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I ) T he grow th  o í th e  fem ale flow er s ta lk  of V allieneria sp ira lis  ;
2) T he influence of th e  oxygen co n ten t of w ater on  th e  grow th 

o f w a te r p la n ts  ;
3) T he influence of hetero -aux in  on th e  grow th  o f w atorp lan te ;
4) L ong itud ina l g row th , length  o f cells a n d  d ry  w eight ;
5} Sum m ary ;
6 ) L ite ra tu re .

1) T h e  grow th  o f th e  fe m a le  flo w e r  s ta lk  o í  V a llisn er ia
sp ir a lis .

T he petioles of m ost w a te r p lan ts  grow , in th e ir  n a tu ra l 
h a b ita t, till th e  leaf b lades have  reached  th e  surface an d  th en  stop  
growing or go on doing so a  little  m ore, so th a t  th e  leaves m ay  
form  a  m osaic. W hen th ey  are  p u t  in to  deeper w a te r th e y  s ta r t  
growing anew  till  th e  b lades have  reached  th e  surface again . 
Lim nanthem um  nym pkaeoidf#  form s an excep tio n  in so  fa r  th a t, 
when growing in  w ater, th e  tem p era tu re  of w hich U h igher th an  
th is  species is u sed  to , th e  petio les m ostly  grow «.too long», 
go e, g . in  a  d e p th  of 15 c.M. th ey  m ay  reach  an  average leng th  
of a b o u t 30 c.M. O utdoors, however, I  never observed th is  an d  
we m ay say  th a t ,  a s  a  ru le , th e re  is a  m ore o r lesa s tr ic t  re la tion  
between th e  d ep th  of th e  w ater an d  th e  leng th  of th e  petiole.

T he fem ale flow er s ta lk  of VaUitmtria sp irafw  does not. keep 
to  th is  ru le. \  observed  i t  growing in one of th e  basins m  the  
hothouse, whore th e  d e p th  is 27 c id .  a n d  I  p lan ted  i t  in  aquaria  
which a re  45 c .M  deep. In  bo th  oiroumfltanees th e  s ta lk  grows 
up  to  leng ths of 80, 100, 120 o,M. an d  moro, th e  g rea te r p a r t  of 
i t  floating  on th e  surface in long coils.
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í n  tab ic  1 ft-b-o-d are  recorded  p a r t  of the  observations which 
m ay  give an  id ea  of th e  ra te  of grow th,
T a b le  1. —  G row th  o f  th e  fe m a le  flo w e r  s ta lk  o f V a llisn er ia  

s p ir a lis  ; in  c.M .

t a b l e  I a )  a q u a r i a

D a to  a n d  h o u r N u m b e r  
o f  h o u r s P l a n t  X 9 I I I H i I V V

0 / 8 1 2 . .... 0 62 13 29 14

1 8 — 6 60 17 36 18

2 3 . ..... 11 6 2 20 37 18

7/C e . _ 21 6 2 ~ 2 6  ! 4 0 20 32

1 6 , .... 28 6 2 J l  1 62 ‘H 9 8

K S .— H 8 2 4? 60 2 9  1 45

8 /6 1 0 . .... 46 6 2 65 85 5 4  j 9 0

15  — 51 9 2 55 86 8 0 9 0

2 2  — 66 62 56 87 02 9 0

9 /6 1 0  — 70 82 57 07 65 6 0

Cable l b )  a q u a r ia

14/Ô 21 — 0 ’ 3 3  j

! 1 6 /« H . — 17 1 5 8  j 31

1 8  — 21 6 7 34

21  — 24 66 41

1 6 /6 S . — 35 71 4 9

1 5 . — 42 7 8 ST,

2 3  — 50 83 63 !

1 7 /d J O .— 61 63 8 6 27 24

f e ­ 67 83 08 33 33

1 8 /6 l l — 80 60 ~ 47 48

2 0 /0 1 0 — 133 114 80
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l a b îe  l e )  a q u a r ia

. 3>.<ic « » 2  h o u r N u m b e r  
o f  b o u ra P l a n t  N o  1 n i n IV  V

3 0 /f t 1 5 . •• 0 45 45 r i f t i
i

2 Í / 0 15 . u 4 5 71 91

2 2 /9 i o . — a 43 71 n

t a b l e  I d )  h o th o u s e

7 /b 0 . — 0 4 25 37

3 6 .— 7 t, 27 47

S /6 IO .— 25 7 42 48

1 5 .— 30 7 42 5 0

9 / 6 3 0 .— 40 10 49 64

2 8 .— 55 12 54 74

i 1 ft,'ft 1 2 . - 74 IS 6 6 77

1 6 . - 79 2 0 73 SO

i  1 /8 1 0 .— 07 23 83 »0

1 7 .— 104 28 86 S I

U /Ö 3 1 .- i s o 6 0 99 82

1 5 /6 U .  •• 102 6 0 93

Some facts  a re  very strik ing  : one o í them  is  th a t  g row th  m ay  be 
accomplished e t  an  am azing paee. Ï  hav e  draw n lines round  the  
d a ta  of th e  m ost m arked exam ples ; 46 o.M. in  24 hours, 15 o.M, 
in  7 hours, 25 o,M. in  22 hours, e tc , m ay  be called uncom m on an d  
I  would n o t  assure th a t  th ese  a re  th e  g rea tes t rap id ities  which 
m ay  bo reached . S ta lks w hich grow as  long as 140 an d  160 c.M. 
m ost certa in ly  have periods of a t  le a s t th is  pace  if n o t m ore ; 
unfo rtunate ly  th ese  ra th e r  ra re  sam ples escaped m y  a tte n tio n  
u n til 1 found  th em  full grown.
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I t  is  to  b e  w ondered a t , t h a t  n o  m ore a tten tio n  has been paid 
t o  th is  organism . T he only a u th o r  w ho d id  so was, as ta r  a« I  
know , B e n n e t t  ( 1, 2) w ho describes a  sm all num ber of observa­
tions in  which he a t  le a s t cites one case in w hich grow th was of 
th e  sam e ra te  as waa m easured by  m e. In  describing a  sw lk  
o f  7 inches ( 1 ), ho savs : a A fter a n  in to n 'a l of 93 hours i t  h ad  re a ­
ched th e  astonishing leng th  of 43  in. - ; th is  m ean« an  increase 
o f 90  c.M, in  93 hours which ta llies  well w ith m y observations. 
In  th e  second no te  B x n n r t t  observes an  increase of 12 in, in  
24 hours, <1okbkl (7) says : «D as W achstum  is t ein rasehes- », 
w hich certa in ly  is ra th e r  laconically expressed and 1 doub t w he­
th e r  th is  au th o r hay ever observed th e  grow th  o f VaM sneria  
h irasei!.

I t  is also a  rem arkable fa c t  th a t  th is  very ra p id  grow th some­
tim os stop« suddenly  o r a t  le a s t slows dow n very  considerab ly  ; 
see o, g. tab le  la , X® I I I ,  Id . N ° I I I ,  In  th e  beginning grow th 
is  alow ; see tab le  Id , N ° 1 . 1 havo confirm ed th is  observation  by 
a n  auxanographical re co rd ; th e  grow th of th e  f irs t  15 c.M. 
to o k  th ree  days, th e n  gradually  i t  speeded u p  lo  H k  9  m.M. an  
hour, som ew hat la to r i t  was m ore th a n  19 m.M. an  hour t i»  th e  
su rface  w as reached  an d  a s  th e  s ta lk  can n o t be lifted  o u t of the  
w a te r i t  was Im possible to  record  the  fu rth e r grow th  w ith th e  
auxanomefcor ; w hich wan a  p ity  because I  observed th e  curious 
phenom enon th a t  the  h ighest ra te  ocours in m<*t eases when the  
s u d a re  o f th e  w ater baa a lready  been reached  ; see e.g . tab le  J » . 
N ° I I I ,  2 b , N rt I I  a n d  I I I ,  I  c, N ° 111. A m ongst the  longest stalks 
observed  I  m ention  those of 121 . 133, 144 a n d  164 c M,

T here  a re  m arked  ind ividual d iffrences betw een th e  stalks 
in  th e  sam e aquarium , growing on  plant* which are  o f  the  sam e 
age a n d  ap p a ren tly  developed u n d er equal conditions ; see e, g. 
ta b le  I  0 , W hen th e  w ater colum n was m ade e x tra  h igh  by m eans 
o í an  in v erted  glass cylinder, i t  h a d  n o t th e  least influence. 1 p u t 
som e p lan ts  w ith  s ta lk s  in  a  basin  w hich was 99 o.M, deep ; 
o n e  s ta lk  was 24 o.M', a t  th e  beginning an d  needed ß (Lays to  
grow  u p  to  85 c.M  ; th e  to  thor was 12 o.M. an d  needed 7 d av s  
t o  reach  th e  surface ; g row th  stopped  in b o th  stalk« a f te r  th a t. 
I t  is c lea r t h a t  fo r  aorae reason  every  flow er sta lk  can reach a 
de term ined  leng th  regardless of th e  d ep th  of th e  w ater layer.

T here  is  a lso  an  ind iv idual difference in the  behav iour of stalk»



w hen th e  longitud inal g row th  h as  been  accom plished. As no  
fertilisation  occurred , no ac tua l coiling took  p la c e ; y e t in some 
o f th e  stalks a  v e ry  d is tin c t wavinosa ia to  be soon, in other» 
no th ing  o f th e  kind, (G o k u b l an d  B e n x k t t  rig h tly  co n test the  
opinion of o ld er au th o rs , th a t  th e  fem ale flow er s ta lk  develops 
a s  a  spiral which unrolls to  enable th e  flower to  reach  th e  surface 
an d  w hich, a f te r  fe rtilisa tion , recoils to  th e  b o tto m . Indeed , th e  
young s ta lk  is  perfec tly  s tra ig h t ; spiraUng only begins afte r 
fe rtilisation . In  som e handbooks, a. o. J .  P . L o t s  y ,  "V orträge  
ü b e r organische S tam m esgesch ieb»  *> l f t l l ,  K . v o x  W e t t s t s j x ,  
i 'H andbuch  der system atischen  B otan ik» , 1911, A . JSxca.itit, 
"Syllabus d er Pflanzenfaxnüien », 1912, G . H k q i, * Illu s trie rte  
F lo ra  M ittel-E urapaa i», 1935, 1 found  figures o f V a lta n e ría  
spirali«  w ith  (¡oiling flowerstalk«, m erely ind icated  a s  «female 
p lan ts  ", b u t  i t  is  no  whore said  th a t  such is th e  s itu a tio n  a f te r  
fe rtilisa tion  ; i t  is possible, therefore, th a t  th e  old, erroneous idea 
is  still aliv©.)

In  th e  hothouse th e  « talks were o f a  ligh t green colour, in  the  
aq u a ria  th ey  were whit© o r lig h t rosa . Thia difference m a y  pro 
b ab ly  be ascribed to  ex te rn a l conditions .c .  g. in th e  placo where 
th e  aq u a ria  stood  th e  lig h t was m uch stronger th a n  in th e  hot* 
bouse basin ; the  leaves in  th is  p lace also  developed an thoeyan  
v e ry  strongly  an d  rem ained sh o rt : th ey  grew  n o  longer th an  
ab o u t 30 c.M ., w hereas in the  basin th e y  reached  length« of 
60, 70 c.M. a n d  m ore, so th a t  th ey  floated  fo r  th e  g rea te r p a r t  
o n  th e  surface. T he tw o sets of p lan ts  m ade a strik ing ly  d iffe ren t 
im pression, b u t  ap p a ren tly  the  g row th  of th e  flow eratalks was 
n o t influenced by  it.

In  tab le  2 are  recorded th e  cell m easurem ents an d  th e  d e te r­
m ination» of th e  d ry  weight .

I t  appears th a t  cell elongation is th e  chief m eans b y  which the  
long itud inal g row th  is  accompli shed ; th ere  a re  m an y  irregu la­
ritie s , p robab ly  ow ing to  ind iv idual differences ; I  could no t 
d e tec t a n y  essen tia l d istinction  betw een stalk* from  th e  hothouse 
basin  an d  th o se  from  th e  aquaria.

T a b le  2 . — C elU en gh ts and  d ry  w e ig h t  in th e  fe m a le  flow er  
s ta lk  o f Va I limneria s p ir a lis  ; a  m e a n s  a b o v e . 1/4 : a t  1/4  
fr o m  th e  to p . m  : in  th e  m id d le , 3 /4  : a t  3 /4  fro m  th e  
to p , b  : b elow .
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2) T h e  In fluence o f th e  o x y g en  con ten t o f  w a te r  on  th e  
g ro w th  o f w aterp lant» .

I n  o u r  p a p e r  o f 1937 (6) wo s ta te d  th a t  th e re  does n o t  ex ist 
»  s tr ic tly  q u an tita tiv e  re la tion  betw een th e  len g th  of th e  petiolo 
an d  i ts  d ry  w eight p er c.M., w hich o u g h t to  be th e  case if w a te r 
in tak e , a n d  consequently  cell elongation , wore th e  only cause of 
g row th  in  deep w a te r. W e p u t  th e  question , in how  fa r  resp ira- 
tio n  m ay  p lay  a  p a r t  in  th e  grow ing process, especially to  w ha t 
degree i t  influences th e  d ry  “w eight du rin g  th e  ra p id  elongation 
of th e  petioles.

In  o rd e r to  solve th is  question  I  g rew  tw o sets o f Lim nanthem um  
nym phaw uU ê  in  aq u a ria  ; th e  surface o f one aquari a m  was covered 
w ith a  lay er of p&rafir» oil and th rough  th e  o th er aquarium  a  
co n stan t s tream  o f a ir  w as led b y  m eans o f an  airpum p,

T here  was a  m arked  difference in developm ent ; i t  was alw ays 
m uch  stronger in  th e  n o t-ae ra ted  w ater. T he firs t experim ent 
la s ted  from  18  to  27 April ; on  th e  la s t d ay  th e  petio les were 
m easured : av . length  in  ae ra ted  w a te r 37.9 c.M., u n d er th e  oil 
56. Í  c.M. : on 30  A pril the  rem aining leaves were m easured : 
av, leng th  in  aë ra ted  w ater 27.5 o,M„ under oil 58.0 c.M, T he air 
stream  w as then  stopped  an d  th e  oil rem oved, h o  th a t  b o th  sets 
of p lan ts  were in  th e  sam e conditions again ; on  4 M ay a  strong 
developm ent of now leaves h ad  ta k e n  place in th e  form erly  
oil-covered aquarium  an d  no  grow th could be observed  in th e  
o th er one ; a  s trong  dose of oxygen ap p a ren tly  h inders th e  deve­
lopm en t of young leaves.

T h is re su lt w&b confirm ed b y  repeating  th e  experim en t tw ice ; 
th e  oil could be easily  le f t  ou t, i t  did n o t change th e  response 
of th e  p lan t.

Cell m easurem ents a n d  a  g rea t num ber o f determ inations of 
d ry  w eight gave no conclusive d a ta  ; th ey  are  all of the  sam e 
order a s  those published in o u r  last- p ap e r a n d  therefore i t  is 
n o t  w orth  while giving th em  here. T he im p o rtan t fa c t  is th a t  
th ey  b y  no  m eans gave  a  d is tin c t indication of th e  reason  of the  
very  d ifferent developm ent w ith  an d  w ithou t, o r ra th e r  w ith  
m uch an d  w ith  l i t t le  oxygen, D e te rm ination  of th e  p H  d id  n o t 
give o n y  exp lanation  e ith e r ; th e  hydrogen ion concentration  
appeared  to  be th e  sam e in bo th  conditions,
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T he sam e experim en t was done w ith S a g ittana  yagiui folia  ; 
here  too , in  th re e  successive experim ent«, g row th  was stronger 
in  the  w ater w here oxygen was lacking ; as an  indication  of deve­
lopm ent Ï  took  th e  num ber of th e  aerial leaves w hich w era for­
med an d  th e  average  leng th  of th e ir  petio les :

fr o m  2 — 6  M ay  
w ith o u t  o x y g o n  1 3  a er ia l I sa v e s , a v e r a g e  langU t 3 3 .1  c .M . 
wít« » 8 » i , 9  » 45,2 >

fro m  10 *— 2 4  M ay
w ith o u t  o x y g e n  13 aoria! le a v e « , a v e r a g e  le n g th  5 0 . 5  c .M . 
w it h  » 1 0  » » ,  » » 4 8 , y  »

i r o n  24 H a y  —  3  J u n o  
w ith o u t  o x y g e n  6  a er ia l k a v e g ,  a v e r a g e  le n g th  ftfc. 9  c.M . 
w ith  o I I  » * .  » » 6 1 , 0  •

W hen th e  a ir  stream  und th e  oil were rem oved, i t  appeared  
th a t  the  afte rg row th  in  th e  aquarium , form erly covered  w ith 
oil, was the  strongest,

E xperim ents w ith A’yw phaea alba  a n d  -V, odorata gave* con tra­
d ic to ry  results,

T he oxygen co n ten t of th e  w ater had no influence o n  VaiHè- 
»teria spiralis, ne ith e r on  th e  developm ent of th e  leave», n o r on 
th a t  of the  flower stalks,

3) T h e  in flu en ce  o f h etero  a u x in  on  th e  g ro w th  o f  
w aterp lant» .

V rû ïs  {121 observed th a t  adding  hetero-au.xin to  th e  w ater 
speeded u p  th e  developm ent of th e  tu rionea of Stratiotes alaidts, 
p rov ided  h e  k ep t th e  concentrations betw een certain  lim ite ; 
above these th e  hetero -aux in ac te d  a s  a  poison. an d
3 p a rts  per million are  am ong th e  concentrât ion b w hich h e  found 
fu rth erin g  grow th  an d  T tr ie d  these to  see how  they  w ould  a e t 
upon several species of w a te r p lan ts. O ur aq u a ria  co n ta in  20 L. 
so th a t  150 o r 60  m .C r, of he tero  aux in  were added  to  them . 

Y oung p lan ts  of Lim nanthem um  nym phaeddes, th e  petioles 
of w hich h ad  an  average leng th  o f a b o u t 15 c.M., were p lan ted  
m  a q u a ria  in  w hich the  w a te r w as 45 c.M. high. In  th e  h e te ro ­
aux in  so lu tion  (7 %  per million) th e  petioles rem ained som ew hat 
shorter th a n  in th e  controls ; a f te r  4 days I  no ted  : «v. len g th  in 
hetero-auxin  so lu tion  45.6 e .M .,in  control 53.6 c.M. ip H  in hetero-
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au x in  so lu tion  7.55. in  con tro l 7,50) ; th e  m easured leaves were 
ta k e n  aw ay ; 4  days la te r  new  ones h a d  developed w hich m easured 
in  hetero -aux in  so lu tion  43.5 o.M., in  con tro l 51.0 c.M.

A second experim en t was done w ith  3  per m illion ; th e  resu lt 
was th e  «ara© ; a f te r  9  days th e  av . leng th  in hetero -aux in  solu­
tio n  was 38.7 o.M., in  th e  control 50.4 o.M. ; 6  d ay s  la te r  te n  
new  loaves h a d  reached  th e  surface in th e  con tro l an d  only 
th re e  in  th e  te s t aquarium ,

A  th ird  experim ent {3 p er million) gave an  opposite  re su lt : 
a f te r  9 d ay s  av . length  in  hetero-au x in  solution Ö6.Ö c.M,, in 
control 47.3 o.M,

D eterm inations o f celllengths an d  of d ry  w eight, ’ a lthough  
num erous, gav e  no  ind ication  o f  a  d is tin c t difference as to  these 
aspects betw een th e  p lan ts  tre a te d  w ith  heto ro -aux in  an d  the 
oontrols ; th e  d a ta , m oreover, a re  sim ilar to  th o se  of la s t year 
an d  therefore I  need n o t pub lish  th em  here.

T here were some o th e r phenom ena w hich are  w orth  while 
m entioning. I n  th e  f irs t  p lace th e  leafblades, w hich have  n o t yet 
reached  th e  su rface  o í the  w ater, roll u p  hyponaatieally  a t  a  cer­
ta in  m om ent a f te r  adding  hotero-auxin . Cell m easurem ents iudi* 
e a te  th a t  th ia is  done b y  sligh tly  stro n g er cell s tre tch in g  on the  
low er side. T he blades were sp read  a t  th e  beginning o f th e  experi­
m en t because, as usually , I  took  « m a tu re  » p la n ts  w ith  floating 
b lades from  shallow w ater, W hen th ey  reaoh th e  surface agam  
th ey  do n o t  sp read  a n y  m ore, b u t  rem a in  floating  a s  stiff rolls, 
A  m oving p ic tu re  {for technical d e ta ils  see th is  issue of th e  B iolo­
gisch Jaa rb o ek  : B. H u b ert, « A sim ple a p p a ra tu s  ,.. n) of L im ­
nanthem um  grow ing in  a  hetero-auxin  so lu tion  disclosed the  fací 
t h a t  tho  rolling up  tak es  place sim ultaneously an d  v e ry  rap id ly  ; 
in  th is  oase th e  leaves rolled u p  ©pinastically, in tho  opposite 
d irection a s  is usual ; w hether th is  m ust be ascribed to  th e  co n ti­
nuous ligh t, w hieh was needed fo r  tak ing  th e  film , could no t y e t 
be m ade ou t.

T h e  petio les them selves also  show abnorm alities ; th e y  often 
a re  strong ly  coiled w ith  here  an d  th ere  sh arp  tw is ts ;  see fig. I. 
I  m easured th e  cells a t  th e  spots m arked w ith  a  cross an d  saw- 
som e th in g  peculiar : a t  those sp o ts  cellos were considerably 
sh o rte r th a n  elsew here in th e  petiole an d  in  those apots on ly  ; they  
a r e  also charac terised  b y  th e ir  nucleus w hich is strik ing ly

K jg. Î .  o f  L im n a n th e m u m  n>'mj>hK«oK)oB in  $
h eterow iK in  ; c o n tr o l o n  t h e  le ft .
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b ig  an d  g ranular. P a n  of th e  m easurem ents a re  recorded m  
tabl«  3.

T a b le  3. —  C e ll le n g h ts  in  tw is te d  p a r t s  o f  p e tio le s  of 
L im n a n th e m u m  n y m p h a e o ïd e s .

p e tio le
í í o .

«— t— ■»— — r -i-i~ —  " 11 ff.... iw t

e p k le n n w  s u b e p id e r m à  
{in  m icra )

1 Î c .M . a b o v e  l e t  tw is t  „ 
1s t  tw is t  u p p e r  sirio 
1 c .M . botow  1 st tw w t

18ft I ) 3b
4 7  I 59  

161 1 .1 3 21
1 c .M . a b o v e  ‘iii tw is t  
2d  tw is t  u p p er  a irie 
1 c .M . b e lo w  2d  twj»r

16 5  ; 17 7  
6 6  i

IM* 1 171

2 I c .M , a b o v e  tw is t  
t  m .M , a b o v e  twtwt 
tw is t  u p p e r  s id e  
tw is t  lo w e r  eide  
1 c .M . b e lo w  tw is t

18 3  ! 13 2  
8 9  1 72  
S 2  I 64  
6 4  66 

17 9  1 U 2

3 1s t  t w is t  u p p e r  s id e  
1 o ,M . b e lo w  ] e t  tw is t

3 3  j 45  
11 9  j 95

2d  tw is t  upf>cr s id e  
2d  t w is t  lo w e r  siri©
Î c .M . b e lo w  2 d  tw is t

4 0  I 6 0  
3 8  1 42  

13 8  1 1 U

3 d  tw is t  u p p e r  aid*1 
1 c .M , b e lo w  3 d  tw is t

3 3  ,  4M 
14 4  j 120

O.i ce rta in  spots hîfcero-auxin ap p a ren tly  causes cell division ; 
w hy th is  division is  locally  lim ited to  a  few sp o ts  only, m ast 
rem ain  unexplained fo r th© m om ent. In  o th er sj>otR, w here the 
tw ists a re  loss sh arp , I  saw  groups of sh o rt cells e m ong th e  no r­
m al ones.

Sagittaria sagititfolia. w hen tre a te d  w ith  3 p er m illion hetero- 
auxin , show s som ething sim ilar : Hyponastical roiling up  of the 
leafblades a n d  irregular coiling« in  the  petioles ; see fig, 2 and 3.

Petio les do  no t grow  shorter owing to  tho  ad d itio n  of hetero 
auxin , a s  was som etim es th e  case in Lim nanthem um  ; cell m easu­
rem en ts on th e  strongest cu rved  p a r ts  showed no  différence 
w orth  m entioning w hen com pared w ith  th e  s tra ig h t p a r ts  of the  
petioles. T he ro lling  u p  of th e  blade« appeared  to  be due to  a 
sligh tly  stro n g er cell s tretch ing  on th e  lower side.

F ig . 2 . l e a v e s  o f  S a g i t t a r i a  a a g iS tifo tia  in  3  p e r  m ill io n  h e te ro -a u x in

F ig . 3 .  L e a v e s  o f  S a g i t t a r i a  a a g iU rfn lu i : c o n tro l*
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One experim ent only was done w ith  N ym phaea alba an d  
N - odorata ; 24 h o u ri a f te r  adding th e  hetoro-auxin  (3 per m il­
lion ) th e  characteristic  coi lings were to  be seen in  p a r t  of the  
petioles an d  also  in a  flowei' s ta lk  ; p a r t  of the  leaves showed a 
d is tin c t beginning of hyponastio  grow th, In  o th e r cases i t  takes 
2  till  4 days before one aeos th e  response of th e  p la n t ; here tho

g£s F ig . 4 . T o m a te  flo w er  « » i k  ©C V sI lisB ^ n a  « p ir á is  ainco  
l |  »Jtfoe d a y a  in  S j w  m ilt fc *  h o tcr o .f tu s in  ; è . —  &,«>.

reao tio n  waa-çery rap id , co n tra ry  to  w h a t Ï  expected , because the  
rigid petioles a n d  blades, to  say  no th ing  o f th e  young flower 
s ta lk , which was on ly  6  c.M. long, could be supposed n o t to  tak e

—  3 « »  —

in  th e  he tero -aux in  so easily, m  any caee to  b e  m ore ruai » tent 
aga inst i t  ; nevertheless th ey  ap p a ren tly  to o k  in  th e  hetero-auxin 
very  rap id lv , b u t a lte r  th a t  reaction  they  straightened  a n d  no 
fu rth e r response was to  be seen : th e  p lan ts  grew  as  norm ally  as 
th e  con tro l ones. Y e t, the  hetcro -aux in  could n o t h a w  disappae-

STg. 5 . T lir  a sm o  m  i n  ñ g . 4 p .  m .

re d  a ltogether from  the  w ater because its  after-effect, which 
will bo described below, took  place ju s t a s  in o th er experim ents.

T h e  effect o í 3 per million hotero ' aux in  o n  Valliynerio ttpirali* 
eustóUtod in. a  p o s tiln ta i phenom enon, viz., a  moro or lesa regular
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rolling up o f th e  fem ale flow er s ta lk s  ; i t  began 24 hours a f te r  
applying th e  grow th  su b stan ce  an d  proceeded fo r  3 or 4 d a  vs. 
F igures 4 an d  5 show th e  fin est exam ple X observed. T he sta lk  
was 85 o.M. long, floating  fo r tho g rea te r p a r t  on th e  surface 
w ith o u t any indication o f w&viness ; th e  hetero -aux in  was added

K ig . S . P !o w « r  etedtc o f  V aH janori* apiruIU  in  3  per  
m illio n  h e to r o .a u x in  ;  »m igiilw r c o ilin g .

on 3 Ju ly  ; o n  4  Ju ly  th e  to ta l  leng th  could no m ore \»e m easured 
because o f  th e  w inding ; on  5 Ju ly  th e  flow er was pu lled  below  
th e  surface o f th e  w ater a n d  th en  th e  colling proceeded till, 
on  0 Ju ly , i t  was com plete : fig. 4  show s th e  situation  on t h a t  d ay  
a t  9. a. m ,, fig, 5 a t  5. — p. m .; th e  to ta l  h e ig h t of th e  ooil was

—  397  —

n o t  m ore th a n  3 c.M. I  ascerta in ed  th a t  n e ith e r the  len g th  of 
th e  sta lk  n o r  o f i ts  cells were changed a f te r  the  coiling.

In  o th er eases th e  coiling was Xe&a perfect, an  exam ple Íe to  
be seen in fig. Ö ; th is  s ta lk  was strongly  an d  irregularly  rolled 
in  th e  upper p a r t, th e  lower rem ained  in the  condition shown 
on tho  p h o to . O thers were s till less coiled, b u t in  an y  case m uch 
m ore so th a n  in watert«» w hich no  hetero-auxin  had been added . 
Those s ta lk s  on ly  w hich developed in the  te s t aquarium  som e 
weeks la te r  showed n o  in d ica tio n  of coiling ; appaTOntly the  
hetero -aux in  h ad  disappeared  b y  th a t  tim e,

í n  hotero-auxio solution th e  ovaries grow in length , b u t  n o t 
in  thickness ; th e ir  length  varied  betw een 20 an d  25 m.M ., 
whilst in  th e  n o n -trea ted  p lan ts  i t  was betw een 1! an d  17 m .M . 
{in one cas© 20 m.M .) ; th e  d iam ete r is th e  same, betw een 3100 
an d  1500 m icra. Tt can hard ly  be said  th a t  p arth en o carp y  has 
been induced by applying th e  hetero -auxm  (com pare 8, fi, 10) ; 
ag a r blocks w ith  hetero-auxin  p laced  up o n  th e  p istils  h a d  n o  
effec t w hatever. I  h ad  no  tim e to  con tinue the  researches in th is  
direction.

Tn m oat case« th e  ad d ition  o f hetero-auxin  to  th e  w ater h a s  
a  peculiar after-effect w hich. a í though n o t bearing on th e  grow th 
o f w ater piante, is w orth  while m entioning here. I t  consists in  a 
cloudiness of th e  w ater, a  whit© or g rey  colour, w hich a t  f irs t  
is sligh t b u t  w hich m ay  become very  dense la te r  on. S till la te r  i t  
m ay  olear up  an d  especially in th is  case i t  appeared  th a t th e  p h e­
nom enon ia caused by bac te ria  ; th e  clearing u p  occured because 
those bac te ria  se ttle  down in a  th ick  film  on  th e  petioles an d  
o th e r p a r ts  of the  p lan ts  or on  th e  bo ttom  of th e  aquarium . 
U nder th e  m icroscope they  yield  the  impression th a t  they  p ro ­
duce some slim y substance which keeps th e  film  together.

I n  o th er cases th e  w a te r rem ained olear fo r a longer tim e  b u t  
to o k  on a  black «¡olour ; when th is  happened  th e  b o tto m  a lw ay s 
was d a rk  b lack  a s  is  m ud  in which a  strong su lfate  reduction  
ta k e s  place. Sometime« I  observed the  w hite opaqueness f i r s t  
an d  a f te r  a few d ay s  i t  mad© place fo r th e  darkening,

H  m ay  be easily  understood th a t  a ll so rts  of th ings m ay h a p ­
pen to  th e  hetero-auxin  w hen i t  is m ixed w ith the  m any  su b s tan ­
ces p resen t in  aq u a ria , in w hich th ere  is e a rth  an d  sand  a n d  a  
n um ber of w aterplant*. This is  a  problem  in itself an d  a  v e ry
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com plicated  one, w hich I  c a n n o t deal w ith  here. T he rem arkable 
f a c t  ¡a t h a t  th e  ad d ition  of 3  p er million o f some su b stan ce  can 
oauso such a  very  strong, explosive developm ent of bac te ria  • 
we need n o t th in k  h a t th ia  substance ac ts  as a  food : i t s  concen­
tra tio n  m  th is  re sp ec t is o f  no  im portance ; i t  is  m ore probable 
t h a t  its  addition  neutra lises som e fac to r w hich is i n h i b i t s  to 
th e  developm ent o f th e  b ac te ria  ; th is  is th e  m ore likely  as the  
developm ent did  n o t  alw ays begin d irec tly  a f te r  th e  ad d in *  of the  
hetero-auxin  ; som etim es i t  to o k  several days, som etim es oven 
weeks before the  e ffe c t ' becam e visible. So e. g. in th o  case of 
Nym phaea  ; a s  I  have  said  above, p lan ts  reac ted  a lm o s t im m e­
d ia te ly  to  tho  grow th substance an d  afterw ards recovered an d  
grew o t i  ; a  s lig h t cloudiness was to  be seen w hich suddenly  
b u t  several days la te r , becam e very  strong, w ater a n d  bo ttom  
being dark  black. 1 ho p lan ts  them selves grow  o n  an d  sw m ineiv  
w ere n o t h indered by it,

In  th e  aq u a ria  w ith  V allim eria  n o t th e  sligh test opaqueness 
w as over to  bo seen.

As hetero -aux in  is n o t so luble in w ater, i t  is d issolved in 2 à  3 
C-c. alcohol ■ w hen th ia  q u a n tity  of alcohol w ith o u t grow th su b ­
s tan ce  is added to  an  aquarium  i t  appears th a t  th e  p lan ts  a re  
n o t  influenced by  it ,  b u t a  w hile  opaqueness was q u ite  visible 
a n d  la te r  on  a  strong flarkening !

4 )  L ongitu d ina l grow th , len g th  o f co lls  and  d ry  w e ig h t.

T he determ inations of tho  d ry  weight of th e  ic tio le s  in  U m -  
nonlktm um , begun in 1937, have been continued o n a  much 
la rg e r scale, In  tab le  i  p a r t  o f th e  d a ta  a re  recorded
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T a b le  4. —  P e tio le s  o f L im n a n th e m u m  n y m p b a c o ld e s ;  
le n g th  o f c e lls  a n d  d r y  w e ig h t

d a ta

n u m ­
b er
o f

p o e .

a v e r a g e  
k m gw i 

in  e ,  M.
p a rticu la rs

e x tr e m e  di 
oalle  in

ep iderm ia

ttonebnH  o f  
m icra

nubopi-
d am n *

d ry  
w e ig h t  

j n  m . G r.

I 6 '3 2 1 2 .5 o u td o o r s , nhaJluw 3 7  -  61 37 -  35 3 .1 0
2 5 /3 8 1 0 .7 w a te r  ; na? , h e b . 3 .6 8

2 /4 6 1 6 -2 X 1 .3 7
8 /4 a 1 3 9 1 .6 4

2 7 /4 a 1 2 .8 u 2 .0 2
4 /3 a 1 3 -7 ft 2 .2 8

i  4 /5 a 1 3 .4 u 2 .1 0
2 3 /5 5 1 4 -0 u 2 .8 1

3 /8 5 14 - 2 9 8 . 0 3  :
1 0 /6 4 1 3 .2 T> 2 . 9 7  i
2 3 /6 4 1 1 .3 t 2 2  -  62 3 0  -  58 2 .6 2

S / 7 4 1 3 .0 * 2 2  71 2 0  -  76 2 .9 0
U / 7 4 1 4 .9 c 3 .4 9
1 8 /7 4 1 2 .7 > 4 .0 4
2 6 /7 4 1 4 .2 t 3 .7 7

2 /3 4 1 4 . 1 p 3 . 8 0
.  Q /3 4 IH.i i S . 4,2
: 10/ » 4 1 7 .2 i 3 .1 2

2 3 /S 4 1 7 .0 > 3 .2 6
3 0 /S 4 1 6 .5 t 3 . 3 0

4 /6 5 7 0 .2 oin4iM »rs, d eap 25 ••• 73 8 0  -  67 0 .8 3
beein

16 /3 1 7 . 5 itq u ,, p la n t « !  1 2 /3 0 .C 7
f 8 , 5 ft 0 .4 1

2 /4 7 1 0 .2 atju ,, p la n te d  2 5 /3 0 .8 9
S /4 5 1 4 .7 > 0 .8 6

2 7 /4 4 2 0 .0 d 0 .9 6

5 /0 3 1 3 ,8 a q u .,  p la n to d  4 / 6 2 2 - 5 $ 2 6 - 5 9 3 .2 0
7 /6 3 1 7 .3 i 21  -  46 2 3  -  52 1 .7 0

JO/ 6 » 5 9 .3 ftqu, filled . 8 /6 51  -  U l 5 8  -  105 0 ,4 6

JO/ 6 3 1 9 .2 a q u ., p latU od  4 /S 1 ,7 2
1 5 /6 JO S 3 .7 a q u . f i l le d  1 3 /6 0 .3 4

2 5 /6 4 1 7 .0 a q u .,  p la n te d  2 0 /6 2 6 - 8 1 3 2  -  «2 2 .1 8
3 / 7 4 2 8 .7 » 3 8 - 6 8 51 -  73 0 .9 4

i i / 7 4 9 3 .5 e 4 8  -  87 6 7  -  9» 0 .8 0
1 8 /7 4 2 5 .9 t 1 .0 0
2 2 /7 4 3 8 .2 6 0 .7 2
2 6 /7 4 5 2 .0 a q u . f illed  2 2 /7 3 0  ! U 4 0 - 9 6 0 .6 1

W e see th a t  th e  longer tho  petiole, th e  sm aller is th e  d ry  w eight 
p e r  c.M. ; b u t  sm all figures fo r th e  d ry  w eight aiso occur in sh o rt
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petjole? w hen they  have  been tak en  from  th e ir  n a tu ra l h ab ita t 
a n d  placed in aq u a ria  ; w ith in  a  few daya  th e  <iry w eight a inks 
t o  h a lf of w ha t i t  was before a n d  e re n  to  less. W hen th e  petiole? 
grow  longer, th e  w ile  usually  undergo a  stretch ing  ; b u t i t  cannot 
bo tak en  a s  a  ru le  th a t  the  longer th e  colls.the sm aller is th e  d ry  
weight.

W e see strik ing  exam ples o f long petioles w ith sh o rt cells, which 
havo a  very low re la tive  d ry  w eight ; see e. g . th e  specim ens of 
4 June.

A peculiar case íe recorded in tabl#  5, W e see th a t  in deep w ater

T a b le  5 . —  P e tio le s  o f L im n a n th em u m  n y m p h a eo ld es;  
len g th  o f c e l ls  and  d ry  w eiftht.

1

•3SSS3SB

le n g th  
in  

c.  M.

U'iUUUUn

a b o v e

J..... ..................................

epnl©mù>* 1 su lfeptderm in  
i n  m i c r a  

mi r l d l c f  b e lo w  i a b o v e  I m i d d l e  b a to »
l i i

d r y  woifthi­
p e r  c .  5Ï,
i n  m .  Or .

s h a llo w . 2 4 /2 24 SO
i

I 49 S3 37 47 44 0 .2 7

¡ 9 35 1 fi4 ira 42 AS 5 8 0 . 2 Î

24 40
1 7ti 4a 43 61 50 0 .2 7

2 8 /2 2 4 .  A 37 I 68 07 59 60 70 0 . 2 4

20 8 0 i 60 71 36 55 67 0 . 8 0

2 0 .5 25 I 58
1

5« 35 62 47 0 .3 7 *

----------------------- ----------- ----------
1 -  - .... » ------- _______

as*" rug© 2 2 .0 8 2  ? ! 6 2 .5 .*>8.8 4 2 .0 5 7 . 2 5 5 . 5 0 .2 8

----------------------- ------- --- ------- 1 ........— ----- ----------_

<lwj>, 2 8 '2 4 8 .6 44 j «5 50 52 80 82 0 .3 3

4« 31 | 5 8 OS 41 S4 58 0 .2 9

52 82 1 a s SI 34 71 43 0 .2 5

averag© 4 0 .5 8 5 .«
i
; * 2 ,0 5B.fi 4 2 .3 6 8 .3 5 4 .3 0 .2 0

-------------------- -  — --------- i ---------- .  , — ---------- -----------------

i » v a r  ago
1 fthallow /Ctw p

2 .2 5 1 .0 8
1
\ 1 . 1 3 0 . 0 6 1 . 0 ) 1 .1 9 û . y s 1 . 04
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th e  average leng th  is 2.25 x  th e  average in  shallow w ater ; th e  
re la tio n  of th e  colllengths is p ractica lly  1.0 an d  equally  so th e  
re lation of d ry  w eight per c.M, These d a ta  allow th e  co n d o s ion 
th a t  in  th is  caac th e  longitud inal grow th was due t o  coli division 
only ; b u t  we know th a t  in o th er cases cell s tre tch ing  ao ts a 
p a r t  too  in th e  elongation of th e  petioles. T he d a ta  of th is  year, 
however, a lthough  m uch m ore num erous tlian  those of 193", 
do  n o t yet allow  an y  defin ite conclusion.

A single observation  about. A l im a  Plantago  also m oana a 
w arning n o t  to  draw  conclusions too  rap id ly . A petio le  o f 90 c .M ., 
w hich h ad  grow n in one of th e  deep ou tdoor basins, was m easured ; 
I  g ive  the  «telUenglhs, com pared w ith those of 1937, in  tab le  §_

T a b le  6 . —  P etio le s  o f A lism a  P lan tago .

j len gth
1 iR 

c.M .

pfw-ticulju* ©pidci

; » ! a  j 4  i m

TiiS
H)

¡ 1 -

Mcr

a

*ubrpi<l«rm
H

i I j 3
4 ) »  ï

9

1

dry w eigh t 

m.Gr,

37

81

90

3987; shallow  
w ater

1 9 3 7 ; <loep
w ater 

3 9 3 8 ; d esp  
w atar

104

292

303

[ l 42 

187  ISO 

133  00

rio o  

jiso . 

m  u  4

132 

251 

1 j 7

fftû

162

m j

i « j

i s s h wi

88

m

162

7 .11

2 .2 3

2 .1 3

W e see th a t  the  petiole of th is  year equals th e  long one of 1937 
in  to ta l  leng th  an d  re la tive  d ry  w eight, b u t i ts  cells a re  a b o u t 
of th e  sam e leng th  a s  those in  th e  sh o rt sam ple of 1037 ; th is  
case strik ing ly  resem bles th a t  of th e  petioles of Lim nanthem um  
of 4 June,

W hen we look a t  th e  d a ta  fo r  th e  fem ale i lower s ta lk s  of Val­
lisn e r ii sp iralis  (see tab le  2) w e see ag a in  th a t  th ere  is  n o  re la ­
tion, betw een ceUlonghts an d  d ry  weight, T he low est d ry  w eights, 
i t  is  tru e , occur in  tho  longest, sta lks, b i t  on  th e  wholo i t  m u s t 
be sa id  t h a t  th e re  is  such little  difference betw een d ry  w eight 
o f  s ta lk s  of w idely vary ing  lengths, th a t  here  to o  w© m ay  n o t  
assum e an y  close a n d  sim ple re la tio n  betw een cell elongation  
a n d  th e  am o u n t o f d ry  m a tte r.

W h a t we have  said  above, w hich is  supported  b y  observations
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on o th er plant- species, proves th a t  w a te r in take, cell elongation, 
a n d  consequently  d ry  m a tte r  per u n it  of p e t io b  len g th  a re  by 
no m eans so closely connected  aa one m igh t be inclined to  ex p ect : 
re sp ira tio n  m ay a c t  a  p a r t  here, a lthough  m y experim ents 
w ith  a e ra ted  a n d  n o n  a e ra ted  w ater gave  no. indication in  th is  
d irec tion  ; assim ilation , th ickening  o f th e  ceil w alls, storage of 
food  (especially v e ry  conspicuous in th e  s ta lk s  o f  Vallisnerii) 
a n d  o th e r life processes a re  likely  to  p rove o f influence here.

r>) S u m m ary .
*

*'
1) T h e  growth of th e  fem ale flow er s ta lk  of V a H isn m a  spiralis 

is  an  ex trao rd in arily  ra p id  one : slow in th e  beginning, i t  m ay 
reach  a  pace of m ore th a n  2  o.M. an  hour, w hich pace m ay  be 
k ep t o n  fo r  a  whole d a y  : th e  d e p th  of the  w aterlayer is of no 
Influence, T h is grow th  is  m ainly accom plished by cell stretching,

2} O xygen co n ten t : in Lim nanthem um  nym jthato id ts  an d  
Sagittaria sagittifo lia  i t  appears th a t  an  overdose o f oxygen in 
th e  w ater slaakens She grow th  of tho  ex isting  petio les an d  the  
fo rm ation  o f new  onos.

3) H etero -aux in , added  to  tho  w a te r in  a  concentration  of 
7 V¿ o r 3 p er m illion, h a rd ly  over s tim u la tes  the  longitudinal 
g row th , on the  contrary , i t  m ostly  slackens it. Leaf b lades of 
Lim nanthem um  itymphaeoide# an d  Sagittana sugitis folia  roll up  
h y  ponas tic  ally; th e  petioles show moro o r Less m arked  tw isting  ; 
th is  was especially the  care in Lim nanthem um  where the  s h a r p i  
tw is ts  wore accom panied by cell division. T he sam e phenom ena, 
b u t  only tran sito ry , occurred iii Nym phaea alba au d  jV. odorata,

ín  V allisnerii sp iralis  th e  helero-auoin  caused a  rolling u p  of 
th e  flow er s ta lk s  ; th is  post-flo ra l phenom enon was followed 
b y  a  a ligh t indication tow ards parthonocarpy .

T he ad d itio n  of hetero -aux in  stim u la ted  in  m ost experim enta 
tho  developm ent o f  a  trem endous lo t o f bacteria ,

4) H um erons determ ina tion8 of d ry  weight a n d  oelikm gth 
showed t l ia t  longitudinal grow th  can hard ly  ever be explained 
b y  w ater in take an d  cell s tre tch in g  ; resp iration , assim ilation, 
th icken ing  of tho  cell walls, food sto rage a n d  o th e r processes 
a re  p ro b ab ly  involved in  it.
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