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S U M M A R Y

I t  is p ro posed  th a t  tw o  d istin c t objectives shou ld  be recognized in  th e  evaluation  o f  in te rc ro p 
p ing  advantages: (i) a biological .objective to  d eterm ine  the increased  biological effic iency  o f  
in te rc ro p p in g  and (ii) a practical objective to  d eterm ine  th e  advantages th a t  are  likely to  be 
ob ta in ed  by  a farm er. T he sole crop  system s w ith  w hich  in terc ro p p in g  m u st be com pared  to  
satisfy these objectives are defined. E valuation  in  relative, abso lu te , m o n e ta ry  and  n u tr itio n a l 
u n its  is discussed and  som e aspects o f  p resen ting  in terc ro p p in g  d a ta  in graphical form  are* 
illu stra ted .

O ne o f  th e  m o re  p ro b le m a t ic  areas o f  in te rc ro p p in g  research  is th e  q u a n t i ta 
tive eva lua tion  o f  th e  advantages p rov ided  b y  a n y  given in te rc ro p p in g  system . 
T he  m a jo r  d ifficu lties  a p p ea r  to  be  iden t i fy in g  th e  sole c ro p  system s w ith  
w hich  in te rc ro p p in g  sh o u ld  be  c o m p a re d  a n d  decid ing  on  th e  te rm s, o r  units ,  
in  w hich  advantages sh o u ld  be  m easured . This p a p e r  tr ies to  sh o w  th a t  these  
d ifficulties  m igh t  be  sim plified  by  recogniz ing  tw o  d is t inc t  objectives in  the  
eva lua tion  process. T h e  first is a basic biological ob jec tive  t h a t  a t te m p ts  to  
answ er th e  q u es t io n  ‘W hat is th e  increased  biological e f f ic ien cy  o f  a given in te r 
c ro p p in g  s i tu a t io n  c o m p a re d  w ith  sole c ro p p in g ? ’ T h e  second  is a p rac tica l 
objec tive  a n d  a t te m p ts  to  answ er th e  q u es t io n  ‘H o w  great an  advantage , c o m 
p ared  w ith  sole c ropp ing , is a  given in te rc ro p p in g  s i tu a t io n  likely  to  p rov ide  in 
farm ing p rac tice ,  tak in g  in to  a c c o u n t  th e  c rop  re q u ire m e n ts  a n d  p rac t ica l  c o n 
s tra in ts  o f  th e  fa rm e r? ’

T h e  p a p e r  reviews a -n u m b e r  o f  m e th o d s  o f  ex am in in g  th e se  tw o  objectives, 
considering  b o th  th e  eva lua tion  process  itse lf  a n d  th e  p re s e n ta t io n  o f  d a ta  in 
graphical fo rm . I t  considers on ly  tw o-crop  in te rc ro p p in g ;  this is a d m i t te d ly  the  
s im plest in te rc ro p p in g  sys tem  b u t  it  is also th e  m o s t  w idespread .

T H E  B IO L O G IC A L  O B J E C T IV E

C om para tive  so le  crop  sy s te m s
T h e  b iological e ff ic iency  o f  in te rc ro p p in g  is d e te rm in e d  by  co m p ar in g  the  

p ro d u c t iv i ty  o f  a given a rea  o f  in te rc ro p p in g  w ith  p ro d u c t iv i ty  if  th e  sam e  area 
w ere to  b e  d iv ided  b e tw e e n  sole c rops  t o  give th e  sam e ra t io  o f  th e  tw o  crops
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as in in te rc ro p p in g .  M ain ta in ing  th e  sam e ra t io  o f  th e  tw o  c rops  across this 
com p ar iso n  is essential to  avoid biases th a t  can favour e i th e r  th e  in te rc ro p p in g  
o r the  sole c ro p p in g  sys tem . M oreover, this ra t io  m u s t  be expressed  in term s 
o f  ac tual p ro d u c t io n  a n d  n o t  initial sow n p ro p o r t io n s .  C onsider  fo r  exam ple  
tw o  crops,  A  and  B, th a t  have sole c rop  yield po ten t ia ls  o f  3 0 0 0  and  1000 
kg ha-1 a n d  w hich  in  an in te rc ro p p in g  sys tem  o f  5 0 :5 0  sow n ra t io  (e.g. a l te r
n a te  rows) p ro d u c e  2 2 5 0  a n d  250  kg h a -1 , respectively . I f  to ta l  in te rc ro p p in g  
p ro d u c t iv i ty  (i.e. 2250  + 250  = 2 5 0 0  kg h a -1 ) is co m p a re d  w ith  to ta l  p ro d u c 
tiv ity  from  a 5 0 :5 0  sow n ra t io  o f  sole c rops  (i.e. 1500  + 50 0  = 2 0 0 0  kg h a -1 ) the  
in te rc ro p p in g  sys tem  appears  to  b e  m o re  e ff ic ien t;  this is th e  c o m p ar iso n  th a t  
was o f te n  m ad e  in  earlier in te rc ro p p in g  w ork . But in fact th e  exac t  in te rc ro p 
p ing  yields o f  b o th  c rops  cou ld  be  p ro d u c e d  from  0.75  h a  o f  sole A  and  0 .25  ha 
o f  sole B. T hus  in  the  sense th a t  in te rc ro p p in g  does n o t  p ro d u c e  a n y  m ore  
y ield  th a n  can be  equa lly  easily p ro d u c e d  from  the  sam e to ta l  a rea  o f  sole crops, 
it  does n o t  o f fe r  a n y  gen u in e  im p ro v em en t  in eff ic iency  over sole cropping .

This a p p a re n t  c o n tra d ic t io n  arises because in this p a r t ic u la r  exam ple  c rop  A 
is th e  m o re  co m p e ti t iv e  c o m p o n e n t  in in te rc ro p p in g  and  it  also has th e  h igher 
sole crop  y ie ld  p o te n t ia l .  T h u s  c o m p a r iso n  w ith  a  sole c ro p  sys tem  o f  th e  same 
so w n  ra t io  favours the  in te rc ro p p in g  sys tem  because  c o m p e t i t io n  in th e  in te r 
c ropp ing  sys tem  results in  a h igher p r o p o r t io n  o f  th e  h igher  y ield ing  c rop  (in 
e ffec t a  7 5 :2 5  y ie ld  ra t io  in th e  in te rc ro p p in g  system  is be ing  c o m p a re d  w ith  a 
5 0 :5 0  y ie ld  ra t io  in  sole cropp ing) .  Conversely  o f  course , i f  th e  m o re  c o m p e t i 
tive crop  in  in te rc ro p p in g  has the lo w er  yield p o te n t ia l  this c o m p ar iso n  on 
so w n  ra t ios  favours th e  sole c rop  sys tem . It is this k ind  o f  bias th a t  is avoided  
b y  basing th e  c o m p ar iso n  o n  a division o f  th e  sole c rop  area  th a t  p ro d u ces  the 
sam e ra t io  o f  yields as in  in te rc ro p p in g  (e.g. the  75 :2 5  ra t io  in  th e  above 
exam ple).

It will be  app rec ia ted ,  how ever ,  th a t  because  it  is im possib le  to  p red ic t  p re 
cisely w h a t  th e  co m p e ti t iv e  effec ts  a n d  final y ie lds will b e  in  any  given in te r 
c ro p p in g  sys tem , th e  ra t io  o f  sole c rops  w ith  w hich  in te rc ro p p in g  m u s t  be  c o m 
pared  can  o n ly  b e  ca lcu la ted  re trospec tive ly .  T hus  in  th e  sense th a t  this sole 
c rop  system  is n o t  a p recisely  k n o w n  a lte rna tive  to  in te rc ro p p in g  a t  th e  t im e 
o f  sow ing (e i the r  fo r  th e  fa rm er  o r  th e  ex p e r im en te r )  it  m u s t  b e  recogn ized  as 
so m e th in g  o f  a h y p o th e t ic a l  s i tua t ion .

U nits o f  m e a su re m e n t
T o ca lcu la te  b io logica l eff ic iency  the  c ro p  p ro d u c t iv i t ie s  can  in  fact be 

expressed  in  a n y  un its  th a t  p rov ide  a c o m m o n  base on  w hich  to  c o m b in e  and 
co m p are  q u i te  d if fe ren t  crops. However, th e  general ap p ro ach  has b een  to  use 
re la tive u n i ts ,  o f  w h ich  th e  s im plest is relative yield. T h u s  lo r  a s i tu a t io n  w here  
c rops  A  a n d  B give sole c rop  yields o f  1000  and  2 0 0 0  and  in te rc ro p  yields o f  
750  and  1 000 ,  th e  relative y ield  o f  c rop  A in in te rc ro p p in g  is 0 .75 (i.e. 750 /  
1000)  and  o f  c rop  B 0 .50  (i.e. 1 0 0 0 /2 0 0 0 ) ,  Even th o u g h  th e  c rops  m a y  be  o f  
very  d if fe ren t  k inds, these  relative yields can  be a d d e d  to  fo rm  a  relative yield
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to ta l (o r  RYT, a f te r  de Wit and  van d e r  Bergh, 1965). M ore c o m m o n ly ,  th e  land 
equivalent ra tio  has been  th e  relative u n i t  used. This is d e f ined  as th e  relative 
land a rea  requ ired  as sole crops to  p ro d u c e  th e  yields achieved in in te rc ropp ing ; 
it is in fact n um er ica lly  iden tica l to  re la tive yield. T h u s  in this s a m e ’exam ple  
the individual c rop  land  equivalen t ra tios  (d e n o te d  La a n d  Lb) are again 0 .75  
and 0 .50  a n d  th e  to ta l  land equ iva len t  ra t io  (L E R ) is 1.25. Because o f  its 
c o m m o n  usage th e  L E R  is the  u n i t  used in this p a p e r  b u t  an L E R  o f  say, 1.25, 
m ay be ta k e n  e i th e r  as a 25% grea te r  a rea  re q u ire m e n t  fo r  th e  sole c rop  sys tem  
or as a 25% grea te r  relative yield for in te rc ro p p in g ;  e i th e r  way, th e  figure 
indicates a 25% grea te r  biological eff ic iency  for in te rc ropp ing .

Because L E R  is based on relative un its ,  an ac tua l  ca lcu la t ion  o f  L E R  does 
n o t  need  any  consc ious  a s su m p tio n  a b o u t  which sole c rop  sys tem  is be ing  used 
for co m p ar iso n ;  in effec t ,  an  in te rc ro p  L E R  value is s im ply  c o m p a re d  w ith  1.0. 
Il shou ld  n o t  be fo rg o t ten ,  how ever, th a t  this 1.0 rep resen ts  u n i t  a rea  o f  sole 
cropp ing  divided b e tw een  th e  tw o  crops  to  give th e  sam e y ie ld  ra t io  as in  in te r 
cropping . In th e  above  exam ple ,  the re fo re ,  th e  1.0 rep resen ts  a sole crop  ra tio  
o f  0 .6 0 A :0 .4 0 B ,  ca lcu la ted  from  the  in te rc ro p p in g  yield  ra t ios  (A = 0 .7 5 /1 .2 5  = 
0 .60 ;  B = 0 .5 0 /1 .2 5  = 0 .40) .  As will be  seen la ter, rem em b er in g  this in h e re n t  
assu m p tio n  in the  L E R  ca lcu la t ion  is especially  im p o r ta n t  w hen  using som e o f  
the  m o d if ica t io n s  o f  th e  L E R  c o n c e p t ,  o r  w hen  using  o th e r  un its  o f  p ro d u c 
tivity.

E valua tion
When on ly  tw o  c rops  are involved L E R  values can  be  co n v en ien t ly  p re sen ted  

and e x am in ed  in a tw o-w ay  diagram (l; ig. l a )  w h ic h s h o w s  b o th  L E R  and  its 
co m p o s i t io n  in term s o f  La and  Lb. T h e  increased  biological eff ic iency  o f  a 
given t r e a tm e n t  is in d ica ted  b y  d iffe rence  from  th e  L E R  = 1 l ine a t  c o n s ta n t  
yield ra t io  (see exam ples  ind ica ted  in Fig. la ) .  I t  has b een  exp la ined  in m ore  
detail e lsew here (Willey, 1979) th a t  this tw o-w ay  d iagram  is also ve ry  useful 
for ind ica t ing  c o m p e ti t iv e  effects . A ssum ing th a t  all six e x am p le  t r e a tm e n ts  in 
Fig. l a  w ere sow n a t a 5 0 :5 0  ratio , th o se  p o in ts  above  the  ‘equal c o m p e t i t io n ’ 
line ind ica te  th a t  c ro p  A was m o re  co m p e ti t iv e  and  th o se  be low  th a t  crop  B 
was m o re  com pe ti t ive .  If  desired, this c o m p e t i t io n  can be q u a n t i f ie d  by  using 
the  C o m peti t ive  R a t io  (C R ):  for exam ple ,  a C R a value o f  2 in  Fig. l a  ind ica tes  
th a t  fo r  a 5 0 :5 0  sow n ra t io  La was tw ice  Lb and  th u s  c rop  A co u ld  be  regarded 
as twice as c o m p e t i t iv e  as c rop  B (see Willey a n d  R ao , 1980)

A lth o u g h  th e  L E R  (o r  relative yield) provides an  ideal base on  w hich  to  c o m 
pare  a n y  crops, it is c o m m o n ly  crit ic ized because  it gives no  in d ica t io n  ol 
abso lu te  yields. A nd  indeed , even though  th e  ca lcu la t ion  o f  biological effi
c iency  is n o t  in te n d e d  as a prac tica l evaluation , it  is reasonab le  to  w an t  to  
k n o w  a t  w h a t  y ield  level a given eff ic iency  is being achieved. This p ro b lem  can 
be  largely overcom e  sim ply  b y  p rov id ing  th e  sole c rop  yields on  which the 
LERs are based. I t  seem s to  be  se ldom  realized, how ever,  th a t  it is possib le  to 
go one  s tep  fu r th e r  because  the  L E R  ty p e  o f  ca lcu la t ion  can  be  carr ied  o u t
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Fig. 1. (a) Tw o-w ay diagram  o f  LER s illustra ting  increased  biological efficiencies and co m petitive  effects 
o f  six exam ple tre a tm e n ts ; (b) tw o-w ay diagram  o f  th e  sam e trea tm en ts  as in (a) using abso lu te  yields;
(c) actual and  ‘c x p c c tc d ’ y ields fo r  TDM  accum ulation  in a m ille t/g ro u n d n u t in te rc ro p  (IC R ISA T  d ata);
(d) h y p o th e tica l d a ta  o f  ac tual (A, B) and ‘ex p ec ted ’ (□) y ields fo r  four irrigation  trea tm en ts ; LERs
show n in  paren thesis. (T reatm en ts in (a) and (b): 1 = ®, 2 = o, 3 = o, 4  =  5  =  o, 6 =  a).

using a b so lu te  yields them selves p rov ided  th e  im p o r ta n c e  o f  c o n s ta n t  yield 
ra tios  is recognized . T h e  sam e six exam ple  t r e a tm e n ts  in  Fig. l a  are show n 
again in Fig. l b ,  assum ing  abso lu te  sole c rop  yields o f  4 .5  t  h a -1 fo r  c ro p  A and 
6 .0  t h a -1 fo r  c rop  B. T h e re  is obv iously  so m e  d is to r t io n  o f  the  sy m m etr ica l  
L E R  graph , b u t  lines jo in in g  th e  tw o  axes can  be  d raw n  to  in d ica te  biological 
efficiencies (n o w  perhaps  b e t t e r  te rm e d  p o te n t ia l  y ield  advantages) and  lines 
f rom  th e  orig in  can  still be  d raw n  to  ind ica te  co m p e ti t iv e  effects.

A  fu r th e r  w ay  o f  using abso lu te  yields to  ind ica te  p o te n t ia l  in te rc ro p p in g  
advantages is to  m a k e  a com p ar iso n  w ith  th e  y ield  ‘e x p e c te d ’ if  th e re  is n e i the r  
an  advantage  n o r  a d isadvantage from  in te rc ro p p in g .  In e ffec t  this is th e  equ i
valen t,  in  ab so lu te  te rm s, o f  th e  L E R  = 1 s i tu a t io n  w h ich  was descr ibed  above 
a n d  w h ich  rep resen ts  a u n i t  a rea  o f  sole crops div ided to  give th e  sam e yield 
ra t io  as in  in te rc ro p p in g .  T h u s  fo r  th e  earlier exam ple  w h e re  La was 0 .75  and 
Lb was 0 .50  th e  a b so lu te  ex p e c te d  y ie ld  w o u ld  be  th a t  from  a u n i t  a rea  divided 
in to  60%  sole A  a n d  40%  sole B. This a p p ro a c h  m ay  b e  especially  usefu l w hen  
d if fe ren t  in te rc ro p p in g  t r e a tm e n ts  are being  c o m p a re d  w ith  d if fe ren t  levels o f
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sole c rop  yields, because  th e  use o f  LERs obscures  th e se  d ifferences in yield 
levels. T o  give tw o  exam ples ,  Fig. l c  show s an  e x p e c te d  g ro w th  curve for a 
m i l le t /g ro u n d n u t  in te rc ro p  to  i l lustra te  th e  increased  effic iencies th a t  accrued  
during  g ro w th .  Som e h y p o th e t ic a l  d a ta  from  an ir r iga tion  e x p e r im e n t  in w hich  
it is desired  to  e x am in e  yield advantages a t  each ir r iga tion  level a re  show n  in 
Fig. Id .  LE R s can  also be  a d d e d  to  th e se  ab so lu te  y ie ld  graphs to  give a m ore  
c o m p le te  p ic tu re .  With this a d d i t io n ,  Fig. I d  w o u ld  seem  to  be  a conven ien t  
w ay o f  i l lustra ting  th e  p o ten t ia l ly  con fus ing  b u t  n o t  u n c o m m o n  si tua t ion  
where , because  o f  increasing  yield  levels, a decreasing L E R  still results  in 
increasing ab so lu te  y ie ld  advantages. Yields o f  th e  ind iv idual c rops  m igh t  also 
be in c lu d ed ;  in Fig. I d  these  individual yields ind ica te  th e  increasing  y ield  ratio  
(and  th u s  th e  increasing co m p e ti t iv e  abili ty) o f  c ro p  B as irr igation  increases.

T H E  P R A C T IC A L  O B J E C T IV E

C om para tive  so le  crop  sy s te m s
It was suggested  e lsew here  (Willey, 1979)  th a t  w hen  consider ing  a  practical 

assessm ent o f  in te rc ro p p in g  advantages the re  are th ree  cri te r ia  th a t  de te rm in e  
which sole c rop  sys tem s shou ld  be  u sed  for com par ison .  A n  im p o r ta n t  u n d e r 
ly ing  a s su m p tio n  o f  these  crite r ia  is th a t  th e  fa rm e r’s ob jec tive  m a y  be m ore  
co m p lex  th a n  a sim ple desire to  m ax im ize  o u tp u t .  He m ay  have to  co n te n d  
w ith  various prac tica l co n s tra in ts  th a t  d e te rm in e  w h a t  a m o u n ts  o r  p ro p o r t io n s  
o f  th e  d if fe ren t  c rops  he  needs to  g row ; lo r  exam ple  he  m ay  have to  p ro d u ce  
a ce r ta in  ba lance  o f  c rops  because o f  th e  n eed  to  sp read  th e  t im in g  o f  inpu ts  
such  as lab o u r ,  o r  because  o f  the  desire to  sp re a d  risk. Such  co n s tra in ts  will 
app ly  o f  course  w h e th e r  th e  fa rm er o p ts  for an  in te rc ro p p in g  o r  a sole crop  
sys tem . I t  follows the re fo re  th a t  w hen  evaluating  a given in te rc ro p p in g  system  
any  p ractica l co n s tra in ts  m u s t  be satisfied n o t  o n ly  by  the  in te rc ro p p in g  system  
itse lf  b u t  also by  th e  sole c rop  system  w ith  w hich  in te rc ro p p in g  is be ing  c o m 
pared.

S ta t ing  th e  th re e  cri te r ia  m o re  b ro ad ly  th a n  was given earlier:
C riterion  1. W here a n y  a m o u n ts  o r  p ro p o r tio n s  o f  th e  crops are acceptable  

to  th e  fa rm er . This c r i te r ion  assumes th a t  th e re  are  n o  co n s tra in ts  o f  th e  ty p e  
o u t l in ed  above. T h e  fa rm e r’s aim is to  m ax im ize  o u tp u t  and  this co u ld  m ean 
growing b o th  or  o n ly  one  o f  th e  crops. In te rc ro p p in g  is thus  logically  c o m 
p a red  w ith  th e  m o s t  p ro d u c t iv e  sole c ro p  sys tem , w h ich  m u s t  consis t  o f  grow
ing on ly  th e  h igher y ie ld ing  sole crop.

C riterion  2. W here so m e  g iven  y ie ld  ratio  o f  crops is n e e d e d  b y  th e  fa rm er. 
This c r i te r ion  assumes b o th  c rops  arc needed , and  in so m e  desirable  y ield  ratio . 
In this in s tan ce  it  is n o t  valid to  c o m p a re  in te rc ro p p in g  w ith  th e  h igher  yield ing 
sole c rop  because by  def in i t io n  grow ing  o n ly  one  o f  th e  c ro p s  is n o t  an  a ccep t
able a lte rna tive .  C om parison  m u s t  be  w ith  a co m b in a t io n  ol the  sole crops th a t  
also p rovides the  requ ired  y ield  ratio .
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C riterion 3. W here there  is so m e  c o n s tra in t on  th e  a m o u n t o f  o n e  o r  b o th  o f  
th e  crops th a t is n eed ed  by th e  fa rm er. Earlier, th e  on ly  s i tu a t io n  recognized  
u n d e r  this c r i te r ion  was the  need  for a full y ie ld  o f  som e crit ical c rop  (e.g. a 
s taple lo o d  c rop) .  T h e  c r i te r ion  is n o w  b ro a d e n e d  to  recognize th a t  this same 
k ind  o f  co n s t ra in t  m a y  o ccu r  in m ore  form s (see la ter) .  In te rc ro p p in g  is logi
cally c o m p a re d  w ith  the m o s t  p ro d u c t iv e  sole c ro p  system  th a t  also provides 
th e  requ ired  a m o u n t  o f  one  o r  b o th  o f  the  crops.

U nits o f  m ea su rem en t
T h e  c o m m o n  ap p ro a c h  w hen  try ing  to  m a k e  a prac tica l eva lua tion  o f  in te r

c ropp ing  is to  use un its  th a t  are ap p ro p r ia te  to  th e  p u rp o se  fo r  w hich  th e  crops 
are being sow n (e.g. m o n e ta ry  values for cash c rops  or  n u tr i t io n a l  values for 
food  crops) . But using  such units  does n o t  in i tse lf  ensure  a p ractica l analysis 
unless th e  cri te r ia  given above are still tak en  in to  a c co u n t .  Conversely, p rov ided  
th e  above crite ria  are  recognized , a prac tica l analysis  can  be  carr ied  o u t  w ith  a 
wide range o i  units .  In the  fo llowing sec tions  eva lua tion  is cons ide red  u n d e r  
th e  b ro a d  headings o t  relative, abso lu te , m o n e ta ry  a n d  n u tr itio n a l  units.

E va lua tion
R e la tive  un its . T h e  L E R  is again u sed  here  to  i l lu s tra te  analyses w ith  relative 

units .  It was em phas ized  earlier o f  cou rse  t h a t  th e  m a in  p u rp o se  o f  the  L E R  is 
to  de te rm in e  biological e lf ic iency , o r  p o te n t ia l  y ie ld  advantage, and  u n d o u b te d ly  
som e o f  th e  m a jo r  cr itic ism s th a t  have been  levelled a t  th e  L E R  have arisen 
because it  has been  used  in  som e prac tica l c o n t e x t  fo r  w hich  it is n o t  a p p ro 
pria te .

Considering  th e  th r? e  crite r ia  in o rder ,  th e  L E R  is n o t  ap p ro p r ia te  fo r  Cri
te r io n  1 because  th e  L E R  removes any  d iffe rences  in a b so lu te  y ie ld  levels o f  
th e  c rops  and such d ifferences are necessary  to  establish  w hich  sys tem  gives 
m a x im u m  o u tp u t .  It is clear irom  th e  d e f in i t io n  o f  C rite r ion  2, how ever, th a t  
this c r i te r io n  m akes exac tly  th e  sam e in te rc ro p p in g  versus sole c ro p p in g  c o m 
parison  th a t  is e m b o d ie d  in  the  L E R ; for this c r i te r io n ,  the re fo re ,  th e  L E R  can 
give a  valid assessm ent of  the  relative y ie ld  advan tage  a t ta in ab le  in  practice . 
H ow ever, the re  is an im p o r ta n t  reservation  t o  th is  use  o f  th e  LER. Mead and 
Willey (1 9 8 0 )  have p o in te d  o u t  th a t  if  an  L E R  is ta k e n  as th e  advantage  achiev
able by  a  farm er,  th e  assu m p tio n  is th a t  t h e  ra t io  o f  yields in th a t  L E R  is 
e x ac tly  th a t  re q u ire d  b y  th e  farmer. S im ilarly , i f  an  e x p e r im en ta l  analysis c o m 
pares th e  LERs o f  several in te rc rops  on  an  eq u a l  basis, th e  a s su m p tio n  is th a t  
all th e ir  d if fe ren t  y ie ld  ra tios  are accep tab le .  C learly  th e  fa rm er m ay  f requen tly  
requ ire  a  r a th e r  d if fe ren t  y ield  ra t io  from  th a t  g en e ra te d  b y  any  given experi
m en ta l  t re a tm e n t .  T h u s  M ead and  Willey (1 9 8 0 )  sh o w ed  th a t  a n y  re q u ire d  ra tio  
cou ld  be  ach ieved  (and  a t least som e o f  th e  advan tages  o f  in te rc ro p p in g  u tilized) 
by  grow ing  th e  in te rc ro p  o n  p a r t  o f  th e  lan d  a re a  a n d  one  o f  th e  sole c rops  on 
th e  rem a in d e r .  T h e  sole a n d  in te rc ro p  p ro p o r t io n a l  areas can  be  d e te rm in e d  by 
lirst ca lcu la t ing  th e  area  (E) o f  th e  a p p ro p r ia te  sole c ro p  (assum ed to  be  A)
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th a t  w o u ld  have  to  be  ad d e d  to  1 h a  o f  in te rc ropp ing .  T h e  re la t io n sh ip  be tw een  
the  r e q u ire d  y ield  ra t io  o f  A (p) a n d  its ad d i t iona l  sole c rop  area  is m o s t  easily 
seen from  th e  eq u a t io n :

p = (La + E ) / (L E R  + E) (1)

M ead a n d  Willey p ro p o se d  th e  te rm  ‘Effective L E R ’ (E L E R ) as a m easu re  of  
th e  n e t  advan tage  from  th e  c o m b in e d  in te rc ro p  plus sole c ro p  area. This E L E R  
can  be  d e te rm in e d  b y  add ing  th e  in te rc ro p  a n d  sole c rop  relative y ields from 
th e  p ro p o r t io n a l  areas in d ica ted  b y  E q u a t io n  1, o r  it  can be  d irec t ly  ca lcu la ted :

E L E R  -  L b / [ (1 -  La) + ( L E R - l ) p ]  (2)

T he  E L E R  m u s t  be less than  th e  L E R  and  it  progressively  decreases  as the  
req u ired  y ie ld  ra t io  departs  fu r th e r  from  th a t  p ro d u c e d  by  grow ing  o n ly  the  
in te rc rop .  M ead and  Willey p re sen ted  E L E R s against r e q u ire d  c rop  ratios  and 
sh o w ed  th a t  th e y  lay  on shallow  curves, as can  be seen fo r  tw o  d if fe ren t  in te r 
c rops  in Fig. 2a. In this pa r t icu la r  exam ple ,  c o m b in in g  a sole c rop  with. In te r 
c rop  2 (w hich  has th e  h igher L E R ) is a b e t te r  p ro p o s i t io n  th a n  co m b in in g  a 
sole c rop  w ith  In te rc ro p  1 on ly  if  th e  re q u ired  y ield  ra t io  is a b o u t  60%  A  or 
g rea te r ;  thus ,  as can  be seen, for a 5 0 :5 0  req u ired  ra t io  In te rc ro p  2 re ta ins  a 
h igher  ELER .

An a lte rna tive  w ay  o f  p resen ting  E L E R s co u ld  be  on  a  tw o -w ay  L E R  dia
gram as sh o w n  in Fig. 2b. In this in s tance  the E L E R s are  co n v en ien t ly  stra ight 
lines jo in in g  th e  in te rc ro p  p o in ts  w ith  th e  sole c ro p  yields, a n d  m o re  in fo rm a 
t io n  is ev iden t  on  th e  L ER s o f  individual crops th a n  in  Fig. 2a. R eq u ired  ratios 
can  be d ep ic ted  b y  s tra igh t lines from  th e  origin, as sh o w n  fo r  th e  requ ired  
5 0 :5 0  ra t io ;  again th e  h igher E L E R  o f  In te rc ro p  2 can  be  seen for th is  requ ire 
m en t.  T he  p ro p o r t io n a l  sole crop  areas th a t  w ou ld  have to  be c o m b in e d  with 
In te rc ro p  2 are also sh o w n  for il lustra tive purposes ,  th o u g h  this p re sen ta t io n  
w o u ld  be  c u m b e rso m e  lo r  m ore  th a n  one  in te rc ro p .

T u rn in g  to  the  rem ain ing  C ri te r ion  3, R e d d y  a n d  C h e t ty  (1 9 8 4 )  sh o w ed  h ow  
th e  Effective L E R  c o n c e p t  cou ld  Le u sed  to  a c c o m m o d a te  a s i tu a t io n  where 
th e  fa rm e r’s basic r e q u ire m e n t  is to  ensu re  a given a m o u n t ,  o r  a p ro p o r t io n a l  
yie ld , o f  a s tap le  fo o d  crop. T h e y  sh o w ed  th a t  a n y  such  r e q u i re m e n t  could  
again be  m e t  b y  sow ing  p a r t  in te rc ro p  a n d  p a r t  so le  c rop . T h e  n e t  advantage  
from  th e  w ho le  a rea  th e y  te rm e d  th e  S tap le  L E R  (SL E R ). W hen p lo t te d  against 
req u ired  a m o u n ts  o f  o n e  o f  th e  c rops  th e  S L E R  values fall o n  s tra ig h t  lines, as 
sh o w n  in  Fig. 2c fo r  th e  sam e tw o  in te rc rops  as in  Fig. 2a; S L E R  values f o r a  
re q u ire m e n t  o f  70% o f  c rop  A are  i l lus tra ted . As w i th  th e  E L E R , how ever ,  it 
cou ld  again be  usefu l  to  ind ica te  S L E R  values o n  a tw o -w ay  diagram . T h e  form  
o f  this diagram rem ains  exac tly  th e  sam e as th e  tw o-w ay  E L E R  one  b u t  SLERs 
are n o w  in d ica ted  b y  h o r iz o n ta l  (or vertical)  lines (Fig. 2d);  S L E R s fo r  a 70% 
yield  o f  c ro p  A  are again il lustra ted .

In  general, how ever,  th e  c o n c e p t  o f  a d jus t ing  in te rc ro p p in g  a n d  sole c ropp ing  
areas to  satisfy  som e specific  r e q u ire m e n t  seem s to  have fo u n d  l i t t le  favour  as a
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Fig. 2. (a) E ffective L E R  (EL ER ) o f  tw o  o f  th e  six in terc ro p p in g  trea tm en ts  in  Fig. 1 p lo tte d  against 
requ ired  ra tio s  o f  crop  A ; (b) E L E R  o f  th e  sam e tw o  in terc ro p p in g  tre a tm e n ts  p lo tte d  on  a tw o-w ay 
diagram ; (c) S tap le  L E R  (SL E R ) of th e  sam e tw o in terc ro p p in g  trea tm en ts  p lo tte d  against requ ired  % 
o f  crop  A ; (d) S L E R  o f  the sam e tw o  in terc ro p p in g  trea tm en ts  p lo tted  on  a  tw o-w ay diagram ; (e) con
cep t o f  b ro ad  lim its on  p rac tica l requ irem en ts using  LERs; (f) co n cep t o f  b ro ad  lim its on  practical 
requ irem ents using  abso lu te  y ields. Sym bols as in Fig. 1.

p rac tica l  analysis am o n g  rescarchcrs. This m ay  be because  th e  c o n c e p t  is 
th o u g h t  to  b e  to o  theo re t ica l ,  and  y e t  farmers in th e  deve loping  w orld  w ho 
are typ ica l ly  grow ing  several crops in  a range o f  d if fe ren t  system s m u s t  do  som e 
kind  o f  ba lancing  o f  p ro d u c t io n  across th e ir  d if fe ren t  c ro p p in g  areas. B u t p e r
haps th e  real p ro b le m  lies in  th e  degree o f  p rec is ion  im plied  in th e se  analyses. 
I t  is obv iously  very  desirable  to  recognize th a t  a fa rm er  m a y  have ce r ta in  crop 
req u irem en ts ,  b u t  in  p rac t ica l  te rm s  these  m a y  have  to  b e  se t w ith in  m u ch  
b ro a d e r  lim its . F o r  exam ple ,  w hen  a fa rm er  is th o u g h t  to  req u ire  equa l  pro-
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p o r t io n s  o f  the  tw o  crops,  b ro a d  lim its  on  yield ra tios  m igh t  be  se t from  4 5 :5 5  
to  5 5 :4 5  in s tead  o f  exac tly  5 0 :5 0 .  On this basis tw o  o f  th e  six t re a tm e n ts  
i l lu s tra ted  in Fig. 2e w ou ld  be  accep tab le ;  because  b o th  are accep tab le ,  these  
tw o  t re a tm e n ts  m igh t  th e n  be d irec t ly  c o m p a re d  on  th e ir  full L E R  values if 
desired. Similarly , in s tead  o f  evaluating  in te rm s  o f  an  e x ac t  70% req u irem en t  
o f  th e  s tap le  fo o d  c ro p ,  as in th e  S L E R  exam ple  above, it  m igh t  be  m o re  p rac
tical s im p ly  to  id e n t i fy  t r e a tm e n ts  th a t  satisfy  a t  lea st this m in im u m  food 
re q u ire m e n t .  In th is  in s tance  Fig. 2e show s th a t  t r e a tm e n ts  3 and  1 w ou ld  be 
accep tab le ,  a n d  again th e se  m ig h t  be c o m p a re d  o n  th e ir  full L E R  values.

I t  is ev iden t o f  cou rse  th a t  o th e r  t r e a tm e n ts  m igh t  be  b ro u g h t  w ith in  any 
b ro a d  lim its  by  again ad jus t ing  w ith  som e sole c ro p  area ; if th e se  ad ju s tm en ts  
w ere also v iew ed  in b ro a d  te rm s  th e y  m ig h t  be con s id e red  prac ticab le .

A b s o lu te  y ie ld s . A b so lu te  yields are th e  s im plest p rac t ica l  m easu re  o f  crop  
p ro d u c t iv i ty  an d ,  p rov ided  th e  p ro b le m s  o f  d if fe ren t  yield p o te n t ia ls  discussed 
earlier a re  recognized , th e y  can be  used  to  evaluate  a n y  o f  the  th re e  Criteria. A  
pa r t icu la r ly  ap p ro p r ia te  s i tu a t io n  in w hich  to  use  ab so lu te  yields m a y  b.e w hen 
the  c rops  arc g row n  for d if fe ren t  pu rposes ,  lo r  exam ple  one  as a cash c ro p  and 
th e  o th e r  as a fo o d  crop. This s i tu a t io n  has b een  co m p le te ly  igno red  in  p rac t i 
cal analyses because  o f  the  desirability  o f  having a c o m m o n  base on  w hich  to  
co m b in e  crops; m o n e ta ry  a n d  n u tr i t io n a l  analyses, fo r  ex am p le ,  have invariably 
assum ed  e i th e r  th a t  b o th  crops are  cash c rops  o r  th a t  b o th  are food  crops.

With d if fe ren t  pu rposes  fo r  th e  crops,  the re  will a lm os t  ce r ta in ly  be  som e 
co ns tra in ts  on  c rop  re q u irem en ts  a n d  C ri te r ion  1 is u n l ik e ly  to  app ly .  C rite rion  
2 can  be  eva lua ted  ex ac tly  as for re la tive yields, i.e. e i th e r  fo r  a specific crop  
ra t io ,  o r  fo r  b ro ad e r  limits. H ow ever, C ri te r ion  3 can  o n ly  be eva lua ted  w ith  an 
S L E R  ty p e  o f  analysis if  y ie ld  above  th e  re q u ired  a m o u n t  ol ‘s ta p le ’ can  be 
e q u a te d  w ith  y ie ld  o f  th e  o th e r  c ro p  (e.g. if  surp lus  food  c rop  in a food  c ro p / 
cash c ro p  system  is convert ib le  in to  cash). B u t th e  ‘m in im u m  l im i t ’ c o n c e p t  
co u ld  be  u sed  for a n y  C ri te r ion  3 s i tu a t io n  anti co u ld  be pa r t icu la r ly  usefu l 
w hen  a surp lus  o f  one  c rop  cou ld  n o t  be  e q u a te d  w ith  th e  o th e r  c rop . M ore
over, th is  l im it c o n c e p t  has the  advan tage  th a t  l im its  co u ld  be  se t for b o th  
crops. T hus ,  in a d d i t io n  to  a m in im u m  food  c ro p  r e q u ire m e n t  (c rop  A) the  
fa rm er cou ld  have a m in im u m  cash r e q u ire m e n t  re p re se n te d  b y  2.5 t  h a " 1 ol 
c rop  B; it can  be  seen from  Fig. 2 f  th a t  on ly  t r e a tm e n t  1 w ou ld  sa tis fy  b o th  
these  req u irem en ts .  It is also w o r th  em phasiz ing  th a t  these  l im its  cou ld  take  
o th e r  form s and  th a t  an  u p p e r  l im it  m ight occur. F o r  exam ple ,  in a food  c r o p / 
cash c rop  sys tem  th e  fa rm er m igh t n o t  w an t  a sy s tem  th a t  p ro d u c e s  t o o  m u ch  
o f  the  fo o d  c ro p  if  its surplus is n o t  convert ib le  to  cash ; s imilarly, he  m igh t n o t  
wra n t  t o o  m u ch  o f  th e  cash c rop  i f  this in t ro d u c e s  p ro b lem s  o f  han d l in g  and 
m arke ting .

M o n e ta ry  un its . T h e  use o f  m o n e ta ry  un its  has always had  considerab le  
appea l  in in te rc ro p p in g  evaluation  because  o f  th e  obvious eco n o m ic  im plica tions. 
S tr ic t ly  speaking, m o n e ta ry  u n i ts  sh o u ld  on ly  be  used  w h e n  th e  c rops  are 
genu ine ly  m a rk e ta b le  cash crops,  b u t  such  u n i ts  have o f te n  been  used  sim ply



1 2 8 R. W.  W I L L E Y

{a) 1:1 relative values (6 ) 2:1 relative values
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Fig. 3 . Tw o-w ay diagram s show ing th e  values o f  th e  six exam ple trea tm en ts  in Fig. 1 a t  d ifferen t 
relative values o f  th e  tw o  crops (m u = m on eta ry  u n its.) Sym bols as in Fig. 1.

to  p rovide  th e  c o m m o n  base be tw een  crops; n o t  surprisingly, possible b io logi
cal and  prac tica l objectives have o f ten  been  confused . Even w hen  a prac tica l 
evaluation  has been  im plied , th e re  lias se ldom  been  any  reco g n i t io n  o f  the 
f a n n e r ’s possib le  p rac tica l  co n s tra in ts  and  it  has usually  been  a ssu m ed  th a t  the  
on ly  re q u ire m e n t  is fo r  m a x im u m  m o n e ta ry  re tu rns .

I f  the re  are genu ine ly  no  prac tica l cons tra in ts ,  i.e. C ri te r ion  1 applies, th e n  
a m o n e ta ry  analysis is co n c e p tu a l ly  very s tra igh tfo rw ard .  All sole o r  in te rc ro p  
s i tua t ions  arc valid p rac tica l  a lternatives and  can be  c o m p a re d  on  th e  basis o f  
th e ir  to ta l  cash value. I t  follows th a t  in te rc ro p p in g  is on ly  advan tageous if  it 
exceeds th e  value o f  the  h igher value sole c rop . Changing m a rk e t  values can  be 
ta k e n  in to  a c c o u n t  b y  consider ing  d if fe ren t  ra t ios  o f  values o f  th e  tw o  crops. 
A  relative increase  in th e  value o f  a given c rop  progressively tavours those  
system s th a t  have h igher  p ro p o r t io n s  o f  th a t  crop. An exam ple  is sh o w n  in 
Fig. 3, w here  a t  a 1:1 relative value t r e a tm e n t  2 has th e  h ighest re tu rn s  (basic
ally because  o f  its high L E R ); how ever,  a t  a 2:1 re la tive value t r e a tm e n t  1 
exceeds t r e a tm e n t  2 because  o f  a h igher p r o p o r t io n  o f  th e  h igher  value crop  
(now  c ro p  A), and  a t  3:1 grow ing  sole A  becom es  the  bes t  p ro p o s i t io n .  Francis 
and  Saunders  (1 9 8 3 )  have stressed  th a t  this k ind  o f  analysis can  be  usefu l n o t  
on ly  to  exam ine  a  pa r t icu la r  d a ta  set,  b u t  also to  p red ic t  w h a t  t r e a tm e n ts  o r  
system s arc likely  to  be m o s t  w or th w h ile  given ce r ta in  pr ice  ra tios  o r  yield 
levels.

Where p rac tica l  co n s tra in ts  on  c rop  re q u irem en ts  do  occur ,  a n d  C ri te r ion  2 
o r  3 applies, analyses have to  fo llow  th e  sam e p a t te rn s  as o u t l in ed  fo r  relative 
o r  abso lu te  y ie ld  above. M o n e ta ry  benefits  are  th e n  logically exp ressed  as the  
increase in  value  o f  th e  in te rc ro p p in g  sys tem  c o m p a re d  w ith  th e  ap p ro p r ia te  
sole c rop  sys tem . T hus  fo r  C ri te r ion  2 th e  b enef i t  w o u ld  be  th e  value  o f  in te r 
c ro p p in g  less the  value o f  separa te  sole crops giving th e  sam e yield  ra t io  as in
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in te rc ro p p in g .  Willey (1979)  te rm ed  this the  M o n e ta ry  A dvan tage  (MA); it can 
be  d irec t ly  ca lcu la ted  from  the  values o f  th e  in te rc ro p p in g  a n d  sole c ropp ing  
s i tua t ions  def ined  above or, given th a t  L E R  values are  p ro b a b ly  a lready  avail
able, it can be very  s im ply  ca lcu la ted  as:

M A  = Value o f  in te rc ro p  x (L E R  — 1 ) /L E R  (.‘5)

In e f fec t  o f  course  the  MA sim ply  expresses the  relative advan tage  ind ica ted  
by  the  L E R  as an  abso lu te  m o n e ta ry  advantage . Thus , given th a t  C ri te r ion  2 
applies, an  L E R  o f  1.25 ind ica tes  n o t  on ly  a relative yield increase  o f  25% b u t  
also a m o n e ta ry  increase o f  25%.

Like the  L E R  ca lcu la t ion  itself, this ca lcu la t ion  o f  MA assum es th a t  th e  ra tio  
o f  c rops  in th e  in te rc ro p p in g  system  is exac tly  th a t  re q u ired  b y  th e  farm er. For  
d if fe ren t  re q u irem en ts  th e  c o n c e p t  o f  ad jus t ing  w ith  a sole c rop  a rea  could  
again be used  if desired. T hus  an Effective M o n e ta ry  A dvan tage  (EMA) could  
be ca lcu la ted  equ iva len t  to  th e  E L E R  w here  a d i f le re n t  ra t io  is requ ired . Fol
lowing th e  p a t te rn  in E q u a t io n  3 this co u ld  be ca lcu la ted  as:

EM A = (V alue  o f  u n i t  a rea  o f  c o m b in e d  in te rc ro p  a n d  e x tra
sole c ro p )  x  (E L E R  — 1 ) /E L E R  (4)

Similarly, for C riter ion  3 an SMA cou ld  be ca lcu la ted  equ iva len t  to  the  SL E R ; 
the  ca lcu la t ion  w o u ld  be  ex ac tly  as in E q u a t io n  4 b u t  w ith  S L E R  su b s t i tu te d  
for E L E R .

B u t these  ad ju s tm en ts  w ith  sole c ro p  areas to  p ro d u c e  EM A or SM A have the  
sam e p ro b lem s  discussed earlier for the  E L E R  and  SLER . Fo llow ing  the  sim pler 
ap p ro ach  o f  se t t in g  b ro a d e r  limits, the re fo re ,  a m ore  prac tica l eva lua tion  m ight 
be  a d irec t  com p ar iso n  o f  to ta l  values, given th a t  for C ri te r ion  2 th e  sys tem s are 
w ith in  accep tab le  c rop  ra t io  limits anti th a t  fo r  C ri te r ion  3 th e y  satisfy  the  
necessary  m in im u m  (or  m a x im u m ) requ irem en ts .

N u tr itio n a l un its. E va luation  has o f te n  been  carr ied  o u t  in n u t r i t io n a l  units 
a n d  these  are m ean ingfu l  in subsis tence  s i tua tions  w here  th e  crops will be  ea ten  
by  th e  fa rm er  and  his family. As w ith  m o n e ta ry  analyses, it  has c o m m o n ly  
been  assum ed  th a t  the  fa rm er’s aim  is s im ply  to  m ax im ize  o u tp u t  (i.e. Cri
te r io n  1). I t  can be argued , how ever,  th a t ,  p a r t icu la r ly  in subsis tence  s itua tions ,  
a fa rm er m ay  experience  prac tica l co n s tra in ts  on  w h a t  he  grows because  he  can
n o t  m ee t  re q u irem en ts  by  selling so m e  crops and  b u y in g  in o thers .  C rite ria  2 
or  3 m a y  thus  ap p ly  and  analyses shou ld  th en  fo llow  iden tica l  p a t te rn s  to  those  
o u t l in e d  above.

O ne  o f  th e  p ro b lem s  w ith  n u t r i t io n a l  analyses, how ever,  is th a t  the  in te r 
c ro p p in g  sys tem  w hich  is best fo r  one  n u t r i t io n a l  r e q u ire m e n t  (e.g. calories) 
m ay  n o t  be  best fo r  a n o th e r  (e.g. p ro te in ) .  Beets (1 9 8 2 )  c o n c lu d e d  from  a 
m a iz e /so y a  e x p e r im e n t  t h a t  a  fa rm er  w o u ld  have to  g row  sole m aize fo r  m ax i
m u m  o u tp u t  o f  calories, in te rc rops  fo r  c rude  p ro te in  o r  m e th io n in e ,  a n d  sole 
so y a  for lysine. T re n b a th  (1 9 8 2 )  c o n te n d e d  th a t  subs is tence  crops w o u ld  a t
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(a)
4  r  Crop A  (roo t crop) produces

1 0 0 0 0  M eal + 5 0  kg p ro te in  ha-1 
Crop B (legum e) produces

1 2 5 0  Mcai + 125  kg prote in  ha"1
3  -

O In tercrop  (La =  0 .6 5 , Lb = 0 .8 5 , 
LER  = 1 .50)

<
ao
6

1 -

2 3

C rop B (ha)

o

(6 )

C rop A . 1 t grain 3 t fod der h a " 1 

C rop B. 2 t  grain 1} t  fodder ha-1

q  In tercrop  (La  =  0 .5 5 , Lb  = 0 .7 5 , 
L E R  = 1.3)

C rop B (ha)

Fig. 4 . Exam ples o f  m in im um  land  areas requ ired  to  p roduce  tw o  sim ultaneous requ irem en ts from  sole 
crops o r  an in te rc ro p . R equ irem en ts are (a) 5 0 0 0  Meals and 1125 kg p ro te in , and  (b) 2 to n n es o f  grain and 
4  tonnes o f  fodder.

least have to  .satisfy th e  calorie  and  p ro te in  re q u ire m e n ts  s im u ltaneous ly .  He 
o u t l in ed  an  ap p ro ach  to  d e te rm in e  th e  desirable  ba lance  o f  these  tw o  factors. 
Ins tead  o f  y ie ld  p e r  u n i t  area, T re n b a th  p re fe r red  the  c o n c e p t  o f  m in im u m  land 
area  req u ired  to  p ro d u c e  a given food  need  because  he  argued  th a t  a n y  yield 
advantage  for subsis tence  c rops  w o u ld  be  seen as an o p p o r tu n i ty  to  cu ltiva te  
less lan d  (o r  pe rhaps  to  d ivert  m ore  land to  cash crops).

T re n b a th  suggested  h o w  m in im u m  land areas cou ld  be d ep ic ted  on a two- 
w ay  diagram as sh o w n  in Fig. 4a. T he  d iagonal lines rep resen t  th e  areas requ ired  
to  p ro d u c e  e i th e r  th e  p ro te in  o r  th e  calorie  re q u ire m e n t  if  the  land  a rea  is divi
ded be tw een  sole  crops. In this exam ple  it  is assum ed  th a t  o n e  c rop  is a ro o t  
c rop  (c rop  A) p ro d u c in g  10 0 0 0  Meals a n d  50 kg p ro te in  h a -1 while the  o th e r  
is a legum e (c rop  B) p ro d u c in g  1 2 50  Meals and  125 kg p ro te in  ha- 1 : th e  annua l 
fo o d  r e q u i re m e n t  o f  th e  fa rm er’s family is ta k e n  as 5 0 0 0  Meals and  125 kg p ro 
tein. If  one  c rop  has a  h igher calorie  p ro d u c t io n  p e r  h ec ta re  and th e  o th e r  a 
higher p ro te in  p ro d u c t io n ,  th e  lines on th e  tw o -w ay  d iagram  cross. T h e  ratio  
o f  sole crops th a t  ex ac t ly  m eets  b o th  calorie  and p ro te in  re q u ire m e n t  on  the  
least land  area is obv iously  p o in t  P, which can be  d e te rm in e d  b y  se t t in g  u p  tw o  
s im u ltan eo u s  e q u a t io n s  (F edere r ,  1983 ; persona l c o m m u n ic a t io n ) :  thus  if x 
a n d  y are the  re q u ired  areas o f  c rops  A and  B, respectively , th en  re q u irem en ts  
can  be w r i t te n  for calories, 5 0 0 0  = lOOOOx + 1250y , a n d  for p ro te in s ,  125 = 
50 x  + 125y. T hese  re q u ire d  areas w o rk  o u t  a t  0 .4 0  ha  o f  c rop  A (x) and  0 .84  
h a  o f  c rop  B (y), m ak ing  a to ta l  o f  1.24 ha.

A ssum ing  n o w  an  in te rc ro p  w ith  an L E R  o f  1.5, m a d e  u p  o f  0 .65  for c rop  A 
and  0 .85  fo r  c ro p  B, th e  least a rea  th a t  w ou ld  ensu re  th e  m in im u m  re q u ire 
m en ts  o f  b o th  calories and  p ro te in  w o u ld  be  0.9 h a  (giving 6 8 1 0  Meals and 
125 kg p ro te in ) .  This  p o in t  can  be  re p re se n te d  o n  the  tw o -w ay  d iagram  by 
p lo t t in g  th e  0 .9 h a  in  th e  ra t io  o f  th e  individual LE R s (i.e. 0 .39  h a  and  0.51
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ha). T h e  p o in t  m u s t  rep re sen t  a to ta l  a rea  less th a n  th a t  o f  p o in t  P (as in this 
exam ple)  fo r  the  in te rc ro p  to  he advantageous. In this in s tance  0.9 ha  o f  in te r
crop  com pares  w ith  1.24 h a  o f  sole crops so 38%  m o re  land  w o u ld  n eed  to  he 
cu lt iva ted  as sole c rops  c o m p a re d  w ith  in te rc rops .

T o  carry  th is  analysis one  s tep  fu r the r ,  this p a r t ic u la r  e x a m p le  suggests th a t  
grow ing  o n ly  th e  in te rc ro p  is n o t  pa r t icu la r ly  eff ic ien t because  th e re  has to  be 
a conside rab le  surplus o f  calories to  ensure  en ough  p ro te in .  Again th e  c o n 
cep t  o f  grow ing  som e area of  in te rc ro p  and  so m e  area  o f  sole c rop  can  be 
a d o p te d  to  p rov ide  ju s t  the  right re q u ire m e n t  o f  each. T re n b a th  suggested  th a t  
a l inear p ro g ram m in g  te c h n iq u e  co u ld  be  used to  ca lcu la te  th e  sole a n d  in te r 
crop  p ro p o r t io n s .  T h e  ca lcu la tions cun also be d o n e  on  the  basis o f  y ield  ratios 
using th e  Effec tive  L E R  ap p ro ach  (E q u a t io n  2) because  the  req u ired  y ield  ra tio  
m u s t  be  th a t  a t  p o in t  P in Fig. 4a. F o r  c rop  B, the  c rop  th a t  has to  be  increased, 
th e  req u ired  ra t io  is 0 .8 4 /1 .2 4 ,  i.e. 0 .68 . F o r  E q u a t io n  2:

0 .68  = (0 .85  + E )/(1 .5  + E)

So E is 0 .53 . T hus  0 .53  h a  o f  sole B w ou ld  need  to  be g row n  w ith  1 h a  o f  in te r
c rop  to  give the  r igh t ra t io  o f  th e  tw o  crops,  b u t  this w o u ld  p rov ide  64%  m ore  
th a n  th e  re q u irem en t .  T h e  m in im u m  lan d  a rea  resolves to  0.61 h a o l  in te rc ro p  
an d  0 .32  ha  o f  sole B, i.e. a to ta l  o f  0 .93  ha.

This ex am p le  illus tra tes  th e  g rea te r  co m p le x i ty  o f  ad jus t ing  for tw o  factors 
because  th e  ad jus ted  area  o f  in te rc ro p  plus sole c rop  is ac tua lly  g rea te r  than  
th e  original in te rc ro p  area  itself. This occurs  because  th e  in te rc ro p  p rovides  a 
g rea te r  a m o u n t  o f  p ro te in  (13 8 .5  kg h a -1) th an  the  h igh-pro te in  sole crop 
(125  kg h a -1). P resum ably  in this in s tance  the  fa rm er  w o u ld  p re ie r  to  grow 
on ly  th e  in te rc ro p  even if  th e  excess ro o t  c rop  was w asted . As stressed earlier, 
o f  cou rse ,  these  ad ju s tm en ts  o f  in te rc ro p  a n d  sole c rop  areas im p ly  m u ch  
g rea te r  p rec is ion  th a n  the  fa rm er  can  possib ly  c o m m a n d  in p ractice .  M oreover, 
th e  ba lancing  o f  calories a n d  p ro te in  as o u t l in ed  assum es n o t  o n ly  th a t  there  
are n o  o th e r  co ns tra in ts  on  c rop  p ro p o r t io n s  b u t  also th a t  it  is on ly  p ro te in  
q u a n t i ty  and  n o t  q u a l i ty  t h a t  m a tte rs .

D esp ite  its p ro b lem s  this c a lo r ie /p ro te in  analysis show s an  im p o r ta n t  
ap p ro a c h  th a t  m ig h t  be e x te n d e d  to  m a n y  o th e r  s tud ies  w here  an  in te rc ro p  
has to  be  eva lua ted  fo r  tw o  d if fe ren t  re q u ire m e n ts  s im u ltaneous ly .  A  further,  
and  pe rhaps  s im pler ,  e x am p le  is w here  d if fe ren t  p a r ts  o f  th e  c rops  are u sed  for 
d if fe ren t  pu rposes .  A  s i tu a t io n  w here  each c ro p  p ro d u ces  b o th  grain (for  
h u m a n  c o n su m p t io n )  a n d  an im al fo d d e r  is i l lu s tra ted  in Fig. 4b . F o r  a requ ire 
m e n t  o f  2 t o f  grain a n d  4  t o f  fo d d e r  the  m in im u m  area  o f  sole crops is 1.56 ha  
(1 .12  h a  A and  0 .44  ha  B), while an  in te rc ro p  o f  1.30 L E R  (L a  = 0 .55 ,  Lb = 
0 .7 5 )  requires  o n ly  1 .44  ha, a saving o f  8% o f  th e  lan d  area. This area  o f  in te r 
c rop  ex ac t ly  fulfils the  p ro te in  re q u ire m e n t  b u t  p ro d u ces  48%  e x t ra  grain. In 
th e o ry  an  E L E R  ty p e  o f  ca lcu la t ion  can  again be  done , show ing  th a t  b y  g row 
ing p a r t ly  th e  in te rc ro p  a n d  par t ly  sole A th e  exac t  r e q u ire m e n ts  can  be m e t  on 
on ly  1.38 ha. B u t again this implies a very  precise  a d ju s tm e n t ,  and  o n e  w hich
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in fact p rovides l i t t le  fu r th e r  saving in to ta l  land  area. F o r  this pa r t icu la r  
exam ple ,  the re fo re ,  the  p re fe r red  system  w ould  p ro b a b ly  be to  grow  o n ly  the  
in te rc rop .  C o m p ared  w ith  sole cropp ing , the  advantage  o f  th e  in te rc ro p  w ould  
p ro b a b ly  be seen as p ro d u c in g  th e  m in im um  req u irem en ts  o f  b o th  p ro te in  and  
calories on  slightly  less area, and  a t  the  sam e t im e  p ro d u c in g  conside rab le  e x tra  
grain th a t  m ight pe rhaps  be s to red  or  sold. In effec t,  this ap p ro ach  w o u ld  be 
analogous to  th a t  o f  b ro ad  limits ou t l in ed  earlier, the  aim being to  ensure  m in i
m u m  req u irem en ts  r a th e r  th an  e ffec t  som e precise  balance o f  the  tw o  crops.

C O N C L U S IO N S

Calcula tion  o f  the  basic biological eff ic iency  o f  a given in te rc ro p p in g  system  is 
a lm os t  always w o r th w h ile  in a n y  evaluation  process. F o r  m a n y  s i tua tions  (e.g. 
physio logica l s tud ies)  it m ay  be an end  in  itself. B u t even fo r  m o re  prac tica l 
s i tua t ions  it  is stilf useful because it  ind ica tes  th e  m a x im u m  level o f  advantages 
tha t  can  be a t ta in e d  in a n y  su b seq u en t  analyses. Biological eff ic iency  is c o n 
ven ien tly  m easu red  using  relative un its ,  b u t  it  is re -em phasized  th a t  th e re  is 
m u c h  grea te r  scope  for using a b so lu te  yields th a n  seems to  be c u r re n t ly  realized.

T he  use o f  ‘p rac t ica l '  un its  such as m o n e y  o r  food  values does n o t  in itself  
c o n s t i tu te  a  p rac tica l  analysis unless th e re  is so m e  recogn it ion  o f  th e  fact th a t  
there  m ay  be  co n s tra in ts  on  th e  a m o u n ts  o r  p ro p o r t io n s  o f  th e  d if fe ren t  crops 
th e  fa rm er needs to  grow. H ow ever, taking these  prac tica l r e q u ire m e n ts  in to  
a c c o u n t  raises conside rab le  p rob lem s w hen  evaluating an in te rc ro p p in g  system  
th a t  docs n o t  exac tly  m e e t  these requ irem en ts .  T he  c o m m o n  app ro ach  has 
been  to  assum e th a t  th e  fa rm er can ad jus t  th e  a m o u n ts  o r  p ro p o r t io n s  o f  crops 
by  grow ing  an ap p ro p r ia te  ra t io  o f  th e  in te rc ro p  and  one  o f  th e  sole crops. A 
m a jo r  p ro b lem  w ith  this ap p ro a c h  seems to  be th a t  the  analyses assum e m uch  
grea te r  p rec is ion  o f a d ju s tm e n t  th a n  can  possib ly  be  c o m m a n d e d  b y  th e  farmer. 
It is thus  p ro p o se d  th a t  it  m igh t be m o re  realistic to  co n s id e r  p rac t ica l  req u ire 
m en ts  in te rm s  of b ro a d e r  l im its  where, fo r  exam ple ,  an  in te rc ro p p in g  system  
m a y  have to  be  w ith in  ce r ta in  limits o f  c rop  ra tios, o r  w here  it  m ay  have to 
m e e t  ce r ta in  m in im u m  yield  requ irem en ts .  A  fu r th e r  advan tage  o f  this ap p ro ach  
is th a t  it  can  easily he  app lied  to  the  m u c h  neg lec ted  s i tu a t io n  w here  fo r  a 
prac tica l  analysis the  tw o  crops  shou ld  be eva lua ted  d iffe ren t ly  (e.g. one  as a 
fo o d  c ro p  a n d  one  as a cash crop).

T h e  analysis o u t l in ed  fo r  evaluating tw o d if fe ren t  p ro d u c ts  from  each c rop  
s im u ltaneous ly  (e.g. calories and  p ro te in ,  o r  grain and  fodder)  w o u ld  seem  to  
m erit  fu r th e r  cons ide ra tion .  A lth o u g h  ad ju s tm en ts  can  be  m ad e  w ith  sole crop  
areas to  m ee t  very  exac t  req u irem en ts  these  again m ay  be  to o  precise  to  rep re 
sen t  a  prac tica l analysis; again a c o n c e p t  o f  a t  least  ensuring  som e m in im um  
level of p ro d u c t io n  for each p r o d u c t  m igh t  be  m ore  a p p ro p r ia te .

A c k n o w le d g e m e n ts .  I am gra tefu l to  m a n y  colleagues a t  IC R IS A T  fo r  c o m 
m en ts ,  and to  M r B. U day  K u m a r  for d raw ing  the  graphs.
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