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ULTRASTRUCTURAL STUDIES ON ANTHER 
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A comparative light and transmission electron microscopic study 
on anther development in ethrel induced male sterile and male 
fertile plants of Vicia fa b a  L. was undertaken. Foliar sprays of 
ethrel induced complete pollen sterility associated with abnormal 
tapetal behaviour. In fertile anthers, at pre-meiotic stages, the 
tapetal cells consisted of large number of organelles associated 
with smooth ER and a number of pro-orbicular bodies. During 
meiosis, the organelle population increased indicating an increase 
in the metabolic activity. The disorganization of tapetum at 
m icro sp o re  tetrad stag e  was a cco m p a n ie d  by in crea sed  
vacuolation and progressive disappearance of mitochondria and 
p lastids. Tow ards the end, n u clear  en velope , ER and the 
plasmalemma were disrupted and finally the tapetal cells were 
completely absorbed when pollen grains were about to shed. 
The exine in pollen grains differentiated into foot layer, tectum 
and bacule. On the other hand, in the anthers of ethrel treated 
plants, the first abnormality in the tapetum was detected at 
microspore tetrad stage and the differences in organelle structure 
first becam e d iscern ib le  at mid- or late-m icrospore  stage. 
Mitochondria in the tapetum displayed structural disorganization 
of the inner membrane. The other organelles including the 
plastids, nuclei and ribosomes were also seen in disorganized 
form. At pollen grain stage, the tapetal protoplast was fully 
disorganized and dark stained and their organelles were not 
discernible. These cells finally degenerated at the time of anthesis 
followed by degeneration of non-viable pollen grains. The exine 
was poorly developed without any differentiation of foot layer, 
tectum and bacule and intine was absent.
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M ale sterility has potential uses in production  
o f  m a s s - s c a l e  h y b r id s  o r  in  p r o m o t i n g  c r o s s 
p o l l i n a t i o n  in n a t u r a l l y  s e l f - p o l l i n a t e d  c r o p s .  
C o n s id e r a b le  su c c e ss  h a s  b e e n  a c h ie v e d  th ro u g h  
ch em ica ls  know n as m ale g am eto c id e s  or chem ical 
hybridizing agents [CHAs] that selectively retard or 
inhibit the developm ent of anthers (Cross and Schulz, 
1997). Ethrel is an ethylene-re leasing plant horm one 

that also acts as m icrospore  inhibitor. The com plete
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pollen sterility has been induced by treatments with 
ethrel in H m dew n  vu lgare  (Colhoun and Steer, 198,3), 
B rassica ju n cea  (Banga et at., 1986), T rifk in n  aestivum  
(Keys and Sorrels, 1990) and Vicia fa b a  (Chauhan and 

C h a u h a n ,  2003).

A large num ber of light m icroscopic  stud ies have been 
undertaken to understand the m echanism  of pollen 
abortion in chem ically  treated plants (Chauhan and 
K i n o s h i t a ,  1982 ; C h a u h a n ,  1986). H o w e v e r ,  
ultrastructural chang es in the anthers of chem ically 

treated plants have received less attention. A ccording 
to Laser and Lersten (1972) it is im portant to find out 

the exact stage at w hich organelles show the first sign 
of d is in te g r a t io n  and  w h e th e r  there  is a d e f in ite  

sequence or s im ply  a s im ultaneous collapse.

K eeping  this in v iew , the present investigation has 

been und ertaken  to find out the m echanism  of male 
sterility through u ltrastructural studies in chemically 

induced m ale sterile plants of Vicia fa b a  L.

The seeds of Vicia fa b a  var. ILB 1817 obtained from 

N atio n a l B ureau  of P lan t  G enetic  R eso u rces ,  N ew  
Delhi w ere grow n  at Botanical Garden, School of Life 
S c ie n c e s ,  Dr. B. R. A m b e d k a r  U n iv e r s i t y ,  A g ra  
m aintain ing a d istance of 35 cm b etw een  row's and 

15 cm betw een plants.

A group of 60 plants w ere  sprayed with 0.1, 0.2 and 

0.3 % (v /v )  ethrel contain ing 2-3 drops of liquid soap 
as a w etting agent only once ( T (). Thirty plants w ere 
sprayed again (T2) at tim e of floral bud  initiation. A 

group of 30 plants w ere sprayed with distilled water 

containing a few drops of the w etting agent to serve 

as control.

Po llen  v iab ili ty  o f treated  and contro l p lants  w as
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tes ted  at re g u la r  in te r v a ls  t h r o u g h o u t  f lo w e r in g  

period with 1% Tetrazolium  chloride in 0 .15M  Tris- 
HC1 b u ffer  at p H  7.5 an d  f lu ro c h ro m a tic  reactio n  

(FCR) test as described by Shivanna and R an gasw am y 

(1992).

F o r  b o th  l i g h t  m i c r o s c o p i c  (L M )  a n d  
tra n s m is s io n  e le c tro n  m ic r o s c o p ic  (T E M ) stu d ies ,  

a n th e r s  o f tre a te d  p la n ts  e x h ib i t in g  1 0 0 %  p o l le n  
sterility and control plants (84 % pollen  fertility) at 
v a r io u s  d e v e lo p m e n ta l  s ta g e s  w e r e  f ix e d  in 3%  
g lu ta ra ld e h y d e  in 0 . 1 M P 0 4 b u f fe r  at p H  6.8. T h e  

sam p les  w ere rinsed tw ice  in the  sa m e p h o sp h a te  
buffer for 5 m inutes each. Post f ixation w as done with 
1% osm ium  tetraoxide in the sam e buffer  for 2 hours. 
Sam ples w ere dehydrated in an ethyl-propylene oxide 

series, em bedded in Sp u rr 's  low  viscosity  em bedding 
m edia and were polym erized at 60°C overnight.

For LM  studies sem i-u ltra th in  sections w ere 
cut at 1mm and stained w ith  a so lution of 0 .5%  w / v  

toluidine blue in 1% w / v  so d iu m  borate.

Sections for T E M  studies w ere  cut at 60-80nm  
and picked up on  go ld -coated  cop p er grids. These  
w ere  stained w ith  uranyl acetate  and a lkaline lead 
citrate. Observations on chosen  anther locules were 
m ade on Philips Cryo C M 10  electron m icroscope at 

All India Institute of M edical Sciences, N ew  Delhi.

Foliar sprays with different concentrations of 

e th re l  w e re  fo u n d  to be s ig n if ic a n t ly  e ffe c t iv e  in 
inducing com plete pollen  sterility. All the treatm ents 

w ith  0.1, 0.2, & 0.3 % e th re l in d u ced  100%  pollen  
s teri lity .  T h e  s te r i l i ty  in d u c e d  w a s  o f  p e r m a n e n t  
nature that lasted throughout the flow ering period. 
The results on the extent of pollen  sterility induced 

and  o th er  y ie ld  p a r a m e te r s  h a v e  b e e n  p u b l is h e d  
earlier  (C hau han  and C h a u h a n , 2003).

Anther development

A. Male fertile plants

D uring the early stages of d ev elo p m en t, the 
tapetal cells w ere m ad e up of thin w alls  In several 

p l a n t s ,  t a p e ta l  w a l l s  a r e  k n o w n  to  h a v e  
p l a s m o d e s m a t a l  c o n n e c t i o n s  b e t w e e n  th e m  

(M ascarenhas, 1975), but such connections could not

be re co rd e d  in the p re se n t  m ateria l .  A t late pre- 

m eiotic stages, r ibosom es w ith  associated profiles of 
sm o o th  and e la b o ra te  E R -sy stem , large n u m b e r  of 

m itochondria , plastids, several small vacuoles and a 
n u m b er  of pro-orbicular bod ies  w ere identified in the 

cytoplasm . The cytoplasm  w as dense and nuclei w ere 
p r o m in e n t .  B e g in n in g  w ith  sy n iz e s is ,  th e se  ce lls  
e n la r g e d  r a d ia l ly  an d  b e c a m e  b i -n u c le a te d .  P ro -  
orb icu lar  b o d ie s  a cq u ired  a coat  o f e lectron  dense  

m a te r ia l  and  d e p o s i t io n  o f  s p o r o p o l le n i n  in  the  
orbicular wall. At m icro sp ore  tetrad stage, the tapetal 
cells attained their m a x im u m  dev elo p m en t, b u t  by  
the time m icrospores w ere liberated, the tapetal cells 

s ta r te d  d e g e n e r a t in g .  T h is  w a s  a c c o m p a n ie d  b y  
increased vacu olation  and progressive d isappearance 

of m itochondria  and plastids. Tapetal cells com pletely  
disappeared by  the tim e pollen grain becam e engorged 

w ith  reserve food (Fig. IE).

T h e  p r im a r y  s p o r o g e n o u s  ce lls  d iv id e d  to 

generate  a m ass  of seco nd ary  sporogenou s cells, to 
function as pollen m other cells [PM Cs]. The PM C s 
a f t e r  m e i o s i s ,  r e s u l t e d  in th e  p r o d u c t i o n  o f  
m icrospores w h ich  w ere  released by the digestion of 
callose (F ig .1C). Fertile  m icro sp ores  possessed well 
organized nucleus and well developed cell organelles 
including m itochondria , p lastids and golgi com plex. 
A  w ell d eveloped  exine w ith  foot layer, bacule and 

tectum  and intine differentiated in each m icrospore 
to convert them into oval shaped vacuolated pollen 
grains . T h e y  w e re  w e l l  e q u ip p e d  w ith  d ev e lo p ed  
m i t o c h o n d r ia ,  p l a s t id s  an d  n u c le u s .  F in a l ly  the  
vacuole from  pollen  d isappeared, as they b ecam e b i
celled and engorged w ith  reserve food (Fig. IF).

B. Male sterile plants

D e v e lo p m e n t  o f a n th e r  and m ic ro sp o ro g e n e s is  in 

ethrel treated m ale sterile plants in pre-m eiotic stage 
w as m ore or less norm al and sim ilar to control plants 

(F ig .  1A ). H o w e v e r ,  in  p o s t - m e io t i c  s ta g e s ,  the  
behaviour o f endotheciu m , tapetum  and m icrospores 
w as abnorm al. The cells in the endothecial layer failed 
to  e l o n g a t e  r a d i a l l y  a n d  c h a r a c t e r i s t i c  f ib r o u s  

thickenings failed to appear on their radial walls.

T h e  t a p e t u m  in s t e r i le  a n th e r s  r e m a in e d  in ta c t  

through the m ajor course of anther developm ent. At



Figure 1. LM and TEM photographs showing anther development 
in male fertile (MF) and ethrel treated male sterile (MS) plants o f 
Vicia faba L. : A. LM photograph o f  MS anther at sporogenous 
tissue (st) stage showing degenerated tapetum (tp), B. TEM 
photograph o f  sporogenous tissue o f  MS anther. Note the presence 
oj well-developed mitochondria (mt), plastids (p) and nucleus (nu),
C. TEM photograph o f MF anther showing microspore tetrad with 
well developed nucleus (nu) and other cell organelles, D. TEM 
photograph o f MS anther showing a, single microspore o f  a tetrad 
enclosed within a thick callose xvall (ca) exhibiting high vacuolation 
(v) and degenerated nucleus (nu), E. LM photograph ofM F anther 
at engorged pollen grains (pg) stage. Note the disintegrated tapetum 
and developed endothecium (en), F. TEM photograph o f MF anther 
at mature pollen grain (pg) stage. Note the presence o f  fibrous 
thickenings in endothecial cells (en), G. TEM photograph o f MS 
anther showing a single tapetal cell (tp) with high vacuolation (v) 
and degenerated cell organelles and nucleus (nu), H. TEM 
photograph o f  MS anther o f  highly vacuolated non-viable pollen 
grains (pg) showing degenerated nucleus and other organelles.

s p o r o g e n o u s  t i s s u e  s t a g e ,  w e l l - d e v e l o p e d  
m itochondria  and n u cleu s  w ere  seen in the tapetal 
cells (Fig. IB). H ow ever, these organelles showed signs 
of degeneration  w ith  the co m m en cem en t of m eiosis 
in P M C s and w ere  c o m p le te ly  d egenerated  by the 
end of m eio tic  d iv is io n  and  tetrad form atio n . The 
degeneration  o f m itoch on d ria  com m enced  with the 
dissolution of m itochondria l cristae. C oncurrent with 
m itochondrial deterioration in the tapeum , about mid- 
or late vacuolate  pollen stage, w horls of endoplasm ic 
r e t ic u lu m  w e re  seen . A  n u m b e r  o f  p ro -o r ib ic u la r  
bodies w ere seen in tapetal cytoplasm  and synthesis 
of sporopollenin w as m ore  or less normal. Fair am ount 

o f ribosom al p op ulation  m ad e the cytoplasm  dense. 

A t m atu re  pollen  grain  stage, tapetal cells becam e 
deform ed, irregular, h igh ly  vacuolated and showed 

the presence of degenerated  cell organelles (Fig. 1G) 
a n d  a t th e  t im e  o f  a n t h e s i s ,  the  ta p e ta l  c e l l s  

degenerated follow ed by the degeneration of pollen 
grains.

M icrospores in tetrads w ere surrounded by a 
w e l l -d e v e lo p e d  th ick  c a l lo s e  w a l l  (Fig . ID ) .  T h e  
m icrospores released from  tetrads on disintegration 
o f ca llose  w all s h o w e d  v a r ia t io n  in their size and 

s h a p e .  C y t o p l a s m  o f  m i c r o s p o r e s  w a s  h ig h ly  
vacuolated and show ed degenerated cell organelles 

particularly m itochondria  and plastids. N ucleus w as 
also in the degenerated  form  (Fig. ID ). The prim exine 

also failed to develop  around the m icrospores even 
after their release. The pollen  grains exhibited poorly 

developed exine and intine (Fig. 1H). The exine failed 
to d ifferen tia te  into tectu m , bacu le  and foot layer. 

These pollen grains w ere  highly  vacuolated and the 
n u c le u s  w as in d e g e n e r a te d  fo rm  (Fig. 1H). C ell 
organelles present in the cytoplasm  degenerated.

Pollen  a b ortion  in  ethrel treated p lants  w as 
found to be associated w ith  delayed degeneration of 
tapetum . Sim ilar abnorm al behaviour of tapetum  has 

also been reported in several chem ically  induced m ale 

s t e r i l e  p l a n t s  ( C h a u h a n  a n d  K in o s h i ta ,  1 9 8 2 ;  

Shivanna and Johri, 1985; W orall et a i ,  1992; C ross 
and Schulz, 1997; C h a u h a n  et a i ,  2003).

Present ultrastructural studies indicated that 
the cell o r g a n e l le s  p a r t ic u la r ly  m ito c h o n d r ia  and



p la s t id s  in ta p e tu m  w e r e  in  d e g e n e r a te d  fo rm . 

L a lo n d e  e t  a l . ,  (1 9 9  7) o b s e r v e d  a b n o r m a l  
vacuolization and degeneration  of cell organelles in 
w ater deficit wheat. The resulting sterile pollen  grains 
la c k e d  b o t h  s t a r c h  a n d  i n t in e .  A l t e r a t i o n s  in  
m itochondrial ultrastructure m ay be associated with 
changes in the energy requirem ent of the cell (Smith 
et nl.r 2002). D egeneration  in m ito ch o n d ria  seem  to 
indicate low m etabolic  activ ity  in tapetal cells. The 
pollen grains of treated plants exhibited degenerated 

n u c l e u s  and  ce ll  o r g a n e l l e s ,  p a r t i c u l a r l y  
m itochondria. In C M S plants, p o l len  abortion is the 

result of s tructural m u ta t io n s  in the m itochond ria l 
g e n o m e s  o f  f e r t i l e  p l a n t s  ( M i k a m i  et a l ,  1 9 8 5 ;  

C hauhan and Kinoshita, 1995). Thu s, the m echanism  
of pollen abortion in treated plants seem s to be similar 

to that of C M S plants.

A nother interesting finding of present study 

recorded is that d e v e lo p m e n t  of en d o th ec iu m  w as 

inhibited in sterile anthers. The failure of endothecium  
developm ent is attributed to the inhibition caused by 
the  p e r s is te n t  ta p e tu m  (C h a u h a n ,  2001) .  P re s e n t  
observations also lend support to the hypothesis  of 
D e F o s s a r d  ( 1 9 6 9 )  th a t  th e  d e v e l o p m e n t  o f 

endothecium  is related with the disintegration of the 

ta p e tu m  an d  f ib r o u s  b a n d s  d e v e lo p  w i th in  the  

endothecium  only after the tapetal breakd ow n. Thus, 
the persistent tapetum  in sterile anthers of Vicia fab a  

not only failed to provide nutrition  to the developing 
m icro sp ores, but also se em s to inh ib it  end oth ecia l  

developm ent to m akes the anther indehiscent.

REFERENCES

Ban ga S S, Labana K S, Banga S K & Singh B 1986 
E x p e r i m e n t a l  e v a lu a t io n  o f m a le  g a m e t o c id e  in 

Indian m ustard (Brassica ju n cea  [L.] Coss.). SA BR A O  

jou rn al 18 31-35.

C h a u h a n  S V S 1986 S tu d ies  on  pollen  abortion  in 
som e Solanceae. In: S olan ceae: B iology and System atics. 
Darcy W G  (ed) C olum bia U niversity  Press, N ew  York. 

50 5 -5 3 2 .

C hauhan S V S 2001 Endothecium : D evelop m en t and 

Function. The B oian ica  51 91-99.

C hau han  S V S & C hau han  Surabhi 2003 Evaluation

three chem ical h ybrid iz ing  agents on two varieties 

of broad beans (V icia  fa b a  L.) Indian  /. G enet 63 128-

131.

C h a u h a n  S V S & K in o s h i ta  T 19 8 2  C h e m ic a l ly  
in d u c e d  m a le  s te r i l i ty  in  a n g io s p e r m s  (R e v ie w ) .  

Seiken Z iho  30 54-75.

C hau han  S V S & K inosh ita  T  1995 M olecular basis 
of c y to p la s m ic  m a le  s ter i l i ty  in  su g a r  b e e ts  (B eta  

vulgaris) -  a review. /. Indian Bot Soc 74A 489-501.

C hau han  S V S, S ingh  V, C hau h an  S & C haudhary  
M 2003 Surf-excel- A Potential chem ical hybridizing 
agent som e im p o rtant  crops. In: Singh V. P. (ed). Proc. 

N a t .  S y m p .  B i o s c ie n c e s :  A d v a n c e s ,  I m p a c t  an d  

Relevances, N eeraj Publisher, Bareilly, 1-17.

C olhoun  C W  & Steer M  W  1983 The cytological effect 
o f  th e  g a m e t o c i d e s  e t h r e l  a n d  R H -5 3 1  on 
m ic ro sp o ro g e n e s is  in b a r le y  (H ordeu m  v u lg a ie  L.). 

Plant Cell and E nviornm ent  6 21-29

Cross J W  & Schu lz  P ] 1997 C hem ically  induction of 
m a le  s t e r i l i t y  In : P o lle n  B io t e c h n o lo g y  f o r  C ro p  
P r o d u c t io n  a n d  Im p r o v e m e n t .  S h i v a n n a  K R & 
S a w h n e y  V K , (eds). C a m b r id g e  U n iv ers i ty  P ress , 

L o n d o n .2 1 8 -2 3 6 .

Defossard R A 1969 D evelop m en t and histochem istry 

of the endothecium  in the anthers of in vitro  grow n 
C hen opod iu m  rubru m  L. B ot.G az.130  10-22.

Keys G & Sorrells E 1990 M utation blocking sensitivity 
to gibberellic acid to p ro m o te  ethylene-induced m ale 

sterility in wheat. E uphytica  48 129-139.

Laser K D & Lersten N R  1972 A natom y and cytology 
of m ic r o s p o r o g e n e s is  in c y to p la s m ic  m a le  ster i le  

angiosperm s. Bot R ev  38 425-454.

L a lo n d e  S, B e e b e  D U & S a in i  H S 1 9 9 7  E a r ly  
d e g e n e r a t i o n  o f  d i s r u p t i o n  of w h e a t  a n th e r  

d evelo p m ent associated  w ith  the induction  of m ale 
sterility by m eiotic-stage w ater deficit. Sex P lant Rep  

10 40-48.

M a s c a r e n h a s  J P 1 9 7 5  T h e  b i o c h e m i s t r y  o f 

angiosperm  pollen  d evelopm ent. Bot Rev  41 259-314.

M ikam i T, K ishim a Y, Sugiura M  & Kinoshita T 1985



Organelle genome diversity in sugar beet with normal 
and different sources of male sterile cytoplasms. Theo 
Appl Genet 71 166-171.

Shiv anna K R & Johri B M 1985 The Angiosperm Pollen 
Structure and Function. Willey Eastern Ltd., New Delhi.

Shivanna K R & R angasw am y N S 1992 Pollen  
Biology- A Laboratory M anual. Narosa Publication 
House, New Delhi.

Sm ith M B, Palm er R G & H orner H T 2002 
Microscopy of a cytoplasmic male sterile soybeen from 
an interspecific cross between Glycine max and G. soja 
(Leguminaceae). Am J Bot 89 417-426.

Worall D, Hird D L, Hodge R, Paul W, Drapet J & 
Scott R 1992 P rem atu re  d issolution  of the 
microsporocyte callose wall causes male sterility in 
transgenic tobacco. Plant Cell 4 759-771.


