d  m an y  o th e r  crops. 
P o o r seed set d u e  to  fa c to rs  such  as th e  p o o r 
g ro w th  o f  p o llen  tu b es  o r  th e  lack  o f  c o ­
o rd in a tio n  b e tw een  o v u le  m a tu ra t io n  o r  in co m ­
p a tib ility . In co m p a tib ility  re p o r te d  in  m an y  tree  
c ro p s , is n o t yet fo u n d  in  H evea.

P ro d u c tio n  o f  m o re  flow ers th a t  can  be 
m a tu re d  to  fru it is a  co m m o n  p h e n o m e n o n  in 
m an y  p lan ts . T h u s, m an y  flow ers a re  b o rn e



sim ply  to  fulfill th e  m ale  fu n c tio n  ( L lo y d  1980; 
U d o v ic  a n d  A k e r  1981; M a r t in e z - C o r t i n a  
a n d  S a n z  1991) a n d  f ru its  a re  a b o rte d  to  ad ju s t 
the  n u m b e r  to  av a ilab le  resources. N u m e ro u s  
fac to rs  a re  believed to  a ffec t seed set a lth o u g h  
th e ir  im p o rta n c e  a n d  th e  fo rm  o f  th e ir  expres­
sion  a p p e a rs  to  v a ry  w idely  (S te p h e n so n  1981; 
S u t h e r l a n d  1986). In v es tig a tio n  in  m an y  tree 
c ro p s  (eg., ru b b e r , m an g o , p lu m , ap p le , p each , 
c itru s ) h a s  led to  id en tif ica tio n  o f  th e  possib le  
rea so n  fo r ea rly  fru it d ro p .

I f  a ll th e  flow ers in  a  p la n t p ro d u ce  fru its , 
a  to u g h  c o m p e titio n  fo r fo o d  re su lts  an d  all th e  
fru its  w ou ld  be  sm all a n d  m igh t rem a in  u n d e r 
developed  seeds. In  o rd e r  to  av o id  th is, th e  
co m m erc ia l p ro d u c e rs  o f  m a n g o  sp ray  sy n th e tic  
g ro w th  su b s tan ces  o n  the  fru it to  increase 
absc ission , so  th a t  th e  rem a in in g  fru its  g row  
la rger, in creasin g  th e ir  value. In  H evea, u sually  
n o t m o re  th a n  n ine h ea lth y  flow ers p e r  in ­
flo rescence a re  av a ilab le  a t a  tim e fo r  co n tro lled  
p o llin a tio n , o f  w h ich  six to  e ig h t w ere reco m ­
m en d ed  fo r  h a n d  p o llin a tio n  (H P ) by  D ijk m a n  
(1951). T h e  re la tio n sh ip  betw een  th e  n u m b er 
o f  p o ll in a to rs  p e r in flo rescence a n d  th e  n u m b er 
o f  in itia l fru it  set a n d  m a tu re  fru its  h a rv es ted  
to  h av e  been p ro p o se d  by S e d g le y  a n d  A t t a -  
n a y a k a  (1986). T hey  reco m m en d ed  to  do  n o t 
m o re  th a n  fo u r  flow ers be p o llin a ted  p e r in ­
flo rescence fo r  b e tte r  success. A c co rd in g  to  
Y e a n g  an d  G a n d h im a th i  (1984) w hile in ­
tra b ra n c h  c o m p e titio n  a m o n g  develop ing  fru it 
lets is p ro b a b ly  n o t im p o rta n t, th e  possib ility  
o f  in te rb ra n c h  co m p e titio n  in fluencing  fru itset, 
Q u i n l a n  a n d  P r e s to n  (1971) an d  H u n d  and  
S to s s e r  (1984) have  o p in ed  th a t  co m p e titio n  
fo r e ssen tia l m e tab o lite s  betw een  fru itle ts  and  
vegeta tive  sh o o ts  a n d  co m p e titiv e  in te rac tio n  
a m o n g  in d iv id u a l b lo sso m s w ith in  a  c lu s te r a re  
re sponsib le  fo r  th e  in d u c tio n  o f  fru it d ro p .

Significance of hand pollination
A ttem p s h av e  been  m ad e  in H evea  to  increase  
fru it set by  H P  ev en th o u g h  th e  p e rcen tag e  o f  
fru it set co u ld  be  ra ised  n o t m o re  th a n  5%  a t 
R u b b e r  R esea rch  In s titu te  o f  In d ia  (M y d in  et 
al. 1989). In  M alay sia , 3 %  fru it set w as no ticed  
in th e  m a in  flow ering  season  a n d  8%  fo r  th e  
second  seaso n  d u rin g  th e  p e rio d  1969— 1980 
(G a n d h im a th i  an d  Y e a n g  1984). T hese  w o rk ­
ers have  suggested  a  new  m e th o d  o f  h an d

p o llin a tio n  to  o vercom e th e  a p p a re n t insuffi­
ciency o f  po llen  as a  possib le  cause  fo r  low  fru it 
set in  H evea. Success in  H P  d ep en d s o n  v arious 
fac to rs  such  as te m p e ra tu re  an d  ra in fa ll im m e­
d ia te ly  a f te r  p o llin a tio n  a n d  d u rin g  th e  g ro w th  
o f  th e  fru il, skill o f  th e  o p e ra to r  a n d  th e  fertility  
o f  d iffe ren t c lones (R u b b e r  R esearch  In s titu te  
o f  M a lay a  1953). T he fa ilu re  o f  h a n d  p o llin a ­
tio n  resu lts  in th e  loss o f  n u m e ro u s  po ten tia lly  
g o o d  cross co m b in a tio n s  th u s  lim iting  th e  p ro ­
gress o f  genetic  im p ro v em en t o f  the  species. 
S eeds a re  rich  so u rce  o f  genetic  variab ility .

A b ility  o f  th e  p lan t to  p ro d u ce  fru its  shou ld  
be  tak en  as a  c rite r io n  fo r se lection  o f  p a ren ts  
fo r  h y b rid iza tio n , since th e  rea l cau se  fo r  low  
fru it set is still o b scu re . W hile  selecting  the 
p la n ts  fo r H P  th o se  p la n ts  sh o u ld  com plete  
th e ir  juven ile  p h ase  as w ell as g iven a  m o re  o r 
less sa tis fac to ry  yield fo r  th e  last few  years, 
W il l ia m s  (1965) rep o rted  th a t fru it  se t g rea tly  
depends o n  even ts th a t  o ccu rred  in  the  p rev ious 
y ear d u rin g  the  b lo o m  an d  p o s t-b lo o m  periods. 
D u e  to  c lim atic  v a ria tio n  m an y  o f  th e  H evea  
c lones p ro d u ce  flow ers 2 — 3 tim es in  a  y ea r: o f  
w h ich  th e  in flo rescence  m ay  be b u sh y  w ith o u t 
ap ica l leafy  sh o o t, o r  w ith  ap ica l sh o o t. T he 
field o b se rv a tio n s  th a t  the  fru it set is nil in 
ce rta in  p e rio d , tem p tin g  to  sp ecu la te  th a t c li­
m a te  has  som e adverse  effect o n  it.

M any  stud ies o n  th e  flo ra l b io logy  o f  several 
species try  to  exp la in  the  fac to rs  w hich  d e te r­
m ine  the p e rio d  d u rin g  w hich  it is possib le  to  
p o llin a te  a  fertile  flow er successfu lly  an d  o b ta in  
fru it. It is c lea r th a t th e  su b s tan ce  released  as 
a  resu lt o f  po llen  g e rm in a tio n  is essen tia l fo r 
th e  n o rm al dev e lo p m en t o f  th e  ovule . F o llow ing  
a successful p o llin a tio n , the  ra te  o f  g ro w th  o f  
the  o v a ry  increases an d  flo ra l p a r ts  such  as 
s tam en s an d  p e ria n th  a re  shed. In  H evea, the 
h igh in itia l f ru it co u n ts  tw o  w eeks a f te r  p o llin a ­
tio n  an d  la te r  decrease  in fru it co u n ts  m ay  be 
d u e  to  the  re ten tio n  o f  an y  unfertilized  flow ers 
u p to  tw o w eeks an d  th e ir  su b seq u en t abscission  
coup led  w ith  im m a tu re  fru it d ro p  (M v d in  et 
al. 1989). C u ttin g  th e  end  o f  the  calyx  w ith o u t 
in ju ry  to  the  ovu le  a lso  leads to  increase  fru it 
d ro p . D am age  to  th e  stigm a fo llow ing  h an d  
p o llin a tio n  h a s  been re p o r te d  by S e d g le y  and  
A t t a n a y a k a  (1986) m ay  be a re a so n  fo r  early  
fru it d ro p  in  H evea. D am ag e  to  th e  stigm a 
reduces po llen  tu b e  g ro w th  an d  th e  a m o u n t o f  
dam ag e  d iffers betw een  o p e ra to rs .



Fruit drop periods
A b o rtio n  o f  p is tilla te  flow ers a n d  fru its  occu r 
genera lly  in  th ree  d is tin c t p e riods. In  apple , 
th ree  n o rm al p e rio d s  o f  fru it d ro p  occu r: (a) 
early  fru it d ro p , be tw een  th e  tim e o f  in itia l 
o v a ry  en la rg em en t a n d  beg inn ing  o f  en d o sp erm  
dev e lo p m en t (b ) „ Ju n e  d ro p “ o f  yo u n g  fru its  
a n d  (c) „ th e  p reh a rv es t drop** (K ra m e r  and  
K o z lo w s k i  1979). In  pecan , the  th ree  periods 
a re  co m m o n ly  re fe rred  as 1st, 2nd  a n d  3rd d ro p  
(H a m i l to n  1942; S p a r k s  a n d  H e a th  1072). 
T h e  1st d ro p  o ccu rs  a lm o s t im m edia te ly  a fte r  
full b lo o m  a n d  co n sis ts  o f  w eak  a n d  u n derdeve­
loped  p is tilla te  flow ers, w hich is inversely  re la ­
ted  to  sh o o t v igor (S p a r k s  an d  H e a th  1972). 
T h e  2nd  d ro p  o r  fe rtiliza tio n  d ro p  begins a b o u t 
14 days a f te r  p o llin a tio n  an d  c o n tin u es  until 
u p to  a b o u t 40 —45 days. T h is d ro p  is due  to  
the  fa ilu re  o f  p o llin a tio n . T h e  3 rd  d ro p  o r  
su m m er d ro p  m ay  be  d u e  to  em b ry o  ab o rtio n  
(W ooDROOFet al. 1928). T h is em b ry o  ab o rtio n  
is n o t d u e  to  in co m p a tib ility  as described  by 
S eav ey  an d  B a w a  (1986), b u t m ay  be d u e  to  
e n v iro n m en ta l o r  physio log ica l reasons. T he 
degree  o f  3 rd  d ro p  is u sua lly  sm all. H ow ever, 
the  m ag n itu d e  o f  th e  1st a n d  2nd  d ro p  varies 
g rea tly  a m o n g  seasons w ith in  a cu ltiv a r an d  
a m o n g  cu ltiv a rs  w ith in  a season . A bscission  o f  
buds, flow ers o r  fru its  o f  W ash in g to n  navel 
o ranges in  C a lifo rn ia  occu rred  from  F eb ru a ry  — 
Ju ly  (E r ic k s o n  a n d  B ra n n a m a n  1960). T he 
tim in g  o f  a b o r t io n  a n d  th e  stage  a t w hich 
a b o r t io n  occu rs  can  be re la ted  to  selective forces 
th a t  have  so m ew h a t difTerent o rig in s a n d  efTects 
o n  the  ev o lu tio n  o f  p a te rn a l a n d  m ate rn a l 
rep ro d u c tiv e  p a tte rn s  (B a w a  an d  W ebb 1984). 
S u m m er d ro p  in  o ra n g e  is cau sed  p rim arily  by 
a  yellow ing  o f  th e  seco n d a ry  fru it w h ich  resu lts 
a f te r  ab sc ission  fro m  th e  cen tra l axis o f  the 
p rim a ry  fru it (L im a a n d  D av ie s  1984).

Location of abscission
T he lo ca tio n  w here  th e  absc ission  o f  fru it occurs 
is a lso  v a ry  fro m  species to  species. P om e fru its  
ab scise  a t  the  base  o f  th e  pedice l ( B e r u t e r  and  
D r o z  1991). T w o  absc ission  zones o ccu r in 
sw eet c h e rry  w ith  fru its  se p a ra tin g  e ith e r be­
tw een th e  pedice l an d  p ed u n c le  o r  be tw een  the 
ped u n c le  an d  sp u r . T h e  flow ers an d  sm all 
a b o r te d  fru its  o f  ch e rry  o ften  sep a ra te  a t the

basa l absc ission  zone ( N e l l s o n  et al. 1984). 
H evea  f ru its  abscise a t tw o  loci: from  th e  base 
o f  th e  fru it, an d  the  reg ion  w here  th e  peduncle  
a tta c h e d  to  th e  pedicel.

Possible reasons for early fruit drop
Jau m ien  (1986) c la im ed  th a t excessive fru it fall 
in  th e  p e a r ,D o y en n e  d u e  C o m ice ' is p rinc ipally  
due  to  d eg en era tio n  o f  the  em b ry o  sacs an d  
ovules. O th e r  fa c to rs  a re  (1) ovu le  long iv ity  (2) 
stigm a recep tiv ity  (3) im m a tu re  stigm a an d  (4) 
rap id  fall in  recep tiv ity  o v e r tim e. O lo p a d e  and  
S a l a w u  (1986) p o in te d  o u t som e o f  th e  possib le 
reaso n s fo r low  fru it set in  H evea. T hey  a re  (1) 
few  p o llin a tin g  insects o f  th e  rig h t k in d  (2) 
non -co incidence  o f  op en in g  o f  m ale  an d  fem ale 
flow ers o r  lack  o f  flow ers w hich  occu rs  in  the 
flow ering  h ab it o f  som e c lones (3) su itab le  tim e 
fo r p o llin a tio n  o f  th e  flow ers especially  in  H P  
is sh o rt. It h as been rep o rted  th a t th e  flow ers 
o p en  betw een  10 A M  an d  2 P M  (O n o k p ise  
1976). A n thesis in ru b b e r  show s w ide v a ria ­
tions. It is rep o rted  th a t in  P R II 33, a  c lone  o f  
H evea brasiliensis an th es is  o f  m ale  flow ers takes 
p lace  betw een  1.30 an d  1.45 P M  an d  th a t o f  
fem ale flow ers betw een  3.15 a n d  4.00 PM  
( S a r a s w a t h y  Amma a n d  P a n ik k a r  1990). T he 
co m bined  ac tio n s  o f  po llen  lim ita tio n  an d  se­
lective seed m a tu ra tio n  c a n  inc lude  variab ility  
in  the  n u m b e r o f  seeds p e r f ru it as well as 
d ifferences in  seed size ( W i l l s o n  a n d  B u r le y
1983). M a tu re  fru its  o f  H evea  c o n ta in in g  less 
th a n  th ree  seeds a re  ra re , suggesting  th a t the 
po llen  m u s t germ in a te  in  each  o f  th e  stigm a, 
b u t in  experim en ts  on  the  a rtific ia l po llin a tio n  
tech n iq u e  fo u n d  th a t  70%  o f  th e  flow ers h ad  
no  po llen  a t a ll o n  a t  least one  stigm a (W e b s te r  
an d  P a a r d e k o o p e r  1989). G a n d h im a th i  an d  
Y e a n g  (1984) a lso  re p o r te d  th a t  insufficiency 
o f  po llen  g ra in  is one  o f  the  fa c to rs  fo r low  fru it 
set in  H evea. O th e r possib le  rea so n s  fo r low  fru it 
p ro d u c tio n  a re : (1) p a th o g en ic  in fec tion  to  
flow ers an d  fru its  (H o s in  e t al. 1981). (2) 
u n h ea lth y  flow ers on  th e  in flo rescence p ro ­
d u ced  in th e  u n fav o u rab le  season , (3) influence 
o f  soil m o istu re , h u m id ity  an d  tem p e ra tu re  (4) 
p lan t density  ( W y c h e r le y  1991).

Environmental factors
O th e r fa c to rs  fo u n d  to  be a sso c ia ted  w ith  
change  in fru it se tting  o r  sheed ing  a re  p rev ious



fru itin g  (W a n g  e t al. 1980), c lim atic  co n d itio n  
a n d  field m an ag e m en t. W a n g  e t al. (1980) 
re p o r te d  th a t  ra in , h igh  re la tive  h u m id ity  an d  
insu ffic ien t ligh t in tensity  w ere d e tr im en ta l to  
fru it se tting . L ow  te m p e ra tu re  in  the  flow ering  
p e rio d  de lay  g ro w th  o f  po llen  tu b e  in  p lum  
h in d e rin g  fe rtiliza tion . E x trem e low  o r  h igh 
te m p e ra tu re s  cau se  p o llen  s te rility  in  som e 
p lan ts . In  w a rm  years th e  fas te r d eve lopm en t 
o f  th e  ovu le  is n o t h a rm fu l a n d  fru it se t increa­
ses co n sid e rab ly  (T h o m p so n  an d  L iu  1973). 
B ro c k m a n s  (1957) observed  a  positive  c o rre la ­
tio n  betw een  fru it p ro d u c tio n  a n d  d ry  season  
ra in fa ll th ir ty  m o n th s  e a rlie r  in  oil pa lm . O nce 
f ru it dev e lo p m en t is u n d e r  w ay co m p e titio n  fo r 
w a te r  m ay  be  p a rtia lly  re sponsib le  fo r  the 
absc ission  o f  im m a tu re  fru it. F lo w erin g  and 
fru it dev e lo p m en t in H evea  is acco m p an ied  by 
ex tensive re fo lia tio n  c rea tin g  a  severe co m p e ti­
tio n  fo r  ass im ilates. T h e  fru it set in  c itru s  is 
fav o u red  on  le a f  in flo rescence , w hile a b o r tio n  
o f  rep ro d u c tiv e  o rg an s  is n early  to ta l o n  leafless 
in flo rescences ( E r n e r  an d  B r a v d o  1983). 
C o n d itio n  is so m ew h a t sim ila r in  H evea  too . 
H ig h  levels o f  fru it se t is n o ticed  in  leafy 
in flo rescence  is d u e  to  a b e tte r  supp ly  o f  
p h o to s y n th a te s  fro m  th e  y o u n g  leaves to  th e  
a d jac en t fru it lets (M o n se lis e  1986). Z u c c o n i  
e t a l. (1978) have  re p o r te d  th a t  f ru it lets b o rn e  
o n  leafy  in flo rescence w ere s ign ifican tly  la rger 
th a n  th o se  b o rn e  o n  leafless in flo rescence.

Shading  experim ent

S h ad in g  exp erim en ts  have  sh o w n  th a t f ru it c ro p  
yield is reduced  by  low  ligh t in ten s ity  a s  a resu lt 
o f  in h ib itio n  o f  flo ra l in itia tio n , f ru it set an d  
o f  increase  in  size o f  fru its . T h e  experim en t 
su p p o r t th e  view  th a t th e  su p p ly  o f  assim ila tes 
is e ssen tia l fo r f ru it re te n tio n  in  th e  early  stages 
o f  fru it d ev e lo p m en t ( J a c k s o n  a n d  P a lm e r  
1977: B y e rs  e t al. 1985). S h a d in g  reduced  
flow er b u d  in itia tio n  in  ap p le  a n d  ap rico t.

Effect o f fertilizer

A p p lica tio n  o f  co m p le te  fertilizer m ix tu res 
(H a in e s  1946) an d  c o n tin u o u s  soil ap p lic a tio n  
o f  am m o n iu m  su lp h a te  to  w iden th e  N /K  ra tio  
o f  th e  leaves (W a ts o n  a n d  N a r a y a n a n  1965) 
have  p ro d u c e d  sign ifican t increase  in seed 
p ro d u c tio n  in  ru b b e r . A n o th e r  a p p ro a c h  re ­

p o rte d  to  increase  seed p ro d u c tio n  is to  ap p ly  
e x tra  n itro g en  fertilizer (S iv a n a d y a n  an d  
G h a n d im a th i  1989). F o lie r  sp ray  o f  a ro m a tic  
n itro  c o m p o u n d s  ( V a s i l e v a  an d  V e n k a ta r a -  
m a n a n  1981) an d  asco rb ic  ac id  (V a su d e v a  an d  
R a ta g e r i  1981) w ere useful in  c o n tro llin g  the 
p re m a tu re  fru it d ro p  a n d  increase  th e  c ro p  
yield . In  a  p re lim in a ry  s tu d y  S a s ik u m a r  e t  al.
(1987) have fo u n d  th a t  d irec t ap p lic a tio n  o f  
p h o sp h o ro u s  as fo lia r sp ray  have  co n siderab le  
ro le in p rev en tin g  early  fru it d ro p  in ru b b er. 
S a m a r a n a y a k a  e t al. (1979) suggested  th a t 
deficiency o f  b o ro n  is a  fa c to r in  red u c in g  fru it 
set an d  b lo ssom  w ilting  (H a n s o n  an d  B re e n  
1985). F o lia r  ap p lic a tio n  o f  b o ro n  is rep o rted  
to  increase  fru it set in  p ea r, c itru s  etc. 
(B ra m la g e  an d  T hom pson  1962; C h a u t u r i y a  
1974). S p ray  o f  1%  o r th o p h o sp h o r ic  acid  
helped  to  re ta in  82 .8%  o f  th e  fru its  in itially  
(M y d in  e t al. 1990), F ru it d ro p  d u e  to  n u tr ie n t 
deficiency have  been  rep o rted  in  m an y  p lan ts  
inc lud ing  m an g o  (M u k h e r je e  1953) a n d  co co ­
n u t (R a m a d a s a n  an d  R a ja g o p a l  1987) toge­
th e r  w ith  o th e r  fa c to rs  such  as w a te r logging 
o r  heavy  ra in  fall. M a le  rep ro d u c tiv e  success 
m ay  be lim ited  by th e  q u a n ti ty  o f  m a tin g s  an d  
fem ale rep ro d u c tiv e  success by  av a ilab le  re ­
sou rces fo r th e  n o u rish m en ts  o f  em bryos 
(W ill ia m s  1975).

C a lc ium  m etab o lism  have sign ifican t ro le  in 
early  fru it d ro p  in  m an y  p lan ts . T h e  accu m u la ­
tio n  o f  ca lc ium  o x a la te  c ry s ta ls  in  th e  abscission  
zone m ay  be  ind ica tive  o f  th e  b reak d o w n  o f  
pectic  m a te ria ls  in th e  m idd le  lam ellae and  
th e  s im u ltan eo u s  release o f  a sso c ia ted  calc ium  
ions.

Pathogenic fru it drop

A n o th e r  m a jo r  p ro b lem  e n co u n te red  w ith  low  
fru it se tting  is re la ted  p a th o g en ic  in fection . 
M a jo r p a th o g en s  to  cau se  fru it d ro p  a re  
P hytophthora , C olletoiriclium , Botryodiplodia, 
C oryneum  etc. ( N a i r  an d  M e n o n  1983). M ahali 
o r  n u tfa ll, cau sed  by P hytoph thora  is co m m o n  
in c o co n u t an d  a recan u t. In flo rescence  b light 
in cashew  a n d  clove is very  severe w hen  c loudy  
w ea th e r p revails. T h is  is caused  by C olletotri- 
chum . A n o th e r  d isease o f  cashew  is flo ra l sh o o t 
d ie -back  cau sed  by B otryodiplodia. T he  flow ers 
a re  shed  an d  n o  fru it set tak es  p lace . T he 
in fec tion  m ay  sp read  to  th e  yo u n g  n u ts  an d



ap p le , becom e b lack  a n d  rem a in  a tta c h e d  to  
th e  sh o o t. In  n u tm eg , fru it ro t  caused  by 
D ip h d ia  is co m m o n  in  m o n so o n . T he affected  
fru its  a re  shed  in  n u m b ers . In  m an y  p a r ts  o f  
Jaw a , th e  p re m a tu re  d ro p p in g  o f  n u tm eg  due  
to  C oryneum  is so  co m m o n . B lack p o d  ro t o f  
c o co a  is cau sed  by P hytophthora . M a jo r 
p a th o g e n s  to  ru b b e r  a re  O idiunt a n d  P h y to ­
ph thora . O idium  afTects th e  flow ers d u rin g  
Ja n u a ry -M a rc h  an d  P hytoph thora  a tta c k  the 
fru its  d u rin g  ra in y  season  (R u b b e r  R esearch  
In s titu te  o f  M a lay a  1967). A  re la tio n sh ip  has 
been e stab lish ed  betw een  fru it set a n d  incidence 
o f  le a f  fall d isease  as th e  fru its  a re  th e  p re fe rred  
loci o f  in itia l in f la tio n  fo r  th e  p a th o g en . F o r  
flow er p ro te c tio n  p ro p h y lac tic  tre a tm e n ts  using 
su lp h e r a n d  o th e r  fung ic ides w ere fo u n d  to  be 
effective. A lte rn a tiv e  m e th o d  to  escape  from  
p a th o g e n s  is by  the  ea rly  in d u c tio n  o f  flow ers 
by  b a rk  ring ing .

M eteorological evidence

M eteo ro lo g ica l fa c to rs  like e v a p o ra tio n  and  
so la r ra d ia tio n  d e te rm in e  fru it set success to  a 
lim ited  ex ten d  (Y e a n g  a n d  G h a n d im a th i
1984). T re a tm e n t o f  p la n t tissue w ith  red  ligh t 
will in h ib it d a rk - in d u ced  fru it ab sc ission  from  
ap p le  trees (G re e n e  e t al. 1986). A lth o u g h t th e  
m echan ism  by w hich  ligh t reg u la tes  the  absc is­
s ion  p rocess a re  u n k n o w n . P h y to ch ro m e  has 
been suggested  as th e  light sensing  system  
( C u r t i s  1978).

D e c o te a u  an d  C r a k e r  (1983) suggested  
th a t  th e  abscission  p rocess in p lan ts  m ay  be 
reg u la ted  by the  b a lan ce  o f  red  a n d  fa r-red  ligh t 
s trik in g  th e  ab sc is in g  o rg an . A lth o u g h  p ro d u c ­
tio n  o f  e thy lene  has been closely  asso c ia ted  w ith  
absc ission , it is in d ica ted  th a t  ligh t reg u la tion  
o f  ab sc ission  d o es  n o t involve th is  gaseous 
h o rm o n e .

Physiological and biochem ical aspects

M uch  e ffo rt in  an a to m ic a l, physio log ica l and  
b iochem ical a sp ec ts  in re la tio n  w ith  ea rly  fru it 
d ro p  have  n o t been  ca rr ied  o u t in  H eveu. But 
in o th e r  c ro p s  a series o f  w ork  has been 
p e rfo rm ed . P lan t h o rm o n e  levels p lay  a  m a jo r 
ro le  in th e  c o n tro l o f  ab sc ission  process. H igh 
h o rm o n e  p ro d u c tio n  is co rre la ted  w ith  low  fru it 
d ro p  a n d  suggested  th a t  syn thesized  in  e n d o ­

sperm  m o re  th ro u g h  th e  pedice l a n d  inh ib it 
in d u c tio n  o f  abscission  ( B e r u t e r  an d  D r o z  
1991). A bscission  in  th e  ap p le  tak es  p lace  in  a 
ch a rac te ris tic  layer o f  cells s itu a ted  a t th e  pedi- 
cel-stem  ju n c tu re  a n d  lA A  w as n o ticed  in  th e  
pedicel d u rin g  th e  Ju n e  d ro p  p e rio d  ( E b e r t  an d  
B a n g e r th  1985). T he lo ca tio n  o f  abscission  
layer o f  fru its  varies w ith  species. W hen  app lied  
g ibbere llic  ac id  (G A ), p rev en t abscission  to  the 
in flo rescences ( G a r c i a - M a r t in e z  a n d  G a r -  
c ia -P a p i 1979). w hich increased  abscisic  acid 
(A B A ) c o n te n t h a s  been  co rre la ted  w ith  C itrus 
absc ission  (S a g e e  e t al. 1980). M o ss e t al. 
(1972) suggested  th a t  in flo rescence  leaves in 
C itrus  c an  en h an ce  fru it set by  su p p ly ing  p h o to -  
sy n th a te .

B iochem ical asp ec ts  o f  seeds have  been 
co n sid ered  as a m a jo r  fa c to r affec ting  fru it 
d ro p  in  yo u n g  ap p les  (C r a n e  1969). T hey  a re  
sou rces o f  h igh  h o rm o n e  p ro d u c tio n  and  
believed to  be s tro n g  m obilising  cen tres  fo r 
c a rb o h y d ra te s . T h e  h igh h o rm o n a l ac tiv ity  
fo u n d  in  th e  g row ing  seed is ind irec tly  c o r­
re la ted  w ith  fru it d ro p , b u t can  increase  the 
m e tab o lic  ac tiv ity  o f  th e  g row ing  seeds (B e­
r u t e r  a n d  D r o z  1991). H ig h  levels o f  these 
substances in th e  seeds a re  th o u g h t to  cause  
d iversion  o f  m e tab o lite s  to  th e  fru it a n d  enab le  
it to  co m p le te  m o re  efficiency w ith  o th e r  
g row ing  o rg an s  o f  th e  p lan t ( C r a n e  1969). 
B e r u t e r  an d  D r o z  (1991) suggested  th a t 
f ru it d ro p  m ay  be reg u la ted  by o th e r  fac­
to rs  such  as th e  level o f  accu m u la ted  c a rb o ­
h y d ra te s  in  th e  y o u n g  fru it. T hey  fo u n d  th a t 
the  c o n c e n tra tio n  o f  g lucose in  th e  pedicel 
d u rin g  fru it dev e lo p m en t w as no rm ally  above 
the  co n c e n tra tio n  fo u n d  in  fru itin g  w ood  
p ro x im al to  th e  absc ission  zone. T h e  abscission  
as a  resu lt o f  in d u c tio n  d u rin g  Ju n e  d ro p  
p e rio d  show ed  so m e level o f  g lucose b o th  in 
pedicel a n d  fru itin g  w ood . T h e  p resence  o f  
s to red  sugars m ay p ro te c t f ru it fro m  abscission  
by m a in ta in in g  a  suffic ien tly  h igh  level o f  
sugars in the  pedicel d is ta l to  th e  abscission 
layer o f  a  g ro w in g  fru it. T h e  fru it w hich re ­
m ain  o n  the  tree  have  reached  a s tag e  in 
th e ir  d ev e lopm en t a l w h ich  suffic ien t a m o u n t 
o f  su g a r have  accu m u la ted  to  p rev en t abscis­
sion . In  in flo rescences w ith  fru it, c a rb o h y d ra te  
an d  d ry  m a tte r  a ccu m u la tio n  in  th e  sp ro u t w as 
h ighly  d ep en d en t o n  th e  stage o f  fru it d eve lop ­
m en t ( M a r t i n e z - C o r t in a  a n d  S a n z  1991)



P re m a tu re  fru it fa ll c a n  be reduced  by aux in  
ap p lic a tio n , b u t if  ap p lied  to o  ea rly  th e  result 
m ay  be reverse  i.e ., in crease  fru it  absc ission , 
a p p a re n tly  re su lts  fro m  au x in -in d u ced  em b ry o  
an d  seed a b so r tio n  ( G r e u l a c h  1973), A ux in  
c a n  effectively  re ta rd  th e  p rocess o f  abscission  
b y  p rev en tin g  s tru c tu ra l w eak en in g  o f  th e  a b ­
scission  zo n e ; how ever, o n ce  w eak en in g  o f  th is 
specialized  layer o f  cells has b egun , aux in  
en h an ces  th e  absc ission  p rocess. A ux in  can  
p rev en t the  e th y len e  ac tio n  by  p rev en tin g  the 
beg inn ing  o f  th e  w eak en in g  process. L e c o n te  
e t al. (1984) have  g o t en co u rag in g  resu lts  on  
ru b b e r  fru it set fo llow ing  use o f  g ro w th  reg u la ­
to rs  like N A A  a n d  G A  3. In v es tig a tio n s  a t 
th e  R u b b e r  R esea rch  In s titu te  o f  In d ia  (R R II)  
a n d  R u b b e r  R esea rch  In s titu te  o f  M alaysia  
(R R IM ) show ed  th a t  ap p lic a tio n  o f  G A  3 at 
20 p p m  a n d  o th e r  g ro w th  h o rm o n e s  to  be 
p ro m isin g  b u t it d id  n o t b rin g  a b o u t sign ifican t 
im p ro v em en t in  fru it set in  ru b b e r  co m p ared  
to  th a t  by co n v e n tio n a l h an d  p o llin a tio n  
p ro c e d u re  (R u b b e r  R esea rch  In s titu te  o f  M a l­
ay a  1962; M y d in  e t al. 1989). E xogenous 
a p p lic a tio n  o f  g ibberellic  ac id  m ay  resu lt in  a 
s ign ifican t p ro m o tio n  o f  fru it set in  o ra n g e  an d  
o th e r  species (L im a an d  D a v ie s  1984; G re e n e  
1989).

T h e  fru it se t p e rio d  rep resen ts  a  c ritica l stage 
in  m an y  tree  c ro p s , since th e  p e rcen tag e  o f  fru it 
set is one  o f  th e  fa c to rs  d e te rm in in g  final yield, 
an d  th is p rocess is th o u g h t to  invo lved  n u tr it io ­
na l an d  h o rm o n a l asp ec ts  ( M a r t i n e z - C o r t in a  
a n d  S a n z  1991). It is o b v io u s  th a t  ad d itio n a l 
key fa c to rs  such  as cy to k in in s  from  th e  ro o ts , 
au x in  fro m  th e  sh o o ts  an d  o th e r  u n k n o w n  
fac to rs  co m in g  fro m  th e  fru itle t o r  th e  p lan t, 
to g e th e r w ith  w a te r tr a n s p o r t  a n d  m inera l 
supp ly , m ay  be invo lved  in  fa te  o f  the  single 
fru it le t to  abscise o r  persist (S a g e e  a n d  E r n e r  
1991).

Future line o f work
Since th e re  a re  a  series o f  p ro b lem s e n co u n te red  
w ith  fru it set, th e  fo llow ing  asp ec ts  hav e  to  be 
e lu c id a ted  in tree  c ro p s  to  increase  seed set, as 
suggested  by O lo p a d e  a n d  S a l a w u  (1986) in 
H evea. T h ey  a re :
a )  B e tte r u n d e rs ta n d in g  o f  fio ra l b io logy , fru it 

d ev e lo p m en t a n d  m a tu r ity  in  the  flow ers in 
o rd e r  to  d e te rm in e  b est tim e  fo r stigm a

recep tiv ity , po llen  s to rag e  m e th o d  a n d  co n ­
tro l a p p ro a c h  fo r v o lu n ta ry  a b o r t io n  in  d e ­
ve lop ing  fru its , 

b) S creen ing  fo r  m ale  an d  fem ale sterile  c lones, 
th ereb y  they  can  be  o m itted  from  b reed ing  
p ro g ram m e .

F low er in d u c tio n  by ring  b a rk in g  is a  useful 
to o l to  increase  fru it set in  ru b b e r  a cco rd in g  to  
T a n  (1987), w h ich  ofTers th e  fo llow ing  a d v a n ­
tages:
a) It enab les b reed e rs  to  co n d u c t h an d  p o llin ­

a tio n s  th ro u g h o u t th e  year.
b) It enab les som e crosses to  be m a d e  involv ing  

p a re n ts  w hich a re  n o t n o rm a lly  sy n ch ro n o u s  
in  flow ering .

E m b ry o  cu ltu re  w as co n sid ered  as a possib le  
m eans o f  rescue, because  ovules o f  the  abscissed  
fru it occasiona lly  co n ta in ed  em b ry o s  in  v a rio u s  
stages o f  d ev e lopm en t. O vu le  a b o r t io n  is due  
p o st-zygo tic  re jec tion  (S eav ey  a n d  B a w a  1986) 
o r  the  co m b in a tio n  o f  p h ysio log ica l a n d  env i­
ro n m en ta l fac to rs . A cco rd in g  to  S e a r s  (1937) 
se lf-rejection  is a  fu n c tio n  o f  an  in co m p atib ility  
re ac tio n  betw een  se lf po llen  tu b es  a n d  th e  
in teg u m en ts  o f  th e  ovu le  ra th e r  th a n  a n  in trinsic  
in ab ility  o f  th e  em b ry o  an d  en d o sp e rm  to  
c o n tin u e  d ev e lopm en t.
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