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In  v i t r o  I n d u c t i o n  of  V e g e t a t i v e  B u d s  on  I n f l o r e s c e n c e  S e g m e n t s  of  Haworthia 

A l t h o u g h  m a n y  i n v e s t i g a t o r s  h a v e  been  able  to grow 
m o n o c o t y l e d o n o u s  t i s sues  in v i t ro  ~-6, it  is s e ldom t h a t  
the  r egene ra t i on  of comp le t e  p l a n t s  f rom such  t i s sue  cul- 
t u re s  h a s  been  achieved .  R e c e n t l y  ~, t he  p r o d u c t i o n  of 
e m b r y o i d s  a n d  the i r  s u b s e q u e n t  d e v e l o p m e n t  in to  com-  
plete  p l a n t s  h a s  been  repor t ed  in cu l tu re s  of Asparagus  
hypoco ty l .  W e  repor t  in v i t ro  i n d u c t i o n  of v e g e t a t i v e  
b u d s  on cal lus  an d  s e g m e n t s  of t he  inf lorescence  axis  of 
a n o t h e r  m o n o c o t y l e d o n ,  Haworthia  (Liliaceae). 

I n  Haworth ia  t he  inf lorescence is a scape ;  f lowers are 
borne  in t h e  axi l  of b r ac t s  (fertile bracts)  p r e s e n t  on the  
d i s ta l  p a r t  of t h e  inf lorescence axis.  B r a c t s  on t he  
p r o x i m a l  p a r t  of the  ax is  do no t  bear  a n y  f lowers in the i r  
axi l  a n d  are referred to  as steri le b r ac t s  in th i s  paper .  

In f lo rescence  s e g m e n t s  of Haworthia  variegata L. Bol., 
H. chloracantha Haw. ,  H. truncata schoenl .  • H.  selala 
Haw. ,  H. atro/usca G. G. Smi th ,  H. angust i /ol ia var .  
albensis (Schoenl.) V. Polln. ,  H. maughani i  V. Polln. ,  H .  
sp. aft. baccata, H.  sp. nov.  (Re tusae  Sect.), H. turgida 
var,  pall idi /ol ia G. G. Smi th ,  and  H. retusa (L.) Haw.  were 
sur face  steri l ized w i th  4% s o d i u m  hypoch lo r i t e  so lu t ion  
for 8 10 rain, washed  w i th  steri le  wa t e r  and  asep t ica l ly  
p l a n t e d  on va r ious  aga r  m e d i a  (Table) wh ich  h a d  been  
steri l ized b y  a u t o c l a v i n g  a t  15 lb p res su re  and  120~ 
t e m p e r a t u r e  for 15 min .  

On m e d i a  I - I I I ,  t h e  s e g m e n t s  of inf lorescence did no t  
show a n y  ca l lus ing  response .  The  axis  b e c a m e  pale  yellow 
and  the  f lowers shr ivel led.  

Occas iona l ly  1-4 v e g e t a t i v e  b u d s  were induced  in the  
axi l  of steri le b r ac t s  12-15 weeks  a f te r  inocu la t ion  on 
m e d i a  IV a n d  V. No ca l lus ing  was  obse rved  on these  
media .  

Th e  cu l tu res  on m e d i a  VI, VII ,  and  V I I I  showed 3 non-  
specific t y p e s  of g rowth  responses .  (a) In  some  cu l tu res  
v e g e t a t i v e  b u d s  were p roduced  in the  axi l  of steri le 
b r ac t s  w i t h o u t  the  f o r m a t i o n  of callus. (b) I n  m a n y  cul- 
t u r e s  cal lus  was  p roduced  in the  axil of fert i le (Figure  1) 
or sterile b rac t s  (Figure  2) 6-10 weeks  a f te r  inocula t ion .  
Th i s  cal lus e i ther  c o n t i n u e d  to grow or showed organo-  
genesis  w i th in  the  n e x t  2 3 weeks.  U p o n  s u b c u l t u r e  the  
cal lus  d i f f e ren t i a t ed  in to  vege t a t i ve  b u d s  (Figure  3), 
some of which  p roduced  roots.  On being t r ans fe r r ed  to 
soil t he  roo ted  b u d s  grew in to  m a t u r e  p lan t s .  W h e n  sub-  
cu l tu red  on the  s a m e  media ,  t hose  b u d s  w i t h o u t  roots  
gave  rise to cal lus wh ich  aga in  r egene ra t ed  to fo rm addi-  
t iona l  b u d s  wi th  or w i t h o u t  roots.  Thus ,  t he  cycle of 
d i f fe ren t ia t ion ,  ded i f f e ren t i a t ion  and  red i f fe ren t ia t ion  
con t inued .  (c) Callus and  vege t a t i ve  buds  were also pro- 
duced  f rom the  cu t  end  of t he  inf lorescence s e g m e n t s  in 
some  cu l tu re s  on m e d i a  V I - V I I I  all of which  con t a ine d  
coconu t  milk.  

Th e  responses  of inf lorescence s e g m e n t s  of d i f fe ren t  
sizes f rom the  d is ta l  f lower-bear ing  region and  t he  
p r o x i m a l  steri le region were s imi la r  in t e r m s  of ca l lus ing  
and  f o r m a t i o n  of v e g e t a t i v e  buds .  

His to logica l  e x a m i n a t i o n  of t he  inf lorescence  ax is  of 
H. variegata a nd  H. turgida va t .  pal l id i /o l ia  p l a n t s  g rown  
in green-houses ,  ind ica ted  t h a t  v e g e t a t i v e  b u d s  or 
m e r i s t e m a t i c  zones were a b s e n t  in t h e  axi l  of t he  brac ts .  
These  obse rva t ions ,  a long  wi th  t h e  fac t  t h a t  cal lus  a n d  
v e g e t a t i v e  b u d s  can  be p roduced  f rom the  c u t  end  of t he  
inf lorescence  s e g m e n t s ,  show t h a t  cal lus  a n d  b u d  fo rma-  
t ion  in v i t ro  are a r esu l t  of g r o w t h  i nduc e d  by  t he  com-  
pos i t ion  of t hese  media .  

I n d u c t i o n  of cal lus  a nd  v e g e t a t i v e  b u d s  occur red  ex- 
c lus ive ly  on m e d i a  c o n t a i n i n g  c o c o n u t  milk.  G r o w t h  on 
m e d i u m  VII1  ( B M +  CM) was  s imi la r  to, or even  b e t t e r  
t ha n ,  t h a t  on m e d i u m  V1 (BM + CM + IA A  + K). Add i t i on  
of IA A  a n d  k ine t in  to a m e d i u m  c o n t a i n i n g  c oc onu t  mi lk  

(1) Inflorescence segment 
of Haworthia maughanii 
showing callusing in the 
axiI of a fertile bract. 
• 1.75. 

(2) l'roximal segment of 
inflorescence axis of a hyb- 
rid (H, truncata x H. setata) 
showiug differentiation of 
vegetative buds from the 
callus produced in the axil 
of a sterile bract, x 2. 
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(3) Numerous vegetative 
buds which have developed 
in vitro from an explant 
of mldifferentiated callus. 
•  

Figs. 1 3. Responses of inflorescence segments of Haworthia on 
coconut luilk medium (C, Callus; F, flower; 1, inflorescence axis; V, 
vegetative bud). 
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Supplements added to White's modified 8 medium (BM) 

Specialia EXPERIENTIA 26/4 

Name of supplement Media number 

I II III IV V VI VII VIII 

Casein hydrolysate (CH) 1000 ppm 
Coconut milk (CM) 
Indoleacetie acid (IAA) - 1 ppm 
Kinetin (K) 0.5 ppm 
Naphthaleneaeetie acid (NAA) 

- - - 20% v/v 20% v/v 20% v/v 
- 1 ppm 2 ppm 1 ppm 1 ppm - 
0.5 ppm 0.5 ppm 1 ppm 0.5 ppm - 
2 ppm . . . .  

does n o t  h a v e  a n y  s ign i f ican t  effect  on  t he  ca l lus ing and  
d i f f e r en t i a t i on  of these  m o n o c o t y l e d o n o u s  t i ssues  u n d e r  
cu l tu re  condi t ion .  

Resu l t s  f rom these  e x p e r i m e n t s  ind ica te  t h a t  mono-  
coty ledons ,  specif ical ly t he  species of Haworthia, r e spond  
s imi la r  to  m a n y  d ico ty ledons  9 in  fo rming  cal lus and  
r egene ra t i ng  whole  p l a n t s  u n d e r  cu l tu ra l  condi t ions .  This  
response  is s t i m u l a t e d  b y  one or more  h e a t - s t a b l e  fac tors  
p r e sen t  in coconu t  mi lk  10. 

Zusammen/assung. Teile des B l i i t t e n s t a n d e s  v o n  ver-  
s ch iedenen  A r t e n  der  e inke imbl t t t t r igen  Pf lanze ,  Hawor- 
thia, liess m a n  in W h i t e ' s  N~hr l6 sung  wachsen.  Die a n  der  
Achse  des B l t i t e n s t a n d e s  e n t s t a n d e n e n  Verht~r tungen en t -  
wicke l t en  s ich e n t w e d e r  wei te r  oder  g ingen  in viele 

P f l a n z e n k e i m e  auf. K o k u s n u s s m i l c h  is t  ein wesen t l i cher  
B e s t a n d t e i l  de r  N/ ih r lbsung  fiir die E n t w i c k l u n g  yon  Ver-  
h~Lrtungen u n d  der  E n t s t e h u n g  yon  Organ i smen .  
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P o l a r i t y  a n d  S y m m e t r y  i n  C o m p o s i t e  O o c y t e s  of  C a r a u s i u s  m o r o s u s  B r .  ( C h e l e u t o p t e r a ,  P h a s m i d a e )  

Material and method. C o m p o u n d  eggs a n d  oocytes,  
a r i s ing  f rom oocyte  fusions,  h a v e  been  obse rved  in several  
insec ts  1, p a r t i c u l a r l y  in P h a s m i d a e  2. I n  th i s  p a p e r  53 
follicles w i t h  compos i t e  oocytes  of Carausius morosus 
will  be  descr ibed  (Figure).  T h e y  were obse rved  in t he  
pano i s t i ca l  ovar ioles  of old adu l t s  wh ich  h a d  been  fixed 
in Carnoy  3 : 1, e m b e d d e d  in pa ra f f in ,  sec t ioned a t  10 ~x and  
s t a i ned  w i t h  i ron h a e m a t o x y l i n .  

Results. The  smal les t  follicles are a b o u t  200 ~ long a n d  
w i t h  f la t  ep i t he l i um (5-10 ~x th ick ,  Nos. 1-3), t he  longes t  
are  a b o u t  850 tz long a n d  with ,  a t  a n y  case a r o u n d  t he  
pos te r io r  oocyte,  c o l u m n a r  ep i the l i um (70-80 ~ th ick ,  
Nos. 26, 53). The  ep i the l i um is e i the r  of u n i f o r m  th i ckness  
(apolar  ep i the l ium,  Nos. 1-26) l ike t he  e p i t h e l i u m  of 
n o r m a l  g rowing  oocytes3,  or h igher  a r o u n d  t he  poster ior ,  
i.e. older  oocyte(s) (polar  ep i the l ium,  Nos. 27-53).  

The  ovoid  compos i t e  oocytes  cons is t  of 2-18 growing  
oocytes  (par tners)  in var ious  s tages  of deve l opm en t ,  viz. 
f rom newly  fo rmed  oocytes  w i t h  c y t o p l a s m  (Nos. 1-3) up  
to  oocytes  w i t h  a d v a n c e d  yo lk  accumula t ion .  T he  m e m -  
b r a n e s  be tween  2 oocytes  are  double  and  p l a s m a  fusions,  
as obse rved  b y  CAPPE DE BAILLON 2, w e r e  no t  obse rved  in 
th i s  mate r ia l .  D u r i n g  ear ly  yo lk  a c c u m u l a t i o n  t h e  granules  
a p p e a r  para l le l  w i t h  t h e  s u r r o u n d i n g  ep i the l i um in those  
regions  of t he  p a r t n e r s  which  jo in  t he  ep i the l ium.  I n  case 
of apo la r  ep i the l ium,  t he  vo lumes  of t he  p a r t n e r s  are 
a b o u t  equa l  (except  No. 26) a n d  yo lk  a c c u m u l a t i o n  has  
a d v a n c e d  equa l ly  fa r  in  each  of t he  p a r t n e r s  (except  
Nos. 25-26).  These  compos i t e  oocytes  r e semble  n o r m a l  
g rowing  oocytes.  In  case of po la r  ep i the l i um t he  volume(s)  
of t he  pos te r io r  oocyte(s) is (are) la rger  t h a n  t h e  volume(s)  
of t he  a n t e r i o r  oocyte(s) (except  Nos. 27-29, 35-36,  47-48,  
51) a n d  yo lk  a c c u m u l a t i o n  ha s  a d v a n c e d  m u c h  more  in 
t h e  pos te r io r  oocyte(s).  

I n  t he  n o r m a l  growing  oocyte  t h e  nuc leus  is s i t u a t e d  in 
t he  centre ,  b u t  in t he  compos i t e  oocyte  (except  w h e n  

newly  formed,  Nos. 1-3) the  nuc leus  of a p a r t n e r  lies 
aga ins t  the  m e m b r a n e  as far  as poss ible  f rom the  oocyte  
pe r iphe ry  wh ich  joins  t he  ep i the l ium and,  e v e n t u a l l y  also 
owing to a d e n t  in  t he  m e m b r a n e ,  more  or less on  t he  
an te r io -pos te r io r  axis  of the  compos i t e  oocyte  as far  as 
possible  in t he  cen t re  of the  compos i t e  oocyte .  The  
nucleus  of a p a r t n e r  w i t h  a d v a n c e d  vi te l logenesis  lies in 
the  cor tex,  as in  n o r m a l  oocytes  (Nos. 41, 44-45).  

Discussion. Accord ing  to CAPPE DE BAILLON 2 t h e  com- 
pos i te  oocytes  of C. morosus arise  as a resul t  of t he  non-  
d e v e l o p m e n t  a n d  the  degene ra t i on  of t he  follicle epi the-  
l ium be tween  t h e  growing  oocytes  u n d e r  the  inf luence  of 
t he  pressure  on  each  other .  However ,  since compos i t e  
oocytes  occur  more  f r e q u e n t l y  in  old indiv iduals ,  hor-  
m o n a l  inf luences  on t h e  d e v e l o p m e n t  of the  ep i the l ium 
m a y  also be  i m p o r t a n t  4. Since a n o r m a l  ovariole  p roduces  
11 eggs and  con ta ins  0-6  (except iona l ly  9) growing oocytes  
in old adul ts ,  t h e  g rea t  n u m b e r  of oocytes  in compos i t e  
oocytes  (Nos. 13, 39, 53) m a y  be  also caused b y  e i the r  
ove r -p roduc t i on  or b lockade  of egg deve lopmen t .  

The re  seem to  be  two  k inds  of compos i t e  oocytes,  viz. 
one k ind  wh ich  consis ts  of equa l ly  deve lop ing  ooeytes  
(Nos. 1-24 w i t h  apo la r  deve lopmen t ) ,  and  the  o t h e r  one, 
of wh ich  t he  pos te r io r  oocyte(s)  develop(s)  in a d v a n c e  of 
the  other(s)  (Nos. 25-53 w i t h  po la r  deve lopmen t ) .  This  
di f ference m a y  be  exp la ined  b y  a s suming  t h a t  t h e  oocytes  
concerned  were in t h e  s ame  phase ,  respec t ive ly  in dif- 
f e ren t  phases ,  of d e v e l o p m e n t  a t  t he  t i m e  of fusion.  The  
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