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THESIS ABSTRACT

T his r e s e a rc h  problem  was des igned  to  s tu d y  th e  

l in k a g e  r e l a t i o n s  between d ia s ta s e  a c t i v i t y ,  which i s  

a measure o f  m a l t in g  q u a l i t y  in  b a r le y ,  and s p e c i f i c  

v i s i b l e  c h a r a c t e r i s t i c s  known to  be i n h e r i t e d  on 

c e r t a i n  chromosome g roups. The fo l lo w in g  c ro s s e s  

were made between s ta n d a rd  b a r le y  v a r i e t i e s  show­

ing  th e  o p p o s i te  e x p re s s io n  o f a v i s i b l e  c h a r a c te r ­

i s t i c  known to  be i n h e r i t e d  on a p a r t i c u l a r  chromo­

some g roup :

Chromosome group I ;

ALPHA X 0.A .C .21

( 2-row) ( 6-row)

Chromosome group I I :  

DORSETT 

(B lack glumes)

X 0 .A .C .21

(White glumes)

Chromosome group I I I ;

0 • A. C. 21

(Covered k e rn e ls )

X C .I .  1370

(Naked k e r n e l s )
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Chromosome group IV;

O.A.C.21 X MARS

(Blue a le u ro n e )  (White a leu ro n e )

Chromosome group 7:

O.A.C.21 X MARS

(Rough awns) (Smooth awns)

F iv e  chromosome groups were r e p re s e n te d  in  th e  

f iv e  c r o s s e s ,  and O.A.C.21 was one of t h e  p a r e n t s  

o cc u rin g  in  each c r o s s .  The pure  b re e d in g  l i n e s  

from th e  Fg p o p u la t io n  (F^ seed) in  each c ro s s  were 

saved and ana lyzed  f o r  d i a s t a t i c  power u s in g  a 

m o d if ic a t io n  o f  the  A nderson -S a llans  f e r r i c y a n id e  

method. P ro g e n ie s  from tw elve  s e l e c t i o n s  from 

each o f  th e  two s ta n d a rd  v a r i e t i e s  used as p a re n ts  

in  each c ro s s  were a lso  c a r r i e d  a long  i n  th e  same 

f i e l d  w ith  th e  c ro ssed  m a te r ia l  and ana lyzed  f o r  

d i a s t a t i c  power. A f te r  th e  chem ical d e te rm in a t io n s  

were com pleted and th e  d ia s ta s e  a c t i v i t y  o f  each 

sample was converted  in to  deg rees  L in tn e r  ( ° L ) , the  

two p a r e n t s  o f  each c ro s s  and th e  two groups o f  pure 

b re e d in g  progeny from each c ro s s  were compared fo r  

s i g n i f i c a n t  d i f f e r e n c e s  by means of th e  t - t e s t .

-  2 -
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The r e s u l t s  may be summarized as fo llo w s: 

Chromosome group I :

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th an  th e  Alpha p a r e n t .  There i s  no 

a p p a re n t l in k a g e  between h igh  d i a s t a t i c  power and 

th e  2-row c h a r a c t e r i s t i c .  There i s  an a p p a re n t  

p l e i o t r o p i c  e f f e c t  between h ig h  d i a s t a t i c  power 

and th e  2-row c h a r a c t e r i s t i c .

Chromosome group I I :

The O.A.C.21 p a re n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th a n  the  D o rs e t t  p a r e n t .  There i s  

no s i g n i f i c a n t  l in k a g e  between h ig h  d i a s t a t i c  power 

and the  w hite  glume o r  b lack  glume c h a r a c t e r i s t i c .  

Chromosome group I I I :

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th a n  th e  C .I .  1370 p a r e n t .  There i s  

no s i g n i f i c a n t  l in k a g e  between h ig h  d i a s t a t i c  power 

and th e  covered k e rn e l  o r  naked k e rn e l  c h a r a c t e r i s t i c .  

Chromosome group IV:

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th an  the Mars p a r e n t .  There i s  no 

s i g n i f i c a n t  l in k a g e  between h ig h  d i a s t a t i c  power and 

th e  b lu e  a le u ro n e  o r  w h ite  a leu ro n e  c h a r a c t e r i s t i c .  

However, th e  w h ite  a leu ro n e  group o f  pu re  b re e d in g
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progeny d id  te n d  to  run a l i t t l e  h ig h e r  in  d i a s t a t i c  

power th a n  d id  th e  b lu e  a le u ro n e  group.

Chromosome group V:

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th a n  th e  Mars p a r e n t .  There i s  an 

a p p a re n t  l in k a g e  between h ig h  d i a s t a t i c  power and 

th e  rough awn c h a r a c t e r i s t i c .

-  4 -
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INTRODUCTION

M altin g  b a r le y  (Hordeum v u lg a re  L .)  i s  th e  

p r i n c i p a l  g r a in  u sed  in  th e  p ro d u c tio n  o f  m a lt  which, 

i n  t u r n ,  i s  th e  b a s ic  m a te r i a l  used  i n  th e  brewing o f  

b e e r  and o th e r  a l c o h o l i c  b ev e rag es .  Malt i s  m a l t in g  

b a r le y  g r a in  which has been  s teep ed  in  w a te r ,  germ­

in a te d  under s p e c i f i c a l l y  c o n t r o l l e d  te m p e ra tu re ,  

m o is tu re ,  and tim e c o n d i t io n s ,  and th en  d r ie d  by a 

p ro c e s s  known as  k i ln i n g .

During th e  g e rm in a tio n  o f  b a r le y  g r a in  d e f i n i t e  

p h y s ic a l  and chem ical changes ta k e  p la c e  w i th in  th e  

k e r n e l .  One o f  th e  m ajor changes i s  an in c r e a s e  in  

the  a c t i v i t y  o f  th e  enzyme d i a s t a s e  which i s  th e  

enzyme system t h a t  changes s ta r c h  i n to  su g a r .  D ia s ta s e ,  

commonly m easured in  "degrees  L in tn e r"  ( ° L ) , i s  made up 

p r im a r i l y  o f  two enzymes, a lpha-am ylase  and b e ta -a m y la se .  

The amount o f  d i a s t a s e  in  m alt i s  c lo s e ly  c o r r e l a t e d  to  

th e  amount o f  s t a r c h  t h a t  can be d ig e s te d  w ith  a g iv e n  

amount o f  m alt and th e  r a t e  a t  which th e  d ig e s t io n  i s  

accom plished .

In  t h i s  r e s e a r c h  problem an a ttem p t was made to  

s tu d y  th e  l in k a g e  r e l a t i o n s  between d i a s t a s e  a c t i v i t y ,



2

which i s  a measure o f  m a lt in g  q u a l i t y  in  b a r le y ,  and 

s p e c i f i c  v i s i b l e  c h a r a c t e r i s t i c s  known to  be i n h e r i t e d  

on c e r t a i n  chromosome g roups .



3

HB7IBW OF LITERATURE

The e v o lu t io n  o f  c u l t i v a t e d  b a r le y  i s  t i e d  to  the 

p a s t  by th r e a d s  o f  h i s t o r y  as a n c ie n t  a s  th e  o r ig in  o f  

a g r i c u l t u r e  i t s e l f .  The development of t h i s  crop has 

been molded in  th e  hands o f  many c u l tu r e s  and has been 

accompanied by th e  emergence o f  a h o s t  o f  v a r i e t a l  forms 

in  many environm ents th roughou t th e  w orld . B a r le y  has 

always ta k en  an im p o rtan t p la c e  a long  th e  a g r i c u l t u r a l  

f r o n t i e r .  The s ta tem en t i s  o f te n  made, and p ro b ab ly  

w ith  j u s t i f i c a t i o n ,  t h a t  t h i s  c e re a l  has a w ider

e c o lo g ic  range th a n  any o th e r  g r a in  crop (2 5 ) .

M a ltin g  b a r le y  i s  a s p e c ia l  ty p e  o f  b a r le y  g r a in  

p o s s e s s in g  c e r t a i n  p h y s ic a l  and chem ical q u a l i t i e s  r e ­

q u ire d  by m a l t s t e r s  and brew ers (1 4 ) .  The p r i n c i p a l  

g r a in  used  in  th e  p ro d u c tio n  o f  m a l t ,  which i s  th e  

b a s i c  m a t e r i a l  f o r  brewing b e e r ,  i s  t h i s  ty p e  o f  b a r le y  

(2 4 ) .  There a re  s e v e r a l  reasons fo r  th e  g r e a t  p o p u la r i t y  

o f  b a r le y  m a lt  in  th e  brewing in d u s t ry .  F i r s t  of a l l ,

b a r le y  i s  one of th e  h a r d ie s t  of th e  sm all g r a in s .  I t

can be more e a s i l y  m alted  fo r  brew ing p u rp o ses  th a n  any 

o th e r  c e r e a l ,  and th e  s o lu b le s  e x t r a c te d  from th e  m a lt  

a r e  o f  a  more d e s i r a b le  c h a r a c te r  th a n  th o se  e x t r a c te d
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from o ti ie r  g r a in s .  B a rley  m alt c o n t r ib u te s  to  smoother 

perform ance i n  th e  brew house by i t s  q u ick  co n v e rs io n  

o f  s t a r c h  and i t s  p ro d u c t io n  o f  e a s i l y  s t r a i n e d  mash.

In  a d d i t io n ,  b a r le y  m a lt  h a s  s u f f i c i e n t  enzymatic 

c a p a c i ty  f o r  th e  co n v e rs io n  o f  th e  in s o lu b le  m a te r i a l s ,  

b o th  in  th e  m a lt i t s e l f  and in  th e  a d d i t i o n a l  a d ju n c ts  

added to  t h e  m a lt ,  in to  s o lu b le  su b s ta n c e s .  The s u p e r io r  

value  o f  b a r le y  m alt i n  th e  brew ing o f  b e e r  was reco g n ized  

e a r l y  in  th e  15 th  cen tu ry  when th e  o r i g i n a l  s e t t l e r s  came 

to  America (2 6 ) .

One o f  th e  p r in c ip a l  m easuring s t i c k s  used to  determ ine 

m a l t in g  q u a l i t y  in  b a r le y  i s  d i a s t a s e  a c t i v i t y  (1 4 ,2 2 ) .  

Hopkins and Krause (13) v e r i f y  th e  im portance of d i a s t a t i c  

power a s  a measure o f m a l t in g  q u a l i t y  in  b a r le y .  D ia s ta se  

a c t i v i t y  was one o f  th e  m easures o f  m a l t in g  q u a l i t y  used 

by Lejeune et_ a l .  (15) in  t h e i r  s tu d y  o f  methods o f  b re e d ­

in g  new m a l t in g  b a r le y  v a r i e t i e s .  A f te r  r e a d in g  th e  

l i t e r a t u r e  and v i s i t i n g  m a lt houses and b re w e r ie s ,  i t  

becomes very  a p p a re n t  t h a t  d ia s ta s e  a c t i v i t y  i s  one 

c h a r a c t e r i s t i c  o f  m alt t h a t  d e se rv e s  u tm ost c o n s id e r a t io n  

i n  th e  m a l t in g  and brew ing in d u s t r i e s .

A f t e r  th e  im portance  o f  d i a s t a t i c  power became f i rm ly  

e s t a b l i s h e d ,  th e  n ex t problem was to  f i n d  an e f f i c i e n t  and
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a c c u ra te  method of t e s t i n g  th e  enzym atic  a c t i v i t y  o f  

d i f f e r e n t  sam ples o f  b a r l e y  g r a in  and m a l t .  In  th e  

e a r l y  1920*s Rumsey (19) d e v ised  a lo n g ,  te d io u s  

copper r e d u c t io n  method f o r  m easuring  th e  d i a s t a s e  

a c t i v i t y  o f  wheat f l o u r  used fo r  b read  making, but 

t h i s  method was n o t v e ry  e f f i c i e n t .  L a te r  B l i s h  e t  

a l .  (8) r e p o r te d  a p i c r i c  a c id  c o lo r im e t r i c  te ch n iq u e  

fo r  e s t im a t in g  d i a s t a t i c  power a s  be in g  p r e f e r a b le  to 

any of th e  v a r io u s  copper r e d u c t io n  methods from th e  

s ta n d p o in t  o f  convenience w ith o u t  l o s s  o f  accu racy .

About 1923 Hagedorn and Jensen (10) proposed a 

f e r r i c y a n id e  m icro-m ethod f o r  th e  e s t im a t io n  o f  b lood  

su g a r .  Hanes (11) and o th e r s  found th a t  th e  Hagedom - 

Jensen  f e r r i c y a n id e  method of d e te rm in in g  red u c in g  

su g a rs  in  an im al t i s s u e s  and p ro d u c ts  i s  e q u a l ly  w e l l  

s u i t e d  to  i n v e s t i g a t i o n s  w ith  p l a n t s  and p la n t  p ro d u c ts .  

Minor m o d if ic a t io n s  and a d a p ta t io n s  can u s u a l ly  be made 

to  s u i t  s p e c i a l  p u rp o ses  and re q u ire m e n ts .  In  th e  e a r l y  

1930*s B l ish  and S a n d s te d t  (7) m od if ied  th e  Hagedorn- 

Jensen  f e r r i c y a n id e  method of d e te rm in in g  re d u c in g  sugars  

(10) so t h a t  i t  cou ld  be used to  e s t im a te  d i a s t a s e  a c t i v i t y  

in  wheat f l o u r .  This method was based  upon th e  r e d u c t io n  

of f e r r i c y a n id e  to  fe r ro c y a n id e  by red u c in g  su g a rs  in
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a lk a l i n e  s o lu t io n .  A f te r  r e d u c t io n  was com pleted, th e  

amount o f  sugar  produced was determ ined hy a c id i f y in g  

th e  s o lu t io n  w ith  a c e t i c  a c id ,  add ing  p o ta ss iu m  io d id e  

and s o lu b le  s t a r c h ,  and t i t r a t i n g  w ith  sodium t h i o s u l f a t e .

In  1937, Anderson and S a l la n s  (3) p o in te d  o u t  t h a t  

t h e  o f f i c i a l  method of the  American S o c ie ty  o f  Brewing 

Chemists f o r  the  d e te rm in a t io n  o f  d i a s t a t i c  power of m a lt  

( 2 ) ,  which was a l s o  t e n t a t i v e l y  adopted  by th e  A s s o c ia t io n  

o f  O f f i c i a l  A g r i c u l tu r a l  Chemists ( 6 ) ,  and which was be in g  

s tu d i e d  by th e  American A s s o c ia t io n  o f  C ereal C hem ists , 

le a v e s  much to  be d e s i re d  as  a r o u t in e  method. I t s  un­

s u i t a b i l i t y  was dem onstra ted  by d a ta  g iv en  by Coleman (9) 

showing t h a t  seven teen  l a b o r a t o r i e s  o b ta in e d  r e s u l t s  

v a ry in g  from 103°L. to  158°L. f o r  th e  same m a lt .  Anderson 

and S a l la n s  (3) m od ified  th e  B l is h -S a n d s te d t  f e r r i c y a n id e  

method f o r  d e te rm in in g  th e  reduc ing  power o f a d ig e s te d  

s t a r c h  s o lu t io n  (7) to  p e rm it  i t s  use  in  th e  d e te rm in a t io n  

o f  th e  d i a s t a t i c  power of m a lt  in  d eg ree s  L in tn e r  ( ° L ) . 

E xperim en ta l d a ta  i n d ic a t e d ,  t h a t  under th e  c o n d i t io n s  o f  

th e  d e te rm in a t io n ,  th e  f e r r i c y a n id e  method was s u p e r io r  to  

any method y e t  r e p o r te d .

As a r e s u l t  of i n v e s t ig a t io n s  made by S a l la n s  and 

Anderson (20 , and e a r l i e r  papers)  i t  a p p e a rs  to  be w e ll  

e s t a b l i s h e d  t h a t  th e  d ia s t a s e  a c t i v i t i e s ,  bo th  f r e e  and
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t o t a l ,  o f  b a r l e y  g r a in  and m alt a r e  v a r i e t a l  c h a r a c t e r ­

i s t i c s .  Data accum ulated  by Anderson e t  a l .  (4) and 

H a r r i s  a t  a l .  (12) who have in v e s t ig a te d  d ia s t a s e  

a c t i v i t y  in  b a r l e y  and m alt p ro v id e  a d d i t i o n a l  support 

to  t h i s  h y p o th e s is .  S a l la n s  and Anderson (20) found 

th e  p r o t e o l y t i c  enzyme papa in  to  be a good m a te r i a l  to  

u se  to  a c t i v a t e  the  d i a s t a s e  i n  unm alted b a r le y  g r a in ,  

a f a c t  l a t e r  v e r i f i e d  by o th e r  w orkers  (2 1 ) .  S a l l a n s  

and Anderson made d i a s t a s e  a c t i v i t y  d e te rm in a t io n s  in  

144 s a u r i e s  o f  b a r le y  g ra in  and i n  th e  m a lts  made from 

them u s in g  th e  f e r r i c y a n id e  te c h n iq u e .  The r e s u l t s  ob­

t a i n e d  were exp ressed  in  deg rees  L in tn e r  ( ° L ) . These 

b a r le y  samples r e p re s e n te d  tw elve  common v a r i e t i e s  grown 

in  Canada. V a r i e t a l  d i f f e r e n c e s  in  d i a s t a s e  a c t i v i t y  

were dem onstra ted  and th e  v a r i e t i e s  t h a t  were h igh  in  

b a r le y  d i a s t a s e  a c t i v i t y  were a l s o  h igh  in  m a lt  d i a s t a s e  

a c t i v i t y .  The t o t a l  b a r le y  d ia s t a s e  a c t i v i t y  appeared  

to  be a good i n d i c a t i o n  o f  what t h e  t o t a l  m alt d i a s t a s e  

a c t i v i t y  might be f o r  any given  v a r i e t y .

In  1941, Anderson e t  a l .  (5) suggested  t h a t  in  th e  

e a r l y  s ta g e s  o f  a b a r le y  b re e d in g  program i t  should  be 

p o s s ib le  to  t e s t  th e  b a r le y  g r a in  fo r  d i a s t a s e  a c t i v i t y  

a f t e r  a c t i v a t i n g  i t  w ith  p ap a in , and e l im in a te  th e  m a l t in g  

t e s t ,  which r e q u i r e s  c o n s id e ra b le  time and s p e c i a l  equ ip -
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ment, w ith o u t any danger of d i s c a r d in g  new l i n e s  o f  

b a r le y  w ith  s u p e r io r  m a l t in g  q u a l i t y .  However, up 

to  t h i s  tim e th e r e  was no ev idence t h a t  h y b r id  b a r l e y  

s t r a i n s  would r e a c t  th e  same a s  s ta n d a rd  v a r i e t i e s  to  

th e  d ia s t a s e  t e s t .

In  1942, M ered ith  e t  a l .  (16) r e p o r te d  t h a t  b a r le y  

d i a s t a t i c  power, a f t e r  a c t i v a t i o n  w ith  p ap a in ,  g iv e s  a 

good in d i c a t i o n  o f  m a lt  d i a s t a t i c  power f o r  h y b r id  l i n e s  

of b a r le y  a s  w e ll  as fo r  s ta n d a rd  v a r i e t i e s .  I t  was a l s o  

s u g g e s te d ,  t h a t  by  u s in g  t h i s  t e s t  fo r  h i s  h y b r id  l i n e s  

o f  b a r le y  and comparing th e s e  v a lu e s  w ith  th o s e  of a good 

s ta n d a rd  m a l t in g  b a r le y  v a r i e t y ,  th e  p l a n t  b re e d e r  may 

o b ta in  u s e f u l  in fo rm a tio n  on h i s  l i n e s  much e a r l i e r  th an  

i t  cou ld  be o b ta in ed  w ith  s ta n d a rd  m a lt in g  t e s t s .  He 

would then  be a b le  to  c o n c e n tra te  on a reduced  p o p u la t io n  

o f  c o n s id e ra b le  prom ise and on ly  th e  b e t t e r  m a te r i a l  would 

be in c re a s e d  and su b m itted  f o r  m a l t in g  t e s t s .

R obertson  e t  a l .  (17, 18) have p u b lish e d  a summary o f  

a l l  o f  th e  l in k a g e  s tu d i e s  in  b a r l e y  which should  be very  

h e l p f u l  in fo rm a tio n  fo r  p la n t  b re e d e rs  who a re  i n t e r e s t e d  

in  s tu d y in g  l in k a g e  r e l a t i o n s  i n  m a l t in g  b a r le y .
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EXPERIMENTAL PROCEDURE

In  th e  summer of 1950 th e  fo l lo w in g  c ro s se s  were 

made in  t h e  f i e l d  between s ta n d a rd  b a r le y  v a r i e t i e s  

showing th e  o p p o s i te  ex p re s s io n  o f  a v i s i b l e  c h a r a c t e r i s t i c  

known to  be i n h e r i t e d  on a p a r t i c u l a r  chromosome group:

Chromosome group I :

ALPHA. O.A.C.21

( 2 - row) ( 6-row)

Chromosome group I I :  

DORSETT 

(B lack glumes)

O.A.C.21

(White glumes)

Chromosome group I I I :  

O.A.C.21

(Covered k e rn e ls )

X C .I .  1370

(Naked k e rn e ls )

Chromosome group IV: 

O.A.C.21 

(Blue a leu ro n e )

MARS

(White a le u ro n e )

Chromosome group Y:

O.A.C.21 X

(Rough awns)

MARS

(Smooth awns)
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F ive chromosome groups were re p re s e n te d  in  th e  f iv e  

c r o s s e s ,  and O.A.C.21 was one of th e  p a r e n t s  o ccu rin g  in  

each c ro s s .  The F^ seed was space p la n te d  i n  th e  g reen ­

house i n  th e  w in te r  o f  1950-51. The Fg seed was space 

p l a n te d  in  th e  f i e l d  in  t h e  summer o f  1951. The Fg seed  

from each Fg p l a n t  was h a rv e s te d  s e p a r a te ly ,  and th en  

p la n te d  in  th e  f i e l d  in  th e  summer o f  1952 a s  a s e p a ra te  

l i n e .  S ince  t h i s  t h e s i s  problem was s e t  up a s  a l in k a g e  

s tu d y  and d id  n o t in v o lv e  s e g re g a t io n ,  t h e  s e g re g a t in g  

p o p u la t io n  was d is c a rd e d .  Only th e  pure b re e d in g  l i n e s  

from th e  Fg p o p u la t io n  (F^ seed) in  each c ro s s  were saved 

and ana lyzed  fo r  d i a s t a t i c  power. P ro g en ies  from tw elve 

s e l e c t i o n s  from each o f  th e  two s ta n d a rd  v a r i e t i e s  o f  

b a r le y  used  as p a r e n t s  in  each c ro ss  were c a r r i e d  a long  

in  th e  same f i e l d  w ith  the c ro sse d  m a te r i a l  and ana lyzed  

f o r  d i a s t a t i c  power.

The t a s k  of s e l e c t i n g  a p p ro p r ia te  p a r e n t s  f o r  each 

c r o s s ,  making th e  o r i g i n a l  c r o s s e s ,  c a r r y in g  the  h y b r id  

m a te r i a l  th ro u g h  the  Fg g e n e ra t io n ,  and in c r e a s in g  each 

l i n e  u n t i l  s u f f i c i e n t  seed was o b ta in ed  to  g r in d  in to  

f l o u r  f o r  chem ical a n a l y s i s ,  r e q u i r e d  ap p rox im ate ly  

t h r e e  y e a rs  o f  f i e l d  and greenhouse work and invo lved  

over 1,000 l i n e s  o f  b a r le y .

The chem ical method used  to  de term ine t h e  d i a s t a s e
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a c t i v i t y  o f  th e  b a r le y  samples was a m o d i f ic a t io n  o f  th e  

A n d erso n -S a llan s  f e r r i c y a n id e  method ( 3 ) .  T h is  method, 

which in v o lv es  th e  a c t i v a t i o n  o f  b a r le y  d ia s t a s e  by th e  

p r o t e o l y t i c  enzyme p ap a in , i s  a r a t h e r  long  p ro ce d u re ,  

t a k in g  about 36 h o u rs  from th e  tim e th e  o r i g i n a l  sample 

i s  weighed out u n t i l  a v a lu e  f o r  th e  d i a s t a t i c  power o f  

th e  b a r le y  g r a in  i s  f i n a l l y  o b ta in e d .  A f te r  t e s t i n g  

d u p l ic a te  samples o f  a s ta n d a rd  v a r i e t y  o f  b a r le y  each 

day f o r  abou t th r e e  weeks and c a r e f u l ly  o b se rv in g  th e  

r e s u l t s  under d i f f e r e n t  env ironm enta l c o n d i t io n s ,  i t  

was found t h a t  th e  tem p era tu re  and tim ing  c o n d i t io n s  

a re  v e ry  c r i t i c a l  and must be c a r e f u l ly  c o n t r o l l e d  f o r  

c o n s i s t e n t  r e s u l t s .  T his  i s  p a r t i c u l a r l y  t r u e  o f  th e  

s te p s  in v o lv in g  enzyme a c t i v i t y .  I t  was f u r t h e r  ob­

se rv ed  th a t  d u p l ic a te  samples of  th e  same b a r le y ,  

a n a ly ze d  under c a r e f u l l y  c o n t r o l l e d  c o n d i t io n s ,  should  

a g ree  w i th in  0 .3  ml. o f  sodium t h i o s u l f a t e  in  th e  f i n a l  

t i t r a t i o n .

A f te r  th e  chem ical procedure  was m as te red , each 

b a r le y  sample was an a ly zed  in  d u p l i c a t e  f o r  d i a s t a t i c  

power. I f  th e  two d u p l ic a te s  of each sample d id  no t 

ag ree  w i th in  0 .3  m l. o f  sodium t h i o s u l f a t e  in  th e  f i n a l  

t i t r a t i o n ,  th e y  were d isc a rd e d  and two new d u p l ic a te s  

were an a ly zed  a g a in .  A s ta n d a rd  v a r i e t y  was t e s t e d  as
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a check each day and a s t a r c h  s ta n d a rd  was used as a 

check on th e  s p e c i a l  s t a r c h  s o lu t io n  each week. S ix  

b a r le y  samples ( in  d u p l i c a t e ) ,  in  a d d i t io n  to  th e  checks, 

were th e  maximum number t h a t  could be c a r r i e d  e f f i c i e n t l y  

a t  one tim e.

The e n t i r e  t a s k  o f  o b ta in in g  th e  n e c essa ry  equipm ent, 

l e a r n in g  th e  chem ical p ro c e d u re ,  and a n a ly z in g  the  b a r le y  

samples f o r  d i a s t a t i c  power took about one y e a r ,  r e q u i r e d  

$700 w orth  o f  s p e c ia l  equipment and chem ica ls , and invo lved  

about $3,500 w orth  o f  chem ical d e te rm in a t io n s .

The re a g e n ts  used and th e  main s te p s  invo lved  i n  th e  

chem ical p ro ced u re  a r e  given on th e  fo l lo w in g  p ag es .



REAGENTS USED

S p e c ia l  S ta rc h  Reagent:

This s p e c ia l  s t a r c h  reag e n t should be 

p rep a re d  ac co rd in g  to  th e  s p e c i f i c a t i o n s  

o f  th e  American S o c ie ty  o f  Brewing Chemists

A ce ta te  B uffer  Reagent Used in  P r e p a r a t io n  o f

S p e c ia l  S ta rc h :

D isso lv e  68 grams of C.P. sodium a c e t a t e  

in  500 ml. o f  N a c e t i c  a c id  and make up 

to  1 l i t e r  w i th  d i s t i l l e d  w a te r .

0.5N Sodium Hydroxide Reagent:

D isso lv e  20 grams o f  sodium hydroxide in  

1 l i t e r  o f  d i s t i l l e d  w a te r .

A lk a l in e  N/20 P e r r ic y a n id e  Reagent:

D isso lve  16 .5  grams of pure d ry  p o tass ium  

f e r r i c y a n id e  and 22 grams o f  anhydrous 

sodium ca rb o n a te  in  1 l i t e r  o f  d i s t i l l e d  

w a te r .  Keep in  a dark  g la s s  b o t t l e  away 

from l i g h t .
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5. A c e t ic  Acid Reagent:

T h is  s o lu t io n  should c o n ta in  200 m l. o f  

g l a c i a l  a c e t i c  a c id ,  70 grams of po tass ium  

c h lo r id e ,  and 20 grams o f  z in c  s u l f a t e  p e r  

l i t e r .

6. P o tass ium  Iod ide  Reagent:

To a 50$ s o lu t io n  of po tass ium  io d id e ,  add 

one drop o f  c o n c e n tra te d  sodium hydroxide 

s o lu t io n  fo r  each 100 ml. o f  re a g e n t  to  

p re v e n t  d e t e r i o r a t i o n  on s ta n d in g .  The 

re a g e n t  i s  no t f i t  f o r  use u n le s s  c o l o r l e s s .

7 . S o lub le  S ta rch  Reagent:

T his  reag e n t should c o n ta in  1$ s o lu b le  s t a r c h  

in  a 30$ sodium c h lo r id e  s o lu t io n .  P re p are  

th e  s o lu b le  s t a r c h  suspension  and pour s lo w ly  

in to  b o i l i n g  w a te r .  B o i l  f o r  two m in u te s ,  add 

the  sodium c h lo r id e ,  and make to  volume. The 

re a g e n t  shou ld  be t r a n s p a r e n t  and c o l o r l e s s .

8 . N/20  Sodium T h io s u l f a t e  Reagent:

D isso lv e  12 .41  grams o f  sodium t h i o s u l f a t e  in  

1 l i t e r  o f  d i s t i l l e d  w a te r .  S e le c t  on ly  c l e a r  

c r y s t a l s  from th e  b e s t  C.P. g rade .
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Main S teps  Invo lved  i n  t h e  Modif ied Anderson- 

S a l l a n s  F e r r i c y a n id e  Method o f  Determining 

D ia s ta s e  A c t i v i t y  o f  B a r ley  Grain

1. Grind g r a in  to  pass  th rough  a 20-mesh s c re e n  and 

mix sample th o ro u g h ly .

2 .  C a re fu l ly  weigh 2 .5  grams of b a r l e y  f l o u r ,  0 .5  gram 

o f  p ap a in ,  and p la c e  in  a 200 ml. v o lu m e tr ic  sugar  

f l a s k  and mix tho ro u g h ly .

3 .  Add 50 ml. o f  d i s t i l l e d  w a te r ,  mix, and p lace  f l a s k

i n  a w a te r  b a th  a t  20° C. f o r  21 .5  hours .

4 .  F i l t e r  th e  sample th rough r a p id  f low ing  f i l t e r  paper

and c o l l e c t  the  e x t r a c t .

5 .  P i p e t t e  1 ml. o f  b a r l e y  e x t r a c t  in to  a 200 ml. 

vo lum e tr ic  f l a s k  c o n ta in in g  100 ml. o f  s p e c i a l l y  

b u f f e r e d  s t a r c h  s o l u t i o n  (1) and mix th o ro u g h ly .

6. E x a c t ly  30 m inutes  a f t e r  adding th e  b a r l e y  e x t r a c t ,

add 10 ml. o f  0.5N sodium hydroxide s o l u t i o n ,  mix,

make to  volume w i th  d i s t i l l e d  w a te r ,  and mix th o ro u g h ly .
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7, P i p e t t e  5 ml. o f  the  d ig e s t e d  s t a r c h  s o lu t i o n  i n t o

a 100 m l , ,  wide-mouth, hard g l a s s ,  Erlenmeyer f l a s k .

8 ,  Add e x a c t l y  10 ml. o f  a l k a l i n e  N/20 f e r r i c y a n i d e  

s o l u t i o n  to  th e  s t a r c h  s o l u t i o n  in  th e  Erlenmeyer 

f l a s k  and cover w i th  a small  b ea k e r ,

9,  P lac e  th e  Erlenmeyer f l a s k  in  a ba th  of v ig o r o u s ly  

b o i l i n g  w ate r  f o r  e x a c t ly  20 m in u te s .

10. Immediate ly cool  t h e  Erlenmeyer f l a s k  and i t s  c o n te n t s  

in  a b a th  o f  cold w a te r .

11. Add 25 ml, o f  a c e t i c  a c id  r e a g e n t  to  th e  Erlenmeyer 

f l a s k  and mix th o ro u g h ly .

12. Add 1 ml. o f  50$ KI, fo llowed by 2 ml. o f  s o lu b le  

s t a r c h  s o l u t i o n  to  th e  f l a s k ,  and ag a in  mix th o ro u g h ly .

13. T i t r a t e  w i th  N/20 sodium t h i o s u l f a t e  to  th e  complete 

d isap p ea ra n ce  o f  the  blue c o lo r  and r e c o rd  th e  number 

o f  ml. o f  sodium t h i o s u l f a t e  r e q u i r e d .

14. Add 100 ml. o f  th e  s p e c i a l ,  b u f fe re d  s t a r c h  s o l u t i o n  (1) 

to  a n o th e r  200 ml. v o lu m e tr ic  f l a s k  a s  was done in  s te p  

number 5 b u t  do not  add any b a r l e y  e x t r a c t  t o  t h i s  f l a s k .  

This  i s  a s t a r c h  s ta n d a rd .
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15. Carry the  s t a r c h  s tan d a rd  through s t e p s  6 - 1 3  

i n c l u s i v e .

16. S u b t r a c t  t h e  number o f  ml. o f  sodium t h i o s u l f a t e  

r e q u i r e d  to  t i t r a t e  th e  d ig e s t e d  s t a r c h  s o l u t i o n  

( t h a t  to  which th e  b a r l e y  e x t r a c t  was added) from 

th e  number o f  ml. o f  sodium t h i o s u l f a t e  r e q u i r e d  

to  t i t r a t e  th e  s t a r c h  s ta n d a rd .  The r e s u l t i n g  

number i s  th e  f e r r i e y a n i d e  e q u iv a le n t  of  th e  

d i a s t a t i c  power o f  th e  b a r l e y  g r a in .

17. M u l t ip ly  th e  sodium t h i o s u l f a t e  e q u iv a le n t  by 36 

to  co n v e r t  th e  r e s u l t s  to  degrees  L in tn e r  (°L) 

which i s  th e  s ta n d a rd  way o f  e x p re s s in g  th e  

d i a s t a t i c  power o f  b a r l e y  g r a in  and m a l t .
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A f t e r  th e  chemical d e t e rm in a t io n s  were completed 

and th e  d i a s t a s e  a c t i v i t y  of  each sample was conver ted  

i n t o  deg rees  L in tn e r  ( ° L ) , t h e  two p a r e n t s  o f  each c ro s s  

and the  two groups of  pure  b reed in g  progeny from each 

c ro s s  were compared f o r  s i g n i f i c a n t  d i f f e r e n c e s  by means 

o f  th e  t - t e s t .

I n  th e  comparison o f  the two p a r e n t s  o f  each c ro s s  

t h e  fo l lo w in g  symbols were used:

N -  The number of  s e l e c t i o n s  from th e  
s t a n d a rd  v a r i e t y  used a s  a p a r e n t .

M -  The mean.

S.D . -  The s tan d a rd  d e v i a t i o n ,  (single determination)

t  -  The t - v a l u e  of  the  t - t e s t .

In  the  comparison of th e  two groups of pure  b re e d in g  

progeny from each c ro s s  the fo l lo w in g  symbols were used:

N -  The number o f  l i n e s  i n  t h e  pure
b reed in g  group o f  progeny.

M -  The mean.

S.D. -  The s tan d a rd  d e v i a t i o n ,  (single determination)

t  -  The t - v a l u e  o f  the  t - t e s t .

Before runn ing  th e  t - t e s t ,  th e  means o f  the  naked 

k e r n e l  p a r e n t  ( C . I .  1370) and th e  naked k e r n e l  group o f  

p u re  b r e e d in g  progeny were a d j u s t e d  fo r  h u l l s  u s in g  13% 

as  th e  av e rag e  p e rc e n ta g e  of h u l l s  on 6-row b a r l e y s  (2 4 ) .



F i g u r e  1 ,

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

t e m p e ra tu re  (20°G) w a te r  h a th  des igned  f o r  use  

i n  t h e  d e t e r m in a t io n  o f  d i a s t a s e  a c t i v i t y  in  

b a r l e y  g r a i n .  I t  i s  c o n s t ru c t e d  o f  s t a i n l e s s  

s t e e l  w i th  a s t a i n l e s s  s t e e l  s h e l f  i n  two 

s e c t i o n s  (each  s e c t i o n  17” x 17” ) w i th  3 / 8 ” 

d iam e te r  p e r f o r a t i o n s  to  a l low  w ate r  c i r c u l a t i o n .  

The b a th  i t s e l f  i s  18” x 36” w i th  a dep th  o f  1 2 ” 

( i n s id e  d im en s io n s ) .  The w a l l s  and bottom a re  

double w i th  a t h i c k n e s s  o f  § ” and a r e  i n s u l a t e d  

w i th  g l a s s  wool.  The sh e lv e s  a r e  a d j u s t i b l e  f o r  

h e i g h t  by means o f  s l o t t e d  m e t a l l i c  s t r i p s  

a t t a c h e d  to  t h e  b a th  a t  each co rn e r  o f  each 

s h e l f .  The s h e lv e s  r e s t  on movable t r i a n g u l a r  

m e ta l  p i e c e s  f i t t e d  i n t o  t h e  s l o t s .  Th is  b a t h  

i s  equipped w i th  an a g i t a t o r ,  a s o le n o id  v a l v e ,  

a Merc-to-Merc t h e r m o r e g u l a t o r , and a r e l a y  

c o n t r o l  box. I t  was purchased  from George T. 

Walker & Company, M inneapo l is ,  M in n . ,  and c o s t
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F igu re  1.
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EXPERBfENTAL RESULTS
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Chromosome g ro u p  I :

Cross:

ALPHA X 0 .A.C.21

(2 - row) (6-row)

P a re n t s :

ALPHA.

N -  12

M -  183.06 

S.D. -  21.79

t  -  3.37**

Pure Breeding Progeny:

2-row Group 

N -  30

M -  211.09 

S.D. -  30.46

t  -  6,10**

The 0.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  i n  

d i a s t a t i c  power th a n  th e  Alpha p a r e n t .  There i s  no 

ap p a re n t  l i n k a g e  between h igh d i a s t a t i c  power and the  

2-row c h a r a c t e r i s t i c .  There i s  an ap p a re n t  p l e i o t r o p i c  

e f f e c t  between h igh d i a s t a t i c  power and th e  2-row 

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

6-row Oroup

!T -  30

i :  -  166.48

S.D. -  25.98

0.A.C.21 

N -  1 2

M - 215.13 

S.D. -  24 .64

**!<£ l e v e l  o f  s i g n i f i c a n c e
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Let us s e t  up a simple i l l u s t r a t i o n  to  show t h a t  

t h e r e  i s  no ap p a re n t  l i n k a g e  between h ig h  d i a s t a t i c  

power and the  2-row c h a r a c t e r i s t i c .  I f  we assume, t h a t  

head type  i s  c o n t r o l l e d  by 1 gene (Y a 2-row; v = 6-row),  

t h a t  d i a s t a t i c  power i s  c o n t r o l l e d  by a n o th e r  s i n g l e  gene 

(A a h igh ;  a a lo w ) , t h a t  t h e r e  i s  a p e r f e c t  l i n k a g e  of 

th e s e  2 genes on th e  same chromosome, and t h a t  we c ro ss  a 

2-row, low d i a s t a s e  p a r e n t  (Alpha) w i th  a 6-row, h igh  

d i a s t a s e  p a re n t  (0 .A .C .2 1 ) ,  th en  th e  fo l lo w in g  s i t u a t i o n  

should  e x i s t :

Gametes

? 1

V -  a
V -  a

V -  a

T

Y -  a,

v -  A,

Y -  a
v -  A

,Y -  a -

,v -  A

,Y -  a s

,v -  A =

v -  A 
v -  A

v -  A

Y -  a (2-row, low d i a s t a s e
Y -  a pure  b re ed in g  progeny)

Y -  a
v -  A

Y -  a
v -  A

v -  A ( 6 - row, h igh  d i a s t a s e
v -  A pure  b re ed in g  progeny)

From t h e  p re ce d in g  i l l u s t r a t i o n ,  i t  i s  c l e a r l y  e v i d e n t ,  

i f  d i a s t a s e  a c t i v i t y  were l in k e d  w i th  2-row head ty p e ,  th en  

the  2-row group of  pu re  b r e e d in g  progeny should have th e  lower 

mean, which i s  n o t  th e  c a se .  There i s  no ap p a ren t  l in k a g e  

between h igh d i a s t a s e  a c t i v i t y  and the  2-row c h a r a c t e r i s t i c .



23

Let us  s e t  up a sim ple  i l l u s t r a t i o n  to  show t h a t  

t h e r e  i s  an ap p a re n t  p l e i o t r o p i c  e f f e c t  between d i a s t a t i c  

power and the  2-row and 6-row c h a r a c t e r i s t i c .  I f  we 

assume, t h a t  head ty p e  i s  c o n t r o l l e d  by 1 gene (V = 2-row; 

v * 6 -row ),  t h a t  d i a s t a t i c  power i s  c o n t r o l l e d  by an o th e r  

s i n g l e  gene ( a * h igh ;  a = low),  t h a t  th e s e  2 genes a r e  

in d e p en d en t ly  i n h e r i t e d  on d i f f e r e n t  chromosomes, and 

t h a t  we c ro ss  a 2-row, low d i a s t a s e  p a r e n t  (Alpha) w ith  

a 6-row, high d i a s t a s e  p a r e n t  (0 .A .C .2 1 ) ,  then  the  fo l lo w ­

in g  s i t u a t i o n  should e x i s t ;

1
Gametes

W aa

Va

X

VvAa

vvAA

vA

WAA 1 )
WAa 2 )
W aa 1 )

VvAA 2 )
VvAa 4 )
W aa 2 )

vvAA 1 )
vvAa 2 )
w a a 1 )

Pure b reed in g  2-row progeny saved.

S e g re g a t in g  2-row and 6-row 
progeny d i s c a rd e d .

Pure b reed ing  6-row progeny saved.

From th e  p re ce d in g  i l l u s t r a t i o n ,  i t  i s  e v id en t  t h a t  

th e  p u re  b reed in g  2-row group o f  progeny has more genes
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f o r  h ig h  d i a s t a t i c  power th an  th e  2-row p a r e n t  (A lpha) .  

T h e re fo re ,  th e  2-row group o f  progeny would be expected  

to  have a h ig h e r  d i a s t a t i c  power th a n  th e  Alpha p a r e n t .  

L ik ew ise ,  s ince  th e  pure b reed in g  6-row group o f  progeny 

has  fewer genes f o r  h igh  d i a s t a t i c  power th an  th e  O.A.C.

21 p a r e n t ,  i t  would be expec ted  to  have a lower d i a s t a t i c  

power th an  O.A.C.21. Up to  t h i s  p o i n t ,  d i a s t a t i c  power 

seems to  be c o n t r o l l e d  by two independen t ly  i n h e r i t e d  

f a c t o r s .  However, i f  one observes  t h a t  the  6-row group 

o f  progeny has a lower mean th an  even th e  lower d i a s t a s e  

p a r e n t  (A lp h a ) , i t  appears  t h a t  the  2-row gene i s  a p p a re n t ly  

g iv in g  an a d d i t i o n a l  in c re a s e  to  th e  d i a s t a t i c  power. I t  

i s  a l s o  i n t e r e s t i n g  to  no te  t h a t  th e  6-row gene seems to  

have a g r e a t e r  d e p re s s in g  e f f e c t  upon th e  d i a s t a t i c  power 

than  the 2-row gene has  an i n c r e a s in g  e f f e c t  upon th e  

d i a s t a t i c  power. There i s  an ap p a re n t  p l e i o t r o p i c  

e f f e c t  between d i a s t a t i c  power and th e  2-row and 6-row 

c h a r a c t e r i s t i c .
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Chromosome g ro u p  I I ;

Cross:

DORSETT X O.A.C.21

(Black glumes) (White glumes)

P a r e n t s :

DORSETT 

N -  12

M -  163.89 

S.D. - 19.82

t  -  5.61**

P ure  Breeding  Progeny:

Black Glume Group 

N -  30

M -  163.42 

S.D. -  23.42

t  -  0 .85

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  i n  

d i a s t a t i c  power th an  th e  D o rs e t t  p a r e n t .  There i s  no 

s i g n i f i c a n t  l in k a g e  between h igh  d i a s t a t i c  power and 

th e  w h i te  glume o r  b la ck  glume c h a r a c t e r i s t i c .

White Glume G-roup 

N -  30

M -  169.36 

S.D. -  30.26

O.A.C.21 

N -  12

M -  215.13 

S.D. -  24.64

**1 fo  l e v e l  o f  s i g n i f i c a n c e
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Chromosome group  I I I :

Cro s s :

O.A.C.21 X

(Covered k e rn e l s )

C . I .  1370 

(Naked k e r n e l s )

P a r e n t s :

0 . A . C . 2 1

N -  12

M -  215.13 

S.D. -  24 .64

C . I .  1370 

N -  12

M -  186.20 

S.D. -  16.00

t  -  3.41**

Pure  Breeding Progeny:

COVERED KERNEL CROUP 

N -  5

M -  145.73 

S.D. -  13.45

t  -  0 .55

NAKED KERNEL GROUP 

N - 5

M -  150.71 

S.D. -  14.90

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th a n  th e  C . I .  1370 p a r e n t .  There i s  

no s i g n i f i c a n t  l in k a g e  between h igh  d i a s t a t i c  power and 

th e  covered k e r n e l  or  naked k e r n e l  c h a r a c t e r i s t i c .

* *1^  l e v e l  o f  s i g n i f i c a n c e



27

Chromosome g ro u p  IV:

Cross:

O.A.C. 21 X MARS

(Blue a l eu ro n e )  (White a leu rone)

P a r e n t s :

O.A.C.21 

N -  12

M -  215.13 

S.D. -  24.64

t

MARS

N -  12

M - 141.15 

S.D. -  16.80

-  8,58**

Pure  Breeding  Progeny:

BLUB ALEURONE G30TJP 

N -  33

M -  143.17 

S.D. -  22.06

t  -  1.37

WHITE ALEURONE GROUP 

N -  30

M -  151.32 

S.D. -  24 .75

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th a n  th e  Mars p a r e n t .  There i s  no 

s i g n i f i c a n t  l in k a g e  between h igh  d i a s t a t i c  power and 

th e  b lu e  a leu ro n e  o r  w hi te  a leu rone  c h a r a c t e r i s t i c .  

However, t h e  w h i te  a leu ro n e  group d id  ten d  to  run a 

l i t t l e  h ig h e r  in  d i a s t a t i c  power th an  did  th e  b lue  

a leu ro n e  group.

* * 1 '%  l e v e l  o f  s i g n i f i c a n c e
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Chromosome g ro u p  V:

C r o s s :

O.A.C. 21 X MARS

(Rough awns) (Smooth awns)

P a r e n t s :

O.A.C.21 

N -  1 2

M -  215.13 

S.D. -  24.64

t

Pure Breeding  Progeny:

ROUGH AWN G-ROUP 

N -  32

M -  151.29

S.D. -  30 .71

t  -  3.12**

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ighe r  in  

d i a s t a t i c  power th a n  th e  Mars p a r e n t .  There i s  an 

a p p a re n t  l i n k a g e  between h ig h  d i a s t a t i c  power and th e  

rough awn c h a r a c t e r i s t i c .

SMOOTH AWN GROUP 

N -  31

M - 128.44 

S.D. -  27.46

MARS

N -  12

M -  141.15 

S.D. -  16.80

-  8.58**

**1 f a  l e v e l  o f  s i g n i f i c a n c e
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DISCUSSION

I t  i s  e v id e n t ,  a f t e r  o b se rv in g  th e  exper im en ta l  

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

c h a r a c t e r i s t i c .  The two p a r e n t a l  v a r i e t i e s  invo lved  in  

ev e ry  c ro ss  d i f f e r e d  s i g n i f i c a n t l y  from each o th e r  in  

d i a s t a s e  a c t i v i t y .  There a l so  appears  to  be d e f i n i t e  

l in k a g e  r e l a t i o n s h i p  between c e r t a i n  v i s i b l e  c h a r a c t e r ­

i s t i c s  and h igh  d i a s t a t i c  power, which i s  a measure of 

m a l t in g  q u a l i t y  i n  b a r l e y .

The v i s i b l e  c h a r a c t e r i s t i c  used  i n  th e  s tudy  of  

chromosome I  was 2-row v s .  6-row head ty p e .  The two 

s t a n d a rd  v a r i e t i e s  used in  t h i s  f i r s t  c ro ss  were Alpha 

and O.A.C.21. The O.A.C.21 p a r e n t ,  a 6-row v a r i e t y ,  

was s i g n i f i c a n t l y  h ig h e r  in  d i a s t a s e  a c t i v i t y  than  Alpha.

Of t h e  pure b reed in g  progeny from t h i s  c r o s s ,  th e  2-row 

group was s i g n i f i c a n t l y  h ighe r  in  d i a s t a t i c  power th a n
r

the  6-row group,  which i n d i c a t e s  an ap p a re n t  p l e i o t r o p i c  

e f f e c t  between h igh  d i a s t a s e  a c t i v i t y  and 2-row head 

ty p e ,  p l e i o t r o p i s m  i s  th e  c o n t r o l l i n g  of more th an  one 

c h a r a c t e r  by a s i n g l e  gene. There i s  no apparen t  l in k a g e  

between h igh  d i a s t a s e  a c t i v i t y  and th e  2-row c h a r a c t e r i s t i c .  

I f  h igh  d i a s t a s e  a c t i v i t y  and 2-row head type were l i n k e d ,
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th e  2-row group o f  pure b reed ing  progeny should show the  

low es t  mean because t h i s  i s  th e  c o n d i t io n  t h a t  e x i s t s  in  

th e  p a r e n t s .

Cross number two involved D o rs e t t  and O.A.C.21, two 

s ta n d a rd  v a r i e t i e s  o f  b a r l e y  showing a d i f f e r e n c e  in  

glume c o lo r .  D o r s e t t  has b lack  glumes w h i le  O.A.C.21 

has  white  glumes. This  v i s i b l e  c h a r a c t e r i s t i c  i s  i n ­

h e r i t e d  on chromosome I I .  The O.A.C.21 p a r e n t  was 

s i g n i f i c a n t l y  h ig h e r  in  d i a s t a t i c  power than  D o r s e t t .

Of th e  pure b re e d in g  progeny from t h i s  c ro s s ,  t h e r e  

was no s i g n i f i c a n t  d i f f e r e n c e  in  d i a s t a t i c  power 

between th e  b la c k  glume group and the  white  glume 

group.  This i n d i c a t e s  t h a t  t h e r e  i s  no apparen t  

l i n k a g e  between h igh  d i a s t a t i c  power and th e  white  

or  b la c k  glume c h a r a c t e r i s t i c .

O.A.C.21 and C . I .  1370 were the  two s ta n d a rd  

v a r i e t i e s  used as p a r e n t s  in  th e  s tudy  o f  chromosome I I I .  

This  t h i r d  c ro ss  involved  covered k e r n e l s  v s .  naked k e r n e l s .  

O.A.C.21 i s  a covered k e rn e l  v a r i e t y ,  w h i le  C . I .  1370 has 

naked k e r n e l s .  The O.A.C.21 p a r e n t  was s i g n i f i c a n t l y  

h ig h e r  i n  d i a s t a t i c  power than  th e  C . I .  1370 p a r e n t .  Of 

t h e  pure  b reed in g  progeny from t h i s  c r o s s ,  t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  i n  d i a s t a t i c  power between th e  

covered  k e r n e l  group and th e  naked k e r n e l  group. There­

f o r e ,  t h e r e  i s  no apparen t  l in k a g e  between h igh  d i a s t a s e  

a c t i v i t y  and th e  covered or  naked k e r n e l  c h a r a c t e r i s t i c .
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Cross number fo u r  invo lved  O.A.C.21 and Mars, two 

s ta n d a rd  v a r i e t i e s  o f  b a r l e y  showing a d i f f e r e n c e  in  

a leu ro n e  c o l o r .  O.A.C.21 has blue a leu ro n e  while  Mars 

has white  a l e u ro n e .  T h is  v i s i b l e  c h a r a c t e r i s t i c  i s  

i n h e r i t e d  on chromosome IV. The O.A.C.21 p a r e n t  was 

s i g n i f i c a n t l y  h ig h e r  i n  d i a s t a t i c  power than  Mars,

The two groups of pure b reed in g  progeny from t h i s  

c r o s s  showed no s i g n i f i c a n t  d i f f e r e n c e  i n  enzymatic 

a c t i v i t y ,  a l though  the  w h i te  a leu rone  group d id  show 

a h ig h e r  d i a s t a t i c  power th a n  the  b lue  a leu rone  group. 

T h is  tendency  i s  a l s o  i n t e r e s t i n g  because  the  white  

a leu ro n e  b a r l e y s  seem to  be p r e f e r r e d  fo r  m a l t in g  

p u rp o se s .

The v i s i b l e  c h a r a c t e r i s t i c  used i n  t h e  s tudy  o f  

chromosome V was rough awns vs .  smooth awns. The two 

s ta n d a rd  v a r i e t i e s  used in  t h i s  case were O.A.C.21 and 

Mars. O.A.C.21 i s  a rough awn v a r i e t y  and Mars has 

smooth awns. The O.A.C.21 p a r e n t  was s i g n i f i c a n t l y  

h ig h e r  i n  d i a s t a t i c  power than  the  Mars p a r e n t .  Of 

t h e  pure  b r e e d in g  progeny from t h i s  c r o s s ,  the  rough 

awn group was s i g n i f i c a n t l y  h ig h e r  in  d i a s t a t i c  power 

th a n  th e  smooth awn group, which i n d i c a t e s  an ap p a re n t  

l i n k a g e  between h igh  d i a s t a s e  a c t i v i t y  and the  rough 

awn c h a r a c t e r i s t i c .  T h is  r e l a t i o n s h i p  should  be h e l p f u l
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i n fo rm a t io n  t o  b a r l e y  b re e d e r s  who a r e  i n t e r e s t e d  in  

s e l e c t i n g  s u p e r io r  m a l t in g  b a r l e y  l i n e s  i n  t h e  e a r l y  

s t a g e s  o f  t h e i r  b re e d in g  program. For example, i f  a 

b a r l e y  b re e d e r  should make a c ro ss  between a rough awn, 

h ig h  d i a s t a t i c  power v a r i e t y  such as  Manchuria,  K indred ,  

o r  O derbrucker  and a smooth awn, low d i a s t a t i c  power 

v a r i e t y  such  as  Wisconsin 38, Bay, o r  Moore and i f  t h e r e  

i s  a r a t h e r  t i g h t  l i n k a g e  between h igh d i a s t a t i c  power 

and rough awns, as  th e  d a ta  in  t h i s  t h e s i s  i n d i c a t e ,  

t h e n  th e  b a r l e y  b re e d e r  should be ab le  to  go in to  h i s  

b re e d in g  n u r s e r y ,  s e l e c t  the  most p rom is ing  lo o k in g  

l i n e s  showing th e  rough awn c h a r a c t e r i s t i c ,  and be 

r e a s o n a b ly  sure  t h a t  he i s  a l so  s e l e c t i n g  f o r  h igh  

d i a s t a s e  a c t i v i t y .  On th e  o th e r  hand, i f  a b a r l e y  

b r e e d e r  should  make a c ro ss  between a rough awn, low 

d i a s t a t i c  power v a r i e t y  such as T reb i  and a smooth awn, 

h ig h  d i a s t a t i c  power v a r i e t y  such as Montcalm, th en  the  

smooth awn c h a r a c t e r i s t i c  should be used to  s e l e c t  l i n e s  

hav in g  h ig h  d i a s t a t i c  power. T h e re fo re ,  i f  a b a r l e y  

b r e e d e r  d e s i r e s  to  use t h i s  apparen t  l in k a g e  in  making 

s e l e c t i o n s  from h i s  b reed ing  nu rse ry ,  he must f i r s t  

t e s t  th e  p a r e n t s  of  each c ro s s  f o r  d i a s t a t i c  power so 

he w i l l  know which p a r e n t  has the  h ig h e s t  d i a s t a t i c  

power and which awn type  (rough o r  smooth) to  s e l e c t
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f o r  to  g ive him high d i a s t a t i c  power in  t h e  s e l e c t e d  

progeny .

As was n o te d  by S a l l a n s  and Anderson (20) in  

r e p o r t i n g  t h e i r  s t u d i e s  on the  r e l a t i o n s h i p  between 

b a r l e y  d i a s t a t i c  power, a f t e r  a c t i v a t i o n  by p ap a in ,  

and malt  d i a s t a t i c  power, t h e r e  i s  much t o  be gained  

i n  a b a r l e y  b reed in g  program, i f  l i n e s  can be s e l e c t e d  

a t  an e a r l y  s ta g e  on the  b a s i s  of  enzyme a c t i v i t y .  The 

d e t e rm in a t io n  o f  a c t i v a t e d  b a r le y  d i a s t a t i c  power may 

be made on a sample of 2 .5  grams as  compared to  550 grams 

needed f o r  a m a l t in g  t e s t  (1 6 ) .  I t  i s  ev iden t  t h a t  

samples can be t e s t e d  f o r  b a r l e y  d i a s t a t i c  power much 

e a r l i e r  and more conven ien t ly  th an  they  can be s u b je c te d  

t o  m a l t in g  t e s t s .

The f e r r i c y a n i d e  method of de te rm in ing  the  d i a s t a t i c  

power of  b a r l e y  g r a i n  used  in  t h i s  problem proved to  be a 

s a t i s f a c t o r y  method f o r  de te rm in ing  th e  d i a s t a s e  a c t i v i t y  

o f  m a l t i n g  b a r l e y  l i n e s  and v a r i e t i e s .  S ince b a r l e y  

d i a s t a t i c  power i s  p o s i t i v e l y  c o r r e l a t e d  w i th  malt  

d i a s t a t i c  power i t  can be used to  p r e d i c t  the  malt  

d i a s t a s e  a c t i v i t y  of hybr id  b a r l e y  l i n e s .  In  a d d i t i o n ,  

s i n c e  t h e  f e r r i c y a n i d e  t e s t  r e q u i r e s  on ly  a 2 .5  gram 

sample o f  ground b a r l e y ,  i t  can be run very  e a r l y  in  

t h e  b r e e d in g  program, which would enable  th e  b a r l e y
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b r e e d e r  t o  co n c e n t r a t e  on a reduced p o p u la t io n  of  

c o n s id e r a b le  promise.  He would th e n  in c re a s e  and 

submit on ly  h i s  b e t t e r  m a t e r i a l  f o r  m a l t in g  t e s t s .

Now t h a t  th e  im por tan t  f a c t o r s  a f f e c t i n g  m a l t in g  

q u a l i t y  i n  b a r l e y  have been determined ( d i a s t a s e  

a c t i v i t y ,  malt- e x t r a c t  p e rc e n ta g e ,  p r o t e i n  p e rc e n ta g e ,  

e t c . )  and methods o f  p r e d i c t i n g  th e se  f a c t o r s  i n  e a r l y  

g e n e ra t io n s  have been d ev ised ,  the  nex t  b ig  s tep  in  

m a l t i n g  b a r l e y  r e s e a r c h  should  be s t u d i e s  to  determine 

w hether  or  n o t  t h e r e  a r e  a d d i t i o n a l  l in k a g e  r e l a t i o n ­

s h ip s  between v i s i b l e  c h a r a c t e r i s t i c s  t h a t  th e  b a r l e y  

b r e e d e r  can observe i n  th e  f i e l d  and th e  im por tan t  

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

s t u d i e s ,  such as  the  one r e p o r te d  in  t h i s  t h e s i s ,  

shou ld  be con t inued  and expanded so t h a t  f u t u r e  

b a r l e y  b r e e d e r s  w i l l  know whether  or  no t  i t  i s  

p o s s i b l e  f o r  them t o  s e l e c t  f o r  c e r t a i n  v i s i b l e  

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

and be a s su re d  t h a t  th e y  a r e  a l s o  s e l e c t i n g  fo r  

m a l t i n g  q u a l i t y  a t  th e  same t ime.
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SUMMARY

This r e s e a r c h  problem was des igned t o  s tudy  th e  

l in k a g e  r e l a t i o n s  between d i a s t a s e  a c t i v i t y ,  which i s  

a measure o f  m a l t in g  q u a l i t y  i n  b a r l e y ,  and s p e c i f i c  

v i s i b l e  c h a r a c t e r i s t i c s  known to  be i n h e r i t e d  on 

c e r t a i n  chromosome groups .  The fo l lo w in g  c ro s s e s  

were made between s ta n d a rd  b a r l e y  v a r i e t i e s  show­

ing  t h e  o p p o s i te  ex p re s s io n  o f  a v i s i b l e  c h a r a c t e r ­

i s t i c  known to  be i n h e r i t e d  on a p a r t i c u l a r  chromo­

some group:

Chromosome group I :

ALPHA X O.A.C.21

( 2 - row) ( 6 - row)

Chromosome group I I :

DORSETT 

(Black glumes)

X O.A.C.21

(White glumes)

Chromosome group I I I : .

O.A.C.21 X

(Covered k e rn e l s )

C . I .  1370 

(Naked k e r n e l s )
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Chromosome group IV:

O.A.C.SI X MARS

(Blue a leu rone) (White a leu rone)

Chromosome group V:

O.A.C.21 

(Rough awns)

X MARS

(Smooth awns)

F ive  chromosome groups were r e p re s e n te d  i n  the  

f i v e  c r o s s e s ,  and O.A.C.21 was one of  th e  p a r e n t s  

o cc u r in g  i n  each c r o s s .  The pure b re e d in g  l i n e s  

from th e  Fg p o p u la t io n  (F4 seed) in  each c ross  were 

saved and ana lyzed  f o r  d i a s t a t i c  power u s in g  a 

m o d i f i c a t i o n  o f  th e  A nderson-Sa l lans  f e r r i c y a n i d e  

method ( 3 ) .  P ro g e n ie s  from twelve s e l e c t i o n s  from 

each o f  the  two s tandard  v a r i e t i e s  used as  p a r e n t s  

in  each c ross  were a l s o  c a r r i e d  a long  in  th e  same 

f i e l d  w i th  th e  c ro s s e d  m a t e r i a l  and ana lyzed  f o r  

d i a s t a t i c  power. A f t e r  th e  chemical d e te rm in a t io n s  

were completed and th e  d i a s t a s e  a c t i v i t y  of  each 

sample was conve r ted  in to  degrees  L in tn e r  ( ° L ) , th e  

two p a r e n t s  o f  each c ro s s  and th e  two groups of pure 

b re e d in g  progeny from each c ro ss  were compared f o r  

s i g n i f i c a n t  d i f f e r e n c e s  by means of the  t - t e s t .
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The r e s u l t s  may be summarized as fo l low s:  

Chromosome group I :

The O.A.C.El p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th a n  th e  Alpha p a r e n t .  There i s  no 

ap p a re n t  l in k a g e  between h igh  d i a s t a t i c  power and 

th e  2-row c h a r a c t e r i s t i c .  There i s  an apparen t  

p l e i o t r o p i c  e f f e c t  between high d i a s t a t i c  power 

and th e  2-row c h a r a c t e r i s t i c .

Chromosome group I I ;

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th a n  th e  D o rse t t  p a r e n t .  There i s  

no s i g n i f i c a n t  l i n k a g e  between high d i a s t a t i c  power 

and th e  w h i te  glume o r  b lack  glume c h a r a c t e r i s t i c .  

Chromosome group I I I :

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power than  th e  C . I .  1370 p a r e n t .  There i s  

no s i g n i f i c a n t  l i n k a g e  between h igh d i a s t a t i c  power 

and th e  covered k e r n e l  or naked k e r n e l  c h a r a c t e r i s t i c .  

Chromosome group 17 :

The O.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th an  th e  Mars p a r e n t .  There i s  no 

s i g n i f i c a n t  l in k a g e  between h ig h  d i a s t a t i c  power and 

th e  b lu e  a leu ro n e  or white  a leu ro n e  c h a r a c t e r i s t i c .  

However, the  white  a leu rone  group o f  pure b reed in g
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progeny  d id  te n d  t o  run a l i t t l e  h ig h e r  in  d i a s t a t i c  

power th a n  d id  th e  blue a le u ro n e  group.

Chromosome group V;

The 0.A.C.21 p a r e n t  i s  s i g n i f i c a n t l y  h ig h e r  in  

d i a s t a t i c  power th a n  the  Mars p a r e n t .  There i s  an 

a p p a re n t  l i n k a g e  between h igh  d i a s t a t i c  power and 

th e  rough awn c h a r a c t e r i s t i c .
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