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S u m m a r y

S o m e  a n a to m ic a l  d e ta i l s  o f  b r a n c h  a b s c is s io n  in  L a g e rs tro e m ia  m icro ca rp a  W ig h t  (L y th r a c e a e )  
a re  d is c u s s e d .  R e p e a te d  a b s c is s io n  o f  n u m e r o u s  a n n u a l  tw ig s  a n d  s u b s e q u e n t  h e a l in g  o f  th e i r  
s c a rs  p r o d u c e  i r r e g u la r  g r o w th  o f  th e  s u b ja c e n t  b r a n c h  p o r t io n s  to  g iv e  g a l l - l ik e  s t r u c tu r e s .  I n  
t h e  a b s c is s io n  z o n e , s e c o n d a r y  x y le m  f ib re s  a r e  t h i n  w a lle d  a n d  p o o r ly  l ig n if ie d , w i th  d e n s e  
p r o to p la s m ic  c o n te n t s  a n d  c lo s e ly  s p a c e d  s e p ta . D is in te g r a t io n  o f  p i t h  p a r e n c h y m a  c e lls  a n d  
s h r in k a g e  o f  b a r k  a n d  w o o d  t i s s u e s  c o n t r ib u te  to w a r d s  w e a k e n in g  o f  a b s c is s io n  z o n e . T h e  
p r o te c t iv e  z o n e  s i tu a te d  p ro x im a l  to  t h e  a b s c is s io n  z o n e  is s t r o n g ly  l ig n if ie d  a n d  r ic h  in  
e x tr a c t iv e s .  D e ta c h m e n t  o c c u r s  im m e d ia te ly  a b o v e  th e  p r o te c t iv e  z o n e  le a v in g  th e  e n c i r c l in g  
d o r m a n t  b u d s  in ta c t .  A b s c is s io n  s c a r s  a re  h e a le d  c e n t r ip e ta l ly  b y  th e  u s u a l  m e th o d  o f  c a llu s  
f o rm a t io n  f ro m  th e  c a m b ia l  t i s s u e .  I t  a p p e a r s  t h a t  b r a n c h  a b s c is s io n  in  L .  m icro ca rp a  is  a  
m e c h a n is m  to  w i th s ta n d  d r o u g h t  b y  r e d u c in g  th e  t r a n s p i r in g  s u r fa c e .

K e y  w o r d s :  B r a n c h  a b s c is s io n , a b s c is s io n  z o n e , s e p ta te  f ib re s , w o u n d  h e a l in g ,  L a g e rs tro e m ia  
m icro ca rp a .

I n t r o d u c t i o n

A bscission , th e  p h en o m en o n  o f  sh ed d in g  p la n t p a r ts  is o f  w ide  o ccu rren ce  in  n a tu re . 
L eaves, shoo ts, flow ers, f ru its  and  seeds are som e o f  th e  s tru c tu re s  th a t com m only  
abscise. T h is  re jec tio n  m ech an ism  o p era tin g  in  p lan ts  (K ozlow sk i, 1973) involves 
com plex  physio log ica l changes in fluenced  by  b o th  in te rn a l an d  ex te rn a l factors 
(A d d ico tt, 1978). T h e  m an ifesta tio n  o f these  changes is th e  fo rm atio n  o f  an 
‘abscission  z o n e ’ and  su b se q u e n t d e tach m en t o f th e  o rgan  a t th is  site. P la n t p a rts , 
how ever, m ay  also b e  lost by  m echan ical dam age o r  by  d ea th  and  w ith e rin g . In  
such  cases no  abscission  zone is fo rm ed .

A bscission  o f  b ran ch es, also know n as ‘c la d o p to s is ’ (B usgen  & M iin ch , 1929; 
M illin g to n  & C h an ey , 1973) is n o t so w ell know n as th a t o f leaves, flow ers and  
fru its  in sp ite  o f  th e  fact th a t a n u m b e r  o f  w oody p eren n ia ls  reg u larly  shed  th e ir  
shoo ts, b ra n c h e s  o r  tw igs (P ijl, 1952 ,1953). T h is  su b jec t has received  ra th e r  lim ited  
research  a tte n tio n , ‘th e  p au c ity  o f  s tu d ies  on  th is  p h en o m en o n  [being] a s to u n d in g  
in v iew  o f  its  in fluence o n  th e  fo rm  o f  w oody  p lan ts  and  o n  th e  value o f  lu m b er 
o b ta in e d ’ (M illin g to n  & C haney , 1973). A bscised  b ran ch es fo rm  a su b stan tia l 
p o rtio n  o f  th e  fo rest lit te r  (K ozlow ski, 1973) an d  it is believed  th a t  b ran ch  
abscission  enab les th e  p lan ts  to  w ith s tan d  d ro u g h t. A p a rt fro m  its ecological and  
s ilv icu ltu ra l im p lica tio n s th is  b eh av io u r is o f  consid erab le  academ ic  in te res t, 
especially  its  im p ac t on  p la n t g ro w th  an d  d eve lopm en t.

T ro p ic a l d ec id u o u s trees o ften  shed  th e ir  sh o o t tip s , b ra n c h le ts  o r  tw igs 
fo llow ing  seasonal leaf fall in su m m er. T h is  p rocess is o f  significance in d e te rm in in g  
th e  b ra n c h in g  p a tte rn  an d  a rch itec tu re , an d  also in d ev e lo p m en t o f p a rticu la r
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m o rp h o lo g ica l ch a rac te ris tic s  (A d d ico tt, 1982). In  Lagerstroem ia microcarpa  W ig h t 
(L y th raceae ) a tro p ica l d ec id u o u s  tre e  com m on  in m o ist d ec id u o u s fo rests  o f 
W e s te rn  G h a ts  ( In d ia ) , rep ea ted  an n u a l sh ed d in g  o f th e  te rm in a l b ra n c h le ts  leads 
to  e n la rg em en t o f  th e  su b jacen t p o rtio n s  o f  b ran ch es  in to  irreg u la r  gall-like  
s tru c tu re s . T h is  p a p e r  p re se n ts  som e anatom ical ob se rv a tio n s on  b ra n c h  abscission 
in  th is  species an d  a tte m p ts  to  trace  th e  fo rm atio n  o f su ch  tu b e rc u la r  s tru c tu re s .

M a t e r i a l s  a n d  M e t h o d s

B ran ch  m a te ria l fo r th e  p re se n t s tu d y  w as co llected  fro m  m a tu re  trees  o f  L . 
m icrocarpa  (F ig . 1) g row ing  n a tu ra lly  on  th e  cam p u s o f  K era la  F o re s t R esearch  
In s titu te , Peech i. B ranches h av ing  d is tin c t gall-like s tru c tu re s  w ith  in tac t b ra n c h le ts  
(F ig . 2) w ere  fixed in  F A A  (Jo h an sen , 1940). M ate ria l w as co llected  d u rin g  a 
g ro w th  season , in  Ju n e , soon  a fte r flush ing , in  D ecem b er, w h en  leaf sh ed d in g  w as 
in  p ro g re ss  an d  b ra n c h le ts  s ta r te d  d ry in g  u p , an d  in  th e  fo llow ing  M a rc h , after 
co m p le tio n  o f  leaf fall an d  d ry in g  o f  b ran ch es. F o r  an a tom ica l o b se rv a tio n s  15 /tm  
th ick  sec tio n s w ere  cu t o n  a R e ich e rt s lid ing  m ic ro to m e . S ections w ere  sta in ed  w ith  
sa fra n in -fa s t g reen  (Jo h an sen , 1940) and  w ith  to lu id in e  b lu e  O  (O ’B rien , F ed e r 
& M cC u lly , 1964). P h lo ro g lu c in o l-H C l (Jo h an sen , 1940) w as u sed  to  exam ine 
lign ification .

R e s u l t s  a n d  D i s c u s s i o n

B ran ch  absc ission  in  L . m icrocarpa  is p reced ed  b y  seasonal leaf sh ed d in g  w h ich  
b eg in s  in  th e  la tte r  p a r t  o f  th e  g row ing  season. T h e  te rm in a l b ra n c h le ts  b o rn e  on 
gall-like  tu b e rc le s  slow ly s ta r t  d ry in g  u p  as the  leaf fall co n tin u es. By th e  tim e  th a t 
sh ed d in g  o f  leaves is com p le te , b a rk  o f  th e  n ak ed  tw igs ap p ears  to ta lly  d ry  w ith  
tra n sv e rse  cracks. T h e  tu b e rc le s  b ea rin g  n u m e ro u s  d ry  tw igs a re  d is tin c tly  v isib le 
at th is  s tage (F ig s . 1 an d  2). I t  is likely th a t  desicca tion  o f  tw igs p ro b a b ly  leads 
to  th e ir  p a rtia l sep a ra tio n . H o w ev er th e  d e ta c h m e n t o f  tw igs is largely  m echan ical 
an d  is fac ilita ted  by  w ind . A s in  th e  tu m b lew eed , K ochia  scoparia  S ch rad . (B ecker, 
1978), b rittle n e ss  o f  th e  abscission  zone u p o n  d ry in g  ap p ears  to  be th e  m a in  reason  
fo r th e  ru p tu re  ra th e r  th a n  w eaken ing  o f  th e  tissu e  by  a physio log ica l m echan ism . 
S im ila r  m echan ical sep a ra tio n  has also b een  rep o rte d  in  th e  leaf abscission  zones 
o f  guay u le  (A d d ico tt, 1945). A bsc ised  tw igs ran g e  fro m  20 to  40 cm  in  len g th  and  
2 to  5 m m  in d iam ete r. T h e  tu b e rc le s  devo id  o f  tw igs show  n u m e ro u s  c ircu la r 
b ra n c h  scars (F ig . 3) w h ich  are slig h tly  concave b u t  ro u g h  d u e  to  th e  absence  o f 
a p ro tec tiv e  layer. S te reo sco p ic  ex am in a tio n  reveals th e  p resence  o f  th re e  o r  m ore  
d o rm a n t b u d s  en c irc lin g  each  scar (F ig . 3, at arrow ).

A fte r  th e  o n se t o f  th e  m o n so o n  in Ju n e  th e  tu b e rc le s  re su m e  g ro w th  by 
p ro d u c in g  a la rge  n u m b e r  o f  new  sho o ts  fro m  th e  d o rm a n t b u d s . A m o n g  th e  y o ung  
sho o ts  a few  grow  m o re  v ig o ro u sly  th a n  th e  rest. I t  ap p ears  th a t th ese  tw o types 
o f  sh o o ts  d iffer physio log ica lly  fro m  each  o th e r; th e  v igorous sho o ts  a re  re ta in ed  
b y  th e  tree  w h ile  all th e  w eaker ones a re  abscised , in  la te  su m m er. In  tho se  shoo ts 
w h ich  p e rs is t, a b o rtio n  o f  sh o o t tip s  follow s leaf sh ed d in g  an d  a rre s ts  th e  te rm in a l 
g ro w th . B ran ch  v ig o u r is co n sid e red  to  be an  im p o rta n t fac to r in fluencing  
clad o p to sis  (C h an ey  & L eo p o ld , 1972; M illin g to n  & C haney , 1973; E am es 8c 
M acD an ie ls , 1947) an d  in  w h ite  oak, w here  e th e p h o n  ap p lica tio n  enhanced  
c ladop tosis , th e  b ra n c h e s  w h ich  abscised  w ere  fo u n d  to  b e  th e  less v igo rous ones 
w ith  sm alle r te rm in a l sh o o ts  (C h an ey  & L eo p o ld , 1972).
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F igs. I to 3 F ig . 1. A m atu re  tree o f  Lagerstroemia microcarpa a fter leaf shed d in g  in su m m er; 
no te  th e  gall-Hke en largem en ts bearing  tw igs. F ig . 2. A single such  b ran ch  show ing a tu b e rcu la r  
s tru c tu re  w ith  m an y  d ry  tw igs. F ig . 3. A tuberc le  w ith  d istin c t abscission  scars after th e  tw igs 

are shed ; arrow  show s a d o rm an t bud .

S tru c tu ra l changes lead ing  to  th e  e stab lish m en t o f  b ran ch  abscission  zone take 
p lace  in L . microcarpa  w h en  lea f fall is in p ro g ress . T h e  basa lm o st 1 to  1*5 m m  
p o rtio n  o f  th e  b ra n c h le ts  w ith  ch a rac te ris tic  h istochem ica l an d  h isto log ical 
fea tu res  c o n s titu te s  th e  abscission  zone. F ib re s  an d  vessels o f  secondary  xylem  
show  feeble  cell w all s ta in in g  in th is  zone (F ig s . 4  and  5). U se  o f  th e  ph lo ro g lu c in o l- 
H C l te s t con firm ed  th a t these  e lem en ts are poo rly  lignified in  co n tra s t to  th e  reg ion  
fu r th e r  below  (see F ig . 4). T o w a rd s  its d ista l lim it th e  abscission  zone g radually  
m erges w ith  m o d e ra te ly  lignified secondary  xy lem  fro m  w hich  it  is n o t clearly  
dem arca ted . S im ila r o b se rv a tio n s have been  m ad e  in Perebea mollis (P oepp . & 
E n d l.)  H u b e r  an d  Naucleopsis guianensis (M ild b r) . C . C . B erg  w ith  reg ard  to  the  
tra n s itio n  b e tw een  abscission  tissue  and n o rm al xy lem  (K o ek -N o o rm an  & te r 
W elle , 1976). S am p les  co llected  in  Ju n e  show ed  th a t in  th e  reg ion  o f  th e  fu tu re  
abscission  zone, xy lem  e lem en ts are a p p a ren tly  th in  w alled and  less lignified (F ig . 
6). H ow ever, th e  d ifference in lign in  co n ten t ap p ea rs  s trik in g ly  p ro m in e n t a t la ter 
stages, p ro b ab ly  d u e  to  c o n tin u e d  lignification in o th e r  p a r ts  especially  those  
p ro x im al to  th e  abscission  zone. O n ce  th e  tw igs are shed  th e  exposed  p rox im al 
reg ion  w ith  its  th ick  w alled , s tro n g ly  lignified fib res, p ro b ab ly  ac ts as a p ro tec tiv e  
zone. I t  is su p p o rte d  b y  th e  fact th a t  all th e  rays a t th is  level o f th e  b ran ch le t, 
and  slig th ly  above, w here  th e  m echan ical ru p tu re  o ccu rs  show  dense  accum ula tion  
o f  d a rk  b ro w n  co n ten ts  (F igs. 5 an d  7) -  a fea tu re  n o t fo u n d  e lsew here in y o ung  
b ra n c h le ts . S u b stan ces  such  as p o lypheno ls, ta n n in s  an d  resins, o ften  found  
d ep o sited  w ith in  xy lem  tissu e , are generally  believed  to  serve a p ro tec tiv e  fu n c tio n  
ow ing  to  th e ir  tox ic  o r  rep e llen t p ro p ertie s . S pecies th a t do  n o t p ro d u ce  such  
su b stan ces are p ro n e  to  severe  dam age b y  m icro o rg an ism s (A d d ico tt, 1982).

A natom ical s tu d ies  on b ran ch  abscission are ra th e r  lim ited ; how ever, poo r 
lign ification  o f  th e  absc ission  zone (E am es & M acD an ie ls , 1947; K o ek -N o o rm an  
& te r  W elle , 1976; O sb o rn e , 1984) an d  p resence  o f  a w ell defined  p ro tec tiv e  layer
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Figs. 4  to  12. F ig . 4. T an g en tia l section a t th e  base o f  a b ran ch le t show ing  feeble sta in in g  o f 
abscission zone and  densely  sta in ed  protective zone below . F ig. 5. E n la rged  view of th e  sam e 
reg ion ; no te th e  d eposition  o f ex trac tives in ray cells o f th e  p ro tec tive  zone. F ig. 6. Secondary 
xylem  a tth e  b ran ch le t base show ing  th in  w alled, poorly  lignified fibres in th e  fu tu re  abscission 
zone. F ig. 7. D ense  accum ulation  o f  extractives in ray cells; n o te  th e  sep tation  o f fibres. F ig. 8. 
R adia l section  o f th e  abscission  zone to  show  sep ta tio n  o f  fibres. F ig. 9. P o rtion  d istal to  the 
abscission  zone w ith  no rm al, th ick  w alled, lignified fibres. F ig . 10. C ross-sec tion  o f a tw ig  at 
th e  abscission  zone to  show  p artly  d isorganized p ith  tissue and  cavities p ro d u ced  thereby . F ig . 11. 
L ong itud inal cracks (arrow s) in th e  abscission zone d ue  to  shrinkage o f th e  tissue. F ig. 12. A n 
abscission  scar overgrow n by  irregu larly  o rien ted  w ood tissue. In se rted  scale rep re sen ts  650 f im  
fo r F igs. 4, 11 and  12; 2 8 5 /<m for F ig. 10; 210/<m  for F ig. 5; 1 5 5 /<m for F ig. 6 ; 1 4 0 for  

F igs. 7 and  9, and  130 fim  fo r F ig . 8.



o r  p e rid e rm  have been  observed  in som e species (E am es & M acD an ie ls , 1947; 
L ic itis -L in d b e rg s , 1956), an d  lign ification  o f  p ro tec tiv e  tissues a fte r th e  b ran ch  
fall h as  also been  reco rd ed  (see M illin g to n  & C haney , 1973). S im ilarly , in  th e  leaf 
abscission  zone, lign in  is fou n d  to  be ch arac teris tica lly  low  o r ab sen t, th e  pro tec tiv e  
layer b eco m in g  consp icu o u sly  lignified p r io r  to , o r a fte r th e  leaf fall (see W eb ste r, 
1973).

T h in  w alled  fibres o f fu lly  deve loped  abscission  zone are fo u n d  transverse ly  
su b d iv id ed  b y  sep ta  in to  sq u arish  segm en ts each w ith  a sing le  p ro m in e n t n ucleus 
and  dense  cy top lasm  (F igs. 7 and  8). N o rm a l sep ta te  fibres fo u n d  in d ista l reg ion  
possess th ic k e r w alls and  w idely  spaced  sep ta  (F ig . 9). K o e k -N o o rm an  & te r  W elle 
(1976) also observ ed  la rg e r nuclei in fibres o f the  abscission  zone b u t  fo u n d  no 
ap p rec iab le  d ifference  in th e  wall th ickness as co m p ared  to  th e  n o rm al w ood. A  
sm all p ro p o rtio n  o f fibres are h ig h ly  seg m en ted  even  in  th e  n o rm a l w ood o f  L .  
microcarpa. S uch  fibres usually  lie co n tig u o u s to  rays an d  co n ta in  crysta ls (Pearson  
& B row n , 1932), b u t th e  nuclei are less p ro m in e n t in  th em . N u c lea r  d iv isions and  
su b se q u e n t sep ta tio n  seem  to  take p lace la te  in th e  g row ing  season. S am ples 
co llected  in  Ju n e  show ed  on ly  few  sep ta  in  fibres a t th e  b ran ch  base (F ig . 6). 
S ep ta tio n  o f  fibres is o ften  very  consp icuous to w ard s th e  low er en d  o f the  
abscission  zone w h ich  is th e  fu tu re  reg ion  o f  d e tach m en t. I t  ap p ears  th e re fo re , th a t 
active d iv isions w ith in  th e  fibres m ay  w eaken th e  xy lem  tissu e  and  th u s  facilita te  
its  ru p tu re .

T is su e  w eaken ing  a t th e  abscission zone is fu r th e r  a ided  by  changes in the  
o rg an isa tio n  o f  p ith , w hile  desiccation  o f  tissues eq u ip s  th e  tw igs fo r th e  ru p tu re . 
H ow ever, occlusion  o f  vessels by  ty loses o r  o th e r  deposits  w as n o t fo u n d  in the  
abscission  zone. T h e  p ith  tissue co m p o sed  o f p a ren ch y m a cells, sc lereids and  
sac-like id iob lasts  is s lig h tly  d ila ted  a t th e  b ran ch  base, as in A ga th is  (L ic itis- 
L in d b e rg s , 1956), b u t no  ap p rec iab le  red u c tio n  in th e  a m o u n t o f  xy lem  is found . 
W ith  th e  co m p le tio n  o f sep ta tio n  in  fibres m an y  o f  th e  p a ren ch y m a cells becom e 
d iso rg an ized  leaving irreg u la r  cavities w ith in  th e  p ith  (F ig . 10). T h e  d is in teg ra tio n  
is confined  to  the  sw ollen  basal p o rtio n  o f  th e  p ith  w h ich  lies a t th e  sam e level as 
th e  abscission  zone. N o  fu r th e r  ce llu lar changes are ev id en t in  th e  abscission  zone. 
N ev erth e less , sh rinkage  due  to  desiccation  p ro d u ces tran sv erse  cracks in  th e  bark  
w hich  m ay som etim es ex ten d  inw ard s in to  th e  w eaker xylem  p o rtio n . O ften  the  
xy lem  tissu e  sp lits  lo n g itu d in a lly  a long  th e  vessels an d  rays sug g estin g  excessive 
sh rinkage  o f th e  abscission  zone (F ig . 11, at a rrow s). T h e  tw igs at th is  stage are 
read ily  d e tach ab le  w ith  th e  a id  o f  w ind . T h e  level o f de tach m en t lies sligh tly  d ista l 
to  th e  positio n  o f  d o rm a n t b u d s  and  hence, th e  la tte r  rem ain  u n d am ag ed  w hen 
tw igs are  shed  and  th e  scars left open .

T h e  exposed  tran sv erse  surface o f  th e  xy lem  is soon overg row n  by  callus tissue. 
T h e  g ro w th  o f  ca llus is c en trip e ta l fro m  the  cam bial zone as ju d g e d  by  the  
o rien ta tio n  o f  irreg u la r  lignified cells over th e  healed  scars. T h u s  th e  closure  o f 
th e  b ra n c h  scars is essen tia lly  sim ilar to  th e  w o u n d  healing  m ech an ism  describ ed  
b y  Z im m e rm a n n  & B row n (1971). A n u m b e r o f  abscission  scars are  healed  every 
year. T h e  tu b e rc u la r  s tru c tu re s  th u s  fo rm ed  g row  irreg u la rly  an d  ap p ear gall-like 
and  in sectional view  show  n u m ero u s  healed  scars, as th e  one show n in F ig . 12, 
o rie n te d  in various p lanes. T h e  xylem  tissu e  is irreg u la rly  a ligned  over and  a ro u n d  
th e  scars.

S u m m e r leaf sh ed d in g  in th e  tro p ics , w here  d ifferences in  p h o to p e rio d  are less 
p ro n o u n c e d , is genera lly  h e ld  to  be associated  w ith  d ro u g h t resistance  (K ozlow ski, 
1973; A d d ico tt, 1978). N a tu ra l sh ed d in g  o f leaves an d  o th e r p a r ts  reduces 
tra n sp ir in g  su rface  area and  p rev en ts  d e h y d ra tio n  o f  p lan ts  to  le tha l levels



(K ozlow sk i, 1973). M o is tu re  s tre ss  in fluences the  abscission  o f  leaves, b u d s , 
flow ers an d  y o u n g  fru its  in  m an y  c ro p  p la n ts  (A d d ico tt & L y o n , 1973). I t  has also 
b een  fo u n d  th a t  sho rtag e  o f  w a te r en h an ces sh o o t tip  abscission  in  T ilia  cordata  
M ill, seed lings (P ig o tt, 1984). In  L . microcarpa  also it  is o b se rv ed  th a t  trees 
g ro w in g  in  m o ist sites re ta in  th e ir  leaves fo r a longer p e rio d . B ranch  abscission  
is re g a rd ed  as a close p ara lle l to  leaf abscission , be ing  invo lved  in  re d u c tio n  o f 
tra n sp ir in g  su rface  (O rsh an , 1954). B ranch  sh ed d in g  in L . microcarpa  ap p ea rs  to  
be co m p ara tiv e ly  less specialised  abscission . H ow ever, seasonal p ro d u c tio n  o f  leafy 
sho o ts  an d  abscission  o f  th e ir  d ry  tw igs d u r in g  th e  u n fav o u rab le  p a r t  o f th e  year 
does n o t ap p ea r to  be a m ere  ‘se lf-c lean ing  m e c h a n ism ’ b u t ra th e r  an  efficient 
m e th o d  o f  w a te r  conserva tion .
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