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Vivipary i s  a rare occurence o u t s i d e  t h e  animal kingdom; 

and v i v i p a r y  by means of f o l i a r  embryos is an even rarer occurence. 

The product ion  o f  f o l i a r  embryos is l i m i t e d  to  about 10 genera of 

f o u r  widely d ive rgen t  fami l ies .  Even though t h e  genera which e x h i b i t  

t h i s  c h a r a c t e r i s t i c  are evo lu t iona r i ly  as widely separa ted  as 

Bryophyllum (Crassulaceae) and Camptosorus ( Polypodiaceae) , t h e  

ontogeny of  t h e  ind iv idua l  p l a n t l e t s  is remarkably s i m i l a r  (Yarbrough 

1932, 1934, 1936a, and 1936b). The d i f f e r e n c e s  l i e  i n  t h e  loca t ion  

of t h e  embryos on t h e  lamina, t h e i r  number p e r  l e a f ,  and t h e  length 

of t i m e  it t a k e s  f o r  each of t h e  developmental s t e p s  t o  be completed 

(Heide 1965; Yarbrough 1932, 1934, 1936a, and 193633). The spec ies  

Nymphaea micrantha (Guillemin and P e r r o t t e t )  and Tolmeia menziesii  

(Torrey and Gray) are t h e  only p l a n t s  which produce t h e i r  f o l i a r  

embryos a t  t h e  p o i n t  of t h e  i n s e r t i o n  of t h e  p e t i o l e  i n t o  the  lamina 

(Yarbrough 1934 and 1936b). 

The only  developmental d i f f e rence  between t h e  p l a n t l e t s  of 

N,-rnicrantha and T. menziesii  i s  t h a t  t h e  p l a n t l e t s  of  To lme ia  

g e n e r a l l y  have no dormant per iod  (Yarbrough 1936a) as do those of  

- - 

N. micrantha  (Planchon 1852). - 
The first record of t h e  v iv iparous  h a b i t  o f  N. micrantha - 

w a s  i n  t h e  d e s c r i p t i o n  of t h e  spec ie s  by Guillemin and P e r r o t t e t  i n  

1830. They used t h e  viviparous h a b i t  to  sepa ra t e  N. micrantha from 

- N. s t e l l a t a  t o  which it w a s  otherwise very similar morphologically. 

J, E. Planchon (1852) w a s  t he  first person t o  descr ibe  t h e  development 

o f  t h e  f o l i a r  embryo: and he w a s  a l s o  t h e  one who f i r s t  applied t h e  

- 

, 
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term @'tubercle" t o  t h e  embryonic s t ruc tu re .  Planchon' s descr ip t ion  

was l i m i t e d  only t o  what could be seen wi,th t h e  naked eye. H e  

a t t r i b u t e d  t h i s  development t o  an overabundance of  l i f e  force,  

#Id' un foyer  02 la v i e  surabonde." 

Conard (1905) i n  h i s  monograph of  the  genus Nymphaea 

repeated Planchon's desc r ip t ion  of  t he  t u b e r c l e ' s  development and 

records  t h e  names of var ious o t h e r  writers who had noted t h i s  

v iv iparous  c h a r a c t e r i s t i c  before  the  year  1900. 

- p r e s e n t  t h e r e  is no record of any sc i en t i f i c  study of t h e  f o l i a r  

From 1905 u n t i l  t he  

embryos of t h i s  w a t e r l i l y .  Although i n  1922 G. H. Pring, t he  noted 

breeder  of t r o p i c a l  water l i l ies ,  wrote about h i s  a t tempts  t o  spread 

this viv iparous  h a b i t  through a l a r g e r  number of c u l t i v a r s  because 

it would make propagation much simpler. 

I n  t h e  l a t e  1920's and t h e  e a r l y  1930's t he re  w e r e  a number 

of  papers  publ ished examining i n  d e t a i l  t he  ontogeny of the  f o l i a r  

embryos of va r ious  spec ies  t h a t  d i sp lay  t h i s  c h a r a c t e r i s t i c ,  b u t  

Nymphaea micrantha was neglected. It was no t  u n t i l  1965 t h a t  p a r t  

of the biochemical con t ro l  mechanism f o r  f o l i a r  embryo production of 

one of  t hese  spec ie s ,  Bryophyllum daigremontianum, was discovered by 

0, M. Ht=i.de. He found t h a t  naphthaleneacet ic  ac id  i n h i b i t e d  the  

development of t h e  f o l i a r  embryos and t h a t  the  cytokinin,  6-benzyl- 

minopur ine ,  had a st imulatory e f f e c t  on t h e i r  growth. 

t h a t  s e v e r a l  o t h e r  researchers  (Gb'tz, 1953, Meyer, 1953, and Krzner ,  

1953) had found t h a t  development of t h e  f o l i a r  embryos was a l s o  

inf luenced  by t h e  photoperiod. 

H e  a l s o  noted 

Of a l l  t h e  w a t e r l i l i e s ,  only Nymphaea micrantha and some of 

its hybrid progeny a r e  viviparous,  Nymphaea x Daubeniana i s  one of 

these .  Nymphaea micrantha i s  na t ive  to  the  c o a s t a l  f reshwater  swamps 

http://Ht=i.de
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.oscfierid 

Figure 1. The s t r u c t u r e  of the  a i r  cana l s  i n  t h e  underwater s ec t ions  
of t h e  w a t e r l i l y  ( taken from Conard- The Wate r l i l i e s ) .  - 
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of Nigeria .  

equator where the r a i n f a l l  is 70- 170 inches p e r  year. 

comes dur ing  the May t o  October ra iny  season. 

l eaves  of t h e s e  p l a n t s ,  according t o  Kendrew (1961), has a mean 

annual temperature  of  80 F. The monthly mean temperature va r i a t ion  

around this annual mean is only p l u s  or minus 4 

These l i e  i n  an area about seven degrees nor th  of t he  

Most of it 

The a i r  around the  

0 

0 
F. I t  is  coo les t  

dur ing  the ra iny  season. 

The w a t e r  i n  which these  p l a n t s  are found v a r i e s  i n  depth 

between twelve and t h i r t y - s i x  inches. 

a s h o r t  u p r i g h t  tuberous s t e m .  

stem so tha t  t h e  lamina f loa t s  upon t h e  surface.  A i r  is conducted 

f r o m  the su r face  of the w a t e r  t o  the  rest  of t he  p l a n t  by numerous 

The main axis of the  p l a n t  i s  

The leaves  grow upwards from t h i s  

.. , 

. .. 

r 

'PTorrcial S t  o m a t  e 

Lacuna 

Figure 2. S t r u c t u r e  of a i r  conducting system of water l i l i es  i n  the  
l e a f .  (Taken from Conard - - The Waterlilies) . 
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lys igenous  a i r  c a n a l s  which t r a v e r s e  long i tud ina l ly  t h e  length  of 

the petiole and are p a r a l l e l  to  t h e  vascular  bundles (Conard 1905). 

I n  the s t e m  t h e s e  c a n a l s  empty i n t o  a c e n t r a l  p i t h y  area t h a t  c o n s i s t s  

l a r g e l y  of va r ious  s i zed ,  thinwalled cells, with l a r g e  i n t e r c e l l u l a r  

spaces and many t r i c h o s c h e r i d s  which permit a i r  d i f f u s i o n  t o  t h e  

rest of t h e  underwater p a r t s  of t h e  p l a n t  (refer t o  f i g u r e  1). The 

c a n a l s  open t o  t h e  atmosphere through seve ra l  g i a n t  stomates ( r e f e r  

t o  figure 2 ) .  

The vascu la r  bundles, i n  j o in ing  the  leaf, are a l l  connected 

a t  the uppermost end of t h e  p e t i o l e  by " t ransverse  commissures, 

Radiating Vein 

- - ___I____- -__ I 

Vascular - c L- l l a r  
- . - -- 

Figure  3. The vascu la r  system of the  l e a f  showing t h e  vascular  r i n g  
and r a d i a t i n g  veins.  
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forming a r i n g  of vascu la r  t i s s u e s  p a r a l l e l  to  t h e  sur face  of t he  

leaf. 

(Conard 1905). 

around t h e  a i r  c a n a l s  t h a t  t h e  p l a n t l e t s  form. 

From t h i s  r i n g  t h e  primary ve ins  r a d i a t e  o u t  i n t o  t h e  leaf" 

It i s  from cells wi th in  t h i s  vascular  r i ng  and 

There are no vascular  elements e n t e r i n g  t h i s  area. Thus, it 

w i l l  be assumed t h a t  t h e  c e l l u l a r  n u t r i e n t s  and hormones d i f f u s e  

inward evenly from t h e  surrounding vascu la r  r i n g  and the re  i s  a 

p l e n t i f u l  and even supply of oxygen from t h e  lacunar  system ( f i g u r e s  

3 and 4 ) .  This  phys i ca l  arrangement is s i m i l a r  t o  t h e  environment 

to  which a piece of c a l l u s  t i s s u e  i s  exposed when grown i n  cu l ture .  

I 

IMerist ematic T i s  sue \Vascular Tissue 

Border 
w 

Figure  4. The border  area of  t h e  t u b e r c l e  showing t h e  lack of 
vascu la r  connection. 



\ 
/- , --\ 

- - .... .. . .... . 

Figure  5 .  The s i m i l a r i t y  of r o o t  development within t h e  s t e m  
(on top) and t h e  tube rc l e  (on bottom). 

1 
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me p l a n t l e t  develops from a mass of  meristematic c e l l s  " l e f t  

behind" by t h e  r e s t  of the  "parent l e a f ' s "  c e l l s  a s  they d i f f e r e n t i a t e  

i n t o  t h e  va r ious  t i s s u e s  t h a t  make up a mature l e a f .  The mass of 

cells which Soon cause a humping under t h e  upper epidermis readi ly  

noticeable i n  a t ransverse  sec t ion  of t he  i n s e r t i o n  area.  The hump 

i n c r e a s e s  i n  s i z e  u n t i l  a t yp ica l  tun ica  and corpus meristematic 

arrangement forms. Leaf primordia a r e  i n i t i a t e d  as the  p l a n t l e t  

goes i n t o  a dormant per iod a s  t he  parent  l e a f  matures on the  water ' s  

- sur face .  By t h i s  time the  meristem has d i f f e r e n t i a t e d  a sho r t  (2-5m) 

stem a x i s ,  b u t  no roo t s  have formed. I t  i s  a f t e r  t h i s  dormant per iod 

t h a t  r o o t s  form i n  t h e  same manner t h a t  r o o t s  form from t i s s u e s  i n  

the s t e m  ( r e f e r  t o  photographs i n  f igu re  5).  

As t h e  parent  l e a f  begins t o  senesce, the  dormancy of the  

p l a n t l e t  is broken and growth resumes. The leaves  rap id ly  increase 

t o  a l a r g e r  s i z e ,  and t h e  roo t s  grow o u t  across  the  parent  l e a f ' s  

sur face .  The l a m i n a  of t h e  parent  l e a f  r o t s  and d isen tegra tes  within 

a f e w  days: t h e  p e t i o l e  p e r s i s t s  longer. The f i n a l  r e s u l t  i s  a small  

f l o a t i n g  p l a n t  which cu r ren t s  may ca r ry  away t o  a new loca t ion ,  before  

the r o o t s  f i n d  t h e  bottom and anchor the  p l a n t  to  a new home. This 

r a p i d  and easy  means of reproduction is  probably t h e  evolutionary 

advantage which favored i t s  development, 

There a r e  severa l  concepts which must be accepted axio- 

m a t i c a l l y ,  f o r  these  concepts t o  form the  b a s i s  of t h i s  paper. 

These are: 

g e n e t i c  switch,  t h e  concept of developmental pathways, and the  concept 

of  switching networks. Also helpfu l  i n  understanding how small 

amounts of p l a n t  hormones work is Monod's concept of the  mode of 

hormonal ac t ion .  

t h e  concept of tot ipotency,  t h e  concept of the  u n i t  
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Totipotency is defined by Bonner and Varner (1965) a s  t h e  

theory  tha t  each l i v i n g  cel l  of an a d u l t  organism conta ins  a l l  t h e  

g e n e t i c  i n f o m a t i o n  necessary t o  regenerate  the  a d u l t  organism. 

"An example of t h i s  i s  shown by Steward, Mapes, and Kent (1963) who 

have shown t h a t  whole carrot p l a n t s  can be r e a d i l y  grown from clumps 

of carrot phloem cells and t h a t  whole c a r r o t  p l a n t s  can also be 

caused to  arise from s ing le  d i f f e r e n t i a t e d  cel ls  of very d iverse  

types." The secret l ies i n  p lac ing  the  s i n g l e  cells i n  the  proper 

Leaves I -  -_ ____ 

P e t i o l e  
Roots / 

i s  Figure 6. The f i n a l  s tage  of tuberc le  development. The tub 
'now equipped f o r  independent l i f e ;  the  lamina is  now senescing 
(note  yellow). Lamina i n  t h i s  photograph has  been trimmed f o r  
t h e  p i c tu re .  
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t y p e  of n u t r i e n t  m e d i u m ,  one which c o n t a i n s  t h e  materials necessary 

to b r i n g  about renewed d iv i s ion  i n  the i s o l a t e d  cell. The same is 

also true of c a l l u s  cu l tures .  Under appropr i a t e  conditions these  

cells can be caused to give rise t o  buds and thence t o  generate a 

new p l a n t  which passes  normally through t h e  whole p l a n t  l i f e  cycle.  

A l l  t h i s  information is contained i n  t h e  cell 's  DNA. The 

informat ion  stored i n  t h e  DNA molecule must be i n t e r p r e t e d  i n  some 

organized  manner. Bonner (1963) and o t h e r s  have proposed t h a t  t he  

. group of chemical compounds known as h i s t o n e s  are t h e  c o n t r o l l e r s  of 

which s e c t i o n s  of  t he  DNA is read by r ep res s ing  and derepressing 

s e c t i o n s  of t h e  gene t i c  code. Monod et. al. (1963) proposed t h e  

i d e a  t h a t  t h e  h i s t o n e s  could be c o n t r o l l e d  by p a r t i c u l a r  small 

molecules which b ind  t o  t h e  p ro te in  r ep res so r  (h is tone)  substance: 

such b inding  changes t h e  conf igura t ion  and thus  some of the  o t h e r  

properties of t h e  repressor.  

one such group of s m a l l  molecules. 

I -  

The p l a n t  hormones are believed to  be 

"Excel len t  proof of t h i s  concept i s  given i n  t h e  case of  

p o t a t o  tuber bud dormancy (Tuan and Bonner 1964).  'I These buds do 

not  grow, even when favorable condi t ions  are supplied. They lack  

t h e  a b i l i t y  to  synthes ize  any s u b s t a n t i a l  amount of RNA i n  vivo 

(Bonner and Varner 1965). When t h e  dormancy has  ended, t h e  buds 

aga in  posses  t h e  a b i l i t y  t o  synthes ize  RNA rap id ly .  

t hose  genes which are derepressed'by t h e  presence of appropriate 

hormones, t h e r e  are a l s o  those o t h e r  genes which are repressed o r  

derepressed  by t h e  proper metabolite (Bonner and Varner 1965). 

-- 

I n  addi t ion  t o  

I t  i s  c h a r a c t e r i s t i c  of development t h a t  
a cell ,  or cells,  once s e t u p o n  a p a r t i c u l a r  rou te  

along t h i s  pathway. Thus, t he  cells  produced by the  
a p i c a l  m e r i s t e m  d i f f e r e n t i a t e  s t e p  by s t e p  i n t o  the  

, or pathway of development, cont inues  inexorably 
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s p e c i a l i z e d  cells of  s tem and-leaves. 
a t ic  cells of t h e  a p i c a l  bud continue to  produce 
cells which follow t h e  stem-leaf pathway u n t i l  
dormancy, flowering, o r  death intervene. The develop- 
mental pathway, once turned on, is followed u n t i l  
f r e s h  s i g p a l s  set it upon a new course. 

Switching of t h e  developmental course i s  
d rama t i ca l ly  ev ident  i n  t h e  case of  bud flormancy 
considered above. 
which no development t akes  p lace ,  a s o r t  of ground 
state. When the bud is  awakened from dormancy it passes  
a t  once t o  t h e  appropr ia te  pa th  by which buds make 
l e a v e s  and stems. The agent which awakens dormant 
buds does so by derepressing genes previously repressed 
(Bonner and Varner 1965). 

The m e r i s t e m -  

Dormancy is  a pathway along 

The t r i g g e r s  of the developmental pathways are phys ica l  and 

Among t h e  phys ica l  t r i g g e r s  are t h e  presence of  c e l l u l a r  chemical. 

neighbors and the type of  neighbor. This information could be t rans-  

mitted by chemicals excre ted  by one cel l  and absorbed by i t s  

ne ighbor ( s ) .  These chemical s i g n a l s  could be hormones o r  metabolites. 

W e  know, then, of many ind iv idua l  i n s t ances  

The ce l l  
i n  which a p a r t i c u l a r  k ind  of gene t i c  a c t i v i t y  is  
c a l l e d  i n t o  p lay  by one o r  another agent. 
i s  set on a pathway of development. 
i n q u i r e  i n  more d e t a i l  exac t ly  what w e  mean by a 
pathway of development. I n  t h e  case of t h e  
flowering pathway, f o r  example, t h e  flowering hormone 
sets t h i n g s  i n t o  motion. Once t h e  i n i t i a l  act  of 
f loral  induct ion  has  occurred, t h e  c e l l s  o f  t h e  bud 
proceed inexorably toward f l o w e r  formation. It is  t o  
be expected t h a t  f u r t h e r  changes i n  t h e  pos ture  of 
t h e  genome w i l l  occur as flower development proceeds. 
The meristematic apex swells, protuberences are c u t  
o f f ,  t h e  individual. organs of t h e  flower: sepa ls ,  
p e t a l s ,  stamens, o v a r i e s  appear, meiosis takes place,  
and so on. A l l  t h i s  complicated sequence flows, as 
it w e r e ,  automatically from t h e  i n i t i a l  a c t  of 
induct ion .  I t  is  as though incluctj.on cal ls  i n t o  

’ L e t  us now 
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a c t i o n  a preprogrammed p lan  of a l l  s t e p s  subsequent 
t o  t h e  first which must be executed i f  flowers are 
to be formed (Bonner and Varner 1965). 

Bonner and Varner (1965) f u r t h e r  s ta te  t h a t  " the  same may D e  s a i d  

for the cells of t h e  vege ta t ive  m e r i s t e m ,  t h e  r o o t  m e r i s t e m ,  and t h e  

cambium. 

t h e  p l a n t  as subdivided i n t o  a series of such programs," one f o r  

the making o f  each of t h e  k inds  of p l a n t  organs as w e l l  as f o r  t h e  

conduct of basic c e l l u l a r  biochemistry (Bonner and Varner 1965). 

-According t o  t h i s  theory,  t h e  proper developmental program i s  c a l l e d  

i n t o  a c t i o n  by t h e  presence of  t h e  requi red  s i g n a l  or  inducer 

subs tance ,  t h e  flowering hormone i n  t h e  case o f  f l o w e r  induction. 

It  i s  convenient to th ink  of t h e  g e n e t i c  information of 

Th i s  theory  uses  t h e  idea  t h a t  t h e  ce l l  p e r i o d i c a l l y  samples 

its environment to f i n d  o u t  t h e  number o f  surrounding cells. 

test might c o n s i s t ,  f o r  example, of sensing t h e  concent ra t ion  of  

s o m e  subs tance  given off by t h e  cells, which t h e r e f o r e  b u i l d s  up t o  

h i g h  concen t r a t ions  i n  masses of  cells  b u t  which quick ly  d i f f u s e s  

away from s i n g l e  cells. 

This 

With t h e  concept of a developmental test, it becomes 
possible to  spec i fy  model programs which, i f  executed, 
would cause a ce l l  t o  develop s t e p  by s t e p  wi th  
s t r ic t  sequen t i a l  programing i n t o  an organ or  
organism. Such a program f o r  t h e  genera t ion  of 
stem from a s i n g l e  cel l  i s  o u t l i n e d  ( by t h e  
fo l lowing  ) .  The a p i c a l  cel l  f i r s t  d iv ides  i n t o  
two cells. Each ce l l  t h e n  tests i t s e l f  to  f i n d  
o u t  whether it is a p i c a l  or not. 
i s  a p i c a l  then d iv ides  again. The cel l  t h a t  
d i scove r s  from t h e  outcome of  the t e s t  t h a t  it i s  n o t  
ap icaa  proceeds t o  t h e  next i n s t r u c t i o n  i n  t h e  
developmental program. This i n s t r u c t i o n  i s  t o  
d i v i d e  and t o  continue d iv id ing  and producing more 
cel ls  u n t i l  a s p e c i f i e d  number of  cel ls  have been 
accumulated i n  t h e  growing bud. The subapica l  
cells, d iv ide ,  af ter  each d iv i s ion  t e s t i n g  themselves 

The one t h a t  
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for the s i z e  of t h e  cel l  mass i n  which they 
are embedded. When the  required u l t ima te  s i z e  
has been achieved, as shown by t h e  outcome of 
t h e  appropr i a t e  s i z e  test, t h e  cells of t h e  
bud are requi red  t o  conduct f u r t h e r  tests t o  
d iscover  what k ind  of spec ia l i zed  ce l l s  they 
should t u r n  into, . .The cells  are f i rs t  required 
t o  test themselves for whether they a r e  on the  
o u t s i d e  of t h e  t i s s u e  m a s s  or not. I f  they a re  
on t h e  ou t s ide ,  they then become e p i d e m a l  
cells. C e l l s  which a r e  not  on t h e  extreme out- 

. side then t e s t  themselves to  f i n d  o u t  whether 

F igure  7. Photograph of  a l e a f  of Nymphaea x Duabeniana without a 
t ube rc l e .  
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1 

t hey  are on t h e  extreme ins ide .  
t hey  t u r n  i n t o  xylem. C e l l s  t h a t  are i n  n e i t h e r  
ca t egory  test themselves again t o  f i n d  o u t  whether 
t hey  are next  to  t h e  epidermis; if they are, 
they  t u r n  i n t o  phloem, if they are n e i t h e r ,  
t hey  are t o l d  to  d iv ide  again, t h a t  is, t o  
behave as cambium (Bonner and Varner 1965). 

I f  they are, 

It h a s  been intended t h a t  t h i s  s ec t ion ,  and e spec ia l ly  t h e  

o u t l i n e  of stem formation, t o  be suggestive of  t h e  processes necessary 

for t h e  development of t h e  w a t e r l i l y  tuberc le .  

I n  t h e  switching network which leads to  t u b e r c l e  development, 

t h e  first s t e p  causes  t h e  cells  wi th in  t h e  vascu la r  r i ng  t o  remain 

meristematic i n s t e a d  of d i f f e r e n t i a t i n g  i n t o  parenchyma. This f i r s t  

step must e x i s t  because some l eaves  never have tuberc les .  I f  t h e  

leaf does n o t  have a tubercle as  it matures on t h e  w a t e r ' s  surface,  

it w i l l  n o t  subsequently produce a t u b e r c l e  and t h u s  w i l l  no t  produce 

p l a n t l e t s  (figure 7). This  t r i g g e r i n g  may simply be a high l e v e l  of 

v i g o r  s i n c e  T a b l e  One shows t h a t  a l l  t h e  f a c t o r s  which favor the  

accumulation of photosynthates,  i.e., l eng th  of  photosynthetic 

period, and temperatures a r e  c o r r e l a t e d  wi th  lea€ and tube rc l e  

formation. The data i n  T a b l e  One w e r e  computed by a mul t ip le  

stepwise r e g r e s s i o n  ana lys i s  from t h e  d a t a  l i s t e d  i n  the  Appendix. 

I f  t h e  l e v e l  of v i g o r  i s  above an unknown threshold ,  a tubercle is  

produced; b e l o w  t h i s  th reshold  the re  is no t u b e r c l e  produced. 

- -  

Bonner's a s s e r t i o n  t h a t  a metabol i te  may act as a t r i g g e r  t o  set  a 

cell  along t h e  p a t h  of a switching network i s  c o n s i s t e n t  with 

t h i s  model. Once t h e  mechanism is  t r igge red ,  growth i s  regulated 

by the p l a n t ' s  hormones. The two hormones involved are indo leace t i c  

acid (IAA) and t h e  cytokinin,  zea t in .  T a b l e  Two shows t h a t  naph- 

t h a l e n e  acetic a c i d  CNAA) and 6-benzylaminopurine, s t r u c t u r a l  
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ana logs  to z e a t i n  and indoleacetic acid are a c t i v e  i n  t h e  regula t ion  

of tubercle growth. The na t ive  chemicals, t hus ,  are probably IAA, 

because it is found i n  p l a n t s  while NAA i s  syn the t i c :  and zea t in ,  

because Heide and Skoog found z e a t i n  r e a d i l y  produced i n  the  leaves  

of Begonia rex-culturum and Bryophyllum (S. C. I. Monograph No. 31). 

That bo th  an auxin  and a cytokinin are involved i s  ind ica t ed  by 

Jublonski  and Skoog (19541, who showed t h a t  for cells of tobacco 

p i t h  to  d iv ide ,  it w a s  necessary t o  supply them wi th  both an auxin 

- a n d  a cytokin in .  mmberger (1963) states t h a t  "when used alone, 

n e i t h e r  subs tance  can e l ic i t  cel l  d iv is ion .  The high l e v e l s  of 

t h e s e  hormones would be conducive t o  r a p i d  d isorganized  cell  

p r o l i f e r a t i o n .  'I 

T a b l e  Two. The effects of k i n e t i n  and NAA on p l a n t l e t  production. 

TEST PLANTLET GROWTII 

Cut Leaves N u m b e r  

NAA i n  Lanolin 30 % 

K i n e t i n  i n  Lanolin 90% 
Lanolin 60 % 

N o  Lanolin - 75% 

21 % . .  Uncut Leaves 3 

70% 
10 % 

40 % 

25 % 

The number of p l a n t l e t s  produced. 

The number of l e a v e s  t h a t  d ied  before producing p l a n t l e t s .  

Popula t ion  mean f o r  p l a n t l e t  production on undamaged leaves;  
s t anda rd  d e v i a t i o n  from mean + 16%. 

3 

- 
The cells t h a t  become t h e  tubercle remain meristematic while 

t h e  cells  of t h e  rest of  t h e  leaf d i f f e r e n t i a t e .  

examination i n d i c a t e d  t h a t  t he  cells  of  t h e  tube rc l e  remained small 

Microscopic 
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and isodiametric. The nuc le i  are small and dense, and the  vacuoles 

are poorly developed and few. A t  the same t i m e  t he  leaf cells 

o u t s i d e  the tube rc l e  are taking on t h e  shape and cel l  w a l l  s t r u c t u r e  

of epidermal, pa l i sade ,  spongey mesophyll and vascular  cells 

( f i g u r e  4 ) .  Romberger (1963) s ta tes  t h a t  t he  ra t io  between 

i n d o l e a c e t i c  acid and k i n e t i n  i s  very important i n  determining 

whether or  no t  tobacco t i s s u e  c u l t u r e s  remain undi f fe ren t ia ted .  

a Mesophyll 

\- Lacuna 

F igure  8. The t i s s u e  within the  vascular  r i ng  of a tube rc l e l e s s  
leaf.  This  i s  the  same a rea  where a tuberc le  could have 
formed. 



18 

While t h e  t u b e r c l e  is accumulating a cel l  mass before d i f f e r e n t i a t i n g  

a t u n i c a  and corpus, the f a c t o r  con t ro l l i ng  tubercle development i s  

an even balance of the  two hormones which permits  only disorganized 

cell growth i n  t h e  tubercle .  

8 f 

4 

! 
i 

f 

Leaf Pr imord ia  

1-- . . .  

I f . I e r i s t e m  Le& Tissue 

Figure  9. Transverse sec t ion  of a tuberc le  showing l e a f  primordia. 

While the  parent  l ea f  i s  s t i l l  underwater and growing, the  

t u b e r c l e  mass apparently reaches a s i z e  t h a t  t r i g g e r s  the  formation 

o f  a m e r i s t e m  t h a t  soon d i f f e r e n t i a t e s  s eve ra l  l e a f  primordia. The 
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tubercle's m e r i s t e m  and t h e  f u l l y  d i f f e r e n t i a t e d  pa ren t  l e a f  a t  

this s t a g e  reach the su r face ,  and t h e  t u b e r c l e  becomes dormant. 

Hartman and K e s t e r  (1968) noted t h a t  s t e m s  and leaves  are 

produced by c a l l u s  t i s s u e  i n  a medium low i n  indo leace t i c  a c i d  

and high i n  k i n e t i n .  Perhaps, it is a s i m i l a r  balance which t r i g g e r s  

the m e r i s t e m  development. 

As t h e  parent leaf unfo lds  on t h e  water's sur face ,  t h e  

tubercle appears to  be dormant. Many observa t ions  over a t w o  yea r  

p e r i o d  showed t h a t  t h e r e  is no growth of  t h e  tubercle m e r i s t e m  f o r  

a p e r i o d  as s h o r t  as a f e w  days or as long as t h r e e  weeks. The 

mechanism c o n t r o l l i n g  t h i s  dormancy w a s  s t u d i e d  wi th  leaves  where 

t h e  laminas w e r e  removed and k i n e t i n ,  6-benzylaminopuripe, and the  

auxin, naphthalene acetic ac id ,  w e r e  appl ied  to  t h e  c u t  edges of t h e  

remaining lamina. Corks w e r e  a t tached  t o  the p e t i o l e s  t o  maintain 

t h e  leaf ' s  normal o r i e n t a t i o n  t o  the su r face  of the water. The 

experiment began one week be fo re  t h e  sp r ing  equinox and l a s t e d  f o r  

two weeks. The r e s u l t s  of t h i s  experiment are summarized i n  T a b l e  

Two. These d a t a  show, even though t h e  number of  r e p l i c a t i o n s  is 

small, t h a t  t h e  t u b e r c l e s  t r e a t e d  wi th  naphthalene acetic acid react 

very  much l i k e  u n t r e a t e d  and undamaged leaves.  The leaves  treated 

wi th  l a n o l i n  on t h e  cut laminas behave very much as leaves  with 

t h e i r  dormancies broken by k i n e t i n .  Romberger (1963) def ines  a 

type of dormancy which he cal ls  " c o r r e l a t i v e  i n h i b i t i o n , "  a f t e r  

D o r r e m b o s .  

b u t  n o t  w i th in  t h e  organ e f f ec t ed .  When w e  cons ider  t h a t  t h e  

aux in , ' i ndo leace t i c  ac id ,  is synthes ized  i n  t h e  leaves ,  and i s  

t r a n s l o c a t e d  i n  a b a s i p e t a l  d i r e c t i o n  (Wightman and S e t t e r f i e l d  1967),  

w e  f i l l  t h e  d e f i n i t i o n  for c o r r e l a t i v e  i n h i b i t i o n .  "Chvojka (1961), 

and  Engelbrecht and Mothes (1962) have shown t h a t  cy tokin ins  can 

This  dormancy i s  maintained by agents  wi th in  the  p l a n t  
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be 

As 

used t o  break c o r r e l a t i v e  types  of dormancy" (Romberger 1963). 

shown i n  Table TWO, k i n e t i n  breaks t h e  dormancy of  t h e  tuberc les .  

Thus, t h i s  dormancy can be properly c a l l e d  c o r r e l a t i v e  inh ib i t i on .  

The mechanism descr ibed  previously is very similar to  t h a t  described 

for t h e  i n h i b i t i o n  of a x i l l a r y  buds by l eaves  a t  t h e  same node 

(Romberger 1963). 

The r o o t s  of t h e  t u b e r c l e  form i n  t h e  same manner t h a t  new 

roots form i n  t h e  s t e m  of t h e  p l a n t ,  i .e*, i n  a s soc ia t ion  with t h e  

vascular traces nea r  t h e  base of t he  p e t i o l e s  ( r e f e r  t o  f i g u r e  5). 

- -  

A f t e r  t h e  p l a n t l e t ' s  development i s  complete, t h e  pa ren t  

-leaf begins  t o  senesce,  t h e  dormancy is  broken, t h e  tube rc l e  now 

p l a n t l e t  resumes growth. 

and t h e  p a r e n t  l eaf ' s  senescence always go together.  Bonner and 

Varner (1965) sugges t  t h a t  senescence i s  t h e  r e s u l t  of a hormone 

ba lance  which w i l l  no t  allow t h e  t r a n s c r i p t i o n  and t r a n s l a t i o n  of 

t h e  informat ion  needed t o  keep t h e  c e l l u l a r  machinery i n  good r epa i r .  

Whether t h e  senescence i s  con t ro l l ed  by mechanisms wi th in  t h e  lamina 

or  w i t h i n  t h e  t u b e r c l e  w a s  examined i n  an experiment where groups 

of four l e a v e s  w e r e  p u t  i n t o  t h r e e  ca tegor ies .  The first group ( A )  

had t h e  tubercles removed wi th  a s t e r i l i z e d  s c a l p e l  and t h e  wound 

sealed wi th  l a n o l i n  paste; t h e  second group (B) had tube rc l e s  which 

w e r e  no t  d i s tu rbed ;  t h e  t h i r d  group (C) w a s  t u b e r c l e l e s s  leaves. 

Group (A) had an a d d i t i o n a l  fou r  leaves  added to  t h e  group every 

f o u r  days u n t i l  t h e r e  w a s  a t o t a l  of s i x t e e n  leaves.  A l l  t h e  leaves  

i n  t h i s  experiment were from t h e  same p lan t .  observa t ions  were 

made d a i l y  and records  kep t  as t o  whether t h e  l eaves  were hea l thy  

( a l l  green  t o  14 yel low) ,  senescing ( %  t o  e n t i r e l y  yellow),  o r  dead. 

This resumption of  growth by t h e  tube rc l e  

The r e s u l t s ,  T a b l e  Three, are no t  conclusive. A Chi square t es t  

o f  t h e  means revea led  t h a t  a l l  t h e  observed v a r i a t i o n  can be 
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Tubercle 

Root J 

--. ___ 

Green Island 

Figure 10. Senescing leaf with r ap id ly  growing tube rc l e  now p l a n t l e t .  
N o t e  t h e  "green i s land"  effect around tuberc le .  

expla ined  by chance. 

t w o  of t h e s e  means w e r e  ou t s ide  t h e  l i m i t s  of one s tandard deviation. 

cell 's  a b i l i t y  to  reproduce its p r o t e i n  because of a breakdown of its 

DNA-RNA t r a n s l a t i o n  system. 

i n f e r  a decrease i n  enzyme synthes is  also. 

produce p l a n t  hormone would a l s o  decrease,  l eav ing  l i t t l e  indole- 

acetic acid t o  be t r ans loca ted  and the  dormancy of  t h e  tubercle 

released. 

A s tandard devia t ion  ca l cu la t ion  showed t h a t  

Senescence i s  thought to  be assoc ia ted  with a decrease i n  a 

A decrease i n  p r o t e i n  synthes is  would 

Thus t h e  pathways which 
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Table  Three. The effect  of t h e  tubercle on t h e  longevi ty  of  
w a t e r l i l y  leaves.  1 

- 

Condition Tubercles Removed Tubercles Tubercleless 

Healthy 10.8 10.7 10.7 

Senescing - 9.28 12.0 10.0 

D e a d  - 14.6 22.0 20.2 

. The numbers i n  t h i s  table are arithmetic means; 9.28 and 
14.6 are t h e  only numbers ou t s ide  one s tandard  devia t ion  
( t h e  above numbers are numbers of days i n  each of t h e  
t h r e e  c a t e g o r i e s ) .  

After t h e  dormant period, t h e  now rap id ly  growing p l a n t l e t  

exerts i t s  own i n f luence  on t h e  lamina. 

"green i s l a n d  effect" ( f i g u r e  10) around t h e  base of  t h e  tube rc l e ,  

sugges t ing  a t  t h i s  p o i n t  a flow of hormones o u t  of t h e  tube rc l e  

i n t o  t h e  lamina. According to  Mothes (1961) "k ine t in  inc reases  

t h e  a b i l i t y  of cells to  accumulate solutes. ' '  

can thus  d r a i n  t h e  pa ren t  lamina of n u t r i e n t s  to  fac i l i t a te  p l a n t l e t  

growth. 

d e n t  l i fe ,  

There is a pronounced 

Perhaps t h e  p l a n t l e t  

The p l a n t l e t  s h o r t l y  t h e r e a f t e r  is able t o  s t a r t  an indepen- 
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95 
95 
95 
96 
96 
96 

79 - 85 
79 85 
79 85 

66 
66 
66 
66 
66 
66 
78 
78 
78 
78 
78 
78 
78 
78 
78 
62 
62 
62 
62 
62 
62 
50 
50 
50 
65 
65 
65 

245 
245 
245 
25 2 
25 2 
25 2 
187 
187 
187 
28 1 
28 1 
281 
252 
25 2 
25 2 
299 
299 
299 
317 
317 
317 
376 
376 
37 6 
27 7 
277 
27 7 

226 
226 
226 
240 
240 
240 
172 
172 
172 
27 5 
27 5 
275 
243 
243 
243 
292 
292 
292 
310 
310 
310 
367 
367 
367 
268 
268 
268 

32 
32 
32 
21 
21 
21 
11 
11 
11 
32 
32 
32 
34 
34 
34 
28 
28 
28 
47 
47 
47 
53 
53 
53 
22 
22 
22 

00 
00 
00 
78 
78 
78 
29 
29 
29 
34 
34 
34 
0 
0 
0 
48 
48 
48 
71 
71 
71 
127 
127 
127 
53 
53 
53 

239 
198 
148 
148 
140 
115 
181 
239 

- 49 
53 
42 
49 
17 3 
247 
157 
152 
150 
143 
239 
8 
49 
74 

115 
239 
16 
8 
16 

370 
360 
340 
310 
440 
300 
170 
180 
170 
0 
0 
0 

300 
350 
380 
0 
0 
0 

330 
340 
260 
330 
300 
270 
370 
333 
260 

0" 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1. 
1 
1 
0 
0 
0 

31 45 122 237 .3 = x 860 79 90 67 275 265 
* 
.One means fertilized at t h i s  t i m e ,  and zero means u n f e r t i l i z e d .  

25 



26 

The high and l o w  a i r  temperatures are recorded from a 

thermometer which recorded the maximum high and low temperature. 

The thermometer w a s  read once a week so the temperatures i n  

these columns represent weekly highs and lows. 

haea micrantha i s  one of the parents of N. - 
x Raubeniana. 

- 




