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Since the  mice and  weasels are s t imu la t ed  to ac t iv i ty  
by  artificial  dusk  and inh ib i ted  by  art if icial  dawn, na tu ra l  
twi l ights  p robab ly  are the  chief fac tor  inf luencing onset  
and  cessat ion of the i r  ac t iv i ty .  Whi le  artificial  dawn 
s t imula tes  c h i p m u n k  act ivi ty ,  artificial dusk  mere ly  slows 
it down.  This suggests  t h a t  na tu ra l  d a w n  s t imula tes  these  
animals  to ac t iv i ty  bu t  t h a t  factors  o the r  t h a n  dusk 
inhib i t  t h e m  late  in the  day.  The fact  t h a t  d im l ight  and 
darkness  mere ly  slow down c h i p m u n k  ac t iv i ty  Jn the  
l abora to ry  is consonan t  wi th  a d a p t a t i o n s  of these  roden t s  
for l iving ill and  fleeing t h rough  dark  burrows.  A deta i led  
r epo r t  of these  s tudies  will appea r  e lsewhere s,9. 

Tag -Nach t -Wechse l  un te r such t .  Sowohl  die Geschwindig-  
kei t  als s u c h  die gesamte  Laufze i t  war  bei  diesen Tieren 
genau wie bei n a c h t a k t i v e n  M~usen (Gat tung  Peromyscus) 
yon  der  Beleuchtungsst/~rke abhgngig.  Die B e d e u t u n g  
dieser Befunde  fiir das  z i rkadische Gesetz und  die Evolu-  
t ion  yon  Tages-  und  N a c h t a k t i v i t ~ t  wird  d iskut ier t .  
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Zusammen/assung. Die Akt ivi t / i t  des ]3ackenh6rnchens 
(Tamias striatus) und  des Wiesels (Mustela rixosa) wurde  
im Lauf rad  bei kt inst l icher  D ~ m m e r u n g  und  a b r u p t e m  
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Hormonal  Control of Colour Changes in Orange Peel 

The recent  years  have  b roadened  our  concepts  abou t  
subs tances  which  seem to p lay  a hormona l  role in p lan t s  
and  the  list of processes which  appear  to be regula ted  
by  p l a n t  hormones  has also grown considerably .  Recen t  
repor t s  indicate  t h a t  the  colour changes  associa ted wi th  
the  r ipening of frui ts  are also ho rmone  control led 1-4. 
In  t he  p resen t  communica t ion  we shall  discuss some 
exper imen t s  conduc ted  wi th  Shamou t i  oranges (Citrus 
sinensis L.) ha rves t ed  while still green. Growth  regula tors  
were appl ied to  the  fruits  by  d ipping  t h e m  into solut ions 
consis t ing of 50% e thanol  + 0.02% tween  80 and  the  
desired growth  substance .  In  a p re l iminary  expe r imen t  
we made  sure t h a t  ne i ther  the  ethanol ic  solut ion nor  the  
de t e rgen t  had  a p p a r e n t  effects on the  colour changes  in 
orange peel. The changes  in colour were de tec ted  by  a 
H u n t e r  Color Difference Meter  (Gardner  Labora tor ies  
Inc.) and  the  a/b ra t io  (a, a measure  of redness ;  b, a 
measure  of yellowness) served for the  q u a n t i t a t i v e  esti- 
ma t i on  of colour deve lopmen t  *. 

F igure  1 shows the  effects of several  g rowth  regulators ,  
a t  concen t ra t ions  of 8 and 80 ppm,  on colour deve lopmen t  
of green ha rves t ed  oranges,  as compared  wi th  control .  
The auxin  a -naph tha lene-ace t i c  acid (NAA) had  a lmos t  
no influence. Benzyl  adenine  (BA), which  acts  as a 
cytokinin ,  de layed  the  colour changes  and  th is  is no 
surprise since cy tokin ins  act  s imilar ly in preserv ing  the  
chlorophyl l  of de t ached  leaves and delaying the i r  sen- 
escencee,L Gibberellic acid (GA3) has  a l ready  been  known  
for several  years  to inhibi t  colour d e v e l o p m e n t  in ci trus 
frui ts  a,s, and recent ly  it became clear t h a t  i t  has  the  
same effect  also on tomatoes1,3 and bananas2.  Figure  1 
shows the  inh ib i to ry  effect  of 80 p p m  and  8 p p m  GA 3. 
The Table  shows t h a t  even m u c h  lower concent ra t ions ,  
down to 0.1 p p m  GA 3, still have  considerable  inh ib i to ry  
effect. 

The  effect  of GA 3 migh t  be easily ob ta ined  also when  
t r e a t m e n t s  are given to frui t  a t t a ched  to  the  t ree  a and 
in our  expe r imen t s  a t t ached  fruit  r emained  green for 
more  t h a n  6 m o n t h s  af ter  the  t ime  of colour break.  
De tached  frui t  t r ea t ed  wi th  GA 3 a t t a ined  sa t i s fac tory  
colour only a f te r  a t  least  2 months ,  whereas  control  
frui t  comple ted  the  process wi th in  3 weeks. The inhibi-  
to ry  effect  of GAs could be overcome b y  e thy lene ;  GA s- 
t r e a t ed  fruit  held  successively a t  20 p p m  e thylene  needed  
17 days  to a t t a in  an a lmost  sa t i s fac tory  colour. E t h y l e n e  

has been  known  for a long t ime  to  enhance  colour changes  
and  o ther  r ipen ing  processes in fruits,  and  it appears  
t h a t  e thy lene  and  GA 3 act  an tagonis t ica l ly  to  each o the r  
in th is  case. 

GA 3 is effect ive also when  appl ied to a l imi ted  sect ion 
of the  peel. The frui ts  seen in Figure 2 have  been  har-  
ves ted  while still green and  pa in ted  wi th  GA 3 solut ion 
inside the  mark ed  circle. Dur ing  a m o n t h  of s torage  the  
frui t  developed its typ ica l  orange colour, excep t  for the  
t r ea t ed  zone, where  the  usual  effect  of GA 3 was  obta ined .  
Such local effects  were ob ta ined  also by  apply ing  k ine t in  9 
and  2 ,4-d ich lorophenoxyace t ic  acid 7 to  res t r ic ted  areas 
of de tached  leaves, t h e r e b y  delaying the  senescence in 
these  areas. The results  descr ibed in Figure  2 indica te  
t h a t  the  process of colour deve lopmen t  in peel m a y  be 
control led separa te ly  in each sect ion of t he  peel or even 
in each indiv idual  cell. Since the  effect  of GA 3 is a local 
one it seems reasonable  to re late  the  a m o u n t s  of appl ied  
GA 3 to  the  surface uni t  of the  peel. The oranges we t r e a t ed  
had  a surface of abou t  150 cm 2 and  t h e y  adsorbed  abou t  
0 . 9 m l  f rom the  appl ied solution. Since 0.1 p p m  GA 3 
solut ion still had  an effect  (Table) it  m igh t  be ca lcula ted  
t h a t  each cm 2 received no t  more  t h a n  6 •  10 ~ txg GA 3 
and  actual ly  only  pa r t  of th is  a m o u n t  p e n e t r a t e d  the  
peel. 

These ve ry  low a m o u n t s  are no t  h igher  t h a n  the  levels 
of endogenous  gibberell ins in p l an t  t issues 1~ and  the  
sens i t iv i ty  of the  orange peel t issues to  GA 3 m i g h t  be 
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Effect of increasing concentrations of GA s on  colour development of detached oranges 

15. 2. 1969 

GA 3 concentration 0 (control) 0.1 ppm 1.0 ppm 10.0 ppm 

Reflectance �9 --0.165 -4- 0.040 --0.255 =t- 0.031 --0.388 ~ 0.034 --0.467 • 0.031 

Measurement taken 2 weeks after picking of green fruit. Each value represents an average of 15 fruits, accompanied by its s tandard error. 
a/b reflectance units measured by 'Hunter '  Color Difference Meter. 
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Fig. 1. Effect of various concentrations (8 and 80 ppm) of ~-naph- 
thaleneacetie acid (NAA), benzyl adenine (BA) and gibberellic acid 
(GAs) on colour development of green-harvested oranges. The lower 
line indicates the colour of the fruit at the beginning of the exper- 
iment, on the date of harvest;  the upper line indicates the colour 
of control fruit after 2 weeks of storage. Each column represents 
an average of 20 fruits -4- the s tandard error, a, measure of redness; 
b, measure of yellowness. 

h y p o t h e s i s .  T h e  r e q u i r e m e n t  o f  l ow  soi l  t e m p e r a t u r e s  fo r  
c o l o u r  d e v e l o p m e n t  ~8 m i g h t  be  c o n n e c t e d  w i t h  a n  i n h i b i -  
t i o n  of  r o o t  g r o w t h  d u e  to  t h e  l ow  t e m p e r a t u r e  a n d  h e n c e ,  
a l a c k  of  r o o t - h o r m o n e s  s u p p l y  for  t h e  f ru i t .  T h e  re -  
g r e e n i n g  of  V a l e n c i a  o r a n g e  f r u i t  in  t h e  s p r i n g  zg,~0 m i g h t  
a l so  b e  a d e q u a t e l y  e x p l a i n e d .  

W e  h a v e  a l r e a d y  p o i n t e d  o u t  t h a t  t h e  h o r m o n a l  c o n t r o l  
of  p e e l  c o l o u r a t i o n  m i g h t  b e  e x e r t e d  in  e a c h  i n d i v i d u a l  
cell. W e  m i g h t  e v e n  go a s t e p  f u r t h e r .  T h e  c a r o t e n o i d  
p i g m e n t s  o f  t h e  r i pe  o r a n g e  a r e  l o c a t e d  i n  c h r o m o p l a s t s  
w h i c h  a p p e a r  t o  d e r i v e  t r o m  c h l o r o p l a s t s  w h i c h  h a v e  
d e g e n e r a t e d  a n d  s h i f t e d  t h e i r  s y n t h e t i c  a c t i v i t y  t o w a r d  
t h e  p r o d u c t i o n  o f  c a r o t e n o i d s  i n s t e a d  of  ch lorophyl l~L22.  
G i b b e r e l l i n s  h a v e  r e c e n t l y  b e e n  s h o w n  t o  be  a s s o c i a t e d  
w i t h  t h e  c h l o r o p l a s t  f r a c t i o n  o f  l ea f  h o m o g e n a t e s  23. I t  
s e e m s  a t t r a c t i v e  t o  p r o p o s e  t h e  i d e a  t h a t  t h e  c h l o r o -  
c h r o m o p l a s t ,  a s u b c e l l u l a r  u n i t ,  is h o r m o n e  c o n t r o l l e d ,  
b y  a b a l a n c e  b e t w e e n  g i b b e r e l l i n s  ( a n d / o r  c y t o k i n i n s )  
w h i c h  t e n d  t o  p r e s e r v e  t h e  c h l o r o p l a s t  a s  a g r e e n  p h o t o -  
s y n t h e t i c  u n i t ,  a n d  e t h y l e n e  w h i c h  l e a d s  t o  t h e  d e v e l o p -  
m e n t  o f  c h r o m o p l a s t s ,  r i c h  w i t h  c a r o t e n o i d  p i g m e n t s  
t y p i c a l  of  r i pe  f r u i t s  a n d  s e n e s c e n t  l e a v e s  ~4,~5. 

Rdsumd. D e s  q u a n t i t 6 s  t r~s  f a i b l e s  d ' a c i d e  g ibb6 re l -  
l i q u e  (6 • 10 -4 Exg/cm 2) p r o d u i s e n t  p e n d a n t  p l u s i e u r s  
s e m a i n e s  u n e  i n h i b i t i o n  de  la  c o l o r a t i o n  n a t u r e l l e  de  l a  
p e a u  & o r a n g e s  v e r t e s  d 6 t a c h 6 e s .  D e s  r 6 s u l t a t s  s e m b l a b l e s  
o n t  6t6  o b t e n u s  a v e c  u n e  c y t o k i n i n e .  L ' i n h i b i t i o n  p r o -  
d u i t e  p a r  la  g i b b 6 r e l l i n e  p e u t  ~ t r e  l ev6e  p a r  l ' 6 t h y l ~ n e .  
O n  p r o p o s e  q u e  la  s y n t h ~ s e  d e s  p i g m e n t s  d a n s  le c h r o m o -  
c t l l o r o p l a s t e  so f t  r6gMe p a r  u n  cont r61e  h o r m o n a l .  
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Fig. 2. Effect of various concentrations of GA~ applied to limited 
sections of fruit peel, on colour development of green-harvested 
oranges, after 1 month  of storage. From left to right: control (50% 
ethanol + 0.02% tween 80), 8 ppm, 25 ppm and 80 ppm GA s. 

c o m p a r e d  wi t l l  t h a t  of  t h e  m o s t  s e n s i t i v e  b i o a s s a y  
m a t e r i a l s  for  g i b b e r e l l i n s  n,l~. 

T h e  h y p o t h e s i s  m i g h t  be  a d v a n c e d  t h a t  e n d o g e n o u s  
g i b b e r e l l i n s  c o n t r o l  t h e  c o l o u r  c h a n g e s  i n  t h e  r i p e n i n g  
f ru i t ,  p e r h a p s  t h r o u g h  a b a l a n c e  w i t h  e t h y l e n e .  G ib -  
b e r e l l i n s  a n d  c y t o k i n i n s  m i g h t  be  t h e  e n d o g e n o u s  f a c t o r s  
w h i c h  i n h i b i t  r i p e n i n g  o f  f r u i t  b e f o r e  h a r v e s t  w h i l e  i t  is  
s t i l l  c o n n e c t e d  w i t h  t h e  t r e e  13a4. 

T h e  s m a l l  a m o u n t s  o f  g i b b e r e l l i n s  a n d  c y t o k i n i n s  w h i c h  
a r r i v e  f r o m  t h e  r o o t  s y s t e m  w i t h  t h e  s t r e a m  of  t r a n s p i -  
r a t i o n  1~-17 m i g h t  su f f i c e  t o  p r e v e n t  c o l o u r  c h a n g i n g  o f  
t i le  f ru i t .  S e v e r a l  p h e n o m e n a  a s s o c i a t e d  w i t h  c i t r u s  f r u i t  
c o l o u r a t i o n  m i g h t  b e  e a s i l y  e x p l a i n e d  a c c o r d i n g  t o  t h i s  
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