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FOREWORD 

Through the ages sorghum has been a v i ta l  source of food for mi l l ions of people; in  the semi-arid 
tropics (SAT), i t  i s  often the principal means of survival. In recent years, steadily expanding 
populations have brought increased demands for this dependable staple, but in the SAT, where 
more than half the world's sorghum i s  grown, environmental conditions severely limit production. 

The small farmer i s  the f irst to feel these pressures o f  increased demand and limited 
supply. Cereal scientists have made substantial advances in crop yields of rice and wheat with 
new varieties and technology--but most of that progress has been made where growing conditions 
are favorable. Improvement of sorghum yields i s  a more di f f icul t  task. It i s  often grown on poorer 
soi ls by farmers who have l i t t le  control of moisture or availabi l i ty of fert i l izers and other inputs 
that w i l l  boost yields. But as a crop, sorghum offers proven versati l i ty, hardiness, dependability, 
and stabi l i ty of y ie ld under very adverse conditions. Because i t  has demonstrated i t s  adaptability 
over such a wide range of cultures and climates, i t  offers great potential for supplementing the 
world's food resources. 

Mi l l ions of people now eat sorghum as a staple food (chapati or rot i  in India, injera in 
Ethiopia, tort i l las in Lat in America, etc.). It also i s  used as feed for animals and i s  an industrial 
raw material. Other uses include processirlg for beer and preparation of other local drinks; i t s  
stalk provides fodder, fuel, shelter, sugar, and syrup. 

Because of i t s  importarice as a staple cereal for mil l ions of the poorest people of the semi- 
arid tropics and because of i t s  potential for vastly increased production to help feed the under- 
nourished of developing nations, sorghum i s  one of the f ive crops that lCRlSAT has a mandate to 
improve. Dr. Leland House, principal sorghum breeder and program leader at ICRISAT, has 
gathered material for th is book on Sorghum bicolor (L.) Moench ut i l iz ing the knowledge and 
experience gained from nearly 20 years' work with this crop with numerous experts and organiza- 
tions worldwide. 

I t  i s  our hope and expection that the book w i l l  be a valuable guide particularly to young 
scientists and senior technicians in enhancing improvement of this crop so important to the health 
and well-being of mil l ions. 

L.D. Swindale 
Director General 



ABOUT THIS BOOK 

The content and organizatiori of this guide have been developed through several years of f i e ld  
use  i n  draft form; i t  has been modif ied and expanded based on this experience. 

No clainis are made for speedy, spectacular performance, nor are there f ixed formulas for 
successful sorghum production. Rather, the niain object ives are to guide i r i  problem ident i f icat ion 
and basic descript ive analys is ,  w i th  working examples of breeding theory applied in  the f ie ld .  
A systematic breeding approach i s  recommended. Intended readers are the crop specia l is t ,  f i e ld  
technician, sc ient is ts ,  and students iriterested in  f ield-oriented sorglium improvement. I t  i s  hoped 
that these readers, and others at national program-planning levels, w i l l  also firid a broader per- 
spective for analyzing and structuring their overal l  crop improvement work. 

F i v e  general top ics are covered: Section 1 i s  basica l ly  descript ive, providing background 
on the current status of sorghum and some of i t s  basic characterist ics. Some of i t s  earl ier history 
i s  out l ined, arid sorghum's c lass i f icat ion systems are l is ted along w i th  information showing i t s  
worldwide distr ibut ion. 

Section 2 focuses on the sorghuni plant, i t s  growth stages and morphology. Here emphasis 
i s  on how the plant develops from seed to maturity. Special characterist ics of the sorghum plant 
are noted, w i t h  part icular attention to the il iterests of the sorghum breeder. 

Section 3 provides a re lat ive ly  detai led look at plant genetics from a f ie ld  technician's 
viewpoint. The emphasis i s  on applied uses of genetics as a working tool. Genetics of sorghums 
completes th is  sect ion. 

In Section 4, the reader nioves d i rect ly  to ttie basic metliods and procedures of crop im- 
provement-the world co l lect ion o f  sorghums and their use, pedigree ncmenclature, and f ie ld  
techniques in  crossing sorghum. 

A wider focus i s  found i n  Section 5, which outl ines the role, organizational scheme, and 
operational plans for high-qual i ty seed production and distr ibut ion. The aim i s  to  show how crop- 
improvement workers can integrate their work-from research and development through production 
and marketing of high-qual i ty seed and on to the farmer. 

As  noted, draft versions of the book have been used for several years in  training work, arid 
ihe  author i s  aware of many of i t s  l imitat ions in  covering so broad a subject. Wtiile few formal 
c i ta t ions and references are l is ted here, readers are inv i ted to consult the two pub1 ished bib1 i -  
ographies of sorghum and the serv ice of ttie Sorghum and M i l  lets Information Center at ICR ISAT. 

Readers are encouraged to provide addit ional comments and cr i t ic ism that might be useful 
in  later rev is ions or supplements. Certainly, those working act ive ly  in  crop product~on and re- 
search now under way w i l l  be able t o  make r i ch  contr ibut ions for future field-oriented publ ica- 
t ions. 
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SECTION 1 
THE SORGHUM PLANT 

ITS BASIC USES, CHARACTERISTICS, AND DISTRIBUTION 

Section 1 is designed to show how the crop i s  used; where i t  i s  grown in terms of climate and 
geographic distribution; and i t s  production, origin, and classification. The discussion i s  not 
exhaustive; classif ication changes with time, and there i s  not a full consensus among sorghum 
breeders on a classif ication system; on the other hand, the differences are not great. Knowledge 
about the origin and distribution of sorghum increases each year. Th is  discussion i s  an attempt 
to introduce the reader to sorghum, wi th emphasis on information o f  interest to breeders. 



Sorghum: Rnsic Uses, C h u r ( z c l ~ r i s t i c ~ ,  h ~ t r i b u t i o n  

Sorghum Uses 

Sorghum g r a i n  i s  used f o r  hu~nan food and as feed f o r  a n i a a l s ;  t h e  p l a n t  s tem and f o l i a g e  a r e  
used f o r  g reen  chop, hay, s i l a g e ,  and p a s t u r e .  I n  some a reas  t h e  stem i s  used as b u i l d i n g  
m a t e r i a l ,  and p l a n t  re i l ld ins ( a f t e r  t h e  head i s  h a r v e s t e d )  rriay be used f o r  f u e l .  

An un leavened  b r e a d  p r e p a r e d  w i t h  f l o u r  ground f r o m  t h e  g r a i n  i s  one o f  t h e  most colnnlon 
foods  l l ~ d e  o f  sorghum. Sometimes t h e  dough i s  fcr i r rented b e f o r e  t h e  b r e a d  i s  p repared .  
G e n e r a l l y ,  a  p e a r l y  h a r d  w h i t e  g r a i n  i s  d e s i r e d  f o r  t h i s  purpose.  Sorghum a l s o  i s  b o i l e d  i n t o  
a  p o r r i d g e  o r  g r u e l .  Beer i s  conimonly rrlade o f  t h e  g r a i n  i n  many p a r t s  o f  A f r i c a :  o f t e n  w i t h  
g r a i n  of v a r i o u s  ~ o l o r s .  There a r e  " s p e c i a l t y "  sorghums, such as pop sorghurli and sweet  sorghum 
t h d t  can be parched and ea ten .  These s p e c i a l t y  sorghunls a r e  f r e q u e n t l y  grown as b o r d e r s  o f  
l a r g e  f i e l d s .  

0 1 a l  i t y  sorghu~rl g r a i r i  i s  u s u a l l y  hard  ( v i t r e o u s ) ,  w h i t e  w i t h  a  p e a r l y  l u s t e r ,  b o l d  and 
round,  w i t h  a  t h i n  seed c o a t  ( p e r i c a r p ) ,  and w i t h o u t  a  c o l o r e d  st lhcoat  ( t e s t a ) .  However, t h e r e  
a r e  rliany v a r i a t i o n s  i n  c o l o r ,  hardness,  and shape o f  t h e  g r a i n  used f o r  f o o d  i n  d i f f e r e n t  p a r t s  
o f  t h e  w o r l d .  The q u a l i t y  o f  s o r y h u ~ ~ r  p r o t e i n  i s  d e f i c i e n t ,  l i k e  t h d t  o f  s e v e r a l  o t h e r  c e r e a l  
c r o p s ,  because o f  a  l o w  c o r l c e r l t r a t i u r l  o f  t h e  ~ s s e t i t i a l  ar l~ ino a c i d ,  l y s i n e .  H i g h - l y s i n e  sorghum 
types  have beer1 four id q r o w i n ! ~  i n  t h e  Wo l lo  d i s t r i c t  o f  C t h i o p i a ,  arid s e v e r a l  o t h e r  sources  have 
riow been i d e n t i f i e d .  Breedin!] proqral i is a r e  a c t i v e l y  s t u d y i n g  t h e  p o s s i b i l i t y  o f  i n c o r p o r a t i n g  
t h i s  t r a i t  i n t o  t h e i r  b e t t e r  l i n e s  and v a r i e t i e s  f o r  f a r ~ i i e r  use. Many p r o b l e ~ ~ i s  a r e  i n v o l v e d ,  
p r o b a b l y  1 i n i i t i n g  h i g h - l y s i n e  sorghum t o  s p e c i a l  uses.  

Sorghu~ii  used as a  feed g r a i n  i s  g e n e r a l l y  s o f t e r  t h a n  t h a t  used f o r  f o o d  g r a i n ;  i t s  g r a i n  
i s  o f t e n  c o l o r e d .  I t i s  s e l d o ~ i ~  f e d  w i t h o r r t  coarse  g r i n d i n i j  o r  b r e a k i n g - - o t h e r  processes 
i n v o l v e  v a r i o u s  soak ing  p rocedures ,  f l a k i r i g ,  and popp ing .  The purpose i s  t o  expose a  l a r g e r  
p o r t i o n  o f  t h e  seed t o  t h c  ani i i ia l  ' s  d i g e s t i v e  enzymes. I f  n o t  t r e a t e d ,  some g r a i n  (when used 
as f e e d )  w i l l  pass t h r o u q h  t h e  anillla1 u n d i g e s t e d .  

The sorqhurn~ p l a n t  inlakes good feed.  I t  can he c t iop l~ed  f o r  s i l a g e  o r  fed  d i r e c t l y  t o  t h e  
a n i m a l s .  Sudancjrass i s  used as p d s t u r e  and r ~ ~ a d e  i n t o  hay. The s t o v e r - - t h e  p o r t i o n  r e m a i n i n g  
a f t e r  t h e  head i s  r e n ~ o v e d - - o f t e n  i s  used ds hay.  This ,  however, i s  p o o r e r  i n  q u a l i t y  t h a n  
s t o v e r  frorr l  sorghunl nianaqed as a  feed  c r o p .  

Cyanide can be produced i n  p o i s o n o ~ ~ s  q u a r i t i  t i e s  by so~rne sorghuiii and sudangrass.  The 
c y a n i d e  c o n c e n t r a t i o n  i s  q r e a t e s t  i n  s e e d l i n g  p l a n t s  and d e c l i n e s  as t h e  p l a n t  grows; t h e  
c o n c e n t r a t i o n  i s  l o w  a f t e r  30 t o  40 days o f  g rowth ,  and v i r t u a l l y  absen t  j u s t  b e f o r e  head ing .  
Cyanide i s  most  s e r i o u s  i n  new g r o w t h  f o l l o w i n g  c u t t i n g .  The g r e a t e s t  danger o c c u r s  if 
r e g r o w t h  i s  damaged by f r o s t .  The prohlenl  o f  c y a n i d e  car1 be rnanaged by c a r e f u l  a t t e n t i o n  t o  
s e l e c t i o n  o f  v a r i e t i e s  low i n  cyan ide ,  and by p r o p e r  g r a z i n g .  Cyanide need n o t  be a  s e r i o u s  
r e s t r i c t i o n  t o  t h e  use o f  sorghur~i f o r a g e  f o r  feed .  

Basic Characteristics 

YIELD POTENTIAL 

Sorghum has a  h i g h  y i e l d  p o t e n t i a l ,  comparable t o  t h o s e  o f  r i c e ,  wheat ;nd maize. On a  f i e l d  
b a s i s ,  y i e l d s  have exceeded 1 1 0 0 0  kg /ha ;  w i t h  average good y i e l d s  r a n g i n g  f r o m  7 000 t o  9 0 0 0  
kg/ha,  where m o i s t u r e  i s  n o t  a  l i m i t i n g  f a c t o r .  

I n  t h o s e  a reas  where sorghuni i s  conimonly grown, y i e i d s  o f  3 0 0 0  t o  4 000 k g l h a  a r e  
o b t a i n e d  under b e t t e r  c o n d i t i o n s ,  d r o p p i n g  t o  300 t o  1 0 0 0  k g l h a  as m o i s t u r e  becomes l i m i t i n g .  

ADAPTABILITY 
Sorghum adap ts  t o  many env i ronments ,  r e q u i r i n g  90 t o  140 days t o  mature.  H i g h e s t  y i e l d s  a r e  
u s u a l l y  o b t a i n e d  f r o m  v a r i e t i e s  m a t u r i n g  i n  100 t o  120 days. Such g r a i n  sorghum u s u a l l y  has a  
g r a i n - t o - s t r a w  r a t i o  o f  abou t  1: 1. V a r i e t i e s  m a t u r i n g  e a r l i e r  may n o t  y i e l d  q u i t e  as much 
because o f  t h e  reduced  g row ing  p e r i o d ;  l a t e  m a t u r i n g  v a r i e t i e s  t e n d  t o  p u t  on  f o l i a g e  and make 
l e s s  g r a i n  ( t h e  g r a i n - t o - s t r a w  r a t i o  m y  r u n  as h i g h  as 1 : 5 ) .  B e t t e r  y i e l d s  o f  such l a t e  



Plant Protection 

v a r i e t i e s  co~ l l~ l l on ly  Average 1500 t o  1000 k g i h a ,  c o l ~ ~ i ~ a r e d  w i t h  4000 t o  5000 ky /hd  o r  Illore f o r  
e d r l  i c r  t y p e s .  

FERTILIZER RESPONSE 

F e r t i l i z e r  response  v a r i e s  f o r  d i f f e r e n t  v a r i e t i e s .  Many t r a d i t i o n a l  v a r i e t i e s  deve loped  i n  
l o w  f e r t i l i t y  and d r o u g h t y  s i t u a t i o n s  produce G t o  10 k g  g r a i n  p e r  kg  a p p l i e d  N, whereas 
v a r i e t i e s  r e s p o n s i v e  t o  h i g h  l e v e l s  o f  f e r t i l i t y  p roduce  2 0  t o  40 kg  g r a i n  p e r  k g  a p p l i e d  N. 
L o c a l l y  a v a i l a b l e  l i n e 5  shorr ld  he s t u d i e d  t o  t l e t e n ~ l i n e  t h c i r  rcisponsive~~er,. ,  t u  f e r t i l i z e r .  

WATER RELATIONS 

Sorghuri~ i s  u s u a l l y  grown under  h o t ,  d r y  c o n d i t i o n s .  Conipared t o  maize,  so ryhu~n  has d Il lore 
e x t e r i s i v c  and f i b r o u s  r o o t  system. The p l a n t  r o o t s  p e n e t r a t e  a  g r e a t e r  volu~rre o f  s o i l  t o  
o b t a i n  m o i s t u r e .  F e r t i  1  i z e r ,  even under  l o w  r a i r i f a l l  c o n d i t i o n s ,  ericourages r o o t  developr~ ient ;  
hence, t h e  r o o t s  a r e  a b l e  t o  e x t r a c t  n i o i s t u r e  fro111 a  r j r e a t e r  v o l u n ~ e  o f  s o i l .  The i r ~ c r e a s e d  
m o i s t ~ r e  t h e n  a v a i l a b l e  t o  t h e  p l a n t ,  a l o n g  w i t h  t h e  i l ~ ~ p r o v e d  f e r t i l i t y ,  s t i n ~ u l , ~ t , e s  h i g h e r  
y i e l d s .  Sorghulii r e q u i r e s  l e s s  ~ ~ i o i s t u r e  f o r  g rowth  t h a n  some o t h e r  c c r c a l  c r o p s :  s t u t l i e s  show 
t h a t  sorghurrr r e q u i r e s  332 k g  o f  w a t e r  p e r  k g  o f  a c c u ~ l ~ u l a t e d  d r y  r ~ u t t e r ;  ~ i i a i z e  r-ecjuires 368 kc] 
o f  w a t e r ;  b a r l e y ,  434 kg;  and wheat ,  514 kg. Sorghum t e n d s  t o  "hang on"  d u r i n g  the d r y  p e r i o d  
and resumes g r o w t h  w i t h  t h e  r e t u r n  o f  r a i n .  

The w a t e r  requ i re r r len t  o f  sorghurrr i n c r e a s e s  as t h e  p l a n t  grows, r e a c h i n g  a  pedk d u r i n g  t h e  
f l o w e r i n g  p e r i o d ;  a f t e r  t h i s  t i m e ,  t h e  r r ro is ture consumpt ion  decreases.  A t  peak consuslpt ion,  
soryhum uses a b o u t  6 t o  7 h e c t a r e  r n i l l i ~ r l e t e r s  o f  w a t e r  p e r  day. Sorghurr~ a l s o  w i t h s t a r i d s  we t  
e x t r e ~ i i e s  b e t t e r  t h a n  do rliany o t h e r  c e r e a l  c r o p s  ( e s p e c i a l l y  ma ize :  so rghu~ i l  c o n t i n u e s  t o  grow, 
though  n o t  w e l l ,  i n  a  f l o o d e d  c o n d i t i o n ;  maize,  by  c o n t r a s t ,  w i l l  d i e ) .  Sorghur~l a l s o  has some 
t o l e r a n c e  t o  s i l l  t drld d l  u r r l i n u ~ ~ ~  t o x i c i t y .  

TEMPERATURE RELATIONS 

Sorghurl~ w i l l  rliake g r a i n  even thouyh  te l l rperatures a r e  h i g h .  C r o s s i r ~ g  lnay be d i f f i c u l t  if tem- 
p e r a t u r e s  a r e  40°C o r  rnore, w i t h  r e l a t i v e  h u ~ i i i d i t y  o f  30' o r  l e s s ;  b u t  a  c r o p  can be o b t a i n e d  
i f  n i o i s t u r e  i s  a v a i l a b l e  ( e s p e c i a l l y  i f  a v a i l a b l e  p r i o r  t o  and d u r i n g  t h e  f l o w e r i n c j  p e r i o d ) .  
F l o r a l  development  and seed s e t  a r e  norl l ial  a t  ter r lperatures o f  40 t o  43°C and a t  15 t o  30' 
r e l a t i v e  h u m i a i t y ,  i f  s o i l  m o i s t o r e  i s  d v d i l a b l c .  Sorr jhu~i l  i s  n o t  d s  t o l c r c l r ~ t  t o  c o o l  weather  
as i s  ma ize .  S o r q h u ~ ~ ~  grows s l o w l y  a t  20°C, h u t  g e r ~ u i n a t i o n  arld g r o w t h  w i l l  o c c u r  i n  sollle 
v a r i e t i e s  w i t h  t e m p e r a t u r e  as l o w  as 12°C. 

PLANT PROTECTION 

I n s e c t s :  I n s e c t s  a r e  a  s e r i o u s  proble i l i  i r ~  t h e  c u l t i v a t i o n  o f  sorcjhu~n. The shoo t  f l y  
! l ! b , ~ ~ i : ~ ~ ) t i i : :  :;clrdrd,:li: can s e v e r e l y  d a ~ ~ ~ a y e  t h e  c r o p  a t  c e r t d i r l  t i ~ l l e s  o f  t h e  y e a r .  A  nuinber of . , ster~r b o r e r s  i n f e s t  t h e  c r o p .  A  s r ~ l a l l  f l y ,  " r r~ idge"  f , , - ~ ~ ~ \ : , ~ i ' ) ~ , :  : :o r# : ; \ t : , s .~ .  ;, o c c a s i o r i a l l y  i s  
v e r y  damaging t o  seed s e t .  (Midge l a y s  i t s  eqcj i r l  t h e  f l o r e t  a t  t h e  ti111e o f  f l o w e r i r i y  aritl 
t h e  niaqgot feeds on and d e s t r o y s  t h e  d e v e l o p i n q  seed. A c r o p  car1 hc c o r r ~ i ~ l e t e l y  l o s t  because 
of t h i s  i n s e c t . )  These p rob le r r~s  can be c o n t r o l l e d  by use o f  insecticide. For  example, i n  
exper i rnen ta l  c r o p s ,  Furadan o r  Th imet  can be used f o r  shoo t  f l y ;  E n d r i n  o r  S e v i n  f o r  b o r e r s ,  
and 5 t o  102: BHC d u s t  f o r  midge.  O t h e r  a p p r o p r i a t e  i n s e c t i c i d e s  a r c  a v a i l a b l e .  

U i  seases: A r iuir~ber o f  d i seases  a r e  o f  ~ n a j o r  ecorlorr~ic concern .  Most i n ~ p o r t a n  t alnollg 
, . t h c s e  a r e  g r a i n  11io1 ds; downy mi 1  dew, :;,-,7i,rjc,n;-~~:r,1 z i ; ~ ? ! , / ~ i ;  and c h a r c o a l  r o t ,  ,!b;87~7 t :~i.~,tr~l 1r . i  

l,i!:l::c.)ll:. A r~ t t i racnose  i r . ; i l i i ~ t ~ t l ~ : , : : l l o r i  : j , t ~ , ~ ~ ; ~ : ; : . o i ~ , ) ,  downy m i ldew and ~ i i a i z e  dwarf  rrcosaic 
v i r u s  a r e  among t h e  more i n i p o r t a n t  d i s e a s e s  i n  t h e  Amer icas.  B reed ing  f o r  r e s i ~ t a n c e  i s  
t h c  b e s t  method o f  c o n t r o l  . 

Weeds: The p a r a s i t i c  h i g h e r  p l a n t ,  ::t),::;(~ (w i t chweed)  i s  a  r l la jor  l i r i i i t i n q  f a c t o r  i n  
p a r t s  o f  A f r i c a  and I n d i a .  . : : ~ P ~ J , I  71c,r1,1o,zii;i~-.~~, found f rom Tanzania t o  E t h i o p i a  and westward 
a c r o s s  t h e  A f r i c a n  c o n t i n e n t ,  i s  t h e  ~ i i o s t  i m p o r t a n t  s p e c i e s .  ,-t,al:,i~ t1~ir7tit:i.l i s  found i n  
c e n t r a l  and s o u t h e r n  A F r i c a  and i s  t h e  niore i m p o r t a n t  s p e c i e s  i n  I n d i a .  
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B i r d  Damage: B i r d s  can be a  s e r i o u s  problem, e s p e c i a l l y  when t h e  c r o p  i s  an i n t r o d u c t i o n  
o r  a  v a r i e t y  t h a t  matures much e a r l i e r  o r  l a t e r  than  t h e  l o c a l  t ype .  B i r d  damage tends  t o  
become l e s s  as acreage inc reases ,  o r  if t h e  c r o p  i s  sown so as t o  mature a l o n g  w i t h  some o t h e r  
c r o p  i n  t h e  a rea .  

Nematodes: These have r a r e l y  been found t o  l i m i t  y i e l d  b u t  may become a  problem i f  a  
f i e l d  i s  p l a n t e d  c o n t i n u o u s l y  t o  sorghum f o r  severa l  y e a r s .  

Current Production Data 

Est imates  f o r  t h e  p r o d u c t i o n  o f  sorghum a r e  comp l i ca ted ,  because t h e  r e p o r t i n g  systeliis o f  a  
s u b s t a n t i a l  number o f  c o u n t r i e s  combine d a t a  f o r  b o t h  sorghum and m i l l e t s .  I n f o r m a t i o n  
p resen ted  here  r e l a t e s  p r i m a r i l y  t o  sorghum, b u t  i n c l u d e s  t h e  m i l l e t s  a t  t imes  ( T a b l e  1.1). 

Worldwide, t h e  a rea  sown t o  sorghum i n c r e a s e d  f rom 38.5 t o  43.9  nill lion ha f rom 1961-65 
t o  1976. Average y i e l d s  f o r  sorghum f o r  t h e  w o r l d  i n c r e a s e d  f rom 918 t o  1 179 kg/ha d u r i n g  
t h i s  p e r i o d ,  w h i l e  t o t a l  p r o d u c t i o n  has i n c r e a s e d  f rom 35.3 t o  51.8 m i l l i o n  m e t r i c  tons .  Among 
t h e  ma jo r  c e r e a l s ,  sorghum ranks  f i f t h  i n  a rea  sown; f o l l o w i n g  wheat, r i c e ,  maize,and b a r l e y .  
Average y i e l d s  a r e  l o w e r  than  a l l  o t h e r  g r a i n s  r e p o r t e d ,  excep t  m i l l e t .  The lower  average 
y i e l d s  a r e  p r i n i a r i l y  a  r e s u l t  o f  t h e  h o t ,  d r y  c o n d i t i o n s  where sorghums a r e  most co~nmonly 
grown, r a t h e r  than  a  r e f l e c t i o n  o f  t h e  p l a n t s  c a p a b i l i t y .  Sorghum w i l l  o u t y i e l d  maize i n  some 
envi ronments when we1 1  managed; p r o d u c t i o n  areas a r e  i n c r e a s i n g  draniat i  c a l  l y  i n  many l o c a t i o n s ,  
i n c l u d i n g  some t r a d i t i o n a l l y  maize-growing a reas .  I n  L a t i n  America, f o r  example, t h e  a rea  sown 
t o  sorghum has i n c r e a s e d  abou t  t h r e e f o l d :  frorn 1.5 t o  4.2 m i l l i o n  ha. T h i s  inc rease ,  i n  l a r g e  
p a r t ,  i s  a t t r i b u t e d  t o  t h e  v i r t u a l l y  c o n ~ p l e t e  change f rom c u l t i v a t i o n  o f  v a r i e t i e s  t o  t h e  
c u l t i v a t i o n  o f  h y b r i d s .  

Table 1.1.  Yields (kgtha) for the Major Cereals of the World (1976) 

Crop 

-- -. 

Maize 
R ice  
B a r l e y  
Oats 

Average Y i e l  d  
Wor ld 

Crop 

Wheat 
Rye 
Sorghum 
M i l l e t s  

Average Y i e l d  
World 

Sorghum Domestication 

It i s  d i f f i c u l t  t o  de te rmine  when and where d o m e s t i c a t i o n  occur red  (de Wet e t .  a l . ,  1970). 
Murdock (1959) has suggested t h a t  t h e  Mande peop le  around t h e  headwaters of t h e  N i g e r  R i v e r  may 
have domest i ca ted  sorghum. Dogget t  (1965a) i n d i c a t e d  t h a t  a r c h a e o l o g i c a l  ev idence suggests 
t h a t  t h e  p r a c t i c e  o f  c e r e a l  d o m e s t i c a t i o n  was i n t r o d u c e d  f r o m  Egyp t  t o  E t h i o p i a  about  3000 B.C. 
It i s  p o s s i b l e  t h a t  d o m e s t i c a t i o n  o f  sorghum began abou t  t h a t  t ime .  de Wet s t .  u l .  (1970) have 
s t u d i e d  a r c h a e o l o g i c a l  r e p o r t s  b u t  found o n l y  meager i n f o r m a t i o n  abou t  sorghum. 

de Wet and h i s  c o l l e a g u e s  suggest  t h a t  sorghum had a  d i v e r s e  o r i g i n  and p r o b a b l y  a rose  f rom 
S. verticiZZifZorwn. Sorghum arunciinnceum i s  a  grass o f  t h e  t r o p i c a l  f o r e s t s ,  and 
S. aethiopicwn and s. virgatwn a r e  found i n  d e s e r t  r e g i o n s .  These h a b i t a t s  a r e  o u t s i d e  t h e  
ma jo r  sorghum areas  and p r o b a b l y  c o n t r i b u t e d  l e s s  t o  i t s  d o m e s t i c a t i o n .  5'. verticiZ7.iflorwn 
i s  u s u a l l y  found i n  areas where sorghum i s  c u l t i v a t e d .  There i s  tremendous v a r i a t i o n  i n  
S ,  v e r t i c i l l i f l o m ;  and i t ,  as w e l l  as t h e  o t h e r  w i l d  species,  r e a d i l y  c rosses  w i t h  c u l t i -  
va ted  sorghum. I t  y i e l d s  w e l l  and was p r o b a b l y  c o l l e c t e d  and used b e f o r e  t h e  advent  of  
a g r i c u l t u r e .  



E a r l y  Geographic Spread  

Snowden (1936) and P o r t e r e s  (1951) suggested t h a t  races  d u r r a ,  gu inea  and c a f f r a  a r e  
c l o s e l y  a1 1 i e d  and may have a r i s e n  f rom a e t h i o p i r w n ,  ( I P U ~ ( ~ ~ T ~ U L ' B I U I I ,  and v e r t i c i  L L i f l o r m ,  
r e s p e c t i v e l y .  T h i s ,  however, i s  d i f f i c u l t  t o  demonstrate experimentally. M o r p h o l o g i c a l  d i f -  
ferences between races  may have a r i s e n  because of  e t h n i c  i s o l a t i o n .  C a f f r a  i s  w i d e l y  grown i n  
Ban tu  A f r i c a .  w h i l e  d u r r a  i s  n o t  found.  Caudatums a r e  most conmion i n  c e n t r a l  Sudan and Guinea 
corns  a r e  found p r i m a r i l y  i n  West A f r i c a .  D i s t r i b u t i o n  i n d i c a t e s  t h a t  t h e  races  c a f f r a  and 
caudatum were d e r i v e d  f rom u e r t i c i l l i f l o r ~ w l ~ ,  and t h a t  d u r r a  p o s s i b l y  c o u l d  have come f r o m  
b i c o l o r .  Guinea c o r n  i s  q u i t e  d i s t i n c t ,  b u t  i t  i s  q u e s t i o n a b l e  t h a t  i t  c o u l d  have come f r o m  
amnd inaccwn (wh ich  i s  a  g rass  o f  t r o p i c a l  f o r e s t s )  and n o t  found where sorghum i s  e x t e n s i v e l y  
c u l t i v a t e d .  

I n t r o g r e s s i o n  s t u d i e s  i n d i c a t e  t h a t  c u l t i v a t e d  sorghurns p r o b a b l y  developed th rough  d i s -  
r u p t i v e  s e l e c t i o n  (Dogge t t ,  1965b). Cross ing  e a s i l y  occurs  between w i l d  and c u l t i v a t e d  types ;  
however, t h e s e  types  fo rm d i s t i n c t  p o p u l a t i o n s .  I t  i s  specu la ted  t h a t ,  as man began t o  s e l e c t ,  
t h e r e  was s u b s t a n t i a l  gene f l o w  between improved and unit l iproved t y p e s .  T h i s  gene f l o w  would 
decrease as f i e l d  s i z e s  became l a r g e r .  The s e l e c t i o n  by lrian and n a t u r e  would p r o v i d e  a  
d i s r u p t i v e  f o r c e  r e s u l t i n g  i n  d i v e r s e  p o p u l a t i o n s  ( p o l y m o r p h i c  p o p u l a t i o n s ) .  These d i s r u p t i v e  
f o r c e s  have been c o n t i n u o u s l y  a c t i v e  t h r o u g h  t i m e  (and  a r e  s t i  11 a c t i v e ) ,  i n f l u e n c i n g  c u l t i -  
v a t e d  and w i l d  p o p u l a t i o n s .  Most i n t e r m e d i a t e  forms do n o t  e x i s t  l o n g  i n  n a t u r e :  those  
backcrossed by c u l t i v a t e d  c rops  wou ld  t e n d  t o  c o n t r i b u t e  genes i n  t h e  d i r e c t i o n  o f  c u l t i v a t e d  
types ;  and t h o s e  backcrossed by w i l d  t ypes  would t e n d  t o  c o n t r i b u t e  genes t o  t h e  w i l d  popula-  
t i o n .  Po lymorph ic  p o p u l a t i o n s  wou ld  t e n d  t o  be  m a i n t a i n e d  and change over  t h e  years .  New 
forms wou ld  a r i s e ,  l e a d i n g  t o  t h e  t ypes  o f  sorghum now i n  c u l t i v a t i o n .  E t h n i c  i s o l a t i o n  would 
h e l p  t h i s  p rocess .  

The p rocess  o f  d o m e s t i c a t i o n  i n v o l v e d  a  change i n  s e v e r a l  c h a r a c t e r i s t i c s  of  t h e  p l a n t .  A 
tough r a c h i s  and p e r s i s t e n c e  o f  t h e  s e s s i l e  s p i k e l e t  were p r o b a b l y  i n t r o d u c e d  e a r l y  i n  t h e  
p rocess .  I t  i s  l i k e l y  t h a t  t h e  t r a n s f o r m a t i o n  o f  a  l o o s e  and open i n f l o r e s c e n c e  i n t o  a  compact 
t y p e  i n v o l v e d  s e v e r a l  changes: f i r s t ,  an i n c r e a s e  i n  t h e  nurr~ber o f  branches p e r  node; second, 
an i n c r e a s e  i n  nur~iber o f  branches p e r  p r i m a r y  i n f l o r e s c e n c e  branch;  and t h i r d ,  a  decrease i n  
i n t e r n o d e  l e n g t h  on t h e  p r i m a r y  a x i s  ( r a c h i s ) .  An i n c r e a s e  i n  seed s i z e  a l s o  was p r o b a b l y  a  
p r o d u c t  o f  domes t i ca t ion ,  t h e  seed becoming 1  a rge  enough t o  p r o t r u d e  f rom t h e  glumes. 

EARLY GEOGRAPHIC SPREAD 

When and how sorghum spread  f rom A f r i c a  i s  a  m a t t e r  o f  c o n j e c t u r e .  Dur ra  types today ex tend  
c0nt inuou: ly  f r o m  E t h i o p i a ,  a l o n g  t h e  N i l e  t o  t h e  Near East ,  and ac ross  I n d i a  t o  Tha i land .  The 
d u r r a  t ypes  were p r o b a b l y  i n t r o d u c e d  t o  A r a b i a  as e a r l y  as t h e  Sabian Empire ( 1  000 t o  800 
B.C.), and l a t e r  spread t o  t h e  Near East  a l o n g  t r a d e  r o u t e s .  Snowden (1936) p r o v i d e s  t h e  da tes  
f o r  rnost o f  t h e  f o l l o w i n g  d i s c u s s i o n .  

E x t e n s i v e  t r a d e  r o u t e s  ( b y  l a n d  and sea, around t h e  A r a b i a n  sea and t h e  Eas t  Med i te r ranean  
area, as f a r  as Ch ina)  d a t e  f a r  back i n t o  a n t i q u i t y .  Sorghum p r o b a b l y  reached I n d i a  b y  b o t h  
l a n d  and sea r o u t e s .  I t s  c u l t i v a t i o n  i n  I n d i a  i s  ment ioned i n  legends wh ich  d a t e  back t o  t h e  
f i r s t  c e n t u r y  A.O. It i s  n o t  a  v e r y  o l d  c r o p  i n  I n d i a ,  as i t s  S a n s k r i t  name "Yavanala" means 
r e e d  b a r l e y  o r  r e e d  g r a i n ,  i n d i c a t i n g  t h a t  sorghum p r o b a b l y  f o l l o w e d  b a r l e y  i n t o  I n d i a .  

The absence o f  sorghum f rom e x c a v a t i o n  s i t e s  i n  t h e  Near Eas t  i n d i c a t e s  t h a t  t h e  c r o p  came 
f a i r l y  l a t e  t o  t h i s  a rea .  P o s s i b l y  sorghum was i n t r o d u c e d  t h e r e  abou t  t h e  same t i m e  i t  
appeared i n  I t a l y .  P l i n y  recorded  ( i n  approx.  60 t o  70 A.D.) t h a t  t h e  c r o p  was i n t r o d u c e d  i n t o  
I t a l y  f rom I n d i a .  

D i s t r i b u t i o n  suggests t h a t  Sorghwn b i c o l o r  was p r o b a b l y  i n t r o d u c e d  i n t o  China from I n d i a  
abou t  t h e  t h i r d  c e n t u r y  A.D. The presence o f  d u r r a  t ypes  i n  Korea and a d j a c e n t  Chinese 
p r o v i n c e s  suggests t h a t  i t  may have been i n t r o d u c e d  t h e r e  v i a  t h e  a n c i e n t  s i l k  r o u t e s  from 
A s i a  M inor .  

Sorghum i s  r e l a t i v e l y  new t o  t h e  Amer icas.  It was f i r s t  i n t r o d u c e d  i n t o  t h e  U n i t e d  S t a t e s  
i n  1857, and was e x t e n s i v e l y  used i n t o  t h e  e a r l y  1900s f o r  s y r u p  (Dogget t ,  1965a). It i s  now 
an i m p o r t a n t  g r a i n  c r o p  i n  s e v e r a l  o f  t h e  wes te rn  s t a t e s .  I t s  c u l t i v a t i o n  i n  C e n t r a l  and 
South America has become s i g n i f i c a n t  on1 y  s i n c e  1950. 



Sorghum: Rn::i,c Uses, L'i?i~riiotr?r*istics, Distr.ibution 

CLASSIFICATION : EARLY DESCRIPTIONS 

Sorghum has been v a r i o u s l y  c l a s s i f i e d .  The f o l l o w i n g  h i s t o r i c a l  o u t 1  i n e  i s  taken  f rom Snowden 
(1936) .  P l  i n y  ( i n  I I i ~ s t ~ ~ ~ i i ~ e  ~ i7 tur~ i1Z i s )  was t h e  f i r s t  t o  g i v e  a  c l e a r l y  i d e n t i f i a b l e  w r i t t e n  
d e s c r i p t i o n  of  sorghum. A p a r t  f r o m  t h i s ,  t h e r e  appears t o  be l i t t l e  w r i t t e n  abou t  sorghulri 
u n t i l  t h e  1 6 t h  c e n t u r y ,  a l t h o u g h  Crescenz i  ment ions  sorghum i n  some w r i t i n g s  i n  1305 A.D. Rue1 
(1537) r e f e r s  t o  sorghum as M i l i m  snrc~ci7yrric~~?unr. r u c h  (1542) ,  Tragus (1552) ,  and S c a l i g e r  
(1557),  Lobe1 (1576) ,  Dodoens (1583) r r ~ e n t i o n  sorghum. P o r t a  (1592) r e f e r s  t o  t h e  p l a n t  o f  
P l i n y  as M i Z i w i  irtdic~un, b u t  a l s o  r e f e r s  t o  l o o s e  p a n i c l e ,  whi te-seeded t y p e  as MiZiwri 
t l ~ t h i o ; ~ i c ~ ~ 1 1 ,  which  i s  p r o b a b l y  t h e  same as t h a t  n ient ioned by Be lon  i n  1553 as hav ing  come fro111 
around C i l i c i a  ( i n  t h e  n o r t h e a s t  a rea  of  t h e  Med i te r ranean ,  p r i m a r i l y  i n  T u r k e y ) .  M a t t h i o l i  
(1598) gave i l l u s t r a t i o n s  o f  h i s  sorghum and r e f e r r e d  t o  i t  as M i Z i w n  ,itdCcum P l  i n y .  Dalecharrips 
(1586) i l l u s t r a t e d  a  sorghum t h a t  he c a l l e d  Miliuni ,intlicum s i ve  rne'lica M a t t h i o .  The number o f  
r e f e r e n c e s  i n c r e a s e d  s u b s t a n t i a l l y  a f t e r  t h i s  p e r i o d ,  and o n l y  a  few a r e  o f  i n t e r e s t  he re .  

B e s l e r  (1613) i l l u s t r a t e d  two v a r i e t i e s ,  t h e  f i r s t  under : ; o ~ g / i o  as Melicn itnlorwn and 
t h e  second as 5oiJghwn fructzt ulbo. Caspar Baugin (1623) d e s c r i b e d  a  number o f  M i l i u m  spec ies  
u s i n g  t h e  names M i Z i i * r , i  sz~brotundo si:mirte f o r  t h e  same t y p e  as t h a t  d e s c r i b e d  by P l i n y .  
P a r k i n s o n  ( 1640) i n c l u d e d  a1 1  sorghums under Mi l i i ~ r ~  s i t ~ e  soryhlurr. Hermann ( 1687) d e s c r i b e d  
two new spec ies ;  MiZiwr~ i~lriicwn nr l~~r l f i i r k~c t~~)  crz!~l~' ljrurlis f 7 1 ~ 1 ) r - ~ ~ ~ n t i b u s ,  and Milium indiclun 
t~rlum~inuceo (:(lulr jr.anis niyr.is. Breyne (1689) d e s c r i b e d  s e v e r a l  spec ies ,  and Pontedero 
(1718) recordea  a  l a r g e  nuniber o f  sorghums under Miliwn. He was f o l l o w e d  by M i c h e l i  (1729) 
who used t h e  g e n e r i c  name sorghwn. A l p i n o  (1735) d e s c r i b e d  a  t y p e  as Dora which  l a t e r  was 
i d e n t i f i e d  as a  d u r r a .  

I n  1737, L innaeus d e s c r i b e d  two  spec ies  o f  sorghum; one as HoZr.us !7lzvnis y2ubris and t h e  
o t h e r  as Holcus ~ Z w n i s  v i l Z u s i s .  Linnaeus,  i n  h i s  "Species P l a n t a r i u m "  (1753), d e s c r i b e d  t h r e e  
s p e c i e s  o f  c u l t i v a t e d  sorghum - Nolcus sor.ghmm, H .  snccartrtus, and H. bicolor .  Mieg (1777) 
r e f e r r e d  t o  sorghum as Holcus dora, F o r s s k a l  (1775) as Holeus cluran, Persoon (1805) c r e a t e d  t h e  
name sorghwri vuZgare f o r  HoZcus sorghum L i n n . ,  and Nulcus dora Mieg. F o r s s k a l  d e s c r i b e d  
ii. chchna i n  1775, and Ardu ino  (1786) d e s c r i b e d  H. cufcr ,  which  had a r r i v e d  i n  I t a l y  f r o m  
South A f r i c a .  

Koch i n  1848 r e c o r d e d  Sorghunl h i l l ~ p o ~ ~ r ~ .  B r o t e r o  ( 1804) r e c o g n i z e d  t h e  s i m i  1  a r i  t y  between 
sorghums and andropogon, and p l a c e d  them i n  t h a t  genus. He used t h e  name Andraopogon cornpactus 
f o r  H. sorghm L i n n .  and Andropogotz sorl:7i.~wr1 f o r  I / .  bi.color8. R o x b u r g h i i  (1820) a l s o  r e f e r r e d  
t o  sorghum under Andr~opogon. Steude l  (1854) d e s c r i b e d  an Andropogon subg2abresc~ns and 
Andropogon drwur1ondii. B e f o r e  S t e u d e l ' s  work,  t h e  v a r i o u s  d i s t i n c t  t ypes  o f  sorghum were 
c o n s i d e r e d  as s e p a r a t e  s p e c i e s .  A l e f e l d ,  i n  1866, and Koern icke ,  i n  1885, adopted t h e  system 
o f  s u b - o r d i n a t i n g  a l l  t h e  c u l t i v a t e d  sorghums as v a r i e t i e s  o f  one spec ies  and used t h e  name 
Antlropogon sorghwn. T h i s  spec ies  t h e n  c o n s i s t e d  o f  two subspecies,  halepcnsa and su t iaus ,  t h e  
fo rmer  c o n t a i n i n g  t h e  w i l d  spec ies  and t h e  l a t t e r  t h e  c u l t i v a t e d  ones. 

Chiovenda (1912) reworked  t h e  sorghums and d i v i d e d  them i n t o  f o u r  groups under t h e  
spec ies  name soryhwn S t a p f  (1917) a l s o  reworked t h e  c l a s s i f i c a t i o n  o f  sorghum u s i n g  t h e  word 
Sorghtun as t h e  genus name. He a l s o  used t h e  word EL{-sorghum t o  r e p r e s e n t  t h e  " t r u e  sorghum," 
t h e  o t h e r  g roup  b e i n g  t h e  Surgh~s t~vuns .  Snowden (1936) subsequen t l y  d i v i d e d  t h e  sorghums i n t o  
t h e  s e c t i o n s  Fu-sorghum and p~r*a-sorghun~, l e a v i n g  t h e  Sorghustrwns t o  c o n t a i n  more d i s t i n c t  
t ypes .  He d e s c r i b e d  t h e  sorghums as f o l l o w s :  

Sec t .  Eu-sorghwn 
Subsect .  Ar~undinacsa Snowden 

S e r i e s  Spontawa Snowden 
S e r i e s  Sat iva Snowden 

Subsect .  IhZepensia Snowden 
S e c t .  Para-sorghum 

Us ing  t h i s  b a s i c  s t r u c t u r e ,  Snowden (1936) d e s c r i b e d  31 c u l t i v a t e d  and 17 r e l a t e d  w i l d  
spec ies .  These spec ies ,  however, a r e  more a p p r o p r i a t e l y  cons idered  as races  o f  one spec ies .  
The work o f  Snowden s tands  as a  tremendous c o n t r i b u t i o n  and remains u s e f u l  t o  s c i e n t i s t s .  

de Wet and Huckabay (1967) used 38 c h a r a c t e r s  t o  s t u d y  t h e  r e l a t i o n s h i p  between t h e  52 



t a x a  d e s c r i b e d  by  Snowden. S i n ~ i l a r i  t y  c o e f f i c i e n t s  were c a l c u l a t e d  u s i n g  38 c h a r a c t e r  
nleasurenients p l a c e d  i n  a  rn ia t r ix  t a h l c .  The c l u s t e r i r l y  o f  tdxa  used t o  group sorghun~ i s  
i n d i c a t e d  i n  T a b l e  1.2. 

Table 1 .2 .  1 axa o f  Sorghum. 
- - - -  

Group Genus Spec ies  Subspecies V a r i e t y  Race 

b i c o l o r  

d u r r a  

gu inea  

k a f i r  

M u r t y  o t  aZ. (1967)  d i v i d e d  a b o u t  4000 e n t r i e s  i n  t h e  Wor ld  Sorghum C o l l e c t i o n  i n t o  e i g h t  
s u b s e r i e s  and 70 p r e l i r l l i n a r y  w o r k i n g  q roups .  These w o r k i n g  groups a r e  riiore o r  l ~ s s  an 
e x t e n s i o n  o f  t h e  c l a s s i f i c a t i o n  ~l iade by Snowden and have been found c o n v e n i e n t  by  sonic worke rs .  

The c o l l e c t i o n  was c l a s s i f i e d  by  u s i n g  f i v e  s t a t i s t i c a l  p rocedures  r e s u l t i n g  i n  a d i v i s i o n  . . 
o f  t h e  genus ,i;o~!giium i n t o  n i n e  g roups :  :;. r.o.rhtrrs:?i:i, :,. ~..i?!:.;,',,:cii~r<, .';. , : ? , r l i : : , 1 : , : , * , ' 7 c / i ,  

S, P!QPUOCWT~, S. L!uTT*(.>, 5'. S U / ~ < / ] O ~ ~ I Y ~ ~ ~ : ; , ~ < ~ F ~ ; ; ,  S. : : !< ( j c , ) / c ,>~~ : ,~ ,  ,::. /;tl/t,/ ,:. , , : j :  ! , '. t~ $' t , ; ) (> i  ~ I I I ~ .  

H a r l a n  and de Wet (1972)  have deve loped  a  s i m p l i f i e d  c l a s s i f i c a t i o n  u s e f u l  t o  p l a n t  
b reeders  f o r  t h e  c l a s s i f i c a t i o n  o f  ::orvilium bi(>nir?r1 v a r .  ! ; c 3 ~ :  .). The f o l l o w i n g  i s  q u o t r d  fro111 
H a r l a n  (1972) .  

The systeni p a r t i t i o n s  t h e  v a r i a t i o n  i n  :;orriiiuni P :  1 ,  ( L )  Moerlch i n t o  t h e  f o l l o w i n g  
r a c e s :  

S. b i c o l o r  spp. blcolor c u l t i v a t e d  r a c e s :  

B a s i c  r a c e s :  

Race ( 1 )  b i c o l o r  ( B )  
Race ( 2 )  g u i n e a  ( G )  
Race ( 3 )  caudaturn (C)  

Race (4) k a f i r  (K) 
Race ( 5 )  d u r r a  ( D )  

H y b r i d  r a c e s  ( a l l  c o m b i n a t i o n s  o f  b a s i c  r a c e s ) :  

Race ( 6 )  g u i n e a - b i c o l o r  (GB) Race (11 ) g u i n e a - k a f  i r  (GK) 
Race ( 7 )  c a u d a t u m - b i c o l o r  (CB) Race (1  2 )  g u i n e a - d u r r a  ( G D )  
Race ( 8 )  k a f i r - b i c o l o r  (KB) Race ( 1  3 )  k a f i r - c a u d a t u l n  (KC) 
Race ( 9 )  d u r r a - b i c o l o r  (DB) Race ( 1 4 )  du r ra -cauda tua  (DC) 
Race ( 1 0 )  gu inea-caudatum (GC) Race ( 1  5 )  k a f i r - d u r r a  (KD) 

S. bicoZc-ir spp. mwnt i iw~cewr  spontaneous r a c e s  

Hace ( 1  ) a rund inaceu~n  
Race ( 2 )  ae th iop icu rn  
Race ( 3 )  v i r g a t u m  

Race ( 4 )  v e r t i c i l l i f l o r u r n  
Race ( 5 )  propinquum 
Race ( 6 )  s h a t t e r c a n e  



CULTIVATED SORGHUM 

The 5 r a c e s  o f  c u l t i v a t e d  sorghulrl can be i d e n t i f i e d  by  matu re  s p i k e l e t s  a l o n e ,  a l t h o u g h  
head t y p e  i s  so~r le t imes h e l p f u l .  The c l d s s i f i c a t i o n  i s  based on f i v e  funddl l ler l tal  s p i k e l e t  t y p e s  
d e s c r i b e d  by  H a r l a n  and de Wet: 

B i c o l o r  : G r a i n  e l o n g a t e ,  s o ~ n e t i ~ i i e s  s l  i g h t l y  obova tc ,  near1 y  s y r ~ l ~ i i e t r i c a l  do rso -  
v e n t r a l l y ;  qlulrles c l a s p i n g  t h e  g r a i n  w h i c h  lllay he c o l l ~ p l e t e l y  c o v c r e d  
o r  exposed as  much as h o f  i t s  l e n g t h  a t  t h e  t i p ;  s p i k e l e t s  p e r s i s t e n t .  

Guinea : G r a i n  f l a t t e n e d  d o r s o - v e n t r a l l y ,  s ~ i b l e n t i c u l a r  i n  o u t l i n e ,  t w i s t i n g  a t  
l n a t u r i t y  90 degrees between q a p i n g  i n v o l u t e  glumes t h a t  d r e  n e a r l y  as 
l o n g  t o  l o n g e r  than  t h e  g r a i n .  

Caudatuln : G r a i n  marked ly  d s . y n l ~ r ~ e t r i c a l ,  t h e  s i d e  n e x t  t o  the  l o w e r  glurrre f l a t  o r  
even su~~ iewha t  concave, t h e  o p p o s i t e  s i d e  rounded and h u l g i n q ;  t h e  
p e r s i s t e n t  s t y l e  o f t e n  a t  t h e  t i p  o f  a  beak p o i n t i n g  toward  t h e  l o w e r  
glume; qlurr~es I, o f  t h e  1engt.h o f  t h e  g r a i n  o r  l e s s .  

K d f i r  : G r a i n  approx i i l l a te l  y  syrrnnetr ica l ,  more o r  l e s s  s p h e r i c a l ,  n o t  t w i s t i n q ,  
c l l u ~ ~ i e s  c l a ~ p i r i g  and v a r i a b l e  i n  l e n q t h .  

D u r r a  : G r a i n  rounded obova te ,  wedge-shaped a t  t h e  base and b r o a d e s t  s l i g h t l y  
dbove t h e  ~ n i d d l e ;  t h e  g l u n ~ e s  v e r y  w ide ,  t h e  t i p  o f  a  d i f f e r e n t  t e x t u r e  
lrorr l  t h e  bds r  and o f t e n  w i t h  d t r a n s v e r s e  c rease  a c r o s s  t h e  m i d d l e .  

i B i c o l o r  

K a f i r  

Fig 1.1. Classification of Sorghum by Basic Spikelet Type. 



Sketches o f  t h e  b a s i c  s p i k e l e t  t y p e s  a r e  p r e s e n t e d  i n  l i g  1  .l. H a r l a n  and de Wet n o t e  t h a t :  
"The h y b r i d  r a c e s  a r e  e x a c t l y  what  one wou ld  e x p e c t  the111 t o  he.  Races t h d t  a r e  h a l f  gu inea  
hdve g r a i n s  t h a t  t w i s t  sorl~ewhat, b u t  r i o t  as c o m p l e t e l y  a s  i n  t h e  t r ~ ~ e  gu inea .  Races t h a t  a r e  
h a l f  cauda tu l i~  have g r a i n s  t h d t  a r c  t u r t l e - b a c k e d ,  b u t  r i o t  ds ex t r r t i~ l c  a s  i n  t h e  t r u e  caudatums. 
Kaces t h a t  d r e  h a l f  d u r r a  hdve g r a i n s  b r o a d l y  rouri t let l  dbuve, b u t  l c s s  c o n s p i c u o u s l v  obova te  
t h a n  p u r e  ,d;~rra and t h e  t r a n s v e r s e  c r e a s e  niay o r  111dy 1\01. he p r c s c n t .  Races t h a t  a r e  h a l f  k d f i r  
a r e  a p p r o p r i a t e l y  n lod i f  i e d  i n  t h e  d i r e c t i o n  o f  k a f i r  and t h e  h a l f  b i c o l o r  r d c e s  a r e  m o d i f i e d  i n  
t h e  d i r e c t i o n  o f  b i c o l o r . "  

H a r l a n  (1972. p .  515)  r e p o r t s  t h a t :  

" I n  A f r i c a ,  t h e  d i s t r i h u t i o r i  o f  i n d i g e n o u s  m a t e r i a l s  i s  r a t h e r  c o n s i s t r n t .  Guinea i s  
p r i ~ n a r i l y  West A f r i c a n  w i t h  a  secondary  c e n t e r  i n  Md ldw i -Tanzan ia .  Cdudatur~r i s  most  abundant  
fro111 e a s t  N i g e r i a  t o  e a s t e r n  Sudan and sou thward  i n t o  Uganda. K a f i r  i s  p r i n ~ a r i l y  a  r a c e  o f  
E a s l  A f r i c a ,  s o u t h  o f  t h e  e q u a t o r  and s o u t h e r n  A f r i c a .  Dur ra  i s  d o ~ n i n a n t  i n  C t h i o o i a  and 
westward a c r o s s  t h e  c o n t i n e n t  i n  t h e  d r i e s t  zones o f  soryhunr c u l  Lu re  near  t h e  Sahara. The 
h y b r i d  r a c e s  a r e  found  r a t h e r  c o n s i s t e n t l y  i n  t h e  expec ted  p l a c e s ;  e .q . ,  gu inea-caudatum o c c u r s  
where g u i n e a  and caudatuni o v e r l a p  ( N i g e r i a ,  Chad, Sudan) ;  d u r r a - c a u d a t u ~ i l  o c c u r s  i n  n o r t h e r n  
N i g e r i a  and p a r t s  o f  Sudan where d u r r a s  and c a u d a t u r ~ ~ s  a r e  a l s o  found,  c t c .  

"The b i c o l o r  r a c e  o c c u r s  on a  rn inor  s c a l e  a l ~ ~ i o s t  everywhere i n  A f r i c a .  The sweet t y p e s  
used f o r  chew in  a r e  u s u a l l y  b i c o l o r s ,  and some d r e  used f o r  beel-. They a r e  seldorr~ grown on a  
l a r g e  s c a l e .  On t h e  o t h e r  hand, t h e  h i g h l a n d  E t h i o p i a n  sorghums he lonq  t o  t h e  d u r r a - h i c c l l o r  
r a c e  and a r e  grown v e r y  e x t e n s i v e l y .  B i c o l o r  r a c e s  a r e  f r e q u e n t l y  r e c o n s t i t ~ ~ c d  l o c a l l y  
:hrough i n t r o g r e s s i o n  between g r a i n  sorqhurns and w i l d  and weedy s o r t s  t h d l  a r e  v e r y  abundant  i n  
c e n t r a l  and e a s t e r n  A f r i c a .  

"Son~e o f  t h e  h y b r i d  r a c e s  a r e  unknown fro111 i n d i g e n o u s  c o l l e c t i o n ,  b u t  show up i n  exper -  
i i i ~ e n t  s t a t i o n  p r o d u c t i o n s .  I n  s t u d y i n g  t h e  Snowden c o l l e c t i o r ~  a t  Kew, f o r  example, I c o u l d  
f i n d  n e i t h e r  t r u e  k a f i r  n o r t h  o f  t h e  e q u a t o r  n o r  t r u e  d u r r a  s o u t h  o f  t h e  e ( lua to r  and k a f i r -  
d u r r a  was m i s s i n g .  The Snowden c o l l e c t i o n  has t h e  advan tage  o f  b e i n q  a s s e n ~ b l c d  a b o u t  40 y e a r s  
ago ( e a r l y  t h i r t i e s )  b e f o r e  ~ l l a t e r i a l  became so w i d e l y  d i s t r i  b u t c d .  

" I n d i a n  sorghurr~s a r e  r l ~ o s t l y  d u r r a ,  gu ineas ,  and g u i n e a - k a f i r s ,  w i t h  soille b i c o l o r s  grown 
on a  m i n o r  s c a l e .  The A ~ ~ ~ e r i c a n  g r a i n  s o r g h u ~ ~ i s  a r e  now s l l r lost  e n t i r e l y  k a f i r - c a u d a t u m s .  The 
N i g e r i a n  Kauras a r c  durra-caudatums;  t h e  Zera z e r a s  and H e g a r i s  a r e  ~ a u d d t u ~ ~ ~ s .  What i s  c a l l e d  
F e t c r i  t a  i n  Sudan ranges f rom g u i  n e a - c a ~ ~ d a t u m  t h r o u q h  caudaturrr t o  du r ra -caudd tu r r~ .  Broonlcorn5, 
sorgos,  and sudangrass f a l l  under  r a c e  b i c o l o r . "  

D i s t r i b u t i o n  o f  t h e  v a r i o u s  g roups  d e s c r i b e d  by  de Wet (,'. (1970)  i s  shown i n  P l a t e  1. 

C u l t i v a t e d  sorghu~ns a r e  more v a r i a b l e  t h a n  t h e  w i l d - w e e d  complexes. l lowever, i t  i s  
p o s s i b l e  t o  d i s t i n g u i s h  f o u r  l i iore o r  l e s s  d i s t i n c t  c u l t i v a t e d  complexes, each w i t h  an essen- 
t i a l l y  r e c o g n i z e d  d i s t r i b u t i o n .  

S. l ~ i o o l n r  var, birwlur' r a c e  g u i n e a :  i s  t h c  commonly c u l t i v a t e d  sorqhu~ir o f  West A f r i c a ,  
where r a i n f a l l  i s  o v e r  1  000 mm a n n u a l l y .  The ~ r ~ o r p h o i o g i c d l  a f f i n i t i e s  anil d i s t r i b u t i o n  
i n d i c a t e  t h a t  t h e  r a c e  gu inea  was p r o b a b l y  d e r i v e d  fro111 s e l e c t i o n  anlong w i l d  ~r len~bers o f  t h e  
v a r i e t y  i i r i ~ n , i f r i a ~ ~ w ~ .  

.':. ?~.i:color var .  Fic8zJ%or r a c e  k a f  i r :  i s  t h e  r ~ l o s t  co r r i~~~on l  y  c u l  t i  v a t e d  s o r q h ~ l r i ~  s o u t h  o f  
5"N and e a s t  o f  20°E. I t  i s  a l s o  c u l t i v a t e d  fro111 n o r t h e r n  N i g e r i a  west  t o  r i o r t h c r n  Ghana, 
where t h e r e  i s  a  gene f l o w  between t h e  r a c e  y u i n e d  and k a f i r .  There i s  no a p p a r e n t  c e n t e r  
o f  o r i g i n  f o r  r a c e  k a f i r  p r o b a b l y  due t o  m i g r a t i o n s  o f  t h e  Bdntn p e o p l e .  T h e i r  m i g r a t i o n s ,  
s i n c e  man 's  e a r l i e s t  h i s t o r y ,  have b r o u g h t  a l l  o f  t h e  r i la jor  c u l  t i v a r s  i n t o  c o n t a c t .  T h i s  r a c e  
appears t o  be s t r i c t l y  o f  A f r i c a n  o r i g i n ,  and i t s  d i s t r i b j t i o n  and ~ n o r l ? h o l o g i c a l  a f f i n i t i e s  
suggest  t h a t  i t  a r o s e  f r o m  v a r i e t y  ,?( , a 2  :,-i:! ij';~r.,,,t:. 

. 1 a .  h r a c e  d u r r a :  i s  w i d e l y  c u l t i v a t e d  i n  A r a b i a  and A s i a  M i n o r ,  and 
d u r r a  t y p e s  a r e  c u l t i v a t e d  i n  I n d i a ,  Burnla, a l o n g  t h e  N i l e  V a l l e y ,  and i n  E t h i o p i a .  There  
appear  t o  be t h r e e  c e n t e r s  o f  ~ ~ i o r p h o l o g i c a l  d i v e r s i t y :  t h e  F th iop ian -Sudan  r e g i o n ,  t h e  Near 
Eas t ,  and I n d i a .  
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:;. hicoZor v a r .  bicolor r a c e  b i c o l o r :  has i t s  g r e a t e s t  d i v e r s i t y  i n  A s i a  b u t  i s  a l s o  
widespread i n  A f r i c a .  Some c u l t i v a r s  a r e  a l m o s t  s t r i c t l y  A f r i c a n ,  some a r e  f rom As ia ,  a  few 
f roni  Sou theas t  As ia ,  and even on t h e  South China c o a s t .  I t  appears t h a t  t h i s  r a c e  a r o s e  i n  
Eas t  A f r i c a  f r o m  t h e  v a r i e t y  nciii io1~i~~zon and t h a t  t h e  q r e a t  d i v e r s i t y  found i n  A s i a  o c c u r r e d  
a f t e r  i t s  i n t r o d u c t i o n  t h e r e .  

WILD SORGHUM 

de Wet e t  ( 12 .  (1970)  s t u d i e d  t h e  w i l d  soryhunis and sorghu~l i  r e l a t i v e s .  The d i s c u s s i o n  above 
r e l a t e s  t o  c u l t i v a t e d  sorghurr~ ( s e r i e s  ::irtivic), whereas t h e  f o l l o w i n g  d i s c u s s i o n  r e l a t e s  t o  
w i l d  r e l a t i v e s  ( s e r i e s  ~ p r i t c r ~ i c ' c i ) .  

The genus Sorglztlrr; has ill i~llense r r ~ o r p h o l o g i c a l  v a r i a t i o n .  The genus i s  u s u a l l y  s u b d i v i d e d  
i ri t o  s e c t i o n s  i'h7~-tc~sor~,!h11111, He7 tcr~,~sL~~~:;i!!rn?, F~trzii:irr~!iiicu~!, : : t ipooor~gi~~u?~,  and Sorghwn. The f i r s  t 
f o u r  s e c t i o n s  i n c l u d e  o n l y  w i l d  spec ies ,  b u t  t h e  s e c t i o n  Sa~.~!ilwn i n c l u d e s  c u l t i v a t e d  and w i l d  
t y p e s .  Snowden s u b d i v i d e d  t h e  s e c t i o n  .:'c~r'~iiii~?~: i n t o  two s u b s e c t i o n s :  Aru~~ti~~ric~cetr w i t h  31 
c u l t i v a t e d  s p e c i e s  ( s e r i e s  ::irf,i:>a) and 17 w i l d  o r  weedy spec ies  ( s e r i e s  :-;pontunccz); and a  sub- 
s e c t i o n  f o r  i i ~ '  ' 8,~:::i.~: t h a t  i n c l u d e s  f o u r  rh izomatous  weedy spec ies  w i d e l y  d i s t r i b u t e d  i n  t h e  
M e d i t e r r a n e a n  r e g i o n  and e x t e n d i n g  a c r o s s  I n d i a  and Sou theas t  A s i a  t o  t h e  a d j a c e n t  P a c i f i c  
i s l  arlds. 

: :o~~(~?Lw!I  i)ic(>Lili, subsp. 11(~7(,;~~~)is~: i s  w i d e l y  d i s t r i b u t e d  i n  t h e  Med i te r ranean  r e g i o n  and 
ex tends  t o  t h e  i s l a n d s  o f  Sou theas t  A s i a .  I t s  merr~bers a r e  weeds, o f t e n  encoun te red  i n  man- 
made d i s t u r b e d  a r e a s  o f  t h e M e d i t e r r a n e a n a n d  t h e  t r o p i c s .  There a r e  two m o r p h o l o g i c a l l y  
d i s t i n c t  t y p e s :  t h e  2n.40 chromosome t y p e  w i t h  s r ~ ~ a l l  p l a n t s  and nar row leaves ;  and a 2n=20 
chro~llosome t y p e  t h a t  i s  l a r g e r  w i t h  b i g g e r  l e a v e s .  The f i r s t  t y p e  i s  found  west  o f  t h e  moun- 
t a i n s  o f  P a k i s t a n ;  t h e  l a r g e r  t y p e  i s  found  e a s t  o f  t h i s  p o i n t  and i s  t h e  common weed sorghum 
i n  s o u t h e r n  I n d i a .  

I J s i b s .  : i n c l u d e s  a1 1  t h e  c u l t i v a t e d  types ,  r e l a t e d  w i l d  t ypes ,  
and weed corriplexes. They a r e  a l l  s t r i c t l y  A f r i c a n  i n  o r i g i n ,  though  some p r o b a b l y  r l i i g ra ted  
t o  I n d i a  d u r i n g  h i s t o r i c a l  t i ~ r i e s .  

The t h r e e  rh izomatous  weed t y p e s  a r e  found  i n  a  f a i r l y  w e l l - d e f i n e d  d i s t r i b u t i o n  a rea  
( P l a t e  1 ) .  

. . bir.070~. v a r .  (~r~i i i i i , . : , , ,  i d i n :  i s  found  i n  t h e  n i o i s t  be1 t s u r r o u n d i r ~ g  t h e  c o a s t a l  
t r o p i c a l  f o r e s t  t o  abou t  15"s.  

: . l , i ~ . ~ i / o r  v a r .  cicthi,~pi(~ton: i s  found  i n  t h e  Savanna ( s o u t h  of  t h e  Sahara) fro111 n o r t h e r n  
N i g e r i a  eas tward  t o  Somal i l and  and n o r t h w a r d  a l o n g  t h e  N i l e  V a l l e y  t o  C a i r o .  

. J a  i t i  L I P :  i s  t h e  most  wide1 y  d i s t r i b u t e d  w i  1  d-weed sorghum 
complex, e x t e n d i n g  a l m o s t  c o n t i n u o u s l y  e a s t  o f  20°E upward f rom t h e  South A f r i c a n  c o a s t  t o  
10°N. The members o f  t h i s  g roup  o v e r l a p  t h o s e  o f  v a r ,  (7, tiiiol f(wni and v a r .  nr~zrnili~zaceiini 
a l o n g  i t s  n o r t h e r n  and n o r t h w e s t e r n  b o r d e r s .  E x t e n s i v e  h y b r i d i z a t i o n  o c c u r s  t h e r e  i n  a1 1  
comb ina t ions .  







Grouping o f  t h e  21 o t ~ t ( o i t l ~ i  i s  as f o l l o w s :  

Sor:ihtd~ri h i ~ - ~ : ! l ~ ~ ~ ~  va r. w t l ~ , i o / - ~ i ~ ? w ~ ;  (Hack , ) 

,:. a,! ti;iupi,.?wr; (Hack.  ) Rupr. ex S tap f  

Sor+iiiitrrl II~CLIIOP v a r .  i c m o ~ d i ~ ~ ~ ( : i - , w ~ ~  (Dew.) de Wet and Huckahay 

2. ~~rvci~i! imrccl lni (Desv. ) S t d p f  
s. v ~ ~ ~ t , l i ~ ~ ) ~ i l r i i  ( P i p e r )  S t a p f  

::U~!~~II.U?! L ~ i ~ ? o l n r ~  v a r .  vc.r i , i i - i l l , i j '%or7rim (S teud .  ) de Wet and Huckabay 

S .  I~rt:ci.c 1.rzt ; i rn S t a p  f 
2.  bret i i i .ar i iu7t1~m Srlowden 
:;, ci7ct87rir!ron C .  E .  Hubb. and Srlowden 
:;, mz,~r-ociuci;.t LI Snowden 
:;, ~i::~onbur~e)lst. Snowden 
S. sornir 1 ic r ise Snow den* 
S. / ~ , m i c u i d e s  S t a p f  
;:. ; ~ u g i ~ ) t ;  ij'o !.%zrm Snowden* 

"Thought t o  be i n c l u d e d  w i t h  v a r .  z ~ i : r , t ; ~ . I l l I j ' l r - ~ r ~ i n ~  

~or~!jhwri i1ic.010~ v a r .  u i t ~ g i c t l u n  (Hack.)  de Wet and H a r l a n  

s. i ) i ryicfurr i  (Hack. ) S t a p f  
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SECTION 2 
THE SORGHUM PLANT 

G R O W T H  STAGES A N D  MORPHOLOGY 

Section 2 i s  a brief consideration o f  some of the anatomical and physiological aspects of the crop. 
Emphasis has been placed on those aspects that w i l l  be useful to the breeders; for example, 
f loral bud development, development of leaves, and the anatomy of the spikelet. The reader i s  
also referred to the discussion of plant height and maturity in Section 3. 
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Growth Stages 

VEGETATIVE PHASE 

Germination and Seedling Development 

When a  seed i s  p l a c e d  i n  m o i s t  s o i l ,  i t  takes  up w a t e r  and s w e l l s .  Germina t ion  occurs  q u i c k l y ,  
and i n  war111 s o i l s  (20°C o r  above)  t h e  c o l e o p t i l e  f i r s t  appears above t h e  ground a f t e r  3  o r  4 
days ( l o n g e r ,  up t o  10 ddys.  i n  c o l d e r  s o i l s - - 1 3  t o  20°C). As t h e  seed s w e l l s ,  t h e  seed c o a t  
breaks,  and a  s l l l a l l  c o l e o p t i  l e  and pr i r i iary  r o o t  ( r a d i c l e !  emerge ( P l a t e  3 -6 ) .  The c o l e o p t i  l e  
grows l o n g e r  and s e v e r a l  rnore p r i m a r y  r o o t s  appear ( P l a t e  3 -7 ) .  The c o l e o p t i l e  emerges f r o m  
t h e  ground and t h e  f i r s t  l e a f  b reaks  t h r o u g h  t h e  t i p  ( P l a t e  3 -7 ) .  The young p l a n t  b e y i n s  t o  
grow, add ing  niore l e a v e s ,  and t h e  c o l e o p t i l e  remains as a  shea th  a t  t h e  base o f  t h e  p l a n t  
( P l a t e  3 - 8 ) .  The mesoco ty l  ( P l a t e  3-8c)  grows d u r i n g  t h i s  p e r i o d ,  and a  node i s  formed a t  t h e  
base o f  t h e  c o l e o p t i l e  j u s t  below t h e  ground l i n e .  Secondary r o o t s  b e g i n  t o  deve lop  f r o m  t h i s  
node when t h e  p l a n t  i s  3  t o  7  days f rom emergence ( P l a t e  3-8b) .  The young s e e d l i n g  i s  u s i n g  
food s t o r e d  i n  t h e  endospern~ d u r i n g  t h i s  p e r i o d .  About  t h e  t i m e  t h a t  t h e  secondary r o o t s  have 
begun t o  deve lop ,  t h e  i i iesocoty l  beg ins  t o  d i e  and t h e  r r ~ a j o r  r o o t  system develops f r o m  secondary 
o r  a d v e n t i t i o u s  r o o t s .  

Sortie sorghums t i 1  l e r  p r o f u s e l y ,  e s p e c i a l l y  t h e  sudangrasses and f o r a g e  sorghums. The 
g r a i n  sorghuiils v a r y  i n  t h e i r  c a p a c i t y  t o  t i l l e r ,  b u t  u s u a l l y  do so o n l y  i f  t h e r e  i s  adequate 
m o i s t u r e  o r  a  p o o r  s tand .  I n  n o r ~ r i a l l y  t i l l e r i n g  v a r i e t i e s ,  t i l l e r s  deve lop  f r o m  a d v e n t i t i o u s  
buds a t  t h e  b a s a l  node soon a f t e r  t h e  secondary r o o t s  develop.  Heads on t h e  lnain stern f l o w e r  
a t  abou t  t h e  same t i m e  as t h o s e  on t h e  t i l l e r s ,  o r  t h e  heads on t h e  t i l l e r s  nlay f l o w e r  l a t e r .  
The p l a n t  remains i n  a v e g e t a t i v e  phase f o r  a b o u t  30 t o  40 days, d u r i n g  wh ich  a l l  l eaves  a r e  
formed. A f t e r  t h i s  p e r i o d ,  g rowth  occurs  by c e l l  e l o n g a t i o n .  

REPRODUCTIVE PHASE 

Inflorescence Development and Fertilization 

The f l o r a l  i n i t i a l  forms ( P l a t e  2  and P l a t e  4-11) 30 t o  40 days a f t e r  g e r m i n a t i o n  ( b u t  lrlay 
range f r o m  19 t o  70 days o r  more) ( F i g  2 . 1 ) .  U s u a l l y ,  t h i s  f l o r a l  i n i t i a l  i s  15 t o  30 cm 
above t h e  g round  when t h e  p l a n t s  a r e  some 50 t o  75-cm t a l l .  F l o r a l  i n i t i a t i o n  marks t h e  end 
o f  the  v e g e t a t i v e  g rowth  due t o  n i e r i s t e m a t i c  a c t i v i t y .  The g rand  p e r i o d  o f  g rowth  i n  sorghum 
f o l l o w s  t h e  fo r r l l a t ion  o f  a f l o r a l  bud and c o n s i s t s  l a r g e l y  o f  c e l l  en la rgement .  

Vegetative Bud Floral Bud 

Fig 2.1. Vegetatlve and Floral Buds 



D u r i n g  t h e  p e r i o d  of r a p i d  c e l l  e l o n g a t i o n ,  t h e  f l o r a l  i n i t i a l  develops i n t o  an i n f l o r -  
escence ( P l a t e  2 ) .  About  6  t o  10 days b e f o r e  f l o w e r i n g ,  t h e  b o o t  w i l l  forrri as a  b u l g e  i n  
t h e  shea th  o f  t h e  f l a g  l e a f .  T h i s  w i l l  o c c u r ,  i n  a v a r i e t y  t h a t  f l o w e r s  i n  60 t o  65 days,  
a b o u t  55 days f r o m  g e r m i n a t i o n .  Sorghum u s u a l l y  f l o w e r s  i n  55 t o  70 days i n  warm c l i m a t e s ,  b u t  
t h i s  may range  f rom 30 t o  more t h a n  100 days.  

The sorghum head b e g i n s  t o  f l o w e r  a t  i t s  t i p  and f l o w e r s  s u c c e s s i v e l y  downward o v e r  a  4  o r  
5-day p e r i o d .  Because a l l  heads i n  a  f i e l d  do n o t  f l o w e r  a t  t h e  same t i m e ,  p o l l e n  i s  u s u a l l y  
a v a i l a b l e  f o r  a  p e r i o d  o f  10 t o  15 days.  A t  t h e  t i m e  o f  f l o w e r i n g ,  t h e  g lu i i~es  open and t h e  
t h r e e  a n t h e r s  f a l l  f r e e ,  w h i l e  t h e  two s t igmas  p r o t r u d e ,  each on a  s t i f f  s t y l e  ( P l a t e s  4-2 and 
4 -6 ) .  F l o w e r i n g  f r e q u e n t l y  o c c u r s  j u s t  b e f o r e  o r  j u s t  a f t e r  s u n r i s e ,  b u t  iiidy be de layed  on 
c l o u d y  damp morn ings .  The a n t h e r s  d e h i s c e  when t h e y  a r e  d r y  ( b u t  n o t  i n  heavy dew o r  r a i n )  and 
p o l l e n  b lows  i n t o  t h e  a i r .  Sorghutil i s  p r i m a r i l y  s e l f - p o l l i n a t e d  (abou t  2 t o  10% o r  rliore c ross  
p o l l i n a t i o n ) ;  t h a t  i s ,  t h e  p o l l e n  f r o m  a  head f e r t i l i z e s  most o f  t h e  eggs on t h e  sarrie head. 
The p o l l e n  d r i f t s  t o  t h e  s t i g m a ,  where i t  germina tes ;  t h e  p o l l e n  tube ,  wi ti1 two n u c l e i ,  grows 
down t h e  s t y l e ,  t o  f e r t i l i z e  t h e  egg and f o r m  a 2n nuc leus  and 3n endusperrrr. Sorghurii has a  
20-chromosome complement. The glumes c l o s e  s h o r t l y  a f t e r  p o l  1  i n a t i o n ,  though t h e  ernpty a n t h e r s  
and s t igmas  s t i l l  p r o t r u d e  ( e x c e p t  i n  t h e  long-glu ined t y p e s ) .  The f l o r e t s  o f  some o f  t h e  v e r y  
l o n g - g l  umed types  do n o t  open f o r  f e r t i  1  i z a t i  on--a phenomenon known as c l c i  s t o g a i ~ ~ y  . 

Cy top lasmic  male s t e r i l i t y  has been found  i n  sorghum and has made p o s s i b l e  t h e  development 
o f  a  h y b r i d  seed i n d u s t r y .  A good m a l e - s t e r i l e  p l a n t  w i l l  r i o t  deve lop  a n t h e r s ,  b u t  i n  some 
i n s t a n c e s  d a r k - c o l o r e d  s h r i v e l  l e d  a n t h e r s  w i t h  no v i a b l e  p o l  l e n  w i  11 appear.  P a r t i a l l y  f e r t i l e  
heads a l s o  a r e  observed,  and a1 though t h e  a n t h e r s  f r e q u e n t l y  have v i a b l e  p o l l e n ,  t h e  q u a n t i t y  
i s  l e s s  t h a n  i n  norllral p l a n t s .  V i a b i l i t y  o f  p o l l e n  i n  p a r t i a l l y  f e r t i l e  p l a n t s  i s  an i m p o r t a n t  
p rob lem f o r  seed p roducers .  

MATURATION PHASE 

Seed Development 

The o v u l e  b e g i n s  t o  deve lop  as a  l i g h t  green,  a lmos t  crear i i -co lored sphere;  a f t e r  abou t  10 days 
i t  b e g i n s  t o  t a k e  s i z e  and becoiries a  d a r k e r  green.  I t  takes  abou t  30 ddys f o r  t h e  seeds t o  
reach  inaxiinuni d r y  w e i g h t  ( p h y s i o l o g i c a l  m a t u r i t y ) .  D u r i n g  t h i s  developeient ,  t h e  seed passes 
t h r o u g h  t h r e e  s t a g e s :  (1) " m i l k , "  ( 2 )  " e a r l y  doogh," and ( 3 )  " l a t e  douyh."  These tern is ,  w h i l e  
co~rirrionly used, a r e  n o t  s p e c i f i c a l l y  d e f i n e d .  The seeds b e g i n  t o  t u r n  fro111 g reen  t o  t h e  c o l o r  
t h a t  t h e y  w i l l  be a t  m a t u r i t y .  The seeds c o n t a i n  abou t  30% m o i s t u r e  a t  p h y s i o l o g i c a l  m a t u r i t y ;  
t h e y  d r y  t o  a b o u t  10 t o  15% m o i s t u r e  d u r i n g  t h e  f o l l o w i n g  20 t o  25 days.  D u r i n g  t h i s  p e r i o d ,  
t h e r e  i s  a  l o s s  o f  up t o  10% o f  d r y  w e i g h t .  The seed i s  ready  f o r  harve:t a t  any t i m e  from 
p h y s i o l o g i c a l  ~ l i a t u r i t y  t o  seed d ryness ;  however, seed w i t h  iriore than  12>,: in io is ture must be d r i e d  
b e f o r e  s t o r a g e .  It i s  easy t o  r e c o g n i z e  t h e  p e r i c a r p ,  t h e  endosperrii, and t h e  e~ l ib ryo  i n  a  
s l i c e d  matu re  d r y  seed ( P l a t e s  3-4 and 3 - 5 ) .  

Lower l e a v e s  b e g i n  t o  d i e  and d r y  up d u r i n g  t h i s  p e r i o d .  By t h e  tirrie t h e  g r a i n  i s  beg in -  
n i n g  t o  d r y ,  f o u r  o r  f i v e  of  t h e  l o w e r  l e a v e s  may d r y  up and d rop  f r o ~ n  t h e  p l a n t .  There i s  a  
d i s t i n c t  v a r i e t d l  d i f f e r e n c e  i n  t h e  r a t e  o f  senescence o f  r e ~ ~ r a i r i i n g  leaves .  A l l  l eaves  rnay be 
d r i e d ,  o r  a l m o s t  d r i e d ,  a t  g r a i n  i i i a t u r i t y ;  o r  t h e  p l a n t  riiay remair i  g reen .  

Morphology of Sorghum 

ROOTS 

The r o o t  systelr i  o f  sorghuili i s  e x t e n s i v e  and t h e r e  a r e  many r o o t  h a i r s  ( a l m o s t  t w i c e  t h a t  of  
lnaize f o r  example ) .  An embryonic o r  p r i m a r y  r o o t  f i r s t  appears upon g e r m i n a t i o n  ( P l a t e  3-6) .  
Severa l  such r o o t s  deve lop  ( P l a t e  3 - 7 ) ;  t h e s e  a r e  n o t  branched o r  a r e  s p a r s e l y  branched ( P l a t e  
3 - 7 ) .  Secondary r o o t s  deve lop  f ron i  t h e  f i r s t  node; i t  i s  t h e s e  r o o t s  t h a t  deve lop  i n t o  t h e  
e x t e n s i v e  r o o t  system o f  t h e  p l a n t  ( P l a t e  3 -8 ) .  The p r i m a r y  r o o t s  subsequen t l y  d i e .  Brace 
r o o t s  may appear l a t e r  on t h e  lowermos t  nodes and may be numerous i f  t h e  p l a n t  i s  unadapted 
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( P l a t e  3 -9 ) .  These r o o t s  a r e  n o t  e f f e c t i v e  i n  up take  o f  w a t e r  and n u t r i e n t s .  

The c u l t i v a t e d  sorghums a r e  e i t h e r  nonrhizoniatous o r  v e r y  weakly rh izomatous ,  and a r e  
annual o r  (weak ly )  p e r e n n i a l .  The r o o t  system, however, s u r v i v e s  t o  s u p p o r t  t h e  development o f  
r a t o o n  c rops  ( a  second, t h i r d ,  o r  more g rowth  of  culms f r o m  t h e  same r o o t  system) fro111 
a d v e n t i t i o u s  buds a t  t h e  base o f  t h e  p a r e n t  steni. We l l -deve loped  rh izomes a r e  found  o n l y  i n  
t h e  subspecies ilczlc,)orsc (Johnson g r a s s ) .  

CULMS 

The culm, o r  steni, i s  rriade up o f  a  s e r i e s  o f  a l t e r n a t i n g  nodes and i n t e r n o d e s .  The stem i s  
s l e n d e r  t o  v e r y  s t o u t ,  v a r y i n g  i n  l e n g t h  f rom 0.5 m t o  4 m. The stem measures 0.5cm t o  5 cm 
i n  d i a m e t e r  n e a r  t h e  base, becoming nar rower  a t  t h e  upper end. The s tem i s  s o l i d ,  w i t h  a  h a r d  
c o r t e x  o r  r i n d  and a  s o f t e r  p i t h .  Vascu la r  bundles a r e  s c a t t e r e d  t h r o u g h o u t  t h e  stem, b u t  
t h e r e  a r e  more n e a r  t h e  p e r i p h e r a l  area,  where t h e y  a r e  so c l o s e l y  a s s o c i a t e d  t h a t  t h e y  f o r m  
a l ~ r l o s t  a  s o l i d  r i n g .  The v a s c u l a r  bundles i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  steni a r e  l a r g e r  than  
those  a t  t h e  p e r i p h e r y .  The c e n t r a l  bund les  b ranch  i n t o  l e a f  m i d r i b s ,  w h i l e  t h e  p e r i p h e r a l  
bundles b ranch  t o  for i l l  t h e  s m a l l e r  ve ins  i n  t h e  l e a f  b lade .  

The p i t h  rliay be sweet o r  i n s i p i d ,  j u i c y  o r  d r y .  I n  o l d e r  stenis t h e  p i t h  may c r a c k ,  
e s p e c i a l l y  i f  d r y .  

The node appears as a  r i n g  a t  t h e  base o f  t h e  l e a f  sheath;  i t  i s  t h e  p o i n t  a t  wh ich  t h e  
l e a f  i s  a t t a c h e d  t o  t h e  sten1 ( a l s o  t h e  p o i n t  a t  wh ich  b r a c e  r o o t s  d e v e l o p ) .  There i s  a  coniplex 
anastomosis o f  v a s c u l a r  bund les  f rom t h e  sterri t o  t h e  l e a f  a t  t h i s  p o i n t  ( P l a t e  4-9 and 4-11). 
A  bud forms a t  each node, e x c e p t  a t  t h e  node t o  wh ich  t h e  f l a g  l e a f  i s  a t t a c h e d  ( P l a t e  4 - 9 ) .  
These buds, a t  success ive  nodes, a r i s e  on a l t e r n a t i n g  s i d e s  o f  t h e  stem. A t  t i m e s ,  these  buds 
w i l l  deve lop  t o  forr i i  a x i l l d r y  t i l l e r s  ( P l a t e  4-8). Basal  t i l l e r s  ( P l a t e  4 -10) ,  i f  any, forrrl 
a t  t h e  f i r s t  node. 

LEAVES 

Leaves a r e  v a r i o u s l y  d i s t r i b u t e d  a l o n g  t h e  steni i n  sorghum; i n  some types  t h e y  lnay be concen- 
t r a t e d  n e a r  t h e  bdse, w h i l e  i n  o t h e r s  t h e y  a r e  niore o r  l e s s  u n i f o r n i l y  d i s t r i b u t e d .  Leaves a r e  
borne a t  d i f f e r e n t  a n g l e s  t o  t h e  steni v a r y i n g  f r o m  a lmos t  v e r t i c a l  t o  n e a r - h o r i z o n t a l .  The 
l e a f  b l a d e  niay be s t r a i g h t ,  o r  may s l o w l y  l o o p  o v e r ,  f o r m i n g  an a r c .  The t i p  o f  t h e  l e a f  may 
even d rop  down. The leaves  v a r y  i n  l e n g t h ,  u s u a l l y  b e i n g  s h o r t e r  and s i n a l l e r  a t  t h e  t o p  ( t h e  
t o p  l e a f  i s  c a l l e d  t h e  f l a g  l e a f ) ;  i n  t h e  l o w e r  m i d  s e c t i o n ,  t h e y  may be as l o n g  o r  s l i g h t l y  
l o n g e r  t h a n  t h o s e  a t  t h e  base o f  t h e  p l a n t .  Leaves may be as l o n g  as 1 m; t h e y  may v a r y  i n  
w i d t h  f r o m  10 t o  15 cm. P l a n t s  v a r y  g r e a t l y  i n  nurriber o f  l eaves :  i n  w e l l - a d a p t e d  p l a n t s  t h e r e  
a r e  u s u a l l y  14 t o  17 l e a v e s ,  b u t  l e s s  adapted p l a n t s  may have as many as 30 l e a v e s .  

G e n e r a l l y ,  t h e  eliibryo i n  t h e  seed w i l l  have f i v e  t o  seven e ~ l ~ b r y o n i c  leaves ,  t h e  g r e a t e r  
number be ing  found  i n  t h e  rriore rnature seeds. Tab le  2.1 i s  t a k e n  f roni  work done a t  t h e  Texas 
A g r i c u l t u r a l  Exper iment  S t a t i o n ,  C h i l l i c o t h e ,  Texas, USA. T h i s  t a b l e  shows t h a t  3 t o  6 days 
e l a p s e  between t h e  d i f f e r e n t i a t i o n  o f  success ive  leaves ,  w i t h  some v a r i e t i e s  p roduc ing  l e a v e s  
f a s t e r  than  o t h e r s .  

A  sorghum seed reaches p h y s i o l o g i c a l  m a t u r i t y  i n  abou t  30 days, and a t  t h i s  t i m e  has s i x  
o r  seven embryonic leaves .  A p p r o x i m a t e l y  t h e  same aniount o f  t i m e  ( 4  t o  5 days)  i s  r e q u i r e d  
t o  l a y  down a  l e a f  i n  t h e  embryo as i n  t h e  v e g e t a t i v e  g row ing  p o i n t ,  t h e  n i e r i s t e n ~  ( T a b l e  2 .1 ) .  

The leaves  a r e  borne  a l t e r n a t e l y  i n  two ranks  a l o n g  t h e  stem, and c o n s i s t  p r i m a r i l y  o f  a  
sheath and a  b l a d e .  The shea th  i s  a t t a c h e d  t o  a  node and sur rounds  t h e  i n t e r n o d e ,  and 
f r e q u e n t l y  t h e  node above i t ,  b e f o r e  t h e  b l a d e  ex tends  outwards.  F r e q u e n t l y ,  t h e  sheaths 
a t t a c h e d  t o  l o w e r  nodes w i l l  cover  t h e  nodes above, b u t  t h o s e  h i g h e r  on t h e  p l a n t  w i l l  n o t  
ex tend  as f a r  as t h e  node above. T h i s  shea th  i s  f r e q u e n t l y  covered w i t h  a  waxy bloom; a t  t imes 
t h e  b loom i s  q u i t e  pronounced ( P l a t e  5 -1 ) .  The b l a d e s  a r e  b r o a d  a t  t h e  base and t a p e r  upward 
t o  a  f i n e  p o i n t ;  t h e y  a r e  g l a b r o u s ,  e x c e p t  on t h e  i n s i d e  j u s t  above t h e  l i g u l e  and on t h e  
o u t s i d e  n e a r  t h e  j u n c t i o n  w i t h  t h e  sheath.  The marg ins  o f  t h e  l e a f  a r e  smooth o r  s c a b r i d ,  



Table 2.1. Time Required to Lay Down a Leaf in the Vegetative Bud (Meristem) of Sorghum 
(assuming seven leaves in the embryo). 

-- - -- - -. - . . - ----- 
V a r i e t y  Nuniber o f  Days T o t a l  Number o f  Leaves Ddys 

t o  NO, o f  Produced a f t e r  P e r  
Head I n i t i a t i o n  Lcaves Gcr rn ind t ion  L e d f  

-- -- -- - . .. -- 

Sooner M i  l o  32 13 6 5 
Tcxas Mi l o  39 18 1 I 4 
H e g a r i  48 18 11 4 
K d l u  39 17 10 4 
I n 1 i f . W .  U u r r a  34 1 4  7 5 
Spur  F e t e r i  t a  36 19 17 3 
F reed  32 1 2  5 6  
Man ko 4 7 1 7  10 5 
B i s h o p  39 1 7  10  4 
Sumac 39 16  9 4 
C lack  H u l l  K a f i r  3 9  16 9 4 
Jap. U .  Broomcorn 39 15 8 5 

Fig  2.2. Transverse Section of Embryo 16 Days After Pollination: (A) Coleoptile, (8)  Coleorhiza, 
(P )  Plumule, (R) Radicle. 
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e s p e c i a l l y  on t h e  upper h a l f .  The m i d r i b  i s  p rominen t ,  g r e e n i s h  o r  w h i t e  i n  c o l o r ,  f l a t t e n e d  
o r  s l i g h t l y  concave on t h e  upper s u r f a c e  and convex on  t h e  l o w e r  one. The b l a d e s  a r e  t h i c k e r  
a t  t h e  base t h a n  a t  t h e  t i p  and a l o n g  t h e  m i d r i b  t h a n  a l o n g  t h e  marg ins .  When damaged, t h e  
i n j u r e d  s p o t  w i l l  t u r n  tan ,  r e d ,  o r  deep p u r p l e  ( a l m o s t  b l a c k ) ,  depending on t h e  p l a n t  c o l o r .  

There  i s  a  s h o r t  (1 t o  3  nm) niembranous l i g u l e  a t  t h e  j u n c t i o n  o f  t h e  l e a f  b l a d e  w i t h  t h e  
sheath ( F i g  2 . 3 ) .  

Leaves o f  t h e  w i l d  s p e c i e s  a r e  f r e q u e n t l y  l o n g  (30 t o  75 cm) and s l e n d e r  (0 .5  t o  7 cm i n  
w i d t h ) .  

B lade  

L i g u l e  

Dew1 ap 

Sheath 

Fig 2.3. Sorghum Leaf. 

INFLORESCENCE 

Panicle 

The p a n i c l e  may be s h o r t  and compact o r  l o o s e  and open; 4 t o  25 cm o r  more i n  l e n g t h ,  and 2 t o  
20 cm o r  more i n  w i d t h .  The c e n t r a l  a x i s  o f  t h e  p a n i c l e ,  t h e  r a c h i s ,  may be c o m p l e t e l y  h i d d e n  
b y  t h e  d e n s i t y  o f  t h e  p a n i c l e  branches o r  c o m p l e t e l y  exposed. The r a c h i s  d i f f e r s  g r e a t l y  i n  
i t s  shape and l e n g t h - - f r o m  l o n g  and t h i n  t o  s h o r t  and s tubby .  The r a c h i s  may be s t r i a t e d  
( f r e q u e n t l y  channe led)  and i t  may be h a i r y  o r  g l a b r o u s .  Severa l  branches a r e  borne  a t  each 
node, and these  branches v a r y  i n  l e n g t h ,  may be  s t o u t  o r  s l e n d e r ,  r i g i d  o r  f l e x i b l e ,  h a i r y  o r  
a l m o s t  g l a b r o u s ,  b ranched  b e g i n n i n g  n e a r  t h e  base o r  n o t  branched u n t i l  n e a r  t h e  t i p .  The 
p a n i c l e  u s u a l l y  grows e r e c t  a t  t h e  apex o f  t h e  culm, b u t  may be r e c u r v e d .  

The w i l d  and weedy sorghums have a r a t h e r  l o o s e  p a n i c l e  w i t h  s p r e a d i n g  branches.  The 
p a n i c l e  i s  o f t e n  l a r g e  and p y r a m i d a l  i n  shape. 

Raceme 

The raceme always c o n s i s t s  o f  one o r  s e v e r a l  s p i k e l e t s .  One s p i k e l e t  i s  a lways s e s s i l e  and 
t h e  o t h e r  p e d i c e l  l a t e  ( P l a t e  4-5)  e x c e p t  t h e  t e r m i n a l  s e s s i l e  s p i  k e l e t ,  wh ich  i s  accompanied 
by two p e d i c e l e d  s p i k e l e t s .  The racemes v a r y  i n  l e n g t h  a c c o r d i n g  t o  t h e  number of  nodes and 
t h e  l e n g t h  o f  t h e  i n t e r n o d e s .  There  a r e  1 t o  4 nodes i n  some spec ies ,  and 5  t o  8 nodes i n  
o t h e r s ;  i n t e r n o d e s  v a r y  i n  l e n g t h ,  t h i c k n e s s ,  and h a i r i n e s s ,  depending on s p e c i e s .  On t h e  
p e d i c e l e d  s p i k e l e t s ,  t h e  p e d i c e l s  v a r y  i n l e n g t h  f r o m  0.5 t o  3.0 mn, and u s u a l l y  a r e  v e r y  
s i m i l a r  t o  t h e  i n t e r n o d e s .  



S e s s i l e  S p i k e l e t s :  The s e s s i l e  s p i k e l e t  v a r i e s  i n  shape from l a n c e o l a t e  t o  a lmos t  r o t u n d  
and o v a t e  ( F i g  2 .4 )  and i s  sorrretin~es depressed i n  t h e  ~ i i i d d l e .  The c o l o r  i s  green a t  f l o w e r i n g ,  
chang ing  t o  shades o f  s t r a w ,  cream, b u f f ,  y e l l o w ,  r e d ,  brown, p u r p l e ,  o r  a l m o s t  b l a c k  a t  g r a i n  
m a t u r i t y .  The i n t e n s i t y  and e x t e n t  o f  c o l o r i n g  on t h e  g l u r ~ ~ e s  i s  v a r i a b l e .  Glunles v a r y  f rom 
q u i t e  h a i r y  t o  a l l ~ i o s t  h a i r l e s s  ( P l a t e  4 - 5 ) .  The g lu~nes  a r e  h a r d  and tough  i n  most  spec ies  w i t h  
t h e  nerve5  f r e q u e n t l y  obscure  e x c e p t  n e a r  t h e  t i p  ( P l a t e  4 - 5 ) .  Sorr~e s p e c i e s  have t h i n  and 
b r i t t l e  glulnes, w h i l e  o t h e r s  have t h i n  and papery ones. The l o w e r  y l u ~ n e  i s  u s u a l l y  son~ewhat 
f l a t t e n e d  and conforl l ls more o r  l e s s  t o  t h e  shape of  t h e  s p i k e l e t ,  w h i l e  t h e  upper  one i s  lnore 
convex o r  b o a t  shaped. The seed may be e n c l o s e d  by t h c  glume o r  slay p r o t r u d e  f r o m  t h e  glume, 
b e i n g  j u s t  v i s i b l e  t o  a lmos t  c o l n p l e t e l y  exposed. 

There a r e  two lerrmas, each a  d e l i c a t e  w h i t e  t i s s u e  e a s i l y  o v c r l o o k e d  on a  casua l  g l a n c e .  
The l o w e r  lelnina i s  e l l i p t i c  o r  oblong,about  equd l  i n  l e n g t h  t o  t h e  glume ( P l a t e  3 - 2 ) ;  t h e  
upper l e r ~ l a  i s  s h o r t e r ,  niore o v a t e ,  and niay be  awned. There a l s o  a r e  two l o d i c u l e s  and a  p a l e a  
b u t  these  a r e  rrluch reduced and a r e  o f  l i t t l e  i n t e r e s t .  Sorghum has two p i s t i l s  and t h r e e  
stalllens ( P l a t e  4 -6 ) .  Each f l u f f y  s t igma i s  a t t a c h e d  t o  a  s h o r t  s t o u t  s t y l e  e x t e n d i n g  t o  t h e  
ovary  ( P l a t e s  4-2 and 8-4) .  The a n t h e r s  a r e  a t t a c h e d  t o  l o n g  t h r e a d - l i k e  f i l a m e n t s  ( p l a t e  4-2). 

Seed o r  C a r y o p s i s :  Seeds a r e  lliore o r  l e s s  s p h e r i c a l  i n  shape, v a r y i n g  t o  solr~ewhat 
f l a t t e n e d  on one s i d e  ( t u r t l e - b a c k e d )  . They range  t remendous ly  i n  p e r i c a r p  c o l o r  ( red,  brown, 
w h i t e ,  y e l l o w ,  cream) and have e i t h e r  a  d u l l  o r  p e a r l y  l u s t e r .  The t e s t a  Inlay a l s o  be c o l o r e d ,  
u s u a l l y  a  d a r k  r e d  t o  d a r k  brown. The endosperlr~ i s  u s u a l l y  w h i t e ,  though i t  lliay be y e l l o w .  
The y e l l o w  endospern~ c o l o r  i s  due t o  c a r o t e n o i d  piyrr lerl ts t h a t  have a  r e l a t i v e l y  l o w  v i t a m i n  A 
a c t i v i t y .  There o f t e n  a r e  two f a ' i r l y  d i s t i n c t  l i n e s  ex!c?nding f r o m  t h e  a;)cx t o  t h e  bd:c o f  t i l e  
seed. The embryo mark ( s c u t e l l u m )  v a r i e s  i n  l e n g t h  f r o m  abou t  o n e - h a l f  t o  t w o - t h i r d s  t h e  
l e n g t h  o f  t h e  g r a i n ,  and i s  e l l i p t i c  t o  e l l i p t i c  ob long ,  concave t o  f l a t ,  o r  ( r a r e l y )  convex 
( P l a t e  3 -2 ) .  The hilu111 i s  a t  t h e  base on t h e  s i d e  o p p o s i t e  t h e  embryo. The h i l u n ~  f r e q u e n t l y  
t u r n s  d a r k  a t  abou t  t h e  t i n ie  t h e  seed reaches p h y s i o l o g i c a l  m a t u r i t y .  The endosperln v a r i e s  
fro111 s o f t  w i t h  l i t t l e  corr leous p o r t i o n  t o  a  s o l i d  corneous seed c o n d i t i o n .  Seed s i z e  v a r i e s  
fro111 v e r y  s m a l l  ( l e s s  than  1 g  p e r  100 seed) t o  l a r g e  ( 5  t o  6  y p e r  100 seeds) ( P l a t e  4 - 7 ) .  

P e d i c e l e d  S p i k e l e t s :  P e d i c e l e d  s p i k e l e t s  a r e  111uch nar rower  than  t h e  s e s s i l e  s p i k e l e t s ,  
u s u a l l y  l a n c e o l a t e  i n  shape. They inay be  s l n a l l e r ,  t h e  same s i z e ,  o r  l o n g e r  t h a n  t h e  s e s s i l e  
s p i k e l e t s  ( P l a t e  4 - 5 ) .  They a r e  male o r  n e u t e r  i n  sex,  b u t  ( v e r y  r a r e l y )  rnay have a  
r u d i ~ n e n t a r y  o v a r y .  The le~nnias a r e  ~nuch reduced  i n  s i z e  and o n l y  r a r e l y  does t h e  upper lenlma 
have an awn. 

Key: 

s l  S t e r i l e  lem~na 
og Oute r  glume 
fl F e r t i l e  lenm~a 

s Stamen 
p  Palea 

p i  P i s t i l  
1  L o d i c u l e  

S ide  v iew Top v iew Top v iew 
S e s s i l e  s p i  k e l e t  S e s s i l e  s p i  k e l e t  Ped ice led  s p i  k e l e t  

F i g  2.4. Components of the Pediceled and Sessile Spikelets. 

The s t e r i l e  o r  p e d i c e l e d  s p i k e l e t  i s  r e p r e s e n t e d  by t h e  empty glumes 

Source: Progress  Repor t  No.5, Sorghum P h y s i o l o g y  Program, U n i v e r s i t y  o f  
Nebraska, USA. 



PLATE 2. DEVELOPMENT OF THE SORGHUM HEAD 

2-1. Leaf  p r i n n r d i u m  (LP) and v e g e t a t i v e  shoot  apex ( a )  o f  sorghum. 

2-2, 2-3 .  Beg inn ing  o f  t h e  e l o n g a t i o n  of  t h e  a p i c a l  m e r i s t e ~ n  b e f o r e  f l o r a l  development. 

2-4, 2-5 .  D i f f e r e n t i a t i o n  of  t h e  p r imary  branch p r i m o r d i a  (bpl) on t h e  f l o r a l  apex. 

2-6. F lora l  development showing p r imary  branch p r i m o r d i a  over  a l l  o f  t h e  apex. 

2- 7. D i f f e r e n t i a t i o n  o f  secondary branch p r i m o r d i a  (bp2)  on t h e  p r imary  branch 
p r i m r d i a .  

2-8. P a n i c l e  showing we1 1 developed secondary branch p r i m o r d i a .  

2-9. P a n i c l e  branch showing secondary and t e r t i a r y  branch p r i m o r d i a  

2- 10. P a n i c l e  b e g i n n i n g  t o  e longa te ,  p a n i c l e  branch development e a s i l y  v i s i b l e .  

2-11. P a n i c l e  branch.  

2-12. Mature p a n i c l e  branch showing t h e  f e r t i l e  ( s e s s i l e )  s p i k e l e t  ( f s )  and t h e  
s t e r i l e  ( p e d i c e l  ed)  s p i k e l e t  ( s s ) .  

2-13. S p i k e l e t  development showing t h e  i n n e r  glume ( i g )  and o u t e r  glume ( 0 9 )  
p r i m r d i a .  

2-14. Stamen p r i m o r d i a  ( s t )  can be observed as t h r e e  spo ts  s h i n i n g  i n  t h e  il- 
I l u m i n a t i n g  l i g h t .  
I 

2-15. P r i m r d i a  o f  t h e  f e r t i l e  ( s e s s i l e )  s p i k e l e t  ( f s )  and t h e  s t e r i l e  ( p e d i -  
c e l e d )  s p i  k e l e t  ( s s )  . 

2-16. Outer  glume (og) ,  i n n e r  glume ( i g ) ,  and s t e r i l e  ( l o w e r )  lemma ( s l ) .  

2- 17. Upper (1) and l o w e r  ( s t e r i l e  - s l )  lemma, stamen ( s t ) ,  and p i s t i l  ( p i )  
development. 

2-18. F l o r e t  p a r t s :  Ou te r  glume ( o g ) ,  i n n e r  glume ( i g ) ,  s t e r i l e  lem~~ ia  ( s t ) ,  up- 
p e r  lemma ( I ) ,  r e c e p t a c l e  ( r ) ,  pa lea ( p ) ,  l o d i c u l e s  ( l o ) ,  stamens ( s t ) ,  
and p i s t i l  ( p i ) .  

2-19, 2-20. P a n i c l e  branch f rom two stages o f  development, U = upper, M = middle,  and 
B = l o w e r  p o r t i o n s  o f  t h e  i n f l o r e s c e n c e .  

2-21. A f u l l y  developed p a n i c l e .  

P i c t u r e s  by c o u r t e s y  of  R . C .  Lomnasson and K.W. Lee, Department o f  Botany; 
and J.D. East in ,  Department o f  Agronomy, U n i v e r s i t y  o f  Nebraska, L i n c o l n ,  
Nebraska. 









PLATE 3. THE SORGHUM PLANT 

(Numbers 2, 5, 6 were de le t ed  from the  above p la te  as not reLevant t o  t h i s  
volume--Ed. I 

A mature f l o r e t  - seed and glumes. 

Pa r t s  o f  t h e  sorghum f l o r e t :  

a- Lower glume 
b- l ower  lemna 
c- Upper glume 
d- Upper l e m a  ( l y i n g  i n  glume) w i t h  awn a t t ached  
e- Seed s i t u a t e d  between the  upper and lower  lemmas 

Sorghum seed ( caryopo i s )  

a- The embryo i s  apparent i n  t h i s  seed. 

b- The b l a c k  h i l u m  i s  apparent a t  t h e  base o f  t h e  seed. There i s  an i n d i c a t i o n  t h a t  
when t h i s  h i l u m  t u r n s  dark ,  t h e  seed has reached p h y s i o l o g i c a l  m a t u r i t y ;  b l a c k  
l a y e r  f o rma t i on  can be used as an i n d i c a t o r  o f  p h y s i o l o g i c a l  m a t u r i t y  (maximum 
d ry  w e i g h t ) .  

A l o n g i t u d i n a l  s e c t i o n  o f  a sorghum seed showing: 

a- The p e r i c a r p  
b- The endosperm 
c- The embryo 

A cross  s e c t i o n  o f  a sorghum seed showing: 

a- The p e r i c a r p  
b- The endosperm 
c- The embryo 

A germinated sorghum seed showing: 

a- The c o l e o p t i  l e  
b-. The p r imary  r o o t  
c-  The seed 

Stages o f  development: 

a- T i p  o f  p r imary  l e a f  
b -  The c o l e o p t i l e  
c- The seed 
d- Pr imary r o o t s  

Stages o f  development: 

a- Leaves 
b- End of  c o l e o p t i l e  
c-  Mesocotyl 
d- Seed 
e- Pr imary r o o t s  
f -  Secondary o r  l a t e r a l  r o o t s .  





PLATE 4. THE SORGHUM PLANT 

A vigorous F hybrid. The plant  i s  well adapted showing good head 
s i z e  and gooi exser t ion  of the  head from the  f l ag  l e a f .  

The head in  flower. Flowering begins a t  the  top and proceeds down- 
ward, requir ing 4 t o  5 days f o r  the  whole head t o  flower ( 3 ) .  The 
f l u f f y  stigmas and anthers of a portion of the  head in  flower a r e  
shown in Pic ture  2 .  

A panicle branch showing secondary and t e r t i a r y  branching. 

The t i p  of the  t e r t i a r y  branch showing s e s s i l e  and pediceled sp ike le t s .  
There a re  two pediceled spi ke le ts  in associa t ion with the  terminal 
f l o r e t  and one with subterminal ones. 

The f l o r e t  in flower; note the  two f l u f f y  stigmas and the  three  anthers 

Seed s i z e  in sorghum. The middle row of seeds a re  from combine k a f i r  60 ,  
an average seed s i z e  f o r  the  crop. The l a rge r  seeds a re  of a Sudanese 
va r i e ty ,  Mugud. 

Axil lary branches; some v a r i e t i e s  a re  more prone than others  t o  develop 
such branches, e spec ia l ly  i f  t he  main head i s  destroyed. 

An a x i l l a r y  bud in sorghum. ( A  small piece of black paper has been 
placed under the  bud t o  enhance c o n t r a s t . )  

T i l l e r s  a r i s i n g  from the  crown. 

4-11. The rudimentary panicle showing two stages of ea r ly  development. 





PLATE 5 .  SOME MORPHOLOGICAL AND PHYSIOLOGICAL CONSIDERATIONS 

Sorghum has a  waxy bloom on stem and leaves. Th is  bloom may be q u i t e  
pronounced on some v a r i e t i e s .  I t can be e a s i l y  rubbed f rom t h e  p l a n t  
and u s u a l l y  wipes on to  one 's  c l o t h i n g  i n  the  f i e l d .  

Complete s t e r i l i t y .  Occasional ly ,  on m a l e - s t e r i l e  p l a n t s ,  t h e  upper 
p o r t i o n  of t h e  head w i l l  become w h i t e  and be both male and female 
s t e r i l e .  The reason f o r  t h i s  i s  n o t  known. Th is  problem may occur  
once i n  an area (even on a p a r t i c u l a r  f i e l d )  and n o t  occur  again f o r  a  
l o n g  t ime.  

5-3, 5-4. Anthers f rom normal ( 4  on l e f t ) ,  s e m i - s t e r i l e  ( 4  i n  center),  and male- 
s t e r i l e  ( 2  on r i g h t )  p l a n t s .  P o l l e n  from t h e  s e m i - s t e r i l e  p l a n t s  i s  a p t  
t o  be f e r t i l e .  Anthers on m a l e - s t e r i l e  p l a n t s ,  i f  s h r i v e l l e d  and dark 
c o l o r e d  w i l l  n o t  shed any v i a b l e  p o l l e n .  P i c t u r e  4  was taken w i t h  l i g h t  
d i r e c t e d  through ( f r o m  below) t h e  an thers .  

P l a n t s  growing i n  a  cool  c l i m a t e  d u r i n g  a s h o r t  day per iod .  Th is  v a r i e t y  
growing i n  these c o n d i t i o n s  w i l l  f l o w e r  when t h e  p l a n t s  a r e  very small  
and t h e  l e a f  number few. (Severa l  p l a n t s  i n  t h e  foreground a re  i n  t h e  
boot  l e a f  s tage w h i l e  one i n  t h e  background i s  i n  f l o w e r . )  

Seed1 i n g  v i g o r .  Seed1 i n g  v i g o r  i s  an impor tan t  c h a r a c t e r i s t i c  o f  sorghum. 
A  score can be developed, f o r  example 1 t o  5, t o  enable t h e  breeder t o  
t a k e  notes on t h i s  charac te r .  

P h y s i o l o g i c a l  d e t e r i o r a t i o n  o f  t h e  leaves.  The spots a r e  t h e  same as t h e  
p l a n t  c o l o r  and t h e  leaves a r e  c h l o r o t i c .  I t i s  suspected i n  t h i s  case 
t h a t  t h i s  problem may be due t o  a  s o i l  c o n d i t i o n .  

Photoper iod problem. The p l a n t s  i n  t h e  foreground have made seed w h i l e  
t h e  t a l l  rank ones i n  t h e  background a r e  s t i l l  vege ta t i ve .  Examination 
revea led  t h a t  t h e  growing p o i n t  was very near t h e  t o p  o f  t h e  p l a n t .  
Pho toper iod -sens i t i ve  p l a n t s  w i l l  do t h i s  i f  p l a n t e d  d u r i n g  March o r  
A p r i l  a t  1 O 0 l a t i t u d e ,  mid-January t o  May a t  1 7 " l a t i t u d e ,  and d u r i n g  t h e  
sumner growing season a t  35 -40°1a t i tude .  

Rank, unadapted p l a n t s ,  as shown i n  p i c t u r e  8 u s u a l l y  have broad b i g  
leaves, a  h i g h  l e a f  number, t h i c k  stems, and a t  t imes a  p r o l i f e r a t i o n  
o f  "brace"  r o o t s  as shown here. 

Lodging. A very  i m p o r t a n t  commercial c h a r a c t e r i s t i c .  Lodging notes should 
be taken by t h e  p l a n t  breeder .  The amount o f  l o d g i n g  can be est imated,  and 
ca tegor ies  such as 0-5, 5-10, 10-25, 25-50, 50-75, 75-90, 90-95, 95-100 a r e  
suggested. I t  i s  e a s i e r  t o  see 0-5% l o d g i n g  than 50-555, hence t h e  
development o f  such ca tegor ies .  







SECTION 3 
GENETICS 

Plant breeding principles stem from the basic science of genetics, thus a working knowledge of this 
science i s  necessary for a good understanding of breeding procedures. This section i s  intended as a 
general review and survey of genetic concepts of most importance to the plant breeder, including 
discussions of Mendelian inheritance and factors that change gene frequencies. The evolutionary 
forces in nature that change gene frequency (i.e., selection, migration, and mutation) usually operate 
over a long span of time, The plant breeder uses these same forces, in a controlled fashion, to 
changefrequencies in a chosen direction and relatively quickly. 

Section 3 describes many of the concepts that are put to use by the breeder in h is practical 
sorghum improvement work. Mitosis and meiosis are described first, leading to a discussion of 
Mendelian genetics. Single-factor inheritance i s  outlined, followed by a brief review of the inherl- 
tance of quantitative traits. Gene frequencies, and the forces that change these frequencies are 
treated next, with a concluding discussion of the genetics of sorghum. 

These concepts are not easily grasped, but i f  understood they wi l l  serve the reader well in 
many aspects of plant breeding. Thus special study i s  encouraged, perhaps with additional reading 
i n  the references cited. 

The f irst portion of Section 3, on Mendelian genetics, wes written by Geoff Hawtin, and the 
following portions, on quantitative and population genetics, were written by L.R. House 



Basic Genetics 

BIOLOGICAL VARIAT ION 

B i o l o g i c a l  v a r i a t i o n  i s  t he  bas is  of  evo lu t i on ,  and p l a n t  breeders use t h i s  v a r i a t i o n  t o  d i r e c t  
and c o n t r o l  evo lu t i ona ry  processes i n  developing new v a r i e t i e s .  The breeder bases h i s  
observat ions and se lec t i ons  on measurements o f  t he  phenotype. 

The phenotype o f  an organism can be def ined as i t s  observable p rope r t i es ;  t he  phenotype 
inc ludes charac ters  such as p l a n t  he ight ,  number of leaves, c o l o r  of  f lowers,  shape o f  anthers,  
growth ra te ,  e t c .  

An i n d i v i d u a l  p l a n t  der ives  i t s  phenotype from two f a c t o r s :  

The genotype, which i s  t h e  genet ic  make-up o f  t he  p l a n t ;  and 
The environment, which mod i f i es  t he  expression o f  t he  genotype. 

Almost a l l  o f  the  charac ters  t h a t  combine t o  form the  phenotype o f  a  p l a n t  a re  sub jec t  t o  
some degree o f  v a r i a t i o n ,  however s l i g h t .  Th is  v a r i a t i o n  i s  known as phenotypic var ia t ion  and 
i t  r e s u l t s  f rom v a r i a t i o n  i n  e i t h e r  ( o r  both)  o f  t he  f a c t o r s  t h a t  a f f e c t  t h e  phenotype; i . e . ,  
genotype and environment. V a r i a t i o n  due t o  d i f f e rences  i n  genotype i s  c a l l e d  genet ic  
vnr?:ation, and v a r i a t i o n  due t o  t h e  environment i s  c a l l e d  enviromenta2 var ia t ion .  

The degree o f  v a r i a t i o n  i n  a  p a r t i c u l a r  charac ter  can be measured by means o f  a  s t a t i s t i c  
c a l l e d  t he  variance ( t h e  square o f  the  standard d e v i a t i o n ) .  The phenot p i c  var iance (Vp) i s  
t he  sum o f  t he  genet ic  var iance (VG) and t h e  environmental var iance (v$ Thus: Vp.= VG + VE. 

If p l a n t s  having i d e n t i c a l  genotypes are  grown i n  several  d i f f e r e n t  environments, t he  
observed v a r i a t i o n  i n  t he  phenotype o f  a  p a r t i c u l a r  charac ter  w i l l  be e n t i r e l y  due t o  t he  
e f f e c t s  o f  the  environment. I n  t h i s  s i t u a t i o n ;  VG = 0 ( ze ro )  and Vp = VE. 

I f ,  on the  o the r  hand, p lan ts  w i t h  d i f f e r i n g  genotypes a re  grown i n  t he  same environment, 
t he  observed phenotypic v a r i a t i o n  w i l l  be due e n t i r e l y  t o  gene t i c  d i f f e rences  between the  
p lan ts .  I n  t h i s  s i t u a t i o n  VE = 0 (zero)  and Vp = VG. It i s ,  o f  course, p r a c t i c a l l y  imposs ib le  
t o  grow p l a n t s  i n  i d e n t i c a l  environments: environmental v a r i a t i o n  can r a r e l y ,  i f  ever, be 
e l im ina ted  completely.  

The p l a n t  breeder, i n  a t tempt ing  t o  develop improved v a r i e t i e s ,  bases h i s  observat ions 
and se lec t i ons  on measurements o f  t he  phenotype. The gene t i c  v a r i a t i o n ,  however, i s  o f  most 
value t o  t he  breeder, s ince t h i s  i s  t he  he red i t a r y  p o r t i o n  o f  t he  t o t a l  v a r i a t i o n .  He seeks t o  
reduce, t o  c o n t r o l ,  o r  t o  accura te ly  descr ibe the environmental v a r i a t i o n ,  so t h a t  t he  
se lec t i ons  based on supe r i o r  phenotypes w i l l ,  i n  f a c t ,  be g e n e t i c a l l y  supe r i o r .  

Since h e r i t a b l e  v a r i a t i o n  i s  o f  prime concern t o  the  breeder, most o f  t he  f o l l o w i n g  
d iscuss ion focuses on t h i s  aspect o f  phenotypic v a r i a t i o n .  

T H E  BASIS O F  H E R E D I T Y  

Heredity i s  t he  process through which c h a r a c t e r i s t i c s  o f  parents a r e  t r ansm i t t ed  t o  t h e i r  
o f f s p r i n g .  It has been shown t h a t  t he  expression o f  a  charac ter  i n  an organism i s  h i g h l y  
dependent on the  genotype ( t h e  genet ic  make-up) o f  t h a t  organism, though i t s  expression may be 
mod i f i ed  by t he  e f f e c t s  o f  t he  environment. 

I f  parents having i d e n t i c a l  genotypes a re  crossed, however, t he  genotype o f  t he  o f f s p r i n g  
w i l l  be composed o f  p a r t s  o f  t he  genotypes o f  bo th  parents,and the  r e s u l t i n g  phenotype of  t he  
progeny may resemble one parent,  bo th  parents,  o r  n e i t h e r .  

The science o f  genet ics  stud ies  t he  degree o f  s i m i l a r i t y  o r  d i f f e r e n c e  between an o f f -  
sp r i ng  and i t s  parents.  It attempts t o  e x p l a i n  how such s i m i l a r i t i e s  o r  d i f f e rences  are  
t r ansm i t t ed  f rom genera t ion  t o  generat ion.  

The genet ic  o r  he red i t a r y  i n fo rma t i on  o f  an organism i s  contained i n  genes. Genes can be 
thought o f  as very smal l  chemical f a c t o r s  t h a t  c o n t r o l  t he  phys io log i ca l  process o f  t he  
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organism, and t h u s  i t s  s t r u c t u r a l  development. A s i n g l e  gene may c o n t r o l  a  s i n g l e  c h a r a c t e r  o r  
s e v e r a l  c h a r a c t e r s ,  o r  i t  may a c t  i n  c o m b i n a t i o n  w i t h  o t h e r  genes. 

Genes a r e  l o c a t e d  on chromosomes, which  a r e  r o d  o r  thread-shaped b o d i e s  w i t h i n  t h e  c e l l  
nuc leus .  Each s p e c i e s  has a  c h a r a c t e r i s t i c  number o f  chromosomes and each s p e c i f i c  gene i s  
found  on s p e c i f i c  chromosome and a t  a  s p e c i f i c  l o c a t i o n  ( r e f e r r e d  t o  as a  locus)  on t h a t  
chromosome. 

Severa l  a l t e r n a t i v e  genes may o c c u r  a t  a  g i v e n  l o c u s - - a  gene c o n f e r r i n g  g e n e t i c  ma le  
s t e r i l i t y  may be  found  a t  t h e  same l o c u s  as a n o t h e r  gene t h a t  c o n f e r s  f e r t i l i t y .  A l t e r n a t i v e  
genes t h a t  may be p r e s e n t  a t  a  g i v e n  l o c u s  a r e  r e f e r r e d  t o  as a2leZe.s. 

There a r e  two  i d e n t i c a l  s e t s  o f  chromosomes (each s e t  i s  known as a  genome) i n  t h e  n u c l e u s  
of  each c e l l :  one s e t  i s  d e r i v e d  f r o m  t h e  male p a r e n t  and t h e  o t h e r  f r o m  t h e  female p a r e n t .  A  
p a i r  o f  c o r r e s p o n d i n g  chromosomes a r e  c a l l e d  homologous chromosomes. A  gene a t  a  p a r t i c u l a r  
l o c u s  on a  chromosome d e r i v e d  f r o m  t h e  male p a r e n t  has a  c o r r e s p o n d i n g  gene a t  t h e  same l o c u s  
on t h e  homologous chro~ilosome d e r i v e d  f r o m  t h e  fema le  p a r e n t .  I f  t h e s e  two genes a r e  t h e  same 
( f o r  example, i f  b o t h  genes c o n f e r  male s t e r i l i t y  i n  sorghum), t h e n  t h e  phenotype o f  t h e  p l a n t  i s  
de te rmined  b y  t h e i r  e f f e c t - - t h e  p l a n t s  i n  t h e  progeny w i l l  be  m a l e - s t e r i l e ,  and t h e  p l a n t s  a r e  
s a i d  t o  be homozygous f o r  t h a t  c h a r a c t e r .  I f  t h e  two  genes a r e  d i f f e r e n t  ( t h e y  a r e  d i f f e r e n t  
a l l e l e s )  t h e n  t h e  phenotype niay be i n t e r m e d i a t e  between t h e  two genes, o r  one gene may dominate 
o v e r  t h e  o t h e r  gene. I f  t h e  two genes a r e  d i f f e r e n t ,  t h e  p l a n t  i s  s a i d  t o  be hetcrozygous 
f o r  t h a t  c h a r a c t e r .  

The b a s i c  number o f  chromosomes i n  a  g i v e n  s p e c i e s  i s  known as t h e  hapZ.aid number and i s  
g e n e r a l l y  i n d i c a t e d  by t h e  l e t t e r  n  ; i n  sorghum, n  = 10. I n  d i p l o i d  p l a n t s  each o f  t h e s e  n  
chrornosomesappears t w i c e :  one s e t  o f  n  b e i n g  d e r i v e d  frorn t h e  male p a r e n t  and one s e t  f r o m  
t h e  female p a r e n t .  The normal number o f  chromosomes i n  a  p l a n t  i s  Zn, and t h i s  i s  r e f e r r e d  t o  
as t h e  cfipZoic1 number. Thus, i n  t h e  n u c l e i  o f  sorghum c e l l s ,  t h e r e  a r e  Zn, o r  20, chromosomes. 

The d e s c r i p t i o n s  t h a t  f o l l o w  a r e  des igned  t o  p r o v i d e  a  c l e a r e r  i d e a  o f  how c e l l s  r e p l i c a t e  
themselves by mitosi's and how t h e y  produce h a p l o i d  c e l l  s  b y  meiocis.  These d e s c r i p t i o n s  
p r o v i d e  a  b a s i s  f o r  d i s c u s s i o n  o f  t h e  ways i n  wh ich  c e r t a i n  t r a i t s  a r e  i n h e r i t e d .  

I n  t h e  f o r ~ i i a t i o r ~  of  t h e  p o l l e n  and t h e  o v u l e ,  a  p rocess  o c c u r s  t h a t  i s  known as r e d u c t i o n  
d i v i s i o n ,  o r  t i l c los is .  I n  ~ n e i o s i s ,  c e l l s  hav ing  n  chrorr~osomes a r e  produced f rom a  c e l l  h a v i n g  
2n chroniosornes. Thus, d u r i n g  most  o f  t h e  l i f e  c y c l e  o f  t h e  p l a n t ,  each c e l l  n u c l e u s  has t h e  
d i p l o i d  number of  chromosomes (Zn) ,  e x c e p t  f o r  t h e  o v u l e  and t h e  p o l l e n ,  w h i c h  have t h e  
h a p l o i d  number ( n ) .  When f e r t i l i z a t i o n  occurs ,  t h e  n  chron~osomes f r o m  t h e  p o l l e n  combine 
w i t h  t h e  n chrornosoriies f rom t h e  o v u l e  t o  produce a  c e l l  ( t h e  zygo ie )  hav ing  t h e  d i p l o i d  number 
( 2 n )  a g a i n .  D i v i s i o n  known as mito:; io  o c c u r s  i n  t h e  f o r r i i a t i o n  o f  new c e l l s  f r o m  t h e  zygote,  
and t h r o u g h o u t  t h e  development  of  t h e  matu re  p l a n t .  I n  m i t o s i s ,  t h e  2n chromosonles d u p l i c a t e  
thenlselves e x a c t l y  i n  t h e  new c e l l .  

I n  some p l a n t s  more t h a n  t h e  d i p l o i d  number o f  chromosomes may be found  and t h e s e  a r e  
r e f e r r e d  t o  as jii~Ly;~Io.i~i::, e.g .  3n ( t r i p l o i d ) ,  4n ( t e t r a p l o i d ) ,  and 6n ( h e x a p l o i d ) .  

MITOSIS 

P l a n t  g rowth  i s  t h e  r e s u l t  o f  two p rocesses :  

r An i n c r e a s e  i n  c e l l  number, and 
An i n c r e a s e  i n  c e l l  s i z e .  

A c t i v e  d i v i s i o n  o f  c e l l s  takes  p l a c e  i n  t i s s u e ,  c a l l e d  meristematio t i s s u e  t h a t  i s  
l o c a t e d  m a i n l y  a t  t h e  a p i c e s  of  o r g a n s - - f o r  example, r o o t  t i p s .  Two i n t e r r e l a t e d  processes a r e  
i n v o l v e d  i n  c e l l  d i v i s i o n :  

The d i v i s i o n  o f  t h e  nuc leus ,  c a l l e d  mitos i s ,  t o  f o r ~ n  two n u c l e i ,  each h a v i n g  t h e  same 
number o f  chromosomes as t h e  p a r e n t ,  and . 

Cytokinesis,  which  i s  t h e  d i v i s i o n  o f  t h e  r e s t  o f  t h e  c e l l .  
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The process o f  m i t o s i s  occurs i n  a d e f i n i t e  sequence o f  events,  and these a re  
shown i n  F i g  3.1. 

Process of Mitosis 

Interphase: 

Th is  i s  t he  r e s t i n g  stage between d i v i s i o n s  of t h e  nucleus. Near t he  end o f  in terphase,  
the  chromosomes d u p l i c a t e  themselves i n  readiness f o r  t he  separa t ion  which occurs 
du r i ng  m i t o s i s .  

Prophase : 

At  the  beg inn ing o f  prophase, t h e  chromosomes appear as l ong  t h r e a d - l i k e  s t ruc tu res ,  
b u t  as prophase progresses they become co i l ed ,  shortened, and more d i s t i n c t .  Towards 
the  end o f  prophase, t h e  chromosomes appear t o  be s o l i d  and ova l  o r  rod-shaped, and 
by l a t e  prophase the chromosome can o f t e n  be seen t o  have d i v i d e d  lengthwise i n t o  
two separate u n i t s ,  c a l l e d  chromatids. A t  t h i s  stage the  chromatids are  j o i n e d  
together  a t  a p o i n t  a long t h e i r  l eng th  known as t h e  centromere. 

Metaphase: 

The p a i r s  o f  chromatids come t o  l i e  on a plane through the  cen te r  of t he  nucleus 
c a l l e d  the  equatoricrl pLane,and a t  t h i s  stage the  membrane around the  c e l l  nucleus 
g radua l l y  disappears. A s t r u c t u r e  known as the  spiniilk i s  formed, which appears 
as f i b e r s  running from the  centromeres o f  each chromat id t o  one o f  two p o i n t s  a t  
t he  poles o f  t he  c e l l  known as t h e  a s t e r s .  The two chromatids o f  each chromosome 
are  a t tached t o  as te rs  a t  oppos i te  poles o f  t he  c e l l .  

I t  i s  a t  t h i s  stage t h a t  t he  chromosomes a re  most d i s t i n c t  and can e a s i l y  be 
counted. 

Anaphase 

During anaphase the  chromatids separate,  a t  f i r s t  a t  t h e  centromeres,and then move 
t o  t he  respec t i ve  po les  o f  t he  sp ind le .  Each chromat id can now be considered t o  be 
a separate chromosome. 

Telophase: 

The chromosomes have now reached t h e  po les  and a nuc lea r  membrane forms around each 
daughter nucleus. I n  t he  f i n a l  stage o f  te lophase the  c e l l  protoplasm d i v i des  
( cy tok ines i s )  and a w a l l  forms around each o f  t h e  two daughter c e l l s .  

The prophase and telophase stages o f  m i t o s i s  a re  r e l a t i v e l y  l ong  processes, 
whereas metaphase and anaphase a re  commonly very sho r t .  The whole process of 
m i t o s i s  may take on l y  a few hours o r  up t o  2 o r  3 days, depending on the  organism 
and on environmental cond i t i ons  . 



c e l l  w a l l  
1. I n t e r p h a s e :  

The s tage  between m i t o t i c  d i v i -  p r o t o p l a s m  
s ions .  nuc leus  

n u c l e a r  
membrane 

2. E a r l y  Prophase:  

The chromosomes become v i s i b l e  cen t romere  
as l o n g  t h r e a d - l i k e  s t r u c t u r e s .  

chromosome 

3 .  L a t e  Prophase: 
chromosome 

The chromosomes s h o r t e n  and be- c o m p r i s i n g  
come more d i s t i n c t .  Each c h r o -  two c h r o -  
niosome can  be seen t o  c o n s i s t  m a t i d s  
o f  two chromat ids ,  j o i n e d  a t  cen t romere  
t h e  cen t romeres .  

Metaphase: 

The n u c l e a r  membrane d i s a p p e a r s  
and t h e  s p i n d l e  i s  formed.  The 
chromosomes become a r r a n g e d  on  
t h e  e q u a t o r i a l  p l a n e  and can  b e  
seen v e r y  c l e a r 1  y  . 

chromosome 

s p i n d l e  

a s t e r  

Fig 3.1: The Stages of Mitosis. 



5.  E a r l y  Anaphase: chromatids 
separa t ing  

The chromatids separate a t  t h e i r  
centromeres and beg in  t o  move t o  
oppos i te  po les  o f  t he  c e l l .  

Anaphase: 

The two sets  o f  daughter chromo- 
somes beg in  t o  e longate  as they 
approach the  oppos i te  poles of  
the  c e l l .  

chromosome 

midd le  
l ame l l a  

nuc lear  
membrane 

7 .  Telophase: 

The chromosomes have reached 
the po les  and a nuc lear  mem- 
brane forms around each nu- 
c l eus .  A c e l l  w a l l  ( t h e  mid- 
d l e  l ame l l a )  forms between 
the  two daughter c e l l  s .  

chromosome 

Interphase: 

The two daughter c e l l s  a r e  
now f u l l y  formed. The chro- 
mosomes are  no longer  v i -  
s i b l e .  

\ nuc l  eus 

Fig 3.1: (Contlnued) 



When f e r t i l i z a t i o n  occurs,  t he  nucleus of  a  p o l l e n  g r a i n  combines w i t h  t he  nucleus o f  an ovu le  
t o  form +,he zygote. A form o f  d i v i s i o n  known as reduction div,ision, o r  rn,<Losis, occurs du r i ng  
the  format ion o f  t he  p o l l e n  g ra ins  and ovules,  so t h a t  the  zygote can have the same number o f  
chromosomes as t he  r e s t  of  t he  c e l l s .  

Each o f  t he  parent  p l a n t  c e l l s  has the  d i p l o i d  number o f  chromosomes (2n) ,  b u t  t he  p o l l e n  
g ra ins  and ovules have o n l y  h a l f  t h i s  number ( n ) .  When f e r t i l i z a t i o n  takes place, t he  n  
chromosomes from the  p o l l e n  combine w i t h  t he  n chromosomes from the ovu le  t o  form a  zygote 
having the  d i p l o i d  number o f  chromosomes (2n) ( F i g  3.2).  

Male Parent Female Parent 

2n Chromosomes 

1 Meiosis 

Pol 1  en 

2n Chromosomes 

1 Meiosis 

Ovule 

n  Chromosomes n  Chromosomes 

2n Chromosomes 

Fig 3.2:  Meiosis 

The c e l l s  t h a t  have (n )  chromosomes ( h a p l o i d  number), which combine on f e r t i l i z a t i o n ,  a re  
c a l l e d  g i u n ~ ! t ' ~ .  I n  p lan ts ,  t he  male gametes are  the  p o l l e n  g ra ins  and the  female gametes a re  
the  ovules (o r ,  more c o r r e c t l y ,  t he  egg c e l l  i n  t he  ovu le ) .  

Meiosis cons i s t s  o f  two phases: meiosis 1, du r i ng  which the  parent  c e l l  d i v i des  t o  form 
two daughter c e l l s  each having on l y  h a l f  t he  number o f  chromosomes; and meiosis 2,which i s  very 
s i m i l a r  t o  m i t o s i s  except t h a t  t h e  c e l l s  concerned o n l y  have the hap lo id  number of chromosomes. 
These two d i v i s i o n s  a re  shown i n  F i g  3.3. 

Parent Ce l l  

Meiosis I 

-- __3 

_____* 

Meiosis 2  

7 

Fig 3.3: The Two Phases of Meiosis. 
Gametes 

I n  both  meios is  1 and 2, t h e  stages prophase, metaphase, anaphase, and telophase can be re -  
cognized, as i n  m i tos i s .  F i g  3 . 4  shows t h e  stages o f  meios is ,  which can be sumnarized as f o l l ows :  



Gene t i c s  

Process of Meiosis 

Prophase 1: 

This extended stage i s  o f t e n  subdiv ided i n t o  severa l  o t h e r  stages. I n  t he  d i p l o i d  
c e l l ,  one s e t  (n )  o f  chromosomes has been der ived from the  male parent  and one s e t  
(n )  of chromosomes has been der ived from t h e  f e m l e  parent.  The two sets  a re  exact  
dup l ica tes  i n  s t ruc tu re ;  thus each chromosome i n  t he  d i p l o i d  c e l l  has a  counterpar t  
t h a t  i s  i d e n t i c a l  i n  s t r u c t u r e .  A  p a i r  o f  chromosomes having i d e n t i c a l  s t r u c t u r e  are  
known as homoZogous chromosomes. 

Dur ing prophase 1, t h e  chromosomes become v i s i b l e  as thread-1 i ke s t r u c t u r e s  and 
homologous chromosomes come t o  l i e  s i de  by s i de ,  so t h a t  each segment o f  t he  chromo- 
some p a i r s  w i t h  t he  corresponding segment o f  i t s  homologous pa r tne r .  The two chromo- 
somes, when they a re  p a i r e d  i n  t h i s  way, a re  known as a  bivalent. By the  t ime the  
b i va len ts  have been formed, each chromosome w i l l  have d i v i d e d  lengthwise t o  form two 
chromatids t h a t  a re  j o i n e d  a t  t he  centromore. 

Then t h e  two chromosomes (each composed o f  two chromat ids) separate, b u t  may 
remain j o i n e d  a t  one o r  two places along t h e i r  l eng th .  The p lace where two chromo- 
somes j o i n  i s  c a l l e d  a  chinsma. 

Near t he  end o f  prophase 1, the  chromosomes become very s h o r t  and d i s t i n c t .  

Metaphase 1: 

The chromosomes come t o  l i e  on the  equa to r i a l  p lane, t he  nuc lea r  membrane d isso lves ,  
and t h e  sp ind le  i s  formed. 

Anaphase 1: 

One chromosome ( s t i l l  having two chromat ids) o f  each homologous p a i r  moves t o  one 
po le  and the  o the r  chromosome moves t o  t he  o t h e r  po le ,  a long t h e  sp ind le  f i be rs .  

Telophase 1: 

When the chromosomes have reached the  po les ,  nuc lea r  membranes form around them and 
cytokinesis ( t h e  d i v i s i o n  of t he  c e l l )  gene ra l l y  takes p lace.  

Interphase: 

There may be a  s h o r t  in terphase,  b u t  gene ra l l y  meios is  f o l l ows  almost imnedia te ly .  

Prophase 2 :  

This  i s  a  sho r t  stage, and t h e  chromosomes, a l ready v i s i b l e ,  soon pass i n t o  metaphase 2 .  

Metaphase 2 :  

The nuc lear  membrane disappears and the  chromosomes l i n e  up on the  e q u a t o r i a l  p lane, 
i n  both nuc le i .  

Anaphase 2: 

The chromatids separate and move t o  oppos i te  poles.  

Telophase 2: 

Having reached t h e  poles,  each o f  t he  f o u r  groups o f  chromosomes becomes enclosed i n  
a nuc lear  membrane. A second cy tok ines i s  takes p lace and f o u r  daughter c e l l s  a re  
formed, each having (n )  chromosomes. 



1. Very E a r l y  Prophase 1 : c e l l  w a l l  
chromosome 

The chromosomes become v i s i b l e .  nuc lear  
membrane 

centromere 

2 .  E a r l y  Prophase 1: 

Homologous chromosomes p a i r  t o  
form b i v a l e n t s *  centromere 

homo1 ogous 
chromosomes 
forming a 
b i v a l e n t  

3.  Mid-Prophase 1: 

The chromsomes can each be seen 
t o  cons i s t  o f  two chromatids. @- chromatid 

4.  La te  Prophase 1 : 

The homologous chromosomes i n  
each b i v a l e n t  separate , s t a r t -  
i n g  w i t h  the  centromeres. chiasma 
Chiasmata a re  formed where 
two chromosomes a r e  s t i  11 tem- 
p o r a r i  ly j o ined.  

5 .  Metaphase 1: chromosome 
sp ind le  

The chromosomes come t o  l i e  on 
the equa to r i a l  plane, and a r e  a s t e r  
a t tached t o  sp ind le .  The nu- 
c l e a r  membrane disappears. 

Flg 3.4: The Stages of Meiosis. 



6 .  Anaphase 1: 

The chromosomes, each compr is -  
i n g  two chromat ids  move t o  op- 
p o s i t e  po les .  

chromosome 

a s t e r  

7 .  Telophase 1  : c e l l  w a l l  

A n u c l e a r  membrane f o r n s  around 
each s e t  o f  chromosomes. Cyto- nuc lea r  

k i n e s i s  takes p lace .  membrane 

8. Metaphase 2: a s t e r  
s p i n d l e  

The nuc lea r  membrane d isappears  
aga in  and the  chromosomes i n  chromosome 
each c e l l  come t o  1  i e  on t he  compr i s i ng  2 
e q u a t o r i a l  p l ane  and a r e  a t -  chromat ids  
tached t o  t he  s p i n d l e .  

9 .  Anaphase 2: 

The chromat ids  separate  and 
move t o  o p p o s i t e  po les ,  as 
i n  m i t o s i s  

10. Telophase 2 :  7 c e l l  w a l l s  

Nuc lear  membranes form around 
each o f  t he  n u c l e i ,  and c y t o -  
k i n e s i s  takes p l a c e  t o  form 
4 daughter c e l l s .  nuc lea r  

membrane 

Fig 3.4: (Continued) 



Sing le-Factor  I n h e r i t a n c e  

GAMETOGENESIS AND FERTILIZATION 

The format ion  o f  t h e  gametes ( t h e  p o l l e n  and egg) i s  known as gumetugenesiu. 

Formation o f  t he  Male Gametes: I n  t h e  young anthers,  t he re  are  a  number o f  d i p l o i d  c e l l s  
known as p o l l e n  mother ce lZs  t h a t  d i v i d e  by meiosis t o  form the  hap lo id  p o l l e n  g ra ins .  Each 
p o l l e n  mother c e l l  forms f o u r  p o l l e n  g ra ins .  

The hap lo id  nucleus i n  each p o l l e n  g r a i n  then undergoes a  f u r t h e r  d i v i s i o n  by m i tos i s ,  
r e s u l t i n g  i n  each p o l l e n  g r a i n  having two n u c l e i :  the  genera t iue  nucleus and the  tube nucleus. 
I n  most p lan ts ,  t he  p o l l e n  i s  i n  t h i s  b inuc lea te  stage (b inuc lea te  = having two n u c l e i )  when 
the  anthers ciehioce (shed t h e i r  p o l l e n ) .  

Formation o f  t h e  Female Gametes: The ovu le  cons i s t s  o f  a  number o f  c e l l s ,  on l y  one o f  
which ( t h e  egg) i s  c o r r e c t l y  t he  female gamete. I n  each ovu le ,  a  d i p l o i d  c e l l  known as the  
embryo-sac mother ee l2  d i v i des  by meiosis t o  form four h a p l o i d  c e l l s  c a l l e d  t he  embryo-sac 
i n i t i a l s .  Three o f  these c e l l s  d ie ,  and the  nucleus i n  t he  remaining hap lo id  c e l l  d i v i des  
th ree  t imes by m i t o s i s  t o  form a  c e l l  c a l l e d  t h e  embryo-sac, which has e i g h t  hap lo id  n u c l e i .  
Of these e i g h t ,  one becomes the  egg, the  t r u e  female gamete; two o f  t he  nuc le i  u n i t e  t o  form a  
d i p l o i d  nucleus (which l a t e r  produces the  endosperm nuc leue) ,  and ( i n  most p l a n t s )  t he  f i v e  
remaining nuc le i  a re  reabsorbed. The development o f  the  p o l l e n  and egg i s  shown i n  F i g  3 .5 .  

Fertilization 

A f t e r  p o l l i n a t i o n ,  when t h e  p o l l e n  g r a i n  i s  on the  sur face o f  t h e  stigma, t he  genera t ive  
nucleus d i v i des  again, by m i t o s i s .  A t  t h i s  stage, t he  p o l l e n  g r a i n  conta ins  t h ree  h a p l o i d  
n u c l e i :  the  tube Y L U C L ~ U S ,  and the  two g c r i i ~ ~ u t i i k .  rrui?,'cl:. 

The p o l l e n  g ra in  then germinates and produces a  tube ( t h e  p o l l e n  tube), which grows down 
t h e  s t y l e  and enters  t he  embryo-sac through a  small ho le  c a l l e d  t he  micropyl t?.  

Two separate f e r t i  1  i z a t i o n s  then take p lace:  

One o f  t he  genera t ive  n u c l e i  u n i t e s  w i t h  t he  egg t o  produce the  d i p l o i d  zygote; t he  
o the r  genera t ive  nucleus un i t es  w i t h  t h e  d i p l o i d  endosperm n~rc leus t o  form a  t r i p l o i d  
(3n) nucleus. 

A f t e r  f e r t i l i z a t i o n ,  t he  zygote grows by a  se r i es  o f  m i t o t i c  d i v i s i o n s  t o  form the  embryo 
I n  the  seed ( t he  c ~ t ! ~ l , ~ ( ~ o n . s ,  ~,: i l ic le ,  and ;>Lwnuld) and the  t r i p l o i d  endosperm nucleus d i v i des  
by m i t o s i s  t o  produce the  endosperm t i s s u e .  I n  monocotyledons, t he  endosperm o f t e n  forms the 
main bu l k  o f  t he  seed. 

This process o f  double-f$rti%i.zation in t roduces genet ic  ma te r i a l  from the p o l l e n  parent  
i n t o  both  t he  embryo and the  endosperm. The i n f l u e n c e  o f  t he  genes from the  p o l l e n  parent  on 
the  endosperm i s  c a l l e d  mnZa  and may a f f e c t  such charac ters  as the  endosperm c o l o r  ( f o r  
example, ye l l ow  seeds on a  white-seeded ear  o f  co rn ) .  

I n  a d d i t i o n  t o  the  embryo (2n) and endosperm (3n) t i s s u e  i n  the  seed, u n f e r t i l i z e d  d i p l o i d  
c e l l s  from the ovu le  a l s o  d i v i d e  by m i t o s i s  t o  form p a r t  o f  t he  seed ( t h e  t e s t a ) ,  and such 
t i s s u e  i s  unaf fec ted by genes from the  p o l l e n  parent .  

SINGLE-FACTOR INHERITANCE 

Basic Laws 

The bas ic  laws of genet ics  were f i r s t  d iscovered by Gregor Mendel, who pub l ished h i s  f i nd ings  
i n  1865. His work rece ived no r e c o g n i t i o n  a t  t he  t ime, however, and i t  was no t  u n t i l  1900 t h a t  
Mendel 's laws were rediscovered, independent ly,  by de Vr ies  i n  Hol land, Correns i n  Germany, 
and Tschermark i n  Aus t r i a .  



Genetics 

Fema 1  e 

\ Meios is  

Q 0 0 0 4  gra ins  p o l l e n  ( n )  

M i t o s i s  

P o l l e n  g r a i n  w i t h  2 
n u c l e i  
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Flg 3.5: Gametogenesis In Plants. 



Single-Factor Inheritance 

Mende l ' s  success was due l a r g e l y  t o  t h e  f a c t  t h a t  he s y s t e m a t i c a l l y  s t u d i e d  t h e  i n h e r i -  
t a n c e  o f  s i n g l e  c h a r a c t e r s ,  one a t  a  t i m e ,  i n  h i s  c rosses .  F o r  example, he s t u d i e d  seven 
p a i r s  o f  c o n t r a s t i n g  c h a r a c t e r s  i n  garden peas and found t h e  i n h e r i t a n c e  o f  each p a i r  t o  be 
s i m i l a r .  These c h a r a c t e r s  were: 

T a l l  and s h o r t  g rowth  h a b i t s  
Green and y e l l o w  pods 
C o n s t r i c t e d  and i n f l a t e d  pods 
I n d e t e r m i n a t e  and d e t e r m i n a t e  g rowth  h a b i t s  
Ye1 l o w  and g reen  c o t y l e d o n s  
Smooth and w r i n k l e d  seed c o a t s  
Wh i te  and g r e y  seed c o a t s  

Mendel c r o s s e d  a  t a l l  p l a n t  w i t h  a  s h o r t  p l a n t  and found  t h a t  t h e  o f f s p r i n g  were a l l  t a l l .  
The g e n e r a t i o n  f o l l o w i n g  a  c r o s s  between two p a r e n t s  i s  c a l l e d  t h e  f i rs t :  ! i l ia2 generation, o r  
more s i m p l y ,  t h e  F1. I n  t h i s  g e n e r a t i o n ,  t h e  c h a r a c t e r  t h a t  expresses i t s e l f  i s  c a l l e d  t h e  
dominant c h a r a c t e r ,  and t h e  p a r e n t a l  c h a r a c t e r  t h a t  i s  n o t  expressed  i n  t h e  F1 i s  c a l l e d  t h e  
recessive  c h a r a c t e r .  Thus, i n  Mende l ' s  c r o s s  t h e  t a l l  g r o w t h  h a b i t  was found  t o  be dominant ;  
t h e  s h o r t  h a b i t  was r e c e s s i v e .  S i m i l a r l y ,  i n  o t h e r  c rosses ,  he found  t h a t  green pods were 
dominant  and y e l l o w  pods r e c e s s i v e ;  i n d e t e r m i n a t e  g rowth  h a b i t  was dominant  and d e t e r m i n a t e  
g rowth  h a b i t  was r e c e s s i v e ,  e t c .  

The n e x t  g e n e r a t i o n ,  t h e  F2, was o b t a i n e d  b y  s e l f i n g  t h e  F 1  p l a n t s  (garden  peas a r e  
n o r m a l l y  s e l  f - p o l l  i n a t e d )  and i n  t h i s  g e n e r a t i o n  Mendel found  b o t h  p a r e n t a l  c h a r a c t e r s  were 
represen ted .  I n  t h e  F2 o f  t h e  c r o s s  o f  t a l l  p l a n t s  w i t h  s h o r t ,  he found  787 t a l l  p l a n t s  and 
277 s h o r t  p l a n t s .  S i m i l a r  r a t i o s  o f  a p p r o x i m a t e l y  3 : l  f o r  t h e  dominan t : recess ive  c h a r a c t e r  
were found  f o r  a l l  seven p a i r s  o f  c h a r a c t e r s .  The appearance o f  b o t h  t ypes  o f  p l a n t s  i n  t h e  
F2 i s  c a l l e d  scgrcgation. 

To e x p l a i n  t h e s e  f i n d i n g s ,  Mendel c o n s i d e r e d  each c h a r a c t e r  t o  be c o n t r o l l e d  by u n i t s  
c a l l e d  factors; he found  t h a t  an i n d i v i d u a l  p l a n t  had two such f a c t o r s  f o r  each c h a r a c t e r .  
When p l a n t s  were crossed,  one f a c t o r  was c o n t r i b u t e d  by each p a r e n t  t o  t h e  F1. If t h e  p a r e n t s  
had d i f f e r e n t  c h a r a c t e r s ,  t h e  two f a c t o r s  i n  t h e  F 1  wou ld  be  d i f f e r e n t  and ( g e n e r a l l y )  one of  
t h e  f a c t o r s  wou ld  express  i t s e l f  and suppress t h e  e x p r e s s i o n  o f  t h e  o t h e r  f a c t o r  ( F i g  3 .6 ) .  
The f a c t o r  expressed i n  t h e  F1 i s  t h e  dominant  f a c t o r ;  t h e  suppressed u n i t  i s  t h e  r e c e s s i v e  
f a c t o r .  When F1 p l a n t s  reproduce ,  t h e  c o n t r a s t i n g  f a c t o r s  separate, o r  segregate, d u r i n g  t h e  
f o r m a t i o n  o f  t h e  gametes, and t h u s  two k i n d s  o f  gametes a r e  produced.  When f e r t i l i z a t i o n  takes  
p l a c e ,  gametes may e i t h e r  combine w i t h  a  gamete o f  t h e i r  own k i n d  o r  w i t h  a  gamete b e a r i n g  a  
c o n t r a s t i n g  f a c t o r .  

Paren ts  

C h a r a c t e r  
F a c t o r s  
Gametes 

F a c t o r s  
C h a r a c t e r  

T a l l  S h o r t  
TT t t 

C h a r a c t e r  T a l l  T a l l  T a l l  S h o r t  

The p h e n o t y p i c  r a t i o  i n  t h i s  case i s  3 t a 1 l : l  s h o r t .  

Fig 3.6: The Generations Following a Cross Between a Tal l  and a Short Plant Based on a Cross by Mendei. 



Gene tics 

When gametes a re  formed by a  heterozygous p l a n t ,  h a l f  o f  t he  gametes w i l l  con ta in  one o f  
the  f ac to rs ,  and the  o the r  h a l f  w i l l  con ta in  t he  o the r  f a c t o r .  ( H a l f  o f  the  p o l l e n  g ra ins  w i l l  
ca r r y  the  f a c t o r  f o r  t a l l n e s s  and the  o the r  h a l f  w i l l  bear t he  f a c t o r  f o r  shortness.)  When 
f e r t i l i z a t i o n  occurs,  t he re  i s  an equal chance f o r  e i t h e r  f a c t o r  i n  t he  p o l l e n  t o  combine w i t h  
e i t h e r  f a c t o r  i n  t he  egg. Thus ( F i g  3.7),  each of t he  f o u r  F2 combinations has an equal chance 
o f  occur r ing .  If a l a r g e  number o f  F2 p lan ts  i s  s tud ied,  the  r a t i o  o f  t he  t a l l  p l a n t s  t o  sho r t  
p l an t s  w i l l  be very c l ose  t o  3 : l .  I f  on l y  a  few p l a n t s  a re  s tud ied,  however, t he  exact  r a t i o  
tilay d i f f e r  somewhat f rom t h i s  r a t i o .  F i g  3.6 shows t h a t  i n  the  F2 popu la t ion ,  t h ree  t a l l  p l an t s  
are  produced f o r  each s h o r t  p l a n t .  Only one - th i rd  o f  the  t a l l  p l an t s ,  however, have the  p a i r  
of fac tors  TT, and the  o ther  two - th i rds  have c o n t r a s t i n g  f a c t o r s  T t ;  bu t  t he  p l a n t s  a r e  s t i l l  
t a l l  because the  f a c t o r  f o r  t a l l  growth h a b i t  i s  dominant t o  t he  recess ive  f a c t o r  t f o r  
shortness. 

Symbols 

I t  i s  a  convent ion i n  genet ics  t h a t  the  symbol used f o r  a  dominant f a c t o r  i s  w r i t t e n  w i t h  a  
c a p i t a l  l e t t e r ,  w h i l e  t h e  recess ive  f a c t o r  takes the same l e t t e r  b u t  i s  smal l  ( lower  case). 
Thus, Ms3 i s  dominant f o r  m a l e - s t e r i l i t y ;  ms3 i s  recess ive  f o r  m a l e - s t e r i l i t y .  L ikewise Owl 
i s  a  dominant f a c t o r  f o r  p l a n t  h e i g h t  and dwl i s  recess ive .  

I f  an i n d i v i d u a l  p l a n t  has the same two f a c t o r s  f o r  a  charac ter  (Ms3 Msg, ms3 msj;  Owl Dwl, 
dwl dwl )  i t  i s  c a l l e d  hotr~ozygous, bu t  i f  the  f a c t o r s  a re  d i f f e r e n t  (Msg ms3, DW1 dwl e t c . )  i t  
i s  c a l l e d  hoterozygous. 

Genes 

I n  genet ics,  t he  f a c t o r s  as descr ibed by Mendel are  now c a l l e d  genes, and i t  has been shown 
t h a t  ( f o r  most p r a c t i c a l  purposes) genes u s u a l l y  behave i n  a  manner s i m i l a r  t o  Mendelian fac- 
t o r s .  A p a i r  o f  genes c o n t r o l l i n g  a  charac ter  i s  l oca ted  on a  hon~ologous p a i r  o f  chromosomes, 
w i t h  one gene l oca ted  on each. A t  meiosis 1, when the chromosomes separate, one gene i s  ca r -  
r i e d  on each chromosome i n t o  t he  hap lo id  c e l l .  Thus the  gametes have on l y  one gene o f  the  pair .  

The genet ic  c o n s t i t u t i o f l  o f  the  p l a n t  i s  c a l l e d  the  genotype. I n  t he  cross discussed, 
three d i f f e r e n t  genotypes have been shown: TT, T t ,  and tt. The phenolype o f  t h e  p l a n t  i s  t he  
observed charac ter  o f  the  p l a n t ,  and i n  t he  example t he re  were on l y  two phenotypes: t a l l  and 
shor t .  

I n  the  F  genera t ion  ( F i g  3.6) t he re  i s  a  3 : l  r a t i o  i n  the  phenotype ( t h r e e  ta l1 :one  
sho r t )  w i t h  t i e  dominant charac ter  ( t a l l )  be ing the inain c lass ;  t h i s  r a t i o  i s  r e f e r r e d  t o  as 
the pizsriotypio rii Lio. 

The three poss ib le  genotypes, however, a r e  i n  t he  r a t i o  1 TT : 2  T t  : 1 tt and t h i s  i s  
c a l l e d  the yenotypic rut io.  

Plants  having d i f f e r e n t  genotypes may have the  same phenotype, as both  TT and T t  r e s u l t  
i n  t a l l  p l an t s .  

A 3 : l  phenotypic r a t i o  and 1:2:1 genotypic r a t i o  a re  t y p i c a l  o f  the  i n h e r i t a n c e  of  
charac ters  c o n t r o l l e d  by a  s i n g l e  p a i r  o f  genes w i t h  one gene dominant t o  t h e  o the r .  

Intermediate Phenotypes 

I n  some cases, one a l l e l e  i s  n o t  dominant t o  t he  o the r ,  and t h e  heterozygous p l a n t  may have a  
phenotype t h a t  d i f f e r s  from both  o f  t he  homozygous parents.  I n  some species, a  cross between 
a  homozygous r e d  f l ower  (RR) and a  homozygous wh i te  f l ower  ( r r )  w i l l  r e s u l t  i n  a  heterozygous 
F1 (Rr )  which may be p ink  i n  co lo r .  Th is  s i t u a t i o n  i s  i l l u s t r a t e d  i n  F i g  3.8. The phenotypic 
r a t i o  i n  t h i s  case i s  one red:  two p ink :  one wh i te .  The genotypic r a t i o  i s  1RR : 2Rr: lrr. 

Segregation 

I f  a  p l a n t  I s  homozygous f o r  a  p a r t i c u l a r  charac ter ,  a l l  t he  gametes bear t h e  same gene, and 



Single- factor Inheritance 

Parents 

H o m l  ogous 
chromosomes 

Homozygous m a l e - f e r t i l e  Homozygous m a l e - s t e r i l e  

Meios is  I 
Gametes 

Heterozygous m a l e - f e r t i l e  

Fig 3.7: The Separation and Combination of a Pair of Genes During the Formation of Gametes and Fertilization. 

Parents 

Genotypes 
Phenotypes 
Gametes 

RR 
Red 
R 

rr 
White 
r 

. , 
Genotype Rr 
Phenotype P ink  

Pol 1 en Ovule 

Gametes R r R r 
/- /.-- 

F2 

Genotypes : RR R r Rr r r 
Phenotypes : Red P ink  Pink wh i te  

The phenotypic r a t i o  i n  t h i s  case i s  1 red: 2 p ink  : 1 wh i t e  and the  
genotypic r a t i o  i s  1 RR : 2 Rr : 1 rr. 

Fig 3.8: Cross Involving a Slngle Pair of Genes Where the Heterozygous Rant has an lntermedlate Phenotype. 
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s e l f - f e r t i l i z a t i o n  i n  t h i s  case r e s u l t s  i n  t he  progeny be ing the  same as the  parent .  

I f  a p l a n t  i s  heterozygous f o r  a p a r t i c u l a r  charac ter ,  i t w i l l  n o t  breed t r u e  on s e l f i n g ,  
because two types o f  gametes a re  produced: t h e  dominant gene and t h e  recess ive  ( F i g  3.9).  

Th is  process through which a heterozygous p l a n t  produces several  d i f f e r e n t  genotypes i s  
c a l l e d  segregat ion.  

a.Homozygous b.Homozygous 
dominant recess ive  
parents  parents  

c.Heterozygous 

parents  

S e l f  i ng Ms3Ms3x Ms3Ms3 n)s3ms3 x ms3ms3 

Genotypes 
o f  se l fed  Ms3 Ms3 ms3 ms3 
progeny 

F i g  3.9: Selfing in Homozygws and Heterozygous Plants. 

Test Cross 

A p l a n t  t h a t  has the recess ive  phenotype ( m a l e - s t e r i l e )  must have the  homozygous recess ive  
genotype ms3. A p l a n t  having t h e  dominant phenotype ( m a l e - f e r t i l e )  may be e i t h e r  homozygous 
dominant Ms3 Ms3 o r  heterozygous Ms3 ms3. To t e s t  whether a p l a n t  i s  homozygous dominant o r  
heterozygous, a t e s t  cross can be made t h a t  i nvo l ves  c ross ing the  p l a n t  w i t h  t he  hom~zygous 
recessive ( F i g  3.10). 

I f  the  p l a n t  were homozygous, a l l  t he  F1 p l a n t s  would be m a l e - f e r t i l e ,  b u t  i f  the  p l a n t  
were heterozygous, one-ha l f  o f  t he  p l a n t s  would be m a l e - f e r t i l e  and one -ha l f  would be male- 
s t e r i l e .  

Homozygote x Tester  Heterozygote x Tester  

Parents Ms3 Ms3 x ms3 r1ls3 Ms3 ms3 x ms3 ms3 

Flg 3.10: Test Cross. 

Reduction of Heterozygosity by Selfing 

I f  two parents ,  one homozygous f o r  t he  dominant and one homozygous f o r  t h e  recess ive  t r a i t s ,  
a r e  crossed, a l l  of t he  F1 p l a n t s  w i l l  be heterozygous. I f  t h e  F 1  i s  se l f ed ,  one-ha l f  o f  the  
p l a n t s  i n  t he  F2 a re  homozygous Ms3 Ms and ms ms and one-ha l f  a re  heterozygous Ms3 ms3. I n  
t h e  F3 genera t ion  produced by s e l f i n g  $he ~ ~ , t $ e  hba rygous  p l a n t s  cont inue t o  breed t r u e  and 



t h e  he te rozygous  p l a n t s  produce o n e - h a l f  homozygous and o n e - h a l f  he te rozygous  progeny.  Thus, 
i n  t h e  Fj g e n e r a t i o n ,  o n l y  o n e - q u a r t e r  o f  t h e  p l a n t s  a r e  heterozygous and t h r e e - q u a r t e r s  a r e  
homozygous ( F i g  3.11) .  

Paren ts  Msg Msg ms3 ms3 
-.-\, ,,,,.," 

F1 M s j  mS3 
-.-- .->-p- 

_._--- \\< l- ....-- 100% hete rozygous  ...- ..-/ 
,.l' 

,, \., 
...--- 

--.. 
-.-- 

--.. 
\-, ---_. 

2 Ms3 Ms3 Msg, ms3 

Ms3 'T ms3 
50% hete rozygous  '\ 

\ '\ 
Ms3Ms3 Ms3Ms3 Ms3Msj Ms3ms3 Ms-jMsj Ms3ms3 ms3m53 m53ms3 

F3 Ms3Ms3 Ms3Ms3 Ms3ms3 ms3mS3 Ms3ms.j ms3ms3 ms3r11sj Irlsjms3 
25% he te rozygous  

F i g  3.11: The Reduction i n  Heterozygosity by Selfing. 

I n  each success ive  g e n e r a t i o n  o f  s e l  f i n g ,  t h e  p r o p o r t i o n  o f  heterozygous p l a n t s  i s  reduced 
b y  50%. I n  p l a n t  b r e e d i n g ,  t h e  p r o d u c t i o n  o f  p u r e - l i n e  v a r i e t i e s  (homozygous v a r i e t i e s  t h a t  
b r e e d  t r u e )  i s  ach ieved  b y  s e l f i n g  p l a n t s  f o r  a  number o f  g e n e r a t i o n s  ( u s u a l l y  f i v e  t o  e i g h t  
g e n e r a t i o n s )  u n t i l  h e t e r o z y g o s i t y  i s  reduced t o  a  v e r y  low l e v e l .  

I n  an F8 p o p u l a t i o n ,  t h e  p r o p o r t i o n  o f  he te rozygous  p l a n t s  w i l l  be o n l y  0.78 p e r c e n t .  

Backcross ing  i s  e s s e n t i a l l y  a  p rocess  o f  gene t r a n s f e r  f r o m  one l i n e  t o  a n o t h e r .  W i t h  each 
g e n e r a t i o n  o f  b a c k c r o s s i n g ,  t h e  g e n e t i c  c o m p o s i t i o n  o f  t h e  donor ( ? L O P L ~ J +  l . l l t ~ t l ~ y ! t  p a r e n t )  i s  
reduced by a  f a c t o r  ( 1 / 2 ) n  where "nu  i s  t h e  number o f  g e n e r a t i o n s  o f  b a c k c r o s s i n g .  For  
example, a f t e r  t h e  second g e n e r a t i o n  o f  b a c k c r o s s i n g ,  t h e  g e n e t i c  c o n t r i b u t i o n  o f  t h e  non- 
r e c u r r e n t  p a r e n t  t o  t h e  progeny has been reduced t o  o n e - f o u r t h ;  ( 1 / 2 ) 2  = 114. A f t e r  t h e  t h i r d  
g e n e r a t i o n  t h e  c o n t r i b u t i o n  has been reduced t o  118, e t c .  D u r i n g  t h e  b a c k c r o s s i n g  program, 
s e l e c t i o n  i s  f o r  t h e  c h a r a c t e r  d e s i r e d  f r o m  t h e n o n - r e c u r r e n t  p a r e n t .  A f t e r  f i v e  t o  seven 
g e n e r a t i o n s  o f  b a c k c r o s s i n g ,  t h e  o r i q i n a l  l i n e  ( ) s < . ~ ~ r ~ r ~ i r ~ t  p a r e n t )  has been r e c o v e r e d  w i t h  t h e  
a d d i t i o n  o f  t h e  c h a r a c t e r  f r o m  t h e n o n - r e c u r r e n t  p a r e n t .  

Suppose t h a t  a  s i n g l e  dominant  gene " A "  f r o m  a  source  l i n e  ( n o n - r e c u r r e n t  p a r e n t )  i s  t o  
be  t r a n s f e r r e d  i n t o  an e l i t e  agronomic l i n e  ( r e c u r r e n t  p a r e n t )  w i t h  t h e  r e c e s s i v e  gene " a 1 ' .  The 
f i r s t  c r o s s  A/A x  a/a r e s u l t s  i n  t h e  F1 (A /a ) .  The F1 i s  t h e n  c rossed  by t h e  r e c u r r e n t  p a r e n t  
a/a;  i . e . ,  F1 x a l a  produces t h e  BC1. 

The progeny o f  t h e  BC1 a r e  o n e - h a l f  A/a and o n e - h a l f  a l a :  

Gametes f rom 
Recur ren t  Paren t  

Gametes 

The second backcross  wou ld  be made o n l y  t o  t h e  A/a p a r e n t ;  i . e . ,  A/a segrega tes  from t h e  
BC1 x t h e  r e c u r r e n t  p a r e n t  a/a. I t  i s  apparen t  t h a t  t h e  progeny f rom t h i s  c r o s s  (BC2) a l s o  
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w i l l  be o n e - h a l f  A/a and o n e - h a l f  a/a. The p rocess  o f  b a c k c r o s s i n g  each g e n e r a t i o n  t o  t h e  
A/a p a r e n t  i s  c o n t i n u e d  u n t i l  t h e  r e c u r r e n t  p a r e n t  i s  recovered  w i t h  t h e  t r a i t  "A" i n  i t s  
genotype. 

The problem i s  s l i g h t l y  more c o m p l i c a t e d  when t h e  gene t o  be t r a n s f e r r e d  i s  r e c e s s i v e  
r a t h e r  than  dominant. The t r a i t  (A ) ,  when dominant ,  i s  expressed p h e n o t y p i c a l l y  i n  t h e  
h e t e r o z y g o t e  A/a; b u t  when t h e  t r a i t  i s  r e c e s s i v e  ( a )  i t  i s  n o t  expressed i n  t h e  h e t e r o z y g o t e  
A/a. I f  b a c k c r o s s i n g  i s  con t inuous ,  o n l y  a  few progeny w i l l  be a/a a f t e r  s e v e r a l  g e n e r a t i o n s -  
i t  i s  necessary t o  s e l f - p o l l i n a t e  a f t e r  e v e r y  one o r  two g e n e r a t i o n s  o f  b a c k c r o s s i n g  t o  i d e n -  
t i f y  t h e  r e c e s s i v e  segrega te  i n  t h e  F2. Backcross ing  t h e n  c o n t i n u e s  o n l y  on t h e  p l a n t s  
showing t h e  r e c e s s i v e  t r a i t .  Assume t h a t  a  r e c e s s i v e  gene "a "  i s  t o  be t r a n s f e r r e d  i n t o  an 
agronomi c a l  l y  e l  i t e  1  i ne. 

The F 1  i s  made by c r o s s i n g  P a r e n t  1 (A/A) x  P a r e n t  2 ( a l a ) :  

A/A x  a/a forms t h e  F 1  A/a , o r  P1 x  P p  + F1 

The f i r s t  backc ross  i s  made by c r o s s i n g  t h e  F1 by PI: 

Garietes f r o m  PI progeny 

Gametes 
f r o m  t h e  F1 
progeny a  A/a 

The progeny i n  t h e  f i r s t  backcross (BC1) a r e  2  A/A : 2 A/a, o r  A/A : A/a; a l l  progeny 
show t h e  dominant  t r a i t .  The progeny f rom t h e  BC1 shou ld  t h e n  be s e l f e d .  From t h e  A/A p a r e n t s  
w i l l  come f o u r  A/A progeny; f rom t h e  A/a p a r e n t s  w i l l  come 1  A/A : 2  A/a : 1  a /a .  

The t o t a l  progeny a r e  f i v e  A/A + one a/a + two A/a, o r  seven progeny showing t h e  dominant 
t r a i t  A t o  one showing t h e  r e c e s s i v e  t r a i t  a .  

The second backcross i s  made by c r o s s i n g  P i  t o  t h e  r e c e s s i v e  ( a l a )  segrega te  from t h e  
(BC1) F2 x  PI ( o r  a/a x A/A) t o  produce t h e  BC2 (A /a ) .  The p rocess  i s  repea ted  u n t i l  t h e  o r g i -  
n a l  phenotype i s  recovered  w i t h  t h e  a /a  t r a i t .  

I f  t h e  c h a r a c t e r  t o  be t r a n s f x r e d  i s  c o n t r o l l e d  b y  many genes ( p o l y g e n i c ,  o r  q u a n t i t a t i v e  
i n  i n h e r i t a n c e ) ,  i t  i s  p r o b a b l y  n o t  p o s s i b l e  t o  backcross  f o r  more t h a n  one o r  two g e n e r a t i o n s  
b e f o r e  a  new l i n e  must be s e l e c t e d  b y  a  ped ig ree-b reed ing  method. T h i s  i s  because t h e r e  a r e  
so many genes s e g r e g a t i n g  t h a t  i t  i s  n o t  p o s s i b l e  t o  r e c o v e r  i n d i v i d u a l s  among t h e  backcross  
o r  F2 segregates t h a t  have a l l  t h e  genes c o n t r i b u t e d  b y  t h e  source  o r n o n - r e c u r r e n t  p a r e n t .  As 
some o f  t h e  genes f rom t h e  q u a n t i t a t i v e  t r a i t  a r e  l o s t ,  t h e  e x p r e s s i o n  o f  t h e  t r a i t  becomes 
l e s s ,  and con t inuous  backcross ing  i s  n o t  p o s s i b l e .  

Backcross i  ng i s  use fu l  f o r  s e v e r a l  b r e e d i n g  o b j e c t i v e s .  Examples i n c l u d e :  i n s e c t ,  disease, 
o r  d r o u g h t  r e s i s t a n c e ;  and h i g h  l y s i n e  o r  p r o t e i n  c o n t e n t .  As a  f i r s t  s t e p ,  a p p r o p r i a t e  
sources  must be found. U s u a l l y ,  these  s h o u l d  be sought  f i r s t  f r o m  l a r g e  c o l l e c t i o n s  of  
d i v e r s e  m a t e r i a l ,  r a t h e r  t h a n  by c o n d u c t i n g  t e s t s  on o n l y  a  few h i g h l y  s e l e c t e d  agronomic 
l i n e s .  A f t e r  sources a r e  found, d e t e r m i n a t i o n  s h o u l d  be made o f  t h e  mode o f  i n h e r i t a n c e  and/ 
o r  whe ther  dominance i s  i n v o l v e d , e s p e c i a l l y  i f  t h e  c h a r a c t e r  i s  c o n t r o l l e d  b y  o n l y  a  few genes. 
T h i s  i n f o r m a t i o n  s h o u l d  be  u s e f u l  f o r  d e t e r m i n i n g  t h e  b r e e d i n g  p rocedures  ( e s p e c i a l l y  t h e  
number o f  backcrosses t h a t  can be made) and s h o u l d  be v a l u a b l e  f o r  s e l e c t i n g n o n - r e c u r r e n t  
p a r e n t s  i n  a  b a c k c r o s s i n g  program. 



Independent Assortment 5 1  

As a  b r e e d i n g  p rocedure ,  b a c k c r o s s i n g  i s  used t o  t r a n s f e r  a  d e s i r a b l e  c h a r a c t e r  o r  
c h a r a c t e r s  t o  a n o t h e r  ( u s u a l l y  a g r o n o m i c a l l y  s u p e r i o r )  1  i n e .  Whether o r  n o t  t h e  d e s i r e d  1  i n e  
can be  r e c o v e r e d  w i t h  o n l y  t h e  change($)  d e s i r e d  depends on t h e  number o f  genes c o n t r o l l i n g  
t h e  c h a r a c t e r ( s )  t o  be t r a n s f e r r e d .  The fewer  t h e  number o f  genes, and t h e  b e t t e r  t h e  
c h a r a c t e r  i s  expressed,  t h e  g r e a t e r  i s  t h e  chance o f  r e c o v e r i n g  t h e  o r i g i n a l  t y p e  w i t h  t h e  
added c h a r d c t e r ( S )  . 

Any g i v e n  c h a r a c t e r  need n o t  n e c e s s a r i l y  have t h e  same mode o f  i n h e r i t a n c e - - t h e r e  may b e  
d i f f e r e n c e s  between v a r i e t i e s .  I t  wou ld  g e n e r a l l y  be expec ted  t h a t  t h e  v a r i e t y  w i t h  t h e  l o w e s t  
gene number o r  t h e  g r e a t e s t  dominance e f f e c t  wou ld  be t h e  e a s i e s t  t o  use i n  a  b a c k c r o s s i n g  
program. I f  15 o r  20 l i n e s  a r e  found  t o  be  r e s i s t a n t  t o  a  c e r t a i n  d isease ,  i t  m i g h t  be w o r t h  
i n v e s t i g a t i n g  t h e  i n h e r i t a n c e  o f  t h e  r e s i s t a n c e  i n  t h e s e  l i n e s - - o n e  o r  two o f  t h e  v a r i e t i e s  may 
be much b e t t e r  t h a n  o t h e r s  f o r  use i n  a  b a c k c r o s s i n g  program. 

The r e l a t i o n s h i p  between t h e  r e c u r r e n t  p a r e n t  a n d n o n - r e c u r r e n t  p a r e n t  i s  an i m p o r t a n t  
a s p e c t  f o r  s tudy .  F o r  example, i f  a  d e s i r e d  c h a r a c t e r  i s  found  i n  a k a f i r  and a  d u r r a  t y p e ,  
and i t  i s  d e s i r e d  t o  t r a n s f e r  t h i s  c h a r a c t e r  t o  a  k a f i r ,  t h e n  i t  wou ld  be b e t t e r  t o  use  t h e  
k a f i r  r a t h e r  t h a n  t h e  d u r r a  source  as thenon-recurrent parent. It may be p o s s i b l e  t o  r e c o v e r  
a  l i n e  more n e a r l y  l i k e  t h e  one d e s i r e d  (and  more q u i c k l y ) .  T h i s  i s  a  w o r t h w h i l e  p o i n t  t o  
c o n s i d e r  when c h o o s i n g  p a r e n t s  f o r  a  b a c k c r o s s i n g  program. 

INDEPENDENT ASSORTMENT 

Introduction 

I n  a d d i t i o n  t o  s i n g l e - c h a r a c t e r  s t u d i e s ,  Mendel s t u d i e d  i n h e r i t a n c e  i n  c rosses  between p a r e n t s  
t h a t  d i f f e r  w i t h  r e s p e c t  t o  two c h a r a c t e r s .  An F1 r e s u l t i n g  f r o m  c r o s s i n g  two p a r e n t s  t h a t  
d i f f e r  by a  s i n g l e  c h a r a c t e r  i s  c a l l e d  a  monohybrid, and an F1 produced by c r o s s i n g  p a r e n t s  
t h a t  d i f f e r  by two  c h a r a c t e r s  i s  c a l l e d  a  ~1;11ybr-i(l. 

Dihybrid Segregation 

I n  a  c r o s s  between a  p l a n t  h a v i n g  round  and y e l l o w  seeds and a  p l a n t  h a v i n g  g reen  and w r i n k l e d  
seeds, Mendel f o u n d  t h a t  t h e  F1  had round  and y e l l o w  seeds. The c h a r a c t e r s  round  and y e l l o w  
a r e  t h u s  dominant ,  and g reen  and w r i n k l e d  a r e  r e c e s s i v e .  

I n  t h e  F2 d e r i v e d  f r o m  s e l f i n g  t h e  F1, f o u r  comb ina t ions  o f  phenotypes appeared i n  t h e  
f o l l o w i n g  numbers: 

315 round  y e l l o w  
108 round  g reen  
101 w r i n k l e d  ye1 l o w  

32 w r i n k l e d  g reen  

T a k i n g  t h e  two p a i r s  o f  c h a r a c t e r s  s e p a r a t e l y ,  i t  can be seen t h a t  t h e r e  were 423 round,  
133 w r i n k l e d ,  and 416 y e l l o w ,  and 140 g reen .  Bo th  t h e s e  r a t i o s  a r e  a p p r o x i m a t e l y  3 : l ;  t h e  
u s u a l  r a t i o  f o r  a  c h a r a c t e r  c o n t r o l l e d  by a  s i n g l e  gene. 

The f o u r  p h e n o t y p i c  comb ina t ions  a r e  a  r e s u l t  o f  two 3 : l  r a t i o s  b e i n g  super imposed and 
r e p r e s e n t  a  9 :3 :3 :1  r a t i o .  T h i s  can be demons t ra ted  as f o l l o w s :  

Round W r i n k l e d  
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The major c l ass  (round and y e l l o w )  conta ins  both  t he  dominants; t he  in termedia te  c lasses 
have one dominant charac ter  (round + green o r  ye l l ow  + wr ink led ) ,  and t h e  minor  c l ass  i s  
homozygous recess ive  f o r  both  charac ters  (w r i nk led  green).  

Such r e s u l t s  a re  obta ined when the  two p a i r s  o f  charac ters  behave independent ly;  t h i s  i s  
known as independent assortment. F i g  3.12 shows how independent assortment occurs w i t h  respect  

Parents @ @ 
Gametes 

Gametes 

Fig 3.12: Independent Assortment of Genes. 
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t o  genes on  chromosomes. I t  a l s o  shows t h e  p a r e n t a l  and F1 genotypes and gametes. F i g  3.13 
shows how t h e  F1 gametes can combine t o  produce t h e  d i f f e r e n t  F2 c l a s s e s .  The f o u r  t y p e s  o f  
fema le  gametes a r e  w r i t t e n  a l o n g  t h e  t o p  o f  t h e  t a b l e  known as a checkerhoard, and t h e  f o u r  
male gametes a r e  w r i t t e n  down t h e  s i d e .  The body of  t h e  checkerboard shows t h e  geno type  w h i c h  
a r e  produced by t h e  u n i o n  o f  each o f  t h e  male gametes w i t h  each o f  t h e  female gametes. S i n c e  
t h e r e  i s  afi equal  chance o f  each gamete b e i n g  produced, t h e r e  i s  an equal  chance f o r  t h e  geno- 
t y p e  i n  each square t o  occur .  Thus if a p a r t i c u l a r  genotype i s  p r e s e n t  i n  two s e p a r a t e  squares 
(e .g . ,  RR Yy) t h i s  genotype i s  t w i c e  as l i k e l y  t o  be produced i n  t h e  F2 p o p u l a t i o n  as a geno- 
t y p e  wh ich  i s  t o  be found  i n  o n l y  one square (e.g. ,  RR y y ) .  

Felnal e gametes 

RY 1 RR Y Y  I RRYy 1 R r  Y Y  I R r  Yy I 
Ma1 e 
Gametes Rr Yy rr Y Y  rr Yy 

rY R r  Yy Rr YY rr Yy rr YY 

Fig  3.13: The F, of a Selfed Dihybrid F, (Genotype Rr Y y ) .  

F i g  3.13 shows t h a t  t h e  16 squares i n  t h e  checkerboard g i v e  r i s e  t o  9 d i f f e r e n t  genotypes.  
These genotypes,  t o g e t h e r  w i t h  t h e  g e n o t y p i c  r a t i o s ,  phenotypes, and p h e n o t y p i c  r a t i o s ,  a r e  as 
f o l l o w s  ( F i g  3.14) :  

Genotype Genotyp ic  R a t i o  Phenotype P h e n o t y p i c  R a t i o  

Round Y e l l o w  9 

Round Green 

W r i n k l e d  Y e l l o w  3 

rr YY 1 W r i n k l e d  Green 1 

F i g  3.14: Genotypes and Phenotypes of F, Plants from a Dihybrid F,. 

Dihybrid Test Cross 

E a r l i e r ,  i t  was shown t h a t  t h e  genotype o f  a p l a n t  can be de te rmined  by making a t e s t  c r o s s - - a  
c r o s s  w i t h  a hoinozygous r e c e s s i v e  p l a n t .  The same procedure  can be used t o  de te rmine  t h e  
genotype o f  a p l a n t  w i t h  r e s p e c t  t o  two  c h a r a c t e r s .  The t e s t e r  p l a n t  must, o f  course ,  be  
homozygnlrs r e c e s s i v e  f o r  b o t h  c h a r a c t e r s  ( r r  y y ) .  

I f ,  f o r  example, t h e r e  i s  a need t o  know t h e  genotype o f  a round  and y e l l o w  seeded p l a n t ,  
t h e r e  a r e  f o u r  p o s s i b l e  genotypes:  

RR YY, Rr YY, RR Yy, and Rr Yy. 



The f o u r  t e s t  crosses a re  o u t l i n e d  below: 

Parent RR Y Y :  There i s  o n l y  one k i n d  o f  gamete, RY 

I RY 

Test  p l a n t  gametes: 
-.- -. - 

i .e., a l l  t h e  progeny are round and ye l low.  

Parent Rr Y Y :  There are two k inds o f  gametes, RY and rY. 

RY rY 

Test  p l a n t  gametes: r y  Rr Yy rr Yy 

i .e., one-hal f  t he  progeny are round and ye l low,  and 
one-hal f  are w r i n k l e d  and ye l low.  

Parent RR Yy: There are two k inds o f  gametes RY and Ry. 

RY RY 

Test  p l a n t  gametes: r y  Rr Yy Rr y y  

i .e., one-hal f  o f  the progeny are round and ye l low and 
the o t h e r  h a l f  are round and green. 

Parent Rr Yy: There are f o u r  k inds o f  gametes, R Y ,  Ry, rY, and r y .  

RY RY I rY I rY 

Test  p l a n t  gametes: r y  Rr Yy Rr y y  1 rr Yy I rr Y Y  

i .e. , one- four th o f  the progeny are round and ye1 low; 
one- four th are round and green; 
one- four th are w r i n k l e d  and ye l low;  and 
one- four th a re  w r i n k l e d  and green. 

Thus by observing the  phenotypes o f  the  progeny o f  a t e s t  cross, the genotype of the  
parent  can be determined. 

Linked Genes 

Independent assortment does n o t  always occur and the  r a t i o s  discussed above may n o t  h o l d  t rue .  

Genes a c t  independently o n l y  i f  they are loca ted  on separate chromosomes; i f  loca ted  on 
the same chromosomes, they do n o t  a c t  independently and are s a i d  t o  be linked. F i g  3.15 shows 
what happens i n  the parent,Fl, and F2 generations when two p a i r s  of genes are l i n k e d .  

I n  t h i s  case, on ly  th ree  ( ins tead  o f  n ine )  d i f f e r e n t  genotypes are produced i n  t h e  F2: AA 
BB, Aa Bb, ab ab, and these are i n  a 1:2:1 r a t i o .  

When genes are l i nked ,  however, the expected frequency o f  genotypes i n  t h e  F2 i s  n o t  found; 
t h i s  s i t u a t i o n  i s  due t o  a phenomenon c a l l e d  crossing over. 

As an example, consider  the cross between a d i h y b r i d  parent  (Aa Bb) and a homozygous 
recess ive parent  (aa bb). I f  the genes are n o t  l i nked ,  then a 1 : l : l : l  genotypic  r a t i o  i s  
expected f o r  the  four genotypes Aa Bb, Aa bb, aa Bb, and aa bb. If the  genes a re  l i n k e d ,  
however, one might  f i n d  180 Aa Bb, 27 Aa bb, 23 aa Bb, and 170 aa bb. The main genotypes (Aa 
Bb and aa bb) are the  r e s u l t  of normal gamete format ion ( F i g  3.16), b u t  the  gametes which gave 
r i s e  t o  the  offspring w i t h  the  genotypes Aa bb and aa Bb (known as recombinant genotypes, 
because the  genes have recombined) are produced by cross ing over. 
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Crossing Over 

Crossing over  occurs du r i ng  t h e  prophase o f  meiosis 1 (see MEIOSIS) when two homologous 
chromosomes (each compris ing two chromat ids) l i e  nex t  t o  each o ther .  Segments of  two o f  t h e  
chromatids may interchange t h e i r  p o s i t i o n s ,  and t h i s  can be seen du r i ng  l a t e  prophase as 
chiasnrrta ( t h e  p o i n t  where chromatids j o i n ) .  The mechanism o f  c ross ing over  i s  shown i n  
F i g  3.17). 

I n  some cases, severa l  chiasmata may be formed and more than one segment o f  t h e  chromatids 
ntay be interchanged. 

1 .  ,, A- m 
B3 Homologous chromosomes, each 

composed o f  2 chromatids l i e  
s i de  by s ide  t o  form a b i va -  
l e n t .  

Coupl ing Phase o r  Repuls ion Phase 

As the  chromosomes separate,points of  con- 
t a c t  can be seen, c a l l e d  chiasmata. (A 
s i n g l e  chiasma i s  shown here) .  

Segments o f  t h e  chromat ids interchange a t  
t he  chiasmata. 

By the  end o f  meios is  2 t h e  f o u r  chro- 
mat ids  a r e  d i s t r i b u t e d ,  one i n  each o f  
t h e  hap lo id  c e l l s .  

Flg 3.17: Crossing Over. 
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Chromosome Mapping 

I f  two genes are  l oca ted  a t  some d is tance apa r t  on a  chromosome, t he re  i s  a  g r e a t e r  chance of  
t h e i r  c ross ing over than i f  they are  s i t u a t e d  more c lose l y .  The percentage o f  c ross ing  over  
( c a l l e d   crop^-over u n i t s  o r  mp units) thus serves as a  measure o f  the  d is tance between genes 
on a  chromosome; i t  i s  measured as t h e  percentage o f  recombinant genotypes i n  t he  progeny o f  a  
t e s t  cross.  

I n  F i g  3.16 the re  a re  50 recombinant genotypes (27 Aa bb + 23 aa Bb) i n  a  t o t a l  of  
400 p l a n t s  (50 + 180 Aa Bb + 170 aa bb).  Thus t h e  percentage o f  c ross ing over i s  

I f  another gene, C,  i s  found t o  be 1  inked t o  genes A and B, the  order  o f  genes on t h e  
chromosome can be worked out .  I f ,  f o r  example, t h e  crossing-over percentage between A and C i s  
6.5%, and between B and C i s  19%, then the  order  i s  BAC. Note t h a t  two genes s i t u a t e d  50 o r  
more cross-over u n i t s  a p a r t  behave the  same as non- l inked genes; i .e.,  t he  frequency 
d i s t r i b u t i o n  i n  t he  progeny would be AB, Ab, aB, and ab i n  equal frequency w i t h o u t  l i n k a g e  and 
w i t h  l i nkage  o f  50 cross-over u n i t s  o r  more between A and 0 .  

By s tudy ing l i nkage  and the  percentage o f  c ross ing over which occurs between l i n k e d  genes, 
i t  i s  poss ib le  t o  l o c a t e  t h e  genes on s p e c i f i c  chromosomes, as w e l l  as t o  map t h e  o rde r  of 
genes on the  chromosomes. 

Pleiotropic Genes 

Some genes may i n f l uence  the  expression o f  more than one charac ter ,  e.g., i n  sorghum, gene h l  
causes an increase both i n  the  l y s i n e  content  o f  storage p r o t e i n s  i n  t he  seed and a  shrunken 
endosperm. Genes t h a t  i n f l uence  more than one charac ter  a re  c a l l e d  p l e i o t n ~ p i c  genes. 

I t  i s  o f t e n  d i f f i c u l t  t o  t e l l  whether genes are t r u l y  p l e i o t r o p i c  o r  whether they  are  very 
c l o s e l y  1;nked. I f  genes are  s i t u a t e d  very c lose toge the r  on the  chromosome, a  l a r g e  number of  
crosses may have t o  be made before  a  recombinant genotype i s  found. The presence o f  a  s i n g l e  
recombinant genotype, however, i s  s u f f i c i e n t  t o  e s t a b l i s h  t h a t  two c l o s e l y  1  inked genes are  
i nvo l ved  and n o t  a  s i n g l e  p l e i o t r o p i c  gene. 

TWO-FACTOR INHERITANCE 

The i nhe r i t ance  o f  charac ters  c o n t r o i l e d  by genes a t  two l o c i  i s  discussed next.  

The bas i c  model f o r  t he  i nhe r i t ance  o f  a  cha rac te r  c o n t r o l l e d  by two genes i s  t he  same as 
t h a t  g iven i n  F igs  3.12, 3.13, and 3.14 i n  t he  prev ious d iscuss ion.  Consider t he  case i n  which 
f l ower  c o l o r  i s  c o n t r o l  l e d  by genes a t  two l o c i ,  A  and B. The homozygous recess ive  (aa bb) 
produces wh i te  f lowers ,  t he  dominant A produces p i n k  f lowers ,  t he  dominant B produces r e d  
f lowers ,  and t h e  occurrenceof both  dominant A and B i n  the  genotypes produces pu rp le  f lowers.  
Th i s  can be sumnarized as : 

Genotype Phenotype 

aa bb White 
A- bb P ink  
aa B- Red 
A- B- Purp le  
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The " - "  i n  t he  genotype i nd i ca tes  t h a t  t he  gene can be e i t h e r  dominant o r  recessive,  and 
i t  w i l l  have no e f f e c t  on the  phenotype; thus t h e  genotype w r i t t e n  A- B- can be AA BB, Aa BB, 
AA Bb, o r  Aa Bb, and i n  a l l  cases the  phenotype w i l l  be purp le .  

I n  a cross between two homozygous parents AA BB (pu rp le )  x aa bb (wh i t e ) ,  the  F1 w i l l  be 
heterotygous Aa Bb (pu rp le ) .  

The genotypes i n  t h e  F2  can be determined by t he  checkerboard method as f o l l ows :  

Femal e Gametes 

;; 1 ;; ;; 1 ;; 1 *a BB 1 ;; 
Male Aa Bb 

Gametes aB Aa BB Aa Bb aa BB aa Bb 

ab Aa Bb Aa bb aa Bb aa bb 

Genotypes Number Phenotypes Phenotypic Rat io  

Purp le  

P ink  

Red 

aa bb 1 White 1 

Thus, t he  phenotypes i n  t he  F2 are  found i n  t he  r a t i o  9 purp le :3  p ink :3  r e d : l  wh i te .  This 
r a t i o  i s  t y p i c a l  o f  t h e  i nhe r i t ance  o f  charac ters  c o n t r o l l e d  by genes a t  two l o c i  when the re  
i s  no i n t e r a c t i o n  between the  genes concerned. Very o f t en ,  however, t he  genes do i n t e r a c t  and 
d i f f e r e n t  r a t i o s  are  produced. These r a t i o s  can be equated w i t h  t he  9:3:3:1 r a t i o ,  f o r  example 
an F2 phenotypic r a t i o  o f  9:7 can be equated w i t h  a 9:(3+3+1) r a t i o .  I n  t h i s  case, t he  
genotypes having a dominant gene a t  both l o c i  form one phenotypic c l a s s  (9 ) ,  and the  genotypes 
having on l y  one o r  no dominant genes a l l  produce t h e  same phenotype ( 7 ) .  

Genotype Number Phenotypes Phenotypic Ra t i o  

Colored 9 

White 7 

Many types o f  gene i n t e r a c t i o n  are  poss ib le ,  some of  which are  o u t l i n e d  below: 

Complementary genes: Th is  type o f  i n t e r a c t i o n  produces a 9:7 phenotypic r a t i o  as described 
above. The presence o f  two dominant genes (A and B) i s  necessary f o r  t he  expression o f  a 
charac ter  (e.g., red)  and the  absence of  a dominant gene a t  e i t h e r  o r  bo th  l o c i  (A- bb, aa 
B- o r  aa bb) r e s u l t s  i n  t he  expression of an a l t e r n a t i v e  charac ter  (wh i t e ) .  

Modi fy ing  genes: These genes a l t e r  t h e  a c t i o n  o f  genes a t  another locus and have no 
a c t i o n  on t h e i r  own. For example, if t h e  genotype A- causes p ink  f lowers  and aa w h i t e  



f l o w e r s ,  t h e  presence o f  dominant  gene B  a t  a n o t h e r  l o c u s  may r e s u l t  i n  r e d  f l o w e r s  i f  A  
i s  a l s o  p r e s e n t ,  b u t  w i l l  produce w h i t e  f l o w e r s  if A i s  absen t .  I n  t h i s  case, t h e  
genotype A- 8- produces r e d  f l o w e r s ,  A- bb produces p i n k  f l o w e r s ,  and aa B- and aa bb  b o t h  
produce w h i t e  f l o w e r s .  The p h e n o t y p i c  r a t i o  i n  t h i s  i s  9 red :3  p i n k : 4  w h i t e .  

I n h i b i t i n g  genes: One gene may i n h i b i t  t h e  e x p r e s s i o n  o f  a n o t h e r  gene, e.g., i f  A- 
produces a r e d  f l o w e r  c o l o r  and aa w h i t e ,  t h e  presence of  a  dominant gene B a t  a n o t h e r  
l o c u s  may suppress t h e  a c t i o n  o f  A.  Thus A- 8-, aa B-,and aa bb produce w h i t e  f l o w e r s  and 
o n l y  A- bb produces r e d  f l o w e r s .  The p h e n o t y p i c  r a t i o  i n  t h i s  s i t u a t i o n  i s  13 w h i t e : 3  red. 

A d d i t i v e  genes: The presence o f  a  dominant  gene a t  e i t h e r  l o c u s  w i l l  g i v e  t h e  same 
phenotype,  and t h e  e f f e c t  i s  i n c r e a s e d  i f  t h e r e  i s  a  dominant gene a t  b o t h  l o c i .  Thus, 
f o r  example, i f t h e r e  a r e  no dominant  genes (aa bb)  t h e  p l a n t  i s  s h o r t ,  i f  t h e r e  i s  a  
dominant  gene a t  e i t h e r  l o c u s  (A- bb o r  aa B - )  t h e  p l a n t  w i l l  be i n t e r m e d i a t e  i n  h e i g h t ,  
and i f  a  dominant  gene i s  p r e s e n t  a t  b o t h  l o c i  (A- 0 - )  t h e  p l a n t  w i l l  be t a l l .  I n  t h i s  
example t h e  p h e n o t y p i c  r a t i o  i n  t h e  F2 w i l l  b e :  9 t a l l : 6  i n t e r m e d i a t e : l  s h o r t .  

D u p l i c a t e  genes: I f  a  d o l ~ i i n a n t  gene i s  p r e s e n t  a t  e i t h e r  l o c u s ,  o r  a t  b o t h  l o c i ,  t h e  
phenotype i s  t h e  same. Thus A- B-, A- bb,and aa B- a l l  r e s u l t  i n  t h e  same phenotype and 
o n l y  t h e  homozygous r e c e s s i v e  (aa bb)  i s  d i f f e r e n t .  T h i s  t y p e  o f  gene a c t i o n  r e s u l t s  i n  a  
1 5 : l  p h e n o t y p i c  r a t i o .  

Masking genes: The presence o f  a  dominant  gene a t  one l o c u s  may mask t h e  e f f e c t  o f  a  
dominant  gene a t  t h e  o t h e r  l o c u s .  Suppose A -  produces r e d  f l o w e r s  and aa w h i t e  f l o w e r s ,  
0-  produces y e l l o w  f l o w e r s ,  and bb w h i t e  f l o w e r s .  When a  dominant  gene i s  found  a t  b o t h  
l o c i  , t h e  dominant  gene A  may mask t h e  e f f e c t  o f  B. Thus, t h e  genotypes A-  B- and A -  bb 
b o t h  produce r e d  f l o w e r s ,  aa B- produces y e l l o w  f l o w e r s ,  and aa bb produces w h i t e  f l o w e r s .  
I n  t h i s  case t h e  F p  p h e n o t y p i c  r a t i o  i s  12 r e d : 3  y e l 1 o w : l  w h i t e .  

The t e r m  ep is lus i s  o r i g i n a l l y  was used t o  r e f e r  t o  gene i n t e r a c t i o n s  i n  wh ich  t h e  genes a t  one 
l o c u s  (e.g., A) show dominance o v e r  genes a t  a n o t h e r  l o c u s  ( B ) .  Accord ing  t o  t h i s  d e f i n i t i o n ,  
dominant  n iod i f y ing  genes, i n h i b i t i n g  genes, and masking genes a r e  a l l  forms o f  e p i s t a s i s .  

More r e c e n t l y ,  t h e  word has come t o  r e f e r  t o  a l l  t y p e s  o f  n o n - a l l e l i c  gene i n t e r a c t i o n ;  
i .e., a l l  t ypes  o f  i n t e r a c t i o n s  w h i c h  o c c u r  between genes a t  d i f f e r e n t  l o c i .  

MUTATION 

Mutations a r e  sudden, h e r i t a b l e  changes i n  t h e  g e n e t i c  m a t e r i a l .  They can be c l a s s i f i e d  
b r o a d l y  i n t o  two  main t y p e s ,  chrornosomc mutcztions and gene rm~tcztions. 

Chromosome Mutations 

Changes t h a t  o c c u r  i n  t h e  s t r u c t u r e  o f  a  chromosome a r e  c a l l e d  chromosome m u t a t i o n s .  I n  
g e n e r a l ,  t h e y  have a h a r m f u l  e f f e c t  and o f t e n  r e s u l t  i n  g r e a t l y  reduced f e r t i l i t y  o r  dea th  o f  
t h e  p l a n t .  Many t y p e s  o f  chromosome m u t a t i o n s  may o c c u r  ( F i g  3 .18) .  

D u p l i c a t i o n :  When a  s m a l l  segment of  a  chromosome i s  added t o  t h e  normal chromosome. 

D e f i c i e n c y :  When a  segment o f  a  chromosome i s  m i s s i n g .  

T r a n s l o c a t i o n :  When a segment o f  one chromosome i s  i n t e r c h a n g e d  w i t h  a  segment of  a non- 
homo1 ogous chromosome. 

I n v e r s i o n :  When a  segment o f  a chromosome becomes detached and a t t a c h e s  a g a i n ,  b u t  i n  a  
r e v e r s e d  p o s i t i o n .  
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Fig 3.18: Chromosome Mutations. 

Gene Mutations 

Changes i n  i n d i v i d u a l  genes, c a l l e d  gene mu ta t i ons ,  may be c l a s s i f i e d  as: 

1) Dominant o r  r ecess i ve  mu ta t i on ,  

2 )  B e n e f i c i a l  o r  harmfu l  mu ta t i on ,  

3) Mu ta t i on  o c c u r r i n g  i n  somat ic  c e l l s  (normal d i p l o i d  p l a n t  c e l l s ) ;  o r  mu ta t i on  
o c c u r r i n g  d u r i n g  t h e  p r o d u c t i o n  o f  gametes. 

I f  mu ta t i on  takes p l a c e  i n  somat ic  t i s s u e  d u r i n g  m i t o s i s ,  a l l  t h e  c e l l s  d e r i v e d  f r om t h e  
mutant  c e l l s  w i l l  c a r r y  t h e  mu ta t i on .  The p l a n t  t i s s u e  thus w i l l  c o n t a i n  a  m i x t u r e  o f  mutated 
and non-mutated c e l l s .  Such t i s s u e  i s  c a l l e d  a  mosaic.  These mu ta t i ons  a r e  n o t  c a r r i e d  ove r  
i n t o  t he  progeny (un less  f l o r a l  development subsequent ly  occurs  f r om mutated somat ic  t i s sue ) ,  
u n l i k e  mutat ions which t a k e  p lace  d u r i n g  t h e  f o rma t i on  o f  t h e  gametes. 

Mu ta t i ons  a re  r a r e  i n  na tu re ,  b u t  t h e r e  i s  g e n e r a l l y  a  cons tan t  r a t e  a t  which p a r t i c u l a r  
genes mutate; i . e . ,  i n  maize, gene R, a  c o l o r  f a c t o r  gene, muta tes  a t  a  r a t e  of about 500 
mu ta t i ons  p e r  m i l l i o n  gametes; I ,  a c o l o r - i n h i b i t i n g  gene, has a  m u t a t i o n  r a t e  o f  100 p e r  
m i l l i o n  gametes; and gene Sh ( f o r  shrunken g r a i n )  mutates a t  a  r a t e  o f  o n l y  1 p e r  m i l l i o n  
gametes. 

Mu ta t i ons  which cause recess i ve  genes a r e  t h e  most common, and i t  i s  compara t i ve l y  r a r e  
f o r  a  recess i ve  gene t o  mutate  t o  a  dominant form. Mu ta t i ons  a r e  g e n e r a l l y  r e v e r s i b l e ,  and i f  
gene A mutates t o  a, t hen  a  can mutate  back t o  A. The m u t a t i o n  r a t e  i n  t h e  two d i r e c t i o n s  may 
be d i f f e r e n t ,  however. 

Because most mu ta t i ons  a re  recess i ve ,  t hey  o f t e n  do n o t  show up i n  t h e  f i r s t  gene ra t i on  
( c a l l e d  t h e  M i ) ,  b u t  o n l y  i f  t hey  a re  i n  t h e  homozygous s t a t e  i n  t h e  M2 o r  subsequent 
gene ra t i on  ( F i g  3.19).  

Parents  A A A A 

Mu ta t i on  d u r i n g  
gametogenesis fi 

Aa The recess i ve  mu ta t i on  i s  n o t  expressed, 

Recessive mu ta t i on  i s  expressed i n  t h e  phenotype, 

F i g  3.19: The Generations Following a Mutatlon. 



Po Lyp l o i d y  

Muta t ion  i s  t he  main bas i s  o f  evo lu t i on ;  i t  i s  t he  way i n  which new genes a re  formed. I n  
general ,  most mutat ions a r e  harmful  and w i l l  n o t  su rv i ve  i n  a  popu la t ion .  A few muta t ions  a re  
bene f i c i a l ,  however, and the  mutant p l a n t  w i l l  then have a  b e t t e r  chance o f  s u r v i v i n g  under 
na tu ra l  s e l e c t i o n .  La te r ,  t he  mutant form of a  gene may be found i n  many members o f  a  species.  
When enough d i f f e r e n t  mutat ions have b u i l t  up i n  t h i s  way, a  new species rnay be formed. 

Muta t ion  can be use fu l  t o  t he  p l a n t  breeder as a  source o f  new genes. Al though the  
m a j o r i t y  o f  gene mutat ions a re  harmful ,  t he  few b e n e f i c i a l  mutat ions t h a t  occur can be used i n  
t he  development o f  new improved genotypes. Chromosome mutat ions are r a r e l y  u s e f u l ,  however, 
and a re  almost always harmful .  

Induced Mutation 

P l a n t  breeders may use several  methods t o  increase t h e  muta t ion  r a t e .  Both X-rays and gamna 
rays  increase t h e  muta t ion  ra te ,  bu t  tend t o  cause a  h igh  percentage o f  harmful chromosome 
mutat ions.  A t  low doses, a  s u f f i c i e n t  number o f  gene mutat ions may be caused t o  make t h i s  
method o f  some value. U l t r a v i o l e t  l i g h t  i s  sometimes used and causes fewer chromosome 
muta t ions .  Ce r ta in  chemicals a re  known t o  increase the  muta t ion  ra te ;  f o r  example, e t h y l  
methyl sulphonate ( E  M S ) .  These chemicals produce a  h igh  gene mutat ion r a t e  w i t h  r e l a t i v e l y  
few chromosome mutat ions.  

POLYPLOIDY 

Introduction 

Many p l a n t s  have fewer o r  more than the  d i p l o i d  (2n) number o f  chromosomes, and such p l a n t s  a re  
c a l l e d  po7,gpZoitls. I n  qome cases, one o r  more chromosomes may be absent, o r  t h ree  o r  more of  
a  p a r t i c u l a r  chromosome may be found. Such p lan ts  a re  c a l l e d  nneup'loitis. Some species have 
mu1 t i p l e s  o f  the  bas ic  hap lo id  (n )  chromosome nur~iber (i . e . ,  3n, 4n, 6n) and a re  r ,e fer red t o  as 
ettploids. : :o~ghi ,~n ~ I ~ ~ G ' L I ( . , ~ s c  i s a conlrnon weed and s o ~ ~ l e t i ~ ~ l e s  used as a  forage grass.  ::o,yhw:i 
aZmn a lso  i s  used as a forage grass.  These a re  t e t r a p l o i d  p l a n t s  having 4n, o r  40, chromo- 
somes. The chromosorrle nurnber can be doubled by us ing c o l c h i c i n e ,  and sonic e f f o r t  has been 
made t o  breed t e t r a p l o i d  g r a i n  sorghums. 

Aneuploids 

Aneuploids may occur i n  a  number o f  fornis; i . e . ,  nuZZisomic i n  which one chromosome i s  absent 
(211-1) and t r i so rn i c  i n  which the re  i s  an e x t r a  chromosome (2n + 1). I n  many cases aneuploidy 
causes reduced v igo r ,  and such p l a n t s  are  u s u a l l y  very d i f f e r e n t  i n  appearance from the  normal 
d i p l o i d  p l a n t s .  Aneuploidy may even r e s u l t  i n  t he  death o f  t he  p l a n t ,  p a r t i c u l a r l y  i n  d i p l o i d  
species. 

Aneuploids prov ide a  usefu l  t o o l  f o r  t h e  study o f  t he  genet ics  o f  var ious charac ters .  Use 
o f  aneuploids o f t e n  permits t he  l o c a t i o n  o f  genes on p a r t i c u l a r  chromosomes. 

Euploids 

An est imated o n e - t h i r d  o f  a l l  domesticated species o f  p l an ts  (and over 70% of forage grasses) 
a re  eup lo id ,  having m u l t i p l e s  o f  the  bas ic  number o f  chromosomes (n )  o the r  than the d i p l o i d  

2n . Some p l a n t s  have o n l y  t he  hap lo id  number o f  chromosomes (n )  and are c a l l e d  monoploids; 
o the rs  may have 3n ( t r i p l o i d ) ,  4n ( t e t r a p l o i d ) ,  6n (hexap lo id) ,  o r  even h igher  m u l t i p l e s  of  t he  
b a s i c  number. One species o f  grass, Pao l i t o r sa ,has  38n chromosomes. 

There a re  two main types o f  eu l o i d s ,  au topo lyp lo ids  and a l l o p o l y p l o i d s ,  depending on the 
o r i g i n  of t he  chromosomes ((Fig 3.2OP. 

AutopolypZoids occur when the  same genome --  the  complete s e t  o f  n  chromosomes i n  a  
g i ven  species -- i s  dup l ica ted.  Thus, i f  the  bas i c  number (n )  f o r  a  g iven species i s  6 
chromosomes, then the  normal d i p l o i d  p l a n t  w i l l  have two sets  o f  these 6  chromosomes, o r  2n.12. 



Species 1 Species 2 

Chromosome 
Doubl i n g  

S t e r i l e  
F l  

~h romdsome 
Doub; i n g  

4n=8 
A u t o p o l y p l o i d  

Chromosome 
Doubl i n g  

4n.12 
A u t o p o l y p l o i d  

4nE10 
A l l o p o l y p l o i d  

F i g  3.20: The Origin of Autopolyploids and Allopolyploids. 

The t r i p l o i d  p l a n t  w i l l  have t h r e e  s e t s ,  3n.18; t h e  t e t r a p l o i d  f o u r  s e t s ,  4n=36;etc. 

~llopolyp2oid~ a r e  t h e  r e s u l t  o f  h y b r i d i z a t i o n  between two separa te  species,  f o l l o w e d  by 
a  d o u b l i n g  of t h e  chromosome number. 

A u t o p o l y p l o i d s  u s u a l l y  have l a r g e  c e l l s  and o f t e n  have l a r g e r  f l o w e r s ,  f r u i t s ,  and leaves  
than  d i p l o i d s ,  b u t  t h e y  n o r m a l l y  have reduced f e r t i l i t y .  The r e d u c t i o n  i n  f e r t i l i t y  i s  due 
m a i n l y  t o  t h e  behav io r  of  t h e  chromosomes a t  me ios is .  I n  t h e  d i p l o i d ,  each chromosome has a  
c o u n t e r p a r t ,  and, t o g e t h e r ,  they  fo rm a  homologous p a i r  o f  chromosomes. I n  a  t e t r a p l o i d ;  there 
a r e  f o u r  homologous chromosomes. I n s t e a d  o f  normal b i v a l e n t  fo rmat ion  d u r i n g  me ios is ,  these  
f o u r  chromsomes may form h quadrivaZent ( i . e . ,  a l l  f o u r  chromosomes may come t o g e t h e r )  o r  a  
t r i v a l e n t  p l u s  a  u n i v a l e n t  ( t h r e e  chromosomes j o i n  and one remains a lone) .  When t h e  chromo- 
somes separa te  and move t o  o p p o s i t e  ends o f  t h e  c e l l  d u r i n g  anaphase 1, a l l  f o u r  chromosomes 
may go t o  one end, o r  t h r e e  may go t o  one end and one t o  t h e  o t h e r .  If e i t h e r  of  these  events 
occurs,  t h e  gamete i s  l i k e l y  t o  be n o n f u n c t i o n a l ;  i . e . ,  i t  i s  unab le  t o  combine and f o r m  
o f f s p r i n g  i n  a  normal way. 
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I n  many c r o p  spec ies ,  t h i s  reduced f e r t i l i t y  may n o t  be a  p rob lem i f  t h e y  can be 
reproduced  a s e x u a l l y ;  e.g., t h r o u g h  t h e  f o r m a t i o n  o f  t u b e r s  ( p o t a t o e s )  o r  by g r a f t i n g  ( a p p l e s  
and p e a r s ) ,  

When t v o  spec ies  a r e  crossed,  t h e  F 1  i s  u s u a l l y  s t e r i l e  because p a i r i n g  canno t  t a k e  p l a c e  
between chromosomes f r o m  d i f f e r e n t  genomes. I f  t h e  spec ies  a r e  v e r y  c l o s e ,  t h e  genomes may be  
s i m i l a r  and some p a i r i n g  may occur ,  b u t  i n  genera l  v e r y  few, i f  any, f e r t i l e  gametes w i l l  be 
produced ( F i g  3.20) .  I f  t h e  chromosome number i s  doubled,  however, normal p a i r i n g  w i l l  r e s u l t  
between homologous chromosomes. I n  an a l l o t e t r a p l o i d  ( 4 n ) ,  t h e r e  a r e  two s e t s  o f  each genome 
and f e r t i  1  i t y  i s  f r e q u e n t l y  v e r y  h i g h .  Many i m p o r t a n t  c r o p  spec ies  a r e  a1 l o p o l y p l o i d s ,  
i n c l u d i n g  b r e a d  wheat ( a  h e x a p l o i d  s p e c i e s ) .  

E u p l o i d s  may a r i s e  i n  two ways: 

1. D u r i n g  m i t o s i s  i n  normal  d i p l o i d  p l a n t  c e l l s  (somatic ceZZsl, b o t h  s e t s  o f  ch romat ids  
may be  combined i n  a  s i n g l e  nuc leus ,  r e s u l t i n g  i n  a  d o u b l i n g  o f  t h e  chromosomes. I f  
new c e l l s  a r e  formed from t h i s  c e l l ,  t h e y  a l s o  w i l l  have 4n chromosomes. I f  such 
c e l l s  a r e  p r e s e n t  i n  t h e  f l o w e r s  as pollen rnotizer ce l l s  and embryo-sue mother cel?s, 
t h e  gametes w i l l  have 2n chromosomes; on f e r t i l i z a t i o n  t h e y  w i  11 produce t e t r a p l o i d  
p l a n t s  i n  t h e  n e x t  g e n e r a t i o n .  

2 .  Chromosome d o u b l i n g  may o c c u r  d u r i n g  m e i o s i s .  The chro~nosomes niay f a i l  t o  s e p a r a t e  
d u r i n g  anaphase and b o t h  may pass t o  one p o l e  o f  t h e  c e l l ,  r e s u l t i n g  i n  a  2n gamete. 
If a  gamete h a v i n g  2n chromosomes u n i t e s  w i t h  a gamete h a v i n g  n  chromosomes, a  
t r i p l o i d  (3n)  p l a n t  w i l l  be produced. P o l y p l o i d s  h a v i n g  an odd number o f  genomes 
(3n,  5n, 7n, e t c . )  a r e  u s u a l l y  c o m p l e t e l y  s t e r i l e ,  because normal p a i r i n g  o f  homolo- 
gous chromosomes canno t  t a k e  p l a c e .  

INHERITANCE IN POLYPLOIDS 

The i n h e r i t a n c e  o f  c h a r a c t e r s  i n  p o l y p l o i d  s p e c i e s  d i f f e r s  f rom t h a t  i n  d i p l o i d s  i n  severa l  
r e s p e c t s .  A l l o t e t r a p l o i d s  g e n e r a l l y  behave as d i p l o i d s ,  e s p e c i a l l y  if t h e  two genomes a r e  v e r y  
d i f f e r e n t .  I n  a u t o t e t r a p l o i d s ,  however, up t o  f o u r  a l l e l e s  can be p r e s e n t  a t  a  p a r t i c u l a r  
l o c u s ,  i n s t e a d  o f  two i n  t h e  d i p l o i d .  I f  t h e r e  i s  no i n t e r a c t i o n  between t h e  a l l e l e s ,  many new 
phenotypes can be produced t h a t  a r e  n o t  p o s s i b l e  i n  t h e  d i p l o i d .  

Cons ider  t h e  s e r i e s  o f  a l l e l e s  A l ,  A2, A3, and A4. Any two o f  t h e s e  f o u r  can be p r e s e n t  
i n  a  d i p l o i d  p l a n t ,  b u t  a l l  f o u r  can be p r e s e n t  i n  a  t e t r a p l o i d ,  

A  t e t r a p l o i d  t h a t  has t h e  genotype A l ,  A2, A3, A4 w i l l  have s i x  p o s s i b l e  t ypes  o f  gametes 
(A1 A2, A1 A3, A1 A4, A2 A3, A2 A4, A3 A4), and a l l  s i x  w i l l  be found  i n  e s s e n t i a l l y  equal  
p r o p o r t i o n s .  

I f  t h e r e  a r e  o n l y  two  a l l e l e s ,  t h e r e  a r e  f i v e  p o s s i b l e  genotypes i n  a  t e t r a p l o i d  (A1 A1 A1 
A l ;  A1 A1 A1 A2; A1 A1 A2 A2; A1 A2 A2 A2; and A2 A2 A2 A2) as compared w i t h  t h e  t h r e e  
genotypes (A1 A l ,  A1 A2, and A2 A2) i n  a  d i p l o i d .  

I n  d i p l o i d  p l a n t s ,  t h e  number o f  p o s s i b l e  genotypes i s  g i v e n  by 3" where ( n )  i s  t h e  
number o f  l o c i ,  assuming t h a t  t h e r e  a r e  o n l y  two p o s s i b l e  a l l e l e s  a t  each l o c u s .  Thus, i n  t h e  
d i p l o i d  t h a t  has f i v e  such l o c i ,  t h e r e  a r e  35 = 243 genotypes.  I n  t e t r a p l o i d s ,  t h e  number o f  
p o s s i b l e  genotypes ( a g a i n  assuming t h e r e  a r e  o n l y  two a l l e l e s )  i s  g i v e n  by 5". Thus, i n  t h e  
t e t r a p l o i d ,  t h e r e  a r e  55 genotypes = 3125, i f  f i v e  l o c i  a r e  i n v o l v e d .  

QUANTITATIVE INHERITANCE 

Introduction 

The c h a r a c t e r s  d i s c u s s e d  s o  f a r  can be c l a s s i f i e d  i n t o  a  few d i s t i n c t  c l a s s e s :  g reen  o r  ye l low,  
tall o r  s h o r t ;  red ,  p i n k , o r  w h i t e  e t c .  Many c h a r a c t e r s  canno t  be c l a s s i f i e d  i n  t h i s  way, 
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however, because classes are  n o t  so r e a d i l y  separated -- the  observed v a r i a t i o n  i s  continuous. 
Characters t h a t  e x h i b i t  cont inuous v a r i a t i o n  are  c a l l e d  quanti tat ive  characters, and most o f  
t he  economical ly impor tant  charac ters  i n  p l a n t s  (he igh t ,  m a t u r i t y ,  y i e l d ,  e t c . )  a re  
q u a n t i t a t i v e .  

The study of  t he  i n h e r i t a n c e  o f  q u a n t i t a t i v e  charac ters  depends on measurements o f  p l an ts ,  
rows,or p l o t s .  Graphs can be drawn t o  show the  v a r i a t i o n ,  and i t  can be descr ibed mathema- 
t i c a l l y  by the  mean ( t h e  average va lue o f  a  popu la t i on )  and the  standard deviat ion o r  var iance 
which g ives  a  measure of t he  spread o f  t he  values on e i t h e r  s i d e  o f  t h e  mean. 

Continuous v a r i a t i o n  i n  a  charac ter  i s  t he  r e s u l t  o f :  

1) c o n t r o l  by genes a t  many l o c i ,  o r  

2 )  a  g rea t  amount o f  i n f l u e n c e  by t he  environment. Both t he  genotype and the  environment 
are  impor tant  i n  t he  expression o f  most q u a n t i t a t i v e  charac ters .  

The Environment 

Almost a l l  q u a n t i t a t i v e  charac ters  are  in f luenced by t he  environment t o  a  g rea t  ex ten t .  I n  
terms o f  t he  formulas discussed a t  t he  beg inn ing o f  t h i s  sec t i on ,  VE i s  normal ly  high. Even 
characters t h a t  a r e  c o n t r o l l e d  by genes a t  a  s i n g l e  locus can appear t o  be q u a n t i t a t i v e  i n  
nature ,  i f  the  i n f l u e n c e  of  t he  environment i s  s u f f i c i e n t l y  l a rge .  The e f f e c t  of  t he  
environment on a  cha rac te r  c o n t r o l  l e d  by a  s i n g l e  gene p a i r  (hypocoty l  l eng th )  i s  shown i n  
F i g  3.21. The graphs f o r  t he  F1 and F2 generat ions show t h a t  t he  cha rac te r  i s  c o n t r o l l e d  by a  
s i n g l e  gene w i t h  l ong  hypocoty l  (AA be ing dominant t o  s h o r t  aa),  bu t  t he  l a r g e  environmental 
i n f l uence  has caused the  separate c lasses t o  over lap ,  and an ana l ys i s  based on the  numbers o f  
p l an ts  i n  each c lass  i s  impossible.  

Parents  

F1 mean 

Hypocotyl  Length 

Fig 3.21: Graphs Showing a Cross lnvolvlng a Single Locus with a Large Influence of the Envlronmant. 



P l a n t  he igh t  may be a  q u a n t i t a t i v e  charac ter ;  however, i n  Mendel's exper iment o f  t a l l  x  
s h o r t  p l an t s ,  the  mean he igh t  o f  t he  t a l l  p l a n t s  was about 200 cm, w h i l e  t he  mean o f  t he  s h o r t  
p l a n t s  was on l y  about 30 cm. Thus, even i f  the re  were a  l a rge  environmental v a r i a t i o n ,  t he  
p l a n t s  cou ld  be c l a s s i f i e d  e a s i l y  i n t o  separate c lasses. I n  sorghum, 4 l o c i  a re  known t o  be 
i nvo l ved  i n  the  con t ro l  o f  p l a n t  he igh t .  

The Genotype 

Not a l l  q u a n t i t a t i v e  e f f e c t s  can be exp la ined by environmental in f luences,  and i t  i s  now known 
t h a t  many q u a n t i t a t i v e  charac ters  are  c o n t r o l l e d  by a l a r g e  number o f  genes l oca ted  a t  many 
d i f f e r e n t  l o c i .  I n  t h i s  s i t u a t i o n ,  segregat ion i n  the  F2 popu la t ion  does no t  form d i s c r e t e  
c lasses and, gene ra l l y ,  there  i s  a  continuous d i s t r i b u t i o n  between parenta l  values w i t h o u t  t h e  
bimodal (hav ing two peaks) curve shown i n  F i g  3.21. This form o f  i nhe r i t ance  i s  shown i n  
F i g  3.22 and i s  known as polyyenic inher4tance ( p o l y  = many). 

20 40 60 80 100 

Q u a n t i t a t i v e  charac ter ,  e.g., g r a i n  y i e l d  

Fig 3.22: The Inheritance of a Character Controlled by Many Genes. 
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The mean o f  t he  F i s  gene ra l l y  i n te rmed ia te  between t h e  pa ren ta l  means, and p l a n t s  i n  the  
F2 can usua l l y  be f o u n i  cover ing  t h e  whole range o f  pa ren ta l  values. 

The bas is  o f  po lygen ic  i n h e r i t a n c e  can be exp la ined on the  assumption t h a t  many genes are  
i nvo l ved  i n  determin ing such charac ters ,  t h a t  they  f r e q u e n t l y  l a c k  dominance, and t h a t  t h e i r  
a c t i o n  i s  a d d i t i v e .  The genes, however, a re  i n h e r i t e d  i n  ways i d e n t i c a l  t o  those discussed 
p rev ious l y .  

The data of  N i l sson  Ehle, a  Swedish g e n e t i c i s t ,  f i t  w e l l  w i t h  t h i s  exp lanat ion ,  a l though 
genes a t  o n l y  two l o c i  were found t o  be invo lved.  He crossed two wheat v a r i e t i e s :  one w i t h  
deep red  g r a i n  and the  o t h e r  hav ing wh i te  g ra in .  He found t h a t  t he  F1 was medium r e d  i n  c o l o r .  
I n  t he  F2, 1116th o f  t h e  p l a n t s  had deep r e d  g ra in ,  1116th had w h i t e  g r a i n  and the  r e s t  were 
in termedia te .  On f u r t h e r  ana l ys i s  o f  t he  i n te rmed ia te  gra ins ,  i t  was found t h a t  6 1 1 6 t h ~  were 
medium r e d  l i k e  t h e  F1; 4 1 1 6 t h ~  were darker  than t h e  F1 b u t  l i g h t e r  than t h e  deep r e d  parent ;  
and 4 1 1 6 t h ~  were l i g h t e r  than t h e  F1 bu t  were n o t  wh i t e .  Th is  f i n d i n g  can be exp la ined by 
assuming t h a t  t he  deep r e d  c o l o r  i s  due t o  t he  genotype R1 R2 R j  Rq; t h a t  wh i t e  i s  due t o  
rl r r 3  rq ;  t h a t  t he  genes l ack  dominance; and t h a t  t h e i r  a c t i o n  i s  a d d i t i v e .  The F1 has the 
enoiYpe R1 r l  R r 2  and i s  i n te rmed ia te  between t h e  two parents  because i t  has two c o l o r  genes 

?R1 and R2). I n  f h e  F2, o t h e r  shades o f  r e d  a re  produced by genotypes having one o r  t h ree  c o l o r  
genes. Th is  i s  shown i n  F i g  3.23. 

Parent Deep Red x White 

Medium Red 

R1 r l  R2 r2 

F2 Genotype Genotypic Phenotype No. o f  Phenotypic 
Ra t i o  Co lor  Ra t i o  

Genes (R) 

R1 R1 R2 R2 1  Deep Red 4 1  

Red 

R1 rl R2 r2 4 

R1 R1 '2 r2 1  Medium Red 2 6 

rl '1 R2 R2 1  

L i g h t  Red 

r1 '1 r2 r2 1  White 0 1 

Fig 3.23: The Inheritance of Grain Color in Wheat, Based on the Findings of Nilsson Ehle. 
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This  type of  i nhe r i t ance  has r e s u l t e d  i n  a  1:4:6:4:  1 r a t i o  and has been produced by genes 
a t  on l y  two l o c i  (R1 and R2). The charac ter ,  g r a i n  co lo r ,  i s  v i r t u a l l y  una f fec ted  by t he  
environment, and the F? can be d i v i ded  i n t o  separate c lasses. I f  the environment had produced 
a  smal l  e f f e c t ,  t he  c lasses would over lap  and t r u e  continuous v a r i a t i o n  would have occurred 
( F i g  3.24). 

a.  Very Smal l  E f f e c t  o f  Environment 

- 
White Medium Dark Red 

b. S l i g h t  E f f e c t  o f  Environment 

White Medium Red Dark Red 

c.  Large E f f e c t  o f  Environment 

0 White Medium Red Dark Red 
0 
Z 

Fig 3.24: The Effect of Environment on a Polygenic Character Controlled by Only Two Genes. 

Most po lygen ic  charac ters  are c o n t r o l l e d  by genes a t  many l o c i  and the  number o f  poss ib le  

P enotypes i s  very l a rge ,  I f  on l y  two l o c i  a re  invo lved,  t he re  are  n ine  poss ib le  genotypes 
assuming on l y  two a l l e l e s  are  poss ib le  a t  each l o c u s ) ,  I f  th ree  l o c i  a re  invo lved,  there  are  

27 genotypes; and i f  f o u r  l o c i  are invo lved,  t he re  a re  81 poss ib le  genotypes. I f  n  = the  
number o f  l o c i  (each w i t h  on l y  two a l l e l e s ) ,  the  number o f  genotypes i n  the  F2 i s  3" Thus, if 
10 l o c i  a re  invo lved,  t he re  a re  310 genotypes = 59 049; and i f  13 l o c i  a re  invo lved,  t he re  are  
over 1% m i l l i o n  poss ib le  genotypes i n  t h e  F2, Many o f  t he  impor tant  characters such as y i e l d  
may be i n f l uenced  by genes a t  tens o r  even poss ib l y  hundreds o f  l o c i ,  and the number of 
genotypes i s  enormous. 

Additive, Dominance, and Epistatic Gene Action 

The above exp lanat ion  o f  po lygen ic  i nhe r i t ance  has been based on the assumption t h a t  ( 1 ) t h e r e  i s  
no dominance o f  one gene over  another a t  a  g iven locus, and ( 2 )  t he  e f f e c t s  o f  a l l  t he  genes a t  
a l l  t he  l o c i  a re  a d d i t i v e ;  i .e., as t h e  number o f  a l l e l e s  f o r  t he  t r a i t  increases, t he  expres- 
sion o f  t h e  t r a i t  increases p ropo r t t ona te l y .  
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I n  p rac t i ce ,  i n  a d d i t i o n  t o  t h e  a d d i t i v e  e f f e c t s  o f  t h e  genes, both  dominance and i n t e r -  
ac t i ons  between genes a t  d i f f e r e n t  l o c i  ( e p i s t a s i s )  may be impor tant  i n  t h e  i nhe r i t ance  o f  
q u a n t i t a t i v e  charac ters .  

The e f f e c t  o f  t he  genes showing dominance o r  e p i s t a s i s  w i l l  cause the d i s t r i b u t i o n  i n  t he  
F2 popula t ion  t o  be skewed; i . e . ,  i t  w i l l  n o t  be symmetrical on e i t h e r  s i de  o f  t he  mean ( F i g  
3.25) .  

a. A l l  Genes a re  A d d i t i v e  

mean 

Phenotypic c h a r a c t e ~  

b. Some Genes E x h i b i t  Dominance o r  E p i s t a s i s  

Phenotypic cha rac te r  
-__3 

Fig 3.25. Effect of Dominance on Quantitative Traits. 

S t a t i s t i c a l l y ,  dominance and e p i s t a s i s  can be expressed as components o f  genet ic  var iance 
v G = v  + V  + v  A D N'  

Where VA = t he  var iance due t o  t he  a d d i t i v e  e f f e c t s  o f  t h e  genes, 
Vg = t h e  var iance due t o  t h e  dominance e f f e c t s  o f  t he  genes, 
VN = t he  var iance due t o  t h e  n o n - a l l e l i c  ( e p i s t a t i c )  e f f e c t s  of t he  genes. 

Since Vp = VG + VE (where VE = t h e  environmental var iance) ,  t h e  t o t a l  phenotypic var iance 
Vp can be d i v i d e d  i n  four  components: 

I n  t he  absence of dominance and e p i s t a s i s ,  t he  genet ic  var iance VG = VA. 

The a d d i t i v e  genet ic  var iance (VA) i s  t he  ch ie f  cause of  resemblance among parents  and 
o f f s p r i n g ,  and i t  i s  f r equen t l y  g rea te r  than the  combined dominance and e p i s t a t i c  var iances. 

Espec ia l l y  designed experiments must be conducted t o  c a l c u l a t e  these components, u s u a l l y  
r e q u i r i n g  ana l ys i s  o f  t he  parents ,  F1,  F2, and backcross generat ions.  (A technique known as 
the  d i a l l e l  cross ana l ys i s  i s  comnonly used t o  determine t h e  var iance components, b u t  t h i s  w i l l  
n o t  be discussed here . )  

Population Genetics: Gene Frequency and Equilibrium 

Two bas i c  concepts t h a t  p l a n t  breeders should understand a re  segregat ion i n  t h e  Mendelian sense 
and changes i n  gene frequencies i n  popu la t ions .  



Gem Frequency 

Thus f a r ,  g e n e t i c s  has been d i s c u s s e d  i n  r e l a t i o n  t o  s e g r e g a t i o n  r a t i o s  p roduced  by t h e  
progeny o b t a i n e d  f r o m  c rosses  between s p e c i f i c  p l a n t s .  However, t h e  b r e e d e r  u s u a l l y  d e a l s  w i t h  
g e n e t i c  phenomena i n  groups o f  i n d i v i d u a l s  o r  p o p u l a t i o n s  t h a t  show no a p p a r e n t  Mende l ian  
s e g r e g a t i o n  r a t i o s ,  b u t  wh ich  f o l l o w  t h e  laws o f  Mendel. 

The p o p u l a t i o n ,  i n  t h e  g e n e t i c  sense, i s  more t h a n  a  group o f  i n d i v i d u a l s ;  i t  i s  a  
b r e e d i n g  group.  P o p u l a t i o n  g e n e t i c s  i s  concerned w i t h  b o t h  t h e  g e n e t i c  c o m p o s i t i o n  o f  t h e  
p o p u l a t i o n  and t h e  t r a n s m i s s i o n  o f  g e n e t i c  m a t e r i  a1 t o  t h e  n e x t  g e n e r a t i o n .  I n  e v e r y  g e n e r a t i o n ,  
t h e  g e n e t i c  c o m p o s i t i o n  of  t h e  i n d i v i d u a l  b reaks  a p a r t  and reappears i n  a  new f o r m  i n  t h e  n e x t  
g e n e r a t i o n .  The genes c a r r i e d  by t h e  p o p u l a t i o n  have c o n t i n u i t y  f rom g e n e r a t i o n  t o  g e n e r a t i o n ,  
b u t  t h e r e  i s  no such c o n t i n u i t y  i n  t h e  genotypes i n  wh ich  t h e  genes appear.  The g e n e t i c  
c o n s t i t u t i o n  o f  t h e  p o p u l a t i o n  i s  d e s c r i b e d  by an a r r a y  o f  gene f r e q u e n c i e s  ( F a l c o n e r ,  1964).  

F o r  t h e  b r e e d e r ,  d i f f e r e n c e s  i n  p o p u l a t i o n s  a r e  u s u a l l y  o f  degree r a t h e r  t h a n  o f  k i n d .  
Mendel was a b l e  t o  work w i t h  coun ted  r a t i o s  i n  progeny and t h e  Chi-square t e s t  c o u l d  be used 
t o  check observed a g a i n s t  t?rpectcJ r a t i o s .  However, p o p u l a t i o n  g e n e t i c s  a t t e m p t s  t o  work w i t h  
n a t u r a l  o r  c o n t r o l l e d  p o p u l a t i o n s  t o  observe  phenomena and a t t e m p t  t o  d e s c r i b e  thern w i t h  
mathemat ica l  models. These inatheinst ica l  models a r e  unab le  t o  r e f l e c t  a l l  t h e  c o m p l e x i t i e s  o f  
t h e  p o p u l a t i o r l  i n  i t s  env i ronment ;  thus  i t  i s  a lways necessary  t o  make assumpt ions f o r  w h i c h  
t h e  rnathernatical models a r e  r e l e v a n t .  The c o n c l u s i o n s  a r e  a lways r e s t r i c t e d  i n  t h e i r  i n t e r p r e -  
t a t i o n  by these  assumpt ions.  However, t h e  concep ts  (nmdels)  developed have p roven  u s e f u l  i n  
d e s c r i b i n g  pher~ornena i n  p o p u l a t i o n s ,  these  a r e  o f  fundamental  impor tance  and s h o u l d  be we1 1  
unders tood  b y  t h e  b reeder  as he s e t s  up h i s  crop- improvement  program (Crow and Motoo, 1970). 

GENE FREQUENCY 

A b a s i c  concep t  i n  p o p u l a t i o n  g e n e t i c s  i s  t h a t  o f  gene frcqut?no9. TO unders tand  t h i s  concep t ,  
c o n s i d e r  t h e  f o l l o w i n g :  

Assume two a l l e l e s  (Aa) a t  one l o c u s .  
Assuine a  p o p u l a t i o n  o f  N d i p l o i d  i n d i v i d u a l s .  
L e t  0 equal  t h e  number o r  p r o p o r t i o n  o f  dominant  i n d i v i d u a l s  (AA); H t h e  number 
o f  o r  p r o p o r t i o n  o f  he te rozygous  i n d i v i d u a l s  (Aa) ; and Q t h e  number o r  p r o p o r t i o n  
o f  r e c e s s i v e  i n d i v i d u a l s  ( a a ) .  Then D, ti, and Q a r e  g e n o t y p i c  p r o p o r t i o n s  o r  
f r e q u e n c i e s  i n  t h e  p o p u l a t i o n .  

l l o t e  t h a t  a l t h o u g h  t h e r e  a r e  t h r e e  types  o f  i n d i v i d u a l s  i n  t h i s  p o p u l a t i o n ,  AA, Aa, and 
aa, t h e r e  a r e  o n l y  two k i n d s  o f  genes, A  and a .  These N i n d i v i d u a l s  have 2 N  genes ( i n d i v i d u a l s  
i n  t h e  p o p u l a t i o n  a r e  d i p l o i d  2 n ) .  Each AA i n d i v i d u a l  has 2A genes and each Aa i n d i v i d u a l  has 
one A  gene; t h e n  t h e  t o t a l  number o f  A  genes i n  t h e  p o p u l a t i o n  i s  2D + H and t h e  p r o p o r t i o n  of  
gene A  i n  t h e  p o p u l a t i o n  i s  2 D  + H o r  D +$H. 

2 N N 

T h i s  p r o p o r t i o n  i s  t h e  f requency  o f  gene A  i n  t h e  p o p u l a t i o n  and i s  denoted by t h e  l e t t e r  
"p." The f requency  o f  gene "a "  i s  denoted by "q "  and i s  c a l c u l a t e d  i n  t h e  same way: 

9 
(H + 24)  = (LiH + Q) 

2 N  N 

Note  t h a t  p  + q  = 1, s o  t h a t  p  = 1 - q. The f r e q u e n c i e s  o f  t h e  genotypes AA, Aa,and aa a r e  
g i v e n  as percen tages  r a t h e r  t h a n  a c t u a l  coun ts ;  f o r  example, ( 2 ,  12, 26)  wou ld  become (.05, .30 
and . 65 )  and p  would e q u a l :  D + 4H = 2 = 8 = .2 ,  and q = 1  - p  = 1  - .2  = .8. 

N 
. - 

40 40 

To g r a s p  t h e  concep t  o f  gene f requency  i n  a  p o p u l a t i o n ,  t h e  f o l l o w i n g  example s h o u l d  h e l p  
(Fa lconer ,  1964).  The MN b l o o d  g roup  i n  man has been c a r e f u l l y  s t u d i e d :  M and N a r e  two 
a l l e l e s  a t  t h e  same l o c u s  and a  c r o s s  o f  MM x NN i n d i v i d u a l s  wou ld  r e s u l t  i n  an MN F1. The 
m a t i n g  between two MN p a r e n t s  wou ld  r e s u l t  i n  an  expec ted  r a t i o  i n  F2 progeny o f  MM : 2MN : NN 
i n  accordance w i t h  Mende l ian  s e g r e g a t i o n .  T h i s  expec ted  r a t i o  wou ld  o c c u r  no  m a t t e r  where t h e  
p a r e n t s  l i v e d .  However, i f  t h e  p o p u l a t i o n s  i n  Greenland and I c e l a n d  a r e  sampled, t h e  f o l l o w i n g  
r e s u l t s  a r e  observed.  



Blood Group Number o f  
MM MN NN I n d i v i d u a l s  

Frequency (%) Greenland 83.5 15.6 0.9 569 
I ce land  31.2 51.5 17.3 747 

I t  i s  obvious t h a t  t he  genotypic f requencies i n  these two popu la t ions  d i f f e r ,  t he  NN group 
being much more comnon i n  I ce land  than i n  Greenland. (Remember t h a t  i n  both  l o c a t i o n s  an F2 
r a t i o  o f  MM:ZMN:NN would be expected i n  t he  o f f s p r i n g  r e s u l t i n g  froni an MN x MN mat ing) .  These 
popu la t ions  d i f f e r  i n  both  t h e i r  genotypic and gene frequencies,  y e t  t he  laws of Mendel apply 
equa l l y  t o  both.  

The gene frequency (p,q) f o r  a p a r t i c u l a r  locus can be obta ined from the  genotypic 
f requencies (D, H, Q). Consider t h e  f o l l o w i n g  example i n v o l v i n g  the  MN blood groups. 

The gene frequencies f o r  t he  MN b lood groups i n  Greenland and I ce land  then a re :  

Green1 and 
I ce land  

Gene Frequency 

M N 

,913 ,087 
.57  .43 

These d i f f e rences  i n  gene frequencies are  s u b s t a n t i a l .  

Th is  example i n d i c a t e s  what genotype and gene frequencies are,  and how they d i f f e r  from 
Mendelian segregat ion r a t i o s  between se lec ted parents .  A working knowledge o f  these concepts 
i s  a r e q u i s i t e  t o  understanding the  var ious  procedures undertaken i n  a breeding program. 

THE HARDY-WEINBERG LAW 

A bas ic  p r i n c i p l e  i n  popu la t i on  genet ics  was independent ly discovered by Hardy and Weinberg i n  
1908 . They found t h a t  i n  a random mating population ( i  .e. ,  a popu la t i on  i n  which each 
male gamete has an equal chance o f  mat ing w i t h  any female gamete), and i n  t h e  absence o f  any 
d i s t u r b i n g  f a c t o r s  ( s e l e c t i o n  pressure,  mutat ions,  e t c .  ) , the  r e l a t i v e  frequency o f  a gene 
remains constant  genera t ion  a f t e r  generat ion.  The p ropo r t i on  o f  d i f f e r e n t  genotypes a l so  
remains constant  a f t e r  e q u i l i b r i u m  has been reached f o l l o w i n g  one genera t ion  o f  random mat ing. 

Th is  can be i l l u s t r a t e d  as fo l lows:  

L e t  t he  frequency o f  gene A = p and the  frequency o f  gene a = q. The gametes conta in-  
i n g  t he  A and a genes w i l l  be produced i n  t h e  same r e l a t i v e  f requencies:  p and q, 
r espec t i ve l y .  I f  t h e  union o f  these gametes i s  e n t i r e l y  random, then the  f o l l o w i n g  combina- 
t i o n s  w i l l  be produced. 

Female Gametes 

Ma1 e 
Gametes 



The Hardy- Weinberg LQw 

Thus, i n  t h e  n e x t  g e n e r a t i o n ,  t h e  f requency  o f  t h e  genotype AA w i l l  be p2, t h e  f r e q u e n c y  
o f  t h e  genotype Aa w i l l  be  2  pq, and t h e  f requency  o f  t h e  genotype aa w i l l  be  q2. 

As an  example o f  how t h i s  works ,  c o n s i d e r  a  p o p u l a t i o n  o f  100 p l a n t s  c o n s i s t i n g  of  20 
p l a n t s  h a v i n g  tile genotype AA, 20 h a v i n g  Aa, and 60 h a v i n g  t h e  genotype aa. I n  such a  
p o p u l a t i o n ,  t h e  f r e q u e n c y  o f  t h e  A  gene i s  0 .3  [i .e., p  = (D + qH)/N]. Tha t  i s ,  30% of  a l l  t h e  
genes i n  t h e  p o p u l a t i o n  a t  t h e  A  l o c u s  a r e  A, and t h e  f requency  o f  gene a  i s  (1 -P)  o r  0.7 
( i . e . ,  702 o f  a l l  t h e  genes i n  t h e  p o p u l a t i o n  a t  t h e  A  l o c u s  a r e  a ) .  

Thus, p  = 0.3 and q  = 0.7. 

I n  t h e  g e n e r a t i o n  a r i s i n g  f r o m  t h i s  c r o s s ,  t h e  genotypes w i l l  be found  i n  t h e  f o l l o w i n g  
f r e q u e n c i e s  : 

AA = p2 = 0 .3  x  0 . 3  = 0.09 
Aa = 2 q  - 2  x  0 .3  x  0.7= 0.42 
aa = qg 0.7 x  0 .7  = 0.49 

T o t a l  = 1.00 

Thus, i f  t h e  p o p u l a t i o n  s t i l l  comprises 100 p l a n t s ,  t h e r e  w i l l  be abou t  9  p l a n t s  h a v i n g  
genotype AA; 42 p l a n t s  w i t h  genotype Aa; and 49 p l a n t s  w i t h  genotype aa.  

I n  t h i s  new p o p u l a t i o n ,  t h e  number o f  A  genes i s  equal  t o  18 ( f r o m  genotype AA) + 42 
( f r o m  geno type  Aa) = 60 o u t  o f  a  t o t a l  o f  200 genes. The f requency  o f  gene A i s  t h u s  0.3. 
The f requency o f  a  can be worked o u t  i n  t h e  same way, and i s  found  t o  be 0.7.  

Thus, t h e  f r e q u e n c i e s  o f  t h e  genes A  = p = 0 . 3  and a  = q  = 0 .7  have remained c o n s t a n t  
f r o m  t h e  o r i g i n a l  p o p u l a t i o n .  In  t h e  o r i g i n a l  p o p u l a t i o n ,  t h e  g e n o t y p i c  f r e q u e n c i e s  were AA = 
0.2,  Aa = 0 .2 ,  and aa = 0 .6 .  A f t e r  one g e n e r a t i o n  o f  random m a t i n g ,  t h e  g e n o t y p i c  f r e q u e n c i e s  
were found  t o  be AA = 0 .09 ,  Aa = 0.42, and aa = 0.49.  

From t h i s  g e n e r a t i o n  onward, b o t h  t h e  genotype and gene f r e q u e n c i e s  w i  11 rema in  u n a l t e r e d  
p r o v i d i n g  t h e  f o l l o w i n g  c o n d i t i o n s  a r e  uphe ld :  

r M a t i n g  o c c u r s  e n t i r e l y  a t  random i n  v e r y  l a r g e  d i p l o i d  p o p u l a t i o n s .  

r B o t h  gene A  and gene a  a r e  e q u a l l y  f i t ;  i . e . ,  t h e r e  i s  no advantage t o  t h e  p l a n t  
i n  h a v i n g  A r a t h e r  t h a n  a, o r  v i c e  v e r s a .  I f  one gene c o n f i r m s  a  s u p e r i o r  t r a i t  
more t h a n  t h e  o t h e r ,  t h e n  s e l e c t i o n  p r e s s u r e  ( e i t h e r  n a t u r a l  s e l e c t i o n  o r  a r t i f i c i a l  
s e l e c t i o n  by a  b r e e d e r )  w i l l  f a v o r  one gene and w i l l  a c t  a g a i n s t  t h e  o t h e r .  

There i s  no  d i f f e r e n t i a l  m i g r a t i o n  o f  one gene i n t o  o r  o u t  o f  t h e  p o p u l a t i o n .  

The m u t a t i o n  r a t e  o f  gene A t o  a  i s  t h e  same as t h e  n u t a t i o n  r a t e  o f  gene a  
t o  gene A. 

When t h e  p o p u l a t i o n  i s  n o t  i n  e q u i l i b r i u m ,  t h e  f r e q u e n c i e s  o f  p and q  a r e  found  from t h e  
fo rmu las  p  = LD + $H]/N. However, when t h e  p o p u l a t i o n s  a r e  i n  Hardy-Weinberg e q u i l i b r i u m ,  
t h e  f r e q u e n c y  o f  p  and q  i s  equa l  t o  t h e  square r o o t  o f  t h e  f requency  o f  t h e  homozygous t y p e  
f o r  t h a t  gene. U s i n g  t h e  above example, t h e  f requency  o f  gene A f rom t h e  o r i g i n a l  p o p u l a t i o n  
i s  d e t e r m i n e d  t o  be p  = [D  + $H]/N o r  (20 + '.i[20]/100 = 0 . 3  a f t e r  one g e n e r a t i o n  of  random 
m a t i n g .  The geno type  f r e q u e n c y  o f  t h e  AA h o ~ i ~ o z y g o t e  i s  0 .09 ,  and t h e  square r o o t  o f  0.09 i s  
0.3. The f o r m u l a  p  = D + $H s t i l l  h o l d s ;  i . e . ,  p  = .03 + '1(.42) = .09 + .21 = .3. 

I n  a  r a n d o m m a t i n g  p o p u l a t i o n ,  t h e  v a r i a b i  1  i t y  does n o t  change from g e n e r a t i o n  t o  
g e n e r a t i o n  (Crow and Motoo, 1970).  

The maximum f r e q u e n c y  of  t h e  he te rozygous  p o r t i o n  o f  t h e  p o p u l a t i o n  H can n e v e r  exceed 
0.5, and t h i s  o c c u r s  when p  = q  = 0.5.  H  can be g r e a t e r  t h a n  D o r  Q, b u t  n e v e r  g r e a t e r  t h a n  
D x  Q. 

A n o t h e r  p r o p e r t y  o f  an e q u i l i b r i u m  p o p u l a t i o n  i s  t h a t  t h e  p r o p o r t i o n  ( o r  number) o f  
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heterozygotes i s  tw i ce  t he  square r o o t  o f  t h e  product  o f  t h e  two homozygous p ropo r t i ons  ( o r  
number); i .e. ti = 2. 

Th is  p rope r t y  o f f e r s  a  s imple t e s t  f o r  e q u i l i b r i u m  -- a t e s t  having the  advantage t h a t  
the  r a t i o  2  i s  independent o f  t he  gene f requenc ies  o f  the  popu la t ion .  

Note i f  D = .lo, H = .20, and R = .70 t h a t  

H - =  .20 =- 
7 

# 2 b u t  t h a t  

D3‘R f i  .265 

.32 .32 --  - -  '32 - 2  us ing  the  frequencies 

G -G -16 before  and a f t e r  equ i -  1 i b r i u m  i s  a t t a i n e d .  

Note: p  = .1 t .1 = .2; q  = 1 - p  = .8 H = 2pq = 2  ( . 2 ) ( . 8 )  = .32 
0 = p2 = ( . 2 ) ( . 2 )  = .04 R = q2 = ( . 8 ) ( . 8 )  = .64 

Al though t h e  Hardy-Weinberg law r e s t s  on assumptions o f  a  l a r g e  random mat ing popu la t i on  
f r e e  o f  pressures such as muta t ion  and s e l e c t i o n ,  i t  has been found t h a t  t h e  law i s  approx i -  
mately t r u e  f o r  a  g rea t  m a j o r i t y  o f  genes i n  most c r o s s - f e r t i l i z i n g  species (Crow and Motoo, 
1970). Departures occur most ly  because o f  inbreed ing and a s s o r t a t i  ve mat ing.  Inbreed ing i s  
extreme i n  s e l f - f e r t i l i z i n g  species,  b u t  can occur i n  c r o s s - p o l l i n a t e d  species c l o s e l y  spaced 
i n  a  f i e l d ,  o r  geog raph i ca l l y .  Asso r ta t i ve  mat ing occurs when c ross ing  tends t o  occur more 
o f t e n  between some types than between o the rs .  For example, i n  a  sorghum composite, e a r l y  
f l o w e r i n g  types would tend t o  cross together  and l a t e  types would tend t o  cross together ,  
s imply because o f  f l o w e r i n g  t in ie.  

Hardy-Weinberg Law Where More Than Two Loc i  Are Invo lved:  The Hardy-Weinberg law s ta tes  
t h a t  e q u i l i b r i u m  i s  es tab l i shed  a t  any locus a f t e r  one genera t ion  o f  random mat ing. It is  
poss ib le  f o r  t he  a l l e l e s  a t  two l o c i  t o  be i n  random mat ing f requencies and y e t  n o t  i n  
e q u i l i b r i u m  w i t h  respect t o  each o the r  (Crow and Motoo, 1970). I n  f a c t ,  e q u i l i b r i u m  
between two l o c i  i s  no t  obta ined a f t e r  one genera t ion  o f  random mat ing, bu t  i s  obta ined 
s low ly  over many generat ions.  The e f f e c t  o f  l i n k a g e  i s  t o  slow down the  r a t e  -- t h e  
c l o s e r  the  l i nkage  the  slower t h e  r a t e .  

Generations ( t )  

The above graph shows the  approach t o  genet ic  phase o r  l i nkage  e q u i l i b r i u m .  The o r d i n a t e  (y 
a x i s )  i s  t he  d i f f e r e n c e  i n  frequency o f  t he  genotype a t  any p a r t i c u l a r  t ime and the equ i l ib r ium 
frequency, Pt - Pipk . The va lue o f  " c "  g ives  t he  l i nkage  frequency between two l o c i .  

The e q u i l i b r i u m  va lue i s  approached s low ly ,  and ( t h e o r e t i c a l l y )  i s  never a t t a i ned .  I n  t h e  czse 
of  no l i nkage  ( c  = 0 .5) ,  t he  d i f f e rence  between the  ac tua l  gene frequency and the  e q u i l i b r i u m  
value i s  reduced by one-hal f  i n  each generat ion,  and about 7  generat ions a re  requ i red  t o  reach 
approximate e q u i l i b r i u m .  When c  = .01, about 69 generat ions a re  requ i red ,  and when c  = .001, 
about 693 genera t ions  a re  requ i red ,  

The composite gene frequency o f  two l o c i  can be found by mu1 t i p l y i n g  t oge the r  t he  
i n d i v i d u a l  gene frequencies.  For example, i f  t h e  frequency a t  t h e  Aa locus i s  .3  and a t  t he  
bb locus i s  .65, t h e  composite frequency o f  t h e  genotype Aa bb would be .3  x .65 = .195. 

Gene Frequency i n  a  Cross Between Popu la t ions  o f  D i f f e r i n g  Gene Frequencies: The question 
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sometimes a r i s e s  as t o  wha t  happens when two p o p u l a t i o n s  a r e  c rossed ;  p a r t i c u l a r l y  i f ,  f o r  
example, an a g r o n o m i c a l l y  p o o r  source  o f  i n s e c t  t o l e r a n c e  i s  t o  be c r o s s e d  w i t h  a n  agrono- 
m i c a l l y  e l i t e  s u s c e p t i b l e  t y p e .  What happens t o  t h e  gene f requency  f o r  i n s e c t  r e s i s t a n c e ?  

Cons'der two p o p u l a t i o n s  where p l  and p  r e p r e s e n t  t h e  gene f r e q u e n c i e s  f o r  gene A; t h e n  
t h e  gene f requency i n  t h e  Fl i s  t h e  mean of  $he two p a r e n t  p o p u l a t i o n  f r e q u e n c i e s ,  o r  p  = 
(pl + p  ) / 2 .  If t h e  gene f requency  f o r  a  r e s i s t a n c e  f a c t o r  i n  t h e  source  in la te r ia l  i s  p  = 0 . 8  
and i n  $he a g r o n o m i c a l l y  e l i t e   material i s  p2 = .04, then  t h e  gene f requency  i n  progeny o f  t h e  
c r o s s  between them would be p  = ( p i  + . p 2 ) / 2  = ( . 8  + . 0 4 ) / 2  = .42. The gene f r e q u e n c y  f o r  t h e  
r e s i s t a n c e  t r a i t  i s  reduced by a p p r o x i m a t e l y  h a l f .  

H y b r i d i z a t i o n  between two p o p u l a t i o n s  r e s u l t s  i n  an i n i t i a l  decrease i n  honiozygosi ty ,  
wh ich  i s  f o l l o w e d  by a  r i s e  i n  f requency  t o  a  p o i n t  h a l f  way between t h e  p a r e n t  p o p u l a t i o n s .  
The e f f e c t  o f  l i n k a g e  i s  t o  s low t h e  r a t e  o f  p rogress  toward  e q u i l i b r i u m  (Mather ,  1963).  

FACTORS THAT CHANGE GENE FREQUENCY 

There a r e  two m a j o r  t ypes  o f  processes t h a t  change gene f r e q u e n c i e s :  a  c!isLemcztic [raoi.ess which  
i s  p r e d i c t a b l e  i n  b o t h  t h e  d i r e c t i o n  and t h e  amount o f  change; and a  Oi.;/~crrivc pr80c.csr which  
i s  un ique  t o  srrlall p o p u l a t i o n s  arid i s  p r e d i c t a b l e  i n  amount, b u t  n o t  i n  d i r e c t i o n .  The s y s t e -  
m a t i c  p rocesses  a r e  s e l e c t i o n ,  m i g r a t i o n ,  dnd r r rutat ion ( F a l c o n e r ,  1964). The f o l l o w i n g  
example demonstrates these  p rocesses .  

The v a r i e t y  o f  sorghum, S h e n o l i ,  i s  s u s c e p t i b l e  t o  a  fungus d isease  c a l l e d  downy mi ldew.  
Assume t h a t  i n  I n d i a  t h i s  d i s e a s e  i s  ve ry  severe  a round  S a n g l i ,  l e s s  severe  around Dharwar, 
and i s  n o t  o f t e n  found  a t  Coimbatore.  Flost o f  t h e  c o l l e c t i o n  observed  a t  Dharwar i s  f r e e  f r o m  
t h e  d isease ,  wh ich  suggests t h a t  s e n s i t i v i t y  may be r e c e s s i v e  i n  n a t u r e  and under t h e  c o n t r o l  
o f  r e l a t i v e l y  few genes. F o r  t h e  sake o f  d i s c u s s i o n ,  i t  w i l l  be assumed t h a t  s u s c e p t i b i l i t y  i s  
c o n t r o l l e d  by a  s i n g l e  r e c e s s i v e  gene dm, so t h a t  Dm/Dm and Dm/dm p l a n t s  a r e  e q u a l l y  r e s i s t a n t  
( T h i s  synibol is i r~ and t h e  g e n e t i c  a s s u ~ i i p t i o n  a r e  h y p o t h e t i c a l ) .  

I f  a  c r o s s  i s  made between a  Dm/Dnr x  dm/dm p l a n t , t h e  F1 (Dm/dln) w i l l  be r e s i s t a n t .  I f  
1000 F p l a n t s  a r e  observed,  t h e  expec ted  f requency  o f  r e s i s t a n t  p l a n t s  wou ld  be 3 / 4  (750 
i n d i v i 2 u a l s  o f  e i t h e r  Dlii/dm o r  Di11/dr41 geno type)  dnd t h e  expec ted  f requency  o f  s u s c e p t i b l e  p l a n t s  
wou ld  be 114 (250 i n d i v i d u a l s  o f  dnr/dm geno type) .  An observed  r a t i o  o f  730 t o  270 wou ld  
s a t i s f y  t h i s  expec ted  r a t i o .  

I n  t h i s  1000 i n d i v i d u a l s ,  h a l f  o f  t h e  gametes w i l l  be Dm; i . e .  2 gametes f r o m  t h e  
homozygous dominant  p a r e n t  and 2  f r o m  t h e  he te rozygous  p a r e n t ,  o r  AA + 2Aa; and h a l f  o f  t h e  
gameteswi l l  be dm; i . e . ,  2 gametes f r o m  t h e  r e c e s s i v e  p a r e n t  and two f r o m  t h e  h e t e r o z y g o t e .  
I n  terms o f  p o p u l a t i o n  g e n e t i c s ,  t h e  gene f requency  o f  dm (deno ted  as q  ) w i l l  be one-ha l f ,  and 
t h e  gene f requency  o f  Dm (deno ted  as p )  w i l l  a l s o  be o n e - h a l f .  

I f  a  l a r g e  p l a n t i n g  i s  made a t  Coimbatore f r o m  t h i s  F2 p o p u l a t i o n ,  and open p o l l i n a t i o n  
a l lowed,  t h e  gene f r e q u e n c y  w i l l  n o t  change. ( F o r  t h e  sake o f  argument assume t h a t  downy 
mi ldew does n o t  o c c u r  a t  Coimbatore.  There i s  no s e l e c t i o n  p r e s s u r e  a g a i n s t  t h e  r e c e s s i v e  
gene, because o f  t h e  assumpt ion  t h a t  t h e  p a t h o g e n i c  o rgan ism i s  n o t  t h e r e . )  T h i s  can be 
demons t ra ted  i n  t h e  f o l l o w i n g  way: 

5  Dm 1 Dm/Dm .25 1 Dmdm .25  
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This  i s  the  same frequency obta ined before,  under cond i t i ons  o f  random mat ing, I n  t he  
absence o f  any fac tors  which tend t o  change gene frequency, t h i s  popu la t i on  w i l l  remain w i t h  
p  = . 5  and q  = . 5 .  The p r i n c i p l e  was discussed i n  t he  prev ious sec t i on  ( t h e  Hardy-Weinberg 
law) .  

Suppose t h a t  t h i s  same Fp popu la t i on  a l s o  was p lan ted  a t  Dharwar and a t  Sang l i ,  P lants  
severely i n f e c t e d  w i t h  downy mildew w i l l  n o t  reproduce (assume t h a t  none o f  them do). Assume 
t h a t  a t  Sang l i ,  a l l  suscep t i b l e  p l a n t s  succumb t o  the  disease, w h i l e  a t  Dharwar o n l y  h a l f  o f  
them do ( t h e  s e l e c t i o n  pressure,  denoted as "s",  w i l l  then be equal t o  one a t  Sang l i  and t o  
one-ha l f  a t  Dharwar). When t h i s  popu la t i on  o f  1000 F2 i n d i v i d u a l s  i s  p lan ted  a t  Sang l i ,  on l y  
the  730 r e s i s t a n t  p l a n t s  w i l l  produce seed, t he  o t h e r  270 w i l l  f a i l  t o  produce seed because 
they are  diseased. The reproduc ing popu la t i on  then i s  Dm/Dm:P Dm/dm,and t h e  gametes i n  t he  
popu la t ion  w i l l  be 4  Dm:2 dm; t h a t  i s ,  416 = 213 w i l l  be Dm, and 216 = 113 w i l l  be dm (p  = 213; 
q  = 113). Therefore,  a t  Sang l i  , a f t e r  one genera t ion ,  t h e  gene frequency o f  Dm has changed 
from p = 112 t o  p  = 213. Th is  change i n  gene frequency w i l l  be r a p i d  a t  f i r s t ,  b u t  w i l l  
dec l i ne  so t h a t  many generat ions w i l l  be requ i red  before  t h e  recess ive  t r a i t  w i l l  d isappear.  
A c t u a l l y ,  the  dm gene w i l l  never disappear completely from t h e  popu la t ion ,  because the  Dm 
gene mutates t o  dm w i t h  some frequency (popu la t i on  g e n e t i c i s t s  f r e q u e n t l y  denote t h i s  as " p " ) ,  
I n  t h i s  case, then, t h e  gene frequency ( i ns tead  o f  be ing a t  e q u i l i b r i u m  p = q  = .5 as a t  
Coimbatore) w i l l  come t o  e q u i l i b r i u m  a t  some low va lue o f  q where t h e  l o s s  i n  t h e  dm gene due 
t o  s e l e c t i o n  i s  balanced by t he  muta t ion  frequency o f  Dm t o  dm. (An expanded d iscuss ion o f  
t h i s  i s  presented l a t e r  i n  t h i s  sec t i on . )  

A t  Dharwar, o n l y  h a l f  o f  t he  dm/dm p l a n t s  i n  t h e  F2 popu la t i on  w i l l  produce seed. The 
zygo t i c  p ropo r t i on  o f  seed-producing p l a n t s  i s ,  t he re fo re ,  1 Dnl/Dm: 2 Dm/dm: 112 dmldm, o r  2  Dm/ 
Dm:4 Dm/dm:dm/dm. The number o f  Dm gametes w i l l  be 4  + 4  = 8 and dm gametes w i l l  be 4  + 2  = 6.  
The gene frequency of Dm w i l l  be 8/14 ( .57),  which i s  g rea te r  than 112 ( .50),  b u t  l e s s  than 
213 ( .66) ;  where s  = 0  and s  = 1, r e s p e c t i v e l y ) .  The gene frequency o f  dm w i l l  be 6/14 ( .43) ,  
which i s  l e s s  than q = 5 ( s  = O), b u t  g rea te r  than q  = .33 ( s  = 1 ) .  The same e q u i l i b r i u m  p o i n t  
w i l l  be reached as i n  t he  prev ious case, b u t  i t  w i l l  take much longer .  The change i n  t he  gene 
frequency ( ~ q )  o f  q  i s  demonstrated by t he  f o l l o w i n g :  

= 0  a t  Coimbatore 0.5 

... --.... . ... s 2 

.. 
Generations 

Th is  i s  a  very  approximate f i g u r e ;  many generat ions can be invo lved.  

Sup ose t h a t  every year  some o f  t he  seeds of  t h i s  c rop had t o  be purchased from Coimbatore 
(say 1017 and t h a t  these seeds were mixed e q u a l l y  w i t h  t he  o t h e r  seeds produced i n  t he  Sangl i  
area. I n  t h i s  l o % ,  114 of  t he  p l a n t s  w i l l  be DmIDm, 112 w i l l  be Dm/dm, and 114 w i l l  be dm/dm. 
Therefore,  one - fo r t i e th ,  o r  2.5% o f  t he  p l a n t s  i n  the  fa rmer 's  f i e l d s  would be suscep t i b l e  and 
would no t  produce seed. Also of t h i s  lo%,  h a l f  w i l l  be heterozygous f o r  t he  f a c t o r  Dm/dm, so 
the gene frequency o f  q w i l l  increase by 24%. The popu la t i on  g e n e t i c i s t  terms t h i s  change i n  
gene frequency "migra t ion .  " If the gene frequency of  q  i s  i n  e q u i l i b r i u m  between s e l e c t i o n  
and muta t ion  pressures, m i g r a t i o n  ( tend ing t o  increase q )  w i l l  a c t  i n  t he  same d i r e c t i o n  as 
muta t ion ,  and a  new e q u i l i b r i u m  va lue w i l l  be a t t a i n e d  a t  a  h igher  va lue of q. Again, t h i s  i s  
very  approximate, because i t  would take many genera t ions  t o  change from one frequency t o  
another;  and i t  i s  n o t  l i k e l y  t h a t  t he  r a t e  of m i g r a t i o n  would remain constant  f o r  so long.  
( A c t u a l l y ,  i f  the p l a n t  breeder and p a t h o l o g i s t  were working e f f e c t i v e l y ,  they  would probably 
t r y  t o  prevent  t he  sa le  and t r a n s p o r t  t o  Sangl i  of  seed grown i n  t he  Coimbatore area. )  
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I f  t h e  p l a n t  b r e e d e r  r e l e a s e d  a  v a r i e t y  r e s i s t a n t  t o  downy mi ldew, t h e  use  o f  seeds f r o m  
t h i s  o r i g i n a l  F2 p o p u l a t i o n  m i g h t  a l m o s t  d i s a p p e a r  i n  t h e  S a n g l i  a rea .  A few c u l t i v a t o r s  m i g h t  
s t i l l  p e r s i s t  i n  g row ing  a  s m a l l  p l o t  i n  a k i t c h e n  garden f o r  some s p e c i a l  pu rpose .  Under t h i s  
c i r cumstance ,  t h e  gene f requency  q  may change fro111 g e n e r a t i o n  t o  g e n e r a t i o n  due t o  chance 
c o m b i n k t i o n .  T h i s  chance v a r i a t i o n  i n  q  one way o r  t h e  o t h e r  may be much g r e a t e r  t h a n  t h e  
i n f l u e n c e  o f  s e l e c t i o n ,  m i g r a t i o n ,  o r  m u t a t i o n ,  However, t h i s  chance v a r i a t i o n  i s  o n l y  
i m p o r t a n t  when t h e  p o p u l a t i o n  s i z e  i s  v e r y  s m a l l .  I t a l s o  i s  p o s s i b l e ,  due s o l e l y  t o  chance, 
t h a t  t h e  gene f r e q u e n c y  ( q )  w i l l  reach  0  a f t e r  r e l a t i v e l y  few g e n e r a t i o n s  i n  a  s m a l l  p o p u l a t i o n .  
The most  i m p o r t a n t  p r a c t i c a l  a p p l i c a t i o n  o f  t h i s  t o  t h e  p l a n t  b reeder  wou ld  be i n  m a i n t a i n i n g  
t h e  dm gene i n  t h e  p o p u l a t i o n  f o r  purposes o f  c o l l e c t i o n .  Some p a t h o l o g i s t  i n  f u t u r e  y e a r s  
m i g h t  have r e a l  need f o r  dm/dm p l a n t s ,  and i f  t h e  p l a n t  b reeder  has n o t  m a i n t a i n e d  a  s u f f i -  
c i e n t l y  l a r g e  p o p u l a t i o n  i n  h i s  c o l l e c t i o n ,  t h i s  gene may be permanent l y  l o s t .  

The f o l l o w i n g  s e c t i o n  w i l l  p r e s e n t  an expanded d i s c u s s i o n  o f  what has been s a i d  here ,  
and w i l l  c o n s i d e r  a  w i d e r  range o f  p o s s i b i l i t i e s .  A b a s i c  p o i n t  t o  remernber i s  t h a t - - w h e t h e r  
q = .5 ,  .05,  o r  ,0005--any t i rne an F2 p o p u l a t i o n  i s  o b t a i n e d  f r o m  a  DmIDm x  dm/dm c r o s s  t h e  
expec ted  progeny r a t i o  w i l l  be 314 Dm/- t o  114 dmldm. 

Selection 

For  t h e  p l a n t  b reeder ,  s e l e c t i o n  i s  p r o b a b l y  t h e  most  i m p o r t a n t  f o r c e  a v a i l a b l e  f o r  chang ing  
gene f requency .  The airn o f  s e l e c t i o n  i s  t o  produce a  p o p u l a t i o n  t h a t  has a  mean v a l u e  g r e a t e r  
( o r  l e s s )  t h a n  t h e  irlean v a l u e  o f  t h e  p a r e n t  p o p u l a t i o n .  T h i s  d i f f e r e n c e  s h o u l d  be due t o  
d i f f e r e n c e s  i n  genotype and n o t  due t o  t h e  env i ronment .  I n  s e l e c t i n g  f o r  y i e l d ,  f o r  example, 
t h e  lnean y i e l d  o f  t h e  progeny o f  t h e  s e l e c t e d  p l a n t s  s h o u l d  be g r e a t e r  t h a n  t h e  mean y i e l d  o f  
t h e  p o p u l a t i o n  f r o m  wh ich  t h e  p l a n t s  were s e l e c t e d .  The s e l e c t e d  p o p u l a t i o n  can be e i t h e r  a  
b u l k  o f  t h e  s e l e c t e d  p l a n t s ,  o r  t h e  progeny o f  each s e l e c t e d  p l a n t  can be grown s e p a r a t e l y  and 
t h e  advance can be ~r leasured by t h e  mean per formance o f  t h e  l i n e s .  

I f  s e l e c t i o n  i s  t o  be e f f e c t i v e ,  two c o n d i t i o n s  must  be met :  

There must  be p h e n o t y p i c  v a r i a t i o n  f o r  t h e  s e l e c t e d  c h a r a c t e r .  
A t  l e a s t  p a r t  o f  t h i s  v a r i a t i o n  must  be g e n e t i c .  

I f  t h e  f i r s t  c o n d i t i o n  i s  n o t  met ,  s e l e c t i o n  wou ld  n o t  be p o s s i b l e  -- s i n c e  t h e r e  wou ld  be 
no  observed  d i f f e r e n c e s  between t h e  p a r e n t s .  

I f  t h e  observed  v a r i a t i o n  i s  e n t i  r e l y  due t o  e n v i r o n m e n t a l  ( n o n - h e r i  t a b l e )  v a r i a t i o n ,  
t h e  progeny o f  t h e  s e l e c t e d  p l a n t s  w i l l  n o t  be  g e n e t i c a l l y  d i f f e r e n t  f r o m  t h e  p a r e n t s  and no  
g e n e t i c  advance c o u l d  be made. 

To i l l u s t r a t e  t h i s  p o i n t ,  c o n s i d e r  t h e  f o l l o w i n g  examples by Johannsen. He t o o k  a  m i x t u r e  
o f  homozygous l i n e s  o f  beans and s e l e c t e d  a  number of  seeds on t h e  b a s i s  o f  t h e i r  s i z e .  He 
found t h a t  t h e  progeny o f  t h e  l a r g e  seeds were l a r g e ,  t h e  progeny o f  t h e  medium seeds were 
medium, and t h e  progeny o f  t h e  s m a l l  seeds were s m a l l .  The progeny o f  each s e l e c t i o n  showed 
v a r i a t i o n ,  b u t  c o n s i d e r a b l y  l e s s  t h a n  i n  t h e  o r i g i n a l  p o p u l a t i o n ,  and he found  t h a t  f u r t h e r  
s e l e c t i o n  was o f  no  use.  I n  t h e  o r i g i n a l  p o p u l a t i o n ,  t h e r e  was b o t h  g e n e t i c  and env i ronmenta l  
v a r i a t i o n ;  b u t  a f t e r  s e l e c t i o n ,  t h e  rema in ing  v a r i a t i o n  was due t o  t h e  env i ronment .  F i g  3.26 
Shows what  wou ld  o c c u r  i f  i t  i s  assumed t h a t  f o u r  homozygous l i n e s  were p r e s e n t  i n  t h e  o r i g i n a l  
p o p u l a t i o n ,  AA BB, AA bb, as BB, and aa bb. It can be  seen t h a t  s e l e c t i o n  wou ld  be e f f e c t i v e  
o n l y  i f  g e n e t i c  v a r i a t i o n  were p r e s e n t  and t h a t  s e l e c t i o n  i n  a  pure Line ( a  p o p u l a t i o n  of  
i d e n t i c a l  homozygous p l a n t s )  would n o t  be u s e f u l .  

I n  p r a c t i c e ,  b r e e d e r s  u s u a l l y  make s e l e c t i o n s  i n  s e g r e g a t i n g  p o p u l a t i o n s  f o l l o w i n g  a  
, Fq e t c . ) .  I n  t h i s  case, t h e  s e l e c t e d  p l a n t s  w i l l  n o t  be homozygous f o r  a l l  
e c t i o n  may be e f f e c t i v e  f o r  s e v e r a l  g e n e r a t i o n s  - -  u n t i l  near  homozygosi ty  i s  

reached.  
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Fig 3.26: Selection in a Mixture of Pure Lines. 

H e r i t a b i l i t y :  The observed phenotypic var iance (Vp) i s  made up o f  t h e  genet ic  v a r i a t i o n  
(VG), p lus  t he  environmental v a r i a t i o n  (VE). I f  s e l e c t i o n  i s  t o  be e f f e c t i v e ,  VG should be 
l a r g e  and VE should be smal l .  The p ropo r t i on  o f  t he  t o t a l  var iance t h a t  i s  gene t i c  i s  c a l l e d  
t he  her i tab i l i tg  (H); It i s  u s u a l l y  expressed a s  a percentage thus - 

Sometimes o n l y  t he  a d d i t i v e  genet ic  var iance (VA) i s  used i n  est imates o f  h e r i t a b i l i t y ,  
s i nce  t h i s  i s  t h e  most impor tant  component of  gene t i c  var iance. I n  t h i s  case: 
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This  form of h e r i t a b i l i t y  i s  sometimes c a l l e d  w r m - s e n s e  h e r i t a b i l i t y ,  and t h a t  which 
takes i n t o  account t he  t o t a l  genet ic  var iance i s  c a l l e d  broad-sense h e r i t a b i l i t y .  I f  the  
h e r i t a b i l i t y  i s  h igh, i t  means t h a t  t h e  genotype p lays  a  more impor tant  r o l e  than the 
environment i n  determin ing t h e  phenotype. A charac ter  w i t h  a  h igh  h e r i t a b i l i t y  i s  thus  more 
l i k e l y  t o  respond t o  s e l e c t i o n  than a  charac ter  w i t h  low h e r i t a b i l i t y .  I n  general, charac ters  
c o n t r o l l e d  by o n l y  a  few genes have h ighe r  h e r i t a b i l i t y  than po lygen ic  charac ters  such as y i e l d ,  
m a t u r i t y ,  harvest  index, e t c .  

Genetic Advance Due t o  Se lec t ion :  The advance i n  the  mean value o f  a  popu la t ion  as a  
r e s u l t  o f  s e l e c t i o n  w i l l  depend on three th ings  - 

h e r i  t a b i  1  i t y  o f  t he  charac ter  concerned 
t o t a l  v a r i a t i o n  i n  t h e  popu la t ion  from which t o  se lec t ,  measured as Vp 

a s e l e c t i o n  pressure ( i  .e., t he  p ropo r t i on  o f  t he  popu la t ion  t h a t  i s  se lec ted ) 

The phenotypic var iance, Vp, i s  impor tant ,  s ince i f  the re  i s  on l y  a  smal l  degree o f  
v a r i a t i o n  i n  t h e  popu la t ion ,  there  w i l l  n o t  be a  very wide range from which t o  s e l e c t  ( F i g  3.27). 
Even i f  the  h e r i t a b i l i t y  i s  loo%, there  w i l l  be l i t t l e  genet ic  advance when the re  i s  l i t t l e  
phenotypic v a r i a t i o n .  

a. Vp i s  Small b. Vp i s  Large 
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Flg 3.27: Genetic Advmw O w  to SelectIan from Populatlonr wlth Dlffarnt Value8 of Vp when H I r  Large. 



The s e l e c t i o n  pressure a l s o  i s  impor tant ,  because s e l e c t i o n  o f  on l y  t h e  few very  bes t  
p l a n t s  i s  l i k e l y  t o  produce a  g rea te r  advance than i s  a  moderate s e l e c t i o n  o f  many p lan ts ,  
b u t  a t  t he  expense o f  r a p i d  l o s s  i n  v a r i a t i o n .  Very s t r i c t  s e l e c t i o n  w i l l  be most e f f e c t i v e  
if the h e r i t a b i l i t y  i s  h igh.  I f  the  h e r i t a b i l i t y  i s  low ( i . e . ,  t he re  i s  a  l a r g e  i n f l u e n c e  o f  
t he  environment), many p o t e n t i a l l y  good genotypes w i l l  n o t  be se lec ted  i f  on l y  a  few p l a n t s  are  
chosen, thus i t  may be adv isab le  t o  r e l a x  t h e  s e l e c t i o n  pressure.  

Discussion thus f a r  has been general ,  d i r e c t e d  t o  app l i ed  concepts t h a t  should prove 
usefu l  t o  t he  breeder.  The f o l l o w i n g  d iscuss ion examines t h e  e f f e c t s  o f  s e l e c t i o n  i n  somewhat 
g rea te r  d e t a i l .  The aim i s  t o  ga in  an app rec ia t i on  o f  s e l e c t i o n  e f f e c t s  on changing gene 
frequencies when dominance o r  recessiveness i s  invo lved,  and w i t h  respect  t o  i n i t i a l  gene 
frequencies.  Cons idera t ion  a l s o  i s  g iven t o  coun te rac t i ng  fo rces t h a t  tend t o  balance the  
e f f e c t s  o f  s e l e c t i o n .  

The s t reng th  of  s e l e c t i o n  i s  expressed as a  c o e f f i c i e n t  of  s e l e c t i o n  "s" .  General ly,  the  
c o n t r i b u t i o n  o f  t he  f avo rab le  genotype i s  taken as 1, and c o n t r i b u t i o n  o f  t h e  l e s s  f avo rab le  
genotype as 1-s. The va lue o f  s  can vary between 0 and 1. For example, i f  s  = 0.1, then f o r  
every 100 zygotes w i t h  t he  favo rab le  genotype, t he re  w i l l  be 90 o f  t he  l e s s  f avo rab le  one. 

Consider t he  case o f  p a r t i a l  s e l e c t i o n  aga ins t  t h e  recess ive  genotype: 

AA Aa aa Tota 1 

I n i t i a l  P ropo r t i on  p2  2 ~ q  q2 1  

R e l a t i v e  F i t ness  1  1  1-s 

A f t e r  Se lec t i on  ~2  2pq q2 (1-s)  1-sq2 

The t o t a l ,  a f t e r  s e l e c t i o n ,  i s  de r i ved  as f o l l o w s :  

The frequency i n  t he  nex t  genera t ion  can be determined as f o l l ows ;  

Remember t h a t  gene frequency can be found from the formula:  

then a - P9 + q2(1-s)  

L e t  p  = 1-q and m u l t i p l y  (1-s)  by q2; we get:  
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T h i s  e q u a t i o n  can  be  g e n e r a l i z e d  so t h a t  t h e  r e l a t i o n s h i p  between any two 
g e n e r a t i o n s  becomes : 

and t h e  d i f f e r e n c e  i n  gene f requency,  A q,between any two g e n e r a t i o n s  becomes: 

The change i n  gene f requency  f o r  a number o f  d i f f e r e n t  cases o f  dominance i s  p r e s e n t e d  
T a b l e  3.1. 

Table 3.1: Change of Gene FrequencyJq, After One Generation of Selection Under Different 
Conditions of Dominance. 

C o n d i t i o n s  o f  dominance I n i t i a l  f r e q u e n c i e s  Change i n  Frequency 
and s e l e c t i o n  and f i t n e s s  o f  t h e  A q, o f  gene A2 

genotypes 

No dominance, s e l e c t i o n  1 1 - i s  1 - s  - f s q  (1 -q )  ( 1 )  
a g a i n s t  A2 

1 -sq  

Complete dominance, 
s e l e c t i o n  a g a i n s t  A2A2 1 1  1-s -sq2 ( 1 - q )  ( 2 )  

1 -sq2 

Complete dominance, 
s e l e c t i o n  a g a i n s t  A1- 1-s 1-s 1 -sq2 ( 1 - q )  ( 3 )  

Overdomi nance s e l e c t i o n  
a g a i n s t  AIAl and A2A2 1 - s l l  1-s2 +Pq (SIP - 529) ( 4 )  

1-s1p2 - s2p2 



80 

These equations can be represented graphically (Fig 3 . 2 8 ) .  

3.28: Changes of Frequency,Aq, Under Selection Intensity S = 0.2 at Different Values of ln i t la l  Gene 
Frequency, q. Upper figure, a gene wlth no dominance; lower flgure, a gene wlth complete 
dominance. The curves marked (-) refer to selection agalnst the gene whose frequency Is  q, so 
that n q is  negatlve. The curves marked (t) refer to selection In favor of the gene, so that A q 
is positive. 
Source : Falconer, 1964. 
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The graphs and e q u a t i o n s  show t h a t :  

S e l e c t i o n  i s  most  e f f e c t i v e  a t  i n t e r m e d i a t e  gene f r e q u e n c i e s ;  i t  i s  l e a s t  e f f e c t i v e  when 
t h e  gene f requency  "q "  i s  e i t h e r  v e r y  l a r g e  o r  v e r y  s m a l l .  For  example, when s  = 0.2 and 
q = 0.90, n q  = -0.00244; when q  = 0.5,  A q = -0.0263, arid i f  q = 0 . 0 1  t h e n  A q  = 0.0000198 
( L i  , 1958).  

S e l e c t i o n  f o r  o r  a g a i n s t  a  r a r e  r e c e s s i v e  a l l e l e  i s  ve ry  i n e f f e c t i v e .  T h i s  i s  because a  
r a r e  gene i n  a  p o p u l a t i o n  i s  a l m o s t  a lways found i n  t h e  h e t e r o z y g o t e .  

The change i n  gene f requency  f rom one extreme va lue  o f  q  t o  t h e  o t h e r  i s  shown i n  F i g  3.29. 
The n e g a t i v e  s i g n  ( - )  i n d i c a t e s  s e l e c t i o n  a g a i n s t  t h e  genes, and t h e  p o s i t i v e  s i g n  (+)  
i n d i c a t e s  s e l e c t i o n  f o r  t h e  gene. A c o n s t a n t  s e l e c t i o n  p ressure  o f  s  = 0 . 2  i s  assumed. 

Genera t ions  

F i g  3.29: Change in Gene Frequency from One Extreme Value of q  to the Other with a Constant 
Selection Pressure of s = 0.2. 

It i s  a p p a r e n t  t h a t  t h e  change i n  gene f requency  beg ins  s l o w l y ,  i n c r e a s e s  a t  i n t e r m e d i a t e  
va lues  o f  "q, "  and then  d e c l i n e s .  Note a l s o  t h a t  t h e  v a l u e  o f  " q "  tends toward t h e  extremes 
of 1 o r  0  ( i  .e . ,  f i x a t i o n  o r  elimination). 

When s e l e c t i o n  f a v o r s  t h e  h e t e r o z y g o t e ,  t h e  gene f requency  tends toward an e q u i l i b r i u m  
a t  i n t e r ~ r ~ e d i a t e  v a l u e s  o f  "q" --  n e i t h e r  gene i s  l o s t .  I f  s  - t h e  s e l e c t i o n  p r e s s u r e  a g a i n s t  
t h e  homozygote AA, and i f  s2 = t h e  s e l e c t i o n  p r e s s u r e  a g a i n i t  ;he honozygote aa, i t  can be 
shown t h a t  t h e  e q u i l i b r i u m  va lues  p  and q a r e :  

P  = and q = 
S l  

s 1  + 52 5 1  + s2 

These e q u i l i b r i u m  va lues  a r e  dependent o n l y  on t h e  s e l e c t i o n  p ressures  and a r e  independent  
of gene f requency.  No m a t t e r  what  t h e  i n i t i a l  gene f reouency  may be, t h e  e q u i l i b r i u m  va lues  
o f  p  and q w i l l  be  t h e  same ( L i  , 1958) 

Cons ider  t h e  example where s l  = 0.15 and 52 = 0.35 a g a i n s t  AA and aa r e s p e c t i v e l y ( F i g  3.30)  

= 1  
Then a t  e q u i l i b r i u m  q  = = 

0.15 
- 0 . 3 0  

~ 1  + s2 0.15 + 0.35 



Fig  3.30: Approach to Equilibrium with Selection Pressure Against AA of s - 0.15 and Against 
aa of s - 0.35. 

it has been f o u n d  i n  n a t u r e  t h a t  o n l y  a  s l i g h t  s u p e r i o r i t y  o f  t h e  h e t e r o z y g o t e s  i n  a 
p o p u l a t i o n  i s  s u f f i c i e n t  t o  keep gene f r e q u e n c i e s  a t  i n t e r m e d i a t e  va lues .  It wou ld  appear t h a t  
s e l e c t i o n  i n  f a v o r  o f  t h e  h e t e r o z y g o t e s  i s  common. F r e q u e n t l y ,  t h e r e  a r e  genes i n v o l v e d  t h a t  
have l i t t l e  e f f e c t  ( o r  t h a t  a r e  n e a r l y  n e u t r a l )  i n  t h e  env i ronment ,  s o  t h e  s e l e c t i o n  p r e s s u r e  
i s  n o t  s t r o n g .  These a r e  f r e q u e n t l y  found  i n  t h e  he te rozygous  c o n d i t i o n ,  i n d i c a t i n g  t h e  
s e l e c t i v e  advantage f o r  t h i s  s i t u a t i o n .  As a  b reeder  moves u n i f o r m  v a r i e t i e s  f r o m  one e n v i -  
roncnent t o  a  d i f f e r e n t  one he f r e q u e n t l y  observes t h e  e f f e c t  o f  r e s i d u a l  h e t e r o z y g o s i t y .  

Mutation 

M u t a t i o n s  a r e  g e n e r a l l y  r e c e s s i v e ,  b u t  can o c c u r  i n  t h e  dominant  con i t i o n .  The m u t a t i o n  Fi r a t e s  i n  b o t h  d i r e c t i o n s  i s  c o n s t a n t  and of t h e  o r d e r  o f  10-4 t o  10- (i .e . ,  one n u t a t i o n  A - - - d  

i n  10000  t o  1OOOOO 000 gametes) .  M u t a t i o n s  fro111 t h e  r e c e s s i v e  t o  t h e  w i l d  t y p e  ( n o r m a l )  
g e n e r a l l y  have been found  t o  o c c u r  a t  abou t  1110th t h e  r a t e  o f  m u t a t i o n  f r o m  t h e  w i l d  t y p e  t o  
t h e  r e c e s s i v e .  M u t a t i o n  i s  t h e  u l t i m a t e  source  o f  new a l l e l e s ,  t h u s  t h e  source  of  g e n e t i c  
v a r i a b i l i t y .  However, t h e  e f f e c t  o f  m u t a t i o n  on a  p o p u l a t i o n  i s  so low t h a t  i t  i s  o f  
e v o l u t i o n a r y  i n t e r e s t  o n l y  and o f  l i t t l e  concern  i n  an a p p l i e d  b r e e d i n g  program, i . e . ,  muta t io r  
has a  v e r y  l o w  e f f e c t  i n  chang ing  gene f requency .  (The use o f  m u t a t i o n  ds a  t o o l  t o  o b t a i n  a 
d e s i r e d  t r a i t  i s  a  d i f f e r e n t  c o n s i d e r a t i o n ,  however. ) 

Whi l c  m u t a t i o n  tends t o  i n c r e a s e  g e n e t i c  v a r i a b i  1  i t y ,  most  mutan ts  a r e  d e l e t e r i o u s  and 
niany a r e  p r o b a b l y  l o s t  f r o m  t h e  p o p u l a t i o n .  The p r o b a b i l i t y  t h a t  a  m u t a t i o n  w i l l  be l o s t  frolp 
a  p o p u l a t i o n  a f t e r  "nu g e n e r a t i o n s  i s  g i v e n  i n  Tab le  3.2 ( L i  , 1958). 

Table 3.2: Probability of Extinction of a Single Mutant Gene. 

Genera t ion  - No. S e l e c t i v e  Advantage 1% Advantage 

n  L o s t  R e t a i n e d  L o s t  Re ta ined  

127 
L i m i t  - - - - 

I t  can be observed  f rom t h i s  t a b l e  t h a t  a  m u t a n t  gene w i l l  be l o s t  f r o m  a  p o p u l a t i o n  if ir 
has no s e l e c t i v e  advantage, and t h a t  t h e  p r o b a b i l i t y  i s  g r e a t e s t  i n  e a r l i e r  g e n e r a t i o n s .  If 
t h e r e  i s  even a s l i g h t  s e l e c t i o n  advantage,  t h e r e  i s  a  p r o b a b i l i t y  t h a t  t h e  gene w i l l  remain 
i n  t h e  p o p u l a t i o n  i n d e f i n i t e l y .  



Factors that chunge gene Frcquencg 

M u t a t i o n  a l t e r s  gene f requency  because t h e  m u t a t i o n a l  even t  o c c u r s  r e p e a t e d l y  a t  a  c o n s t a n t  
f requency;  t h e r e f o r e ,  even if some ~ r ~ u t a t e d  genes a r e  l o s t ,  some w i l l  rema in  and become e s t a b -  
l i s h e d  i n  t h e  p o p u l a t i o n .  I n  t h e  absence o f  any o t h e r  f a c t o r s  a f f e c t i n g  gene f requency ,  an 
e q u i l i b r i u m  v a l u e  o f  p  and q  wou ld  depend o n l y  on t h e  ~n lu ta t ion  r a t e s .  L e t  I, = t h e  r a t e  o f  
m u t a t i  In A - - -  a  and v  = t h e  m u t a t i o n  r a t e  a - - -  A ;  t hen  t h e  e q u i l i b r i u ~ ~ ~  va lues  wou ld  be:  

These e q u i l i b r i u t n l  va lues  wou ld  be reached very  s l o w l y ,  i n  f a c t ,  t h e  ~ n l u t a t i o n  r a t e s  a r e  
such a  s m a l l  f a c t o r  co~rlpared t o  o t h e r  f o r c e s  (such  as s e l e c t i o n )  i n  chang ing  gene f requency ,  
t h a t  i t  i s  d o u b t f u l  t h a t  t h e s e  e q u i l i b r i u ~ ~ ~  va lues  would ever  be a t t a i n e d .  

Joint Effects of Selection and Mutation 

I f  ~ i l u t a t i o n  i s  i n  t h e  same d i r e c t i o n  as s e l e c t i o n ,  t h e  r a t e  o f  change i n  f r c q u e n c y  w i l l  bc 
i n c r e a s e d .  However, i f  t h e y  oppose (wh ich  i s  t h e  usual  c a s e ) ,  a  s t a b l e  e q u i l i b r i u m  wou ld  be 
reached t h a t  i s  independent  o f  t h e  gene f requency ,  depending o n l y  on t h e  c o e f f i c i e n t s  o f  s e l e c -  
t i o n  and m u t a t i o n .  

J i 
q . 7  

T h i s  e q u i l i b r i u l l r  i s  s t a b l e ,  though i t  i s  approached v e r y  s l o w l y  - -  p r o b a b l y  e x p l a i n i n g  why 
an u n f a v o r a b l e  r e c e s s i v e  p e r s i s t s  i n  r rd tu ra l  p o p u l a t i o n s ,  i r i s t e a d  o f  b e i n g  l o s t .  The e x i s t e n c e  
o f  t h e  r e c e s s i v e  i s  i ~ ~ a i n t a i n e d  by m u t a t i o n ,  hence, r: q i s  g e n e r a l l y  v e r y  low.  For  example, i f  
t h e  m u t a t i o n  r a t e  t o  t h e  r e c e s s i v e  n iutant  i s  ,I = ,000018, and t h e  s e l e c t i o n  p r e s s u r e  a g a i n s t  
t h e  r e c e s s i v e  zyyrote i s  s  = .02, t h e  e q u i l i b r i u m  p o p u l a t i o n  w i l l  c o n t a i n  &Is = 0.0009 recess-  
i v e s ,  w i t h  q  = / . O m  = .03. The r e c e s s i v e  d l l e l e  then  e x i s t s  ~ r ~ o s t l y  i n  t h e  h e t e r o z y g o t e  - 
2 ( . 9 7 )  ( . 0 3 )  = .0582, n e a r l y  65 t i ~ r ~ e s  as h i g h  as t h a t  o f  t h e  ho~liozygous r e c e s s i v e ,  i .e . ,  

34 = .-\l>!L = 65.  When q  i s  ve ry  s m a l l ,  t h e  r e c e s s i v e  s t i l l  e x i s t s  i n  t h e  h e t e r o z y g o t e  
9 . ~ 0 0 9  and i t  i s  a l ~ r ~ o s t  i l r rpossib le t o  y e t  i t  o u t  o f  a  p o p u l a t i o n .  

I f  t h e  m u t a t i o n  r a t e  (A) i s  o f  t h e  o r d e r  o f  then  o n l y  m i l d  s e l e c t i o n  p r e s s u r e  i s  
i s  enough t o  keep t h e  e q u i l i b r i u m  a t  a  ve ry  low f requency .  F o r  exaniple, 

i f s -  . U U l , t h e n  ( I =  h / s  = .1  a n d q 2 =  .O1 

i f  s = .01, t h e n  q  = J u / 3  - . a 3  and q2  = , 0 0 1  . i f  s  = .l, thet i  q = Ju/i .01 and q*  = .0001 

T h e r e f o r e ,  i f  a  gene mutates d t  t h e  r a t e  o f  11=10-~ ,  a  s e l e c t i o n  p r e s s u r e  o f  10% ( . I )  
a g a i n s t  t h e  r e c e s s i v e  zygo te  i s  enough t o  h o l d  i t s  frecluency a t  1  i n  10 000 ( .0001) .  

The d i s c u s s i o n  here  dea ls  w i t h  c o n d i t i o n s  o f  v e r y  low gene f r e q u e r ~ c y ,  where changes by 
m u t a t i o n  and s e l e c t i o n  a r e  ve ry  s low.  Such e f f e c t s  a r e  o f  e v o l u t i o n a r y  i n t e r e s t  and o f  l i t t l e  
p r a c t i c a l  concern  t o  t h e  p l a n t  b reeder .  

Subdivision and Migration 

N a t u r a l  p o p u l a t i o n s  a r e  s e l d o ~ i l  found as rand0111 b r e e d i n g  s i n g l e  u n i t s ;  r a t h e r  they  a r e  d i v i d e d  
I n t o  s u b u n i t s  i s o l a t e d  by geoyraph ic ,  y e n e t i c ,  and p h y s i o l o g i c a l  b a r r i e r s .  The d i v i s i o n  of  
l a r g e  p o p u l a t i o n s  i n t o  s u b u n i t s  i s  known d s  i s o l a t i o n ;  i s o l a t i o n  can be p a r t i a l  o r  co l r lp lete.  

I f  a  p o p u l a t i o n  i s  subd iv ided ,  and random r i ~ a t i n y  occurs  w i t h i n  t h e  s u b d i v i s i o n s ,  t h e n  t h e  
e f f e c t  i s  t o  reduce  t h e  f requency  o f  he te rozygo tes  and i n c r e a s e  t h e  f requency o f  ho~nozyyotes.  
No te  t h e  f o l l o w i n g  i n  Tab le  3.3. 

The p o p u l a t i o n  o f  he te rozygo tes  i n  t h e  t o t a l  p o p u l a t i o n ,  as w e l l  as t h e  s u b d i v i d e d  
p o p u l a t i o n s ,  i s  l e s s  t h a n  wou ld  be expec ted  i f  t h e  t o t a l  p o p u l a t i o n  were rand0111 m a t i n g .  It 
a l s o  can be demons t ra ted  t h a t  t h e  v a r i a n c e  i n  a  s u b d i v i d e d  p o p u l a t i o n  wou ld  be l e s s  t h a n  i s  t h e  
case i f  t h e  t o t a l  p o p u l a t i o n  were m a t i n g  a t  random. 

When p o p u l a t i o n s  a r e  subd iv ided ,  t h e r e  i s  an o p p o r t u n i t y  f o r  m i g r a t i o n  between them. The 
e f f e c t  o f  ~ n i g r a t i o n  i s  t o  ~nake t h e  gene f r e q u e n c i e s  i n  t h e  v a r i o u s  groups more a l i k e  (more 
homogeneous). M i g r a t i o n  i s  a  c o u n t e r  f o r c e  t o  s u b d i v i s i o n  i n  chang ing  gene f r e q u e n c i e s .  (No te  
t h a t  t h e  f requency  o f  he te rozygo tes  would i n c r e a s e ) .  



Table 3.3: Subdlvlslon of a Large Populatlon Into Five ( K  = 5 )  Random Matlng Groups of 

Equal Size. 

Group 

1  .9 
2 .8 
3 .7 
4 .5 
5  1  
Tota l  Popu la t i on  .6 
Popu la t i on  i f  no 

s u b d i v i s i o n  
D i f f e rence  

M ig ra t i on  a l s o  b r i n g s  v a r i a t i o n  i n t o  a  popu la t i on .  A  breeder i s  us ing .  t he  e f f e c t s  o f  
m ig ra t i on  when he expands v a r i a t i o n  i n  h i s  breed ing program by i n t r o d u c t i o n .  

I f  m i g r a t i o n  i s  on a  l a r g e  enough sca le ,  i t  can o v e r r i d e  t he  s e l e c t i o n  pressure as a  force 
i n  changing gene frequency. Sorghums c u l t i v a t e d  a long the  N i l e  Val l e y  i n  Egypt a re  predom- 
i n a n t l y  du r ra  and gene t i c  v a r i a t i o n  i s  smal l .  It i s  reasonable t o  expect t h a t  t he  f o r c e  o f  
s e l e c t i o n  i s  r e l a t i v e l y  smal l ,  because the  v a r i a b i l i t y  i s  sma l l .  It i s  probab le  t h a t  a  massive 
i n t r o d u c t i o n  o f  germplasm and i t s  i n t e r a c t i o n  w i t h  t h e  Egypt ian  dur ras  w i l l  cause a  change i n  
the  frequency o f  many genes -- a  g r e a t e r  change than can be caused by s e l e c t i o n .  V a r i a t i o n  
w i l l  increase and s e l e c t i o n  can be more e f f e c t i v e .  

I n  smal l  subgroups o f  a  random mat ing popu la t i on ,  t he re  i s  a  c e r t a i n  amount o f  inbreeding 
t h a t  i s  represented as a  c o e f f i c i e n t  o f  i nb reed ing  F. The l o s s  o f  he terozygos is  i s  a t  a  r a t e  
approximately 112 14 per  genera t ion ,  where N i s  t h e  number of  i n d i v i d u a l s  i n  t he  popu la t i on .  
The e f f e c t  o f  m i g r a t i o n  i s  t o  reduce t h i s  l o s s  o f  heterozygotes;  i n  o t h e r  words, t o  counteract  
t he  e f f e c t s  o f  inbreed ing.  

Small Populations and Effective Population Size 

Previous d iscuss ion has centered on l a r g e  popu la t ions ,  w i t h  an ana l ys i s  o f  how s t a b l e  e q u i l i -  
b r ium values o f  t he  gene frequency might  be reached. As t h e  popu la t i on  s i z e  decreases, there 
i s  a  random d r i f t  o f  t he  gene frequency (a dispersive t h a t  can be p r e d i c t e d  i n  amount 
( p r o b a b i l i t i e s ) ,  b u t  n o t  i n  d i r e c t i o n .  The e f f e c t  o f  random d r i f t  can be g rea te r  than t h a t  of  
s e l e c t i o n ,  m ig ra t i on ,  and mutat ion.  I f  the  popu la t i on  s i z e  i s  smal l ,  the  gene frequency may 
vary  g r e a t l y  i n  t h e  n e x t  genera t ion .  The change can be i n  any d i r e c t i o n  and i s  a t  random. 
Note Table 3.4. 

Table 3.4. Probability Distribution of q in a Population of N = 50 Offspring from a Parental 
Populatlon with q = 0.5. 

Probabi 1  i t y  .002 ,021 . I 36  .341 .341 ,136 .021 .002 

Source : L i  , 1958. 

I n  such a  popu la t ion ,  if a l l  l o c i  had a  gene frequency o f  0.5, then they would vary  i n  
t h e  nex t  genera t ion :  more than 2% would have a  gene frequency o f  .60 t o  .65. On t h e  o ther  
hand, i f  t h e r e  were one locus, b u t  many p 0 p ~ l a t i 0 n S  of  50 i n d i v i d u a l s ,  then i n  t h e  n e x t  
genera t ion  t he re  would be smal l  popu la t ions  w i t h  d i f f e r e n t  f requenc ies  -- 2% o f  them w i t h  the 
frequency between .60 and .65. 



Factors That Change Gene Frequency 

The random d r i f t  p e r  g e n e r a t i o n  i n  t h e  c o l o r  gene "non-agou t i "  i n  t h r e e  l i n e s  o f  m ice ,  
each m a i n t a i n e d  b y  6 p a i r s  o f  p a r e n t s  p e r  g e n e r a t i o n ,  i s  shown i n  F i g u r e  3.31. 

The gene f requency  i n  t h e  t h r e e  l i n e s  ranged f rom abou t .75  t o  .35 i n  g e n e r a t i o n  6 t o  -08 
t o  .5 i n  g e n e r a t i o n  14. The gene f r e q u e n c i e s  v a r i e d  up and down a t  random. E v e n t u a l l y ,  t h e  
gene f requency  w i l l  become 0 o r  1 and a l l  members o f  t h e  sma l l  p o p u l a t i o n  w i l l  be homozygous 
f o r  t h e  gene w i t h  f requency  1. I f  t h e  f requency  i s  " O " ,  t h e  a l l e l e  i s  l o s t  f r o m  t h e  p o p u l a t i o n .  
E v e n t u a l l y  a l l  genes w i l l  reach  f i x a t i o n  ( i  .e . ,  w i l l  have a  gene f requency  o f  0 o r  1). 

0 2 4 6 8 10 1 2 1 4  

Genera t ions  

Fig 3.31: Random Drift in the Color Gene "Non-Agouti" In Small Populations ot Mice. 

ik,e c x ~ m p l e  above was o f  3 l i n e s  o f   nice, each l i n e  w i t h  12 i n d i v i d u a l s  (6  p a i r s ) .  The 
p r a c t i c a l  consequences o f  snial l p o p u l a t i o n s  i s  o f  i t ~ ~ p o r t a n c e  t o  t h e  b reeder  t r y i n g  t o  n i a i n t a i n  
a  c o l l e c t i o n .  I f ,  f o r  exa~np le ,  a  b reeder  i s  s e e k i n g  t o  l n a i n t a i n  a  c o l l e c t i o n  b y  s e l f i n g  5  
heads, i t  i s  obv ious  t h a t  t h e r e  can be a  g r e a t  change i n  gene f requency ,  w i t h  t h e  o r i g i n a l  
c o l l e c t i o n  changed c o n s i d e r a b l y .  

There  i s  ev idence  t o  s u p p o r t  t h e  i d e a  t h a t  random d r i f t  w i l l  cause a  g r e a t  amount o f  
d i f f e r e n t i a t i o n  i n  a  p o p u l a t i o n  s i z e  o f  20; t h e r e  wou ld  be a  moderate a~l lount  o f  d i  F f e r e n t i a t i o n  
i n  a  p o p u l a t i o n  s i z e  o f  200; and f o r  l a r g e r  p o p u l a t i o n s  t h e r e  wou ld  be n e g l i g i b l e  amount o f  
random d r i f t .  

Summary 

The c o n c e p t  o f  gene f requency  has been d e s c r i b e d  and i l l u s t r a t e d .  The b reeder  i s  i n t e r e s t e d  
i n  chang ing  gene f requency ,  i n  enhancing t h e  gene f requency  o f  d e s i r e d  t r a i t s ,  and i n  
m a i n t a i n i n g  o r  i n c r e a s i n g  v a r i a t i o n  on wh ich  s e l e c t i o n  can be e f f e c t i v e .  The f a c t o r s  o f  
s e l e c t i o n ,  m i g r a t i o n  ( i n t r o d u c t i o n ) ,  and p o p u l a t i o n  s i z e  a r e  b a s i c  concepts t h a t  t h e  b reeder  
uses f r e q u e n t l y .  M u t a t i o n  i s  o f  p e r i o d i c  i n t e r e s t  t o  t h e  b reeder ,  b u t  i t  i s  u s u a l l y  c o n s i d e r e d  
as a  source  o f  a  d e s i r e d  t r a i t  and n o t  as a  f a c t o r  i n  chang ing  gene f requency .  

Gene f r e q u e n c i e s  u s u a l l y  change most r a p i d l y  a t  i n t e r m e d i a t e  va lues  and s e l e c t i o n  i s  v e r y  
i n e f f e c t i v e  f o r  r e c e s s i v e  t r a i t s  a t  v e r y  low o r  v e r y  h i g h  gene f r e q u e n c i e s  ( a p p r o a c h i n g  0 o r  
1). Rare r e c e s s i v e  a l l e l e s  u s u a l l y  a r e  found  i n  he te rozygous  i n d i v i d u a l s .  B o t h  i n  n a t u r e  and 
i n  b r e e d i n g  p o p u l a t i o n s ,  t h e r e  appears t o  be a  s e l e c t i v e  advantage f o r  t h e  h e t e r o z y g o t e ,  and 
genes t h a t  have a  l o w  s e l e c t i o n  p r e s s u r e  may rema in  i n  t h e  he te rozygous  c o n d i t i o n s  f o r  many 
g e n e r a t i o n s .  A l t h o u g h  g e n e t i c  f i x a t i o n  does o c c u r  i n  r ,a tu re ,  t h e  s t a b i l i t y  and a d a p t a t i o n  
a t t a i n e d  i n  i n d i v i d u a l s  i s  i m p r e s s i v e  because m u t a t i o n  and s e l e c t i o n ,  m i g r a t i o n  and s e l e c t i o n ,  
and s u b d i v i s i o n  and m i g r a t i o n  f r e q u e n t l y  oppose each o t h e r  and s e l e c t i o n  f a v o r s  t h e  h e t e r o -  
z y g o t e .  Many o f  t h e s e  f a c t o r s  t e n d  t o  keep gene f requenc ies  a t  i n t e r m e d i a t e  v a l u e s  and enab le  
a p o p u l a t i o n  t o  respond  t o  env i ronmenta l  changes. A b r e e d e r  f r e q u e n t l y  r e q u i r e s  some v a r i a t i o n  
I n  a  v a r i e t y ,  y e t  wishes t o  m a i n t a i n  s u f f i c i e n t  s i m i l a r i t y  so t h a t  i t  i s  p h e n o t y p i c a l l y  
r e c o g n i z a b l e .  The s e l e c t i v e  advantage o f  h e t e r o z y g o t e s  i s  known, and t h e  b r e e d e r  o f t e n  f i n d s  
t h a t  t h e  h e t e r o z y g o t e  ( h y b r i d )  pe r fo rms b e t t e r  than  a  v a r i e t y ,  p a r t i c u l a r l y  i n  h a r s h  c l i m a t e s .  
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Popula t ion  s i z e  i s  always a  quest ion  i n  ma in ta in ing  c o l l e c t i o n s .  I f  numerous c o l l e c t i o n s  
a re  maintained s ide  by s i d e  and a l lowed t o  open-po l l ina te ,  t he  e f f e c t s  o f  m i g r a t i o n  soon 
become apparent ( f i r s t  i n  t h e  more open-headed types t h a t  outcross a t  a  h igher  r a t e  than the 
compact types) .  I n  avo id ing  t h e  e f f e c t s  o f  smal l  popu la t i on  s i ze ,  t he  a v a i l a b i l i t y  o f  l and  and 
cos t  o f  opera t ions  must be considered. There i s  usua l l y  a  compromise between f a c i l i t i e s  and 
cos t  on the one hand and a  des i rab le  popu la t ion  s i z e  on the  o ther .  Co l l ec t i ons  should be 
maintained i n  t h e i r  area o f  o r i g i n a t i o n .  When moved t o  a  d r a s t i c a l l y  d i f f e r e n t  l oca t i on ,  
v a r i a t i o n  can increase tremendously; na tu ra l  s e l e c t i o n  may e l i m i n a t e  some p l a n t s  because they 
are  no t  main ta inab le ,  and e f f e c t i v e  popu la t ion  s i z e  becomes a  more c r i t i c a l  cons idera t ion .  

C l e a r l y ,  those i n t e r e s t e d  i n  p l a n t  breeding should have some c l e a r  working concepts o f  
q u a n t i t a t i v e  genet ics  and f a c t o r s  which i n f l u e n c e  gene frequencies.  

Genetics of Sorghum 

THE GENETICS OF MATURITY 

Roy Quinby (1967) has pioneered research on m a t u r i t y  and he igh t  i n  sorghum. Four l o c i  have 
been i d e n t i f i e d  t h a t  i n f l u e n c e  ma tu r i t y ,  Ma1, Ma?, Ma?, Maq. Genera l ly  t r o p i c a l  types are  
dominant a t  f o u r  o f  these l o c i  and a  recess ive  c o n d i t i o n  a t  any one o f  them w i l l  r e s u l t  i n  
more temperate zone adapta t ion  (Table 3.5).  In f a c t ,  t he  g rea t  bu lk  o f  l i n e s  used i n  the  
temperate zone have been found t o  be recess ive  a t  Mal. L ines i n  the  conversion progralll 
(conversion o f  t r o p i c a l l y  adapted 1  ines  t o  ternperate zone adap ta t i on )  are  1  i k e l y  recess ive  
a t  mal and dominant a t  t he  o t h e r  3 l o c i .  

Table3.5: Identification of Sorghum Varieties for Dominance or Recessiveness at  Four Gene 
Loci and their Times of Flowering at Plainview, Texas in 1964. 

V a r i e t y  Genotype Days t o  Flower 
- 
100-day M i l o  (100M) Mal Ma2 Ma3 Ma4 90 
90-day Mi l o  (90M) Ma1 Ma2 ma3 Ma4 82 
80-day Mi 1 o  (80M) Mal ma2 Ma3 Ma4 68 
60-day Mi l o  (60M) Ma1 ma2 m" Ma4 64 
Sooner M i l o  (SM100) ma1 Ma2 Ma3 Ma4 56 
Sooner M i l o  (SM90) mal Map ma3 Ma4 56 
Sooner Mi l o  (SM8O) ma1 ma2 Ma3 Ma4 60 
Sooner M i l o  (SM60) ma1 ma2 ma3 Ma4 5  8  
Ryer M i l o  (14M) Ma1 ma2 ma3R Ma4 48 
38-day Mi l o  (38M) ma1 ma2 ma3R Ma4 44 

Hegari ( H )  Mal Ma2 Ma3 ma4 70 
E a r l y  Hegari (EH) Mal Ma2 ma3 ma4 60 
Combine Bon i ta  ma1 Ma2 Ma3 Ma4 6  2  
Texas B lackhu l l  K a f i r  ma1 Ma2 Ma3 Ma4 68 
Combine Ka f i r - 60  ma1 Ma2 Ma3 Ma4 59 
Red1 an ma1 Ma2 Ma3 Ma4 7 0  
P ink  K a f i r  CI432 ma1 Ma2 Ma3 Ma4 70 
Red K a f i r  PI19492 ma1 Ma2 Ma3 Ma4 72 
P ink  K a f i r  PI19742 ma1 Ma2 Ma3 Ma4 72 
Kalo ma1 ma2 Ma3 Ma4 6  2  
E a r l y  Kalo ma1 Ma2 Ma3 Ma4 59 
Combine 7078 ma1 Ma2 ma3 Ma4 58 
TX4 14 ma1 Ma2 ma3 Ma4 60 
Caprock ma1 Ma2 Ma3 Ma4 7  0  
Durra PI54484 ma1 Ma2 ma3 Ma4 62 
Fargo Ma1 ma2 Ma3 Ma4 70 

Source: Quinby 1967 
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These l o c i  i n t e r a c t :  when Ma1 i s  dominant ,  t h e  dominant and r e c e s s i v e  c l a s s e s  a t  t h e  Ma2, 
Ma3, and Ma4 l o c i  can be i d e n t i f i e d  i n  an F p o p u l a t i o n .  When Mal i s  r e c e s s i v e ,  v a r i a t i o n  i n  
t i m e  t o  f l o w e r ~ n g  w i l l  d i m i n i s h ,  makjng i t  I i f f i c u l t  t o  separa te  genotypes (52.4 t o  56.7 days 
compared t o  64.6 t o  90.5 days r e s ~ c c t l v e l y -  Tab le  3 . 6 ) .  I f  Mal i s  dominant ,  Ma2, Mag and Ma4 
dernonsi rate dominance ( l a t e n e s s ) ,  b u t  i f  t h e  a l l e l e  a t  t h e  Ma1 l o c u s  i s  r e c e s s i v e  (mal) t h e n  
ma2, ma3 and ma4 lilay demons t ra te  dominance. There i s  an e x c e p t i o n :  when t h e  Ma1 l o c u s  i s  
he te rozygous  and t h e  Ma2 l o c u s  i s  r e c e s s i v e ,  m a t u r i t y  i s  l a t e r  than  i f  t h e  a l l e l e s  a t  t h e  Ma2 
l o c u s  a r e  dominant  ( Q u i n b y ,  1974). 

Table 3.6: Floral Characteristics of Eight Milo Maturity Genotypes of Sorghum Grown from a 
June 6 ,  1969, Planting at Plainview, Texas. 

- 
S t r a i n  Genotype Days t o  Days t o  Days P a n i c l e  

F l o r a l  P a n i c l e  t o  Weight  
I n i t i a t i o n  Development F l o w e r  

-- ----.- 

SM 100 ma] ,Ma2,Mag,Maq 34 1 8  52.4 0.3 20.0 + 0 .5  
SM 90 ma1 ,Ma2,Ma3,Ma4 3  4  20 54.2 + 0.3 20.3 0.6 
SM 60 mal ,ma2 ,ma3 ,ma4 34 2  1  55.3 + 0.2 23.2 + 0.7 
SM 80 ma1 ,ms2,Ma3,Ma4 34 23 56.7 + 0.4 19.3 + 0 .6  

60 M Ma1 ,ma2 ,ma3 ,Ma4 3  6  28 64.6 + 0.4 34.3 + 1.7 
80 M Ma1 ,ma2,Ma3,Maq 4  0  29 69.0 + 0 .2  30.8 + 0.9 
90 M Ma1 ,Ma2,ma3,Ma4 61 2  6  87.0 + 0.6 40.3 + 1.1 

100 M Ma1 ,Map,Ma3,Ma4 61 30 90.5 + 0 . 6  28.2 + 0.6 

Most o f  t h e  l i n e s  f rom t h e  c o n v e r s i o n  program a r e  r e c c s s i v e  a t  t h e  Ma1 l o c u s  and dominant  
a t  t h e  o t h e r s .  Ye t ,  t h e  t i m e  t o  f l o w e r i n g  v a r i e s  f r o m  60 t o  85 days. E a r l y  m a t u r i n g  t r o p i c a l  
v a r i e t i e s  t e n d  t o  be e a r l y  a f t e r  c o n v e r s i o n  and l a t e  m a t u r i n g  t r o p i c a l  l i n e s  t e n d  t o  be l a t e  
a f t e r  convers ion .  T h i s  i s  t h o u g h t  t o  be dur  t o  d i f f e r e n t  a l l e l e s  a t  one o r  more o f  t h e  
m a t u r i t y  l o c i  and n o t  due t o  a  group o f  ~ n o d i f y i n g  genes a t  o t h e r  l o c i .  The known a l l e l e s  a t  
t h e  f o u r  ~ n a t u r i t y  l o c i  a r e  l i s t e d  i n  Tab le  3 . 7 .  

Effect of Photoperiod on Flowering 

Sorghum i s  a  s h o r t - d a y  p l a n t ;  i . c . ,  t h e  v e g e t a t i v e  bud w i l l  r e r ~ ~ a i n  v e g e t a t i v e  u r i t i l  t h e  day 
l e n g t h  beconies s h o r t  enough. The p o i n t  a t  wh ich  t h e  day l e n g t h  becomes s h o r t  enough f o r  t h e  
f l o r a l  bud t o  deve lop  i s  c a l l e d  t h e  c r i t i c a l  p h o t o p e r i o d .  V a r i e t i e s  have d i f f e r e n t  c r i t i c a l  
p h o t o p e r i o d s .  G e n e r a l l y ,  t r o l l i c a l  v a r i e t i e s  w i l l  n o t  f l o w e r  i n  t h e  ternperate zones because t h e  
day l e n g t h s  d u r i n g  t h e  sunimer p e r i o d  never  become s h o r t  enough t o  reach  t h e  c r i t i c a l  pho to -  
p e r i o d .  By t h e  t i m e  day l e n g t h s  becove s h o r t  enough, t h e  v a r i e t i e s  a r e  ve ry  t a l l  and r a n k ,  
t h e  weather  i s  c o l d ,  and t h e  p l a n t s  a r e  u s u a l l y  k i l l e d  by f r o s t .  

A d e s c r i p t i o n  of  t h e  r e l a t i o n s h i p  between t h e  s h o r t - d a y  concep t  and p h o t o p e r i o d  response 
can  become q u i t e  complex. D u r i n g  sunimer months, t h e  day l e n g t h  i s  l o n g e r  i n  t h e  tempera te  
zone t h a n  i n  t h e  t r o p i c s ;  t h e  r e v e r s e  i s  t r u e  i n  t h e  w i n t e r ;  whereas t h e  day l e n g t h s  t e n d  t o  be 
t h e  same ( a b o u t  12 h r s . )  a t  t h e  s p r i n q  and f a l l  equ inox .  V a r i e t i e s  adapted t o  summer g rowth  
i n  t h e  tempera te  zone g e n e r a l l y  have a  h i g h e r  c r i t i c a l  p h o t o p e r i o d  than  those  i n  t h e  t r o p i c s ;  
i . e . ,  t h e y  w i l l  f l o w e r  a t  l o n g e r  day l e n g t h s  than  w i l l  t r o p i c a l  v a r i e t i e s .  F o r  example, a  
t r o p i c a l  v a r i e t y  may f l o w e r  d u r i n g  days of  l e s s  t h a n  12 hours ;  temperate zone v a r i e t i e s  w i l l  
a l s o  f l o w e r .  As t h e  p l a n t s  a r e  moved i n t o  t h e  temperate zone, day l e n g t h s  may exceed 13 hours .  
T h i s  i s  a  l o n g e r  day t h a n  i n  t r o p i c s  and exceeds t h e  c r i t i c a l  p h o t o p e r i o d  o f  t h e  t r o p i c a l  
t y p e  -- so i t  remains v e g e t a t i v e .  The temperate zone t y p e  may have a  c r i t i c a l  p h o t o p e r i o d  o f  
13.5 hours ;  t h u s  a  13-hour day l e n g t h  i s  s t i l l  s h o r t e r  t h a n  t h i s  c r i t i c a l  p e r i o d  and t h e  
v a r i e t y  w i l l  f l o w e r .  

F i g  3.32 shows a  group o f  l i n e s  drawn a l o n g s i d e  a  d a y - l e n g t h  a x i s ,  w i t h  each l i n e  
r e p r e s e n t i n g  t h e  c r i t i c a l  p h o t o p e r i o d  o f  a  v a r i e t y .  When day l e n g t h s  a r e  l o n g e r  t h a n  t h e  
c r i t i c a l  p h o t o p e r i o d ,  t h e  v a r i e t y  w i l l  remain v e g e t a t i v e ;  when day l e n g t h s  a r e  s h o r t e r  t h a n  t h e  
c r i t i c a l  p h o t o p e r i o d  (be low t h e  l i n e ) ,  f l o r a l  i n i t i a t i o n  w i l l  occur .  
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Fig 3.32: A Scale Indicating Photoperiod Reaction in Relation to Hours of Daylight. 

The numbers I, 11, 111, I V ,  and V  r e p r e s e n t  c a t e g o r i e s  o f  p h o t o p e r i o d  r e a c t i o n  d e f i n e d  by 
M i l l e t  e t  (11 (1968)  and c o n s i d e r e d  u s e f u l  by then1 f o r  c l a s s i f y i n g  sorghum i n t o  p h o t o p e r i o d  
r e s p o n s i v e  groups.  

Day l e n g t h  n o t  o n l y  changes as one t r a v e l s  n o r t h  o r  s o u t h  f roni  t h e  e q u a t o r ,  b u t  changes 
w i t h  t h e  t i m e  o f  t h e  y e a r .  The change i n  day l e n g t h  w i t h  t i m e  o f  y e a r  has e s s e n t i a l l y  t h e  
same e f f e c t  on f l o r a l  i n i t i a t i o n  as does l a t i t u d e  ( t h e r e  may be  sorile d i f f e r e n c e s  due t o  
t e m p e r a t u r e ) .  T h i s  e f f e c t  can be shown g r a p h i c a l l y .  Mi 1  l e r  ct,. c r l  (1968) made m o n t h l y  sowings 
o f  v a r i e t i e s  i n  each o f  these  c lasses  i n  P u e r t o  R ico ,  17.5"  l a t i t u d e ,  and found  t h e  t i m e  f r o m  
sowing  t o  f l o w e r i n g  t o  be as i n d i c a t e d  i n  F i g  3.33 and T a b l e  3.8.  

Months 

Fig  3.33: Curve of Daylight Hours for Each Month of the Year at 17.5"N. Photoperiod 

Classes are Superimposed on this Curve. 



Table 3.8: Approximate Days from Sowlng to Flowering (Anthesis), 17.SnN Latitude. 

- 

Date Mean Length Class 
0 f 0 f 

Sowing * Day (Hours) I I 1  I I I a  I I I b  I I I c  I V  V 

January 
February 
March 
Ap r i  1 
May 
June 
J u l y  
August 
September 
October 
November 
December 

. -. . -- - -- - - - ---- 
* Sowings were made on approximately t he  12th  o f  each month. 

These data show t h a t :  

Class I: Flower ing was delayed u n t i l  sowings were made about September 12. F lower ing 
would occur i n  e a r l y  December and days t o  f lower  would be e s s e n t i a l l y  t h e  same f o r  
September, October and November sowings. 

Class 11: Flowering i s  delayed more i n  sowings from February through May than i n  January. 
There i s  a s l i g h t  delay if sowings are  made i n  August compared t o  September and October. 

Class I I I a :  F lower ing i s  delayed when sowings a re  made from March through August. The 
days t o  f l ower  are  low f o r  sowings made i n  September and October. 

Class I I I b :  The f l ower ing  behav ior  i s  s i m i l a r  t o  I I I a  except t h a t  t he  t ime from sowing t o  
f l ower ing  i s  more o r  l e s s  un i f o rm ly  increased. 

Class I I I c :  The f l ower ing  p a t t e r n  i s  somewhat l i k e  I I I a  except t h a t  t h e  spread i n  days t o  
f l ower ing  i s  l e s s ,  p a r t i c u l a r l y  t he  days t o  f lower ing i n  March through May sowings are  
much l ess  than i n  I I I a  and I I I b .  

Class I V :  The f l ower ing  i s  delayed u n t i l  A p r i l  sowing r a t h e r  than March as f o r  I I I a ,  b, 
and c; t he  spread i n  days t o  f l ower  i s  somewhat l ess  than f o r  p l a n t s  i n  I I I c .  

Class V :  The days t o  f l ower  are  more o r  l e s s  the  same f o r  sowings made i n  any month o f  
t he  year .  I n  o t h e r  words, the  c r i t i c a l  photoper iod  i s  never reached. If these sowings 
were made i n  a more nor thern  l a t ' t u d e ,  c l ass  V may need t o  be subd iv ided as was done f o r  
c l ass  111; i .e., some p l a n t s  may reach a c r i t i c a l  photoper iod  and some no t .  

I n  the  nor thern  hemisphere, e n t r i e s  sown i n  a c ross ing  b lock  i n  September, October, o r  
e a r l y  November would requ i re  l e s s  stagger t o  achieve n i c k  between parents than would sowings 
a t  any o t h e r  t ime o f  the  year .  By and l a rge ,  sowings can be made success fu l l y  i n  January, 
bu t  a f t e r  e a r l y  February (and p a r t i c u l a r l y ,  a f t e r  e a r l y  March) some e n t r i e s  i n  a c ross ing 
b lock  would be very much delayed i n  f lower ing and t h e  crosses cou ld  n o t  be made. General ly,  
l i n e s  w i t h  a c r i t i c a l  photoper iod  o f  about 12 hours, o r  below, cannot be used i n  t he  temperate 
zone. Nor can they be used i n  c ross ing  b locks  sown i n  some months o f  the  year  (March-Apr i l )  
i n  t r o p i c a l  l oca t i ons ,  w i t h o u t  a r t i f i c i a l l y  reducing day l e n g t h  t o  induce f l ower ing .  I t  i s  
apparent t h a t  a l l  l i n e s  f lower ing normal ly  i n  a nor thern  nursery  would f l ower  normal ly  i n  a 
southern nursery;  t he  reverse i s  no t  t r u e  - -  some l i n e s  might be very  l a t e  o r  remain 
vegeta t ive .  

Several of  t h e  M i l o  l i n e s  w i t h  known m a t u r i t y  genes were inc luded i n  t he  monthly sowings 
made i n  Puerto Rico. The e n t r i e s  100 M and 90 M were t h e  on l y  ones t o  show an e f f e c t  o f  
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p h o t o p e r i o d  ( i . e . ,  t h e y  were t h e  o n l y  ones whose c r i t i c a l  p h o t o p e r i o d  was exceeded). These two 
e n t r i e s  a r e  dominant  a t  b o t h  t h e  Ma1 and Ma2 l o c i .  The genes, Ma3 and Ma4 had no e f f e c t  on 
p h o t o p e r i o d  response a t  17.5 degrees n o r t h .  They do have an e f f e c t  i n  Texas (abou t  34"N) 
showing t h e  e f f e c t  o f  l a t i t u d e  ( d a y l e n g t h ) ,  and t h e  response o f  t h e s e  p l a n t s  t o  t h e  l a r g e r  
c r i t i c a l  p h o t o p e r i o d s  found a t  t h e  more n o r t h e r n  l a t i t u d e s .  

An a p p r e c i a t i o n  o f  t h e  p h o t o p e r i o d i c  response o f  sorghum i s  o f  g r e a t  v a l u e  t o  t h e  breeder 
i n  p l a n n i n g  c r o s s i n g  b l o c k s  and i n  a s s i s t i n g  p roducers  o f  h y b r i d  seed. 

THE GENETICS OF HEIGHT 

Four l o c i  i n  sorghum a r e  i m p o r t a n t  i n  t h e  c o n t r o l  o f  p l a n t  h e i g h t .  These genes a r e  ass igned 
t h e  symbols Dwl, Dw2, Dw3 and Dw4. T a l l n e s s  i s  p a r t i a l l y  dominant  t o  dwarfness.  The dwar f ing  
e f f e c t  of  r e c e s s i v e  a l l e l e s  a t  any o f  t h o s e  f o u r  l o c i  i s  b r a c h y t i c  i n  n a t u r e  ( i  .e.,  t h e  l e n g t h  
of t h e  i n t e r n o d e  i s  reduced,  b u t  n o t  t h e  pedunc le  l e n g t h ,  head s i z e ,  o r  l e a f  number, and t h e  
m a t u r i t y  i s  n o t  changed).  The z e r o  d w a r f  t y p e  (dominan t  a t  a l l  l o c i )  may reach  f o u r  meters i n  
h e i g h t .  The change from f o u r  t o  t h r e e  dominant  genes may r e s u l t  i n  a  h e i g h t  change o f  50 cm o r  
more. I f  one o r  more o f  t h e  l o c i  a r e  r e c e s s i v e ,  t h e  d i f f e r e n c e  i n  h e i g h t  r e s u l t i n g  f rom t h e  
r e c e s s i v e  c o n d i t i o n  a t  an a d d i t i o n a l  l ocusmay have a  s m a l l e r  e f f e c t  i n  r e d u c i n g  p l a n t  h e i g h t .  
The d i f f e r e n c e  between a  3 -dwar f  ( r e c e s s i v e  a l l e l e s  a t  t h r e e  l o c i )  and a  4 -dwar f  t y p e  may be 
o n l y  10 o r  15 cm. 

There i s  v a r i a t i o n  i n  h e i g h t  between d i f f e r e n t  v a r i e t i e s  w i t h  t h e  same genotype.  T h i s  i s  
though t  t o  be  due t o  a l l e l i c  s e r i e s  a t  t h e  v a r i o u s  l o c i ,  and n o t  t o  m o d i f y i n g  f a c t o r s  a t  o t h e r  
l o c i .  There i s  i n s t a b i l i t y  a t  t h e  Dw3 l o c u s ;  an a l l e l e  o f  dw3 muta tes  t o  t h e  dominant  a l l e l e  a t  
a  h i g h  r a t e  (one m u t a t i o n  i n  1209 gametes). Thus some sorghum f i e l d s  may have a  ragged 
appearance due t o  a  g r e a t e r  f requency o f  t a l l  p l a n t s .  Some i n s t a b i l i t y  has been found  a t  t h e  
Dw4 l o c u s ,  b u t  n o t  a t  Dwl o r  he. 

T a b l e  3.9 shows t h e  h e i g h t  and genotype o f  a  number o f  sorghum v a r i e t i e s .  

T a l l  h y b r i d s  can be produced f r o m  s h o r t e r  p a r e n t s  u s i n g  complementary f a c t o r s .  F o r  
example, a  2 -dwar f  h y b r i d  (dwl. Dw2, Dw3, dw4) can be p roduced  f rom two  3 -dwar f  p a r e n t s  (dwl, 
hp. dw3, dw4 and dwl, dw2, Dw3, dw4). 

OTHER GENETIC CHARACTERS OF INTEREST 
Most of  t h e  i n f o r m a t i o n  i n  t h i s  s e c t i o n  i s  adap ted  f r o m  Dogget t  1970 and Wal l  and Ross 1970. 

M a l e - s t e r i l  i t y  - g e n e t i c :  M a l e - s t e r i l i t y  i s  caused by s i n g l e  r e c e s s i v e  genes. Of  these,  
ms3 i s  most  w i d e l y  used because t h e  e x p r e s s i o n  o f  m a l e - s t e r i l i t y  i s  good and i t  i s  s t a b l e  
o v e r  many e n v i  ronrnents. M a l e - s t e r i  1  i t y  because o f  t h e  r e c e s s i v e  c o n d i t i o n  f o r  ms7 has 
been u s e f u l  ; a l s o  m a l e - s t e r i l i t y  f rom a n t h e r l e s s  ( a l )  has been found  u s e f u l .  Gene t i c  
m a l e - s t e r i l i t y  i s  used p r i m a r i l y  i n  compos i tes  t o  enhance t h e  l e v e l  o f  r e c o m b i n a t i o n .  

M a l e - s t e r i l i t y  - c y t o p l a s m i c :  Cy top lasmic  m a l e - s t e r i l i t y  i n  sorghum makes p o s s i b l e  t h e  
comnerc ia l  p r o d u c t i o n  o f  h y b r i d  seed. M a l e - s t e r i  1  i t y  r e s u l t s  f r o m  an a s s o c i a t i o n  of  m i l o  
c y t o p l a s m  w i t h  s t e r i l i t y  genes found  i n  k a f i r s  and o t h e r  v a r i e t i e s .  The g e n e t i c s  i n v o l v e d  
i s  n o t  c o m p l e t e l y  c l e a r ,  b u t  two  genes ( m s c l  and rnsc2, when r e c e s s i v e  i n  t h e  presence of  
m i l o  c y t o p l a s m )  r e s u l t  i n  m a l e - s t e r i l i t y .  There a r e  o t h e r  f a c t o r s  t h a t  i n f l u e n c e  t h e  
s t e r i l i t y  r e a c t i o n ,  p o s s i b l y  h a v i n g  a  m o d i f y i n g  e f f e c t  on t h e  l e v e l  o f  p a r t i a l  f e r t i l i t y .  
A t e c h n i q u e  f o r  b r e e d i n g  a g a i n s t  m o d i f y i n g  f a c t o r s  i s  ment ioned  i n  t h e  s e c t i o n  on making 
new ma1 e - s t e r i l e  seed p a r e n t s .  

Disease r e s i s t a n c e :  Kerne l  smut - Sphacclothecu sorghi - -  t h r e e  races  a r e  known o f  t h i s  
d isease  and r e s i s t a n c e  t o  each i s  c o n t r o l l e d  by an i n c o m p l e t e  d o m i n m t .  S t l .  S s i ,  SSB 
Head smut - Sphncelothecu reiZian~r - -  i n  most  v a r i e t i e s  r e s i s t a n c e  i s  dominant  0 
s u s c e p t i b i l i t y .  
M i l o  d i s e a s e  - Periconia cir~cinutu -- r e a c t i o n  t o  t h i s  d isease  i s  c o n t r o l l e d  by a  s i n g l e  
l o c u s  (PC). S u s c e p t i b i l i t y  i s  p a r t i a l l y  dominant ;  t h e  F1 i s  i n t e r m e d i a t e .  
An th racnose  - CoZZetotrichwri grwninicolir --  s u s c e p t i  b i  1 i t y  on t h e  l e a f  i s  c o n t r o l  l e d  by 
a  s i m p l e  r e c e s s i v e  gene (1). S u s c e p t i b i l i t y  t o  t h e  s t a l k  r o t  phase o f  t h i s  o rgan ism i s  
c o n t r o l l e d  by t h e  s i m p l e  r e c e s s i v e  ( I s ) .  
Rus t  - Puccinia purpurea - -  s u s c e p t i b i l i t y  i s  c o n t r o l l e d  b y  a  s i m p l e  r e c e s s i v e  gene (pu). 
L e a f  b l i g h t  - HeZrn.inthosporiwn turcicwn -- most g r a i n  sorghums a r e  r e s i s t a n t .  S u s c e p t i -  
b i l i t y  i n  sudangrass i s  i n h e r i t e d  as a  s i m p l e  dominant .  



Table 3.9: Height and Days to Bloom of Certain Sorghum Varieties (1949 Data from Chilllcothe, 
Texas). 

S e r i a l  Days t o  He ight  t o  
No. Va r i e t y  Genotype Bloom Flag Leaf 

RECESSIVE FOR ONE GENE 

P I  54484 Durra Dwl h2 Dw3 dw4 62 
P I  35038 Summac Dwl Dw2 h3 dw4 75 
Agros 2650 Sha l l u  DwlDw2Dw3dw4 91 
FC 6601 Spur F e t e r i  t a  Dwl Dw2 h3 dw4 73 
SA 1170 T a l l  W .  Sooner mi l o  Dwl Dw2 Dwj dwq 62 
SA 1295-89-2 Standard Ye1 low m i l o  Dwl Dw2 Dw3 dwq 89 
C I  556 Standard broomcorn Dwl Dw2 dw3 Dwq 74 

RECESSIVE FOR TWO GENES 

Texas B lackhu l l  k a f i r  Dwl Dw2 dw3 dw4 74 
Bon i ta  Dwl dw2 Dw3 dw4 72 
E a r l y  Hegari Dwl dwp Dw3 dw4 87 
Hegari Dwl dw2 Dw3 dw4 96 
Dwarf White Sooner m i l o  dwl Dw2 Dw3 dw4 61 
Dwarf Yel low mi10 dwl Dw2 Dw3 dw4 83 
Acme broomcorn hl dw2 dw3 Dw4 73 
Japanese Dwarf broom- dwl Dw2 dw3 Dw4 75 

corn  

RECESSIVE FOR THREE GENES 

SA 5330 M a r t i n  dwl Dw2 dw3 dw4 63 
SA 7005 Plainsman dwl Dw2 dw3 dw4 64 
SA 1713-1 Double Dwarf White dwl dw2 Dw3 dw4 66 

Sooner m i  l o  
SA 292 Double Dwarf Yellow dwl dw2 Dw3 dw4 83 

m i  1  o  

Source: Quinby and Karper, 1954. 

Charcoal r o t  - kcrophomina phaseolina -- i nhe r i t ance  o f  res is tance i s  recognized bu t  has 
no t  been analyzed completely ; apparent ly  more than one gene i s  invo lved.  
Downy mildew - ScZerospora sorghi -- res is tance i s  i n h e r i t e d  as a  recess ive  charac ter .  A  
number o f  types, i n c l u d i n g  most o f  t he  k a f i r s ,  a re  r e s i s t a n t .  Sudangrass i s  suscept ib le .  
Maize dwarf mosaic v i r u s  -- res is tance i s  dominant; t he  genet ics  are  no t  known. 

I nsec t  res is tance:  (The genet ics  o f  i n s e c t  res is tance are  not  we1 1 understood. General ly 
i t  appears t o  be mu1 t i g e n e t i c ,  and complete res is tance i s  seldom found).  
Midge - Contarinia sorghicoZa -- recen t l y ,  e n t r i e s  have been i d e n t i f i e d  i n  t he  Texas 
S ta t i on  - USDA Conversion Program, showing a  h igh  l e v e l  o f  midge res is tance.  
Shoot f l y  - Atherigonn ~ o c c a t a  --  res i s tance  i s  found a t  a  low, bu t  usefu l  
l e v e l .  There are  apparent ly  t h ree  aspects (1) non,-preference f o r  o v i p o s i t i o n ;  
(2 )  a n t i b i o s i s  ( i  .e., p l a n t  res is tance pe r  se);  and (3)  recovery res is tance,  t i l l e r s  form 
a f t e r  t he  main stem i s  destroyed and su rv i ve  t o  make a  crop. Recently t h e  presence of  
tr ichomes, microscopic h a i r s  on the  lower sur face o f  leaves, has been found t o  c o n t r i b u t e  
t o  o v i p o s i t i o n  non-preference. The presence o f  t r ichomes i s  c o n t r o l l e d  by a  s i n g l e  
recess ive  gene. 
Stem borer  --  v a r i a t i o n  i n  res is tance i s  found gene ra l l y  a t  a  r e l a t i v e l y  low l e v e l .  
Storage i nsec ts  -- small corneous g ra ins  s t o r e  b e t t e r  than l a r g e  s o f t  ones. 
S ta l k  dryness and sweetness -- dry  s t a l k s  are  c o n t r o l l e d  by a  s imple dominant gene, D; 
j u i c i n e s s  i s  recessive.  Dry s t a l k s  have a  wh i te  l e a f  m id r i b ;  j u i c y  s t a l k s  have a  d u l l  
green l e a f  m i d r i b  (poss ib l y  w i t h  a  narrow wh i te  s t r i p  i n  t he  midd le) .  An i n s i p i d  s t a l k  
i s  c o n t r o l l e d  by a  s i n g l e  dominant gene, x; sweetness being recessive.  There i s  apparent ly  
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no l i n k a g e  between t h e  genes a t  l o c i  c o n t r o l l i n g  t h e  d r y - j u i c y ,  and i n s i p i d - s w e e t  characters.  
There i s  no c l e a r  ev idence f a v o r i n g  e i t h e r  sweet o r  non-sweet s t a l k s  f o r  forage;  l i v e s t o c k  
e a t  b o t h .  

HCN c o n t e n t :  sorghu~l i  produces HCN, wh ich  may be dangerous when t h e  c rop  i s  fed. 
The problem i s  p a r t i c u l a r l y  acu te  i n  s e e d l i n g s  o r  on regrowth  o f  a  r a t o o n  c rop  and i s  
aggravated by d rough t  and low tempera tu res .  I n h e r i t a n c e  seems t o  be c o n t r o l l e d  by more 
than  one f a c t o r ,  and i n  many cases low HCN c o n t e n t  shows p a r t i a l  dominance. 

P l a n t  c o l o r s :  genes f o r  p l a n t  c o l o r  i n f l u e n c e  t h e  green p o r t i o n s  of  t h e  p l a n t  - leaves,  
stems, glumes. The gene P produces a ' p u r p l e  c o l o r  and r e c e s s i v e  p l a n t s  ( p )  a r e  tan.  
The shade o f  p u r p l e  p i g m e n t a t i o n  i s  i n f l u e n c e d  by a l l e l e s  a t  t h e  Q l o c u s ;  p u r p l i s h  b lack  
i s  due t o  t h e  a l l e l e  q  and r e d d i s h - p u r p l e  i s  due e i t h e r  t o  t h e  Q  o r  q r  a l l e l e s .  

Glume c o l o r s  a r e  c o n t r o l l e d  by t h e  same two l o c i  (P and Q) .  B lack  and r e d  glumes a r e  
dominant (P) and mahogany o r  s ienna glumes a r e  r e c e s s i v e  ( p ) .  There appear t o  be i n h i b i -  
t o r s  caus ing  t h e  glume c o l o r s  i n  some p l a n t s  t o  fade .  

A r e d  p igment  appears i n  dead leaves  and sheaths i n  red-seeded v a r i e t i e s ,  b u t  n o t  i n  
whi te-seeded ones. Genes Y,  y  a r e  r e s p o n s i b l e  f o r  r e d  p e r i c a r p  c o l o r  and f o r  t h i s  
e f f e c t  i n  dead leaves .  The Q  gene i n f l u e n c e s  c o l o r  i n  p l a n t  sap ( s p o t s  on white-seeded 
v a r i e t i e s  a r e  r e d  i n  red-p igmented p l a n t s  and p u r p l e  b l a c k  i n  purp le -p igmented  p l a n t s ) .  

G r a i n  c o l o r :  G r a i n  c o l o r  i s  determined by p i g m e n t a t i o n  o f  t h e  p e r i c a r p ,  t e s t a ,  and 
endosperm. C o l o r  i n  these  t i s s u e s  i s  determined by d i f f e r e n t  s e t s  o f  genes. Genes f o r  
g r a i n  c o l o r  d r e :  

Ce : P l a n t  c o l o r  i s  p resen t  i n  t h e  t e s t a  and t h e  glume cup ( Q  i s  expressed) 

B1 and B2 : Cause a  brown t e s t a  (when b o t h  genes a r e  found i n  t h e  presence o f  c e ) ;  
B1 b2,  bl B 2 ,  bl b2 ,  and ce B1 52 have c o l o r l e s s  t e s t a s .  

S1 : Tes ta  spreader,  i n  t h e  presence o f  B  and B2 , resu l t s  i n  brown c o l o r  i n  t h e  
e p i c a r p  ( o u t e r  l a y e r  o f  t h e  p e r i c a r p j .  

Y : E p i c a r p  y e l l o w  c o l o r  ( i n  r r Y - c o n d i t i o n )  vs.  w h i t e  ( y y  c o n d i t i o n ) .  

R : Ep ica rp  i s  r e d  i f  (Y)  i s  found ,o therw ise  y e l l o w  o r  w h i t e .  

I : I n t e n s i f i e s  c o l o r  o f  t h e  p e r i c a r p  ( e p i c a r p ) ;  Bwl and Bw2 a r e  complementary 
f a c t o r s ;  when b o t h  a r e  found, t h e r e  i s  a  brown wash on t h e  seed. 

M : Causes a  c o l o r e d  wash on t h e  seed. 

Pb : Causes p u r p l e  b l o t c h i n g  o f  t h e  seed. 

P t  : Causes a  p u r p l e  t i p  on t h e  g r a i n  

M a r t i n  (1959) has i n d i c a t e d  t h e  genotype o f  s e v e r a l  d i f f e r e n t  c o l o r e d  g r a i n s ,  as shown i n  
Table 3.10. 

Endosperrn c h a r a c t e r s :  wx (Waxy) r e s u l t s  i n  a  s t a r c h  w i t h  a  normal amylose - aniy lopect in  
balance;  when homozygous, t h e  r e c e s s i v e  a l l e l e  IJZ r e s u l t s  i n  a  waxy endosperm, i . e . ,  a  
predominance o f  amy lopec t in ;  su (Sugary)  g i v e s  normal sugar c o n t e n t ,  w h i l e  t h e  r e c e s s i v e  
( s u )  c o n d i t i o n  r e s u l t s  i n  a  h i g h  sugar c o n t e n t .  Seeds a r e  u s u a l l y  d imp led  and t h e  stems are 
u s u a l l y  sweet; 2 causes g r e a t e r  endosperrn hardness, as cornpared t o  t h e  c h a l k y  c o n d i t i o n  o f  
t h e  homozygous r e c e s s i v e  2. 

Yel low pigment  i n  t h e  endosperm i s  n o t  w e l l  understood b u t  i t  appears t h a t  more than  one 
ma jo r  gene o r  m o d i f i e r s  a r e  i n v o l v e d .  The y e l l o w  c o l o r  i s  due t o  xan thophy l l  and caro tene  
p igments.  
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Table 3.10: Genotype of Sorghum Seed Colors 

-- --PA 

Type v a r i e t y  Seed c o l o r  E p i c a r p  Tes ta  Tes ta  sp reader  
- - - - - .- - -- - - -- - 

B l a c k h u l l  k a f i r  
Whi te ~ n i l o  
C lub  k a f i r  
S h a l l u  
F e t e r i  t a  
Y e l l o w  m i l o  
Bonar d u r r a  
Red k a f  i r 
S o u r l e s s  so rgo  
Schrock 
Darso 

Whi te  
Wh i te  
Wh i te  
Wh i te  
B l u i s h  w h i t e  
Salmon p i n k  
Lemon ye1 1 ow 
Red 
B u f f  
Brown 
Reddish brown 

-- -- - - .- -- -- -- -- - 

Source: Dogge t t  (1970).  p. 94. 
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SECTION 4 

SORGHUM IMPROVEMENT 
METHODS AND PROCEDURES 

Section 4 deals with the practical aspects of plant breeding. As described i n  the previous section, 
breeding i s  controlled evolution whereby plants are changed rapidly in  a direction of interest to the 
scientist. A breeding principle i s  that improvement by selectiondepends on the availabi l i ty of variation 
Quick gains are possible through breeding, but usually there i s  a rapid loss in variation, with yield 
increases approaching a plateau. Thus, the breeder must be concerned not only with gain in  the 
traits of interest; he also must strive for maintenance of variation. Introduction (migration) from 
collections and other breeding programs and the use of mutagenic agents i s  important in expanding 
variation. Variation can also be expanded by various forms of crossing. 

General concepts covered in Section 4 include: 

- The functions of collection and introduction; processes basic to maintenance and ex- 
pansion of variation available to the breeder. - Pedigree nomenclature in relationship to pedigree breeding and crossing. Several systems 
are described ranging from a "one-station, one-season" breeding situation to those with 
many stations and more than one season per year. Such systems are useful i f  a nation 
wishes to develop a coordinated improvement program. - Commercial use of F, hybrids involving use of cytoplasmic male-sterility. - The naming of varieties and hybrids. 

- Expansion of variation by crossing and/or backcrossing, followed by selection. Frequently 
crosses between adapted introductions and local types are valuable as source material 
from which to select new lines or parents for hybrids. Crossing procedures are described. - Development of composites and breeding procedures. These allow the breeder to use some 
techniques o f  primarily cross-pollinated crops. - Breedingfor resistance to insect and disease pests. 



Sorghwn .Sqrovement: Methods and Procedures 

SOME BASIC WORKING CONCEPTS 

A m a j o r  a im of  t h i s  book i s  t o  p r o v i d e  a  b r o a d  v iew o f  sorghum improvement f o r  young s c i e n t i s t s  
and f i e l d  t e c h n i c i a n s - - p a r t i c u l a r l y  b reeders .  These r e a d e r s  a r e  asked t o  see t h e  m a j o r  
o b j e c t i v e  as c r o p  improvement and n o t  s i m p l y  t h e  development  o f  a  new v a r i e t y  o r  h y b r i d .  The 
b r e e d e r  s h o u l d  be a  p a r t  o f  a  m u l t i d i s c i p l i n a r y  team. I n s e c t  o r  d i s e a s e  problems,  econoniic 
p o l  i c y ,  and s o c i a l  imp1 i c a t i o n s  , f o r  example, o f t e n  s p e l l  t h e  d i  f f e r e n c e  between success o r  
f a i l u r e  o f  a  program. 

The t r a d i t i o n a l  v a r i e t i e s  o f  sorghuni have been accep ted  f o r  v a r i o u s  uses t h a t  have v a l u e  
t o  t h e  u s e r s .  The i d e a  o f  a  v a r i e t a l  change f r e q u e n t l y  ~ n e e t s  o p p o s i t i o n  even f r o m  t h e  
s c i e n t i s t s ,  because o f  a  f e e l i n g  t h a t  change w i l l  n o t  be accep ted .  To make p rogress  t h i s  
a t t i t u d e  must be c h a n g e d - - i f  t h e  f a r m e r  g a i n s  f rom a  new v a r i e t y  o r  p r a c t i c e  a  change w i l l  
l i k e l y  t a k e  p l a c e .  The s c i e n t i s t  must  be w i l l i n g  t o  e x p l o r e  new avenues so t h a t  he does n o t  
" l o c k "  t h e  farmer i n t o  t h e  o l d  t r a d i t i o n .  

Some a t t e m p t s  have been made t o  s o l v e  t h e  p rob lem of  i m p r o v i n g  v a r i e t i e s  o r  h y b r i d s  by 
i n t r o d u c t i o n ,  t o  a v o i d  p l a n t  b r e e d i n g  as p a r t  o f  t h e  l o c a l  program t o  i n c r e a s e  p r o d u c t i o n .  
The chance o f  success i s  l o w ,  because good a d a p t a t i o n  u s u a l l y  r e q u i r e s  l o c a l  s e l e c t i o n .  
F r e q u e n t l y ,  more t i m e  i s  spen t  on i n t r o d u c t i o n  and e v a l u a t i o n  t h a n  wou ld  be r e q u i r e d  i f  p l a n t  
b r e e d i n g  was i n i t i a t e d  i n  t h e  b e g i n n i n g .  

As new programs b e g l n  a g a i n s t  a  t r a d i t i o n a l  backqround where l o c a l  l andraces  o f  a  f a i r l y  
na r row g e n e t i c  base a r e  i n  use, i d e n t i f i c a t i o n  o f  agronomic s u p e r i o r i t y  i s  f r e q u e n t l y  n e i t h e r  
d i f f i c u l t  n o r  t i m e  consuming ( 3  t o  5 y e a r s ) .  T h i s  i s  t h e  b e g i n n i n g  o f  t h e  j o b - - a s  new 
v a r i e t i e s  and h y b r i d s  ( i n v o l v i n g  i n t r o d u c e d  paren tage ,  c o u p l e d  w i t h  a  change i n  management) 
move t o  t h e  fanner ,  t h e r e  i s  o f t e n  an i n c r e a s e  i n  i n s e c t  and d i s e a s e  problems.  I n  o r d e r  t o  
respond t o  t h e s e  changes t h e  program emphasis, a f t e r  6 t o  12 y e a r s ,  may w e l l  s h i f t  so t h a t  
t h e  m a j o r  e f f o r t  i s  b r e e d i n g  f o r  r e s i s t a n c e  t o  i n s e c t s ,  d i seases ,  d r o u g h t ,  S t r i g a ,  and 
t h e  improvement o f  g r a i n  q u a l i t y .  S o l u t i o n  o f  t h e s e  problems r e q u i r e s  a  r e s e a r c h  o r g a n i z a t i o n ,  
wh ich  s h o u l d  be implemented a t  t h e  b e g i n n i n g  o f  a  c r o p  improvement p r o j e c t - - p a r t i c u l a r l y  when 
s h i f t i n g  away f rom l o n g - e s t a b l  i s h e d  t r a d i t i o n a l  a g r i c u l t u r e .  

The v a r i a t i o n  found  w i t h i n  t h e  sorghums t r a d i t i o n a l l y  used i s  sma l l  i n  many l o c a t i o n s ,  
i .e. ,  t h e  germplasm base i s  nar row.  C o l l e c t i o n s  made w i t h i n  a  r e g i o n  arid s e l e c t i o n s  f rom these  
c o l l e c t i o n s  o r  f r o m  c rosses  between them u s u a l l y  r e s u l t s  i n  l i t t l e  g a i n  i n  y i e l d .  F u r t h e r  
advance by m a n i p u l a t i n g  l o c a l ,  p h e n o t y p i c a l l y  s i m i l a r  p l a n t s  i s  1 i k e l y  t o  have 1  i m i t e d  reward.  

F r e q u e n t l y ,  t r a d i t i o n a l l y  used v a r i e t i e s  a r e  t a l l ,  sometimes l a t e ;  w i l l  n o t  s t a n d  h i g h  
p o p u l a t i o n  l e v e l s ;  and l o d g e ,  T h e i r  response t o  improved management i n  terms o f  i n c r e a s e d  
g r a i n  y i e l d  may be d i s a p p o i n t i n g  and l o d g i n g  may i n c r e a s e .  Some v a r i e t i e s  a r e  more r e s p o n s i v e  
t o  management p r a c t i c e  t h a n  o t h e r s - - a n d  a  b r e e d e r  wants t o  work w i t h  r e s p o n s i v e  t y p e s .  

An i m p o r t a n t  aspec t  o f  sorghum improvement i s  t o  have a v a i l a b l e  an a r r a y  o f  v a r i e t a l  
t y p e s ,  so t h a t  t h e  s c i e n t i s t  has a  b e t t e r  s e l e c t i o n  o p p o r t u n i t y .  G e n e t i c  v a r i a t i o n  i n  sorghum 
b r e e d i n g  prograrns can be cxpanded i n  s e v e r a l  ways: (1) use o f  t h e  w o r l d  c o l l e c t i o n ;  
( 2 )  r e q u e s t i n g  seeds f rom o t h e r  b r e e d i n g  programs; and ( 3 )  b y  b r e e d i n g  p rocedures ,  such as t h e  
f o r m a t i o n  o f  composi tes,  w h i c h  r e t a i n  a  h i g h  l e v e l  o f  v a r i a b i l i t y .  

A  b r e e d e r  i s  g e n e r a l l y  s u c c e s s f u l  i n  d i r e c t  p r o p o r t i o n  t o  h i s  f a m i l i a r i t y  w i t h  t h e  p l a n t s  
t h a t  he b reeds .  As a  program b e g i n s ,  o r  where t h e r e  i s  d i v e r s e  germplasm, i t  i s  more i m p o r t a n t  
t o  l o o k  a t  many e n t r i e s  w i t h  a  minimum o f  n o t e s ,  r a t h e r  t h a n  t o  a t t e m p t  t o  d e s c r i b e  a sma l l  
number o f  e n t r i e s  i n  d e t a i l .  

The f a s t e s t  p r o g r e s s  toward  t h e  development of  s u p e r i o r  l i n e s  may be p o s s i b l e  by p e d i g r e e  
s e l e c t i o n  w i t h i n  new i n t r o d u c t i o n s  ( a c c e s s i o n s ) .  As a  b e g i n n i n g ,  a  l a r g e  a r r a y  o f  d i v e r s e  

l i n e s  s h o u l d  be c o l l e c t e d  f r o m  many d i f f e r e n t  l o c a t i o n s  i n  t h e  w o r l d .  I n i t i a l l y ,  s e l e c t i o n  
can be done v i s u a l l y  and then ,  a f t e r  a  few g e n e r a t i o n s ,  b y  y i e l d  t r i a l  e v a l u a t i o n ,  wh ich  
r a p i d l y  reduces t h e  number o f  d i f f e r e n t  e n t r i e s  and t h e  g e n e t i c  v a r i a n c e  on wh ich  s e l e c t i o n  i s  
based. 
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B r e e d e r ' s  s t o c k s  a c q u i r e d  from o t h e r  programs u s u a l l y  a r e  more i m n e d i a t e l y  u s e f u l  ( f rom a  
genera l  agronomic p o i n t  o f  v iew)  t h a n  a r e  access ions  o f  u n s e l e c t e d  v a r i e t i e s .  A f r e e  exchange 
S h o u l d  e x i s t  between b reeders  t h e  w o r l d  o v e r .  ( B r e e d i n g  achievements a r e  based on use, n o t  

and p o s s e s s i o n .  ) 

G e n e t i c  v a r i a t i o n  can be s u s t a i n e d  if c r o s s e s  a r e  made between s e l e c t e d  l i n e s .  Segrega- 
t i o n  w i l l  o c c u r  i n  t h e  F2 and advanced g e n e r a t i o n s ,  and p e d i g r e e  s e l e c t i o n  f o r  t h e  development 
of s u p e r i o r  l i n e s  i s  e f f e c t i v e  i n  t h e  s e g r e g a t i n g  g e n e r a t i o n s .  G e n e t i c  v a r i a t i o n  can a l s o  be 
s u s t a i n e d  i n  compos i tes .  G e n e t i c  s t e r i  1  i t y  i s  f r e q u e n t l y  i n t r o d u c e d  i n t o  such composi tes t o  
i n c r e a s e  t h e  l e v e l  o f  o u t c r o s s i n g  and t o  make i t  e a s i e r  t o  use some o f  t h e  b r e e d i n g  procedures 
f o r  p o p u l a t i o n s .  S e l e c t i o n  o f  l i n e s  e n t e r e d  i n t o  compos i tes  i s  based on c r i t e r i a  such as 
y i e l d ,  d i s e a s e  r e s i s t a n c e ,  d r o u g h t  t o l e r a n c e ,  e t c .  A f t e r  e n t r i e s  have been s e l e c t e d ,  they  a r e  
crossed and backcrossed  t o  a  source  o f  g e n e t i c  s t e r i l i t y .  

Ped ig ree  s e l e c t i o n  i n  i n t r o d u c t i o n s  o r  l o c a l  1  i n e s  i s  u s e f u l  i n  d e v e l o p i n g  e l i t e  v a r i e t i e s  
q u i c k l y ;  s e l e c t i o n  from advanced g e n e r a t i o n s  from c r o s s e s  serves  as a  source  of  new e n t r i e s  f o r  
t h e  b r e e d i n g  n u r s e r y .  Composites r e q u i r e  t i m e  t o  deve lop ,  b u t  a r e  u s e f u l  as a  con t inuous  
source o f  new b r e e d i n g  m a t e r i a l .  The compos i te  s h o u l d  be improved  o v e r  t i m e ,  and shou ld  then  
be a  s o u r c e  o f  h i g h e r - y i e l d i n g  l i n e s .  O b v i o u s l y ,  each o f  t h e s e  p rocesses  i s  i m p o r t a n t  t o  a  
b r e e d i n g  program, and a l l  s h o u l d  be i n  p rocess  s i m u l t a n e o u s l y .  

Exper ience  has i n d i c a t e d  t h a t  sorghum v a r i e t i e s  t h a t  p e r f o r m  w e l l  under h i g h  l e v e l s  o f  
f e r t i l i t y  a l s o  w i l l  show c o m p a r a t i v e l y  b e t t e r  per fo rmance  under  p o o r  l e v e l s .  There i s  a 
g r e a t e r  i n t e r a c t i o n  o f  v a r i e t i e s  w i t h  m o i s t u r e  s t r e s s .  r e q u i r i n g  e v a l u a t i o n  i n  these  c o n d i -  
t i o n s .  The d i f f e r e n c e s  i n  y i e l d  response between v a r i e t i e s  a r e  g r e a t e r  a t  h i g h  y i e l d  l e v e l s  
( 6  t o  8 t / h a )  t h a n  a t  l o w  l e v e l s ;  hence, i t  i s  e a s i e r  t o  s e l e c t  a t  t h e  h i g h e r  l e v e l s .  A  use- 
f u l  d i f f e r e n t i a l  i n  p l a n t  response may even d i s a p p e a r  a t  v e r y  l o w  l e v e l s  o f  y i e l d .  I t  i s  
recommended t h a t  n u r s e r i e s  be grown a t  h i g h  l e v e l s  o f  f e r t i l i t y ,  w i t h  good management t o  maxi- 
mize t h e  s e l e c t i o n  o p p o r t u n i t y .  However, y i e l d  t r i a l s  s h o u l d  be grown based on a  recommended 
package o f  p r a c t i c e s  and w i t h  m o i s t u r e  c o n d i t i o n s  s i m i l a r  t o  t h o s e  used by t h e  fa rmer .  

I n s e c t  c o n t r o l  s h o u l d  be nominal  i n  a n u r s e r y - - t h e  n u r s e r y  s h o u l d  n o t  be o v e r - p r o t e c t e d  
by uneconomic a p p l i c a t i o n s  o f  i n s e c t i c i d e s ,  and i t  s h o u l d  n o t  be l e f t  so u n p r o t e c t e d  t h a t  i t  
would be d e s t r o y e d .  S e l e c t i o n  s h o u l d  be made f o r  i n s e c t  r e s i s t a n c e ,  i f  p o s s i b l e ,  and 
i n s e c t i c i d e s  s h o u l d  n o t  be used i n  such a  way t h a t  t h e  s e l e c t i o n  o p p o r t u n i t y  i s  l o s t .  

Good l e v e l s  o f  m o i s t u r e  and f e r t i l i t y  p e r m i t  t h e  s e l e c t i o n  o f  h i g h - y i e l d i n g  respons ive  
v a r i e t i e s ,  w h i l e  a  moderate l e v e l  o f  p l a n t  p r o t e c t i o n  p e r m i t s  s e l e c t i o n  f o r  r e s i s t a n c e  t o  t h e  
i n s e c t  p e s t s  o f  t h e  r e g i o n .  These comments abou t  m o i s t u r e ,  f e r t i l i t y ,  and p l a n t  p r o t e c t i o n  
may appear c o n t r a d i c t o r y ,  b u t  i t  s h o u l d  be n o t i c e d  t h a t  t h e y  a r e  a l l  i n  t h e  d i r e c t i o n  o f  
max im iz ing  d i f f e r e n c e s  between e n t r i e s  i n  t h e  n u r s e r y .  

A g r i c u l t u r e  i n  many d e v e l o p i n g  n a t i o n s ,  e s p e c i a l l y  t h o s e  i n  t h e  t r o p i c a l  zones, c o u l d  be 
much more i n t e n s i v e .  S h o r t - d u r a t i o n  v a r i e t i e s  t h a t  f i t  i n t o  a  crop-sequence scheme s h o u l d  be 
cons idered .  The problems a r i s i n g  f r o m  t h e  use o f  s h o r t - d u r a t i o n  v a r i e t i e s  a r e  w o r t h  s o l v i n g  
if c r o p p i n g  can become more i n t e n s e - - t h e  c r u c i a l  c o n c e p t  i s  y i e l d  p e r  u n i t  a rea  p e r  u n i t  t i m e ,  
r a t h e r  t h a n  y i e l d  p e r  u n i t  a r e a  o n l y .  

The mos t  r a p i d  p r o g r e s s  can be  made i f  t h e  b r e e d e r  i s  a  member o f  a  team t h a t  i n c l u d e s  a  
breeder,  e n t o m o l o g i s t ,  p a t h o l o g i s t ,  p h y s i o l o g i s t ,  a g r o n o m i s t ,  e t c .  (Teamwork b u i l d s  team 
s p i r i t ;  t h e r e  i s  p l e n t y  o f  c r e d i t  f o r  everyone  i f  a  r e a l  c o n t r i b u t i o n  i s  made.) 
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The World Collections of Sorghum and Millets 

BACKGROUND 

Large c o l l e c t i o n s  o f  sorghums and m i l l e t s  have been es tab l ished.  I n  1957, K.O. Rachie brought 
a  c o l l e c t i o n  of sorghums from Mexico t o  I n d i a  when he p a r t i c i p a t e d  i n  t he  Ind ian A g r i c u l t u r a l  
Program o f  t he  Rocke fe l l e r  Foundation. Dur ing 1959 t o  1962, he organized t h e  c o l l e c t i o n  o f  
sorghum and m i l l e t s  i n  Ind ia ;  he a l so  rece ived c o l l e c t i o n s  organized by o the r  breeders 
( p r i m a r i l y  i n  A f r i c a  and the  USA). The accumulation o f  e x i s t i n g  c o l l e c t i o n s  (Table 4.1) was 
f u r t h e r  strengthened by requests made v i a  the  Nat iona l  Science Foundation o f  the  USA. These 
c o l l e c t i o n s  cont inue t o  increase; c u r r e n t l y  they are  a c t i v e l y  maintained i n  t he  USA (Purdue 
U n i v e r s i t y  and the  USDA) and by ICRISAT. The c o l l e c t i o n s  are  i n  long-term storage a t  the  seed 
r e p o s i t o r y  a t  F o r t  C o l l i n s ,  Colorado; they  are  a l so  kept  i n  long-term storage a t  ICRISAT. 

Table 4.1: Relative Sizes of Existing Collections of Sorghum and Millets. 

Approximate Number 
S c i e n t i f i c  Name Coninion Name of Co l l ec t i ons  
- - - .- 

Sorghwn b i c o l o r  
Pennisr?twr~ t y j~ho i t l c s  
Gleusinc cort7caru1 
Se tnriiz %to 1-iccz 
Pnrlicwn m i l , i a re  
Pnnicwn miZinccwn 
Paspa Zwn s c r o b i c u 7 a t m  
E~h i?~oc locz  coZonn 

Sorghum 
Pearl  m i l l e t  
Finger m i l  l e t  
F o x t a i l  n i i l  l e t  
Common mi 11 e t  
Proso 
Kodo 
Barnyard m i l l e t  

The c o l l e c t i o n s  i n i t i a l l y  were es tab l i shed  i n  support  o f  t he  crop-improvement programs i n  
Ind ia ,  then expanded t o  wor ld  c o l l e c t i o n s .  The sorghum and pear l  m i l l e t  c o l l e c t i o n s  have been 
most used and have been screened i n  several  pa r t s  o f  t he  wor ld .  A  number o f  measures o f  
nwrphological  charac ters  have been made i n  t h e  sorghum c o l l e c t i o n ;  these have been p r i n t e d  as 
a  spec ia l  p u b l i c a t i o n  o f  the  Ind ian Soc ie ty  o f  Genetics and P lan t  Breeding (Murty e t  nb . ,  
1967). A  s izeab le  p o r t i o n  o f  the  c o l l e c t i o n  has been evaluated f o r  to le rance t o  the  shoot f l y ,  
Atherigorla socca La, and the stem borer,  Chi  l o  p a r t e l l u s  (Anon ) . 

There are o ther  l i s t i n g s  o f  e n t r i e s  showing res i s tance  t o  a  number o f  diseases: Rust, 
mcc in i t z  llurpurt7n; downy m i  1  dew, .?cZerospor~cc sorghi; sugary disease, .cphrtct.iilz sorghi; 1 ea f  
b l i g h t ,  He lmin t i tospor im l ~ r c i ~ w ~ ;  grey l e a f  spot, Ccrlcosporl~t noraghi. 

In format ion  about t he  c o l l e c t i o n  cont inues t o  be accumulated a t  o the r  l oca t i ons .  F u t r e l l  
and Webster (1966b) have c o l l e c t e d  and pub l ished data i n d i c a t i n g  res i s tance  t o  downy mildew i n  
a  subs tan t i a l  p o r t i o n  o f  the  wo r ld  c o l l e c t i o n .  The same was done on races o f  sorghums r e s i s -  
t a n t  t o  sooty stripe,i iamuZispora s o r g h i  ( F u t r e l l  and Webster 1966a). John A x t e l l  and R . C .  
P i c k e t t  a t  Purdue U n i v e r s i t y  have screened the  wor ld  c o l l e c t i o n s  f o r  p r o t e i n  content ,  l y s i n e ,  
and o the r  amino ac ids .  

Data w i l l  cont inue t o  accumulate as more s c i e n t i s t s  i n  d i f f e r e n t  p a r t s  o f  t he  wo r ld  make 
use o f  t he  c o l l e c t i o n .  The re levan t  r e s u l t s  o f  most o f  t h i s  research w i l l  appear i n  pub l ished 
form; some w i l l  appear i n  p r o j e c t  r epo r t s ,  e t c .  These pub l i ca t i ons  and repo r t s  w i l l  normal ly  
be read by o thers  i n t e r e s t e d  i n  t he  same general problems. Thus, e x i s t i n g  pub l i ca t i ons  and 
repo r t s  a re  used t o  spread i n fo rma t i on  about t h e  c o l l e c t i o n .  It i s  impor tant ,  as p a r t  o f  t he  
c o l l e c t i o n  f unc t i on , t ha t  such pub l ished in format ion  be accumulated f o r  use as re ference 
m a t e r i a l .  Relevant desc r i p to rs  o f  t he  sorghum and pear l  m i l l e t  c o l l e c t i o n s  a re  being 
accumulated i n  several  p laces i n  t he  wo r ld  i n  standard format and the  data processed by 
computer. Descr ip tors  f o r  sorghum are  descr ibed i n  Appendix 2. The computer can be used t o  
he lp  i d e n t i f y  e n t r i e s  w i t h  a  p a r t i c u l a r  s e t  o f  t r a i t s  ca ta logs can a l so  be p r i n t e d .  

The c o l l e c t i o n  has prov ided a  broad germplasm base f o r  b u i l d i n g  the  breeding program i n  
I nd ia .  I n t e r e s t i n g l y ,  on l y  one sec t i on  o f  t he  c o l l e c t i o n ,  t h e  ye l l ow  endosperm types., was used 
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e x t e n s i v e l y .  The y e l l o w  endosperm t y p e s  (when c r o s s e d  w i t h  combine K a f i  r 60--a cy top lasmic  
m l e - s t e r i l e  seed p a r e n t )  r e s u l t e d  i n  a  h y b r i d  t h a t  y i e l d e d  w e l l ,  had a  g r a i n  q u a l i t y  s i m i l a r  
t o  t h e  l o c a l  p re fe rence ,  and t h r e s h e d  e a s i l y .  R e c e n t l y ,  o t h e r  e n t r i e s  i n  t h e  c o l l e c t i o n  have 
been used more e x t e n s i v e l y ,  b u t  p r i m a r i l y  as p a r e n t s  i n  c r o s s e s  from w h i c h  new 1  i n e s  have been 
s e l e c t e d .  The who le  c o l l e c t i o n  has been u s e f u l  as a  source  of  i n s e c t  and d isease  r e s i s t a n c e  
and i n  s c r e c n i n g  f o r  p r o t e i n  q u a l i t y .  The c o l l e c t i o n  has been v i g o r o u s l y  screened f o r  t o l e -  
rance t o  s h o o t  f l y .  Severa l  forms o f  r e s i s t a n c e  have been i d e n t i f i e d :  a n t i  b i o s i s ,  recovery  
r e s i s t a n c e  ( t i 1  l e r s  s u r v i v e  a f t e r  ma in  cu lm i s  k i l l e d ) ,  and o v i p o s i t i o n  non-preference.  These 
forms o f  r e s i s t a n c e  have been used w i t h  v a r y i n g  degrees o f  success.  

REMAINING CONSIDERATIONS FOR STUDY 

Some e n t r i e s  have been d i f f i c u l t  t o  m a i n t a i n  a t  Hyderabad, I n d i a ,  and i t  has been d i f f i c u l t  t o  
b u i l d  up  a  l a r g e  s u p p l y  o f  seed, t h u s  t h e  need f o r  f r e q u e n t  m u l t i p l i c a t i o n .  It i s  known, f o r  
example, t h a t  t h e  v i g o r  of  e n t r i e s  f rom t h e  E t h i o p i a n  H i g h l a n d s  i s  v e r y  niuch reduced when they  
a r e  grown i n  Hyderabad. Such problems s u p p o r t  t h e  concep t  t h a t  c o l l e c t i o n s  s h o u l d  be inc reased  
i n  ( o r  c l o s e  t o )  t h e  a rea  o f  o r i g i n a t i o n ,  so t h a t  t h e  c o l l e c t i o n  i s  m a i n t a i n e d  i n  adequate 
q u a n t i t y  and i n  i t s  o r i g i n a l  fo rm.  

Adequate d e s c r i p t i o n  o f  t h e  agronomic c h a r a c t e r i s t i c s  o f  a  c o l l e c t i o n  i s  d i f f i c u l t .  
S c i e n t i s t s  have been i n v i t e d  f rom t h r o u g h o u t  I n d i a  t o  lllake t h e i r  own s e l e c t i o n s  f r o m  t h e  c o l l e c -  
t i o n  as i t  was b e i n g  i n c r e a s e d  o r  sc reened .  S c i e n t i s t s  i n  t h e  USA have been a b l e  t o  see t h e  
c o l l e c t i o n  i n  P u e r t o  R ico .  The sorghum and p e a r l  m i l l e t s  c o l l e c t i o n s  a r e  now b e i n g  descr ibed ,  
u s i n g  s t a n d a r d i z e d  d e s c r i p t o r s .  E n t r i e s  o f  i n t e r e s t  can be i d e n t i f i e d  by coniputer p rocess inq  
o f  t h e  d e s c r i p t o r  i n f o r m a t i o n .  Good r e c o r d s  abou t  t h e  o r i q i n  o f  c o l l e c t i o n s  i s  l a c k i n g  and 
i n  many i n s t a n c e s ,  t h e  i n f o r m a t i o n  i s  n o t  a v a i l a b l e  a t  t h e  p l a c e  where t h e  c o l l e c t i o n  was 
made. C o l l e c t i o n s  o f  w i l d  and weedy r e l a t i v e s  a r e  v i r t u a l l y  absen t .  T h i s  suggests t h e  need 
f o r  p r e t r a i n i n g  o f  c o l l e c t o r s .  

Maintenance and d i s t r i b u t i o n  o f  c o l l e c t i o n s  i s  expens ive .  Many c r o p  improvement p r o j e c t s  
a r e  p ressed  f o r  adequate funds  and f a c i l i t i e s ,  a n d i t  i s  d i f f i c u l t  t o  add t h e  f u n c t i o n s  of  
c o l l e c t i o n  t o  a  b r e e d i n g  program u n l e s s  t h e  program i s  s p e c i a l l y  funded  and s t a f f e d .  

To i n s u r e  t h e i r  s a f e  keep ing ,  c o l l e c t i o n s  s h o u l d  be k e p t  i n  l o n g - t e r m  s t o r a g e  i n  a t  l e a s t  
two p l a c e s  i n  d i f f e r e n t  p a r t s  o f  t h e  w o r l d .  The c o l l e c t i o n s  m i g h t  solliehow be damaged i f  k e p t  
a t  a  s i n g l e  l o c a t i o n .  

Sorghum i s  a  t r o p i c a l  g rass ;  i t  has been adapted t o  grow a t  l a t i t u d e s  as f a r  as 45' f rom 
t h e  e q u a t o r .  However, because o f  p h o t o p e r i o d  problems,  many c o l l e c t i o n s  adapted i n  t h e  
t r o p i c s  w i l l  n o t  f l o w e r  a t  t h e  h i g h  l a t i t u d e s .  The USDA and t h e  Texas A g r i c u l t u r a l  Exper iment  
S t a t i o n ,  as w e l l  as s e v e r a l  co~ i i tne rc ia l  companies i n  t h e  USA, have begun t o  " c o n v e r t "  these  
t r o p i c a l  t y p e s  t o  s h o r t e r  and l e s s  p h o t o p e r i o d - s e n s i t i v e  t y p e s .  The c o n v e r s i o n  i s  p r i m a r i l y  
a b a c k c r o s s i n g  p rocess ,  where t h e  s h o r t - e a r l y  t y p e  i s  t h e  n o n - r e c u r r e n t  p a r e n t .  Cross ing  and 
b a c k c r o s s i n g  i s  done a t  a  t r o p i c a l  l o c a t i o n :  t h e  Federa l  S t a t i o n ,  Mayaguez, Puer to  R ico  (17"N). 
The s e g r e g a t i n g  g e n e r a t i o n s  a r e  grown a t  a  more n o r t h e r n  l o c a t i o n :  t h e  C h i l l i c o t h e  and P l a i n s  
Research and E x t e n s i o n  S t a t i o n  o f  t h e  Texas Exper iment  S t a t i o n ,  Lubbock, Texas (34ON). The 
s h o r t - e a r l y  segrega tes  a r e  s e n t  back t o  Mayaguez f o r  t h e  n e x t  c y c l e  o f  b a c k c r o s s i n g  and 
s e l f i n g  ( t h e  c y c l e  r e q u i r e s  one y e a r ) .  A f t e r  t h r e e  o r  f o u r  c y c l e s  o f  backc ross ing ,  t h e  e x o t i c  
t y p e  i s  recovered ,  b u t  i t  i s  s h o r t  and e s s e n t i a l l y  p h o t o i n s e n s i  t i v e .  Breeders i n  t h e  USA have 
been k e e n l y  i n t e r e s t e d  i n  t h i s  c o n v e r s i o n  program because o f  t h e  tremendous a r r a y  o f  new 
genotypes a v a i l a b l e  f o r  t h e i r  use. Breeders  i n  t h e  t r o p i c s  a r e  i n t e r e s t e d  i n  t h e  e n t r i e s  from 
t h i s  program ( e i t h e r  f u l l y  c o n v e r t e d  o r  p a r t i a l l y  c o n v e r t e d )  f o r  use i n  s e l e c t i n g  new l i n e s .  

The a c c e s s i o n  numbers a s s i g n e d  when t h e s e  c o l l e c t i o n s  were i n i t i a t e d  a r e  now used 
i n t e r n a t i o n a l l y .  I n d i a n  Sorghum ( I S )  numbers were a s s i g n e d  o r i g i n a l l y  t o  sorghum access ions ;  
I n d i a n  Pennisetum ( I P )  .numbers were a s s i g n e d  t o  t h e  p e a r l  m i l l e t  c o l l e c t i o n s ,  e t c .  W i t h i n  
I n d i a ,  t h e  I S  number was r e t a i n e d  as a  p e d i g r e e  by any s t a t i o n  u s i n g  t h e  e n t r y ,  and t h e  
l o c a t i o n  and season was added as a n  o r i g i n ;  t h i s ,  i n  f a c t ,  made a  complete ped ig ree .  Thus, 
IS  534 sown a t  Hyderabad d u r i n g  t h e  ktitrrif season o f  1970, i n  row 25, would have t h e  ped ig ree :  
I S  534 Hyd 70 K 25. The same e n t r y  sown a t  Coimbatore wou ld  have t h e  p e d i g r e e :  I S  534 CO 70 K 
105. The U n i t e d  S t a t e s  Department  o f  A g r i c u l t u r e  (USDA) has agreed t o  use I S  numbers, r a t h e r  
than  P I  numbers, as r e l a t e d  t o  t h e  sorghum c o l l e c t i o n .  E n t r i e s  f rom t h e  c o n v e r s l o n  program 
r e t a i n  t h e  I S  number, b u t  a  "Cu is appended; i . e . ,  IS  534 C. The I S  numbers were r e t a i n e d  as 
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these c o l l e c t i o n s  were used i n  t h e  Near East, w i t h  app rop r i a te  symbols t o  i n d i c a t e  l o c a t i o n  
and season. These agreements r e f l e c t  cont inued e f f o r t  toward avo id ing  a  pro1 i f e r a t i o n  of  
numbers assoc ia ted w i t h  the  same en t r y .  

TYPES OF COLLECTIONS RECOMMENDED FOR DEVELOPMENT 

The Rocke fe l l e r  Foundation organized several  comnit tees t o  study t h e  problem o f  germplasm 
c o l l e c t i o n  and p rese rva t i on  o f  several  impor tant  crops. This a c t i v i t y  i s  now the  respons ib i -  
l i t y  o f  t h e  I n t e r n a t i o n a l  Board f o r  P l a n t  Genetic Resources (IBPGR). J.R. Har lan served as 
chairman o f  The Rockefe l le r  Foundation-sponsored committee concerned w i t h  sorghum and m i l l e t s .  
The r e c o l m n d a t i o n s  o f  t h e  comni t tee  about t h e  types of  c o l l e c t i o n s  t h a t  should be developed 
are  as f o l l ows :  

Accessions C o l l e c t i o n :  Seed of  every c o l l e c t i o n  i s  saved. Th is  reduces the  chance f o r  
genet ic  l oss  by d i sca rd ing  "apparent dup l i ca tes "  and the  masking o f  use fu l  t r a i t s  by bu lk ing .  

Basic C o l l e c t i o n :  A  two-way s t r a t i f i c a t i o n  based on ( i  ) race, subrace, geographic 
d i s t r i b u t i o n ,  and adapta t ion ,  and ( i i )  t r a i t s  of  economic importance ( i n s e c t  and disease 
res i s tance ,  combining a b i l i t y ,  n i t r o g e n  responsiveness, e t c . ) .  Careful eva lua t i on  o f  t h e  
c o l l e c t i o n  i s  requ i red,  drawing on t h e  exper ience of workers i n  var ious  p a r t s  o f  t h e  wo r ld  t o  
develop t h e  bas i c  c o l l  ec t i on .  

Spontaneous Co l l ec t i on :  Consists o f  w i l d  and weedy races. It i s  t o  be maintained 
separa te ly ,  p r i m a r i l y  because o f  spec ia l  management p rac t i ces  requ i red  and because some types 
a re  a  nuisance as weeds. 

Bu lk  C o l l e c t i o n s :  A  se r i es  o f  bu l ks  t o  be es tab l i shed  by composi t ing s i m i l a r  ma te r i a l s .  
Care should be taken t h a t  va luab le  t r a i t s ,  such as res i s tance  t o  an i n s e c t  pest,  a re  n o t  l o s t  
i n  t he  b u l k i n g  process. Special  bu l ks  might be c reated o f  v a r i e t i e s  w i t h  some spec ia l  
a t t r i b u t e .  E n t r i e s  i n  any one b u l k  should be s i m i l a r  i n  o r i g i n ,  he igh t ,  ma tu r i t y ,  and 
adaptat ion.  

Named V a r i e t y  Col l e c t i o n :  Inc ludes a l l  v a r i e t i e s  (no t  hyb r i ds )  named and re leased by 
p r i v a t e  and p u b l i c  i n s t i t u t i o n s .  A t  some t ime, these v a r i e t i e s  have been considered out -  
standing, and such e l i t e  germplasm might we1 1  have con t i nu ing  value. 

Genetics Stocks C o l l e c t i o n :  Inc ludes s tocks  w i t h  known genet ic  f ac to rs ,  t r ans loca t i ons ,  
i nve rs ions ,  o r  o t h e r  spec ia l  t r a i t s - - a l s o  l i n e s  w i t h  res i s tance  t o  p a r t i c u l a r  races o f  
pathogens, i nsec ts ,  e t c .  Th is  would be a  gene bank. 

Popu la t ion  C o l l e c t i o n :  Popu la t ions  c reated f rom c a r e f u l l y  se lec ted e n t r i e s  t o  conserve 
germplasm, and a l s o  t o  be improved by se lec t i on .  Th is  o b j e c t i v e  i s  t o  prov ide base ma te r i a l  
f o r  b reed ing programs o f  t he  f u tu re .  

The bas ic  c o l l e c t i o n  as w e l l  as t h e  bu l k  and popu la t ion  c o l l e c t i o n s  should be s to red  a t  
several  l oca t i ons ,  and cou ld  be kept  i n  con junc t i on  w i t h  a  major crop-improvement program. As 
quarant ine r e g u l a t i o n s  g radua l l y  become more r e s t r i c t i v e ,  i t  i s  i nc reas ing l y  d i f f i c u l t  t o  move 
seeds f r e e l y .  It would be use fu l  i f  bas i c  o r  working c o l l e c t i o n s  cou ld  be maintained on the  
cont inents  where the  c ~ o p  i s  o f  i n t e r e s t .  Th is  would he lp  so lve  t he  quarant ine  problem, and 
would reduce t h e  burden on any one l o c a t i o n  f o r  supply o f  seeds. It a l s o  would prov ide a  
l o c a t i o n  f o r  t he  increase o f  t h e  p a r t  o f  t he  c o l l e c t i o n  adapted i n  t h a t  area. 

The maintenance o f  a  voucher sample o f  e n t r i e s  i n  t he  c o l l e c t i o n  i s  impor tant ,  p a r t i c u -  
l a r l y  f o r  t he  bas ic  c o l l e c t i o n ,  Each t ime t h e  c o l l e c t i o n  i s  increased, t he re  i s  a  chance f o r  
e r r o r  due t o  handl ing,  and the re  cou ld  be changes due t o  problems such as sample s i z e  and 
environmental i n f l uences .  I d e a l l y ,  a  herbar ium o f  voucher samples should i nc lude  the  head a t  
f lower ing time, t he  head a t  ma tu r i t y ,  t h e  f l a g  l e a f ,  and a t  l e a s t  one o the r  l e a f ,  i n c l u d i n g  
l e a f  sheath and two nodes. I f  such e labo ra te  voucher samples cannot be developed, i t  would be 
h e l p f u l  t o  i nc lude  t h e  head a t  m a t u r i t y .  Frequent ly,  a  g iven sample i s  n o t  uni form, and 
several  heads may be requ i red  t o  represent  t he  c o l l e c t i o n .  The voucher samples can e a s i l y  be 
taken from t h e  f i r s t  increase f o l l o w i n g  c o l l e c t i o n .  

Frequent ly,  c o l l e c t i o n s  a re  made by s c i e n t i s t s  sent  from one p a r t  of the  wo r ld  t o  
another  f o r  t he  purpose o f  c o l l e c t i n g .  These c o l l e c t o r s  have l i m i t e d  t ime and can i nspec t  
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o n l y  t h e  m a t u r i n g  p o r t i o n  o f  t h e  c r o p  and i t s  w i l d  r e l a t i v e s .  Marke t  samples h e l p  expand 
t h i s  a r r a y .  A l t h o u g h  much u s e f u l  m a t e r i a l  has been c o l l e c t e d  i n  t h i s  way, t h e r e  i s  dlways 

as t o  t h e  adequacy o f  t h e  c o l l e c t i n g  Drocess.  

C o l l e c t i n g  a l s o  can  be  done b y  r e s i d e n t  c o l l e c t o r s  ( i  .e . ,  p e o p l e  who l i v e  i n  a  r e g i o n )  
who can mdke p e r i o d i c  t r i p s  t h r o u g h o u t  t h e  r e g i o n  o v e r  an a p p r o p r i a t e  p e r i o d  o f  t i m e .  W i t h i n  
a  c o u n t r y ,  t h e r e  may be  s e v e r a l  such  persons  w o r k i n g  a t  r e g i o n a l  exper iment  s t a t i o n s .  These 
i n d i v i d u a l s  can be t r a i n e d  so t h a t  t h e y  r e c o g n i z e  t h e  a p p r o p r i a t e  c u l t i v a t e d  and w i l d  t ypes .  
They can p r o p e r l y  r e c o r d  t h e  l o c a t i o n  where a  c o l l e c t i o n  i s  made, as w e l l  as i n f o r m a t i o n  
about  l o c a l  use o f  t h e  e n t r y .  Such c o l l e c t o r s  s h o u l d  be  e f f e c t i v e l y  s u p p o r t e d  so t h a t  t h e y  
can move a t  a p p r o p r i a t e  t i m e s  and t r a v e l  i n t o  remote a reas ,  i f  necessary .  They a l s o  shou ld  
be w e l l  m o t i v a t e d  and d e d i c a t e d  t o  t h e  p r o j e c t .  

C o l l e c t i o n s  made i n  any r e g i o n  s h o u l d  be i n c l u d e d  i n  t h e  w o r l d  c o l l e c t i o n ,  so t h a t  they  
may be moved i n t o  b r e e d i n g  programs a round  t h e  w o r l d .  



Sorghim Improvement: ~ e t h o d s  and Procedures 

Nomenclature 

INTRODUCTION 

A p e d i g r e e  system shou ld  p r o v i d e  a  name f o r  each d i s c r e t e  t ype ;  i t  s h o u l d  show r e l a t i o n s h i p  
( s i s t e r  l i n e s ) ;  and i t  s h o u l d  make i t  p o s s i b l e  t o  i d e n t i f y  t h e  b r e e d i n g  h i s t o r y  c l e a r l y ,  i . e . ,  
t o  t r a c e  back t h r o u g h  t h e  g e n e r a t i o n s  o f  development .  

C h a r a c t e r i s t i c s  o f  a  p e d i g r e e  system a r e :  

B r e v i t y  
S i m p l i c i t y  
Readabi 1  i t y  
Unders tandab i  1  i t y  
Completeness 
Bui  1  t - i n  sa feguards  a g a i n s t  e r r o r s  

Many p e d i g r e e  systems a r e  used by p l a n t  b r e e d e r s .  The f o l l o w i n g  d i s c u s s i o n  d e a l s  w i t h  
t h e  v a r i o u s  c o n s i d e r a t i o n s  i n  e s t a b l i s h i n g  a  p e d i g r e e  system. 

BASIC USES AND NOTATIONS 

When a  b r e e d e r  r e q u e s t s  seeds f r o m  o t h e r  b reeders ,  he r e c e i v e s  seed i d e n t i f i e d  b y  t h e  p e d i g r e e  
system o f  t h e  s u p p l i e r .  F r e q u e n t l y ,  a  b r e e d e r  w i l l  want t o  i d e n t i f y  such new access ions  i n  
h i s  b r e e d i n g  program by h i s  own p e d i g r e e  system; however, i f  a  1  i n e  i s  w i d e l y  known by a  
p a r t i c u l a r  ped ig ree ,  i t  may be d e s i r a b l e  t o  r e t a i n  t h a t  ped ig ree .  I n  any case, t h e  p e d i g r e e  
used b y  t h e  s u p p l i e r  i s  w r i t t e n  i n t o  t h e  a c c e s s i o n  r e g i s t e r  o f  t h e  r e c e i v i n g  b reeder .  

Access ion  books and f i e l d  books a r e  used c o n t i n u o u s l y .  The g r e a t e s t  use comes i n  
o r g a n i z i n g  seed f o r  n u r s e r i e s  and t r i a l s  and i n  f i  11 i ng seed r e q u e s t s ;  t h u s ,  i t  i s  c o n v e n i e n t  
t o  be a b l e  t o  t r a c e  back t h r o u g h  p e d i g r e e  r e c o r d s  t o  f i n d  seeds i n  t h e  seed s t o r e .  A t  t imes ,  
i t  i s  d e s i r a b l e  t o  r e - r e q u e s t  seeds o f  some v a r i e t i e s ,  e i t h e r  because t h e  e n t r y  was l o s t  o r  
because a  l a r g e r  q u a n t i t y  i s  r e q u i r e d .  A t  t i m e s , i t  i s  necessary t o  go back i n t o  t h e  r e c o r d s  
t o  c o r r e c t  ped ig rees- -copy  e r r o r s  o c c u r .  Some l i n e s  a r e  e v e n t u a l l y  r e l e a s e d  t o  fa rmers  and i t  
i s  s i m p l e  c o u r t e s y  t o  acknowledge t h e  s t a t i o n  t h a t  p r o v i d e d  t h e  access ion .  Thus, i t  i s  
necessary  t o  t r a c e  back t h r o u g h  t h e  b r e e d i n g  h i s t o r y  t o  t h e  access ion  book t o  c o n f i r m  t h e  
s e n d e r ' s  name. Ped ig ree  r e c o r d s  and t h e  access ion  book a r e  u s e f u l  i n  o r g a n i z i n g  p l a n t i n g  p lans,  
as w e l l  as i n  summariz ing da ta  and w r i t i n g  r e p o r t s .  

Severa l  s i t u a t i o n s  may a r i s e  t h a t  r e q u i r e  s l i g h t l y  d i f f e r e n t  n o t a t i o n .  The s i m p l e s t  case 
i s  t h a t  o f  a  b r e e d i n g  program a t  one l o c a t i o n  t h a t  m i g h t  be  w o r k i n g  i n d e p e n d e n t l y  o f  o t h e r  
l o c a t i o n s .  The system becomes a  b i t  more c o m p l i c a t e d  i f  i t  i n v o l v e s  a  second season, o r  
second l o c a t i o n  (such  as a  t r o p i c a l  l o c a t i o n  f o r  w i n t e r  b r e e d i n g ) ,  so t h a t  more t h a n  one 
g e n e r a t i o n  p e r  y e a r  i s  p o s s i b l e .  A  t h i r d  p o s s i b i l i t y  m i g h t  i n v o l v e  b reeders  a t  s e v e r a l  
l o c a t i o n s  i n  a  c o u n t r y  w o r k i n g  c l o s e l y  i n  a  c o o p e r a t i v e  program--pedigree n o t a t i o n  m i g h t  have 
c e r t a i n  commn c h a r a c t e r i s t i c s ,  b u t  s t a t i o n  i d e n t i f i c a t i o n  wou ld  be d e s i r a b l e .  

N o t a t i o n s  i n c l u d e  t h o s e  used: 

on seed samples r e c e i v e d  
d u r i n g  e a r l y  g e n e r a t i o n  b r e e d i n g  
on " f i x e d "  l i n e s  
on r e l e a s e d  l i n e s  
f o r  h y b r i d s  i n  e a r l y  t e s t i n g ,  advanced t e s t i n g ,  and r e l e a s e d  

Ped ig rees  g e n e r a l l y  have two f a c e t s :  a  name, and an o r i g i n  o r  source  ( b o t h  terms a r e  used 
by b r e e d e r s ) .  The name i s  used t o  r e f e r  t o  a  l i n e ,  w h i l e  t h e  o r i g i n  i s  v a l u a b l e  i n  t r a c i n g  
p e d i g r e e  h i  s t o r y .  

Tab le  4.2 p r o v i d e s  an  example o f  a  p e d i g r e e  system f o r  a  s t a t i o n  h a v i n g  one b r e e d i n g  
season p e r  y e a r  (a  p e d i g r e e  o f  I S  532 used as an example) .  Note t h a t  t h e  system i n  Tab le  4.2 
uses a  s i m p l e  numer ica l  n o t a t i o n  i n  wh ich  t h e  access ion  number becomes t h e  ped ig ree .  



However, t h e  p e d i g r e e s  become l o n g e r  w i t h  each g e n e r a t i o n .  A f t e r  s i x  g e n e r a t i o n s ,  a  l i n e  
m i g h t  have a  p e d i g r e e  532-1-2-1-5-3. Such p e d i g r e e s  a r e  d i f f i c u l t  t o  copy i n t o  f i e l d  books and 
r e p o r t s .  When h y b r i d s  a r e  rrrade, t h e  p e d i g r e e s  become more cumbersome and r e q u i r e  much paye 
space. 

The sys tem c o u l d  be m o d i f i e d  t o  c a r r y  o n l y  t h e  s e l e c t i o n  number o f  t h e  p r e v i o u s  genera t ion .  
A p e d i g r e e  s i m i l a r  t o  t h e  one above ( i  .e . ,  i n c l u d i n g  a l l  s e l e c t i o n  numbers) c o u l d  be w r i t t e n  
by t r a c i n g  back t h r o u g h  b r e e d i n g  r e c o r d s .  To do t h i s ,  i t  i s  necessary  t o  add an " o r i g i n " .  The 
f i r s t  d i g i t s  o f  t h e  o r i g i n  deno te  t h e  p r e v i o u s  season, w h i l e  subsequent  d i g i t s  deno te  row 
number i n  t h a t  season ( T a b l e  4 . 3 ) .  

Table 4.2: A Pedigree Notation System for One Station with One Season per Year. 

Year P e d i g r e e  ( I S )  Row No. S e l e c t i o n  O p e r a t i o n  

U  
D 
A ( 4 )  
D 
I n c r e a s e  

A ( 3 )  = Three heads s e l e c t e d  f r o m  row f o r  head - r o w i n g  n e x t  y e a r ,  b u l k  o f  
seed f r o m  3 heads sown i n  c r o s s i n g  b l o c k  and c r o s s e d  t o  t e s t e r  
p a r e n t  ( s ) .  

S ( 2 )  = Two heads s e l e c t e d  f r o m  row f o r  head r o w i n g  n e x t  y e a r .  

D = D i s c a r d .  For  rrlore i n f o r n i a t i o n ,  see s e c t i o n  on p rocedures  f o r  
t a k i n g  n o t e s .  

Table 4.3: A Different Pedigree System for One Station with One Season per Year. 

Year O r i g i n  P e d i g r e e  Row No. S e l e c t i o n  O p e r a t i o n  

1971 Acc. I S  532 I S  532 
1972 71-25 532-1 

25 -2  
2  5  - 3  

1973 72-36 532-1 
3  6  -2 
38 - 1  
3 8 - 2  

*U = Un i fo rm;  t h e  row can be b u l k  h a r v e s t e d  and 
t e s t e r  p a r e n t ( s ) .  

D 
A ( 4 )  
D 
I n c r e a s e  

sown i n  a  c r o s s i n g  b l o c k  and c r o s s e d  t o  



Norl lenclature i n  such systems r e q u i r e s  t h a t  t h e  o r i g i n  b e c o ~ ~ l e s  a  p a r t  o f  t h e  p e d i g r e e ;  i .e. ,  
t h e  o r i g i n  i s  r e q u i r e d  t o  e s t a b l i s h  t h e  ped ig ree ;  t h i s  must  be n ~ a i n t a i n e d  as c a r e f u l l y  as t h e  
p e d i g r e e  name. 

The system i s  c o m p l i c a t e d  s l i g h t l y  if more t h a n  one season i s  used a t  t h e  s t a t i o n .  I n  
t h i s  case, s e l e c t i o n  i s  f r e q u e n t l y  done i n  t h e  main season and some n o n - s e l e c t i n g  o p e r a t i o n  i s  
done i n  t h e  o f f - s e a s o n - - s u c h  as a  c r o s s i n g  b l o c k  t o  make h y b r i d  seed, o r  advanc ing  F l s  t o  
Fps ( T a b l e  4 . 4 ) .  

I t  i s  assumed t h a t  e n t r i e s  fro111 t h e  c r o s s  wou ld  go i n t o  h y b r i d  y i e l d  t r i a l s ;  t h e  o r i g i n  
b e i n g  72W 1350 x 72W 1097 i n  t h e  73s t r i a l s ,  and 73W 1600 x 73W 1065 i n  t h e  74 t r i a l s .  No te  
t h a t  t h e  72W o r  73W can be t y p e d  as p a r t  o f  t h e  column head and t h a t  o n l y  t h e  numbers 1350 x 
1097 o r  1600 x 1605 wou ld  appear i n  t h e  colun,n. 

T h i s  i s  a s l i g h t l y  d i f f e r e n t  systeni  i n  w h i c h  t h e  p e d i g r e e  does n o t  change f r o m  one gene- 
r a t i o n  t o  t h e  n e x t ,  because t h e  s e l e c t i o n  nurr~bers a r c  a s s o c i a t e d  w i t h  t h e o r i g i n  r a t h e r  t h a n  t h e  
ped ig ree .  A comp le te  p e d i g r e e  wou ld  be  I S  532-71s 25-1. A d isadvan tage  i s  t h a t  a l l  s i s t e r  
l i n e s  become u n i f o r m  ( i . e . ,  I S  532-1, I S  532-2, o r  t h e  name cdn be chanqed, ass ign inc i  an 
e x p e r i m e n t a l  number: SPV 25 - Sorghum P r e l i m i n a r y  V a r i e t y ) .  

Table 4.4: A Pedigree System for One Station with More than One Season per Year. 

- - -  
Season O r i q i n  Ped iq ree  Row No. O p e r a t i o n  

I S  ------------ 

S e l e c t i o l ? _ O p e s t i o c  

1971 S* Acc, I S  532 532 25 S ( 3 )  
19723 715 25-1 532 36 s ( 2 )  
Nursery  - 2 5  32 3  7 D 

- 3  5  32 3  t2 A(3) 

P S l i ~ & i n g  I n s t r u c t s n  

1972W* 72s 38-SB** 532 1097 On 1350 (20) * * *  
C r o s s i n g  B l o c k  CK60A 1350 

S*C t l E  o ~ d  t lCJJ 

19735 725 36-1 5 32 5  D 
Nursery  -2 532 6 S ( 2 )  

38-1 532 7  D 
- 2  532 8 U 
- 3 5  32 9 D 

Y i e l d  T r i a l s  72W 1350 x 1097 CK60A x IS532 106 

Pol  1  i n a t i n j  I n s t r u c t i o n  -- 
1973W 735 8-SB 5 32 1065 On 1600 ( 2 0 )  
C r o s s i n g  R lock  CK60A 1600 

S e l e c t i o n  O p e r a t i o n  -- 
19745 73s 6-1 5  32 101 A(4 
Nursery  - 2  532 102 D 

8  532-1 103 I n c r e a s e  
Y i e l d  T r i a l s  73W 1600 x 1065 CK6OA x  IS532 251 

- - - - - - - - - - - - - - - -- 
* S = Sun~mer (June t o  J u l y  sowing)  W = W i n t e r  (January  t o  February  sow ing)  
** SB = S e l e c t  b u l k  - i . e . ,  b u l k  o f  s e l e c t e d  heads i n  a  row 
* * * (20)  = i n d i c a t e s  t h a t  20 heads o f  CK60A a r e  t o  be c r o s s e d  by t h e  e n t r y  I S  532. 



Note  t h a t  t h e  seasonal  d i f f e r e n c e  i s  i n d i c a t e d  by a d d i n g  a  l e t t e r  t o  t h e  o r i g i n .  Sorlle 
con fus ion  can r e s u l t  when w r i t i n g  b o t h  numera ls  and l e t t e r s  ( i  .e.,  5  and S, 1 and I, C o r  G and 
6 ) .  To reduce  c o n f u s i o n ,  two numerals  have been used t o  i l l u s t r a t e  t h e  y e a r  r a t h e r  t h a n  one. 
The symbol 71s m i g h t  be a  b i t  c l e a r e r  t h a n  i s  t h e  symbol IS ,  w h i c h  c o u l d  be con fused  w i t h  I S .  
AS a  f u r t h e r  a i d ,  t h e r e  a r e  a lways  two nul l lera ls  f o l l o w e d  by a  l e t t e r  ( i  .e . ,  t h e  l e t t e r  always 
f o l l o w s  two numera ls ;  hence a  p o o r l y  w r i t t e n  l e t t e r  S  s h o u l d  r io t  be con fused  w i t h  a  5, 
because i t  i s  i n  t h e  t h i r d  p o s i t i o n  and t h u s  wou ld  a lways be a  l e t t e r ) .  

As a  b r e e d i n g  p rocedure ,  seeds o f  t h e  t h r e e  s e l e c t i o n s  i n  735 38 wou ld  be b u l k e d  t o  sow 
t h e  c r o s s i n g  b l o c k  i n  73W. T h i s  has been c o n s i d e r e d  s a t i s f a c t o r y  f o r  p r e l i l r l i n a r y  t e s t  eva lua-  
t i o n .  No te  t h a t  t h e  n u r s e r y  and c r o s s i n g  b l o c k  wou ld  be o r g a n i z e d  s e p a r a t e l y ,  and numbered so 
t h a t  no two  p l o t s  i n  t h e  same season a r e  t h e  same ( i  . e . ,  n u r s e r y  row numbers a r e  l e s s  than 
1000 and c r o s s i n g  b l o c k  numbers a r e  g r e a t e r  t l lar i  1 0 0 0 ) .  

I f  an a c c e s s i o n  i s  h i g h l y  h e t e r o ~ e n e o u s ,  s e l e c t i o n s  rnay be (made d u r i n g  b o t h  seasons. The 
b r e e d i n y  r e c o r d  wou ld  t h e n  appear as p r e s e n t e d  i n  T a b l e  4.5.  

Table 4.5:  A Pedigree Notation Where Selections are Made in Two Seasons per Year. 

Yedr O r i q i n  Pedi  q r e e  Row No. O p e r a t i o n  
1 C 

-- 13 -- -- - -- -- 
S e l e c t  i o n  Opera t* 

1972S* 715 25-1 
- 2  
- 3 

1972N* 12s  36-1 
N u r s e r y  -2  

38-1 
- 2  
- 3  

1972W 72s 38-SO** 
C r o s s i n g  B l o c k  

48- 1 532 
- 2 532 
- 3 532 
-4 532 

e t c .  

PO!! i n a t i n g  I n s t r u c t i o n  

Cross t o  1500(20)***  

* S - Sumn~er (Junc t o  J u l y  s u w i r ~ y )  W - W i n t e r  (January  t o  February  sowing). 
** SB = S e l e c t  h u l k  - i . e . ,  b u l k  o f  s e l e c t e d  heads i n  a  row. 
* * * (20)  = i n d i c a t e s  t h a t  2 0  heads o f  CK60A a r e  t o  be c r u s s e d  by t h e  e n t r y  I S  532. 

More t h a n  one l o c a t i o n  may be i n v o l v e d  i n  a  c o o r d i n a t e d  o r  c o o p e r a t i v e  b r e e d i n g  program 
and a  u n i f o r l r l  p e d i g r e e  sys tem may be u s e f u l .  I n  cases o f  t h i s  k i n d ,  t h e  p e d i g r e e  System nlust 
be changed t o  i n c l u d e  a  l o c a t i o n  d e s i g n a t i o n .  F o r  example: 

TA = T e l  An~ara 
Kf = K f a r d a n  
Ba = Bahteem 
Ma = M a l l a w i  

Sd = S i d s  
Sh = Shandaweel 
Iz = I z m i r  
WM = Wad Medani 

One o f  t h e s e  s t a t i o n s  m i g h t  be used as an o f f - s e a s o n  l o c a t i o n  f o r  a n o t h e r - - f o r  example, 
Wad Medani (Is0 l a t i t u d e )  c o u l d  s e r v e  as a  w i n t e r  season l o c a t i o n  f o r  t h e  c o o p e r a t i v e  program. 



106 Sorghwn Tmjirovdrrient: McLizods anti h.oi.ctlur~~, 

The rnovement o f  seeds between l o c a t i o n s  c o u l d  be t r a c e d  u s i n g  t h e  l o c a t i o n  d e s i g n a t i o n  as p a r t  
o f  t h e  o r i g i n ;  i . e . ,  WM72W. Note t h a t  t h i s  i s  w r i t t e n  as l e t t e r  - numeral - l e t t e r ,  w h i c h  
se rves  t o  s e p a r a t e  s i m i l a r  symbols ( l e t t e r s ,  numera ls )  w i t h  d i f f e r e n t  meanings. The o r i g i n  
column i n  t h e  above example m i g h t  t h e n  appear as p r e s e n t e d  i n  Tab le  4.6. 

Table  4.6: A Pedigree Notation Where More Than One Station Is  Involved. 

L o c a t i o n  O r i g i n  Row No. 

Te l  Amara 72 N u r s e r y  71TA 25-1 
-2  
- 3 3  8 

Wad Medani 72 W i n t e r  72TA 36-1 4  5 
- 2 46 

38-1 4 7 
- 2 4 8 
-3 4 9 

WM72W 46-1 
- 7  

e t c .  

Tel  Amara 73 Nursery  

Ped ig ree ,  row,  and o p e r a t i o n s  column wou ld  be t h e  same as i n  Tab le  4.5.  A conip lete 
p e d i g r e e  wou ld  be  I S  532 WM72W 46-1.  

W i t h i n  a  c o u n t r y  o r  w i t h i n  a  r e g i o n ,  a  co~r l~~ ion  p e d i g r e e  systeni  i s  u s e f u l  i n  d e v e l o p i n g  
c l o s e r  c o o p e r a t i o n  ( i . e . ,  t h e  p e d i g r e e  has t h e  slime meaning f o r  those  w o r k i n g  a t  a l l  l o c a t i o n s ) .  
Of ten t h e r e  i s  a  proble l i i  i n  e s t a b l i s h i n g  a  w o r k a b l e  systern f o r  t h e  p a r t i c i p a t i n g  s t a t i o n s .  I f  
each s t a t i o n  r e c e i v e s  access ions  i n d e p e n d e n t l y  o f  t h e  o t h e r s  and a s s i g n s  i t s  own a c c e s s i o n  
numbers, t h e n  a  conmon systeni i s  n o t  p o s s i b l e .  

F r e q u e n t l y ,  w i t h i n  a c o u n t r y ,  t h e r e  i s  c o o r d i n a t i o n  o f  r e s e a r c h  on a  c r o p  a t  v a r i o u s  
r e l e v a n t  exper iment  s t a t i o n s .  I f  one s t a t i o n  se rves  as a  c o o r d i n a t i n g  s t a t i o n ,  t h e n  i t  m i g h t  
a c t  as a  c l e a r i n g  house f o r  access ions  and a s s i g n  a  nu l~ lber  t h a t  wou ld  re r r~a in  u n i f o r l l i  w i t h i n  t h e  
system. If t h e r e  i s  no systern o f  c o o r d i n a t i o n ,  t h e n  a  b l o c k  o f  nurr~bers m i g h t  be a s s i g n e d  t o  
each l o c a t i o n ;  f o r  example, 1 t o  2000 t o  Shandaweel, 2001 t o  4000 t o  S i d s ,  and 4001 t o  6000 
t o  M a l l a w i .  The f i r s t  systeni  i s  p r e f e r r e d ,  because i t  p r o v i d e s  a workab le  reechanis~r~ t o  p r e v e n t  
d i f f e r e n t  code numbers f r o m  b e i n g  a s s i g n e d  t o  t h e  same a c c e s s i o n .  T h i s  s y s t e ~ i i  i s  f a c i l i t a t e d  
i f  t h e  c o u n t r y  has a  p l a n t - i n t r o d u c t i o n  program. New e n t r i e s  can be s e n t  b y  t h e  i n t r o d u c t i o n  
s e r v i c e  t o  t h e  c o o r d i n a t i n g  c e n t e r  where p rogram a c c e s s i o n  numbers can be a s s i g n e d  b e f o r e  
send ing  t h e  seeds t o  t h e  r e q u e s t i n g  s t a t i o n .  The second system i s  w o r k a b l e  i f ,  a f t e r  a  s t a t i o n  
has a s s i g n e d  an a c c e s s i o n  number, t h e  number does n o t  change when ~i loved t o  a n o t h e r  s t a t i o n  
w i t h i n  t h e  system. I f  t h i s  p rocedure  i s  f o l l o w e d ,  t h e  o n l y  t i n e  an a c c e s s i o n  lmay have more 
t h a n  one a c c e s s i o n  number i s  when two s t a t i o n s  r e q u e s t  t h e  same e n t r y .  

I n  e i t h e r  system, t h e r e  a r e  two p o s s i b i l i t i e s  o f  c o d i n g - - i n  b o t h  ( t h e  number remains 
c o n s t a n t ,  b u t  t h e  p r e f i x  may be f o r  t h e  c o u n t r y ;  i .e . ,  Eg. f o r  E g y p t ) ,  o r  t h e  p r e f i x  may be  
f o r  a  s t a t i o n  ( i . e . ,  Sh f o r  Shandaweel, Sd f o r  S i d s ,  Ma f o r  M a l l a w i ) .  S t a t i o n  i d e n t i f i c a t i o n  
i s  c a r r i e d  as p a r t  o f  t h e  o r i g i n ,  so i t  i s  n o t  needed on  t h e  p e d i g r e e .  It i s  recommended t h a t  
c o u n t r y - w i d e  n o t a t i o n  (such  as "Ey" )  be  encouraged;  t h i s  wou ld  t e n d  t o  s t r e n g t h e n  c o o p e r a t i v e  
a t t i t u d e s .  

Examples o f  t h e s e  systems a r e  shown i n  Tab les  4 . 7 ( a )  and 4 . 7 ( b ) .  

The system o f  r e t a i n i n g  s t a t i o n  symbols can be used w h i l e  a  l i n e  i s  b e i n g  deve loped  and 
e v a l u a t e d ;  t h e n  a  c o u n t r y  symbol can be  added when a  l i n e  has reached u n i f o r m i t y ,  o r  e n t e r s  
r e g i o n a l  t r i d l s ,  o r  i s  r e l e a s e d .  

I f  a c c e s s i o n  numbers canno t  be c o n t r o l l e d  w i t h i n  a  program, a  s i m i l a r  system o f  p e d i g r e e  
n o t a t i o n  can be  f o l l o w e d  i f  s t a t i o n  symbols a r e  used w i t h  a c c e s s i o n  numbers. F o r  example, 
Sh 532 and Sd 532 have t h e  same fo rmat ,  and i n  t h e  r e c o r d s  w i l l  appear t h e  same; b u t  t h e s e  
e n t r i e s  wou ld  have d i f f e r e n t  a c c e s s i o n  p e d i g r e e s .  T h i s  sys tem wou ld  work  o n l y  i f  t h e  b reeders  
i n v o l v e d  agreed  t h a t  t h e s e  p e d i g r e e s  w i l l  n o t  be changed as t h e y  a r e  moved w i t h i n  t h e  p r o j e c t  
( i  .e. Sh 532 wou ld  r e t a i n  t h i s  ped ig ree- -whe ther  sown a t  Shandaweel , Sids, o r  Ma1 l a w i  ). W h i l e  



t h i s  sys tem i s  easy t o  manage, i t  l o s e s  t h e  s i m p l i c i t y  o f  t h e  one a c c e s s i o n  nuniber r e p r e s e n t i ~ ~ g  
one p e d i g r e e  w i t h i n  a  c o o p e r a t i v e  p r o j e c t .  

Such a  syste111 c o u l d  bc u s e f u l  i n  a  r e g i o n a l  progra ln t h a t  i n c l u d e s  s e v e r a l  c o u n t r i c s .  

Taa le  4.7a: Examples Where Accession Numbers for a Country Program are Assigned at a 
Main Station Using a Prefix Denoting Country. 

Year O r i g i n  P e d i g r e e  Row No. S e l e c t i o n  O p e r a t i o n  

71 Sh Acc. i04 E g  504 25 
36 

5 ( 3 )  
72 Sh 71Sh 25-1 504 

-2 504 3  7 U 
5 ( 2 )  

-3 504 3 8 s(3) 

Assurnc t h d t  t h e  b r e e d e r  a t  S i d s  r e q u e s t s  t h e  selections fro111 row 36; then  
i n  1973 h i s  p e d i g r e e  r e c o r d  wou ld  appear  as f o l l o w s :  

Table 4.7b: Exanlples of the Second System, Where Each Station Assigns I ts  Own Prefix and 
Has a Block of Accession Numbers. 

Year O r i g i n  P e d i g r e e  Row No. S c l e ~ t i o n  O p e r a t i o n  

As5un i~  t h d t  t h c  b r e e d e r  a t  \ i d s  r e q u ~ ~ t s  t h e  s e l e c t i o n s  f r o m  row 36; then  
i n  1973 h i 5  p e d i g r e e  r ~ c o t - d  wou ld  dpppdr  as f o l l o h r s :  

ame y e d r  s e l e ~ t i o n s  froni S i d s  wou ld  appear  a s  f o l l o h  

No te  t h a t  t h e  Shandaweel symbol "Sh" remains as p a r t  o f  t h e  p e d i g r e e  f o r  
g e n e r a t i o n  a f t e r  g e n e r a t i o n , w h i l e  t h e  "Sh" symbol appears i n  t h e  o r i g i n  
co lumn o n l y  i n  t h e  r e c o r d s  f o r  S i d s  i n  1973.  

E n t r i e s  i n  t h e  w o r l d  c o l l e c t i o n  o f  sorghum have been a s s i g n e d  " I S "  nurnbers. J u s t  as e s t a b l i s h e d  
p e d i g r e e  names a r e  n o t  changed, t h e  I S  number s h o u l d  n o t  change. T h i s  p r a c t i c e  wou ld  p r o v c  
use fu l  t h r o u g h o u t  t h e  w o r l d  as many b r e e d e r s  use t h e  c o l l e c t i o n .  S i g n i f i c a n t l y ,  i n  t h e  
c o n v e r s i o n  p rogram o f  t h e  USDA and Texas A g r i c u l t u r a l  Cxper i~ r ien t  S t a t i o n ,  t h e  I S  p r e f i x  and 
number a r e  k e p t ,  b u t  a  " C "  i s  added as a  s u f f i x  t o  i n d i c a t e  c o n v e r s i o n  ( i  . e . ,  " I S  532 C"). 
S i m i l a r l y ,  c o u n t r i e s  u s i n g  t h e  NES (Near  Eas t  ~ o r g h u r n )  n o t a t i o n  rn iqht  keep t h i s  u s e f u l  n o t a t i o n ,  
r a t h e r  t h a n  a s s i g n  new symbols.  



A c c e p t i n g  t h e s e  sugges t ions ,  t h e  r e c o r d s  a t  S i d s  m i g h t  appear as shown i n  Tab le  4.8. 

Table 4.8: A Pedigree System Involving Lines with Well-Established Names. 

- 
Year O r i g i n  Ped ig ree  Row No. S e l e c t i o n  O p e r a t i o n  

-- 
73 Sd 72Sh 36-1 Eg 504 45 

-2 504 46 
S(3 )  
D 

72Sd 101-1 I S  532 4  7  D 
- 2  532 48 
- 3  532 49 

S ( 2 )  
D 

105-1 NES 4055 50 D 

73Sd 45-1 Eg 504 
-2  504 
- 3  504 

48- 1  I S  532 
- 2  532 

5  1  NES 405 
5 2 Pla insnian 

- - - - - - - - - - - - - --- 

S ( 1 )  
B u l k  

D 
S ( 2 )  
s : 3 )  
Bul  k  

Such a  system i s  n o t  c o m p l i c a t e d ;  b reeders  u s i n g  e n t r i e s  w i t h  r e g i o n a l  o r  i n t e r n a t i o n a l  
n o t a t i o n  n ~ u s t  s i m p l y  g i v e  precedence t o  t h a t  nomenc la tu re  o v e r  t h e i r  own, i n  t h e  i n t e r e s t  o f  
Inore e f f e c t i v e  c o o p e r a t i o n .  

The nor r~enc la tu re  systecrr d e s c r i b e d  i s  f o r  a  p e d i g r e e  system o f  b r e e d i n y .  E v e n t u a l l y ,  t h e  
head rows w i l l  become u n i f o r m ,  and i n d i v i d u a l  s e l e c t i o n s  w i t h i n  t h e  n u r s e r y  row w i l l  s t o p :  t h e  
s e l e c t i o n  o p e r a t i o n  becomes a  " b u l k  h a r v e s t " ,  and t h e  o r i g i n  c o n t i n u e s  t o  be t h e  p r e v i o u s  y e a r ' s  
p l o t  number. A t  t h i s  p o i n t ,  t h e  l i n e  can be c a r r i e d  f o r w a r d  u s i n g  t h e  sarne p e d i g r e e .  The 
p o l l i n a t o r  p a r e n t s  o f  CSH-1 and CSH-2, IS  84 and I S  3691, r e s p e c t i v e l y ,  have been m a i n t a i n e d  
u s i n g  t h e  o r i g i n a l  nomenc la tu re .  If s e v e r a l  s i s t e r  l i n e s  o f  I S  84 s h o u l d  become u n i f o r m ,  t h e y  
c o u l d  be d i f f e r e n t i a t e d  by t h e  o r i g i n .  A  u n i f o r m  l i n e  wou ld  n o t  be c a r r i e d  f o r w a r d  f o r  any 
l e n g t h  o f  t i m e ;  i t  wou ld  be r e l e a s e d  as a  l i n e  o r  as a  p a r e n t  i n  a  h y b r i d  ( o r  wou ld  be dropped). 
(Names f o r  r e l e a s e d  l i n e s  and h y b r i d s  a r e  d i s c u s s e d  i n  a  l a t e r  s e c t i o n . )  

I n  sumlnary, t h e  advantages o f  such a  systerl l  a r e :  

There a r e  no l o n g  p e d i g r e e s .  

Numerals and l e t t e r s  a r e  s e p a r a t e d  where meaning changes, and each nu~nera l  o r  
l e t t e r  f a l l s  a t  a  s p e c i f i c  s p o t  so c o n f u s i o n  f r o m  p o o r l y  w r i t t e n  c h a r a c t e r s  i s  
avo ided .  Ped ig ree  h i s t o r y  can r e a d i l y  be  t r a c e d  t h r o u g h  seasons and l o c a t i o n s .  
Wel l -known ped i  y rees  a r e  m a i n t a i n e d .  S e l e c t i o n s  fro111 t h e  same e n t r y  i n  t h e  
c o o r d i n a t e d  system keep t h e  same i d e n t i t y  a t  any l o c a t i o n  i n  t h e  system, t h u s  
a l l  b reeders  i n  a  c o o r d i n a t e d  progranimake t h e  same p e d i g r e e  a s s o c i a t i o n s .  The 
o r i g i n  i s  p a r t  o f  t h e  p e d i g r e e .  

NOMENCLATURE WHEN CROSSING IS INVOLVED 

Crosses a r c  made: ( i  ) f n r  backc ross inq ,  ( i i  ) t o  deve lop  a  source  fro111 wh ich  t o  s e l e c t  new 
l i n e s ,  and ( i i i )  t o  Inlake h y b r i d s  f o r  d i r e c t  e v a l u a t i o n .  Ped ig ree  c o n s i d e r a t i o n s  f o r  each o f  
these  purposes a r e  p r e s e n t e d  i n  Tab les  4.9 t o  4.12 ( a d d i t i o n a l  i n f n r n ~ a t i o n  abou t  sowing and 
o p e r a t i n g  a c r o s s i n g  b l o c k  b e g i n s  on page 120) .  

Backcrossing 

T h i s  b r e e d i n g  p rocedure  i s  used t o  t r a n s f e r  a  d e s i r a b l e  t r a i t  f rom a  source  ( n o n r e c u r r e n t )  
1  i n e  t o  r e q u i r e d  ( r e c u r r e n t )  l i n e s  t h a t  do n o t  have t h e  t r a i t .  

B a c k c r o s s i n g  t o  Make Ma1 e - s t e r i  1  e  Seed P a r e n t s :  An i m p o r t a n t  b a c k c r o s s i n g  program i n  
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Table 4.9: Backcrossing to Make Male-Sterile Seed Parents. 

-- ~ 
. -- 

S t a t i o n  O r i g i n  P e d i g r e e  ROW P o l l i n a t i n g  S e l e c t i o n  
NO. I n s t r u c t i o n s  Opera t i o n  

Tel  Amara 1971s I S  534* 37 S e l f  and on  38** 
CK6OA 38 x 1 s 3 7 * * *  

s ( 3 )  

Wad Medani 1971W TA71S 37-1 I S  534 62 S e l f  and on  63 
S(3 )  
D 

30-1 x 37-1 CK6OA x I S  534 63 x ' s  62 D 
37-2 I S  534 64 S e l f  and on 65 
38-2 x 37-2 CK6OA x  I S  534 65 x ' s  64 

S(2 )  

37-3 I S  534 66 S e l f  and on 67 
S(2)  

38-3 x 37-3 CK60A x I S  534 67 x ' s  66 
S(1 )  

Tel  Amara 1972s WM71W 64-1 I S  534 5  S e l f  and on  6  
5 ( 1 )  

65-1 x 64-1 F x I S  534 1. 6  X ' S  5  
5  ( 3 )  

64-2 1i 534 7  S e l f  and on 8 
S(3 )  
D 

65-2  x 64-2 F x I S  534 8 x ' s 7  D 
66-1 11 534 9 S e l f  and on  1 0  
67-1 x 66-1 F x  I S  534 LO x ' s  9  

S(2)  

Wad Medani 1972W TA72S 5-1 1i 534 42 S e l f  and on  43 
s ( 2  

5-1 x 6-1 acl x IS 5 3 4 t  43 X ' S  42 
S ( 1 )  

5-2 I S  534 44 S e l f  and on 45 
S(1 )  
D 

5-2 x  6-2 BC1 x I S  534 45 x ' s  44 D 
5-3 I S  534 46 S e l f  and on  47 
5-3 x  6-3 BC1 x I S  534 47 X ' S  46 

5  ( 3  

9-1 I S  534 48 S e l f  and on  49 
S(3 )  
D 

9-1 x 10-1 BCl x I S  534 49 x ' s 4 8  D 
9-2 I S  534 50 S e l f  and on  51 
9 -2  x  10-2 B C l x I S 5 3 4  51 x ' s 5 0  

S(2 )  
5 ( 2 )  

.- -- . . ~.~ - . -- 

I F1 = CK 60A x  I S  534; HC1 = (CK60A x I S  534) x I S  534 e t c .  
* Assume t h a t  i t  i s  known t h a t  I S  534 i s  n o n - r e s t o r i n g  when c rossed  o n t o  m a l e - s t e r i l e  conibine 

K a f i r  60 (A l i n e ) .  
** S e l f  and on = p o l l e n  i s  p l a c e d  on t h e  same head f r o m  w h i c h  i t  was c o l l e c t e d  and on a  head 

i n  a  d i f f e r e n t  row.  
***X's  = p o l l e n  i s  b r o u g h t  i n  fro111 a n o t h e r  row ( f o r  example, row number 37)  t o  make a  c r o s s .  

sorqhu~n i s  t h e  development  o f  new p o l l e n - s t e r i l e  l i n e s  t o  be used as seed p a r e n t s  i n  h y b r i d  
proyrarns. By b a c k c r o s s i n g ,  i t  i 5  p o s s i b l e  t o  r r c n v e r  t h e  phenotype o f  t h c  r e c u r r e n t  p a r e n t ,  
b u t  a s  a  m a l e - s t e r i l e .  The b a c k c r o s s i n g  p rocess  i s  i l l u s t r a t e d  i n  Tab le  4.9 ( a  more 
d e t a i l e d  d i s c u s s i o n  b e g i n s  on page 142) .  The use  o f  an o f f - s e a s o n  n u r s e r y  would doub le  t h e  
speed of  t h e  b a c k c r o s s i n g  program. 

I t  i s  assumed i n  t h e  example ( T a b l e  4 . 9 )  t h a t  o n l y  one n o n - r e c u r r e n t  source  i s  b e i n q  
used - -  i . e . ,  C I  60A. I f  lrlore than  one source  i s  used, i t  would be p o s s i b l e  t o  use some 
n o t a t i o n  such as s u p e r s c r i p t s  t o  a v o i d  w r i t i n g  l o n g  p e d i g r e e s .  F o r  exarnple: 

w i t h  CK 60A, use B C ~ ,  w i t h  I S  36571 use BC:, and w i t h  M a r t i n  A  use B C ? ,  

I t  would be necessary  o n l y  t o  c l e a r l y  d e f i n e  t h e  ~meaninq o f  t h e s e  sy111bols i n  the f i e l d  book; 
Such d e f i n i t i o n  o f  s y n ~ b o l s  i s  e x t r e m e l y  i m p o r t a n t  and f r e q u e n t l y  o v e r l o o k e d .  

A f t e r  t h e  r e c o v e r e d  t y p e  i s  o b t a i n e d  w i t h  t h e  m a l e - s t e r i l e  bdckground, some symbols a r e  
r e q u i r e d  t o  d e n o t e  t h i s  e v e n t .  The b e s t  symbols a r e  I S  534A f o r  t h e  m a l e - s t e r i l e  and 1s 534B 
f o r  t h e  m a i n t a i n e r .  If more t h a n  one s t e r i l e  i s  d e r i v e d ,  t h e n  I S  534A-1, I S  5348-1; I S  534A-2, 
IS 5348-2, e t c . ,  c o u l d  be used. 

(Note t h a t  by emp loy ing  t h e  o p e r a t i o n a l  symbols i n  t h e  b a c k c r o s s i n g  program, s e l e c t i o n  f o r  
agronomic improvement goes a l o n g  s i m u l t a n e o u s l y  w i t h  t h e  r e c o v e r y  o f  m a l e - s t e r i l  i t y ) .  

B a c k c r o s s i n g  t o  T r a n s f e r  a  S i n g l e  Recess ive  T r a i t :  Backcross ing  may a l s o  be used t o  
t r a n s f e r ,  o r  p a r t i a l l y  t r a n s f e r ,  c h a r a c t e r i s t i c s  such as h i g h  l y s i n e  and d isease  o r  i n s e c t  
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r e s i s t a n c e ,  e t c .  If t h e  f a c t o r  i s  s i m p l y  i n h e r i t e d ,  t h e  r e c u r r e n t  phenotype can be e f f e c t i v e l y  
recovered  w i t h  t h e  r e q u i r e d  c h a r a c t e r  i n c o r p o r a t e d .  S p e c i f i c  c o n d i t i o n s  wou ld  de te rmine  t h e  
need f o r  a  change i n  p e d i g r e e  n o t a t i o n .  I f  a  l i n e  were c o n v e r t e d  t o  c a r r y  h i g h  l y s i n e ,  t h e  
new n o t a t i o n  m i g h t  be I S  534 h l ,  ( i . e . ,  t h e  gene symbol wou ld  be c a r r i e d ) .  I f  r e s i s t a n c e  t o  
d isease  were t o  be i n c o r p o r a t e d ,  t h e  change m i g h t  be o f  s u f f i c i e n t  commercia l  i n t e r e s t  t o  
i n v o l v e  a  new name. I f  a  l o n g - s t a n d i n g  v a r i e t y  were improved by a d d i n g  r e s i s t a n c e  t o  a  d isease,  
i t  lniight be d e s i r a b l e  t o  make o n l y  a  s l i g h t  m o d i f i c a t i o n  o f  t h e  p e d i g r e e  ( i  .e., I S  534R as a  
name, b u t  e lsewhere  on t h e  bag o f  seed, d e s c r i p t i v e  i n f o r m a t i o n  c o u l d  ment ion  t h e  d i s e a s e  t o  
wh ich  i t  was r e s i s t a n t ) .  

A  r e c e s s i v e  t r a i t  i s  n o t  expressed i n  an  F1; hence, p e r i o d i c  s e l f i n g  i s  r e q u i r e d  t o  expose 
r e c e s s i v e  c h a r a c t e r s  d u r i n g  t h e  b a c k c r o s s i n g  p rocess .  Assume a  r e c e s s i v e  t r a i t  "a " .  t h e n  t h e  
F1 i s  A/a and t h e  f i r s t  backc ross  wou ld  be  A/a x  A/A w i t h  progeny '2 A/A t o  A/a. i f  t h i s  
progeny i s  s e l f - p o l l i n a t e d ,  t h e  h e t e r o z y g o t e  wou ld  s e g r e g a t e  1 A/A : 2  A/a : 1 a/a,  and t h e r e  
wou ld  be 4  A/A i n d i v i d u a l s  f r o m  s e l f i n g  t h e  honiozygous c l a s s .  The F2 progeny wou ld  be  5  A/A : 
2 A/a : 1 a / a  : ( o r  118 o f  t h e  progeny wou ld  have t h e  r e c e s s i v e  pheno type) .  The second back-  
c r o s s  wou ld  t h e n  be  a /a  x A/A, and t h e  p rocess  wou ld  be r e p e a t e d .  

Assuming no s e l e c t i v e  o p e r a t i o n  w h i l e  b a c k c r o s s i n g  ( s o  t h a t  any o p e r a t i o n  can be done i n  
any season),  t h e  r e c o r d s  wou ld  appear as p r e s e n t e d  i n  T a b l e  4.10. Assume t h a t  NES 601  and 654 
a r e  t h e  r e c u r r e n t  (A IA)  p a r e n t s  and t h a t  IS  11758 i s  t h e  n o n - r e c u r r e n t  p a r e n t ;  a l s o  assume t h a t  
t h e  s t a t i o n  i n v o l v e d  i s  E s k i s e h i r  (Es)  i n  Turkey .  

I f  more t h a n  one n o n - r e c u r r e n t  p a r e n t  were i n v o l v e d  w i t h  t h e  same r e c u r r e n t  p a r e n t s ,  
s u p e r s c r i p t s  c o u l d  be used on t h e  F l y  BC1, e t c .  Assume t h a t  I S  11758 and I S  11167 a r e  b o t h  
n o n - r e c u r r e n t  p a r e n t s ;  t h e n  t h e  p e d i g r e e s  i n  Es 75 wou ld  be F1 (11758) x NES 601 and 
F1 ( 1 1 1 6 7 ) ~  NES 601. A  code c o u l d  a l s o  be employed: 

F; x  NES 601 and F: x NES 601. when I S  11 758 and I S  11 167 were used. 

The p e d i g r e e  i n  ES 76 wou ld  be:  

601 ( 6 ~ ; )  FZ x NES 601 and 601 (BC:) F2 x  NES 601. 

I t would be i m p o r t a n t  t o  n o t e  t h e  a c t u a l  p e d i g r e e  o f  t h e  s u p e r s c r i p t s  1 ,  2, e t c . ,  i n  t h e  f i e l d  
books, so t h a t  t h e  p e d i g r e e  r e c o r d  i s  comp le te .  ( I S  11758 and I S  11167 a r e  sources  o f  h i g h  
l y s i n e  - h l l h l .  ) 

I f  t h e  c h a r a c t e r  under c o n s i d e r a t i o n  were c o n t r o l l e d  by many genes ( q u a n t i t a t i v e ) ,  t h e  
number o f  backc rosses  wou ld  be  l i m i t e d  and a  new l i n e  wou ld  have t o  be s e l e c t e d  f rom t h e  c r o s s .  
It may be t h a t  o n l y  one o r  two backcrosses  a r e  p o s s i b l e  b e f o r e  t h e  e x p r e s s i o n  o f  t h e  
c h a r a c t e r  t o  be  t r a n s f e r r e d  becomes t o o  weak o r  d i l u t e d  t o  j u s t i f y  f u r t h e r  b a c k c r o s s i n g ;  t h u s  
s e l f i n g  must  b e g i n .  Under such c i rcumstances ,  t h e  p e d i g r e e  o f  t h e  new l i n e ( s )  wou ld  change. 
The b a c k c r o s s i n g  p o r t i o n  e s s e n t i a l l y  i n v o l v e s  c r o s s i n g  two  l i n e s  w i t h  t h e  i d e a  o f  r e c o v e r i n g  
one l i n e  t h a t  w o u l d  appear much as i t  appeared i n i t i a l l y .  A f t e r  s e l f i n g  has begun, t h e  i d e a  
i s  t o  d e r i v e  a  new l i n e ,  i .e. ,  something d i f f e r e n t  f r o m  e i t h e r  o f  t h e  p a r e n t s .  A  p e d i g r e e  
change m i g h t  t h e n  be r e q u i r e d  when t h e  s e l f i n g  p rocess  b e g i n s .  

Crossing as a Source from Which to Select New Lines 

I n  h a n d l i n g  l i n e s  a r i s i n g  f r o m  c rosses ,  i t  i s  sugges ted  t h a t  each c r o s s  be ass igned  a  new 
a c c e s s i o n  number and t h e  p rocess  c o u l d  t h e n  p roceed  as i n  t h e  p r e v i o u s  examples. F o r  example, 
assume a  c r o s s  between Eg 504 x  Eg 2351 o r  Sh 504 x Sd 2351 a t  S i d s .  The c r o s s  was made a t  
S ids  i n  1973, and t h e  F1 was advanced t o  F  i n  t h e  w i n t e r  n u r s e r y  a t  Wad Medani. A  new i access ion  number Sd 3015 was ass igned  t o  t e  c r o s s  Sh 504 x  Sd 2351. The F2 was grown a t  
S ids  i n  1974 and s e l e c t i o n  made f o r  head-to-row p l a n t i n g  i n  1975. To a v o i d  a  r a p i d  i n c r e a s e  
i n  new numbers, i t  i s  p o s s i b l e  t o  a s s i g n  a  number o n l y  t o  those  c rosses  f r o m  w h i c h  one o r  
Illore s e l e c t i o n s  was made i n  t h e  F2. 

The r e c o r d  would aopear as p r e s e n t e d  i n  Tab le  4.11. 
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Crossing as Part of a Hybrid Program 

if h y b r i d s  a r e  ~niade f o r  e v a l u a t i o n  as p a r t  o f  a  program t o  deve lop h y b r i d s  f o r  f a r ~ r ~ e r  use, 
then i t  i s  suggested t h a t  new nunibcrs n o t  be ass iqned,  and t h a t  t h e  h y b r i d  be i d e n t i f i e d  by 
p a r e n t a l  ped ig rees .  T h i s  w i l l  h e l p  t h e  b reede r  keep t r a c k  o f  parentaqe and i s  p robab l y  a  Illore 
usefu l  system. The r e c o r d  would  appear as shown i n  Tab le  4.12. Thcse h y b r i d s  a re  an ~ n d  i n  
the11iselveS; i . e . ,  t h e r e  i s  no s e l e c t i o n  i n  ddvanced g e n e r a t i o n s .  A l s o  new h y b r i d  seed i r~ust  
be o b t a i n e d  when t h e  e x i s t i n g  supp l y  r u n s  o u t .  M a i n t a i n i n g  t h e  pedicjrees as i n d i c a t e d  i s  
s imple  enough t h a t  ass ignr r~ent  o f  a  h y b r i d  nureber i s  n o t  cons ide red  t o  be advantageous. 

Table 4.10: Backcrosslng to Transfer a Single Recessive Trait. 

;eason Gene t i cs  O r i g i n  Ped ig ree  Row P o l l i n a t i n g  
No. I n s t r u c t i o n  

.- 

14Es p1 [ + / + I  73Ta 205 NES 601 26 x ' s  and on 28 (3 ) *  
P2 { + / + I  73Es 502 6  54 27 x ' s  and on 20(3)  
P3 t h l / h l  I 73WM 405 I S  11758 28 x ' s  and on 26(3) ,27(3)  

dM74W F1 ( b / h l } }  74Es 26 x  28 NES 601 x  I S  11758 101 x ' s  and on 102(3)  
P1 ( + / + I  26 601 102 x ' s  and on 10? (3 ) ,B (4 )  
F1 j + / h l  t 27 x  28 NES 654 x  I S  11758 103 x ' s  and on 104(3)  
P { + / + I  2 7 6  54 104 x ' s  and on 103(3) ,8(4)  

15Es i + / + : + / h l  I WM74W 101 x  102 NES 601 (BC1 ) 95 P(20)  S e l e c t  shrunken 
seeds** 

BC1 {+ /+ :+ /h l  1  103 x 104 654(BC1 ) 96 P(20)  " 

dM75W (BC1)F2 ( h l / h l  1 75Es 95 NES 601 (BC1 )F2 250 x ' s  and on 251(3)  
P i  { +/+ i 74Es 102 601 251 x ' s  and on 250 (3 ) ,Q (4 )  

(BC1)F2 I h l / h l  I 75Es 96 654(BC1 )F2 252 x ' s  and on 253(3)  
74Es 104 6  54 253 x ' s  and on 252(3) ,8(4)  

l 6 t s  BC2 { t i h l )  '"' ' WM75W 250 x 251 NES 601 (BC1)F2x101 312 x ' s  and on 311(3)  
p1 it/+ 1 251 601 313 x ' s  and on 312(3) ,8(4)  
BC2 I + / h l l  252 x  253 654(BC1 )F2x601 314 x ' s  and on 315(3)  
p  I + / + )  253 654 315 x ' s  and on 314(3)  ,Q(4) 

iM76W ~ Z ~ i t / t : t / h i )  76Es 312 x 313 601 (BC1) 275 P (20 )  
BC3 { t / + : t / h l  j 314 x 315 654(BC3) 276 P(20)  

17Es (Oc3)F2 WM76W 275 NES 601 (BC3)F7 402 Q(100) 
(4+/+; 1+/+ :2+/h l  : 
1  h l / h l }  

(Bc3)F2 276 654(BC3)F2 403 P(100)  

i i g h  l y s i n e  segregates  would  be i d e n t i f i e d  by chemica l  a n a l y s i s  

{ h l / h l i  77Es 402 NES 601 (BC3)F3 512 x ' s  and on 513(3)  
76Es 313 601 513 x ' s  and on 512 (3 ) ,8 (4 )  

(BC )F3 I h l / h l l  77Es 403 654(BC3)F3 514 x ' s  and on 515(3)  
p  ?+/+) 76Es 315 654 515 x ' s  and on 514(3) ;8(4)  

'8Es ~ 8 ~ { t / h l )  WM77W 512 x 513 NES 601 (t3C4) 375 x ' s  and on 376(3)  
p {+I+ 1 513 601 376 x ' s  and on 375(3) ;8(4)  
B& i + / h l ;  514 x 515 654(BC4) 377 x ' s  and on 378(3)  

IM78W BC5 [+/+: + / h l l  78Es 375 x  376 601 (BC5) 65 9 (20 )  
BC5 (+ /+ :+ /h l )  377 x 378 654(BC5) 66 8 (20 )  

-- - -  

* X ' s  and on 28 (3 )  i n d i c a t e s  t h a t  p o l l e n  i s  b rough t  f r om 3 p l a n t s  i n  row 28 and p laced  on 3  
heads i n  row 26; and t h a t  p o l l e n  f r om 3 p l a n t s  i n  row 26 i s  p l aced  on t h r e e  heads i n  row 28. 

** ll i s  a  symbol used t o  d e f i n e  s e l f  p o l l i n a t i o n ;  B (20 )  i n d i c a t e s  t h a t  20 s e l f  p o l l i n a t i o n s  
shou ld  be made i n  t h e  row. 

Note  t h a t  t h e  seed formed on h a l f  o f  t h e  BC1 p l a n t s  w i l l  be i +  1 + I  and on t he  o t h e r  h a l f  w i l l  
segregate  (1  + 1  + : 1 + / h l ) .  The h i g h - l y s i n e  gene ( h l )  appears t o  be a s s o c i a t e d  n l e i o -  
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Table 4.11: A Pedigree System for Lines Selected from Crosses. 

Year O r i g i n  Ped ig ree  Row No. O p e r a t i o n  

Pol  1  i n a t j n g  I n s t r u c t i o n *  - - . . - . - 
105 on  o r  x ' s  1 0 6 ( 3 )  
106 

93 S e l f  p o l l i n a t e  

S e l e c t i o n  O ~ _ r a ~ ~  -- -- - - - 

See s e c t i o n  on c r o s s i n g  f o r  e x p l a n a t i o n  o f  symbols.  

Table 4.12: A Pedigree System for Developing F,  Hybrids for Farmer Use. 

Year u r i g i n  Ped ig ree  RowNo. P o l l i n a t i n g  I n s t r u c t i o n  

73Sd Acc. CK6OA 2 5  x ' s  1 0 5 ( 1 0 ) ,  106(10)  
72Sh 36 Eg 504 105 on 25 ( 1 0 )  
72Sd 105 Eg 2351 106 on  25 (10)  

E n t r y  No. P l o t  NO.  

74Sd 73Sd 25 x  105 CK60 x  Eg 504 7 1  
Y i e l d  x 106 x Eg 2351 1 2  2  
T r i a l  

t r o p i c a l l y  w i t h  shrunken seeds. Assume t h a t  t h e  shrunken seeds a r e  good h i g h - l y s i n e  types  and 
can be s e l e c t e d  b y  v i s u a l  i n s p e c t i o n .  

Suppose t h a t  i t  i s  d e s i r e d  t o  s e l e c t  h i g h - l y s i n e  segrega tes  fro111 p l a n t s  ho~iiozygous f o r  t h i s  
t r a i t .  Seeds f r o m  t h e  BC1 a r e  sown: seeds on t h e  heads o f  some o f  t h e  p l a n t s  w i l l  be shrunken.  
These shrunken seeds a r e  sown and a t  f l o w e r i n g  tir:le can be c r o s s e d  by t h e  + 1 + p a r e n t ,  making 
t h e  second backcross .  

The h i g h - l y s i n e  segrega tes  c o u l d  a g a i n  be i d e n t i f i e d  as shrunken seeds on  s e g r e g a t i n g  heads. 
T h i s  p rocess  i s  n o r n i a l l y  c a r r i e d  on  f o r  5 t o  8  backcrosses .  A f t e r  t h i s  II IUC~ b a c k c r o s s i n g  t h e  
n o n - r e c u r r e n t  p a r e n t ,  NES 601 (BC5 t o  8 )F2  ( h l / h l  I ,  i s  u s u a l l y  p h e n o t y ~ i c a l  l y  s i m i l a r  enough 
t o  t h e  r e c u r r e n t  p a r e n t ,  NES 601, t h a t  b a c k c r o s s i n g  can s t o p .  A t  t h i s  t i m e  t h e  r e c u r r e n t  
p a r e n t  c o u l d  be g i v e n  t h e  p e d i g r e e  name NES 601 h l ,  u s i n g  t h e  gene symbol t o  i n d i c a t e  h i g h  
l y s i n e .  

NOMENCLATURE FOR LINES AND HYBRIDS TO BE RELEASED 

By t h e  t i m e  a  l i n e  has become u n i f o r m ,  i t  has been ( o r  w i l l  be )  e v a l u a t e d  i n  y i e l d  t e s t s  as a  
v a r i e t y ,  o r  as a  p a r e n t  i n  a  h y b r i d .  I f  t h e  l i n e  i s  advanced i n  t h e  b r e e d i n g  program because 
o f  p r o m i s i n g  y i e l d  r e s u l t s  a t  a  s t a t i o n ,  i t  s h o u l d  soon be i n v o l v e d  i n  s t a t e w i d e  o r  r e g i o n a l  
t e s t i n g .  The y i e l d  e v a l u a t i o n  on  a  s t a t e  b a s i s  i s  u s u a l l y  a t  t h e  d i s c r e t i o n  o f  t h e  p l a n t  
b reeder .  The d e c i s i o n  f o r  r e g i o n a l  y i e l d  t e s t i n g  o f  a  l i n e  ( a c r o s s  s t a t e  o r  c o u n t r y  
b o u n d a r i e s )  u s u a l l y  depends on  a  b r o a d e r  group c o n s i d e r a t i o n .  It s h o u l d  be  a  m a t t e r  o f  
p r e s t i g e  f o r  a  l i n e  t o  be i n v o l v e d  i n  r e g i o n a l  t e s t i n g .  To p l a c e  an  e n t r y  i n  r e g i o n a l  t r i a l s ,  
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a  b r e e d e r  s h o u l d  be  a b l e  t o  p r e s e n t  j u s t i f i c a t i o n  t o  a  group r e p r e s e n t i n g  t h e  v a r i o u s  d i s t r i c t s ,  
p rov inces ,  s t a t e s  o r  c o u n t r i e s  o f  t h e  r e g i o n .  T h i s  g roup  u s u a l l y  i s  composed o f  p l a n t  breeders 
from t h e  r e g i o n  who meet a n n u a l l y  a t  a  w o r k e r s '  con fe rence .  J u s t i f i c a t i o n  f o r  e n t r y  i n  
r e g i o n a l  t e s t i n g  usua l  l y  i n v o l v e s  t h e  p r e s e n t a t i o n  o f  s u p p o r t i n g  y i e l d  t r i a l  r e s u l t s  i n d i c a t i n g  
s u p e r i o r i t y  v i a  s t a t i o n  o r  s t a t e w i d e  t e s t i n g  and a v a i l a b i l i t y  o f  s u f f i c i e n t  seeds f o r  
i n c l u s i o n  i r ~  t h e  r e g i o n a l  t e s t i n g  program. 

T e s t i n g ,  s t a t e w i d e  o r  r e g i o n a l ,  p r o b a b l y  wou ld  c o n t i n u e  f o r  two o r  t h r e e  years,  a1 though 
i t  may be o n l y  one season f o r  o b v i o u s l y  o u t s t a n d i n g  t y p e s .  A d e c i s i o n  as t o  whe ther  t o  
c o n t i n u e  t h e  t e s t i n g  o f  a  l i n e  s h o u l d  be made a f t e r  each t e s t i n g  season. ( T h i s  d e c i s i o n  i s  
made by t h e  g roup  a t  i t s  w o r k e r s '  c o n f e r e n c e  i n  t h e  case  o f  r e g i o n a l  t e s t i n g . )  E n t r i e s  
pass ing  s u c c e s s f u l l y  t h r o u g h  s t a t e  o r  r e g i o n a l  t r i a l s  wou ld  t h e n  be c o n s i d e r e d  f o r  r e l e a s e ,  
w i t h  a p p r o p r i a t e  nomenc la tu re  f o r  r e l e a s e d  l i n e s  and h y b r i d s .  

A h y b r i d  d e s i g n a t i o n  s h o u l d  be s i m p l e - - g e n e r a l l y ,  a  word o f  n o t  more than  two s y l l a b l e s  
t h a t  i s  e a s i l y  s p e l l e d  and pronounced.  D e s i g n a t i o n s  o f t e n  a t t e m p t  t o  i n d i c a t e  r e g i o n a l  o r  
seasonal a d a p t a t i o n .  F o r  exarnple, t h e  a o r d i n a t e d  Maize Improvement Scheme ( I n d i a )  has chosen 
the  narnes Ganga and Deccan t o  show t h e  b r o a d  r e g i o n a l  a reas  o f  maize a d a p t a t i o n .  I n  
a d d i t i o n ,  c o l o r  o f  endosperm i s  i d e n t i f i e d  by odd nunibers f o r  y e l l o w  and even numbers f o r  
w h i t e  h y b r i d s .  W i t h i n  t h e  r e g i o n a l  d e s i g n a t i o n ,  m a t u r i t y  i s  b r o a d l y  i n d i c a t e d  w i t h  a  one- 
d i g i t  number used f o r  e a r l y  h y b r i d s  and a  t h r e e - d i g i t  number f o r  l a t e  m a t u r i n g  h y b r i d s .  
Son~etimes t h e  r e g i o n  o f  a d a p t a t i o n  i n d i c a t e d  by name may l e a d  t o  d i f f i c u l t i e s .  ( F o r  example, 
Ganga H y b r i d  Makka No.3; t h e  d e s i g n a t i o n  Ganga i n d i c a t e s  t h a t  i t  s h o u l d  be adapted t o  t h e  
Ganget ic  p l a i n ;  however, t h e  h y b r i d  m i g h t  w e l l  f i n d  a d a p t a t i o n  t o  o t h e r  r e g i o n s  where an e a r l y  
maize h y b r i d  i s  r e q u i r e d . )  

I f  a  r e g i o n a l  d e s i g n a t i o n  i s  d e s i r e d ,  i t  s h o u l d  be a  b r o a d  yenera l  r e g i o n .  Maize h y b r i d s  
r e l e a s e d  by t h e  Sou thern  Corn Improvenient Con fe rence  o f  t h e  USA c a r r y  t h e  d e s i g n a t i o n  " D i x i e " .  
I n  t h e  case  o f  sorghum h y b r i d s ,  b r e e d e r s  have adop ted  t h e  d e s i g n a t i o n  RS (Reg iona l  Sorghum), 
w i t h  t h e  nunibers i n d i c a t i n g  d i f f e r e n t  h y b r i d s ;  RS 630, e t c .  The sorghutrl workers  i n  I n d i a  have 
used t h e  l e t t e r s  CSH t o  d e s i g n a t e  r e l e a s e d  h y b r i d s .  The "C" s tands  f o r  "Coord ina ted"  and 
i n d i c a t e s  r e g i o n a l  a d a p t a t i o n  (as  w e l l  as g i v i n g  c r e d i t  t o  t h e  r e g i o n a l  e f f o r t ) ,  "S" s tands  
f o r  "Sorghu~n" and i d e n t i f i e s  t h e  c r o p ;  "ti" s tands  f o r  " H y b r i d "  and was i n c l u d e d  as a  promo- 
t i o n a l  " c a t c h "  word.  The f i r s t  h y b r i d  o f  sorghum was r e l e a s e d  i n  I n d i a  i n  October  1964. 
Since t h e  h y b r i d  was a  new i n n o v a t i o n ,  i t  made a  good v e h i c l e  t o  promote b e t t e r  nanqement 
p r a c t i c e s ,  b e t t e r  s o i  1  f e r t i l i t y ,  p l a n t  p r o t e c t i o n ,  i r r i g a t i o n  management, weed c o n t r o l ,  e t c .  
The i d e a  was t o  r e l e a s e  a  h y b r i d ,  p l u s  a  package o f  p r a c t i c e s .  A f t e r  t h e  l e t t e r s  CSH, a  number 
was a s s i g n e d  i n  o r d e r  o f  r e l e a s e  (CSH-1, CSH-2, e t c . ) .  

A s e r i e s  o f  numbers t o  d e s i g n a t e  a d a p t a t i o n  and t o  i n d e x  h y b r i d s  i n t o  s e r i e s  can be 
use fu l - -such  a  s e r i e s  n i i g h t  be: 

100 -- e a r l y  
200 - -  medium 
300 - -  m i d  season 
400 -- medium l a t e  
500 - -  l a t e  

Nanies o f  sorghum v a r i e t i e s  r e l e a s e d  i n  I n d i a  have f r e q u e n t l y  c a r r i e d  a  s t a t i o n -  
i d e n t i f i c a t i o n  n o t a t i o n - - f o r  exarnple, Co f o r  Coimbatore and N  f o r  Nandyal .  V a r i e t a l  nanies a l s o  
have been used- - fo r  example M  35-1, where t h e  M  corrles f r o m  t h e  v a r i e t a l  name Ma ldand i .  
V a r i e t a l  nanies have conli ionly been used i n  t h e  U n i t e d  States--Combine K a f i r  60, E a r l y  H e g a r i ,  
Ryer M i l o ,  e t c .  I n b r e d  l i n e s  used as p a r e n t s  i n  h y b r i d s  o f  c o r n  i n  t h e  U n i t e d  S t a t e s  may 
c a r r y  s t a t e  names--such as Oh43, where Oh s t a n d s  f o r  Ohio;  o r  v a r i e t a l  names such as Hy; o r  
c e r t a i n  l e t t e r s  may be used b y  p a r t i c u l a r  s t a t e s ,  such as H52 by I n d i a n a  and B14 by Iowa, 
so t h a t  t h o s e  l e t t e r s  r e p r e s e n t  t h o s e  s t a t e s .  

Some v a r i e t i e s  and h y b r i d s  w i l l  be c o n s i d e r e d  by s t a t e  v a r i e t a l  r e l e a s e  colrimi t t e e s  and 
some w i l l  be r e l e a s e d  f o r  a  r e g i o n .  Ped ig ree  n o t a t i o n  w i  11 v a r y - - f o r  example, t h e  noir lericlature 
CSH-1 has been used f o r  a  r e g i o n a l l y  r e l e a s e d  h y b r i d  i n  I n d i a .  The p a r e n t s  a r e  Combine K a f i r  
60 and I S  84; t h i s  nomenc la tu re  f o r  t h e  p a r e n t s  i s  i n  c u r r e n t  use. I t wou ld  n o t  be d e s i r a b l e  
t o  rename Combine K a f i r  60,  because i t  i s  a  r e l e a s e d  l i n e  o f  t h e  Texas A g r i c u l t u r a l  Expcr i r l~en t  
S t a t i o n .  The p e d i g r e e  I S  84 was a s s i g n e d  as an a c c e s s i o n  number t o  an i n t r o d u c t i o n  o f  an e a r l y  
g e n e r a t i o n  b r e e d i n g  s t o c k .  O t h e r  n o t a t i o n  m i g h t  be g i v e n  t o  t h i s  l i n e ;  f o r  example, CS-1 f o r  
Coord ina ted  Sorghum l i n e  number 1. It c o u l d  be g i v e n  s t a t i o n  i d e n t i f i c a t i o n ;  f o r  example, P - 1  
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o r  P I84  a f t e r  Pusa I n s t i t u t e  ( I n d i a n  A g r i c u l t u r a l  Research I n s t i t u t e ) .  It i s  sugges ted  t h a t  
p a r e n t a l  l i n e s  o f  h y b r i d s  r e l e a s e d  i n  a  r e g i o n  be g i v e n  a  r e g i o n a l l y  i d e n t i f y i n g  nomenc la tu re  
(CS-1) and t h a t  r e g i o n a l l y  r e l e a s e d  v a r i e t i e s  a l s o  be g i v e n  a  r e g i o n a l  name. 

V a r i e t i e s ,  p a r e n t s ,  and h y b r i d s  r e l e a s e d  f o r  r e g i o n a l  use s h o u l d  c a r r y  r e g i o n a l  i d e n t i -  
f i c a t i o n .  V a r i e t i e s ,  p a r e n t s ,  and h y b r i d s  f r e q u e n t l y  c a r r y  s t a t i o n  o r  s t a t e  i d e n t i f i c a t i o n  
t h a t  may have s t r o n g  a s s o c i a t i o n s - - b o t h  f a v o r a b l e  and u n f a v o r a b l e - - f o r  p e o p l e  i n  o t h e r  a reas .  
(Farmers, p o l i t i c i a n s ,  a d m i n i s t r a t o r s ,  e t c . ,  seen1 t o  c o n s c i o u s l y  o r  u n c o n s c i o u s l y  f a v o r  l o c a l  
names--an I n d i a n a  name i n  I n d i a n a  r a t h e r  t h a n  an  I l l i n o i s  name, o r  an Andhra name i n  Andhra 
Pradesh r a t h e r  t h a n  a  Maharash t ra  name, even though t h e  I l l i n o i s  o r  Maharash t ra  v a r i e t y  may 
be s u p e r i o r ) .  Thus t h e  use o f  s t a t i o n a n d  s t a t e  names may have an adverse  i m p a c t  on  t h e  most  
e f f e c t i v e  use  o f  t h e  b e s t  m a t e r i a l .  

Some naming systems do n o t  i n v o l v e  s t a t i o n  o r  s t a t e  names. The use o f  H and B  n o t a t i o n  
f o r  i n b r e d  l i n e s  o f  c o r n  i n  I n d i a n a  and Iowa have no r e l a t i o n s h i p  t o  t h e  names I n d i a n a  and 
Iowa, r e s p e c t i v e l y .  The name Collibine K a f i r  60 has l i t t l e  r e l a t i o n s h i p  t o  t h e  s t a t e  o f  Texas 
(where i t  has been r e l e a s e d ) .  Sweet-corn h y b r i d s  i n  t h e  USA have naliies such as I n d i a n  Ch ie f  
and Golden Cross Bantam. The name R a n j i t  has been a s s i g n e d  t o  a  h y b r i d  maize;  R a n j i t  i s  t h e  
name o f  an I n d i a n  h e r o  o f  bygone days.  G e n e r a l l y  d e s c r i p t i v e  " c a t c h "  words a r e  u s e f u l  as names 
and h e l p f u l  i n  r e g i o n a l  a c c e p t a b i l i t y  o f  a  v a r i e t y  o r  h y b r i d .  

Use o f  l o c a t i o n  and s t a t e  names he1 ps acknowledge t h e  o r i g i n a t i n g  r e s e a r c h e r s ;  however, 
i t  i s  sugges ted  t h a t  t h e  d isadvan tages  o u t w e i g h  t h e  advantages,  and t h a t  o t h e r  nanies s h o u l d  be 
sough t .  P roper  a c k n o w l e d g ~ ~ e n t  can  be  o b t a i n e d  t h r o u g h  sollie fo r l i i  o f  p u b l i c a t i o n  and t h r o u g h  
w idespread  use o f  t h e  v a r i e t y  o r  h y b r i d .  
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PEDIGREE BREEDING 

Pollination Procedures 

p o l l i n a t i o n  i n  a  p r i m a r i l y  s e l f - p o l l i n a t e d  c r o p  such as sorghum f r e q u e n t l y  arilounts t o  no more 
than  p u t t i n g  a  bag on t h e  head p r i o r  t o  f l o w e r i n g ;  however, c r o s s i n g  i s  a  b i t  mare compl icated.  
procedures a r e  d i s c u s s e d  h e r e  f o r  making such c rosses  i n  l a r g e  numbers. 

H i g h l y  heterogeneous m a t e r i a l s  may e n t e r  a  b r e e d i n g  program e i t h e r  fro111 c o l l e c t i o n s  o r  
from s e g r e g a t i n g  p o p u l a t i o n s .  F r e q u e n t l y ,  i n t r o d u c e d  b r e e d i n g  s t o c k s  v a r y  because they  a r e  an 
e a r l y  g e n e r a t i o n  from a  c r o s s  a n d / o r  because l i n e s  u n i f o r m  i n  t h e  o r i g i n a t i n g  a rea  a r e  v a r i a b l e  
i n  e x p r e s s i o n  i n  a  new env i ronment .  O u t - c r o s s i n g  i n  some sorghums conunonly v a r i e s  f ro i l l  1 t o  
105; i n  o t h e r  sorghums i t  v a r i e s  fro111 30 t o  60% -- t h e  v a r i a t i o n  depending l a r g e l y  on head 
compactness ( t h e  open-headed g r a s s y  t y p e s  b e i n g  more p rone  t o  c r o s s  p o l l i n a t i o n ) .  However, 
sorghurrl i s  g e n e r a l l y  c o n s i d e r e d  t o  be a  s e l f - p o l l i n a t i n g  c r o p ,  w i t h  l e s s  than  1 0 " c r o s s  
p o l l i n a t i o n .  When h i g h l y  v a r i a b l e  s t o c k s  a r e  grown, no head bagg ing  need be a t te r r~p ted .  
Thousands o f  heads c o u l d  be bagged, i n v o l v i n g  much t i r l ie  and e f f o r t ,  o n l y  t o  have 95': o f  t h e  
e n t r i e s  d i s c a r d e d  a t  m a t u r i t y .  For  a  g e n e r a t i o n  o r  two, i t  i s  e a s i e r  t o  rogue " o f f - t y p e "  
p l a n t s  fro111 an o c c a s i o n a l  c r o s s ,  r a t h e r  than  t o  head bag. Thus, i t  i s  b e s t  n o t  t o  p l a c e  head 
hags and t o  s e l e c t  f r o m  a  much g r e a t e r  nulr~ber o f  e n t r i e s ;  s e l e c t i o n  i s  t h e  i n l p o r t a n t  f u n c t i o n  
when v a r i a t i o n  i s  g r e a t .  

S e l e c t e d  p l a n t s  f r o m  v a r i o u s  n u r s e r i e s  o r  p o p u l a t i o n s  w i  11 e v e n t u a l l y  become u n i f o r m ,  and 
i f  t h e y  p e r f o r m  w e l l ,  may be  e n t e r e d  i n  y i e l d  t r i a l s .  When t h e  requ i rement  i s  t o  a t t a i n  and 
m a i n t a i n  un i fo r r r l i  t y  o f  good b r e e d i n g  s t o c k s ,  head bagg ing  becomes e f f i c i e n t .  A f t e r  head 
bagg ing  has begun, a l l  heads i n  a  row s h o u l d  be covered.  There a r e  s e v e r a l  reasons f o r  t h i s  
recommendation: s e l e c t i o n  o f  p l a n t s  w i t h i n  a  p l o t  a t  t h e  t i r i ie  o f  f l o w e r i n g  i s  n o t  e f f e c t i v e  
( t h e  a u t h o r  once t r i e d  s e l e c t i n g  a t  f l o w e r i n g  t i m e  and h i s  r e s u l t s  were o n l y  20:; c o r r e c t  when 
compared t o  s e l e c t i o n s  made a t  m a t u r i t y ) ;  heads under bags f r e q u e n t l y  do n o t  deve lop  q u i t e  as 
w e l l  as t h o s e  t h a t  a r e  n o t  bagged. I f  o n l y  a  p o r t i o n  o f  a  row i s  bagged, t h e r e  i s  a  tendency 
t o  s e l e c t  unbaqged p l a n t s  a t  i n a t u r i t y  because t h e y  l o o k  b e t t e r .  Bagging o f  a l l  heads e l i m i n a t e s  
t h i s  problem. 

Only t h e  n o n - f l o w e r i n g  p o r t i o n  o f  a  head s h o u l d  be bagged. I f  a  head has a l r e a d y  begun 
t o  f l ower ,  t h e  f l o w e r i n g  p o r t i o n  s h o u l d  be c u t  o f f .  T h i s  s h o u l d  be h e l d  t o  a  minimum, 
e s p e c i a l l y  where p l a n t  s e l e c t i o n s  w i l l  be made w i t h i n  a  p l o t .  There i s  a  n a t u r a l  tendency t o  
d i s c a r d  i f  o n l y  a  p o r t i o n  o f  a  head remains on t h e  p l a n t .  

Head b a g g i n g  can  be an  e f f e c t i v e  means o f  c o n t r o l l i n g  midge. Midge l a y s  i t s  egg i n  t h e  
f l o r e t  j u s t  p r i o r  t o  f l o w e r i n g .  I f  head bagg ing  i s  done e a r l y ,  midge c o n t r o l  can be 100::. 
If lnidge i s  a  s e r i o u s  t h r e a t ,  i t  may be u s e f u l  t o  head bag s e g r e g a t i n g  p o p u l a t i o n s .  

Head bags s h o u l d  be p l a c e d  q u i c k l y .  One t r a i n e d  worker  w i t h  one o r  two h e l p e r s  can fo rm 
an e f f e c t i v e  team. The t r a i n e d  worker  can p l a c e  t h e  head bag on t h e  p l a n t  and t h e  h e l p e r s  
can c l o s e  and s t a p l e  t h e  bag s h u t .  The t o p  l e a f  of  t h e  p l a n t  i s  u s u a l l y  removed p r i o r  t o  
p l a c i n g  t h e  p o l l i n a t i n g  bag. I f  t h e  number o f  t r a i n e d  peop le  a r e  few compared t o  a v a i l a b l e  
h e l p e r s ,  t h e  t r a i n e d  worker  can remove t h e  t o p  l e a f ,  w h i l e  one h e l p e r  p l a c e s  t h e  bag and two 
o t h e r s  s t a p l e .  ( U s i n g  t h i s  p rocedure  i n  I n d i a ,  t h r e e  t r a i n e d  peop le  and a  crew o f  h e l p e r s  have 
Placed 12 000 bags i n  one day.)  I n  t h i s  p rocedure ,  a  few s e l e c t e d  heads may be missed;  t o  
n l in im ize  t h i s  e r r o r ,  t h e  crew s h o u l d  n o t  become t o o  w i d e l y  separa ted .  The number o f  heads 
covered i s  so g r e a t ,  compared t o  o t h e r  t e c h n i q u e s ,  t h a t  t h e  l o s s  o f  a  few heads i s  w e l l  
compensated f o r .  ( F r e q u e n t l y ,  between 30 000 and 50 000 bags were used p e r  n u r s e r y  i n  t h e  
Program i n  I n d i a .  When t h e  w o r l d  c o l l e c t i o n  i s  i n c r e a s e d ,  abou t  100000 bags a r e  used. ) 

Pedigree Selection 

Pedigree s e l e c t i o n  i s  a  head-to-row p rocess .  A  head i s  taken  froin a  s e l e c t e d  p l a n t  w i t h i n  a  
P l o t .  Seed f r o m  t h i s  head i s  sown i n  a  n u r s e r y  row t h e  f o l l o w i n g  y e a r ,  and t h e  p rocess  i s  
repea ted  u n t i l  t h e  l i n e  i s  d i s c a r d e d  o r  becomes u n i f o r m .  When t h e  l i n e  i s  u n i f o r m ,  i t  i s  b u l k  
harves ted .  

V a r i e t i e s  from a  p e d i g r e e  b r e e d i n g  p rocess  s h o u l d  be i n c l u d e d  i n  y i e l d  t r i a l s  a f t e r  
o b t a i n i n g  r e a s o n a b l e  u n i f o r m i t y .  It i s  a  was te  of  t i m e  and f a c i l i t i e s  t o  d e l a y  y i e l d  t e s t i n g  
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u n t i l  u n i f o r m i t y  has been achieved. Test ing,  f o r  example, can begin i n  t he  F4 o r  F5. 

The s e l e c t i o n  pressure t h a t  can be app l i ed  depends on how we l l  a  nursery  i s  grown--the 
b e t t e r  t he  crop, t he  b e t t e r  t he  s e l e c t i o n  oppo r tun i t y .  More e n t r i e s  a r e  u s u a l l y  taken if the  
nursery  i s  poor and cannot be p rope r l y  evaluated. The b e t t e r  t h e  nursery,  t he  f a s t e r  t h e  
progress from breeding. General ly,  a  nursery  i n  which pedigree s e l e c t i o n  i s  be ing done w i l l  
have 800 t o  1500 e n t r i e s .  The nursery  usua l l y  i s  no t  r e p l i c a t e d  and f requen t l y  p l o t s  a r e  o f  
one row t h a t  i s  f o u r o r  f i v e  meters long.  (Notes t o  be taken a r e  descr ibed i n  t he  sec t i on  on 
note- tak ing,  bu t  genera l ly ,  i t  i s  recommended t h a t  t h e  breeder concent ra te  on l a r g e r  numbers 
o f  e n t r i e s  f rom which he can se lec t ,  r a t h e r  than t o  o b t a i n  many d e t a i l e d  notes on fewer 
e n t r i e s .  ) 

Procedures for Taking Notes 

Notes taken i n  a  nursery  w i l l  vary w i t h  t h e  k i n d  o f  nursery  and the  o b j e c t i v e s .  A  nursery  
t h a t  i s  h i g h l y  heterogeneous (composed o f  unse lec ted c o l l e c t i o n s )  w i l l  probably r e q u i r e  few 
notes.  The o n l y  note  requ i red  i n  an F2 popu la t i on  from d i ve rse  parents  may be an i n d i c a t i o n  
o f  the  s e l e c t i o n  made; i . e . ,  t he  o n l y  r e a l  ope ra t i on  i n  such a  nursery  would be p l a n t  
s e l e c t i o n .  The notes i n  a  nursery  of  unselected c o l l e c t i o n s  need be on l y  s e l e c t i o n  notes 
i n d i c a t i n g  which e n t r i e s  were t o  be propagated and which were t o  be discarded. As s e l e c t i o n  
proceeds, a  few m r e  notes a re  requ i red :  seed l ing  v i go r ,  days t o  50% f lower ing,  p l a n t  he igh t ,  
l odg ing  ( i f  se r i ous ) ,  and any severe a t t a c k  by i n s e c t  o r  disease, e t c .  I f  nu rse r i es  a re  grown 
f o r  a  spec ia l  purpose - f o r  example, c l a s s i f i c a t i o n  - then r e l e v a n t  charac ters  must be 
measured. 

Time can f requen t l y  be saved by t h e  procedure used i n  t a k i n g  notes.  Notes on days t o  50% 
f lower ing should be taken every two o r  t h ree  days du r i ng  the  f l o w e r i n g  per iod .  A v i s u a l  
es t imate  o f  when the  row i s  50% f lowered i s  s a t i s f a c t o r y .  P lan t  he igh t  i s  a  measure o f  t he  
d is tance from the  ground t o  t he  t i p  o f  t h e  pan i c l e .  One "eyeba l l "  average i n  a  p l o t  i s  
s a t i s f a c t o r y  f o r  most p r a c t i c a l  uses. The measuring o f  5 o r  10 p l a n t s ,  and then averaging, 
provides an accuracy beyond t h a t  normal ly  requ i red  f o r  t h e  use made o f  such data. Lodging can 
be est imated: i t  i s  easy t o  es t imate  t h e  d i f f e r e n c e  between 0  and 10% lodg ing,  bu t  n o t  between 
50 and 60%. A sca le  can be es tab l i shed  which i s  eas ie r  t o  use i n  making v i s u a l  est imates 
( 0  t o  l o % ,  10 t o  252, 25 t o  50°L, 50 t o  75%, 75 t o  90%, 90 t o  100%for example). Estimates 
us ing such a  grouping a r e  n o t  d i f f i c u l t ,  and f o r  general b reed ing purposes a r e  s u f f i c i e n t l y  
accurate.  Seedl ing v i go r ,  disease, and i n s e c t  data can be es t imated by us ing a  numerical  score. 
Such scores are  usua l l y  1 t o  5, w i t h  one be ing the  most r e s i s t a n t  and 5  t h e  l e a s t  r e s i s t a n t .  

Se lec t ion  o f  which e n t r i e s  t o  propagate and t o  d i sca rd  f rom a nursery  can be done by 
ana lyz ing an a r ray  o f  data. Or t h e  dec i s i on  can be based p r i m a r i l y  on f a m i l i a r i t y  w i t h  e n t r i e s  
i n  the  nursery throughout t h e  season ( e s p e c i a l l y  by i nspec t i on  o f  t he  rows a t  harvest  t ime ) .  
(The author f i n d s  t h e  second method i s  t he  bes t  by f a r . )  Scores used t o  es t imate  v i g o r  have 
l i m i t e d  use; i .e., they  a re  h e l p f u l  i n  s e l e c t i o n  i n  a  nursery  o f  d i ve rse  v a r i e t i e s .  As 
s e l e c t i o n  proceeds and the  poor e n t r i e s  a re  discarded from a nursery,  t h e  scores tend toward 
an average. For example, assume t h a t  score 1 i s  t he  most v igorous and 5 t he  l e a s t :  a f t e r  
several  generat ions o f  se lec t i on ,  a lmost a l l  e n t r i e s  w i l l  be scored 2 o r  3--these data a r e  o f  
l i t t l e  use. 

A set .o f  ope ra t i ve  symbols can be used t o  descr ibe  how ma te r i a l  i s  t o  be advanced: t h i s  
can be done a t  harvest  t ime based on t h e  breeder 's  o p i n i o n  of  t h e  e n t r y .  The author  has found 
t h e  fo l l ow ing  system q u i t e  use fu l ,  a1 though i t  has some l i m i t a t i o n s .  A s e t  o f  f i v e  l e t t e r s  i s  
used t o  i n d i c a t e  how a nursery  e n t r y  w i l l  be managed i n  a  breed ing program t o  develop hyb r i ds .  

The l e t t e r  "U"  i nd i ca tes  t h a t  the  row i s  un i fo rm and good, t h a t  i t  should be b u l k  harves- 
ted,  and t h a t  seed should be sown i n  t h e  o f f -season c ross ing  b lock .  The h y b r i d  would be 
entered i n  y i e l d  t r i a l  ( s )  i n  t h e  same season o f  t h e  nex t  yea r  and the  row sown again i n  t he  
nursery.  

The l e t t e r  " A "  i n d i c a t e s  t h a t  t h e  row i s  accepted, b u t  i s  n o t  q u i t e  uni form. I n d i v i d u a l  
heads are  se lec ted from the  row, and a  p o r t i o n  o f  seed f rom each head i s  mixed t o  p l a n t  a  row 
i n  t h e  off-season c ross ing  b lock .  The h y b r i d  i s  sown i n  y i e l d  t r i a l  ( s )  i n  t h e  same season o f  
t h e  f o l l ow ing  year,  and seed from each head i s  sown i n  one row i n  t h e  nursery  (head-to-row).  

The l e t t e r  "S" i n d i c a t e s  t h a t  t h e  row i s  se lec ted,  b u t  i s  n o t  s u f f i c i e n t l y  un i f o rm  t o  be 



sown i n  t h e  c r o s s i n g  b l o c k .  I n d i v i d u a l  heads a r e  s e l e c t e d ,  and a r e  sown head-to-row i n  t h e  
n u r s e r y  d u r i n g  t h e  same season o f  t h e  f o l l o w i n g  y e a r .  

The l e t t e r  " R "  i n d i c a t e s  t h a t  t h e  row s h o u l d  be repea ted ,  resowing  from remnant seed 
d u r i n g  t h e  same season o f  t h e  f o l l o w i ~ l g  y e a r .  T h i s  n o t e  i n d i c a t e s  t h a t  t h e  row was n o t  growing 
p r o p e r l y  so t h a t  i t s  r e a l  p o t e n t i a l  c o u l d  n o t  be e v a l u a t e d .  

The l e t t e r  "D"  i n d i c a t e s  t h a t  t h e  row i s  d i s c a r d e d  f rom t h e  n u r s e r y  

The l e t t e r s  "S" ,  and " R " ,  and "D" a l s o  a r e  u s e f u l  i n  a  program f o r  v a r i e t a l  improvement. 
O ther  u s e f u l  syr;lbols a r e  " Y " ,  i n d i c a t i n g  b u l k  h a r v e s t  f o r  an e n t r y  t o  be i n c l u d e d  i n  y i e l d  
t r i a l s ;  "CB" f o r  an e n t r y  t o  be i n c l u d e d  i n  a  c r o s s i n g  b l o c k ;  "NR" i n d i c a t e s  b u l k  h a r v e s t  of  
an e n t r y  t o  be i n c l u d e d  i n  r e g i o n a l  n u r s e r i e s  o r  y i e l d  t r i a l s ,  "corn." i n d i c a t e s  t h a t  t h e  e n t r y  
shou ld  be  c o n s i d e r e d  f o r  i n c l u s i o n  i n  a  composite. The symbol "P1" means s e l f - p o l l i n a t e ,  t h e  
symbols, " # "  o r  "0" i n d i c a t e  s i b - p o l l i n a t e .  O t h e r  symbols u s e f u l  i n  a  b r e e d i n g  program can 
r e a d i l y  be deve loped  by t h e  b r e e d e r  t o  s u i t  h i s  own needs.  

The number o f  heads marked " A "  o r  " S "  a r e  i n d i c a t e d  i n  paren theses  a f t e r  t h e  s e l e c t i o n  
l e t t e r  i n  t h e  f i e l d  book. F o r  example, A ( 5 )  i n d i c a t e s  t h a t  f i v e  heads were t a k e n  f ro i l l  
s e l e c t e d  p l a n t s  and t h a t  t h e r e  w i l l  be f i v e  rows i n  t h e  n u r s e r y  t h e  f o l l o w i n g  y e a r ,  w i t h  one 
row i n  t h e  o f f - s e a s o n  c r o s s i n g  b l o c k ;  and t h a t  t h e  h y b r i d  w i l l  be i n  y i e l d  t r i a l s  t h e  f o l l o w i n g  
year .  W i t h  n o t e s  o f  t h i s  t y p e ,  t h e  n u r s e r y  and y i e l d  t r i a l s  can be de te rmined  t h e  f o l l o w i n g  
year .  Such i n f o r m a t i o n  f a c i l i t a t e s  p u t t i n g  up seed and r r~aking f i e l d  books.  The i m p o r t a n t  t h i n g  
i s  t h a t  s e l e c t i o n  n o t e s  a r e  based d i r e c t l y  on  f i e l d  o b s e r v a t i o n s ,  and t h a t  t h e  n o t e  taken  i s  
o p e r a t i o n a l  r a t h e r  t h a n  s i m p l y  d e s c r i p t i v e .  

T h i s  system i s  e f f e c t i v e  o n l y  i f  good t e s t i n g  i s  c a r r i e d  a l o n g  w i t h  i t; i . e . ,  poor  paren ts  
must be q u i c k l y  d ropped  f r o m  t h e  n u r s e r y ,  based on  y i e l d  t r i a l  r e s u l t s ,  so t h a t  t h e y  a r e  n o t  
r e p e a t  t e s t e d .  Repeat t e s t i n g  o f  s u p e r i o r  h y b r i d s  i s  r e q u i r e d  p r i o r  t o  r e l e a s e ,  so i t  i s  n o t  
i n c o n v e n i e n t  t o  have an A o r  U symbol a s s i g n e d  f o r  s e v e r a l  seasons i n d i c a t i n g  t h a t  t e s t i n g  
shou ld  c o n t i n u e .  I t  i s  d e s i r a b l e  t o  a v o i d  r e p e a t  t e s t i n g  because no d e c i s i o n  i s  made about  t h e  
m e r i t  o f  a  h y b r i d  and i t s  p a r e n t s .  There may be i n s t a n c e s  where i t  i s  d e s i r a b l e  t o  h o l d  an A 
o r  U l i n e  i n  t h e  n u r s e r y  w i t h o u t  y i e l d  t e s t i n g ;  a  synibol c o u l d  be used t o  i n d i c a t e  t h i s .  

A u n i f o r m  systerri o f  n o t e - t a k i n g  i s  v e r y  u s e f u l  i n  a  c o o r d i n a t e d  c o u n t r y  prograin. 

Selection Criteria 

S e l e c t i o n  c r i t e r i a  used by a  b reeder  a r e  d i f f i c u l t  t o  d e s c r i b e .  F r e q u e n t l y ,  t h e  c r i t e r i a  va ry  
w i t h  l o c a t i o n  and o b j e c t i v e ,  b u t  i n  g e n e r a l ,  s e l e c t i o n  s h o u l d  be aimed a t  d e v e l o p i n g  s u p e r i o r  
types f o r  f a r m e r  use and i n  i i i a i n t a i n i n g  d i v e r s i t y  i n  t h e  n u r s e r y .  The f o l l o w i n g  i s  a  suggested 
guide (see a l s o  "Sorghum D e s c r i p t o r s , "  Appendix 2 ) .  

General C r i t e r i a  

h i g h  y i e l d  ( f e r t i l i z e r  r e s p o n s i v e )  
w i d e  e n v i  ronrnenta l  a d a p t i  veness 
d i s e a s e  and i n s e c t  r e s i s t a n c e  
n o n - l o d g i  n g  
a p p r o p r i a t e  t i m e  t o  m a t u r i t y  
good p l a n t s  a t  r e a s o n a b l e  p o p u l a t i o n  l e v e l s  
good t h r e s h a b i  1  i t y  
genera l  a t t r a c t i v e n e s s  
h e i g h t - - a b o u t  1.25 t o  2.0 mete rs  
l a r g e  head s i z e  
good head e x s e r t i o n  
head n o t  t o o  compact o r  t o o  g rassy  
head e r e c t  r a t h e r  t h a n  r e c u r v e d  
good t i l l e r i n g ,  w i t h  heads on  a l l  culms m a t u r i n g  a t  t h e  same t i m e  
good seed s e t  
good seed s i z e  and number 



PLATE 6. CROSSING I N  SORGHUM 

P i c t u r e  ( 1 )  shows p a r t  o f  a  c r o s s i n g  b lock  i n  which some 15000 cross  
p o l l i n a t i o n s  were made on to  m a l e - s t e r i l e  p l a n t s .  P i c t u r e  ( 2 )  i s  o f  a  
p o r t i o n  o f  a  c r o s s i n g  b l o c k  i n  which some 3000 c ross  p o l l i n a t i o n s  
were made on hand-enlascul a ted  heads. P i c t u r e  ( 3 )  shows a  male-ster ;  l e  
head i n  f l o w e r ;  t h e r e  a r e  n o t  even rud imentary  an thers  on t h i s  head. 





Sorghum Improvement: Methods and Procedures 

G r a i n  Q u a l i t y  

as a  f o o d  - meets p r e f e r e n c e s  f o r  c o l o r ,  hardness,  l u s t e r ,  t a s t e ,  s t o r a b i l  i t y ,  dough 
p r o p e r t i e s ,  e t c .  

as a  f o o d  o r  feed  - h i g h  i n  n u t r i e n t s ;  s t o r a b l e  ( h a r d  seeds a r e  l e s s  a t t a c k e d  by w e e v i l s ) .  
as a  f e e d  - d i g e s t i b l e  and p a l a t a b l e .  

P l a n t  C h a r a c t e r i s t i c s  

i n  d r y  a reas  - d r o u g h t - t o l e r a n t ,  r e l a t i v e l y  s h o r t  d u r a t i o n ,  h e a t  t o l e r a n t .  
i n  wet  a reas  - r e s i s t a n t  t o  g r a i n  w e a t h e r i n g  and g r a i n  mold, normal f l o r e t  development  on 

l o w e r  p a n i c l e  branches ( t h e  number may be reduced and t h o s e  p r e s e n t  may be fema le -  
s t e r i l e ) ,  open heads so s u n l i g h t  and a i r  p e n e t r a t e .  

f o r  f o r a g e  - l e a f y ,  good t i l l e r i n g ,  t h i n  stemmed, j u i c y  sweet, r e a s o n a b l y  good g r a i n  y i e l d ,  
p a l a t a b l e ,  d i g e s t i b l e ,  l o w  i n  HCN. 

O t h e r  C r i t e r i a  

good r a t o o n i n g  
b i r d - r e s i s t a n t  
t a n  p l a n t  c o l o r  
s h o r t  coraceous glumes 
r e s i s t a n t  t o  wi tchweed ( ~ t r i ~ a )  
v i g o r o u s  s e e d l i n g s  
co ld -weather  t o l e r a n t  
we1 1  developed r o o t  system 
s h o r t  seed dormancy p e r i o d  

CROSSING IN SORGHUM 

Introduction 

Sorghum i s  a  p e r f e c t - f l o w e r e d  p l a n t ,  t h u s  e f f e c t i v e  c r o s s i n g  i n v o l v e s  t h e  removal o f  a n t h e r s  
f r o m  t h e  f l o r e t s  t o  be c r o s s e d  b e f o r e  deh iscence .  H y b r i d i z a t i o n  o f  sorghum on a  f i e l d  s c a l e  i s  
made f e a s i b l e  t h r o u g h  t h e  use o f  a  c y t o p l a s m i c  genome i n t e r a c t i o n  r e s u l t i n g  i n  m a l e - s t e r i l  i t y .  
There a r e  a  number o f  genes i n  sorghum t h a t  produce m a l e - s t e r i l i t y .  E f f e c t i v e  use o f  g e n e t i c  
o r  c y t o p l a s m i c  s t e r i l i t y  makes i t  e a s i e r  t o  i n c o r p o r a t e  t h e  d e s i r e d  c h a r a c t e r s  i n t o  t h e  l i n e s  
o f  i n t e r e s t .  

C r o s s i n g  between normal  m a l e - f e r t i l e  l i n e s  can  be accompl i shed  by means o f  (1) hand 
emascu la t ion ,  and ( 2 )  t r e a t m e n t  w i t h  h o t  wa te r ,  o r  use o f  a  p l a s t i c  bag techn ique .  The 
e f f e c t i v e  use o f  t h e s e  t e c h n i q u e s  r e q u i r e s  s k i  11 : f l o r e t s  can e a s i l y  be  damaged when hand 
emasculated so t h a t  t h e y  l a t e r  w i l l  n o t  s e t  seed, o r  p i e c e s  o f  a n t h e r s  may rema in  t h a t  r e s u l t  
i n  s e l f - p o l l i n a t i o n .  The use o f  h o t  w a t e r  r e q u i r e s  t h a t  t h e  head be  soaked f o r  t h e  c o r r e c t  
p e r i o d  o f  t ime ,  and a t  t h e  c o r r e c t  tempera tu re ,  so as t o  k i l l  t h e  ma le  organs b u t  n o t  t h e  
female organs.  V a r i e t i e s  respond  d i f f e r e n t l y  t o  t h i s  techn ique ;  t h u s  i t  may n o t  be  e q u a l l y  
e f f e c t i v e  on a l l  e n t r i e s  i n  a  c r o s s  b l o c k .  

Factors Influencing Time from Sowing to Flowering 

Sowing I n t e r v a l :  If t h e  t i m e  f rom sowing t o  f l o w e r i n g  i s  known f o r  a l l  t h e  l i n e s  i n  t h e  
c r o s s i n g  b l o c k ,  and f o r  t h e  l o c a t i o n  and season i n  wh ich  t h e y  a r e  t o  be grown, t h e n  t h e  p a r e n t s  
f rom each c r o s s  can be sown i n  a d j a c e n t  rows. Date o f  sowing w i l l  be a d j u s t e d  f o r  one o f  t h e  
paren ts ,  so t h a t  f l o w e r i n g  w i l l  be s imu l taneous  ( t h e  p a r e n t s '  n i c k ) .  I f  t h e  t i m e  f r o m  sowing 
t o  f l o w e r i n g  i s  n o t  known, each p a r e n t  can be sown i n  one p l o t ,  a d j u s t i n g  t h e  sowings t o  2, 3 ,  
4, o r  5 sowing i n t e r v a l s ,  so t h a t  t h e  d e s i r e d  c rosses  can be made. The p a i r e d - r o w  arrangement 
r e q u i r e s  more l a n d ,  b u t  i s  easy t o  o p e r a t e .  Sowing a l l  t h e  p a r e n t s  i n  one p l o t  r e q u i r e s  more 
r e c o r d - k e e p i n g  d u r i n g  t h e  t i m e  of  p o l  1  i n a t i o n .  E i t h e r  t e c h n i q u e  i s  s a t i s f a c t o r y .  

P h o t o p e r i o d  and Temperature:  The t i m e  f r o m  sowing u n t i l  f l o w e r i n g  v a r i e s  c o n s i d e r a b l y  
f o r  many v a r i e t i e s ,  depending on sowing da te ,  c r o p  manqement, l a t i t u d e ,  and tempera tu re .  



Genera l l y  speak ing ,  f l o w e r i n g  of  d i f f e r e n t  l i n e s  w i l l  o c c u r  more n e a r l y  a t  t h e  same t i m e  if 
sowings a r e  made w h i l e  t h e  days a r e  g e t t i n g  s h o r t e r ;  whereas t i m e  o f  f l o w e r i n g  w i l l  become 
nore d i v e r g e n t  if sowings a r e  made w h i l e  t h e  day l e n g t h s  a r e  i n c r e a s i n g .  A t  a  l a t i t u d e  o f  
r o u g h l y  12'N, f l o w e r i n g  w i l l  be more n e a r l y  s imu l taneous  i n  sowings made f rom J u l y  t o  December 
( b e i n g  c l o s e s t  i n  l a t e  November and December sow ings) .  F l o w e r i n g  t imes  w i l l  d i v e r g e  i n  sowings 
nlade i n  lr7tf. March and A p r i l .  Some l i n e s  sown i n  A p r i l  w i l l  remain v e g e t a t i v e  u n t i l  September. 
Temperature i s  i m p o r t a n t :  sorghum grows v e r y  s l o w l y  a t  teniperatures below 15°C; c r o s s i n g  a t  a  
tempera tu re  of  40°C ( w i t h  l o w  h u m i d i t y )  u s u a l l y  r e s u l t s  i n  f a i l u r e  o f  seed s e t .  I n  temperate 
zones and h i g h  e l e v a t i o n s  i n  t h e  t r o p i c s ,  sorghuni can u s u a l l y  be grown o n l y  i n  one season, 
w h i l e  i n  t h e  warm t r o p i c s  i t  can be  sown a t  a l m o s t  any t i m e .  Temperatures between 25 and 30QC 
a r e  most s u i t a b l e .  Cross ing ,  e s p e c i a l l y  b y  hand emascu la t ion ,  i s  t e d i o u s ;  con i fo r tab l  e  work ing  
temperatures a l l o w  w o r k e r s  t o  do a  b e t t e r  j o b .  R a i n  a l s o  i s  i m p o r t a n t ;  con t inuous  r a i n s  d u r i n g  
f l o w e r i n g  mikes w o r k i n g  c o n d i t i o n s  more d i f f i c u l t  and cause l o s s e s  o f  c rosses .  Excessive r a i n  
and h u m i d i t y  d u r i n g  t h e  p e r i o d  o f  seed r i p e n i n g  can  cause d e t e r i o r a t i o n  o f  t h e  seed and l o s s  
of v i a b i  1  i t y .  

An i d e a l  t i m e  f o r  sowing a  c r o s s i n g  b l o c k  i n  Sou theas t  A s i a  i s  f rom October  th rough  
November; t h e  tempera tu res  a r e  comfor tab le ,  t h e  sequence o f  day l e n g t h  i s  s h o r t e n i n g ,  and t h e r e  
i s  l i t t l e  o r  no r a i n  froni t h e  p e r i o d  o f  f l o w e r i n g  t o  h a r v e s t  ( i r r i g a t i o n  i s  r e q u i r e d ) .  The 
reverse  i s  t r u e  i n  t h e  Near Eas t ,  where c o l d  w i n t e r  tempera tu res  make c r o p  g rowth  imposs ib le ;  
however, t h e  d r y  sumners a r e  i d e a l  f o r  c r o s s i n g .  

To a c h i e v e  a  n i c k  between p a r e n t s  t o  be crossed,  i t  i s  f r e q u e n t l y  necessary t o  sow t h e  two 
paren ts  a t  d i f f e r e n t  t i m e s .  However, i f  t h e  d i f f e r e n c e  i n  f l o w e r i n g  da tes  between two paren ts  
i s  6 days, f o r  example, t h e  i n t e r v a l  between sowings may be l o n g e r .  Sowings were made i n  a  
c r o s s i n g  b l o c k  a t  Pakchong, T h a i l a n d  (12"N),wi th a  twe lve -day  i n t e r v a l  on  Dec. 4, 16, and 28; 
y e t  t h e r e  were d i f f e r e n c e s  o f  4 t o  8 days between days t o  50Y, f l o w e r i n g .  I f  t h i s  sowing was 
rnade i n  e a r l y  March, t h e  i n t e r v a l  between f l o w e r i n g  m i g h t  w e l l  have been more than  12 days f o r  
s o w  l i n e s .  When seed o f  a l l  o f  one p a r e n t  i s  sown i n  one p l o t ,  sowing s h o u l d  be made a t  
s u f f i c i e n t  i n t e r v a l s  t o  make a l l  r e q u i r e d  c r o s s e s .  For  example, i n  t h e  December sowings 
mentioned above, t h r e e  sowings were made a t  twe lve -day  i n t e r v a l s .  I n  an e a r l y  March sowing, 
however, f i v e  i n t e r v a l s  wou ld  be used, w i t h  an i n c r e a s i n g  number o f  days between i n t e r v a l s :  
0, 5, 8, 10, 12 days. I t  i s  expec ted  t h a t  p h o t o s e n s i t i v e  v a r i e t i e s  w i l l  f l o w e r  q u i t e  l a t e ,  
hence e a r l y - f l o w e r i n g  p h o t o i n s e n s i t i v e  v a r i e t i e s  must be sown q u i t e  l a t e .  

Choice of Field 

At t h e  t i m e  o f  f l o w e r i n g ,  i t  i s  necessary t o  be c o n s t a n t l y  on  t h e  move--to be i n  t h e  f i e l d  a l l  
day, e v e r y  day-- thus a  compact f i e l d  arrangement  w i l l  p rove  most e f f i c i e n t  ( i  .e . ,  a  square i s  
Inore c o n v e n i e n t  t h a n  a  l o n g  nar row r e c t a n g l e ) .  Because i r r i g a t i o n  i s  o f t e n  r e q u i r e d  f o r  t h e  
f i e l d s  d u r i n g  t h e  f l o w e r i n g  p e r i o d  when workers  n u s t  be i n  t h e  f i e l d ,  a  w e l l - d r a i n e d ,  n o n - s t i c k y  
so i  1  i s  advantageous. 

Sowing Rate 

Every e f f o r t  s h o u l d  be made t o  grow p l a n t s  w i t h  l a r g e  heads. H igh  f e r t i l i z e r  r a t e s  s h o u l d  be 
a p p l i e d  (150 kg/ha of  N, w i t h  adequate amounts o f  o t h e r  n u t r i e n t s ) .  Seed p a r e n t  p l a n t s  shou ld  
be w i d e l y  spaced: 75 t o  100 cm between rows and 30 cm between p l a n t s .  L a r g e r  heads w i l l  be 
o b t a i n e d  on w i d e l y  spaced p l a n t s .  The more seed o b t a i n e d  p e r  c r o s s ,  t h e  fewer crosses must be 
made, o r  more d i f f e r e n t  k i n d s  o f  c rosses  can be made p e r  season. A l o t  o f  handwork i s  i n v o l v e d  
i n  c r o s s i n g ;  s p a c i n g  t h e  p l a n t s  w i d e l y  f a c i l i t a t e s  t h e s e  o p e r a t i o n s .  

Crossing Without the Use of Male-sterility 

Crossing t o  make Fls f o r  t h e  purpose o f  s e l e c t i n g  new v a r i e t i e s ,  o r  backc ross ing  t o  t r a n s f e r  a  
charac te r ,  u s u a l l y  i s  done w i t h o u t  m a l e - s t e r i  1  i t y ;  t h u s  p l a n t s  must be emasculated. A1 though 
a  l a r g e  q u a n t i t y  of  seed u s u a l l y  i s  n o t  r e q u f r e d ,  i t  i s  a d v i s a b l e  t o  c r o s s  two o r  t h r e e  p l a n t s  
Per c r o s s  c o m b i n a t i o n  u n t i l  exper ience  i s  gained.  
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The c r o s s i n g  b l o c k  book c o u l d  be a r r a n g e d  as i n  Tab le  4.13 ( a l s o  see t h e  s e c t i o n  o n  ped- 
i g r e e  nomenc la tu re ) .  No te  t h a t  days l a t e  a r e  i n d i c a t e d  ( i  .e . ,  p a r e n t s  a r e  p l a n t e d  a t  d i f f e r e n t  
da tes ,  so t h a t  some p l a n t s  o f  b o t h  p a r e n t s  t o  e n t e r  a  c r o s s  w i l l  be i n  f l o w e r  s i m u l t a n e o u s l y ) .  

Table 4.13: Format for Crossing Block Field Book. 

- 
P e d i g r e e  O r i g i n  P l o t  Days K i n d  Days P o l l i n a t i n g  
NES 72TA No. 5 0 X f l .  L a t e  I n s t r u c t i o n s  

438 23 13 59 * F e t .  
445 26 14 73 " 
553 40 15 75 S h a l l u  
101 601 16 80 K a f i r  

1209 803 1 9  65 F e t .  

1354 859 20 73 " 

1401 901 22 62 S h a l l u  

1405 903 2 3 60 Dur ra  

- - - -- - 
* F e t .  = F e t e r i t a ,  wk = week 

- - 

1,2 wk* 
11 

1,3 wk 
1  wk 
1  wk 

- 

See I rays 16;25 

,I I, I, 

11 I, ,I 

I t  ,I I, 

on o r  x ' s  1 3 ( 3 )  
1 4 ( 3 )  1 5 ( 3 )  
on  o r  x ' s  13(3 )  
1 4 ( 3 )  1 5 ( 3 )  
on  o r  x ' s  1 3 ( 3 )  
1 4 ( 3 )  1 5 ( 3 )  
on  o r  x ' s  l l ( 3 )  
1 2 ( 3 )  15(3 )  
on  o r  x ' s  l l ( 3 )  
1 2 ( 3 )  1 5 ( 3 )  
on o r  x ' s  l l ( 3 )  
1 2 ( 3 )  1 5 ( 3 )  
on  o r  x ' s  1 1 ( 3 )  
1 2 ( 3 )  1 3 ( 3 )  1 4 ( 3 )  
on  o r  x ' s  l l ( 3 )  
1 2 ( 3 )  1 3 ( 3 )  1 4 ( 3 )  
1 5 ( 3 )  
on o r  x ' s  l l ( 3 )  
1 2 ( 3 )  1 3 ( 3 )  1 4 ( 3 )  
1 5 ( 3 )  
on o r  x ' s  1 1 ( 3 )  

Three c r o s s - p o l l i n a t i o n s  a r e  r e q u i r e d  f o r  each c r o s s  comb ina t ion ;  i t  i s  u n i m p o r t a n t  
whe ther  t h e  c r o s s  i s  made 13 x  16 o r  16 x  13. The n o t a t i o n  "on o r  x ' s "  i n d i c a t e s  t h a t  
r e c i p r o c a l  c r o s s e s  a r e  a c c e p t a b l e .  

T h i s  c r o s s i n g  b l o c k  i s  w r i t t e n  as i f  rows 11 t o  15 were somehow d i f f e r e n t  f r o m  rows 16 t o  
25, so t h a t  c r o s s i n g  w i t h i n  t h e s e  groups i s  n o t  wanted. Such a  s i t u a t i o n  m i g h t  a r i s e  i f  rows 
11 t o  15 were a  source  o f  t h e  gene f o r  h i g h  l y s i n e ,  f o r  example. O therw ise ,  t h e r e  i s  no 
reason  t h a t  t h e  c r o s s  16 x  19 o r  15 x  11 c o u l d  n o t  be made; o r g a n i z a t i o n  depends on  t h e  
o b j e c t i v e .  

The o n l y  1  i m i  t i n  c r o s s i n g  i s  a  r e s t r i c t i o n  i n  t h e  k i n d s  o f  p a r e n t s  e n t e r i n g  t h e  c r o s s ,  
i . e . ,  k a f i r s  a r e  n o t  c r o s s e d  w i t h  k a f i r s ,  f e t e r i t a s  a r e  n o t  c r o s s e d  w i t h  f e t e r i t a s ,  e t c .  

Crosses a r e  u s u a l l y  made between r e l a t i v e l y  u n i f o r m  l i n e s ,  a1 though n o t  n e c e s s a r i l y  so.  
The p a r e n t s  a r e  s e l e c t e d  because t h e y  a r e  a g r o n o m i c a l l y  e l i t e  and s u f f i c i e n t l y  d i f f e r e n t  
p h e n o t y p i c a l l  y  so t h a t  g e n e t i c  v a r i a b i  1  i t y  wi 11 i n c r e a s e .  Crosses between s e l e c t  l o c a l  t y p e s  
and p r o m i s i n g  e x o t i c  l i n e s  a r e  good examples o f  t h i s  k i n d  o f  c r o s s i n g .  Crosses a l s o  m i g h t  be 
made t o  i n t r o d u c e  a  new f a c t o r  such as m a l e - s t e r i l i t y  o r  h i g h  l y s i n e ,  b u t  t h i s  t y p e  o f  c r o s s  
w i l l  g e n e r a l l y  l e a d  t o  a  b a c k c r o s s i n g  program, r a t h e r  t h a n  t h e  s e l e c t i o n  o f  new 1  i n e s .  



~~,haocuZation by Hand 

The F l  g e n e r a t i o n  w i l l  be  u n i f o r m  if t h e  p a r e n t s  a r e  u n i f o r m ;  s e g r e g a t i o n  i s  f i r s t  
expressed i n  t h e  F2. A t w o - t o - f i v e - m e t e r  n u r s e r y  row i s  s u f f i c i e n t  t o  advance F1 t o  F2; 
however, t h e  F2 p o p u l a t i o n  s h o u l d  have a t  l e a s t  300 p l a n t s .  I f  t h e  F2 p o p u l a t i o n  i s  r e s t r i c t e d  
(say  t o  a  f i v e - m e t e r  row) t h e r e  a r e  i n s u f f i c i e n t  p l a n t s  t o  observe  t h e  a r r a y  o f  v a r i a t i o n  i n  
t h e  p o p u l a t i o n .  If t h e r e  a r e  many F2 p o p u l a t i o n s  t o  be  grown, i t  may be e a s i e r  t o  use a  
50-meter roln, r a t h e r  t h a n  10 rows f i v e  m e t e r s  i n  l e n g t h .  No a l l e y w a y s  a r e  r e q u i r e d  i n  t h e  
50-meter row, t h u s  s a v i n g  space. 

I n d i v i d u a l  p l a n t s  a r e  s e l e c t e d  i n  t h e  F2 t o  advance t o  t h e  F3. No s e l e c t i o n s  Inlay be 1;iade 
i n  some F2 p o p u l a t i o n s  ( d i s c a r d ) ,  w h i l e  many may be made i n  o t h e r s .  The b reeder  must use h i s  
b e s t  judgement ,  b u t  t h e r e  i s  no need t o  r o u t i n e l y  save a  few p l a n t s  f r o m  each F2. It i s  
suggested t h a t  a t  l e a s t  100 F3 p l a n t s  be grown, because t h e r e  i s  s t i l l  a  l a r g e  amount o f  
v a r i a t i o n .  The p o p u l a t i o n  s i z e  can be reduced  t o  30 t o  50 p l a n t s  i n  subsequent g e n e r a t i o n s .  
Y i e l d  e v a l u a t i o n  can b e g i n  i n  t h e  Fq t o  F g - - i t  i s  more e f f i c i e n t  t o  b e g i n  t e s t i n g  e a r l y ,  even 
though t h e  y i e l d  t r i a l  p l o t s  may n o t  be as u n i f o r m  as d e s i r e d .  

S ince  s e l e c t i o n  i n  t h e  F2 (and  p o s s i b l y  t h e  F3) p o p u l a t i o n s  i s  based on s i n g l e  p l a n t  
s e l e c t i o n  i n  a  v a r i a b l e  p o p u l a t i o n ,  p l a n t s  s h o u l d  be grown w i t h  g r e a t e r  t h a n  normal spac ing  
(25 t o  30 cn1 between p l a n t s  i n  t h e  row)  t o  a l l o w  f o r  b e t t e r  i n d i v i d u a l  p l a n t  e x p r e s s i o n .  

EMASCULATION BY HAND 

If t h e  c r o s s i n g  program i s  l a r g e  (500  c r o s s e s  o r  more)  a  crew i s  r e q u i r e d  t o  emasculate and 
ano ther  t o  p o l l i n a t e  and t o  keep t h e  p o l l i n a t i n g  r e c o r d  c u r r e n t .  A pe rson  w i t h  reasonab le  
exper ience  can  emascu la te  10 t o  25 heads a  day. ( I t  t a k e s  a  worker  about  one week t o  g a i n  
s k i l l  i n  e m a s c u l a t i o n ) .  W i t h  a 10-man c rew d o i n g  en iascu la t ion ,  a  team o f  t h r e e  workers  i s  
recommended f o r  mak ing  t h e  p o l l i n a t i o n s  and k e e p i n g  r e c o r d s .  Such crews s h o u l d  be t r a i n e d  i n  
advance o f  a  l a r g e - s c a l e  c r o s s i n g  program. A c rew o f  i n d i v i d u a l s  s h o u l d  be a v a i l a b l e  f o r  
severa l  seasons, so t h a t  r e - t r a i n i n g  i s  n o t  r e q u i r e d  each season. 

Equipment Required 

The t o o l s  f o r  hand e m a s c u l a t i o n  a r e  n o t  complex, b u t  good q u a l i t y  i s  w o r t h  t h e  expense ( P l a t e s  
7-6, 7-7 and 7 - 8 ) .  A s t r o n g  m a n i c u r i n g  p l i e r  w i t h  a  s p r i n g  t o  h o l d  t h e  hand les  open i s  
conven ien t  f o r  t r i m m i n g  heads and works r e a s o n a b l y  w e l l  f o r  a l l  t r i m m i n g  r e q u i r e d .  Small 
s c i s s o r s  a l s o  a r e  u s e f u l  f o r  c u t t i n g  away some f l o r e t s  i n  a  c l u s t e r ,  and f o r  c u t t i n g  away t h e  
p e d i c e l e d  s p i k e l e t s  i f  t h e r e  i s  a  p o s s i b i l i t y  t h a t  t h e y  w i l l  shed p o l l e n .  

The t o o l  used f o r  remov ing  t h e  a n t h e r s  can  be made o f  an o r d i n a r y  l e a d  p e n c i l ,  o r  o f  
wood ( P l a t e  8 -7 ) ;  o r  i t  can  be made q u i t e  e a s i l y  by i n s e r t i n g  a  n a i l  i n t o  a  round  s t i c k  and 
then  f i l i n g  t h e  n a i l  t o  shape ( P l a t e  7 - 8 ) .  A sewing n e e d l e  a l s o  can be f i l e d  f l a t  as shown 
i n  t h e  pho to ,  b u t  i t  i s  a  b i t  t o o  nar row.  The g e n e r a l  shape can be seen i n  t h e  photograph--a 
f l a t ,  b l u n t  end i s  needed, w i t h  t h e  f l a t  p o r t i o n  a b o u t  t h r e e  t o  f o u r  mm long ,  abou t  114 nml 
t h i c k ,  and a b o u t  3 /4  mmwide. The t h i n n e r  t h e  b lade ,  t h e  b e t t e r ;  b u t  i t  s h o u l d  n o t  be sharp.  
The p o i n t  s h o u l d  be p o l i s h e d  w i t h  v e r y  f i n e  sandpaper o r  an emery s tone .  If t h e r e  a r e  rough 
(narks on t h e  b l a d e ,  t h e  a n t h e r  f i l a m e n t s  w i l l  c a t c h ,  making i t  d i f f i c u l t  t o  rernove then1 froin 
t h e  t o o l .  Some workers  p r e f e r  a  f i n e - p o i n t e d  tweezer  f o r  e m a s c u l a t i o n - - t h e  s p r i n g  a c t i o n  o f  
t h e  tweezer  opens t h e  f l o r e t  and t h e  two t i p s  o f  t h e  tweezer  a r e  used t o  reniove t h e  a n t h e r s .  

The e a r s h o o t  caps o r  g l a s s i n e  bags used b y  ma ize  b r e e d e r s  a r e  c o n v e n i e n t  f o r  c o v e r i n g  t h e  
head f o l l o w i n g  e m a s c u l a t i o n .  P l a s t i c  s h o u l d  n o t  be used, as i t  i s  w a t e r  t i g h t  and m o i s t u r e  
from t r a n s p i r a t i o n  r e s u l t s  i n  an u n d e s i r a b l e  wet  m i c r o c l i m a t e  i n  t h e  bag. Paper c l i p s  a r e  
r e q u i r e d  f o r  c l i p p i n g  t h e  bag t o  t h e  h e a d - - s t a p l e s  s h o u l d  n o t  be used as t h e  bag must  be 
removed t o  i n s p e c t  t h e  head t o  see if i t  i s  ready  t o  p o l l i n a t e ,  and f o r  t h e  p o l l i n a t i o n  
o p e r a t i o n .  A s m a l l  j a r  o f  a l c o h o l  i s  c o n v e n i e n t  f o r  c l e a n i n g  t h e  e m a s c u l a t i o n  t o o l  i n  case an 
" t h e r  i s  r u p t u r e d  and p o l l e n  adheres t o  t h e  t o o l .  The p o l l e n  i s  k i l l e d  b y  d i p p i n g  t h e  t o o l  
I n t o  t h e  a l c o h o l .  A s m a l l  square - topped  ( a b o u t  25 cm) t a b l e  i s  u s e f u l  f o r  h o l d i n g  t h e  w o r k i n g  
i tems f o r  t h e  f i e l d  worker .  A sma l l  s t o o l  w i l l  make work more comfor tab le .  These s t o o l s  
shou ld  be  a d j u s t a b l e  i n  h e i g h t ,  o r  s e v e r a l  h e i g h t s  s h o u l d  be a v a i l a b l e .  The sorghum head w i l l  
va ry  i n  h e i g h t  above t h e  ground, frorn 70 t o  400 cm. 



PLATE 7 .  CROSSING I N  SORGHUM - 1 

The m a l e - s t e r i l e  head j u s t  b e g i n n i n g  t o  f l o w e r ;  w h i l e  b a c k c r o s s i n q  
t o  deve lop  new seed p a r e n t s ,  t h e  head i s  observed a t  t h i s  s t a g e  t o  
see i f  i t  i s  c o n i p l e t e l y  s t e r i l e .  P o l l i n a t i o n  i s  ~nade o n l y  on f u l l y  
m a l e - s t e r i  l e  p l a n t s .  

C u t t i n g  away t h e  f l o w e r e d  t i p  p r i o r  t o  bagging.  The t i p  f l o r e t s ,  
h a v i n g  f l o w e r e d ,  w i l l  be randoni ly  crossed,so must be c u t  away 
t o  a v o i d  c o n t a m i n a t i o n .  

A head t h a t  i s  a t  a  good s t a g e  f o r  hand e m a s c u l a t i o n .  

C u t t i n g  away t h e  f l o w e r e d  p o r t i o n  o f  t h e  head. 

The l o w e r  p a n i c l e  branches have been rentoved, l e a v i n g  s e l e c t e d  
branches ( t h o s e  t h a t  wou ld  n o r m a l l y  f l o w e r  t h e  f o l l o w i n g  day; i . e . ,  
j u s t  be low t h e  f l o w e r e d  p o r t i o n ) .  The number o f  f l o r e t s  i s  b e i n g  
reduced  t o  abou t  50 by  t r i n i m i n g  so t h a t  f l o r e t s  rema in  i n  c l u s t e r s  
o f  two o r  t h r e e .  

7-6, 7-7,  Equipment u s e f u l  f o r  e m a s c u l a t i o n .  The m a n i c u r i n g  c l i p p e r  i s  use- 
7-8. f u l  t o  t r i m  t h e  head,whi le  t h e  s u r g i c a l  s c i s s o r  i s  u s e f u l  f o r  t r i m m i n g  

t h e  p a n i c l e  b ranch  and c u t t i n g  away t h e  p e d i c e l e d  s p i k e l e t s .  The 
e n a s c u l a t i n g  need le ,  made o f  wood ( 7 ) , o r  a  f i l e d  n a i l  mounted i n  
wood ( 6  & 8 ) ,  i s  f l a t  and t h i n  ( t h e  s i z e  i s  compared t o  f i n e - s i z e d  
l e a d  i n  a mechanica l  p e n c i l ) .  I t  i s  necessary  t h a t  t h e  n e e d l e  b e  
v e r y  smooth so t h a t  a n t h e r s  w i l l  n o t  c l i n g  t o  i t  - an i r r i t a t i n g  
f a c t o r  w h i l e  e m a s c u l a t i n g .  The f i l e d  need le  shown a t  t h e  r i g h t  
i n  p i c t u r e  8 i s  t o o  nar row.  





PLATE 8. CROSSING I N  SORGHUM - 2 

8- 1. Trimming away t h e  p e d i c e l e d  s p i k e l e t s ;  t h i s  must be done o n l y  i f  
f e r t i l e  an thers  develop i n  these  s p i k e l e t s .  

8-2. P o s i t i o n  o f  hands w h i l e  emasculat ing.  

8-3. The head f u l l y  t r i m n e d  and ready f o r  emascu la t ion  

8-4. The sexual  s t r u c t u r e s  showing ovu le ,  two s t y l e s  w i t h  a t t a c h e d  stigmas, 
and t h r e e  f i l a m e n t s  w i t h  a t t a c h e d  an thers .  

8-5. The emascu la t ion  needle i s  i n s e r t e d  a t  t h e  m i d d l e  o f  t h e  f l o r e t  and 
moved across t h e  glume beh ind  t h e  an thers .  

8-6, 8-7. The need le  i s  r o t a t e d  90" and t h e  a n t h e r s  l i f t e d  o u t .  

8-8. F l o r e t s  c o n t a i n i n g  missed an thers  f r e q u e n t l y  f l o w e r  a  day o r  two b e f o r e  
t h e  o t h e r s .  D a i l y  i n s p e c t i o n  o f  t h e  emasculated heads ( t r a n s l u c e n t  
g l a s s i n e  maize e a r  shoot  bags a r e  u s e f u l  ) i s  w o r t h w h i l e  b o t h  t o  o r g a n i z e  
t h e  p o l l i n a t i n g  program f o r  t h e  f o l l o w i n g  day as w e l l  as t o  remove such 
a n t h e r s .  

An emasculated head i n  f u l l  f l o w e r  and ready f o r  p o l l i n a t i o n .  F requen t l y  
two days a r e  r e q u i r e d  b e f o r e  t h e  head f l o w e r s  f u l l y .  

Seed deve lop ing  a f t e r  p o l l i n a t i o n .  Seed s e t  v a r i e s  between 10  and 802, 
depending t o  a  c o n s i d e r a b l e  e x t e n t  on t h e  o p e r a t o r ' s  s k i l l ;  however, 
p l a n t s  w i t h  smal l  s t i f f  glumes a r e  v e r y  d i f f i c u l t  t o  work w i t h  and 
shou ld  be used as p o l l e n  paren ts .  

S e l f - p o l l i n a t e d  seed p a r e n t s  showing up i n  seed h a r v e s t e d  f rom a  c r o s s -  
p o l  1  i n a t e d  head ( a f t e r  head emascu la t ion ) .  Seed p a r e n t s  shou ld  always 
be sown w i t h  t h e  F1 p l a n t s  so t h a t  t h e y  can be i d e n t i f i e d  and removed. 





The Floral Structure 

The p e d i c e l e d  s p i k e l e t  i s  l o n g  and narrow, u s u a l l y  d e v o i d  o f  f l o r a l  p a r t s .  There a r e  one o r  
two p e d i c e l e d  s p i  k e l e t s  f o r  each s e s s i l e  s p i k e l e t .  The f l o r e t  c o n t a i n s  t h e  f l o r a l  p a r t s :  one 
o v u l e  f r o m  w h i c h  two p i s t i l s  p r o t r u d e ,  each t i p p e d  w i t h  a  f l u f f y  s t igma.  The s t igma v a r i e s  i n  
l e n g t h  f r o m  5 t o  11, mm; i t  i s  u s u a l l y  w h i t e ,  b u t  may be  y e l l o w  o r  p i n k .  The s t igma i s  a t t a c h e d  
t o  t h e  o v u l e  b y  a  r e a s o n a b l y  s t r o n g  s t y l e  ( P l a t e  8 -4) .  Three a n t h e r s  a r e  a t t a c h e d  a t  t h e  base 
o f  t h e  o v u l e  b y  a  v e r y  f i n e  f i l a m e n t ;  t h e s e  a n t h e r s  mus t  be removed by e m a s c u l a t i o n .  The 
f l o r e t  i s  encased by two glumes; d u r i n g  emascu la t ion ,  c a r e  s h o u l d  be t a k e n  t h a t  t h e  glume 
c l o s e s t  t o  t h e  p e d i c e l e d  s p i k e l e t  be h e l d  f a c i n g  away from t h e  worker .  Wh i le  t r i m m i n g  t h e  
head, i t  i s  a d v i s a b l e  t o  t r i m  a l l  f l o r e t s  so t h a t  t h e y  face t h e  same d i r e c t i o n ,  i . e . ,  most 
f l o r e t s  w i l l  f a c e  t o w a r d  t h e  o u t s i d e  of  t h e  head. Those a t  an a n g l e  t o  t h e s e  f l o r e t s  s h o u l d  be 
t r immed away, as t h e y  a r e  more d i f f i c u l t  t o  emascu la te  and u s u a l l y  a r e  damaged so b a d l y  i n  t h e  
p rocess  t h a t  t h e y  do n o t  s e t  seed. ( P l a t e s  7 and 8 ) .  

The Emasculation Operation 

The t r i m m i n g  of  t h e  head f o r  e rnascu la t ion  r e q u i r e s  abou t  as inuch t i m e  as does removing t h e  
a n t h e r s  ( P l a t e s  7 and 8 ) .  P r e f e r a b l y ,  a  head s h o u l d  b e g i n  t o  f l o w e r  b e f o r e  e m a s c u l a t i o n .  
Three t o  f i v e  days a r e  r e q u i r e d  f o r  f l o w e r i n g  o v e r  t h e  whole head; f l o w e r i n g  b e g i n s  a t  t h e  t i p  
of  t h e  head and proceeds t o  t h e  base.  G e n e r a l l y ,  t h e  b e s t  s e c t i o n  t o  emascu la te  i s  t h a t  p a r t  
o f  t h e  head t h a t  wou ld  be ready  t o  f l o w e r  on t h e  n e x t  day.  I n  some i n s t a n c e s ,  a  gap o f  two 
days i s  b e t t e r .  A s a t i s f a c t o r y  t e c h n i q u e  i s  f o r  one o r  two p e o p l e  ( p o l l i n a t i n g  c rew)  t o  t r i m  
t h e  heads, w h i l e  f i e l d  l a b o r  does t h e  e m a s c u l a t i o n s .  T h i s  p rocedure  p r o v i d e s  f o r  a  b e t t e r  
s e l e c t i o n  o f  p a n i c l e  b ranches  f o r  e rnascu la t ion .  I f  en iascu la t ion  i s  done on f l o r e t s  t h a t  would 
n o r m a l l y  f l o w e r  t h r e e  t o  f i v e  days a f t e r w a r d ,  t h e y  u s u a l l y  a r e  damaged so b a d l y  t h a t  t h e r e  w i l l  
be  l i t t l e  o r  no  f l o w e r i n g .  I f  e m a s c u l a t i o n  i s  done on  f l o r e t s  more t h a n  f i v e  days b e f o r e  t h e y  
wou ld  n o r m a l l y  f l o w e r ,  f l o w e r i n g  w i l l  n o t  o c c u r  and t h e  head i s  l o s t .  G e n e r a l l y ,  25 t o  50 
f l o r e t s  a r e  l e f t  on t h r e e  o r  f o u r  p a n i c l e  branches.  I t  i s  a d v i s a b l e  t o  t r i m  away f l o r e t s  c l o s e  
t o  t h e  r a c h i s  as i t  i s  d i f f i c u l t  t o  g rasp  them w i t h  t h e  f i n g e r s .  Tr imming may be done so t h a t  
i n d i v i d u a l  f l o r e t s  rema in  u n i f o r m l y  spaced a l o n g  t h e  p a n i c l e  b ranch ,  o r  done so t h a t  t h e  
f l o r e t s  o c c u r  i n  c l u s t e r s  o f  two o r  t h r e e .  I f  more f l o r e t s  s h o u l d  remain,  t h e  chance i s  
i n c r e a s e d  t h a t  one w i l l  be missed d u r i n g  t h e  e m a s c u l a t i o n  o p e r a t i o n .  These a n t h e r s ,  if un- 
d e t e c t e d ,  wou ld  l a t e r  shed p o l l e n  and cause s e l f  f e r t i  1  i z a t i o n .  

Emascu la t ion  i s  done by g r a s p i n g  t h e  f l o r e t  between t h e  thumb and f o r e f i n g e r  ( P l a t e  8 ) ;  
t h e  p e d i c e l e d  s p i  k e l e t  i s  h e l d  away f r o m  t h e  o p e r a t o r .  The en iascu la t ion  n e e d l e  i s  t u r n e d  so 
t h a t  t h e  f l a t  p o r t i o n  i s  p a r a l l e l  t o  t h e  open ing  between t h e  glumes. The n e e d l e  i s  i n s e r t e d  
j u s t  below t h e  m i d d l e  o f  t h e  f l o r e t ,  t h e n  moved toward  t h e  back glume, and ac ross  t h e  f l o r e t .  
The n e e d l e  i s  t h e n  r o t a t e d  s l i g h t l y  and l i f t e d - - t h e  a n t h e r s  come up and can be removed. I f  an 
a n t h e r  breaks,  t h e  f ragments  s h o u l d  be removed a l o n g  w i t h  t h e  o v u l e  t h a t  may have been s e l f  
p o l l i n a t e d .  

V a r i e t i e s  d i f f e r  i n  ease o f  e m a s c u l a t i o n .  The s m a l l ,  s t i f f - g l u m e d  t y p e s  a r e  t h e  most  
d i f f i c u l t ,  and t h e  e f f o r t  may n o t  be  w o r t h w h i l e .  These t y p e s  s h o u l d  be used as p o l l i n a t o r s ,  i f  
p o s s i b l e .  The l a r g e r  and s o f t e r - g l u m e d  t y p e s  a r e  e a s i e s t  t o  emasculate.  O c c a s i o n a l l y ,  t h e  
p i s t i l s  come up  r e a d i l y  w i t h  t h e  a n t h e r s ;  i f  t h i s  o c c u r s ,  t h e  p i s t i l s  can be pushed down i n t o  
t h e  f l o r e t  i m m e d i a t e l y  a f t e r  t h e  a n t h e r s  a r e  removed. (The o t h e r  heads s h o u l d  be t r i m n e d  by 
s e l e c t i n g  p a n i c l e  branches f u r t h e r  down t h e  head, t r i m m i n g  so t h a t  f l o w e r i n g  wou ld  n o r m a l l y  be 
expec ted  two days l a t e r .  ) 

The p o l l i n a t i n g  c rew s h o u l d  check each day f o r  heads t h a t  have f l o w e r e d  s u f f i c i e n t l y  f o r  
p o l l i n a t i o n  t h e  n e x t  day. The d a t e  o f  e m a s c u l a t i o n  s h o u l d  be marked on  each bag a t  t h e  t i m e  
o f  e m a s c u l a t i o n  ( P l a t e  9) .  Heads t h a t  a r e  l i k e l y  t o  be ready  f o r  p o l l i n a t i o n s  can be  i d e n t i -  
f i e d  by t h i s  n o t a t i o n .  F r e q u e n t l y ,  two o r  t h r e e  days a r e  r e q u i r e d  f o r  comp le te  f l o w e r i r , g  o f  
t h e  emasculated head. F l o r e t s  h a v i n g  one o r  more a n t h e r s  t h a t  have n o t  been removed w i l l  
f r e q u e n t l y  f l o w e r  a  day b e f o r e  t h e  p r o p e r l y  emascu la ted  ones. Such f l o r e t s  can be t r immed o f f  
a t  t h i s  i n s p e c t i o n ,  t h u s  a v o i d i n g  much s e l f - p o l l i n a t i o n  o f  emascu la ted  f l o r e t s .  When i t  has 
been dec ided  t h a t  a head s h o u l d  be p o l l i n a t e d  t h e  f o l l o w i n g  day, a  paper  c l i p  o r  mark s h o u l d  
be  p l a c e d  on t h e  bag c o v e r i n g  t h e  head. T h i s  w i l l  h e l p  t o  s p e e d i l y  l o c a t e  t h e  head d u r i n g  t h e  
busy  p e r i o d  o f  p o l l i n a t i o n  on  t h e  f o l l o w i n g  day. 

Emasculating with Hot Water and the Plastic Bag Technique 

Note:  The a u t h o r  p r e f e r s  e m a s c u l a t i n g  b y  hand u s i n g  a  n e e d l e  o r  tweezer,  because a l l  seeds 



o b t a i n e d  a r e  F l s .  U s u a l l y  t h e  p r o b l e m  i s  n o t  i n  making c rosses ,  b u t  i n  e v a l u a t i n g  t h e  F~ 
p o p u l a t i o n s .  

Ho t  w a t e r  (42°C) i s  poured  i n t o  a  p l a s t i c  bag s u r r o u n d i n g  a  sorghuni head. The bag i s  made 
of a  p l a s t i c  s l e e v e  t i e d  c l o s e l y  around t h e  pedunc le .  The bag i s  r a i s e d  and lowered  by a  p u l l e y  
suspended f rdm a  t r i p o d .  Very h o t  w a t e r  i s  b r o u g h t  t o  42°C by m i x i n g  w i t h  c o l d  w a t e r  i n  a  
bucket ;  i t  i s  t h e n  poured  i n t o  t h e  c l o s e d  p l a s t i c  s l e e v e .  The head i s  soaked f o r  about  10 
" l inutes.  The p e r c e n t  of  s t e r i l i z e d  f l o r e t s  v a r i e s ,  b u t  some s e l f - p o l  1  i n a t i o n  u s u a l l y  occurs,  
and s e l f e d  p l a n t s  niust be i d e n t i f i e d  i n  t h e  F1 p o p u l a t i o n  (Stephens and Qu inby ,  1933).  

The p l a s t i c  bag t e c h n i q u e  i s  e f f e c t i v e  because t h e  h i g h  h u m i d i t y  c r e a t e d  i n  t h e  p l a s t i c  
bag p r e v e n t s  deh iscence .  The f l o r e t  opens and t h e  a n t h e r s  emerge, b u t  shed no p o l l e n  ( t h e s e  
an thers  can be knocked f r e e  of t h e  head by t a p p i n g ;  abundant  p o l l e n  from a  d r y  head i s  used f o r  
p o l l i n a t i o n .  The p l a s t i c  bag ( i n  a  paper  bag)  i s  p l a c e d  on t h e  head about  4  p .m. - -a f te r  t h e  
heat  o f  t h e  day. P o l l i n a t i o n  i s  done as soon as t h e  p l a s t i c  bag i s  removed. The head can be 
p o l l i n a t e d  r e p e a t e d l y ,  o r  t h e  n o n - f l o w e r i n g  p a n i c l e  branches can be removed. The F 1  seed 
o b t a i n e d  g e n e r a l l y  ranges  fro111 40 t o  90% ( S c h e r t z  and C l a r k ,  1967).  

POLLINATION 

P o l l i n a t i o n  s h o u l d  be made as soon as a l l ,  o r  a l m o s t  a l l  , o f  t h e  f l o r e t s  come t o  f l o w e r .  A l l  
f l o r e t s  m i g h t  n o t  f l o w e r .  I f  sollie f l o r e t s  s c a t t e r e d  o v e r  t h e  head a r e  ready,  t h e n  t h e  
p o l l i n a t i o n  s h o u l d  be made t h e  n e x t  d a y - - f u r t h e r  d e l a y  u s u a l l y  w i l l  n o t  r e s u l t  i n  more t l o r e t s  
conling t o  f l o w e r .  The r e c e p t i v i t y  o f  t h e  s t i g m a  i s  b e s t  j u s t  a f t e r  i t  emerges f r o m  t h e  f l o r e t ,  
and rema ins  good f o r  s e v e r a l  days.  A f t e r w a r d s  r e c e p t i v i t y  dec l  ines, and a f t e r  10 days 
r e c e p t i v i t y  i s  o n l y  a b o u t  1130 th  o f  t h a t  o f  t h e  f i r s t  day.  

P o l l e n  u s u a l l y  sheds j u s t  b e f o r e  o r  s h o r t l y  a f t e r  s u n r i s e  on d r y  mornings,  o r  i f  t h e r e  i s  
lr~uch dew, s h o r t l y  a f t e r  t h e  head d r i e s .  Heads emasculated a t  t h i s  t i ~ r t e  a r e  liiore l i k e l y  t o  be 
contaminated t h a n  t h o s e  eniasculated : a t e r  i n  t h e  morn ing  o r  i n  t h e  a f t e r n o o n .  I f  p r e s s u r e  of  
work a l l o w s ,  e n i a s c u l a t i o n  s h o u l d  be done o n l y  i n  t h e  a f t e r n o o n .  The p i s t i l  comes up w i t h  t h e  
an thers  i n  a  few v a r i e t i e s ,  and t h e s e  rows c o u l d  be eniasculated i n  t h e  a f t e r n o o n  ( w o r k i n g  on 
o t h e r  v a r i e t i e s  i n  t h e  n iorn ing h o u r s ) .  

T i l l e r s  can be  used f o r  b o t h  e m a s c u l a t i o n  and p o l l i n a t i o n :  a l t h o u g h  t h e y  may be much 
s m a l l e r  t h a n  t h e  ma in  stem ( t h e y  a r e  f r e q u e n t l y  s l i g h t e r  i n  s t a t u r e  and t a l l e r  t h a n  t h e  main 
stem) t h e y  a r e  i d e n t i c a l  g e n e t i c a l l y .  

P o l l i n a t i o n  s h o u l d  b e g i n  soon a f t e r  normal  p o l l e n  shedd ing  i s  o v e r  i n  t h e  morn ing .  P o l l i -  
n a t i o n s  made when t h e  a i r  i s  f u l l  o f  p o l l e n  a r e  more l i k e l y  t o  be con tamina ted  than  if t h e  
p o l l i n a t i o n s  a r e  niade l a t e r .  On a  d r y  morning,  when normal  p o l l e n  shedding i s  o c c u r r i n g  
between 6 and 7 a.m., t h e  hand p o l l i n a t i o n s  m i g h t  b e g i n  around 9.30 o r  10 a.m. I f  normal 
p o l l e n  shedd ing  i s  de layed  u n t i l  9.30 o r  10 a.m. because o f  r a i n  o r  dew a t  n i g h t ,  t h e  hand 
~ o l l i n a t i o n s  m i g h t  be  s t a r t e d  a t  11.30 o r  12.30 i n  t h e  morn ing .  D e l a y i n g  p o l l i n a t i o n s  i n t o  
a f te rnoon  h o u r s  p r o b a b l y  s h o u l d  be t e s t e d  as a  t e c h n i q u e  t o  be s u r e  t h a t  good seed s e t  i s  
Obtained. 

Sorghum p o l l e n  k e p t  i n  a p o l l i n a t i n g  bag does n o t  l i v e  long- -10  t o  20 minu tes  i s  about  
maximum t i m e  f o r  h o l d i n g .  Some v a r i e t i e s  s t o r e  b e t t e r  t h a n  o t h e r s - - p o l l e n  o f  sonie v a r i e t i e s  
forms c lumps soon a f t e r  t h e  p o l l e n  i s  shaken f r o m  t h e  heads i n t o  t h e  bags. O ld  p o l l e n  may be 
clumped, f o r m i n g  p a r t i c l e s  t h a t  a r e  b i g g e r  t h a n  t h e  p o l l e n  g r a i n  i t s e l f ;  i t s  c o l o r  may be a  
s t r o n g e r  orange.  Good p o l l e n  i s  u s u a l l y  a lemon y e l l o w ;  however, p o l l e n  o f  many v a r i e t i e s  
remains lemon y e l l o w  even when v e r y  o l d .  F o r  v a r i e t i e s  i n  w h i c h  t h e  p o l l e n  r e a d i l y  c l u ~ p s ,  
P o l l i n a t i o n s  s h o u l d  be made w i t h i n  a  m i n u t e  o r  two a f t e r  c o l l e c t i o n .  Clumping o f  p o l l e n  
' "creases when t h e  h u m i d i t y  i s  h i g h .  

P o l l e n  i n  t h e  a n t h e r s  remains a l i v e  s e v e r a l  hours  a f t e r  nornial p o l l e n  shedding.  Heads 
P r o t e c t e d  f r o m  w i n d  w i  11 h o l d  most of  t h e  p o l l e n ;  t h i s  p o l l e n  t h e n  may be 1  i b e r a t e d  when needed 
by t a p p i n g  t h e  head v i g o r o u s l y  w i t h  a  f i n g e r .  

There a r e  s e v e r a l  t e c h n i q u e s  f o r  c o l l e c t i n g  p o l l e n ;  l o c a l  c o n d i t i o n s  w i l l  de te rmine  which 
t o  use. F o r  example, a p p r o p r i a t e  heads may be bagged on t h e  n i g h t  b e f o r e  t h e  p o l l e n  i s  needed. 
T h i s  t e c h n i q u e  i s  u s e f u l  if t h e  n i g h t s  a r e  d r y  and t h e r e  a r e  s t r o n g  e a r l y  morn ing  breezes.  Or 
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heads can be  i n s e r t e d  i n t o  bags i n  t h e  morn ing  and p o l l e n  shaken f r o m  them. T h i s  t e c h n i q u e  i s  
u s e f u l  i f  t h e r e  i s  heavy dew a t  n i g h t  and v e r y  l i t t l e  a i r  movement d u r i n g  t h e  morn ing  hours .  
Ano ther  t e c h n i q u e  i s  t o  c l i p  t h e  heads f rom t h e  p l a n t s  e a r l y  i n  t h e  morning,  b e f o r e  p o l l e n  
shedding,  and p l a c e  i n  boxes o r  f l o w e r  p o t s  k e p t  i n  a  p r o t e c t e d  p l a c e .  T h i s  t e c h n i q u e  i s  
e f f e c t i v e  i f  t h e  dew i s  heavy a t  n i g h t  and t h e r e  a r e  e a r l y  morn ing  w inds ;  i t  i s  a l s o  u s e f u l  
i f  t h e  head i s  a  poor  p o l l e n  shedder.  Some heads o f  sorghum shed q u i t e  a  b i t  o f  p o l l e n  (one 
q u a r t e r  o f  a  t e a s p o o n f u l ) ,  b u t  many shed v e r y  l i t t l e .  I f  a  paper  bag i s  used, much o f  t h e  
p o l l e n  may adhere  t o  t h e  bag ( w i p i n g  t h e  p o l  1  i n a t o r  head on  t h e  seed p a r e n t  head i s  a  b e t t e r  
t e c h n i q u e  under  most  c i r cumstances  ( P l a t e  9-6) .  

The f i r s t  and l a s t  days o f  f l o w e r i n g  a r e  p o o r  t i m e s  t o  use a  head f o r  p o l l i n a t i o n ,  as more 
p o l l e n  i s  a v a i l a b l e  d u r i n g  t h e  days i n  t h e  m i d d l e  of t h e  p e r i o d .  The same head may be used 
s e v e r a l  t i m e s  as a  p o l l i n a t o r  and t h e n  emasculated and used (1s t h e  seed p a r e n t ,  i f  o n l y  t h e  
f l o w e r i n g  p o r t i o n  o f  t h e  head i s  c u t  each day. 

C o n t a m i n a t i o n  f rom f o r e i g n  p o l l e n  on  heads used as p o l l i n a t o r s  has never  been f o u n d  t o  be 
g r e a t  enough f o r  concern .  The b e s t  t e c h n i q u e  f o r  max im iz ing  seed s e t  s h o u l d  be  developed;  
s t r a y  p o l l e n  w i l l  p r o b a b l y  n o t  be a  s e r i o u s  p rob lem i n  c o n t a m i n a t i o n .  I f  b e t t e r  p o l l e n  i s  
o b t a i n e d  by c u t t i n g  heads o r  c o l l e c t i n g  p o l l e n  i n  bags i n  t h e  morning,  t h e n  t h i s  method shou ld  
be  u s e d - - r a t h e r  t h a n  bagg ing  t h e  heads on t h e  p r e v i o u s  n i g h t  t o  p r o t e c t  a  p o l l i n a t o r  head f rom 
s t r a y  p o l l e n  t h a t  m i g h t  subsequen t l y  cause an unwanted c r o s s - p o l l i n a t i o n .  

When p o l l e n  i s  c o l l e c t e d  fro111 a  head t h a t  has been bagged on  t h e  p r e v i o u s  day, t h e  bag 
s h o u l d  be p u l l e d  downward as i t  i s  s l i p p e d  f r o m  t h e  head ( P l a t e s  9 - 1  and 9 -2 ) .  U s u a l l y ,  t h e  
p l a n t  can be b e n t  t o  t h e  s i d e  t o  h e l p  t h i s  o p e r a t i o n .  I f  t h e  bag i s  n o t  p u l l e d  downward, much 
p o l l e n  can be l o s t .  

I f  t h e r e  i s  doub t  abou t  q u a n t i t y  o f  p o l l e n  i n  t h e  bag, a  v i s u a l  check can be made ( P l a t e  
9 -3 ) .  Even sma l l  amounts o f  p o l l e n  can be  seen on  t h e  bag i f  t h e  s u n l i g h t  i s  d i r e c t e d  p roper l y  
P o l l e n  s h o u l d  be  seen ( r a t h e r  t h a n  a n t h e r s ) ;  t h e  f a c t  t h a t  a n t h e r s  a r e  f o u n d  does n o t  ensure  
t h a t  t h e r e  i s  p o l l e n .  I f  a  s l i g h t  y e l l o w  d u s t i n g  o f  p o l l e n  i s  seen i n s i d e  t h e  bag, a  s u f f i -  
c i e n t  amount p r o b a b l y  i s  a v a i l a b l e .  A t  t i m e s ,  a  c l o u d  o f  p o l l e n  can be  seen i f  t h e  bag i s  
tapped  w i t h  t h e  f i n g e r .  G l a s s i n e  bags a r e  good f o r  c o l l e c t i n g - - b e c a u s e  t h e  paper  i s  s l i c k ,  
t h e r e  i s  l e s s  chance f o r  t h e  p o l l e n  t o  adhere t o  t h e  paper .  Wh i le  m a n i p u l a t i n g  t h e  bag, 
e i t h e r  f o r  p o l l i n a t i n g  o r  i n s p e c t i o n ,  t h e  f i n g e r s  s h o u l d  n o t  be p l a c e d  i n  and around t h e  open:nl 
of t h e  bag. Techniques can be  deve loped  so t h a t  f i n g e r s  do n o t  come i n t o  c o n t a c t  w i t h  t h e  bag 
open ing  ( P l a t e s  10 and 1 1 ) .  

FIELD RECORDS 

A f i e l d  book i s  r e q u i r e d  t o  keep t r a c k  o f  t h e  c r o s s i n q  o p e r a t i o n s .  I t s h o u l d  i n d i c a t e  a l l  
c rosses  t o  be Inlade i n  each p l o t ,  and t h e r e  s h o u l d  be s u f f i c i e n t  space f o r  n o t e s  such as days 
t o  50'/ f l o w e r ,  and f o r  any s p e c i a l  conenents. A c o n t i n u o u s  r e c o r d  s h o u l d  be lnade o f  t h e  number 
o f  p o l l i n a t i o n s  made each day. T h i s  can be done on  t h e  row t a g s  ( i f  t h e  number o f  combinations 
a r e  f e w ) ,  o r  i n  t h e  f i e l d  book ( P l a t e  12) 

Workers r e s p o n s i b l e  f o r  a  c r o s s i n g  program must  be s u r e  t h a t  t h e  p r o p e r  number o f  c r o s s -  
p o l l i n a t i o n s  a r e  made o f  each c o m b i n a t i o n  r e q u i r e d .  I f  t h e  number of  comb ina t ions  i s  l a r g e ,  
t h e s e  workers  s h o u l d  check t h e  a v a i l a b i l i t y  o f  heads p e r  p l o t  ready  f o r  p o l l i n a t i o n ,  as w e l l  as 
heads a v a i l a b l e  t o  be  used as p o l l i n a t o r s .  A r e c o r d  o f  comp le ted  c rosses  must be k e p t .  (Over 
500 d i f f e r e n t  comb ina t ions  were made a t  Farni Suwan n e a r  Packchong, T h a i l a n d ,  i n  one month; the 
t e c h n i q u e  f o r  k e e p i n g  t r a c k  o f  p o l l i n a t i o n  i s  o u t l i n e d  as an example o f  a  p rocedure  t h a t  has 
worked s a t i s f a c t o r i l y  ( P l a t e  12-1). 

P l a t e  12-1  shows a  d a i l y  r e c o r d  s h e e t :  t h e  numbers one t o  50 a r e  p l o t  numbers,and t h e  
f r a c t i o n s  under t h e  column head "o/o l '  i n d i c a t e  t h e  number o f  heads shedding po l len /number  of  
heads r e a d y  t o  r e c e i v e  p o l l e n  (emascu la ted  heads)  on t h e  f o l l o w i n g  day. 

P l a t e  12-2 shows t h e  l a y o u t  o f  a  d i a l l e l  c r o s s i n g  program wh ich  s e r v e d  as a  c o n t i n u o u s  
r e c o r d  o f  c r o s s e s  made, i . e . ,  each d a y ' s  c r o s s i n g  would be i n d i c a t e d  on t h i s  shee t  u n t i l  t h e  
d e s i r e d  number were completed.  P l a t e  12-3 shows how such a  shee t  i s  used t o  de te rmine  t h e  
r e q u i r e d  number o f  c rosses .  I n  t h i s  case, t h r e e  c r o s s - p o l  1  i n a t i o n s  were r e q u i r e d  p e r  combina- 
t i o n .  The d e t a i l  f o r  p l o t  1 8  ( h o r i z o n t a l  row)  i s  shown i n  Tab le  4.14. 



Table 4.14: Daily Records for a  Crossing Program. 

Cross Combinat ion Operat  i o n  

P l o t  18 x  1  Completed 
18 x 2 2 c rosses  f i n i s h e d ,  t h e  ' 0 '  

i n d i c a t e s  t h a t  one more c ross  
p o l  1  i n a t i o n  i s  r e q u i r e d  u s i n g  
p l o t  18 as seed p a r e n t .  

18 x  3 Combinat ion n o t  w a n t e i  
18 x  4 Same as f o r  18 x  2 
18 x  5 Same as f o r  18 x 2 
18 x  6 Combinat ion n o t  wanted 
18 x  7 Compl e t e d  
18 x 8  Completed 
18 x 9 Compl e t e d  
18 x  10 Same as 18 x  2 excep t  t h a t  

row 10 i s  t h e  seed p a r e n t  
and row 18 t h e  p o l  1 i n a t o r  
p a r e n t  ( i n d i c a t e d  by t h e  4). 

I n s p e c t i o n  o f  p l o t  18 r e v e a l s  t h e  f o l l o w i n g  n o t a t i o n  ( P l a t e  12-1) .  

The -1 n e x t  t o  t h e  numerator  o f  t h e  f r a c t i o n  was w r i t t e n  when row 18 was ass igned  as 
p o l l i n a t o r  ( t h e  c r o s s  18 x  1 0 ) .  The -1 was w r i t t e n  n e x t  t o  t h e  denominator when t h e  c ross  
18 x  2 was e s t a b l i s h e d ;  -2 was w r i t t e n  when t h e  c r o s s  18 x  4 was i n d i c a t e d ;  -3 when 18 x  5 was 
i n d i c a t e d ,  e t c .  When t h e  number o f  c rosses  i n d i c a t e d  reached -8, no lriore crosses i n v o l v i n g  
p l o t  18 c o u l d  be made. T h i s  same p rocess  was r e p e a t e d  f o r  every  p l o t .  Us ing  t h e  master  sheet  
( P l a t e  12-3) ,  t h e  p o l l i n a t i n g  bags c o u l d  be p r o p e r l y  l a b e l e d  ( i  .e . ,  18 x  2 would i n d i c a t e  t h a t  
row 18 was seed p a r e n t ,  row 2 t h e  p o l l e n  p a r e n t ) .  The c r o s s  18 x  10 would a c t u a l l y  be 
w r i t t e n  10 x  18 on t h e  p o l l i n a t i n g  bag--because row 18 i s  t h e  p o l l e n  p a r e n t .  A f t e r  a l l  
p o l l i n a t i o n  bags had been marked, t h e y  were t a k e n  t o  t h e  f i e l d  and p l a c e d  on  t h e  d e s i r e d  p l a n t s  
( i n t o  row 2 f o r  t h e  18 x  2 c r o s s  and i n t o  row 18 f o r  t h e  10 x  18 c r o s s ) .  A f t e r  t h e  crosses 
were completed on  t h e  f o l l o w i n g  day, t h e  0 ' s  and J ' s  were removed fro111 master  sheets,  and 
t h e  number 2 i n  t h e  c r o s s  18 x 2 was changed t o  a  3. 

A l t h o u y h  a  f a i r l y  complex systelu o f  f i e l d  r e c o r d i n g ,  i t  accounted f o r  o v ~ r  500 combina- 
t i o n s ,  r e q u i r i n g  sonle 3000 head e ~ l l a s c u l a t i o n s  ( n o t e  on P l a t e  6, page 119) .  Wi thou t  such a 
rrrethod f o r  d e t e r m i n i n g  t h e  d a i l y  requirement f o r  c rosses  t o  be made, i t  i s  1  i k e l y  t h a t  rrlany 
r e q u i r e d  c rosses  wou ld  n o t  have been niade, and perhaps t o o  many c rosses  o f  o t h e r  c o ~ ~ ~ b i n a t i o n s  
would have been made. If t h e  nurrrber o f  p l o t s  i n v o l v e d  i s  s m a l l e r ,  o r  if t h e r e  a r e  few 
conlb inat ions between any two p l o t s ,  t h e n  d a i l y  r e c o r d s  can lrlore e a s i l y  be k e p t  011 row tags  
( P l a t e  i 2 - 4 ;  a  d i s c u s s i o n  o f  t h i s  t e c h n i q u e  i s  p resen ted  on page 168 f f ) .  

O f ten  a  checkerboard  can be made f o r  r e c o r d i n g  purposes,  w i t h  female paren ts  l i s t e d  down 
the l e f t  s i d e  and male p a r e n t s  ac ross  t h e  top .  Each t i m e  a  c r o s s  i s  made, a  check can bt! 
p laced i n  t h e  a p p r o p r i a t e  square on t h e  checkerboard.  

CROSSING BLOCK FOR MAKING HYBRID SEEDS 
ON MALE-STERILE FEMALE PARENTS 

A , B ,  and R Lines 

Hybr id  sorghums a r e  produced by c r o s s i n g  a  m a l e - s t e r i l e  seed p a r e n t  by a  m a l e - f e r t i l e  p o l l i n a -  
t o r  Paren t .  The m a l e - s t e r i l e  seed p a r e n t  i s  produced b y  c r o s s i n g  w i t h  a  p o l l i n a t o r  p a r e n t  
c a l l e d  a  m a i n t a i n e r .  The m a l e - s t e r i l e  seed p a r e n t  i s  c a l l e d  " A - l i n e "  and i t s  m a i n t a i n e r  i s  
c a l l e d  t h e  " B - l i n e " .  When t h e  A - l i n e  i s  c rossed  by i t s  " 8 - l i n e " ,  t h e  seeds produced w i l l  
r e s u l t  i n  A - l i n e  p l a n t s ;  i . e . ,  t h e  B - l i n e  i s  n o n - r e s t o r i n g  on t h e  A - l i n e .  The A and B l i n e s  



PLATE 9. POLLINATION 

9-1, 9-2. Removing t h e  p o l l i n a t i n g  bag f r o m  t h e  head. A f t e r  t h e  p o l l e n  has been 
tapped  f r o m  t h e  head, t h e  head must be b e n t  as f a r  t o  t h e  s i d e  as pos- 
s i b l e  w i t h o u t  b r e a k i n g  t h e  stem, and t h e  bag r o t a t e d  downward w h i l e  
remov ing  i t .  I f  t h i s  process i s  n o t  f o l l o w e d  p o l l e n  w i l l  s p i l l  and be 
l o s t .  

Checking t h e  bag f o r  p o l l e n .  Some p l a n t s  shed l i t t l e  pol len,and one 
must d i r e c t  t h e  s u n l i g h t  p r o p e r l y  i n t o  t h e  bag t o  see i t .  Normal ly ,  
however, t h e  lemon y e l l o w  p o l l e n  can be e a s i l y  seen c o l l e c t e d  i n  t h e  
b o t t o m  o f  t h e  bag. The presence o f  a n t h e r s  ( f o r e g r o u n d  o f  p i c t u r e )  
does n o t  i n d i c a t e  t h e  presence o f  v i a b l e  p o l l e n ;  good p o l l e n  can be 
seen i n  t h e  background o f  t h e  p i c t u r e .  

M a r k i n g  p o l l i n a t i n g  bags f o r  s p e c i a l  techn iques .  D i f f e r e n t  c o l o r s  can 
r a p i d l y  be p a i n t e d  o n t o  bags by s l i p p i n g  t h e  bund le  o f  bags sideways 
and p a i n t i n g  t h e  exposed edge. 

The p o l l i n a t i n g  apron. Pockets a r e  made t o  h o l d  p o l l i n a t i n g  bags, 
m a r k i n g  p e n c i l ,  c l i p s  and/or  s t a p l e r ,  k n i f e ,  and f i e l d  book. Such 
an apron  i s  a convenience t o  f i e l d  o p e r a t i o n s .  

A p o l l i n a t i n g  techn ique .  Th is  techn ique  i s  b e t t e r  t h a n  t h e  one shown 
i n  p i c t u r e s  1 and 2 ;cons iderab ly  more seed i s  o b t a i n e d  p e r  c ross .  The 
head i s  c u t  f r o m  t h e  p o l l i n a t o r  p l a n t  e a r l y  i n  t h e  morn ing  and used f o r  
c r o s s i n g  a f t e r  f l o w e r i n g  takes  p l a c e  ( f l o w e r i n g  r e a d i l y  occurs  i n  a head 
c u t  e a r l i e r  t h e  same morn ing) .  

9-7, 9-8. The problem o f  f a d i n g  i n k .  Some i n k  and p e n c i l  mark ings fade i n  t h e  
weather  - o n l y  n o n - f a d i n g  i n k  and p e n c i l s  s h o u l d  be used. Both p i c -  
t u r e s  were taken  on 1612 showing t h a t  one i n k ,  marked on 412,was s t i l l  
d a r k  w h i l e  a second marked 5 days l a t e r  (912)  had a l r e a d y  begun t o  fade 
( t h e  i n k  used t o  rrlark t h e  9 / 2  was a l s o  used t o  mark t h e  1612) .  





PLATE 10. MANIPULATING THE POLLINATING BAG 

10-1. H o l d i n g  t h e  bag i n  p r e p a r a t i o n  f o r  mak ing a  p o l l i n a t i o n .  The 
o b j e c t i v e  i s  t o  p l a c e  t h e  bag o v e r  t h e  head w i t h o u t  l o s s  o f  
p o l  1  en and w i t h o u t  p l a c i n g  t h e  f i n g e r s  around t h e  bag open ing  
( w h i c h  would  l e a d  t o  c o n t a m i n a t i o n ) .  The bag i s  h e l d  w i t h  
seam away f r o m  t h e  o p e r a t o r ;  t h e  bag b e i n g  grasped between t h e  
thumbs and second f i n g e r s  (thumb i n  f r o n t ,  second f i n g e r  i n  
back ) .  The f i r s t  f i n g e r s  a r e  p l a c e d  i n t o  t h e  f o l d s  o f  t h e  
bag. 

10-2. The f i r s t  f i n g e r s  a r e  moved f o r w a r d  o v e r  t h e  thumbs p u l l i n g  t h e  
open end o f  t h e  bag f o r w a r d  u n t i l  i t  i s  a p p r o x i m a t e l y  a t  a  r i g h t  
a n g l e  t o  t h e  b o t t o m  o f  t h e  bag. 

10-3. The hands a r e  r o l l e d  t o g e t h e r  u n t i l  t h e  knuck les  touch,  t h e r e b y  
c r i m p i n g  t h e  bag t o g e t h e r .  

10-4.  The bag i s  grasped by  one hand and p l a c e d  o v e r  t h e  head. 

10-5. The b o t t o m  o f  t h e  bag i s  c lasped  a round  t h e  pedunc le  w i t h  one hand, 
p u l l e d  s t r a i g h t  w i t h  t h e  o t h e r ,  and pumped v i g o r o u s l y  up and down, 
f i l l i n g  t h e  a i r  w i t h i n  t h e  bag w i t h  p o l l e n .  

10-6. A second t e c h n i q u e  where t h e  bag i s  f i r s t  f o l d e d  ( w h i c h  i s  n o r -  
m a l l y  done j u s t  a f t e r  t h e  p o l l e n  i s  c o l l e c t e d  and p r i o r  t o  c a r r y -  
i n g  i t  t o  t h e  seed p a r e n t ) :  The i n s i d e  f o l d s  o f  t h e  bag a r e  h e l d  
between t h e  thumb and f i r s t  f i n g e r  and t h e  second f i n g e r  pushes 
t h e  bag open. The bag i s  p l a c e d  o v e r  t h e  head and t h e  same p r o -  
cess as shown i n  p i c t u r e  5 i s  repea ted .  





PLATE 1 1 .  C L O S I N G  THE POLLINATING BAG 

12-1. A f t e r  a  p o l l i n a t i o n  i s  c o m p l e t e d ,  t h e  bag  i s  p l a c e d  o v e r  t h e  h e a d .  The 
b o t t o m  c o r n e r s  a r e  g r a s p e d  be tween  thumb a n d  f i n g e r s  and  f o l d e d  i n  by 
s l i d i n g  t h e  f i n g e r  a c r o s s  t h e  thumb a n d  r o t a t i n g  t h e  h a n d s  i n ,  o r  by 
p l a c i n g  t h e  f i r s t  f i n g e r s  a l o n g  w h e r e  t h e  f o l d s  w i l l  be  a n d  p u s h i n g  t h e  
c o r n e r s  up w i t h  t h e  thumbs .  

12 -2 .  The  f o l d e d  c o r n e r s  a r e  b r o u g h t  t o g e t h e r .  

12-3 .  A s t a p l e  o r  p a p e r  c l i p  i s  p l a c e d  t o  h o l d  t h e  c o r n e r s  t o g e t h e r .  The 
s t a p l e  o r  c l i p  s h o u l d  be  p l a c e d  so t h a t  t h e  b a g  w i l l  n o t  b low o f f  o f  t h e  
h e a d  b u t  n o t  b e  s o  t i g h t  t h a t  t h e  h e a d  p u s h e s  t h r o u g h  t h e  t o p  o f  t h e  b a g  
r a t h e r  t h a n  f o r  t h e  b a g  t o  move a s  t h e  head  a n d  p e d u n c l e  e l o n g a t e .  
C l i p p i n g  a  l e a f  i n t o  t h e  f o l d  is  n o t  u s u a l l y  d e s i r a b l e .  A p a p e r  c l i p  
s h o u l d  b e  u s e d  i f  i t  i s  n e c e s s a r y  t o  open  t h e  b a g  s e v e r a l  t i m e s  b e f o r e  
h a r v e s t .  

12-4 .  A  s e c o n d  way o f  f o l d i n g  t h e  c o r n e r s  o f  t h e  bag  t o g e t h e r  





PLATE 12. FIELD RECORDS FOR HAND CROSSING 

D a i l y  work sheet  on wh ich  numbers o f  heads i n  f l o w e r  f o r  each p l o t  
i s  i n d i c a t e d ;  f rom t h i s  work sheet  t h e  c r o s s i n g  p r o  ram was de- 
ve loped f o r  t h e  f o l l o w i n g  day (see t e x t  f o r  d e t a i l s q .  

10-2, 10-3. Master  sheets  used t o  i n d i c a t e  crosses des i red ;  d u r i n g  t h e  p o l l i n a t -  
i n g  season such sheets  a r e  use fu l  t o  i n d i c a t e  numbers o f  c rosses  
made and t h e  number r e q u i r e d  f o r  each comb ina t i on  (see t e x t  f o r  de- 
t a i l s ) .  

ROW TAGS 

The row t a g  shou ld  be  a  f i e l d  convenience; one shou ld  be p l a c e d  on 
eve ry  row, t h e y  s h o u l d  be o f  reasonable  s i z e ,  y e l l o w  i s  a  good c o l o r ,  
p l o t  numbers shou ld  be on b o t h  s i d e s  o f  t h e  t a g .  Hun t i ng  f o r  row tags  
takes  t ime ;  make them consp icuous and p l a c e  them where t h e y  can 
r e a d i l y  be  seen. P o l l i n a t i n g  i n s t r u c t i o n s  can be marked on to  row tags .  

10-5. P l o t  numbers shou ld  be marked on t h e  t o p  and t h e  bo t tom o f  row tags .  
A t  h a r v e s t ,  t h e  bo t tom p o r t i o n  o f  t h e  t a g  goes i n t o  t h e  h a r v e s t  bag and 
t h e  t o p  p o r t i o n  i s  used t o  c l o s e  t h e  bag. 

10-6, 10-7. Loss o f  row tags,  e s p e c i a l l y  i n  s t o r n ~ y  weather,  can be reduced i f  t h e  
t a g  does n o t  p u l l  away f r o m  t h e  r e t a i n i n g  w i r e  - r e i n f o r c e m e n t  o f  t h e  
h o l e  i n  t h e  t a g  i s  i m p o r t a n t .  

10-8. The row t a g  can be f o l d e d  and c l i p p e d  when a l l  d e s i r e d  p o l l i n a t i o n s  have 
been made. T h i s  i s  a  s i g n a l  t h a t  t h e  row i s  complete, thus s a v i n g  t i m e  
f o r  t h e  p o l l i n a t i n g  crew. 

10-9, 10-10. A s imp le  l o o p  i s  s u f f i c i e n t  t o  h o l d  t h e  t a g  on t h e  p l a n t .  The l o o p  shou ld  
n o t  be t i g h t  o r  i t  w i l l  squeeze t h e  p l a n t  d u r i n g  l a t e r  growth.  I f  t h e  
w i r e s  a r e  fas tened  as shown on t h e  l e f t - h a n d  s i d e  o f  p i c t u r e  9, t h e y  can be 
separated by s i m p l y  j e r k i n g  them a p a r t  ( p i c t u r e  10 )  r a t h e r  t han  unwind ing 
as would be r e q u i r e d  f o r  t h e  t a g  shown on t h e  r i g h t - h a n d  s i d e  o f  p i c t u r e  9. 
I f  t h e  p l a n t  i s  t o  be f e d  t o  an imals  f o l l o w i n q  h a r v e s t ,  s t r i n g ,  r a t h e r  t han  
w i r e ,  shou ld  be used t o  f a s t e n  t a g s  t o  plant;. 





a r e  i s o g e n i c  ( p h e n o t y p i c a l l y  t h e  same) e x c e p t  t h a t  t h e  A - l i n e  i s  m a l e - s t e r i l e  and B - l i n e  i s  
m a l e - f e r t i l e .  

A - l i n e  x  B - l i n e  -------- t A - l i n e  

H y b r i d  seed i s  p roduced  by c r o s s i n g  t h e  A - l i n e  by an R - l i n e .  P l a n t s  grown f r o m  t h e  seeds 
p roduced  by t h i s  c r o s s  a r e  m a l e - f e r t i l e ;  i . e . ,  t h e  R - l i n e  i s  r e s t o r i n g  on  t h e  A - l i n e .  The 
R - l i n e  i s  n o t  p h e n o t y p i c a l l y  s i m i l a r  t o  t h e  A - l i n e ;  i t  i s  s e l e c t e d  so t h a t  t h e  c r o s s  w i l l  
r e s u l t  i n  a  h i g h - y i e l d i n g  h y b r i d .  

A - l i n e  x R - l i n e  -------- + m a l e - f e r t i l e  h y b r i d  

Obtaining Adequate Quantities of Hybrid Seed 

A  h y b r i d  program r e q u i r e s  t h a t  a  l a r g e  nulnber o f  c rosses  be  made f o r  y i e l d  e v a l u a t i o n .  P r e l i -  
m inary  y i e l d  t e s t i n g  w i l l  r e q u i r e  many h y b r i d s .  Seed f o r  t h e  fewer  h y b r i d s  g o i n g  i n t o  a  
c o u n t r y w i d e  r e g i o n a l  t e s t  m i g h t  w e l l  be made i n  open-pol  1  i n a t e d ,  i s o l a t e d  f i e l d s .  The c r o s s i n g  
o p e r a t i o n  can be done i n  an o f f - s e a s o n  f o r  s t a t i o n s  t h a t  can grow o n l y  one c r o p  a  y e a r .  An 
o f f - s e a s o n  l o c a t i o n  i n  a  more t r o p i c a l  r e g i o n  may be r e q u i r e d  f o r  s t a t i o n s  t h a t  have a  c o l d  
w i n t e r .  C r o s s i n g  i n  s u p p o r t  o f  r e g i o n a l  y i e l d  t r i a l s  must be  done on a  l a r g e  s c a l e  i f  i t  i s  
t o  be e f f e c t i v e .  F o r  example, 15 000 c r o s s - p o l l i n a t i o n s  were lnade one y e a r  and 2 0 0 0 0  t h e  
n e x t  y e a r  a t  one s o u t h e r n  l o c a t i o n  i n  I n d i a - - t o  p r o v i d e  h y b r i d  seed f o r  r e g i o n a l  t r i a l s  and 
f o r  s e v e r a l  n o r t h e r n  s t a t i o n s .  E f f i c i e n t  o r g a n i z a t i o n  o f  f i e l d  personne l  i s  r e q u i r e d  t o  
accompl i sh  t h i s  a i i~oun t  o f  work. 

Organizing Decisions 

A  number o f  i n i t i a l  d e c i s i o n s  must  be made i n  o r g a n i z i n g  a  c r o s s i n g  b l o c k :  how tnluch seed i s  
r e q u i r e d  o f  each F1; how much seed w i l l  be  o b t a i n e d  p e r  c r o s s ;  what  i s  t h e  range o f  f l o w e r i n g  
d a t e s  among e n t r i e s  i n  t h e  c r o s s i n g  b l o c k  (and,  knowing t h i s ,  how many da tes  o f  sowing a r e  
r e q u i r e d  f o r  each e n t r y ) ;  how many days i n t e r v a l  t h e r e  s h o u l d  be between sowing da tes ;  and 
what  a r e  t h e  r e l a t i o n s h i p s  among e n t r i e s ?  The f o l l o w i n g  examples w i l l  demons t ra te  how such 
d e c i s i o n s  can be made. 

Seed Requ i red :  Suppose t h a t  a  h y b r i d  t r i a l  i s  b e i n g  p lanned  f o r  t h r e e  l o c a t i o n s .  Each 
t r i a l  w i l l  have f o u r  r e p l i c a t i o n s ,  w i t h  4-row p l o t s ,  5 rneters l o n g ;  t h e  s p a c i n g  between p l a n t s  
t o  be 15 cm. There a r e  t h r e e  l o c a t i o n s  x  4  r e p s  x  4  rows = 48 rows t o t a l .  P l a n t s  a r e  15-crn 
a p a r t  i n  a  500-cm row,so t h e r e  a r e  500/15 = 34 h i l l s  ( p l a n t s )  p e r  row, o r  34 x 48 = 1632 h i l l s  
t o t a l .  To d e t e r m i n e  t h e  amount o f  seed r e q u i r e d ,  i t  can  be f i g u r e d  t h a t  t h e  w e i g h t  o f  sorghum 
seed i s  abou t  2.5 g  p e r  100 seeds. Thus, 1632/100 x 2.5 g  = 40.8 g  o f  seed i s  necessary,  i f  
ger r r i i na t ion  i s  100% and one p l a n t  p e r  h i l l  i s  r e q u i r e d .  Germina t ion  i s  never  1 0 0 k  i f  t h e  
g e r m i n a t i o n  p e r c e n t  i s  n o t  known, i t  i s  u s u a l l y  s a f e  t o  assume 50%. T h e r e f o r e  abou t  82 g  o f  
seeds a r e  needed. T h i s  i s  a  n~in imum amount o f  seed and wou ld  r e q u i r e  spaced sowing.  I f  t h e  
seed i s  t o  be  sown b y  d r i l l i n g , a  t o t a l  o f  120 t o  150 g  wou ld  be  recommended. About  30 t o  40 g 
o f  seed p e r  c r o s s  can be o b t a i n e d  on  a  c y t o p l a s m i c  s t e r i l e  head, b u t  i t  i s  b e t t e r  t o  e s t i m a t e  
20 g. Thus, t o  o b t a i n  a  t o t a l  o f  120 g  o f  seed, t h e  c r o s s - p o l l i n a t i o n s  s h o u l d  be  120120 = 6. 

C a l c u l a t i n g  Sowing Dates:  I t i s  g e n e r a l l y  b e s t  t h a t  a l l  p o l l i n a t o r s  be sown i n  one 
b l o c k  and a l l  seed p a r e n t s  be sown i n  a n o t h e r .  T h i s  r e q u i r e s  t h a t  t h e  seed p a r e n t s  a r e  sown 
i n  b l o c k s  on d i f f e r e n t  d a t e s .  The d a t e s  o f  sowing w i l l  v a r y  and must be de te rmined  b y  l o c a l  
i n f o r m a t i o n  and exper ience .  I n  t h e  t r o p i c s ,  many m a l e - s t e r i l e  seed p a r e n t s  f l o w e r  i n  60 t o  70 
days and t h e  e a r l i e s t  p o l l i n a t o r s  w i l l  f l o w e r  i n  50 days. Hence, t h e  f i r s t  sowing o f  niale- 
s t e r i l e s  s h o u l d  be made 10 days t o  two weeks b e f o r e  p o l l i n a t o r s  a r e  sown. Three a d d i t i o n a l  
sowing d a t e s  a r e  u s e f u l :  on t h e  sarne d a t e  as t h e  p o l l i n a t o r ,  two weeks l a t e r ,  and f o u r  weeks 
l a t e r .  Paren ts  t h a t  v a r y  i n  f l o w e r i n g  by more t h a n  10 days u s u a l l y  s h o u l d  n o t  be c rossed  t o  
make h y b r i d s  f o r  y i e l d  t r i a l  purposes;  commercia l  seed p roducers  would f i n d  i t  t o o  r i s k y  t o  
a c h i e v e  a  good n i c k  i n  t h e  p r o d u c t i o n  f i e l d .  The o f f - s e a s o n  c r o s s i n g  b l o c k  may be sown when 
d a y s - t o - f l o w e r i n g  o f  p h o t o s e n s i t i v e  t y p e s  i s  i n c r e a s i n g ,  and t h i s  must  be t a k e n  i n t o  accoun t  
i n  e s t i m a t i n g  sowing d a t e s .  I t  i s  g e n e r a l l y  n o t  a d v i s a b l e  t o  c o n t i n u e  a  l i n e  ( a l t h o u g h  i t  may 
be a good p a r e n t ) ,  i f  i t  i s  a  poor  p o l l e n  shedder, d i f f i c u l t  t o  p ropaga te ,  o r  f o r  some o t h e r  
reason  t roub lesome.  The t r o u b l e  w i l l  c o n t i n u e  f o r  t h e  seed p roducer  f o r  t h e  e n t i r e  t i m e  t h e  
h y b r i d  i s  i n  use. 

The f i e l d  book, i n c l u d i n g  c r o s s i n g  i n s t r u c t i o n s ,  i s  w r i t t e n  as shown i n  Tab le  4.15. 



Table 4.15: Field Book Format Including Crossing Instructions. 

Ped ig ree  O r i g i n  P l o t  50% K ind  Days P o l l i n a t i n g  
NES 72TA No. f l ?Days  L a t e  I n s t r u c t i o n s  
--- 
501 A  2  5 11 62 K a f i r  1  wk x  1 9 ( 6 )  21(6)  22(6)  

23(6 )  2 5 ( 6 )  
505A 2  7 12 64 " 1  wk x  1 9 ( 6 )  2 0 ( 6 )  21(6)  

22(6 )  23(6 )  25(6)  
632A 29 13 59 F e t e r i  t a  1  wk x 17(6 )  18(6 )  22(6)  

2 3 ( 6 )  25(6 )  
633A 31 14 73 " 1  wk x  1 6 ( 6 )  24(6 )  25(6 )  
654A 3  5  15 75 S h a l l u  1  wk x  1 6 ( 6 )  1 9 ( 6 )  20(6)  

21(6 )  24(6 )  25(6 )  
101 601 16 80 K a f i r  on 14, 1 5 ( 6 )  
432 640 17 55 " on 1 3 ( 6 )  
436 642 1 8  62 " on 1 3 ( 6 )  
1209 803 19 65 F e t e r i t a  1 w k  o n 1 1 , 1 2 , 1 5 ( 6 )  
1354 859 20 73 " on  12, 15(6 )  
1368 864 2  1 69 " 1  wk on 11, 12, 15(6 )  
1401 901 2  2  62 S h a l l u  on  11, 12, 1 3 ( 6 )  
1405 903 23 60 Dur ra  on 11, 12, l ( 6 )  
1406 904 24 80 " on 1 4 ,  1 5 ( 6 )  
1525 1033 2  5  65 " on 11, 12, 13, 14, 

1 5 ( 6 )  
-- - -- - 

* f l .  = F l o w e r i n g  

D a y s - t o - f l o w e r i n g  a r c  c o n t i n u o u s ,  b u t  e n t r i e s  s h o u l d  be grouped so t h a t  sowing dates w i l l  
f a l l  a t  one-week i n t e r v a l s .  T h i s  w i l l  a v o i d  t h e  n e c e s s i t y  o f  t o o - f r e q u e n t  t r i p s  t o  t h e  f i e l d  
t o  p l a n t .  F l o w e r i n g  w i l l  be s u f f i c i e n t l y  v a r i a b l e  t o  p r o v i d e  p o l l e n  when r e q u i r e d .  To ca lcu -  
l a t e  d a y s - l a t e ,  p l o t  11 may be used as an example. It f l o w e r s  i n  62 days; t h e  paren ts  i n  t h e  
cross 11 x  19 d i f f e r  i n  f l o w e r i n g  by o n l y  t h r e e  days; hence no s tagger  i n  sowing da te  i s  
r e q u i r e d .  The p a r e n t s  i n  t h e  c r o s s  11 x  20 d i f f e r  i n  f l o w e r i n g  by 11 days. It i s  reco~rirr~ended 
t h a t  h y b r i d s  w i t h  p a r e n t s  d i f f e r i n g  by more than  10 days n o t  be cons idered ,  because o f  seed 
p r o d u c t i o n  problems if such h y b r i d s  s h o u l d  e v e r  be produced commerc ia l l y ;  thus t h i s  c ross  
would be dropped.  The p a r e n t s  i n  t h e  c r o s s  11 x  2 1  d i f f e r  i n  f l o w e r i n g  by 7  days and row 11 i s  
the  e a r l y  p a r e n t ;  t h e r e f o r e ,  row 11 i s  sown on t h e  f i r s t  d a t e  and 7 days l a t e r ,  so t h a t  i t  k r i l l  
n i c k  w i t h  row 21. D a y s - l a t e  i s  de te rmined  f o r  o t h e r  seed p a r e n t s  i n  t h e  same way. Note t h a t  
i n  c ross  15 x 21, t h e  p o l l i n a t o r  p a r e n t  (21)  i s  6  days e a r l i e r  than  t h e  seed paren t ;  i n  t h i s  
case, t h e  p o l l i n a t o r  p a r e n t  i s  sown on t h e  f i r s t  d a t e  and then  one week l a t e r .  

W r i t i n g  I n s t r u c t i o n s :  Several  f a c t o r s  must  be c o n s i d e r e d  w h i l e  w r i t i n g  t h e  p o l l i n a t i n g  
i n s t r u c t i o n s .  F i r s t ,  t h e  p a r e n t s  t o  be e n t e r e d  i n t o  a  c r o s s  a r e  represen ted  by t h e  row number, 
i . e . ,  11 x -19 ( n o t  NES 501 x  NES 1209). The p o l l i n a t i n g  i n s t r u c t i o n s  a r e  f i e l d  i n s t r u c t i o n s  
and t h e  p l o t  t a g s  c a r r y  o n l y  row numbers. P o l l i n a t i n g  i n s t r u c t i o n s  g i v e n  i n  terms o f  p l o t  
numbers r e 1  a t e  e f f e c t i v e l y  t o  p l o t  tags .  

Secondly, no c r o s s  s h o u l d  be  made i f  t h e  days t o  50i,: f l o w e r i n g  o f  t h e  two paren ts  exceed 
10 days, f o r  t h e  reason  c i t e d  above. 

A  t h i r d  c o n s i d e r a t i o n  concerns r e l a t i o n s h i p :  a  k a f i r  wou ld  n o t  be c rossed  w i t h  a  k a f i r  o r  
a  f e t e r i t a  w i t h  a  f e t e r i t a ;  hence, t h e  c r o s s  11 x  18 wou ld  n o t  be made. 

As i n d i c a t e d  e a r l i e r ,  s i x  heads would be p o l l i n a t e d  f a r  each c r o s s  comb ina t ion ;  t h e r e f o r e ,  
the symbol "11x19 ( 6 ) "  i n d i c a t e s  t h a t  s i x  c r o s s - p o l l i n a t i o n s  o f  11 x  19 a r e  t o  be made. 
Adequatp space s h o u l d  be l e f t  between p o l l i n a t i n g  i n s t r u c t i o n s  t o  acconlmodate "1"  s i x  tirrles 
( .  1  x  1  ( 6 )  1 )  A  mark i s  e n t e r e d  each t irne a c r o s s  i s  made, thus  p r o v i d i n g  a r e c o r d  
of crosses f i n i s h e d  and c r o s s i n g  y e t  t o  be done. 

P o l l e n  C o l l e c t i o n :  The p rocedure  f o r  c o l l e c t i n g  p o l l e n  w i l l  de te rmine  t h e  q u a n t i t y  o f  
seed o b t a i n e d  p e r  c r o s s .  Because o f  weather  c o n d i t i o n s ,  i t  may n o t  be p o s s i b l e  t o  bag 
P o l l i n a t o r  p l a n t s  on  t h e  day be fo re  p o l l i n a t i o n  ( t h e  bags m i g h t  rema in  damp f rom dew u n t i l  l a t e  
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i n t o  t h e  m o r n i n g ) .  I n  t h e s e  c o n d i t i o n s  i t  i s  q u e s t i o n a b l e  t h a t  bags s h o u l d  be used anyway, 
because f r e  u e n t l  t h e r e  wou ld  be p o o r e r  seed s e t  t h a n  t h a t  o b t a i n e d  b y  o t h e r  techn iques .  I n  
Coimbatore ? l n d i a i  i n i t i a l  c r o s s e s  were made by c u t t i n g  heads, c a r r y i n g  t h e  heads f r o m  p o l l i -  
n a t o r  p l a n t  t o  seed p a r e n t ,  t h e n  w i p i n g  t h e  p o l l i n a t o r  head on t h e  seed p a r e n t  head. A  s i n g l e  
head was used u n t i l  a l l  p o l l e n  had been used. Seed s e t s  ranged f r o m  2 o r  3 g  t o  20-30 g  p e r  
head, b u t  t h i s  was v e r y  poor ,  s i n c e  a  f u l l  head wou ld  have 70 t o  80 g  o f  seed. The amount o f  
seed o b t a i n e d  was even l e s s  when p o l l e n  was c o l l e c t e d  i n  bags and shaken from t h e  bag o n t o  t h e  
r e s p e c t i v e  heads. The p rocedure  developed b y  O r r i n  Webster a t  t h e  U n i v e r s i t y  o f  Nebraska, 
USA, was used w i t h  much g r e a t e r  success. Heads were c u t  f ron i  p o l l i n a t o r  p l a n t s  e a r l y  i n  t h e  
morn ing  ( b e f o r e  deh iscence)  and p l a c e d  i n  a  c o n t a i n e r .  ( T h i s  t e c h n i q u e  i s  p a r t i c u l a r l y  
v a l u a b l e  i f  t h e r e  a r e  e a r l y  morn ing  winds t h a t  b low t h e  p o l l e n  f r o m  t h e  heads, t h u s  r e d u c i n g  
t h e  t i m e  a v a i l a b l e  f o r  mak ing  c r o s s - p o l l i n a t i o n s . )  Heads f rom one p a r e n t  o n l y  were p l a c e d  i n  
each c o n t a i n e r .  

Oehiscence w i l l  o c c u r  s h o r t l y  b e f o r e  o r  a f t e r  daybreak,  f o l l o w i n g  warm d r y  n i g h t s .  I f  
t h e r e  i s  h i g h  h u m i d i t y  o r  dew, deh iscence  may be  d e l a y e d  u n t i l  9  o r  10 a.m. Dehiscence o f  
a n t h e r s  on  c u t  heads w i l l  o c c u r  a t  e s s e n t i a l l y  t h e  same t i m e  as f o r  t h e  heads r e m a i n i n g  on t h e  
p l a n t .  U s i n g  W e b s t e r ' s  p rocedure ,  each head was used t w i c e ,  and two heads were used p e r  
p o l l i n a t i o n .  One p o l l i n a t o r  head was h e l d  i n  each hand; t h e s e  were w iped  s e v e r a l  t i m e s  f r o m  
b o t t o m  t o  t o p  o f  t h e  seed p a r e n t  head. The seed p a r e n t  head passed between t h e  two p o l l i n a t o r  
heads. By t h i s  t e c h n i q u e ,  t h e  average  seed s e t  r o s e  f r o m  abou t  5  t o  40 g  p e r  c r o s s .  An 
e s t i m a t e  o f  t h e  q u a n t i t y  o f  seed e x p e c t e d  p e r  p o l l i n a t i o n  i s  necessary  t o  d e t e r m i n e  t h e  number 
o f  c r o s s e s  needed t o  p roduce  t h e  seed f o r  t h e  y i e l d  t r i a l  program. 

I f  W e b s t e r ' s  t e c h n i q u e  i s  used and many c o m b i n a t i o n s  a r e  t o  be made, t h e  number o f  each 
k i n d  o f  p o l l i n a t i o n  s h o u l d  be de te rmined  on t h e  day p r e v i o u s  t o  p o l l  i n a t i o n .  T h i s  can be done 
by c o u n t i n g  t h e  number o f  a p p r o p r i a t e  seed p a r e n t  heads, t h e n  m a r k i n g  t h e  seed p a r e n t  bags so 
t h a t  t h e y  can r e a d i l y  be l o c a t e d  i n  t h e  f i e l d  t h e  n e x t  day. P l a c i n g  a  paper c l i p  a t  t h e  t o p  
o f  t h e  bag makes a  c o n v e n i e n t  mark and i t  can e a s i l y  be removed. I t  i s  b e s t  t o  use paper  
c l i p s  t o  c l o s e  t h e  bags, r a t h e r  than  s t a p l e s ,  s i n c e  t h e  bays must  be opened f o r  i n s p e c t i o n  t o  
de te rmine  when t h e  head i s  ready  f o r  p o l l i n a t i o n ,  and t o  ~ i iake t h e  p o l l i n a t i o n .  

A  t a b u l a t i o n  can t h e n  be  made o f  how many c rosses  a r e  t o  be made u s i n g  a  s p e c i f i c  
p o l l i n a t o r ,  and t h e  a p p r o p r i a t e  number o f  heads can be c o l l e c t e d .  T h i s  p rocedure  h e l p s  a v o i d  
making t o o  many p o l l i n a t i o n s  w i t h  one p a r e n t ,  o r  making t o o  few w i t h  ano ther ,  o r  m i s s i n g  a  
c o m b i n a t i o n  a l t o g e t h e r .  Exper ienced  w o r k e r s  can c o u n t  t h e  heads r e a d y  f o r  p o l l i n a t i o n  w h i l e  a 
t e c h n i c i a n  keeps r e c o r d s .  The person  i n  charge  o f  t h e  c r o s s i n g  program s h o u l d  d e t e r m i n e  t h e  
c r o s s e s  t o  be made; he  must have a  t h o r o u g h  knowledge o f  t h e  f i e l d .  The s u p e r v i s o r  s h o u l d  
a s s i s t  i n  making t h e  c r o s s e s  and i n  c o l l e c t i n g  t h e  i n f o r m a t i o n  r e q u i r e d  t o  e s t a b l i s h  t h e  n e x t  
d a y ' s  c r o s s i n g  program. 

M a l e - s t e r i l e  heads s h o u l d  be head-bagged j u s t  a f t e r  t h e  t i p  o f  t h e  head b e g i n s  t o  f l o w e r .  
The f l o w e r i n g  t i p  i s  c u t  o f f  and t h e  head bag p laced ;  t h e  d a t e  i s  w r i t t e n  on  a l l  head bags. I f  
t h i s  t e c h n i q u e  i s  f o l l o w e d ,  t h e  search  f o r  r e c e p t i v e  heads i s  s i m p l i f i e d .  It t a k e s  t h r e e  t o  
f i v e  days f o r  a head t o  f l o w e r  f u l l y .  Thus, f o r  example, a l m o s t  a l l  heads bagged on August 10 
wou ld  be r e a d y  b y  August  15; t h e r e f o r e ,  o n l y  head bags marked August  14, 15, and 16 wou ld  
r e q u i r e  i n s p e c t i o n  on  August  15 t o  f i n d  heads r e a d y  f o r  p o l l i n a t i o n  on  August  16. 

Teamwork f o r  C r o s s i n g :  Crosses can be made most  e f f i c i e n t l y  b y  a  crew w o r k i n g  as a  teanl. 
A  t e c h n i c i a b 7  can remove t h e  bas f r o m  t h e  r e c e p t i v e  head and i n d i c a t e  t h e  c r o s s  t o  be  made 
w h i l e  a  w o r k e r  wipes t h e  p o l l i n a t o r  heads s e v e r a l  t i m e s  o v e r  t h e  seed p a r e n t  head. The tech-  
n i c i a n  can t h e n  r e p l a c e  t h e  bag and s t a p l e  i t  s h u t .  I f  l a b o r  i s  p l e n t i f u l ,  one w o r k e r  can  
c a r r y  t h e  c o n t a i n e r  o f  heads, and a n o t h e r  can s t a p l e  t h e  bags s h u t .  It i s  u s u a l l y  b e s t  t o  
make a l l  p o l l i n a t i o n s  i n v o l v i n g  a  g i v e n  p o l l i n a t o r  and t h e n  move t o  a n o t h e r  p o l l i n a t o r ,  r a t h e r  
t h a n  t o  use  s e v e r a l  p o l l i n a t o r s  on  t h e  same seed p a r e n t  and t h e n  move t o  a  d i f f e r e n t  seed 
p a r e n t .  The i n c r e a s e d  h a n d l i n g  o f  t h e  c o n t a i n e r s  i n v o l v e d  i n  t h e  second t e c h n i q u e  ( t h e r e  i s  a 
chance t h a t  t h e  wrong box w i l l  be  p i c k e d  up o r  t h e  wrong c r o s s  marked on t h e  head bag)  may 
i n c r e a s e  e r r o r .  

C r o s s i n g  o f  an A - l i n e  by a  B - l i n e  t o  m a i n t a i n  A - l i n e  seed i s  done i n  abou t  t h e  same way 
t h a t  i s  used t o  c r o s s  an A - l i n e  w i t h  an R - l i n e  t o  produce a  h y b r i d .  However, t h e  i n c r e a s e  of 
A - l i n e  seed i s  e a s i e r ,  because t h e  A  and 6 - l i n e s  w i l l  be n e a r l y  synchronous i n  f l o w e r i n g .  

Developing New Male-Sterile Seed Parents 

B a c k c r o s s i n g  i s  a  b r e e d i n g  p rocedure  used t o  t r a n s f e r  a  d e s i r a b l e  t r a i t  f r o m  a  source  (non- 



r e c u r r e n t )  l i n e  t o  a  d e s i r e d  ( r e c u r r e n t )  l i n e  t h a t  does n o t  have t h e  t r a i t .  An i m p o r t a n t  
b a c k c r o s s i n g  p rogram i n  sorghum b r e e d i n g  i s  t h e  development  o f  new p o l l e n - s t e r i  l e  1  i n e s  t o  be 
used as seed p a r e n t s  i n  h y b r i d  programs. T h i s  b a c k c r o s s i n g  recovers  t h e  phenotype o f  t h e  
r e c u r r e n t  p a r e n t ,  b u t  i t  i s  r e c o v e r e d  as a  m a l e - s t e r i l e .  Assume, f o r  example, t h a t  i t  i s  
known t h a t  I S  534 i s  n o n - r e s t o r i n g  when c r o s s e d  Onto m a l e - s t e r i l e  Combine K a f i r  60 (A-1 i n e ) .  
p a i r e d  c r o s s e s  s h o u l d  be  made (number ing  t h e  p a r e n t  p l a n t s  i n  each c r o s s  and head row ing)  
d u r i n g  t h e  b a c k c r o s s i n g  p rocess  t o  a v o i d  problems o f  p a r t i a l  f e r t i l i t y .  The use o f  an o f f -  
season n u r s e r y  c o u l d  d o u b l e  t h e  speed o f  t h e  b a c k c r o s s i n g  program. 

P o t e n t i a l l y  u s e f u l  n o n - r e s t o r i n g  1  i n e s  f o r  b a c k c r o s s i n g  can  be i d e n t i f i e d  i n  h y b r i d  y i e l d  
t r i a l s .  Head bags s h o u l d  be p l a c e d  on 10 p l a n t s  i n  each e n t r y  o f  one r e p l i c a t i o n  of  h y b r i d  
y i e l d  t r i a l s  b e f o r e  f l o w e r i n g  o c c u r s .  T h i s  i s  t o  d e t e r m i n e  whether  t h e  p o l l i n a t o r  i s  non- 
r e s t o r i n  (no  seed s e t ) ,  p a r t i a l l y  r e s t o r i n g  ( p a r t i a l  seed s e t ) ,  o r  c o m p l e t e l y  r e s t o r i n g  ( f u l l  
seed set! i n  t h e  d i f f e r e n t  seasons and l o c a t i o n s  i n  w h i c h  t h e  h y b r i d  may be used i n  y i e l d  
t r i a l s .  One row o f  each p a r e n t  s h o u l d  be sown a t  each l o c a t i o n  o f  a  s t a t e w i d e  o r  r e g i o n a l  
y i e l d  t r i a l  t o  accumula te  f l o w e r i n g  i n f o r m a t i o n  t h a t  w i l l  be  o f  l a t e r  v a l u e  t o  t h e  seed 
producer .  

N o n - r e s t o r i n g  l i n e s  w i t h  good combin ing  a b i l i t y  can  be i d e n t i f i e d  f rom such t r i a l s .  Such 
l i n e s  o f f e r  p romise  i n  making new m a l e - s t e r i l e  seed p a r e n t s .  As t h e  backcross ing  procedure 
con t inues ,  p a r t i a l  f e r t i l i t y  may appear and t h e  chance o f  o b t a i n i n g  a new seed p a r e n t  i s  l o s t .  
Th is  can b e  a v o i d e d  by number ing i n d i v i d u a l  c rosses  and b a c k c r o s s i n g  o n l y  t o  c o m p l e t e l y  s t e r i l e  
progeny. C o n s i d e r  t h e  f o l l o w i n g  c r o s s i n g  sequence, where NR = t h e  n o n - r e c u r r e n t  p a r e n t  (male- 
s t e r i l e ) ,  and R  = r e c u r r e n t  p a r e n t  ( m a l e - f e r t i l e ) .  Heads on t h e  NR rows a r e  n o t  head bagged 
u n t i l  t h e  t i p  o f  t h e  head b e g i n s  t o  f l o w e r  ( t h i s  exposed t i p  i s  c u t  o f f  j u s t  p r i o r  t o  bagg ing) .  
I f  any a n t h e r s  appear w i t h  v i a b l e  p o l l e n ,  t h e  head i s  n o t  bagged. Th is  procedure saves t ime,  
because o n l y  c o m p l e t e l y  s t e r i l e  heads a r e  covered .  I f  t h i s  i s  n o t  done, a l l  bags must be 
opened t o  s e a r c h  f o r  a  good s t e r i l e  head a t  t h e  t i m e  o f  p o l l i n a t i o n - - a  t ime-consuming process.  

A b r e e d i n g  p rocess  f o r  d e v e l o p i n g  m a l e - s t e r i l e  l i n e s  i s  p resen ted  i n  Tab le  4 .16 .  

U s u a l l y  a f t e r  t h r e e  o r  f o u r  g e n e r a t i o n s  o f  t h i s  p rocedure ,  i n d i v i d u a l  p l a n t  c rosses  need 
n o t  be c o n t i n u e d ,  and f u r t h e r  p r o p a g a t i o n  can be done on a  row b a s i s .  T h i s  d e c i s i o n  can be 
based on t h e  degree  o f  s t e r i  1  i t y  o f  t h e  NR row; i .e . ,  i f  e v e r y  p l a n t  i n  t h e  row i s  c o m p l e t e l y  
s t e r i l e ,  i n d i v i d u a l  p l a n t  c rosses  p r o b a b l y  need n o t  be made. A pocke t  m a g n i f i e r  i s  u s e f u l  t o  
decide i f  r u d i m e n t a r y  a n t h e r s  on  some e n t r i e s  111ight c o n t a i n  v i a b l e  p o l l e n .  Y i e l d  t e s t i n g  can 
be done t o  h e l p  e l i m i n a t e  e n t r i e s  a f t e r  t h e  second o r  t h i r d  backcross .  I t may be d e s i r a b l e  t o  
c o n t i n u e  t h e  head- to - row p rocedure  u n t i  1  u n i f o r m i  t y  i s  reached.  

M a l e - s t e r i l e  v a r i e t i e s  v a r y  i n  t h e  ease w i t h  wh ich  seed i s  s e t .  Some m a l e - s t e r i l e  
v a r i e t i e s  may have o n l y  a  p a r t i a l  seed s e t  when a l l o w e d  t o  o p e n - p o l l i n a t e ,  whereas o t h e r s  set 
f u l l  seed under t h e  same c o n d i t i o n s .  A  h y b r i d  i s  v a l u a b l e  o n l y  if i t  can be economica l l y  
Produced f o r  f a r m e r  use.  Seed p roducers  w i l l  g e t  b e t t e r  y i e l d s  (hence produce a t  l ower  c o s t )  
from t h e i r  p r o d u c t i o n  f i e l d s  i f  good seed s e t s  a r e  r e a d i l y  a t t a i n e d .  S e l e c t i o n  of  good seed 
Parents can be  made i n  t h e  o r i g i n a l  s e l e c t i o n ;  i . e . ,  some e n t r i e s  i n  a  y i e l d  t r i a l  w i l l  have 
s c a t t e r e d  seed s e t  w h i l e  o t h e r s  w i l l  be f u l l y  s e t ,  e x c e p t  on  t h e  bagged heads. Ped ig rees  can 
be i d e n t i f i e d  f rom e n t r i e s  w i t h  t h e  b e s t  seed s e t  on  unbagged heads (and no seed s e t  on bagged 
heads) t o  be made i n t o  m a l e - s t e r i l e  seed p a r e n t s .  

The c r o s s i n g  p rocedure  o u t l i n e d  above can b e s t  be done by a  w e l l  o r g a n i z e d  crew: two 
t e c h n i c i a n s  and a  l a b o r e r  !]lake a  good team. One t e c h n i c i a n  c o l l e c t s  p o l l e n  f o r  c r o s s i n g  and 
makes t h e  s e l f - p o l l i n a t i o n ;  t h e  l a b o r e r  t r a n s f e r s  t h e  bag o f  p o l l e n  t o  t h e  o t h e r  t e c h n i c i a n  
whomakes t h e  c r o s s .  Each c l o s e s  and s t a p l e s  t h e  bags.  

Crosses s h o u l d  be  s e t  up on  t h e  day p r e v i o u s  t o  c r o s s i n g .  A  t e c h n i c a l l y  t r a i n e d  person 
s e l e c t s  heads i n  t h e  NR row f o r  c r o s s i n g  and marks t h e  bag i n  some obv ious  way ( a  paper c l i p  
p laced  a t  t h e  t i p  o f  t h e  bag) .  He t h e n  i d e n t i f i e s  a  s u i t a b l e  p l a n t  t o  use as p o l l i n a t o r  and 
marks it. It i s  e a s i e r  t o  mark t h e  row and p o l l i n a t i o n  numbers on t h e  bags a t  t h e  t i m e  of 
p o l l  i n a t i o n .  

Crossing in Large Isolated Open-Pollinating Blocks 

If many m a l e - s t e r i l e  t y p e s  a r e  t o  be e v a l u a t e d  i n  comb ina t ion  w i t h  a  few t e s t e r  p a r e n t s ,  i t  i s  
P o s s i b l e  t o  make t h e  c r o s s e s  i n  i s o l a t i o n .  One i s o l a t i o n  wou ld  be r e q u i r e d  f o r  each p o l l i n a t o r  
( t e s t e r )  p a r e n t ,  i . e . ,  any number of  m a l e - s t e r i l e  p a r e n t s  c o u l d  be  i n c l u d e d  I n  t h e  same 
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Table 4.16: Crossing and Backcrossing Identifying Specific Plants of Both Parents. 

Season N R R NR R NR R NR R NR R 

1 X \  

x  - 2 - x  
x,/3 - x  
X > x  
x --I' x 

Nur. RowNo.  25 26 
2 

lr2-: X, 
x/ -4-x 
X * x  
x --3 x 
x ' X 
x -1 x 
X X 

- - 
X 
X 
X 
X 
x -5- 

P l a n t  i n  row 

X 
X 
X 

26-1 - - 26-2 26-3 
Nur. ROW NO,-81 - 82 83 84 85--_ 86 

Note t h a t  t h i s  i s  a head rowing process so t h a t  s e l e c t i o n  f o r  agronomic 
s u p e r i o r i t y  can accompany the  development o f  new male-s ter i  l e s .  I n  t h i s  example 
assume t h a t  row 84 i s  i n f e r i o r ,  so i s  discarded, and t h a t  row 85 was p a r t i a l l y  
f e r t i l e .  Note t h a t  no crosses were made i n t o  row 85 bu t  t h a t  s e l e c t i o n  aga ins t  
row 84 was made a t  m a t u r i t y  ( a f t e r  p o l l i n a t i o n )  when i t s  agronomic charac ters  
cou ld  be f u l l y  judged. 

O r i g i n  82-1 x x x x 
8 2 2  . 823 -82-4 _82.-Ii -- 

Nur. Row No. 45 - 46 47 . 48 49 - 50 51- 5?--53 54 
e t c .  

i s o l a t i o n ,  bu t  on l y  one p o l l i n a t o r .  Several sowings o f  the  p o l l i n a t o r  parent  would be required 
t o  assure t h a t  t h e  n i c k  ( t h e  simultaneous f l o w e r i n g  of bo th  parents i n  a cross) i s  achieved on 
a l l  seed parents.  I s o l a t e d  cross ing b locks  might  be p lan ted  two rows o f  p o l l i n a t o r  t o  f o u r  
rows o f  ma le -s te r i l e  o r  one row o f  p o l l i n a t o r  t o  two rows o f  m a l e - s t e r i l e .  Staggered p lant ings  
o f  t he  p o l l i n a t o r  should n o t  be made w i t h i n  the  same row, o r  p a i r  o f  rows, bu t  between rows or  
p a i r s  o f  rows. I f  one row of  a p a i r  i s  sown l a t e ,  i t  may s u f f e r  i n  development from competi- 
t i o n  w i t h  t he  f i r s t  sown row, and probab ly  would f a i l  t o  f l ower  a t  t h e  des i red t ime. 

Un i f o rm i t y  o f  c u l t u r a l  p rac t i ces  i s  a key cons ide ra t i on  when cross ing isa t tempted on large 
i s o l a t e d  f i e l d s .  For example, v a r i a t i o n  i n  s o i l  f e r t i l i t y  and mois ture  content  can cause 
d i f f e r e n t i a l  response between t h e  parents,  thus f a i l u r e  t o  achieve n i c k .  P lan t  p r o t e c t i o n  also 
must be very good, as t he re  may be d i f f e r e n t i a l  s u s c e p t i b i l i t y  t o  i n s e c t  a t t ack .  Care i s  
necessary t o  i nsu re  t h a t  newly in t roduced parents of  hybr ids  can be produced i n  t h e  new area, 
before  t h e  h y b r i d  i t s e l f  i s  recommended. 

If i t  i s  apparent t h a t  n i c k  i s  n o t  going t o  occur, s e l e c t i v e  use o f  n i t r o g e n  f e r t i l i z a t i o n  
and i r r i g a t i o n  water  can b r i n g  t h e  parents nearer t o  t h e  same f l o w e r i n g  date. For t h i s  reason, 
i t  i s  adv isab le  t o  sow cross ing b locks  on f i e l d s  shaped f o r  fu r row i r r i g a t i o n  and t o  use a 



2:4 o r  2:6 r a t i o  of  p o l l i n a t o r  t o  seed p a r e n t .  A f t e r  exper ience  i s  gained,  i t  i s  p o s s i b l e  t o  
determine t h e  p r o b a b i l i t y  of  n i c k ,  even when p l a n t s  a r e  q u i t e  young. If t h e r e  i s  some quest ion 
about t h e  n i c k  a t  t h i s  s tage,  t h e  f l o r a l  i n i t i a l  can a c t  as an i n d i c a t o r .  F l o r a l  i n i t i a t i o n  beg ins  
about 20 t o  35 days a f t e r  emergence i n  adapted v a r i e t i e s .  The f l o r a l  i n i t i a l  can be observed 
when t h e  p l a n t s  a r e  t h r e e  o r  fou r  weeks o l d  by c a r e f u l l y  d i s s e c t i n g  t h e  stem. If t h e  f l o r a l  
i n i t i a l s  i n  t h e  d i f f e r e n t  p a r e n t s  a r e  v e r y  d i f f e r e n t  i n  s i z e s ,  s e l e c t i v e  use o f  water  and 
n i t r o g e n  s h o u l d  b e g i n  p r o m p t l y ,  f a v o r i n g  t h e  l a t e  p a r e n t .  ( A p p l i c a t i o n  of wa te r  and/or  n i t r o g e n  
causes e a r l i e r  f l ower ing . )  If t h e  p o l l i n a t o r  i s  l a t e ,  w a t e r  shou ld  be en te red  o n l y  i n t o  t h e  
furrow between t h e  two p o l l i n a t o r  rows.  N i t r o g e n  can be sprayed on t h e  p l a n t s  i n  t h e  forln of  
a  10% urea  s o l u t i o n  o r  p l a c e d  i n  t h e  ground. N e i t h e r  p a r e n t  shou ld  s u f f e r ,  e s p e c i a l l y  t h e  
seed p a r e n t ,  as y i e l d  wou ld  be l o s t .  However, by c a r e f u l  a p p l i c a t i o n  o f  wa te r  and n i t r o g e n ,  
t h e  t i m e  t o  f l o w e r i n g  can be a l t e r e d  b y  seven o r  more days. 

I f  o b s e r v a t i o n s  of  t h e  s e e d l i n g  s tage  i n d i c a t e  t h a t  t h e  n i c k  i s  go ing  t o  be very  badly 
t imed, t h e  t o p  two o r  t h r e e  leaves  o f  t h e  e a r l i e r  p a r e n t  can be c l i p p e d .  Some exper ience 
wou ld  be r e q u i r e d  t o  know how much d e l a y  would be ach ieved  f o r  a  g i v e n  amount o f  c l i p p i n g .  

I f  a  poor  s t a n d  i s  o b t a i n e d  i n  t h e  p o l l i n a t o r  p a r e n t ,  o r  if t h e  n i c k  i s  bad, each m r n i n g  
d u r i n g  t h e  p o l l i n a t i o n  p e r i o d  an empty back-pack d u s t e r  (moto r i zed)  can be taken t o  t h e  f i e l d  
t o  blow p o l l e n  f rom t h e  p o l l i n a t o r  heads d i r e c t l y  i n t o  t h e  seed p a r e n t  heads. I f  n i c k  seenis 
h i g h l y  u n l i k e l y ,  hand p o l l i n a t i o n  may be necessary and may be w o r t h w h i l e  i n  smal l  p roduc t ion  
f i e l d s  where l a b o r  i s  r e a d i l y  a v a i l a b l e .  A  b reeder  w i t h  many d i f f e r e n t  s t e r i l e s  i n  t h e  same 
i s o l a t i o n  may f i n d  t h a t  some hand p o l l i n a t i o n s  a r e  r e q u i r e d  i f  good seed s e t s  a r e  t o  be 
ob ta ined  on a l l  comb ina t ions .  

Seed y i e l d s  from p r o d u c t i o n  f i e l d s  on ms C K  60 cormlonly have v a r i e d  from 50 t o  300 kg/ha 
on t h e  f i r s t  few p r o d u c t i o n  f i e l d s  at tempted,  then  inc reased  t o  600 t o  1000 kgfha, and 
f i n a l l y  reached 1 5 0 0  t o  2 500 kgfha (when t h e  producers were more exper ienced).  

Some ev idence  suggests t h a t  seed s e t  can be enhanced by sp ray ing  o n l y  t h e  p o l l e n  paren t  
heads w i t h  boron.  The r a t e  used was 65 g  of  bo rax  p e r  200 g a l l o n s  p e r  ha, sprayed on t h e  
p o l l  i n a t o r  heads o n l y .  

Flowering Records 

P r e l i m i n a r y  h y b r i d  t r i a l s  w i l l  p r o b a b l y  be grown i n  o n l y  one o r  two l o c a t i o n s  i n  a  coun t ry .  
Advanced t r i a l s  u s u a l l y  a r e  grown w i d e l y  th roughou t  t h e  c o u n t r y  on exper iment  s t a t i o n s ,  and if 
possib le,on f a r m e r s ' f i e l d s .  A t  each l o c a t i o n  t h a t  a  h y b r i d  t r i a l  i s  grown, t h e  parents of  each 
e n t r y  s h o u l d  be sown as a  sma l l  n u r s e r y ;  t h i s  i s  used t o  o b t a i n  t h e  days t o  50% f l ower ing .  
When these  d a t a  a r e  o b t a i n e d  o v e r  many seasons and l o c a t i o n s ,  a  good e s t i m a t e  of t ime  t o  
f l o w e r i n g  w i l l  be  a v a i l a b l e  when a  h y b r i d  i s  r e l e a s e d .  T h i s  i n f o r m a t i o n  i s  ve ry  va luab le  t o  
the  seed producer,who may need t o  stagger-sow one p a r e n t  a f t e r  t h e  o t h e r  t o  synchronize 
f l ower ing .  

COMPOSITES 

Breeding f o r  p o p u l a t i o n  improvement g e n e r a l l y  i n v o l v e s  r e c u r r e n t  s e l e c t i o n  techniques.  The 
usefu lness of  p o p u l a t i o n  b r e e d i n g  t o  sorghum improvement and ill u s t r a t i o n s  o f  r e c u r r e n t  breeding 
techniques a r e  t h e  s u b j e c t  of  t h i s  s e c t i o n .  Composites o f  c o r n  and p e a r l  m i l l e t  a r e  poten- 
t i a l l y  o f  v a l u e  f o r  d i r e c t  farmer use. However, composi tes o f  sorghum c o n t i n u e  t o  have a  ragged 
appearance and would n o t  be a t t r a c t i v e  f o r  d i r e c t  fa rmer  use. P o s s i b l y ,  t h i s  problem nlay be 
avoided by making t h e  composi te from e n t r i e s  w i t h  s i m i l a r  head c o n f i g u r a t i o n .  

Composites a r e  use fu l  t o  t h e  sorghum breeder  as a  con t inuous  source of new e n t r i e s  f o r  t h e  
breeding n u r s e r y .  E n t r i e s  can be chosen f o r  i n c l u s i o n  i n  a  composi te based on y i e l d  t r i a l  

b road  env i ronmenta l  a d a p t a t i o n ,  p l a n t  t ype ,  d isease  o r  i n s e c t  r e s i s t a n c e ,  some qua1 i t y  
t r a i t ,  d r o u g h t  t o l e r a n c e ,  e t c .  It i s  v e r y  i m p o r t a n t  t h a t  e n t r i e s  chosen be c a r e f u l l y  eva lua ted  
before i n c l u s i o n  i n  a composi te.  Any number of e n t r i e s  can be i n c l u d e d  i n  t h e  composite and 
new V a r i e t i e s  can  be added a t  a lmos t  any t ime.  A  composi te m igh t  be a  s i n g l e  d i v e r s e  v a r i e t a l  

progeny f r o m  a  s i n g l e  c ross ,  o r  severa l  hundred e n t r i e s  m i g h t  be inc luded .  The number 
s e l e c t e d  w i l l  v a r y  w i t h  o b j e c t i v e ,  b u t  g e n e r a l l y  10 t o  20 c a r e f u l l y  chosen paren ts  appears 

f o r  most purposes. 

When a d d i n g  e n t r i e s ,  c a r e  must be taken  t o  be sure  t h a t  t h e  composi te remains balanced: 
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f o r  example, equa l  amounts o f  seeds o f  t h e  compos i te  s h o u l d  n o t  be mixed w i t h  equa l  amounts o f  
seed o f  an e n t r y  t o  be  added. If t h e  compos i te  i s  i n  e a r l y  s tages  o f  development, p o s s i b l y  5 
t o  10 g  o f  seed o f  t h e  new e n t r y  c o u l d  be mixed  w i t h  1 0 0 0  g  o f  t h e  composi te.  I f  t h e  compo- 
s i t e  has been advanced t h r o u g h  s e v e r a l  c y c l e s  of  s e l e c t i o n ,  t h e n  i t  i s  a d v i s a b l e  t o  c r o s s  and 
backcross  t h e  new e n t r y  b y  t h e  composi te.  I f  t h e  progeny a r e  f e l t  t o  be  c o n t r i b u t i n g ,  t h e y  
can b e  mixed  as one o f  t h e  s e l e c t e d  e n t r i e s  p r i o r  t o  recombina t ion .  It a l s o  i s  p o s s i b l e  t o  
deve lop  a  " s i d e  c a r "  i n  wh ich  t h e  o r i g i n a l  compos i te  i s  c r o s s e d  o n t o  t h e  new source  and back- 
c r o s s e d  as t h e  r e c u r r e n t  p a r e n t .  S e l e c t i o n  i s  c o n t i n u e d  i n  t h e  o r i g i n a l  composi te and i n  t h e  
s i d e  c a r ,  so t h a t  b o t h  p o p u l a t i o n s  a r e  improved s i m u l t a n e o u s l y .  The e l i t e n e s s  o f  t h e  o r i g i n a l  
compos i te  i s  p r e s e r v e d  w i t h  t h i s  t e c h n i q u e .  

Random m a t i n g  a t  v e r y  l o w  s e l e c t i o n  p r e s s u r e  s h o u l d  be done f o r  abou t  t h r e e  g e n e r a t i o n s  
a f t e r  t h e  e n t r i e s  have been mixed.  T h i s  p e r m i t s  r e c o m b i n a t i o n  between t r a i t s  (breakage o f  
1  i n k a g e  g roups)  b e f o r e  s e l e c t i o n  beg ins ;  e x t r e m e l y  poor  p l a n t s  can be  d i s c a r d e d  a t  t h i s  t ime ,  
b u t  abou t  90% o f  t h e  p o p u l a t i o n  s h o u l d  be advanced t o  t h e  n e x t  g e n e r a t i o n .  There s h o u l d  be  
2 000 o r  more p l a n t s  when t h e  p o p u l a t i o n  i s  grown. 

I f  a  h y b r i d  program i s  p lanned ,  a  d e t e r m i n a t i o n  s h o u l d  be made as t o  whe ther  a v a r i e t y  
w i l l  produce a  f e r t i l e  o r  m a l e - s t e r i l e  h y b r i d  f o l l o w i n g  a  c r o s s  o n t o  a  c y t o p l a s n ~ i c  m a l e - s t e r i l e  
source;  i . e . ,  t o  d e t e r m i n e  whether  t h e  v a r i e t y  i s  a  B - l i n e  o r  an R - l i n e .  N o n - r e s t o r i n g  t y p e s  
( B - l i n e )  can be combined i n t o  one compos i te  and r e s t o r i n g  t y p e s  ( R - l i n e )  combined i n t o  a n o t h e r .  
Subsequent ly ,  s e l e c t i o n s  f rom t h e s e  two types  o f  compos i tes  may fo rm u s e f u l  p a r e n t s  f o r  hybr ids.  

Sorghum i s  p r i m a r i l y  a  s e l f - p o l l i n a t e d  c r o p ,  and most sorghum breeders  p r e f e r  t o  i n c o r p o -  
r a t e  one o f  t h e  s i n g l e  r e c e s s i v e  genes f o r  ma1 e - s t e r i  1  i t y  i n t o  t h e  compos i te  ( t h i s  mechani sm 
f o r  m a l e - s t e r i l i t y  d i f f e r s  f r o m  t h e  c y t o p l a s m i c  system ment ioned above) .  The n1s3 gene i s  most 
f r e q u e n t l y  used f o r  t h i s  purpose,  a l t h o u g h  ms7 and fi ( a n t h e r l e s s )  a l s o  a r e  u s e f u l .  Genes a t  
o t h e r  l o c i  cause m a l e - s t e r i l i t y ,  b u t  t h o s e  c i t e d  above p r o v i d e  good e x p r e s s i o n  o f  m a l e - s t e r i l i t y  
i n  many env i ronments .  

M a l e - s t e r i l i  t y  can  be  i n c o r p o r a t e d  most  e a s i l y  when t h e  compos i te  i s  b e i n g  made. Each 
e n t r y  i s  c r o s s e d  t o  t h e  m a l e - s t e r i l e  source ,  P o l l e n  f r o m  s e v e r a l  heads can be  used p e r  c r o s s .  
The F1 w i l l  be f e r t i l e ,  as t h e s e  f a c t o r s  f o r  m a l e - s t e r i l  i t y  a r e  r e c e s s i v e .  The F1  s h o u l d  be 
s e l f - p o l l i n a t e d  and a  backcross  can  be made on t h e  m a l e - s t e r i l e  segrega tes .  The l i n e s  t o  be 
e n t e r e d  i n t o  t h e  compos i te  a r e  t h e  r e c u r r e n t  p a r e n t s .  One o r  two backcrosses  s h o u l d  be  adequate 
b e f o r e  t h e  e n t r i e s  a r e  mixed.  I f  a  compos i te  i s  used as a  source  o f  m a l e - s t e r i l i t y ,  t h e  genetic 
background i s  more d i v e r s e  t h a n  i f  a  v a r i e t y  i s  used as a  source;  g e n e r a l l y ,  t h i s  wou ld  be 
d e s i r a b l e .  

The g e n e t i c  f a c t o r s  for .  t a l l n e s s  and l a t e n e s s  a r e  dominant ;  t h e r e f o r e ,  a  p o p u l a t i o n  of  
i n t e r b r e e d i n g  p l a n t s  w i l l  t e n d  t o  become t a l l  and l a t e ,  S e l e c t i o n  p r e s s u r e  t o  p r e v e n t  t h i s  
s h o u l d  be  p r a c t i c e d  ( i f  r e q u i r e d ) ,  p a r t i c u l a r l y  a f t e r  c o m p l e t i o n  o f  t h e  t h r e e  g e n e r a t i o n s  o f  
r e c o m b i n a t i o n .  It may be u s e f u l  t o  remove v e r y  t a l l  and v e r y  l a t e  t ypes  d u r i n g  t h i s  t h r e e -  
g e n e r a t i o n  p e r i o d .  T a l l  and u n d e s i r a b l e  p l a n t s  s h o u l d  be  c u t  away b e f o r e  t h e y  shed p o l l e n ,  
t h u s  p r e v e n t i n g  t r a n s m i s s i o n  o f  t h e i r  genes i n t o  t h e  p o p u l a t i o n .  

Normal and m a l e - s t e r i l e  heads canno t  be i d e n t i f i e d  a t  m a t u r i t y .  D u r i n g  t h e  b a c k c r o s s i n g  
p e r i o d ,  w h i l e  s t e r i l i t y  i s  b e i n g  i n t r o d u c e d ,  t h e  p a r e n t  c o n t r i b u t i n g  m a l e - s t e r i l  i t y  can be  sown 
i n  one b l o c k  and t h e  e n t r i e s  o r  a  m i x t u r e  o f  t h e  e n t r i e s  t o  make t h e  compos i te  ( p o l l e n  p a r e n t s )  
sown i n  ano ther .  The m a l e - s t e r i l e  p l a n t s  can be i d e n t i f i e d  by t a g s  p l a c e d  on t h e  pedunc le  a t  
f l o w e r i n g  t i m e .  I f  m a t u r i t y  i s  i m p o r t a n t ,  t h e  d a t e  o f  f l o w e r i n g  can  be w r i t t e n  on  t h e s e  tags. 

P l a n t s  i n  a  new compos i te  u s u a l l y  do n o t  have t h e  s t a t u r e  o f  s e l e c t e d  l i n e s .  I f  e l i t e  
s i m i l a r - t y p e  v a r i e t i e s  were used, t h e  composi te c o u l d  be expec ted  t o  be more un i fo rm,  and 
i n i t i a l l y  more r o b u s t ,  b u t  t h e  g e n e t i c  d i v e r s i t y  i n  t h e  p o p u l a t i o n  wou ld  be s m a l l .  I f  l a r g e  
numbers o f  d i v e r s e  e n t r i e s  were added, t h e  p o p u l a t i o n  wou ld  n o t  be as u n i f o r m  and p a r e n t s  would 
n o t  be  as r o b u s t ;  b u t  t h e  g e n e t i c  d i v e r s i t y  wou ld  be g r e a t .  The b r e e d e r s '  o b j e c t i v e s  determine 
how a  compos i te  i s  t o  be made. The o v e r a l l  y i e l d  o f  a  compos i te  can be improved by c y c l e s  o f  
s e l e c t i o n ,  t h e r e b y  i m p r o v i n g  t h e  p o p u l a t i o n  as a  source  o f  new b r e e d i n g  s t o c k  f o r  t h e  n u r s e r y ,  
and p o s s i b l y  f o r  d i r e c t  f a r m e r  use. 

Symbolic Designations of Sorghum Populations 

Sorghum breeders  m e e t i n g  a t  t h e  U n i v e r s i t y  o f  Nebraska i n  1970 developed a  system o f  symbo l i c  
d e s i g n a t i o n s  f o r  p o p u l a t i o n s .  T h i s  system was l a t e r  approved a t  t h e  Seventh B i e n n i a l  Sorghum 



Research and U t i l i z a t i o n  Conference, Lubbock, Texas, i n  March 1971. The system, prrsented 
~ ~ ~ ~ ~ h w n  Nc'ws2ctti .r2,  i s  e s s e n t i a l l y  as f o l l o w s :  

The system o f  symbo l i c  d e s i g n a t i o n s  i s  e s s e n t i a l l y  as f o l l o w s :  

A  b r i e f  d e s i g n a t i o n  o f  s t a t i o n ,  s t a t e ,  p r o v i n c e ,  o r  c o u n t r y .  

The l e t t e r  "PI', used t o  i n d i c a t e  t h a t  t h e s e  a r e  p o p u l a t i o n s .  

I n c l u s i o n  o f  t h e  l e t t e r s  " B " ,  "R1', o r  "B and R," t o  i n d i c a t e  whether  t h e  p o p u l a t i o n  i s  
made o f  1  i n e s  t h a t  a r e  r e s t o r i n g  (R) o r  n o n - r e s t o r i n g  ( 0 )  on c y t o p l a s m i c  m a l e - s t e r i l e  
l i n e s ,  o r  whe ther  t h e y  a r e  a  m i x t u r e  o f  such l i n e s .  

A  d e s i g n a t i o n ,  i n  p a r e n t h e s i s ,  o f  t h e  b r e e d i n g  system - For example, (M) f o r  mass se lec -  
t i o n ,  ( F )  f o r  f u l l - s i b  f a m i l y  s e l e c t i o n ,  e t c .  Proposed symbols a r e  as f o l l o w s :  

M = Mass s e l e c t i o n  

H = H a l f - s i b  f a n i i l y  s e l e c t i o n  

F  = F u l l - s i b  f a n l i l y  s e l e c t i o n  

S  = S e l f e d  progeny e v a l u a t i o n  

R  = R e c i p r o c a l  r e c u r r e n t  s e l e c t i o n  

FR = R e c i p r o c a l  f u l l - s i b  s e l e c t i o n  

The sy~ l lbo l  "Cn" appears l a s t ,  "C" i n d i c a t e s  c y c l e  and "nu  i n d i c a t e s  the number o f  t h e  
c y c l e .  As an example, NESP 1 R (M) C3 would i n d i c a t e  p o p u l a t i o n  one o f  t h e  Near East  Sorghum 
Improvement Program. The p o p u l a t i o n  has t h e  R - l i n e  r e a c t i o n  and i s  i n  t h e  t h i r d  c y c l e  o f  mass 
s e l e c t i o n .  

i 

When a  p o p u l a t i o n  i s  s e n t  from one s t a t i o n  t o  ano ther ,  t h e  r e c e i v i n g  s t a t i o n  shou ld  a t t a c h  
': i t s  own synibols a f t e r  s e l e c t i o n  has begun. The s t a t i o n  p r o v i d i n g  t h e  coniposite should be 
-1 acknowledged when t h e  r e c e i v i n g  s t a t i o n  d i s t r i b u t e s  t h e  p o p u l a t i o n  t o  o t h e r s .  Th is  w i i l  
-1 !live c r e d i t  t o  t h o s e  who have c o n t r i b u t e d  and w i l l  he'lp t o  p reserve  a  b reed ing  h i s t o r y .  

Selection Techniques 

I A f t e r  a  composite has beer, fanned, and random n ia t ing  w i t h  low s e l e c t i o n  p ressure  has occur red  
5 f o r  about  t h r e e  g e n e r a t i o n s ,  t h e  composi te can be advanced by s e l e c t i o n  f o r  any number of  

t r a i t s  o f  i n t e r e s t .  The s e l e c t i o n  process i s  c y c l i c ,  i n v o l v i n g  a  t e s t i n g  o r  e v a l u a t i o n  phase, 
and a  r e c o m b i n a t i o n  phase -- t h e  tern1 " r e c u r r e n t  s e l e c t i o n "  g e n e r a l l y  a p p l i e s .  

A nurrlber o f  s y s t e ~ n s  have been used ( t h e s e  a r e  l i s t e d  on t h e  p r e v i o u s  page w i t h  t h e i r  
; symbolic d e s i g n a t i o n s ) .  V a r i a t i o n s  a r e  p o s s i b l e  f o r  any o f  these  systerns. The systelll used 

w i l l  depend on  a  nuliiber of  f a c t o r s ;  f o r  example, h e r i t a b i l i t y  o f  t h e  t r a i t .  Mass s e l e c t i o n  i s  
e f f e c t i v e  f o r  t r a i t s  w i t h  h i g h  l e v e l s  o f  h e r i t a b i l i t y ,  and i s  c o m p a r a t i v e l y  l e s s  usefu l  if t h e  
t r e r i t a b i l  i t y  i s  low.  The nulliber o f  g e n e r a t i o n s  per  year ,  l a b o r ,  and f i n a n c i a l  resources,  t h e  
l e v e l  O f  o u t c r o s s i n g ,  and t h e  use  of  g e n e t i c  s t e r i l i t y  niay a l l  be i m p o r t a n t  f a c t o r s  i n  ch00S- 
i n y  a  b r e e d i n g  system f o r  composi tes.  Each o f  t h e  b reed ing  systems i s  descr ibed  below: 

- 

(Nhen y i e l d  t e s t i n g  i s  a  p a r t  o f  t h e  b r e e d i n g  system, fewer r e p l i c a t i o n s  a t  severa l  l o c a t i o n s  
a re  more u s e f u l  t h a n  Inany r e p l i c a t i o n s  a t  one l o c a t i o n ;  f o r  example, two r e p l i c a t i o n s  a t  t h r e e  
o r  fou r  l o c a t i o n s a r e  b e t t e r  t h a n  four  r e p l i c a t i o n s  a t  one l o c a t i o n .  T h i s  a l l o w s  s e l e c t i o n  of  
e n t r i e s  t h a t  a r e  more s t a b l e  i n  t h e i r  per forn iance i n  d i f f e r e n t  envi ronments. )  

Mass S e l e c t i o n :  i s  easy t o  use and i s  e f f e c t i v e ,  p a r t i c u l a r l y  i f  t h e  t r a i t  o f  i n t e r e s t  
has a  h i g h  h e r i t a b i l i t y .  It i s  use fu l  if a  p o p u l a t i o n  i s  h i g h l y  heterogeneous.  Lonnqu is t  
(1964) has l i s t e d  t h e  advantages and d isadvan tages  o f  t h e  system. The techn ique  i s  s in lp le  t o  
Operate; each c y c l e  i s  one genera t ion ,  whereas o t h e r  systems r e q u i r e  n a r e  than  one. A  l a r g e  
germplasm poo l  can be sampled (any system r e q u i r i n g  y i e l d  t r i a l  p resen ts  a  l i m i t  On t h e  
number O f  samples t h a t  can be The most obv ious  l i m i t a t i o n  t o  mass s e l e c t i o n  i s  
t h a t  i t  i s  a p h e n o t y p i c  s e l e c t i o n  made I n  a  s i n g l e  sowing. Phenotypic  s e l e c t i o n  may n o t  be 

e f f e c t i v e  g e n o t y p i c a l l y ,  p a r t i c u l a r l y  a f t e r  severa l  c y c l e s  o f  s e l e c t i o n  when p l a n t s  i n  t h e  
PoPu la t ion  p e r f o r m  s i m i l a r l y  and w e l l .  



Sorighwn Improvement: Methods and Procedures 

When t h e  mass s e l e c t i o n  system i s  used, p l a n t s  s h o u l d  be w i d e l y  spaced and s h o u l d  n o t  be 
sown a t  t h e  r a t e s  recomnended f o r  colnmercial crops.  S i n c e  s e l e c t i o n  i s  based on i n d i v i d u a l  
p l a n t  phenotype, each p l a n t  s h o u l d  express  i t s  maximum p o t e n t i a l .  

Dogge t t  (1972) has d e s c r i b e d  two  systems o f  mass s e l e c t i o n :  ( 1 )  seed was h a r v e s t e d  f r o m  
o n l y  s e l e c t e d  m a l e - s t e r i l e  p l a n t s .  These seeds were b u l k e d  and sown t o  f o r m  t h e  p o p u l a t i o n  
f o r  t h e  n e x t  c y c l e  o f  s e l e c t i o n .  ( 2 )  M a l e - s t e r i l e  p l a n t s  were s e l e c t e d  i n  one c y c l e ,  and male-  
f e r t i l e  p l a n t s  i n  t h e  n e x t  c y c l e .  The n e x t  c y c l e  o f  s e l e c t i o n  was rnade on o n l y  m a l e - s t e r i l e  
p lan ts ,e tc . ,  i n  a l t e r n a t i n g  f a s h i o n  - -  t h e  system i s  r e f e r r e d  t o  as " a l t e r n a t i n g  c h o i c e " .  

H a l f - s i b  F a m i l y  S e l e c t i o n :  i s  a  s i m p l e  systerrr t o  use i n  a  sorghum p o p u l a t i o n  i n  w h i c h  
g e n e t i c  m a l e - s t e r i l i t y  has been i n c o r p o r a t e d  (Gardner,  1 9 7 2 ) .  M a l e - s t e r i l e  p l a n t s  i n  t h e  
p o p u l a t i o n  a r e  tagged  a t  t h e  t i m e  o f  f l o w e r i n g  and a r e  p e r m i t t e d  t o  o p e n - p o l l i n a t e .  Each head 
i s  h a r v e s t e d  and t h r e s h e d  s e p a r a t e l y ,  t h e  seed f rom one head f o r m i n g  one e n t r y  i n  a  y i e l d  
t r i a l  ( e v a l u a t i o n  phase) .  Remnant seed i s  saved. The b e s t  e n t r i e s  a r e  chosen f r o m  t h e  y i e l d  
t r i a l  r e s u l t s ,  and remnant  seed o f  t h e s e  e n t r i e s  i s  b u l k e d  and sown - -  t h i s  p o p u l a t i o n  forms 
t h e  r e c o m b i n a t i o n  phase. A g a i n  m a l e - s t e r i l e  p l a n t s  a r e  tagged and harves ted  i n d i v i d u a l l y  t o  
fo rm t h e  n e x t  c y c l e  o f  e v a l u a t i o n .  T h i s  method of s e l e c t i o n  i s  known as " h a l f - s i b  f a m i l y  
s e l e c t i o n "  because o n l y  one p a r e n t  i n  t h e  c r o s s  i s  s e l e c t e d ;  i . e . ,  t h e  r n a l e - s t e r i l e  p l a n t  i s  
s e l e c t e d .  S i n c e  t h e  s e l e c t e d  m a l e - s t e r i l e  p l a n t  i s  o p e n - p o l l i n a t e d ,  t h e  p o l l  i n a t o r  p a r e n t s  
a r e  n o t  known. Each h a r v e s t e d  head forms one f a m i l y .  

L o n n q u i s t  (1964) and Webel and L o n n q u i s t  (1967) d e s c r i b e  a  m o d i f i e d  e a r - t o - r o w  p r o c e d u r e  
i n  c o r n  w h i c h  amounts t o  a  h a l f - s i b  f a m i l y  s e l e c t i o n  system. They began w i t h  t h e  o p e n - p o l l i -  
n a t e d  v a r i e t y  o f  c o r n :  "Hays Golden".  P l a n t s  w i t h i n  t h e  open-pol  l i n a t e d  v a r i e t y  were randomly 
chosen and c r o s s e d  -- each c r o s s e d  e a r  p r o v i d i n g  a  f u l l - s i b  f a r l i i l y  f o r  t e s t i n g  ( b o t h  p a r e n t s  
s e l e c t e d  o r  known). Each f u l l - s i b  f a m i l y  fo rmed an e n t r y  i n  a  r e p l i c a t e d  y i e l d  t r i a l  and t h e  
t o p  20% were s e l e c t e d .  Remnant seed o f  t h e  s e l e c t e d  f a m i l i e s  was p l a n t e d  i n  a  c r o s s i n g  i s o l a -  
t i o n ,  a  b u l k  o f  t h e  s e l e c t e d  f a m i l i e s  b e i n g  used as t h e  p o l l i n a t o r  p a r e n t .  The progeny 
( f a m i l y )  rows were d e t a s s e l e d  and, a t  h a r v e s t ,  e a r s  were t a k e n  f r o m  t h e  f i v e  b e s t  p l a n t s  i n  
each row.  A  t o t a l  o f  219 e a r s ,  5 fro111 each o f  43 f a m i l i e s ,  p l u s  f o u r  f ro in  o t h e r  f a m i l  i e s ,  
p r o v i d e d  t h e  base t o  f o r m  t h e  p o p u l a t i o n  each c y c l e .  Each e a r  r e p r e s e n t e d  a  h a l f - s i b  f a m i l y  
( p o l l i n a t o r  n o t  s e l e c t e d ) .  The h a l f - s i b  f a m i l i e s  were sown i n  a  15 x  15 t r i p l e  l a t t i c e  a t  
t h r e e  d i f f e r e n t  l o c a t i o n s ;  t h e  o r i g i n a l  o p e n - p o l l i n a t e d  v a r i e t y  and a  doub le  c r o s s  h y b r i d  were 
i n c l u d e d .  The p l o t s  were 1  x  8 h i l l s ,  f o u r  seeds sown p e r  h i l l  and l a t e r  t h i n n e d  t o  two p l a n t s .  

One t e s t  l o c a t i o n  was s e t  as a  y i e l d  t r i a l  cum c r o s s i n y  b l o c k .  There were 4 p l o t s  o f  
females and two o f  males i n  a l t e r n a t i n g  f a s h i o n .  The lnale rows were f r o m  a  m i x t u r e  o f  equal  
q u a n t i t i e s  o f  seeds f rom t h e  219 s e l e c t e d  e a r s .  A t  f l o w e r i n g  t i m e ,  t h e  fema le  rows and t h e  
open-pol  1  i n a t e d  v a r i e t y  and h y b r i d  checks were d e t a s s e l e d .  P r i o r  t o  h a r v e s t ,  t h e  5 s e l e c t e d  
e a r s  were p u t  i n  a  s e p a r a t e  bay and weighed w i t h  t h e  b u l k  h a r v e s t  o f  t h e  p l o t .  Seed o f  t h e  
5 e a r s  f rom each o f  t h e  b e s t  44 f a m i l i e s  s e l e c t e d  p roduced  t h e  h a l f - s i b  f a m i l i e s  f o r  t h e  n e x t  
c y c l e .  

E b e r h a r t  ( p r i v a t e  communicat ion)  has o u t l  i n e d  a  b r e e d i n g  p rocedure  f o r  sorghulr~ compos i te  
KP5(s) developed by Jack Cassady a t  Kansas S t a t e  U n i v e r s i t y ,  USA, t o  i r r~prove y i e l d  and d isease  
and i n s e c t  r e s i s t a n c e .  The b r e e d i n g  systerrl i n v o l v e s  h a l f - s i b  s e l e c t i o n ,  rnass -se lec t ion ,  and 
S1 s e l e c t i o n  f o r  y i e l d  t r a i t s .  E b e r h a r t  p o i n t s  o u t  t h a t  t h i s  system i s  v e r y  e f f i c i e n t  f o r  a  
s e l f - p o l l i n a t e d  c r o p  such as sorghum, i f  g e n e t i c  s t e r i l i t y  i s  a v a i l a h l e .  The s t e p s  i n  each 
c y c l e  a r e  o u t l  i n e d  below:  

1. B u l k e d  seed f r o m  s t e r i l e  p l a n t s  was sown i n  i s o l a t i o n .  S i x  hundred m a l e - s t e r i l e  p l a n t s  
( h a l f - s i b  f a m i l i e s )  were s e l e c t e d  and t h r e s h e d  i n d i v i d u a l l y .  

2. These 600 h a l f - s i b  f a m i l i e s  were screened i n  t h e  s e e d l i n g  s t a g e  f o r  downy mi ldew and 
green-bug r e s i s t a n c e .  Downy m i l d e w  r e s i s t a n t  p l a n t s  were t r a n s p l a n t e d  and h a l f - s i b  
f a m i l i e s  t h a t  were r e s i s t a n t  t o  green-bug and downy m i l d e w  were sown f r o m  remnant  seed. 
One thousand ma1 e - s t e r i l e  p l a n t s  were s e l e c t e d  a t  h a r v e s t .  

3 .  T h e s e e d  f r o m  t h e s e  1 O O O p l a n t s  ( h a l f - s i b  f a m i l i e s )  was p l a n t e d  head-to-row,  i .e . ,  t h e  
seed from one  p l a n t  was p l a n t e d  i n  one row i n  a  n u r s e r y .  T h i s  was done i n  an  o f f - s e a s o n  
n u r s e r y  i n  P u e r t o  R i c o .  A t  h a r v e s t ,  one f e r t i l e  head f r o m  each o f  500 rows was s e l e c t e d .  
S e l e c t i o n  was made i n  rows (fami 1  i e s )  showing green-bug and Periconia r e s i s t a n c e  i f  
r a t i n g s  f o r  t h e s e  t r a i t s  were a v a i l a b l e  a t  h a r v e s t  t i m e ,  i . e . ,  i f  t h e  i n f e c t i o n s  developed 



d u r i n g  t h e  season so t h a t  s e l e c t i o n  was p o s s i b l e .  I f  r a t i n g s  were n o t  a v a i l a b l e ,  agrono- 
n l i c a l l y  d e s i r a b l e  p l a n t s  were s e l e c t e d  f o r  b o t h  g r a i n  and forage.  Each f e r t i l e  head 
formed an  S1 f a m i l y .  

4. U s i n g  a  second g e n e r a t i o n  i n  t h e  o f f - season  (February  t o  March) ,  t h e  500 1  i n e s  ( s e l f e d -  
f e r t i l e  S  p l a n t s )  were e v a l u a t e d  f o r  downy m i l d e w  r e s i s t a n c e .  A  10 x 1 0  s imp le  l a t t i c e  
Was used  + o r  l i n e s  1 t o  100 and a  s i n g l e  r e p l i c a t i o n  was used f o r  t h e  rema in ing  100 l i n e s .  
Two hundred  S  f a m i l i e s  w i t h  t h e  g r e a t e s t  downy mi ldew and green-bug r e s i s t a n c e  were 
s e l e c t e d  f o r  31 y i e l d  t r i a l s .  

5 .  I n  t h e  r e g u l a r  g r o w i n g  season S  y i e l d  t r i a l s  were conducted w i t h  200 S1 l i n e s  i n  two 
1 0  x  10 s i m p l e  l a t t i c e s  a t  two  i o c a t i o n s .  Ten l i n e s  from each t r i a l  were s e l e c t e d  (S1 
Fan~ i  1  y  S e l e c t i o n ) .  

6 .  The same 500 l i n e s  were p l a n t e d  i n  a  n la ize dwarf l i iosaic (MDM) v i r u s  n u r s e r y ,  u s i n g  10 x 10 
s i m p l e  l a t t i c e  w i t h  one r e p l i c a t i o n  i n  each of  two l o c a t i o n s .  The 5  t o  15 l i n e s  w i t h  t h e  
g r e a t e s t  MDM r e s i s t a n c e  ( n o t  s e l e c t e d  i n  y i e l d  t r i a l s )  were s e l e c t e d  f o r  i n c l u s i o n  as 
MDM-res is tan t  l i n e s  i n  t h e  n e x t  c y c l e .  

7 .  The same 500 l i n e s  werc p l a n t e d  i n  an an th rdcnose  n u r s e r y  ( r e g u l a r  p l a n t i n g  season). 
F i v e  t o  15 r e s i s t a n t  l i n e s  n o t  s e l e c t e d  i n  y i e l d  t r i a l s  were s e l e c t e d  f o r  i n c l u s i o n  as 
a n t h r a c n o s e - r e s i  s t a n t  1  i n e s  i n  t h c  n e x t  c y c l e .  

8. The same 500 1  i n e s  were p l a n t e d  i n  t h e  Texas Downy Mi ldew Nursery  ( f i e l d  r , e s i s t a n c e ) .  
F i v e  t o  15  r e s i s t a n t  l i n e s  n o t  s e l e c t e d  i n  y i e l d  t r i a l s  were s e l e c t e d  f o r  i n c l u s i o n  as 
downy m i l d e w  r e s i s t a n t  l i n e s  i n  t h e  n e x t  c y c l e .  

The mass s e l e c t i o n  f o r  d i s e a s e  r e s i s t a n c e  as i n d i c a t e d  i n  s teps  6. 7, and 8 can be o ~ i i i t t e d  
i f  d isease  problenis  a r e  n o t  i r l ~ p o r t a n t  - t h e y  s low down t h e  r a t e  o f  g a i n  f o r  y i e l d .  

9. The same 500 l i n e s  werc p l a n t e d  i n  t h e  r e g u l a r  b r e e d i n g  n u r s e r y .  F e r t i l e  p l a n t s  werc 
tagged and t h e  b e s t  20 rows a t  h a r v e s t  were s e l e c t e d .  

10. A p p r o x i m a t e l y  equal  nu~i ibers o f  seeds werc b u l k e d  fro111 each o f  10 s e l e c t e d  p l a n t s  fro111 
t h e  20 S1 l i n e s  s e l e c t e d  f o r  y i e l d  ( S t e p  9 ) .  Seeds o f  t h e  MDM, t h e  downy mi ldew ( f i e l d  
r e s i s t a n c e ) ,  and t h e  d n t h r a c n o r e  s e l e c t i o n s  were b u l k e d  separa te1  y .  These b u l k s  were 
p l a n t e d  i n  one i s o l a t i o n  ( o f f - s e a s o n )  i n  a l t e r n a t i n g  rows:  y i e l d ,  MDM, y i e l d ,  downy 
mi ldew, y i e l d ,  an th racnose ,  y i e l d ,  MDM, y i e l d ,  e t c .  S t e r i l e  p l a n t s  were tagged and 600 
were s e l e c t e d  a t  h a r v e s t  ( h a l f - s i b  f a m i l i e s )  t o  b e y i n  t h e  n e x t  c y c l e .  Three hundred were 
used f o r  y i e l d  t r i a l s ,  100 f o r  MDM, 100 f o r  downy mi ldew, and 100 o f  t h e  h a l f - s i b  f a m i l i e s  
f o r  e v a l u a t i o n  f o r  r e s i s t a n c e  t o  an th racnose .  T h i s  began t h e  second c y c l e  o f  s e l e c t i o n .  

I f  s e l e c t i o n  i s  f o r  r e s i s t a n c e  t o  a  p a r t i c u l a r  d i s e a s e  o r  i n s e c t  - -  o r  f o r  a  q u a l i t y  
c h a r a c t e r i s t i c  o r  s i m i l a r  t r a i t  -- t h e  f o l l o w i n g  system lnay be u s e f u l ;  t h e  system d e s c r i b e d  i s  
f o r  t h e  sorghum composite K P 2  (SD) developed by Cassady: 

1. P l a n t  1000 p rogeny  f r o m  m a l e - s t e r i l e  p l a n t s  ( h a l f - s i b  f a m i l i e s )  i n  an o f f - s e a s o n  nursery ;  
a t  h a r v e s t  save  one  f e r t i l e  head f rom 500 good p l a n t s .  

2 .  P l a n t  500 l i n e s  (head rows)  i n  a  downy rni ldew n u r s e r y  ( f i e l d  r e s i s t a n c e ) ,  u s i n q  two 
r e p l i c a t i o n s  f o r  t h e  f i r s t  100 l i n e s  and one r e p l i c a t i o n  f o r  t h e  o t h e r s .  Res is tance  i s  
e v a l u a t e d  i n  t h e  seed1 i n g  s tage .  

3 .  S e l e c t  10% o f  t h e  b e s t  downy mi ldew r e s i s t a n t  e n t r i e s  and b u l k  remnant seed o f  these  
s e l e c t i o n s  from t h e  S l  l i n e s  ( f r o m  t h e  s e l e c t e d  f e r t i l e  heads ment ioned i n  s t e p  1 ) .  Sow 
t h e  s e l e c t e d  S  f a m i l i e s  (50)  i n  i s o l a t i o n  and t a g  m a l e - s t e r i l e  p l a n t s  a t  f l o w e r i n g .  
H a r v e s t  400 m a t e - s t e r i l e  p l a n t s  ( h a l f - s i b s  b o t h  f o r a g e  and g r a i n  t y p e s ) ,  t h r e s h  i n d i -  
v i d u a l l y  and send t o  t h e  of f -season n u r s e r y  t o  b e g i n  t h e  n e x t  c y c l e .  A f t e r  t h e  f i r s t  

I c y c l e ,  p o s s i b l y  f e r t i l e  heads need be t a k e n  fro111 o n l y  100 o r  200 p l a n t s  per  c y c l e  r a t h e r  
t h a n  500. 

F u l l - s i  b F a m i l y  S e l e c t i o n :  The use o f  m a l e - s t e r i l i  t y  i n  sorghum composi tes p e r m i t s  
b y  t h e  f u l l - s i b  f a m i l y  system. A  f u l l - s i b  f a m i l y  can be formed b y  c r o s s i n g  a  s e l e c -  

ted m a l e - f e r t i l e  p l a n t  w i t h  a  s e l e c t e d  m a l e - s t e r i l e  p l a n t .  The f u l l  - s i b  f a m i l i e s  shou ld  be 
eva lua ted  ( y i e l d  t r i a l )  and remnant  seed o f  s e l e c t e d  f a m i l i e s  t h e n  s h o u l d  be b u l k e d  t o  a l l o w  

r e c o m b i n a t i o n .  Crosses o f  m a l e - f e r t i l e  t o  m a l e - s t e r i l e  p l a n t s  a r e  then  ~nade and t h e  c y c l e  
repeated (Gardner ,  1972). 



150 .(;orgl.ium improvamcnt: Methods and Procedures 

A f u l l - s i b  f a m i l y  s e l e c t i o n  system i n  maize has been descr ibed by Mo l l  and Robinson (1966) 
who used t h r e e  d i f f e r e n t  popu la t ions :  two open-po l l ina ted v a r i e t i e s  ( J a r v i s  and I n d i a n  Ch ie f ) ,  
and an F : (NC7 x  CI21) F2. The breeding procedure was the  same f o r  a l l  t h ree  popu la t ions .  
The f a m i f i e s  t o  be t e s t e d  were formed by c ross ing  randomly chosen p l a n t s  as male parents -- 
each t o  f o u r  p l a n t s  used as females ( fo rming 4 f u l l - s i b  f am i l i es  f o r  each male parent ) .  

These f a m i l i e s  were d i v i d e d  i n t o  se ts  o f  four  male groups (16 f a m i l i e s )  and entered i n  
y i e l d  t r i a l s  w i t h  two r e p l i c a t i o n s .  Remnant seed from the  h ighes t  y i e l d i n g  f a m i l i e s  was 
p lanted i n  a  nursery  t o  p rov ide  t h e  popu la t i on  f o r  t h e  nex t  cyc le .  

The popu la t i on  was made up as f o l l ows :  s i n g l e  p l a n t - t o - p l a n t  crosses were made so t h a t  
members o f  a  s i n g l e  f a m i l y  were crossed w i t h  members of  e i g h t  o the r  f a m i l i e s  t h a t  were unre la-  
t ed  t o  t h e  s i n g l e  f am i l y .  Approx in~ate ly  equal numbers of  members from each f a m i l y  were used 
i n  crosses between fami 1  i es. 

Th is  system can be i l l u s t r a t e d  as f o l l ows ;  assume t h a t  t he  popu la t i on  (NC7 x  CI21) F2 was 
used: 

Male p l a n t s  chosert a t  random Female p l a n t s  

1  x a  was a  f u l l - s i b  f am i l y ;  se t s  were formed: 

Th is  s e t  was sown as a y i e l d  t r i a l  w i t h  two r e p l i c a t i o n s .  

Remnant seed o f  the  h ighes t  y i e l d i n g  f a m i l i e s  ( 1  x  a ,  1 x  b, e t c . )  was p lan ted  i n  a  
subsequent nursery  t o  be used i n  forni ing the  popu la t i on  f o r  the  nex t  cyc le .  

Again, s i n g l e  p l a n t - t o - p l a n t  crosses were made so t h a t  members o f  each fam i l y  were used i n  
crosses w i t h  e i g h t  o the r  f am i l i es .  Approx i l i~a te ly  t he  same number o f  members o f  each fam i l y  
were used i n  a  cross between f a m i l i e s .  

Assume t h a t  the  f o l l o w i n g  f a m i l i e s  were se lec ted  from y i e l d  t r i a l s ;  

Then s i n g l e  p l a n t  crosses were made as f o l l o w s :  

The same number o f  crosses (say 3)  was made f o r  each combinat ion between two f a m i l i e s  
i .e. ,  t h ree  i n d i v i d u a l  p l a n t s  o f  ( 1  x a )  would be crossed w i t h  t h ree  i n d i v i d u a l  p l a n t s  of 
2 x  f ) ,  o f  ( 3  x  j), e t c . )  

I n d i v i d u a l  p l a n t  pedigrees were kept  so t h a t  the  record  book might appear as f o l l ows ;  
assume t h a t  p l a n t s  i n  t he  nursery  row were numbered: 

(where the -1, -5 ,  -3, e t c .  a re  t he  number o f  t he  p l a n t  i n  t h e  p l o t ) ,  



C r o s s i n g  was done s o  t h a t  i n b r e e d i n g  was min im ized  ( i  .e . ,  t h e  c ross  (1 x  a )  x ( 1  x  c )  
n o t  made, because t h e  p a r e n t  1 was cornnon.) Crosses were made so t h a t  t h e r e  were no collllilon 
paren ts .  

These c rosses  were p l a c e d  i n  y i e l d  t r i a l s ;  i . e . ,  ( 1  x  a ) - 1  x  ( 2  x  f ) - 5  i s  one f u l l - s i b  
fa ln i l y  and formed one e n t r y  i n  t h e  t r i a l ;  ( 1  x a ) - 3  x  ( 2  x  f ) - 2  was i n  ano ther  p l o t ,  c t c .  ~t 
the  same t i m e ,  seed from each e a r  (1 x  a ) - 1  x  ( 2  x  f ) - 5 ,  was sown i n  a  s i n g l e  h i l l  t o  p rov ide  
seed of  e n t r i e s  s e l e c t e d  f o r  t h e  n e x t  r e c o ~ ~ l b i n a t i o n  n u r s e r y  i n  t h e  n e x t  c y c l e .  

Sel fed Progeny E v a l u a t i o n  o r  S1 F a m i l y  S e l e c t i o n :  S1 f a n l i l y  s e l e c t i o n  i s  one o f  t h e  most 
s e l e c t i o n  schemes f o r  so rghun~ (Gardner,  1972).  lieads o f  m a l e - f e r t i l e  p l a n t s  can be 

bagged a t  f l o w e r i n g  t i l n e  t o  i n s u r e  s e l f i r l g ,  o r  t h e y  can be tagged t o  be sure  t h a t  m a l e - f e r t i l e  
(and n o t  m a l e - s t e r i l e )  heads a r e  h a r v e s t e d  a t  m a t u r i t y .  S e l e c t e d  p l a r i t s  d r e  harves ted  and 
threshed s e p a r a t e l y ,  each head forr l l ing an S1 f a m i l y .  These f a ~ r ~ i l i e s  a r e  e n t e r e d  i n t o  y i e l d  
t r i a l s .  Remnant seed from t h e  s e l e c t e d  f a m i l i e s ,  based on y i e l d  t r i a l s ,  i s  sown and seed from 
l ~ l a l e - s t e r i  l e  heads i s  s e l e c t e d  t o  i n s u r e  r e c o m b i n a t i o n .  Seeds fro111 m a l e - s t e r i l e  heads a re  then 
bu lked  and sown. M a l e - f e r t i l e  heads o f  good p l a n t s  a r e  i d e n t i f i e d  f o r  t e s t i n g  t o  beg in  the  
n e x t  c y c l e .  

Dogge t t  and E b e r h a r t  (1968) have d e s c r i b e d  a  systerl l  f o r  s e l e c t i n g  co~ i ipos i tes  i n  Uganda, 
where t h e  r a i n  p a t t e r n  p e r m i t s  two c rops .  Two p o p u l a t i o n s  were descr ibed :  P o p u l a t i o n  1 was 
ho~r~ozygous f o r  t h e  g e n e t i c  r e s t o r e r  f a c t o r s  f o r  c y t o p l a s n ~ i c  s t e r i l i t y .  Th is  p o p u l a t i o n  was 
made o f  121 l i n e s  c r o s s e d  and backcrossed t o  ms?. P o p u l a t i o n  2  was made up o f  n o n - r e s t o r e r  
p,-lines: 101 good 6 - l i n e s  were c rossed  and backcrossed t o  an 111sj source. 

A r l u rse ry  o f  800 o r  niore e n t r i e s  f roni  each p o p u l d t i o n  was sowri a t  one l o c a t i o n  d u r i n g  the  
f i r s t  r a i n s .  Thus, 800 o r  il lore e n t r i e s  canie f r o m  m a l e - s t e r i l e  heads i n  p o p u l a t i o n  1, and 800 
from p o p u l a t i o n  2.  E n t r i e s  were grown i n  b l o c k s  o f  20 t o  40 e n t r i e s  t o  reduce envi ronmental  
v d r i a t i o n .  A head fro111 a  good l a a l e - f e r t i l e  p l a n t  ( S 1  f a m i l y )  was s e l e c t e d  f rom t h e  b e s t  30 t o  
501 o f  t h e  head rows ( t h e s e  were t a k e n  as s e l f e d  heads because o f  t h e  low o u t c r o s s i r i g  
percen tage) .  

T r i a l s  w i t h  two o r  t h r e e  r e p l i c a t i o n s ,  and w i t h  400 o r  illore e n t r i e s ,  were grown a t  as rllany 
l o c a t i o n s  as p o s s i b l e .  He~ilnant seed o f  each S 1  f a l l l i l y  was saved and inc reased ,  if necessary, 
and t h e  h i g h e s t  y i e l d i n g  10 t o  20Z o f  t h e  e n t r i e s  i n  t h e  y i e l d  t r i a l s  were i d e n t i f i e d .  

Relnnant seed o f  s e l e c t e d  S 1  f a l l l i l i e s  was ~ i i i x c d  and sown i n  b u l k .  M d l e - s t e r i l e  heads were 
i d e r i t i f  i e d  and tagged.  U n d e s i r a b l e  f e r t i l e  p l d n t s  were relnoved b e f o r e  p o l l e n  shed. S e l e c t i o n  
was among tagged  p l a n t s  a t  h a r v e s t ;  these  s e l e c t i o n s  began t h e  n e x t  c y c l e .  

Wi th  t h i s  s y s t e ~ r ,  s u p e r i o r  S l s  can be taken  fro111 t h e  p o p u l a t i o n  a t  any t i m e  and advanced 
as l i n e s  by a  p e d i g r e e  s e l e c t i o n  system. New r r ~ a t e r i a l  can be added t o  e i t h e r  p o p u l a t i o n  a t  
dnY t i m e  by n i i x i n g  w i t h  t h e  s e l e c t e d  b u l k e d  S 1  seed p r i o r  t o  reco~r rb ina t ion  o r  by backcross ing  
and m i x i n g  s e l e c t e d  progeny w i t h  b u l k e d  S1 seed. 

A m a l e - s t e r i l e  p o p u l a t i o n  ( 2 4 )  c o u l d  be developed a t  any t ime by c r o s s i n g  and backcrossi r lg  
the p o p u l a t i o n  2B t o  a c y t o p l a s m i c  m a l e - s t e r i l e  source.  I f  a  h y b r i d  program i s  of  i n t e r e s t ,  
e n t r i e s  fro111 p o p u l a t i o n  1 c o u l d  be c rossed  t o  p o p u l a t i o n  2-A. 5 1  f a m i l i e s  i n  p o p u l a t i o n  1 
s e l e c t e d  f o r  reco lnb ina t ion  i n  t h e  n e x t  c y c l e  would be based on y i e l d  t r i a l  r e s u l t s  of  these 
crosses.  

R e c u r r e n t  S e l e c t i o n :  The tern1 " r e c u r r e n t  s e l e c t i o n "  d e s c r i b e s  c y c l i c  systems of  
s e l e c t i o n  i n  compos i tes .  The ternis "mass s e l e c t i o n ,  h a l f - s i b  s e l e c t i o n "  e t c .  , r e f e r  t o  Pirti- 
c u l a r  s e l e c t i o n  processes,  b u t  these  processes a r e  forins o f  r e c u r r e n t  s e l e c t i o n .  There a r e  
severa l  forl l ls of  s e l e c t i o n  under t h e  head ing  o f  r e c u r r e n t  s e l e c t i o n  t h a t  can be descr ibed  as 
f o l l o w s :  

Good p l a n t s  a r e  s e l e c t e d  fro111 an i n t e r c r o s s i n g  p o p u l i r t i o n  and s e l f e d  f o r  one ger le ra t ion  
i n  a n u r s e r y  row. 

The sallle p l a n t s  a r e  c rossed  o n t o  a  t e s t e r  ( t o p - c r o s s )  and e v a l u a t e d  f o r  y i e l d  and any 
o t h e r  c h a r a c t e r i s t i c s  of  impor tance .  The c r o s s i n g  can be done i n  t h e  same g e n e r a t i o n  as 
t h e  s e l f i n g .  

Remnant s e l  fed  seed of  s e l e c t e d  1  i nes based on t h e  top-c ross  t e s t  a r e  i n t e r c r o s s e d .  



The c y c l e  i s  repeated. 

Sorlgl.iwn Improvement : Me tilods and P P O C ~ ~ W ~ , :  

I f  the  t e s t e r  f o r  t he  top-cross were t h e  b u l k  popu la t i on  f rom which the s e l f e d  l i n e s  were 
der ived,  t h e  t e s t  would be f o r  general  combining a b i l i t y .  I f  the  t e s t e r  were an i nb red  l i n e ,  
t he  t e s t  would be f o r  s p e c i f i c  combining a b i l i t y .  The term genera1 combining a b i i  i s  used 
t o  desc r i be  p l a n t s  o r  popu la t i ons  t h a t  can be crossed t o  an a r r a y  o f  o t h e r  p l a n t s  o r  t e s t e r s  
(o f  d i f f e r i n g  gene t i c  background), w i t h  good performance f o r  a l l  t h e  crosses. The term 
s p e c i f i c  combining a b i l i t y  i s  used t o  desc r i be  p l a n t s  o r  popu la t ions  t h a t  per form w e l l  when 
crossed t o  an i nb red  l i n e ;  i .e.,  a  s p e c i f i c  gene t i c  e n t i t  . ( T h e i r  general  performance may 
vary, per forming we1 1  on some inb red  1  rne t e s t e r s  d on o thers .  ) These terms have 
re levance o n l y  i n  r e l a t i o n  t o  h y b r i d i z a t i o n .  Any l i n e  o r  v a r i e t y  may have good general and 
s p e c i f i c  combining a b i l i t y  when hyb r i d i zed ,  b u t  when used as a  v a r i e t y ,  t he  terms a re  n o t  
r e l e v a n t .  I n  sorghum ( i n  a  popu la t i on  i n  which gene t i c  s t e r i l i t y  has been i nco rpo ra ted )  the  
t e s t  would be f o r  general  combining a b i l i t y ,  and i t  would probab ly  be soille form o f  h a l f - s i b  
f a m i l y  se lec t i on .  

Reciprocal  Recurrent Se lec t i on :  A  breed ing program us ing  r e c i p r o c a l  r e c u r r e n t  se lec t ion  
imp l i es  the  ex i s tence  o f  two popu la t ions ,  each se rv ing  t o  prov ide source m a t e r i a l  t o  advance 
the  respec t i ve  popu la t i ons  and t o  serve as a  t e s t e r  f o r  the  o the r  popu la t i on .  I n d i v i d u a l  So 
( F 1 )  p l a n t s  i n  popu la t i on  A would be se l  f - p o l l  i n a t e d  and s in~u l t aneous l y  crossed t o  severa l  
p l a n t s  o f  popu la t i on  B .  I n  t h e  same way, i n d i v i d u a l  S  p l a n t s  i n  popu la t i on  B would be sel fed 
and s imul tsneous ly  crossed t o  severa l  p l a n t s  i n  popula?ion A. Th is  prov ides t h e  i na te r i a l  f o r  
two se ts  o f  t e s t  crosses. Seed from S1 p l a n t s  ( s e l f e d  SO p l a n t s )  se lec ted  i n  t he  t e s t  cross 
t r i a l  would be i n te rc rossed ;  t he  51 p l a n t s  f rom popu la t i on  A f o r~ r l i ng  a  new popu la t i on  A1 and 
those from popu la t i on  B fo rming a  new popu la t i on  0  . The c y c l e  i s  then repeated. The u l  t iea te  
goal o f  t h i s  system i s  t o  prcduce co~nnerc ia l  h y b r i i s  between l i n e s  de r i ved  from the two 
popu la t ions .  Th i s  can be done a t  any stage o f  b reed ing - -  ranging from cross ing between the 
popu la t ions  t o  c ross ing  between i nb red  l i n e s  de r i ved  from the  two popu la t ions .  

The c h a r a c t e r i s t i c s  o f  t he  two popu la t ions  i n  sorghum might  be as fo l lows-  

Popu la t ion  A - To develop R- l ines  ( o r  p o l l i n a t o r  parents  i n  a  h y b r i d  program): 

Genet ic m a l e - s t e r i l  i t y  
E i t h e r  type o f  cytoplasm 
High frequency o f  cy top las~r i i c  f e r t i  1  i t y  r e s t o r i n g  genes ( f rom R-1 ines! 

Cytoplasmic ma le -s te r i  1  i t y  
S t e r i l e  cytoplasm (A-1 i n e )  
Optimum frequency o f  cy top lasmic  r e s t o r i n g  genes (R-1 i nes )  (note  - 
review sec t i on  on p roduc t i on  o f  h y b r i d  sorghu~n i f  the  terminology i j  
n o t  f a m i l i a r ) .  

Popu la t ion  B - To develop B-1 ines, i .e., t he  ma in ta ine r  1  ines  f o r  the  seed parents 
( A - l i n e s )  o f  hyb r i ds .  0 - l i n e s  do n o t  r e s t o r e  m a l e - f e r t i l i t y  t o  the 
progeny o f  crosses w i t h  A - l i nes :  

Genet ic m a l e - s t e r i l i t y  
F e r t i l e  cytoplasm 
High frequency o f  non - res to r i  ng genes t o  cytoplasmic ma le -s te r i  1  i t y  
( f r om 6 - l i n e s )  

Three genera t ions  o f  random recombinat ion w i t h  low s e l e c t i o n  pressure i s  f i r s t  undertaken 
as discussed e a r l i e r  i n  the  sec t i on .  M a l e - s t e r i l e  p l a n t s  are  chosen t o  begin t he  popu la t ion  
t h a t  w i l l  form the  bas i s  f o r  t h e  r e c i p r o c a l  r e c u r r e n t  s e l e c t i o n  program. A c y c l e  o f  select ion 
would be as f o l l o w s :  

Step 1: (a )  Se lec t  among f e r t i l e  p l a n t s  i n  popu la t i on  A ( t a g  o r  bag these plants 
f o r  i d e n t i f i c a t i o n  a t  ha rves t ) .  Cross the  same f e r t i l e  p l a n t  t o  
severa l  m a l e - s t e r i l e  heads i n  popu la t i on  B. 

( b )  Se lec t  among f e r t i l e  p l a n t s  i n  popu la t i on  B and cross w i t h  several  
random s t e r i l e s  i n  popu la t i on  A.  (Note t h a t  i d e n t i f i c a t i o n  o f  the  
f e r t i l e  p l a n t  and i t s  crosses onto  m a l e - s t e r i l e s  must be maintained) 



~ompoaites 

Step  2 :  

S t e p  3: 

Conduct  y i e l d  t r i a l s ;  two r e p l i c a t i o n s  i n  s e v e r a l  d i f f e r e n t  areas. 
I f  c y t o p l a s m i c  m a l e - s t e r i l i  t y  i s  used i n  p o p u l a t i o n  A, m a l e - s t e r i l e  
p l a n t s  w i l l  appear  i n  t h e  t r i a l .  I t  i s  necessary t o  i n s u r e  t h a t  
t h e r e  i s  an adequate amount o f  p o l l e n  i n  t h e  f i e l d  th roughou t  t h e  
f l o w e r i n g  p e r i o d  o f  t h e  t r i a l  even if a  heterogeneous p o l l i n a t o r  i s  
sown as a  p o l l e n  source .  

Based on y i e l d  r e s u l t s ,  seeds from s e l e c t e d  f e r t i l e  p l a n t s  (s teps  l a ,  
l b )  a r e  b u l k e d  and grown i n  i s o l a t i o n .  A l l o w  f o r  randoni p o l l i n a t i o n  
on  m a l e - s t e r i  l e  heads. 

Mark m a l e - s t e r i l e  p l a n t s  a t  f l o w e r i n g  t i m e  (use tags  o r  p a i n t  f rom 
an  a e r o s o l  c a n ) .  

H a r v e s t  seed f r o m  m a l e - s t e r i l e  p l a n t s  fro111 each p o p u l a t i o n  A & U t o  
f o r m  t h e  new p o p u l a t i o n s  f ron i  w h i c h  m a l e - f e r t i l e  p l a t i t s  would be 
chosen and c r o s s e d  t o  t e s t e r  p l a n t s  i n  t h e  o t h e r  po( iu1a t ion .  

S t e p  4: Repeat  t h e  c y c l e .  

Techniques f o r  I n c r e a s i n g  Gain f r o m  S e l e c t i o n :  The r d t e  o f  p rogress  ( g a i n  i n  i n c r e a s i n g  
y i e l d  i n  a  popu1a t ion )depends  on a  number o f  f a c t o r s  - -  t h e  b r e e d e r  shou ld  be aware o f  these 
f a c t o r s  f o r  h i s  p a r t i c u l a r  b r e e d i n g  s i t u a t i o n  so t h a t  he can d e c i d e  on t h e  b r e e d i n g  system t o  
use. E b e r h a r t  (1970) p r e s e n t s  a  d i s c u s s i o n  o f  t h i s  q u e s t i o r i  i n  d e t a i l ;  s a l i e n t  f e a t u r e s  a r e  
o u t l i n e d  be low:  

One o f  t h e  ways t o  i n c r e a s e  t h e  g a i n  i n  y i e l d  p e r  c y c l e  o f  s e l v c t i o n  i s  t o  i n c r e a s e  
t h e  a d d i t i v e  g e n e t i c  v a r i a n c e ;  i .e . ,  t o  i n c r e a s e  t h e  d i v e r s i t y  o f  t h e  e n t r i e s  go ing  i n t o  
a  compos i te .  C o l l e c t i o n s  and b r e e d i n g  m a t e r i a l  f r o m  many p laces  i n  t h e  w o r l d  cdn be 
used t o  i n c r e a s e  d i v e r s i t y .  

The r a t e  o f  g a i n  can be i n c r e a s e d  by i n c r e a s i n g  t h e  s e l e c t i o n  i n t e n s i t y ;  i . e . ,  by t a k i n g  
a  fewer number o f  t h e  v e r y  b e s t  e n t r i e s  i n  a  compos i te  t o  re-for111 t h e  con~posi  t e  i n  t h e  n e x t  
c y c l e .  Most  ma ize  b r e e d e r s  s e l e c t  20 t o  40 l i n e s  f o r  r e c o ~ n b i n a t i o n  each c y c l e .  A problcnl  
a r i s e s  ( p a r t i c u l a r l y  where progeny t e s t i n g  i s  i n v o l v e d )  i n  h a v i n g  s a ~ ~ ~ p l e  s i z e s  l a r g e  enough t o  
r e p r e s e n t  t h e  d i v e r s i t y  i n  a p o p u l a t i o n .  I t  may be d e s i r a b l e  t o  have a  broad-based composi te 
under mass s e l e c t i o n ,  s a v i n g  25 t o  3 0 h a c h  c y c l e ,  so t h a t  t h e  p o p u l a t i o n  under i n t e n s i v e  
s e l e c t i o n  c o u l d  be i n t e r g r e s s e d  p e r i o d i c a l l y .  T h i s  c o u l d  bc done by c r o s s i n g  s t e r i l e s  of the  
h i g h l y  s e l e c t e d  p o p u l a t i o n  w i t h  p o l l e n  fro111 t h e  broad-based compos i te .  Th is  i n t e r y r e s s i o n  
would be  p a r t i c u l a r l y  u s e f u l  when g a i n  p e r  c y c l e  o f  s e l e c t i o n  beg ins  t n  decrease.  

Gain can be  i n c r e a s e d  b y  u s i n g  a d d i t i o n a l  g e n e r a t i o n s ,  i .e .  , two o r  t h r e e  genera t ions  p e r  
Year. T h i s  can be  done b y  u s i n g  o f f - s e a s o n  n u r s e r i e s :  f o r  example, by u s i n g  a  war111-weather 
l o c a t i o n  d u r i n g  a  c o l d  w i n t e r  and /o r  u s i n g  i r r i g a t i o r i  d u r i n g  a  d r y  season. The b reed ing  system 
used rnay change depend ing  on  t h e  nuiiiber o f  g e n e r a t i o n s  t h a t  can bc o b t a i n e d  i n  one y e a r ;  o r ,  
fllore g e n e r a l l y ,  how r a p i d l y  each c y c l e  o f  s e l e c t i o n  can be completed.  

I rnproven~ent  i n  p l o t  t e c h n i q u e  i s  h e l p f u l  i n  i n c r e a s i n g  g a i n  p e r  c y c l e .  The b e t t e r  t h e  
crop,  t h e  more a c c u r a t e  t h e  s e l e c t i o n  and,wi th p r o p e r  t e c h n i q u e ,  more e n t r i e s  can be eva lua ted .  
Techniques such as t h e  f o l l o w i n g  a r e  u s e f u l :  

The y i e l d  t r i a l s  s h o u l d  a lways be grown on f i e l d s  t h a t  were u n i f o r r i ~ l y  cropped t h e  
p r e v i o u s  y e a r  so t h a t  v a r i a t i o n s  i n  t h e  f i e l d  a r e  m i n i m i  zed. 

The c r o p  s h o u l d  be  w e l l  managed. Use h i g h  l e v e l s  o f  f e r t i l i z e r  t o  reduce v a r i a b i l i t y  
w i t h i n  a  r e p 1  i c a t i o n ,  i r r i g a t i o n ,  p e s t  c o n t r o l ,  f reedom f r o m  weeds a r e  a l l  i m p o r t a n t  
f a c t o r s  i n  o b t a i n i n g  good p l a n t  e x p r e s s i o n .  

The d e s i g n  o f  t h e  y i e l d  t r i a l  may be i m p o r t a n t  ( w i t h  111aize i n  Kenya, t h e  use o f  l a t t i c e  
d e s i g n  was found t o  be  u s e f u l  i n  removing some randoni v a r i a t i o n  s t a t i s t i c a l l y ) .  

The number o f  p l a n t s  p e r  p l o t  i s  i m p o r t a n t  ( w i t h  t h e  KCA maize composi te i n  Kenya, t h e r e  
was v e r y  l i t t l e  i n c r e a s e  i n  y i e l d  g a i n  w i t h  more than  15 o r  20 p l a n t s  p e r  p l o t ,  F ig .  4.1 1. 
More progeny rows can  be  t e s t e d  i f  t h e  p l o t  s i z e  i s  reduced,  e n a b l i n g  a  b e t t e r  Sampling 
of t h e  p o p u l a t i o n .  
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When t h e  g e n e t i c  v a r i a t i o n  i n  t h e  p o p u l a t i o n  i s  h i g h ,  i t  has been f o u n d  b e t t e r  t o  have a 
few r e p l i c a t i o n s  a t  Inany l o c a t i o n s  r a t h e r  t h a n  many r e p l i c a t i o n s  a t  one l o c a t i o n .  ( W i t h  
t h e  ma ize  cornposi t e s  i n  Kenya, two r e p l i c a t i o n s  a t  f o u r  l o c a t i o n s  were found  t o  be  e f f i -  
c i e n t  - t h e  c o s t  o f  c o n d u c t i n g  t r i a l s  a t  more t h a n  f o u r  l o c a t i o n s  was n o t  w o r t h w h i l e  
con~pared t o  t h e  g a i n  i n  y i e l d ) .  

A number o f  t h e s e  p o i n t s  a r e  i l l u s t r a t e d  i n  t h e  f o l l o w i n g  f i g u r e s .  

No te  t h a t  t h e  d i f f e r e n c e  between expec ted  g a i n  i l l u s t r a t e d  by t h e  two f i g u r e s  4.2 and 
4 . 3  i s  o n l y  i n  number o f  g e n e r a t i o n s  p e r  y e a r ;  t h r e e  seasons i n  two y e a r s  vs.  two seasons i n  
one y e a r .  No te  t h a t  t h e  r e l a t i v e  e f f i c i e n c i e s  o f  t h e  f u l l - s i b  and S 1  t e s t i n g  p rocedures  a r e  
r e v e r s e d  when based on t h i s  d i f f e r e n c e  i n  number o f  g e n e r a t i o n s  p e r  y e a r .  

Ga in  4 
q/ ha 

3 

4 10 2 0 3 0 
P l a n t s  p e r  P l o t  

Figure 4.1: Effect on Gain in Yield of Number of Plants per Plot. 

T h i s  f i g u r e  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between y a i r i  i n  y i e l d s  and 
number o f  p l a n t s  p e r  p l o t  on  a  KCA ma ize  c o ~ i i p o s i t e  i n  Kenya, two 
rep1  i c a t i o n s  and f o u r  l o c a t i o n s  ( E b e r h a r t , l 9 7 0 ) .  

S1 T e s t i n g  .- - 
/-- 
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No. o f  L o c a t i o n s  f o r  Y i e l d  T r i a l s  

Figure 4.2: Effect on Gain in Yield of Number of Test Locations - 3 Seasons in 2 Years. 

T h i s  f i g u r e  i l l u s t r a t e s  t h e  e x p ~ c t e d  annual  g a i n  i n  y i e l d  o f  t h e  KCA 
ma ize  compos i te  w i t h  d i f f e r e n t  numbers o f  t e s t  l o c a t i o n s  i n  Kenya 
u s i n g  3 seasons i n  2 y e a r s  ( E b e r h a r t ,  1970) .  
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Figure 4.3: Effect on Gain in Yield of Number of Test Locations - 2 Seasons in One Year. 

T h i s  f i g u r e  i l l u s t r a t e s  e x p e c t e d  annual  g a i n  i n  y i e l d  o f  t h e  KCA 
n ia ize c o m p o s i t e  w i t h  d i f f e r e n t  nulrtber o f  t e s t  l o c a t i o n s  i n  Kenya u s i n g  
two seasons p e r  y e a r  (Cberhar t ,  1 9 7 0 ) .  

BREEDING FOR INSECT DISEASE RESISTANCE 

Breed ing  i s  a  p r o c e s s  o f  chang ing  a  c h a r a c t e r i s t i c  o f  a  p o p u l a t i o n  over  a  number o f  g e n e r a t i o n s  
by a p p l y i n g  s e l e c t i o n  p r e s s u r e  on t h e  p o p u l a t i o n .  A number o f  techn iques  can be cons ide red  
f rom a  d i s c u s s i o n  o f  b r e e d i n g  f o r  i n s e c t  and d i s e a s e  r e s i s t a n c e .  

The r a t e  o f  change a c h i e v e d  depends on s e v e r a l  f a c t o r s :  

a Mode o f  i n h e r i t a n c e  and b r e e d i n g  p rocedures ,  
Ease o f  i d e n t i f y i n g  t h e  t r a i t  b e i n g  s e l e c t e d  f o r ,  
I n t e n s i t y  o f  s e l e c t i o n  p r e s s u r e  t h a t  cdrt be a p l r l i e d ,  d r ~ d  
E n v i r o n m e n t a l  f a c t o r s .  

Mode of Inheritance and Breeding Procedures 

The mode o f  i n h e r i t a n c e  r e f e r s  t o  how a  c h a r a c t e r  i s  i n h e r i t e d :  s i n g l e  gerle, a  few genes, many 
genes, and how much o f  t h e  v a r i a t i o r i  observed  i s  due t o  a d d i t i v e  o r  n o n a d d i t i v e  (dominance and 
e p i s t a s i s )  e f f e c t s .  R e s i s t a n c e  t o  a  r a c e  o f  wheat  r u s t  i s  an example o f  a  s i n g l e - g e n e  mode of 
i n h e r i t a n c e .  Each new r a c e  o f  wheat  r u s t  u s u a l l y  r e q u i r e s  t h a t  a  new yerle source  f o r  r e s i s -  
tance be found;  i . e . ,  t h e  r e l a t i o n s h i p  between h o s t  and p a r a s i t e  i s  q u i t e  s p e c i f i c ,  hence t h e r e  
a r e  as many s o u r c e s  o f  r e s i s t a n c e  t o  d e a l  w i t h  as t h e r e  a r e  r a c e s  o f  t h e  d i sease .  G e n e r a l l y ,  
11: i s  p o s s i b l e  t o  r e c o v e r  a  v a r i e t a l  t y p e  r e s i s t a n t  t o  a  new r a c e  o f  r u s t ,  a n d  one gene can be 
I n t r o d u c e d  i n t o  a  geno type  w i t h o u t  g r e a t l y  a l t e r i n g  t h a t  geno type ,  e x c e p t  f o r  t h e  f a c t o r  
i n t r o d u c e d .  

B a c k c r o s s i n g  i s  a  method o f  gene t r a n s f e r .  The a g r o n o m i c a l l y  d e s i r a b l e  t y p e  ( r e c u r r e n t  
Parent-R) i s  c r o s s e d  b y  t h e  source  o f  r e s i s t a n c e  ( n o n r e c u r r i n g  type-NR) and repea ted  back- 
crosses a r e  made w i t h  t h e  r e c u r r e n t  p a r e n t .  

R x  NR 
( R  x  NR) x  R 
(R x  NR) R  x R, e t c .  

If t h e  c h a r a c t e r  i n  q u e s t i o n  i s  r e c e s s i v e ,  t h e  F1 (R x  NR) w i l l  be s u s c e p t i b l e .  I t  t h e r e -  

f o r e  becomes n e c e s s a r y  t o  s e l f  e v e r y  o t h e r  g e n e r a t l o n  o r  so, t o  r e c o v e r  t h e  c h a r a c t e r  d e s i r e d .  
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For  example, i f  t h e  R - l i n e  were g e n e t i c a l l y  "SS" f o r  s u s c e p t i b l e ,  and NR was 'kt' f o r  r e s i s t a n t ,  
then  t h e  F1 wou ld  be S/s o r  s u s c e p t i b l e .  The f i r s t  backcross wou ld  be between S/s x  SS paren ts ,  
and t h e  progeny would be o n e - h a l f  S/s and one-ha l f  SS.  P l a n t s  f rom these  seeds would be s e l f -  
p o l l i n a t e d  and t h e  n e x t  g e n e r a t i o n  wou ld  t h e n  segrega te  5SS : 2Ss : l s s .  Backcross ing  wou ld  
then  c o n t i n u e  by c r o s s i n g  t h e  "ss "  t ypes  by t h e  r e c u r r e n t  p a r e n t  and r e p e a t i n g  t h i s  whole 
p rocess  u n t i l  t h e  r e s i s t a n t  r e c u r r e n t  t y p e  was r e c o v e r e d  ( u s u a l l y  fou r  t o  s i x  backcrosses) .  

The number o f  backcrosses i n v o l v e d  may be reduced i f  t h e  R and NR p a r e n t s  a r e  s i m i l a r  
p h e n o t y p i c a l l y  ( p o s s i b l y  o f  t h e  same v a r i e t a l  background) .  Suppose t h a t  i t  i s  d e s i r e d  t o  
t r a n s f e r  r e s i s t a n c e  i n t o  v a r i e t y  A1 and many d i f f e r e n t  v a r i e t a l  sources o f  r e s i s t a n c e  a r e  
a v a i l a b l e  ( i . e . ,  As, B2, C7, D10, e t c . ) ,  then  t h e  b e s t  c h o i c e  f o r  t h e  NR l i n e  would be As. The 
c ross  A1 x  A5 wou ld  be p h e n o t y p i c a l l y  much c l o s e r  t o  t h e  d e s i r e d  t y p e  than  t h e  c ross  A 1  x  C7, 
t h u s  fewer  backcrosses  would l i k e l y  be r e q u i r e d .  

F o r t u n a t e l y ,  good sources o f  r e s i s t a n c e  a r e  a v a i l a b l e  f o r  t h e  m a j o r  d iseases o f  t h e  
sorghum crop;  hence, a  few good source l i n e s  may be found wh ich  can be used t o  e v o l v e  ayronorn- 
i c a l l y  good and d i s e a s e - r e s i s t a n t  v a r i e t i e s  and p a r e n t s  (see  s e c t i o n  on t h e  g e n e t i c s  o f  
sorghum). 

I f  a  h y b r i d  i s  i n v o l v e d  and a l l  p a r e n t s  a r e  s u s c e p t i b l e ,  then  i t  may be necessary t o  
t r a n s f e r  t h a t  r e s i s t a n c e  i n t o  each p a r e n t .  T h i s  wou ld  n o t  be so i f  t h e  r e s i s t a n c e  were due t o  
a  dominant  f a c t o r ;  i t  would then  be r e q u i r e d  ( i n  t h e  homozygous c o n d i t i o n )  i n  one p a r e n t .  I f  
t h e  f a c t o r  i s  r e c e s s i v e ,  then  i t  rnust bc e r i te red  i n t o  b o t h  p a r e n t s  ( o r  a l l  p a r e n t s ) .  Genera l l y ,  
an a g r o n m i i c a l l y  good h y b r i d  i s  a  c ross  between p a r e n t s  o f  d i v e r s e  o r i g i n .  Us ing  t h e  same 
source o f  r e s i s t a n c e  f o r  b o t h  p a r e n t s  o f  t h e  h y b r i d  reduces t h i s  d i v e r s i t y  and may reduce  y i e l d .  
Whenever p o s s i b l e ,  d i v e r s e  sources o f  r e s i s t a n c e  s h o u l d  be used i n  a  h y b r i d  program. 

The a v a i l a b i l  i t y  o f  s i m p l y  i n h e r i t e d  f a c t o r s  f o r  r e s i s t a n c e  i s  c o n v e n i e n t  f o r  b r e e d i n g  
purposes; however, as i n  t h e  case o f  wheat r u s t ,  t h e  r e s i s t a n c e  may hreak down w i t h  a  new r a c e  
o f  t h e  d isease .  H o r i z o n t a l  r e s i s t a n c e  i s  c o n t r o l l e d  by many genes, and w h i l e  complete r e s i s -  
tance  may n o t  be  expressed,  a  good l e v e l  o f  r e s i s t a n c e  i s  p o s s i b l e  wh ich  g e n e r a l l y  remains more 
s t a b l e  over  a  l o n g e r  p e r i o d  o f  t i m e  than  does t h e  h i g h l y  s p e c i f i c  r e l a t i o r i s h i p  as expressed by 
t h e  w h e a t - r u s t  s i t u a t i o n .  From a  c r o p - p r o d u c t i o n  p o i n t  o f  v iew,  h o r i z o n t a l  r e s i s t a n c e  i s  
v a l u a b l e  and i s  a  p o t e n t i a l l y  u s e f u l  concep t  f o r  t h e  p l a n t  b reeder .  

It i s  w o r t h w h i l e  t o  sc reen  c o l l e c t i o n s  o f  v a r i e t a l  t ypes  and b r e e d i n g  s t o c k s  f o r  resi;- 
tance and t o  s t u d y  t h e  i n h e r i t a n c e  o f  t h e  d e s i r e d  t r a i t  i n  prorr i is ing l i n e s .  Genet i c  d i v e r s i t y  
i s  as i m p o r t a n t  t o  s e l e c t i o n  f o r  r e s i s t a n c e  t o  i n s e c t s  and d iseases  as i t  i s  f o r  y i e l d .  If t h e  
c h a r a c t e r  i s  c o n t r o l l e d  by two, t h r e e ,  o r  f o u r  genes, t h e  backcross ~ i ie thod  can be used and 
chances a r e  reasonab le  t h a t  t h e  r e s i s t a n c e  can be t r a n s f e r r e d  s o  as t o  o b t a i n  a  pher~o type  
s i m i l a r  t o  t h e  o r i g i n a l  w i t h  t h e  r e s i s t a n c e  recovered .  There may be a  few genes o f  m a j o r  
e f f e c t  whose e x p r e s s i o r ~  i s  b l u r r e d  by a  l a r g e  nurr~ber o f  m o d i f i e r s  --  genes o f  ~ l i i n o r  e f f e c t .  I t  
may be t h a t  one o r  more o f  t h e  n ia jor  f a c t o r s  wou ld  be dominant o r  p a r t i a l l y  dominant .  A  v a r i -  
e t y  w i t h  r e s i s t a n c e  o f  t h i s  s o r t  may be much e a s i e r  t o  use than  one c o n t r o l l e d  by a  l a r g e  
number o f  f a c t o r s ,  a l l  w i t h  m i n o r  e f f e c t ;  i . e . ,  i f  t h e  mode o f  i n h e r i t a n c e  i s  q u a n t i t a t i v e .  If 
t h i s  i s  t h e  case, s i m p l e  t r a n s f e r  o f  t h e  c h a r a c t e r i s t i c  by backcross ing  i s  n o t  p o s s i b l e .  There 
i s  a  random assor tment  o f  genes and i t  becomes i m p o s s i b l e  t o  f i n d  a  recombinant  w i t h  a l l  t h e  
d e s i r e d  f a c t o r s  ( t h e  p o p u l a t i o n  s i z e  would be t o o  g r e a t  and t h e  chance o f  i d e n t i f y i n g  t h e  
s p e c i f i c  i n d i v i d u a l  i n  such a  l a r g e  p o p u l a t i o n  i m p o s s i b l y  d i f f i c u l t ) .  ( i e n e r a l l y ,  however, i t  
i s  p o s s i b l e  t o  backcross  once o r  twice; t h e n  a  new l i n e  must be s e l e c t e d  by s c r e e n i n g  i n  seg- 
r e g a t i n g  g e n e r a t i o n s .  I t  i s  n o t  p o s s i b l e  t o  r e c o v e r  t h e  d e s i r e d  v a r i e t y  w i t h  r e s i s t a n c e  added. 
The employment o f  p o p u l a t i o n - b r e e d i n g  techn iques  may be  v e r y  u s e f u l .  

There a r e  s e v e r a l  p o p u l a t i o n  techn iques  t h a t  m i g h t  be w o r t h w h i l e .  Such techn iques  would 
i n v o l v e  some f o r m  o f  r e c u r r e n t  s e l e c t i o n .  The p o p u l a t i o n  m i g h t  be made by comb in ing  good 
agronomic l i n e s  w i t h  good source  l i n e s  f o r  r e s i s t a n c e .  I t  i s  i m p o r t a n t  t h a t  e n t r i e s  i n c l u d e d  
i n  a  p o p u l a t i o n  be s e l e c t e d  c a r e f u l l y  f o r  t h e  t r a i t s  o f  i n t e r e s t .  Randoni r e c o m b i n a t i o n  w i t h  low 
s e l e c t i o n  p r e s s u r e  s h o u l d  o c c u r  f o r  s e v e r a l  g e n e r a t i o n s  b e f o r e  s e l e c t i o n  t o  deve lop  new l i n e s  i s  
begun. I t  may even be d e s i r a b l e  t o  e s t a b l i s h  a  p o p u l a t i o n  i n c l u d i n g  many v a r i e t a l  sources ( i f  
o n l y  l e s s - s u s c e p t i b l e  t ypes  a r e  a v a i l a b l e  t o  enhance t h e  degree o f  r e s i s t a n c e )  b e f o r e  any e f f o r t  
i s  made t o  improve  a g r o n o m i c a l l y  s u p e r i o r  t y p e s .  As more 1  i n e s  a r e  added t o  make a  composi te,  
p a r t i c u l a r l y  i f  sources  o f  r e s i s t a n c e  and o f  agronomic e l i t e n e s s  a r e  b o t h  i n c l u d e d ,  t h e  expres-  
s i o n  o f  t h e  r e s i s t a n c e  w i l l  l i k e l y  d i m i n i s h .  The gene f requency  i n  a  p o p u l a t i o n  f rom a  c r o s s  
i s  t h e  average  o f  t h e  gene f r e q u e n c i e s  o f  t h e  p a r e n t s ;  i .e . ,  i f  1  i n e  A has a  gene f requency  of  
0.7  f o r  r e s i s t a n c e  and l i n e  B has a  gene f requency  o f  0 . 4  then  t h e  c rossed  p o p u l a t i o n  (A x  6 )  
has a  f r e q u e n c y  o f  0.55.  I f  1  i n e  B had a  f requency  o f  0 . 0 4 ,  t h e  f requency  i n  A  x  B  would be 
0.370 ( w h i c h  i s  a  l o w e r  base f rom wh ich  t o  b e g i n  s e l e c t i o n ) .  
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Some o f  these  p o p u l a t i o n  t e c h n i q u e s  a r e  most  u s e f u l  w i t h  c r o s s - p o l l i n a t e d  c rops  o r  w i t h  
c rops  t h a t  have a  r e a s o n a b l e  degree o f  c r o s s - p o l l i n a t i o n .  S u f f i c i e n t  c r o s s i n g  occurs i n  
sorghum t o  j u s t i f y  e s t a b l i s h i n g  open-pol  1  i n a t i n g  p o p u l a t i o n s .  However, recomb ina t ion  Carl be 
enhanced if hand p o l  1  i n a t i o n s  a r e  made ( o r  b e t t e r ,  if g e n e t i c  m a l e - s t e r i  1  i t y  i s  i n t r o d u c e d  i l l t o  
t h e  p o p u l a t i o n ) .  The p o p u l a t i o n  can b e  made o n e - f o u r t h  m a l e - s t e r i l e  and h a r v e s t  taken o n l y  
f rom m a l e - s t e r i l e  p l a n t s .  A l l  seed o b t a i n e d  wou ld  then  be f rom a  c r o s s .  The cy top lasmic  forlil 
o f  m a l e - s t e r i l i t y  i s  used t o  make h y b r i d s  f o r  co rnnerc ia l  purposes.  I t  i s  common p r a c t i c e  dnd 
recornrrended t h a t  o n l y  a  g e n e t i c  s o u r c e  (MS3 a n d / o r  MS7) be used i n  composi tes.  

I f  a  p o l y g e n i c a l l y  c o n t r o l l e d  f a c t o r  i s  t o  be used i n  a  h y b r i d  program, d i v e t - s i t y  i n  the  
pa ren tage  s h o u l d  be m a i n t a i n e d .  I t  niay be d e s i r a b l c  t o  make two u n r e l a t e d  p o p u l a t i o n s  r a t h e r  
t h a n  one. R e c i p r o c a l  r e c u r r e n t  s e l e c t i o n  nlay be a  v e r y  u s e f u l  b r e e d i n g  techn ique  i n  t h i s  case. 
If g e n e t i c  s t e r i l i t y  i s  i n t r o d u c e d  i n t o  u n r e l a t e d  p o p u l a t i o n s ,  some t h o u g h t  m i g h t  a l s o  be g iven  
t o  m a i n t a i n i n g  d i v e r s i t y  i n  t h e  s o u r c e  l i n e s  f o r  m a l e - s t e r i 1 i t . y .  

R e c u r r e n t  s e l e c t i o n  i n v o l v e s  an e v a l u a t i o n  and a  r e c o ~ r ~ b i n a t i o n  phdse. The e v a l u a t i o n  
phase w o u l d  i n c l u d e  e v a l u a t i o n  i n  y i e l d  t r i a l s  and i n  s e p a r a t e  s c r e e n i n g  n u r s e r i e s  f o r  one o r  
riiore o f  t h e  i n s e c t  and d i s e a s e  problems o f  concern .  On ly  t h e  b e s t  s e l e c t i o n s  frori i  each evalua-  
t i o n  t e s t  a r e  i n c l u d e d  i n  t h e  r e c o m b i n a t i o n  phase ( s e e  s e c t i o n  on Composi tes) .  P o p u l a t i o n  
b r e e d i n g  i s  u s e f u l  f o r  t h e  sirr iul  taneous i n c o r p o r a t i o n  o f  s e v e r a l  t r a i t s  i n t o  ag ro r io~n ica l  l y  
good m a t e r i a l .  

I f  r e s i s t a n c e  i s  t o  be added t o  an a l r e a d y  a g r o n o m i c a l l y  e l i t e  p o p u l a t i o n ,  s e l e c t i o n s  fro111 
t h e  p o p u l a t i o n  can be c rossed  t o  t h e  s o u r c e ( s )  of i n t e r e s t .  Proyeny f rom t h e s e  c rosses  shou ld  
be e v a l u a t e d  i n  t h c  F2 ,  F3 ,  a r ~ d  ( i f  necessary )  rq g e n e r a t i o r i s  f o r  b o t h  agronomic arid r e s i s t a r i c e  
t r a i t s .  Ori ly when these  p rogen ies  have an agroriornic e l i t e n e s s  e q w l  t o  t h e  p a r e n t  p o p u l a t i o n  
a r e  t h e y  i n c o r p o r a t e d ;  t h u s  t h e  gene f r e q u e n c i e s  f o r  t r a i t s  c o n t r i b u t ~ n g  t o  agronomic e l i t e r e s s  
a re  n o t  reduced.  

A " s i d e c a r "  t e c h n i q u e  i s  e~np loyed  b y  t h e  maize prograrrl o f  CIMMYT. B u l k  p o l l e n  fro111 t h e  
p o p u l a t i o n  i s  c rossed  o n t o  t h e  s o u r c e j s )  o f  r e s i s t a r i c e .  P rogen ies  a r e  t h e n  screened f o r  
a y r o n o ~ n i c  and r e s i s t a n c e  t r a i t s .  A t  t h e  same t i n ie ,  iniprovernent o f  t h e  p a r e n t  p o p u l a t i o r i  
c o n t i n u e s .  When good l e v e l s  o f  r e s i s t a n c e  and agrorloni ic e l  i t c n e s s  a r e  fourid i n  t h e  p rcqeny ,  
a  backc ross  i s  made u s i n g  b u l k  p o l l e n  f r o m  t h e  improved p o p u l a t i o n  o n t o  t h e  r e s i s t a r r t  progeny 
and t h e  c y c l e  i s  r e p e a t e d .  T h i s  n o n - r e c u r r e n t  p o p i ~ l a t i o r ~  i s  a  s i d e - c a r  o f  t h e  p a r e n t  p o p u l d t i o n .  
I n  t h i s  way t h e  p o p u l a t i o r i  i s  backc rossed  o n t o  t h e  source;  t h e r e  i s  no charice o f  r e d u c i n g  gene 
f r e q u e n c i e s  f o r  d e s i r a b l c  t r a i t s  i n  t h e  p a r e n t  p o p u l a t i o r l  ( i n  f a c t ,  t h e y  a r e  b e i n g  iniproved 
d u r i n g  t h e  b a c k c r o s s i n g  p r o c e s s ) .  

Ease of Trait Identification 

The ease w i t h  w h i c h  a  t r a i t  can be i d e n t i f i e d  i s  an i a r p o r t a n t  f a c t o r  i n  b reed ing .  The expres -  
s i o n  o f  a  c h a r a c t e r  lllay be i r i f l u e n c e d  by b o t h  t h e  y n e t i c  backgrour id  and by t h e  env i ronment .  
A l l l a jo r  gene f o r  r e s i s t a n c e  may express  i t s e l f  we1 1  i n  v a r i e t y  A and p o o r l y  i n  v a r i e t y  B; 
i . e . ,  v a r i e t y  B may c a r r y  a complex o f  ~ r ~ u d i f y i r i g  f a c t o r s  r e d u c i n g  t h e  r e s i s t a n c e  e f f e c t  o f  the  
gerie i n  t h e  O compared t o  t h e  A background.  The backgrourid e f f e c t  on t h c  e x p r e s s i o n  o f  a  t r a i t  
a l s o  w o u l d  be i m p o r t a n t  w h i l e  i d e n t i f y i n g  v a r i e t i e s  f o r  g e n e t i c  s t i r d i e s  where good express ion  
i s  i ~ i i p o r t a n t  t o  t h e  determination o f  t h e  f r e q u e n c i e s  o f  i r i d i v i d u a l s  i n  t h e  v a r i o u s  groups i n  
a  s e g r e g a t i n g  p o p u l a t i o n .  Choice o f  p a r e n t s  1s i m p o r t a n t  i n  a  b a c k c r o s s i n g  prograni,as expres-  
s i o n  o f  r e s i s t a n c e  m i g h t  v a r y  a c c o r d i n g  t o  t h e  p a r e n t s  used.  The i d e n t i f i c a t i o n  o f  t h e  b e s t  
Source t o  use  f o r  t h e  i ~ n p r o v e ~ n e n t  o f  a  p a r t i c u l a r  a g r o n o m i c a l l y  e l i t e  l i n e  may be w o r t h w h i l e .  

B r e e d i n g  f o r  r e s i s t a r i c e  t o  c h a r c o a l  r o t  i s  complicated because, as y i e l d s  i n c r e a s e ,  t h e r e  
i s  o f t e n  an accompanying i n c r e a s e  i n  t h e  s u s c e p t i b i l i t y  t o  t h i s  d i s e a s e .  A p p a r e n t l y  t h e  
i n c r e a s e d  t r a n s l o c a t i o n  o f  m e t a b o l i t e s  t o  t h e  g r a i n  c o n t r i b u t e s  t o  i n c r e a s e d  s u s c e p t i b i l i t y  of 
t h e  s tem t o  i n f e c t i o r r  ( o t h e r  s t r e s s e s ,  such as d r o u g h t  a l s o  c o n d i t i o n  p l a n t s  t o  s u s c e p t i b i l i t y ) .  
V a r i a b i l i t y  does e x i s t ,  b u t  i t  i s  n o t  c l e a r  how f a r  i t  w i l l  be p o s s i b l e  t o  s e l e c t  f o r  b o t h  
h i g h  y i e l d  and a  h i g h  l e v e l  of r e s i s t a n c e  t o  c h a r c o a l  r o t .  

Shoot  f l y  i s  an i n s e c t  p rob lem t h a t  c l e a r l y  denionst rates t h e  c o m p l e x i t y  o f  t h e  b reed ing  
s i t u a t i o n .  T h i s  i s  a  s e v e r e  p e s t  on sorghum i n  I n d i a  ( t h e  f l y  maggot c u t s  and k i l l s  t h e  grow- 
i n g  p o i n t  when t h e  p l a n t  i s  i n  t h e  s e e d l i n g  s t a g e ) ,  y e t  no source  o f  good r e s i s t a n c e  i s  known; 
the most  r e s i s t a n c e  l i n e s  a r e  b a d l y  damaged a t  t imes .  Wh i le  i t  i s  i n i p o r t a n t  t o  i n c r e a s e  t h e  

Yene f requency  f o r  r e s i s t a n c e  i n  d e s i r e d  l i n e s  and t o  i d e n t i f y  t h e  modes o f  i n h e r i t a n c e  i n  
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d i f f e r e n t  sources  of r e s i s t a n c e ,  i t  i s  a l s o  d e s i r a b l e  t o  improve t h e  r e s i s t a n c e  o f  source  
v a r i e t i e s .  

Some p r a c t i c a l  compromise i s  d e s i r e d  between agronomic s u i t a b i l i t y  and t h e  degree o f  
r e s i s t a n c e .  An e f f o r t  s h o u l d  be  made s i m u l t a n e o u s l y  t o  i n c r e a s e  t h e  gene f requency  f o r  r e s i s -  
tance  i n  a g r o n o m i c a l l y  good types ,  as w e l l  as i n  source  m a t e r i a l .  I n  due course ,  new compos- 
i t e s  i n v o l v i n g  b e t t e r  source  m a t e r i a l  m i g h t  be made. (Some breeders  a r e  t r y i n g  t o  s e l e c t  
new l i n e s  f o r  r e s i s t a n c e  t o  shoo t  f l y  from s i n g l e  c rosses ;  however, t h e  F1 and subsequent 
g e n e r a t i o n s  a r e  as s u s c e p t i b l e  as t h e  s u s c e p t i b l e  p a r e n t . )  A c e r t a i n  amount o f  sorghum's 
i n h e r i t a n c e  f o r  r e s i s t a n c e  i s  due t o  a d d i t i v e  g e n e t i c  v a r i a n c e ,  and some progress  has been 
made by c r o s s i n g  and p e d i g r e e - t y p e  b r e e d i n g .  I n i t i a l l y ,  t h e  p o p u l a t i o n  ( i n t e n s i t y )  o f  :hoot 
f l y  s h o u l d  be low so t h a t  o n l y  t h e  most s u s c e p t i b l e  p l a n t s  a r e  s e l e c t e d  a g a i n s t .  As f a c t o r s  
f o r  r e s i s t a n c e  a r e  accumulated,  t h e  i n t e n s i t y  of a t t a c k  (higher p o p u l a t i o n  numbers o f  shoo t  
f l y )  s h o u l d  i n c r e a s e .  The i n t e n s i t y  o f  i n f e s t a t i o n  w i t h  an i n s e c t  o r  i n f e c t i o n  w i t h  a  d i s e a s e  
m i g h t  t h e n  be  l o w  ( i n i t i a l l y )  i n  t h e  b r e e d i n g  program, b u t  wou ld  i n c r e a s e  w i t h  g e n e r a t i o n s  o r  
c y c l e s  (compos i tes )  o f  b r e e d i n g .  

I t  a l s o  may be p o s s i b l e  t o  i d e n t i f y  d i f f e r e n t  components o r  mechanis~r~s o f  r e s i s t a n c e  and 
t o  s t r e n g t h e n  t h e  l e v e l  o f  r e s i s t a n c e  f o r  each component s e p a r a t e l y .  These m i g h t  then  be 
poo led  t o g e t h e r .  Res is tance  t o  s h o o t  f l y  has t h r e e  m a j o r  components: a n t i b i o s i s ,  r e c o v e r y  
r e s i s t a n c e  ( t h e  main stem i s  k i l l e d  b u t  a  c r o p  i s  made f rom t h e  t i l l e r s ) ,  and o v i p o s i t i o n  non- 
p r e f e r e n c e .  H i g h  s i l i c a  c o n t e n t  i n  c e l l s  i n  t h e  o u t e r  l a y e r s  o f  t h e  stem and l i g n i n  c o n t e n t  
a r e  f a c t o r s  suspec ted  t o  c o n t r i b u t e  t o  a n t i b i o s i s .  Tr ichomes,  m i c r o s c o p i c  h a i r s  on t h e  under 
s u r f a c e  o f  t h e  l e a f ,  a r e  c o n t r i b u t i n g  t o  o v i p o s i t i o n  nonpre fe rence .  The presence o f  t r icholnes 
i s  c o n t r o l l e d  b y  a  s i n g l e  r e c e s s i v e  gene. I d e n t i f i c a t i o n  of v a r i o u s  f a c t o r s  c o n t r i b u t i n g  t o  
r e s i s t a n c e  (components o f  a  q u a n t i t a t i v e l y  i n h e r i t e d  t r a i t )  and t h e  d e t e r i n i n a t i o n  o f  t h e i r  
modes o f  i n h e r i t a n c e  may be i m p o r t a n t  aspec ts  i n  a  program of b r e e d i n g  f o r  r e s i s t a n c e .  

Intensity of Selection 

The i n t e n s i t y  o f  s e l e c t i o n  p r e s s u r e  can have s i g n i f i c a n t  e f f e c t s .  N a t u r a l  i n f e c t i o n  i s  u s u a l l y  
n o t  as good as a r t i f i c i a l l y  c r e a t e d  ep idemic  o r  e p i p h y t o t i c .  The a b i l i t y  t o  c o n t r o l  t h e  
s e v e r i t y  o f  an epidemic o r  e p h i p h y t o t i c  may be v e r y  u s e f u l ;  exper imenta l  work t o  deve lop  screen- 
i n g  techn iques  i s  v e r y  w o r t h w h i l e  f o r  i m p o r t a n t  d i s e a s e  and i n s e c t  problems.  Screen ing  tech-  
n iques  f o r  many o f  t h e  i m p o r t a n t  i n s e c t  and d i s e a s e  problenis o f  sorghum a l r e a d y  e x i s t .  

Any method t h a t  c o u l d  be used t o  g a i n  reasonab le  c o n t r o l  o f  t h e  s e v e r i t y  o f  an ep idemic  
o r  e p i p h y t o t i c  wou ld  be o f  v a l u e  when s e l e c t i n g  b r e e d i n g  m a t e r i a l  from e a r l y  ( l o w - i n t e n s i  t y )  
t o  advanced ( h i g h - i n t e n s i t y )  s tages  i n  t h e  development  o f  r e s i s t a n t  t y p e s .  I f  t h e  ep idemic  o r  
e p i p h y t o t i c  i s  t o o  severe ,  a l l  p l a n t s  may be  a f f e c t e d  and t h e  s e l e c t i o n  d i f f e r e n t i a l  l o s t .  

Environmental Factors 

Environment  a f f e c t s  t h e  e x p r e s s i o n  o f  many t r a i t s .  Some diseases a r e  more severe  i f  t h e  
weather  i s  c o o l  and m o i s t  than  i f  i t  i s  warm and /o r  d r y .  Some i n s e c t s  and d iseases  a r e  more 
severe  d u r i n g  one p e r i o d  o f  t h e  y e a r  than  d u r i n g  ano ther .  A t t e m p t i n g  t o  ach ieve  good expres -  
s i o n  o f  i n s e c t  damage, o r  o f  a  d isease,  i n  a  c l i m a t e  n o t  conduc ive  t o  t h e  i n s e c t  o r  d i s e a s e  
may r e s u l t  i n  an e x p r e s s i o n  so p o o r  t h a t  s e l e c t i o n  i s  n o t  e f f e c t i v e .  S e l e c t i o n  may have t o  be 
c o n f i n e d  t o  c e r t a i n  seasons and /o r  l o c a t i o n s .  I t  may be p o s s i b l e  t o  t r a v e l  f rom one a r e a  t o  
a n o t h e r  i n  d i f f e r e n t  seasons o f  t h e  year ;  f o r  example, s e l e c t i o n  f o r  r e s i s t a n c e  t o  s h o o t  f l y  
would be p o s s i b l e  i n  n o r t h e r n  I n d i a  (a round  28ON) d u r i n g  t h e  sumner (March sowing)  season and 
a t  Hyderabad ( 1 7 . 5 ' ~ )  l a t e r  i n  t h e  r a i n y  season ( l a t e  Ju ly -Augus t  sowing) .  I t  a l s o  may be 
p o s s i b l e  t o  m i s t  w a t e r  o n t o  p l a n t s  t o  i n c r e a s e  t h e  s e v e r i t y  o f  g r a i n  molds, f o r  example. The 
use o f  s u s c e p t i b l e  sp reader  v a r i e t i e s  has been b e n e f i c i a l  i n  s c r e e n i n g  p e a r l  m i l l e t  f o r  
r e s i s t a n c e  t o  downy mi ldew and sorghum t o  shoo t  f l y .  

B r e e d i n g  f o r  i n s e c t  and d i s e a s e  r e s i s t a n c e  i n v o l v e s  an unders tand ing  o f  t h e  g e n e t i c  system 
i n v o l v e d  and t h e  m a n i p u l a t i o n  o f  t h i s  system t o  make i t  b e t t e r  and /o r  t o  i n c o r p o r a t e  i t  i n t o  
a g r o n o m i c a l l y  good v a r i e t i e s .  The speed w i t h  wh ich  t h i s  can be done depends p a r t l y  on how w e l l  
t h e  c o n d i t i o n s  can be c o n t r o l l e d  t o  make s e l e c t i o n  e f f e c t i v e .  
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The s e l e c t i u n s  made by a  b reeder  a r e  based on  compar isons between e n t r i e s .  Thus n u r s e r i e s  and 
y i e l d  t r i a l s  s h o u l d  be grown i n  un i fo r ln  c o n d i t i o n s  t h a t  produce v i g o r o u s  growth.  No breeder 
can i d e n t i f y  g e n e t i c  p o t e n t i a l  i f  i t  i s  c o m p l e t e l y  masked by a  poor  envi roninent .  

A b r e e d e r  s h o u l d  s e l e c t  t h e  most  a p p r o p r i a t e  f i e l d  f o r  h i s  work and then  far in  i t  so as t o  
p r e s e r v e  t h e  uniformity. ( T h i s  i d e a l  i s  seldom ach ieved ,  b u t  shou ld  remain a  goal  . )  

C o n d i t i o n s  w i l l  v a r y  c o n s i d e r a b l y .  I n  p a r t s  o f  t h e  t r o p i c s ,  t h e  wa te r  supp ly  i s  e r r a t i c ,  
thus  d r a i n a g e  (and p o s s i b l y  i r r i g a t i o n )  i s  i m p o r t a n t .  The f i e l d s  s e l e c t e d  shou ld  be d ra ined  
adequa te ly ,  o r  shaped so t h a t  t h e r e  w i l l  be u n i f o r n l  f l o w  of  wa te r  o n t o  and o f f  them. P l a n t  
g rowth  i n  l o w  s p o t s  i s  f a v o r e d  i n  a  d r o u g h t  and r e t a r d e d  i n  a  p e r i o d  o f  h i g h  r a i n f a l l .  R idg ing  
and f u r r o w i n g  can be q u i t e  u s e f u l .  P l a n t s  s h o u l d  be sown on t h e  tops  of  t h e  r i d g e  (bed) ,  
un less  t h e r e  i s  a  s a l t  prohlerr l  ( i f  s a l t  i s  a  problem, p l a n t s  m i g h t  then  be sown on t h e  s i d e  o f  
t h e  bed, o f f  c e n t e r ,  o r  i n  t h e  c e n t e r  o f  a  s l o p i n g  b e d ) .  The bed shou ld  be b road  and f l a t ,  
r a t h e r  t h a n  s t e e p  and nar row.  I f  heavy r a i n s  come, s teep  nar row r i d g e s  u s u a l l y  erode and 
p l a n t s  w i l l  l odge  ( e s p e c i a l l y  young p l a n t s ) .  G e n e r a l l y ,  l a n d  t h a t  i s  shaped f o r  i r r i g a t i o n  i s  
al:a w e l l  shaped f o r  d r a i n a g e .  

P r e c i s i o n  i n  t h e  f a r m i n g  o p e r a t i o n  i s  r e q u i r e d  f o r  good b reed ing ,  as w e l l  as f o r  good 
genera l  f a r m i n g .  R i g i d l y  f i x e d  heavy e q u i p ~ r ~ e n t  drawn by an ima ls  o r  t r a c t o r  g e n e r a l l y  does a  
rllore p r e c i s e  j o b  o f  moving s o i l  t h a n  do l i g h t  wooden implenlents, f r e q u e n t l y  drawn by an ima ls ,  
t h a t  t e n d  t o  c u t  deep i n  wet a reas  and f a i l  t o  p e n e t r a t e  d r y  hard  l a n d  s u r f a c e s .  Banded 
f e r t i l i z e r  may be c l o s e r  t o  seed i n  one p a r t  o f  a  row than  i n  ano ther  p a r t ;  shoes on a  f e r t i l -  
i z e r  a p p l i c a t o r  s h o u l d  be k e p t  open, e s p e c i a l l y  i f  t h e  s o i l  i s  m o i s t .  The use o f  t r a c t o r  
equipment p r e s e n t s  problems,  h u t  u s u a l l y  does a  b e t t e r  j o b .  

When c o n s i d e r i n g  mechan iza t ion ,  a  breeder. shou ld  p l a c e  as much emphasis on d r i v e r s ,  
mechanics, and spare  p a r t s  as on t h e  equipment .  If t h e  f u l l  coinplement can be o b t a i n e d ,  t r a c t o r  
equipment  w i l l  f a c i l i t a t e  q u i c k e r  and b e t t e r  l a n d  p r e p a r a t i o n ,  c u l t i v a t i o n ,  and p l a n t  p r o t e c -  
t i o n .  Thus, e x p e r i m e n t a l  a reas  can be l a r g e r ,  and i n  t r o p i c a l  a reas  l a n d  can be p repared  
r a p i d l y  enough t h a t  t h r e e  g e n e r a t i o n s  a  y e a r  can be o b t a i n e d .  

N i t r o g e n  f e r t i l i z e r  s h o u l d  be used on t h e  r iu rse ry  drld y i e l d  t r i a l ,  whether  m o i s t u r e  m igh t  
be l i m i t i n g  o r  adequate.  The r a t e  o f  a p p l i c a t i o n  s h o u l d  v a r y  between 30 t o  40 kg o f  N/ha i n  
low m o i s t ! l r e  c o n d i t i o n s ,  and 150 kg o f  N/ha i f  n io is t l r re  i s  adequate.  I f  r a i n f a l l  i s  h igh ,  l o s s  
of n i t r o g e n  may o c c u r  due t o  l e a c h i n g  o r  d e n i t r i f i c a t i o n ,  and more f e r t i l i z e r  shou ld  be added. 
The l e v e l  o f  n i t r o g e n  shou ld  be s u f f i c i e n t l y  h i g h  so t h a t  t h e  p l a n t s  do r io t  s u f f e r  n i t r o g e n  
s t r e s s .  N i t r o g e n  a p p l i c a t i o n  shou ld  be s p l i t ,  o n e - h a l f  b e i n g  banded near  t h e  seed (5-10 cm) 
a t  sowing,  and t h e  rema inder  a p p l i e d  abou t  35 days a f t e r  emergence. Banding t h e  f e r t i l i z e r  
w i l l  h e l p  p r e v e n t  f e r t i l i z a t i o n  o f  weeds and may be v e r y  u s e f u l  t o  a i d  i n  r a p i d  s e e d l i n g  g rowth  
i n  a reas  where shoo t  f l y  i s  a  problem, 

Phosphate and p o t a s h  f e r t i l i z e r  shou ld  be a p p l i e d  t o  b a l a n c ~  w i t h  t h e  n i t r o g e n  used. 
Superphosphate can be b roadcas t  and worked i n t o  t h e  s o i l .  M i n o r  e lements rilay be i l i l po r tan t  
( i r o n  and z i n c  have been found t o  be i m p o r t a n t  i n  I n d i a ) .  An i r o n  d e f i c i e n c y  can be c o r r e c t e d  
by s p r a y i n g  a  3% s o l u t i o n  o f  f e r r o u s  s u l f a t e  t o  wet .  Z i n c  d e f i c i e n c y  can he c o r r e c t e d  by 
a p p l y i n g  a b o u t  1 0  t o  25 kg/ha o f  z i n c  s u l f a t e  w i t h  t h e  f e r t i l i z e r  o r  by s p r a y i n g  an 0.5% 
s o l u t i o n  t o  wet  t h e  p l a n t s .  A smal l  amount o f  d e t e r g e n t  ( a p p r o x i m a t e l y  1 0  cc 1 1 5  l i t r e s )  should 
be used i n  t h e  s p r a y  t o  ach ieve  a  b e t t e r  coverage ( s u r f a c e  t e n s i o n  o f  t h e  spray i s  lowered) .  

G r a n u l a r  f e r t i l i z e r  shou ld  be used if i t  i s  a p p l i e d  w i t h  a  mechanical  p l a n t e r .  A marker  
t h a t  w i l l  i n d i c a t e  where t h e  seed shou ld  be p l a c e d  s h o u l d  be f a s t e n e d  t o  t h e  f e r t i l i z e r  a p p l i -  
c a t o r .  I f  f e r t i l i z e r  i s  p l a c e d  w i t h  l o c a l l y  made equiplr lent o r  by hand, c a r e  shou ld  be taken  
t h a t  seed and f e r t i l i z e r  do n o t  come i n t o  c o n t a c t  w i t h  one a n o t h e r .  F r e q u e n t l y ,  good an ima l -  
drawn spreaders  a r e  a v a i l a b l e .  Seed can be d r i l l e d  o r  h i l l  p l a n t e d .  A f i n a l  p o p u l a t i o n  o f  
150 000 p l a n t s / h a  i s  s u f f i c i e n t  t o  o b t a i n  good p l a n t  e x p r e s s i o n .  If h i g h l y  heterogeneous 
m a t e r i a l  o r  s e g r e g a t i n g  g e n e r a t i o n s  f rom a  c r o s s l n g  program a r e  grown, s p a c e - p l a n t i n g  (75 cm 
between rows and 25 cm between p l a n t s )  may b e , d e s l r a b l e ,  as p l a n t  express ion  can be observed 
w i t h  l e s s  i n f l u e n c e  o f  be tween-p lan t  competition. 
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Repeated c r o p p i n g  o f  t h e  same f i e l d  w i t h  sorghum may n o t  be a d v i s a b l e ;  i t  i s  e s p e c i a l l y  
i m p o r t a n t  t o  germina te  dropped seeds of  t h e  p r e v i o u s  c r o p  b e f o r e  resowing ;  o r  t h e  p rob lem 
c r e a t e d  b y  v o l u n t e e r  p l a n t s  can be severe.  T h i s  can be done b y  p r e - i r r i g a t i n g  t h e  f i e l d .  
There have been s e v e r a l  cases i n  I n d i a  where a  nematode p rob lem has become severe  a f t e r  t h r e e  
o r  f o u r  c o n s e c u t i v e  sorghum c r o p s .  Under such c i rcumstances ,  c r o p  r o t a t i o n  i s  recomnended, 
p r e f e r a b l y  w i t h  a  n o n - c e r e a l  c rop .  Nematode damage has appeared i n  two fo rms:  t h e  p l a n t s  i n  
a  f i e l d  were p r i m a r i l y  s t u n t e d  i n  g r o w t h  w i t h  s c a t t e r e d  random p l a n t s  o r  sma l l  groups o f  
normal  p l a n t s ;  and second ly ,  a l l  p l a n t s  i n  a  s e c t o r  o f  a  f i e l d  were s t u n t e d  and o u t s i d e  o f  
t h e  s e c t o r  were norma l .  I n  one case, t h e  h o s t  range o f  t h e  nematode was f a i r l y  wide,  
a f f e c t i n g  b o t h  sorghun~ and a  subsequent legu~ i ie  c r o p .  I f  nematocides a r e  used f o r  c o n t r o l ,  they 
f r e q u e n t l y  mus t  be p l a c e d  i n  t h e  ground s e v e r a l  weeks b e f o r e  sowing. 

P r o t e c t i o n  f r o m  i n s e c t  p e s t s  may be d e s i r a b l e  i n  a  n u r s e r y  and p r o b a b l y  i n  y i e l d  t r i a l s .  
The o n l y  reason f o r  n o t  p r o t e c t i n g  t h e  p l a n t  i s  t o  c r e a t e  a  s e l e c t i o n  d i f f e r e n t i a l  f o r  
r e s i s t a n c e  o r  t o  s t u d y  some g e n e t i c  p rob lem i n v o l v i n g  t h e  r e s i s t a n c e .  There a r e  s e v e r a l  
f a c t o r s  t h a t  a r e  i m p o r t a n t  when c o n s i d e r i n g  t h e  use o f  p l a n t  p r o t e c t i o n  measures i n  a  n u r s e r y .  
I t  may be t h a t  t h e  p e s t  i s  seasonal  and t h a t  t h e  n u r s e r y  i s  b e i n g  grown d u r i n g  t h e  season 
when t h e  i n s e c t  i s  a c t i v e  t o  advance a  b r e e d i n g  program aimed a t  r e l e a s i n g  a  v a r i e t y  i n  t h e  
season when t h e  i n s e c t  i s  n o t  a c t i v e .  P r o t e c t i o n  may a l s o  be necessary  w h i l e  s e l e c t i n g ,  
c r o s s i n g ,  o r  o t h e r w i s e  i n c l u d i n g  unadapted germplasm. I t  may be p o s s i b l e  t o  d r a m a t i c a l l y  
i n c r e a s e  y i e l d s  w i t h  a  s u s c e p t i b l e  v a r i e t y .  P e s t  c o n t r o l  m i g h t  be economical  and f e a s i b l e .  
The use o f  t h e  p e s t  c o n t r o l  p r a c t i c e  c o u l d  then  be p a r t  o f  t h e  package o f  recomnended 
p r a c t i c e s .  B r e e d i n g  e f f o r t s  t o  u t i l i z e  a v a i l a b l e  r e s i s t a n c e  s h o u l d  be under taken  as soon as 
sources a r e  i d e n t i f i e d .  

There a r e  good i n s e c t  p r e d a t o r s  o f  m i t e s  and a p h i d s .  I n s e c t i c i d e s  s h o u l d  n o t  be used 
which m i g h t  k i l l  b e n e f i c i a l  p r e d a t o r s ;  these  p r e d a t o r s  o f t e n  can be more u s e f u l  t h a n  t h e  
i n s e c t i c i d e s .  F o r  example, t h e r e  i s  a  sma l l  b l a c k  b e e t l e  (1  t o  2 nwn) t h a t  i s  an e f f e c t i v e  
p r e d a t o r  o f  t h e  m i t e .  The use o f  a  sp rayed  i n s e c t i c i d e  t o  c o n t r o l  stem b o r e r s  may k i l l  t h i s  
p r e d a t o r  and r e s u l t  i n  a  severe  m i t e  a t t a c k .  G r a n u l a r  i n s e c t i c i d e s  a r e  recomnended f o r  t h i s  
s i t u a t i o n .  Aphids a r e  f r e q u e n t l y  e f f e c t i v e l y  c o n t r o l l e d  b y  t h e  l a d y b i r d  b e e t l e  i n  b o t h  t h e  
nymph and a d u l t  s tages .  

Some d iseases  a r e  d i f f i c u l t  t o  c o n t r o l  c h e n i i c a l l y  - t h u s  t h e  i n f l u e n c e  o f  sowing d a t e  
and t h e  s e l e c t i o n  o f  r e s i s t a n t  v a r i e t i e s  s h o u l d  be c o n s i d e r e d  f r o m  t h e  o u t s e t .  The use o f  
a  l a r g e  v a r i e t a l  c o l l e c t i o n  as a  s t a r t i n g  p o i n t  i s  o f t e n  w o r t h w h i l e .  

The t i m e  f rom sowing t o  f l o w e r i n g  i s  a  f u n c t i o n  o f  m o i s t u r e  s u p p l y ,  f e r t i l i z a t i o n ,  and 
p l a n t  p r o t e c t i o n ,  as w e l l  as o f  tempera tu re  and day l e n g t h .  When t h e  p l a n t  grows b e t t e r ,  i t  
w i l l  f l o w e r  e a r l i e r .  Time t o  f l o w e r i n g  w i l l  v a r y  o v e r  a  p e r i o d  o f  2 weeks o r  more, depending 
on s o i l  f e r t i l i t y  and s o i l  m o i s t u r e .  The h i g h e r  t h e  s o i l - f e r t i l i t y  l e v e l  w i t h  optimum w a t e r ,  
t h e  e a r l i e r  f l o w e r i n g  w i l l  o c c u r .  I n  a  c r o s s i n g  b l o c k ,  p l a n t  g r o w t h  must  o c c u r  as expected.  
Gross l a c k  o f  u n i f o r m i t y  o f  t h e  f i e l d  o r  severe  i n s e c t  a t t a c k  can change t h e  expec ted  f l o w e r i n g  
per formance o f  t h e  c r o p ,  r e s u l t i n g  i n  r e c o v e r y  o f  c o n s i d e r a b l y  l e s s  h y b r i d  seed t h a n  a n t i c i p a t e 1  

P l a n t s  r e q u i r e  t h e  g r e a t e s t  amount o f  w a t e r  a t  t h e  t i m e  o f  f l o w e r i n g .  The b e s t  seed s e t  
w i l l  be o b t a i n e d  i f  wate r  i s  never  l i m i t e d  d u r i n g  t h i s  p e r i o d .  However, s e l e c t i v e  a p p l i c a t i o n  
o f  wa te r  and f e r t i l i z e r  ( e s p e c i a l l y  i f  begun abou t  30 days a f t e r  sowing)  can has ten  o r  r e t a r d  
f l o w e r i n g  o f  a l l  ( o r  a  p o r t i o n )  o f  a  c r o s s i n g  b l o c k .  The n i c k  can s t i l l  be improved t o  some 
degree a t  t h e  f l a g - l e a f  ( o r  e a r l y  b o o t )  s t a g e  i f  w a t e r  i s  a p p l i e d  l i b e r a l l y  t o  one p l o t  and 
l e s s  so t o  a n o t h e r .  (However, p l a n t s  s h o u l d  never  be s t a r v e d  f o r  w a t e r . )  Exper ience  i s  
r e q u i r e d  f o r  e f f e c t i v e  use o f  w a t e r  and f e r t i l i z e r  t o  a d j u s t  t i m e  o f  f l o w e r i n g ,  b u t  t h i s  i s  
v a l u a b l e  knowledge. 

P l a n t  p r o t e c t i o n  i s  i m p o r t a n t  t o  ensure  t h a t  t h e  p l a n t s  w i l l  grow as expected,  as w e l l  
as t o  p r e v e n t  l o s s  o f  d e v e l o p i n g  seed due t o  head worms, b i r d  d e p r e d a t i o n  o r  fungus 
development. Time o f  sowing s h o u l d  be a d j u s t e d  t o  a v o i d  seed m a t u r a t i o n  d u r i n g  t h e  p e r i o d s  
o f  expec ted  h i g h  r a i n f a l l .  

Field Layout 

When o r g a n i z i n g  n u r s e r i e s  and y i e l d  t r i a l s ,  t h e  same number s h o u l d  n o t  be used on  two p l o t s  
d u r i n g  any one season. I f  two p l o t s  have t h e  same number, c o n f u s i o n  i s  a p t  t o  a r i s e  f o l l o w i n g  
h a r v e s t ,  when a  h a r v e s t  bag can be i d e n t i f i e d  o n l y  b y  p l o t  number. 



~ i , e l d  Support  Techniquaa 

I t  i s  g e n e r a l l y  convenient t o  sow w i t h  ranges back t o  back as i l l u s t r a t e d  i n  Fiqure 4.4 .  
Numbering fo l l ows  a  Serpent ine P a t t e r n  t h a t  i s  Convenient f o r  making observat ions and 
recording notes i n  f i e l d  books. 

loo f r o n t  of  range w i t h  
row tag 

back o f  rdnges 

Figure 4.4: Serpentine Pattern of Numbering Field Plots. 

Y i e l d  t r i a l s  should be organized so t h a t  e n t r i e s  o f  s i m i l a r  he igh t  and m a t u r i t y  are  i n  
the same t r i a l .  T a l l  p l a n t s  shade and crowd ou t  s h o r t  ones so t h a t  the sho r t  ones f a i l  t o  
p rope r l y  express t h e i r  p o t e n t i a l .  A  m ix tu re  o f  m a t u r i t i e s  i n  t he  same t r i a l  r e s u l t s  i n  
harvest ing  d i f f i c u l t i e s ;  ha rves t i ng  a  whole t r i a l  a t  one t i n ~ e  nlay be i ~ ~ ~ p o s s i b l e  i f  
m a t u r i t i e s  a re  w ide l y  d ivergent .  Rep1 i c a t i o n s  should be shaped ds near ly  square as poss ib le  
t o  minimize s o i l  v a r i a t i o n .  Each r e p l i c a t i o n  should be sown on u n i f o r n ~  s o i l s ,  even i f  they 
are n o t  i n  i rmlediate p r o x i m i t y .  

P l o t s  should f i l l  a f i e l d ;  a  small experiment should n o t  be placed i n  the middle o f  a  
b i g  f i e l d ,  thus l eav ing  the r e s t  o f  the  f i e l d  uncu l t i va ted .  Wide borders between the edge 
o f  the  c rop and the  edge o f  t he  f i e l d  should be sown w i t h  an increase o r  hu lk  o f  the crop. 
Such measures w i l l  he lp  keep the  f i e l d  uni fonn. 

Time o f  Sowing: The e f f e c t i v e  use o f  sorile l i n e s  may depend on t h e i r  photoper iod 
response. A pho tosens i t i ve  type sown i n  October w i l l  f lower ,  whereas the same v a r i e t y  sown 
i n  March may be much l a t e r  o r  may remain vegeta t ive .  General ly,  pho tosens i t i ve  types sown 
from June t o  e a r l y  February ( a t  17"N) w i l l  f lower ,  whereas v a r i e t i e s  sown i n  l a t e  February, 
March, and A p r i l  may remain vegeta t ive .  Flowering occurs i n  t he  fewest number o f  days i n  
the sowing p e r i o d  from October t o  e a r l y  December. A t  l l o N ,  s e n s i t i v e  v a r i e t i e s  sown i n  e a r l y  
A p r i l  remain vegeta t ive ,  where a t  17"N sowing made frorn mid-February t o  e a r l y  March remains 
vegeta t ive .  Temperature may have an i n f l uence .  P lants  sown i n  Noverrlber and December a t  
Hyderabad, I n d i a  (17"N and 535 meters e l e v a t i o n )  grow very  s l ow ly  du r i ng  the  cool  (December- 
e a r l y  January) pe r i od .  If the p l a n t s  are i n  the seed l ing  stage du r i ng  t h i s  per iod ,  i t  may 
be very d i f f i c u l t  t o  p r o t e c t  then1 from shoot f l y .  

The sowing date  may be i n f l uenced  by some i n s e c t  o r  disease problem. The shoot f l y  
Popu la t ion  over  much of  the Deccan Plateau (south  I n d i a j  increases i n  l a t e  Ju l y  and August; 
sowing shou ld  be done i n  June o r  e a r l y  J u l y  t o  avo id  t h i s  pest .  Some s tud ies  show t h a t  
sugary disease i s  more severe i n  v a r i e t i e s  f l ower ing  a f t e r  September 25 than i s  the case f o r  
those f l o w e r i n g  before t h i s  date ( i n  t he  c e n t r a l  Deccan) ; thus, sowing so t h a t  f l ower ing  
would occur  before t h i s  date might  be usefu l  i n  avo id ing the  disease. 

Long-dura t ion  v a r i e t i e s  may be used so t h a t  sowing can occur before  the  shoot f l y  problem 
becomes se r i ous ,  and so t h a t  g r a i n  format ion and l i la tura t ion  occurs a f t e r  t he  r a i n y  per iod.  
Sorghum g r a i n  on many v a r i e t i e s  de te r i o ra tes  i n  wet and humid weather; e a r l y  stages o f  
d e t e r i o r a t i o n  can be i d e n t i f i e d  by tan, red, o r  pu rp le  (depending on p l a n t  c o l o r )  specks on 
the seed -- f r e q u e n t l y  a t  the  t i p  o f  the  g ra in .  Sometimes smal l  sooty b lack  spots are  
found on the seed surface (plom sp) .  A t  t imes, the  whole g r a i n  w i l l  become completely 
sooty b lack  (curvu;'*trja sp) o r  covered w i t h  a  p ink  ( ~ u s a r i m  sp) co lored nlold. The value 
of t he  seed i s  l o s t  a t  t h i s  stage. Date o f  sowing should be ad jus ted t o  avo id  coincidence 
O f  g r a i n  format ion and n la tura t ion  w i t h  per iods  o f  expected wet weather. Sowings made dur ing  
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t h e  s u m e r  season on t h e  Deccan o f  sou th  I n d i a  a r e  made as soon as tempera tu res  become warm 
enough i n  m id -January  t o  February .  These p l a n t s  f l o w e r  d u r i n g  t h e  h o t t e s t  t i m e  o f  t h e  y e a r  
and i r r i g a t i o n  i s  f r e q u e n t l y  r e q u i r e d  t o  o b t a i n  f u l l  seed s e t .  

There i s  an a d d i t i o n a l  p rob lem o f  head-worm damage if g r a i n  forms d u r i n g  wet  p e r i o d s .  
T h i s  i s  e s p e c i a l l y  t r u e  of  heads under p o l l i n a t i n g  bags - -  head-worn1 p o p u l a t i o n s  deve lop  - -  
a t  an a l a r m i n g  r a t e  and much damage can o c c u r  b e f o r e  t h e  p rob lem i s  n o t i c e d .  D u r i n g  wet  
and /o r  humid p e r i o d s ,  i t  i s  b e s t  t o  remove head bags f o l l o w i n g  f l o w e r i n g .  The bags can be 
s t a p l e d  a round  t h e  pedunc le  t o  i d e n t i f y  t h e  p o l  1  i n a t i o n  and t o  r e t a i n  any i n f o r m a t i o n  w r i t t e n  
on t h e  bag. Head bugs ( p a r t i c u l a r l y  CaZocoris angustatus) t h a t  suck j u i c e  f r o m  t h e  deve lop ing  
seeds can a l s o  be  severe d u r i n g  humid wet  p e r i o d s .  

Record Books 

F i e l d  Books: Breeders use v a r i o u s  r e c o r d  books; one much-used f o r m  has a  temporary t ype  o f  
b i n d i n g ,  i . e . ,  pages a r e  h e l d  between covers  b y  means o f  screws. The pages can be cards  o f  
abou t  10 x  15 cnl and can be f i l e d  a t  t h e  end o f  a  season. Standard 20 x  28-cm shee ts  can 
a l s o  be used i n  such a  b i n d i n g .  Small bound books (10 x  15 c e n t i m e t e r s )  t h a t  f i t  i n t o  a  
p o c k e t  o f  a  p o l l i n a t i n g  apron a r e  v e r y  conven ien t .  

The sma l l  book has inany advantages.  I t  i s  e a s i l y  c a r r i e d  i n  t h e  f i e l d ,  t h e r e  i s  l e s s  
tendency f o r  pages t o  b low i n  t h e  w i n d  than  i f  pages a r e  l a r g e r ,  and t h e r e  i s  l e s s  g l a r e  f rom 
s u n l i g h t  r e f l e c t i n g  f r o m  t h e  page. I f  t h e  book i s  bound c o r r e c t l y ,  i t  w i l l  open w i t h  pages 
f l a t ,  so t h a t  t h e  r u l e d  l i n e s  j o i n  i n  t h e  m i d d l e  o f  t h e  book; thus  i t  i s  e a s i e r  t o  f o l l o w  
one row f rom one edge o f  t h e  book t o  the  o t h e r .  L i n e s  d e n o t i n g  rows and columns s h o u l d  be 
p r i n t e d  i n  t h e  book. S tocks  o f  such books can be s t o r e d  i n  bound form: p l o t  number, ped ig rees  
e t c . ,  must  t h e n  be w r i t t e n  i n t o  t h e  books by hand ( P l a t e  1 3 - 1 ) .  However, when r e q u i r e d ,  pedigrec 
and p l o t  nu~rlbers can be t y p e d  o r  mimeographed o n t o  pages and l a t e r  hound i n t o  books. 

Books t h a t  a r e  h e l d  t o g e t h e r  by screws o r  p i n s  do n o t  l i e  f l a t  when opened and t h e  row 
l i n e s  seldom l i n e  up a c r o s s  t h e  c e n t e r  o f  t h e  book. I f  such books a r e  used, n o t e  t a k i n g  
would be e a s i e r  i f  p l o t  numbers were p l a c e d  on  b o t h  pages. The screws h o l d i n g  these  books 
t o g e t h e r  p r e v e n t  s e v e r a l  books f r o m  s t a c k i n g  p r o p e r l y  and t h e  books do n o t  r e a d i l y  f i t  n e x t  
t o  each o t h e r  on she lves .  I t  a l s o  i s  d i f f i c u l t  t o  l a b e l  such books f o r  s h e l f  i d e n t i f i c a t i o n .  

A  h i g h - q u a l i t y  paper s h o u l d  be used; a  f i e l d  book g e t s  a  l o t  o f  use and may g e t  wet .  
A l i g h t  green o r  b l u e  paper  would be  e a s i e r  on t h e  eyes on a  sunny day. I f  s m a l l e r  books 
a r e  used, pages w i l l  f i t  i n t o  s t a n d a r d  c a r r i a g e  t y p e w r i t e r s ;  t h e y  w i l l  a l s o  be o f  a  
s i z e  s u i t a b l e  f o r  mimeographing. The paper  s h o u l d  be l i g h t  enough t h a t  s e v e r a l  carbon 
c o p i e s  can be taken  on a  t y p e w r i t e r  - a  good bond paper  i s  u s u a l l y  tough enough t o  w i t h -  
s t a n d  weather  and wear, and i s  s u f f i c i e n t l y  t h i n  f o r  c o p i e s .  

The shee t  ( P l a t e  13-1) has s e v e r a l  advantages.  The d i s t a n c e  between row l i n e s  i s  equa l  
t o  t h e  doub le  space on a  s t a n d a r d  t y p e w r i t e r .  The p r i n t e d  page s i z e  (19  x  11 cm f o l d e d  o r  
22 cm opened) i s  s m a l l e r  than  t h e  s t a n d a r d  20 x  28-cm shee t  and i s  t r i m n e d  a f t e r  b i n d i n g .  
No column heads a r e  p r i n t e d  so t h a t  t h e  same books can be used f o r  any k i n d  o f  exper iment .  
S i x  t o  e i g h t  pages can be s tacked  and f o l d e d  t o  make one s e c t i o n  of  t h e  bound book. I f  t h e  
books a r e  t y p e d  o r  mimeographed b e f o r e  b i n d i n g , c a r e  must  be taken  t o  g e t  t h e  c o r r e c t  
i n f o r m a t i o n  on t h e  r i g h t  page. It i s  b e s t  t o  s e t  up a  model book, a s s i g n i n g  page and p l o t  
numbers t o  each page ( f i r s t  and l a s t  p l o t  number on each page) as gu ides  f o r  t y p i n g  pages o r  
s t e n c i l s .  

P l a t e s  13-3 and 13-4 show pages t h a t  were des igned  and p r i n t e d  f o r  b r e ~ ; i n g  program use. 
A p p r o p r i a t e  column space has been a l l o w e d  and t h e  column heads p r i n t e d .  Ped ig rees  can be 
t y p e d  o n t o  shee ts  t h a t  a r e  bound l a t e r .  Severa l  d i f f i c u l t i e s  have been n o t e d  i n  u s i n g  these  
shee ts ,  t h e y  a r e  b i g  (hence d i f f i c u l t  t o  use i n  t h e  f i e l d )  and i m p o s s i b l e  t o  f i t  i n t o  a  
s t a n d a r d  c a r r i a g e  t y p e w r i t e r  if u n f o l d e d  (as  wou ld  be necessary if carbon c o p i e s  a r e  b e i n g  
t a k e n ) .  The columns f r e q u e n t l y  have n o t  been used f o r  t h e  purpose i n d i c a t e d ,  hence i t  wou ld  
have been b e t t e r  i f  t h e y  had remained b l a n k .  ( G e n e r a l l y  t h e r e  i s  more space t h a n  r e q u i r e d  
so t h a t  much of  t h e  page a rea  remains b l a n k ) .  F o r  t h e s e  reasons,  t h e  s m a l l e r  s i z e  shown i n  
t h e  f i r s t  p i c t u r e  ( P l a t e  13-1)  was adopted.  Note t h a t  two f o r m a t s  a r e  p resen ted ;  one f o r  y i e l d  
t r i a l s  and one f o r  t h e  n u r s e r y .  



The pages shown i n  P l a t e  13-2 were deve loped  by t h e  wheat program o f  CIMMYT i n  Mexico, 
and a r e  s u i t e d  t o  t h e  use  o f  IBM equipment .  These shee ts  a r e  o f  moderate s i z e ,  and a r e  n o t  
f o l d e d  when bound, hence a r e  easy t o  r e a d  a c r o s s  t h e  page (no  d i s c o n t i n u i t y  o f  t h e  row a t  t h e  
f o l d  o f  a  b o o k ) .  The c o n t i n u i t y  o f  rows and columns i s  enhanced by a l t e r n a t i n g  c o l o r s .  Some 
column heads a r e  p r i n t e d  and some a r e  n o t .  The paper would r e a d i l y  f i t  i n t o  a  t y p e w r i t e r .  
~ o o k s  i n c o r p o r a t i n g  t h e s e  s h e e t s  c o u l d  be p i n n e d  o r  bound between covers .  

I t  i s  c o n v e n i e n t  t o  a r r a n g e  columns on a  page so t h a t  t h e  p l o t  number i s  c l o s e  t o  t h e  
da ta  t o  be  taken ;  i .e., r a t h e r  t h a n  h a v i n g  t h e  sequence p l o t  number, ped ig ree ,  o r i g i n ,  data,  
i t  i s  sugges ted  t h a t  t h e  o r d e r  be o r i g i n ,  ped ig ree ,  p l o t  number, da ta .  I t  i s  e a s i e r  t o  
i d e n t i f y  rows f o r  n o t e - t a k i n g  w i t h  t h i s  arrangenlent .  

I n  h a n d l i n g  f i e l d  books, coninlon o v e r s i g h t s  i n c l u d e  f a i l u r e  t o  i n c l u d e  p a r t i c u l a r s  about  
l o c a t i o n ,  y e a r ,  season, sowing da tes ,  f e r t i l i z e r ,  i n s e c t i c i d e ,  i r r i g a t i o n  schedules,  r a i n f a l l ,  
e t c .  F r e q u e n t l y ,  colurrln heads a r e  l a b e l e d  o n l y  on  t h e  f i r s t  page o f  t h e  f i e l d  book. I f  t h i s  
page i s  l o s t ,  i d e n t i t y  o f  some columns on subsequent  pages may n o t  be known and t h e  i n f o r ~ r ~ a t i o n  
becomes u s e l e s s .  A t  t i m e s ,  days t o  f l o w e r i n g  i s  r e c o r d e d  as a  c a l e n d a r  d a t e  (2019, f o r  
example) ,  r a t h e r  t h a n  as number o f  days f ron i  sowing o r  emergence (such  as 65 days, e t c . ) .  I f  
t h e  d a t e  o f  sowing o r  emergence i s  n o t  r e c o r d e d  and i s  f o r g o t t e n ,  i t  becomes i m p o s s i b l e  t o  
de te rmine  t i m e  t o  f l o w e r i n g .  Rubber stamps can be used t o  l a b e l  column headings;  c a r e  should 
be t a k e n  t o  do a  n e a t  j o b .  Numbering machines can be used t o  e n t e r  p l o t  numbers. 

A c c e s s i o n  Book: An a c c e s s i o n  r e g i s t e r  s h o u l d  be m a i n t a i n e d .  New seeds come i n  packets 
w i t h  i d e n t i f y i n g  numbers (and  p o s s i b l y  p e d i g r e e s )  b u t  u s u a l l y  l i t t l e  e l s e .  The r e c e i v i n g  
b reeder  u s u a l l y  a s s i y n s  a  number t o  seeds o f  new ly  r e c e i v e d  v a r i e t i e s .  An access ion  book 
s h o u l d  be bound and be l a r g e  enough t o  l i s t  between 5000 and 10 000 i tems.  Coluinn heads i n  
an a c c e s s i o n  r e g i s t e r  s h o u l d  i n c l u d e  t h e  address o f  t h e  sender and comments. The access ion  
r e g i s t e r  becomes t h e  conlp lete s ta tement  o f  a l l  e n t r i e s  r e c e i v e d ,  i n c l u d i n g  t h e  i d e n t i f i c a t i o n  
o f  t h e  sender .  B reeders  make p e r i o d i c  r e f e r e n c e  t o  t h i s  r e g i s t e r .  The p e d i g r e e  s y s t e n ~  o f  t h e  
r e c e i v i n g  b r e e d e r  Inlay d i f f e r  f r o m  t h a t  o f  t h e  sender;  t h u s  i t  may be d e s i r a b l e  t o  r e f e r  t o  t h e  
o r i g i n a l  p e d i g r e e ,  t o  acknowledge r e c e i p t  o f  seed, t o  r e f e r  t o  comments abou t  t h e  v a r i e t y ,  e t c .  

D i s p a t c h  Record:  T h i s  book s h o u l d  be bound so t h a t  c o l u ~ r i r ~  heads i n c l u d e  d a t e  o f  d i spa tch ,  
ped ig ree ,  and t h e  name and address  o f  t h e  r e c e i v e r .  A  b reeder  can use a  d i s p a t c h  book t o  
r e a d i l y  i n d i c a t e  t h e  v a r i e t i e s  t h a t  he i s  send ing  most  o f t e n  and t o  whom. Keeping tabs  on 
which seed has been s e n t  t o  r e c e i v e r s  can e x p e d i t e  seed shipir ient. For  example, i f  seed i s  
sh ipped t o  one b r e e d e r  i n  a  c o u n t r y  and a n o t h e r  wants seeds o f  t h e  same p e d i g r e e ,  i t  niay be 
b e s t  t o  r e d i r e c t  t h e  seed r e q u e s t  ( t h i s  niay a v o i d  t h e  d e l a y s  and c o s t s  i n v o l v e d  i n  phy to -  
s a n i t a r y  and i n t e r n a t i o n a l  sh ipment ) .  Seed r e q u e s t s  a r e  n o t  a lways s p e c i f i c  -- an i n d i v i d u a l  
lriay r e q u e s t  seed o f  some l i n e s  because o f  sollie c h a r a c t e r i s t i c .  The d i s p a t c h  r e c o r d  can be used 
t o  a v o i d  r e s h i p p i n g  t h e  same seeds, o r  t h e  r e c e i v e r  can be a d v i s e d  i f  sollie p r e v i o u s l y  sh ipped 
seed m i g h t  be s a t i s f a c t o r y  f o r  a  p a r t i c u l a r  purpose.  The d i s p a t c h  r e c o r d  i s  a l s o  an i n d i c a t o r  
o f  acco~np l  i shment  and can be v a l u a b l e  i n  j u s t i f y i n g  program s u p p o r t .  

Seed I n v e n t o r y  Book: Sollie seed i n  s t o r a g e  must be r e p l a c e d  o c c a s i o n a l l y  f o r  two p r i m a r y  
reasons - -  t h e  seed s u p p l i e s  rllay be d e p l e t e d  by r e q u e s t s ,  o r  t h e r e  liiay be l o s s  o f  v i a b i l i t y  i n  
s t o r a g e .  We igh ing  seed when i t  i s  d i s p a t c h e d  would h e l p  c o n t r o l  t h e  f i r s t  problem; g e r m i n a t i o n  
t e s t s  wou ld  r r ~ o n i t o r  v i a b i l i t y .  I t  i s  p r o b a b l y  n o t  necessary  t o  m o n i t o r  a l l  seeds i n  s to rage .  
An i n v e n t o r y  of  a g r o n o ~ n i c a l l y  good l i n e s ,  o f  l i n e s  s u p e r i o r  as a  source  of  r e s i s t a n c e ,  and of 
l i n e s  t o  be h e l d  f o r  l o n g  p e r i o d s  o f  t i m e  would p r o b a b l y  be s a t i s f a c t o r y .  I t  would n o t  be 
necessary t o  i n v e n t o r y  i t e m s  such as h y b r i d  seed, seed f r o m  head s e l e c t i o n ,  seed f rom segre-  
g a t i n g  g e n e r a t i o n s ,  e t c .  The d e c i s i o n  t o  keep an i n v e n t o r y  r e c o r d  c o u l d  be made based on need. 
Some f o r m  of  i n v e n t o r y  i s  p r o b a b l y  needed i n  e s t a b l i s h e d  programs.  

Row Tags 

Each row s h o u l d  have a  t a g  t h a t  i s  e a s i l y . l o c a t e d .  A  t a g  f a s t e n e d  t o  a  s t a k e  abou t  knee h i g h  
i s  most  c o n v e n i e n t .  Inadequa te  t a g g i n g  w i l l  cause l o s s  o f  t i m e  and i n c r e a s e d  e r r o r .  

Row t a g s  s h o u l d  be c o l o r e d  f o r  e a s i e r  l o c a t i o n .  Ye l low i s  a  good c o l o r  f o r  tags ;  i t  

c o n t r a s t s  w e l l  w i t h  t h e  g reen  f o l i a g e .  The tags  s h o u l d  be o f  s t r o n g  paper t o  w i t h s t a n d  

weather ing .  I f  a  w i r e  o r  s t r i n g  i s  used t o  f a s t e n  t h e  t a g  t o  a  s t a k e  o r  p l a n t ,  an e y e l e t  
shou ld  be f i x e d  i n t o  t h e  t a g  t o  keep i t  f r o m  t e a r i n g  d u r i n g  r a i n  ~ t 0 r n l S .  



PLATE 13. F!ELD BOOKS 

13-1. A  s m a l l  s i z e d  f i e l d  book ( a p p r o x i m a t e l y  16 x  1 1  c m ) , e a s i l y  c a r r i e d  i n  
t h e  p o l l i n a t i n y  apron .  L i n e s  a r e  p r i n t e d  o n  good q u a l i t y  ( b o n d )  s t a n d -  
a r d  s i z e d  (27 .5  x 20.0 cm) paper .  The d i s t a n c e  between l i n e s  i s  equa l  
t o  t h e  d o u b l e  space on  a  t y p e w r i t e r ;  books can be t y p e d  and t h e n  bound. 
A s m a l l  book i s  e a s i e r  t o  u s e  when i t  i s  w i n d y  and t h e r e  i s  l e s s  g l a r e  
o f  s u n l i g h t  frorr l  t h e  page t h a n  i f  t h e  book i s  b i g .  

13 -2 .  F i e l d  s h e e t s  d e s i g n e d  f o r  use  w i t h  d a t a  p r o c e s s i n g  equ ipn len t .  Co lun~n  
heads a r e  p r i n t e d  o n t o  t h e  s h e e t s  and a d j a c e n t  rows and co lu~r lns  a r e  
h i g h l i g h t e d  b y  a1 t e r n a t i n g  bands o f  c o l o r  - a  g r e a t  c o n v e n i e n c e  w h i l e  
t a k i n g  n o t e s .  The p a p e r  i s  n o t  s l i c k  and  s o f t  c o l o r s  ( l i g h t  y e l l o w  and 
g r e e n )  a r e  used  t o  r e d u c e  g l a r e  f rom t h e  sun.  Such s h e e t s  a r c  p i n n e d  
between h a r d  c o v e r s .  Book s i z e  i s  a p p r o x i ~ n a t e l y  26 x 20 crrl. 

13-3.  L a r g e  f i e l d  s h e e t  ( 2 8  x 20)  crn a f t e r  f o l d i n g )  used  where t h e  books a r e  
t y p e d  and  t h e n  bound.  Such books were f o u n d  t o  b e  t o o  l a r g e :  t h r y  were 
i n c o n v e n i e n t  i n  t h e  f i e l d ,  and a  l o n g  c a r r i a g e  t y p e w r i t e r  was r e q u i r e d  
when p e d i g r e e s  and  p l o t  numbers were  t y p e d  on .  

13-4.  P r i n t e d  page f o r  t h e  a c c e s s i o n  r e g i s t e r ;  t h i s  page s i z e  (28  x 20 cm 
a f t e r  f o l d i n g )  has p r o v e n  s a t i s f a c t o r y .  Books a r e  rilade l a r g e  enough 
t o  i n c l u d e  a b o u t  5, 000 e n t r i e s  and  a l l  n o t a t i o n  i s  w r i t t e n  i n  by hand. 
(When a  book i s  c o m p l e t e d  i t  can  b e  t y p e d  f o r  f u t u r e  c o n v e n i e n c e  and 
d u p l i c a t i o n ) .  Column heads i n c l u d e :  D a t e  Rece ived ,  I n t r o d u c t i o n  
Number, P e d i g r e e ,  O r i g i n a t i n g  S t a t i o n ,  S t a t e ,  C o u n t r y ,  Name o f  
Sender ,  Year and  Row Nuniber ( o f  n u r s e r y  f r o m  w h i c h  seeds canie),  dnd 
Remarks. 





PLATE 14, THE F I E L D  HOUSE 

The f i e l d  house i s  u s e f u l  f o r  s t o r i n g  i tems needed f o r  weeding, p o l  li- 
n a t i o n ,  n o t e  t a k i n g ,  h a r v e s t  e t c .  The house s h o u l d  be f i t t e d  w i t h  
s h e l v e s  and drawers t o  h o l d  sma l l  i terns. The f i e l d  house saves a  
l o t  o f  t i m e  i n  c a r r y i n g  t h i n g s  back and f o r t h  each day and g o i n g  a f t e r  
sn ia l l  i t e m s  which become exhausted d u r i n g  t h e  course  o f  a d a y ' s  
a c t i v i t y .  The f i e l d  house i s  sornetililes u s e f u l  i n  g e t t i n g  o u t  o f  s h o r t  
r a i n s .  The f i e l d  house i s  b u i l t  on s k i d s  and can be moved f r o m  one 
f i e l d  t o  a n o t h e r  so t h a t  t h e  some house i s  a v a i l a b l e  each season. 
Note t h e  s m a l l e r  f i e l d  s t o r a g e  - a  box w i t h  a  l i f t  t o p  l i d  f o r  s t o r a g e  
o f  p o l l i n a t i n g  bags and o t h e r  sma l l  i t ems.  





If t h e  o n l y  i n f o r i l l a t i o n  on a  t a g  i s  t h e  row nurnber, t h e  t a g  can be s t a p l e d  t o  a  s t a k e  
and p l a c e d  i n  f r o n t  o f  t h e  row. T h i s  i s  a  v e r y  c o n v e n i e n t  way t o  l a b e l ,  as no t i m e  i s  l o s t  
l o o k i n g  f o r  a  row t a g .  I lowever, p o l l i n a t i n g  i n s t r u c t i o n s  can be ~ n a r k e d  on a  tag ,  and t h e n  (as  
p o l l i n a t i o n  p roceeds)  an i n d i c a t i o n  can be  made each day as t o  what has been done i n  a  row. 
For  example, t h e  i n s t r u c t i o n  nlay be Id ( 1 0 )  ( s e l f - p o l l i n a t e  1 0  p l a n t s ) .  On t h e  f i r s t  day, t h r e e  
p o l l i n a t i o n s  may be made, so t h e  worker  making t h e  p o l l  i n a t i o n s  would mark 111 on t h e  t a g ;  on 
t h e  second day, f i v e  rilore p o l l  i n a t i o n s  l l l i gh t  be done, so t h e  p o l l  i n a t o r  would add f i v e  rrtarks 
( e i g h t  t o t a l ) ;  on t h e  t h i r d  day, t h e  p o l l  i n a t i o n s  r r i iyht  be f i n i s h e d ,  so a  l i n e  c o u l d  be drawn 
t h r o u g h  t h e  i n s t r u c t i o n .  O t h e r  i n s t r u c t i o n s  can be i n c l u d e d  as i n d i c a t e d  i n  P l a t e  12 (p.138) .  
As i l l u s t r a t e d ,  row 27 i s  t o  be p o l l i n a t e d  by rows 5 ( 3 ) ,  9 ( 1 0 ) ,  and 3 ( 4 ) ,  r e q u i r i n y  3, 10, and 
4  c rosses ,  r e s p e c t i v e l y .  P o l l e n  from row 2 7  i s  t o  yo o n t o  rows 15 and 17, r e q u i r i n g  f o u r  and 
t h r e e  p o l  1  i n a t i o n s ,  r e s p e c t i v e l y .  A f t e r  t h e  p o l  1  i r i a t i n y  i n s t r u c t i o n s  have been c o ~ n p l e t e d ,  t h e  
t a g  can be f o l d e d  and a  paper c l i p  p l a c e d  t o  keep t h e  f o l d  c l o s e d .  P l o t  numbers can be w r i t t e n  
on t a g s  o r  s t a ~ l ~ p e d  on w i t h  a  nurrlbering machine. The nuliiber s h o u l d  be p l a c e d  on t o p  and b o t t o ~ r ~  
o f  b o t h  s i d e s  o f  t h e  t a g .  I f  one s i d e  o f  t h c  t a g  i s  dalnaged, t h e  nu~nber i s  s t i l l  r e a d a b l e  on 
t h e  o t h e r  s i d e ;  a l s o  t h e r e  i s  no need t o  t u r n  t h e  t a g  around t o  see t h e  nurnhered s i d e .  A t  
h a r v e s t  t i m e ,  t h e  t a g  can be t o r n  i n  h a l f - - t h e  l o w e r  h a l f  g o i n g  i n t o  t h e  h a r v e s t  bag, t h u s  
i n s u r i n g  t h a t  i d e n t i t y  o f  t h e  bag i s  m a i n t a i n e d  even i f  t h e  t a g  on t h e  o u t s i d e  o f  t h e  bag i s  
t o r n  away. 

Field House 

D u r i n g  a  c r o p p i n g  season, Illany hand t o o l s ,  paper  bags, p o l l i n a t i n g  aprons,  e m a s c u l a t i o n  
equipment ,  e t c .  a r e  r e q u i r e d  i n  t h e  f i e l d .  A  f i e l d  house o f  t h e  t y p e  p i c t u r e d  i n  P l a t e  14 i s  
q u i t e  c o n v e n i e n t  f o r  s t o r a g e  (and  i s  a  good s h e l t e r  fro111 s h o r t  r a i n s ) .  I t  has s h e l v e s  
c o n v e n i e n t  f o r  s t o r a g e  o f  i t e m s  such as p o l l i n a t i n g  baqs; drawers t o  h o l d  sma l l  i t e l l i s  such as 
s t a p l e s ,  paper  c l i p s ,  ~ m a r k i n q  p e n c i l s  e t c ;  and l a r g e  windows t h a t  open t o  keep t h e  house c o o l e r  
and f a c i l i t a t e  h a n d l i n g  o f  s t o r e d  i t e m s .  The house can  be l o c k e d  up a t  n i g h t  and a t  t h e  end o f  
a  season i t  can  be p u l l e d  t o  a  s t o r a g e  a rea  o r  t o  a n o t h e r  f i e l d .  

A  sma l l  f i e l d  house such as t h i s  saves a  l o t  o f  t i m e  and e f f o r t  o t h e r w i s e  spen t  c a r r y i n g  
equ ip~r len t  back and f o r t h  each day and h e l p s  m a i n t a i n  a  s u p p l y  o f  o f t e n - u s e d  i t e m s .  I f  t h e  
prograrn i s  l a r g e  o r  s c a t t e r e d ,  more t h a n  one such f i e l d  house niay be u s e f u l  ( a p p r o x i m a t e l y  one 
f i e l d  house f o r  each 3 o r  4  ha o f  e x p e r i m e n t a t i o n ) .  
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SECTION 5 
THE SEED INDUSTRY 

ROLE, ORGANIZATION, AND DEVELOPMENT 

Sorghum is  commonly grown under harsh conditions, and under such conditions, hybrids are frequently 
higher yielding and more stable than varieties. However, the problem of seed production remains a 
major constraint to the use of hybrids. 

Traditionally, departments of agriculture produce seed and distribute them to farmers; such 
seed may be produced at research stations (as an added task of the breeder) or on special farms 
organized by the department for seed production purposes. The operation i s  relatively simple and 
straightforward, requiring a relatively minor input from the department. 

Beyond providing this annual seed supply, the traditional seed production units are not con- 
cerned with what actually happens to seeds that farmers sow. Many farmers keep their own seed - 
periodically buying from an outside service - and many farmers buy from neighbors or from a local 
market. There i s  no quality control and seed as a commodity may be very poor. 

The sorghum breeder should be interested in  seeing that h is hybrids are used by the farmer. 
On the surface, i t  might seem a simple process to produce and distribute hybrid seeds in much the 
same manner as has always been done for varieties. However, the situation i s  considerably more 
complicated - requiring careful study and consultation. The production and marketing of hybrid 
seeds provides a vehicle on which tobuild an industry with quality controland extension components. 
I f  done properly, the continuous availability of quality seeds can be an important force in shifting 
away from a traditional agriculture. 

This section does not attempt to describe a l l  of the details in  establishing a seed industry. 
I t  i s  meant primarily to indicate the nature and complexity of establishing a seed industty - to 
increase the sorghum improvement worker's awareness of what may be involved. The Appendix 
provides additional information about development of the seed industry. 

During the 1960s, f ield staff of the Indian Agricultural Program of the Rockefeller Foundation 
contributed to the development of a seed industry in India. A number of the papers from this project 
have been generalized for inclusion in this section; acknowledgment i s  due to Johnson E. Douglas, 
Wayne H. Freeman, and Guy B. Baird. The original papers were prepared in limited numbers for a 
special purpose and are no longer available. 



The :;i?ed Industry: NoZc, (Irgtzriizilt,%on, cznci Devcloprnt~rlf 

The Role of a Well-Organized Seed Industry 

Adapted from a Paper by Dr. Guy B. Baird 

INTRODUCTION 

P l a n t  b reeders  and s p e c i a l  i s t s  i n  r e l a t e d  a g r i c u l t u r a l  sc iences  have deve loped  h i g h - y i e l d i n g ,  
adapted v a r i e t i e s  o r  h y b r i d s  o f  t h e  ma jo r  c e r e a l  c r o p s .  These improved s t r a i n s  have made a  
m a j o r  c o n t r i b u t i o n  t o  i n c r e a s e d  f o o d  g r a i n  p r o d u c t i o n  i n  I n d i a .  T h e i r  c o n t i n u i n g  c o n t r i b u t i o r  
w i l l  depend on adequate s u p p l i e s  o f  h i g h - q u a l i t y  seed a v a i l a b l e  t o  t h e  c u l t i v a t o r .  A w e l l -  
o r g a n i z e d  seed i n d u s t r y  i s  needed t o  ensure t h a t  these  c o n d i t i o n s  a r e  met. 

The seed i n d u s t r y  i s  a  key f a c e t  o f    nod ern a g r i c u l t u r e .  To o b t a i n  and s u s t a i n  h i g h  c r o p  
y i e l d s ,  t h e  e f f i c i e n t  fa rmer   nus st use seed w i t h  a  h i g h  y i e l d  p o t e n t i a l  and he  must  m o d i f y  t h e  
p l a n t  e n v i r o n m u r ~ t  t o  f a v o r  t h e  development o f  t h e  c rop .  The modern f a r m e r  m o d i f i e s  t h e  p l a n t  
e n v i  ronriient by u t i  1  i z i n g  equipri lent and m a t e r i a l s  f r o m  v a r i o u s  a g r o - i n d u s t r i e s ;  examples a r e :  
t r a c t o r s ,  improved t i  1  l a g e  imp leaen ts ,  f e r t i l i z e r s ,  p e s t i c i d e s ,  and i n s e c t i c i d e s .  The fa rmer  
a l s o  ~ n o d i f i e s  t h e  env i ronment  by management p r a c t i c e s ,  such as d r a i n a g e  and i r r i g a t i o n ,  t o  
p r o v i d e  op t in lu r~~  s o i l  m o i s t u r e  c o n d i t i o n s  f o r  t h e  h i g h - y i e l d i n g  c r o p s .  

Nhat is a Seed Industry? 

A seed i n d u s t r y  s u p p l i e s  t h e  seed needs o f  t h e  fa rmers  and i s  composed o f  i ndependent  growers,  
p roducers ,  p rocessors ,  and d i s t r i b u t o r s .  To a c h i e v e  economy and e f f i c i e n c y  a  s i n g l e  e n t e r p r i s e  
lilay combine a l l  o f  t h e s e  f u n c t i o n s  i n t o  one o p e r a t i o n .  As an i l l u s t r a t i o n ,  t h e  h y b r i d  ~ n a i z e  
seed i n d u s t r y  i n  t h e  U n i t e d  S t a t e s  produced o v e r  350 000 tons  o f  seed f o r  annual  p l a n t i n g s  on 
p o r e  t h a n  3 2  m i l l i o n  h e c t a r e s  o f  l a n d .  T h i s  was n o t  a  p lanned  i n d u s t r y ;  r a t h e r  i t  was based on 
t h e  r e s u l t s  o f  r e s e a r c h  f rom t h e  f e d e r a l  and s t a t e  exper iment  s t a t i o n s .  I t  g r w  f r o m  an i n f a n t  
i n d u s t r y  i n  1930 t o  an i n d u s t r y  s u p p l y i n g  seed f o r  50% o f  t h e  ma ize  ac reage  10 y e a r s  l a t e r .  
Today i t  s u p p l i e s  seed f o r  10C)?~ o f  t h e  p l a n t e d  acreage.  The " i n d u s t r y "  was composed o f  w e l l  
over  500 p roducers  who grew seed on farms r a n g i n g  i n  s i z e  f rom 5 a c r e s  t o  1000 o r  more acres.  
T h e i r  s a l e s  were d i r e c t l y  t o  t h e  fa rmer ,  n o t  t h r o u g h  government channe ls .  The seed was 
produced, d r i e d ,  she1 l e d ,  c leaned ,  s i z e d ,  t r e a t e d ,  and s t o r e d  a t  t h e  p r o d u c e r ' s  expense. 
P r o f i t s  rnade i n  t h e  f i r s t  10 y e a r s  o f  t h e  i n d u s t r y  enab led  a  s u b s t a n t i a l  number o f  seed 
conlpanies t o  deve lop  f u l l - s c a l e  r e s e a r c h  progranls o f  t h e i r  own, w i t h  r e s e a r c h  e f f o r t s  o r ien ted  
t o  f i  11 i n g  consumer needs. 

Conipanies i n  t h i s  l o o s e l y  d e f i n e d  i n d u s t r y  i n c r e a s e d  t h e  sorghum acreage  i n  t h e  USA fro111 
no acreage p l a n t e d  t o  h y b r i d  seed i n  1954 t o  100% p l a n t e d  t o  h y b r i d  seed i n  1960. 

I t  i s  apparen t  t h a t  a  r e l a t i v e l y  f r e e  p r i v a t e  system o f  seed p r o d u c t i o n  has been a b l e  t o  
nieet t h e  dei~ands f o r  good q u a l i t y  seed. I f  a  seed p r o d u c t i o n  system i s  s o u n d l y  based, i t  
shou ld  be a b l e  t o  p r o v i d e  adequate seed d u r i n g  a  t r a n s i t i o n  p e r i o d  f rom government  p roduc t ion  
and d i s t r i b u t i o n  t o  p r i v a t e  p r o d u c t i o n  and d i s t r i b u t i o n .  

Seed in Traditional Agriculture 

I n  t r a d i t i o n a l  a g r i c u l t u r e  t h e  farmer can be l a r g e l y  independent  i n  terms o f  h i s  i n p u t s .  He! 
h i s  f a m i l y ,  and h i s  farm an ima ls  p r o v i d e  ( d i r e c t l y  o r  i n d i r e c t l y )  most  o f  wha t  he needs i n  his 
f a r m i n g  o p e r a t i o n s .  T h i s  a p p l i e s  t o  seed, f e r t i l i z e r s ,  f a r m  implements,  and weed c o n t r o l .  
Diseases and i n s e c t  p e s t s  may e x a c t  heavy t o l l s ,  because t h e  t r a d i t i o n a l  f a r m e r  i s  unab le  to 
cope w i t h  them. 

I n  t r a d i t i o n a l  a g r i c u l t u r e ,  seed c o m o n l y  i s  p a r t  o f  t h e  o v e r a l l  p r o d u c t i o n  o f  t h e  Crop 
t h e  farm. Norma l l y ,  a  p l a n t i n g  wou ld  n o t  be made s p e c i f i c a l l y  f o r  seed p r o d u c t i o n .  I n  sonlc 
cases, t h e  farmer may do l i m i t e d  s e l e c t i o n  t o  o b t a i n  a  d e s i r e d  t y p e  o r  improved  q u a l i t y  frolll 
h i s  o v e r a l l  p r o d u c t i o n .  Over a  p e r i o d  o f  t i m e ,  good farmers who c o n s c i e n t i o u s l y  s e l e c t  

, , m a t e r i a l  f o r  seed from t h e i r  p r o d u c t i o n  may m a t e r i a l l y  improve  t h e i r  seed i n  terms o f  qual l tJ  
and y i e l d  p o t e n t i a l .  However, i n  g e n e r a l ,  a  v e r y  l i m i t e d  scope e x i s t s  f o r  c r o p  improvement 
under t h e s e  c o n d i t i o n s .  



The t r a d i t i o n d l  far l l ier  i s  l i l l l i t c d  i n  h i s  c a p a c i t y  t o  ~i idke g r e d t  p rog ress  i n  c r o p  improve-  
I l lent, b o t h  i n  ter l l ls  o f  t h e  g e n e t i c  make-up o f  t i i s  c r o p  arid i n  h i s  a b i l i t y  t o  l l lod i fy  t h e  plant 
e n v i r o n m e n t .  T y p i c d l l y ,  t i i s  c r o p  has a  r e l a t i v e l y  l ow y i e l d  p o t e n t i a l .  I t  has beer) growrl for 
rllany g e n e r a t i o n s  u n d e r  c o r l d i t i o n s  n o t  c o n d u c i v e  t o  h i g h  g r a i n  y i e l d s .  Through n a t u r a l  and d e l i b e r a t e  s ~ l e c t i o n ,  s t r a i r l s  c a p a b l e  o f  t h r i v i n g  under  t h e  c o n d i t i o n s  o f  t r a d i t i o n a l  a g r i c u l -  
t u r e  have  p e r s i s t e d .  The g e n e t i c  v a r i a b i l i t y  has beconie q u i t e  narrow.  The scope f o r  
S u b s t a n t i a l  i rnprovelr lent i s  c o r r e s p o n d i n g l y  r e s t r i c t e d .  W i t h  t h i s  t ype  o f  g e n e t i c  m a t e r i a l  
( v a r i e t i e s  o f  c r o p s )  t h e r e  i s  o n l y  a  l i m i t e d  i r l c e n t i v e  t o  Inlake t h e  p l a n t  environrl lent rrroru 
conduc ive  t o  h i g h  c r o p  y i e l d s .  Use o f  chemica l  f e r t i l i z e r s ,  i r r i g a t i o n ,  and o t h e r  i~nproved  
far111 p r a c t i c e s  a l s o  lnay be u n a t t r a c t i v e  because o f  i nadequa te  economic r e t u r n s .  

Seed in Modern Agriculture 

The p l a n t  b r e e d e r ,  w i t h  t h e  h e l p  O f  h i s  f e l l o w  a g r i c u l t u r a l  s c i e n t i s t s ,  can develop new v a r i e -  
t i e s  o r  s t r a i n s  h a v i n g  a  c a p a c i t y  o r  p o t e n t i a l  f o r  h i g h  y i e l d s .  He can a l s o  i n c o r p o r a t e  new 
l r r a t e r i a l ~  i n t o  t h e s e  - -  f a c t o r s  wh ich  a f f e c t  g r a i n  q u a l i t y  and i r i s c c t  p e s t  antl d i sease  r e s i s -  
tance.  Thus,  a g r i c u l t u r a l  s c i e n t i s t s  p r o v i d e  t h e  f a r l i ~ e r  w i t h  irriprovcti c rops  t h a t  can h e l p  him 
nlove fro111 a  t r a d i t i o n a l  t o  a  ll loderrl t y p e  o f  a y r i c u l t u r e .  W i t h  these  i~nproved  c rops ,  the  p r o -  
g r e s s i v e  f a r m e r  w i  11 f i r i d  i t  p r o f i  t d b l e  t o  use o t h e r  i n p u t s  o f  rr~odern a q r i c c i l  t u r e ,  i n c l u d i n g  
f e r t i l i z e r s ,  b e t t e r  farm in lp le lnents,  and h r t t e r  s o i l ,  c r o p ,  and wa te r  iirdnagelrrent. 

B u t  wha t  a b o u t  t h e  seed f o r  these  improved c r o p s  - -  w i l l  t h e  fd rmer  be a b l e  t o  produce h i s  
own seed i n  t h e  t r a d i t i o n a l  way? T h e o r e t i c a l l y ,  he c o u l d  produce t h i s  seed; however, he lrray 
f i n d  i t  i m p r a c t i c a l  -- f o r  s e v e r a l  reasons.  I n  t h e  case of  h y b r i d s ,  p r o d ~ r c t i o n  needs such as 
p l a n t  i s o l a t i o n ,  e x p e r i e n c e ,  and a t t e n t i o n  becollie p r o h i b i t i v e l y  expcns ive  antl i n e f f i c i e n t  f o r  
the f a r m e r  q r o w i n g  seed f o r  h i s  own use.  W i t h  s e l f - p o l l i n a t e d  iniproved c rops ,  t h c  fd r r r~e r  Inray 
f i n d  i t  s a t i s f a c t o r y  t o  p roduce  h i s  own seed that. he takes  fro111 h i s  r e q u l a r  c rop .  However, i n  
such cases,  he i s  l i k e l y  t o  f i n d  t h d t  n l i x t u r e s  o c c u r  d f t e r  s e v e r a l  sedsons, arid he w i l l  wdnt t o  
r e p l e r ~ i s h  h i s  seed w i t h  s t o c k  o f  h i g h  g e n e t i c  p u r i t y .  F u r t h e r ,  when b e t t e r  i~ : ,p rove i l  v a r i e t i e s  
are deve loped ,  he w i l l  w i s h  t o  d i s c a r d  h i s  p r e v i o u s l y  used v a r i e t y  dnd o b t a i t ~  t h c  newer. 

It i s  c l e a r  t h a t  t h e  farl l rer i n  illorlet-rr ; ~ q r i c u l t u r e  rli l lst have ~ ~ c r c s s  t o  i,erd? o f  t i l e  h i q h -  
y i e l d i n y  h y b r i d s  and v a r i e t i e s .  A b d s i r  concerr l  i s  t h a t  o f  how t o  p r o v i d e  t h c r e  seeds t o  the  
farlr ler.  

SEED PRODUCTION 

Seed p r o d u c t i o n  t o d a y  i s  a s p e c i a l i z e d  and e s s e n t i a l  i n d u s t r y .  I t  i s  arialogous t o  f e r t i l i z e r  
o r  p e s t i c i d e  p r o d u c t i o n ,  t o  t h e  manu fac tu re  o f  fa rm implements and c r o p  p r o c c s s i r ~ g  e q u i p ~ ~ r e n t ,  
and t o  t h e  deve lop t r ie r~ t  and  p r o d u c t i o n  o f  weed ic ides .  I n  each o f  these  i l l d u s t r i m ,  s p e c i a l i s t s  
p r o v i d e  t h e  f a r l r ~ e r  w i t h  t h e  i n p u t s  necessary f o r  s u s t d i n e d  h i g h - l e v e l  c r o p  p r o d u c t i o r i .  Th is  
i s  i n  marked  c o n t r a s t  t o  t r a d i t i o l ~ a l  a g r i c u l t u r e ,  where t h e  fa rmer  took  c a r e  o f  [nost o f  h i s  
needs on h i s  f a r m .  

The seed  i n d u s t r y  i s  111ade up o f  s e v e r a l  componerits: i n c l u d i r i g  r c s r d r c h ,  p r o d u c t i o n ,  
q u a l i t y  c o n t r o l ,  and  m a r k e t i n g .  As i n  t h e  case o f  o t h e r  i n d u s t r i e s ,  b o t h  t h e  p r i v a t e  and p u b l i c  
sec to rs  a r e  i n v o l v e d .  

Research 

Improved seeds a r e  a  r e s u l t  o f  research .  A g r i c u l t u r a l  s c i e n t i s t s  c o l l e c t  t h e  gerlllplasm o f  t h e  

t o  g e t  as  much v a r i a t i o n  as possible. These c o l l e c t i o n s  a r e  e v a l u a t e d  and c o ~ ~ i b i n a t i o n s  
Or Crosses a r e  made to o b t a i n  new s t l - a ~ r i s  w i t h  t h e  d e s i r e d  c h a r a c t e r i s t i c s .  P ro l l l i s ing  s t r a i n s  

are t e s t e d  i n  t h e  a r e a s  where  t h e y  m i g h t  be used i f  proven s u i t a b l e .  When a  new s t r a i n  i s  

a n d  per for l i ls  w e l l  ellough f o r  use by t h e  c u l t i v a t o r s ,  i t  i s  proposed f o r  r e l e a s e  by 
the p l a n t  breeder  who deve loped  i t .  The s l r a l l  allloullt o f  seed o f  t h e  new s t r a i n  ( o r  o f  t h e  
lines g o i n g  i n t o  t h e  new hybr id )  1s r e f e r r e d  t o  as b reeders '  seed. 

Concurrent w i t h  t h e  developlner)t o f  the  new s t r a i n s ,  s u p p o r t i n g  researc t l  Shows how t o  
lilanage t h e  strain to on i t s  p o t e l i t i a l .  Such r e s e a r c h  conlmonly i n c l u d e s  i n s e c t  

Pest and d i s e a s e  c o n t r o l  , p l u s  f e r t i  1  i z e r  and w a t e r  requi rer l lents .  



The Sceii Industry: Role, Or~ganizcztion, and DeveZopmerrt 

Production 

A f t e r  t h e  development  o f  a  new s t r a i n ,  seed p r o d u c t i o n  i s  r e q u i r e d  b e f o r e  t h e  f a r m e r  can use i t .  
The srnal l  amount o f  b r e e d e r s '  seed must  be m u l t i p l i e d  so t h a t  t h e  f a r m e r  can purchase i t .  
P r o d u c t i o n  o r g a n i z a t i o n s  a r e  r e q u i r e d .  The i n i t i a l  s t a g e  o f  t h e  p r o d u c t i o n  o f  t h e  b r e e d e r s '  
seed i s  r e f e r r e d  t o  as f o u n d a t i o n  seed p r o d u c t i o n .  Founda t ion  seed p r o d u c t i o n  r e q u i r e s  a  
r e l a t i v e l y  h i g h  degree o f  competence t o  meet q u a l i t y  r e q u i r e m e n t s .  T h i s  f o u n d a t i o n  seed i s  
used t o  produce t h e  comnerc ia l  seed t o  be  used b y  t h e  f a r m e r  f o r  h i s  c r o p .  

P r o d u c t i o n  o f  comrlerc ia l  seed i s  a  s p e c i a l i z e d  o p e r a t i o n  t h a t  c a l l s  f o r  a  h i g h e r  l e v e l  o f  
competence t h a t  canno t  be  p r o v i d e d  by t h e  average  fa rmer .  Producers o f  con ln~erc ia l  seed a r e  
s p e c i a l i s t s  i n  t h a t  bus iness  and a r e  expec ted  t o  p roduce  a  r e 1  i a b l e ,  h igh -qua1  i t y  p r o d u c t .  

Quality Control 

When a  farlr ler w ishes  t o  buy i l ~ ~ p r o v e d  seed, he \nay f i n d  t h a t  i t  i s  a v a i l a b l e  f rom s e v e r a l  
sources .  I t  i s  i m p o r t a n t  t h a t  i n f o r m a t i o n  be r e a d i l y  a v a i l a b l e  t o  h im f o r  j u d g i n g  t h e  q u a l i t y  
o f  t h e  seed. Seed laws and seed c o n t r o l  agenc ies  a r e  e s t a b l i s h e d  t o  i n s u r e  t h a t  seed on t h e  
marke t  w i l l  rrieet c e r t a i r i  q u a l i t y  r e q u i r e m e n t s .  These laws and agenc ies  make i t  d i f f i c u l t  o r  
hazardous f o r  a  seed p r o d u c e r  t o  marke t  i n f e r i o r  seed. They p r o t e c t  t h e  f a r m e r  and h e l p  
deve lop  a  seed i n d u s t r y  w i  ti) h igh-qua1  i t y  seed as t h e  p r i m a r y  p r o d u c t .  

Seed c e r t i f i c a t i o n  conunonly i s  an i m p o r t a n t  a d j u n c t  o f  t h e  seed i n d u s t r y .  The p rocess ,  
wh ich  n o r n i a l l y  i s  v o l u n t a r y ,  p l a c e s  emphasis on t h e  g e n e t i c  p u r i t y  o f  t h e  seed, and on o t h e r  
q u a l i t y  c o n s i d e r a t i o n s .  C e r t i f i e d  seed, o r  i t s  e q u i v a l e n t ,  i s  a  premiuln seed; a  seed t h a t  
i r i e r i t s  and conliiiands a  h i g h e r  p r i c e  on t h e  seed marke t .  

Marketing 

The t r a n s f e r  o f  t h e  seed fro111 t h e  p roducer  t o  t h e  fa rmer  ( i  . e . ,  t h e  m a r k e t i n g  o f  t h e  seed) i s  
a  v i t a l  l i n k  i n  t h e  seed i n d u s t r y .  M a r k e t i n g  rilay be  a  r e l a t i v e l y  s i m p l e  p rocess  i n  wh ich  t h e  
fa rmer  purchases d i r e c t l y  from1 t h e  seed p r o d u c e r .  I t  i s  o f t e n  more co~np lex ,  however. A s i n g l e  
seed p roducer  may have produced t h e  seed under c o n t r a c t  t o  a  p a r e n t  seed company o r  c o r p o r a t i o n .  
The l a t t e r  [nay produce seed i n  s e v e r a l  p a r t s  o f  a  s t a t e  o r  i n  s e v e r a l  s t a t e s .  The marke t  f o r  
t h e  corlipany inlay c o v e r  an  e n t i r e  s t a t e  o r  a l l  o f  t h e  c o u n t r y .  The fa rmer  may buy seed f ro ln  t h i s  
company t h r u u g h  one o f  i t s  ~ n a r k e t i n g  o u t l e t s ,  w h i c h  i n  t u r n  may have seed as o n l y  one of  i t s  
s e v e r a l  p r o d u c t s .  I n  a l l  cases,  however, e f f i c i e n t  m a r k e t i n g  means ready  a v a i l a b i l i t y  o f  t h e  
seed t o  t h e  fa r l l i e r .  

A l t h o u g h  t h e  f a c t s  seein obv ious ,  fa rmers  must  be impressed w i t h  t h e  in lpor tance o f  t h e  
i l r ~ p r o v e d  seed as a  key i n p u t  i n  modern a g r i c u l t u r e .  The fa rmer  must  be  conv inced  t h a t  t h i s  
improved seed, when used p r o p e r l y ,  can be a p r o f i t a b l e  i n v e s t m e n t .  Thus, t h e  in lpo r tancc  of  
a g r i c u l t u r a l  e x t e n s i o n  o r  f a r m e r  e d u c a t i o n .  

INDUSTRY ORGANIZATION 

The seed i n d u s t r y  has s e v e r a l  d i s t i n c t ,  b u t  h i g h l y  r e l a t e d ,  components: r e s e a r c h ,  p r o d u c t i o n ,  
q u a l i t y  c m t r o 1 , a n d  m a r k e t i n g .  I n  a  w e l l - o r g a n i z e d  seed i n d u s t r y ,  each component must be g i v e n  
a p p r o p r i a t e  a t t e n t i o n ,  and second ly  t h e  components be  l i n k e d  and i n t e g r a t e d .  

Bo th  t h e  p u b l i c  s e c t o r  and t h e  p r i v a t e  s e c t o r  have i m p o r t a n t  r o l e s  t o  p l a y  i n  t h e  seed 
i n d u s t r y .  O b v i o u s l y ,  t h e  p u b l i c  s e c t o r  i n s t i t u t i o n s  a r e  d i r e c t l y  i n v o l v e d  i n  t h e  development 
and maintenance o f  qua1 i t y  s tandards ,  i n  i n t e r s t a t e  m a r k e t i n g ,  and i n  fa rmer  e d u c a t i o n .  
Research i s  a l s o  an i m p o r t a n t  f u n c t i o n  o f  c e n t e r  and s t a t e  a g r i c u l t u r a l  i n s t i t u t i o n s .  However, 
p u b l i c  s e c t o r  and p r i v a t e  s e c t o r  i n s t i t u t i o n s  concerned w i t h  seed may be i n v o l v e d  i n  research ,  
i n  f a r m e r  e d u c a t i o n ,  i n  f o u n d a t i o n  seed p r o d u c t i o n ,  i n  p r o d u c t i o n  o f  c e r t i f i e d  and commercia l  
seed, and i n  m a r k e t i n g .  The i m p o r t a n t  c o n s i d e r a t i o n  seems t o  be t h e  development o f  c o n d i t i o n s  
and an atmosphere t h a t  w i l l  s t i m u l a t e  t h e  p r o d u c t i o n  and use o f  h i g h - y i e l d i n g ,  h i g h - q u a l i t y  
seed. The r e a l i z a t i o n  o f  t h i s  g o a l  i n v o l v e s  a  c l o s e - w o r k i n g  r e l a t i o n s h i p  and u n d e r s t a n d i n g  
between p u b l i c  and p r i v a t e  s e c t o r  i n s t i t u t i o n s .  



W i t h i n  a  v e r y  s h o r t  p e r i o d ,  I n d i a  made remarkab le  p rogress  i n  t h e  development o f  a  w e l l -  
o r g a n i z e d  seed i n d u s t r y .  Through r e s e a r c h ,  h i g h - y i e l d i n g  s t r a i n s  o f  a l l  o f  t h e  major  ce rea l  
c rops  were made a v a i l a b l e  t o  f a r m e r s .  The N a t i o n a l  Seeds C o r p o r a t i o n  has c a p i t a l i z e d  on these 
p o i n t s  o f  r e s e a r c h  by  a r r a n g i n g  f o r  t h e  p r o d u c t i o r i  o f  t h e  necessary four idat ior i  seed. I t  a l s o  
has p l a y e d  a  much b r o a d e r  r o l e  i n  t h e  development  o f  t h e  seed i n d u s t r y .  I t has encouraged 
p roducers  o f  sonimerc ia l  and c e r t i f i e d  seed, has t r a i n e d  seed p r o d u c t i o n  and c e r t i  f i  c a t i o n  
p e r s o n n e l ,  and has a c t e d  as a  c e r t i f y i n g  agency u n t i l  s t a t e  c e r t i f y i n g  agencies were estab-  
l i s h e d .  A Seed Law has been enac ted ,  and an I n d i a  Crop Iniprovernent and Certified Seed 
Producers  A s s o c i a t i o n  has been forroed. 

A Quality Seed Production and Distribution Program 
Adapted from a Paper by Johnson E .  Douglas 

INTRODUCTION 

P r o d u c t i o n  o f  h i g h - q u a l i t y  seed i s  t h e  p r i ~ r i a r y  o b j e c t i v e  o f  a  seed program. A  seed a c t  which 
p r o v i d e s  f o r  a  seed l a w  enforcerneri t  program and a  cornprehensive seed c e r t i f i c a t i o n  program f o r  
irrrproved v a r i e t i e s  and h y b r i d s  w i l l  encourage g r e a t l y  i n c r e a s e d  q u a n t i t i e s  o f  good seed 
f o r  t h e  f a r ~ i i e r .  

Each c o u n t r y  rnust ensure  t h a t  t h e r e  a r e  s u f f i c i e n t  p r o d u c t i o n  and d i s t r i b u t i o r l  f a c i  1  i t i c s  
t h r o u g h o u t  t h e  g r o w i n g  r e g i o n  o f  a  c rop .  P lans rriust be developed so t h a t  t h e  b e s t  usc can be 
rnade o f  b o t h  governnienta l  and non-governmenta l  agenc ies .  T h e i r  f u n c t i o n s  s h o ~ ~ l d  be co~nple~nen-  
t a r y  so t h a t  t h e  maximum q u a n t i t y  o f  g o o d - q u a l i t y  seed reaches t h e  c u l t i v a t o r .  A t  t h e  1962 
FA0 m e e t i n g  o f  t h e  T e c h n i c a l  C o ~ ~ i l ~ ~ i t t e e  on Seed P r o d u c t i o n ,  Seed C o n t r o l  and D i s t r i b u t i o n ,  t h e  
f o l l o w i n g  surnmary s tater i ient  was made: 

I t  was f e l t  t h a t ,  i n  d c v c l o p i n g  c o u n t r i e s ,  seed p r o d u c t i o n  and seed d i s t r i b u t i o n  shou ld  
g r a d u a l l y  be taker1 o v e r  by  non-governnienta l  agenc ies ,  such d s  seed c o o p e r a t i v e s ,  seed 
g rowers  a s s o c i a t i o n s ,  arid p r i v a t e  f i r m s ;  p r o v i d e d  an adequate l e v e l  o f  q u a l i t y  c o n t r o l  
c o u l d  be r i ia i r i ta i r icd.  

A con im i t tec  was ap l ,o i r~ ted  i n  I n d i a  i n  1960 t o  d w e l o p  t h e  " b l ~ ~ i ~ r i l i t s "  f o r  an o r q a n i z a t i o n  
t h a t  w o u l d  a s s u r e  t h e  r a p i d  ~ n u l t i p l i c a t i o n  and d i s t r i  b u t i o r l  t o  c u l t i v a t o r s  o f  dependdble,  h i g h  
q u a l i t y  s u p p l i e s  o f  seed o f  improved maize h y b r i d s  (arid subsequen t l y  o f  o t h e r  c r o p s ) .  These 
b l u e p r i n t s  s e t  up a  5 - s t e p  g u i d e  t o  i n s u r e  p r o p e r  o r g a n i z a t i o n  o f  a seed program. 

1. O r g a n i z a t i o n s  f o r  t h e  p r o d u c t i o n  o f  fou r lda t io r l  ( n u c l e a r )  seed iirust be developed.  
Because o f  t h e  q u a l i t y  requ i rements  and s i n c e  p r o v i s i o n  o f  adequate s u p p l i e s  o f  
f o u n d a t i o n  seed i s  i n  r e a l i t y  a  s e r v i c e  e n t e r p r i s e ,  these  o r g a n i z a t i o r l s  s h o u l d  be 
c l o s e l y  g u i d e d  by  p l a n t  b reeders  and e x t e n s i o n  seed s p e c i a l i s t s ,  and p r o b a b l y  shou ld  
a lways  be s e l f - s u p p o r t i n g  agericies o f  t h e  N a t i o n a l  Seeds Corpora t io r i .  

2 .  A seed i n d u s t r y ,  o p e r a t i n q  i r i  t h e  p r i v a t e  s e c t o r  d r ~ d  s t i r r ~ u l d t e d  by c o n i p e t i t i o n  and 
t h e  p r o f i t  m o t i v e ,  must be developed t o  produce,  p rocess ,  and r i iarket t h e  seed o f  
d o u b l e  c r o s s  maize h y b r i d s ,  as w e l l  as o f  ir l iproved h y b r i d s  and v a r i e t i e s  o f  o t h e r  cr,ops 

3.  Seed c e r t i f i c a t i o n  agenc ies  must  be e s t a b l i s h e d  t o  o p e r a t e  independen t l y  o f  d i r e c t  
government  c o n t r o l ,  o f  t h e  f o u n d a t i o n  seed o r g a n i z a t i o n s ,  and o f  t h e  p r i v a t e  seed 
i n d u s t r y .  

4. Seed laws  mus t  be passed and seed law enforcement  agenc ies  o f  t h e  s t a t e  govern~rients 
mus t  b e  s e t  up. 

5. An a g g r e s s i v e  e d u c a t i o n a l  and d e m o n s t r a t i o n a l  program On t h e  use o i  maize h y b r i d s  and 
o t h e r  improved  seed niust be c a r r i e d  o u t  by t h e  s t a t e ,  d i s t r i c t ,  and b l o c k  extension 
seed s p e c i a l i s t s  who have seed improvement as t h e i r  p r i n c i p a l  work .  

TO imp lement  a  prograrn o f  t h i s  t ype ,  a c t i o n  i s  r e q u i r e d  i n  a  number o f  a reas .  Much 

developmenta l  work  and emphasis i s  needed i n  t h e  a c t u a l  p r o d u c t i o n  and d i s t r i b u t i o n  phase o f  



t h e  program. Some b a s i c  r e q u i r e m e n t s  must  be met  t o  h e l p  t h i s  p o r t i o n  deve lop  and grow w i t h  
governn~enta l  encouragement , b u t  w i t h o u t  t h e  government 's  a c t u a l  p a r t i c i p a t i o n :  

S u p e r i o r  v a r i e t i e s  and h y b r i d s  of  many c rops  s h o u l d  be a v a i l a b l e  f o r  m u l t i p l i c a t i o n  

Hundreds o f  seed p roducers  and d e a l e r s  s h o u l d  l e a r n  new s k i l l s  and deve lop  new concepts o f  
"good seed . "  

E x t r a  c a p i t a l  must  be a v a i l a b l e  f o r  p r o d u c i n g ,  p r o c e s s i n g ,  s t o r i n g , a n d  d i s t r i b u t i n g  seed. . G o o d - q u a l i t y  seed lnust be produced and s o l d .  

S p e c i a l  equipment  rnust be a v a i l a b l e  t o  seed p roducers  and d e a l e r s  t o  h e l p  them produce a  
qua1 i t y  p r o d u c t .  

A s t r o n g  e d u c a t i o n a l  progral l i  i s  needed f o r  t h e  seed p roducers  and d e a l e r s  as w e l l  as f o r  
concerned governmental  agenc ies .  

O p p o r t u n i t i e s  s h o u l d  be a v a i l a b l e  f o r  many i n d i v i d u a l  seed f i r m s  t o  grow and deve lop .  

S u f f i c i e n t  i n c e n t i v e s  must be a v a i l a b l e  i n  t h e  program t o  j u s t i f y  a  person  o r  fir111 t a k i n g  
t h e  r i s k s  necessary  t o  deve lop  a  seed b u s i n e s s .  

Peop le  must  be  found who a r e  s i n c e r e l y  i n t e r e s t e d  i n  s e l l i n g  g o o d - q u a l i t y  seed and whose 
i n t e g r i t y  i s  o f  t h e  h i g h e s t  o r d e r .  

IMPLEMENTING THE BASIC REQUIREMENTS 

To u t i l i z e  dnd im,)rove a l l  a v a i l a b l e  resources  and a p p l y  t h e  b a s i c  requ' i rements o u t l i n e d  
above, t h e  v a r i o u s  s tages  i n  t h e  seed mu1 t i  p l i c a t i o n  p rocess  s h o u l d  be  ana lyzed :  

B r e e d e r s '  Seed: The v a r i o u s  i n s t i t u t i o n s  and o r g a n i z a t i o n s  i n v o l v e d  i n  t h e  b r e e d i n g  
programs t h r o u g h o u t  a  c o u n t r y  have s p e c i f i c  r e s p o n s i b i l i t i e s  i n  a d d i t i o n  t o  t h e  development o f  
irnproved v a r i e t i e s  and h y b r i d s .  These r e s p o n s i b i l i t i e s  i n c l u d e :  

Recommending s p e c i f i c  irnproved v a r i e t i e s  and h y b r i d s  f o r  r e l e a s e .  

P r o v i d i n g  genera l  and m o r p h o l o g i c a l  d e s c r i p t i o n s  o f  t h e  v a r i e t i e s  and h y b r i d s  b e i n g  
r e l e a s e d .  . M a i n t a i n i n g  adequate s t o c k s  o f  p u r e  seed o f  t h e  r e l e a s e d  v a r i e t i e s  and h y b r i d s  s o  t h a t  
t h e  rnul t i p 1  i c a t i o n  program w i  11 have a  c o n s t a n t  s u p p l y  o f  r e 1  i a b l e  seed ( b r e e d e r s '  seed) .  

P r o v i d i n g  a s s i s t a n c e  t o  t h e  seed c e r t i f i c a t i o n  i n s p e c t i o n  s t a f f  i n  t h e i r  t r a i n i n g  so t h a t  
t h e y  can c o m p e t e n t l y  i d e n t i f y  improved v a r i e t i e s  and h y b r i d s  t h a t  a r e  i n  t h e  seed 
mu1 t i  p l  i c a t i o n  program. 

Founda t ion  Seed: The p r o d u c t i o n  o f  f o u n d a t i o n  seed i s  a  m i d - s t e p  between t h e  b r e e d e r  and 
t h e  p r o d u c e r  o f  commercia l  seed. The f o u n d a t i o n  seed s t o c k s  agency t a k e s  b r e e d e r s 1  seed f r o m  
t h e  r e s e a r c h  o r g a n i z a t i o n  on a  p e r i o d i c  b a s i s  and i n c r e a s e s  t h i s  seed ( u s u a l l y  under 
c e r t i f i c a t i o n )  and ~ i i a r k e t s  t h e  f o u n d a t i o n  seed produced t o  commercia l  seed p roducers .  It i s  
n o t  necessary  t h a t  t h e  f o u n d a t i o n  seed s t o c k s  agency sow e v e r y  f i e l d  f r o m  b r e e d e r s '  seed, b u t  
i t  s h o u l d  go t o  b r e e d e r s 1  sources  p e r i o d i c a l l y  (as  necessary  t o  m a i n t a i n  p u r i t y  and t y p e  i n  the 
f o u n d a t i o n  seed).  

R e g i s t e r e d  Seed: The f o u n d a t i o n  seed o f  s e l  f - p o l l  i n a t e d  c r o p s  produced t h r o u g h  t h e  
f o u n d a t i o n  seed s t o c k s  agency c o u l d  be f u r t h e r  m u l t i p l i e d  as r e g i s t e r e d  seed on s t a t e  farms,  by 
seed growers o p e r a t i n g  on a  c o n t r a c t  arrangement  w i t h  t h e  Department  o f  A g r i c u l t u r e ,  o r  b y  
p r i v a t e  seed p roducers  p l a n n i n g  t o  m u l t i p l y  t h e  r e g i s t e r e d  seed t h r o u g h  t h e  n e x t  s t a g e  o f  
c e r t i f i e d  seed f o r  d i s t r i b u t i o n  ( F i g  5 .1 ) .  

I n  t h i s  example, t h e  Departments o f  A g r i c u l t u r e  wou ld  be  r e s p o n s i b l e  f o r  f i n d i n g  
i n d i v i d u a l s ,  c o r p o r a t i o n s ,  c o o p e r a t i v e s ,  and o t h e r s  who wou ld  agree t o  buy t h e  r e g i s t e r e d  seed 
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F i g  5 . 1 :  Production and Distribution of Certified Seed of Self-Pollinated Crops. 

and l r ~ u l t i p l y  i t  so t h a t  a  l a r g e  q u a n t i t y  of  c e r t i f i e d  seed wou ld  be produced and d i s t r i b u t e d  
t o  f a n n e r s .  As t h e  program grows, t h e  department  wou ld  deve lop  an e v e r  i r i c r e a s i n g  number o f  
such i n d i v i d u a l s  and f i r m s  upon whom i t  c o u l d  r e l y  f o r  co lnp le t ing  t h i s  f i n a l  s tage  of  
~ n u l t i p l i c a t i o n .  The i n d i v i d u a l s  and f i r m s  wou ld  be p u r c h a s i n g  r e g i s t e r e d  seed o r  f o u n d a t i o n  
seed on  a  y e a r l y  b a s i s  f o r  f u r t h e r  m u l t i p l i c a t i o n  t o  supp ly  adequate q u a n t i t i e s  o f  c e r t i f i e d  
seed. Every  encouragement s h o u l d  be g i v e n  t o  t h e s e  i n d i v i d u a l s  and f i r m s  t o  be r e s p o n s i b l e  f o r  
t h e i r  own s a l e s  and d i s t r i b u t i o n .  

I n  t h e  case o f  h y b r i d  seed, f o u n d a t i o n  seed wou ld  be used f o r  p roduc ing  c e r t i f i e d  seed 
( F i g  5 .2 ) .  However, t h e  f o u n d a t i o n  seed wou ld  be s o l d  t o  i n d i v i d u a l s ,  c o r p o r a t i o n s ,  
c o o p e r a t i v e s ,  and o t h e r s  who have d e c i d e d  t o  make h y b r i d  seed p r o d u c t i o n  a  bus iness .  

S i n c e  a l l  o f  t h i s  seed wou ld  be p r o v i d e d  t o  q u a l i f i e d  i n d i v i d u a l s  and f i r m s  who would be 
i n t e r e s t e d  i n  and capab le  of  111aking a n o t h e r  seed i n c r e a s e ,  t h e r e  would be no need t o  s t ibs id ize  
i t .  It wou ld  be s o l d  t o  them a t  wha tever  p r i c e  was necessary t o  produce t h e  seed and s t i l l  
g a i n  a  r e a s o n a b l e  p r o f i t  f o r  t h e  r e g i s t e r e d  o r  f o u n d a t i o n  seed inc rease  program. The 
Departments o f  A g r i c u l t u r e  s h o u l d  n o t  s u f f e r  any l o s s  on a  long-term b a s l s .  O f  course,  dn 
l n i  t i a l  i n v e s t n l e n t  f o r  i m p r o v i n g  t h e i r  f a c i  1  i t i e s  wou ld  p r o b a b l y  be r e q u i r e d .  

C e r t i f i e d  Seed: Q u a l i t y  must  be t h e  p r i r r ~ a r y  emphasis i n  t h e  p r o d u c t i o n  of  b r e e d e r s ' ,  
founda t ion ,  r e g i s t e r e d ,  and c e r t i f i e d  seed. A l l  s tages  o f  seed mu1 t i p l i c a t i o n  must meet 
c e r t a i n  b a s i c  seed c e r t i f i c a t i o n  s tandards  ( F i g  5 . 3 ) .  G o o d - q u a l i t y  seed o f  improved v a r i e t i e s  
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Fig 5.2: Certified Hybrid Seed Production and Distribution. 

and h y b r i d s  beconies doub ly  i m p o r t a n t  i n  t h e  f i n a l  c e r t i f i e d  seed s tage ,  because i t  i s  a t  t h i s  
p o i r i t  t h a t  t h e  farmer must  be s a t i s f i e d  t h a t  t h e  seed he buys w i l l  p e r f o r m  w e l l  and 
p r o f i t a b l y .  

T h i s  s t a g e  o f  t h e  seed m u l t i p l i c a t i o n  and d i s t r i b u t i o n  j o b  s h o u l d  rema in  open t o  
p a r t i c i p a t i o n  by Illany d i f f e r e n t  i n d i v i d u a l s  and g roups .  The o p p o r t u n i t y  f o r  d i v e r s i t y  and t h e  
r e s u l t i n g  c o m p e t i t i o n  can h e l p  assure  an e f f i c i e n t  program t h a t  i s  q u a l i t y  o r i e n t e d  ( F i g s  5.3 
and 5 . 4 ) .  

Kesources a v a i l a b l e  w i t h i n  each d i s t r i c t ,  p r o v i n c e ,  s t a t e ,  e t c . ,  w i  11 d e t e r r ~ i i n e  t h e  f i n a l  
shape o f  a c e r t i f i e d  seed m u l t i p l i c a t i o n  and d i s t r i b u t i o n  program. A who le  range  o f  coop- 
. r a t i v e s ,  seed p roducers ,  seed d e a l e r s ,  l o c a l  c o r p o r a t i o n s , a n d  seed v i l l a g e s  s h o u l d  p l a y  a 
p a r t .  I n  some a reas  one o r  two o f  these  groups may p l a y  a l e a d i n g  r o l e ,  w h i l e  i n  o t h e r  a reas ,  
t h e  success o f  t h e  program w i l l  depend on a l l  segments. 

Regard less  o f  wh ich  group o r  comb ina t ion  o f  groups i s  i n v o l v e d  i n  a p a r t i c u l a r  a rea ,  t h r e e  
main p rocesses  a r e  i n v o l v e d  i n  a c c o m p l i s h i n g  t h i s  t a s k  ( F i g  5 . 4 ) .  They a r e :  

Seed g row ing ;  

Seed p r o c e s s i n g ,  s t o r a g e ,  and w h o l e s a l e  seed d i s t r i b u t i o n ;  and . R e t a i l  seed d i s t r i b u t i o n .  

The i n d i v i d u a l s  and o r g a n i z a t i o n s  i n v o l v e d  i n  t h i s  program may p e r f o r m  any, o r  a l l ,  o f  
t h e s e  a c t i v i t i e s .  The key  t o  success i s  i n  k e e p i n g  t h e  v a r i o u s  approaches f l e x i b l e  f r o m  one 
a rea  t o  a n o t h e r ,  so t h a t  t h e  program i s  n o t  bound t o  any one p a r t i c u l a r  techn ique .  The 
approach  used s h o u l d  depend upon t h e  r e s o u r c e s  a v a i l a b l e  l o c a l l y .  Regardless o f  t h e  method of  
p r o d u c t i o n  used, t h e  seed a c t  ( e i t h e r  t h e  v o l u n t a r y  seed p r o d u c t i o n  program o r  t h e  mandatory 
seed c o n t r o l  p o r t i o n s  of  t h e  a c t )  w i l l  a s s u r e  seed q u a l i t y .  
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Breeders o f  c r o p  i n v o l v e d  o r  au- 
t h o r i  zed aqenc ies .  

A u t h o r i z e d  a g e n c y ( i c s 1  

Au thor i ze (1  agency ( i e s  ) .  Such 
agenc ies  Larl p r o v i d e  c o n s u l t a n t  
s e r v i c e .  

D l s t r i ~ t ,  p rov i r i ce ,  s t d t e ,  e t c .  
seed l a b o r a t o r i e s  

Agencies du t h o r i z e d  t o  under take  
t h e  ( u n c t i o n  o f  c e r t  i f  i ~ d t i o n  

F i g  5.3: Certification of Seed Productton. 

Any g roup  o f  i n d i v i d u a l s  i n v o l v e d  i n  seed p r o d u c t i o n  and d i s t r i b u t i o n  s h o u l d  b u i l d  a  
progra in based  on  sound b u s i n e s s  p r i n c i p l e s .  Good seed i s  a  b a s i c  a g r i c u l t u r a l  i n o u t  t h a t  
s h o u l d  pay i t s  way if t h e  progra in i s  t o  be e s t a b l i s h e d  on a  sound b d s i s  and yrow i n  t h e  f u t u r e .  

Aspects of Seed Multiplication and Distribution 

Seed Growing ( F i g  5 . 5 ) :  Many seed g rowers  w i l l  be needed t h r o u g h o u t  a c o u n t r y .  However, 
these  p e r s o n s  s h o u l d  rema in  w i t h  t h e  proyra i l l  f o r  somc t i m e  so t h a t  they  rllay g a i n  exper ience  
and be  a b l e  t o  inake t h e i r  i n d i v i d u a l  c o n t r i b u t i o n s ,  r a t h e r  t h a n  be dcperldent upon t h e  seed 
development  s t a f f  and t h e  Departments o f  A g r i c u l t u r e .  B e f o r e  p l a n t i n g ,  a  seed grower shou ld  
l?ake p l a n s  f o r  h i s  seed p r o c e s s i n g  and f o r  t h e  s a l e  and d i s t r i b u t i o n  o f  h i s  seed. G e n e r a l l y ,  
I t  w i l l  b e  advantageous if seed growers a r e  l o c a t e d  i n  a reas  near  t h e  p rocess ing  c e n t e r s .  

Some seed g rowers  tliay w i s h  t o  do a l l  o f  t h e s e  j o b s  t h e n ~ s e l v e s ;  t h i s  would be  e s p e c i a l l y  
t r u e  w i t h  many h y b r i d  seed g rowers .  The m a j o r i t y  o f  them, however, w i l l  f i n d  i t  advantageous 
t o  o p e r a t e  t h r o u y h  a c o n t r a c t  made i n  advance f o r  t h e  d i s t r i b u t i o n  and d i s p o s a l  of  t h e i r  seed. 
T h i s  c o n t r a c t  s h o u l d  be  mdde w i t h  a  c o o p e r a t i v e ,  seed p roducer ,  o r  l o c a l  c o r p o r a t i o n  capable 
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F i g  5.4: Process of Seed Multiplication and Distribution. 

o f  p r o c e s s i n g ,  s e l l i n g ,  and d i s t r i b u t i n g  t h e  seed. The seed develcprnent s t a f f  o f  t h e  
Department  o f  A g r i c u l t u r e  o r  t h e  f i e l d  s t a f f  o f  t h e  Founda t ion  Seed U n i t  s h o u l d  be c e r t a i n  
t h a t  t h i s  phase o f  t h e  progrdrn i s  conlp leted b e f o r e  t h e  f o u n d a t i o n  o r  r e g i s t e r e d  seed i s  s o l d  
t o  t h e  seed g rowers  f o r  rnul ti p l  i c a t i o n .  

Seed P r o c e s s i n g :  Seed p r o c e s s i n g  u n i t s  a r e  needed t h r o u g h o u t  t h e  c o u n t r y .  Thcse u n i t s  
c o u l d  be  o p e r a t e d  by one o f  t h e  f o l l o w i n g :  

Good c o o p e r a t i v e s  t h a t  a r e  w i l l i n g  t o  a c t  as w h o l e s a l e r s  i n  t h e  t o t a l  seed program. 

P r i v a t e  c o r p o r a t i o n s  o p e r a t i n g  i n  l o c a l  a r e a s .  

Seed p r o d u c e r s .  

P resen t  o r  f u t u r e  v e g e t a b l e  seed d e a l e r s  who a r e  i n t e r e s t e d  i n  expanding t h e i r  programs.  

These u n i t s  c o u l d  a c t  as c o n t r a c t o r s  w i t h  seed g rowers  and as who lesa le  buyers  and c o l l e c t .  
i o n  p o i n t s  f o r  t h e  c e r t i f i e d  seed produced.  They w i l l  a l s o  p r o b a b l y  deve lop  t h e i r  own whole-  
s a l e  and r e t a i l  seed o u t l e t s .  Such i n d i v i d u a l  u n i t s  c o u l d  be encouraged by p r o v i d i n g  adequate 
c r e d i t  t o  h e l p  deve lop  t h e i r  seed p r o c e s s i n g  and s t o r a g e  f a c i l i t i e s .  

The seed development  s t a f f  c o u l d  a s s i s t  i n  l o c a t i n g  i n d i v i d u a l s  and f i r m s  t h a t  m i g h t  do 
t h i s  work ,  and c o u l d  g u i d e  them t e c h n i c a l l y .  They a l s o  c o u l d  encourage good w o r k i n g  r e l a t i o n -  
s h i p s  between t h e  seed growers and t h e  seed p r o c e s s i n g  c e n t e r s .  
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Fig  5.5: Seed Production With and Without Certification. 

R e t a i l  Seed D i s t r i b u t i o n :  E f f o r t s  shou ld  be made t o  l o c a t e  many o u t l e t s  f o r  t h e  s a l e  o f  
t h e  c e r t i f i e d  seed. The seed-processing u n i t s  would p robab ly  s e l l  a c e r t a i n  amount o f  seed 
d i r e c t l y ,  and wou ld  search f o r  r e t a i l  o u t l e t s  f o r  t h e i r  seeds as w e l l .  

Many c o o p e r a t i v e s ,  even though t h e y  may n o t  be i n t e r e s t e d  i n  a c t u a l l y  processing the  seed, 
shou ld  be w i l l i n g  t o  s e l l  seed a f t e r  i t  i s  comp le te ly  processed, bagged, and tagged (p rov ided  
t h e r e  i s  a s u f f i c i e n t  marg in  o f  p r o f i t  t o  make t h e  business a t t r a c t i v e ) .  Some l o c a l  growers 
m i g h t  a l s o  se rve  as v i l l a g e  seed d e a l e r s .  Even though n o t  i n v o l v e d  on seed processing,  seed 
shops (as  w e l l  as o t h e r  shops h a n d l i n g  a g r i c u l t u r a l  s u p p l i e s )  i n  va r ious  v i l l a g e s  and towns 
c o u l d  a l s o  be seed r e t a i l  o u t l e t s .  

It s h o u l d  n o t  be necessary ( o r  d e s i r a b l e )  t o  p r o v i d e  a subsidy i n  t h i s  phase of the p ro -  
gram, because good q u a l i t y  seed wou ld  be made a v a i l a b l e .  Th is  should be a s u f f i c i e n t  induce-  
ment t o  j u s t i f y  a p r i c e  h i g h  enough t o  s u p p o r t  t h e  e x t r a  e f f o r t  and expense t h a t  i s  i n v o l v e d  
i n  i t s  p r o d u c t i o n ,  p rocess ing ,  and d i s t r i b u t i o n .  A rev iew o f  these p o i n t s ,  i nc luded  i n  a 1962 
FA0 r e p o r t ,  s t a t e s ,  " Improved seed programs a r e  s u b s i d i z e d  because i t  i s  b e l i e v e d  t h a t  t h e  
c u l t i v a t o r  w i l l  n o t  o r  cannot  pay t h e  p r e m i u ~ ~ i  p r i c e  needed t o  support  a h i g h - q u a l i t y  seed 
P r o d u c t i o n  and d i s t r i b u t i o n  program. However, seed subsidy i n  i t s  va r ious  forms does n o t  
lend  i t s e l f  t o  t h e  development o f  a sound seed i n d u s t r y ,  because (1 )  i t  becomes p r i m a r i l y  a 
c r e d i t  o r  l o a n  program r a t h e r  than  a h i g h - q u a l i t y  seed program, ( 2 )  the  volullie of  seed 
Produced and d i s t r i b u t e d  i s  l i m i t e d  by government a p p r o p r i a t i o n  r a t h e r  than by need o r  by 
supply and demand, ( 3 )  a p r i v a t e  seed i n d u s t r y  cannot emerge because p r o f i t  o r  balance of 
r e t u r n s  equal  t o  c o s t s  i s  n o t  p o s s i b l e ,  ( 4 )  t h e  a g r i c u l t u r a l  o f f i c e r s  i n  charge become supply 
c l e r k s  r a t h e r  than  educa to rs  o r  demonstrators of  good seed and ( 5 )  once es tab l i shed ,  a subsidy 
Program f o r  seed i s  d i f f i c u l t  t o  e l i m i n a t e . "  



The personne l  i n v o l v e d  i n  d e v e l o p i n g  t h e  seed p r o c e s s i n g ,  s t o r a g e ,  and w h o l e s a l e  d i s t r i  - 
b u t i o n  u n i t s  m i g h t  a l s o  deve lop  a  s a l e s  o r g a n i z a t i o n  t o  work th rough  t h e  d i s t r i c t  i n  t h e i r  a rea .  
The s a l e s  o r g a n i z a t i o n  c o u l d  i n c l u d e  a  s a l e s  manager, d i s t r i c t  salesmen, and t h e  r e t a i l  seed 
d e a l e r s  as ment ioned e a r l i e r .  

The seed developrl ierl t  and e x t e n s i o n  s t a f f s ,  e s p e c i a l l y  t h e  seed development s t a f f ,  wou ld  
a l s o  have numerous r e s p o n s i b i l i t i e s  a t  t h i s  s tage .  They c o u l d  i n c l u d e :  

S u p p l y i n g  c u l t i v a t o r s  w i t h  l i s t s  and i n f o r r r i a t i o n  on sources o f  improved v a r i e t i e s  and 
h y b r i d s .  

P r e p a r i n g  d e m o n s t r a t i o n .  

O r g a n i z i r i g  f i e l d  days and s p e c i a l  ~ n e e t i n g s  c c n t e r e d  arour ld emphasis on good seed of  
irirproved v a r i e t i e s  and h y b r i d s .  

O r g a n i z i n g  t r a i n i n g  meet ings  f o r  operato iAs o f  seed p r o c e s s i n g  c e n t e r s ,  f o r  seed growers,  
and f o r  t h o s e  i n v o l v e d  i n  t h e  genera l  d i s t r i b u t i o r i  prograrrl. T t i i s  work wou ld  d i f f e r  f rom 
t h e  f i e l d  i n s p e c t i o n  and seed s a ~ l i p l i n g  r e s p o n s i b i l i t i e s  t h a t  wou ld  be done by t h e  
r e l a t i v e l y  sn ia l l  , w e l l - t r a i n e d  s t a f f  w o r k i n g  on t h e  seed c e r t i f i c a t i o n  and seed c o n t r o l  
program. 

Seed Production and Distribution Outside the 
Seed Certification Program 

Large  q u a n t i t i e s  o f  seed t h a t  have been produced w i t h o u t  t h e  c l o s e  c a r e  and q l ~ p e r v i s i o n  needed 
f o r  c e r t i f i e d  seed w i l l  c o n t i n u e  t o  be p l a n t e d .  Much o f  t h i s ,  i n  t h e  case o f  s e l f - p o l l i n a t e d  
c rops ,  w i l l  be t h e  c u l t i v a t o r s '  own seed. Some o f  i t  w i l l  collie froin seed merchants who do n o t  
have improved v a r i e t i e s  f o r  c e r t i f i e d  seed p r o d u c t i o n .  

The e s t a b l i s h n i e n t  and enforcement  o f  t h e  r u l c s  and r e g u l a t i o n s  under t h e  Seed A c t  o f  
rnini~riur~i y e r m i n a t i o r i  and p u r i t y  l i m i t s  p r o v i d e s  a  means f o r  i r r ~ p r o v i n q  t h e  qua1 i t y  o f  d l 1  seed 
so ld ,  n o t  j u s t  t h e  c e r t i f i e d  seed. 

Most o f  t h e  p o i n t s  covered under "Aspec ts  o f  Seed M u l t i p l i c a t i o n  arid D i s t r i b u t i o n "  f o r  
c e r t i f i e d  seed wnuld a l s o  be a p p l i c a b l e  t o  seed b e i n g  m u l t i p l i e d  drid d i s t r i b u t e d  o u t s i d e  t h e  
program. The i n d i v i d u a l s  and businesses i n v o l v e d  i n  t h i s  phase o f  t h e  prograni shou ld  assume 
more r e s p o n s i b i l i t y  i n  a s s u r i n g  t h a t  t h e y  a r e  p r o d u c i n g  arid s e l l i n g  a  q u a l i t y  p r o d u c t  a t  l e a s t  
equal  t o  t h e  requ i rements  under t h e  Seed A c t .  

The e x t e n s i o n  s t a f f  has a  r e s p o n s i b i l i t y  t o  

A c q u a i n t  a l l  who a r e  d e a l i n g  i n  seeds w i t h  t h e i r  r i g h t s  and o b l i g a t i o n s  under t h e  Seed 
A c t .  

Encourage c u l t i v a t o r s  t o  t e s t  t h e i r  own seed f o r  ger rn i r ia t ion ,  o r  t o  send a  sample t o  t h e  
seed t e s t i n g  1  a b o r a t o r y  f o r  t e s t i n g .  

Developing A Seed Industry 
Adapted from a Paper by Wayne H. Freeman 

INTRODUCTION 

I n  a  d e v e l o p i n g  economy, agenc ies  o f t e n  do n o t  unders tand  t h e i r  r o l e s  and r e l a t i o n s h i p s .  Even 
though progranis and p r o j e c t s  a r e  w r i t t e n ,  t h e  problems o f  i m p l e m e n t a t i o n  and i n t e r p r e t a t i o n  can 
be g r e a t .  



The concep ts  o f  c o m p e t i t i o n  and t h e  p r o f i t  m o t i v e  have been c i t e d  as c h a r a c t e r i s t i c s  t h a t  
wou ld  p r o v i d e  a  necessary  s t i ~ ~ l u l u s  t o  t h e  development  of  a  seed i n d u s t r y .  Exper ience  i n  t h e  
development  o f  a  h y b r i d  seed i n d u s t r y  i n  Europe ( J e n k i n s ,  FA0 Repor t ,  1953) has i n d i c a t e d  t h a t  
a  l a c k  o f  conipet i  t i o n ,  c r e a t e d  by c a r t e l s  and governl l lent i n t e r f e r e n c e ,  r e t a r d e d  t h e  deve lop~nen t  
o f  a  seed i n d u s t r y .  Some o f  t h e  illore t r a d i t i o n a l  concep ts  - -  sugges t ing  t h a t  seed be p r o d u t e d  
by t h e  D e p a r t ~ i i e n t  o f  A y ~ i c u l t u r e  and d i s t r i b u t e d  as a  colnmunity c o n t r i b u t i o n  t h r o u g h  an 
e x t e n s i o n  agency - -  do n o t  a p p l y  t o  t h e  p r o d u c t i o n  and m a r k e t i n g  o f  h y b r i d  seed. A q u a l i t y  
seed p r o d u c t i o n  program r e q u i r e s  s t e p - b y - s t e p  i m p l e m e n t a t i o n .  These f u n c t i o n s  a r e  l i s t e d  i n  
Tab le  5.1.  

Table 5.1: The Various Functions of thc Seed Industry and their Associated Agencies. 

F u n c t i o n  Agency o r  Agencies 

Research ( C e n t r a l ,  Regional  
S t a t e  C o o r d i n a t e d )  

V a r i e t y  Release 

Founda t ion  Seed Production 

Seed P r o d u c t i o n  and D i s t r i b u t i o n  

Seed C e r t i f i c a t i o n  

Seed K e g u l a t o r y  Work 

t x t e n s  i o n  

C r c d i  t 

Government ( o r  p r i v a t e ) .  

S t a t e  a n d / o r  C e n t r a l  Va- 
r i e t y  Re1 ease Corr~rr~it tee 
( f o r  p r o d u c t s  o f  p u b l i c  
b r e e d i n g  research  opera-  
t i o n s ) .  
Founda t ion  Seed Stocks 
Agency a n d / o r  p r i v a t e  
p roducers  who have t h e i r  
own h y b r i d s .  
P r i v a t e  producers who 
111arket seed t o  c u l t i v a t o r s  
Recognized agency ( i e s )  t o  
under take  c e r t i f i c a t i o n  
D i s t r i c t ,  P rov ince ,  and 
C e n t r a l  Department5 o f  
A g r i c u l t u r e .  
A g r i c u l t u r a l  U n i v e r s i t i e s ,  
a n d / o r  S t a t e  Departments,  
a n d / o r  Community Development 
B locks ,  a n d / o r  P r i v a t e  Seed 
Col:ipanies. 
Coopera t i ves ,  Banks, e t c .  

The d i f f e r e n c e  betweerl t h e  Illore t r a d i t i o n a l  approach and t h e  orle o u t l i n e d  i n  Tab le  5 .1  
i s  t h a t  i n  t h i s  approach pub1 i c  dclericies t a k e  p r i m a r y  r e s p o n s i b i l i t y  f o r  quo1 i t y  c o n t r o l  and 
e x t e n s i o n  aspec ts ,  w h i l e  p r i v a t e  agenc ies  a r e  p r i m a r i l y  i n v o l v e d  i n  p r o d u c t i o n  and r r tarket inq 
aspec ts .  

S ~ v e r a l  examples i l l u s t r a t e  t h e  k i n d s  o f  problems t h a t  car1 be encoun tc rcd  i n  t h e  p roduc-  
t i o n  o f  h y b r i d  seed, wh ich  a r c  b e t t e r  s o l v e d  by t h e  above approach than  t h e  t r d d i t i o n a l .  
Tab le  5 .2  i n d ~ c a t e s  t h e  l e v e l s  o f  seed p r o d u c t i o n  r e q u i r e d  t o  sow v a r y i n g  l e v e l s  o f  comniercial 
h c c t a r a g c .  

I f  t h e  a rea  sown t o  a c r o p  i n  a  c o u n t r y  i s  l a r g e  enough t o  s u p p o r t  a  h y b r i d  seed 
i n d u s t r y ,  a  l a r g e  a rea  i s  r e q u i r e d  t o  produce t h i s  h y b r i d  seed. The a rea  r e q u i r e d  i s  u s u a l l y  
g r e a t e r  t h a n  t h a t  a v a i l a b l e  f o r  seed p r o d u c t i o n  purposes t o  a  Depar t~nen t  o f  A g r i c u l t u r e .  O f  
n e c e s s i t y ,  I I I U C ~  o f  t h e  seed produced must  be done on p r i v a t e l y  owned l a n d .  P r i v a t e  i n c e n t i v e  
and p r i v a t e  e n t r e p r e n e u r s h i p  o b v i o u s l y  have a  p lace .  

T e c h n i c a l  s k i l l s  r e q u i r e d  t o  produce h y b r i d  seed a r e  r a r e ,  t h u s  e v e r y  c u l t i v a t o r  canno t  
produce h i s  own seed. L i k e w i s e  t h e  annual  renewal  o f  h y b r i d  seed r e q u i r e s  such l a r g e  volumes 
t h a t  s p e c i a l i z e d  equipment  i s  necessary f o r  h a n d l i n g  t h e  seed c r o p  f rom p l a n t i n g  t o  s a l e  t o  
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Table 5.2: Seed Requirements for Hybrid Sorghumat Different Levels of Use on an Annual Basis. 

Conirilerc i a I Hy b r  i d  Seed Required (1000 kgs . )  I i y b r i d  Seed p r o d u c t i o n *  
Area Sown ( h a )  a t  I 0kg/ha Sowing Rate Area Required (ha)  
-- --- - - A . - - 

25 000 250 2 50 
50 000 500 500 

100 000 1 000 1 000 
500 000 5 000 5 000 

1  000 000 10 000 10 000 
5 000 000 50 000 50 000 

* Assume a p r o d u c t i o n  o f  1000 kq /ba  o f  h y b r i d  srcld. 

t h e  u l t i ~ i l a t e  cor1:ulrer. To j u s t i f y  t h e  expense o f  such equiparenl, l a r g e  o p e r a t i o r ~ r ,  a r e  necc;sary 
t o  ensure t h a t  t h e  c o r t  o f  t h e  equipment does n o t  produce p r o h i  b i  L i v e  i l i c reascs  i n  t t ie c o s t  
pe r  k g  of  seed. 

A r a p i d  expans ion  i n  p r o d u c t i o n ,  based or1 td r -ge ts  ~l ladc by t h e  yover'r i i~lcnt - por ,s ib l y  i n  
response t o  v a l i d  derr~ands f o r  seed, can t l e f e a t  and p o s s i b l y  t l es t roy  t h e  clevelol~t i ient o f  a  seed 
i n d u s t r y .  A r a p i d l y  expanded p r o t l u c t i o n  can cause extrei i ic shor tdyes  o f  sccd-p rocess ing  equ ip -  
ntent. For  example, a  seed prograni designed to produce seed c ~ t '  new hybr'icts f o r  i n t r o d u c t i o n  o f  
a  new concept  o f  q u a l i t y  i n  seeds rniight s u f f e r  a  sevc rc  s e t b a c k - - l ~ e c a ~ l s c  h y b r i d  seed developed 
under such r a p i d  expansion would p r o b a b l y  be produced, harves ted ,  ancl processed i n  rl!uch t h c  sarrre 
tllanner as seed o f  open-po l l  i n a t e d  v a r i e t i e s  had been handled i n  t h c  pa5t.. A newly dcvc!lopirig 
progratrl o f  c e r t i f i c a t i o n  and seed law enforcement  c o u l t l  s ~ i f f e r  b a d l y  o r  he des t royed .  

A seed p r o d u c t i o n  i n d u s t r y  shou ld  be developed t h d t  w i l l  ~ l l e e t  t h e  demand f o r  s e e d - - w i t h  
s tandards s e t  f o r  seed o f  a  h i g h  q u a l i t y .  

RESPONSIBILITIES OF GOVERNMENT 

As o u t l i n e d  i n  Tab le  5.1, t h e  governrner~l  has o b l i g a t i o n 5  Lhat can be d i s ~ h a r g e d  by rlu o t h e r  
groups w i t h i n  an economy. 

Research 

The goverr~rl lent has a  c o n t i n u i n g  o b l i g a t i o n  t o  s o c i e t y  t o  m a i n t a i n  i t s  l e d d e r s t l i p  i n  a d a p t i v e  
research  t h a t  w i  11 p r o v i d e  more food th rough  s t i  11 b e t t e r  v a r i e t i e s ,  h y b r i d s ,  irnproved c u l t u r a l  
p r a c t i c e s ,  o r  i ~ l ~ p r o v e d  p l a n t  p r o t e c t i o n  measures. 

Foundation Seed Production 

M u l t i p l i c a t i o n  o f  b reeder  seed i s  r e q u i r e d  t o  b u i l d  seed volunie necessary f o r  cornmercial h y b r i d  
seed p r o d u c t i o n .  A s a t i s f a c t o r y  f o u n d a t i o n  seeds s t o c k s  o r g a n i z a t i o n  r ~ l u s t  be developed t o  
r e 1  i e v e  t h e  b reeders  and research  workers o f  t h i s  respons i  b i  1  i t y .  

The f a t e  o f  t h e  e n t i r e  seed i n d u s t r y  r e s t s  on t h e  o r g a n i z a t i o n  t h a t  accep ts  r e s p o n s i b i l i t y  
f o r  f o u n d a t i o n  seed s tocks .  I f  f o u n d a t i o n  seed s u p p l i e s  a r e  l i m i t e d ,  then  t h e  acreage of  
commercial p l a n t i n g s  of  t h a t  h y b r i d  o r  v a r i e t y  w i l l  be l i m i t e d .  I f  seed s t o c k s  become impure 
th rough  care lessness  o r  neg l igence ,  t h e n  t h e  seed p roducers  and t h e  consumers s u f f e r .  T h i s  
f u n c t i o n  niust never  be a l l o w e d  t o  be a  b o t t l e n e c k  t o  t h e  u t i l i z a t i o n  o f  new v a r i e t i e s  and 
h y b r i d s .  Q u a l i t y ,  w i t h  a l l  o f  i t s  r a m i f i c a t i o n s ,  must  be t h e  c a r d i n a l  v i r t u e  o f  a  f o u n d a t i o n  
seed program. 

Founda t ion  seed p r o d u c t i o n  demands s p e c i a l  t e c h n i c a l  s k i 1  1  s  and t h e  b e s t  lands  a v a i l a b l e .  
On ly  by good f e r t i l i z a t i o n  on good s o i l  w i l l  i t  be p o s s i b l e  f o r  s p e c i a l i s t s  t o  r e c o g n i z e  and 



rogue  o u t  u n d e s i r a b l e  t ypes  t h a t  f r e q u e n t l y  appear i n  p r o d u c t i o n  f i e l d s  o f  evert t h e  b e s t  seed 
o p e r a t i o n s .  

Quasi -governmental  o r g a n i z a t i o n s  f o r  d i s t r i b u t i o n  o f  f o u n d a t i o n  seed deve lop  t h e i r  b e s t  
w o r k i n g  r e l a t i o n s h i p s  when t h e  f o u n d a t i o n  seed consuliiers ( t h e  co111111ercia1 seed p r o d u c e r s )  
beconie me~iibers o f  such o r g a n i z a t i o n s .  The users  a r e  p a r t i a l l y  r e s p o n s i b l c  f o r  t h e  q u a l i t y  o f  
seed o b t a i n e d  and t h e r e f o r e  a r e  i n  a  p o s i t i o n  t o  demand b e t t e r - q u a l i t y  seed f r o m  t h e  founda t io r i  
seed s t o c k s  o r g a n i z a t i o n .  

Seed Certification 

Seed c e r t i f i c a t i o n  i s  a  v o l u l l t a r y  lrleans o f  p r e s e r v i n g  i d e n t i t y  and h i g h  qua l  i t y .  A1 though t h e  
S t a t e  Depart i l ient  of  A g r i c u l t u r e  p r o b a b l y  c o u l d  d i s c h a r g r  t h i s  f u n c t i o n ,  o t h e r  agenc ies  a l s o  
m i g h t  be  a u t h o r i z e d  t o  do so .  A  c r o p  o r  seed improventent a s s o c i a t i o n  c o u l d  be o r g a n i z e d  t h a t  
wou ld  be  made up of  a l l  seed p roducers  who wanted t o  have a  convnon brarid name f o r  t h e i r  seed. 
T h i s  i s  o f t e n  done i n  c o n n e c t i o n  w i t h  t h e  e x t e n s i o n  a c t i v i t i e s  o f  an a g r i c u l t u r a l  u n i v e r s i t y  
t h a t  employs t h e  t e c h n i c a l  s t a f f  t o  a d m i n i s t e r  t h e  s tandards  developed by t h e  a s s o c i a t i o n .  

Seed Regulatory Work 

A d m i n i s t r a t i o n  of  a  seed law i s  t h e  p r o p e r  f u n c t i o n  o f  government; i t  i s  t h e  o n l y  agency t h a t  
can o f f e r  adequate r e g u l a t i o n .  A  f l e x i b l e  law shou ld  be adopted.  Rules and r e g u l a t i o n s  tliay 
be i i ~ o d i f i e d  i n  t h c  face o f  change. As seed q u a l i t y  i s  improved w i t h  t h e  use o f  b e t t e r  
equipment ,  tilore t e c h n i c a l  s k i l l ,  e t c . ,  r e g u l a t i o n s  c o u l d  be changed t o  r e f l e c t  t h i s  improvement. 
R e g u l a t i o n s  t h a t  a r e  u n n e c e s s a r i l y  r e s t r i c t i v e  c o u l d  g r e a t l y  hamper t h e  development o f  a  seed 
i n d u s t r y .  The i n c e n t i v e s  f o r  Inlore p roducer  a c t i v i t y  i n  t h e  i n d u s t r y  c o u l d  be d e s t r o y e d  o r  
s e r i o u s l y  r e t a r d e d .  An econotlly t h a t  seeks a  r a p i d  r a t e  o f  expans ion  cannot  m a i n t a i n  r e s t r i c t i v e  
and i n f l e x i b l e  sced laws.  As t h e  i n d u s t r y  expands and n a t u r e s ,  t h e  s tandards  can be l n o d i f i e d  
and r a i s e d .  

Agricultural Extension 

E x t e n s i o n  workers  have l e a r n e d  t h a t  t h e  l o w e r  t h e  l e v e l  o f  educa t ion ,  t h e  ritore i n t e n s e  111ust be 
t h e  e x t e n s i o n  proyraru t o  promote a d o p t i o n  o f  new p r a c t i c e s .  T h i s  i s  a  f u n c t i o n  o f  t h e  govern-  
ment, b u t  l l iust be assumed by t h e  i n d u s t r y  as w e l l .  Never the less ,  p u b l i c - s p o n s o r e d  research  
shou ld  c o n t i n u e  t o  p r o v i d e  new i n f o r m a t i o n  t h a t  would be d issen i ina ted  by cjovernrnent agencies.  

Credit 

C r e d i t  progranls sponsored by goverrill lent s h o u l d  be i n  two d i s t i n c t  c a t e g o r i e s :  f o r  t h e  c u l  t i  - 
v a t o r  who i s  a  seed consurner, and f o r  t h e  " i n d u s t r y "  t h a t  i s  t h e  seed p roducer .  The deniands 
f o r  c r e d i t  v a r y  so w i d e l y  t h a t  i t  i s  recor~unended t h a t  t h e  two types  n o t  be a d m i n i s t e r e d  by t h e  
same governmental  o r  quasi -governmental  agency. A  s i n y l e  fa rmer ,  f o r  example, tn ight  use t h e  
sarne t y p e  o f  c r e d i t  f o r  two purposes: i n  h i s  r o l e  as an independent  f a r ~ ~ l e r ,  and i n  h i s  r o l e  d s  a 
"g rower "  f o r  an agen t  who would purchase h i s  seed as " raw" o r  " rough"  seed. The agent ,  o r  
p roducer ,  would t h e n  assume r e s p o n s i b i l i t y  f o r  p r o c e s s i n q  t h i s  seed and f o r  s t o r i n g  t h e  seed 
f o r  f u t u r e  d e l i v e r y ,  thus  t h e y  would r e q u i r e  a  l o n g e r  te rm o f  c r e d i t  than  t h a t  r e q u i r e d  f o r  
g row ing  t h e  c r o p s .  

The p roducer  r e q u i r e s  an e n t i r e l y  d i f f e r e n t  t y p e  o f  c r e d i t .  H i s  c r e d i t  requ i rements  can 
be o f  l o n g e r  d u r a t i o n ,  because he may be r e q u i r e d  t o  f i n a n c e  t h e  peop le  who grow seed f o r  h im 
and, a t  t h e  same t i m e ,  t o  f i nance  peop le  who s e l l  h i s  seed ( o r  i n  some i n s t a n c e s ,  t h e  c u l t i -  
v a t o r  who i s  a  seed consu~ner ) .  T h i s  c r e d i t  i s  f o r  h i s  seed c o m o d i t y ;  b u t  i n  a d d i t i o n ,  he 
has c r e d i t  requ i rements  f o r  c a p i t a l  i n v e s t m e n t  and o p e r a t i n g  c a p i t a l  t h a t  i s  i n v e s t e d  i n  
c r e a t i n g  useab le  seed f r o m  t h e  rough o r  f i e l d - r u n  seed. 

C r e d i t  requ i rements  a l s o  e x i s t  t h a t  i n v o l v e  f o r e i g n  exchange f o r  t h e  purchase o f  spe- 
c i a l  i z e d  equipment  f o r  l a n d  shaping,  seed p r o d u c t i o n ,  seed d r y i n g  and p rocess ing ,  and p o s s i b l y  
f o r  i n s e c t i c i d e s  and f e r t i l i z e r s .  Seed p r o c e s s i n g  machinery i s  necessary f o r  t h e  p r o p e r  
maintenance o f  q u a l  i t y .  Seed p r o d u c t i o n  equipment  can i n c r e a s e  e f f i c i e n c y  o f  p r o d u c t i o n .  
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Land-shaping equipment can be used t o  l e v e l  l a r ~ d  t o  p r o v i d e  p r o p e r  i r r i g a t i o n  and d r a i n a g e .  
I r r i g a t i o n  e q u i p ~ ~ i e n t  p e r m i t s  il lore t i r ~ ~ e l y  i r r i g a t i o n  and more e f f i c i e n t  use o f  l i m i t e d  s u p p l i e s  
o f  w a t e r .  

Targets 

Programing o f  a  g rowt l i  p a t t e r n  based on r a t e 5  o f  accep tance  and or1 r ior r~ la l  g rowth  r a t e s  i n  
seed arld f e r t i l i z e r  u t i l i z a t i o n  c o u l d  a c t  as a g u i d e  t o  seed p roducers  i n  gauging seed con-  
su~r ip t i on  and c o u l d  s e r v e  as a  p r o d u c t i o n  p a t t e r n .  

Should t o t a l  needs exceed t h e  c d p d b i l  i t i e s  o f  ~ p r o t l u c t i o n  fro111 p r i v a t e  producers, e f f o r t s  
i n  t h e  t r a n s i t i o n  p e r i o d  would seek t o  p r o v i d e  i n c e n t i v e s  t o  p r o d l ~ c e  Inore. A l i r n d ~ ~ c e r  who has 
a  s a l e s  o u t l e t  f o r  t h e  p r o d u c t i o n  fro111 100 a c r e s ,  bu t  who cou l r l  p r o d ~ r c c  on 500  d c r e s ,  nccds 
assurance t h a t  he would n o t  be l e f t  h o l d i n g  excess s u p p l i e s .  A seed "bank"  concep t  hds becn 
proposed t h a t  wou ld  e n a b l e  t h e  yovern~nen t  tc~ dssuiiic r i s k s  f o r  thesc  a d d i t i o n a l  s t o c k s  so t h a t  
t h e  p roducer  i s  i nduced  t o  expand. 

Seed Movement Restrictions 

Some areas o f  g r a i n  p r o d u c t i o n  may n o t  n e c e s s a r i l y  be t h e  b e s t  a r m s  f o r  seed p r o d u c t i o n .  
I s o l a t i o n  p rob lems,  wea ther  c o n d i t i o n s ,  w a t e r  s u p p l y ,  and rnariy o t h c r  f a c t o r s  wou ld  cictcrrnine 
a reas  f o r  p r o d u c t i o n  o f  seed. I f  f r e e  ~ i i oven~en t  o f  seed were a l l o w c d ,  seed ~ ~ r o d u c c r s  wou ld  
produce seed i n  t h e  a reas  t h a t  a r e  most  e c o n o ~ n i c a l  f o r  p r o d u c t i o n  and d i s t r i b u t i o r ~ .  These 
l o c a t i o n s  wou ld  be used t o  t h e  l i n ~ i t  o f  c o s t s  o f  d i s t r i b u t i o n .  I n  t h e  U r ~ i t e d  S t a t e s ,  ~ ~ ~ o s t  
vege tab le  seed i s  p roduced  i n  two o r  t h r e e  w e s t e r n  s t a t e s ,  because c l i ~ ~ i ~ t i c  c o n d i t i o r l s  a s s u r e  
p roducers  r e l i a b l e  y i e l d s  o f  h i g h  q u a l i t y  seed. The same i s  t r u e  o f  soinc 1egu111e seeds t h d t  d r e  
produced i n  t h e  s t a t e s  o f  t h e  P a c i f i c  Nor thwes t  b u t  grown as a  c r o p  i n  t h e  s o u t h e a s t e r n  U n i t e d  
S t a t e s .  

S t a t e  l i n e  boundar ies  t h a t  r e s t r i c t  seed ~ ~ ~ o v e ~ n e n t  w i l l  ter id  t o  r e t a r d  t h e  developrrierlt o f  a  
I seed i n d u s t r y .  

Training 

A seed i n d u s t r y  r e q u i r e s  men w i t h  t e c h n i c a l  knowledge; t r a i n i n q  i s  r e q u i r e d .  T h i s  phase o f  a  
seed program can be g r e a t l y  a c c e l e r a t e d  by  e s t a b l i s h i n y  i l l - c o u n t r y  t r a i n i n g  procjralrls. T r a i n i n g  
s h o u l d  p l a y  a  s t r o n g  and i m p o r t a n t  r o l e  i n  t h e  developnient  o f  a  seed i n c l u ? t r y .  

RESPONSIBILITIES OF SEED PRODUCERS 

Tab le  5.1 l i s t s  t h e  f u n c t i o n s  o f  t h e  seed p r o d u c e r  i n  t h e  t a s k  o f  ~ ~ ~ o b i l i z i n g  seed g row ing ,  seed 
d r y i n g ,  seed p r o c e s s i n g ,  seed s t o r a g e ,  and seed d i s t r i b u t i o n .  Can p roducers  be depended upon 
t o  do t h i s  t a s k ?  W i l l  t h e y  expand t o  t h e  l e v e l  t h a t  w i l l  enab le  the111 t o  ~ r iee t  delilands o f  seed 
p r o d u c t i o n ?  W i l l  t h e y  have t h e  rnoral i n t e g r i t y  t o  d i s c h a r g e  t h i s  i m p o r t a n t  f u n c t i o n  i n  t h e  
a g r i c u l t u r a l  economy? W i l l  t h e y  p roduce  h i g h  q u a l i t y  seed o r  w i l l  t h e y  a d u l t e r a t e  seed arrd 
produce rninirnum qua1 i t y  seed? 

Exper ience  has shown t h a t  - -  when g i v e n  encouragement and e n t r u s t e d  w i t h  t h e  t a s k  -- seed 
p roducers  can d i s c h a r g e  these  r e s p o n s i b i l i t i e s .  

They canno t  be expec ted  t o  assunie t h e s e  r e s p o n s i b i l i t i e s  i f  f e a r  o f  chang ing  government 
p o l i c y  d i scourages  s u b s t a n t i a l  i nves t inen ts  o r  i f  t h e r e  i s  a  t h r e a t  o f  p r i c e  c o n t r o l  wh ich  c o u l d  
f o r c e  them t o  s e l l  a t  be low-cos t  p r i c e s .  Seed p roducers  w i l l  p r o v e  r e l u c t a n t  c o o p e r a t o r s  if 
t h e r e  i s  a  t h r e a t  o f  seed p r o d u c t i o n  on government l a n d s  t h a t  wou ld  be s o l d  below c o s t  o f  
p r o d u c t i o n ,  o r  if d i s t r i b u t i o n  o f  t h e i r  seed i s  a p t  t o  be res t r i c ;ed  t o  a  s t a t e  o r  p a r t  o f  a  
s t a t e ,  o r  i f  f e r t i l i z e r  p o l i c i e s  do n o t  r e c o g n i z e  t h e i r  seed as improved . "  

Assuming t h a t  necessary encouragement i s  r e c e i v e d  f ron l  government so t h a t  p r i v a t e  seedsmen 
m i g h t  manage t h e  e n t i r e  i n d u s t r y ,  what  wou ld  b e  t h e  r e s p o n s i b i l i t i e s  o f  such an i n d u s t r y ?  

A  seedsman who has r i s k e d  h i s  r e p u t a t i o n  i n  d e v e l o p i n g  a  seed e n t e r p r i s e  wou ld  have h i s  
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own q u a l i t y  c o n t r o l  program. The seed law i s  n o t  g o i n g  t o  hamper t h i s  seedsman, because h i s  
s t a n d a r d s  wou ld  be w e l l  w i t h i n  t h e  l i m i t s  o f  reasonab le  laws g o v e r n i n g  q u a l i t y .  The law would 
p r o t e c t  h im and t h e  fa rmer  a l i k e  f rom t h e  unscrupu lous  p r a c t i c e s  o f  more u n e t h i c a l  seedsmen 
who m i g h t  a t t e m p t  s a l e s  o f  seeds o f  t h e  salrle v a r i e t y  o r  h y b r i d - - b u t  w h i c h  m i g h t  be m i s l a b e l e d  
as t o  i d e n t i t y ,  g e r m i n a t i o n ,  p u r i t y ,  e t c .  

Seedsn~en who deve lop  a  r e s p o n s i b i l i t y  t o  t h e i r  custol i lers wou ld  seek b e t t e r  llieans o f  
s e r v i n g  them. Thus t h e y  wou ld  be i n t e r e s t e d  i n  b e t t e r  p r o c e s s i n g  mach inery ,  b e t t e r  seed d r y i n g  
and s t o r a g e  f a c i l i t i e s ,  b e t t e r  d i s t r i b u t i o n  and merchand iz ing .  

E f f i c i e n t  seedsrnen wou ld  a t t e m p t  t o  a c q u i r e  niore t e c h n i c a l  s k i l l s  by send ing  men f o r  
t r a i n i n g ,  and t h e y  wou ld  seek o u t  nlerl w i t h  p r o f e s s i o n a l  t r a i n i n g  t o  produce b e t t e r  seed. 

I n i t i a l l y  t h e  seed p roducer  111iy tit use t h e  p r o d u c t s  o f  r e s e a r c h  fro111 pub1 i c  i n s t i t u t i o n s ;  
l a t e r  he m i g h t  want t o  e s t a b l i s h  h i s  owri r e s e a r c h  u n i t .  Hc may b e g i n  by d e v e l o p i n g  b e t t e r  
v a r i e t i e s  and h y b r i d s  f o r  h i s  l o c a l  c o n d i t i o n s  b u t  i n  due course  p r o d u c t s  f rom h i s  r e s e a r c h  
may be o f  n a t i o n a l  and i n t e r n a t i o n d l  v a l u e .  

Seedsmen have ~ n u t u a l  i n t e r e s t s  i n  illuny aspec ts  o f  a  seed program and o f t e n  f o r m  s e v e r a l  
k i n d s  o f  seed o r g a n i z a t i o n s .  The A l l  I n d i a  Seed Growers and Merchants A s s o c i a t i o n  and t h e  A l l  
I n d i a  Crop 1111prover11ent and Seed Producers A s s o c i a t i o n  a r e  two such o r g a n i z a t i o n s  i n  I n d i a .  

D e v e l o p ~ l ~ e r ~ t  o f  a  code o f  e t h i c s  f o r  seedsmen, development  o f  a  l i a i s o n  w i t h  governmental  
agenc ies  t o  a d v i s e  on r e s e a r c h ,  seed laws ,  seed s t o c k  s u p p l i e s ,  e t c . ;  g r a n t s  t o  r e s e a r c h  
i n s t i t u t i o n s  t o  s u p p o r t  s p e c i f i c  r e s e a r c h  problenis r e l a t e d  t o  t h e  i n d u s t r y  -- these  a r e  o n l y  a  
few exall lples o f  t i l e  d c t i v i t i e s  t h a t  such a s s o c i a t i o n s  m i g h t  p e r f o r m .  

One o f  t h e  g r e a t e s t  concerns  o f  government i s  t h e  a b i l i t y  t o  supp ly  seed i n  q u a n t i t y  and 
q u a l i t y  t o  meet t h e  needs o f  c u l t i v a t o r s .  It i s  a t  t h i s  p o i n t  t h a t  u n d e r s t a n d i n g  mus t  be 
reached i n  p r o v i d i n g  a  phased progra l l l  wh ich  w i l l  e n a b l e  t h e  seed i n d u s t r y  t o  assume these  
r e s p o n s i b i l i t i e s .  

Seed p roducers  r e g u l a r l y  o v e r p l a n t  t o  assure  a ~ l i p l e  s u p p l i e s ,  r e g a r d l e s s  o f  wea ther  o r  
o t h e r  hazards o f  p r o d u c t i o n .  Fro111 these  excess s u p p l i e s ,  t h e  i n d u s t r y  i s  a b l e  t o  m a i n t a i n  
c a r r y o v e r  s t o c k s  and exchange s t o c k s  i n  cases o f  l o c a l  shor tages  due t o  adverse weather  e t c .  
As p r o d u c t i o r l  o f  seed deve lops  so t h a t  h i g h e r  y i e l d s  p e r  a c r e  a r e  o b t a i n e d ,  t h e  excess seed 
f r o ~ n  o v e r p l a n t i n g  l a r g e  acreages can be reduced.  

An i n d u s t r y  t h a t  has reached m a t u r i t y  w i l l  be a s k i n g  l i t t l e  frorn government, b u t  w i l l  be 
assuming many r i s k s  t o  be covered  by p r o f i t s  when p r o d u c t i o n  i s  good. 

The n i a t ~ ~ r e  seed i n d u 5 t r y  a l s o  assurlles r e s p o n s i b i l i t y  f o r  i t s  c a r r y o v e r  seed down t o  t h e  
r e t a i l  l e v e l .  A l l  seed i s  r e t u r n e d  f o r  p r o p e r  s t o r a g e ,  r e - t r e a t m e n t ,  and re -bagg ing ,  b e f o r e  
a g a i n  b e i n y  o f f e r e d  f o r  s a l e .  Unsa lab le  seed can be used as y r a i n  t o  sa lvage  solne o f  i t s  c o s t s  

Expcr ience  i n  a l l  phases o f  t h e  seed i n d u s t r y  has been g a i n e d  by a  number o f  seed 
e n t e r p r i s e s  i n  Europe and t h e  USA. Some o f  t h e s e  companies a r e  c u r r e n t l y  s h a r i n g  these  s k i l l s  
i n  d e v e l o p i n g  s i ~ n i  l a r  i n d u s t r i e s  i n  South Amer ica,  and A f r i c a .  
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APPENDIX 1 

THE SEED LAW 

For  an e f f e c t i v e  seed i n d u s t r y  t o  deve lop  t h a t  can p r o v i d e  seeds o f  h i g h  q u a l i t y  t o  c u l t i v a t o r s  
a t  reasonab le  p r i c e s ,  t h e r e  must  be seed laws r e q u i r i n g  minimum s tandards  o f  g e r t ~ r i n a t i o n ,  
p u r i t y ,  weed-seed c o n t e n t ,  and o t h e r  seed q u a l i t i e s .  The seed l a w  must s p e c i f y  t h e  i n f o r m a t i o n  
r e q u i r e d  on  t h e  l a b e l  when seed i s  s o l d  and ~rrust  ensure  t h a t  such i n f o r r ~ ~ a t i o n  i s  a c c u r a t e .  
Fur thermore ,  p r o v i s i o n s  must  be made f o r  t h e  en fo rcement  o f  p r o v i s i o n s  o f  t h e  seed law.  A  
Seed Committee, c e n t r a l  and /o r  s t a t e ,  can be o r g a n i z e d  t o  i n t e r p r e t  and ~ r ~ o d i f y  t h e  l a w  as 
c o n d i t i o n s  change. 

G iven  such a  compulsory seed c o r i t r o l  sys te~ i l ,  p r o p e r l y  en fo rced ,  c u l t i v a t o r s  can be assured  
o f  o b t a i n i n g  a  seed o f  known k i n d  and q u a l i t y .  F u r t h e r ,  the  l e g i t i m a t e  seed i n d 1 l ~ t . r ~  can 
f l o u r i s h  w i t h o u t  u n f a i r  c o m p e t i t i o n  frolrr unsc rupu lous  o p e r a t o r s .  

E f f e c t i v e  seed c o n t r o l  r e q u i r e s :  ( 1 )  a  sced l a w  and seed l a w  enforcement  i n  each s t a t e  f o r  
seed produced and l ~ ~ a r k e t e d  i n  t h a t  s t a t e ;  and o r  ( 2 )  a  n a t i o n a l  seed law,  and seed law en- 
f o r c i n g  agency t o  c o n t r o l  seed t h a t  moves i n  i n t e r s t a t e  commerce. To a v o i d  unnecessary con-  
f u s i o n ,  t h e  seed laws i n  t h e  s e v e r a l  s t a t e s  s h o u l d  be as n n i f o r t ~ i  as p o s s i b l e .  The s t e p s  
r e q u i r e d  t o  accornpl i s h  t h e s e  o b j e c t i v e s  a r e  1  i s t e d  below.  

Development of a Model Seed Law 

The D i r e c t o r  o f  Seed P r o d u c t i o n  and D i s t r i b u t i o r ~  s h o u l d  deve lop  a  ~ i iode l  seed l a w  a p p l i c a b l e  t o  
a  c o u n t r y ' s  c o n d i t i o n s  and l e g a l  ret lu i rernents a f t e r :  

C o n s u l t i n g  w i t h  c r o p  b o t a n i s t s ,  dgrononi is ts ,  p l a n t  b reeders ,  e x t e n s i o n  personne l ,  seed 
p roducers ,  members o f  e x i s t i n g  seed i i r n i s ,  and o t h e r  a g r i c u l t u r a l  o f f i c i a l s  r e g a r d i n g :  

T c r n ~ i n o l o y y  dnd d e f i n i t i o n s  t o  be used i n  t h e  111ode1 seed law.  

S p e c i f i c a t i o n  r e g a r d i n q  alilounts o f  o t h e r  c r o p  seeds and v a r i o u s  k i n d s  o f  weed seeds 
t h a t  w i l l  be perlt l i  t t e d .  

K i n d  o f  sced l a b e l i n g  t o  be r e q u i r e d .  

Other  t e c h n i c a l  p r o v i s i o n s  o f  t h e  ~nrodel seed law.  

C o n s u l t i n g  w i t h  a p p r o p r i a t e  l c g a l  a t l v i s o r s  r e g a r d i n y  t h e  word ing  o f  t h e  model seed law. 

A d o p t i o n  o f  Seed Laws: To e s t a b l i s h  s t a t e  seed laws t h e  D i r e c t o r  o f  Secd P r o d u c t i o n  and 
D i s t r i b u t i o n  s h o u l d  work w i t h  a p p r o p r i a t e  o f f i c i a l s  i n  each s t a t e  t o  ensure t h a t  i t s  seed l a w  
i s  d r a f t e d  f rom t h e  model .  I n  t h e  s t a t e  seed law,  o r  i n  supplecl lentary, p a r a l l e l  l e g i s l a t i o n ,  
p r o v i s i o n  must  be ~rrade f o r  e s t a b l i s h i n g  a  Seed Law Enforcel l lent  Agency, under t h e  D i r e c t o r  o f  
A g r i c u l t u r e .  

To deve lop  a  d r a f t  o f  a  n a t i o n a l  seed law t o  be s u b r ~ ~ i t t e d  t o  t h e  Par l iar r lent  f o r  enactment ,  
t h e  D i r e c t o r  o f  Seed P r o d u c t i o n  and Distribution shou ld  work w i t h  a p p r o p r i a t e  o f f i c i a l s  o f  t h e  
C e n t r a l  Government. I n  t h e  n a t i o n a l  seed law,  o r  i n  supplementary, para1 l e l  l e g i s l a t i o n ,  
p r o v i s i o n  111ust a l s o  be made f o r  e s t a b l i s h i n g  a  Seed Law Enforcement Agency, under an a p p r o p r i a t e  
o f f i c i a l  o f  t h e  M i n i s t r y  o f  Food and A g r i c u l t u r e .  

Note:  Appendix 1  i s  co~rlposed of  a d a p t a t i o n s  o f  papers by t h e  f o l l o w i n g  a u t h o r s  - Johnson 
E. Douglas ( "The Seed Law," " G u i d e l i n e s  f o r  E s t a b l i s h i n g  a  Seed C e r t i f i c a t i o n  
Agency," "Seed P o l i c y " ) ,  L.R. House ( "A  V a r i e t y  Release Commit tee") ,  and Wayne H. 
Freeman and Johnson E. Douglas ("A Founda t ion  Seed S tocks  Agency") .  



Seed Law Enforcement Agency 

The D i r e c t o r  of  Seed P r o d u c t i o n  and D i s t r i b u t i o n  s h o u l d  c o n s u l t  t h e  a p p r o p r i a t e  o f f i c i a l s  i n  
s e t t i n g  up and s e l e c t i n g  personne l  , f o r  t h e  seed l a w  enforcement  agency i n  each s t a t e ,  wh ich  
shou ld  be separa te  frorn t h e  s t a t e s  e x t e n s i o n  and r e s e a r c h  o r g a n i z a t i o n s .  I n  each s t a t e ,  
t h e  agency shou ld  c o n s i s t  of  t h e  f o l l o w i n g :  

Seed Law Enforcement  O f f i c e r :  The Seed Law Enfo rce~nen t  O f f i c e r  s h o u l d  have t r a i n i n g  and 
exper ience  i n  1  a b o r a t o r y  work as we1 1  as p o s t - g r a d u a t e  t r a i n i n g  o r  e q u i v a l e n t  exper ience  i n  
economic botany.  H i s  r e s p o n s i b i l i t i e s  a r e  t o  be i n - c h a r g e  o f  t h e  s t a t e  seed t e s t i n g  l a b o r a t o r y ;  
s u p e r v i s i o n  of  i n s p e c t o r s  c o l l e c t i n g  o f f i  c i  a1 samples; i s s u i n g  necessary i n f o r m a t i o n  r e g a r d i n g  
t h e  seed law,  i s s u i n g  r e g u l a t i o n s  r e q u i r e d  i n  a d m i n i s t r a t i o n  o f  t h e  seed law,  and t a k i n g  such 
a c t i o n  as r e q u i r e d  f o r  en fo rcement  o f  p r o v i s i o n s  o f  t h e  seed l a w .  

Official Seed Board 

T h i s  Board shou ld  hear  and a c t  upon appea ls  of  d e c i s i o n s  and a c t i o n s  o f  t h e  Seed Law Enfo rce-  
ment O f f i c e r ,  approve r e g u l a t i o n s  f o r m u l a t e d  by t h e  Seed Law Enforcement  O f f i c e r ,  and a d v i s e  
him i n  l a w  enforcement  p rocedures .  The Board shou ld  have t h e  D i r e c t o r  o f  A g r i c u l t u r e  as 
Chairman and t h r e e  r e p r e s e n t a t i v e s  o f  t h e  seed i n d u s t r y  ( c o r p o r a t i o n s ,  c o o p e r a t i v e s ,  o r  p r i v a t e  
cornpanies engaged i n  rnerchandi s i n y  seed) ,  i n  a d d i t i o n  t o  t h r e e  r e p r e s e n t a t i v e s  o f  farmers,  
p r e f e r a b l y  nominated by t h e  f a r ~ i i e r s '  forum and one r e p r e s e n t a t i v e  each o f  e x t e n s i o n  and p l a n t  
b reed ing  research .  

Official Seed Testing Laboratory 

S t a f f  ( i n  a d d i t i o n  t o  Seed Law Enforcel l lent O f f i c e r  who w i l l  be t h e  o f f i c e r  i n  charge) :  
C h i e f  Seed A n a l y s t ,  L a b o r a t o r y  A s s i s t a n t ,  such a d d i t i o n a l  seed a n a l y s t s ,  l a b o r a t o r y  a s s i s t a n t s ,  
and c l e r i c a l  h e l p  as r e q u i r e d  by volume o f  t e s t i n g  work.  

I , F u n c t i o n s :  T e s t  a l l  o f f i c i a l  samples drawn by I n s p e c t o r s  i n  r o u t i n e  i n s p e c t i o n s  and i n  

cases i n v o l v i n g  l i t i g a t i o n .  P r o v i d e  t e s t i n g  (on  a  f e e  b a s i s )  o f  sarr~ples s u b ~ ~ l i t t e d  by seed 
producers,  seed merchants,  c u l t i v a t o r s ,  and o t h e r s .  Complete a n a l y s i s  o f  saliiples s u b m i t t e d  
f o r  c e r t i f i c a t i o n  u n t i l  such t i m e  as t h e  volunle o f  o f f i c i a l  seed t e s t i n g  and o f  seed c e r t i f i -  
c a t i o n  w a r r a n t s  t h e  e s t a b l i s h m e n t  o f  a separa te  l a b o r a t o r y  f o r  t h e  l a t t e r  s e r v i c e .  

F a c i l i t i e s :  B u i l d i n g  space, i n c l u d i n g  o f f i c e s  f o r  s t a f f  and records .  and a  seed l a b o r -  
a t o r y .  L a b o r a t o r y  equipment and peop le  t r a i n e d  t o  use i t .  

Official Inspectors 

D u t i e s :  To draw o f f i c i a l  samples on a  s p o t - c h e c k i n g  b a s i s  o f  seed moving i n  marke t  
channels o r  o f f e r e d  f o r  s a l e  i n  seed s t o r e s .  To draw o f f i c i a l  samples upon r e q u e s t  of  t h e  
owner o f  seed,or i n  cases i n v o l v i n g  l e g a l  a c t i o n ,  t o  s e r v e  as agen ts  o f  t h e  Seed Law 
Enforcement O f f i c e r  i n  c a r r y i n g  o u t  a c t s  o f  seed l a w  enforcement  and i n  g a t h e r i n g  i n f o r m a t i o n  
necessary f o r  enforcement .  

Number o f  I n s p e c t o r s :  U l t i m a t e l y ,  t h e r e  w i l l  p r o b a b l y  be need f o r  an average of  one 
I n s p e c t o r  i n  each d i s t r i c t .  I n i t i a l l y  one I n s p e c t o r  s h o u l d  be p r o v i d e d  f o r  each d i s t r i c t  i n  
which s p e c i a l  emphasis i s  b e i n g  g i v e n  t o  an improved seed program; f o r  example, d i s t r i c t s  i n  
wh ich  c e r t i f i e d  seed c o r p o r a t i o n s  o r  c o o p e r a t i v e s  a r e  e s t a b l i s h e d .  

I n  a d d i t i o n  t o  s i m p l e  samp l ing  equipment ,  such as bag probes,  scopes, buckets,and sample 
bags, each I n s p e c t o r  w i l l  r e q u i r e  a  v e h i c l e  (such  as a  j e e p )  f o r  adequate s e r v i c e  w i t h i n  h i s  
ass igned  a rea .  

Financial Requirements 

S a l a r i e s  and t r a v e l  expenses would be r e q u i r e d  f o r  s t a f f ,  which m i g h t  i n c l u d e  t h e  f o l l o w i n g  
f o r  a  s t a t e  o r  r e g i o n :  



Establishing u Secd Ccr t i f i c a t  iorl Agency 

Seed Law Enforcement O f f i c e r  
C h i e f  Seed A n a l y s t  
L a b o r a t o r y  A s s i s t a n t  
Three t o  f i v e  I n s p e c t o r s  
C l e r i c a l  h e l p  as r e q u i r e d  

Equipment and S u p p l i e s :  

B u i l d i n g  and seed l a b o r a t o r y  equipment 
Supp l ies  of g e r m i n a t i o n  paper,  bags, l a b e l s ,  o f f  i c e  suppl ies,  e t c . ,  
Three t o  f i v e  moto r  v e h i c l e s .  

GUIDELINES FOR ESTABLISHING A SEED CERTIFICATION AGENCY 

Seed C e r t i f i c a t i o n  Agencies e s t a b l i s h e d  by t h e  v a r i o u s  p r o v i n c e s ,  d i s t r i c t s ,  and s t a t e s  seek 
t o  m a i n t a i n  and mu1 t i p l y  h i g h - q u a l i t y  seeds o f  s u p e r i o r  v a r i e t i e s  o f  c rops ,  grown and 
d i s t r i b u t e d  so as t o  i n s u r e  g e n e t i c  i d e n t i t y  and p u r i t y .  

The c e r t i f i c a t i o n  agency e s t a b l i s h e d  under t h e  Seed A c t  m i g h t  be an a s s o c i a t i o n  i n c o r p o -  
r a t e d  under t h e  laws o f  t h e  c o u n t r y  as a  n o n - p r o f i t  ( n o t  f o r  p r o f i t )  c o r p o r a t i o n  whose 
p r i n c i p a l  o b j e c t i v e  i s  t o  conduc t  seed c e r t i f i c a t i o n .  

The c e r t i f i c a t i o n  agency c r e a t e d  would be a  l e g a l  e n t i t y  o p e r a t i n g  as an independent  
agency r e p o r t i n g  t o  t h e  Government. 

The Seed C e r t i f i c a t i o n  Agency would n o t  be engaged i n  t h e  p r o d u c t i o n ,  p rocess ing ,  o r  t h e  
d i s t r i b u t i o n  of  seeds as an agency o r  c o r p o r a t i o n .  However, t h e  Seed C e r t i f i c a t i o n  Comni t tee  
(wh ich  s h o u l d  be t h e  govern ing  body o f  t h e  e s t a b l i s h e d  Seed C e r t i f i c a t i o n  Agency) c o u l d  be 
composed, i n  p a r t ,  o f  persons engaged i n  such p r o d u c t i o n ,  processing,and d i s t r i b u t i o n  o f  seed. 

Members of  t h e  Seed C e r t i f i c a t i o n  Committee may be a p p o i n t e d  by t h e  Government and c o u l d  
be composed o f  persons i n  t h e  f o l l o w i n g  c a t e g o r i e s :  

No. o f  R e p r e s e n t a t i v e s  I n t e r e s t s  Represented 

1 
1 ( e x  o f f i c i o )  
1 (ex o f f i c i o )  
1 ( e x  o f f i c i o )  
1 (ex  o f f i c i o )  

P l a n t  Breeders 
P l a n t  P a t h o l o g i s t s  
C e r t i f i e d  Seed Producers 
Seed Dea le rs  o f  C e r t i f i e d  Seed 
R e p r e s e n t a t i v e  o f  t h e  Secre ta ry  

o f  A g r i c u l t u r e  
A g r i c u l t u r a l  Ex tens ion  S e r v i c e  
A g r i c u l t u r a l  U n i v e r s i t y  
Deputy D i r e c t o r  o f  A g r i c u l t u r e  (Seed) 
The Seed C e r t i f i c a t i o n  O f f i c e r  
The C h i e f  Seed A n a l y s t  
C h i e f  Seed I n s p e c t o r  
L i a i s o n  R e p r e s e n t a t i v e  o f  t h e  C e n t r a l  

Government 

The Seed C e r t i f i c a t i o n  O f f i c e r  m i g h t  se rve  as S e c r e t a r y  o f  t h e  Committee. 

Persons a p p o i n t e d  t o  t h e  Seed C e r t i f i c a t i o n  Committee by t h e  Government a t  t h e  o u t s e t  
( o t h e r  t h a n  t h o s e  s e r v i n g  i n  e x - o f f i c i o  c a p a c i t y )  s h o u l d  be appo in ted  f o r  one-year  o r  two-year  
terms so t h a t  persons r e p r e s e n t i n g  s p e c i a l  i n t e r e s t s  s h a l l  se rve  s taggered  terms.  T h e r e a f t e r ,  
appo in tment  s h o u l d  be  f o r  two-year  terms so as t o  p r o v i d e  c o n t i n u i t y  o f  membership on t h e  
C o n i t t e e .  A f t e r  s e r v i n g  on t h e  Committee a  person  may be  r e a p p o i n t e d  t o  t h e  Committee. 

When an o r g a n i z a t i o n  o f  c e r t i f i e d  ~ c e d  producer's a t t a i n s  a  pa id -up  membership o f  25 o r  
more b o n a f i d e  members, t h e  S e c r e t a r y  o f  A g r i c u l t u r e  c o u l d  be n o t i f i e d .  T h e r e a f t e r ,  t h e  
o r g a n i z a t i o n  o f  c e r t i f i e d  seed producers m i g h t  nominate t h r e e  o f  t h e i r  members f o r  appointment  
t o  t h e  Committee and t h e  Government c o u l d  a p p o i n t  two o f  those  nominated a t  t h e  o u t s e t ,  and one 
t h e r e a f t e r .  



Appendix I 

S i m i l a r l y ,  when an o r g a n i z a t i o n  o f  seed dealere who d i s t r i b u t e  c e r t i f i e d  seed a t t a i n s  a  
pa id -up  membership of  25 o r  more b o n a f i d e  members, t h e  Government c o u l d  be n o t i f i e d .  
T h e r e a f t e r ,  t h i s  o r g a n i z a t i o n  of c e r t i f i e d  seed d e a l e r s  c o u l d  nominate t h r e e  o f  t h e i r  members 
f o r  appointment  t o  t h e  Committee, and t h e  S e c r e t a r y  o f  A g r i c u l t u r e  c o u l d  a p p o i n t  two from t h o s e  
nominated a t  t h e  o u t s e t ,  and one t h e r e a f t e r .  

When an o r g a n i z a t i o n  i s  developed t h a t  adequa te ly  r e p r e s e n t s  b o t h  c e r t i f i e d  seed p roducers  
and d e a l e r s  of c e r t i f i e d  seed, t h e  o r g a n i z a t i o n  c o u l d  nominate t e n  persons,  t h r e e  o f  whom 
s h o u l d  be c e r t i f i e d  seed p roducers  and t h r e e  o f  whom s h o u l d  be d e a l e r s  i n  c e r t i f i e d  seed. Upon 
r e c e i p t  o f  these  nomina t ions ,  t h e  Government c o u l d  a p p o i n t  two seed p roducers  and two seed 
d e a l e r s  t o  t h e  Seed C e r t i f i c a t i o n  Committee a t  t h e  o u t s e t ,  and one t h e r e a f t e r .  

If more t h a n  one o r g a n i z a t i o n  o f  c e r t i f i e d  seed p roducers  o r  o f  c e r t i f i e d  seed d e a l e r s  
q u a l i f i e s  as above, each c o u l d  submi t  nomina t ions  f o r  c o n s i d e r a t i o n  by t h e  Government i n  making 
appointments.  

Fees c o l l e c t e d  f o r  i n s p e c t i o n s  would be p l a c e d  i n  a  r e v o l v i n g  f u n d  under t h e  c o n t r o l  o f  
t h e  c e r t i f y i n g  agency, and wou ld  be expended b,y t h e  c e r t i f i c a t i o n  c o m n i t t e e  on p r o p e r  vouchers 
t o  meet a l l  necessary expenses ( i n c l u d i n g  s a l a r i e s  o f  necessary s t a f f ,  procurement o f  necessary 
v e h i c l e s ,  equipment  and s u p p l i e s ,  pay ing  necessary t r a v e l  expense o f  o f f i c e r s ,  i n s p e c t o r s  and 
c o m n i t t e e  members and expense o f  p u b l i c a t i o n s ) .  Repor ts  o f  r e c e i p t s  and e x p e n d i t u r e s  shou ld  be 
made t o  t h e  Government as p r e s c r i b e d .  

Functions of the Seed Certification Agency 

The f u n c t i o n s  o f  t h e  Seed C e r t i f i c a t i o n  Agency would be t o :  

1 .  V e r i f y  v a r i e t a l  p u r i t y  and i d e n t i t y  o f  seed v a r i e t i e s  r e l e a s e d  f o r  c e r t i f i c a t i o n ,  and t o  
v e r i f y  t h a t  t h e  c e r t i f i e d  seed p roducer  r e c e i v e s  and p l a n t s  such seed under p r e s c r i b e d  
c o n d i t i o n s .  

, 2 .  O u t l i n e  procedures f o r  t h e  p r o d u c t i o n ,  h a r v e s t i n g ,  p rocess ing ,  s t o r a g e  and l a b e l i n g  o f  
seeds i n t e n d e d  f o r  c e r t i f i c a t i o n  so t h a t  seed l o t s  f i n a l l y  approved f o r  c e r t i f i c a t i o n  a r e  
t r u e  t o  v a r i e t y  and meet p r e s c r i b e d  minimum s tandards  f o r  c e r t i f i c a t i o n .  

P r o v i d e  a p p l i c a t i o n s  and o t h e r  necessary  forms t o g e t h e r  w i t h  i n f o r m a t i o n  on s tandards  and 
procedures f o r  c e r t i f i c a t i o n  t o  a l l  persons h a v i n g  t h e  r e q u i s i t e  q u a l i f i c a t i o n s  and who 
show i n t e r e s t  i n  c e r t i f i e d  seed p r o d u c t i o n .  

V e r i f y  upon r e c e i p t  o f  an a p p l i c a t i o n  f o r  c e r t i f i c a t i o n  t h a t  t h e  v a r i e t y  i s  e l i g i b l e  f o r  
c e r t i f i c a t i o n ,  t h a t  t h e  seed source  used f o r  p l a n t i n g  was a u t h e n t i c a t e d  b y  c e r t i f i c a t i o n  
tags  and r e c o r d s  o f  purchase i n  accordance w i t h  r u l e s  p r e s c r i b e d ,  and t h a t  t h e  p r e s c r i b e d  
fees were s u b m i t t e d  w i t h  t h e  a p p l i c a t i o n .  

3 .  I n s p e c t  f i e l d s  t o  assure  t h a t  t h e  p r e s c r i b e d  minimum s tandards  f o r  i s o l a t i o n ,  p l a n t i n g  
r a t i o ,  r o g u i n g  (where a p p l i c a b l e ) ,  use o f  m a l e - s t e r i l i t y  (where a p p l i c a b l e )  and s i m i l a r  
f a c t o r s  a r e  m a i n t a i n e d  a t  a l l  t imes ,  as w e l l  as t o  i n s u r e  that seed-borne d iseases  a r e  n o t  
p r e s e n t  i n  t h e  f i e l d  t o  a  g r e a t e r  e x t e n t  t h a n  t h o s e  p r o v i d e d  i n  t h e  p r e s c r i b e d  s tandards  
f o r  i n d i v i d u a l  c rops .  The presence and r a t e  o f  occur rence  o f  p r o h i b i t e d ,  r e s t r i c t e d ,  and 
o t h e r  o b j e c t i o n a b l e  weed seeds s h a l l  appear i n  t h e  f i e l d  i n s p e c t i o n  r e p o r t .  

Decide by m a j o r i t y  v o t e  o f  t h e  Comni t tee  (under  p rocedura l  r u l e s  adopted by t h e  Comni t tee )  
whether  each l o t  o f  seed produced under i t s  j u r i s d i c t i o n  meets a l l  p r e s c r i b e d  requ i rements  
f o r  c e r t i f i c a t i o n .  Such d e c i s i o n s  f o r  each l o t  o f  seed may be de lega ted  t o  t h e  Seed 
C e r t i f i c a t i o n  O f f i c e r  i n  t h o s e  cases where compl iance i s  obv ious ,  b u t  wou ld  a lways be 
s u b j e c t  t o  r e v i e w  by t h e  Seed C e r t i f i c a t i o n  Committee. 

4 .  Sample and i n s p e c t  seed l o t s  produced under t h e  procedures p r e s c r i b e d  by t h e  c e r t i f i c a t i o n  
agency and submi t  such samples t o  t h e  S t a t e  Seed L a b o r a t o r y  f o r  t e s t i n g  t o  assure  t h a t  
t h e  seed meets p r e s c r i b e d  seed q u a l i t y  and g e r m i n a t i o n  s tandards .  

5 .  I n s p e c t  seed p rocess ing  p l a n t s  t o  see t h a t  admix tu res  o f  o t h e r  k i n d s  and v a r i e t i e s  
a r e  n o t  i n t r o d u c e d ,  t h a t  t h e  p r o c e s s i n g  i s  conducted i n  such a  way as n o t  t o  i n j u r e  
t h e  seed, and t h a t  such p r o c e s s i n g  r e s u l t s  i n  h i g h  q u a l i t y  seeds as p r e s c r i b e d  i n  t h e  
s tandards .  



6 .  Develop a  l i s t  o f  seed p r o c e s s i n g  p l a n t s  w i t h  personne l  and equipment  c a p a b l e  o f  meet ing  
t h e  o b j e c t i v e s  s t a t e d  i n  paragraphs above; d e s i g n a t e  such p l a n t s  as "approved p r o c e s s i n g  
p l a n t s "  f o r  p r o c e s s i n g  c e r t i f i e d  seed and p r o v i d e  a  s u i t a b l e  emblem t o  i d e n t i f y  such 
approved p r o c e s s i n g  p l a n t s ;  and w i t h d r a w  approva l  and t h e  emblem i f  t h e  p r o c e s s i n g  p l a n t  
f a i l s  t o  m a i n t a i n  p r e s c r i b e d  s t a n d a r d s .  

7 .  Develop i l l  c o n s u l t a t i o n  w i t h  t h e  C e n t r a l  Seed Comni t tee t h e  f o r m  o f  c e r t i f i c a t i o n  t a g s  t o  
be used f o r  i d e n t i f y i n g  t h e  v a r i o u s  l o t s  and g e n e r a t i o n s  o f  c e r t i f i e d  seed and t o  i s s u e  
such t a g s .  

8. Assure  t h a t  t h e  f i e l d  i n s p e c t i o n s  r e q u i r e d  t o  m a i n t a i n  t h e  p u r i t y  o f  t h e  v a r i e t y  a r e  
t h o r o u g h  and t i m e l y ;  t h a t  i n s p e c t i o n  o f  seed l o t s  produced under t h e  s u p e r v i s i o n  o f  t h e  
Seed C e r t i f i c a t i o n  Agency a r e  t i m e l y ;  t h a t  such sa~ l ip les  a r e  p ro rnp t l y  s u b m i t t e d  t o  t h e  seed 
a n a l y s t  h a v i n g  j u r i s d i c t i o n ;  and t h a t  c e r t i f i c a t i o n ,  t a g s ,  l a b e l s ,  and s e a l s  a r e  i s s u e d  
e x p e d i t i o u s l y  t o  t h e  end t h a t  o r d e r l y  m a r k e t i n g  o f  t h e  seed i s  made p o s s i b l e .  

9. Conduct e d u c a t i o n a l  prograrrls des igned  t o  promote t h e  use o f  t h e  c e r t i f i e d  seed, i n c l u d i n g  
a  p u b l i c a t i o n  1  i s t i n g  c e r t i f i e d  seed growers and sources  o f  c e r t i f i e d  seed.  

10. Charge such f e e s  as may be necessary t o  meet a l l  c o s t s  i n c u r r e d  i n  c a r r y i n g  o u t  t h e  d u t i e s  
and r e s p o n s i b i l i t i e s  o f  t h e  c e r t i f i c a t i o n  agency a f t e r  a  p r e l i m i n a r y  g r a n t  i s  niade by t h e  
Government t o  s t a r t  t h e  program. 

1 1 .  Employ such s t a f f  as i s  necessary  t o  c a r r y  o u t  t h e  p r e s c r i b e d  f ~ n c t i o n ~ i n c l u d i n g :  

A Seed C e r t i f i c a t i o n  O f f i c e r  
Seed C e r t i f i c a t i o n  I n s p e c t o r s  as needed 
Adequate c l e r i c a l  s t a f f  

A c q u i r e  o f f i c e  and s t o r a g e  space, t o g e t h e r  w i t h  necessary  equipment  and s u p p l y  forms 
necessary  f o r  o p e r a t i n g  t h e  program e f f i c i e n t l y .  

12. Make p r o v i s i o n s  f o r  t h e  t r a v e l  necessary  t o  p r o v i d e  t i m e l y  f i e l d  and seed i n s p e c t i o n s .  

13 .  Cooperate f u l l y  w i t h  a1 1 persons ,  p u b l i c  and p r i v a t e ,  i n  m a t t e r s  r e l a t i n g  t o  seed 
improvement i n  t h e  c o u n t r y .  

14. Opera te  t h r o u g h  a  Seed C e r t i f i c a t i o n  Committee, wh ich  s h a l l  be t h e  govern ing  body o f  t h e  
seed c e r t i f y i n g  agency and wh ich  s h a l l  r e p r e s e n t  o f f i c i a l ,  t e c h n i c a l ,  seed p roducer ,  and 
seed d e a l e r  i n t e r e s t s .  The Committee s h a l l  e l e c t  o f f i c e r s  and adop t  by- laws,  and may 
a p p o i n t  such sub-committees as may be necessary  t o  g i v e  a t t e n t i o n  t o  problems r e l a t i n g  t o  
s p e c i f i c  c rops  and t o  o t h e r  s p e c i f i c  problelns as t h e y  a r i s e .  

15.  Adhere t o  mininluni s tandards  f o r  c e r t i f i c a t i o n  p r e s c r i b e d  by t h e  Government on t h e  a d v i c e  
o f  t h e  C e n t r a l  Seed Committee. 

16. Opera te  so as t o  i n s u r e  a  c l o s e  w o r k i n g  r e l a t i o n s h i p  between c e r t i f i e d  seed growers,  
c e r t i f i e d  seed d e a l e r s ,  agronomy r e s e a r c h  personne l ,  A g r i c u l t u r a l  U n i v e r s i t i e s ,  and 
Reg iona l  Departments o f  A g r i c u l t u r e ,  t o g e t h e r  w i t h  seed a n a l y s t s  and seed i n s p e c t o r s  
a p p o i n t e d  under  t h e  A c t .  

1 7 .  M a i n t a i n  r e c o r d s  necessary t o  v e r i f y  t h a t  seed p l a n t e d  f o r  t h e  p r o d u c t i o n  o f  c e r t i f i e d  
seed i s  e l i g i b l e  f o r  such p l a n t i n g  under t h e s e  r u l e s .  

18. Set  up p rocedures  f o r  h a n d l i n g  appeals.  

19. V i g o r o u s l y  i n v e s t i g a t e  v i o l a t i o n s  and apparen t  v i o l a t i o n s  o f  t h e  Seed A c t  as i t  p e r t a i n s  
t o  c e r t i f i e d  seed, and t a k e  a p p r o p r i a t e  a c t i o n .  Use o f  t h e  words "Foundat ion,"  
"Reg is te red , "  " C e r t i f i e d "  i n  c o n n e c t i o n  w i t h  seed t h a t  has n o t  been c e r t i f i e d  as 
p r e s c r i b e d  wou ld  be an o f f e n s e  and a  v i o l a t i o n  o f  t h e  Seed A c t .  L i k e w i s e ,  a t tachment  o f  
c e r t i f i c a t i o n  t a g s  t o  seed t h a t  i s  n o t  c e r t i f i e d  seed as d e f i n e d  i s  an o f f e n s e  and a  
v i o l a t i o n  o f  t h e  A c t .  

20. O u t l i n e  t h e  d u t i e s  o f  Seed C e r t i f i c a t i o n  O f f i c e r s ,  I n s p e c t o r s ,  and o t h e r  personne l  
employed by t h e  agency. 



Long-term Seed Policy 

A good qua1 i t y  seed p r o d u c t i o n  program f o r  h i g h - y i e l d i n g  v a r i e t i e s  and h y b r i d s  r e q u i r e s  t h e  
s t r o n g e s t  p o s s i b l e  s u p p o r t  and encouragement. However, i n  t h e  en thus iasm t o  move ahead 
r a p i d l y ,  t h o u g h t  must  c o n t i n u a l l y  be g i v e n  t o  t h e  l o n g - t e r m  o b j e c t i v e s ,  t o  how t h e s e  o b j e c t i v e s  
can be achieved,  and t o  t h e  p r o b a b l e  e f f e c t  o f  c u r r e n t  a c t i o n s .  

The thousands o f  a c r e s  o f  seed p r o d u c t i o n  u l t i m a t e l y  needed t o  s u p p l y  c u l t i v a t o r s  w i t h  
h y b r i d  seed and seed o f  improved  v a r i e t i e s  r e q u i r e s  t h e  c o n t r i b u t i o n s  o f  hundreds of  p e o p l e  
and o r g a n i z a t i o n s .  It i s  r e c o g n i z e d  t h a t  governmental  agenc ies  canno t  p e r f o r m  t h i s  tremendous 
t a s k  a lone .  They need t h e  h e l p  and s u p p o r t  o f  p r i v a t e  seed p roducers ;  t h e i r  a c t i v e  i n t e r e s t  
and p a r t i c i p a t i o n  i n  seed p r o d u c t i o n ,  p r o c e s s i n g  and m a r k e t i n g  i s  v i t a l  t o  a  dynamic seed 
p r o d u c t i o n  and d i s t r i b u t i o n  program. 

T h e r e f o r e ,  i t  i s  i m p o r t a n t  t o  f o r m u l a t e  p o l i c i e s  t h a t  p r o v i d e  o p p o r t u n i t i e s  f o r  o r g a n i -  
z a t i o n s  and i n d i v i d u a l s  t o  make t h e i r  maximum c o n t r i b u t i o n .  A r e v i e w  o f  t h e  r o l e s  t o  be p l a y e d  
by b o t h  t h e  p u b l i c  and p r i v a t e  s e c t o r s  o f  t h e  seed program can  sugges t  p o l i c i e s  t h a t  w i l l  
a s s i s t  i n  d e l i n e a t i n g  t h o s e  f u n c t i o n s .  

Major Responsibilities of the Central Government 

encourage and o f f e r  f i n a n c i a l  s u p p o r t  t o  t h e  Crop Improverr~ent P r o q r a ~ r ~ s  (Research) .  

r c r e a t e  r u l e s  and r e g u l a t i o n s  rlrlder t h e  Seed A c t ,  and prol i ipt i m p l e m e n t a t i o n .  

s u p p o r t  t h e  p r o d u c t i o n  o f  f o u n d a t i o n  seeds o f  t h e  h y b r i d s  t h r o u g h  t h e  r e c o g n i z e d  
Founda t ion  Seed S tocks  Aqency ( b u t  a t  t h e  sarrle t i m e  recoqr l i ze  t h e  need and o p p o r t u n i t i e s  
f o r  o t h e r s  t o  do 1 i k e w i s e . )  

a s s i s t  i n  t h e  developrr~ent  o f  a  seed i n d u s t r y  t h r o u g h  t h e  encouragerrlerlt o f  p r i v a t e  
i n d i v i d u a l s ,  c o o p e r a t i v e s  and c o r p o r a t i o n s .  A s s i s t a n c e  f o r  these  o r q a n i z a t i o n s  m i g h t  
i n c l u d e :  

Spec ia l  c r e d i t  
A s s i s t a n c e  i n  t h e  e v a l u a t i o n  o f  equipment  f o r  seed p r o c e s s i n q  
Marke t  deve lop~nen t  and salesrnanship guidancr !  
Land d e v e l o p r n ~ n t  ant1 i r r i g a t i o n  
Shar ing  o f  ge rmp las r~~  i n  t h e  b r e e d i n g  programs. 

Major Responsibilities of the District, Province, or State Governments 

s t r e n g t h e n  b r e e d i n g  e f f o r t s  i n  t h e i r  a rea .  
e s t a b l i s h  a  Seed C e r t i f i c a t i o n  Agency i n  c o o p e r a t i o n  w i t h  t h e  A g r i c u l t u r a l  U n i v e r s i t y  and 

seed p roducers  i n  t h e  r e g i o n  t o  implement  a  seed c e r t i f i c a t i o n  program. 
deve lop  a  sma l l  w e l l - q u a l i f i e d  and t r a i n e d  s t a f f  f o r  seed sampl ing  and en fo rcement  o f  t h e  

t r u t h f u l  l a b e l i n g  p r o v i s i o n  o f  t h e  Seed A c t .  
e s t a b l i s h  a  s t r o n g  seed t e s t i n g  l a b o r a t o r y  i n  t h e  r e g i o n  t o  rueet t h e  requ i rements  o f  t h e  

c e r t i f i c a t i o n  and seed l a w  enforcenient  programs.  
r l o c a t e  and t r a i n  seed p roducers  

deve lop  an e x t e n s i o n  s t a f f  capab le  o f  e f f e c t i v e  t e c h n i c a l  gu idance  i n  seed improvement. 

Role to be Played by the Seed Industry 

a r r a n g e  f o r  t h e  p r o d u c t i o n ,  p r o c e s s i n g  and d i s t r i b u t i o n  o f  seeds o f  h y b r i d s  and v a r i e t i e s :  
t h e s e  o r g a n i z a t i o n s  s h o u l d  deve lop  marke ts  f o r  t h e i r  seeds; some government purchase 
may be  h e l p f u l  i n i t i a l l y  t o  h e l p  assume r i s k ,  b u t t h i s  s h o u l d  be q u i c k l y  phased o u t .  

I n  i n s t a n c e s  where t h e  o r g a n i z a t i o n s  can c o n t r i b u t e  t o  t h e  developnient o f  h y b r i d s  and 
v a r i e t i e s  a v a i l a b l e  t o  t h e  c u l t i v a t o r s ,  t h e y  s h o u l d  be encouraged i n  t h e i r  b r e e d i n g  
e f f o r t s  and i n  f o u n d a t i o n  seed p r o d u c t i o n .  

P a r t i c i p a t e  i n  t h e  C e n t r a l  Seed Committee and s i m i l a r  d i s t r i c t  cornni t tees i n  d r a f t i n g  
p o l i c i e s  f o r  t h e  seed program. 



s b u i l d  necessary  f a c i l i t i e s  such as seed p r o c e s s i n g  p l a n t s  and warehouses and deve lop  l a n d  
r e s o u r c e s  f o r  maximum good qua1 i t y  seed p r o d u c t i o n .  

P o l i c i e s  des igned  t o  a s s i s t  i n  t h e  development o f  a  s t r o n g  seed i n d u s t r y  s h o u l d  i n c l u d e :  

o p p o r t u n i t y  f o r  a l l  t o  marke t  c e r t i f i e d  o r  n o n - c e r t i f i e d  seeds i n  a  c o m p e t i t i v e  manner 
under tile Seed A c t  a t  p r i c e s  t h a t  a r e  r e m u n e r a t i v e  and c o m p e t i t i v e .  

encouragement i n  t h e  development o f  s t r o n g  b r e e d i n g  programs i n  b o t h  t h e  p u b l i c  and 
p r i v a t e  s e c t o r s .  

arrangements t o  c e r t i f y  b o t h  pub l  i c l y  and p r i v a t e 1  y  developed h y b r i d s  and v a r i e t i e s  

o p p o r t u n i t i e s  t o  s e l l  p r i v a t e l y  and pub l  i c l y  deve loped  h y b r i d s  a f t e r  a  s i r r lp le d e c l a r a t i o n  
o f  i n t e n t  t o  do so. Sales of  seeds o f  t h e s e  h y b r i d s  wou ld  be i n  accordance w i t h  t h e  
seed law,  and p o s s i b l y  c o u l d  be c e r t i f i e d .  

s u p p o r t  o f  c o l l a b o r a t i v e  arrangemcnts w i t h  seed f i r r r ~ s  o u t s i d e  t h e  c o u n t r y  so t h a t  t h e i r  
t e c h n i c a l  e x p e r t i s e  w i l l  be a v a i l a b l e  t o  t h e  c o u n t r y .  

r e g u l a t i o n s  t h a t  p r e v e n t  es tab l i sh r l l en t  o f  a  ~n~onopo ly  by e i t h e r  p u b l i c  o r  p r i v a t e  
o r g a n i z a t i o n s .  

p r o v i s i o n  of  an e a s i l y  a c c e s s i b l e  source  o f  c r e d i t  f o r  seed p r o d u c t i o n ,  p r o c e s s i n g  and 
d i s t r i b u t i o n  o r g a n i z a t i o n s  t o  meet t h e i r  s p e c i a l  needs f o r  l a r g e  a lmunts  o f  money d u r i n g  
c e r t a i n  p e r i o d s  . 

a v a i l a b i l i t y  o f  germplasm f r o m  t h e  b r e e d i n g  m a t e r i a l  o f  t h e  r e s e a r c h  programs t o  any 
i n t e r e s t e d  c i t i z e n  o r  o r g a n i z a t i o n .  

A VARIETY RELEASE COMMITTEE 

The purpose of  a  formal  v a r i e t y  r e l e a s e  i s  t o  r e v i e w  d a t a  s u p p o r t i n g  a  new h y b r i d  o r  v a r i e t y ,  
t o  de te rmine  i t s  uniqueness and p l a c e  f o r  t h e  farmer.  The V a r i e t y  Release Comni t tee can be 
made up  o f  s c i e n t i s t s ,  men from t h e  i n d u s t r y ,  and a d m i n i s t r a t o r s ,  each capab le  o f  j u d g i n g  
m e r i t s  o f  a  new c a n d i d a t e  b u t  n o t  i n v o l v e d  w i t h  i t s  development .  The o r i g i n a t i n g  b reeder  o r  
a p p r o p r i a t e  i n d i v i d u a l  lnay defend t h e  r e l e a s e  t o  t h e  c o m n i t t e e .  The f u n c t i o n s  of  t h e  V a r i e t y  
Re1 ease Corrrni t t e e  a r e  t o :  

s be r e s p o n s i b l e  f o r  t h e  r e l e a s e  o f  h y b r i d s  and v a r i e t i e s  developed by governrr~enta l  
i n s t i t u t i o n s  and o t h e r  publ  i c  agenc ies  ( A g r i c u l t u r a l  U n i v e r s i t i e s ) .  The d e t e r m i n a t i o n  
t o  r e l e a s e  would be based on  m e r i t  and uniqueness - what  does t h e  h y b r i d  o r  v a r i e t y  
c o n t r i b u t e  t h a t  i s  n o t  p r o v i d e d  by an e x i s t i n g  v a r i e t y  o r  h y b r i d ?  These advantages 
m i g h t  be  a d a p t a t i o n  t o  a  d i f f e r e n t  area,  d isease  r e s i s t a n c e ,  improved g r a i n  q u a l i t y  
e t c . ,  as w e l l  as y i e l d .  T h i s  i s  a  mechanism t o  r e s t r i c t  a  number o f  v e r y  s i m i l a r  t ypes  
f r o m  r e a c h i n g  t h e  market .  

p r o v i d e  proforn ia f o r  a p p l y i n g  f o r  t h e  r e l e a s e  o f  a  v a r i e t y  o r  h y b r i d .  Release u s u a l l y  
depends n o t  o n l y  on d i s t i n c t n e s s ,  b u t  on  t h e  a v a i l a b i l i t y  o f  a  reasonab le  q u a n t i t y  o f  
b reeders  seeds (10 t o  20 k g ) ,  o r  seed o f  t h e  p a r e n t s  o f  a  h y h r i d .  

s dete rmine  r e s p o n s i b i l i t y  f o r  t h e  maintenance o f  b reeders  seed. T h i s  i s  u s u a l l y  t h e  
r e s p o n s i b i l i t y  o f  t h e  o r i g i n a t i n g  b reeder  o r  i n s t i t u t i o n .  

f o r m a l l y  n o t i f y  t h a t  t h e  v a r i e t y  o r  h y b r i d  has been r e l e a s e d .  T h i s  f o r m a l  s ta tement  
i n d i c a t e s  t h a t  t h e  f o u n d a t i o n  seeds s t o c k s  agency can produce f o u n d a t i o n  seed ( i t  w i l l  
u s u a l l y  produce a  modest amount o f  seed i n  a n t i c i p a t i o n  o f  r e l e a s e  so t h a t  sample l o t s  
can be p r o v i d e d  t o  p r o d u c e r s ) .  It a l s o  s i g n a l s  t o  t h e  c e r t i f i c a t i o n  agency t h a t  t h e  
v a r i e t y  o r  h y b r i d  i s  s u i t a b l e  f o r  p r o d u c t i o n  i n  t h e  c e r t i f i c a t i o n  program. 

p r o v i d e  t h e  seed c e r t i f i c a t i o n  program w i t h  d e s c r i p t i v e  i n f o r m a t i o n  r e g a r d i n g  t h e  
m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  r e l e a s e d  v a r i e t i e s  and p a r e n t s  o f  h y b r i d s .  T h i s  i s  
t o  enab le  t h e  c e r t i f i c a t i o n  agen t  t o  i d e n t i f y  rogues i n  p r o d u c t i o n  f i e l d s .  



remove o b s o l e t e  v a r i e t i e s  and h y b r i d s  f r o m  t h e  l i s t  o f  t h o s e  e l i g i b l e  f o r  seed 
c e r t i f i c a t i o n .  

i s s u e  a  s h o r t  s t a t e m e n t  t o  t h e  p r e s s  a n d / o r  p u b l i s h  a  s h o r t  a r t i c l e  abou t  t h e  r e l e a s e ,  
p r o p e r l y  a s s i g n i n g  c r e d i t  t o  t h e  i n d i v i d u a l s  and i n s t i t u t i o n s  r e s p o n s i b l e  f o r  t h e  
development  o f  t h e  new ly  r e l e a s e d  v a r i e t y  o r  h y b r i d .  

A FOUNDATION SEED STOCKS AGENCY 

? n i  t i a l  l y ,  a  Founda t ion  Seed S tocks  Agency, e s t a b l i s h e d  as a  semi-government o p e r a t i o n  ~ n i i g h t  
under take  a  number o f  f u n c t i o n s  t o  h e l p  g e t  a  seed program movinq.  It wou ld  seek t o :  

m a i n t a i n  an a g g r e s s i v e  and h i g h - q u a l i t y  f o u n d a t i o n  seed program, 

deve lop  a  s e r v i c e  b r a n c h  t h a t  wou ld  p r o v i d e  s e r v i c e s  i n  seed p l a n t  c o n s t r u c t i o n  and 
o p e r a t i o n ,  and l a n d  development  f o r  i r r i g a t i o n  and d r a i n a g e .  F r e q u e n t l y ,  knowledgeable 
sources  f o r  such  s e r v i c e s  a r e  n o t  a v a i l a b l e  and wou ld  be a  m a j o r  c o n t r i b u t i o n  t o  a  
d e v e l o p i n g  seed i n d u s t r y  . T h i s  s e r v i c e  c o u l d  e x p e d i t e  deve l  oplnent b y  p r o v i d i n g  
s p e c i f i c a t i o n s  f o r  equipment ;  by  c r e a t i n g  demands f o r  c o n s t r u c t i o n  mach ine ry  and 
s u p p l i e s ;  by  a c t i n g  as f a c t o r y  r e p r e s e n t a t i v e s  t o  b r i n g  m a n u f a c t u r e r s  i n  c o n t a c t  w i t h  
cus tomers ;  by  h e l p i n g  m a i n t a i n  s t a n d a r d s  o f  p r o d u c t i o n  by p r o v i d i n g  a  c o n s u l t i n g  
s e r v i c e  f o r  c u s t o n e r s ;  and by  p r o v i d i n g  sound a d v i c e  on d e s i g n  and c o n s t r u c t i o n  o f  
p l a n t s .  A c o n s u l t i n q  s e r v i c e  t h a t  c o u l d  h e l p  seed p roducers  d e t e r m i n e  how b e s t  t o  
o r g a n i z e  i r r i g a t i o n  and d r a i n a g e  o f  t h e l r  farms would be t re~nendous  c o n t r i b u t i o n .  
T h i s  s e r v i c e  c o u l d  h e l p  the111 d e t e r ~ ~ i i n e  t h e  i r r i g a t i o n  systems ~ r ~ o s t  e f f e c t i v e  f o r  t h e i r  
needs, t h e  necessary  c q u i p n ~ e n t  and c o s t  i n p u t s ,  arid t h c  c o ~ ~ ~ l , a r ~ i e s  and sources t h a t  
c o u l d  do t h e  work and s u p p l y  t h e  i t c ~ n s .  

a c t  as a  m a n u f a c t u r e r ' s  r e p r e s e n t a t i v e ,  p o s s i b l y  on a  con in i ss ion  b a s i s ,  f o r  t h e  s a l e  o f  
seed p r o d u c t i o n  and p r o c e s s i n g  equipment  and m a t e r i a l s .  P r o v i d e  gu idance  t o  such 
manu fac tu re rs  r e g a r d i n g  k i n d s  o f  equipment  needed and q u a l i t y  d e s i r e d ,  

deve lop  a  m a r k e t  a d v i s o r y  s e r v i c e  t h a t  w o u l d  b r i n g  buyer  and s e l l e r  t o g e t h e r  and a s s i s t  
o r g a n i z a t i o n s  i n  b u i l d i n g  t h e i r  d i s t r i b u t i o n  and s a l e s  programs.  

conduct  t r a i n i n g  programs f o r  seed p r o d u c t i o n  and p r o c e s s i n y .  The numerous t o p i c s  
t h a t  n l i g h t  be i n c l u d e d  i n  such a  t r a i n i n g  program a r e  l i s t e d  below (fro111 t r a i n i n g  
n iar~uals  by t h e  N a t i o n a l  Seeds C o r p o r a t i o r ) ,  w r i t t e n  f o r  use i n  t r a i n i n q  pro<jralrls i n  
I n d i a ) .  Note t h a t  rrlany p r a c t i c a l  t r a i n i n q  p e r i o d s  were a l s o  p r o v i d e d  t o  t e a c h  
a d j u s t m e n t  o f  f a r m  mach ine ry  drld p r o c c s s i r ~ g  equipment  and c a l i h r a t i o r l  o f  s p r a y e r s ,  
e t c .  T r a i n i n g  shou ld  i r i c l u d c  an overseas  e x p e r i e n c e  f o r  s e l e c t e d  key i r ~ d i v i d u a l  s  
and s t u d y  awards f o r  p r o ~ ~ ~ i s i n g  young i ~ e o p l c .  

Top ics  t h a t  m i g h t  be i n c l u d e d  i n  a  t r a i n i n g  proqranl :  

Review o f  p l a n t  b r e e d i n g  r c s c a r c h  on c r o p s  r e l e v a n t  t o  t h e  seed p r o d u c t i o n  
program; Land shap ing  and s~noo th  i n y  ; Trac to r -powered  e q u i p ~ ~ ~ e n t  f o r  l a n d  
shaping and f o r  developi l lent o f  s u r f a c e  i r r i g a t i o n ;  A y u i d e  t o  a p p l i c a t i o n  
o f  i r r i ! l a t i o n  w a t e r s ;  Measur ing  i r r i g a t i o n  w a t e r ;  Systems o f  i r r i g a t i o n - -  
f u r r o w ,  b o r d e r  s t r i p ,  s p r i n k l e r ,  e t c ;  P l a n t  n u t r i t i o n  and d e t e r m i n a t i o n  o f  
f e r t i l i z e r  needs; S o i l s  and p l a n t  n u t r i t i o n ;  M a j o r  f e r t i l i z e r  e lements ;  
D iagnos is  o f  n u t r i e n t  d e f i c i e n c i e s  i n  p l a n t s ;  O p e r a t i o n  and maintenance o f  
v a r i o u s  t y p e s  o f  p l a n t e r s ;  C u l t i v a t i o n  and weed c o n t r o l ;  P l a n t  p r o t e c t i o n - -  
i n s e c t  and d i s e a s e  c o n t r o l  on c r o p s  i n  t h e  p r o d u c t i o n  progranl; C o n t r o l  o f  
r o d e n t s ;  T o x i c i t y  t o  mam~nals o f  i n s e c t i c i d e s  and fumigan ts ;  B u i l d i n g  a  
q u a l i t y  seed i n d u s t r y ;  V i a b i l i t y ,  v i g o r ,  and dormancy i n  seeds; Seed matu-  
r a t i o n ;  P r o d u c t i o n  t e c h n i q u e s  f o r  c r o p s  i n  t h e  p r o d u c t i o n  program; So~ne 
aspec ts  o f  a p p l i e d  p h y s i o l o g y  - -  m o i s t u r e ,  tempera tu re ,  f l o r a l  i n i t i a t i o n ;  
How t o  become a  seed p r o d u c e r ;  Deve lop ing  a  comprehensive seed c e r t i f i c a t i o n  
program; Development and o p e r a t i o n  o f  a  seed c e r t i f i c a t i o n  agency; A p p l i c a -  
t i o n  f o r  c e r t i f i c a t i o n ;  The seed c e r t i f i c a t i o n  I n s p e c t o r ;  C e r t i f i c a t i o n  
s tandards  f o r  t h e  v a r i o u s  c r o p s  i n  t h e  p r o d u c t i o n  program; H a n d l i n g  and 
c o m p l e t i n g  i n s p e c t i o n  r e p o r t s ;  F i e l d  mapping; Method o f  i n s p e c t i n g  f i e l d s ;  
Seed A c t  and t h e  c u l t i v a t o r ;  Seed t e s t i n g ;  Seed v i g o r  and v i g o r  t e s t s ;  
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Minimum c e r t i f i c a t i o n  s tandards  f o r  t h e  c r o p s  i n  t h e  p r o d u c t i o n  program; 
V a r i e t a l  i d e n t i f i c a t i o n  - -  a b i l i t y  t o  de te rmine  o f f - t y p e  p l a n t s ;  Mechan ica l  
t h r e s h i n g ;  U n i f o r m  hand1 i n g  f o r  c o n d i  t i o n i n g  harves ted  c rops ;  H a r v e s t i n g  
and d r y i n g ;  P r i n c i p l e s  o f  seed s e p a r a t i o n ,  p h y s i c a l  c h a r a c t e r i s t i c s  u t i l i z e d  
i n  seed c l e a n i n g  and s i z i n g ;  Seed c l e a n i n g ,  s i z i n g ,  and s e p a r a t i o n  w i t h  
v ~ r i o u s  t ypes  of  machines;  Seed t r e a t m e n t  -- p r e c a u t i o n s  i n  t h e  use  o f  
f u n g i c i d e s  and i n s e c t i c i d e s  i n  t h e  t r e a t n i e n t  o f  seeds; Use o f  a  s l u r r y  seed 
t r e a t e r ;  Seed t rea t l i i en t  reconii i iendations; Seed conveyors;  B a g - c l o s i n g  
machines;  Mechanical  i n j u r y  t o  seeds - -  i t s  causes and e f f e c t s ;  Seed p r o -  
c e s s i n g  f a c i l i t y ;  P r a c t i c a l  s o l u t i o n s  t o  seed s t o r a g e  problems;  D r y i n g ,  
s t o r i n g ,  and packag ing  seeds t o  m a i n t a i n  g e r m i n a t i o n  and v i g o r ;  Econon~ics 
o f  seed p r o d u c t i o n ,  p rocess ing ,  and d i s t r i b u t i o n ;  P u b l i c  r e l a t i o n s ;  Sa les -  
inanship, pub1 i c i  t y ;  S e l f  r e g u l a t i o n  i n  bus iness ;  E s t a b l  i s h i n g  arrangements 
f o r  h e l p i n g  t o  f i n a n c e  seed e n t e r p r i s e s .  

The f u n c t i o n s  o f  such a  Founda t ion  Seed S tock  Agency a r e  coun t ryw ide .  It i s  i m p o r t a n t  
t h a t  t h e r e  be c l o s e  l i a i s o n  between t h e  c e n t r a l  o f f i c e  and f i e l d  s t a f f ;  d i r e c t  f i e l d  c o n t a c t  
t h r o u g h  v i s i t s  f rom t h e  c e n t r a l  o f f i c e  w i l l  h e l p .  

The o p e r a t i o n  o f  p e r i o d i c  i n s e r v i c e  t r a i n i n g  f u n c t i o n s  and se~ i i i na rs  w i l l  h e l p  keep o l d e r  
s t a f f  members up- to -da te .  

The p r o v i s i o n  o f  adequate m o b i l i t y  and e f f e c t i v e  f i e l d  s u p p o r t  i s  a  must i f  t h e  j o b  i s  t o  
be e f f e c t i v e l y  accompl i shed .  

Even though a  Founda t ion  Seed Stocks Agency i s  e s t a b l i s h e d  i n i t i a l l y  t o  h e l p  g e t  a  seed 
program moving, t h e  p r o d u c t i o n  o f  f o u n d a t i o n  seed b y  o t h e r  agenc ies ,  b o t h  p u b l i c  and p r i v a t e ,  
s h o u l d  be encouraged and a s s i s t e d .  P r i v a t e  companies t h a t  even tua l  l y  under take  t h e i r  own 
r e s e a r c h  w i l l  wan t  t o  manage t h e  p r o d u c t i o n  o f  t h e i r  own f o u n d a t i o n  seed. The burden o f  
p r o d u c i n g  f o u n d a t i o n  seed m i g h t  become g r e a t  enough t h a t  t h e  o p e r a t i o n  of  f o u n d a t i o n  seed u n i t s  
i n  v a r i o u s  d i s t r i c t s ,  p r o v i n c e s ,  s t a t e s ,  e t c . ,  may be d e s i r a b l e .  No one agency s h o u l d  have a  
monopoly on t h e  p r o d u c t i o n  o f  f o u n d a t i o n  seed f o r  t h e  l o n g - t e r m  good o f  t h e  seed i n d u s t r y .  

A t  t i m e s ,  l o c a l  p r o d u c t i o n  o f  seed may exceed l o c a l  demand, o r  t h e r e  may be a  c r o p  
f a i l u r e  because o f  wea ther  c o n d i t i o n s ,  e t c .  i n  one p o r t i o n  o f  t h e  c o u n t r y .  A  c l e a r i n g  house 
t o  he1 p  g e t  seed moved f r o m  a  s u r p l u s  t o  a  s h o r t a g e  a rea  wou ld  be v e r y  h e l p f u l .  Seed s h o u l d  
n o t  be s u b j e c t  t o  t h e  same r e g u l a t i o n s  as g r a i n  i f  such r e g u l a t i o n s  e x i s t .  

The p r o v i s i o n  o f  a marke t  development  c o n s u l t i n g  s e r v i c e  Inlay be u s e f u l  i n  h e l p i n g  growers 
o r g a n i z e  independent  p r o d u c t i o n  - m a r k e t i n g  o r g a n i z a t i o n s .  

C l e a r l y ,  many s e r v i c e s  a r e  r e q u i r e d  w h i c h  c o u l d  be i n i t i a t e d  by a  Founda t ion  Seed Stocks 
Agency i n  t h e  i n t e r e s t  o f  g e t t i n g  a  good seed p r o d u c t i o n  program go ing .  Many o f  these  
sugges ted  f u n c t i o n s  c o u l d  e v e n t u a l l y  be assumed by o t h e r  agenc ies  o r  coiilpanies (such  as l a n d  
development)  and t h i s  p rocess  c o u l d  be encouraged. 



APPENDIX 2 

SORGHUM DESCRIPTORS 

An e f f o r t  has been niade by sorghum s c i e n t i s t s  w o r k i n g  w i t h  t h e  I n t e r n a t i o n a l  Board f o r  P l a n t  
G e n e t i c  Resources (IBPGR) t o  i d e n t i f y  d e s c r i p t i v e  and economic t r a i t s  u s e f u l  t o  d e s c r i b e  
e n t r i e s  i n  t h e  w o r l d  c o l l e c t i o n .  The f o l l o w i n g  1  i s t  has been o rgan ized ;  i n  Illany ins tances ,  t he  
i n f o r m a t i o n  i s  a l s o  use fu l  t o  a  b r e e d e r  t a k i n g  n o t e s  i n  h i s  n u r s e r y  o r  y i e l d  t r i a l s .  

1. Accession Identifier 

1.1. I S  number 

1.2. O t h e r  number 

Every  a c c e s s i o n  i n  t h e  sorghum gerniplasrn bank 
w i l l  be i d e n t i f i e d  by i t s  I S  number ( I S  = 
I n t e r n a t i o n a l  Sorghum) 

: T h i s  i s  t h e  nuniber ass igned  by o t h e r  i n s t i t u t e s  
o f  d i f f e r e n t  c o u n t r i e s ,  v i z . ,  P I  number, MN 
number, E  number, EC nuniber,etc. 

1.3. Source o f  s u p p l y  : The name o f  t h e  donor i n s t i t u t e  and c o u n t r y  
f rom wh ich  t h e  m a t e r i a l  was s u p p l i e d .  

1.4.  Type o f  a c c e s s i o n  : Ao = A u t h e n t i c  ind igenous  c o l l e c t i o n  - 
u n s e l e c t e d  l a n d r a c e  ( o r i g i n a l  seed) 

An = A u t h e n t i c  ind igenous  c o l l e c t i o n  - 
unse l  e c t e d  1  andrace (seed i n c r e a s e d  
" n o  t i rnes )  

EL = Exper imenta l  a c c e s s i o n  
( s e l e c t e d  l a n d r a c e )  

EB = Exper imenta l  a c c e s s i o n  
( B r e e d e r ' s  1  i n e )  

UN = Unknown 

1.5. Loca l  name/Pedi g ree  

1.6. Name(s)of  t h e  bank 

2. Field Collection Data 

2.1. C o l l e c t i o n  number 

2 . 2 .  Date o f  c o l l e c t i o n  

2.3. Coun t ry  

2.4. P r o v i n c e  

: I f  Ao o r  An, l o c a l  name 
EL o r  EB, Ped ig ree  

: Name(s)of  t h e  gerrnplasm 
Bankjs)  where t h e  access ion  i s  s t o r e d  

: T h r e e - l e t t e r  a b b r e v i a t i o n  o f  t h e  c o l l e c t o r ' s  
narrle f o l l o w e d  by a  number up t o  f i v e  d i g i t s .  
Example: KEP 00332 

: The d a t e  on  w h i c h  a  p a r t i c u l a r  a c c e s s i o n  was 
c o l l e c t e d ,  expressed n u m e r i c a l l y  as month and 
y e a r  i n  f o u r  d i g i t s .  
Exarnple: J u l y  1977 = 0777 

: An a b b r e v i a t i o n  f o r  t h e  c o u n t r y  o f  o r i g i n ,  u s i n g  
U n i t e d  N a t i o n s  a b b r e v i a t i o n s .  

: Name o f  t h e  t e r r i t o r i a l  s u b d i v i s i o n  o f  t h e  
c o u n t r y .  
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2.5. Prec ise  l o c a l i t y  

2.6. L a t i t u d e  

2.7. Longi tude 

2.8. A l t i t u d e  

2.9. C l i m a t i c  code 
( T r o l l ' s  c l i m a t i c  
c l a s s i f i c a t i o n )  

2.10. C l ima t i c  code 
( R a i n f a l l )  

2.11. C l ima t i c  code 
( R a i n f a l l  d i s t r i b u t i o n )  

2.12. C l ima t i c  code 
( R a i n f a l l  assured o r  
e r r a t i c )  

2.13. C u l t u r a l  p r a c t i c e  

D i r e c t i o n  and number o f  k i l ome te rs  f rom t h e  
v i l l a g e  o r  s p e c i f i c  known area on the  road map 
Example: 25N Babat i  

La t i t ude  i n  degrees ( 2  d i g i t s )  and minutes 
( 2  d i g i t s )  w i t h  s u f f i x  N o r  S. 

Longitude i n  degrees ( 3  d i g i t s )  and minutes 
(2 d i g i t s )  w i t h  s u f f i x  E  o r  W .  

E l eva t i on  above sea l e v e l  expressed i n  meters, 
up t o  four d i g i t s .  

T r o l l  c l a s s i f i e d  the  t r o p i c a l  c l imates  on t h e  
bas is  o f  broad r a i n f a l l  groups i n  r e l a t i o n  t o  
p o t e n t i a l  evapot ransp i ra t ion .  

V1 = T rop i ca l  r a i n y  c l imates  w i t h  r a i n y  season 
o f  12 t o  9!i humid months, w i t h  sho r t  
i n t e r r u p t i o n s .  Evergreen t r o p i c a l  r a i n -  
f o r e s t s  and ha1 f -dec i  duous t r a n s i t i o n  
wood. 

V2 = T rop i ca l  humid-summer c l ima tes  w i t h  94 t o  
7 humid months; ra ingreen f o r e s t s  and 
humid grass-savannah. 

V2a= T rop i ca l  winter-humid c l imates  w i t h  9% t o  
7 humid months; h a l f  deciduous t r a n s i t i o n  
wood. 

V3 = Wet-dry t r o p i c a l  c l ima tes  w i t h  7 t o  4$ 
humid months; ra ingreen dry  wood and dry  
savannah. 

V4 = T rop i ca l  d r y  c l imates  w i t h  44 t o  2 humid 
months : T rop i ca l  thorn-succu lent  wood and 
savannah. 

V4a= T rop i ca l  d ry  c l imates  w i t h  humid months i n  
w in te r .  

V5 = T rop i ca l  semi-desert and dese r t  c l imates  
w i t h  l e s s  than 2  humid months: T rop i ca l  
semi -deser t  and deserts.  

( A  humid month i s  def ined as a  month w i t h  mean 
r a i  n f a l  1  exceeding p o t e n t i a l  evapotransp- 
i r a t i o n )  

1  = Less than 450 mn 
2  = 450-650 mm 
3 = 650-900 ~IIT 
4 = Above 900 mm 

1 = Un i fo rm 
2 = Unirnodal 
3 = Bimodal 

A = Assured 
E = E r r a t i c  

0  = Dry l and  
I = I r r i g a t e d  
F = Flooded 
T  = Transplanted 
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2.14 Sample source 

2.15. Ethn ic  group 

3. Taxonomic and Morphological Evaluation Data 

3.3. Sha t te r i ng  

F = F i e l d  c o l l e c t i o n  
S = Farmer's seed sample 
M = Market sample 

: Name of t r i b e  o r  e thn i c  group l i v i n g  i n  t he  
area where a p a r t i c u l a r  germplasm accession 
was co l l ec ted ,  i f  app l icab le .  

3.1. C l a s s i f i c a t i o n  

3.2. Group name 

: B = B i c o l o r  
G = Guinea 
C = Caudatum 
K = K a f i r  
D = Durra 

GB = Guinea B i c o l o r  
CB = Caudatum B i c o l o r  
KB = K a f i r  B i c o l o r  
DB = Durra B i c o l o r  
GC = Guinea Caudatum 
GK = Guinea K a f i r  
GD = Guinea Durra 
KC = K a f i r  Caudatum 
DC = Durra Caudatum 
KD = K a f i r  Durra 
AR = Arundinaceum 
V G  = Virgatuni 
VE = V e r t i c i l l i f l o r u m  
AE = Aethiopicuni 
PQ = Propinquum 
SH = Shattercane 
TW = T e t r a p l o i d  Wi ld 
AN = Anomalous 

: Rx = Roxburghi i  
Sh = Sha l l u  
Ka = Kaol iang 
Br  = Broomcorn 
F t  = F e t e r i t a  
Ng = N igr icans 
Do = Dobbs 
Kr = Kaura 
Zr  = Zera-Zera 
Nd = Nandyal 
Md = Maldandi 
M1 = M i l o  
Sg = Sudangrass 
Mb = Membranaceum 
K f  = K a f i r  
Hg = Hegari 
Dr = Ourra 
Wn = Wani 
Ca = Cane 
Gg = Grain grass 
Pg = Patcha jonna (Yel low pe r i ca rp  jowars) 
F r  = Fara-Fara 

( I t  i s  recognized t h a t  t h i s  l i s t  i s  incomplete 
and can be augmented from time t o  t ime)  

: CS = Completely sha t te r i ng  
MS = Moderately s h a t t e r i n g  
NS = Non-shatter ing 
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3.4. P l a n t  c o l o r  

3.5. S t a l k  j u i c i n e s s  

3.6. S t a l k  sweetness 

3.7. M i d r i b  c o l o r  

3.8. Ear  compactness and shape : 
( F i g  7 . 1 )  

3.9. G l u m e c o l o r  

3.10. Kerne l  c o v e r i n g  
( F i g  7.2) 

3.11. Awning ( a t  m a t u r i t y )  

3.12. Kerne l  c o l o r  

3.13. Weight  o f  100 k e r n e l s  

3.14. Endosperm t e x t u r e  
( F i g  7 . 3 )  

3.15. Endosperm c o l o r  

3.16. Kernel  l u s t e r  

3.17. Presence o f  subcoat  

P = Pigmented 
T = Tan 

J = J u i c y  
D = Dry 

S = Sweet 
I = I n s i p i d  

C = C o l o r l e s s  ( w h i t e )  
D = D u l l  green 
Y = Ye l low 
B = Brown 

1 = Very l a x  p a n i c l e  t y p i c a l  o f  w i l d  sorghums 
2E = Very l o o s e  e r e c t  p r i m a r y  branches 
20 = Very l o o s e  d r o o p i n g  p r i m a r y  branches 
3E = Loose e r e c t  p r i m a r y  branches 
30 = Loose d r o o p i n g  p r i m a r y  branches 
4E = Semi- loose e r e c t  p r i m a r y  branches 
4D = Semi- loose d r o o p i n g  p r i m a r y  branches 
5 = Semi-compact e l l i p t i c  
6 = Compact e l l i p t i c  
7 = Compact o v a l  
8 = H a l f  broomcorn 
9 = Broomcorn 

W = W h i t e  
S = Sienna (ye1 l o w )  
M = Mahogany (brown) 
R = Red 
P = P u r p l e  
B = B l a c k  
G = Grey 

1 = G r a i n  uncovered 
2 = 1/4 G r a i n  covered  
3 = 1/2 G r a i n  covered  
4 = 3/4 G r a i n  covered  
5 = G r a i n  f u l l y  covered  

A = Awned 
L = Awnless 

1 = W h i t e  
2 = Ye l low 
3 = Red 
4 = Brown 
5 = B u f f  
Weight  o f  100 k e r n e l s  i n  grams a t  m o i s t u r e  
c o n t e n t  equal  t o  o r  l e s s  t h a n  12% 

1 = Comple te ly  corneous 
2 = A lmos t  corneous 
3 = P a r t l y  corneous 
4 = A lmos t  s t a r c h y  
5 = Comple te ly  s t a r c h y  

W = Wh i te  
Y = Y e l l o w  

L = L u s t e r  
N = N o n - l u s t r o u s  

P = Presen t  
A = Absent  



3.18. Kerne l  f o r m  
(Plumpness, F i g .  7.4)  

3.19. Seed f o r m  
(Tw inn ing ,  F i g .  7.5)  

4. Agronomic Evaluation Data 

4.1. P l a c e  o f  e v a l u a t i o n  

4.2. Date o f  p l a n t i n g  

4.3. E a r l y  s e e d l i n g  v i g o r  

4.4. P l a n t  h e i g h t  
( F i g  7 . 6 )  

4.5. Days t o  50% f l o w e r i n g  

4.6. P h o t o s e n s i t i v i t y  

4.7. Mean nurnber o f  e f f e c t i v e  
t i l l e r s  

4.8.  Synchrony o f  f l o w e r i n g  
(Main stern and t i l l e r s  
f l o w e r  a t  t h e  same t i m e )  

4.9. Peduncle e x s e r t i o n  and 
r e c u r v i  ng 

( F i g  7 . 7 )  

4.10. Head l e n g t h  

4.11. Head w i d t h  

: D = D i m p l e  
P  = Plump 

: T  = Twin 
S  = S i n g l e  

: P l a c e  o f  t h e  Research I n s t i t u t e  a b b r e v i a t e d  

: Day n o n t h  y e a r  ( 2  d i g i t s  each)  

: Recorded a t  15 days a f t e r  emergence 

1 = Very good 
2 = Good 
3  = Average 
4 = Below average 
5  = Poor 

: Measure t h e  average h e i g h t  o f  t h e  row i n  cnl 
f rom base t o  t h e  t i p  o f  t h e  e a r  b e f o r e  h a r v e s t  
and a f t e r  50L f l o w e r i n g .  

: Number o f  days f r o m  mean emergence d a t e  o f  t h e  
f i e l d  t o  t h e  d a t e  when 502 o f  t h e  p l a n t s  i n  t h e  
p l o t  s t a r t e d  f l o w e r i n g .  

I = I n s e n s i t i v e  
M  = Medium s e n s i t i v e  
S  = H i g h l y  s e n s i t i v e  

(Recorded l a t e r  on t h e  b a s i s  o f  khi1raij'/7rzl i 
r a t i o s  o f  p l a n t  h e i g h t  and days t o  50' 
f l o w e r i n g .  Y i ~ z r ~ i J  i s  t h e  surrlrner season, t h e  
season w i t h  l o n g e r  day l e n g t h s ;  r + ~ b i  i s  t h e  
w i n t e r  season, t h e  season o f  s h o r t e r  day 
l e n g t h s .  ) 

: Average number o f  head ing  stems fro111 10 
r e p r e s e n t a t i v e  p l a n t s  (Main sten1 c o n s i d e r e d  as 
t i l l e r  1). 

: S = Synchronous 
N = Non-synchronous 

: 1 = Wel l  e x s e r t e d  n n r e  t h a n  10 cm between 
l i g u l e  o f  t h e  f l a g  l e a f  and e a r  base 

2 = E x s e r t i o n  2 cm t o  10 cm between l i g u l e  
o f  f l a g  l e a f  and e a r  base 

3 = Less than  2 cm,but l i g u l e  d e f i n i t e l y  be low 
t h e  p a n i c l e  base 

4  = Peduncle recurved,but  p a n i c l e  i s  be low t h e  
1  i g u l e  and c l e a r l y  exposed,spl i t t i n g  t,he 
l e a f  sheath 

5 = Ear  covered  by t h e  l e a f  s h e a t h  

: Leng th  f r o m  t h e  base o f  t h e  e a r  t o  t h e  t i p  i n  
c e n t i m e t e r s  

: Wid th  i n  n a t u r a l  p o s i t i o n  a t  t h e  w i d e s t  p a r t  
o f  t h e  e a r  i n  c e n t i m e t e r s  
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Fig.  7 .1  Ear Compactness and Shape. 

GRAIN 3/4 GRAIN 1/2 GRAIN 114 GRAIN GRAIN 
FULLY COVERED COVERED COVERED COVERED UNCOVERED 

Fig. 7.2 Glume Covering. 



Fig. 7.3. Endosperm texture 

D I M P L E  PLUMP 

Fig.  7.4. Kernel fonn 

TWIN SEEDS 

Fig. 7.5. Seed Form 



Fig. 7.3 Plant Height. 

Peduncle Exsertion and Recurving. 
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4.12. Threshabil  i t y  

4.13.  Kernel hardness 

4.14. Lodging 

4.15. Weathering a b i l i t y  

4.16 Overall  p l a n t  aspect  

1 = Freely th re shab le  
0-101 unthreshed kernel 

2 = P a r t l y  t h re shab le  
10-50% unthreshed kernel 

3 = D i f f i c u l t  t o  thresh  
More than 50% unthreshed kernel 

: Weight i n  k i log ra~r~s  required  t o  crack the  g ra in  

: 1 = 10% of t he  p l an t s  lodged 
2 = 10-254 of the  p lants  lodged 
3 = 25-50?> of t ke  p lants  lodged 
4 = 50-75% of t he  p l an t s  lodged 
5 = 75-100% of t h e  p lants  lodged 

: 1 = Very good 
2 = Good 
3 = Average 
4 = Below average 
5 = Poor 

: 1 = Very good 
2 = Good 
3 = Average 
4 = Below average 
5 = Poor 

5 .  Pest  Resistance Evaluation Data 

Score recorded under t h i s  w i l l  be suff ixed by N o r  A to  i nd i ca t e  N = Natural i n f e s t a t i o n ,  
A = A r t i f i c i a l  i n f e s t a t i o n .  

Shoot or stem f l y :  

5. 1 n t i i c i ? : ; ~ r ! ~ ~  s~i,i.rltrc (Rondani ) 

5.1 . l .  Deadhearts a t  28 days 1 = None 
2 = 1-10% 
3 = l l - 25% 
4 = 26-40% 
5 = More than 417: 

Stem borers: 

5.2 .  Chi lo  p1,tr::Llu::  (Swinhoe) 

5.2.1.  Damage a t  5 weeks 

5 .2 .2 .  Deadhearts a t  7 weeks 

: 1 = No l ea f  damage 
2 = 1-109 of p l an t s  with one o r  nore leaves 

damaged 
3 = 1 1 - 2 5 h f  p l an t s  with one o r  more leaves 

darmged 
4 = 26-402 of p l an t s  with one o r  nore leaves 

damaged 
5 = More than 41," of p l an t s  with one o r  more 

1 eaves damaged 

1 = None 
2 = 1-10% 
3 = 11-25% 
4 = 26-40% 
5 = More than 41% 
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5.2 .3 .  T u n n e l l i n g  a t  h a r v e s t  

5.3. Hu::sr,oltr Jz~scn ( F u ~  1 e r )  

5.3.1. Damage a t  5 weeks 

5.3 .2 .  Deadhearts  a t  7 weeks 

5 .3 .3 .  T u n n e l l i n g  a t  h a r v e s t  

5 .4 .  .~cs~uni~z or,r: tica (Led.  ) 

5 .4.1.  Damage a t  5 weeks 

5 .4 .2 .  Deadhearts  a t  7 weeks 

5 .4 .3 .  Tunnel1 i n g  a t  h a r v e s t  

: 1 = None 
2 = Conf ined  t o  1 node 
3 = One node c r o s s e d  
4 = Two o r  t h r e e  nodes c r o s s e d  
5 = Four o r  mare nodes c r o s s e d  

: 1 = No l e a f  damage 
2 = 1-10% o f  p l a n t s  w i t h  one o r  more l e a v e s  

damaged 
3 = 11-25?, o f  p l a n t s  w i t h  one o r  nlore l e a v e s  

damaged 
4 = 2 6 - 4 0 h f  p l a n t s  w i t h  one o r  more l e a v e s  

damaged 
5 = More t h a n  41% o f  p l a n t s  w i t h  one o r  more 

1 eaves damaged 

: 1 = None 
2 = 1-10% 
3 = 11-25% 
4 = 26-40% 
5 = More t h a n  41% 

1 = None 
2 = Conf irred t o  1 riode 
3 = One node c r o s s e d  
4 = Two o r  t h r e e  nodes c r o s s e d  
5 = Four  o r  more nodes c r o s s e d  

: 1 = No l e a f  damage 
2 = 1-10% o f  p l a n t s  w i t h  one o r  more l e a v e s  

damaged 
3 = 11-25% o f  p l a n t s  w i t h  one o r  mare l e a v e s  

damaged 
4 = 26-40% o f  p l a n t s  w i t h  one o r  more l e a v e s  

damaged 
5 = More t h a n  41% o f  p l a n t s  w i t h  one o r  rnore 

1 eaves damaged 

: 1 = None 
2 = 1-102 
3 = 11-25% 
4 = 26-40% 
5 = More t h a n  41% 

: 1 = None 
2 = Conf ined  t o  1 node 
3 = One node c r o s s e d  
4 = Two o r  t h r e e  nodes c r o s s e d  
5 = Four o r  more nodes c r o s s e d  

5.  5. iqint~.rri,(7 sni-i-hnrc~i is ( F a b r i c i u s )  

5 .5 .1 .  Damage a t  5 weeks : 1 = No l e a f  damage 
2 = 1-10% o f  p l a n t s  w i t h  one o r  more l e a v e s  

damaged 
3 = 11-25% o f  p l a n t s  w i t h  one o r  more l e a v e s  

damaged 
4 = 26-40% o f  p l a n t s  w i t h  one o r  more l e a v e s  

damaged 
5 = More t h a n  41% o f  p l a n t s  w i t h  one o r  more 

l e a v e s  damaged 
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5.5.2. D e a d h e a r t s a t  7 weeks 

5.5.3. T u n n e l l i n g  a t  h a r v e s t  

5.6. O t h e r  stem b o r e r s  

Head feeders: 

5. 7 .  Midge, Co~~tcrr i ) ; i i~ :;orvqhi(:ola : 
(Coqui 11 e r  ) 

5.8. Earhead buy, i:i;Ioci~~i:: 
angustntus ( L e t h .  ) 

5.9. Amer ican b o l  l w o r l ~ i ,  I / (  I i c l h i ~  : 
urmigi7ril (Hu b n e r )  

5.10. Corn earwonn, i /c, l iof  his  ;:CO : 
( B o d d i e )  

5.11. O t h e r  head f e e d e r s  

Leaf feeders (insects); 

5. 12. Nu tg rass  army worrrl, q~oih[~tor-tz : 
rjxernpta (Wa lker )  

5.13. Fa1 1 army worm, ~ & X J L ! U [ I ~ L ~ ~ I  : 
f ~ u ~ i p c r t i r  ( J  . E . Smi t h )  

5. 14. Army worln, M!j thirriricz sc3p~zr~nCcz : 
(Wal k e r )  

5. 15.  Greenbug, Scllizuphin ifr~~~mirlwri : 
(Rondani ) 

5.16. Corn l e a f  a p h i d ,  Rhorln/,osiph~un : 
moiciia ( F i  t c h )  

1 = None 
2 = 1-10% 
3 = 11-25% 
4 = 26-40% 
5 = More than  412 

1 = None 
2 = Confir led t o  1 node 
3 = One node c r o s s e d  
4 = Two o r  t h r e e  nodes c r o s s e d  
5 = Four o r  Inore nodes c r o s s e d  

Score 1-5 

1 = No damaged g r a i n  
2 = 1-1O'Z damaged g r a i n  
3 = 11-25% damaged g r a i n  
4 = 26-401 damaged g r a i n  
5 = More t h a n  412 daliiaged g r a i n  

1 = No s h r i v e l l e d  g r a i n  
2 = 1-10% s h r i v e l l e d  g r a i n  
3 = 11-251 s h r i v e l l e d  g r a i n  
4 = 26-40% s h r i v e l l e d  g r a i n  
5 = More t h a c  41% s h r i v e l l e d  g r a i n  

Score 1-5 

1 = NO l e a f  damage 
2 = 1-10% p l a n t s  w i t h  one o r  more leaves  

damaged 
3 = 11-25' p l a n t s  w i t h  one o r  more leaves  

damaged 
4 = 26-40% p l a n t s  w i t h  one o r  more leaves  

darnaged 
5 = More t h a n  41% p l a n t s  w i t h  one o r  more 

1 eaves damaged 

Score 1-5 

5.17.  Sugarcane aph id ,  i i p l l i s  
::c*cctu~ri ( Z e h n t e r )  
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5.18. Chinch bug NIissus  : Score 1-5 
l i ,uc . ,~ i l t c  rPus (Say)  

5.19. Whi te g rubs  
I, 

l lo /  ii,c!:.~ i a r ' i ) ~  i f f 1  ( Burmei s t e r  ) 
:;(-hi87cj7t!icivz ( ~ ~ 1 1 .  ) 
i/oint.ri,.!iirt c*ii)l~czit~g!rinciz (B lanch)  

5.20. Webworir~s 
I 

~'i. limici ::o~>~gii iel Lo ( R i  1  ey  ) 
.';t,i,nn(:lirr~ ic7 ~ ' l o ~ i ~ ; ~  I / ( I  ( Hanips . ) 
h'id! ic"ir'irl ( Sp. ) 

Leaf feeders (mites): : 1 = No damage 
2  = 1-10% p l a n t s  w i t h  one o r  more leaves  

damaged 
3 = 11-25"/,lants w i t h  one o r  more l e a v e s  

damaged 
4  = 26-40% p l a n t s  w i t h  one o r  more leaves  

damaged 
5  = More t h a n  4 lXp lan t .s  w i t h  one o r  more l e a v e s  

dal~iaged 

5 .21 .  0ligoruich~*s indin7ns ( H i r s t )  : Score 1-5 

5.22. O l  igo)?!ichus klrao t.erisis Banks : ( 4  

5.23. Other  l e a f - f e e d i n g  m i t e s  
,I 

16. Disease Resistance Evaluation Data 

6. 1  . Charcoal  r o t ,  h!ar.r1ij[ hurriiru : 
~ ~ C ~ S C O / ? Y I I I  ( T a s s i  ) Goid 

6. 2 .  Downy III~ 1 dew, Sc Lcroi;[1vr1ct 
s n r y F ;  (Kul  k )  Weston and Uppal 

6.3.  L e a f  b l  i g h t  , llc~rninthi1sporilm : 
turc.icw!l (Pass. ) 

6 . 4 .  Anthracnose,  rul7etot1~ichrun : 
!i-rmiriicoln ( L e s a t i  ) W i  1  son 

6.4.1. F o l i a g e  

6.4.2. Head 

6.5. Rough l e a f  spo t ,  Asi~oi.i~!jti~ : 
sorghinu (Saccardo)  

6.6. Grey l e a f  spot ,  C~,rcospora : 
sorghi. ( E l l  i s  and E v e r h a r t )  

6.7. Sooty s t r i p e ,  R , m l i ~ ) ~ o r n  
sorghi ( E l  1  i s  and E v e r h a r t )  
O l i v e  and L e f e b v r e  

6.8. Rust  , Puccinin purpurca 
(Cooke ) 

Score 1-5 

,I 

6.9. Zonate l e a f  spo t ,  
Gloeocercospora sorghi 
(Rarn and Edger ton)  



6.10.  B a c t e r i a l  s t r i p e ,  f':~i~i~ciornunas : 
cznciro[~ogo~~d( E. F .  Smi t h )  Stapp 

6.11.  B a c t e r i a l  l e a f  s p o t ,  
Pseudomoriao s y ~ i r i g u e  (Van Hal 1 ) 

6.12. Sugarcane mosaic and maize : 
d w a r f  rnosaic 

6.14.  G r a i n  rnolds, Phorno spp. 

6.15. E r g o t ,  Spiu:i:i,l i a  sor?yiii 
(McRae) 

6.16.  G r a i n  smut 
(covered  k e r n e l  slnu t), 
Sphtrcc lo 1 ilcctr eoryii i ( L i n k  ) 
C l i n t o n  

6.17. Long smut, T ~ l y ~ ) o . ~ ~ ~ i ) r i ~ ~ ~ i  
chrcnljt ryii (Kuhn) P a t o v i l  l a r d  

6.18.  tlead smut, :_;piuicr / o t h c ~ . ~ i  
reil,kznu (Kuhn) C l i n t o n  

6.19. Loose k e r n e l  smut, 
.Sl>l~zce%oth~?oc~ i:.rur.>ztn 
(Kuhn) P o t t e r  

6.20.  O t h e r  d iseases  

Others 

7.1.  Sl r iya  t:.;iutirvc ( L i r i n . )  Kuntze : 
r e s i s t a n c e  

7.2.  Stri[gcl her~rriorlthicir (Bent  h .  ) : 
r e s i s t a n c e  

7 . 3 .  R e a c t i o n  t o  d r o u g h t  

7.4. R e a c t i o n  t o  s a l i n i t y  

7.5. Co ld  t o l e r a n c e  ( s e e d l i n g )  : 

7 . 6 .  Cold  t o l e r a n c e  ( r e p r o d u c t i v e )  : 

7.7. Non-senescence 

Score 1-5 

, 

1 = No darnage 
2 = 1-10% p l a n t s  damaged 
3 = 11-252 p l a n t s  dalmged 
4 = 26-40"; p l a n t s  damaged 
5 = More than  41% p l a n t s  damaged 

Score 1-5 

Green leaves  a t  g r a i n  m a t u r i t y -  

1 = A l l  l eaves  green 
2 = Few lower  leaves  dead 
3  = About h a l f  o f  l eaves  dead 
4 = More than  h a l f  o f  l eaves  dead 
5 = A l l  l eaves  dead 



7.8. R e s t o r a t i o n  response 
(mi l o  sources)  

7 . 9 .  M a l e - s t e r i l e  
(Cy top lasm systems) 

7.10. Low pH conlplex 

7.11. G r a i n  q u a l i t y  

: R = R e s t o r e r  
? = P a r t i a l  r e s t o r e r  
B = N o n - r e s t o r e r  

1 = M i l o  
2 = Texas 
3 = Maldandi  

: N = R e s i s t a n t  
Y = S u s c e p t i b l e  

: N = N o r m l  
W = Waxy 
S = Sugary 
P = H i g h  p r o t e i n  
L = H igh  l y s i n e  
T = H i g h  t a n n i n  



GLOSSARY 

A - l i n e  
c y t o p l a s m i c  m a l e - s t e r i  l e  seed p a r e n t  used i n  making comniercial h y b r i d s .  

a c c e s s i o n  
( i )  c u l t i v a r  r e g i s t e r e d  a t  a  g e n e t i c  r e s o u r c e s  c e n t e r ;  
( i i )  any e n t r y  newly r e c e i v e d  i n  a  c r o p  improvement program. 

a c c e s s i o n s  c o l l e c t i o n  
a  c o l l e c t i o r i  i n  wh ich  seed o f  e v e r y  e n t r y  i s  saved. T h i s  reduce? t h e  chance t h a t  g e n e t i c  
l o s s  w i l l  o c c u r  t h r o u g h  e l i m i n a t i o n  o f  a p p a r e n t  " d u l j l i c a t e s "  and t h c  l i iask ing o f  u s e f u l  
t r a i t s  by  b u l k i n g .  

a c t i v e  i n g r e d i e n t  ( a .  i . )  
t h e  a c t i v e  componerit o f  a  f o r m u l a t e d  p r o d u c t  such as a  f u n g i c i d e .  Fo r  example, R i d o ~ i r i l  
25 WP c o n t a i n s  2 5 n f  t h e  a c t i v e  coniponer~t a c y l a l e n i r l e  arid 752 i n e r t  m a t e r i a l .  Thus R ido l i l i l  
has 25% a .  i. 

a d d i t i v e  genes 
genes t h a t  do n o t  show dominance o v e r  genes a t  o t h e r  l o c i  b u t  have an a c c u ~ r l u l a t i v e  e f f e ~ t .  

a d d i t i v e  v a r i a n c e  
t h a t  componerit o f  g e n e t i c  v a r i a n c e  due t o  a d d i t i v e  e f f e c t s  o f  t h e  genes. 

a d v e n t i t i o u s  
a r i s i n g  f rom a  p o s i t i o n  on a  s tem o r  a t  t h e  crown o f  a  c e r e a l  p l a n t ;  o f t c r ~  uscd i n  r e l a t i o n  
t o  r o o t s .  

a f l a t o x i n  
t o x i c  l r ~ e t a b o l  i t e s  p roduced  by members o f  t h e  /I:;/ cr>!li 1 %UL: j ' ! ; : o~ i : ;  - ~ ~ r ~ ~ , : : a i ~  group t h a t  a r e  
c a r c i n o g e n i c  t o  v a r i o u s  d o ~ n e s t i c  arid l a b o r a t o r y  an ima ls ,  i n c l u d i n g  p r i ~ i ~ a t e s .  Chemica l l y ,  
they  a r e  d i  fu ranocoumar i  n  compounds. 

a1 l e l e  
one o f  a  p a i r  o r  s e r i e s  o f  a l t e r n a t i v e  genes t h a t  tilay o c c u r  a t  a  g i v e n  l o c u s  or1 a  chromosome. 

a1 leyway  
uncropped a rea  t h a t  d i v i d e s  two o r  more b l o c k s  o f  c ropped  a reaz  o r  p l ~ t i  i n  a  f i e l d .  
N o r m a l l y  used as t u r n i n y  space f o r  far111 l i iach inery and pathway f o r  t a k i n g  o b s e r v a t i o n s  

a l l o p o l y p l o i d  
p o l y p l o i d  h a v i n g  two  s e p a r a t e  genomes combined i r i  t h e  same n u c l e u s .  

a1 t e r n a t e  h o s t  
( i )  e i t h e r  o f  two h o s t s  o f  pathogens t h a t  must c a r r y  o u t  d i f f e r e n t  p a r t s  o f  t h e i r  l i f e  
c y c l e s  on d i f f e r e n t  h o s t  spec ies ;  
( i i )  one o f  two spec ies  o f  p l a n t s  r e q u i r e d  as a  h o s t  by a  h e t e r o e c i o u s  r u s t  fungus f o r  
c o m p l e t i o n  o f  i t s  development  c y c l e .  

a l t e r n a t i v e  h o s t  
( i )  one o f  s e v e r a l  h o s t  spec ies  capab le  o f  b e i n g  d i seased  by t h e  same phase i n  t h e  l i f e  
c y c l e  o f  one pathogen;  
( i i )  p l a n t  o t h e r  t h a n  t h e  main h o s t  t h a t  i s  f e d  upon by a  p a r a s i t e ;  n o t  r e q u i r e d  f o r  t h e  
c o l n p l e t i o n  o f  t h e  development  c y c l e  o f  a  p a r a s i t e .  

anaphase 
s t a g e  o f  c e l l  d i v i s i o n  d u r i n g  wh ich  ch romat ids  o f  chromosomes s e p a r a t e  and move t o  o p p o s i t e  
p o l e s  o f  t h e  c e l l .  

a n e u p l o i d  
t y p e  o f  p o l y p l o i d y  i n  w h i c h  one o r  more chromosomes a r e  m i s s i n g  f rom, o r  d u p l i c a t e d  i n ,  t h e  
n u c l e u s  (e.g.,  2n-2, 2 n + l ,  e t c . ) .  



a n t h e r  
male p a r t  o f  t h e  f l o w e r  i n  wh ich  p o l l e n  i s  produced. 

a u t o p o l y p l o i d  
a  p o l y p l o i d  i n  wh ich  a  s i n g l e  genome i s  r e p l i c a t e d  a  number o f  t i m e s .  

B - l i n e  
( i )  f e r t i l e  c o u n t e r p a r t  o f  t h e  A - l i n e .  The B - l i n e  does n o t  have f e r t i l i t y - r e s t o r i n g  genes 
and i s  used as t h e  male p a r e n t  t o  m a i n t a i n  t h e  A - l i n e ,  i . e . ,  A - l i n e  x  B - l i n e  reproduces t h e  
A - l i n e .  The B - l i n e  i s  n o r m a l l y  f e r t i l e  and can be reproduced by s e l f - p o l l i n a t i o n ;  
( i i )  m a i n t a i n e r  o f  t h e  A - l i n e .  

backcross 
c ross  between a  h y b r i d  and one o f  i t s  p a r e n t s .  

b a s i c  c o l l e c t i o n  
work ing  c o l l e c t i o n  o f  1  i n e s  ve ry  c a r e f u l l y  chosen and s t r a t i f i e d  by race ,  subracc ,  geo- 
g r a p h i c a l  d i s t r i b u t i o n ,  and e c o l o g i c a l  a d a p t a t i o n .  

b i o l o g i c a l  c o n t r o l  
e~l iployment o f  enelllies and d iseases o f  a  p e s t  f o r  purposes o f  m a i n t a i n i n g  adequate c o n t r o l .  
The a r t i f i c i a l  a p p l i c a t i o n  o f  b i o t i c  c o n t r o l .  

b i v a l e n t  
p a i r  o f  honiologous chro~lioso~nes t h a t  have j o i n e d  t o g e t h e r  d u r i n g  ~ l r e i o s i s  1  

b u l k  
t o  grow and m a i n t a i n  g e n e t i c a l l y  d i f f e r e n t  p l a n t s  i n  a  p o p u l a t i o n  w i t h o u t  s e p a r a t i n g  them 
i n t o  pure  l i n e s  o r  a p p l y i n g  s e l e c t i o n  e f f o r t s .  

i b u l  ks  c o l l e c t  i on  
assembly o f  s i m i l a r  n ~ a t e r i a l s  frorn a  c o l l e c t i o n  i n t o  one o r  more b u l k s .  S p e c i a l  b u l k s  m i g h t  
be c r e a t e d  o f  e n t r i e s  w i t h  some s p e c i a l  a t t r i b u t e ,  i .e . ,  r e s i s t a n c e  o r  q u a l i t y  t r a i t s .  
A c t u a l l y ,  e n t r i e s  i n  any one b u l k  s h o u l d  be s i m i l a r  i n  o r i g i n ,  h e i g h t ,  m a t u r i t y ,  and adap- 
t a t i o n .  

canopy 
cover  of l eaves  and branches formed by t o p s ,  o r  crowns, o f  p l a n t s .  

canopy d e n s i t y  
r e l a t i v e  completeness o f  t h e  canopy, u s u a l l y  expressed as a  decimal  c o e f f i c i e n t ,  t a k i n g  
c l o s e d  canopy as u n i t y .  The f o l l o w i n g  c l d ~ ~ i f i c d t i o n  o f  canopy d e n s i t y  i s  i n  vogue: 
" c l o s e d "  when t h e  d e n s i t y  i s  1 .0 ;  "dense" when t h e  d e n s i t y  i s  between 0.75 and 1.0;  " t h i n "  
when t h e  d e n s i t y  i s  between 0 .5  and 0.75; and "open" when the  d e n s i t y  i s  l e s s  than  0.5.  

cen t romere  
t h a t  p a r t  o f  a  chro~~rosome t o  wh ich  t h e  s p i n d l e  i s  a t tached .  Chromatids a r e  j o i n e d  a t  t h e  
centromere.  

c e r e a l s  
g r a i n  c rops  o f  t h e  farni l y  Cnrmirreue and food  g r a i n s  produced froin them. 

chiasma ( p l  , chiasmata)  
p o i n t  where ch romat ids  i n  a  b i v a l e n t  j o i n ,  and where s u b s t i t u t i o n  o f  segments occurs  d u r i n g  
c r o s s i n g  over .  

c h i - s q u a r e  
s t a t i s t i c a l  t e s t  t h a t  can be used t o  de te rmine  whether  an observed g e n o t y p i c  r a t i o  i s  
d i f f e r e n t  f rom t h e  r a t i o  t h a t  would be expected i f  a  g i v e n  g e n e t i c  system were o p e r a t i v e .  



c h l o r o s i s  
unseasonable y e l l o w i n g  o f  f o l i a g e ,  symptomat ic  o f  a  c h l o r o p h y l l  d e f i c i e n c y  i n  l e a f  t i s s u e s  
under  normal l i g h t  c o n d i t i o n s .  

c h r o m a t i d  
one o f  t h e  two i d e n t i c a l  u n i t s  formed when a  chromoso~l~e d u p l i c a t e s  d u r i n g  m e i o s i s  o r  m i t o s i s .  

ch  romosomcs 
s m a l l  s t r u c t u r e s  i n  t h e  n u c l e u s  o f  a  c e l l  t h a t  c a r r y  the  qenes. They appear  as t h r e a d -  o r  
rod-shaped s t r u c t u r e s  d u r i n g  metaptlase. Each spec ies  has a  c h a r a c t e r i s t i c  number o f  chromo- 
somes. 

c l e i s t o g a m y  
p o l l i n a t i o n  and f e r t i l i z a t i o n  i n  an unoperled f l o r e t .  

c l i m a t i c  ana loqs  
areas a l i k e  w i t h  r c s p e c t  t o  some of t h e  l l l a jo r  wea ther  c h a r a c t e r i s t ~ c s  a f f e c t i r l g  t h e  p r o -  
d u c t i o n  o f  c rops .  

c l i m a t i c  f a c t o r s  
r a d i a t i o n ,  1  i g h t ,  a i r  t empera tu re ,  p r e c i p i t a t i o n ,  e v a p o r a t i o n ,  h u ~ n i d i  t y ,  a tmospher i c  
p r e s s u r e ,  and w inds  t h a t  a f f e c t  the b i o s p h e r e .  

c l i m a x  
p l a n t  co~nrnunity o f  t h e  most advanced t y p e  capab le  o f  developl~ ier i t  urlder ~ l r e v a i l i n g  c l i m a t i c  
and s o i l  c o n d i t i o n s .  

c l o n e  
group o f  p l a n t s  d e r i v e d  by asexual  r e p r o d u c t i o n  fro111 a  s i n g l e  pa ren t  p l a n t .  Such p l d r l t s ,  
t h e r e f o r e ,  have t h e  same g e r i e t i c  c o n s t i t u t i o n .  

c l u s t e r  bagg ing  
a t  I C K I S A T ,  a  method o f  ~ n a i n t a i n i r ~ g  p e a r l  m i l l e t  gert l iplas~n by p l a n t i n g  i n  c l u s t e r s  and 
bagg ing  so  as  t o  f a c i l i t a t e  i n t c r m a t i n g .  

c o e f f i c i e n t  o f  v a r i a t i o n  o r  v a r i a b i l i t y  
s t a t i s t i c a l  term,  meaning s t a n d a r d  d e v i a t i o n  expressed as a  f r a c t i o n  o f  the  rnean o r  as a  
pe rcen tage .  

c o l l e c t i o n  
( i )  c o l l t c t e d  sample; 
( i i )  p rocess  o f  c o l l e c t i n g  gerrrrplasm. 

c o l l e c t i o n ,  p o p u l a t i o n  
p o p u l a t i o n s  e s t a b l i s h e d  as con~posi  t e  c rosses  i n  o r d e r  t o  rrlaximize r e c o n l l ~ i n a t i o n ;  these may 
o r  may n o t  i n c o r p o r a t e  m a l e - s t e r i  l e  l i n e s .  Such p o p u l a t i o n s  shou ld  n o t  o n l y  conserve 
germplasm, b u t  a l s o  e v o l v e  new base m a t e r i a l  f o r  f u t u r e  work .  

c o l l e c t i o n ,  w o r k i n g  
s i z e a b l e  c o l l e c t i o n  o f  e v a l u a t e d  access ions  t h a t  a r c  adequa te ly  s t o r e d ,  documented, and 
a v a i l a b l e  f o r  immediate use. 

c o l l e c t i o n ,  w o r l d  
comprehensive c o l l e c t i o n  o f  samples f rom d i f f e r e n t  geograph ic  areas o f  t h e  w o r l d ,  h e l d  i n  
s t o r a g e  f o r  p r e s e r v a t i o n  (see  access ions  c o l l e c t i o n ) .  

c o l l e c t o r  number 
number ass igned  t o  an access ion  by  t h e  c o l l e c t o r  a t  t h e  t ime  o f  c o l l e c t i n g .  

c o l o n i z a t i o n  ( p a t h o l o g y )  
i n v a s i o n  o f  h o s t  t i s s u e s  by a  pathogen f o l l o w i n g  t h e  s u c c e s s f u l  comp le t ion  o f  i n f e c t i o n .  

comb in ing  a b i l i t y  
per formance o f  an i n d i v i d u a l  p l a n t  i n  a  s e r i e s  o f  c rosses  (genera l  combin ing a b i l i t y )  o r  
t h e  d e v i a t i o n  f rom t h i s  i n  a  s p e c i f i c  c ross  ( s p e c i f i c  combin ing a b i l i t y ) .  



composi te 
a  composi te i s  developed by i n t e r m a t i n g  ( t h r e e  t o  f o u r  g e n e r a t i o n s )  s e l e c t e d  open-pol  1 i n a t e d  
p a r e n t  v a r i e t i e s  o r  l i n e s  known f o r  t h e i r  d i v e r s i t y .  Paren ts  a r e  s e l e c t e d  on t h e  b a s i s  o f  
t h e i r  p e r  se per formance o r  t h e i r  genera l  comb in ing  a b i l i t y .  Such c o n s t r u c t e d  composi te 
p o p u l a t i o n s  a r e  made f o r  use i n  r e c u r r e n t  s e l e c t i n g  programs. 

c o n i d i o p h o r e  
s p e c i a l i z e d  a e r i a l  hypha t h a t  produce c o n i d i a  i n  c e r t a i n  asconiycetes and i m p e r f e c t  fung i .  

c o n i d i  um ( p a t h o l o g y )  
u n i c e l l  u l a r  asexua l  r e p r o d u c t i v e  f u n g a l  spore  produced exogenously on a  s p e c i a l i z e d  hyphae 
( c o n i  d i  ophore)  . 

con t inuous  v a r i a t i o n  
v a r i a t i o r ~  t h a t  canno t  be d i v i d e d  i n t o  separa te  c l a s s c s .  

c o n v e r s i o n  
changing t a l l  p h o t o s e n s i t i v e  t r o p i c a l  gerniplasni i n t o  d a y - n e u t r a l  s h o r t e r  l i n e s  by a  back- 
c r o s s i n g  program. 

c o r r e l a t i o n  c o e f f i c i e n t  
measure o f  l i n e a r  c o r r e l a t i o n  t h a t  can t a k e  va lues  between +1 and -1.  A v a l u e  c l o s e  t o  +1 
i n d i c a t e s  a lmos t  p e r f e c t  p o s i t i v e  a s s o c i a t i o n ,  h i g h  va lues  o f  one v a r i a b l e  o c c u r r i n g  w i t h  
h i g h  va lues  o f  t h e  o t h e r ;  a  v a l u e  c l o s e  t o  -1 i n d i c a t e s  a lmos t  p e r f e c t  n e g a t i v e  a s s o c i a t i o n ;  
a  va lue  c l o s e  t o  z e r o  i n d i c a t e s  absence o f  a s s o c i a t i o n .  

coup1 i n g  phase 
i n  l i n k a g e ,  when two dominant  genes o r  two r e s i s t a n t  genes a r e  l i n k e d .  

c r o p p i n g  i n t e n s i t y  ( c r o p p i n g  i n d e x )  
method o f  e x p r e s s i n g  t h e  number o f  c rops  grown on t h e  same p i e c e  o f  l a n d ;  e.g., a  morlocrop 
i s  g i v e n  a  va lue  o f  100, a  doub le  c r o p  a  v a l u e  o f  200, and i n t e r c r o p p i n g  between rows i n  a  

, f u l l  s t a n d  o f  a  base c rop ,  150. 

c r o p p i n g  p a t t e r n  
y e a r l y  sequence and s p a t i a l  arrangements o f  c r o p s ,  i n c l u d i n g  t h e  a l t e r n a t i o n  o f  c rops  and 
f a l l o w ,  on a  g i v e n  a rea .  

c r o p  r e s i d u e  
t h a t  p o r t i o n  o f  a  p l a n t  o r  c r o p  l e f t  i n  t h e  f i e l d  a f t e r  h a r v e s t ,  o r  t h a t  p a r t  o f  t h e  c r o p  
t h a t  i s  n o t  used d o m e s t i c a l l y  o r  s o l d  c o m m e r c i a l l y .  

c r o p  r o t a t i o n  
growing o f  d i f f e r e n t  c rops  i n  r e c u r r i n g  success ion  on t h e  same l a n d .  

c r o s s i n g  over  
process t h a t  occurs  d u r i n g  m e i o s i s  1  when segments o f  ch romat ids  a r e  exchanged between 
ho~r~o logous  chromosomes. I t  r e s u l t s  i n  a  r e c o m b i n a t i o n  o f  t h e  genes. 

c y t o k i n e s i s  
d i v i s i o n  o f  t h e  cy top lasm f o l l o w i n g  t h e  d i v i s i o n  o f  t h e  nuc leus  i n  m e i o s i s  o r  m i t o s i s .  

cy top1  asm 
main c o n t e n t s  o f  a  c e l l  i n  wh ich  t h e  nuc leus  and o t h e r  b o d i e s  a r e  l o c a t e d .  

damping-o f f  
c o l l a p s e  and dea th  o f  s e e d l i n g s  r e s u l t i n g  f rom t h e  development o f  a  l e s i o n  on t h e  stem o r  
h y p o c o t y l  a t  s o i l  l e v e l ,  o r  from t h e  massive c o l o n i z a t i o n  o f  young s e e d l i n g  t i s s u e .  

deciduous 
d e s c r i p t i v e  o f  p l a n t s  o r  t r e e s  t h a t  shed leaves  o r  awns a t  a  p a r t i c u l a r  season o r  s t a g e  o f  
g rowth .  



d e f i c i e n c y  
absence o f  a  segment o f  a  chromosome. 

d e f o l i a t i o n  
a  r e d u c t i o n  i n  t h e  nornial arrlount o f  f o l i a g e  due t o  i n s e c t  o r  f u n q a l  a t t a c k  o r  o t h e r  i n j u r y  
o r  s p r a y i n g ;  lnay be p a r t i a l  o r  comp le te  ( a p p l i e s  t o  l e d v r s  o n l y )  

d e s c r i p t o r  
s t a n d a r d  t e r m  used i n  the  g e n e t i c  r e s o u r c e s  i n f o r ~ l l ~ ~ t i o n  lanyudge f o r  a  c t l a r a c t e r .  

d e s c r i p t o r  s t a t e  
r e f e r s  t o  v a r i o u s  s t a t e s  i n  wh ich  a  d e s c r i p t o r  ~ d r r  c x i ~ t  - -  f o r  I P X ~ I I I ~ I ~ C ,  r e d ,  p u r p l e ,  whi  Le. 

d e t e r m i n a t e  g r o w t h  
a  g r o w t h  p a t t e r r r  i n  wh ich  t h e  p l a n t  f i r s t  comp le tes  t h ~  vec je ta t i vc  ji l iase o f  d c v c l o p ~ l ~ e n t  a l ~ d  
therr e n t e r s  t h c  r e p r o d u c t i v r !  phase and a l l  t he  5ccds r l j i e r i  a ~ ~ l i r o x i i l i d t t ~ l y  d t  t h c  salrle t i l l re. 

d i h y b r i d  
h y b r i d  t h a t  i s  t h e  rest11 t o f  c r o s s i r l y  honiozygous ~~clr~tit-, t t i dL  d i f  ftlr W I  t l i  r e x l ~ e c t  Lo two 
l o c i .  

d i p l o i d  
organis111 o r  c e l l  w i t h  twc~ s e t s  o f  c t i ro~ r loso~~~e :  

d i s c o n t i n u o u 5  v a r i a t i o n  
v a r i a t i o n  t h a t  can be d e s c r i b e d  by a  ri~liirber o t  s e p a r a t e  ~ l d s s e s ,  c . y . ,  r e d  o r  w h i t e ,  p u r p l e  
o r  g reen ,  e t c .  

d o c u ~ n e n t a t i o r l  
Iit-ocCSS o f  r e c o r d i n g  f a c t 5  arid f i g u r e 5  or1 c l c rn rp las~ i~  collections 011 [.Idper, punched c a r d ,  o r  
l l ~ d g n c t i c  d e v i c e s .  

do~r i i  rrarice 
( i )  doni inar l t  yerie: gcne t h a t  i i xp rcsses  i L s e l f  i n  a  h y b r i d  t o  t h c  e x c l u s i o r ~  o f  t h c  
c o n t r a s t i n g  ( r e c e s s i v e )  a1 l e l r ;  
( i i )  do~ i i i r l an t  c h a r a c t e r :  c l t a r d c t r ? r  that, i s  expressed i r r  d h y b r i d  p h c n o t y l ~ e  t o  t h e  e x c l u s i o r i  
o f  t h e  c o r ~ t r d s t i n y  ( r e c e s s i v e )  character., .  

domi r i a r~ce  v a r 1  ance 
corllponent o f  y e r l e t i c  v a r i a n c e  W / I I L ~  l c ,  due t o  dorliirrdrlcr f f f e c t  o f  geries. 

doub le -  c r o p p i  ng 
g r o w i n g  a  second c r o p  i n  orte growin!] scasorl  a f t e r  t h e  f i r s t  c r o p  lids beerr h d r v e s t e d  from 
t h e  samc p i e c e  o f  1  and ( o v e r l a p  I ~ e L w e e ~ i  c rops  can o c c u r ;  <,ee " r e l a y  c r o p p i n g " ) .  

d r o u g h t  ( a g r i c u l t u r a l  ) 
s h o r t a g e  o f  m o i s t u r e  f o r  c r o p  g rowt t i  o r  d r~ i r l i a l  p r o d u c t l o r r .  

d r o u q h t  ( g e n e r a l  ) 
w a t e r  s h o r t a g e  i s  b a s i c  t o  d r o u g h t ;  i i, i s  a  r c l a t i v c  r a t h e r  thar.1 an ab r io lu te  coridi t i o n .  

d r o u g h t  ( m c t e o r o l o g i  c a l )  
a  r a i n l e s s  s i t u d t i o n  f o r  an ex tended  p e r i o d  d u r i n y  wh ich  some p r e c i p i t a t i o n  ~ t i o u l d  r i o rma l l y  
have been r e c c i  ved, depending upon l o c a t i o n  and seasorl. 

d r o u g h t  r e s i  s tar lce 
( i )  a c h a r a c t e r i s t i c  o f  p l a n t s  s u i t a b l e  f o r  c u l t i v a t i o n  i n  d r y  c o r r d i t i o n s ,  r e g a r d l e s s  o f  
t h e  i n h e r e n t  rnechanisnr t h d t  p r o v i d e s  r e s i s t a n c e .  One o f  t h e  more i ~ n l ~ o r t a n t  p r o p e r t i e s  i s  
t h e  c a p a c i t y  t o  endure,  w i t h o u t  i n j u r y ,  arr i ~ i t e r t s e  l o s s  o t  w a t e r ;  
( i i )  r e l a t i v e  a b i l i t y  t o  m a i n t a i n  g rowth  and y i e l d  under  m o i s t u r e - s t r e s s  c o n d i t i o n s .  

d r y l a n d  f a r l r ~ i r ~ g  
t h e  p r a c t i c e  o f  c r o p  p r o d u c t i o r ~  i n  l o w - r a i n f a l l  areas by c o n s e r v i n g  n a t u r a l  p r e c i p i t a t i o n .  
Supplementa l  i rri g a t i  or1 rllay be g i v e n  f rom t i a r v e s t c d  r u n o f f  w a t e r .  



d u p l i c a t i o n  
presence of  a  segment of  a  chromosonie Illore than  once on t h e  same chromosome 

E . C .  Number 
E x o t i c  C o l l e c t i o n  Number a s s i g n e d  by P l a n t  I n t r o d u c t i o n  Bureau, Government o f  I n d i a  

eco logy  
t h e  s t u d y  o f  i n t e r r e l a t i o n s h i p s  o f  o r y a r i i s ~ l ~ s  t o  one a n o t h e r  and t o  t h e  env i ronment .  

econollli c  p r o t e c t i o n  
p r o t e c t i o n  of  c rops  f r o m  p e s t  damage o n l y  t o  t h e  e x t e n t  t h a t  t h e  r e s u l t a n t  economic g a i n s  
exceed t h e  c o s t s  o f  p r o t e c t i o n .  

ecosys tem 
community o f  p l a n t s  and a n i m a l s ,  i n c l u d i n g  humans, w i t h i n  a  h a b i t a t ,  and t h e i r  r e l a t i o n s  
t o  one a n o t h e r .  

eco type  
l o c a l  r a c e  ( e c o l o g i c a l  r a c e )  w i t h  genotypes adap ted  t o  a  p a r t i c u l a r  r e s t r i c t e d  h a b i t a t  as a  
r e s u l t  o f  n a t u r a l  s e l e c t i o n  w i t h i n  t h e  l o c a l  e n v i r o n ~ n e n t .  

egg 
female gamete. 

enibry o  
t h e  p a r t  o f  a  seed f r o m  wh ich  t h e  r o o t  and s h o o t  systeni  o f  t h e  p l a n t  collie a f t e r  g e r m i n a t i o n .  

endeai c  
, r e f e r s  t o  a  d isease  t h a t  i s  permanent l y  e s t a b l i s h e d  i n  moderate t o  severe  fo rm i n  a  d e f i n e d  

area (comnonly a  c o u n t r y  o r  p a r t  o f  a  c o u n t r y ) .  

endosperm 
n u t r i t i v e  t i s s u e  a r i s i n g  i n  t h e  err~bryo sac a f t e r  t h e  f u s i o n  o f  a  h a p l o i d  nuc leus  from t h e  
p o l l e n  w i t h  a  d i p l o i d  nuc leus  i n  t h e  embryo sac .  

env i  ronment 
su~l i  t o t a l  o f  a l l  e x t e r n a l  c o n d i t i o n s  t h a t  may a c t  upon an organism o r  co l imuni ty  t o  i n f l u e n c e  
i t s  development o r  e x i s t e n c e .  

ephemeral 
s h o r t - l i v e d  annuals capab le  o f  a c h i e v i n g  m a t u r i t y  w i t h i n  a  few weeks a f t e r  g e r ~ ~ l i n a t i o n .  
Ephe~nerals  a r e  a b l e  t o  a v o i d  d r o u g h t  s t r e s s  by c o m p l e t i n g  t h e i r  l i f e  c y c l e  w i t h i n  a  b r i e f  
r a i n y  p e r i o d .  

epidemic 
widespread temporary i n c r e a s e  i n  t h e  i n c i d e n c e  o f  an i n f e c t i o u s  d isease .  

e p i  d e ~ n i o l  ogy 
s t u d y  o f  f a c t o r s  a f f e c t i n g  ou tb reak  and spread  of  i n f e c t i o u s  d iseases .  

e p i s t a s i s  
( i )  suppress ion  o f  genes a t  one l o c u s  by a  dominant gene a t  ano ther  l o c u s ;  
( i i )  any i n t e r a l l e l i c  gene i n t e r a c t i o n .  

e u p l o i d  
p o l y p l o i d  w i t h  an e x a c t  m u l t i p l e  o f  t h e  b a s i c  number of  chromosomes, n.  

e v a l u a t i o n  
p rocess  o f  d e t e r m i n i n g  p o t e n t i a l  o f  a  c o l l e c t i o n  o r  access ion .  



e v a l u a t i o n  d e s c r i p t o r s  
c h a r a c t e r s  u t i l i z e d  t o  e v a l u a t e  an access ion ;  may i n c l u d e  morpho log ica l  as w e l l  as agronomic 
c h a r a c t e r s .  

e x o t i  c  
n o t  n a t i v e  t o  a  g i v e n  a rea .  

e x p e r i m e n t a l  v a r i e t y  
ana log  of a  s y n t h e t i c .  V a r i e t y  produced by i n t e r m a t i n g  a  few ( l e s s  than  t e n ,  o f t e n  f o u r  o r  
f i v e )  s e l e c t e d  compos i te  progeny (compos i te  progeny a r e  n o t  i n b r e d  l i n e s ,  as a r e  n o r m a l l y  
used f o r  s y n t h e t i c s ) ,  

F1 
g e n e r a t i o n  t h a t  a r i s e s  from a  g i v e n  c r o s s i n g ;  t h e  f i l i a l  g e n e r a t i o n .  

F2 
g e n e r a t i o n  p roduced  b y  s e l f i n g  t h e  F1; t h e  second f i l i a l  g e n e r a t i o n .  

f a c t o r  
t e r m  used i n  Mende l ian  g e n e t i c s ,  e q u i v a l e n t  t o  t h e  gene 

f e r t i l i z a t i o n  
f u s i o n  o f  a  ma le  w i t h  a  fernale gamete t o  f o r m  a  zygo te .  

f l a g  l e a f  
l a s t  f u l l y  expanded l e a f  i n  a c e r e a l  p l a n t .  P r i o r  t o  emergence o f  t h e  head, t h e  f l a g  l e a f  
su r rounds  t h e  head and i s  t h e n  c a l l e d  a  b o o t  l e a f .  

f odder  c r o p  
c r o p  grown f o r  f e e d i n g  t o  an ima ls .  

f o r a g e  
i n  range  management, unharves ted  p l a n t  ~ r ~ a t e r i a l  o f  any k i n d  a v a i l a b l e  f o r  an ima l  consumption. 
It may be used f o r  g r a z i n g  o r  be c u t  f o r  f e e d i n g .  When c u t ,  i t  becomes f e e d  (hay o r  s i l a g e ) .  

f r e q u e n c y  ( s t a t i s t i c s )  
number o f  o b s e r v a t i o n s  ass igned  t o  any o f  an a r b i t r a r y  s e t  o f  c l a s s e s .  

f u l l - s i b  
t e r m  used i n  p o p u l a t i o n  improvement .  A f u l l - s i b  f a m i l y  c o i ~ ~ p r i s e s  progeny f rom a c ross  
between two  s e l e c t e d  p l a n t s  w i t h i n  t h e  p o p u l a t i o n .  I n  sorghu~r i  improvement, t h e  c ross  i s  
f r e q u e n t l y  made between a  m a l e - f e r t i l e  and a  m a l e - s t e r i  l e  p l a n t .  

g a i n  
a  measure, u s u a l l y  exp ressed  as a  p e r c e n t ,  g i v i n g  t h e  d i f f e r e n c e  i n  the  ex l l ress ion  of a  
t r a i t  under  s e l e c t i o n  f rom one g e n e r a t i o n  t o  t h e  n e x t .  

ganlete 
matu re  ma le  o r  fema le  r e p r o d u c t i v e  c e l l .  The male qamete i s  t h e  p o l l e r ~  g r a i n  and t h e  female 
gamete i s  t h e  egg. 

gametogenesi s  
f o r m a t i o n  o f  t h e  gametes. 

gene 
u n i t  o f  i n h e r i t a n c e ,  l o c a t e d  on a  chrornosome. Genes c o n t r o l  t h e  express ion  o f  c h a r a c t e r s ,  
e i t h e r  i n d i v i d u a l l y  o r  i n  comb ina t ions .  



gene park  o r  n a t u r e  r e s e r v e  
i s o l a t e d  p r o t e c t e d  a rea  used t o  conserve  t h e  g e n e t i c  resources  o f  w i l d  r e l a t i v e s  and weedy 
companions o f  a  c r o p  spec ies  i n  a  n a t u r a l  s t a t e .  

gene poo l  
u s e f u l  genes o r  gene complexes i n  a d i v e r g e n t  p o p u l a t i o n .  

g e n e r a t i  on 
one complete l i f e  c y c l e .  The g e n e r a t i o n  begi r is  w i t h  t h e  f o r ~ n a t i o n  o f  t h e  zygo te  and en.' 
when t h e  r e s u l t i n g  p l a n t  d i e s .  

g e n e t i c  resources  
sulii t o t a l  o f  t h e  g e n e t i c  m a t e r i a l  i n  a  s p e c i e s ,  

g e n e t i c s  
s c i e n c e  o f  h e r e d i t y  and v a r i a t i o n .  

g e n e t i c  s t o c k  
v a r i e t y  o r  s t r a i n  known t o  c a r r y  one o r  more s p e c i f i c  t r a i t s .  

g e n e t i c  s t o c k  c o l l e c t i o n  
s tocks  w i t h  known genes, t r a r ~ s l o c a t i o ~ ~ s ,  i n v e r s i o n s ,  a d d i t i o n s ,  o r  s u b s t i t u t i o n s ,  and l i n e s  
w i t h  r e s i s t a n c e  o r  t o l e r a n c e  t o  known races  o f  pathogens,  i n s e c t s ,  o r  weed p e s t s .  

genome 
complete s e t  o f  ( n )  chromosomes, which a r e  i n h e r i t e d  as a  s e t  fro111 p a r e n t s  i n  d i p l o i d  
spec ies .  

genotype 
g e n e t i c  c o n s t i t u t i o n  o f  a  p l a n t .  

g e r ~ n i  n a t i  on 
, resumpt ion  o f  g rowth  o f  seed o r  spore.  U s u a l l y  r e c o g n i z e d  by r u p t u r e  o f  t h e  seed c o a t  o r  
I spore w a l l  and appearance o f  a  r a d i c l e ,  h y p o c o t y l ,  o r  t h a l l u s .  

g e r n i i n a t i o n  percen tage  
genera l  t e r m  f o r  t h e  percen tage  o f  seeds w i t h i n  a  sample t h a t  a c t u a l l y  g e m i n a t e .  

germpl asm 
e n t i r e  a r r a y  o f  c u l t i v a r s  i n  a  c r o p  spec ies ,  r e l a t e d  w i l d  spec ies  i n  t h e  genus, and h y b r i d s  
between t h e  w i l d  and c u l t i v a t e d  spec ies .  

germpl asni c o n s e r v a t i o n  
c o l l e c t i o n  and p r e s e r v a t i o n  ( i n  a  l o n g - t i m e  r e p o s i t o r y )  o f  w o r l d  g e n e t i c  resources .  

g r a i n  
seed o f  a g r i c u l t u r a l  c rops  ( i n  b u l k )  h a r v e s t e d  and used d o m e s t i c a l l y  o r  commerc ia l l y .  

g row ing  season 
p e r i o d ( s )  o f  t h e  y e a r  d u r i n g  wh ich  c rops  grow and mature.  

h a b i t a t  
( i )  sum o f  e f f e c t i v e  env i ronmenta l  c o n d i t i o n s  under which an  organisnl  l i v e s ;  
( i i )  o f t e n  used f o r  t h e  n a t u r a l  range  o f  d i s t r i b u t i o n  of  a  spec ies ;  
( i i i )  k i n d  o f  p l a c e  i n  which a  p l a n t  o r  animal  l i v e s  - -  such as f o r e s t  h a b i t a t ,  g r a s s l a n d  
h a b i t a t ,  e t c .  

h a l f - s i b  
te rm used i n  p o p u l a t i o n  improvement. A h a l f - s i b  f a m i l y  compr ises progeny f r o m  a c r o s s  
o f  b u l k  p o l l e n  o n t o  a  s e l e c t e d  p a r e n t  - -  t h a t  i s ,  o n l y  one p a r e n t  i n  t h e  c r o s s  i s  i d e n t i f i e d  
( s e l e c t e d ) .  I n  sorghum improvement work,  b u l k  p o l l e n  f r e q u e n t l y  comes f rom a poo l  o f  
s e l e c t e d  e n t r i e s  e i t h e r  b y  open p o l l i n a t i o n  i n  i s o l a t i o n  o r  b y  hand c r o s s i n g  b u l k  p o l l e n  
o n t o  g e n e t i c  m a l e - s t e r i l e  p l a n t s  ( t h e  s e l e c t e d  p a r e n t s ) .  



hap1 o i  d  
c e l l  o r  an o rgan ism h a v i n g  o n l y  one genome ( n  chromosomes) 

h a r v e s t  i n d e x  
r a t i o  o f  d r y  m a t t e r  i n  t h e  g r a i n  t o  t o t a l  above-ground d r y  m a t t e r .  

h e c t a r e  
s t a n d a r d  a rea  measure i n  t h e  l l l e t r i c  system, 10 000 square Ineters i n  area.  

h e r e d i t y  
t r a n s m i s s i o n  o f  c h a r a c t e r s  f r o m  p a r e n t s  t o  o f f s p r i n g .  

h e r i  t a b i  1  i t y  
measure o f  t h e  degree t o  wh ich  a  c h a r a c t e r  i s  c o n t r o l l e d  by t h e  gcnotype as colilpared t o  the  
e n v i  ronrrlent . 

h e t e r o e c i  ous 
o f  r u s t  f u n g i ,  r e q u i r i r i g  Inore t h a n  one h o s t  f o r  a c o ~ r ~ p l e t e  development c y c l e .  

h e t e r o s i s  
e x t r a  v i g o r  t h a t  i s  o f t e n  exprcssed  i n  h y b r i d s .  

h e x a p l o i d  
e u p l o i d  p l a n t  t h a t  has s i x  genorrles, i .e. ,  s i x  s e t s  o f  chron~osomes ( 6 n ) .  

homologous chromosomes 
c h r o ~ ~ ~ o s o m e s  t h a t  have t h e  sarne s t r u c t u r e  and t h e  same l o c i  and t h a t  p a i r  d u r i n g  m e i o s i s .  
I n  a  d i p l o i d ,  one h o ~ i ~ o l o g o u s  chromosome o f  each p a i r  i s  d e r i v e d  f rom t h e  male p a r e n t  and 
t h e  o t h e r  from t h e  female. 

homozygous 
h a v i n g  genes a t  co r respor id i  rig l o c i  on homo1 ogous chro~nosomes t h a t  a r e  i d e n t i c a l  . 

h y b r i d  
p l a n t  r e s u l t i n g  f r o m  a  c r o s s  between p a r e n t s  t h a t  a r c  q c n c t i c a l l y  u n d l i k e  

h y b r i d i z a t i o n  
c r o s s i n g  o f  one p l a r i t  w i t h  a n o t h e r .  C r o s s i n g  between p l a n t s  o f  t h e  same spec ies  i s  c a l l e d  
i n t r a - s p e c i f i c  h y b r i d i z a t i o n  arid c r o s s i n g  between d i f f e r e r i t  spec ies  i s  c a l l e d  i n t c r -  
s p e c i f i c  h y b r i d i z a t i o n .  

h y b r i d  v i g o r  
i n c r e a s e d  v i g o r  o f  g rowth  i n  a  c r o s s  betweeri two g e n e t i c a l l y  d i f f e r e n t  p a r c n t s ,  as  compared 
w i t h  g rowth  i n  e i t h e r  o f  t h e  p a r e n t s .  

h y p e r s e n s i t i v i t y  
v i o l e n t  r e a c t i o n  o f  an o r g a n i s ~ n  t o  a t t a c k  by a  pa thogen ic  o r g a r i i s r ~ ~  o r  a  v i r u s ,  r e s u l t i n g  
i n  prompt d e a t h  o f  t h e  invaded  t i s s u e s ,  thus  p r e v e n t i n g  f u r t h e r  spread o f  the  i n f e c t i o n .  
H y p e r s e n s i t i v i t y  i s  t h e  ex t reme case o f  s u s c e p t i b i l i t y  and as such i s  the  o p p o s i t e  of  
immun i ty ,  a l t h o u g h  t h e  two terms a r e  o f t e n  m i s t a k e n l y  used as synonyllls. 

h y p e r p a r a s i t e  
o rgan ism t h a t  p a r a s i t i z e s  a n o t h e r  p a r a s i t e .  

IBPGR 
I n t e r n a t i o n a l  Board o f  P l a n t  Genet i c  Resources. 

immune 
exempt f rom i n f e c t i o n ,  p r o t e c t e d  a g a i n s t  a  d isease  by an i n n a t e  o r  a c q u i r e d  immuni ty .  

immuni t y  
t o t a l  e x c l u s i o n  o f  t h e  p o t e n t i a l  pathogen so t h a t  t h e  p o t e n t i a l  h o s t  i s  comp le te ly  f r e e  



f r o m  disease.  A p l a n t  t h a t  i s  i n f e c t e d  b u t  n o t  showing symptoms may be r e s i s t a n t  b u t  i s  
n o t  i mnune . 

i n b r e e d i n g  
s e l f i n g  o r  c r o s s i n g  between c l o s e l y  r e l a t e d  p l a n t s  f o r  one o r  more g e n e r a t i o n s .  

i n c i p i e n t  w i l t i n g  
sma l l  l o s s  i n  t u r g i d i t y  d u r i n g  warm weather ,  even when s o i l  i s  m o i s t .  May n o t  be v i s i b l e  
t o  t h e  naked eye. U s u a l l y  r e v e r s i b l e  a t  n i g h t .  

i n f e c t  
t o  e n t e r  and e s t a b l i s h  a  permanent o r  temporary p a r a s i t i c  r e l a t i o n s h i p  w i t h  an organism. 

i n f e c t i o n  
a t  t h e  e p i d e m i o l o g i c a l  l e v e l  o f  t h e  pathosystem, i n f e c t i o n  r e f e r s  t o  t h e  c o n t a c t  made 
between h o s t  and p a r a s i t e ;  hence, a u t o - i n f e c t i o n ,  a1 l o - i n f e c t i o n .  A t  t h e  h i s t o l o g i c a l  
l e v e l ,  i n f e c t i o n  r e f e r s  t o  t h e  process o f  p e n e t r a t i o n  o f  a  h o s t  by a  pathogen.  

i n f e s t  
t o  o v e r r u n  t h e  s u r f a c e  o f  a  p l a n t ,  o r  t o  be d i s p e r s e d  th rough  s o i l  o r  o t h e r  s u b s t r a t e .  

i n o c u l a t i o n  
t h e  i n t r o d u c t i o n  o f  1  i v i n g  o r  k i l l e d  organisms,  u s u a l l y  microorganisms,  i n t o  a  new 
envi ronment  such as s o i l s ,  c u l t u r e  media, o r  t h e  l i v i n g  body o f  a  h i g h e r  organism, anin la l ,  
o r  p l a n t .  

i n o c u l  um 
m a t e r i a l  c o n t a i n i n g  microorganisrns o r  v i r u s  p a r t i c l e s  t o  be i n t r o d u c e d  i n t o  o r  t r a n s f e r r e d  
o n t o  a  h o s t  o r  medium. Term a l s o  r e f e r s  t o  p o t e n t i a l l y  i n f e c t i v e  m a t e r i a l  a v a i l a b l e  i n  
s o i l ,  a i r ,  o r  w a t e r  and t h a t  can r e s u l t  i n  n e t u r a l  i n o k u l a t i o n  o f  t h e  h o s t .  

i n t e n s ]  ve p r o t e c t i o n  
I p r o t e c t i o n  o f  c rops  f rom p e s t  damage t o  t h e  e x t e n t  t h a t  such danlage i s  n e g l i g i b l e  and does ' n o t  impede p r e c i s e  measurement o f  research  parameters.  

i n t e r -  
between t h i n g s  o f  a  d i f f e r e n t  k i n d ;  e .g . ,  i n t e r - s p e c i f i c  = between d i f f e r e n t  spec ies ,  
i n t e r - a l l e l i c  = between d i f f e r e n t  a l l e l e s .  

i n t e r m e d i a t e  i n h e r i t a n c e  
i n h e r i t a n c e  i n  which t h e  heterozygous p l a n t  d i f f e r s  f rom e i t h e r  of  t h e  homozygous p a r e n t s .  

i nte rphase  
r e s t i n g  s tage  o f  a  c e l l  between m e i o t i c  o r  mi t o t i c  d i v i s i o n s ;  s tage  f o l l o w i n g  te lophase  
p r i o r  t o  n e x t  prophase. 

i n t r a -  
w i t h i n  t h i n g s  o f  t h e  same k i n d ;  e.g., i n t r a - s p e c i f i c  = w i t h i n  t h e  same spec ies .  

i n t r o g r e s s i o n  
i n c o r p o r a t i o n  o f  genes o f  one spec ies  i n t o  t h e  gene poo l  o f  ano ther  spec ies  by h y b r i d i z a t i o n  
and backcross ing .  

i n v a s i o n  
t h e  p e n e t r a t i o n  and c o l o n i z a t i o n  o f  a  h o s t  by an organism. 

i n v e r s i o n  
rearrangement  o f  a  segment o f  a  chromosonie so t h a t  i t  i s  t h e  o p p o s i t e  way around. 

I P  number 
i n t e r n a t i o n a l  p e a r l  mi 1  l e t  number. Every access ion  i n  t h e  p e a r l  mi 1  l e t  germplasm c o l l e c t i o n  
w i l l  be i d e n t i f i e d  by an I P  number. 

IS/GR 
I n f o r m a t i o n  Systems/Genet ic  Resources program, U n i v e r s i t y  o f  Colorado,  Bou lder ,  Colorado,  
USA. 



I S  number 
i n t e r n a t i o n a l  sorghum number. E v e r y  a c c e s s i o n  i n  t h e  w o r l d  sorghum germplasm c o l l e c t i o n  
w i l l  be  i d e n t i f i e d  by an I S  number. 

i s o l a t e  
( i )  t o  sepauate a  m i c r o o r g a n i s m  f rom h o s t  o r  s u b s t r a t u t r ~  and e s t a b l i s h  i t  i n  p u r e  c u l t u r e ;  
( i i )  a  s i n g l e  p u r e  c u l t u r e  o f  a  m ic roorgan ism.  

1  i n k a g e  
a s s o c i a t i o n  o f  two o r  more genes. Genes t h a t  a r e  l o c a t e d  on t h e  same chromosome and t e n d  
t o  be i n h e r i t e d  t o g e t h e r .  

l o c u s  ( l o c i )  
f i x e d  p o s i t i o n  on a  chromosome t h a t  i s  t h e  l o c a t i o n  o f  a  p a r t i c u l a r  gene o r  one o f  i t s  
a l l e l e s .  

M1 
t h e  g e n e r a t i o n  f o l l o w i n g  a  m u t a t i o n  

ma in tenance  
c o n t i n u i t y  o f  an  access io r i  i n  i t s  o r i g i n a l  form t h r o u g h  c a r e f u l  g row ing  o u t  and p r o p e r  
s t o r a g e .  

male s t e r i l e  
d e s c r i b e s  t h e  comp le te  o r  p a r t i a l  f a i l u r e  o f  a  male p l a n t  t o  produce matu re  r e p r o d u c t i v e  
p o l l e n  c e l l s .  

map u n i t  
c r o s s i n g  o v e r  o f  1% i s  sometimes r e f e r r e d  t o  as orie map u n i t .  

marker  gene 
gene o f  known f u n c t i o n  arid known l o c a t i o n  on t h e  chromosome. 

mass s e l e c t i o n  
t e r m  used i n  p o p u l a t i o n  improvement :  i n d i v i d u a l  p l a n t s  i n  t h e  p o p u l a t i o n  a r e  s e l e c t e d ;  
seeds o f  t h e  s e l e c t e d  p l a n t s  a r e  b u l k e d  t o  fort11 a  p o p u l a t i o n  f o r  t h e  n e x t  c y c l e ;  t h e  
p rocess  r e p e a t s .  

m a t e r n a l  
r e l a t i n g  t o  t h e  mother  

mean, a r i  t h r n e t i c  
t h e  r e s u l t  o f  a d d i n g  t o g e t h e r  a  s e t  o f  v a l u e s  and d i v i d i n g  by t h e  number o f  va lues ,  due 
r e g a r d  b e i n g  p a i d  t o  t h e  s i g n .  

median 
v a l u e  o f  a  v a r i a t e  such t h a t  equa l  numbers o f  o b s e r v a t i o n s  a r e  l e s s  than  and g r e a t e r  than  
t h e  v a l u e .  

m e i o s i s  
o rocess  o f  c e l l  d i v i s i o n  where t h e  d a u q h t e r  c e l l s  have h a l f  t h e  number o f  chromosomes o f  
t h e  p a r e n t  c e l l .  I t  i s  a l s o  c a l l e d  r e d u c t i o n  d i v i s i o n .  

metaphase 
s t a g e  o f  c e l l  d i v i s i o n  when t h e  chromosomes come t o  l i e  on a  p l a n e  through t h e  c e n t e r  o f  
t h e  c e l l .  



minimum d e s c r i p t o r s  
s t a n d a r d  s e t  of  d e s c r i p t o r s  e s t a b l i s h e d  on a  g l o b a l  b a s i s  f o r  e v a l u a t i n g  germplasm o f  a  
p a r t i c u l a r  c rop .  

rni t o s i  s  
process o f  c e l l  d i v i s i o n  i n  wh ich  t h e  daugh te r  c e l l s  have t h e  same number o f  chrornosomes 
as t h e  p a r e n t  c e l l s .  

modi f y  i ng gene 
gene t h a t  a f f e c t s  t h e  e x p r e s s i o n  o f  a n o t h e r  gene. 

 non no hybrid 
An F1 t h a t  i s  he te rozygous  a t  one l o c u s .  

monopl o i  d  
p l a n t  w i t h  o n l y  t h e  d i p l o i d  number o f  chromosomes ( n ) .  

 non no so mi c  
p l a n t  t h a t  l a c k s  one chroniosome (2n  - 1 ) .  

m u l t i p l e  a l l e l e s  
t h r e e  o r  more a l t e r n a t i v e  a l l e l e s  t h a t  can be p r e s e n t  a t  a  g i v e n  l o c u s .  

mutab le  genes 
genes w i t h  a  ve ry  h i g h  m u t a t i o n  r a t e .  

mutagen 
p h y s i c a l  o r  chemical  agen t  t h a t  i n c r e a s e s  t h e  m u t a t i o n  r a t e .  

mutant  
c e l l  o r  p l a n t  wh ich  i s  t h e  r e s u l t  o f  a  m u t a t i o n  

m y t a t i o n  
I h e r i t a b l e  change i n  t h e  g e n e t i c  m a t e r i a l ,  e i t h e r  a change i n  t h e  chromosomes o r  i n  t h e  

genes. 

n :  number o f  chro~nosomes t h a t  make up one genome. I t  i s  c a l l e d  t h e  b a s i c ,  h a p l o i d ,  o r  
~ i i o n o p l o i d  number 

nuc leus  
body i n  a  c e l l  t h a t  c o n t a i n s  t h e  chrornosonles. 

nu1 1  i somi c  
( i )  h a v i n g  one homologous p a i r  o f  chromosomes (2n  - 2 ) ;  
( i i )  a  n u l l i s o m i c  i n d i v i d u a l  

o c t o p l o i d  
p l a n t  w i t h  e i g h t  genomes i n  t h e  nuc leus  ( 8 n ) .  

o f f  t y p e  
r e f e r s  t o  p l a n t s  t h a t  d i f f e r  i n  morpho-agronomic c h a r a c t e r s  f rom t h e  m a j o r i t y  o r  
r e p r e s e l ~ t a t i v e  p l a n t s  o f  a  v a r i e t y ,  f o r  i n s t a n c e  admix tu res  i n  a  f i e l d  and obv ious  
con ta~r l i nan ts  such as t a l l  p l a n t s  i n  a  semi -dwar f  c u l t i v a r  o r  v i c e  versa.  

ontogeny 
course  o f  development  o f  an i n d i v i d u a l  o rgan ism ( t h e  o n t o g e n e t i c  phase o f  a g r i c u l t u r a l  
c rops  r e l a t e s  t o  t h e  seed f o r m a t i o n  and s e e d - s e t t i n g  phase) .  



o u t - b r e e d i  ng 
c r o s s i n g  between two p l a r i t s  w i t h  d i f f e r e n t  genotypes.  

o v u l e  
s t r u c t u r e  i n  a  f l o w e r  t h a t  c o n t a i n s  t h e  felnale gamcte (cgq) arid t h a t  deve lops  t o  f o r n ~  t h e  
seed a f t e r  f e r t i l i z a t i o r ~ .  

P :  symbol used  t o  i n d i c a t e  a  p a r e n t .  

p a n i c l e  
i n  a  c e r e a l  c r o p ,  t h a t  p o r t i o n  o f  t h c  p l a n t  t h a t  bears  seeds. 

p a r a s i  t e  
o rgan ism t h a t  l i v e s  i n  o r  on and d e r i v e s  n u t r i e n t s  a n d / o r  s h e l t e r  f rom an orgar i isn i  o f  a  
d i f f e r e n t  s p e c i e s .  

p a s s p o r t  d e s c r i p t o r s  
c h a r a c t e r s  a s s i g n e d  t o  an access ion  i r l  the p r o c e r s  o f  c o l  l e c t i o r l  

p a t e r n a l  
r e l a t i n g  t o  t h e  f a t h e r .  

p e d i g r e e  
no lnenc la tu re  a s s i g n e d  t o  b r e e d e r s '  m a t e r i a l  

p e d i  g ree  b r e e d i n g  
( i )  sys tem o f  b r c c d i n g  i n  wt i ic t i  i n d i v i d u a l  p l a r i t s  a r e  s c l e c t e d  i r ~  t h e  5 e g r e g a t i n g  gener-  
a t i o n s  f r o m  a  c r o s s  on t h c  b a s i s  o f  t h e i r  d c s i r a b i l i  t y ,  j udged  i n d i v i d u a l l y  drld on t h e  b a s i s  
o f  a  p e d i g r e e  r e c o r d ;  
( i i )  a  p rocess  o f  head row ing ;  i . e . ,  seeds fro111 d 5 e l e c t e d  head i r i  orle sedsori a r e  sown i r i  a  
row d u r i n g  t h e  same season o f  t h e  n e x t  y e a r .  

p e s t  
any o rgan is l i i  o f  an ima l  o r  p l a n t  o r i g i r i  known o r  suspec ted  o r  l i k c l y  t o  bc h a r m f u l  t o  ~ ) l d r i t >  
I n c l u d e s  any i n s e c t ,  nematode, s n a i l ,  b a c t e r i u m ,  fungus,  v i rus /mycop las l i~a ,  phaneroganl, arid 
weed. 

pheno logy  
s t u d y  o f  t i m e  o f  appearance o f  c h a r a c t e r i s t i c  p e r i o d i c  e v e n t s  i n  t h e  l i f e  cyc le:  o f  
organisms i n  n a t u r e  and o f  how these  even t5  a r c  i n f l u e n c e d  by  e n v i r o r ~ m e n t a l  f a c t o r s .  

phenotype 
o b s e r v a b l e  o r  measurab le  c h a r a c t e r s  o f  an organism. 

pheromone 
subs tance  s e c r e t e d  by an i n s e c t  t h a t  i n f l u e n c e s  the  b e h a v i o r  o f  o t h e r  i r l d i v i d u a l s  o f  t h e  
same s p e c i e s .  

p h o t o p e r i o d i  st11 
response  i n  t h e  ontogeny o f  an o rgan ism t o  t h e  r e l a t i v e  d u r a t i o n  o f  day and n i q h t .  Many 
p l a n t s  have s p e c i f i c  r e q u i r e m e n t s  o f  r e l a t i v e  l e n g t h  o f  d a i l y  1  i g h t  and dark p e r i o d s  f o r  
f l o r a l  i n i t i a t i o n  and seed s e t .  

p l e i o t r o p i c  gene 
a  gene t h a t  a f f e c t s  more t h a n  one c h a r a c t e r .  

p o i n t  m u t a t i o n  
m u t a t i o n  o f  a  s i n g l e  gene. 

p o l  1  en 
male gamete o f  a  p l a n t  t h a t  i s  produced i n  t h e  a n t h e r s  



p o l l i n a t i o n  
t r a n s f e r  o f  p o l l e n  f r o m  t h e  a n t h e r  t o  t h e  s t i g m a .  P o l l i n a t i o n  must  o c c u r  b e f o r e  f e r t i l -  
i z a t i o n  can t a k e  p l a c e .  

p o l l i n a t o r  
1 i n e  o r  p o p u l a t i o n  used as a  male p a r e n t  ( p o l  l e n  donor ) .  

polygenes 
( i )  a  r e l a t i v e l y  l a r g e  number o f  genes t h a t  o c c u r  a t  d i f f e r e n t  l o c i  b u t  t h a t  a f f e c t  t h e  
same c h a r a c t e r  s o  t h a t  d i s t i n c t  c l a s s e s  i n  an F p  p o p u l a t i o n  a r e  n o t  i d e n t i f i a b l e ;  
( i i  ) genes i n v o l v e d  i n  q u a n t i  t a t i v c  i n h e r i t a n c e .  

p o l y p l o i d  
p l a n t  h a v i n g  o t h e r  t h a n  t h e  d i p l o i d  (217) nurr~ber o f  chromosomes. 

p o p u l a t i o n  
( i )  g roup  o f  i n d i v i d u a l s  ( p l a n t s )  w i t h i n  a  s p e c i e s  o r  a  v a r i e t y  t h a t  a r e  f o u n d  a t  one s i t e  
o r  f i e l d .  P l a n t s  i n  t h e  p o p u l a t i o n  rnay o r  may n o t  be g e n e t i c a l l y  a l i k e ;  
( i i )  g roup  o f  i n t e r m a t i n y  i n d i v i d u a l s  t h a t  share  a  colnnion gene p o o l  ; 
( i i i )  corlununi t y  o f  random l l l a t ing  i n d i v i d u a l s  t h a t  s h a r e  a  conunon gene p o o l .  P o p u l a t i o n s  
can be e i t h e r  n a t u r a l  (as  l a n d r a c e  v a r i e t i e s )  o r  a r t i f i c i a l ( a s  composi tes o r  s y n t h e t i c s )  i n  
o r i g i n .  

p robab i  1  i t y  
chance o f  an e v e n t  o c c u r r i n g .  

progeny 
l i t e r a l l y ,  t h e  o f f s p r i n g  o f  a  s i n g l e  p l a n t .  T h i s  p l a n t  may have been e i t h e r  s e l f e d  o r  
c rossed  i n  v a r i o u s  ways. I n  r e c u r r e n t  s e l e c t i o r ~ ,  progeny may be h a l f - s i b s ,  f u l l - s i b s ,  
r e c i p r o c a l  f u l l - s i b s .  

progeny t e s t i n g  
1 ( i )  t e r m  used i n  r e c u r r e n t  s e l e c t i o n .  A number o f  p r o g e n i e s  r e p r e s e n t i n g  a  p o p u l a t i o n  a r e  ' 

produced ( b y  s e l f i n g ,  s i b - m a t i n g ,  c r o s s i n g  t o  a  t e s t e r  --  depending upon t h e  o b j e c t i v e )  and 
e v a l u a t e d  i n  one o r  il lore e n v i r o r l ~ i l e n t s  t o  d e t e r m i n e  wh ich  a r e  t h e  b e s t  progeny t o  recombine 
t o  produce an improved p o p u l a t i o n ;  
( i i )  method o f  a s s e s s i n g  t h e  g e n e t i c  c h a r a c t e r  o f  an i n d i v i d u a l  by t h e  per forn iance o f  i t s  
progeny.  

prophase 
f i r s t  s t a g e  o f  m i t o s i s  and m e i o s i s  d u r i n g  wh ich  t h e  chromosomes appear 

p ro togyny  
( i )  m a t u r a t i o n  o f  p i s t i l s  b e f o r e  a n t h e r s ;  
( i i )  where female p a r t s  o f  f l o w e r s  a r e  r e c e p t i v e  b e f o r e  t h e  male p a r t s  o f  t h e  f l o w e r s  on 
t h e  same p l a n t  produce p o l l e n  (a system f a v o r i n g  c r o s s - p o l l i n a t i o n ) ,  

p u r e  l i n e  
group o f  p l a n t s  t h a t  have n e a r l y  t h e  same honiozygous genotype,  and t h a t  b r e e d  t r u e .  

q u a d r i  v a l e n t  
where f o u r  chromosomes i n s t e a d  o f  t h e  normal  two ( b i v a l e n t )  j o i n  t o g e t h e r  d u r i n g  m e i o s i s .  

q u a n t i t a t i v e  c h a r a c t e r  
a  c h a r a c t e r  t h a t  shows c o n t i n u o u s  v a r i a t i o n  and t h a t  canno t  be c l a s s i f i e d  i n t o  s e p a r a t e  
c l a s s e s .  

q u a n t i t a t i v e  i n h e r i t a n c e  
i n h e r i t a n c e  o f  q u a n t i t a t i v e  c h a r a c t e r s .  



R-1 i n e  
t h i s  l i n e ,  when c r o s s e d  t o  t h e  A - l i n e ,  produces a  m a l e - f e r t i l e  F1 h y b r i d .  Th is  i s  t h e  
h y b r i d  sown by  t h e  fa rmer .  

r a b i  season 
t h e  season (postmonsoon)  i n  w h i c h  c r o p s  a r e  grown l i l os t l y  on ~ l i o i s t u r e  s t o r e d  i n  the  s o i l ,  
w i t h  o r  w i t i l o u t  s i g n i f i c a n t  w i n t e r  r a i n f a l l .  Co~llrilences w i t h  t h e  t e r m i n a t i o n  o f  t h e  r a i n y  
season, u s u a l l y  i n  Oc tober .  A t  ICRISAT, t h e  a p p r o p r i a t e  t e r m  i s  " p o s t r a i n y "  season (see 
"g row ing  season. " )  . 

random m a t i n g  
s i t u a t i o n  i n  w h i c h  e v e r y  p l a n t  i n  a  p o p u l a t i o n  has an equal  chance o f  m a t i n g  w i t h  any o t h e r  
p l a n t  i n  t h e  p o p u l a t i o n .  

r a t o o n  c r o p  
c r o p  o b t a i n e d  f rom r e g r o w t h  froln s t u b b l e  ( l i v i n g  s tumps)  f o l l o w i n g  a  h a r v e s t ,  n o t  
n e c e s s a r i l y  o f  g r a i n .  Examples i n c l u d e  sugarcane,  sorghum, r i c e ,  m i l l e t ,  o a t s ,  and pigeonpea. 

r a t o o n i  ng  
c u t t i n g  a p l a n t  t o  o b t a i n  reg rowth .  

r e c e s s i v e  ( b r e e d i n g )  
(See " r e c e s s i v e  gene. " )  

r e c e s s i v e  gene 
( i )  d gene n o t  exp ressed  i n  the  hc tc rozygous  s t a t e  when a  dominant  gene i s  p r e s e n t  a t  t h e  
same l o c u s  on t h e  o t h e r  ho~i iologous chromosome; 
( i i )  a gene niasked by t h e  e f f e c t  o f  a n o t h e r  - -  s p e c i f i c a l l y ,  a  gene t h e  e f f e c t s  o f  which 
a r e  masked by  a  dorr~ inant  a l l e l e .  

r e c i u r o c a l  f u l l - s i b  
f u l l - s i b  made between s e l e c t e d  p l a n t s  from d i f f e r e n t  p o p u l a t i o n s ;  i . e . ,  
A x  B and B x  A .  

a  c r o s s  i s  ri~ade 

r e c i p r o c a l  r e c u r r e n t  s e l e c t i o n  
where r e c u r r e n t  s e l e c t i o n  i s  between two y e n e t i c a l l y  d i f f e r e n t  p o p u l a t i o r l s  w i t h  dn o b j e c t i v e  
o f  i m p r o v i n g  t h e  [ ~ o p u l a t i o n s  s i l l lu l  t a r ~ c o u s l y  f o r  b o t h  genera l  as w e l l  a s  s p e c i f i c  c o ~ ~ ~ b i r l i n y  
a b i l i t y .  T h i s  i s  m a i n l y  t o  i n c r e a s e  t h e  p o p u l a t i o r ~  L r o s s  pcr formancc o r  the p e r f o r ~ i ~ d r i ~ e  o t  
h y b r i d s  made betweerl i r l b reds  developed fro111 t h e  two p o p u l a t i o n s .  

r e c o m b i n a t i o n  
a  c o m b i n a t i o n  o f  c h a r a c t e r s  i n  an o f f s p r i n g  d i f f e r e n t  f rom t h a t  o f  e i t h e r  p a r e n t .  

r e c u r r e n t  s e l e c t i o n  
(See " s e l e c t i o n ,  r e c u r r e n t .  " )  

r e d u c t i o n  d i v i s i o n  
(See m e i o s i s . )  

r e l a y  c r o p p i n g  
seed ing  o f  a  second c r o p  between t h e  rows o f  a  s t a n d i n g  c r o p  s h o r t l y  t o  bc ha rves ted .  

r e p u l s i o n  phase 
i n  l i n k a g e ,  when a  dominant  gene i s  l i n k e d  t o  a  r e c e s s i v e  gene 

r e s i s t a n c e  
a b i l i t y  o f  an o rgan ism t o  w i t h s t a n d  o r  oppose t h e  o p e r a t i o n  o f  o r  t o  reduce o r  overcome 
t h e  e f f e c t s  o f  an i n j u r i o u s  o r  pa thogen ic  f a c t o r .  Fo r  p l a n t  pathogens, r e s i s t a n c e  can be 
d e f i n e d  as t h e  a b i l i t y  o f  t h e  h o s t  t o  suppress o r  r e t a r d  t h e  a c t i v i t y  o f  a pa thogen ic  
o rgan ism o r  v i r u s .  Res is tance  i s  a  q u a n t i t a t i v e  phenomenon and i s  the  i n v e r s e  o f  s u s c e p t i -  
b i l i t y .  Thus r e s i s t a n c e  can v a r y  from h i g h  ( l o w  s u s c e p t i b i l i t y )  t o  low ( h i g h  s u s c e p t i -  
b i l  i t y ) .  M o d e r a t e l y  r e s i s t a n t  i s  e q u i v a l e n t  t o  modera te l y  s u s c e p t i b l e .  The te rm 

" t o l e r a n c e "  s h o u l d  n o t  be used t o  d e f i n e  these  i n t e r m e d i a t e  r e a c t i o n s .  



t e r m  used i n  p o p u l a t i o n  improvement. Symbol f o r  d e s i g n a t i n g  f i r s t  s e l  f e d  g e n e r a t i o n  f r o m  
an a n c e s t r a l  p l a n t ,  So. The S1 f a m i l y  compr ises progeny f rom a  s e l e c t e d  m a l e - f e r t i l e  p l a n t ,  
t h e  m a l e - f e r t i l e  p l a n t  b e i n g  progeny f r o m  a  h a l f - s i b .  The S1 i s  e q u i v a l e n t  t o  an F2. I n  
sorghum, o p e n - p o l l i n a t e d  m a l e - f e r t i l e  p l a n t s  i n  t h e  p o p u l a t i o n  a r e  used t o  e s t a b l i s h  S1 
f a m i l i e s .  Seeds f o r  S1 p rogen ies  a r e  o b t a i n e d  by s e l f i n g  s e l e c t e d  p l a n t s  i n  t h e  h a l f - s i b  
p rogen ies  o r  random-mated b u l k .  

s2 
t e r m  used i n  p o p u l a t i o n  improvement. Symbol f o r  d e s i g n a t i n g  t h e  second s e l f e d  g e n e r a t i o n  
f roni  an  a n c e s t r a l  p l a n t ,  So. The Sp f a m i l y  coniprises progeny f rom a  s e l e c t e d  S1 p l a n t .  
The S2 i s  e q u i v a l e n t  t o  an F3. Seeds f o r  Sp p rogen ies  a r e  o b t a i n e d  b y  s e l f i n g  i n d i v i d u a l  
s e l e c t e d  p l a n t s  f rom S1 p r o g e n i e s .  

savannah 
t r o p i c a l  o r  s u b t r o p i c a l  g r a s s l a n d  w i t h  s c a t t e r e d  t r e e s ,  e i t h e r  as i n d i v i d u a l s  o r  i n  clumps. 
O f t e n  a  t r a n s i t i o n a l  phase between t r u e  g r a s s l a n d  and f o r e s t .  

sc reen ing  
( i )  s e p a r a t i o n  o f  t h e  unusab le  f rom t h e  d e s i r a b l e ;  
( i i )  search  f o r  d e s i r a b l e  c h a r a c t e r s  o r  p r o p e r t i e s  - -  f o r  example, i n  r e l a t i o n  t o  v a r i e t i e s  
and c r o p p i n g  systems. 

seed 
g r a i n  t h a t  has been s e l e c t e d ,  c leaned ,  and o f t e n  t r e a t e d  f o r  p l a n t i n g  t o  grow a  commercial 
c rop .  

s e e d l i n g  v i g o r  
seed1 i n g  growth r a t e .  

s e g r e g a t i o n  
s e p a r a t i o n  o f  mate rna l  and p a t e r n a l  chromosomes a t  m e i o s i s  t o  fo rm t h e  gametes, and t h e  

/ un ior i  o f  t h e  gametes t o  produce new combina t ions  a t  f e r t i l i z a t i o n .  

s e l e c t i o n  d i f f e r e n t i a l  
( i )  d i f f e r e n c e  between mean o f  t h e  s e l e c t e d  sample and t h a t  o f  t h e  p o p u l a t i o n  from wh ich  
i t  was s e l e c t e d ;  
( i i )  i n  r e c u r r e n t  s e l e c t i o n ,  t h e  mean p h e n o t y p i c  v a l u e  o f  t h e  p rogen ies  s e l e c t e d  as p a r e n t s  
( f o r  r e c o m b i n a t i o n )  expressed as a  d e v i a t i o n  f r o m  t h e  p o p u l a t i o n  mean; t h a t  i s ,  f rom t h e  
mean p h e n o t y p i c  va lue  o f  a l l  t h e  p rogen ies  i n  t h e  p a r e n t a l  g e n e r a t i o n  b e f o r e  s e l e c t i o n  was 
made. Expressed as percentage o v e r  p o p u l a t i o n  mean. 

s e l e c t i o n ,  mass 
t e r m  used i n  p o p u l a t i o r l  improvement: 
( i )  i n d i v i d u a l  p l a n t s  i n  t h e  p o p u l a t i o n  a r e  s e l e c t e d ;  seeds f r o m  t h e  s e l e c t e d  p l a n t s  a r e  
b u l k e d  t o  f o r m  t h e  p o p u l a t i o n  f o r  t h e  n e x t  c y c l e .  The process i s  r e p e t i t i v e ;  
( i i )  fo rm o f  s e l e c t i o n  i n  wh ich  i n d i v i d u a l  p l a n t s  a r e  chosen on t h e  b a s i s  o f  t h e i r  phenotype 
and t h e  n e x t  g e n e r a t i o n  propagated f rom t h e  aggrega te  o f  t h e i r  seeds. The p rocess  r e p e a t s .  

s e l e c t i o n ,  r e c u r r e n t  
t e r m  c o m o n l y  used i n  p o p u l a t i o n  improvement. I t  i s  a  method o f  b r e e d i n g  designed t o  
c o n c e n t r a t e  f a v o r a b l e  genes s c a t t e r e d  among a  number o f  i n d i v i d u a l s  by s e l e c t i n g  i n  each 
g e n e r a t i o n  among t h e  progeny produced by mat ings  i n t e r  se o f  t h e  s e l e c t e d  i n d i v i d u a l s  ( o r  
t h e i r  s e l f e d  o r  s i b b e d  progeny)  o f  t h e  p reced ing  g e n e r a t i o n .  When t h i s  b r e e d i n g  method 
i n v o l v e s  progeny t e s t i n g  (mass s e l e c t i o n  does n o t ) ,  t h e n  each c y c l e  has t h r e e  s t e p s  - -  
( i )  p r o d u c t i o n  o f  p rogen ies  by s e l f i n g  o r  u s i n g  any system o f  mat ing ;  
( i i )  e v a l u a t i o n  o f  p r o g e n i e s ;  and 
( i i i )  r e c o m b i n a t i o n  o f  t h e  s e l e c t e d  p r o g e n i e s .  S e l e c t i o n  c o n t i n u e s  c y c l e  a f t e r  c y c l e ,  
p r o v i d e d  s u f f i c i e n t  v a r i a b i l i t y  remains.  

s e l f - f e r t i l i z a t i o n  
f e r t i l i z a t i o n  o f  an egg by a  p o l l e n  g r a i n  f rom t h e  same p l a n t .  (see " s e l f i n g " ) .  

s e l f i n g  
p l a n t  b r e e d i n g  t e r m  u s u a l l y  meaning n a t u r a l  o r  a r t i f i c i a l  s e l f - p o l l i n a t i o n .  



s e l f - p o l l i n a t i o n  
t r a n s f e r  o f  p o l l e n  frorrr t h e  a r i t h e r  t o  t h e  s t ign ia o f  t h e  saliie f l o w e r  o r  o f  a n o t h e r  f l o w e r  
or1 t h e  same p l a n t .  

s e m i - a r i d  t r o p i c s  
s e a s o n a l l y  d r y  t r o p i c a l  a reas  h a v i n g  
( i )  we t  and d r y  t r o p i c a l  c l i r n a t e s  w i t h  4 . 5  t o  7  hurriid months ( r a i n f a l l  equal  t o  o r  i n  
excess o f  p o t e n t i a l  e v a l ~ o r a t i o n )  and 5 t o  7.5 a r i d  months ( r a i n f a l l  l e s 5  than  o r  equal  t o  
p o t e n t i a l  e v a p o r a t i o n ) ;  
( i i )  t r o p i c a l  d r y  c l i m a t e s  w i t h  2 t o  4 .5  hunrid n~or i ths i n  t h e  warn1 seasori and 7 . 5  t o  10 a r i d  
months; 
( i i i )  t r o p i c a l  d r y  c l  i lnates w i t h  hurtlid 111onths i n  t h e  c o o l e r  set jsori .  

s i  b b i r ~ g  
s i b - m a t i n g .  Cross between o l a r ~ t s  froni t h e  sallie p o p u l a t i o r i .  Genctral l y  p o l l e l i  i s  c o l l e c t e d  
f rom s e v e r a l  p l a n t s  f rom t h e  sallie ~ ~ o p u l d t i o n ,  b u l k e d ,  and c rossed  o r l l o  5 i 5 t c : r  p l a n t s  o f  t h e  
same p o p u l a t i o n .  

s i b l i n g  
one of two  o r  Inore c h i l d r e n  o f  t h e  same p a r e n t s  

s i b - r r ~ a t i  ng 
c r o s s i n g  s i  b l  i r l y s ,  two o r  more i n d i v i d u a l s  o f  t h e  same paren tage  ( b r o t h e r - s i s t e r  e la t i ng )  

s i d e c a r  
a  s p c c i a l - p u r p o s e  b reed i r rg  p o p u l a t i o n  c o n t a i n i n g  a  p a r t i c u l a r l y  d e s i r a b l e  c h a r a c t e r  ( such  
as r e s i s t a n c e  t o  a  s p e c i f i c  d i s e a s e )  ; t h e  s i d e c a r  p o p u l a t i o r i  i i i r ~ ~ l ) r o v e d  dyronorn ica l  l y  and 
t h e n  i r ~ t r o d u c e d  i n t o ,  o r  becomes, t h e  main b r e e d i n g  p o p u l a t i o n .  

s i g n i f i c a n c e  t e s t  ( s t a t i s t i c s )  
a  c a l c u l a l i o r ~  o f  t h e  p r o b a b i l i t y  t h a t  an a s c e r t a i n e d  q u a n t i t a t i v e  difference between t h e  
r e s u l t s  o f  c e r t a i n  e x p e r i m e n t a l  t r e a t m e n t s  i s  o f  a  rt lagri i tude t o  J u s t i f y  d t t r i b u t i n y  i t  t o  
t h e  d i f f e r e n c e  i n  t r e a t ~ r i e r l t  r a t h e r  t h a n  t o  chance o r  t o  e x p e r i t n e r i t ~ l  e r r o r .  I f  t h i s  proba-  
b i l i t y  i s  l e s s  than  an agreed s m a l l  v a l u e  ( t e r m e d  " l e v e l  o f  s i g n i f i c d r i c e "  arid o f t e n  accep ted  
as 1  i n  20) ,  t t i e  d i f f e r e n c e  i s  s a i d  t o  be s i y n i f i c a n t .  ( N o t e :  a  n o n s i g n i f i c a n t  d i f f e r e n c e  
does r lo t  i ~ r i p l y  a  p r o o f  t h a t  a  d i f f e r e n c e  between t r e a t m e n t s  does n o t  e x i s t ) .  

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

s t a n d a r d  d e v i a t i o n  
measure o f  t h e  average v a r i a t i o n  o f  a s e r i e s  o f  o b s c r v a t i o r i s  o f  i tens  o f  a p o l ~ u l d t i o r l  dbout  
t h e i r  mean. I n  norr r ra l ly  d i s t r i b u t e d  s e t s  o f  moderate s i z e ,  t h e  i n t c r v d l  o f  t t i e  Illearl, p l u s  
o r  minus t h e  s t a n d a r d  d e v i a t i o n ,  i n c l u d e s  a b o u t  t w o - t h i r d s  o f  t h e  o b s e r v a t i o n s .  

s u s c e p t i  b i  1  i t y  
i n v e r s e  o f  r e s i s t a n c e .  D e f i n e d  as t h e  i n a b i l i t y  o f  t h e  h o s t  t o  defend i t s e l f  a g a i n s t  o r  t o  
overcome t h e  e f f e c t s  o f  i n v a s i o n  bv  a  uathoaen o r  v i r u s .  I f  a  c u l t i v a r  i s  seen w i t h  rlo 
SymptOnlS and i t  i s  n o t  known t h a t  t h e  c u l t i c a r  has been c h a l l e n g e d  by a  p a r t i c u l a r  pathogen, 
i t  canno t  be s a i d  t h a t  t h e  c u l t i v a r  i s  r e s i s t a n t ;  t h e  p r o p e r  d e s c r i p t i o n  i s  " f r e e  o f  
symptoms. " 

symb ios is  
t h e  l i v i n g  t o g e t h e r  i n  more o r  l e s s  i n t i m a t e  a s s o c i a t i o n  o f  two d i s s i m i l a r  organisms,  w i t h  
a  r e s u l t i n g  mutua l  b e n e f i t .  Common examples i n c l u d e  l i c h e n s  ( a l g a e  arld f u n g i )  and 
leguminous p l a n t s  1  i v i n g  i n  a s s o c i a t i o n  w i t h  r h i z o b i a .  

s y n t h e t i c  
( i )  advanced g e n e r a t i o n  random-mating p o p u l a t i o n  d e r i v e d  frori i  a  few s e l e c t e d  i n b r e d  1 i n e s ;  
( i i )  a  v a r i e t y  p roduced  by c r o s s i n g  i n t e r  se  a  number o f  i n b r e d  l i n e s  ( u s u a l l y  f i v e  t o  
e i g h t )  s e l e c t e d  f o r  t h e i r  good g e n e r a l  comb in ing  a b i l i t y .  The v a r i e t y  i s  subsequen t l y  
m a i n t a i n e d  by  open p o l l i n a t i o n .  



t e l  ophase 
l a s t  s tage  o f  m e i o s i s  o r  m i t o s i s :  t h e  chromoson~es a r e  a t  t h e  p o l e s  o f  t h e  c e l l ,  and a  
n u c l e a r  membrane forms around them. 

t e s t  c ross  
c ross  made w i t h  a  honiozygous r e c e s s i v e  p a r e n t  t o  de te rmine  whether  an i n d i v i d u a l  i s  homo- 
zygous o r  he te rozygous .  

t e t r a p l o i d  
p o l y p l o i d  p l a n t  h a v i n g  f o u r  genorrles ( 4 n ) .  

t i l l e r  
e r e c t  o r  s e m i e r e c t  b ranch  a r i s i n g  fro111 a bud i n  t h e  a x i l s  o f  l eaves  o r  a t  t h e  base o f  a  
u l a n t .  

t o l e r a n t  
terrrl used t o  d e s c r i b e  t h e  a b i l i t y  o f  t h e  h o s t  p l a n t  t o  w i t h s t a n d  u n r e s t r i c t e d  and e x t e n -  
s i v e  c o l o n i z a t i o n  b y  a  p a r a s i t i c  o rgan ism o r  v i r u s  w i t h o u t  syniptorn deve lop~nen t .  
" T o l e r a n t "  i s  n o t  t o  be used t o  d e s c r i b e  moderate s u s c e p t i b i l i t y  o r  ~ r iodera te  r e s i s t a n c e  
i n  a  p l a n t .  

t o p c r o s s / t e s  t e r  
c r o s s  between a  s e l e c t i o n ,  l i n e ,  c l o n e ,  e t c . ,  and a  cormlon p a r e n t ,  w h i c h  may be c a l l e d  a  
v a r i e t y ,  i n b r e d  l i n e ,  s i n g l e  c r o s s ,  c t c .  The corlurlon pare r r t  i s  c a l l e d  t h e  t e s t e r  p a r e n t .  

t r a n s g r e s s i v e  s e g r e g a t i o n  
appearance o f  p l a n t s  i n  t h e  F2 o r  l a t e r  g e n e r a t i o n s  h a v i n g  a  c h a r a c t e r  o u t s i d e  t h e  range 
o f  t h e  p a r e n t s .  

t r a r i s l o c a t i o n  
i n t e r c h a n g e  o f  a  s m a l l  segment o f  a  c h r o ~ n o s o ~ ~ l e  w i t h  a  segment f r o m  a  nonhomologous 
chromosome. 

I 

t i i s o r n i c  
d e s c r i b e s  a  d i p l o i d  p l a n t  h a v i n g  an e x t r a  chrotnosoine ( 2 n  + 1 ) .  

t r i v a l e n t  
u n i t  o f  t h r e e  ho~iiologous chro~nosonies t h a t  may be  formed d u r i n g  p a i r i n g  i n  m e i o s i s  i n  p o l y -  
p l o i d s .  

u n i v a l e n t  
d e s c r i b e s  a  chromosome t h a t  remains u n p a i r e d  d u r i n g  m e i o s i s .  

v a r i a n c e  
s t a t i s t i c a l  measure o f  v a r i a t i o n .  Equal t o  t h e  square o f  t h e  s t a n d a r d  d e v i a t i o n .  

v a r i a t i o n  
occur rence  o f  d i f f e r e n c e s  between i n d i v i d u a l s  o f  t h e  same s p e c i e s  

v a r i e t y  
( i )  p o p u l a t i o n  o f  p l a n t s  h a v i n g  many c h a r a c t e r i s t i c s  i n  common; a  v a r i e t y  may be  a  p u r e  
l i n e ,  a  m i x t u r e  o f  p u r e  l i n e s ,  a  Mende l ian  p o p u l a t i o n ,  o r  a  c l o n e ;  
( i i )  a  g roup  o f  p l a n t s  w i t h i n  a  s p e c i e s  t h a t  d i f f e r  i n  c e r t a i n  c h a r a c t e r s  f r o m  o t h e r  groups 
i n  t h e  same spec ies ,  i .e . ,  p l a n t s  t h a t  have some c h a r a c t e r  ( u s u a l l y  d e s i r a b l e )  i n  common. 



weed 
a  p l a n t  o u t  o f  p l a c e .  Any p l a n t  g row ing  where n o t  wanted 

weedy t y p e s  
unwanted types  accompanying t h e  c u l t i v a t e d  c r o p  t h a t  have a  spontaneous s p r e a d i n g  h a b i t  and 
i n t e r a c t  w i  t l ,  t h e  c u l t i v a t e d  r a c e  ds w e l l  as w i t h  t h e  t r u l y  w i l d  races .  

w i l d  t y p e s  
n a t u r a l l y  o c c u r r i n g  nondornesti  c a t e d  c r o p  r e l a t i v e s .  

w o r k i n g  c o l l e c t i o n  
(See " c o l l e c t i o n ,  w o r k i n g .  " )  

xen i  a 
immediate e f f e c t  o f  p o l l e n  on t h e  endosperm. 

x e r o p h y t e  
a  p l a n t  t h a t  can s u b s i s t  i n  d r y  s i t u a t i o n s  

y i e l d  colriponents 
p r i l i i a r y  y i e l d  d e t e r ~ l i i n a n t s :  p a n i c l e  nun~bcr ,  g r a i n  number o f  p a n i c l e ,  and i n d i v i d u a l  g r a i n  
w e i g h t .  

y i e l d  ( c r o p )  
u s e a b l c  p o r t i o n ( s )  o f  a  c r o p ;  has v a l u c  f o r  on-fan11 use o r  f o r  m a r k e t i n g  

z y g o t e  
c e l l  formed by f u s i o n  o f  t h e  male arid ferrrale gariietes a t  f e r t i l i z a t i o n .  
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