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INTRODUCTION

A method of p r u n i n g  a p p l e  t r e e s  o f  b e a r i n g  age 

d e v e l o p e d  a t  t h e  M ich igan  S t a t i o n  by R ic k s  and  Gaston 

an d  d e s c r i b e d  by them u n d e r  t h e  name " t h i n  wood" h a s  

b ee n  e x t e n s i v e l y  employed and w i t h  r a t h e r  u n i f o r m ly  

s u c c e s s f u l  r e s u l t s .  I t  c o n s i s t s  e s s e n t i a l l y  i n  remov­

i n g  f rom  t h e  t r e e  i t s  c o m p a r a t iv e ly  s l e n d e r  o r  s o - c a l l e d  

" t h i n "  b e a r i n g  wood and  i n  l e a v i n g  i t s  t h i c k  o r  s to c k y  

b e a r i n g  wood. V ary ing  p e r c e n t a g e s  o f  t h e  wood o f  i n t e r ­

m e d ia t e  c h a r a c t e r  a r e  removed, depend ing  on c o n d i t i o n s .  

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

o f  t h e  " t h i n "  wood a r e :  ( l )  b a s a l  d i a m e t e r s  of  f o u r —y e a r -

o l d  g ro w th s  do n o t  exceed  one—f o u r t h  i n c h ,  ( 2 ) most o f  

t h e s e  s l e n d e r  b r a n c h e s  t e n d  t o  grow i n  a downward d i r e c ­

t i o n ,  (3 ) most o f  them a r e  found  i n  t h e  low er  and i n t e r ­

i o r  p o r t i o n s  o f  t h e  t r e e .  C o n t r a s t i n g  t h i c k ,  s to c k y  

f r u i t i n g  b r a n c h e s  o f  t h e  same age a r e  t h r e e —e i g h t h s  in c h  

o r  more i n  d i a m e t e r  and a r e  found p r i n c i p a l l y  i n  t h e  

u p p e r  and o u t e r  p o r t i o n s  o f  t h e  t r e e .  Removal of  t h e  

s l e n d e r  wood an d  r e t e n t i o n  of  th e  s to c k y  wood i s  recom­

mended in  " t h i n  wood" p r u n i n g  b e c au se  o f  t h e  c l o s e  c o r r e ­

l a t i o n  found  be tw een  s t o c k i n e s s  of  b r a n c h  and q u a n t i t y ,  

g r a d e  and q u a l i t y  o f  f r u i t  p ro d u c e d .  The d i v i d i n g  l i n e s  

b e tw e e n  t h i n  and  i n t e r m e d i a t e  b r a n c h e s  and b e tw een  i n t e r ­

m e d ia t e  and  t h i c k  b r a n c h e s  a r e  more o r  l e s s  a r b i t r a r y  and ,



i n  a s e n se  a t  l e a s t ,  t h e  r e a s o n s  a s  w e l l  a s  t h e  d i r e c ­

t i o n s  g iv e n  f o r  t h e  p r u n i n g  a r e  e m p i r i c a l .  The r e l a t i v e  

u n i f o r m i t y  of  t h e  r e s u l t s  a t t e n d i n g  " t h i n  wood" p r u n i n g ,  

how ever ,  s u g g e s t  t h a t  i t  i s  a d j u s t e d  t o  and  makes use  of  

b a s i c  p r i n c i p l e s  o f  t r e e  g ro w th  and n u t r i t i o n .

I t  was w i t h  t h e  o b j e c t i v e  i n  v iew  of d i s c o v e r i n g  why 

" t h i n  wood" f u n c t i o n s  l e s s  e f f i c i e n t l y  t h a n  t h i c k  o r  

s t o c k y  wood t h a t  t h i s  i n v e s t i g a t i o n  was begun .



REVIEW AND DISCUSSION OF 
LITERATURE

The l i t e r a t u r e  d e a l i n g  w i t h  p r u n i n g ,  l i g h t  i n  r e l a ­

t i o n  t o  g ro w th ,  and  p h o t o s y n t h e s i s ,  i s  ex tens ive^ ,  y e t  

most o f  t h e  m a t e r i a l  i s  n o t  a r r a n g e d  t o  show th e  i n t e r r e ­

l a t i o n  of  t h e  t h r e e .  There a r e  many r e f e r e n c e s  i n  np r u n — 

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

p r u n i n g ;  n e v e r t h e l e s s ,  b e c a u s e  th e  r e l a t i o n s h i p s  seem so 

o b v i o u s ,  l i t t l e  d e t a i l e d  a t t e n t i o n  h a s  been  g iv e n  them.

I n  t h e i r  r e v ie w s  and  d i s c u s s i o n s  o f  p r u n i n g  and I,p r u n i n g n 

l i t e r a t u r e  A u ch te r  and Knapp ( l ) ,  C h an d le r  ( 5 ) ,  and  G ard n e r ,  

B r a d f o r d  and  Hooker ($) o f t e n  make s t a t e m e n t s  i n d i c a t i n g  

t h a t  l i g h t  i s  im p o r ta n t  t o  g rowth and f r u i t  p r o d u c t i o n  and 

g i v e  methods t o  improve l i g h t  c o n d i t i o n s  w i t h i n  t h e  t r e e  

by  p r u n in g .  The r e s u l t s  e x p e c t e d  a r e  an improvement i n  

t h e  deve lopm ent  o f  t h e  f r u i t  i t s e l f  and  i n  t h e  g rowth  of 

t h e  i n n e r  b r a n c h e s .

P ru n in g  a s  a means of  r e g u l a t i n g  t h e  amount o f  l i g h t  

r e a c h i n g  th e  l e a v e s  on t h e  t r e e ,  and  so i n f l u e n c i n g  g ro w th ,  

h a s  h ad  v a r i o u s  i n t e r p r e t a t i o n s  and d i f f e r e n t  e x p r e s s i o n s  

i n  p r a c t i c e .  Of t h e  e a r l i e r  American h o r t i c u l t u r i s t s  

Downing (7)  seems t o  have had  th e  c l e a r e s t  c o n c e p t i o n  of  

how l i g h t  c o n d i t i o n s  w i t h i n  t h e  t r e e  s h o u ld  m odify  p r u n i n g .  

He b e l i e v e d  t h a t  o n ly  t h e  weak, crowded b r a n c h e s  i n  t h e  

i n t e r i o r  o f  t h e  t r e e  s h o u ld  be removed. T h is  ty p e  of 

p r u n i n g  l e a v e s  t h o s e  b r a n c h e s  which he c o n s i d e r e d  b e s t
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a d a p t e d  t o  t h e  p r o d u c t i o n  of good f r u i t ,  s i n c e  t h e y  a r e  

b e s t  ex p o sed  t o  l i g h t .  O th e r  w r i t e r s  a r e  o f  th e  o p in io n  

t h a t  no p r u n i n g  s h o u ld  be done ,  s i n c e  p r u n i n g  g e n e r a l l y  

r e d u c e s  y i e l d s  o f  f r u i t .  S t i l l  o t h e r s  b e l i e v e  t h i n n i n g  

o u t  t h e  to p  i s  t h e  b e s t  method of p r u n i n g ,  s i n c e  i t  p e r ­

m i t s  l i g h t  t o  p a s s  th ro u g h  to  t h e  i n n e r  b r a n c h e s ,  Bed­

f o r d  and  P i c k e r i n g  ( 3 ) f a v o r  t h e  n a t u r a l  p r u n i n g  method 

i n  which o n ly  dead  l im bs  and b r a n c h e s  c a u s i n g  m e c h a n ic a l  

i n j u r y  a r e  removed. They p r o v id e  a d e q u a te  d a t a  i n  su p p o r t  

o f  t h i s  sy s tem .

R ick s  and  Gaston  ( l 4 )  d i v i d e d  th e  a p p l e  t r e e  i n t o  

t h r e e  s e c t i o n s  which th e y  te rm ed  " t o p " ,  11 ou t  s i d e 1' ,  and 

" i n s i d e 11. The " t o p 11 o f  t h e  t r e e  c o n s i s t e d  of  t h e  b r a n c h e s  

making up t h e  u p p e r  1/3  o f  t h e  t r e e  canopy; th e  " o u t s i d e "  

was t h a t  p a r t  o f  t h e  t r e e  canopy below t h e  " top"  and  ex­

t e n d i n g  to w a rd  t h e  t r u n k  a p p r o x im a te l y  l / 3 > o r  somewhat 

l e s s ,  o f  t h e  d i s t a n c e  from t r u n k  t o  b ra n c h  t i p s ;  and  th e  

" i n s i d e "  was t h e  r em a in d e r  o f  t h e  t r e e ! s volume. They 

f o u n d  t h a t  t h e  b r a n c h e s  on th e  " i n s i d e "  p ro d u ced  p red o m i­

n a t e l y  "U. S. Commercial"  g ra d e  f r u i t ,  t h e  " o u t s i d e "  

b r a n c h e s  made c h i e f l y  "U. S. No. 1" g rad e  a p p l e s ,  w h i le  

i n  t h e  " to p "  "U. S. Fancy" g ra d e  f r u i t  c o n s t i t u t e d  th e

m a jo r  p o r t i o n  o f  t h e  c r o p .  An i n v e s t i g a t i o n  of t h e  ty p e
Ho f  f r u i t  p ro d u c e d  showed t h a t  th e  p re d o m in a te  g ra d e  p r o ­

du ced  on " t h i n "  wood was "U. S. Com m ercia l" ,  on " i n t e r ­

m e d ia t e "  wood "U. S. No. 1 " ,  and  on " t h i c k "  wood "U. S.



F a n c y R i c k s  and  Gaston  fou n d  t h a t ,  i n  g e n e r a l ,  " t h i c k ” 

b r a n c h e s  were found  i n  t h e  “t o p ” o f  th e  t r e e ,  " i n t e r m e d i — 

a t e "  b r a n c h e s  i n  t h e  " o u t s i d e "  and " t h i n "  b r a n c h e s  aX th e
' i

" i n s i d e " .  I t  i s  n o t  p o s s i b l e  t o  draw s h a rp  l i n e s  o f  de­

m a r c a t i o n ,  f o r  b o th  " t h i c k "  and  " i n t e r m e d i a t e "  b r a n c h e s  

may be  fo u n d  i n  b o th  " to p "  and  " o u t s i d e ” p o r t i o n s  o f  t h e  

t r e e ,  t h e  f i r s t  p r e d o m in a t in g  in  t h e  " t o p " ,  t h e  l a t t e r  

i n  t h e  " o u t s i d e " .  S i m i l a r l y ,  some " i n t e r m e d i a t e "  wood 

may be found  " i n s i d e "  t h e  t r e e ,  a l t h o u g h  in  dense  t r e e s  

t h e  p re d o m in a n t  c l a s s  i s  " t h i n "  wood. The g e n e r a l  d i s t r i ­

b u t i o n  o f  " t h i n "  wood i n  th e  t r e e  s u g g e s t s  t h a t  i t s  d e v e l ­

opment and g rowth  might be s i m i l a r  t o  t h a t  made by wood 

w h ich  i s  i n t e n t i o n a l l y  sh ad ed .

The range  o f  l i g h t  I n t e n s i t i e s ,  p r o d u c in g  maximum 

p h o t o s y n t h e s i s  i n  h i g h e r  p l a n t s  was i n v e s t i g a t e d  by 

Blackman and M a t th a e i  (4)  . T h e i r  e x p e r im e n t s  showed t h a t  

t h e  ran g e  was from .39  f u l l  s u n l i g h t  f o r  c h e r r y  l a u r e l  t o  

.6 9  f u l l  s u n l i g h t  f o r  H e l i a n t h u s  t u b e r o s u s  a t  27*5° CJ* 

P r o b a b l y ,  a t  t h a t  t e m p e r a t u r e ,  maximum p h o t o s y n t h e s i s  f o r  

t h e  a p p l e  f a l l s  a t  some p o i n t  be tw een  t h e s e  two e x t r e m e s .  

Hoover  ( 1 2 ) ,  w ork ing  w i th  a sm a l l  g r a i n  p l a n t ,  fo u n d  t h a t  

t h e  maximum was above 1500 f o o t  c a n d l e s .

Popp (13)  worked ou t  t h e  r e l a t i o n  b e tw een  l i g h t  and  

v i g o r  i n  so y -b e a n  s e e d l i n g s .  He exposed  s e e d l i n g s  t o  

l i g h t  of  d i f f e r e n t  i n t e n s i t i e s  and found  t h a t ,  be tw een  

26  and  4500 f o o t  c a n d l e s ,  v i g o r  was d i r e c t l y  p r o p o r t i o n a l  

t o  l i g h t  i n t e n s i t y .



"Thin" wood h a s  been  shown t o  p ro d u ce  f r u i t  which 

i s  f r e q u e n t l y  u n d e r  g rad e  b e c a u se  o f  s m a l l  s i z e  and  p o o r  

c o l o r ,  S c h ra d e r  and  M arth  (15)  made an i n v e s t i g a t i o n  o f  

t h e  d i r e c t  e f f e c t  o f  l i g h t  on t h e  g row th  and c o l o r  of  

f r u i t .  They d i d  n o t  shade t h e  l e a v e s .  I t  was fo u n d  

t h a t  i f  l i g h t  was r e d u c e d  t o  .61^  n o rm a l ,  o r  s l i g h t l y  

more t h a n  l /3 >  s i z e  was r e d u c e d  2 t o  3 p e r c e n t ,  and  t h e  

c o l o r  of  n o r m a l l y  r e d  f r u i t  was r e d u c e d  f rom  96*9 t o  

^ 7 . 5  p e r c e n t .

G our ley  (9 )  and  A u ch te r  (2)  u s e d  a r t i f i c i a l  sh a d e ,  

e f f e c t e d  w i th  s c r e e n s ,  t h a t  f i l t e r e d  ou t  ab o u t  67 p e r c e n t  

o f  t h e  no rm al  l i g h t  f a l l i n g  on a p p le  t r e e s .  Measurement 

o f  l e a f  t h i c k n e s s  showed t h e  shaded  l e a v e s  were 53 p e r c e n t  

a s  t h i c k  a s  l e a v e s  on u nshaded  t r e e s .  M ic ro s c o p ic  exam~ 

i n a t i o n  showed them to  have o n ly  one l a y e r  of  p a l i s a d e  

c e l l s  a s  compared t o  t h r e e  i n  unshaded  a p p le  l e a v e s .

Shaded wood i n c r e a s e d  i n  s i z e  and i n  d ry  m a t t e r  much 

l e s s  t h a n  d id  u nshaded  wood.

That  t h e  amount of  l i g h t  which i s  r e c e i v e d  by a p p l e  

l e a v e s  may v a r y  c o n s i d e r a b l y  w i th  t h e  l o c a t i o n  o f  t h e  

l e a v e s  was shown by C h r i s t o p h e r  ( 6 ) .  He a l s o  showed 

t h a t ,  on days  w i t h  th e  r e l a t i v e l y  h ig h  a v e ra g e  o f  5000 

f o o t  c a n d l e s  f o r  12 h o u r s ,  l e a v e s  on t h e  w est  s i d e  of  

m a tu re  a p p l e  t r e e s  r e c e i v e d  o n ly  enough l i g h t  f o r  f o u r  

h o u r s  o f  maximum p h o t o s y n t h e s i s ,  C h r i s t o p h e r  u se d  

1500  f o o t  c a n d l e s ,  t h e  f i g u r e  s u g g e s te d  by H e i n i c k e ,  a s  

t h e  b a s i s  f o r  h i s  c a l c u l a t i o n s .

6>’- *



H e in i c k e  and Hoffman ( 1 1 ) ,  who worked w i th  th e  

a p p l e ,  s t a t e :  "A mean l i g h t  i n t e n s i t y  above 15OQ f o o t

c a n d l e s  would p r o b a b l y  s u p p o r t  maximum p h o t o s y n t h e s i s  

i f  o t h e r  c o n d i t i o n s  were f a v o r a b l e " . L a t e r  H e in i c k e  

( 1 0 ) fo u n d  t h a t  o ve r  a wide ran g e  o f  l i g h t  i n t e n s i t i e s  

a  20 p e r c e n t  i n c r e a s e  i n  i n t e n s i t y  r e s u l t e d  i n  a com­

p a r a b l e  i n c r e a s e  i n  ca rb o n  d i o x i d e  a b s o r p t i o n  75 p e r c e n t  

o f  t h e  t im e .  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  o f  25 

p e r c e n t  was accom pan ied  by  a s i m i l a r  d e c r e a s e  i n  absorp-* 

t i o n  70 p e r c e n t  o f  t h e  t i m e .

I t  a p p e a r s  from t h e s e  c i t a t i o n s  t h a t  l i g h t  be low  

1500 f o o t  c a n d l e s  may become a l i m i t i n g  f a c t o r  f o r  

p h o t o s y n t h e s i s  by  a p p le  l e a v e s ,  and  c o n s e q u e n t ly  f o r  t h e  

g ro w th  o f  a p p l e  b r a n c h e s .



MATERIALS AND METHODS

M a t e r i a l s : E x p e r im e n ts  were  p e r fo rm e d  b o th  a t  South

Haven and a t  E a s t  L an s in g ,  M ich igan .  At South  Haven 

11 Grimes Golden t r e e s  15 y e a r s  o ld  were u s e d ,  a t  E a s t  

L a n s in g  10 t r e e s  o f  d i f f e r e n t  v a r i e t i e s  and  a g e s .

Of t h e  t r e e s  a t  South Haven f o u r  were s e l e c t e d  f o r  

p h o t o s y n t h e s i s  e x p e r im e n t s  b ecau se  of t h e i r  u n i f o r m i t y  

a n d  e x c e l l e n t  p h y s i c a l  c o n d i t i o n .  The r e m a in in g  seven 

t r e e s  were u s e d  f o r  growth s t u d i e s  and f o r  sam ples  of 

" t h i n "  and " t h i c k ' 1 b r a n c h e s  and l e a v e s .  The f o u r  u n i ­

fo rm  t r e e s  were d i v i d e d  i n t o  two p a i r s ,  one p a i r  p ru n e d  

and  t h e  o t h e r  u n p ru n ed .  Of t h e  t r e e s  a t  E a s t  L an s in g ,  

two Duchess of  O ldenburg  t r e e s  12 y e a r s  o l d ,  and  a 

Winesap and Grimes Golden t r e e  20 y e a r s  o l d  were u se d  

i n  t h e  p h o t o s y n t h e s i s  s t u d i e s .  The o t h e r  t r e e s  were 

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

M e th o d s : One h u n d red  l e a v e s  from " t h i n "  and  " t h i c k "

b r a n c h e s  o f  Grimes Golden a p p l e  t r e e s  were s t u d i e d  to  

d i s c o v e r  d i f f e r e n c e s  i n  s t r u c t u r e  and fo rm .  The number 

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

l e a f  were d e t e r m in e d  m i c r o s c o p i c a l l y .  The l e n g t h  and 

t h i c k n e s s  o f  50 " t h i n "  and  " t h i c k "  o n e - y e a r - o l d  s h o o t s  

were  a l s o  d e t e r m in e d  f o r  c o m p a ra t iv e  p u r p o s e s .  Sampling 

i n  t h e s e  c a s e s  was b a s e d  on t h e  d i a m e t e r  of  t h e  b r a n c h e s  

a t  t h e  b a s e  o f  f o u r - y e a r - o l d  wood.
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The r e l a t i o n  o f  l i g h t  t o  th e  p r o d u c t i o n  o f  o r g a n i c  

m a t t e r  was s t u d i e d  by m e a s u r in g ,  w i th  a Weston P h o t o e l e c ­

t r i c  m e te r ,  t h e  i n t e n s i t y  o f  l i g h t  f a l l i n g  on t h e  " t h i c k "  

b r a n c h  l e a v e s  o f  a s i n g l e  Wine sap t r e e  a t  t h e  b e g i n n i n g  

a n d  end  o f  t h r e e —h o u r  e x p e r i m e n t a l  p e r i o d s .  L ig h t  i n t e n ­

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

t h e  a v e ra g e  l i g h t  i n t e n s i t y  f o r  th e  e x p e r i m e n ta l  p e r i o d  

b y  one .  Samples were chosen  so t h a t  t h e y  r e c e i v e d  from 

0 t o  3770 f o o t  c a n d le  h o u r s  o f  l i g h t .  I t  was n e c e s s a r y  

t o  shade t h e  l e a v e s  t o  g e t  samples  f rom  l e a v e s  r e c e i v i n g  

l e s s  th a n  1000 f o o t  c a n d le  h o u r s .  A sample o f  l e a v e s  r e ­

c e i v i n g  no l i g h t  was t a k e n  by bagg ing  th e  l e a v e s  i n  t h r e e ­

f o l d  brown p a p e r  b ag s  w hich  t r a n s m i t t e d  o n ly  .1  p e r c e n t  

o f  t h e  i n c i d e n t  l i g h t .  The bagged sam ples  were a lw ay s  

t a k e n  on th e  s i d e  o f  t h e  t r e e  away from t h e  su n ”' .  S ix ty  

l e a v e s  were u s e d  i n  each  sam ple .  The bagged  sam ples  were 

u s e d  t o  o b t a i n  t h e  changes  in  o r g a n ic  m a t t e r  due t o  r e s ­

p i r a t i o n  and t r a n s l o c a t i o n .

The i n t e n s i t y  o f  l i g h t  f a l l i n g  on l e a v e s  o f  " t h i c k "  

an d  " t h i n "  b r a n c h e s  was d e t e r m in e d  by m e asu r in g  t h e  i n t e n ­

s i t y  o f  l i g h t  f a l l i n g  on t h e  v e n t r a l  s i d e  o f  two h u n d re d  

l e a v e s  from each  b ran ch  c l a s s  on 10 d i f f e r e n t  t r e e s  which 

v a r i e d  i n  ag e ,  d e n s i t y  o f  f o l i a g e ,  and  v a r i e t y .  R e s u l t s  

a r e  e x p r e s s e d  i n  t e rm s  o f  f o o t  c a n d l e s  o f  l i g h t  i n t e n s i t y .

Two s e r i e s  o f  samples  f o r  p h o t o s y n t h e s i s  d e t e r m in a —

*The t e m p e r a t u r e  w i t h i n  t h e  b a g s  d i d  n o t  d i f f e r  more t h a n  
one d e g re e  from a i r  t e m p e r a t u r e .
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t i o n s  were t a k e n  f rom  t r e e s  i n  t h e  South  Haven o r c h a r d ,  

one s e r i e s  from th e  p ru n e d  t r e e s  and t h e  o t h e r  from t h e  

u n p ru n e d  t r e e s .  Samples were t a k e n  from " t h i c k "  b r a n c h  

s p u r  and  s h o o t  l e a v e s  on a l l  t r e e s ,  and  f rom  " t h i n "  wood

s p u r  and shoo t  l e a v e s  on t h e  unpruned  t r e e s .  Samples

were  c o l l e c t e d  a p p r o x im a te l y  ev e ry  two weeks d u r i n g  th e

s p r i n g  and  summer o f  1936. From t h e  t r e e s  i n  t h e  E as t  

L an s in g  o r c h a r d  a co m p o s i te  sample o f  sp u r  and  shoo t  

l e a v e s  on " t h i c k "  b r a n c h e s  and  a s i m i l a r  sample f rom  

" t h i n "  b r a n c h e s  were c o l l e c t e d  a t  t e n - d a y  i n t e r v a l s  from 

J u l y  12 t o  August 20, 1937 > from each  o f  th e  f o u r  t r e e s  

u s e d .

M easurem ents  com par ing  " t h i n "  and " t h i c k "  l e a v e s  

were made by t h e  " h a l f - l e a f "  method d e v e lo p e d  by Sachs 

and m o d i f i e d  by Ganong. I t  was n e c e s s a r y  t o  make some 

c h a n g e s  i n  t h e  t e c h n iq u e  a s  d e v e lo p e d  by Ganong to  meet 

t h e  l i m i t a t i o n s  o f  a p p le  l e a v e s .  Because  o f  t h e  numerous 

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

s i z e  i t  i s  d i f f i c u l t  t o  g e t  u n i fo rm  sam ples  w i th  t h e  

1 cm2 l e a f  punch ,  and  h e n c e ,  i n  1937* a s m a l l e r  punch ,  

c u t t i n g  d i s c s  .31*14 cm2 , was made and u s e d .  Samples t a k e n  

w i t h  e i t h e r  punch  showed t h a t  th e y  were e q u a l l y  s a t i s f a c ­

t o r y  when sam pling  was done c a r e f u l l y  on l a r g e  l e a v e s ”1.

*A s e r i e s  o f  15 sam ples  o f  JO d i s c s  t a k e n  from t h e  same 
30 a p p l e  l e a v e s  w i t h i n  a p e r i o d  o f  JO m in u te s  c o l l e c t e d  
w i t h  a 1 cm2 punch showed a mean a s h l e s s  dry  w e ig h t  o f  
. 303*1- £ .0006 gram. A s i m i l a r  s e r i e s  t a k e n  w i th  t h e  
.31*14 cm2 punch b u t  c o n s i s t i n g  of 60 d i s c s  t a k e n  from JO 
l e a v e s ,  had  a mean w e i g h t ,  f r e e  of  a s h ,  o f  .1515  £  .0002  
g ram.
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Samples f o r  p h o t o s y n t h e s i s  d e t e r m i n a t i o n s  were made 

a t  sundown and a t  s u n r i s e  and s u n s e t  o f  t h e  f o l l o w i n g  day .

A l l  o f  t h e  sam ples  were p l a c e d  in  t a r e d  w e ig h in g  b o t t l e s  

im m e d ia te ly  a f t e r  c o l l e c t i o n ,  t a k e n  to  t h e  l a b o r a t o r y ,  

w e ig h e d ,  d r i e d  a t  70° 0 - to** 12 h o u r s ,  w e ig h e d  a g a i n  t o  ob­

t a i n  sample d r y  w e ig h t  and m o is tu r e  c o n t e n t ,  and th e n  a s h e d .  

The a s h  w e ig h t  was s u b t r a c t e d  from t h e  t o t a l  d ry  w e ig h t  t o  

g e t  t h e  o r g a n i c  m a t t e r  c o n t e n t  of  t h e  sam p les .  The f i r s t  

two sam ples  were u s e d  t o  measure  m e tab o l ism  i n  t h e  d a r k ,  and  

t h e  second  and. t h i r d  sam ples  t o  measure  m e tab o l i sm  i n  l i g h t  

a s  i n d i c a t e d  by d i f f e r e n c e s  i n  o rg a n ic  m a t t e r  c o n t e n t  be tween  

t h e  s a m p le s .  Tk@ d i f f e r e n c e  between  sam ples  1 and 2 was d i ­

v i d e d  by t h e  number of  h o u r s  o f  d a r k n e s s  and m u l t i p l i e d  by 

t h e  number of  h o u r s  be tween  s u n r i s e  and s u n s e t  t o  f i n d  th e  

change  i n  o r g a n ic  m a t t e r  t o  be a t t r i b u t e d  t o  r e s p i r a t i o n  and  

t r a n s l o c a t i o n * .

* I t  seemed d o u b t f u l  t h a t  measurements  t a k e n  a t  n i g h t  would 
show m e tab o l ism  r a t e s  h ig h  enough t o  make t h e i r  u se  s a t i s ­
f a c t o r y .  A co m p ar iso n  o f  s i x  bagged sam ples  t a k e n  d u r i n g  a 
s i n g l e  day w i th  an e q u a l  number o f  sam ples  made t h e  same 
n i g h t  i s  g iv en  in  t h e  f o l l o w i n g  t a b l e .  I n d i v i d u a l  d i f f e r ­
e n c e s  a r e  l a r g e  bu t  th e  a v e ra g e  d i f f e r e n c e  i s  s m a l l .
C om para t ive  M e tabo l ism  R a te s  o f  Apple Leaves a t  23° C. Made 
by B agging  Leaves d u r i n g  t h e  Day, and  Apple Leaves Open a t  
_______N igh t  w i t h  an Average Tem pera ture  of  17*25° G.__________

Change i n  O rgan ic  M a t t e r ,  Grams
Bagged sa m p le s ,  d e t e r ­
m i n a t i o n s  made between  
2 and  5 Aver.  Temp. 
23° 0 . T o t a l  t im e :  3 
h o u r s .

Open sa m p les ,  d e t e rm in a ­
t i o n s  made a t  n i g h t  b e ­
tween s u n s e t  and  s u n r i s e .  
A ver .  Temp. 1 7 .2 5 0  0 . 
T o t a l  t im e :  6 h o u r s .

- . 003^ - . 002 i+
- .0 0 6 2 - .0 0 2 0
- .0 0 5 5 - . 0 0 6 ^

.0012 - .0 0 2 3
- .0 0 3 7 - . 0 1 7 6
- .0 0 3 2 - .0 1 1 6

T o t a l  w e ig h t  - . 0 2 0 6 -.0*145
A v e r .  Sample w t . —.003^7 - . 007^2
A v er ,  change p e r  h r  - . 0 0 1 1 6 - .0 0 0 9 2



The d i f f e r e n c e  b e tw een  sam ples  2 and  3 was c o n s i d e r ­

e d  a s  m e ta b o l i s m  i n  l i g h t .  The d i f f e r e n c e  be tw een  sam ples  

1 a n d  2 ,  a f t e r  a d j u s tm e n t  f o r  t im e ,  was added  t o  t h e  above 

d i f f e r e n c e  and t h e  combined v a l u e  was t h e n  te rm ed  t h e  i n ­

c r e a s e  i n  o r g a n i c  m a t t e r  due t o  p h o t o s y n t h e s i s * .

*^he u s u a l  p r o c e d u r e  w i th  t h e  " h a l f - l e a f 11 method i s  t o  u se  
s h o r t  i n t e r v a l s  of t im e ,  o f t e n  tw o-hou r  i n t e r v a l s ,  r a t h e r  
t h a n  th e  lo n g  i n t e r v a l s  u s e d  h e r e .  For  a p p l e  l e a v e s  t h i s  
i s  awkward b e c a u s e  t h e  l e a v e s  v a ry  c o n s i d e r a b l y  i n  t h i c k ­
n e s s  from t i p  t o  b a s e ,  t h e  a r e a s  no t  in v a d e d  by l a r g e  v e i n s  
a r e  few, and  t h e  l e a v e s  th e m s e lv e s  s m a l l .  Most a p p l e  
l e a v e s  a r e  to o  s m a l l  to  a l l o w  more th a n  6 o r  6 cm2 d i s c s  t o  
be  removed. F or  t h e s e  r e a s o n s  th e  u s e  of  few er  t im e  i n t e r ­
v a l s  was c o n s i d e r e d  more v a l u a b l e  p r o v i d e d  i t  c o u l d  be 
shown t h a t  r e s u l t s  n e a r l y  l i k e  t h o s e  o b t a i n e d  from s h o r t  
i n t e r v a l  r e a d i n g s  f o l l o w e d .  The t a b l e  below i s  b a s e d  on 
d a t a  t a k e n  from  v e r y  l a r g e  l e a v e s  on a  Rhode I s l a n d  Green­
in g  t r e e  a t  South  Haven. Each of  t h e  co m p ar iso n s  i s  made 
f rom  s e p a r a t e  sam ples  t a k e n  a t  t h e  t im e s  shown.

A Comparison o f  t h e  S ho r t  I n t e r v a l  and Long I n t e r v a l  Method 
o f  Sampling f o r  Change in  O rgan ic  M a t te r

S h o r t  I n t e r v a l  (2 ho u r ) Long I n t e r v a l  ( S u n s e t ,  s u n r i s e ,
Method S u n s e t )  Method

Time Change, era. Time : Change, gm.
5 :4 5  AM s t a r t 5 :45  AM : s t a r t
7:4-5 - .0 0 8 1 *
9 :4 5 . 0011

1 1 :45 .0108
1:14-5 PM .0051
3 :4 5 .0026
5: *4-5 .0099
7 :4 5 .0018 7:45  PM : .0172
9:4-5 .0018*

11 :45 .0048*
1:4-5 am . 0112*
3 :4 5  AM »• .O I56
5 :4 5 - . 0 1 3 7 5:45  AM : - .0 1 7 5

T o t a l  Change: .0353 .0347

* S t a r r e d  i t e m s  c a r r y  th e  wrong s ig n s  an d  must be s u b t r a c t e d
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T w e n ty - e ig h t  p a i r s  o f  b r a n c h e s  h a v in g  n e a r l y  i d e n t i c a l  

d i a m e t e r s  a t  t h e  b a s e  o f  f o u r - y e a r —o ld  wood, a t  t h e  b a s e  o f  

o n e - y e a r - o l d  wood, n e a r l y  i d e n t i c a l  g rowth  h a b i t s ,  and hav­

i n g  t h e  same number o f  f r u i t s  and l e a v e s  were ch o s en  f o r  

g ro w th  s t u d i e s .  F o u r t e e n  p a i r s  were " t h i n "  wood b r a n c h e s  

an d  t h e  o t h e r s  “t h i c k *1 wood. Growth o f  th e  two t y p e s  of  

b r a n c h e s  was com pared  on th e  b a s i s  o f  i n c r e a s e  i n  b u lk  a s  

m e a s u re d  i n  t e rm s  o f  d ry  w e i g h t .  One o f  each  o f  t h e  26 

p a i r s  o f  b r a n c h e s  was c u t  J u l y  21 and  t h e  second  August  

3 , 1936.  The i n c r e a s e s  i n  b u lk  o f  t h e  new g ro w th ,  t h e  o l d  

wood, and  th e  f r u i t  were r e c o r d e d  i n  g ram s.  The l e a f  a r e a  

was m e asu red ,  and  t h e  r e l a t i v e  p h o t o s y n t h e s i s ,  e x p r e s s e d  

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

f o r  t h e  a v e r a g e  l e a f  a r e a  was r e c o r d e d .  Of t h e  26 p a i r s  

o f  b r a n c h e s  s e l e c t e d  4 p a i r s  o f  “t h i n "  wood b r a n c h e s ,  and  

4 p a i r s  o f  “t h i c k ” wood b r a n c h e s  h a d  t o  be d i s c a r d e d  b e ­

c a u s e  of l o s s  o f  f r u i t  o r  m e c h a n ic a l  i n j u r y .
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EXPERIMENTAL RESULTS

A co m p ar i so n  o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  

Mt h i c k 1’ an d  " t h i n "  b r a n c h e s  and  l e a v e s  i s  g iv e n  i n  

T a b le  1 . The f o u r t h  column c o n t a i n s  g e n e r a l  in fo rm a­

t i o n  c o n c e r n i n g  b r a n c h e s  w h ich  were a r t i f i c i a l l y  shaded  

b y  G our ley  (9)  and A u c h te r  ( 2 ) .  I t  i s  u s e d  t o  g iv e  a 

c o m p a r i so n  be tw een  " t h i n "  wood and shaded  wood.

TABLE I

The p h y s i c a l  c h a r a c t e r i s t i c s  o f  " t h i c k ” , " t h i n " ,  and  
  shaded  b r a n c h e s _________  ______ ____

O h a r a c t e r i  s t i c "Thick" "Thin" Shaded
D iam e te r :

b a s e  o f  4- y e a r ~ o l d  wood . 3 8 ” . 2 5 "
b a s e  o f  new t e r m i n a l  s h o o t s . 2 2 " .15" weak

Leng th  o f  new t e r m i n a l  s h o o t s I S . 0 0 " A. 0 0 " s h o r t
I n c r e a s e  i n  b u l k ,  3~yea:i>’0Id. l e s s  th a n

b r a n c h e s ,  i n c l u d i n g  f r u i t * 7.69gra 3-39gm u n sh a d ed
wood

T h ic k n e s s  o f  l e a v e s , 20mm . 14mm 53 >̂ l e s s  
t h a n  un­
shaded

2—4
wood

L ay e rs  o f  p a l i s a d e  c e l l s 1-2 one
♦During a 1 3 -day  p e r i o d

D iam ete r  a t  b a s e  of  4 - y e a r - o l d  wood: (14)
Dianre te r '  a t  b a s e  o f  new t e r m i n a l  s h o o t s :

a v e ra g e  of ^0 b r a n c h e s .
Length o f  new t e r m i n a l  s h o o t :  a v e ra g e  of  $0  

b r a n c h e s .
I n c r e a s e  i n  b u lk  of  3 - y e a r - o ld .  b r a n c h e s :  a v e r ­

age o f  10 b r a n c h e s .
T h ic k n e s s  o f  l e a v e s :  av e ra g e  o f  100 l e a v e s .
L ay e rs  o f  p a l i s a d e  c e l l s :  ran g e  of  100 l e a v e s .

That t h e r e  i s  a d i f f e r e n c e  i n  t h e  p h y s i c a l  c h a r a c t e r ­

i s t i c s  of  " t h i n "  and  " t h i c k "  wood i s  c l e a r l y  d e m o n s t r a t e d
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by  o t h e r  f e a t u r e s  t h a n  t h e  ones  by which  R ic k s  and  Oast on 

c h o s e  t o  d e f i n e  them. The l e a v e s  o f  " t h i n "  wood a r e  much 

t h i n n e r  t h a n  t h o s e  o f  " t h i c k "  wood; t h e i r  i n t e r n a l  s t r u c ­

t u r e  d i f f e r s  i n  t h a t  th e  " t h i n "  wood l e a v e s  have b u t  one 

l a y e r  o f  p a l i s a d e  c e l l s  a s  compared w i t h  t h r e e  o r  f o u r  in  

" t h i c k "  wood l e a v e s .  F ou r—month—o l d  s h o o t s  o f  ”t h i c k "  

wood g e n e r a l l y  have g r e a t e r  b a s a l  d i a m e t e r s  and a r e  u s u a l l y  

much l o n g e r .

"Thin" wood and  i n t e n t i o n a l l y  shaded  wood have s e v e r a l  

c h a r a c t e r i s t i c s  i n  common. T e rm in a l  g row th  i s  s h o r t  and  

weak,  n e i t h e r  " t h i n "  wood n o r  i n t e n t i o n a l l y  shaded  wood i n ­

c r e a s e s  r a p i d l y  i n  s i z e  o r  w e ig h t .  The l e a v e s  a r e  a b o u t  

h a l f  a s  t h i c k  a s  t h o s e  on b r a n c h e s  more f a v o r a b l y  exposed  

t o  s u n l i g h t ,  and  have bu t  one ,  i n f r e q u e n t l y  two, l a y e r s  of  

p a l i s a d e  c e l l s .

Because  t h e  p roblem  a p p e a r e d  t o  be a m a t t e r  o f  l i g h t  

r e l a t i o n s h i p s ,  some e f f o r t  was made t o  f i n d  th e  r e l a t i o n ­

s h i p  be tw een  t h e  p r o d u c t i o n  orf o r g a n ic  m a t t e r  by a p p l e  

l e a v e s  and t h e  l i g h t  which th e  l e a v e s  r e c e i v e d .  Tab le  I I  

g i v e s  d a t a  on t h e  p r o d u c t i o n  o$ o r g a n i c  m a t t e r  by th e  

" t h i c k "  wood l e a v e s  o f  a Winesap a p p le  t r e e  a s  a f f e c t e d  by 

t h e  amount of  l i g h t .

I n c r e a s e  i n  t h e  p r o d u c t i o n  o f  o r g a n i c  m a t t e r  w i t h  i n ­

c r e a s e  i n  l i g h t  i n t e n s i t y  i s  made o b v io u s  by T ab le  I I .

The r e l a t i o n s h i p  i s  c u r v i l i n e a r .  The c u rv e  of  b e s t  f i t ,  

a f t e r  t h e  method o f  l e a s t  s q u a r e s ,  i s  t h a t  o f  t h e  second



d e g r e e  i n  t h e  p o t e n t i a l  s e r i e s .  T h is  i s  shown i n  F ig u r e  1,  

t o g e t h e r  w i th  i t s  e q u a t i o n ,  t h e  s t a n d a r d  e r r o r  o f  £ ,  and  

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

The d e g re e  o f  c o r r e l a t i o n ,  r  = 0.899&* i s  h i g h .  I t  

f a l l s  w i t h i n  t h e  5 p e r c e n t  p o i n t  o f  F i s h e r * s  t a b l e  and  i s  

c l e a r l y  s i g n i f i c a n t .

The s t a n d a r d  e r r o r  o f  £  (&O.3 6 7 ) i s  h i g h .  T h is  i s  

a s  must be e x p e c t e d  from any method f o r  th e  s tu d y  o f  p h o to ­

s y n t h e s i s  u n d e r  u n c o n t r o l l e d  c o n d i t i o n s .  D e v i a t i o n  may, 

i n  p a r t ,  be e x p l a i n e d  by f a t i g u e ,  su d d e n ly  c h a n g in g  l e a f  

a c t i v i t y  b e c a u s e  o f  t e m p e r a t u r e  o r  l i g h t  v a r i ' a t i o n ,  o r  

o t h e r  v a r i a b l e  f a c t o r s .

I t  i s  e v i d e n t  t h a t  l e a f  a c t i v i t y  a s  m easured  by th e  

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

amount o f  l i g h t  f a l l i n g  on th e  l e a f  s u r f a c e .  With t h e  

scope  o f  t h e  cu rv e  o f  " p h o t o s y n t h e s i s "  i n  mind, i t  was 

d e s i r a b l e  t o  i n v e s t i g a t e  t h e  r e l a t i o n  o f  l i g h t  t o  th e  

p r o d u c t i o n  of  o rg a n io  m a t t e r  by " t h i n "  and " t h i c k "  b r a n c h  

l e a v e s .  During  t h e  summer of  1937 a g roup  o f  sam ples  f o r  

p h o t o s y n t h e s i s  d e t e r m i n a t i o n s  were t a k e n  a t  th e  same t im e 

l i g h t  m easurem ents  were made. The p r o d u c t i o n  of  t h e s e  

s a m p le s ,  i n  t e rm s  o f  grams p e r  squa re  m e te r  o f  l e a f  s u r ­

f a c e  p e r  h o u r ,  a v e r a g e d  . 7^3 gram a t  f o o t  c a n d le

h o u r s .  From t h e  f o rm u la ,  g iv e n  i n  Figtxre 1, " t h i c k "  wood 

l e a v e s  s h o u ld  a v e ra g e  .890  gram a t  t h i s  d e g re e  o f  i l l u m i ­

n a t i o n .  The d i f f e r e n c e  o f  .107 gram i s  o n ly  o n e - t h i r d  th e

- 16 -



s i z e  o f  t h e  s t a n d a r d  e r r o r ,  i n d i c a t i n g  t h a t  " t h i n "  wood 

l e a v e s  a r e  n o t  l e s s  e f f i c i e n t  p e r  u n i t  a r e a  t h a n  " t h i c k "  

wood l e a v e s .

A c t u a l  an d  c o m p a r a t iv e  l i g h t  i n t e n s i t i e s  r e c e i v e d  

b y  t h e  l e a v e s  on t h e  " t h i n "  and  " t h i c k "  b r a n c h e s  o f  a p p l e  

t r e e s  a r e  g iv e n  i n  T ab le  I I I .  L ig h t  i n t e n s i t y  f rom  t h e  

sun  an d  z e n i t h  v a r i e d  c o n s i d e r a b l y ,  even on c l e a r  d a y s ,  

u n d e r  M ichigan  a tm o s p h e r i c  c o n d i t i o n s .  The c o m p a ra t iv e  

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

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

l i g h t  f a l l i n g  on " t h i n "  and  " t h i c k "  wood a p p le  l e a v e s  th a n  

t h e  a b s o l u t e  f i g u r e s ;  y e t  each  form o f  p r e s e n t a t i o n  h as  

c e r t a i n  u s e f u l  f e a t u r e s  which r e q u i r e  c o n s i d e r a t i o n .

The i n t e n s i t y  of  l i g h t  f a l l i n g  on " t h i n "  wood l e a v e s  

v a r i e s  more d i r e c t l y  w i th  t h e  d e n s i t y  of  f o l i a g e  t h a n  w i th  

any  o t h e r  f a c t o r  e x c e p t  i n t e r f e r e n c e  by c l o u d s .  T re e s  1 

and  2 ,  which had  s o m e ' i n t e r m e d i a t e  wood? b u t  no " t h i n "  

wood i n s i d e  t h e  t r e e ,  r e c e i v e d  on th e  l e a v e s  o f  t h e  i n n e r  

b r a n c h e s  from 1183 t o  1090 f o o t  c a n d l e s  o f  l i g h t  be tween  

t h e  h o u r s  o f  2 and 3 PM on a c l e a r ,  s l i g h t l y  hazy  day when 

d i r e c t  s u n l i g h t  a v e ra g e  6955 f o o t  c a n d l e s .  The t r e e s  o f  

g ro u p  I I  had  some " t h i n "  wood, most of  i t  n e a r l y  l a r g e  

enough t o  be " i n t e r m e d i a t e "  i n  c h a r a c t e r .  The l e a v e s  on 

t h i s  wood r e c e i v e d ,  on t h e  a v e ra g e ,  390 fo o t  c a n d l e s  o f  

l i g h t ,  w h i l e  t h e  " t h i c k "  wood l e a v e s  o b t a i n e d  3152 f o o t  

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

m a te l y  8528 f o o t  c a n d l e s .  The o l d e r  t r e e s ,  i n  g roup  I I I ,
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h a d  a l a r g e  amount o f  " t h i n "  wood, some o f  i t  e x t r e m e ly  

" t h i n "  i n  t y p e .  Leaves on t h e  " t h i n "  wood i n  t h e s e  c a s e s  

a v e r a g e d  14-2 f o o t  c a n d l e s  o f  l i g h t  when t h e  mean i n t e n s i t y  

o f  d i r e c t  s u n l i g h t  was 8339 f o o t  c a n d l e s .  " T h ic k ” wood

l e a v e s  on t r e e s  o f  t h i s  g roup  r e c e i v e d  an  av e ra g e  o f  31$&

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

Use o f  some o f  t h e s e  l i g h t  v a l u e s  i n  t h e  e q u a t i o n  o f  

F i g u r e  1 i n d i c a t e s  t h a t  " t h i n "  wood l e a v e s  may p r o d u c e ,  a t  

109  f o o t  c a n d l e s ,  . 37*+ gram o f  o rg a n ic  m a t t e r  p e r  h o u r ,  

an d  a t  428 f o o t  c a n d l e s  t h e y  may p roduce  -75& gram p e r  h o u r* .

The r e l a t i v e  v a l u e s  a r e  s i m i l a r  t o  t h o s e  o f  Blackman 

an d  M a t th a e i  ( 4 ) ,  e x c e p t  t h a t  Blackman u s e d  a s  h i s  v a l u e  f o r  

f u l l  s u n l i g h t  t h e  maximum amount of  l i g h t  r e c e i v e d  from th e  

s u n .  The c o m p a r a t iv e  v a l u e s  g iv e n  i n  Tab le  3 a r e  o b t a i n e d  

b y  d i v i d i n g  th e  a v e ra g e  amount o f  l i g h t  f a l l i n g  on l e a v e s  

by t h e  d i r e c t  s u n l i g h t  i n t e n s i t y  a t  t h e  t im e  r e a d i n g s  were 

t a k e n .  The " t h i n "  wood l e a v e s  on t h e  t r e e s  o f  g roup  I I  r e ­

c e i v e d  .046 f u l l  s u n l i g h t ,  and th o s e  o f  group I I I  .017*

The a v e ra g e  amount o f  l i g h t  r e c e i v e d  by " t h i c k "  wood l e a v e s  

on a l l  o f  t h e  t r e e s  i n  t h e s e  two g roups  was *374 f u l l  sun­

l i g h t .  From t h e  fo rm u la  f o r  t h e  p r o d u c t i o n  o f  o r g a n i c  

m a t t e r  a s  r e l a t e d  t o  t h e  amount of  l i g h t ,  maximum p h o to s y n ­

t h e s i s  a t  ab o u t  23° 0 . would occur  w i th  .439 f u l l  s u n l i g h t .

S in c e  Blackman and  M a t th a e i  show t h a t  maximum p h o t o s y n t h e s i s  

( a t  2 7 *5°  C.)  r e q u i r e s  f rom .3 6  t o  .69  f u l l  s u n l i g h t  i t  i s  

♦The s t a n d a r d  e r r o r  of  t h e s e  f i g u r e s  i s  A .367  gram.



e v i d e n t  t h a t  " t h i n "  wood l e a v e s ,  which  r e c e i v e  on t h e  a v e r ­

ag e  l e s s  t h a n  .0 4  f u l l  s u n l i g h t ,  c anno t  be  v e r y  a c t i v e  i n  

t h e  p r o d u c t i o n  o f  p h o t o s y n t h a t e .

The d a t a  so f a r  d i s c u s s e d  have been  l i m i t e d  w i t h  r e s ­

p e c t  t o  t im e  and by some a r b i t r a r y  r u l e s  o f  p r o c e d u r e .  I t  

r e m a i n s ,  t h e n ,  t o  f i n d  w h e th e r  o r  n o t  " t h i n 11 wood and  " t h i c k "  

wood l e a v e s  and  b r a n c h e s  w i l l  r e a c t  i n  t h e  same f a s h i o n  over  

a l o n g  p e r i o d  o f  t im e ,  d u r i n g  which e n t i r e  days  a r e  c o n s i d e r ­

e d  r a t h e r  t h a n  i n t e r v a l s  o f  a few h o u r s .  The r e s u l t s  o f  t h i s  

s t u d y  a r e  g iv e n  by T a b le s  4 and 5> which  w i l l  be s e p a r a t e l y  

c o n s i d e r e d .  T ab le  4 shows t h e  r e s u l t s  o f  t h e  1936 s e a s o n  and 

T a b le  5 “th o se  o f  1937- T ab le  4 i s  so a r r a n g e d  t h a t  com par i­

s o n s  may be made between  l e a v e s  from s p u r s  and s h o o t s  on 

" t h i n "  and  " t h i c k "  wood on b o t h  p ru n ed  and  u np runed  t r e e s .

I t  i s  n o t i c e a b l e  t h a t  e v e ry  s e r i e s  o f  sam ples  v a r i e d  w id e ly  

f rom  t h e  mean r e s u l t ;  y e t  i n  few c a s e s  d i d  " t h i n "  wood l e a v e s  

e q u a l  o r  exceed  t h e  p r o d u c t i o n  o f  o r g a n ic  m a t t e r  by " t h i c k "  

wood l e a v e s .

The e x t re m e s  o f  p r o d u c t i o n  by " t h i c k "  wood l e a v e s  a r e  

1 5 .8 7  grams p e r  sq u a re  m e te r  o f  l e a f  s u r f a c e  a s  t h e  maximum 

a t t a i n e d ,  and  - 8 .0 7  a s  t h e  minimum, th e  a v e ra g e  b e i n g  5 .3 6  

g ram ^p e r  day .  F or  " t h i n "  wood l e a v e s  t h e  e x t re m es  a r e  

7 .0 0  and  - 16 .20  g ram s,  r e s p e c t i v e l y ,  f o r  t h e  maximum and  

minimum p r o d u c t i o n ,  w h i le  t h e  av e ra g e  f o r  t h e  90- d a y  p e r i o d  

was —O.38  gram. "Thick"  wood l e a v e s  on u np runed  t r e e s  

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



o v e r  t h e  9 0 -d ay  p e r i o d  t h a n  d i d  th e  same ty p e  o f  l e a v e s  on 

p r u n e d  t r e e s .  On u np runed  t r e e s  a l l  “thick** wood l e a v e s  

a v e r a g e d  6 .0 2  grams o f  o r g a n i c  m a t t e r  p e r  sq u a re  m e te r  o f  

l e a f  s u r f a c e  p e r  day;  on p ru n e d  t r e e s  t h e  l e a v e s  p ro d u c e d  

a n  a v e r a g e  o f  4 .7 1  g ram s.

I n  o r d e r  t o  i l l u s t r a t e  t h e  c o u r s e  o f  o r g a n ic  m a t t e r  

p r o d u c t i o n  d u r i n g  t h e  p e r i o d  of t h e  e x p e r i m e n t ,  an d  t o  com­

p a r e  t h e  r a t e  a t  which  each  ty p e  o f  l e a f  i s  a b l e  t o  make 

o r g a n i c  m a t t e r ,  F ig u re  2 was d ev e lo p e d .  T h is  g ra p h  shows 

t h e  summation c u r v e s  f o r  t h e  p r o d u c t i o n  o f  o r g a n ic  m a t t e r  

b y  " t h i n 11 and  “th ic k * 1 wood l e a v e s  a s  t h e y  a p p e a r ,  when 

d e v e lo p e d  i n  t h e  f o l l o w i n g  manner: The d a i l y  p r o d u c t i o n

f o r  each  two s u c c e s s i v e  r e a d i n g s  was a v e ra g e d ,  m u l t i p l i e d  

by  t h e  number o f  i n t e r v e n i n g  d ay s ,  and  th e  t o t a l s  added  

s u c c e s s i v e l y .  I t  w i l l  be seen  t h a t  f o r  abou t  JO days  f o l ­

l o w in g  June  5 “thin** wood l e a v e s ,  i n  g e n e r a l ,  showed no 

a p p a r e n t  p h o t o s y n t h e s i s * .  A f t e r  J u l y  8 “t h i n 11 wood l e a v e s  

were a c t i v e .  Com parisons o f  y i e l d s  o f  o r g a n ic  m a t t e r  by 

t h e  two t y p e s  o f  l e a v e s  were made by d raw ing  a  s t r a i g h t  

l i n e  f rom  t h e  p o i n t  o f  o r i g i n  t o  t h e  end p o i n t  of  t h e  c u r v e ,  

an d  d e t e r m i n i n g  t h e  s lo p e  o f  t h e  l i n e .  Because o f  t h e  

n a t u r e  o f  t h e  c u rv e  f o r  **thin‘! wood a s  drawn from t h e  1936 

d a t a ,  and  shown in  F ig u r e  2 ,  two l i n e s  were drawn, from 

t h e  p o i n t  o f  o r i g i n  t d  a p o i n t  33 days  ou t  on t h e  X a x i s  

a l o n g  B, and  Cg from t h i s  p o i n t  t o  t h e  end p o i n t  o f  t h e

* R e fe re n c e  t o  T ab le  4- w i l l  show t h a t  t h i s  i s  n o t  i n v a r i a b l y
t h e  c a s e .
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summ ation  c u r v e .  The amount o f  o r g a n ic  m a t t e r  w hich  was 

m an u fac tu red ,  by  • ' t h i c k 11 wood l e a v e s  f o r  each  gram u s e d  o r  

p r o d u c e d  by " t h i n "  wood l e a v e s  was c a l c u l a t e d  by d i v i d i n g  

t h e  s l o p e  o f  t h e  l i n e  r e p r e s e n t i n g  t h e  p r o d u c t i o n  o f  " t h i c k "  

wood l e a v e s  by t h e  s lo p e  o f  l i n e  w i t h  which  i t  was t o  be 

co m p ared .  For  exam ple ,  t h e  s lo p e  o f  d i v i d e d  by t h e  s lo p e  

o f  shows t h a t  f o r  each  gram of  o r g a n i c  m a t t e r  p ro d u c e d  

b y  " t h i n "  wood l e a v e s  f o r  t h e  90-d ay  p e r i o d  " t h i c k "  wood 

l e a v e s  m a n u fa c tu r e d  1 2 .9  g ram s .

From June 5 t o  J u l y  g " t h i n "  wood l e a v e s  must have r e ­

c e i v e d  from th e  t r e e  o r  b r a n c h ,  on t h e  a v e r a g e ,  1 gram f o r  

e a c h  3*^5 grams o f  o r g a n ic  m a t t e r  made by  t h e  " t h i c k "  wood 

l e a v e s ,  b o r i n g  t h e  l a t t e r  p a r t  of  t h e  e x p e r i m e n t a l  p e r i o d  

" t h i n "  wood l e a v e s  m a n u fa c tu r e d  1 gram of o r g a n i c  m a t t e r  

f o r  e v e r y  3*32  grams p ro d u ced  by " t h i c k "  wood l e a v e s .

The q u e s t i o n  o f  w h e th e r  o r  not  " t h i n "  wood i s  a c t u a l l y  

p a r a s i t i c  may be c o n s i d e r e d  from two v i e w p o i n t s  on t h e  b a s i s  

o f  t h e  d a t a  shown. F i r s t ,  i f  t h e  d a t a  i n  Table k  a r e  r e ­

v ie w e d ,  i t  a p p e a r s  t h a t  " t h i n "  wood c o u ld  be p a r a s i t i c  s i n c e  

t h e  a v e ra g e  u n w e ig h te d  d a i l y  p r o d u c t i o n  i s  —Q.3& gram. The 

t a b l e  d o es  n o t  t a k e  t im e  i n t o  c o n s i d e r a t i o n  a s  th e  g r a p h s  

i n  F i g u r e  1 do.  From June 5 t o  J u l y  " t h i n "  wood was n o t  

making o r g a n ic  m a t t e r  a s  f a s t  a s  i t  was b e i n g  u s e d ,  and  a t  

t h i s  t im e  t h e r e  i s  a p o s s i b i l i t y  t h a t  t h e  wood was no t  s e l f -  

s u p p o r t i n g .  From J u l y  g t o  September 3 t h e  p r o d u c t i o n  o f  

o r g a n i c  m a t t e r  by t h e  " t h i n "  wood l e a v e s  on t h e s e  same t r e e s  

e x c e e d e d  by l M i .3  grams t h e  amount t h a t  was l o s t  d u r i n g  t h e
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f i r s t  p a r t  o f  t h e  e x p e r i m e n t a l  p e r i o d ,  i n d i c a t i n g  t h a t  " t h i n 11 

wood was n o t  e n t i r e l y  p a r a s i t i c ,  i f  a t  a l l  so .

The d a t a  c o l l e c t e d  i n  1937 d e f i n e  more e x a c t l y  t h e  e x t e n t  

o f  t h e  d i f f e r e n c e  i n  o r g a n i c  m a t t e r  p r o d u c t i o n  by " t h i n "  and 

" t h i c k "  wood l e a v e s .  The e x t re m es  o f  p r o d u c t i o n ,  a s  shown i n  

T a b le  5 were f o r  11 t h i c k '1 wood l e a v e s  13 .09  grams and  I .50  

grams a s  compared w i t h  a  maximum o f  3*^7 grams and a  minimum 

o f  - 1 .1 1  grams p e r  sq u a re  m e te r  o f  l e a f  s u r f a c e  p e r  day  f o r  

11 t h i n "  wood l e a v e s .  The a v e ra g e  p r o d u c t i o n  f o r  " t h i c k "  wood 

l e a v e s  was 6 . 3^ grams a s  compared w i t h  1 .6 6  grams f o r  t h e  " t h i n . "

Com par isons  ( F ig u r e  3 ) were made be tw een  th e  r e l a t i v e  

amount o f  l i g h t  r e c e i v e d  by " t h i c k "  and " t h i n "  wood l e a v e s  

on t h e s e  t r e e s .  " I n t e r m e d i a t e "  wood l e a v e s  on Duchess t r e e  

No. 1 l o c a t e d  " i n s i d e "  th e  t r e e  r e c e i v e d  . 15$ th e  amount 

o f  l i g h t  f a l l i n g  d i r e c t l y  from th e  sun .  These l e a v e s  p r o ­

d u ce d  .2 7  a s  much o r g a n i c  m a t t e r  a s  d i d  th e  " t h i c k "  wood 

l e a v e s  o r  an  a v e ra g e  o f  2 .3 5  grams of  o r g a n ic  m a t t e r  p e r  

day .  "Thin"  wood l e a v e s  on Duchess t r e e  No. 2 r e c e i v e d  

.0 5  f u l l  s u n l i g h t ;  y e t  th e y  p ro d u ced  a d a i l y  a v e ra g e  o f  

1 .9 2  gram o f  o r g a n i c  m a t t e r  p e r  sq u a re  m e te r  o f  l e a f  s u r ­

f a c e  p e r  day w h ich  was .3 5  t h e  amount p ro d u c e d  by " t h i c k "  

wood l e a v e s  on t h e  same t r e e .  The " t h i n "  wood l e a v e s  on 

t h e  Wine sap  t r e e  r e c e i v e d  .021  f u l l  s u n l i g h t  and. made .23  

a s  much o r g a n i c  m a t t e r  a s  t h e  " t h i c k "  wood l e a v e s  o r  an  

a v e r a g e  o f  1 .^ 2  gram o f  o r g a n ic  m a t t e r  p e r  d ay .  Grimes 

G-olden " t h i n "  wood l e a v e s  r e c e i v e d  .012 f u l l  s u n l i g h t  and
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p r o d u c e d  .22  a s  much o r g a n i c  m a t t e r  a s  t h e  " t h i c k "  wood 

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

• 93 gram p e r  s q u a re  m e te r  o f  l e a f  s u r f a c e  p e r  day be tw een  

J u l y  13 and  August  20 ,  1937- T h is  t e n d s  t o  i n d i c a t e  t h a t  

" t h i n "  l e a v e s  may be from s l i g h t l y  below e q u a l l y  e f f i c i e n t  

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

r e c e i v e d  p e r  u n i t  o f  l e a f  a r e a  a s  " t h i c k "  wood l e a v e s .  

However,  i t  i s  a p p a r e n t  t h a t  much more t im e  i s  r e q u i r e d  

f o r  them t o  p ro d u c e  an e q u a l  amount o f  o r g a n ic  m a t t e r .

Even t h e  " i n t e r m e d i a t e "  l e a v e s  on Duchess t r e e  No. 1 would 

r e q u i r e  2 .7  t i m e s  a s  lo n g  t o  p ro d u ce  t h e  amount o f  o r g a n ic

m a t t e r  p ro d u c e d  by t h e  a v e ra g e  f o r  a l l  " t h i c k "  wood l e a v e s .

A co m p ar iso n  was made between  th e  a v e ra g e  summation 

c u r v e s  f o r  " t h i n "  and " t h i c k "  wood l e a v e s  f o r  th e  d a t a  c o l ­

l e c t e d  i n  1937 s i m i l a r  t o  t h a t  made from th e  d a t a  o f  193&* 

I t  was fo u n d  t h a t  be tween  J u l y  13 and August  20 " t h i c k "  

wood l e a v e s  p ro d u c e d  3*5 g^ams f o r  each  gram made by " t h i n "  

wood l e a v e s  ( F i g u r e  M-).

I f  t h e  l e a v e s  on " t h i n "  wood a r e  l e s s  a b l e  t o  make 

f o o d  f o r  b r a n c h  and  f r u i t  g row th ,  t h e  b r a n c h e s ,  a s  w e l l  a s  

t h e  f r u i t ,  must s u f f e r  from t h e  l a c k .  There s h o u ld  be some 

r e l a t i o n  b e tw een  t h e  amount of  o rg a n ic  m a t t e r  p ro d u c ed  by 

p h o t o s y n t h e s i s  and  t h e  amount l a i d  down i n  th e  b r a n c h e s  

d u r i n g  t h e  g row ing  s e a s o n .  A com par ison  o f  t h e  amount of  

g ro w th  ma.de by " t h i n "  and " t h i c k "  b r a n c h e s ,  and t h e  amount 

o f  o r g a n i c  m a t t e r  which  t h e  l e a v e s  c o u ld  have p ro d u ced  a t  

t h e  same t im e  i s  p r e s e n t e d  i n  Table 6 #
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P e r  u n i t  o f  l e a f  a r e a  " t h i n *1 wood l e a v e s  made ab o u t  

11  p e r c e n t  a s  much o r g a n i c  m a t t e r  a s  d i d  ‘’t h i c k 11 wood 

l e a v e s ,  and  t h e  b r a n c h e s  i n c r e a s e d  k-J p e r c e n t  a s  much i n  

b u l k  d u r i n g  t h e  i n t e r v a l  shown by  T ab le  6 . Assuming, 

h o w e v e r ,  t h a t  r e s p i r a t i o n  o f  l e a v e s ,  b r a n c h e s  and  f r u i t  

r e q u i r e d  20 p e r c e n t  o f  t h e  m a n u fa c tu r e d  o r g a n i c  m a t t e r ,  

a s  s u g g e s t e d  by  H e in i c k e  ( 1 1 ) ,  " t h i n ” wood l e a v e s  p ro d u ce d  

a l i t t l e  more t h a n  tw ic e  t h e  amount o f  d ry  m a t t e r  l a i d  

down. Under t h e  c o n d i t i o n s  o f  t h i s  e x p e r im e n t  “t h i n ” wood 

was n o t  p a r a s i t i c ,  f o r  o b v i o u s l y  t h e  l e a v e s  were f u l l y  

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

e l a b o r a t e d  m a t e r i a l s  t o  a c c o u n t  f o r  b r a n c h  m a in te n an ce  and 

t h e  s m a l l  g row th  made. I t  i s  e q u a l l y  e v i d e n t  t h a t  t h e  c o r o l  

l a r y ,  t h a t  “t h i n ” wood makes l i t t l e  growth  b e c a u s e  i t  i s  

s u p p l i e d  w i t h  s m a l l  q u a n t i t i e s  o f  e l a b o r a t e d  food ,  i s  t r u e .
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CONCLUSIONS

S in c e  g row th  i s  l i m i t e d  by th e  amount o f  fo o d  and  

f o o d  m a t e r i a l s  which  th e  b r a n c h e s  o b t a i n  from t r e e *  and 

l e a f  i t  i s  a p p a r e n t  t h a t  t h e  s i z e  and developm ent o f  f r u i t  

a n d  b r a n c h  w i l l  be  l i m i t e d  by th e  q u a n t i t y  o f  e i t h e r  which  

t h e  b r a n c h  i s  a b l e  t o  o b t a i n .  The amount o f  e l a b o r a t e d  

p l a n t  fo o d  which  t h e  b r a n c h e s  w i l l  g e t  from th e  l e a v e s  on 

them  i s  m o d i f i e d  by t h e  q u a n t i t y  o f  l i g h t  which  th e  l e a v e s  

r e c e i v e .  S in ce  r e l a t i v e l y  l i t t l e  l i g h t  f a l l s  on “t h i n ” 

wood l e a v e s  t h e  amount o f  e l a b o r a t e d  p l a n t  fo o d  which  th e  

b r a n c h e s  w i l l  g e t  w i l l  be much l e s s  t h a n  i s  p ro d u ced  by 

t h e  more s t r o n g l y  i l l u m i n a t e d  “t h i c k 11 wood b r a n c h e s .

The s i z e  o f  f r u i t  b o rn e  on “t h i n ” wood b r a n c h e s  i s  

s u b j e c t  t o  two a d v e r s e  f a c t o r s ,  th e  f i r s t  b e i n g  th e  f a c t  

t h a t  t h e  a v a i l a b l e  su p p ly  o f  e l a b o r a t e d  food  w i l l  be  s m a l l ,  

a n d  t h e  second t h a t  l e s s  l i g h t  f a l l s  on t h e  f r u i t  i t s e l f .  

F r u i t  on wood w hich  o b t a i n s  from l e s s  t h a n  6 p e r c e n t  t o  

n o t  more t h a n  4-3 p e r c e n t  a s  much l i g h t  a s  f r u i t  on “t h i c k ” 

b r a n c h e s  w i l l  be  s m a l l e r  i n  s i z e  f o r  t h i s  r e a s o n .  I n  a d d i ­

t i o n ,  t h e  g ra d e  of  t h e  f r u i t  w i l l  be r e d u c e d  b ecau se ,  f r u i t  

so  p o o r l y  i l l u m i n a t e d  w i l l  n o t  be  so w e l l  c o l o r e d .

W ith  r e f e r e n c e  t o  p r u n i n g  a s  a means of  i n f l u e n c i n g  

t h e  f r u i t i n g  h a b i t  o f  t r e e s  and th e  economics o f  f r u i t

♦The o t h e r  p o s s i b l e  r e a s o n  f o r  th e  deve lopm ent  of  “t h i n ” 
w o o d ,— t h a t  i s ,  th e  r e s t r i c t e d  e n t r a n c e  o f  food  m a t e r i a l s  
f ro m  t h e  r e m a in d e r  o f  t h e  t r e e ,  i s  p r o b a b ly  a minor c a u se  
s i n c e  i t  i s  d ep en d en t  upon s e v e r e  m e c h a n ic a l  o r  p a t h o l o g i ­
c a l  i n j u r y ,  s e n e s c e n c e ,  o r  p o o r  s o i l  c o n d i t i o n s .
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p r o d u c t i o n  th e  r e s u l t s  t h a t  have been  p r e s e n t e d  o f f e r  some 

v a l u a b l e  s u g g e s t i o n s .  A common p r u n in g  p r a c t i c e  t o  improve 

t h e  g ro w th  o f  f r u i t  and  b r a n c h  i s  " t h i n n i n g  o u t " ,  t h a t  i s ,  

c u t t i n g  o u t  some o f  t h e  canopy b r a n c h e s  so t h a t  l i g h t  may 

p e n e t r a t e  d e e p e r  to w ard  th e  t r e e  t r u n k .  T h is  ty p e  o f  p r im ­

i n g  removes much good f r u i t i n g  wood. I f  p r u n in g  by t h i s  

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

b r a n c h e s  t o  t h a t  which  r e a c h e s  th e  l e a v e s  on th e  b r a n c h e s  

m ak ing  up t h e  t r e e  canopy ,  t h e  l e a v e s  on th e  b r a n c h e s  " i n s i d e "  

t h e  t r e e  c o u ld  p r o d u c e ,  t h e o r e t i c a l l y ,  e q u a l l y  good f r u i t  

a f t e r  v i g o r o u s  g row th  had b een  r e - e s t a b l i s h e d .  However, i t  

was o b s e r v e d  t h a t  a t  b e s t  n o t  more t h a n  M-3 p e r c e n t  a s  much 

l i g h t  c o u l d  be  e x p e c t e d  t o  f a l l  on t h e  i n n e r  b r a n c h  l e a v e s  

o f  h e a l t h y ,  v i g o r o u s ,  open t r e e s  a s  f e l l  on t h e  canopy b ra n c h  

l e a v e s .  C o n s e q u e n t ly ,  t h e  i n v i g o r a t i o n  o f  weak wood,— making 

t h i c k ,  p r o d u c t i v e  f r u i t i n g  b r a n c h e s  out o f  " t h i n "  ones— i s  

i m p r a c t i c a b l e .  The norm al c o u r s e  i s  f o r  s to c k y  wood t o  be­

come w e a k e r ,  f o r  " t h i c k "  t o  a c q u i r e  th e  c h a r a c t e r i s t i c s  o f  

" t h i n "  wood, a s  i t  becomes o l d e r ,  due i n  l a r g e  measure t o  

s h a d i n g .  T h is  t e n d e n c y  c a n n o t  be. r e v e r s e d  b e c au se  i t  i s  t h e  

v e r y  n a t u r e  of  t r e e s  ( a s  opposed  t o  s h ru b s )  t o  p ro d u ce  t h e i r  

s t r o n g e s t  new g ro w th  from t h e i r  o u t e r  and  u p p e r  e x t r e m i t i e s .

From t h e  s t a n d p o i n t  o f  o r c h a r d  econom ics ,  t h e n ,  i t  i s  

e v i d e n t  t h a t  t h e  removal  of  b r a n c h e s  which  make up t h e  t r e e  

canopy  i s  n o t  t h e  answ er  t o  p r o f i t a b l e  p r o d u c t i o n  f o r ,  w i t h  

no  p r u n i n g ,  i t  i s  t h e s e  b r a n c h e s  which r e c e i v e  t h e  most



l i g h t  and  make t h e  b e s t  f r u i t . The i n n e r  b r a n c h e s  which 

p ro d u c e  t h e  p o o r e s t  f r u i t  and  make t h e  l e a s t  g rowth  can 

b e  removed a d v a n t a g e o u s l y  s i n c e  such p r u n i n g  r e d u c e s  t h e  

number o f  p o o r  sp ec im ens  w hich  must be p i c k e d ,  h a n d l e d  

an d  m a r k e t e d .  Of t h e  v a r i o u s  methods o f  p r u n i n g  f o r  t h e  

p u r p o s e  o f  im p ro v in g  t h e  q u a l i t y  o f  t h e  f r u i t  h a r v e s t e d ,  

" t h i n "  wood p r u n i n g  makes t h e  g r e a t e s t  u se  o f  t h e  i n t e r p r e t a ­

t i o n s  b a s e d  on t h e  d a t a  o b t a i n e d  by t h e s e  e x p e r i m e n t s  i n  

p h o t o s y n t h e s i s .
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SUMMARY

E x p e r im e n t s  which, were a imed t o  d e t e rm in e  how d i r e c t l y  

t h e  t h e o r y  t h a t  c e r t a i n  b r a n c h e s  of t h e  a p p l e  t r e e  a r e  " t h i n "

b e c a u s e  t h e y  a r e  p o o r l y  n o u r i s h e d  might  be a p p l i e d  were made 

w i t h  t h e  f o l l o w i n g  r e s u l t s :

1 .  On " t h i c k "  wood l e a v e s  i t  was found  t h a t  l i g h t  a f ­

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

r e l a t i o n s h i p ,  Y =0 .2352 1232X;— 0.00146  X2 , w i t h  Sy = 

^tO.3 6 7 . L ig h t  was c o r r e l a t e d  w i th  p r o d u c t i o n  t o  th e  e x t e n t  

r Yl = 0 .3 9 9 $ .

2 .  "Thin"  wood l e a v e s  r e c e i v e d  from .017 t o  .05  f u l l  

s u n l i g h t  a s  compared w i t h  f rom .23 t o  .465 f o r  " t h i c k "  wood 

l e a v e s ,  b u t  were  a p p a r e n t l y  e q u a l l y  e f f i c i e n t  p e r  u n i t  l e a f  

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

3 . Two y e a r s  o f  e x p e r i m e n t s  a t t e m p t i n g  t o  d e te rm in e  

t h e  a p p ro x im a te  amount o f  o r g a n i c  m a t t e r  which  " t h i n "  and 

" t h i c k "  wood l e a v e s  c o u ld  p ro d u ce  p e r  a v e ra g e  day showed 

t h a t  " t h i n "  l e a v e s  c o u l d  p ro d u c e  f rom  —1 .3 2  t o  2 .3 5  grams 

w here  " t h i c k "  wood l e a v e s  c o u l d  p roduce  from 4 .1 9  3 .3 1  

grams p e r  s q u a re  m e te r  o f  l e a f  s u r f a c e  p e r  day u n d e r  a v e r ­

age  g ro w in g  s e a s o n  c o n d i t i o n s  i n  s o u t h e r n  M ic h ig an .

4 .  "Thin"  b r a n c h e s  d i d  n o t  i n c r e a s e  i n  b u l k  a s  r a p i d l y  

a s  " t h i c k "  b r a n c h e s  b u t  th e  l e a v e s  on " t h i n "  b r a n c h e s  were 

a p p a r e n t l y  a b l e  t o  p r o v i d e ,  g e n e r a l l y ,  enough o r g a n i c  m a t t e r  

t o  a c c o u n t  f o r  any  g a i n  i n  b u lk  which th e y  made.
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I t  i s  concluded,  t h a t  “t h i n 11 b r a n c h e s  a r e  n o t  p a r a ­

s i t i c ,  e x c e p t  u n d e r  t h e  most ex trem e c o n d i t i o n s ,  b u t  

t h a t  beca,use t h e i r  l e a v e s  do n o t  r e c e i v e  s u f f i c i e n t  

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

11 t h i n n e r 11 t h a n  t h e  o t h e r  b r a n c h e s  on t h e  t r e e .  F u r t h e r ­

m o re ,  on t h e  b a s i s  o f  t h e s e  d a t a ,  and  i n  t h e  l i g h t  o f  th e  

work r e v ie w e d ,  " t h i n "  wood f r u i t  w i l l  be  l e s s  w e l l  c o l o r e d  

( i f  commonly r e d )  and  s m a l l e r  i n  s i z e  t h a n  f r u i t  on o t h e r  

b r a n c h e s .

With  r e s p e c t  t o  p r u n i n g  t h e  c o n c l u s i o n s  drawn are 

t h a t  i t  i s  b e t t e r  t o  remove t h e  wood b e a r i n g  p o o r  f r u i t  

r a t h e r  t h a n  t o  a t t e m p t  t o  improve t h e  g row th  o f  t h e  weak 

11 t h i n "  b r a n c h e s  by rem oving  good f r u i t i n g  wood from th e  

o u t e r  p a r t  o f  t h e  t r e e  c a n o p y , “ th e  same recom m enda t ions  

a s  t h o s e  made by R ic k s  and  G as ton  i n  t h e i r  “ t h i n ” wood 

m ethod  o f  p r u n i n g .
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TABLE I I

R e la t io n  of l i g h t  to  the  p roduct ion  of organic  m a t te r
•
•

Light ; P roduc t ion  of organic  m atte r  
( f o o t - c a n d le -h o u r b) : (grams per  Bquare meter per  hou:

0 .00
30 : *3$
70 : .10
60 : .02

150 : .15
160 : *65
195 = .65
200 : .68
210 .40
520 : .90
640 : 1.19
640 : I .65
900 ; 1 • 75
910 ; 1 .24
920 : 1*75

1010 : 1.23
1060 : 1.19
1090 :
1090 1.94
1350 : 2.51
1400 : 1.69
1565 ; 2.32
2640 : 2.05
2660 * 2.3.5
2699 : 2 .74
2710 : 2.68
2710 : 2.23
2760 : 3 .**
2650 : 2.52
2679 2.04
3160 : 2.38
3760 : 3.48
3770 : 3.37

Y = 0.2352 +0,1282 0.00146 X2

Sy = ± 0.367
r  = 0.899$
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ci H P • k O *• •* o •• •• •• • • o(D •H £ O £>-? t> Pi >•

0 0 • =: —
0 Csl O Pi o  o LO a 0 HOVO orH Ti « •H O H LT\ 0 f^ O  o  o vo •rH
Pi 0 tH 0  O tX\ CVJ •H O H ISO LTV H 0
Pi > p  r o r o KV 0  r̂ Nr̂ vCvj rr\ K\ EH

< •H Eh =
0 s ■—«-

P O • k # * o -* -- • • ** mm *• •• •.
O 0 01

PS CQ Pi50 k R O
PI P co CQ 01 VO LT\ VO O LTlO H LTV in PfH -H 0 0 • Pr • * k 4-3 k k k k •

HH rH 5£ > R O CT\ IT\ r -̂ iso r^0 * vo vo 0M rH •H cd p  ro r o r<\ 0 OJ fNr\|*vd- rp, CQ
0 J 0 K! P

w rH PI 0 0J «H • • 0 ..  .. vd
PQ P o s Pi rd
<=a 0 M o 0Eh 50 p O /---. 0 p•H P! •H • pi ra so O OV P  mOMAO OJ

R PI 0 o P  0  SO LTv H •H CVJ H h-0 - LTVO Eh k •H ,.0 ^"-0 - VO ^  0 ’ OJ SO OV H<H a — & O 0J OJ OJ Oj r^voj k> r̂ v 0O <*5 Pi "d H•0 0 H O
>» 0 H R o 1p 5C * * O P  .. .. | •* mm mm *• ♦ 9 CQ
•H 0 t m HCQ R CQ c u 0PI 0 % R 0 0 0
CD 0 CQ 0 P  OS SO N"\ 0 0J o  o  o vo >3P <$ 0 t 0 0  • • k • • ft • • 1
Pi r” R >k-H V0 LP\ VO 1 0 -0 “ LTV LTV oHH cd 1 Ti H H rH OJ OJ0 OJ 0 H
(D f—1 h  g 0
0 • • R *. •* OJ ................ 0
Eh S 0  0 0 0

PI 0 P 0 R*H k 0  0 m O VO R ISO CTMTMSO o EH
0 o E H  ISO ON r \ £H LTV0 - 0J OJ ovEh k Eh = H O H f'f\|*'\0 -0 - r^\e H H H » 9

♦ ♦ MM IHM M H
9 * k ft < % R0 P P R P0 O H OJ 0 O r̂ \0  LTvvO 0 O

El R >■ H > R
EH O < C5 < CJ

o  o o o  o o  o  o
r l  i—I i—t rH

O O H 1 A  
LTNrH C T\0 
0 -  O  f— H  
SO CJM50 r^-

1 0 0  0 "  Lf\ K\0-0 -0-

O C rH Oo o
O  OONCU K"\0 - K\K\

L fM T w Q  O J 
•  •  •  •

Q 1^0 SO 0 -0-

<3\or'-

r— SO OJ H  
* •  •  •

I—I I—I !—I CVJ

cvi k \ ct\ c\ j 
-1- VC o  UA 
H  H r I H

r"~ so cr\0

oorH

ONK\l \̂
SO

0 -
•

OJ0*

SO
C\J
LT \
k"\

OJ

so

SOSOi—I
r<\

i"—

OJ 0" i—i

R
<u
>
<



CQ
H
CQ

E -«

><
C QOEhO
ffl
ft
oEh
P
B
p = :

E h
Eh

>H
g
J2iM

giddtd
o

p OJ h -C U  VO OVCTvp- r — 06CU o n
cd L f \6 0  60  L f t r H V O d CU pH h-CTvCU r^C U
CD
& I f t d  L ft Lft L ft l f t  L ft ^ h ^ t 6 0  K \ = t  vO LTV

•
f t  ( f t O  O  I f t N - O  L A 60 r ^ r ^ K V ^ v o
f t  1 
P d

cu o j  60  o  r - - d  o 60 6 0  L ftrH  K \ r ^ K \
» • • • « •  •

CQ v o  r - c u d  v o r f t i f t VO L f t O M f t H  h - 0 6  
pH rH

* CVJ
• OJ I ' - l f t l f t  l f t O  6 0 d N N N n O  LPv'SO

50 1 O  l f t  l f t  60  CU O  vO O V O  rH r^-r— K \
P  iH
«Jj CU VO 60  OJ L f t r - ' - d  L ft 6 0  C U ^ C U  CU K \

I t

• O  I f t O  I f t V O C U d r f t r ^ o  ih' vsq v o  oj
50 60 L f t d  d  V O d  o  CU K V O  60  I f t H V O d -
P  I as

<  r-~ d V O L ft VO KN O d -  O M T v r ^ -h - h -

r^-
pi
P

>»OJ f t O  rO K 'vr'O VO  CO LTV r ^ - o  f '- jH 'v d - o  r -
rH | zjr r ^ - o - o v o 6 0 ^ t CU 60  60  |H - \0  rH O
P  V 0 H • • • • • • •

■“3 CU P
f t

LTV 60  r - -K 6 0 J  O  pH 
pH i—1 i—1 rH rH

VO r^ \60  LTM-TM^-VO

u/
a

!>»OV K \r^ ~  K \r -— it m t m j CO K \ h - K N O  LCVvO H
rH 1 p r^-pH OJ 0 - = t  vO LT\ d "  O  O  ONOJ (J \vO
P  60 fh •  • • • • • • •  « • t  t  * •

*-3 p 60 CU OJ |HM rvr^-VO rH pH L f \ 0  rH f^ -d r
prH rH rH
CT

O CQ
(D CU o  r - ' - r ' - r - ' - w  cu ic\ r ^ - h - o  n-m ^ - cu ctn

3  1 U v o  h - v o  |np\ v o  O  r^s pH r ^ -K M 'r v j-  K >60
P  Ov P • • • • • • •

i~3 pH f t o v o  r ' - t r v r - - v o O  O  K \r H  O  Is—60

CQ
rH rH rH rH rH

a
P  rH ai O  f ^ - f^ -K \6 0  r ~ 6 0 K V r r 0 K \O  l^\VO Lft
P  1 fn 6 0  pH pH.=i- C O K \VO C u d - h -O J  fHOCTvvO
p  OJ 50 • • • • • * •

d  H
P  » .1

LTv CU rH CU H  
1

v o  cu o v  d - d - d *

r-i
XwX

P JH’N KN fH’N O  60  CU Lft O  r f t r - O  c u d -  p H
g  VO 60  pH CU O  CTnH  IT \  

• * • • • • •
CTm H  CU VO rH CT\C5V

• I  •  « « 1 •
LO pH VOVO VO K \m fs'-O V  N V d

1 t
U; •*  • •  • •  #* • *  • •
A

f t o
d  d  CQ CQP p  'd  x i

P Cti P  P  CQ CQ p  p  f t  f t
a cti fH d  d  p  P  fn ?H d  d  p  P  o  o

f t fit p  p  p  P  P  P p  P  p  f t  o  O  CQ
p cti p  p  h  Fn f t  f t  to P  p  fH fH rP rP f t
p p a  p p f t f t P P h p  H  p H f t  CQ CQ O
fn X  fH ?H P  P  P U M p  p  O

Eh p o c u f t p p d d  f t Pl, f t  d  D  d  d  d
i—i •H P  P  CQ P  P  CQ

• « f t ,P  • •  * •  • *  • •  p  P * .  . .  f t  f t
a f t  P  P  rH P  P  pH

P cti =  fH fH rH fH fH H
rH CQ f t  f t  cd f t  f t  f t  f t  f t  f t  Cti
f t a  fH fH fH fH p O O  O  O  P
a rH o p  p p p p p p o  o  o  o  p  p  P
cd cd fn ft,  f t  f t  f t  50 50 d  d  d  d  50 50
CQ P tH CQ CQ CQ CQ cd • CO CQ CQ CQ CQ cti . f t

d fH fH fH fH fH fH
. . CQ.......................P  P  P

> P  j> {> ^  f* ^
P •H !25 O  pH << <4 S  Js; O  f t  <4 <4 <4
P d aS

p P
fen M fi\

*•

vo
Kn•
L f t

CU
CU•
h-

i—I
O•
t-ft

•
L f t

V O
h-•
6 0

6 0
L f t•
l f t

CU
vo•
r-~

vO
r H•
lft

lftCU•
CU

do
o cti
£ f t

aia P
d
o P

■ H H
d a-p aasCQ
p H
r H r—1
aS ca as

p pP > d
5 0  c t i • H
cti P >
fH  r H • H
P d
> P
< M

CVJ O  CVJ L f t
6 0  5 0  VO rH  L ftC U

rH
I 1 1

O  rH I ^ O v O  'D  
f ^ - O  CTWO r^M—  • • • » « •
C U  I f t i f t r H  k \

1 I I

o  K \ o  r —  o j  6 0NOMAW fAfA 
< • • • • •

l f t  CVJ v O  C U d -

O  O  I f t r ' - L f t L f tvo i—iftrH vo r- 
» * • • • •

d "  I f t C U  r H

O  N f O K V J -  O  
d  O J  6 0  d  O V C U  

•  •  *  *  ♦ >

r H  l f t  6 0  I  I  d  
1

l f t  l f t  I ' ' - 1 " - 6 0  CVJ 
6 0  I f t h - C U  O  L T v

C T v  I  I f t l f t L f t l f t  
I t

O  O  r o r o L O r o  
C U  L f t  6 0  6 0  r H  6 0• • • l i t

1 O J  P —  L f t  r H  V D
I 1 1

O  O  O  I f t L f t C U  
r o o  O J v o  r i d -  • • • • • •
K Vf"— rH  LCX=T

}  I I
O  [ f t  l f t  O  v o  0 J  
C U  r H d  C U  V O  6 0

v O
H
I

L f t  r HI I
CQ 
P  

dO d  
P  ©

o  I 
H  

I

d Fh 
P , 

=  P  
P  tD

• H
d  • •ft

d d
P  <D
P  P  
P  P  
F h  F h  
f t  f t  
P  P  P D

- p
a  h  fn o
O  P  p  o
F h  f t  f t d  

f t  C Q  C Q  C Q

d  
P  
P  
P  
F h 
f t  
P  =

rP
f t 

f t  =
o

W  CQ fH ft
P  O  ft O
CO d  

CQ

Pi
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CD

O  f t  O  f t  < 4

(D  CD 
5 0  5 0  
c t i  Cti 

F h  
CD 
>  

<4



CH
AN

GE
 

IN 
TH

E 
OR

GA
NI

C 
MA

TT
ER

 
OF 

LE
AV

ES
 

DU
E 

TO
 

PH
OT

OS
YN

TH
ES

IS
19

37

0 rH 130 LPvO LfVzJ- OJ r^S^h VD
cd rH -=j* KVCTV^ CJ\ CTVxD
CD • » » » ft • ft ft ft ft ft ft

a 150 LTWD LTMftVO CU i—1 rH VO rH
>» OJ
cd » ft ft » • •  ft • ft* ••  ft•

t J
r—1 150 cvi r— o  r ^ o v O  rH CO VO LO 02

fn cd ltvjH- r— o  t^ -v o j=3r 1 ^ - 0  1“' -  o> O'
0 p • • • • • « ft ft ft ft ft ft
P , o H  N O  r-~VO rH CTvCrvh—̂ 3" O  o -

Eh •=t- o j  ro cv i oj r o CD
0 i—(
0
p
cd o 0 -  h -r O L T \O M ft C*"\VO o  O V O

CVJ VD _zj- VO CU CT\h~ K V O  CTV CU rH
1 • • • • • * ft ft ft • ft

ca CTv crs i-—v o  r - o  r^- K \rH  rH VO OJ
(D P iH

rH CQ
H
&

O i—1 K \ r— OV-d* rO  rH VD r— rH O l H f A
rH r— v o  r—-H~ vo  ct\ '60 O  H  O  CTv CTv

U 1 • ft ft « ft * • •  • < • •
CD O VD 160 '60 f-—rH h - rH OJ rH rH r*\rH

+3 rH K \ I
<D
SI

<D CTs c n o o o o v L n h-CVJ OM50 CVJ 150
P OJ o  k v ltm tn k y so r— o  0-=J* r^MTv
cd 1 • * • * • « ft ft ft ft ft ft
P XbO KNjH'-H' rH K M f\ i—1 O  K V—1 VO i—1
a * OJ rH OJ 1
m CQ

fn CQ
u

su
,0 ©

0 OJ o VD LOVO O  h-CVJ 0 O  Kvr—-d~ 0 -  r'V
rx >> OJ 0 KV Lft 160 a\VO-=J* o a v v o r ^ - o  i^viso

rH I cd • ft • ft • ft 0 • ■ • • • *
CQ 1—1 f-i LTV rH LTVzJ* 0 rH OJ CU h - H
g *-d OJ 0 rH fH
cd f its.. rH
60

v«/
o T t

KN o VD KVCTn rH CTvr^- O h -  o  Fv'-VO o  IXV
0 rH £ 1 ^ ^  OvctnO  rv- O iso r^-cu L f\^ t  iso

f—I 1 • ft ft • ft ft £ • ■ • • 1 «
CVJ sz VD LC\=J- LTV r o  LTV K'V rH i—I rH
rH M CU

O
♦r4

0
•n
0

p P
= C — 0

©  rH 0  H
CQ g T i cd f i 3 T* 0  pi
CD o IH rH P  0 o ♦  M  rH P  0

rH p M M  O O 0 P M M  O O 0
f t <H CM Eh ^ CM Eh ^
s CO W f t CQ CQ ^
cd CO CQ CQ ai CQ CQ 0  0  0  0

CO 0 0  0  0  0 0 0  0  0  0
f> 0  0  0  3 > 0  0  0  g
cd O O Cl H 0 O  O p H
0 0  p  -H f-i 0 0  0  *H p

t-3 P <h  Q  ^  CM

Th
e 

le
av

es
 

us
ed

 
fro

m 
D

uc
he

ss
 

tr
ee

 
No

. 
1 

we
re

 
"i

nt
er

m
ed

ia
te

"



TABLE VI

A Comparison of the Growth of "Thin11 and ‘'Thick" Branches* 
and the Amount of Organic Matter Produced 

by Their Leaves

Aver.:  Production of 
l e a f  : dry matter  
a rea  : from 7/21 to  
(cm2): 3 /3 /36

Grams
Dry Weight

7/21 8/3 In­
crease

"THIN WOOD"
New wood 1.37 1.49 .12 :
Wood 1 to  3 •

years  old .99 1.30 .31 :
F ru i t 20.25 23.21 2.96  :

Total  gain ,  dry matter 3-39 : 480 : 8.75 grams
"THICK WOOD"
New wood 5 .6 6 6.45 • 59 :
Wood 1 to  3 •

•

years  old 6 .6 6 8 .S3 2.17 :
F ru i t 25.4-9 30.42 M  3 :

Tota l  gain,  dry matter 7.69 : S20 : 31.^0 grams

♦Average of 10 branches
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F igure 2

COMPARISON OF THE SUMMATION CURVES FOR ORGANIC 
MATTER PRODUCTION OF "THICK" AND "THIN11 

WOOD LEAVES. 1936.

Grams

300

200

100

-1 0 0
25 50

Days from June 3 75

A: "thick*1 wood leaves ,  summation of production
A]_: Slope = I . 25O

B: " th in"  wood leaves ,  summation of production 
Bx : Slope =0 .097



Grams organic matter per square meter of 
leaf  area per day
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FIGURE k

COMPARISON BETWEEN THE SUMMATION CURVES FOR DRY 
MATTER PRCDUCTION BY "THICK" AND "THIN"

WOOD LEAVES
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Days from July 13

Slope of line A, 1.3&5 
Slope of line B, o*395


