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n = 40 a t  meio t ic  m e t a p h a s e  (Figure 2) ; i t  was  conc luded  
t h a t  t h e y  were b o t h  diploids.  A n o t h e r  8 a d u l t  d ip lo id  
d rones  were used for  spe rm c o u n t i n g  ( Jaycox  method)~ .  

Fig. i. Phase  con t ras t  pho tomic rog raphy  of spermatogonia  of a 
normal  (haploid) male  of Bombus  atratus, s ta ined  wi th  aceto-oreein, 
showing 20 chromosomes (courtesy of Ms. Z. SILVEIRA). 

The  n u m b e r  ob ta ined ,  300,000 to  770,000 spe rms  pe r  
d rone  (average = 522,500 t :  78,238,36) is n o n  over-  
l ap ing  a n d  d i s t i nc t l y  smal le r  t h a n  t h e  1,301,000 to 
3,030,000 (average  = 1,982,000 t :  62,869,31) c o u n t e d  in  
a sample  of 45 hap lo id  B. atratus drones.  Such  def ic ien t  
spe rm p r o d u c t i o n  in  d iploids  was also found  b y  Ct~AUD 
(personal  commun . )  in  Apis melli/era diplo id  drones.  

I f  on ly  1 locus was involved ,  equa l  n u m b e r s  of 
workers  an d  diploid d rones  would  be expec ted ;  t h e  
observed  resu l t s  dif fer  s ign i f i can t ly  f rom th i s  (e~ = 4.1, 
p < 0.05). However ,  if 2 loci were involved ,  such  t h a t  homo-  
zygotes  a t  e i t he r  in t h i s  e x p e r i m e n t  b e c a m e  males ,  t h e n  
a 3 : 1 r a t io  of d ip lo id  d rones  to  workers  would  be  expec t ed  
an d  t h i s  is c o m p a t i b l e  w i t h  t h e  d a t a  (~2 = 1.9, n.s.), 
a l t h o u g h  o t h e r  i n t e r p r e t a t i o n s  are possible.  

If  more  of th i s  ra re  e v e n t  (cross of m o t h e r  • son in 
Bombus) h ap p en ,  more  d a t a  will  be  o b t a i n e d  to  t h o r o u g h l y  
u n d e r s t a n d  t h e  case. Anyhow,  t h e  p r e s en t  work  shows a 
f u r t h e r  case of d ip lo id  d rones  in  H y m e n o p t e r a ,  a n d  
ind ica tes  t h a t  th i s  m e c h a n i s m  is older  in  Ap idae  t h a n  
h a s  been  suggestedV. 

Zusammen/assung. M u t t e r - S o h n - K r e u z u n g  bei  der  Mid- 
a m e r i k a n i s c h e n  H u m m e l  Bombus atratus F r a n k l i n  e rgab  
diploide  M/ innchen  m i t  n o r m a l e n  Arbei ter innei1  im Ver-  
h~Lltnis y o n  3 zu 1. T u r  I n t e r p r e t a t i o n  des  gene t i s chen  
Mech an i s mu s  w u r d e n  2 ge sch l ech t sgebundene  Loci  
a n g e n o m m e n ,  als b i she r  a n g e n o m m e n  wurde,  was  ffir 
e inen  / i l teren M e c h a n i s m u s  bei  Ap iden  spr icht .  
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Fig. 2. Phase  con t ras t  pho tomic rography  of spermatogonia  showing 
40 chromosomes of a diploid male  son of a female Bombus  atratus 
m a t e d  wi th  her  own son (same magni f ica t ion  as in  Figure  1). 
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T i s s u e  Culture  of Cynodon dactylon 1 

There  is m u c h  i n f o r m a t i o n  on  cu l tu re  of t i s sues  f rom 
dicoty ledons .  However ,  s imi la r  i n f o r m a t i o n  f rom mono-  
co ty ledons  is r a t h e r  scarce;  on ly  a few species h a v e  been  
t i ssue  cu l tu red  successful ly:  ma ize  2, ryegrass  3, rye  4, 
suga rcane  5, oat~, ~, r ice 8, l i ly 9, w h e a t  ~0, a spa ragus  1~, 
s o r g h u m  ~. This  c o m m u n i c a t i o n  r epo r t s  on  t he  i n d u c t i o n  
a n d  g r o w t h  of cal lus t i ssue  f rom d i f fe ren t  p a r t s  of b e r m u -  
dagrass  p l an t .  

Apica l  sect ions  of s to lons  i nc lud ing  3-4  nodes  were 
surface  s ter i l ized in sod ium hypoch lo r i t e  so lu t ion  a n d  
r insed  w i t h  s ter i l ized water .  E a c h  sec t ion  was d iv ided  
in to  a) shea ths ,  b) nodes  inc lud ing  1-2 m m  of t he  cont ig-  
uous  i n t e rnodes  a n d  c) i n t e rnodes  r a n g i n g  f rom 2 cm to  
ful l  e longat ion .  Inf lorescences  st i l l  enclosed in s h e a t h s  
were  also s ter i l ized as descr ibed.  E x p l a n t s  were i m p l a n t e d  
on to  t h e  n u t r i e n t  m e d i u m .  

T h e  m e d i u m  c o n t a i n e d  m a c r o e l e m e n t s  a n d  v i t a m i n e s  
accord ing  to  WHITE la, excep t  t h a t  t h e  c o n c e n t r a t i o n  of 
N a 2 H P O 4  was 200 mg/1 an d  Fe  was suppl ied  as F E D T A  
(35 mg/1); m ic roe l emen t s  were those  used b y  TORREY la. 
The  m e d i u m  also c o n t a i n e d  sucrose (35 mg/1), N H 4 N O  3 
(500 mg/1) a n d  myoinos i to l  (50 rag/l).  W h e n  s u p p l e m e n t e d  
w i t h  2 mg/1 2 ,4-d ich lorophenoxiace t ic  acid (2,4-D) th i s  
m e d i u m  induced  callus f o r m a t i o n  in  shea ths ,  nodes,  
i n t e rnodes  a n d  inflorescences.  N a p h t h a l e n e  acet ic  acid 
(NAA) was  less effect ive  t h a n  2,4-D as c o n c e n t r a t i o n s  
lower  t h a n  20 mg/1 fai led to  induce  cal lus fo rmat ion .  

S h e a t h s  fo rmed  callus a t  t h e  basa l  end. I n  inf lorescen-  
ces a de ta i led  o b s e r v a t i o n  of t h e  sp ike le ts  showed t h a t  
cal lus was  in i t i a t ed  a t  t h e  basa l  p a r t  of t h e  b rac t s .  I n  
i n t e rnodes  t h e  ab i l i ty  to  fo rm cal lus appea red  to  depend  
on  age ( length) of explan ts .  Y o u n g  (short)  i n t e rnodes  
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formed callus a t  bo th  apical  and  basal  ends, but ,  as inter-  
nodes were more  elongated,  callus fo rmat ion  was res t r ic ted  
to tile basal  end (Figure). I n  fully e longated  internodes,  
callus was rarely induced.  

Callus f rom the  di f ferent  exp lan t s  have  been subcul- 
tu red  at  m o n t h l y  in tervals  t h rough  46 t ransfers  on to 
med ium  of similar  composi t ion  to  t h a t  which  gave callus 
induc t ion  and  subcul tur ing  is still  in progress.  A h igh  
callus g rowth  ra te  was observed.  Subcn l tu red  pieces 
init ial ly weighed 200-250 mg and af ter  a m o n t h  the i r  
weight  had  increased app rox ima te ly  10-15 fold. The 
cul tures  were ma in t a ined  a t  26~ wi th  16 h of photo-  
per iod;  i lumina t ion  was 1500 lux f luorescent  l ight.  

Callus f rom the  d i f ferent  exp lan t s  consis ted of friable 
masses  of t issue formed by  cells of irregular  shapes  ranging 

Effect of 2,4-D on callus growth and root differentiation 

2, 4-D Growth Root 

2 + + +  Ra 
0.2 + +  R 
0.02 + RR 
0 -- R 

+ + +,  large callus; + +,  medium callus; +,  small callus. Number 
of R letters indicates amount of roots. Ra very short roots in some 
callus. 

f rom globular  to tubular .  No sign of organiza t ion  was 
a p p a r e n t  in 1-2 week old callus growing in med i u m wi th  
2 mg/1 2,4-D as revealed by  microscopic examinat ion ,  
excep t  t h a t  a few vessel cells had  developed.  Older callus 
(3-4 week old) f r equen t ly  d i f fe rent ia ted  roots,  mos t  of 
which remained  3-4 m m  long, b u t  some cont inued grow- 
ing. Roots  con tac t ing  the  med i u m formed,  in turn,  new 
callus. The n u m b e r  and  length  of roots  increased in me- 
d ium modif ied  by  lowering the  2,4-D level while callus 
g rowth  ra te  decreased (Table). W i t h o u t  2,4-D, roots  
developed b u t  callus died in the  following subcul tures .  
Roo t  d i f ferent ia t ion  was also observed when  NAA was 
used ins tead  of 2,4-D. 

Ill a t t e m p t s  to  induce shoot  fo rmat ion  various concen- 
t r a t ions  of kinetin,  6-benzyl-adenine  (BA), coconut  wa te r  
and  cassein hydro l iza te  added  to the  med i u m (without  
2,4-D) as well as combina t ions  of these  subs tances  wi th  
d i f ferent  levels of 2,4-D and  NAA. These tr ials  were 
conduc ted  wi th  callus f rom the  4 th ,  28 th  and  39 th  sub- 
cultures.  In  no case d id  shoot  d i f ferent ia t ion  occur. I t  was 
observed t h a t  BA at  concen t ra t ion  be tween  0.3 rag/1 and 
1.2 mg/1 induced  a purple  p igmen ta t i on  in callus f rom the  
4 t h  subculture,  bo th  ill the  presence  or absence of auxin  
(2,4-D or NAA). Kine t in  a t  s imilar  levels as t h a t  of BA 
failed to  induce color deve lopment .  The color appeared  
in a few res t r ic ted  areas of the  callus dur ing  the  f irs t  days  
following t ransfers ,  b u t  la ter  the  whole callus began to  
brown,  wi th  the  process being more  rap id  in p igmen ted  
areas. No color was a p p a r e n t  in callus f rom the  28 th  and  
39th  subcuItures,  suggest ing t h a t  t issue had  lost  the  
abi l i ty  to  produce  p igmen ta t i on  wi th  t ime  in culture.  This 
resembles  the  decrease in the  abi l i ty  of callus to differen-  
t i a te  shoots  as r epor ted  for callus t issues ma in t a ined  in 
cul ture for long t ime  per iods  (To~aEY ~5; BARBA et al. 16). 

Resumen. Se indujo  la formaci6n de callos en nudos,  
el l t renudos,  va inas  e inflorescencias de Cynodon daetylon 
(L.) Pers.  en un nu t r i t ivo  que conten la  2 mg/1 de 2,4-D.  
Los cMlos se subcul t ivan  desde h a t e  i res  a~os en el mismo 
medio.  Cuando se d i sminuy6  la concent rac i6n  de 2,4-D 
se p rodujo  diferenciaci6n de ralces pero los in ten tos  p a r s  
diferenciar  yemas  no tuv ie ron  6xito. La adici6n de 6- 
benci l -adenina  al medico indujo  una  p igmentac i6n  roja  
en los tej idos.  
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Callus formed at the basal end of a) sheaths b) internodes. 
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