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1 .
INTRODUCTION

For a  l o n g  t im e  l i g h t  has  boon rooogn izod  a s  b e i n g  ona 

o f  t h e  m a jo r  f a c t o r s  i n f l u e n c i n g  t h e  g row th ,  fo rm ,  and d i s 

t r i b u t i o n  o f  v e g e t a t i o n *

The f i r s t  s t u d i e s  co n o e m ed  t h e  e f f e c t s  o f  o r d i n a r y  d ay -  

l i i ^ t  on p l a n t  fo rm  and a s  e a r l y  a s  1835 M irb e l  found t h a t  

p o re s  ( th e n  c a l l e d  s to m ata )  would d e v e lo p  o n ly  on t h e  l i g h t e d  

s i d e  o f  t h e  l e a f  o f  ! ; Ia rchan t ia .  About 1862 Sachs r e l a t e d  t h e  

r a t e  o f  p h o t o s y n t h e s i s  t o  t h e  i n t e n s i t y  o f  l i ^ t  and f rom  t h a t  

t ime t o  t h e  p r e s e n t  th e  e f f e c t s  o f  l i ^ t  have  b een  s t u d i e d  

v e ry  i n t e n s i v e l y *

L a t e r  t h e  r e a l i z a t i o n  dev e lo p ed  t h a t  th e  d i f f e r e n t  wave 

l e n g t h s  o f  l i g h t  mi g i t  c a u s e  t h e  p l a n t  t o  r e a c t  d i f f e r e n t l y  

and much work h a s  been  done dem o n s t ra t in ;^  t h a t  t h e  e f f e c t s  o f  

l i g h t  a r e  caused by i t s  component r a y s ,  each a f f e c t i n g  t h e  

p l a n t  i n  a d i f f e r e n t  manner*

P r o g r e s s  i n  t h e  s tu d y  o f  l i ^ t  e f f e c t s  p r o b a b l y  d eve loped  

a t  a b o u t  t h e  same pace  a s  t h e  deve lopm ents  i n  t h e  p h y s i c a l  

s t u d y  o f  l i g h t *  C e r t a i n l y  i t  o o u ld  n o t  go f a s t e r *  There  ex

i s t s  even  now a g r e a t  need f o r  a  s i n g l e  i n s t r u m e r t  w h ich  w i l l  

a u t o m a t i c a l l y  r e co rd  t h e  i n t e n s i t y  and d u r a t i o n  o f  11 ^ t  waves 

o f  d i f f e r e n t  l e n g t h s  s i m u l t a n e o u s l y ,  and i t  w i l l  be  t h e  p a r t  

o f  t h e  p h y s i c i s t  w i t h  h i s  knowledge o f  t h e  fu n d a m e n ta l s  i n v o l v 

ed to  d ev e lo p  such  a n  in s t ru m e n t*
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The n a tu r e  o f  s o l a r  r a d i a t i o n  i s  even  now but l i t t l e  

understood* I t  i s  not c o n s ta n t  e i t h e r  i n  d u r a tio n #  i n t e n s i t y #  

or q u a l i t y #  due t o  a l t e r n a t i n g  p e r io d s  o f  n ig h t  and day# to  

s e a s o n a l  changes# c lo u d s  and o th e r  a tm o sp h er ic  c a u d i t i o n s , a s 

p ect#  and d i f f e r e n c e s  in  e l e v a t io n *  Due t o  t h e  f i l t e r i n g  e f 

f e c t s  o f  th e  atm osphere t h e  q u a l i t y  o f  l i # i t  v a r i e s  g r e a t l y  

at d i f f e r e n t  e l e v a t i o n s .

I n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  l i g h t  upon  p l a n t s  i t  b e 

came i n c r e a s i n g l y  e v i d e n t  t h a t  t h e  i l l u m i n a t i o n  s h o u ld  be  con

s t a n t  a  13d o f  known and r e p r o d u c i b l e  d u r a t i o n #  i n t e n s i t y  and 

q u a l i t y .  To t h i s  e r d  t h e  i n c a n d e s c e n t  lamp h a s  come i n t o  gen

e r a l  u s e  and much p r o g r e s s  h a s  been  made i n  t h e  l a s t  d e c a d e  

i n  t h e  s t u d y  o f  l i g h t  e f f e c t s *

S in c e  the  e f f e c t s  o f  l i g h t  upon  v e g e t a t i o n  h a v e  formed 

t h é  f o u n d a t i o n  o f  t h e  p r a c t i c e  o f  s i l v i c u l t u r e  by f o r e s t e r s ,  

l a b o r a t o r y  s t u d i e s  b y  t h e  u s e  o f  a r t i f i c i a l  l i g h t  on t h e  g e r 

m i n a t i o n  and g ro w th  o f  s e e d s  and s e e d l i n g s ,  s u c h  a s  used  i n  

f o r e s t  n u r s e r i e s  o r  found i n  t h e  n a t u r a l  f o r e s t ,  m i ^ t  b r i n g  

now e v i d e n c e  w hich  may s u b s t a n t i a t e  t h e  p r e s e n t  p r a c t i c e s  o r  

show c a u s e  t o  m a t e r i a l l y  a l t e r  th em .

To d a t e  two s c h o o l s  o f  t h o u g h t  h a v e  d e v e l o p e d ,  one l e d  

by Weaver and C lem en ts  (1929) f o l l o w s  t h e  o r i g i n a l  t h e o r y  

t h a t  t h e  l i m i t  ing f a c t o r  i n  f o r e s t  r e p r o d u c t i o n  and g ro w th  i s  

l i g h t ;  w h i l e  t h e  o t h e r  g ro u p  l e d  b y  Tourney (1928) c l a i m s  t h a t  

t h e i r  e z p e r i m e n t s  show w i t h  e q u a l  c o n c l u s i v e n e s s  t h a t  m o i s t u r e
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i s  t h e  l i m i t i n g  f a c t o r .  P e a r s o n  (1930)  i s  p r o b a b l y  one o f  t h e  

f i r s t  o f  t h e  r e c o g n i z e d  a u t h o r i t i e s  t o  show t h a t  n e i t h e r  one 

i s  a t  a l l  t i m e s  t h e  l i m i t i n g  f a c t o r .

P a s t  w ork  h a s  shown t h a t  the  g e r m i n a t i o n  o f  some s e e d s  

may b e  e n t i r e l y  p r o h i b i t e d  by  l i g h t  and  o t h e r s  w i l l  g e r m i n a t e  

o n ly  i n  t h e  p r e s e n c e  o f  l i g h t *  I t  h a s  b e e n  t h e  a im  o f  th e  

a u t h o r  i n  t h i s  p a p e r  t o  show two t h i n g s :  f i r s t ,  t h e  e f f e c t  o f

l i g h t  on t h e  g e r m i n a t i o n  and e a r l y  g ro w th  o f  c e r t a i n  s e e d s  and 

s e e d l i n g s ;  s e c o n d ,  t h e  e f f e c t s  o f  t h e  q u a l i t y  and q u a n t i t y  o f  

l i g h t  on t h e  ana tom y o f  t h e  s e e d l i n g s .

The w r i t e r  g r a t e f u l l y  acknow ledges  t h e  p e r s o n a l  i n t e r e s t  

o f  P r o f e s s o r  D o r r  S k e e l s  o f  t h e  S ch o o l  o f  F o r e s t r y  u n d e r  whose  

d i r e c t i o n  t h e  w o rk  was done* E s p e c i a l  c r e d i t  i s  due P r o f e s s o r  

J .  V7* S e v e r y  o f  t h e  D epar tm en t  o f  B o tan y  v; i t  h out whose a d v i c e  

and g e n e r o s i t y  i n  a l l o w i n g  t h e  w r i t e r  t h e  f u l l  u s e  o f  t h e  h i s 

t o l o g i c a l  l a b o r a t o r y  and e q u ip m e n t ,  t h e  a n a t o m i c a l  p o r t i o n  o f  

t h i s  work c o u l d  n o t  hav e  b e e n  a c c o m p l i s h e d .  The w r i t e r  i s  a l s o  

i n d e b t e d  t o  S, Gr* H ib b en  o f  t h e  W e s t in g h o u s e  Lamp Company f o r  

i n f o r m a t i o n  r e l a t i v e  t o  t h e  i n t e n s i t y  and s p e c t r a l  q u a l i t y  o f  

t h e  i l l u m i n a t i o n  u sed  i n  t h e  e z p e r i m m t .
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HISTOHCAL

One o f  t h e  e a r l i e s t  r e f e r e n c e s  on t h e  f o r m a t i v e  i n f l u e n c e  

o f  l i g h t  i s  r e p o r t e d  b y  S ach s  (1882) w here  h e  s t a t e s  t h a t  Mir

b e l ,  i n  1836 ,  found t h a t  M archant  i a  w i l l  d e v e l o p  s t o m a t a  o n ly  

on t h e  l i g h t e d  a i d e  o f  t h e  l e a f .  Sachs s t a t e s  t h a t  l i g h t  r e 

t a r d e d  g r o w t h ,  due  p e r h a p s  t o  t h e  i n c r e a s e d  t r a n s p i r a t i o n  and 

a  l e s s e n e d  t u r g e s c e n c e  i n  t h e  c e l l s .  He s a y s  f u r t h e r  t h a t  

e t i o l a t e d  p l a n t s  i n  d a r k n e s s  t r a n s p i r e  a t  a  lo w e r  r a t e  t h a n  do 

g r e e n  p l a n t s  i n  l i g h t  and t h e  d e c r e a s e  i n  t h e  t r a n s p i r a t i o n  r a t e  

b r o u g h t  a b o u t  when p l a n t s  a r e  k ep t  i n  a n e a r l y  w a t e r  s a t u r a t e d  

chamber e x e r t s  a  marked i n f l u e n c e  upon  t h e  form  and s t r u c t u r e  

even  i n  l i g h t *  The a n a t o m i c a l  c h a r a c t e r s  o f  e t i o l a t e d  p l a n t s  

a r e  (%uite l i k e  t h o s e  o f  p l a n t s  grown i n  l i g h t  bu t  i n  w a t e r  s a t 

u r a t e d  a i r .

A c c o rd in g  t o  P f e f f e r  (1897) G o d lew sk i ,  i n  1879,  o b t a i n e d  

n o r m a l  p l a n t s  i n  t h e  p r e s e n c e  o f  l i ^ t  b u t  i n  t h e  ab s e n c e  of 

c a r b o n  d i o x i d e .  Thus l i g h t  o f  t h e  s h o r t e r  wave l e n g t h s  and 

n o t  t h o s e  c o n c e rn e d  i n  p h o t o s y n t h e s i s  was d e m o n s t r a t e d  a s  b e i n g  

t h e  r e q u i r e d  c o n d i t i o n  f o r  n o r m a l  fo rm .

G o eb e l  (1896) and V o e c h t in g  i n  1894 ( c i t e d  b y  B e n e c b e -  

J o s t  1923) f o u n d  t h a t  t h e  members o f  t h e  g a c t a c e a e  w h ic h  u n d e r  

n o r m a l  c o n d i t i o n s  p ro d u c e  f l a t ,  l e a f - l i k e  s tem s  and b r a a c h e s ,  

fo rm  s l e n d e r  s y l i n d r i o a l  i n  t e r  nodes  i n  c o n t i n u o u s  d a r k n e s s .

I n  t h i s  c a s e  how ever  t h e  i n t e r n o d e s  a r e  s h o r t e r  t h a n  t h o s e
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grown i n  o r d i n a r y  l i g h t ,  a  r e a c t i o n  w h ich  i s  c o n t r a r y  t o  t h e  

u s t i a l  t  r e n d .

P i e r c e  (1906)  d e f i n i t e l y  o c n c l u d e s  t h a t  o t h e r  t h i n g s  b e i n g  

e q u a l  l i g h t  p ro m o te s  g r o w t h ,  up t o  a  c e r t a i n  i n t e n s i t y  a t  l e a s t *  

T h i s  a p p e a r s  t o  b e  c o n t r a r y  to  t h e  c o n c l u s i o n s  o f  Sachs  (1882) 

who a s  P e i r c e  s a y s  made no d i s t i n c t i o n  b e tw e e n  o r g a n s  o f  un 

l i m i t e d  growth s u c h  a s  s te m s  and o r g a n s  o f  l i m i t e d  g ro w th  su ch  

a s  l e a v e s *  L a t e r  work  shows c o n c l u s i v e l y  t h a t  t h e  d r y  w e i g h t  

o f  p l a n t s  v a r i e s  upward w i t h  t h e  i n t e n s i t y  o f  t h e  i n c i d e n t  

l i g h t *  ( B a t e s  and R o e s s e r ,  1928 ,  S h i r e l y ,  1 9 2 9 ) .  The t h e o r y  

o f  Sachs  i s  no l o n g e r  t  e n a b le  e x c e p t  i n  c a s e  o f  some o f  t h e  

lo w e r  fo rm s  o f  v e g e t a t i o n  w h ich  t h r i v e  i n  t h e  a b s e n c e  o f  l i g h t  

and may even  be  k i l l e d  b y  l i  ^  t  a s  sh o rn  by P a l  lad  i n  ( 1 9 1 4 ) .

C lem en ts  (1910) found t h a t  L o d g ep o le  P ine  was l e s s  a b l e  

t o  a d j u s t  i t s e l f  t o  v a r i a t i o n s  i n  l i g h t  t  lian t o  v a r i a t i o n s  i n  

e i t h e r  w a t e r  c on t e n t  or  t e m p e r a t u r e *  No v i g o r o u s  s e e d l i n g s  

w ere  found  i n  f o r e s t s  w i t h  l i . ^ t  v a l u e s  f rom  0 .0 8  -  0 . 0 6  o f  

f u l l  s u n l i g h t  and s e e d l i n g s  o f  a n y  s o r t  w e re  r a r e .  U nder  

c o m p e t i t i o n  f o r  l i g i t  h e i g h t  g row th  i s  made a t  t h e  e x p e n s e  o f  

g ro w th  i n  d i a m e t e r *  Prom the  g r e a t  l o s s  s u s t a i n e d  b y  w ind 

t h ro w  when a  d e n s e  s t a n d  o f  L o d g e p o le  i s  opened up  b y  c u t t i n g  

i t  would a p p e a r  t h a t  a s  B u m s  ( 1 9 1 4 ) ,  B o e rk e r  (1916) and o t h e r s  

have  found t h a t  t o p  g ro w th  i s  made a t  t h e  e x p e n s e  o f  r o o t  

g ro w t h ,  f o r  t h e  r o o t s  a r e  t h e n  n o t  e x t e n s i v e  and i n s u f f i c i e n t  

t o  a n c h o r  t h e  t r e e *
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Burns (1914) found a l s o  t h a t  w h i t e  p in e  s e e d s  g e rm in a te  

b e s t  u n d e r  a  c o v e r  o f  o f  sand b u t  t h a t  t h i s  i s  n o t  due t o  

t h e  p r e s e n c e  o r  absen ce  o f  l i g h t  bu t  t o  t h e  s o i l  mcdsture and 

te irper a t u r e  r e q u i r e m e n ts *  Shaded g e r m in a t io n  b ed s  r e d æ e d  t h e  

t e m p e r a tu r e  o f  t h e  s o i l  and de layed  th e  t im e  o f  g e r m in a t io n  

bu t  d id  n o t  a f f e c t  t h e  p e r c e n t  o f  g e rm in a t io n *  Shading was 

found t o  g iv e  a more u n i fo rm  growth and a more e v e n  s tand*

Burns found g r e a t  d i f f e r e n c e s  i n  t h e  a p p e a ra n c e  o f  s e e d l i n g s  

w i t h i n  t h r e e  weeks o f  g e r m i n a t i o n  when th e y  were s u b j e c t e d  to  

v a ry in g  d e g r e e s  o f  shade* Those grown in  d a rk n e s s  were t a l l ,  

p a l e  g r e e n ,  e a s i l y  knocked o v e r ,  and th e  r o o t s  were  sh o r t  and 

unb ranched*

The s e e d l i n g s  p roduced  in  p a r t i a l  s h a d e ,  u s in g  a  c h e e s e  

c l o t h  co v e r  f o r  s h a d e ,  were much s h o r t e r  - nd d a r k e r  g r e e n ,  and 

t h e  r o o t s  were  b e t t e r  deve loped*

The c o n t r o l  s e e d l i n g s  were s t i l l  s h o r t e r  and s t u r d i e r  t h a n  

th o s e  found in  e i t h e r  o f  t h e  o t h e r  two beds .  The t a p  r o o t s  

g r e a t l y  exceeded t h e  h y p o c o ty l  i n  l e n g t h  and were f r e e l y  

branched*

T h is  work a g re e s  w i th  t h e  l a t e r  work o f  B oerker  (1916) 

and S h i r e l y  (1929) and w i th  th e  r e s u l t s  o f  t h e  p r e s e n t  p a p e r .

P a l l a d i n  (1914) s t a t e s  t h a t  P i l o b o l u s  d ev e lo p s  n o rm a l ly  

i n  a weak l i g h t  but p ro d u ces  v e r y  l o n g  s p o r a n g io p h o r e s  i n  

d a r k n e s s ,  v/here a l s o ,  the  s p o r e s  f a i l  t o  mature*

Humphrey and Weaver Ù915 ) t h i n k  t h a t  th e  g rowth  o f  he rb  a -



7.
oeoua p l a n t s  and a h r a b s  may f r e q i œ n t l y  be  so  d e n s e  a s  ter p re~  

o lu d e  t h e  d ev e lo p m m t  o f  t h e  yotinS c o n i f e r s *  That t h e  e x c lu 

s i o n  o f  t h e  s e e d l i n g s  i s  u s u a l l y  d u e  t o  l i g h t  i s  a  q u e s t i o n  t o  

be d e te rm in e d  b y  ex p e r im en t  and i n  t h e  f i e l d *  Repeated o b se r 

v a t i o n s  and HE asu re raen ts  o f  t h e  s o i l  m o i s tu r e  c o n te n t  and t h e  

ev a p o ra t  ing power of t h e  a i r ,  t o g e t h e r  vh.th l i g h t  v a l u e s  show 

d e f i n i t e l y  t h a t  a 1 th ou^  t h e  s o i l  m o is tu re  may be f a r  more t h a n  

s u f f i c i e n t  f o r  t r e e  g ro w th  and th e  h u m id i ty  o f  t h e  a i r  r e l a 

t i v e l y  h i g h , y e t  vvhen the  l i ^ t  v a l u e s  d rop  l / S b  o f  norma 1 sun

s h in e ,  th e  h a r d i e s t  p io n e e r ,  t h e  Western  Yellow P in e ,  i s  ex

c lu d ed ,  Thus i t  a p p e a r s  t h a t  Yellow P in e ,  l i k e  Lodgepole  

(C le m a i ts  1910) i s  more i n f lu e n c e d  by  l i ^ b t  than  by any  o t h e r  

f a c t o r .

B oe rke r  (1916) i n  a s tu d y  on the g e r m in a t io n  and e a r l y  

growth o f  f o r e s t  t r e e s  sums up -with t h e  s t a te m e n t  t h a t  l i g h t  

p l a y s  a b s o l u t e l y  no o a r t  i n  t h e  t e r m i n a t i o n  o f  t h e  s e e d s .  He 

found t h a t  Robinia  a id  Quercus show a d e c r e a s e  i n  h e i g h t  and 

roo t  growth u n d e r  d im i n i s h in g  l i g h t  i n t e n s i t y  v ;h i le  t h e  c o n i 

f e r s  showed i n c r e a s e s  i n  h e i ^ t  growth bu t  d e c r e a s e s  i n  ro o t  

growth* The a u t h o r  of t h i s  pape r  o b ta in ed  d i f f e r e n t  r e s u l t s  

r e g a r d in g  Q uercus .  Seeds o f  Q. m acrocarpa  were g e r m in a te d  and 

grown f o r  30 days under  a r t i f i c i a l  l i g h t , The stems a t t a i n e d  

a  h e i g h t  o f  6 -8  in c h e s  d u r i n g  t h a t  t im e  w h i l e  t h e  r o o t s  were 

v e ry  s h o r t  and  r e l a t i v e l y  unbranched  as compared with th o s e  o f  

some p l a n t s  grown u n d e r  n a t u r a l  l i g h t ,  w h ich  had s h o r t e r  s tem s .

Although t h e  work o f  K le b s ,  who i n  1916 worked out t h ^  e f f e c t
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o f  l i g h t  on t h e  g e r m i n a t i o n  o f  f e r n  sp o re a  ;vas n o t  a v a i l a b l e »  

B e n e o k e -Jo s t  (1923) and P e i r c e  (1926) g iv e  good s im m ar ie s  o f  

h i s  work. K lebs  showed t h a t  under  o r d i n a r y  c o n d i t i o n s  f e r n  

s p o r e s  w i l l  n o t  ge rm ina te  i n  f ta rk n e s s ,  anâ i l l u m i n â t  ion w i th  

b l u e ,  v i o l e t ,  and u l t r a - v i o l e t ,  a l l  cold rays»  does  not s t imu

l a t e  them t o  g e rm in a te .  On t h e  o t h e r  hand c e l l  d i v i s i o n  and 

d i f f e r e n t i a t i o n  are more i n f lu e n c e d  by  l i g h t  rays  o f  t h e  s h o r t e r  

wave l e n g t h s  th a n  b y  r e d .  ( P e i r c e  1926) .

He ^owed ' a l so  t h a t  Sempervivum, which n o rm a l ly  f l o w e r s  in  

June ,  c ould be  f o rc e d  in to  f l o w e r i n g  i n  w i n t e r ,  e i t h e r  by means 

o f  c o n t in u o u s  e l e c t r i c  i l l u m i n a t i o n  b y  a n  Osram lamp f o r  a few 

days o r  by i n c r e a s i n g  th e  d a i l y  i l l u m i n a t i o n  p e r io d  to  more t h a n  

12 h o u r s .  (B en e ck e -Jo s t  1 923) .

A cco rd ing  to  Tourney (1916) m ost ,  i f  ::ot a l l ,  o f  t h e  e f f e c t  

o f  l i g h t  on the g e r m i n a t i o n  of  s e e d s  is Jue t o  t h e  a l t e r n a t i n g  

t e m p e r a tu r e  r e l a t i o n s  o f  n ig h t  and d a y .  P l u c t u a t i n g  tem p era 

t u r e s  a id  g e r m in a t io n  more t h a n  c o n s t a n t  t e m p e r a t u r e s ,  o th e r  

r e q u i r e m e n t s  rem a in in g  c o n s t a n t .  He c i t e s  no s p e c i a l  l i g h t  

t r e a tm e n t  f o r  se ed s  t h a t  a r e  d i f f i c u l t  t o  g e rm in a te  but i s  o f  

t h e  o p in io n  t h a t  any  such  s p e c i a l  measures  a r e  more ex p e n s iv e  

th a n  th e  n a t u r a l  r i p e n i n g  p r o c e s s ,  thought t h i s  l a t t e r  may r e 

q u i r e  one  o r  two y e a r s .  T h i s  i s  p ro b a b ly  t r u e  t o  a g r e a t  ex

t e n t ,  p a r t i c u l a r l y  w i t h  f o r e s t  t r e e  s e e d s ,  f o r  i t  has  been 

shown t h a t  l i ^ t  can a lw ays  be r e p la c e d  by  some o th e r  f a c t o r  

and t h e  r e c a l c i t r a n t  s e e d s  be  caused  t o  g e r m in a t e .

G arne r  and A l l a r d  (1920a,  1920b, 1923, 1925) i n  t h e i r
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e:çperiment s on p h o to p e r io d i s m  have made a n  e x te n s iv e  and i n 

t e n s i v e  s t u d y  o f  t h e  e f f e c t s  of l i g h t  on g row th ,  f o rm a t io n  and 

f l o w e r i n g .  They found t h a t  some p l a n t s  co u ld  be induced t o  

f l o w e r  b y  l e n g t h e n i n g  t h e  d a y  or l i g h t  p e r io d  by  use  o f  a r t i — 

f i c  i a l  i l l u m i n a t i o n  and o t h e r s  c o u ld  o n ly  be f o r c e d  to f low er  

i f  t h e  p e r i o d  o f  i l l u m i n a t i o n  w ere  s h o r t e n e d .  I n  t h e  l a t t e r  

c a s e  t h e  v e g e t a t i  ve growth o f  t h e  p l a n t  iwuld c o n t in u e  w i th o u t  

t h e  development o f  an y  f  lowers i f  t h e  l i g i t  p e r io d  w ere  lo n g e r  

th a n  r e q u i r e d .  T h is  caused  t h e  a u t h o r s  t o  a r b i t r a r i l y  c l a s s i f y  

t h e  p l a n t s  in to  two g roups ;  long  day p l a n t s  and s h o r t  day 

p l a n t s .  The long d a y  p l a n t s  a r e  t h o s e  which ca n  be made t o  

f lo w e r  by l e n g t h e n i n g  t h e  p e r io d  o f  i l l u m i n a t i o n ,  w h i l e  t h e  s h o r t  

d a y  p l a n t s  a r e  t h o s e  whneh w i l l  f lo w e r  o n ly  i f  t h e  l i g h t  p e r io d  

i s  r e l a t i v e l y  s h o r t .  This  work s u p g o r t :  t h e  e a r l i e r  work o f  

Klebs who i n  s t u d y i n g  th e  e f f e c t  o f  l i  gat on Sempervivum found 

t h a t  i t  co u ld  be f o rc e d  i n t o  e a r l y  f l o w e r i n g  by t h e  u se  o f  a r t i 

f i c i a l  l i g h t .  There i s  i n  a d d i t i o n ,  a group which seems not üo 

be i n f l u e n c e d  by  t h e  d u r a t i o n  o f  th e  d a i l y  l i g h t  p e r i o d .  '.Veaver 

and Clements (1929) a p p ly  t o  t h i s  group th e  name o f  "everb loom - 

e r a " .  I t  was found t h a t  th e  d u r a t i o n  of t h e  d a i l y  l i g h t  p e r io d  

i s  more p o t e n t  t h a n  th e  i n t e n s i t y  o f  t h e  l i g h t .

Harvey (1922) i n  some s i m i l a r  e^ p e r im en ts  o b ta in e d  r e s u l t s  

i n  t h e  main c o n f i rm in g  th o s e  o f  C a m e r  and A l l a r d .  As a so u rce  

o f  i l l u m i n a t i o n  he used  n i t r o g e n  f i l l e d  t e n g s t e n  lamps mounted 

f i v e  f e e t  above t h e  p l a n t s .  Lamps o f  200 and 1000 7/att capa
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c i t y  w e re  u s e d ,  b u t  t h e  l a t t e r  s i z e  was found t o  b e  t h e  most 

e c o n o m i c a l .  They w e re  b u rn e d  24 h o u r s  d a i l y  and one s e t  w a s  

s u f f i c i e n t  f o r  f o u r  m o n th s .

He, h o w ev e r ,  found  t h a t  t h e  p l a n t s  g rew  w e l l  &rà s e t  good 

seed  o r  p ro d u c ed  t u b e r s  u n d e r  c o n t i n u o u s  i l l u m i n a t i o n .  I t  

seemed u n n e c e s s a r y ,  a s  G a rn e r  and A l l a r d  s t a t e d ,  t o  have  a  

p e r i o d  o f  d a r k n e s s  to a c c o m p l i s h  a l l  t h e  t r a n s  l o c a t i o n  o f  t h e  

a s s i m i l a t e  f ro m  t h e  l e a v e s .  S e v e r a l  i n t e n s i t i e s  o f  l i g h t  w ere  

u sed  b u t  t h e  p l a n t s  grew i n  each .  The lo w e s t  i n t e n s i t i e s  of  

25 f o o t  c a n d l e s ,  i n  t  be d a r k  c o m e r s ,  p roduced  b e t t e r  g rowth  

t h a n  i n  t h e  g r e e n  h o u s e  i n  w i n t e r .

B e n e c k e - J o s t  (1923) s t a t e d  t h a t  i t  h a s  l o n g  been known 

t h a t  some s e e d s ,  s u c h  a s  Vis  cum album , : o s t  o f  th e  s p e c i e s  o f  

V e r o n i c a ,  Hanunculua  s c e l e r a t u s  and I l i c o t i a n a ,  w i l l  e i t h e r  not  

g e r m i n a t e  a t  a l l  o r  v e r y  p o o r l y  when t h e y  a r e  i n  c o n t i n u a l  

d a r k n e s s .  A c c o rd in g  t o  th e m ,  Xehmann found t h a t  w i t h  L y thru ip ,  

e x p o s u re  to  l i g h t  f o r  l / l O  second  w i t h  a  7 30 HK Osram-Azolarap 

was s u f f i c i e n t  t o  b r i n g  ab o u t  50^b g e r m i n a t i o n  w i t h  s e e d s  w h ich  

i n  t h e  d a r k  would o n l y  g e r m i n a t e  7%.

S in c e  t h o s e  s e e d s  w h ic h  w i l l  o n l y  g e r m i n a t e  i n  t h e  l i g h t  

a r e  te rm e d  ”L i o h t k e i m e r s "  so  a l s o  t h e r e  a r e  o t h e r  s e e d s  w hich  

must b e  d e n o te d  as ”B u n k e Ik e im e rs "  o r  t h o s e  w hich  w i l l  g e r m in a t e  

o n l y  i n  the  d a i k .  The g e r m i n a t i o n  o f  s e e d s  o f  t h e  A m aran tha-  

c e a e  f o r  example and o f  V e r o n i c a  t o u r n e f o r t i i  a r e  h i n d e r e d  by
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d a y l i g h t *  But t h e r e  a r e  h o w ev er  aa  Toiimey f l9 1 6 )  i n d i c a t e s  a  

g r e a t  many s e e d s  t h a t  a r e  i n d i f f e r e n t  t o  l i g h t *

B e n e o k e - J o s t  g i v e s  one o f  t h e  h a s t  r e v i e w s  o f  t h e  w ork  

done* p a r t i c u l a r l y  t h a t  done by th e  Germans, c o n c e r n i n g  t h e  

e f f e c t s  o f  l i g h t  on p l a n t  growth*

S ay re  (1923)  i n  w o rk in g  out th e  p h y s i o l o g y  o f  t h e  s to m a ta  

o f  Humex p a t i e n t i a  came t o  t h e  c o n c l u s i o n  t h a t  t h e  e x t e r n a l  

f a c t o r  m o s t l y  i n f l u e n c i n g  s t o m a t a l  o p e n i n g  i s  l i g h t ,  and t h a t  

a tm o s p h e r i c  h u m i d i t y  i s  l e s s  a n  i n f l u e n c e  th a n  l i g h t .

Adams (1923) s u b j e c t e d  s p e c i e s  o f  F l a x ,  V/heat, S u n f lo w e r  

and W hite  I.Iustard t o  v a r y i n g  p e r i o d s  o f  n a t u r a l  d a y l i g h t .  The 

s e e d s  w ere  sown i n  p o t s  and grown i n  t h e  g r e e n h o u s e  where o t h e r  

e x t e r n a l  c o n d i t i o n s  c o u l d  b e  m a in t a in e d  u n i f o i m i

I n  a n o t h e r  e x p e r im e n t  (1924) he  used more s p e c i e s *  w i d e r  

r a n g e  o f  c o n d i t i o n s  and a  l a r g e r  r a n g e  o f  l i g h t  e x p o s u r e s  

i n c l u d i n g  e l e c t r i c  i l l u m i n a t i o n *  I t  was found t h a t  a r t i f i c i a l  

l i g h t  was an a i d  t o  p l a n t  g row th  d u r i n g  t h e  r e l a t i v e l y  s h o r t  

days  o f  w i n t e r  b u t  t h a t  when t h e  n a t u r a l  d a y l i g h t  p e r i o d  b e 

came 12-15  h o u r s  i t  had l i t t l e  o r  no b e n e f i c i a l  e f f e c t *

The r e s u l t s  o f  b o th  e x p e r i m e n t s  showed t h a t  t h o s e  p l a n t s  

exposed  to l i ^ t  f o r  t h e  l o n g e s t  p e r io d  grew t o  be the  t a l l e s t  

a t t a i n e d  th e  g r e a t e s t  d r y  w e i ^ t  and commenced to f l o w e r  

e a r l i e r  t h a n  t h e  p l a n t s  exposed  t o  l i g h t  f o r  th e  s h o r t e r  p e r io d s *  

He s t a t e s  t h a t  G a rn e r  and A l l a r d  a t t e m p t  to  p ro v e  t o o  much f rom  

t h e i r  e x p e r i m e n t s  and a g r e e s  w i t h  them  o n l y  on  one  p o i n t .  That
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o o n o e rn a  th o s e  p l a n t s  stich a s  Soy Bean, Waz Bean, and Tomato 

whose g ro w th  was n o t  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  p e r io d  o f  

l i ^ t  hut who seemed t o  h a v e  an optimum a t  w h ich  t h e i r  growth 

was g r e a t e s t ,  l i g h t  p e r i o d s  @ i t h e r  o f  l e s s  o r  g r e a t e r  d u r a t i o n  

e x e r t i n g  a l e s s e r  i n f l u e n c e  i n  a t t a i n i n g  h e i g h t  o r  d r y  w eight*  

C o n t r a r y  t o  th e  s t a t e m e n t  o f  HacBougal (1901) t h a t  e t i o 

l a t e d  s tem s  have  a g r e a t e r  p e r c e n t  o f  b a s t  th a n  no rm al  s tem s ,  

Adams s t a t e s  t h a t  p l a n t s  g r o m  u n d e r  a d im in i s h e d  s u p p l y  o f  

l i ^ t  w ere  d e f i c i e n t  i n  m e c h a n i c a l  t i s s u e  and had a t e n d e n c y  t o  

become decumbent* The o u e s t  i o n  a r i s e s  however a s  t o  w h e th e r  

t h e  p l a n t s  o f  Adams were r e a l l y  e t i o l a t e d  or n o t  f o r  he i s  

su p p o r te d  by  MacBougal and Penfound (1924) who found i n  a l a t e r  

woik t h a t  t h e  p e r c e n t  o f  b a s t  d e c re a s e d  w i t h  a  d e c r e a s e  i n  th e  

l i g h t  i n t e n s i t y *  The r e s u l t s  o f  t h e  p r e c i n t  p a p e r  a r e  a t  v a r 

i a n c e  w i t h  Adams a s  w e l l  a s  I.IacDougal and Penfound* I n  a d d i 

t i o n  Adams does  n o t  s t a t e  how he a r r i v e d  a t  t h a t  c o n c l u s i o n  and 

i t  a p p e a r s  t h a t  he m e re ly  j e s s e d  a t  i t  f rom  th e  f a c t  t h a t  the 

p l a n t s  w ere  u n a b l e  to  su p p o r t  them se lves*  I t  i s  p r o b a b le  t h a t  

one must d i s t  i n g u i s h  b e tw e e n  e t i o l a t i o n  and d im i n i s h e d  g row th  due 

t o  low l i g h t  i n t e n s i t y  w h id i  i s  y e t  am ple  f o r  no m a l  p ro c e s s e s *  

Adams b e l i e v e s  t h a t  a r e s t a t e m e n t  o f  t h e  e f f e c t s  o f  l i g h t  

a r e  n e c e s s a r y  and g iv e s  q u i t e  a l e n g t h y  d i s c u s s i o n  o f  t h e  phy

s i o l o g i c a l  a s p e c t s *

H e n d r i c k s  and H arvey  (1924) i n  a n  e x p e r im e n t  s i m i l a r  to  

t h a t  o f  H arvey  ( 1 9 2 2 ) ,  grew p l a n t s  i n  rooms-, u n d e r  c o n t in u o u s
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a r t i f i c i a l  l i g h t ,  t h e  p l a n t s  b e i n g  grown i n  good s o i l  and w a te r e d  

w i t h  K n o p 's  s o l u t i o n  s o  t h e r e  would be no d e f i c i e n b y  i n  n u t r i 

ment.. The l i g h t  i n t e n s  i t  y v a r i e d  a c c o r d in g  to  th e  d i s t a n c e  o f  

t h e  p l a n t s  f rom  t h e  l i g h t .  The MacBeth i l l u m i n o m e t e r  was used  

to  measure t h e  i n t e n s i t y  i n  f o o t  c a n d l e s .  The p l a n t s  were s u b 

j e c t  t o  a r a n g e  from 60 -  1 0 ,632  f o o t  c a r d i e s .

Araaranthus r e t r o f l e z u s  and Chenopodium album bloomed a t  

h i ^  i n t e n s i t i e s  but w ere  s t o c k i e r  th an  t h o s e  p l a n t s  o f  t h e  sa n e  

s p e c i e s  t h a t  bloomed a t  low er  i n t e n s i t i e s .  S t r a w b e r r i e s  f r u i t e d  

a t  1600 -  2000 f o o t  c a n d l e s ,  b u t  n o t  a t  60 0. P l a n t s  grown in  

i n t e n s i t i e s  be low  t h e i r  p r o p e r  r a n g e  t e n è e d  t o  become e t i o l a t e d  

and d i s e a s e d .  î ü c o t i a n a  tabacum grew w e l l  a t  low i n t e n s i t y  and 

bloomed o v e r  a g r e a t  r a n g e .  ?agopyrum add Tropaeolum seemed t o  

be w e l l  a d a p t e d  to  t h e  lo w e r  i n t  ens i t  i  i - M i r a b i l i s  p roduced  

abund ant f l o w e r s  a t  1360 f o o t  c a n d l e s  c a t  c o u ld  b e  induced  t o  

bloom i n  c ont in u o u s  l i ^ t  o n ly  by v i o l e n t  f l u c t u a t i o n s  in  tem

p e r a t u r e  or  m o i s t u r e  c o n d i t i o n s .  The f l o w e r s  would open soon 

a f t e r  t h e  l i g h t  was e x t i n g u i s h e d .  Squash p roduced  s t a m i n a t e  

f l o w e r s  a b u n d a n t l y  a t  476 f o o t  c a n d l e s  but o n ly  a few p i s t i l 

l a t e  f l o w e r s .  E a s t e r  l i l i e s  w ere  speeded up a  month i n  t h e i r  

t im e of  b lo s s o m in g ,  w h ic h  c o r r e l a t e d  w i t h  an  i n c r e a s e  i n  t h e i r  

c a r b o h y d r a t e  c o n t e n t .

E a r l  i n g  (1924) f o l l o w i n g  t h e  le a d  o f  E l e b s ,  l a m e r  and 

A l l a r d ,  and Adane , a l l  o f  whom found t h a t  t h e  l e n g t h e n i n g  o f  

t h e  day  b y  t h e  u s e  o f  a r t i f i c i a l  l i g h t  b ro u g h t  t h e  p l a n t s  i n t o  

bloom e a r l i e r ,  found t h a t  w i t h  b u t  a few h o u r s  o f  a r t i f i c i a l
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l l lT n n in a t i o n  i n  a d d i t i o n  t o  t h e  d a y l i g h t  d i f f e r e n t  s p e c i e s  o f  

C h a ra c e ae  c o u ld  he in d u ced  t o  d e v e l o p  a n t h e r i d i a  and oogon ia  

i n  mid and l a t e r  w i n t e r .  F r u i t i n g  i n  n a t u r e  o c c u r s  in  summer 

and e a r l y  f a l l *  W i t h i n  wide l i m i t s  t h e  r e s p o n s e  was no t  depen

d e n t  on t h e  i n t e n s i t y  o f  t h e  i l l u m i n a t i o n  and a  c o n t i n u o u s  

i l l u m i n a t i o n  o f  o n ly  10 f o o t  c a n d l e s  was s u f f i c i e n t  t o  in d u c e  

th e  deve lopm ent  o f  t h e  a n t h e r i d i a  and o o g o n ia  w i t h i n  f o u r  days*

"Growth u n d e r  a r t i f i c i a l  i l l u m i n a t i o n  led  to t h e  l e n g t h 

e n in g  o f  t h e  - i n t e r n o d e s ,  s h o r t e n i n g  o f  t h e  l e a v e s ,  r ed u ce d  

b r a n c h i n g ,  b r o t  e t i o l a t i o n ,  and a g e n e r a l  s p i n d l i n g  o f  t h e  p l a n t s *  

Very few o f  t h e  eggs  d ev e lo p e d  i n t o  n a t u r e  o o s p o r e s . "

Temperature was found to be a s e c o n d a r y  fa c to r  w it h in  th e  

minimum and maximum l i m i t s  f o r  v e g e t a t i v e  growth.

The l i g h t  used  by K a r l i n g  was o f  low i n t e n s i t y  (60 w a t t )  

suspended  a  s h o r t  d i s t a n c e  above t h e  p l m t s .  The e f f e c t s  o f  t h e  

g e n e r a t e d  h e a t  w e re  e l i m i n a t e d  b y  im m ersing  t h e  b u l b  i n  a  v e s 

s e l  o f  w a te r  w hich  a l s o  would absorb  some o f  the  l i g h t .  The 

low i n t e n s i t y  p r o b a b l y  i s  t h e  c a u s e  o f  t h e  e t i o l a t i o n  o f  h i s  

p à a n t s *

MacBougal and Penfound (19 24) d e t e rm in e d  b y  a n  a n a to m i c a l  

s t u d y ,  t h e  e f f e c t s  o f  l i g h t  and s h a d e ,  and v a r y i n g  d e g r e e s  o f  

l i g h t  i n t e n s i t y ,  on p l a n t s  o f  d i f f e r e n t  s t o r i e s  in  a  hardwood 

commune. L eaves  and f i r s t  y e a r  stems w ere  c o l l e c t e d  from Acer 

s accha rum  and Ulmus araer i c a n a ,  Asimina t r i l o b a  and B enzo in  

m e l i s s a e f o l i u m  r e p r e s e n t i n g  th e  u p p e r  s t r a t a  s h r u b s ,  L a p o r t e a  

c a n a d e n s i s  and I m p a t i  a i s  p a l l i d a  w h i c h  a r e  t a l l  h e r b s ;  and
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Asarum oanadenae  and H ydrophyl lm n c a n a d e n s e ,  which a re  low 

h e r b s .  I n  t h e  c a s e s  o f  woody p l a n t s ,  specImens w ere  t a k e n  f rom  

p o s i t i o n s  o f  b o th  maximal and m in im al  l i g h t l  The spec im ens  

c o l l e c t e d  w ere  imbedded, s e c t i o n e d ,  s t a i n e d  and s tu d ied  m ic ro 

s c o p i c a l l y .  A cc u ra te  m easurem ents  were made o f  t h e  d i f f e r e n 

t i a t e d  p o r t i o n s  o f  t h e  s tem s e c t i o n s  and t h e i r  a r e a s  were c a l 

c u l a t e d  a s  p e r c e n t a g e s  o f  th e  e n t i r e  s tem s e c t i o n .

They summarized t h e i r  work i n  t h e  f o l lo w in g  manner:

1 -  Leaves i n  s u c c e s s i v e l y  lo w er  l i g h t  i n t e n s i t i e s  have l a r g e r  

c e l l s ,  more i n t r a c e l l u l a r  s p a c e s ,  l e s s  c u t i c l e ,  a r e l a t i v e l y  

poor  c o n d u c t in g  s y s te m ,  and l a r g e r  c h l o r o p l a s t s .  They s t a t e d  

however t h a t  t h e  l e a v e s  o f  the  lo w er  s t r a t a  a r e  n o t  n e c e s s a r i l y  

t h i n n e r .

2 -  Stems i n  s u c c e s s i v e l y  low er  s t r a t a  a r e  c h a r a c t e r i z e d  by  a 

l e s s  amount o f  s u p p o r t i n g  and c o n d u c t in g  t i s s u e  and a n  i n c r e a s 

i n g  amount o f  p a ren c h y m a . .

3 -  Leaves c o l l e c t e d  from t h e  d e n s e  shade d i f f e r  from th o s e  i n  

maximal s u n l i g h t  on th e  same p l a n t  a s  f o l lo w s :

a  -  A d e c r e a s e  i n  p a l i s a d e  t i s s u e ,  b o th  a s  t o  t h e  number 

o f  l a y e r s  and t h e  d e p th  o f  t h e  i n d i v i d u a l  c e l l s ,  

b -  An i n c r e a s e  i n  th e  p e r c e n t  o f  i n t r a c e l l u l a r  sp ace  and 

spongy parenchym a.  

o . -A  d e c r e a s e  i n  th e  amount o f  s u p p o r t i v e  and c o n d u c t iv e  

t  i s s u e .

4 -  Stems c o l l e c t e d  from d e n s e  sh a d e  d i f f e r  f rom t h o s e  i n  maxi

mal s u n l i g h t  on th e  same p l a n t s  a s  f o l l o w s :
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a  -  A d e c r e a s e  i n  t h e  t h i c k n e s s  and an i n c r e a s e  i n  t h e  

l e n g t h  o f  t h e  i n t e r n e d  es*

b •• A marked d e c r e a s e  i n  t h e  p e r c e n t  o f  s c le r e n c h y m a .

0  -  A n o t a b l e  d i m i n u t i o n  o f  t h e  p e r c e n t  o f  xylem accom

p a n ie d  b y  a  s l i g h t  d e c r e a s e  i n  the  t h i c k n e s s  o f  t h e  

t r a c h e a l  w a l l s *

d -  A marked i n c r e a s e  i n  t h e  p e r c e n t  p f  p i t h .

P l i t t  and P e s s i n  f l9 2 4 )  found in  s t u d y i n g  t h e  e f f e c t  o f  

t h e  e v a p o r a t i n g  power o f  l i g h t  on t h e  d i s t r i b u t i o n  o f  L ich en s  

t h a t  e v a p o r a t i o n  a p p e a r s  t o  p l a y  t h e  most im p o r ta n t  r o l e ,  and 

l i g h t  was o n l y  an  i n d i r e c t  f a c t o r ,  e x c e p t  i n  t h e  c a s e  o f  Usnea 

and H am alina  w h ich  o c c u re d  o n l y  i n  r e g i o n s  where l i g h t  i s  i n 

t e n s e  and t h e  h igh  e v a p o r a t  ion d id  n o t  seem to  be t h e  c o n t r o l 

l i n g  f a c t o r .

Shaw (1924) r em arks  c o n c e r n i n g  t h e  u se  o f  b ru sh  c o v e r  f o r  

p r o t e c t i n g  s e e d l i n g s  i n  t h e  f o r e s t  t h a t  th e  s u r v i v a l  i s  g r e a t e r  

on t h e  p o o r e r  s i t e s ,  f o r  l e s s  d ro u g h t  r e s i s t a n t  s p e c i e s  and  f o r  

p o o r e r  s t o c k .  î î a t u r a l l y  shade  would b e n e f i t  t h e  p o o r e r  s i t e s  

where  t h e  s o i l  and m o i s t u r e  f a c t o r s  would be l i k e l y  t o  become 

t h e  l i m i t i n g  f a c t o r s  r a t h e r  th a n  l i g h t .

A c c o rd in g  t o  Skene f 192 4) L o f t  f i e l d  h a s  sho\m t h a t  a t  

t « n p e r a t u r e s  o f  1 ,  10 ,  20 ,  and 39 d e g r e e s  c e n t i g r a d e  t h e  t im e  

o f  o p e n in g  o f  t h e  s t o m a t a  o f  a l f a l f a  i n  l i g h t  was 6 ,  4 ,  2 ,  and 

1 h o u r  r e s p e c t i v e l y ,  a r i s e  o f  10 d e g r e e s  c e n t i g r a d e  d o u b l in g  

th e  r a t e  o f  movement which  i s  wliat o ne  w ould  eicpect w i th  t h e

c o n v e r s i o n  o f  s t a r c h  t o  s u g a r  a s  t h e  fu n d a m e n ta l  r e a c t i o n .
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K o r s t i a n  (1925) found t h a t  t h e  g e r m in a t io n  o f  Engle ma nn 

Spruce  showed a  d i r e c t  r e l a t i o n  t o  t h e  amount of  shade .  The 

lo w e s t  g e r m i n a t i o n  and s u r v i v a l  o c c u r r e d  i n  th e  open a rd  th e  

h i g h e s t  i n  ï  shade b u t  th e  s e e d l i n g s  grovm i n  i  shade were to o  

s l e n d e r  to make good developraai t*  I n  t h e  c a se  o f  Douglas F i r  

thé  beds r e c e i v i n g  i  shade  had the h i g h e s t  s u r v i v a l  and v i g o r  

a s  w e l l  a s  t h e  b e s t  deve lopment*  Lodgepole and Western Yellow 

Pine  were g ro v n  s u c c e s s f u l l y  w i t h o u t  shade  w hich  is what one 

would e x p e c t  f rom  t h e  work o f  Clements (191C) on Lodgepole and 

Humphrey and Y eaver  (1915) on Yellow P in e .  However $ c o n t i n u 

ous i n t e n s e  s^ua l igh t  was found l i k e l y  t o  i n j u r e  s m a l l  s u c c u l e n t  

s e e d l i n g s .

G i l b e r t  (1926) made some g row th  e x p e r im e n ts  w i th  p l a n t s  

o f  Zanthium pen n sy lv an icu m  t o  d e te rm in e  i f  o t h e r  e n v i ro n m e n ta l  

c o n d i t i o n s  might n o t  have a s  much i n f  lu  3:1 ce on f l o w e r i n g  as  

l i g h t  a s  shown by  G a m e r  and A l l a r d ,  H_rvey, Adams, and o t h e r s .  

The p l a n t s  were grovn u n d e r  kno'An c o n d i t i o n s  of t e m p e r a t u r e  and 

r e l a t i v e  day l e n g t h .  T em pera tu re  v/as found t o  be a d e t e i m i n i n g  

f a c t o r  i n  i n f l u e n c  ing th e  t im e  o f  f lo w e r  o r im o rd ia  ( fo rm at ion .

This  i s  n o t  a c o n t r a d i c t i o n  o f  t h e  work of  G am e r  and 

A l l a r d  (1920) b u t  i s  an  a d d i t i o n  t o  t h e i r  work and s e r v e s  to  

d e m o n s t r a t e  t h a t  t h e r e  may be more t h a n  one c a u se  o f  t h e  same 

phenomena.

Moore (1926) i n  a s t u d y  on t h e  i n f l u e n c e  of c e r t a i n  s o i l  

and l i ^ t  c o n d i t i o n s  on t h e  r e p r o d u c t i o n  of n o r t h e a s t  c o n i f e r s  

found t h a t  ge rm ina t  ion  and s u r v i v a l  Are s l i g h t l y  b e t t e r  i n  t h e
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o p e n in g s  o f  a  f o r e s t *  Growth and v i g o r  was i n  a l l  c a s e s  marked

l y  g r e a t e r  i n  t h e  o p en in g s  w hich  h e  a t t r i b u t e d  to a n  i n c r e a s e  i n  

l i g h t .

A s e r i e s  o f  i n v e s t i g a t i o n s  b y  P f e i f f e r  (1926) a t  t h e  

Boyce Thompson I n s t i t u t e  f o r  P la n t  R esea rch  th row s some l i g h t  

on t h e  s u b j e c t  o f  t h e  e f f e c t  o f  l i g h t  waves o f  d i f f e r e n t  n u a l i t y  

upon p l a n t  ana tom y. S e e d l in g s  were grown i n  g l a s s  houses  v;hich 

t r a n s m i t t e d  l i g h t  i n  th e  v i s i b l e  sp e c t ru m  and i n  t h e  u l t r a 

v i o l e t  i n  v a r i o u s  r a n g e s  of v/ave l e n g t h .  I t  was found f i a t  t h e  

b e s t  a l l  around developm ent i n  e v e r y  c a s e  was e i t h e r  by th e  f u l l  

sp ec t ru m  o r  th e  o u t d o o r s .

L a r s e n  (1927) i n  comp ar lag betv/een t h e  s t r u c t u r e s  gen e ra l ly  

conceded to  p e r t a i n  t o  l ig^ i t  found t h a t  th e y  do not show graded 

changes  i n  p a s s i n g  f rom  t h e  most t o l e r :  t t o  th e  most i n t o l e r 

an t  s p e c i e s *  There were seeming  i n c o n s i s t e n c i e s  w i c h  were  

p r o b a b ly  due t o  members o f  s p e c i e s  changing s i t e ,  and t o  o t h e r  

c a u s e s .  I n  g e n e r a l  t h e  ex t rem es  o f  t h e  s e r i e s  do show d i s t i n c 

t i v e  a d a p t a t i o n  t o  l i g h t  c o n d i t i o n s  on t h e  f o l lo w in g  p o i n t s ;  

l e a f  s h ^ e a n d  c o l o r ,  r e l a t i v e  amount o f  spongy parenchyma,  and 

i n  th e  l i g n i f i e d  p a r t s  o f  t h e  l e a f *

Sheard and H ig g in s  (19 27) r e p o r t  t h a t  th e  e f f e c t  o f  u l t r a 

v i o l e t  r a d i a t i o n  on g e r m i n a t i o n  was a c c o r d in g  t o  t h e  wave le n g th *  

R a d i a t i o n  o f  270 -  320 uu  d e lay ed  t h e  t im e  of  g e r m i n a t i o n  and 

d e c re a s e d  t h e  r a t e  o f  g rowth ,  w h i l e  rays o f  320 -  390 uu were 

p a r t i c u l a r l y  e f f e c t i v e  i n  p ro m o t in g  g row th .

B a te s  and R o e s s e r  (1928) grew s e e d l i n g s  o f  Redwood, ' .Vestern
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Y ellow  P i n e ,  Englemann S p ru c e ,  D ouglas  P i r ,  and P i n i o n  P in e  f o r  

n i n e  months on a  c i r c u l a r  t a h l e  w i t h  a  200 Watt Mazda lamp s u s 

pended  one f o o t  ab o v e  t h e  c e n t e r  o f  t h e  t a b l e *  The d r y  w e i g h t  

o f  t h e  s e e d l i n g s  was used  t o  d e t e r m in e  t h e  r e l a t i v e  g rowth  o f  

t h e  s e e d l i n g  u n d e r  11 ^ t  o f  v a r i o u s  i n t e n s i t i e s  a s  measured by 

a C o b l e n t 2 t h e r m o p i l e *  Redwood ran k ed  f i r s t  m t h  Spruce  and 

P i r  s e c o n d ,  t h e  W este rn  Y à l low  P ine and P i n i o n  P ine t h i r d  and 

f o u r t h  r e s p e c t i v e l y *

Tourney (1928) found as d id  P r i c k e  tw e n ty  y e a r s  p r e v i o u s ,  

t h a t  th e  i n c r e a s e d  g e r m i n a t i o n  o f  s e e d s  and i n c r e a s e d  g ro w th  o f  

s e e d l i n g s  i n  t h e  o p e n in g s  o f  a f o r e s t  may be a t t r i b u t e d  t o  t h e  

rem ova l  o f  r o o t  c o m p e t i t i o n  r a t h e r  th a n  t  o an i n c r e a s e  i n  l i g h t *  

These c e n c l u s i o n s  he b a s e s  on some t r e n c h i n g  e x p e r i m e n t s  i n  

which th e  ro o t  c o m p e t i t i o n  v/as removed l i l e  a t  the  same t im e 

t h e  l i g h t  rem a in ed  t h e  ssm e.

S h i r l e y  (1929) grew p l a n t s  u n d e r  f o u r  s e t s  o f  l i g h t  con -  

d i t  io n s :

1 -  C lo th  s h a d e s  i n s i d e  g reenhouse*
2 -  C lo th  s h a d e s  o u td o o r s *
3 -  C o n s ta n t  c o n d i t i o n s  i n d o o r s  w i t h  a r t i f i c i a l  i l l u m i n a t i o n .
4 -  I n  a  s e r i e s  o f  g l a s s  h o u se  t r a n s m i t t i n g  d e f i n i t e  r e g i o n s  o f

t h e  s p e c t r u m .

He s t u d i e d  t h e  i n f l u e n c e  o f  l i g h t  i n t e n s i t y  on t h e  w e ig h t  

o f  d r y  m a t t e r ,  h e i g h t ,  r a t i o  o f  r o o t s  t o  s h o o t s  and found t h a t  

low l i g h t  i n t e n s i t y  f a v o r s  to p  g rowth  a t  t h e  e x p e n se  o f  r o o t  

g row th  w hich  a g r e e s  w i t h  t h e  e a r l i e r  work o f  B o e rk e r  (1916) 

and t h e  s te m s  o f  th e  p l a n t s  grown u n d e r  lov/ l i g h t  i n t e n s i t i e s  

w ere  weak and  s u c c u l e n t ,  o f t e n  too  weak t o  s u p p o r t  t h e  p l a n t *
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A l l  p l a n t s  s u r v i v e d  a t  l e s s  t h a n  40 f o o t  c a n d l e s  e x c e p t  s u n 

f l o w e r .  Redwood and l o b l è l l y  p i n e  s u r v iv e d  s i x  months a t  a  

l i g h t  i n t e n s i t y  b a r e l y  s u f f i c i e n t  to  c a u s e  an i n c r e a s e  i n  

w e ig h t  and h e  found t h a t  t h i s  i n t e n s i t y  was l e s s  t h a n  t h a t  

which B a te s  and  R o e s s e r  (1928) found n e c e s s a r y ,  b u t  t h a t  none 

o f  th e  p l a n t s  so s i t u a t e d  w ere  a b le  t o  add a p p r e c i a b l y  t o  t h e i r  

d ry  w e i g h t .  The d r y w e i ^ t w a s  found t o  be  d i r e c t l y  p r o p o r 

t i o n a l  t o  t h e  l i g h t  i n t e n s i t y ,  up t o  c e r t a i n  l i m i t s  beyond w hich  

an  i n c r e a s e  i n  i n t e n s i t y  had l i t t l e  e f f e c t .  T h i s  i s  i n  a g r e e 

ment w i t h  t h e  w ork  o f  Adams (19 2 3 ,1 9 2 4 ) .

The e n t i r e  v i s i b l e  and u l t r a - v i o l e t  s o l a r  s p e c t r u m  was 

found t o  be  more e f f i c i m t  f o r  g rowth  t h a n  an y  f r a c t i o n a l  p o r 

t i o n  o f  i t .  B lue was found t o  be  more e f f i c i e n t  t h a n  r e d .  He 

co n c lu d ed  t h a t  l i g h t  q u a l i t y  was not  a l i m i t i n g  f a c t o r  i n  f o i ^  

e s t  c a n o p i e s .

P e a r s o n  (1 9 2 3 ,  1930) s t u d i e d  t h e  r e p r o d u c t i o n  o f  ’/ / e s t e m  

Yellow P in e  i n  A r iz o n a  and c o r r e l a t e d  th e  e s t a b l i s h m e n t ,  g ro w th ,  

and s u r v i v a l  o f  r e p r o d u c t i o n  w i t h  t h e  s o i l  m o i s tu r e  and l i g h t  

r e q u i r e m e n t s .  He found t h a t  t h e  m a jo r  p o r t i o n  of t h e  i n f l u e n c e  

f o r m e r l y  a t t r i b u t e d  t o  l i g h t  c a n n o t  b e  ass i .gned  to  s o i l  m o i s t u r e  

a s  Tourney ( 1928) i n d i c a t e s .  I t  was found t h a t  t e m p e r a t u r e  i s  a s  

much a  l i m i t  ing  f a c t o r  a s  m o i s t u r e ,  p a r t i c u l a r l y  a t  t h e  u p p e r  

a l t i t u d i n a l  l i m i t s ,  low l i g h t  i n t e n s i t y  i s  a p t  t o  become harm

f u l  when t r e e s  a r e  i n  g r o u p s .  I n  s i t e s  h a v i n g  low l i g h t  i n t e n 

s i t i e s ,  b u t  h a v i n g  a d e q u a t e  s o i l  m o i s t u r e ,  a l l  s p e c i e s  tend t o  

assume a  s l e n d e r  and weak fonn .  I t  was c o n c lu d e d  t h a t  m o i s tu r e  

d e t e r m i n e s  t h e  lo w e r  b o r d e r  o f  Y e l lo w  P in e .
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MATERIALS

Two s a n d t a b l e a ,  f i l l e d  w i t h  u n s t e r i l i z e d  r i v e r  sand t o  a  

d e p th  o f  f o u r  i n c h e s ,  were s e t  u p .  The c o n t r o l  bed which was 

s i t u a t e d  i n  a l a r g e  l a b o r a t  or  y was s u b je c t  t o  room tempe r a t  iire 

and o r d i n a r y  d a y l i g h t .  The e x p e r i m e n ta l  bed was i n  a s m a l l  

s t o r e  room, i l l u m i n a t e d  o n ly  by a  500 w a t t ,  d a y l i g h t ,  Mazda 

*C* lamp and s u b j e c t e d  to  t h e  h e a t  g e n e ra t e d  by the lamp and 

no v e n t i l a t i o n .  A b l a c k  s a t e e n  c l o t h  was used  t o  c o v e r  h a l f  

t h i s  bed t o  e l i m i n a t e  th e  l i g h t .

A s o i l  th e rm o m ete r  and an o r d i n a r y  s t a n d a r d  c e n t i g r a d e  

the rm om ete r  was p la c e d  in  e a c h  bed. C r y s t a l l i z i n g  d i s h e s  10 

cm i n  d i a m e t e r  and 3 cm. deep  were used to  compare t h e  s a t u r a 

t i o n  of th e  a i r  o v e r  each  b e d .

A f i l t e r e d  s o l u t i o n  from s t e e p e d  s t a b l e  manure was used 

as  a  n u t r i e n t  s o l u t i o n .

Seeds o f  th e  f o l l o w i n g  s p e c i e s  were u s e d ,  no r e c o rd  b e i n g  

a v a i l a b l e  as t o  t h e i r  age o r  o r i g i n :  Avena s a t i v a ,  Caragana

s p . , P in u s  a u s t r i a c a ,  P i c e a  c a n a d e n s i s ,  P i c e a  pungens v a r . , 

g l a u c a .

METHODS

The r i v e r  sand was s i f t e d  th r o u g h  a  s i e v e  h a v in g  10 meshes 

t o  t h e  in c h  so t h a t  t h e  growing medium would be un ifo rm  i n  t e x 

t u r e  a s s u r i n g  u n i fo rm  r a t e  o f  w a t e r  l o s s  and c o n d i t i o n s  f o r
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r o o t  p e n e t r a t i o n

Two htindred s e e d s  o f  eaoh s p e c i e s  were  coun ted  out* c a r e  

b e in g  t a k e n  t o  s e l e c t  o n l y  f u l l  plump seeds* One hundred were 

sown on t h e  c o n t r o l  bed i n  d r i l l s  4 ” a p a r t  and l / 2 "  a p a r t  i n  

t h e  d r i l l  and were l e f t  uncovered*  The e x p e r i m e n t a l  bed was 

d iv id e d  i n t o  two s e c t i o n s  r e f e r r e d  to  h e r e a f t e r  a s  th e  L ig h t  

Bed and t h e  Dark  Bed, e a o h  h av in g  50 s e e d s  o f  each s p e c i e s  sown 

as  i n  the  c o n t r o l  bed* One h a l f  o f  the  e x p e r i m e n ta l  bed ( t h e  

D ark  Bed) v;as k ep t  covered  c o n t i n u o u s l y  w i t h  a  b l a c k  c l o t h  s u s 

pended 3 ” above t h e  s u r f a c e  o f  t h e  s o i l ,  f rom F e b ru a ry  18 when 

t h e  seed was sown to  March 1 when the  m a j o r i t y  had completed 

g e rm in a t io n *  The o t h e r  h a l f  o f  the  bed ( th e  L ig h t  Bed) was 

s u b j e c t e d  t o  c o n t in u o u s  i l l u m i n a t i o n  o f  about 250 f o o t  ca n d le s  

from a  500 w a t t ,  d a y l i g h t ,  Mazda lamp suspended 3 f e e t  above 

t h e  c e n t e r  o f  th e  bed* A f l a t  w h i t e  r e f l e c t o r  was used t o  throw 

t h e  l i g h t  on to  th e  bed* The c o n t r o l  bed r e c e i v e d  a n  i l l u m i n a 

t i o n  o f  about  500 f o o t  c a n d l e s  (3)*

A s o i l  t t e rm o m e t e r  was imbedded i n  e a c h  bed s o  t h a t  t h e  

bu lb  was 3" b e n e a t h  t h e  s u r f a c e  o f  th e  s o i l *  A s t a n d a r d  c e n t i 

g rade  t h e m o m e t e r  was p l a c e d  in  t h e  c o n t r o l  bed and one in  each  

s e c t i o n  o f  t h e  e x p e r i m e n t a l  bed, a l l  s o  a r ranged  on ben t  w i r e  

s u p p o r t s  t h a t  th e  b u lb  o f  each was l / 2 "  above t h e  s o i l *  A l l  

t e m p e r a tu r e  r e a d i n g s  w ere  t a k e n  tw ic e  d a i l y ,  a t  9 am and 6 pm*

A c r y s t a l l i z i n g  d i s h  was p la c e d  i n  t h e  c e n t e r  o f  each 

b ed ,  t h e  t  f l u s h  w i th  t h e  s u r f a c e  o f  th e  s o i l  and f i l l e d  w i t h
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w ater*  The anount o f  e v a p o r a t i o n  was measured t o  0 .0 1 "  each 

m orning  when t h e  beds  were w a te red *

From March 1 d u r i n g  th e  r e m a in d e r  o f  th e  experim ent  t h e  

b l a c k  c l o t h  was removed f rom  Ô pm to  9 am each day t h e r e b y  

g i v i n g  8 h o u r s  o f  t o t a l  d a r k n e s s  and 16 h o u r s  i l l u m i n a t i o n  by 

a r t i f i c i a l  l i g h t .

The g row th  i n  in c h e s  of  t h e  germ ina ted  p l a n t s  was measured 

once d a i l y  from Feb. 26 to  March 7 f o r  o a t s  and from March 1 

to  21 f o r  th e  o t h e r  s p e c i e s .  T h i s  was th e  p e r i o d  of  most r a p id  

g r o v t h  and f u r t h e r  measurements  were u n o b t a i n a b l e  due to  t h e  

b u i l d i n g  b e in g  lo c k ed  d u r in g  r e c e s s  between s c h o o l  te rm s*  The 

m easurem ents  were d iv id e d  i n t o  1" h e i g h t  c l a s s e s ,  an y  p l a n t  

b e in g  l e s s  th a n  1" i n  h e i g h t  was n o t  co u n ted  e x c ep t  i n  t h e  g e r 

m in a t io n  c o u n t .  Any p l a n t  more than 1” but l e s s  t h a n  2" was 

i n  th e  1" h e i g h t  c l a s s  and a  p l a n t  more th a n  2" b u t  l e s s  th a n  

3" i n  h e i g h t  went i n t o  t h e  2" h e i g h t  c l a s s ,  e t c .  A w h i t e  

headed p i n  was s t u c k  i n t o  the  s o i l  n e x t  t o  e v e ry  seed and a s  t h e  

s e e d s  g e rm in a ted  th e  p in s  were  removed t h e r e b y  a s s u r i n g  no e r r o r  

i n  c o u n t i n g .

The a r e a s  ( t a b l e s  Z I I  and X II I )  o f  t h e  s tem s  were o b ta in e d  

by making l a r g e  s c a l e  cam e r a - l u c i d  a d raw in g s  and t h e n  r u n n in g  

t h e  p l a n i m e t e r  around t h e  p e r i m e t e r  of  t h e  v a r i o u s  g roups  o f  

t i s s u e s *

DATA ÛBTAIITSD 

1 -  T em p era tu re  of  s o i l  tw ic e  d a i l y .
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2  * TemperatuM o f  a i r  tw ice  d a ily *

3  -  S a tu r a tio n  o f  a ir  or  r e l a t i v e  h u m id i ty  e ^ r e s s e d  i n  t h e

e b a p o ra t  ing power o f  t h e  a i r .

4  -  P e r c e n t  and r a t e  o f  g e r m in a t i o n .

6 -  Rate  o f  g rowth .

6 -  C om para t ive  h e a l t h  o f  p l a n t s *

7 -» Com para t ive  anatomy o f  p l a n t s  §rovn u n d e r  d i f f e r e n t  c o n -

d i t  i o n s .

RESULTS

The f l u c t u a t i o n  o f  th e  t e m p e r a t u r e s  as shown i n  the  g rap h s  

and t a b l e s  was caused  by th e  v a r i a t i o n  o f  che h e a t  i n  t h e  b u i H -  

i n g .  The low t e m p e r a t u r e  was i n  th e  n .crning and t h e  h igh  i n  t h e  

a f t e r n o o n .  The c o n s i d e r a b l e  d rop  over  t h e  week end was caused  

by th e  s h u t t i n g  o f f  o f  t h e  h e a t  over  t h e  week end i n  o rd e r  to 

save  f u e l .  The f l u e t u a t i o n  o f  t e m p e r a tu r e  was l e s s  i n  t h e  ex

p e r i m e n t a l  bed b e c a u s e  o f  i t s  s i t u a t i o n  i n  a room n o t  so  r e a d i l y  

a f f e c t e d  by th e  t e m p e r a tu r e  o f  t h e  re m a in d e r  of t h e  b u i l d i n g .

The s i g n i f i c a n t  d a t a  r e g a r d i n g  t e m p e ra tu re  i s  summarized 

i n  t h e  t a b l e s  a s  g iv e n  be low .

As w i l l  be s e e n  from t h e  f o l l o w i n g  summaries o f  t h e  d a t a ,  

t h e  g r e a t e s t  V a r i a t i o n  was i n  t h e  C o n t ro l  Bed and th e  l e a s t  i n  

t h e  Dark Bed w i th  the  L ig h t  Bed i n  b e tw een .  The b l a c k  c l o t h  

o v e r  t h e  Dark Bed h e lp e d  to  smooth out th e  t e m p e r a tu r e  curve 

o v e r  t h a t  s e c t i o n .  I t  i s  r e g r e t t a b l e  t h a t  space  was n o t  a v a i l -



25.

a b l e  so t h a t  s u i t a b l e  anâ e q u a l  t e m p e r a t u r e  c o n d i t i o n s  c o u l d  

have a p p l i e d  t o  a l l  o f  th e  b e d s .

T ab le  I

Summary o f  s o i l  t e m p e r a t u r e  d a t a  i n  d e c r e e s  F a h r e n h e i t .

C o n t r o l  3ed E x p e r im e n ta l  Bed

Mean h i g h  6 6 .2  7 1 .4
Mean low 6 1 .9  69 .7
Average 6 4 .1  70 .5
Average r a n g e  4 . 3  1 .7

The d a i l y  r e c o r d  o f  t h e  s o i l  t e m p e r a t u r e s  i s  g iv e n  i n  
Table  l a  and c h a r t  I .

Tab le  I I

Sui[]mary o f  a i r  t e m p e r a t u r e  d a t a .

C o n t ro l  Bed E x p e r im e n ta l  Bed

Cont inuous  l i g h t  I n t e r m i t t e n t  l i g h t

Mean h i g h  
Mean low 
Average 
Average ran g e

6 9 .3 7 3 .1 72.5
64 .9 71 .0 70 .8
6 7 .1 72 .0 71 .6

4 . 4 2 .1 1 .7
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À ia  TSLIPERATURK RECORD 
EAIIREiîIIEIT •Table aa

: : a r c i i

u;a]c0n 1"
Data
Fab.

16
19
^0
a i
aa
aa
a4
as
aô 
a? 
a s  1

a 
a
4
5
6
7
8 
9

10 
11 
l a
13
14
15
16
17
18 
19
ao 
a i 
aa 
a s
24
as 
26 
27
as
29
30
31

ab ove s o i l
C o n tr o l b e l

p . i :*
L ig h t  b e l

A.!:* 2 .1 1 .
Dark b e l  

P#
î *• 1:1*

7 3 . 4 7 5 .2 7 3 . 466 *2 76*1 7 3 .4 7 8 .7 7 2 .5 7 6 .17 7 .0 7 4 . 3 7 7 .0 7 7 .0 7 5 .2 7 3 . 460 • 7 7 5 . 2 7 4 .7 7 7 .2 7 5 . 2 7 6 . 171* 6 69*8 7 3 . 4 7 6 .0 7 5 .1 7 5 . 268*0 7 1 .6 7 3 .5 7 4 . 3 7 3 . 5 7 4 . 3  c o v e r  o f f60 * 7 6 0 .7 6 8 .9 6 8 .0 6 8 .0 6 8 . 1  f o r  ..*::b 3 * S 69*8 6 9 .8 7 4 . 5 6 9 .8 7 1 .6
66*2
59*8

66*2
7 2 .5

6 9 .8
6 9 . 8

7 1 .6
7 1 .6

7 0 . 6
6 9 .8

72*5
7 1 .6

66*2 69*8 6 6 .2 7 3 . 4 6 6 . 2 7 3 . 4
68*8 74*3 7 0 .6 7 3 .4 7 0 .6 7 2 .5
63*5 73*4 6 9 .8 7 4 .3 7 0 .6 7 2 .5
62*6 62*2 6 9 .8 6 9 . 5 6 9 .8 7 0 .7
6 4 . 4 6 5 .7 6 8 . 5 6 7 . 2 68*8 6 8 .0
6 5 .5 6 8 .0 6 9 . 8 7 3 . 4 6 9 .8 7 1 .6
67*1 71*6 7 1 .6 7 2 . 4 7 1 .6 71*6
6 8 .0 7 6 .1 7 0 .6 7 6 .2 7 0 .6 7 3 . 4
6 5 .5 6 7 . 1 7 1 .7 7 2 .5 7 1 .7 7 3 . 3
6 3 .6 70*6 6 7 . 1 7 1 .6 6 8 .8 7 1 .6
6 2 .7 6 7 . 1 6 9 . 8 6 9 . 5 6 9 .8 7 0 .0
6 1 .6 69*8 6 8 .0 7 2 .6 6 8 .7 7 1 .7
6 2 .6 73*2 6 8 .9 7 5 . 2 6 9 .8 7 3 . 4
6 4 . 4 67*8 6 9 . 8 7 2 . 5 7 1 .2 7 3 . 4
6 4 . 4 66 « 2 7 0 .7 7 2 .0 7 1 .6 7 2 . 5
6 2 .6 6 6 . 2 6 9 .8 7 1 .6 7 0 .6 7 2 .0
6 4 . 4 6 9 . 8 71*5 7 4 .8 7 1 .7 7 5 .0

6 5 . 3 7 1 .6 7 0 .7 7 6 .0 7 1 .6 7 4 .3
6 6 . 2 7 1 .6 7 2 . 6 7 5 .0 7 5 .4 7 5 . 2
6 4 . 4 6 9 . 8 71*6
6 5 . 3 6 4 . 6 7 3 . 4 7 3 .0 7 3 .1 7 4 .5
6 0 .7 6 8 . 0 6 8 . 0
1 1 . 3  :2094*3 :aaoo.o 2 2 0 0 . 0  2 1 9 9 . 3  2 1 8 2 . 9
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AIR SATURATION

T h is  was n o t  r e o o g n i z e d  as a f a c t o r  p r e v i o u s  t o  t h e  ex 

p e r i m e n t  n o r  u n t i l  i t  had  been  i n  p r o g r e s s  a  few da jE *  The 

r a p i d i t y  o f  g e r r a i n a t i o n  and  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  a s  

p r e s e n t e d  t o  v i s u a l  i n s p e c t i o n  l a d  to t h e  c o n c l u s i o n  t h a t  t h i s  

f a c t o r  o f  h u m id ity  had some b e a r i n g  on t h e  p r o b le m ,  p a r t i c u l a r l y  

a s  t h e  s e e d s  w ere  n o t  i n  t h e  s o i l  b u t  on top  o f  i t *  Only s u f f i 

c i e n t  r e a d i n g s  w ere  t a k e n  to  a s s u r e  t h e  a u t h o r  o f  t h e  d i f f e r e n c e s  

b e tw e e n  t h e  t h r e e  c o n d i t i o n s *

The a v e r a g e  r a t e  o f  e v a p o r a t i o n  p e r  day f rom  t h e  s u r f a c e  

o f  w a t e r  i n  th e  c r y s t a l l i z i n g  d i s h e s  was 0*09"  f o r  t h e  C o n t r o l  

Bed , .  0*11"  f o r  t h e  e x p e r i m e n t a l  b ed ,  L i h . t  s e c t i o n ,  and 0*03"  

f o r  t h e  Dark  s e c t i o n ,  w h ich  d u r i n g  t h e  t im e  o f  t h e  r e a d i n g s  was 

s t i l l  k e p t  c o n t i n u o u s l y  d a rk*
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Part I

effect of Laboratory Controlled ^tificial Light on
Germination and early Grov/th*

Germination was considered to be complete when the 
iiypocotyl just protruded from the seed coats.

Cf the three variables, Light, temperature, and hois- 
tnre, v/lilch influenced germination, an attempt will be 
made to segregate them, assigning if possible, to each 
one, the influence it exerted, rhe accompanying tables 
and graphs v;ill be an aid to this end,

^ summation of the- percent of germination is given 
in table IV.

the beds in uiiich germination corm/.enced first, the 
species and the percent of germination e shown in the 

following table III.
table III

Tirst beds to show germination and percent of germi

nation:
hvena Garagana finus ficea  ̂icea
sativa sp. austriaca canadensis p'ongens

glauca
Control Led 18 1
L ig l i t  SecL Ü4 4
Dark Bed 70 12 1Ü 4
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Proni t h i s  t a b l e  i t  i s  s e en  t h a t  -jvvena g e rm in a ted  i n  a l l  

o f  t h e  b e d s  on t h e  same day b u t  i n  much g r e a t e r  p e r  c e n t  i n  

t h e  D ark  l e d  where t h e  m o i s t u r e  c o n t e n t  o f  th e  s o i l  was th e  

h i g h e s t ,  f h e  m o i s tu r e  c o n t e n t  o f  t h e  s o i l  i n  t h e  L ig h t  l e d  

and i n  t h e  C o n t r o l  l e d  was so n e a r l y  eq.ual t h a t  on ly  th e  

d i f f e r e n c e  i n  t e m p e r a tu r e  can  be th e  f a c t o r  e f f e c t i n g  t h e  

h i g h e r  g e r m i n a t i o n  p e r  c e n t  i n  th e  l i g h t  l e d .  I t  i s  t h e r e 

f o r e  d e d u c t i b l e  t h a t  g iv en  e c u a l  c o n d i t i o n s  o f  one f a c t o r ,  

t h e n  t h e  v a r i a t i o n s  o f  th e  o t h e r  become l i m i t i n g .

O a ts  f i n a l l y  a t t a i n e d  t h e  satie p e r  c e n t  i n  t h e  l i g l i t  

s e c t i o n  as  i n  th e  darh  s e c t i o n  b u t  Caragana i n  t h e  l i g h t  

s e c t i o n  e x c ee d e d  by 1,. t h e  .^germination i n  t h e  d a rk  s e c t i o n .  

Ihe  d i f f e r e n c e  o f  i s  very  sli.^'iit to  l e  o f  d i a g n o s t i c  

v a lu e  b u t  combined w i th  t h e  f a c t  t h a t  :noe g e r m in a t io n  

commenced i n  t h e  l i ^ n t  s e c t i o n  i t  p ro cee d ed  w i th  g r e a t e r  

r a p i d i t y  t h a n  i n  t h e  da rk  s e c t i o n  some i n f e r e n c e  may be 

made. G aragana  b e in g  a  v e ry  h a rd y  p l a n t  a d a p ta b l e  to  r a 

t h e r  z e r o p h i l o u s  c o n d i t i o n s  i t  i s  p ro b a b le  t h a t  t h e  s l ig i i ! : -  

l y  d r y e r  c o n d i t i o n  o f  t h e  s o i l  and  th e  very  s l i g l i t  i n 

c r e a s e  i n  t e m p e r a t u r e  a f f o r d e d  c o n d i t i o n s  more s r d t a b l e  

t o  t h e  g e r m i n a t i o n  o f  t h a t  p l a n t .

f h e  p e r  c e n t  o f  g e r m i n a t i o n  of f i n u s  a u s t r i a c a  i n  

th e  C o n t r o l  l e d  f i n a l l y  exceeded  t h a t  o f  th e  l i g h t  l e d  

a t t a i n i n g  th e  same p e r  c e n t  a s  th e  Dark l e d  i n d i c a t i n g



Date

TABLE IV 

G e rm in a t io n  i n  P e r  c e n t  o f

Avena s a t i v a
P in u s
a u s t r i a c a

P i c e a
c a n a d e n s i s

P i c e a
pungens

Feb. 18 c . L. D. C. L. 0 . G. L. D. P. C. L. D. P. D. L. D. P ,
19
20
21
22 16 24 70 12 4 12 6 4
23 19 24 70 1 18 4 8 30 10 6 18
24 25 44 80 16 6 22 14 16 32 1 2 22 2 10 38
25 32 46 82 19 6 30 19 24 34 3 2 42 4 1 6  54
26 32 48 84 20 8 32 22 26 36 3 6 50 4 26  78
27 33 60 88 22 22 36 32 34 40 6 18 56 12 34  8 8
28 40 64 90 28 32 50 35 36 40 10 26 60 23 48 94

Mar • 1 43 78 90 32 38 62 37 36 42 11 34 70 32 54 100
2 45 68 90 33 44 64 40 36 11 40 74 38 64
3 45 88 90 37 48 64 40 36 11 40 74 43 64
4 45 90 90 40 54 72 40 38 12 52 76 43 64
5 45 90 42 68 74 40 3 12 54 76 S 45 64 S
6 49 90 46 72 76 42 42 42 20 60 76 53 66
7 50 90 92 52 74 80 24 60 76 56
8 54 82 82 35 25 62 76 60
9 55 84 64 45 25 62 76 2 66 17

10 58 84 84 49 26 68 78 25 66 50
11 65 64 84 50 30 41 66 75
12 66 84 66 51 37 52 67 88
13 67 86 86 38 59 68 66 100 91
14 67 86 66 38 60 91
15 67 86 86 38 60 9 :
16 67 90 86 38 61 92
17 67 68 38 63 94
18 67 39 63 94
19 68 41 66 76 63 94
20 68 90 88 64 96
21 65
22 C -  C o n t ro l Bed 100 s e e d s o f ea ch 66 50 s e e d s  of ea ch

L -  L ig h t  Bed s p e c i e s  i n  C o n t ro l Bed s p e c i e s  i n ea c h  1
D -  Dark Bed th e o t h e r  Beds

a
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t h a t  l i g h t  i s  n o t  a  f a c t o r  i n  t h e  g e r m i n a t i o n  o f  t h i s  

s p e c i e s .  The low p e r c e n t a g e  o f  g e r m i n a t i o n  o f  P in u s  

a u s t r i a c a  was c a u s e d  by t h e  lov; q u a l i t y  o f  t h e  se ed s  

which  i n  p l a t e  t e s t s  g e rm in a te d  on ly  51); u s i n g  £00 s e e d s .  

I t  i s  t h e  o n ly  c a s e  v/here t h e  g e r m in a t io n  i n  th e  ex p e r 

im en t  d i d  n o t  exc eed  t h a t  o f  p l a t e  t e s t s ,  o in c e  th e  

p l a t e  t e s t s  p r o v i d e d  more m o i s tu r e  t i ian  t h e  expe r im en t  

a c lu e  i s  a f f o r d e d  to  e x p l a i n  t h e  i n c r e a s e d  g e r m in a t io n  

u n d e r  tlie c o n t r o l  c o n d i t i o n s  over  t i a  L ig h t  3ed c o n d i 

t i o n s .  r h e  C o n t r o l  i e d  had  a s l i g h t l y  low er  e v a p o ra 

t i o n  r a t e ,  c o n s e c u e n t l y  g r e a t e r  s a t u r a t i o n  o f  th e  a i r  

and more s o i l  m o i s tu r e  a v a i l a b l e  which was ap p ro ach ed  

by t h e  Dark Led by th e  f i f t h  o f  t h r c h  i c -  t h e n  tl^e 

Dark Led was b e i n g  exposed  t o  t h e  l i _ h r  - o r  16 hours  

each  d a y .  J l i i s  i n d i c a t e s  t h a t  w i t h i n  th e  rnnge o f  

6£ d e g r e e s  to 73 d e g r e e s  m o i s t u r e  i s  more a c o n t r o l l i n g  

f a c t o r  t h a n  t e m p e r a tu r e  o r  l i g h t  f o r  t h i s  s_ .ec ie s .

I n  t h e  g e r m i n a t i o n  o f  P i c e a  c a n a d e n s i s  te m pera t r r re  

and m o i s t u r e  b o t h  c o n t r o l l e d .  Iii th e  ex^ 'Orimental  bed 

th e  g r e a t e r  m o i s t u r e  i n  t h e  d a r k  s e c t i o n  w_s t h e  f a c 

t o r  g i v i n g  g r e a t e r  t e r m i n a t i o n  t h a n  i n  the l i g h t  s e c 

t i o n ,  w h i le  t h e  h i t h e r  temperat^are  i n  t h e  e x p e r i m e n ta l  

bed  c a u s e d  t h e  g r e a t e r  g e r m i n a t i o n  t h e r e  over  hie Con

t r o l  bed ;  l i g h t , a s i d e  from i t s  h e a t i n g  a c t i o n ,  b e in g
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of no conaeauence, i ' i i e  germination curves are aiiov/n by 
cliart 6.

I t  i s  i i icLicated t h a t  i n  t h e  t e r m i n a t i o n  o f  P i c e a  

pungens  h i g h  m o i s t u r e  c o n d i t i o n s  a r e  more i m p o r t m t  

t h a n  t e m p e r a f a r e  w i t h i n  ohe ran_^e o f  t . d s  ex p e r im e n t ,  

f o r  th o u g h  b o th  t h e  L i^ h t  u.nd f a r h  f e d s  had n e a r l y  

th e  same tem pera tu i 'e  :he _ e r r a in a t io n  i n  t h e  l i ^ h t  bed 

i s  v e ry  much low er  t ^ a n  i n  rhe  J a r h  _ed ,  b e in g  t h e  

same a s  t h a t  i n  t h e  C o n t r o l  bed where bhe t e m p e ra tu re  

was lo w er  b u t  h a v in g  a b o u t  th e  same m o i s tu r e  c o n t e n t ,  

bee c h a r t  7.

f h e  t^ ^ e a te s t  a i i f e r e n c e  b e in g  between t:B L ig h t  

r e d  and  t h e  Dari: bed whose t e m p e r a tu r e  e r e  w i t h i n  a 

d eg re e  i t  must be co n c lu d ed  el iat w i t h i n  hie te m p e ra 

t u r e  ran;:,8 Of h_e experl i . .en t  moisuur'e r r  th e  most l im 

i t i n g  f a c t o r  f o r  a v e n a .  In  fur-1her s u p p o r t  o f  t h i s  con

c l u s i o n  i s  th e  f a c t  t r m t  when ’̂e r u i n a t i o n  d i d  occur' sim

u l t a n e o u s l y  i n  o t h e r  beds  t h e  _.er c e n t  was much g r e a t e r  

i n  t h e  Darh Led t h a n  i n  t h e  o t h e r  and summing up ,  104 

p e r  c e n t  g e rm in a te d  i n  t h e  Darh Led i n  c o n t r a s t  t o  th e  

47 p e r  c e n t  i n  a l l  7he o t h e r  beds t o g e t l - e r .  ( f a b l e  I I I )
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GROV/îH

As m ig h t  he e x p e c t e d  t h e  p l a n t s  i n  the  c o n t r o l  l e d  

v;ere h e a l t h i e r  t l i a n  t h o s e  o f  e i t h e r  o f  th e  tv;o o t h e r  t e l s *  

f h e  s tem s  were s h o r t e r  t u t  t h i c k e r  and. t h e  p l a n t s  stood, 

e r e c t  w h i le  i n  t h e  h a r k  hed. che p l a n t s  were e t i o l a t e d ,  to  

such  a n  e x t e n t  t i i a t  t h e y  were m ia o le  t o .  s u p p o r t  th e m s e lv e s ,  

p l a n t s  i n  t h e  C o n t r o l  hed. were a l s o  a l a r l z e r  g r e e n  

t i i a n  t h e  o t h e r s ,  w i t h  th e  p l a n t s  i n  t h e  l i ^ h t  hed. ra rh i ing  

s e c o n d .

Jhe' same c o m p ar iso n s  a _ p ly  to  t h o s e  p l a n t s  i n  t h e  

L ig h t  and. h a r k  h e d s , the  fo rm er  "being more no rm al ,

OauS i n  t h e  L i _ h t  hed  u n d e r  c o n t i n u a l  i l l u i a i n a t i o n  

e v e n t u a l l y  a t t a i n e d  a h e i g h t  o f  In"  a t  w 'hch  t ime th e y  

head ed  w i t h  h -4  s t e r i l e  t r a c t s . f h i s  was ^ ip r i l  1 ,  40 

days  a f t e r  sow ing ,  which  a g r e e s  w i th  th e  work o f  Garner  

and -"-Hard. (19^0 )

The r o o t  deve lopm ent  o f  th e  p l a n t s  grown i n  t h e  Con

t r o l  Bed was much more b ran ch e d  th a n  th o s e  grovni i n  t h e

e x p e r i m e n t a l  oed. hone o f  t h e  c o n i f e r s  d ev e lo p ed  b ran ch e d
ment

r o o t s .  T h is  i s  i n  a g r e ^ w i t h  t h e  work o f  h u m s .  (1914)

The r a t e  o f  g row th  was f i g u r e d  by a d d in g  up th e  num

b e r  o f  i n c h e s  o f  g row th  f o r  any one day ,  Cf c o u r se  t h i s  

does n o t  g iv e  t h e  r a t e  f o r  t i e  i n d i v i d u a l  r i a n t  b u t  f o r



In c h e s  o f  g row th  o f  Avena s a t i v a
March

T a b le  V

D ate  Feb.  22 23 24 25 26 27 28 1 2 3 4 5 6 7
C o n t r o l  Bed -  n a t u r a l  day  and n i g h t

29 30e p i c o t y l  l o n g e r  t h a n  1" B 6 11 15 16 18 20 24 26 28
2" 5 8 11 16 16 17 20 24 25 26 29
3" 6 8 11 16 16 17 20 23 26 26
4" 6 9 14 16 16 17 22 24 26
5" 3 7 10 14 15 16 17 23 25
6" 4 6 9 14 15 15 15 19
7" 4 4 7 6 8 9 9

c o n t in u o u s  a r t i f i c i a l s ' * 1 1 3 3 4 3
i l l u m i n a t i o n  9" 1

L ig h t  Bed T o t a l  8 13 25 43 63 84 97 "114" 141 156 168
e p i c o t y l  l o n g e r  t h a n  1" 1 6 6 12 21 24 27 31 33 33

2" 3 6 7 17 21 24 28 31 32
3** G 11 16 21 26 27 28
4" 6 7 11 20 24 26 28
5" 3 6 7 12 19 26 26
6" 6 6 7 16 20 20
7" 4 5 8 10 10
8" 1 1 1 2 4
9" 2
T o t a l 1 9 12 34 68 90 117 153 175 183

Dark Bed -  16 h o u r s  a r t i f i c i a l  i l l u m i n a t i ou
44
43

45
44e p i c o t y l  l o n g e r  t h a n  1"

2"
1 2 13

2
22
15

31
22

34
31

37
34

41
37

43
42

3" 7 17 29 31 32 38 42 41
4" 6 15 20 25 30 36 40
5" 2 9 13 15 22 29 36
6" 1 2 7 9 12 13 24
7" 1 2 3 4 5 12
8" 1 1 1 6
9^ 2
T o t a l 1 2 15 44 80 121 144 163 192 210 250

100 s e e d s

12'* f i n a l t r  
a t t a i s P d  

50 s e e d s

12'* f i n a l l r  
a t t a i n e d  
50 s e e d s

10" f i n a l V  ^
a t t a i n e d  ^
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D ate  IvLarch 1 2 3 4 5 6 7 8
Contr^ol Bed. N a t u r a l  day and n i g h t  

e p i c o t y l  l o n g e r  t h a n  1*' 1 3 3 4 7
100 2 ’*
s e e d s  3 ”

Growth in inches of Carafrana sp. Table VI
9 10 11 12 13 14 15 16 17 18 19 20 Z l  22

7 9 10 10 12 12 15 16 24 25 25 25 28 28 
1 2 2' 4 4 6 7 7 7 12 12 12 13 131 1 1 1 1 1 2 2

T o t a l 1 3 3 4 7 8 11 12 14 16 16 23 24 33 38 38 38 43 43

L i g h t  Bed -  c o n t i n u o u s  a r t i f i c i a l  i l l u n x i n a t i o n  
e p i c o t y l  l o n g e r  t h a n  1 ‘* 1 2

2"
3"
4"
5"

D ark  Bed -  16 hou rs*  a r t i f i c i a l  i l l u i a i n a t i o n
e p i c o t y l  l o n g e r  t h a n

50

1 ’*

2'*
3 ’*
4 ”
5 “

3 4 5 5 7 7 9 9 10 13 14 14 15 15
1 2 3 3 3 4 5 8 8  10 13 13

2 4 4 4 5 5

1 2  3 4 D 7 10 10 12 13 17 25 26 26 33 33

5 5 6 10 12 15 16 16 16 16 16 16 16 17 17 17 17
1 4 4 5 6 7 10 12 14 14 14 15 16 16 16 17 17

1 1 3 5 7 7 7 7 8 12 14 15 15
1 2 2 2 2 3 4 6 7 9 9  

 1 1 1 2  2
6 9 10 15 19 23 30 35 39 39 39 41 45 52 55 60 60
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Growth, in inches of Pinus austriaca Table VII
Date Feb. 24 25 26 27 26 1 2 3 4 7 6 9 10 11 12 13 14 15 16 17 16 19 20 21 22

C o n t ro l  Bed -  n a t u r a l  day and n i g h t  
e p i c o t y l  l o n g e r  

th a n  1"
2 ”

100 se ed s  3'*
4'*
5" __________
T o t a l

6 13 14 21 28 31 33 36 38 38 38 39 40 37 37 37 37 37 37 37 37 3
3 7 12 13 19 24 31 32 32 36 56 35 35 36 36 36 36 36 36 $

2 5 7 8 .13 24 24 30 32 32 33 33 33 33 33 @
4 6 6 6 6 6 6

6^13 17 26 30 44 54 65 76 78 83 99 DO 1(2 lj4 109 1J2 U2 1J2 U2 ÏE U 2

L ig h t  Bed -  c o n t in u o u s  a r t i f i c i a l  l i g h t  
e p i c o t y l  lo n g e re p

th a n  1" 1 3
2 "  1

50 s e e d s  3'*
4"

6 12 13 16 18 18 18 18 18 18 16
2 5 8 12 12 16 16 16 16 18 13

2 4 6 8 10 18 16 16 18 18
3 4 5

18
16
IS

7

18 18 18 18 18 18 18 18 10 18 18
Ic 18 IS 81 18 18 18 18 18 18 18
18 18 18 18 18 18 18 18 18 18 IQ
17 17 17 17 17 17 17 17 17 17 17
1 1 1 1 2 3 3 3 3 3 35 " __________________________________________________________

T o t a l  1 4 a ]9 25 36 58 46 54 54 57 58 59 61 72 72 72 72 73 74 74 74 74 74 74

Dark Bed -  16 hours  a r t i f i c i a l  l i g h t  
e p i c o t y l  l o n g e r

50 se ed s

th a n  1 ’’ 2 9 14 16 16 17 21 . a.
2" 5 12 14 16 17 I c  20

4 6 15 17 17 17

,1 21 21 21 21 21 21 21

3 ”
4"
5 ” ________
T o t a l  J 17 

2

1 21 21 21 21 21 21 21 21
21 21 21 21 21 21 21 21 21 21
21 21 21 21 21 21 21 21 21 21

4 9 11 11 12 13 17 17 17 lo  20 20 20 20 21 21 2 l  21 21 21 21
6 10 10 10 1010 10

Ol 21 21 21 21 21
20 21 21 21 21 21

;1
i l

8 8
64 67 66 74 76 80 60 60 So ou j 1 1/1 91 92 94 94 94 94 94 94

Ol



Growth in Inches of Picea canadeasis Table VIII
Date Feb. ZQ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Mar,

C o n t ro l  iSed -  n a t u r a l  day and n i g h t  
l o n g e r  th a n  1 ’* 1 2 5 7 9 9 12 12 12 20 22 22 22 22 22 100

see<^

L ig h t  Bed -  24 h ou rs  i l l u m i n a t i o n  
lo n g e r  th a n  1" 2 3 4 10 10 13 15 19 20 21 21 21 21 24 26 26 26 26 26 26 50

seed s

Dark Bed -  16 h o u rs  i l l u m i n a t i o n  
l o n g e r  th a n  1" 4 6 14 20 21 26 28 31 32 32 32 32 32 32 52 32 32 32 32 32 32 32 32

2 '* _____ 1 1 2 2 2 3 5 4 4  4- 4  4 4 4  4  4 4 4 4  32 32 50
4 6 15 21 23 28 30 34 36 36 36 36 36 36 36  36 36 36 36 36 36 64 64seed s



Growth In Inches of Picea pungens var. glauca Table IX

Date Feb.  28 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

C o n t ro l  Bed -  n a t u r a l  d a y  and n i g h t  
l o n g e r  t h a n  1" 3 5 8 17 18 26 29 30 32 38 40 43 43 43 43 43

100  2 "

s e e d s

L ig h t  Led -  c o n t in u o u s  a r t i f i c i a l  i l l u m i n a t i o n  
l o n g e r  th a n  1"  1 3 6 9 11 16 16 16 19 21 25 25 25 25 25 25 25 25 25 25 25 2 5 .2 5

50 s e e d s

Dark Bed -  16 h o u r s  a r t i f i c i a l  i l l u m i n a t i o n
l o n g e r  t h a n  1"  6 14 26 35 36 39 39 46 46 47 48 45 48 45 43 46 48 48 48 48 48 48 48

2"  1 1 1 2 5 3 4 4 4  4 4 4 4 4 4 4 4 4 4 4
50 s e e d s  6 14 26 36 37 40 41 49 49 51 52 52 52 52 52 52 52 52 52 52 52 52 52
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t i i e  p l a n t  s o c i e t y ,  c o n s i s t i n g  o f  one s p e c i e s  under  one 

c o n d i t i o n #  ^  com par ison  o f  th e  f i g u r e s  s e c u r e d  s e rv e s  

a s  a n  i n d i c a t i o n  o f  t h e  s u i t a b i l i t y  of  t h e  c o n d i t i o n s  

u n d e r  which  t h e  p l a n t s  were grovm# Jne nurfoer o f  in c h 

e s  g row th  made i n  each  bed by s p e c ie s  up to  . .^ rch  1  i s  

shov;n i n  t a b l e  h .  b in c e  th e  C o n t ro l  l e d  has  100 se ed s  

o f  e a c h  s p e c i e s  and  vhe o t h e r  two beds on ly  50 o f  each 

s p e c i e s ,  t ^ e  C o n t r o l  bed f i g u r e s  r e p r e s e n t  one h a l f  of  

th e  t o t a l  g row th  i n  t h ^ t  bed*

f a b l e  h

A S'unmary o f  che i n c h e s  o f  g rowth  nade i n  each  bed .

bpec i a s C o n t r o l  _ed b i f f , r ^ h t  bed J i f f , Jh*b<

a.vena s a r i va 84 i 9 155 57 250
Caraga na sp . 2 1 . 0 1 1 ,5 57 cO
f  i n u s a u s t r i a c a 55 IS 74 2 0 94
f  i c e a c a n a d e n s i s 1 1 15 58 o4
 ̂i c e a pun_.ens n l . 5 5 ,5 no 27 52

Si::  v a r i a b l e  f a c t o r s  e n t e r  ^.nto th e  _rowth o f  th e  

p l a n t s  i n  t h e  d i f f e r e n t  b e d s ,  f h e s e  a r e :  t e m p e r a t u r e ,  

l i g h t  i n t e n s i t y ,  l i g h t  q u a l i t y ,  l i g h t  d u r a t i o n ,  s o i l  m ois

t u r e  and  s a t u r a t i o n  o f  t h e  a i r *

f h e  low er  t e m p e r a t u r e  o f  th e  C o n t r o l  bed v;ould i n  

i t s e l f  be s u f f i c i e n t  cau se  f o r  t h e  l e s s  g rowth i n  h e i g h t  

o f  t l ia  p l a n t s  i n  t h a t  bed  a s  compared vfLth uhe grov/th
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mad.e i n  t h e  o t h e r  t e d s ,  "but th e  e t i o l a t i n g  e f f e c t  of  

t h e  low l i g h t  i n t e n s i t y  and  t h e  absen ce  o f  t h e  u l t r a  

v i o l e t  r a y s  i n  t h e  e x p e r i m e n t a l  b ed ,  en h an c in g  h e i g h t  

g ro w th  w i t h o u t  a  c o r r e s p o n d in g  n o r m a l i t y  i n  a l l  t h e  

s t r u c t u r e s  i n c r e a s e s  th e  d i f f e r e n c e .  IIov;ever a. tem

p e r a t u r e  d i f f e r e n c e  o f  4 -5  d e g r e e s  would no t  e x p l a i n  

t h e  g r e a t  d i f f e r e n c e  i n  grov/th  between th e  p l a n t s  o f  

t h e  C o n t r o l  Bed and th o s e  o f  t h e  E x p e r im e n ta l  Bed f o r  

t h e r e  i s  an  much d i f f e r e n c e  o r  more i n  growth  between 

t h e  p l a n t s  o f  t h e  L ig h t  and Dark beds  where t h e  tem 

p e r a t u r e  was p r a c t i c a l l y  t h e  same. So th e  g r e a t  i n 

c r e a s e  i n  g ro w th  o f  t h e  p l a n t s  i n  t h e  e x p e r im e n ta l  

bed o ver  t h a t  o f  th e  c o n t r o l  bed must b _ c h i e f l y  a t 

t r i b u t e d  t o  th e  q u a n t i t y  and  q u a l i t y  o f  hie l i g h t ,  

and  i n  a d d i t i o n ,  f o r  t h e  Dark Bed, t h e  h ig h  s a t u r a 

t i o n  o f  t h e  a i r  which  a s  Sachs  (1882) shows r e s u l t s  

i n  p l a n t s  q u i t e  l i k e  t h o s e  e t i o l a t e d  by l a c k  o f  l i g h t  

and  com bin ing  t h e  two c a u s e s  t o  a c t  a t  th e  same t im e 

would o n ly  a c c e n t u a t e  i n  t h e  e f f e c t s  o f  e a c h .  In  

t h i s  c a s e ,  how ever ,  t h e  q u a n t i t y  and q u a l i t y  o f  t h e  

l i g h t  i s  o f  more im p o r ta n c e  t h a n  th e  s a t u r a t i o n  of  

t h e  a i r  f o r  t h e  t h e  s a t u r a t i o n  o f  th e  Dark and L ig h t  

Beds was n e a r l y  t h e  same d u r i n g  th e  g ran d  p e r i o d  of
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g ro w th  y e t  t h e  p l a n t s  i n  t h e  Dark Bed made, except  i n  

À v e n a ,  a g r e a t  d e a l  more g row th  th a n  d i d  th o s e  i n  t h e  

L ig h t  Bed* T h is  can  o n ly  be a t t r i b u t e d  to  t h e  d i f f e r 

ence  i n  t h e  d u r a t i o n  o f  t h e  l i g h t i n g  p e r i o d ;  a  m a t t e r  

o f  e i g h t  h o u r s  l e s s  l i g h t  b e in g  r e c e i v e d  by th e  p l a n t s  

i n  t h e  Dark Bed th u s  i n c r e a s i n g  t h e  e f f e c t s  o f  e t i o l a 

t i o n .

f h u s  i t  a p p e a r s  t h a t  t h e  q u a n t i t y  and q u a l i t y  o f  

l i g h t  a r e  o f  more im por tance  i n  c o n d i t i o n i n g  th e  growth 

o f  p l a n t s  t h a n  a r e  e i t h e r  te m p e ra tu r e  or  a i r  s a t u r a t i o n  

w i t h i n  t h e  l i m i t s  o f  t h i s  e x p e r im e n t .  Of th e  two f a c 

t o r s ,  l i g h t  q u a n t i t y  and l i g h t  q u a l i t y ,  i t  a p p e a r s  t h a t  

from th e  n o r m a l i t y  o f  t h e  s t r u c t u r e s  t h a t  hue f a c t o r  

l i g h t  (pLali ty  i s  th e  most l i m i t i n g .

G O h C L U B I C l I B

1 -  L i g h t ,  a s i d e  from i t s  h e a t i n g  a c t i o n ,  has no d i s c e r n 

a b l e  e f f e c t  on g e r m in a t io n  o f  t h e  s p e c i e s  u sed  under  t h e  

c o n d i t i o n s  o f  t h e  exper im ent*

n -  That o t h e r  f a c t o r s  b e in g  e q u a l ,  g e rm in a t io n  o f  th e  

s p e c i e s  u s e d  i s  c o n d i t i o n e d  by t e m p e r a tu r e  and m o i s tu r e ,  

e a ch  v a r y i n g  i n  i n d i v i d u a l  im p o r ta n c e  w i th  d i f f e r e n t  

s p e c i e s , ‘ w i th  m o i s t u r e  b e in g  t h e  more im p o r t a n t .

3 -  o m a l l  f l u c t u a t i o n s  i n  t e m p e r a t u r e  do n o t  e f f e c t  germ

i n a t i o n .
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4 -  Average s o i l  t e m p e r a tu r e  o f  70 d e g r e e s  F w i l l  e f f e c t  

a  g r e a t e r  p e r  c e n t  and more r a p i d  r a t e  o f  g e r m in a t io n  

t h a n  a n  a v e r a g e  s o i l  t e m p e r a tu r e  o f  60 d e g r e e s ,

5 -  n a t u r a l  d a y l i g h t  g i v e s  h e a l t h i e r  and more normal 

p l a n t s  t h a n  t h e  a r t i f i c i a l  l i g h t  u s e d ,

6 -  The q u a l i t y  o f  t h e  l i g h t ,  when t h e  l a t t e r  i s  s u f 

f i c i e n t l y  i n t e n s e  f o r  g ro w th ,  i s  more a  l i m i t i n g  f a c t o r  

t h a n  t h e  q u a n t i t y .
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PART II
The Z f f e o t  o f  L a b o r a to r y  GontrollecL a r t i f i c i a l  

L ig h t  on P l a n t  Anatomy♦

RL3ULTS

The r e s u l t s  o f  t h i s  p a r t  o f  th e  problem  a r e  open 

t o  c r i t i c i s m  i n  some p l a c e s  due to  an  i n i t i a l  l a c k  of 

u n d e r s t a n d i n g  c o n c e rn in g  i t s  c o m p l e x i t i e s .  S u f f i c i e n t  

m a t e r i a l  was grown so t h a t  th e  av e rag e  measurements 

m ight  have b een  v e r y  a c c u r a t e  b u t  v e ry  l i t t l e  m a t e r i a l  

vjas k i l l e d  and  s e c t i o n e d ,  ^ t̂ f i r s t  t h e  s e c t i o n s  were 

c u t  to o  t h i n  and t h e  v a l u e  o f  much of  th e  work was 

n u l l i f i e d  due t o  c o l l a p s e  o f  t i s s u e s  d u r in g  s e c t i o n 

i n g .  The s e c t i o n i n g  was r e p e a t e d  u s i n g  a t h i c k n e s s  o f  

15-20 m ic ro n s  i n s t e a d  o f  5-10 a s  iiad been  used  b e f o r e ,  

oome o f  t h e  m a t e r i a l  was u n a v a i l a b l e  bu t  t h a t  which 

7/as s e c t i o n e d ,  and  s m a l l  a s  i t  was i n  q u a n t i t y ,  r e 

v e a l e d  c o n d i t i o n s  v/hioh on t h e  whole check w i th  p r e 

v io u s  work,  such  as  t h a t  by I IcLougal l  and Penfound (1 9 2 4 ).

T a b le s  X I, X I I ,  and X I I I ,  and th e  p l a t e s ,  (p h o to 

m ic ro g ra p h s  and d raw in g s  by t h e  a u t h o r )  w i l l  s u b s t a n t i 

a t e  t h e  t e x t  and e x p l a n a t i o n s .

Discussion
I t  w i l l  be n o t i c e d  t h a t  th e  u s u a l  c o n d i t i o n  o f  

d e c r e a s e  i n  t h e  t h i c k n e s s  o f  t h e  l e a f  v/i th  a  d e c re a s e
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i n  l i g h t  i n t e n s i t y  was r e p e a t e d ,  a s  was a l s o  t h e  d e c r e a s e  

i n  t h e  t h i c k n e s s  o f  th e  p a l i s a d e  t i s s u e *  T h is  d e c r e a s e  

i n  t h i c k n e s s  an d  a l s o  t h e  r e l a t i v e  s t r e n g t h  o f  t h e  t i s 

s u e s  a s  shown by t h e i r  r e s i s t a n c e  to  s e c t i o n i n g  i s  shown 

i n  r l a t e  5 .  I n  c o n s i d e r i n g  t h e  f i g u r e s  f o r  th e  ave rag e  

d i a i : e t e r  o f  v e s s e l s  i n  .%vena a s  shown i n  f a b l e  XI where 

u n d e r  c o n t r o l  c o n d i t i o n s  th e  a v e ra g e  d i a n e t e r  was hh n i 

e ro n s  and under ,  th e  c o n d i t i o n s  of  th e  Dark f e d  tlB a v e r 

age d i a n e t e r  was 17 m ic ro n s ,  the r e l a t i o n s h i p  i s  e a s i l y  

e x p l a i n e d  tiii'U t h e  d e c r e a s e d  t r a n s p i r a t i o n  o f  t ire p l a n t s  

u n d e r  t h e  h a r k  f e d  C o n d i t io n s *

ho e x p l a n a t i o n  i s  g iven  f o r  t h e  i r r e g u l a r  cu rve  o f  

the  t h i c k n e s s  o f  t h e  e p id e r m is  o f  th e  Car. _ana l e a f *

J u s t  b e lo w ,  t h e  f i g u r e s  r e p r e s e n t i n g  th e  l e n g t h  o f  t h e  

e p i d e r m a l  c e l l s ,  i f  p l o t t e d ,  would f a l l  i n  a s t r a i g h t  

l i n e  w i t h  t h e  s h o r t e s t  o c c u r r i n g  u n d e r  t h e  c o n t r o l  con

d i t i o n s  and  th e  l o n g e s t  u n d e r  t h e  d a rk  c o n d i t i o n s ,  f h e s e  

r e s u l t s  were t o  be e x p e c t e d .

f h e  g r a d u a l  i n c r e a s e  o f  t h e  t h i c k n e s s  o f  t i e  v e s 

s e l  w a l l s  i n  t h e  xylem o f  G a rag a n a ,  w i th  a d e c r e a s e  i n  

q u a n t i t y  o f  i l l u m i n a t i o n ,  was an  u n lo o k e d  f o r  o ccu rrence*  

S in ce  i t  a l s o  o c c u r s  i n  t h e  v e s s e l s  o f  t h e  v a s c u l a r  bun

d l e s  o f  h v e n a  i n  b o t h  t h e  s tem  and  th e  l e a f  tn e  q u a l i t y  

o f  t h e  l i g h t  r a t h e r  t h a n  i t s  i n t e n s i t y  must be a c c o u n t 
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a b l e ,  f o r  t h e  i n t e n s i t y  was mach g r e a t e r  u n d e r  t h e  con

t r o l  b ed  c o n d i t i o n s  t h a n  i n  t h e  e x p e r i m e n t a l  b e d ,  b u t  

t h e  s p e c t r u m  o f  t h e  l a t t e r  would show no u l t r a  v i o l e t  

an d  a  g r e a t  d e a l  o f  g r e e n ,  r e d ,  and b l u e .  (Kibben 1930) 

T h is  i s  i n  e x a c t  o p p o s i t i o n  t o  t h e  r e s u l t s  o f  t h e  work 

o f  I h D o u g a l l  and  P en fo u n d  (1924) b u t  t h e  r e s u l t s  o f  

P i n u s  a u s t r i a c a  s u p p o r t  t h e i r  work. I t  r.iust t h e r e f o r e  

be c o n c lu d e d  t h a t  t h e  e f f e c t s  o f  l i ^ i t  may v a ry  w i t h  

a d i f f e r e n c e  i n  s p e c i e s .  They found  t h a t  th e  a v e ra g e  

d i a m e t e r  o f  t h e  v e s s e l s  d e c r e a s e d  v l t h  a  d e c r e a s e  i n  

t h e  i n t e n s i t y  o f  t h e  i l l u m i n a t i o n .  The r e s u l t s  a s  shown 

by Avena s u p p o r t  t l i a t  f in d in g *

I n  Avena and  C a rag an a  tlie th io lcn e ss  : f  t h e  v e s s e l  

w a l l s  was i n c r e a s e d  w i t h  a d e c r e a s e  i n  l i _ h t  i n t e n s i t y  

a s  ahov/n i n  T ab le  X I,  and  a s  IfacPougal (1 .0 1 )  found t h e  

deve lopm en t  o f  t h e  b a s t  i n  p e r  c e n t  o f  t h e  t o t a l  a r e a  

o f  t h e  s tem  a l s o  i n c r e a s e d  w i t h  a  d e c r e a s e  i n  l i g h t  i n 

t e n s i t y ,  a s  shown i n  T a b le  X I I .  But i n  s p i t e  o f  th e  

g r e a t e r  p e r  c e n t  o f  b a s t  i n  t h e  C a ragana  s tem s r a i s e d  

u n d e r  D ark  Bed c o n d i t i o n s  t h e s e  p l a n t s  were somewliat 

recum ben t  w h i l e  t h o s e  p l a n t s  grown u n d e r  t h e  o t h e r  con

d i t i o n s  were e r e c t .  T h is  may be due to  t h e  g r e a t e r  

t u r g i d i t y  o f  t h e  l a t t e r  p l a n t s .

S a y re  (1923) s a y s  t i i a t  t h e  e x t e r n a l  f a c t o r  m o s t ly
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i n t l u e n o i n g  s t o m a t a l  o p e n in g  i s  l i g h t  which changes  th e  

h y d ro g e n  i o n  c o n c e n t r a t i o n  o f  t h e  c e l l ;  and t h a t  a tmos

p h e r i c  h u m i d i t y  i s  l a s s  an  i n f l u e n c e  th a n  l i g h t . e t i o l a t e d  

p l a n t s  i n  d a r l m e s s  t r a n s p i r e  a t  a  low er  r a t e  t h a n  do 

g r e e n  p l a n t s  i n  l i g h t  (a a c h s  188%) and t h e  d e c r e a s e  i n  

t h e  t r a n s p i r a t i o n  u n d e r  t h e  more humid c o n d i t i o n s  e x i s t 

i n g  u n d e r  t h e  'b lade  c l o t h  d u r i n g  t h e  p e r i o d  o f  d a rk n e s s  

f o r  t h o s e  p l a n t s  grown i n  t h e  d a r k  3ed v;ould b o th  t e n d  

t o  a  s u p p r e s s i o n  o f  th e  w a te r  c o n d u c t io n  t i s s u e s . f h i s  

a c c o u n t s  f o r  t h e  r e s u l t s  d e p i c t e d  i n  f a b l e  X I I I ,  i n  tl^e 

p h o to g r a p h s  on r l a t e  I I ,  _nd t h e  camera l u e i d a  d raw ings  

on r l a t e s  T i l l  and  IX.

f h e  r e s u l t s  o f  t n i s  work a r e  i n  f u l l  ^coord  \ C t h  

t h o s e  o f  d f e i f f e r  (19%6) who showed t l i ^ t  :__e d i f f e r e n 

t i a t i o n  o f  t i s s u e s  i n  t h e  s tem s o f  p l a n t s  was g r e a t e r  

i n  t h e  i U l l  sp e c t ru m  u n d e r  g l a s s  t h a n  u n d e r  g l a s s  t r a n s -  

m i t t  in g  o n ly  i n  t h e  b lu e  or r e d  r e g i o n .  In  r i n u s  a u s t r i 

a c a  t h e  d i f f e r e n t i a t i o n  a s  e v id e n c e d  by t h e  developm ent 

o f  t h e  en dode rm is  i s  g r e a t e r  u n d e r  a  c o n t i n u a l  a r t i f i c i a l  

l i g h t i n g  c o n t a i n i n g  c o n s i d e r a b l y  l e s s  t i i an  t h e  f u l l  s p e c 

t ru m ,  t h a n  i t  i s  u n d e r  t h e  f u l l  sp e c t ru m  as  t r a n s m i t t e d  

t h r u  a  w es t  window i n  F e b ru a ry  and  h a r c h .  t h i s  i s  shown 

i n  T a b le  X I I I  and  p i c t u r e s  i n  x l a t e  I I .  fhe  t o t a l  a b 

s e n c e  o f  t h e  en d o d e rm is  u n d e r  P a r k  3ed  c o n d i t i o n s  must
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T ab le  XII  

Caragana

Areas o f  d i f f e r e n t  r e g i o n s  of  tn e  s t e u  i n  p e r  c e n t  of 

t o t a l  a r e a .

C o n t r o l  L ig h t  Lark
C o r te x  lo  41 o 5
^hioen JO CO 2 q

Xylem 35 26 3 4
r i t h  8  o 5
L as t  2  5  i J

f a b l e  : . I I I  

L inus  A u s t r i a c a

Areas of  d i f f e r e n t  r e g i o n s  of  the stem i a  per  cen t  o f  

th e  t o t a l  a r e a .

C o n t ro l  L ig h t  Dark
Xylem 3 5 2
Lacunae 6 4 5
enciodermis t r a c e s  co m p le te  a b s e n t
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be a  f i i n c t i o n  o f  t h e  s h o r t e r  d u r a t i o n  o f  the  1 1 .3h t  and t h e  

h i g h e r  a i r  s a t u r a t i o n .  2 he f a c t  t h a t  th e  r e l a t i o n s h i p s  

e x i s t i n g  i n  th e  deve lopm en t  o f  t h e  endodermis a r e  i n  the  

sane  p r o p o r t i o n  as  t h o s e  i n  t h e  deve lopm ent  of  t h e  xylem 

would i n d i c a t e  t h a t  th e  saioe f a c t o r  of  t r a n s p i r a t i o n  p l a y 

ed t h e  m a jo r  r o l e  i n  i t s  fo rm at  io n .  I 'his com ple te  forma

t i o n  of  t h e  endode rm is  under  th e  s t i m u l a t i o n  o f  c o n t i n u a l  

a r t i f i c i a l  l i g h t  may be a r e a c t i o n  of  th e  p l a n t  i n  sxiUt- 

t i n g  o f f  e x c e s s i v e  t r a n s p i r a t i o n  t h r u  the  stoxr.ata of th e  

s tem. f h i s  i n t e r e s t i n g  pnenon.erin, oe inp  cased on such 

few sp e c im e n s ,  i s  of  c o u r s e  on ly  c o n j e c t u r a l .

fhe  r e a s o n  f o r  th e  ap p ea ran ce  of  th e  la cu n ae  in  Aus

t r i a n  f i n e ,  to  wnich r e f e r e n c e  i s  made in  f a b l e  ..1 1 1 , i s  

not known and i t  would ae v e ry  d i f f i c u l t  t .  i n d i c a t e  a 

c a u s a t i v e  a g e n t  f o r  t h e i r  o r i g i n  and do vol.. . .. .ont. a c c o r d 

ing  to  one t h e o r y  t h e i r  f o r m a t io n  may oe a t t r i b u t e d  to  th e  

n e c e s s i t y  o f  th e  p l a n t  to  i n c r e a s e  i t s  gas excnanye,  p a r t i 

c u l a r l y  v / i th  r e f e r e n c e  to  the  i n c r e a s e  i n  r e s p i r a t i o n  i n 

duced by t h e  r e l a t i v e l y  h ig h  t e m p e r a tu r e .  -hey a . p e a r  in  

the  p h o to g r a p h s  on P l a t e  I I  as l a r g e  chambers l a y in g  J u s t  

i n s i d e  t h e  p e r i c y c l e  and s i t u a t e d  more o r  l e t s  t - . t , .een  the  

p r im a ry  xylem e l e m e n t s .  -he c o n s t r u c t i o n  of a d j a c e n t  c e l l  

w a l l s  i n d i c a t e s  t h a t  t h e y  a r e  l y s i g e n o u s ,  beiAg forr .ed  by 

tn e  d i s s o l u t i o n  o f  o t h e r  c e l l s .  i n  o r d e r  to  - o r e  f a l l y  

u n d e r s t a n d  t h e i r  ^eveloprvont  i t  would be n e c e s s a r y  to  f o l 

low i t  f rom t h e  age o f  a I'e.v days to  a ti^.ie vn.an Cnc eecon-
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d a ry  xylem a p p e a r e d ,  when th e  l a c u n a e  would p r o b a b ly  d i s -  

sap e a r , '  ho r e f e r e n c e  t o  t h e  ap p e a ran c e  of  l a c u n a e  i n  t h i s  

s p e c i e s  h a s  been  found in  b o t a n i c a l  l i t e r a t u r e ,

3 l i :  : . ^ d Y

. i l t h o  th e  t e m p e r a - u r e  of  uhe C o n t ro l  ^ed ,/as no t  the  

same as t h a t  o f  the ^expérimenta l  _ed Uxd th e  c u a n t i t y  o f  

th e  m a t e r i a l  v/as no t  as ^uch as i t  miignt nave been to  vive 

smooth c u r v e s  i f  th e  r e s u l t s  were p l o t t e a ,  n e v e r t h e l e s s  

c e r t a i n  c o n c l u s i o n s  may be r e a c h e d ,

1  -  xhe t h i c h : . e s s  o f  the  l e a v e s  d e c r e a s e s  w i th  a u e c r e a s e

i n  th e  i n t e n s i t y  of th e  i l l u m i n a t i o n ,

Z -  fh e  t h i c k n e s s  o f  tn e  e p id e rm is  of  tn e  l e a v e s  d e c r e a s e s

w i th  a u e c r e a s e  in  i l l u i - i i n a t i o n ,  

d -  fhe  t h i c k n e s s  and d e n s i t y  of the  p a l i / a ^ e  t i s s u e  be- 

cornes l e s s  w i th  a d e c r e a s e  in  l i y h t  x . . t e n s i t y ,  

a -  fhe l e n g t h  o f  th e  e p id e r m a l  c e l l s  o f  tne  l e a v e s  i n 

c r e a s e  w i th  a d i m i n u t i o n  i n  l i g h t  i n t e n s i t y ,

5 -  fh e  e f f e c t s  o f  l i g h t  may v a ry  w i th  d i f f e r e n c e  in

s p e c i e s .

6 -  fh e  t h i c k n e s s  o f  t n e  v e s s e l  w a l l s  i s  i n c r e a s e d  by a

d e c r e a s e  i n  l i a n t  i n t e n s i t y  i n  th e s e  s p e c i e s  and un

d e r  t h e  c o n d i t i o n s  uf th e  e x p e r im e n t ,

7 -  C o n t in o u s  a r t i f i c i a l  i l l u m i n a t i o n  g r e a t l y  i n c r e a s e s

the  p e r  c e n t  o f  xylem.
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PIATE I

Showing th e  r e l a t i v e  th io k n e s a  o f  th e  l e a f  o f  Avena 

s a t iv a  u n d e r th e  th r e e  c o n d it io n s  o f  l ig h t#  A ll  m agni

f ie d  aoo X.

’«Ms»/

-  C o n tro l  Bed

B -  l i ^ n t  Bed C -  Bari: Bed



PLATE I I  

PIEUS AUSTRIACA

Showing the r e la t iv e  development o f the xylem under
d iffe r e n t  cond itions o f growth.

C o n tro l Bed 
A ll  m a g n if ie d  200X

Continual Light Bed Dark Bed
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PLATE I I I  

CARAGAInTA

Showing development o f stem t is s u e s  under d i f f e r 
ent con d ition s o f  growth

C o n tro l  Bed
c o r te x

L ig h t  Bed D ark Bed

1— D ark a re a s  i n  e r e  g roups o f  h o s t  c e l l s
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PLATE IV 

CARAGAl'IA

Showing r e la t iv e  development o f stem t i s s u e s
under d if f e r e n t  c o n d itio n s  o f growth
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A T m A  SATIVA 

sh o w in g  d e v e lo p m e n t o f  v a s c u l a r  b u n d le s
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Vascular Bundles of leaf of Plcea


	The effect of laboratory controlled artificial light; Part I On germination and early growth; Part II On plant anatomy
	Let us know how access to this document benefits you.
	Recommended Citation

	tmp.1459884606.pdf.PtdKr

