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s t a ined  w i t h  lead a n d / o r  u r a n y l  aceta te .  The  obse rva t i o n s  
were car r ied  ou t  w i t h  S iemens  E l m i s k o p  I A  e lec t ron  
microscope.  

Results and discussion. Chroma t i c  granules  in T. 
vaginalis were p r e sen t  p r e d o m i n a n t l y  a long a n d  a r o u n d  
t he  m a s t i g o n t  s y s t e m  (Figure  1). T h e i r  f ine s t r u c t u r e  
differed g rea t ly  d e p e n d i n g  on  the  m e t h o d  of f ixa t ion.  

Ch roma t i c  g ranu les  f ixed w i t h  m e t h o d  1 were l imi t ed  b y  
a s ingle t r i l a m i n a r  m e m b r a n e  which  occas ional ly  h a d  
on ly  a d d i t i o n a l  d a r k  an d  l igh t  b a n d s  (Figure 2). Af ter  
app l i ca t i on  of m e t h o d  2, l ens - shaped  inclus ions  were 
found  a long t h e  enve lope  of c h r o m a t i c  granules  (Figures 
1 an d  3). B e t w e e n  inclusions,  t h e  enve lope  p resen ted  the  
usual  aspec t  of a single t r i l a m i n a r  m e m b r a n e .  E a c h  in- 
c lus ion was covered  on  b o t h  sides w i t h  a 25-30 X th ick  
op t i ca l ly  e m p t y  b a n d  be long ing  to t h e  enve lope  of a 
g ranu le  (Figure 3). Inc lus ions  were e i t he r  homogenous  or 
c o n t a i n e d  op t i ca l ly  e m p t y  core;  t h e y  were s i t ua t ed  regu- 
la r ly  b u t  t he i r  l eng th  va r i ed  f rom one granu le  to  a n o t h e r  
(compare  F igure  3). The i r  w i d t h  was more  c o n s t a n t  and 
r a n g e d  f rom 60-80  A. Inc lus ions  were seen in all  cells 
f ixed w i t h  m e t h o d  2. 

F i x a t i o n  w i t h  4 %  u n b u f f e r e d  OsO 4 permi t tec l  us  to  
observe  the  cha rac t e r i s t i c  inclusions  in the  enve lope  
of c h r o m a t i c  granules ,  t h e  as ye t  u n k n o w n  st ruc-  
t u r a l  detail .  I t  is possible  t h a t  h igher  pe rcen t age  and 
lower p H  va lue  of o s m i u m  t e t rox ide  used in m e t h o d  2 
p r e v e n t e d  t h e  e x t r a c t i o n  of some c o m p o n e n t  respons ib le  
for t h e  morpho log ica l  a p p e a r a n c e  of inclusions.  T h e  re- 
p r o d u c i b i l i t y  of f indings  suggests  t h a t  inclus ions  m a y  
cor respond  to  s t ruc tu re s  p re sen t  in  v i v o  in T. vaginalis. 
The  f ind ing  of t h e  inclus ions  does n o t  fac i l i t a te  the  
c lass i f ica t ion of c h r o m a t i c  granules  or t h e  u n d e r s t a n d i n g  
of t h e i r  f u n c t i o n a l  s ignif icance.  Some u l t r amorpho log ica l  
s imi lar i t ies  b e t w e e n  c h r o m a t i c  granules  a n d  micro-  
bodies  ~ m a y  be  indica ted .  Inc lus ions  descr ibed in t he  
p r e s en t  p a p e r  m a y  cor respond  to m a r g i n a l  p la te  or o the r  
c o m p o n e n t  of microbodies .  So the  poss ib i l i ty  arises t h a t  
c h r o m a t i c  g ranu les  m i g h t  be  an  e q u i v a l e n t  of micro-  
bodies  which  were up  to  now ident i f ied  in Pro tozoa  on  
b iochemica l  bas is  only  ~. To t e s t  th i s  a s sumpt ion ,  specific 
cy tochemica l  r eac t ions  m u s t  be  carr ied out .  

Riassunlo. Nel  p resen te  lavoro  v iene  desc r i t t a  l ' u l t r a -  
s t r u t t u r a  dei g ranu l i  c romat i c i  di  Trichomonas vaginalis 
Donn6.  A segui to  di modif icaz ioni  alle me tod i che  delia 
f issazione delle cellule per  la microscopia  e l e t t ron ica  sono 
s t a t e  osserva te  delle inc lus ioni  nel la  m e m b r a n a  di ques t i  
g ranu l i  non  descr i t t e  in  l e t t e r a tu ra .  

F. FILADORO 

Fig. 3. Higher magnification of a chromatic granule (g) of T. 
vaginalis fixed with method 2. Numerous electron-opaque inclusions 
are visible in the envelope of the granule. The inclusions surrounded 
by an optically empty layer 30 ~. thick are indicated by arrows. 
• 98,000. Insert: Higher magnification of a chromatic granule (g) 
containing only 2 lens-shaped inclusions (arrow) in its envelope. 
Fixation with method 2. • 96,000. 
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I n d u c t i o n  of  F e m a l e  F l o w e r s  o n  M a l e  P l a n t s  o f  Cannabis Sat iva L .  b y  2 - C h l o r o e t h a n e p h o s - p h o n i c  A c i d  

Sex express ion  in Cannabis sativa, a dioecious annua l ,  
can be  modi f ied  b y  t e m p e r a t u r e ,  day  length ,  as well  as 
exogenous  app l i ca t i on  of a u x i n  1. The  p r e sen t  inves t iga-  
t ion  was u n d e r t a k e n  to t e s t  w h e t h e r  E t h r e l  (2-chloro- 
e t h a n e p h o s p h o n i c  acid), a r ecen t ly  r e c o m m e n d e d  source 
of e thy lene ,  could induce  femaleness  in  ma le  p l a n t s  of 
Cannabis sativa. 

Material and method. Seedl ings  of C. sativa were ra ised  
in e a r t h e n  pots .  T h e y  f lowered 8 weeks a f t e r  g e r m i n a t i o n  
and t h e i r  sexes were d e t e r m i n e d ;  60 ma le  p l a n t s  were 
selected for t r e a t m e n t  and  t h e  h e i g h t  a n d  n u m b e r  of 

v e g e t a t i v e  an d  f lowering nodes  were recorded  for  each  
p lan t .  

Three  co n cen t r a t i o n s  (240, 480 a n d  960 ppm)  of E t h r e l  
were appl ied  in one fol iar  sp ray  (using a h a n d  sprayer)  
t i l l  t h e  po in t  of run-of f ;  t r i t o n  X-114 a t  0 .01% was  used 
as w e t t i n g  agent .  45 ma le  p l a n t s  rece ived  E t h r e l ;  15 re- 
ce ived on ly  t r i t o n  X-114  (controls).  These  p l a n t s  were 
k e p t  u n d e r  n a t u r a l  cond i t ions  o b t a i n i n g  d u r i n g  J a n u a r y -  
March,  in  t h e  d e p a r t m e n t a l  b o t a n i c a l  garden.  T h e  he igh t  
an d  f lower  n u m b e r  were recorded  eve ry  week  fol lowing 
t h e  t r e a t m e n t .  
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Results  and discussion. A c l o s e - u p  of t h e  t e r m i n a l  p a r t  
of  c o n t r o l  p l a n t  is s h o w n  in  F i g u r e  A. E t h r e l - t r e a t e d  
p l a n t s  s h o w e d  c h a r a c t e r i s t i c  d r o o p i n g  a n d  e p i n a s t y  of  
l e a v e s  a f t e r  t h e  s e c o n d  d a y  of  s p r a y .  T h e  h i g h e r  t h e  con -  
c e n t r a t i o n ,  t h e  m o r e  s e v e r e  w a s  t h e  ef fec t .  H o w e v e r ,  10 d a y s  
a f t e r  t r e a t m e n t  t h e s e  s y m p t o m s  d i s a p p e a r e d .  T r e a t e d  
p l a n t s  w e r e  s h o r t e r  t h a n  c o n t r o l s  a n d  a p p e a r e d  b u s h y .  
T h i s  w a s  d u e  t o  r e d u c t i o n  in  i n t e r n o d a l  e l o n g a t i o n ,  a n d  
n o t  d u e  to  r e d u c e d  n o d e  n u m b e r .  T h e  n e w  l e a v e s  we re  
s m a l l e r  t h a n  t h o s e  o n  con t ro l s .  

P l a n t s  t r e a t e d  w i t h  E t h r e l  s h o w e d  f e m a l e ,  i n t e r s e x u a I  
a n d  a b n o r m a l  m a l e  f l ower s  in  t h e  n e w l y - f o r m e d  n o d e s  
(Tab le ) .  A t  240 p p m  o n l y  a f ew  n o d e s  b e a r i n g  i n t e r s e x u a l  
f l ower s  a n d  f l ower s  w i t h  r e d u c e d  n u m b e r  of  s t a m e n s  w e r e  
n o t i c e d .  I n  t h e  l a t t e r  only, 1 - 3  s t a m e n s  we re  o b s e r v e d  a s  
a g a i n s t  t h e  u s u a l  5 in  con t ro l s .  N o  f e m a l e  f l o w e r s  we re  
f o r m e d  (Table) .  P l a n t s  w h i c h  r e c e i v e d  E t h r e l  a t  480 p p m  
s h o w e d  a l a r g e r  n u m b e r  of  n o d e s  w i t h  f e m a l e  a n d  i n t e r -  
s e x u a l  f lowers ,  a n d  f lowers  w i t h  r e d u c e d  n u m b e r  of  
s t a m e n s .  Al l  t h e s e  t y p e s  of  f l ower  o c c u r r e d  in  t h e  s a m e  
c lu s t e r .  A d r a s t i c  d e c r e a s e  in  t h e  t o t a l  n u m b e r  of  f lowers ,  
a n d  a h i g h  d e g r e e  of  f e m i n i z a t i o n  ( F i g u r e  B) o c c u r r e d  a t  
960 p p m .  

T h e  f e m a l e  f l ower s  w h i c h  we re  i n d u c e d  on  m a l e  p l a n t s  
we re  s i m i l a r  to  c o n t r o l  f e m a l e  f l ower s  a n d  s e t  s e e d e d  f r u i t s  
a f t e r  h a n d  p o l l i n a t i o n .  T h e  i n t e r s e x u a l  f l ower s  r e p r e -  
s e n t e d  s t a g e s  of  t r a n s f o r m a t i o n  of  n o r m a l  m a l e  f l ower s  to  
f e m a l e  f lowers .  I n  s o m e  f lowers  t h e  a p e x  of  a n t h e r  h a d  

b e c o m e  s t i g m a - l i k e ,  a n d  in  o t h e r s  t h e  b a s e  o f  t h e  a n t h e r  
w a s  t r a n s f o r m e d  i n t o  a n  o v a r y  a n d  t h e  t e r m i n a l  p a r t  
s h o w e d  r u d i m e n t a r y  a n t h e r  a n d  s t i g m a  ( F i g u r e s  c, D a n d  

Effect of Ethrel on flower sex-expression in male plants of Cannabis 
sativa 

Treatment  Total no. % of~  % of 9 % of flowers 
of flowers flowers flowers showing inter-  
produced in sexed nature 
5 nodes/ or reduced no. 
plant a of s tamens 

Control 129.4 100 0 0 
Ethrel 120.4 98.1 0 1.9 
240 ppm 
Ethrel 105.0 27.0 4.5 68.5 
480 ppm 
Ethrel 31.2 6.3 69.9 23.8 
960 ppm 

~Average of 5 plants. 

1 j .  HESLOP-HARRISON, Biol. Rev. Cambridge Phil. Soc. 32, 38 
(1957). 

(A) Terminal part of control male plant sho- 
wing male flowers. ;< 0.3. 
(By Male plant treated with 960 ppm of Ethrel  
has developed female flowers. ;< 0.3. 
(c, o and E) Flowers from Ethrel-treated nlale 
plants showing stages of transformation into 
female flowers, c, • 16.6; D, • 9.3; E, • 15. 
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E). In t e r sexua l  flowers and  flowers wi th  reduced n u m b e r  
of s t amens  bore  pollen which  were normal  in shape  and  
size. Af te r  t he  4th week of t r e a t m e n t ,  p lan ts  s t a r t ed  
bear ing  normal  male  flowers. However ,  p lan ts  sp rayed  
wi th  960 p p m  of E t h r e l  took  6 weeks to  r eve r t  to  the  
p roduc t ion  of no rma l  flowers. 

The da t a  p re sen ted  here d e m o n s t r a t e  t h a t  the  flower 
sex-express ion of male  p lan t s  of Cannabis sativa can be 
a l tered  by  t r e a t m e n t  w i th  Ethre l .  I t  has  been suggested 
t h a t  E th re l  decomposes  in the  p l an t  t issues to  release 
e thy lene  2,3. I t  is r ecen t ly  c la imed t h a t  some effects  of 
auxin  are exer ted  t h r o u g h  an e thy lene  evolut ion  
mechan i sm 4. I t  is l ikely t h a t  E th r e l  (a source of ethylene)  
exer t s  its effect  on sex-express ion  by  man ipu la t ing  the  
endogenous  level of auxin  5. 

Zusammen/assung. E t h re l  induzier t  auf m~nnl ichen 
Hanfp f l anzen  (Cannabis sativa L.) weibl iche Bltiten, 
welche nach  der  Bes t / iubung Fr t ichte  ausbilden.  
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Catalase and Peroxidase Activity in Sugarcane Infected with Sugarcane Mosaic Virus 

Virus infect ion usual ly br ings  abou t  dras t ic  changes  in 
the  physiological  processes of t he  hos t  cell. A m o n g  the  
physiological  effects  of virus  infect ion on hos t  p lants ,  
changes  have  been  observed  mos t ly  in over-all  r esp i ra to ry  
ac t iv i ty  1. Changes in t he  ac t iv i ty  of ox ida t ive  enzymes  
have  also been  s tudied  b o t h  in fungus diseased 2 and  virus 
infected plants3,  4. Very  l i t t le  work, however ,  has  been  
done  wi th  mosaic  infected sugarcane plants .  YAMAFUGI et  
al. ~ s tudied  the  resp i ra t ion  and  catalase  ac t iv i ty  in mosaic  
diseased sugarcane  plants .  In  the  p resen t  invest igat ion,  
t he  effect  of virus  infect ion on catalase and peroxidase  
ac t iv i ty  has been  s tudied  in 6 d i f ferent  var ie t ies  of sugar-  
cane. 

Leaves  f rom hea l t hy  and  mosaic  infected p lan t s  of 6 
sugarcane  variet ies ,  viz., B.O. 11, B.O. 32, 13.O. 47, 
Co. 527, Co. 1347 and  Co. S. 416, were  t a k e n  separa te ly  and  
ana lyzed  for ca ta lase  and  peroxidase  activi t ies.  4 samples  
were t aken  in each trial .  Catalase  ac t iv i ty  was measured  
b y  the  m e t h o d  of DEKocK et  al. e, w i th  sl ight modif ica-  
t ions.  For  enzyme  prepara t ion ,  1 g of leaf t issue was 
crushed in a chilled m o r t a r  wi th  10 ml of p h o s p h a t e  buffer  
(pH 6.8) and a p inch  of ac id-washed sand. This  homo-  
gena te  was  m a d e  up  to  25 ml  volume wi th  glass-disti l led 
water .  A series of flasks conta in ing  5 ml  of 1.5% sodium 
bora te  and  1.5 ml  of p h o s p h a t e  buffer  (pH 6.8) was pre- 
pared.  A t  zero t ime,  1 ml  of homogena t e  was p ipe t t ed  into 
each flask. The reac t ion  was s topped  in successive flasks 
af ter  1, 2, 3 and  4 rain by  rap id ly  adding  10 ml  of N 
H2SO 4. The r emain ing  pe rbora te  was then  t i t r a t ed  wi th  
0 .05N KMnO 4 to t he  f i rs t  p ink  colour which  las ted for 
30 sec. 

Perox idase  ac t iv i ty  was measured  by  the  me thod  given 
by  PERUR 7. E n z y m e  p repa ra t i on  was m a d e  by  t ak ing  1 g 
of sugarcane leaf and  gr inding it in a chilled mor t a r  wi th  
5 ml  of glass-disti l led water .  The homogena t e  was made  up 
to 50 ml  and, af ter  mix ing  well, i t  was f i l tered th rough  
cheese-cloth.  This  f i l t ra te  was  the  enzyme  p repa ra t ion  
which  was used for t he  m e a s u r e m e n t  of ac t iv i ty .  In  a 
t es t - tube ,  10 ml  of ace ta te  buffer  (pH 4.5) was taken .  To i t  
1 ml  of enzyme p repa ra t ion  and  0.5 ml  of 1% pyrogallol  
were  added.  The con ten t s  were tho rough ly  mixed.  At  
zero t ime,  0.5 ml  of 0 .05N hydrogen  peroxide  was added  
and  change  in opt ical  dens i ty  was measured  at  430 nm,  
using fi l ter  No. 43 in A I M I L  Biochem. Abso rp t i ome te r  
(manufac tu red  on Hilger pa t t e rn )  a t  the  end of 10 min.  
D a t a  ob ta ined  are p resen ted  in Figures  1 and 2. The re- 
sul ts  showed t h a t  cata lase  ac t iv i ty  was s l ight ly weaker,  

whereas  the  peroxidase  r emained  sl ightly higher  in diseased 
samples  of all t h e  6 variet ies.  

I t  is c u s t o m a r y  to class cata lase  among  the  resp i ra to ry  
enzymes,  a l though  its real  func t ion  is poorly known  as 
ye t  3. The ac t iv i ty  of cata lase  general ly decreases in virus 
infected p lan t s  4,s. YAMAFUGI et  al. 5, in one of the i r  
exper iments ,  found  t h a t  catalase ac t iv i ty  was weaker  in 
the  mosaic infected sugarcane.  According to them,  the  
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Fig. 1. Catalase activity of healthy ([2) and mosaic diseased (It) 
samples. 
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Fig. 2. Peroxidase activity of healthy and mosaic diseased samples. 
(A) B.O. 11; (B) B.O. 32; (C) B.O. 47; (D) Co. 527; (E) Co. 1347; 
(F) Co. S. 416. Dark-coloured rectangles show diseased samples and 
empty rectangles show healthy samples. 
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