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surfac tant ) .  Fo r  controls ,  one set  was t r e a t ed  wi th  sur- 
f a c t an t  only, whi l s t  the  o ther  set  r emained  un t r ea t ed ;  
10 p lan t s  were used for each t r e a t m e n t .  

Ten weeks af ter  t r e a t m e n t ,  some of t he  m o r p h a c t i n  
t r ea t ed  p lan t s  showed shoots  aris ing f rom the  under-  
ground p a r t  of the  p lant .  Three p lan t s  f rom each group 
were r em oved  f rom the  soil and  the  adher ing  soil washed  
off. I t  was observed  t h a t  the  m o r p h a c t i n  t r e a t ed  p lan t s  
a t  all concen t ra t ions  bore numerous  shoots  on the  
unde rg round  p a r t  of the  stem, t ap  root  and la tera l  roots  
(Figure). There  were no shoo t s /buds  on the  roots  of 
cont ro l  p lants .  3 p lan t s  of each group were s tudied  a week 
la ter  and  ano the r  3 in t he  following week. The remain ing  
one p l a n t  of each group was re ta ined  in the  field for 
fu r the r  observat ions .  

These shoots  f i rs t  grew downward  t h e n  upward  mak ing  
a U shaped  base, and some of these  bore roots.  The shoots  
t h a t  had  become exposed to  sun were green, whi ls t  those  
still  unde rg round  had  numerous  c rumpled  leaves wi th  
th i ckened  pet iole  and midr ib  and yellow lamina.  As 
m a n y  as 35 underg round  shoots  were observed on one of 
t he  p l an t s  t r e a t ed  wi th  1000 p p m  m o r p h a c t i n  solut ion 
and  the  lowest  n u m b e r  for th is  group was 20 shoots.  In  
one case as m a n y  as 16 shoots  were seen arising f rom 
di f ferent  loci on a la teral  root.  P l an t s  t r ea t ed  wi th  
500 p p m  had  18-28 shoots,  whi ls t  those  t r e a t ed  wi th  
250 p p m  had  13-20 and  those  wi th  100 p p m  had  8-15 

shoots.  Shoots  were rare on the  la teral  roots  a t  lower 
concent ra t ions .  

Cytokinins  are known  to  s t imu!ate  shoot  bud  ini t ia t ion 
on exp lan t s  in vitro,  th is  holds good even for t he  t r iploid 
t issue viz. the  ma t u r e  endospe rm in t issue cul ture  3. In  
p o t a t o  plants ,  t r e a t m e n t  w i th  cy tok in in  resul ted  in 
upward  and  erect  g rowth  of s toloniferous shoots.  The 
presence  of cy tokin ins  in leaves of Bryophyllum and  Be- 
gonia s t r eng thens  the  view t h a t  cy tokin in  and  auxins  
med ia te  env i ronmen ta l  inf luence on regenera t ion  capa- 
c i ty  in these  p lan t s  4. Morphac t ins  can ' s imula te '  the  
effect  of cy tokin ins  5, by  increasing the  n u m b e r  of regener-  
a t ion  loci on leaf discs of Begonia. Recen t  work  6 has  
shown t h a t  Morphac t ins  are capable  of inducing cyto-  
k in in -dependen t  tobacco  callus t issue to become cyto-  
k in in-au tonomous ,  i.e. to  cont inue  g rowth  w i t h o u t  cyto-  
kinin. This shows t h a t  I luorenes can induce a d i rec ted  
and  her i table  cellular change  in tobacco  t issue in cu l tu re  
in which a specific b iosyn the t i c  sys tem,  i.e. endogenous  
cytokin in  system,  is regular ly  and pers i s ten t ly  ac t iva ted .  

The p resen t  f indings can be expla ined on the  assump-  
t ion t h a t  m o r p h a c t i n  absorbed  via  the  aerial pa r t s  of the  
p l an t  was t r a n s p o r t e d  to roots,  and there  i t  e i ther  s imu- 
la ted  cy tok in in ' s  ac t iv i ty  or it  ac t iva ted  the  cy tok in in ' s  
b iosynthesis ,  and  mani fes ted  the  consequences  in the  
root  zone. Such shoots  would indeed  be of use. in  propa-  
gat idn of i m p o r t a n t  types  of cauliflower. W o r k  is in 
progress  to e lucidate  the  mechan i sm of act ion of mor-  
phac t in  on cauliflower. 

Rdsumd. Des p lan tes  de choux-f leurs  t rai t6es avec une 
solut ion de morphac t i ne  ont  p rodu i t  des bourgeons  sur 
leurs racines.  
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Basal portion of cauliflower plants after 10 weeks of treatment. (C) 
control, (T) aerial portions treated with 1000 ppm morphactin 
solution, showing numerous shoots on tap root and one of the lateral 
roots. LRS, lateral root shoots. 
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P h o t o r e a c t i v a b l e  S e c t o r s  and the S y s t e m a t i c s  of the G e n u s  P i c h i a  1 

On the  bases of biochemical ,  ecological and  life-cycle 
considerat ions ,  WICKERHAM ~ has a r ranged  the  25 species 
of yeas ts  be longing to the  genus Hansenula according to  
a phy logene t ic  scheme consis t ing of 5 major  and  one 
subs id ia ry  lines of descent .  SPENCER et al. s, ~ no ted  t h a t  
var ia t ions  in the  s t ruc tu re  of cell wall  m a n n a n s  of species 
of Hansenula correlate  well w i th  the  re la t ionships  pro- 
posed by  WIGKERHAM. We  recent ly  r epor ted  5 t h a t  the  
magn i tudes  of t he  pho to reac t ivab le  (PR) sectors (i.e. 
f rac t ion of the  ul t raviolet ,  inae t iva t iona l  cross-sect ion of 
a cell subjec t  to  r e p a i r  by  exposure  to visible light) of 
these  species also are consonan t  w i th  WICKERHAM'S 

phylogene t ie  scheme;  only ve ry  pr imi t ive  species fail to 
pho to reac t iva te ,  advanced  species have  P R  sectors rang- 
ing f rom 0.3 to 0.7 and  all species belonging to line 5 of 
the  scheme have  a d is t inc t ive  P R  sector  of 0.1. 

The genera Hansenula and  Pichia are di f ferent ia ted,  
categorically,  only by  the  inabi l i ty  of species of Pichia to  
util ize n i t ra te .  As yet ,  in t ragener ic  evo lu t ionary  relat ion-  
ships among  species of Pichia are moot .  WICKERtIAM and 
BURTON 6 have  adduced  s t rong  a rgumen t s  to the  effect  
t h a t  the  genus Pichia arose f rom one or more  p r imi t ive  
species of Hansenula. SPENCER and  GORIN 8 have  shown 
t h a t  the  cell wall m a n n a n s  of m a n y  Pichias are struc-  
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PR sectors compared with features of the life cycles and fermentative capabilities of species of Pichia as given by [{REGER-VAN RIJ 7 

Species and strain ~ PR Sector Ploidy b Mating system c Fermentation a 
Glueose Galactose Sucrose Maltose 

Pichia del]tensis NRRL Y-7119 0.0 
P./arinosa ATCC 2252 0.0 
P./ermentans NRRL Y-1619 0.0 
P./luxuum NI%RL u 0.0 
P. kudriavzevii NRRL Y-5396 0.0 
P kluyveri NRRL YB-4277 0.0 
P. media NRRL Y-7122 0.0 
P. membranae/aciens NRRL Y-2026 0.0 
P. pastoris NRRL Y-1603 0.0 
P. poIymorpha NRRL u 0.0 
P. pseudopolymorpha NRRL- YB-4228 0.0 
P. stipidis NRRL Y-7124 0.0 
P. toletana NRRL YB-4494 0.0 
P. vini NRRL Y-1459 0.0 
P. angophorae NRRL Y-7118 0.1 
P. bovis NRRL YB-4184 0.1 
P. dispora NRRL Y-7120 0.1 
P. halophila NRRL YB-3647 0.1 
P. pinus NRRL Y-9555 0.1 
P. saitoi NRRL Y-6671 0.1 
P. terricola NRRL YB-4310 0.1 
P. trehalophila N RRL Y-6781 0.1 

d - -  - 4 -  - -  - -  m 

h h o  -5 + -- -- 

d -- + . . . .  

d . . . . .  

d -- 4- -- -- -- 

h ho . . . .  

h or h/d ho or he -- -- -- -- 

h ho 4- -- --  -- 
h ho + i + ~2 
h ho 4- ~ 4- 
h ho + + -- + 
h ho 4- -- -- -- 

h ho . . . .  

h ho . 4- -- 4- 4- 
h/d ho 4- -- -- -- 

h ho 4- -- -- -- 

h ho . . . .  

h ho 4- -- -- -- 

d -- 4- -- -- -- 

d -- + -- -- -- 

h ho + -- -- -- 

r u r a l l y  c o m p a r a b l e  to  t h o s e  of p r i m i t i v e  Hansenulas ,  b u t  
t h a t  o t h e r  t~ichias h a v e  m a n n a n s  t y p i c a l  of t h e  h i g h l y  
evo lved  Hansenulas .  Thi s  w o u l d  s u g g e s t  e i the r  1. t h a t  
b o t h  Ha n sen u la  a n d  Pichia  or ig ina t ed  f r o m  c o m m o n  
p r o g e n i t o r s  a n d  h a v e  u n d e r g o n e  i n d e p e n d e n t  b u t  c losely 
para l l e l  e v o l u t i o n s  or  2. t h a t  n e w  Pichia  species  o f t en  
h a v e  a r i sen  i n d e p e n d e n t l y  of  each  o t h e r  as  n i t r a t e -  
n e g a t i v e  v a r i a n t s  of i n d i v i d u a l  Hansenu la  species  a t  
v a r i o u s  levels  of e v o l u t i o n a r y  d e v e l o p m e n t .  E i t h e r  of 
t h e s e  a l t e r n a t i v e s  im p l i e s  t h a t ,  for  Pichia  as wel l  as  
Hansenula ,  t h e  P R  sec to r s  of i n d i v i d u a l  species  s h o u l d  
be  d e p e n d e n t  on  t h e i r  e v o l u t i o n a r y  s t a t u s e s .  To  exp lo re  
t h i s  poss ib i l i ty ,  t h e  P R  sec to r s  of each  of t h e  35 species  of 
Pichia  c u r r e n t l y  a ccep t ed  b y  I4~REGER-VAN RIJ  7 were  
d e t e r m i n e d  b y  p r o c e d u r e s  desc r ibed  p r e v i o u s l y  5 a n d  
c o m p a r e d  w i t h  c e r t a i n  i e r m e n t a t i v e  a n d  life cycle  cha r ac -  
t e r i s t i c s  of t h e  species .  T h e  d a t a  r e co rded  in  t h e  T a b l e  
s h o w  t h e  fo l lowing  co r re l a t e s  tO ear l ier  f i nd ings  w i t h  t h e  
Hansenulas .  

1. Like  t h e  Hansenulas ,  species  of Pichia  can  be  
g r o u p e d  as t h o s e  w h i c h  do n o t  p h o t o r e a c t i v a t e ,  t h o s e  
w i t h  P R  sec to r  of  0.1 a n d  t h o s e  w i t h  P R  sec to r s  of 0.3 or  
h igher .  T h e s e  g r o u p i n g s  of t h e  Hansenu las  h a v e  b e e n  
s h o w n  to  re f lec t  t h e  e v o l u t i o n a r y  p l a c e m e n t  of  species  
a c c o r d i n g  to  WICKERHAM'S i n t e r p r e t a t i o n  of t h e  p h y l o g -  
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1772 with the U.S. Atomic Energy Commission. 
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Species and strain PR Sector Ploidy Mating system Fermentation 
Glucose Galactose Sucrose Maltose 

P. acaciae NRRL Y-7117 
P. chambardii NRRL YB-4249 
P. etchellsii NRRL Y-7121 
p. guilliermondii NRRL Y-2075 
P. ohmeri NRRL Y-1922 
P. pi]peri NRRL u 
P. quercuum NRRL YB-4281 
P. onychis NRRL Y-7123 
P. rhodanensis NRRL Y-2380 
P. salictaria NRRL Y-6780 
P. scolytii NRRL u 
P. strassburgensis NRRL Y-6730 
P. wickerhamii NRRL Y-2436 

0.4 h ho + -- ~ + 
0.5 d . . . . .  
0.5 h ho 4- -- :J= 4- 
0.4 h/d he + 4- 4- -- 
0.5 h/d he 4- 4- W + 
0.7 d -- 4- -- --  --  
0.6 h ho 4- -- -- -- 

0.3 h/d ho 4- -- 4- -- 
0.3 h/d he' 4- -- 4- -- 
0.4 h ho . . . .  
0.3 h/d he 4- 4- i 4- 
0.7 h/d he + 4- 4- -- 

0.4 h/d he 4- -- -- -- 

Source of strains: ATCC, American Type Culture Collection, Rockvi]le, Maryland, USA; NRRL, Northern Regional Research Laboratory, 
Peoria, Illinois, USA. ~ ploidy of cells during vegetative growth; h, haploid; d, diploid. ~ ho, homothallic; he, heterothaHic; --, mating system 
not known, a q-, occurrence of fermentation is variable. 
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eny of the  genus. The  possibi l i ty  t h a t  such groupings 
also m a y  be indica t ive  of sys temat ic  relat ionships among  
]~ichias is suggested by  the  fact  t ha t  holnothal l ic  species 
of Pichia occur wi th in  each of the  three  sorts of groups 
whereas  the  known, pure ly  heterothal l ic  species exhibi t  
only  large P R  sectors. 

2. The  non-photoreac t iva t ing ,  p r imi t ive  species of 
Hansenula fe rment  few sugars and the  ma jo r i t y  of such 
species grow vege ta t ive ly  only in haptophase;  the  s t rongly 
photoreac t iva t ing ,  advanced  species are more versat i le  
f e rmen ta t ive ly  and, typical ly ,  grow vege ta t ive ly  ei ther  
as haplophase-diplophase  mix tures  or in diplophase 
exclusively~, 5. Analogous correlat ions are noted  wi th  the  
Pichias. Though  species of JPichia, collectively,  have  a 
much  more res t r ic ted range of f e rmen ta t ive  capabil i t ies  
t h a n  the  HansenuIas, I~RGGER-VAN RIJ has compared  all 
species of Pichia for abili t ies to fe rment  four  common 
sugarsL The Table  indicates  t h a t  the  nonphotoreac t i -  
r a t i n g  species of Pichia fe rment  an average  of 1.4 of these 
sugars each, whereas  species hav ing  large P R  sectors 
f e rmen t  an average  of 2.0 sugars each;  fur thermore ,  
64% of the  non-pho toreac t iva t ing  species bu t  only 30% 
of the  species hav ing  large P R  sectors grow vege ta t ive ly  
in haplophase,  exclusively.  

3. P ro ton  magnet ic  resonance spectra  of the  cell wall  
mannans  of the  Hansenulas have  established tha t  the  
weakly  pho to reac t iva t ing  species (PR sector, 0.1) be- 
longing to line 5 of WICKERI~AM'S phy logeny  and the  non- 

pho to reac t iva t ing  progeni tor  of t h a t  line, H. wickerhamii, 
possess a unique m a n n a n  s t ruc ture  which distinguishes 
t h e m  from other  members  of the  genus 3,4. This  same 
dis t inct ive  s t ructure  has been identif ied in the  cell wall  
mannans  of the  fol lowing species of Pichia3: 1~. ango- 
phorae, P. ~ermentans, P. fluxuum, P. kluyveri, P. mem- 
branae/aciens, P. pinus, 1~. terricola, P. trehalophila. The 
Table  reveals t h a t  these par t icular  species of Pichia, l ike 
their  Hansenula counterpar ts ,  e i ther  do not  photoreact i -  
va t e  or have  P R  sectors of 0.1. 

These observat ions  suggest  t ha t  P R  sectors const i tu te  
an addi t ional  pa ramete r  of af f in i ty  be tween  the  genera 
Hansenula and Pichia and m a y  serve as useful da t a  in 
the  even tua l  resolut ion of phylogenet ic  relat ionships 
among  species of Pichia. 

Zusammen/assung. Es wird der Beweis erbracht ,  dass 
photoreakt iv ierungsf~hige  Sektoren yon Zellen einen zu- 
s~tzlichen Affinit~Ltsparameter zwischen Hefen der Gat-  
tungen  Hansenula und Pichia bilden und viel le icht  wert-  
volle  Da ten  fiir die endgiil t ige Erschl iessung der intrage-  
nerischen Phylogenie  der ]~ichia liefern. 
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The sieve tubes of the phloem of plants are the conduits 
through which photosynthate and additional, quantita- 
tively minor solutes are distributed from the leaves and 
other 'sources' to 'sinks' - regions where these nutrients are 
utilized, including the roots. The most widely held view of 
tile mechanism of movement in the sieve tubes is the pres- 
sure flow hypothesis of MONCHI see CRAITTS and CRISP I. 
According to this view, a mass flow of water and dissolved 
solutes moves through the lumen of the sieve elements, 
and from one such element to the next through the con- 
necting pores which are c lustered in sieve areas of the  cell 
walls be tween  cont iguous sieve e lements  abu t t ing  end to 
end. 

Fo r  such a f low to occur the  inter ior  of the  sieve ele- 
ments  and the  pores connect ing t h e m  mus t  be re la t ive ly  
open;  the  numerous  membrane -bound  organelles present  
in o ther  types  of cells would  t end  to plug up the  conduit .  
The  vacuole,  in par t icular ,  would  represent  an obstacle to 
any  free flow. In  ma tu re  cells not  specialized for conduc- 
t ion  i t  occupies the  bulk  of the  vo lume  of the  cell, restr ict-  
ing the  cy top lasm to a th in  layer  be tween  the  p lasmalem- 
ma, the  outer  m e m b r a n e  which ties appressed against  the  
cell wall,  and the  tonoplas t  - the  m e m b r a n e  be tween  the  
cy top lasm and the  centra l  vacuole.  

I n  accord wi th  expec ta t ions  based on the  pressure flow 
hypothesis ,  the  inter ior  of the  ma tu re  sieve e lement  is in- 
deed devoid of much  of the  cy toplasmic  appara tus  which 
would  impede  a longi tudinal  f low of a solution. The  tono-  
plast  (and hence a t rue  vacuole) is absent,  and so is the  
nucleus. The  re la t ive ly  few membranous  s tuctures  re- 
main ing  (mitochondria,  plastids,  endoplasmic ret iculum) 
usual ly  lie near  the  p lasmalemma,  a long the  wall, leaving 
a re la t ive ly  s tructureless  lumen  within,  which appears  

to offer min imal  resistance to the longi tudinal  f low en- 
vis ioned by  the  MONCH hypothesis .  

Through  the  sieve tubes  m o v e  not  only sugars bu t  also 
inorganic nut r ients  including potassium, magnesium, 
phosphate ,  and others  1, 2. Bu t  curiosly, concentra t ions  of 
calcium and boron in the  sieve tubes  are ve ry  low, and so, 
as a result ,  are the  quant i t ies  of these nut r ien ts  moved  in 
the  ph loem 1, 2. 

The  re la t ive  immobi l i ty  of calcium and boron in the  
ph loem is d isadvantageous  or non-adap t ive  in t h a t  i t  m a y  
cause local deficiences resul t ing f rom tfleir failure to be re- 
dis t r ibuted,  v ia  the  phloem, f rom regions where thei r  con- 
centra t ions  are high, as in older leaves, to young,  ac t ive ly  
growing regions 2. I offer the  following hypothesis  to ex- 
plain the  pa radox  of an adap ta t ion  which is seemingly dis- 
advantageous .  

Calcium. This nu t r i en t  is essential  for the  funct ional  
and s t ructura l  in tegr i ty  of p lan t  cell membranes  2, 8. I n  
calc ium deficient  cells there  is 'a  general  dis integrat ion of 
the  cell contents '  4, ' s t ructureless  areas '  appear  and ex tend  
progressively,  and there  ensues a 'd is in tegrat ion of the  
var ious  membranous  s t ructures '  5. These observat ions  on 
calcium deficient  cells are qui te  paral le l  to those made  by  
s tudents  of ph loem s t ructure  concerning the  contents  of 
sieve tubes  - cells known to conta in  ve ry  l i t t le  calcium. I 

i A. S. CRAFTS and C. E. CRISP, Phloem Transport in Plants (W. H. 
Freeman, San Fransisco 1971)'. 

2 E. EPSTEIN, Mineral Nutrition o] Plants: Principles and Perspectives 
(John Wiley and Sons, New York 1972). 

a R.G.W. JONES and O. R. LUNT, Bot. Rev. 33, 407 (1967). 
4 H. SOROI~II~ and A. L. SOMMER, Am. J. Bot. 27, 308 (1940). 
5 N.G. MARINOS, Am. J. Bot. 49, 834 (1962). 


