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CEREAL CERnPLASM AT ICASCr'+ 

Bre?Ct?rs 'Lil t i : v a t ?  o b j e i  t  i v ?  i s the dzve io : -e .~ t  ' 31d'?:  '-.3tl:ri31 

s 2 p c r i o r  f o r  c a a r a c t e r i s : i c s  a ;p re i i a ted  by t a r - . ? r >  an! :ansu?er j .  

G e r - ~ l a s - i  i s  r e g J r d e j  by bre??i . rs as the  neccssarv  rJ>,. , ? r e r i a l  *;e,z 

i n  v a r i o u s  ways t o  a t t a i n  the a s s i ~ n e d  o b j e c t i v e .  L i k e  any o t b e r  

raw T i a t e r i a l ,  gerr-p las? i s  c o n t i r i u o s l y  n e e  f a r  th? ae:elops-,c~t 

o f  J e s i  red f i n i s h e d  o r  : - i s  p r d i s i t s .  

Sources o f  9er rp lasr . :  g e n e r a l l y  i n c l u d - . :  

1 .  C o ! l e c t i s n  o r  i n t r o j d c t i o n  o f  l c c a l  o r  e x o t i c  - a c e r i a l .  

2. Raw . - a t e r i a l  a r t i f i c i a l l y  c r e a t e d  by i n d 2 c r i  . - ;u tar ion.  

3 .  New E l a t e r i a l  a r t i f i c a l l y  a  b y  i n t ca : io .>a l  hvb r i< i za : i ,> : i  

C < \ t . l i  I s  on i,,t::ho>oloqic.; o f  g c r 1 ~ l a s . 1  rrol l e c t  i i a r l  ! c n n ~ ~ ? ! . v , > !  i<.,? 

a r e  tobered  eIse,.;her?. Cne s i o u l d  r e a l  i z e ,  howevel-, t h a t  q c r r . > l a s - ~  

c o l l e c t i o n  i s  n o t  an o b j e c t i v e  i n  i t s z l f .  I t  i i  o i l y  p a r t  o f  a  ..hair 

sys:e;l des igned t o  h e l p  ensare an inc reased  food s u ~ > I y  f o r  a i  i r i r e a j -  

i n g  w o r l d  p o p u l a t i o n .  

I I .  CE'~ETIC'w'4RIATIC+ 

Cerea ls  a r e  grown over  b i  1 l !,;ns o f  h e c t a r e s  t h r o u g i o u t  the , ; ,~r ld .  

A g i v e n  c e r e a l  c rop ,  such as b a r l e y  (Horde>:? v u l q 3 r e  L . !  i s  grown 

o v e r  a  w ide  range o f  g e o g r a p h i c a l  zones w i t h  v a r v i n q  c l i p a t i s  and 

edaph ic  c o n d i t i o n s .  T h i s  c r o p  i s  grown on p l a i n s ,  p l a t e a ~ x  and 

mounta ins .  I t  may be found i n  low r a i n f a l l  a reas b u t  i n  hur i id  zones 

as w e l l .  Exper ience has shown t h a t  the  d i f f e r s n t  types grown i n  

c o n t r a s t i n g  c o n d i t i o n s  do have d i f f e r e n t  g e n e t i c  va4e up wh ich  cake 

each adapted t o  i t s  s p e c i f i c  h a b i t a t .  I f  a un ic i l e  env i ror i -ent  

p r e v a i l e d  i n  a l l  p a r t s  o f  t h e  w o r l d ,  then the  b r e e d e r s . t a s k  wouid 

have been e a s i e r ,  b u t  t h e  r i s k  o f  spec ies  e x t i n c t i o n  a l s o  i.oul3 b e h i g h  



were a  c a t a s t r o p h y  t o  occur ,  such as an e x t r e r e l y  s z v e . ~ ?  d i s e a s e .  

The w o r l d  does n o t  have a  u n i q u e  environl , :ent  3 r d  the  br i . rdzrs a r e  

everywhere busy e n t e r t a i n i n g  and u t i l i z i n g  g e n e t i c   ariat ti an. I n  

f a c t ,  t h e  success o f  a  g i v e n  b r e e d i n g  p r o g r a n  depends to a l .? rge 

e x t e n t  upon t h e  g e n e t i c  v a r i a b i l i t y  e x i s t i n g  i n  t i e  b r e e d i n g  r x t r r i a l  

However impor tan t  i s  g e n e t i c  v a r i a b i l i t y ,  i t s  v a l u r  cannot  be 

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

s c r e e n i n g  techn iques.  Thus the  t b ~ o  components necessarv  f o r  a  S U C -  

c e s s f u l b r e e d i n g  program a r e  a v a r i a b l e  raw m a t e r i a l  -germplas-n- 

and  an e f f i c i e n t  rrethod of e v a l u a t i o n .  A l t h o u g h  t h e  emphasis he re  

w i l l  be p l a c e d  on  t h e  second c m p o n e n t ,  b o t h  w i l l  be r e v ,  w i t .  

r e f e r e n c e  t o  t h e  b r e e d i n g  work c a r r i e d  o u t  a t  ICAR3A C r r c a l  I - > r o v c ' . e - k  

Program. 

I l l .  TYPES CF CEREAL GERMPLASM AT ICARDA 

Three s 2 e 8 & s '  c o n s t i  c u t e  t h e  main c e r e a l  c rops  b r i n g  amel i i i r a t e d  

a t  the  Cereal  lniprovement Program, namely b a r l e y  ( hordeufil -- v ~ l c l a r e  ! .  ) 

durum wheat ( T r i t i c u m  durum Desf .  ! and bread ,.dhea: ( T r i t i c u n  
, . 

aes t i vum L .  ) .  Another  spec ies ,  t r i t i c a l e  ( X T r i t i i o s e c a l e  V i t t - , .  .% , 

i s  a130 i n c l u d e d  w i t h  l e s s e r  emphasis i n  the  b r e e d i n g  progra,. T7e 

ne thodo logy  forgern ip lasm development and e v a l u a t i o n  i s  2ss rn : ia l  l y  

t h e  same f o r  t h e  t h r e e  main  c e r e a l  c r o p s .  

1 .  Cerea l  c o l l e c t i o n s :  

B a r l e y  and durum wheat c o l l e c t i o n s  have been o b t a i n e d  Fron d i f f e r s n t  

sources i n c l u d i n g  USDA and IBPGR. Sma l le r  c o l l z c t i o n s  o f  bread 

wheat, aeg i  l ops ,  and w i  I d  b a r l e y  ( Hordeum sponcaneum C .  Koch ) a l s o  

be long  t o  ICARDA c e r a l  c o l l e c t i o n s .  A nunber o f  the  access ions 

were c o l l e c t e d  by  ICARDA s c i e n t i s t s  i n  d i f f e r e n t  c o u n t r i e s  of 

the r e g i o n .  

The Cerea l  Improvement Program and t h e  G e n e t i c  Resource U n i t  

work c o o p e r a t i v e l y  to  e n t e r t a i n  and e v a l u a t e  t h e  g r o w i ~ g  ICARDA 

c e r e a l  germplasm c o l l e c t i o n s .  



2. I n i t i a l  B r = e d i n g  G e r p l a s a  

ICARDA c e r e a l  b r e e d e r s  have  i n i t i a l l y  d e p z n l - d  on t h e  f o i l o . g i c s  

as  m a i n  s o u r c e s  o f  ger':ip:a;:~: 

- n a t e r i a l  i n h e r i  t r d  f r o -  t h e  A i f i ?  r ' i3~3r3  : bihic7 ~GcIL.:.'? 

c e r e a l  l i n e s  t e s t e d  i n  t 5 e  M i d l  l e  E . i s t  ~r,. !  N:rtF, A f r i c a .  

- Ccc-;?rcial or l a r d  r a c e  v a r i e t i e s  i i i~: : . lv q r c  .r i n  ihr r,.{;i,?n. 

- Ma te r  l a 1  i . t r o d u c e ; j  f r o m  CIMUYT. 

3. C u r r e n t  B r e e d i r g  C e r . ~ i a i n  

'Jhi l e  c u t a j e r + s i s  i s  n o t  r u l e d  o u t  as  a s,>u-ce a f  .>?!.,e:i: , ~ 3 r i d : i ?  

. . 
e rnpbas i i  i s  o l a c e 2  ~ r i - ' d r i l y  on  i n t r 3 5 1 2 c i f i c  i y : 1 - 1 : 1 z a c i ~ : 7 .  

F o r  e a c h  c e r e a l  c r o p ,  s e v ? r a l  h u ~ d r . ~ ? s  t o  3 fo':. tt:c.~.3r.;s o f  

c r o s s e s  o f  v a r i o u s  t y r e s - s i n g l e ,  :o3, c s d b l e ,  c a : o l e r  c r ~ > i s e s  

et:.- a r e  b e i n g  nade a n r b ~ l l y  i n  t h e  f i e l d s  o f  t+,e C z r e 2 l  

Ir,?roiri..ent Progra:; a t  Te!  H a ? j a .  1 5 e i . e r ~ I  2: ; i c * i  . . ,  .I.-> . -  

( i : l c r r a 5 e  i n  y i r l j  t i  i I :  i s  j rc..;sr..- ... - - r .  

q u a l i t y  c  g u i i - .  Chr o r e e l e i - s  i n  p l ~ - > i . - ' ;  : - s i r  ? \ ! 3 r i ~ : ; z 3 : i c n j ,  

a l l  i c i : i . ~ l  2-2 l u s t  o f  p r e s 2 n i - d a y  c r o s ~ - >  i r , : : u 2 -  3 t  l e a s t  of:e 

l o c a l  c z 1 : i v a r  a; a  paren :  to  p r o v i j e  t he  nr,?:e.i < e n s t i c  ka;<~;-cd?'! 

ir,r j !  I i n  to  s:cci f i c  e n v i  r!Tr::.enc, i t n ?  r .?gi .-m. 

R e c e n t l y ,  a n  i n c r e a s e d  e i f o r t  has been F c i u s r J  c i  i n r s r i > e , : l f i c  

" 3 5 2  r e 5  I s t a l c ?  I h y b r i s i z a t  i o n  h S e r e b y  d e j i  r a b l e  genes ( e .  d i s - ,  

w o u l d  Se t r a n s f e r r e d  f r o r l  r e l a t e d  s p e c i e s  - c u l : i v a t e d  o r  \ , ~ i l d  - 
and i n c o r p o r a t e d  i n  t n e  g2ne p o o l  o f  t h e  b r c e 6 i : i g  $ e r - > l a s - l .  

IV.  GERMFLA.M EVALQATION 
1 .  B r e e d i n g  M a t e r i a l  

1 . 1  E a r l y  G e n e r a t i o n  M a t e r i a l  

Germp lasn  e v a l u a t i o n  s t a r t s  g e n e r a l l v  a t  r 5 e  F 2  s e n e r a t i o n  

whe re  i t  i s  based  o n  q u a l i t a t i v e  o r  e a s i l y  o i i e r u a : l e  t r a i t  

d i f f e r e n c e s .  These r e l a t e  t o :  

- e a r l i n e s s  ( h e a d i n g ,  v a t u r i c y  ) 

- d i s e a s e  and i n s e c t  r e s i s t a n c e  

- m o r p h o l o g i c a l  t r a i t s  ( t i l l e r i n g .  h e i g i t ,  s p i k e  I engcn .  

g r a i n  c o l o r  and s i z e  ) 



I n  the  F2, s e l e c t i o n  i s  made among c rosses  a t  a  F i r s t  s tage  and 

then w i t h i n  each c r o s s  on a  s i n g l e  p l a c t  b a s i s .  I n  the  F3 and 

F 4 ,  s e l e c t i o n  c o n t i n u e s  on a  s i n g l e  p l a n t  b a s i s  b u t  bu lked  f a m i l y  

s e l z c t i o n  g e n e r a l l y  s t a r t s  a t  the  F o r  F l e v e l  d e c e l d i n g  on the 4 5 
c ross .  

D u r i n g  these e a r l y  g e n e r a t i o n s ,  the  r n a t z r i s l  i s  grown i ?  

d i f f e r e n t  season i .  Example: 

The F2 i s  grown n  the  r e g u l a r  season a t  2 o r  . w r e  s i t ? s .  Tke 

F3 g e n e r a t i o n  i s  grown ii a  s u n r e r  n u r s e r y  bu: , 3 1 5 0  i n  t5e 

f o l l o w i n g  r e g u l a r  season. 

S u b j e c t i n ?  the  m a t e r i a l  t o  d i f f e r z n :  e n v i r o ? ? e C t s  3 y  , j rov i ing  i: 

i n d i f f e r e n t s i t e s  i s  an e f f i c i e n t  s e l e c t i o n  proie.du. 'e. S e l e c t i o n  

of s e g r e g a t i n g  m a t e r i a l  i n  t n e  p r o d u c t i o n  envir,,n:,ie~y~ i s  a  i r y  

s t r a t e g y  i n  ICA<DA c e r e a l  b r e e d i c g  p rog ran .  

1.2 Advanced .Mate r ia l  

R e p l i c a t e d  y i e l d  t e s t i - g  o f  s e l e c t e d  b u l k  - a r e r i a l  s r a r t s  a t  

t he  F 5  o r  F6 g e n e r a t i o n s  and goes o r  f o r  tbio y+;lrs i n  one o r  

two s i t e s  i n  S y r i a .  The m a t e r i a l  i s  s i m ~ l t ~ n r a u s l y  scree?.?'? 

f o r  r s s i s t a n c e  t o  ma jo r  c e r e a l  d iseases urGer c ~ t u r a l  ar,c/or 

a r t i f i c i a l  i n f e c t i o n .  Promoted l i n e s  are i n c l d d e d  i n  

advanced y i e l d  t r i a l s  conducted i n  S y r i a  a?: i n  o b s e r v a t i o n  

n u r s e r i e s  grown i n  the  r e g i o n  ( r e g i o n a l  oD5erva:ion n u r s e r i e s  ) 

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

Fur thermore,  p r o m i s i n g  l i n e s  f rom v a r i o u s  y i e l d  t r i a l s  and obser -  

v a t i o n  n u r s e r i e s a r e  i n c l u d e d  i n  t h e  KLDN ( key l o c a t i o n  d i sease  

n u r s e r i e s  ) where they  a r e  e v a l u a t e d  a t  h o t  spo t  l o i a c i o n s  For 

s p e c i f i c  endemic d i seases .  

More advanced m a t e r i a l  i s  i n c l u d e d  i n  t b e  i r t e r n a t ~ o n a l  r e q i o n a l  

y i e l d  t r i a l s  a t  50 o r  more l o c a t i o n s  i n  and o u t s i d e  the  I C A R D A  

r e g i o n .  The most p r m i s i n g  l i n e s  adapted t o  a  p a r t i c u l a r  e n v i -  

ronment, as judged by t h e i r  o v e r a l l  pe r foma ice ,  a r e  i n c l u d e a  i n  



v a r i e t !  o r  agrono::y v e r i f i c a t i a n  t r i a l s  c o n d c s t e j  i n  fa rv .z r j  F i e l d j  

b e f o r e  r e a c h i n g  the  dc , - -3 r j : ra t i an  s t  ~ 3 . i  t s ~ t : ; t t - J  For 

r e l e a s e .  

I n  a d d i t i o n  t o  g r a i n  y i e l d  a73 d i s z ~ s c  r e , x : i o r ,  l i - e i  i n  

y i e l d  t r i a l s  a r e  evaluated f o r  s p r c i F i c  t r a i t s  ;e;cn3ir; -c tnc  

.. '4 ,- 3 1 i :. c r o ? :  e . g .  f o r a g r  ?ra?tdc: ion ( h a - l e v  ) .  5;zai 73'-.i-: 

( r e d  a :  ) ? e r e 1  c o l o r  and t i 3ur::- ,..,k?~: 1 1 ,  ; , - 2  i -, 

pro :e in  ~1.rcen:.3;e ( a t :  c e r e a l  cra;s , z t c .  

The - 7 n s t  3dvanced l i r e s  5 2 l c c t e d  r,)r scr?;i Cic t r j i  i s  3 - :  

c o l - : ~ e r c i a l  v 3 r i e t i e s  grs!.,n i n  k c  r ? , ] i o l  3 -  I :  i n  c , . , , s j i , : :  
, . 

b l o c k s  3 t  ? o r  j j o w i n , ~  da t?s  t o  ;.n,?Sli. , - ~ ? k i r  :?;! r - . 3 ~ 1 ~ 7  ,:r-,,~.;~s 

a t  appro; i r ia: r  t k e .  

The o r  c o l l e c t i o s j  a re  t l o j i -  cf b a r i - y  a. : -3-..- ' . i i t i i  

ao;r-i;.:i.-.3tely 1 7 . 0 0 0  aqd 16.620 a c c i . , ~  i ans  t.?;;,;it i u i i y .  S - , J  I lctr  

c o l ! r c t i o , i i  oF b e .  h e  i s  z n c  : i ' c  :3rlc.: i-:l;:? 
. , 

.L co1 I s c t i o , . , ~  a r c  6 3 7 ,  ! S j  a.i.2 ,a a c c z s s i o n j  r e s p c v t i v c l ~ .  T - e .  

b e i - g  e i . . ~ l u j i e ; i  i n  r a i  f e ?  coe i j i  t i o n i  a: T e l  U a < y ~ .  Exa1'2Iei :  

D t i r d m  Serr ,p la j ->:  - 

I n  1931-82, 14452 dtirurn access ions have been evaluated 'or  

head ing and - a t u r i t y  dates,  p l a r i t  h s i ~ h t ,  aq ro?o i . i c  tysr ,  c o l o r .  

s p i k e  I e - 9 t h  and  l o d q i 9 2  r - s i s t a r c t .  C r i e r  t r a i t s  ( e . ~ .  s : < ,  :yp?:  

h o l l c w  ve rsus  s o l i d )  were sco rzd  f o r  p a r t  o f  t h e  c o i l ? c i ; o n .  93-e: 

on t h e  e v a l u a t i o n ,  165 e n t r i e s  :,ere c b o i e n  3 i n  i: 1912-33 i r  

a  s p e c i a l  o b s e r v a t i o n  n u r s e r y  f o r  f u r t h e r  d v a l u a t i o l .  F o r t e e l  d n t r i z c  

we re  then s e l e c t e d  f o r  f u r t h e r  t e s t i n s  i n  l g E 3 - e i  i n  a  p r e l i ~ l i q a r y  

y i e l d  t r i a l .  



B a r l e y  Germplasm 

3000 access ions were e v a l u a t e d  f o r  17 c h a r a c t e r s  i n  I?:--.:. 

Another 5000 access ions a r e  b e i n g  e v a l u a t e 3  c h i s  season 1 ,. I 

s i m i l a r  number o f  c h a r a c t e r s .  As an exaslple, the  c h a r a c t e r s  

( d e s c r i p t o r s )  f o r  t h e  1983-84 season a r e :  growth,  days t o  hea- 

d ing ,  row number, s p i k e  d e n s i t y ,  hooded~ ies~ /aunedness .  5;iCcl?r 

g roups /sp ike ,  l e n g t h  o f  r a c h i  l l a  h a i r s .  days t o  : i i a tu r i  t y ,  akin rouS.:- 

ncss, glume c o l o r .  p l a n t  h e i g h t ,  l o d g i n g  r e s i s t a n c e ,  agr0nor.i; 

-. score,  k e r n e l  co "e r ing  and g r a i n  y i e l d .  

A  d e t a i l e d  l i s t  o f  d e s c r i p t o r s  f o r  che 1982-83 c o l l e c t i c ~  i s  

a t tach&.  

T k  e v a l u a t i o n  p r o v i d e s  a  means f o r  an ? F f i c i ? n t  ~ a t 3 l o c . ~ i n g  o f  

the access ions  and t h e  i n c r e a s e  o f  seed f o r  c o n s e r v s t i u l  2nd , j i s ? r i -  

: d t i o ~  t o  reyusscz rs .  The b reeder  a l s o  take5 +dvantaqe :)f t i -2  ~ V J -  

L ~ a t i c n  r e s u l  t s  t o  i n c l u d e  some o f  the  acces,io?s i n  h i s  3 ree51 i~ : , j  

;ercpIash.  

Gene t i c  v a r i a b i l i t y  i s  an e s s e n t i a l  a r e r e o u i s i t r  t o  a g c s d  

s e i e c t i o n  response. Breeders  a r e  w o r k i n g  hand i n  hand w i t h  g r r i p l 3 s r  

s p e c i a l i s t s  t o  e n t e r t a i n  and use g e n e t i c  v a r i a b i l i t y .  Hoviever, as the 

amount o f  cjermplasm handled i n  r e s e a r c h  work i nc reases ,  the  need Fsr 

c o o p e r a t i o n  becomes even g r e a t e r .  Good c o o p e r a t i o n  i s  e s i a b l i s k e 3  by 

the Cerea l  lmprovernent Program w i t h  a  l a r g e  number o f  s c i e n t i s t s  from 

-- n a t i o n a l  programs who a r e  c o n t i n u o u s l y  r e q u e s t i n s  c e r e a l  ,3er?pl as7 

f r o m  ICARDA and sending t h e i r  own m a t e r i a l  f o r  s c r e e n i n g  a r d  e v a l u d t i o n  

a t  ICARDA. T h e i r  c o o p e r a t i o n  w i t h  ICARDA s c i e n t i s t s  b e n e f i t s  n o t  o n l y  

t h e i r  own program b u t  a l s o  those o f  o t h e r  c o u n t r i e s .  



EVALUATION OF WHEAT AND BARLEY GERMPLASM 

There exists thru out the worid a large number of wheat and barley 

collections of germplasm. These vary in size from the very large 

collections e.g. U.S.A and USSR thru smaller national collections 

e.g. Australia, Canada (15-25,000 entries) to breeders collections 

(generally 1000-5000 entries) and finally to the private and specia- 

lized collections which may contain as few as 1-200 entries. The 

objectives for such collections vary significantly but a o m o n  deno- 

minator is that each represents a pool of genetic diversity in which, 

between components there is relative variability at lelst for some 

characters. This is turn implies that evaluation for relative dif- 

ference is a fundamental routine associated with germplasm collection 

and maintenance. It and subsequent utilization is the principal justi- 

fication for collection and maintenance of plant germplasm. Evaluation 

of collection components, and communication of these data with the as- 

sociated germplasm between plant breeders is the presursor to utiliza- 

tion; ideally these components should not be separated since they are 

the ingredients of genetic crop improvement. 

Genetic Crop Improvement collection of genetic diversity, evaluation, 

corsmunication, utilization and conservation. It is from this concept that 

the term "working collections" stems. 

It is unfortunate that, because of the individualistic nature of 

collections, there has in the past existed a severe gap in the communica- 

tion system both on the regional scale and on the international scale. 

* ICARDA Cereal Improvement Program. Aleppo, Syria. 



With a view to rectifying this deficiency in communcation and to 

enable fuller utilization of genetic diversity, scientists in the 

past decade have attempted to develop a common language for the evalua- 

tion of genetic resources. Idealistically such standardization will 

not provid a means of better communication between scientist involved 

in genetic evaluation and manipulation, but also will provide better 

access to the hugh bank of data which is rapidly developing around the 

so called "Working" germplasm collections thru out the world. 

The fundamental of this standization is the development of a 

conrmon evaluation mechanism which is referred to as a "Minimum" list of 

cultivator descriptors. Historically such a list was devised by a 

working group of international and national scientists appointed by 

IBPGR who met in Boulder, U.S.A. in the first half of 1977. The minimum 

list of descriptors which was developed by this group and is now some- 

times referred to as the Boulder list of minimum descriptors for wheat, 

is thus the composite result of wheat scientists with many and varied 

experiences: 

It is referred to as a minimum list since "no assumption was made 

that the recording of wheat gemplasm data should be limited to the Boulder 

descriptors at any given center. Rather it is aimed at providing a common 

set of mutually agreed upon and well defined characteristics to serve as 

the vessel for the flow of genetic resource information on an international 

and national scale. 

The Boulder list of minimum descriptors for wheat and their definition 

is presented in Appendix I. It is one example only, as other systems are 

in use and being developed. 



It i s  not  a l l  embracive s ince  indiv idual  s c i e n t i s t s  have i n t e r e s t s  

i n  germaplasm and w i l l  record o t h e r  ind iv idua l  cha rac te r s .  It does, 

however, provide a  r e l a t i v e l y  comprehensive b a s i c  d e s c r i p t i o n  of a  l i n e ,  

v a r i e t y  o r  c u l t i v a r  i n  a  format which can be  communicated between 

o u n t r i e s  and languages. A s i m i l a r  l i s t  of minimum d e s c r i p t o r s  i s  i n  

prepara t ion  f o r  ba r l ey  a s  wel l  a s  many o t h e r  crops. These w i l l  provide 

a b a s i s  f o r  eva lua t ion  and cnmnunication a s  well  a s  a  mechanism f o r  t h e  

i n t e r n a t i o n a l  and n a t i o n a l  flow of germplasm i n  t h e  f u t u r e .  This i s  an 

e s s e n t i a l  f a c e t  of eva lua t ion  a t  t h e  i n t e r n a t i o n a l  l e v e l  which can obvia te  

much unnecessary dup l i ca t ion  of e f f o r t  and resource input  a t  t h e  ind iv i -  

dual  n a t i o n a l  l e v e l .  

I now wish t o  change focus from evalua t ion  a t  t h e  i n t e r n a t i o n a l  

l e v e l  o r  s ink  l e v e l  t o  eva lua t ion  a t  t h e  indiv idual fgenera tor  o r  source 

l e v e l .  Here I b e l i e v e  we must a sk  t h e  ob jec t ives  f o r  eva lua t ion  s ince  

t h i s  i s  fundamental t o  t h e  e n t i r e  concept of germplasm c o l l e c t i o n  and 

conservation. 

Current s t r a t e g i e s  f o r  crop p l a n t  improvement revolve  around i d e n t i -  

f i c a t i o n  of v a r i a b i l i t y  f o r  i nd iv idua l  and d e s i r a b l e  cha rac te r s  and t h e i r  

incorpora t ion  i n t o  agronomically acceptable  genotypes f u t i l i z a t i o n ) .  The 

essence is g e n e t i c  v a r i a b i l i t y  f o r  i nd iv idua l  cha rac te r s .  This implies  

e s s e n t i a l l y  one o r  more s e l e c t i o n  i n d i c e s  a s  t h e  b a s i s  f o r  eva lua t ion .  

During t h e  conceptual  s t ages  of t h e  development oE t h e  Aus t r a l i an  National  

Wheat Co l l ec t ion  a  survey of some es t ab l i shed  overseas c o l l e c t i o n s  was 

t o  i d e n t i f y  u t i l i z a t i o n .  These d a t a  c l e a r l y  demonstrated: 

A) Main r e q u e s t e r s  a r e  P lan t  Breeders (93X). 

B) There a r e  only  two major conrmon a r e a s  of reques t  ( adap tab i l i t y  

and d i s e a s e / p e s t  r e s i s t a n c e )  and a maze of i d i v i d u a l i s t i c  cha rac te r  



i n t e r e s t s .  Both a d a p t a b i l i t y  and d i s e a s e t p e s t  eva lua t ion  a r e  

r e f e r r e d  t o  a s  non s t a t i c  t a r g e t s .  I n  t h e  former, t h e  evalua- 

t i o n  i s  t o  a  l a r g e  ex ten t  s i t e  s p e c i f i c ,  i n  the  l a t t e r  t h e  

eva lua t ion  i s  pathogenic r a c e  s p e c i t i c .  Since both environment 

and pathogenic v i ru l ence  change over space and time n e i t h e r  

t a r g e t s  a r e  s t a t i c .  Many of t h e  indiv idual  cha rac te r s  a r e  how- 

ever ,  s t a t i c  e.g. l ea f  pubescence, g r a i n  colour ,  cold r e s i s t a n c e  

e t c . .  . 
C) That eva lua to r s  almost abso lu te ly  p re fe r r ed  t o  have t h e  v a r i a b i l i t y  

supplied i n  t h e  form of pure l i n e s  (c.v. gene t i c  composites) and 

l a r g e l y  p re fe r r ed  t h e  v a r i a b i l i t y  i n  t h e  form of commercial va r i e -  

t i e s  a s  opposed to  wild types  o r  aestivum r e l a t i v e s .  This may be 

ext rapola ted  t o  suggest t h a t  t h e  p r i n c i p a l  s e l e c t i o n  pressure  i n  

eva lua t ion  is commercial u t i l i t y  i n  a  tame format; only i n  despera- 

t i o n  a r e  many eva lua to r s  prepared t o  de lve  i n  untamed, unnamed 

germplasm pools  f o r  t h e  c h a r a c t e r s  they seek. This  preference  

has important impl ica t ions  i n  t h e  eva lua t ion  s ince  it i s  p re fe r -  

r a b l e  t o  have some p r i o r  knowledge of t h e  format of t h e  v a r i e t y  

being s tud ied ,  i . e .  a  land-race, a composite o r  blend, pu re l ine ,  

mu l t i - l i ne  segregat ing  hybr id ,  e t c . . .  This  can o f t e n  be in fe r r ed  

from t h e  type  of gene t i c  resource  which i s  being s tudied .  Chang 

(1979) has ca tegor ized  these  a s  fol lows:  

1. Modern e l i t e  c u l t i v a r s  or  high-yielding v a r i e t i e s .  

2 .  P r i n c i p a l  commercial v a r i e t i e s .  

3 .  Special  purpose types .  

4 .  Obsolete types.  

5. Breeding s tocks  ( e l i t e  germplasm). 

6. Mutants, gene t i c  t e s t e r s ,  po lyplo ids  and aneuploids.  



7.  Land-races (unimproved o r  p r imi t ive  types) .  

8. Useful cytoplasmic sources of v a r i a b i l i t y .  

9. Weed r aces .  

10. Wild spec ies .  

11. Man crea ted  i n t e r g e n e r i c  o r  i n t e r s p e c i f i c  hybrids 

12. Related genera 

Although these  a r e  some examples where eva lua t ion  of land-races and 

wild r e l a t i v e s  has been conducted a t  t h e  cen te r  of d i v e r s i t y  o r  i n  a p a r t i -  

c u l a r  na tu ra l  "hot spot" t h i s  form of on s i t e  eva lua t ion  is  not  common. 

More genera l ly  m a t e r i a l  f o r  eva lua t ion  i s  c o l l e c t e d ,  o r  requested and 

then dispatched t o  another  country.  Consequently p l a n t  quarant ine of 

varying i n t e n s i t y  may be involved p r i o r  t o  eva lua t ion .  I n  coun t r i e s  

which s t i p u a l t e  green p l an t  quarant ine  f o r  introduced c e r e a l s  p r i o r  t o  

t h e i r  c learance a problem a r i s e s  wi th  landrace,  composites, blends and 

segregat ing popula t ions  s i n c e  t h e  gene t i c  d i v e r s i t y  of t h e  import i s  

seve r ly  eroded by phys ica l  l i m i t a t i o n  i n  t h e  quarent ine  generat ion.  Ir- 

re spec t ive  of t h e  i n t e n s i t y  of t h e  p a r t i c u l a r  quarant ine  requirements t h e  

eva lua tor  has t h e  r e s p o n s i b i l i t y  t o  maintain adequate crop s a n i t a t i o n  

procedures aga ins t  t h e  in t roduc t ion  of a new d i s e a s e  o r  d i f f e r e n t  physiolo- 

g i c a l  race.  

I n i t i a l  eva lua t ion  f o r  adapta t ion  gene ra l ly  c o n s i s t s  of an assessment 

of ecologica l  f i t n e s s ,  or  t h e  r e s u l t  of the  genotype environment i n t e r r a c -  

t i o n ,  a t  t h e  s i t e  of i n t e r e s t ,  i t  commonly t akes  t h e  form of agronomic 

eva lua t ion  a d e t a i l e d  example of which appears i n  Appendix 11. 

I n  many cases  morphological d a t a  may a l s o  be co l l ec t ed  concurrent ly  

wi th  t h e  agronomic d a t a ,  p a r t i c u l a r l y  i f  t h e  m a t e r i a l  being evaluated is  



of wild type or a  r e l a t e d  spec ie s ,  when d e t a i l e d  taxonomic i d e n t i f i c a -  

t i o n  maybe requi red  (Appendix 111). 

P a r a l l e l  t o  t h e  p l an t  da t a ,  d e t a i l e d  records  of environment over the  

period of eva lua t ion  a r e  e s s e n t i a l  t o  analyze f o r ,  and ex t r apo la t e  on 

a d a p t a b i l i t y .  These may inc lude  s o i l  type and depth,  temperature, s o l a r  

r a d i a t i o n ,  p r e c i p i t a t i o n ,  crop phenology, etc. . .  

Evaluation f o r  d i s e a s e  and o the r  s p e c i f i c  cha rac te r s  normally implies  

t h e  use of s p e c i f i c  screening techniques e.g. d i s e a s e l p e s t  r e s i s t a n c e ,  

drought,  cold winter  hard incess ,  s a l i n i t y  r e s i s t a n c e ,  p ro te in  composition, 

e t c . . .  

The range of cha rac te r s  i s  almost i n f i n i t e  and se l ec t ion  techniques 

a r e  many and v a r i e d .  Perhaps t h e  most comon cha rac te r  evaluated i n  t h e  

pas t  f o r  c e r e a l s  has been d i s e a s e  r e s i s t a n c e .  A s  p revious ly  s t a t e d  t h i s  

i s  however, a  r a c e  s p e c i f i c  cha rac te r  and a s  r a c e s  of pathogens change 

r e p e t i t i v e  eva lua t ion  maybe n e c e s s i t a t e d .  This  e labora ted  i n  a  l a t e r  

paper,  bu t  examples of p e s t  r e s i s t a n c e ,  eva lua t ion  d a t a  and biochemical 

eva lua t ion  d a t a  a r e  included i n  Appendix I V  and V r e spec t ive ly .  

Concomitant with t h e  recording of eva lua t ion  d a t a  there  i s  a  responsi-  

b i l i t y  o f t e n  neglected t o  forward copy of t h e  d a t a  t o  a  recognized germplasm 

d a t a  s to rage  bank which may process t h e  d a t a ,  s t o r e  them s a f e l y  and d i s t r i -  

bute t h e s e  t o  o the r  i n t e r e s t e d  s c i e n t i s t s  o r  organiza t ions .  This  poin t  

re-emphasises t h e  c r i t i c a l  need mentioned e a r l i e r  f o r  an i n t e r n a t i o n a l l  

na t iona l  communication medium between s c i e n t i s t s ,  who a r e  involved i n  

germplasm conservat ion,  ava lua t ion  and u t i l i z a t i o n .  



The f i n a l  r e s p o n s i b i l i t y  i s  t o  ensure secure  conservat ion of t h e  

ma te r i a l  evaluated.  There have been many ins t ances  i n  t h e  pas t  where 

a s  a  r e s u l t  of s t a f f  changes, misadventure, acc ident ,  ca tas t rophy,  e t c . ,  

i r r ep laceab le  germplasm has o f t e n  a f t e r  d e t a i l e d  eva lua t ion  and d a t a  r e -  

cord, has  been l o s t  o r  destroyed.  However, a s  t h e  i n t e r n a t i o n a l  germplasm 

network s t rengthens  and expands i t s  resources ,  t h e  oppor tun i t i e s  f o r  

s to rage  d u p l i c a t i o n  over space a r e  increased i n  and such l o s s e s  maybe 

minimized i n  t h e  f u t u r e .  

I n  conclusion i t  maybe re-empasised t h a t  eva lua t ion  i s  a primary 

component i n  t h e  chain of funct ions  which include c o l l e c t i o n  of gene t i c  

d i v e r s i t y ,  eva lua t ion  of s p e c i f i c  s h a r a c t e r s ,  u t i l i z a t i o n ,  incorpora t ion  

and producer app l i ca t ion ,  a l l  of which c o n s t i t u t e  gene t i c  crop improvement. 



BIOCHEMICAL EVALUATION DATA BIOCHEXICAL EVALUATION DATA (cont 'd )  

1. Biochemical Evaluat ion I d e n t i f i e r  B. Addit ional  Amino Acid P r o f i l e  

A. Biochemical Evaluat ion S i t e  a .  Amino acid p r o f i l e  

B. Biochemical Evaluat ion Year 

C.  Evaluator ~ m e / A d d r e s s  6 .  Addit ional  Biochemical Evaluat ion 

2. P r o t e i n  Content 

A. Total  P r o t e i n  Content 

a .  Percent p r o t e i n  

b. Seed p r o t e i n  

c .  Amylase  

d. P r o t e i n  content  

B.  Gluten Content 

C. Total  Nitrogen Content 

D. To ta l  Sul fur  Content 

E. Nitrogen/Sulfur Rat io  

F .  Addit ional  P r o t e i n  Content Data 

3 .  Carbohydrate Content 

A. Flour  Ex t rac t ion  

B. S tarch  Content 

C. Amylose Content 

D. Amyopectin Content 

E. Addit ional  Carbohydrate Content Data 

4. Lipid Content 

5. Amino Acid P r o f i l e  

A. Lysine Content 

a. Percent  l y s i n e  

b. Lysine percent  p r o t e i n  

Data - 
a.  Water absorpt ion  

b. G ibbe re l l i n  content  

c .  DDT r e a c t i o n  

Source. Anon. 1977 - Wheat Direc tory ,  1977 ISIGR 



APPENDIX I 

The L i s t  of Minimum Desc r ip to r s  

and Thei r  D e f i n i t i o n s  f o r  

Wheat Genet ic  Resources 

1. Col lec t ing  Organizat ions 

Name of t h e  i n s t i t u t i o n  r e spons ib le  f o r  c o l l e c t i n g  a  p a r t i c u l a r  germplasm 

L accession.  The c o l l e c t o r  w i l l  u s u a l l y  be a  member of t h i s  organizat ion.  

2. Accession Number 

A Unique alphanumeric o r  numeric i d e n t i f e r  f o r  a  given gemplasm col-  

l e c t i o n .  

3 .  Crop Name 

Informal gener ic  term given t o  an a g r i c u l t u r a l  product (e.g. ,  wheat). 

4.  Genus - 
Fromal name f o r  a  main subdiv is ion  of a  family which inc ludes  one o r  more 

spec ies .  

5. Species 

A subdiv is ion  of a  genus represented  by a  name o r  code. 

6 .  Comon/Local Name 

Name given l o c a l l y  t o  a  p a r t i c u l a r  gemplasm accession by t h e  farmers who 

grow it, inc luding  t h e  names of v a r i e t i e s  r e l e a s e d  through improvement 

programs. 

7. Country of Orgin 

F u l l  name o r  an abbrevia t ion  f o r  t h e  country i n  which a  p a r t i c u l a r  germ- 

plasm access ion  was c o l l e c t e d .  

*a. Geographic Area 

Name o r  code r ep resen t ing  t h e  p o l i t i c a l  o r  admin i s t r a t ive  subdivision of 

t h e  country i n  which a  p a r t i c u l a r  gemplasm access ion  was co l l ec t ed .  

"9. La t i tude  

La t i tude  i n  degrees a t  which a  p a r t i c u l a r  germplasm access ion  was c o l l e c t e d .  

To be indica ted  by N (North) o r  (South) S. 
* Ei ther  geographic a rea  o r  p r e c i s e  l a t i t u d e  and longi tude  i s  t o  be se l ec t ed .  

Source. Anm. 1977 - Wheat Di rec to ry  1977 IS/GR 



*lo. Longitude 

Longitude in degrees at which a particular gemplasm accession was 

collected. To be indicated by E (East) or W (West). 

11. Altitude in Meters 

Elevation above sea level at which a particular germplasm accession was 

collected. 

12. Donor Name 

Name of the person or institution responsible for donating germplasm to 

a collector. 

13. Donor Number 

Number assigned to an accession by the donor. 

14. Location in Primary Storage 

Name and address of the institution at which a germplasm accession was 

first jeposited for preservation. 

15. Year of Primary St rage 

Year in which a germplasm accession was deposited at the location of 

primary storage for preservation. 

16. Days to Flower 

Self-explanatory. Usually counted as number of days from January 1 

(inclusive), when 50% of the plants in a planting of an accession are 

flowering . 
17. Growth Habit Class 

In wheat referring to Winter or Spring types, coded W (Winter) or S(Spring). 

18. Plant Height in CM 

Height of the wheat plant at maturity, excluding awns. 

19. Kernel Texture 

Code representing the relative hardness of a kernel. Expressed from 1 to 9 

with 1 = very soft or floury to 9 = very hard or vitreous. 



20. Kernel Plumpness 

Visual measure of wheat ke rne l  plumpness. Coded from 1 t o  9 wi th  1 = 

shr ive led  t o  9 = plump. 

21. Winter Hardiness 

Tolerance of a  wheat access ion  t o  withstand cold s t r e s s .  Messured on l o s s  

of p l a n t s  i n  a  p lant ing  of an accession.  Coded from 1 t o  9 wi th  1 = very 

s u s c e p t i b l e  t o  9 = very  r e s i s t a n t .  

22. Drought Resis tance 

Tolerance of a  wheat access ion  t o  withstand srought s t r e s s .  Coded from 1 

t o  9 with 1 = very s u s c e p t i b l e  t o  9 = very  r e s i s t a n t .  

23. Cold Res is tance  

Measure of damage caused by cold t o  a e r i a l  po r t ions  of p l a n t s .  Not a s s o c i a t e  

with l o s s  of p l a n t s  i n  a  p l an t ing  of an access ion .  Coded from 1 t o  9 with 

1 = very  s u s c e p t i b l e  t o  9 = very  r e s i s t a n t .  

24.  Sprouting Tendancy 

Tendency of ke rne l s  t o  sprout  when on t h e  spike.  Measured on a  s c a l e  of 

1 t o  9 with 1 = very  low t o  9 = high. 

25. Stem Thickness 

A v i s u a l  measure of stem th ickness .  Measured on a  s c a l e  of 1 t o  9 with 

1 = very  t h i n  t o  9 = very  th i ck .  

26. Spike Densi ty 

- A v i s u a l  measure of d e n s i t y  of a  wheat sp ike  measured on a  1 t o  9 s ca l e .  

Coded, 1 = very  l a x  t o  9 = very  dense (e.g.,  square head). Where c lub  wheats 

a r e  encountered it should be os  ind ica t ed .  

27. Number of Sp ike le t s  per Spike 

Tota l  number of s p i k e l e t s  on a  sp ike ;  an average of f i v e  spikes.  

28. Number of Kernels  per  Sp ike le t  

Count of ke rne l s  from a kniwb bynver i f  sou jeke t s  ivtaubed f r i n  t g e  cebtrak 

p ro t ion  of t h e  spike: an average of f i v e  sp ikes .  



29. Awndness 

Observation on presence o r  absence of awns. Measured a s  0 = absent ,  + = 

ungraded presence. 

30. Kernel Color - 
Color of a wheat seed. Coded, 1 = white.  2  = red.  3 = purple,  4 = brown, 

5 = green,  6 = o t h e r .  

31. Total  P ro te in  Content 

A measure of t h e  t o t a l  p r o t e i n  contained i n  kerne ls  of a  wheat accession.  

Measured a s  percent  dry weight (seed moisture equal t o  o r  l e s s  than 12%).  

I n d i c a t e  t h e  conversion f a c t o r s  used a s  e i t h e r  N x  6.25 o r  N x  5.6. 

32. Weight of Grain per Unit Area i n  Grams 

Self-  explanatory.  

33.  LysinefProte in  Rat io  

Percent  l y s i n e  per  u n i t  of p r o t e i n  ( abso lu te ) .  



APPENDIX I1 

AGRONOMIC EVALUATION DATA AGRONOMIC EVALUATION DATA (cont 'd) 

1. Agronomic Evaluat ion I d e n t i f i e r  

A. Agronomic Evaluat ion S i t e  

B. Agronomic Evaluat ion Year 

C. Evaluator Name/Address 

D. P lan t ing  Date 

a. Sowing time 

E. Harvest Date 

B. Lodging S u s c e p t i b i l i t y  

a .  Lodging 

C.  Number of leaves  below Ear 

D .  Number of T i l l e r s  

a .  T i l l e r  number 

E .  P l an t  Height 

a .  Height 

a .  Ano b. Growth he ight  

b. Harvest year c .  P l an t  height  

F. Addit ional  Agronomic d. P l an t  he ight  

Evaluat ion 1den t i f  i e r  Data F. P l an t  Vigor 

2 .  Maturi ty G .  Addit ional  Growth Habit Data 

A. Days t o  Flower 4 .  Yield Components 

a .  Time ear  emergence 

b. Spike emergence time 

c. Heading time 

B. Days t o  Harvest 

a .  Time ea r  emergence 

A. Ear S ize  

B. Kernel Weight 

a .  Kernel weight 

b. 1000 gram weight 

C .  Flag Leaf 

t o  ha rves t  a .  Flag a rea  

C.  Addit ional  Matur i ty  Data 

3 .  Growth Habit 

A. Growth Habit Class  

b. Flag angle a t  ea r  

emergence 

c. Flag drought 

a. Growth h a b i t  d. Flag du ra t ion  

b. Growth h a b i t  

c. Annuality 

d. Juven i l e  h a b i t  

D.  Straw Yield 

E. Chaff Yield 

F. Addit ional  Yield 
Component Data 

Source. Anon. 1977 - Wheat Direc tory  1977 ISIGR 



AGRONOMIC EVALUATION DATA (cont'd) 

5. Agronomic Quality 

A. Kernel Hardness 

B. Kernel Type 

a. Texture 

C. Percent of Germ 

D. Additional Agronmic Quality Data 

6. Environmental Adaptability 

A. Winter Hardiness 

a. Cold Susceptibility 

b. Winter Susceptibility 

B. Drought Tolerance 

a. Drought Susceptibility 

C. Additional Environmental 
Adaptability Data 

a. Photoperiod response 

b. Vernalization reg. 

7. Additional Agronomic Evaluation Data 

a. Stage of growth 

b. Average 

c. Sprouting 

d. Method of breeding 



APPENDIX 111 

MORPHOLOGICAL EVALUATION DATA MORPHOLOGICAL EVALUATION DATA (cont'd) 

1. Morphological Evaluation Identifier 

A. Morphological Evaluation Site 

B. Morphological Evaluation Year 

C. Evaluator Name/Address 

2. Stem - 
A. Number of Nodes Per Plant 

B. Stem Diameter 

a. Wall thickness 

C. Straw Strength 

a. Culm firmees 1 

b. Culm firmess 2 

D. Stem color 

a. Culm color 

b. Straw color 

E. Additional Stem Data 

3. Leaf - 
A. Leaf Area Index 

a. Leaf area 

B. Leaf Blade 

a. Leaf blade color 

b. Leaf Yellowing 

c. Upper leaf blade hairiness 

d. Lower leaf blade hairiness 

e. Edge leaf blade hairiness 

f. Leaf blade wax 

C. Leaf Sheath 

a. Leaf sheath wax 

b. Leaf sheath hairiness 

d. Leaf sheath venation 

D. Auricles 

a. Auricles color 

b. Auricles pubescence 

E. Additional Leaf Data 

4.Inf lorescence 

A. Spike 

a. Ear number 

b. Ear density 

c. Ear wax 

d. Ear shape profile 

e. Ear shape face 

f. Ear position 

g. Spike density 

h. Spike branching 

i. Spike color 

j. Spike type-panicle 

k. Ear section 

1. Ear attitude 

m. Ear density 

n. Spike per panicle 

B. Rachis 

a. Rachis flexibility 

b. Rachis toughness 

C. Spikelet 

a. SeedsJspikelet 

b. Supernumary spikelet 

c. Spikelet number 

c. Leaf sheath color 



- 

MORPHOLOGICAL EVALUATION DATA (cont 'd )  MORPHOLOGICAL EVALUATION DATA (cont 'd) 

D. Glume B. kerne l  Color 

a .  Glume l eng th  

b. Glume width 

c .  Glume apex l e n g t h  

a .  Kernel co lor  

b.  Seed c o l o r  

C .  Embryo S ize  

d. Glume apex width a .  Embryo s i z e  

e .  Glume co lo r  

f .  Glume apex co lo r  

g .  Glume bottom co lo r  

h. Glume h a i r i n e s s  

i. Glume pubescence 

j .  Glume ape:.: shape 

D. Addit ional  Seed Data 

a .  Caryopsis 

b.  Kernel d o r s a l  r i d g e  p r o f i l e  

c .  Co leop t i l e  d i s c o l o r  

d .  Furrow width 

e .  Furrow depth 

k. Glume apex t i p  shape f .  Furrow r i d g e  

1. Glume \,enation 

m. Shoulder width 

n. Shoulder shape 

o. Chaff c o l o r  

E. Awn 

a. Awn type 

b. Amedness 

c .  Awn p e r s i s t e n c e  

d. Awn l eng th  

e .  Awn color  

f .  Awn bottom co lo r  

g.  Brush extens ion  

h. Brush length  

i. Secondary too th  

6.  Cytological  

A .  Chromosome Xumber 

a .  Chromosome number 

b. Ploidy 

B. Addit ional  Cyto logica l  Data 

7 .  Addit ional  Morphological Evaluat ion 
Data - 

a .  Peduncle f i l l i n g  

g .  Awn a p i c a l  co lo r  c .  Breeding s t a t e  

h. Awns d .  Pubescence d i s t r .  

F. Addit ional  Inf lorescence  Data e .  Pubescence dens i ty  

5. Seed - f .  Row number 

A .  Kernel Length 

a. Kernel l e n g t h  

Source. Anon, 1977 - Wheat Direc tory  1977 IS/GR 



APPENDIX IV 

PEST RESISTANCE EVALUATION DATA 

1. Pest Resistance Evaluation Identifier 

A. Site 

B. Year 

C. Evaluation and Address 

2. Viral Resistance 

3. Bacterial Resistance 

4. Fungal Resistance 

5. Nematode Resistance 

6. Insect Resistance 

7. Additional Pest Resistance Evaluation Data 

Source. Abridged from Anon. 1977 - Wheat Directory 1977 IS/GR 
i' 






