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S u m m a r y .  A quick and s i m p l e  s e m i - q u a n t i t a t i v e  method of s e l e c t i n g  s ing le  s eeds  of r y e  for  t he i r  content  of 
5 - a l k y l - r e s o r c i n o l s  i s  p r e s e n t e d .  The r e s o r c i n o l s  a r e  e x t r a c t e d  f r o m  whole,  in tact  c a r y o p s e s  with ace tone .  
Under  the condi t ions  d e s c r i b e d  the g e r m i n a t i o n  r a t e  i s  hardly  d e c r e a s e d .  The s ing le  g ra in  method o f fe r s  
e s p e c i a l l y  s t r ik ing  advantages  when s e l f f e r t i l e  inbred  l ines  a r e  used .  
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The use of rye  as  f a t t e n i n g - p a s t u r e  is  r e s t r i c t e d ,  as  

h ighe r  addi t ions  in the fodder  m ix tu r e  cause  growth 

inhib i t ions ,  s p e c i a l l y  in younger  an ima l s  (v .  Knie -  

r i e m  1900; Wier inga  1967). Wier inga  s u c c e e d e d  in 

ident i fy ing the toxic  p r i n c i p l e  as  5 - a l k y l - d e r i v a t i v e s  

of r e s o r c i n o l ,  which a r e  p r e s e n t  in rye  g r a i n s  in an 

a v e r a g e  concen t r a t i on  of 0 .1  ~ (Musehold  1974; M e j -  

b a u m - K a t z e n e l l e n b o g e n  et a l .  1975a).  Lower  concen -  

t r a t i o n s  of t he se  compounds  a r e  a l so  de tec tab le  in 

wheat (Wenker t  et a l .  1964) and Tr i t i c a l e  (Munck 

1972).  As rye  p ro t e in  conta ins  v e r y  va luab le  a m i n o -  

ac id  compos i t i ons  (Munck 1972) the s e l e c t i o n  of rye  

types ,  with an a l k y l r e s o r c i n o l  content  c o m p a r a b l e  to 

wheat would be highly bene f i c i a l .  The pape r  d e s c r i b e s  

a s tep  towards  b reed ing  of such t o x i n - f r e e  m a t e r i a l ,  

us ing s ing le  g r a in  s c r e e n i n g .  

A l k y l r e s o r c i n o l s  a r e  e x t r a c t e d  f r o m  each g ra in  in 

a s e a l e d  t es t  tube with 0 . 2  ml ace tone  fo r  20 min .  at 

r o o m  t e m p e r a t u r e .  At the end of this  incubat ion it is  

thoroughly  shaken and 0 .01 ml of the e x t r a c t  i s  p ipe t t -  

ed onto a s i l i c a  gel 60 p la te  (Merck  5721) which has 

been  s p r a y e d  with an aqueous  so lu t ion  of fas t  blue B 

sa l t  ( 0 . 5 g ,  Merck  3191; Musehold  1974) sho r t l y  be -  

f o r e  o r  a f t e r  spot t ing .  The co lou r  r e a c t i o n  i m m e d e a t e -  

ly appea r ing  and changing f r o m  a l ight  r o s e  to v io le t  

i s  h ighly c o r r e l a t e d  with the content  of  a l k y l r e s o r c i -  

nol ( F i g .  1) .  Other  subs t ances  r e a c t i n g  with th is  r e a -  

gent a r e  be low the d e t e c t i o n  l eve l  in this  p r o c e d u r e .  

The r e m a i n i n g  e x t r a c t  may be used  fo r  a quant i ta t ive  

ana ly s i s  of the e x t r a c t e d  r e s o r c i n o l s  (Musehold  1973; 

M e j b a u m - K a t z e n e l l e n b o g e n  et a l .  1975b). A method 

us ing high p r e s s u r e  l iquid  c h r o m a t o g r a p h y  has been 

deve loped  in our  l a b o r a t o r y  (unpubl i shed) .  Gra in s  

showing hardly  any eo lour  r eac t i on  a r e  i m m e d i a t e l y  

r i n s e d  with wa te r  and sown.  It is  a l so  pos s ib l e  to dry  

the g r a i n s  again and to plant  them a f t e r  f u r t he r  s t o r -  

age .  

B e s i d e s  ace tone  o the r  o rgan i c  so lven t s  have been 

t e s t ed ,  however ,  only g ra in s  e x t r a c t e d  with ace tone  

(even for  3 h r s  at 50~C) and hexane  showed a high 

p e r c e n t a g e  of g e r m i n a t i o n .  A f t e r  3 h r s  of ex t r ac t i on  

at 50~ the r e s i d u e  conta ins  neg l ig ib le  amounts  of 

r e s o r c i n o l s .  The p roposed  incubat ion t i m e  of 20 min .  

at room t e m p e r a t u r e  r e s u l t s  in a 70 ~ ex t r ac t i on  of 

the toxin,  which is  suf f ic ien t  for  a r e l a t i v e  a s s a y .  

Under  these  condi t ions  the g e r m i n a t i o n  r a t e  i s  ha rd ly  

d e c r e a s e d :  194 g ra in s  f r o m  200 of  the an thocyan in-  

f r e e  v a r i e t y  ' P e r o l o '  (yon Lochow-Pe tkus ,  B e r g e n )  

and 183 f r o m  200 of  the an thocyan in-con ta in ing  v a r -  

ie ty  Kus t ro  ( v . L . - P . )  g e r m i n a t e d  a f t e r  ex t r ac t i on ,  

w he rea s  196 and 199 g r a i n s  of  the un t r ea t ed  con-  

t r o l s  g e r m i n a t e d .  Acco rd ing  to this  g e r m i n a t i o n  c a -  

pac i ty  t h e r e  was no d i f f e r e n c e  between g r a i n s  having 

a high l eve l  and those  with low r e s o r c i n o l  content .  

In t e s t ing  the v a r i e t i e s  ' K u s t r o '  and ' P e r o l o '  5 

of the g ra in s  gave  spots  c o m p a r a b l e  to wheat c o n t r o l s  

( F i g .  1 ).  This d e m o n s t r a t e s  that the chance  fo r  s e l e c t -  

ing r e s o r c i n o l - p o o r  types  in rye  is  quite  good.  It i s ,  

howeve r ,  not yet  p roven  that the absence  of any n e g -  

a t ive  ef fec t  dur ing feeding of wheat i s  due to this  low 
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lec ted  a f t e r  f lower ing  and f e r t i l i z a t i on ,  the s ing le  

g ra in  method o f f e r s  e s p e c i a l l y  s t r ik ing  advantages  

when s e l f f e r t i l e  inbred  l ines  a r e  used  in b reed ing  

for  t o x i n - f r e e  s t ocks .  Consequent ly  this  method has 

been deve loped  fo r  the s e l ec t i on  of v a r i a n t s  in such 

m a t e r i a l  obtained f r o m  s e l f f e r t i l e  homodiploid  l ines  

p roduced  v ia  an ther  cu l tu re  (Wenzel  et a l .  1977). 

This method i s ,  however ,  not r e s t r i c t e d  to such m a -  

t e r i a l .  It should a lso  be pos s ib l e  to build up a l k y l r e -  

s o r c i n o l - f r e e  populat ions f r o m  n o r m a l  he t e rozygous  

c u l t i v a r s  within a s h o r t e r  t i m e .  
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F i g .  1. Single g r a in  ace tone  ex t r ac t  spots  due to the 
r e a c t i o n  of a l k y l r e s o r c i n o l s  with fast  blue B s a l t .  
The upper  row shows e x t r a c t s  f r o m  na tu ra l ly  a lky l -  
r e s o r c i n o l - p o o r  wheat g r a i n s ,  the four  l o w e r  rows  
d e m o n s t r a t e  the s e g r e g a t i o n  of the r e s o r c i n o l  content  
in 20 g r a i n s  of a c o m m e r c i a l  c u l t i v a r  of rye  taken at 
r ando m 

concen t r a t ion  of r e s o r c i n o l s  o r  to a d i f fe ren t  m i x t u r e  

of homologues .  F u r t h e r  the method d e s c r i b e d  h e r e  

c o m p a r e s  the r e s o r c i n o l  content  p e r  g ra in  without con-  

s i de r ing  the s i z e  o r  the spec i f i c  weight .  As the a lky l -  

r e s o r c i n o l s  a r e  s t o r e d  in the p e r i c a r p ,  v e r y  sma l l  

g r a in s  (having a s m a l l e r  s u r f a c e )  of low weight may 

g ive  the i m p r e s s i o n  of having l o w e r  a l k y l r e s o r c i n o l .  

By a s i m p l e  p r e s e l e c t i o n  for  l a r g e  g ra in s  with a s p e -  

c i f ic  weight of m o r e  than 1.3 g / c m  3 this  can be e a s i -  

ly o v e r c o m e .  

B e s i d e s  the two v a r i e t i e s  ment ioned above,  the 

r e s u l t s  could  be c o n f i r m e d  fo r  a sp r ing  rye  v a r i e t y  

and o the r  win te r  types ,  including F 1 hybr ids  and 

s e l f f e r t i l e  inb red  l i n e s .  As the d e s i r e d  quali ty i s  s e -  

L i t e r a t u r e  

K n i e r i e m  v . ,  W. : Der  Roggen a l s  K r a f t f u t t e r m i t t e l .  
Landwir t .  J a h r b .  2.~9, 483-523 (1900) 

Me jbaum-Ka tzene l l enbogen ,  W. ~ S ikorsk i ,  A.  ; 
T lusc ik ,  F .  : A l k y l r e s o r c i n o l s  in rye  (5eeale 
cerea$e L. ) g r a in s  II. Dependence  of a l k y l r e s o r -  
c ino l s  l eve l  on weight and spec i f i c  weight of 

~ r a i n s .  Acta  Soc.  Bot .  Po lon .  44, 597-606 
1975a) 

M e jbaum -K a tzene l l enbogen ,  W. ; Tluscik ,  F .  ; Kozu-  
bek,  A. ; S ikorsk i ,  A.  ; M a r e s z ,  Z.  : A l k y l r e s o r -  
c ino l s  in rye  (Seea~e cerea~e L. ) g r a in s  I. M i c r o -  
method for  d e t e r m i n a t i o n  of alkyl d e r i v a t i v e s  of  
r e s o r c i n o l  in rye  g ra in .  Acta  Soc.  Bot .  Po lon .  44, 
479-489 (1975b) 

Munck, L. : I m p r o v e m e n t  of nut r i t ional  value  in c e -  
r e a l s .  H e r e d i t a s  72, 1-128 (1972) 

Musehold ,  J .  : Zu r  quant i ta t iven B e s t i m m u n g  e ine r  
tox i schen  phenola r t igen  Substanz des  IRoggen- 
k o r n s .  Z.  Pf lanzenz t ich tg .  6__99, 102-106 (1973) 

Musehold,  J .  : Zu r  Methodik de r  Selekt ion  auf 5-A1- 
k y l - i R e s o r c i n - a r m e  P f l anzen  be im Roggen.  Z .  
Pf lanzenzf ich tg .  7_.!, 124-129 (1974) 

Wenker t ,  E .  ; L o e s e r ,  E . M .  ; Mahapa t ra ,  S . N .  
Schenke r ,  F .  ; Wilson,  E . M .  : Wheat g r a in  phe-  
no l s .  J .  Org .  Chem.  2._.9_9, 435-439 (1964) 

Wenzel ,  G. ; Hoffmann,  F .  ; Thomas ,  E .  : Induction,  
r e g e n e r a t i o n  and c h r o m o s o m e  doubling of a n d r o -  
gene t ic  haploid  rye  p lan ts ,  in p r ep .  (1977) 

Wie r inga ,  G . W .  : On the o c c u r e n c e  of growth inh ib i t -  
ing subs t ances  in r y e .  Wageningen:  H. Veenman  
en Zonen N . V .  1967 

IReceived May 23, 1977 
C o m m u n i c a t e d  by G. M e l c h e r s  

Dr. F.  Hoffmann 
Dr. G. Wenzel 
Projektgruppen Haploide in der Pflanzenziichtung 
Max-Planck-lnstitut fiir Pflanzengenetik 
D-6802 Ladenburg-iRosenhof (BIRD) 


