
IN T E R R E L A T IO N  O F  R E SPO N SE TO IN D O LE A C E T IC  ACID, 

DURATION AND INTENSITY O F  LIG H T, AND 

H ETERO SIS IN T H E  SNAPDRAGON 

(ANTIRRHINUM  M AJUS L . )

B y

JO H N  BERNA RD £ A R T N E R  

A THESIS

S u b m it te d  to  th e  S choo l of G ra d u a te  S tu d ies  of M ic h ig a n  S ta te  

C o lleg e  of A g r i c u l tu r e  a n d  A p p lie d  S c ie n c e  in  p a r t i a l  

f u lf i l lm e n t  of th e  r e q u i r e m e n t s  fo r  the  d e g re e  of 

DO CTO R O F PH ILO SO PH Y

D e p a r tm e n ts  of H o r t ic u l tu r e ,  B o tany  and  P la n t  P a th o lo g y

1952



ProQuest Number: 10008311

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10008311

Published by ProQuest LLC (2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



1- 11-0
f t )
V

ACKNOW LEDGM ENT

The a u th o r  w is h e s  to e x p r e s s  h is  s in c e r e  th a n k s  to 

D o c to r s  H a m n e r ,  W ilson  and  H aney  u n d e r  w hose  g u id 

an ce  and  s u p e rv is io n  th is  in v e s t ig a t io n  w as  u n d e r ta k e n .  

W ithout th e i r  c o o p e ra t io n  the  fu lf i l lm e n t  of th is  p r o je c t  

co u ld  n e v e r  have  b e e n  c o m p le ted .

He is  a l s o  g r e a t ly  in d eb ted  to D r .  S e ll  and  D r .

B enne  of th e  A g r i c u l tu r a l  C h e m is t r y  D e p a r tm e n t  fo r  

th e i r  gu idance  and  help  in  c h e m ic a l  d e te rm in a t io n s .

G ra te fu l  ack n o w led g m en t is  a l s o  due to  M r .  P h i l ip  

C o le m a n , E x p e r im e n t  S ta tio n  p h o to g ra p h e r  fo r  h is  a s 

s i s ta n c e  on the  p h o to g ra p h ic  w o rk .

The w r i t e r  d eep ly  a p p r e c ia t e s  the  f in a n c ia l  a id  of the  

M ich ig an  S ta te  F l o r i s t  A s s o c ia t io n  w h ich  m ade  p o s s ib le  

the  u n d e r ta k in g  of th is  p ro je c t .

The a u th o r  i s  g r e a t ly  in d eb ted  to  h is  wife who h e lp ed  

in  the  conducting  of th e  e x p e r im e n ts  and  co m p ila t io n  of 

da ta  and  typ ing . W ithout the  in s p i r a t io n  of m y  w ife, th is  

w o rk  w ould  n e v e r  h av e  b e e n  co m p le ted , an d  to w hom  the  

r e s u l t s  a r e  h e re w i th  d e d ic a te d .



IN T E R R E L A T IO N  O F  R E S P O N S E  TO IN D O LE A C E T IC  ACID, 

DURATION AND INTENSITY O F  LIG H T, AND 

H ETERO SIS IN T H E  SNAPDRAGON 

(ANTIRRHINUM  MAJUS L .)

B y

J o h n  B e r n a r d  G a r tn e r  

AN A B STRA C T

S u b m it te d  to the  S choo l of G ra d u a te  S tu d ies  of M ic h ig a n  S ta te  

C o lleg e  of A g r i c u l tu r e  an d  A p p lie d  S c ie n c e  in  p a r t i a l  

fu lf i l lm e n t  of th e  r e q u i r e m e n t s  fo r  th e  d e g re e  of

D OCTOR O F  PH ILO SO PH Y

D e p a r tm e n ts  of H o r t ic u l tu r e ,  B o tany  a n d  P la n t  P a th o lo g y  

Y e a r  1952

A P P R O V E D  -  OS,., y .  C_. -



J o h n  B.  G a r t n e r

I t  w as  found th a t  A n t i r r h in u m  m a ju s  L .  d e f in i te ly  e x 

h ib i t s  h e t e r o s i s .  A n in te r r e l a t i o n s h ip  w as  found b e tw e e n  

ind o le  a c e t ic  a c id ,  l ig h t  in te n s i ty  an d  the  d e g re e  of h e t e r o 

s i s .  T he  d e g r e e  of h e t e r o s i s  e x h ib i ted  w as  not th e  s a m e  

a t  a l l  s e a s o n s  of the  y e a r .  H e te r o s i s  w as  m e a s u r e d  by  

tak in g  th e  i n c r e a s e  cf the  F j  o v e r  the  a v e r a g e  of the  two 

p a r e n t s  b o th  a s  to  i n c r e a s e  in  h e ig h t  an d  i n c r e a s e  in  d r y  

w eigh t.

T h e  d e g re e  of h e t e r o s i s  e x h ib i te d  in  A . m a ju s  i s  c o r 

r e l a t e d  w ith  s o la r  r a d ia t io n .  W hen s o la r  r a d ia t io n  w as  low 

th e  d e g re e  of h e t e r o s i s  w as  not a s  p ro n o u n c e d  a s  w hen  

s o la r  r a d ia t io n  w a s  h ig h .

T r e a tm e n t  w ith  ind o le  a c e t ic  a c id  in d ic a te d  th a t  the  

h y b r id s  show ed  a g r e a t e r  e p in a s t ic  r e s p o n s e  th a n  e i th e r  of 

the  p a r e n t s .  T h is  e p in a s t ic  r e s p o n s e  w as  a l s o  c o r r e l a t e d  

w ith  so lar  r a d ia t io n  a n d  a g r e a t e r  e p in a s t ic  r e s p o n s e  w as  

found u n d e r  low l ig h t  in te n s i ty  th an  u n d e r  h igh  l ig h t i n t e n 

s i ty .  B y  u s in g  a  b io lo g ic a l  t e s t  i t  w a s  found th a t  the  in b re d s  

have  a m o re  e f fe c t iv e  m e c h a n is m  of in a c t iv a t in g  o r  in h ib i t in g  

the  e f fe c ts  of indo le  a c e t i c  a c id  th a n  the  h y b r id .  It w as  

found th a t  s o la r  r a d ia t io n  in f lu e n c e s  h e t e r o s i s  in  A . m a ju s .  

T he  e x p r e s s io n  of h e t e r o s i s  in  A . m a ju s  c an  b e  d i r e c t ly  

c o r r e l a t e d  w ith  l ig h t  in te n s i ty  a n d  a s  th e  l ig h t  in te n s i ty
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i n c r e a s e s  the  d e g re e  of h e t e r o s i s  i n c r e a s e s .

T he in b re d s  p o s s e s s  a m e c h a n is m  of in a c t iv a t in g  indo le  

a c e t ic  a c id .  T h is  in a c t iv a t io n  i n c r e a s e s  a s  l ig h t  in te n s i ty  

i n c r e a s e s  a n d  th is  p o s s ib ly  co u ld  be  the  e x p la n a t io n  of h e t e r o 

s i s  in  A . m a ju s .  T h e r e  i s  l e s s  in a c t iv a t io n  of g ro w th  s u b 

s t a n c e s  in  th e  h y b r id s  th a n  in  th e  in b r e d s  u n d e r  h igh  l igh t 

i n t e n s i t i e s .  T h is  r e s u l t s  in  an  i n c r e a s e d  g ro w th  r a t e  in  the  

h y b r id s  and  cou ld  be  th e  r e a s o n  w hy the  h y b r id s  show a 

g r e a t e r  am o u n t of h e t e r o s i s  u n d e r  h igh  l ig h t  th a n  u n d e r  low 

l ig h t  in t e n s i t i e s .



J o h n  B e r n a r d  G a r tn e r  

C a n d id a te  fo r  the  d e g re e  of 

D o c to r  of P h i lo so p h y

F in a l  e x a m in a tio n ,  J u ly  7, 1952, 2:00 P .  M . , H o r t ic u l tu r e  
S e m in a r  R oom .

D is s e r t a t io n :  I n t e r r e l a t i o n  of R e s p o n s e  to Indole  A c e t ic
A c id , D u ra t io n  an d  In te n s i ty  of L ig h t ,  an d  
H e te r o s i s  in  the  S n ap d rag o n  ( A n t i r rh in u m  
M aju s  L . )

O u tlin e  of S tu d ie s

M a jo r  s u b je c ts :  H o r t ic u l tu r e  and  B o tan y

B io g ra p h ic a l  I te m s

B o rn ,  M a rc h  23, 1918, C lev e lan d , Ohio

U n d e rg ra d u a te  S tu d ie s ,  Ohio S ta te  U n iv e r s i ty ,  1938-42

G ra d u a te  S tu d ie s ,  M ic h ig a n  S ta te  C o lleg e ,  1946-49, 1951-52.

E x p e r ie n c e :  U n ite d  S ta te s  N avy, 1942-46. A t ta in e d  the 
r a n k  of F u l l  L ie u te n a n t  an d  co m m a n d in g  o f 
f i c e r  of t h r e e  v e s s e l s  d u r in g  th is  p e r io d .  
S u p e r in te n d e n t  of B e a l  G re e n h o u se s ,  M ic h i 
gan  S ta te  C o lleg e  1947-49. H o r t ic u l tu r e  
E x te n s io n  S p e c ia l i s t  N o r th  C a ro l in a  S ta te  
C o lleg e  1949-51. G ra d u a te  A s s i s ta n t ,
M ic h ig a n  S ta te  C o lleg e  1951-52.

M e m b e r  of P i  A lp h a  Xi an d  S o c ie ty  of th e  S ig m a  Xi.



T A B L E  O F CO N TEN TS

INTRODUCTION I

REV IEW  O F  L IT E R A T U R E  4

M A TERIA LS AND M ETH ODS 13

A . P l a n t s  13

B. M e a s u r e m e n ts  14

C. D ry  W eight D e t  e r m in a t io n s  15

D. R e s p o n s e  to Indo le  A c e t ic  A c id  16

E .  B io lo g ic a l  T e s t s  17

F .  E f fe c t  of L ig h t  In te n s i ty  18

G. S o la r  R a d ia t io n  19

R E S U L T S  20

I. H e te r o s i s  20

II. P h y s io lo g ic a l  R e sp o n se  25

A . P h y s io lo g ic a l  r e s p o n s e  to indo le  a c e t ic
a c id  25

B . B io lo g ic a l  T e s t s  32

III. L ig h t  I n te n s i ty  O b s e r v a t i  ons 36

A . E f fe c t  of l ig h t  on h e t e r o s i s  36

B . E f fe c t  of l ig h t  on the  p h y s io lo g ic a l
r e s p o n s e  to indo le  a c e t ic  a c id  43

DISCUSSION 47

CONCLUSION 52

BIBLIO G RA PH Y  53

A P P E N D IX  i



INTRODUCTION

T he s u p e r io r  v ig o r  of th e  p ro g e n y  of two u n r e l a t e d  in -  

b r e d  l in e s  h a s  b e e n  o b s e r v e d  an d  u t i l iz e d  fo r  m an y  y e a r s .  

T h is  p h en o m en o n  h a s  found m o re  a p p l ic a t io n s  c o n t in o u s ly  

f r o m  p r e -M e n d e l i a n  t im e s  to the  p r e s e n t  a n d  a d d i t io n a l  

a p p l ic a t io n s  w ill  undoub ted ly  be  m ad e  in  the  fu tu re .

T he  t e r m  h y b r id  v ig o r  o r ig in a l ly  a p p l ie d  to th is  p h e 

n o m e n o n  h a s  fa l le n  in to  so m e  d i s r e p u te .  I t h a s  b e e n  u s e d  

in  c a s e s  w h e re  th e  p a r e n t s  w e r e  no t in b re d ,  a p p l ie d  to 

g e n e ra t io n s  l a t e r  th a n  the  F j ,  an d  c a m e  to  im p ly  a  c o n 

s i s t e n t  s u p e r io r i ty  w h ic h  is  no t n e c e s s a r i l y  the  c a s e .

Shull  (39) p r o p o s e d  th e  t e r m  h e t e r o s i s  to d e s c r ib e  th e  v ig o r  

d i f fe re n c e ,  p o s i t iv e  o r  n e g a tiv e ,  b e tw e e n  th e  F^ a n d  the  p a 

r e n t a l  a v e r a g e .

M o s t  of th e  w o rk  on h e t e r o s i s  h a s  b e e n  done on c o rn .  

T he  A m e r i c a n  In d ia n s  knew  w ithou t e x p e r im e n ta l  e v id en ce  

th a t  p la n t in g  of m ix tu r e s  of c o r n  w ould  i n c r e a s e  the  y ie ld .  

H o w ev er ,  c o r n  i s  no t th e  on ly  c ro p  th a t  show s h e t e r o s i s .

T he  i n c r e a s e d  y ie ld  of h y b r id  o v e r  in b re d  c o r n  i s  v e r y  

c o n s id e ra b le .  G r e a t e r  y ie ld s  a r e  o b ta in ed  w ith  l e s s  e f fo r t .  

T h e  u s e  of h y b r id  c o rn ,  gave  a s u rp lu s  fo r  the  U n ited  

S ta te s  d u r in g  the  w a r  a n d  p o s t  w a r  d i s t r e s s  p e r io d s .  T h is  

w a s  g r e a t  enough  to h e lp  feed , no t only  th e  U n ited  S ta te s ,



b u t o th e r  c o u n t r ie s  a s  w e l l .  It w ould  have  ta k e n  a  g r e a t  d e a l  

m o r e  m a n p o w e r  to p ro d u c e  th e s e  s a m e  y ie ld s  if  i t  w e re  no t 

fo r  h e t e r o s i s .  T he  v a lu e  of h y b r id  c o rn  to the  A g r i c u l tu r a l  

in d u s t r y  a n n u a l ly  w i l l  m o re  th a n  p ay  fo r  a l l  the  r e s e a r c h  

w o rk  th a t  h a s  e v e r  b e e n  done in  th e  f ie ld  of A g r ic u l tu r e .  The 

new  a p p l ic a t io n s  of h e t e r o s i s  o f fe r  g r e a t e r  p r o m is e  fo r  the  

f u tu r e  th a n  have b e e n  r e a l i z e d  in  th e  p a s t .  O th e r  p la n ts  su c h  

a s  on ions  to m a to e s ,  e t c . , a s  w e l l  a s  m an y  o r n a m e n ta l  c ro p s ,  

show  m a r k e d  i n c r e a s e  in  g ro w th  of h y b r id s  o v e r  in b re d s .

F o r  th i s  in v e s t ig a t io n  of h e t e r o s i s ,  th e  sn a p d ra g o n ,  

A n t i r r h in u m  m a ju s  w a s  c h o se n  a s  the  t e s t  p la n t .  H e te r o s i s  

in  th is  c ro p  is  no t r e c o r d e d  in  th e  s c ie n t i f ic  l i t e r a t u r e  a l th o u g h  

i t s  e f fe c t  is  a t t e s t e d  by  the  r a p id  i n c r e a s e  in  th e  p o p u la r i ty  of 

F |  h y b r id s  in  c o m m e r c i a l  F lo r i c u l tu r e .

A ny new  in fo rm a t io n  on h e t e r o s i s  in  th is  c ro p  o f fe r s  i m 

m e d ia te  a d v a n ta g e .  C u l tu ra l ly ,  sn a p d ra g o n s  a r e  a d v a n ta g e 

ous  b e c a u s e  l a r g e  p o p u la t io n s  m ay  be  g row n  in  c o m p a r a t iv e ly  

s m a l l  sp a c e  a n d  s h o r t  t im e  a t  any  s e a s o n  of the  y e a r .  

G e n e t ic a l ly  i t  is  d ip lo id  hav ing  s ix te e n  s o m a t ic  c h r o m o s o m e s  

a n d  a c o n s id e ra b le  body  of l i t e r a t u r e  show s e x p e c te d  i n h e r i 

ta n c e  of u n it  f a c to r s ,  B a u e r  (6 ). It i s  s e l f  f e r t i l e ,  e a s i ly  

e m a s c u la te d  a n d  p o l l in a te d ,  a n d  p ro d u c e s  a s  m a n y  a s  500 

s e e d s  f r o m  a s in g le  p o l l in a t io n .  It a p p e a r s  th a t  no o th e r  

p la n t  o f f e r s  a l l  of th e s e  a d v a n ta g e s  fo r  th is  type  of w o rk .
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In b re d  and  h y b r id  sn a p d ra g o n s  d if fe r  in  th e i r  r e g io n a l  

a d a p ta t io n .  In  th e  a u t h o r ’s e x p e r ie n c e  o u ts ta n d in g  h y b r id s  

f r o m  m o re  n o r th e r n  l a t i tu d e s  h av e  not b e e n  a d v a n ta g e o u s  

in  N o r th  C a r o l in a .  S ince  th e s e  d i f f e r e n c e s  w e re  known to 

e x i s t  the  in v e s t ig a t io n  of th is  c ro p  o f fe re d  p r o m is e  of u s e 

fu l  in fo rm a t io n .
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REV IEW  O F  L IT E R A T U R E

It i s  c o m m o n ly  known to c o m m e r c i a l  g r o w e r s  th a t  h y 

b r id s  a r e  m u ch  s u p e r io r  to in b re d s  in  s e v e r a l  s p e c ie s  of 

s h ru b s  an d  e v e r g r e e n s .  T h is  h y b r id  a d v a n ta g e  is  m a i n 

ta in e d  by  a s e x u a l  p ro p a g a t io n .

A s e a r c h  of th e  l i t e r a t u r e  r e v e a le d  l i t t l e  s c ie n ti f ic  

in fo rm a t io n  c o n c e rn in g  h e t e r o s i s  in  s n a p d ra g o n s .  P o s t  

(35) h a s  r e c o m m e n d e d  the  u s e  of h y b r id  s n a p d ra g o n s .  

S ince  l i t t le  is  known c o n c e rn in g  h e t e r o s i s  of A n t i r r h in u m ,  

a  s e a r c h  of th e  l i t e r a t u r e  w as  m ad e  to  d e te r m in e  w hat w as  

know n on o th e r  p la n t s .

E a r l y  p la n t  h y b r id i s t s  in c lu d in g  K o l r e u te r  (27) in  the 

e ig h te e n th  c e n tu ry ,  G a r tn e r  (18) in  th e  n in e te e n th  c e n tu ry  

n o te d  i n c r e a s e d  v ig o r  of h y b r id s .  S ince  th is  t im e  c o n s id 

e r a b le  e x p e r im e n ta t io n  h a s  b e e n  c a r r i e d  out to f ind  a  b a s i s  

f o r  h e t e r o s i s .  E v e n  to d ay  a f t e r  m an y  y e a r s  r e s e a r c h ,  no 

one h a s  c o m p le te ly  e x p la in e d  the  e x a c t  m e c h a n is m .  S ince  

1900 so m e  r e a s o n a b ly  s a t i s f a c to r y  h y p o th e s is  of h e t e r o s i s  

h av e  b e e n  p r e s e n t e d .  T h e  h y p o th e s is  th a t  i s  m o s t  f a v o re d  

is  the  one of E a s t  a n d  J o n e s  (12, 13, 14, 15, 16, 22, 23, 24) i n 

vo lv ing  d o m in an ce .

J o n e s  (22) e x p la n a t io n  of h e t e r o s i s  in v o lv es  d o m i 

n a n c e  w e l l  e x e m p l i f ie d  in  P i s u m  s a t iv u m  L .  K eeb le  an d
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P e l l e w  (26) have  show n th a t  two s h o r t  p la n ts  c r o s s e d  gave 

u n i fo rm ly  t a l l  p ro g e n y .  G en e tic  a n a ly s is  h a s  show n th a t  one 

p a r e n t  c o n tr ib u te d  a  r e c e s s i v e  f a c to r  fo r  s h o r t  in te rn o d e s  

a n d  a d o m in an t  f a c to r  f o r  m an y  n o d es  w h ile  the  o th e r  p a r e n t  

c o n t r ib u te d  th e  a l l e l e s  dom in an t long in te rn o d e s  and  r e 

c e s s iv e  few  n o d e s .  The F j  show ing the  d o m in an t a l l e l e s  

p r o d u c e s  t a l l  p la n ts  hav ing  m a n y  long in te rn o d e s .

C ro p s  w h e re  h e t e r o s i s  i s  im p o r ta n t  do no t p ro d u c e  in  

F 2 a n d  l a t e r  g e n e ra t io n s  the  h o m ozygous  d o m in an t  s iz e  f a c 

t o r s  th a t  m ig h t  be  e x p e c te d  f r o m  F j  p e r f o r m a n c e .  A s  

J o n e s  (25) in d ic a te d  i t  i s  a lm o s t  im p o s s ib le  by  s tudy ing  th e  

g e n e t ic s  of h e t e r o s i s  to  o b ta in  the  e x p e c te d  g en e tic  r a t io  

in  th e  F 2 .

W hen M o rg a n  (34) f i r s t  d i s c o v e re d  l inkage , J o n e s  (25)

u s e d  th is  f a c t  to show  w hy th e  F  w ould  no t g ive  th e  e x p e c te d
2

p r o p o r t io n  of v ig o ro u s  in d iv id u a ls .  If the  gene fo r  th e  long 

in te rn o d e s  w as  c lo s e ly  co u p led  w ith  the  gene fo r  a  s m a l l  

n u m b e r  of n o d es  on one  c h ro m o so m e ,  a n d  th e  a l l e le  fo r  a 

l a r g e  n u m b e r  of n o d e s  w a s  c lo s e ly  coup led  w ith  the  a l le le  

fo r  s h o r t  in te rn o d e s  on  the  hom ologous  c h ro m o s o m e  th e s e  

f a c t o r s  w ould  be  r e p u l s io n  l in k ed  a n d  w ould  give a low r a t e  

of c r o s s in g  o v e r .  T h e  p r o p o r t io n  of v ig o ro u s  in d iv id u a ls  

w ou ld  be  r e d u c e d  a n d  the  p r o b a b i l i ty  of th e  h o m o zy g o u s  

d o m in a n t  r e c o m b in a t io n  w ould  b e  the  s q u a re  of th e  f re q u e n c y  

of th e  low r a t e  of c r o s s i n g  o v e r .



S in g le to n  (40) h a s  c a lc u la te d  th a t  2000 t im e s  th e  lan d  

a r e a  of th e  e a r t h  w ould  be  n e c e s s a r y  to g row  enough  c o rn  

p la n ts  to s ta n d  a r e a s o n a b le  ch an ce  of r e c o v e r in g  a  c o m 

p le te ly  hom o zy g o u s  do m in an t,  if  t h i r t y  g e n es  w e r e  inv o lv ed  

in  h e t e r o s i s  w ithou t l in k a g e .

S ince h e t e r o s i s  u s u a l ly  a p p e a r s  to be  d ep enden t on  m u l 

t ip le  f a c t o r s  and  in v o lv e s  l in k ag e , it  i s  a lm o s t  im p o s s ib le  

to r e c o v e r  a hom o zy g o u s  p la n t  in  the  F ^  o r  l a t e r  g e n e r a 

t io n s  th a t  e q u a ls  the  F^ in  v ig o r .  I t h a s  b e e n  show n by  

E a s t  (15) th a t  th e  s e g re g a t in g  p o p u la t io n  c o n tin u a l ly  r e d u c e s  

in  v ig o r  e a c h  y e a r  u n t i l  i t  r e a c h e s  a s ta t ic  p o s i t io n  w hen  it 

i s  e f fe c t iv e ly  h o m o zy g o u s .  By co n tin u a l in b re e d in g ,  e s p e 

c ia l ly  w ith  s in g le  p la n t  s e le c t io n s ,  th e  y ie ld  w il l  be r e d u c e d  

u n ti l  e f fec t iv e  h o m o z y g o s i ty  i s  o b ta ined . H ow ever,  c o m p le te  

h o m o z y g o s i ty  is  v e r y  s e ld o m  o b ta in ed  an d  E a s t  (13) has  

show n th a t  a f te r  e igh t g e n e ra t io n s ,  n in e ty - f iv e  p e r  cen t 

h o m o z y g o s i ty  w ould  be  a p p ro a c h e d .

It i s  v e r y  d if f ic u l t  to  d e te r m in e  w hat f a c t o r s  c o n t ro l  

h e t e r o s i s ,  s in c e  i t  i s  d if f icu lt  to  m e a s u r e  g ro w th . To da te , 

t h e r e  a r e  c o m p a r a t iv e ly  few  m eth o d s  of d e te rm in in g  r a t e s  

of g ro w th  of one type  o r  a n o th e r  b e c a u s e  i t  i s  d iff icu lt  to 

c o n t r o l  so m an y  of th e  in f lu en c in g  e x te rn a l  e n v i ro n m e n ta l  

f a c to r s  w h ich  p la y  an  im p o r ta n t  ro le  in  th e  r e s p o n s e  of a 

c ro p  to i t s  to ta l  in h e r e n t  v ig o r .
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T h e  e f fe c t  of h e t e r o s i s  in  p la n ts  c an  no t a lw ay s  be  m e a s 

u r e d  b y  a n  i n c r e a s e  in  s iz e  of the  plant. It m a y  be  ev id en t 

a s  a n  i n c r e a s e  in  y ie ld  o r  a n  i n c r e a s e  in  d ry  w e ig h t o r  a n  i n 

c r e a s e  in  n u t r i t io n a l  v a lu e .  F o r  ex am p le ,  to m a to  h y b r id s  do 

no t n e c e s s a r i l y  show a n  i n c r e a s e  in  s iz e  of f ru i t ,  b u t  m a y  

g r e a t l y  i n c r e a s e  the  n u m b e r  of in f lo r e s c e n c e  a s  w e l l  a s  the  

t o ta l  y ie ld  of f ru i t .

W haley  (50, 51) s u g g e s te d  th a t  h y b r id  v ig o r  is  due to 

h e te ro z y g o s i ty ,  and  th e  m o r e  h e te ro z y g o u s  th e  ind iv id u a l 

th e  m o r e  v ig o ro u s  th e  in d iv id u a l .  In  so m e  w ay s  th is  s e e m s  

to f i t  in to  th e  p ic tu r e  a n d  cou ld  p o s s ib ly  e x p la in  w hy th e  F ^  

an d  s u c c e e d in g  g e n e r a t i o n s  g r a d u a l ly  d e c r e a s e  in  v ig o r  u n 

t i l  h o m o z y g o s i ty  i s  o b ta in ed .  E x a m p le s  hav e  b e e n  r e p o r t e d  

by  W haley  (51) in  w h ic h  th e  f u r th e r  a p a r t  the  p a r e n t s  in  r e l a 

t io n sh ip ,  th e  m o r e  v ig o ro u s  th e  h y b r id s .  H ow ever, E a s t  (12, 13) 

h a s  show n by  in b re e d in g  s i s t e r  s in g le  p la n t  s e le c t io n s  of a 

s e g re g a t in g  p o p u la t io n  to e f fec t iv e  h o m o z y g o s i ty  a n d  th e n  

c r o s s in g ,  th a t  h e t e r o s i s  w a s  ev id en t  a l th o u g h  the  l in e s  w e re  

c lo s e ly  r e l a t e d .  T h is  i s  the  b a s i s  fo r  Shull  (39) co in ing  th e  

t e r m  h e t e r o s i s  m e a n in g  th a t  the  in d iv id u a l  w as  e x t r e m e ly  

h e te ro z y g o u s .

P r i o r  to  1930, d o m in a n c e  an d  l in k ag e  w e r e  f a i r l y  w e l l  a c 

c e p te d  a s  a  b a s i s  of h e t e r o s i s .  A shby  (2, 3, 4, 5) w a s  one of 

th e  f i r s t  to  d i s c u s s  h e t e r o s i s  a s  r e l a t e d  to g ro w th  f a c t o r s .
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F r o m  h is  in v e s t ig a t io n s ,  he a s s u m e d  th a t  h y b r id  c o r n  had  

a p p r o x im a te ly  th e  s a m e  g ro w th  r a t e  a s  i t s  l e s s  v ig o ro u s  p a 

r e n t s ,  an d  th a t  th e  h y b r id  d id  not v a r y  f r o m  e i th e r  of i t s  

p a r e n t s  a s  to c e l l  s iz e ,  photo  sy n th e t ic  a c t iv i ty  o r  r e s p i r a 

t io n . A s  a r e s u l t ,  th e  f la t te n in g  of i t s  g ro w th  c u rv e  d u r in g  

th e  g r a n d  p e r io d  of g ro w th  w ou ld  be  the  s a m e  in  in b re d s  a s  

in  h y b r id s  . He co n c lu d ed  th a t  the  only ad v a n ta g e  the  h y b r id  

h a d  o v e r  i ts  l e s s  v ig o ro u s  p a r e n t s  w as  a l a r g e r  e m b ry o  h a v 

ing a  h ig h e r  p e r c e n ta g e  of g e rm in a t io n ,  a n d  th a t  th is  a d v a n 

ta g e  w a s  m a in ta in e d  th ro u g h o u t  the  g r a n d  p e r io d  of g ro w th  

a n d  r e s u l t e d  in  a  s u p e r io r  p lan t .

L in d s t r o m  (29, 30, 31) s im i l a r l y  c a m e  to  the  c o n c lu s io n  

th a t  th e  h y b r id s  m a in ta in e d  a n  in i t ia l  a d v a n ta g e  in  s iz e  o v e r  

th e  in b r e d s .  He s ta t e d  th a t  a s m a l l  in i t ia l  a d v a n ta g e  in  s iz e  

in  th e  F^ c e l l s  o r  e m b ry o  w ould  m u lt ip ly  v e r y  r a p id ly  an d  

w o rk  on the  com pound  i n t e r e s t  law  a n d  could  p o s s ib ly  a c c o u n t  

fo r  th e  s u p e r io r i ty  of the  h y b r id s .  L in d s t r o m  (31) a l s o  d e 

c a p i ta te d  so m e  h y b r id s  to r e d u c e  an y  in i t ia l  s iz e  a d v an tag e  

a n d  show ed  th a t  th e y  f in a l ly  e x c e e d e d  th e  p a r e n t a l  s t r a i n s  

a s  to d ry  w e ig h t .  H ow ever ,  he su p p o se d  th a t  th is  p r o c e d u re  

d id  no t e n t i r e ly  e l im in a te  the  e m b ry o n ic  c a p i ta l  an d  in i t ia l  

a d v a n ta g e ,  and  he  c la im e d  th a t  the  m e r i s t e m s  m a in ta in e d  

th is  a d v a n ta g e .  F u r t h e r  w o rk  a long  th is  l in e  h a s  f a i le d  to 

p ro v e  th a t  th e  e m b ry o  i s  any  l a r g e r  in  the  h y b r id s  th a n  in  the  

in b re d s ,  a n d  in  s o m e  c a s e s  the  h y b r id s  w e r e  found to be
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in t e r m e d ia te  in  s iz e ,  y e t  th e y  s t i l l  d i s p la y e d  m o re  v ig o r  

th a n  e i th e r  of th e  p a r e n t s .

E a s t  (15) p o in te d  out th a t  t h e r e  a r e  s e v e r a l  r e c o r d e d  

c r o s s e s  w h e r e  h y b r id  s e e d s  w e re  no t a s  l a r g e  a s  th o s e  of 

th e  l a r g e r  p a r e n t s .  M o st  of th e s e  a r e  in  the  le g u m in o sa e  

w h e re  t h e r e  is  v i r t u a l ly  no e n d o s p e rm .  H ence , i t  w ould 

a p p e a r  th a t  the  e m b ry o  s iz e  a lo n e  canno t be the  im p o r ta n t  

f a c to r  in  h y b r id  v ig o r .

In  the  p a s t  few  y e a r s ,  t h e r e  h a s  b e e n  c o n s id e ra b le  

s p e c u la t io n  on the  o n e -g e n e  o n e -e n z y m e  th e o r y  on c o n 

t ro l l in g  p la n t  g ro w th .

T a tu m  (43) h a s  show n th a t  eye c o lo r  in  D ro so p h i la  is  

a c h e m ic a l  a c t io n  an d  i s  g e n e -c o n t ro l le d .

H aney  (21) h a s  show n a  se q u e n c e  of gene  a c t io n  in  

c o lo r  in h e r i t a n c e  in  sn a p d ra g o n .  The d o m in an t  a l l e le  fo r  

w h ite  m u s t  be  p r e s e n t  fo r  e x p r e s s io n  of any  c o lo r  othe;r 

th an  w h ite .  T he d o m in an t  a l l e l e s  fo r  b o th  w hite  an d  iv o ry  

m u s t  be  p r e s e n t  to  show  a n th a c y a n in  p ig m e n ta t io n  o r  i t s  

m o d if ic a t io n  b y  d i lu t io n  o r  in te n s i ty  g e n e s .

A ll  th e  m o s t  r e c e n t  w o rk  on p h y s io lg ica l  g e n e t ic s  h a s

d e m o n s t r a t e d  th a t  c h e m ic a l  p r o c e s s e s  invo lv ing  e n z y m e s  a r e
*

g e n e - c o n t ro l le d .  T a tu m  an d  B e a d le  (7, 44) have  show n th a t  

m u ta n t  s t r a i n s  of N e u r o s p o r a  a r e  unab le  to s n y th e s iz e  c e r 

ta in  e s s e n t i a l  g ro w th  s u b s ta n c e s .  Such m u ta n ts  cou ld  be 

o b ta in e d  by  t r e a t in g  n o r m a l  s t r a i n s  w ith  m u ta g e n ic  a g e n ts .
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W hen th e s e  m u ta n t  s t r a i n s  of N e u r o s p o r a  a r e  su p p lie d  w ith  

th e  d e f ic ie n t  g ro w th  s u b s ta n c e s ,  th ey  a r e  ab le  to m ak e  a s  

m u c h  g ro w th  a s  th e  n o r m a l  s t r a i n s  of fungi.  W ork  of th is  

n a tu r e  h a s  in d ic a te d  th a t  h e t e r o s i s  m a y  be the  r e s u l t  of m o re  

e f f ic ie n t  p ro d u c t io n  of g ro w th  s u b s ta n c e s .  T h is  ex p la n a t io n  

w ou ld  no t d is p ro v e  any  of the  p re v io u s  th e o r ie s  bu t w ould  

c o n f i rm  th e s e  c o n c e p ts  of h e t e r o s i s .

R obb ins  (36) h a s  show n th a t  e x t r a c t s  of p a r t i a l l y  g e r m 

in a te d  in b re d  a n d  h y b r id  c o rn ,  d i f f e re d  s ig n if ic a n t ly  a s  

m e d ia  fo r  th e  g ro w th  of c e r t a in  s e le c te d  s t r a in s  of fungi.

T h e  o n es  g row ing  in  the  h y b r id  e x t r a c t  w e r e  m u c h  s u p e r io r  

to th o se  g ro w n  on in b re d  e x t r a c t s .  T h is  m a y  in d ic a te  th a t  

h y b r id s  h av e  a m o re  e f f ic ie n t  p ro d u c t io n  of g ro w th  s u b 

s ta n c e s  th an  th e i r  l e s s  v ig o ro u s  in b re d  p a r e n t s .

W haley  a n d  L ong  (52) have  show n th a t  u n d e r  c e r t a i n  c o n 

d i t io n s  e x c is e d  ro o ts  of h y b r id  to m a to e s  a n d  h y b r id  c o r n  

g ro w n  in  c u l tu re s  show  c o n s id e ra b ly  m o re  g ro w th  th a n  th o se  

of t h e i r  in b re d  p a r e n t s .  R obb ins  (37) u s in g  a  c r o s s  of in b re d  

l in e s  of L y c o p e r s i c u m  p im p in e l l i fo l iu m  an d  L y c o p e r s i c u m  

e s c u le n tu m , found in  so lu t io n s  su p p le m e n te d  by  th ia m in e ,  

p y r id o x in e ,  o r  n ic o t in a m id e ,  s e p a r a t e ly  o r  in  c o m b in a t io n s  

of two, th a t  th e  r o o ts  g re w  m o r e  r a p id ly  a n d  p ro d u c e d  m o r e  

d r y  m a t e r i a l  th a n  th o s e  of th e  in b re d  p a r e n t s .  He show ed  th a t  

th e  r o o ts  of P a r e n t  A show ed  a g r e a t e r  r e s p o n s e  to  p y r id o x in e  

th a n  P a r e n t  B . The ro o ts  of P a r e n t  B show ed  a g r e a t e r  r e s -
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p o n se  to n ic o t in a m id e  th a n  th o se  of P a r e n t  A . H ow ever ,  P a 

r e n t  B a p p ro a c h e d  th e  F^ in  so lu t io n  con ta in in g  a l l  t h r e e  

su p p le m e n ts .

W haley  (51, 53) h a s  found  in  in b re d  l in e s  of m a iz e ,  of th e  

v a r i e t i e s  P ip e ,  P a w n e e ,  an d  th e i r  r e c i p r o c a l  h y b r id s ,  m a r k e d  

d i f f e r e n c e s  in  th e i r  r e a c t io n s  to l igh t c o n d it io n s .  W ith c e r 

ta in  l ig h t in te n s i t i e s ,  th e  h y b r id s  show ed  a s u p e r io r i ty  a n d  a t  

o th e r  in te n s i t i e s  th e  in b re d s  a p p ro a c h e d  th e  h y b r id s  in  s iz e .

M a lin o w sk y  (32, 33) n o te d  th a t  h e t e r o s i s  in  b e a n s  p ro d u c e d  

a r e s p o n s e  s im i l a r  to  t h a t  d e s c r ib e d  b y  W haley  (51) in  m a iz e  

u n d e r  c e r t a i n  e n v i ro n m e n ta l  co n d it io n s .

G o ld sc h m id t  (19, 20) h a s  show n th a t  gen es  in f lu en c e  

e n z y m e  r e a c t io n s .  T h is  is  f u r t h e r  c o n t ro l le d  by  e n v iro n m e n t .  

P h e n o c o p ie s  of m o th s  m a y  be  o b ta in ed  by  chang ing  th e  e x te r n a l  

e n v iro n m e n t .  C h an g e d  e n v iro n m e n t  r e s u l t e d  in  a d u p l ic a t io n  

of the  w ing  p a t t e r n  of a n o th e r  g ene tic  s t r a i n  of m o th .  T h e se  

p h e n o c o p ie s  show th a t  u n d e r  d if fe re n t  e n v i ro n m e n ta l  co n d it io n s ,  

the  c o u r s e  o r  s e q u e n c e  of c h e m ic a l  r e a c t io n s  m a y  be  a l t e r e d  

an d  a s  a  r e s u l t  gene  a c t io n  w il l  be  m odified .

V an O v e rb e e k  (46) h a s  show n th a t  " L a z in e s s "  in  m a iz e  i s  

due to  a n  a b n o r m a l  d i s t r ib u t io n  and  p ro d u c t io n  of g ro w th  s u b 

s t a n c e s .

G a ls to n  (17) h a s  show n th a t  r ib o f la v in  in  the  p r e s e n c e  of 

l ig h t  in a c t iv a te s  in d o le  a c e t i c  a c id .  It a lso  c an  be  d e m o n s t r a t e d  

th a t  u n d e r  v a ry in g  in t e n s i t i e s  an d  q u a l i t ie s  of l igh t indo le  a c e t i c
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is  in a c t iv a te d .

W ittw er  (54, 55) h a s  show n th a t  in  th e  u se  of ind o le  a c e t ic  

a c id  fo r  f r u i t  s e t ,  g r e a te r  e f f ic ie n c y  w a s  o b ta in e d  a t  low th an  

a t  h igh  l ig h t in t e n s i t i e s .

Skoog (41, 42) h a s  found th a t  ad en in e  in  the  p r e s e n t  of 

l ig h t  w il l  in a c t iv a te  ind o le  a c e t ic  a c id .  A good e x a m p le  of 

th is  i s  the  o r ig in a l  w o rk  on p h o to t ro p is m .

B u rk h o ld e r  an d  J o h n s to n  (9), B o y se n  J e n s e n  (8), W ent (49) 

a n d  o th e r  show ed  th a t  l ig h t  in a c t iv a te s  the  g ro w th  s u b s ta n c e  

on th e  l ig h t  s id e  of th e  c o le o p t i le  r e s u l t in g  in  i t s  b end ing  to w a rd s  

th e  l ig h t .  I t  h as  b e e n  o b s e rv e d  fo r  m an y  y e a r s  by  m an y  

b o ta n is t s ,  th a t  p la n ts  g row n  in  t h e  A lp in e  a r e a s  a r e  dw arfed , 

W ent a n d  T h im a n n  (49). A p o s s ib le  ex p la n a t io n  is  th a t  th e y  r e 

ce iv e  g r e a t e r  q u a n t i t ie s  of u l t r a  v io le t  l ig h t  w h ich  is  know n to 

in a c t iv a te  th e  auxin , indo le  a c e t ic  ac id ,  a n d  h en ce  r e s u l t  in  

l e s s  g ro w th .

I t  i s  a p p e a r e n t  th a t  w h ile  the  c h e m ic a l  r e a c t io n  of p la n ts  

m a y  be g e n e -c o n t ro l le d ,  e n v iro n m e n ta l  f a c to r s  m a y  a l t e r  i t s  

m ode of a c t io n .
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M A TE R IA LS AND METHODS

A . P l a n t s

Two in b re d  l in e s  of A n t i r r h in u m  m a ju s  L .  and  the  h y 

b r id  p ro d u c e d  f r o m  the  c r o s s  b e tw e e n  th e s e  two in b re d s  w e re  

c h o s e n  a s  e x p e r im e n ta l  t e s t  s u b je c ts  fo r  th is  p r o je c t .  A . 

m a ju s  w as  c h o se n  s in c e  th is  s p e c ie s  d isp la y s  h e t e r o s i s  w hen  

two in b re d  l in e s  a r e  c r o s s e d ;  a l s o  the  g e n e t ic s  of th is  s p e c ie s  

i s  f a i r l y  w e ll  known. B y u s in g  A . m a ju s  a s  a  t e s t  su b je c t ,  a 

l a r g e  p o p u la tio n  can  be  g ro w n  in  a  c o m p a ra t iv e ly  s m a l l  a m o u n t 

of s p a c e .  By p la n t in g  th r e e  in c h e s  by  th r e e  in c h e s  in  a  g r e e n 

h o u se  bench , fo u r  f e e t  by  n in e ty  fee t ,  i t  w as  p o s s ib le  to r a i s e  

2262 p la n ts .  T h is  g iv es  a n  a d e q u a te  p o p u la t io n  fo r  a n a ly s is  in  a 

c o m p a r a t iv e ly  s m a l l  s p a c e .  A c o m p le te  c ro p  ro ta t io n  c a n  be  

m ad e  w ith in  the  p e r io d  of te n  w e e k s  a n d  h e n c e  i t  w as  p o s s ib le  

to o b ta in  c o n s id e ra b le  d a ta .  The p la n ts  w e r e  g ro w n  u n d e r  

g re e n h o u se  co n d it io n s  d u r in g  the  p e r io d  f r o m  S e p te m b e r  1951 to 

M ay 1952 w ith  t e m p e r a t u r e  f lu c tu a tio n s  of 50° to  70° F .

The s e e d l in g s  w e r e  g e r m in a te d  in  a c o n s ta n t  w a te r  le v e l  

b e n c h  a n d  t r a n s p l a n t e d  a s  soon  a s  p o s s ib le  to m a in ta in  uni

f o r m i ty  in  the  in d iv id u a l  p lo ts .

S ee d lin g s  w e re  p la n te d  in  a g re e n h o u se  b e n c h  co n ta in in g  a 

s o i l  m ix tu re  of a  s i l t  lo a m  w ith  m a n u re  an d  p e a t  ad d ed .  N u t r i 

en t le v e ls  w e r e  m a in ta in e d  by  l iq u id  feed ing  w h e n e v e r  the  so i l
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t e s t s  in d ic a te d  a  low le v e l  of n u t r i e n t s .

A t th i s  sp a c in g  c o m p e t i t io n  b e tw e e n  p la n ts  w ou ld  b e  i n 

te n s e  in  l a t e r  s ta g e s  of g row th , m e a s u r e m e n t s  w e r e  ta k e n  w hen  

the  r e a c h e d  te n  c e n t im e te r s  in  h e ig h t .  O th e rw is e  e n v i r o n 

m e n ta l  v a r i a t io n  w ith in  p lo ts  a s  w e l l  a s  b e tw e e n  p lo ts  w ould  be  

so  in te n s i f ie d  to su c h  a  d e g re e  a s  to  g r e a t ly  i n c r e a s e  the  e x p e r i 

m e n ta l  e r r o r .

The fo llow ing  l in e s  w e re  s e le c te d  fo r  th e s e  e x p e r im e n ts ,  

is  a  s t r a i n  of R o ck w o o d 's  P in k  S u p re m e  o r ig in a l ly  s e c u r e d  

f r o m  the  G e o rg e  J .  B a l l  C om pany , W es t  C hicago , I l l in o is .  P 2 

is  an in b re d  i s o la t e d  f r o m  th e  v a r i e ty  H e len  T ob in  f r o m  the  i n 

t ro d u c t io n  of D r .  H a ro ld  W hite of the  U n iv e r s i ty  of M a s s a c h u 

s e t t s  .

T h e se  in b re d  l in e s  a r e  s in g le  p la n t  s e le c t io n s  f r o m  th e s e  

s t r a i n s  a n d  have  b e e n  i n b r e d  fo r  the  l a s t  f iv e  g e n e ra t io n s  f r o m  

w hat w e re  a p p a r e n t ly  t r u e  l in e s .  P^ i s  an  in b re d  th a t  d ev e lo p s  

s lo w ly  b u t  h as  a l a r g e  p ro d u c tio n  of d ry  w eigh t an d  is  a v e r y  

s tu r d y  p la n t .  P^, d ev e lo p s  r a p id ly  bu t does  no t have  a l a r g e  

a m o u n t  of d r y  w e ig h t in  r e la t io n s h ip  to i t s  s iz e .

The F^ of th is  c r o s s  is  a  v e r y  v ig o ro u s  g row ing  h y b r id .  It 

w a s  o u ts ta n d in g  in  th is  r e s p e c t  in  a s u rv e y  of 350 F^ s n a p d ra g o n s .

B . M e a s u r e m e n ts  of H e te r o s i s

To o b ta in  e x p e r im e n ta l  ev id en ce  of h e t e r o s i s  in  A . m a ju s  

t h r e e  e x p e r im e n ts  w e r e  co n d u c ted  to o b ta in  d a ta  on h e ig h t  an d
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d r y  w e ig h t  of the  p a r e n t s  in  the  F p

E x p e r im e n t  I w a s  c o n d u c ted  by  sow ing s e e d  D e c e m b e r

1, 1951 and  on J a n u a r y  15, 1952 th e s e  p la n ts  w e re  b e n ch ed .

H eigh t m e a s u r e m e n t s  w e re  ta k e n  on  F e b r u a r y  5, 1952.

E x p e r im e n t  II - s e e d s  w e r e  sow n on F e b r u a r y  3, 1952

a n d  b e n c h e d  on M a r c h  28, 1952. M e a s u r e m e n ts  of he ig h t

w e r e  ta k e n  on A p r i l  6 , 1952.

E x p e r im e n t  III - S eed s  w e r e  sown on  M a rc h  28, 1952 a n d

on A p r i l  19th th e s e  p la n ts  w e re  b e n ch ed .  H eigh t m e a s u r e m e n t s

w e r e  ta k e n  on M ay 8 , 1952.

T he s a m e  p r o c e d u r e  w a s  fo llow ed  in  E x p e r im e n ts  I, II,

a n d  III. S eed s  of P  , P  , F ,  an d  F ,  w e r e  sow n on the  r e s p e c -
1 2  1 c*

t iv e  d a te s  an d  in  e a c h  e x p e r im e n t ,  350 p la n ts  of P p  1P̂ , and  

F^ w e r e  b e n c h e d  b e f o re  the  s e e d l in g s  b e c a m e  c ro w d e d  in  the  

p r o p a g a t io n  b en ch .  A long w ith  th e  h y b r id  a n d  the  two p a r e n t s ,  

1250 p la n ts  of the  F ^  s e g re g a t in g  p o p u la t io n  w e re  b e n c h e d  a t  

th e  s a m e  t im e  a n d  s e le c te d  a t  r a n d o m  in  o r d e r  to a v o id  d i s 

to r t in g  th e  c u rv e  of s e g re g a t io n .  M e a s u r e m e n ts  w e r e  ta k e n  

w h en  the  h y b r id  w as  a p p ro x im a te ly  te n  c e n t im e te r s  in  h e ig h t .  

T h is  s iz e  w a s  c h o se n  in  o r d e r  to avo id  e f fe c ts  of o v e r c r o w d 

ing.

C . D r y  W eight D e te rm in a t io n s

D e te rm in a t io n  of d ry  w e ig h ts  of the  P p  P 2 a n d  F^ p la n ts  

w e r e  m ad e  a f t e r  h e ig h t  m e a s u r e m e n t s  a n d  r e s p o n s e  to indo le
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a c e t ic  a c id  w as  r e c o r d e d .  F r e s h  w e ig h ts  w e r e  ta k e n  a n d  th en  

th e  p la n ts  w e re  p la c e d  in  a n  oven  a t  100° C. an d  th e n  d r ie d  fo r  

a  p e r io d  of 72 h o u r s .

D. R e s p o n s e  to  Indo le  A c e t ic  A c id

The p la n ts  in  E x p e r im e n t s  I, II, an d  III w e r e  s p ra y e d  w ith  

indo le  a c e t ic  a c id  a f t e r  h e igh t m e a s u r e m e n t s  w e re  r e c o r d e d .  

P l a n t s  in  E x p e r im e n t  I w e re  s p ra y e d  a t  100 p p m . an d  e x h ib i ted  

ty p ic a l  e p in a s ty .  H ow ever ,  i t  w as  found th a t  p la n ts  g ro w n  in  

E x p e r im e n t s  II a n d  III d u r in g  w h ich  the  l igh t in te n s i t i e s  w e r e  

h ig h  an d  a s t r o n g e r  c o n c e n t ra t io n  of indo le  a c e t ic  a c id  w a s  

n e e d e d  to p ro d u c e  th e  s a m e  d e g re e  of r e s p o n s e .  A c o n c e n t r a 

t io n  of 1000 p p m . of indo le  a c e t ic  a c id  w a s  u s e d  in  th e s e  e x 

p e r im e n t s .

A h and  a to m iz e r  w a s  u s e d  in  app ly ing  th is  c h e m ic a l  s p r a y  

w i th  e a c h  lo t  r e c e iv in g  th e  e q u iv a len t  v o lu m e  of m a t e r i a l  a t  the  

s a m e  c o n c e n t ra t io n .  O n e -h a l f  of the  p la n ts  w e re  le f t  u n t r e a te d  

a n d  w e re  u s e d  a s  c o n t r o l s .  T he  r e s p o n s e  of the  p la n t s  to the  

indole a c e t i c  a c id  w a s  d e te r m in e d  by  an  a r b i t r a r y  s ta n d a r d  u s 

ing th e  n u m b e r s  0 -5  to  d e s ig n a te  th e  d e g re e  of e p in a s ty  w ith  the  

h ig h e r  n u m b e r  show ing the  g r e a t e s t  e p in a s ty  a n d  th e  lo w e s t  

n u m b e r  show ing no e p in a s ty .  T he d e g re e  of e p in a s ty  w as  

r e c o r d e d  a s  soon  a s  th e r e  w a s  a  d if fe re n c e  b e t  w een  the  in b re d s  

a n d  the  h y b r id s .
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In o r d e r  to d e te r m in e  if  a  c o r r e l a t i o n  e x is te d  b e tw e e n  

h e ig h t  and  e p in a s t ic  r e s p o n s e  p la n ts  w e r e  r e c o r d e d  an d  id e n 

t i f ie d  in  su c h  a  m a n n e r  th a t  a c o m p a r i s o n  of h e ig h t an d  e p in a s ty  

cou ld  be  m ad e  fo r  e a c h  in d iv id u a l  p la n t .

E .  B io lo g ic a l  T e s t s

To d e te r m in e  th e  p r e s e n c e  of an  in h ib i to r  o r  an  i n a c t iv a 

to r  in  th e  in b re d s  a b io lo g ic a l  t e s t  w as  em p lo y ed .  A l a m e r c e r y  

( l )  h a s  show n th a t  c u c u m b e r  s e e d l in g s  a r e  v e r y  s e n s i t iv e  to 

indo le  a c e t i c  a c id  in  th e i r  r e s p o n s e  to g e rm in a t io n  an d  g ro w th  

of h ypoco ty l  and  r o o ts .  W hen s e e d s  a r e  g row n  in  a so lu t io n  of 

indo le  a c e t ic  ac id ,  th e  am o u n t of ro o t  g ro w th  in h ib i t io n  is  in  

p r o p o r t io n  to the  c o n c e n t ra t io n  of indo le  a c e t ic  a c id .  H ence, 

th i s  m e th o d  w a s  u s e d  to d e te rm in e  th e  p r e s e n c e  of an  in h ib i to r  

o r  in a c t iv a to r  of indo le  a c e t ic  a c id .

In  o r d e r  to d e te r m in e  w h e th e r  o r  not a n  in h ib i to r  o r  an  

in a c t iv a to r  w as  p r e s e n t ,  te n  g r a m s  of p la n t  m a t e r i a l  f r o m  the  

to p s  of P j ,  P £ ,  an d  w e r e  m a c e r a t e d  in  a w a r in g  b le n d o r  

an d  m ad e  up to a v o lu m e  of 100 c c .  by  u s in g  d i s t i l l e d  w a te r .

To th is  s lu r r y ,  indo le  a c e t ic  a c id  w as  ad d ed  to m ak e  a f in a l  

c o n c e n t r a t io n  of 25 p p m . S ix teen  c u c u m b e r  s e e d l in g s  w e r e  

p la c e d  on a f i l t e r  p a p e r  in  a p e t r i  d ish , and  f ive  cub ic  c e n t i 

m e t e r s  of th is  s l u r r y  w as  a d d e d  to e a c h  p e t r i  d ish .  In  a d d i 

t io n  a d i s t i l l e d  v a t e r  so lu t io n  of indo le  a c e t ic  a c id  a t  25 p p m . 

a n d  d i s t i l l e d  w a te r  a lo n e  w e r e  u s e d  a s  c o n t ro ls .  E a c h  t r e a t -
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m e n t  w a s  r e p l ic a t e d  t h r e e  t i m e s .  The c u c u m b e r  s e e d l in g s

w e r e  a l lo w e d  to  g e r m in a te  u n d e r  a  c o n t ro l le d  t e m p e r a tu r e ,

b o th  in  c o n s ta n t  l ig h t  an d  in  d a r k n e s s .  A p p ro x im a te ly  fo u r

day s  a f t e r  t r e a t m e n t  ro o t  m e a s u r e m e n t s  in  n d i l l im e te r s  w e re
•

ta k e n  a s  w e l l  a s  p e r c e n ta g e  of g e rm in a t io n .  S ince  a s ig n i f i 

ca n t  d i f fe re n c e  w as  found the  lo c a l iz a t io n  of th e  in a c t iv a to r  

w a s  a t te m p te d .

In a n  a t t e m p t  to lo c a l iz e  th e  a c t iv e  p r in c ip le  p la n ts  w e r e  

d iv id ed  in to  two lo ts  b e fo re  b e in g  m a c e r a t e d  in  a w a r in g  

b le n d o r .  M e r i s t e m a t i c  t i s s u e  w as  s e p a r a t e d  f r o m  o ld e r  

t i s s u e  a n d  th e  s a m p le s  w e re  p r e p a r e d  s e p a r a t e ly  an d  m ad e  

up to e q u iv a len t  c o n c e n t r a t io n s .

,F . E f fe c t  of L ig h t  I n te n s i ty

To d e te r m in e  the  e f fec t  of l igh t in te n s i ty  on th e  r e s p o n s e  

of sn a p d ra g o n s  to indo le  a c e t ic  ac id ,  1200 p la n ts  e a c h  of F^,

p . ,  an d  w e re  u s e d .  O n e -h a l f  of th e s e  p la n ts  w e re  g row n  
1 “

in  a.n open  b e n c h  re c e iv in g  fu ll  l ig h t and  o n e -h a l f  w e re  g row n  

u n d e r  a c h e e s e c lo th  s h a d e .  K ro n e  and  B u lm e r  (28) have 

show n th a t  c h e e s e c lo th  shad e  r e d u c e s  s o la r  r a d ia t io n  by  a p 

p r o x im a te ly  45% . In  e a c h  p lo t  400 p la n ts  w e r e  t r e a t e d  w ith  

indo le  a c e t ic  a c id  a f t e r  g row ing  u n d e r  th e s e  co n d it io n s  fo r  a 

p e r io d  of th r e e  w e e k s .  A f te r  t r e a tm e n t  o n e -h a l f  of the  

t r e a t e d  p la n ts  in  e a c h  plot w e r e  sh if te d  to  th e  o th e r  e n v i r o n 

m e n t .
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To d e te r m in e  th e  e f fe c t  of l ig h t  in te n s i ty  on  the  g ro w th

of in b re d s  and  h y b r id  a  c o n t ro l  p lo t  of P , ,  P  an d  F  co n -
 ̂ ^  1

ta in in g  200 p la n ts  e a c h  w e r e  g row n  u n d e r  e a c h  of th e  above 

l ig h t  c o n d it io n s .  The c o n tro l  p lo ts  r e m a in e d  u n d e r  th e  o r i g i 

n a l  e n v i ro n m e n ta l  co n d it io n s  th ro u g h o u t th e  e x p e r im e n t .

G. S o la r  R a d ia t io n

S o la r  r a d ia t io n  m e a s u r e m e n t s  w e r e  o b ta in ed  f r o m  th e  

U n ited  S ta te s  D e p a r tm e n t  of A g r ic u l tu r e  H y d ro lo g ic  S ta t io n  

a t  M ich ig an  S ta te  C o lleg e ,  E a s t  L a n s in g ,  M ich ig an . M e a 

s u r e m e n t s  w e r e  in  g r a m  c a lo r i e s  per s q u a re  c e n t im e te r .  

C ra b b  (10, 11) show s, g r a m  c a lo r i e s  p e r  s q u a r e  c e n t im e te r  

is  d i r e c t ly  p r o p o r t io n a l  to  foot can d le s  a s  a  m e a s u r e m e n t  c£ 

ligh t in te n s i ty .
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R ESU LTS

I. H e te r o s i s

In  E x p e r im e n t  I h e t e r o s i s  w as  show n to e x is t  w hen  A . 

m a ju s  w as  g row n  f r o m  D e c e m b e r  1, 1951 th ro u g h  F e b r u a r y  

5, 1952. ( F ig u re  I). The h y b r id  did no t s u r p a s s  the  bu t 

d id  su rp assL P ^ . The h y b r id  w as  . 73 c e n t im e te r s  s u p e r io r  

in  h e ig h t to th e  m id - p a r e n t  m e a n .  (T ab le  l ) .

T he  h y b r id  show s a  s u p e r io r i ty  in  d ry  w e ig h t o v e r  

e i th e r  of the  p a r e n t s  a n d  a n  i n c r e a s e  of .1 1 5  g r a m s  o v e r  the  

m id - p a r e n t  m e a n .  (T ab le  2). The s e g re g a t in g  p o p u la t io n  

( F 2) a s  show n in  T a b le  1 h as  a  w ide ra n g e  of v ig o r ;  so m e  of 

th e  p la n ts  b e in g  s m a l l e r  th a n  e i th e r  of the  p a r e n t s  bu t none 

of th e m  s u r p a s s in g  th e  h y b r id .  T h is  is  w hat i s  n o r m a l ly  e x 

p e c te d  in  a s e g re g a t in g  p o p u la t io n .  H e te r o s i s  w a s  s t i l l  

d isp la y e d  due to the  f a c t  th a t  th e  h y b r id  w as  s u p e r io r  to the  

m i d - p a r e n t  m e a n .

A n  i n c r e a s e  in  th e  am o u n t of h e t e r o s i s  a s  show n in  F i g 

u r e  II a n d  T a b le  2 w a s  found in  E x p e r im e n t  II. The h y b r id  

s u r p a s s e d  b o th  of th e  p a r e n t s  in  he igh t a n d  in  d r y  w e ig h t 

h av ing  a n  i n c r e a s e  o v e r  the  m id - p a r e n t  m e a n  of 3 .6 5  c e n 

t i m e t e r s  p e r  p lan t,  a n d  . 354 g r a m s  p e r  p la n t .
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T A B L E  1

A v e ra g e  h e ig h t in  c e n t im e te r s  of 350 p la n ts  e a c h  of in b re d  

(P^ a n d  P 2 ) a n d  th e  h y b r id  (F^) a n d  s e g re g a t in g  p o p u la t io n  (F^) 

of A . m a ju s .

P a r e n t  1 
(p i>

P a r e n t  2 
(p 2>

M id - p a r e n t
m e a n

H y b r id
(*V

(F 2> H e te ro s i s *

E xp  I ** 7 .3 12 9 .6 5 10. 38 7.91 0. 73

Exp II*** S. 9 8 . 93 7 .415 11. 1 9 .9 3 .6 5

Exp III 4 . 7 ' 9 .2 6 . 95 10 .9 6 .9 3. 95

* H e te r o s i s  i s  the  d if f e re n c e  b e tw e e n  m id - p a r e n t  m e a n  an d  F^.

** D e c e m b e r  1, 1951 th ro u g h  F e b r u a r y  5, 1952.

*** F e b r u a r y  3, 1952 th ro u g h  A p r i l  6 , 1952.

❖❖❖^March 28, 1952 th ro u g h  M ay 8 , 1952.
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T A B L E  2

A v e r a g e  d r y  w e ig h t  in  g r a m s  of in d iv id u a l p la n ts  of 

P a r e n t  1 (P .)  P a r e n t  2 (P  ) and  h y b r id  (F  ). Ind iv idua l
 ̂ M  JL

a v e r a g e s  a r e  b a s e d  on th e  a v e r a g e  of 350 p la n ts .

P a r e n t  1 P a r e n t  2 M id - p a r e n t H y b r id H e te r o s i s *

(p i> ( P 2) m e a n
( F i>

E xp  I** 0 .2 1 6 0. 357 0 .2 8 6 0 .401 0. 115

E xp II*** 0 .2 3 1 0. 206 0 .2 1 6 0. 570 0. 354

sic***
Exp III 0. 12 0 . 16 0. 14 0 .6 0 .4 6

* H e te r o s i s  is  the  d i f f e re n c e  of the  f r o m  the  m id - p a r e n t  m e a n .

** D e c e m b e r  1, 1951 th ro u g h  F e b r u a r y  5, 1952.

*** F e b r u a r y  3, 1952 th ro u g h  A p r i l  6 , 1952.

* * * * M a rc h  28, 1952 th ro u g h  M ay  8 , 1952.



F ig u r e  I

C o m p a r iso n  of h e ig h t  and  f re q u e n c y  of 

P^> Pg, F j  and F ^ i l l u s t r a t in g  h e t e r o s i s  in  

A . m a ju s  w ith  th e  n o r m a l  s e g re g a t io n  in  

the  F 2 *
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F ig u re  I I

C o m p a r is o n  of he ig h t and  f re q u e n c y  of

P f ,  P 2 , F  and  F  i l lu s t r a t in g  h e t e r o s i s  in  
1 2

A . m a ju s  w ith  the  n o r m a l  s e g re g a t io n  in
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The F ^  a g a in  show ed  a w ide r a n g e  of v ig o r  w ith  so m e  cf 

th e  p o p u la tio n  be ing  l e s s  v ig o ro u s  th an  either of the p a r e n t s  

a n d  w ith  none of the  in d iv id u a ls  s u rp a s s in g  the  h y b r id .  The 

h e t e r o s i s  in  E x p e r im e n t  II b o th  a s  to h e igh t a n d  d ry  w eigh t 

i s  g r e a t e r  th a n  in  E x p e r im e n t  I.

H e te r o s i s  w as  a g a in  d isp la y e d  w ith  the  h y b r id  s u rp a s s in g  

b o th  of the  p a r e n t s  in  E x p e r im e n t  III. A s  shown in  F ig u r e  III 

a n d  T a b le s  1 a n d  2 th e  in c r e a s e  in  he igh t p e r  p la n t  of the  h y 

b r id s  o v e r  the m id - p a r e n t  m e a n  w as  3 .9 5  c e n t im e te r s .  The 

i n c r e a s e  in  d ry  w eigh t p e r  p la n t  of the h y b r id s  o v e r  m i d 

p a r e n t  m e a n  w as  .4 6  g r a m s .  E x p e r im e n t  III show ed a  c o n 

s id e r a b le  in c r e a s e  of h e t e r o s i s  by  b o th  c r i t e r i a  o v e r  the two 

p re c e d in g  e x p e r i m e n t s . A n  i l l u s t r a t io n  of the  d if fe re n c e  b e 

tw een  P^, P £ and  F^ can  be s e e n  in  F ig u r e s  IV an d  V.

II. P h y s io lo g ic a l  R e s p o n s e

/

A . P h y s io lo g ic a l  R e sp o n se  to Indole  A c e t ic  A c id

It w as  found in p r e l im i n a r y  e x p e r im e n ts  th a t  the h y b r id  

e x h ib i te d  a n  e p in a s t ic  r e s p o n s e  to c o n c e n tra t io n s  of indo le  

a c e t i c  a c id  a s  low a s  5 ppm . The p a r e n ts  e x h ib i ted  l i t t l e  o r  

no r e s p o n s e  a t  th is  c o n c e n tra t io n .  F u r th e r  in v e s t ig a t io n s  

p ro v e d  th a t  th e  h y b r id s  ex h ib i ted  a g r e a t e r  r e s p o n s e  to i n 

dole  a c e t ic  a c id  th a n  e i th e r  of the  p a r e n t s .  (F ig u re  VI).



F ig u r e  HI

C o m p a r is o n  of he ig h t an d  f re q u e n c y  of 

an<* i l lu s t r a t i n g  h e t e r o s i s  in  

m a ju s  w ith  the  n o r m a l  s e g re g a t io n  in  the
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F ig u re  IV

A view  of c u l tu re s  show ing u n ifo rm ity  of 

in  fo re g ro u n d ,  c e n te r ,  b a c k g ro u n d .
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F ig u re  V

The e f fe c t  of H e te r o s i s  on the g ro w th  of

A. m a ju s .  The p la n ts  re a d in g  f ro m  le f t  to 

r ig h t  a r e  P p  P ^ ,  and  the  h y b r id  F p
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T h is  p h en o m e n a  w a s  m ore , p ro n o u n c e d  in  the  f a l l  a n d  w in te r  

th a n  in  the  s p r in g  a s  i s  ev id en t  by  the  f a c t  th a t  th e  c o n c e n t r a 

t io n s  h a d  to b e  i n c r e a s e d  in  E x p e r im e n ts  II a n d  HI f r o m  100 

p p m . to 1000 p p m . to o b ta in  the  s a m e  r e s p o n s e  a s  in  E x p e r i 

m e n t  I. Im m e d ia te ly  a f t e r  t r e a t m e n t  w ith  1000 p p m . ind o le  

a c e t i c  a c id ,  b o th  th e  h y b r id  an d  th e  in b re d s  show ed  the  s a m e  

r e s p o n s e .  T he  in b re d s  r e c o v e r e d  f r o m  th is  e p in a s ty  m o r e  

r a p id ly  th an  the  h y b r id .  E p in a s t ic  r e s p o n s e  w as  e v a lu a te d  

a p p r o x im a te ly  72 h o u r s  a f t e r  t r e a t m e n t  w hen  th e r e  w as  a 

c o n s is te n t  d i f fe re n c e  b e tw e e n  th e  in b re d s  an d  th e  h y b r id s .

E p in a s t ic  r e s p o n s e  of the  h y b r id s  e x c e e d e d  th a t  of the 

p a r e n t s  c o n s is te n t ly  in  a l l  t h r e e  e x p e r im e n ts  (T ab le  3). A s 

show n l a t e r ,  the  r a t e  of r e c o v e r y  in  b o th  h y b r id  a n d  p a r e n t s  

is  d ep en d en t  upon l ig h t  in te n s i ty .  A n  F 2 p o p u la t io n  w as 

t r e a t e d  in  e a c h  of th e s e  e x p e r im e n ts  to r e c o r d  the  n a tu r e  of 

th e  s e g re g a t io n .  M e a s u r e m e n ts  in d ic a te d  a f a i r  c o r r e l a t i o n  

b e tw e e n  s iz e  of p la n t  and  d e g re e  of e p in a s ty .  (See A p p e n 

dix) .

B e c a u s e  v ig o r  a n d  r e s p o n s e  to indo le  a c e t ic  a c id  a p 

p e a r e d  to b e  a s s o c ia te d ,  he ig h t and  e p in a s ty  of e a c h  i n d i 

v id u a l  in  th e  F 2 s e g re g a t in g  p o p u la tio n  w e re  r e c o r d e d  so 

th a t  the  ex te n t  of c o r r e l a t i o n  m ig h t be d e te rm in e d .

The r e la t io n s h ip  b e tw e e n  the  r e s p o n s e  to indo le  a c e t ic  

a c id  and  h e ig h t  w as  d e te r m in e d  an d  no s ig n if ic a n t  c o r r e l a 

t io n  w a s  o b ta in e d  in  E x p e r im e n t  I u n d e r  low ligh t in te n s i ty .
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F ig u re  VI

T he e f fec t  of indole a c e t ic  a c id  on the  

g row th  of in b re d  and  h y b r id  p lan ts  of A. m a ju s .  

The p la n ts  on the le ft  in  e ach  g roup  w e re  le ft  

u n t re a te d .  T he plants on the r ig h t  w e re  t r e a t e d  

w ith  indole  a c e t ic  a c id  a t  1000 ppm . G roup  a t  

le ft  P ^ ,  c e n te r  P^, r ig h t  F ^
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T A B L E  3

E p in a s t ic  r e s p o n s e  of P a r e n t  1 ( P ^ ,  P a r e n t  2 ( P 2) and  

h y b r id  (F^) to  t r e a t m e n t  w i th  indo le  a c e t ic  a c id .

P a r e n t  1
(p i)

P a r e n t  2
CP2 )

H y b r id
(p i)

E xp  I 2 1 3

E xp  II 2 1 4

E xp  III 1 1 3

D e g re e  of e p in a s ty

0 - no e p in a s ty

1 - v e r y  s l ig h t  e p in a s ty

2 - m o d e r a te  e p in a s ty

3 - h igh  e p in a s ty

4 - v e r y  h igh  e p in a s ty

T h e  e p in a s ty  w a s  m e a s u r e d  by  the  am o u n t of c u r l in g  an d  

d i s to r t i o n  of the  le a f .  M e a s u r e m e n ts  w e re  ta k e n  72 h o u rs  

a f t e r  t r e a t m e n t .  R e s p o n s e  im m e d ia te ly  a f t e r  t r e a t m e n t  w as  

v e r y  h ig h  on  b o th  p a r e n t s  an d  the  h y b r id .
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In  E x p e r im e n t  II a c o r r e l a t i o n  of . 0738 w as  found w h ich  w as  

s ig n if ic a n t  to the  5% le v e l .  T h is  e x p e r im e n t  w as  co n d u c ted  

u n d e r  m o d e r a te  l igh t  in t e n s i t i e s .  In  E x p e r im e n t  III a  c o r r e 

la tion  of .4 2 0 6  w a s  found and  th is  w as  s ig n if ic a n t  to  th e  1% 

l e v e l .  A h ig h  d e g re e  of c o r r e l a t i o n  w a s  no t a n t ic ip a te d  s in c e  

t h e r e  w a s  a n  o v e r la p p in g  of th e  p a r e n t s  and  the  h y b r id s  in  

h e ig h t  a s  show n in  F i g u r e  I, II and  III. The r e s p o n s e  of the  

F 2 to ind o le  a c e t ic  a c id  co u ld  be  c o r r e l a t e d  w ith  he igh t 

s in c e  m o s t  of the  p la n t s  hav ing  a  h igh  d e g re e  of e p in a s ty  

w e r e  in  the  l a r g e r  s iz e  c l a s s e s  an d  the  p la n ts  showing the  

l e a s t  e p in a s ty  w e r e  th e  p la n ts  in  the  s m a l l e r  s iz e  c l a s s e s  a s  

show n in  the  t a b le s  on  h e ig h t c o r r e l a t i o n  in  the  A ppend ix .

T h is  in d ic a te s  th a t  th e  p la n ts  in  th e  s e g re g a t in g  p o p u la t io n  

show ing  th e  h ig h e s t  d e g re e  of r e s p o n s e  a r e  of the  h y b r id  

g en o ty p e .  The p la n t s  show ing the  l e a s t  r e s p o n s e  an d  the  

l e a s t  h e ig h t  a r e  p r e s u m a b ly  n e a r e r  the  p a r e n t a l  g en o ty p es .

B. B io lo g ic a l  T e s t s

S ince  th e  F^ c o n s is te n t ly  show ed m o re  e p in a s ty  in  r e s p o n s e  

to ind o le  a c e t i c  a c id  th an  e i th e r  of the  p a r e n t s ,  i t  w as  f i r s t  

though t th a t  th i s  d i f f e re n c e  w a s  due to a g r e a t e r  p ro d u c t io n  of 

g ro w th  s u b s ta n c e s  in  th e  h y b r id s ,  an d  h en ce  by  th e  a d d i t io n  of 

a n  ind o le  a c e t ic  a c id  sp ra y ,  the  h y b r id s '  phy to tox ic  th re s h h o ld  

w ou ld  be  r e a c h e d  s o o n e r  th an  the  in b re d s .  It w as  found by  

c h e m ic a l  a n a ly s is  th a t  no d i f f e r e n c e s  in  indo le  a c e t ic  a c id
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co u ld  be  d e m o n s t r a t e d  b e tw e e n  in b re d s  an d  h y b r id s .  S ince 

th e  h y b r id s  p ro d u c e d  m o re  g ro w th  i t  w as  b e l ie v e d  th a t  the  

in d o le  a c e t i c  a c id  in  the  h y b r id s  w as  b e in g  u t i l iz e d  fo r  g ro w th  

m o r e  e f f ic ie n t ly  w h ile  in  the  in b re d s  i t s  e f f ic ien cy  w as  r e 

d u c e d  p e r h a p s  by  a n  in h ib i to r  o r  an  in a c t iv a to r .

It w a s  found b y  u s in g  th e  c u c u m b e r  s e e d l in g s  t e s t  to  d e 

t e r m i n e  th e  p r e s e n c e  of a n  in h ib i to r  o r  an  in a c t iv a to r  th a t  

the in b re d s  o r  and  h a d  som e m e c h a n i s m  of b r e a k in g  

down o r  in a c t iv a t in g  indo le  a c e t ic  a c id .  (T ab le  4). The 

s e e d l in g s  co n ta in in g  a n  e x t r a c t  of P^ and  P 2 p lu s  indo le  

a c e t i c  a c id  a p p ro a c h e d  in  s iz e  the  s e e d l in g s  g e r m in a te d  in 

d i s t i l l e d  w a t e r .  On th e  o th e r  h and  a s  c o n t r a s t e d  to the 

in h ib i te d  g ro w th  w h e re  s e e d l in g s  w e re  g ro w n  in  a  so lu t io n  

o f ind o le  a c e t i c  a c id  w a s  th e  c u c u m b e r  s e e d l in g s  g row ing  

in  the  e x t r a c t  of the  h y b r id  an d  indo le  a c e t i c  a c id  r e s p o n d e d  

in  a s im i l a r  m a n n e r  to the  s e e d l in g s  g e r m in a te d  in  indole  

a c e t i c  a c id  so lu tion , in d ic a t in g  l i t t le  b re a k d o w n  of indole  

a c e t i c  a c id  w h e re  th e  h y b r id  e x t r a c t  w as  u s e d .  (T ab le  4, 

F i g u r e  VII). T he  s e e d l in g s  g e rm in a te d  in  the  d a r k  show  a 

g r e a t e r  r e s p o n s e  to in d o le  a c e t ic  a c id  th an  th o se  g e r m in a te d  

in  the  ligh t;  a  f u r t h e r  in d ic a t io n  th a t  l igh t  is  a f a c to r .  (T ab le  

4 a n d  5).

I t w a s  found by  u s in g  th e  c u c u m b e r  see d lin g  t e s t  th a t  

th e  in b re d s  in  th e  so lu t io n  of indo le  a c e t ic  a c id  a p p ro a c h e d  

the  d i s t i l l e d  w a te r  c o n t r o ls .  The h y b r id  in  th e  so lu t io n  of
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T A B L E  4

E f fe c t  of a s im u l ta n e o u s  a p p l ic a t io n  of a n  aq u eo u s  e x t r a c t  

of e i th e r  P^ o r  o r  F^ a n d  ind o le  a c e t ic  a c id  a t  25 p p m . on 

g e r m in a t io n  an d  ro o t  g ro w th  of c u c u m b e r  s e e d l in g s .

I II
T r e a t m e n t R oot g ro w th  in  

m m .  A v e . 16 
s e e d l in g s

R oot g ro w th  in  
m m . A v e . 16 

se e d l in g s

A v e ra g e

D is t i l l e d 5 .8 5. 5 5 .2
W a te r

IAA* 0 .4 9 1 .0 0. 74

P a r e n t  1 +
25 p p m .
IAA*

1 .9 5 2. 33 2. 14

P a r e n t  2 +
25 p p m . 
IAA*

3. 7 4. 3 4 . 00

H y b r id  4* 
25 p p m . 
IAA*

.4 7 . 56 .51

S e e d l in g s  g e r m in a te d  in  d a rk

* in d o le  a c e t ic  a c id
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T A B L E  5

E f fe c t  of a s im u l ta n e o u s  a p p l ic a t io n  of a n  aqu eo u s  e x t r a c t  

of e i th e r  P^ o r  o r  F-  ̂ an d  ind o le  a c e t ic  a c id  a t  25 p p m . on 

g e r m in a t io n  a n d  ro o t  g ro w th  of c u c u m b e r  s e e d l in g s .

T r e a t m e n t
................I .... —  "

R oot g ro w th  in  
m m . A v e .  16 

S eed lin g s

II
R oo t g ro w th  in  
m m . A v e .  16 

S eed lin g s

A v e ra g e

D is t i l l e d
W a te r

5. 1 4. 95 5 .0 2

IAA* .8 4 1. 09 .9 6

P a r e n t  1 + 
25 p p m . 

IAA*
1. 35 1.51 1 .43

P a r e n t  2 + 
25 ppm . 

IAA*
2 .9 9 3. 94 3. 31

H y b r id  + 
25 p p m . 
IAA*

. 72 .51 . 61

S e e d l in g s  g e rm in a te d  in  l ig h t

* in d o le  a c e t ic  a c id
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in d o le  a c e t i c  a c id  w as  c o m p a ra b le  to the  indo le  a c e t ic  a c id  

c o n t ro l .  ( F ig u r e  VII). T h is  in d ic a te s  th a t  th e  in b re d s  have  

s o m e  m e c h a n i s m  fo r  in a c t iv a t in g  o r  f r e a k in g  down indole  

a c e t i c  a c id  to a  m u c h  g r e a t e r  ex ten t  th a n  the  h y b r id .

T h is  w il l  h e lp  e x p la in  w hy the  in b re d s  r e c o v e r  f r o m  

th e  e p in a s ty  w h en  t r e a t e d  w ith  indo le  a c e t ic  a c id  m o re  r a p i d 

ly  th a n  th e  h y b r id s .  To d e te r m in e  in  w hat p o r t io n  of the  

p la n t  th e  in h ib i to r  o r  in a c t iv a to r  w as  lo c a l iz e d  o r  m o s t  a c 

t iv e ,  e x t r a c t s  w e r e  m a d e  of young m e r i s t e m a t i c  t i s s u e  a s  

w e l l  a s  e x t r a c t s  of m a tu r e  t i s s u e .  T h e r e  is  m o re  i n a c t iv a 

t io n  of indo le  a c e t i c  a c id  in  th e  m e r i s t e m a t i c  t i s s u e  th an  in  

the m a tu r e  t i s s u e .  (T a b le  6).

HI. L ig h t  In te n s i ty  O b s e rv a t io n s

A. E f fe c t  of L ig h t  on H e te ro s is

S ince  a  p r o g r e s s i v e  i n c r e a s e  in  h e t e r o s i s  w as  found in  

s u c c e s s iv e  e x p e r im e n t s  a s  th e  s e a s o n  a d v a n c e d  two c u rv e s  

w e r e  p lo t te d  to show  the  c o n c u r r e n t  v a r i a t io n  in  h e t e r o s i s  

a n d  s o la r  r a d ia t io n .  (F ig u r e  VIII). The s o la r  r a d ia t io n  data  

w e r e  o b ta in e d  f r o m  th e  U n ited  S ta te s  D e p a r tm e n t  of A g r i c u l 

tu r e ,  H y d ro lo g ic  R e s e a r c h  S ta tion , M ich ig an  S ta te  C o lleg e , 

E a s t  L a n s in g ,  M ic h ig a n  an d  i t  w a s  found th a t  the  s o la r  r a d i a 

t io n  i n c r e a s e d  s te a d i ly  f r o m  J a n u a r y  th ro u g h  M ay 1952. 

( F ig u r e  VIII).
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F ig u r e  VII

T he e ffec t  of s im u l ta n e o u s  a p p l ic a t io n  of an  aq u eo u s  

e x t r a c t  of sn a p d ra g o n  an d  indole  a c e t ic  a c id  a t  25 ppm . 

on the  g e rm in a t io n  and  ro o t  g row th  of c u c u m b e r  se e d lin g s  

F r o m  top to bo ttom , 1. d i s t i l l e d  w a te r ,  2. indole  a c e t ic  

a c id  a t  25 ppm . , 3. aqueous  e x t r a c t  of + indole  a c e t ic

a c id  a t  25 ppm . , 4. aqueous  e x t r a c t  of P  1 + indole a c e t ic

a c id  a t  25 ppm . , 5. aqueous  e x t r a c t  of + indole  a c e t ic

a c id  a t  25 ppm .
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T A B L E  6

E f fe c t  of an  aq u eo u s  e x tra c t  of m e r i s t e m a t i c  t i s s u e  and  

of d i f f e r e n t ia te d  t i s s u e  o f P^, p ^  a n d  F^ to g e th e r  w ith  indole  

•ace tic  a c id  a t  25 p p m . on g e rm in a t io n s  an d  ro o t  g ro w th  of 

c u c u m b e r  s e e d l in g s .

T r e a t m e n t
I

R oot g ro w th  
in  m m . A v e . 
15 s e e d l in g s

II
R oot g ro w th  
in  m m .A v e .  
15 s e e d l in g s

III
Root g ro w th  
in  m m .A v e .  
15 s e e d l in g s

A v e ra g e

D is t i l l e d
W a te r

5 3 .6 6 1 .8 64. 8 6 0 . 1

IAA* 12. 6 9 .0 13. 9 11 .8

P i  m e r i s t e 
m a t ic  t i s s u e  + 2 9 .4  
IAA*

3 5 .6 34. 3 33. 1

d i f f e r e n 
t i a t e d  t i s s u e  
+ IAA*

17. 1 28. 0 3 2 .2 25. 7

P 2 m e r i s t e 
m a t ic  t i s s u e  
+ IAA*

5 0 .4 54. 7 56. 5 5 3 .8

d i f f e r e n 
t i a t e d  t i s s u e  
+ IAA*

18. 1 17. 8 3 0 .4 2 1 .8

F j  m e r i s t e 
m a t ic  t i s s u e  
+ IAA*

24. 0 38. 1 42. 0 34. 6

d i f f e r e n 
t i a t e d  t i s s u e  
+ IAA*

2 1 . 0 9. 1 55. 1 28. 3

S ee d lin g s  g e rm in a te d  in  l igh t

* in d o le  a c e t ic  a c id



F ig u re  VIII

I n c r e a s e  in  s o la r  r a d ia t io n  in  g r a m  c a l o 

r i e s  p e r  s q u a re  c e n t im e te r s  f r o m  D e c e m b e r  1, 

1951 th ro u g h  M ay 15, 1952 a t  E a s t  L a n s in g ,  

M ich igan .
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In  D e c e m b e r  th e  to ta l  s o la r  r a d ia t io n  w a s  a l i t t l e  l e s s  

th a n  100 g r a m  c a l o r i e s  p e r  s q u a re  c e n t im e te r  and  s te a d i ly  

i n c r e a s e d  to a p p ro a c h  a s t r a ig h t  l ine  re a c h in g  i t s  m a x im u m  

of a p p r o x im a te ly  400 g r a m  c a lo r i e s  p e r  s q u a re  c e n t im e te r  

fo r  th is  e x p e r im e n t  in  M ay.

T he  i n c r e a s e  in  h e ig h t  of the  h y b r id s  o v e r  the  p a r e n t s  

is  p lo t te d  a g a in s t  s o la r  r a d ia t io n  d u r in g  E x p e r im e n t s  I, II, 

a n d  III. ( F ig u r e  IX). The r e s u l t  i s  v e r y  n e a r ly  a  s t r a ig h t  

l in e .  A s  th e  s o la r  r a d ia t io n  i n c r e a s e d  the  d e g re e  of h e t e r o -  

s i s  i n c r e a s e d .

S o la r  r a d ia t io n  w a s  p lo t te d  a g a in s t  the  d ry  w e ig h t i n 

c r e a s e  of the  in  E x p e r im e n t  I, II, and  III, an d  th is  a g a in  

g av e  a lm o s t  a s t r a ig h t  l in e  c o r r e l a t i o n .  (F ig u r e  IX). A s  

th e  s o la r  r a d ia t io n  i n c r e a s e d ,  the  d if f e re n c e  in  d ry  w e ig h t 

b e tw e e n  p a r e n t s  and  h y b r id  i n c r e a s e d .  B o th  h e ig h t  a n d  d ry  

w e ig h t  m e a s u r e m e n t s  of h e t e r o s i s  gave a lm o s t  a p e r f e c t  

c o r r e l a t i o n  w ith  i n c r e a s e  in  s o la r  r a d ia t io n  a s  show n by  the  

l i n e a r i t y  of th e  c u r v e s .

T he f a c t  th a t  the  s lo p e s  of t h e  two c u r v e s  a r e  a lm o s t  

id e n t ic a l  i s  e v id e n c e  of a th r e e  w ay  c o r r e l a t i o n  b e tw e e n  

heigh t,  a m o u n t  of d r y  w eigh t an d  s o la r  r a d ia t io n .

It w as  found th a t  w hen  the  in b re d s  a n d  h y b r id  w e r e  

r a i s e d  u n d e r  the  s a m e  e n v i ro n m e n ta l  co n d it io n s  w ith  the  

e x c e p t io n  of l ig h t  in te n s i ty  th a t  the  in b re d s  u n d e r  low ligh t 

in te n s i ty  w e r e  s i m i l a r  to th e  h y b r id  in s iz e .  U nder  h igh
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F ig u r e  IX

R e la t io n s h ip  of the  i n c r e a s e  in  h e ig h t and  

d r y  w eigh t of h e t e r o s i s  to s o la r  r a d ia t io n .



T A B L E  7

S o la r  r a d ia t io n  in  r e l a t io n  to  h e t e r o s i s  of A . m a ju s .

D ays
G row n

T o ta l  s o la r
r a d ia t io n
r e c e iv e d

A ve . da ily
s o la r
r a d ia t io n

H e te r o s i s  
A v e . d r y  A v e .h t .  
w t.  in -  in c r e a s e  
c r e a s e  F^ F^

Exp  I* 62 5 5 1 2 .9 8 8 . 9 . 115 . 73

Exp II** 58 13433 .8 2 3 1 .6 . 354 3 .6 5

Exp III*** 40 16018.1 400. 4 .46 3. 95

* S e e d s  sow n D e c e m b e r  1, g e r m in a te d  D e c e m b e r  6, h a r v e s te d  
F e b r u a r y  5, 1952.

** S e e d s  sow n F e b r u a r y  8 , 1952, g e r m in a te d  F e b r u a r y  13, 1952, 
h a r v e s t e d  A p r i l  6 , 1952.

*** S e e d s  sow n A p r i l  3, 1952, g e r m in a te d  A p r i l  8 , 1952, h a r 
v e s te d  M ay 12, 1952.

jS:*** H e t e r o s i s  d e te r m in e d  by  th e  in c r e a s e  of the F^ o v e r  the  
m i d - p a r e n t  m e a n .
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l ig h t  in te n s i ty  the  in b re d s  w e r e  c o n s id e ra b ly  in f e r io r  to the  

h y b r id  in  s iz e .  (F ig u r e  X). T h is  a g a in  in d ic a te s  th a t  s o la r  

r a d ia t io n  in f lu e n c e s  h e t e r o s i s  in  A . m a ju s .

B. E f fe c t  of l igh t on the  p h y s io lo g ic a l  r e s p o n s e  to i n 

do le  a c e t ic  a c id

T r e a tm e n t  of p la n ts  in  the  fa l l  a n d  w in te r ,  w hen  n a tu r a l  

l ig h t  is  v e r y  low, gave  r e s p o n s e  to indo le  a c e t ic  a c id  in  c o n 

c e n t r a t io n s  a s  low a s  5 p p m . A s the  l ig h t  in te n s i ty  i n c r e a s e d  

d u r in g  the  s p r in g  the  c o n c e n t ra t io n s  had  to be  r a i s e d  f r o m  

100 to  1000 p p m . to o b ta in  th e  s a m e  r e s p o n s e .  T h is  in d ic a te s  

th a t  th is  r e a c t i o n  i s  a p h o to c h e m ic a l  one.

I t  w a s  found th a t  the  p a r e n t s  r e c o v e r e d  f a s t e r  th a n  the  

h y b r id  a n d  in  e a c h  c a s e  l igh t r e c e iv e d  a f t e r  t r e a t m e n t  h ad  a  

m o re  p ro fo u n d  e f fe c t  on  r e c o v e r y  th an  the  l ig h t r e c e iv e d  b e 

f o r e  t r e a t m e n t .  ( F ig u r e s  V a n d  Xl). High ligh t a f t e r  t r e a t*  

m e n t  g r e a t ly  a c c e l e r a t e d  r e c o v e r y  on a l l  t h r e e  l in e s  a n d  on 

p la n ts  th a t  h ad  b e e n  g ro w n  u n d e r  e i th e r  h ig h  o r  low ligh t.

F ig u r e  XII i l l u s t r a t e s  the  p h y s io lo g ic a l  r e p o n s e  of the  

i n b re d  a n d  h y b r id s  to two d i f fe re n t  l ig h t in t e n s i t i e s .  It i s  

c l e a r  th a t  p la n ts  t r e a t e d  u n d e r  low lig h t  in te n s i ty  show a 

g r e a t e r  r e s p o n s e  th a n  p la n ts  t r e a t e d  u n d e r  a h igh  l ig h t i n 

te n s i ty .



F ig u r e  X

R e sp o n se  of A . m a ju s  to l ig h t in t e n s i t i e s .  

L e f t  to r ig h t  P  P  , F  . Top g row n  a t  low
i irf 1

ligh t.  B o tto m  grow n  a t  h igh  l ig h t .



F ig u re  X



F ig u r e  XI

P h y s io lo g ic a l  r e s p o n s e  of A . m a ju s  to  indo le  

a c e t ic  a c id .  P l a n t s  on le f t  u n t re a te d ,  p la n ts  on 

r ig h t  t r e a t e d .  G roup  one P ^ ,  two P^, t h r e e  F^. 

Top 72 h o u rs  a f t e r  t r e a tm e n t  in  h igh  l ig h t .  B o tto m  

72 h o u rs  a f t e r  t r e a tm e n t  in  low lig h t .
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Figure XI



F ig u r e  XII

E ffe c t  of l ig h t in te n s i ty  on th e  p h y s io lo g ic a l  

r e s p o n s e  of A . m a ju s  to indole  a c e t ic  a c id .  Top 

p^, c e n te r  P ^ ,  b o t to m  F j .  One t r e a t e d  in  low 

ligh t, two t r e a t e d  in  h ig h  l ig h t  a n d  t h r e e  u n t r e a te d .
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DISCUSSION

D uring  the  c o u r s e  of th is  e x p e r im e n t ,  so m e  s ig n if ican t 

f a c ts  in d ica t in g  an  in te r r e la t io n s h ip  of indole a c e t ic  ac id , 

l igh t in te n s i ty  and  d e g re e  of h e te r o s i s  in  A . m a ju s  w e re  

found.

H e te r o s i s  i s  d e f in ite ly  exh ib ited  in  A. m a ju s .  In E x 

p e r im e n ts  I, II, and  III a p o s it iv e  h e te r o s i s  w as  ob ta ined  

bo th  a s  to in c r e a s e  in  d ry  w eigh t of the lybrid  and  a s  to i n 

c r e a s e  in  he igh t of the  h y b r id s .  (T ab les  1 and  2). The 

sa m e  d e g re e  of h e t e r o s i s  w as not exh ib ited  a t  a l l  t im e s .  

( F ig u r e s  1, 2 and  3). In .E x p e r im e n t  1 the  d e g re e  of h e t e r o 

s i s  w as  v e r y  s l ig h t a s  c o m p a re d  to E x p e r im e n ts  II and  III. 

T h is  v a r ia t io n  w as  c o n s is te n t  a s  to d ry  w eigh t i n c r e a s e  a s  

w e l l  a s  to in c r e a s e  in  h e ig h t.  (T able  1 and  2).

In E x p e r im e n t  I d u r in g  the w in te r  w hen ligh t in te n s i ty  

w a s  v e r y  low the  d e g re e  of h e t e r o s i s  w as s ligh t.  H e te r o 

s i s  in c r e a s e d  a s  the  l igh t in te n s i ty  in c r e a s e d .  (F ig u re  IX). 

T h is  in d ic a te s  th a t  s o la r  ra d ia t io n  in f lu en c es  h e te r o s i s  in  

A . m a ju s .  T h is  is  s u b s ta n t ia te d  by the l in e a r i ty  of the 

cu rv e  in  F ig u re  IX. The e x p re s s io n  of h e te r o s i s  in  A . 

m a ju s  can  be  d i r e c t ly  c o r r e l a t e d  to s o la r  r a d ia t io n .  As 

the  ligh t in te n s i ty  i n c r e a s e s  the  d e g re e  of h e te r o s i s  i n 

c r e a s e s .
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W hen A . m a ju s  w as  r a i s e d  u n d e r  low ligh t in te n s i t ie s  

th e  d i f f e re n c e s  b e tw e e n  the  h y b r id  and  the p a r e n t s  w e re  s ligh t.  

W hen r a i s e d  u n d e r  a  h igh  l igh t in ten s ity ,  th is  d if fe ren ce  w as 

i n c r e a s e d  a s  shown in  F ig u r e  X. T h is  a lso  in d ic a te s  th a t  the  

in f lu en ce  of l igh t on h e te r o s i s  is  not a p h o to p e r io d ic  r e sp o n s e  

bu t a r e s p o n s e  on the  d i r e c t  i n c r e a s e  in  l igh t in te n s i ty .

W hen p a r e n t s  and  the h y b r id  w e re  t r e a te d  w ith indole 

a c e t ic  a c id  a d i f f e re n t ia l  in  e p in a s tic  r e s p o n s e  w as  ob ta ined . 

The in b re d s  r e c o v e r e d  f ro m  th is  e p in a s tic  r e s p o n s e  m o re  

r a p id ly  th a n  the  h y b r id .  It w as found th a t  w hen  the in b re d s  

a n d  h y b r id s  w e r e  t r e a t e d  w ith  indole  a c e t ic  a c id  u n d e r  low 

l igh t in te n s i t i e s  th a t  the  r e s p o n s e  was, g r e a t e r  than  w hen u n 

d e r  h igh  l igh t in te n s i t i e s .  W hen p la n ts  w e re  grow n under  

low lig h t the  in b re d s  did not r e c o v e r  f ro m  the  e p in a s t ic  r e 

sp o n se  of indole  a c e t ic  a c id  a s  r a p id ly  a s  when g row n und er  

h igh  lig h t.  T h is  in d ic a te s  th a t  the  e p in a s tic  re s p o n s e  of 

A . m a ju s  to indo le  a c e t ic  a c id  can  be d i r e c t ly  c o r r e l a t e d  

w ith  s o la r  r a d ia t io n .

By u s in g  a b io lo g ic a l  te s t ,  it  w as found th a t  the  in b re d s  

have  a g r e a t e r  ab i l i ty  to in a c t iv a te  o r  inh ib it  indole  a c e t ic  

a c id  th a n  th e  h y b r id s .  T h is  in d ic a te s  th a t  the in b re d s  have 

a m e c h a n is m  th a t  in h ib i ts  o r  in a c t iv a te s  indole  a c e t ic  ac id .

S ince the  in b re d s  p o s s e s s  a  m e c h a n is m  th a t  in a c t iv a te s  

indo le  a c e t ic  a c id  an d  a lso  r e c o v e r s  m o re  r a p id ly  w hen 

t r e a t e d  w ith  indo le  a c e t ic  a c id  and  the r e c o v e ry  is  c o r r e l a t e d
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w ith  s o la r  ra d ia t io n ,  th a t  the in a c t iv a t io n  o r  inh ib ition  is  a lso  

c o r r e l a t e d  w ith  lig h t.

A ll  ev id en ce  s e e m s  to po in t to the  fac t  th a t  the  e x p re s s io n  

of h e t e r o s i s  in  A . m a ju s  is  d i r e c t ly  c o r r e l a t e d  w ith  s o la r  r a d i a 

tio n . W hen A . m a ju s  w as  r a i s e d  und er  low ligh t in te n s i t ie s ,  

the  d if fe re n c e  b e tw e e n  th e  h y b r id  and  p a r e n t  w as  v e r y  s l ig h t.  

W hen th ey  w e re  r a i s e d  u n d e r  h igh  l igh t in ten s i ty ,  th is  d i f f e r 

en ce  w as  v e r y  s ig n if ic a n t  a s  show n in  F ig u re  X.

P h o to  sy n th e tic  a r e a  of a p la n t  m ay  be an  im p o r ta n t  f a c to r  

in  d e te rm in in g  the  am o u n t of r a d ia n t  e n e rg y  th a t  can  be u se d  in  

p h o to s y n th e s is .  T he g r e a t e r  a b i l i ty  of h y b r id s  to r e t a in  and  

u t i l iz e  g ro w th  su b s ta n c e  u n d e r  h igh  ligh t cond itions  p e r m i t s  

g r e a t e r  ex p an s io n  of p h o to sy n th e t ic  a r e a .  The c lo se  r e la t io n  

h e r e  d e m o n s t r a te d  b e tw een  g ro w th  su b s ta n c e  r e s p o n s e ,  s o la r  

ra d ia t io n ,  and  h e t e r o s i s  give abundant ev idence  fo r  the  p r o p o 

s i t io n  th a t  h e t e r o s i s  in  th is  h y b r id  m ay  be  p r i m a r i l y  due to 

th i s  m ech an ism ..

A s  C ra b b  (10) h a s  shown, the  to ta l  s o la r  r a d ia t io n  v a r i e s  

f r o m  lo c a l i ty  to  lo c a l i ty  and  one w ould  not ex p ec t the  sa m e  r e 

sp o n se  f r o m  the  sa m e  c ro p  r a i s e d  in  d if fe re n t  lo c a l i t i e s .  It 

is  known th a t  the  r e s p o n s e  of v a r io u s  h y b r id  sn a p d rag o n s  

d i f f e r s  w ith  d if fe re n t  lo c a l i t i e s .

The b io lo g ic a l  t e s t  show s th a t  an  in h ib i to r  o r  an  in a c t iv a 

to r  w as  p r e s e n t  in  th e  in b re d s  and  th a t  th is  in h ib i to r  in  i n a c 

t iv a to r  i s  no t a s  e f f e c t iv e  in  the h y b r id s .  T h is  cou ld  ex p la in
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why the  h y b r id s  a r e  m o r e  v ig o ro u s  than  the  in b re d s  u n d e r  

h igh  l ig h t in te n s i ty .  In the  in b re d s  u n d er  h igh  ligh t in te n 

s i t i e s ,  g ro w th  s u b s ta n c e s  a r e  in a c t iv a te d  and  in  the  h y b r id s  

the  g ro w th  s u b s ta n c e s  a r e  no t in a c t iv a te d .  A s  a r e s u l t  of 

th is ,  the  hybrids  a r e  ab le  to g ro w  m o re  r a p id ly  than  the i n 

b r e d s .  T h is  a l s o  ex p la in s  why u n d e r  d a r k  c loudy w e a th e r  

c h a r a c t e r i s t i c  of fa l l  and  w in te r ,  t h e r e  is  l i t t le  d if fe re n c e  

b e tw e e n  th e s e  in b re d s  an d  the h y b r id s .

T he g ro w th  s u b s ta n c e s  a r e  no t in a c t iv a te d  u n d e r  low 

l ig h t  an d  the  in b re d s  a r e  p e r m i t t e d  to expand m o re ,  p r e 

s e n t in g  m o re  le a f  a r e a  f o r  photo  sy n th e tic  a c t iv i ty ;  thus  

r e s u l t in g  in  m o re  e ff ic ien t  g row th .

T h is  does  no t in d ic a te  th a t  th is  is  a lw ays  the c a s e  and 

w ithou t a  doubt som e in b re d s  of A . m a ju s  do not co n ta in  th is  

in h ib i to r  o r  in a c t iv a to r .  T hey  would p ro d u c e  a h y b r id  th a t  

w ould  be  e x c e l le n t  u n d e r  low ligh t co n d it io n s .  T h is  is  the 

r e a s o n  why h y b r id s  a r e  l im i te d  to a r e a s  w h e re  they  a r e  

a d a p te d .  T h is  could  ex p la in  why th e re  a r e  h y b r id s  th a t  r e 

spond  w e l l  in  the  s p r in g .  In d ica tio n s  of th is  w o rk  w a r r a n t  

f u r th e r  in v e s t ig a t io n s  a long  b io -c h e m ic a l  l in e s  a im e d  a t  

i so la t in g  the  in h ib i to r  o r  in a c t iv a to r .  The finding of th is  

in h ib i to r  o r  in a c t iv a to r  w ould  help  give the ex ac t  m e c h a n 

i s m  and  the  p h y s io lo g ic a l  p r o c e s s  th a t  is  invo lved . T h e se  

t r e a tm e n t s  should  be  t r i e d  w ith  o th e r  c ro p s  d isp lay ing  

h e t e r o s i s  su ch  a s  co rn ,  to m a to e s ,  e tc .  to see  if th ey  give
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the  s a m e  r e s p o n s e .

G en e tic  a n a ly s is  of q u an ti ta t iv e  in h e r i ta n c e  h as  b e e n  

found d iff icu lt  in  the p a s t .  C o n s id e ra t io n  of the  e ffec t of 

l ig h t on the e x p r e s s io n  of h e t e r o s i s  w ill  r e d u c e  unw anted  

v a r i a t io n  b e tw een  e x p e r im e n ts .  S ince  e ach  ad d it io n a l 

g en e tic  f a c to r  i n c r e a s e s  the  m in im u m  popu la tion  fo r  c o m 

p le te  F ^  s e g re g a t io n  by  fo u r  t im e s  the  iso la t io n  of th is  

m e c h a n is m  f r o m  o th e r  f a c to r s  fo r  q u an ti ta t iv e  in h e r i ta n c e  

a f fo rd s  c o n s id e ra b le  s im p l i f ic a t io n  of the  whole ta sk .
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CONCLUSION

1. It w as  found th a t  A n t i r rh in u m  m a ju s  L .  d e f in ite ly  

ex h ib i ts  h e t e r o s i s .

2. T he d e g re e  of h e t e r o s i s  ex h ib i ted  is  d i r e c t ly  c o r r e 

la te d  w ith  s o la r  r a d i a t i  on.

3. T r e a tm e n t  w ith  indole  a c e t ic  a c id  in d ic a te d  th a t  

h y b r id s  show  g r e a t e r  e p in a s t ic  r e s p o n s e  th an  e i th e r  p a r 

en t.

4 . A b io lo g ic a l  t e s t  show ed th a t  the  in b re d s  have  a 

m o re  e ffec tiv e  m e c h a n is m  of in a c t iv a t in g  o r  inh ib it ing  the 

e f fe c ts  of indo le  a c e t ic  a c id .

5. W hen the  in b re d s  and  h y b r id s  a r e  g row n u n d er  low 

l igh t in te n s i t i e s ,  the  d e g re e  of h e t e r o s i s  is  v e r y  s ligh t.

6 . T he  e p in a s t ic  r e s p o n s e  of A . m a ju s  to indole  a c e 

t ic  a c id  is  d i r e c t ly  c o r r e l a t e d  w ith  l igh t.  The in b re d s  

show a  h ig h e r  d e g re e  of e p in a s ty  u n d e r  low ligh t th a n  u n d er  

h igh  lig h t.  W hen the  p la n ts  a r e  g row n u n d e r  h igh  light, th ey  

r e c o v e r  f r o m  the  e p in a s ty  c a u se d  by indo le  a c e t ic  a c id  m o re  

r a p id ly .  T he  h y b r id s  do not r e c o v e r  a s  r a p id ly  f r o m  th is  

r e s p o n s e .
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I P r e l i m i n a r y  E x p e r im e n ta t io n

To d e te r m in e  the  e ffec t of g row th  su b s ta n c e s  on two i n 

b r e d s  and  th e i r  h y b r id s ,  se e d lin g s  w e re  grow n in p e t r i  

d i sh e s  f i l le d  w ith  a  q u a r t z  san d  and  having  th r e e  r e p l ic a t io n s  

p e r  t r e a tm e n t .  The q u a r t z  sand  w as  t r e a t e d  w ith  the f o l 

lowing s u b s ta n c e s  a t  the  r a t e s  of 10, 1, 1/ 10, and  1/100 ppm .

1. n ic o t in ic  a c id

2 . fo lic  a c id

3. r ib o f la v in

4. cho line

5. c a lc iu m  p en ta  th en a te

6 . p y r id o x in e  h y d ro c h lo r id e

7. th ia m in e  h y d ro c h lo r id e
i

8 . a s c o rb ic  a c id

9 . indole  a c e t ic  a c id

10. 2 -3 -5  t r i - i o t a  b en zo ic  a c id

11. n a p th a len e  a c e t ic  a c id

12. a co m b in a tio n  of one th ro u g h  n ine

13. a  co m b in a t io n  of n ine  th ro u g h  e leven .

T h is  t r i a l  w as  r e p e a te d  th r e e  t im e s .

G row ing  p la n ts  w e re  s p ra y e d  w ith  the above com pounds. 

R e s p o n s e  to th e se  com pounds w e re  o b s e rv e d  to d e te rm in e  

the  com pounds effec ting  h e t e r o s i s .  S eeds  w e re  a lso  so ak ed



fo r  a p e r io d  of tw e n ty - fo u r  h o u rs  p r io r  to sowing and  g e r m i 

n a te d  w ith  an d  w ithou t the  above m a te r i a l s .  No c o n s is te n t  

r e s u l t s  w e re  o b ta in ed  on g e rm in a tio n  of th e se  su b s ta n c e s  o r  

b y  t r e a t in g  the  s e e d s .  O nly  one com pound show ed a  d i f f e r 

e n t ia l  c o r r e l a t e d  w ith  h e t e r o s i s  an d  th is  su b s ta n c e  w as  indole 

a c e t i c  a c id .  F u r th e r  d e te rm in a t io n s  w e re  m ade  on p la n ts  

g ro w n  in  p o ts  w ith  th e  c o n c e n tra t io n s  be ing  v a r i e d  f r o m  5 

p p m . up to 1000 p p m . A f te r  the  fa v o ra b le  c o n c e n t ra t io n s  

w e r e  d e te rm in e d  p la n ts  g row ing  in  a g re e n h o u se  ben ch  w e re  

r a n d o m iz e d  in  g ro u p s  of fo r ty  p la n ts  having th r e e  re p l ic a t io n s  

of e a c h  t r e a tm e n t .  S ince  th is  t r e a tm e n t  gave c o n s is te n t  r e 

s u l ts  and  th e r e  w e re  d i f f e r e n c e s  in  r e s p o n s e  b e tw een  in b re d s  

and  h y b r id s ,  a  g re e n h o u se  b en ch  of P p  P 2, F^ an d  F 2 w as 

t r e a t e d  a t  100 ppm . of indole  a c e t ic  a c id ,  V igor and  r e s p o n s e  

to indo le  a c e t ic  a c id  w e re  r e c o rd e d .

II T i s s u e  A n a ly s is

To d e te rm in e  the  c h e m ic a l  a n a ly s is  of th e se  p la n ts  and  to 

f ind  out if  t h e r e  w as any d if fe re n c e  b e tw een  in b re d s  an d  h y b r id s  

a s  w e l l  a s  b e tw e e n  t r e a t e d  and  u n tre a te d  p la n ts ,  d e te rm in a t io n s  

w e re  m ade in  d up lica te  on a sh ,  c ru d e  f ib e r ,  ether e x t r a c t ,  p r o 

te in ,  n i t ro g e n ,  c a lc iu m , p h o sp h o ru s ,  and  p o ta s s iu m .  P la n t s  

u s e d  fo r  th e se  d e te rm in a t io n s  w e re  r a i s e d  in  g ro u p s  of e igh ty  

p la n ts  and  ra n d o m iz e d  w ith  th re e  r e p l ic a t io n s .



C h e m ic a l  A n a ly s is  of P^, P ^ ,  and

S am p le
No.

A s h 1 C ru d e
F i b e r 2

E th e r
e x 
t r a c t

P r o - 3
te rn

N - f r e e  
ex -  7 
t r a c t

Ca P K

P 2
ch eck 1418 10 .27 2 . 59 34 .81 38. 15 2 .4 2 . 574 3 .4 4

P 2
IAA* 14.21 10. 15 2 .6 5 35. 50 37 .49 2. 38 . 566 3. 72

P 1
ch eck 15. 78 8 .4 0 2 . 19 37. 94 3 5 .69 2 . 12 . 704 3. 98

p i
IAA - 15 .96 8 . 58 2 . 86 37. 75 34 .85 2 . 11 .6 8 4 4 .2 3

F 1
c h e c k 1 4 .45 10. 45 2 .8 3 36. 06 36. 21 2 . 09 . 578 3. 75

n
IAA 15. 03 10 .37 3 .2 5 35. 94 35 .41 2 .0 4 . 580 3 .8 6

*Indole a c e t ic  a c id

^A verages of r e s u l t s  f r o m  d u p lica te  d e te rm in a t io n s  e x p r e s s e d  on 
the  o v e n -d ry  b a s i s .

2 The s u m  of the  v a lu e s  fo r  c ru d e  f ib e r  and  n i t r o g e n - f r e e  e x t r a c t  
g ives  a n  e s t im a t io n  of the  to ta l  c a rb o h y d ra te  of the  t i s s u e .

^ECje Ida hi n i t ro g e n  x 6 .2 5 .

I l l  R ivo flav in  Data

S ince  G a ls to n  (17) h as  shown tha t  r ib o f lav in  in a c t iv a te d  

indo le  a c e t ic  a c id  in  the  p r e s e n c e  of light and  the r e s p o n s e  of 

the  in b re d s  in d ic a te d  th a t  indo le  a c e t ic  a c id  w as  in a c t iv a te d



iv

in  the  p r e s e n c e  of l igh t,  th e  t i s s u e  w as  a n a ly z e d  b io lo g ica l ly  

fo r  r ib o f la v in .  R e s u l t s  of th e se  t e s t s  a r e  g iven  below:

R ib o flav in  A n a ly s is  of P p  P ^ , and F^

T re a te d * U n trea ted *

P 1 13. 75 15. 26

P 2 13. 5 13.46

P 3 13.29 13. 32

^ v a lu e s  a r e  in  m i l l ig r a m s  p e r  pound.

IV C y to lo g ic a l  D ata

To ob ta in  cy to lo g ica l  data, m e o s is  and  m ito s is  w e re  

s tu d ie d  on Pp P 2 a n d  F 1 p la n ts  t r e a t e d  and  u n t r e a te d  w ith  

indo le  a c e t ic  a c id .  M e o s is  and  m i to s is  w e re  a p p a re n t ly  

n o r m a l .  A ll  a r e  d ip lo id  w ith  e igh t p a i r s  of c h ro m o s o m e s .

V R e s p i r a t io n  D ata

R e s p i r a t io n  s tu d ie s  w e re  m ade  on g e rm in a te d  se e d lin g s  

by  u s ing  the  W a rb u rg  m eth o d  (47, 48) and  grow ing  p la n ts  

w e r e  m e a s u r e d  fo r  r e s p i r a t i o n  by  the  U lr ic h  (45) m e th o d



V

and  no d i f f e re n c e s  w e r e  o b ta in ed  b e tw een  t r e a t e d  o r  u n t r e a te d  

o r  b e tw e e n  in b re d s  o r  h y b r id s .

VI F r e s h  and  D ry  W eigh ts  of T r e a t e d  and U n tre a te d  P la n t s

To d e te rm in e  d i f f e re n c e s  in  f r e s h  and  d ry  w eigh ts  of t r e a te d  

and  u n t r e a te d  p la n ts ,  lo ts  of 350 p la n ts  e a c h  of P p  P 2, and  F 1 

w e r e  t r e a te d ,  an d  a v e r a g e  w eigh ts  w e re  o b ta ined . R e s u l ts  a r e  

g iv en  in  the  ta b le  below :

D ry  W eight H a rv e s te d  M a rc h  19, 1952

E xp  I A v e ra g e  of 350 p la n ts

A v e ra g e  f r e s h  
w t. p e r  p lan t

A v e ra g e  d ry  
wt. p e r  p lan t

P £  ch eck  
P 2 t r e a t e d  IAA*

3 .6  
3. 48

. 371 

. 357

P^ ch eck
t r e a t e d  IAA*

2. 15 
2. 34

. 195 

.216

F j  ch eck 3. 93 .401
F]  ̂ t r e a t e d  IAA* 4 .4 7 .3 9 4

*indole  a c e t ic  ac id



D ry  W eight H a rv e s te d  A p r i l  14, 1952 

Exp II A v e ra g e  350 p lan ts

A v e ra g e  f r e s h  
wt. p e r  p lan t

A v e ra g e  d ry  
w t. p e r  p lan t

ch eck
t r e a t e d  IAA*

2 .4 8  
2. 38

.206 

. 225

P j  c h e c k  
p^  t r e a t e d  IIA*

2 .8 5  
3. 07

.231

. 252

F„ ch eck  £ 1
F^ t r e a t e d  IAA*

6 .4 2
5 .6 4

.5 7

.539

D ry  W eight H a r v e s te d  M ay 16, 1952

Exp III A v e ra g e  350 p la n ts

A v e ra g e  f r e s h  
w t. p e r  p lan t

A v e ra g e  d ry  
w t. p e r  p lan t

P ^  ch eck  
P ^  t r e a t e d  IAA*

2 .4 4  
2. 52

. 16 

.2

P^ c h eck
p  t r e a t e d  IAA* 
*1

1.6
1.88

. 12 

. 16

ch eck  
F-| t r e a t e d  IAA*

6 .8  
5. 32

.6

.5 4

*indole  a c e t ic  ac id



No s ig n if ic a n t  d i f f e re n c e s  w e re  o b ta ined  in  the m e a s u r e 

m e n ts  of th e s e  f r e s h  and  d ry  w eigh ts  b e tw een  t r e a t e d  and  u n 

t r e a t e d  p la n ts .

VII S o la r  R ad ia t io n

Raw  chta fo r  the s o la r  r a d ia t io n  f ro m  D e c e m b e r  1951 

th ro u g h  M ay 1952 w h ich  w as u s e d  in  m aking  G ra p h  IV is  p r e 

s e n te d  below :

S o la r  R a d ia t io n  g r a m  c a lo r i e s  p e r  sq . cm . 

D e c e m b e r  1, 1951 - M ay 15, 1952

W eekly
A ve .

D e c e m b e r
1951

J a n u a ry F e b r u a r y  M a rc h A p r i l  M ay

T o ta l 6 1 1 .30 4 8 7 .5 328 .40 905 .60 736 .70  2 7 7 0 .0
1-5
A v e . 102.26 97. 5 65. 68 181.12 147 .34  5 5 4 .0

T o ta l 413. 5 344 .6 62 3 .6 0 1349 .0 1748.90 1904.1
6-10
Ave. 82. 7 6 8 . 92 124.72 269. 8 349 .78  380 .8

T o ta l 424. 5 3 9 5 .7 0 1070.60 1537.80 1142.30  1916.4
11-15
A ve. 8 4 .9 79. 14 2 14 .12 307 .56  228 .46  383 .3

T o ta l 52 9 .6 0 4 0 7 .7 0 1024.0 1015.90 2546 .10
16-20
A ve. 105.92 81. 54 204 .8 2 03 .18 509 .25
T o ta l 4 0 1 .8 0 5 07 .40 1222.70 1412.40 1829.40
21-25
A v e . 80. 36 101.48 2 4 4 .5 4 2 82 .48 365 .88

T o ta l 53 9 .4 0 732. 5 763 .30 1808.10 288 .01
26 -3 0
A ve . 8 9 .9 122.08 190.83 301 .35 5 7 .6 0

M onth ly
T o ta l 2 9 2 0 .4 2 8 7 5 .4 5032 .6 8 028 .8 10883.5
M onth ly
A v e ra g e 9 4 .2 92. 8 173. 5 259. 0 362 .8
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VIII D a ta  fo r  C o r r e l a t io n  of V igor and  R esp o n se  to G row th  

S u b s ta n c e s .

The fo llow ing ta b le s  a r e  the  he igh t and  r e s p o n s e  to indole  

a c e t ic  a c id  da ta  th a t  w as  u se d  in  obta in ing  the c o r re la t io n .

E x p e r im e n t  I

C o r r e l a t io n  of he igh t v e r s u s  r e s p o n s e  of s e g re g a t in g  

p o p u la tio n  (F^) to indole  a c e t ic  ac id .

V igo r

4 5 6 7 8 9 10 11 12

0 2 3 4 6 6 4 6 2

1 1 9 8 7 6 13 14 1

2 3 2 7 5 13 9 5 3 2

3 1 1 4 8 3 2 3

4 1 1

5
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E x p e r im e n t  II

C o r r e la t io n  of he ig h t v e r s u s  r e s p o n s e  of s e g re g a t in g  

po p u la tio n  (F^) to indo le  a c e t ic  ac id .

Vigo r

3 4 5 6 7 8 9 10 11 12 13 14

0 1 1 7 10 11 5 10 6

1 2 2 3 10 17 26 32 28 18 6 1

2 2 5 11 23 50 57 50 37 13 3

3 1 2 5 14 27 46 49 43 35 9 3

4 1 1 1 5 7 15 16 14 10 3 1

5 1 1 1 2
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C o r r e la t io n  of he ig h t v e r s u s  r e s p o n s e  of s e g re g a t in g  

p o p u la tio n  (F^) to  indole  a c e t ic  ac id .

V igor

3 4 5 6 7 8 9 10 11 12 13

0 2 4 7 7 7 3

1 8 27 40 47 42 14 7 2 1

2 4 25 43 74 58 34 17 8

3 9 35 89 106 75 46 17 6

4 1 3 10 34 48 52 42 25 5 3 1

5 2 2 9 10 5 2 4 1


