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I n t r o d u c t i o n  

G e n e r a l l y ,  c u l t i v a r  d e s c r i p t i o n s  a r e  b a s e d  o n  v e g e -  

t a t i v e  a n d / o r  r e p r o d u c t i v e  f e a t u r e s  w h i c h  a r e  d i f f i -  

c u l t  to  m e a s u r e  e i t h e r  q u a l i t a t i v e l y  o r  q u a n t i t a t i v e l y .  

A s  a r e s u l t ,  c u l t i v a r s  a r e  d i f f i c u l t  to  d i s t i n g u i s h  u n -  

l e s s  t h e y  d i f f e r  c o n s i d e r a b l y  in  c o n t r a s t i n g  c h a r a c t e r -  

i s t i c s .  R e c e n t l y ,  a m o r e  s e n s i t i v e  m e t h o d  w a s  s u g -  

g e s t e d  to i d e n t i f y  m a i z e  c u l t i v a r s  ( P f a h l e r  e t  a l .  1975) .  

The s u r f a c e  r e l i e f  c h a r a c t e r i s t i c s  of  t h e  o u t e r  s u r f a c e  

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

e n c e s  in  t h e  g e n e t i c  c o n s t i t u t i o n  of  t h e  k e r n e l  ( L i n s -  

k e n s  e t  a l .  1974 ;  P f a h l e r  et  a l .  1 9 7 5 ) .  T h e r e f o r e ,  t h e  

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

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

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

t e s t e d  a n d  t h e  k e r n e l  i s  u n d a m a g e d  by  t h e  t e s t i n g  p r o -  

c e d u r e .  

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

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

wou ld  b e  of  s i g n i f i c a n t  v a l u e .  The  p u r p o s e  of  t h i s  s t u d y  

w a s  to d e t e r m i n e  i f  d i f f e r e n c e s  in  t h e  r e l i e f  of  t h e  o u t e r  

s u r f a c e  of  t h e  s e e d e o a t  w e r e  p r e s e n t  a m o n g  16 d i v e r s e  

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

M a t e r i a l s  a n d  M e t h o d s  

S u r f a c e  r e l i e f  s t u d i e s  w e r e  c o n d u c t e d  o n  s e e d s  f r o m  
16 e u l t i v a r s  l i s t e d  in  T a b l e  1. The  g e n e t i c  r e l a t i o n s h i p s  

a m o n g  t h e  e u l t i v a r s  a r e  e i t h e r  u n k n o w n  o r  h a v e  b e e n  
s o  a l t e r e d  by  s e l e c t i o n  t h a t  no m e a n i n g f u l  c o m p a r i s o n s  
b a s e d  o n  g e n e t i c  a f f i n i t y  a r e  p o s s i b l e .  

At  l e a s t  t h r e e  s e e d s  f r o m  e a c h  c u l t i v a r  w e r e  t e s t e d .  
The  p r o c e d u r e  i n v o l v e d  s u b m e r g i n g  t h e  s e e d s  in  c h l o -  
r o f o r m  f o r  o n e  m i n u t e  a n d  t h e n  c l e a n i n g  t h e m  in  96 
e t h y l  a l c o h o l  to  r e m o v e  t h e  waxy  c u t i c l e .  P l a s t i c  r e p -  
l i c a s  w e r e  t h e n  m a d e  on  t h e  o u t e r  s u r f a c e  of  t h e  s e e d  
c o a t  l o c a t e d  o v e r  t h e  a p e x  o r  c e n t e r  of  t h e  c o t y l e d o n .  
I n t e r f e r e n c e  p h o t o m i c r o g r a p h s  w e r e  t a k e n  at  148 • 
u s i n g  b o t h  a i r  ( l i n e  d i s t a n c e  = 0 . 5 4  ~m)  a n d  w a t e r  ( l i n e  
d i s t a n c e  = 1 . 5  ~m)  m e d i a .  I n t e r f e r e n c e  m i c r o s c o p y  t e c h -  
n i q u e s  f o r  m a i z e  p e r i c a r p  ( L i n s k e n s  et  a l .  1974 ; P f a h -  
l e r  e t  a l .  1975)  a n d  s u r f a c e s  of  o t h e r  b i o l o g i c a l  m a t e r -  
i a l s  ( L i n s k e n s  1966 ) h a v e  b e e n  d e s c r i b e d .  

F r o m  e a c h  p h o t o g r a p h ,  q u a n t i t a t i v e  m e a s u r e m e n t s  
of  v a r i o u s  c h a r a c t e r i s t i c s  w e r e  m a d e .  M o u n d  n u m b e r  
w a s  d e t e r m i n e d  by c o u n t i n g  t h e  n u m b e r  of  m o u n d s  i n  a 
s t a n d a r d  d i s t a n c e .  M o u n d  h e i g h t  w a s  m e a s u r e d  by m u l -  
t i p l y i n g  t h e  n u m b e r  of i n t e r f e r e n c e  l i n e s  by t h e  a p p r o -  
p r i a t e  l i n e  d i s t a n c e .  

A p p r o p r i a t e  s t a t i s t i c a l  a n a l y s e s  w e r e  p e r f o r m e d  o n  
t h e  q u a n t i t a t i v e  d a t a .  M i n i m u m  d i f f e r e n c e s  f o r  s i g n i f i -  
c a n c e  w e r e  o b t a i n e d  f r o m  t h e  r e v i s e d  D u n c a n ' s  r a n g e s  
u s i n g  f o r  p o n l y  t h e  m a x i m u m  n u m b e r  of m e a n s  to b e  
c o m p a r e d ~ H a r t e r  1 9 6 0 ) .  

R e s u l t s  

C o n s i d e r a b l e  d i v e r s i t y  in  p a t t e r n  was  f o u n d  a m o n g  

t h e  c u l t i v a r s  t e s t e d .  F i g u r e  1 i n d i c a t e s  t he  r a n g e  of  

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

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

a r e  m o r e  o b v i o u s .  F i g u r e  2 p r e s e n t s  t h e  r a n g e  of  
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Table 1. Surface relief measurements ~ 

M e a n  mound n u m b e r  M e a n  m o u n d  h e i g h t  ( ~ n )  

C u l t i v a r  A i r  m e d i u m  W a t e r  m e d i u m  A i r  m e d i u m  W a t e r  m e d i u m  

I m p r o v e d  p e l i c a n  23 21 1 .63  3 .53  
Cobb  38 30 1 .29  2 .81  
H a r d e e  28 17 1 .79  3 .62  
V i c o j a  28 25 1 .36  2 . 4 1  
B r a g g  30 28 1 .81  3 .97  
F o r r e s t  24 18 1 .46  2 . 8 8  
Hut ton  44 46 2 . 0 0  3 .07  
P i c k e t t  45 32 1 .73  3 .22  
H a m p t o n  266A 33 38 1 .58  3 . 2 8  
R a n s o m  45 33 1 . 7 9  3 . 1 8  
Hood  36 30 1 .81  3 .23  
M c N a i r  600 50 36 1 . 5 9  3 .27  
O too t an  18 18 0 . 8 2  1 .72  
Seminole 48 27 1.39 2.87 
Biloxi 46 36 0.91 2.00 
Acadian 41 33 I. 47 2.37 

M i n i m u m  d i f f e r e n c e s  f o r  s i g n i f i c a n c e  at  t h e  5 and  1 g l e v e l  r e s p e c t i v e l y :  n u m b e r  in  a i r  
m e d i u m  = 15 a n d  20;  n u m b e r  in  w a t e r  m e d i u m  = 16 a n d  21;  h e i g h t  in  a i r  m e d i u m  = 0 . 4 9  
and  0 . 6 3 ;  a n d  h e i g h t  in  w a t e r  m e d i u m  = 1 .08  and  1 .41  

F i g .  1. D i v e r s i t y  of  r e l i e f  p a t t e r n s  o b s e r v e d  a m o n g  
c u l t i v a r s  in  a i r  ( l i n e  d i s t a n c e  = 0 . 5 4  ~ m ) .  
A = ' H u t t o n ' ;  B = ' H a r d e e ' ;  C = ' V i c o j a ' ;  a n d  
D = ' O t o o t a n '  

F i g .  2.  D i v e r s i t y  of  r e l i e f  p a t t e r n s  o b s e r v e d  a m o n g  
c u l t i v a r s  in  w a t e r  ( l i n e  d i s t a n c e  = 1 .5  ~ m ) .  
A = Hu t ton ;  B = R a n s o m ;  C = O t o o t an ;  and  D = S e -  
m i n o l e  

d i v e r s i t y  in  w a t e r  m e d i u m  w h e r e  t h e  l i n e  d i s t a n c e  

i s  g r e a t e r  and ,  a s  a r e s u l t ,  t h e  r e s o l u t i o n  of  m o u n d  

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

S u b s t a n t i a l  d i f f e r e n c e s  in  p a t t e r n  a m o n g  c u l t i v a r s  

w e r e  p r e s e n t  w h e n  o b s e r v e d  in t h e  s a m e  m e d i u m .  

The e f f e c t  of  t h e  m e d i u m  on  t h e  g e n e r a l  a p p e a r a n c e  

and  v i s u a l  i m p a c t  of  t h e  p a t t e r n  c a n  be  s e e n  by c o m -  

p a r i n g  s p e c i f i c  c u l t i v a r s  s u c h  a s  ' H u t t o n '  in  a i r  

( F i g .  l A )  a n d  w a t e r  ( F i g . 2 A ) .  A p p a r e n t l y ,  t h e  p a t -  

t e r n s  of  t h e  c u l t i v a r s  d i f f e r  w h e n  o b s e r v e d  in  t h e  

s a m e  m e d i u m  but  a l s o  t h e  a p p e a r a n c e  of  t h e  p a t t e r n  

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

For all quantitative characteristics measured, 

highly significant differences among cultivar means 

were found (Table I). Considerable variation among 

means was present so that many cultivars could be 

distinguished by one or a combination of these meas- 

urements. 

D i s c u s s i o n  

U s i n g  t h i s  m e t h o d ,  a c o m p l e t e  d e s c r i p t i o n  of a s o y -  

b e a n  c u l t i v a r  wou ld  c o n s i s t s  of  p a t t e r n ,  m o u n d  n u m b e r  

a n d  m o u n d  h e i g h t  in  bo th  a i r  a n d  w a t e r  m e d i a .  To d i s -  

t i n g u i s h  c u l t i v a r s ,  d i f f e r e n c e s  in  one  o r  m o r e  of t h e s e  
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s ix  c a t e g o r i e s  would be r e q u i r e d .  This study ind ica ted  

that a l a r g e  number  of pa t t e rns  and c o n s i d e r a b l e  v a r -  

iab i l i ty  in the number  and height  of mounds w e r e  p r e s -  

ent .  T h e r e f o r e ,  the de sc r ip t i on  of c u l t i v a r s  would be 

v e r y  spec i f i c  and d is t inguish ing  even  c l o s e l y - r e l a t e d  

c u l t i v a r s  would be pos s ib l e .  The advan tages  of this  

s y s t e m  a l so  include the t e s t ing  of s eeds  individual ly  

and the absence  of s e e d  damage  f rom the t e s t ing  p r o -  

c e d u r e .  

In soybeans ,  the r e l a t i onsh ip  be tween the s u r f a c e  

r e l i e f  pa t t e rn  of the s e e d  coat  and the genotype of the 

s e e d  coat  o r  the embryo  enc lo sed  by the s e e d  coat  is  

not c l e a r .  In m a i z e ,  k e r n e l s  f rom the s a m e  ea r  ex -  

hibi t ing d i f ferent  endospe rm mutant  phenotypes  dif-  

f e r e d  in t h e i r  p e r i c a r p  s u r f a c e  r e l i e f  pa t t e rns  (Lins-  

kens  et al .  1974). Since the p e r i c a r p  is  m a t e r n a l  

t i s s u e  and the k e r n e l s  had gene t i ca l ly  iden t ica l  p e r i -  

c a r p s ,  it was conc luded  that the s u r f a c e  r e l i e f  pa t -  

t e r n  of the ou te r  s u r f a c e  of the p e r i c a r p  r e f l e c t e d  v a r -  

ia t ions  in the s u r f a c e  r e l i e f  of the e n d o s p e r m .  In 

m a i z e ,  the p e r i c a r p  is  r e l a t i v e l y  thin and f lex ib le  

and, as a r e s u l t ,  could r e f l e c t  the s u r f a c e  r e l i e f  of 

the under ly ing  e n d o s p e r m .  A second  study with m a i z e  

ind ica ted  that the s u r f a c e  r e l i e f  pa t t e rn  f rom c u l t i v a r s  

not s e g r e g a t i n g  for  endospe rm mutants  v a r i e d  con-  

s i d e r a b l y  ( P f a h l e r  et al .  1975).  Apparen t ly  in m a i z e ,  

the s u r f a c e  r e l i e f  pa t t e rn  can be a l t e r e d  by the r e l i e f  

of the under ly ing  endospe rm o r  by the genotype of the 

p e r i c a r p  i t s e l f .  In soybeans ,  the s e e d  coat  is m a t e r -  

nal t i s s u e  which may  or  may  not be gene t i ca l ly  iden-  

t ica l  to the e m b r y o  enc lo sed  by the s e e d  coa t .  How- 

e v e r  s i nce  soybeans  a r e  highly s e l f -po l l i na t ed ,  the 

s e e d  coat  and e m b r y o  of e s t ab l i shed  c u l t i v a r s  gen-  

e r a l l y  have  the s a m e  genotype.  The s e e d  coat  p r o p e r  

has  t h r e e  d is t inct  l a y e r s :  e p i d e r m i s ,  h y p o d e r m i s  

and inne r  p a r e n c h y m a  ( C a r l s o n  1973).  The weight 

and th ickness  of the seed  coat and the amount  and 

d i s t r ibu t ion  of wall th ickening in the c e l l s  of the l ay -  

e r s  sugges t  that the s e e d  coat  is  qui te  r i g id  and s t i f f .  

Thus, the s u r f a c e  r e l i e f  pa t t e rns  r e p o r t e d i n t h i s  study 

probably  r e f l e c t  the s u r f a c e  of the e p i d e r m i s  and not 

the lower  s e e d  coat layers~ endospe rm o r  co ty ledons .  

The e p i d e r m i s  is  c o m p o s e d  of one l a y e r  of c l o s e l y  

packed pa l i sade  c e l l s  which a r e  e longa ted  with t he i r  

long axis  p e r p e n d i c u l a r  to the s u r f a c e  of the s e e d  

coat  and have  th ickened,  p i t ted  wal ls  in that pa r t  next 

to the s u r f a c e  of the s e e d  coat  ( C a r l s o n  1973).  Thus, 

in soybeans ,  the d i f f e r ences  in s u r f a c e  r e l i e f  pa t t e rns  

r e s u l t  f rom the a r r a n g e m e n t  of t he se  pa l i sade  c e l l s .  

P r e s u m a b l y ,  the a r r a n g e m e n t  of t he se  pa l i sade  ce l l s  

is  r e l a t e d  to the genotype of the s e e d  coat .  Since the 

genotype of the seed  coat  is usual ly  ident ica l  to that 

of the em bryo ,  then the s u r f a c e  r e l i e f  pa t t e rn  is  e s -  

sen t i a l ly  a s s o c i a t e d  with the genotype of the embr yo .  

The m e a s u r e m e n t s  obta ined f rom the s u r f a c e  r e -  

l ie f  pa t t e rns  in soybeans  d i f fe red  s l ight ly  f rom those  

made  in m a i z e  (Linkskens et al .  1974; P f ah l e r  et al .  

1975) and o the r  b io logica l  m a t e r i a l s  ( Linskens 1966 ).  

In soybeans ,  the l i m i t s  of individual  c e l l s  could  not 

be a c c u r a t e l y  def ined f rom the pa t t e rns  and, as a r e -  

sul t ,  the gene ra l  t e r m ,  mounds was used  to d e s c r i b e  

a r e a s  with i n c r e a s e d  e l eva t ions .  These  mounds could 

be individual  c e l l s  o r  ce l l  g roup ings .  Thus, the r e s u l t s  

a r e  r e p o r t e d  in mound number  pe r  s t andard  d is tance  

and mound height .  In m a i z e  and o the r  b io logica l  m a -  

t e r i a l ,  the l i m i t s  of each ce l l  could  be r ead i l y  iden t i -  

f ied and, as a result, the results were reported in 

cell width and cell height. 
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