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INTRODUCTION

S i n c e  i t s  i n t r o d u c t i o n  i n t o  th e  U n i t e d  S t a t e s  i n  1818  

and i t s  s u b s e q u e n t  d i s t r i b u t i o n  by th e  P a t e n t  O f f i c e  i n  1 8 8 5 ,  

Crimson c l o v e r  ( T r i f o l l u m  in c a r n a tu m  L « ) h a s  become i n c r e a s ­

i n g l y  i m p o r t a n t .  I t  i s  w i d e l y  grown a l o n g  the  A t l a n t i c  

c o a s t a l  p l a i n s  and t h e  p ied m on t  s e c t i o n s  o f  t h e  S o u t h e a s t e r n  

S t a t e s .  I n  G e o r g i a  i t  r a n k s  as  th e  s e c o n d  legum e,  w i t h  a p p r o x ­

i m a t e l y  1 5 2 , 0 0 0  a c r e s  s e e d e d  f o r  s o i l  improvement and w i n t e r  

f o r a g e  i n  t h e  f a l l  o f  1947  ( 2 ) .

I t  h a s  b e e n  p o p u l a r  a s  a g r e e n  manure crop  b u t  w i t h  

s t i m u l a t e d  i n t e r e s t  i n  w i n t e r  g r a z i n g ,  i n c r e a s i n g  a c r e a g e s  a re  

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

e a r l y  s p r i n g , and i t s  a b i l i t y  t o  make some grow th  d u r i n g  warm 

p e r i o d s  In  t h e  w i n t e r  g i v e s  i t  a v e r y  h i g h  c a r r y i n g  c a p a c i t y .

I t  h a s  an added a d v a n ta g e  i n  b e i n g  one o f  t h e  f ew  w i n t e r  

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

Even th ough  i t  h a s  many d e s i r a b l e  q u a l i t i e s  a s  a crop  

i t s  a c c e p t a n c e  h a s  n o t  b een  a s  g e n e r a l  as  would seem d e s i r a ­

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

f u r t h e r  a t t e m p t s  t o  s e e d  t h e  c r o p .  The f a i l u r e  to  o b t a i n  s t a n d s  

h a s  b ee n  a t t r i b u t e d  t o  a v a r i e t y  o f  c a u s e s  , c h i e f  o f  w h ich  a r e  

p o o r  s e e d b e d  p r e p a r a t i o n ,  in a d e q u a t e  i n o c u l a t i o n ,  and low  

p e r c e n t a g e s  o f  h a r d  s e e d  ( 1 ) .  K ephart  (1 3 )  s t a t e s  t h a t  c r im so n
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c l o v e r  p r o d u c e s  p r a c t i c a l l y  no hard s e e d ,  o f t e n  g e r m i n a t i n g  

90  p e r  c e n t  i n  2 d a y s .  G e r m in a t io n  o f  s o f t  s e e d  on s o i l s  low  

i n  m o i s t u r e  l e a d  t o  a  h i g h  m o r t a l i t y  when hot  f a l l  d a y s  dry  

o u t  t h e  s o i l .  Most s o u t h e r n  a g r o n o m i s t s  a g r e e  t h a t  t h e  l a c k  

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

s u r v i v a l .

The f a i l u r e  t o  v o l u n t e e r  when i t  i s  u s e d  a s  a g r a z i n g  

c r o p  i s  a l s o  a t t r i b u t e d  t o  low s e e d  i m p e r m e a b i l i t y .  T h is  i s  

p r o b a b l y  w e l l  f o u n d ed  b e c a u s e  i t  i s  a  common o c c u r r e n c e  to  

f i n d  a h e a v y  s t a n d  o f  c l o v e r  s e e d l i n g s  two weeks  a f t e r  t h e  

s e e d  r i p e n  when f o l l o w e d  by f r e q u e n t  r a i n s .  With few e x c e p ­

t i o n s  a l l  t h e s e  s e e d l i n g s  d i e  out  d u r in g  t h e  summer m onths .

I t  a p p ea re d  t h a t  t h e  s o l u t i o n  t o  t h e  prob lem  o f  i n s u r ­

i n g  a s t a n d  o f  c r i m s o n  c l o v e r  w hich  would  v o l u n t e e r  o v e r  

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

a s t r a i n  w h ich  w ould  p r o d u c e  hard s e e d  i n  p r o p o r t i o n s  a p p ro a c h ­

i n g  t h o s e  o f  o t h e r  l e g u m e s ,  l o n g  r e c o g n i z e d  a s  p r o d u c i n g  an 

abundance  o f  s u c h .  T h e r e f o r e ,  t h e  work r e p o r t e d  h e r e i n  was 

begun i n  1942  w i t h  t h e  i n i t i a l  o b j e c t i v e  o f  i s o l a t i n g  l i n e s  

o f  c r i m s o n  c l o v e r  w h ic h  w ou ld  m eet  t h e  n e e d s  o f  t h e  South  

f o r  a hard  s e e d e d  v o l u n t e e r i n g  s t r a i n .
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REVIEW OF LITERATURE

The s t r u c t u r e  o f  t h e  s e e d  c o a t s  ana p o s s i b l e  r e a s o n s  f o r  

i m p e r m e a b i l i t y  o f  t h e  s e e d s  o f  t h e  L e g u m in o sea e  h a v e  i n t r i g u e d  

s c i e n t i s t s  f o r  c e n t u r i e s .  M a lo h iu s  i n  168?  ( 2 2 ) ,  a f t e r  whom 

c e r t a i n  c e i l s  i n  t h e  s e e d  c o a t  were named, was a p p a r e n t l y  th e  

f i r s t  t o  s t u d y  s e e d  c o a t  s t r u c t u r e  i n  t h i s  f a m i l y .  Most o f  t h e  

i n v e s t i g a t i o n s  o f  im perm eable  s e e d s  o f  c u l t i v a t e d  l e g u m e s  have  

b een  c o n f i n e d ,  a l m o s t  e x c l u s i v e l y ,  t o  s w e e t  c l o v e r  and a l f a l f a .  

W ith  f e w  e x c e p t i o n s  e f f o r t s  have  b een  d i r e c t e d  toward  d e t e r m i n ­

i n g  t h e  n a t u r e  o f  i m p e r m e a b i l i t y  and m ethods  o f  b r e a k i n g  t h i s  

t y p e  o f  dormancy.

Pamrael (2 2 )  i n  h i s  c o m p r e h e n s iv e  r e v i e w  o f  l i t e r a t u r e  

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

I m p e r m e a b i l i t y  i n  t h e  L eg u m in o se a e .  O p in io n s  were d i v i d e d  

a s  t o  w h e th e r  i m p e r m e a b i l i t y  was c a u s e d  by an e x t e r n a l  l a y e r  

o f  c u t i n  or  t h e  " l i g h t  l i n e . "  He fo u n d  t h a t  t h e  l i g h t  l i n e  

was p e r m e a b le  t o  w a ter  and a t t r i b u t e d  impermeable  p r o p e r t i e s  

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

H is  i n v e s t i g a t i o n s  o f  t h e  anatomy o f  legume s e e d s  i n ­

c l u d e d  t h o s e  o f  Red C l o v e r  (T. p r a t e n s e  L . ) and B u f f a l o  C l o v e r  

(T.  r e f l e x u m  L . ) ^ b u t  n o t  o f  cr im so n  c l o v e r .  I n  t h e s e  he  d e s ­

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

f i r s t  b e i n g  t h e  m a c r o s c l e r i d s , o f t e n  r e f e r r e d  t o  as  "M alohig ian"
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c e l l s ,  r e s e m b l i n g  p a l l i s a d e  c e l l s  i n  a r r a n g e m e n t .  On 

t h e  o u t e r  p a r t  o f  t h e s e  c e l l s  which  he  i n c l u d e d  as  a 

p o r t i o n  o f  t h e  o u t e r  c e l l  w a l l  was a w e l l  d e f i n e d  

c u t i c u l a r i z e d  l a y e r  o v e r  w h ich  was fo u n d  an u n e q u a l  l a y e r  

o f  c u t i n .  The r a d i a l  w a l l s  o f  t h e s e  c e l l s  were fo u n d  t o  

be g r e a t l y  b u t  u n e v e n l y  t h i c k e n e d  g i v i n g  t h e  c e l l  c a v i t y  

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

r a d i a l  w a l l s .  The uneven  t h i c k e n i n g ,  a c c o r d i n g  t o  Pammel, 

c a u s e s  a r u p t u r e  o f  t h e  o u t e r  c e l l  w a l l  and l a t e r  d e v e l o p ­

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

m a t e r i a l  i n  t h e s e  r u p t u r e s  which  he term ed p ore  c a n a l s .  He 

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

f i l l e d  w i t h  p r o t e i n  g r a i n s ,  t a n i n ,  p i g m e n t s ,  and an o c c a s i o n a l  

l a r g e  chrom ophore .

The n e x t  l a y e r  v e r i f i e d  by Pammel a r e  t h e  o s t e o s c l e r i d s  

o r  h o u r - g l a s s  c e l l s .  These  were d e s c r i b e d  as  t h i c k - w a l l e d  

c e l l s  w i t h  l o n g i t u d i n a l  c a n a l s .  H is  d e s c r i p t i o n  o f  t h e s e  c a n a l s  

g i v e s  t h e  i m p r e s s i o n  t h a t  h e  r e f e r s  t o  t h e  p r o j e c t i o n s  o f  t h e  

o u t e r  c e l l  w a l l  i n t o  t h e  c e l l  c a v i t y .  He c a l l e d  t h e  n e x t  l a y e r  

o f  c o m p r e s s e d  parenchym ous  t i s s u e  th e  n u t r i e n t  l a y e r  b e c a u s e  

i n  t h i s  t i s s u e  was fo u n d  t h e  v a s c u l a r  s y s t e m  b e f o r e  i t s  c o l l a r s e .

The l a s t  two l a y e r s  o f  c e l l s  he  i n c l u d e d  under  t h e  

en d o sp er m .  The o u t e r m o s t  o f  t h e s e  were d e s i g n a t e d  a s  a l e u r o n e  

c e l l s ,  w i t h  t h i c k  w a l l s  ^a.nd c o n t a i n i n g  f a t s  and p r o t e i n  g r a i n s .  

The a l e u r o n e  was fou nd  t o  be u n d e r l a i n  by c e l l s  w i t h  t h i n
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p r im a r y  w a l l s  w i t h  a  t h i c k e n i n g  o f  r e s e r v e  c e l l u l o s e *

W lnton  (30 )  d i d  n o t  c o n s i d e r  cr im so n  c l o v e r  i n  h i s  i n v e s t i ­

g a t i o n s  b ut  h i s  d e s c r i p t i o n  o f  r e d  c l o v e r  i s  i n  ag reem en t  

w i t h  t h a t  o f  Pammel*

Hamly (5 )  d e m o n s t r a t e d  t h e  t r u e  n a t u r e  o f  i m p e r m e a b i l ­

i t y  i n  M e l i l o t u s  a l b a  and n o t e d  t h a t  w a t e r  a b s o r p t i o n  by s o f t  

u n s c a r i f i e d  s e e d  was by way o f  t h e  s t r o p h i o l e .  The same 

s t r u c t u r e  was fo u n d  t o  p er fo rm  i n  t h i s  manner i n  T. ag ra r iu m ,

T. a r v e n s e ,  T. hybridum ,  and T. p r a t e n s e .  H is  o b s e r v a t i o n s  

on t h e  f u n c t i o n  o f  the  s t r o p h i o l e  i n  M e l i l o t u s  were c o n f ir m e d  

by M a rt in  and Wyatt  ( 1 7 ) .

A n a t o m ic a l  s t u d i e s  o f  c l o v e r  s e e d s  show no s t r u c t u r e s  

a n a l o g o u s  t o  t h e  c o n e s  or  M a lp h ig ia n  c a p s  o f  M e l i l o t u s *

N e l s o n  (21 )  and White (29)  a g r e e  w i t h  Pammel t h a t  i m p e r m e a b i l i t y  

o f  some legum e s e e d s  can  be a t t r i b u t e d  t o  a waxy c o a t i n g  on 

t h e  e x t e r i o r  o f  t h e  s e e d .  T h is  would e x p l a i n  t h e  impermea­

b i l i t y  o f  t h e  t r u e  c l o v e r s .  E a r l i e r  t h e o r i e s  s u p p o r t i n g  t h i s  

v i e w  h a v e  a l r e a d y  b een  m e n t io n e d  ( 2 2 ) .

A s u r v e y  o f  t h e  l i t e r a t u r e  r e v e a l s  o n ly  t h r e e  i n v e s t i ­

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

i m p e r m e a b i l i t y .  L u te  (15)  a s  a r e s u l t  o f  h e r  i n v e s t i g a t i o n s  

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

g r o u p s .  One group  p r o d u c ed  a p p r o x i m a t e l y  th e  same p e r c e n t a g e  

o f  h a r d  s e e d  i n  two c o n s e c u t i v e  y e a r s .  A n o th er  a much lo w e r  ,
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and t h e  t h i r d  a nuch h i g h e r  p e r c e n t a g e  t h a n  t h e  p a r e n t s .

She p o s t u l a t e s  a g e n e t i c  d i f f e r e n c e  w h ich  may he o b s c u r e d  

by c l i m a t i c  f a c t o r s .

H a r r i n g t o n  ( 6 ) d e f i n i t e l y  s t a t e s  t h a t  h a r d - s e e d e d n e s s  

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

a g e  o f  hard  s e e d  p ro d u ced  by p ro g en y  was u n a f f e c t e d  w h e th e r  

t h e  p a r e n t  p l a n t s  r a n  95 p e r  c e n t  hard s e e d  or  5 p e r  c e n t .

P e i t e r s  ( 2 4 )  s t u d i e d  t h e  s e a s o n a l  p r o d u c t i o n  o f  hard  

s e e d  i n  f i v e  p l a n t s  o f  L e s p e d e z a  s e r i c e a  and f i v e  y e a r s  o f  

s e l e c t i o n  f o r  s o f t  l i n e s  r e s u l t e d  i n  no p r o g r e s s .  D e s c e n d a n ts  

o f  p l a n t s  w hich  p ro d u ced  a  h i g h  p e r c e n t a g e  o f  p erm ea b le  un­

h u l l e d  s e e d ,  w ere  no b e t t e r  i n  p e r m e a b i l i t y  t h a n  th e  a v e r a g e .

I t  may be n o t e d  t h a t  t h e  e x p e r i m e n t s  c i t e d  above  co n ­

c e r n e d  o n l y  p e r e n n i a l s  and w i t h  t h e  e x c e p t i o n  o f  H a r r i n g t o n ' s  

work was c o n f i n e d  t o  v e r y  s m a l l  p o p u l a t i o n s .  A p p a r e n t l y  no 

e f f o r t  h a s  b e e n  made t o  p r o v e  or  d i s p r o v e  g e n e t i c  d i f f e r e n c e s  

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

As i n d i c a t e d  a b o v e ,  a l l  i n v e s t i g a t o r s  n o t e d  a marked 

d i f f e r e n c e  i n  hard  s e e d  p r o d u c t i o n  from y e a r  t o  y e a r ,  but  

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

f a c t o r s  w i t h  s e e d  p e r m e a b i l i t y  have  been v e r y  l i m i t e d .

L u te  ( 1 5 )  found  t h a t  a l f a l f a  a t  an a l t i t u d e  o f  7 , 0 0 0  f e e t  

p r o d u c e d  15  p e r  c e n t  more hard s e e d  t h a n  t h e  same v a r i e t y  

grown a t  6 , 2 0 0  f e e t .  Tem p eratu re  and m o i s t u r e  r e l a t i o n s h i p s  

w e r e  n o t  r e p o r t e d .  Weather r e c o r d s  (4 )  show, how ever ,  t h a t  

t h e  h i g h e r  a l t i t u d e  r e c e i v e d ,  a n n u a l l y ,  7 . 6  i n c h e s  more



p r e c i p i t a t i o n  th a n  th e  l o w e r  a l t i t u d e s .  The h i g h e r  a l t i t u d e  

a l s o  had  a 6 . 2  d e g r e e  lov /er  J u l y  t e m p e r a t u r e .  The d i f f e r ­

e n c e  o b s e r v e d  may have  b e en  due t o  a l t i t u d e ,  p r e c i p i t a t i o n ,  

t e m p e r a t u r e ,  h u m i d i t y  or  t o  t h e i r  i n t e r a c t i o n s .

H a r r i n g t o n  ( 6 ) d i s c o u n t s  s o i l  a s  h a v i n g  any e f f e c t  on

h a r d  s e e d  p r o d u c t i o n ;  p l a n t s  on c l a y  s o i l s  and sandy s o i l s

p r o d u c e d  s e e d  w i t h  t h e  same d e g r e e  o f  h a r d n e s s .  T e s t s  o v e r  

s i x  y e a r s  l e d  him t o  c o n c l u d e  t h a t  l a r g e  Q u a n t i t i e s  o f  h a rd  

s e e d  a r e  p r o d u c e d  by r e d  c l o v e r ,  a l s i k e  c l o v e r ,  w h i t e  c l o v e r ,  

and w h i t e  s w e e t  c l o v e r  r e g a r d l e s s  o f  s e a s o n .  Sam ples  o f  s e e d  

grown from th e  same o r i g i n a l  l o t  p l a n t e d  a t  s e v e n  l o c a t i o n s  

i n  t h e  U n i t e d  S t a t e s  a l l  c o n t a i n e d  a l a r g e  p e r c e n t a g e  o f  hard  

s e e d s .  H is  o b s e r v a t i o n s  on s e a s o n  and c l i m a t e  do n o t  seem t o  

be i n  f u l l  a c c o r d  w i t h  h i s  s t u d y  on y e a r l y  v a r i a t i o n  as  

p r e v i o u s l y  q u o t e d .

H i l t n e r  & K i n z e l  ( 8 ) r e p o r t e d  t h e i r  o b s e r v a t i o n s  on 

t h e  h a r d n e s s  o f  t h e  s e e d  o f  s e v e r a l  l e g u m e s  and s t a t e d  t h a t  

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

h a r d  s e e d s  b ut  i n  some y e a r s  t h e  p r o p o r t i o n  may run as  h i g h

a s  60 p e r  c e n t .  They a t t r i b u t e  th e  d i f f e r e n c e  b e tw e e n  y e a r s

t o  w e a t h e r  v a r i a t i o n s .

The n e ed  f o r  hard  s e e d  i n  cr im son  c l o v e r  i s  e m p h a s iz e d  

by t h e  f a c t  t h a t  b e t t e r  s t a n d s  are  o b t a i n e d  when u n h u l l e d  s e e d  

i s  sown. U n h u l l e d  s e e d  g e r m i n a t e  more s l o w l y  than h u l l e d  s e e d .
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S t i t t  (27 )  f o u n d  t h a t  h u l l e d  s e e d  a b s o r b e d  18 p e r  c e n t

m ore  w a t e r  i n  8 h o u r s  t h a n  u n h u l l e d  s e e d  when p l a c e d  on

b l o t t i n g  p a p e r .  On a m u l c h e d  a r e a  u n h u l l e d  s e e d  p r o d u c e d

a 25 p e r  c e n t  b e t t e r  s t a n d  t h a n  h u l l e d .  H u l l e d  a n d  un; u l l e d

s e e d  g a v e  e q u a l  s t a n d s  w i t h  l a t e  r a i n s .  I.IcKee (2 0 )  r e p o r t s

no s e r i o u s  d am ag e ,  i f  t h e  s e e d  s w e l l e d  and  d r i e d  o u t ,  o u t
/

i f  t h e  r a d i c l e  h a d  e m e r g e d ,  i n j u r y  i n c r e a s e d  w i t h  t h e  l e n g t h  

o f  t i m e  o f  d r y i n g .

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

m a i n t a i n i n g  a s t a n d  o f  c r i m s o n  c l o v e r  f o r  p e r i o d s  o f  18 t o  

20 y e a r s .  T h i s  s e e d  i s  r e p o r t e d  a s  u s i n g  h a r d .  R e c e n t l y  t h e  

m o s t  p r o m i s i n g  o f  t h e s e  s t r a i n s  w e re  b u l k e d  and  r e l e a s e d  by  

t h e  G e o r g i a  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  (28)  u n d e r  t h e  

name o f  D i x i e .  I n  v iew  o f  t h e  i n v e s t i g a t i o n s  w i n c h  f o l l o w  

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

v a r i e t y  a s  h a r d  s e e d e d .
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EXPERIMENTAL PROCEDURE

T h r e e  p h a s e s  r e l a t i n g  t o  i m p e r m e a b i l i t y  a r e  r e p o r t e d  

h e r e i n ,  nam ely:  t h e  anatomy o f  t h e  s e e d  c o a t ,  e f f e c t  o f  i n -  

b r e e d i n g ,  and p h y s i o l o g i c a l  f a c t o r s .  They w i l l  be c o n s i d e r e d  

i n  t h i s  s e q u e n c e .

I .  ANATOMY OF THE SEED COAT 

M ethods  and M a t e r i a l s

The most  s a t i s f a c t o r y  method found  t o  p r e p a r e  s e e d s  

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

wooden b l o c k s  and t h e n  imbed them i n  p a r a f i n .  S e c t i o n s  4 t o  

5 m ic r o n s  i n  t h i c k n e s s  w ere  s u c c e s s f u l l y  made w i t h  a s l i d i n g  

m ic r o to m e .  S eed  c o a t  s e c t i o n s  w ere  removed from t h e  p a r a f i n  

u n d e r  a b i n o c u l a r  s t e r o s c o p i c  m i c r o s c o p e ,  or  by d r o p p in g  t h e  

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

t h e  p a r a f i n  w i t h  c a r b o n  t e t r a c h l o r i d e  or c a r b o n  b i s u l f i d e .

Seed  c o a t  s e c t i o n s  w ere  t h e n  t r a n s f e r r e d  t o  s l i d e s  w i t h  a 

m o i s t e n e d  n e e d l e .

M e t h y le n e  b l u e  was fou nd  t o  be a s a t i s f a c t o r y  s t a i n  

f o r  c u r s o r y  e x a m i n a t i o n .  More s p e c i f i c  i n d i c a t o r s  were r e ­

q u i r e d  f o r  t i s s u e  i d e n t i f i c a t i o n .  With one e x c e p t i o n  t h e  

t e s t s  u s e d  by Hamly ( 5 )  w ere  f o l l o w e d .
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R e s u l t s  and D i s c u s s i o n

E x c e p t  f o r  m i n o r  d i f f e r e n c e s  t h e  o b s e r v a t i o n s  made 

w e r e  i n  a c c o r d  w i t h  t h o s e  o f  Pammel (22)  and  V / in to n  ( 3 0 ) .

The c o m p o s i t i o n  o f  t h e  t i s s u e ,  when p r e s e n t  i n  c r i m s o n  c l o v e r  

s e e d  c o a t s ,  i s  e s s e n t i a l l y  t h e  same a s  f o r  s i m i l a r  t i s s u e  I n  

M e l i l o t o u s  a l b a  a 3 i d e n t i f i e d  b y  Ilamly ( 5 ) .

F i v e  s e p a r a t e  l a y e r s  w h i c h  seem  t o  be  c h a r a c t e r i s t i c  o f  

a l l  s m a l l  l e g u m e s  w ere  i d e n t i f i e d ,  n a m e l y  t h e  m a c r o s c l e r i d s ,  

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

f i n a l l y  t h e  t h i c k - w a l l e d  p a r e n c h y m a ,  i i g u r e  1 i l l u s t r a t e s  

t h o s e  l a y e r s  d r a w n  t o  s c a l e .  The c u t i c l e  on C r im so n  c l o v e r  

s e e d s  a n d  t h e  s u b c i t i c u l a r  l a y e r  a r e  w e l l  d e f i n e d .  The c u t i ­

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

a c i d s .  S u l f u r i c  a c i d ,  h o w e v e r ,  d o e s  p e n e t r a t e  t h e  c u t i c l e .  I m p e r ­

m e a b l e  s e e d  become p e r m e a o l e  when t r e a t e d  w i t h  t h e  a c i d  f o r  5 

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

l a y e r  down t o  t h e  l i g h t  l i n e .  I t  i s  n o t  a f f e c t e d  by  2 p e r  c e n t  

h y d r o c h l o r i c  a c i d  a n d  2 p e r  c e n t  ammonium h y d r o x i d e .  S u l f u r i c  

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

t h e  c u t i c l e  a s  a t h i n  r i o o o n  o f  a o o u t  2 t o  3 m i c r o n s  i n  t h i c k ­

n e s s .  The c u t i c l e  i s  n o t  p e n e t r a t e d  by a 1 p e r  c e n t  s o l u t i o n  o f  

o s m i c  a c i d .  The a u s e n c e  o f  a s u b e r i z e d  a r e a  a s  f o u n d  I n  s w e e t  

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

c r i m s o n  c l o v e r  m i g h t  be  a t t r i b u t e d  t o  a n  i m p e r v i o u s  c u t i c l e .
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The s u b c u t i c u l a r  a r e a  d i s s o l v e s  i n  a 2 Der c e n t  

h y d r o c h l o r i c  a c i d  f o l l o w e d  by 2 p e r  c e n t  ammonium h y d r o x i d e  

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

t i n g e  o f  b l u e  r e s u l t i n g  from c h l o r z i n c  i o d i d e  shows some 

h e m i c e l l u l o s e  t o  be p r e s e n t .  T h i s  f a i n t  b l u e  may be d i s c e r n e d  

t o  e x t e n d  i n t o  t h e  open ends  o f  th e  m a c r o s c l e r i d s  t o  th e  d e p t h  

o f  t h e  l i g h t  l i n e .

R eeve  (2 5 ) ,  and Hamly (5 )  have  c l a r i f i e d  th e  n a t u r e  o f  

t h e  m a c r o s c l e r i d s  and t e s t s  w i t h  cr im so n  c l o v e r  s u b s t a n t i a t e  

t h e i r  o b s e r v a t i o n s .  Winton (3 0 )  d e s c r i b e s  th e  m a c r o s c l e r i d s  o f  

T r i f o l i u m  as  b e i n g  f l a t  on t h e  o u t e r  e n d s .  T h is  was fo u n d  t o  

be t r u e  b ut  i n  no m ature  s e e d s  exam ined was th e  o u t e r  w a l l  

fo u n d  t o  be i n t a c t ,  u n l e s s  t h e  s u b c u t i c u l a r  a r e a  i s  c o n s i d e r e d  

as  t h e  o u t e r  w a l l .  The d i f f e r e n c e  i n  c o m p o s i t i o n  would  make 

t h i s  u n l i k e l y ,  b u t  th e  a b s e n c e  o f  an o u t e r  w a l l  may be e x p l a i n e d  

on t h e  b a s i s  o f  a c o m p le te  r u p t u r e  a s  shown by Hamly ( 5 ) .  These  

c e l l s  a r e  somewhat s m a l l e r  th a n  t h o s e  o f  r e d  c l o v e r ,  measuring-  

35 t o  45  m ic r o n s  i n  l e n g t h  and 13 to  18 m ic r o n s  i n  c r o s s  s e c t i o n .  

The c e l l  c o n t e n t s  were n o t  d e t e r m i n e d  but  i t  was o b s e r v e d  t h a t  

c o n s i d e r a b l e  t im e  was r e q u i r e d  f o r  d e c o m p o s i t i o n  by s u l f u r i c  

a c i d .  R e a c t i o n  t o  s u l f u r i c  a c i d  and i o d i n e  showed t h a t  t h e  

w a l l s  were composed o f  c e l l u l o s e .  The l i g h t  l i n e  w h ic h  o c c u r r e d  

7 t o  9  m ic r o n s  b e lo w  t h e  s u r f a c e  d i s a p p e a r e d  when m a c e r a te d  w i t h  

h y d r o c h l o r i c  a c i d  and ammonia. T h is  c o n f i r m s  t h e  f i n d i n g s  o f  

Hamly ( 5 ) ,  and R e e v e s  (2 5 )  t h a t  th e  l i g h t  l i n e  i s  c a u s e d  by a



- 1 3 -

F i g .  1 .  C r o s s  S e c t i o n  View Through t h e  Seed Coat o f  
Crim son C l o v e r .  S c a l e  1 mm. * 1  m ic r o n ,  
a -  C u t i c l e ,  0  -  S u O c u t i c l a r  l a y e r ,  c -  l i g h t  
l i n e ,  d -  M a c r o s c l e r i d s ,  e -  O s t e o s c l e r i d s ,  
f  -  N u t r i e n t  l a y e r ,  g -  A l e u r o n e ,  h -  Endosperm,  
i  -  c r o s s  s e c t i o n  o f  upper  p a r t  o f  m a c r o s c l e r i d ,  
j -  C r o s s  s e c t i o n  th ro u g h  lo w e r  p a r t  o f  

m a c r o s c l e r i d s .



- 1 3 -

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

i l l u s i o n  r a t h e r  t h a n  a s t r u c u r a l  d i f f e r e n c e  a s  s t a r e d  oy 

Coe a n d  h a r t i n  ( 3 ) ,  and  h a r t i n  (17 )  i n  t h e i r  s t u d i e s  o f  

s w e e t  c l o v e r .

The o s t e o s c l e r i d s  a p p e a r e d  t o  oe o n l y  s l i g h t l y  l a r g e r  

t h a n  t h o s e  o f  o t h e r  c l o v e r s  e x a m i n e d  ay  P tmmel  (22 )  o u t  a g r e e  

m ore  c l o s e l y  w i t h  h i n t o n ’ s (3 0 )  d e s c r i p t i o n  o f  t h e s e  c e l l s  i n  

r e d  c l o v e r .  T h e s e  c e l l s  a r e  n o t  as  c l e a r l y  d e f i n e d  a s  f i g u r e  1 

shows b u t  seem t o  be  somewhat  c o m p r e s s e d  o r  f u s e d  w i t h  t h e  

t h i n - w a l l e d  p a r e n c h y m a  u n d e r n e a t h .  M e a s u r e m e n t s  o f  o c c a s i o n a l  

c e l l s  i n  n u m e ro u s  s e e d  c o a t s  r e / e a l e d  t h e i r  d i m e n s i o n s  a s  

a p p r o x i m a t e l y  20 t o  25 m i c r o n s  i n  l e n g t h  a n d  13 t o  18 m i c r o n s  

i n  d e p t h .  The s t r u c t u r e  o f  t h e s e  c e l l s  i n  o t h e r  s w e d e s  h a s  

c e e n  w e l l  i l l u s t r a t e d  ay Pammel ( 2 2 ) ,  VJin ton  ( 3 0 ) ,  a n d  M a r t i n  

a n d  b y a t t  (1 7 )  and  t h e i r  c o m p o s i t i o n  g i v e n  a s  p e c t i c  and  

c e l l u l o s e - l i k e  m a t e r i a l s  ay  Hamly ( 5 ) .

The r e m a i n i n g  c e l l s  a r e  n o t  u s u a l l y  c o n s i d e r e d  a s  a 

p a r t  o f  t h e  s p e rm o d e rm  b u t  a s  3n  e n d o s p e r m  t i s s u e .  The e n d o ­

s p e rm  a p p e a r s  t o  b e  i d e n t i c a l  w i t h  s i m i l a r  l a y e r s  o f  c e l l s  i n  

s w e e t  c l o v e r  a n d  a l f a l f a .  A m ark ed  d i f f e r e n c e  was o b s e r v e d ,  

h o w e v e r ,  i n  t h e  t h i c k n e s s  o f  t h e  t h i c k - w a l l e d  p a r e n c h y m a  w h i c h  

m e a s u r e d  a p p r o x i m a t e l y  40 t o  50 m i c r o n s  a t  t h e  e n d s  o f  t h e  s e e d ,  

t o  70  t o  90 m i c r o n s  a t  t h e  s i d e s .

To t e s t  t h e  h y p o t h e s i s  t h a t  i m p e r m e a b i l i t y  i n  c r i m s o n  

c l o v e r  may b e  a t t r i c u t e d  t o  t h e  c u t i c l e ,  h a l v e s  o f  s e e d  c o a t s
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were  c em en ted  t o  t h e  en d s  o f  g l a s s  t u b i n g  drawn out t o  a  

l i t t l e  l e s s  t h a n  t h e  d i a m e t e r  o f  a s e e d .  The i n t e r n a l  

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

b e f o r e  m o u n t in g ,  w i t h  2  p e r  c e n t  h y d r o c h l o r i c  a c i d  and  

ammonia. The cement  u se d  was a w a t e r - p r o o f  t y p e  and when 

a p p l i e d  ex tr e m e  c a r e  was t a k e n  t o  l e a v e  t h e  major p o r t i o n  

o f  t h e  s e e d  c o a t  e x p o s e d .  The t u b e s  were p a r t l y  f i l l e d  iv ith  

a s a t u r a t e d  s u g a r  s o l u t i o n  and immersed i n  w a t e r .  T h i s  

t e c h n i q u e  was s u c c e s s f u l  w i t h  two o f  t h o s e  o r e p a r e d .  I n  

48 h o u r s  t h e r e  was no r i s e  o f  th e  w a t e r  l e v e l  i n  t h e s e  two.

I n  t u b e s  where t h e  c e m e n t in g  p r o c e d u r e  f a i l e d  t o  s e a l  t h e  ends  

t h e  w a t e r  r o s e  t o  t h e  same h e i g h t  a s  t h e  c a p i l l a r y  r i s e  o f  

t h e  open ended  c h e c k .  On t h e  b a s i s  o f  t h e  t e s t  i t  a p p e a r s  

s a f e  t o  c o n c l u d e  t h a t  i m p e r m e a b i l i t y  i n  c r im so n  c l o v e r  i s  d_ue 

i n  n a r t  t o  t h e  w e l l  d e v e l o p e d  c u t i c l e  l a y e r .

Treatm en t  o f  u n s c a r i f i e d  s e e d  w i t h  osm ic  a c i d  c o n f ir m e d  

t h e  o b s e r v a t i o n s  o f  Hamly (5 )  , and M a rt in  and Wyatt (1 7 )  t h a t  

w a t e r  e n t e r s  p e r m e a b le  s e e d  th r o u g h  a r u p t u r e  i n  t h e  s t r o o h i o l e ,  • 

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

S i n c e  no d i f f e r e n c e s  c o u l d  be found  i n  t h e  c u t i c l e  l a y e r  o f  

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

s t r o p h i o l e  i s  t h e  dominant  f a c t o r  a f f e c t i n g  w a te r  a b s o r p t i o n ,  

and w ould  m a t e r i a l l y  a f f e c t  any e f f o r t s  t o  i s o l a t e  l i n e s  

b r e e d i n g  t r u e  f o r  p e r m e a b i l i t y .
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I I .  EFFECT OF INBREEDING 

Methods and M a t e r i a l s

S eed  from f o r t y  p l a n t s ,  s e l e c t e d  a t  random, were  

h a r v e s t e d  i n  t h e  s p r i n g  o f  1942  and g e r m i n a t i o n  d e t e r m i n e d  

a f t e r  h u l l i n g  by hand.  T e s t s  were run i n  a c c o r d a n c e  w i t h  t h e  

o f f i c i a l  method (2 6 )  w i t h  a l l  l i v e  s e e d  not  g e r m i n a t i n g  i n  6  

d a y s  b e i n g  c l a s s e d  a s  h a r d .  W ith th e  e s t a b l i s h m e n t  o f  p l a n t  

d i f f e r e n c e  t h e  r e m a i n i n g  s e e d  was d i s c a r d e d  i n  f a v o r  o f  i n b r e d  

m a t e r i a l .

New m a t e r i a l  was o b t a i n e d  i n  t h e  s p r i n g  o f  1 9 4 4  from  

t h r e e  s o u r c e s :  v o l u n t e e r  p l a n t s  g ro w in g  around th e  Agronomy 

farm a t  A t h e n s ,  G e o r g i a ,  p l a n t s  from a  l o t  o f  s e e d  im p o r t e d  

fro m  Europe i n  1 9 3 8  and com bined d u r in g  t h e  i n t e r v e n i n g  y e a r s  

f o r  s e e d i n g  p u r p o s e s ,  and s e e d  o f  a v o l u n t e e r i n g  s t r a i n  known 

a s  A l l e n ' s .

S i x  h u n d red  random p l a n t s  were s e l f e d  by P l a c i n g  s m a l l  

e n v e l o p e s  o f  o n i o n  s k i n  p a p e r  o v e r  t h e  h e a d s .  These  e n v e l o p e s  

w ere  made w i t h  w a t e r - p r o o f  cement and t h e  c l o s e d  c o r n e r s  

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

e n v e l o p e s  were f o l d e d  around t h e  p l a n t  s tem s  and h e l d  w i t h  a  

p a p e r  c l i p .  E v e r y  two or t h r e e  days  t h e  e n v e l o p e s  were removed  

i n  o r d e r  t o  r o l l  t h e  h e a d s  t o  a s s i s t  i n  p o l l i n a t i o n .  At h a r v e s t  

t im e  t h e  s e l f e d  h e a d s  were k e p t  s e p a r a t e  from t h e  open p o l l i ­

n a t e d  h e a d s .
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A v i o l e n t  r a i n  s torm  c a u s e d  sucn  l o d g i n g  t h a t  i t  was 

d i f f i c u l t  t o  l o c a t e  a l l  t h e  p l a n t s  s e l f e d  i n  t n i s  manner.  

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

l a b o r a t o r y  a t  t n e  C o l l e g e  o f  A g r i c u l t u r e  showed c r im s o n  

c l o v e r  t o  run 5 t o  10 p e r  c e n t  h a rd ,  i t  was f e l t  t h a t  i f  

t h r e e  hundred p l a n t s  w ere  r e c o v e r e d ,  enough m a t e r i a l  would  

be a t  hand t o  p r o v i d e  f i f t e e n  t o  t h i r t y  p l a n t s  f o r  p a r e n t s  

w i t h  im p erm ea b le  s e e d .  C onsequent  work showed t h a t  t im e  

w o u ld  n o t  p e r m i t  t h e  h u l l i n g  and g e r m i n a t i o n  o f  a  l a r g e r  

number o f  p l a n t s .

S eed  o f  t h i s  c r o p  and o f  t h e  f o l l o w i n g  c ro p  w ere  h u l l e d  

w i t h  a h u l l e r  d e s i g n e d  and b u i l t  by t h e  a u t h o r  ( 1 0 ) .  The 

d e s i g n  and o p e r a t i o n  o f  t h i s  m achine  has  been  p r e v i o u s l y  r e ­

p o r t e d  and was found  t o  be an e x c e l l e n t  s u b s t i t u t e  f o r  hand 

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

1946  and 1947  was done w i t h  an improvement o f  t n e  h u l l e r  

r e p o r t e d  by H i g b e e  ( 7 ) .  The im provem ents  c o n s i s t e d  o f  l i n i n g  

t h e  drum w i t h  c o r r u g a t e d  ru b b er  m a t t i n g  and i n s t a l l i n g  a  

b u i l t - i n  b low er  f o r  r em o v in g  t h e  h u l l s .  Rubber im p re g n a te d  

c a n v a s  b e l t i n g  was u s e d  f o r  b e a t e r s  and a ru b b er  v a l v e  was  

i n s t a l l e d  b e lo w  t h e  hopper  t o  p r e v e n t  s e e d  from b e in g  thrown  

o u t  by t h e  b e a t e r s .  The e x t e n t  o f  s c a r i f i c a t i o n  was f e l t  t o  

be s m a l l  w i t h  e i t h e r  m a c h in e .

G e r m in a t io n  t e s t s  w ere  run a t  25 d e g r e e s  C e n t i g r a d e  

on  t h e  op en  p o l l i n a t e d  s e e d ,  and t h e  s e l f e d  s e e d  w ere  s a v e d
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f o r  p l a n t i n g  p u r p o s e s .

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

c e n t a g e s  o f  s o f t ,  and o f  hard s e e d  w ere  p l a n t e d  i n  t n e  f a l l  

o f  1 9 4 4 .  Tne p r o g e n y  o f  t h e s e  w ere  s e l f e d  and p r o c e s s e d  i n  

t h e  same manner a s  t n e  o r i g i n a l  p a r e n t s .  Hard and s e e d e d  

p a r e n t s  f o r  t h e  8 3  and S3  g e n e r a t i o n s ,  w i t h  an o c c a s i o n a l  

e x c e p t i o n ,  w ere  c h o s e n  o n l y  from t h e  p ro g en y  o f  t h e  i n i t i a l  

h a r d - s e e d e d  l i n e s .  The s o f t - s e e d e d  8 3 , and p a r e n t s  w ere  

l i k e w i s e  s e l e c t e d  from t h e  p ro g e n y  i n  t h e  s o f t - s e e d e d  l i n e s .  

The s m a l l  change  i n  g e r m i n a t i o n  d e v e l o p i n g  be tw een  21 and 63  

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

2 1 - d a y  p e r i o d .

R e s u l t s  and D i s c u s s i o n

As shown i n  T a b le  I t h e  s e a s o n  o f  1942  wa.s a p p a r e n t l y  

f a v o r a b l e  f o r  t h e  d e v e lo p m e n t  o f  s o f t  s e e d .  The mean o f  

4 . 4  p e r  c e n t  hard  s e e d  a p o e a r s  t o  c o n f ir m  t h e  o b s e r v a t i o n s  o f  

K ephart  ( 1 3 )  t h a t  c r im s o n  c l o v e r  p r o d u c e s  a  s m a l l  amount o f  

im p erm ea b le  s e e d s .

The v a r i a t i o n  from no hard s e e d  t o  2 4 . 7  p e r  c e n t  

i n d i c a t e s  t n a t  c r im s o n  c l o v e r  p l a n t s  d i f f e r  i n  t h e  amount  

o f  hard s e e d  p r o d u c e d .  T h i s  i s  i n  a greem en t  w i t h  t h e  r e s u l t s  

o b t a i n e d  by L u te  ( 1 5 )  w i t h  a l f a l f a ,  and t h e  v a r i a t i o n  b e tw e e n  

p l a n t s  o f  l e s p e d e z a ,  a s  n o t e d  by P e i t e r s  ( 2 4 ) .

The low  p e r c e n t a g e  o f  hard s e e d  p r o d u c ed  by t h e  f o r t y  

p l a n t s  c o r r e s p o n d s  t o  amount o b t a i n e d  i n  g e r m i n a t i o n
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TABLE I

PER GENT HARD SEED IN FORTY RANDOM PLANTS

: P e r  c e n t *
• : P e r  c e n t

P l a n t  No. : h a r d  s e e d : P l a n t  No. : h a r d  s e e d

1 7 . 2 21 0
2 1 2 . 7 22 Dead s e e d
3 1 . 7 23 . 7
4 6 . 3 24 0
5 0 . 4 25 0
6 2 . 2 26 1 . 6
7 8 . 7 27 3 . 4
8 5 . 8 28 2 . 1
9 8 . 4 29 5 . 9
10 6 . 0 30 2 . 9
11 5 . 0 31 1 1 .8
12 0 . 7 32 2 4 , 7
13 1 . 4 33 I n s u f f i c i e n t

s e e d
14 2 .1 34 1 5 . 0
13 1 .1 35 1 . 3
16 2 . 7 36 1 7 . 3
17 2 .8 37 0 .8
18 1 .1 38 1 . 3
19 1 .6 39 3 . 6
20 .0 40 2 . 4

he an 4 . 4

t e s t s  o f  c o m b in e d  s e e d .  The g e n t l e  m e th o d  o f  h u l l i n g ,  how­

e v e r ,  s h o u l d  h a v e  k e p t  s c a r i f i c a t i o n  a c a m i n i n u n .  The f a c t  

t h a t  p l a n t 32 y i e l d e d  s e e d  2 4 . 7  p e r  c e n t  h a r d  i s  e v i d e n c e  i n

s u p p o r t  o f  t h i s  a s s u m p t i o n .

None o f  t h e  p l a n t s  u s e d  i n  t h i s  s t u d y  y i e l d e d  a h i g h  

p e r c e n t a g e  o f  h a r d  s e e d .  The v a r i a t i o n  p r e s e n t ,  h o w e v e r ,  s g g e s -  

t e d  t h e  o o s s i o i l i t y  t h a t  s e l e c t i o n  i n  a l a r g e r  p o p u l a t i o n  n i 0h t  

r e v e a l  p l a n t s  w i t h  a h i g h e r  d e g r e e  o f  i m p e r m e a b i l i t y .  S u b s e ­

q u e n t  w o rk  showed t h i s  t o  oe p o s s i b l e .
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The mean g e r m i n a t i o n  o f  t h e  t h r e e - h u n d r e d  and t h r e e  

p l a n t s  s e l f e d  i n  1 9 4 4  i s  p r e s e n t e d  i n  T a b le  I I  and i l l u s t r a t e d  

g r a p h i c a l l y  i n  F i g u r e  S. The g e r m i n a t i o n  r e c o r d  o f  a l l  p l a n t s  

may toe fou nd  i n  t h e  A ppendix .  The mean g e r m i n a t i o n  o f  5 7 . 8  

p e r  c e n t  r e p r e s e n t s  a l l  s e e d  w hich  s o f t e n e d  w i t h i n  63 days  i n  

t h e  g e r m i n a t o r .  The d e g r e e  o f  i m p e r m e a b i l i t y  c o n f l i c t s  w i t h  

e a r l i e r  o b s e r v a t i o n s  r e l a t i v e  t o  t h e  amount o f  hard s e e d  p r o ­

d uced  by c r i m s o n  c l o v e r  ( 1 3 ) .

TABLE I I

MEAN GERMINATION OF PLANTS SELFED IN 1 9 4 4

Days i n  
g e r m i n a t o r

: Per  c e n t  : 
: g e r m i n a t i o n  :

Days i n  
g e r m i n a t o r

Per  c e n t  
g e r m i n a t i o n

2 2 7 . 4 1 2 4 2 . 4
4 3 4 . 0 14 4 3 . 5
6 3 7 . 1 2 1 4 9 . 1
8 3 9 . 5 63 5 7 . 8

1 0 4 1 . 4

Extrem e v a r i a t i o n  ma.y be n o t e d  w i t h  one p l a n t  y i e l d i n g  o n l y  6  

p e r  c e n t ,  ana o t h e r s  a s  h i g h  a s  1 0 0  p er  c e n t  p er m e a b le  s e e d .

The f a i l u r e  o f  many p l a n t s  t o  s e t  s e e d  when s e l f e d  

e l i m i n a t e d  many p o t e n t i a l  p a r e n t s .  Tw enty-two p l a n t s  w i t h  a 

mean p e r m e a b i l i t y  o f  8 5 . 7  p er  c e n t  p rod u ced  enough s e l f e d  s e e d  

t o  be u s e d  a s  s o f t - s e e d e d  p a r e n t s .  The ran ge  i n  p e r m e a b i l i t y  

o f  t h e s e  p a r e n t s ,  a s  shown i n  T a b le  I I I  was from 71 t o  100 p er
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c e n t  b a s e d  on t h e  6 3 - d a y  g e r m i n a t i o n  t e s t .  The r a t e  o f  

g e r m i n a t i o n  o f  t h e s e  p a r e n t s  i s  a l s o  i l l u s t r a t e d  i n  F i g u r e  3 .

T a b le  IV and F i g u r e  4 p r e s e n t s  t h e  g e r m i n a t i o n  r e c o r d  

o f  t w e n t y - n i n e  p l a n t s  w h ic h  s e t  enough s e l f e d  s e e d  t o  a l l o w  

t h e i r  u s e  a s  h a r d - s e e d e d  p a r e n t s .  I t  may be o b s e r v e d  t h a t  t h e  

a v e r a g e  p e r m e a b i l i t y  o f  t h e s e  p a r e n t s  was 2 5 . 4  p e r  c e n t  w i t h  

a r a n g e  o f  8  t o  41 p er  c e n t .

I f  t h e  d e g r e e  o f  i m p e r m e a b i l i t y  were an i n h e r i t e d  or  

v a r i e t a l  c h a r a c t e r i s t i c ,  p a r e n t s  d i f f e r i n g  so  w i d e l y  c o u l d  be 

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

o f  s u c h  h e t e r o z y g o u s  n a t u r e  t h a t  s e v e r a l  y e a r s  would be r e ­

q u i r e d  t o  i s o l a t e  p u r e  l i n e s .

The 2 1 - d a y  g e r m i n a t i o n  r e c o r d  o f  t h e  f i r s t  g e n e r a t i o n  

p r o g e n y  i s  g i v e n  i n  T a b l e s  V and VI and i l l u s t r a t e d  i n  F i g u r e s  

5 and 6 . When t h e  mean d i f f e r e n c e  o f  0 . 3  p e r  c e n t  i n  germ in a­

t i o n  o f  t h e  two g r o u p s  i s  c o n s i d e r e d ,  i t  w oulc  appear  t h a t  t h e  

c h a r a c t e r i s t i c s  o f  t h e  p a r e n t s  w ere  n ot  e v i d e n t  i n  t h e  p ro g e n y .  

I n  g e n e r a l  t n i s  i s  t r u e ,  b u t  t h r e e  s o f t - s e e d e d  p ro g en y  l i n e s ,

4 4 ,  4 9 ,  and 63 f e l l  w i t h i n  t h e  r a n g e  o f  t h e  p e r m e a b i l i t y  o f  t h e  

p a r e n t s  s e l e c t e d  on t h e  b a s i s  o f  t h e  6 3 -d a y  t e s t .  P r ogen y  group 

49 was t h e  o n l y  one s o f t e r  th a n  t h e  p a r e n t s .

I t  may be s e e n  t h a t  s i x  l i n e s ,  1 4 ,  1 1 7 ,  1 3 1 ,  1 7 5 ,  1 9 8 ,  

and 234  from t h e  hard s e e d e d  p a r e n t s  f e l l  w i t h i n  t h e  ra n g e
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TABLE I I I

GERMINATION OF SOFT-SEEDED S-. PLANTS 
SELECTED AS PARENTS

P l a n t  ; ___ G e r m in a t io n  by d a y s
number :

• 2  : 4 : 6  : 8

1 1 1 44 64 64
7 46 62 67 70

2 0 91 94 94 94
35 24 37 47 53
44 2 0 36 45 54
49 50 62 64 64
57 42 54 59 62
61 23 32 41 46
63 25 47 6 6 78
72 2 0 35 42 45
84- 9 14 23 28

1 1 0 41 51 51 53
159 32 69 78 79
190 35 50 52 52
205 2 0 37 44 47
213 25 62 72 73
249 70 75 76 76
266 69 70 70 70
279 83 84 84 84
285 70 84 84 84
289 84 90 SO 90
300 97 97 97 97

1 0 : 1 2 : 14 : 2 1 : 63

6 8 6 8 69 72 82
72 72 73 75 80
94 94 94 97 1 0 0
57 59 59 76 90
70 72 74 79 8 8
6 6 6 6 67 69 77
62 65 65 72 84
52 59 61 75 89
8 8 92 92 94 95
51 54 54 61 84
35 36 40 54 77
57 59 59 64 94
82. 84 84 92 1 0 0
59 59 59 64 78
47 50 50 55 71
75 81 84 87 90
77 77 77 78 79
70 70 71 71 72
84 84 84 84 84
84 84 84 85 8 6
90 90 90 90 90
97 97 97 97 97

Mean 4 4 . 8  58 . 4  6 4 ,_0 6 6 , 5  6 9 . 6  7 1 . 4  7 2 . 1  7 6 . 8  8 5 . 7
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5
14
66
92
93
94
97
99
100
106
117
119
1 3 1
137
146
148
152
167
172
175
17 9
181
183
196
1S8
215
219
221
234

i'le'a:
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TABLE IV

G',:Li,IINATI0N OP PABD-3EPDED PLANTS 
SELECTED AS 3 ±  PARENTS

«  •

2 : 4 : 6

17 17 17
6 8 8
4 5 7
5 3 14
4 4 4

12 15 16
4 4 4
5 9 oKJ
3 11 15

14 16 17
3 4 5

18 24 26
20 22 23

2 4 7
1 6 7

19 24 28
13 20 22

8 11 12
8 11 11
9 15 19
2 ryo 4
6 8 9

13 15 17
13 13 14

2 7 10
5 6 6

11 14 14
9 14 16

24 28 29

AO 1 1 . 9 1 3 . 4

 Germina  t i o n
•  •  •

: 8 : 10 : 12
17 17 17

8 8 9
7 10 13

18 20 22
5 7 7

17 17 18
4 4 4
9 Q 10

17 22 25
17 17 18

5 5 5
27 27 27
26 27 28

7 7 7
6 10 11

29 29 31
22 23 24
12 12 12
11 12 12
19 19 24

4 5 5
9 9 9

17 18 18
15 16 16
12 13 16

6 6 o
15 15 17
19 19
29 29 29

: .  1 1 4 .  S 1 5 . 9

y  d a y s ___________________
•  •  « «
#  * •  •

: 14 : 21 : 63  :

19 19 23
9 9 17

14 17 22
26 32 41

7 7 17
10 22 27

4 6 8
10 13 22
25 29 33
18 22 32

5 7 15
27 29 38
28 31 34

7 9 14
11 16 31
31 37 40
24 29 40
12 15 18
12 15 15
24 25 27

5 7 17
10 13 17
18 IS 25
16 17 28
19 22 32

6 7 9
17 23 30
23 O f i 35
29 29 30

1 6 . 3  1 9 . 1  2 5 . 4
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TABLE V

GERMINATION OF PROGENY OF SOFT-SEED S i  PARENTS

P l a n t i • 
•  « «

-iiJL
•

( iD
• •

•«
number : 2  ; 4 ; 6  : 8  : 1 0  : 1 2  : 14  : 2 1

1 - 1 1 8 1 1 1 2 14 15 17 2 1
1 - 2 2 8 1 2 15 17 19 19 2 0
1 - 5 6 8 1 1 1 2 16 18 19 19
1 - 4 3 9 1 0 13 13 16 18 19

Mean 3 8 . 2 1 1 13 15 17 1 8 . 2 1 9 . 7

7 - 1 41 43 43 43 44 44 44 45
7 - 2 4 9 53 53 53 54 54 55 58
7 - 3 28 31 31 32 33 33 34 39
7 - 4 62 65 70 75 81 81 87 91
7 - 5 47 50 53 53 60 60 62 6 8
7 - 6 59 6 6 6 6 6 6 6 6 6 6 67 67
7 - 7 36 42 4 2 42 42 4 2 42 44
7 - 8 23 24 24 25 26 26 28 31
7 - 9 49 52 52 53 54 54 54 57

Mean 4 3 . 7 4 7 . 3 4 8 . 2 4 9 . 1 5 1 . 1 5 1 . 1 5 2 . 5 5 5 . 5

2 0 - 1 5 19 2 0 2 0 2 0 2 0 23 26
2 0 - 2 7 1 2 14 17 17 18 2 2 27
2 0 - 3 4 14 2 0 2 0 2 1 2 1 2 2 25
2 0 - 4 3 1 2 13 14 16 2 0 2 0 24
2 0 - 5 6 1 3 16 17 17 18 18 25

Mean 5 . 0 1 4 . 0 1 6 . 6 1 7 . 6 1 8 . 2 1 9 . 4 2 1 . 0 2 5 . 4

3 5 - 1 36 54 56 56 56 58 58 60
3 5 - 2 30 54 54 54 54 55 56 58
3 5 - 3 36 53 53 53 53 53 53 56
3 5 - 4 40 46 48 48 49 50 50 57

Mean 3 5 . 5 5 1 . 7 5 5 2 . 7 5 2 . 7 5 3 . 0 5 4 . 0 5 4 . 2 5 7 . 7

4 4 - 1 69 83 84 85 8 6 90 91 9 2
4 4 - 2 60 80 81 82 82 83 83 8 6

4 4 - 3 6 8 78 78 79 79 80 82 8 6

4 4 - 4 60 75 76 78 78 79 79 84
4 4 - 5 62 80 80 80 80 80 82 85
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TABLE V ( C ont13 . )

P l a n t •  i
•  « •

•
•

•
•

/ j u  v . y

• •
*
•

number : 2  : 4 : 6  : 8  : 1 0  : 1 2  : 14 : 2 1

4 9 - 1 4 5 79 83 83 83 83 8 6 8 8
' 4 9 - 2 41 67 71 71 73 74 76 76

4 9 - 5 40 74 76 76 76 77 77 80
49-4. 42 67 70 70 71 71 72 8 2
4 9 - 5 43 70 73 74 74 74 75 76

Mean 4 2 . 2 7 1 . 4 7 4 . 6 7 4 . 8 7 5 . 4 7 5 . 8 7 7 . 2 8 0 . 4

5 7 - 1 3 45 46 46 46 46 52 56
5 7 - 2 6 15 18 2 2 2 2 24 29 30
5 7 - 3 1 0 13 15 1 7 17 17 17 17

Mean 6 . 3 2 4 . 3 2 6 . 3 2 8 . 3 2 8 . 3 2 9 .0 3 2 . 6 3 4 . 3

6 1 -1 23 6 6 70 71 71 72 73 85
6 1 - 2 9 27 28 30 33 34 37 44
6 1 - 3 6 2 1 2 2 23 26 27 32 40
6 1 - 4 1 1 14 16 16 16 16 17 2 1
6 1 - 5 27 47 50 50 55 57 58 65

Mean 1 5 . 2 3 5 . 0 3 7 . 2 3 8 . 0 4 0 .  2 4 1 . 2 4 3 . 4 5 1 . 0

6 3 - 1 39 83 93 93 93 93 93 93
6 3 - 2 2 0 62 62 6 2 65 67 6 8 77
6 3 - 3 53 6 6 69 72 77 77 78 8 6

6 3 - 4 31 49 54 61 77 77 84 89
63—5 1 2 19 2 1 2 1 23 23 23 24
6 3 - 6 19 40 44 49 57 62 6 6 74
6 3 - 7 17 38 40 42 45 46 48 54

Mean 2 7 . 5 5 1 . 0 5 4 . 7 5 7 . 1 6 2 . 4 6 3 . 5 6 5 . 7 7 1 . 0

7 2 - 1 24 31 35 42 57 61 6 6 78
7 2 - 2 1 1 18 2 1 2 2 25 2 8 31 41
7 2 - 3 16 26 29 29 33 34 35 39

Mean 1 7 . 0 2 5 .1 2 8 . 3 3 1 . 0 3 8 . 3 4 1 . 0 4 4 . 0 5 2 . 6

8 4 - 1 1 1 24 28 28 28 31 39 60
8 4 - 2 9 26 31 31 32 32 39 4 2
8 4 - 3 1 2 2 2 30 31 33 36 45 53
8 4 - 4 1 0 2 0 31 35 39 4 3 47 52
8 4 - 5 7 2 2 34 38 44 44 50 56
8 4 - 6 1 2 24 28 32 36 39 45 49

Mean 1 0 . 1 2 3 . 0 3 0 . 3 3 2 . 5 3 5 . 3 3 7 . 5 4 4 . 1 52

1 1 0 - 1 41 51 51 53 57 59 59 64
1 1 0 - 2 40 52 52 52 54 54 56 63

Mean 4 0 . 5 5 1 . 5 5 1 . 5 5 2 . 5 5 5 . 5 5 6 . 5 5 7 . 5 6 3 . 5
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TABLE V (C ont*d)

•
•

"  ■ ■ G-erminaiion oy d a y s
P l a n t  : •

•
•
• • • •

»
•

number : 2  : 4  : 6  : 8  ; 1 0  : 1 2  : 14 : 2 1

1 5 9 - 1 8 2 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
1 5 9 - 2 2 0 44 51 51 52 54 57 59
1 5 9 - 3 15 23 23 23 24 27 32 36
1 5 9 - 4 32 36 40 41 41 42 42 45
'1 5 9 -5 18 28 29 31 31 32 37 41

Mean 3 3 . 4 4 6 . 2 4 8 . 6 4 9 . 2 4 9 .  6 5 1 . 0 5 3 . 6 5 6 . 2

1 9 0 - 1 26 32 36 37 37 42 42 52
1 9 0 - 2 2 1 38 43 46 50 52 53 59
1 9 0 - 3 19 35 42 42 45 47 49 58
1 9 0 - 4 25 40 47 51 55 58 63 69

Mean 2 2 . 7 3 6 . 2 4 2 . 0 4 4 . 0 4 6 . 7 4 9 . 7 5 1 . 7 5 9 . 5

2 0 5 - 1 29 52 54 55 57 58 58 62
2 0 5 - 2 34 50 50 50 52 54 54 55
2 0 5 - 3 2 2 6 7 9 9 9 1 0

2 0 5 - 4 63 67 69 73 74 76 78 83
2 0 5 - 5 39 45 45 45 45 47 47 51
2 0 5 - 6 1 2 13 17 19 2 2 25 27 50
2 0 5 - 7 2 1 2 2 2 2 2 2 25 25 26 36
2 0 5 - 6 39 41 4 6 46 51 54 64 73
2 0 5 - 9 1 7 23 23 23 25 25 25 26
2 0 5 - 1 0 48 52 54 54 55 55 55 55
2 0 5 - 1 1 70 74 76 76 77 78 79 81
2 0 5 - 1 2 4 3 51 54 54 56 61 63 74

Mean 3 4 . 7 4 1 . 0 4 3 . 0 4 3 . 8 4 5 .  6 4 7 . 2 4 3 . 7 5 4 . 6

2 1 3 -1 2 2 3 3 3 3 3 3
2 1 3 - 2 2 0 2 0 2 0 2 0 2 0 2 0 2 0 23

Mean 1 1 . 0 1 1 . 0 1 1 . 5 1 1 . 5 1 1 . 5 1 1 . 5 1 1 . 5 1 3 . 0

2 4 9 . 1 0 1 2 7 16 24 26 51
2 4 9 - 2 1 5 7 1 0 28 41 46 58

Mean 0 . 5 3 . 0 4 . 5 8 . 5 2 3 . 0 3 2 . 5 3 6 . 0 5 4 . 5

2 6 6 - 1 2 1 2 26 42 50 58 58 62

2 7 9 - 1 1 7 13 29 40 48 50 57
2 7 9 - 2 0 0 0 0 35 40 40 50
2 7 9 - 3 0 3 5 13 19 25 31 33

Mean 0 . 3 3 . 3 6 . 0 1 4 . 0 3 1 . 6 3 7 . 6 4 0 . 3 4 6 . 6
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TABLE V ( C o n t ' d . )

•
• G e r m in a t io n  by days

P l a n t •
•

t
*

«
•

*9 •
• I *

•
•

humber *
• 2  : 4 : 6 •

• 8  : 1 0  : 1 2  : 14  : 2 1

2 8 5 - 1 0 6 1 1 1 1 1 2 14 14 15
2 8 5 - 2 4 16 30 40 40 50 52 58
2 8 5 - 3 3 1 0 2 0 24 36 42 42 50
Mean o nC •  Kj 1 0 . 6 2 0 . 3 2 7 . 3 2 9 . 3 3 5 . 3 3 6 . 0 4 1 . 0

2 8 9 - 1 1 6 1 0 2 0 25 27 27 31
2 8 9 - 2 35 58 62 65 6 6 6 6 6 8 6 8

2 8 9 - 3 1 6 1 1 13 13 15 16 16
Mean 1 2 . 3 2 3 . 3 3 7 . 6 3 2 . 6 3 4 . 6 3 6 . 0 3 7 . 0 3 8 . 3

3 0 0 - 1 1 3 6 16 28 34 44 57
3 0 0 - 2 5 1 2 2 1 43 52 59 61 71
3 0 0 - 3 7 1 0 14 23 28 35 35 38
Mean 4 . 3 8 . 3 1 3 . 6 2 7 . 3 3 6 . 0 4 3 . 6 4 6 . 6 5 5 . 3
G e n e r a l Mean 2 4 . 4 3 6 . 0 3 9 . 1 4 1 . 3 4 2 . 8 4 6 . 4 4 8 . 4 5 3 . 5

o f  p a r e n t a l  s e l e c t i o n .  Only two p ro g e n y  g r o u p s ,  131 and 175  

w ere h a r d e r  th a n  t h e i r  p a r e n t s .  F u r t h e r  s t u d y  o f  T a b l e s  IV, V, 

and VI w i l l  show t h a t  t h e  h a r d e s t  p a r e n t ,  97 ,  p ro d u c ed  p r o g e n y  

w i t h  a mean p e r m e a b i l i t y  o f  7 7 , 5  p e r  c e n t  which  i s  o n l y  9 p e r  

c e n t  s o f t e r  th a n  p r o g e n y  g r o u p ,  4 4 ,  i n  t h e  s o f t - s e e d e d  l i n e s .  

I t  may be n o t e d ,  a l s o ,  t h a t  t h i s  h a r d - s e e d e d  p a r e n t  p ro d u ce d  

o r o g e n y  w i t h  t h e  h i g h e s t  p e r c e n t a g e  of  p e r m e a b le  s e e d s  i n  th e

h a r d  s e e d e d  g r o u p .

R e v e r s a l  o f  p e r m e a b i l i t y  i s  a l s o  e v i d e n t  i n  t h e  s o f t  

l i n e s .  Three  v e r y  s o f t  p a r e n t s ,  numbers 2 0 ,  2 1 3 ,  and 289  

p r o d u c e d  o f f s p r i n g  w i t h  2 5 . 4 , 1 3 . 0  and 3 8 . 3  p er  c e n t  p erm ea b le
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TABLE VI

GERMINATION OF PROGENY OF HARD-SEED S i  PARENTS

P l a n t
*•
• G e r m in a t io n  by  d a y s

number • • « ♦ • • •• • »f •*
: 2  : 4 ; 6  : 8  : 1 0  : 12  S 14 ; 2 1

5 -1 34 47 47 47 47 47 47 47
2 29 31 32 3 2 32 32 32. 37
3 47 49 49 49 49 49 49 49
4 69 73 73 74 74 74 74 75
5 47 49 49 49 50 50 51 62
6 32 39 40 40 42 44 44 50
7 35 38 40 41 41 41 41 46
8 55 69 74 76 76 79 79 8 2

Mean 4 3 . 5 4 9 . 3 5 0 . 5 5 1 . 0 5 1 . 3 5 2 . 0 5 2 . 1 56

1 4 - 1 1 2 13 16 16 16 16 18 18
2 2 0 27 28 28 29 29 30 32
3 17 2 1 2 1 2 2 23 24 24 25

Mean 1 6 . 3 2 0 . 3 2 1 . 6 2 2 . 0 2 2 . 6 2 3 . 0 2 4 . 0 2 5 . 0

6 6 - 1 63 79 79 79 79 79 79 79
2 1 1 16 16 16 18 19 2 0 24
3 5 26 38 40 49 49 51 62
4 14 69 71 73 81 81 81 8 6

5 26 57 57 57 57 57 57 58
6 1 1 45 46 46 49 50 50 50

Mean 2 1 . 6 4 8 . 6 5 1 . 1 5 1 . 8 5 5 . 5 5 5 . 8 5 6 . 3 5 9 . 8

9 2 - 1 1 0 24 27 29 31 31 34 40
2 15 2 1 2 1 2 2 23 25 29 34
3 26 30 31 32 34 34 36 40
4 15 19 2 2 2 2 23 23 24 30
5 48 49 51 52. 52 55 57 65

Mean 2 2 . 8 2 8 . 6 3 0 . 4 3 1 . 4 3 2 . 6 3 3 . 6 3 6 . 0 4 1 . 8

9 3 - 1 54 65 65 65 65 6 8 6 8 75
2 40 50 50 51 58 60 67 77
3 26 35 36 36 37 37 37 40

Mean 4 0 . 0 5 0 . 0 5 0 . 3 5 0 . 4 5 3 . 3 5 5 . 0 5 7 .  3 6 4 . 0

9 4 - 1 4 3 46 47 47 47 47 47 50

2 56 64 65 6 8 6 8 70 72 76

3 46 48 50 53 54 54 54 55
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TABLE VI ( C o n t l d . )

P l a n t
♦
•

• G-erminatlon by d a y s
number •  • 

«  « 9 « •
»
•

•
*

•
«

: 2  : 4 : 6  : 8  : 1 0  : 1 2  : 1 4  : 2 1

9 4 - 4 56 56 56 57 57 58 58 61
5 23 41 54 57 65 61 73 78
6 87 8 8 92 92 9 2 92 9 2 92
7 33 33 33 33 33 36 36 39

Mean 4 9 . 1 5 3 . 7 5 6 . 7 5 8 . 1 5 9 . 4 6 0 . 5 6 1 . 7 6 4 . 4

9 7 - 1 5 2 54 62 64 72 72 80 8 6
2 49 57 63 64 67 71 74 81
3 31 52 59 60 61 63 67 70
4 24 36 54 58 63 64 67 73

Mean 3 9 . 0 4 9 . 7 5 9 . 5 6 1 . 5 6 5 . 7 6 7 . 5 7 2 . 0 7 7 . 5

9 9 - 1 36 41 48 49 49 51 53 56
2 18 2 2 2 2 2 2 24 24 25 28
3 4 18 18 18 19 2 0 2 0 2 2
4 23 27 27 27 29 29 31 32
5 9 47 47 47 47 47 47 51
6 26 57 65 70 73 79 8 2 87
7 2 2 2 2 2 2 2 2 33 33 33 38

Mean 1 9 . 7 2 3 . 4 35.  5 3 6 . 4 3 9 . 1 3 9 . 5 4 1 . 5 4 4 . 8

1 0 0 - 1 57 64 71 72 7 2 72 72 72
2 4 2 52 56 57 57 59 60 67
3 31 45 48 48 49 51 52 54
4 34 49 52 52 54 54 57 61

Mean 4 1 . 0 5 2 . 5 5 6 . 7 5 7 . 2 5 8 . 0 5 9 . 0 6 0 .  2 6 3 . 5

1 0 6 - 1 54 54 56 56 56 56 56 63
2 4 9 56 58 58 59 59 60 62
3 4 4 48 48 48 48 50 50 52
4 53 58 65 65 65 65 65 6 6

5 52 53 53 54 55 56 57 64
Mean 5 0 . 4 5 3 . 8 5 6 . 0 56.  2 5 6 .  6 5 7 . 2 5 7 .  6 6 1 . 4

1 1 7 - 1 2 2 31 38 38 39 52 62 65
2 1 2 14 14 14 14 14 15 2 0

3 1 7 19 2 2 28 34 34 36 42
4 15 19 2 1 25 31 31 32 36
5 16 2 1 25 27 27 29 50 38

Mean 1 6 . 4 2 0  . - 8 2 4 . 0 2 6 .4 2 9 . 0 3 2 . 0 3 5 . 0 4 0 . 2
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TABLE VI ( C o n t ' d . )

P l a n t
number

: 2 :
«
•

4 :

G erm in a t io n  by d a y s
•  •  •  •  
•  •  •  «

6 : 8 : 10 : 12  ; T4 ; 21

1 1 9 - 1 25 26 26 26 27 28 28 32
2 30 58 60 60 64 66 68 69
3 24 26 28 28 28 28 31 35

Mean 2 6 . 3 3 7 . 0 3 8 . 0 3 8 . 0 3 9 . 6 4 0 . 6 4 2 . 3 4 5 . 3

1 3 1 - 1 40 41 41 41 42. 42 42 42
2 20 20 23 23 23 23 24 28
3 28 28 29 29 29 29 30 30

Mean 2 9 . 3 2 9 . 6 3 1 . 0 3 1 . 0 3 1 . 3 3 1 . 3 3 2 . 0 3 3 . 3

1 3 7 - 1 27 39 44 46 46 50 5 3 61
2 46 56 58 62 62 62 62 64

Mean 3 6 . 5 4 7 . 5 5 1 . 0 5 4 . 0 5 4 . 0 5 6 . 0 5 7 . 5 6 2 . 5

1 4 6 - 1 2 12 20 21 24 37 44 49
2 57 60 61 61 61 63 63 70
3 27 54 57 57 59 60 60 62
4 21 41 45 45 4 7 48 49 59
5 19 45 49 49 52 55 60 71
6 27 47 57 57 58 59 62 65

Mean 2 5 . 5 4 3 . 1 4 8 . 1 4 8 . 3 5 0 . 1 5 3 . 6 5 6 . 3 6 2 . 7

1 4 8 - 1 8 3 87 87 87 88 88 90 94
1 5 2 - 1 1 9 28 33 45 51 51 56
1 6 7 - 1 51 66 69 69 69 69 69 69
1 7 2 - 1 1 2 40 49 52 53 56 68 81

1 7 5 - 1 2 9 9 9 10 10 10 10
2 5 11 11 11 11 11 11 11
3 2 2 2 2 2 2 2 2

Mean 3 . 0 7 . 3 7 . 3 7 . 3 7 . 6 7 . 6 7 . 6 7 . 6

1 7 9 - 1 24 80 84 84 86 86 87 89

1 8 1 - 1 1 6 54 58 61 61 65 69 72
2 21 66 73 74 76 78 78 82

Mean 1 8 . 5 6 0 . 0 6 5 . 5 6 7 . 5 6 8 . 5 7 1 . 5 7 3 . 5 7 7 . 0

1 8 3 - 1 19 21 24 24 24 24 24 24
2 64 66 67 69 69 71 73 78
3 11 20 23 23 27 30 32 34

Mean 3 1 . 3 3 5 . 6 3 8 . 0 3 8 . 6 !
Ol.o

4 1 . 6 4 3 . 0 4 5 . 3
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TABLE VI ( G o n t ' d . )

P l a n t G e r m in a t io n  by d a y s
number : 2 : 4 : 6 : 8 : 10 : 12 : 14 : 21

1 9 6 - 1 39 78 81 81 82 85 86 92
1 9 8 - 2 3 23 26 26 29 35 35 39

2 1 5 - 1 7 12 12 13 14 14 14 15
2 83 86 87 87 87 87 87 88
3 31 34 35 36 36 36 36 36
4 23 35 37 37 40 41 41 42
5 27 29 32 35 35 35 35 39
6 69 69 69 81 81 81 81 81
7 22 31 39 43 43 47 53 65
9 40 40 40 40 40 40 44 48

Mean 3 7 . 7 4 2 . 0 4 3 . 8 4 6 . 5 4 6 . 8 4 7 . 6 4 8 . 8 5 1 . 7

2 1 9 - 1 7 12 16 18 19 20 26 33
2 20 69 73 77 77 79 84 91
3 18 24 24 24 24 24 24 26

Mean 1 5 . 0 3 5 . 0 3 7 . 6 3 9 . 6 4 0 . 0 4 1 . 0 4 4 . 6 5 0 . 0

2 2 1 -1 9 11 11 11 11 11 11 11
2 20 34 34 34 34 34 35 36
3 46 72 73 73 73 74 74 77
4 56 64 64 64 64 64 64 67
5 7 23 23 23 23 27 31 34

Mean 2 7 . 6 4 0 . 8 4 1 . 0 4 1 . 0 4 1 . 0 4 2 . 0 4 3 . 0 4 5 . 0

23441 13 21 21 26 28 31 33 33
2 6 14 14 14 14 14 14 14
3 18 42 45 45 47 50 50 51

Mean 1 2 . 3 2 5 . 6 2 6 , 6 2 8 . 3 2 9 . 6 3 1 . 6 3 2 . 3 3 4 . 3
G-eneral Mean 3 0 . 4 4 0 . 9 4 4 . 1 4 5 . 1 4 6 .  6 4 7 . 9 4 9 . 4 5 3 . 2



f°<
ir 

<s<
zn 

t 
So

ft 
s<

tnd
i

-35-

90

8 0

SO

30

20

f o

6 8 /O 12 /4
D a y s  i n  o j e r m  in  d t o r

F i g .  6 .  G e r m in a t io n  R a te  o f  th e  P r o g e n y  o f  H a r d - s e e d e d
S i  P a r e n t s



- 3 6 -

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

h a rd  s e e d e d  p a r e n t s .  The f i r s t  two were h a r d e r  than  any o f  th e  

h a r d - s e e d e d  p r o g e n y  w i t h  t h e  e x c e p t i o n  o f  l i n e  1 7 5 .

I n  g e n e r a l ,  as  much v a r i a t i o n  may be found  w i t h i n  in d iv i ­

d u a l  l i n e s  a s  b e t w e e n  l i n e s .  Only  n i n e  p ro g en y  g r o u p s  1 ,  20 ,

3 5 ,  4 4 ,  1 0 6 ,  1 1 0 ,  1 3 7 ,  1 8 1 ,  and 249 e x h i b i t  any d e g r e e  o f  

u n i f o r m i t y  w i t h i n  l i n e s .

The t e n d e n c e  f o r  p r o g e n y  t o  be t h e  r e v e r s e  o f  t h e i r  

p a r e n t s  or  t o  a p p roach  t h e  mean o f  b o th  g ro u p s  made i t  im p o s ­

s i b l e  t o  s e l e c t  Sg p a r e n t s  as  h a r d  or a s  s o f t  as  t h e  S i  p a r e n t s .  

F a i l u r e  t o  s e t  s e l f e d  s e e d  a g a i n  d i s p o s e d  o f  many p l a n t s  which  

m ig h t  h a v e  b e e n  u s e d  a s  Sg p a r e n t s .  S i x t e e n  i n d i v i d u a l s  from 

t h e  s o f t - s e e d e d  p r o g e n y  were s e l e c t e d  as  Sg p a r e n t s .  As shown 

i n  T a b le  VII  and F i g u r e  7 t h e s e  p a r e n t s  had a mean p e r m e a b i l i t y  

o f  7 7 . 1  p e r  c e n t  and a  r a n g e  o f  62 t o  100 p e r  c e n t .

T w e n t y - f i v e  p l a n t s  from t h e  h a r d - s e e d e d  group were s e l e c t ­

ed  a s  p a r e n t s .  These  had a mean p e r m e a b i l i t y  o f  3 2 . 3  p e r  c e n t  as  

shown i n  T a b le  V I I I  and F i g u r e  8 .  One p l a n t  i n  t h i s  group ,

Number 1 7 5 - 3 ,  had o n l y  2 p e r  c e n t  p e r m e a b le  s e e d .

The mean d i f f e r e n c e  b e tw e en  t h e s e  two g ro u p s  was 4 4 . 8  

p e r  c e n t  w h ich  i s  c o n s i d e r a b l y  l e s s  th a n  t h e  sp r ea d  b e tw e e n  t h e  

Sg p a r e n t s .  I n  t h e  a b s e n c e  o f  any c r i t e r i a  t o  d i f f e r e n t i a t e  

b e t w e e n  p e r m e a b i l i t y  and i m p e r m e a b i l i t y ,  b e lo w  40 t o  42 p e r  c e n t  

g e r m i n a t i o n  was a r b i t r a r i l y  s e l e c t e d  as  i m p e r m e a b i l i t y  and above  

60 p e r  c e n t  as  p e r m e a b l e .  E x c e p t i o n s  t o  t h i s  r u l e  may be o b s e r v e d  

i n  p a r e n t s  5 - 1 ,  9 9 - 1 ,  and 1 1 7 - 1  which  g e r m i n a t e d  4 7 ,  56 ,  and 65
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TABLE VII  

GERMINATION OF SOFT-SEEDED PLANTS
SELECTED AS Sg PARENTS

D1 rfc r*i +■
•
0 G e r m in a t io n by days

Jl X .  9  T l u 9

number . J ___a. : 4 : 6 ! 8 : 10 : 12 : 14 : 21

7 - 4 62 65 70 75 81 81 87 91
7 - 5 47 50 53 53 60 60 62 63
7 - 6 59 66 66 66 66 67 67 67

3 5 - 1 36 64 56 56 56 58 58 60
4 4 - 1 69 83 84 85 86 90 91 92
4 9 - 1 45 79 83 83 83 83 86 38
4 9 - 2 41 67 71 71 73 74 76 76
6 1 - 1 23 66 70 71 71 72 73 85
6 3 - 1 39 83 93 93 93 93 93 93
6 3 - 2 20 62 62 62 65 67 68 77
7 2 - 1 24 31 35 42 45 46 48 78
8 4 - 1 11 24 28 28 28 31 39 60

110-1 41 51 51 53 57 59 59 64
1 5 9 - 1 82 100 100 100 100 100 100 100
2 0 5 - 8 39 41 46 48 51 54 64 73
2 6 6 - 1 2 12 26 42 50 58 58 62

Mean 3 9 . 9 5 8 . 4 6 2 . 1 6 4 . 2 66»6 6 8 . 3 7 0 . 6 7 7 . 1

p e r  c e n t  r e s p e c t i v e l y ,  but  w h ich  were i n c l u d e d  b e c a u s e  o f  th e  

h i g h  d e g r e e  o f  i m p e r m e a b i l i t y  o f  t h e i r  p r o g e n i t o r s .

The lo w e r  p r o d u c t io n  o f  s e e d  by s e l f e d  h e a d s  and th e  

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

i n  s t e r i l i z e d  s o i l  r e d u c e d  p r o g e n y  numbers i n  e v e r y  g e n e r a t i o n .  

The g e r m i n a t i o n  r e c o r d  o f  th e  d e s c e n d a n t s  o f  t h e  So p a r e n t s  i s  

g i v e n  i n  T a b l e s  IX and X and g r a p h i c a l l y  i n  F i g u r e s  9 and 10 .

The s e c o n d  g e n e r a t i o n  p ro d u ced  more s o f t  s e e d  than th e
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TABLE V I I I

GERMINATION OF HARD-SEEDED PLANTS SELECTED 
AS Sg PARENTS

G e r m in a t io n  by days
P l a n t
number : 2

•
•

: 4
•
•

: 6

5 - 1 34 47 47
5 - 2 29 31 32
5 - 7 35 38 40

1 4 - 1 12 13 16
1 4 - 2 20 27 28
6 6 -2 11 16 16
9 2 - 1 10 24 27
9 2 - 2 15 21 21
9 2 - 3 26 30 31
9 3 - 3 26 35 36
9 9 - 1 36 41 48
9 9 - 2 18 22 22
9 9 - 3 4 18 18

1 1 7 - 1 22 31 38
1 1 9 - 1 25 26 26
1 1 9 - 3 24 26 28
1 3 1 - 1 40 41 41
1 3 1 - 2 20 20 23
1 3 1 - 3 28 28 29
1 7 5 - 2 5 11 11
1 7 5 - 3 2 2 2
1 8 3 - 1 19 21 24
1 8 3 - 3 11 20 23
2 1 5 - 1 7 12 12
2 1 9 - 3 18 24 24

» « *  » •
♦ •  •  * •

8 : 10 : 12 : 14  : _ 2 1

47 47 47 47 47
32 32 32 32 37
41 41 41 41 46
16 16 16 18 18
28 29 29 30 32
16 18 19 20 24
29 31 31 34 40
22 23 25 29 34
32 34 34 36 40
36 37 37 37 40
49 49 51 53 56
22 24 24 25 23
18 19 20 20 22
38 39 52 52 65
26 27 2.8 28 32
28 28 28 31 35
41 42 42 42 42
23 23 23 24 28
29 29 2,9 30 30
11 11 11 11 11

g 2 2 2 2
24 24 24 24 24
23 27 30 32 34
13 13 14 14 15
24 2,4 24 24 2.6

Mean 1 9 . 9  2 5 . 0  2 6 . 5  2 6 . 8  2 7 . 5  2 8 . 5  2 9 . 9  3 2 . 3
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TABLE IX

GERMINATION OF PROGENY OF SOFT-SEEDED S2 PARENTS

•
•
•
• G e rm in a t io n  bv d a y s

P l a n t •
• •

•
*
•

•
0 •

•
•

• • 
• •

number : 2 : 4 : 6 : 8 : 1 0 : 1 2 : 14 : 2 1  :
7 - 4 - 1 8 6 91 95 95 99 99 99 99
7 - 4 - 2 95 99 99 99 99 1 0 0 1 0 0 1 0 0
7 - 4 - 3 7 14 18 58 78 8 8 96 99
7 - 4 - 4 90 93 93 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
7 - 4 - 5 80 84 8 8 92 92 92 92 92
7 - 4 - 6 84 8 8 92 92 92 92 92 96
7 - 4 - 7 70 70 77 93 93 93 97 97
Mean 7 3 . 1 7 7 . 0

[to 
! •OCO 8 9 . 9 9 3 . 3 9 4 . 8 9 6 . 6 9 7 . 6

7 - 5 - 1 40 42 44 50 72 72 76 78
7 - 5 - 2 48 52 60 64 6 8 80 84 84
7 - 5 - 3 1 0 25 45 70 70 75 80 SO
7 - 5 - 4 30 30 35 40 50 60 60 70
7 - 5 - 5 56 63 69 76 80 83 85 8 8
7 - 5 - 6 37 40 40 40 53 60 60 67
7 - 5 - 7 43 50 52 55 62 62 63 63
7 - 5 - 8 45 56 56 61 63 6 8 70 72
Mean 3 8 . 6 4 4 . 7 5 0 , 1 5 7 . 0 6 4 . 7 7 0 . 0 7 2 . 2 7 5 . 2

7 - 6 - 1 26 34 36 50 6 6 6 6 6 8 74
7 - 6 - 2 18 31 33 40 40 40 43 45
7 - 6 - 3 37 57 57 64 64 64 64 67
7 - 6 - 4 81 94 97 99 1 0 0 1 0 0 1 0 0 1 0 0
7 - 6 - 5 78 90 94 97 98 98 99 99
7 - 6 - 6 46 52 52 6 6 75 73 81 81
7 - 6 - 7 65 75 80 85 85 85 85 85
7 - 6 - 8 26 33 38 51 54 54 70 70
7 - 6 - 9 40 43 50 60 63 63 80 8 6
7 - 6 - 1 0 17 31 54 65 76 80 80 36
7 - 6 - 1 1 50 55 6 6 70 70 72 72 75
7 - 6 - 1 2 40 40 40 40 40 40 40 50
Mean 4 3 . 7 5 2 . 9 5 8 . 1 6 5 . 6 6 9 . 2 7 0 . 0 7 3 . 5 7 6 . 5

3 5 - 1 - 1 26 34 34 38 40 41 43 49
3 5 - 1 - 2 1 1 23 25 25 27 27 27 29
3 5 - 1 - 3 78 78 73 78 78 78 78 79
3 5 - 1 - 4 46 52 52 52 52 52 52 52
3 5 - 1 - 5 17 24 25 28 31 31 32 40
3 5 - 1 - 6 29 35 40 41 43 44 44 50
3 5 - 1 - 7 60 63 63 65 65 65 6 6 71
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TABLE IX ( C o n t ' d )

P l a n t
number

G erm in a t io n  by days

: 2

•
•

: 4
•
•

: 6

%
•

: 8

•

: 1 0

•

: 1 2

•
•

: 14
• •  
•  •

: 2 1  :
3 5 - 1 - 8
3 5 - 1 - 9

28
27

54
31

59
32

64
33

64
33

67
33

67
34

70
45

Mean 3 5 . 8 4 3 . 3 4 5 . 3 4 7 . 1 4 8 . 1 4 8 . 7 4 9 . 2 5 3 . 9

4 4 - 1 - 1 2 1 23 24 24 24 24 24 26
4 4 - 1 - 2 71 76 76 76 76 76 76 78
4 4 - 1 - 3 90 92 96 96 1 0 0 1 0 0 1 0 0 1 0 0
4 4 - 1 - 4 78 82 85 91 94 96 96 98
4 4 - 1 - 5 43 45 48 52 56 61 62 79
4 4 - 1 - 6 26 28 29 29 29 32 33 49
4 4 - 1 - 7 23 24 28 29 32 39 40 57
4 4 - 1 - 8 49 51 53 54 57 59 59 73
4 4 - 1 - 9 29 57 76 78 84 87 8 8 95
4 4 - 1 - 1 0 45 62 6 6 69 69 72 74 78
4 4 - 1 - 1 1 15 24 24 24 24 25 2 6 30
4 4 - 1 - 1 2 44 49 49 49 50 53 53 57
Mean 4 4 . 5 5 1 . 0 5 4 . 5 5 5 . 9 5 7 . 8 6 0 . 3 6 0 . 9 6 8 . 3

4 9 - 1 - 1 83 84 8 6 8 6 8 6 8 6 87 87
4 9 - 1 - 2 76 81 84 8 6 8 8 89 89 90
4 9 - 1 - 3 89 94 95 95 96 97 98 98
4 9 - 1 - 4 77 79 83 85 38 91 96 98
4 9 - 1 - 5 32 37 42 42 42 42 46 50
Mean 7 1 . 4 7 5 . 0 7 8 . 0 7 8 . 8 8 0 . 0 8 1 . 0 8 3 . 2 8 4 . 6

4 9 - 2 - 1 75 76 77 79 80 82 87 97
4 9 - 2 - 2 61 64 6 8 67 6 8 69 73 78
4 9 - 2 - 3 72 80 83 84 34 85 8 6 8 6

4 9 - 2 - 4 2 0 24 24 26 26 28 29 37
4 9 - 2 - 5 73 82 8 6 87 87 8 8 90 93
4 9 - 2 - 6 37 41 44 47 47 48 49 6 8

4 9 - 2 - 7 74 87 91 93 96 97 98 98
4 9 - 2 - 8 81 8 6 8 8 8 8 90 90 91 92
4 9 - 2 - 9 19 2 6 29 30 32 33 36 45
4 9 - 2 - 1 0 72 72 72 72 72 74 75 85
Mean 5 8 . 4 6 3 . 8 6 6 . 0 6 7 . 3 6 8 . 2 6 9 . 4 7 1 . 4 7 7 . 6

6 1 - 1 - 1 51 54 56 56 56 58 60 62.
6 1 ^ 1 - 2 52 52 52 56 56 56 56 64
6 1 - 1 - 3 15 17 2 0 2 1 2 1 2 2 23 33
6 1 - 1 - 4 39 41 45 45 45 47 51 54
Mean 3 9 . 2 4 1 . 0 4 3 . 2 4 4 . 5 4 4 . 5 4 5 . 7 4 7 . 5 5 3 . 2
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TA.BLE IX ( C o n t 'd )

G e r m in a t io n  by days
P l a n t •

9
•
•

«
t

•
«

•
• *

i  •
•  *

number 2 : 4 : 6 : 8 : 1 0 : 1 2 : 14 : 2 1  :
6 3 - 1 - 1 56 60 61 62 62 62 63 6 8
6 3 - 1 - 2 28 38 42 42 43 48 49 57
6 3 - 1 - 3 97 99 99 99 99 99 99 99
6 3 - 1 - 4 58 61 64 64 6 8 70 70 87
Mean 5 9 . 7 6 4 . 5 6 6 . 5 6 6 . 7 6 8 . 0 6 9 . 7 7 0 . 2 7 7 . 7

6 3 - 2 - 1 6 8 80 8 8 92 92 92 92 96
6 3 - 2 - 2 58 90 93 93 93 95 95 98
6 3 - 2 - 3 4 0 90 90 95 95 1 0 0 1 0 0 1 0 0
6 3 - 2 - 4 61 98 98 98 98 98 98 98
6 3 - 2 - 5 45 96 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
6 3 - 2 - 6 65 85 90 95 1 0 0 1 0 0 1 0 0 1 0 0
Mean 5 6 . 2 8 9 . 8 9 3 . 2 9 6 . 3 9 6 . 3 9 7 . 5 9 7 . 5 9 8 . 7

7 2 - 1 - 1 8 6 8 6 8 6 6 6 8 6 8 6 8 72
7 2 - 1 - 2 46 94 94 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

7 2 - 1 - 3 50 95 95 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

7 2 - 1 - 4 65 75 75 75 75 80 80 85
7 2 - 1 - 5 13 98 98 98 98 98 98 1 0 0

7 2 - 1 - 6 64 80 80 80 80 84 84 92
Mean 4 1 . 0 8 5 . 0 8 5 . 0 8 6 . 9 8 6 . 3 8 3 . 3 8 8 . 3 9 1 . 5

8 4 - 1 - 1 48 48 43 48 48 49 49 51
8 4 - 1 - 2 60 61 62 63 63 64 64 65
8 4 - 1 t 3 74 74 74 74 74 74 75 77
8 4 - 1 - 4 18 19 20 20 2 1 2 1 2 2 23
3 4 - 1 - 5 39 39 43 43 43 4 4 44 45
8 4 - 1 - 6 82 8 2 82 32 82 83 83 87
8 4 - 1 - 7 44 47 52 55 61 65 6 6 74
Mann 5 2 . 1 5 2 r8 . 54 P 4 5.5 «_0_. _5„6.«IL. 57.. 5 J3Q ...3 .

1 1 0 - 1 - 1 30 35 38 38 40 45 54 76
1 1 0 - 1 - 2 48 57 58 60 62 63 63 67
1 1 0 - 1 - 3 42 44 45 45 45 45 45 45
Mean 4 0 . 0 4 5 . 3 4 7 . 0 4 7 . 7 4 9 . 0 5 0 . 3 5 0 . 3 6 2 . 7
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TABLE IX ( C o n t ’ d)

P l a n t
Ge r m i n a t i o n  b y  d a y s

num ber 2 : 4 : 6 : 8 : 10 ii
ofr-t;.

.1 : 14 : 21  :
2 0 5 - 3 - 1 8 ^ i o o l o o ~loo 100 100 100 100
2 0 5 - 8 - 2 96 96 100 100 100 100 100 100
2 0 5 - 8 - 3 88 92 96 96 96 96 96 100
2 0 5 - 8 - 4 65 75 80 85 90 95 95 95
he  a n 8 4 . 5 9 0 . 7 9 4 . 0 9 5 . 2 9 6 . 5 9 7 . 3 9 7 . 8 9 8 . 7

2 6 6 - 1 - 1 49 7 2 78 82 85 86 89 95
2 6 6 - 1 - 2 6 6 6 6 6 6 6 9
h e  an 2 7 . 5 3 9 . 0 4 2 . 0 44 . 0  45 . 5  4 6 . 5 4 6 . 5 5 2 . 0
G e n e r a l
he  a n 5 0 . 3 6 0 . 1 6 3 . 1 6 6 . 2 6 8 . 2 7 0 . 0 7 1 . 4 7 6 . 5

p r e v i o u s g e n e r a t  i o n r e g a r d l e s  s o f  t h e ■oerinea ^ I l i  t y o f  t h e

p a r e n t s ,  ^ l a n t s ,  f ro m  t h e  s o f t - s e e d e d ,  p a r e n t s ,  w i t h  a 

mean g e r m i n a t i o n  o f  7 6 . 5  p e r  c e n t  w e r e  o n l y  3 . 7  p e r  c e n t  

s o f t e r  t h a n  t h o s e ,  o f  t h e  h a r d - s e e d e d  p a r e n t s ,  " k i c h  h a d  

a mean g e r m i n a t i o n  o f  7 2 . 8  ' - e r  c e n t .  I t  may be n o t e d  t h a t  

t h e  o r o g e n y  o f  t h e  e r r a e a o le  g r o u p  d i f f e r e d  f ro m  t h e i r  

■parents  b y  o n l y  0 . 6  n e r  c e n t ,  b u t  t h e  f a c t  t h a t  t h e  h a r d -  

s e e d e d  a n d  s o f t - s e e d e d  p l a n t s  w e re  so n e a r  a l i k e  i n  p e r m e a b i ­

l i t y  a p p e a r s  t o  i n d i c a t e  t h a t  e n v i r o n m e n t a l  f a c t o r s  v/ere  more 

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

T h e r e  w a s ,  i n  some i n s t a n c e s ,  a s l i g h t  t e n d e n c y  r o r  

t h e  o l a n t s  f r o m  t h e  / a r d - s e e d e d  p a r e n t s  t o  r e r . : o r m  a s  d i d  

t h e i r  a n t e c e d e n t s  o u t  i n  a l l  c a s e s  t n e s e  p l a n t s  v/ere s o r t e r  t r a n
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t h e i r  p a r e n t s .  P l a n t  1 7 5 - 3  p ro d u ced  o f f s p r i n g  w i th  the  

l o w e s t  p e r c e n t a g e  o f  p e r m e a b i l i t y .  I t  would  a p p ear ,  a l s o ,  

t h a t  t h e  i m p e r m e a b i l i t y  o f  p a r e n t  1 7 5 - 2  was p a s s e d  on t o  i t s  

o f f s p r i n g ,  w h ich  had a mean g e r m i n a t i o n  o f  3 8 . 7  p e r  c e n t .

By t h e  same t o k e n ,  p a r e n t  1 1 7 - 1  s h o u ld  h a v e  had t h e  s o f t e s t  

s e e d e d  p r o g e n y ,  b u t  t h i s  was n o t  th e  c a s e .

I n  t h i s  g e n e r a t i o n  s e v e n  o f  t h e  s i x t e e n  s o f t - s e e d e d  

p r o g e n y  l i n e s  w ere  s o f t e r  th a n  t h e i r  p a r e n t s ,  b u t  o n l y  one  

ha„rd-seeded  l i n e ,  1 1 9 - 3  was as  hard  a s  i t s  p a r e n t .  V a r i a b i l i t y  

w i t h i n  l i n e s  was a g a i n  t h e  t r e n d  w i th  o n l y  t h r e e  s o f t - s e e d e d  

l i n e s  p r o v i n g  u n i f o r m .  N in e  l i n e s  from t h e  h a r d - s e e d e d  

p a r e n t s  were r e a s o n a b l y  u n i fo r m ,  but  a l l  o f  t h e s e  were s o f t  

or v e r y  s o f t .

With t h e  g r a d u a l  r e d u c t i o n  o f  p l a n t s  w hich  d u p l i c a t e d  

t h e i r  p a r e n t s  and t h e  f a i l u r e  o f  many t o  p ro d u ce  s e l f e d  s e e d ,  

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

S i x t e e n  p l a n t s  w ere  fo u n d  s u i t a b l e  f o r  s o f t - s e e d e d  p a r e n t s  

and t h i r t e e n  f o r  h a r d - s e e d e d  p a r e n t s .  The p a r e n t s  and t h e i r  

g e r m i n a t i o n  r e c o r d  i s  shown i n  T a b le s  XI and XII  and. a l s o  i n  

F i g u r e s  11 and 1 2 . I n  one c a s e  d e s c e n d a n t s  o f  p l a n t  2 3 6 - 1  

a p p ea r  i n  b o t h  S5  p a r e n t a l  l i n e s  which  was o r i g i n a l l y  c l a s s e d  

a s  s o f t  s e e d e d .  The s e l e c t i o n  o f  p l a n t  2 6 6 - 1 - 2  as  a p a r e n t  

f o r  t h e  h a r d - s e e d e d  group was j u s t i f i e d  by th e  p o s s i b i l i t y  t h a t  

s e g r e g a t i o n  m ig h t  be t a k i n g  p l a c e  and by t h e  f a c t  t h a t  t h i s
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TABLE X

GERMINATION OF PROGENY OF HARD-SEEDED S2 PARENTS

G e r m in a t io n  by d ays
P l a n t « i  

•  « •
•
• ; •

•
•
•

•  i
•  •

number : 2 4 : 6 : 8 : 1 0 : 1 2 : 14 : 2 1  :
5 - 1 - 1 52 72 76 76 76 76 84 92
5 - 1 - 2 6 8 84 8 8 92 92 92 92 96
5 - 1 - 3 4 3 6 40 52 64 72 72 84
Mean 4 1 . 3 6 4 . 0 6 8 . 0 7 3 . 3 7 7 . 3 8 0 . 0 8 2 . 6 9 0 . 6

5 - 2 - 1 80 87 87 94 97 97 97 97
5 - 2 - 2 96 98 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
5 - 2 - 3 40 6 8 72 80 80 84 84 84
5 - 2 - 4 60 73 76 89 90 90 90 90
5 - 2 - 5 77 90 90 93 93 1 0 0 1 0 0 1 0 0
5 - 2 - 6 63 74 76 82 83 84 84 8 6
5 - 2 - 7 85 93 93 98 1 0 0 1 0 0 1 0 0 1 0 0
5 - 2 - 3 38 48 50 60 70 75 83 90
5 - 2 - 9 80 94 98 99 99 99 1 0 0 1 0 0
5 - 2 - 1 0 80 95 95 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
5 - 2 - 1 1 48 78 91 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
5 - 2 - 1 2 41 58 73 99 99 99 99 99
Mean 6 5 . 6 7 6 . 6 8 3 . 4 9 1 . 1 9 2 . 5 9 4 . 0 9 4 . 7 9 5 . 5

5 - 7 - 1 48 56 6 6 71 73 78 80 80
5 - 7 - 2 60 63 63 65 65 65 65 65
5 - 7 - 3 28 28 32 32 36 36 36 48
5 - 7 - 4 50 60 65 70 72 72 72 72
5 - 7 - 5 42 52 57 59 61 64 6 6 67
Mean 4 5 . 6 5 1 . 8 5 6 . 6 5 9 . 4 6 1 . 4 6 3 . 0 6 3 . 8 6 6 . 4

1 4 - 1 - 1 0 2 6 2 2 33 40 42 44
1 4 - 1 - 2 8 38 44 48 50 6 6 6 6 70
1 4 - 1 - 3 6 52 54 55 57 6 8 74 80
1 4 - 1 - 4 3 36 36 39 55 6 8 6 8 6 8

1 4 - 1 - 5 5 37 37 39 42 50 50 52
1 4 - 1 - 6 0 8 8 1 2 16 24 28 44
1 4 - 1 - 7 0 1 0 15 30 60 75 80 95
1 4 - 1 - 8 0 5 5 15 2 2 45 48 53
Mean 2 . 7 5 2 3 . 5 2 5 . 6 32'. 5

CO•

I—
1 5 4 . 5 5 7 . 0 6 3 . 2

1 4 - 2 - 1 9 40 42 42 44 46 48 58
1 4 - 2 - 2 42 59 59 67 74 89 91 84
1 4 - 2 - 3 49 80 83 8 6 87 87 37 94
1 4 - 2 - 4 6 6 79 82 83 85 92 94 94
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TABLE X ( C o n t ' d )

G-e r m l n a t i o n  by d a y s
P l a n t •

•
•
•

*
•

•
•

•
•

•
t

• « 
• •

n umber 2 : 4 : 6 : 8 : 1 0 : 1 2 : 14 : 2 1  :
1 4 - 2 - 5 47 6 7 72 77 85 95 95 98
1 4 - 2 - 6 6 8 79 83 85 87 91 91 95
1 4 - 2 - 7 79 85 8 6 8 6 8 6 8 6 8 6 8 6
1 4 - 2 - 8 73 74 74 76 80 80 80 80
1 4 - 2 - 9 2 2 52 52 54 56 61 61 61
1 4 - 2 - 1 0 2 0 40 46 46 49 58 58 6 8
1 4 - 2 - 1 1 32 76 80 82 82 82 82 82
1 4 - 2 - 1 2 26 60 65 74 75 78 78 83
Mean 4 4 , 4 6 5 . 9 6 8 . 6 7 1 . 5 7 4 . 1 7 8 . 7 7 3 . 1 8 2 . 7

6 6 - 2 - 1 65 65 65 65 65 65 65 70
6 6 - 2 - 2 30 70 80 80 80 80 80 85
6 6 - 2 - 3 15 45 45 45 45 55 55 75
6 6 - 2 - 4 2 0 35 40 45 45 50 50 55
Mean 3 2 . 5 5 3 . 7 5 7 . 5 5 8 . 7 5 8 . 7 6 2 . 5 6 2 . 5 71.2-

9 2 - 1 - 1 76 98 98 98 98 1 0 0 1 0 0 1 0 0

9 2 - 1 - 2 30 50 60 60 60 60 60 60
9 2 - 1 - 3 40 6 8 72 72 72 72 72 72
9 2 - 1 - 4 25 60 67 6 8 6 8 70 70 80
9 2 - 1 - 5 49 58 63 65 69 73 73 75
9 2 - 1 - 6 57 77 77 77 80 80 83 8 6

Mean 4 6 . 1 6 8 . 5 7 2 . 8 7 3 . 3 7 4 . 5 7 5 . 8 7 6 . 3 7 8 . 8

9 2 - 2 - 1 90 91 91 91 91 91 91 91
9 2 - 2 - 2 85 90 95 95 95 95 95 95
9 2 - 2 - 3 70 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

9 2 - 2 - 4 65 90 90 90 90 90 90 95
Mean 7 7 . 5 9 2 . 7 9 3 . 7 9 3 . 7 9 3 . 7 9 3 . 7 9 3 . 7 9 5 . 2

9 2 - 3 - 1 54 60 69 72 72 84 84 87
9 2 - 3 - 2 50 62 6 8 70 74 78 80 80
9 2 - 3 - 3 56 60 69 69 69 76 80 84
Mean 5 3 . 3 6 0 . 6 6 8 . 6 7 0 . 3 7 1 . 6 7 9 . 3 8 1 . 3 8 3 . 6

9 3 - 3 - 1 77 82 82 8 2 82 82 62 8 6
9 3 - 3 - 2 84 84 84 8 8 88 8 8 8 8 92
9 3 - 3 - 3 57 57 57 57 57 60 60 60
9 3 - 3 - 4 35 40 40 40 45 45 45 65
9 3 - 3 - 5 47 53 53 56 56 56 60 60
9 3 - 3 - 6 93 93 93 95 93 93 93 93
9 3 - 3 - 7 77 77 77 77 77 77 77 80
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TABLE X ( C o n t ’ d)

P l a n t
number

G e r m in a t io n by days

: : 2 : 4 ! 6 : 8 : 1 0 : 1 2 : 14 : 2 1  :
9 3 - 3 - 8 9 2 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
Mean 70.2, 7 3 . 2 7 3 . 2 7 4 . 1 7 4 . 5 7 5 . 1 7 5 . 6 8 0 . 7

9 9 - 1 - 1 1 0 93 93 95 97 1 0 0 1 0 0 1 0 0
9 9 - 1 - 2 45 85 85 95 95 95 1 0 0 1 0 0
9 9 - 1 - 3 6 8 6 89 94 98 1 0 0 1 0 0 1 0 0
9 9 - 1 - 4 2 0 70 70 70 72 74 7? 87
9 9 - 1 - 5 30 97 97 97 97 1 0 0 1 0 0 1 0 0
9 9 - 1 - 6 5 65 69 84 8 6 8 8 89 91
Mean 1 9 . 3 8 2 . 6 8 3 . 8 8 9 . 1 9 0 . 6 9 2 . 8 9 4 . 3 9 6 . 3

9 9 - 2 - 1 4 35 37 40 45 50 55 85
9 9 - 2 - 2 6 60 60 63 67 67 70 87
9 9 - 2 - 3 15 55 55 75 75 75 75 85
Mean 8 . 3 5 0 . 0 5 0 . 6 5 9 . 3 6 2 . 3 6 4 . 0 6 6 . 6 8 5 . 7

9 9 - 3 - 1 8 82 82 85 85 95 95 95
9 9 - 3 - 2 8 52 52 60 6 8 72 72 80
9 9 - 3 - 3 5 50 55 55 60 70 70 75
9 9 - 3 - 4 3 45 45 60 71 74 74 80
9 9 - 3 - 5 17 95 95 97 98 98 1 0 0 1 0 0

9 9 - 3 - 6 4 84 84 92 94 1 0 0 1 0 0 1 0 0

Mean 7 . 5 6 8 . 0 6 8 . 8 7 4 . 8 7 9 . 3 31 . 8 3 5 . 1 8 8 . 3

1 1 7 - 1 - 1 14 2 1 2 1 2 1 2 1 2 1 2 1 25
1 1 7 - 1 - 2 0 1 0 16 2 0 24 30 40 45
1 1 7 - 1 - 3 2 2 2 30 30 36 40 48 62
Mean 5 . 3 1 7 . 1 2 2 . 3 2 3 . 6 2*7.0 3 0 . 3 3 6 . 3 4 4 . 0

1 1 9 - 1 - 1 70 76 76 76 76 76 76 79

1 1 9 - 3 - 1 24 26 28 28 28 31 31 35

1 3 1 - 1 - 1 75 80 85 85 85 8 6 8 6 89

1 3 1 - 2 - 1 77 80 80 80 80 82 82 87
1 3 1 - 2 - 2 71 74 74 76 76 77 79 83
1 3 1 - 2 - 3 67 72 72 72 76 77 79 83
1 3 1 - 2 - 4 28 32 33 33 33 33 33 39
1 3 1 - 2 - 5 33 36 36 36 36 36 36 37
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TABLE X ( C o n t ’ d)

G e r m in a t io n  bv d a y s
P l a n t * • •

•
•
•

«
•

•
«

•  •  
•  •

number 2 • 4 : 6 : 8 : 1 0 : 1 2 : 14 : 2 1  :
1 3 1 - 2 - 6 41 60 61 61 61 61 61 62
1 3 1 - 2 - 7 64 80 80 80 80 80 80 81
1 3 1 - 2 - 8 53 61 63 64 64 64 64 64
1 3 1 - 2 - 9 63 64 64 64 64 64 64 6 8
1 3 1 - 2 - 1 0 44 53 55 55 55 55 55 56
Mean. 5 4 . 1 6 1 . 2 6 1 . 8 5 2 . 1 6 2 . 5 6 2 . 9 6 3 . 3 6 6 . 0

1 3 1 - 3 - 1 48 48 49 50 51 52 55 58

1 7 5 - 2 - 1 2 2 24 28 28 33 40 40 53
1 7 5 - 2 - 2 16 29 37 42 52 57 57 70
1 7 5 - 2 - 3 37 39 40 41 44 47 49 53
1 7 5 - 2 - 4 16 19 2 0 2 0 2 0 2 2 23 29
1 7 5 - 2 - 5 17 18 18 18 18 18 18 19
1 7 5 - 2 - 6 1 0 1 1 1 2 14 15 16 17 27
1 7 5 - 2 - 7 1 2 1 2 13 14 15 16 16 2 0

Mean 1 8 . 5 2 1 . 7 2 4 . 0 2 5 . 2 2 8 . 1 3 0 . 8 3 1 . 4 3 8 . 7

1 7 5 - 3 - 1 24 32 34 35 39 40 43 46
1 7 5 - 3 - 2 25 29 30 31 34 35 35 36
1 7 5 - 3 - 3 2 2 26 26 27 28 30 30 33
Mean 2 3 . 6 2 9 . 0 3 0 . 0 3 1 . 0 3 3 . 6 3 5 . 0 3 6 . 0 3 8 . 3

1 8 3 - 1 - 1 1 2 24 28 33 34 36 37 44
1 8 3 - 1 - 2 27 37 39 41 47 53 54 59
1 8 3 - 1 - 3 2 0 31 34 37 44 45 45 52
1 8 3 - 1 - 4 19 28 30 36 40 44 46 48
Mean 1 9 . 5 3 0 . 0 3 2 . 7 3 6 . 7 4 1 . 2 4 4 . 7 4 5 . 5 5 0 . 7

1 8 3 - 3 - 1 26 28 30 31 33 35 35 39
1 8 3 - 3 - 2 1 0 2 2 2 2 2 2 2 2 25 25 30
1 8 3 - 3 - 3 36 38 40 40 40 42 42 42
1 8 3 - 3 - 4 44 4 8 48 52 52 56 60 60
Mean 2 9 . 0 3 4 . 0 3 5 . 0 3 6 . 2 3 6 . 7 3 9 . 5 4 0 . 5 4 2 . 7

2 1 5 - 1 - 1 8 6 90 94 95 97 97 97 98
2 1 5 - 1 - 2 85 8 8 90 91 94 96 96 97
2 1 5 - 1 - 3 64 76 82 84 8 6 8 8 8 8 92
2 1 5 - 1 - 4 51 55 61 63 67 69 59 71
2 1 5 - 1 - 5 50 57 57 57 64 64 64 64
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TABLE X ( C o n t 'd )

G er m in a t io n by days
P l a n t • •

9
•
• »

•
•

•
•

number : 2 C : 4 6 : 8 : 1 0 : 1 2 : 14 : 2 1
2 1 5 - 1 - 6 77 77 77 77 80 8 6 8 6 90
Mean 6 8 . 8 7 3 , 8 7 6 . 8 7 7 . 8 8 1 . 3 8 3 . 3 8 3 . 3 8 5 . 3

2 1 9 - 3 - 1 30 30 32 35 39 42 45 72
2 1 9 - 3 - 2 30 34 36 36 40 40 42 47
Mean 5 0 . 0 3 2 . 0 _34._0_ __3 5 . 5 __ 5 9 . 5 4 1 . 0 4 5 . 5 5 9 . 5

2 2 1 - 1 - 1 24 26 31 31 31 33 36 36
2 2 1 - 1 - 2 2 2 28 32 33 35 35 36 44
Mean 2 3 . 0 2 7 . 0 3 0 . 5 3 2 . 0 3 3 . 0 3 4 . 0 3 6 . 0

o
•

o

G e n e r a l
Me an 4 0 . 6 5 7 . 3 5 9 . 6 6 2 . 4 6 4 . 6 6 7 . 5 6 8 . 4 7 2 . 8

p l a n t  was t h e  m ost  im perm eable  i n  e i t h e r  g r o u o .  A f a i r l y  

w id e  m arg in  o f  D e r m e a b i l i t y  be tw een  o a r e n t s  was o b t a i n e d  

w i t h  a d i f f e r e n c e  o f  4 7 . 5  o e r  c e n t ,  w i t h  t h e  h a r d - s e e d e d  

p a r e n t s ,  r u n n i n g  o n l y  4 . 7  p e r  c e n t  s o f t e r  than the  Sg 

p a r e n t s .

The g e r m i n a t i o n  o f  t h e  d e s c e n d a n t s  o f  t h e  S? p a r e n t s  

i s  g i v e n  i n  T a b l e s  X I I I  and XIV and p r e s e n t e d  a l s o  i n  

F i g u r e s  15 and 1 4 .  I t  w i l l  be n o t e d  t h a t  th e  mean g e r m in a ­

t i o n  o f  b o t h  g r o u p s  was a g a i n  p r a c t i c a l l y  th e  same w i t h  a 

a d i f f e r e n c e  o f  o n l y  1 . 6  o e r  c e n t .  Fu rtherm ore  b o th  groups
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TABLE XI

GERMINATION OF SOFT-SEEDED S3  PLANTS SELECTED AS
PARENTS

G e r m in a t io n  by days
P l a n t • « a i I •» • •• *•
number : 2 : 4 6 : 8 : 1 0 : 1 2 : 14 : 2 1
3 5 - 1 - 3 78 78 78 78 78 78 7 8 79
3 5 - 1 - 7 60 63 63 65 65 65 6 6 71
4 4 - 1 - 3 90 92 96 96 1 0 0 1 0 0 1 0 0 1 0 0
4 4 - 1 - 4 78 82 85 91 94 96 96 98
4 4 - 1 - 9 29 57 76 78 84 87 8 8 95
4 9 - 1 - 1 83 84 8 6 8 6 8 6 8 6 87 87
4 9 - 1 - 2 76 81 84 8 6 8 8 89 89 90
4 9 - 1 - 3 89 94 95 95 96 97 98 98
4 9 - 1 - 4 77 79 83 85 8 8 91 96 98
4 9 - 2 - 3 72 30 83 84 84 85 8 6 8 6
4 9 - 2 - 5 73 82 8 6 87 87 8 8 90 93
4 9 - 2 - 7 74 87 91 93 96 97 98 98
4 9 - 2 - 3 81 8 6 8 8 8 8 90 90 91 92
8 4 - 1 - 4 18 19 2 0 2 0 2 1 2 1 2 2 23
8 4 - 1 - 5 39 39 43 43 43 44 44 45
2 6 6 - 1 - 1 49 72 78 82 85 87 89 95
Mean 6 6 . 6 7 3 . 4 7 7 . 2 7 8 . 6 8 0 . 3 8 1 . 1 8 2 . 4 3 4 . 2

were a s  p e r m e a b le  as  t h e  o r i g i n a l  S]_ s o f t  p a r e n t s  r e g a r d l e s s  

o f  p a r e n t a l  s e l e c t i o n .  T a b le  XIV a l s o  sho^s t h a t  o n l y  f i v e  

i n d i v i d u a l s  were o b t a i n e d  which  met t h e  a r b i t r a r y  c r i t e r i a  

o r i g i n a l l y  s e t  up f o r  I m p e r m e a b i l i t y .

P l a n t  2 6 6 - 1 - 2  w h ich  g e r m in a te d  o n l y  9 o e r  c e n t  a s  a 

p a r e n t  p r o d u c e d  p l a n t s  w h ich  ranked  s e c o n d  i n  p e r m e a b i l i t y  

i n  b o th  g r o u p s .
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TABLE XII

GERMINATION OF HARD SEEDED S., PLANTS SELECTED AS
PARENTS

G-ermination by days
P l a n t •• »* s0 •* • I
number : 2 : 4 : 6 : 8 : 1 0 : 1 2 : 14 : 2 1
1 1 7 - 1 - 1 14 2 1 2 1 2 1 2 1 2 1 2 1 25
1 1 9 - 5 - 1 24 26 28 28 28 31 31 35
1 7 5 - 2 - 2 16 29 37 42 52 57 57 70
1 7 5 - 2 - 5 37 39 40 41 44 47 49 53
1 7 5 - 2 - 4 16 19 2 0 2 0 2 0 2 2 23 29
1 7 5 - 2 - 5 17 18 18 18 18 18 18 19
1 7 5 - 2 - 6 1 0 1 1 1 2 14 15 16 17 27
1 7 5 - 2 - 7 1 2 1 2 13 14 15 16 15 2 0
1 8 5 - 1 - 1 1 2 24 28 33 34 36 37 44
1 8 5 - 5 - 1 25 28 30 31 33 35 35 39
2 1 9 - 3 - 1 30 30 32, 35 39 42 45 72
2,2 1 - 1 - 1 24 26 31 31 31 33 36 36
2 6 6 - 1 - 2 6 6 6 6 S 6 6 9
Mean 1 8 . 8 2 2 . 1 2 4 . 3 2 5 . 7 2 7 . 4 2 9 . 1 3 0 . 0 3 5 . 7

A summary o f  t h e  t h r e e  p a r e n t a l  and t h r e e  p r o g e n y  

g e n e r a t i o n s  i s  g i v e n  i n  T a b le  XV and a v i s u a l  c o m o a r iso n  

i n  F i g u r e  1 5 .  The t e n d e n c y ,  as  shown i n  t h i s  f i g u r e ,  f o r  

b o t h  o r o g e n y  g r o u o s  t o  be a o p r o x i m a t e l y  e q u a l  i n  a l l  t h r e e  

g e n e r a t i o n s  would  a o o e a r  t o  i n d i c a t e  t h a t  c r im so n  c l o v e r ,  in  

r e s D e c t  t o  n e r m e a b i l i t y , i s  i n  f a c t  a o u re  l i n e  and t h a t  any 

v a r i a t i o n s  a o p ea .r in g  w i t h i n  o l a n t s  may be a t t r i b u t e d  t o
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e x t e r n a l  f a c t o r s .  I f  t h e  f l o w e r s  were s e l f  o o l l i n a t e d ,  t h i s  

p r e m i s e  m ig h t  be a c c e p t e d  but  a c c o r d i n g  t o  P i e t e r s  and 

H o l l o w e l l  (2 3 )  t h e  f l o w e r s  e r e  n ot  s e l f  t r i o p i n g  e v e n  though  

h i g h l y  s e l f - f e r t i l e . The p o o r  s e t  o f  s e e d  under g r e e n h o u s e  

c o n d i t i o n s  s e r v e s  t o  v e r i f y  t h e i r  o b s e r v a t i o n s .

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

r e j e c t i o n  o f  t h i s  p r e m is e .T h r o u g h  s e l f i n g  w h i t e  f l o w e r e d  p l a n t s  

i n  t h e  f i e l d  i t  was fo u n d  t h a t  w h i t e  f l o w e r s  b r e e d  t r u e  as  a 

r e c e s s i v e s .  C ounts  o f  o r o g e n y  o f  s e l f e d  w h i t e s  gave  o n e -  

h u n d red  and t h i r t y  f o u r  w h i t e s ,  and t e n  r e d  b lo o m in g  o l a n t s ,  

w h e r e a s  from open p o l l i n a t e d  w h i t e  p l a n t s  135 out  o f  a t o t a l  o f  

197 p l a n t s  were r e d .  The t e n  p l a n t s  sh o w in g  up i n  t h e  s e l f e d  

l i n e s  may be c o n s i d e r e d  e v i d e n c e  o f  I n s e c t  v i s i t a t i o n  b e f o r e  

t h e  h e a d s  were c o v e r e d ,  b u t  t h e  l a r g e  number o f  r e d s  from 

t h e  open p o l l i n a t e d  p l a n t s  i n d i c a t e s  t h a t  o u t c r o s s i n g  to o k  

p l a c e  t o  t h e  e x t e n t  o f  6 8 . 4  o e r  c e n t .

T h is  h i g h  p e r c e n t a g e  o f  c r o s s - o o l l i n a t i o n  p r a c t i c a l l y  

e l i m i n a t e s  t h e  p o s s i b i l i t y  o f  i m p e r m e a b i l i t y  or t h e  r e v e r s e  

b e i n g  i n h e r i t e d  as  a pure l i n e .  E x c e p t i n g  t h a t  t h i s  

c h a r a c t e r i s t i c  o f  legu m e s  i s  o f  a v e r y  h e t e r o z y g o u s  n a t u r e ,  

i t  would  a p p ea r  t h a t  t h r e e  y e a r s  o f  i n b r e e d i n g  s h o u ld  h ave  

p r o d u c e d  some e v i d e n c e  o f  i n h e r i t a n c e .  T h e r e f o r e  th e  

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

be j u s t i f i e d .  I f  t h i s  i s  th e  c a s e  any d i f f e r e n c e s  i n  p l a n t s  

must  be due t o  a d i f f e r e n t i a l  r e s p o n s e  t o  e x t e r n a l  f a c t o r s .
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TABLE X I I I

GERMINATION OF.PROGENY OF SOFT-SEEDED S ,  PARENTSO

G e r m in a t io n  bv d e v s
P l a n t
number 2 : 4 : 6 : 8 : 1 0  : 1 2 : 14 : 2 1
3 5 - 1 - 3 - 1 28 80 81 81 82 82 82 82
3 5 - 1 - 3 - 2 48 95 95 95 95 95 95 95
3 5 - 1 - 3 - 3 6 78 78 80 80 30 80 80
3 5 - 1 - 3 - 4 26 95 96 97 97 97 97 97
3 5 - 1 - 3 - 5 19 97 98 99 99 99 1 0 0 1 0 0
3 5 - 1 - 3 - 6 30 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
3 5 - 1 - 3 - 7 2 2 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
3 5 - 1 - 3 - 8 24 96 99 99 99 99 99 99
3 5 - 1 - 3 - 9 41 98 98 98 98 98 98 98
3 5 - 1 - 3 - 1 0 31 95 95 95 95 95 95 95
3 5 - 1 - 3 - 1 1 94 96 96 96 96 96 96 96
Mean 3 3 . 5 9 3 . 6 9 4 . 1 9 4 . 5 9 4 . 6 9 4 . 6 9 4 . 6 9 4 . 6

3 5 - 1 - 7 - 1 28 97 97 98 98 99 99 99
3 5 - 1 - 7 - 2 91 91 93 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

3 5 - 1 - 7 - 3 2 0 80 80 80 80 80 80 80
3 5 - 1 - 7 - 4 2 0 65 65 65 65 65 65 65
Mean 1 9 . 2 8 3 . 2 8 3 . 7 8 5 . 7 8 5 . 7 8 6 . 0 8 6 . 0 8 6 . 0

4 4 - 1 - 3 - 1 35 55 60 60 60 60 60 60
4 4 - 1 - 3 - 2 30 50 55 55 60 60 60 70
4 4 - 1 - 3 - 3 47 57 57 60 60 63 63 70
4 4 - 1 - 3 - 4 60 70 70 70 70 75 75 80
4 4 - 1 - 3 - 5 58 73 73 75 75 75 75 80
Mean 4 6 . 0 6 1 . 0 6 3 . 0 6 4 . 0 6 5 . 0 6 6 . 6 6 6 . 6 7 2 . 0

4 4 - 1 - 4 - 1 60 96 96 96 96 96 1 0 0 1 0 0

4 4 - 1 - 4 - 2 80 97 97 97 97 97 97 97
4 4 - 1 - 4 - 3 40 84 8 8 96 96 1 0 0 1 0 0 1 0 0

4 4 - 1 - 4 - 4 70 80 85 85 85 90 90 95
4 4 - 1 - 4 - 5 70 75 75 75 80 35 85 85
4 4 - 1 - 4 - 6 80 90 90 95 95 95 95 95
Mean 6 6 . 6 8 7 . 0 8 8 . 5 9 0 . 6 9 1 . 5 9 3 . 8 9 4 . 5 9 5 . 3

4 4 - 1 - 9 - 1 64 73 75 75 78 78 78 78
4 4 - 1 - 9 - 2 45 80 80 80 80 80 80 85
4 4 - 1 - 9 - 3 67 79 79 79 85 87 87 90
4 4 - 1 - 9 - 4 77 92 93 96 98 98 98 98
4 4 - 1 - 9 - 5 70 90 93 95 95 95 95 98
4 4 - 1 - 9 - 6 52 80 80 80 80 80 80 80
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TABLE X I I I  ( C o n t ’ d)

P l a n t
number
4 4 - 1 - 9 - 7

G e r m in a t io n  bv davs

: 2

*
•

: 4
•
«

6

•
>

: 8

«
•

: 1 0

•

: 1 2

•
•

: 14
•
•

: 2 1
55 87 87 89 39 89 89 89

Mean 6 1 . 4 8 3 . 0 8 3 . 8 8 4 . 8 8 6 . 4 8 6 . 7 8 6 . 7 8 8 . 2

4 9 - 1 - 1 - 1 55 95 95 95 98 98 98 98
4 9 - 1 - 1 - 2 32 96 1 0 0 1 0 0 1 0 0 1 ^ 0 1 0 0 1 0 0
4 9 - 1 - 1 - 3 40 92 96 96 96 96 96 98
4 9 - 1 - 1 - 4 41 8 6 90 91 91 94 94 96
Me ah 4 2 . 0 9 2 . 2 9 5 . 2 9 5 . 5 9 6 . 2 9 7 . 0 9 7 . 0 9 8 . 0

4 9 - 1 - 2 - 1 2 0 50 50 55 50 65 65 65
4 9 - 1 - 2 - 2 7 50 50 50 50 50 50 57
4 9 - 1 - 2 - 3 1 0 80 85 90 95 1 0 0 1 0 0 1 0 0
4 9 - 1 - 2 - 4 9 64 64 6 8 70 70 70 72
4 9 - 1 - 2 - 5 1 2 62 6 8 70 70 74 74 76
Mean______ 1 1 . 6 6 1 . 2 6 3 . 4 6 6 . 6 6 9 . 0 7 1 . 8 7 1 . 8 7 4 . 0

4 9 - 1 - 3 - 1 3 13 40 43 43 43 49 62
4 9 - 1 - 3 - 2 60 84 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

4 9 - 1 - 3 - 3 48 6 8 73 73 75 80 80 85
4 9 - 1 - 3 - 4 55 94 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

Mean 4 1 . 5 6 4 . 7 7 8 . 2 7 9 . 0 7 9 . 5 8 0 . 7 8 2 . 2 8 6 . 7

4 9 - 1 - 4 - 1 26 92 95 98 98 98 98 98
4 9 - 1 - 4 - 2 24 92 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

4 9 - 1 - 4 - 3 6 6 94 97 97 97 97 97 97
4 9 - 1 - 4 - 4 16 72 96 96 1 0 0 1 0 0 1 0 0 1 0 0

4 9 - 1 - 4 - 5 47 90 97 97 97 97 97 9?
Mean 3 5 , 8 8 8 . 0 9 7 . 0 9 7 . 6 9 8 . 4 9 8 . 4 9 8 . 4 9 8 . 4

4 9 - 2 - 3 - 1 46 85 90 94 98 98 98 1 0 0

4 9 - 2 - 3 - 2 25 70 70 80 1 0 0 1 0 0 1 0 0 1 0 0

4 9 - 2 - 3 - 5 3 33 60 70 90 97 9 7 97
4 9 - 2 - 3 - 4 40 79 91 95 99 1 0 0 1 0 0 1 0 0

Mean 2 8 . 5 6 6 . 7 7 7 . 7 8 4 . 7 9 6 . 7 9 8 . 7 9 8 . 7 9 9 . 2

4 9 - 2 - 5 - 1 58 96 98 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

4 9 - 2 - 5 - 2 45 85 90 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

4 9 - 2 - 5 - 3 80 8 8 96 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

4 9 - 2 - 5 - 4 48 84 96 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

4 9 - 2 - 5 - 5 85 95 95 95 95 1 0 0 1 0 0 1 0 0

Mean 6 3 . 2  8 9 . 6  9 6 . 6  9 9 . 0  9 9 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0

4 9 - 2 - 7 - 1  4 0  8 0  100 100 100  100  100  100
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TABLE X I I I  ( C o n t ' d )

G e rm in a t io n  by days
P l a n t
number : 2

•
•

: 4
•
•

: 6

•

: 8

•
f

: 1 0

•
t

: 1 2 : 14
•

: 2 1
4 9 - 2 - 7 - 2 53 8 6 93 97 97 97 97 97
4 9 - 2 - 7 - 3 40 76 84 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
4 9 - 2 - 7 - 4 76 92 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
4 9 - 2 - 7 - 5 50 82 8 6 94 96 96 96 98
Mean 5 1 . 8 8 3 . 2 9 2 . 6 9 8 . 2 9 8 . 6 9 8 . 6 9 8 . 6 9 9 . 0

4 9 - 2 - 8 - 1 56 74 75 77 77 77 77 80
4 9 - 2 - 8 - 2 98 98 98 98 98 98 99 99
4 9 - 2 - 8 - 3 85 93 93 95 95 95 95 95
4 9 - 2 - 8 - 4 8 8 94 94 94 94 94 96 96
4 9 - 2 - 8 - 5 54 60 62 62 62 62 62 72
4 9 - 2 - 8 - 6 85 90 90 90 90 90 90 95
4 9 - 2 - 8 - 7 70 70 70 70 70 70 70 70
Mean 7 6 . 5 8 2 . 7 8 3 . 1 8 3 . 7 8 3 . 7 8 3 . 7 8 4 . 1 8 6 . 7

8 4 - 1 - 4 - 1 3 6 9 19 19 19 19 19
8 4 - 1 - 4 - 2 7 15 23 30 32 37 37 42
8 4 - 1 - 4 - 3 2 0 40 44 4 8 48 48 48 48
8 4 - 1 - 4 - 4 14 31 34 37 37 40 43 46
£4 - 1 - 4 - 5 0 1 1 61 73 73 75 75 79
8 4 - 1 - 4 - 6 4 2 0 44 48 52 72 72 84
Mean 8 . 0 2 0 . 5 3 5 . 8 4 2 . 5 4 3 . 5 4 8 . 5 4 9 . 0 5 3 . 0

8 4 - 1 - 5 - 1 1 0 15 15 2 0 2 0 2 0 2 0 2 0

8 4 - 1 - 5 - 2 60 84 8 8 92 92 92. 92 96
8 4 - 1 - 5 - 3 35 42 44 44 44 46 48 58
8 4 - 1 - 5 - 4 30 38 38 39 42 44 46 62
Mean 3 3 . 7 4 4 . 7 4 6 . 2 4 8 . 7 4 9 . 5 50 .  5 5 1 . 5 5 9 . 0

2 6 6 - 1 - 1 - 1 55 80 80 80 80 85 85 95
2 6 6 - 1 - 1 - 2 5 1 0 15 25 55 55 55 65
2 6 6 - 1 - 1 - 3 0 4 8 1 2 2 0 25 29 8 8

2 6 6 - 1 - 1 - 4 0 30 40 70 85 95 95 1 0 0

2 6 6 - 1 - 1 - 5 0 1 0 30 45 45 45 45 80
2 6 6 - 1 - 1 - 6 5 40 55 75 85 85 90 1 0 0

Mean 1 0 . 8 2 9 . 0 3 8 . 0 5 1 . 1 6 1 . 6 6 5 . C 6 6 . 5 8 8 . 0

GENERAL
Mean 4 0 . 3 7 1 . 9 7 6 . 6 8 0 . 4 8 1 . 5 8 2 . e 8 3 . 1 8 6 . 3
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TABLE XIV

GERMINATION OF PROGENY OF HARD-SEEDED S-* PARENTS

G e r m in a t io n  bv davs
P l a n t
number : 2 : 4 : 6 : 8 : 1 0  : 1 2 : 14 : 2 1
1 1 7 - 1 - 1 - 1 1 2 1 2 1 2 15 15 15 2 0 25
1 1 7 - 1 - 1 - 2 6 18 18 18 18 18 2 0 38
1 1 7 - 1 - 1 - 3 9 14 14 16 2 0 25 28 38
1 1 7 - 1 - 1 - 4 8 16 17 17 2 2 24 32 41
1 1 7 - 1 - 1 - 5 6 2 0 2 0 2 0 2 0 28 40 48
Mean 8 . 2 1 6 . 0 1 6 . 2 1 7 . 2 1 9 . 0 2 2 . C 2 8 . 0 3 8 . 0

1 1 9 - 3 - 1 - 1 85 93 96 96 96 97 97 99
1 1 9 - 3 - 1 - 2 60 85 90 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

1 1 9 - 3 - 1 - 3 27 83 90 97 1 0 0 1 0 0 1 0 0 1 0 0
Mean 5 7 . 3 8 7 . 0 9 2 . 0 9 7 . 6 9 8 . 6 9 9 . 0 9 9 . 0 9 9 . 6

1 7 5 - 2 - 2 - 1 6 8 72 72 72 76 84 84 96
1 7 5 - 2 - 2 - 2 60 60 67 77 80 80 80 90
1 7 5 - 2 - 2 - 3 50 70 78 78 80 83 8 6 89
1 7 5 - 2 - 2 - 4 52 60 60 60 60 60 60 72
1 7 5 - 2 - 2 - 5 48 60 6 8 72 73 75 76 81
Mean 5 5 . 6 6 4 . 4 6 9 . 0 7 1 . 8 7 3 . 8 7 6 . 4 77.2, 8 5 . 6

1 7 5 - 2 - 3 - 1 6 8 73 78 85 85 87 87 92
1 7 5 - 2 - 3 - 2 85 90 95 95 95 95 95 95
1 7 5 - 2 - 3 - 3 62 6 6 70 74 76 76 76 80
1 7 5 - 2 - 3 - 4 84 84 84 84 84 84 8 8 96
1 7 5 - 2 - 3 - 5 60 67 70 77 80 80 80 8 6

Mean 7 1 . 8 7 6 . 0 7 9 . 4 8 3 . 0 8 4 . 0 8 4 . 4 8 5 . 2 8 9 . 8

1 7 5 - 2 - 4 - 1 63 76 76 80 83 83 83 8 6

1 7 5 - 2 - 4 - 2 44 44 46 50 50 50 50 58
1 7 5 - 2 - 4 - 3 80 87 87 90 90 90 90 94
Mean 6 2 . 3 6 9 . 0 6 9 . 0 7 3 . 3 7 4 . 3 7 4 . 3 7 4 . 3 7 9 . 3

1 7 5 - 2 - 5 - 1 30 30 30 30 30 30 30 40
1 7 5 - 2 - 5 - 2 52 60 6 8 70 70 70 70 74
1 7 5 - 2 - 5 - 3 50 50 55 55 60 60 60 60
1 7 5 - 2 - 5 - 4 50 90 60 65 65 65 65 70
1 7 5 - 2 - 5 - 5 55 60 65 70 80 85 85 95
Mean 4 7 . 4 5 2 . 0 5 5 . 6 5 8 . 0 6 1 . 0 6 2 . 0 6 2 . 0 6 7 . 8

1 7 5 - 2 - 6 - 1 80 84 8 6 8 6 87 87 89 93
1 7 5 - 2 - 6 - 2 25 47 49 50 50 51 51 58
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TABLE XIV ( C o n t 'd )

Ger m i n a t i o n  by d a y s
P l a n t • •

»
4
•

4
•

4
•

4
•

4
4

number 2 : 4 : 6 : 8 : 1 0 : 1 2 : 14 : 2 1
1 7 5 - 2 - 6 - 3 57 67 80 83 83 83 8 6 94
1 7 5 - 2 - 6 - 4 95 95 95 95 95 95 95 95
1 7 5 - 2 - 6 - 5 65 85 90 90 90 90 90 95
1 7 5 - 2 - 6 - 6 23 89 93 93 97 97 97 97
Mean 5 7 . 5 7 7 . 8 8 2 . 1 8 2 . 8 8 3 . 6 8 3 . 8 8 4 . 6 8 8 . 6

1 7 5 - 2 - 7 - 1 90 90 •95 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

1 7 5 - 2 - 7 - 2 76 76 80 80 84 84 84 84
1 7 5 - 2 - 7 - 3 95 95 95 95 95 95 95 95
1 7 5 - 2 - 7 - 4 90 95 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

1 7 5 - 2 - 7 - 5 80 92 93 93 95 95 97 97
1 7 5 - 2 - 7 - 6 87 87 93 93 93 93 93 93
Mean 8 6 . 3 8 9 . 1 9 2 . 6 9 3 . 5 9 4 . 5 9 4 . 5 9 4 . 8 9 4 . 8

1 8 3 - 1 - 1 - 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

1 8 3 - 1 - 1 - 2 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

1 8 3 - 1 - 1 - 3 96 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

1 8 3 - 1 - 1 - 4 95 98 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

Mean 9 7 . 7 9 9 . 5 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0

1 8 3 - 3 - 1 - 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

1 8 3 - 3 - 1 - 2 92 94 94 94 94 96 96 98
1 8 3 - 3 - 1 - 3 75 77 80 82 84 84 84 90
1 8 3 - 3 - 1 - 4 8 3 93 93 97 97 97 97 97
1 8 3 - 3 - 1 - 5 89 98 98 98 98 98 98 1 0 0

1 8 3 - 3 - 1 - 6 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

1 8 3 - 3 - 1 - 7 85 95 95 95 95 95 95 95
1 8 3 - 3 - 1 - 8 9 2 92 92 92 94 94 96 96
Mean 8 9 . 5 9 3 . 6 9 4 . 0 9 4 . 7 9 5 . 2 9 5 . 5 9 5 . 7 9 7 . 0

2 1 9 - 3 - 1 - 1 90 95 95 95 95 95 95 95
2 1 9 - 3 - 1 - 2 43 46 46 46 46 46 49 49
2 1 9 - 3 - 1 - 3 85 90 92 92 92 9 2 92 96
2 1 9 - 3 - 1 - 4 48 49 49 50 50 50 52 54
2 1 9 - 3 - 1 - 5 60 64 6 6 6 6 67 67 6 8 72
Mean 6 8 . 8 6 9 . 6 _  6 9 . 8 _„70._0_ 7 0 . 0 7 1 . 2 7 3 . 2

2 2 1 - 1 - 1 - 1 55 55 55 55 60 60 60 70
2 2 1 - 1 - 1 - 2 40 60 60 60 60 60 60 60
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TABLE XIV ( C o n t ’ d)

G e r m in a t io n  bv dav s
P l a n t  
h umber 2

•
•

4
•

6

•

8 : 1 0 : 12 : 14 : 2 1
2 2 1 - 1 - 1 - 3
2 2 1 - 1 - 1 - 4

48
4 6

49
48

54
56

56
56

59
58

60
58

63
58

6 8
64

Mean 4 7 . 2 5 3 . 0 5 6 . 2 5 6 . 7 5 9 . 2 5 9 . 5 6 0 . 2 65 o 5

2 6 6 - 1 - 2 - 1 95 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
2 6 6 - 1 - 2 - 2 97 97 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
2 6 6 - 1 - 2 - 3 8 5 95 97 97 97 1 0 0 1 0 0 1 0 0
2 6 6 - 1 - 2 - 4 78 84 90 90 94 94 96 98
2 6 6 - 1 - 2 - 5 8 6 90 94 94 94 96 98 98
2 6 6 - 1 - 2 - 6 79 84 8 8 89 89 89 91 96
2 6 6 - 1 - 2 - 7 76 80 84 8 8 8 8 8 8 92 1 0 0

2 6 6 - 1 - 2 - 8 95 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
2 6 6 - 1 - 2 - 9 97 98 98 98 98 98 1 0 0 1 0 0

2 6 6 - 1 - 2 - 1 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

2 6 6 - 1 - 2 - 1 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

Mean 8 9 . 8 9 3 . 4 9 5 . 5 9 6 . 0 9 6 . 3 9 6 . 8 9 7 . 9 9 9 . 2
G e n e r a l
Mean 6 7 . 8 7 4 . 9 7 ? . 3 7 8 . 6 7 9 . 6 8 0 . 3 8 1 . 2 8 4 . 7
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TABLE XV

I.I2AN GERMINATION 01' SOi-T, AID 
HARD-SEEDED PA ' I T S  AID 

THEIR PROGENY

G e n e r a t i o n
S o f t

•
«

•
•

: 2 ; 4 ; e

S i  p a r e n t s 4 4 . 8 5 8 . 4 6 4 . 0

SI p r o g e n y 2 4 . 4 3 6 .  C 3 9 . 1

S2 p a r e n t s 3 9 . 9 5 8 . 4 6 2 . 1

32 p r o g e n y 5 0 . 3 6 0 . 1 6 3 . 1

S3 p a r e n t s 6 6 . 6 7 3 . 4 7 7 . 2

S3 p r o g e n y 4 0 , 3 7 1 . 9 76 .6

Hard

S i p a r e n t s 9 . 0 1 1 . 9 1 3 . 4

SI p r o g e n y 3 0 . 4 4 0 . 9 4 4 . 1

4S2 p a r e n t s 1 9 . 6 2 5 . 0 2 6 . 5

S2 p r o g en y 4 0 . 6 5 7 . 3 5 9 . 6

S3 p a r e n t s 1 8 . 8 2 2 . 1 2 4 . 3

S3 p r o g e n y 6 7 . 8 7 4 . 9 7 7 . 3

G e m i n a t i o n  i*y d a y s

8 : 10 : 12 : 14 : 21

6 6 . 5 6 9 . 6 7 1 . 4 7 2 . 1 7 6 . 8

4 1 . 3 4 2 . 8 4 6 . 4 4 8 . 4 5 3 . 5

6 4 . 2 6 6 . 6 6 8 . 3 7 0 . 6 7 7 . 1

6 6 . 2 6 8 . 2 7 0 . 0 7 1 . 4 7 6 . 5

7 8 . 6 8 0 . 3 8 1 . 1 8 2 . 4 8 4 . 2

5 0 . 4 8 1 . 5 8 2 . 8 8 3 . 1 8 6 . 3

1 4 . 1 1 4 . 8 1 5 . 9 1 6 . 3 1 9 . 1

4 5 . 1 4 6 . 6 4 7 . 9 4 9 . 4 5 3 . 2

2 6 . 8 2 7 . 5 2 8 . 5 2 9 . 9 3 2 . 3

6 2 . 4 6 4 . 6 6 7 . 5 6 8 . 4 7 2 . 8

2 5 . 7 2 7 . 4 2 9 . 1 3 0 . 0 3 6 . 7

7 8 . 6 7 9 . 6 8 0 . 3 8 1 . 2 8 4 . 7
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I I I .  PHYSIOLOGICAL FACTORS

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

a f f e c t i n g  p e r m e a b i l i t y  o f  t h e  s e e d  o f  c r im so n  c l o v e r  were  

begun when i t  became e v i d e n t  t h a t  i t  would n ot  be o o s s i b l e  

t o  i s o l a t e  s t r a i n s  w i t h  d i f f e r e n t  r a t e s  o f  g e m i n a t i o n .  Seven  

p h a s e s  o f  t h i s  p ro b lem  were i n v e s t i g a t e d ,  namely:  s e e d  s i z e ,  

m o i s t u r e  s u p p l y ,  h u m i d i t y ,  l i g h t  i n t e n s i t y ,  f l o w e r i n g  s e q u e n c e ,  

n u t r i e n t  l e v e l s ,  and m o i s t u r e  c o n t e n t s  o f  s e e d .  Each w i l l  be 

c o n s i d e r e d  i n  t h e  above o r d e r .

SEED SIZE 

Methods and M a t e r i a l s

When c o n d u c t i n g  g e r m i n a t i o n  t e s t s  on c r im so n  c l o v e r  i t  

o f t e n  a p p e a r e d  t h a t  s e e d s  w h ich  were impermeable  were s m a l l e r  

t h a n  s e e d s  w h ic h  g e r m in a te d  r e a d i l y .  To d e t e r m in e  w h e th e r  t h i s  

was a t r u e  o b s e r v a t i o n  or an i l l u s o r y  one r e s u l t i n g  from th e  

s w e l l i n g  o f  s o f t  s e e d ,  t e s t s  were run on t h e  e f f e c t  o f  s e e d  s i z e  

on g e r m i n a t i o n .

Hand h u l l e d  s e e d  from t h r e e  d i f f e r e n t  y e a r s  were g e n t l y  

s c r e e n e d  th r o u g h  two s i e v e s  w i t h  p e r f o r a t i o n s  o f  1 . 6  and 1 . 9  

m i l l i m e t e r s  i n  d i a m e t e r .  S e e d  which p a s s e d  th e  s m a l l e r  s i z e  

were c l a s s i f i e d  a s  s m a l l  and t h o s e  r e t a i n e d  a s  medium. S eed  

r e t a i n e d  by t h e  l a r g e r  s c r e e n  were g ra d ed  l a r g e .

D u p l i c a t e  g e r m i n a t i o n  t e s t s  were o f  21 days  d u r a t i o n
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w i t h  c o u n t s  made e v e r y  two d a y s  f o r  two w e e k s ,  and the  f i n a l  

c o u n t  made on t h e  t w e n t y - f i r s t  day .

R e s u l t s  and D i s c u s s i o n  

R e s u l t s  i n  T a b le  XVI, which  p r e s e n t  o n l y  th e  f i n a l  

c o u n t s ,  show' t h a t  i n  e v e r y  i n s t a n c e  s m a l l  and m e d iu m -s iz e d  

s e e d  were  l e s s  p e r m e a b le  th a n  l a r g e .  With two e x c e p t i o n s  s m a l l  

s e e d  were a l s o  l e s s  p e r m e a b le  th a n  medium.

TABLE XVI

GERMINATION OF CRIMSON CLOVER AS AFFECTED BY

SIZE OF SEED

•
•

Year : Rep.  : G e r m in a t io n  by s e e d  s i z e

Large
• •

: Medium : S m a l l

1 9 4 4 1 81 80 60
2 84 71 71

19 4 5 1 75 66 67
2 76 59 70

1 9 4 6 1 89 70 67
2 96 83 60

Means 8 3 . 5 7 1 . 5 6 5 . 8

The a n a l y s i s  o f  v a r i a n c e  i n  T ab le  XVII d i s c l o s e s  t h a t  a h i g h l y  

s i g n i f i c a n t  d i f f e r e n c e  p r e v a i l e d  b e tw ee n  t h e  g e r m i n a t i o n  o f  t h e  

d i f f e r e n t  s i z e d  s e e d .



TABLE XVII

ANALYSIS OF VARIANCE OF DATA IN TABLE XVI

• •  •  •
* ► 4 9

S o u r c e _________: D. F. : S. S .  : V a r . _______F.

T o t a l 1 7 . 1 8 0 6 . 2 8

Y ea r s 2 . 2 3 2 . 4 5 1 1 6 . 2 2 3 . 9

S i z e s 2 9 7 6 . 4 5 4 8 8 . 2 2 1 6 . 4  **

Y e a r s  X s i z e s 4 3 2 8 . 8 8 8 2 . 2 2 2 . 8

E r r o r 9 2 6 8 . 5 0 2 9 . 8 3

The d i f f e r e n c e  a t  t h e  1 p e r  c e n t  l e v e l  a p p l i e s  o n l y  t o  the

c o m p a r i s o n  o f  s m a l l  and l a r g e  s e e d s .  The d i f f e r e n c e  b e tw ee n

medium and l a r g e ,  how ever  i s  s i g n i f i c a n t  a t  t h e  5 o e r  c e n t  

l e v e l .

These  r e s u l t s  would appear  t o  i n d i c a t e  t h a t ,  i f  grow ing  

c o n d i t i o n s  were such  t h a t  s m a l l  s i z e d  s e e d  were Produ ced ,  the  

c r o p  would  be r e l a t i v e l y  more im permeable  than  t h o s e  prod u ced  

u n d er  c o n d i t i o n s  f a v o r i n g  t h e  d ev e lo p m e n t  o f  l a r g e  s e e d .  I t  

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

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

e n v i r o n m e n t a l  f a c t o r s  on t h e  crop  a s  a, w h o le .
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MOISTURE SUPPLY 

M ethods  and M a t e r i a l s

W ith  th e  a b s e n c e  o f  pure  l i n e s ,  and owing t o  th e  d i f f i ­

c u l t y  o f  r e g u l a t i n g  m o i s t u r e  su p p ly  t o  p l a n t s  i n  th e  f i e l d ,  

o t h e r  m ethods  had t o  be em ployed  which would g i v e  r e s u l t s  

a n a l o g o u s  t o  t h o s e  w h ich  m igh t  have  b een  o b t a i n e d  had pure  

l i n e s  b e e n  a v a i l a b l e .  G reen h ou se  s p a c e  l i m i t e d  th e  number o f  

p l a n t s  t h a t  c o u l d  be s t u d i e d ,  h e n c e  c l o n a l  s e p a r a t i o n  was 

e m p lo y e d .

Crimson c l o v e r  b e i n g  an annual  d o e s  n o t  adapt i t s e l f  t o  

p l a n t  c u t t i n g s  a s  do a l f a l f a  and o t h e r  P e r e n n i a l s .  By th e  t im e  

th e  s t e m s  a t  th e  crown h a v e  e l o n g a t e d  s u f f i c i e n t l y  t o  be c u t  

and be p l a c e d  i n  a r o o t i n g  medium the  t r a n s i t i o n  t o  th e  

r e p r o d u c t i v e  s t a g e  h a s  a l r e a d y  begun.  T h i s  s t^ g e  a p p e a r s  t o  

I n h i b i t  r o o t  i n i t i a t i o n .  A l l  a t t e m p t s  t o  p r o r o g a t e  c r im so n  

c l o v e r  by c u t t i n g s  f o l l o w i n g  stem e l o n g a t i o n  ended i n  f a i l u r e .  

I t  was fo u n d  t h a t  p l a n t  s e p a r a t i o n  c o u l d  be made w i t h  s e m i -  

dormant crowns i n  the  l a t e  f a l l  or  e a r l y  s o r i n g .

P l a n t s  w i t h  a w e l l  d e v e l o p e d  croivn were o b t a i n e d  from  

t h e  f i e l d  and a l l  s o i l  washed from th e  r o o t s .  A l l  s h o o t s  

e x c e p t  two o r  f o u r  o p p o s in g  o n es  were pruned o f f ,  and the  

t a p  r o o t  was t h e n  c a r e f u l l y  s l i c e d  down th ro u g h  t h e  c e n t e r  

’w i th  a k n i f e  or  a s c a l p e l .  Most o f  t h e  l a t e r a l  r o o t s  were  

p r u n e d  back t o  a b o u t  one i n c h  i n  l e n g t h  and th e  two h a l v e s
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bound t o g e t h e r .  The h a l v e s  th u s  p r e p a r e d  were t h e n  P l a c e d  In  

sh a r p  s a n d .  I n  2 t o  3 weeks  th e  i n d i v i d u a l  h e l v e s  d e v e l o p e d  

enough  new r o o t s  t o  p e r m it  t r a n s p l a n t i n g .

The r o o t e d  h a l v e s  were  t r a n s f e r e d  t o  n o t s  which  were  

f i l l e d  w i t h  w e l l  mixed s o i l  so  a s  t o  e l i m i n a t e  f e r t i l i t y  

d i f f e r e n c e s  as a f a c t o r .  The two h a l v e s  o f  each  p l a n t  u se d  

r e c e i v e d  o p p o s i t e  t r e a t m e n t s .  Any d i f f e r e n c e s  a p p e a r i n g  were  

t h e n  c a p a b l e  o f  b e i n g  compared on a P l a n t  b a s i s .  T h i s  d e s i g n  

a l s o  h ad  t h e  a d v a n ta g e  o v er  the b u lk  p l a n t i n g  i n  t h a t  i t  s e r v e d  

t o  show v a r i a b l e  r e s p o n s e s  by i n d i v i d u a l  p l a n t s .

Twenty p a i r s  o f  p l a n t s  were p r e p a r e d  and th ro u g h  th e  

w h o le  g r o w in g  P e r i o d  one h a l f  were s u p p l i e d  w i t h  150 c c s .  o f  

w a t e r  d a i l y  w hich  was enough t o  keep  th e  s o i l  t h o r o u g h l y  m o i s t  

a t  a l l  t i m e s .  The o t h e r  h a l f  r e c e i v e d  150 c c s .  o f  w a te r  o n ly  

when t h e  p l a n t s  showed s i g n s  o f  w ater  d e f i c i e n c y .

E i g h t e e n  p l a n t s  p r o d u ced  enough s e e d  f o r  g e r m i n a t i o n  

t e s t s  and were s t r i p p e d  o n l y  when f u l l y  m a tu re .  The s e e d  were  

g r a d e d  on a w e i g h t  b a s i s  o f  m i l l i g r a m s  p e r  hundred s e e d s  and 

g e r m i n a t e d  f o r  21  d a y s .  A l l  s e e d s  s o f t e n i n g  w i t h i n  t h i s  p e r i o d  

w ere  c l a s s i f i e d  as  p e r m e a b le .

R e s u l t s  and D i s c u s s i o n  

T a b le  XVIII  shows t h a t  m o i s t u r e  su p p ly  had a s m a l l  but  

h i g h l y  s i g n i f i c a n t  e f f e c t  on s e e d  s i z e  but  no t  on p e r m e a b i l i t y .  

A l t h o u g h  ' h e  l a r g e r  s e e d  w i t h  a s l i g h t l y  h i g h e r  P e r c e n t a g e  o f  

p e r m e a b i l i t y  r e s u l t e d  from a l i b e r a l  s u p p ly  o f  m o i s t u r e  t h e s e



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

- 0 * 2 3  -  0 . 1 2  b e t w e e n  s e e d  s i z e  and p e r m e a b i l i t y  i s  t a k e n  

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

TABLE XVIII

EFFECT OF MOISTURE SUPPLY ON SEED 
SIZE AND PERMEABILITY

4
- U L _

P l a n t  : Mgcs. p e r  100 s e e d s P er c e n t  p erm ea b le
number: M o i s t  s o i l : D r y  s o i l : M-D M o is t  s o i l : D r y  s o i l : M-D

1 373 271 102 94 85 9
2 372 474 - 1 0 2 92 64 28
3 40 8 355 53 98 86 12
4 438 408 30 99 56 43
5 262 282 -  20 90 81 9
6 359 339 20 100 100 0
7 471 310 161 93 84 9
8 391 342 49 81 82 -  1
9 387 308 79 100 93 7

10 319 304 15 83 92 -  9
11 440 370 70 91 56 35
12 410 355 55 64 87 -  23
13 339 310 29 67 93 -  26
14 361 319 42 96 100 -  4
15 425 331 94 74 80 -  6
16 424 358 66 73 92 -  19
17 370 368 2 84 54 30
18 439 329 110 65 73 -  8

Mean 3 8 8 . 2 3 4 0 . 7  4 7 . 5 + 1 3 .4 8 5 . 8 8 1 . 0  4 . 8 +  4 . 6

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

e x p e r i m e n t  i s  n o t  i n  a g reem en t  w i t h  t h a t  o f  s m a l l  s e e d  p ro d u ced  

u n d er  f i e l d  c o n d i t i o n s .  The s m a l l  s e e d  which  d e v e l o p e d  under
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t h e  dry  c o n d i t i o n s  m a i n t a i n e d  p erform  i n  a manner s i m i l a r  to  

immature a l f a l f a  s e e d s .  L ute  (15)  h a s  shown t h a t  g r e e n  

immature a l f a l f a  s e e d s  a r e  much more p e r m ea b le  than s e e d s  

w h ich  a r e  f u l l y  m a tu r e .  M a r t in  and Wyatt (17)  found t h a t  

i m p e r m e a b i l i t y  i n  s w e e t  c l o v e r  d e v e l o p s  i n  th e  l a t e  s t a g e s  

o f  c e l l  d i f f e r e n t i a t i o n .  I t  i s  a p p a ren t  t h a t  th e  ex trem e  

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

i n  t h e s e  s m a l l  s e e d s .  With one e x e e o t i o n  a l l  s e e d  h a r v e s t e d  

were a p p a r e n t l y  m a tu r e .  Under m a g n i f i c a t i o n ,  h o w ev er ,  70 o e r  

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

t i n g e  o f  g r e e n  a t  one end,  a f e a t u r e  g e n e r a l l y  a c c e p t e d  a s  an 

i n d i c a t i o n  o f  i m m a t u r i t y .

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

d e s e r v e  c o n s i d e r a t i o n .  P l a n t s  s e l e c t e d  f o r  impermeable  s e e d  

i n  a dry  g r o w in g  s e a s o n  may p r o d u c e ,  i n  a m o d e r a t e l y  wet  

s e a s o n ,  p l a n t s  w i t h  a h i g h e r  d e g r e e  o f  p e rm e a b le  s e e d s .  I t  

i s  e v i d e n t  a l s o  t h a t  t h e  r e v e r s e  may t s h e  o l a c e .  I t  would  

a p p ea r  t h a t  a u n i fo r m  m o i s t u r e  s u n o l y  from y e a r  t o  y e a r  would  

be n e c e s s a r y  t o  e l i m i n a t e  t h e s e  e f f e c t s  on s e e d  p e r m e a b i l i t y .
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HUMIDITY 

Methods and M a t e r i a l s

The s l i g h t  v a r i a t i o n  i n  t h e  h u m i d i t y  (12)  d u r i n g  the  

p e r i o d  o f  t h e  b r e e d i n g  s t u d y  r e p o r t e d  above makes i t  im p ro b a b le  

t h a t  t h i s  f a c t o r  would  have  any e f f e c t  on th e  d ev e lo p m e n t  o f  

i m p e r m e a b i l i t y  i n  th e  s e e d  o f  cr im son  c l o v e r .  With no d e f i n i t e  

i n f o r m a t i o n  a t  hand r e l a t i v e  t o  i t s  e f f e c t s  th e  f o l l o w i n g  

e x p e r im e n t  was d e v i s e d *

T w e n t y - f o u r  p l a n t s  were l o c a t e d  i n  a t h i n  v o l u n t e e r  

s t a n d  o f  c l o v e r  i n  t h e  s p r i n g  o f  1947 and two h ea d s  o f  each  

p l a n t  s u b j e c t e d  t o  a h i g h ,  and two h ea d s  t o  a low r e l a t i v e  

h u m i d i t y .  To m a i n t a i n  h ea d s  a t  a h i g h  h u m id i t y  ea ch  p a i r  was 

i n c l o s e d  i n  a w a t e r - p r o o f  c e l l o p h a n e  bag i n  which  a p i e c e  of  

s p o n g e  was s u s p e n d e d  by a s t r i n g  which l e d  ou t  th ro u g h  a s m a l l  

p e r f o r a t i o n  i n  t h e  s e a l e d  end o f  the  b a g .  Each sponge  Was 

s a t u r a t e d  d a i l y  w i t h  w a te r  by d i r e c t i n g  a s m a l l  s tream  through  

t h e  p e r f o r a t i o n  o n t o  t h e  s p o n g e .  To a i d  i n  m a i n t a i n i n g  a h ig h  

h u m i d i t y  t h e  u p p erm ost  l e a v e s  on each  head  were a l s o  i n c l o s e d .  

To m a i n t a i n  h e a d s  a t  a low  r e l a t i v e  h u m i d i t y ,  s m a l l  

c h e e s e c l o t h  b a g s  c o n t a i n i n g  15 grams o f  a c t i v a t e d  a lu m in a  were  

s u s p e n d e d  i n  t h e  c e l l o p h a n e  bags  i n  t h e  same manner as  th e  

s p o n g e s ,  and t h e  h e a d s  o n ly  i n c l o s e d .  The a c t i v a t e d  a lu m in a  

was r e p l a c e d  e v e r y  o t h e r  day w i t h  a n o t h e r  l o t  which  had b een  

i n  an oven  a t  105 d e g r e e s  C e n t i g r a d e  f o r  24 h o u r s .  The s t r i n g s



- 7 6

l e a d i n g  from c e l l o p h a n e  b a g s  on each  p l a n t  were t i e d  t o  a 

s t a k e  f o r  s u p p o r t .

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

w h ic h  had  a t  l e a s t  f o u r  h e a d s  i n  about  t h e  same s t a g e  of  

d e v e l o p m e n t .  I n  o r d e r  t o  remove th e  e f f e c t s  o f  dominance  

o f  e a r l i e r  h e a d s ,  a l l  o t h e r s  were removed and l a t e r  h e a d s  

removed a s  t h e y  d e v e l o p e d .  The t r e a t m e n t s  c o n t i n u e d  u n t i l  

a l l  h e a d s  w ere  m a tu re ,  a.t w h ich  t im e t h e y  were h a r v e s t e d  o n ly  

when t h e y  s t r i p p e d  w i t h  e a s e .  H u l l i n g ,  g r a d i n g  and germ ina­

t i o n  t e s t s  were t h e  same as  f o r  th e  p r e v i o u s  s t u d y .

The d e s i g n  o f  t h i s  e x p e r im e n t  d i d  n o t  p e r m it  th e  

d e t e r m i n a t i o n  o f  t h e  d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  o b t a i n e d .

To o b t a i n  an e s t i m a t i o n ,  t e s t s  were run w i t h  two r e l a t i v e  

h u m i d i t y  chambers o r i g i n a l l y  d e s i g n e d  f o r  t h i s  s t u d y ,  but  which  

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

F i g u r e  16 i s  a d i a g r a m a t i c  d ra w in g  o f  t h e  chambers d e v i s e d .

The s m a l l  b lo w e r  u sed  t u r n e d  a t  390 r . p . m .  g e n e r a t i n g  an a i r  

f l o w  o f  4 . 9  c u b i c  f e e t  p er  m in u t e .  The a i r  s tream  was e v e n l y  

s p l i t  and d i r e c t e d  up th r o u g h  th e  c y l i n d r i c a l  to w e r s  which  

m e a su r ed  4 |  x  18 i n c h e s .  One tow er  was f i l l e d  w i t h  dry  

a c t i v a t e d  a lu m in a  and t h e  o t h e r  w i t h  wet corn  cob s  c u t  t o  

a p p r o x im a t e  t h e  s i z e  o f  t h e  a lu m in a .  The corn  cobs  were k e p t  

m o i s t  w i t h  a c o n s t a n t  d r i o  and were r e p l a c e d  when n eed ed  w i t h  

a new l o t  w h ich  had b e en  s o a k e d  i n  w a te r  over  n i g h t .  F l e x i b l e
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F i g .  1 6 .  Diagram o f  H um id ity  Chambers

a -  Motor ,  b -  B lo w er ,  c -  Rubber  

c o u r i e r ,  d -  A i r s t r e a m  s n l i t t e r ,  

e -  D r y in g  and w e t t i n g  t o w e r s ,  

f  -  F l e x i b l e  n i n e s ,  g -  8 cu .  f t .  

ch a m b ers .



t u b i n g  l|> i n c h e s  i n  d i a m e t e r  l e d  from t h e  t o o  o f  th e  to w ers  

i n t o  t h e  t o p  c e n t e r  o f  t h e  chambers.  H um id ity  r e a d i n g s  were  

made by d i r e c t i n g  t h e  a i r  s tre a m  from e a c h  tow er  o n t o  a s l i n g  

o s y c h r o m e t e r . D e t e r m in a t i o r s  o v e r  a t e m p e r a tu r e  ra n g e  o f  56 

t o  8 6  d e g r e e s  F a r e n h e i t  showed an a v e r a g e  d i f f e r e n c e  i n  r e l a t i v e  

h u m i d i t y  o f  3 5 . 7  p e r  c e n t .  The amount o f  c o n d e n s a t i o n  i n s i d e  

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

t h a t  t h e  d i f f e r e n t i a l  was e v e n  g r e a t e r  than  t h a t  o b t a i n e d  ab o v e .

R e s u l t s  and D i s c u s s i o n  

The r e s u l t s  from e i g h t e e n  p l a n t s  \vere a lm o s t  a s  i n ­

c o n s i s t e n t  a s  t h o s e  o b t a i n e d  i n  t h e  p r e v i o u s  e x p e r i m e n t .  Tab le  

XIX shows t h a t  t h e r e  was o n l y  a mean d i f f e r e n c e  o f  2 . 8 3  o e r  c e n t  

p e r m e a b i l i t y  b e t w e e n  t h e  two t r e a t m e n t s .  A l th ough  no s i g n i f i ­

c a n t  d i f f e r e n c e s  were fo u n d  i n  g e r m i n a t i o n ,  i t  may be n o t e d  t h a t  

i n  t w o - t h i r d s  o f  t h e  r e p l i c a t i o n s  h i g h  h u m id i t y  p r o d u ced  s o f t e r  

s e e d  th a n  low  h u m i d i t y .  F u r t h e r  a n a l y s i s  however  r e v e a l s  t h a t  

t h e  d i f f e r e n c e s  i n  t r e a t m e n t s  o f  t h e s e  t w e l v e  p l a n t s  h ave  a mean 

o f  8 . 6  p e r  c e n t ,  which  may be c o n s i d e r e d  i d e n t i c a l  w i t h  th e  mean 

d i f f e r e n c e , 8 . 7  p e r  c e n t ,  o f  t h e  p l a n t s  w i t h  o p p o s i t e  e f f e c t .  

Though l a c k i n g  s t a t i s t i c a l  s i g n i f i c a n c e  t h e  d i f f e r e n c e s  o b t a i n e d  

a r e  o f  some p r a c t i c a l  v a l u e .  On th e  b a s i s  o f  t h e s e  r e s u l t s ,  th e  

odds a r e  two t o  one t h a t  h e a d s  surrou nd ed  by a humid a tm osphere  

w i l l  b r i n g  a b o u t  an i n c r e a s e  i n  p e r m e a b i l i t y  o f  8 p e r  c e n t  o v e r  

t h o s e  s u b j e c t  t o  a dry  a tm o s p h e r e .
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TABLE XIX

EFFECTS OF HUMIDITY ON SEED SIZE AND GERMINATION

P l a n t M i l l i g r a m s  p e r  100 s e e d P e r cen t  nermea.b i l i t y
number Humid Dry H -  D Humid Dry H -  D

1 280 292 - 1 2 93 80 13o 370 353 17 99 98 2
3 312 226 86 92 66 26
4 350 270 80 92 35 7
5 245 240 5 85 93 -  8
6 340 333 7 100 92 8
7 292 250 42 77 70 7
3 330 307 23 97 89 8
9 370 375 -  5 97 90 7

10 253 260 -  7 73 86 - 1 3
11 267 280 - 1 3 83 82 1
12 274 255 19 68 70 -  2
13 342 280 62 100 90 10
14 380 360 20 38 84 4
15 370 329 41 90 96 -  6
16 400 355 45 92 95 -  3
17 316 317 -  1 67 88 - 2 1
18 320 257 63 92 80 12

Mean 3 2 2 . 8 2 9 6 . 6  2 6 . 2 ±  8 . 6 8 8 . 0 8 5 . 2  2 . 8 3 t  7 . 9

The e x t r e m e  d i f f e r e n c e s ,  26 and - 2 1  o e r  c e n t  a re  o f  some 

i n t e r e s t  when c o n s i d e r e d  i n  term s o f  t h e  i n b r e e d i n g  s tu d y  r e ­

p o r t e d  a b o v e .  These  a lm o s t  conform t o  th e  d i f f e r e n c e s  e s t a b l i s h ­

ed  f o r  d i v i d i n g -  p a r e n t s  i n t o  o e rm ea b le  and im oerm eable  c l a s s e s .

The d i f f e r e n c e  o f  2 6 . 2 ± 8 . 6  i n  t h e  w e ig h t  o f  s ee d  i s  

s i g n i f i c a n t  but  n o t  as l a r g e  a s  th e  d i f f e r e n c e s  b ro u g h t  about  

by v a r y i n g  m o i s t u r e  s u p o l y .  I t  may be s e e n  t h a t  th e  l a r g e s t  

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

A few  e x e c u t i o n s  a r e  e v i d e n t  but  i n  g e n e r a l  h i g h  o e r m e a b i l i t y  

i s  a s s o c i a t e d  w i t h  l a r g e  s e e d .  The e x t e n t  o f  t h i s  a s s o c i a t i o n  

i s  i n d i c a t e d  by a. c o r r e l a t i o n  c o e f f i c i e n t  oi 0 . 5 0 ! t  0 . 1 5 .
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The v a r i a b l e  r e s p o n s e  i n  e i g h t e e n  r e p l i c a t i o n s  i s  

i n d i c a t i v e  o f  t h e  d i f f i c u l t y  t h a t  would  o c c u r  even  though  

s e l e c t i o n  f o r  i m p e r m e a b i l i t y  were made under c o n t r o l l e d  c o n d i ­

t i o n s  w i t h  t h e  e x p e c t a t i o n  t h a t  a l l  p l a n t s  would r e a c t  i n  th e  

same manner.
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LIGHT INTENSITY 

M a t e r i a l s  and Methods  

Mature s e e d  were h a r v e s t e d  i n  t h r e e  r e p l i c a t i o n s  

from a p o r t i o n  o f  a f i e l d  shaded  w i t h  m u s l i n  t o  s i m u l a t e  

c l o u d y  c o n d i t i o n s  and from t h e  same f i e l d  i n  f u l l  s u n l i g h t .

The m u s l i n  was fo u n d  t o  r e d u c e  th e  l i g h t  i n t e n s i t y  by 8 , 0 0 0  

f o o t  c a n d l e s .  The s e e d  were h u l l e d  w i t h  th e  r o t a r y  h u l l e r  

p r e v i o u s l y  d e s c r i b e d  and g r a d e d  i n t o  t h r e e  s i z e s  w i t h  1 . 9  

and 1 . 6  m i l l i m e t e r  s i e v e s .  G er m in a t io n  t e s t s  were run f o r  

21 d a y s  and a l l  s e e d s  s o f t e n i n g  were c o n s i d e r e d  as  g e r m in a t ­

i n g  or  p e r m e a b l e .

R e s u l t s  and D i s c u s s i o n  

The r e s u l t s  o f  t h i s  e x p e r im e n t  are  g i v e n  i n  T a b le  XX.

I t  i s  e v i d e n t  from an e x a m i n a t i o n  o f  t h e  d a t a  p r e s e n t e d  t h a t  

t h e  t r e a t m e n t s  had  no m a t e r i a l  e f f e c t  on e i t h e r  s e e d  s i z e  or 

p e r m e a b i l i t y .

L i g h t  i n t e n s i t y  r a n g e s  h a v e  n o t  b een  d e t e r m in e d  f o r  

c r im s o n  c l o v e r ,  b u t  i t  has  been  shown (1 8 ,  19) t h a t  f o r  

v a r i o u s  p l a n t s  t h e  optimum l i g h t  i n t e n s i t y  r a n g e s  from 2 , 0 0 0  

t o  5 , 0 0 0  f o o t  c a n d l e s .  The r e d u c t i o n  i n  l i g h t  i n  t h i s  e x p e r i ­

ment e x p o s e d  t h e  p l a n t s  t o  20 p e r  c e n t  o f  f u l l  s u n l i g h t  which  

i s  w i t h i n  r a n g e  g i v e n  a b o v e .  I t  i s  a p p a re n t  from t h e  r e s u l t s  

o f  t h i s  e x p e r i m e n t  t h a t  p a r t l y  c lo u d y  w ea th e r  and o v e r c a s t
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s k i e s  i n  t h e  s p r i n g  h a v e  no e f f e c t  on t h e  o e r m e a b i l i t y  

of  t h e  c r im s o n  c l o v e r  s e e d  c r o p .

TABLE XX

EFFECT OF LIGHT INTENSITY ON SEED 
SIZE AND PERMEABILITY

♦ • 
*  • S eed  s i z e  i n  p e r c e n t  : P e r c e n t

T re atm en t  : Ren. : Lari?e : Medium : S m a l l  : G e r m in a t io n

1 5 . 6 4 1 . 7 5 2 . 7 86
Shade 2 4 . 4 4 9 . 3 4 6 . 3 84

3 6 . 6 4 0 . 9 5 2 . 5 86
Means 5 . 6 4 3 . 7 5 0 . 7 8 5 . 3

1 9 . 4 3 3 . 6 5 7 . 0 91
L i g h t  2 1 0 . 0 3 8 . 9 5 1 . 1 82

3 6 . 7 4 5 . 5 4 7 . 8 74
Means 8 . 4 4 0 . 2 5 1 . 3 8 2 . 3

T
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FLOWERING SEQUENCE 

M a t e r i a l s  and Methods

R e f e r e n c e  t o  L u t e ’ s (15 )  o b s e r v a t i o n  on th e  d i f f e r e n c e  

i n  p e r m e a b i l i t y  o f  s e e d  from d i f f e r e n t  b ra n c h e s  o f  an a l f a l f a  

p l a n t  h a s  a l r e a d y  b e e n  made. To t e s t  t h e  p o s s i b i l i t y  o f  f l o w e r  

dom inance  i n  r e l a t i o n  t o  p e r m e a b i l i t y , t h e  f o l l o w i n g  e x p e r i ­

ment was c o n d u c t e d .  S e v e n t y - f i v e  w e l l  bran ch ed  c l o v e r  p l a n t s  

w ere l o c a t e d  i n  t h e  s p r i n g  o f  1 9 4 6 , and 1 9 4 7 .  The p l a n t s  were  

v i s i t e d  d a i l y  a.nd t h e  h e a d s  numbered as  t h e y  emerged f^ora th e  

bud.  F i f t e e n  h e a d s  p e r  p l a n t  were numbered i n  1946 .  The 

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

u s e d  i n  1947  p e r m i t t e d  the  numbering o f  tw e n ty  h ea d s  Per  

p l a n t .  I n  a l l  c a s e s  t h e  a p i c a l  heads  ap p ea red  f i r s t  and were  

f o l l o w e d  by t h e  l a t e r a l s .  S eed  were h a r v e s t e d  ivhen f u l l y  

m ature  and i d e n t i c a l  head  numbers b u lk e d .  Grading  and 

g e r m i n a t i o n  t e s t s  were c o n d u c t e d  as i n  th e  o r e c e e d i n g  e x p e r i ­

m en t .

R e s u l t s  and D i s c u s s i o n  

The r e s u l t s  o b t a i n e d  i n  1946 are  p r e s e n t e d  i n  Table  

XXI, and some s t r i k i n g  c o m p a r iso n s  are  e v i d e n t .  I t  may be 

n o t e d  t h a t  t h e  amount o f  s m a l l  s e e d  i n c r e a s e d  w i th  head  

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

was fo u n d  t o  be + 0 . 8 2 ± 0 . 1 5 .  I m p e r m e a b i l i t y  a l s o  i n c r e a s e d  

w i t h  t h e  s e q u e n c e  o f  f l o w e r i n g  as  i n d i c a t e d  by the  c o r r e l a t i o n  

c o e f f i c i e n t  o f  - 0 . 6 8 i C . 2 0 .  ' h e r e a s  no s i g n i f i c a n t  c o r r e l a t i o n  

b e t w e e n  s e e d  s i z e  and p e r m e a b i l i t y  c o u l d  be e s t a b l i s h e d  f o i -1
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TABLE XXI

EFFECT OF H^AD SEQUENCE uN SEED SIZE AND 

PERMEABILITY OF SEVENTY-FIVE PLANTS IN

1S46

Head : S ee d . s i z e  i n  p e r c e n t »
• P e r c e n t  : 

g e r m i n a t i o n  :number : L arge 5 Medium : S m a l l  :
1 2 7 . 0 4 0 . 0 3 3 . 0 8 3 . 2
2 2 4 . 0 4 0 . 7 3 5 . 3 7 9 . 0
3 1 9 . 9 4 3 . 6 3 6 . 5 7 6 . 2
4 1 5 . 5 3 6 . 9 4 7 . 6 7 7 . 2
5 2 0 . 1 2 8 . 4 5 1 . 5 7 8 . 0
6 2 2 . 3 3 1 . 1 4 6 . 6 6 8 . 7
7 3 2 . 7 1 7 . 2 5 0 .1 7 1 . 0
8 2 4 . 1 3 3 .  5 42.4- 6 8 . 0
9 1 8 . 7 2 3 . 9 5 7 . 4 7 0 . 0
10 1 8 . 3 2 6 . 3 5 5 . 4 7 0 . 0
11 2.0 .2 3 0 . 5 4 9 . 3 6 4 . 7
12 1 8 . 5 3 4 . 8 4 6 . 7 6 0 . 0
13 1 4 . 0 1 8 . 5 6 7 . 5 5 9 . 5
14 4 . 1 1 3 . 4 8 2 . 5 6 2 . 0
15 7 . 0 1 7 . 6 7 5 . 4 6 2 . 0

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

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

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

fo u n d  t o  be - 0 . 7 2 * 0 . 1 9 .

I t  may be o b s e r v e d  t h a t  range o f  p e r m e a b i l i t y  produced  

a d i f f e r e n c e  o f  2 3 . 7  p e r  c e n t .  The d i f f e r e n c e s  a l s o  have  a 

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

c o e f f i c i e n t  o f  i m p e r m e a b i l i t y  on head seq u en c e  was fo u n d  t o  

be + 1 . 5 7 5 * 0 . 4 6  and t h e  r e l a t i o n s h i p  i s  shown g r a p h i c a l l y  i n  

F i g u r e  1 7 .
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A b i l i t y  t o  compete  f o r  m o i s t u r e  i n  d e s c e n d in g  

e f f e c t i v e n e s s  w ou ld  appear  t o  be th e  most  l o g i c a l  r e a s o n  f o r  

t h e  d e c r e a s e s  i n  p e r m e a b i l i t y .  I t  has  b een  shown above  t h a t  

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

a s l i g h t  e f f e c t  on o e r m e a b i l i t y .  I t  i s  c o n c i e v a b l e  a l s o  t h a t  

c o m p e t i t i o n  f o r  n u t r i e n t s  would a l s o  have  some e f f e c t , b u t  

t h i s  p o s s i b i l i t y  i s  o b v i a t e d  by a s tu d y  t o  be p r e s e n t e d  l a t e r .

T hese  r e s u l t s  o f f e r  a r e a s o n  f o r  t h e  a b i l i t y  o f  some 

c l o v e r  s t a n d s  t o  p e r s i s t  o v e r  a p e r i o d  o f  y e a r s .  B r a n c h in g  

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

As s t a n d s  v o l u n t e e r  from y e a r  t o  y ea r  one o f  th e  most  n o t i c a b l e  

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

T h is  l e a d s  t o  a c o m p a r a t i v e l y  h i g h  d e g r e e  o f  b r a n c h in g  and a 

r e l a t i v e l y  h i g h  amount o f  hard  s e e d  i n  th e  crop c o n t r i b u t e d  by 

t h e  l a t e r a l s .  The hard  s e e d  th u s  produced  would be s lo w  i n  

g e r m i n a t i o n  and c o n s e q u e n t l y  p r o l o n g  th e  s t a n d .  I t  a l s o  becomes  

o b v i o u s ,  on t h e  b a s i s  o f  t h e  b r e e d i n g  work r e p o r t e d  h e r e i n ,  

t h a t  t h e  a b i l i t y  t o  v o l u n t e e r  c o u ld  n ot  be c o n s i d e r e d  a 

p e r s i s t e n t  c h a r a c t e r i s t i c  when s e e d  d e v e l o p e d  by w e l l  branched  

p l a n t s  n ro d u ce  a normal s t a n d .

I t  may a l s o  be  p o i n t e d  o u t  t h a t  o t h e r  f a c t o r s  a f f e c t  

t h e  m an n e r  i n  w h i c h  f l o w e r i n g  s e c u e n c e  a  r f o r m s .  T a b l e  XXII 

shows t h a t ,  i n  t h e  s o r i n g  o f  1 9 4 7 ,  a s i g n i f i c a n t  a s s o c i a t i o n  

b e t v ’e e n  h e a d  s e o u e n c e  and s m a l l  s e e d  r e s u l t e d .  T n i s  ”~as 

c o r r e l a t e d  r i t h  t h e  v a l u e  o f  + 0 . 8 5 ^ 0 o0 1 ,  b u t  i t  i s  o b v i o u s  

t h a t  t h e r e  i s  no  r e l a t i o n s h i p  b e t w e e n  s i z e  and p e r m e a b i l i t y

i n  t h i s  y e a r ' s  c r o p .
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TABLE XXII 

EFFECT OF HEAD SEQUENCE ON SEED SIZE 

AND PERMEABILITY OF SEVENTY-FIVE

PLANTS IN 1947

P l a n t
num ber

: S e e d  s i z e  i n  p e r c e n t : P e r c e n t
: L a r g e  :! Medium :: S m a l l : g e r m i n a t i o n

1 2 0 .8 4 5 . 3 3 3 . 9 91
2 2 0 . 7 4 1 . 5 3 7 . 8 93
3 3 0 . 0 4 4 . 0 2 6 . 0 94
4 2 1 . 4 4 3 . 6 3 5 . 0 94
5 1 8 . 3 5 4 . 7 2 7 . 0 96
6 1 8 . 0 5 2 . 9 2 9 .1 97
7 1 7 . 7 4 9 . 0 3 3 . 3 97
8 1 6 . 7 4 6 . 4 3 6 . 9 98
9 2 3 . 0 4 7 . 9 2 9 . 1 98

10 1 9 . 2 4 2 .  5 3 8 . 3 99
11 1 8 . 8 4 4 ,  7 3 7 . 2 98
12 2 4 . 7 4 1 . 7 3 3 . 6 98
13 1 8 . 2 3 6 . 8 4 5 . 0 99
14 2 2 .8 3 5 . 7 4 1 . 5 100
15 1 8 . 0 3 7 . 9 4 4 . 1 99
16 1 4 . 2 3 5 . 8 5 0 . 0 98
17 1 3 . 3 3 5 . 7 5 1 . 0 98
18 1 2 .1 3 9 . 2 4 8 . 7 97
19 1 2 .1 3 1 . 6 5 8 . 3 97
20 5 . 6 3 4 . 5 5 9 . 9 98

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

p e r m e a b i l i t y  t o  be  a s s o c i a t e d  w i t h  s m a l l  s e e d ,  b u t  a 

c o r r e l a t i o n  c o e f f i c i e n t  of  9 . 3 6 t 0 . 2 2  b e t w e e n  s e e d  s i z e  and  

p e r m e a b i l i t y  shows t h a t  t h e  r e l a t i o n s h i p  i s  n o t  s i g n i f i c a n t .

The d i s a g r e e m e n t  o f  t h e s e  r e s u l t s  w i t h  t h o s e  o f  1946 

w o u ld  l e a d  t o  t h e  t h o u g h t  t h a t  w e a t h e r  c o n d i t i o n s  w ere  

r e s p o n s i b l e .  F i g u r e s  18 and. 19 show t h a t  t h e  t e m p e r a t u r e s  

a n d  r a i n f a l l  f o r  t h e  two y e a r s  when s e e d  w e re  b e i n g  f o rm e d
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w ere  n o t  r a d i c a l l y  d i f f e r e n t ,  The mean maximum t e m p e r a t u r e s  

f o r  t h e  p e r i o d  r e p r e s e n t e d  d i f f e r e d  by  o n l y  one d e g r e e .  The 

l o n g e s t  p e r i o d  o f  a n y  p r o n o u n c e d  d i f f e r e n c e s  was o f  o n l y  5 

d a y s  d u r a t i o n ,  f ro m  flay 15 t o  19 .

The s e a s o n  i n  1947 a c t u a l l y  h a d  1 . 1 5  i n c h e s  l e s s  r a i n  

t h a n  t h a t  o f  1 9 4 6 .  T h e n  t h i s  i s  c o n s i d e r e d  on  t h e  b a s i s  o f  

t h e  m o i s t u r e  s t u d y  a b o v e ,  s e e d  somewhat l e s s  p e r m e a b l e  s h o u l d  

h a v e  d e v e l o p e d .  T h e r e  i s  a p o s s i b i l i t y  t h a t  t h e  two d r o u g h t  

p e r i o d s ,  A p r i l  17 t o  2 9 ,  and  flay 2 t o  20 may h a v e  h i n d e r e d  

t h e  d e v e l o p m e n t  o f  i m p e r m e a b i l i t y .  i n v e s t i g a t i o n s  oy t h e  

w r i t e r  (11)  , h o w e v e r ,  show t h a t  t h e  d u r a t i o n  o f  t h i s  d r o u g h t  

w o u ld  n o t  d e v e l o p  a m o i s t u r e  p r o b l e m  i n  t h e  s o i l  w h e re  t h e  

p l a n t s  w e re  g r o w i n g .

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

o f  t h e  1947 p l a n t s ,  w h i c h  a v e r a g e d  c o n s i d e r a b l y  auove  the  

t w e n t y  h e a d s  p e r  p l a n t .  T h e se  p l a n t s  w h ic h  w ere  i n  an 

e x t r e m e l y  t h i n  s t a n d  a t t a i n e d  u n u s u a l  s t a t u r e  a n d  w ere  

s u b j e c t  t o  l i t t l e  o r  no c o m p e t i t i o n  oy s u r r o u n d i n g  v e g e t a t i o n .  

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

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

i n  t h e i r  d e v e l o p m e n t  so t h a t  d o m in a n c e  oi  e a r l y  h e a d s  was 

n o t  a f a c t o r  h i n d e r i n g  t h e  d e v e l o p m e n t  o f  l a t e r  h e a d s .
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NUTRIENT LEVELS 

Methods  and M a t e r i a l s

I t  h a s  been fo u n d  by t h e  w r i t e r  t h a t  when s e ed  o f  i d e n t i c a l  

o r i g i n  was o l a n t e d  a t  E x p e r im e n t ,  and a t  T i f t o n ,  G e o r g ia ,  150 

m il e s  f a r t h e r  s o u t h ,  tha.t th e  s e e d  crop s  a t  T i f t o n  were l e s s  

p erm eable  than  t h e  o n es  from E x p er im en t .  A l th o u g h  H a r r i n g t o n  ( 6 ) 

d i s c o u n t e d  s o i l  c o n d i t i o n s ,  th e  s u s p i c i o n  a r o s e  t h a t  i t  might  be 

a f a c t o r  i n f l u e n c i n g  p e r m e a b i l i t y .  S i n c e  t h i s  e x p e r im e n t  h a s  

been c o n c l u d e d ,  a s tu d y  o f  t h e  w ea th er  r e c o r d s  a t  b o th  s t a t i o n s  

make i t  seem l i k e l y  t h a t  l e s s  p r e c i p i t a t i o n  a t  T i f t o n  was th e  

most e f f e c t i v e  f a c t o r  b r i n g i n g  about  th e  d i f f e r e n c e .

To c h e c k  t h e  i n f l u e n c e  o f  n u t r i e n t  l e v e l s ,  h a l f - p l a n t s  as  

d e s c r i b e d  above  were s u b j e c t e d  t o  two d i f f e r e n t  l e v e l s  o f  c a l c i u m ,  

p h o sp h o r u s ,  and p o t a s s i u m .  A s o i l  m ix tu re  c o n s i s t i n g  o f  o n e -  

f o u r t h  c l a y  loam w i t h  p e a t  moss ,  and t h r e e - f o u r t h s  sand was p r e p a r ­

ed.  To e s t a b l i s h  d i f f e r e n t  f e r t i l i t y  l e v e l s  c a lc iu m  c a r b o n a t e  was 

added a t  500 t o  1 0 0 0  pounds p e r  a c r e ,  18 p er  c e n t  s u p e r p h o s p h a te  

at  400  pounds t o  t h e  h i g h  l e v e l , a n d  200 pounds o f  50 p e r  c e n t  

m u r ia t e  o f  p o t a s h  t o  th e  h i g h  l e v e l .  Low l e v e l s  o f  ph osp h oru s  

and p o t a s s i u m  r e c e i v e d  no a d d i t i o n s  o f  t h e s e  e l e m e n t s .  S i x t y -  

fo u r  h a l f - p l a n t s  were u se d  which  would h ave  p e r m i t t e d  t h i r t y - t w o  

c o m p a r i s o n s  b a s e d  on d i f f e r e n c e s  r e s u l t i n g  from any one o f  th e  

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

f o l l o w i n g  t a b l e .
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TABLE XXIII 

DESIGN OF NUTRIENT LEVEL EXPERIMENT

T r e a tment Comparisons

P l a n t  P l a n t  P l a n t  P l a n t  P l a n t  P l a n t  P l a n t  P l a n t  

A* A-,* B Bx C C1 D Dx

E E 1 F F1 Gr G1  H

^ P a ir e d  l e t t e r s  r e p r e s e n t  i d e n t i c a l  p l a n t s

The d e s i g n  a s  p r e s e n t e d  o f f e r e d  a s a t i s f a c t o r y  s u b s t i t u t e  

f o r  a f a c t o r i a l  w h ich  c o u ld  n o t  be u s e d ,  and had an a d v a n ta g e  over  

an i n c o m p l e t e  b l o c k  i n  t h a t  a l o s s  o f  p l a n t s  would n o t  s e r i o u s l y  

a f f e c t  t h e  e x p e r i m e n t  u n l e s s  to o  many p l a n t s  o f  one co m o a r iso n  

were l o s t .

A l l  p l a n t s  i n  th e  t e s t  were grown t o  m a t u r i t y  and t r e a t e d  

in  t h e  u s u a l  manner e x c e p t  t h a t  t h e  s e e d  were n o t  g r a d e d  f o r  s i z e .  

The low  y i e l d s  o f  s e e d  p r o d u c ed  made i t  n e c e s s a r y  t o  combine  

p l a n t s  i n  th e  same co m p a r iso n  t o  o b t a i n  enough f o r  g e r m i n a t i o n  

p u r p o s e s .  When t h i s  was done each  h a l f  c o n t r i b u t e d  an e q u a l  

amount f o r  t h e  t e s t s .  By so  d o i n g  f o u r  c o m p le te  r e p l i c a t i o n s  

were o b t a i n e d .  A l l  p l a n t s ,  a f t e r  s ee d  h a r v e s t ,  were s a v e d  f o r  

m in e r a l  a n a l y s i s  p r o v i d e d  any t r e a t m e n t  e f f e c t s  were d e t e r m in e d  

by g e r m i n a t i o n  t e s t s .
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The e f f i c i e n c y  o f  t h e  above d e s i g n  p ro v ed  t o  be o u i t e  

s a t i s f a c t o r y  f o r  i s o l a t i n g  s i n g l e  e l e m e n t  e f f e c t s .  T a b le  XXIV 

g i v e s  t h e  r e s u l t s  o f  th e  g e r m i n a t i o n  t e s t s  w h e r e in  t h e  i d e n t i t y  

o f  i n d i v i d u a l  p l a n t s  i s  l o s t  by com bin ing  them i n t o  r e p l i c a t i o n s .

TABLE XXIV

EFFECT OF NUTRIENT LEVELS ON PERMEABILITY

P e r  c e n t G e r m in a t io n
C om parison  1 * Comparison 2

Rep.* W i ; CpP K ; D i f f .
•  Cj Kj (C • ° 1 P 1 K 2 I G2 P2 K 1  j D i f f .

1 ?3 63 10 97 92 5
2 76 67 9 93 80 13
3 94 75 19 59 30 29
4 76 87 - 1 3 1 0 0 95 5

Means 7 9 . 7 7 3 . 0  + 6 . 2 5 8 7 . 2 7 4 . 2  + 1 3 . 0
Comparison  3 Comparison 4

R ep .* W i : CgP-jKg : D i f f . C iP 2 k 2 \ G2 P1 ^ 1  j D i f f .

1 92 77 15 76 92 - 1 6
2 83 75 8 81 71 1 0

3 97 84 13 98 78 2 0

4 91 8 3  8 1 0 0 98 2

Means 9 0 . 1 7 9 . 7  * 1 1 . 0 8 8 . 7 C
D

• 4 . 0
Two p l a n t s  i n  e a c h  r e p l i c a t i o n  o f  e a c h  com par ison

E x c e p t i n g  two i n s t a n c e s  t h e  h i g h e r  d e g r e e  o f  i m p e r m e a b i l i t y  

i s  a s s o c i a t e d  w i t h  t h e  h i g h e r  l e v e l  o f  c a l c i u m .  In  t h r e e  c a s e s  

the  d i f f e r e n c e s  a r e  as  l a r g e  as  t h o s e  u se d  t o  s e p a r a t e  p a r e n t s  i n  

the  i n b r e e d i n g  s t u d y  r e p o r t e d  a b o v e . Had th e  h i g h e r  ph osp h oru s
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l e v e l  b e e n  t h e  main f a c t o r  c o n t r i b u t i n g  t o  s e e d  i m p e r m e a b i l i t y ,

the  ]̂_̂ >2 ^ 1 ' an<3- ^ 3_ 2̂ ^ 2  '̂■I:>eâ nieri"ts sh o u ld  have  r e s u l t e d  i n  the  

h i g h e r  amount o f  imperm eable  s e e d .  I n  o n l y  one i n s t a n c e ,  i n  

t r e a t m e n t  C^PgKg, was t h i s  t h e  c a s e .  I f  th e  h i g h e r  l e v e l  o f  

p o t a s s iu m  were t h e  most i n f l u e n t i a l  f a c t o r  i n  t h i s  r e s p e c t ,  

t r e a t m e n t s  C-jP-^Kg, and sh o u ld  h ave  Produced  t h e  h i g h e r

amount o f  im perm eable  s e e d .  The r e v e r s e  was t r u e  e x c e o t  th e  

one r e p l i c a t i o n  i n  t r e a t m e n t  C]PgKg.

I t  may be n o t e d  i n  t h e  a n a l y s i s  o f  v a r i a n c e  i n  Table  

XXV t h a t  t h e r e  i s  a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  be tw een  th e  

s i x t e e n  p a i r s  o f  c o m p a r i s o n s .

TABLE XXV

ANALYSIS OF VARIANCE OF DATA IN 
TABLE XXIV

S o u rce
•  • 
« •

: D. F. :
•
9

Sums o f  S q u ares  : V a r ia n c e
i

: F

T o t a l 31 6 , 7 2 6 . 4 ?
Groups 3 5 2 8 .0 0 1 7 6 . 0
P a i r s 1 2 4 , 6 9 2 . 9 2 9 1 . 3 2 4 .37 '
Comparison 1 1 9 2 . 2 9 2 . 2

" 2 1 3 3 8 . 0 3 3 8 . 0 5.07'
" 3 1 2 4 2 . 0 2 4 2 . 0
ii 4 1 3 2 . 0 3 2 . 0

Errop 1 2 7 9 9 . 3 ? 6 6 . 6 1

That  t h e  e f f e c t  on p e r m e a b i l i t y  can be a t t r i b u t e d  t o  

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

the  p l a n t  t i s s u e .  Two r e p l i c a t i o n s  o f  th e  m a t e r i a l  were combined



- 9 5 -

to  o b t a i n  enough m a t e r i a l  f o r  th e  a n a l y s e s .  T ab le  XXVI g i v e s  

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

The d i f f e r e n c e s  o b t a i n e d  a r e  n ot  l a r g e  enough to  e s t a b l i s h  

s t a t i s t i c a l  s i g n i f i c a n c e  even  though th e  h i g h e r  c a l c i u m  l e v e l  

p l a n t s  c o n t a i n e d  o n e - t h i r d  more c a lc iu m  than  th e  low l e v e l  

p l a n t s .  The f a i l u r e  t o  e s t a b l i s h  s i g n i f i c a n c e  can be a t t r i b u t e d  

to  t h e  i n c o n s i s t e n c y  o f  th e  r e s u l t s  i n  th e  f i r s t  com par ison  i n  

r e p l i c a t i o n  one and t h e  s ec o n d  i n  r e p l i c a t i o n  two.

The r e s u l t s  o f  t h i s  e x p e r im e n t  do n ot  conform t o  th e  o b s e r v a ­

t i o n s  o f  H a r r i n g t o n  ( 6 ) r e l a t i v e  t o  the  e f f e c t  o f  s o i l s  on permea­

b i l i t y .  When t h e  e f f e c t  o f  c a l c i u m  on c e l l  p e r m e a b i l i t y  (18)  i s  

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

r e s u l t i n g  from t h e  h i g h  c a l c iu m  t r e a t m e n t  s h o u ld  h a v e  been  

a n t i c i p a t e d .  The lo w e r  c a l c iu m  c o n t e n t  o f  c o a s t a l  p l a i n s  s o i l s  

as compared t o  t h e  h e a v i e r  p iedm ont  t y p e s  i n  t h e  v i c i n i t y  o f  

E x p e r im e n t ,  G e o r g i a ,  s t r e n g t h e n s  th e  a s su m p t io n  t h a t  t h e  h i g h e r  

d e g r e e  o f  i m p e r m e a b i l i t y  o f  s o u t h  G e o r g ia  s e e d  may be a t t r i b u t e d  

to  m o i s t u r e  and t e m p e r a t u r e  d i f f e r e n c e s .

The a g ro n o m ic  i m p l i c a t i o n s  o f  t h e s e  r e s u l t s  are  w orthy  o f  

n o t e .  Lime i s  n o t  g e n e r a l l y  recommended f o r  th e  crop u n l e s s  the  

s o i l  i s  d i s t i n c t l y  a c i d  (1 ,  1 3 ) .  I t  would appear ,  h o w ev er ,  t h a t  

a l i b e r a l  a p p l i c a t i o n  o f  l im e  would a i d  i n  m a i n t a i n i n g  a s ta n d  

by v i r t u e  o f  t h e  g r e a t e r  amount o f  hard  s e e d  p ro d u ced .  A l s o  tn e  

i n f r e q u e n t  u s e  o f  t h i s  amendment may p a r t i a l l y  e x p l a i n  th e  s h o r t  

l o n g e v i t y  o f  s t a n d s  when once e s t a b l i s h e d .
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TABLE XXVI

CALCIUM CONTENT OF PLANTS AS AFFECTED BY 
LEVELS OF APPLICATION

T re atm en t

P e r  Cent Calcium Oxide

H e u l i c a t i  on
•
•

1 2

• •

: Mean D i f .

W i 2 . 7 3 * 1 . 8 7 2 . 3 0
GgPgKg 2 . 1 8 2 . 9 9 2 . 5 8 0 . 1 2

CiPiKg 1 . 8 7 2 . 3 7 2 . 1 2

CoPgKi 2 . 58 2 . 3 0 2 . 4 8 0 . 3 6

C1 P 2 K 1 1 . 7 2 1 . 8 6 1 . 7 9
C2 PiK 2 2 . 2 2 2 . 2 1 2 . 2 2 0 . 4 3

° 1 P 2 K 2 1 . 5 4 1 . 8 1 1 . 6 7

C2 p 1 k 1 2 . 2 3 4 . 2 8 3 . 2 5 1 . 5 8

Means f o r  Calc ium  L e v e l s  = Cj -  1 . 9 7 ,  Cg -  2 . 6 4

L .S .D .  = . 7 5  ©5%

*Ea.ch a . n a l y s i s  on m a t e r i a l  from f o u r  o l a n t s .
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MQISTURE CONTENT OF SEED 

Methods and M a t e r i a l s

When t h e  a n a t o m i c a l  i n v e s t i g a t i o n s  r e n o r t e d  above  

w ere i n  P r o g r e s s  i t  "as o b s e r v e d  t h a t  a lm o s t  i n v a r i a b l y ,  

an a i r  s p a c e  o c c u r r e d  b etw een  th e  s e e d  c o a t  and c o t y l e d o n s .

The p o s s i b i l i t y  a r o s e  t h a t  d e la y e d  g e r m i n a t i o n  m ight  be 

c a u s e d  by t h e  i n a b i l i t y  o f  t h e  w ater  im bibed  by th e  s e e d  c o a t  

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

deduced  t h a t  l o w e r e d  m o i s t u r e  i n  th e  s e e d  vo u l d  b r i n g  about  

a s h r i n k a g e  o f  t h e  c o t y l e d o n s  b ro a d e n in g  th e  s e p a r a t i o n .

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

i n  a d e s i c c a t o r  and spjnoles  withdrawn a t  i n t e r v a l s  f o r  

e x a m i n a t i o n .  Twenty s e e d s  a t  each  m o i s t u r e  c o n t e n t  were  

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

h o l d e r  and c u t t i n g  a c r o s s  th e  h i lu m .  One h a l f  o f  e a ch  s e e d  

was p l a c e d  under a s t e r o s c o o i c  m ic r o s c o p e ,  and a camera  

l u c i d a  d r a w in g ,  a t  90 d i a m e t e r s ,  made of the  c u t  s u r f a c e .  

M easurem ents  w ere  made ^t f i v e  u n i f o r m i t y  s e l e c t e d  p o r t i o n s  

o f  t h e  d r a w in g s  and t h e  a v e r a g e  w idth  d e te r m in e d .

G e r m i n a t i o n  t e s t s  were run on a hundred s e e d  a t  each  

m o i s t u r e  l e v e l  b u t  th e  r e s u l t s  are  no t  r e p o r t e d  owing to  th e  

p o s s i b i l i t y  o f  becom ing  p er m e a b le  i n  co m b in in g .  G erm in a t io n  

t e s t s  were l a t e r  run on s e e d  w i t h  d i f f e r e n t  m o i s t u r e  c o n t e n t s ,  

h u l l e d  as  i n  t h e  above e x p e r i m e n t s .
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I t  a o o e a r s  o b v i o u s  i n  Table  XXVII t h a t  d r y i n g  the  

s e e d  had  no m a t e r i a l  e f f e c t  on the  a i r  s p a c e  b e tw ee n  the  

c o t y l e d o n s  and t h e  s e e d  c o a t .  I n  v i e w  o f  the  o r o b a b i l i t y  

t h a t  i m p e r m e a b i l i t y  i s  c a u s e d  by o t h e r  f a c t o r s  th e  d a ta  

h a s  n o t  b e e n  s u b j e c t e d  t o  c r i t i c a l  e x a m i n a t i o n .

TABLE XXVII

AIR SPACE BETY/EEN COTYLEDONS AND SExD 
COAT AS INFLUENCED BY MOISTURE

Content

P e r  c e n t  m o i s t u r e ___________ I Space  i n  m icrons

1 3 . 2  1 0 . 0
8 . 6  1 5 . 5
7 . 6  1 1 . 1
6 . 5  1 5 . 5
6 . 1  1 0 . 5

On hand h u l l e d  s e e d  th e  m o i s t u r e  c o n t e n t  d i d  have a 

c o n s i d e r a b l e  e f f e c t  as  shown i n  Table  XXVIII.

S e v e r a l  i n v e s t i g a t o r s  ( 5 , 8 , )  have  shown t h a t  d r y i n g  

o u t  s e e d  by t h e  u s e  o f  head  makes s w e e t  c l o v e r  s e e d s  more 

p e r m e a b l e .  On t h e  o t h e r  hand,  L e b e d e f i  (14)  r e p o r t s  t h a t
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TABLE XXVIII

EFFECT OF MOISTURE COFTENT ON PERMEABILITY

’ P e r c e n t : P e r c e n t  :
Rep. : M o is tu r e : P erm eab le  : Means

1 1 2 . 9 87 8 5 . 0
2 1 3 . 0 83

1 8 . 1 78 7 7 . 5
2 8 . 5 77

1 5 . 4 75 7 5 . 0
2 5 . 4 ... 75 _ ...................

 ̂ L. S ♦ D.__ * 4 . 2 3 $  9 5$ 7 . 7 6 $  9  1$ ----------------------

d r y i n g  o f f i e l d  b ean s  s lo w s  up the  r a t e  o f  m o is t u r e a b s o r o -

t i o n .  The s e e d  o f  cr im so n  c l o v e r  r e a c t  t o  d r y i n g  i n th e

manner o f  f i e l d  b ean s  i n  t h i s  s tu d y  w i t h  a maximum d e c r e a s e  

i n  p e r m e a b i l i t y  o f  10 per  c e n t .  T h is  amount i n  i t s e l f  i s  

n o t  s u f f i c i e n t  t o  i n t e r f e r e  m a t e r i a l l y  w i t h  the  s e l e c t i o n  

o f  l i n e s  d i f f e r i n g  i n  o e r m e a b i l i t y  e x c e p t  where c e r t a i n  

i n d i v i d u a l s  may be on th e  b o r d e r l i n e  o f  l i m i t s  s e l e c t e d  f o r  

c l a s s i f y i n g  s e e d  as  perm eable  or  im perm eable .  The r e s u l t s  

p r e s e n t e d  s t r e s s  th e  n e c e s s i t y  o f  u n i form  s t o r a g e  c o n d i t i o n s  

from y e a r  t o  yesr>  i f  i n v e s t i g a t i o n s  a re  bein«. c o n d u c te d  on

p e r m e a b i l i t y .
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SUMMARY AND CUNCuUbloMS

A n a t o m i c a l  i n v e s t i g a t i o n s  o f  t h e  s e e d  c o a t s  o f  

Crimson c l o v e r  show them t o  be s t r u c t u r a l l y  s i m i l a r  t o  

t h e  s e e d s  o f  Red c l o v e r  and t h e  c e l l  w a l l  c o m p o s i t i o n  l i k e  

t h a t  o f  S w eet  c l o v e r .  3y  u s i n g  a d i s o r g a n i z e d  s e e d  c o a t  

a s  a membrane i t  was e s t a b l i s h e d  t h a t  I m p e r m e a b i l i t y  i n  

Crimson c l o v e r  i s  p a r t i a l l y  due to  th e  e x t e r n a l  c u t i c l e  

l a y e r .

H av in g  fo u n d  narked  v a r i a b i l i t y  i n  hard s e e d e d n e s s  

among p l a n t s ,  b r e e d i n g  e x p e r i m e n t s  were i n i t i a t e d  and 

c a r r i e d  on o v e r  a 3 - y e a r  p e r i o d .  P a r e n t a l  l i n e s  d i f f e r i n g  

i n  p e r m e a b i l i t y  were s e l e c t e d  from t h r e e  hundred p l a n t s  

s e l e c t e d  a t  random and s e l f e d .  P a r e n t s  f o r  t h e  s e c o n d  and 

t h i r d  g e n e r a t i o n  were s e l e c t e d  w i t h i n  l i n e s  from s e l f e d  

p r o g e n y  on t h e  b a s i s  o f  g e r m i n a t i o n  t e s t s .  The f i r s t  hard ,  

and s o f t - s e e d e d  p a r e n t s  s e l e c t e d  which  had a mean d i f f e r e n c e  

o f  6 0 . 3  p e r c e n t  i n  p e r m e a b i l i t y  w i t h  a g e r m i n a t i o n  o f  2 5 . 4  

and 8 5 . 7  p e r c e n t ,  r e s p e c t i v e l y ,  y i e l d e d  o r o g en y  which  

d i f f e r e d  i n  mean p e r m e a b i l i t y  by o n l y  0 . 3 0  p e r c e n t .  Second  

g e n e r a t i o n  p a r e n t s  w i t h  a mean d i f f e r e n c e  o f  4 4 . 8  p e r  c e n t  

i n  p e r m e a b i l i t y  p ro d u ced  s o f t - s e e d e d  p r o g en y  w i t h  a mean 

p e r m e a b i l i t y  o f  7 6 . 5  p e r  c e n t ,  and hard s e e d e d  p ro g e n y  

wrI t h  a mean o f  7 2 . 8  p e r  c e n t .  Th ird  g e n e r a t i o n  h a r d - s e e d e d  

p a r e n t s  w i t h  a mean g e r m i n a t i o n  o f  3 6 . 7  o e r  c e n t  prod u ced  

o f f s p r i n g  w i t h  a mean p e r m e a b i l i t y  o f  8 4 . 7  p e r  c e n t ,  and 

s o f t - s e e d e d  p a r e n t s  show in g  8 4 . 2  p er  c e n t  p erm eab le  s e e d s
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y i e l d e d  o r o g e n y  w i t h  a mean p e r m e a b i l i t y  o f  8 6 . 5  p e r  c e n t .  

Three  y e a r s  o f  s e l f i n g  and s e l e c t i o n  f o r  l i n e s  d i f f e r i n g  in  

p e r m e a b i l i t y  c u l m i n a t e d  w i t h  a mean d i f f e r e n c e  o f  o n l y  1 . 6 1  

p e r  c e n t .

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

i n  t h e  f i e l d  and by p a i r e d  c o m p a r iso n s  w i t h  c l o n a l  s e p a r a ­

t i o n s ,  showed t h a t  s m a l l  s e e d  from f i e l d  h a r v e s t s  a r e  more 

im p erm eab le  th a n  l a r g e  s e e d s  prod u ced  u n d er  t h e  same c o n d i ­

t i o n s .  A h i g h  m o i s t u r e  s u p p l y ,  v e r s u s  a low  s u p p l y ,  produced  

l a r g e r  s e e d  w i t h  o n l y  a s l i g h t l y  h i g h e r  d e g r e e  o f  p e r m e a b i l i t y .  

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

s t a g e s  o f  c e l l  d i f f e r e n t i a t i o n  which r e s u l t  i n  i m p e r m e a b i l i t y .

S e e d  p r o d u c e d  on h e a d s  s u b j e c t  t o  a h i g h  r e l a t i v e  

h u m i d i t y  p r o d u c e d  l a r g e r  s e e d  than  h e a d s  surro u nd ed  by a low  

r e l a t i v e  h u m i d i t y .  P l a n t  r e s p o n s e  as  t o  p e r m e a b i l i t y  was i n c o n ­

s i s t e n t .  The odds were 2  t o  1  t h a t  h e a d s  s u b j e c t  t o  a h i g h  

r e l a t i v e  h u m i d i t y  would  p rod u ce  s e e d  8  p e r  c e n t  more 

p e r m ea b le  t h a n  t h o s e  p r o d u c e d  by h e a d s  e x p o s e d  t o  a low  

r e l a t i v e  h u m i d i t y .

P l a n t s  grown w i t h  2000  f o o t - c a n d l e s  o f  i l l u m i n a t i o n  

p r o d u c e d  s e e d  w h ic h  d id  n o t  d i f f e r  i n  s i z e  or  p e r m e a b i l i t y  

from  t h o s e  p ro d u c ed  i n  f u l l  s u n l i g h t .

A s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  was e s t a b l i s h e d  

f o r  p e r m e a b i l i t y  a s  r e l a t e d  t o  head  s e q u e n c e  and h i g h l y
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s i g n i f i c a n t  c o r r e l a t i o n s  w ere  found b e t w e e n  h ea d  s e q u e n c e  

and s e e d  s i z e ,  and b e tw e e n  s e e d  s i z e  and p e r m e a b i l i t y .  When 

p l a n t s  d i d  n o t  h a v e  t o  com pete  w i t h  a d j a c e n t  v e g e t a t i o n ,  

h e a d  s e q u e n c e  had  no a f f e c t  on p e r m e a b i l i t y .

C l o v e r  grown a t  two l e v e l s  o f  c a l c i u m ,  p h o sp h o r u s ,  

and p o t a s s i u m  were fo u n d  t o  be l e s s  p erm eab le  i n  t h e  p r e s e n c e  

o f  h i g h  l e v e l s  o f  c a l c i u m ,  b ut  u n a f f e c t e d  by d i f f e r e n t  l e v e l s  

o f  p h o sp h o r u s  or  p o t a s s i u m .

S e e d  w i t h  12 t o  13  p e r  c e n t  m o i s t u r e  were fou nd  t o  

be 1 0  p e r  c e n t  more p e r m e a b le  th an  s e e d s  d r i e d  t o  l o w e r  

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

On t h e  b a s i s  o f  t h e  above  i n v e s t i g a t i o n s  i t  a p p e a r s  

t h a t  t h e  f o l l o w i n g  c o n c l u s i o n s  are  j u s t i f i e d :

1 .  I m p e r m e a b i l i t y  o f  t h e  s e e d s  o f  cr im son  c l o v e r  

i s  p a r t i a l l y  due t o  t h e  w e l l  d e v e l o p e d  c u t i c l e  l a y e r .

2 .  Wide v a r i a t i o n s  i n  p e r m e a b i l i t y  e x i s t  among 

p l a n t s ,  from s e a s o n  t o  s e a s o n .

3 .  I m p e r m e a b i l i t y  o f  s e e d  c o a t s  d o e s  n o t  a p p ea r  to  

be an i n h e r i t e d  c h a r a c t e r i s t i c .

4 .  D i f f e r e n c e s  i n  s o i l  m o i s t u r e  l e v e l s ,  and r e l a t i v e  

h u m i d i t i e s  h a v e  no c o n s i s t e n t  e f f e c t  on p e r m e a b i l i t y

5 .  Crimson c l o v e r  p l a n t s  d e v e l o p  n o r m a l ly  under  an 

i l l u m i n a t i o n  o f  2 0 0 0  f o o t  c a n d l e s .
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e f f e c t

c o n t e n t

A h i g h  l e v e l  o f  c a l c i u m  i n  t h e  s o i l  h a s  t h e  

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

S e ed  become more imperm eable  as  t h e  m o i s t u r e  

o f  t h e  s e e d  i s  l o w e r e d .



LITERATURE CITED

A l e x a n d e r ,  E. D . , Crimson C l o v e r  f o r  f e r t i l i z e r ,  f e e d ,  

and s o i l  p r o t e c t i o n .  Ga. Agr.  E x t .  S e r .  B u l l .  4 5 2 .  1 9 5 9 .

______________________  and P r e s t o n ,  J .  B . ,  Summary o f  c l a n t -

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

a c r e  i n  G e o r g i a ,  a s  r e p o r t e d  by co u n ty  a g e n t s ,  and o t h e r  

a g r i c u l t u r a l  w o r k e r s ,  1 9 5 0 - 1 9 4 7 .  Miraeo. C i r c .  1 9 4 7 .

Coe,  H. S . ,  and M a r t in ,  J .  N . , S w eet  C l o v e r  s e e d ,  I I ,  

S t r u c t u r e ,  and c h e m i c a l  n a t u r e  o f  t h e  s e e d  c o a t  and i t s  

r e l a t i o n  t o  i m p e r v i o u s  s e e d s  o f  s w e e t  c l o v e r .  U. S .  D. A. 

B u l l .  8 4 4 ,  1 9 2 0 .

G i t t i n g s ,  E. B . , C l i m a t e  o f  C o lo r a d o .  U. S .  D. A. Y e a r -  

bbok o f  A gr .  1 9 4 1 ,  o o .  7 9 8 - 8 0 8 .

Hamly, H. D. , S o f t e n i n g  o f  th e  s e e d s  o f  I . I e l i l o t u s  a l b a .

B o t .  Gaz. 95:  5 4 5 - 5 7 5 ,  1 9 5 2 .

H a r r i n g t o n ,  G. T . , Hard c l o v e r  s e e d  and i t s  t r e a t m e n t  i n  

h u l l i n g .  U. S .  D. A. Farmers B u l l *  6 7 6 ,  1 9 1 5 .

H i g b e e ,  H. Yu'., A h u l l e r  f o r  c l o v e r  h e a d s .  J o u r .  Araer.

S o c .  A gron .  57:  4 0 0 - 4 0 2 ,  1 9 4 5 .

H i l t n e r ,  L . , and K i n z e l ,  W . , The h a r d n e s s  o f  th e  s e e d  

c o a t s  i n  L e g u m i n a s e a e . Z e n t b l .  Agr.  Ghem. 56:  5 8 1 - 5 8 4 ,

1 9 0 7 ,  ( O r i g i n a l  not  s e e n ;  a b s t r a c t e d  i n  E. S .  R.

19:  6 4 2 .  1 9 0 3 . )

H o l l o w e l l ,  E. A . , Crimson c l o v e r ,  U. S. D. A. L f l t .

1 6 0 ,  1 9 5 8 .



- 1 0 5 -

1 0 .  Jam es ,  E . , A c l o v e r  h u l l e r  f o r  h ea d  s a m n le s .  J o u r .

Amer. S o c .  Agron.  37:  1 5 8 - 1 6 0 ,  1 9 4 5 .

11* _____________, E f f e c t  o f  c e r t a i n  c u l t u r a l  p r a c t i c e s  on t h e

c o n s e r v a t i o n  o f  m o i s t u r e  i n  a o ied m on t  s o i l .  Jour*

Amer. S o c .  Agron.  37:  9 4 5 - 9 5 2 ,  1 9 4 5 .

1 2 .  J o h n so n ,  G. C . ,  U n p u b l i s h e d  w e a t h e r  r e c o r d s .  U. S,

D e p t ,  o f  Com. W eather B u r . ,  A t h e n s ,  G e o r g ia .

1 3 .  K e p h a r t ,  L. V/., Growing c r im so n  c l o v e r .  U. 3 .  D. A.

Farmers  B u l l .  1 1 4 2 ,  1 9 2 2 .

1 4 .  L e b e d e f f ,  G. A . ,  H e r e d i t y  and e n v iro n m e n t  i n  th e  p r o d u c ­

t i o n  o f  h a r d  s e e d s  i n  common b ea n s  ( P h a s e o l u s  v u l g a r i s ) .

P u e r t o  R i c o  A gr .  E x o t .  S t a .  R e s .  B u i .  4 ,  1 9 4 3 .

1 5 .  L u t e ,  A . ,  Impermeable  s e e d s  o f  a l f a l f a .  G o lo .  Agr.

E x p t .  S t a .  B u i .  3 2 6 ,  1 9 2 8 .

1 6 .  M a r t i n ,  J .  N. , The s t r u c t u r e  and d e v e lo p m e n t  o f  th e  s e e d

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

a l b a .  I a .  Acad.  S c i .  P r o c .  29:  3 4 5 - 3 4 6 ,  1 9 2 2 .

1 7  . ____________________ and W yatt ,  J .  R. , The s t r o p h i o l e  and

o t h e r  s e e d  s t r u c t u r e s  a s s o c i a t e d  w i t h  h a r d n e s s  i n  

M e l i l o t u s  a l b a  L. and M. o f f i c i n a l i s  W i l l d .  I a .  S t .  J o u r .  

S c i .  18:  4 5 7 - 4 6 9 ,  1 9 4 4 .

1 8 .  M eyer ,  B. L . , and A n d e rso n ,  D. B . ,  P l a n t  P h y s i o l o g y ,

n o .  3 4 8 - 3 5 2 .  New York: D. Van N o s tr a n d  C o . ,  1 9 4 0 .

1 9 .  M i l l e r ,  E. C . ,  P l a n t  P h y s i o l o g y ,  n .  587 .  New York:

M cG raw -H il l  Book Co. I n c . ,  1 9 3 8 .



20 .

21.

22.

2 3 .

2 4 .

2 5 .

2 6 .

2 7 .

2 8 .  

2 9 .

- 1 0 6 -

McKee, R. , V i t a l i t y  and g e r m i n a t i o n  o f  c r im so n  c l o v e r  

s e e d  a s  a f f e c t e d  by s w e l l i n g  and s p r o u t i n g  and su b ­

s e q u e n t  d r y i n g .  J o u r .  Amer. S o c .  Agron.  27: 6 4 2 - 6 4 3 ,  

1 9 3 5 .

N e l s o n  A . , Hard s e e d s  i n  L e g u m in o se a e .  Mature 118:  

8 0 4 - 8 0 5 ,  1 9 2 6 .

Pammel, L. H . ,  A n a t o m ic a l  c h a r a c t e r s  o f  th e  s e e d s  o f  

L e g u m in o s e a e ,  c h i e f l y  t h e  g e n e r a  o f  G r a y ' s  Manual .

T r a n s .  S t .  L o u i s  Acad.  S c i .  9: 9 1 - 2 7 4 ,  1 8 9 9 .

P i e t e r s ,  A. J . ,  and H o l l o v v e l l ,  E. A . ,  C lo v e r  im provem ent .  

U. S .  D. A. Yearbook 1 9 3 7 ,  n o .  1 1 9 0 - 1 2 1 4 .

P i e t e r s ,  A. J . ,  L e s p e d e z a  s e r i c e a  and o t h e r  o e r e n n i a l  

l e s p e d e z a s  f o r  f o r a g e  and s o i l  c o n s e r v a t i o n .  U. S. D. A. 

C i r .  5 3 4 ,  1 9 3 9 .

R e e v e ,  R. M. , S t r u c t u r a l  c o m p o s i t i o n  o f  t h e  s c l e r i d s  

i n  t h e  i n t e g u m e n t  o f  Pisum s a t iv u m  L. Amer. J o u r .  Bot.. 

33: 1 9 1 - 2 0 4 ,  1 9 4 6 .

S t i t t ,  R. E . ,  E f f e c t  o f  m o i s t u r e ,  s e e d i n g  d a t e ,  and 

f e r t i l i z e r  on t h e  s t a n d s  o f  c r im so n  c l o v e r .  J o u r .  Amer. 

S o c .  A gron .  36: 4 6 4 - 4 6 7 ,  1 9 4 4 .

S t u c k y ,  H. P . ,  Crimson c l o v e r  s t r a i n s .  Ga. Agr .  E x o t .  

S t a .  5 8 t h .  An. R o t . ,  p p .  6 3 - 6 4 ,  1 9 4 6 .

U. S .  D e p t ,  o f  A g r . , R u l e s  and reco m m e nd a t io n s  f o r  s e e d  

t e s t i n g .  U. S. D. A. C i r .  4 8 0 ,  1 9 3 8 .

W h ite ,  J e a n . ,  The o c c u r e n c e  o f  an imperm eable  c u t i c l e  on 

th e  e x t e r i o r  o f  some s e e d s .  P r o c .  Roy. S o c .  V i c t o r i a ,  

n. s .  21:  2 0 3 - 2 1 0 ,  1 9 0 8 .



- 1 0 7 -

3 0 .  W inton  K. B . , C o m p a ra t iv e  h i s t o l o g y  o f  a l f a l f a  and 

c l o v e r .  B o t .  Gaz. 57: 5 3 - 6 3 ,  1 9 1 4 .



- 108-

APPENDIX A

GERMINATION OF CRIMSON CLOVER PLANTS- SELFED IN 1944

P l a n t •
« G e r m in a t io n  by Day's "

Number : 2  : 4 : 6 : 8 : 1 0 ";' 1 2  ; 1 4 “ : 2 1 ; 63
1 1 1 44 64 65 6 8 6 8 69 72 82
2 1 2 2 0 32 33 33 34 34 36 43
3 1 1 15 16 17 17 17 2 0 35 79
4 24 29 35 39 40 43 45 47 56
5 17 17 17 17 17 17 19 19 23
6 18 29 29 30 34 34 35 38 56
7 46 62 67 71 72 72 73 75 80
8 17 27 32 33 35 36 36 38 48
9 4 8 1 2 15 18 18 2 2 26 44
1 0 2 3 3 4 5 6 6 9 16
1 1 38 56 67 69 72 72 73 74 30
1 2 16 19 27 28 28 28 29 30 36
13 29 50 60 71 72 74 77 81 90
14 6 8 8 8 9 9 9 9 17
15 42 62 73 82 8 6 87 37 91 93
16 2 4 4 4 5 5 6 7 IQ
17 26 42 49 55 62 6 8 75 77 91
18 9 15 16 18 2 1 2 2 25 32 43
19 40 87 89 93 94 96 93 98 98
2 0 91 94 94 94 94 94 94 97 1 0 0

2 1 4 5 7 7 7 9 1 1 29 50
2 2 9 19 24 29 34 39 43 43 57
23 1 6 8 1 0 1 1 1 2 13 17 32
24 1 1 1 19 31 37 39 42 52 62
25 18 38 44 47 51 54 57 67 77
26 5 13 13 17 2 1 23 26 34 48
27 1 0 18 2 1 28 32 35 36 40 47
28 4 5 9 1 0 1 2 13 13 26 48
29 2 1 23 26 26 27 27 29 39 37
30 54 59 59 60 63 64 6 6 69 80
31 6 8 9 9 9 9 9 1 1 25
32 2 0 26 29 32 35 35 35 37 51
33 3 18 2 0 26 26 32 33 42 59
34 61 90 98 99 99 99 99 99 • 99
35 24 37 47 54 57 59 59 76 90
36 24 33 38 51 58 62 6 6 ? 0 83
37 9 25 30 33 37 39 39 47 53
38 4 9 13 14 17 18 2 0 32 42
39 14 17 19 25 27 28 29 43 63
40 18 23 25 26 28 28 29 47 54
41 8 1 1 14 16 18 18 2 1 2 2 34
4 2 1 0 1 2 13 13 16 17 18 23 34
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APPENDIX A ( C o n t ’ cL)

FTarTE T   g e r m i n a t i o n  by Days
Number : 2 : 4 : 6 : 8 : 1 0 : 1 2  : 14 : 2 1 : 63
45 18 28 40 49 56 56 59 60 63
44 2 0 36 45 64 71 72 74 79 8 8
45 17 23 27 38 44 46 51 60 72
46 36 38 40 43 44 46 47 54 65
47 2 1 24 28 31 32 33 35 42 49
48 43 52 61 69 74 77 80 89 96
49 50 62 64 65 6 6 6 6 67 69 77
50 13 17 18 18 19 2 0 2 1 24 33
51 67 83 87 8 8 92 95 95 97 99
52 28 30 32 33 38 39 40 49 57
53 1 0 1 1 16 17 2 2 23 27 39 51
54 7 8 1 2 14 2 2 2 2 24 38 57
55 5 6 1 1 1 1 14 14 14 2 1 29
56 15 16 2 1 24 26 27 28 32 61
57 42 54 59 62 65 65 65 72 84
58 4 5 7 8 9 9 9 14 23
59 13 18 2 0 2 1 2 1 2 1 28 35 47
60 8 1 2 14 15 18 18 29 50 81
61 23 32 41 45 59 59 61 75 89
62 2 2 23 26 31 36 36 38 52 74
63 25 47 6 6 78 91 92 92 94 95
64 5 1 1 16 19 27 28 34 38 62
65 7 1 2 18 26 36 38 42 64 82
6 6 4 5 7 7 13 13 14 17 2 2

67 3 4 6 6 7 7 9 18 36
6 8 2 0 31 46 49 57 58 61 64 76
69 43 62 6 8 78 79 79 80 84 8 6

70 47 55 56 65 69 69 69 78 89
71 1 1 14 19 2 1 25 25 27 79 46
72 2 0 35 42 48 54 54 54 61 84
73 9 13 16 19 2 2 2 2 23 28 43
74 15 25 31 35 38 38 43 47 52
75 1 1 1 1 1 1 1 6 2 1

76 6 8 1 2 17 18 18 23 28 51
77 5 8 1 2 1 2 13 13 14 17 43
78 5 1 1 23 26 32 36 38 47 61
79 1 2 7 1 0 17 17 18 27 51
80 1 1 2 2 . 25 30 32 32 38 44 54
81 7 40 52 61 63 65 6 6 70 74
82 2 13 25 30 34 36 39 45 63
83 5 2 0 31 41 47 53 60 74 92
84 9 14 23 28 35 36 40 54 77
85 4 5 5 5 5 5 5 6 6

8 6 5 6 2 . 1 23 29 31 33 37 65
87 6 1 2 24 31 37 41 45 61 70
8 8 1 2 13 14 15 16 17 18 26 62



63
70
38
59
41
17
27
25
18
8

53
22
33
62
59
24
86
49
32
52
72
91
91
57
61
43
63
56
22
15
38
38
30
47
94
91
44
54
77
47
42
57
70
34

- 1 1 0 -

( C o n t ' d.)

G e r m in a t io n  by Days
2  : 4 : 6 : 8  : 1 0 : 1 2  : 14 :
9 24 34 38 48 52 54

1 0 15 17 2 2 23 23 24
16 2 1 38 41 43 45 45

5 8 14 2 0 2 0 2 2 26
4 4 4 7 7 7 7

13 14 14 17 17 17 17
6 8 9 1 0 1 0 1 0 1 1
7 1 2 17 18 18 18 18
4 4 4 4 4 4 4
3 8 9 1 2 13 14 14
5 9 9 9 9 1 0 1 0
3 1 1 15 19 25 25 25
8 18 28 33 36 37 37

26 39 42 43 44 44 44
7 9 1 2 14 14 14 14

31 48 54 59 60 60 60
2 0 24 26 29 30 31 31
14 16 17 17 18 18 18
1 2 17 2 0 23 25 27 27
18 46 69 79 8 6 84 8 6
2 2 54 59 62 64 65 65
24 49 64 72 75 75 75
1 2 2 2 29 30 33 34 34
16 29 37 40 44 44 44
13 17 2 0 24 26 26 26
29 36 39 43 44 44 44
1 1 18 23 30 38 40 40

0 2 2 3 3 3 3
3 4 5 5 5 5 5

1 1 16 18 18 19 19 19
18 24 26 27 27 27 27

9 1 1 1 2 1 2 15 16 16
9 1 1 16 18 18 18 18

28 46 60 69 75 76 76
14 26 40 46 53 54 54

7 18 24 29 31 31 31
2 0 28 32 35 39 41 41
13 18 26 31 34 36 36
15 19 2 2 24 27 27 27

7 1 1 14 25 15 16 16
7 13 19 25 25 25 25

15 2 2 27 32 34 34 34
2 0 2 2 23 27 28 28 28

4 13 16 19 23 24 24
1 2 16 29 42 47 49 49

6 15 1 ? 18 2 1 23 23



APPENDIX A ( C o n t ' d )

P 1  a n t  l ___________________ G-ermlnatlon by Days
Number : 2  : 4 : 6  : 8  : 1 0  : 1 2  : 14 : 2 1  : 63
135 6 1 1 13 14 15 15 15 23 42
136 19 2 2 23 24 25 27 27 27 39
137 2 4 7 7 7 7 7 9 14
139 0 0 1 3 3 3 3 14 47
139 0 1 1 1 1 1 1 1 24
140 4 15 2 0 2 2 24 27 27 41 47
141 29 50 55 57 59 60 60 63 6 6
142 1 0 1 2 16 2 1 2 1 23 23 40 60
143 8 1 0 1 1 13 16 18 18 34 52
144 6 8 17 18 19 2 0 2 0 31 36
145 8 13 2 0 27 32 34 34- 59 78
146 1 6 7 1 0 1 1 1 1 1 1 16 31
147 6 6 77 79 79 79 79 79 81 87
148 19 24 28 29 30 31 31 37 40
149 1 0 14 17 2 1 23 25 25 36 52
150 4 8 1 2 14 16 17 17 31 41
151 40 69 83 85 92 93 93 95 95
152 13 2 0 2 2 2 2 23 24 24 29 40
153 3 6 9 1 1 17 2 2 2 2 37 47
154 4 7 1 1 1 1 1 1 1 1 1 1 27 47
155 1 7 13 18 23 28 28 54 72
156 6 1 2 2 0 23 25 26 26 35 60
157 4 1 2 2 1 27 28 32 32 46 65
158 25 38 43 45 46 47 47 53 64
159 32 69 78 79 92 84 84 92 1 0 0

160 4 16 27 37 42 46 46 89 97
161 1 2 15 17 18 2 1 2 2 2 2 36 43
162 27 56 70 80 80 84 84 93 99
163 6 7 9 1 0 1 1 14 14 29 51
164 8 1 2 17 19 2 0 2 2 2 2 37 52
165 27 35 39 45 49 49 49 53 62
166 46 4 7 49 50 51 51 51 54 56
167 8 1 1 1 2 1 2 1 2 1 2 1 2 15 18
168 4 1 1 1 2 1 2 14 15 16 19 2 1

169 9 18 2 0 2 1 25 25 25 28 39
170 17 28 36 37 41 42 45 58 73
171 8 14 16 16 16 16 16 18 2 2

172 8 1 1 1 1 1 2 1 2 1 2 1 2 13 15
173 7 8 9 9 9 9 9 1 1 13
174 8 1 2 1 2 13 13 16 18 29 42
175 9 15 19 19 24 24 24 25 27
176 2 0 23 23 24 27 27 27 27 34
177 35 54 56 61 64 64 6 6 76 82
178 1 1 15 2 2 27 31 33 35 47 69
179 2 3 4 5 5 5 5 7 17
180 32 39- 42 42 43 43 44 45 47
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APPENDIX A ( C o n t ’ d)

P l a n t  I___________   G e rm in a t io n  by d ay s
Number 2  : 4 : 6  : 8  : 1 0  : 1 2  : 14  : 2 1  : 63
181 6 8 9 9 9 9 1 0 13 17
1 8 2 18 33 39 42 43 43 46 56 67
185 13 15 1 ? 17 18 18 18 19 25
184 6 9 14 18 24 29 33 49 64
185 31 40 46 49 49 54 57 64 72
186 2 2 o 4 5 8 8 19 47
18? 4 8 1 2 2 0 2 2 25 29 35 48
188 2 1 44 51 59 61 64 64 64 64
189 3 14 17 19 2 2 24 24 37 49
190 35 50 52 58 59 59 59 64 78
191 15 37 40 43 46 49 50 76 1 0 0
192 6 1 0 1 1 14 15 19 2 0 2 2 26
193 1 5 8 1 2 1 2 18 2 1 30 58
194 3 1 1 15 2 1 24 36 42 62 77
195 3 1 0 15 25 2 . 8 31 33 54 6 8
196 13 13 14 16 16 16 16 17 28
197 1 2 4 5 6 1 0 1 1 2 0 36
198 2 7 1 0 1 2 13 16 19 2 2 32
199 7 7 1 1 1 1 1 1 1 1 1 1 1 2 14
2 0 0 3 3 3 4 4 5 5 13 37
2 0 1 9 40 47 54 55 59 60 6 8 82
2 0 2 13 1 ? 2 2 28 28 31 32 43 62
203 3 3 3 3 4 5 5 1 2 2 2
204 28 3 7 43 50 50 56 61 69 84
205 2 0 37 44 47 47 50 50 55 71
206 9 13 14 18 19 26 28 41 62
207 18 25 27 30 30 31 32 38 55
2 0 8 16 18 23 32 32 34 35 38 52
209 4 8 1 0 1 1 1 1 1 1 1 1 15 25
2 1 0 5 6 6 6 6 7 7 8 13
2 1 1 tS 2 0 26 31 31 35 38 44 51
2 1 2 14 16 18 24 25 29 33 35 36
213 25 62 72 75 75 81 84 87 90
214 15 17 2 1 24 26 29 29 32 46
215 5 6 6 6 6 6 6 7 9
216 6 7 8 9 1 0 1 0 1 1 16 28
217 9 1 2 16 23 24 27 31 45 56
218 6 1 0 1 0 1 0 1 1 15 15 18 26
219 1 1 14 14 15 15 17 1 ? 23 30
2 2 0 1 1 13 16 17 17 2 0 2 2 26 43
2 2 1 1 1 14 19 2 1 2 1 23 23 29 35
2 2 2 1 1 26 32 41 43 47 48 57 69
223 2 4 8 9 1 1 13 19 29 50
224 41 44 48 52 56 60 60 75 82
225 53 59 59 60 60 60 60 60 62

79 85 85 85 85 85 85 8 6 89
227 75 8 8 8 8 8 8 8 8 8 8 8 8 8 8 89
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APPENDIX A ( C o n t ' d )

P l a n t »
• G e r m in a t io n  bv Days

■

Number : 2 : 4 : 6 : 8 : 10 : 12 : 14  : 21 : 63
228 91 93 93 93 93 93 9 3 94 95
229 74 78 78 78 78 79 79 79 80
230 82 87 87 87 87 88 88 88 89
231 67 81 82 82 82 8 2 82 83 85
232 61 6 8 69 69 69 70 70 70 73
233 52 56 56 56 . 57 57 57 57 60
234 24 28 29 29 29 29 29 29 30
235 73 74 74 74 74 75 75 78 79
236 45 46 46 46 46 46 46 46 47
237 88 95 95 95 95 95 95 95 95
238 73 85 85 85 85 85 85 85 88
239 56 58 59 59 60 60 60 60 69
240 14 15 15 15 15 15 15 17 22
241 32 35 35 35 35 35 35 35 37
242 26 26 29 29 29 30 30 33 43
243 46 47 48 51 53 54 54 56 63
244 16 20 23 24 25 29 29 36 46
245 50 53 55 56 60 62 62 65 71
246 30 31 31 31 31 31 31 31 32
247 64 67 68 69 69 70 70 74 82
248 37 37 37 37 37 37 37 37 39
249 70 75 76 77 77 77 77 78 79
250 46 48 48 49 49 49 49 51 56
251 51 56 57 57 57 57 57 57 60
252 57 61 61 61 61 61 61 66 78
253 37 37 37 37 37 37 37 37 38
254 58 59 59 59 59 60 60 61 62
255 70 72 72 72 72 72 72 73 84
256 62 63 63 63 63 63 63 65 66
257 35 38 39 39 41 41 41 42 44
258 39 39 40 41 41 41 41 41 42
259 77 77 77 79 77 77 77 78 82
260 67 7 2 72 72 72 73 73 73 75
261 90 90 90 90 90 90 90 90 90
262 67 67 67 68 68 68 68 69 71
263 86 86 86 86 86 86 86 86 86
264 81 83 83 83 83 83 83 83 84
265 78 78 78 78 78 80 80 83 36
266 69 70 70 70 70 70 70 71 72
267 68 68 68 68 68 68 68 68 69
268 62 62 62 62 62 62 62 62 62
269 67 74 74 74 74 74 74 75 76
270 64 70 70 70 70 70 70 70 71
271 63 67 69 69 69 69 69 69 70
27 2 72 75 _ 75 75 75 75 75 75 77
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APPENDIX A (Cont'd)

P l a n t •
• G e r m in a t io n  by Days

Number : 2 : 4 : 6 : 8 : 19 12 : 14 : 21 : 63
273 57 57 58 58 58 58 58 60 64
274 62 69 69 69 69 69 69 79 75
275 75 75 75 75 75 75 75 76 81
276 73 74 74 74 74 74 74 74 75
277 59 59 60 60 60 60 50 60 63
278 77 79 79 79 79 79 79 79 81
279 83 84 84 84 84 84 84 84 84
280 70 70 70 70 70 70 70 71 71
281 76 76 76 76 76 76 76 76 77
282 59 59 59 59 59 59 59 59 59
283 54 55 55 55 55 55 55 56 56
284 72 72 72 7 2 72 72 72 72 76
285 70 84 84 84 84 84 84 85 8 6
286 4 2 43 43 44 44 44 44 44 45
287 55 56 56 56 56 56 56 56 57
288 32 32 33 34 34 35 35 37 43
289 84 90 90 90 90 90 90 90 91
290 93 93 93 93 93 93 93 93 93
291 87 92 92 93 93 93 93 93 93
292 98 100 100 100 100 100 100 100 100
2.93 87 87 87 87 87 87 87 87 88
294 33 33 34 34 34 34 34 34 36
295 50 52 52 52 52 52 52 52 52
296 79 82 83 83 83 83 83 83 84
297 89 90 90 90 90 90 3D 91 94
298 84 86 86 87 87 87 87 87 87
299 97 97 97 97 97 97 97 97 97
300 79 82 82 82 82 82 82 82 82
301 97 97 97 97 97 97 97 97 97
302 69 69 69 69 69 69 69 69 70
303 74 75 75 75 75 75 75 75 76
Mean 2 7 . 4 3 4 . 0 3 7 . 1 3 9 . 5 4 1 . 4 4 2 . 4 4 3 . 5 4 9 . 1 5 7 . 8
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APPENDIX b

RELATIVE HUMIDITIES AT ATHENS, GEORGIA DURING 
PERIODS OF SEED DEVELOPMENT OF CRIMSON CLOVER

Time
P e r i o d  : Year : 1 : 5 0  A .M . : 7 : 3 0  A.M. : 1 : 3 0  P . M . : 7 : 3 0  P.M.

At>r. 14-33 1945 8 2 . 2  % 8 9 . 7  % 6 0 . 4  % 7 5 . 3  %
1946 7 9 . 5 8 3 . 0 4 4 . 3 5 3 . 7
194^ 8 2 . 7 8 4 . 5 4 7 . 8 5 9 . 6

May 1 - 5 1 1945 7 6 . 2 8 4 . 9 5 2 . 0 8 7 . 4
1946 8 6 . 4 8 7 . 1 5 5 . 3 6 8 .8
1947 8 0 . 4 8 2 . 0 4 8 . 0 5 8 . 8

RELATIVE

APPENDIX C

HUMIDITIES IN CHAMBERS 
FOR HUMIDITY STUDY

DEVISED

A i r  tenq • R e l . h u m i d i t y  : A i r  t em r .
■ ' "i — '■«

: R e l . h u m i d i t y
Dry : M o i s t  : : Dry : M o is t

71 56 73 65 49 74
74 36 76 75 45 82
75 37 72 69 43 80
75 43 71 80 17 67
87 20 63 75 63 78
79 39 78 82 37 66
84 34 72 78 38 82
82 37 76 77 32 82
79 29 72 72 36 75
85 58 83 73 58 72
75 46 85 76 53 86
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APPENDIX D
GERMINATION OF CRIMSON GLOVER STRAINS AT EXPERIMENT 

AND TIFTON, GEORGIA IN 1 9 4 6 ,  AND 194?

1946
S t r a i n : E x p e r im e n t  : T i f t o n

A l l e n 100 80
T h orn ton 96 89
Hardy 85 68
Commercia l 67 93
D i x i e

_______1 9 4 ?
E x p er im en t

6 1 . 5

T i f t o n

6 2 . 5

APPENDIX E

MEAN TEMPERATURES AND RAINFALL AT EXPERIMENT AMD 
TIFTON, GEORGIA DURING PERIODS OF SEED 

DEVELOPMENT IN CRIMSON GLOVER

— ' ■

T em p era tu res
•

I n c h e s
..lean Maximum:Mean H in lm u it R a i n f a l l

P e r i o d E1 : TP : E : ~1T : E : T

A p r . 1 4 - 3 0 , 1 9 4 6 75 79 53 54 1 . 7 4 2 . 5 1
May 1 - 3 1 79 84 59 63 5 . 7 9 3 . 8 2

T o t a l s 7 . 5 3 6 . 3 3

A p r . 1 4 - 3 0 , 1 9 4 7 74 79 52 54 3 . 4 2 4 . 1 6
May 1 - 3 1 80 85 58 63 5 . 0 2 2 . 5 ?

T o t a l s 8 . 4 4 6 . 7 3
1.  E x p e r i m e n t . 2 .  T i f t o n


