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A. Na r ra t i ve  Summary 

I n  August o f  1978, a  new con t rac t  w i t h  the  U. S.  Agency f o r  I n t e r n a t i o n a l  
Development and Montana Sta te  U n i v e r s i t y  was f i n a l i z e d  t o  decrease losses 
caused by the  major diseases o f  b a r l e y  p a r t i c u l a r l y  i n  t he  developing 
count r ies .  Development under t h i s  con t rac t  inc ludes  a  number o f  face ts .  
F i r s t ,  i t  was necessary t o  know the  major diseases o f  b a r l e y  i n  t he  
t a r g e t  areas. This  i n fo rma t ion  was obtained l a r g e l y  by o n s i t e  v i s i t s ,  
workshops and discussions w i t h  p l a n t  pa tho log i s t s  i n  the  area. Several 
of our  people have v i s i t e d  the  Middle East area and have become f a m i l i a r  
w i t h  problems o f  b a r l e y  c u l t u r e .  It i s  a l s o  necessary t o  know the  
races o r  s t r a i n s  o f  pathogens i n  t he  t a r g e t  areas and t o  t h i s  end a  
number o f  disease i s o l a t e s  have been c o l l e c t e d  and are  used i n  our  
eval ua t ion  programs i n  the  P lan t  Path01 ogy Department. These i s01  ates 
o f  the  d i f f e r e n t  pathogens have been used f o r  i d e n t i f y i n g  genes f o r  
res is tance i n  the  b a r l e y  c u l t i v a r s .  D i f f e r e n t  r e s i s t a n t  sources t o  
s p e c i f i c  diseases have been sought among the  wor ld  ba r ley  c o l l e c t i o n  and 
based upon repo r t s  i n  the l i t e r a t u r e  where a  s p e c i f i c  b a r l e y  c u l  t i v a r  
has been repo r ted  t o  be r e s i s t a n t  a t  some t ime o r  p lace t o  a  s p e c i f i c  
disease organism. 

Other fundamental i n fo rma t ion  i s  necessary be fore  the  r e s i s t a n t  
sources can be e f f e c t i v e l y  u t i l i z e d .  This  inc ludes  determin ing bes t  
a r t i f i c i a l  medium f o r  spore product ion,  bes t  mass i n o c u l a t i o n  methods 
and c r i t e r i a  f o r  disease eva lua t ions .  

A f t e r  the  fundamental' s tud ies  have been completed i t  i s  poss ib le  t o  
e f f e c t i v e l y  u t i l  i z e  the  i n fo rma t ion  f o r  developing germ plasm. Male 
s t e r i l e  f a c i l i t a t e d  recu r ren t  s e l e c t i o n  popu la t ions  have been used f o r  
pyramiding genes f o r  res i s tance  t o  s p e c i f i c  diseases. A base o f  15 
ba r ley  c u l  t i v a r s  i s  used f o r  each 2  row and 6 row ba r ley .  The entrees 
used as bases were se lec ted  t o  represent  d iverse  b u t  w ide l y  adapted 
types. 'The d i f f e r e n t  r e s i s t a n t  sources are  then crossed i n t o  t h i s  base 
popu la t ion  u t i l i z i n g  male s t e r i l i t y .  I n  the  case o f  minor gene accurnu- 
l a t i o n  i t  i s  be l ieved t h a t  a d d i t i v e  gene a c t i o n  f o r  g rea te r  res i s tance  
can be se lec ted  from recombinat ions w i t h i n  the  o r i g i n a l  base populat ion.  
Each c y c l e  o f  recu r ren t  s e l e c t i o n  cons i s t s  o f  two pa r t s :  ( 1 )  s e l e c t i o n  
f o r  disease res i s tance  and ( 2 )  recombinat ion. The disease nu rse r ies  
are grown a t  several  l oca t i ons  i n  the  U. S .  as we1 1  as i n  t h e  semi-ar id  
areas o f  the  bl iddle East and S. Korea. Seed from r e s i s t a n t  p l a n t s  i n  t h e  
nu rse r ies  i s  re tu rned f o r  f u r t h e r  r e c y c l i n g  i n  t h e  RSP's. The recombi- 
n a t i o n  p o r t i o n  o f  the  c y c l e  cons is ts  o f  growing t h e  r e s i s t a n t  po r t i ons  
o f  the  populat ions i n  Arizona du r ing  the  w i n t e r  and then harves t ing  o n l y  
from m a l e - s t e r i l e  p l a n t s  thus assur ing  recombinat ion. By t h i s  method we 
can easi  l y  o b t a i  n  30,000 o r  more seeds developed through recombinations. 
This  i s  a  huge amount o f  recombinat ion a t  r e a l t i v e l y  l i t t l e  cost .  
Each cyc le  o f  r e c u r r e n t  s e l e c t i o n  requ i res  one year .  Although recu r ren t  
s e l e c t i o n  populat ions have been assembled f o r  seven d i f f e r e n t  diseases 



of bar ley ,  f i v e  (scald,  ne t  b lo t ch ,  l ea f  r u s t ,  xanthomonas s t reak  and 
b a r l  ey ye1 1  ow dwarf v i r u s )  a re  r e c e i v i n g  major emphasis . We have 
c lose  working r e l a t i o n s  w i t h  CIMMYT and ICARDA and evaluate t h e i r  
c ross ing  b lock  ma te r ia l s  each year  f o r  several diseases as w e l l  as 
fu rn ish ing  r e s i s t a n t  stocks f o r  t h e i  r programs. 

I n  a d d i t i o n  t o  development o f  r e s i s t a n t  germ plasm i n  ba r ley  a  t r a i n i n g  
program i n  b a r l e y  diseases and associated breeding i s  being conducted. 
This  past year  4 t ra inees  from th ree  d i f f e r e n t  LDC's p a r t i c i p a t e d  and 
3 fore ign graduate students a re  a1 so being supported by the ba r ley -  
AID program. One o f  our  graduates (M.S. degree) has a l s o  been h i r e d  
as a  p l a n t  p a t h o l o g i s t  i n  cereal  diseases w i t h  ICARDA a t  Aleppo, 
Syr ia .  D e t a i l s  on the  var ious aspects mentioned i n  t h i s  slJmnary a re  
presented i n  t he  f o l l o w i n g  sec t ions .  

P r o j e c t  Ob jec t ives  

1. D i f f e r e n t  sources o f  res i s tance  t o  the  major diseases of b a r l e y  and 
l inkage r e l a t i o n s h i p s  w i l l  be determined. 

2. Bar ley populat ions,  both 2 row and 6 row, w i t h  broad based major 
gene res i s tance  and minor gene res is tance t o  s p e c i f i c  diseases w i l l  
be developed. 

3. Resistances t o  d i f f e r e n t  s p e c i f i c  diseases w i l l  be combined i n t o  
b a r l  ey stocks. 

4. Assistance w i  11 be g iven i n  establ ishment o f  serodiagnosis programs 
f o r  de tec t i on  o f  b a r l e y  s t r i p e  mosaic v i r u s  (BSMV) i n  b a r l e y  stocks 
a t  the I n t e r n a t i o n a l  Centers f o r  b a r l e y  improvement - CIMrlYT and 
ICARDA . 



C. Accomplishments t o  Date 

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

Accomplishments on the  p r o j e c t  w i l l  be discussed w i t h i n  t h e  
s p e c i f i c  diseases. I n  some cases fundamental i n fo rma t i on  i s  being 
obta ined which i s  p r e r e q u i s i t e  t o  i d e n t i f y i n g  d i f f e r e n t  sources o f  
res i s tance  and t h e i r  i n c o r p o r a t i o n  i n t o  RSP's. I n  o t h e r  cases, the  
fundamental work has been completed and d i f f e r e n t  res is tances  a re  
b e i  nq a c t i v e 1  Y i n c o r ~ o r a t e d  i n t o  RSP' s  t o  form broad-based res is tance.  
For Gcald and" ne t  b l o t c h  caused by Rhynchospori um secal i s  and 
Pyrenophora te res  r e s p e c t i v e l y  a  number o f  res i s tance  genes have 
been i d e n t i f m n d  many o f  these have a l ready  been incorpora ted  - - 
i n t o  t he  RSP's. 

2. Recurrent Se lec t i on  Populat ions f o r  Disease Resistance 

The development o f  germpl asm w i t h  mu1 t i -geni c  res i s tance  u t i  1  i z i n g  
male s t e r i l e - f a c i l i t a t e d  r e c u r r e n t  s e l e c t i o n  popu la t ions  i s  
progress ing w e l l  f o r  severa l  o f  the  impor tan t  diseases of ba r l ey .  
Fo l low ing  i s  a  d e s c r i p t i o n  o f  t he  RSP's r e c e i v i n g  major emphasis 
and t h e i r  present  s ta tus .  

a. RSP-5 Rrs: 6-row popu la t i on  f o r  s c a l d  res i s tance  

This  was the f i r s t  RSP es tab l i shed  and i s  t he  most advanced. 
Four-and-a-half cyc les  o f  r e c u r r e n t  s e l e c t i o n  have been completed. 
Under cond i t i ons  o f  n a t u r a l  i n f e c t i o n  i n  Montana the  popu la t i on  
conta ins  about 95% o f  r e s i s t a n t  p lan ts .  I n  C a l i f o r n i a ,  where 
sca ld  i n f e c t i o n  commonly reaches h i g h  l e v e l s ,  s t i l l  on l y  a  
smal l  p r o p o r t i o n  o f  t he  p l a n t s  a re  r e s i s t a n t .  Res is tan t  p l a n t s  
have been se lec ted  a t  o the r  1  oca t ions  , i n c l u d i n g  Turkey, 
Tun is ia ,  Flexico, France,. and Korea. This  ~ o p u l a t i o n  
i s  be ing  r e g i s t e r e d  as Composite Cross X X X V I  by t he  Crop 
Science Soc ie ty  o f  America . 

b. RSP-4 Rrs : 2-row popu la t ion  f o r  sca ld  res i s tance  

This  popu la t ion  i s  c u r r e n t l y  i n  t he  second c y c l e  of r e c u r r e n t  
s e l e c t i o n .  Se lec t i on  has been done a t  Bozeman. Levels  o f  
res i s tance  are  s t i l l  low (75% suscep t i b le  i n  1980). 

c. RSP-5 Rpt: 6-row popu la t ion  f o r  ne t  b l o t c h  res i s tance  

Three-and-a-half cyc les  o f  r e c u r r e n t  s e l e c t i o n  have been 
completed. Under cond i t i ons  o f  n a t u r a l  i n f e c t i o n  i n  Montana 
about 95% o f  the p l a n t s  a re  r e s i s t a n t .  However, under C a l i f o r n i a  
cond i t i ons  a  much lower percentage i s  r e s i s t a n t .  Res is tan t  
p l a n t s  have a l s o  been se lec ted  i n  Morocco, Tunis ia ,  Egypt, 
f lexico, and Korea. 



d. RSP-4 Rpt: 2-row popu la t ion  f o r  n e t  b l o t c h  res i s tance  

Cur ren t l y  i n  the  second cyc le  t h i s  popu la t ion  has been se lec ted  
a t  Bozeman and conta ins about 75% r e s i s t a n t  p l a n t s .  

e. RSP-5 Rph: 6-row popu la t ion  f o r  l e a f  r u s t  res is tance 

One cyc le  o f  recu r ren t  s e l e c t i o n  has been completed. P lan ts  
have been se lec ted  i n  Morocco, Egypt, Turkey, and Mexico. 
A major e f f o r t  i s  under way t o  l oca te  and study new sources 
o f  res is tance and add these t o  the  populat ion.  

f. RSP-5 Rxt: 6-row popu la t ion  f o r  Xanthomonas res is tance 

Two-and-a-half cyc les  o f  recu r ren t  s e l e c t i o n  have been 
cornpleted. Severe s e l e c t i o n  f o r  res is tance has been done a t  
f i e l d  l o c a t i o n s  i n  Montana and Turkey and i n  t h e  greenhouse. 
A t  present o n l y  low l e v e l s  o f  res i s tance  are  found i n  the  
populat ion.  A search i s  under way t o  l oca te  new sources of 
res is tance.  

g. RSP-5 Reg: 6-row popu la t ion  f o r  powdery mildew res i s tance  

One cyc le  o f  r e c u r r e n t  s e l e c t i o n  has been completed. No 
s e l e c t i o n  was done a t  Bozeman i n  1980 due t o  an unexpected 
absence o f  the  disease. 

h. RSP-4 Rrs minor and RSP-4 Rpt minor:  2-row populat ions f o r  
a d d i t i v e ,  minor gene res is tance t o  sca ld  and ne t  b lo t ch .  

These a re  b a s i c a l l y  suscept ib le  populat ions i n  which " less  
suscept ib le"  p l a n t s  a r e  selected.  A f t e r  one-and-a-ha1 f cyc les  
the  populat ions are  s t i l l  suscept ib le,  b u t  t he  percentage 
of p l a n t s  showing slower disease development has increased 
s i g n i f i c a n t l y .  Se lec t ion  i n  1980 was based on the  degree 
of movement o f  symptoms upward i n  t h e  p lan t .  

i. Conbining RSP-5 Rrs and RSP-5 Rpt 

To date  RSP's have been developed separa te ly  f o r  a  number 
o f  diseases. However, two o r  more diseases may be important  
i n  a  s p e c i f i c  bar ley-growing reg ion .  I n  t h e  w i n t e r  1980-81 
(recombi na t i on  nursery)  two populat ions w i  1 1  be combined: 
RSP-5 Rrs (scald)  and RSP-5 Rpt (net b l o t c h ) .  I n  p repara t ion  
fo r  t h i s  combination RSP-5 Rrs was se lec ted  f o r  n e t  b l o t c h  
res i s tance  and RSP-5 Rpt was se lec ted  f o r  sca ld  res i s tance  a t  
Bozeman i n  1980. 

Note: Table 1 shows t h e  l o c a t i o n s  of disease nurser ies .  
Table 2-5 shows add i t i ons  made t o  several  populat ions.  



Disease Reaction o f  I n t e r n a t i o n a l  Bar ley Nurser ies 

E n t r i e s  from t h e  9 t h  Pre l  im inary  Observation Nursery, 10th 
Regional Crossing Block, and 7 th  I n t e r n a t i o n a l  Bar ley Observat ion 
Nursery, were p lan ted  i n  r e p l i c a t e d  h i l l  p l o t s  and inocu la ted  
w i t h  Montana i s o l a t e s  o f  s e c a l i s  (causal organism 
of sca ld )  and Pyrenophora organism o f  ne t  b l o t c h ) .  
A summary o f  the r e s u l t s  i s  shown i n  Table 6. Also, these e n t r i e s  
were p lan ted  i n  greenhouse seed1 i n g  t e s t s  and i nocu la ted  w i t h  
a mix ture  o f  R. s e c a l i s  and - -  P. t e res  i s o l a t e s  from Montana, North 
Afr ica,  and tKe Middle East. A summary o f  these r e s u l t s  i s  
shown i n  Table 7. 

3. Leaf  Rust o f  Bar ley 

Since l e a f  r u s t  o f  bar ley ,  Puccin ia hordei ,  i s  considered t o  be 
a major y i e l d  reducing f a c t o r  i n  North A f r i ca  and t h e  Middle 
East more errrphasis has been placed on t h i s  disease du r ing  t h e  
l a s t  year.  

1n .order  t o  determine the  v i ru lence  pool i n  t he  t a r g e t  area, 
l ea f  r u s t  i s o l a t e s  were c o l l e c t e d  from many l oca t i ons  i n  
d i f f e ren t  count r ies .  I s o l a t e s  from the  U.S. were a l s o  inc luded 
i n  t h e  s tud ies .  Among the  12 i s o l a t e s  tested,  11 d i f f e r e n t  v i ru lence  
types cou ld  be detected us ing 12 b a r l e y  c u l  t i v a r s / l  i nes  represent ing  
the  genes Pa-Pa as d i f f e r e n t i a l s  (Table 8 ) .  The two i s o l a t e s  
from the  ~ o r o c c q n  l oca t i ons  - &emis Zemar and blarrakech - were 
found t o  be i d e n t i c a l .  Among t h e  known Pa genes the  Pa3 and Pa 
gene proved t o  be the  most e f f e c t i v e  res is tance sources. ~ o w e v z r  
v i ru lence  t o  Pa3 has been repor ted  from Great B r i t a i n  and s t r a i n s  
of the  pathogen v i r u l e n t  on Pa were found near the  a1 t e r n a t e  
host. S ta r  o f  Bethlehem ( 0 r n i  ti(oga1 um umbel 1 uatum) . I n i t i a l  l y  
130 b a r l e y  v a r i e t i e s  which repo r ted l y  expressed a c e r t a i n  degree 
o f  res is tance a t  some t ime o r  p lace were inocu la ted  as seed1 ings 
w i t h  the  12 d i f f e r e n t  i s o l a t e s .  Several good sources o f  res is tance 
n o t  i d e n t i c a l  w i t h  t h e  a l ready known Pa genes could be detected 
(Table 9 ) .  These v a r i e t i e s / l i n e s  w i l l  be o r  have a l ready been 
incorporated i n t o  the l e a f  r u s t  RSP's. I n  o rder  t o  determine the  
genet ic  background o f  t h e  unknown res is tance sources, a l l  o f  them 
have been crossed w i t h  suscept ib le  v a r i e t i e s  as w e l l  as w i t h  
v a r i e t i e s  ca r ry ing  def ined Pa genes. 

During t h e  l a s t  year  more i s o l a t e s  o f  l e a f  r u s t  have been c o l l e c t e d  
from the  Mediterranean area as w e l l  as from the U.S. I n tens i ve  
1 i t e r a t u r e  survey and personal contacts w i t h  ba r ley  workers 
increased the  number o f  p o t e n t i a l  res is tance sources t o  about 
170 v a r i e t i e s .  



I n  1969 on ly  32 o f  7,000 e n t r i e s  a t  Sakha, Egypt expressed some 
degree o f  res is tance t o  P. hordei under very heavy i n f e c t i o n  
pressure. Most o f  the mz te r ia l  had t o  be increased and seed i s  
now a v a i l a b l e  f o r  f u r t h e r  screening w i t h  d i f f e r e n t  i s o l a t e s .  
Among the  f i v e  l i n e s  a l ready entered i n  t h e  previous t e s t s ,  3  
outstanding res is tance sources (386-16-2, CCIM-13, Ford 1203) 
were detected. 

I n  many pa r t s  o f  t he  Mediterranean area the  a l t e r n a t e  hos t  
Orni thogal um u h e l  1  uatum i s  present and recombination of t he  
pathogen might r e s u l t  i n  new v i ru lence  types. One i s o l a t e  (Tel 
~ v i  v); o r i g i n a t e d  from t h e  a l t e r n a t e  host,  has a1 ready been - 
inc luded i n  our  s tud ies .  Present ly ,  work i s  underway t o  evaluate 
the e f fec t iveness o f  such aenes as Pa,. Pa, and o ther  unknown 
r e s i s t a n t  sources t o  s t r a i i s  i so la ted3~rom '0 rn i  thocjal urn umbel luatum. 
I n  order  t o  ob ta in  r a r e  v i ru lence  sources the  i s o l a t i o n s  are 
c a r r i e d  o u t  on h i g h l y  r e s i s t a n t  ba r ley  v a r i e t i e s .  

During the  w i n t e r  80-81 l e a f  r u s t  nurser ies  w i l l  be grown a t  two 
loca t ions  i n  Texas (San Antonio, Raymondvil le). Both l oca t ions  
su f fe r  heavy l e a f  r u s t  epidemics every growing season. Several 
l e a f  r u s t  assessments w i l l  be c a r r i e d  o u t  t o  d iscover slow r u s t i n g  
v a r i e t i e s / l i n e s  which usua l l y  express a  suscept ib le  r e a c t i o n  i n  
the  seed l ing  stage b u t  r u s t  a t  a  slower r a t e  as mature p lan ts .  

4. Vi rus Diseases of Bar ley 

Bar ley ye1 low dwarf v i r u s  (BYDV) . 
a. Developed t h e  experimental capabi 1  i ty o f  f i e l d  t e s t i n g  

b a r l e y  and wheat a t  Bozeman w i t h  BYDV, using l abo ra to ry  - 
reared aphids which were v i r u l  i f e r o u s .  

b. Evaluated composite crosses X X X I I I A  and B, developed by 
Mr .  Rex Thompson, Mesa, Arizona, f o r  to le rance t o  BYDV. 
Both b a r l e y  crosses were grown a t  Bozeman, Montana, and 
Pullman, Washington. Inocu la t i on  was accomplished a r t i  - 
f i c i a l l y  w i t h  a  given s t r a i n  o f  the  v i r u s  and a  known 
aphid vector  species. A t  Pullman, 40-50%, and a t  Bozeman, 
10-20% o f  t h e  p lan ts  i n  each cross e x h i b i t e d  symptoms of 
b a r l e y  y e l l o w  dwarf. A l l  symptomatic p lan ts  were rogued. 
Seed der ived from these t e s t s  was bulked by cross and sent 
t o  Ecuador, Mexico, Morocco, and Sy r ia  f o r  f u r t h e r  eva luat ion  
t o  prevalent  s t r a i n s  o f  BYDV. These composite cross populat ions, 
i n  a d d i t i o n  t o  having the  yd2 gene f o r  to lerance t o  BYDV, 
conta in  components f o r  sho r t  s t i f f  straw and r a p i d  e a r l y  
growth. They a l so  conta in  male s t e r i l e  genes msg 1 and msg 2. 



c. Increased seed o f  t h e  f o l l o w i n g  l i n e s  o f  b a r l e y  t o l e r a n t  
t o  BYDV: 

Source o f  yd, gene 
I 

Rojo 

Source o f  yd, gene 
L 

Benton 
CM 67 
CF1 72 
Coracle 
Abate 

UC 566 
S u t t e r  
C I  3208-2 
C I  3208-4 
C I  2906-1 

Seed w i l l  be a v a i l a b l e  t o  i n t e r e s t e d  p a r t i e s  

d. I d e n t i f i e d  th ree  s t r a i n s  o f  BYDV f rom Plontana v i a  aphid 
t ransmiss ion experiments. 

e. Conducted a  f i e l d  t e s t  o f  s p r i n g  ba r l ey ,  sp r i ng  wheat, 
and w i n t e r  wheat t o  determine what e f f e c t  BYDV i n f e c t i o n  
had on p l a n t  growth and g r a i n  y i e l d .  Dur ing the  1979-80 
growing season, c u l  t i v a r s  of w i n t e r  wheat, s p r i n g  wheat, and 
s p r i n g  b a r l e y  (Table 10) were p lan ted  and subsequently 
i n fec ted  w i t h  a  h i g h l y  v i r u l e n t ,  vec to r  non-spec i f i c  s t r a i n  
o f  b a r l e y  ye1 low dwarf v i r u s  (BYDV). The BYDV t o l e r a n t  
s p r i n g  b a r l e y  c u l  t i v a r ,  S u t t e r  (CI  15475), and t h e  BYDV 
t o l e r a n t  s p r i n g  wheat c u l  t i v a r ,  Anza (C I  15284), were i nc luded  
t o  determine the  e f f ec t i veness  o f  these sources o f  res i s tance  
aga ins t  t he  Montana i s o l a t e  o f  BYDV. 

P lan ts  i n  the t reatment  p l o t s  were i nocu la ted  w i t h  t he  v i r u s  
du r i ng  the  3-5 l e a f  stage o f  development. I n o c u l a t i o n  was 
accomplished by spreading v i r u l i f e r o u s ,  oa t  b i r d  cher ry  aphids, 
Rho a l o s i  hum p a d i  L., a long t h e  rows and a l l o w i n g  a  f i e l d  -ceding per iod  o f  approx imate ly  5  days. A spray 
o f  Malath ion was app l i ed  t o  e l i m i n a t e  t h e  v i r u s  vec tors  thus 
min imiz ing  the  poss ib le  spread o f  t he  v i r u s  i n t o  the  hea l thy  
c o n t r o l  p l o t s .  The i n o c u l a t i v e  aphids were reared i n  mass on 
Klages ba r l ey ,  (CI  15478), p rev ious l y  i n f e c t e d  w i t h  t h e  Montana 
vec tor  non-speci f i c  s t r a i n  (PAV) o f  BYDV.  Uni form spreading 
of t h e  i n o c u l a t i v e  aphids was f a c i l i t a t e d  by s p r i n k l i n g  t h e  
aphids w i t h  ta lcum powder, p r i o r  t o  f i e l d  d isseminat ion.  

A s i m i l a r  f i e l d  i n o c u l a t i o n  procedure was used i n  a  1979 study 
o f  b a r l e y  c u l  t i v a r  response t o  l a t e  i n f e c t i o n  by BYDV. Dur ing 
years when n a t u r a l  i n f e c t i o n  l e v e l s  a r e  low, t he  mass r e a r i n g  
and f i e l d  d isseminat ion o f  v i r ~ ~ l i f e r o u s  aphids i s  a  r e l i a b l e  and 
s imple method t o  p rov ide  c lose  t o  a  100% i n f e c t i o n  l e v e l  i n  
i nocu la ted  p l o t s  and near 0% o r  a t  l e a s t  minimal i n f e c t i o n  
l e v e l s  i n  t h e  comparison c o n t r o l  p l o t s .  



Disease symptoms and general growth e f f e c t s  f o r  each c u l t i v a r  
were evaluated throughout the  growing season. A t  an optimum 
stage o f  disease expression, f i f t e e n  p lants/ row/cul  t i v a r ,  
showing t y p i c a l  and un i fo rm BYD symptoms, were tagged f o r  l a t e r  
i d e n t i f i c a t i o n  and c o l  l e c t i o n .  A t  ma tu r i t y ,  the  f i  f t e e n  tagged 
p l  ants/row/cul ti va r  were harvested i ndi  v i d l ~ a l  l y  and a corresponding 
f i f t e e n  p lan ts  from the  heal t hy  c o n t r o l  p l o t s  a l s o  harvested 
i n d i v i d u a l l y .  The remaining p lan ts  from the  cen te r  s i x  f e e t  o f  
each ten  f o o t  c u l  t i v a r  row, f o r  both i n f e c t e d  and heal  t h y  p l o t s ,  
were b u l  k harvested. 

The data from t h i s  s tudy w i  11 be used t o  evaluate the  y i e l d  
response o f  the c u l  t i v a r  e n t r i e s  t o  i n f e c t i o n  by BYDV. An 
ana lys is  o f  the  y i e l d  components and t o t a l  y i e l d  parameters i n  
comparison t o  disease r a t i n g s  f o r  each c u l  t i v a r  e n t r y  w i  11 be 
conducted as o u t l i n e d  i n  Table 11. 

Bar ley  s t r i p e  mosaic v i r u s  (BSMV) . 
a. Developed b a r l e y  germ plasm r e s i s t a n t  t o  the  seed t rans-  

' 

miss ion o f  t h ree  Montana s t r a i n s  o f  BSMV. 

b. Furnished ma te r ia l s  and i n fo rma t ion  t o  s c i e n t i s t s  i n  Tun is ia  
and Lebanon f o r  the  serodiagnosis o f  BSMV i n  seeds and p lan ts .  

c. Evaluated nurser ies  from ICARDA, (Tables 12, 13 and 14) r e l a t i v e  
t o  the  presence o f  BSMV i n  i n d i v i d u a l  b a r l e y  e n t r i e s :  

5 .  B a c t e r i a l  Diseases o f  Bar ley  

B a c t e r i a l  l e a f  s t reak,  caused b y  Xanthomonas t rans1 ucens, a f t e r  
twenty years o f  minor importance, i s  on the  increase. The most l i k e l y  
exp lanat ion  f o r  t h i s  resurgence i s  t h a t  e f f e c t i  ve seed treatments 
are  no 1 onger avai  1 ab le  and t h a t  i t map have spread from breeding 
programs i n t o  c o m e r c i a l  l i n e s .  I t  i s  considered a "breeders problem" 
f o r  t h i s  reason. 

Our work i n  the  p a s t  year :  

a. Demonstrated seed i n f e c t i o n  0-70% of seed from var ious f i e l d s .  

b . Demonstrated seed transmi ss ion  . 0-52 o f  i n f e c t e d  seed w i  11 
t ransmi t  the disease. 

c. Demonstrated i ne f fec t i veness  o f  comnonly used f u n g i c i d a l  seed 
treatments. 

d . Demonstrated t h a t  b a c t e r i c i d a l  seed treatments e f f e c t i v e l y  
reduce t ransmiss ion ra tes ,  

e. Determ-ined t h a t  one i n f e c t e d  seed l ing  can i n f e c t  200 square 
meters, us ing  marked s t r a i n s .  



f. Demonstrated tha$ t h i s  pathogen i s  capable o f  a c t i v e  i c e  
nuc lea t i on  a t  -2 C. 

g. I nocu la t i on  has shown t h a t  few v a r i e t i e s  are  r e s i s t a n t .  These 
have been crossed f o r  genet ic  ana lys i s .  

h. Have developed r a p i d  methods o f  f i e 1  d  i nocu la t i on ,  pernii t t - i n g  
l a r g e  sca le  i nocu la t i ons .  

i. Have found some res is tance i n  a  recu r ren t  s e l e c t i o n  popu la t ion  
grown a t  th ree  separate l oca t i ons  i n  Montana, and a t  an 
a d d i t i o n a l  1  oca t i on  i n  Izmi r, Turkey. 

Pseudomonas s y r i  ngae on ba r ley .  

The b a c t e r i a l  l e a f  b l  i ght  disease, (Pseudomonas syr ingae) of minor 
importance i n  the a r i d  regions, was found i n  a1 1  the  coun t r i es  
v i s i t e d  by Dr. Sands and D r .  Sharp i n  the middle East, i .e. Morocco, 
Tunis ia,  Egypt, Sy r ia  and Turkey. The b a c t e r i a  found i n  the middle 
East were i d e n t i c a l  t o  i s o l a t e s  from the Uni ted States, and most f e l l  
i n ' a  group o f  pseudomonads l i m i t e d  t o  hosts i n  the Gramineace. Studies 
showed seed t ransmiss ion , systemic i n f e c t i o n ,  and i c e  nuc lea t i on  by 
most i s o l a t e s .  

A Taste Repel lent  f o r  Pes t i c i de  Treated Seed. 

A ser ious  problem w i t h  seed treatments i s  the  non- target  exposure. 
This  i s  e s p e c i a l l y  t r u e  i n  areas where t rea ted  seed may be i n a d v e r t e n t l y  
f ed  t o  animals o r  humans. We have developed a  seed t reatment  compound 
t h a t :  

a. Has a  very h igh  th resho ld  o f  b i t t e r n e s s  ( i  .e. >1:200,000). 

b. I s  non-phytotoxic.  

c. I s  r e p e l l e n t  i n  animal feeding t r i a l s .  

d. I s  F.D.A. approved. 

This compound added t o  pes t i c i des  may a c t  as a  safeguard aga ins t  
i nadvertant  human exposure. 

6. Other Diseases o f  Bar ley 

Root Rots o f  Bar ley 

The pr imary purpose o f  our  s tudy was t o  develop a  screening 
technique f o r  comnon r o o t  and crown r o t  o f  ba r ley .  L i t e r a t u r e  
surveys and i s o l a t i o n s  from diseased t i s s u e  from i'lontana and 
the  Middle East coun t r i es  imp1 i c a t e d  both  Helminthosporium 
sat ivum and c u l t i v a r s  o f  Fusarium roseum as causal agents i n  



decay o f  the crown and r o o t  t i ssues of bar1e.y. I n  our 
tes ts ,  F. roseum 'acuminatum' , lgraminearum;- and 'culmorum' 
D l  us one i s o l a t e  of H. sat ivum were used as inocu l  um sources. 
Sixteen sp r ing  b a r l e y  v a r i e t i e s  were inocu la ted w i  t h  each o f  
these fung i .  The v a r i e t i e s  were selected f o r  t h e i r  agronomic 
a d a p t a b i l i t y  and as a representa t ive  sampling of the four ba r ley  
backgrounds, i e  Hannchen , Manchuri a, Smyrna, and Coast types. 
One known suscept ib le  v a r i e t y  t o  common r o o t  r o t ,  Melvin, was 
a1 so i n c l  uded. Var ie t i es  tes ted inc luded P i  r o l  ine, Hector, Klages , 
Shabet, Betzes , Glenn , Larker, Uni tan, Hypana, Me1 v in ,  Compana, 
Wapana, Wanupana, Washanupana, Lewis, and Clark.  

Four techniques, two seeding dates, one cu l  t i v a r  each o f  
F. roseum, and one i s o l a t e  o f  H. sat ivum were evaluated. - 
The greates t  reduct ion  i n  seed i i  ng emergence r e s u l  ted  from 
F. roseum ' graminearum' w i t h  a technique of t r e a t i n g  the - 
s e e d  a l i q u i d  suspension o f  con id ia .  With H. sativum, 
seed l ing  emergence was n o t  d i f f e r e n t  from the c o n t r m  
y i e l d  was reduced by sowing seed w i t h  i n f e s t e d  o a t  kernels.  
Fusarium inoculum f o r  1980 was prepared w i t h  a shake c u l t u r e  
grown using the methods o f  Booth. His medium i s  o f  minimal 
n u t r i t i o n  and contains carboxy methyl c e l l  u lose f o r  v i s c o s i t y  
and as a s t i c k e r .  Myce l ia l  plugs from s i n g l e  spore cu l tu res  
of each i s o l a t e  were grown f o r  60 hours on a r o t a r y  shaker. 
'The 1 i q u i d  c u l t u r e  was poured on the  seed, a1 lowed t o  s i t  f o r  
two hours, excess l i q u i d  poured o f f ,  and the  seed fan  d r i e d  
f o r  12-15 hours, a t  which t ime the  seed was packaged f o r  
p lan t i ng .  The con t ro l  t reatment invo lved the  growth medium b u t  
w i thou t  a Fusari  um i s o l a t e .  S ~ o r e  concentrat ions used were: 
F. culmorum - 5.16 x 105 conid;a/ml; and F. raminearum - - IL--5 2,82 x 103 condidia/ml ; and F. acuminatum- 80.60 x 10 con id ia  
per  m l .  H. sat ivum inoculum-was prepared by p lac ing  a myce l ia l  
p lug  i n  aco-teri le q u a r t  mason j a r  conta in ing  250 1111 
by vo l  ume o f  oa t  kernels and 90 m l  o f  d i s t i  1  l e d  water.  A 
s t e r i l e  f i l t e r  paper and a mason l i d  kept  the  medium contaminant 
f r e e  w h i l e  a l lowing a i r  and moisture t o  c i r c u l a t e .  The 
c u l t u r e s  were grown f o r  9 days, a i r  dr ied,  mixed a t  a concentrat ion 
o f  3: 1 ( i n f e s t e d : s t e r i  l e )  kernels,  and packaged w i t h  10 g o f  
i nocu l  um per packet. Autoclaved o a t  kerne ls  were used as the  
c o n t r o l .  

The 1980 f i e l d  p l o t  design consisted o f  f o u r  r e p l i c a t i o n s  i n  
a s p l i t  p l o t  w i t h  v a r i e t i e s  as main p l o t s  and treatments as 
subplots.  Four rows 10 f e e t  long were p lan ted fo r  each t r e a t -  
ment w i t h  the  center  two f o r  y i e l d  and the  two border rows 
f o r  sampling. Seed was a i r  blown and s ieved f o r  u n i f o r m i t y  
o f  s ize .  Tota l  y i e l d  and y i e l d  components w i l l  be c o l l e c t e d  
f o r  F. acuminatum and H. sat ivum b u t  are n o t  a v a i l a b l e  as o f  
this-wri t i n g .  Seed1 i n 5  emergence was so d r a s t i c a l  l y  reduced 
by F. culniorum and F. granlinearum t h a t  y i e l d  data would be 
meaninqless due t o  excessive ti 1 l e r i n q  and 1 a t e r  matur i  t.y. i e  
the p lan ts  were essent i  a1 l y  " ~ ~ a c e - ~ l  anted" r a t h e r  than be ing  
i n  crowded rows. 



A disease reac t i . on  score f o r  H. sat ivum was recorded and i s  based 
upon the  degree o f  d i  scol  o r a t T o n o f t h e  sub-crown i nternode . 
A border  row was up-rooted a t  the  s o f t  dough stage, washed, 
and placed i n  one o f  f o u r  disease categor ies.  The disease 
r e a c t i o n  score i s  a  s i n g l e  numerical va lue computed on a  
weighted average w i t h  the  p lan ts  i n  severe ca tegor ies  g iven 
g rea te r  cons ide ra t i  on. A second 1  ocat ion  i n  G l  asgow, Montana 
was chosen w i t h  a  prev ious h i s t o r y  o f  common r o o t  r o t  f o r  
eva lua t i on  o f  the  16 ba r ley  v a r i e t i e s  under na tu ra l  inoculum 
pressure . 
Concentrat ion o f  con id ia  necessary f o r  seedl ing b l i g h t  and 
es tab l  i shment o f  Fusari  um i n  the  crowns o f  s u r v i v i n g  p lan ts  
was shudied i n  an experiment p lan ted  near the  end o f  May. 
This t e s t  u t i l i z e d  Hector and Washanupana v a r i e t i e s .  E. culmorum 
and F  r a  inearum were grown as described above. Concentrat ions 
of I$,% 102, 101, and 0  condia/ml were used. A 
seventh t reatment  consis ted o f  one month o l d  i nocu la ted  seed 
from the  t e s t  p lan ted  e a r l i e r  i n  the spr ing .  P l o t  design 
consis ted o f  f o u r  rep1 i c a t i o n s  i n  a  s p l i t  p l o t  w i t h  the  main 
p l o t  as v a r i e t y  and the  sub-p lo t  as the  14 treatments. Fo r t y  
g  of seed were t rea ted  w i t h  40 m l  o f  conidal  suspension w i t h  
150 kernels  p lanted i n  each 10 f t  row. 

Pre l im inary  r e s u l t s  i n d i c a t e  t h a t  t o  screen f o r  crown r o t  
and seed l ing  v igor ,  e i t h e r  F. culmorum o f  F. graminearum a re  
equal l y  e f f e c t i v e ,  whereas F. acuminatum eTtabl  i shes i t s e l  f 
i n  the  p lan t ,  b u t  i t  i s  mucL l ess  des t ruc t i ve .  E a r l y  p l a n t i n g  
w i t h  cool s o i l  temperatures and a  cond id ia l  concent ra t ion  of 
105/m1 w i l l  r e s u l t  i n  a  d r a s t i c  seed l ing  b l i g h t .  E l i m i n a t i o n  o f  
suscept ib le  germplasm o r  o f  l ess  vigorous seed1 ings  i n  a  r e c u r r e n t  
s e l e c t i o n  popu la t ion  o r  i n  e a r l y  generat ion ma te r ia l  could be 
va r ied  by us ing d i f f e r e n t  concentrat ions o f  con id ia .  Select ions 
from s u r v i v i n g  p l a n t s  may increase the  l e v e l  o f  to le rance t o  
r o o t  and crown r o t .  

Inocu la ted  seed t h a t  was s to red fo r  up t o  one month p r i o r  t o  
seeding d i d  e x h i b i t  severe b l i g h t  and i n f e c t i o n  o f  crown t i ssue .  
P r i o r  i n o c u l a t i o n  o f  seed would f a c i l i t a t e  un i fo rm coverage o f  
a l l  seed a t  one l abo ra to ry  and s t i l l  a l l ow  t ime f o r  i n d i v i d u a l  
packaging f o r  f i e l d  p lan t i ng .  

Se lec t ion  f o r  res is tance t o  H. sat ivum appears t o  be most 
e f f e c t i v e  w i t h  the  use o f  na tu ra l  inoculum. A t  l e a s t  the  
techniques employed i n  t h i s  study were n o t  s u b s t a n t i a l l y  
b e t t e r  i n  v a r i e t a l  d i f f e r e n t i a t i o n  than what one might  expect 
t o  f i n d  w i t h  good s i t e  l o c a t i o n  f o r  n a t u r a l  common r o o t  r o t  
i nocul um. 



The na tu ra l  i n o c u l  um l o c a t i o n  a t  Glasgow, Montana had s i g n i f i c a n t  
rep1 i c a t i o n  d i f f e rences  i n d i c a t i n g  the v a r i a b i  1  i t y  of i nocu l  um 
i n  the s o i l  and/or t he  non-un i fo rmi ty  o f  a  commercial grower 's  
f i e l d .  On the  U n i v e r s i t y  Research Farm, a r t i f i c i a l  l y  i nocu la ted  
rows d i d  produce h ighe r  disease scores than the  rows t o  which 
no inoculum was added. The e x c e p t i o n a l l y  wet growing season 
i n  Bozeman was i d e a l  f o r  h i g h  y i e l d s ,  thereby negat ing  the 
pathogenic e f f e c t s  H. sat ivum may have on r o o t  and crown t i ssues .  
A r t i f i c i a l  i n o c u l  atTon t o  i n s u r e  un i fo rm i n f e c t i o n ,  coupled w i t h  
a  d ry land growing s i t u a t i o n ,  should be recommended f o r  screening 
v a r i e t i e s  f o r  res i s tance  t o  comon r o o t  r o t .  

b. Seed Treatments f o r  Cont ro l  o f  Pyrenophora graminea (Helminthosporium 
grami neum) . 
Objec t ives  were t o  determine the e f f i c a c y  o f  f i v e  f ung i c ides  i n  
c o n t r o l 1  i n g  a  n a t u r a l  i n f e s t a t i o n  o f  P. graminea i n  Surmilit 
b a r l e y  as compared t o  an un t rea ted  check and a  Ceresan mercury 
c o n t r o l  and t o  eva lua te  t he  e f f e c t  o f  p l a n t i n g  date on disease 
devel opment . 
A 1979 S u m i t  b a r l e y  seed l o t  w i t h  >90% i n f e c t i o n  as determined 
by a  hal f -seed l a b o r a t o r y  assay was t r e a t e d  w i t h  f i v e  f ung i c ides  - 
Tr ivax ,  V i tavax 200, Eversh ie ld  RTU 1050, Nusan 30, and Sisthane. 
These fung i c ides  were app l i ed  a t  the  recommended r a t e  and double 
the  recommended r a t e .  A f t e r  be ing d i l u t e d  t o  5  mls w i t h  d i s t i l l e d  
water,  the  fung i c ide  was atomized on to  the seed. Treatnlents 
were tumbled f o r  3  minutes i n  a  Gustafson bench t o p  t r e a t e r  
t o  ensure adequate coverage. A  complete randomi zed b lock  
design w i t h  4 r e p l i c a t i o n s  was used. The 2nd p l a n t i n g  date was 
3  weeks l a t e r  than the  f i r s t .  

t.leasurements were taken on emergence, % i n f e c t e d  p lan ts ,  y i e l d ,  
and thousand kerne l  weight.  We found i n  the  1 s t  p l a n t i n g  date 
t h a t  Ceresan and V i tavax  200 - 2X increased % emergence (213 
t o t a l  emergence) more than the  r e s t  o f  t he  t reatments and t h a t  
Sisthane - 2X was phy to tox i c .  Only 1/3 of the  check p l  ohd 
emerged. These d i f f e r e n c e s  were n o t  so ev iden t  i n  the  2  
p l a n t i n g  date, however o n l y  213 o f  the  check emerged and 
Sisthane - 2X was s t i l l  phy to tox i c .  

I n  re fe rence t o  t he  f i r s t  p l a n t i n g  date 72% o f  the emerged 
p l a n t s  i n  t he  check were i n f e c t e d .  Th is  was s i g n i f i c a n t l y  
h ighe r  than any o t h e r  t reatment .  Sisthane and V i tavax  200 - 
2X s i g n i f i c a n t l y  reduced i n f e c t i o n  t o  0  and 12% r e s p e c t i v e l y .  
Th i n f e c t i o n  l e v e l s  (as a  % o f  t he  emerged p l a n t s )  i n  t he  8 2n date were n o t  as h igh,  check = 42% b u t  t h e  same t rends i n  
e f f i cacy  p reva i l ed .  

To date o n l y  t he  lSt date o f  seeding has been harvested. 



Yie lds  ranged from 33 bu/A check t o  110.9 bu/Acre Sisthane - 
I X .  Eleven treatments s i q n i f i c a n t l y  increased 1000' kernel  
we igh t  over  t he  check a t  p.01. 

Trade name Common Name Company Rate 

T r i  vax methfuroxam Uni r o y a l  .5 oz a i /cwt  

V i tavax  200 t h i  ram + carboxin Un i roya l  4 oz f o r  /cwt 

Evershie l  d RTU 
1050 I I Cargi 11 4.36 oz ' for /cwt  

Nusan 30 TCMTB Wi lbur  El  1 i s  3/4 oz for /bu 

Sisthane Fenapani 1 Rohm & Hass 1 oz a i /cwt  

More eff icaceous b u t  low mammalian-toxic seed t reatments 
w i l l  be sought, e f f o r t s  w i l l  cont inue t o  develop a more e f f i c i e n t  
screening technique f o r  res is tance,  v i ru lence  types from var ious  
pa r t s  of t he  wor ld  w i l l  be determined and e f f e c t i v e  sources of 
res is tance,  once determined w i l l  be advanced f o r  v a r i e t y  develop- 
ment. 

c. Powdery M i  1 dew (PM) . 
Bar ley  composite cross p o y l a t i o n s ,  synthesized as e a r l y  as 1929, 
have been a1 lowed t o  reproduce i n  Davis, C a l i f o r n i a ,  Moccasin and 
Bozeman, Montana, w i t h o u t  conscious se lec t i on .  These CC 
populat ions can prov ide an e f f e c t i v e  method o f  broadening 
genet ic  v a r i a b i  1 i ty. Growing and main ta in ing  the  popu la t ions  
a t  d i f f e r e n t  l o c a t i o n s  w i l l  g i v e  i n fo rma t ion  on the  response t o  
s e l e c t i o n  pressure by  powdery m i  1 dew i n  the  g iven envi  ronment . 
Genes f o r  PM res is tance,  c a r r i e d  by the  parenta l  ma te r i a l  o f  
these populat ions,  can be i d e n t i f i e d  through t h e  use o f  s p e c i f i c  
races o f  E. g ramin is  f. 9. hordei  and t h e i r  f requencies can 
be monitored from generat ion t o  generat ion i n  each populat ion.  

Several m i  1 dew i s o l a t e s  w i  11 be used t o  eval  uate representa t ives  
o f  e a r l y ,  mid- and l a t e  generat ion o f  each popu la t ions :  

These generat ions were chosen on the  bas i s  of t h e i r  a v a i l a b i l i t y  
of seed and germinat ion ab i  1 i ty  . 
U n t i l  now two i s o l a t e s  have been tes ted  on the  rep resen ta t i ve  
samples o f  t h e  populat ions t o   non nit or the  frequencies of s p e c i f i c  
res is tance genes through t h e  generat ions. 

The f i r s t  i s o l a t e  (Montana i s o l a t e  I) n o t  repor ted  as a s p e c i f i c  
race i n  t he  l i t e r a t u r e ,  b u t  resembling very much race CR 3 - 
was super v i r u l e n t  and most o f  the  t e s t  p l a n t s  were very 



suscept ib le  t o  i t .  Differences i n  l e v e l  o f  s u s c e p t i b i l i t y  o r  
i n  the  s e v e r i t y  o f  a t tack  between the var ious p o ~ u l a t i o n s  
and penerat ions w i l l  have t o  be found l a t e r  on, by c o m ~ u t e r  
ana lys is .  

The second race, 59.11, was obtained from D r .  R. A. K i l p a t r i c k  
B e l t s v i l l e ,  f713, and gave more d i f f e r e n t i a l  reac t ions  on the 
t e s t  mater ia ls .  'The nex t  s tep i s  t o  f i n d  ou t  where and when 
race 59.11 has been reported, and t o  detec t  s i g n i f i c a n t  
d i f f e rences  between the  d i f f e r e n t  generations o f  each popu la t ion  
and between the populat ions themselves , grown a t  d i f f e r e n t  
1  o c a t i  ons . 
Work i s  underway t o  detec t  o the r  races o r  i s o l a t e s  showing 
d i f f e r e n t  l e v e l s  o f  v i ru lence and d i f f e r e n t i a l  reac t i ons  on the 
parenta l  mater ia l  as w e l l  as on the d i f f e r e n t i a l  v a r i e t i e s  fo r  
PM races. Attempts are c u r r e n t l y  being made t o  p u r i f y  and 
i d e n t i f y  4 i s o l a t e s  r e c e n t l y  received from C a l i f o r n i a  and 1 
o the r  o r i g i n a t e d  from Rabat, Morocco. 

7.  Agrononi c  I rr~provement -- 

Very l i t t l e  research has been done t o  develop techniques o f  
s e l e c t i n g  e f f e c t i v e l y  i n  RSP's f o r  adaptat ion and h igh  y i e l d  i n  the 
small gra ins.  Pending the  development o f  disease r e s i s t a n t  RSPs 
we have been i n v e s t i g a t i n g  techniques o f  s e l e c t i n g  drought r e s i s t a n t  
l i n e s  and at tempt ing t o  v e r i f y  the  u t i l i t y  o f  these s e l e c t i o n  
techniques. Major problems are invo lved w i t h  u t i  1  i z i n g  h i g h l y  
techn ica l  phys io log ica l  s t ress  i n d i c a t o r s  such as measured lea f  
water  po ten t ia l s ,  stomata1 dens i t ies ,  growth ra tes  o r  w i  1  t i n g  
i nd i ces  as modes o f  drought se lec t i on .  These methods are  very 
valuable fo r  d e t a i l e d  desc r ip t i on  o f  a  few v a r i e t i e s ,  and as such 
have been used ex tens ive l y  here t o  c l a s s i f y  50 v a r i e t i e s  according 
t o  drought to lerance.  However, due t o  the time involved,  these 
techniques can no t  be used t o  screen the  l a r g e  numbers of p l a n t  
samples requ i red  t o  develop drought r e s i s t a n t  populat ions.  
Consequently, the major impetus o f  our  research has been t o  i d e n t i f y  
s p e c i f i c  p l a n t  characters d i r e c t l y  a1 te red  by st ress,  and which 
lend themselves t o  easy, quick and e f f i c i e n t  screening of l a r g e  
numbers of p lan ts .  

One t o o l  u t i l i z e d  ex tens ive ly  i s  the use o f  i sogen ic  l i n e s  o f  
ba r ley  vary ing  i n  heading dates. Ea r l y  heading v a r i e t i e s  have 
long been recognized as drought escaping, and f o r  t h i s  reason should 
be used i n  semi-ar id regions. Also, a  se r ies  o f  bar leys  heading i n  
two t o  th ree day increments over a  two week pe r iod  a l lows the  
establ ishment o f  a  constant  s t ress  grad ient  when p lan ted i n  
drought cond i t ions .  An isogen ic  heading date se r ies  of T i t a n  ba r ley  
was p lan ted i n  15 environments and p l a n t  responses revealed t h a t  
each i s o l a t e  was exposed t o  a  d i f f e r e n t  degree of t ime r e l a t e d  
moisture s t ress .  Analys is  o f  the responses revealed t h a t  p l a n t  



heights,  kernel  weights, and kernels  per sp ike  are e x c e l l e n t  i nd i ces  
o f  p l a n t  s t ress  when i n t e r p r e t e d  as a r a t i o  o f  t he  maximum obta inab le  
expression o f  t h i s  t r a i t .  It appears t h a t  a g iven c u l t i v a r  has 
a genet ic  maximum s i z e  f o r  these t r a i t s ,  es tab l ished p r i m a r i l y  by 
g e n e t i c a l l y  c o n t r o l l e d  growth ra tes  and dura t ions .  Given optimum 
f e r t i l i t y ,  moisture, and temperature t h i s  maximum s i z e  can be 
est imated. The f a i l u r e  o f  a c u l t i v a r  t o  a t t a i n  t h i s  maximum s i z e  
serves as an i n d i c a t o r  o f  s t ress  from whatever source. The degree 
t o  which i t  f a i l s ,  i nd i ca tes  the  s e v e r i t y  o f  s t ress ,  and serves as 
an i n d i c a t o r  o f  s t ress  t o  be used i n  s e l e c t i n g  drought t o l e r a n t  
1 i nes . 
I n  add i t ion ,  a s o l u t i o n  t o  a major controversy (Grafius, 1978) of 
which y i e l d  component t o  s e l e c t  f o r  y i e l d  in~provement was p a r t i a l l y  
resolved by t h i s  study. It appears t h a t  kernels  per sp ike  are  much 
more envi ronmental ly  s t a b l e  than t i l l e r s  per u n i t  area, so s e l e c t i o n  
f o r  increased kerne ls  per  sp ike  i n  e a r l y  heading c u l  t i v a r s ,  w h i l e  
ma in ta in ing  adequate t i l l e r i n g  should lead t o  increased y i e l d i n g  
c u l  t i v a r s  f o r  semi - a r i d  regions.  Se lec t i on  f o r  h igh  kernel  
number per  sp ike  can be e a s i l y  performed on populat ions by any 
p rac t i ced  agronomist. 

Kernel weights were found t o  depend more upon l a t e  season st resses 
and upon the  i n t e r a c t i o n s  o f  heading dates, t i l l e r i n g ,  and kerne ls  
per  sp ike  responses. Consequently, i t  was pos tu la ted  t h a t  s e l e c t i o n  
of plump kernels, by s iev ing ,  would serve as a massive pre-screening 
technique t o  be used on newer populat ions grown i n  a r i d  environments. 
This  would serve t o  c u l l  ou t  t h e  m a j o r i t y  o f  p lan ts  which are  no t  
t o l e r a n t  t o  drought du r ing  the  l a t t e r  p a r t  o f  t he  l i f e  cyc le .  It 
a l s o  a l lows an agronomist t o  sample l a rge  numbers o f  environments 
w i thou t  having t o  spend hours o r  days a t  p l a n t  by p l a n t  se lec t i on ,  
i n  the  e a r l y  generat ions o f  RSP development. 

The isogenic s tud ies  froni which these f i n d i n g s  were summarized d e a l t  
w i t h  s i x  row adapted bar leys .  To v e r i f y  these f i n d i n g s  i n  a 2- 
row adapted b a r l e y  (Shabet), a  se r i es  o f  heading date isogenics 
d i f f e r i n g  i n  2 day increments cover ing a twenty day (Shabet minus 
10 days t o  Shabet p lus 10 days) heading date i n t e r v a l  have been 
developed t y  d i e t h y l - s u l f a t e  mutagenesis o f  Shabet, and subsequent 
p l a n t  s e l e c t i o n  f o r  the  appropr ia te  heading date.  The se lec ted  l i n e s  
were backcrossed t o  Shabet t o  p u r i f y  t he  genotypic background. 
F i n a l  s e l e c t i o n  o f  the  iso types  w i l l  occur i n  August, 1981. These 
l i n e s  w i l l  then be grown i n  semi-ar id cond i t ions  t o  f u r t h e r  de l i nea te  
the  e f f e c t s  d i f f e r e n t  heading dates have on the  adaptat ion,  y i e l d  
response, and morphological responses by vary ing  the  degree o f  
s t ress  t o  which p lan ts  a re  exposed. This  ana lys is  should a l so  revea l  
more p l a n t  characters co r re la ted  t o  s t ress  responses. 

From the  T i t a n  isogenic study, i t  was found t h a t  kerne ls  per  sp ike  
seem t o  express a feed back c o n t r o l  on t i  1 l e r i n g  . This phenomenon 
had been ignored by many U.S. authors bu t  has been imp l i ed  t o  e x i s t  



by Asp ina l l  (1361, 1963) and K i rby  and Jones (1977). A v e r i f i c a t i o n  
of t h i s  c o n t r o l  was found by growing 3  isogen ic  se r ies  o f  b a r l e y  
having 2  and 6-row genes combined w i t h  e a r l y  and l a t e  heading dates. 
These t h r e e  s tud ies  revealed t h a t  a  genet ica l  l y  c o n t r o l  l e d  number 
of kerne ls  per  sp ike  response ( 2  versus 6  row) expressed a  s t rong 
e f fec t  on the  ti 1 l e r i n g  response o f  these i s o l i n e s .  This, and 
o the r  data, i m p l i e s  t h a t  t he  t i l l e r i n g  response i s  t he  i n t e r a c t i v e  
component o f  a  c u l t i v a r  t o  the  environment and hence expresses 
1  i t t l e  h e r i  t a b i  1  i ty ,  g iven exposure t o  d i f f e r e n t  degrees o f  s t ress .  
Consequently, s e l e c t i o n  f o r  optimum ti 1 l e r i n g  under i r r i g a t i o n  and 
h igh  f e r t i l i t y  regimes, as proposed by some p l a n t  breeders, w i l l  
probably n o t  l ead  t o  advances i n  Y ie lds  on dry land s i t e s ,  s ince 
t i 1  l e r i n g  responses a re  so va r iab le .  These isogen ic  s tud ies  a l s o  
reveal  t h a t  v a r i e t i e s  which y i e l d  o p t i m a l l y  on i r r i g a t e d  p l o t s  
u s u a l l y  do n o t  y i e l d  o p t i m a l l y  on d r y  land s i t e s .  It i s  therefore 
a  s t rong conclus ion from these s tud ies  t h a t  a  v a r i e t y  should be 
se lec ted  f o r  t he  environment i n  which i t  w i l l  be grown. 

Rooting pa t te rns  were a l s o  pos tu la ted  t o  be c r u c i a l  t o  drought 
to lerance,  consequently, twenty -s ix  heading date iso types  i n  
2- and 6-row b a r l e y  v a r i e t i e s  and 33 i s o l i n e s  vary ing  i n  p l a n t  h e i g h t  
i n  5 v a r i e t i e s  were grown a t  3  d ry land  environments and s o i  1  
moisture data was c o l l e c t e d  on a  p l o t  bas i s  i n  30 cm increments t o  
a  depth o f  180 cm. The s o i l  mo is tu re  used as an es t imate  o f  
phys io log i ca l  r o o t  a c t i v i t y  a t  a  g iven s o i l  depth, was r e l a t e d  t o  
heading dates, heights,  y i e l d ,  y i e l d  components and qua1 i ty  
components. It was found t h a t  those components es tab l i shed  e a r l y  
i n  the  l i f e  c y c l e  were c o r r e l a t e d  t o  r o o t  a c t i v i t y  i n  the  upper 
p r o f i l e  and those es tab l i shed  l a t e r  tended t o  be associated w i t h  
the  deeper r o o t i n g  pa t te rns .  A1 though s tudy ing  r o o t i n g  pa t te rns  
enabled us t o  f u r t h e r  de l  i neate s t ress  responses, and resupported 
the  use of kerne l  weights, kerne ls  per sp ike  and p l a n t  he igh ts  
as s p e c i f i c  s t r e s s  i n d i c a t o r s ,  the  complexi ty  o f  t h i s  r o o t  assay 
prevents i t  from being use fu l  i n  a  l a r g e  sca le  s e l e c t i o n  program. 

I n  a d d i t i o n  t o  the  agronomic p l a n t  s t r e s s  i n d i c a t o r s  mentioned above, 
a  screening technique f o r  P r o l i n e  amino a c i d  concentrat ions i n  the  
seed was developed. Many authors have pos tu la ted  an assoc ia t i on  
between p l a n t  i n t e r n a l  water  s t r e s s  and f r e e  P r o l i n e  accumulat ion i n  
many crops. Others c l a i m  t h a t  s ince  the  water  balance must drop 
t o  severe growth i n h i b i t i n g  l e v e l s  (-20 ba rs )  p r i o r  t o  any accurnula- 
t i o n ,  i t  i s  n o t  a  p r a c t i c a l  s t ress  s e l e c t i o n  assay (Hanson e t  a l . ,  
1978). However, the  genet ic  ma te r i a l  developed by these #authors 
seemed t o  be l i m i t e d .  It was pos tu la ted  t h a t  any b a r l e y  grown i n  
semi-ar id  o r  a r i d  cond i t i ons  w i l l  be exposed t o  s t resses o f  t h i s  
l e v e l  and there fore ,  those c u l t i v a r s  producing the  l e a s t  amount of 
f r e e  p r o l i n e  w i l l  be the  most t o l e r a n t .  The f r e e  p r o l i n e  produced 
i n  the  leaves should be t rans loca ted  and concentrated i n  the  kernels ,  
magni fy ing the  response. Consequently, an auxotrophic Leuconostoc 
mesenteroides b a c t e r i a l  assay was developed f o r  use on o n l y  1 gram 
o f  ground b a r l e y  kernels .  



The 50 v a r i e t i e s  p rev ious l y  c l a s s i f i e d  according t o  drought 
to le rance were grown i n  4 separate environments and the  kernels  of 
each were assayed f o r  p r o l i n e  concentrat ions as we1 1 as the  p rev ious l y  
described s t ress  i nd i ces .  The s e n s i t i v i t y  o f  the  new assay was 
s u f f i c i e n t  t o  de l i nea te  s i g n i f i c a n t  v a r i e t a l  and environmental 
d i f ferences i n  pro1 i ne .  Pro1 i ne accumulations were s i g n i f i c a n t l y  
c o r r e l a t e d  t o  the  p l a n t  s t ress  i n d i c a t o r s ,  as w e l l  as t o  a drought 
to le rance regress ion  s lope developed f o r  each of  the  50 v a r i e t i e s ,  
and t o  r o o t  volumes determined i n  non-stressed po t  c u l t u r e s .  
However, poss ib l y  due t o  low s t ress  l e v e l s  i n  these environments 
these c o r r e l a t i o n s ,  a l though s i g n i f i c a n t ,  were no t  as s t rong as 
expected. The technique i s  bo th  r a p i d  (200 samples per  day) and 
accurate, and o n l y  requ i res  a minimal 1 gram sample o f  seed. There- 
fore, i t  i s  i d e a l l y  s u i t e d  as a drought s t ress  assay f o r  RSP's. How- 
ever, a d d i t i o n a l  research i s  needed t o  bo th  r e f i n e  t h e  technique, 
and t o  f u r t h e r  c l a r i f y  the  controversy i n  the  1 i t e r a t u r e .  

Besides s t ress  res is tance,  t he re  a re  several o the r  p l a n t  characters 
c r u c i a l  t o  s u r v i v a l  i n  a g iven environment. One o f  these characters 
i s  the  photoperiod s e n s i t i v i t y  o f  a c u l  t i v a r .  H igh ly  photoperiod 
s e n s i t i v e  p lan ts  can g r e a t l y  a l t e r  t h e i r  heading and matura t ion  r a t e s  
r e l a t i v e  t o  o the r  less  s e n s i t i v e  c u l  t i v a r s ,  g iven vary ing  photo- 
per iods.  I n  general nor thern  l a t i t u d e  sp r ing  p lan ted  c u l  t i v a r s  
r e q u i r e  moderate photoper i  od s e n s i t i v i t i e s  t o  ad j u s t  t o  d i  f f e r e n t  
p l a n t i n g  dates and a l l o w  maximum s t o o l i n g  f o r  maximum y i e l d s .  
Southern l a t i t u d e  c u l  t i v a r s ,  t y p i c a l l y  fa1  1 planted, have u s u a l l y  
es tab l i shed  t i l l e r  p r imord ia  du r ing  the  w i n t e r  be fore  warmer temper- 
atures and long days a1 low r a p i d  growth and maturat ion.  These 
c u l t i v a r s  do n o t  need, and t y p i c a l l y  do n o t  have l a r g e  degrees of 
p h o t o s e n s i t i v i t y .  Caut ion must be taken when developing broad-based 
RSP's such as the  disease r e s i s t a n t  RSP's t h a t  an appropr ia te  
range of daylength s e n s i t i v i t i e s  be maintained a l l ow ing  agronomists 
t o  s e l e c t  c u l t i v a r s  w i t h  appropr ia te  daylength s e n s i t i v i t i e s .  Many 
researchers have attempted t o  develop assays f o r  photoper iod s e n s i t i v i t y ,  
b u t  due t o  the  l a r g e  i n t e r a c t i o n  w i t h  temperature these assays have 
n o t  proved accurate. 

An assay was pos tu la ted  which by u t i l i z i n g  the  mean heading date 
response o f  a nursery removes the  temperature i n t e r a c t i o n  and i s o l a t e s  
the  ac tua l  photoperiod response. 112 c u l  ti vars and isogen ic  
heading date p a i r s  were grown a t  2 l oca t i ons ,  each w i t h  an e a r l y  
( A p r i l )  and a l a t e  ( ~ u l y )  p l a n t i n g  date. The r a t i o  o f  each e n t r i e s  
heading date t o  the  mean nursery heading date was ca lcu la ted .  The 
change i n  a c u l t i v a r ' s  r a t i o  between p l a n t i n g  dates served as the  
numerical daylength s e n s i t i v i t y  index. The isogen ic  l i n e s  proved 
t o  have cons i s tan t  i n d i c e s  showing t h a t  t he  technique works w i t h  
l i m i t e d  accuracy. Each o f  t h e  v a r i e t i e s  and isogen ic  parents was 
then c l a s s i f i e d  according t o  a photoperiod s e n s i t i v i t y  r a t i n g .  
These c u l t i v a r s  can be p lan ted  a t  two dates nex t  t o  any RSP and 
used as an i n d i c e  o f  daylength s e n s i t i v i t y .  I f  the  agronomists 
se lec ts  p l a n t s  f l ower ing  a t  the  same t ime as these known checks, a t  
bo th  p l a n t i n g  dates, he should be s e l e c t i n g  l i n e s  w i t h  s i m i l a r  and 



appropr ia te  daylength s e n s i t i v i t y .  More research i n  t h i s  area i s  
suggested f o r  d e t a i l e d  desc r ip t i ons  o f  c u l t i v a r s '  daylength responses, 
and t o  improve and v e r i f y  the  accuracy of t h i s  assay. 

F seed f rom 30 o f  the  very  e a r l i e s t  c u l t i v a r s  a v a i l a b l e  were crossed 
t d  5 sources o f  male s t e r i l e  t o  e s t a b l i s h  a  very e a r l y  heading, 
b road ly  based popu la t ion  w i t h  a  l a r g e  range of daylength s e n s i t i v i t y .  
This  popu la t ion  i s  i n  i t s  second recyc l  i n g - i n t e r c r o s s i n g  phase. It 
w i l l  serve as a  t o o l  t o  t e s t  t h i s  proposed s e l e c t i o n  technique f o r  
d i f f e r e n t  daylength s e n s i t i v i t i e s ,  and t o  t e s t  t h e  e f f e c t  o f  t h i s  
charac ter  on y i e l d  and morphological t r a i t s .  

Each o f  the  s tud ies  descr ibed above have g iven us va luab le  i n d i c e s  
f o r  p l a n t  s e l e c t i o n  which can be used e a s i l y  on a  l a r g e  sca le .  The 
goal o f  d e f i n i n g  a  s i n g l e  100% accurate s e l e c t i o n  i n d i c e  f o r  drought 
res i s tance  i s ,  i n  ou r  opin ion,  i m p r a c t i c a l .  The use of e a s i l y  
measured mu1 t i  p l e / c o r r e l  a ted i nd i  ces such as those descr ibed above 
w i l l  l ead  t o  a  b e t t e r  d e s c r i p t i o n  o f  complicated i n t e r a c t i v e  p l a n t  
responses and the re fo re  t o  more accurate se lec t i ons .  We have 
been s e l e c t i n g  i n  e x i s t i n g  RSP's us ing  these i nd i ces  t o  t e s t  
t h i s  theory, and s e l e c t i o n  has conmenced on the  most advanced 
R. Seca l is  RSP. As o the r  disease RSP's become a v a i l a b l e  they  w i l l  - 
a1 so be placed under agronomic improvement s e l e c t i o n  as we1 1  , 
u t i l i z i n g  the  f o l l o w i n g  proposed schedule. I t  i s  a  con t i nu ing  p ro jec t ,  
b u t  t he  energy e f f i c i e n t  RSP techniques should be analyzed care- 
f u l l y  if i t  i s  t o  be used u n i v e r s a l l y .  



D. Outreach Program 

Centra l  t o  our  outreach program and d isseminat ion of r e s u l t s  on 
decreasing losses from b a r l e y  diseases are  the  annual t r i p s  t o  the  
Middle East t o  evaluate the  var ious RSP nu rse r ies  and discuss problems 
and progress w i t h  s c i e n t i f i c  personnel i n  t he  var ious count r ies .  I n  
A p r i l  - May o f  t h i s  year,  Scharen and Langhans niade t h i s  t r i p  and the  
r e p o r t  i s  inc luded i n  the  appendix. We cooperate c l o s e l y  w i t h  CIMMYT 
and ICARDA n o t  o n l y  i n  sending o u t  our  RSP nurser ies  t o  them b u t  i n  
a l s o  eva lua t i ng  t h e i r  c ross ing  b locks and e l i t e  l i n e s  t o  b a r l e y  diseases 
(see Tables). Add i t i ona l  ly, members o f  our department a r e  of ten i nvo l ved  
w i t h  CIMblYT and ICARDA i n I n t e r n a t i o n a l  meeti ngs and workshops. 
(See V i s i t s  and Presentat ions Sect ion) .  An agenda i s  c u r r e n t l y  be ing  
developed f o r  a Ba r ley  Workshop t o  be he ld  i n  Rabat, Morocco A p r i l  12-16, 
1981. This  workshop w i l l  be j o i n t l y  sponsored by Montana - USAID, 
CIMEIYT, ICARDA and INRA o f  Morocco. S t ress  w i l l  be placed on the  major  
diseases o f  b a r l e y  and associated breeding methods. We are  p lann ing  on 
a t o t a l  group o f  about 45 people i n c l u d i n g  1 o r  2 representa t ives  from 
14 LDC's and resource s c i e n t i s t s  from Montana State, CIHMYT, ICARDA, 
C a l i f o r n i a ,  Minnesota and the  Netherlands. 

One of our  graduates i n  P lan t  Pathology, Michael Bjarko, has j u s t  
re tu rned f rom 1% year  p o s i t i o n  w i t h  ICARDA a t  Aleppo, Syr ia .  Whi le 
the re  he was ins t rumenta l  i n  developing a p l a n t  pathology l a b o r a t o r y  
and worked c l o s e l y  w i t h  the  b a r l e y  breeder i n  eva lua t ions  f o r  disease 
res is tance.  



E. T r a i n i n g  Program 

Under the  t r a i n i n g  p o r t i o n  of t h i s  program 3 graduate research ass i s tan ts  
(GRAts) and 5 t ra inees  from the  LDC's were accommodated t h i s  'pas t  
year .  The GRA's and t ra inees  p a r t i c i p a t i n g  t h i s  l a s t  yea r  were as 
fo l l ows :  

GRA's from LDC ' s  
GUY De Smet------------------------------ Morocco 

Hee Kyu K.inl-------- -- ---- ------ ---- ------ S. Korea 
a/ Moncef Harrabi  ......................... Tun is ia  

T r a i  nees 
E l i a s  Elias------------------------------ Syr i a 

Cah i t  Konak------------------------------ Turkey 

floon SUP Chin---------------------------- S. Korea 
b/  Amar T a h i r i  - ........................... Morocco (see Appendi x ) 

b/ Mohamed ~ h ~ ~ y a - ~ l i  ..................... Morocco (see Appendix) 

The GRA's were assigned t h e s i s  problems w i t h  b a r l e y  diseases and were 
otherwise sub jec t  t o  the  same r u l e s  and regu la t i ons  as r e s i d e n t  
GRAts. The t ra inees  were genera l l y  here f o r  a  3 month pe r iod  f rom 
June 15 t o  September 15. This t ime sequence covered disease development 
on b a r l e y  i n  t he  f i e l d .  The t ra inees  had oppor tun i t y  t o  work w i t h  
a l l  t he  major diseases o f  b a r l e y  f rom a  l abo ra to ry  and f i e l d  s tandpoint .  
This inc luded diseases caused by fung i ,  b a c t e r i a  and v i r u s  w i t h  some 
supplemental i n s t r u c t i o n  on nematodes. They were g i  ven m in i  courses i n  
each o f  these sub jec t  areas, f o l l owed  by a  w r i t t e n  examination. The 
main emphasis, o f  course, was w i t h  a  "hands-on" approach i n  f i e l d  work. 
The t r a i n i n g  inc luded i s o l a t i o n  and i d e n t i f i c a t i o n  of pathogens, 
i n o c u l a t i o n  o f  a r t i f i c i  a1 medi um and hos t  p l a n t s  ( i n c l u d i n g  mass f i e l d  
sca le) ,  eva lua t i on  o f  var ious diseases and s e l e c t i o n  o f  t he  b e s t  
appearing r e s i s t a n t  p lan ts .  Add i t i ona l  l y  , they became fami 1  i a r  w i t h  
use o f  RSP's and the  associated recombinat ion through use o f  male 
s t e r i  1  i ty. A1 1  t ra inees  p r i o r  t o  departure received a  c e r t i f i c a t e  
v e r i f y i n g  p a r t i c i p a t i o n  i n  a  t r a i n i n g  pe r iod  on b a r l e y  diseases and 
associated p l a n t  breeding. 

Two former t ra inees  under the program, Cah i t  Konak (Turkey) and 
E l  i a s  El  i a s  ( S y r i a )  have now been accepted i n t o  the  graduate school and 
w i l l  be candidates f o r  an MS degree i n  P l a n t  Pathology comnencing autumn 
quar te r  o f  1980. Add i t i ona l  ly, two o the r  f o r e i g n  students have expressed 

funded d i r e c t l y  by  AID - Tun is ia  

b1 funded d i r e c t l y  by  FA0 



a desire t o  do graduate work i n  the Department o f  Plant  Pathology w i t h  
research on bar ley  diseases. C. B. Karki i s  from Nepal, has had 
t r a i n i n g  i n  the wheat program a t  CIMMYT and i s  present ly working w i t h  
D r .  Stubbs on ye l low r u s t  o f  bar ley  a t  Wageningen, Netherlands. Amor 
Yahyaoui has received a M.S. degree i n  Plant  Breeding a t  Oregon State 
Univers i ty .  He has a lso spent 6 months i n  the Cimmyt t r a i n i n g  program 
i n  Mexico. He has returned t o  Tunis ia f o r  a 6 month per iod but  would 
l i k e  t o  come here fo l low ing  t h i s  6 month period. He i s  h igh ly  recommended 
by personnel a t  both Oregon State and CIMMYT, Mexico. Amor i s  present ly 
developing a proposal on bar ley disease research. Some of the research 
may be conducted i n  Tunisia. The acceptance o f  these students i s  
n a t u r a l l y  contingent upon renewal o f  our bar ley  A I D  contract .  



F. Trip Reports 

April 8 - Nay 7, 1980 
A.  L .  Scharen & Victor Langhans 

Purpose of t r i p :  

Eva1 uate bar1 ey d i  sease nurseries i n Morocco, T u n i s i  a and Egypt. 

Obtain i sol a tes  of various barley disease organi srns i n  the above 
countries t o  fac i  1 i t a t e  incorporati on of res is tance t o  dl seases 
i n  the ta rge t  areas .  

Renew contacts and extend cooperation w i t h  par t ic ipat ing countries.  

Organizations & persons contacted: 

Elorocco : 
Marion "Tex" Ford - AID Agricultural Officer,  Rabat 
Lynn Gal 1 agher - Agronomist w i t h  Minnesota-AID program, Rabat 
Robb ~ e t e r s  - FA0 
Amara Tahi r i  - Trai nee, Barl ey-AID program June-Sept . 1980. 
Moharned Khouya-A1 i - Trai nee, Barl ey-AID program June-Sept . 1980. 

Tunisia: 
M. Kettata - INRAT 

A .  Ghodbane - INRAT 
John Fl igginger - AID Agricultural Officer,  Tunis 
Mr. Touati - Technical Director, Office of Cereals 
Mr. Mouffak - Deputy Director, Office of Cereals 

Egypt: 
Dr. Harvey - AID cereals  program 
Dr. Ev Everson - AID, Director, cereals  program 
Dr. Rashad Abdo - Barley breeder and head of the barley research s t a t i on .  
Dr. Gobri a l  - Agricultural Research Center, G i  za. 
Mr. James Ross - Agricultural Attache, American embassy. 

Due t o  cancellat ion of some a i r  f l i g h t s  i n  Turkey, no v i s i t s  were made 
i n  t h a t  country and the unsett led conditions a t  Allepo, Syria precluded 
v i s i t s  there.  



Acco~npl ishments and Impress ions  

Morocco: 

We a r r i v e d  i n  Rabat on 9 A p r i l  and v i s i t e d  the  f i e l d  p l o t s  w i t h  L. 
Gal lagher t h e  nex t  day. The main diseases noted were powdery mildew 
and l e a f  r u s t  w i t h  minor amounts o f  sca ld  and n e t  b l o t c h .  Other b a r l e y  
areas v i s i t e d  i n  Morocco inc luded Side - Kacem where l ea f  r u s t  and n e t  
b l o t c h  were t h e  main diseases. The n e t  b l o t c h  RSP a t  t h i s  s t a t i o n  
showed a n u h e r  o f  good types al though disease inc idence was too  low 
f o r  r e l i a b l e  readings. Powdery mildew had a l s o  been present  e a r l i e r  
i n  t h e  season and Helminthosporium gramineaum was present  i n  some b a r l e y  
l i n e s .  A t  B e n q u i r i r  t h e  p l o t s  were very d r y  w i t h  b a r l e y  on l y  12-14" 
h igh  b u t  t h e  predominant disease was l e a f  r u s t  w i t h  minor amounts o f  
n e t  b l o t c h .  The b a r l e y  v a r i e t y  Asse was outstanding f o r  l e a f  r u s t  
res is tance.  A b a r l e y  f i e l d  south o f  Beni-Ma1 l a 1  where p r e c i p i t a t i o n  
was about 230 mm had a r e l a t i v e l y  h igh  amount o f  n e t  b l o t c h  and a t  
an i r r i g a t e d  s t a t i o n  (Tadla) n e t  b l o t c h  was t h e  main disease o f  b a r l e y  
w i t h  sca t te red  p lan ts  i n f e c t e d  w i t h  H. gramineum causing the  b a r l e y  
s t r i p e  disease. A t  the  Merchouch s t z t i o n  the re  was very 1 i t t l e  disease 
and the  b a r l e y  looked very good. 

Tun is ia :  

We a r r i v e d  i n  Tunis a t  1700 and were met by Ke t ta ta  and Ghodbane. 
The nex t  day a f t e r  v i s i t i n g  b r i e f l y  w i t h  M r .  F l iggenger (AID A g r i c u l t u r a l  
O f f i c e r )  we v i s i t e d  the  O f f i c e  o f  Cereals then went t o  t he  p l o t s  a t  
Mateur. There were a number o f  b a r l e y  diseases i n c l u d i n g  scald, 
Helminthosporum s t r i p e  and n e t  b l o t c h  b u t  none were severe. Bar ley  
ye1 low dwarf v i r u s  was a l s o  suspected b u t  n o t  confirmed. A t  El  Kef 
t h e  road t o  t h e  Dyr farm where t h e  b a r l e y  RSP's were p lan ted  was 
impassable due t o  excessive r a i n f a l l .  Local nurser ies  showed a l o t  
o f  powdery mildew and some scald.  

On A p r i l  17 we surveyed t h e  cerea l  t r i a l s  a t  Pont du Fahs. Bar ley  
v a r i e t i e s  inc luded Deecher, Gem and Aurora-Esperance. There was a 
g rea t  deal o f  loose smut and Helminthosporium s t r i p e .  Powdery m i  1 dew, 
sca ld  and ye l l ow  r u s t  were a l s o  preva len t .  

On A p r i l  18 we presented seminars a t  t h e  O f f i c e  o f  Cereals. The 
d i r e c t o r  and s t a f f  were p a r t i c u l a r l y  i n t e r e s t e d  i n  t h e  ba r ley  program 
and the  s h o r t  tern1 t r a i n i n g  aspects. 

Egypt: 

On A p r i l  21 we went t o  t h e  CIMMYT o f f i c e ,  Cairo, Egypt where we met 
D r .  Ev Everson and D r .  Harvey who are w i t h  t h e  A I D  major cerea ls  program. 
L a t e r  we went t o  Giza, met w i t h  t h e  s t a f f  o f  Research Center and 
presented seminars p e r t a i n i n g  t o  b a r l e y  p r o j e c t s  a t  MSU. We then v i s i t e d  
t h e  p l o t s  . The main diseases present  were powdery m i  ldew and He1 minthospor i  um 
s t r i p e .  



On April 22 the  Sakha Station was v i s i t ed  where there  a r e  about 75 
acres of wheat and barley plots .  Powdery mildew and leaf rust were 
the main diseases of barley followed by yellow dwarf virus and net 
blotch. In the v ic in i ty  of Alexandria, we t rave l led  through very 
dry areas w i t h  an average precipi ta t ion of 150-200 mm. The plants were 
we1 1 advanced i n  maturity but showed evidence of qu i te  heavy ear l  ier  
infect ions  w i t h  l ea f  rust and powdery mildew. There was a l so  some loose 
smut, covered smut, - H. gramineum and root diseases.  



May 22 - June 14, 1980 
E. L. Sharp & M. Reinhold 

Purpose o f  T r i p  

Check l o c a l  f a c i l i t i e s  and l o c a l  support on a proposed ba r ley  work- 
shop scheduled f o r  A p r i l  1981 i n  Rabat, Morocco. 

P a r t i c i p a t e  i n  the 5 th  European and Mediterranean Rust Conference i n  
Bar i  , I t a l y .  

Meet ba r ley  workers and v i s i t  ba r ley  growing areas i n  Germany. 

Obtain f so la tes  o f  Puccin ia hordei t o  incorpora te  i n  our  v i ru lence  
pool . 

Organizat ions & persons contacted : 

Morocco 

Marion 'Tex' Ford - A I D  A g r i c u l t u r a l  Of f i ces ,  Rabat 
James Bur le igh  - Patho log is t  w i t h  Minnesota-AID program, Rabat 
J. Sr ivastava - Di rec tor ,  Cereal Section, Aleppo ICARDA 
E. Saar i  - CIMMYT pa tho log is t ,  Cairo 
H. Faraz - D i rec to r ,  Nat ional  I n s t i t u t e  of A g r i c u l t u r a l  

Research (I.N.R.A.), Rabat 

Germany 

G. Fischbeck - Department Head, Department o f  P lan t  Breeding, 
U n i v e r s i t y  o f  Munich 

E. Schwarzbach - P lan t  Patho log is t ,  Department o f  P lan t  
Pathology, U n i v e r s i t y  of Munich 

G. ~ s b b e l e n  - Department Head, Department o f  P lant  Breeding, 
Uni v e r s i  t y  o f  G z t t i  ngen 

R. He i te fuss  - Department Head, Department o f  P l  a n t  P ro tec t i on  
and P lan t  Pathology. U n i v e r s i t y  o f  Gott ingen 

A. A. Hafez - Di rec tor ,  Department o f  Agronomy, Tanta Un ive rs i t y ,  
E ~ Y  p t  

Accompl ishments and In~pressions 

Morocco 

We a r r i v e d  i n  Rabat i n  the  af ternoon o f  Flay 24. The next  morning James 
Bur le igh  (P lant  Pa tho log is t  w i t h  Minnesota AID-program) was contacted. 
'The same evening we met w i t h  Marion Ford (A ID-ag r i cu l tu ra l  o f f i c e r ,  Rabat) 



and J i  t Sr ivastava (D i rec to r ,  Cereal Sect ion, Icarda)  a t  Bu r le igh ' s  home. 
Problems regarding the  planned b a r l e y  workshop i n  1981 were discussed. 
It was agreed t h a t  Rabat would be an e x c e l l e n t  l o c a t i o n  however due t o  
shortage o f  money and personal support from the  l o c a l  AID - o f f i c e  the  s i t e  
appeared quest ionable. A second meeting was scheduled f o r  t he  nex t  
morning a t  t he  AID-bui ld ing.  I n  t he  meantime ho te l  p r i ces  and meeting 
f a c i  1  i t i e s  were inves t iga ted .  Eugene Saari  (Cimmyt Patho log is t ,  Ca i ro )  
j o ined  the  d iscuss ion  the  nex t  morning. It was agreed t h a t  Moroccan 
o f f i c i a l s  should be contacted t o  ob ta in  the  necessary l o c a l  support.  
M. Ford arranged a  meeting w i t h  H. Faraz (D i rec tor ,  Nat ional  I n s t i t u t e  
o f  A g r i c u l t u r a l  Research, I .N.R.A.). H. Faraz seemed t o  be very enthused 
about having the  b a r l e y  workshop i n  Rabat and o f f e r e d  a l l  poss ib le  he lp  - 
i n  p a r t i c u l a r  t o  f u r n i s h  a  meeting room and an o f f i c e  a t  the  I .N .R .A .  
headquarters i n  Rabat, t o  prov ide adequate refreshments du r ing  the 
breaks, t r a n s p o r t a t i o n  t o  and from the  ho te l  (probably Tour Hassan) as 
w e l l  as f u r n i s h i n g  a  bus f o r  a  f i e l d  t r i p  t o  the  experimental  s t a t i o n  
a t  Merchouch. I n  a d d i t i o n  he volunteered one o f  h i s  subordinates 
(A. Quesson) t o  take care o f  t he  l o c a l  arrangements. I n  an evening 
meeting w i t h  Dr. Saar i  and D r .  Sr ivastava t e n t a t i v e  t o p i c s  and speakers 
f o r  the  b a r l e y  workshop were discussed. On May 27 we l e f t  Rabat f o r  
Ba r i  v i a  Casablanca, Madrid, Rome. 

I t a l y  

We a r r i v e d  i n  Ba r i  on May 28 and p a r t i c i p a t e d  i n  t he  5 t h  European and 
Mediterranean Rust Conference f rom Mav 28 t o  June 4.  A DaDer "Some 
v i ru lence  types o f  ~ u c c i n i a  hordei  f & m  semi-ar id  enviro;lments" was 
presented. I n  connect ion w i t h  the Conference several  t ou rs  were scheduled. 
We used the oppor tun i t y  t o  c o l l e c t  i s o l a t e s  o f  Puccin ia hordei from two 
w ide l y  separated l o c a t i o n s  i n  southern I t a l y .  These samples w i  11 be 
added t o  our  v i ru lence  pool o f  Puccin ia hordei  from the  Mediterranean area. 

P.lr. C. B. Kark i  f rom Katmundu, Nepal, a  p a r t i c i p a n t  of t he  Congress, 
i nd i ca ted  a  s t rong  i n t e r e s t  i n  becoming a  graduate student  i n  p l a n t  
pathology a t  Montana Sta te  Un ive rs i t y .  He received a  Masters degree 
from the  U n i v e r s i t y  i n  De lh i ,  I n d i a  and has had t r a i n i n g  a t  C i m m y t ,  
Elexico. A t  present  he i s  r e c e i v i n g  a d d i t i o n a l  t r a i n i n g  i n  Wageningen, 
Nether1 ands . 
Germany 

We a r r i v e d  i n  Munich on the  af ternoon o f  June 5. I n  t he  evening, G. 
Fischbeck, Head o f  the  Department o f  P lan t  Breeding a t  the  U n i v e r s i t y  
of Munich, was contacted. A v i s i t  w i t h  him and E. Schwarzbach (Plant  
Pa tho log i s t )  was scheduled f o r  the  nex t  day. He gave a  d e t a i l e d  r e p o r t  
on a  cooperat ive p r o j e c t  w i t h  the  U n i v e r s i t y  o f  Tel Av iv  on d i f f e r e n t  
types o f  res is tance t o  powdery ~iii ldew i n  na tu ra l  p o p ~ ~ l a t i o n s  of Hordeum 
spontaneum. Resistance t o  Puccin ia hordei was a l s o  detected i n  these 
populat ions.  L a t e r  E. Schwarzbach gave us a  s h o r t  t o u r  through the  f i e l d  



nursery. Due t o  the  c o l d  and d r y  weather i n  A p r i l  t he  disease i-ncidence 
was n o t  as heavy as expected. However some l e a f  r u s t  samples o f  b m l e y  
were c o l l e c t e d .  One o f  Schwarzbach's l i n e s  completely r e s i s t a n t  t o  
powdery mildew con ta in ing  the  gene ml-o (which i s  known f o r  i t ' s  
undesi rable p l e i o t r o p i  c e f f e c t s )  repo r ted l y  has the  y i e l d  1 eve1 of 
Aramir - a recommended brew-ing b a r l e y  v a r i e t y  f o r  western Europe. 
As c l e a r l y  shown i n  comparison w i t h  a f o r e i g n  i n t r o d u c t i o n  l i n e  a1 1 
german b a r l e y  v a r i e t i e s  had a considerable amount o f  res i s tance  t o  
s t r i p e  r u s t .  The genotypes, however, a re  completely unknown. Most 
i n t e r e s t i n g  Schwarzbach demonstrated h i s  j e t  spore t r a p  which, mounted 
on the  roo f  of a car ,  enables him t o  c a r r y  o u t  spore c o l l e c t i o n s  i n  a 
wide area and g r e a t l y  f a c i l i t a t e s  the  determinat ion o f  t he  v i r u l e n c e  
pool.  The spore t r a p  i s  usable f o r  mildew and r u s t  spores b u t  can 
poss ib l y  be used f o r  several o the r  a i rborne diseases. We a l s o  surveyed 
the  b a r l e y  and b a r l e y  diseases i n  the  Freising-Weihenstephan area. 

The fo l low ing weekend we drove n o r t h  t o  ~ ' d t t i n g e n .  On Monday, June 9, 
we v i s i t e d  w i t h  G. RGbbelen (Head o f  t h e  Department o f  P lan t  Breeding a t  
the  U n i v e r s i t y  o f  Ggt t ingen).  Problems of breeding f o r  " h o r i z o n t a l "  
res i s tance  i n  cerea ls  were discussed. I n  t he  afternoon we gave a seminar 
on the  use o f  r e c u r r e n t  s e l e c t i o n  populat ions (RSP) i n  breeding f o r  broad 
based res is tance.  We a l s o  described us ing  P. hordei  as an example of 
how the  bas i c  i n fo rma t ion  about va luable res i s tance  sources was obtained. 
The seminar was o f  considerable i n t e r e s t  and was f o l  lowed by an i n t e n s i v e  
two hour d iscussion.  We a l s o  met A.G.I. Abdel-Hafez, a former s tudent  
of G. REbbelen who w i l l  be a t  t he  Department o f  Agronomy, Tanta U n i v e r s i t y  
near Sakha, Egypt and probably would be an e x c e l l e n t  cooperator on the  
A I D  p r o j e c t .  We l e f t  ~ 6 t t i n g e n  f o r  Frank fur t  June 10. On the  way-,we 
c o l l e c t e d  several samples o f  - P. horde i  i n  t he  r i v e r  v a l l e y s  near Gott ingen. 

We re turned t o  Bozeman, June 15, 1980. 



G. V i s i t s  and presentat ions 

E. L. Sharp: 

Attended Cereal Coordinat ion Meeting - Herakl ion,  Crete, 24-26 
February 1980. Presented i n fo rma t ion  on cereal  path01 ogy program, 
s p e c i a l i z e d  t r a i n i n g  program i n  b a r l e y  and discussed proposed b a r l e y  
workshop f o r  1981. (See schedule o f  t o p i c s  f o r  Crete meeting i n  Appendix). 
As an outgrowth o f  t h i s  meeting the  1981 Regional Workshop i s  t o  be 
conf ined t o  b a r l e y  diseases and breeding and w i l l  be h e l d  the  week 
of Ap r i  1 12 i n  Rabat, Morocco. 

T. W .  C a r r o l l :  

I n v i t e d  t o  a spec ia l  work shop on b a r l e y  ye1 low dwarf funded and 
sponsored by  CIMrfYT a t  Mexico City, Mexico. 

D. C. Sands: 

Oklahoma Sta te  Un ive rs i t y ,  Sigma X i  l e c t u r e  Pseudomonas syr ingae 
on wheat and b a r l e y  Genetics and the  n u t r i t i o n a l  va lue o f  microorganisms. 

Chr is tus  Col l e g i  um Lecture, Bozeman, MT. World Food Problem and 
M i  croorgan i sms 

Western Regional I n teg ra ted  Pest Management Meeting, Denver, Colorado. 
I n t e r a c t i o n s  o f  Pests i n  wheat and b a r l e y  f i e l d s .  

Western Regional Coordinat ing Committee (WRCC29). Diseases of small 
g ra ins  group. Reported ou r  work on Xanthomonas. 

H. V i s i t o r s  

M r .  Guy Thiebaut, p l a n t  breeder w i t h  Claeys-Luck, S.A., Annouel l in,  
France. Discussed b a r l e y  breeding and the  use o f  r e c u r r e n t  se lec t i on .  
Nov. 26, 1979. 

Dr. Robert A l l a r d ,  p l a n t  g e n e t i c i s t  w i t h  Univ. o f  C a l i f . ,  Davis.  Presented 
seminar on b a r l e y  composite crosses and h e l d  d iscuss ion  sessions on 
b a r l e y  breeding and genet ics.  March 6-10, 1980. 

M r .  M. Boul i f, graduate student  a t  Univ. o f  Minn. from Morocco. Discussed 
AID b a r l e y  p r o j e c t .  J u l y  1, 1980. 

M. K h a l i f a  and E. Gobr ia l ,  breeder and pa tho log i s t ,  Giza, Egypt. Discussed 
AID b a r l e y  p r o j e c t .  J u l y  17, 1980. 

Dr. Lynn Gal lagher, breeder w i t h  Univ. o f  Minn. s ta t i oned  i n  Rabat, 
Morocco. Discussed b a r l e y  breeding. Aug. 14, 1980 



I. Pub1 i c a t i o n s  

C a r r o l l ,  T. W.  1980. Bar ley s t r i p e  mosaic v i r u s :  i t s  economic 
importance and con t ro l  i n  Montana. P lan t  Dis . 64: 136- 140. 

C a r r o l l ,  T. W. 1980. Methods o f  de tec t i ng  seedborne p l a n t  v i ruses.  
J. of Seed Techno1 . 4:82-95. 

Bockelman, H. E., R. F. Es l ick ,  and E. L. Sharp. 1980. Descr ip t ion  of 
RSP-5A Rpg. Bar ley Newslet ter  23:35. 

Bockelman, H. E., R. F. Es l i ck ,  and E. L. Sharp. 1980. Descr ip t ion  
o f  RSP-5B Rpt. Bar ley Newsletter 23: 36-7. 

Bockelman, H. E., R. F. Es l ick ,  and E. L. Sharp. 1980. Descr ip t ion  
o f  Composite Cross X X X V I .  Bar ley Newslet ter  23:38-9. 

Bockelman, H. E., R. F. Es l i ck ,  and E. L. Sharp. 1980. Reg is t ra t i on  
o f  Composite Cross X X X V I  . Crop Sci . 20: ( i n  press).  

Reinhold, M. and E. L. Sharp. 1980. Some v i ru lence  types of l ea f  r u s t  
o f  b a r l e y  Puccin ia hordei i n  semi-ar id areas. Proceedings of 
t he  5 t h  European and Mediterranean Cereal Rusts Conference. 
B a r i  , I t a l y .  May 28 - June 5. 

Sands, D. C., M. N. Schroth and D. C.  H i  1 debrand. 1980. The genus 
Pseudomonas i n  Laboratory Guide f o r  I d e n t i f i c a t i o n  o f  P l  an t  
pathogenic Bacter ia .  ed. N. Schaad. A.P.S. S t .  Paul, Minn. 
72 p .  

Sands, D. C., A. L. Scharen and V . L. Langhans . A s e l e c t i v e  medi um 
f o r  f 1 uorescent Pseudomonads . Phytopathol ogy . Accepted f o r  
pub1 i c a t i o n  w i t h  rev i s ions .  

Yount, D. J. and T. W. C a r r o l l ,  1980. I d e n t i f i c a t i o n  of th ree d i s t i n c t  
b a r l e y  ye1 low dwarf v i r u s  s t r q i n s  i n  Montana by a h i d  t ransmission 
and enzyme immunosorbent assay. Phytopathol ogy A ! s t .  ( I n  press) .  



J. Tables 

Table 1. Locations o f  Disease Nurseries, 1979-80. 

Bozeman, MT 
F a i r f i e l d ,  PIT 
Sidney, bTT 
Woodland, CA 
Georgia 
South Texas 
France 

Morocco 
Tun is ia  
Egypt 
Syr ia  
Turkey 
Korea 
Mexi co 

Table 2. Res is tant  Germplasm added t o  RSP-4 Rrs (2-row sca ld)  i n  1980. 

C.I. 668 
C.I. 936 
C.I. 7323 
C.I. 11579 

Table 3. Res is tant  Germplasm added t o  RSP-5 Rpt (6-row n e t  b l o t c h )  
i n  1980. 

C. I.. 5404 
C.I. 6475 
C.I. 7744 
C.I. 9648 
C.I. 9331 
C.I. 11631 
C.I. 13727 

Table 4. Res is tant  Germplasm added t o  RSP-4 Rpt (2-row n e t  b l o t c h )  
i n  1980. 

C. I. 1197 
C.I. 5276 
C.I. 5404 
C.I. 6496 
C.I. 7584 

C.I. 8332 
C.I. 9647 
C.I. 9819 
C.I. 11631 
C.I. 12860 

Table 5. Resistant  Germplasm added t o  RSP-5 Rph (6-row lea f  r u s t )  
i n  1980. 

Ford 1203 
CCIM-13 
386- 16=2 



Table 6. Disease Reactions o f  Entr ies i n  the In ternat iona l  Barley 
Nurseries a t  Bozeman, 1980. 

scald ne t  b l o t ch  
no. o f  en t r i es  no. o f  en t r ies  

9th PON 35 30 83 

10th - RCB 25 46 76 

7thIBON - 44 63 179 

Table 7. Disease Reactions of Entr ies i n  the In te rna t iona l  Barley 
Nurseries i n  Greenhouse Seed1 i n g  Tests. 

scald . 
no. o f  en t r i es  

9 t h  - PON 34 41 73 

10th - RCB 22 4.1 87 

7 th  IBON 70 86 127 

ne t  b l o t ch  
no. o f  en t r ies  



Table 3. Reaction of differential varieties t o  isolates o f  Puccinia hordei. 

Isolates 



Table 9. Promising sources o f  res is tance t o  l e a f  r u s t  of b a r l e y  
Puccin ia hordei .  

Res is tan t  t o  6 i s o l a t e s  
o u t  o f  12 

Res is tan t  t o  7 i s o l a t e s  
o u t  o f  12 

Res is tan t  t o  8 i s o l a t e s  
o u t  o f  12 

Asse, Ju l i aca .  C I  4219 
Menel i k , Amber 

Peruvian, Ricardo, Sudan 
C I  4974 

Weider, C I  11577, Modjo 
San Carlos 

Resistant  t o  9  i s o l a t e s  Batna, .Bol i v i  a 
o u t  o f  12 

Res is tan t  t o  10 i s o l a t e s  Ariana, CCIM-13 
o u t  of 12 

Res is tan t  t o  11 i s o l a t e s  Ford 1203 
o u t  o f  12 

Res is tan t  t o  a l l  i s o l a t e s  Aim, Cebada Capa, Estate, 
F o r r a j e r r a  K l e i n  x Reka, C I  11301, 
386-16-2. 



Table 10. Cult ivars evaluated f o r  growth response and y ie ld  when 
infected w i t h  a vector non-specific s t r a i n  of BYDV.  

Winter Wheat Cul t i  vars 

Winalta CI 13670 

Winoka CI 14000 

Cheyenne CI 8885 

Centurk CI 15075 

Warrior CI 13190 

Spring Wheat Cul t i  vars 

Fortuna CI 13596 

Lew CI 17429 

Tioga CI 17286 

Prodax CI 17407 

Anza CI 15284 

Olaf CI 15930 

Spring Barley Cul t i v a r s  

Su t te r  CI 15475 

Uni tan CI 10421 

Steptoe CI 15229 

Hector CI 15514 

Compana CI 5438 

Klages CI 15478 

Pi rol i ne CI 9556 

Table 11. Cult ivar evaluation parameters i n  response t o  BYDV.  

General Character is t ics  

Disease reaction ra t ing 

Plant height 

Yield / 15 plants 

Yield / 6 f t .  row 

Yield Component Parameters 

T i l l e r s  / plant  

Seeds / head 

S t e r i l e  f l o r e t s  / spike 

1000 kernel weight 



Table 12. I n t e r n a t i o n a l  Bar ley Observation Nursery (IBON) BV-79. 

Ent ry  No. In fec ted  w i t h  BSMV C u l t i v a r  o r  cross 

3 Cent i  ne l  a 

4 CM 67 

Api-CM67 x Apam - I B  65 

Weeah - S t r a i n  205 

80 Porveni r 

Cent inela 

Cl1 67 

Huizache "S" x Api -CM 67 

CM 67 - Sask. 1800 x Pro - 
CM 67 Kelaya 

Composite cross 89 

Api zaco 

Cent inel  a 

CM 67 

Tab1 e 13. i4inth Pre l im inary  Observation Nursery 1979-1980. 

Ent ry  No. In fec ted  w i t h  BSMV Cul ti var  o r  cross 

P46 T l  axcal a 

P49 P i  ri 

P50 D 8738 

P72 Composite 29 Kenya Feed Bar ley 

p73 B ~ I  16-Pro 
P71 Heines standard 

P79 Koher 

PI03 M a r t i  n-Hyprol i , TC 73-68 

P 147 Gremleck (C I  1215) 

Table 14. Tenth Regional Crossing Block 1979-1980. 

Ent ry  No. In fec ted  w i t h  BSMV Cul t i v a r  o r  cross 

R40 P i r i  

R42 Mzq/DL71 



K. Appendix 

Suggested Sohedule o f  ~ o p i c a  
Cereal Coordination Meeting 

HerakZion, Crete, Greece 24-26 Feb, 2980 

24 Feb. Sunday: 
[doming Session : C h a i m  - 0 ,  L. Brough 

ICARDA 
A CSAD 
The Ford Foundation ( F F )  
The Rockefe l l e r  Foundation (RF) 
Jthers-Discussion 

R. C.  Anderson/ 
D. L. Winke Zman 
H, S. Darling 
L. R. Morsi 
P. aronzi 
C. K .  Mann 

2000- 2030 Coff ee;'Tea 

1030- 1245 .?egior,uZ Deoelopment: Agronomy wi thin  tho Region, the  durrent 
goals, objectioes and future plans. 
ICARDA U, Anderson 
CIM!Y T R. C. An&rson,/A. I?. .43 ccti L 
ACSAD L. R. Morsi 
Others-Discussion 

8 
0 

9 
1243-Z3CO Cereal Pathology 

CIMMYT 

ICARDA 
I n s t i t u t e  for P l a n t  Pmteot ion (IPO) 
Montma S ta te  UniversiQ ( M U )  
Discussion 

J, M. Prescott/ 
E. E. Saari 
A, H. iiarnet 
R, W. StUbbs 
E, L. Sharp 

1400- 2809 Sight  Seeing-E. E. Saari arrange transportation 

1900-2100 Happy Hour(s) Reception- J .  P. Srioastava and E. E. Saari al7ranpc. 

25 Feb. Idonaaj: 
f.!orning Session: C h a i m n  

0800- ZOO0 Trat nlng 
In-Seriiice 
I C'A,QilA 
/I CSAD 
CIMMYT 
discussion 
Specia l i z s d  Training 
MU--.'^ # -  - 
IPO 
RF 
FF 
Economics 
Others- Ddscuasion 

J. P. Srivastavc 
L. R. blorsi 
H.  Vivar 

a, L. Sharp 
R. N. Stubbs 
C. K. Mann 
P. Bronzi 
D. L. Winke lman 



26 Feb. T a e s h ~  

0800- ZOO0 

Coffee- Tea 

Breading within the Region: Current goals, objectives and resul ts .  
BARLEY- ICARDA J. P.  Srivastava 

CIWYT 
ACSAD 
Discussion 

Tr i t ica le  Breeding 
CIMMYT 

R. C. Anderson/A. Klatt 
L. R. Morsi 

R. C. Anderson/A. K l a t t  
ICARDA E. M. Matheson 

Lunch 

Working Lunch- ICARDA-CI'YT 

S ta f f ing  within the Region- J. P. Srivastava and E. E. S a d  
Z.S. Darling, M. A. Nour, J.P. Srivastava 
A. H.  Kamel, E. M. Matheson, R. C. Anderson, A. R. Klatt, 
J. M. Prescott, C. Varughea~, D. L. Winkelman, :'Em E. Saari 

Chairman A. R. K l a t t  

Dwlm h'keat Breeding: C w s n t  goals, objectives and resul ts  
ICARDA A. H .  Kame2 
CIbWT 
ACSAD 
Discussion 

Cennplasm: Awseriea and Plant Quarcnteen 

R. C. Anderson/A. Klatt 
L. Morsi 

Evening Sessicn: Open t o  interested 
participants J .  M. Prescott 

Chairman H .  S. Darling 

Regional Programs 
Eas t Africa C, Kingma 
,North- West Africa. . C. Varughese 
Disease Suroei l lance J.M. Prescott/E.E.Saari 
South-Souchsas t Asia E. E. S a d / R .  C. Anderson 
Regiona Z Economics D. L. Winkelman 
Discu~sion 

High Elevation Winter Cereal Programs 
ICARDA E. M. Matheson 
C I W T  
Others- Discussion 

R. G. ~ n d e r s o n / ~ .  R. Klatt 

P. Masson 
E.  E. Saari 
D. Bray 
G. Kingma 

E & P ~  
Jordan 
Xenyu 



Lebanon 
Pakishn 
Syria 
Turkey 

%znisia 

0. L. Brough 
H .  M. Hepworth 
J .  P. Srivastava 
J .  M. Prescott 
C. Mock/C. K. Mann 

2230-1330 Lunch 

2330- 2530 Chairman H .  M. Hepworth 

Report: GernpZasm nur8sr;zs and Plant baranteen Evening Session- 
Elect Reporter 
S m e r  Nursery -Ken34 G. Kingma 
Trave 2 Coordination A .  H .  Kame1 

Workshops and Conferences 
MSU 
Regional Workshop 1981 
Future Coordination 
D i s w s i o n  
S m c r r y  and CZosing Remarks 

i530-1600 Coffee-Tea 

2930 CIblzjYT-In- house 

E. L. Sharp 
J ,  F.  Srivastava 
E. E. Saari 

M. A. Nour 



US. Drpartmrnt of Aqriculturr cooporating with the Food and Agriculturr Organization - 
of the UN, Univorsitirs, Collrgrs, and other organizations. 

Washington, D.C. 20250 

June 12, 1980 

PROGRAM AND ITINERARY 

Mr. Amar TAHIRI 
Mr. Mohamed KHOUYA-ALI 
FA0 Fellows of Morocco 

Barley and Barley Diseases 

Duration: 3 Months 
Arrival Date in USA: June 11, 1980 

Departure Date from USA: September 17, 1980 

.NOTE: - This program is under the sponsorship of the Food and 
Agriculture OL~anization of the Cnited Nations. Bills for 
tuition and other authorized charges wiil be paid by FAO/Rome, 
but should be sent directly to: Mr. Earl Terwilliger, Program 
Leader, Agronomic and Engineering Branch, International Training 
Division, Office of International Cooperation and Development, 
lJnited States Department of Agriculture, Room 3548-South Building, 
14th Street and Independence Avenue, S. W., Washington, D.C. 20250 

BESIAVAILABLE COPY 



DATE 

June 11, 1980 

June 14 

June 16- 
September 15, 1980 

September 16 

September 17 

September 17 

September 18 

PROGRAM CONTENTS 

LOCATION 

Arrive in United States 

Travel to Bozeman, Yontana 

PAGE - 
5 

5 

MONTANA STATE UNIVERSITY 5 

Travel to Washington, D.C. 6 

UNITED STATES DEPARTXENT OF AGRICULTURE 6 

FOOD AND AGRICULTL L4L ORGANIZATION 7 
OF THE UNITED XATIONS 

Depart from the United States for 7 
Morocco 



BACKGROUND INFORMATION AND OBJECTIVES OF STUDY 

1. Background Information 

Barley is a very important crop in Morocco, and is used for both 
food and feed. Barley is grown on large units of land which are n.ot 
suited for other creal grains. In Morocco, barley is fall planted, 
grows through the winter and spring, and then is harvested in late 
spring or early summer. 

Foliar diseases in barley are widespread, and large losses do 
occur, especially in wetter years. There is a need for more trained 
manpower specializing in plant pathology for barley, and also for 
other cereals and legume crops. 

2. Training Requested 

The fellows should participate in a practical , field-oriented 
program dealing primarily with barley diseases. They should parti- 
cipate in all aspects of field and laboratory procedures used in the 
program. Special emphasis should be given to development and main- 
tenance of horizontal resistance. 
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PERSONAL DATA 

Mohamed KHOUYA-ALI 

Central Research Station for Autumn Cereals 
B.P. 415, Sabat, Morocco 

MARITAL STATUS: Single 

EDUCATION : Ingeneur Agronome, 1975 
National School of Agriculture 
Meknes 

PRESENT POSITION: Agronomist at Central Research Station 
for Autumn Cereals. Resistance of 

barley to mildew andseptoria 
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ADDRESS : Central Food Legume Station 

MXRITAL STATUS: Single 

EDUCATION : Ingeneur Agronome, 1979 
aassan I1 Agriculture and Veterinary Institute 

PRESENT POSITION: Agronomist at Central Food Legume Station, 
Chick-pea and Bean Diseases 
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PROGRAM AND ITINERARY 

June 11, 1980 

June 12-13 

June 12 

Arrive in Washington, D.C. 

WASHINGTON, D.C. 

FOOD AND AGRICULTURE ORGANIZATION OF 
THE UNITED NATIONS 

CONTACT: Mr. R. A. Nicolosi/Teresa Clark --- 
Administrative Officer 
Room 100 

Telephone: Area Code 202/376-2226 

Objectives Receive orientation on administrative and 
or activities: financial arrangements connected with the 

fellowship. 

June 12 
(2:00 p.m.) 

UNITED STATES DEPARTMENT OF AGRICULTURE 
14th and Independence Avenue, S. W. 

CONTACT: Robert B. Bertram, Assistant Program Specialist 
Agronomic and Engineering Branch 
International Training Division 
Office of International Cooperation and Development 
Room 3548-South Building 

Telephone: Area Code 202/447-5434 

Objectives I. Review the proposed program and discuss 
or activities: final planning of the training experience. 

2. Orientation covering agriculture in the 
Unked States and recent technological 
changes, work and responsibilities of the 
Department sf Agriculture, and introduction 
to the use of modern management as a tool 
in agricultural development. 

June 14 Travel to Bozeman, Montana 

June 16, 1980- 
September 15, 1980 XONTAVA STATE UNIVERSITY 

Bozeman, Yontana 59717 

CCINTACT: Dr. E. L. Sharp 
Dept. of Plant Pathology 
Montana State ITniversity 
Bozenan, Montana 59727 

Telephone: Area Code 406/994-4832 



O b j e c t i v e s  P a r t i c i p a t e  i n  a p r a c t i c a l ,  f i e l d - o r i e n t e d  
o r  a c t i v i t i e s :  t r a i n i n g  program on b a r l e y  and b a r l e y  d i s e a s e s ,  

w i t h  s p e c i a l  emphasis on h o r i z o n t a l  r e s i s t a n c e .  

1. I d e n t i f i c a t i o n  of p r i n c i p l e  f o l i a r  d i s e a s e s  
of b a r l e y ,  e.g. r u s t s ,  s e p t o r i a ,  helmintho-  
s p o r i a ,  mildew, e  t c . 

2 .  I d e n t i f i c a t i o n  of s o u r c e s  o f  r e s i s t a n c e ,  
c l a s s i f i c a t i o n  of t ype  of r e s i s t a n c e  and 
deg ree  of  i n f e c t i o n .  Methods used i n  r a c e  
i d e n t i f i c a t i o n .  

3 .  Methodology involved  i n  c o l l e c t i o n  and 
s t o r a g e  of inoculum. 

4 .  I n o c u l a t i o n  t e chn iques  used i n  development 
of epidemics .  

5 .  S e l e c t i o n  of r e s i s t a n t  o r  t o l e r a n t  t y p e s .  

6 .  Design and maintenance of d i s e a s e  nu r se r i . e s ,  
s i t e  l o c a t i o n  c o n s i d e r a t f o n s ,  e t c .  

7 .  Use of  r e s i s t a n c e  sou rce s  i n  a breed ing  
program. Development of  s t o c k s ,  u se  of 
v a r i o u s  t e chn iques  t o  i n c o r p o r a t e  d i s e a s e  
r e s i s t a n c e  i n  agronomica l ly  d e s i r a b l e  l i n e s .  
C o n s i d e r a t i o n s  i n  r e l e a s i n g  a new v a r i e t y ,  
e s p e c i a l l y  w i t h  r ega rd  t o  d i s e a s e  r e s i s t a n c e .  

8. Moni tor ing  of d i s e a s e  r e s i s t a n c e  and develop- 
ment of v i r u l e n t  pathogen r a c e s .  

9. P a r t i c i p a t e  i n  a l l  a s p e c t s  of f i e l d  a c t i v i t i e s  
involved  i n  b a r l e y  r e s e a r c h ,  d a t a  c o l l e c t i o n ,  
p l o t  maintenance,  h a r v e s t ,  e t c .  

10. Accompany r e s e a r c h  team on o f f - s t a t i o n  t r i p s ,  
i n s p e c t i n g  d i s e a s e d  f i e l d s ,  and v a r i o u s  o t h e r  
ex tens ion- type  a c t i v i t i e s .  

September 16, 1980 T r a v e l  t o  Washington, D.C.  

September 1 7 ,  1980 UNITED STATES DEPARTMENT OF AGRICL!LTURE 
1 4 t h  and Independence Avenue, S. W. 

BEST AVAILABLE COPY 



CONTACT: Robert B. Bertram, Assistant Program Specialist 
Agronomic and Engineering Branch 
International Training Division 
Office of International Cooperation and Development 
Room 3548-South Building 

Telephone: Area Code 2021447-5434 

Objectives Discuss terminal activities. This will include 
or activities: arrangement for clarifying technical subject matter 

questions, reports needed, appointments with officials 
in USDA and preparation for departure from the 
United States. 

September 1 7 .  1980 FOOD ANTI AGRICULTURE ORGANIZATION OF 
THE UIUTED NATIONS 

CONTACT: Nr. R. A. Nicolosi/Teresa Clark 
Administrative Officer 
Room 100 

Telephone: Area Code 2021376-2226 

Objectives Clarify fiscal affairs and prepare to depart 
or activities: from the United States. 

September 18, 1980 Depart from the United States for Morocco 

REPORTS 

The Fellow is expected to prepare reports for FA0 and USDA. The 
following are expected: 

All Technical Assistance and Other Fellows 

Send originals of your narravitve report to your Program Ilanager, 
a carbon to FAOIRome, and a carbon to your Program Specialist, USDA. 

In the Event There Is No Project Manager 

Send the original of your narrative report ot Irene Field, FAO/~orne, 
and a carbon to your Program Specialist, USDA. 

BEST AVAILABLE COPY 



THE FOLLOWING PROVIDED ASSISTANCE IN THE DEVELOPMEYJT OF THIS PROGRAM: 
Institutions, organizations, and firms listed herin, and 
Teresa Clark, Food and Agriculture Organization of the United Nations, 
Washington, D.C. 
Irene Field, Food and Agriculture Organization of the United Nations, Rome 
Dr. E. L. Sharp, Xontana State University 
Robert B. Bertram, Office of International Cooperation and Development, USDA 
(Coordinating Program, Specialist) 




