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Abstract:
The major environmental factors affecting floral induction are photoperiod and temperature. Three
experiments were conducted to investigate photoperiod affects on vegetative and heading phenology in
barley; One experiment consisted of growing 68 accessions of barley under two different photoperiod
regimes, one a 14 hour 80°F day-8 hour 60°F night and the other identical to the first, but with the
night period interrupted at its midpoint with one hour of low intensity fluorescent light. Days to
four-leaf stage and heading were recorded. The second experiment was set up like the first (with only
ten varieties), but was concerned with correlating leaf number with growing point morphology. The
third experiment was conducted to evaluate heading dates for 112 varieties and lines grown in two
different geographic locations (at the same latitude) seeded prior to and after the summer solstice.

Significant differences in days to heading under the two different photoperiods were detected in only
five varieties. The accuracy of predicting heading phenology in a population of barleys based on their
ranking of days to four-leaf stage is limited. Investigations of juvenile vegetative and floral phenology
in ten barley accessions of varying maturity habits shows a consistent and significant correlation
between leaf number and apical organogenesis in spring varieties. A significant similarity in heading
date rankings between two geographic locations (for spring and post-summer-solstice) seedings was
detected. Relative heading date rankings were significantly related between the growth chamber and
field studies, but the correlation is low enough to advise caution in predicting field heading from
growth chamber trials. 
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A BSTRA CT

T h e  m ajor ■ e n v iro n m e n ta l f a c to r s  a f fe c tin g  f lo ra l in d u c tio n  a re  
p h o to p e rio d  a n d  te m p e ra tu r e .  T h re e  e x p e rim e n ts  w ere  c o n d u c te d  to  
in v e s t ig a te  p h o to p e rio d  a f fe c ts  on v e g e ta t iv e  a n d  h e a d in g  p h en o lo g y  
in  b a r le y ;  O ne e x p e r im e n t c o n s is te d  of grow ing  68 a c c e s s io n s  of 
b a r le y  u n d e r  tw o d if f e r e n t  p h o to p e rio d  re g im e s , one a  14 h o u r  SO0F 
d a y -8  h o u r  60°F n ig h t  a n d  th e  o th e r  id e n tic a l to  th e  f i r s t ,  bu,t w ith  
th e  n ig h t  p e r io d  in t e r r u p te d  a t  i t s  m id p o in t w ith  one h o u r  o f low 
in t e n s i t y : f lu o re s c e n t l ig h t .  D ays to  fo u r - le a f  s ta g e  a n d  h e a d in g  w ere  
r e c o r d e d .  T h e  se c o n d  e x p e r im e n t w as s e t  u p  lik e  th e  f i r s t  (w ith  
o n ly  te n  v a r i e t i e s ) , b u t  w as c o n c e rn e d  w ith  c o r re la t in g  le a f  n u m b er 
w ith  g ro w in g  p o in t m o rp h o lo g y . T h e  th i r d  e x p e rim e n t w as c o n d u c te d  
to  e v a lu a te  h e a d in g  d a te s  fo r  112 v a r ie t ie s  a n d  lin e s  g ro w n  in  two 
d if f e re n t  g e o g ra p h ic  lo c a tio n s  ( a t  th e  sam e la t i tu d e )  s e e d e d  p r io r  to  
a n d  a f te r  th e  sum m er s o ls tic e .

S ig n if ic a n t d if fe re n c e s  in  d a y s  to  h e a d in g  u n d e r  th e  tw o d if­
f e r e n t  p h o to p e r io d s  w e re  d e te c te d  ip  o n ly  f iv e  v a r ie t ie s .  T he  
a c c u ra c y  o f p re d ic t in g  h e a d in g  p h e n o lo g y  in  a p o p u la tio n  of b a r le y s  
b a s e d  on  th e i r  r a n k in g  o f d a y s  to  fo u r - le a f  s ta g e  is  lim ite d , In ­
v e s tig a tio n s  o f ju v e n ile  v e g e ta t iv e  a n d  f lo ra l p h en o lo g y  in  ‘ te n  b a r le y  
a c c e s s io n s  of v a ry in g  m a tu r ity  h a b i ts  show s a c o n s is te n t  a n d  s ig n if i­
c a n t  c o r re la tio n  b e tw e e n  le a f  n u m b e r a n d  ap ica l o rg a n o g e n e s is  in  
s p r in g  v a r ie t ie s .  A s ig n if ic a n t  s im ila r ity  in  h e a d in g  d a te  r a n k in g s  
b e tw e e n  tw o g e o g ra p h ic  lo c a tio n s  ( fo r  s p r in g  a n d  p o s t- s u m m e r-  . 
so ls tic e )  s e e d in g s  w as d e te c te d .  R ela tive , h e a d in g  d a te  r a n k in g s  
w ere  s ig n if ic a n tly  r e la te d  b e tw ee n  th e  g ro w th  ch am b er a n d  fie ld  
s tu d ie s ,  b u t  th e  c o r re la tio n  is  low e n o u g h  to  a d v ise  c a u tio n  in  p r e ­
d ic tin g  f ie ld  h e a d in g  from  g ro w th  ch am b er t r i a l s .

>



IN TRODUCTION

LITERA TU RE REVIEW

A n In tro d u c t io n  to  P h o to p e rio d ism

P h o to p e r io d  r e g u la te s  d iv e rs e  p h y s io lo g ic a l a n d  m orpho log ica l 

a t t r ib u t e s  o f p la n ts  a n d  an im als (1 2 ,6 1 ) .  P h o to p erio d ism  w as f i r s t  

d e f in e d  a s  th e  e lic ita tio n  of a  sp e c if ic  r e s p o n s e  b y  th e  le n g th  of th e  

d a y  a n d  n ig h t  p e r io d s  b y  G a rn e r  a n d  A lla rd  in  1920 (.28). T h ey  

s tu d ie d  th e  flo w erin g  o f to b acco  a n d  so y b e a n s  w ith  c o n tro lle d  p h o to ­

p e r io d s .  P h o to p e rio d ism  is  c o n tro lle d  b y  p h y s ic a l f a c to r s ;  d i r e c t ly - 

b y  th e  le n g th  o f th e  d a rk  period , a n d  some tim es in d i r e c t ly  b y  tern- ' 

p e r a t u r e . P h y s io lo g ic a l, b e h a v io ra l a n d  m orpho log ica l q u a litie s  w hich  

a r e  s u b je c t  to  p h o to p e rio d ism  a re  s a id  to  b e  p h o to p e rio d ic a lly  s e n s i­

t iv e  w hile th o s e  q u a litie s  a n d  sp e c ie s  w h ich  a re  n o t so  c o n tro lle d  a re  

s a id  to  b e  p h o to p e rio d ic a lly  in s e n s i t iv e  (1 2 ,6 1 ,3 8 ,7 1 ,3 5 ) .  T h e  ob­

s e rv a b le  r e s p o n s e s  of p h o to p e rio d ic a lly  c o n tro lle d  p ro c e s s e s  a re  

p h o to m o rp h o g en ic  e v e n ts  (6 1 ) .

P h o to p e rio d ic  c o n tro l of anim als m ay t r i g g e r ,  a t  v a r io u s  s ta g e s  - 

in  th e i r  life  h is to r ie s ,  r e p ro d u c t iv e  b e h a v io r ,  m ig ra tio n  a n d  a l te ra ­

tio n  o f se a so n a l a p p e a ra n c e . Some exam ples of th e s e  p h o to p e rib d ic  

r e s p o n s e s  a r e :  in d u c tio n  of e s t r u s  in  g o a ts > sh eep  a n d  ra c c o o n s  - ( 2) ;

s tim u la tio n  of m ig ra tio n  in  w a te r  fow l, f is h  a n d  mammals (6 1 ); an d  

in i tia tio n  of s e a so n a l co lo r c h a n g e s  in  th e  p lum age o f yellow  p ta rm ig a n  

( 2) a n d  th e  p e la g e  o f sno w sh o e h a r e ,  e rm in e , racc o o n  a n d  r e d  fox  ( 2) .

I
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P h y s io lo g ica l a n d  m o rpho log ica l r e s p o n s e s  to  d a y le n g th  a re  

c h a r a c te r i s t ic  of m any  a n g io sp e rm s  (1 2 ,6 1 ) .  F lo ra l in i t ia tio n  in  su c h  

p la n ts  a s  b ig  b lu e s te m  ( I ) ,  b a r le y  ( 5 7 ,4 ,4 5 ) ,  o a ts  (6 2 ) , w h ea t (17, 

7 2 ,4 2 ) , so y b e a n  (3 6 ) , s u g a r  b e e t  ( I ) ,  r a d is h  (1 ,6 8 ) ,  s t r a w b e r r y  

( 1 , 68) ,  co n eflo w er a n d  c u cu m b er ( 1, 68) is  g o v e rn e d  b y  p h o to p e rio d . 

W in ter h a rd e n in g  in  a lfa lfa  ( 68) ,  b u lb  fo rm atio n  in  on ion  ( 68) ,  tu b e r  

d ev e lo p m en t in  p o ta to e s  a n d  yam s ( 68) a n d  s to lo n  g ro w th  in  s tra w ­

b e r r y  ( 68) a r e  a lso  p h o to p e rio d ic a lly  c o n tro lle d . S till o th e r  p la n t 

fu n c tio n s  so r e g u la te d  in c lu d e  COg f ix a tio n  in  K alanchoe (6 7 ) , 

cam bium  a c t iv ity  (7 7 ) ,  b u d  sw elling  (1 2 ,7 6 ) a n d  s e e d  g e rm in a tio n  ( I ) .

S easo n a l c h a n g e s  in  th e  le n g th  of d iu rn a l  ra d ia t io n  p e r io d s  a re  

a m ore re lia b le  que th a n  te m p e ra tu re  in  p ro m p tin g  o rg a n ism s  to  

a p p ro p r ia te  s e a so n a l tr a n s fo rm a tio n s  (1 2 ) . On a g iv e n  c a le n d a r  d ay  

th e  le n g th  of th e  l ig h t  a n d  d a rk  p e r io d s  a re  e s s e n tia lly  id e n tic a l from  

y e a r  to  y e a r .  In  e n v iro n m e n ts  lik e  th e  ocean  w h ich  a r e  s tro n g ly  

b u f f e r e d  b y  m ass a g a in s t  r a p id  te m p e ra tu re  c h a n g e s , te m p e ra tu re  

can  b e  a re lia b le  se a so n a l c u e . In  t e r r e s t r i a l  e n v iro n m e n ts , h o w e v e r , 

te m p e ra tu re s  m ay v a ry  g re a t ly  from  y e a r  to  y e a r  fo r  a g iv e n  c a le n d a r  

d a y . P la n ts  w h ich  r e ly  on te m p e ra tu re  to  in i t ia te  p h y s io lo g ica l 

c h a n g e s  w ould  b e  a t  a s e le c tiv e  d is a d v a n ta g e  to  p la n ts  w h ich  r e a c t  

to  c h a n g e s  in  th e  le n g th  of d ay  a n d  n ig h t  to  c o n s is te n tly  k e y  Ih q ir  

s e a so n a l fu n c tio n s  ( 12) .
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P la n t D is tr ib u t io n  arid  L a titu d e  •

R u n n in g  ( 12) c r e d i ts  H e n fre y  in  1852 as  th e  r e s e a r c h e r  to  f i r s t  

m en tion  d a y le n g th  a s  a  fa c to r  a f fe c t in g  th e  d is tr ib u t io n  of p la n ts ,  

P h o to p e rio d ism  is  an  e n v iro n m e n ta l p a ra m e te r  a f fe c tin g  n ic h e  exp lo i­

ta tio n  a n d  a d a p ta tio n  to  c h a n g in g  n ic h e s  (65) a n d  h a s  th u s  e x e r te d  

s e le c tio n  p r e s s u r e  a n d  c o n t r ib u te d  to  p la n t  ev o lu tio n  a n d  sp e c ia tio h  

(4 6 ,4 2 ,1 1 ) ,  T h e  la t i tu d e s  m ost s u b je c t  to  te m p e ra tu re  e x tre m e s  a n d  

w h ich  m ay e x p e r ie n c e  w ide d e v ia tio n s  from  ope y e a r  to  th e  n e x t  a re  

th e  m idd le te m p e ra te  la t i tu d e s  (3 5 -4 5 ° ) , M any p h o to p e rio d ic a lly  

s e n s it iv e  p la n ts  o r ig in a te d  in  th e s e  m idd le  te m p e ra te  la t i tu d e s  (1 2 ,6 5 , 

1 3 ,5 5 ,5 4 ) . E v en  w ith in  a s in g le  s p e c ie s ,  g e o g ra p h ic  r a c e s  may 

v a r y  in  th e i r  p h o to p e rio d  s e n s i t iv i ty  a lo n g  a la t i tu d e  g r a d ie n t  (5 5 ).

P h o to p erio d ism  is  n o t  a ,h i t  o r  m iss en v iro n m e n ta l c u e ; i t  is  a 

v e r y  a c c u ra te  b io lo g ica l m eans of tim e m e a su re m e n t. R u n n in g  (12) 

r e p o r t s »th a t  l ig h t  and . d a rk  p e r io d s  a r e  • m e a su re d  a c c u ra te ly  to  w ith in  

ju s t  a few. m in u te s . T h is  t r a i t  e n a b le s  p h o to p e rio d ism  to  o p e ra te  ■ 

e v e n  in  n e a r  e q u a to r ia l  e n v iro n m e n ts  w h e re  on ly  s l ig h t  v a r ia tio n s  in  

th e  le n g th  of d ay  a n d  n ig h t  o c c u r  th r o u g h o u t  th e  y e a r  (5 3 ) .

C rit ic a l D a y le n g th  C o n cep t

T h e  t r ig g e r in g  of r e s p o n s e s  b y  c e r ta in  d a y le n g th s  le d  to  th e  

c o n c e p t of c r it ic a l  d a y le n g th .  G a rn e r  a n d  A llapd (28) w e re  th e  f i r s t  

to  u s e  th e  te rm in o lo g y  lo n g  d a y , s h o r t  day a n d  d a y - n e u t r a l  in
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d e s c r ib in g  p la n t  p h o to p e rio d  r e s p o n s e s .  P la n ts  w h ich  f lo w e r ; w hen 

e x p o se d ' to  a  p h o to p e rio d  lo n g e r  th a n  a c r it ic a l  minimum a re  long  d ay  

p la n ts  w hile  th o s e  f lo w eriu g  on ly  w h en  th e  l ig h t  p e r io d  is  s h o r te r  

th a n  a c r i t ic a l  maximum n u m b e r of h o u r s  a re  s h o r t  d a y  p la n ts  . (2 8 ). 

D ay n e u t r a l  p la n ts  a re  in d e p e n d e n t o f p h o to p e rio d  in it ia tio n  of m or­

p h o lo g ica l o r  p h y s io lo g ic a l c h a n g e s ,  d e p e n d in g  in s te a d  on  ach iev in g  

an  a p p ro p r ia te  le v e l o f p h y s io lo g ic a l m a tu r ity  c o n tro lle d  b y  o th e r  

g e n e tic  a n d  e n v iro n m e n ta l p a ra m e te r s  (6 1 ) , E xam ples of long  d ay  

p la n ts  a re  sm ooth  b y o m e g ra ss , o a ts  a n d  r e d  p lo v e r (6 1 ) . S h o r t  d ay  

p la n ts  in c lu d e  c h ry sa n th e m u m , c o c k le b u r  a n d  June b e a r in g  s tra w ­

b e r r y  (6 1 ) . B u c k w h e a t, a n n u a l b lu e  g ra y s  a n d  tom ato  a r e  c o n s id e re d  

to  b e  d a y  n e u t r a l  (6 1 ,2 0 ) .

T h e  c r it ic a l  d a y le n g th  c o n c e p t is  som ew hat m islead in g  b e c a u se  

th e  t r ig g e r in g  a ffe p t of p h o to p e rio d  is  u su a lly  a m a tte r  of qlegree 

(q u a n ti ta t iv e )  a n d  n o t sim ply  "on" o r  "off" (q u a li ta t iv e )  (1 2 ,6 1 ,3 8 , 

7 1 ,3 5 ,2 0 ) . T h e  r a te  o f d ev e lo p m en t o f p h o to m o rp h o g en ic  c h a ra c te r s  

is  p ro p o r tio n a l  to  th e  ■ e x te n t  b y  w h ich  th e  p h o to p e rio d  s u r p a s s e s  - th e  

th r e s h o ld  le v e l ( 4 1 ,4 5 ,1 7 ,16, 62 , 70) .  W areing  (76) r e p o r te d  th a t  th e  

b u d s  of b e e c h  t r e e s  rem a in  d o rm an t so  lo n g  as d a y le n g th  is  le ss  th a n  

tw e lv e  h o u r s ,  b u t  th e  m ore th e  l ig h t  p e r io d  e x c e e d s  tw e lv e  h o u r s , th e  

m ore r a p id ly  d o rm an cy  is  b ro k e n .  T h is  i,s a q u a n t i ta t iv e  r a th e r  th a n  

a q u a l ita t iv e  resp o n se ; to  d a y le n g th . O th e r  p la n ts  a r e  ex tre m e ly  

sp e c if ic  in  th e i r  p h p to p e rio d  r e q u ir e m e n ts .  A cco rd in g  to  S u n n in g

I
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( 12) ,  C e s tru m  n o c tu rn u m  flo w ers  o n ly  w h en  e x p o se d  to  p h o to p e rio d s  

b e tw e e n  e le v e n ^ a n d -a -h a lf  a n d  tw e lv e  h o u r s . Some v a r ie t ie s  o f s u g a r  

c a n e  a lso  h a v e  v e r y  sp e c if ic  p h o to p e rio d  re q u ire m e n ts  (6 1 ) .

T e m p e ra tu re  a n d  P h o to p e rio d ism

P la n t p ro c e s s e s  im m ediately  in v o lv e d  in  p e rc e p tio n  o f th e  l ig h t 

e n v iro n m e n t a n d  s ig n a lin g  th e  p a th w a y s  re s p o n s ib le  fo r  in i t ia t in g  th e  

p h o to m o rp h o g en ic  e v e n t ( in d u c t io n , 38) a r e  e s s e n tia lly  te m p e ra tu re  

in d e p e n d e n t  (3 2 ) , h a v in g  a  o f 1 .02  (6 0 ) . T h e  u ltim a te  m ani­

fe s ta t io n  o f th e  in d u c tio n  ( f lo ra l in i t ia t io n ,  b u d  sw e llin g , e t c e t e r a ) , 

h o w e v e r , m ay h a v e  a  Q-^q r a n g in g  from  1 .5  to  2 .5 ,  in d ic a tiv e  of m ore 

ty p ic a l  b iochem ical p a th w a y s  (6 1 ) . T h is  m ay le a d  to  th e  m ask in g  of 

th e  l ig h t  p e r c e p t io n - r e s p o u s e  in d u c tio n  sy s te m  b y  th e  p la n t  r e s p o n s e  - 

to  te m p e ra tu re  (1 2 ) . P h o to m o rp h o g en ic  e v e n ts  th e n  a p p e a r  to  b e  

te m p e ra tu re  d e p e n d e n t w hen  in  fa c t  o n ly  th e  p o s t  in d u c tiv e  compo­

n e n ts  of th e  r e s p o n s e  a re  in f lu e n c e d  b y  te m p e ra tu r e .

I r r a d ja n c e  L ev e l a n d  P h o to p erio d ism

T h e  p h o to in d u c tiv e  re a c tio n s  a re  e s s e n tia lly  in d e p e n d e n t of 

in c r e a s e s . in  i r r a d ia n c e  le v e ls  ab o v e  th e  th re s h o ld  le v e l (1 2 ,3 8 ,5 7 ) . 

O b tra ts o v  (54) r e p o r te d  le s s  p ro n o u n c e d  r e s p o n s e  to  n a tu r a l  d a y -  

le n g th  re d u c t io n  th a n  to  a r tif ic ia l  d a y le n g th  r e d u c t io n . T h is  may b e  

p a r t ia l ly  e x p la in e d  b y  P a r is  a n d  J e n n e r  (59) who show  th a t  th e  

th r e s h o ld  ir r a d ia n c e  le v e l fq r  p h o to p e rio d ic  re s p o n s e s  o c c u rs  w hen

/
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th e  su n  is  s e v e ra l  d e g re e s  below  th e  h o riz o n  ( a t  daw n a n d  d u s k ) . 

T h e re  a r e  o rg a n ism s  w h ich  e x h ib it  p h o to p e rio d  s e n s i t iv i ty  dow n to  

. I  lu x  (2 1 ) ,  b u t  m oon ligh t (u p  to  .5  lu x )  does n o t  g e n e ra lly  elicit" a 

p h o to p e rio d ic  r e s p o n s e .

I r r a d ia n c e  le v e ls  can  e f fe c t  p h o to p e rio d ic  r e s p o n s e  th ro u g h  

p h o to s y n th e s is  c o n tro lle d  p h p to s y n th a te  a v a ila b ility . J o rd a n  a n d  

H u ffa k e r  (41) s tu d ie d  th e  e f fe c t o f l ig h t  a n d  d a rk  p e r io d s  on n i t r a te  

r e d u c ta s e  a c t iv ity  a n d  c a rb o n  d io x id e  f ix a t io n , f in d in g  th a t  c o n tin u ­

o u s  l ig h t  o r  f la s h in g  l ig h t  in c re a s e d  th e  m etabo lic  a c t iv i ty  o f s e e d ­

l in g s ,  b u t  th a t  d a rk  p r e t r e a tm e n t  d e c re a s e d  m etabolic  a c t iv i ty . 

S ig n if ic a n t le v e ls  o f p la n t  m etabolism  a r e  a p p a re n t ly  d e p e n d e n t on th e  

e n e rg y  ro o te d  in  th e  c a rb o n  ch a in  p r o d u c ts  of p h o to s y n th e s i s .

S jo se th  (64) h a s  r e p o r te d  th a t  d if fe r in g  p h o to p e rio d  e f fe c ts  can  

re se m b le  v a r ia t io n s  in  l ig h t  in te n s i ty  ( i r r a d ia n c e  le v e ls )  a n d  th a t  

in c re a s e d  h a rd in e s s  in  m eadow a n d  p a s tu r e  p l a n t s ; is  p ro b a b ly  

a s s o c ia te d  w ith  p h o to s y n th e s is -p h o to p e r io d  in te ra c t io n s  a s  r e g u la te d  

b y  ■ a ss im ila te  a v a ila b ili ty . I r r a d ia n c e  le v e ls  s tro n g ly  in f lu e n c e  p h o to ­

s y n th e t ic  r a t e  a n d  u ltim a te ly  ass im ila te  s u p p ly  (6 1 ) . P a le g  an d  

A sp in a ll (57) r e p o r t  th a t  ap ica l o rg a n o g e n e s is  in  b a r le y  s e e d lin g s  is  

n o t c lo se ly  r e la te d  to  r a t e  of ass im ila te  s u p p ly .  I t  th e re f o r e  a p p e a rs  

th a t  th e  m ore c lo se ly  a s so c ia te d  th e  m etabo lic  re s p o n s e  is  to  th e  • 

p h o to in d u c tiv e  re a c tio n s  th e  sm aller th e  p h o to s y n th e tic  in f lu e n c e .

T h e  l ig h t  p e rc e p tio n - in d u c tio n  sy s te m  is  in te n s i ty  in d e p e n d e n t ,  b u t

i
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l ig h t  in te n s i ty  can  a f f e c t ,  v ia  p h o to s y n th e s i s , th e  r a t e  o f th e  p la n t 

r e s p o n s e  to  p h o to p e rio d .

P la n t M a tu rity  a n d  P h o to p erio d ism

A n o th e r  fa c to r  a f fe c tin g  p h o to p e rio d  s e n s i t iv i ty  a n d  r e s p o n s e  -is 

p la n t  m a tu r i ty . S a lis b u ry  a n d  R o ss  (61) r e p o r t  th a t  n o t  all p la n ts  ■ 

r e s p o n d  to  p h o to p e rio d  tre a tm e n ts  e q u a lly  w ell. T h e y  c i te * th e  e a r ly  

G erm an p h o to p e rio d ism  r e s e a r c h e r  G eo rg  K re b s  as  th e  f i r s t  in v e s t ig a ­

to r  to  u s e  - th e  te rm  " r ip e n e s s  to  flow er" to  d e s c r ib e  th e  co n d itio n  a 

p la n t  m u s t a t ta in  b e fo re  i t  wilj flo w er in  re s p o n s e  to  env ironm enta l- 

s tim u lu s  (6 1 ) . T h e  J a p a n e s e  m o rn in g -g lo ry  (P h a rb i t is  n i l ) a t ta in s  

th is  r ip e n e s s  a t  an  e a r ly  a g e , f lo w erin g  in  th e  c o ty le d o n a ry  s ta g e  a n d  

r e d  g o o sefo o t (C henopod jum  r u b r u m ) can  flow er ev en  a s  a m inu te 

se e d lin g  w hen  e x p o se d  to  s u f f ic ie n tly  s h o r t  d ay s  (6 1 ) . McKee an d  

co_w o rk e rs  (50) h a v e  d e te rm in e d  th a t  f lo w erin g  in  c row nyetC h  

(C oron illa  v a r ia  L .)  is  c o n tro lle d  b y  an  in te ra c t io n  of p la n t  m a tu r ity , 

p h o fo in d u c tio n  a n d  th e rm o in d u c tio n . Y o u n g e r  p la n ts  of c ro w n v e tc h  

r e q u i r e  lo n g e r  th e rm o in d u c tiv e  p e r io d s  ( le s s  th a n  o r  e q u a l  to  10°C) 

th a n  o ld e r  p la n ts  to  flo w er w hen  e x p o se d  to  a c r it ic a l  f if te e n  h o u r  

p h o to p e rio d .

R e la te d  to  th e  p la n t  m a tu r ity  re q u ire m e n t is  th e  n u m b e r of 

l ig h t - d a r k  c y c le s  n e c e s s a ry  fo r  p h o to in d u c tio n . S n y d e r  ( 66) reports* , 

th a t  p la n ta in  (P la n ta g o  la n c e o la te ) will a ch iev e  100 -per c e n t
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in f lo re sc e n c e  fo rm atio n  a f te r  b e in g  e x p o se d  to  tw e n ty - f iv e  p h o to in d u c -  

t iv e  c y c le s .  T h e  p la n t  w ill n o t  flo w er if  f i r s t  e x p o se d  to  le s s  th a n  

th e  tw e n ty - f iv e  c y c le s  a n d  th e n  r e tu r n e d  to  a n o n - in d u c t iv e  co n d i­

t io n .  F lo w erin g  w ill o c c u r ,  th o u g h , w h en  a to ta l of tw e n ty - f iv s  

c y c le s ' h a s  b e e n  com ple ted  a f te r  r e t u r n  to  an  in d u c tiv e  e n v iro n m e n t. 

H illm an (38) r e f e r s  to  th ig  c a p a b ili ty  a s  f ra c tio n a l in d u c tio n  w hich  is  a 

f a ir ly  common t r a i t  am ong lo n g  d ay  p l a n t s . S chw abe (63) d e te rm in e d  

th a t  G lycine  m ax ( s o y b e a n ) , C henopod ium  a m aran tico lo r  a n d  P e rilla  

o cy m o id es , a ll s h o r t  d ay  p l a n t s , w ill n o t  flow er if  a n ,on-in  d u e  five  

p h o to p e rio d  is  in te rp o s e d  b e tw e e n  tw o in d u c tiv e  p h o to p e r io d s . T he  

n o n - in d u c t iv e  (lo n g  d a y )  cy c le  a p p a re n t ly  r e n d e r in g  th e  s h o r t  d ay s  

fo llow ing i t  in e f fe c tu a l  (3 8 ) . C a r r  (15) d e te rm in e d  th a t  a t  le a s t  some 

s h o r t  d ay  p la n ts  can  b e  p a r t ia l ly  in d u c e d ,  th e re b y  c o n tra d ic t in g  th e  

r e p o r t s  of S n y d e r  ( 66) .  H is w o rk  s u g g e s ts  th a t  th e  p re d is p o s it io n  

to w a rd  p a r t ia l  in d u c tio n  is  ■ sp e c ie s  d e p e n d e n t a n d  n o t c o n fin e d  to  

p a r t ic u la r  f lo w erin g  ty p e s .  T h e  s h o r t - d a y  p la n t  c o c k le b u r  (X anth ium  

p e n n sy lv a n jc u m ) a n d  th e  lo n g -d a y  p la n t  d a rn e l (Loljum tem ulen tum ) 

(lik e  som e o th e r s  of th e i r  flo w erin g  ty p e s )  r e q u ir e  o n ly  a s in g le  

p h o to in d u c tiv e  cy c le  to  in i t ia te  f lo w erin g  (6 1 ).

A sso c ia te d  w ith  th e  p h o to in  d u c tiv e  cy c le  n u m e rica l re q u ire m e n t 

is  th e  d isc rim in a tio n  b e tw e e n  in c re a s in g  a n d  d e c re a s in g  p h o fo p e r io d s . 

T h e  c a p a c ity  to  d is t in g u is h  b e tw ee n  le n g th e n in g  a n d  s h o r te n in g  d ay s  

is  a p r e r e q u i s i te  in  c u e in g  th e  p la n t  to  th e  s e a s o n s , s in c e  each



in d iv id u a l l i g h t - d a r k  com bination  o c c u rs  tw ice  a y e a r  (1 2 ) . V ario u s 

com b in a tio n s  o f s h o r t - lo n g  a n d  lo n g - s h o r t  s e q u e n c e s  can  in i t ia te  

f lo w erin g  d e p e n d in g  on th e  sp e c ie s  (7 4 ) . V e rn a liza tio n  r e q u i r e m e n ts . 

f r e q u e n t ly  w o rk  in  c o n ju n c tio n  w ith  d a y  le n g th  s e q u e n c e s  to  c o n tro l 

r e p ro d u c t iv e  p h y s io lo g y  (4 3 ,6 1 ) .

O b v io u sly  p h o to p e rio d ism  is  n o t  a sim ple p h e n o m e n o n . T h e re  

aipe m any  f a c to r s  a c tin g  in  com bination  w ith  th e  l ig h t  a n d  d a rk  

p e r io d s  to  c o n tro l p la n t  r e s p o n s e s .  T h e  p re c e d in g  re v ie w  o f p h o to ­

p e rio d ism  o b s e rv a tio n s  a n d  m e asu re m en ts  p ro v id e s  a bas5 ,s. fo r  in v e s t i ­

g a tin g  th e  d e ta ils  o f th e  m echan ism s o f l ig h t  p e rc e p tio n  a n d  r e s p o n s e  - 

in d u c t io n .

H is to ry  of P h o to p e rio d ism  R e se a rc h

In q u ir ie s  in to  th e  sp e c if ic  m echan ism s of p h o to p e rio d ism  h av e  

becom e g ra d u a l ly  m ore sp e c if ic  s in c e  th e  t u r n  b f  th e  c e n tu r y .

Hillman. (38) a n d  M u rn eek  a n d  W hyte (51) c ite  th e  accom plishm en ts  of 

s e v e ra l  e a r ly  w o rk e rs  in  p h o to p e rio d ism  r e s e a r c h ,  b u t  p o in t o u t th a t  

G a rn e r  a n d  A lla rd  (28) w e re  th e  f i r s t  to  t ie  th e  p re v io u s ly  iso la te d  

o b s e rv a tio n s  to g e th e r .  T h e  d is c o v e r ie s  of th ie  r e s e a r c h  team  came 

a b o u t in a d v e r te n t ly  w h en  in v e s t ig a t in g  f lo w erin g  in  "M ary land  

Mammoth11 to b acco  (2 7 ) . T he  m u ta n t h a d  a r is e n  as a la rg e  lea fed  

ty p e  in  a f ie ld  of to b a cco  p la n ts .  All o th e r  p la n ts  f lo w e re d  as th e  

s e a so n  p r o g r e s s e d ;  th e  m u ta n t d id  n o t .  F e a r in g  th e  lo s s  of th is

9
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m u ta n t i f  u n a b le  to  o b ta in  s e e d .  G a rn e r  a n d  A lla rd  t r a n s f e r r e d  th e  

p la n t  to  th e  g re e n h o u s e  w h e re  i t  c o n tin u e d  in  a v e g e ta t iv e  co n d itio n  

u n ti l  m id -D ecem b er. F lo w erin g  a n d  s e e d  s e t  w ere  th e n  su c c e s s fu lly  

com ple ted  a n d  th e  s e e d  w as p la n te d  in  th e  fie ld  th e  n e x t  g row ing  

s e a so n . T h e  d ev e lo p m en t p a t te r n  r e p e a te d  i t s e lf  a n d  th e y  s e t  o u t to  

in v e s t ig a te  th e  fa c to r s  le a d in g  to  th is  la te  flo w erin g  b e h a v io r .  A f te r  

te s t in g  m any e n v iro n m e n ta l p a ra m e te r s  th e y  e v e n tu a lly  ■ co n c lu d ed  

th a t  e x p o s u re  to  s h o r t  d a y s  w ould  c a u se  f lo w e rin g . C o n tin u e d  in^- 

v e s tig a tio n s  d e te rm in e d  th a t  n a tu r a l  a n d  a r tif ic ia l d a y le n g th  re d u c tio n  

w ere  b o th  e f fe c tiv e  (2 8 ) , H am ner a n d  B o n n e r  (3 5 ) , w o rk in g  w ith  

c o c k le b u r  (X an th iu m ) , e s ta b l is h e d  th a t  th e  le n g th  of th e  d a rk  p e r io d  

r a th e r  th a n  th e  le n g th  o f th e  l ig h t  p e r io d  w as th e  c r i t ic a l  fa c to r  in  

p h o to p e rio d ism .

N ot u n ti l  th e  m id -f if tie s  w ere  th e  m echanism s of p h b to p e rio d ic  

b e h a v io r  e lu c id a te d . T h e n ,  B o r th w ic k , H e n d r ic k s . a n d  P a r k e r  ( 8) 

e s ta b l is h e d  th a t  a sy s te m  of tw o a t  le a s t  p a r t ia l ly  r e v e r s ib le  p ig m en t 

s ta te s  e n a b le d  p la n ts  to  p e rc e iv e  th e  le n g th  of l ig h t a n d  d a rk  

p e r i o d s . T h e y  la b e le d  th is  p la n t  p ig m e n t "p h y to ch ro m e . " T h e  ac tio n  

sp e c tru m  h a d  tw o p e a k s ,  one p ig m en t s ta te  h a v in g  a maximum ab ­

s o rb a n c e  a t  650 nm (P^gg) a n d  th e  o th e r  a t  740 nm (Py^g) • R ed  

l ig h t  (650 nm ) c o n v e r te d  th e  Pggg fo rm  to  th e  -P 1̂ q fo rm  w hile f a r -  

r e d  l ig h t  (740 nm ) c o n v e r te d  P y 1̂g to  Pggg in  a th e rm a lly  c o n tro lle d  

d ^ rk  r e a c t io n .  S in ce  w h ite  l ig h t  is  r i c h e r  in  r e d  th a n  f a r - r e d ,  th e
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Py^Q p h y to c h ro m e  s ta te  w as p re d o m in a n t a t  th e  $ n d  o f w h ite  lig h t 

p e r io d s .  In  t u r n ,  i t  w as fo u n d  th a t  th e  P î q form  in h ib i te d  th e  

in i t ia tio n  of f lo w erin g  in  s h o r t - d a y  p l a n t s , b u t  e n h a n c e d  in itia tio n  in  

lo n g -d a y  p la n ts .  T h e y  co n c lu d e d  th a t  s h o r t - d a y  p la n ts  r e q u i r e  a 

d a rk  p e r io d  o f s u f f ic ie n t  le n g th  to  allow  co n v e rs io n , o f P ^ ^ q to  P^gy.

B idw ell ( 6) c r e d i ts  K . M. H artm a n n  w ith  a m od ified  th e o ry  of 

th e  p h y to c h ro m e  ac tio n  sy s te m . T h e  system , is  e s s e n tia l ly  lik e  th a t  

d e s c r ib e d  b y  B o r tk w ick , H e n d rip k s  a n d  P a r k e r  ( 8) ,  b u t  d if fe r s  in  

th a t  an  in a c tiv e  p h o to n jo rp h o g e n ic - in d u c in g  p r e c u r s o r  m y s t conibine 

w ith  P 74Q to  e lic it th e  a p p ro p r ia te  p h o to p e rio d  r e s p o n s e . H artm ann  

f u r th e r  c o n c lu d e s  th a t  th e  s y n th e s is  o f th e  a c tiv e  d e r iv a t iv e  of P ^ g  

is  p ro b a b ly  d e p e n d e n t on th e  a b so lu te  q u a n t i ty  of P 74Q c o n v e r te d  

from  P 650 r a th e r  th a n  th e  re la t iv e  p ro p o r tio n  of th e  tw o . T he  fa c t 

th a t  some p la n ts  e x h ib it  a re q u ire m e n t fo r  a sp ec ific  n u m b e r  of 

p h o to in d u c tiv e  c y c le s  ( 38 , 66) p e rh a p s  s u p p o r ts  th is  c o n te n tio n  th a t  

an  a b so lu te  q u a n t i ty  of th e  a c t iv a te d  P ^ g ,  a lev e l th a t  co u ld  b e  in ­

c re m e n ta lly . in c re a s e d  b y  s u c c e s s iv e  c y c l in g , is  n e c e s s a ry  to  t r ig g e r  

th e  p h o to p e rio d  r e s p o n s e .

P h y s io lo g y  of In d u c tio n

T h e  m echanism  lin k in g  p h o to p e rio d ic  in d u c tio n  w ith  re s p o n s e  ■ 

in itia tio n  is  s t i l l  th e  s u b je c t  of specu la tion , ( 1 2 ,6 1 ,6 ,3 8 ) ,  b u t  se v e ra l 

a s p e c ts  of i t s  o p e ra tio n  h a v e  b e e n  c h a ra c te r iz e d .

i
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P h y to ch ro m e  e n a b le s  a p la n t  to  p e rc e iv e  th e  p h o to e n v iro n m e n t 

( 8) a n d  th e  fo rm atio n  o f th e  b io lo g ica lly  a c tiv e  p ig m en t s ta te  ( 6) 

r e a d ie s  th e  p la n t  fo r  th e  p h y s io lo g ic a l o r  m o rp h p g en ic  e v e n t .  T he 

d a rk  re a c tio n s  c o m p ris in g  th e  a c tiv a tio n  a n d  re a d y in g  p rp c e s s  h a v e  

b e e n  b e s t  e v a lu a te d  in  r e g a r d s  to  f lo w e r in g . A flo w erin g  horm one 

( f lo r ig e n )  h a s  lo n g  b e e n  s u s p e c te d  a s  an  im p o rta n t f a q to r ,  b u t  h a s  

n e v e r  b e e n  id e n tif ie d .  E v id en ce  fo r  i t s  e x is te n c e , h o w e v e r , is  s t ro n g  

(6 1 ) .

L e a v e s , h a v in g  b e e n  show n to  b e  th e  r e c e p to r  s i te  fo r  p h o to -  

p e r io d ic  in d u c tip n  (47) , re a d i ly  t r a n s lo c a te  ■ a ho rm one to  o th e r  p la n t 

p a r t s  (5 2 ) . E x p o su re  of a  le a f  to  an  in d u c tiv e  p h o to p e rio d  c a u se s  

f lo ra l in i t ia tio n  ev e n  if  th e  b u d  is  in  a n o n - in d u c t iv e  e n v iro n m e n t 

(2 1 ,4 8 ) .  N o n - in d u c e d  p la n ts  w ill flow er w hen  in d u c e d  p la n t  p a r t s . 

a re  g ra fte d , to  them  (5 2 ,3 6 ) .  T h e se  f in d in g s  c o r re la te  w ell w ith  th e  

e s ta b lis h e d , g u id e lin e s  fo r  ho rm one ac tio n  (61 ,20 ) w h ich  s ta te  th a t  a 

ho rm one is  an  o rg a n ic  s u b s ta n c e  s y n th e s iz e d  in  one p a r t  o f an  

o rg an ism  a n d  t r a n s lo c a te d  to  a n o th e r  p a r t  w h e re  i t  c o n tro ls  o r  r e g u ­

la te s  a  p h y s io lo g ic a l r e s p o n s e  (6 1 ,2 0 ) . I t  is  e v id e n t th a t  p h o to -  

p e rio d ism  in v o lv e s  m any a s p e c ts  of p la n t  m etabolism .

G en era l R eview  of P h o to p e rjo d ism  in  C ro p  P la n ts

T h e  econom ic • t r a i t s  pf m any a g r ic u l tu ra l ly  im p o r ta n t p l a n t s . 

(som e o f w h ich  h a v e  b e e n  p re v io u s ly  m en tio n ed ) a re  p h o to p e fio d ic a lly



r e g u la te d  (6 1 ,4 5 ,4 2 ,2 0 ) .  ■ B e e ts ,  n o rm ally  b ie n n ia l in  th e i r  endem ic 

r a n g e  p ro d u c e d  good  ro o ts  th e  f i r s t  y e a r  w ith o u t f lo w e r in g , b u t  w hen 

ta k e n  from  th e i r  n a t iv e  la t i tu d e s  th e y  becam e a n n u a l (1 9 ) . T h ey  

flo w ered  a n d  s e t  s e e d ,  b u t  p ro d u c e d  p o o r  r o o ts ,  th u s  r e p r e s e n t in g  

a  long  d ay  b ie n n ia l fo r  w h ich  s h o r te r  d a y s  ( a t  low er la t i tu d e s )  r e ­

p la c e d  v e rn a l iz a t io n  a n d  p ro m o ted  f lo w erin g  in s te a d  o f c h a n n e lin g  th e  

p la n t 's ,  m etabo lism  in to  ass im ila te  s to r a g e  in  th e  r o o ts .  S e lec tion  a n d  

b re e d in g  p ro g ra m s  w ere  n e c e s s a ry  to  w iden  th e  la t i tu d e  a d a p ta tio n  of 

b e e t s .  In  a, r e v e r s e d  s i tu a tio n  G a rn e r  a n d  A lla rd  fo u n d  th a t  a s h o r t -  

d ay  to b acco  m u ta n t w ould  n o t flow er in  th e  la t i tu d e s  of th e  s o u th e rn  

U .S . to b ap co  r e g io n ,  b u t  w ould  flow er in  th e  d a y le n g th s  of s u b ­

tro p ic a l la t i tu d e s  (2 9 ) . T h e  econom ic p o te n tia l  p e r s i s t e d ,  b u t  th e  

r e p ro d u c t iv e  p o te n tia l  w as m iss in g . A g a in , b re e d in g  w as n e e d e d  to  

w iden  th e  la t i tu d e  a d a p ta tio n  fo r  s e e d  p ro d u c tio n .

C ro p  p la n ts  s u i te d  fo r  g lobal d is tr ib u t io n  w o u ld -b e  p o o rly  

a d a p te d  in  m any a re a s  if  p h o to p e rio d  s e n s i t iv i ty  a f fe c te d  th e  d ev e lo p ­

m en t o f th e i r  econom ically  d e s ira b le  t r a i t s .  H om ozygous, hom ogenous 

c ro p  c u l t iv a r s  d ev e lo p e d  to  e f f ic ie n tly  u ti liz e  re a d i ly  m a n ip u ja ta b le . 

e n v iro n m e n ta l f a c to r s  ( f e r t i l i ty ,  i r r ig a t io n ,  e t  c e te ra )  o f te n  a re  p o o rly  

s u i te d  to  n o n -m a n ip u la ta b le  p a ra m e te r s  (7 3 ) . P la n ts  w h ich  com plete 

th e i r  life  c y c le s  in d e p e n d e n t  of th e  in f lu e n c e  of th e  le n g th  of day  

a n d  n ig h t  p o s s e s s  th e  b e s t  g e n e tic  b a c k g ro u n d  fo r  v a r ie t ie s  in te n d e d  

fo r  in te rn a t io n a l  d is tr ib u t io n  (2 4 ) . T h is  is  one re a s o n  th a t

13
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e v a lu a tio n  o f th e  p h o to p e rio d  s e n s i t iv i ty  o f v a r ie t ie s  in  in te rn a tio n a l  

b r e e d in g  p ro g ra m s  is  im p o r ta n t .

A n o th e r  p o te n tia l  u s e  of p h o to p e r io d  s e n s i t iv i ty  in  c ro p  p la n ts  

is  to  d ev e lo p  v a r ie t ie s  in te n d e d  fo r  v q r y  sp ec if ic  c ro p p in g  s i tu a t io n s , 

F ra n c is  (24) h a s  s p e c u la te d  th a t  w hep  s u f f ic ie n t  d e ta ile d  v a r ie ta l  in ­

fo rm atio n  is  av a ilab le  to  d e te rm in e  c r i t ic a l  l ig h t  in te n s i t ie s  a n d  

c r i t ic a l  o r  optim um  d a y le p g th s  i t  m ay b e  p o ss ib le  to  u s e  d a y le n g th  as  

a  c ro p p in g  m an ag em en t to o l. P la n tin g  a n d  h a rv e s t in g  co u ld  b e  

m an ag ed  to  a c h ie v e  maximum econom ic y ie ld  p e r  d a y . B re e d in g  p ro ­

gram  goals  m ay th e n  b e  o r ie n te d  to  w ide sca le  a d a p ta tio n  o r  to w ard  

v e r y  n a r ro w  a p p lic a tio n ,

S jo se th  (6 4 ) , a s  p re v io u s ly  m e n tio n e d , e v a lu a te d  th e  in flp e n c e  

of p h o to p e rio d ism  on  p e re n n ia l  m eadow  a n d  p a s tu r e  p la n ts ,  f in d in g  

th a t  i t  d id  in f lu e n c e  w in te r  h a r d in e s s .  C a rlso n  (14) h y p o th e s iz e d  

th a t  s in c e  a x illa ry  b u d  fo rm atio n  is  p h o to p e rio d ic a lly  c o n tro l le d , a d -  

v e n tio u s  stem  in it ia tio n  w as lik ew ise  a f f e c te d .  He fo u n d , b y  s tu d y in g  

a lfa lfa  (M edicagd s a t iv a ) , crow n  v e tc h  ( C o ro n illa ) a n d  sh e e p  s o r re l  

(R um ex a c e to se lla ) , th a t  p la n ts  e x h ib itin g  lo n g -d a y  r e s p o n s e  p ro d u c e d  

m ore n o d e s ,  lo n g e r  in te rn o d e s  a n d  g r e a te r  top  W eigh t, b u t  few er 

a d v e n ti t io u s  s te m s . A p p a re n tly  ap ioa l dom inance s u p p r e s s e s  a d v e n ti­

tio u s  stem  in it ia tio n  th ro u g h  a b a la n c e  of sh o o t p ro d u c e d  au x in  an d  

ro o t p ro d u c e d  k in e t in .  McKee (50) d e te rm in e d  th a t  y o u n g  c ro w n v e tc h  

p la n ts  r e q u i r e d  Iq n g e r  co ld  e x p o s u re  th a n  o ld e r  p la n ts  b e fo re



15

f lo w erin g  in  long  d a y s .  E v id e n tly , p h o to p e rio d ism  in f lu e n c e s  

p e re n n ia ls  a t  v a r io u s  s ta g e s  of -their life  c y c le s ,

P e rh a p s  m ore w o rk  h a s  b e e n  d o n e  to  in v e s t ig a te  p h o to p e rio d ic  

p h en o m en a  in  a n n u a ls  w h e re  s im p le r life  h is to r ie s  e n h a n c e  e v a lu a tio n .

P h o to p erio d ism  in  C e re a l C ro p s

B e c a u se  c e re a ls  h a v e  b e e n  im p o r ta n t p r im a rily  in  th e  m id­

la t i tu d e s  ( to  6 0 ° ) , i t  is  e sp e c ia lly  im p o r ta n t to  th o ro u g h ly  e v a lu a te  

p h y s io lo g ic a l f a c to r s  a f fe c tin g  w ide sc a le  a d a p ta t io n , in c lu d in g  p h o to ­

p e r io d  r e s p o n s e ,  w h en  d e v e lo p in g  v a r ie t ie s  in te n d e d  fo r  d is tr ib u tio n  

in  m ore tro p ic a l  e n v iro n s  (4 5 ) . K irb y  (45) c ite s  th e  co n c lu s io n s  of 

D o ro sh e n k o  a n d  R asum ov  w ho d e te rm in e d  from  p la n tin g s  o f w h e a t , 

ba .rley  a n d  o a ts  - a t  S-IQ0N (E th io p ia ) g n d  62-65°N  (U SSR ) th a t  th e  

h ig h e r  th e  la t i tu d e  of o r ig in  th e  g r e a te r  th e  r e s p o n s e , to  d a y le n g th . 

C a rd e r  (13) g rew  s e v e ra l  v a r ie t ie s  of s p r in g  w h e a t, o a ts  b a r le y ,  

f ie ld  p e a s  a n d  m ille t a t  tw o lo c a tio n s ; M ad ison , W isconsin  (43°N ) an d  

B e a v e r  lo d g e , A lb e r ta  (5 5 °N ). D e sp ite  low er e ffe c tiv e  h e a t  u n its  a t 

th e  n o r th e r n  lo ca tio n  th e  c ro p s  h e a d e d  a t  th e  n o r th e r n  a n d  s o u th e rn  

lo c a tio n s  a t  a p p ro x im a te ly  th e  sam e tim e. P o s t h e a d in g  d evelopm en t 

w as s lo w er a t  th e  m ore n o r th e r ly  lo c a tio n . T he  w ork  of G u ita rd  (31) 

does n o t  s u p p o r t  th e  c o n c e p t of g r e a t e r  photoperiod ic  r e s p o n s e  - fo r  

m ore n o r th e r ly  v a r ie t ie s .  He h a s  show n  th a t  v a r ie t ie s  o r ig in a tin g  in  

S c a n d in a v ia , b u t  a d a p te d  to  C an ad a  w ere  le s s  r e s p o n s iv e  to
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p h o to p e r io d  th a n  m ore s o u th e r ly  v a r i e t i e s . I t  is  g e n e ra lly  accept,ed> 

h o w e v e r , th a t  n o r th e r ly  s t r a in s  o r  v a r ie t ie s  a re  m ore s u b je c t  to  p h o to  

p e r io d ic  in f lu e n c e  (5 5 ,6 2 ) .

C h in o y  (17) d e te rm in e d  th a t  t i l le r  p ro d u c tio n  in  w h e a t is  s ig ­

n if ic a n tly  r e d u c e d  u n d e r  lo n g  d a y  c o n d itio n s , b u t  is  a lso  re d u c e d  

u n d e r  e x tre m e ly  s h o r t  d a y s  d u e  to  la c k  of a s s im ila te . T ille r in g  in  

o a ts ,  h o w e v e r , h a s  n o t  b e e n  show n to  b e  s im ila rly  a f fe c te d  b y  p h o fo - 

p e r io d  (4 5 ) . S te v e n so n  a n d  Goodman, (69) fo u n d  th a t  lo w er te m p e ra ­

tu r e s  h a d  a m ore p ro fo u n d  in f lu e n c e  on t i l le r  in c re a s e  th a n  d id  

s h o r te n  d a y s .

I n c r e a s e s  in  m?dn stem  le a f  n u m b e r  in  c o rn  a re  r e g u la te d  m ore 

b y  p h o to p e rio d  th a n  te m p e ra tu re  (69) a n d  le a f  em erg en ce  r a te  

a p p e a r s  to  a lso  b e  c o n tro lle d  b y  cjlaylength in  w h e a t , b a r le y  a n d  o a t s - 

(4 5 ,1 6 ) .  S in ce  1 le a v e s , lik e  f lo ra l p r im o rd ia  ( I l )  , o r ig in a te  in  th e  

a p e x , th e  o rg a n o g e n e s is  o f  w h ich  h a s  b e e n  show n to  b e  a f fe c te d  b y  

p h o to p e rio d  (5 7 ) , i t  lo g ica lly  follow s th a t  le a f  d ev e lo p m en t w ould  also  

b e  a f fe c te d .

A c c o rd in g  to  C h in o y  (1 6 ) , a l te ra t io n s  in  d ev e lo p m en ta l r a te  of 

c h a n g e  r e s u l t in g  from  v e rn a liz a tio n  a n d  p h o to p e rio d  t r e a tm e n t  c h an g e  

th e  w hole p a t te r n  of p la n t  g ro w th . T h e  c h a n g e  v a r ie s  in  th e  p h a se s  

a n d  co m p o n en ts  of g row th , w h ich  i t  a f fe c ts  ( e . g . ,  le a f  d r y  w e ig h t; 

s tem , le a f  a n d  t i l le r  n u m b e r; e t c e te ra )  in  th e  d if f e r e n t  v a r ie t ie s  (16)
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T h e  v e g e ta t iv e  p h a s e  o f w h e a t is  m ost p ro lo n g e d  in  th e  la te  flow er­

in g  v a r ie t ie s  (1 6 ) .

F lo w erin g  in  w h ea t r e s p o n d s  q u a n t i ta t iv e ly  to  p h o to p e rio d  

le n g th  (1 6 ,1 7 ) , s h o r t  d a y s  te n d in g  to  r e t a r d  h e a d in g  (4 2 ) . V aria tio n  

am ong w h e a t c u l t iv a r s  to  d if fe r in g  p h o fo p e rio d s  is  s u b s ta n t ia l  an d  

sim ilar fo r  b o th  p r e -  a n d  p o s t- in i t ia t io n  s ta g e s ,  a c c o rd in g  to  H alse 

(3 4 ) . O a ts  r e s p o n d  s im ila rly , h e a d in g  e a r l ie r  w ith  lo n g e r  p h o to ­

p e r io d s  (6 2 ) . R ic e , q n lik e  th e  o th e r  c e r e a ls ,  is  a  s h o r t  d a y  p la n t 

(61) a n d  S u g e  (70) m a in ta in ed  r ic e  ifi th e  v e g e ta t iv e  p h a s e  w ith  con­

tin u o u s  il lu m in a tio n . W hen e ig h t  o r  m ore lo n g  n ig h ts  w e re  g iv e n  to  

s ix ty  d ay  o ld  p la n ts ,  f lo w erin g  o c c u r r e d  in  a n o th e r  t h i r t y  d a y s .

V e rn a liz a tio n  c a n  h a v e  s t ro n g  in f lu e n c e s  in  c e re a l  f lo ra l 

d ev e lo p m en t (4 5 ) . W heat v a r ie t ie s  w ith  s t r o n g  v e rn a liz a tio n  r e q u i r e ­

m en ts  e x h ib ite d  le s s  p ro n o u n c e d  r e s p o n s e  to  s h o r t- c o ld  d a y s  an d  

p h o to p e rio d  e f fe c ts  a r e  m ore y a lid ly  e s tim a te d  on v e rn a l iz e d  p la n ts  

(3 4 ) . Sym e (72) d e te rm in e d  th a t  s e v e n ty - s e v e n  to  n in e ty - f o u r  

p e r  c e n t  of c u l t iv a r  v a r ia t io n  in  tim e from  sow ing  to  e a r  em erg en ce  

a n d  to  a n th e s is  can  b e  a c c o u n te d  fo r  b y  th e  com bination  of v e rn a liz a ­

tio n  a n d  p h o to p e rio d .

T h e  im p o rta n c e  o f p h o to p e rip d ism  tq  c e re a l c ro p  b re e d in g  p ro ­

g ram s h a s  le d  some r e s e a r c h e r s  to  in v e s t ig a te  th e  g e n e tic s  a n d  in ­

h e r i ta n c e  of p h o to p e rio d ic  r e s p o n s e s .  D a y le n g th  in s e n s i t iv i ty  in  w h ea t 

w as fo u n d  to  n o t a lw ays b e  dom inan t o v e r  s e n s i t iv i ty  (4 6 ) . C ro ss in g
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s tu d ie s  d id  in d ic a te  th a t  e a r l in e s s  (p h o to p e r io d  in s e n s i t iv i ty )  te n d e d  

to w a rd  dom inance o v e r  th e  re c e s s iv e  la te n e s s  (p h o to p e r ip d  s e n s i t i v i ty ) . 

T h e y  c o n c lu d e d  th a t  th e  h e a d in g  p a t t e r n s  cou ld  b e  e x p la in e d  b y  tw o 

m ajor loci w ith  th y e e  a lle le s  a t  eac h  lo c u s . C h inoy  (16) h a s  s u g g e s te d  

th a t  th e  com plex  o f g e n e s  c o n tro llin g  d ev e lo p m en t in  w h ea t a lsp  

g o v e rn s  th e  e x te n t  a n d  p a t t e r n  of g ro w th  a n d  th a t  th e r e  m ay n o t b e  

s e p a ra te  g e n e s  fo r  th e  m ajor g ro w th  p ro c e s s e s .  Keim (42) h a s  con­

c u r r e d  th a t  a few  m ajor g en es  c o n tro l p h o to p e rip d ic  r e s p o n s e  -in 

w h ea t a n d  in d ic a te d  th a t  m inor g e n e s  g o v e rn in g  e a r l in e s s  m ay m ask 

th e  m ajor g e n e  v e rn a liz a tio n  a n d  p h o to p e rio d ism  c h a r a c te r i s t ic s .  I n -  

b r e d  a n d  h y b r id  c o rn  v a r ie t ie s  w ere  s tu d ie d  b y  F ra n c is  a n d  co­

w o rk e rs  (25) in  g ro w th  ch a m b e rs  w ith  16 h o u r  ^ n d  10 h o u r  p h o to ­

p e r io d s .  G e n o ty p e s  d if fe r in g  m ore th a n  s ix  d a y s  in  tim e from  

v e g e ta t iv e  sh o o t a p e x  to  ta s s e l  d ev e lo p m en t w ere  c o n s id e re d  to  b e  

s e n s i t iv e ;  fo u r  to  s ix  d a y s ,  in te rm e d ia te  s e n s i t iv i ty ;  a n d  le s s  th a n  

fo u r  d a y s ,  in s e n s i t iv e .

P h o to p e rio d ic  r e s p o n s e s  in  b a r le y  (H ordeum  v u lg a re  a n d  

H ordeum  d is tic c h u m ) h a v e  a lso  b e e n  in v e s t ig a te d .

P h o to p e rio d ism  in  B a r le y

T h e  g e n u s  H ordeum  (5 ,2 6 ) ,  h a v in g  o r ig in a te d  in  th e  e a s te rn  

M e d ite r ra n e a n -c e n tra l  A sian  r e g io n ,  h a d  becom e e s ta b l is h e d  in  E u ra s ia  

a n d  N o rth  a n d  S o u th  A m erica b y  th e  T e r t ia r y  geologic p e r io d  w ith
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d is t in c t  sp eq ia tio n  a lre a d y  e v id e n t ( 10) .  T h is  m ig ra tio n  in to  m ore 

h o s tile  e n v iro n m e n ts  o f th e  m id - la t i tu d e s  u n d o u b te d ly  e n h a n c e d  

d ev e lo p m en t o f th e  a d a p t iv e  s t r a te g ie s  of p h o to p e rio d ism  a n d  v e rn a l­

iz a tio n  (4 6 ) . O rm rod  (56) h a s  r e p o r te d  th a t  b a r le y  p h o to p q rio d  

s e n s i t iv i ty  is  n o t  as  g r e a t  as  th a t  o f w h e a t. A sp in a ll (3) c ite s  

e v id e p c e  of s e v e ra l  r e s e a r c h e r  d e s c r ib in g  b a r le y  p h o to p e rio d  s e n s i­

t iv i ty  as  v a ry in g  from  in s e n s it iv e  to  q u a n ti ta t iv e ly  s e n s it iv e  to  

o b lig a te ly  s e n s i t iv e .  V a rie ta l d if fe re n c e s  in  b a r le y  p h o to p e p io d  

s e n s i t iv i ty  do c o n tr ib u te  to  v a r ia t io n  in  h e a d in g  d a te  (5 6 ) .  Jo h n so n  

a n d  G aul (40) s ta t e  "T h e  p h e n o ty p ic  e x p re s s io n -o f  a q u a n t i ta t iv e  

c h a r a c te r  s u c h  a s  e a r lin e s s  may b e  c o n s id e re d  as a  r e s u l t  of tw o 

in te r a c t in g  f a c to r s ,  th e  g e n o ty p e  a n d  th e  e n v iro n m e n t,"  In d e e d , 

C h in o y 's  (1 6 ,1 7 ) w o rk  w ith  w h e a t, sh o w in g  th a t  ev en  v e r y  s h o r t  d a y s  - 

( s ix  h o u r s )  w ould  e v e n tu a lly  b r in g  a lo n g  d ay  p la n t  to  f lo w e rin g , 

s u g g e s ts  a  s t r o n g  q u a n t i ta t iv e  r e s p o n s e  to  p h o to p e rio d . A sp in a ll1 s- 

(3) e v a lu a tio n  of s e v e ra l  b a r le y  v a r ie t ie s  a lso  d e te rm in e d  th a t  no 

c r i t ic a l  d a y le n g th  w as e y id e n t ,  b u t  th a t  a s t r o n g  q u a n t i ta t iv e  

r e s p o n s e  e x is te d .  P h o to p e rio d  e x e r te d  a s t r o n g e r  in f lu e n c e  on h e a d ­

in g  d a te  th a n  d e g re e  of s p r in g  h a b i t  o r  e a r l in e s s  in  Ha a n d  Y a su d a 's  

(33) in v e s t ig a t io n  of 127 K o rean  la n d  r a c e s .  O rm rod  (5 6 ) ,  h o w e v e r, 

s tu d y in g  'fk e  v a r ie t ie s  11O llin a n d  "M ontcalm ," fo u n d  th a t  d if fe re n c e s  

in  v a r ie ta l  d ev e lo p m en t r a te s  w ere  d u e  so le ly  to  v a r ie ta l  v a r ia tio n  a n d  

n o t to  p h o to p e rio d  s e n s i t iv i ty .

i
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B o th  v e g e ta t iv e  a n d  f lo ra l d ev e lo p m en t h a v e  b e e n  r e la te d  to  

b a r le y 's  p h o to p e rio d  r e s p o n s e  (2 3 ,4 , 22 ).

P a r is ,  K ra h n  a n d  G u ita rd  (23) d e te rm in e d  th a t  s h o r t  d a y s  a n d  

h ig h  te m p e ra tu re s  s tim u la te d  v e g e ta t iv e  d ev e lo p m en t m ore th a n  ap ica l 

d ev e lo p m en t a n d  th a t  f lo ra l in i t ia tio n  w as m ore d e la y e d  b y  s h o r t  d a y s  

in  "V an tag e"  th a n  in  "O lli,"  F re ^ in d u c tiv e  h ig h  te m p e ra tu re s  e x ­

te n d e d  th e  v e g e ta t iv e  p e r io d ,  b u t  p o s t - in d u c t iv e  h ig h  te m p e ra tu re s  

d e c re a s e d  th e  in te r v a l  from  d o u b le  r id g e  (a p e x )  fo rm atio n  to  a r r iv a l

of th e  f i r s t  n o d e  a t  g ro u n d  le v e l. In c r e a s e s  in  te m p e ra tu re  as  d a y -
'

le n g th s  d e c re a s e d  r e s u l t e d  in  th e  a r r iv a l  of th e  f i r s t  n o d e  a t  g ro u n d  

le v e l a t  p r o g re s s iv e ly  e a r l ie r  s ta g e s  o f ap ica l o rg a n o g e n e s is . A sp in a ll 

a n d  P aleg  (4) fo u n d  th a t  re d u c t io n s  in  p h o to p e rio d  a n d  in  l ig h t 

in te n s i ty  d e la y e d  f i r s t  t i l le r  e m e rg e n c e . L ong p h o to p e rio d s  a n d  

v e rn a liz a tio n  h a v e  b e e n  d e m o n s tra te d  b y  M an su ri (49) to  r e d u c e  stem  

h e ig h t  a n d  le a f  n u m b e rs  b y  a l te r in g  th e  g ro w th  p a t t e r n s  o f th e  sh o o t 

a p e x , O rm rod  (56) d e te rm in e d  th a t  th e  r a t e  of culm e lo n g a tio n  in  

s e v e ra l  b a r le y  v a r ie t ie s  w as a p p a re n t ly  u n a f fe c te d  b y  p h o to p e rio d .

I t  is  e v id e n t th a t  p h o to p e rio d  a n d  p h o to p e r io d - te m p e ra tu re  i n t e r ­

a c tio n s  in f lu e n c e  b a r le y  v e g e ta t iv e  d ev e lo p m en t.

In  c o r re la t in g  v e g e ta t iv e  w ith  ap ica l develo p m en t P a r is  an d  

c o -w o rk e rs  (23) c o n c lu d e d  th a t  w hen  a n o d e  a r r iv e s  a t  g ro u n d  lev e l 

f lo ra l in i t ia tio n  h a s  o c c u r r e d .  A rr iv a l  of th e  n o d e  a t  g ro u n d  lev e l
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is  n o t ,  h o w e v e r , p r e d ic t iv e  o f an  e x a c t le v e l of f lo ra l o rg a n o g e n e s is  

u n d e r  all c o n d itio n s .

G u ita rd  (30) e v a lu a te d  th e  b a r le y  v a r ie t ie s  "Olli" a n d  "V an tage"  

fo r  th e  in f lu e n c e  o f p h o to p e rio d  on th r e e  sp e c if ic  g ro w th  s ta g e s ;  

s e e d in g  to  in te rn o d e  e lo n g a tio n , in te rn o d e  e lo n g a tio n  to  h e a d in g  an d  

h e a d in g  to  m a tu r i ty . Hig r e s u l t s  in d ic a te d  th a t  th e  n u m b e r  of d ay s  

from  s e e d in g  to  in te rn o d e  e lo n g a tio n  m ig h t p ro v id e  an  in d ic a tio n  of 

e a r l in e s s  fo r  c e r ta in  v a r i e t i e s . T ille r  n u m b e r a n d  d u ra tio n  of ti lle r in g  

a lso  a p p e a re d  to  b e  in d ic a tiv e  o f e a r l in e s s .  Williarns (78) h a s  

d e v e lo p e d  a -m a tu r i ty  m odel fo r  b a r le y  b a s e d  on a b io p h o to th e rm a l 

e q u a tio n  w h ich  i s . a d e q u a te ly  p r e d ic t iv e  fo r  m ost o f th e  b a r le y  grow ­

in g  a re a s  o f C a n a d a , He a lso  c o n c lu d e d  th a t  m a tu r ity  ig m ore 

d if f ic u lt  to  p r e d ic t  in  b a r le y  th a n  in  w h e a t.

F lo ra l d ev e lo p m en t of th e  b a r le y  a p e x  is  m ore s t ro n g ly  a f fe c te d  

b y  p h o to p e rio d  th a n  te m p e ra tu re  (3 9 ) . In  a g iv en  p h o to p e rio d  

te m p e ra tu re  does h a v e  a  m a rk e d  in f lu e n c e  on p rim o rd ia l m orpho ­

gen esis ,, e sp e c ia lly  in  th e  e a r l ie r  v a r ie t ie s .  V e ru a liz a tio n  is  e s s e n tia l  

fo r  f lo ra l d ev e lo p m en t o f w in te r  b a r le y s  as  well as  s e v e ra l  s p r in g  

b a r le y s  (4 3 ) . P a leg  a n d  A sp in a ll (57) p ro v id e d  f u r th e r  e v id en ce  

th a t  l ig h t  q u a lity  a lso  in f lu e n c e s  a p ica l p rim o rd ia  d ev e lo p m en t. I n ­

c re a s in g  f lu o re s c e n t l ig h t  in te n s i ty  d id  n o t a ffe c t p r im o rd a  p ro d u c tio n , 

b u t  th e  a d d itio n  of in c a n d e s c e n t l ig h t  p ro m o ted  in c re a s e d  p ro d u c tio n . 

T h e  in c re a s e d  r a t e  of r e s p o n s e  b e in g  m ore c u rv e d  th a n  l in e a r  h a s
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s u g g e s te d  th a t  th e  in f lu e n c e  of in c a n d e s c e n t l ig h t  i s  a  p h o to m o rp h o - 

g en ic  r e s p o n s e  r a t h e r  th a n  a r e s p o n s e  d u e  to  in c re a s e d  ass im ila te  

s u p p ly .

F a r is  a n d  G u ita rd  ( 22) in v e s t ig a te d  th e  in f lu e n c e  o f p h o to p e rio d  

on  p r im a ry  culm  y ie ld  com po n en ts  a n d  co n c lu d e d  th a t  s e e d s  p e r  h e a d  

w as m ost c lo se ly  a s s o c ia te d  w ith  y ie ld .  S h o r t  d a y s  a p p lie d  to  b a r le y  

from  s e e d in g  to  in te rn o d e  e lo n g a tio n  r e s u l t e d  in  in c re a s e s  in  fe r t i le  

h e a ^ s  p e r  p la n t ,  s e e d s  p e r  h e a d  a n d  s e e d  si%e. H ow ever,, w hen  th e  

tr e a tm e n t  w as a p p lie d  d u r in g  th e  p e r io d  b e tw ee n  in te rn o d e  e lo n g a tio n  

a n d  h e a d in g ,  d e c re a s e s  o c c u r re d  in  f e r t i le  p r im a ry , h e a d s  p e r  p la n t ,  

s e e d s  p e r  h e a d  a n d  s e e d  s iz e . O n ly  s e e d  s ize  w as d e c re a s e d  w hen  

s h o r t  d a y s  w ere  a p p lie d  a f te r  h e a d in g . T h e  in s e n s it iv e  v a r ie ty  ,"OHi” 

o u ty ie ld e d  th e  s e n s it iv e  v a r ie ty  "V a n ta g e ."

F o r  p la n t  b r e e d e r s  to  ta k e  fu ll a d v a n ta g e  of o p p o r tu n i t ie s  to  

s c re e n  b a r le y  v a r ie t ie s  fo r  p h o to p e rio d  s e n s i t iv i ty  i t  is  h e lp fu l to  

u ti liz e  b o th  c o n tro lle d  e n v iro n m e n ts  (g ro w th  ch am b ers  a n d  g re e n ­

h o u se s )  a n d  f ie ld  p la n t in g s .  T h e  r e s u l t s  a re  n o t a lw ays com parab le  

in  th e  d i f f e r e n t  s i tu a tio n s  (3 9 ,2 2 ) .  T in g le  (7 5 ) , e v a lu a tin g  th e  in ­

f lu e n c e  o f l ig h t  a n d  te m p e ra tu re  in  c o n tro lle d  e n v iro n m e n ts  on f lo re t  

n u m b e r a n d  f e r t i l i ty ,  d e te rm in e d  th a t  maximum se e d  p ro d u c tio n  in  

b a r le y  o c c u r r e d  a t  IS 0C a n d  s ix te e n  h o u rs  of th e  h ig h e s t  p o ss ib le  

i r r a d ia n c e  le v e ls .  F a r is  a n d  G u ita rd  (22) h a v e  show n th a t  y ie ld  in ­

c re a s e s  in  c o n tro lle d  e n v iro n m e n ts  can  b e  a c h ie v e d  by. r a is in g  l ig h t
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in te n s i ty  ( i r r a d ia n c e )  a n d  te m p e r a tu r e . T h e y  h a v e  c a u tio n e d  th a t  

m ore e x p e r im e n ta tio n  is  n e c e s s a ry  to  re c o n c ile  th e  r e s u l t s  o f f ie ld  a n d  

g ro w th  c h am b er t r i a l s .  A sp in a ll (3 ) h a s  d e m o n s tra te d  th a t  c o n tro lle d  

e n v iro n m e n t s tu d ie s  a r e  a d e q u a te ly  r e p r o d u c ib le . A co m plica ting  

a s p e c t  o f c o n tro lle d  e n v iro n m e n t a n d  f ie ld  t r i a l  (58) r e la t io n s h ip s  is  

th e  b u i l t  in  r a t e  o f p h o to p e rio d  c h a n g e  in  th e  f ie ld  w h ich  is  g e n e ra lly  

n o t  p ro g ram m ed  in to  c o n tro lle d  e n v iro n m e n t e x p e r im e n ts  (1 3 ) . T h e re  

a r e  lim ita tio n s  in  b o th  ty p e s  o f t r i a l s .  G ro w th  c h a m b e rs  ca n  o n ly  

a p p ro x im a te  a n d  n e v e r  e x a c tly  e q u a l f ie ld  c o n d itio n s , b u t  f ie ld  t r ia ls  

a r e  com prom ised  b y  n o t b e in g  a b le  to  th o ro u g h ly  d is t in g u is h  b e tw ee n  

th e  s im u lta n e o u s ly  v a r y in g  f a c to r s  o f p h o to p e rio d  a n d  te m p e ra tu re  

(3 9 ) .  C h a n g in g  p h o to p e r io d s  is  a  f a c to r  a ll p la n ts  m u s t d ea l w ith  in  

n a tu r e  a n d  g r e a te r  t e s t in g  is  n e c e s s a r y  to  re c o n c ile  th e  r e s u l t s  of 

c o n tro lle d  e n v iro n m e n t a n d  f ie ld  t r i a l s  ( 22) .

STATEMENT OF THE RESEARCH PROBLEM

T h e  v e g e ta t iv e  a n d  r e p ro d u c t iv e  d ev e lo p m en t o f c e re a l g ra in s  = 

is  g o v e rn e d  b y  com plex  in te ra c t io n s  o f g e n e tic  a n d  e n v iro n m e n ta l 

c h a r a c te r i s t ic s .  T h e  m ajor e n v iro n m e n ta l f a c to r s  a f fe c t in g  f lo ra l 

in d u c tio n  a r e  p h o to p e r io d  a n d  te m p e ra tu r e .

T h e  e x p e r im e n ts  r e p o r te d  h e re in  w e re  d e s ig n e d  to  in v e s t ig a te  

som e o f th e s e  in te r a c t io n s  fo r  a p o p u la tio n  of b a r le y  v a r ie t ie s  a n d  

l in e s ,  som e o f w h ich  a r e  iso g e n ic  fo r  e a r l in e s s  u s in g  p la n ts  g row n  in
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g ro w th  c h am b er a n d  f ie ld  ' e n v iro n m e n ts . A d d itio n a lly  , we t r i e d  to  _ 

p r e d ic t  th e  r a n k in g  o f sp ik e  em erg en ce  in  a  p o p u la tio n  o f b a r le y  geno ­

ty p e s  b a s e d  on o b s e rv a tio n  d u r in g  m ore ju v e n ile  p la n t  g ro w th  s ta g e s .

T h e  sp e c if ic  q u e s tio n s  to  b e  answ erec l b y  th is  r e s e a r c h  w ere :

( 1) Do th e  v a r ie t ie s  . s e le c te d  fo r  te s t in g  d if fe r  in. th e  re la tio n s h ip  

b e tw e e n  th e i r  r a t e s  of ju v e n ile  v e g e ta t iv e  g ro w th  a n d  th e i r  r a te s  of 

sp ik e  em erg en ce  u n d e r  m o d e ra te  d a y le n g th s  v e r s u s  lo n g  d a y le n g th s ;

( 2) D oes th e  fo u r  le a f  s ta g e  c o r re s p o n d  to  th e  a tta in m e n t of th e  

d o u b le  r id g e  s ta g e  ( u p p e r  r id g e  en la rg in g .) w h ich  is  r e p o r te d  in  th e  

l i t e r a tu r e  to  r e p r e s e n t  a  n o n - r e v e r s ib le  f lo ra l co n d itio n  in  th e  b a rley , 

g ro w in g  p o in t;  (3) How do th e  r a n k in g s  of b a r le y  v a r ie t ie s  h e a d in g  

d a te s  ■ d if fe r  b e tw e e n  th e  g ro w th  ch am b er tre a tm e n ts  ■ a n d  th e  fie ld  

t r e a tm e n ts ; a n d  (4) How do th e  b a r le y  v a r ie t ie s  r e s p o n d  a t  tw o fie ld  

lo c a tio n s  p o s s e s s in g  th e  sam e p h o to e n v iro n m e n t, b u t  d if f e re n t  

te m p e ra tu re  e n v iro n m e n ts  ?

T h e  co n c lu s io n s  r e a c h e d  in  th e s e  in v e s t ig a t io n s  sh o u ld  en h an c e  

u n d e r s ta n d in g  of th e  com plex in te ra c t io n s  b e tw ee n  p la n t  g e n o ty p e  a n d  

p h o to  a n d - th e rm a l e n v iro n m e n t o r  a t  le a s t  em phasize  th e  r e s e a r c h  

d ire c tio n s  w h ich  m u s t b e  ta k e n  to  e lu c id a te  th e s e  r e la t io n s h ip s .



MATERIALS AJNTD METHODS

T h re e  e x p e r im e n ts  w ere  c o n d u c te d  in  an  e f fo r t  to  a n sw e r  th e  

q u e s tio n s  p o se d  in  th e  s ta te m e n t of th e  r e s e a r c h  p ro b lem ; th a t  is  to  • 

in v e s t ig a te  some o f th e  ph o n o lo g ica l a n d  d ev e lo p m en ta l responses '* 'o f 

b a r le y  to  p h o to p e rio d  m a n ip u la tio n .

E x p e rim e n t O n e . E x p e rim e n t one q o n s is te d  of g ro w in g  s ix ty -  

e ig h t  a c c e ss io n s  (T a b le  I )  of b a r le y  u n d e r  tw o d if f e re n t  p h o to p e rio d  

re g im e s , o ne  a 14 h o u r  80°F d a y - 10 h o u r  60°F n ig h t  a n d  th e  o th e r  

id e n tic a l to  th e  f i r s t ,  b u t  w ith  th e  n ig h t  p e r io d  in t e r r u p te d  a t  i t s  

m id p o in t w ith  one h o u r  of low in te n s i ty  f lu o re s c e h t l ig h t .  O b se rv a ­

tio n s  w e re  m ade of g e rm in a tio n , d a y s  to  fo u r - le a f  s ta g e  a n d  d ay s  

to  sp ik e  em erg en ce  ■ ( h e a d in g ) .

T h is  e x p e r im e n t w as c o n d u c te d  w ith  tw o re p lic a tio n s  in  time 

a n d  f iv e  s e e d s  o f ea c h  sp e c ie s  w ere  p la n te d  in  in d iv id u a l 4" Xj 4 11 

p o t s : T h is  e x p e r im e n t w as d e s ig n e d  to  d if f e re n tia te  am ong th o se

a c c e s s io n s  w h ich  show  a d is t in c t  d a y fe n g th  r e s p o n s e  in  h e a d in g  a n d  

th o s e  w h ich  e x h ib it  a le s s e r  c jay len g th  r e s p o n s e .  A n a ly se s  w ere  m ade 

of th e  tim e in te r v a ls  from  se e d in g  to  a tta in m e n t of eac h  p h en o lo g ica l 

s ta g e  o b s e rv e d  to  a s c e r ta in  th e  r e la t iv e  s e n s i t iv i ty  o f h e a d in g  to  

p h o to p e rio d  m an ip u la tio n  am ong th e  v a r ie t ie s  a n d  lin e s  a n d  to  d e te r ­

m ine w h e th e r  th e  a t ta in m e n t of th e  fo u r  le a f  s ta g e  a d e q u a te ly  p r e ­

d ic te d  th e  r a n k in g  of h e a d in g  am ong a  p o p u la tio n  o f b a r le y

a c c e s s io n s .
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TABLE I

LINES ISOGENIC FOR EARLINESS AND OTHER VARIETIES 
USED IN THE PHOTOPERIOD STUDY

B etzes C .I .  6625 74Inc38 Late Compana (erta)
Compana
Horsford

B70Inc20 Edda 74Inc37
Olli 74Inc36

Spartan C . I . 5027/684/B - 53 
Bonus C .I .  8093/6032/Mon-

Arimont 74AID16 B eecher  74Inc32 Utah B-5708 5513 B-56
Atlas 68 74AID19 Mars Tammi C .I .  8345 55-6141
Athenais 74AID27 Titan early Trisomic J - 18-17
Steptoe 74AID22 Titan late Early C arlsberg  II
Galt 74AID21 Titan v e r y  late Bonneville
Unitan 74AID23 Titan Ingrid
Eskish ier 74AID29 Titan early (Gateway) Primus II
E skishier 74AID28 Vantage Tokak
Attilis 74AID25 Munsing Dicktoo
Hector 74AID10 Hannchen Frontier
Dekap 74AID9 Hannchen early Cal. Mariout 1953 53-700
Glacier Inc 10 Gigas Kearney
Gateway 74Inc47 Early Freja Tschermak
Erbet 74Inc45 Freja C arlsberg II 1956
Prior 74Inc44 Early B etzes  (Compana Dwarf) Erbet
B r ig g s 74Inc43 Early B etzes  (Hannchen Dwarf) Atsel
Marie 74Inc42 Early B etzes  (Orange Lemma) Ubamer
Floya 74Inc40 Late Compana (ert  d) Late Compana
Radskorn
Morroco

74Inc41
74Inc39

Late Compana (lb)  
Late Compana (lb3)

Kinai 5

I

J1
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E x p e rim e n t T w p . E x p e rim e n t tw o w as c a r r ie d  o u t to  d e te rm in e  

w h e th e r  o r  n o t  th e  fo u r  le a f  s ta g e  c o r re s p o n d e d  to  th e  in i tia tio n  of a 

f lo ra l co n d itio n  in  th e  b a r le y  g ro w in g  p o in t  as  h a d  b e e n  r e p o r te d  b y  

B o n n e tt  ( 7 ) .  T en  b a r le y  v a r ie t ie s  o r  lin e s  r e p r e s e n t in g  a  ra n g e  of 

e a r l in e s s  to  h e a d in g , as  d e te rm in e d  in  th e  f i r s t  e x p e r im e n t, w ere  

ch o se n  from  th e  o r ig in a l s i x t y  e ig h t  a c c e s s io n s . T h e  v a r ie t ie s  an d  

lin e s  s e le c te d  w e re : F lo y a , O lli, E a rly  Betz.es (O om pana d w a r f ) ,

T i ta n , P r io r ,  S te p to e , M arie , D iq k to o , L a te  C om pana a n d  E sk ish ie r  

29. T en  s e e d s  p f eac h  a c c e ss io n  w ere  p la n te d  in  4" x  411 p o ts  a n d  

th in n e d  to  f iv e  p la n ts  p e r  p o t (one  fo r  each  sam pling  d a t e ) . E ach 

a c c e s s io n -p o t w as r e p l ic a te d  s ix  tim es in  each  p h o to p e rio d  t r e a tm e n t .

T h e  e x p e rim e n ta l tr e a tm e n ts  w e re  in  a com plete ly  ran d o m ized  

b lo c k  d e s ig n  w itlfin  ea c h  p h o to p e rio d  tre a tm e n t (g ro w th  c h a m b e r) . 

B o th  p h o to p e rio d s  c o n s is te d  of 14 h p u r , §0°F d a y s  a n d  10 h o u r ,  ■

60°F n ig h t s ,  b u t  one t re a tm e n t in c lu d e d  th e  in te r r u p t io n  of th e  d a rk  

p e r io d  a t  i t s  m id p o in t w ith  one h o u r  o f low in te n s i ty  f lu o re s c e n t 

l ig h t .  T h o u g h  n ig h t  p e r io d  in te r r u p t io n  is  u su a lly  a c h ie v e d  ■ w ith  in ­

c a n d e s c e n t l i g h t s , we d e te rm in e d  th a t  f lu o re s c e n t l ig h t  w as low er in  

e n e r g y i th e r e b y  re d u c in g  an y  p o te n tia l  p h o to s y n th e tic  in f lu e n c e , b u t  

a lm ost tw ice  as  h ig h  in  th e  r a t io  b e tw e e n  r e d  a n d  f a r - r e d  ra d ia tio n , 

th e r e b y  e n h a n c in g  th e  lo n g  d ay  p h o to p e rio d  e f fe c t .

T h e  d ev e lo p m en t of eac h  a c c e s s io n  w as e v a lu a te d  a t  8 , 12, 16 j 

20 a n d  24 d a y s  a f te r  p la n t in g .  T h e  sam p les w ere  d u g  from  th q  so il,
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r in s e d  in  w a te r  a n d  p la c e d  in  s e p a r a te  v ia ls  f illed  w ith  95 p e r  c e n t 

e th a n o l to  a r r e s t  g ro w th  a n d  d e fo rm a tio n  a n d  p r e s e r v e  th e  p la n t 

m a te r ia l. T h is  p r e v e n te d  s h r in k a g e  o f p la n t  m a te r ia ls . T h e  sam ples 

w e re  rem o v ed  from  th g i r  v ia ls  to  c o u n t th e  n u m b e r o f v is ib le  le a v e s . 

T h e n  e a c h  sam ple w as d is s e c te d  to  a s s e s s  th e  c o n d itio n  o f th e  ap ica l 

g ro w in g  p o in t .  D evelo p m en ta l m o rp h o lo g y  of th e  g ro w in g  p o in t w as 

e v a lu a te d  u s in g  a  sc a le  s im ilar to  th a t  of A sp in a ll a n d  P a leg  (3 ,4 )  a n d  

C o n sis ted  o f (F ig . I )  :

1. P re s e n c e  of a  s in g le  la te r a l  r id g e  on th e  s id e  of th e  

a p e x  ( n o n - f lo r a l ) .

2. C o n d itio n  as  in  #1, b u t  w ith  th e  ap ex  e lo n g a tin g  (n o n -  

f lo ra l)  .

3. A p p e a ra n c e  of a  d o u b le  r id g e  on th e  s id e  o f th e  ap e x  

( r e v e r s ib ly  f lo ra l )>

4. U p p e r  r id g e  (o f d o u b le  r id g e )  e n la rg in g  ( f lo r a l ) .

5. S p ik e le t p r im o rd ia  v is ib le  a s  sim ple m ounds on th e  s id e  

of th e  a p e x  ( f lo ra l ) ,

6 . S p ik e le f  p r im o rd ia  b e g in n in g  to  d if f e re n tia te  in to  

co m ponen t f lo ra l s t r u c t u r e s  ( f lo ra l ) .

7. S p lk e le ts  w ell d if f e r e n t ia te d  in to  com ponen t f lo ra l 

s t r u c t u r e s  ( f lo r a l ) . ■

T h e se  s ta g e s  a r e  p h o to g ra p h ic a lly  r e c o rd e d  in  F ig u re  I  from  s e le c te d  

sam p les w h ich  m ost c le a r ly  p o r t r a y e d  th e  m orphp log ica l a t t r ib u t e s  of
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FIGURE I

BARLEY GROWING POINT PHENOLOGY 
(DEVELOPMENTAL MORPHOLOGY)
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th e  g ro w in g  po in t.- C o r re la tin g  le a f  n u m b e r  w ith  g ro w in g  p o in t 

c o n d itio n  e n a b le d  co m p ariso n  o f p h o to p e rio d  e f fe c ts  on  in d iv id u a l 

a c c e s s io n s  a n d  th e  p o p u la tio n  of a c c e s s io n s . I t  a lso  allow ed d e te r ­

m ination  o f w h a t le a f  n u p ib ^ r  s ta g e  c o r re s p o n d e d  to  an  i r r e v e r s ib ly  

f lo ra l g ro w in g  p o in t .

E x p e rim e n t T h r e e . T h e  s i^ ty - e ig h t  a c c e ss io n s  e v a lu a te d  in  

E x p e rim e n t O n e , a lo n g  w ith  s e v e ra l  s e ts  of h u e s  iso g e n ic  fo r  e a r l i­

n e s s  • w e re  com bined  to  form  a f ie ld  t r i a l  of 112 a c c e s s io n s  (T a b le  2 ) . 

E ach  a c c e ss io n  w as p la n te d  in  a  te n  fo o t row  re p lic a te d  tw ic e . Two 

lo c a tio n s  of th e  M ontana A g r ic u ltu ra l  E x p e rim e n t S ta t io n , B osem an a n d  

H u n tle y , w e re  u s e d  a s  d i f f e r e n t  g e o g ra p h ic  e n v iro n m e n ts . A t each  

lo ca tio n  th e  t r i a l  w as p la n te d  a t  tw o d if f e r e n t  d a t e s , o n ce  a t  an . e a r ly  

s p r in g  p la n tin g  d a te  (A p ril 28) a n d  o n ce  a t  a  d a te  a f te r  th e  sum m er 

so ltic e  ( J u n e  27) to  d e te rm in e  th e  in f lu e n c e  of long  in c re a s in g  v e r s u s  

lo n g e r  d e c re a s in g  d a y le n g th  on t h e h e a d in g  r a n k in g s  o f th e  p o p u la ­

tio n s  o f b a r le y .  D ays to  h e a d in g  fo r  50 p e r  c e n t o f th e  p o p u la tio n  

w ere  r e c o rd e d  in  ea c h  re p lic a tio n  o f e a c h  a c c e ss io n .
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■ ■ TABLE 2

BARLEY V A RIETIES AND LINES SEEDED 
A T BOZEMAN AND' HUNTLEY

1 C om pana
2 H o rs fo rd
3 A rim ont
4 A tla s  68
5 A th e ria js
6 S te p to e

' 7 G alt
8 U n^tan
9 E s k is h ie r  I

10 E g k ish ie r  2
11 A tti lis
12 H e c to r
13 D ekap
14 G lac ier
15 G atew ay
16 E rb e t
17 P r io r
18 B r ig g s
19 F loya
20 R a d s k o rn
21 ,Morocco
22 C . I .  6625
23 E dda
24 Olli
25 B e e c h e r
26 M ars
27 V a n ta g e
28 C sprlsburg  II
29 C a r ls b u rg  I I  -  VVII
30 C a r ls b u rg  I I  VVII
31 C a r ls b u rg  I I  -  VVII
32 C a r ls b u rg  I I  -  VVII
33 C a r ls b u rg  I I  -  V VII
34 C a r ls b u rg  I I  -  V V II, la te
35 C a r ls b u rg  JI -  V V Il, la te
36 C a r ls b u rg  II  -  VVII
37 F re ja
38 V a n ta g e  x  7 F re ja

39 V an tag e  x  7 F re ja
40 V a n ta g e  k  7 F re ja
41 V a n ta g e  x  7 F re ja
42 V a n ta g e  x  7 F re ja
43 V a n ta g e  x  7 F re ja
44 V a n ta g e  x  7 F re ja
45 M unsing
46 G igas
47 E a rly  B e tz e s
48 E a rly  B efzes
49 L a te  C om pana ( e r t  D)
50 L a te  C om pana (lb )
51 L a te  C om pana ( IB 3)
52 L a te  C qm pana ( e r ta )
53 S p a r ta n  C . I ,  5027
54 U tah  B -5708
55 Tammi C . I .  8345
56 T risbm ic  - J - 18- 17
57 E a rly  C a r ls b u rg  II
58 B q n n ev ille
59 I n g r jd
60 P rim p s II
61 T o k ak
62 C o ast
63 F r o n t i e r
64 C al. M ayiopt
65 CM67
66 W ashonupana
67 C a r ls b u rg  II
68 A tse l
69 U bam er 
7 0 P iro lin e
71 K inai 5
72 K lages
73 Summit
74 T ita n
75 T ita n  e a r ly
76 T ita n  e a r ly
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TABLE 2 (c o n tin u e d )

77 T ita n  d e r iv e d
78 T ita n  d e r iv e d
79 T ita n  d e r iv e d
80 T ita n  m ed . la te
81 T ita n  la te
82 T ita n  v e r y  la te ,
83 A lb ino  Iemnqta
84 H o rs fo rd
85 A lb ino  lemma
86 E a r ly  B e tz e s
87 M arie
88 B o n u s
89 E rb e t
90 B e tz e s
91 E a r ly  B e tz e s
92 E a r ly  B e tz^ s
93 V a n ta g e
94 H an n ch en
95 T ita n
96 T ita n
97 T ita n
98 H irs fo rd
99 T ita n

100 T ita n
101 T ita n
102 T ita n
103 B e tz e s , e a r ly
104 B e tz e s  la te
105 RM D w arf
106 F7 x  F7 x  4 B e tz e s , . e a r ly
107 C om pana d w arf
108 C om pana d w a rf  B e tz e s
109 P r io r
HO E a rly  B e tz e s
111 S h a b e t
112 E rs h a b e t



RESU LTS AND D ISCUSSION

E x p e rim e n t O n e . O nly  fo r ty ^ p p e  o f th e  s ix ty -h e ig h t a c c e ss io n s  

p la n te d  in  E x p e rim e n t O ne g e rm in a te d , s u rv iv e d  a n d  h e a d e d  u n d e r  

b o th  p h p to p e rio d s  w ith  a d e q u a te  re p lic a tio n  to  b e  in c lu d e d  in  th e  

s ta t is t ic a l  a n a ly se s  (T a b le s  3 a n d  4 ) .

D ays to  h e a d in g  w e re  s ig n if ic a n tly  low er u n d e r  lo n g  d ay  co n d i­

t io n s  fo r  th e  v a r ie t ie s  A th p n o is , M orroqo , E d d a , H a n n c h e n  e a r ly  a n d  

K inai 5 (T a b le  5 ) . O th e r  v a r ie t ie s  d id  n o t  show  s ig n if ic a n t  c h a n g e s  

in  e la p se d  d a y s  to  h e a d in g  d u e  to  in te r r u p t io n  of th e  d a r k  p e r io d .

T h e  p e r io d  from  p la n tin g  to  th e  a p p e a ra n c e  of th e  f o u r th  le a f  w as 

e s s e n tia l ly  id e n tic a l fo r  th e  p o p u la tio n  m eans u n d e r  b o th  m o d e ra te  

a n d  lo n g  d a y  c o n d itio n s  (T a b le  3) . E v en  w ith  sim ilar m eans a n d  

low d e v ia tio n s  from  th e  p o p u la tio n  m eans ( T ^b le  3) th e  c o rre la tio n  

c o e ff ic ie n t , r  = . 455, in d ic a te s  a v a r ia b i l i ty  (p  -  .05) in  r a n k in g  fo r  

a p p e a ra n c e  o f th e  f o u r th  Jeaf b e tw e e n  th e  tw o p h o to p e rio d  t r e a tm e n ts . 

B e c a u se  th e  r a n g e  of d a y s  to  f o u r th  le a f  a p p e a ra n c e  is  n a r ro w , s lig h t  

v a r ia t io n s  in  r a n k in g  am ong th e  a c c e s s io n s  w ould  p re c lu d e  th e  u se  of 

th is  p h o n o lo g ica l t r a i t  to  a c c u ra te ly  p r e d ic t  th e  r a n k in g  o f la te r  

p h en o lo g ica l e v e n t s ,

T h e  c o r re la tio n  o f d a y s  to  a p p e a ra n c e  pf th e  f o u r th  le a f  w ith  

d a y s  to  sp ik e  e m erg en ce  (h e a d in g )  w as n o t  s ig n if ic a n t (p  = .0 5 ) .

T h e  tw o p h e n o lo g ica l e v e n ts ,  a p p e a ra n c e  o f th e  f o u r th  le a f  a n d  

em erg en ce  o f th e  s p ik e  ( h e a d in g ) , a r e  n o t w ell c o r re la te d  u n d ey  th e
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TABLE 3

DAYS ELAPSED FROM SEEDING TO APPEARANCE OF 
THE FOURTH LEAF UNDER MODERATE DAYLENGTH 

CONDITION (14 HOURS OF LIGHT) AND LONG 
DAY CONDITION (14 HOURS LIGHT PLUS 

DARK PERIOD INTERRUPTION)

Mean D ays to  4-Leaf
V ar ie ty Long Day In te rm e d ia te  Day

Compana 19.9 16.2
A tlas  68 23.9 20.3
A thenais 17.8 19.3
S tep to e 21.4 19.8
U nitan 20.8 19.3
E s k is h ie r  29 23.5 21.9
A tti lis 17.8 19.6
Gateway 15.3 20.1
E rb e t 17.2 18.3
P r io r 18.1 17.4
Marie 19.7 16.5
Floya 14.8 17.8
R ad sk o rn 14.5 16.2
Morroco 20.3 19.4
C . I .  6625 18.6 18.2
Edda 18.1 16.5
Olli 15.7 15.8
B e e c h e r 18.9 20.7
T itan  ea r ly 16.6 16.7
T itan 18.3 19.0
T itan  e a r ly  (G atew ay) 16.7 16.9
M unsing 17.8 17.2
H an n ch en  ea r ly 18.3 17.7
E ar ly  F re ja 17.2 16.3
F re ja 20.6 17.9
E arly  B e tze s  (C om pana dw arf) 17.3 18.4
E ar ly  B e tz e s  (H a n n ch en  dw arf) 17.6 19.1
E arly  B e tze s  (O ra n g e  lemma) 16.5 17.8
L ate  Compana 21.5 21.3
S p a r t a n  C . I .  5027 16.0 18.4
U tah  B -570-8 17.8 - 18.9
Trisomic J - 18-17 18.5 18.0
E arly  C a r l s b e rg  II 17.4 16.3
B onnevil le 20.6 20.5
P r im us II 18.3 16.5
T okak 19.4 18.1
C al.  Mariout 1953 21.5 21.5
E rb e t 19.8 17.9
A tsel 21.0 18.5
U bam er 14.0 20.5
Kinai 5 18.9 17.2

Mean 18.5 18.4

S ta n d a r d  dev ia t io n  of th e  means 1.62 2.26

C oeff ic ien t of l in e a r  co r re la t io n  of th e  two p o p u la t io n s :  r  = .455

I
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TABLE 4

DAYS ELAPSED FROM SEEDING TO HEADING UNDER MODERATE 
DAYLENGTH CONDITIONS (14 HOURS OF LIGHT) AND LONG 

DAY CONDITIONS (14 HOURS OF LIGHT PLUS 
NIGHT INTERRUPTION)

Mean D ays to Heading
V arie ty Long Day In te rm e d ia te  Day

Compana 44.8 40.6
A tlas  68 57.8 48.3
A th en a is 51.8 44.1
S te p to e 58.7 49.9
U nitan 55.0 47.0
E s k is h ie r  29 54.0 48.7
A tt i l i s 51.0 54.0
G ateway 52.7 46.6
E rb e t 4 0 . 1 38.7
P r io r 37.6 35.6
Marie 44.0 43.4
Floya 40.7 42.0
R a d s k o rn 49.8 44.8
Morroco 50.6 37.8
C . I .  6625 38.5 36.0
Edda 67.0 47.0
Olli 50.0 44.8
B e e c h e r 51.3 47. I
T i tan  ea r ly 47.8 49.7
T itan 42.2 45.0
T i tan  e a r ly  (G atew ay) 46.0 39.0
M unsing 45.0 43.9
H a n n ch en  e a r ly 48.0 40. I
E a r ly  F re ja 40.1 39.3
F re ja 61.5 50.3
E arly  B e tze s (Compana dw arf) 39.9 38.1
E ar ly  B e tze s (H a n n ch en  dw arf) . 53.0 47.5
E ar ly  B e tze s (O ra n g e  lemma) 40.7 37.5
L a te  Compana lb 54.5 43.0
S p a r t a n  C . I . 5027 47.5 46.9
U tah  B -570-8 46.2 49.2
Trisomic J - 18-7 42.0 34.0
E ar ly  C a r l s b e r g  II 44.2 41.7
B onnevil le 51.8 43 .9
P r im u s  II 50.5 46.9
T o k ak 52.0 48.4
C al.  Mariout 1953 45.3 43.0
E rb e t 40.3 38.4
Atsel 41.8 34.8
U bamer 56.3 47.5
Kinai 5 50.9 43.2

Mean 48.4 43.6

S ta n d a r d  d ev ia t ion  of th e m eans 4 .86 6 .73

C oeff ic ien t  of l in e a r  co r re la t io n  of th e  two p o p u la t io n s : r  = . 713
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TABLE 5

T-TEST OF DIFFERENCES IN DAYS TO HEADING 
BETWEEN THE TWO PHOTOPERIODS

Variety t

Compana 1.30
Atlas 68 2.57
Athenais 2.54*
Steptoe 2.04
Unitan 1.99
Eskishier 29 1.59
Attilis - .6 3
Gateway 1.42
Erbet .33
Prior . 68
Marie . 18
Floya - .2 5
Radskorn 1.39
Morroco 3.50*
C .I .  6625 .66
Edda 4.54*
Olli 1.14
Beecher 1.21
Titan early - .4 7
Titan - .  74
Titan early (Gateway) 2.27
Munsing .36
Hannchen early 2.69*
Early Freja .26
Freja 1.97
Early Betzes (Compana dwarf) .61
Early Betzes (Hannchen dwarf) 1.92
Early Betzes (Orange lemma) .67
Late campana lb 2.02
Spartan C .I .  5027 .12
Utah B-570-8 - .7 9
Trisomic J - 18-17 1.68
Early Carlsberg II . 69
Bonneville 2.16
Primus II . 92
Tokak 1.17
Cal. Mariout 1953 .50
Erbet .59
Atsel 1.59
Ubamer 1.54
Kinai 5 2.60*

Significant at p = .05
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lo n g  d a y  c o n d itio n s  ( r  = »274) o r  th e  m o d e ra te  d a y  le n g th s  - ( r  = . 263) 

fo r  th e s e  fo r ty -o n e  b a r le y  v a r ie t ie s  a n d  l in e s .  E v id e n t ly , ju v e n ile  

p h e n o lo g ic a l s ta g e s  c a n n o t fce d ir e c t ly  r e la te d  to  e a r l in e s s  o f h e a d in g .

T h e  r a n k in g  am ong a c c e s s io n s  fo r  d a y s  to  h e a d in g  show s a 

h ig h ly  s ig n if ic a n t  c o r re la tio n  b e tw e e n  th e  m o d e ra te  d a y  le n g th  t r e a t ­

m en t a n d  th e  lo n g  d a y  tr e a tm e n t ( r  = .7 1 3 ) .  S e n s it iv i ty  to  p h o to ­

p e r io d ,  th e r e f o r e ,  d o es  n o t  s t r o n g ly  in f lu e n c e  th e  h e a d in g  d a te  of 

m ost v a r ie t ie s  a n d  l in e s .  A t - t e s t  o f th e  in d iv id u a l a c c e s s io n s  show s 

o n ly  f iv e  o f t i l e ;fo r ty -b r ie  v a r ie tie s"  o r  lin e s  d isp la y in g  h e a d in g  d a te s  

s ig n if ic a n tly  e a r l ie r  u n d e r  lo n g  d a y  c o n d itio n s  th a n  u n d e r  m o d e ra te  

d ay  le n g th  c o n d itio n s  (T a b le  5 ) .

E x p e rim e n t T w o . T h e  v e g e ta t iv e  a n d  f lo ra l p h e n o lo g y  of th e  

te n  v a r ie t ie s  in v e s t ig a te d  in  th e  s e c o n d  s tu d y  c h a ra c te r iz e  th e i r  e a r ly  

d ev e lo p m en t r a t e s  (F ig s .  2 , 3 a n d  4 ) .  T ab le  6 show s th e  l in e a r  a n d  

q u a d ra t ic  c o e ff ic ie n ts  o f c o r re la tio n  o f a ll te n  a c c e s s io n s  u n d e r  

m o d e ra te  a n d  lo n g  d a y  C o n d itio n sr
I

All v a r ie t ie s  e x c e p t "D icktoo" e x h ib it  good c o r re la t io n s  b e tw een  

v e g e ta t iv e  d ev e lo p m en t ( le a f  n u m b e r)  a n d  r e p ro d u c t iv e  deve lo p m en t 

(c o n d itio n  o f th e  g ro w in g  p o in t)  u n d e r  b o th  p h o to p e r io d s . "D icktoo" 

is  a  w in te r  v a r ie ty  r e q u i r in g  v e rn a l iz a t io n  a n d  p ro v id e s  a  ch ec k  

a g a in s t  th e  o th e r  v a r ie t ie s  ( s p r in g  ty p e  b a r le y s )  w h ich  do  n o t 

r e q u i r e  v e rn a l iz a t io n . T h e  s h o r te r  d a y lo n g th  c o n d itio n  w h ich  w ould
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o c c u r  s im u lta n e o u s ly  w ith , n a tu r a l  v e rn a l iz a t io n , r e s u l t s  in  a  s ig n if i­

c a n tly  h ig h e r  c o r re la tio n  a n d  p o s it iv e  r a t e  o f d ev e lo p m en t fo r  th e  

v a r ie ty  " D ick to o . "

A p p a re n tly  c o n tra d ic t in g  th e  e x p e c te d  in c re a s e  in  r a t e  of f lo ra l 

d ev e lo p m en t u n d e r  lo n g  d ay  c o n d itio n s , s e v e ra l  o f th e  s p r in g  

v a r ie t ie s  d ev e lo p  m ore r a p id ly  u n d e r  m o d e ra te  d a y le n g th  co n d itio n s  

(a s  e v id e n c e d  b y  a  t - t e s t  o f th e i r  s lo p e s .  T ab le  7 ) , F ig u re  3 

p o r t r a y s  th e  l in e a r  r e la t io n s h ip s  of a ll a c c e ss io n s  u n d e r  b o th  p h o to ­

p e r io d s  a n d  c le a r ly  d e p ic ts  th e  m ore r a p id  r a te  o f f lo ra l d evelopm en t 

u n d e r  s h o r te r  d a y le n g th  c o n d itio n s .

T h e  u s e  of q u a d ra t ic  c u rv e s  to  e x p re s s  th e  re la t io n s h ip  b e ­

tw een  g ro w in g  p o in t  f lo ra l co n d itio n  a n d  le a f  n u m b e r r e s u l t s  in  a 

b e t t e r  f i t  (h ig h e r  c o r re la tio n  c o e ff ic ie n t)  th a n  w ith  a s t r a ig h t  line  

(T a b le  6) .  T h e  q u a d ra t ic  c u rv e s  in  F ig u re  4 th e re fo re  e x p re s s  th e  

re la t io n s h ip  b e tw e e n  le a f  n u m b e r a n d  g ro w in g  p o in t b e t t e r  th a n  th e  

s t r a ig h t  lin e s  in  F ig u re  3. T he  r a te s  o f d ev e lo p m en t d e p ic te d  a re  

m ore r a p id  a t  h ig h e r  le a f  n u m b e rs  u n d e r  lo n g  d ay  c o n d itio n s  th a n  

m o d e ra te  d a y le n g th  c o n d itio n s  fo r  m ost of th e  s p r in g  v a r ie t ie s ,  in ­

c lu d in g  "F lo y a , 11 "E a rly  E e tz e s " ( C om pana d w a r f ) , " T ita n , " " P rio r , "

"S te p to e ,"  "Mari" a n d  "E s k is h ie r ."  I t  is  a lso  e v id e n t th a t  w ith  th e  

e x c e p tio n  of th e  w in te r  ty p e  "D ick to o " a n d  th e  la te  iso lin e  "Late 

C o m p an a ,"  th e  g ro w in g  p o in t a t ta in s  a n  i r r e v e r s ib ly  f lo ra l co n d itio n  

p r io r  to  o r  d u r in g  th e  f o u r th  le a f  s tag e*  D ick to o , b e in g  a w in te r



T A B L E  6

LINEAR AND QUADRATIC CORRELATION COEFFICIENTS AND 
LINEAR SLOPE FOR EARLY FLORAL AND VEGETATIVE  

PHENOLOGY OF TEN BARLEY ACCESSIONS '

L on g  D a y le n g th _________  M oderate D a y le n g th
L in ear  r S lop e Q u ad ratic  r L inear r S lop e Q uadratic  r

FIoya .900** 1 .343 .904** .875** 1 .452 .875**
Olli .794** 1 .1 2 1 .826** .870** 1 .272 .872**
E arly  B e t z e s .933** 1 .166 .942** .906** 1 .5 3 4 .946**
T itan .897** 1 .4 4 9 .926**  ■ .904** 1 ,3 9 5 .904**
P r io r .903** 1 ,3 7 5 .920** .952** 1 .5 5 1 .954**
S te p to e '. 849** 1 .3 0 4 .907** .873** 1 .1 1 9 .935**
Mgrie .7 4 6 *  ■ .8 7 4 .788** .953** 1 .3 7 9 .958**
D ick too . 065NS .013 . 187NS . .640* .207 .771**
L ate  Cqmpana .751* .620 .794** .698* .811 .778**
E s k is h ie r .798**■ 1 .0 7 1 .975** .862** 1 .0 3 7 .881**

Mean

O vera ll

.763 \  .903 .817  . .853 1 .176 .887

(In d iv id u a l
v a r ia te s )

.823
I

1 .2 1 1 .8 4 7  . .793 1 .2 0 7 .795

S ig n i f ic a n t  at. p  = .0 5  

■Significant at  p  = .0 1
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TABLE 7

DIFFERENCES IN  RATES OF DEVELOPMENT FOR THE 
TEN V A RIETIES UNDER THE TWO PHOTOPERIODS

V a rie ty
D iffe re n c e  • 
in  Slopo t  ■

F lo y a  ' . ,009 - .1 1 7
Olli .151 -1 .9 5 8  1
E a rly  B e tz e s .3$8 -4 ,773**
T ita n .054 .700
P r io r .176 -2 .2 8 3 *
S te p to e 4 8 5 2.399*
M arie ■ ,505 -A .550**
D ick too .194 -2 .5 1 6 *
L a te  C om pana .191 -2 .4 7 7 *
E s k is h ie r .034 ■ .441

*
t  s ig n if ic a n t  a t  p  = ,05 

t  s ig n if ic a n t a t  p  =?. . 01 •
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Legend: Left ax is  = growing point rating (floral) !intermediate
day o------ o; long day o-------o.

Right ax is  = number of leaves  (v eg e ta t iv e )  !intermediate
day A------ A ; Ion g day A------- A .

Bottom axis  = days after se e d in g .

4 4 ■

16 20 16 20

Early B etzes
(Compana Dwarf) Titan

• 4 4

FIGURE 2

EARLY VEGETATIVE AND FLORAL PHENOLOGY 
OF TEN BARLEY ACCESSIONS
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Legend: Left ax is  = growing point rating (floral) !intermediate
day o------ o; long day o-------o.

Right ax is  = number of leaves  (v eg e ta t iv e )  !intermediate
day A------ A; long day A------- A.

Bottom axis  = days after  se e d in g .

Prior Steptoe

■ 6 6 -

5 5-

4 4.

3 3-

2 2 -

i  I '

16 20 24 16 20

Marie

16 20

Dicktoo

---o

12 16 20

FIGURE 2 (continued)



43

L e g e n d : L e ft a x is  = g ro w in g  p o in t r a t in g  (f lo ra l)  ! in te rm e d ia te
d ay  o------ o ; long  d ay  o-------o .

R ig h t a x is  = n u m b e r o f le a v e s  (v e g e ta t iv e )  ! in te rm e d ia te
d ay  A------ A; long  d ay  A------- A.

B ottom  a x is  = d a y s  a f te r  s e e d in g .

L a te  Cornpana E sk ish ie r

— O

FIGURE 2 (c o n tin u e d )
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Floya

Early
B etzes

Prior

Marie

Late
Compana

Moderate
Day

Long Day

Olli

Titan

Steptoe

1 2 3 4 5 6 7

Dicktoo

1 2 3 4 5 6 7

Eskishier
29

FIGURE 3

LINEAR RELATIONSHIP BETWEEN VEGETATIVE CONDITION 
(LEAF NUMBER), X-AXIS, AND FLORAL CONDITION 

(GROWING POINT RA TIN G ), Y-AXIS



F1I n v a OlliAll V a r ie t ie s

E arly  B e tze s

S tep to e

1 2 3 4 5 6

Late  Compana

T itan

Marie

1 2 3 4 5 6

E sk is h ie r  29

/ ...........................
1 2 3 4 5 6

Dicktoo

L egend :

------M oderate  day
(14 h o u r s  l ig h t)

------  Long d ay
(14 h o u r s  l ig h t  p lu s  
i n t e r r u p t e d  d a r k  
p e r io d )

FIGURE 4

QUADRATIC RELATIONSHIP BETWEEN VEGETATIVE CONDITION 
(LEAF NUMBER), X -AXIS, AND FLORAL CONDITION 

(GROWING POINT R A T IN G ), Y-AXIS
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ty p e ,  e x h ib its  a  m uch  h ig h e r  c o r re la tio n  u n d e r  th e  m o d e ra te  d a y -  

le n g th  t r e a tm e n t  e v e n  w ith o u t v e rn a l is a t io n  th a n  u n d e r  th e  long  d ay  

t r e a tm e n t .

E x p e rim e n t T h r e e . T h e  f ie ld  e v a lu a tio n  of h e a d in g  d a te s  con­

d u c te d  in  E x p e rim e n t T h re e  a t  th e  B ozem an a n d  H u n tle y  E x p e rim en t 

S ta t io n s  a d d s  p a ra m e te r s  n o t  e n c o u n te re d  in  th e  c o n tro lle d  e n v iro n r  

m en ts  o f th e  g ro w th  c h a m b e r , v a ry in g  te m p e ra tu re s  a n d  p h o to p e rio d s . 

T h e  h e a d in g  d a te s  fo r  b o th  s e e d in g  d a te s  a r e  p r e s e n te d  in  T ab le  8 

fo r  B ozem an a n d  T a b le  9 fo r  H u n tle y .

T h e  co m p ariso n  o f h e a d in g  d a te s  b e tw e e n  th e  s p r in g  (e a r ly )  

a n d  th e  p o s t- s u m m e r-s o ltic e  ( la te )  s e e d in g s  is  show n in  T ab le  10. 

T h o u g h  th e  m ean o f a ll a c c e s s io n s  is  c o n s id e ra b ly  lo w er fo r  th e  la te  

s e e d in g  a t  B ozem an, th e  h ig h  s ig n if ic a n t  c o rre la tio n  ( r  = .815) in d i-
I

c a te s  a  s im ila r ity  in  th e  r a n k in g  of d a y s  to  h e a d in g  am ong th e  

a c c e s s io n s  b e tw e e n  th e  tw o se e d in g  d a te s ;  T he  p o p u la tio n  m eans a t  

H u n tle y  a r e  v e r y  s im ila r fo r  th e  e a r ly  a n d  la te  s e e d in g s .  T h e  

c o r re la tio n  c o e ff ic ie n t o f r  = .7 1 1 , th o u g h  s ig n if ic a n t ,  is  low er th a n  

th a t  fo r  th e  B ozem an s e e d in g s  a n d  p o s s ib ly  in d ic a te s  m ore v a r ia tio n  

in  th e  r a n k in g  o f d a y s  to  h e a d in g  am ong ac c e ss io n s  fo r  th e  two 

s e e d in g s  a t  H u n tle y .

P h o to p e rio d  (s e e d in g  d a te )  a p p a re n t ly  does n o t  c h a n g e  th e  - 

r a n k in g s  o f th e  h e a d in g  d a te s  o f th e  v a r ie t ie s  a n d  l in e s .
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MEAN DAYS TO HEADING: BOZEMAN

TABLE 8

V a rie ty E arJy  S eed in g L a te  S eed in g

C om pana 62 .0 36.0
H o rs fq rd 61 .5 45.5
A rim ont 67 .5 40 .5
A tla s  68 57 .0 36.5
A th e n a is 54,0 40 .5
S te p to e 62 .0 37.0
G alt 64 .0 38.5
U n ita n 62; 5 36 .0
E s k is h ie r  I 63 .5 38 .0
E s k is h ie r  2 71 .0 n o  h e a d in g
A ttilis 54 ,5 37.0
H ec to r 66,0 39.5
D ekap 62 .5 39.0
G lac ier 58 .0 37.5
G atew ay 56 .5 32.5
E rb e t 57 ,5 33.0
P r io r 55 .0 30.0
B r ig g s 57 .0 38.0
F loya 56 .0 32.0
R a d sk o rn 55 ,0 30.5
M orocco '' 55 .0 38.0
C . I .  6625 55.5 30.0
E d d a  . 57 .0 33.0
Olli 58 ,0 33,0
B e e c h e r 55 .0 36.5
M ars 61 .0 37.0
V an tag e 64 .5 41.0
C a r ls b u rg  II 69 ,5 43.5
C a r ls b u rg  I I  - VVII 60 .5 35,5
C a r ls b u rg  I I  - VVII 63 .5 35.0
C a r ls b u rg  II  - VVIJ 63 ,5 34.0
C a r ls b u rg  I I  - VVII 64 .0 36,5
C a r ls b u rg  I I  - VVII 68.0 42,5
C a r ls b u rg  I I  - V V II, la te 60 .5 35.0
C a r ls b u rg  I I  - V V II, la te 68.0 43.5
C a r ls b u rg  I I  - VVII 68.0 44.5
F re ja 64 .5 40 .0
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TABLE 8 (continued)

Variety Early Seeding Late Seeding

V a n ta g e  x  7 F re ja 60 .0 32.0
V a n ta g e  x  7 F re ja 59 .0 33.5
V a n ta g e  x  7 F re ja 59 .5 34.0
V a n ta g e  x  7 F re ja 57 .5 3 2 . 5
V a n ta g e  x  7 F re ja 65 .5 40.0
V a n ta g e  x  7 F re ja 65 .0 39.0
V a n ta g e  x  7 F re ja 65 .0 40.0
M unsing 60 .0 35,5
G igas 6 9 . 5 n o  h e a d
E a rly  B e tz e s 57 .5 32.0
E a rly  B e tz e s 59 .0 33.0
L a te  C om pana ( e r t  D) 69 .5 43.0
L a te  C om papa (lb ) 6 8 . 0 40.0
L a te  C om pana ( I B 3) 68 .5 41.5
L a te  C om pana ( e r ta ) 69 .0 39.5
S p a r ta n  C . I .  50.27 6 0 , 5 35,5
U tah  B-5708 60 ,0 41.0
.Tammi C . I .  8345 58 .5 34.0
T risom ic  J - 18-17 58 .0 32.5
E a rly  C a r ls b u rg  I I 61 .0 35.5
B o n n ev ille 68.0 42.0
I n g r id 68 .5 42.5
P rim u s TI 57 .5 3 3 . 0
T okak- 61 .0 36.5
C o ast 63; 5 41.0
F ro n tie r 67 .0 44.0
C a l. M ariou t 55 .5 35.0
CM 67 55 .5 35.0
W ashonupana 63 .5 39.5
C a r ls b u rg  II 6 4 . 5 42.5
A tse l 5 4 . 5 30.5
U bagier 61 .0 36.0
P iro lin e 65 .0 4 2 . 0
K inai 5 61 .5 36 LO
K lages - 67 .0 42.0
Summit 67.5 42.0
T ita n 64 .0 37.5
T ita n  e a r ly 59.0 34, 5
T ita n  e a r ly .5 9 .5 - 34,0
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TABLE 8 (continued) '

V ariety Epxly Seeding Late Seeding

T ita n  d e r iv e d  
T ita n  d e r iv e d  
T ita n  d e r iv e d  
T ita n  med« la te  
T ita n  la te  
T ita n  v e r y  la te  
A lb ino  lemma 
H o r s f o r d .
A lb ino  lemma 
E a rly  B e tz e s  
M arie 
B o n u s  
E rb e t  
B e tz e s  •
E a r ly . B e tz e s  
E a rly  B e tz e s  ■
V a n ta g e
H an n ch en
T ita n
T ita n
T ita n
H o rs fo rd
T ita n
T ita n
T ita n
Titan,
B e tz e s ; e a r ly  
B e tz e s , la te  
RM D w arf
F7 x  F7 x  4 B e tze s ;, e a r ly  
C om pana d w arf  
C om pana d w a rf  B e tz e s  
P r io r
E a rly  B e tz e s  
S h a b e t 
E r s h a b e t  -

61 .5 36.5
6 3 ,5 36.0
63 .0 38.0
66. 5 42.0
67 .5 43 .0  ■ .
69 .0 45.0
61 .0 36.5
61 .5 n o  h e a d in g
69.0 38.5
59 .0 33.0
58.0 34.0
69 .0 43.0
59 .0 33.0
65 .5 40 .5
58 .5 33.0
58.0 33,5
64 .5 39.0
63 .0 37,5
59 .5 34.0
59 .0 34.5
60 .5 36 .0
61 ,5 po  h e a d in g
66 .5 42.0
64 .0 41.5
67 .5 42.0
66.0 41.5
58.5 35.0
64 ,5 40.5
60 ,0 35.5
59.0 32.5
58.0 32.0
64 .0 40.0
56 .0 29.0
61 .5 37.0
67 .5 41.5
59,0 32.0
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MEAN DAYS TO HEADING: . HUNTLEY,

TABLE 9

V a rie ty  E a r l y . S eed in g  L a te  S eed in g

C om pana
H o rs fo rd
A rim ont
A tla s  68
A th e n a is
S te p to e
G alt
U n ita n
E s k is h ie r  I
E s k is h ie r  2
A tti lis
H e c to r
D ekap
G lac ie r
G atew ay
E rb e t
P r io r
B r ig g s
F loya
R a d sk o rn
M orocco
C . I .  6625
E d d a
Olli
B e e c h e r  
M ars 
V a n ta g e  
C a r ls b u rg  II  
C a r ls b u rg  I I  -  VVII 
C a r ls b u rg  I I  -  V V II ■ 
C a r ls b u rg  I I  -  VVII 
C a r ls b u rg  I I  -  VVII 
C a r ls b u rg  I I  -  VVII 
C a r ls b u rg  II  -  V V II, Ia fe  
C a r ls b u rg  II  -  VVII., la te  
C a r ls b u r g  I I  -  VVII 
F re ja

49 .5 48 .5
51 ,5 —  —

59.5 61.5
46 .0 5 1 .0
42 .0 47.0
50 .0 50.0
52 ,5 54 .5
50 .5 49.5
61 .5 51.5
63 .0 --------

42,0 47.5
6 0 .5 65,5
53 .0 53.0
48 ,0 57.0
49 .0 45.0
46 .0 45.0
42 .0 44.0
4 6 .0 48,0
49 .5 49. 0 '
46 .5 46.5
47 .5 48 ,0  ■
42 .0 43.0
48 .0 48.5
49 ,0 50.5
43 .0 49.0
51.0 51,5
59:0 56:0
63 .5 67.5
49.5 48.5
49 .0 51.0
49 .0 46.0
50 .5 4 8 .5 '
63 .5 65.0
50.5 50.0
63 .0 66 .5
61 .5 68.5
61.0 49.0
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TABLE 9 (contiTiued)

Variety Early Shading Late Seeding

V a n ta g e  x  7 F re ja 46 .0 44.5
V a n ta g e  x  7 F re ja 4 7 ,0 44 .5
V a n ta g e  x  7 F re ja 47 ,0 44 .5  •
V a n ta g e  x  7 F re ja 4 5 ,5 45 .0
V a n ta g e  x  7 F re ja 59 .0 51.0
V a n ta g e  7 F re ja 53 .0 51,5
V a n ta g e  x  7 F re ja 56 .0 53.0
M unsing 49 ,0 46.0
G igas 64 .0 "
E a rly . B e tz e s 46 .0 45 ,0
E a r ly  B e tz e s 47 .0 45 ,0
L a te  C om pana ( e r f  D) 6 4 ,0 58,0
L a te  C om pana ( lb ) 61 .5 56.0
L a te  Copapana ( I B 3) 6 1 .0 54.5
L a te  C om pana ( e r ta ) 6 4 .0 65 ,5
S p a r ta n  C , l ,  5027 50 .0 47; 0
U tah  B -5708 51 ,0 54.0
Tammi G .I .  8345 49; 5 50.5
T risom ic  J - 18^-17 . 46 .5 44 .0  '
E a r ly  C a r lg b u rg  I I 4 9 ,5 48 ,0
B o n n ev ille 6 1 ,5 53,5
I n g r id 58 ,0 57,0
P rim u s  TI 49 .0 45 .0
T o k a k ■ 49 .5 45 .5
C o a s t 51 .5 64.0
F ro n tie r 58 .0 64.5
C a l. M ariou t 43 ,0 44.5  1
CM 67 43 .0 48.0
W ashO nupana . 52 ,5 53.0
C a r ls b u rg  I I  . 59 .5 65 .0
A tse l 42 .0 43,0
U bam ber 51 ,0 51 .5
P iro lin e 57 .5 56,0
K inai 5 49 .0 44'. 5 •
K lag es 60 .0 65 .5
Sunamit 60 .5 62.5
T ita n 51 .0 55,0
T ita n  e a r ly 46 .0 4 4 ,5 -
T ita n  e a r ly 47 .0 45 .0
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TABLE 9 (continued)

V a rie ty E a r ly  S eed in g L a te  S eed in g

T ita n  d e r iv e d 51. 5 49.0
T ita n  d e r iv e d 51 ,0 ' 50.5
T ita n  d e r iv e d 51.5 52.5
T ita n  m ed . la te 57 .0 58.0
T ita n  la te 57 .0 58.5
T ita n  v e r y  la te . 61 .5 62 .5
A lbino  lemma 50.0, 46.0
H o rs fo rd 51.5 —
A lb ino  lemma 60 .5  . 6 7 . 0
E a rly  B e tz e s 48 .0 45 .0
M arie 47 .0 45.0
B o n u s 61 .5 67.0
E rb e t 49 .0 45 .0
B e tz e s 58,-0 56.5
E a rly  B e tz e s 47 .0  . -■ , 4 5 . 5
E a rly  B e tz e s 47 .0 45.0
V an tag e 55 .0 50.0
H a n n ch en : 50 .5 50.5
T ita n 4 8 . 0 44 . 0
T ita n 47 .0 45.0
T ita n 50 .5 50.0
H o rs fo rd 51.5 —

T ita n 59 .0  • ■ 58.5
T ita n 59 .0 58.5
T ita n 59 .0  . 62 .5
T ita n 57.0 56.5
B e tz e s » e a r ly 47 .0 45 .5
B e tz e s , la te 59 .5 57.0
RM D w arf 49 .5 44.5
F7 x  F7 x  4 B e tz e s ,  e a r ly 47 .0 45.0
C om pana d w a rf 46 .0 4 4 . 5
C pm pana d w a rf  B e tz e s 57 .0 49.5
P r io r 43 .5 45.0
E a rly  B e tz e s 50 .0 48.5
S hab  e t 60 .5 55.0
E rs h a b e t 46 ,5 52.0
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t a b l e ; io

RELATIO N SHIP BETWEEN HEADING DATE RANKINGS 
FO R EARLY AND LATE SEED IN GS: 

BOZEMAN AND HUNTLEY

Bozem an
D ays to  H ead in g

E a r ly  S eed in g L a te  S eed in g

Mean 61 .8 i ■ 37.2

S ta n d a rd d ev ia tio n 4 .3
r

3 .9

r  = .815

.. ■ » H u n tle y
P a y s  to  H ead in g  ■;

E a rly  S eed in g L a te  S eed in g

Mean 52.0 51.7

S ta n d a rd d ev ia tio n 6 .2 7 .0

V = .711
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S in ce  th e  p h o to p e r io d s  fo r  B ozem an a n d  H u n tle y  a re  n e a r ly  

id e n tic a l ,  d if fe re n c e s  in  h e a d in g  d a te s  fo r  a p a r t ic u la r  se e d in g  m u st 

b e  a s c r ib e d  to  te m p e r a tu r e .o r  o th e r  e n v iro n m e n ta l f a c to r s .  T he  p o p u ­

la tio n  Hipan a t  H u n tle y  is  low er th a n  a t  B ozem an, 52 .0  a n d  61 .8  d ay s  

r e s p e c t iv e ly ,  fo r  th e  e a r ly  s e e d in g , b u t  th e  c o r re la t io n , r  = .932 

(T a b le  IT ) , in d ic a te s  a h ig h  d e g re e  of s im ila rity  in  h e a d in g  d a te  

r a n k in g  am ong th e  a c c e s s io n s  b e tw e e n  th e  tw o lo c a tio n s . T h e  la te  

se e d in g  r e s u l t e d  in  a p o p u la tio n  m ean heacfing d a te  of 51 ,7  d ay s  a t 

H u n tle y  a n d  37 .2  d a y s  a t  Bozem an (T a b le s  8 a n d  9 ) . A gain  th e  h ig h  

c o r re la t io n ,  r  =; .8 3 0 , in d ic a te s  a  s im ila r ity  b e tw ee n  th e  h e a d in g  d a te  

r a n k in g s  a t  B ozem an a n d  H u n tle y . T e m p e ra tu re  is  a p p a re n t ly  a f fe c t­

in g  all v a r ie t ie s  a n d  lin e s  s im ila rly .

In  b re e d in g  p ro g ra m s  a n d  p h y s io lo g y  r e s e a r c h  p ro b lem s i t  is  

f r e q u e n t ly  u s e fu l  to  s tu d y  as  m any p la n t  g e n e ra tio n s  as  p o s s ib le . To 

do so i t  is  im p o r ta n t to  u n d e r s ta n d  how  th e  p la n ts  b e h a v e  in  d if­

f e r e n t  e n v iro n m e n ts , in c lu d in g  f ie ld , g re e n h o u s e  a n d  g ro w th  ch am b er, 

so  th a t  s tu d ie s  c o n d u c te d  in  d if f e r e n t  e n v iro n m en t^  m ay b e  re la te d  

to  one a n o th e r .

T h i r ty - th r e e  of th e  v a r ie t ie s  a n d  lin e s  s tu d ie d  in  th e  f i r s t  e x ­

p e r im e n t w e re  common fo th e  B ozem an a n d  H u n tle y  f ie ld  t r ia ls  an d  

s u c c e s s fu lly  com ple ted  h e a d in g  in  b o th  e n v iro n m e n ts  (T a b le  12). T he  

re la t io n s h ip  b e tw e e n  th e  h e a d in g  d a te s  o f th e  e a r ly  B ozem an se e d in g  

a n d  th e  m o d e ra te  d a y le n g th  g ro w th  ch am b er s tu d y  e x h ib its  a
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TABLE 11

RELA TIO N SHIP BETWEEN HEADING DATE RANKINGS 
A T BOZEMAN AND HUNTLEY: . .
EARLY AND LATE SEEDINGS

E a rly  S e e d in g  .
D ay s to  H ead in g

H xm tley Bozem an

Mean 5 2 .0  . 61 .8

S ta n d a rd d ev ia tio n 6 .2 4 .3

,
r  = .932

- , ' : t i L a te  S e e d in g
D a y s  to  H ead in g -

H u n tle y Bozem an

Mean 51 .7 : 37.2

S ta n d a rd d ev ia tio n 7 .0 3 .9

r  = .830
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HEADING DATES FOR VARIETIES PAIRED IN GROWTH 
CHAMBER AND FIELD TRIALS

TABLE 12

Moderate Day_________  __________Long Day
Variety G . C . * B o z . E. H un. E. G .C . B o z . L. H un. L

Compana 44 .0 62 .0 49 .5 38.5 36 .0 48.5
Atlas 68 60.5 57.0 . 46 .0 40.5 36.5 51.0
A thenais 47 .5  ■ 54.0 42 .0 40.5 40 .5 47.0
Steptoe 58.5 62 .0 50.0 47.5 37.0 50.0
Unitan 52.0 62 .5 50.5 42.5 36.0 49.5
E sk ish ier  29 46.5 63.5 61 .5 44.0 38.0 51.5
Attilis 49.5 54.5 42 .0 51.5 37.0 47.5
Gateway 51.5 56.5 49 .0 . 44.5 32.5 45.0
Erbet 37 .0 ■' 57.5 46 .0 37.0 33.0 45.0
Prior 35.0 55.0 42 .0 34.5 30.0 44.0
Marie 45 .0 58.0 47 .0 40.5 34.0 45.0
Floya 4Q.5 56.0  : 49 .5 39.0 32.0 49.0
Radskorn 42 ,5 55.0 46 .5 42,5 30 .5 46.5
Morocco 44 .0 55.0 47 .5 37.0 38 .0 48.0
C .I .  6625 37.0 55.5 42 .0 35.0 30 .0 43.0
Edda 62 .0 57.0 48 .0 44.5 33 .0 48.5
B eech er 44 .0 55.0 43 .0 40.5 36 .5 49.0
Titan early  

(gatew ay) 47 .5 59.0 46 .0 37.0 34 .5 44.5
Munsing 42.5 60 .0 49 .0 42.5 35 .5 46,0
H annchen early 42 .0 59.0 47 .0 35.0 34.5 45,0
Early Freja 40 .5 59.0 47 .0 33.5 33 .5 44.5
Early B e tzes

( Compana dwarf) 37 .0 57.5 46 .0 37.0 32 .0 45.0
Early B e tz e s

(Hanhchen dwarf) 50.5 59.0 47 .0 44.5 33 .0 45.0
Early B e tzes  

(O range lemma) 39.0 58.5 47 .0 41.0 33 .0 45.5
Late Compana lb 59 .5 68.0 61 .5 42.5 40 .0 56.0
Utah B -570-8 52 .5 60 .0 51.0 48.0 41 .0 54.0
Early C arlsburg  II 42; 5 61.0 49 .5 38.5 35 .5 48.0
Bonneville 51.0 68 .0 61 .5 42.5 42 .0 53.5
Tokak 49 .5 61 .0 49 .5 46.0 36 .5 45.5
Cal. Mariout 1953 44.0 55.5  • 43 ,0 40.5 35 .0 44.5
Erbet 37 .0 59.0 49 .0 35.5 33 .0 45.0
A tsel 42 .5 54.5 42 .0 32.5 30 .5 43.0
Kinai 5 44 .5 61.5 49 ,0 40.5 36 .0 44.5

*
. Heading dates  in growth chamber s tu d y  are for the f ir s t  plant in a pot,  

not for the mean of the  pot as p resen ted  in Experiment One,
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c o rre la tio n  c o e ff ic ie n t o f o n ly  .367  (T a b le  13 ). T h u s ,  th e  g ro w th  

c h am b er does n o t seem  to  p r e d ic t  v e r y  a c c u ra te ly  th e  r a n k in g  of 

h e a d in g  d a te s  in  th e  e a r ly  s p r in g  B ozem an s e e d in g . T h e  o rd e r  of 

h e a d in g  am ong a c c e s s io n s  in  th e  la te  B ozem an p la n tin g  is  m ore acc u ­

r a te ly  p o r t r a y e d  b y  th e  lo n g  d ay  g ro w th  ch am b er t r e a tm e n t  ( r  = 

.489) b u t  th e  p r e d ic t iv e  p o w er is  s t i l l  fa ir ly  low (T a b le  13 ).

T h e  r e la t io n s h ip  b e tw e e n  th e  e a r ly  H u n tle y  se e d in g  a n d  th e  

g ro w th  c h am b er m o d e ra te  d a y le n g fh  tr e a tm e n t is  e q u a l ( r  = . 387) 

to  th e  p re v io u s ly  d is c u s s e d  B ozetnan re la t io n s h ip .  T h e  H u n tle y  la te  

se e d in g  e x h ib its  a s l ig h t ly  c lo se r  re la t io n s h ip  w ith  th e  lo n g  d ay  .,
t

g ro w th  c h am b er t r e a tm e n t  ( r  = . 500) (T a b le  13).

T h o u g h  n o n e  of th e s e  c o r re la tio n s  is  e sp e c ia lly  s t r o n g  all a re  

s ig n if ic a n t  a t  th e  p  = .05  le v e l o r  b e t t e r .  T h o u g h  c a u tio n  sh o u ld  b e  

ta k e n  in  in te r p r e t in g  th e  p lo sen ess  of th e  re la tio n s h ip  b e tw e e n  th e  

o rd p r  of h e a d in g  in  th e  f ie ld  a n d  th e  a p p ro p r ia te  g ro w th  cham b er 

t r e a tm e n t ,  th e  r e la t io n s h ip s  a re  s ta t is t ic a l ly  s ig n if ic a n t .
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TABLE 13

RELATIONSHIP BETWEEN GROWTH CHAMBER AND 
FIELD TRIAL HEADING DATES

Growth. Chatqber Bozeman Coefficient of
Long Day Late Seeding Linear Correlation (r)

Mean
Standard deviation

40.5  
4.44 '

35.0  
3.14 . .489**

Growth Chamber Bozeman
Interm ediate Day Early Seeding

Mean 46.0 58.7 .367*Standard deviation 7.13 3.57
Growth Ohqmber Huntley

Long Day Late Seeding
Mean 40.5 47.2 .500**Standard deviation 4.44 3.25

Growth Chamber Huntley
Interm ediate Day Early Seeding

Mean ■ 46.0 48.1 . .387*Standard deviation. 7.13 5.10

*
Significant at p = ..05

* *
• Significant at p = .01



SUMMARY

T h e  e v a lu a tio n  o f s ix ty - e ig h t  a c c e s s io n s  of b a r le y ,  in c lu d in g  

v a r ie t ie s  a n d  lin e s  r e p r e s e n t in g  a  w ide r a n g e  of e a r l in e s s  to  h e a d in g , 

in  g ro w th  ch am b er p h o to p e rio d s  of fo u r te e n  h o u rs  (m o d e ra te  d a y -  

le n g th )  a n d  fo u r te e n  h o u rs  w ith  a  b ro k e n  d a rk  p e r io d  (lo n g  d a y -  

le n g th )  d e te c te d  s ig n if ic a n t  re a c tio n s  to  p h o to p e rio d  fo r  d a y s  to  

h e a d in g  in  o n ly  f iv e  a c c e s s io n s . M ore v a r ia b il i ty  w as e v id e n t in  ju v e ­

n ile  v e g e ta t iv e  p h e n o lo g y  th a n  in  h e a d in g  p h en o lo g y  a n d  th e  a c c u ra c y  

of p re d ic t in g  th e  r a n k in g  o f h e a d in g  in  a  p o p u la tio n  of b a r le y  a c c e s ­

s io n s  is  th e r e b y  lim ite d .

T h e  in v e s t ig a t io n  o f v e g e ta t iv e  a n d  f lo ra l p h e n o lo g y  in  te n  

b a r le y  a c c e s s io n s  of v a ry in g  m a tu r ity  h a b i ts  show s a c o n s is te n t  and 

s ig n if ic a n t  c o r re la tio n  b e tw e e n  le a f  n u m b e r a n d  ap ica l f lo ra l o rg a n o ­

g e n e s is  in, a ll o f th e  s p r in g  v a r i e t i e s ; T h e  w in te r  v a r ie ty  s tu d ie d  

w as n o t  v e rn a l iz e d  a n d  d id  n o t ,  th e r e f o r e ,  a t ta in  a f lo ra l co n d itio n . 

D if fe re n c e s  ■ in  r a t e  o f d ev e lo p m en t w e re  m ore a c c u ra te ly  d e p ic te d  b y  a 

q u a d ra t ic  th a n  a l in e a r  fu n c t io n . E x c e p t fo r  th e  w in te r  b a r le y  a n d  a 

la te  s p r in g  iso lin e  all v a r ie t ie s  a t ta in e d  an  i r r e v e r s ib le  f lo ra l co n d i­

tio n  p r io r  to  o r  d u r in g  th e  fo u r th  le a f  s ta g e .

T h e  f ie ld  e v a lu a tio n  of 112 b a r le y  v a r ie t ie s  a n d  iso lin e s  show ed  

a s ig n if ic a n t  s im ila r ity  in  h e a d in g  d a te  ra n k in g s  b e tw e e n  tw o geo­

g ra p h ic  lo c a tio n s  a n d  fo r  s p r in g  a n d  p o s t- su m m e r-sp ltic e  see  d in g s .

T h e  r e a c tio n  of th e  p o p u la tio n  a t  tw o d if f e r e n t  g e o g ra p h ic  lo ca tio n s
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to  d if fe r in g  p h o to e n v iro n m e n ts  in d ic a te s  th a t  th e  a c c e s s io n s  beha.vq 

s im ila rly  ( in  r e s p e c t  to  th e  • p o p u la tio n  m eans) to  b o th  d a y le n g th  a n d  

te m p e ra tu re .  P a ire d  p lo t co m p ariso n s  b e tw e e n  f ie ld  t r i a l s  a n d  g ro w th  

ch am b er tr e a tm e n ts  r e s u l t e d  in  low , b u t  s ig n if ic a n t c o r re la tio n s  in  

d a y s  to  h e a d in g  fo r  b o th  e n v iro n m e n ts . R e la tiv e  h e a d in g  d a te  r a n k ­

in g s  w e re  s ig n if ic a n tly  r e la te d  b e tw e e n  th e  f ie ld  a n d  g ro w th  cham b er 

s tu d ie s ,  b u t  th e  s ta t is t ic a l  r e la t io n s h ip s  in d ic a te d  th a t  c a u tio n  sh o u ld  

b e  e x e rc is e d  in  in te r p r e ta t io n  of th e  h e a d in g  d a te  r a n k in g s  in  m aking  

p re d ic t io n s  from  p ne  e n v iro n m e n t to  a n o th e r .

M ore d e ta ile d  sp e c if ic  v a r ie ta l  a n a ly se s  w ould  p ro b a b ly  b e  u se fu l 

in  c la r ify in g  th e  exact, p re d ic t iv e  r e la t io n s h ip s  fo r  h e a d in g  d a te  - 

r a n k in g s  in  d if f e r e n t  e n v iro n m e n ts .
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