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TROPICAL CROP LEGUME IMPROVEMENT - A MATTER OF ADAPTATION 

FAERER MEMORIAL ORATIOR 1986 

D.E. BYTH 
. . .. 

The award of the  1986 Farrer  Medal t o  me by the  Board of the  Farrer  

Memorial Trust  i s  an  honour which i s  deeply appreciated.  However, I 

s t rong ly  be l ieve  tha t ,  i n  science,  no indiv idual  s tands alone and t h a t  any 

con t r ibu t ion  inev i t ab ly  r e f l e c t s  an  a c t i v e  exchange and sharing of 

knowledge and concepts. My career  i n  a g r i c u l t u r a l  science, i n  research  

and i n  education, has been charac ter ized  by c lose  i n t e r a c t i o n  wi th  

numerous s c i e n t i f i c  col leagues i n  Aus t ra l i a  and i n  other coun t r i e s ,  wi th  

undergraduate and postgraduate s tudents ,  r e sea rch  and academic 

admin i s t r a to r s ,  and wi th  r ep resen ta t ives  of the  a g r i c u l t u r a l  i ndus t r i e s .  

I wish t o  ackncwledge publ ic ly  the  i n t e l l e c t u a l  stimulus and guidance I 

have received continual ly from o the r s ,  and t o  i n d i c a t e  t h a t  I regard t h i s  

award a s  a  recogni t ion  of the o v e r a l l  cont r ibut ions  t h a t  have grown from 

those  r e l a t ionsh ips .  

INTRODUCTION 

I n  choosing the  top ic  of t h i s  essay, I have sought t o  address the  

i n t e r e s t s  of a  very d ive r se  audience:- those who a r e  not  a g r i c u l t u r a l  

s c i e n t i s t s  and who may have l i t t l e  or no s c i e n t i f i c  t r a i n i n g ;  o t h e r s  who 

a r e  s c i e n t i s t s  but know l i t t l e  of a g r i c u l t u r e  and the s c i e u t i f i c  e f f o r t s  

which a r e  mobilized t o  i t s  support and d e v e l o p e n t ;  and a g r i c u l t u r a l  

s c i e n t i s t s  from a wide range of profess ional  i n t e r e s t s .  My o b j e c t i v e  i s  

t o  use t h i s  top ic  t o  communicate some of the  challenge and excitement of 

r e s e a r c h  and t o  touch on aspec t s  of the  r o l e  and con t r ibu t ion  of 



a g r i c u l t u r a l  sc ience  i n  contemporary socie ty .  

I n  a  very r e a l  sense, p lant  production i s  c e n t r a l  t o  the  surviva l  

and we l fa re  of man, and improvement i n  p lant  product iv i ty  undoubtedly h a s  

been a fundamental component i n  t h e  establ ishment  of the  g r e a t  

a g r i c u l t u r a l  i n d u s t r i e s  of t h i s  country and remains e s s e n t i a l  t o  t h e i r  
. . 

continued v i a b i l i t y  and developnent. ~ e s ~ i t e '  t he  current  downturn i n  t h e  

r u r a l  s ec to r ,  the  Aus t ra l i an  economy remains heavi ly  dependent on the  

a g r i c u l t u r a l  i n d u s t r i e s  f o r  export income, enployment and wealth crea t ion ,  

and w i l l  continue t o  do so f o r  the  fo reseeab le  fu tu re .  The reasons  f o r  

t h i s  a r e  c lear  - d e s p i t e  our r e l a t i v e l y  harsh and unfavourable 

environment, a g r i c u l t u r a l  production i s  one of the  things Aus t ra l i a  does 

w e l l  on a world sca le ,  and t h i s  r e f l e c t s  the  dynamic i n d u s t r i e s ,  t h e  

e n t e r p r i s i n g  na ture  of the  Aus t ra l i an  farmers and t raders ,  and the  

con t r ibu t ions  t o  research  and development by a g r i c u l t u r a l  s c i e n t i s t s .  

Aust ra l ian  a g r i c u l t u r e  is ,  t o  a  l a r g e  ex ten t ,  a  high technology e x e r c i s e  

and i t s  products a r e  high technology commodities. The development and 

a p p l i c a t i o n  of appropr ia te  technology h a s  enabled us  r e l i a b l y  t o  produce 

products  of acceptable q u a l i t y  for the  l o c a l  and i n t e r n a t i o n a l  marketplace 

and t o  market them i n  t h e  f a c e  of i n t e n s e  i n t e r n a t i o n a l  competition which 

o f t e n  i s  heavily subsidized. This  i s  no small accomplishment, and 

a g r i c u l t u r a l  r e sea rch  has  cont r ibuted  s u b s t a n t i a l l y  t o  the technological  

base t h a t  has made i t  possible.  

I n  essence, Aus t ra l i an  a g r i c u l t u r e  c o n s i s t s  of dynamic i n d u s t r i e s  

which must continual ly develop and change t o  meet the  challenge of a  

changing en*vironment of production, marketing and denand. Research i s  

necessary t o  enable the  i n d u s t r i e s  t o  meet these challenges, and t o  ensure  

conservation of our na tcnal  r e sources  through the  development of s t a b l e  

and environmentally acceptable systems of production. 



The con t r ibu t ions  of a g r i c u l t u r a l  research  t o  the  economic and 

s o c i a l  development of t h i s  country have been immense, and t h i s  deserves 

g rea te r  community recogni t ion .  Equally, t h e r e  i s  a  r e s p o n s i b i l i t y  on 

indus t ry  and government t o  ensure continuing support f o r  the  educat ion and 

research needed t o  underwrite t h e  f u t u r e  technological  needs of t h e  

developing a g r i c u l t u r a l  i n d u s t r i e s .  This  iij' a  major challenge, and I 

confess t o  considerable unease regarding  t h e  pr w a i l i n g  preoccupation by 

government wi th  the so-cal led "sunrise,  high-technology" i n d u s t r i e s .  

Cer ta in ly ,  these a reas  r e q u i r e  and j u s t i f y  research  support, but t h i s  must 

not  be a t  t he  expense of support  f o r  r e sea rch  w i t h i n  the  a g r i c u l t u r a l  

i n d u s t r i e s  upon which we a r e  so dependent. 

Another reason f o r  choosing t h i s  t o p i c  i s  t h a t  it enables r e f l e c t i o n  

on t h e  work of the  man whom we a r e  t rue ly  honouring on t h i s  occasion - 
namely William James Farrer .  Many i n  the  audience w i l l  know l i t t l e  of him 

( a p a r t  from h i s  appearance on the  $2 no te ) ,  and some a t t e n t i o n  t o  t h i s  man 

and h i s  con t r ibu t ion  i s  j u s t i f i e d .  

Farrer  was undoubtedly a  pioneer - one of the  most imaginative p lan t  

breeders  t o  work i n  Aus t ra l i a ,  and indeed h i s  cont r ibut ions  had 

i n t e r n a t i o n a l  s igni f icance .  H i s  t ang ib le  con t r ibu t ion  was the  breeding 

and naming of numerous c u l t i v a r s  of wheat, but t h i s  i s  dwarfed by the  

importance and impact of h i s  i n t e l l e c t u a l  cont r ibut ion .  Farr e r  

conceptualized the need and opportunity f o r  gene t i c  improvement of a n  

a g r i c u l t u r a l  spec ies ,  t h e  need t o  i d e n t i f y  and concentrate  upon t h e  

primary f a c t o r s  l i m i t i n g  production, and the necess i ty  t o  genera l ize  t h i s  

concept of crop improvement a c r o s s  t h e  range of charac ters  of t h a t  cro,. 

The depth of i n s i g h t  involved i n  these concepts i s  impressive, 

p a r t i c u l a r l y  when they a r e  put i n t o  an  h i s t o r i c a l  perspect ive.  A t  t h e  

time, around fede ra t ion ,  the  s c i e n t i f i c  approach t o  a g r i c u l t u r e  was i n  i t s  

infancy and indeed t h e  s c i e n t i f i c  world was j u s t  i n  the  throes  of 
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rediscovery of Mendel' s  fundamental work i n  genet ics  and inher i tance .  

Farrer  was, indeed, a  man ahead of h i s  time. 

Most importantly, h i s  work exemplifies an i n t e l l e c t u a l  f l e x i b i l i t y ,  

a  wi l l ingness  t o  modify the emphasis t o  address the primary problem. He 

recognised t h a t  the ear ly  wheat v a r i e t i e s  from Europe were poorly adapted 
.. .. 

t o  Aust ra l ian  conditions, and tha t  the re  was a  need i n  Aus t ra l i a  f o r  

v a r i e t i e s  t h a t  could y i e l d  w e l l  and r e l i a b l y  i n  e w i r o m e n t s  general ly 

charac ter ized  by l w  inpu t s  and severe s t r e s s e s  such a s  drought. He was 

one of t h e  f i r s t  plant  breeders t o  become involved i n  cerea l  chanistry and 

the  improvement of m i l l i n g  and baking q u a l i t y  of grain.  He sought t o  

combine improved g ra in  qua l i ty  with charac ters  which may condit ion high 

y i e l d s  i n  s t r e s s  environments, such a s  ear ly  matur i ty ,  reduced t i l l e r i n g  

and narrow s t i f f  leaves. This recogni t ion  of the  opportunity f o r  

improvement of the adapta t ion  of a  crop t o  s p e c i f i c  production 

e w i r o w e n t s ,  and t h a t  p a r t i c u l a r  plant c h a r a c t e r i s t i c s  may influence 

t h a t  adapta t ion ,  i s  thoroughly modern i n  i t s  concept. Contemporary 

a s i c u l t u r a l  s c i e n t i s t s  have developed upon h i s  concern for  improvement of 

adapta t ion ,  but h i s  i n i t i a l  cont r ibut ion  remains c l a s s i c  and i n s t r u c t i v e .  

PLANT IMPROVEMENT 

Agr icu l tu ra l  producers a r e  concerned wi th  the production of 

p a r t i c u l a r  species over time and space, and a s  a  r e s u l t ,  a  c e n t r a l  

ob jec t ive  of a g r i c u l t u r a l  s c i e n t i s t s  i s  the  improvement of t h e  

product iv i ty  of t h a t  species i n  s p e c i f i c  e w i r o m e n t s  and of i ts  

adap ta t ion  t o  a  range of environments. In  p rac t i ce ,  performance can be 

improved e i t h e r  by changing the  plant  t o  make i t  more sui ted  t o  i t s  

ewiromnent,  or by modifying the ewiromnent t o  be t t e r  s a t i s f y  the 

requirements of the plant ,  or both. 

H w  do these changes occur? 
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Changes t o  the p lant  a r e  poss ib le  only when the re  i s  gene t i c  

v a r i a b i l i t y  i n  the  population f o r  the  a b i l i t y  t o  respond t o  a  p a r t i c u l a r  

chal lenge  or s t r e s s ,  and a  permanent genet ic  change may be poss ib le  

through s e l e c t i o n  of the  superior  group. This i s  the  process of 

a d a p t a t i o n  by which a  populat ion becomes progressively b e t t e r  ad jus ted  t o  
. . .. 

i t s  envi roment .  I n  a  s imi la r  way, the  e w i r o m e n t  may be modified t o  

achieve a  des i red  r e s u l t .  Agr icu l tu ra l  production i n w i t a b l y  involves 

modif ica t ion  of the  e w i r o m e n t ;  f o r  example, t he  use of c u l t i v a t i o n ,  t h e  

a p p l i c a t i o n  of f e r t i l i z e r s ,  chanica ls  and i r r i g a t i o n ,  the  use  of d i f f e r e n t  

s w i n g  da tes ,  and so f o r t h .  Each modif ica t ion  i s  designed t o  r e l i e v e  a  

p a r t i c u l a r  s t r e s s  o r  limit t o  p lant  product iv i ty ,  and the  s c a l e  and na tu re  

of the  modif ica t ions  can vary hugely, e.g. i n t ens ive  h o r t i c u l t u r e  and 

f l o r i c u l t u z e  E. extensive wheat production. 

For those cases where the  d i f f e rences  i n  p lant  performance can be 

r e l a t e d  mainly t o  one s p e c i f i c  l i m i t a t i o n  (such a s  a  d isease  which 

devas ta t e s  production),  then t h e  s t ra tegy of p l a n t  improvement i s  

r e l a t i v e l y  c l e a r  - e i t h e r  i d e n t i f i c a t i o n  and incorpora t ion  of g e n e t i c  

r e s i s t a n c e ,  or the  use of c u l t u r a l  or chemical cont ro l  measures. I n  t h e s e  

types of s i t u a t i o n s ,  the key t o  p lant  improvement i s  the  r ecogn i t ion  of 

the  na tu re  of the  s t r e s s  and of the  extent  of the  adapt ive  response of 

genotypes t o  it. This a l l w s  d e f i n i t i o n  of a l t e r n a t i v e  s t r a t e g i e s  f o r  

r e s o l u t i o n  of the  l i m i t ,  and s e l e c t i o n  of the  most appropr i a t e  of these. 

More commonly, h w w e r ,  a g r i c u l t u r a l  environments impose q u i t e  

complex chal lenges wi th  many f a c t o r s  varying simultaneously, and t h e r e  may 

be a  range of responses by d i f f e r e n t  v a r i e t i e s  t o  these challenges. I n  

these  s i t u a t i o n s ,  r e l a t i v e  ( r a t h e r  than abso lu te )  d i f f e r e n c e s  among 

v a r i e t i e s  become important and the objective design of s t r a t e g i e s  f o r  

improvement becomes more complex. 



Consider an example. A l l  p l a n t s  r e q u i r e  water  t o  grow and, i n  

p r i n c i p l e ,  the  more water they have the b e t t e r  they perform. Suppose two 

farmers,  one loca ted  i n  an i r r i g a t i o n  a rea  and t h e  other  i n  a semi-arid 

dryland a r e a ,  decide t o  grow a  p a r t i c u l a r  crop. The season i s  dry i n  both 

a r e a s ,  so t h a t  crop growth i s  r e s t r i c t e d .  The f i r s t  farmer responds by 

i r r i g a t i n g  h i s  crop t o  r e l i e v e  the s t r e s s  - he seeks t o  improve 

p roduc t iv i ty  by modifying t h e  e w i r o w e n t  t o  s u i t  t he  needs of the  crop. 

Such a  response by the second farmer i s  not poss ib le .  He ce r t a in ly  could 

have a t t a n p t e d  t o  increase  the  mois ture  a v a i l a b l e  t o  t h e  crop by modifying 

h i s  farming system t o  s t o r e  e x t r a  water  i n  the s o i l .  However the bes t  

opt ion  h e  has t o  improve product iv i ty  i n  t h a t  environment i s  t o  use a 

v a r i e t y  which i s  gene t i ca l ly  supe r io r  i n  i t s  t o l e rance  of dry condit ions - 
say, one t h a t  i s  deeper rooted  and a b l e  t o  e x t r a c t  more water ;  or one 

which i s  e a r l i e r  maturing so i t  avoids much of the  drought; or one wi th  

more e f f i c i e n t  leaf  funct ion  which produces more growth than does a  l e s s  

e f f i c i e n t  v a r i e t y  while using the same amount of water .  

Clear ly  these two s i t u a t i o n s  a r e  i n  s t a r k  c o n t r a s t  wi th  r e spec t  t o  

the  na ture  of the  envirornnental challenge t o  the crop and the form of 

adap ta t ion  desired.  The farmer wi th  i r r i g a t i o n  r e q u i r e s  a v a r i e t y  which 

h a s  a  h igh  y i e l d  po ten t i a l  and the  a b i l i t y  t o  respond t o  inpu t s  and 

favourable  c u l t u r a l  conditions. The dryland farmer a l s o  has an i n t e r e s t  

i n  a  h igh  y i e l d  po ten t i a l  because occasional  seasons i n  h i s  a rea  a r e  

highly favourable. Howwer h i s  over-r iding r e q u i r m e n t  i s  f o r  gene t i c  

to l e rance  of the  water s t r e s s  c e r t a i n  t o  be experienced i n  most years .  It 

i s  o t ~ i o u s  t h a t  q u i t e  d i f f e r e n t  types  of p l a n t s  and production systems a r e  

needed f o r  these two s i t u a t i o n s ,  and t h a t  q u i t e  d i f f e r e n t  s t r a t e g i e s  of 

p l an t  improvement a r e  requi red  f o r  t h e i r  development. 

These examples a re  over-simplif ied,  but they a r e  r e a l  and I have 

posed than  i n  order  t o  e s t a b l i s h  t h r e e  p r inc ip le s :  



F i r s t ,  t h a t  a g r i c u l t u r a l  environments vary  hugely and t h a t  v a r i e t a l  

performance i n  any env i roment  i s  a  complex func t ion  of many i n t e r a c t i n g  

f a c t o r s .  

Secondly, t h a t  improved performance i s  a t t a i n e d  through the  

i d e n t i f i c a t i o n  and r e s o l u t i o n  of s p e c i f i c  l i m i t s  t o  product iv i ty  and 

.. 
adaptat ion.  

Thirdly, t h a t  a g r i c u l t u r a l  p l an t  improvement inev i t ab ly  i s  

mul t id i sc ip l ina ry ,  i n  tha t  i t  may involve  manipulat ion of the  gene t i c s  or  

t h e  envi roment  of the  p lant ,  or both, depending on the  na ture  of t h e  

primary l i m i t  and the  f e a s i b i l i t y  of a l t e r n a t i v e  r e so lu t ions .  

Agr icul tura l  production occurs  i n  an incredib ly  wide d i v e r s i t y  of 

environments which d i f f e r  i n  the  type,  i n t e n s i t y  and timing of the  

chal lenges they impose. Within these  e w i r o m e n t s ,  farming systems 

continual ly w o l v e  i n  response t o  human needs, a v a i l a b i l i t y  of technology 

and c a p i t a l ,  and environmental change. This  i s  t h e  dynamic s i t u a t i o n  

w i t h i n  which improvement i n  p lant  p roduc t iv i ty  must be sought, and it 

obviously i s  a  complex and continuing challenge. There a l s o  i s  an  

i n t e r n a t i o n a l  dimension t o  t h i s ,  i n  t h a t  Aus t ra l i an  a r a b l e  a g r i c u l t u r e  i s  

based almost t o t a l l y  on e x o t i c  species .  There i s  a c t i v e  i n t e r n a t i o n a l  

exchange of gene t i c  m a t e r i a l s  and s c i e n t i f i c  knowledge, but t h e  re levance  

of the  var ious  na t iona l  and i n t e r n a t i o n a l  programs t o  t h e  Aust ra l ian  

a g r i c u l t u r a l  s i t u a t i o n  d i f f e r s  g rea t ly .  

Deliberate  p lant  improvement by man i s  not  a  new concept - indeed, 

pr imi t ive  man i n i t i a t e d  the process a s  soon a s  he commenced c u l t i v a t i o n ,  

and modern a g r i c u l t u r a l  species  a r e  t o  a  l a r g e  ex ten t  a  legacy of t h e  

inf luence  of hundreds of genera t ions  of in t e rven t ion  by man. Even today, 

ad hoc a c t i v i t y  i n  p lant  improvement can be h ighly  e f f e c t i v e  when it i s  -- 
d i rec ted  a t  a  s p e c i f i c  problem. I n  some cases ,  t h a t  improvement can be 

ext rapola ted  t o  o ther  environments h ~ t  more commonly, la rge  i n t e r a c t i o n s  



of v a r i e t y  X environment r e s t r i c t  t he  ex ten t  of technology t r ans fe r .  

Indeed, t h i s  was prec ise ly  the problem faced by Fa r re r  - t h a t  t he  wheat 

v a r i e t i e s  and technology of Europe were not r e l evan t  t o  Aus t ra l i an  

environments. 

Simply, p lant  improvement based on an  ad hoc approach i s  inev i t ab ly  
. . 

r e a c t i v e  i n  na ture  and remedial i n  anphasis,  Hnd i t s  r e s u l t s  a r e  l i k e l y  t o  

be r e s t r i c t e d  i n  relevance i n  time and space f o r  an a g r i c u l t u r a l  system 

charac ter ized  by grea t  d i v e r s i t y  and dynamic change of the  production 

env i roment .  Sustained improvement i n  the  longer term, and t h e  a b i l i t y  t o  

extend those improvements t o  o ther  production environments, a r e  most 

l i k e l y  t o  a r i s e  from t h e  d e l i b e r a t e  development over time of a more 

fundamental s c i e n t i f i c  understanding of the  mechanisms and processes 

in f luenc ing  product iv i ty  and adapta t ion  of t h e  species.  This has been and 

remains the primary ob jec t ive  i n  p lant  improvement research ,  and 

cons iderable  advances have been made i n  r ecen t  years .  However, fo r  most 

of our crop p lan t s ,  s c i e n t i f i c  knmledge of the  i n t e r r e l a t i o n s h i p s  among 

p l a n t  charac ters  inf luencing  grow th  and development i n  p a r t i c u l a r  

environments remains severely l imited.  As a r e s u l t ,  gene t i c  models allow 

only a  l imi ted  p red ic t ion  of performance i n  d i f f e r e n t  environments, and 

phys io logica l  models do not  necessar i ly  encompass the  responses of o ther  

genotypes or the  inf luence  of untes ted  ewirorments .  I n  turn ,  t h i s  

r e s t r i c t s  our a b i l i t y  t o  design ob jec t ive  s t r a t e g i e s  f o r  the  improvement 

of these  crop species.  

CROP LEGUMES I N  FPRMING SYSTEMS 

A very la rge  number of ed ib le  p lant  spec ies  a r e  known and have been 

e x p l o i t e d  by man throughout h i s  h i s to ry .  Howwer, f o r  va r ious  reasons ,  

our  a g r i c u l t u r e  i s  now dominated by a  r e l a t i v e l y  small number of groups of 

c rop  species .  Of these, the  legumes a r e  among the  most important and i n  



f a c t ,  only the ce rea l  gra ins  (wheat, r i c e ,  maize e t c . )  and roo t  crops 

(po ta to ,  cassava,  yams e t c . )  have g r e a t e r  importance. 

The importance of legumes a s  a  component of farming systems has  been 

apprec ia ted  by man since a n t i q u i t y ,  both because they were a  good food 

source and because they were recognized a s  cont r ibut ing  t o  the  maintenance 
. . 

and r e s t o r a t i o n  of s o i l  f e r t i l i t y  (Myers aria Wood, IN PRESS; Wood and 

Myers, I N  WESS). We now knm t h a t  t h i s  f e a t u r e  of legumes a r i s e s  from 

t h e  symbiotic a c t i v i t y  of ni t rogen-fixing b a c t e r i a  i n  nodules on t h e i r  

roo t s .  This  a b i l i t y  of the  legumes - t o  f i x  atmospheric n i t rogen and 

convert  it i n t o  p ro te in  f o r  the  l eaves  and seeds enables them t o  f l o u r i s h  

on s o i l s  l o w  i n  mineral  ni t rogen and t o  con t r ibu te  t o  the  N balance of the  

whole farming system. 

Legume seeds have been a  v i t a l  component of human and animal d i e t s  

f o r  many cen tu r i e s .  We a r e  now aware t h a t  t h i s  r e f l e c t s  a  r ecogn i t ion  of 

both the  high concentrat ion and q u a l i t y  of the  p ro te in  i n  the  legume seed, 

and the  n u t r i t i o n a l  complementarity between the  legume seed and ce rea l  

g r a i n  w i t h  r e s p e c t  t o  the  amino a c i d  composition of the pro te in .  

A g r e a t  d i v e r s i t y  of crop legumes i s  exp lo i t ed  by man. The 

o i l -bear ing  legume seeds such a s  soybean and peanut can be d is t inguished 

from those which contain l i t t l e  or no o i l  i n  t h e  seed and which a r e  

c o l l e c t i v e l y  r e f e r r e d  t o  a s  ' p u l s e s ' .  Man has been most ingenious i n  

developing methods of u t i l i z a t i o n  of legume seeds which make them more 

pa la t ab le ,  i nc rease  t h e i r  n u t r i t i o n a l  va lue  or r move a n t i - n u t r i t i o n a l  

f a c t o r s  ( P l a t e  1 ) .  Legume seeds a r e  ea ten  a s  whole green or mature seeds 

o r  a f t e r  decor t i ca t ion  and s p l i t t i n g ;  they can be. cooked by bo i l ing ,  

r o a s t i n g  or f r y i n g ;  they may be sprouted,  fermented, ex t rac ted  f o r  p ro te in  

curds,  a r t i f i c i a l  mi lk  products and t ex tu red  vegetable  pro te in ,  and used 

a s  pulse f.lour i n  noodles; t o  mention only some of the  range. 

[TAKE I N  PLATE 1 hXAR HERE] 



It i s  c l ea r  t h a t  the crop legumes a r e  a n  important p r o t e i n  source i n  

human n u t r i t i o n ,  p a r t i c u l a r l y  i n  those developing coun t r i e s  i n  which 

animal p r o t e i n  i s  i n  shor t  supply or expensive and where vegetar ian ism i s  

common. However, r ecen t  t r ends  i n  human n u t r i t i o n  i n  some developing 

c o u n t r i e s  a r e  d is turb ing .  For example i n  India ,  s i n c e  1961 t h e r e  has been 

a  10-15% inc rease  i n  t h e  per caput a v a i l a b i ~ i t ~  of c e r e a l s ,  whereas t h e  

per caput  a v a i l a b i l i t y  of p u l s e s ,  which was a l ready  inadequate,  h a s  

dec l ined  by 20% over t h e  same period. This  development was a n t i c i p a t e d  i n  

t he  e a r l y  1970s by Norman Borlaug, - t h e  Nohel Laure te  a g r i c u l t u r a l  

s c i e n t i s t  and t h e  f a t h e r  of t h e  so-cal led green r e v o l u t i o n  i n  c e r e a l  

product ion.  Indeed, i t  i s  p a r t l y  the  development of h igher  y i e l d i n g  

v a r i e t i e s  and improved product ion p r a c t i c e s  f o r  c e r e a l s  t h a t  has  d isp laced  

the  c rop  legumes onto  more marginal  cropping l and  and reduced t h e i r  

product ion.  The cost  of product ion of c rop  legumes i n  many Asian 

c o u n t r i e s  i s  now s u b s t a n t i a l l y  g r e a t e r  than t h a t  i n  t h e  Western 

a g r i c u l t u r e ,  and t h i s  f u r t h e r  d i sc r imina te s  a g a i n s t  l o c a l  production and 

encourages imports. A number of c o u n t r i e s  of S.E. and S. Asia a r e  now 

e i t h e r  s e l f  s u f f i c i e n t  or w e n  n e t  e x p o r t e r s  of c e r e a l  g ra ins ,  but 

cont inue  t o  import s u b s t a n t i a l  q u a n t i t i e s  of c rop  legume seed or seed 

products  f o r  human and animal use.  I n  view of t h e  cont inuing  growth of 

t h e  human populat ion and of t h e  i n t e n s i v e  animal i n d u s t r i e s  i n  t h e  

developing world, an inc reas ing  demand f o r  h igh  q u a l i t y  vege tab le  p r o t e i n  

appea r s  assured.  However, i t  i s  c l e a r  t h a t  t h i s  demand cannot be met from 

l o c a l  product ion i n  those c o u n t r i e s  i n  t h e  s h o r t  term. 

T6e s o l u t i o n  t o  t h i s  dilemma advocated by Norman Borlaug i n  1973 

r e n a i n s  equal ly  v a l i d  today, because i t  has not  been accomplished. He 

confe r r ed  the  t i t l e  of ' s lm runners '  on the  c rop  legumes and reconmended 

implementation of high p r i o r i t y  programs f o r  t h e i r  s c i e n t i f i c  study and 

i m p r w w e n t ,  w i t h  the  o b j e c t i v e  of enab l ing  a  green  r e v o l u t i o n  of crop 



legumes through higher  y i e l d i n g  v a r i e t i e s  and improved product ion 

technology. A number of programs of research  i n t o  p a r t i c u l a r  crop legumes 

have been e s t a b l i s h e d  n a t i o n a l l y  and i n t e r n a t i o n a l l y ,  and a  cons iderable  

amount has  been accomplished. However, t h e  s c a l e  of t he  i n i t i a t i v e  h a s  

been l i m i t e d ,  the problem of c rop  legume improvement h a s  t r a n s p i r e d  t o  be 
.. 

much l a r g e r  and more complex than  p r w i o u s l y  Ln t i c ipa t ed ,  and much r e n a i n s  

t o  be done (Byth, Shorter  and Sumarno, I N  PRESS; Byth, Wal l i s  and Wood, 

I n  A u s t r a l i a ,  legumes have had  a  -major r o l e  i n  pas tu re  improvement 

and a l s o  i n  l ey  farming systems i n  southern Aus t r a l i a .  However, a r a b l e  

a g r i c u l t u r e  h a s  been dominated by the  ce rea l  g ra ins ,  and crop leg&es have 

a t t r a c t e d  s i g n i f i c a n t  commercial and s c i e n t i f i c  a t t e n t i o n  only i n  t h e  l a s t  

two decades. The increased  i n t e r e s t  i n  crop legumes r e f l e c t s  a  number of 

f a c t o r s  i nc lud ing  N f i x a t i o n  by t h e  crop, an economic need t o  d i v e r s i f y  

a g r i c u l t u r a l  production, r e c o g n i t i o n  of t he  r o l e  of legumes i n  dwelopment 

of s t a b l e  systems of land use, t h e  high u n i t  va lue  of legume seed, and 

i d e n t i f i c a t i o n  of l o c a l  and wor ld  markets  f o r  human food  and animal feeds .  

Each of the  crop legumes of cu r r en t  or p o t e n t i a l  value i n  A u s t r a l i a  

i s  a s i g n i f i c a n t  crop i n  some o t h e r  par t  of the world. Therefore t h e  

problem of c rop  legume improvement i s  one of a d a p t a t i o n  - of adapt ing  

c rops  which a r e  components of a g r i c u l t u r a l  systems elsevhere t o  t he  

p a r t i c u l a r  needs and l i m i t a t i o n s  of Aus t r a l i an  a g r i c u l t u r  a1 environment S. 

In p r i n c i p l e ,  t h i s  i s  exac t ly  t h e  same problem faced  by Fa r re r  w i t h  wheat 

a t  t h e  t u r n  of t h e  century, and i t  cont inues t o  be a  fundamental chal lenge 

f o r  any new crop. Commercial adop t ion  of a  new c rop  i s  l i k e l y  only i f  

r e l a t i v e l y  simple, e f f i c i e n t ,  f l e x i b l e  end robus t  packages of v a r i e t y  and 

product ion technology can be developed f o r  ex t ens ion  t o  farmers ,  which 

w i l l  complement or supplement e x i s t i n g  product ion systems wi thout  r a d i c a l  

change. 



In  t h i s  context ,  t he  adap ta t ion  of the t r o p i c a l  crop legumes present  

p a r t i c u l a r  challenges. A l a rge  number of these species a r e  t r a d i t i o n a l  

components of farming systems i n  the t rop ics  and subtropics.  However, 

desp i t e  t h e i r  long h i s t o r y  of use by man, each remains r e l a t i v e l y  wild and 

undomesticated f o r  a g r i c u l t u r a l  use,  compared t o  the cerea ls .  They a r e  . . .. 
adapted t o  an a g r i c u l t u r a l  env i roment  very d i f f e r e n t  from our own and 

commonly exhibi t  c h a r a c t e r i s t i c s  which a r e  counter-productive f o r  

mechanized a g r i c u l t u r e  - such a s  a  twining hab i t ,  very long crop durat ion,  

excess ive  vege ta t ive  growth, and s h a t t e r i n g  of the pods a t  maturi ty.  I n  

some cases, such a s  t h e  winged bean, those very c h a r a c t e r i s t i c s  of value 

i n  subsistence a g r i c u l t u r e  may be exceedingly d i f f i c u l t  t o  e x p l o i t  i n  

commercial agr icul ture .  Other species  exh ib i t  adapta t ion  t o  the shor t  

daylengths and continual  warm temperatures of the low l a t i t u d e s ,  and the i r  

re levance  t o  t h e  longer days and lower minimm temperatures of the  

Aust ra l ian  subt ropics  i s  quest ionable.  

Simply, t h e  t r o p i c a l  crop legumes have been subjec t  t o  r e l a t i v e l y  

l i t t l e  systematic study compared w i t h  the  major c e r e a l s  and the temperate 

crops i n  general ,  and our s c i e n t i f i c  kncwledge of t h e i r  production, 

improvement and use i s  q u i t e  l imi ted .  It fol lows t h a t  t h e  adapta t ion  of 

these crops t o  Aust ra l ian  a g r i c u l t u r a l  enviromnents i s  a  major s c i e n t i f i c  

challenge, and t h a t  sus ta ined improvements and adoption w i l l  only a r i s e  

from a  determined e f f o r t  t o  develop our s c i e n t i f i c  knowledge of them. 

There a r e  s i g n i f i c a n t  nat ional  and i n t e r n a t i o n a l  c o l l e c t i o n s  of gene t i c  

ma te r i a l ,  and even a c t i v e  research  programs, f o r  a number of these 

species.  However, the  f a c t  i s  t h a t  these  important crops a r e  gross ly  

under-researcbes and s c i e n t i f i c a l l y  'neglected in te rna t iona l ly .  There a r e  

severe l i m i t a t i o n s  t o  t r a n s f e r  of appropr ia t e  technology i n  these  species ,  

and i t  i s  c lear  t h a t  Aust ra l ian  s c i e n t i s t s  and i n s t i t u t i o n s  must accept 

major r e s p o n s i b i l i t y  f o r  t h e i r  s c i e n t i f i c  study and adapta t ion  t o  



Aus t ra l i an  a g r i c u l t u r a l  enviromnents. 

IMPROVEMENT OF PARTICULAR SPECIES 

Over the l a s t  two decades, Aus t ra l i an  s c i e n t i s t s  have made 

s i g n i f i c a n t  con t r ibu t ions  t o  the  s c i e n t i f i c  study of a  number of the more 

.. 
important t rop ica l  c rop  legumes. Aspects- 'of  two of these, soybean 

(Glvcine g) and pigeonpea (Caianus -1, w i l l  be cbnsidered h e r e  a s  

examples of the na tu re  and chal lenge of r e s e a r c h  i n t o  crop p lant  

improvement. 

I n  many ways these spec ies  r e p r e s e n t  ex t ranes  of the t rop ica l  c rop  

legumes. The soybean i s  an  important o i l seed  legume which has been 

extens ive ly  researched i n t e r n a t i o n a l l y  and which h a s  been es tabl i shed a s  a  

s i g n i f i c a n t  crop of the  Aus t ra l i an  subtropics.  By con t ra s t ,  t he  pigeonpea 

i s  a  pu l se  crop which i s  of more r eg iona l  importance in t e rna t iona l ly ,  

which has been subject  t o  q u i t e  l imi t ed  s c i e n t i f i c  study, and which i s  

only now being introduced t o  Aus t ra l i an  a g r i c u l t u r e .  I n  both cases,  I 

w i l l  demonstrate b r i e f l y  how t h e  biology of these  species can be 

manipulated t o  inf luence  t h e i r  product iv i ty  and adaptat ion,  and how 

research  can extend t h e  adap ta t ion  and enhance t h e i r  y i e l d  potent ia l .  

Soybean 

Although the  soybean has been grown since a n t i q u i t y  i n  p a r t s  of 

Asia, i t  i s  a  comparatively new crop i n  Western ag r i cu l tu re .  It h a s  

developed from a  minor crop i n  the  U.S.A. i n  t h e  1940s t o  become the  t h i r d  

l a r g e s t  crop there ,  and t h e r e  h a s  been a  p a r a l l e l  expansion an a  much 

smaller s c a l e  i n  A u s t r a l i a  s ince  t h e  1960s. Soybean seed contains around 

40% pro te in  and 20% o i l ,  and t h i s  con t r ibu tes  t o  i t s  agro- indus t r ia l  

importance. The seed may be consumed d i r e c t l y  or processed t o  produce o i l  

and p ro te in  meal. The o i l  i s  used f o r  both e d i b l e  and i n d u s t r i a l  



purposes. The p ro te in  i s  i n  demand f o r  animal and human uses, and 

numerous o ther  purposes. 

Tbe improvement of soybean product iv i ty  i n  the t r o p i c s  and 

subt ropics  i s  a  major and important challenge because of i t s  current  and 

p o t e n t i a l  importance a s  a  crop there.  Considerable p o t e n t i a l  a l s o  e x i s t s  
. . 

f o r  expansion of soybean production i n  ~ u s t i a l i a ,  mainly i n  the  t r o p i c s  

and subt ropics  (Chapman 1981). S u b s t a n t i a l  s c i e n t i f i c  knowledge of the 

production, improvement and use of soybean e x i s t s ,  but i t  i s  mainly 

derived from the  U.S.A., a l l  of which l i e s  ou t s ide  the  t r o p i c s  (Figure 1). 

Simi la r ly  the  l imi t ed  r e sea rch  base on soybean i n  A u s t r a l i a  i s  loca ted  

mainly i n  the sub t rop ics  and warm temperate regions.  Clearly, t he  

relevance of t h i s  knowledge t o  the  lower l a t i t u d e s  i s  quest ionable,  and 

t h e r e  i s  a  need t o  v a l i d a t e  i t s  ex t rapo la t ion  and t o  gene ra l i ze  i t s  

i n t e r p r e t a t i o n .  These cons idera t ions  have l ed  Aus t ra l i an  s c i e n t i s t s  t o  

seek t o  d w e l o p  a  more fundamental understanding of the  f a c t o r s  

in f luenc ing  soybean growth and development, and of gene t i c  d i f f e rences  i n  

these  responses. 

[TAKE IN FIGURE 1 NEAR EWE] 

Phenology and adapta t ion  . 

One of t h e  most important in f luences  on crop adap ta t ion  i s  t h e  

phenology of the  v a r i e t y  - the phasic p a t t e r n  of development of the p lan t  

from germination t o  f  lcuer ing  t o  matur i ty .  Changes i n  the  dura t ion  of the  

va r ious  phases of growth obviously can h m e  a  major inf luence  on p lan t  

s i z e ,  and shor t  dura t ion  crops w i l l  be smaller and r e q u i r e  much higher 

p l an t  d e n s i t i e s  f o r  optimum y ie ld .  Pqually, control  of crop dura t ion  may 

be necessary i n  order  t o  avoid a  p a r t i c u l a r  s t r e s s  ( f r o s t  or hea t  wave) o r  

t o  enable implementation of a  p a r t i c u l a r  fanning system. 



As always, con t ro l  i s  the  essence. I n  the  soybean, phenology i s  

s t rong ly  inf luenced  by daylength and temperature,  and t h e r e  i s  s u b s t a n t i a l  

g e n e t i c  v a r i a t i o n  f o r  t h i s  response.  This  provides a  b a s i s  f o r  c o n t r o l  

and f o r  p r e d i c t i o n  of phenology i n  d i f f e r e n t  environments. Most soybean 

genotypes a r e  q u a n t i t a t i v e  shor t-day p l a n t s ,  which means they become .. .. 
e a r l i e r  i n  f lowering a s  t he  daylength i s  shortened by l a t e r  sowings o r  

when they a r e  grown i n  lower l a t i t u d e s .  A s  a  r e s u l t  of the  e f f e c t s  of 

c rop  d u r a t i o n  on p l an t  s i z e ,  t h e r e  i s  a s t rong  i n t e r a c t i o n  of v a r i e t y  X 

photoperiod (sowing d a t e ;  l a t i t u d e )  X p l a n t  densi tylarrangement  f o r  seed 

y i e l d .  This  has  been exp lo i t ed  t o  e s t a b l i s h  packages of technology which 

enab le  t echn ica l ly  v i a b l e  product ion of soybean v i r t u a l l y  throughout 

A u s t r a l i a ,  a t  l e a s t  f o r  t he  summer season (Lawn and Byth, 1979). Other 

l i m i t s  t o  product iv i ty  then can sens ib ly  be i n v e s t i g a t e d  w i t h i n  t h e s e  

product ion sy stems. 

Soybean improvement f o r  growth du r ing  the short-day period of t h e  

low l a t i t u d e s  i s  a  q u i t e  d i f f e r e n t  and much more fundamental chal lenge,  

and one which i s  of major i n t e r n a t i o n a l  s i g n i f i c a n c e  (Lawn and Williams, 

I N  PRESS). Soybean p l a n t s  sown i n  t he  dry or w i n t e r  season i n  t h e  t r o p i c s  

exper ience  a  combination of enviromnental cha l lenges  not  experienced i n  

any o ther  r eg ion  - s h o r t  and decreas ing  daylengths during t h e  v e g e t a t i v e  

phase, r e l a t i v e l y  long and inc reas ing  daylengths dur ing  reproduct ion ,  low 

n i g h t  temperatures during v e g e t a t i v e  growth and e a r l y  reproduct ion,  and 

ve ry  high tenpera tures  during l a t e  r ep roduc t ion  (Figure 2). I n  f a c t ,  

t he se  a r e  e s s e n t i a l l y  t h e  r w e r s e  of t h e  normal cond i t i ons  of soybean 

c u l t u r e ,  and i t  i s  not s u r p r i s i n g  t h a t  most improved v a r i e t i e s  from 

e lsewhere  a r e  poorly adapted t o  t hese  condi t ions .  Some access ions  from 

t r o p i c a l  r eg ions  do have acceptab le  phenology under those condit ions,  bu t  

they usua l ly  a l s o  e x h i b i t  undes i rab le  c h a r a c t e r s  such a s  twining h a b i t  and 

s h a t t e r i n g ,  a s  w e l l  a s  s e n s i t i v i t y  t o  l o w  n i g h t  temperatures.  



[TAKE I N  FIGURE 2 NEAR HERE] 

It i s  apparent t h a t  soybean improvement fo r  the  l o w  l a t i t u d e s  i s  a 

major s c i e n t i f i c  exercise.  Research i s  necessary t o  under stand t h e  

ecophysiology of such adap ta t ion  and t o  iden t i fy  cha rac te r s  of adaptive 

s igni f icance .  Var i e t a l  improvement w i l l  r e q u i r e  incorpora t ion  of genes .. .. 
condit ioning c h a r a c t e r i s t i c s  such a s  acceptable  h a b i t ,  r e s i s t a n c e  t o  

sha t t e r ing ,  d iseases  and pes ts ,  appropr i a t e  seed s i z e  and q u a l i t y ,  and 

to l e rance  of l temperature, i n t o  backgrounds wi th  t h e  appropr ia te  

phenology f o r  those condit ions.  Aspects of t h i s  research  have been 

i n i t i a t e d  i n  Aus t ra l i a  during t h e  l a s t  decade and w i l l  have important 

impl ica t ions  both i n  Aus t ra l i a  and throughout the  t rop ics  (Lawn g d. 

1986). 

Water management and the physiology of y i e l d  

I n  a s imi la r  manner, r ecen t  r e sea rch  i n t o  the  water management of 

soybean crops has g rea t ly  broadened the  range of adap ta t ion  of the soybean 

and increased  our understanding of i t s  physiology and genet ic  p o t e n t i a l  

f o r  seed y i e l d .  

It i s  common knowledge t h a t  waterlogging h a s  de t r imenta l  e f f e c t s  on 

the  growth of most plants .  However, soybean p l a n t s  were observed t o  

respond favourably t o  prolonged waterlogging provided a mineral n i t rogen 

supply was a l s o  maintained. Subsequent r e sea rch  has demonstrated tha t  i f  

waterlogging i s  commenced soon a f t e r  germination by t h e  establishment and 

maintenance throughout growth of a shallow w a t e r t a b l e  j u s t  b e l w  the s o i l  

s m f a c e  (Figure 3 ) ,  the  soybean p lan t  w i l l  acc l imate  i t s e l f  t o  the  

waterlogged condit ions and produce g r e a t e r  seed y i e l d  than conventionally 

i r r i g a t e d  p lants .  Indeed, seed y i e l d  inc reases  averaging about 25% and 

ranging up t o  near ly  70% have been obtained experimentally i n  the  f i e l d ,  

and an experimental y i e l d  i n  t h e  f i e l d  i n  excess of 8 t ha-' has been 



obtained which i s  probably a  world record  (Troedson d. 1985). 

[TAKE IN FIGURE 3 NEAR HERE] 

It i s  apparent t h a t  t h i s  research  has broken new ground and opened 

up new app l i ca t ions  ,for the cu l tu re  of soybean commercially. An obvious 

one i s  the  i n t e g r a t i o n  of sa tu ra ted  s o i l  c u l t u r e  of soybean ' i n t o  r o t a t i o n s  
.. 

w i t h  paddy r i c e  (Figure 4 ) .  More imp&tantly,  the  r e sea rch  h a s  

demonstrated both a  g rea te r  y i e l d  p o t e n t i a l  f o r  soybean than had 

previously been considered poss ib le ,  and a  remarkable responsiveness of 

t h e  p lan t  physiological ly t o  what i s  r e d l y  a  r a t h e r  prosa ic  change t o  i t s  

ewiromnent.  . Detai led s tud ies  of these responses have been most 

informative regarding the  nature  of the  l i m i t a t i o n s  t o  y i e l d .  i n  soybean, 

and have important implicat ions on soybean production and improvement 

i n t e r n a t i o n a l l y ,  and p a r t i c u l a r l y  i n  t h e  t rop ics  and subtropics (Troedson 

e t  a l .  1986). Current r e sea rch  i s  designed t o  inves t iga te  the ex ten t  of -- 
g e n e t i c  v a r i a b i l i t y  i n  the  response of soybean t o  sa tura ted  s o i l  cul ture ,  

i n  the  hope tha t  gene t i c  manipulation of even grea ter  responses may be 

possible.  

[TAKE IN FIGURE 4 NEAR HERE] 

The soybean i s  one of very few crop legumes ab le  t o  respond t o  

sa tu ra ted  s o i l  cu l tu re ,  and i t  i s  i n t e r e s t i n g  t o  specula te  on the  r eason  

f o r  th i s .  In  Asia, the  soybean commonly i s  gra in  i n  con t ro l l ed  

waterlogged condit ions such a s  on  the bunds of r i c e  paddies and i t  i s  

poss ib le  t h a t  t h i s  adapta t ion  was derived through long term s e l e c t i o n  by 

farmers. Research has  shown t h a t  the a b i l i t y  t o  accl imate t o  sa tu ra ted  

s o i l  c u l t u r e  i s  a ubiqnitous c h a r a c t e r i s t i c  bf the  soybean and i t s  annual 

w i l d  r e l a t i v e ,  Glvcine -, but t h a t  none of the perecnia l  Glycine 

species  e x h i b i t s  accl imation (R. Hartley, pers. B.). It i s  t m p t i n g  t o  

specula te  t h a t  the genes conditioning accl imat ion  were the  t r i g g e r  

i n i t i a t i n g  domestication of the soybean i n  t h e  f i r s t  place, and t h a t  



Western man has  i nadve r t an t ly  ignored t h i s  impor tan t  a t t r i b u t e  u n t i l  

r e c e n t l y .  

P i ~ e o n p e a  

The pigeonpea i s  a  s h o r t  l i v e d  perennia l  c rop  legume. It i s  t h e  

f i f t h  most important pulse crop in te rna t ionaXly ,  and i s  widely grown i n  

t h e  t r o p i c s  and sub t rop ic s ,  p a r t i c u l a r l y  i n  the  Ind ian  'sub-continent but 

a l s o  i n  p a r t s  of Afr ica and S.E. Asia and i n  t h e  Caribbean. I t  i s  a  

t y p i c a l  pu l se  crop w i t h  17-25% p r o t e i n - a n d  no o i l  i n  t he  seed, which i s  

ea t en  mainly a s  a  dry s p l i t  pea or a s  a  green vegetab le .  

The pigeonpea has  a  number of advantages compared wi th  other  c rop  

legumes f o r  t he  semi-arid t r o p i c s .  It i s  highly t o l e r a n t  of water s t r e s s  

and l o w  s o i l  f e r t i l i t y ,  r e s i s t a n t  t o  lodging and s h a t t e r i n g ,  and h a s  

r e l a t i v e l y  low  s u s c e p t i b i l i t y  t o  p r e h a r v e s t  weather ing  of t he  seed. 

However, s eve ra l  f a c t o r s  have i n h i b i t e d  i t s  adop t ion  a s  a  crop i n  

A u s t r a l i a n  a g r i c u l t u r e  u n t i l  r e c e n t l y ,  inc luding  s u s c e p t i b i l i t y  t o  f r o s t ,  

water logging  and a t t a c k  by i n s e c t s  during r ep roduc t ive  growth. Most 

impor tan t ly ,  t he  long crop  d u r a t i o n  of most v a r i e t i e s ,  toge ther  w i th  t h e i r  

massive v e g e t a t i v e  growth ( P l a t e  21, r e s t r i c t e d  t h e  r e l evance  of the  c r o p  

i n  A u s t r a l i a n  crop r o t a t i o n s  and p r w e n t e d  mechanized harves t ing .  

Furthermore, d e s p i t e  i t s  importance i n  human n u t r i t i o n ,  r e l a t i v e l y  l i t t l e  

pigeonpea seed e n t e r s  wor ld  t r a d e  and no i n t e r n a t i o n a l  marketing system 

e x i s t e d  i n t o  which Aus t r a l i an  product ion could be placed.  

TAKE IN PLATE 2 NEAR HERE] 

Phenology and production s y s t a n s  

A s  f o r  soybean, most pigeonpea genotypes a r e  q u a n t i t a t i v e  short-day 

p l a n t s ,  and phenology i s  in f luenced  by photoperiod, temperature and t h e i r  

i n t e r a c t i o n .  By consequence, s t r o n g  i n t e r a c t i o n s  e x i s t  between genotype, 



sowing d a t e  and densi ty/arrangement .  An extremely wide range of phenology 

e x i s t s ,  r ang ing  from l e s s  than 60 t o  g r e a t e r  than 200 days t o  flower and 

inc lud ing  i n s e n s i t i v i t y  t o  photoperiod. 

A s  a r e s u l t ,  .pigeonpea i s  used i n  a wide d i v e r s i t y  of production 

systems i n t e r n a t i o n a l l y  (F igu re  5 ) .  I n  India ,  most product ion i s  from 
.. .. 

t r a d i t i o n a l  i n t e r c r o p  systems invo lv ing  ve ry  long season genotypes (9-11 

months c rop  du ra t ion )  grown i n  wide rows w i t h  another c rop  (commonly a 

c e r e a l ,  sorghum o r  m i l l e t )  i n  t he  i n t e r r w  space ( P l a t e  3) .  The c e r e a l  i s  

ha rves t ed  p r i o r  t o  f lowering of t h e  pigeonpea which then  completes i t s  

crop cycle  on r e s i d u a l  mois ture  dur ing  the  dry season. A g r e a t  d i v e r s i t y  

of in te rcropping  sys t ens  i s  p r a c t i c e d  and r e sea rch  a t  ICXISAT has 

i w e s t i g a t e d  opt imal  systems of management (Willey fi al.., 1981). While 

these  cropping systems have p a r t i c u l a r  p o t e n t i a l  i n  subs is tence  

a g r i c u l t u r e ,  they have l i t t l e  contemporary r e l evance  i n  Aus t r a l i an  

a g r i c u l t u r e .  

[TAKE I N  PLATE 3 AND FIGURE 5 NEAR HERE] 

P u r e c r o p  sys t ens  f o r  pigeonpea a r e  a l s o  used i n  India ,  with both 

fu l l - s eason  and short-season genotypes. As a r e s u l t  of phenological 

response t o  photoperiod and temperature,  t h e r e  i s  a need t o  optomize p l an t  

dens i ty  and arrangement i f  h igh  seed y i e l d s  a r e  t o  be obtained. I n  

sub t rop ica l  A u s t r a l i a ,  t h e  photoper iod-sens i t ive  c u l t i v a r  Royes must be 

s w n  a t  or a f t e r  t h e  longes t  day i n  order  t o  reduce crop d u r a t i o n  and thus  

avoid excess ive  v e g e t a t i v e  growth. H w w e r ,  w e n  then, p l a n t  popula t ion  

must be v a r i e d  from 50,000 p l a n t s  ha-' f o r  sowings a t  t h e  longes t  day t o  

250,000 p l a n t s  ha-' f o r  sowings 2-3 months l a t e r  i n  order  t o  o b t a i n  

optimum canopy development and maximum seed y i e ld .  These product ion 

sys t ens  have l i m i t e d  a p p l i c a t i o n  i n  many A u s t r a l i a n  ewiroranents  because 

of complexity of management, and because r ep roduc t ive  grcmth occurs  dur ing  

t h e  & i e s t  and co ldes t  p e r i o d  of t h e  yea r .  However, t h e  system can be 
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succes s fu l  i n  warmer ewironments  such a s  F i j i .  The perennial  h a b i t  of 

pigeonpea can be exp lo i t ed  through r a t o o n  cropping i n  f avourab le  

-1 -1 e n v i r o w e n t s  (Figure 5 )  and experimental  y i e l d s  exceeding 4 t ha year  

from two h a r v e s t s  have been a c h i w e d  (Wal l i s  d. 198 1). 

More r ecen t ly ,  photoperiod i n s e n s i t i v e  genotypes have been 

i d e n t i f i e d  which f lcwer i n  approximately 60  days and mature i n  about 120 

days r e g a r d l e s s  of sowing da t e ,  provided temperature i s  no t  l i m i t i n g .  

Short-season pigeonpea genotypes enable e n t i r e l y  new production systems 

and considerably broaden t h e  adap ta t ion -o f  t h e  crop, both i n t o  t h e  h igher  

l a t i t u d e s  and by allowing more f l e x i b l e  i n t e g r a t i o n  i n t o  crop r o t a t i o n s  

and mechanical harvest ing.  Ratoon cropping i s  aga in  f e a s i b l e  i n  

favourable  ewironments  (F igu re  5 ) .  Recent r e s e a r c h  i n  A u s t r a l i a  h a s  

concent ra ted  on t h e  gene t i c  improvement of t h i s  type of ma te r i a l ,  and on 

development of app ropr i a t e  systems of management ( P l a t e  4). The p o t e n t i a l  

f o r  short-season pigeonpea i s  apparent ,  i n  t h a t  experimental y i e l d s  of t he  

p l a n t  crop i n  excess of 8  t ha-' have been obta ined  (Wallis g d. 1983). 

Research i n t o  short-season pigeonpea h a s  added a  new dimension t o  

t h e  e x p l o i t a t i o n  of t h i s  c rop  i n t e r n a t i o n a l l y ,  by broadening i t s  

a d a p t a t i o n  and by e s t a b l i s h i n g  t h a t  i t  h a s  the  p o t e n t i a l  f o r  very  high 

seed y i e l d s  under favourable  environments a s  w e l l  a s  g r e a t  a b i l i t y  t o  

t o l e r a t e  s t r e s s  of va r ious  kinds. Both forms of adap ta t ion  need t o  be 

explo i ted .  Howwer, improvement of pigeonpea i s  a  p a r t i c u l a r l y  complex 

cha l lenge  because of t he  wide d i f f e r e n c e s  i n  phenology and h a b i t ,  and i t s  

use i n  q u i t e  con t r a s t ing  product ion  systems (Byth 1981; Byth d., 

1981). Indeed, t he  d i f f e r ences  i n  growth and development among c u l t i v a r s  

of pigeonpea adapted t o  c o n t r a s t i n g  product ion systems a r e  g r e a t e r  than 

those between pigeonpea and many o the r  crops. Qui te  d i f f e r e n t  

ewi ronmen ta l  and phys io logica l  l i m i t s  t o  p roduc t iv i ty  a r e  l i k e l y  t o  e x i s t  

between sys tans ,  and g e n e t i c  v a r i a b i l i t y  and parameters zay a l s o  d i f f e r .  
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This suggests  t h a t  improvement w i t h i n  d i f f e r e n t  systems i s  l i k e l y  t o  pose 

q u i t e  d i f f e r e n t  problems, and t h a t  ex t rapo la t ion  of s c i e n t i f i c  knawledge 

between these  systems w i l l  be l imi t ed  (Lawn, 1981). 

Despite  r ecen t  advances, s c i e n t i f i c  knawledge of t h e  physiological  

and g e n e t i c  l i m i t s  t o  product iv i ty  and adapta t ion  of pigeonpea remains 

very  l imited.  This r e f l e c t s  t h e  sta'tus . of pigeonpea a s  an  

under-researched crop which remains r e l a t i v e l y  pr imi t ive  i n  i t s  

developnent f o r  domesticated a g r i c u l t u r e .  Shor t-season pigeonpea 

e s s e n t i a l l y  r e p r e s e n t s  an  e n t i r e l y  n w  crop which has  a  demonstrated 

p o t e n t i a l  i n  Aust ra l ian  a g r i c u l t u r e ,  and current  research  i s  designed t o  

provide a  s c i e n t i f i c  understanding of y i e l d  accumulation and improvement 

w i t h i n  t h a t  type of production system. Other production systems, perhaps 

involving longer durat ion genotypes and w e n  intercropping,  have 

a p p l i c a t i o n  elsewhere. There i s  a need f o r  Aust ra l ian  s c i e n t i s t s  t o  a l s o  

be involved i n  research  i n t o  those systems because t h i s  ensures a  broader 

perspect ive  and experience of the  g e n e t i c  resources  of the  species  and i t s  

re levance  ac ross  a  range of environmental challenges. 

THE NATURE OF RESEARCH INTO CROP IMPROVEMENT 

Much has been w r i t t e n  and spoken i n  r e c e n t  y e a r s  regarding  the  

o rgan iza t ion  and na tu re  of r e sea rch  i n  Aus t ra l i a ,  and i t s  appropriateness.  

A p le thora  of terms has been used, such a s  basic ,  fundamental and appl ied;  

s t r a t e g i c ,  t a c t i c a l  and m i s s i o ~ o r i e n t a t e d ;  d i r ec ted  and curiosi ty-based;  

and up-stream and dam-stream research .  The d i s t i n c t i o n s  a r e  a t  bes t  

unclear ,  and t h e  concepts o i t e n  a r e  vague. For example, t h e  term 

11 prob lewor ien ta t ed"  r e sea rch  h e d i a t e l y  r h i s e s  the ques t ion  of whose 

problem? and whose o r i e n t a t i o n ?  It i s  c l e a r  tha t  a d i v e r s i t y  of meanings 

can be a t t ached  t o  these terms. I n  add i t ion ,  the re  a r e  inc reas ing  

pressures  from industry and govermnent t o  ensure g rea te r  relevance of 



r e sea rch  t o  current  needs of indus t ry ,  and t h i s  c r e a t e s  concern t h a t  t h e  

search  f o r  the  more fundamental s c i e n t i f i c  understanding necessary t o  

underwrite advances i n  t h e  longer term may be neglected. 

Research i n t o  crop improvement needs t o  be placed i n  context w i t h  

these  developnents. I n  p r inc ip le ,  crop improvement i s  a contemporary 

r e sea rch  a c t i v i t y  which i s  f u t u r e  o r i e n t a t e d  and i n w i t a b l y  

mul t id i sc ip l ina ry .  To t h e  extent  t h a t  i t  has a  t ang ib le 'ob jec t ive ,  i t  may 

be sa id  t o  be mission-orientated. However, i t  c lea r ly  a l so  b e n e f i t s  from 

fundamental research  i n t o  mechanisms where these  c o n s t i t u t e  a  l i m i t  t o  t h e  

product iv i ty  or adapta t ion  of t h a t  crop. No r e s e a r c h  i s  conducted i n  

i s o l a t i o n  and i n  the  case of crop legumes i n  Aus t ra l i a ,  much of the  

knowledge which has  contr ibuted t o  t h e i r  improvement has  been derived 

o p p o r t u n i s t i c a l l y  from independent r e sea rch  programs primari ly designed t o  

ga in  a  more fundamental s c i e n t i f i c  understanding of t h e i r  biology. 

While the  primary ob jec t ive  of crop improvement i s  a  pragmatic one 

( t h e  achievement of an advance i n  product iv i ty  or adap ta t ion ) ,  t he  r e a l l y  

fundamental challenge i s  t o  gene ra l i ze  t h a t  advance across  the  whole range 

of systems of production and enviromnents i n  which tha t  crop may be 

produced. It fol lows t h e r e f o r e  t h a t  t h e  c e n t r a l  i ssue  i n  the  ob jec t ive  

d e f i n i t i o n  of s t r a t e g i e s  of crop improvement r e s e a r c h  i s  the determinat ion 

of the  p o t e n t i a l  of the  species f o r  product iv i ty  and adaptat ion,  and t h e  

a t ta inment  of a  s c i e n t i f i c  understanding of the  p lant  c h a r a c t e r i s t i c s  and 

e w i r o m e n t a l  f a c t o r s  which may l i m i t  express ion  of t h a t  po ten t i a l .  

This i s  a pa r t i cu la r  chal lenge  wi th  the t r o p i c a l  crop legumes:- 

because our s c i e n t i f i c  knowledge of them i s  l imi t ed ;  because they remain 
/ 

r e l a t i v e l y  wi ld  and undomesticated; and because t h e i r  wide range of h a b i t  

and responsiveness t o  e w i r o m e n t a l  change condi t ions  g r e a t  f l e x i b i l i t y  of 

adap ta t ion  t o  a  number of r o l e s  i n  farming systems. A s  a  r e s u l t ,  much of 

our knowledge of t b e i r  p r o d u c t i . 0 ~  and improvement tends t o  be condi t ional  
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and s p e c i f i c  t o .  a production system. Recent research  by Aust ra l ian  

s c i e n t i s t s ,  such a s  tha t  ou t l ined  above, has  cont r ibuted  s u b s t a n t i a l l y  

towards a more fundamental understanding of the  f a c t o r s  inf luencing  t h e i r  

g r m t h  and development, and of the extent  of gene t i c  v a r i a b i l i t y  f o r  

response t o  these f ac to r s .  

The condit ional  na ture  of the need:' and s c i e n t i f i c  knowledge 

regarding  crop adapta t ion  and improvement implies  t h a t  no s ing le  system of 

r e sea rch  organizat ion can guarantee access  on demand t o  r e l e v a n t  

knowledge. Curiosity-based d i s c i p l i n a r y  research  may have no apparent  

contemporary relevance but i s  po ten t i a l ly  i w a l u a b l e  i n  the  longer term. 

Conversely, excessive emphasis on immediate indus t r ia l .  relevance 5.n 

re sea rch  can involve the danger of '& hocerv' and neglec t  of fundamental 

quest ions.  

Simply, a proper n i x  of r e sea rch  i n  p lant  imprweicent i s  v i t a l  i f  

contanpor ary oppor tuni t ies  a r e  t o  be explo i ted  and longer: term advances 

zssured. Research e s t ab l i shed  t o  i w e s t i g a t e  a gener-el;n:.:ti pzob'l.em of 

crop product iv i ty  commonly develops progressively t o  l.il::o~.pornte an 

i n t e g r a t e d  s u i t e  of inves t iga t ions ,  o f t e n  i n  severa l  orgsnizat iorre ,  

ranging from fundamental s t u d i e s  of physiology or genetic0 x:ight throi~gh 

t o  the packaging and a p p l i c a t i o n  of production technology f o r  farmers. 

The bas ic  motivat ion t o  e s t a b l i s h  and d ive r s i fy  such research  i s  t h e  

t o  know - the need t o  understand and r e l i e v e  a n  i d e n t i f i e d  ikit t o  

product iv i ty  or adaptation. However, i n  p r i n c i p l e  t h e r e  is e s s e n t i a l l y  no 

lhit t o  the  l o g i c a l  development of more f u n d a m e n t ~ l  s t u d i e s  f r m  an 

app l i ed  research  base centred on crop improvement. 

C G N C L U m  

I n  t h i s  essay, I have sought t o  demonstrate t h a t  crop .i.aprovment i s  

a c e n t r a l  objec t ive  through which appropr ia te  ~aec:>.rck, i n t o  variatss 



a s p e c t s  of a g r i c u l t u r a l  production can be in t eg ra ted ,  and through t h i s ,  t o  

communicate some of the  chal lenge and excitement of a g r i c u l t u r a l  research  

and t h e  re levance  of i t s  r o l e  i n  contemporary Aus t ra l i an  society.  I have 

a t t m p t e d  t o  show, using t h e  t r o p i c a l  food legumes a s  an  example, t h a t  t h e  

primary l i m i t a t i o n s  t o  improvement of the product iv i ty  and adap ta t ion  of 

a g r i c u l t u r a l  species  a r e  i n  the  minds of me&: r a t h e r  than i n  t h e  gene t i c  

and phys io logica l  d i v e r s i t y  of the  species .  

I w i l l  f i n i s h  by re-emphasizing t h e  need f o r  continued community 

suppor t  f o r  education and re sea rch  t o  underwrite the  f u r t h e r  development 

of our r u r a l  indus t r ies .  Agr icu l tu ra l  production i s  one of the  few a r e a s  

i n  which Aus t ra l i a  has a  comparative advantage i n  world terms, and the re  

i s  an  increas ing  need t o  s u s t a i n  the  high technology base of those 

i n d u s t r i e s  on which the  Aus t ra l i an  economy remains so dependent. This  

w i l l  only r e s u l t  from an a c t i v e  commitment t o  advanced educat ion and t o  an 

appropr i a t e  mix of fundamental and appl ied  r e s e a r c h  i n t o  the problems of 

t h e  a g r i c u l t u r a l  indus t r ies .  The i n d u s t r i e s ,  govermnents and t h e  t e r t i a r y  

educat ional  i n s t i t u t i o n s  carry major r e s p o n s i b i l i t i e s  i n  t h i s  regard. The 

Aus t ra l i an  community must be made t o  r e a l i z e  the  c r u c i a l  r o l e  of educat ion 

and r e s e a r c h  i n  our soc ie ty .  Education and r e s e a r c h  i n  support  of our  

a g r i c u l t u r a l  i ndus t r i e s  i s  n e i t h e r  a luxury nor an indulgence - it i s  

v i t a l  t o  the continued v i a b i l i t y  of those i n d u s t r i e s  on which we depend, 

and i n  t h a t  sense i t  i s  an e s s e n t i a l  investment i n  t h e  fu ture .  We a l l  

bear r e s p o n s i b i l i t y  t o  ensure t h a t  t h i s  investment i s  made. 
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