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Die  Abh~ing igke i t  der B u l b i l l e n b i l d u n ~  bei  
Poa alpina vivipara y o n  P h o t o p e r i o d i s m u s  

u n d  F r o s t  

I n n e r h a l b  des Fo rmenkre i s e s  yon  Poa alpina g i b t e s  
neben  s a m e n t r a g e n d e n  P f l anzen  v iv ipa re  Fo rmen ,  die 
sich durch  Bulb i l l en  v e r m e h r e n .  V¢ie schon durch  ~iltere 
morpho log i sche  U n t e r s u c h u n g e n  nachgewiesen  worden  
ist, en t s t ehen  diese /3ulbil len durch  Ve r l aubungen  yon  
B l i i t e n p r i m o r d i e n L  Es  war  dahe r  nahel iegend,  die E r b -  
verh/ i l tnisse  der  Ver lnehrungsweise  zu un te r suchen  und  
zu pri ifen,  inwiewei t  der  R e p r o d u k t i o n s m o d u s  v o n  Poa 
alpina durch  A u s s e n f a k t o r e n  beeinf luss t  we rden  kann.  
Fr i ihe re  A u t o r e n  s t i l nmen  dar in  fiberein,  dass samen-  
t r agende  F o r m e n  rein wei te rz f ich ten  und  durch  Ver~in- 
de rung  y o n  Aussenbed ingungen  n ieh t  zu v i v i p a r e r  Ver-  
m e h r u n g  g e z w u n g e n  werden  k6nnen.  Dagegen  we ichen  
die B e o b a c h t u n g e n  fiber die K o n s t a n z  der  Viv ipa r i e  von-  
e inande r  ab;  b e s t i m m t e  v iv ipa re  Rassen  behie l ten  in der  
K u l t u r  die v e g e t a t i v e  P r o p a g a t i o n  bei e, wi ihrend in an-  
deren  F~illen Pf lanzen ,  die aus Bulbi l len  gezogen worden  
waren,  Samensprossen  en twicke l t en  3. Ausse rdem k o n n t e  
gezeig t  werden,  dass solche Stticke yon  .Poa alpina im- 
s t ande  sind, im Ver laufe  ihrer  ind iv idue l l en  ]Entwick- 
lung  v o n d e r  B l f i t enb i ldung  zur  Viv ipa r i e  f iberzugehen 4. 
Versuche,  durch  Ver~inderung yon  B o d e n f a k t o r e n  eine 
U m s t e l l u n g  in der  Rep roduk t ionswe i se  zu erre ichen,  
schlugen fehl 5. 

Den  e igenen U n t e r s u c h u n g e n  lag die A n n a h m e  zu- 
grunde ,  dass F r o s t e i n w i r k u n g  die R e p r o d u k t i o n s b e r e i t -  
sehaf t  von  .Poa alpina ausldst  und die d a r a u f f o l g e n d e  
pho tope r iod i sche  t3eeinf lussung die Vermehrungswe i se  
b e s t i m m t .  

Die H y p o t h e s e  wurde  durch  K u l t u r v e r s u c h e  geprfif t .  
Die  Versuchspf lanzen  s t a m m t e n  aus Scoresbysund  an 
der  grdnl~ndischen  Ostki is te .  I m  H e r b s t  1949 wurden  
18 re in  v i v i p a r e  P f l anzen  in die Schweiz  ve r se t z t  und  bis 
z u m  n/ ichs ten  S o m m e r  ku l t iv ie r t .  Aus J3ulbillen dieser  
S t a m m p f l a n z e n  wurde  eine F - t G e n e r a t i o n  von  rund  100 
Versuchss tdcken  nachgezogen  und,  sowei t  die P f l anzen  
n ich t  v o r h e r  e ingingen,  yore  H e r b s t  1949 bis zum Fr i ih-  
s o m m e r  1952 u n t e r  Kon t ro l l e  gehal ten .  Samen  yon  
P f l anzen  der  F1-Genera t ion ,  die zur  B l i i t enb i ldung  zu- 
rf ickschlugen,  k a m e n  im S o m m e r  1950 zur  Aussaa t .  Zur  
Kon t ro l l e  wurden  einige Versuche  m i t  a lp inen  Poen  
schweizer i scher  H e r k u n f t  durchgeff ihr t .  

Die  Versuchspf lanzen  waren  d e m  natf i r l ichen,  j ahres -  
ze i t l i chen 'L i ch twechse l  ausgese tz t .  U m  den Einf luss  des 
F ros te s  fes tzus te l len ,  wurde  im Win te r s  1949/50 ein Tei l  
der  Versuchss tdcke  im  F r e i l a n d  gehal ten ,  der  Res t  im  
Gew/iehshaus  ku l t iv ie r t .  

Die  Versuche  haben  folgendes  e rgeben :  
1. Die  grdnl~ndischen  S t a m m p f l a n z e n ,  sowei t  sic 

nochma l s  zur  R e p r o d u k t i o n  ge langten ,  en twicke l t en  
u n t e r  L a n g t a g b e d i n g u n g e n  t3ulbil len; u n t e r  K u r z t a g -  
einfluss w u r d e n  normale ,  r o l l  fer t i le  131fihsprosse an-  
gelegt .  

2. In  de r  aus Bulbi l len  gezogenen  F1-Genera t ion  wurde  
nach  F r o s t e i n w i r k u n g  durch  I furztag die B i ldung  yon  

1 C. SCHRdTER, Das P]lanzenleben der Alpen (Verlag A. Raustein, 
Zfirieh 1908), S. 272. - A. Exo, Poa alpina und die Erscheinung der 
Viviparie bei ihr, Diss. Bonn (1916). 

g C. SCIIROTER und F. G. STEBLER, Die alpinen Futlerp[lanzen 
(Verlag J. Wyss, Bern 1889), 116 S.) . -  J. SCHI~STER, Flora 100, 213 
(1910). 

E. HUrCGER, Uber einige vivipare P/lanzen und die Erscheinung 
der Apogamie bei denselben, Diss. Rostock (1887). 

* A. Exo, Diss. Bonn. (1916). 
5 CL. ZOLLX~OF~R, Jb. St.-Gall. naturwiss. Ges. 65, 99 (1930). 

l?liiten, durch  Langtag die E n t w i c M u n g  yon  Bulbillen 
induz ie r t .  Diese Abh/ ing igke i t  der  Vermehrungsweise  
yon der  pho tope r iod i schen  t3eeinflussung is t  dadurch  
nachgewiesen  worden,  dass die Versuchspf lanzen  im 
Ver laufe  ihrer  ind iv idue l l en  E n t w i c k l u n g  den Repro-  
d u k t i o n s m o d u s  e inmal  oder  mehr f ach  ums te l l t en .  Irn 
Fr f ih l ing  er fo lg te  der  1Jbergang yon  Bl i ihsprossen fiber 
In te rmediArschosse  zur  Viv ipa r i e ;  im H e r b s t  schlugen 
bu lb i l l en t r agende  St6cke zur  ]31fitenbildung zurtick. Die 
min ima le  Tagesl~inge zur  Aus l6sung  der  Bulb i l lenbi ldung 
betr~igt r u n d  14 S tunden .  Die photosens ib le  Phase  fiillt 
in ein fr i ihes E n t w i c k l u n g s s t a d i u m  des Vegeta t ions-  
p u n k t e s ;  es kann  a n g e n o m m e n  werden,  dass die Deter-  
m i n a t i o n  zur  e inen oder  anderen  Vermehrungsweise  
rund  fi inf W o c h e n  v o r  dem Z e i t p u n k t  erfolgt ,  in'welcherfl 
sich der  N e p r o d u k t i o n s m o d u s  fes ts te l len 1/isst. 

3. Fros te inf luss  fdrder t  die Rep roduk t ionsbe re i t s cha f t  
yon  .Poa alpina. Ohne  F r o s t e i n w i r k u n g  bl ieb der  gr6sste 
Tei l  der  Versuchspf l anzen  s ter i l ;  die wenigen  Durch- 
b r enne r  e n t w i c k e l t e n  ausschl iessl ich Bl i i ten,  ohne dass 
sich eine IZorrelat ion zwischen B l i i t enb i ldung  und  pho- 
tope r iod i sche r  Bee inf lussung  e rkennen  liess. 

4. Die S a m e n  yon  Pf lanzen ,  welche  zur  Bl i i t enbi ldung 
zur i ickgeschlagen  ha t t en ,  wa ren  r o l l  keimf/ ihig.  12 
Toch te rp f l anzen ,  welche  aus Samen  einer  isol ier t  gehal- 
t enen  Pf lanze  der  F~-Genera t ion  gezogen wurden ,  waren 
w e i t g e h e n d  uni form.  Es  ist  daher  n ich t  ausgeschlossen, 
dass bei Ri ickschl / igen yon  der  Viv ipa r i e  zur  Samenbil-  
dung  die S a m e n e n t w i e k l u n g  a p o m i k t i s c h  er£olgt. 

5. Die  wen igen  Versuche  m i t  e iner  schweizerischen 
Rasse  yon  Poa alpina haben  zn ke inen  widersprechenden  
R e s u l t a t e n  geffihrt .  

Eine ausfiihrllche Darstellung mit Belegmaterial und Bildern 
erscheint in Meddeldser om Gronland (Verlag Reitzel, K0benhavn). 

F. I-I. SCHWARZENBACH 

l n s t i h d  ]iir A llgemeine Botanik  der Universitiit Zi~rich, 
den 21. Oktober 1952. 

S u m m a r y  

Cul tu r ing  expe r imen t s  w i t h  Green land  p lan ts  of _Poa 
alpina vivipara h a v e  shown t h a t  a f t e r  the  ac t ion  of frost 
t he  mode  of  r ep roduc t ion  is de t e rmined  by  the  photo- 
pe r iodoc  factor .  The  inf luence  of shor t  days  produces 
b lossoms and  t h a t  of long days  resul ts  in bulbi l lae.  

G r o w t h  and P e n t o s e  N u c l e i c  Ac id  Conten t  
of  B e a n  E m b r y o  1 

In  his s y s t e m a t i c  i nves t i ga t i on  on g rowth  and  meta-  
bolic ac t iv i t i es  of a legume,  Vigna sesquipedalis, during 
the  g e r m i n a t i o n  s tage  2, one of the  au tho r s  (Y.O.) 3 has 
shown h o w  two  modes  of g rowth :  " d i v i s i o n - g r o w t h "  
(growth b r o u g h t  a b o u t  essen t ia l ly  by  p ro top l a smic  pro- 
te in  format ion)  and " e l o n g a t i o n - g r o w t h "  (growth 
b r o u g h t  a b o u t  p r e d o m i n a n t l y  by  fo rma t ion  of cell wall 
mate r ia l ,  especia l ly  cellulose) are in t e m p o r a l  and/or 
spa t i a l  c o m b i n a t i o n  in the  course of e m b r y o n i c  growth 

1 Aided partially by the Governmental Research Fund for Science. 
We mean by the word "germination stage" the heterotrophie 

period in which the cotyledonous reserve is solely responsible for the 
nutrient demand of seedling (embryo excluding cotyledon). Under 
our experimental conditions the stage is thought to continue until the 
6 th day after sowing the seed when the total dry weight of the 
seedhng reaches its maximum value (Cf. Fig. 1). 

3 y. OOTA, Science (Kagaku), Tokyo 23, 60 (1953); Embryologia, 
Nagoya (in press). 
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of the legume plant,  corresponding to temporal  and/or 
spatial differentiations in gas metabolic activities. 

I t  is generally accepted tha t  pentose nucleic acid 
(P.N.A.) plays an impor tan t  role in the biosynthesis of 
protein in the animal  tissues ~ as well as in the micro- 
organisms 2 whilein the higher plants  little is known on the 
subject. I twas therefore the authors '  interest  in the present 

by the method of O6vg and ROSEN 1 and P.N.A.-P was 
determined as inorganic phosphorus by FISKE- SUBBAROW 
method z. The final residue after being treated with hot 
1 N HC104 to remove desoxypentose nucleic acid, was 
estimated for protein-N according to LEVY-PALMER'S 
hypobromite-iodometric t i t ra t ion  method modified by  
YAGI a. 
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Fig. 1.--Changes in dry weight of embryonic organs of Vigna ses- 
quipedalis during the germination stage: P, plumule; H, hypocotyl; 
R, radicle; C, cotyledon; S, seedling. Scale in the right ordinate, for 

C and S; the left, for P, H, and R, 

Fig. 2.--Changes in protein nitrogen content of embryonic organs of 
Vigna sesquipedalis during the germination stage. See text of Figure 1 
for symbols used. Scale in the right ordinate, for Cotyledon; the left, 

for P, 1t, and R. 

study to see whether the same is true in the higher plant,  
and whether correlation between the "division-growth" 
and P.N.A. content  could be detected in the legume 
embryo. 

The seeds of Vigna sesquipedalis soaked in tap  water 
for 5 h at  30 ° C, were sown in sand. The cul t ivat ion was 
carried out at  30°C in the dark without  any added 
nutrient.  Four  embryonic organs (see below) were 
analyzed for dry weight, protein-N, and P.N.A.-P at  
1 day intervals for 6 days of cult ivation.  The embryos 
were well washed with distilled water and then separated 
into four morphologically defined uni ts :  plumule, 
hypocotyl, radicle, and cotyledon. Each was homoge- 
nized with ice-chilled distilled water. Acid soluble and 
lipid fractions were removed by the technique of 
SCHNEIDER a, P.N.A. was extracted with cold 1 N HC104 

Figures 1, 2, and 3 show the changes in dry weight, 
protein-N, and P.N.A.-P for each organ during the 
course of germination stage 4. From these figures it is 
evident  tha t :  (1) in the plumule, the P.N.A.-P content  
increases exponential ly over the entire stage; dry  
weight and protein-N changes reveal essentially the same 
tendency as observed in P.N.A.-P change; (2) in the 
radicle, the amount  of P.N.A.~P increases exponent ia l ly  
over the entire phase; dry weight and  protein-N show 
almost the same behaviour as the P.N.A.-P;  (3) in the 
hypocotyl,  the amount  of P.N.A.-P increases exponen- 
t ial ly up to the 2 nd day and declines rapidly from the 3 ra 
day. Protein-N increases exponent ial ly  up to the 3 rd day, 
and thereafter the amoun t  is retained unchanged.  On the 
other hand, dry weight change does not  run parallel 
with P.N.A.-P- as well as protein-N changes and it  

x j.  13RACffET, Embryologie chimique, ¢2 nd edit. (Paris, 1957). 
T. CASrERSSON, Cell Growth and Cell Function (New Work, 1950). 

2 13. MALMGRE~ and C. G. HEDf~r¢, Aeta Path. Microbiol. Scand. 
84, 417 (1917). 

3 "~V. C. SCIIN'EIDER, J. biol. Clxem, 161~ 293 (1945), 

1 M. OGUR and G. Rosr:N, Arch. Biochem. 25, 262 (1950). 
C. H. FISKE and Y. SOBnAr~OW, J. biol. Chem. an, 375 (1925). 

z Y.YAGI, IN EC~AMI, Nucleic acids a. Nueleproteins, Tokyo 1, 132 
(w~l). 

4 As the O-day old material seeds soaked for 5 h were employed, 

Exper. 7 
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increases exponential ly throughout  the germinat ion 
stage;  (4) in the cotyledon, the amounts  of P.N.A.-P,  
dry weight, and protein-N simultaneously decrease 
rapidly with the elapse of time. I t  is worth while to point  
out  tha t  a large amount  of P .N.A.-P  is found in th is  
reserve organ at the initial stage of germination.  
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Fig. 3.--Changes in pentose nucleic acid phosphorus content of 
embryonic organs of Vigna sesqsipedalis during the germination 
stage. See t.'xt of Figure I for symbols used. Scale in the right ordi- 

nate, for Cotyledon; the left, for P, H, and R. 
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Close parallelism between increase of P.N.A. and tha t  
of protein is thus demonst ra ted  in all anabolic (growing) 
organs studied. This is most str ikingly recognizable in 
the hypocoty l  tissue in Which the mode of growth is 
shown to change categorically from "d iv i s ion"  to "elon- 
ga t ion"  at  about  the middle of the germination stage 1. 
Increase of protein occurs only in the earlier half of the 
germinat ion stage, while in the later half protein content  
remains pract ical ly constant ;  P.N.A. increase is ob- 
served only in the earlier half, and it  begins to disappear 
as the protein increase ceases. The result seems to suggest 
tha t  if P.N.A. is indeed involved in protein synthesis, 
then a synthesis ra ther  than  only existence or degrada- 
tion of P.N.A. may be significant for the formation of 
protein. This view is thought  to be supported by the 
several similar findings in animal and microbial mate-  
rials 2. In this connection, i t  is also a noticeable fact tha t  

1 y. OOTA, Science (Kagaku), Tokyo 23, 60 (1953); Embryologia, 
Nagoya (in press). 

S. OSAWA andY. HAYASHI, Science( Kagaku),Tokyo Z3.34 (1953). 
- M. FUKUDA and A. SmATANI, J. Biochem., Tokyo (in press). - 
S. OSAWA (U ~published experiment).- W. H. PRICE, J. gen. Physiol. 
36, 741 (1952). 

in all the embryonic  tissues except  cotyledon, an ap- 
proximate ly  cons tant  quant i ta t ive  relat ionship between 
m a x i m u m  contents  of both protein-N and P.N.A.-P 
(ca. 14: 1) was observed. 

As for the unexpectedly  high P,N.A. content  of the 
cotyledon, the possible existence of reserve phosphates 
such as phyt ic  acid, which, if present, would be removed 
by the cold tr ichloroacetic acid t r ea tmen t  in our frac- 
t ionat ion  procedure, may  not be the cause of such high 
phosphorus value observed for the P.N.A. fraction. In 
the germinat ion stage, the cotyledon tissue which is now 
catabolic in nature is practically deprived of any ability 
to produce P.N.A. Hence the existing P.N.A. would 
be the survival  of what  had been produced in the ana- 
bolic phase of the cotyledon in its earlier stage of devel- 
opment  on the placenta.  We believe tha t  this is the first 
case in which a reserve organ is found to have such a 
large amount  of P.N.A. even in i ts  mature  stage. The 
significance of this h igh P.N.A. content  in the cotyledon 
is as yet  obscure 

S. OSAWA and Y. OOTA 

Biological Institute, Faculty of Science, Nagoya Uni- 
versity, Japan,  December if, 1952. 

Zusammenlassung 

In den embryonalen Geweben einer Hiilsenpflanze, 
Vigna sesquipedalis, findet Zunahme an Proteingehalt  
stets zugleich mit  Zunahme an PentosenukleinsAure- 
gehalt  s tat t .  Dies ist ein genau gleiches Verhalten, wie 
man ihm bereits bei Mikroben sowie bei t ierischen Ge- 
weben begegnete. In den Kotyledonen (Reserveorgane) 
wird ein unerwarte t  hoher Gehalt  an P.N.A. gefunden. 

C o l o u r  Pattern and the Definition of the Species, 
Diadema antillarum Philippi 

Six species have been distinguished in the echinoid 
genus Diadema (Humphreys,  1797) Gray I. Distinctions 
are mainta ined on the grounds of differences in the 
shape of the valves of the t r identa te  pedicellariae, the 
number  of series of large tubercles in the interambulacral  
areas of the test  and the colour pat tern.  

MORTENSEN ~ long ago urged tha t  more at tention 
should be directed to these colour differences, which 
mainly  concern the disposition of blue areas on the black 
background of the test, on the grounds tha t  herein may 
exist  a clue to the interrelationships of the several 
species. Thus it  is s tated tha t  the blue pat tern  of the 
genotype D. setosum (Leske) is very characterist ic,  con- 
sisting of isolated spots, whereas tha t  of D. antillarum 
Philippi forms continuous lines, in the interambulacra.  
In Diadema Savignyi  (Audouin) Michelin, a continuous 
blue ring around the periproct  is described, which is 
s tated to be absent in D. antiUarum, etc. ~. 

My own studies on the last form have shown tha t  the 
distr ibution of the blue colour has been inadequately 
described and al though I have not  ye t  had the oppor- 
tun i ty  of examining any other  species, in the case of 

1 TH. MORTE~SEN, A Monograph o/ the Echinoide6 (Reitzel, 
Copenhagen, 1940), p. 111. 

2 TH. MORTENSEN, U. S. Nat. Mus. Bull. Washington 74 (1910). 
3 Tm MORTENSES, A Monograph o/the Echinoidea (Reitzel, Co- 

penhagen, 1940), p. 111 ; U. S. Nat. Mus. Bull. Washington 7g (1910). 


