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FOREWORD

Ind ian  ag ricu ltu re  has w itn essed  rap id  g row th  during  the  last five  decad es, ow ing  largely  to  the 
in tensive  in p u t b a sed  m odern  agricu lture . In tensive  u se  o f  inpu ts  im poses a  lo t o f  stress  on  the 
natu ra l reso u rces  co m p ris in g  o f  so il, w ater, vege ta tion  a n d  c lim a te  w hich  fo rm  the essence  o f  
all k inds o f  life  and  p ro v id e  suppo rt to  its various p ro cesses. T h e  resu lting  change  in  the  a g ro 
system  en v iro n m en t has q u estioned  the  susta inab ility  o f  the  p ro d u c tio n  system . O v er the  years, 
there is a sharp  d ec lin e  in fac to r p roductiv ity , sh ift in  insect pests  and  w eed  spectrum , increasing  
defic iency  o f  seco n d ary  and  m icronu trien ts in the soil p ro file , sh ifts  in  c lim ate , tw in p rob lem s 
o f  w ate r lo gg ing  and  sa lin ity  u n d e r irriga ted  areas, w a te r p o llu tion , con tinuous dep le tion  o f  
w a te r tab le  and  stag n a tio n  in w a te r and  fe rtilise r u se  efficiency . M o st o f  these  p rob lem s are 
c lo se ly  asso c ia ted  w ith  in creased  b u t ineffic ien t and  iso la ted  u se  o f  the  various inpu ts  u sed  in 
c rop  p roduc tion , p a rticu la rly  w ater, nu trien ts  and  pes tic id es . T he dec lin in g  e ffic iency  in the  
use o f  inpu ts  also  in creases the  co st o f  cu ltiva tion  w ith o u t any  y ie ld  d iv idends. T herefo re , it is 
an o p p o rtu n e  tim e  to re v iew  o u r  pas t a cco m p lish m en ts  a n d  assess  b o th  the  s tren g th s  and 
w eak n esses in o rd e r to  reo rien t the  re sea rch  agen d a  fo r in c re a se d  inpu t use e ffic ien cy  in 
ag ricu ltu re  fo r the  fu tu re .

I am  happy  that the  K era la  A grl U n iversity  is o rgan iz ing  a N a tio n a l S ym posium  on “Inpu t use 
efficiency  in ag ricu ltu re- issues and  s tra teg ies” during  N o v em b er 25- 2 7 ,2 0 0 4  w ith  the  financial 
a ss is tan c e  o f  IC A R  to  rev iew  the  cu rren t k n o w led g e  a n d  fo rm u la te  fu tu re  s tra teg ie s  fo r  
im prov ing  the use e ffic iency  o f  various p roduction  inputs. T he  p roceed ings, con ta in ing  the 
inv ited  p apers, a ttem p t to  take stock  o f  the ach ievem en ts  m ad e  in the  a rea  o f  input use effic iency  
in Ind ian  ag ricu ltu re  and  to focus on the challenges ah ead  in  the years  to com e.

T he  va luab le  co n tribu tion  m ad e  by  the  au thors in fo rm u la tin g  m easu res fo r im prov ing  the  u se  
effic iency  o f  various p roduction  inpu ts  and  m ak in g  the sy m p o siu m  h igh ly  successfu l is g rea tly  
apprecia ted . I  a lso  co n g ra tu la te  p ro fu se ly  the  ed ito rs  fo r  th e ir  sincere  and ded ica ted  efforts in 
b ring ing  out th is  e x c e llen t p u b lica tion . I am  c o n fid e n t tha t the  p u b lic a tio n  w ou ld  p ro v id e  
va luab le  in fo rm ation  on  the w ays and  m eans fo r im prov ing  the  use  e ffic iency  o f  various inputs 
to  m ake ag ricu ltu re  p ro fitab le , susta inab le  and  en v iro n m en t friendly.

I co n g ra tu la te  D r. Jo se  M athew , O rgan iz ing  S e c re ta ry  o f  N a tio n a l S y m p o siu m , D r. C. T. 
A braham , H ead  o f D epartm en t o f  A gronom y, D r. G .S .L .H .V . P rasada  R ao , A sso c ia te  D ean  
and his ded ica ted  team  fo r  the in itia tive  taken.

P ro f . K . V. P e te r
V ice C h ance llo r 
K erala  A grl U niversity



PREFACE

E ver since  the advent o f  the  green  revo lu tion , a con tin u o u s  increase  in  the level o f  inpu t u se  
has characterized  Ind ian  agricu lture. T he o b jec tive  o f  this p ractice  w as to susta in  se lf-su ffic iency  
in  the  p ro duction  o f  food  grains. T h is  is true  w ith  m ost o f  the  inpu ts  such  as w ater, fertilize rs  
and ag ricu ltu ra l chem ica ls . T he  in creased  use  o f  various inpu ts, how ever, has no t on ly  failed  
to y ie ld  the d esired  resu lts, but iron ically , has also  led  to stagna ting  trends in c ro p  p roductiv ity  
in several crops. T his paradox ica l s itu a tio n  is m ain ly  a ttr ib u ted  to a s teady  d ec lin e  in  the 
effic iency  o f  m ost o f  the inputs u sed  in c ro p  p roduc tion  ov e r the  years. A part from  low  y ields, 
po o r e ffic iency  o f  fe rtilizers and agricu ltu ra l chem ica ls  also  adversely  affect soil health  and 
qua lity  o f  food  and  env ironm en t. D ec lin ing  e ffic ien cy  is also  no ticed  in severa l ag ronom ic 
p rac tices  such  as fie ld  p reparation , sow ing  o p era tions, h a rvesting  and  lab o u r use, T he situation  
w arran ts  a focused  rev iew  o f  the  p resen t sta tu s o f  in p u t use e ffic iency  in key  areas o f  Ind ian  
ag ricu ltu re . T h e  N a tio n a l S y m p o siu m  on  “In p u t u se  e ffic ien cy  in  ag ricu ltu re - issu es  and 
stra teg ie s"  is o rgan ized  w ith  th is  b ack g ro u n d  a t K A U  M ain  C am pus, V ellan ikkara  during  
N ovem ber 2 5 -2 7 ,2 0 0 4  to d iscuss the cu rren t issues and  form ulate future strateg ies for increasing  
the use e ffic iency  o f  the various inputs and ag ricu ltu ra l p rac tices that are re levan t to various 
ag ro -c lim atic  zones in the  co un try  in a chan g ed  agricu ltu ra l scenario .

T h is  p ub lica tion  consists  o f  the  lead  pap ers  p resen ted  in various technical sess io n s  o f  the  
sym posium . In addition  to an in troduc to ry  session , five sub- them e areas have been  id en tified  
fo r the sym posium  and  the artic les  have b een  arranged  un d er these  sub  them es. T h ey  are  
i. E ffic iency  in w ater use ii. E ffic iency  in ag ronom ic  p rac tices iii. E ffic iency  in nu trien t use  
iv. E ffic iency  in  the use o f  ag ro -chem icals and  v. C ropp ing  patte rn s and  farm ing  system s for 
im proved  resource  use efficiency .

E x p e rt ed ito ria l g u id an c e  p ro v id ed  b y  D r. G .S .L .H .V . P ra sa d a  R ao , A sso c ia te  D ean  and 
C hairm an  and Dr. C.T. A braham , A sso c ia te  P ro fe sso r & H ead, D epartm en t o f  A g ronom y  and 
C o- C hairm an , O rgan iz ing  C om m ittee  is g ra te fu lly  acknow ledged . W e also ex tend  o u r gratefu l 
apprecia tion  to  the  Editorial C om m ittee  M em bers, D r. K .E. Sav ith ri, D r M ercy  G eorge, Dr. A. 
Latha, Dr. G eorge T hom as, Dr. I. Johnku tty , Dr. E.K . L a litha  B ai, Dr. R eena  M athew , Dr. 
M aicy k u tty  P. M athew  and  Dr. M ini A braham .

E d ito rs
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Input use efficiency in agriculture: conceptual issues and 
empirical evidences

C. Ram nsam y1 and K. R. Ashok2 
'Vice-Chancellor and 'Associate Professor 

Tamil Nadu Agricultural University, Coimbatore-641 003

‘the economist, the engineer and the policy maker all have great stakes in the study o f efficiency’

-Y otopoulos and  N u g e n t

E xpansion  o f  irriga ted  area, h igh  y ie ld ing  varie ties, chem ical fe rtilizers and  pesticides he lp ed  the  
country to  achieve sign ifican t increase  in crop  productiv ity  since  y early  seventies. B u t in  in ternational com parison , 
ou r productiv ity  levels  a re  v ery  low. Ind ian  ag ricu ltu re  has to beco m e  m ore  effic ien t w ith  h ig h e r p ro duc tiv ity  
levels to  take advan tage o f  the  new  in ternational trade  reg im e. O n ly  a  d yn am ic  an d  rap id ly  g row ing  ag ricu ltu re  
can  generate  the  susta ined  su rp lu ses necessary  to d rive  the eco n o m ic  transfo rm ation  (T im m er 1988). B u t the  
productiv ity  gains from  g reen  revo lu tion  techno log ies in A sia  and  particu la rly  in  In d ia  have essen tia lly  en ded  
(U SA ID  2003, S harm a 2003, and  R am asam y 2004). T he dau n tin g  task  o f  increasing  effic iency  in ag ricu ltu re  
has to  be v iew ed in  the back  d ro p  o f  declin ing  cap ita l fo rm ation  in  ag ricu ltu re , deg rad ing  natural resou rces like 
land and w ater, p redom inance  o f  sm all farm s and  increasing  p ressu re  on  lan d  due  to population  exp lo ita tion .

W h y  E ffic iency  A n a ly s is?

A  p roper m easu rem en t o f  p roduc tiv ity  o f  inpu ts  and  farm ing  p rac tices is essen tia l fo r understand ing  
the effic iency  and  co m petitiveness o f  agricu lture . F rom  the po in t o f  v iew  o f  the p lanner, the  technical effic iency  
o f  a firm  o r  p lan t ind ica tes  the  und isp u ted  gains th a t can  be  ach ieved  b y  sim ply  ‘g ingering  u p ’ o f  the  m anage
m ent, w hile  its price e ffic iency  ind ica tes  the  gain  that, on ce rta in  assum ptions ab o u t the  fu ture p rice  s tructure, 
can  be ob ta ined  by  vary ing  the  inpu t ra tios (Farrell, 1957). I f  farm ers are no t efficien tly  using  the  ex isting  
techno logy  then  efforts designed  to im prove efficiency  m ay  be  m ore  cost e ffective  than in troducing  new  tech 
nologies as a m eans o f  increasing  agricu ltu ra l productiv ity  (S hap iro  1983; B elbase  and  G rabow sk i 1985). W hen  
adoption  o f  techno logy  becam e w idespread , the  h ig h e r y ie lds resu lted  in  a lo w er u n it cost in  real te rm s ( M isra, 
1993;K um ar and  R osegran t.1994), bu t it w as also  a rgued  new  techno logy  ach ieved  g rea te r p roduction  a t g rea te r 
cost per un it o f  ou tpu t a t constan t prices (N adkam i, 1988). T he decline  in  un it cost w as m ain ly  due to increased  
productiv ity  and dec line  in the expend itu re  on  hum an labour, bu llock  lab o u r and  m anure  (P rudhv ikar Reddy, 
1997). F raser and  C ord ina  (1999) docum ented  the  usefu lness o f  e ffic iency  analysis  fo r p rom oting  bes t ag ricu l
tural m anagem ent p ractices. O perating  at best p ractice, farm ers w ou ld  be  ab le  to  re lease  inpu t for u se  in a lte rna
tive econom ic  ac tiv ities o r u se  co st sav ings to  purchase  new  techno log ies su ch  as im proved  seeds, fe rtilizers and  
land  im provem ent. A lso , b ench m ark in g  using  the  effic ien t fa rm s w ou ld  be he lp fu l fo r  se tting  targets and  find ing  
the  w eakness o f  cu rren t p rac tices  (D hungana  et al; 2004).

In  deve lop ing  co u n tries  m ost new  agricu ltura l techno log ies h av e  on ly  been  partia lly  successfu l in 
im proving  p roductiv ity  (X u  and  Jeffrey  1998), w h ich  is o ften  a ttr ib u ted  to  a lack  o f  ability  and/or an unw illing -
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ness to  ad just inpu t levels on the part o f  p roducers resu lting  from  the  fam iliarity  w ith  trad itional agricu ltura l 
system s and  o r  the presence o f  institu tional and  cu ltu ra l constra in ts (G hatak  and  Ingerse t 1984). In  h is “p o o r b u t 
e ffic ien t” hypo thesis Schultz  (1964) argues that trad itional farm ers (those w ho, ov e r a long  p eriod  o f  tim e, have 
learned  th e ir  p roduction  process) w ill iden tify  the  op tim al sets o f  inputs and  ou tpu ts fo r cu ltiva tion  o f  the ir 
respec tive  crops. H e suggests then that agricu ltural developm ent po licies should  adop t a n  approach  that expands 
the  sm a llh o ld e r’s production  fron tiers th rough  techno log ical change, as th is  w ould  b e  the  m ost cost-e ffec tive  
m eans to increase these low  incom e farm ers’ w elfare. Som e studies have rejected  the  Schultz  hypo thesis a fter 
find ing  w idespread  technical inefficiency  am ong sm allho lder producers and  recom m ended  fa rm e r ex tension  
and  educational services to im prove technical effic iency  (Sherlund  et al, 1998; A li and  C haudhry  1990).

C o n c e p t o f  E ffic iency

G row th  in  p roductiv ity  is ach ieved  th rough  techno log ical innovation  o r th rough  m ore  efficien t u se  o f  
inpu ts o r  th rough  com binations o f  bo th . P ro ductiv ity  m easurem ents w ere refined  o ver years to cap tu re  the 
com plexities o f  agricultural p roduction. Partia l p roductiv ity  m easures such  as y ield  p e r hectare (land  productiv ity) 
o r ou tput p er person  (labour p roductiv ity ) are  the sim plest m easures o f  efficiency. S u ch  p roductiv ity  m easures 
can  b e  m islead ing  i f  considerab le  input substitu tion  occurs. A lthough  partia l p roductiv ity  m easu res p rov ide  
in sigh ts  into the efficiency  o f  a s ing le  input in the p roduction  process, they  m ask  m any o f  the factors accoun ting  
fo r  observed  p roductiv ity  differentials. T hey  m ay  be  m islead ing  m easures o f  re la tive  fa rm  perfo rm ance an d  a lso  
in te r fa rm  perform ance differentials a re .h idden  in  such  m easures ( C o e l l ie ta l  2002). . . - -

T hese  concerns are addressed  by  the  concep t o f  econom ic efficiency, w hich is generally  com posed  o f  
tw o m a jo r com ponents: technical efficiency  and  p rice  o r  a llocative  efficiency. Technical efficiency  is d e fin ed  as 
the ab ility  o f  a farm  to e ith e r produce the m ax im um  possib le  ou tpu t from  a g iven  bund le  o f  inputs and a g iven  
technology , o r to produce the given  level o f ou tpu t from  the  m in im um  am ount o f  inputs for a  g iven  technology. 
T echnical efficiency can  be decom posed  in to  tw o com ponents: pu re  technical e ffic iency  and scale  efficiency. 
W hen  the scale effec t is separa ted  from  the  technical efficiency  the pure technical efficiency  is ob ta ined . Scale  
effic iency  relates to  the m ost efficien t scale  o f  o pera tion  w hich m axim izes the  average productiv ity . In a sca le  
effic ien t farm , technical efficiency  and  pu re  technical efficiency  are sam e. A llocative  efficiency  is ach ieved  
w hen  the  value o f  m arg inal p roduct is equal to  the  m arg inal cost.

T rad itionally  production  functions o f  d ifferen t fo rm s w ere  used  to study  the  allocative  e ffic iency  o f  
ind iv idual crops. S ince the p ioneering  w ork  o f  F arre ll in  1957, w hich  d rew  upon  the  w orks o f  D ebreu  (1951) 
an d K o o p m an s (1951), a considerab le  effo rt has b een  d irec ted  a t refin ing the  m easurem ent o f  technical efficiency. 
S ince  the abso lu te  e fficiency position  is u sually  no t know n, the p rob lem  is to m easure  the  efficiency  o f  one farm  
re la tive  to o thers. E m pirica l stud ies using  fron tie r p roduction  function m ethodology  to  m easure  productive  
effic iency  can be  d ifferen tiated  on  the basis o f  tw o  c riteria . T he first o f  these  relates to  the use o f  param etric  
m ethods versus nonparam etric  m ethods. P a ram etric  m ethods involve specifica tion  o f  a particu lar functional 
form , w hile  nonparam etric  m ethods do not have this requirem ent. P roduction  effic iency  stud ies m ay also  b e  
d ifferen tia ted  o n  the  basis o f  w hether they u tilize  dete rm in istic  o r s tochastic  m ethods (i.e ., the  second  criterion). 
D eterm in istic  m ethods assum e that all d ev ia tions from  the fron tier function resu lt from  inefficiency. S tochastic  
m ethods allow  fo r som e deviation  to b e  attribu tab le  to  statistical noise. T he  vast m ajority  o f  em pirical stud ies 
have u tilized  param etric  approaches to m easuring  p roduction  efficiency. B attese (1992) p rov ides a rev iew  o f  
param etric  efficiency  m odels, b o th  determ inistic  and  stochastic . D eterm inistic  fron tie r functions can be estim ated  
using  tw o a lternative  approaches; p rog ram m ing  m odels  and  sta tistica l m odels (i.e ., econom etric  analysis). 
S tochastic  fron tie r functions are estim ated  th rough  the  u se  o f  statistical m odels. B o th  determ inistic  and  stochastic  
m odeling  approaches have received  w idespread  use in the analysis o f  p roduction  efficiency. C om prehensive
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rev iew  o f  fron tie r p roduction  function  approaches a re  p rov ided  by  K alira jan  and  shand(1999), L o v e ll and  
Schm id t(1988), C oelli (1995), C oelli et al (1994), C h am es et al (1994), B ravo  U reta  and  P inheiro  (1993), and 
G reene(1993). -

Total F ac to r P roductiv ity  (T FP) is a concep tually  sup e rio r m easure  o f p roductiv ity . It is the  ra tio  o f 
aggregate ou tpu ts to aggregate  inputs u sed  in the agricu ltura l p roduction  process. Total ou tput and  to tal input 
are m easured  in an index  fo rm . T here  are tw o bas ic  approaches to  the m easurem ent o f  p roductiv ity , the  g row th  
accounting approach , w h ich  is based  on index  num bers, and  the param etric  approach, w hich  is based  on an 
econom etric  estim ation  o f  p roduction , cost o r  p ro fit func tions. Total fac to r p roductiv ity  indices are construc ted  
to com pare perfo rm ance o f  a g iven system  at tw o poin ts in tim e (in ter-tem poral T F P  ind ices) o r  to  com pare  tw o 
system s at a g iven  po in t in  tim e (in terspatia l T F P  ind ices). I f  the  ratio  o f  total ou tputs to  to tal inputs is in c reas
ing, then the  ratio  can  b e  in terp re ted  to m easure that m ore  ou tpu ts can  be ob ta ined  for a g iven  inpu t level. 
P roductiv ity , o r TFP, cap tu res the  g row th  o r  changes in ou tpu ts not accoun ted  for by  the g row th  o r changes in 
p roduction  inputs. D ifferences in T F P  ov e r tim e o r  across fan n in g  types can resu lt from  several factors (A heam  
et al. 1998), such  as: (i) d ifferences in e ffic iency  (less than  the  m axim um  output is p roduced  from  a g iv en  input 
bund le), (ii) varia tion  in  scale  o r  level o f  p roduc tion  o ver tim e, as the  ou tpu t per un it o f  input varies w ith  the  
scale  o f p roduction  o r (iii), technical change. Technical change itse lf  can resu lt from  quality  im provem en t in 
input o r quality  im provem ents in  the  production  process. T he m a jo r p rob lem  w ith  the index  n um ber approach  
lies in deriv ing  aggrega te  ou tput and inpu t m easures that rep resen ts  the  num erous ou tpu ts and  inputs invo lved  in 
m ost p roduction  p rocesses. T he m ost p o pu lar index ing  p rocedu re  is the  D iv isia  index , w h ich  is exact fo r the 
case o f  hom ogenous translog  functions. T he  translog  function  does not requ ire  inputs to  be  perfect substitu tes, 
but ra ther perm its al! m arg inal p roductiv ities to  ad just p ropo rtiona lly  to  changing  prices. R ecen tly  several s tu d 
ies used param etric  production  fron tier approach  to  iden tify  the  sources o f  ou tpu t g row th in agriculture (F a n .1991: 
A hm ad  and B ravo -U re ta . 1995: W u .1995: 1996; K alira jan  and  S hand. 1997; Giannakas et al.. 2 0 0 0 ; and  
K aragiannis et a l,  2004 ) and ou tput g row th  is a ttribu ted  to  fac to r accum ulation  (input grow th), technical 
change, and changes in technical inefficiency.

E m p ir ic a l  E v id en ce s  o f  E ffic iency  in  In d ia n  A g r ic u ltu re
A . L a n d  p ro d u c tiv ity

P roductiv ity  g row th  o f  crops, at the  m acro  leve l, m easures the  land  p roductiv ity  in  g enera l. L ow  
g row th  rate  in p roduc tiv ity  coup led  w ith  low  g row th  ra te  in  area in 90s com pared  to  80s fo r all the  m ajo r 
categories o f  the crops resu lted  in low  grow th  in p roduction  as ev id en t from  T able 1. W hat is a larm ing  is that the 
decelera tion  in p roductiv ity  has h appened  a t low  average p roductiv ity  o f  crops com pared  to o th e r coun tries. The 
average y ie lds o f  im portan t c rops like rice, w heat, m aize  and  g roundnuts, etc., are not on ly  low er than the  w orld  
average but are considerab ly  b elow  the average yield  in C hina, Indonesia  and Japan. T he  average y ie ld  o f  rice in 
Ind ia  at 2 ,890  kg  per hec ta re  w as less than 50  p e r c en t o f  the level o f  the p roductiv ity  in C h ina (6 ,059 kg) and  
Japan (6 ,354  kg) and lo w er than  Indonesia  at 4 ,179  kg. T he case o f  m aize is m ore strik ing. A gainst the  average 
yield o f  1,613 kg per acre in India, the average y ie ld  in Japan , C hina and Indonesia  w ere 8 ,439  kg , 5 ,2 1 0  k g  and 
5 ,210  kg respectively.

T h is decelera ting  trend  in p roductiv ity  w as observab le  in K erala  and T am il N adu  also  for m ajo r crops 
in 1980s and 1990s and  the  rate  o f  dece le ra tion  w as m o re  in 1990s.

S pa tia lly  there  w as w ide v a ria tion  in p ro ductiv ity  across crops and  sta tes. F o r exam p le  the  rice  
productiv ity  ranges from  3545 kg ha  in P un jab  to 1480 kg  ha in B ihar. It is also  in teresting  to note that Punjab
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T ab le  1. A ll In d ia c o m p o u n d  g ro w th r a te  in  a re a , p ro d u c tio n  a n d p ro d u c tiv ity

C ro p s A re a P ro d u c tio n P ro d u c tiv ity

80-81 to 92-93 to 80-81 to 92-93 to 80-81 to 92-93 to
89-90 01-02 89-90 01-02 89-90 01-02

Food  gra ins -0 .2 -0.2 2.93 1.91 3.13 2.11
C ereals -0 .22 -0.01 3.01 2.08 3 .24 2.09
C oarse  cereals -1.15 -1.69 0.77 0.1 1.95 1.73
P ulses -0 .09 -1 .07 2.05 -0.41 2 .14 0.67
O ilseeds 2.43 -0 .82 5.99 0.44 3.48 1.27
C otton -1.25 1.7 1.8 0.07 3.08 -1 .6
S ugarcane 2.06 1.72 4.15 2.4 2 .05 0.68

Source: Govt, o f India (2004), Report of the commission for Agricultural Costs and Prices, New Delhi.

w ith  h ighest p roductiv ity  in  rice on ly  con tribu ted  9 .47 p e r cen t o f  the total p roduction , on  the  o th e r h and  W est 
B engal w h ich  ranks fifth  in productiv ity  con tribu ted  the la rgest share o f  16.39 p e r cen t in  to ta l rice  production  
o f  the  C ountry. U tta r P radesh  w ith  second largest share  in  to tal p roduction  o f  rice stands a t e igh th  p lace  in 
productiv ity .

B . W a te r  P ro d u c tiv ity  '

W ater is one o f  the crucial inputs in agricultural p roduction. A gricu lture currently  consum es 70  percent 
o r m ore  o f  the w o rld 's  developed  freshw ater supplies. T he fact that 2000  to 5000  liters o f  w a te r is  requ ired  to 
produce enough  food  to feed  one person each  day, u n dersco re  the  im portance  o f  increasing  the  p roduc tiv ity  o f  
w ater in agricu lture. C onventionally  w ater p roductiv ity  is stud ied  through production  function  approach  that 
uses w a te r as one o f  the inputs o f  p roduction . A t m acro level w ater use efficiency  needs to be  analyzed  at 
various levels as show n in  Table 2.

T ab le  2 . W a te r  p ro d u c tiv ity  c o n c e rn s  a t  d if fe re n t levels

C ro p F ie ld F a r m Ir r ig a t io n  sy s tem B a s in

P rocesses U ptake  and Tillage, M ode C hoice o f D istribu tion  o f A llocation
use o f  w ate r o f  application, crops, w ater to  farm s, across uses,

and  nutrients, m ulch ing  etc. season , operation  and P o llu tion
P ho tosyn thesis field  channels m aintenance, p rob lem s etc.
etc. etc. charges fees etc.

S cien tific B reeders, Soil scientists, E ng ineers and E ngineers and E conom ists,
In terest Physio log ists C rop  sc ien tists E conom ists social scientists hydro log ists,

engineers

In Ind ia  on ly  40  p e r cen t o f  the agricu ltural land  is under irrigation  and the  rest sixty percen t area is 
rain  fed. T here  w as a declin ing  trend  in irrigated  area a fter 70s, b u t 90s w itnessed  sligh t increase  in the g row th  
rate o f  irrigated  a rea  (Table. 3). D eclin ing  p ublic  investm en t in  ag ricu ltu re  is a  m ajo r constra in t in  increasing  a rea 
u n der irrigation .
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Table 3. Compound growth rate of area irrigated in India

P e rio d . C G R (% )

1961-70 2 .06
1971-80 2 .5 6
1981-90 1.52
1991-02 1.81

Source: Estim ated  from  FAO STAT data , 2004.

T he  declin ing  g row th  in irrigated  area, com peting  dem and for d o m estic  a n d  industrial uses and the 
fact that 60 per cen t o f  the arab le  land  is  still under rain fed cond itions calls fo r effic iency  in w a te r use.

W ater p roductiv ity  in ag ricu ltu re  varies across reg ions and crops. F o r  exam p le  the  w ater p roductiv ity  
in  rice cu ltivation  i s O .I to O .I 4 k g p e r  cub ic  m eter com pared  to 0 .4  to 0 .6  kg  p e r cu b ic  m e te r in C hina. T he w ater 
productiv ity  in rice  in  Ind ia  is one o f  the low est in  the  w orld  (Table 4).

Table 4. Water productivity estimates for Rice (1995)

Region kg per cubic meter

R ice O th e r cereals
India 0.1 to 0 .14  0 .32  to  0.41
Sub Saharan A frica 0 .10  to  0 .25  -
C h ina  and South- east A sia  0 .4  to 0 .6  0 .95  to 1.71
D eveloped  coun tries(average) 0 .47  1
D eveloping  countries(average) 0 .39  0 .56

Source: Cai., (2003) based on lFPRl’s IMPACT-WATER1 model

T he  M arginal Physical P roduc t (M PP) o f  w ater for tom ato, m aize  and  co tton  are g iven  in Table 5. The 
Value M arginal P roduct (V M P )2 o f  w ate r varied  w idely  am ong these  crops. It show s the d ifferen tial p roductiv ity  
o f  w ater across crops and  the  im portance o f  the cho ice  o f  c rops in  increasing  the w a te r use efficiency. A no ther 
source o f  inefficiency arises from  the  absence  o f  appropria te  p ric ing  m echan ism  fo r w ater. U nder pricing o f  
w ater, th rough low  w ater charges fo r  canal irrigation  o r th rough  free e lec tric ity  for w ell irrigation , resu lts in 
allocative inefficiency.

T ab le  5. E s tim a te s  o f  V M P  o f  i r r ig a t io n  w a te r  fo r  d if fe re n t c ro p s  in  T am il N a d u

C ro p s M P P  o f  w a te r
(q)

P r ic e  o f  o u tp u t 
( f c . / q )

V M P  o f  w a te r  in  
a g r ic u l tu r e  (R s/ha-cm )

Tom ato 1.4227 300 426.81
M aize 0 .4722 380 179.44
C otton 0.3731 2300 858.13
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C. Productivity of other inputs

i. Macro Level Trends and Efficiency

W ide d isparity  in  inpu t use across crops is re flec ted  in  the  varia tion  in p roduc tiv ity  d ifferences. T he 
coeffic ien t o f  varia tion  o f  p e r hectare use o f  d ifferent inpu ts  w as high  across states in rice p roduc tion . T he 
coeffic ien t o f  varia tion  w as h ighest in  the  use o f  anim al p ow er fo llow ed  by  m anures, fertilizers and  in  hum an  
labour use. B u t the sta tes w ith  h igher p e r hectare consum ption  o f  inputs are no t the ones w ith  h igher productivity '. 
F o r  exam p le  K arna taka  w hich  ranks firs t in  term s o f  p e r hectare  consum ption  o f  fertilizers and  hum an  .labour 
ranks on ly  s ix th  in  term s o f  productivity. N o tw ithstand ing  the varia tion  in  agro  clim atic  and physical cond itions 
across the  states, it is ev iden t that ex istence o f  inefficiency  in inpu t use is a m ajor cause  for low  p roductiv ity  and 
p rofitab ility  o f  agriculture. .

T h e  trend  in  p e r cen t share  o f  input co st in  rice cu ltiva tion  in Tam il N adu ind icate  an im al p o w er 
declined  abou t 13 p e r cen t p e r annum  and  hum an labou r dec lined  abou t 3 p e r cen t in  the last decade. B ut cost o f  
m ach ine  p ow er and fertilizers increased  a t an  annual ra te  o f  3 per cen t and  5 p e r cen t respectively .

Table 6. Compound growth rate of consumption of major fertilizers in India

P e r io d N P A K ,0 T o ta l

1950-51 to 60-61 16.99 29 .98 25 .12 19.49
1961-62 to  70-71 22 .76 26 .36 27.65 23 .92
1971-72 to 80-81 9.99 10.56 9.07 9.98
1981-82 to 90-91 7.40 10.14 7 .04 8.01
1991-92 to 01-02  . , 3.73 5.32 5.28 4 .2 2

Source: E stim ated  from  the  da ta  in  A g ric u ltu ra l S ta tistics at G lance  (2003)’!

T he  to tal consum ption  o f  the m ajo r fertilizers like n itrogen , Phosphorous, Potash  exh ib ited  declin ing  
grow th  ra te  from  1970s. T here  w as sharp  decline in the rate  o f  g row th  in  1990s during  w hich a  series o f  po licy  
in terven tions w ere m ade in  the  fertilizer p ric ing  (Table 6). T he  p e r hectare  consum ption  o f  fertilizer am ong the  
m ajo r rice  p roducing  coun tries is g iven  in  Table 7. O u r p e r  h ec ta re  consum ption  o f  fertilizers is m ore  th an  that 
o f  C h ina w h ile  p roductiv ity  is less than that o f  C hina. A m ong  the coun tries listed  in

Table 7. Fertilizer consumption and rice yield for select countries (2001)

C o u n tr ie s F e r ti l iz e r  
C o n su m p tio n  (kg  p e r  ha)

R a n k  in  F e r ti l iz e r  
C o n su m p tio n

R ice  yield  
k g /h a

R a n k  in  y ie ld

B ang ladesh 159.6 1 3402 5
C h ina 63.7 7 , 6152 2 .
In d ia 95.8 4  ' 3138 7
Indonesia 58.9 • ■ 8 4388 3
Pakistan 108.4 2 2754 8
P hilipp ines ' 64.1 6 3187 6
S ri L anka 103.8 3 3523 4  '
T hailand 83.7 5 2620 9
U S A 47.7 9 7278 L

Source: E stim ated  from  FAOSTAT data, 2004.



Table 7, In d ia  ranks 4"1 in  te rm s’o f  fa rtilise r consum ption  bu t 7'h in te rm s o f  pe r hec ta re  y ie ld  o f  rice 
w h ile  C h ina  w hich stands 7* in  fe rtilize r consum ption  b u t ranks 2rf in  p roductiv ity . S im ilarly , Indonesia  w hich 
ranks 8'1' in fertilizer consum ption, ranks 3"1 in  productivity. A verage A nnual G row th  R ate  in  F ertilizer consum ption 
in  Ind ia  during  1989 to 99 w as -0 .8  w hile  coun tries  lik e  C hina, B ang ladesh  and P ak istan  reg iste red  positive  
grow th  rate during  the  sam e period . '

Inefficiency in  fertilizer u se is  a lso  reflec ted  in  the  im balance  in N P K  ratio . A t all In d ia  level the  N PK  
ratio  has dev ia ted  m ore  from  the desirab le  4 :2 :1  ra tio  in  1990s. Spatially , M ah arash tra  h ad  the  m ost favorab le 
ra tio  w hile  P un jab  h ad  least favo rab le  ra tio  (Table 8).

T ab le  8. Im b a la n c e  in  N P K  R a tio

S ta te s 1970s 1980s 1990s
A ndhra  pradesh 10 .19-3 .24-1 .00 8 .86 -2 .89 -1 .00 8 .00 -3 .31 -1 .00
K arnataka 3 .0 1 -1 .1 5 -1 .0 0 2 .78 -1 .17 -1 .00 ' 3 .22 -1 .7 1 -1 .0 0
K erala 1 .99-1 .00-1 .34 1 .79-1 .00-1 .39 1 .87-1.00-1.71
Tam il N adu 3 .65 -1 .00 -1 .18 3 .45-1 .00 -1 .35 2 .59-1 .00-1 ,25
M aharash tra 3 .6 6 -1 .1 8 -1 .0 0 4 .0 3 -1 .39 -1 .00 4 .7 6 -2 .7 -1 .00
Pun jab  ■ 15.11-4 .86-1 .00 18 .02-7 .18-1 .00 54 .27 -15 .66 -1 .00
Ind ia 6 .18 -1 .82 -1 .00 5 .94 -1 .94 -1 .00 7 .56 -2 .7 0 -1 .0 0
D esirab le  R atio - - 4 .00 -2 .0 0 -1 .0 0

Pestic ide  consum ption  reg iste red  negative  grow th  in the last d ecade (Table 9). T h e  reversa l o f  trend in 
1 pestic ide  use m ay b e  due  to popu lariza tion  o f  In tegrated  Pest M anagem ent (IPM ) s trateg ies, increasing  aw areness 

about the health  and  environm ental im plica tions o f  pesticides, d evelopm ent o f  resistan t cu ltivars and  in troduction 
o f  m ore e ffic ien t m olecules. T h e  consum ption  o f  pestic ide  cam e dow n to  2 7 5  g ram s p e r hec ta re  in  2000-01 from  
349 gram s in 1974-75. B ut d is tribu tion  o f  certified  quality  seeds increased  at a com pound  g row th  ra te  o f  5 per 
cen t p e r annum  in 1991-92 to 2001 -02  period . T h is  m ay  be  due to increased  p ub lic  an d  p riv a te  partic ipa tion  in 
seed  industry  in  the 90s.

T ab le  9 . C o m p o u n d  g ro w th  r a te  o f  c o n su m p tio n  o f  p e s tic id e s  a n d  se e d s  in  In d ia

P e r io d  ' P e s tic id e s C e r tif ie d  seeds
1991-92 to  01-02 -5 .37 5 .00

ii. M ic ro  L ev e l E s tim a te s  o f E ffic ien cy

W hile m acro level analysis reveal the overall e ffic iency  position , m icro  level s tud ies throw  ligh ts on 
the crop  specific  technical an d  a lloca tive  e ffic iencies. F ertilize r is the  m a jo r p u rchased  inpu t w hich  had  h igh  
y ie ld  response  in the 70s and 80s. It w as one  o f  the im portan t d riv ing  forces beh ind  g reen  revo lu tion  in India. 
T h e  role o f  efficiency  in  fe rtilize r u se  h ence  needs no  m ention . B ut y ie ld  re sponse  to fe rtilize r declined  over 
years. F o r exam ple  the  M arg ina l P hysica l P roduct (M PP) o f  N P K  fo r r ice  dec lined  in  80s a n d  90s as show n in 
Table 10. . .
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Table 10. Yield response of Rice and allocative efficiency in Tamil Nadu.

Y ear M P P V M P /P f  R a tio
N P K N P K

1981-82 1.89 10.21 8.53 0.57 2.79 6.05
1989-90 2 .92 9.45 8.57 1.10 3.23 8 .12
2000-01* 1.13 4 .03 2.18 0.75 1.23 1.55

Source: C handrasekaran(1996) and *estim ated from  C C PC schem e data.

T he a llocative ineffic iency  in n itrogen  u se  is  reflected  in  the ratio  o f  Value M arginal P roduct (V M P) 
to fac to r price in 2000-01 . T he  ra tio .w h ich  w as favorab le at 1 .1 in 89-90 declined  to 0 .75 , w hich ind icate  ov e r 
use o f n itrogen. T he M P P  o f  P hosphorous and  P o tash  also reduced  in this period  signaling  the  declin ing  response. 
B ut allocative effic iency  o f  P hosphorus and  P o tash  had  increased  betw een  89-90  and  2000-01 .

A  recen t study  o n  pestic ide  use revea led  that ou tput elastic ity  o f  pestic ide  w as negative  for m ajo r 
vegetab les like chillies, b rin ja l a n d  bhendi. It ind icates one  per cen t increase  in  the  va lue  o f  chem icals applied  
above the ex isting  m ean  leve l resu lts in  dec line  in y ie ld  o f  chillies, b rin jal a n d  b hend i by  0 .4 0 ,5 .8  and  0.43 per 
cen t, respectively . In  rice  p roduction , one  p e r  cen t increase  in the  expenditure o n  pestic ide  increased  the y ie ld  by
0.06 p e rc e n t. B u t curren t level o f  pestic ide  use w as allocatively  inefficien t as ev iden t from  the  V M P /p f ratio  o f
0 .81.

T ab le  I I .  O u tp u t  e las tic ity  fo r  p e s tic id e  in  d iffe re n t c ro p s  in  T am il N a d u

C ro p s O u tp u t  E la s tic ity V M P /P f
R ice* 0.06 0.81
C hillies -0 .40 -17 .14
C auliflow er 0 .20 2 .46  '
B rinjal -5 .80 -7 .99
B hendi -0.43 -9.51

Source: Jeyanth i(2002) and  ^es tim ated  from  NATP schem e data.

D . T o ta l F a c to r  P ro d u c tiv ity

Total fac to r p roductiv ity  g row th  has con tribu ted  rough ly  1.1 percen t p e r y e a r  to crop  production  
g row th  in India, m atch ing  the  con tribu tion  from  g row th  in  conventional inpu ts  since  1956. The high ra tes o f ' 
return , particu larly  to public ag ricu ltu ra l research  and  extension , ind icate that the  G overnm en t o f  Ind ia  is not 
ov e r investing in agricultural research  and investm ent, but ra ther the current levels o f  public  investm ent could  
b e  p rofitab ly  expanded  (R osegran t and E venson , 1995).

' Total fac to r p roductiv ity  ind ices3 for four m ajo r crops in Tam il N adu  w ere  p resen ted  in Table 12. T he 
T F P  index fo r rice is 1.00. It m easures the  increase  in total ou tpu t w hich  is no t accoun ted  fo r by  increases in 
total inputs. In  o th e r w ords it is the g row th  rate in to ta l ou tput less the grow th  rate  in total inputs. T he annua! 
g row th  rate  o f  T F P  w as very lo w  in groundnu t and  cotton w hile  the grow th  rate  w as b e tte r in sugarcane. It 
em phasizes the need  fo r stepping  up  research  and extension  in the crops w ith  low er T F P  g row th  rate.
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T ab le  12. A n n u a l G ro w th  r a t e  o f  T o ta l F a c to r  P ro d u c tiv ity  in  T a m il N a d u  (1971-97)

C ro p G ro w th  r a t e  ( p e r  c e n t  p e r  a n n u m )
Rice 1.00
C otton 0.51
G round nut 0.31
Sugarcane 1.30

Source: R am asam y et al (2002)

S tra te g ie s  to  Im p ro v e  In p u t  U se  E ffic iency  in  A g ric u ltu re
Iden tifica tion  o f  the  sources o f  inefficiency  and the m ost effic ien t uses o f  inputs and ava ilab le  tech 

nologies becom es fundam ental to  the developm ent p rocess including  ag ricu ltu re , especia lly  in th is com petitive  
g lobalized  w o r ld  T he approach  to raising  agricu ltural p roductiv ity  is m ultid im ensional. P ublic  po lic ies and 
p rivate  in itiatives shou ld  be  a im ed  at m acro and m icro  levels. C erta in  issues w hich  has go t d irec t bearing  on 
agricu ltural productiv ity  is d iscussed  here.

T he  studies on Total F acto r P roductiv ity  substan tia te  the  n eed  fo r  increasing  investm ent in  research  
and  extension. B ut P u b lic  capital fo rm ation  w hich  increased  at 9 .5 per cen t in  1970, dec lined  m arked ly  in 1980s 
and 1990s. T his w as m ain ly  because  a large proportion  o f  the  a llocation  fo r agricu ltu ra l sec to r w ent to cu rren t 
expenditure on subsid ies for fertilizers, irrigation , electricity , c red it and  o th e r ag ricu ltu ra l inputs, ra th e r  than 
investm ent during this period  (M allick , 1993). P riva te  capital fo rm ation  though  increased  o ver years, the ra te  o f  
g row th  w as low er in  1990s. B u t one can not com placen t w ith th is because  the  m ain  factors in fluencing  p rivate 
investm ent include the level o f  public  investm ent, profitab ility  o f  p roduction  and  availab ility  o f  farm  credit 
(R am asam y, 2004). S o  there  is an u rgent need  to reverse  the trend  in pub lic  cap ital fo rm ation  through su itab le  
po licy  in itiatives.

P roductivity o f  inputs depends upon the level o f technology  generation  and  adoption. M any studies 
su p p o rt1 fatigue’ in green revolution technologies. B iotechnology offers pow erful new  tools for im proving agricultural 
productivity, environm ental quality, and the nutritional quality o f  staple  foods. A t the  sam e time, som e applications 
o f  b iotechnology raise concerns o f  safety, access, and  equity in benefits. D evelopm ent o f  b iotechnology as a 
com ponent o f  o u r strategy to increase agricultural productivity and econom ic g row th  needs to be explored.

M ost o f the productiv ity  m easurem ent fram ew ork treats the natural resource stock as static w ith out 
accounting the changes in the quality o f  the resource stock. But the degradation  o f  land and w ater adversely 
influence productivity. This is because for a given input bundle, decreases in resource abundance shift the production 
function, decreasing output. L and degradation, especially soil erosion and depletion  o f  soil nutrients, is w idespread. 
N early 175 m illion hectares w ere estim ated to be affected by  different types o f  degradation. A t m acro level, integrate 
the m anagem ent o f  ‘b lue ' w ater -  from rivers and reservoirs -  w ith green  w ater -  rainfall stored in the soil profile 
o r in aquifers. Take a basin perspective on w ater productivity. C reate policies and institutions to support the uptake 
o f  technologies and practices that will im prove w ater productivity and reduce degradation o f  agro-ecosystem s. At 
m icro level agronom ic research should  be strengthened to increase w ater productivity. C onservation strategies 
should  be  built right from  the individual farm  level to the national level policies.

P recision  farm ing  is an in tegrated  agricu ltural m anagem ent system  incorpo ra ting  several technologies. 
T he  technological too ls often include the global position ing  system , geograph ica l in form ation  system , y ie ld  
m onitor, and rem ote sensing . A t farm  level p recision  farm ing techn iques needs to b e  popu larized  to increase the
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input pu t u se  e ffic iency  and to reduce environm ental po llu tion  from  agrochem icals.

M ost effic ien t use o f  technology  and inputs becom es fundam ental in  accelerating  agricu ltural deve l
opm ent. I t  is  also  vital to im prove the liv ing cond itions o f  sm all fam ily  farm  households and in teg rate  them  in to  
the m arket as com petitive  m em bers.

Notes
1. IMPACT-WATER model accounts the relationships between water availability and food production at various 

spatial scales, from river basins, countries or regions to the global level, over a 30-year time horizon.

2. If VMP/Pf ratio is < I , allocati ve efficiency i s i mproved by decreasing use o f the particular input and vice versa. 
Value o f Marginal Product (VMP) = Marginal Physical Product (MPP) x Price o f Output; Pf = Price o f factor/ 
input.

3. YLD = a + b WATER + c OTHER COST+ d LABOUR, Where YLD is yield in Quintals, Water in ha cm, other 
Costs and labor in man days. Estimated as log-linear function.

4. Total factor Productivity is computed through Tomqvist-Theil TFP indices.
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Weather based forewarning models for efficient crop protection

Y.S. Ramakrishna1 and Y.G. Prasad1
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■ Central Research Institute fo r  Dryland Agriculture.
Santoslwagar, Hyderabad -  500 059

In tro d u c tio n
A bout 30  p e r cen t o f  the food  p roduction  in the co un try  is lo st due to  attack  o f  insect pests and  

d iseases. O f  th is loss in fo o d  p roduction , lo sses by  w eeds are 33 p er cen t and by diseases 2 6  pe r cen t, by  insects 
and  roden ts 2 6  p e r cen t, w ith  b ird s; nem atodes, etc. accoun ting  fo r  rest. S o  far, u se  o f  p e s tic id e sd o m in a ted  the  
p es t contro l s trateg ies in  Ind ia . T he average consum ption  o f  p estic ides in  the  coun try  h a s  g one  u p  from  3 .2  g /h a  
in  1954-55 to  640  g /ha  {David, 1986). T he ind iscrim inate  u se  o f  pestic ides le d  to  p roblem s o f  pest resis tance  to 
chem icals, resu rgence o f  pests and  risks to hum an  an d  an im al h ea lth  besides env ironm ental po llu tion . T he 
stra tegy  o f  In teg ra ted  P es t M anagem en t (IPM ) h a s  em erged  w ith  the so le  ob jective  o f  reducing  losses fro m  pests  
w ith  m in im um  eco log ical im plica tions. W eather b ased  p red ic tion  and  control o f  pests is a part o f  the b ro ad e r 
in teg rated  pest m anagem ent strategy. ■

T hough  these  sporad ic  stud ies on  w ea ther and  pest/d isease  relationsh ips p roved  to be im p o rtan t in . 
u nderstand ing  the ro le  o f  w ea th e r on  pest/d isease  dynam ics, they  served  a  lim ited  purpose. T here  is  an urgent 
need to forecast the  occurrence  o f  pests and d iseases based  on  the p revailing  w eather cond itions fo r serv ing  a 
bette r purpose  by  p rov id ing  lead  tim e and sav ing  on  resources o f  farm ing  com m unity . P rev ious resea rch  resu lts 
it is feasible  poten tial occurrence o f  an ep idem ic  has b een  estab lished  in case  o f  a  n um ber o f  pests and  d iseases 
in o ther coun tries. W eather-based  w arn ings have been  reported  to have led  to  a sav ing  o f  2'A  b illion  francs p e r  
y ea r in  F rance  due  to  ju d ic io u s  u se  o f  sp rays in  g rap e  against v iny  m ildew  (V enkatram an, 1992). .

Pestic ide  consum ption  sta tistics show  th a t crops like c o tton  and  rice receive  > 70  p e r cen t o f  pestic ides 
so ld  in India. O ften  ind isc rim ina te  use o f  pestic ides is reso rted  to b y  farm ing  com m un ity  due to  lack  o f  aw are
ness o f  the m in im um  th resho ld  values and  w ea th e r cond itions conducive  o r  o therw ise  fo r  pest ou tb reak . T here  
is thus a  need  to develop  w eather based  p red ic tion  m odels fo r  d iseases and  pests  fo r m in im ising  the  u se  o f  
pesticides and  degradation  o f  env ironm ent. F o r fu rth e r system atic  stud ies tow ards understand ing  the  re la tion  
be tw een  w eather and  pests  a m ission m ode p ro ject w as fo rm ulated  under the  aeg is o f  A ll In d ia  C o-ord ina ted  
R esearch  P ro ject on A gricu ltu ra l M eteoro logy  (A IC R PA M ), w ith  C entral R esearch  Institu te  for D ry land  A g ri
culture fC R ID A ) as its m ain  lead  cen tre . T he  p ro ject a im s at deve lopm en t o f  w eather based  fo rew arn ing  m odels 
based  on historical d a ta  fo r  iden tified  pests and  d iseases under six  targe t c rop  p rogram m es nam ely  co tton , rice , 
g roundnu t, sugarcane, p igeonpea  and m ustard . T h e  p ro jec t is be in g  im plem ented  at 6 lead  cen tres, 14 co -o p er
ating  cen tres and  4  co -opera ting  institu tions w ith  m ain  lead  c en te r  being  A IC R PA M , C R ID A , H yderabad . T est
ing and  refinem ent o f  the m odels  w as d one  using  the da ta  g enera ted  during  the  p ro jec t p e rio d  th rough  fie ld  
experim en ts and  fa rm ers’ f ie ld  surveys.

M a te r ia ls  a n d  M e th o d s
L ong-term  data (H istorical data) o f  pests and  d iseases o f  six  crops w as collected to accom pli sh one o f  the 

ob jective o f  the  project i.e. creating  a  database o f  the long-term  data w hich is a pre-requisite for developing any
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m odel. F ield  experim ents w ere conducted at tw enty centres to generate  data sets fo r  developm ent o f  m odels on 
pests and diseases. F urther real tim e fan n ers’ field surveys w ere also carried  out to assess the pest and  disease 
situation in field. T he da ta  co llected  w as subjected to statistical analysis and different m odels w ere developed  i.e. 
regression m odels for quantitative data  (Yellow stem  borer on  rice, rice lea f blast, bacterial le a f  b light o f  cotton, 
g ram  pod borer, pod fly, phytopthora blight on pigeonpea and m ustard aphid), sim ple w eather based  prediction 
rules, (rice lea f blast, p ink  bollw orm  on  cotton, gram  pod borer on  pigeonpea), neural netw ork m odel (Yellow  stem  
borer on rice), decision support m odel (late leaf spot on groundnut), logistic m odel fo r qualitative (Pyrilla on 
sugarcane) and degree-day  m odel (m ustard aphid). A  b rie f description o f  the m odel along with validation fo r som e 
o f  the m odels are  p resented.

R e su lts
P re d ic tio n  o f  Y ellow  S te m  B o re r  (Y SB ) in  R ice

L o n g -te rm  Y SB  ad u lt popu la tion  from  1975-2002  w as co llec ted  and subsequen tly  an a ly zed  fo r  
p red icting  the Y SB  popu la tion . T he analysis o f  27 years Y SB  popu lation  during /W w rj/indicated that the  p eak  
adult population  p eriod  w as in  the m onths o f  Septem ber, O ctober and N ovem ber. T herefore an a ttem p t w as 
m ade  to p red ict the  adu lt Y S B  popu la tion  during  the  above m en tioned  m onths.

T he reg ression  m odel developed  for the m onth  o f  O ctober is g iv en  below : ■

YSB = 2 7 5 6 6 +  172 A  + 0 .8 6  Y SB  +  3202.5  J  + 6 2 5  A  + 4 7 0 J  - 1 4 0  A  + 1 4 S
0 0  ■ 20RF Stp  I0R D  30M j\T  lOM inT LO M uT  I0R K 2

R J =  0.96

W here: 1
YSB =  Y S B  popu lation  in the  m onth o f  O ctober
A ^  A verage o f  A ugust 10 to 20  rainfall
Y § ff  =  A verage Y SB  population  in  the m onth  o f  S ep tem ber
J  ^ A v e ra g e  o f  Ju ly  1 to  10 ra iny  days
A  =  A verage o f  A u g u st 2 0  to 3 0 m ax im um  tem perature
j  MMuT_ Averag e 0 f  j u]y ] to  10 m in im um  tem perature
A =  A verage o f  A ugust 1 to 10 m ax im um  tem perature

IO M u T

The actual .and p red ic ted  v a lues o f  Y SB in O ctober a t H yderabad  is presen ted  in F ig .l,

1977 1979 1984 1986 1988 1990 199S 1997 1999 2001 
Years

Fig. 2. Validation of neural netw ork  m odel on  rice 
Y SBinkha rrf

• O b se rv e d

32  36  40 44  48  31 35 39  43 48  34  38 42  33 37  41  45

S tan da rd  v^ e k
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Neural Network Model for Yellow Stem Borer

D ata  m in ing-techn ique w as also app lied  to  analyze  the  long -te rm  data  on  trap  ca tches o f  Y ellow  
s tem  bo rer and  estab lish ed  assoc ia tion  ru les betw een  trap  catch  and  w eather. T he neural ne tw ork  w as tra ined  
w ith  Y SB  data  from  1975-96 and  subsequen t years  d a ta  (1997-2000) w as u sed  fo r va lida tion  as independen t 
data  sets. T h e  neural ne tw o rk  m odel w as ab le  to  p red ic t the occu rrence  o f  Y SB  peak  incidence one  w eek  in 
advance. T he  validation  o f  neu tra l ne tw ork  m odel on  rice Y SB  in k h a rif  is p resen ted  in F ig . 2.

. Prediction equation developed for rice leaf blast at Palampur
i

' A  p red iction  m odel w as deve loped  using 8 years  da ta  (1991-1996  and  1998-99) from  H PK V , P alam pur.
L e a f  b lastN =  -2 9 .3 +  0 .9 6  B Iastc-0 .006  C u m R F  - 0 .02B SS  + 0 .012  M R h+ 1 .7  M in T  (R 2 =  0^89)

W here
L eaf B last =  %  R ice b last inc idence  a fte r one w eek
B last N =  % B last inc idence  in cu rren t w eek
C um R F  =  C um ula tive  ra in fa ll fro m  A ugust Is  w eek  to cu rren t w eek
B SS  =  A verage B righ t su n sh in e  h ou rs o f  curren t and  p rev ious w eek
M R h =  A verage re la tive  hum id ity  o f  cu rren t and  prev ious w eek
M in T  =  A verage m in im um  tem perature  o f  curren t and  prev ious w eek

T he equa tion  deve loped  w as valida ted  w ith  the  rice  b last data  sets o f  1997 and 2000  

S im p le  p re d ic tio n  ru le s  f o r  r ic e  b la s t
j

T he fo llow ing  c rite ria  w ere  developed  a t H PKV, P a lam p u r fo r  p red ic ting  le a f  b last inc idence  in  the 
; K angra  d istric t o f  H im achal P radesh .

Y =  10-30%  (T N ’) o r  5 -10%  (TP)
W here  .

Y =  D isease  v ariab le  T N  =  T rap  n u rse ry  T P  =  T rap  p lan t
'  O n suscep tib le  cu ltiv a r a t 15 days in terval sta rting  from  l a June.

I f  R H  >  80% , T  16-19°C  and  T  <  28°C  for 5 to  6  days o r  c loudy  w eather and  5-6  ra iny  days in  a  w eek  prevails, 
disease can  occiffi T h is m ethod  isTfeing u sed  fo r pred icting  b last occurrence in  A gro advisories in the K angra  area.

Cottoni ■
Prediction rules for pink bollworm

T he w ea th e r and  p herom one  trap da ta  o f  p ink  bo llw orm  from  1983-96 at N a g p u r w ere  ana lyzed  to 
identify w eather factors responsib le  fo r o u t b reak/severity  o f  the pest. T he earlie r w ork  done w as a lso  conso lidated  
com piled  th rough  g lobal lite ra tu re  survey. U sing  all the  in fo rm ation , the fo llow ing  w ea th e r b ased  c rite ria  and  
p red iction  ru les w ere  developed .

C r i t e r i a  C o n d itio n
A  Total R ain fa ll du rin g  32-40  m et. W eek < 500m m
B Total R ain fa ll du rin g  41 -5 2  m et. W eek > 20m m
C  A verage T m ax  during  41 -5 2  m et. W eek <33°C
D  A verage R H  during  41-52  m et. W eek > 70%
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P re d ic t io n  ru le s

C a se  1 I f  all the above crite ria  are sa tisfied- the pest incidence is expec ted  to be  S e v e re  
C a se  2  I f  tw o o r th ree  crite ria  are  sa tisfied- pes t popu la tion  is expected  to be  M o d e ra te  
C a se  3  I f  none o r one  criterion  is sa tisfied  pes t incidence  is  expected  to be  Low .

T he  p red ic ted  pest levels w ere found  to  c lose  to  that o f  observed  levels  in 10 out o f  13 years a t N agpur. 
T he ru les thus can  be  used  to forew arn p in k  bo llw orm  b a se d  o n  w e a th e r  fo re ca s t. T he  p red ic tion  rules w ere 
a lso  va lidated  w ith pherom one trap data  (2001 &  2002) co llec ted  from  4  co tton  cen tres. -

M odel fo r  p re d ic tio n  o f  b a c te r ia l  le a f  b lig h t o n  c o tto n
L ong-term  data  from  1982-1994 on  bacteria l le a f  b light w as com piled  and  an em pirical m odel for 

p red ic ting  the occurrence  o f  bacteria l le a f  b ligh t o n e  w eek  in  a d v a n c e  w as deve loped  using  p rev ious w eek ’s 
and  cu rren t w eek ’s incidence  level and 3 w eek  m oving  averages o f  m in im um  tem peratu re  and ra iny  days. T he 
equation  developed  is as un d er .

BLB„ =  20.138 + 0 .68 BLB, +  0 .147  BLB„ -  0 .0251 M in  T  - 0 .423 S W  +  1.483 R D  (R 2=0.74**)N L r
W here

BLB
N

=  E xpec ted  b acteria l le a f  b ligh t incidence (% ) in nex t w eek

BLB
c

=  B acterial le a f  b ligh t incidence  (% ) in curren t w eek

BLB
p

=  B acterial le a f  b ligh t inc idence  (%) in  prev ious w eek

M in T =  A verage m in im um  tem perature o f past 3 w eeks

SW =  S tandard  w eek  num ber

R D =  A verage ra iny  days o f  pas t 3 w eeks

G ro u n d n u t

A  dec is io n  s u p p o r t  m o d e l fo r  p re d ic tio n  o f  la te  le a f  s p o t o n  g ro u n d n u t

A  com puterized  decision  support m odel w as developed  to p red ic t the  d isease  in itia tion  and progress 
o f  la te  le a f  spot in  groundnu t. Inputs for the m odel are i) D aily  w eather data  viz.. m axim um  tem perature, m inim um  
tem perature, relative hum idity (m om ing), relative hum idity (evening), sunshine hours and rainfall ii) P lant age and 
iii) D isease inoculum  potential. D aily environm ental conditions are classified according to conduciveness fo r late 
lea f spot developm ent from  June  to  October. ,

This m odel is based  on  a three-day sum m ation o f  risk  values assigned  to  each  param eter. B ased on 
favorable conditions each param eter is assigned risk  values viz., 1,2, and 4 . T hese  values are accum ulated for three 
consecutive days. B ased on the  accum ulated risk values the three-day period  is classified as fav o rab le ; sem i- 
fav o ra b le  an d  u n fa v o ra b le  fo r disease initiation. O nce the disease initiation occurs this m odel predicts the 'd isease 
progress and level o f  the disease (S evere , m o d e ra te , low  o r  ‘N o ' d isease) fo r next w eek.

18



T he m odel w as developed  fo r late lea f spot incidence during kharif season using  data co llec ted  on  T M V - 
2  variety  at T irupati. T h is m odel assum es that inoculum  is alw ays present in the  air. W henever favorable w eather 
condition occurs in  the appropriate grow th stage  o f  the  c rop  i.e. flow ering  stage (from  35  days a fter sow ing), the 
d isease initiates and  develops rapidly. Jav a  so ftw are  w as  used  to deve lop  this m odel. T he p ro g ram m e provides 
the  u se r w ith  g rea te r flex ib ility  because  the  p a ra m e te r va lues o f  the  m odel can  b e  a lte red  w ith in  u se r se t b o u n d 
aries and a lso  to use/fit the  m odel fo r  d iffe ren t locations. T h e  m odel w as v a lida ted  using  d a ta  from  T irupati 
(1996-2000), V riddhachalam  (2001) and C o im bato re  (2001).

G ro u n d n u t  le a f  m in e r  m odel

T he m odel is  developed  fo r  le a f  m iner inc idence  u s in g  da ta  co llec ted  o n  T M V -2  v a rie ty  during  kharif 
season  cu ltiva tion  in  the  P avagada  - S irsa  reg ion  o f  K arn a tak a  by  IISc, B angalore. In  the  m odel it is assum ed  
that le a f  m iner popu la tion  is con tinuously  p resen t at a  low  level. W h en ev er favorab le  w ea th e r cond itions occur 
in  the appropri a te  g row th  stage  o f  the  crop , pest p o p u la tion  bu ilds up  rapidly. H ow ever, if  a  d rench ing  sh o w er (>  
2  cm /day ) occurs in  the  first 14 le a f  m in e r days (s tarting  35 d ays a fte r sow ing), it is assu m ed  that the  le a f  m iner 
is elim inated . In  th is m odel the loss  in crop  y ie ld  d u e  to  le a f  m iner inc idence  is taken to  d e p e n d  u p o n  the  n um ber 
o f  le a f  m in e r  days. L e a f  m iner day  (L M D ) is defined  as a non- ra iny  day w ith  dry so il (<  h a lf  o f  the availab le  soil 
m oistu re). Inpufs to the m odel are  W eather (D aily) -  M ax  T, M in  T, w et bu lb  tem pera tu res a n d  ra in fa ll; S o il -  
D ep th , fie ld  capacity , perm anen t w ilting  p o in t a n d  da ily  so il m oisture; C rop  -  D ate  o f  so w in g  &  variety . L e a f  
m iner inc idence period  and  %  y ie ld  loss are  the  ou tpu ts. .

S u g a rc a n e

L o g is tic  m o d e l f o r  Pyrilla

A  sim ple  logistic m odel w as developed  from  historical database (1977-1988) co llec ted  from  M uzaffam agar, 
w estern  UP. L ow  popu la tion  o f  the pest in festa tion  has b een  c lassified  as non-occu rrence  (y=0) w here  as m e
d iu m  and  h ig h  popu la tions have been  c lubbed  to g e th e r as  occurrence (y = l) . M odels  w ere  d ev e lo p ed  using 
w ea th e r d a ta  from  M ay  to N ovem ber. T he m odel desc rip tio n  is g iven  below

P(Y = 1 )= ---- =-+e
' I +  e A

W here
Z  =  a + b X  + b X
X  =  ftdaxfrnhm te d p e ra tu re
X I =  m ean R H , e is random  e rro r  d is tribu ted  as N  (0, a 1)
P =  P robability  o f  o ccu rrence  o f  the  event

P re d ic tio n  C r i te r ia
If  P 3 0 .5 the  decision  is tha t.pest is likely  

P < 0.5 pest nor likely '
T he  pred ic tions from  the  m odel w ere va lidated  w ith  observations reco rded  fo r 1 9 8 9 ,1 9 9 0  and  1991.

Pigeonpea

M odels w ere  developed  for h isto rica l annual pes t inc idence  d a ta  a t K anpu r (s ing le  p o in t d a ta  du ring  the  crop  
season) availab le  fo r  pod  borer, pod  fly and  Phytophthora blight.
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Model for H.armigera damage on early pigeonpea at Kanpur .

A nnual incidence d a ta  o f  g ram  pod bo rer in early  p igeonpea  at K anpu r fo r  the  period  1985-86 to 
1997-98 (13 years) w as co rre la ted  w ith  w ea ther da ta  up to 5 w eeks lag  (from  w eek  o f  forecast). T he  equation  fo r 
exam ple  developed  fo r 3 9 J| SW  (last w eek  o f  Septem ber) based  on  the  p o in t da ta  is as under

Y3J =-76 .23  + 0.01 Z |3- 0 .0 9 Z (S+  0.04 Z 4J +  1.33 Z , (R ^ O .9 1 )

W here
X
X '
Z<

M o d e l fo r  p re d ic tio n  o f  p o d fly  d a m a g e  o n  la te  p ig eo n p ea

B ased  o n  annual inc idence  data  o f  podfly  in  la te  p igeonpea  at K an p u r fo r  the  period  1985-86 to  1996 
97  (12 years) and  u p  to  4  w eeks lag  w ea ther d a ta /p o d  fly dam age fo r  exam p le  in  SO'4 SW  (second  w eek  o f  
D ecem ber) cou ld  be  p red icted  using  the equation : .

. Y M= -8 9 .2 9  + 0 .10  Z |2 + 0 .02Z 13 + 0 .08  Z 24 (R M .7 1 )

W here
X  =M ax. Tem p. X  =  M in . T em p X  =  R H  1 _ .
X I =  R H  2  2 Y  =  M ean  $  pod  dam age
Z  =  C om posite  index  as w eigh ted  accum ulation , w eigh ts being  correlation coeffic ien t o r  

w eighted  accum ulation  o f  product o f  tw o w ea th e r variab les. " ■

A weather based rule for prediction of Helicoverpa annigera

B ased  on  the  analysis  o f  6 years  data  (1982-83 to  1988-89) o n  average w eek ly  ca tches o f  adult m ale  
m oth  o f  H.armigera, a  sim ple  ru le  w as developed  to p red ic t the bu ild  up  o f  m o th  population  and  subsequent 
in festation  o f  pod  bo rer in  long  d ura tion  p igeonpea crop  at K anpur. F u rth e r analysis  o f  8 years d a ta  (1989-90  to 
1995-96 and 2000-01) has enabled  to m odify  the  rule. A ccord ing  to the  m od ified  rule “A sudden rise in the 
minimum temperature (>5"C) around 7-8 standard weeks and rainfall during 1-9 standard weeks along with a 
considerable adult moth population (above 15 per week) during 5-7 standard weeks trigger a major rise in the 
pest population during 10-14 standard weeks". (5 W eeks advance forecast)

This prediction rule w as validated at K anpur during years 2001-02 ,2002-03  and 2003-04. T he validation  
revealed that during 2001-02, only one facto r (rainfall) w as positive hence the population o f  m oth and pod  borer 
dam age w as estim ated to be low  (observed population w as also low  during 10-14 standard w eeks). In contrast, 
D uring 2002-03 all the th ree factors (rainfall, sudden rise in  m inim um  tem perature and good base population) w ere 
positive predicting a  h igh  pest infestation, the population actually observed  w as also  very high  indicating the 
validitity  o f  the forecast. D uring 2003-04 only tw o factors (rainfall and base population) w ere in agreem ent and  a  
m oderate infestation w as expected according the prediction rule. A lthough the  m axim um  m oth population  w as 
slightly higher, the overall dam age to the crop has been recorded to  be only m oderate in  2003-04.

= M ax. Tem p. X  =  M in. T em p X  =  R H  1 
=  R H  2  2 X  = Rainfafl Y  =  M ean %  pod dam age

= C om posite  index  as w eigh ted  accum ulation , w eigh ts being  co rre la tion  coeffic ien t or 
w eigh ted  accum ulation  o f  product o f  tw o w ea th e r variables.
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Mustard

A  d a y -d e g re e  m o d e l f o r  fo re w a rn in g  m u s ta r d  a p h id

B ased  on  the analysis o f  9 y e a n  data , a  hypo thesis  “aphid  popu la tion  in  a y e a r w ou ld  b e  m ore  w hen  
the  degree-day  accum ula tion  is s low er du ring  January  an d  v ice  versa” b ased  on  tem peratu re  sum  starting  from  
l a January  has been  p roposed . To enab le  early  p red ic tion  using  le sse r period  d a ta  the  low est and  h ighest rates 
o f  accum ulation  o f  heat u n its  fo r  th ree  cu t-o ff dates o v e r  the  years w ere considered , fo r study. T he observed  
infestation  levels at th ree  locations b a se d  on  accum ula ted  G D D  fo r 1 5 ,2 0 , a n d  25  d ay s d u rin g  2002  are p resen ted  
below . I t can  b e  seen  that even by  1511 o r  2 0 lh January, using  accum ulation  o f  G D D  it is  poss ib le  to p red ic t the 
in tensity  o f  aphid  popu la tion  expec ted  one  m onth  la te r (in  February).

M o d e ls  fo r  p re d ic tin g  p o p u la tio n  d y n a m ic s  o f m u s ta r d  a p h id

U sing  w eekly  data on w ea th e r param eters starting  from  w eek  o f  sow ing  up  to  5 0 111 SM W  (2nd w eek  o f 
D ecem ber) for several years, m odels fo r  fo recasting  tim e  o f  firs t appearance  o f  aphid , tim e o f  m ax im um  aphid  
po p u la tion  and  am oun t o f  m ax im u m  ap h id  p o p u la tion  w ere  d ev e lo p ed  fo r  B eh ram pur, P an tnagar, H issar, 
L udhiana, M orena  &  B hara tpu r (taken  tog e th e r as  they  fall in  the sam e agro -c lim atic  zone) and  K anpur. T he 
w eather variab les considered  w ere  m ax im um  tem peratu re  (M A X T ), m in im um  tem peratu re  (M IN T ), m ax im um  
rela tive  hum id ity  (R H 1), m in im um  re la tiv e  h u m id ity  (R H 2) and b righ t sunsh ine  hours (B S H ) -  [X  to  X  ].

F o r M orena &  B hara tpu r the m odels are  based  on  on ly  first fou r variab les. F o r K anpur, the variab les  considered  
w ere m ax im um  tem perature  (M A X T ), m in im u m  tem peratu re  (M IN T ), m ean  re la tive  hum id ity  (R H M ), w ind  
speed  (W S) &  evaporation  (E V ) -  [X  to  X  ]. T he resu lts  from  the  m odels, using  b o th  w e ig h ted  and  unw eigh ted  
indices, are  g iven  in  Tables 1 ,2  an d  3. 5 ■

T ab le  1. M o d e ls  fo r  fo re c a s tin g  c ro p -a g e  a t  f i r s t  a p p e a ra n c e  o f  a p h id

C e n tre M o d e l R 2

B ehram pur Y  =  - 32.75 +  0 .009  Z 12l- 0 .7 3  Z 20 0.99
P an tn ag a r ' Y  =  431 .04  +  2 .68  Z „ 0 .56
H issar Y  =  5 6 .7 2 + 0 .0 2 9  Z 2J| + 2 .7 4  Z (1 0 .60
L udh iana Y  =  198.12 +  0 .14  Z 3J1 + 0 .08  Z 4S|-  0 .011 Z |3Q 0 .92
M orena  & B haratpur Y  =  - 112.91+ 0 .0 2  Z |3] + 4 .98  Z „ 0.71
K anpur Y  =  7 .96  + 0 .42 0 .86

T a b le  2. M o d e ls  fo r  fo re c a s tin g  c ro p -a g e  a t  m a x im u m  a p h id  p o p u la tio n

C e n tre  . M o d e l R 2

B ehram pur Y  =  52.48  + 0 .0 2  Z |2| +  1.58 Z J( 0 .84
P an tnagar Y =  53 .75  +  0 .0 2  Z m  . 0 .56
H issar Y  =  102.19 + 0 .3 0  Z n , + 1.20 Z M 0.85
L u dh iana Y  =  -133 .56  + 0 .0 9  Z 24[ ' 0 .67
M orena  & B haratpur. . ■ ■ . Y  = 7 7 .1  +  0 .03 Z m  ; . ,  0.63
K anpur Y  = 7 4 .0 7  +  0 .04  Z ni . 0.92
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3. M o d e ls  f o r  fo re c a s tin g  m ax im u m  a p h id  p o p u la tio n

C e n tre M o d e l ' . R 1
B ehram pur
P an tnagar
H issar
L udhiana
M orena &  B haratpur 
K anpu r

Y =  327 .34-0 .039  Z m + 0 .06  Z tJ1
Y  = 1 6 8 .8 1  +  3 .40  Z 241+ 101.22 Z J(
Y  = 8 8 .4 7  + 5 .0 3  Z |2|- 0 .33  Z 4S)
Y  = -6 1 1 4 .2 9  + 9 .4 6  ZJ0+ 3.55  Z w
Y  =  690.77 +  79 .29  Z „  -0 .019  Z un

21 340

Y  =  7531.96  +  882.83 ZA]- 0 .65  Z m

1 0 .99
0 .82
0.98

+ 113.07 Zlt +  2 .56  Z m 0.95 
0 .65 
0 .75

Note: Z  =  Composite index as weighted accumulation, weights being correlation coefficient o f one weather variable or 
weighted accumulation o f product o f two/three weather variables.

F u tu r e  G o a ls  .

W ith  regards to m odel developm ent and opera tional use, it is  felt that em pirical m odels a lready  deve l
oped  cou ld  be  va lidated  b efo re  the ir operational u se  in  the  com ing  seasons. T h is  w ou ld  b e  a  sh o rt-te rm  goal.
H ow ever, in  the  long  run  the  approaches to  b e  adopted  cou ld  be:

1. W ith  regard  to fo rew arn ing  o f  insec t pests, d e v e lo p m e n t o f  c ro p -w ise  a n d  p est-w ise  in se c t p h e n o l
ogy  m o d e ls  that have the  advantage o f  being generally  applicab le to m ost env ironm ents need  to b e  
a ttem pted . T h is  w ou ld  entail a  system atic  effo rt to  co lla te  ex isting  inform ation  on s tage-w ise!ra tes o f  
developm ent o f  key  insect pests in  relation  to w eather. W here  such  inform ation  is lack ing  it is neces-

‘ sary  to initiate  such  studies. T he  idea is to  develop  m odels based  on biological and physical processes. 
Such  m odels w ould have w ider app licab ility  across locations w hereas purely em pirica l m odels w ou ld  
be  m ore location ,specific .

2. W ith  regard  to forew arn ing  o f  d iseases, m odels shou ld  again  be  based  on  b io logical and  physical 
p rocesses. F u rth er suffic ien t understand ing  a n d  quan tifica tion  o f  how  in teractions change  under vary 
ing env ironm ental cond itions is essen tial. R e lia b le  a lg o r ith m s  are needed  to  com pute  variab les tha t 
are no t d irec tly  m easured  from  standard  w ea th e r sta tions such  as surface le a f  w etness, w h ich  is an  
im portan t variab le fo r  d isease m odels. 1

3 . C ro p  sy s tem  m o d e ls  can be used  to genera te  in fo rm ation  on the status o f  crop, its pests/d iseases and  
its env ironm ent under d ifferent scenarios, including differen t m anagem ent options. H ow ever, a t p resen t 
there are  few  exam ples o f  these  m odels w orld  ov e r that can include all the necessary  com ponen ts and  
can  be used  for p ractica l decision-m aking . H ow ever, e ffo rts could  b e  m ade by  m odeling  g roups to 
analyze indiv idual crop and pest com ponents separate ly  at the  sam e tim e to g ive  in fo rm ation  that can  
im prove decisions.

4 . T here  is a need to transform  the ou tputs o f  quan tita tive  tools and  scenarios resulting from  m odels in to  
m anagem ent recom m endations fo r d issem ination  and  operational use through agro-advisories.
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Role of weather in input use efficiency under the humid tropics

GSLHV Prasada Rao
Associate Dean, College o f  Horticulture 

Kerala Agricultural University, Vellanikkara, Thrissur -  680 656 
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W eather p lays a  v ital ro le  in  inpu t use effic iency  depend ing  upon  the  pheno logy  o f  crop  i f  o ther 
environm ental factors a re  not li m iting. T here  shou ld  b e  enough  and  sufficien t soil m oistu re  fo r efficient u tiliza tion  
o f  nutrients by  plants. E ven  the  so il m oistu re  is op tim um , the  up take o f  n u trien ts  is restric ted  by  p lan ts  i f  
evapotransp ira tion  is less, w h ich  is d riven  b y  p rincipal w eather variab les  v iz., so la r rad ia tion , a ir  tem perature, 
vapour p ressu re  d efic it and  w ind . I t is the  case  in  the hum id  trop ics du ring  the  m o nsoon  p eriod  in  w hich  rainfall 
is h igh  and  sun ligh t is low, thereby  evapo transp ira tion  is restricted . In  addition , w aterlogg ing  is seen  in m id- 
and-low  lands during the  m o nsoon  period . It m ay  restric t aera tion  in  the ro o t zone system , w hich  m ay  adverse ly  
affect the  inpu t use in  p lan ts. D u rin g  the  sum m er, the rev erse  takes place. I f  the  sun ligh t is the  m ax im um  and  
soil m oisture is lim ited, the availab le  nu trien ts in the  so il m ay not b e  ava ilab le  to p lan ts. T he efficiency  o f  input 
use is b e tte r  in crops p rov ided  eno u g h  sun ligh t is availab le  u n d e r op tim um  soil m oistu re  cond itions. K eep ing  
this in view, an  a ttem pt has been  m ade to  understand  the  w eather constrain ts and  suggest various agrm eteorological 
tools, such  as rainfall and  poten tia l evapo transp ira tion  fo r  defin ing crop  g row ing  season, dynam ic c rop  sim u la tion  
m odels, op tim um  tim e o f  sow ing /tran sp lan ting  and  righ t tim e o f  app lica tion  o f  inputs based  on  c rop  pheno logy  
(w hich is in fluenced  b y  w eather variab les) an d  ligh t reg im es, fo r  b e tte r inpu t use  e ffic ien cy  in  the h um id  trop ics. ■ 

-T he crops chosen  fo r  th e s tu d y  w ere  rice ,'cashew , cocoa, co ffee  and  coconu t depend ing  upon the nature o f  crop  
and  availab ility  o f  literature.

1. Crop growing season

T hough the  rainfall is the m ain  source fo r w ater sup
p ly o f  plants, the plan t g row th  does no t depend  on rainfall 
a lone, bu t it should balance the  evapotransp iration  o f  crops. 
B ased on rainfall and potential evapotranspiration, crop  grow th 
periods can be adjusted. F o r m ost o f  the  crops, the  period 
during w hich the rainfall exceeds the P E T  is the best suited 
fo r the m axim um  grow th period. O f course, this is the period 
during w hich surplus rainfall leads to  run  o ff  and  in the ab
sence o f  drainage facilities, the crops are subjected  to w ater
logging and it is detrim ental to  crops. T he early  vegetative 
phase including sow ing period and  the later phase that is rip 
ening  period can be  ad justed w hen the rainfall is less than 
P E T  (the rainfall should  be  at least 5 0  % o f  PET). T he above 
conditions hold good in Ind ia  w h erev e r seasonal crops are 
grow n only under rainfed conditions. A t the  sam e tim e; it does 
not ho ld  good under rainfed  conditions in  the  hum id  tropics 
since rainfall is abundant during  the m o nsoon  season. The
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surplus w ater during the first c rop  season leads to w aterlogging w hich is detrim ental to  crops. T he second and th ird  
crops suffer due to  soil m oisture stress and crop failure is a com m on phenom enon during the above seasons i f  
irrigation is n o t assured: T he irrigation schedule o r  surplus w ater cou ld  be determ ined based  on precipitation and  
potential evapotranspiratiaon o f  a particular location (Fig 1). In case o f  p lantation crops, the length o f  c rop  grow ing  
season based on  precipitation and potential evapotranspiration is not applicable as they  grow  round - the- year. 
How ever, the assured w eekly rainfall and its probability  and occurrence o f  dryspells during  m onsoon w ill help  in 
choosing the best tim e for application o f  nutrients under rainfed conditions so  that the use efficiency in intake o f  
nutrients is m uch better. .

2. Crop growth simulation models

Input use e ffic iency  is a very com plex  phenom enon, w hich  is dependen t on severa l factors viz., abiotic  
stress, b io tic  stress and the  genotype. W hen  the geno type in teracts w ith  season , the c rop  phenology  varies 
depending upon  the tim e  o f  p lan ting . T he  genotype m ay  be o f  d ifferen t in  nature viz., long day, short day  and  
day- neutral p lan ts and  re spond  d ifferen tly  to d ifferen t ag ro-clim atic  types depending  upon the  geograph ical 
location . I t  also  m ay dep en d  on  length  o f  c rop  grow ing  season  in  case o f  seasonal crops. T he  ab io tic  stress m ay  
be  due to crop  m anagem ent p ractices, soil factors and w ea th e r aberra tions, w h ich  influence  the p lan t nu trien t 
use efficiency  to  a  large extent. W hen  the  soil and  c rop  m anagem ent factors are  n o t lim iting , w ea ther p lays a  
predom inan t role in  term s o f  op tim um  tim e o f  p lanting, therm al reg im e, ligh t reg im e, w a te r reg im e and  c rop  
grow ing  season  (F ig  2). T h e  op tim um  tim e o f  p lan ting  can  b e  s im ulated  along  w ith  various phenological events, 
nu trien t m anagem ent and  b iom ass production  using IBSN A T -  D SSA T -  C E R E S m odels in case o f  seasonal 
crops. Several such  sim ulation  m odels are  in use inside and  outside the  country  fo r  agro technology  transfer. 
D SSA T  v3 .5  w as u sed  in ca se  o f  rice fo r ob ta in ing  op tim um  tim e o f  transp lan ting  in cen tral part o f  K erala , 
w hich  is d iscussed  in the  nex t sec tion  under op tim um  tim e o f  p lanting. .

Fig . 2 . R ole o f  dynam ic crop sim ulation m odels in  input u se  efficiency
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IBSN A T- In ternational B enchm ark  S ites N etw ork  fo r  A gro techno logy  T ransfer 
DSSAT -  D ecision  S upport S ystem  fo r  A gro techno logy  T ran sfe r .
C E R ES -  C rop  E stim ation  th ro u g h  R esou rces and  E nv ironm ent S yn thesis  .

2 .1 O p tim u m  tim e  o f  p la n tin g  .

In pho tosensitive  rice  cu ltivars, the c rop  dura tion  is sho rt w hen the tim e o f  tran sp lan ting  is delayed , 
resu lting  in low  grain yield . In  case o f  local c u ltivar A llikkannan , the  gra in  y ie ld  w as 3 .6 6  t/ha w hen  transp lan ted  
on  S'6 June w hile  it w as o n ly  1.36 t/ha  w hen  tran sp lan ted  on  20"' Ju ly  (T a b le l) , ind ica ting  a d rastic  decline  o f  
62 .8  % in  g ra in  yield . I t is  n o t the  case  w ith  p ho to in sensitive  varieties as they  re sp o n d  to  ligh t reg im e  w hen  o ther 
env ironm enta l factors are n o t lim iting  though the variations in  grain  y ie ld  are not u ncom m on  w ith  the  tim e o f  
transp lan ting  o r season. ,

T a b le  1. E ffect o f  tim e o f  p lan ting  on  crop  dura tion  and  gra in  y ie ld  o f  A llikannan  (1984  -1988)

T im e  o f  p la n tin g C ro p  d u ra t io n  
(N o. o f  d a y s)

G ra in  y ie ld  (t/h a ) P e rc e n ta g e  d e c lin e  
in  g r a in  y ie ld

8* June 144 3.66 -

22'* June 139 2.92 20 .2
6lh Ju ly 131 2.30 37 .2
20* Ju ly 126 1.36 62.8

(Source: Rao, 1994)

T he delay  in tim e o f  p lan ting  on  g ra in  y ie ld  w as n o t consp icuous in all th e  th ree-pho to in sensitive  
varie ties te s ted  d uring  klmrif and  rabi u n like  in case  o f  photosensitive  varie ties  (Table 2 ). T he study  at R A R S, 
Pattam bi revealed  that the con ten t and  u ptake o f  nu trien ts by the crops w as u n ifo rm  and  sa tisfac to ry  and  it could  
no t be  attribu ted  as a reason fo r  the h igh  sp ike le t sterlity . It w as the  reason  for w ide varia tion  in  g ra in  y ie ld  
am ong the  d ifferen t d ates o f  transp lan ting  (Table 3). T he sp ikele t sterility  w as a ttribu ted  to s trong  w inds p revail 
from  15* N o vem ber to 15* January  due to  P a lgha t G ap  in the cen tral part o f  K erala . It w as suggested  that low  
n itrogen  d ose  and app lica tion  o f  silica te  fe rtilizers m igh t b e  conducive against h ig h  sp ike le t s terility  in  add ition
T a b le  2 . E ffect o f  tim e o f  p lan ting  on  g ra in  y ie ld  o f  rice  at P ilicode (1992-93  to 1994-95)

S e a so n  T im e  o f  p la n t in g   G ra in  y ie ld  (t/h a )
Jaya____________ Jyothi_________ T hriven i

Klmrif 8* June 4.4 5.4 4.5
15* Ju n e 5.1 5.7 5.1

■ 2 2 nd Ju n e 4.5 5.0 4.8
29* Ju n e 3.9 4 .6 4 .4
6* Ju ly 4.1 5.1 4 .6

Rabi 15* O ctober . 3 .6 4 .0 4.1
22nd O ctober 4.1 4.7 5.2
29* O ctober 4.3 4.3 5.4

■ 5* N ovem ber 4.8 4.1 5.4
A verage gra in  y ie ld  (t/ha) 4 3 4.8 4 .8
(Source: KAU, 1996)
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T ab le  3 . E ffect o f  tim e o f  p lanting on g ra in  y ie ld  (t/ha) a t Pattarab i from  1983-84 to 1985-86

T im e  o f  p la n tin g G ra in  y ie ld  ( t/h a )  in  te s t v a rie tie s
B harathi Jaya . IR8 IR 20 M ean

A ug  22  ' 3.5 3.7 3.4 3.8 3.6
S ep t 5 3.8 3 .5 3.1 3.1 3.4
S ep t 18 3.1 3.1 3.2 3.4 3.2
O ct 3 3.2 2.8 2.4 2.9 2.8
O ct 16 2.2 2 .6 2.9 3.2 2 .7
O ct 30 3.3 3.5 3.4 3.9 3.5
N ov  12 3.9 3.2 3.0 3.8 3.5
M ean 3.3 3.2 3.1 3.4 3.2

(Source: V isw am bharan  e ta l,  1989)

to w indbreaks in rice  Fields. H ow ever, studies in detail a re  to be  taken  up  in th is  d irec tion  to  h ig h ligh t the  
nu trien t m anagem ent against h igh  winds.

■ T he  tim e o f  transp lan ting  versus g ra in  y ie ld  w ere s im ulated  using  D SSA T v3 .5  C E R E S  -  R ice  m odel 
using  daily  rainfall, sunshine, m axim um  and  m in im um  tem peratu res, co llec ted  a t the S ta te  S eed  Farm , A lathur, 
Palghat D istric t. T he test variety w as Jyothi. T he  sim ula ted  g ra in  y ie ld  in rice across the  Palgha t D istric t is 
re latively  less i f  the transp lan ting  is taken up  a fter 25* S ep tem ber under rainfed  conditions. T he sim ula ted  grain  
y ie ld  is less up to 50 p e r  cen t i f  the transp lan ting  is taken  up a fte r 10* O ctober (F ig 3). It is possib le  because  the 
rep roductive  and ripening  phases o f  the crop  w ill be  un d er severe  soil m oistu re  stress under ra in fed  cond itions 
i f  the tim e o f  transp lan ting  is delayed  further. T he po ten tia l g ra in  y ie ld  and  phenological e v en ts  w ere also 
sim ulated  across the  S tate  o f  K erala  (Saseendran  et al., 1998 and  R ao et al., 1999) using the  C E R E S -R ice  
m odel. T he m ultid iscip linary  group for decision  m aking  a t farm  level for ag ro technology  tran sfer can use it.

26



3. Dry spell versus bud break in cashew

O n an average, a d ry spell o f  12 to  16 days (m ay be continuous o r  in term itten t w ith  o ne  o r tw o show ers) 
w as no ticed  prior to bud break o f  cashew  depending  upon  genotype. T here w as no sign ifican t d ifference in duration 
o f  dry  spell prior to  bud break am ong the fo u r test varieties. A  dry  spell o f five to n ine  days w as also  no ticed  27 to 
32  days p rio r to bud  break  (Table 4). In  bo th  the cases, the m ean num ber o f  bright sunshine hours varied  betw een 
6.20  and 8.51 h/day. It revealed that the occurrence  o f  dry  spell 30 day s p rior to  bud  b reak  m ay be  the right tim e for 
application o f  fertilizer as the in itiation o f  prim odium  takes place during  that tim e though the  bud  b reak  in cashew  
is seen visually after 30  days o f  its physiological stim uli.

Table 4 . O ccurrence o f  dry  spell and  b u d  break  o f  cashew  at R A R S P ilicode

V arie ty O c c u r re n c e  o f  
d ry sp e ll p r io r  
to  b u d  b r e a k

O c c u rre n c e  o f  d ry  spe ll 
o n e  m o n th  p r io r  

to  b u d  b r e a k

D u ra t io n  o f  d ry  spe ll 
o n e  m o n th  p r io r  

to  b u d  b re a k
A nk-1 15 days . 32  days 5 days
M dk-1 12 days 31 days 5 days
M dk-2 16 days 27  days 9 days
K anaka 13 days 28 days 6  days
M ean 14 days 30 days 6 days
(Source: Rao, 2002)

A  close exam ination on  the daily  d is
tribution o f  rainfall from  A ugust to  D ecem ber 
during 1 9 9 5 ,1 9 9 6 ,1 9 9 7  and 1998 (F ig  4 ) ind i
cated that early  cessation o f  rains and in term it
tent dry spells betw een A ugust and Septem ber,
1995 m ight have led to early bud  break  in cashew  
during that year.

In contrast, it w as n o t the  case during 
1998, w hich  led to delay in bud  break  o f  cashew.
H ow ever, the delay in  bud  b reak  o f  late variety  
w as distinct as seen in  M D K -2 during  1997. It 
m ight be  due to the distribution o f  rainfall b e 
tw een N ovem ber and D ecem ber. Such  studies 
provide an insight into application o f  fertilizers 
in right time so that better use efficiency o f  in
puts can b e  obtained.

4 . N u tr ie n ts  a n d  l ig h t re g im e  in  c acao

In a  un ique experim en t in  T rin idad , M urray  (1972) found  that cacao  y ie lds are  low  w ith  heavy  shade, 
and increase  w ith  increasing  ligh t u p  to  the  50  p e r cen t level o f  light. A b o v e  th is  level, y ie ld  is  a ffec ted  by  the 
p resence o r  absence o f  fertilizer. W ith  a d d ed  fertilizer, y ie lds increase  a lm ost up  to  full light, w hereas in the 
absence o f  fertilizer y ie lds fall o f f  (F ig  5). T he theory has therefo re  been  ad vanced  that the light regim e for

B ud b reak  B ud break Bud break Bud break
o f  cashew , o f  cashew , o fc u h e w . o f  cashew ,
1 99 5 -96  1 9 9 6 -9 7  199 7 -9S  1 9 9 8 -9 9

F ig . 4 . O ccurrence  o f  bud  b reaks in  cashew  from  1995-96 
to  1998-99 at R A R S , P ilicode
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op tim um  y ie ld  o f  cacao is  a  function  o f  its m ineral nutrition. It is 
a lso  s u g g e s te d  th a t th e  a g ro n o m ic  p ro b le m  o f  f e r t i l iz e r  
re q u ire m e n t c a n n o t be  d e c id e d  w ith o u t k n o w le d g e  o f  the  
m icrom eteoro logy  o f  the t rees’ env ironm ent. In contrast, studies 
in  co ffee  ind icated  that the in tem odal length  and  le a f  a rea  in test 
varieties w ere m uch b e tte r un d er shade w hen com pared  to that 
o f  open in  low  night tem perature  conditions du ring  w inter. It 
reveals that the nu trition  m anagem ent is a function  o f  ligh t and 
therm al reg im es depend ing  upon  the c ro p  i f  the soil m oistu re  is 
enough  to m ain tain  it.

5 . S easo n  v e rsu s  n u tr ie n t  u p ta k e  in  c o c o n u t

H eavy rains during  the  m onsoon  and  pro longed  d ry  
spell during sum m er are  the m ajo r c lim atic  constra in ts fo r not 
ob ta in ing  b e tte r coconu t y ie ld  in  the h um id  trop ics like K erala.
This phenom enon is  m ore p redom inant tow ards northern  districts 
o f  K erala. S tudies revealed  that irrigation  and  m anuring  o f  the 
ex isting  coconu t gardens a lone  have been  fo u n d  to double the 
presen t coconut p roduction  in  the S tate . In this con tex t, the use 
o f  e fficiency  o f  inputs p lay  a m ajo r ro le  in  increasing  coconut 
p roductiv ity  as there is only lim ited  scope fo r expansion  o f  area.

N itrogen  con ten t o f  the coconu t lea f declined  w ith  the onset o f  m onsoon and increased  fo llow ing  the 
application o f  fertilizers in S ep tem ber (Fig 6). H eavy  leaching  o f  soil N  during the  ra iny  m onths o f  June to 
O ctober m ust be  responsib le  fo r  the reduced  up take  o f  soil N  by  the palm s. U n like  N , there w as a s teady  
absorp tion  o f  K  by  the pa lm  w ith  the  onset o f  m onsoon, w hich declined , how ever, in D ecem ber (W ahid el al., 
1988). P robably, the  low  N  uptake during  the ra iny  season  m ay b e  the  causal fac to r fo r negative correlations.

betw een  rainfall du ring  the  sou thw est m onsoon  and  nut 
y ie ld  in the  follow ing  year (Patel and A nandan , 1936 and  
R ao , 1988). U nlike o ther crops, nu ts are p roduced  every  
m onth  in  coconu t w ith  a  long  rep roductive  phase  o f  about 
44  m onths, com m encing  from  prim odium  in itia tion  to nu t 
harvest and it is a continuous p rocess in  steady bearing  
coconu t palm s. In such a con tinuous reproductive  phase, 

|  the  tim e o f  app lica tion  o f  N  fertilizers cou ld  be at any  
g tim e, avoiding heavy  m onsoon w ith low  light regim e for 
|  b e tte r  in p u t u se  e ff ic ie n c y  in the  h u m id  tro p ic s . By 

provid ing  dra inage facilities during  the m onsoon period , 
the  nu t y ield  also cou ld  b e  increased  as w aterlogging  and  
c o n se q u e n t la c k  o f  a e ra tio n  o f  so il m ay  re s tr ic t  th e  
efficiency  o f  input use.

Conclusions

Low  ligh t regim e due  to overcast sky in  addition  
to  h igh  rainfall during  the m onsoon  (Junc-Scptcm ber) and

F ig .  6 . S e a s o n a l  v a r ia t io n s  in  n u t r ie n t  
concen tra tion  in the  coconu t le a f

D eg ree  o f  shad ing , p e rcen t o f  full day ligh t 
transm itted

F ig . 5. E ffect o f  fe rtilize r app lica tion  on  yield  
o f  cacao  g row n at d ifferen t ligh t levels; 3-year- 
o ld p lants
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in sign ifican t rainfall from  D ecem ber to M ay  are the  m ajo r w eather constrain ts across the  hu m id  trop ics like 
K erala. H igh  w ind  is ano ther constra in t across the  P algha t G ap  in the central part o f K erala , starting  from  IS 11 
N ovem ber to 15* January. T hese  factors lead  to reduce  the inpu t use e ffic iency  to  a large ex ten t; thereby  low 
crop  y ie ld  is expected . To overcom e th is, in fo rm atio n  on the op tim um  tim e o f  p lan ting  and  se lec tion  o f  variety  
(short, m ed ium  and  long dura tion) in  case o f seasonal crops like rice during the  second  crop  season  is very 
im portan t, w h ich  can  be s im ulated  th rough  dynam ic  crop  sim ulation  m odels for d ifferen t ag roc lim atic  reg ions 
and tested. T he nutrient m anagem ent in pho tosensitive  local cu ltivars o f  rice and aga in st h igh  w inds is ano ther 
area to be tack led  on priority  basis.

Inform ation  on  p robab le  o ccurrence o f  d ry  spe lls  d u ring  the m onsoon period  o r avo id ing  it is the  right 
choice for app lica tion  o f  fertilizers in perennial crops like coconu t under ra in fed  cond itions in  the hum id  tropics. 
A s the  ligh t reg im e is a function  o f  nu trient m anagem ent in c ase  o f  shade loving crops like cacao , the  nu tritional 
requirem ent un d er d ifferen t ligh t regim es can  be w orked  out in the  case o f  in tercrops like  m edicinal p lants and 
o ther perenn ia ls so that the  input use e ffic iency  cou ld  be  m axim ized  for ob tain ing  b e tte r c ro p  yields. In a 
changed  concep t o f  zero-tillage, a c lose  exam ination  in the  area o f  inpu t use efficiency  is the need  for addressing  
sustainability  concerns arising out o f  the  in tensive  farm ing  like m u lti-tier c ropping  system s and hom estead  
gardens, w hich are the  n iche  areas in the hum id  trop ics. T he studies on  “R ole o f  w ea th e r in  inpu t use  effic iency  
in A gricu ltu re” un d er the  hum id  trop ics in re la tion  to  the  n iche  areas m en tioned  above a re  sporad ic  and  they  
need  to b e  in itia ted  w ith  in terd isc ip linary  approach.
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Introduction
A nthropogen ic  in terventions in g lobal c lim atic  system s through increased  concentration  o f  green house 

gases in the atm osphere has led to serious concerns to the  m ankind  because  o f the ir induced  im pacts w hich  
include clim ate change and c lim ate  variab ility . T he gradual build  up  o f  the green  house  gases in the atm osphere 
during  the last century , re su ltin g  fro m  inc reased  hum an  ac tiv ity  had  a lread y  b rough t ab o u t m any v isib le  
environm ental im pacts across the  w orld . T hese  activ ities no t on ly  enhanced  the  p rocesses o f  c lim ate  change, 
increasing  the  m ean global tem peratures by  0.6°C during  the  pas t 100 years  bu t have also induced  increased  
clim atic  variab ility  in  m any  parts o f  the  w orld . S tudies ind icate that the last decade (1990-2000) across the  
globe have recorded  the w arm est years during the  past century, the th ree years, viz., 1997 ,1998  a n d l9 9 9  record ing  
m ore w a n n e r  conditions, increasing  in  sequence. Sum m er 2002  an d  2003 w ere declared  as w arm est years on 
record by  N O A A  especially  in  the  A sian  sub continent and in E u rope  w here the tem peratures rem ained  ex trem ely  
high for long  periods resu lting  in death  o f  20 ,000  hum an popu la tions in E urope alone. Scien tists attribu te th is 
to a long-term  w an n in g  trend  o v e r the  globe.

It is ev iden t that there w as, there  is and  there w ill be c lim ate  variab ility  a t g lobal, regional and local 
levels. S ince c lim ate  is c losely  related  to hum an activ ities and  econom ic  developm ent including  agricu ltural 
system , there is a serious concern  abou t its  stab ility  (S inha et al„ 2000). T he aw areness o f  the  m agn itude o f  the 
im pact o f  c lim ate  change on  society  by  the various governm ents led  to adoption  o f  an International C onvention  
on C lim ate  C hange b y  U nited  N ations in  1992. A rtic le  2  o f  this conven tion  called  the  U N  F ram ew ork  C onven 
tion  on C lim ate C hange  (U N FC C C ) m akes tw o re levan t stipu la tions re levan t and  im portan t to  agricu lture, 
w hich is (a) p reven t dangerous anthropogenic in terference w ith  the clim atic  system , and  (b) to en sure  that food 
p roduction  is no t threatened . T he tw o are  re la ted  and  need  in -dep th  analysis.

Som e o f  the  a tm ospheric  constituen ts such  as w ate r vapour, carbon  dioxide, m ethane, and  n itrous 
ox ide  are transparen t to short w ave so la r rad ia tion  and  opaque to long  w ave  rad ia tion  em itted  by earths surface, 
thus, trapping  the hea t from  sunligh t n ea r the  E a rth ’s surface know n popu larly  as green  house effect. T h is effect 
keeps the planet 33°C  w arm er than it w ould o therw ise be, a llow ing  the earth  to support life. W ith  the  adven t o f  
the industrial revolu tion , there has been  a  trem endous g row th  in the  fossil-fuel u tilization  leading to increased  
ca rb o n  d io x id e  e m iss io n s  o v e r  the  g lo b e  e sp e c ia lly  s in c e  1 950s. In  ad d itio n  to  th is , th e  e m is s io n  o f  
ch lorofluorocarbons (C FC s) and  o ther ch lorine and  brom ine com pounds used  in refrigeration  and o ther'indus- 
Irial uses not only have an im pact on  the rad ia tive  forcing, but also have led to  the  deple tion  o f  the stra tospheric  
ozone layer. L and-use change, due  to u rbanization  and  deforestation  and  agricu ltural practices, affect the p h y si
cal and biological p roperties o f  the E a rth ’s  surface. Such  effects also change the rad ia tive  forcing and  have a  
po tential im pact on  reg ional and  g lobal clim ate.

S tudies ind icate that i f  no corrective m easures are taken, the a tm ospheric  tem peratures m ay increase  
by  1.4 to 5.8° C by  the  y ea r 2100  (IP C C  2001). T his w ill have serious im pacts on  day-to -day  life. S om e o f  the
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pro jections m ade  are as follow s:
0 Inundation  o f  coastal areas and  seashore  recession  d u e  to  rise  in sea  level
0 D isrup tion  o f  ecosystem  com plexes
D S h ifts  in  rainfall pattern  and  leng th  o f  g row ing  season
D Shifts  in  c ropp ing  pattern , geograph ica l c rop  p references
0 H igher F T  rates

G lo b a l S cen a rio

W eather observations ind icated  that the  g lobal av erage  su rface  tem peratu re  has in creased  b y  0.6°C 
(IPC C , 2001) since  the  19"' century. T h e  ra te  o f  w arm ing  is faste r than  a t any o th e r tim e, du rin g  the  past 100 
years, w hich is a ttribu ted  to the  increase  in the proportion  o f  ca rbon  d ioxide and  o th e r g reenhouse  gases in  the 
a tm osphere  ov e r the  last century. O bservations also  ind icated  that a ll the w arm est years during  the pas t cen tu ry  
across the g lobe occurred  in the last 2  decades (1981-1990  and  1991-2000). A m ong  these years, 1998 w as the 
w arm est y e a r  on record  (IPC C , 2001). Increasing  concen tra tions o f  g reenhouse  gases are like ly  to acce le ra te  the  
rate  o f  c lim ate  change. M odel ou tpu t estim ates that the  av erage  g lobal su rface  tem pera tu re  co u ld  rise  0 .6  to 
2 .5°C  in  the  nex t fifty  years, and  1.4 to  5 .8°C  in  the  n ex t century , b y  doub ling  the concen tra te  o f  C 02 w ith  
sign ifican t reg ional variation . T he expec ted  rise  in  tem pera tu re  in h igher latitudes w ill b e  m u c h  m ore  th a n  at 
equato ria l reg ions. A lso  the increase  in  ra in fa ll is  no t expec ted  to  b e  un ifo rm .

■ O ther than the changes in  a ir  tem peratu re , g loba l w arm ing  has poten tial im pact on g lobal p rec ip ita tio n  
patterns and  the  frequency  o f  d roughts and  floods. M any  researchers  are o f the  op in ion  that an increase  in 
tem peratu re  cou ld  lead  to a m o re in ten siv e  use o f  w ater. T h e  ra tes o f  evaporation  from  so ils and  w ater, as w ell as 
transp ira tion  from  plan ts, and  the  quan tum  o f  ra in fa ll could  increase. D ai et at. (1997) o b served  a  linear in c reas
ing trend  ( -2 .4  m m /decade) in  g lobal p rec ip ita tion  during  1900-1988. C lim ate  m odels based  so le ly  on  the  
effects o f  g reenhouse  gases p red ic ted  an increase  in  the am ount o f  p rec ip ita tion  in the  nex t 100 years.

M any scenarios o f  c lim ate  change  due to  doub ling  o f  C O , concen tra tion  w ere developed . T h e  resu lts 
o f  sim ulation  stud ies from  G C M  m odels, on  tem peratu re  and  p recip ita tion  as com puted  b y  F isch e r et at. (1996) 
(Table 1) ind icated  that the  tem peratu re  changes (4 .0  to  5 .2  °C ) as sim ula ted  by  these  m odels a re  n e a r  the  up p er 
en d  o f  the range p ro jec ted  fo r d oub led  C 0 2 by  the IPC C . T he G ISS  and  G F D L  scenarios are, how ever, n ea r the 
m ean tem perature  change o f  3 .8°C  for doub led  C 0 2 as e stim ated  b y  IPC C  (1992). T he  p ro jections o f  the  ab ove
m en tioned  G C M S  show  a northw ard  sh ift in  therm al reg im es, m ajo r expansion  o f  trop ical zones and  a  consis
tent increase  in arid  areas in develop ing  countries (F isch e r et at., 2002).

T a b le  1. G C M  doub led  C 0 2 c lim ate  change scenario

M o d e l Y ear C 0 2 C h a n g e  in  a v e ra g e  g lobal 
T e m p e ra tu re  (°C ) P re c ip ita tio n  (% )

G ISS 1982 630 4 .2 11
G FD L 1988 600 4 .0 8
U K M O 1986 640 5.2 15
Source: Fisher el al. (1996)
GISS : Goddard Institute o f Space Studies
GFDL : Geophysical Fluid Dynamics Laboratory
UKMO: United Kingdom Meteorological Office
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O ther im pacts o f g lobal w ann ing  include m ean sea level rise as a  result o f  therm al expansion o f  the 
oceans and the m elting o f  glaciers and pol ar ice sheets. T he global m ean  sea level is p rojected to rise b y  0.09 to 0.88 
m eter over the next century. D ue to global w arm ing and sea level rise, m any coastal system s can experience in 
creased levels o f  inundation and storm  flooding, accelerated coastal erosion, seaw ater intrusion into fresh groundw ater 
and encroachm ent o f  tidal waters into estuaries and river system s. C lim ate change and global w arm ing also  affect 
the  abundance, spaw ning, and availability  o f  com m ercially im portant m arine fisheries. Increase in sea surface 
tem perature adversely affects coral and  coral associated flo ra (sea grass, sea  w eed  etc.) and fauna. '

Observed changes in climate in India

C onfirm ative  ev idences o f  c lim ate  variability  and change are  d ifficu lt to  ob ta in , as o ften  the signals 
are confusing. H ow ever, few  ev idences a re  availab le, w hich  need fu rth e r critical analysis  for their confirm ation . 
F o r exam ple, a look  at the  long-term  series o f  reconstructed  sum m er m onsoon  rainfall series (1810-1995) o f  
Ind ia  b y  Scien tists o f  I1TM, Pune (S on takke and  S ingh, 1996) and the A ll Ind ia  R ainfall Series (Schaefer, 2001) 
ind icates that there is no sign ifican t secu la r change.

How ever, the A ll Ind ia  Rainfall Series (A R IS) has to be  considered as an overall generalization o f  
rainfall over India as it does no t reflect the  year-to-year fluctuations fo r all the areas because the geophysical a rea o f  
Ind ia is too large and it cannot be regarded  as a single unit (N orm and, 1953). R ainfall variability  and trends over 
India show  a  high tem poral and  spatial variability. S tudies conducted to understand the  tem poral and spatial 
characteristics o f  rainfall over India through analysis o f  the long-term  changes in rainfall quantum  across individual 
m eteorological sub-divisions indicate that n o t only there are regions w hich have recorded increase o r  decrease o f  
annual rainfall on a long-term  basis (1871-1999) but also there has been  a south  w ard  shift in the surplus rainfall 
zones (Schaefer, 2001), w hen one com pares the last four decade m eans w ith the long term  m eans.

The spatial trend  pattern during the recent four decadal period (1961-1999) indicates decreasing trends 
in w estern parts, m ost southern parts and central parts o f  India. A long the eastern coast and also in  northw estern  
parts especially in Punjab and w estern Rajasthan, an  increasing trend  is seen. H ow ever, the highest increasing 
trends w ere seen in  G angetic W est Bengal (26% ) and sub-H im alayan W est Bengal (14% ). T his shift can  have 
significant im plications on  the changes in the  c rops and cropping patterns across these regions. A no ther change o f  
im portance is the shifts in  the rainfall d istribution and  peaks, w ithin the  crop-grow ing period. A n exam ple is that 
o f  B angalore w here a perceptib le sliift in  the  rainfall pattern could b e  observed  (R ajegow da et a l, 2001).

A  com parison  o f  the  m ean m onth ly  distribu tion  o f  rainfall betw een  1972-1990 w ith that du ring  1990
2000  ind icate that the Ju ly  rains have decreased  from  114 m m  to 73 m m  w hile  the  A ugust rains increased  from  
109 to 179 m m . T his sh ift in fluences the  sow ing  o f  c rops adversely  as the  crops now  experience delay in the 
availab ility  o f  assured m oisture reg im e fo r  the ir estab lishm ent as Ju n e  and Ju ly  ra ins are m ore su itab le fo r land 
preparation only. A lso  a  sh ift in the peak  rains is observed. The peak  ea rlie r observed  in S eptem ber (217 mm ) 
has now  sh ifted  to O ctober (238  m m ). S ep tem ber rains ind icate a decline b y  17 m m  w hile O ctober rains (227 
m m ) ind icate  a substan tial increase  o f 92  m m  along  w ith  a corresponding  increase  in ra iny  days. T hough  the 
period o f  analysis is short to  draw  any firm  conclusions, the pattern  im plies a  sh ift in  rainfall pa ttern  by 2 to 3 
w eeks. O ne has, therefore, to  critica lly  look  fo r such  shifts in  rainfall d istribu tion  patterns occurring  e lsew here  
also as they  can have a  sign ifican t in fluence on the  cropping  and  crop  m anagem ent s trateg ies to  be  adopted. 
Sim ilarly, trends o f  decreasing  pattern  in pre-m onsoon  rainfall w ere  observed  in  som e parts o f  C hhattisgarh  
reg ion  (Sastri and U rkurkar, 1996) in the  m onths o f  M ay  and June, p rov ing  detrim ental to  p re-sow ing  operation  
o f  rice crop. M any parts o f  C hhattisgarh  a lso  recorded  continuously  below  norm al ra in fa ll during the  last decade
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S everal p red ic tions have  b een  m ade on the  p ossib le  changes in  c lim ate  due to  increased  concen tra 
tions o f  G H G  and  their im pacts on  ag ricu ltu re . T he  general c ircu la tion  m odels (G C M ) ind ica te  that doub ling  o f  
CO concen tra tion  by  2030  w ill increase  average  g lobal tem peratu re  by  1-3°C. G ov inda  R ao  et al. (1994) 
ind icated  a  decrease  in  cereal p roduc tion  and  increase  in trop ica l cyclon ic  activity, posing  serious flo o d  dam ages 
along  the ir tracks. S im ilarly , increase  in ra in fa ll by  5  to 15%  in S o u th  A sian  reg ion  w as p red ic ted  by  H ough ton  
e t al (1990) due  to  enhancem ent in  G H G  concen tra tion . . .

T he effect o f  tem perature rise  w ill lead  to an increase in b iological activ ity  as  w ell as the  physical and 
chem ical processes. Increase in  C 02 concentration can  low er pH , thereby, d irectly  affecting bo th  nu trient availabil
ity and  m icrobial activity. C lim ate change is also  expected  to bring about the  changes in the  am ount, in tensity  and 
distribution pattern  o f  rainfall. T he changes in the c rop  yield  depend  not only on the  change in rainfall bu t also on 
the changes in CO, concentration. W hile  positive  changes in the  above tw o param eters can  lead to increase in  crop 
yield, the im pact o f  tem perature is generally  negative in the  tropics. T hus it is necessary  to  ascertain  w hether the 
im pact o f  increased rainfall and C 02 w ill overw helm  the im pact o f  increased tem perature and hence, e vapotranspirahon. 
How ever, it is  no t c lear that ov e r the  Ind ian  region w hether tem perature and rainfall w ill sim ultaneously  increase 
(Gadgil, 1996). R osenzw eig and P arry  (1994) estim ated that the  n e t effect o f  clim ate change m ay  lead  to reduce 
g lobal cereal p roduction u p  to 5 p e r cent. T hey  further ind icated  that production  in  the  developed  w orld  w ould 
increase w hile it m ay decline in developing countries. D oubling o f  C 02 concentration m ay  increase the p hotosyn
thetic rates b y  as m uch as 30-100 p e r cent. C 3 plants such as w heat, rice, soybean w ill becom e m ore w ater efficient 
as they quickly grow. H ow ever, the response in C 4 plants such as m aize, sorghum , sugarcane, m illets, etc. m ay not 
be  spectacular (IU CC, 1992). The effect o f  increased C 02 and tem perature on  Ind ian  ag ricu ltu re  w as carried  by 
A ggarw al (1993) and predicted a shift in  w heat production belt.

T he average tem pera tu res a re  expec ted  to increase  m ore nea r the  po les  than a t equator, the sh ift in  . 
clim atic  zones w ill be  m ore  p ronounced  in  the  h ig h e r latitudes. In m id-la titudes, the sh ift is expec ted  to b e  2 0 0 
300  km  for every increase  o f  1°C (IU C C , 1992). T hese  pro jections ind ica te  that increased  tem perature  resu lting  
from  global w arm ing  is  like ly  to reduce  the  p ro fit from  w heat cu ltivation  an d  w ill com pel farm ers o f  low er 
la titudes to opt for m aize  and  so rghum  w hich  are b e tte r adop ted  to h ig h e r tem peratu re . M orey  and  Sadaphal 
(1981) reported  a  decrease  o f  w hea t y ie ld  b y  400  k g  h a 1 fo r  a  un it increase  o f  1°C m ax im um  tem pera tu re  and  0 .5 
h r  sunshine . T he  effect o f  tem peratu re  on  the  pheno logy  and  y ie ld  o f  im portan t c rops g row n  in  P un jab  has been  
w orked  out (H undal and  K aur, 1996) using  crop  w ea th e r sim ulation  m odels. In sim ila r s tud ies, R am ak rish n a  et 
al (1996) have estim ated  a  fall in  p roductiv ity  o f  pearl m illet in R ajasthan  by  10-15 p e r cen t due to increase  in 
tem perature by  2 nC.

S tudies o f  L ai et al (1998) using w heat and  rice m odels show ed  h ig h e r y ie lds o f  bo th  crops under 
elevated C O , levels (28 and 15%, respectively , fo r a doubling  o f  C 0 2). A 3°C  (2°C ) rise in air tem peratu re  nearly  
cancels ou t the  positive effect o f  e levated  C 0 2 on the  w heat (rice) y ields. T hey  conc luded  th a t acu te w ate r 
shortage cond itions com bined  w ith  the  therm al stress w ould  adversely  affect b o th  the  w heat an d  m ore severe ly  
the  rice p roductiv ity  in  N W  Ind ia  e v en  u n d er the  positive effects o f  e levated  C 0 2 levels in the  future.

L ikely  im pacts o f  c lim ate  change  o n  agricu ltural p roduc tiv ity  in  In d ia  is causing  a g rea t co n ce rn  to the  
sc ien tists and p lanners as  it can  h in d e r  th e ir  attem pts fo r  ach iev ing  househo ld  food  security . F ood  g ra in  requ ire
m ents in the  country  (bo th  hu m an  and  cattle) w ou ld  reach  about 300  m  in 2020 . T he question  th a t is o f  g rea t 
concern  is  that, w ith  the  a la rm ing  increase  in G H G  concen tra tion  and its ex p ec ted  im pac t on  c lim ate , w ill it be 
possible to  ach ieve the targeted  p ro d uction?  S inha  e t al (1998a) observed  that du ring  the  past 25 years, signifi-
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can t changes in  c lim ate  are observed  ov er d ifferen t reg ions o f  the country. F o r exam ple, m any  parts  o f  no rthern  
Ind ia  show  increase  in m in im um  tem perature by about 1°C in  rabi c ropp ing  season. H ow ever, m ean tem pera
tures a re  m islead ing  as som e o f  the  indiv idual reg ions co u ld  exh ib it a  larger variation w ith  a  la rger im pact on 
rabi c ro p  p roduction . F o r exam ple, S inha  and  S w am inathan  (1991) presen ted  a case study o f  ac tual change  in 
tem perature in N orth  India. T hey  brough t ou t that w h ile  the  m ean a ir  tem peratures o ver the  w hea t g row ing  
reg ions w ere  h ig h  b y  1.7°C ov e r a  period  o f  15 days (January  16 to F eb ruary  1), the  actual tem peratu re  rise  w as 
2.3 to 4 .5°C  in  the  m ajo r w heat-producing  reg ion  o f  P un jab  and H a ry a n a . T hrough these  s tud ies they  p ro jected  
the  serious effects o f  reg ional tem perature on p roductiv ity  o f  m ajo r crops. S inha et al (1998b) a lso  o b served  a 
10 p e r cen t dec line  in so la r rad ia tion  in  N W  India. S ince  so la r rad ia tion  influences the  pho tosyn thesis and  
p roductiv ity , such  a  decrease  w ill adversely  affec t the p roductiv ity  and to  an exten t unnoticeably , n u llifies  the  
positive  effec ts due  to im proved  m anagem ent practices. T hey  further added that in  v iew  o f  the p roportiona te  
p roduction  changes in  m ajor food  crops, viz., rice and  w heat, ov e r the  years, the  dependence on rice and  w heat 
has increased  considerab ly . T herefore, any fac to r that w ou ld  in fluence  the  productiv ity  through c lim atic  change 
w ould  affec t the  food  security  o f  the  N ation , as bo th  these crops are  sensitive  to tem peratu re  variations.

Conclusions
T here  are  som e indications that though Ind ia  as a  w hole  does not exhib it significant im pacts o f  clim ate 

change, on a  regional basis, there have been  som e changes w ith respect to m oisture and therm al regim es w hich have 
significant in fluence on  the agriculture and food  security  o f  the country. F o r the current scenario, the clim ate 
variability  is o f  im m ediate concern. T here is a need  to analyse the  available evidences o f  clim ate change and 
variability  m ore critically  to  identify the  specific regions, w here such changes are causing h indrance to  enhance 
agricultural productivity and posing a threat to food security. R esults from  these can help  in p lanning  am eliorative 
m easures that can b e  adopted to attain sustainability  in agricultural production. Som e o f  the possib le  research  
priorities on  the follow ing w ould be given priority  to  cope up  w ith  the clim ate change. Several experts have 
identified research areas that w ould reduce uncertainty and im prove know ledge to face the consequences o f  clim ate 
change and provide im proved planning. T he follow ing are  som e o f  the points fo r consideration.

n Q uantitative assessm ent o f  specific  crop  responses at d ifferen t c rop  stages to enhanced  leve ls  o f  G H G , 
p rec ip ita tion  and  U V -B  radiation. 

n B reed ing  agricu ltural crops for to lerance to  h ig h  tem peratures.
D N ew  area  that is  made, availab le  fo r  ag ricu ltu re  i s to  be properly  ca tegorized  and  m apped  to  avo id  chances

o f  in appropria te  land-use choices. '
0 P robab ilities o f  occurrence  o f  ex trem e w eather events (droughts &  floods) and  th e ir  im pacts o n  plan t 

g row th. '
0 T he im pacts o f  e levated  C 0 2 on  plan t so il-w a te r balances and the correspond ing  c rop  g row th  shou ld  be 

linked.
0 W ater balance  fo r d rought o r flood  prone reg ions in d ifferen t parts o f  the  w orld  fo r chang ing  c lim atic  

cond itions.
3 T he quality  o f  g lo ba l'm odeling  pro jections is fu rther im proved  w ith su itab le  m odifica tions in  the g lobal 

c ircu la tion  m odels.

D T he databases fo r all the param eters need  to b e  strengthened.
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More efficient plants in a C02 enriched future world: there is more than what 
meets the eyes

James Jacob 
Deputy 'Director, Division o f Plant Physiology 
Rubber Research Institute o f India, Kottayam

Rising concentration of CO, in the atmosphere: the prognosis

A tm ospheric  C O , concen tra tions (C a) have b een  rising since the beg inn ing  o f  the  industrial revo lu tion  
and  this has perhaps con tribu ted  the  m ost to  g lobal w arm ing  and c lim ate changes. F o r  several thousands o f  years 
p rio r to  the  industrial revo lu tion , C a rem ained  around 2 7 0  ppm . B etw een  1850 and  1998, the gross em ission  o f  
C 0 2 in to  the a tm osphere has been  about 405 P g (IP C C ,2 0 0 0 ), sufficient to  raise its concentration in the atm osphere 
by about 190 ppm . Today, C a  is a round  372  ppm  (Prentice et al., 2001) suggesting  that approxim ately  187 P g  o f 
C O , has b een  refixed  in to 'te rrestria l and oceanic ecosystem s from  the a tm osphere  during  the above period . O ut 
o f the approx im ate ly  100 p pm  rise  in  C O ,C a  that has occurred  betw een  1850-1998 (roughly  @ 0.67  p p m /year), 
a lm ost 60  ppm  rise has occurred  in  the  second  h a lf  o f  the 20Lh century  alone (see F ig  1) suggesting  a h ig h e r rate  
o f C O , bu ildup  in the a tm osphere  (@ 1.2  ppm /year) du ring  th is period.

T he 1980s and  1990s saw  even  g rea te r rate  o f  increase in  C a largely due to increased  fossil fuel 
com bustion  and cem ent m anufacture w hich  together re leased  rough ly  5 .4  Pg  C /year in the 1980s and  6.3 P g  Cl 
yea r iti the 1990s. D uring  this period , land  use change, m ostly  defo resta tion  and conversion  o f  pastu res in to  
agricultural lands' re leased  n early  1.6 Pg C /year. E stim ates show  that a fter accoun ting  fo r terrestrial and aquatic  
sequestration, a net am ount o f  abou t 3.3 Pg C w as sto red  in  the  a tm osphere  every  y e a r (equivalen t to  an increase  
o f  nearly  1.6 pp m  C O ^ y ear) du ring  the  1980s and  1990s (D ixon  et al., 1994; W atson et al, 2000). T hus, the 
an thropogenic addition  o f  C 0 2 into the  atm osphere is increasing  at an  increasing  rate , and th is can  h ave serious 
environm ental consequences in  term s o f  g lobal w arm ing  a n d  o th e r c lim atic  e ffec ts such  as droughts, floods etc.

' '  It is in d ica ted  that at the presen t rate  o f  C O , em ission , its concen tra tion  in the a tm osphere  w ou ld  go 
upto  800-1000 ppm  by  the tu rn  o f  the  cu rren t cen tu ry  i f  no efforts are  m ade to  reduce em ission  and  increase  its 
sequestration  from  the  atm osphere. S ince 1970, the m ean global tem perature  has gone up  by m ore  than  0.5 °C  
(G ISS, 2004; T able  1) w hich  is ex trem ely  sign ifican t at the  g lobal scale . C lose to 90%  o f  the w orld  com m ercia l 
energy production  is from  fo ssil-based  fuels (R aven and Berg, 2001; T ab le  2) and th is trend  is likely  to continue. 
T he continued  large dependence on fossil-based  fuels coupled  w ith increased  rate  o f  d e fo re s ta tio n  still o ccu r
ring  in malny parts o f  the  w orld  w ill fu rther increase the  C a unless effective  m itigation efforts are taken. A 
doubling  o f  C a could  ra ise  the  m ean tem perature o f  the  earth ’s surface by 1.5 to  4.5°C, but due the  uncertain ties 
in the  estim ates, this could  be low er than  1.5°C o r h igher than  4.5°C (M ahlm an, 1997). To keep global w arm ing  
to  less than 2°C, we need  to lim it C O , to  below  550  ppm  in the  atm osphere, w hich  is rough ly  tw ice the p re
industrial level. ■

In a country  like ours that depends so m uch on ra in -fed  agricu lture, the adverse im pact o f  g lobal 
w arm ing  resu lting  from  increased  concen tra tions o f  C 0 2  and  o th e r green  house  gases (G H G s) in the  a tm os
phere  can be  particu larly  hard , especia lly  on  the agrarian  rural p o o r and the socia lly  and econom ically  w eaker
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sections o f  the  society . O ne im m ediate and  direct consequence o f  th is w ou ld  b e  increased  dem and  fo r  w ater, a 
resou rce  that is fast becom ing  scarce  as a resu lt o f  G H G -forced  clim ate changes. - -

W h a t d o es  e lev a ted  a tm o sp h e r ic  C 0 2m e a n  to  p la n ts ?

T oday’s terrestrial vegeta tion  is exposed  to  an e levated  C a  that has not been experienced  by  p lan ts for 
several m illions o f  years  (Pearson  and Palm er, 2000). U nderstanding  how  p lan ts respond  and  adapt to such  a 
d ram atic  and  sudden  increase in C a  u np receden ted  in the evolu tionary  history  o f  the p lan ts is critical. Several 
stud ies have b een  m ade in  g lasshouses, con tro l env ironm enta l cham bers and  open  fie lds on  the  sho rt an d  long  
term  effects o f  elevated  C a on native and cu ltiva ted  plan t species (See rev iew s by  D ev ak u m ar and  Jacob , 1997; 
D rake et al, 1997; Jacob  et a l, 2001; L ong  et a l, 2004 , N orby  et ai., 1999). T h is artic le  is an attem pt to 
sum m arize the  resu lts  o f  som e o f  these studies w ith  particu lar em phasis on water, n itrogen  and  ligh t use e fficiencies 
(Table 3) and  the resu lting  consequences.

P lan ts  respond  to am bient C 0 2 concen tra tion  through the  p rocesses o f  pho tosyn thesis , resp ira tion  and 
transp iration . S tom ata , be ing  the fac ilita to r o f  C 0 2, 0 2 and w ater vapo r fluxes be tw een  le a f  and  the  am bient 
a tm osphere  play an im portan t ro le  in  these  processes.

P h o to sy n th e s is

U nder norm al am bient cond itions o f  C a, gs regula tes the flux o f  C 0 2 from  a ir  in to  le a f  in te rce llu la r 
spaces in  relation  to  the  C 0 2 concen tra tion  g rad ien t ex isting  betw een  the am bient a tm osphere  and le a f  in tercel
lu lar spaces (C i) and the m esophy ll capacity  to u tilize C 0 2 in the  pho tosynthetic  reduction  p rocess in  such  a w ay 
that the  ratio  o f  Ci to  C a  is genera lly  m ain ta ined  at abou t 0 .7. In m ost o f  the  stud ies th is ra tio  d id no t change  as 
C a w as increased  a lthough gs reduced  in  response  to  increasing  C a (D rake et al., 1997). T hus reduced  gs does 
not appear to lim it the  supply  o f  C 0 2 fo r pho tosyn thesis in the m esophyll cells.

_ L e a f  pho tosyn thesis ra te  d irectly  responds to  changes in C i (Jacob  et al, 1995). In genera l, C 3 p lan t 
show s m ore response  than  C fl and  C A M  p lan ts. In the curren t levels o f  C a, C 3 pho tosyn thesis is  C 0 2 lim ited. This 
is because  the  p rim ary  carboxylaze  enzym e in C 3 p lan ts, R ub isco  has a low  affin ity  fo r  C 0 2 and  all its reaction  
sites are  not sa tu ra ted  w ith  C 0 2. O xygen  com petes w ith  C 0 2 to bind  w ith  R ub isco  resu lting  in pho to resp ira tion  
and thus decreasing  the  net rate  o f  pho to syn the tic  C 0 2 assim ilation. '

T a b le  1. M ean  global tem peratu re , 1970 to 1998 (G ISS , 2004)

"Year T em p  ( ”C) Y ear T em p  ( °C) Y ear T em p  ( °C)

1970 14.02 1980 14.18 1990 14.40
1971 13.93 1981 14.30 1991 14.36
1972 14.01 1982 14.09 1992 14.11
1973 14.11 1983 14.28 1993 14.12
1974 13.92 1984 14.13 1994 14.21
1975 13.94 1985 14.10 1995 14.38
1976 13.81 1986 14.16 1996 14.32
1977 14.11 1987 14.28 1997 14.40
1978 14.04 1988 14.32 1998 14.57

1979 14.08 1989 14.24
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T kble 2 . Percentage o f  w orld  com m ercial energy production (1997) from  various sources

S ource P ercen tage  o f  the to tal energy  generated
O il .39  .
Coal , 2 4  '
N atural G as . 22
H ydroelectric 7 '
N uclear 6 ■
A lternatives <1

At high  C a, R ub isco  becom es m ore  sa tura ted  w ith  C O , and  thus it w ill function  m ore  as a ca rboxy lase
than as an  oxygenaze. T h is results in  substantial increase  in net C O , assim ila tion  w ith  increase in C a. In m ost
studies w ith annual and perennia l species ■bo th  cu ltivated  and  native vegeta tion  - elevated  C a increased  photo-
synthesis substan tia lly  com pared  w ith  the  rate  o f  p lan t g row n in norm al am bien t C a (L ong et a l,  2004).

A n increase  in  C a  is associa ted  w ith  g lobal w arm ing . R educed  transp ira tion  rates also w ould  increase
le a f  tem perature as C a  increases. R ubisco  functions m ore  as an oxygenase  than as a  carboxy lase  as the  tem p era 
ture increases (L ong et aL, 2004). A s tem perature  increases, R ub isco  looses its affin ity  fo r  C 0 2 re la tive  to
oxygen . In addition, availab ility  o f  C 0 2 to R ubisco  also  declines com pared  to oxygen  b ecause o f  g rea te r red u c 
tion o f  so lubility  in  C 0 2 relative that o f  oxygen  a t w arm er tem perature. T hus at h igher tem peratures, re la tive  to
C 0 2 m ore 0 2 becom es availab le  at R ubisco . H ow ever, w hen  C a  is increased , th is  is reversed  and  hence a  g rea te r
inhib ition  in pho to resp ira tion  leading to a g reater stim u la tion  in  net C O  is observed  at w arm er than  at coo ler
tem peratures (Table 4).

T ab le  3 . L ong-term  effects o f  continuous exposure to e levated  C O , in a w etland ecosystem  dom ina ted  b y
Sciipus olneyi, a  C 3 sedge

S ing le  le a f  level % c h a n g e  c o m p a re d  to  n o rm a l  a m b ie n t C 0 2

Pho tosyn thesis + 2 0  to 100
C arbohydrates . + 25  to 5 0
Soluble P ro teins -40  to  52
R ubisco -30  to  55
T issue N  con ten t -18
N itrogen  U se E fficiency + 60  to  80
R espiration  E cosystem  level -30
P ho tosyn thesis +40
R espira tion -45
E vapotransp iration -20
W ater U se E ffic iency +79
Shoots &  leaves + 12  to 15
R oots +40
Insects &  Fung i -30
D ecom position ■ -22

. Soil invertebrates ■ + 25  to 100
Soil C  - ' +5

38



Table 4. Extent of elevated C 02 stimulated leaf photosynthetic rates at 30°C and 10°C

S pecies M e a su re m e n t T e m p e ra tu re  10° C M e a s u re m e n t  T e m p e ra tu re  30" C

C O = 3 5 0
ppm

C O = 7 0 0  ' 
ppm

% increase C O = 3 5 0
ppm

C 0 2= 700
ppm

%
increase

S cirpus 5.5 (1.1) 6.9 (1.8) 25 14.3 (2.1) 24 .5  (2.9) 71
S crub oak 2.5 (0.8) 3 .4  (1.1) 36 8.6 (1 .7) 14.5 (2.1) 69
H evea .3 .4  (1.2) 4 .1 (0.9) 21 11.5 (2.9) 18.7 (3.7) 63
S unflow er 13.7(2.2) 16.7 (3 .9) 22 23.5  (3.2) 35 .8  (4.1) 52
W heat 14.4 (2.9) 17.1 (3 .4) 26 21.5  (2.8) 32 .4  (3.7) 51

It is o ften  seen that the initial stim ulation in photosynthesis due to  rising C a is  not sustained in the longer 
tum . How ever, the photosynthetic  rates m easured at elevated C a rem ain h igher than that m easured at norm al Ca. 
A cclim ation o f  photosynthesis to elevated C a in the long term  in associated  w ith  increased concentrations o f  
carbohydrates, decreased  contents o f  total soluble proteins, especially  R ubisco, (Jacob et al.,) restricted  routing 
volum e, lim iting nutrient supply etc. In m ost studies the total n itrogen conten t decreases resulting from  decreased 
protein content (D rake et al., 1997; D evakum ar and Jacob, 1997; Jacob  etal., 1995 ,2001). G iven  that there w as no 
com pensatory  decrease  in L A I, stim ula tion  in net C 0 2 assim ila tion  rate  at the  un it le a f  a rea  leads to  increased  
total canopy photosynthesis increases under elevated  C a (D rake et al, 1997).

U nder natural conditions, light lim ited photosynthesis plays an im portant role in the total carbon budget 
o f  the plant. In  forest under-grow th and crop canopies w ith  h igh LA I, low  ligh t photosynthesis is highly significant. 
T he m axim um  quantum  yield o f  photosynthesis, defined as the slope o f  the response o f  photosynthesis to light 
(when the net C 0 2 assim ilation starts to becom e positive), is constant in all C 3 terrestrial plants (N ie et al., 1993). 
E levated C a increases photosynthetic  light use efficiency. The increase in photosynthetic  light use efficiency w ould 
result in large increase in net photosynthesis by leaves grow ing under light lim ited conditions etc.

Transpiration

A s the  am bien t C 0 2 concen tra tion  increases s tom ata  tend to c lose  lead ing  to  a reduction  in stom atal 
conductance (gs). F rom  m ore  than 40  observations covering  about 30  species gs show ed  an average reduc tion  
by  20%  (D rake et a l, 1997). S tom atal responses to  increasing  C a  have b een  h igh ly  variab le  and in som e cases 
no response  w as observed  in  the  case  o f  tree seed lings (C urtis, 1996).

A  reduction  in gs w ill certa in ly  reduce le a f  transp iration  rates on a un it le a f  area basis. T h is w ill lead 
to reduced  c rop  transp irational loss from  a unit land area p rov ided  e levated  C a d oes not stim ulate  increased  lea f 
area production. L ong-term  exposu re  to e levated  C a  does not resu lt in any substan tia l increase  in LA I (D rake et 
a l, 1997). Thus the  reduced gs lead  to reduced  w ater consum ption  b y  the c rop  as the  C a  increased . R educed  lea f 
transp ira tion  causes w arm ing  o f  the leaves w hich  can h ave sign ifican t effec ts on le a f  m etabo lism  independent o f  
the  d irec t effects o f  an e levated  Ca.

Dark respiration

A s C a  increases dark  resp ira tion  decreases w ith in  m inutes. T h is  reduction  has been  about 2 0%  for a 
doubling  o f  the a tm ospheric  C a  (D rake el a l, 1997). Tw o key  en zym es o f  the m itochondria] e lec tron  transport 
chain  nam ely cy tochrom e C  ox idase  and succinate dehydrogenase are  severely  inh ib ited  at elevated  C a  (G onzalez
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-M e ie r  et a i,  1997) irrespective  o f  the  type  o f  the tissue . B u t alternative  ox idase  is n o t a ffec ted  b y  e lev a ted  C a. 
T he reduced  resp ira tion  observed  at sing le  lea f level re flec ts a t the  ecosystem  level as  w ell.

More efficient plants: the consequences

Plants b ecom e m ore efficient in using water, n itrogen and  light w hen grow n a t elevated C a. A lm o st a ll o f  
the studies show  that e levated C a resulted in greater carbon assim ilation per unit am ount o f  water, tissue  n itrogen  
content and  am ount o f  absorbed  light. Instantaneous w ater use efficiency (W U E) is defined as the ratio  o f  n e t C 0 2 
assim ilation ra te  to  transpiration rate at the  lea f level at any g iven  tim e. Increase in C a  increases the instantaneous 
W U E . S tom ata  m ay  acclim ate over a long period o f  exposure to elevated Ca, bu t the persistent stim ulation  in  net 
C 0 2 assim ilation coupled w ith no increases in L A I ensures that the  cum ulative W U E  o f the c rop  for the  en tire  c rop  
g row th period  also increases w ith  exposure to elevated Ca. S tim ulation in photosynthesis a t low  ligh t levels ensures 
increased light use efficiency as C a increases. M ain tenance o f  h igh  rates o f  C 0 2 assim ilation w ith  low  tissue p ro te in  
content indicates h igh  nitrogen use efficiency in  p lants exposed  to  elevated Ca.

Increased 'effic iency  o f  w ater, n itrogen  a n d  ligh t use by  p lan ts is possib le  only d u e  to con tinued  s tim u 
la tion  in  the  net C 0 2 assim ila tion  rate  at e levated  C a. T his is la rgely  d ue to  inhib ition  in p h o to resp ira tion .w h ich  
is  generally  regarded  as  a  “w astefu l” process, bu t th a t m ay  no t b e  so  a lw ays. F o r exam p le , in  p lan ts  experienc ing  
env ironm enta l stresses such  as drought; co ld  etc. co n com itan t w ith  h igh  ligh t, pho to resp ira tion  p rov ides a  safe  
vent fo r  the  excess energy  trapped  in  the pho tosyn thetic  appara tus that cannot b e  u tilized  effec tively  due  to 
im paired  C alv in  cyc le  ac tiv ity  (K ozaki and Takeba, 1996). E ven  un d er non-stressfu l cond itions, n itra te  a ssim i
lation and  am ino  ac id  m etabo lism  are  tightly  coup led  to  photoresp iration  (R achm ilevitch  et. al., 2004). T here
fore, im paired  n itra te  m etabo lism  resu lting  from  inhib ited  pho to resp ira tion  m ay be responsib le  for the  red u ced  
p ro te in  con ten t in  the  le a v e s 'o f  p lants g row n at e levated  C a. W ill long-term  acclim ation  in the  p ro te in  m etabo 
lism  associa ted  w ith  inh ib ited  photoresp iration  negate  the  s tim ula to ry  effects o f  elevated  C a  on  pho to syn thesis?  
It is  d ifficu lt to  p red ic t the long-term  consequences o f  such  an acclam atory  m echanism  on  the  p ro te in  m etabo
lism  and  its im pact o n  pho tosyn thesis o f  p lan ts exposed  to e lev a ted  C a  perm anently  as w ould b e  case  i n the  years 
ahead. In  add ition  to affec ting  its physio logical perfo rm ance, the  reduced  protein  sta tus o f  the  p lan t m ay  a lso  
have several env ironm enta l consequences such  as reduced  nu trien t value affecting  tissue  decom position  and  
graz ing  by  insects an d  herb ivores (D rake et a i, 1997). .
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1. Introduction

G lobally, 32403 m  km  fresh  w ater is be ing  u tilized , out o f this 69%  is being  used  in  ag ricu ltu re  sector, 
8%  in dom estic , 2 3%  in industria l and  o ther sectors. In In d ia  around 88%  w a te r is be ing  u sed  in agricu lture 
sector, w h ich  covers a round  80  m  h a  a rea  under irrigation . D ue to the  libera lisa tion  o f  in dustria l p o lic ies  and  
o th e r developm enta l ac tiv ities, the dem and for w ate r in  in dustria l and  dom estic  sectors is increasing  day  by  day, 
w h ich  forces to reduce  the percen tage  a rea  u n d e r irrigation . E xpec ted  annual w a te r d em an d  b y  various secto rs in 
the  y ea r 2025  is g iven  in F ig .la . T h e  cu rren t irrigated  a rea  o f  around  38%  o f  total cu ltiva ted  area. T h e  grow ing 
dem and  from  the popu la tion  calls fo r m ore  e ffo rts to enhance  agricu ltural p roduc tion  activ ity  covering  cereal, 
m illets, o ilseeds and  horticu ltural crops (A lam  and K um ar, 2001).

S usta inab le  developm ent o f  land  and  w ater resources is very im portan t fo r  a co un try  like In d ia  w hich 
shares 16%  o f  the  global population  w ith on ly  2 .4%  o f  land  and 4%  o f  w ater resources. E ffo rts w ere therefore 
m ade  to develop  irrigation  potential during the  P lan  periods. H ow ever, s im ultaneously  e ffo rts w ere no t m ade to 
u tilise  irrigation  w a te r m ore efficiently. T he conven tional system  o f  irrigation  em p loy ing  d iffe ren t m ethods like 
flooding , furrow , bo rd e r irrigation  rev o lved  around  the co ncep t o f  rep len ish ing  the m o istu re  level to full F ie ld  
C apacity  (FC ) on ly  a fter d ep le tion  by 50%  to 60%  o f  FC. T he  system  d id  not perm it the  re stric tin g  o f  irrigation  
on ly  to m eet the  requ irem en t o f  the roo t zone, thus leading to excessive  perco la tion  and  o th e r losses. It, there
fore, resu lted  in p rob lem s like w a te r logg ing , soil sa lin ity  and  even  drough t like cond itions in  ta il en d s o f  the  
system . T hese  cond itions have crea ted  the  low  p roductiv ity  levels o f  2-3 t/ha in irriga ted  ag ricu ltu re  aga in st 4 
6  t/h a  a t research  levels. A lso , the overall e ffic iency  o f  the  system  ranged  be tw een  25% -40% . T o m eet the food 
security , incom e and  nutritional needs o f  the p ro jec ted  popu la tion  in 2010  the food  p ro duction  in  the  country  
w ill have to  b e  a lm ost doubled . Thus, ju d ic io u s  use  o f  irrigation  w ater is m ore  im portan t to  enhance  total 
p roduction  and  a rea  under irrigated  ag ricu ltu re  (C hauhan , 2002). It can be  ach ieved  by in troduc ing  advance 
m ethod  o f irrigation  like m icro-irrigation  coupled  w ith o ther im proved  w ater m anagem ent p ractices (Ja in , 2001).

T here has been  a great deal o f  in tensive  and serious thought about the lim ited  availab ility  o f  ea rth ’s 
fresh w ater resources and m anagem ent since  the 1992 International C onference  on  W ater and  the E nv ironm en t 
in  D ub lin  and the June 1992 U nited  N ations C onference  on  E nv ironm en t and  D evelopm ent in  R io  d e  Janerio . 
T h is has b rought out w orldw ide reform s in the  w ater sector. The A genda 21 o f the C onference says: “Sustainability 
o f food production increasingly depends on sound and efficient water use and conservation practices consisting 
primarily o f irrigation development and management with respect agriculture, livestock water supply, inland 
fisheries and agro forestry. Achieving food security is a high priority in many countries including India, and 
agriculture must not only provide food fo r  rising population, but also save water fo r  other uses. The challenge 
is to develop and supply water saving technology and management methods and, through capacity building 
enable farming communities to adopt new approaches in irrigated agriculture ”.
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2, Micro irrigation system

M icro-irrigation  sy stem  is a n  irrigation  system  w ith  h ig h  frequency  app lica tion  o f  w ater in and  around  
the ro o t zone o f  p lan t system . T he  m icro -irrigation  system  consists o f  a  n e tw ork  o f  p ipes along  w ith  a su itab le  
em itting  device. M icro  irrigation  is based  on  the fundam ental concep t o f  irrigating  o n ly  the roo t zone o f  the c rop  
ra ther than  the en tire  land  surface, as d one  during surface irrigation . M icro  irrigation  system  is know n to  b e  ab le  
to  achieve high  w ater use efficiency, and also  results in  im proved  crop  y ie ld  (Patel and R ajpu t, 2003a). In 
trad itional type  o f  surface irrigation , h uge  a m o u n to f  w ater is lo st th rough  seepage and  conveyance o f  w a te r 
from  the  source to field. This loss  can  b e  avoided  to a  g reater ex ten t by  adopting  m icro  irrigation. In conven tional 
irrigation  m ethods, the p lan ts are stressed  for a good  part o f  irrigation  in te rva l from  the desirab le  w a te r reg im e 
o f  field  capacity  o f  roo t zone (S ivanappan  and Padm akum ari, 1980). On the  o ther hand, m icro  irrigation  system  
allows frequent application  o f  sm all quan tities o f  w ater, w hich u ltim ately  prov ides a  nearly  constant low -tension  
soil w ater condition in  the m ajo r portion  o f  the roo t zone.

K eeping these  factors in view , m ajo r em phasis has been  laid, since  the V III P lan, on im prov ing  w ater 
use efficiency by  p rom oting  m icro  irriga tion  in  the  country  (F ig. 1). T he total cropped  area su itab le  fo r m icro  
irrigation  in  the  country  is to  the  tune o f  27  m illion  h a  (Table I). T h is techno logy  has been  p reva len t in  deve l
oped  countries like U SA , Israel etc. M icro  irrigation  has h ig h  w a te r use effic iency  and  can  save w ater up  to 70%  
as com pared  to conventional m ethods. M oreover, effective use o f  m icro  irrigation  system  can  m ake  even  w a te r 
scarce areas bloom . H orticu ltural crops in particu lar benefit th e  m ost from  m icro  irrigation  and w ith th is fac ility  
can be cu ltivated  p rofitab ly  even  in m arg ina lly  productive  lands (Singh, 2001). M icro  irrigation  not on ly  m akes 
such lands productive bu t also  env ironm entally  beneficial. It can  help  in arresting  soil erosion  and o ther types o f  
degradation. The efforts o f  G O I in  prom otion o f  m icro irrigation have resulted  in bring ing  about three lakh ha 
under m icro irrigation (Table 1). It is estim ated that in  all, about 4.5 lakh  ha  has been covered under m icro irriga
tion, w hich includes the 3.5 lakh  h a  covered  u nder G O I sc h e m e s .

Comparison of micro irrigation system over conventional systems of irrigation
M icro irrigation  sy s tem  has a  n um ber o f  advan tages o ver the conventional irrigation  m ethods like  

border, check  basin , fu rrow  o r surge irrigation . T he fo llow ing  table show s som e o f  the im portan t po in ts  o f  
d ifference betw een  tw o m ethods o f  irrigation.

F ig . 1. C overage o f  a rea  under m icro  irrigation  in Ind ia
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P e rfo rm a n c e
in d ic a to r

C o n v e n tio n a l i r r ig a t io n  M e th o d s M ic ro  i r r ig a t io n  m e th o d

W ater sav ing W astefu l o f  w ater, losses occu r due 
to perco la tion , ru n o ff and  evaporation  
perco la tion  losses are nil o r  neg lig ib le

40-100%  o f  w a te r can  be saved  over 
flood  m ethod . R u n o ff  and  deep

W ater use efficiency 30-50% , because losses are very high 90-95%

L ab o u r use L ab o u r eng ag ed  p er irrigation  is h igh L ab o u r is  req u ired  only  to start o r s top  
the system

W eed prob lem W eed infestation  is very  h igh  
due to less w etting  o f  soil

W eed in festa tion  is very  less o r alm ost n il

U se  o f  saline w ater C oncen tra tion  o f  salts increases and  
adverse ly  a ffec ts the p lan t grow th. 
S a line  w a te r can  not be used  for 

irrigation

F req u en t irriga tion  keeps the  salt 
concen tra tion  w ith in  roo t zone soil below  
harm fu l level

D isease  and pest 
problem s

H igh R ela tive ly  less becau se  o f  less 
a tm ospherichum id ity

Suitab ility  under 
physical soil 
constrain ts

D eep  p erco la tion  is m ore  in ligh t soil 
and w ith  lim ited  soil depths.
R u n o ff  loss is m ore  in  heavy  soil.

Su itab le  un d er various so il physical 
constra in ts as flow  ra te  can  be 
con tro lled .

W ater control Inadequate Very p rec ise  and  easy

E fficiency o f 
fertilizer use

E ffic iency  is low  because  o f heavy  
losses due to leach ing  and ru n o ff

Very h ig h  due  to  red u ced  loss o f  nu trients 
th rough  leach ing  and  ru n o ff w ate r

Soil erosion Soil erosion  is h igh because  o f  large 
stream  sizes u sed  for irrigation.

Partia l and co n tro lled  w etting  o f  soil surface 
e lim inates any possib ility  o f  soil erosion

C rop  y ie ld N on-un ifo rm ity  o f  availab le  m oisture  
reduce the  crop  y ie ld

F requen t w atering  e lim inates m oistu re  stress 
and  y ie ld  can  b e  in creased  up  to 20-100%  
as com pared  to flood  m ethod

3 . A d v a n ta g e s  o f m ic ro  i r r ig a t io n  sy s tem

i. M o d if ic a tio n  o f c ro p  g e o m e try  to  re d u c e  sy s tem  cost
M icro  irrigation  is designed  to irriga te  a lim ited  p art o f  land  con ta in ing  p lan t roo ts only. It encourages 

the  sc ien tists  to  investigate  d ifferen t p lan ting  arrangem ents for m ax im izing  the  crop  y ie lds and reducing  system  
cost (R ajpu t and Patel, 2001). D ifferen t investigations carried  out at d iffe ren t research  cen tres th roughou t Ind ia  
has brought out the effect o f  cro p  geom etry  on the y ie ld  and w ater sav ing  and  is dep ic ted  in the Table 2.

ii. M ic ro - ir r ig a tio n  w ith  P o o r  Q u a lity  W a te r
The adoption  o f  p o o r quality  w a te r in ag ricu ltu re  w ith  trad itional irrigation  practices causes serious 

p rob lem s o f  salt accum ulation . W ith  the  g reater dem and  fo r ag ricu ltu ra l p roduction  and  w ith  the  n eed  to u tilise  
w orld ’s non-saline  w ater resources fo r d irec t hum an  consum ption , the n eed  to u se  sa line  w a te r for irrigation  has 
becom e the need  o f  the  day. S tud ies h ave  show n large y ie ld  increases in  vege tab le  crops w hen  sa line  w a te r w as 
used  w ith  m icro -irrigation  sy stem  (EC o f  3m m hos p er cm ). In one  o f  the  study, it w as found  that the total pepper 
yield  w as reduced  by  about 14%  w ith  the u se  o f  sa line  w a te r w ith  m icro -irriga tion  system  w hereas under furrow  
and sprink ler irrigation  the  y ie ld s w ere reduced  up to 94  %.

47



Table 1. Theoretical potential for micro irrigation (area in Million ha)

C ro p  • T o ta l a re a A re a  su ita b le  fo r  m ic ro  ir r ig a tio n

C ereals and m illets 100.40 00.00
Pulses 22.50 00.00
Sugarcane . 4.10 4.10
C ondim ents and spices 2 .19 1.40
Fruits 3 .40 3.40
Vegetables 5 .30 5.30
Coconut 1.90 1.90
Oilseeds 26.20 1.90
C otton 9 .00 9.00
Others 1.40 00.00

T ota l 176.39 27.00

T ab le  2 . E ffe c t o f  c ro p  g e o m e try  o n  y ie ld  a n d  w a te r  sa v in g

C ro p L o c a tio n R e c o m m e n d e d  ro w  to  ro w  
a n d  p la n t  to  p la n t  sp a c in g

%  In c re a se  
in  y ield

%  W a te r  
sav in g

O kra D elhi 30 cm  x  15 cm 66 71
Tom ato D elhi 40  cm  x 40  cm 81 54
B anana C oim batore 2m  x 4m 70 -

P ea Solan 20  c m x l l . 5  cm 80 -

C abbage H yderabad 20 cm  x 72 cm 50 50
C hilli C oim bato re 20 cm  x  72 cm 50 50
S ugarcane N avsari 60 cm  x 120 cm 17 46

M icro -irrigated  p lan ts using saline w ater respond  d ifferen tly  fo r  d ifferen t species and  levels o f  salinity. U nder 
m icro-irrigation , sa lts  m ove in  soil accord ing  to the  flux  o f  w a te r i.e. sa lts  accum ulate  at the surface w here 
evaporation  occurs. T he repeated  w ater rep len ishm ents create  a con tinuous flush ing  action  in sm all soil vol
um es .R o o ts  concentrate  in the w etted  regions o f  lo w e r sa lt con ten t. T hus m icro-irrigation  should  be  designed  to 
m ain ta in  a sufficiently  large leached soil volum e to  perm it adequate  roo t developm ent w hile m in im ising  roo t 
contact w ith h igh ly  saline condition  (Table 3).

T ab le  3 . E ffec t o f  s a lin ity  o n  r a d is h  a n d  p o ta to

M e th o d  o f  ir r ig a t io n R a d ish P o ta to
EC  (dS/m ) 6.5 4.0

Y ield (t/ha) W U E Y ield (t/ha) W U E
Surface 15.7 17.5 30.5 93.5
D rip 23.6 26 .2 20.8 78.5
R idge-furrow 9.9 8.7 19.2 53 .6  ■

48



iii. Effect of micro irrigation and mulching on crop yield and water saying
The p lastic  m ulch ing  perform ance w as evaluated  on the horticu ltu ra l crops like banana, k innow , lem on, 

p ineapple, co locasia , g inger, tu rm eric , b rin ja l, chilli, tom ato, ok ra , cabbage, cau liflow er, coconu t e tc  (T iw ari et 
al., 1998 and S rivastava  et a t,  1994). T rials have also been  conducted  o n  low  tunnel cu ltivation , particu la rly  on 
aspects like yea r round  cu ltiva tion  o f  m ushroom , ra is ing  o f  seed lings and  ro o t cuttings, ra is ing  so ftw ood  cu ttings 
o f  flow ers like carna tion  and roo ting  o f  ja sm in e . T he sum m ary  resu lts o f  som e o f  the  studies conducted  o n  m icro  
irrigation  is g iven  in the Table 4  (A nonym ous, 2001).

Table 4, Result of Studies on micro irrigation

C ro p Y ield (q/ha) I r r ig a t io n  (cm ) W U E  (q /ha-cm ) A d v a n ta g e s  o f  m ic ro  
i r r ig a t io n  (% )

S u rfa c e M ic ro S u rfa c e M ic ro S u rfa c e M ic ro S av in g In c re a se  in  y ield

Beet 5.7 8.9 86.0 18.0 0.07 0.5 79.1 56.1
B itter G ourd 32 .0 4 3 .0 76.0 33 .0 0 .42 1.3 56.6 34 .4
Brinjal 91 .0 148.0 168.0 64.0 0.55 2.3 61.9 62 .6
B roccoli 140.0 195.0 70.0 60.0 2 .00 3.2 14.3 39.3
C auliflow er 171.0 274 .0 27 .0 18.0 63 .0 15.2 33.3 60.2
Chilly 42.3 60.9 109.0 41 .7 0.39 . 1.5 61.7 44 .0
C ucum ber 155.0 225.0 54 .0 24.0 2.90 9.4 55 .6 45 .2
L ad y ’s F inger 100.0 113.1 53.5 8.6 1.87 13.2 84.0 13.1
O nion 284 .0 ' 342.0 52.0 26 .0 5.50 13.2 50.0 20 .4
Potato 172.0 291.0 60.0 27.5 2.90 10.6 54.2 69.2
R adish 10.5 11.9 46 .0 11.0 0.23 1.1 76.1 13.3
Sw eet Potato 42 .4 58.9 63.0 25 .0 0.67 2 .4 60.3 38.9
Tom ato 61.8 88.7 49.8 10.7 1.24 8.2 78.5 43.5
B anana 575.0 875.0 176.0 97.0 3.27 9.0 45 .0 52.2
G rapes 264 .0 325.0 53.0 28 .0 5.00 11.6 47.2 23.1
P apaya 130.0 230 .0 228 .0 73.0 0 .60 3.2 67.9 76.9
P om egranate 34.0 67.0 21 .0 16.0 ' 1.62 4.2 23.8 97.0
W ater M elon 82.1 504.0 72 .0 25.0 5 .90 20.2 65.3 513.9

4, Fertigation

F ertilizer application  th rough  the m icro  irrigation  system  i.e. fertigation  is the m ost advanced  and 
efficient p ractice o f  fertiliza tion . F ertigation  com bines the tw o  m ain  fac to rs  in p lan t g row th and developm ent, 
w ater and nutrients. T he  r igh t com bination  o f  w a te r and  n u trien ts is the  key  fo r  h igh  y ie ld  and  quality  o f  p roduce. 
Fertigation  is the m ost efficien t m ethod  o f  fertilizer app lica tion , as it ensu res app lica tion  o f  the  fertilizers d irectly  
to  the  plant roo ts (R ajput and P ate l, 2002). In fertiga tion , fe rtilize r app lica tion  is m ade in sm all and frequent 
doses that fit w ithin schedu led  irrigation  in tervals m atch ing  the p lan t w ater use to avoid  leaching . S ign ifican t 
savings in  the  use o f  fe rtilizers and  increase  in y ie ld  (Table 5) have b een  repo rted  by  d ifferen t research  w orkers 
(A nonym ous, 2001; H ayness, 1988 and  P ate l and R ajput, 2003b).
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Table 5. Savings in fertilizer and increase in crop yield under fertigation as compared to conventional method

C ro p  S av in g  in  fe r t i l iz e r  (% ) In c re a se  in  y ie ld  (% )

O kra 4 0 18
O nion 40 16
G rapes 20 37
B roccoli 40 10
B anana 20 11
C astor 60 32
C otton 30 20
Potato 40 30
S apota 20 74
Tom ato 40 33
S ugarcane 50 40

P o in ts  n e e d e d  to  b e  c o n s id e re d  fo r e ffic ien t fe r t ig a tio n
A ll chem ica ls  applied  through irrigation  sy s tem  m ust avoid corrosion , soften ing  o f  p lastic  p ipe  and 

tubing, o r  c logg ing  any  com ponen t o f  the system . I t m ust b e  safe  fo r  fie ld  use, m ust increase  o r  at least no t 
decrease  c rop  yield , m ust b e  so luble o r em ulisifiab le  in w ater, and  it m ust no t reac t adversely  to sa lts  o r o th e r 
chem icals in the  in ig a tio n  w ater. In addition, the chem icals o r  fertilizers m ust b e  d istribu ted  un ifo rm ly  th rough 
out the field. U n ifo rm ity  o f  d istribu tion  requires effic ien t m ixing, un iform  w ater application  and know ledge  o f  
the flow  characteris tics o f  w ater and fertilizer in the  d is tribu tion  lines (R ajput and Patel, 2003 and 2004). To 
avoid  clogging, chem icals are applied  th rough  m icro  irrigation  system s to d isso lve  the deposits in  m icro  lines.

i. F e r ti l iz e r  so lu b ility
A n essen tia l pre-requisite  for the  g ranu la r fe rtilize r use  in  fertigation is its com plete  d isso lu tion  in 

the irrigation w ater. E xam ples o f  h ighly  so lub le fe rtilizers appropriate  fo r their use in fertigation are: am m onium  
nitrate , po tassium  chloride, po tassium  nitrate, urea, am m onium  m onophosphate and po tassium  m onophospha te  
(K essel, 2001). T he so lubility  o f  fertilizers depends on  the tem pera tu re  (Table 6).

T a b le  6. F ertilize r so lub ility  and tem perature (g /100  g w ater)

T e m p e ra tu re F e r ti l iz e rs

KC1 K 2S O j K N O , n h 4n o 3 U re a

10°C 31 9 21 158 84
20°C 34 11 31 195 105
30°C 37 13 46 242 133

ii. M o b ility  o f  fe r tiliz e rs  in  soil
T he ab ility  o f  a fertilizer to d isso lve  in w a te r does no t alw ays g ive  a good  indication o f  the  po tential 

fo r the  fe rtilize r o r  its com ponents to  m ove through the  soil. T able  7 gives a general gu ide  to the  m obility  o f  
fertilizer (M cN ab et a l,  1995) com ponents in  soil. A n o th e r po in t to  rem em ber is that a lthough one  m ay  apply a 
fertilizer o f  low er m obility  i.e. am m onium , it will b e  natu ra lly  b roken  dow n in the soil to  form  n itrate , w h ich  is 
very m obile. A s a result, care should  be taken during  irrigation  to  m in im ize leaching o f  m obile  nu trien ts.
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Table 7. Mobility of different fertilizers in soil

F e r ti l iz e rs M o b ili ty

U rea G ood
N itra te  . G ood
A m m onium L ow  ■
P otassium ■ L ow
P hosphate L ow

iii. Fertilizer compatibility
M ixing  the  so lu tions o f  tw o o r  m ore  than  tw o w a te r so lub le  fe rtilizers can som etim es resu lt in the 

form ation  o f  a  p recip ita tes. S uch  cases ind icate that these fe rtilizers a re  n o t m utually  com patib le  an d  special 
attention has to be  paid  to avoid  m ixing them  in one  tank. T h e ir  so lu tions shou ld  be  prepared  in tw o separate  
tanks. It is c lear from  Table 8 (M ontag , 1997) that n e ith e r phosphoric - n o r  su lphatic  fertilizers can  be m ixed  w ith  
calcium  fertilizers in  the  sam e tank.

Table 8. Compatibility chart among different fertilizers

Fertilizers Urea Ammonium
Nitrate

Ammonium
Sulphate

Calcium
Nitrate

Mono
Ammonium
Phosphate

Mono
Potassium
Phosphate

Potassium
Nitrate'

Urea " , C C C C C C

Ammonium
Nitrate

C C C C C C

Ammonium
Sulphate

c C LC c C LC

Calcium
Nitrate
Mono

c C LC NC NC C

Ammonium
Phosphate

Mono

c C C NC 'y' , > C C

Potassium
Phosphate

c C C NC c . ' ’ ■ ' ' C

Potassium
Nitrate

c c L C c ' C
■ . ■

C- Compatible, NC = Not Compatible LC = Limited compatible

iv. Fertilizer injection devices
P ressu rized  irrigation  m ethods require  fertilizer in jec to r fo r  in jec tion  o f  fe rtilizers into the irriga tion  w ater. 

T here  a re  tw o concep ts o n  the  b asis o f  w h ich  the  fertilizer in jec to rs are designed . T h e  total am oun t o f  fertilizers 
app lied  in bo th  the cases should  b e  equal since the requ irem en t o f  nu trien ts  o f  p lan t is independen t to  the 
in jection device and  m ethod  o f  fertilization .
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Proportional concept is fcharacterized b y  constan t concen tra tion  o f  the  fertilizer so lu tion  (M ontag , 1999) in 
irrigation w ater th roughou t the  irrigation  d u ra tio n . Fertilizer in jec tion  dev ices such  as venturi pum p and  fertilizer 
in jec tion  pum p  operate  on th is princip le, t h e  m ain  advantage o f  th is concep t is that it enables a  delivery  o f  
constan t concentration  during  the  entire  irrigation  duration .

Quantitative or non-proportional concept is characterized by  change in  the concentration o f  fertilizers in  irrigation 
w ater. C oncen tra tion  o f  fe rtilize r decreases g radually  w ith  the  irrigation  duration . F ertilizer tank is one such  
device that w orks on th is p rincip le  (M ontag, 1999).

F e r t i l iz e r  T a n k  M e th o d  (B y-P ass S y stem ): T h is m ethod  em ploys a tank  in to  w hich  the fertilizer so lu tion  is 
filled. T h e  tank  is connected  to the m ain  irrigation line b y  m eans o f  a by -pass so  that a p a r t  o f  the  irrigation  w ater 
flow s th rough  the  fertilizer tank an d  d ilu tes the fertilizer so lu tion . '

V e n tu r i p u m p : Venturi consists o f  a converg ing  section, a throat and  a d iverg ing  section. W hen the  flow ing  
w a te r passes th rough the constric ted  th roat section, its ve locity  increases and  the  pressure reduces, c rea ting  a 
suction effect. D ue to  suction , liqu id  fertilizer en ters in to  the  M icro  system  th rough  a tube from  the  fe rtilize r 
sto rage tank  connected  to the throat. To start the v en tu ri system  the desired  p ressu re  difference across the  ven tu ri 
is c rea ted  by  using  p ressu re  regu la ting  valves to enable the  flow  o f  fertilizer in to  the m icro  system  (F ig .5). T he 
fa te  o f  flow  is regu la ted  by  riieans o f  the valves. T he  ven turi system  w orks b ecause  o f  d ifferen tial p ressu re  in  the  
system  (usually  20  %) (S nyder and  T hom as, 1994) from  o n e  sid e  o f  the  device to the  other. In jec tion  ra te  
depends on the p ressu re  d ifference  and p ressu re  fluctuations in  the system  change the in jection rate.

F e r ti l iz e r  in je c tio n  p u m p : In  th is m ethod  a  pum p is u sed  to  d raw  the fertilizer stock  so lu tion  from  a  sto rage  
tank and inject it un d er p ressu re  into the  irrigation  system . In jec tion  ra tes can  be easily  set to create  a  desirab le  
m ix ing  ratio. T he so lu tion  is norm ally  pum ped from  an un-pressurized  reservoir, and the choice o f  pum p  type 
used  is dependent on  the p ow er source. ■

5 . C o n s tra in ts  in  f e r t ig a tio n

In  India, g row th  o f  adop tion  o f  m icro  irrigation  system  has taken  p lace  during last decade and  m ostly  
horticultural farm ers are  adopting  this technology to save irrigation  w ater and enhancing  the w ater-use efficiency. 
A lthough, fertigation offers  num erous advantages b u t it is h o t being  u sed  w idely  due to the reasons g iven  below :

❖  T here  is lack  o f  research  and developm ental in form ation  in respect o f  its rate o f  application , am ount 
applied  and  frequency  adopted. H ow ever, research  e ffo rts are being  focused  on  this aspect bu t there  is

_ a lack o f  in fo rm ation  in respect o f  varied  ag ro -clim atic  cond itions and  crops. .
❖ In India, there is a su b sid y  policy for norm al N P K  fertilizers in specified grades. H ow ever, fo r fertigation 

the requirem ent o f  fe rtilize r is in  d ifferen t g rades and  it should  b e  100 per cen t w ater so lub le  fo r its 
effective application . T h e  fertigation m aterial is e ither not available in desired  form  o r  availab le  at 
h igher price, than  the conventional fertilizer.

❖  The fertigation practice, w hen being follow ed along  w ith m icro irrigation system  causes h igher clogging. 
T he farm ers m ust be  trained  to adop t fertiga tion  aiong  w ith  o th e r chem igation  techniques.

6 . R ec o m m e n d a tio n s  to  p ro m o te  m ic ro  i r r ig a tio n  a n d  fe r tig a tio n

T he  unbalanced  g row th  o f  m icro  irrigation  lim iting m ain ly  to  the S outhern  S ta tes is ye t ano ther a re a  o f  
concern. Som e o f  the  reasons for the uneven  developm ent in  the  m icro  irrigation  are:
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>  Inadequate aw areness about the advantages o f  m icro irrigation.
>  Lack o f  trained m anpower.
>  Inadequate credit facilities for the farm er.
>  T he  availab ility  o f  the system  and  its spares are  not uniform  in the country.
>  T he  d istribu tion  netw ork  at ru ral areas have inadequate  fac ilities in term s o f  m aterial availab ility  and 

technical know -how .
>  Industrial g row th  o f  m icro  irriga tion  system  in In d ia  favors the w idesp read  u se  b u t industry  needs 

discip line fo r quality  and p rov id ing  serv ices to sa feguard  the  technology.
>  M icro  irrigation  research  in Ind ia  has rece ived  atten tion  but in teg ra tion  am ong  d ifferen t p rogram s are 

lacking. T h rough  effective in teg ra tion  and  linkages m ore  usefu l in fo rm ation  cou ld  be genera ted  and 
duplication could be avoided.

>  T here is a need  to streng then  the in fo rm ation  system  on m icro  irrigation , w h ich  shou ld  be u se r 's  
friendly and gu ide  to farm ers.

> T here is also a need  to a ttrac t m o re  investm en t fo r capital fo rm ation  and  techno logy  should  b e  de
signed to have sh ift from  subsidy -d riven  m ode to farm er-d riven  m ode.
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Efficiency in irrigation water management

K.P. ViSalakshi, Reena Mathew and T.K. Bridgit
Agronomic Research Station, Chatakudy

W ater is a p rim e natu ra l resource, p recious, and  a  basic  hum ari need , tn  v iew  o f  its lim ited  supp ly  and  
increasing ly  com peting  demands* it is im perative to u se  it w ith  u tm ost care. W ith  about 85%  o f  the  d ev e loped  
w ater resou rces be ing  used  in  agricu lture in India, it is all the m ore  necessary  to use w ater effic ien tly  in  this 
sector. T he effic iency  w ith  w hich  w ater is used  will largely  determ ine w hether agricu lture can take advan tage o f  
the changing  econom ic  opportun ities. T he  irrigation  poten tia l c rea ted  at the end o f  1996-97 w as 90 .8  m h a  as 
against 22 .6  m h a  in 1951. H ow ever the level o f  p roductiv ity  from  irrigated  agriculture has rtot been  in  tune w ith  
the investm en ts for the in fra s tru c tu ra l developm ent. E m phasis shou ld  b e  g iven  o n  the  effect o f  u tilization  o f  the  
crea ted  irrigation  poten tial, ra ther than on  the  physical facilities.

T he  sustenance and  eco  developm ent o f  K era la  S ta te  are  largely  dependen t on h e r ow n  w ater re 
sources d u e  to  the  un iqueness in  physiography. T he  S tate  Is bounded  b y  the  W estern  G hats  on  the  eas t and  
A rabian  S ea  on  the  w est. H ence  the m ajo r g round  w ater basins in the S ta te  do not h av e  any  sign ifican t in te r state  
com ponent. B esides, m ajority  o f  the rivers o f  K erala  o rig inate  and flow  exclusively  w ithin the S ta te  boundaries  
and have no  in ter state  im plications. A ll these  ind icate that K erala  m ay be the on ly  state  in  the coun try  w h ich  is 
considered  as  “H ydro log ically  land  locked”.

Water resources of Kerala

K erala state  is situated betw een 8“ 18’ and 12°48 ' N orth  latitude and 74° 5 2 ’ and 77" 2 2 ’ E ast longitude. 
T he state  has a to tal area o f  38864 km 2 and the popu la tion  is  318  lakhs (ie, 3 .6  tim es m ore  than the N ational 
scenario). Physiographically , the state is d iv ided  into th ree d istinct parallel zones; the  w estern  low land  (<7.5m ), 
the m id land  (7 .5m  to 75m ) and  the  eastern  h ig h  land  (>75m ) (PW D , 1974). T he  total length  o f  the  state  is about 
700km  w ith  the w id th  vary ing  from  15-120 km . W ithin  this narrow  strip o f  land  there are areas ly ing  below  the  
sea  level and  p eaks rang ing  from  2500  to 3000m  above M SL. T h is reg ion  is the  ceh ter o f  all the  r iver system s 
that susta in  the agro  econom y o f  K erala.

The S ta te  has 4 4  rivers, all short, fast flow ing  and m onsoon  fed. B ut as p e r N ational N orm s (R ao, 
1979), K era la  does not have a single m ajo r river and has only fo u r m edium  rivers (C haliyar, B harathapuzha, 
P e riy a r and  Pam ba), w ith  a  total d ra inage a rea  o f  8250  sq .km . T he rem ain ing  40  rivers are on ly  m inor rivers 
w ith  a total ca tchm ent area o f  19489 sq km. T he to tal ca tchm ent area o f  all the 4 4  rivers together is on ly  
28739sq .km  w hereas a  sing le  riVer like G odavari in A ndhra P radesh  has a  ca tchm ent a rea  o f  312812sq .km  
(K SC ST E , 1998). S ince  ta in  fed, these rivers hard ly  con ta in  any  w ater du ring  the sum m er m onths. T he total 
annual u tilizab le  y ie ld  o f  all the rivers is about 42 ,750  M C M . Total irrigation  potential is 25 lakh hectar es.

T he total rep len ishable ground w ater resources in K erala  is estim ated  to be  7048 .66  M C M /year and 
the net g ross po ten tia l fo r irrigations is 6430.06 M C M /year. T he  g ross g round  w ater d raft is 2696 .94  and the net 
availab ility  for fu ture irrigation  is 3126.13 M C M /year (Farm  G uide, 2004). L ow  pH , high  Fe, h ig h  hardness, 
h igh  T D S  and  sa lin ity  are  the com m on quality  problem s iden tified  (N azim uddin  and  B asak, 1998)
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T he average annual rainfall o f  ab o u t 3 000m m  is con tribu ted  by  S ou th  - W est m onsoon  (June to 
Septem ber) and N orth  - E ast m onsoon (O c to b er to D ecem ber). T he percen tage  o f  con tribu tion  o f these to the 
total rainfall is in  the o rder o f  68 and 18 p e rcen t respectively . In addition , su m m er show ers brings abou t 14 
percent o f  the total rainfall received. In low lands, the  average annual rainfall ranges from  900m m  in the  Sou th  to 
3500m m  in the N orth . In the m id lands, it ranges from  1400m m  In the sou th  to 400 0 m m  in the north. The 
variation  in h igh lands is from  2 500m m  in the  sou th  to about GOOOmm in the north . T here  are  areas like A ttapddi, 
w here the rainfall received is as low  as 600m m . This spatial and tem poral d istribution pattern  is m ainly responsible 
for the frequen t floods and  d rough ts in  K erala.

W ith  about 3m  o f  rainfall, chains o f  b ackw ater bod ies, reservoirs (about 910 ),tanks, ponds, springs 
(about 240, w ith  1 0 - 1 0 0 1/m d ischarge) and w ells (200/sq .km ), K erala  is considered  as land  o f  w ater. Yet, the 
state is frequently  facing severe drough ts fo llow ed  by  acute d rink ing  w ater scarcity  fo r the last tw o decades. D ue 
to  steep and undulatlhg topography, ra in  w ate r is n o t m uch re ta ined  on the land, thereby obv ia ting  the advan tages 
o f  having  h igh  rainfall to  a g reat ex ten t. D efo resta tion  and increasing  popu la tion  a lso  con tribu te  to d ry  riverbeds 
and increasing ly  dry w ells in the state.

Irrigation scenario in Kerala

T here  are  16 m ajo r and m ino r irrigation  p ro jects com pleted  and  taken up by  the C om m and  A rea  
D evelopm ent A uthority  in the  S tate , covering  a  total ayacut o f  about 2.03 lakh hectars (C A D A , 2002-03) T he 
gross irrigated  area is 4 .32  lakh  h a  (Table I) w hich  is 14.4 % o f  the gross cropped  area. T he  net irrigated  a rea  is 
3 .77  lakh  ha w hich is 17.21%  o f  the net a rea  sow n (Farm  G uide, 2004).

T ab ic  1. C rop  w ise gross a rea  under irrigation

C ro p A re a  ( ‘o oo lia) P e r  c en t o f  i r r ig a tio n

R ice 184.00 42.57
Tubers 0.97 0.22
Vegetables 8.97 2.08
C oconut 158.05 36.57
A recanut 31.47 7.28
C loves 0.33 0.08
N utm eg 2.17 0.50
O ther spices 3.11 0.72
B anana 24 .37 5.68
B etclv ine 0.94 0.27
S ugarcane 3.27 0.75
O ther trees 14.57 3.37

R ainfall is the m ajo r source  o f  w a te r for cu ltivation  in the state and the  First c ro p  season is en tire ly  
ra in fed . Irriga tion  is gen e ra lly  needed  o n ly  a fter the  cessa tion  o f  N orth - E ast m o nsoon  and  the irrigation  
requirem ent is m et from  d ifferen t sou rces (Table 2)
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Table 2. Different sources of irrigation

S o u rc e A re a  ( ‘(100 h a ) P e r  c e n t o f  I r r ig a te d  a re a

.G ov t, canals 95 .27 25.26
Pvt. C anals 4.41 1.17
G ovt, tanks 1.96 0 .52
Pvt. Tanks 47.98 12.70
G ovt, w ells 0.22 0.06
Pvt. W ells 86.07 22 .82
M in o r lift irriga tion 7.58 2 .01 ,
O ther sources 103.21 27.36
Tube w ells 30.45 8.07

Increasing water use efficiency in agriculture

E ffic iency  concep t in  any sy stem  is  based  on  a  m easure o f  ou tput ob ta inab le  from  a  g iv en  u n it o f  
input. In agricu lture , e ffic ien t w a te r u tilization  re flec ts how  effic ien tly  w a te r is stored, d istribu ted  and  u sed  in  
crop  p roduc tion . T he  app lica tion  o f  the am ount o f  w a te r requ ired  to b ring  the  roo t zone u p  to  fie ld  capacity  is 
considered  as effic ien t irrigation. W ater use e ffic iency  o r  w a te r p roductiv ity  is  the c ro p  p roduc tion  p e r u n it o f  
w ater used. It is  the  ratio  o f  c rop  y ield  per un it a rea  to  the depth  o f  w a te r lo st in  evapo transp ira tion  p e r unit a rea  
during  the  c rop  grow th period.

T he  lim itations o f  the w ater supply  sec to r o f  K erala  have been  w ell recognized . T he gap  betw een  
supply  and dem and  fo r irrigation  w a te r is increasi ng  d rastica lly  due  to rise i n population , a n d  dom estic , industrial 
and other uses. T hus the  em erg ing  shortage o f  w a te r has becom e a grow ing  concern . U nder these  c ircum stances, 
increasing  W U E  through im proved  irrigation m anagem ent assum es prim e im portance

Irrigation scheduling

S chedu ling  o f  irrigation , ie, the tim e in terval at w h ich  a crop  is irrigated  is b a sed  o n  so il factors, c rop  
characteris tics , g row th  stages and  c lim atic  dem and . T he soil factors refers to  depletion  o f  availab le  m oistu re  a t 
the  roo t zone. A bou t 25 -  30%  soil m oistu re  dep le tion  fo r forage and vegetative crops and  5 0  -  60%  dep le tion  
fo r cereal and g ra in  crops cou ld  b e  used  as a crite ria  for schedu ling  irrigation.

Recommended irrigation schedules for different crops of Kerala

Rice .

R ice is the staple  food  o f  the state  and the  total area u nder rice is 3 .22  lakh h a  o f  w hich  1,84 lakh ha  is 
irrigated . T h e  production  o f  rice is a lm ost s tagnan t fo r  the  last two decades and the  g ap  betw een  availab ility  and 
requirem ent o f  rice is w iden ing  alarm ingly. T he double cropped  paddy lands o f  the state  are liab le  to  w a te r 
scarc ity  during  early  v irippu  (K harif) and  la te r m undakan  (rabi) due  to  failure o f  tim ely  ra in fa ll. S um m er rice 
en tirely  depend ing  upon irrigation  w ater suffers from  acute shortage o f  w a te r w hich com pels the  fa rm er to  keep  
the land  fallow  w ithout raising  any crop  o r  ra ise  short duration  non-cereal crop. T he w ater requ irem en t o f  rice 
c rop  vary  w ith  season, soil type and duration o f  the  crop. In sandy  loam  soils w ater requ irem en t o f  rice w orks ou t 
to 2362  m m  fo r m ed ium  duration  rice in  rabi season  and 2528 m m  fo r short du ration  sum m er rice.
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In rabi season, irrigation  to rice can  be postponed  upto  3 days a fte r d isappearance  o f  ponded  w ater 
w ithout any appreciable reduction in y ield  under conditions o f  shallow  w ater table and low  atm ospheric  evaporative 
dem and. U nder cond itions o f  lim ited availab ility  o f  w ater, in term itten t irrigation  o f  7 cm  subm ergence 5 days 
after d isappearance  o f  ponded  w ater can be  p racticed . ■

A  phasic stress irrigation  schedule can  b e  fo llow ed fo r sum m er rice in areas w here  supply  o f  w ater is 
lim ited and th is  can save substan tial quan tity  o f  w ater. D epend ing  upon  the tim e and  availab ility  o f w ater, any o f 
the follow ing  schedule  can  be adopted .(K A U , 2002).

S c h ed u le S ta g e s

R ooting  to m ax. tille ring M ax. tillering  to  heading H eading  to  m atu rity

C ategory I 
C ategory  II 
C ategory  III 
C ategory  IV

C ontinuous subm ergence 
S atu ra tion  point* 
C ontinuous subm ergence 
H air cracking on surface*

S atu ra tion  point*  
C on tinuous subm ergence 
C on tinuous subm ergence 
C on tinuous subm ergence

S atu ra tion  point*  
C on tinuous subm ergence 
H a ir crack ing  on  surface* 
H a ir c rack ing  on  surface*

*Irrigation at 5 cm to be given at the stages marked.

Coconut
Keral a has nearly 9 .0 5 1 akh h a  o f  land  u n der coconu t cul tiva tion . It is m a in ly  g row n  in the hom esteads 

and sm all farm ers o f  K erala . It is g row n m ain ly  as ra in fed  crop . Irrigation  during dry  m onths not on ly  increase 
the y ie ld  o f  coconut by  as m uch as 50-100%  b u t also  ensure  stab ility  in production .
R ecom m ended irrigation  schedule for h igh  w a te r use efficiency:

1) 50 m m  w ater at 50 m m  C P E  th rough  basin  o f  1.8 m  rad ius in sandy  loam  so ils (K A U , 2002).
2) T he quantity  o f  w ater/irrigaiion /patm  fo r  d ifferen t types o f so ils is w orked  out to be 600, 900, 1300, 

1600 litres for sandy, sandy loam , loam  and  silty  clay  so ils respectively  (K A U , 2002).
3) 30 litres /  pa lm /day  un d er d rip  ( C W R D M , 1989).

Arecanut

A recanu t is an im portan t cash c ro p  o f  K era la  and  57%  o f  the  arecanu t cu ltiva ted  in  Ind ia  is in  K erala. 
A bou t 27%  o f  the a recanu t palm s are irrigated.

•  The w ater requirem ent is de term ined  as 175 litres p e r palm  th rough  surface irrigation  once in 7-8 days 
during N ov.- D ec., once in 6  days during  Jan .- Feb. and once in 3-4  days during  Apr.- M ay (K A U ,2002).

Pepper
P epper an im portan t sp ice  crop  o f  K erala , is  very sensitive to c lim atic  param eters espec ia lly  the pattern  

o f  rainfall. It is m ainly raised as rainfed  crop. T he  flow ering  and  fruiting synchronise  w ith  the ra iny  season and 
a dry  spell b efo re  f low er is advan tageous fo r f lush ing , flow ering  and h ig h e r y ields. Irrigation  should  b e  g iven  at 
IW /C P E  0.25 from  N ovem ber- D ecem ber till the end  o f  M arch . T he  dep th  o f  app lica tion  is 10 m m  and  is to  be  
g iven  in basins at a rad ius o f  75 cm  around  the  p lan t (K A U ,2002). F o r B ush  P epper irrigation  cou ld  be  given 
th rough  d rip  at the rate o f  8 litres/day  (T hankam ony, C .K .,2000).

•  15 litres/palm /day  under drip  in ig a tio n  (C W R D M , 1989)
•  30 m m  at IW /C PE  ratio  o f  1.0 (B hatt and  A bdul K hader, 1982)
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M inor crops

The. recom m ended  irrigation ,schedu le  fo r,o ther crons is g iven  below,

Tame J. Recommended irrigation schedule tor other crops

[ drops Depth of irrigation; 
'quantity'

Scheduling Msis- Remarks’ ^References
IW/CPE i'C PE '/o thcrs 0

Cardamom 30 litres/clump 
25mm

10;15 litres/clump 
lOlitres/clump

.ip -^ d a y s  
-iriic rval- 
ii daily/ 
" “daily.

FrotnPecem bcr

Drip
Drip

Gurumurthy, et at., 1996 
Konkanihimatfii.1994

;Kurup,1978 
CWRDM, 1989

Coffee ' 02f42inm 
: ;8Jitres/plant

'20r25)days 
.daily)

Sprinkler:
Drip.

'Sopal Ram ethlt 1994

Tea 21mm Jr7'3avs ;  
vinierval

"Sprinkle/ Varadan et al. 1988'

Cashew 200 litres/tree Fortnightly
interval

Yadukumar and 
Mandal, 1994.

Oil' Palm' : 90‘iltres/palm daily^ VarghesejT.tf, 1994

Sugarcane 50 mm . fortnightlv , . Furrow, 
trash mulch .

Mathew. T. 200.1

Cowpea (grain) 50mm 0.75' 5 Summer fallow Mathew et at., 1983

Cowpca"(vegctable): 20mm 10mm T’Mtcrb'sprinkler' . Geetha,V.;1999

Blackgram 30 mm ,0.75
i ■ Sprinkler ' V arghese.et.a/., 1986

Sesamum 40 mm 0.75
Three sprinklings at 
initial soaking) flowering 
and pod formation

; ,-dor . 

-do

iMpthe.vv.e/ at,, 19.89 

*

tiround'mit 50 mm 
50mm 
50mm

-019b1
0.75
1.00

do'
rid

Laterilic soil, rabi

"M athew eial 19^3 
-M uktha;l995' 
Bhoopalhy,2003

Ginger 50 mm' l'.OO Ti January planted1 Sreckumaran'e/ at.,-1998

Tapioca 50 mm 

50 mm 

25 mm 

50 tram 

50mm

J 1.00 ' 

0.50

'  furrow '  ’ 

furrow ( 

100 mm 

- -75‘mm 

75mrii”

"For harvest at 
9fl month 
For harvest al 
ll^m oiitli 

'A ll furrow’ 
im gatoh1 
Alternate fiirrow 
''alternately 
Through suige1 
irrigation

Siisliarna'et "at.; 1982 

S usham afra /,T 982 '

' Visalakshi et at.,'2002
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Sweet potato 50 mm 

100% CPE

1.20

Once in 4 days 
'at i0-30 'D A P ': 
Sl 80-100 DAP

Sandy loam, ' 
summer rice fallow

' Vafghe.se et al: 1987 

NairrG.fdil'994

Amorphophalltts 50 mm 0.90 .Dep-Jan planted,, Mathew et al., 1988

Tomato 40mm 
0.9 PE 
0.6 PE

1.2
Daily
Daily

■Sandy.tlay'loani'
-do-
150% POP, 

’fertigation .

Nassar, A.M. K.’ 1995 
.KingslcyliR.D. 2002 
•-do-

Chilli' 2 litres/plant Daily drip S[iiriy,l99G

Water mclon- 1.4 Surface , Ajitlt, G.B. -2000

Oriental Pickling 
Melon

"00  mm 
50mm 
3 1/day/plant

‘ 0.40 
1.2 ■25mm1 

125%PE

Summer fallow 
drip

■Driplblack ■ 
polythene mulch

Rad,1 S: 1989' 
Lakshmi,1997 

‘ Oebreriiedhin, A. A., 
'-2001

Ash gourd 30 mm
75% depletion of 
available water

0.70
Once in 
5-7 days

With mulch Visalakshie'fa/.., 1988 
Lakshman,R.,1985'

Bitter gourd. 30 mm 
30mm

40 mm 
75% PE

0.40
1,0.

15 mm 
daily

‘Summer fallow  
.Summer, 
.laleritosoili 
-do,

.Through KAU 
■Micro sprinkler

Thomas,G 
Jacob.S.1986

Thampaui et al., 1993 
Sreekumaran et al. , 1998.

Snake gourd l-5mm 5mm drip Syriac, K9E.U 998

Bhindi 60% PE 

O.OSMpa SMT

Alternate days Through KAU 
micro sprinkler 
(Fertigation) 
Furrow, LDPE 
mulch

*

Sunilkumar,I998

Pineapple 50 mm 0.60 With mulch 1 ‘
6 t/ha drv leaves

Varghese el al., J988

Banana (Ncndran) 10 mm

50 mm

201itres/plant 
100% PEC

0.60

Alternate days 
(sandy loam sail)

Daily
'Daily

Mulching with 
paddy straw 

' Under scarcity of 
water 
’Drip'
1 Drip'

' Pillai et al., 1989 

*

Varghese,K.,1985
Th'omas.D.,1999

Banana
(Palayankodftn)

40 mm 30 mm With mulch *

* Annua] Reports, AICRP on Water Management, Agronomic Research Station; Chalakudy, KAU ( 1974-2003).
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METHODS OF IRRIGATION

Surface irrigation .
T h e  p rincipal cause  o f  low  p roductiv ity  and  unsusta inab le  u tiliza tion  o f  soil and  w ater resou rces is the 

w idespread  adoption  o f  inefficien t w a te r m anagem ent p ractices. Irrigation  w ater losses during  app lica tion  to  the 
fie lds includ ing  deep  perco la tion , tail w ater runoff, evapo ra tion  etc are substantial and accoun t fo r  25 - 2 7 %  o f  
w a te r re leased  at canal head .(S harm a and  Sarkar, 1994). H ow ever, the  surface irrigation  is undoub ted ly  the 
m ost com m on  m ethod  o f  applying w ater to crops, accoun ting  for m ore than 95%  o f  the 250  m  ha  o f  land  
irrigated  w orld  w ide (Kay, 1990). A lthough  m any  su rface  irrigation  m ethods have been  id en tified  to m eet a 
w ide  v a rie ty  o f  o perating  conditions, they s tem  from  the  th ree  basic  m ethods: basin , bo rder and fu rrow  irriga
tion. A m ong  them  the  check  basin  m ethod o f  irrigation  is the  m ost popu la r one. T he  ob jec tive  in each  is to 
p rov ide  a  un ifo rm  and  adequate irrigation  w ith m in im um  labour and capital requirem ents. T he  se lec tion  o f  the 
righ t m ethod  o f  irrigation  is in fluenced  by  the  soil type, land  topography, crops to be grow n, quality  and  quantity  
o f  w a te r availab le  fo r  irrigation  and o ther site specific  variations. T he furrow  and  bo rder irrigation , the p rim ary  
m ethods’o f  w ater application  usually ach ieve low  un ifo rm ities  because  o f unequal in filtration  o ppo rtun ity  tim es 
and  spatial variab ility  in  so il-w ate r transport p roperties.

A utom ation  o f  surface irrigation  is possib le  th ro u g h  C ablegation . It is an  advanced  techn ique  in  
w hich  the design rates o f  flow  are delivered  in to  the  irriga tion  fu rrow s th rough  gates o r  ou tle ts p o s itioned  a long  
a conveyance pipe laid  on a certain  grad ien t and  a p lug  m oves slow ly through the  pipe causing  w ater to  flow  
through the  outlets into the  furrow s (K em per et al, 1985).

S u rg e  flow  ir r ig a tio n  .
A n  innovative technology  o f  surface irrigation  nam ely, S urge  in ig a tio n , has been  p roved  as a  w ater 

conserv ing  m ethod  o f  irrigation. U nder the  surge f lo w  m ethod  w ater is applied  in term itten tly  in a cyclic  m anner 
I in to  the  furrow s, o f b o rd e r strips. .Cycling the app lica tion  q f  w a te r m akes it possib le  to  com p le te  the  advance 
phase w ith less-water than required by continuous application, thus increasing uniform ity and application efficiency 
(S triiighatn  and K eller, 1979). This m ethod  can  ach ieve d istribu tion  efficiency as h igh  as 96%  and  application  
efficiency, 90%  (V isalakshi, 1995). Surge irriga tion  is su ited  (o any shallow  roo ted  row  grow ing  crops such  as 
pu lses, o il seeds, vegetab les, tuber crops, sugar cane e tc . T he  n u n im u p i w ater availab le  during  sum m er m onths 
can b e  best u tilized  th rough  surge irrigation  fo r ra ising  the  above crops in  rice fallow s w ith  h ig h  w ater u se  
efficiency. ■ '

M ic ro  i r r ig a tio n

Properly  designed  sprinkler and drip system  com m only  achieve q better uniform ity  because the am ounts 
in filtrated  depend  prim arily  on application  ra tes and  the  system  design, ra th e r ihjin on soil in filtra tion  properties. 
T he  pressurized m ethod o f  irrigation gives m any advantages o v e r the gravity  surface jrrigation m ethods. Sprinkler 
system  o f  irrigation  is very w ell su ited  to  all c losely  spaced  crops, except rice, in coarse tex tu red  so ils and 
undu la ted  terrain  w here it is costly  to level the land  for su rface  irrigation.

.  '
D rip  system  can  be adopted fo r irrigating  w ith  m arg inal/poor quality  w ater. It is  a lso  possib le  to 

supp ly  the, nu trien ts to  the crops th rough  th is system . S upp ly ing  liqu id  so luble fertilizers th rough  a d rip  system  
leads to 4 0  -  60%  savings in fertilizer w ithou t affec ting  the  y ie ld  and  a m uch h igher app lica tion  efficiency, 

i com pared  to  the conventional m ethods. T h is is in add ition  to  the savings in w ater applied  w hich  cou ld  be  from  
50  -  70% . S ub  su rface  application  o f  drip  irriga tion  conserves m ore w ate r in  the  root zone than  th a t by  surface 
app lica tion  (A R S, 2003). Sub surface app lica tion  o f  d rip  irrigation  in  b anana  y ielded  a h ig h e r W U E  o f  4 4 0  kg/
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h a  m m , com pared  to  3 9 0  k g /h a  m m  in  su rface  d rip  irriga tion  w hen  irriga ted  at 100%  P an  E vaporation  C om pen
sation  (D eepa, 1999). B u t the  h ig h  initial cost is  considered  to  b e  the  lim ita tion  fo r large  scale  adop tion  o f  these  
m ethods. '

M in i/m icro  sprink lers that apply  3 0  to  120 litres p e r h o u r at heads vary ing  from  0.5 -  25 m  w ith  a 
w etting d iam ete r o f  around  5m  are  availab le  now. In addition , som e special em itters c a lled  e-jets o r  j -  je ts , 
foggers/ m iste rs  etc. are also used  fo r control led  irrigation  in  g reen  houses, vegetab les and  flo ricu ltu re  n u rse rie s , 
and  fo r crops w hich  require  fine  m ist and  spray. T hese  are ideal fo r  crops requ iring  hum id ity  con tro l under 
p ro tec ted  cu ltiva tion . P o ro u s  p ip e  and  d r ip  ta p e s  are o th e r w a te r em ission  dev ices deve loped  recently.

K A U  M ic ro s p r in k le r

A n  innovative m icrosprink ler irrigation system  is designed , developed and evaluated  a t the  A gronom ic 
R esearch  S tation , C halakudy, K era la  A gricu ltu ra l U niversity . T he sy s tem  is  s im ple  in  design  a n d  u se r friend ly  
as it can  b e  easily  fab rica ted  and  insta lled  by  the  fa rm e r h im se lf  using  the locally  availab le  m ateria l. It is c log  
free and  ensures com p le te  w etting  o f  the basin  a rea  o f  the  crop . T ria ls  on  b itte rgou rd  ind ica ted  superio rity  o f  the  
system  in  increasing  y ie ld  (19 .5  % ) ov e r d rip  m ethod  o f  irrigation  (S reekum aran  et al, 1998). T h is  cost effective  
system  is  su ited  to  a  w ide  varie ty  o f  com m ercia l an d  horticu ltu ra l crops o f  K erala . T he  design  crite ria  o f  the  
system  is  deta iled  below .(V isalaksh i e t a l.,2002)

T a b le  4. D esign  crite ria  o f  m icro  sp rink le r head

D iam ete r o f  sp rink le r head 8m m 12m m  •

L eng th  o f  sp rink le r head 5cm 8cm

N ozzle  s ize  ■ 1mm 1m m
P ressure  requ ired  fo r  w ork ing 0 .3-1 .0  k g /c m 2 0 .3 -1 .0  k g / cm 2

D ischarge  rate 30-35  lph 40-45  lph

W etting d iam eter 210 -2 5 0  cm 200-230  cm
H eig h t o f  r ise r p ipe 3 0 -90  cm 30-90  cm
C rops su itab le L eafy  vegetab les, 

o rnam en ta l p lants, 
law ns etc.

V egetable crops,banana, 
m edicinal p lan ts etc.

A g ro n o m ic  p ra c tic e s  f o r  im p ro v e d  W a te r  u se  E ffic ien cy  .

Investigations o n  the  im provem ent o f  irrigation  w ater use efficiency  has resu lted  in  the  fo rm ulation  o f  
som e effective  techno log ies such  as m ulch ing , chang ing  c ropp ing  pattern  , g ro u p  farm ing , fertiga tion , land  
leveling , lin ing  o f  irrigation  channels etc.

Mulching
E xperim en ts  in  am orphophallus ind ica ted  that m ulch ing  w ith  o rgan ic  w astes su ch  as d ried  leaves (6t/  

ha), paddy  w aste  (6 t/ha) and  co ir  p ith  (8 t/ha) can s ign ifican tly  im prove w ater u se  efficiency. M u lch ing  P ineapp le  
w ith  d ried  leaves a t 6 t/ha  w as found  to  im prove the efficiency  o f  irrigation  w a te r use. S tud ies in  B an an a  ind icated  
that m ulch ing  the b asin s w ith  p oo r quality  paddy straw  at 3.5 kg /p lan t appreciab ly  im p ro v ed  W U E  and  bunch  
y ie lds (A R S , 1984 -  1996). A sh  gourd  also  show ed  beneficial effect o f  m ulch ing  (Table 5).
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Table 5. Effect of mulching on water use efficiency

T re a tm e n ts A m o rp h o p h a llu s Y ield  o f  P in e a p p le Y ield  o f  b a n a n a
Y ield  t /h a  W U E  k g /h a m m t/h a t /h a  "

N o m ulch 22.6  30.9 36.9 9 .5  , ,
W ith  M ulch . 33 .0  45.1 44.5 * 9  .

C ro p p in g  sy s tem

A  study on  the irrigation  requ irem en t o f  tap ioca  in sole and in tercropp ing  system  ind ica ted  tha t a 
c ropp ing  system  involving* tap ioca as the m ain  crop  and crops such  as cow pea, b lack  gram , g reen  g ram  and  
g roundnu t as in tercrops can b e  ra ised  w hich  give additional incom e w ithout affecting  the y ie ld  o f  tap ioca  or 
increasing  the w ater consum ption  (V arghese et a /., 1986),

Rice based cropping system
1 1 '

T he follow ing rice based cropping pattern  is recom m ended  fo r the  sandy loam  soils w ith  high  perco lation  
rate  fo r m ax im um  w ater u se efficiency  and  n e t re tu rn  in  the o rder o f  preference (K A U , 2002).

K h a rif  R abi Sum m er
R ice(M D ) R ice(M D ) G roundnu t
R ice  (M D ) R ice (M D ) Sesam um -daincha
R ice  (M D ) R ice (M D ) V egetables
R ice  (SD ) R ice (SD ) ‘ Tapioca

M D  -M ed ium  duration  SD  - short duration

M u ltip le  c ro p p in g

■ W ater requ irem en t o f  crops in a  m ultip le  c ropping  system  is less than  the  sum m ation  o f  the w ater 
requ irem en t o f  crops g row n singly. M oisture  left in  the  profile  a fter harvest o f  one  crop  is  u tilized  fo r  land  
p reparation  and  sow ing  o f  the  subsequent crops. M ultip le  c ropp ing  increases fe rtilize r a n d  w ater u se efficiency  
and  b rings m ore  a rea  u nder cu ltivation . D uring  dry  m onths, m ax im um  area should  b e  u n der sho rt dura tion  and
low  w a te r requ iring  crops. N o c rop  should  su ffe r from  scarcity  o f  w ater d u ring  critical periods o f  g row th.

. - 1 - -

S y s te m  M a n a g e m e n t

Group management in rice farming

In rice, adopting  channel to  fie ld  ra ther than  field  to  field irrigation  and stric t adherence  to tim e 
schedule in various field operations through a  collective approach (g ro u p  fa rm in g ) increases the rice productivity, 
w a te r saving and W U E  (Table 6 )(M ohandas et al., 1989). •
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Table 6. Effect of group farming on yield and WUE.

T re a tm e n ts G ra in  y ie ld  
(k g /h a )

S tr a w  y ie ld  
(k g /h a )

I r r ig a t io n  
R e q u ire m e n t (m m )

W U E
(k g /h a m m ).

B :C  ra t io

G roup farm ing 3069 3 826 1259 2 .50 1.11
N o group  farm ing 1810 2651 1660 0.93 1.38

L a n d  levelling  a n d  lin ing
O ne o f  the  m ajo r a spects in  irrigated  ag ricu ltu re  is  the  delivery  sy stem  w here  a  s ign ifican t am oun t o f  

w ater is lo st in  conveyance. T hese  losses can  con tribu te  to  env ironm en ta l degradation  and sh rinkage  o f  areas 
under irrigation. L ining o f  canals w ith su itab le  m ateria ls w ill control seepage losses. O n farm  w ater m anagem ent 
aspect is also  equally  im portan t w here p ro p e r la n d  levelling  as one o f  the  m anagem en t com ponents increases 
w ater application  efficiency  w hich  leads to  h igher y ie ld  and in creased  w a te r use efficiency.

E n v iro n m e n ta l  Im p a c ts  o f u n sc ie n tif ic  u se  o f  i r r ig a t io n  w a te r  ,

Som e o f  the specific  consequences incidental to  irrigated  ag ricu ltu re  are  w a te r logging  and salin ization, 
adoption  o f  n o n  susta inab le  cropp ing  system , o v e r  exp lo ita tion  o f  g ro u n d  w ater an d  m ism atch  o f  canal w a te r 
supply  w ith  c rop  w ater dem ands. T he w ater logg ing  is c aused  b y  o v er irrigation , w rong  and  dcfective  m e th o d  ,of 
irrigation , im proper m ain tenance o f  natural channels, hydrau lic  p ressu res from  sa tu ra ted  areas un d er h igher 
elevation , heavy  seepage losses fro m  canals, absence o f  d ra inage  cana ls  in  irriga ted  areas and  silting  o f  canals. 
A bout 24  % o f  the area irrigated  by  m ajo r and m ed ium  irriga tion  p ro jects  in  In d ia  are th reatened  b y  w ater 
logging.

U nscien tific  w ater m anagem ent in arid  and  sem i arid  reg ions o f  In d ia  resu lts in  salt accum ulation  
w hich leads to un favourab le  so il w ate r re la tions a n d  decreased  c rop  production . T he areas under w ate r table  
depth range o f  0 - 1.5m  becom e salin ised  as a re su lt o f  sign ifican t cap illary  rise.

E xcessive  pum ping  o f  g ro u n d  w ater th rough  tube w ells leads to sea  w a te r in trusion  and  thereby  the  
d eterio ra tion  o f  w ater quality. S c ien tific  regu la tion  o f  the  in tensity  o f  tu b e  w ells accord ing  to  the  local aqu ife r 
characteris tics is essen tial to  en su re  p roper w a te r balance . - - ' ■ ■

Im provem ent o f  on -farm  w a te r m anagem ent includ ing  in teg ra ted  ju d ic io u s  use o f  rain , su rface  and  
g round  w ater and  w ater d is tribu tion  should  receive h ighest p rio rity  to  p reven t occu rrence  o f  these  p rob lem s

F u tu re  s tra te g y  . . .

T h e  co u n try ’s renew ab le  w a te r resources are  too  fin ite  to m eet v ital hum an  needs. A s popu la tion  and 
dom estic  and industria l u ses are  rising, the p er cap ita  w ate r availab ility  w ill decrease. T hus the  em erg ing  
shortage o f  w ate r is a  g row ing  concern . M anagem en t o f  ra in  w ate r particu larly  in h igh  rainfall areas fo r p reven t
ing  rain induced  degradation  and  enhancing  on -site  and  off-site  agricu ltura l p roductiv ity  assum es h ig h  s ign ifi
cance. C on junctive  use o f  su rface  and  g round  w ater, rehab ilita tion  o f  deg rad ed  lands, d iversified  land  use and  
c ropping  pattern , p rov ision  o f  adequa te  and  e ffec tive  d rainage, cap tu re  o f  ru n o ff w a te r and  its e ffective  u tiliza
tion  etc. are  the  n eeds o f  the tim e. C rea ting  p ub lic  aw areness on  the  ju d ic io u s  u se  o f  w a te r and  its conservation , 
and educating  fan n e rs  abou t the adverse  effects o f  ov e r irriga tion  also  fo rm  vital com ponen ts  o f  m anagem ent 
strategies.

63



References

Abdul Khader, K.B.and Havanagi, G.V. 1991.Consumptive 
useof water in relation to cumulative pan evaporation 
(CPE) with and without mulching in arecanut. J. Plantn. 
Crops 18:139-149 

Annual Reports, A1CRP (W ater M anagem ent). 1974- 
2003.Agronomic Research Station, Chalakudy, Kerala 
Agricultural University.

Bhat, K.S. and Abdul Khader, K.B. 1982. Agronomy. 
Bavappa K.V.A.. Nair, M.K. and Premkumar, T.(eds.) 
Arecanut Palm, CPCRI, Kasaragod: 105-131 

CW RDM , 1989. F inal R eport: D em onstra tion  o f 
microirrigation and fertigation techniques for economic 
high value crop production in water deficient areas. 
Submitted to CAPART, New Delhi.pp. 139 

Gurumurthy, B.R., Chandrappa, H.M., Parvathy.C., Raju, B. 
and Shantha Veerabhadiaiah, S.M.1996. Screening of 
cardamom clones for drought resistance. Proceedings 
o f the National Seminar on drought management in 
Plantation crops. 1996, CWRDM, Kottayam.25-29 

KAU. 2002. Package o f Practices Recommendations.Crops.
. Kerala Agricultural JJniverstiy, Vellaiiikkara,Kerala.. 

" v  278p. ' ' ' ■' ' '  " "  '
Kay, M. 1990. Recent developments for improving water 

management to surface and overhead irrigation. Agri
cultural water management. 17: 7-23. 

K orikanthim ath,V .S. 1994. Irrigation m anagem ent of 
cardamom. Water Management for Plantation Crops- 
Problems and Prospects. Satheesan, K.V.(ed) CWRDM, 
Kozhikode pp.71-77 

Kurup, K.R. 1978. Trickle irrigation. Cardamom 10(6): 11
16

Mathew, J., Nair, K.P.M. and Kuriakose, T.F. 1983. The 
response o f groundnut to Phosphorus and Potassium 
under different water management practices. Agri. REs. 
J. Kerala 21(2):27-31 

Michael, A.M. 1978. Irrigaion theory and Practice . Vikas 
Publishing House, New Delhi. 80 Ip.

Sharm a, B.R. and Sarkar, TlK. 1994. Efficient water 
management. A key to sustainable food production. 
Indian Farming, 44 (7): 7-12 

Sopal Ram, Reddy, A.G.S. and Ramaiah, P.K. 1994. Effect 
o f different methods o f micro irrigation on flowering,

fruit set and yield in Coffea canephora sub. Variety 
Robusta cv. S. 274. Water management for Plantation 
Crops- Problems and Prospects. Satheesan, K.V.fed.) 
CWRDM, Kozhikode pp.85-92 

Sreekumaran, V., Santhakumari, G., Jayakrishnakumar, V. 
and Reghu, P.K. 1998. Bubbler Irrigation System (BIS)
-  An innovative micro irrigation method. Proceedings 
o f  10* K erala  S c ien ce  C ongress, , K SC STE, 
Thiruvananthapuram, pp. 494-496.

Stringham, G.E. and Keller, J.1979. Surge flow for automatic ' 
irrigation. Proceedings o f the ASCE Irrigation and 
Drainage Division Specialty Conference, Albuquerque, 
NM.pp.132-142 

Sushama, P.K., Filial, G. R., George, T. P. and Mathew, J. 
1982. Response o f Cassava (Manihot esculenta crantz) 
to different irrigation schedules J. Root crops 8(1-2):71- 
73

Thankamani, C.K. 2000. Ph.D. thesis submitted to Kerala 
Agricultural University 

Thomas, D. 1999. Water and Fertiliser use efficiency in drip 
i :r , irr ig a ted  banana , N endran . PhD th es is ,.K era la - 

Agricultural University, Thrissur.
Varadan, K,M., Jayakumar, M., Boriah, G., Unni, P.N., Babu 

Mathew and Madhava Chandran, K. 1988. Irrigation 
scheduling for tea. Proceedings o f Natioiwl Seminar on 

. Management o f Irrigation Systems, CSSRI, Kamal
Varghese, K., Mathew, J. and Pillai, G.R. 1986.Response of 

blackgram to water management practices in summer 
rice fallows-Agri. Res. J. Kerala 24(2): 175-178 

V isalaksh i, K.P. S reekum aran , V., S usce la , P and 
1 Santhakumari, G. 2002. A kit for LEPA type micro

sprinkler. Research Bulletin. Directorate o f Extension, 
Kerala Agricultural University 

Visalakshi. K.P. 1995. Studies on hydraulics o f surge flow 
• furrow irrigation. Ph.D thesis., Indian Agricultural

Research Institute,New Delhi, India.

Y adukum ar, N. and M andal, R .C .1994 . E ffect o f  
supplementary irrigation on Cashew nut yield. Water 
management fo r  Plantation Crops- Problems and 
Prospects. Satheesan, K.V.(cd.) CWRDM, Kozhikode 
pp. 79-84



Input Use Efficiency in Agriculture - Issues and Strategies

Proceedings of the ICAR National Symposium

III. SESSION ON EFFICIENCY IN 
AGRONOMIC PRACTICES



Organic Spice Production
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A s natu ra l foods consum ers g e t m ore  adven tu rous in th e ir  ea ting  hab its, th e  o rgan ic  h erb  an d 'sp ice  
trade is heating  up. In  the industria lised  coun tries the  m arke t fo r  o rgan ica lly  g row n  p roducts is  increasing  
steadily. C oncern ing  the m ost im portan t m arkets in  the  E u ropean  U nion, the  U S A  and  Japan , annual ra tes o f  
increase betw een  5%  and  40%  are being  p red ic ted  fo r  the fu ture. H ow ever, a t p resen t, in  m any in d u stria lised  
coun tries organ ically  g row n  p roducts occupy  only  sm a ll n ich e  m arkets. T h e ir share  o f  the  total tu rn o v er in  food  
m arketing  am ounts to  approx im ate ly  1 -4% . In  G erm any, the  G overnm en t is striv ing  fo r  a m ark e t share  o f  o rgan ic  
p roducts com prising  20%  in  the  next 10 years. O rgan ically  g ro w n  p roducts have b ecom e an  im p o rtan t fac to r on  
the  in ternational food  m arkets. T h is u np receden ted  c o n su m er p reference  is creating  an oppo rtun ity  fo r  farm ers 
to  invest in  susta inab le  ag ricu ltu re  program s.

R easons fo r  the  in c re a s in g  a c c e p ta n c e  o f  o rg a n ic  p ro d u c ts  o n  th e  m a r k e t  a re  as  fo llow s:
•  C onsum er’s increasing  aw areness o f  env ironm ental and  health  issues
•  In troduction  o f  leeal gu idelines fo r  p roduction , com m ercia lisa tion  and  im port o f  o rgan ic  p roducts
• Increasing  availab ility  o f h igh-quality  o rgan ic  p roducts
•  Invo lvem ent o f  superm arkets in the  sa les o f  o rgan ica lly  g row n food.

Spices constitu te  a n  im portan t g roup  o f  ag ricu ltu ra l com m odities, w hich are  v irtua lly  in d ispensab le  in  
the cu linary  art. T hey  are used  in various form s v iz; fresh , ripe , d ried , b roken , pow dered  etc. w h ich  con tribu tes 
arom a, taste , flavour, co lour and  pungency  to food, ra th e r than  a lone food  season ing  factor. S p ices m ay  b e  
e ither bark , buds, flow ers, fru its, leaves, rh izom es, roo ts , seeds, stigm as and  sty les o r the  en tire  p lan t tops. T hey  
are  w ell k n o w n  as appetisers o r  p reservatives and  m any  o f  them  have rich  m edicinal p roperties  and  a re  u sed  in 
pharm aceu tical, perfum ery , cosm etic  p roducts, re lig io u s ritua ls  e tc . ' ‘ ' '

T he  history and culture o f  Indian spices is  probably  as o ld  as hum an civ ilization itself. T h e  Vedas, the 
B ible and the Q uran are  all replete  w ith references -  d irec t o r  indirect -  to  Ind ian  spices. T he  earliest literary  record 
in India on  spices is the R ig V eda (around 6000 B C ), and the  o th e r three Vedas - Yajur, Sam a and  A tharva.

In d ia  g row s o v e r 50  differen t varie ties o f  spices. Total p roduction  is around  2 .7  m illion  tonnes. O f  
th is , abou t 0 .25  m illion  tonnes (8-10 p e r cen t) is ex p o rted  to m ore than  150 countries. T he  Ind ian  share  o f  the  
w orld  trade  in sp ices is 45 -50  p e r cen t by  vo lum e (25 p e r cen t in value term s). E xport o f  o rgan ic  spices is 
show ing  m arginal increase  w ith the  add ition  o f  m o re  item s ev e ry  yea r ev e r since the country  s ta rted  exporting  
w ith  organic pepper in 1998-99. D uring  the  fiscal 2001-02 , to tal exports o f  o rgan ic  sp ices stood  at 98 .65  tonne  
va lued  at R s 2 .67  c ro re  as against 37 .60  tonnes w orth  R s 1:26 cro re  the  prev ious year. T h e  co un try  du ring  the 
cu rren t financia l y e a r  is expecting  an export o f  around  100 -150  tonnes o f  d ifferen t varie ties o f  o rg an ic  sp ices ie
0 .06%  o f  the sp ice  exports. . ■

T h e  m ajo r exporter o f  o rgan ic  sp ices w as P eerum ade  D evelopm en t S ocie ty  (P D S ) in  K e ra la ’s Idukki 
d istric t, w h ich  had  expo rted  38.55  tonnes o f  o rgan ic  w h ite  p ep p er va lued  at R s  1.31 cro re  and  41 .88  tonnes 
b lack  pepper w o rth  R s 0.71 cro re  (2001-02). T h e  a v erage  u n it values o f  the  w hite  p e p p e r  and the  b lack  w ere  R s
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340 .25  and R s 169.95 respectively  p e r  kg. T he  unit value o f  organic b lack  pepper w as m ore  than  doub le  that o f  
o rd inary  M G  1, the bes t quality  pepper. B uyers o f  these  p roducts w ere  G erm any, B elgium , U K  and N etherlands, 
w hile  o rgan ic  clove and  thym e w ere exported  to Sw itzerland . C love  fetched a  un it value o f  R s 673.53 p e r kg, 
w hile  thym e R s 124.78 p e r kg. B esides pepper, c love and  thym e, chilli pow der, d ry  ginger, 'tu rm eric  (dry), 
m ustard  seed, tam arind  (dry), nu tm eg  and  m ace w ere  exported  in  2 001-02 . G iven  the  ever-g row ing  sh ift tow ards 
chem ical-free  o rganic food  item s in w estern  w orld  the po ten tia l fo r  export o f  Ind ian  o rgan ic  sp ices is increasing.

O rg an ic  fa rm in g /e c o -fa rm in g /n a tu ra l fa rm in g /b io lo g ica l fa rm in g  is ' d e fin ed  as  “ a n  e c o lo g ic a l 
p r o d u c t io n  m a n a g e m e n t sy s te m  th a t  p ro m o te s  a n d  e n h a n c e s  b io d iv e rs ity , b io lo g ic a l cyc les  a n d  so il 
b io lo g ica l a c tiv ity . I t  is  b a se d  o n  m in im a l u se  o f o ff - fa rm  in p u ts  a n d  o n  m a n a g e m e n t p ra c tic e s  th a t  re s to re , 
m a in ta in  a n d  e n h a n c e  eco log ical h a rm o n y ” . (N ational O rganic S tandards B oard  (N O SB )

O rgan ic  ag ricu ltu re  consciously  avoids try ing to m axim i se the y ield  p e r un it area. T he total susta inab le  
p roductiv ity  o f  the farm  op tim ally  adap ted  to the  site cond itions is o f  prim e im portance. In con trast to the 
conventional agriculture, m anu re  is  used  in organic farm ing  system s to  feed  the  soil and  the  o rgan ism  liv ing in 
it. S O IL  is considered  as the  S ource  O f  In fin ite  L ife . T h e  general gu idelines fo r o rganic p roduc tion  o f  any  
agricu ltural com m odity  includ ing  spices rem ain the  sam e.

P la n tin g  m a te r ia l
S elec tion  o f  p lan ting  m aterials is a v e ry  im portan t aspect in  any p lan ting  program m e. E m phasis  shou ld  be 

g iven  to  variefies/species adap ted  to  soil and  environm ental cond itions p revailing  in the  respective  a reas se lec ted ' 
fo r cu ltivation . T hese  varie ties respond w ell under m oderate m anagem ent. H igh  y ielding varieties o f  crop  spices 
often  b estow ed  w ith h igh  su g ar and re latively  low  fiber con ten ts and these attribu tes m ake them  vu lnerab le  to 
various stresses. F u rth e r varieties having tender shoots, succulen t leaves are considered  to  be m ore  suscep tib le  
to pests and  d iseases. W hile  selecting  the plan ting  m ateria ls o f  sp ice  crops, varieties, w h ich  are susta inab le  
under m oderate  m anagem ent, m ay  be preferred  for o rganic system  o f  cultivation. F o r instances in  cardam om , a  
num ber o f  h igh  y ie ld ing  varieties/hybrids and land  races have been  reported . These selections w ill n o t b ring  
about expected  y ie ld  levels under m oderate m anagem ent, as they  need  h igh  farm  inputs including pestic ides fo r 
realizing  augm ented  y ie ld  levels. O n the o ther h and  the em ploym ent o f  trad itional cardam om  types (Vazhukka/  
Mysore) u n d e r m odera te  m anagem ent (organic system ) w ill b ring  abou t sustainable y ield.

N u rs e ry  m a n a g e m e n t
F o r p lan ting  in the nursery, o rganically  p roduced  p lan ting  m aterials m ay be preferred. H ow ever, such  

m aterials i f  n o t availab le , p lan ting  m aterials m ay be  p rocured  from  know n sources p referab ly  from  certified  
firm s. T he  general p rincip les  such  as so larisation , crop  rotation , sh ifting  o f  sites e tc  fo llow ed in the nursery  
m anagem ent need  to  b e  adhered  to m in im ise  pests and d iseases problem s. A fte r so larsa tion , site(s) can  b e  
fo rtified  w ith  b ioagen ts like Trichoderma, VAM and Pseudomonas jluorescens e tc  and  organic m anure  such  as 
neem  cake, g roundnu t cake o r farm  yard  m anure. T he appropriate  technology developed  for seed /p lan ting  m a
terial d isin fecting  and m anagem ent practices o f  each  c ro p  for the  nursery  m ay b e  follow ed.

N ursery  techniques such  as bed  nursery, po lybag  cu ttings o r rap id  m ultip lication  technique using  
bam boo  sp lits can  be  u sed  fo r  the  production  o f  pep p er p lan ting  m aterials. Instead  o f  bam boo , serpentine system  
o f v ine  m u ltip lica tion  using coconu t h usk  filled  w ith  po tting  m ix tu re  cou ld  also b e  used . Potting  m ix tu res c an  be  
inocu la ted  w ith cu ltures o f  VAM and  Trichoderma (250g m ass m ultip lied  m ed ia  in 25kg  com post). Pseudomonas 
Jluorescens cu ltu re  10’cfu @ 50m l/po lybag  flavours robust g row th  o f  cuttings.

N ursery  d iseases such  as le a f  rot caused  by Rhizoctonia soiani and  basa l w ilt caused  by  Sclerotium
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rolfsii can b e  m in im ised  in so larised  soil inocu la ted  w ith VA M  and Triclioderma is  used. A p a r t  f ro m  F Y M , 
neem  cake and  verm icom post can  be app lied  in the p o lybag  (50gm ) at 4 0 -45  days in terval. F o lia r app lica tion  o f 
verm iw ash  (5% ) a t frequent in tervals favours rap id  g row th  o f  cu ttings.

In conven tionally  seed  p ropagated  crops like cardam om , h igher rate  o f  seed  germ ina tion , earliness as 
w ell as un ifo rm ity  in germ ination  co u ld  be  ach ieved  w ith  scarifica tion  and  trea tm en t w ith  b ioagen ts. T he coat
ing  o f  seeds w ith  b ioagen ts like Pseudomonas and Bacillus (50m l spo re  su spension  for 100kg seeds) and  sow 
ing seeds on  b eds inocu la ted  w ith VAM  gives b e tte r  g erm ina tion  and  grow th. VAM  o r organic m anu re  such  as 
verm icom post, neem  cake e tc  can  b e  ap p lied  in the  po lybag  (50gm ) and  a lso  in trenches w hen  su ck er m ultip li
cation nursery  is adopted.

H ealthy  plants w ith  w ell-developed  p lum p  rh izom es free from  pests and  d iseases are se lec ted  for 
g in g e r and turm eric seed m ultip lication . Seed  rh izom es are stored  in p its, the  floo r o f  w h ich  is genera lly  plas
tered  w ith a m ix tu re  o f  fresh cow  dung and  te rm ita rium  soil. T he seeds are spread  on  leaves lay e r o f  m edicinal 
p lan t "Panar (Glyconia pentaphylla). T w o w eeks b efo re  p lan ting  the  rh izom es are rem o v ed  from  pits and 
sm oked. R h izom es are kep t o ver panal leaves on  a bam boo  m at shou ld  be sub jec ted  to sm o k in g  till 2  to  3 days 
b efo re  p lan ting . T he rh izom es d ipped  in  co w dung  slurry  con ta in ing  Trichodenna are  u sed  fo r  p lan ting .

R ecently  ‘rh izom e so la risa tio n ’ techn ique  has b een  developed  at Ind ian  In stitu te  o f  S p ices R esearch, 
C alicu t to  elim inate bacteria l w ilt pathogen . In th is technique seed  rh izom es are  p laced  in tran sparen t scaled 
po ly thene bags and  exposed  to  sunligh t for 30 m inu tes so as to m ain tain  the tem peratu re  in side  the  b ag  in  the 
range  o f  47  to  50°C. Tem perature bu ild  up  inside  the  po ly thene  bag  reduces bacteria l inocu lum  level in  the  seed  
rh izom es. T he  treated  rh izom es d ipped  in Pseudomonas fluorescens suspension  w as found  effec tive  in  checking  
the  bacteria l w ilt. A pp lica tion  o f  verm iw ash  (5-10% ), h um ic  acid  (0 .1% ) and Pseudomonas fluorescens (0 .1% ) 
at frequen t in terval in  vanilla  nu rsery  checks d isease  sp read  and  prom otes v ine  g row th  sign ifican tly .

N ursery  p ractices m ay vary  w ith  c rop  species. H ow ever in  the organic system  o f  p lan ting  m ateria ls 
p roduction , seed  m aterials shou ld  be trea ted  only  w ith the  b iocontro l agents and  n o t w ith  any  pesticides.

F ie ld  m a n a g e m e n t
A gronom y practices are d ifferen t in  various sp ice  crops. Som e are shade lov ing  (cardam om , vanilla  

e tc) o r som e are  annuals (ginger, turm eric , seed  sp ices etc) o r som e are perennial trees (clove, nu tm eg  etc). The 
gu idelines s tipu la ted  fo r o rgan ic  farm ing have to be stric tly  follow ed.

U se o f  Erythema sp. A s a live standards fo r pepper o r as a shade tree fo r  cardam om  shou ld  be  m in i
m ised  as the  p lan t harbours roo t-kno t nem atode. Glyricidia is an  ideal standard  for v an illa  as it filte rs  the 
requ ired  am ount o f  sun ligh t as w ell as is am enab le  fo r shade  regulation . Som e farm ers s tric tly  fo llow  the  trad i
tional crop  ca lendar for undertak ing  various agricu ltural operations such  as ‘Thiravathira njattuvela’ o r Medam 
pathu so on and so forth. C om post o r w ell ro tten  cow dung  m ixed  w ith  rock-phospha te  encou rages early  estab 
lishm ent and roo ting . Inoculation  o f  VAM along  w ith o rgan ic  m anure he lp s in b e tte r roo ting  o f  m ost o f  the  spice 
crops excep t vanilla. ’

F o r shade loving spices m aintain  50%  shade b y  retaining tw o-tier canopy in the p lantations. O pen areas 
invite fungal diseases such as Chenthal caused by  Colletrotricum Spp, w hich can  be  m anaged  by  providing ad
equate shade in cardam om  plantation. In areas w here shade is less, plant suitable shade trees and avoid  trees that 
m ay act as alternate hosts for pest and diseases o f  spices (Jack tree o r  Eiythrina spp as they act as h o st fo r root gm b 
beetles and nem atodes). Install beehives at various locations in the p lantation to encourage b ette r pollination.
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F o r annual crops such  as g inger, turm eric  o r chiili, so larisation  o f  soil beds using p lastic  sheets m ay  be  
undertaken  w herever feasible. A pp lica tion  o f  organic m anure such  as N eem  cake and F arm  ya rd  M anure  in o cu 
lated  w ith  b io -agen ts  such  us Psuedomonas o r Trichoderma o r Bacillus sp. is app lied  at the tim e o f onset o f  
S ou thw est and  N ortheast m onsoon. A dd ition  o f  bone  m eal o r  rock  phosphate  is done based  on  soil analysis. 
A pp lica tion  o f  Azatobacter/Azospirillum w ith phosphorus so lub ilising  bacteria  is found  to be  beneficial fo r  
p lan t g row th . In  m any  cases verm icom post w as found  to be b e tte r than FY M  or com post. M ulch ing  fo rm s an 
integral part o f  every  sp ice crop  production.

In  the o rgan ic  farm ing  tim e o f  p lan ting  and  all o ther agronom ic practises should  be  ad justed  as p e r  the  
crop calendar specified  for each  crop. T his helps in  the  b e tte r estab lishm ent o f  crop  and also to  m in im ise the  pest 
and d isease infestation. N u trien t m anagem ent in spices is ea rn ed  out w ith the b iofertilizers o r  m anure o r o rgan ic  
liquid  fo liar sprays. It includes Farm  Yard M anure , verm icom post, verm iw ash, trad itional p repara tions such  as 
panchakavya, fish  am ino acids and  o ther agents o f  b iological orig in . T he m ethod o f  prepara tion  o f  few  o f  these  
agents is g iven  as A nnexure. A pplica tion  o f  these in the soil as w ell as on  the  foliage in liquid  form  p rom otes 
speedy crop grow th and augm ent production (yield). Further the soil health /productiv ity  is im proved. Panchakavya 
and fish  am ino acids are being  ex tensively  u sed  in cardam om  and  chilli. U se  o f  p lan t g row th  p rom oting  agents 
such  as E ffective M icro -o rgan ism  (EM ) o r  sea w eed ex tracts o r  hum ic acids o r liqu id  m anure (L M ) and  fer
m en ted  p lan t ex tracts (FPE ) are being increasing ly  u sed  by  fan n ers  w ith  vary ing  degree o f  success. ■,

After care
T he cu ltural operations vary w ith  crop. O perations like m ulching, w eeding, irrigation , n u trien t m an 

agem ent are  com m on. In the shade loving plants like black pepper, cardam om  and van illa  shade regu la tion  is 
undertaken . Excess shade increases the  d isease and pest occurrence. W eeding is restric ted  to  the  p lan t base  and 
only  slash  w eeding  betw een  the p lants is advocated . T he w eeded  m aterials are  used  fo r  m ulch ing . G row ing  
cover crops like Calapagonium mucuuoides, Mimosa invisa is recom m ended to provide an e ffec tive  soil cover 
to preven t soil erosion during  rainy season and  prevent w eed  grow th as w ell as to enrich  the  soil.

P est and  d iseases can  be m anaged  th rough  in tegration  o f  various agronom ic strateg ies including  the  
cu ltivation  o f  resistan t varieties o r th rough  the  use  o f  b iocon tro l agents and  pesticides o f  b io log ical o rig in . U se  
o f  fungal b ioagen ts such  as Verticillium o r  Metarrhizittm o r  E n tam o P athogenic nem ato des (E PN ) fo r  con tro l o f  
roo t g rubs and borer, use o f  ligh t o r  ho rm one traps o r  yellow  sticky  traps against w hite fly e tc  are ex tensively  
getting  popu lar in com m ercial farm s.

Sp ice  crops require lot o f o rganic m atter and  decom posed  m ulch, as they are  the  m ain  source  o f  
nu trien ts for the plants. A th ick  layer o f  o rganic debris also helps to retain enough  m oisture and  g ive  a loose soil 
structure fo r the roo ts to spread . H ence it is ve iy  im portan t that easily  decom posable o rgan ic  m atter is  app lied  
around the  plan t base  at least three to four tim es in a  year. A ny operation done in the p lan ta tion  shou ld  no t 
d isturb  the roots.

U se o f  spen t Iem ongrass as m ulch m ay reduce the pest and disease problem  in crops like g in g e r and  
turm eric. C ow  dung slu rry  or liquid  m anure m ay be poured  o n  the bed after each  m ulching to enhance m icrobial 
activ ity  and nu trien t availability .

Pest and disease management

U se o f d isease to leran t varieties o f  crop  sp ices is one o f  the desirable approaches to b e  follow ed. 
P hy to -san ita tion  is the m ost im portan t essen tia l opera tion  to be undertaken  w hile  adopting  pest m anagem en t
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strategies. U se o f  b iocon tro l agents w ith specific  co lony  streng th  and  their tim ely app lica tion  is im p o rtan t to 
obtain prom ising results in the field. B io agents like Trichoderma, Metarrhizium, Bacillus thuringensis, Verticillium 
are generally  e m p lo y e d .

T he pest like  po ilu  b ee tle  (Longitarsus nigripennis) and  le a f  gall th rips (Liothrips karnyi) can  be  
m anaged  by  spray ing  neem  o il 400  m l/lO O litre w ater o r  o th e r neem  p repara tions as per the  recom m endations. 
Scale  insects can be  co n tro lled  by  spray ing  o f  tobacco d ecoc tion  and a lso  th rough the  m anagem ent o f  shade. 
A pp lica tion  o f  neem  cake and  p lan ting  o f  trap  p lan ts  like m arigo ld  (Tagetis sp.) w ould  help  to check  the n em a
tode problem . It is rep o rted  tha t fo r  retain ing  the in sectic idal p roperties o f  neem  seed, m atu re  fru its sh o u ld  be 
co llec ted  and shade  d ried  fo r  few  days and  im m ediate ly  used.

In jection  o f  Bacillus thurigensis (0 .5m l /in  10m l w ater) to  bo re  ho les k ills the stem  b o re r (Conog et lies 
punctiferalis) la rvae  and  check  its subsequent resu rgence in cardam om . P lan ting  o f  alternate host p lan t like 
casto r m ay b e  usefu l in  reducing  the  bo rer population . U se  o f  ye llow  sticky  traps and spray ing  neem  oil w ith 
soft soap m ade out o f  m in im um  caustic  soda (500m l neem  o il and 500  g soft soap  in 100 litre w ater) is found  
effective in  the  m anagem en t o f  w hite  flies.. A pp lication  o f  fish  o il ro sin  soap  is used  fo r  the  m an ag em en t o f  
thrips (Sciothrips cardamoni).

Harvest and post harvest

H arvesting  and  p o st harvest opera tions are  very  im portan t in spice crops as the sp ices and  sp ices 
products are  the natural flavouring  agents in various food  p reparations. H arvesting  is to  be done d ep end ing  upon  
the  gu idelines g iven  to  each  crop. P roper harvesting , p rocessing , pack ing  and sto rage w ill im prove the  quality  
and quality  o f  the  produce.

O ne im portan t e lem en t in the p rocessing  o f  sp ices is sterilisation : non-organic  sp ices are sterilised  
e ither by chem icals, such  as e thy lene ox ide  o r m ethyl b rom ide, o r b y  irrad iation . B ut these  m ethods have ra ised  
health  concerns, fo r consum ers and  fo r s ta ff w ork ing  at trea tm en t p lants and unaccep ted  in  organic sp ice  trade. 
Instead, steam ing  can b e  an effective, safe w ay to s terilise  n o n -le a f  sp ices” like clove and  nu tm eg  bu t less so  for 
herbs, like tarragon , because  steam ing  can  strip  herbs o f  flav o u r and  essen tia l o ils. In  that case, o rg an ic  com pa
nies m ay fum igate herb s w ith  carbon  d ioxide o r freeze  them . Im porters are  look ing  fo r  dependab le  source  o f  
p roduction  to e lim ina te  con tam ination  a t the  farm  source, m in im ising  the  need  fo r sterilisa tion  by  ensu ring  that 
farm ers sun-dry  their spices in  c lean  environm ents and  by  im prov ing  the san itary  cond itions o f  the farm s. ,

T he  transport, sto rage  and  processing  system s m ust also be carefu lly  m onitored , to ensure  the  sp ices 
are not exposed  to con tam ina tion  o f  any. S uch  w as the  case  for an herb  and spice exporter in  G uatem ala , w ho 
w as puzzled that certain  herbs repeated ly  failed the b u y e r’s quality  standards, despite thorough w ashing. R esearch  
revealed that w hen the herbs w ere harvested , the cut stem s w ere  p laced  on the ground , w here they  con tinued  to 
absorb m oisture and  m icroorgan ism s that con tam inated  the final product. A sim ilar s itua tion  o f  con tam ina tion  
o f  dried pepper w ith anim al faecal w as traced  to the bam boo m ats sm eared  w ith cow dung w hich w ere  traditionally  
used  fo r sun  drying pep p er by  farm ers. T he m arker ink  used  fo r s tam ping  gunny  bags also found  its w ay  to  the  
products during  packing.

‘S u n n in g ’ the sp ice  c rop  helps to reduce insect in festation . S o lar d ryers w ere fo u n d  to substan tia lly  
p revent a fla tox in  and  ac ro tox in  con tam ination  in chilli, though  p rac tica l p rob lem  on  hand ling  o f  h uge  vo lum e is 
still to  be overcom e. E qually  im portan t are good  storage m ethods. S trong  p lastic  bags o r sea led  m etal con ta iners 
w ill p ro tect a c rop  from  beetles, m oths and o ther insects fa r m ore  e ffec tively  than  trad itional ju te  sacks.
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. T he S p ices B oard , has com e o u t w ith  p rogram m es fo r prom otion  o f  o rgan ic  cu ltivation  o f  g inger, 
turm eric , ch illies, pep p er van illa  and herbal spices. T he farm ers w ould  have to  ensure the  m in im um  requ irem en ts 
fo r o rganic agricu lture , “w hich  m ust be  fulfilled  fo r certifica tion  p rogram m es w ith  regard  to conversion , b io 
d iversity , seeds and  p lan ting  m aterials, conversion  period , cropp ing  pattern , fertilisa tion  policy, soil and  w a te r 
conservation , labelling , food  p rocessing  and handling , packag ing” . To ensure  the  quality  o f  the  o rgan ic  sp ice 
products there a re  seven  accred ited  inspection  and certifica tion  agencies operating  in  the  country. TTiey are  the  
A ssociation  fo r P rom otion  o f  O rganic Farm ing  (A PO F), SK A L  International (India) and  IM O  C ontro l P riv a te  
L td all in  B angalore, Ind ian  O rganic C ertification A gency  (IN D O C E R T ) at A luva, K erala, SG S In d ia  P v t L td, 
G urgaon, H aryana and  E cocert In ternational and  L acon  G M B H  in  Germ any.

Conclusion
A ccord ing  to  the trend  in  the European , U S a n d  Japanese  m arkets, it is estim ated  that 10 p e r c e n t o f  

the total dem and o f  5 ,70 ,000  tonnes for conventional sp ices cou ld  b e  shared  by  o rgan ic  sp ices w ith in the nex t 
few  years. W ith  In d ia ’s annual expo rt o f  around 2 .5 lakh  tonnes o f  conventional sp ices, the 10 p e r c e n t  o f  it 
w ould com e to 25 ,000  tonnes. A s  against this, cu rren t exports w ere only at around 100 - 150 tonnes. T herefo re , 
Ind ia  w as p laced  a t an  advan tageous position  being  a m ajo r exp o rte r o f  sp ices to  the  g lobal m arket. T he  b rand  
Indian organic spices, w h ich  goes beyond  ju s t  flavouring ; as natu ra l preservative, colouring  agent, anti ox idan t 
and w ith  all its d iverse  m edicinal p roperties could  set o u t ano ther quest for healthy  living.

A n n e x u re
P a n c h a k a v y a

Five products from  C ow  viz. cow  milk, curd , ghee, dung  and urine traditionally know n as Panchakavya. 
R e q u ir e m e n t : C ow  dung -5 kg., C o w ’s U rine -3 1 .,  S ou r cu rd  - 2 1 ., M ilk  -21, G hee -500  ml to  1 litre, 
Jaggery  ~ 1 kg, T ender C oconu t -3-5  nos, T oddy -2 litres, B anana  (Poovan) 10-12 nos, W ater -5 litre

M e th o d  o f  p re p a ra t io n  -
F resh  cow  dung and  co w  ghee m ay b e  m ixed  to g e th e r and kep t in  a p lastic  bucke t fo r  4  days. Thi s m ay 

b e  kneaded  (m ixed), da ily  once. O n 5 th  day add th is m ix tu re  to  the  o th e r item s in  a  w ide-m outhed  m ud  pot or 
concrete  tank  o r  p lastic  can, m ix  thorough ly  and s tir  w ell w ith  hands o r  stick , tw ice d aily  co v er w ith  w ire  m esh  
and  k eep  in shade.

D aily  s tir the m ix tu re  a t least two tim es. T he m ore  it is stirred , m ore aeration  is p rov ided  and therefore 
m ore m icro -o rgan ism s are m ultip lied  in the so lu tion  and therefore  bette r results can be  obtained. C on tinue this 
stirring  daily  fo r  15 days. P anchakavya is ready on the  16th day.

T his P anchakavya can be kept fo r 6 m onths, fo r u se, by  stirring  it daily. I f  the so lu tion  becom es very  
thick, add sufficien t w ater and  keep  it loose enough. T he m ore num ber o f  days the P anchakavya is stirred , the 
m ore po ten t it becom es. i

T h is contains m icro-organism , and plan t g row th  nu trien ts in large quantity. T h is acts 75%  as m anure 
and  25%  as pest repellant.

H ow  to  a p p ly  . .
D ilu te  2 0 0  ml o f  m o th e r so lution in  10 litre o f w a te r (2 % s treng th ) and  use as a  fo lia r spray o r  5-10  litres p e r acre 
in  irrigation  w ater.
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Effective microorganisms (EM)
Prof. Teruo H iga , developed  the  techno logy  o f  E M  (E ffective M icroorgan ism s) at the  U niversity  o f 

R yukyus, O kinaw a, Japan, in the  early  1980s. .

E M  is a b row n co lour liquid  co n cen tra te  contain ing  a conso rtium  o f  benefic ia l m icrobes and acts as 
soil cond itioner as w ell as m icrobial inoculan ts. It is p roduced  from  cu ltiva tion  o f  ov e r 80  strains o f  beneficial 
m icroorganism s. EM  m ainly  consists  o f  L ac to  bacillus, P ho tosyn thetic  bacteria , Yeast, F ilam en tous Fungi, 
R ay  Fungi species o f  m icroorganism s. E M  includes bo th  aerob ic  and anaerob ic  spec ies  o f  m icroorganism s, 
w hich  co-ex ist in an environm ent o f  less than  3 .5 pH .

F o r using EM  technology effectively , one  needs to m ake a few  p roducts using EM . T hese  are: E xtended 
o r Secondary  E M , C om post, E M  B okashi, E M  5, E M  F P E  (Ferm ented  P lan t Extract) & E M  R ice  water.

Extended or Secondary EM
M ix W ater: M olasses: E M  in the  ra tio  o f  16 liters: 3 liters: 1 liters properly . P o u r the m ix tu re  into a 

clean  p lastic  con ta iner o r d rum  and seal the  co n ta iner airtight, so that no a ir is left in  the  container. K eep  the 
con ta iner in shade and  at am bient tem pera tu re  fo r  a w eek  (5-7 days). N o  refrigera tion  is required . A fte r a w eek 
you  w ill find  a w hite  layer on the top  o f  the  so lu tion  accom pan ied  w ith  a  p leasan t sm ell com ing . T he  product is 
ready  w hen pH  drops below  4 .0 . A p p earance  o f  above characters ind icates that E x tended  E M  is ready  and 
shou ld  b e  u sed  w ith in 30  days.

Precaution: Secondary  E M  so lu tion  should  nev e r be m ultip lied  again as i f  fu rth e r ex tended , the 
m icrobial balance is a ltered  and thus the e fficacy  o f  E M  is lost.

Compost
F irst o f  all m ix E x tended  EM  and  w ater in  the  ratio  o f  1 :50  by  vo lum e (e.g . 10 ltrs o f  w ate r and 2 0 0  ml 

o f  E x tended  E M ). Spray this so lu tion  on the ground  w here com post is to  be  m ade @ 2  lit/sq  m eters. M ake a 
heap  o f  organic m atter like plan t and an im al w aste  about 12 inches in height. S pray  the  d ilu ted  E x tended  EM  
so lu tion  on  the  heap  to  m ake the  m oistu re  co n ten t o f  70-80% . A no ther s im ila r lay e r can b e  m ade on top o f  this 
layer and E x tended  E M  solu tion  sp ray ed .'O n e  can  go  on  m aking  the layers till a  h e igh t o f  abou t 1.5 m eters. 
C over the heap  w ith rice straw , gunny sacks o r  banana  leaves. Do not cover it w ith  p lastic  sheets. A fte r som e 
tim e, i f  m oistu re  level drops in the heap  then sp rink le  som e m ore w ater on  the heap  and cover again . The 
com post should  ready  fo r use w ith  in 30 - 4 5  days.

Application: To be app lied  @ 3-4  tones per acre to ge t good  response.

E M  B okash i
B okashi is rich ferm ented  com post, w h ich  can be m ade as ‘A ero b ic ’ o r ‘A n aero b ic ’, depend ing  on the 

process used. B okashi enhances the p lan t g row th  and w ork as a soil cond ition ing  agent.
A  typical B okashi con ta ins the fo llow ing: R ice Bran: Oil cake: F ish / B one M eal: W ater: M olasses: 

E M  in the  ratio  o f  10 kg: 2 .5kg: 2 .5kg: 150 ml: 150ml by  volum e. T he q uan tity  o f  w ater can b e  a ltered  depending 
on the m oisture content o f  the ingred ien ts used. T he m aterial should  be m oist w ithout drainage. It is recom m ended 
that at least 10-15%  rice b ran  should  be  p resen t in all B okashi recipes.

Method for Anaerobic Bokashi
M ix rice-bran , oil cake  and  fish /bone  m eal thoroughly. D isso lve  m o lasses in w a te r (1 :100). A dd EM  

to the so lu tion  o f  m olasses. P our th is m ix tu re  on  the  d ry  ingred ien ts and m ix w ell. P lease  ensure  that no  lum ps 
are  left a fter m ixing. P lace this m ix ture in  a  po ly thene  bag  and m ake it airtigh t. R elease  all a ir  from  the  bag place
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the  packed  bag  in an o th e r po ly thene  b ag  and  again  m ake  it  airtigh t. S to re  in a  dark  p lace . B okash i is ready  in  4 
-  5 days in sum m er and  7 - 8  days in w inter. It has a sw ee t ferm en ted  sm ell w hen ready. A  foul o d o r ind icates that 
the  p rocess o f  ferm entation  is in terrupted a n d  the  B okash i is n o t fit fo r use. -

A naerob ic  B okashi should  b e  used  soon a fte r p repara tion . F o r storage, it should  b e  sp read  on  a  concrete  
f loo r and  d ried  under shade. A fte r drying, it c an  b e  s to red  in po ly thene  bags. P reven t the  B okashi from  rodents 
and o th e r pests.

Method for Aerobic Bokashi
T he ingred ien ts and m ethod  o f  m ix ing  is sim ila r to  anaerob ic  Bokashi. S pread  the m ix  on  the  concre te  

floo r and co v e r it w ith  gunny (jute) bags, straw , m at o r  s im ila r m atte r p reventing  it from  rain . T h e  tem peratu re  
rises rap id ly  but is contro lled  a t 250-350  C by  tu rn ing  the  m ix  upside  dow n. T his m ay  have to be done  3  o r  4 
tim es. B okash i is ready  in 4  - 5 days. S torage is s im ila r to  tha t o f  anaerob ic  B okashi.
EM 5

E M  5 is a non-tox ic chem ical free insect rep e llen t u sed  to repel pests and d iseases in crops.

M ix  W ater: M olasses: N atural V inegar: D istilled  Sp irit/E thy l A lcohol/W hisky: E M  in  the  ra tio  o f  
6 :1 :1 :1 :1 . Seal the  container. R elease  gas a t regu lar in tervals an d  re-seal till the form ation  o f  g a s  has subsided . 
S tore in a coo l an d  d ark  place.

EM FPE (Fermented Plant Extract)
F P E  is also an organic b io  pesticide

M ix  freshly  chopped  w eeds o r leaves: w ater: m olasses: E M  in the  ratio o f  llit:  Hit: 50m l: 50m l in a  
container. P lace  som e w eight on  the liquid  so that the  leaves rem ain  d ipped  in  solution. A void any space  betw een  
liquid  and  cover. S to re  the con ta iner in  w arm  da rk  place fo r  5-10  days. S tir  the liqu id  in con ta iner regu larly  to 
release gases.

F P E  is ready  w hen pH  drops below  3 .5 . F ilte r the  leaves and  store the liquid  in bo ttles. L eaves w ith  
strong  flavours like neem , m int, sting ing  nettles and  g rasses hav ing  m edicinal values are found  to b e  m ore

effective. O ne could  also  use garlic , ginger, g reen  pep p er e tc  to  m ake  good quality  F P E
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Soil solarization -  a novel technique for improving 
input use efficiency in agriculture

H.V. Nanjappa
Professor & Head, Department o f Agronomy, College o f Agriculture,

University o f Agricultural Sciences, GKVK, Bangalore -  65, Karnataka

Increasing agricultural p roduction in Ind ia by  increasing area is no longer possible a s  cu ltivable land  left 
over is only m arginal. Further a  considerable cultivab le land  is being  d iverted year after y ear fo r industrial purpose 
and housing. H ence, se lf  sufficiency in food  lies in increasing the yield  p e r unit area per unit tim e by enhancing  the 
efficiency o f  input use through adoption o f  m odem  agricultural technology. Soil, water, labour, energy, m achinery, 
nutrient sources, plant p rotection chem icals etc., are  the m ajor inputs under consideration  in agriculture. Soil 
solarization, being a integrated system , aim s m ainly fo r w eed  m anagem ent. B esides, it also targets soil borne 
disease control and also serves as a novel m eans to ob ta in  h igher y ields w ith  enhanced quality through b ette r input 
use efficiency tow ards sustainable agriculture. V arious term s used  to describe the m ethod o f  solarization are  so lar 
heating, plastic o r polyethylene trapping, plastic  o r  polyethylene m ulching and so lar pasteurization. Solarization is 
a technique, w herein  the control o f  w eeds is m ade th rough  the use o f traps for capturing so lar energy  by  transparent 
polyethylene sheets. T he use o f  p lastic m aterials p roved prom ising both  on experim ental and com m ercial basis. 
Hence, soil solarization, a p reventive m easure could b e  an e fficient and non-hazardous option. Soil Solarization is 
a m ethod o f  heating the surface soil by using plastic sheets p laced  on m oist soil to  trap so lar rad iation  and there by 
increase the soil tem perature. This m ethod is nonhazardous to  the user and the  environm ent can  be  kept cleaner as 
it is dependent on renew able source o f  energy.

I. Effect of soil solarization on weed management
W eeds have becom e one o f  the m ajor deterrents in  the  developm ent o f  sustainable in tensive agriculture 

system s. W eed m enace in  agricultural fie ld  is ever increasing  in spite o f constant efforts to get rid o f  it. W eeds by 
their m anifo ld  harm ful effects on the  grow ing crop  p lants and in terference w ith  land  uses, ranked  prim e enem ies in 
crop  production. T he annual global loss due  to w eeds has b een  estim ated to be 1980 crore rupees and accounts fo r 
33 per cen t yield loss (G autam  and M ishra, 1995). D orm ancy  and longevity o f w eed  seeds are natural m echanism s 
fo r the perpetuation o f  w eed species on  account o f  w h ich  it is im possible to  deplete the soil w eed  seeds com pletely. 
T here is a tendency to regard w eeds as an unavoidable  prob lem  in the  farm ing.

W eed control by m echanical and  cultural m eans have som e lim itations as they are  laborious, tim e con
sum ing and expensive. Besides, these m ethods are em ployed  only  after the crop attained certain  stage o f  grow th, by 
this tim e the w eed w ould  have also grow n sufficiently to cause dam age to the crop plants by  depriving them  o f 
nutrients, m oisture and space. C hem ical w eed  control although is one o f  the effective m ethods, there has been a 
grow ing apprehension am ong ecologists about the  use o f  chem icals w hich have p lagued  w ith  problem s such as 
pollution o f  environm ent, developm ent o f  w eed  resistance and above all is depend on  fossil fuel. H ence, there is a  
need  fo r  developing eco-friendly  alternate m ethods o f  w eed  control. Consequently, researchers in their search for 
new  m ethods also took interest in som e o f  the traditional p ractices w ith  a hope o f  evolving a m uch efficient tool o f  
w eed  m anagem ent. T he tim e dem ands that the new  m ethod  besides, being efficient, econom ically  viable, ecologi
cally sound and acceptable to  the users and environm ental friendly. In  th is d irection  soil d isinfection through soil 
solarization offers greater potentialities.
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The possib le m echanism s o f  w eed control by  soil solarization are direct killing o f  w eed seeds by  so lar 
heat, indirect m icrobial k illing o f  w eed seeds w eakened by  sub-lethal heating, k illing o f  seeds stim ulated to germ i
nate in the  m oist m ulched  soil and killing o f  germ inating seeds w hose dorm ancy is broken. Basically, all these are 
caused due to raising o f  soil tem perature to lethal levels.

A . S o la r iz a tio n  M a te r i a l : T ransparent polyethylene film s are m ore  efficient in  trapping so lar rad iation  (H orow itz  
et al, 1983, B haskar et al., 1998, M udalag iriappa et al, 1999) and  residual w eed  control than co lo u r o r  b lack  
film s. B esides, c lea r transparen t po lyethylene sheets costs less and  has high  streng th  and a llow s m ax im u m  
transm ittances o f  so la r  rad iation . T h in n e r film s are  m o re  effective for so lar heating  than th icker film s a n d  are 
p roportionate ly  less expensive  (S tapleton and  D e Vay, 1986). Patel et al. (1989) also observed  tha t transparen t 
po lyethy lene  w as m ore  effec tive  than black po lyethy lene in reducing  w eed density and dry  w eigh t in  tobacco .

B. S o la r iz a tio n  T e c h n iq u e : Soil so larization is recom m ended  to b e  done fo r  4 -6  w eeks during w arm  m onths o f  
the year. T he soil to  be so larized  m ust be w orked  up  to good  seed-bed  condition  by cu ltivating  the  soil un til it is 
loose and friab le  w ith  no  large clods o r o th e r debris in the soil surface as they create  a ir pockets, w hich , reduces 
heating  o f  the soil and  keep  the  tarp from  fitting tigh tly  over the soil surface. A  clean, flat surface w ill also  
p reven t the  acciden ta l punctu ring  o f  the thin p lastic  m ulch  by  debris. A dequate m oisture level (up  to fie ld  
capacity) fo r  w ork ing  the  soil before lay ing  the p lastic  tarp  is essential. I f  the  soil is dry, irrigating  the  areas to b e  
so la rized  is requ ired  b efore covering  the  sheet, since  m ost w eeds are  m ore sensitive  to  h ig h  tem peratu res in w et 
soil than  in  dry  soil. R esu lts o f  the  experim en t conducted  at U A S, B angalore ind icated  that soil m oistu re  up to  
F C  w as essen tia l fo r achiev ing  h igher soil tem perature and reduced  w eed  infestation  fo llow ed  b y  irriga tion  upto  
50 % FC . T hen  d ig  a  shallow  trenches all a round  the bed o r p lo t at 6-8 inches deep. W hen the soil bed  is ready  
for tarping tw o edges o f  polyethylene sheets o f  th ickness 100-200 gauge o r  0 .025-0.05 m m  shou ld  b e  in serted  
into the  furrow s and  covered and  tarped a ir  tightly b y  m ain ta in ing  m in im um  gap  betw een  p o lyethy lene sheet and 
the soil surface. Soil so lariza tion  in  nursery  b eds can  be  done m anually. In the fie lds, soil so lariza tion  can be  
done e ither m anually  o r by  using im proved  m achinery . A ny dam age to polyethylene sheets shou ld  b e  sealed  at 
the earliest. E ntry  in to  plo ts covered w ith  po lyethylene sheet should  be  avoided to the extent possible. I f  en try  is 
necessary , such  as fo r sea ling  leaks, bare  feet o r  sm ooth -so led  shoes are preferable.

■ M echanized  m ulching can  be done either b y  separated beds (strip m ulching) o r by  C ontinuous m ulching. 
M ost m achines used  fo r strip m ulching operate on sim ilar principles. Two discs (or flippers) open  tw o trenches on 
either side o f  the strips. The plastic film  is unrolled behind  the m achine, and its edges are deposited in to  the trenches 
by tw o guiding w heels. W hich are also  used  to stretch the  film  outw ard and covering discs returns the  soil to the 
trench. A  w hole  field m ulch ing  requires a continuous m ulching  m achine w hich is designed  to unro ll narrow  
film  strips, each  o f  w hich is anchored  to the  soil at one s ide  and the o th e r side connected  to  ano ther p lastic  sheet 
la id  on the  p rev ious pass. W hile  traveling , a new  sheet is unrolled . O ne edge o f  the  new ly unro lled  sheet is 
em bedded  in the  soil, w hile its o ther edge is g lued  o r  fused to the  prev iously  laid one.

S o lariza tion  in orchards create d iscontinu ities in the field so  that application  o f  continuous m ulch can 
b e  done only  m anually. T he p rocedure is to cut the sheet to surround the tree trunks o r the  poles. T he film  is held  
in p lace, w here overlapped , w ith  soil w ind  row s that are  applied  m anually. A n im proved technique, w ithout 
cu tting the  film , is also used. A  trench  is opened  along  the line o f obstructions. O ne p lastic  sheet is un ro lled  to 
one side o f  the trees and  a second sheet is p laced  from  the opposite  side, a round  the obstructions. O ne edge o f 
each  sheet is bu ried  and the upper sheet is then  opened.

C . M o n th s  o f so il so la r iz a tio n : It is c learly  understood  that the success o f  soil so lariza tion  largely  depends on 
the  availab ility  o f  in tense  rad iation . Sum m er m onths w ith  b righ t sunshine  at least fo r  one  o r tw o m onths are
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essential fo r e ffec tive  soil so lariza tion . In Ind ia , M arch  -  M ay  in S outhern  parts and M ay  -  June in  northern  
p arts  ex p erien ces  the  in tense  rad ia tio n  and  a re  b e s t su ited  fo r so la riza tio n  (Y aduraju , 1993). S y stem atic  
experim en ta tion  at U A S, B angalo re  revealed  th a t h ig h e r  so il tem perature, W C E  w ith  low er w eed  count w ith  soil 
so la riza tion  during  M arch & A pril a ttribu ting  to  the  b righ t in tense  radiation.

D . D u ra t io n  o f soil so la r iz a tio n : E ffec tiveness o f  soil so larization  depends actually  on  the  cum ula tive  heat 
accum ulation  w hich, in tum  on the duration  o f  so lariza tion . T he annual w eeds are suscep tib le  even  at slightly  
low er cum ulative  heating  bu t the perenn ia ls needs longer periods as they  have several m echan ism  o f  escape. 
Solariza tion  fo r a period  o f  10 w eeks e ffectively  contro l perennials (R ubin  and  B enjam in , 1983) In  th is  regard, 
the experim ental resu lts revealed  that soil so la riza tion  w ith  T P E  0.05 m m  fo r 45 days w as benefic ia l in reducing 
the w eeds and increasing  the crop yields.

E . E x ten t o f  in c rease  in  soil t e m p e r a tu r e : The basic phenom enon helping w eed  control upon  soil solarization is 
build  up  o f  lethally h igh tem perature. M axim um  tem perature in upper soil layers under ideal condition are achieved 
in 3-4 days after solarization begins (M ahrer, 1979). T he soil tem perature goes up  to 50-55 °C at 5 cm  and 46-47 °C 
at 10 cm  depth  o f soil w here m ost o f  the  dorm ant and viable seeds are present. R esults o f the field experim ents 
indicated an increase in  soil tem perature to  an  extent o f  10-12 °C m ore than the non-so larized  control.

F. E ffec t on  w eed  e m e rg e n c e : D ue to e levated  tem pera tu re  in soil fo llow ing  so lariza tion  trea tm en t it results in 
reduc tion  in  the popu la tion  o f  w eeds. T he response  to so lariza tion  in  w eeds varies w ith  w eed species. Soil 
so lariza tion  w as m ost effective  at con tro lling  b road -leaved  w eeds than sedges and  grasses (R eddy  et al, 1998).

G . T ypes o f  n  eed s co n tro lle d  : T he firs t sign  o f an  e ffec tive  soil so lariza tion  treatm ent co u ld  be seen  by the 
am ount o f  w eeds g row n in the treated  plots. Soil so la riza tion  is effective in  con tro lling  m ost o f  the annual w eeds 
how ever, the perennials, such as Cynodon dactylon, Cyperus ivtundus, and Convolvulus arvensis, gradually  
recovered. Several studies over m any years have revealed  that m any rainy and w inter season annuals are susceptible 
to soil solarization. The dom inant w eeds v iz, Triantliema monogyna, Dactyloctenimn aegyptium, Acraclme 
racemose, Digera arvensis, Echinochloa colona, Eleusine indica, and Commelina spp . in ra iny  season  and 
Avena ludoviciana, Phalaris minor, Chenopodium album, Rumex dentatus Fumaria indica, etc. o f  w in te r season 
w ere  h igh ly  sensitive  to so lariza tion  treatm ent. H ow ever, Cyperus rotundus, M elibtus indica a n d  Convolvulus 
arvensis, w ere to lerant; though  the seed -bom e sedges w ere  h ighly  suscep tib le  (S ingh  and  Y aduraju, 2004). T he 
surv ival o f  Cyperus rotundus tubers in  the soil has been  a ttribu ted  to heat resis tance  o f  the  tubers (K um ar et al, 
1993). Soil so lariza tion  contro lled  Orobanche by  90  % in Israel (Jacobsohn  et at., 1980).

T he  overall effect is best in crops, w h ich  form  quick  canopy cover. O therw ise , s low  g row th  o f  crop 
p lan ts m ay give w ay fo r  w eed  seeds, w hich  have escaped  so lariza tion  treatm ent. A lthough  the density  o f  w eeds 
is substan tia lly  reduced due to so larization , th e ir  increased  b iom ass m ay seriously  in terfere  w ith  c rop  grow th  
and yield . U nder such  c ircum stances, a low -energy  input m anual w eeding  o r chem ical w ould p rove highly 
beneficial and cost-effective  (Y aduraju, 1993).

H . E ffec t o n  w eed  seed  b a n k : The reserves o f  do rm an t w eeds in agricultural so ils prov ide a source  o f  seeds for 
persisten t w eed problem s that o ften  requ ire  rep ea ted  con tro l m easures. A reduc tion  in the n um ber o f  dorm ant 
w eed  seeds in the soil shou ld  a lso  co rrespond ing ly  reduce  w eed persistence  and  w eed  contro l requirem ents. 
H ence, soil so lariza tion  w ould be  desirab le  as a m eans o f  reducing  the dorm an t w eed  seed  reserves in  the  soil. 
H ow ever, so lariza tion  w as not effective in  e lim ina ting  dorm an t w eed  seeds from  the  germ ina tion  zone. T he 
trea tm en ts k illed  non-dorm ant seeds and g rea tly  reduced  the num ber o f  w eed  seed lings that o therw ise  w ould  
have em erged  (Egley, 1983).
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II. Effect of soil solarization in improving crop productivity .
A s soil so lariza tion  has trem endous effec t on  so il-bom e pathogens, nem atodes and  w eeds, the treatm ent 

enab les the  c ro p  to  g row  and  y ie ld  better as com pared  to non -so la rized  field. T he m agn itude o f  increase  depends 
upon  the type o f  pes t p rob lem  and  the  d egree o f  control. C ontro l o f  w eeds a lone due to  so lariza tion  in creased  the  
y ie ld  o f  on ion  b y  100-125 (K atan  et a l, 1980), g roundnu t by  52 %  (G rinste in  et al., 1979), sesam um  b y  72%  
(S tap leton  an d G arza -L o p ez , 1988) and 77-78%  in soybean  (K um ar eta l, 1993; S ingh e ta l, 2000). S o lariza tion  
is very e ffective  in  con tro lling  parasitic  w eed  Orobanche, a n d  y ie ld  o f  78 t/ha o f  carrot w as rep o rted  from  
so larized  plo t w h ile  the  non -so larized  p lo t d id  not y ield  at all. S im ilarly , there w as a 20%  increase  in  y ie ld  o f  
bean  due to  Orobanche con tro l by  solarization (Jacobsohn , et al., 1980). M any  stud ies on  so lariza tion  effect 
dem onstra ted  the  increased ,grow th  and  yield  o f  crop  p lan ts even  in p laces w here there is no  in festa tion  o f  e ither 
so il-bom e pathogens, nem atodes o r w eeds. This cou ld  be attribu ted  to several chem ical and  b io log ical changes 
in soil caused  by  so la r rad ia tion  w hen covered  by  c lear plastic  film s especia lly  w hen  the soil h a s  a  h igh  m oisture  
conten t (Y aduraju  and  K am ra, 1997). W ith  adequate control o f  w eeds and  nem atodes th rough  chem ical or 
m echanical m ethods, so lariza tion  still enhanced  the  y ie ld  o f  soybean  (Y aduraju, 1993). T here  w as sign ifican t 
reduction  on  w eed  g row th  w ith  enhanced grow th  and y ie ld  o f  d ifferen t crops and crop  sequences. T he resu lts o f  
the stud ies conducted  at U A S, B angalo re  ind icated  a sign ifican t im provem ent in  y ie ld  o f  crops lik e  sunflow er, 
g roundnut, po ta to , bell pepper, tom ato  e tc  attribu ting  to the effective con tro l o f  w eeds and  increased  nu trien t 
availab ility  w hich  favou red  h igher y ie lds o f  crops.

m . Effect of soil solarization in improving the productivity of cropping sequences
Soil so lariza tion  is found  to have residual effec t on  w eeds, w eed seeds and  y ie lds o f  succeed ing  crops. 

T he in c re a se d  y ie ld  o f  p o ta to  and  to m ato  a f te r  g ro u n d n u t (A n o n ., 2 0 0 1 ), b e ll p e p p e r  a f te r  su n f lo w e r  
(C handrakum ar, 2002), g round  nut a fte r baby  c o m  (A non., 2004) w ere a lso  reported . T his w as a ttribu ted  m ain ly  
to the reduced  incidence o f  w eeds even  in the  succeed ing  crop  an d  enhanced  availab ility  o f  nu trien ts ow ing  to 
the rap id  m inera liza tion  during soil solarization.

IV. Effect of soil solarization on soil chemical properties and nutrient use efficiency
S oil so lariza tion  w as found beneficial in  im prov ing  the  chem ical p roperties o f  soil, w h ich  intern 

enhanced  the availab le  nu trien t status in the soil. T he  availab ility  o f  nu trien t in  the  so il w as im proved  w ith  
respect to  bo th  p rim ary  and  secondary  nutrients. W hile , the  o rgan ic  carbon  w as reduced  ow ing  to  the  rap id  
d ecom position  o f  o rgan ic  m atter w ith  increased  tem perature. So ils m ulched  w ith  transparen t p lastic  film s have 
frequently  been  reported  to  contain h igher levels o f  so luble m ineral nutrients. S ign ifican t increases in am m onium - 
n itrogen, n itrate-n itrogen , Ca*2,M g*J and electrical conductiv ity  w ere  consisten tly  found (C handrakum ar, 2002). 
Phosphorus, K* and C P  increased  in som e soils. O th e r m icronutrien ts Fe, M n, Z n  and  C u w ere n o t increased  
(S tep leton  and  D e Vay, 1986). A t ICRISAT, H yderabad  C hauhan  et al. (1988) dem onstra ted  that so la riza tion  d id  
no t sign ifican tly  affec t pH , EC o r  availab le  P  levels. Soil NO -N  concentration  only  to a depth  o f  3 0  cm  w as 
increased , specia lly  w here soil w as irrigated before so lariza tion . T his increased  availability  o f  nu trien ts in  the 
soil w ith im proved  so il chem ical p roperties enhanced  the nu trien t uptake o f  crops and in tu m  the  use e ffic iency  
o f  these  nu trien ts (C handrakum ar, 2002). Im proved  efficiency  o f  organic m anures applied  before so larization  
due to the rap id  m ineralization  w ere observed . A pplication  o f  poultry  m anure, FY M , verm icom post and com post 
befo re  so lariza tion  resu lted  jn  increased nutrien t status in the  so il and  in tum  the  up take by  m aize, french  bean  
and rad ish  as com pared  to  the  application after so lariza tion  and  non -so larized  control (A non., 2004).

V. Effect of soil solarization on soil enzymatic activity
Soil solarization increased the activity o f  soil enzym es such  as ureases, acid and alkaline phosphatases. 

The highest activity o f  these enzymes, w as noticed w ith  soil so larization w ith 0.05 m m  T PE . But, the dehydrogenase 
activity w as m in im um  w ith  T P E  0.05 m m  and w as m axim um  w ith non-solarized control. This w as attributed
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m ainly  for the w an n er tem perature as the enzym e activ ity  know n to double fo r  every 10 °C rise in tem perature. This 
increased activity o f  enzym es in the  soil a fter so larization  caused  the faster m ineralization and  in tum  the  nu trien t 
availability (Chandrakum ar, 2002).

VI. Effect of soil solarization on pest control
T he rise in  soil tem perature upon  soil solarization caused  the  reduction  in total disease incidence and  soil 

arthropods. Soil solarization w ith 0.05 m m  T P E  fo r  45  days effectively checked the incidence o f  so il borne diseases 
like crow n ro t and  co llar rot in groundnut, F usarium , Pseudom onas and R hizactonia w ilt in  tom ato  (A non, 2001). 
T he effective control o f  soil borne diseases w ere attributed to the sub-lethal tem perature by  so larization, w hich is 
know n to a  break the  viability  o f  spore to  g reater ex ten t. E ffect o f solarization on total parasitic  nem atode w as 
sign ifican t and drastic . T he  popu la tion  o f  all p arasitic  nem atodes o f  ch ickpea  includ ing  Pratylenchus spp, 
Rotylenchulus reniformis, Tylenchorhynchus Spp., and  Hetemdera larvae, w as m arkedly affected by  solarization 
Solarization also significantly reduced  ant and  earthw orm  num bers but had  no effec t on m illipede population (R icci 
e ta i,  1999).

VIL Effect of soil solarization on microbial population
D u e  to  solarization changes are reported  to occur in  the population o f  soil m icroorganism s. Solarization 

causes increase in tem perature and  at h igher tem perature only a few  species are able to surv ive close to  the  upper 
lim it o f  tem perature for that group. A t Sicily, Italy, it w as observed  that the total fungal population w as decreased  by 
50 to 53 p e r cen t due to  solarization (Cartia, 1987). Bacterial counts w ere generally unaffected by  soil solarization, 
bu t num ber in bare soil w ere usually low er for all bacteria l types. Soil solarization w ith  T P E  0.05 m m  for 60  days 
significantly  reduced the population o f  fungi and actinom ycetes in soil but the effec t w as non-sign ifican t w ith 
respect to  bacteria] population  (C handrakum ar, 2002).

Solarization had  no  effect on the  association betw een  Rhizobium and groundnut roo ts (G rinstein et ai, 
1979). In  Israel, K atan (1981) suggested that population  o f  Rhizobium spp., sufficient to effect heavy  nodulation o f  
bean roots. R eduction o f  Rhizobium spp. and  consequently  o f  nodulation o f  broad bean, ch ickpea and  cow pea w a s . 
recorded in  early  stages o f  p lan t g row th  in  so larized  soils (C hauhan et al., 1988). L a te r in the  grow ing  season, 
however, nodulation w as im proved  and  plan t g row th  had  recovered  to norm al levels. In  the  absence o f  inoculation, 
reduction in  nodule num ber in  soybean w as observed  (Chittapur, 1998).

VIII. Effect of soil solarization on residue recycling
S olariza tion  can  b e  com bined  w ith  o ther m anagem en t system s e ith e r d u ring  o r  a fter so larization . 

A dd ing  su itab le  organic residues to  the  so il enhance the  benefits o f  so lariza tion  (K atan , 1981). K atan  et al. 
(1983) has suggested  that p est suppressiveness in  so larized  soils. W hich  m ay  resu lt from  sh ift in  m icrobial 
popu la tion  in  favour o f  heat resistan t an tagon ists co u ld  b e  enhanced  w hen  so lariza tion  is c o m b in ed  w ith  residue 
m anagem ent w herein  chem ical b reak  d o w n  o f  p roducts  from  green  m anure  residues m ay  p rov ide  even  w ider 
variety  o f  additional in teractions, lead ing , ultim ately , to  the b e tte r  soil d is in festa tion  and  im proved  c ro p  g row th.

Phytopluhora spp. w ere found very sensitive to nitrate and other n itrogeneous com pounds in soil am ended 
w ith various m aterials (Tsao and Oster, 1981). C het et al. (1982) reported that com bining the antagonist Trichoderma 
harziamun w ith solarization in Rhizoctonia in fested  so ils im proved  disease and pathogen  control. C om bining soil 
am endm ents such  as cabbage residues w ith  so la r heating  o f  soil found to provide com plete  control o f  cabbage 
yellow s caused by Fusarium oxysporum sp. conglutinans (R am irez - V illapudua and M unnecke, 1987).

. N ot m uch  inform ation on  so larization  o n  nutrien t release through residue m anagem ent is available. 
How ever, C hittapur (1998) reported favourable changes in soil fertility. R esidues under transparent polyethylene
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m ineralized rapidly  and released available form  o f  nutrients. The EC , organic carbon, available P  0  and available 
K  0  w ere  h igher w ith residues particularly w ith g lyricidia and pigeon pea  stalks. W heat stra \V + 5 cattle dung  +  
Pfianerochaete chrysosporium inoculation recorded h igher soybean yield  (3479 kg  h a 1) com pared to residue-free 
solarized (2589 kg  h a '1), and non-solarized (2004 kg  h a '1) checks. W heat straw  + cattle  dung  (3621 k g  h a '1) and  
cotton stalks + dung + decom poser (3058 kg  h a -1) w ere nex t in order.

IX. Effect of soil solarization on labour use efficiency
Soil solarization is know n to reduce the labour d rudgery as the w eeding is the m ajo r operation consum 

ing labour to larger proportion and im proves the labour use efficiency due to  reduced w eed  m enace caused by 
solarization. In such  an ecosystem  the  use o f  intercultural im plem ents, to p  dressing and p lan t p rotection  becom es 
efficient w ith  reduced labour requirem ent.

X. Effect of soil solarization on water use efficiency
R educed weed m enace by solarization w ould enhance the w ater use efficiency in  irrigated agriculture 

since there is less com petition for soil m oisture and also nutrients. W eeds are know n to be  m ore efficient in using 
soil m oisture and nutrients. E ffective control o f  w eeds by soil solarization directly contributes to the efficient use o f 
w ater by  the crops and its indirect effect through enhanced  nutrient availability and in tum  the  crop yield  w ould 
increase the w ater use efficiency considerably. '

XL Economics of soil solarization
T he cost on transparent polyethylene sheet w as com paratively higher, still the net returns are h igher w ith 

soil solarization ow ing to increased yield  o f  the crop. T he results o f  the experim ent on soil solarization in ground
nut -  tom ato  crop sequence revealed the h ighest gross and net return  w ith soil solarization w ith 0.05 m m  T P E  for 
45  days follow ed by chem ical weed control through the application o f  alachlor @ 1.5 kg  a.i. ha-1 and tw o hand 
weedings.

Conclusion
Innovative approaches to con tro l the pests inc luding  w eeds are  in g reat dem and  a round  the w orld, 

particu larly  those w hich are cost effective and  less harm fu l to environm ent. The search  fo r  such  new  control 
m ethods w hich are effective and  econom ic and  have m in im al undesirab le  side effect is a  continuous process. In 
recent years, w ith  increased concern regarding the hazards o f  chem icals to the environm ent, interest in  nonchem ical 
approaches, w hich  a im  to  reduce pesticide u sage  is g row ing . In th is  ligh t h arvesting  o f  so la r energy  th rough  soil 
solarization for controlling so il-bom e pests including weeds, pathogens and nem atodes w ill be the  key preposition 
to reduce the dependency  on chem icals, besides large num ber o f  side effects fo r im prov ing  the use efficiency  o f  
d ifferen t inpu t and reducing the  labou r d rudgery  and  m achineries.

Soil so larization  is certainly  not the “m agic bu lle t” for w hich  farm ers have been  hoping. H ow ever, it 
is a usefu l non-chem ical and eco-friendly  tool that can  b e  in tegrated  into the pest m anagem ent program . Various 
researchers have recom m ended soil so larization  fo r w eed control besides im proving  the efficiencies o f  d ifferen t 
inputs o f  crop  production.
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Organic farming in rice with reference to input use efficiency

P.V. Balachandran, P.Raji and A. Prema
Regional Agricultural Research Station, Pattambi -  679 306, Kerala

R ice is the  principal source o f  nourishm ent, p rov id ing  about tw o th irds o f  the  ca lo ries fo r m o re  than  
tw o b illion  peop le  in A sia and  one th ird  o f  the  ca lo rie  in take o f  nearly  one b illion  people o f  A frica  and  L atin  
A m erica. O ver the centuries the rice farm ers have evolved  a cul ture w hich is in tune w ith the differen t ecosystem s. 
T hey  have evolved  varieties and system s o f  rice cu ltu re  to  su it every  conceivable agronom ic cond ition  from  
to tally  dry to floating rice; under rainfed as w ell as irrigated  conditions; in sandy to c layey  so ils and  in saline to 
acidic  soils. W ith  the  in troduction  o f  h igh  y ie ld ing  varieties, the traditional rice varie ties evo lved  by  natural 
selection  and adap ted  to the d ifferen t eco logical s itua tions w ere  replaced. M o d em  agricu lture , no doubt, has 
paved  the  w ay to  ‘G reen  R evo lu tion ’. B u t it h as led  to  the  application  o f  heavy  doses o f  chem ical fertilizers and 
pestic ides w ith  the  so le  o b jective  o f  m ax im iz ing  the  y ie ld , to tally  d isregard ing  the  h ea lth  o f  so il an d  b a lance  o f  
ecosystem . I h e  fe rtilize r consum ption  o f  the  coun try  h a s  s teep ly  increased  from  0.29  m illion  tonnes in 1960-61 
to  17 m illion  tonnes in  1998-99. U se o f  h erb ic ides fo r  w eed  control has increased  from  15 tonnes in 1970 to 
7620  tonnes in  1995-96. T he consum ption  o f  p estic ides in Ind ia  has increased  from  154 m etric  tonnes in 1953
54  to 54135  m etric  tonnes in 1999 -2 0 0 0

‘G reen  R evo lu tion’ has com e to be  assoc ia ted  not on ly  w ith h igher p roduction  th rough  enhanced  
productiv ity , bu t a lso  w ith several negative  eco log ical and social consequences. '
E xcessive  u se  o f  chem ical fertilizers and  pesticides have caused  dam age to the  soil an d  env ironm ent. F ertilizer 
fed soil cannot support m icrobial life resulting in less hum us and  few er available nutrients in the soil. Indiscrim inate 
use o f  chem ical pesticides cause  health  hazard s by  accum ulation  o f tox ic chem icals in an im als and hum an 
beings. B esides, the  pesticides and  fe rtilizers pers is t in the soil destroy ing  the benefic ia l so il o rgan ism s and  
earthw orm s a n d  thereby degrad ing  soil fertility . P estic ide  residue is the second  largest agen t causing  cancer next 
to  c igare ttes. Further, in  the w ake o f  serious po llu tion  p rob lem s and  b io -m agn ifica tion  o f  tox ic  chem icals in  the 
various b io log ical sy s te m s ,1‘O rg a n ic  F a r m in g ’ is  the righ t approach  in  the  p resen t day  agricu lture . 1

‘O rgan ic  cu ltiva tion ’ practiced  in  Ind ia  from  tim e im m em orial, b u t la igely  g iven  up  in recen t decades 
fo r ag ro  chem icals deserves c lose  atten tion  o f  the  sc ien tific  com m unity . M ost o f  the  deve loped  countries are 
now  ‘red iscovering ’ the v irtues o f  chem ical free, p ro -natu re  k ind  o f  cu ltivation , th rough  techniques that are 
friendly  to the environm ent. O rganic farm ing is a ho listic  system  ensuring sustainability  in  c rop  production . It 
is a m ethod  o f  farm ing  system  w hich p rim arily  aim s at cu ltivating  the  land  and  raising  crops in  such a w ay as to 
keep  the soil a live  an d  in good  health. A lthough  the expand ing  organic m ovem ent is a positive  developm ent, in 
the final analysis, agricu ltural production  w ill be m ain tained  on ly  if  farm s are designed  in the  im age o f  natural 
ecosystem s, com bin ing  the know ledge o f  sc ience  w ith the  trad itional w isdom . O rgan ic  farm ing  aim s at resto ra 
tion  o f  soil fertility  a n d  enhancem ent o f  the soil m icrobial ac tiv ity  b y  the  use o f  o rganic m anures, non  chem ical 
w eed m anagem ent and by  biological pest and  d isease m anagem ent. Then the  im portan t fac to r w h ich  w ould  
decide  the  fututre  o f  o rganic farm ing is it’s effice iency  in term s o f  p roduction  &  productivey . is i t  a  system  
w hrein  the  inputs are used  efficeien tly? In this artic le  w e w ould  be looking  a t the  system  o f  organic farm ing in 
rice, in  general and  also  w ith  reference to an ex perim en t conducted  at R egional A gricu ltura l R esearch  S tation, 
Pattam bi. A lso  an attem pt is be ing  m ade to  assess the  e ffic iency  o f  the  som e o f  the inpu ts  used.
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Important regulations for Organic Fanning 

Materials permitted
1. O rgan ic  m anu res, soil cond itioners and  fe rtilize rs  o f  natu ra l o rig in  p erm itted  (P lan t and  an im al o rig in ) 

F Y M , S lurry , u rine , verm i-com post, b lo o d  m eal, m eat m eal, b o n e  m eal, h o o f  and  horn  m eal, fea ther 
m eal, fish  an d  fish  p roducts, w ool, fur, ha ir, d a iry  p roducts

2. S o il cond itioners  and  n atu ra l fertilisersB asic  slag , lim e, lim estone, gypsum , ca lcarious and  m agnesium  
soil am endm ents, m agnesium  rock , k ieserite , e p som  salt, na tura lly  occurring  po tassium  m inera ls , n atural 
phosphates, trace  e lem en ts, su lphu r ,

3 . M icro  b io log ica l m ateria lsB io  degradab le  p rocessing  by-p roducts  o f  m icrob ia l o rig in , b io fe rtilise rs

Materials not permitted
• S yn thetic  fertilisers - 
■ S yn the tic  herb ic ides, fungicides, insectic ides, g ro w th  regulators
• G enetica lly  en g ineered  o rgan ism  o r p roduc ts  •

One of the tough tasks in organic farming is the challenge of meeting the nutrient requirement of rice as 
per the POP recommendations. The nutrient requirement of rice is quite high ( 5 1 organic manure and 
NPK @ of 90:45:45 or 70:35:35 kg /ha). Some of the options for the same are given below.

G re e n  m a n u re :  G reen  m anuring  is  o f  two types -  G reen  le a f  m anuring  w hich  is p rac tice  o f  g row ing  leafy  c rops 
on the  bunds o r  nearby  w aste  lands, harvesting  the  leaves &  tender tw igs and  incorporating  the sam e in to  the  
filed  at the  tim e  o f  land  p reparation . In situ g reen  m anuring  refers to  g row ing  a green  m anure c rop  in  sam e filed  
d uring  the  o ff  season and  incorporating  the  sam e at the  tim e  o f  land p repara tion . T he am oun t o f  N  co n trib u ted  
depends upon  the  spec ies  and  v igo r o f  the green  m anure , a n d  u ltim ate ly  on  the dura tion  o f  its g row th  cycle . 
T ypically, a g reen  m anure crop  w ill requ ire  approx im ate ly  50  to  60  days o f  grow th  to  fix betw een  20  a n d  4 0  kg 
N  p e r ha. A lso  the  p ractice  o f  b roadcasting  paddy &  co w pea  toge ther also  has been  found  usefu l in  adding  
o rgan ic  m atte r to  the  soil. O f these  th ree system s insitu  green  m anuring  seem s to  b e  the m ost effic ien t.

C o m p o s t: C o m post is a  re la tive ly  cost-effective  com m ercia l o rganic source o fN . C om post a lso  p rov ides P, K , 
C a , M g, S, an d  o ther m in o r nu trien ts in  fa irly  w e ll-ba lanced  am ounts. A lthough  actual co ncen tra tions o f  P  and  
K  in  com post are  low, the  to ta l add itions m ay be  qu ite  h igh  due  to  the h igh  vo lum e o f  m aterial app lied . W hen 
apply ing  com post, the  challenges are  to  know  and und ers tan d  its com position  a n d  to determ ine h o w  to  u se  it 
m ost efficiently . T he  g row er shou ld  understand  the com posting  p rocess used  b y  the  supp lie r and  k n o w  the 
sources o f  raw  m ateria l used . I f  the m ateria ls that a re  being  com posted  are low  in  nu trien ts, the co m p o st will 
have a low  nu trien t analysis. P oor-quality  o r  im m ature  com post m ay actually  tie up  n itrogen  in  the so il and  
decrease  the  availab ility  o f  N  to the  g row ing  crop . T he  carbon  : n itrogen  ra tio  (C :N ) o f  a  com post is one 
ind ication  o f  the  m aturity  and  N  availab ility . A s the C :N  ra tio  rises above 2 0 :1 , the  tendency  f o r N  from  the  soil 
to  get im m obilized  increases. A com post w ith  a C :N  ra tio  o f  less than  20:1 w ill genera lly  re lease  N  to the 
succeed ing  crop.

T h ree  types o f  com posts  a re  availab le  to o rgan ic  farm ers v iz., no rm al com post (N A D E P ), verm in- 
com post and  b iodynam ic  com post. T he  com position  o f  these  com posts varies and shou ld  b e  co nsidered  b efo re  
decid ing  the  ra te  o f  app lica tion . U se  o f  su itab le  m icrob ia l cu ltu res m ay  accelerate  the  p rocess o f  com posting  
and  add ition  o f  A zo tobac te r can  increase  N  co n ten t o f  the com post. S im ilarly, A d d ition  o f  natural P  sources 
such  as rock  phosphate  can  en rich  the com post.

83



A n im a l M a n u re :  D ecom posed  an im al m anure (FY M ) can also be a  balanced  source  of-N  and o th e r m ajo r and 
m ino r nu trien ts. F resh  m anure  m ay  be o f  lim ited  u se  because  o f  re latively  h igh  transport costs and the  po ten tia l 
fo r  po llu tion  problem s. A n o th e r poten tial lim itation  w ith  m anure  is  the availab ility  o f  a consisten t supp ly  o f  a  
m aterial that is u n ifo rm  eno u g h  to  b e  confidently  incorporated  in to  a production  p rogram m e. A  n um ber o f  
approved  organic fe rtilizers o r  natural m aterials are  availab le  com m ercia lly  . M an y  o f  these m ateria ls are b y 
p roducts o f  fish, m eat, and  soybean  p rocessing  industries. T he  com m ercia l form ulations and  n u trien t analyses 
o f  these  m aterials vary  considerably . In  general, they  range from  1 to 12 percen t N  and  provide P, K  o r bo th  
a long w ith  N . O ther s im ple  fe rtilize r m aterials tha t o ffe r on ly  one m acronu trien t inc lude b iood  m ean  (N ), rock  
phosphate  (P) and  m ined  p o tassium  su lfa te  (K).

B io fe rtiliz e rs : T h ree  types o f  b io fertilizers are used  v iz ., i) Sym bio tic  N 2 fixers such  as Rhizobium cu ltu re  fo r 
legum es, w hich cou ld  be u sed  fo r effecting  crop  ro tation ii) free liv ing N 2 fixers (non-sym bio tic  bacteria) such  
as Azotobacter and Azospirillum sp., b lue  green algae  and A zo lla  and iii) P  so lub ilizers such  as Pseudomonas 
sp. W hile  sym bio tic  N  fixers can fix substantial am ount o f  atm ospheric  N  to  feed the host plant, free-liv ing  N  
fixers contribu te m uch less, usually  10-30 kg/ha. P  so lubilizers enhance the  availab ility  o f  native  ino rgan ic  P 2

Ecofriendly management of pests rind diseases in rice
1. H O S T  P L A N T  R E SIST A N C E  .

. , . H ost p lan t resis tance  is. the m ost effective, econom ical, p ractical and  easiest m eans o f  encoun tering
-the pest p rob lem s and  it: is com patib le  w ith  all other- m ethods o f  pest c o n tro ls  M o st o f  the m o d em  varieties 
released and  g row n w idely  in p est p rone  a reas p ossess resistance to at least o n e  insect.pest o r  disease.- In K era la  - 
m ost o f  the recently  re leased  rice varieties are resistan t to  pests &  d iseases.M any  o f these resistan t varieties 
possess h igh  y ie ld  and  o ther desirab le  agronom ic characters and  are  be in g  ex tensively  cu ltivated  in the pest 
p rone areas as a principal m ethod  o f  control o r as a supplem ent to o th e r m ethods o f  insect pest m anagem ent.

2. C U LTU R A L C O N T R O L  .
C ultural practices are norm al ag ronom ic  practices that are fo llow ed fo r increasing  crop  p roductiv ity  

and  a t the  sam e tim e useful in  pest suppression. S trateg ic  m an ipu la tion  o f  these p ractices can effectively  suppress 
the  m ultip lication  o r sp read  o f  insect pests. T hese  include:

a) Early and synchronous planting
W herever possib le , a ltering  the date o f  p lan ting  can  o ften  check  the developm ent o f  popu la tions o f  

insect pests like yellow  stem  borer, gall m idge, B PH , W B PH  and G L H . H ow ever, th is needs com m unity  ac tion  
arid often  depends on  availab ility  o f  w ater in com m and  areas in  irrigated  rice situations.

b) Balanced and judicious use o f fertilizers
A pplica tion  o f  fertilizers, particu larly  n itrogen in  righ t doses and  a t righ t tim e w ill help  in enhancing  

the rice p lants ab ility  to com pensate  o r w ithstand  in jury  due to  pests. O p tim um  dosage o f  n itrogen  in 2-3  sp lits  
avoids bu ildup  o f  gall m idge, le a f  folder, B PH  and  W B PH  am ong insect pests.

c) Cropping pattern or crop rotation
T hese  are  im portan t to  b reak  con tinu ity  in  insect pest bu ildup  o r  in  d isease cycle, w hich  has been- 

successfu lly  a ttem pted  in  R ice  T ungro D isease endem ic areas. :

d) Field sanitation
Stubble destruction soon  after harvesting effectively prevents are c a n y  over o f  stem  borer and gall m idge.
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e) Witter m(tn(igeifient . .
S im p le  practices like d ra in ing  o f  w a te r from  fie lds w hep  abundan t p lan t ho p p er popu la tion  or 

m ain tain ing  appropria te  Ieyels o f  w a te r in ca se  o f  pests  ljke army w orm  and  ease  w orm . e |p .r 'can be  effective.

Use pf botanical pesticides
U tilisation  o f  bo tan ical pestic ides, m ain ly  pee tn  form ulations is a novel ap p roach  as these  are safe  to 

hum ans and env ironm ent. U n like  trad itional insectic ides, neem  fo rm ulations do n o t q u trigh tly  k ill th e  insect 
pests but incapacitate them  th rough  repellepcy, g row th  retardant effect, feed ing  deterrency, rep roductive  inhibition 
and  ov ipositjpn  deterrence. H ow ever, in  rice  pcpsystgepis, p eem  fo rm ulations are on ly  m odera te ly  effective 
against B ? h ! w B P H ,G L H  and  le a f  fo lder. ' ' ................................................'.......... ....................

Biological control
U se o f  b io log ical agents to  m anage c rop  pests  is a key  com ponen t o f  o rgan ic  fam ing . T he successful 

use o f  seyeral ep tom ophages and  en tom opathogens in  thp control o f  pests has p ro jec ted  b io log ical contro l as a 
p rom ising  a lternative to eco}ogjcal|y  d isru p tiv e  chem ical control m easures. Ip  Ind ia , lm lik? in o th e r crops, the 
scope o f  using  b ipcqntro l agents th rough  inundatj yp o r  inoculative releases in rice is restric ted  to  the egg parasito jd , 
T richogram m a jttpon icun i against y e llo w  s tem  few er apd  f .  ch ilon js aga in st le a f  folder, f i v e  to six re leases o f 

: the  e g g  parasito jd  @ 1,00,000 ad u lt p a rasites/h a  in  a  c rop  season  is very  u sefu l and  dev o id  o f  any  side effects.
Inundate  re lease  o f  T richog ram m a spp. to  con tro l s tem  borers and  |e a f  fo lders jn  r ic e  fie lds is  be ing  done across 
the country  by  the C entral I PM  centers p f  the  D irectorate  o f  P lan t P rotection, Q uaran tine  and S torage, G overnm ent 
o f  Ind ia . E stab lishm ent o f  m ass m u ltip lica tion  units by  the S tate  A gricu ltu ra l U n iversities  in  d ifferen t sta tes has 
p rov ided  the  im petus to  the u se  o f  b iocon tro l agents in rice.

C o n se rv a tio n  o f n a tiv e  n a tu r a l  e n e m ie s  &  b io lo g ica l c o n tro l in  r ic e
S tudies haye ind ica ted  that native  natprai enem ies can  be u sed  p ro fitab ly  ip pest m anagem ent- So, 

increased  attention is now  be in g  g iven  fo r  the  conservation  o f  natural enem ies. Seyeral n atu ra l enem ies identified  
fipm  differen t rice ecosystem s o f  the  coun try  have been  docum ented . In case  o f  ye llow  stem  borer, the  egg 
parasitjsm  due to Tegrastjchus, T elnom us and  T richogram m a is very  h ig h  in n a tu re  a n d  needs to  be conserved,

1 w hile  jn  case  p f  gall m idge, the  p a rasitism  h u e  to  P la tygaste r o iy zae r h a s  little  im pact on  the  pest in  the  field.
, T he larval and pupal parasitism  o f  le a f  fo ld e r un d er natu ra l cond itions is also  h ig h  and  e ffec tive . Ip  case  o f  le a f
i and  p lan t hoppers, the  ac tion  o f  p red a to ry  sp iders like Pardosa , Tetragnatha, A rg iope, A raenus, O xyopes, etc., 

and  m in d  bug , C yfto rh jnus liv id jpenn js  h av e  been  observed  to be  m ° re com m on and  dom inan t, the  o ther 
general predators ljke d ragon  flies, dam sel flies, g round  beetles, s taphylin ids, and  ear w igs h av e  alsp  been  found  
effective  in  keep ing  the pest popu la tions a t low er jevels.

Use of bio-pesticides
U se o f  m icrobial pestic ides like B t (Bacillus thuringieiisis) fo rm u la tions w ith  en do tox in s is ano ther 

useful approach . T hey  are specific  to insec t pests  and  quite  safe to  hum ans, natural enem ies o f  insect pests and  
1 o th e r  non-target o rganism s. E valuation  o f  som e o f  these  form ulations has revea led  that they  are effec tive  against 

lea f fo lder and m oderately  e ffec tive  against stem  borer. S om e o f  the fungal pathogens such  as B eauyeria  bassiana  
, against rice h ispa  and P ando ra  delphacis against B P H  etc., have alsp b een  fo u n d  prom ising- T here  is a n eed  for 

a sq itab ie  m echan ism  tp deve lop  su itab le  fo rm ulation  technology, p roper m arketing  and  com m ercia lization  o f 
these  products for p ossib le  use in o rgan ic  fam ing  in  rice. '

Use of insect sex pheromones
Sex pherom ones have been  fo u n d  p rom ising  fo r m anagem ent o f  ye llo w  stem  borer, in  m onitoring  as 

w ell as d irec t con tro l th rough  m ale an n ih ila tion  e ith e r b y  m ass trapping  o r  d isrup ting  m ating  com m unication .
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E c o -fr ie n d ly  d isea se  m a n a g e m e n t in  r ic e  fa rm in g

1. Varietal resistance
C ultivation  o f  resistan t /  to leran t varie ties  in  endem ic  areas is considered  very  im portan t. F o r eg:

K aira li, A th ira  and  A isw arya  a re  com paratively  to le ran t to  blast. So these  varie ties can  be  cu ltiva ted  in  b last
endem ic areas. •

2. Cultural practices
T he in tensity  o f  d ifferen t d iseases can  b e  reduced  to a great ex ten t by  su itab ly  m anipulating  the  cultural 

practices considering  all m ajo r p red isposing  factors. S om e o f  the practices are  as follow s:
•  B urning o f  stubbles and straw
•  D eep  sum m er ploughing  o f  the  fie lds
•  C ollection  o f  seeds from  d isease  free fields and  p roper drying w ill help  to reduce the seed  borne 

inoculum .
•  Opti m um  so w ing o r p lan ting  tim e is im portan t. A ltering  the  dates o f  sow ing  /  transp lan ting  p referab ly  

not co incid ing  the favorab le c lim ate  fo r  d iseases like fo lia r b last.
•  A pp lica tion  o f  rice  hull ash @ 20  kg  /c e n t w ill he lp  to reduce the  incidence o f  b last in  the  nursery.
•  C ontro lling  o f  d isease harboring  w eeds . ■
•  B alanced  fe rtilize r application. .

E xcess o f  n itrogenous fertilizers favors the  d isease  developm ent. N itrogenous fertilizers m ay  be 
applied  in sp lit doses o r delayed  fo r  10-15 days in  endem ic areas. M ix ing  o f  n eem  cake along  w ith 
u rea  (1:5) w ill h e lp  in slow  re lease  o f  n itrogen  and a lso  w ill get the benefit o f  neem  cake. A pplication 
o f  organic m anures like FY M  & g reen  m anures favor the  developm ent o f  an tagonistic  m icro o rganism s 
in the soil and  thereby help  in d isease  suppression. O ptim um  spacing 
C loser spacing  favours the  d isease  incidence and easy spread.

• W ater m anagem ent:
W ater logging favours the  d iseases like sheath  b light. D rain ing  the field  fo r  one  o r tw o days w ill he lp  
to reduce the spread o f  the d isease.

•  A void clipp ing  o f  le a f  tips at the tim e o f  transp lan ting  in bacteria l b ligh t endem ic areas.

3. Use of botanical formulations
S om e o f  the botan ical form ulations are  found  to  b e  effective against sheath  b light. F o r  exam ple  A zad iractin  
form ulation, i f  applied  a t the  initial stage  itself, d isease can  b e  m anaged. .

4 . B iological c o n tro l ag en ts
T h is strategy  has gained considerab le  atten tion  and appears to be p rom ising  as a viable  supplem ent or 
a lternative to chem ical control. A n tagon istic  m icro  organism s that can  grow  in  the rh izosphere  are  ideal 
b iocontro l agents, as rh izosphere  prov ides the frontline defence for roo ts against the  attack o f  pathogens. 
Pseudomonas fluorescens s tra ins o f  p lan t g row th  prom oting  rh izo b ac te ria  (P G P R ) g roup  have been  
successfully  u sed  in enhancing  c ro p  g row th  fo r suppressing  plan t pathogens. P. fluorescens is a po tential 
b iocontro l agent against m ajo r rice d iseases. P. fluorescens is know n to  produce an tib io tics, siderophores 
and  also  know n to  induce system ic  resis tance  in  p lan ts. B ecause  o f  these  various m odes o f  actions and  
effectiveness against fungal as w ell as bacteria l pathogens o f  rice its po ten tial as a b iocontro l agent is very 
high.
Methods o f application ■
1. Seed treatm ent @ '10 g /kg  o f  seeds. T reat the  seeds w ith  pow der form ulation  and  soak  in w ater fo r 24
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hours a n d  then  keep  fo r  germ ination . ■
2 . S eed ling  roo t d ip. D ip  the  roo ts o f  seed lings in  w a te r con ta in ing  p ow der fo rm ulation  @ 20  g/I fo r 30 

m inu tes an d  then  transplant.
3 . Soil app lica tion . A pply  p o w d er fo rm ula tion  at 2 .5 k g  /h a  a t 3 0  DAT. T h e  p o w der fo rm ulation  can  be  

m ixed  w ith  F Y M  (2.5 kg  +  50  kg  F Y M  fo r  1 ha).
4 . F o lia r spray : @ 2  g /1 45 days a fter transp lan ting . R ep ea t the sp ra y in g l5  days a fte r the  firs t spray ing  

in d isease  p rone  areas. '

Results of an NATP Experiment in organic fanning conducted at RARS, Pattambi
T he experim en t w as conducted  in Split p lo t d esign  w ith four replications. T he plot size w as 640  m 2 and 

the  rice variety K anchana w as used in the study. T h e  five system s studied were R ice +  fish under organic system  
(FY M  @ 3t h a 1+ G reen  m anure®  2t ha-1 + V erm i com post @ 5t h a 1), R ic e + fish  under in tegrated system  (FY M  
@ 3 t h a  l +  G reen  m anure@  2 t h a 1 +  Inorganic fertilizers @ 70:35:35 kg N P K  h a 1, R ice alone under organic 
system  o f  m anagem ent (FY M  @ 3 1 h a 1 +  G reen  m an u re®  2t h a '1 +  Vermi com post @ 5t h a '1). R ice alone under 
integrated system  o f  m anagem ent (FY M  @ 3 1 ha-1+ G reen  m anure  @ 2t h a '1+ Inorganic fertilizers @ 70:35:35 k g  
N P K  h a '1 and  R ice under inorganic system  o f  m anagem ent (Inorganic fertilizers @ 70:35:35 k g  N P K  h a 1). In  rabi, 
each  o f  m ain  plo t w as divided in to  tw o sub  plots. T he  fu ll d ose  o f  nutrients (as in the corresponding  m ain  field  in 
kharif) w as applied  to one  o f  the  sub plots w hile  the  o ther sub p lo t received  only h a lf  o f  the  recom m ended  dose o f  
nutrients. In sum m er, cow pea w as ra ised  in  the organic and  in tegrated  system s.

It w as found  th a t o rganic farm ing is ve ry  m uch  feasib le  in rice  and  the incidences pests &  d iseases 
cou ld  b e  b rough t un d er control w ith  eco  - friendly  m anagem en t practices, avo id ing  the .chem ica ls  totally. T he 
com bination  o f  organic m anures used  i.e., fa rm  y a rd  m an u re  (3t/ha), g reen  m anure  (2 t/ha) &  verm icom post (5 t/ 
ha) w as fo u n d  sufficien t to  m eet the  nu trien t req u irem en t o f  the rice  as reflec ted  b y  the  y ields. A lso  it co u ld  be  
seen  that there w as a steady  increase in the  y ie ld  ind icating  the  sustainability  o f  the  system . H o w ev er in all the 
years s ign ifican tly  h igh  y ie lds w ere  ob ta ined  from  the in teg ra ted  system  w ithou t fish  and all o th e r system s w ere 
at par. In  the rab i season  also , the  in teg ra ted  sy stem  g ave  the  h ighest y ie ld  and  the  o ther system s w ere  on  par. 
R egard ing  the  sub p lo t treatm ents, sign ifican t d iffe rences w ere  no t no ticed  betw een  p lo ts rece iv ing  fu ll dose  and  
h a lf  dose. It w as also  fo u n d  that fish  can  be  su ccessfu lly  in teg ra ted  w ith  b o th  o rgan ic  a n d  in teg ra ted  system . T he 
varie ties o f  f ish  u sed  w ere  R ohu, C a tla  and  M rigal. T h e  to tal fish  y ie ld  ob ta in ed  ranged  from  247 kg  to 494  k g  
/  ha. V erm icom post p roduction  is being  done  from  straw  a lso , ava ilab le  in  p len ty  at the  fa rm  an d  it is be ing  
p roduced  in  large quan tities  now.

In both the  organic and integrated system  non  chem ical m ethods o f  pest and disease m anagem ent were 
em ployed. T he m ajor pests recorded w ere case w orm , s tem  borer, le a f  fo lder and rice bug. C ase w orm  control under 
rice fish system  w as difficult as draining the w ater com pletely  could  not be done. H ence m echanical co llection &  
destruction w ere  adopted. A gainst s tem  borer, pherem one traps and Trichogramma japonicum egg cards w ere 
effective. F o r the control o f  lea f fo lder T. Chilonis egg  cards w ere used. D usting o f  T obacco  pow der &  C hilli 
pow der w as found to be  effective against the control o f  rice bug. The m ajo r diseases recorded  w ere blast, sheath 
blight and bacterial blight. Pseudomonas fluorescence w as used  as seed  treatm ent, soil application and  as fo liar 
spray fo r the  m anagem ent o f  diseases in general. Spray ing  o f  cow dung ex tract w as done in organic &  integrated 
nursery  as w ell as in the m ain  field fo r  the m anagem ent o f  bacterial b light. A pplication o f  lem on grass oil w as 
found effective against blast disease. A pplication o f  ash  &  verm icom post has been  found to b ring  dow n the thrips 
dam age considerably  in  the  nursery. W ith  respect to  natural enem ies and neutrals, significant differences could not 
be noticed am ong all the system s during the  en tire  period  o f  experim entation. In sum m er a  uniform  crop o f  
vegetable cow pea w as ra ised  w ithout any additional inputs in  b o th  organic and in tegrated plots. T he yield  obtained 
varied from  547 to  1023 kg/ha. T he  m ain purpose o f  g row ing  sum m er cow pea w as to ensure the crop rotation



epm ppnept. Ttle p lan t nutrient uptake o f N , P, K, C a &  M g w as significantly  h igher puder [he integrated system  
w ithout fish than all Other system s.. T he C a &  M g uptake under the inorganic system  w as on par w jth that under 
integrated w jth f>sh but significantly  superior to Other system s.. T he Peroxidase epzyfne analysis p f  the le a f  sam ples 
at various Stages o f growth show ed no detectable diffetejjeg jo the isozym e pattern. Protein analysts o f  the grain 
revealed that (lie different m anagem ent sys(e tm  had fto inf|yet}ce on the  ssttpe '

Sqjl chemleal attalysis revealed that in genera! the soil nutrient status was higher under the Integrated 
system without fish- Prgapic C content was also highest in the integrated system followed by integrated rice + 
fiah and Organic rice + fisfi. The ptf fls well as organic carbon was found to fie lower under the inorganic sys|eiq- 
However the available N & P coptept was foimd to be higher ip the Inorganic plots than under organic systepi.. 
With respect tq exchangeable Ca. there were no significant differences. The soil epzypiatic analysis (urease & 
dehydrogenase) has been carried out for the soil samples initially (before the experimentation). This will be 
again carried out at end pf tfie experimentation.

In general the rhizosphere population qf fungi, bacteria & ac[jnpmycetes were maximum under the 
organic system of management fp||pwed by jntegra|ed system- The inorganic system recorded the lowest popu
lation of (liese organism?- i?spert to tblai ppsis. natural enemies and neutrals, significant differences cquld 
nof he noticed among a|l the system? during the entire period pf experimentation- the point pf view of pest 
population if could be an advantageous situation ip the sense that pp?t population could he Hopt (naturally) 
below the threshold level ip the organically managed plots. Tjie phyfiosphere micro flora was taken initially and 
wiil be assessed again apthe end of experimentation. The residue analysjs of the hazardous chemicals was done 
and it was found that there ,was no detectable pesticides residues in any p.f the systems including that raised 
under inorganic management.

Benefit cost rufip and input use efficiency
T he f ° st pf puhiY atipn (Table 3 & 4 )  duringK h arif  ranged  from  Rs. 4 2 ,0 0 0 /ha in T (Inorganjc) to 

R$. 75000/ha ip  T  (O rganic w ith fish). R eturns w orked  out be tw een  R s. 44 ,000  in T  (O rganic) 5and Rs. 58 ,000  
ip f  (In tegrated  w ith  fish). T he  benefit cost analysis ind icated  that the  inorganic system  had  B ;C  ratio  p f  1.05 
a n d 3T (organic) had  0 .71 . Jn rabi, cost pf cultivation  ranged  be tw een  fi5- 3S,Q00/ha in T (inorganic) to  Rs. 
55 ,006/ha in T  (organ ic  alope) H ighest returns (Rs. 4 6 ,000/ha) w as recorded  in T4 (in tegrated) w hile  T 3 con tin 
ued  w ith  low est (R s. 35 ,000/ha).

It has been  dem onstra ted  beyond  doub t that r ice  cou ld  be g row n  organically  w ithout any chem ical 
inputs. H ow ever a tot*|l cppyersion  o f  w hole  rice a rea  into o rgan ic  farm ing  m ay not be  feasible  as jt in v o |v es a 
large am ount o rgan ic  inputs w hich are not easily  available. It is certa in ly  poss ib |e  to bring  a sm all area under 
organic farm jng aip ling  a n ifh e  jnarRet. A prem ium  price is very  possib le  fo r  organically  grow p rice. I | is a lso  
true that there has been  an ind iscrim inate  use o f fertilizers and plan t p ro tection  chem icals, w hich has led to  large 
scale po llu tion o f  the frag ile  rice eco-system . So  it is essen tial that sufficient aw areness is created  for the n eed  for 
a .“safe food po licy” , w h ich  is the need  p f  the hour.

W hen the B enefit -  cost ratio w as w orked ou t jt g ives the w rong im pression that the o rgan ic  inputs are 
Ipss efficien t com pared  to the: inorganic system . H ow ever in  th is  c a s e , the re tu rns w ere  po t w orked  out takjpg the 
prem ium  price availab le  fq rp rg a n jc  rice. A lso  the  labour-costs w ere  w orked  out gt the G overnm ent ra tes w hich  
is m uch h igher than p revailing  locai rates. A lso in w ork ing  out the  effic iency  o f  the  system  the  eco log ical 
benefits associa ted  w ith  organ ic  fann ing  is not taken  into considera tion . H ence to w ork  out the input use e ffi
ciency in an o rgan ic  farm ing  system , a separate  m ethodo logy  is to  b e  evo lved  taking in to  considera tion  not only 
the inputs & ou tpu ts bu t also the  associated  eco logical benefits.
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D w indling  natural resources extensively  utilized in intensive agriculture focuses g reater concerns on 
input use efficiency. F urther increasing concerns on  environm ental safety and sustainable livelihood  dem ands 
optional use o f  inputs in  agriculture. C rop im provem ent is a m ajo r technological in tervention  to  ach ieve th is goal. 
C rop  breeding  had led to  the developm ent o f  varieties w ith bette r input use efficiency and  adaptability  to  adverse 
cropping situations. T h is paper h ighlights c rop  breed ing  efforts in  K erala, fo r evolv ing  efficient y ield  bu ild ing 
varieties in m ajo r crops like rice, coconut, pepper and  rubber.

Rice
R ice  is w orld ’s  m ost im portan t fo o d  crop . T he increased  dem and  o f  rice  in  fu tu re  w ill h ave  to  b e  m eet 

u n d er m an y  constra in ts such  as less land , less w ater, less labor, less pestic ides and  less nu trien ts  (K ush, 1995). 
Increasing  aw areness abou t o rgan ic  farm ing  dem ands fo r  varie ties to leran t to insects pes ts  and  diseases. R ice 
varie ties w ith  m ore  adap ta tion  to o rgan ic  fe rtilizers and  nu trien t use efficiency  w ill b e  ideal u n d e r  organic 
cu ltivation . So  to m eet the  challenges o f  the  fu ture, in  K era la  also , crop  im provem ent e ffo rts  are  in  progress to 
iden tify / d eve lop  rice  varie ties w ith  b e tte r  inpu t use efficiency.

Rice improvement for water use efficiency
S carcity  o f  irrigation  w a te r fo r r ice  cu ltiva tion  is a vital issue o ften  lead ing  to  co m p le te  c ro p  failure 

and  even  figh ts betw een  nearby  loca lities/ sta tes. L ack  o f  surface w ater leads to o v e r  exp lo ita tion  o f  g round  
w ater resources. A  m ajo r challenge in rice cu ltiva tion  is to  p roduce m ore w ith  less w a te r b y  in c reasing  substan 
tia lly  the  efficiency  w ith  w hich  availab le  w a te r resou rces are  used . To ach ieve  th is  goal c rop  im provem en t 
e ffo rts a re  m ade  to inco rpo ra te  h igh  w a te r p ro duc tiv ity  and drough t to lerance  in  rice  varie ties . '

K era la  is  b estow ed  w ith  an array  o f  d rough t to leran t land races/ trad itional varie ties  su ited  fo r  cu ltiva
tion in garden  lands and  uplands. PTB 2 8  (K attam odan), PTB  2 9  (K aru tham odan ) and PT B  30  (C huvannam odan) 
are the m ajo r traditional varie ties deve loped  fo r up lan d  cu ltivation  ( K A U ,2002). T hese  d rough t to leran t varie
ties are hav ing  a short g row th  duration  o f  100-105 days, early  seed ling  v igor, e ffic ien t ro o t system  and red 
kernel color.

Navara is an o th e r m edicinal rice cu ltiv a r o f  K era la  w ith  an ex tra  short g row th  duration  o f  69 days. 
T h is c u ltiv a r is h igh ly  su ited  fo r d irec t seed ing  in  ra in fed  uplands. T he  reduced  g ra in  y ie ld  (2.5 t/ha) o f  this 
cu ltivar is com pensa ted  by  the  increased  p rice  (R s. 30  -  4 0  /kg ) o f  the produce viz. m ed ic ina l rice. T h is  cu ltivar 
is trad itionally  ra ised  under o rgan ic  farm ing  (E lsy  et al., 1992).

Intensive rice im provem ent program s to develop  high  yielding varieties w ith  drough t to lerance was 
initiated at R egional A gricultural R esearch  S tation, Pattam bi during 1988 to  develop rice  varieties suitable for 
d irect seedling during  virippu season in the  ra in fed  uplands. M 210, a d w arf m utan t o f  the traditional tall indica rice 
variety, P tb  10, w as c rossed  w ith the up land  rice variety  P tb  28 to  com bine the  d rought to lerance o f  P tb  28 w ith  the 
high yielding ability  o f  M 210. Cul. A 4-4-2  w ith  an average yield  o f 4220 w as re leased  as H arsha (P tb 55) (R osam m a
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R ice  im p ro v e m e n t fo r  low  p e s tic id e  u se  .
T he  m ajor insect pests effecting  rice  crop  are gall m idge, b row n p lan t hopper, s tem  bo rer and lea f fo lder 

w hereas the m inor pests are g reen  le a f  hopper, w h ite  backed  plan t hopper, rice  h ispa  and  blue beetle . B reeding  
p rogram m es aim ed fo r pest resistance  in rice had  led  to the  developm ent o f  m any trad itional /  h igh  y ie ld ing  rice  
varieties. M any o f  these varieties a re  iden tified  and  u tilized  as donors fo r pest resistance in  in ternational and  
national rice b reed ing  program m es.

R ice  im p ro v e m e n t fo r  gall fly  re s is ta n c e
M any o f  the  traditional varieties re leased  from  R egional A gricu ltura l R esearch  S tation, Pattam bi are 

gene donors fo r gall fly  resistance. S hastry  et al. (1972) found that P tb  18 an d  P tb  21 w ere offering resistance to 
gall fly. K alode et al. (1977) iden tified  th a t traditional cu ltivars/varie ties from  K erala  like C hennellu , V ellathil 
cheera, Velutha cheera, Parakulam , C hitten i, P tb 12 and P tb  19 w ere resis tan t to  gall m idge. H ein rich  and  P a thak  
(1981) had  reported that varie ties like P tb  10, P tb  27, Ptb 28 and Ptb 32 w ere  resistan t to gall m idge. P tb  18 and 
P tb  21 had  contributed to the developm ent o f  C R  94  series from  C R R I, C u ttack  and  IR  36 from  IR R I, Philippines. 
(N atarajan  et al, 1996) as sources o f  resis tance  to m a jo r insec t pests.

i P lan t b reeding  p rogram m es im plem ented  a t R ice  R esearch  S tation , M ancom bu  had  led  to  the  release
o f  m any high  y ie ld ing  varieties re s is tan t against gall fly, especially  b io ty p e  5 . T he  details  o f  these  varie ties are 
g iven  in Table I.

et a l, 2003). The variety is non lodging, non shattering and is performing well under less water situations.

T ab le  1. H igh  yield ing  rice varieties from  K erala  to leran t to gall fly.

N o V arie ty D u ra t io n  (days) G ra in  ty p e F e a tu re s

1 Pavithra ( M o - 13) 115-120 R ed, m edium  bo ld D w arf, m edium  tillering, resistan t to 
B PH  and  G M  bio types

2 P ancham i (M o -14) 115-120 R ed m edium  bo ld D w arf, m edium  tillering, resistan t to 
B P H  and  G M  B iotype 5.

3 U m a ( M O -16) 115-120 R ed ,m ed ium  b o ld D w arf, m ed ium  tillering , non  lodging , 
resis tan t to  B PH  and G M  B iotype 5

4 K arishm a ( M O -18) 115-120 R ed, m edium  bo ld D w arf, m ed ium  tillering , resistan t to 
B P H  and  G M

Source: Package o f  P ractices R ecom m endations: C rops KAU (2002).

R ice  im p ro v e m e n t fo r  B ro w n  P la n t  H o p p e r  (B P H ) re s is ta n c e
B row n Plant H opper (Nilapamttha lugens) w as first observed  in severe form  from  K erala  in  1973. 

Subsequently  reports from  o ther sta tes confirm ed the  devastating  dam age o f  this pest. S ince then  efforts to 
identify  B P H  resistance in rice and developm ent o f  h igh  y ielding varieties w ith  B PH  resistance had  gained  
a ttention to tack le  the  problem .

O f the traditional r ice varieties released  in K erala, P tb  10, P tb 18, P tb  19, P tb  21 and P tb  33 are resistant 
to B P H  (K alode eta l, 1977; IRRI, 1978). P tb  18, Ptb 21 and P tb 33 are extensively used  in breeding program m es 
for B PH  resistance in India, Sri Lanka, Indonesia, B angladesh, T hailand and  IRRI, Philippines (Kalode, 1986). P tb  
33 and P tb  21 are having digenic resistance to BPH. It is suggested that P tb  33 is having B ph 3 and bph  4  genes 
(N atarajan, 1996). A long wi th B PH  resistance, Ptb 33 also offered h igh  level o f  resistance to  W hite  B lacked  P lan t -
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H opper, le a f  fo lder and thrips (N atarajan and  Nair, 1983); R esistan t genes from  Ptb  33 had  contribu ted  to the 
developm ent o f IR  varieties like IR  56, IR  58, IR  60, IR  62 and IR 65 (N atarajan  et a i, 1996). . ,

In  K erala , ou t b reak  o f  B P H  incidence is  a regu lar m enace  in  K uttanad , the  rice  bow l o f  K erala. 
M oreover tracts w hich  w ere free o f  B P H  ou tb reak  are  recen tly  show ing  a reg u lar inc idence o f  th is m ajo r pest. 
H ence  h ig h  y ie ld ing  varie ties o f  r ice  re s is tan t to  th is m ajo r pes t had  b een  deve loped  using  appropria te  gene 
donors. H igh  y ie ld ing  varieties like A sw athy , T riven i, Jyothy, B harath i, B h ad ra  (M O -4) and  A sha (M O  5) are 
to leran t to  this in sect pest.

H ybrid isa tion  p ro g ram m e u n d ertak en  to  inco rpo ra te  h ig h  y ie ld  n a tu re  o f  IR  8 and  re sis tan ce  o f  
Karivennel led to the developm ent o f  the variety  P avizham . L a te r in 1976, hybrid iza tion  p rog ram m e w as strength
ened  by  in troducing  B P H  resistance  from  resis tan t paren ts like P tb  33 and  A R C  6650 and  th is  led to  the  evolu
tion  o f A runa. R em ya, K anakom  and  R anjini are o th e r h igh  y ie ld ing  rice varieties w ith  to lerance  to  B PH . T he 
details  o f these varie ties are g iven  in  T able  2 . '

T a b le  2. H igh  y ie ld ing  rice varie ties fro m  K era la  to le ran t to  BPH .

N o. V arie ty P a re n ta g e D u ra t io n  
( day s)

G ra in  ty p e F e a tu re s

1 P avizham  ( M O -6) IR  8x K arivennel 115-120 R ed, short bold. Fairly  resistan t to B P H

2 A runa ( M O - 8 ) Jaya  x  P tb  33 100-110 R ed, m ed ium  bold. T oleran t to  B P H  and s tem  
borer, m oderate ly  
resistan t to  gall m idge sheath  
b ligh t and sh ea th  rot.

3 R em ya (M O -10) Jay  a x P tb  33 110-120 R ed, long  bold. M oderate ly  resis tan t to 
B PH , gall m idge, sheath  
b ligh t and  sheath  rot.

4 K anakom  (M O -11) IR  1561 x  P tb  33 120-120 R ed, m ed ium  bo ld R esistan t to  B P H  and 
m oderate ly  resistan t to  stem  
borer. R esistan t to 
rice .tung ro  virus, b la s t and 
bacteria! b ligh t.

5 R anjin i (M O -12) M O -5 x 
Im proved  S ona

115-120 R ed, m edium  bold. D w arf, resistan t to  b la s t and 
BPH .

Source: Package o f  P ractices R ecom m endations: C rops-2002.

Pav ith ra  (M O -13), P ancham i (M O -14), U m a(M O -16) and  K arishm a (M O -18) are to le ran t to  bo th  
B PH  and G all m idge.

R ice  im p ro v e m e n t fo r  sa lin ity  to le ra n c e
- T he coastal be lt o f  K era la  h a s  a  un ique system  o f  rice cu ltiva tion  in  sa lin e  so ils loca lly  know n  as 

'P o k k a liThe Pokkali so ils are d is tin c t from  saline so ils found  e lsew here  in  India. D uring  sum m er m onths due 
to ingress o f  salt w ate r from  the  sea, the soil b ecom es saline. B u t w ith  the onse t o f  S o u th  W est m onsoon, the salts 
ge t w ashed  off and  the inheren t ac id ity  o f  the  soil regenerates . In itia l salinity, w ater logging  and  flooding, 
inheren t acidity o f  the soil and  sa line  w a te r in  the rep roductive  and  ripen ing  stages are the  m ain  p roblem s o f  the 
a rea  (G eorge et at., 1990).
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T raditional varieties o f  Pokkali lands are  know n as Pokkali varieties and the  special system  o f  rice 
cu ltiva tion  fo llow ed  in  Pokkali lands a re  know n as Pokkali cu ltivation . T rad itional varie ties lik e  Pokkali, 
Cherivirippu, Karuka, Eravapandy, Orpandy etc. are the  varieties suited fo r Pokkali cu ltiva tion . R ice b reeding  
efforts at R ice R esearch  S tation, Vyttila had  led  to the developm ent o f  m any  H Y V s o f  rice  su ited  fo r the tract. 
Vyttila-1, V yttila -2, V ytilla - 3 ,V ytilla- 4  and  V ytilla -5 are the varieties recom m ended  fo r th is  tract (K A U , 
2002). R ice  cu ltivation  in saline so ils is also  p o pu lar in K ollam  d istric t w here it is know n as Orumundakan 
lands. S agara  is a long  duration  v ariety  su ited  for Oonimundakan lands. T h is varie ty  is hav ing  a duration  o f  180
190 days, red  kernel co lo r and  pho tosensitiv ity  (K A U , 2002).

Rice improvement for nutrient use efficiency
P lan t breeding  efforts for the im provem en t o f  M ashuri w as in itiated  a t R egional A gricu ltu ra l R esearch  

S tation, Pattam bi in  1987 to  com bine red  kernel co lou r and nu trien t use efficiency. T he  m ost p rom ising  cu ltu re 
from  this program m e viz. RM -1 w as re leased  as M angala  M ashuri (Ptb-53). T h is variety  is capab le  o f  producing  
an average grain  y ie ld  o f  4 .9  t/ha at a low  fertilizer dose o f  50:25:25 kg N, P  O and K  O and is resistan t to gall 
m idge, stem  borer, lea f folder, w horl m aggot, rice h ispa  and iron toxicity. Toial’grow tli du ration  o f  the  varieties 
is 140-145 days. R ice is red in  co lou r and  m ed ium  slender in  shape. It is to leran t to  w ate r logging  and  h ad  show n 
good  response in low  fertilizer reg im es (K A U , 2002).

R ice is w ell know n fo r its  capab ility  to th rive  under a  variety  o f  agro eco log ical situations. L and  races 
that evo lved  naturally  in  d ifferen t agro  eco log ical s ituations had  developed  m orphological an d  physio logical 
characteristics to surv ive in  adverse cond itions. G enes responsib le  for these  specific  features had  contribu ted  to 
the  evolu tion  o f  m any high  y ie ld ing  varieties ideal fo r cu ltivation  in d ifferen t s ituations like drough t, salinity, 
h igh  incidence o f  pests and diseases etc. F u rth e r in recen t e ra  o f  genetic  eng ineering  varieties iden tified  as gene 
donors for such  specific features w ill b e  best u tilized  in  rice im provem ent p rogram m es.

Black Pepper
B lack pepper is the m ost im portan t and m ost w idely used  spice in the w orld . The black pepper o f  

com m erce is the dried m ature fru it o f  the  trop ical, perennial clim bing  plan t Piper nigrum L., be long ing  to  the 
fam ily  P iperaceae. K erala  accounts fo r  96 p e r cen t o f  the  area and production  o f  b lack  pepper in Ind ia. C u ltivar 
d iversity  is  richest in  K erala. T here  are  m any b lack  pepper cu ltivars that are specific  to the m ajo r g row ing  tracts 
o f  K e ra la  like the plains, h igher a ltitude  areas and  v alleys o f  h ills  as a p u re  crop, m ixed  c rop  o r in tercrop  trailed  
on various trees. C u ltivar varia tion  exists in  b lack  pep p er in relation  to y ield , m orphological attribu tes, resistance  
o r to lerance to b io tic  and abiotic stresses.

P e p p e r  im p ro v e m e n t fo r  d isease  re s is ta n c e /to le ra n c e  /
C rop  losses due to d iseases and  pests are the  m ajo r causes o f  low  p roductiv ity  o f  pepper in India. This 

c rop  is affected  by several d iseases caused  by  fungi, bacteria , v irus, m ycoplasm a and nutritional d isorders. T he 
fool rot o f  b lack pepper caused  by Phytophthora capsici is the m ajor one. A lm ost all the cu ltivated  germ plasm  
are susceptib le  to this disease. A m ong the cu ltivars, Narayakodi, Kalhtvally, Balankotta, Neelamundi, Mundi 
and Uthirankotta have been iden tified  as to leran t cu ltivars (Sarm a and A nandaraj, 1997). Ind igenous varieties 
like Balankotta, Kalluvally Utlurankotta, Arakulamnumda and Arikotta are  m ore to leran t to  the  d isease than 
the p o pu lar Karimunda and Panniyttr-1 (K A U , 2001). A m ong o ther taxa, Piper colubrimtm is h igh ly  resistan t 
to  the fungus. In a study conducted  by  Ind ian  Institu te  o f  Spices R esearch, C alicut, several open  po llinated  
p rogenies o f Perambrammtdi, Kalluvally, Cholamundy and hybrids involv ing  Panniyur-1 X  Karimunda and  
Narayakodi X  Neelamundi had recorded  to leran t reaction  (Sarm a et. al., 1994). A  low  ratio  o f  to tal phenols to 
orthod ihydroxy  phenol (O D  phenols) and a h ig h e r perox idase  activ ity  in  the cu ltivars im parts to lerance  o r  
resis tance  against this d readed  disease.
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Pepper improvement for pest tolerance .
P o llu  b ee tle  (Longitarsus mgripennis) is  the  m ost destructive  pest o f  black  pep p er and its in festa tion  

is h ig h e r in  p la ins o f  N o rth  K erala, a m a jo r p ep p e r  g row ing  trac t o f  K erala. D iffe ren t cu ltivars show  w ide 
varia tion  in resis tance  o r suscep tib ility  to  po llu  beetle . S hade in tensity  h ad  a  positiv e  in fluence  on  pes t inc idence. 
In an experim en t conduc ted  a t IISR , it w as fo u n d  that Kalhivally and  Karimunda are  less su scep tib le  to the pest 
(P illa i and  A braham , 1979). T h e  d istribu tion  p a tte rn  o f  the  pest in  the  m a jo r pepper g row ing  tracts o f  K erala  
revealed  that in  no rthern  K erala , the  cu ltivar Kalhrvally w as found  to  be least suscep tib le  a n d  Arakkulammunda 
w as the  m ost susceptib le . In  the  sou thern  reg ions o f  the state , the  cu ltivar Narayakodi w as m o re  suscep tib le  than  
Karimunda (K A U , 2 001 ). T here  are  several w ild  spec ies  that are resistan t to  the pest.

Pepper improvement for drought tolerance
R ainfa ll in  the  s ta te  is  not d istribu ted  un ifo rm ly  and  b lack  pepper su ffe rs  due to m oistu re  s tre ss  fo r 

nearly  six  m onths. C u ltivar variation  ex ists  in  the  to le rance  level tow ards drough t in  b lack  pepper. S tom atal 
resistance, transp ira tion  ra te , le a f  w ate r po ten tial, p ro line  accum ulation  and  ro o t to  shoot ratio  are  the  im portan t 
traits u sed  to sc reen  such  drough t to leran t cu ltivars. T h e  cu ltivars Kottanadan, Arahdammunda and  Kalluvally 
show ed h ig h  stom atal resistance, low  transp ira tion  ra te  and  h ig h  le a f  w a te r po ten tia l ind icating  that these  cu ltivars 
can  to le ra te  drough t. A ccum ula tion  o f  p ro line  w as h ig h e r  an d  ea rlie r  in  cu ltivars lik e  Neelamundi, Kottanadan 
and  Aimpiriyan ind icating  tha t these  cu ltivars w ere  a lso  to leran t to  drought. T h e  ro o t to  sh o o t ra tio  w as h igher 
in  Kalluvally, w h ich  is  a  d rough t to leran t cu ltivar (V asantha e ta i,  1990). A m ong  the re leased  varieties, Panniyur- 
5  possessed  sup e rio r m orphological, physio log ical, b iochem ica l and  anatom ical adap ta tions to  to le ra te  w ater 
stress (T hankam ani, 2000).

Pepper improvement for input use .
T he cu ltivar Karimunda is the  m ost p o pu lar and  w ide ly  adop ted  cu ltivar in all th e  m ajo r pep p er 

grow ing  reg ions o f  the  s ta te  excep t in certa in  pockets o f  Idukki and  W ayanad. T he  cu ltivars nam ely  Karimunda, 
Neelamundi, Vattamundi, Vadakkanmunda, Karuveli and  Koita w ere  iden tified  as low  inpu t resp o n siv e  varieties 
(K A U , 2001). ’

Rubber
P ara  rubber, Hevea brasiliensis, a  fo rest tree ind igenous to  the  trop ical ra in  forests, is  o n e  o f  the  m ost 

recen tly  d o m estica ted  c rop  species in  the  w orld . I t p rov ides 99 p e r cen t o f  the  g lobal natural rubber. T he  
production  and p ro ductiv ity  ind ices o f  natu ra l rubber, the  versa tile  p roduc t from  Hevea brasiliensis are  the  
h ighest am ong  the  p lan ta tion  crops in India. T h e  ru b b er g row ing  tracts rece ive  m ajo rity  o f  the  ra in s  from  the  
South  W est m o nsoon  a n d  rem ain ing  portion  from  N ortheast m onsoons. D rought p revails  in  m a jo r tracts for 
m ore than six m onths th a t adversely  affect the c ro p  and  pre d isposes the  c rop  to  m ajo r d iseases.

Rubber improvement for disease and pest resistance or tolerance
T he m ost destructive  d isease  o f  ru b b er in Ind ia  is abnorm al le a f  fall w h ich  occurs during  the Sou th  

W est m onsoon  period . A ll h igh  y ie ld ing  c lones and  clonal seed lings are suscep tib le  to  abnorm al le a f  fall d isease  
under Ind ian  cond itions. T he first report o f  th is d isease  w as from  Palappilly in  T rich u r d is tric t o f  K erala . L a te r 
the  d isease  sp read  to all o th e r  rubber g row ing  d istric ts. C lones like R R I I 105, PB  217, G T  1 and  G 11 reco rded  
to  re ta in  m ore  leaves than  m any  o f  the suscep tib le  c lones u n d er s im ila r p rophy lac tic  sp ray ing .( E dath il et. al., 
2000)

T h e  s tem  inc lud ing  the  tapp ing  panel reg io n  is  a lso  v u lnerab le  to  various diseases. A m ong  the various 
s tem  d iseases o f  rubber, p ink  d isease  is the  m ost serious one affec ting  young  ru b b er trees o f  two. to  seven  years 
o ld. D iffe ren t clones show  varia tion  in the ir suscep tib ility  to th is  d isease. A m ong  the  m odem  and w idely  p lan ted  
c lones PB 217 , PB 311 a n d  R R II 105 are  h igh ly  suscep tib le  to  the  d isease  in the trad itional ru b b e r grow ing  areas
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but c lones like PB 86, R R IM  513, G1 1, PR  107, G T  1 and  PB 260  are  less susceptib le  (R R IM , 1992).
U nlike m ost c rops, rubber is sub ject to pes t a ttack  on ly  on a lim ited  scale because  o f  apparen t aversion  

o f insect and pests to the latex that is p resen t in  all parts o f  the  plant. H ow ever a few  pests do becom e serious at 
tim es. T he p redom inan t in sec t pests o f  rubber in Ind ia  include w hite grub , bark  feeding caterp illars, term ites, 
scale  insects and  m ealy  bugs.

Rubber improvement for drought tolerance
A bio tic  stresses ind iv idually  o r  in com b ina tion  constitu te  a m ajo r factor lim iting the exp ression  o f  

genetic  p roductiv ity  po ten tia l o f  c rop  plants. P erfo rm ance o f  the  Hevea tree is h igh ly  influenced  by  w ater re la tion  
and has to confron t cond itions o f  so il m oisture s tress in  m any  o f the non-trad itional areas. Even  trad itional areas, 
the  w et season is fo llow ed by  six  m onths o f  dry period  ex tending  from  O ctober-N ovem ber to  M arch- A pril. T he  
drought causes y ie ld  reduction , drying up  and die back  and early  induction  o f  w intering. T he variety  G1 1 has 
low  transp ira tion  rate , h igh  w ater po ten tia l and stom atal resis tance , w h ile  G T 1 is characterised  by  low er 
transp ira tion  rate  and low  reduction  in pho tosyn thetic  rate  ind icating  that bo th  these clones are drough t to lerant. 
A m ong yield  com ponents, h igh  initia l flow  rate  and  low  p lugging  index are im portan t and  in  variety  R R I I 105 
y ie ld  during  drough t is good.

Coconut
C oconu t is one o f  the  im portan t cash  crops g row n in  K erala. I t  is the  m ost im portan t sources o f  

vegetab le oil in  the w orld. C opra, the m ain  p roduc t o f  the  palm  is the richest m aterial fo r vegetab le  o il extraction . 
A part from  this, m any com m ercially  im portan t bye  products are ob ta ined  from  the palm.

Coconut improvement for diseases tolerance
O f the  several m alad ies that confron t coconu t production  in the state, the coconut roo t w ilt d isease  is 

o f  u tm ost concern . The palm  is also  affected  by  a n um ber o f  o ther d iseases like bud  rot, stem  b leed ing , le a f  ro t 
etc. T he  roo t w ilt d isease first no ticed  in th ree iso la ted  pockets o f  K erala  h ad  spread to all the coconut grow ing  
tracts. R oot w ilt is reported  to be caused  b y  Phytoplasma and is spread  by insects like lacew ing  bug  and o r  p lan t 
hoppers. S ym ptom s o f  the  disease include flaccidity, ye llow ing  and  m arginal necrosis. So far no varietal resistance/ 
to lerance h ad  been  reported  fo r this d isease .H ow ever D X T  hybrids are found to perform  b e tte r w ith  reg a rd  to 
y ie ld  in d isease affected  palm s. T ha t is the  in tensity  o f  d isease  w as low  in  hybrids. C PC R I has iden tified  d isease 
to leran t palm s am ong C G D  and local tall palm . P rogen ies o f  crosses involv ing  C G D  X  W CT, Fiji X  GB and  GB 
X  W C T  are prom ising . The cu ltivars nam ely  A O , S S G  and C ochin  C h ina  also show ed fa ir d eg ree  o f  to lerance.

Coconut improvement for pest tolerance -
C oconu t palm  is susceptib le  to the attack  o f  a la rge  n um ber o f  pests o f  m a jo r and m inor im portance. 

T he rh inoceros beetle  and red palm  w eevil are the m ost serious pests that cause  considerab le dam age to  the palm  
in all coconut grow ing  regions. T he beetle  attack is m ax im um  d uring  the sum m er m onths. T he varieties vary  in 
their to lerance  level to th is pest. In a study  conducted  at R egional A gricultural R esearch S tation, P ilicode, it w as 
revealed  that the  exo tic  varieties w ere m ore susceptib le  than  W CT1 and o ther cultivars. A m ong  the  hybrids, the  
low est susceptib ility  w as recorded by C D O  X W C T  hybrids, W C T  X  C D G  hybrids and W C T  X  GB hybrids, 
w hereas C ochin  C h ina  X  C D G  w as the  m ost susceptib le .

R ela tively  young palm s ;ire m ost a ffec ted  by  the red  pa lm  w eevil. T he lea f dam age w as low est in  W C T  
X  C D G  hybrids, C D O  X  W C T  hybrids and W C T  X  L D  hybrids.

Coconut improvement for drought tolerance
C oconu t is  a crop m ain ly  cu ltivated  u n d e r ra in fed  o r lim ited  w ater availab ility  cond itions. H ence 

drough t is one o f  the  m ajor constrain ts affecting  the  coconu t productiv ity . T he  traits that im part resis tance  or
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to lerance in  d iffe ren t geno types in c lu d e  accum ula tion  o f  ep icu ticu la r w ax  on  .the le a f  surface, lo w  stom atal 
conductance  and  low  transp ira tion  ra te . B iochem ical characters that h e lp  in  the  m a in tenance  o f  cell m em brane 
in teg rity  are stress sensitive  enzy m es lik e  superox idase  d ism utase , ca ta lase  a n d  perox idase . C oconu t hybrids 
such  as W C T  X  G B , L O  X  C O D  and  W C T  X  C O D  and  tall palm s are re la tive ly  d ro u g h t to leran t. T he above 
cu ltivar o r  hybrid  m ain ta in  h ig h e r  d ry  m atte r p roduction  and  h igher partition ing  o f  dry  m a tte r  tow ards y ie ld  thus 
m ain ta in ing  h ig h e r y ie ld  stab ility  u n d er stress  cond ition  (R ajagopal, 2002). T h e  d rough t to leran t ta ll geno types 
like W CT, FM S, F iji, L O  a n d  the  T  X  D  a n d  T X T  hyb rid s exh ib ited  h ig h  w a te r use effic iency  and  enhanced  
fru it se t w ith  h igh  harvest index  (R ajagopal, 1998). T he m ost sensitive  s tages to  d rough t a re  seed ling , in itia tion  
o f  in florescence p rim ord ium , ovary  d eve lopm en t and  post fertiliza tion  period.
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U se o f  fertilizers has becom e inevitab le to  increase agricu ltu ral p roduc tiv ity  w orld  over. T here is a

near linear relationsh ip  betw een  F ertilize r C onsum ption  and Food P roduction  in  m ost o f  the countries including  
India. T he hope o f  m eeting  the food  requ irem en t o f  ev e r increasing  popu la tion  stands on  this re la tionsh ip . It is 
believed  that o u r population  stab ilizes a round  1.4 b illion. To feed th is 1.4 b illio n  m ouths w e need  to produce 
around 340  m t o f  food. F o r  th is the  on ly  hope is by  increasing  the fe rtilize r c onsum ption  from  the cu rren t 18.4 
m t to 30 to  35 m t o f  N P K  fertilizers apart from  10 m t supp lied  th rough  o rgan ic  and  b io -fertilizers . T he increase 
in natural gas and o ther pe tro leum  products costs has d irect im pact on the  fe rtilize r cost. T h is trend  w ould  
continue because  o f  lim ited resources. H ence developm ent o f  technologies and m atch ing  p olicy  issues to increase 
nu trien t use efficiency  is receiv ing  a great deal o f  atten tion  to day. A ctiv ity  has in tensified  in m any sectors and  
at various scales. L ast yea r the  firs t form al m eeting  o f  the in ternational n itro g en  in itia tive  w as held  in the 
N etherlands. T his is a g lobal effort w ith  a prim ary  focus on im proving  fertilizer n itrogen  effic iency  in o rder to 
op tim ize N 's  beneficial role and  m in im ize negative  environm ental effec t using  bo th  sc ien tific  and policy  tools. 
Several farm ers practices that im prove nu trien t use efficiency  including fe rtilizers need to be assessed , fine- 
tuned and subsid ized  to popularize the  practice. N ew  fertilizer m aterial th a t p roduce  b e tte r  y ie lds w ith  reduced 
nutrien t loss by  im proving nu trien t use effic iency  m ust be developed  and m arketed  to p lu g  the loss o f  national 
revenue and to p ro tect env ironm ent. W hile  a ttem pting  to increase nu trien t use e ffic iency  one should  consider 
the long-term  im pact o f  a  nu trien t m anagem ent p ractice  on the production  system . T his is because  a p ractice 
m ay appear h ighly  efficien t in  sho rt term , bu t resu lt in  long-term  negative im pacts on  the system  or it m ay  b e  
inefficien t in  the short term  b u t h ave p ositive  long-te rm  effects. H ence w e m ust consider susta inab le  nu trien t use 
efficiency  ra ther than short term  nu trien t u se  efficiency.

N u tr ie n t U se S cenario : A s earlier stated  there is a linear 
relationsh ip  betw een  fe rtilize r consum ption  and food 
p roduction in our country. B efore G reen  R evo lu tion  our 
f e r t i l iz e r  c o n s u m p tio n  w as h a rd ly  0 .5  m t w ith  a 
p roduction o f  about 50  mt o f food (F ig .l) . B ut to-day 
w e reached a target o f  210  m t o f  food production  w ith  a 
m atch ing  fertilizer consum ption  o f  18.4 mt.

G lobal fertilizer consum ption  has increased  
substantially  since 1950. B etw een 1960 and 1995 global 
use  o f  N fertilizer increased  seven  fold and is expected  
to  increase by  ano ther th ree fo ld  by 2050  un less there  is 
a substantial im provem ent in n itrogen  use efficiency.
In 1996, 8 2 ,906 ,340  m etric  tons o f  fe rtiliz e r N  w as 
applied  in the w orld . S ix ty  per cen t o f th is (49 ,743 ,80

F ig  1 .  Fo od  g ra in  production  a n d  fertilizer 
con sum ption  In India

Year
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m etric  tons) w en t to cereal p roduction  (Table 1). O ut o f  that on ly  16572232 m etric  tons w ere e stim ated  to  have 
been  rem oved  in  the g ra in  (D ale, 1997).

T ab le  1. W orld consum ption  o f  fe rtilize r N  (1996) fo r  cereal production , N  rem o v ed  from  cereal g ra in  and  
estim ated  N  use efficiency

 C o m p u ta tio n /C o m m o d ity________________ P ro d u c tio n /N  re m o v e d , m T ___________________

Total C onsum ption  82 ,906 ,340
C ereal C onsum ption  49 ,743 ,804
C ereal P roduction  . 2 ,056 ,637 ,800
Total N  rem oved  . • 33 ,144 ,465
Soil con tribu tion  16,572 ,232
Estim ated  N  use efficiency  33 %
N  saving fo r 1% increase in N U E  ' 489 ,892
Value o f  fertilizer saving $234 ,658 ,462

Source: FA O  (1996) '

T he  w orld  cereal g ra in  n itrogen  u se  e ffic iency  w ould  therefore  be  e stim ated  a t 33% . T his is fa r  less 
than  the  50%  generally  reported  from  research  resu lts. W hen w e com pare  N  use  efficiency  am ong  d ifferen t 
countries, developed  countries have 42%  w hile, develop ing  countries have 29%  efficiency. A n  effo rt in  this 
d irection  has n o t been  m ade in  th is coun try  fo r  w ant o f  in fo rm ation  on soil derived  n itrogen  in  nu trien t uptake.

N u tr ie n t  H a rv e s t  -  N u tr ie n t  A d d itio n  R e la tio n sh ip : A t the  national level it is estim ated  fo r the y e a r  1997 that 
annually  25.1 m t o f  nu trien ts are  rem oved  from  the soil w hereas only 15 m t are  supp lied  from  all sources 
including  organics (IISS 1997) leav ing  a huge gap  o f  10.1 m t. T hough  requ ired  data  is lacking, B isw as and 
T e w a tia (1 9 9 I)  ca lcu la ted  this re la tionsh ip  on  differen t A gro-clim atic  region basis , w h ich  show ed  the variab ility  
in nu trien t gap  betw een  reg ions (Table 2). .

T a b le  2. A groclim atic  reg ion  w ise fe rtilize r use, nu trien t rem oval and  gap  (kg/ha) (1989-90)

Region No. Agroclimatic region_ ______________ Fertilizer use N utrien t removed______ Gap
1 W estern H im alayan  region 51 97 46
2 E astran  H im alayan  region 18 71 55
3 L ow er gangetic  p lains 81 129 48
4 . M idd le  gangetic  plain 83 116 33
5 U pper gangetic  p la in 93 170 77
6 Trans gangetic  p lain 120 183 63
7 E astern  plateau hills 23 S3 60
8 C entral plateau hill region 30 118 88
9 ' W estern  p lateau  h ills . 38 94 57
10 S outhern  p lateau  hills 73 123 50
11 E ast coast p lain  &  h ill region 156 46 -

12 W est coast p la in  &  hill region 76 127 51
13 G ujara t p la ins &  hills 66 87 21
14 W estern  dry  reg ion 6 33 27
15 T he  Islands . - - -

A ll Ind ia 62 117 55
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It varied  from  21 kg /ha  in G ujara t P la ins and  W estern  H ills to  88 kg /ha  in C en tra l P lateau H ills 
R egion  as against all Ind ia  average o f  55 kg/ha . T he p ic tu re  m ay be  d ifferen t i f  a ttem pts are m ade in  this 
d irection  accord ing  to A gro-eco log ical reg ions a n d  S u b -R eg ions o f  the  country. F o r exam ple , the o ld  W estern  
P lateau  H ill R eg ion  o f  A gro-clim atic  zone partly  fall u n d e r R eg ion-5  o f  the new  A gro-eco log ical reg ion  covering  
parts o f  R ajasthan , M adhya P radesh  and G ujarat. T h e  nu trien t use - nu trien t rem oved  -  nu trien t gap for the 
W estern P la teau  H ill R eg ion  is 38 -  94 - 5 7  k g /h a  and  that fo r R egion-5  o f  A gro -eco log ica l reg ion  is 50-86-28 
kg /ha  respectively . H ence, it is very  im portan t to  genera te  th is in fo rm ation  on  A gro-eco log ical reg ion  basis  for 
develop ing  m anagem ent technologies to  im prove n u trien t use efficiency. S ince  data  on  co n tribu tion  o f  soil 
nu trien ts to total nu trien t up take is no t ava ilab le  it is  n o t possib le  to ca lcu la te  the  nu trien t u se  e ffic iency  e ither on 
A gro-c lim atic  zone basis o r A gro-ecological reg ion  bas is . W e m ust th ink  seriously  to genera te  this in form ation  
to m on ito r shifts in N U E  w ith tim e w hich  has serious econom ic  consequences to  the  country.

W h y  a r e  N u tr ie n t  U se  E ffic ienc ies  So L o w ?  -  S o il-w ater-p lan t a tm osphere  system  is a very  he terogeneous 
system . B io -p roduction  depends upon  the  e ffic iency  o f  th is system . N utrien ts are genera lly  app lied  to  soil. It 
then  en ters w a te r (so lu tion  phase) and p lan t roo ts  and  then  to p lan t top. T he effic iency  is in fluenced  at each 
stage. T hey  m ay b e  lost physically  th rough  erosion , su rface  run-off, leach ing  o r fixa tion  &  adsorp tion  and 
chem ically  th rough  transform ation  in to  unava ilab le  fo rm s. S om e nutrien ts like P  m ay be  tem porarily  lost and 
som e m ay be  lost perm anen tly  from  the  sy s tem  like  N  th rough  de-n itrifica tion . T he m ost serious step  is  the 
reaction  and transfo rm ations o f  fertilizers w hen they  en te r soil system . R ough ly  the  e ffic iency  o f  N  is estim ated  
at 30-40% , P  15-20% , K  50-70% , S 8-10% , M icronu trien ts  <  10 %.

N itro g e n : L ow  effic iency  o f  n itrogen  fertilizers is though t to  be largely  due to N  losses from  so il-w ater-p lan t- 
a tm osphere  system . A m m onia  v o latilization , de-n itrifica tion , surface run -o ff and  leach ing  are  the  m ajo r roo ts o f  
N loss from  the  system . T he efficiency hence is obv iously  in fluenced  by  the nature o f  N fertilizer, m ethod  o f  
application , cond ition  o f  the  field.

N  L oss fro m  th e  P la n t :  N ot until recently  have sc ien tists docum en ted  that p lan ts release N  from  p lan t tissue, 
p redom inantly  as N H 3 follow ing anthesis (H arper et a l,  1987, F rancis etal., 1993). P lan t N  losses have accounted  
fo r 52  to 73%  o f  the unaccoun ted  N using  ,5N  in  co m  an d  betw een  21 and 41 % in  w heat. G aseous p lan t N  loss 
to the ex ten t o f  45  kg  N  h a '1 y r 1 has also  been  d o cum en ted  in soybean  (Fig. 2 and 3).

N  L oss th ro u g h  S u rfa c e  R u n -o ff: L oss o f  N th rough  su rface  ru n -o ff range betw een  1 % (B lev ins et a l,  1996) 
and  13 % (C hichester and R icherdson , 1929) o f  the to tal N  applied . T hese estim ates are done in tem perate

Fig. 3. Post anthesis N loss from corn

N applfed, kg/ha



env ironm ent. B u t,in  tropics h igh  in tensify  ra ins and  o ver flow  o f w ater from  rice fie lds cause  m uch larger 
am ounts o f  loss. U nfortunate ly  no  re liab le  estim ates are availab le  from  trop ical countries.- . .

D e -n itr if ic a tio n : R eported  gaseous N  loss  due  to  de-n itrification  from  app lied  fe rtilize r N  m ay  go  up  to  22  % in 
c o m  (H ilton  et a l, 1994), 10 % in  lo w  land  rice (D e D a tta  et al., 1991) and  9.5 %  in w hea t (A ulakh  et g l,  1982). 
A ddition  o f  decom posab le  p lan t m ateria l m ay  substan tia lly  increase  de-n itrifica tion  (A ulakh  et a l,  1 9 8 4 )..

L e ac h in g : L osses o f  N  th rough  leach ing  can  b e  sign ifican t w hen fertilizer N  is app lied  at ra tes in excess o f  that 
needed  fo r m axim um  yield . U nder tem perate  env ironm en t n itrate  losses th rough  tile  d ra inage m ay  be  as h igh  as 
2 6 k g N h a ’ y r 1 w hen  1 1 5 k g N h a '' w as app lied  (D rury  et a l,  1996). T h is could  b e  an ov e r estim ate as canopy 
N  loss w as not estim ated  and is accoun ted  fo r  leaching  loss. . .  ,

V o la tiliza tion : L oss o f  N  through am m onia  vo la tiliza tion  is a m ajo r loss-m echanism  tha t affects the efficiency  
o f  u rea  and  o ther N  fe rtilizers in irrigated  low  lands.- T he  m agnitude depends on w ind  speed, tem perature, 
rainfall,.N H ^- N  concentration , pH  and  C E C . D epending upon m ode o f app lica tion  and  tim e  o f  app lica tion  the 
loss m ay  range from  7 to 54  %  (Table 3). . '

T ab le -3 . S um m ary  o f  A m m onia  vo la tiliza tion  loss estim ated  using  15N  balance Technique

M e th o d  o f  A p p lica tio n S ite A m o u n t
a p p lie d

N H ,
V o la tiliza tio n

T o ta lN  
L o ss

E s tim a te d
D e -n itr if ic a tio n

B asal incorporation I 80 15 18 • 3 '
n 60 - 13 26 13

in 90 9 48 39

B roadcast a t 10-21 D T i ■■ 80 47 45 0
i i 60 27 60 33

m 80 9 43 3 4
IV 60 54 55 2
V 40 7 39 32

B roadcast a t 5-7 D B PI i 40 11 13 0
Source: S .K .D e D a tta  e ta l  (1991)

A queous am m onia  in flood  w ater increases about ten folds per unit increase  in  pH  ov er the  range 7.5 
to  9.0. A t constant total NH^-N concen tra tion  and pH  aqueous am m onia increases alm ost linearly  w ith  increasing  
tem perature w hich results in  nearly  a  4 -fo ld  increase  in the range from  10 to 40°C.

P h o sp h o ru s : E fficiency o f  phosphorus is generally  low er than nitrogen. L ow  effic iency  o f  P  is thought to be 
largely  due to fixation by the soil, chem ical transform ation  to  insoluble form s, e rosion  and  surface run-off.

F ix a tio n  a n d  C h em ica l T ra n s fo rm a tio n : L oss o f  phosphorus through fixation  and  chem ical transform ation  
m ay range from  5 to  95 % depend ing  upon  soil type. H ighly  sandy neutral so ils fix very  low  am ounts o f  P 
w hereas O xisols having  low  pH  m ay fix even  the  en tire  am ounts o f  added  phosphorus. In  real sense  this is not 
a loss  as  it becom es tem porarily  unavailab le  and becom es slow ly availab le  to  subsequen t crops.

E ro s io n  a n d  S u rfa c e  ru n -o ff : So lub le  P  re sen t in  surface o f  soil is carried  aw ay  in  ru n -o ff  w ater and  is rem oved 
from  the site  o f  application  and  en ters w ate r bodies, w hich  subsequently  cause  eu trifica tion . T he quan tity  o f  P
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P o ta ss iu m : A m ong the  m ajo r nu trien ts effic iency  o f  p o tassium  is m uch  higher. It is genera lly  above 50% . Loss 
o f  K  from  soil m ay occu r th rough  su rface  ru n -o ff  a n d  th rough  leach ing  in h igh ly  sandy  irrigated  soils.

S e co n d a ry  N u tr ie n ts : A m ong secondary  nutrien ts the efficiency o f Sulphur follow  sim ila r pattern  o f  phosphorous 
o r  s ligh tly  less than that. In fo rm ation  on  e ffic iency  o f  C a  and  M g is not availab le  bu t appears to fo llow  sim ilar 
to  that o f potassium .

M ic ro n u tr ie n ts :  G enerally  m icronu trien ts, w h ich  are  app lied  in very  sm all quan tity  undergoes transform ation  
in soil and  becom es unavailab le  w ith  tim e. S pec ific  w ork  to  evaluate  the efficiency  o f  applied  m icronu trien ts is 
very  scanty. B ut the efficiency  o f  soil- app lied  m icronu trien ts is generally  less than  10 %.

H ow  c a n  N u tr ie n t  U se E ffic iency  b e  in c re a se d ?  T his question  is very im portan t because  an un it increase  in 
fe rtilize r use e fficiency  will have its d irec t im pact on  i) national econom y, ii) it w ill reduce  the adverse  e ffec ts o f  
fertilizers on  environm ent, iii) it m ay  im prove the nu tritive  value o f food  p roduced .

P roduction  practices tha t can  increase  n u trien t efficiency  w hen  com pared  to conven tiona l o r s tandard  
p ractices are those that w ill co u n te r cond itions, o r env ironm ents know n to con tribu te  to  nu trien t loss from  soil- 
p lan t system .

E ffo r ts  to  in c re a se  N u tr ie n t  E ffic iency : T here  are  several w ays one can a ttem p t to  im prove the nu trien t use 
efficiency like i) source o f  nu trien t, ii) m ethod  o f app lica tion  o f nutrien ts, iii) tim e o f  applica tion , iv) m odified  
m aterials, v) arresting chem ical transfo rm ations, vi) efficient crop  ro ta tions, vii) fo rage p roduction  system s, viii) 
nu trien t u se  effic ien t varieties i  hybrids, ix) conservation  tillage, x) in -season  and  fo liar app lica tion , x i) w ate r 
m anagem ent and xii) precision  agricu lture . V olum inous inform ation  is availab le  on each  o f the  above. B u t any 
effort to increase nu trien t use e ffic iency  w ill not be effec tive  un less  it is addressed  in  a ho listic  m anner. It is out 
o f  pu rv iew  o f  this pap e r to d iscuss each  o f  the above m eans to  im prove nu trien t use efficiency. B u t on ly  those  
p roduction  practices that have resu lted  in  in creased  nu trien t use  efficiencies w hen  com pared  to  conven tiona l o r 
s tandard  practices tho rough ly  coun tering  the cond itions o r environm ents know n to con tribu te  to  nu trien t loss 
from  so il-p lan t system  are d iscussed  here.

i) M o d ified  m a te r ia ls : S tra igh t fe rtilizers tha t are added  to soil com e in direct con tact w ith  soil co llo ids and  
undergoes transform ations. To increase  efficiency  o f  such  fertilizers e ither the con tac t surface is reduced  o r 
con tact period  is reduced  o r such  additives are added  w hich suppress the ra te  o f  chem ical reaction . M ost o f  the 
w ork in this d irection  w as directed  tow ards N  fe rtilizers m ain ly  because  N  is lost th rough  m any  channels and in 
the p rocess rem oved  from  so il-p lan t system , w hereas o ther nu trien ts tem porarily  becom e unava ilab le  but rem ain 
w ithin the system  and becom e availab le  in due course  o f  tim e. S ince urea is the  ch ie f source o f  N w orld  over 
m ost o f  the efforts have gone in fo r reducing  loss o f  N  by  m odify ing  u rea  as i) u rea  super g ranu le  (U SG ) to 
reduce contact area and contact period  and  to  have advantage o f  facilita ting  deep  p lacem ent in rice fields w hich 
enhances N u tilization  (Table 4), ii) coated  u rea  to reduce contact period  and to suppress u rease activity. C oatings 
are done w ith  num erous m aterial like coal tar, lac  e tc ., to reduce physical con tac t p eriod  o r c oa ted  w ith  Sulphur, 
u rease inh ib ito rs o r neem  cake  etc., to  reduce  rate  o f  transfo rm ations (T able 5).

Coating o f  phosphatic fertilizers is also gaining m om entum . Such w ork is lim ited in our country. C oating P fertilizers 
could  lim it the contact o f  applied P  w ith  soil possibly  reducing its precipitation and o r  adsorp tion  on  soil colloids 
and increasing availability to plant roots. E xperim ents have dem onstrated  that po lym er coating o f  m onoam m onium

lost through this means is highly variable.
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phosphate has increased the estim ated fertilizer P use efficiency (Table 6) from  16 to 32.6%  depending upon  
thickness o f  coating and has generally im proved the response  level (M althi et a l,  2002).

T a b le  4 . E ffect o f  m e thod ,o f application  o f  U S G  on  N U E  (kg g ra in  /  kg  N ) in rice

N  L ev e lK g /h a P ril le d  U re a U S G B & I U S G D P U A B & I U A D P

30 35 45 45 34 36
60 28 32 36 28 31
90 22  . 25 28 23 24

120 20 21 23 21 21
M ean 26 31 33 27 28

US6 =  Urea Super Ganules 1 g/pel!et., UA = Urea Adduct (80% urea + 20% phospho gypsum)., B&I = Broadcast & 
Incorporation., DP = Deep Placement
Source: T ahir A li and  T.A. S ingh  (1994) _

T a b le  5. A pparen t N recovery by rice as a ffected  by  u rea  m anagem ent in d ifferen t soils

Modified urea Vertisol Inceptisol Alfisol Mean

P rilled  urea 52.1 18.5 43.9 38.1
C oal ta r  u rea 51 .7 23 .4 60.4 45 .2
Coal ta r  +  N eem  cake urea 53.7 24.8 65.5 48 .0
C oal ta r  +  M ustard  cake 52 .7 31.4 41.0 41.7
U rea  +  6M 78.3 65.4 23 .4 55.7
U rea  +  FY M 38.5 37.6 22.5 32.9
Source: T .J.Purakayastha, J.C .K atyal and  N .N .G ow am i (1997)

T ab le  6. E stim ated  P  use efficiency in B arley  from  con tro lled  release fertilizer

Treatment Dry matter yield (g/pot) EPVE (%)

C ontrol 9.7 —
M A P 11.7 16.5
T h in  coated  M A P 12.6 32 .6
T h ick  coated M A P 11.7 25.3

Source: S .S .M alhi, L.K . H arderbein , D .G .P an ly  and A .M .Johnstan  (2002)

C hela ted  m icronutrien ts are b ecom ing  com m on w hich prevents the ir reaction  w ith soil co llo ids and  
m akes them  available to plants fo r ex tended  period  o f  tim e, thereby  increasing their efficiencies.

E ff ic ie n t C ro p  R o ta tio n s: A  crop  plan t can  b e  m ore nutrient efficient by absorb ing  m ore nutrients from  the 
lim ited  soil source o r from  applied source and /o r by  utiliz ing  the  absorbed  nutrient m ore efficiently  for seed  or 
g ra in  production  (G anesham urthy,5  1998). T he  efficiency  w ith w hich  a crop produces a harvestab le  o r  econom ic 
p roduct per un it o f  available p lan t nu trien t varies w ith  crop  species. R ice, w heat, soybean, food  legum es fall 
w ith in  the m edium  category  w ith  respect to  th e ir  nu trien t use  efficiency. In  these cases y ie lds and  total nu trien t 
up take  increases w ith  increase in  soil fertility  and rates o f applied  nu trien ts bu t u tiliza tion  efficiency  decreases 
w ith  increasing  rates o f  nu trient application  as w ell as increasing  soil fertility  (G anesham iirthy  et al., 1998, 
S u bba  R ao  et a i,  1997). H ence, w hile  fo rm ulating  an effic ien t ro ta tion  one m ust select such  crops w hich  feeds 
on both  app lied  nu trien ts and the  residues o f  nu trien ts app lied  to prev ious crops in ro ta tion .
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E valuation o f  m ung and u rd  bean  cu ltivars (G anesham urthy et al., 2004) fo r  the ir ab ility  to  utilize applied 
fertilizer P  have clearly show n cu ltivar differences (Table 7). It has also b een  dem onstrated  that fo r bo th  phosphorous 
(Subba R ao  et al., 1997) (Table 8) and  S (G anesham urthy, 1998) in  soybean-w heat ro tation (Table 9) that w heat 
crop  w hich has relatively h igher explo itation  potential fo r residual nutrients m ay be  ab le to g row  at a relatively low  
level o f  available soil nutrients and m ay grow  bette r than  soybean. W hereas, soybean show s preference for direct 
applied nutrients. H ence, w hile w orking ou t nu trien t requirem ent o f  a  c rop  rotations, crops w hich  have ability  to 
u tilize fertilizer nutrients bette r than  residual nu trients should be follow ed by  crops w hich  have bette r ability  to 
u tilize residual nutrients and accordingly  scheduling  o f  fertilizer application should  b e  p lanned.

T a b le  7 . P hospho rus u tilization  from  fe rtilize r source  b y  m ungbean  cu ltivars

P  leve lK g /ha P D M -1 1 P D M -5 4 N M -1 S a m ra t

0
8.75
17.5

26.25
L sd(0 .05)

33 .0  
26.3
20.1 
2 .07

24 .5
21 .2
16.3 . 
1.75

23.9
22 .6
17.1
1.18

21 .6
18.6
15.9
2.21

Source: Ganeshamurthy et al. (2004)

T ab le  8. U tiliza tion  o f  phospho rus b y  soybean  a n d  w heat from  soil and  fe rtilize r sources

A p p lied  P K g /h a S o il so u rc e  (% ) F e r t i l iz e r  so u rc e  (% )

S o v h e a n W h e a t S o v h e a n W h e a t

10 51.7 26.8 18.2 26.7
20 25.6 13.4 2 5 .4 24 .2  .
40 12.9 6.7 20 .2 21 .0
60  ■ 8.6 4 .5 15.1 17.2
so 6.5 3.4 12.8 14.7

100 5.2 ' 2 .7 11.2 12.9
L sd(0 .05) 1.7 1.1 7.2 3.9

Source: Ganeshamurthy (1998)

T ab le  9. U tilization  o f  su lphu r by  soybean  and w heat from  soil and  fertilizer sources

A p p lied  S K g /h a Soil so u rc e  (% ) F e r t i l iz e r  so u rc e  (%)
S o y b e a n W h e a t S o y b e a n W h e a t

20 .39.3 39.5 9 .0 13.4
4 0 19.7 18.7 10.4 11.3
60 12.5 12.5 9 .0 9.5

Source: Ganeshamurthy (1998)

F o r a g e  P ro d u c tio n  S y stem s: R ecen t rea liza tion  that p lan ts re lease  sign ifican t am oun ts  o f  N  from  plan t tissue, 
p redom inantly  as N tf ,  fo llow ing  an thesis has m ade us to  th ink  that i f  w e  can  h arv est the c ro p  befo re  rep roduction  
stage  it is possib le  to  increase  n itro g en  u se  effic iency  in the crop . B u t it canno t b e  done  in m ost o f  the  crops 
because econom ic edible  part w ill b e  p roduced  only in  reproductive phase . L ook ing  at the  econom ic  loss occurring 
from  low  N use efficiency  (A n inc rease  in  2 0%  u se  efficiency  o f  N  fe rtilize r b rings a  sav ing  o f  about 2000  crore
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rupees annually) it is im perative lo th ink  o f  using  b iom ass before atta in ing  rep roductive  phase . F orage-on ly  
p roduction  system s w hich  can b e  u sed  to  convert th is b iom ass into m eat and m ilk  can  b e  one w ay to p reven t loss 
o f  th is h uge  revenue (as p lan t is never a llow ed  to  approach  flow ering  w here  N  losses have been  found  to  be  
g reat). T hom ason  (1998) has show n that N  u se  e ffic iency  in forage-only  in  w hea t w as 7 7%  com pared  to 31 %  
fo r g ra in  production  system  at 9 0  kg app lied  N . S im ila rly  total N  rem oved  in  forage p roduction  sy s tem  w as 104 
against 59 kg N  h a -1 in g ra in  production  system  (T ab le-10). Such  w ork  has not been  a ttem pted  in  th is  country. 
H ow ever, it m ust b e  kep t in m ind  that substitu tion  o f  forage fo r  grain  w ill u ltim ately  increase  dependency  on 
an im al protein  and  decrease  supp ly  o f  starch  for hu m an  diets.

T ab le  10. N  rem oved  and  N U E  in forage and  g ra in  p roduction  system  at 90  kg  N ha*’ in w in te r w heat

P ro d u c tio n  S y stem T o ta l N  re m o v e d  (kg  h a 1) N U E  (% )

Forage-only  System 104 77
G rain  P roduction  S ystem 59 31

Source: Thomason (1998)

N u tr ie n t  U se E ffic ien t C u ltiv a rs /H y b rid s :  W ith  the  advancem ent o f  b io -techno log ica l too ls, the  in terest in 
developm ent o f  n u trien t effic ien t cu ltivars and  hyb rid s has increased . C onsiderab le  p rogress has been  m ade in 
im prov ing  plants to grow  and produce effec tive ly  on  nu trien t deficien t soils. G ains have been  rap id  in som e 
species. W hile  progress has been slow  in others. It is o u t o f  scope o f  this paper to  go  deep  in to  sc ience  o f  this 
top ic. B ut I m ust m ention  that soil sc ien tists shou ld  w ork  tow ards identification o f  traits fo r various nu trien t 
e ffic iencies and to screen  germ plasm  to  iden tify  d o n o r paren ts w hich  b reeders can  c a n y  forw ard  to achieve 
desired  objectives. To m ention a  few, R am ani and K annan  (1986) used n itrate  reductase activ ity  as a  screening  
trait to  screen sorghum  germ plasm  fo r  N  efficiency . T h ey  fu rther observed  heterosis o f  N R  activ ity  in S orghum  
hybrids. S reen ivasa  R ao and G anesham urthy  (2004) have show n w ide geno typ ic  v ariab ility  in  P  use efficiency  
o f  chickpea. G anesham urthy  et al (2004) show ed d ifferences in P  use efficiency in m ung  and urd  b ean  cultivars. 
T akkar et al(1989) iden tified  M n  effic ien t w heat lines. O f all these the m ost in teresting  and  p rom ising  is the 
iden tification  o f  iron efficien t lines in crop  p lan ts because  F e  defic iency  ch lorosis frequen tly  occu r w ith  m any 
p lan ts  g row n on  a lkaline  and  ca lcareous soils. G anesham urthy  (2003) sc reened  1100 ch ickpea  lines. O n the 
basis o f  v isual scoring  and  F e 2* /  F e 3t ratio  iden tified  B G -256 as one o f  the  m ost efficien t. F e  effic ien t cu ltiv a r 
w hich  can be g row n on  these  soils.

C o n se rv a tio n  T illage: C onservation  tillage  is becom ing  popular as they control erosion , p revent env ironm enta l 
po llu tion  and low er operational cost. B u t recent reports suggests that conventional tillage causes organic c arbon  
loss w hereas conservation  tillage conserves o rganic carbon. T his in turn helps in  im proving nutrient use efficiency. 
R ao  and D ao (1996) have show n that under a no -tillage  production  system , g ra in  y ie ld  w as im proved  32%  w hen 
60 kg N  ha  w as banded  8-10 cm  below  the  seed row  and  15% w hen banded  betw een  row s com pared  to su rface  
broadcast urea. A doption  o f  sub-surface p lacem en t o f  N  fertilizer fo r no-till w in te r w heat sign ifican tly  im prove  
N  availability  to  p lants and thereby im prove N U E  and reduce environm ental and econom ic risks.

In -sea so n  a n d  F o lia r  A p p lica tio n s : In-season  app lica tion  o f  nutrients either through soil app lica tion  o f  nu trien ts 
as top d ressing /sp lit app lication  o r  th rough  fo liar sp rays is very  com m on in th is country . S p lit app lica tion  o f  
n itrogen  fertilizer has been  recom m ended  fo r m ost o f  the  fie ld  crops bu t P  &  K  are genera lly  app lied  as basal 
applications. Split app lica tion  o f  N  has been  fo und  to  im prove N  use efficiency and  reduces losses. It h as  also  
b een  found to increase  protein  conten t. M o re  the  n u m b er o f  sp lits b e tte r  is the results. B u t econom ics o f 
app lica tion  com es in the  w ay o f  increasing  the  n um ber o f  splits. S ince  m ost crops receives one  to tw o sprays o f  
pestic ides, it is a lw ays feasible  to  have tw o sprays o f  nu trien ts along w ith  fertilizers as they  are com patib le .
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T hough  food  legum es fix  a tm ospheric  n itrogen  and  receives on ly  a  s ta rte r doze  o f  n itrogen , it has been  recen tly  
dem onstra ted  that o n e  sp ray  o f  D A P  at peak  flow ering  has in creased  the  y ie ld  leve ls  o f  pu lse  crops (Table 11).

T a b le l l .  E ffect o f  fo lia r app lica tion  o f  D A P  at flow ering  seed  y ie ld  (kg  h a '1) on som e pu lse  crops

T re a tm e n t M u n g U rd P ig e o n  P e a C h ic k  P e a L e n ti l

W ater Spray 11.0 10.9 2 4 .6 22.3 14.0
D A P  Spray (2% ) 14.4 13.6 28 .2 25.1 15.5

In  case  o f  m icronu trien ts fo lia r app lica tions have a lw ays been  found  superio r to soil app lica tion . T h is 
is m ain ly  because  o f  the quan tity  o f  nu trien t requ ired  to  b e  pum ped  in to  plants.

W a te r  M a n a g e m e n t: M o istu re  co nd ition  o f  the  soil has a p ro found  in fluence  on  nu trien t availab ility  to p lants 
and  losses th rough  e ro sio n  and  leaching . T his is the  bas is  on  w hich  fertigation  has developed . F ertiga tion  has a 
bu ilt-in  m echan ism  o f  In -season  app lica tion  o f  nu trien ts. H ence effic iency  o f  n u trien t use is re la tively  h ig h e r  in  
fertigation. H ow ever, ex ten t o f  ra in fed  a rea  in th is coun try  is so  vast (>80 m ha) tha t fe rtiga tion  is no t a p ractica l 
p reposition  in dry lands. H ere  In -season  app lica tion  o f  nu trien ts  m atch ing  w ith  so il m o istu re  cond ition  w ill he lp  
in  increasing  nu trien t u se  efficiency. A  c lassical experim en t on  P  use e ffic iency  b y  sim ulating  so il m oistu re  
fluctuation  s im ila r to  m onsoon  f luc tua tions w as conducted  by  G anesham urthy  (1985). H e has show n  (T able 12) 
that P  use e ffic iency  d rastica lly  reduce  w ith  decrease  in  so il m oistu re  and  initial w et period  fo llow ed  b y  dry  
period  la ter is bette r than  in itia lly  dry  fo llow ed  w et period.

T ab le  12. E ffect o f  P  app lica tion  at d iffe ren t m oistu re  reg im es on  uptake o f  P  from  soil and  fe rtilize r sources at 
60 days o f  g row th  on  low  and  m ed ium  P so ils ■. '

L o w  P  so il M e d iu m  P  so il

M oisture  reg im e P -20 P -40 P-20 P -40
W et(100%  FC ) - 22.2 23.1 23.9 24.8
In te rm ed ia te  (60%  F C )F C 15.4 15.8 17.9 17.9
D ry(40% F C ) 7.7 8.1 9 .4  . 9 .8
W et fo llow ed  by  dry 18.8 20.1 21 .4 2 2 .6
In te rm ed ia te  fo llow ed b y  dry 12.8 14.1 14.5 15.8
D ry  fo llow ed  by w et 14.5 19.2 19.7 21.1

Source: G anesham urthy  (1985)

P re c is io n  A g ric u ltu re : C urren t n u trien t recom m endations are based  on  soil testing. I f  a  soil tests low  in  availab le  
nu trien ts then nutrients are added  25%  above recom m ended  level and  i f  it tests h igh  then 25%  less is added . In 
any  case  it is a b lanket recom m endation  fo r a la rge  area. N atu ra l and  acqu ired  variab ility  in p roduc tion  capacity  
o r po ten tial w ithin a fie ld  cause  the average rate  to  be  inadequate  in som e parts and  excess in o th e r areas. In  
p recision  ag ricu ltu re , tim ely  and  p recise  applica tions are done to m eet p lan t needs as they v ary  ac ro ss the 
landscape. In  o rd e r to  cap ita lize  on any  poten tial fe rtilize r sav ing  a n d  increase  n u trien t u tiliza tion  e ffic iency  
m anagem ent dec isions n eed  to be  m ade  a t the appropria te  fie ld  e lem en t size (FE S). FES is d e fined  as th a t a rea  
o r reso lu tion  w h ich  p rov ide  the  m ost p recise m easure  o f  the  ava ilab le  nu trien t w here  the level o f  tha t nu trien t 
changes w ith  distance. R an d o m  fie ld  variab ility  in soil test an d  p lan t b iom ass has been  docum ented  a t reso lu tions 
less than o r equal to  o n e  square  m eter. W hen  n u trien t m anagem en t decisions are  m ade on  areas o f  o n e  square 
m eter, variab ility  p resen t a t that reso lu tion  can  be  d e tec ted  u sing  sensors , trea ted  accord ing ly  w ith  fo lia r  nu trien t 
application thus increasing  the  nu trien t use  efficiency. I t  is how ever, im portan t to  no te  that soil testing  irrespective
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o f  w ith in  fie ld  is a first approxim ation  to refine n u trien t rates. A  com bination  o f  soil testing, fertilizer experience  
o f  the  fa n n e r  and  p ro jected  nutrien t requirem ent (targeted  y ie ld ) are  the  bes t m anagem ent tools availab le  for

fan n e rs  to  determ ine fertilizer requirem ents.

Conclusions:
•  T he  best hope fo r reducing  nu trien t loss and increase  nu trien t use efficiencies lies in  find ing  effic ien t 

w ays to fertilize  crops and  by  developing  b e tte r fertilizer m aterials.
, •  N u trien t u se  efficiency  shou ld  be v iew ed differen tly  fo r d iffe ren t nu trients depending  upon  the  chem istry  

o f  the  e lem en t in question  and their residual effects.
• E ffic iency  stud ies shou ld  not be  concluded  on short term  experim ental basis  as practices that appear

. e ffic ien t in short te rm  m ay sim ply be  m ining soil nu trien ts causing  im balance.
• S o il test based  fe rtilize r recom m endations help  in increasing  fertilizer use efficiency.
• M anage soil m oisture efficien tly  and app ly  nu trien ts w hen  so ils are  m oist.
•  B alanced  nu trition  im proves nu trien t use e ffic iency  as defic iency  o f  one o r m ore elem ents can  reduce
. the  use effic iency  o f  others.
•  E ffo rts m ust be  m ade to develop  w ays and  m eans to reduce  canopy lo ss  o f  N .
•  N u trien t efficien t donors fo r d ifferen t nu trien ts shou ld  b e  iden tified  and  used  in b reeding  w ork  to  develop  

n u trien t effic ien t hybrids/varie ties
•  It is tim e th a t w e shou ld  consider susta inab le  n u trien t use efficiency  ra ther than  sim ple  nu trien t use 

e ffic iency  in.
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Improving nutrient use efficiency in moisture stress environments
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. Santhoshnagar, Hyderabad 500 059

In the absence o f  adequacy  o f  w a te r resources for irrigation , ra in fed  fa n n in g  is p rac ticed  in  nearly  tw o  
th ird  o f  the  arab le  land (96  m illion  hectares, m ha) in  Ind ia. T he g ro ss c ro p p ed  a rea  o f  the co un try  is 182 m ha. 
O ut o f  an  e stim ated  142 m  h a  o f  n e t cu ltiva ted  a rea  ab o u t 67%  is ra in fed ..In  th is , 76  m h a  is  u n d e r  irrigation . T he 
poten tia l fo r  additional p roduction  ga in s in  these  areas m ay  lessen w ith  t im e f ro m  in h e ren t p roblem s. It is in  the 
ra in fed  b e lt w here  c u ltiv a tio n  o f  c o a rse  c e rea ls  (91% ), p u lses  (9 1 % ), o ilse e d s  (8 0 % ) a n d  c o tto n  (65% ) 
p redom inates. A bou t 44%  o f  the to tal p roduction  is  con tribu ted  by  ra in fed  reg ion . R a in fed  ag ricu ltu re  supports 
40%  o f  coun try ’s population . R ain fed  reg ions in  In d ia  encom pass a w ide  range  o f  so il a n d  ra in fa ll conditions.

R ain fa ll varies w ith  a  large  ran g e  in  its tem poral and  spatia l d is tribu tion . T h e  ra in fed  a re a  in  the 
coun try  can  b road ly  b e  c lassified  in to  th ree  c lim atic  re g io n s -  arid, sem i-arid , an d  sub-hum id . A m ong  m any  
factors contribu ting  to sub-op tim al and  unsusta inab le  y ie ld  levels, availab ility  o f  excessive  w a te r in  spells d uring  
rainy  season, and w a te r stress o f  vary ing  degree and  duration  during  post ra iny  season  figu re  prom inently . T he 
c ro p  y ields, thus, largely  o r en tire ly  depends on  the  g row ing  season  rainfall p lu s  w ate r s to red  in the soil profile. 
D ue to  this, ra in fed  reg ions are  charac te rized  by  re la tive ly  low  and  un stab le  c ro p  y ields. R isk  is h igh  because  
ra in  is undependable in  b o th  tim ing  and  am oun t m ak ing  the reg ion  p rone  to p eriod ic  short to  long -te rm  droughts.

S o ils o f  these  reg ions belong  to alluv ium  (E ntiso ls, Incep tiso ls a n d  A lfiso ls), red  so ils (A lfisols), 
b lack soils (Vertic Inceptisols and Vertisols), subm ontane soils (Entisols, Incep tiso ls, and M olliso ls) and sierozem ic 
so ils  (A ridisols). A m ong these , red  (132  m ha) and  b lack  (72 m ha) so ils are  la rg e s t in  ex ten t in  the  country . R ed  
so ils exh ib it large varia tion  in po re  s ize  d istribu tion , an d  consequen tly  in  w a te r re ten tion , transm ission  and 
re lease  characteristics. B lack  so ils possess h ig h  w a te r re ten tion  and  u nsa tu ra ted  h yd rau lic  conductiv ity , w hich  
m ake them  su itab le  fo r  ra in fed  crops in  b o th  the  seasons. H ow ever, so ils w ith  h igh  c lays rem ain  prone to  oxygen  
stress because  o f 'p o o r  in te rna l d ra in ag e  th rough  m icro-pores in  rainy season  (kharif). B lack  so ils o f  n o rthern  
Ind ia  h ave m ostly co lum nar s tructu res, w h ile  p rism atic  in  south  India. In red  sandy  loam s and  loam y sands, the 
c logg ing  o f  m icro  pores b y  am orphous hem atite  a ffects the w a te r in take. T hus, there  ex is ts  a  w ide  range  o f  w ater 
re ten tion , its conductiv ity  and  ava ilab ility  to the  g row ing  p lan ts. T he  leng th  o f  w a te r availab ility  o r  g row ing  
period  and  g row th  depends on  soil re la ted  constra in ts inherently.

Soils o f  rainfed region are universally  deficien t in  nitrogen. M ost o f  them  are  a lso  defic ien t in  availab le  phosphorus, 
su lphur and som e m icro-nutrien ts (m ain ly  Z n  and Fe). T he so ils  are  h igh ly  d eg raded  w ith  a  large n um ber o f  
physical and  chem ical constra in ts. S ha llow  depth  is a fam iliar feature o f  ra in fed  so ils. R esearch  in th is area has 
p rim arily  focused  on  overcom ing  the  tex tu ra l p roblem s posed  b y  dry land  so ils, tillage  and  w a te r in take properties, 
soil fe rtility  m anagem ent th rough  u se  o f  chem ica l fertilizers, organics and  b io  fe rtilizers. C ontrary  to the past 
b e lie f  on excessive risks associated  w ith  the use o f  chem ical fertilizers, research  find ings conclusively  estab lished  
that there is vast poten tial fo r increasing  crop  y ie lds th rough fertilization, typ ically  N  fe rtilizers, across contrasting  
ra in fed  environm ents. C ost benefit ra tio  w as h igh ly  favou rab le  w hen c rops w ere  fertilized . A  fertilized  crop  w as 
ab le  to w ithstand  drought b e tte r  than  a  non -fe rtilized  one. A  stressed  c rop  co u ld  also  rec o v e r faste r i f  it w as
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fertilized  fo llow ing  re lie f from  stress. P est a ttack  w as low. Som e fertilizer app lica tion  strateg ies are  g iven  in  
Table 1.

T ab le  1. Feftilizaiidn  strateg ies for-im proved  m anagem ent

N u tr ie n t  . . V ertiso ls A lfiso ls

N itro g e n S h o r t- te rm ,
Q u a n tity :. ■About 80  kg N /ha  in  average ■ 

rainfall seasons ' > 
, 80 -120  kg  N /h a  in  above average 
-rainfall seasons 
-40 kg  N /ha  in below  average 

/■rainfall seasons

'A bou t 60-80 kg  N /h a  in  average 
1 ra in fa ll seasons 

80-120  kh  N /h a
in above average ra in fa ll seasons 

' 4 0  kg N /ha  in  below  average 
rainfall seasons ■

F o rm : ■Any com m on form  o f  fertilizer 
is 'su itab le .,

A m m onical fo rm  is p referred  to 
' n itra te  o r  u re a  (am ide)

M e th o d :: B and ing  is m ore  effective than 
b roadcast o f  b roadcast 

'in co rpo ra tion .

B anding

T im e: B asal dose +  1 o r 2  sp lit 
applica tions fo r top-dressing

Basal dose +  2  o r m ore split 
app lica tions o f  top dressing

L o n g  te rm B uildup  o f  o rganic source 
U se o f  F Y M  and c rop  residues 
C erea l/ legum e intercrop  o r  
cereal-legum e sequential 
c ropp ing
C rop  o r  cropp ing  system  ro tation  
invo lv ing  g round  cover/ 
g reen  m anure

B uildup  o f  soil organic m atter 
U se o f  F Y M  and crop  residues 
C erea l/ legum e in tercropp ing  and  
w herever possib le  legum e-cereal 
sequen tia l c ropp ing  

C rop  o f  cropp ing  system s ro ta tion  
involv ing  g round  cover, green  
m anure, legum e ley, o r  agro  forestry  

applications.

P h o s p h o ru s Q u a n ti ty : A bou t 15 kg P /ha  i f  soil has 
< 5  pp m  o f  O jsen-ex tractab le P

A bout 10 kg/ha , i f  soil P  is 5-10  ppm  
as O lsen-ex tractab leA bou t 15 kg/ha 

soil P  is < 5  pp m  as O lsen-ex tractab le

F o rm : W ater-so luble P W ater-so lub le P

M e th o d : B and  app lica tion B and app lica tion

T iine: B asal Basal

Z in c 50  kg  Z n S 0 4 once in 3 o r  4  season 
as basal

50  kg  Z n S 0 4 once in  3 to 4  seasons

S p lit application  ensures against loss in  nu trien ts and  d eep  roo t system  for reach ing  sub-surface  stored m oistu re  
in  aberrant w eather (Table 2). M ore  so against loss in  nu trien ts w ith occurrence  o f  above no rm al rainfall d u rinc  
crop  g row th  period.
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T ab le  2 . E ffect o f  rainfall on  effic iency  o f  sp lit app lica tion  o f  n itrogen  fe rtiliz e r o n  pearl m ille t in  A rid iso ls and  
rice in su b d iu m id  A lfisols_________ _________________________________________________________

No. of splits Increase in yield with splitting over all basal application (%)

Pearl millet ,_________  Rice -
A bove norm al- B elow  norm al A bove norm al B elow  norm al
- rainfall rainfall ra in fa ll rainfall

2 8.2 45.1 -16.1 0.7
3 17.5 19.5 - -

4 50.3 31.3 7.8 -11.8
10 - - 27 .6 58.8
Yield w ith  all basal
application (M g/ha) 1.83 0.85 1.96 0.59

O ptim al doses o f  N , P  and  K  fe rtilizers for d iffe ren t crops in  re la tion  to  d iverse  rainfall cond itions and 
contrasting  so il-m oistu re -ho ld ing  charac te ris tics  have been  w orked  out. F ertilize r app lica tion  on  any p a rt o f  
toposequence is  p ro fitab le  (Table 3).

T ab le  3 . F ertilize r pays u n d e r d ifferen t land  capabilities

F e r ti l iz e r F in g e rm ille t (7  sea so n s) (M g /h a )

Shallow  (C lass V I) M ed ium  (C lass IV) D eep  (C lass III)
0N :0P . 0 .96 1.16 1.39
20N :15 P 1.45 1.67 2.00
40N :3 0 P 1.81 2 .1 4 2.57
60N :45P 1.92 2 .27 2.69

(AICRPDA, Bangalore)

F ertilize r ensures b e tte r  re tu rns in above no rm al ra in fa ll (Table 4 ). H ow ever, even  in  b e low  norm al 
rainfall, the re tu rns are econom ic.
T ab le  4. F e rtilize r pays even  in sub-norm al seasons

C ro p R a in fa ll k g  g ra in /k g  N  (seasons)

2 0 - 4 0  N 60-80  N

C oarse cereals A bove norm al 2 1 .4 (3 ) 29 .4 (1 )
B elow  norm al 8 .7  (3) 7 .4 (1)

C ereals A bove norm al 12. 9 (5) 11.9 (5)
B elow  norm al 15.6 (5) 13.3(5)

O ilseeds A bove norm al 12.2 (4) 11.1 (4)
B elow  norm al 8.3 (4) 6 .0  (4)

D eep  tillage (20-25 cm ) not on ly  assisted  in increasing  w a te r in take  and  in con tro lling  persisten t w eeds (a 
statem ent m ade earlier) but a lso  he lped  in  im prov ing  the effic iency  o f  ap p lied  fertilizer-N . F e rtilize r effic iency  
increased  w ith  p lacem ent o f  fertilizer in advance (Table 5) for post ra iny  season  crop . ■
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T ab le  5 . V ariation in  e ffic iency  o f  advancing  fe rtilize r application  ov e r all basal application  by abou t a  m on th  
w ith  rainfall fo r post-ra iny  season  m ustard  on A rid iso ls

R a in fa ll d u r in g  36-38  s ta n d a rd  w eeks (m m ) %  E ffic iency  o f  a d v a n c e d  fe r t i l iz e r  
a p p lic a tio n  te c h n iq u e s  o v e r  a p p lic a tio n  

a t  th e  tim e  o f so w in g  (seasons)

0 - 1 0 5 .6  (2)
1 0 - 2 0 8 .7 (1 )
2 0 - 3 0 22.2  (1)
3 0 - 4 0 19.9 (3)

(A1CRPDA, Bdlowal Smmkhri)

In tegrated  nu trien t m anagem ent studies have estab lished  the  value  o f  a num ber o f  naturally  occurring  
nutrients containing (organic m anures) and  generating (biofertilizers) sources to  augm ent overall nu trien t tu rnovers 
for soil fertility  m anagem ent. G reen  m anure  w as fo und  to  be  a dependab le  source o f  several p lan t nu trien ts. 
Typically  it cou ld  m eet h a lf  the  N  requ irem en ts o f  a crop . Inclusion  o f  legum es in a ro ta tion  p roduced  b en e fit to 
the  succeeding  crop  equ ivalen t to 10-30 kg  N  h a 1. S ho rt-du ra tion  legum es such  as cow pea  p roduced  g rea te r 
benefit. A n in teg ra tion  o f  FY M  (10 t/ha) +  recom m ended  N P K  at B angalore has no t only  stab ilized  p roductiv ity  
and im proved  susta inab ility  b u t also  im proved  econom ics. The u rease, p hosphotase  and dehydrogen ise  activ ity  
increased  w as m ore in in teg ra ted  treatm ents. pH  w as reduced  in continuously  fertilized plots, the calc ium  in 
FY M  h elped  in buffe ring  capacity  in soils. The phosphorus show ed a built up, except control. T he  th ings status 
w as above critical lim it in  F Y M  app lied  plots. T he  tendency  in im proving  w as also no ticed  in app lica tion  o f  
FY M . In tegrated  nu trien t m anagem ent in com bination  w ith  in legum e based  crop is recom m ended  fo r  h igher 
productiv ity . In tegrated  nu trien t m anagem ent system s, besides nu trien t supplem entation, enhanced  so ils ’ ability  
to ho ld  additional w ater and p roduced  m ore  favourab le  soil b iology. Schem es to generate  green m anure  in a 
non-com petitive  w ay during the noncropp ing  season and  bund farm ing have b een  w orked  out. T his has opened  
up  a new  v ista  to m ake green  m anuring  a  viable op tion . L ong  term  integrated  nutrien t m anagem ent tria ls are 
being  conducted  fo r  m ore  than  15 seasons a t A kola, A nantapur, B angalore, Ranchi, Solapur, A gra  and  R akh  
D h iansar w hile  at 9  o ther cen ters the experim ents on  the  sam e them e are nearing a decade. F ertilize r cost can  
be reduced  by  substitu tion  o f  fertilizer w ith  o rgan ics (Table 6).

T ab le  6. F ertilizer cost reduction  by h a lf  w ith  substitu tion  o f  organic residues w ithout y ield  reduction

C ro p  (seasons) G ra in  y ie ld  (M g/ha)
R ecom m ended  dose o f  fertilizer 50%  inorganic +  50%  organic

Post-ra iny  season sorghum  (16) 1.19 1.16
P earlm ille t (17) 2 .03  2.08
F ingerm ille t (22) . 2.21 2 .92
G roundnu t (16) 1 0 6  1 0 5
C otton  (14) 0 .76  0 .82
G reengram  (14)__________________________ 0-52___________________________ 0-66____________

In  m ost o f  the s ituations, the  sustainability  o f  y ie ld  w as h igher w hen the recom m ended dose  o f  fe rtilize r 
w as applied. In  case  o f  cereals, h igher su sta inab ility  w as ob ta ined  w hen the recom m ended dose o f nu trien ts w as 
applied  th rough  chem ical sources. In case  o f  o ilseeds, how ever, the recom m ended  dose  app lied  h a lf  th rough
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chem ical fertilizer and  the  o ther h a lf  th rough  organic source  led  to h ig h e r sustainab ility  values. A vailable 
n itrogen, o rgan ic  carbon  and phospho rus con ten t in  so il w ere  increased  w ith  o rgan ic  fe rtilize r application . 
A pplication  o f  c rop  residues in  com bination  w ith  chem ical fe rtilize r resu lted  in  h igher susta inab le  y ield  and also  
m ain ta ined  h igher levels o f  n itrogen , phosphorus a n d  o rgan ic  carbon . G reen  le a f  m anure p roved  p rom ising  in 
increasing the  sustainability  in y ield  and im proving  the  organic carbon, in filtration  rate  and hydraulic  conductiv ity  
o f  the soil.

T hus, a recom m endation  m ileu  o f in teg ra ted  n u trien t m anagem ent thus shou ld  produce a low  cost 
com plex fertilizer w ith effective m atching o f  pulses o f  crop  requirem ent based  on  birch effect in rainfed agriculture 
o f  all essen tial e lem en ts that are needed  fo r com p le ting  crop  life  cyc le  w ithou t any lim ita tion  resu lting  in  h idden 
hunger. T his can  be done by  a balanced  m ix ture o f  ino rgan ic , o rganics, neem  etc. as n itrification  inhibitors, 
VAM, biofertilizer, FY M , B la c k s o il , and  residues fo r soil ac id ity  ad justm ent.

T he steps in enhancing  crop  p roductiv ity  in  rainfed  areas are as follow s: T im ely  sow ing  o f  seed  in 
row s in the m oist zone w ith use o f  p roper seed  rate  th rough  a  seed -cum -fertilize r drill to ach ieve adequate  plant 
stand. T im ely  w eeding  c reates soil m ulch  so that so il m oistu re  is n o t lost th rough  evaporation . R ow  p lace  need  
based  m oderate levels o f  fertilizer (basal as w ell as top  d ressing) bu t n o t on  b lanket basis. U se com plex  fertilizers 
depending  on  the  econom ic  status o f  the  farm er. In tercrop  as a  s tep  tow ards risk  d istribu tion . U se a legum e as a 
com ponent in  the c ropping  system , e ith e r in ro ta tion , sequence, o r in te rc ropp ing  fo r  bu ild ing  soil re silience  and  
quality. Land capability  and  system  based  fertilizer m anagem en t p rac tices are  g iven  in Table 7.

T ab le  7. L and  capability , rainfall and soil o rder b ased  in teg rated  nu trien t m anagem ent practices

Land
C apability
C lass

R a in fa ll 250-500  m m  

A rid iso ls  In c e p tiso ls
I Pearlm ille t 40 :8 :0  N P K  

C luste rbeans/ m othbean  0 :13 :0  N P K  
H orseg ram / b lackg ram / cow pea / p igeonpea 
2 0 :13 :0  N P K

P ear m illet 40 :8 :0  N P K H orseg ram / 
b lack g ram / cow pea / p igeonpea 
2 0 :13 :0  N P K A grofo restry  trees are no t 

fertilized , how ever crop com ponen ts  are 
fe rtilized  as per recom m ended  doses.

II Pastu res are g row n on native  soil fertility. Sam e as above
III Pastu res are g row n on native  soil fertility. 

F ertilizers are not recom m ended  usually  
fo r silv icu ltural species. H orticu ltu ra l species are 
recom m ended  fertilizer doses as per the  age and 
the  species

S am e as above.
P astu res are g row n on native soil fertility.

I V -  V

V I - VII 
V III

N o fertilizer for ag ro fo restry  species except fo r  h o rticu ltu re  trees depend ing  on age and  type 
o f  species. Pastures are g row n on  native  soil fertility.

G enerally  fertilizers are  n o t recom m ended  in  s ilv ipastu re  system  
F ertilize r doses are  no t recom m ended
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R a in fa ll 500-750  tn iti
-VertisolS ■ A tf iso is , .

i  - IV Pearl Kliiiet 75 :11:0  N P K ' _
S h a llo w  iS  m e d iu m  d e e p  so ils
Pearifriiiiet 50 :25 :0  N P K  .............. ...
P ost ra iny  season  so rghum  50 :0 :0  f jP K  
(9-10  t/Ka Leiic.ieria lbppirigs t a n  substitu te  

'25  k g N /h ri)
S affibw er 50 :25 :0  N P K
GHiCkpea 15:25:0 N P K  (placem ent a t 10 cm  depth  
hea r seed  row )

Fdlibw  -  p ost ra iny  season  sdrghun i system :
FY M  o r crop  residue + leucaena arid g liric id ia  ■ 
ldppirigS diiririg fallow . 509&N th rough  crop  residue 
[so rghum / ieiicitena) 4  50%  N  th rough  fertilizer 
lo r  posF raiiiy  season  sorgKiirii

M e d iu m  tti d e e p  soils
G reengrairi/ post-ra iny  season sorghum  
25 :50 :0  frP K

S equence c ropp ing  30:5 :0  N PK  
H ybrid  p earlm ille t 4 0 :40 :40  N P K  
Pdst-raiBy season sorgiitini 30 :25:0  N P K  
Pulses 20 :40 :0  N P K  (basal)
L eucaena Idppiiigs @ 5 t/Ha can be used.
C h ickpea  50  kg N /  hii arid 5 t/ha  com post

V e rtic  to  V er tiso ls
M aize  50:i30:0 I^PK  _ .............................
M aize+pigeori pea  5 0 :3 0 :5  N P K  (50 % N  can  b e  
g iven  th rough  orgariics)
S orghum  50:30:0  N P R G reehgrarh / b lackgrani/ 
cow pea  15:30:0 N P K
W h eat/ barley / safflow er/ m ustard  30 :15:0  N PK  
(R educe N  by  h a lf  in case  prev ious crop  

w as a  legum e)
C h ickpea/ ientil 15:30:0 N P K

M e d iu m  to  d eep  V ertisb is  
G roundnu t 12.5 :25:0 N P K  (basal)
S orghum  90 :30 :0  N P K  (N  in  2 splits)
P earlm ille t 80 :40:0  N P K  (N in 2  splits)
C o tton  (G A U -cbt-10) 40 :20 :0  N P K  (N  in  2  splits) 
C otton  (V -797& C J.73) 25 :25 :0  N P K  
S esam e 25 :25 :0  N P K C asto r 50 :50:0  N P K  
G reeng ram  20 :40 :0  N P K

fe a r lm ilie t 75 :11:0  Ni*K d r  • 
50 :13 :20  N PK ;
S h a llo w  soils 
G roundnu t 25 :40 :40  N P K  
C asto r 40 :40 :40  

P igeoripea 25 :40:20  N P k  
Peririm iilet 40 :45 :40  N P fc . 
S etafia  40 :40 :40  ?JPK 
(fo r ali crbps N  in 2  splits)
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Pigeoripea 20 :40 :0  N P K  (all basal). FY M  @ 6 i/ha  is 
also recom m ended. A m ong  IN M  practices, 
application  o f  6 :12 :0  N P K  + m ulching  w iili sunhenip  
in betw een  row s + rh izob ium  and  phosphorus 
so lubu liz ing  bac te ria  is recom m ended . .

V N o fertilizer fo r ag ro fo restry  species. F o r alley c ropped  m illets and  legum es dose's as m entioned  
above. F o r bushes o f  arom atic  and m edicinal p lants, standard  doses are  app lied  depend ing  

_ on the age, p roduction  capacity  per bush  and  kind_qf species..

v i A s above F ertilizers are  recom m ended  based  on 
kind  and age o f  ho rticu ltu ra l tree species.

v i i G enerally  fertilizers are no t recom m ended  in 
silv ipasture system

A s above to r  o ther crops.
F ertilize r doses are n o t recom m ended.
But fo r  ho rticu ltu ra l crops doses are 
recom m ended  as p er age and  type o f species

V III _ F e rtilize r doses are  n o t recom m ended  _
R a in fa ll 750-1000  m m  . . ... .

A lfiso ls - .In c e p tiso ls /V c rtiso ls  _
I - I V Sorghum  40 :13 :0  N P K  deep  so ils; 18:17:0 N PK  

shallow  soils
F ingerm illet 50 :22 :25  N PK  
M aize 75:22:25  N PK

S o rghum  4 0 :13 :0  deep  soils; 18:17:0 N P K  
shallow  soils
F ingerm illet 50 :22 :25  N PK  
M aize 75 :22 :25  N P K

M e d iu m  d ee p  so ils 
S orghum  40 :30 :0  N P K  
C asto r 50 :30:0  N P K  
P igeonpea 10:30:0  N PK  
F ingerm ille t 4 0 :30 :0  N P K  
Pearlm ille t 40 :30 :0  N P K

S u b -m o n ta n e  In c e p tiso ls / E n tiso ls  
M aize and  w heat (sandy  loam -clay  loam ) 
80:40:20  N P K  (drill fertilizers at o r  before 
seed ing)M aize  and w heat (loam y sand- 
sand) 40 :20 :10  N P K  (N  in 2  sp lits to 
m aize)

D eep  soils
F ingerm ille t 50:50:25  N P K  (N  in 3 equal splits). 
O r com bination  o f  organic (FY M  lOt/ha) and 
inorganic (50 :40 :25  N PK ).
M aize 75:50 :25  N PK  (N  in  2  splits)
G roudnut 25:50:25  N PK  (N  basal)P igeonpea / 
co w p ea /h o rse g ra m  25:50:25  N PK  (N  basal)

D eep  V eriiso ls
S oybean  -w h e a t: In case  o f  soybean  
FY M @  6t/ha+  2 0 :30 :0  N PK . S ubstitu te  
50%  o f  fertilizer N  th rough  FY M

B u n d e lk h a n d  reg ion
C lusterbean  15:60:0 N P K  and inocu la tion  w ith  
rh izob ium  is recom m ended . In o rder to im prove 

the y ie lds o f post-ra iny  season  crops, in-situ  
incorporation  o f  sunnhem p at 45  days p rio r to 
post-rainy  season  crops to  im prove the  yield.

V Sam e as above F o r ho rticu ltu re  trees, doses as p e r  age and 
type o f  species. O thers as  above.
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V I F o r bushes o f  arom atic  and  m ed ic inal p lants, 
standard  doses are  app lied  depend ing  on  the  age, 
production  capacity  p e r bush  and  k ind  o f  species.

F o r m illets and legum es as m en tioned  above 
N o fertilizer fo r  ag ro -fo restry  tree species. 
F o r horticu ltu re  trees (doses as p e r age 

and type o f  species)
VII F o r horticu ltural crops, fertilizer doses are recom m ended as per age and type o f  species..
VIII F e rtilize r doses are no t recom m ended

R a in fa ll  1000 -1 2 5 0  m m  a n d  m o re
In cep tiso Is /E n tiso lsA Y rtiso ls O xlso ls

I M aize 40 :9 :10  N P K  
U pland  rice  40 :18 :0  N PK  
C h ic k p e a  10:11:0 N PK  
O ilseeds 10:11:0 N P K

S u b  m o n ta n e  re g io n
Pearl m ille t 50:30:15  N P K  (in 2 splits)
M aize  75:40:30  N P K  (p lacem ent 5cm  be low / 
aw ay from  seed)
W heat 50 :30:20  N P K  (p lacem ent 10 cm  deep) 
B arley 40 :20 :10  N P K  (p lacem ent 10 cm  deep) 
C ow pea 15:45:0 N P K  
G reen g ram /b lack g ram  15:45:0 N PK  
Sarson  40 :60 :20  N P K  (N  in 2 splits) '
F o r m aize + b lackgram  (m ash) in tercropping  
system , conjuctive use  o f  organics (40  N ) and 
inorganics (50  N)

A llu v ia l soils
U pland  rice and  B arley, 80 N ,
W heat 60 N 
C hickpea  40  P
S esam e/ m ustard / safflow er 4 0  N 
L inseed  40 :20 :0  N PK
(in 2  split doses in rainy  season , w hile  as basal 
in  post-rainy  season).

B a g h e lk h a n d  p la te a u  (V ertiso l)
In case o f  chick pea  use o f  b iofertilizers such  as 
R h izob ium  + phosphate so lub ilis ing  bacteria  (PSB) 
is recom m ended

E a s te rn  M a h a r a s t r a  p la te a u  (V ertiso l)
5 t/ha FY M  + 40  kg P /ha  + m icrobial cu lture 
@ 1.5 kg/ha  is recom m ended  for p igeonpea.

C h o ta  N a g p u r  p la te a u  reg io n  
A pplica tion  o f 30 :20 :0  N P K  in up land  rice 
(Iocal).H ybrid  rice  60 :30 :0  N P K F or 
m edium  land the doses can be increased. 
75 -90:60:40  N P K  (apply  N  in 3 splits) 
W heat 30 :20:0  N P K  (apply  N in 3 splits) 
B arley  30 :20:20  N P K  (all basal).
S afflow er 20  N  (N  in  3-4  splits),
C h ickpea 0 :20:0  N P K

II Sam e as above A pplica tion  o f  30 :20:0  N P K  in  up land  rice 
F o r m edium  land  the doses can be  increased  
75-90:60:40  N P K  (apply  N  in  3 splits)
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III Sam e as above. D oses as p e r age and type  o f  species 
fo r ho rticu ltu re  trees.

Sam e as above ■

IV Sam e as above. D oses as p e r age and  type o f species 
fo r ho rticu ltu re  trees.

S am e  as above

V D oses as p e r age and  type o f  species fo r ho rticu ltu re  
trees

S am e  as above

V I D oses as p e r age and  type o f  species for ho rticu ltu re  
trees

V II F ertilizer doses are not recom m ended . B ut doses are 
recom m ended  as p er age and type o f  species fo r 
ho rticu ltural crops

F ertilize r doses are  not recom m ended.

VIII F ertilizer doses are not recom m ended
Note: P isP2O s; K  is K jO ; N P K  kg /ha

L egum es have an im portan t ro le  as in tercrops and sequential crops in susta in ing  the  p roductiv ity  o f  
d ifferen t cropping  system s. A ho lis tic  system  approach  is a m ust fo r m ax im izing  the  benefits from  B N F  in 
legum es. H igh  N 2-fix in g  legum es and cu ltivars  shou ld  b e  se lec ted  fo r inc lu s io n  in the  cropp ing  sy stem s. 
A ppropriate  soil and  w a te r m anagem ent practices are sow ing  on  ridges o r  b road  beds fo r  p ro tecting  from  w ater 
logging , using  scoops fo r ligh t tex tu red  so ils to increase w a te r storage. To ensure  good  nodulation  and  N 2- 
fixation by legum es in cropp ing  system s, farm ers m ust (a) use appropria te  c rop  m anagem ent p ractices, such  as 
application o f  phosphatic  fe rtilizers o r  o ther deficien t plant nu trien ts; (b) con tro l pests and d isease  that m ay 
affect plant canopy and  in turn  pho tosyn thate  supply  to roo ts; (c) p rac tice  N -m anagem en t in soil (e .g ., use  o f  
slow  re leasing  fo rm ulations, app ly ing  N  to  cereals on ly  by  p lacem ent, use o f  o rgan ic  sources); and (d) u se  need  
-  based inocula tions w ith good  quality  rh izobial inoculants. I f  re tu rned  to the soil, p lan t residues w ould help  in 
increasing  the soil o rgan ic  m atter content, and thereby increase  the soil fertility . T hrough  such  an approach , 
benefits from  legum es B N F  can be m ax im ized  for im proving o r susta in ing  p roductiv ity  o f  c ropp ing  system  
(Table 8).

T ab le  8. N eed  based  p rio ritiza tion  on research  and  developm ent o f p u lses fo r susta inab le  p roduction

T im e  scale P o s t m o n so o n R a in y  se a so n

S h o r t  te rm  R e se a rc h  Issu es

U rgent • W ater m anagem ent
• D evelopm ent and in troduction  o f extra- 

sho rt-du ra tion  (50-55 days) varieties
• M anagem ent o f  crop  residues
• M ultip le  nu trien t app lica tion  based  on soil 

needs V is-a-vis susta inab ility
• P oo r c ro p  estab lishm ent
• In terc ropp ing  w ith  w in ter legum es

• W eed con tro l p ractices
• P lan ting  techn iques and appropriate  

land  con figu ra tion  for p roper c rop  
estab lishm en t and vegetative g row th

■ W eed flo ra  changes qualita tively  
and quan tita tive ly  in various system s

■ S usta inab ility  based  on nutrien t balance/ 
budge ts  in  various system s

• M eeting  the  dem and for im proved  seed

N ecessary ■ N utrien t m anagem en t o f  legum es in cropping  
system s 

• P  M anagem en t

• T rue  va lu e  o f  B N F
• B enefits  o f  m ixed  cropping
• F o rages
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D esirab le • D evelopm ent o f  h igh  tem perature  to lerant 
legum e cu ltivars  -

• C ontro l o f  diseases and pests th rough  ■ 
m anagem ent practices

■ H igh  h arv est index  on  high  b iom ass basis

• S ystem  b ased  nu trien t m anagem ent
• In teg ra ted  p es t m anagem ent 

(but u rg en t fo r p igoenpea)
• Tangib le  and  non-tang ib le  benefits
• P  fertiliza tion  fo r b e tte r m oistu re  use

L o n g  te rm  R e se a rc h  Issues
U rgent ■ D evelopm ent o f  ex tra-short-dura tion  

(50-55 days), h igh-y ie ld ing , inpu t responsive, 
heat-d isease-, and  pest-resistan t varieties 
su itab le  fo r new  n iche  cropping  system s

■ In teg ra ted  nu trien t, w ater &  pest m anagem ent. 
C rop  m o deling  and  post harvest technology.

■ D evelop ing  new  p lan t types responsive to 
h igh  inpu ts  by  in troduction  o f  gene pools o f 
cu ltivars from  abroad

• D evelopm en t o f  early  m aturing  cultivars 
(g reen  gram , b lack  g ram  an d  pigeonpea)

■for m ultip le  c ropping  , '
•  D eve lop ing  p lan t types su itable fo r 

in tercropp ing  w ith  cereals
• .E xp lo ring  avenues for horizontal expansion

th rough  short season  pulses and cropping 
sy s tem  m anipulations

• G ene tic  enhancem ent o f  yie lds and 
g ra in  quality

• B reed ing  varie ties resistan t to A scochyt 
b ligh t, B o try tis gray  m old , w ilt/roo t rot, 
p o d  b o re r and  nem atodes in  chickpea;
S te rility  m osaic, P hy toph tho ra  b ligh t, w ilt 
A ltem aria  b ligh t, pod  fly and  pod  b o rers  in 
p igeonpea; yellow  m osaic v irus, C ercospora 
le a f  spots, pow dery  mildew, th rips, w hitefly 
and  stem fly  in  green g ram / black gram ; rust 
and  w ilt/roo t ro t in  lentil, and pow dery  
m ildew  and rust in  fie ldpea

• A pp lica tion  o f  b io techno logy  to overcom e 
the  basic  constra in ts o f  y ie ld  in stability  
i.e., b io tic  s tresses

■ D evelop  short-duration , h ig h  y ie ld ing  
(a m in im um  y ie ld  o f  2 1 ha '1),'w a ter 
logging-, d isease-, and pest-resis tan t . 
legum e geno types su itab le  fo r so le
and in tercropp ing  system s.

■ B ridg ing  the y ield  gap  be tw een  national 
dem onstra tions and fa rm er 's  field

■ G enetic  enhancem ent o f  y ie lds and 
g ra in  quality

• B reed ing  varie ties resistan t to  A scochy t 
b ligh t, B o try tis gray  m old, w ilt/roo t ro t, 

pod  bo re r and  nem atodes in ch ickpea; 
S terility  m osaic, P hy toph tho ra  blight, 
w ilt A ltem aria  b ligh t, pod  fly and pod  
borers  in p igeonpea; yellow  m osaic 
virus, C ercospo ra  le a f  spots, pow dery  
m ildew , thrips, w hitefly  and  stem fly  i n ' 

b lack  g ram / g reen  gram ; rust and  w ilt/
l oot rot in  lentil, and  pow dery  m ildew  
and rust in  fie ldpea

• A pp lica tion  o f  b io techno logy  to 
overcom e the basic  constra in ts o f  y ie ld  
in  stab ility  i.e., b io tic  stresses

• D evelop ing  new  p lan t types re sponsive  
to h ig h  inputs b y  in troduction  o f  gene 
pools o f  cu ltivars from  abroad

• D evelopm ent o f  early  m aturing  cu ltivars 
(b lack gram , green  gram  and p igeonpea) 
for m ultip le  cropping

• D evelop ing  plan t types su itab le  for 
in tercropp ing  w ith  cereals

• In teg ra ted  nu trien t w ater and pest 
m anagem ent.1 C rop  m odeling and post 
harvest technology.

N ecessary • E stab lish  system -based  in teg ra ted  nu trient 
and w eed  m anagem ent practices

• S im ulation  m odeling  .
• Value addition
• G erm p lasm  resources -  co llection , evaluation

and  conservation  -

■ D evelop  legum e genotypes that produce 
re liab le  y ie lds in h ig h  input system s

• E stab lish  in teg rated  nutrient m anagem ent 
practices

• D evelop  in teg rated  pest and d isease  
m anagem ent p ractices
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• M in im iz ing  lo sses th rough  effic ien t 
p ro cess in g / m illing  and  developm ent 
o f safe  s to rage  p rocedure.

• G erm plasm  resources -  co llection , 
evaluation  and  conservation

D esirab le ■ D evelop  legum e cu ltivars w ith  h ig h  BNF, 
capacity  in  h igh-inpu t system s.

■ In itia te  research  to  separate  ‘N ’ and  
‘n o n -N ’ benefits  o f  legum es on  the 
fo llow ing  c rop

• D evelopm en t o f  cu ltivars w ith bette r am ino 
ac id  profile  in seeds, low  in an ti-nu tritional 
and  tox in  factors

• E stab lish  su itab le  p lan ting  p a tte rn s fo r 
in tercropp ing  system s

• D evelop  equ ipm ent fo r  effic ien t and 
econom ica l harvesting  and  grain  
processing.

• D evelopm en t o f  cu ltivars w ith  b e tte r 
am ino acid  profile  in seeds, low  in anti- 
nu tritional and  tox in  factors

D ev e lo p m e n ta l issues

■ E n su re  availab ility  o f  canal w ater during  
sum m er fo r cu ltivation  o f  sum m er legum es

• E nsure availab ility  o f  quality  seed  and 
quality  R h izo b iu m  inoculan t.

■ S eed  p rocessing
• M ake  v igorous efforts to  d issem ina te  

in fo rm ation  o n  im proved  varie ties and 
the ir m anagem ent th rough  ex tension  
agencies and  on -fa rm  dem onstra tions.

• In a p igeonpea  breeding  p rogram m e care shou ld  be  taken to ensure that p rogen ies a re  g row n under 
cond itions, i.e ., .on so ils low  in  n itrogen  and  w ith  a h ig h  popu la tion  o f  e ffective  rh izob ia , tha t favo r 
s trong  sym bio tic  developm ent. T here  are  m any situations, such  as at G w alio r (M adhya  P radesh  state) 
and H isa r (H aryana state) in northern  Ind ia  w here  p igeonpea  nodu la tion  has b een  reported  as p oo r 
desp ite  v igorous plan t g row th and  detailed  investigations are needed to  c larify  this -  is the  p o o r nodu la tion  
d u e  to lack  o f  rh izob ia , o r  becau se  o f  stress factors such  as h igh  tem peratu re  and  h ig h  leve ls  o f  N 0 3-N ?

■ In p igeonpea  the recen tly  developed , h igh  y ie ld ing , ex tra  short du ration  (abou t 3 m onths) geno types are 
a ltogether a n ew  plan t type, and they  should  be  exam ined  for the  adequacy  o f  th e ir  sym bio tic  n itrogen  
fixation. T here is a need  to  im prove the n itrogen  fix ing ab ility  o f  short du ra tion  p ig eonpea  as these 
genotypes respond  to fertilizer n itrogen . T h is  can p robab ly  be ach ieved  e ith e r by  ex tend ing  the longev ity  
o f  nodule activ ity  into the pod  filling stage  and /o r se lec ting  geno types w ith  resis tance  to  nodu le  dam age 
by  Rivetlia angulata.

• S tud ies on the eco logy  o f  p igeonpea rh izobia  deserve m ore attention. B ecause  o f  cross reactiv ity  am ong 
cow pea rh izobia , it has n o t been  easy  to d istingu ish  inoculan t strains o f  p igeonpea  from  native  rhizobia. 
U nless im proved  m ethods o f  iden tifica tion  o f  inoculan t strains are developed , eco log ical stud ies o f  
p igeonpea  rh izob ia  canno t m ake m uch progress.

• B ecause o f  the sensitiv ity  o f  sym bio tic  activ ity  to salinity, w aterlogging  and  drough t stress, o r tem perature  
stress, m on ito ring  the sym biosis and  understand ing  its response  to  pa rticu la r stresses w ill be  m andato ry  
be fo re  se lecting  appropriate  sym bioses fo r stress conditions.

■ M ost o f  ou r know ledge  o n  the effects o f  stress factors o n  B N F  com es f rom  studies on legum es o th e r than  
ch ickpea  and  p igeonpea. H ence, m ore stud ies on  how  these  tw o crop  p lan ts reac t to  the  stress factors are
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required . Rhizobium s trains grow ing  as saprophytes in  the soil can  to lera te  stress env ironm ents  m uch  
b e tte r  than  the  h o st legum es and  the  sym biosis. A lso , Rhizobium strains to leran t to  som e o f  these  stress 
fac to rs  h av e  b een  iso lated ; they can  also b e  iden tified  m ore  easily  than  to leran t host plants.

• P lan ts depending on  sym biotic n itrogen are m ore  p rone  to  the  adverse effects o f  drought, soil tem perature, 
h ig h  pH , and  sa lts  than  a re  p lants fertilized  w ith  n itrogen . T his suggests that iden tifica tion  o f  geno types 
to le ran t o f  these  stress factors shou ld  b e  a  first step in ov e r com ing  the  adverse  env ironm en ta l effects.
A ll the  s tress factors resu lt in  absence  o r d isto rtion  o f  roo t hairs, th e  s ite  w as rh izob ia  en te r the  host p rio r 
to  estab lishm ent o f  the sym biosis. H ence, in  se lecting  leg u m e genotypes bette r ab le to to le ra te  stress 
fac to rs , the  ab ility  to fo rm  norm al roo t hairs should  b e  a  m ajo r consideration.

• A  study  as to  w hy, and at w hich stage, the sym biosis b reaks dow n under environm ental stress is im portan t 
from  a  practical p o in t o f  view , and it m ay provide m ore inform ation  about the process itself. A n  im portan t 
con tribu tion 'm ay  be expected  from  a com parative  study  betw een  genotypes that d iffe r in  th e ir  capacity  
to  estab lish  a  sym biosis under stress cond itions. ■

U nabated  land  degradation  due to  nu trien t m in ing  w ith  a  com bination  by  topso il loss by  w a te r erosion  
and  c lim atic  change tow ards adverse  conditions a re  the  tw in  p roblem s affecting  the  fu ture  o f  d ry land  agricu lture.
In  th is connection , an  early  action  is to  b e  taken  by  contro lling  erosion , rep len ish ing  the  so il w ith  h igh  b iom ass 
fo r rev ita liz ing  the various soil p rocesses and  congenial m icroenv ironm ent creation. T h is  w ill im prove the  soil 
resilience, quality  and  m itigates the  drought affect Invariably. T h e  p ractice  th a t is m ost needed  is the  resource  
conservation  and  u tiliza tion  b ased  tem plate  created  b y  using perennial, sem i-perennial and  annual p lan ts. T h is 
kn its the farm ers to the  land  and  generates em ploym ent th rough out the  year. U se o f  cash  re turn ing  spec ies  w ill 
im prove the  socio  econom ic  cond itions o f  the  farm ers. A grofo restry  is a re latively  new  nam e g iven  to  an 
approach  to cu ltivation , w h ich  has been  u sed  by  m any people  all ov e r the  w orld, in  m any  d ifferen t w ays. It is 
a  co llec tive  nam e  fo r  land  u se  system s in w hich w oody perennials are  g row n in  association  w ith  herbaceous 
plan ts (crops, pastu res etc.) o r  livestock , in  a spatial a rrangem ent, a  ro tation , o r  bo th . T here  are u su a lly  b o th  
eco logical and  econom ic  in teractions betw een  the  tree and o th e r com ponents o f  the system . T he ag ro fo restry  
m odel is un ique  as it  focuses on  assisting  farm ers in  creating  a  situa tion  w here  they are m anag ing  th e ir  o w n  _ 
natu ra l resou rces inc lud ing  livestock  in  a susta inab le  p roduc tive  way, and  m aking them  less d ep en d en t o n  
ou tside  labou r and fo rest areas. To p reven t runo ff and  soil e rosion  and  to m eet all th e  requ irem en ts in te rm s o f  
fodder resources and  soil cover, efforts m ust b e  m ade  to  obtain  them  from  in teg ra ted  fan n in g  system  only. T he 
cropping  system  m ust perm it lim ited  grazing. S ufficien t lopp ing  should  be availab le  from  the farm stead . M icro  
level farm ing  system s are p racticab le on ly  in ra in fed  lands due to resilience in  adoption  o f  d iversifica tion  from  
crop  th rough  tree to  anim al.

A c k n o w le d g e m e n t,
The above article is resultant o f more than 30 years o f Research vTork carried out in the All India Coordinated Research 
Project for Dryland Agriculture (A1CRPDA). We are thankful to all the Scientists involved in this network overtime.
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Nutrient use efficiency in humid tropics with special reference to Kerala

P.S. John, M eera V. M enon and I. Johnkutty
College o f Horticulture, Kerala Agricultural University,

Vellanikkara, Thrissur- 680 656, Kerala

T he trop ics, com prising  40%  o f  the  land  surface o f  the  earth , lie betw een  23 1/2 ° N  and  23 1/2 °S  
latitudes and are characterized  by  the  absence  o f  a cold  season. A  m ean  tem peratu re  o f  18 °C p reva ils  during the  
co ldest m onth  o f  the  year. T he h um id  trop ics experience  h igh  rainfall and  hum id ity  an d  m any  parts o f  Ind ia  
com e under th is class.

K era la  state  com es u n d e r the  p erhum id  and h um id  c lim atic  types, excep t in  the sou thern  m ost pockets 
and  the eastern  part o f  P a lakkadu  reg ion , w h ich  experience  m o is t sub h um id  c lim ate . T he state  as a  w hole  
experience m egatherm al c lim ate , w h ich  ind icates that crop grow th , is n o t m uch  inh ib ited  by  tem peratu re , b u t is 
governed  m ainly  by  rainfall. T he  m ean m o n th ly  h u m id ity  varies from  85 to 95 per c e n t d u ring  Ju n e  - Septem ber, 
and is about 70%  in January  over different parts o f  K erala. The high  rainfall has led  to the  evolu tion  o f  characteristic 
soil types in the  state , defic ien t in bases  and  rich  in  iron and alum inium .

C rop  p roductiv ity  is largely  dependen t on the  u se  o f  critical inpu ts  like im p ro v ed  seeds, fertilisers and 
w ater. C onsiderab le im provem en t in the  use  o f  these  inputs has g reatly  con tribu ted  in m ak ing  ou r coun try  se lf  
sufficien t in  food. E ffic iency  o f  any  crop  p roduction  unit is p rim arily  decided  by  the  sy stem  characteris tics 
w here it is operating . T h e  geograph ica l p osition  and  layou t thus beco m es im portan t. K era la  is un ique  in its 
d iversity  and richness in land  and  w ater resources. It is one o f  the sm allest states in  Ind ia  w ith  an a rea  o f  38.86  
lakh  ha. The state  is a n arrow  coasta l strip  hav ing  a sea coast o f  nearly  590  km  length . T he  s ta te  is b roader is the 
central area, bu t no t m ore  than  120 km , and  narrow s dow n to 30  km  at no rthern  an d  sou thern  ex trem ities. W ith in  
a  d istance  o f  50  km  the  a ltitude  ranges from  -3 m  to 4500m . T he sea  coast, m id land  an d  low  a ltitude  reg ion  
endow ed w ith  h um id  trop ical c lim ate  is  sp read  o v e r the  entire  leng th  o f  the  state.

Water, the m ost im portan t decisive  fac to r w hich contro ls o ther p roduction  factors, prima facie  cannot 
be  classified  as a n eg a to r o f effic ien t c rop  p roduction  in K erala. R eceiv ing  m ore  than tw ice  the  m ean annual 
rainfall o f  India, K era la  is bestow ed  w ith  su ffic ien t w a te r for taking th ree  w et land  pudd led  rice  crops in  one 
year. H ow ever the natural d is tribu tion  o f  ra in fa ll and  the  un ique geography o f  K era la  brings a flood  and a
drough t alm ost every  year, the  situa tion  be in g  aggravated  by m anagerial inadequacies. '

T he soil w h ich  holds the p lan t is the bas ic  un it o f  ag ricu ltu ra l p roduction . It is the fac to r w hich  
p rim arily  decides the  w a te r and  nu trien t use effic iencies. In general, K era la  so ils ex p erience  stress due to 
defic iencies o r excesses o f  m ineral e lem en ts invo lved  in crop  p roduction . T he  m ain  soil types o f  K erala  are 
laterite  (w ith  o r w ithou t B horizon), sandy  loam  (O nattukara  o r  coasta l sandy), a lluv ium , red  loam , pea t (Kari) 
and  b lack  soil. T he  ex ten t and  characteris tics are g iven  in  Table 1.
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Table 1. Important soils of Kerala

S oil ty p e E x te n t  (% ) I m p o r ta n t  c h a ra c te r is t ic s

L aterite 67.0 L o w  soil depth , low  organic m atter, F e  and  M n  toxicity, pH  5 .0- 6.5, low  W H C

S andy loam 10.0 Very low  organic m atter and m ineral nutrients, v ery  low  W H C , acidic, soil sa lin ity  
in  coastal sandy  area '

R ed  loam 14.0 L ow  organ ic  m atter, m edium  m ineral nu trien ts, acidic
A lluv ium 8.5 M ed iu m  in  m ineral nu trien ts and  o rgan ic  m atter, acidic.
P eat 0 .4 Very h igh  organic m atter, Fe and Al toxicity, sa lin ity  in trusion , very  acidic, 

pH  3-5.5

B lack soil 0.1 L ow  organ ic  m atter content, a lkaline  in reaction , m ed ium  in  m ineral nu trien ts, 
a lkaline , pH  8.5

T rad itional w isdom  has succeeded  in  the  se lection  o f  crops w ith  pH  7-8.5  and  c ropp ing  sy s tem  w ith  
h igher p roductiv ity  su ited  to  d ifferen t so il types. S hyam  S undaran  N air and  S a ifudeen  (2004) have listed  the 13 
ag ro -c lim atic  zones c lassified  based  o n  a ltitude, rainfall pa ttern  and soil type along  w ith  the  p rim arily  crops 
grow n. T he  topography, so il types, w a te r s ituations and  crops have resu lted  in  h eterogeneous ag ronom ic  zones 
w here  u se  efficiency  o f  p roduction  inpu ts  vary  considerably .

N u tr ie n t  u se  e ffic iency

• U se effic iency  o f  nu trien ts is generally  expressed  as ag ronom ic  efficiency, up take efficiency  (also  
term ed as chem ical efficiency  o r  apparen t recovery) and physio log ical efficiency. A gronom ic efficiency  is the 
product o f  uptake effic iency  and physio log ical efficiency. T he unit o f  ag ronom ic  e ffic iency  is kg  g ra in  p e r kg 
nutrient w hile  that o f  physio logical effic iency  in  kg grain per kg  nu trien t taken  u p  b y  the  crop. U ptake e fficiency  
is expressed  as percen tage o f  app lied  n u trien t taken up  by  crop .

H abeeburahm an  (1983) has reported  an agronom ic effic iency  o f  10.82 to 19.04 for applied  N  in  rice 
g row n in  the la terite  soil (Table 2 .). A gronom ic  efficiency  w as fo u n d  to  increase  a t h ig h e r levels  o f  N  w hen the 
soil w as am ended  w ith  lim e a t 6 0 0  kg /h a  (Table 2).

T ab le  2. N  use e ffic iency  in rice as in fluenced  by  tim e o f  application

T re a tm e n t A g ro n o m ic  effic iency  (kg  g ra in /  k g  N)
W ith o u t lim e W ith  lim e

16.08 10.82

N «5 ' 16.36 19.04

N *  '
■ 13.84 18.74

C hang ing  the  fo rm  and  m ethod  o f  application  o f  N  fertilizers has been  found to im prove nu trien t u se  
e fficiency  over usual m ethod  o f  u rea  broadcasting  in  alluvial so ils o f  K uttanadu , K era la  (Table 3).
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Table 3. Nutrient use efficiency as influenced by form and method of application of N in rice

R ate o f N
application
kg/ha

M ethod of application
A E (kg g ra in / kg N)

U rea b road  A pplied as 
casted p e r  trea tm en t

References

70 U rea  +  pow dered  neem  cake  (5:1) m ix ing  and  
keep ing  overn igh t and b roadcasting 18.5 28.8 R R S M , 1982

56 U rea  super granules- deep  p lacem ent 21.5 48 .6 R R S M , 1982
90 N eem  coated  u rea  and  b roadcasting 20 .5 24.8 R R S M , 1982
90 N - serve  1% coating  and b roadcasting 22 .8 27.5 R R S M , 1983
70 U rea  paper packets- deep p lacem ent 21.5 36.5 R R S M , 1983
70 U rea  m ud balls- deep p lacem ent 21.5 38.8 R R S M , 1982

Jayakum aran  (1981) stud ied  the  in fluence o f  N  leve ls  and  azo lla  incorporation  at 5  t/h a  on y ie ld  and n u trien t use 
efficiency  (Table 4). T he  n u trien t use e ffic iency  w as found  to be  increased  in  the  p resence  o f  in co rpo ra ted  azolla.

T ab le  4 . Y ield (kg/ha) and agronom ic e ffic iency  in the  p resen ce  and absence o f  azo lla  incorpora tion

N  levels (k g /h a) W ith o u t  A zo lla  
G ra in  y ie ld  (k g /h a )

A E W ith  A zo lla  
G ra in  y ie ld  (k g /h a )  ■

A E

0.0 1819 1880
45.0 2300 10.7 2551 14.9
67.5 2599 ' 11.5 2982 16.4
90 .0 2798 10.8 2689 • 9 .0  -

B alachandran  (1979) rep o rted  decreasing  P  use e ffic iency  in  b lack g ram  g row n in  la terite  soil w ith  
increasing  P  doses. T he  P  use  efficiencies w ere  24 .4 , 19.5 and  14.2 at 1 0 ,2 0  and  30  kg  P^Oj/ha. Jo se p h  (1982) 
observed  n u trien t use efficiency  o f  13.4, 15.3 a n d  9 .9  fo r  N  at 37.5 , 75 .0  and 112.5 kg fo r ch illi c ro p  g ro w n  in 
la terite  soil. T he  P  use efficiency  at 2 0 ,4 0  and  60  kg  P^OTlia w ere  5 .1 5 ,5 .0 8  and  3 .81 , respectively . T he K  use 
effic iency  w as 32.2 , 19.8 and  17.7 fo r  K 20  ap p lied  at 1 0 ,2 0  and  30  kg /ha  respectively .

T he tim e o f  fertilizer app lica tion  cou ld  also  in fluence  nu trien t use efficiency. A  sh ift in  15 days for 
app lica tion  o f basal fertiliser dose in  a 10 m onths du ra tio n  tap ioca  crop  g row n in  la terite  soil resu lted  in h igher 
u s e  e f f ic ie n c y  o f  f e r t i l i z e r  a n d  
consequently  considerable yield variation 
(B ridg it, 1985) (F ig . 1.).

A n  a g ro n o m ic  e ff ic ie n cy  o f  
2 .32  w as reported  for seasum  g row n  in 
sandy loam  o f  K era la  (Paul, 1 9 95 ) w hen 
30  kg  N  w as app lied  in tw o splits. T he 
use effic iency  o f  N  fo r  the a rom atic g rass 
pa lm arosa  w as 0 .42  and  0.33 t herbage 
y ie ld  a t 20  and  4 0  kg  N, re sp ec tiv e ly  
(R eg im ol, 1996).

Fig. 1. Yield of tapioca (t/ha) as influenced by time of 
fertiliser application
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Nutrient balance

C rop  productivity can only be sustained if soil fertility  levels (supply o f  nutrients in  proportions m atchi ng 
the c rop’s need) are m aintained. In o rder to attain this balance, it is essential to  know  the nutrient dem and o f  a  crop 
to produce a target y ield  and the am ount rem oved from  the soil is to  b e  replaced scores sooner o r later.

Im balanced app lica tion  o f  N  increases neither the y ie ld  nor the profit in the long run. B ut it m ay resu lt 
in  acceleration  o f  defic iency  o f  o ther nu trien ts in soil. Soil nu trien t dep le tion  in  the  case o f  po tash  is particu larly  
alarm ing. T his is because m any  crops rem ove as m uch  o r m ore  than  K  than  they absorb N , bu t potash app lica tion  
is fa r less than tha t o f  N .

T he  rem oval o f  prim ary  nutrients by  m ajo r crops g row n in K erala  and the nutrients added to  the  soil 
through fertilisers are  g iven  in  Table 5.

T ab le  5, N u trien t balance  sheet fo r  K erala

Added through 
fertilisers (t)

Removed by 
crops (t) Balance (t)

N 88638 113562 -24924
P 47252 34168 + 13084
K 76564 128751 - 52187
Total 212454 276481 - 64027
S 11258 35857 -24599
G. Total 223712 312338 -88626

The N  and K  rem oval is 24924 and 51187 tonnes m ore than the addition, how ever P  is added in excess, 
i.e., 13084 tonnes than  the  rem oval. Sulfur w hich is identified to be deficient in m ost K erala soils (John, 2004) is 
also rem oved in h igher quantities to the tune o f  24599 tonnes m ore than that o f  addition. A  detailed  district- w ise 
analysis show ed that only in  Palakkadu district there is a positive balance fo r N  and only  in T rivandrum , K ollam , 
M alappuram  and K asaragode there is negative balance for P. In  K ottayam , Pathanam thitta and K ozhikode, the P 
addition is rem arkably  h igher than the rem oval. In K ottayam , Idukki and K ozhikode, addition o f  K through 
fertilizers is m ore than  the  crop rem oval, but in all o ther districts the rem oval is m ore than the addition.

M e a su re s  to  a u g m e n t th e  n u tr ie n t  su p p ly

T he w ide gap  betw een  the  quan tity  o f  nu trien ts rem oved by crops and  supplied  th rough fertilizers can 
be bridged  by exp lo iting  the enorm ous potential o f  o rganic m anure sources. In areas w here rice based  c ropp ing  
system  is p redom inan t, in troduction  o r in tensification  o f  grain  legum es in the cropping  system  m ay add n itrogen 
and o ther nu trien ts th rough  o rgan ic  m atter addition apart from  increasing  pulse production. In tercropping  grain  
legum es and alley c ropp ing  w ith  legum inous fodder trees w ill enrich the soil by fix ing atm ospheric  N. Tepltrosia 
purpurea Crotalaria juncea and  Indigofera spp are su itab le  g reen  m anures in coconut garden. Sesbania aculeata 
and Crotalana juncea are good  for irrigated  paddy lands and Sesbania rostrata fo r low  lying  paddy lands.

G reen  m anures can b e  substitu ted  by a su itab le  dual purpose  grain  legum e in irrigated  rice areas. John  
etal. (1989) received  equal o r  m ore benefit from  a soil incorporated  w ith grain legum e residue apart from  about 
one tonne g ra in  p roduc tion  p e r h a  com pared  to grow ing  a green  m anure crop. D ual purpose grain legum es like 
cow pea, m ungbean, g reen  gram , etc. su itab le  for th is zone can be  iden tified  by  screening o f  availab le  varie ties.
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L egum inous and non- legum inous trees and  p lan ts g row n on  bunds, w aste lands, ro ad  sides e tc . can  be u sed  for 
green  le a f  m anuring . In ru b b e r an d  co conu t p lan ta tions in coasta l h illy  sub- reg io n s and  m id land  sub- reg ions, 
co v e r cropp ing  w ith  Calapagonium mucunoides, Peuraria phaseoloides, Centrosema pubescens, Mucuna 
bractetea and Mimosa invisa are  h igh ly  essential. B esides o th e r benefits  these  w ill add  a  large quan tity  o f  
o rgan ic  m atter an d  N  in to  the  soil (John  and  G eorge, 1990).

U se o f  b io fertilize rs  shou ld  be  enhanced . R h izob ium  inocu la tion  in  legum es, use o f  azo lla  and  b lue 
green  algae in rice fie lds, in ocu la tion  o f  up land  crops w ith  A M F  a n d  PSB  to  enhance  n u trien t so lub ilisa tion  
especially  P  and  inocu la tion  o f  aerob ic  N  fix ing  bacteria  in cereals a n d  o ilseed  crops lik e  g ingelly  are im portan t 
non- m onetary  m eans to  supply  n itrogen  in to  the soil. E nhancing  p roduction  o f  ru ra l and  u rban  com post, e ffic ien t 
use o f  farm yard  m anure , ash  an d  slau g h te r w aste, u tilisa tion  o f  aqua tic  w eeds like Eichhornia crassipes w hich  
is  abundan t in  K erala , fo r  com post m ak ing  are  supp lem enta l sou rces o f  nu trien ts . T h e  effic iency  o f  added 
inorganic fertilizer is  to  b e  increased  to the  m ax im um  possib le  by  w ay o f  su itab le  ag ronom ic  m easures such  as 
placem ent, soil incorporation , coating , sp lit app lica tion  etc.

Constraints in increasing nutrient, addition through fertilizers

T h e  re la tiv e ly  h ig h  c o s t o f  fe r tilis e rs , lo w  b en e fit - c o s t  ra tio , la c k  o f  a w a re n ess  o f  n u tr ie n t 
recom m endation  fo r  specific  crops, etc . d iscourage the  farm ers from  using  m o re  q uan tity  o f  fertilizers. T he 
expected  response f rom  fe rtilizers m ay  n o t be reflec ted  in the  y ie ld  due to  various con tro llab le  and uncon tro llab le  
loss m echan ism s and  n o n  -resp o n se  o f  certa in  cu ltivars used . In certa in  areas fan n ers  are n o t w illing  to  app ly  
fertilizers fo r ra in fed  crops fearing  inadequa te  returns. N on- ava ilab ility  o f  fe rtilizers in  certain  in te rio r reg ions 
is observed  due  to lim ited  n u m b er o f  sale po in ts. L ack  o f  o rganized  e ffo rts to  enhance  the  p roduction  o f  rural 
and urban com post, d ifficu lty  in ge tting  seeds o f  g reen  m anure  and  cover crops, inadequate  agricu ltural ex tension  
services and governm en t po lic ie s  resu lt in  poor use o f  o rgan ic  source  o f  nu trien ts in the  soil. ' '

N arrow ing  do w n  the  defic it o f  nu trien ts due to  h igh  c rop  rem oval a n d  lo w  supp ly  w ill have a defin ite  
influence in  bridg ing  the  w ide  g ap  be tw een  the actual and  poten tia l y ie lds. A gricu ltu ra l ex tension  and  fertiliser 
p rom otion  p rogram m es shou ld  be  s treng thened  and  sale  points o f fe rtilize rs  shou ld  be  increased  to enhance  
fertiliser use. G roup  fa n n in g  ac tiv ities in  rice and  coconu t adop ted  b y  the G overnm en t o f  K erala , efforts o f  
sc ien tific  and  o th e r v o lun ta ry  o rgan isa tions can  stim ula te  the farm ers to ad o p t b e tte r  m anagem en t p ractices o f  
applied  fertilisers and  fo r m ob iliz ing  o rgan ic  sources o f  nu trien ts.

B a la n c e d  fe r t i l is a tio n  .

In recen t years , g rea t in te rest in  LISA  (L ow  Input S usta in ab le  A g ricu ltu re) has becom e the  focus o f  
m any env ironm entalists, b u t the  innovations and m anagem ent techn iques su itab le  fo r one  set o f  soils, c lim ates 
and cropping conditions m ay b e  en tirely  unsatisfactory  fo r another situation and L ow  Input Sustainable A gricu lture 
is not the so lu tion  fo r ach iev ing  h ig h e r y ie ld s and  m eeting  the  h ig h e r food  dem and . S ite  specific  m anagem ent 
w ith balanced  fertilisa tion  as  the  m ain  too l is the correct alternative. B a lan ced  fertiliza tion  is the  rational u se  o f  
fertilisers and m anures for o p tim um  supply  o f  all essen tia l nu trien ts tak ing  in to  accoun t the ava ilab ility  o f  
nu trients already  p resen t in  so il w h ich  sim ultaneously  ensures effic iency  o f  fe rtilise r use, p rom otes synerg istic  
in teractions and  keeps an tagon istic  in teractions out o f  crop  p roduction  system s. I t  enhances crop  y ie ld , c rop  
quality  and farm  profits, co rrec ts  in h e ren t soil nu trien t deficiencies, m ain ta ins o r  im proves soil fertility , avoids 
d am age  to the  en v ironm en t and  re sto res fertility  and  p roductiv ity  o f  the  lan d  th a t has been  deg raded  b y  w rong 
and exp lo ita tive  activ ities  in  the past. .
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Fertilizer use efficiency refers to the proportion o f  applied  nutrient recovered  by  the crop. It is com m only  
expressed as  a  percentage o f  fertilisers used by  the  crop  o r alternatively in term s o f crop yield per unit o f  fertilisers.

E volv ing  site specific  best m anagem ent practices (SSB M P) is the  possible solution fo r h igher y ields, 
conserving natural resources and m axim ising fertiliser use efficiency. B est m anagem ent practices are specific for 
individual farm s, fields, soils and clim ate. They should  aim  at m axim um  crop  responsiveness to  fertiliser and  
reduced environm ental im pacts o f  the fertiliser, balancing p roduction inputs a t appropriate levels, u tilisation o f  site 
specific soil and w ater conservation techniques to m axim ize soil retention and m inim ize losses to ground water.

K now ing  the  so il, bo th  the  health  and ill h ealth , is the  b as ic  requ irem en t for evolv ing  best m anagem ent 
practices. A m elio ra ting  so il w ith lim e  o r gypsum  to  co rrect soil reaction  and add ition  o f  op tim um  quan tity  o f  
organic m anures are the pre-requisites for enhancing  fe rtilise r use efficiency. R esearch  resu lts  are ava ilab le  fo r 
vary ing  nu trien t u se  efficiency  in  the p resence  and  absence o f  lim e application , in  the presence and  absence o f  
organ ic  m anure , p re - rice  legum e crops etc. in  K era la  soils.

C hoice o f  the  correct fertiliser m aterial has b een  proved  to im prove fertiliser use  efficiency  o f  indiv idual 
nu trien ts. U se o f  am m on ium  su lfate  against u rea  to  supp ly  N  has im proved  the n itrogen  u se  e ffic iency  p robab ly  
due to  the benefit o f  m ain ta in ing  an appropriate  N :S  ratio  in  soil and  p lan t (R R SM , 1982). U se  o f  A m m onium  
phosphate su lfa te  (Factom phos) has resu lted  in  enhanced  uptake, use efficiency  o f  b o th  N  and  P  aga in st the  
recom m ended  p ractices o f  using  u rea  and ro ck  phosphorus as n u trien t sources in K uttanadu  a lluv ium  in K erala  
(R R SM , 1983) due  to its so luble P  content, N  balance  and  S content.

P roper tim ing o f  fertiliser' application  can  considerab ly  im prove nu trien t u se  efficiency  in K era la  soils 
w here soil as w ell as rainfall characters favour high  leaching  losses o f  nutrients. A pp lica tion  o f  so luble nu trien ts 
in  splits at g row th  stages w hen requ irem en ts are h igh, is a ru ling  princip le in  fertilizer p rogram m es. F ertilise r 
application in 3 to 4  splits fo r rice, 6  to  7 for banana and  pine apple, 2 to 4  splits fo r coconut are being  recom m ended  
fo r K erala  in o rder to im prove the nu trien t use  efficiency. B asal app lica tion  o f  fertilisers is varied  depend ing  on 
the m ode o f  p lan t in troduction . In  d irect sow n w et and  dry  rice it is recom m ended  a t 10-15 days a fte r sow ing  
against basal app lica tion  befo re  p lan ting  in transp lan ted  rice.

Soil incorporation o f  am m oniacal N fertilisers, rock phosphorus and  potassium  has resu lted  in h igher use 
efficiencies than broadcast application in K erala  soils D eep  placem ent o f  am oniacal N  fertilizers e ither as m ud 
balls, paper packets o r as U S G  have resulted in im proving e fficiency from  25 to  55 percentage. U s e  o f  
nitrification inhibitors and slow  release N fertilisers have resulted  in im proved use efficiencies. Incorporation o f  
urea w ith pow ered  non-edible oil cakes such  as neem, mamtli and  mahuva cakes have resulted  in  h igher use 
efficiencies. A pplication o f  urea m ixed w ith pow dered neem cake in  5:1 ratio  in rice is a  com m on practice in Kerala.

' I
Correction of nutrient deficiencies and toxicities

Iden tify ing  the  deficiencies and tox ic ities w hich  create  stress in soil th rough  so il and  p lan t analyses is 
an im portan t step  o f  balanced  fertilisers. D efic iencies o f  N , K  and S and tox icity  o f Fe, M n  and AI are  com m only  
reported  from  several agronom ic zones o f  K erala. T akkar et a i  (1997) reported  that 3 4 ,3 1  and 4  percen tage  o f  
the soil sam ples co llec ted  from  K erala w ere  defic ien t in Z n , C u and  M n.

Synergistic and antagonistic nutrient interaction affects the fertiliser use efficiency. P otassium  has been

Maximising fertiliser use efficiency
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found to in fluence the use efficiency o f  o ther nutrients. T h e  ill effects o f  Fe  can  be  reduced  by  K  fertilization. H igh  
level o f  K  is reported  to decrease Fe  uptake and helps m aintain  K /Fe ra tion  in  p lants. H igher rate  o f  K  application 
increased efficiency o f  N , P  and  Z  in laterite soils o f  K erala  (Bridgit, 1999; M athew , 2002; T hom as, 2002).

In teraction  o f  n u trien t elem ents, bo th  in the  p lan t and in  the  so il, p lay  a  sign ifican t ro le  in  affecting  
nu trien t availability , an d  consequently , c rop  g ro w th  and  y ie ld . E x perim en ts  in r ic e  revea led  that y ie ld  canno t b e  
related  to  any  sing le  elem en t, b u t ra th e r to  the  net e ffec t o f  all the  e lem ents. T h e  effect o f  an e lem en t o n  y ie ld  can  
b e  d irect o r  ind irect, b y  its effec t th rough  o th e r e lem en ts . In  la terite  so ils  i t  w as observed  tha t C a  app lica tion  
cou ld  effectively  check  iron  conten t, w h ich  is the  m ain  y ie ld  lim iting  factor, b u t it co u ld  no t con ta in  the  adverse  
effects o f  M n  and  Z n  w hich  d irectly  in te rfe red  w ith  N  m etabolism . Instead , S w as found  to re s tric t M n  and  Z n 
uptake  m ore effec tive ly  a t la te r stages o f  g row th  (B ridgit, 1999).

Jo h n  (2004) has o bserved  s ign ifican t N  and  S in teraction  in  rice  c rop  grow n in  la terite  so il o f  P a lakkadu
(Table 6).

T ab le  6 . Y ield  o f  rice  as in fluenced  by  N  and  S levels

S  k g /h a

N o

N  k g /h a

N „  K N ia

M e a n  ■

SO 3.85 4 .65 5.21 5 .30 4 .7 4
S15 3.71 5 .40 5.85 6 .4 0  - 5 .34
S30 4.15 5.51 6.05 6.48 ' 5 .54
M ean 3.90 5.19 5.70 6.06
C D  (0.05) N - 0 .49 S- 0 .52 N  x S - 0 .784

E n v iro n m e n ta l  co n se q u e n ce s  o f  fe r t i l is e r  use

N itrogen , phospho rus and  po tassium  fertilise rs  a fte r the ir app lica tion  undergo  various transfo rm ation  
processes. A  series  o f  physica l, chem ical and  b io log ica l p rocesses are invo lved  in  such  a turnover. D y nam ics o f  
N  in  the so il - p lan t- a tm osphere  system  include various soil p rocesses T ab ]e  ^ i s e i  con su m p tio n  (kg / 
such  as m inera lisa tion , im m obiliza tion , u rea  hydro lysis, n itrifica tion , b a  u sa^ e 
vo latilization , den itrifica tion  and  N  m ovem ent in so il. P hosphorus, a fte r
its app lication  in  so il, is e ith e r rem oved  b y  crop  o r  gets converted  in to  C o u n t r y / s t a t e  C o n s u m p tio n
various inso lub le  fo rm s (Fe and  A1 phosphates in  ac id  so il and  C a- ----------------------------------------------
phosphate in a lkaline  so ils) and  gets  f ixed  in  soil c lays o r o rganic m atter.
Loss o f  K  is a  w aste bu t carries no env ironm ental concern .

The excessive  u se  o f  fertilisers can  resu lt in  the env ironm ental p rob lem s 
like g ro u n d  w a te r co n tam in a tio n , eu tro p h ica tio n , n itra te  po iso n in g , 
d ise a se s  l ik e  m e th e n o g lo b in e m ia  a n d  c an c e r , a c id  ra in , a m m o n ia  
evolu tion , s tra tospheric  ozone  dep le tion  and  g lobal w arm ing . T hom as 
(2001) observed  leach ing  o f  4 2%  N  and  16%  K, b u t no  phospho rus to a 
dep th  o f  m ore  than  60cm  from  the  surface ap p lied  fertilise rs  th rough  
irrigation  w a te r in  laterite  so ils o f  K erala. H o w ev er this m ay not pose 
any env ironm enta l concern  since  deep  roo ted  perenn ia l trees, a  com m on 
feature all o v e r K era la , act as nu trien t pum ps w hich  tak e  up  the  leached

R epub lic  o f  K orea 458
Japan  1 2 9 0
C h ina 257
N etherlands 4 9 4
U K 330
U S A 111
B ang ladesh 141
P ak istan  , 112
In d ia  . 99
K erala 79
P u n jab ■ 250
T am il N adu 110
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nu trien ts. M oreover the  fe rtilise r use in  K era la  is  fa r  less than  those reported  fo r several o th e r coun tries and  
sta tes in  Ind ia  (Table 7).

Conclusion

K erala, m ost o f  its area being  in the hum id  tropics, enjoys the benefit o f  high rainfall, am ple sunlight and  
tem perature. H ow ever, the geo- physiography and the undistributed high rainfall m ake the soil susceptib le to 
undesirable w eaknesses in the crop production system . The high  tem perature results in  the fast decline o f  organic 
carbon from  unprotected soil. The use efficiency o f  agricultural inputs is e ither declining o r  in stagnation. Through 
it is essential to  review  and im prove the m anagem ent strategy o f  all inputs, it is h igh  time to pay serious attention to 
nu trien t m anagem ent in  particular. It should  aim  at reducing  the  presen t depletion  o f  soil nu trient reserves. 
Im provem ent o f  soil fertility by efficient use  o f  plant nutrients besides increasing productivity also leads to better 
environm ent. T he balanced fertilisation through the right nutrients, fertilisation a t the right tim e, righ t quantity  and  
through righ t m ethods o f  application only  w ill result in  h igh  efficiency. In tegrated nutrient supply w ith com bined  
use o f  fertilisers, organic m anures and biofertilisers in  conjunction w ith checking erosion o f  soil fertility  by efficient 
and better soil w ater conservation and m anagem ent practices, enhancing native m ineral nu trients availability  by 
felicitating soil m icrobial population, exploiting the benefit o f  synergistic nu trient in teractions in  the  soil etc w ill

play a  great role in  m aintaining the nu trien t balance and crop productivity at h igher levels.
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Precision agriculture with reference to nutrient management -  An Indian 
perspective
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Taramani Institutional Area, Chennai -  600113, Tamil Nadu 
(e -m a il:  v i j a y s u b b i a h @ m s s r f . r e s . i n )

A pproaches to increasing  p roductiv ity  in India, has seen  a m ajo r sh ift o ver the last few  decades. Ind ia 
is in som e w ay self-sufficient as far as the  food sector is concerned. The priority  now  is tow ards crop diversification 
and m anagem ent system s that w ould  enab le  econom ic stab ility  and reduce the risks related  to the vagaries o f 
clim ate and m arket. In the Ind ian  a susta inab le  practice w ou ld  transla te  as creating  opportun ities fo r  livelihood  
w hile  increasing  the  p roductiv ity  o f  the land, w hich are also  em bedded  in the M illenn ium  D evelopm ent G oals o f  
the U nited  N ations.

D ifferen t app roaches have been  adop ted  in deve lop ing  su sta inab le  ag ricu ltu re  p rac tices such  as, 
ecoagricu lture, in teg ra ted  farm ing  system , low  input agricu lture, o rganic farm ing , to  nam e a few. Each  one these 
are exam ples o f  site-specific  farm ing m ethods and a com bination  o f  these m ethods w ould resu lt in developm ent 
o f  new  m odels. Such  diverse approaches in farm ing practice provide opportun ities fo r developing  and determ ining 
the appropriate  techniques for efficien t use o f natural resources. Such  a ho listic  p roduction  m anagem ent system s 
relevant to region spec ific  w ith  a focus on enhancem ent o f  the ecosystem  health  w ou ld  be on  the  lines o f  o rganic 
agricu lture as defined  by  C odex  A lim entarius.

In India, o rganic farm ing is gaining support, especially  in the context o f  the  export potential it offers. 
However, in order to m ake a conscious effort for b ringing about an organic cu ltivation practices am ong the  farm ing 
com m unity, efforts are needed to provide the necessary know -how  and inputs. A n alternative s trategy that could be 
adopted in place o f  going for certified organic products is “green” products, w hich are produced with few er chem icals, 
this w ould not only address the environm ental concerns but w ould ensure profitable productivity for the  farm ers.

In the con tex t o f  g lobalisa tion , it is im perative to increase the production  effic iency  prim arily  to m eet 
the global com petitiveness. P recision  ag ricu ltu re  techniques such  as variab le rate  fe rtilise r app lica tion  could  
provide the im petus for m aking Ind ian  ag ricu ltu re  com petitive  in the  global m arket.

Available literatures on the application  o f  precision farm ing technique m ostly  deal w ith  the technicality  
and its potential and the com ponen ts  o f  w hich  are com puters. G eograph ic  In fo rm ation  S ystem  (G IS), G lobal 
Positioning S ystem  (G PS) and R em ote Sensing  (R S), w hich  are far beyond  the reach  o f  the  average farm ers. 
However, m any institu tions in  Ind ia  have taken up the field application  trials along w ith  the com m unity. P recision 
agriculture, as practised  in the w estern  coun tries is not su itab le  in  the Ind ian  con tex t, o u r priorities are en tirely  
different. We have to look  at the issue from  an overall perspective  and m atch  it w ith  o u r p rio rities  in m eeting  the 
goals o f  food, nu trien t and livelihood  security. T he N ational C onsu lta tive  M eet on C ritica l Issues C onfronting  
Farm ers at H yderabad  o rgan ised  by  N A B A R D  (8-9 A ugust 2004) d id  bring  out the  need  fo r a  ho listic  approach  
for m itigating the problem s facing the  Ind ian  farm ers.
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N utrien t m anagem ent under p recision  ag ricu ltu re  approach .w ould  requ ire  p recise  in fo rm ation  on  so il 
p roperties, w h ich  m ean  reliable m ethods o f  soil sam pling  and laboratory  analysis. O ne o f  the instrum en t no w  
availab le  fo r soil analysis the v isib le-near-in frared  re flec tance  spectroscopy, w h ich  reduces the tim e  and  labou r 
requ ired  fo r  soil analysis. S tud ies using such  techn ique  is b eing  carried  o u t in India, such  as N ational B ureau  o f  
Soil Survey  &  L an d  U se  P lanning , N agpur. Such  inputs cou ld  be  shared  w ith  the farm ers and  co rre la ted  w ith  the 
cu ltiva tion  practices adopted  by the  fa rm er and suggest m anagem ent technique w hich  w ould  fac ilita te  p roper 
app lica tion  o f  fertilizer, th is w ou ld  also call fo r a partic ipato ry  research  approach  betw een  the  fa rm er and  the 
researcher.

M S S R F  experience  have show n that b y  vary ing  the fertilizer app lica tion  across the  fie ld , based  on  a 
grid  sam pling m ethod, it is possible to reduce the fertiliser (phosphom s) application by  39%  in  ch ickpea com pared  
to  the  conven tional m ethod, w ith no loss in  y ield . A  co llaborative  study along  w ith  the team  at S pace  A pplica tion  
C en tre  (1SRO), A hm edabad  on the  co rre la tions b e tw een  the  soil p roperties (m acro nutrien ts, o rganic c arbon  and  
pH ) and  spectral values derived  from  sate llite  im ageries w ere  found to be sign ifican t fo r availab le  phosphorus 
and  the  pattern  o f  soil nu trien ts w ere  c losely  related  to  spectral index.

T he  constrain t faced in effectively utilising precision agriculture technique is the  non-availability  o f  
reliable m ap based inform ation. O nly w hen adequate inform ation is m ade available in desired scale, inform ed 
decisions for planning purpose can be  m ade. Precision agriculture coupled w ith  Inform ation and C om m unication 
T echnology  (ICT), provides a m eans fo r effectively  addressing  the issues confronting the agricu lture sector. 
Inform ation available w ith the  various institutions could be shared and m ade available from  a  sing le  source, an  
inform ation-clearing centre, w hich could integrate the inform ation that w ould support decision-m aki ng and planning.

Institu tions such as R egional R em ote Sensing  Service C entre  (ISR O ), B angalore, w ith  their p rogram m e 
on “A gro-c lim ate  P lann ing 'and  In fo rm ation  B ank” , T ata C hem icals L im ited  w ith  their “Tata K isan  K en d ra” and  
m any o ther industries have developed G IS based  decision support system s to help  their farm ers. Such  institu tional 
supported program m es are desirable fo r m aking available the tools associated w ith precision agriculture affordable 
to  the average farmer. A nother initiative taken by the G overnm ent o f  India, is the  support for agricultural g raduates 
in  se tting  up A gric lin ics &  A gribusiness C entres w h ich  w ould  facilitate the  availab ility  o f  p ro fessional support 
n earer to the farm ers.
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Pestic ides are im portan t inputs in  agricu ltura l p roduction  and have p layed  crucial b o o ste r roles in 
ushering  in  green  revolu tion  across the country  on  varied  crops. T he presen t consum ption  o f  pestic ides in India 
is o ver 9 0 ,0 0 0 1, being  sp read  across 100 m  ha. T he b ig  question  is then: Is Ind ia  over-using  pestic ides?  In one 
sense  the answ er w ould be  no, as per un it consum ption  o f  pestic ides in  Ind ia  is on ly  600g/ha. C om pare  this w ith 
U SA , E u rope  and Japan  w hose consum ptions (g /ha) are  2500 , 3000  and 12000, respectively . Yet in  ano ther 
sense  the answ er m a y b e  yes; fo r certain  pockets o f  ag ro -ecosystem s in In d ia  are ho tspo ts o f  pestic ide  use. T hese  
w ou ld  be the cotton, rice, and  w heat e cosystem s w here nearly  70%  o f  the  pestic ides are  used . C erta in  c rops like 
g rapes, fo r exam ple  also receive a  heavy  dose  o f  pestic ides [on an average one  spray  fo r ev e ry  3-5 days]. T hus, 
states, w hich  support these  crops, are  m ainly , the m a jo r consum ers o f  pestic ides, viz. A n dhra  Pradesh , Punjab, 
K arnataka, and G ujarat.

T hanks to aw areness and green  m ovem ents, the  use o f  pestic ides is be ing  v iew ed  from  a need-based  
po in t o f  view. But the  rea lity  is that pestic ide  consum ption  has not seriously  been  re tarded . In spite o f  the 
Insectic ides A ct 1968 to regulate  insectic ide  p roduction , In d ia  is a  m ajo r p layer in m anufactu re  and p roduction  
o f  pesticides; in fact there  are nearly  150 products reg is te red  and o ver 60  technical g rad e  m anufacturers. The 
industry  is a R s 3000 crore business, and b ig  vo lum e o f  spurious pesticides are in c ircu la tion  [w w w .ficci.com  
ind iachem ]. In th is paper, therefore, the issue o f  m in im iz ing  pesticide use  w ithou t affec ting  the desired  efficacy 
is d iscussed  draw ing  exam ples from  ho rticu ltu ra l system s.

There w as a tim e w hen prophylactic sprays w ere given em phasis to  ensure abso lu tely  no pest situation. 
T he concept changed to econom ic threshold  levels as a decider for treatm ents. W hen  th is becam e tedious for 
fanners, entom ologists thought o f  sequential sam pling plans in rov ing  surveys. This also  d id  not succeed w ell, so 
prediction m odels under forecasting and surveillance w as recom m ended and by  and large is being accepted as ideal 
for deciding pesticidal applications. T he decision is draw n from  either experience o f  farm ers/scientists o r from 
w eather/crop m odels. T his helped farm ers and pest m anagers to  identify e ither crop phenological status o r crucial 
w eather situations that w ould cause pest outbreak/incidence sufficient to cause loss, i f  sprays w ere not taken up.

In m ango, for exam ple, it w as found that attack o f  hoppers at b loom , causes loss to fruit set. So the critical 
stage o f  spray is pre-bloom  or panicle em ergence, a phenological stage prior to b loom  stage. M ango sprays will not 
control hoppers if  it is taken up before pre-panicle stage though th is is still in vogue. Invariably the farm er has to 
g ive  a second/third spray to affect the desired control level. On the o ther hand, if spray is g iven at full b loom  
pollinators are  affected resulting  in poor fru it-se t. If, spray  is g iven  after full b loom , m uch o f  hopper dam age w ould 
have taken place. Therefore, in a situation like this, the pesticidal efficiency is m axim ized at p re-panicle stage by a 
single spray. This is ju s t to  h ighlight the im portance o f  crucial stages to spray to op tim ize  on pesticide use.

In case o f  fruit flies, Bactrocera dorsalis it w as always felt that tem perature is an im portant abiotic factor 
w ith reasonably good prediction quotient. In a long term  study  at IIH R, it w as found that w ind  speed had m uch
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m ore o f  a  say in predicting fruit flies than any o ther factors either alone o r regressed  in  com bination. It w as found 
that polynom ial m odel o f  o rder 3 (y = -1 .2779x3 + 30 .859x2 -  208.17x +  455.55) could  satisfactorily  pred ict the 
fru it fly  (t-test n o t significant betw een observed and predicted, p  =  0.05). B ased on this one can  decide w hether 
spray o r  IPM  is needed and i f  so, w hen it is to  b e  tim ed. Such  an approach avoids the  w astage o f  chem icals.

In case o f  grape scolytid, it has been found that pesticidal (dichlorvos) application at the first sight 
(sealing hole w ith  a  drop  o r tw o o f  d ichlorvos solution) o f  infestation prevents further m ultip lication o f  the beetles. 
It is crucial here that through supervised m onitoring pest attack should  be n ipped in  the bud . I f  application is done 
after the  infestation progresses it requires at least tw o sprays o f  the insecticidal solution on  the  trunk  @ one liter at 
each spray. W hat could  be done w ith tw o drops requires tw o liters o f  spray m ixture later. Thus, a huge volum e’o f  
pesticidal input is reduced if infestation is detected early  and controlled. It has been  found that vines treated at first 
sight o f  infestation w ere  statistically on p a r w ith the healthy vine in  term s o f  grow th param eters and  y ield.

In  case o f  seriously  sco ly tid  in fested  vines sw abb ing  [w ith used  b ru sh  o r soft b room ] the  pestic ide  on 
the  trunk  as  com pared  to spray ing  w as found m ore  effective. T he  chem icals h ad  longer residual efficacy  on  the 
trunk  w hen  sw abbed  and  had  no prob lem  o f  sp ray  drift in  the  basin  o f  the p lant. So, the  m ode o f  pesticidal 
app lica tion  also helps in increasing  the pesticidal inpu t effic iency  and avoidance o f  drift m eans m in im izing  
dam age  to  n o n  target o rganism s.

In case  o f  the  m ango  stone w eevil, it w as found that-j unctions o f  the  branches on the  tree  trunks w here  
le a f  litter gathers are ideal h ibernating  n iche fo r  the w eevil. B y  regularly  sw eeping  such  jun c tio n s  during  the  o ff  
seasons w eevils can be  destroyed  up  to  95% . F allen  fru it sam pling  m odels (1996 -  97) have show n that sprays 
should  b e  tim ed a t the first s igh t o f  in festation  in the  fallen fruits. Subsequen tly  it has been  found  tha t fru its, w ith  
a s ize  betw een  2 .5  and  3 .0 cm  d iam eter, had m ax im um  corre la tion  w ith infestation  incidences. S o , i f  a  sp ray  
trea tm ent is w arran ted  the tim ing  shou ld  be  at th is size  o f  the  fru it fo r  m axim um  efficacy. T h is enhances the 
input efficiency  o f  the  pesticidal application. '

In  view  o f  the  green influence, a lot o f  hype on botanicals is going on. W hile  they w ork in  som e cases, 
they definitely do not w ork  in m any others. T he  u se o f  neem  soap  has been found to be  m ore  efficient than  neem  
seed  kernel extract. T h is is an excellent exam ple o f  how  a  change in  form ulation enhances efficacy. L ikew ise, neem  
seed pow der in  a ready  to m ix shelf-availability has increased the  appeal o f  botanicals, w hich otherw ise farm ers 
avoid due to pungent sm ell during preparation o f  the neem  seed extracts. H ow ever, the efficacy o f  botan icals varies 
w ith insects and needs to be tested on  each  case, o therw ise the problem  w ill only be com pounded w ith farm er 
eventually  resorting to  com m ercial synthetic pesticidal sprays in addition to  investm ent on botanicals.

A no ther b lunder m ade is an assum ption  o f  com patib ility  betw een  insectic ides and  fung ic ides. It has 
been  found in m any  situations (especially  non-system ic  pesticides) such  m ixing reduces the  efficacy  in insect 
and  d isease  con tro ls. Instead  o f  tw o birds a t one shot the farm er ends up spray ing  several rounds to control bo th  
disease and  insects. Experiences have show n that a second  spu rt in  pests and diseases, due  to prev ious partia l 
contro ls are m ore  v iru len t and w idespread. C om patib ility  o f  insecticides and fung ic ides fo r d ifferen t pest-dis- 
ease com binations are needed. These are  p racticab le only if  w orked  ou t on specific  c rop -inscct-d iscasc  m atrix .

' S p ray  app lica tion  equipm ents in Ind ia  do  not confo rm  to  a set o f  s tandards including  safe ty  aspects 
excep t fo r  som e recognized  m anufacturers. M any tim es p rogressive  farm ers m odify  their equ ipm ent to su it the ir 
needs. In general, dose-tran sfc r to b iological ta rget needs to be  very  efficient to  avo id  pesticidal loss. H ow ever, 
one can  easily  no tice  that drift, run-off, leaky tankers, e tc ., w aste a lot o f  pesticides. T hese  enhance the vo lum e 
o f  pestic ide  use and cost. r '
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O ne w ay o f  o v e rcom ing  loss d u e  to dose-transfer has been  w ith  a  u se o f  narrow  angle cone nozzles. It 
has been found  at the  In ternational P estic ide  A pp lica tion  R esearch  C en tre  [U K ] th a t ang led  spray cones (<35°) 
ach ieved  th ree-fo ld  be tte r d o se -tran sfe r resu lting  in also b e tte r  co v erage  w hen  tested  w ith  a fung ic ide  fo r  con tro l 
o f  d iseases in cocoa. R u n -o ff  can  be  avo ided  i f  the drop-let s ize  is m ade sm aller.

O ne a rea  o f  study  th a t n e ed s  standard ization  fo r im proved  pestic ide  app lica tion  is the p ressu re  m an
agem ent o f  delivery  th rough  im p ro v ed  and  ad justab le  valves. T here  is a  n eed  to  have a pressu re  gauge th a t can  
read  the w ind  speed and  d irec tion  to  help  farm ers op tim ize  o n  p ressu re  m anagem ent.

A  code o f  standards fo r  pestic ide  app lica to rs [including safe ty  aspects fo r  the applica tor], therefore , is 
to  b e  w idely  c ircu lated . T inkering  w ith  pestic ide  app lica to rs by  non -spec ia lis t should  be  d iscouraged  and  m ay 
b e  leg isla tively  looked  into.

A ttem pts to  synerg ise  the  b iocon tro l im pacts w ith  a  p re  o r  po st sp ray  o f  pestic ide  shou ld  also  b e  
exp lo red  and can  a lso  b e  need-based . A n in teresting  exam ple  is the Entamophthora aphidis H offm an  in festing  
Aphis punicae P asserin in  in  pom egrana te . T h is  pathogen  con tro ls  aphids to  m o re  than  90%  and  subsequen tly  if  
there is no  new  flush  on the  p lan t there  is no  n eed  to spray. B ut i f  n ew  flu sh  p rom o tes aphid  spurt, a s ing le  sp ray  
w ill suffice. L ikew ise  the  onse t o f  th is  pathogen  can  b e  p red ic ted  b a se d  on  hum id ity  and  tem peratu re  m odels . So 
a  pre pathogen  sp ray  o f  fu ng ic ide  to con tro l any d isease  is desirab le  as  fung ic idal sp ray  during  E. aphidis 
infection  w ill kill th e  pathogen  and  ca u se  aph id  num bers to increase  alarm ingly . T h is  is a  c lea r ca se  o f  tem po
rally  d iversify ing  pestic ide  ap p lica tio n  fo r m ax im um  m anagem ent o f  d isease  and  pes t w hile  tak ing  advan tage o f  
a naturally  occurring  b io -agen t. .

O ne su re  w ay  o f  reduc ing  the  in take o f  pesticides is to  p ro m o te  b iocon tro l availab ility  in  a com m ercia l 
form  for farm ers. ■

A  lot has been  sa id  about resistance  to  insecticides in  insects and  insect resis tance  m anagem ent is one  
area o f  m in im izing  pestic ide  use. In such  situations enhancing  in sectic idal efficacy  is  by  use  o f  synerg ists. The- 
u se  o f  p iperonyl bu tox ide  is  a lready  know n b u t lim ited  due  to its cost. Ind ian  farm ers w ill apprecia te  ch eaper 
synergists. R ecently  i t  has b een  found  that seed  o ils o f  cotton, neem , pongam ia , m ahua  and  sesam um  can  b e  
explo ited  as e ffective  synerg ists  in  the  D B M , Plutella xylostella con tro l. T h is  enhances the  e fficacy  o f  the 
pestic ide  u se  and  in  tu rn  red u c in g  the  frequencies o f  sprays.

M isuse o f pesticides takes p lace  m ostly  u nder the follow ing c ircum stances: excess frequency o f  applica
tion and/or dose; often in  case o f  h igh  value crops w here farm ers spray  as a routine; there is a lso  a b e lie f  that excess 
dose im proves efficacy and cu ts  dow n pest risk. Incorrect pesticides: an ou tcom e o f  quackery; non-specialists 
becom e p lant-health experts. U se  o f  pesticides in w rong places: chem icals used  in  hom esteads w hen m ere cleanli
ness could avert pestilence. A voidable use: farm ers perceive a threat and  press into panic spray. Pesticides preferred 
over IPM ; because farm ers desire quick  results and so IPM  or b iocontro l are throw n to winds.

P estic ides use in  Ind ia  is skew ed  and  w herever it is less u sed  the  status quo should  b e  m ain ta ined ; our 
n o rth -ea s t is deem ed  na tu ra lly  o rg an ic  an d  m ay augu r w ell fo r up -m arke t exports. W here  the  use  is  on  h igher 
unit consum ption , IP M  efforts [ inc lud ing  transgen ics ] are  go ing  on  an d  le t us op tim istica lly  hope  fo r  low er 
pesticidal pollu tion  w ithou t lim iting  productiv ity . -
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Management of problem weeds in the humid tropical regions
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I n t ro d u c tio n
Tropical ecosystem s prov ide  ideal cond itions fo r  the luxurien t g row th  o f  a w ide varie ty  o f  w eeds. 

W eeds invade ag ricu ltu ra l and non-agricu ltural areas including  the aquatic  areas, com peting  w ith  the  crops fo r 
various resou rces and  creating  p roblem s fo r  hum an activ ities. T he h isto ry  o f  w eed com petition  is as  o ld  as the 
history  o f  hum an c iv iliza tion . W hen m an started  se ttled  life  he b egan  raising  crops and  experienced  the com pe
tition  from  the  native flora, w h ich  h e  designated  as w eeds.

W eed  f lo ra  o f  tro p ic a l  ecosystem

T he w a te r bod ies o f  the  tropical areas are  heav ily  in fested  w ith  a variety  o f  aquatic  w eeds. M ost 
troub lesom e am ong them  are the  alien  w eeds, w h ich  g o t in troduced  from  the  neotropical reg ions. Eichhornia 
crassipesani Salvinia nwlesta have in v ad ed a lm o st all lakes, canals and  ponds, c reating  d ifficu lties  fo r  in land  
nav igation  (Joy, 1978), irrigation  system s, aquacu ltu re  and health  o f  people liv ing  n e a r  the w ate r bodies. Ipo- ■ 
moea carnea, Ipomoea aquaiica and Typha angustata are  com m on prob lem  in  shallow  w a te r areas. Liimocharis 
jlava and Alternanthera philloxeroides are the com paratively  new  addition  to the  in troduced  w eeds in India.

W eed s  o f  r ic e  fie ld s
R ice is the m ajor crop o f  the low land areas in  the tropical region. Grass w eeds w hich m im ic the rice 

p lant and create p roblem  to farm ers include various species o f  Echinocliloa (E. colona, E. critsgalli, E. stagmna 
and E. glabrescence) and w ild  rice (Oryza rufipogon), Diplachne fusca is typical o f  areas w here incrustation o f  sea 
w ater is com m on w hereas Sacciolepis interrupta is a  p rob lem  in the dry sown rice. M any sedges (Cyperus iria, 
Fimbristylis miliacea, Cyperus difformis etc.) and  b road  le a f  w eeds (Ludwigia parviflora, Monochoria vaginalis, 
Undemia sp. etc.) are also com m on in  rice c rap  (A braham  et ai, 1990 and V idya et al„ 2004).

T e r re s tr ia l  w eeds ,
■ A s in  the  aquatic areas, alien w eeds are  m ore problem atic  than  the native  w eeds in the terrestria l 

ecosystem . T hey  include Chromolaena odorata, Mimosa pudica. Mimosa invisa, Lantana camara and  Mikania 
micrantha. A s they  w ere  in troduced  free o f  the ir natural enem ies, these  w eeds could estab lish  and sp read  fast in 
the new  areas, c rea ting  p roblem s to  the  crops like vegetab les, banana and plan tation  crops com m on in the 
trop ical areas (S udheesh  et ai, 1998, A braham  and  A braham , 1998 and A braham  and  A braham , 1999).

M a n a g e m e n t o f p ro b le m  a lien  w eeds

a. A Q U A TIC  W EED S
F or con tro lling  Salvinia molesta spray ing  paraquat @ 0 .4  -  0 .8 k g  a i/ha  is found  to be very  effective. 

T he  herb ic ide  could  kill the w eeds w ith in  a  few  days a fte r the  application . H ow ever, against Eichornia crqssipes 
paraquat could  resu lt on ly  a tem porary  control and  b y  3 0  days reg row th  occurred . G lyphosate  @ 1 .2 —1.6 k g  ai/ 
h a  and 2 ,4  -  D @ 2 .0  kg  aL/ha w ere effective in con tro lling  the w a te r hyacinth . A gainst Ipomoea carnea and  /. 
aquatica also 2 ,4  - D  w as effective, w here as against Typha sp and o ther perenn ia l grasses g lyphosate  w as very
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effective.

b. U P L A N D  W EE D S
Spraying  2 ,4  -  D  @ 2.5 kg ai/ha, g lyphosate  @ l'.6  k g  ai/ha o r  paraquat @ 1.0 k g  ai/ha h ave resu lted  in 

good  control o f  Chromolaena odorata. T he  system ic  herb icides w ere  m ore effective w hen sp rayed  o n  the regrow th 
em erging a fter a  slashing than w hen applied o n  the norm al grow th. T he physical m ethods like sickle w eeding and  
digging w ere  n o t very  effective against Mikania micrantha, as the w eed  has the  capacity to  reg row  from  the pieces 
o f  the stem . A m ong the herbicides, 2 ,4  -  D  @ 1.0 k g  a i/ha  o r glyphosate @ 1 .2  k g  a i/ha  w ere the prom ising  ones. 
Paraquat resu lted  in  im m ediate scorching and d ry ing  o f  the w eeds. H ow ever new  sprouts occured  subsequently 
and  the  effect o f  the herbicide cou ld  not last fo r lo n g er p eriod  (A braham  and A braham , 1999).

A gain st the spiny alien  w eeds Mimosa invisa an d  M. pudica the  bes t con tro l w as ob ta ined  w hen 
sp rayed  w ith  g lyphosa te  @ 1 .6 -  2 .0  kg  ai/ha. P araqua t w as e ffec tive  i f  sp rayed  at the  seed ling  stage. O n w ell- 
g row n Mimosa paraquat w as no t v ery  effective as reg row th  occurred  by  one  m onth  a fte r spray ing . 2 ,4  -  D  also  
w as ineffec tive  against Mimosa spp.,,

Weed management in major crops

R ice
M anual and m echanical m ethods o f  w eed  control are the m ost com m on practice o f  the farm ers. D ue 

to the increase in the labour charges and  non  availab ility  o f  enough  labourers, there is increased adoption o f  
chem ical m ethods fo r w eed  control. F o r  controlling the aquatic w eeds, before the land preparation fo r raising rice, 
spraying paraquat (0.4 kg/ha) o r g lyphosate (0.8 kg /ha) is found to b e  very  m uch c h eaper and  m ore  e ffective than 
the m anual rem oval o f  weeds. M any farm ers in  K erala  practice stale  seed  bed  technique fo r m anaging  w eeds in  rice 
field. T hey  keep  the field  drained for som e tim e to a llow  the  w eed  seeds in the  soil to  germ inate. O nce germ inated, 
the seedlings w ill be k illed by m aintaining flooded condition  fo r a about tw o w eeks. In  dry  sow n rice, s tale  seed bed 
technique is found to be effective for controlling Sacciolepis interepta (R enu el al., 2000)

A pplica tion  o f  p re-em ergence herb ic ides oxyfluorfen  (0.1 kg/ha) o r p re tilach lo r (0 .5  kg /ha) w as 
fo u n d  to  b e  effective in sem i-dry  rice. H ow ever, in  w e t sow n  (puddle sow n) cond itions p re -em ergence  herb i
c ides are  n o t w idely  used , due to phy to tox ic ity  to  rice  seed lings. N ew  com binations o f  herb ic ide  w ith  safeners  
like the  ‘so fit’ are  likely  to g e t the accep tance  o f  farm ers. 2 ,4 -D  (1.0 kg /ha) is w idely  used  fo r  p o s t em ergence 
control o f  b road  le a f  w eeds and  sedges in  rice. The new  h erb ic ide  A lm ix  (M etsu lfuron  m ethyl 10%  + C hlorim uran 
ethy l 10%) is also  found  effective  fo r this pu rpose . F o r  se lec tive  contro l o f  Echinochloa in  rice  fie lds C lincher 
(C yhalo fop  butyl) is p rom ising  (A braham  et al; 1999). H ow ever, its tank  m ix w ith  2 ,4 -D  to b roaden  the  spec
trum  o f  w eed  control w as no t successfu l as e ffic iency  o f  cyhalo fop  w as adverse ly  affected.

Fruit crops
In banana and p ineapple, ra is ing  a  c ro p  o f  cow pea  in betw een  the row s o f the  crop  w as found 

e ffective  to sm o ther the w eeds (N ybe et al., 1991 and  S av ith ry  et al., 1994). A lternatively , p re-em ergence 
app lica tion  o f  D iu ron  (1 to 3 kg /ha) also g av e  se lec tive  w eed  control. F o r post em ergence w eed  con tro l, d irected  
sp ray ing  o f  non-se lective  herb icides paraquat (g ram oxone  5 m l/litre  w ater) o r g lyphosa te  (roundup  8 m l/litre  
w ater) w as effective. C are should  be taken  to av o id  sp ray ing  on  the  leaves o f  the crop.

Plantation crops , .  . .
P lan ta tion  crops like coconut, rubber, a recanu t and cashew  are  the  im portan t crops in the te rres

trial areas in the  coastal belt. A s the  crops are  p lan ted  w ide apart, w eed  p rob lem s a re  ve ry  severe, especially
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during the seedling stages o f  the  crop. N on-selective herbicides paraquat o r g lyphosate can  be sprayed in interspaces 
o f  the  c ro p  p lan ts  for w eed  control. W herever b road  le a f  w eeds are com m on, 2 ,4-D  @ 1.00 kg can  b e  sp rayed  
(S a lam  et al,. 1993). .

In ru b b e r gardens cover crops lik e  Pureria, Mimosa o r  Centrosema a re  g row n fo r  sm othering  
w eeds during  the  p re-tapp ing  stages. W eeds in the  tapp ing  stage can  be contro lled  by  sp ray ing  paraq u a t or 
g lyphosate . R u b b er being  a ta ll g row ing  and  w ide spaced , phyto toxicity  to  crop  p lan t is no t com m on. '

Soil solarisation and polythene mulching for weed control .
S olarisa tion , the technique o f  covering  the  soil w ith  transparen t po ly thene  sheets  to  trap  the  so lar 

rad ia tion  and  thereby  increasing  the soil tem peratu re  is. a p rom ising  m ethod fo r w eed  contro l in h o m e  gardens 
and is  ideal fo r  h igh  va lu e  crops. D ue to increase  in soil tem perature  the  seeds in the  soil bank  w ill be  k illed . T h is 
m ethod is e ffective  against annual w eeds, w hich  are propagated  by seeds (S ainudheen  and  A braham , 2001).

■ C overing  the seedbeds w ith  b lack  po ly thene sheets w ill cu t o ff sun ligh t and hence  n o  w eeds can
ge t estab lished  in  the  c rop . T his m ethod  is ideal fo r h ig h  value  crops g row n in row s.

Biological methods '
B io log ical control o f  w eeds w ith  natu ra l enem ies from  the orig inal ho m e  o f  the  w eed  has been  

successfu lly  p racticed  against m any alien w eeds in  the  coastal area. Salv in ia  could  b e  effec tive ly  con tro lled  in 
the  lakes o f  K era la  using  the  w eevils Cirtobagous singular/s and C. satvinia (Joy e ta i,  1985). H ow ever, s im ilar 
attem pt against E ichhom ia  by  re leasing  Neochetina eichhorniae and  N. brttchi w as no t very  successfu l, though  
suppression  in  the  g row th  o f  the w eed  w as no ticed. In  te rrestria l w eeds, lan tana could  b e  con tro lled  by  re leasing  
various insects. A ttem pts are be in g  m ade to contro l in troduced  w eeds like Mikania micrantha, Mimosa pudica 
and  M. invisa by  this m ethod . . ■ '

A new  developm ent in this a rea  is the  u se o f  b ioherb icides using  the fungi w hich  cau se  diseases on 
w eeds. Phytophagous fungi, w h ich  are host specific  to  the  w eeds, w ill be cu ltured  in  the  laborato ries and  the  
spores co llec ted  from  them  can  b e  processed, s to red  an d  sp rayed  on the w eed  to  contro l them . 1

Conclusion '
' ■ A large num ber o f  weeds are o f  concern for the tropical agriculture. T he m ain  prob lem  w eeds are the

alien w eeds, both  in aquatic and terrestrial s ituations. B road-spectrum  herbicides like paraquat, g lyphosate  and  2 ,4 
-  D  are  effective against these weeds. H ow ever their efficiency varies w ith species o f  the  w eed. C ontinuous use o f  
som e herbicide has resulted  in developm ent o f  herb icide resistance in sam e w eeds. B y follow ing herb icide rotation 
and integrated approach for w eed control, this p roblem  can  be avoided o r delayed. People should  b e  concerned 
about residue problem s from  herbicides and should  restric t the u se  o f  slow  degrading herbicides. B iological m eth
ods m aybe the ideal against the alien w eeds, as this approach is eco-friendly and sustainable.
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Insecticides will be  an unw elcom e yet indispensable input for intensive agriculture in the foreseeable 
future. In the third w orld contex t o f  India, w here m ajority  o f  the fanners are illiterate, o r  under-educated, bo th  per 
unit insecticide use and use efficiency are low. Even though low er use is a w elcom e sign for the environm ent, there 
is w idespread m isuse in places w here  it is used. C otton is one agro ecosystem  w here m ore than 50  per cent o f  the 
insecticides are offloaded, and  the  cotton farm ers throughout the coun tiy  pay  very  little heed  to  scientific advice by 
qualified  people. In this, they  also  bu m  their fingers veiy  badly. It is no secret that m ism anagem ent o f  insecticide 
use and a  little adventurism  on the  part o f the farm ers have caused problem s like resistance to insecticides, resur
gence, and  secondary pest outbreak. H ence, it is im perative that u rgent interventions are m ade to enhance the 
effectiveness o f  insecticide application and  reduce the total input o f  insecticides in the Indian environm ent.

V arious s trateg ies that can  b e  incorporated  tow ards this end  include
> Incorporating  the righ t crop  m ix  fo r the  right end  resu lt '
>  The righ t in sectic ide  a t the righ t spot
>  D evelop ing  precision  pred ic tions and application
>  U tilising  synerg ism
r- P recision  placem ent
>  Anti d rift agents
>  Spray adjuvants
>  Im prov ing  sp ray  qua lity
>  E arm arking  sprayers a n d  reducing .rinse  w ater

Fig,!. Population of Helicoverpa srmigera In different crops

a) Incorporating the right crop mix for the right end result
In any cropping system , it is im portan t to  identify the key insect pests. In the cotton, vegetable and pulse cropping 
system , the borer Helicoverpa annigera is a  key pest. In fact, the fortunes o f  the cotton farm er w ere badly  h it by  this 
pest during  the past 3 -4  years1 (Fig. 1). M anaging the pest 
involves a  strategy to add natural enem y prom oting crops 
like cow pea and b itter gourd in the concurrent crop mix, 
and to avoid pest p rom oter crops like bhindi and tomato.
M ixing should be alw ays for a natural enem y prom oting 
crop like cow pea and bitter gourd with a pest prom oter 
crop (Lily, 2004). The availability  and p roper exploitation 
o f  native natural enem ies reduces the pesticide pressure 
on the pest and the  environm ent, reducing the develop
ment o f  resistance. This also reduces the num ber o f  sprays 
for effective m anagem ent, and also ensures a reduced pest 
population. U ltim ately  this results in  a low er contam ina
tion to  the environm ent and a better y ield  for the farmer.
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b) The right insecticide at the right target

In the  coconut m ite  com p lex  scenario , it is recom m ended  to use targeted  pestic ide  use on bunches 3
5 that is the m ite  abundance hab ita ts and  desis t from  using h igh  volum e sprays and  sp ray ing  on  o ld e r bunches. 
O lder bunches function  as refuges for m in im al m ite population  that can serve  as food  fo r the predators. (R anjith  
et al, 2000). It is also necessary  to  develop  p recision  pred iction  m odels  fo r  pest abundance, considering  the 
b io logy  o f  the pest and  in fluence  o f  w ea ther on  the differen t life stages. F o r the  co co n u t m ite , the m axim um  
influence on  curren t popu la tion  w as ob ta ined  based  on  w eather p revalen t at cu rren t w eek  (negative  w ith  w ind  
speed, and direct in fluence  w ith  m in im um  tem peratu re  and m orning  hum id ity ), cu rren t fo rtn igh t, one-w eek  
lead-tim e, and tw o-w eeks lead-tim e. M ax im um  tem perature  at tw o w eeks lead-tim e positive ly  in fluenced  the 
m ile population.

T ab le  1. C orrelation  o f  m ean coconu t m ite popu la tion  (bunches 3 and 4) w ith  w eather o f  d ifferen t w eeks

W in d  sp ee d M a x im u m  tem p . M in im u m  tem p . M o rn in g  h u m id ity

C urrent w eek -.442* 0 .386*

curren t fortn ight -0 .479* 0.492** 0 .466*

-1 fortn igh t (one w eek  lead  tim e) -0 .465* 0.521** 0 .461*

-2 fortn igh t (tw o w eeks lead  tim e) -0 .458* 0.447* 0.490** 0 .398*

* sign ifican t at 5%  level **sign ifican t at 10% level
(Source: V idya,2001)

A m ong the  m any acaric ides, it rt'as found  that N eem  triterpenoids at 10000 pp m  @ 4m l/litre , and 
neem -garlic- soap  em ulsion  at 20-20-5  p roportion  per litre gave very good resu lts

W ith  aphids, w h itefly  eggs and thrips that aggregate on the new  flushes it is very  im portan t to  apply 
the  insecticide at the in itial popu la tion  flux T h is flux  should  be m onitored  regu larly  at the  target sites and  the 
righ t insecticides fo r the specific  pest applied im m ediately. T he case o f  the b row n plan t ho p p er in rice, Nilaparvata 
lugens is also too fam iliar. T he hoppers  congregate  on  the  underside o f  the  hills at the  base, and  hence the 
pesticide targeting m ust be  at th is point. R egu lar m onito ring  o f  the pest bu ild  up  can  iden tify  the  first sites o f  
yellow ing  that subsequen tly  develop  into hopper bum . T argeting  the pestic ide  at th is  po in t and  its surround ings 
saves the crop  and also enhances p red a to r activity.

c) D ev elo p in g  p re c is io n  p re d ic tio n s  a n d  a p p lic a tio n
Prediction equations w ere  developed  fo r thd m ite coconut e riophy id  m ite Aceria guerreronis (K eifer)
Y = -9 0 9 7 .I6 + 7 6 .2 2 X  ,+I I7 .4 9 X , +54.1 IX  + 133 .02X ,, w here1 1 4
Y ^M ite  population,
X ^ M a x im u m  tem perature, X ;=  M in im um  tem perature,
X 3=M orning  hum idity  and X 4=  W ind speedi .
(V idya, 2001).

In troducing  cu rren t da ta  and  enhancing  the  resource base , thus im prov ing  p red ic tion  accuracy, can 
perfect p red ictions further. T hese  are  to b e  u sed  regularly  to increase sam pling  a t vu lnerab le  periods and to 
m onitor the population . A rising  population  can then  be m anaged  w ith  m inim al in sectic idal app lica tion  and 
increased pest suppression  efficiency.
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d) Utilising synergism
Synerg istic  influences ex ist be tw een  d ifferen t insecticides, bo tan icals  and  m icrobiais. In the case  o f  

H.armigera, a  com bination  involv ing  the ex tract o f  the  p lan t Vitex nigundo w ith  the  fung i Nomuraea rileyi, 
Metarhizium anisopliae, and Beauveria bazziana enhanced  the m orta lity  substantially . T hese  fungi also  fared  
w ell w ith  S p in o sad , an  a c tin o m y ce te  d e riv e d  sy n th e tic  n eo n ic o tin o id  in sec tic id e . T h e  b a c te r ia  Bacillus 
thuringiensis also exhib ited  synerg ism  in  com bination  w ith  ex tracts o f  V.nigundo, essen tia l oils o f  Cymbopogan 
flexuosus, C.martini, and  Cwinterianus and  also  w ith  Spinosad. M icrob ia is includ ing  the  n u c lear po lyhedrosis 
v irus and insecticides cou ld  reduce dosages b y  h a lf  and  also synerg ise to p roduce nea r total m orta lity  o f  the  p est 
(Lily, 2004). ■

e) Precision placement
Precision  p lacem ent c an  reduce doses an d  im prove efficiency. F ie ld  stud ies in  G eorg ia  in 1999-2001 

have show n that p recision p lacem ent o f  a ld icarb  w ith  cotton seed  in hill p lan ting  red u ced  dosages to h a lf  w ith 
in -fu rro w  p lacem ents. T here w ere no  sign ifican t d ifferences in  y ie ld  and  con tro l o f  thrips, Franklinicllafusca. 
R esidue analysis confirm ed the  p resence o f  as m u ch  as o r  m ore  o f  ald icarb  o r  its m etabolites in  the p lan ts than 
conventional treatm ents (L ohm eyer et 2003).

In  the  Ind ian  context, the  fo llow ing  possib ilities exist. -
>  Seed treatm ent w ith  im idac lop rid  in  co tton  and  bhindi
>  Seed m ix w ith g ranu la r insec tic ides in m echan ical seeders
> S lurry  d ip  o f  setts in  sugarcane '
>  S lurry  d ipped  m at nursery  in rice  transp lan ters
r  Seedling  d ip  o f  rice  o v ern igh t in  ch lo rpyriphos

A ll o f  these g ives b lanket pest cover for ex tended  periods, m in im ises insectic ide  doses and  im proves crop  stand, 
v igour and  yield.

f) A n ti-d r if t  a g e n ts
T hese  are m ateria ls that are  added  to the  spray flu id  to reduce the  d rift o f  the  spray to non  - ta rg e t sites.

>  T hey  im prove the e ffic iency  o f  contro l in  adverse w eather
>  T hey  im prove reach  on  the targe t and  safe ty  to n o n  - ta rg e t sites like  w aterw ays, and  non-cropped  area.

P roducts that can  b e  u sed  include lem ongrass oil, K acho lam  o il and  neem  oil. T hey  function  as anti 
drift agents, w hile re ta in ing  the ir an tifungal and  insecticidal properties. S yn the tic  la tex  also is an an ti-drift 
agent. T h e ir use  reduce the  percen tage  o f  very  fine d rift keep ing  the d rop le t size betw een  200  and 400  m icrons 
for m axim um  spray efficiency. W ind  tunnel tests have show n that under iden tica l conditions, droplets o f 200 
m icrons drifted  0 .28m  w hile  droplets o f  100 m icrons drifted  5.1 m ( T he T ibre hand  bo o k ,2004)

g) S p ra y  a d ju v a n ts  ,
>  Spray adjuvants im prove the  chem ical perform ance in adverse conditions
>  Im prove the target reach  and  im prove efficiency  in inclem ent w eather b y  enhancing  the  stick ing  and  

/o r spreading  and im proved  penetra tion  on  plants
>  T his can  lead  to reduced  dosage, less cost o f  chem ical and im prove the  crop  yield.
>  B y low  b io log ical activity, and  bette r sticking properties, they  also  reduce m ortality  o f  non-ta iget

o rganism s. ' ' '
O rganosilicones and soya  phospholip ids a re  used  abroad  as spray adjuvants. In  Ind ia, coconu t w a te r from  copra  
un its, starch  so lu tion  (R ice b ro th) and  soap  so lu tion  are  som e o f  the  cand idate  sp ray  ad juvan ts especially  for use 
on  d ifficult pests like m ealy  b ugs, scales, le a f  and  p lan t hoppers, thrips, m ites  and  aphids.
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h) Improving spray quality
Im prov ing  sp ray  quality  also  requ ires reg u la r nozz le  c lean ing , and  calib ra ting  fo r co rrec t pressure . 

E ven  in k n apsack  sp rayers, in sta lla tion  o f  inexpensive  low  /h ig h  p ressu re  cu t o ff  dev ises and  p ressu re  gauges 
ensure a  co rrect sp ray  o f  2 0 0 -4 0 0 p  d rop le t size, reducing  d rift and  runoff. A ir  a ssis ted  sp ray ing  reduces w a te r 
needs and  ensures low  v o lum e app lica tion  fo r  im proved  penetra tion , ta rg e t reach  and  reduced  dosage. In  sc reen  
houses and g reen  h ouses, vacuum  c leaners m od ified  fo r  sp ray ing  is a  s im p le  substitu te . A ir p ressu re  reg u la tio n  
can  help  ach ieve  co rrec t d rop le t size. T h is  also d islodges sm all in sects like aphids and  th rips and  im proves spray 
efficiency.

i) Reducing rinse water after application ■
R educing  r in se  w a te r after application  requires im m ediate  r insing  a fte r every  sp ray  opera tion  and  that 

sprayers be earm arked  fo r herb icides o r insectic ides o r  fung ic ides. C lean ing  d rills  on  spec ified  dates im proves 
efficiency and  knocks o u t b reak d o w n  w astage o f  m an-hours and  sp ray  fluid. S pecia list sp ray  g roups can  be 
p rofessionally  m anaged  fo r  the  good  o f  the farm ers and  fo r  th e ir  ow n  good.

Conclusion
A pplica tion  o f  pestic ides in  In d ia  is still a  sem i m anual o pera tion  fo r the  b est part, in vo lv ing  the 

hum an  operato r a n d  a  sm all sprayer. L arge-scale  m echan isa tion  is  b o th  un tenab le  and  im practica l in  the  cu rren t 
Ind ian  con tex t. A  little  am oun t o f  care, adv ise  and  p e rsev e ran ce  o n  the p a rt o f  the  g o v e rn m e n t and. n o n 
governm ental agencies are b ound  to  p roduce w onderfu l ou tcom e on  increased  efficiency, reduced  ap p lica tio n  o f  
insectic ides and a better, sa fe r and eco log ically  sound and  balanced  In d ian  agro ecosystem . T h e  above d iscussion  
is tow ards ach iev ing  th is  ob jective. '
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Herbicide residues - detection and management
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Thrissur - 680656, Kerala

Introduction
• W eed m anagem ent is an in teg ra l com ponent o f  any crop  production  program m e. A m ong the different 

m ethods o f  w eed control, u se  o f  chem icals is the m ost e ffic ien t one  in  term s of energy  as w ell as and  lab o u r and  
thus reduces the  cost o f  cu ltiva tion  considerably . In addition, herb ic ide  app lica tion  helps the  farm ers to rem ove 
w eeds at the  righ t tim e, before  c ritica l period  o f  crop  w eed  com petition  is over. P roper application  o f  herb ic ides 
can im prove irrigation, navigation and  fishery and thereby play a  key role in  the econom y o f  the country. A ccording 
to  the  c lassifica tion  recom m ended  by  W orld  H ealth  O rganization as show n in Table 1, n o  herb ic ide  is com ing  
under ex trem ely  hazardous category.

T ab le  1. C ategories o f  pestic ide  hazard  b ased  o n  acute tox icity  lim its estab lished  by  W orld  H ea lth  O igan ization

C ategory . T ox ic ity  c la ss ific a tio n A cu te ,to x ic ity  l im it f o r  th e  r a t .(m g /k g  b o d y  w eight)* - ■.

O ra l  L D  
Solids s“ L iqu ids

D e rm a l L D
S olids Litfiiids

A
B ' 

1 
II

E x trem ely  hazardous 
H ighly  hazardous 
M oderate ly  hazardous 
S ligh tly  hazardous

< 5  < 2 0  
5-50  20-200  
50-500  200-2000 
> 5 0 1  > 2 0 0 1

< 1 0  < 4 0  
10-100 40-100  
100-1000 400-4000  
> 1 0 0 1  ' > 4 0 0 1  ,

H ow ever, erratic  and con tinuous application  o f  h erb icides create  p rob lem s such  as phy to tox ic ity  to 
crop  p lan ts, residual e ffec t on  suscep tib le  in ter crops and  succeed ing  c rops in the ro ta tion  and  health  hazards due 
to accum ulation  o f  residues in  crop  p roduce and g round  w ater. E ven  though  herb ic ides are less tox ic substances 
com pared  to insecticides (Table 1) they  are  also capable o f  po llu ting  the  env ironm ent. S ince herb icides are 
sp rayed  ra ther early  in the  c rop  season , w here  the  plan t cover is little, m a jo r p ortion  o f  the  chem ical en ters in to 
the soil w here  it becom es a part o f  the life cycle. H ence these chem icals are supposed  to be the  m a jo r ground 
w ater pesticides. T here  are  m any reports published  on ground w a te r con tam ination  due to herb icides all o ver the 
w orld. A li and Ja in  (1998) reported  that concen tra tion  o f  atrazine, alachlor, s im azine, m eto lech lor and p rom etryn  
in g round  w ater w ere m uch h igher than the  perm issib le  health  value g iven  by  U nited  S tates E nvironm ental 
P rotection A gency  (V ettorazzi, 1979). T herefore, regu lar m onitoring  o f  herb ic ide  residues in soil, p lan t, and 
w ater system s has becom e a necessity  o f  the  day.

Detection
H erbicide residues in the soil can  b e  estim ated  e ither by  chem ical m ethods o r b io logical m ethods.

Bioassay
B io log ical m ethods co m m o n ly  term ed, as b ioassays are  the  s im p les t techn iques for quan tita tive  

determ ination o f  herbicide residues in soil. These m ethods do not require sophisticated equipm ents and expensive
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chem icals fo r estim ating the  residues. An attem pt w as m ade to s tandardize and identify suitable b ioassay system  for 
detection o f residues o f  the com m only  used  herbicides viz., butachlor, 2 ,4-D  and oxyfluorfen in rice soils o f  Kerala. 
R esults o f  the studies indicated that shoot length  o f  am aranthus at 35 and 14 days after sow ing are the sensitive 
bioassays for the detection o f  residues o f  bu tach lo r and oxyfluorfen respectively  in soil. F o r 2 ,4-D , dry w eight o f 
cow pea at 35 D A S w as the m ost sensitive param eter fo r bioassay o f  its residue in soil. T he concentrations o f  these 
herbicides, a t w hich 50%  reduction  in grow th o f  the sensitive plants occurG R  for b u tachlor and 2 ,4-D  were 2.9 
and 1.9 ppm  respectively and fo r oxyfluorfen the value w as ju s t above 0.4ppmw( D evi and A braham ; 2001)

B ioassays w ere u sed  to  assess p o ten tia l hazards from  the  rice herb ic ides viz: oxyfluorfen , th iobencarb , 
bu tach lor, anilophos, pend im ethaiin , p re tilach lo r (w ith safener) and  cyhalo fop  bu ty l, under tw o m ethods o f  
application  viz: spray and sand  m ix  in pudd le  rice. Post harvest soil sam ples w ere  co llec ted  from  the treated 
plots in the experim ental fie ld  and  the  residual effect o f  the seven  herb ic ides w as estim ated  by conducting  
b ioassay  using the ind ica to r p lan ts. D uring  1994-95, b u tach lo r and  pend im etha iin  show ed residual effect by 
inhib iting  the germ ination  and  g row th  o f  ind ica to r plant, ragi un d er bo th  m ethods o f  app lica tion  (spray /sand  
m ix) w hereas anilophos had  residual effec t only  w hen  it w as app lied  as sand  m ix ind icating  that m ore quantity  
o f  herb icide is re ta ined  by  soil due to adsorp tion . D uring  1995-96 w hen Jyo th i, a longer dura tion  varie ty  o f  rice 
w as grow n, no residual phy to tox ic ity  o f  these  herb icides on rag i w as no ticed . T his varia tion  in  response  o f  ragi 
seed lings can  b e  a ttribu ted  to the  duration  o f  rice variety. T he d ifference o f  ab o u t 25 days in the harvesting  o f  
rice resu lted  in d issipation  o f  th ese  herb ic ides to  non-tox ic  levels (D evi and  A braham , 2000).

T here are m any lim itations for b ioassay . Som e o f  them  are listed  below .
a. B ioassays are not su itab le  fo r determ ination  o f  com pounds in b io log ical m aterials.
b. R esponse o f  b ioassay  does no t d ifferen tia te  betw een  the o rig inal com pound  and  bioactive-derivatives.
c. Very low  concentration  o f  the herb ic ide  canno t be tested
d. B ioassay m easures the quan tity  o f  herb ic ide  available to  the o rgan ism , bu t no t the  total quan tity  ac tually  

present in the m edium .

C h em ica l m e th o d s
H erb icide residue analysis s ign ifican tly  d iffers from  m acro analysis. A s the  quantity  o f  residues present 

in  the substrate  w ould  be a t u ltra  m icro  levels, the analysis consists  o f  ch a in  o f  p rocedures invo lv ing  large 
n um ber o f  ex tractions w ith  o rgan ic  so lvents, c lean  up, concen tra tion  and  final estim ation  using the instrum ents 
like spectrophotom eter, gas ch rom atog raph  (G C ) o r h igh perfo rm ance liquid  ch rom atograph  (H PL C ) . In the 
case  o f  w ater-so lub le  herb ic ides like g lyphosate , paraquat and 2 ,4-D , an additional step  viz; derivatization  is 
also requ ired  before de term ination  by  gas chrom atography. T herefore, cho ice  o f  analy tica l p rocedures fo r herb i
c ide residues depends on  p roperties o f  the chem ical as w ell as the type o f  instrum ent availab le  in  the laboratory.

C o lo r im e try
C olo rim etric  m ethods w ere  am ong the earliest instrum ental techn iques used  fo r the estim ation  o f  2,4- 

D  residues and even today it co n tinuous to  be a useful technique w h erev e r costlie r m odem  facilities like gas 
chrom atograph  a re  not read ily  availab le  F reed  (1948) developed  a q ualita tive  m ethod  in w hich  2 ,4-D  w as heated  
w ith chrom otropic acid in concen tra ted  su lfuric  acid  at 150 ° C  and the deve lopm en t o f  w ine purple co lou r w as 
taken as a m easure o f 2 ,4-D  concen tra tion . Subsquen t m od ifica tions o f  F reed ’s procedure  by M arquard t and 
Luce (1951 and  1955) helped  in the  quan tifica tion  o f2 ,4 -D  residues in m ilk , seeds grain and in soil.

In o rder to develop  a s im ple  co lo rim etric  techn ique fo r  the  estim ation  o f  o f2 ,4 -D  residues in soil an 
investigation  w as carried  out a t co lleg e  o f  H orticu ltu re , KAU(.D<?W el al. 2001). Soil sam ples w ere fortified 
w ith  standard  2 ,4-D  acid  and the recovery  o f  2 ,4-D  from  soil w as w orked  out by  shak ing  w ith  seven so lvents at
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so il so lv e n t ra tio s  o f  1: 2  an d  1: 4 .T h e  so lv e n t m ix tu re  v iz ., a ce to n itr ile : d is tille d  w ater: g la c ia l a ce tic  
acid{80:20:2.5) w ith  a t soil so lven t ra tio  o f  1: 4  and  an equ ilib rium  period  o f  30  m in  w as best su ited  fo r the 
ex trac tion  o f  2 ,4-D  residues from  soil. R ecovery  o f  2 ,4-D  at d ifferen t fortifica tion  levels in  fifteen soil sam ples 
under study p roposed  the  suitab ility  o f  the  m ethod  irrespective  o f  the soil type.

C o lo rim etry  could  b e  em ployed  for determ in ing  behav iour o f  herb ic ides (persistence  adsorp tion  and 
leaching) in the  so ils o f  K erala . T he stud ies w ere m ostly  concentrated  on 2 ,4 -D  because  o f  the reason  th a t it is 
the  m ost popu la r herb ic ide  in K erala . R ice  grow ers o f  K u ttanad  reg ion  h ave  b een  using  th is  herb ic ide  con tinu
ously  d uring  the  last tw o decades. B eing a ch lo rina ted  organic com pound, its  persis tence  in so il and  w ater w ou ld  
have  adverse effects in the  ecosystem . T he m ajo r rice  grow ing  areas viz, K u ttanad  a n d K o le  a re  low  lay ing  areas 
(below  m ean sea  level) w here rice is g row n under subm erged  condition . M any reports from  d ifferent parts o f  the 
w orld  are ind icative o f  the  accum ulation  o f  2 ,4 -D  residues in aquatic  environm ents. C onsidering  the  se rious
ness o f  this issue, stud ies on assessm en t o f  2,4- D  residues in the rice ecosystem  w ere  in itia ted  in K erala since 
1996. B o th  laboratory  and field  experim en ts w ere  conducted  to find o u t the fate o f  2 ,4-D  in the  m ajo r rice  soils 
o f  K erala  v iz; Palakkad, K o le  and  K uttanad.

Adsorption and persistence o f 2,4-D in the soils
T he im portance o f  adsorption in herbicidal action is that it determ ines the availability  o f  herb icide in  the  soil for 
p lan t uptake, its persistence in  soil and  a lso  its m ovem ent to  low er soil layers and  to ground w ater. The degree o f  
adsorption o f  a pesticide depends upon the nature and properties o f  the  chem ical, the  kind and am ount o f  adsorbents 
in  the soil and the physico-chem ical environm ent ex isting in  the soil. T here are conflicting reports in  the literature 
regarding the reversible nature o f  adsorption (Khan, 1974). Com plete adsorption o f  a  pesticide on  organic surfaces 
(N earpass, 1965), partial adsorption (H ance, 1967) as w ell as nearly com plete irreversibility  (C offee and  W arren, 
1969) have been  observed.

Studies conducted under A IC R P on W eed Control, Thrissur C entre revealed that half-life  o f  2,4-D  in the rice soils 
o f  K erala  vary from  3.44 to 10.76 days indicating rap id  degradation o f  the chem ical. D egree o f  adsorption o f  2,4- 
D in the soils in  term s o f  F reundlich  isotherm  constant, K  varied from  3.55 to 9 .02  (D evi, 2002).

Leaching pattern o f 2,4-D in soils o f Kerala
M ovem ent o f herb icide w ithin the soil profile is influenced by m any  factors like chem ical nature o f 

herbicide, the adsorptive capacity o f  soil and  the am ount o f w ater available fo r dow nw ard  m ovem ent through the 
soil. The sam e factors o f  adsorption w ork in reverse for leaching (C offee and W anen , 1969). A s early as 1964, 
H artley  (1964) reported that percolating w ater appeared to be the principal m eans o f  m ovem ent o f w ater-soluble 
com pounds. Sodium  salt o f  2 ,4-D  is the m ost com m on herbicide in paddy fields and it is h ighly  soluble in  w ater 
(4.5 s  per 100 m l a t 25°C). In K erala, rice is g row n m ostly  under subm erged condition  and  percolation o f  w ater is 
a  continuous process in these soils. R eport o f  Lavy etal. (1973) had show n that 2,4-D  w as leached dow n as deeply 
as 90 cm . I f  so, there is a potential danger o f  surface and ground w ater contam ination w ith this herbicide. In order 
to understand the leaching behaviour o f  2 ,4-D  in rice soils o f  Kerala, colum n-leaching study  w as conducted by 
taking soil colum ns from  paddy fields o f  the 15 representative locations (five each from  Kole, Palakkad and Kuttanad). 
2,4-D  w as applied on the top o f  the soil colum ns and w ater was added to pass through the soil colum ns o f  20 cm  
length. L eachate (50m l) w as co llected in a beaker kept below  the  soil colum n. C olum ns w ere  cut at 10 cm  and 20 
cm  length, and residue content in  the 0-10 cm  and 10-20 cm  layers and in  the leachate w as estim ated by  colorim etry.

B ased  on  the data  ob ta ined  on the leaching  behav iou r o f  2 ,4-D  in  the rice  so ils o f  K erala, g raphical 
in terpretations w ere m ade and sum m arized  below . .

M ajor portion o f  2,4-D  (5 8 .3 ,64 .5  and 66.4  % o f  the applied herb icide in K ole,K uttanad  and  Palakkad
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respectively) rem ained  in  the first 10 cm  soil layer (F ig 1 ). Soils from  Palakkad  reg ion  recorded the  m axim um  
quantity o f  2 ,4-D  in the upper soil layer w hich  w as follow ed by K uttanad and  K ole. Less than 30 percent o f the 
applied chem ical w as found in the 10 to 2 0  cm  soil colum n and only 5 to 15 % w as registered by the  leachate. Soil 
colum ns collected from  the K ole region show ed h igher quantity o f  2 ,4-D  in the leachate, w hich  is attributed to the 
h igher percolation rate o f  w ater through the soil colum n. It w as clear that at the  present recom m ended rate o f  1.00 
kg h a '1, the risk o f  g round w ater contam ination with 2,4-D  residues is neglig ible. M ax im um  residue lim it o f  2,4-D  
for drinking w ater is O .lig  I'1 (0.0001 m g p er milliliter) 
and hence 2,4-D  application at rates h igher than 1.00 
kg  h a1 (particularly in  areas w here  m ovem ent o f  w ater 
through the soil colum n is g reater than  0 .01m l rnin '1) 
should be restricted (D evi, 2002).

C o lo rim etric  techn iques can  be  used  for the 
detection  o f  m any herb ic ides in  soil. C arbam ates, phe
nyl am ides and substitu ted  u reas can  be hydro lysed  to 
y ield  an iline, w hich  m ay  be d iazo tized  and  su itab ly  
coup led  to produce an azo  dye (S ankaran  et a!., 1993).
H ow ever, popularity  o f  co lo rim etric  m ethods has d e 
clined considerab ly  b ecause  i t  lacks the  sensitiv ity  o f  
advanced techniques particu larly  gas chrom atography.

G as  c h ro m a to g ra p h y

F ig . 1. A verage recovery  o f  applied 2 ,4-D  (%) at different 
depths

G as chr om atograph ic  m ethods have  defin ite  advantage o ver o th e r m ethods because  o f  the capability  
o f  the instrum ent to  reso lve  com plex  herb ic ide  m ix tures and  to  p rov ide  qua lita tive  iden tifica tion  and p recise  
quan tita tive  analysis o f  the  com pounds. S eparation  is ach ieved  d u e  to the  d ifference in the  equ ilib rium  d istribu 
tion o f  sam ple com ponents betw een  tw o phases n am ely  stationary  (non  volatile  liqu id  in the  co lum n) and m obile  
phase (gas). The in troduction  o f  very narrow  bore cap illary  co lum ns (0.25 m m  o r  less) and h ighly  sensitive  
detectors facilita ted  the  estim ation  o f  herb ic ide  residues p resen t in  w a te r and tissue  sam ples at nanogram  or 
p icogram  levels.

U sing  gas ch rom atograph , stud ies on persistence o f  herb ic ides in rice plant, g ra in  and straw  w ere 
conducted  under A IC R P  on  W eed C on tro l, T h rissu r Centre. R esu lts revea led  that residues o f  2 ,4-D  in the rice  
p lan t (Table 2) are  very  low  ev en  w hen app lied  at 4 .00  kg  h a -1 (0 .40 and  0 .70  ppb  at 2 .00  and  4 .0 0  kgha’’ 
respectively). In the rice g ra in  and  s traw  sam ples, the  residues w ere very m u ch  low er than  the m axim um  residue 
lim its. ( D evi, 2002).. It is very  c lear that little  translocation  o f  2 ,4-D  to  the  g ra in  occurred  even  a t h igher rates 
o f  app lica tion  o f  2 ,4-D

T a b le  2 . R esidues o f 2 ,4 -D  in  the  rice crop , a t different levels o f  app lica tion  (ig g‘‘)

D ose  o f  2, 4-D  
(kg ha-1)

At 30  days a fte r spray ing A t harvest
G rain Straw

0.0 N D ND ND
0.5 N D N D N D
1.0 N D N D ND
2.0 0 .0004 0 .00015 N D
4.0 0 .0007 0 .00017 0.0025
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, S tudies conducted  w ith  recom m ended  levels o f  b u tach lo r and  p re tilach lo r ( 1.25 and  0.75 kg  h a 1 
respectively  ) in  the  rice-rice  system  also gave sim ila r resu lts(K annan ,2003)„

Gas chromatography -  Mass spectrometer! GC -MS)
A ll the  G C  techn iques can b e  coup led  w ith  a m ass spectrom eter using  various in terfacial system s. T he 

m ass spectrom eter itse lf  can  be opera ted  in d ifferen t w ays. The m ost w idely  u sed  techn ique  is tha t o f  e lectro  
im pact ionization  (E l). In  th is m ode, the sam ple is in troduced  in to  the ion source, a fte r purifica tion  by  m eans o f  
a  su itab le  G C  m ethod and  ion ized  by  an e lectron  beam  o f  h igh-energy  electrons usually  o f  70  eV. The E l m ass 
spectrum  yields m ore  structural in fo rm ation , w h ich  is usually  considered  as a fingerp rin t o f  the  com pound. 
T herefore, the  m ethod  is su itab le  fo r  e luc ida tion  o f  m olecu lar s tructu re  o f  unknow n com pounds e.g. m etabolites 
o f  herb icides not ye t reported  in the tissue  sam ples o f  p lan ts and anim als.

High performance liquid chromatography
M any o f  the  lim itations o f  G C  co u ld  be  avoided  by  the use  o f  liqu id  ra th e r than  gas as the  m obile  

phase. T he natu re  o f  m obile  phase  can  be  a ltered  in H PL C  and thus im prov ing  separa tions. E stim ation  o f  
nonvo la tile  and p o lar com pounds becom es e as ie r by  th is technique. T he m ajo r d isadvan tage  is  that the  detection  
system s are no t so sensitive as in  gas ch rom atography. Suzuki and W tanabe (1991) developed  a m ethod  to 
sc reen  phenoxy acid  herb icides in  g round  w ater sam ples. T he phenoxy acid  herb ic ides viz; 2,4-D , M C PA  and 
M C PB  w ere reacted  w ith  9- an thryl d iazom ethane (A D A M )under m ild  conditions and  w ere  converted  in to  the 
co rresponding  fluorescen t derivatives T he  A D A M  derivatives w ere separated  by  reverse  phased  H P L C  and 

-determ ined using  a fluorescent detector. .The de tection  lim its w ere about 5 0 0  pg  p e r  in jection.

R a d io a ssa y
R adio iso topes have o ffe red  excellen t too l fo r  estim ating  beh av io u r o f  herb ic ides in aquatic  system s 

(K A U , 2003). T he m ost com m on label used  for this purpose  is NC, w hich  is a soft beta  em itte r and  can  easily  b e  
detected  in  b iolog ical sam ples by  liqu id  sc in tilla tion  counting.

Management of herbicide residues
In  o rder to m inim ize herb ic ide  residue  hazard s in  soil, fo llow ing  m anagem ent techniques can  be adopted.

1. U se  o f  op tim um  dose o f  herb icide
2. A pplication  o f  farm  y ard  m anure
3. P loughing  the  land
4 . C rop  ro tation  /  herb ic ide  ro ta tion
5 . U se  o f  activated carbon
6. U se o f  safeners /  antido tes

A s a part o f  residue m anagem ent program m e, a  long-term  herb icide trial w as in itia ted  in 2001 under A IC R P  on 
W eed C ontol, C ollege o f  H orticulture, K erala  A gricultural U niversity. The experim ent consisted  o f  six treatm ents, 
nam ely, (T l)  hand  w eeding  tw ice  (25 and 40  D A S); (T2), b u tach lo r fb 2 ,4-D  (w ith 100%  N P K  as inorganic 
fertilizer) in the first and second crop  seasons o f  2001 and 2002; (T3) b u tach lo r fb 2 ,4-D (w ith  100%  N PK  as 
inorganic fertilizer) in  the first c rop  season o f  2001 and 2002, p re tilach lor fb 2 ,4-D (w ith  100%  N PK  as inorganic 
fertilizer) in  the  second crop season o f  2001 and 2002; (T4) bu tach lo r fb 2 ,4 -D (w ith  75%  N P K  as inorganic 
fertilizer and 25%  through FY M ) in the  first crop  season  o f  2001 and 2002 , p re tilach lo r fb 2 ,4 -D (w ith  100%  
N P K  as inorganic fertilizer) in  the  second c rop  season  o f  2001 and  2002; (T5) bu tach lo r fb  2 ,4 -D (w ith  100%  
N P K  as inorganic fertilizer) in  the  firs t and  second crop  o f  2001, p re tilach lo r fb  2 ,4 -D (w ith  100%  N P K  as 
inorganic fertilizer) in the first and second crop  o f  2002;(T 6) bu tach lo r fb 2 ,4-D  in  the first and second c rop  o f  
2001(w ith  75%  N P K  as inorganic  fertilizer and  25%  through FY M  in the first c rop  a n d l0 0 %  N P K  as inorganic
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fertilizer in  the  second  crop), p re tilach lo r fb 2 ,4 -D  the  First and  second  c ro p  o f 2 0 0 2  (w ith  75%  N P K  as ino rgan ic  
fe rtilize r and  25%  th rough  FY M  in the  firs t c rop  a n d l0 0 %  N P K  as ino rgan ic  fertilizer in the seco n d  crop).

I t  w as found  that all the  th ree herb ic ides nam ely , bu tach lor, p re tilach lo r and 2 ,4 -D  h ad  b een  d issipated  
from  the  soil to  non-detectab le  level b y  the  tim e  o f  harvest.
T he effect o f  continuous application o f  butachlor, b u tach lo r alternated  w ith pretilach lor betw een  seasons, bu tach lo r 
alternated w ith  pretilach lor betw een  years, effect o f  o rgan ic  m atter and  d ifference in the d issipation pattern  betw een  
herb icides are  furn ished  below. '

(i) Continuous application of butachlor
Irrespective o f the seasons and treatm ents, d issipation o f  bu tach lo r w as at a  faster rate and  the residues w ere 

not detec ted  a t the  tim e o f  h a rv e s t E ven  though bu tach lo r w as sprayed continuously  in the four crop  seasons 
w ithout addition o f  organic matter, m ore than 96.20  p er cent o f  the  applied  herb icide had been  d isappeared  from  the 
soil by  30D  A S. S lightly  h igher rate  o f  d issipation  (97.66 p e r cent) observed during the second crop  season m ight be  
due to h igher tem perature and op tim um  m oisture content o f  the  soil. •

(ii) Butachlor alternated with pretilachlor between seasons
Since bu tachlor had  been  com pletely  dissipated  before the  harvest o f  fu s t crop, its application during the 

preceding season cou ld  no t exert any  influence on  the persistence o f  pretilach lor sprayed in  the  succeeding  season. 
C om pared to butachlor, dissipation o f  p re tilach lor took  p lace  at a s low er rate. O nly  94.16 p e r  cen t o f  the applied  
pretilach lor had  been  disappeared from  the soil by  30D A S.

(iii) Butachlor alternated with pretilachlor between years
W hen bu tachlor w as replaced w ith  pretilach lor (after the  application o f bu tachlor fo r tw o seasons o f  the 

previous year), extent o f  d isappearance o f  residue from  the soil by  30D A S w as 96.01 per cen t in  the  first c rop  and 
95.14  per cent during the second crop season  respectively. T he results ind icate that lag  phase  o f  pretilach lor is 
com paratively  h igher than that o f  pretilachlor. H ow ever at the tim e o f  harvest no detectable am ount o f  p re tilach lo r’ 
residues w as recorded in  th is treatm ent even  after its application for tw o seasons.

(iv) Effect of organic matter
A pplication o f  F Y M  enhanced the  ra te  o f  degradation o f butachlor, pretilach lor and 2 ,4-D  in  the  soil. In 

the  first crop season, percent dissipation o f  b u tach lo r w ith in  a  period o f  30D A S from  the  p lo ts w ith  and  w ithout 
FY M  w as 97.66  and 96.20 p er cent respectively. T h e  corresponding  values fo r p retilachlor w ere  97.47 and 96.01 
per cen t respectively and  that o f  2,4-D  w ere 98.17 and 96.59  p e r cen t respectively.

Herbicide pollution in aquatic environment
K era la  has a  coastal line o f  5 8 0  km  w ith 3 ,5 5 ,000  h a  o f  in land  w a te r bod ies under lakes, backw aters 

and  the  con tam ination  o f  w ater bod ies w ith  herb ic ides pose  serious th reat to  the w ho le  ecosystem . Poten tia l 
sources o f  po llu tion  o f  aquatic system  w ith  herb ic ides are  the fo llow ing

1.H erb ic ides applied  for w eed  contro l in  rice  - •
2. C hem icals app lied  for aquatic  w eed  control
3 .H erb ic ides app lied  to p lan ta tions in h illy  areas

A study  on  herb ic ide  residues in  the  aqua tic  sy stem  w as in itia ted  in  1996 a t R eg ional A grl, R esearch  
S ta tion , K um arakom  under the  IC A R  adhoc p ro jec t on  “E valuation  o f  K uttanad  ecosystem  for possib le  con 
tam ination  b y  p estic ides, herb ic ides and  h eavy  m e ta ls” . T h e  m a jo r herb ic ide  u n d e r  considera tion  w as 2 ,4 -D  and 
its residues w ere detected  in 17% of the  fie ld  w a te r sam ples at a concen tra tion  range o f  0 .2 6 -8 .7  pg/1. Sam ples 
taken  during  January  show ed  h ig h e r v a lues and  Ju ly  show ed  lo w e r values. T h is  is due  to  the u se  o f  the  chem ical
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for rice cu ltivation  in  N ovem ber-M arch  period. R esidues o f 2 ,4-D  w ere detec ted  in  13%  river w ate r sam ples in 
the range o f  0 .5 -5 .4  pg/1. T he  residues w ere h igh during January  and  trace in July. E igh ty  percen t sam ples o f  
g round  w ater show ed  the  p resence  o f  residues o f  2 ,4-D  up  to a  concen tra tion  o f  0.09 pg/1 and  the  residues w ere  
h igh  during  M ay  w hich  ind icated  that the m ax im um  residue  level o f  2 ,4 -D  in g round  w ater o f  K u ttanad  is w ell 
be low  the perm issib le  lim its o f  0.1 p g  per litre (K A U , 2000).

A n investigation  using  labeled  2 ,4-D  w as taken up  as a  part o f  adhoc p ro ject on  “P ersis tence  o f  
herbicides in w a te r bod ies and  its im pact on aquatic  life  “un d er A IC R P  on  W eed C ontro l, C o llege  p f  H o rticu l
ture, K A U , T h rissu r during  the period  from  2001 to  2004 . T h e  resu lts  ob ta ined  during  2002  and  2003 rev ea led  
that 2 ,4-D  persisted  in  w a te r even  up  to 1 year a fter app lica tion  in  g lass aquarium  tanks a t levels h ig h e r than  the  
m axim um  residue lim its (0. lpg/1). T here  w as accum ulation  o f  2 ,4 -D  residues in the fish sam ples up  to 30  o r  60 
days after spray ing  depend ing  on  the quantity o f  2 ,4-D  app lied  o v e r sa lv in ia . T he above results are from  lab o ra 
tory  stud ies conducted  u n d e r c losed  conditions. F ie ld  stud ies a re  y e t to be  com pleted  for confirm ato ry  resu lts 
(K A U , 2003).

S tud ies o n  herb ic ide  residues in the  aquatic  env ironm en t in  the s ta te  as w ell as in the  c o un try  a re  very  
few  m ain ly  because  o f  the com plex ity  o f  analysis and  lack  o f  p ro p e r analy tica l facilities. R esults ob ta ined  from  
the  experim ents conducted  ,in the  o th e r coun tries rfcvealed that there  is  a  p o ten tia l danger w ith  herb ic ides in  the 
aquatic  system . S tud ies on  the  dissipation o f  2 ,4-D  G lyphosate  an d  P araq u a t in  river w ater (W ang et a l,  1995) 
using  l4C ind icated  that h a lf  o f  the rad io  activ ity  d isappeared  from  w a te r sam ples con ta in ing  2, 4 -D  b u t m ore  
than 80%  o f  P araquat rem ained  in w a te r sam ples a fte r 56  days o f  incubation . D eterm ination  o f  O c tano l-w ater 
partition  coeffic ien t {K ) show ed  a large d ifference  in am ounts o f  2 ,4 -D  partitioned  in w ater phase  at d ifferen t 
pH  values, 97 .4%  at th£"higher pH  o f  ion ic  s tate  and 5 .2%  a t the  low er pH  o f  m olecular state, im p ly ing  that pH  
va lue  o f  w ate r m ight affect the bioaccum ulation  process o f  2 ,4-D . T he results show ed that 95 .0%  o f  g lyphosa te  
present in  w ater phase in ion ic  form  (h igher pH ) and  82.3%  in m olecu lar form  (low er pH ), ind ica ting  that 
g lyphosate  m igh t have no effec t on the  b iom agn ifica tion , since  m ost o f  the g lyphosate  cou ld  b e  excre ted  w ith  
w ater by  organism s.

Need for future research
P roper use  o f  herb ic ides has im m ense benefits  in  ag ricu ltu re  b y  reducing  cost o f  cu ltivation . A t reco m 

m ended  levels o f  application , these  chem icals are  qu ick ly  d issipated  from  soil. H ow ever, e rratic  and  con tinuous 
application o f  w ater-so lub le  herb icides m ay con tam inate  w a te rb o d ie s . In  o rder to avoid  the risk  o f  co n tam ina
tion o f  low  land  ecosystem s, it is necessary  to m on ito r herb ic ide  residues in  the  aquatic env ironm ents and  
suggest appropria te  m anagem ent practices.
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Introduction

T h e  debate  on  the benefits and  effec ts o f trade libera liza tion  continues till th is day, even  a fte r nearing  
a decade since the sign ing  o f  W T O . T he  sign ing  o f  the  ag reem en t is in  reality , a testim ony o f  consensus by  
signatory  countries th a t free trade  is benefic ia l to  everybody. H ow ever, desp ite  the  consensus, the debate  o n  the  
advantages and  d isadvan tages o f  trade liberalization  no t on ly  con tinues b u t is also gain ing  m om entum . T h is  is 
especially  so  fo r libera liza tion  in the  agricu ltura l sector, w h ich  is d eem ed  stra teg ic  by  m any  coun tries in  bo th  the 
developing  and  the  dev e lo p ed  w orlds. .

In  the  p resen t d ay  econom ic  order, agricu ltural d iversifica tion  has assum ed  prim e im portance  from  
m icro as well as m acro point o f  view. It has becom e an integral part o f  the  structural adjustm ents and transform ation  
program  o f  the ag ricu ltu re  sec to r in Ind ia  to derive po tential benefits o f  g lobalization. The unfo ld ing  g lobaliza tion  
o f  agriculture, how ever, has th row n new  challenges and  opportun ities to  the  ag rarian  sector. .While there  are 

' apprehensions on  the  o n e  hand , that the  in flux  o f  subsid ized  cheap  im ports  from  the  developed  coun tries  w ou ld
adversely  affect the  agricu ltura l sector, on  the o ther hand, there  is ev idence that these  countries are  ab le  to raise  

1 their agricu ltural export especia lly  o f  h igh  value and labour in tensive  com m odities. This seem s to open  up  a
w indow  o f  o ppo rtun ities  esp ec ia lly  w hen  Indian  ag ricu ltu re  is experienc ing  sh rink ing  size  o f  its ho ld ings, 
decelerating technological advances in staple crops, declin ing investm ent in  agriculture and increasing degradation  
o f  natural resources.

D iv e rs ifica tio n  o f  ag ricu ltu re  is to  overcom e m any  o f  th ese  em erg ing  ch a llen g es , i f  c a rr ie d  ou t 
appropriately , ag ricu ltu ra l d iversifica tion  ensures stab ility  in  the  farm  incom es by  m in im izing  risk  b ecause  the 

i low  re tu rn  from  one crop  is  com pensa ted  by  the  high re tu rn  from  o thers. A gricu ltu ra l d iversifica tion  a lso  reduces
peaks and depressions in  dem and fo r  resources and  ensures reduction  in seasonal unem ploym ent. It he lp s in 
m ain tain ing  the soil health  because  sequencing  d iffe ren t crops in  a  ro ta tion  is one  w ay to m ain ta in  soil fertility. 
T his c reates en te rp rise  sym biosis, m ean ing  the  positive b io log ical in teraction  am ong various en te rp rises  in the 

1 production  system . T he  d iversifica tion  a lso  b rings the advan tages o f com p lem entarities and supp lem en tarities
because o f  m u ltid im ensional and  in tensive use o f  space, tim e, cap ita l, lab o r and  en terp rise  sym biosis. Several 
m icro level stud ies suppo rt the  above proposition  (P ingali and  R osegran t, 1995; R am esh  C hand, 1996 and  R yan  
and Spencer, 2001).

In the ag ricu ltu re  sector, d iversifica tion  is considered  a sh ift from  one  c ro p  to  ano ther crop , o r  from  
one  en terp rise  to an o th e r en te rp rise  (Vyas, 1996). D iversifica tion  o f  ag ricu ltu re  m ay  a lso  com e as an  additional 
com plem entary  en te rp rise  to  the  m ain  enterprise. B ased  on these  concep ts, Vyas (1996) p roposed  th ree  situa tions 
o f  d iversification : .

>  Shift from  less p ro fitab le  crops o r en terprise to m ore  pro fitab le  crop  o r en terprise  w ith in  ag ricu ltu re
(horizontal d iversifica tion )
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5> S h ift from  farm  to  non -fa rm  activ ities (vertical d iversification)
>  U se o f  resources in d iverse  ac tiv ities (due to  bo th  horizon ta l and  vertical d iversification)

H ow ever, takes the m acro  approach  o f  d iversifica tion  w here it ex tends w ell beyond the farm  level 
encouragem ent o f  farm ers to  g row  non-stap le  crops. A ccord ing  to  this approach , d iversification  is no t m erely  a  
p roduction  orien ted  question  o f  w hat additional crops can be  g row n, ne ither it is m erely an econom ic  question  
o f  how  to  m ake them  profitab le. It re lates to p rov id ing  w ider opportun ities to farm ers, bo th  on the  farm  as w ell 
as non-farm , to use  the ir resou rces including  fam ily  labor and m anagem ent skill w ith  increasing efficiency. T he  
issue is, therefore, tightly  kn itted  w ith  the b roader agricu ltura l developm ent strateg ies, especially  the in terp lay  
betw een  short-run  policies designed  to m eet im m ediate  governm ent o b jectives fo r  the sec to r and  the longer-run  
relationsh ip  o f  ag ricu ltu re  to the rest o f  the econom y during the p rocess o f  structural change (W orld B ank, 
1990). This type o f  agricu ltural d iversifica tion  includes d iversifica tion  in production , m arketing , and processing  
activ ities am ong d ifferen t sub-sectors, and can con tribu te  sign ifican tly  to  bo th  g row th  and equity.

In a subsistence agricu ltural system , d iversifica tion  is  considered as a strategy to m in im ize farm  risk, 
w hich arises as a  resu lt o f  fluc tuations in  o u tput p rices, w ea th e r uncerta in ties, and insect-pest inc idences, am ong  
others. In  an era o f  com m ercia l and  m arke t-led  agriculture, how ever, d iversifica tion  is a  g row th  stra tegy  w hich  
rep laces the  subsistence en terp rises w ith  the h ig h  value ones. In the process, it reduces risk  in  agricu ltu ral 
production .

■ - In a com petitive env ironm ent, w hen the  food  gra in  prices s lide  dow n, the urban consum ers and the 
landless p oo r gain  bu t it m ay re su lt in  net incom e loss to  food  grain  producers, especially  those located  in 
unfavorable env ironm ents (D av id  and  O tsuka, 1993). T he  livelihood  o f  the  p o o r in  these environm ents c ritica lly  
depends on incom es from  d iv erse  sources includ ing  the  p roduction  o f  com m ercia l crops. In the cou rse  o f  
developm ent, d iversification  o f  ag ricu ltu ra l resources to production  o f  com m ercial crops nd livestock  p roducts 
w ith h igh-incom e e lastic ities becom es necessary  to  increase  incom es in agricu lture as w ell as to earn foreign 
exchange. -

U nder the free trade reg im e o f  the  W orld Trade O rganization  (W T O ), d iversifica tion  o f  ag ricu ltu re  not 
only has an econom ic appeal bu t also  a n ecessary  condition  for grow th . In  free  trade, d ifferen t coun tries have to 
decide w hat com m odities o r  p roducts shou ld  be  p roduced  and  exported  based  on  the  com petitive  advantage. 
Failing  to do  this, they w ill p rogressively  lose the  ab ility  to p ro tect their production  from  g lobal com petition  and  
m aking im ports inevitable . T he  in ternational trade is a lso  likely  to m ove from  a m ere com parative  advantage to 
com petitive advantage invo lv ing  h igh ly  segm ented  m arkets, d ifferen tia ted  products, technology  differences, 
econom ies o f  scale, etc. T he trad itional price-cum -cost com parisons will ra ther b e  on ly  a pre lim inary  ind icato r 
o f  com petitiveness.

As per the  A greem ent on  A gricu lture  (A oA ), the  m em ber countries, bo th  developed and develop ing , 
are required  to  slow ly open up  their agricu lture sectors to w orld  trade  by  rem oving  all trade restrictions. A s a 
signatory to the G eneral A greem ent on T ariff and Trade (GATT) and founder m em ber o f ’W TO, Ind ia is com m itted  
to im plem ent various agreem ents and  prov isions encom passed  in A oA . M any studies have brought ou t that 
A ggregate M easures o f  Support (A M S) w ould  not affec t Ind ian  agricu lture as the to tal Ind ian  A M S is far below  
the upper lim it (G ulati and Sharm a, 1994). G u lati’s argum ent is m ain ly  based  on the assum ption  that Indian 
agricu lture is reasonab ly  effic ien t and  w ould em erge even  m ore  so once the dom estic  support to  ag ricu ltu re  in 
developed  countries is reduced  to  the agreed  level. The g lobal com petitiveness o f  Ind ian  agricu lture, bo th  on 
quality and price account, is another fac to r (G ill and Brar, 1996) w hich lim its  the  gains fo r  India from  free trade. 
TRIPs, o ligopolization o f  agricultural research, sanitary and phyto-sanitary m easures, food  security, o ligopolization
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o f  g lobal agricu ltural trade, falling  trend  in g lobal ag ricu ltu ra l com m odity  prices etc. a re  the  o th e r concerns o f  
Ind ian  agriculture.

Ind ia  has rem oved  quan tita tive  restric tions (Q R s) fo r 1,429 item s on  31 M arch  2001. O ut o f  these, 
825 re la te  to  agriculture and dairy  (G hum an, 2001). In  o ther w ords, Ind ian  p roducers o f  all th ese  com m odities 
w ou ld  have to  face g lobal com petition  in the ir ow n dom estic  m arket. T h e  rem oval o f  N o n-T ariff B arriers w ould 
substan tia lly  increase  the  im port o f  those item s in to  the  Ind ian  m arket. T here  is a c lea r m essage  that in  o rder to 
su rv ive  in  in ternational com petition , Ind ia  m ust iden tify  d iversifica tion  op tions fo r  ag ricu ltu re . D iversifica tion  
w ould  requ ire  the prom otion  o f  a lternative crops at a re turn  h ig h e r than  the trad itional crops. B esides, it needs 
reg ion-specific  research  and  p lann ing  fo r  various crops. C arefu lly  p lanned  ag ro -p rocessing  and  agro-forestry  
can also help in d iversification. That w ould further require research and developm ent, price support and production- 
c learing-m arket netw ork.

A sound  understanding  o f  the patterns o f  agricu ltura l d iversifica tion  and  the constra in ts it faces w ould  
help  in  shaping up  appropriate policies regarding institutional arrangem ents and creation  o f adequate infrastructure, 
w h ich  could  benefit a large m ass o f  sm all and  m arg inal farm ers. T his paper is an  a ttem p t in  th is d irec tion  and  
in tends to  (i) exam ine the  ex ten t, na tu re  and  speed  o f  ag ricu ltu ra l d iversifica tion  in  In d ia  (ii) assess  im plica tions 
o f  agricu ltural d iversification  on  food  security , and  em ploym ent.

Measuring Diversification

T here  are qu ite  a  few  m ethods, w h ich  exp la in  e ither concentration  (i.e) spec ia liza tion  o r d iversifica tion  
o f  com m odities o r ac tiv ities in  a g iven  tim e and  space  by  a sing le  indicator. Im portan t ones include (i) index o f  
m axim um  proportion , (ii) H erfindal index, (iii) S im pson  index , iv) O give index, (v) E n tropy  index  (vi) M odified  
E n tropy  index, and (vii) C om posite  E n tropy  Index  (K elley  R yan and  Patel 1995; P andey  and  S harm a 1996; 
R am esh  C hand 1996). E ach  m ethod  has som e lim ita tion  and o r superio rity  ov e r the  other. C onsidering  our 
objective o f  assessing  the ex ten t o f  d iversity  in crop , livestock  and fisheries ac tiv ities, S im pson  index w as used. 
T he index provides a  c lear d ispersion  o f  com m od ities  in a g eograph ical region. T he index  ranges betw een  0  and
1. If  there exists com plete  specia liza tion , the  index  m oves tow ards 0. T h e  index  is easy  to  com pu te  and 
in terp re t, as follow s:

S ID  =  1 - £p.2

W here S ID  is the  S im pson index  o f  D iversity , and  Pj is the p ropo rtiona te  a rea  (o r  value) o f  ith  crop  /  
livestock  /  fishery  ac tiv ity  in  the  g ro ss  c ropped  a rea  (o r total value) o f  output.

T he nature  and  patterns o f  d iversifica tion  w ere  exam ined  by looking  into tem poral changes in area, 
production  and value o f  d ifferen t crops, and  quantity  (and o r value) o f  livestock  and  fisheries activ ities. To 
estim ate  the speed o f  d iversifica tion  in favour o f h igh  value com m odities, annual co m pound  g row th  rates o f 
area, p roduction and  y ie ld  o f  d ifferen t crop  /  livestock  activ ities w ere com puted . T he analysis  is based  on tim e 
series in fo rm ation  for the period  1985-86 to 2002-03 . T he period  w as d iv ided  into th ree  viz., pre-liberalisation  
period  (1 985 -86  to  1990-1991); Pre W T O  period  (1991-1992  to 1995-1996) and  Post W T O  p eriod  (1996-1997 
to 2002 -2 0 0 3 ) respectively  to exam ine the e ffec ts o f  W T O  agreem ents.

Results

The m acro-level data  o f  value  o f  ag ricu ltu re  and allied sec to r (at 1993-94, constan t p rices) show ed 
that changes in the re la tive  shares o f  the crop , livestock  and fisheries sub-secto rs h av e  taken  p lace  in the  differen t 
W TO  reg im es (T a b le  V).
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The S im pson index  o f  D iversity  (SID ) for A gricu ltura l A llied  activ ities w as 0 .78  in post W T O  period, 
up  from  0 .66  in per liberalization  period. T h is  show s that Ind ia  gradually  d iversify ing  crop  sector.

T he share  o f  livestock increased  from  23.09 percen t in pre liberalization  period  to  25 percen t in pre 
W T O  period  and 25.98 percen t in post W T O  period . In the  livestock  sector, m ilk  and  eggs s ta rted  contribu ting  
m ore in the  pre and  p ost W T O  periods than  in the pre libera liza tion  period. M ilk  p roduction  has increased  to  60 
m illion  tonnes and  78 m illion tonnes during  pre W T O  and Post W TO  periods as against 4 4  m illion  tonnes in pre 
libera lisa tion  period. Share o f  fisheries sub -sec to r in gross value o f  ou tput also  rose  during  th is p eriods reflecting  
the em ergence o f  structural change in  favo r o f livestock  and fisheries sectors.

T ab le  1. Share  o f  agricu lture and allied sectors in G D P in d ifferent W TO  regim es

S ec to rs P re  lib e ra liz a tio n  
(1985-86 to  90-91)

P re  W T O  p e rio d  
(1991-92 to  95-96)

P o s t W T O  p e rio d  
1996-97 to  02-03

A gricu ltu re  and L ivestock 34 .17(0 .66) 28 .09(0 .72) 22 .37(0 .78)
Forestry 2 .33(0 .98) 1.55(0.98) 1 .08(0 .99)
F ish ing 0 .75(0 .99) 0 .96(0 .99) 0 .9 7 (0 .9 9 )
Figures in parentheses indicates simpson index

Crop sub sector

T he share o f  c rop  sub  sec to r is stead ily  declin ing  in India, the share  o f  crop  sec to r in  the value o f  
agricultural sector in  constan t p rices (Table 2) w as declin ing  from  pre liberalisation  p eriod  (76.91 p e rc e n t) to 
post W T O  period  (74.02 p e rc e n t).

T ab le  2. Share o f  agricu lture and live stock sectors in value o f  agriculture and a llied  ac tiv ities in  d ifferent W TO  
regim es

S e c to r P re  lib e ra liz a tio n P re  W T O  p e rio d P o s t W T O  p e rio d
(1985-86  to  90-91) (1991-92 to  95-96) 1996-97  to  02-03

A gricu ltu re 76.91 74.52 74 .02
Livestock 23 .09 24 .56 25 .98

T he share o f  d ifferen t crop  secto rs to  total value o f  agriculture in different W T O  reg im es are p resented 
in T ab le  3. The S ID  index o f  different c rop  sec to r show ed that, the SID  for cereals s low ly  increased  from  0 .64  in  
pre libera liza tion  period  to 0.66 in the post W T O  period. S im ilar pattern  o f  SID  m ovem ent also ex h ib ited  in the 
pulses also. B ut in  the case o f  fruits and vegetab les SID  m ovem ent is in the opposite  i.e., SID  fo r fru its and 
vegetab les decreased  from  0 .82  in pre libera liza tion  period to 0.77 post W T O  period  and sim ilar opposite  
m ovem ent o f SID  also noticed in the case  o f  o ilseeds also. T he  trend show ed that the  non food g ra in  have 
gradually  rep laced  food grain crops. W hen com paring  pre liberalisation period w ith post W T O  periods value of 
cereals in  the  total value o f  ou tput w as dec lined  from  36.42 to 34.08 percent.
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Table 3. Share of different crop sectors to total value of agriculture in different WTO regimes

C ro p s P re  l ib e ra liz a tio n  
(1985-86  to  90-91)

P re  W T O  p e r io d  
(1991 -92 to  95-96)

P o s t W T O  p e rio d  
1996-97  to2002 -03

Cereals 36 .42  (0 .64) 35.78 (0.64) 34.08  (0.66)
Pulses 6.78 (0 .93) 5 .80 .(0 .94) 5.11 (0.95)
O ilseeds 9 .47  (0 .91) 11.58 (0.88) 10.22 (0.90)
Sugars 7 .49  (0 ..93) 7.83 (0.92) 7.83  (0 .92) '
F ibers 4 .18  (0 .96) 4 .6 2  (0.95) 4.03  (0.96)
D rugs and N arcotics 2.05 (0 .98) 1.96 (0 .98) 2 .1 1 (0 .9 8 )
C ondim ents and Spices 3 .20  (0.97) 9 .4 4 (0 .9 1 ) 3.54  (0.96)
F ru its and  Vegetables 17.98 (0 .82) 1 8 .7 4 (0 .8 1 ) 23 .47  (0.77)
O ther C rops 2.87 (0 .87) 2 .67  (0 .97) 2 .64  (0.97)
B yproducts 8 .7 5 (0 .9 1 ) 7.03 (0.93) 6.30  (0.94)
F igures in  paren theses ind icates S im p so n  index

S im ilarly  for the  pu lses also dec lined  from  6.78 to 5.11 p ercen t in  the  post W T O  period . B ut fru its  and  
vegetab le  crops ga ined  from  17.98 to 23 .47  percen t in  po st W T O  period . S im ila rly  fo r the oil seeds and  spices 
and  condim ents also. T here  fo re  n o n  food  gra in  crops like fruits and vegetab les, o il seeds and  spices h ave m ain ly  
substitu ted  coarse cereals and  pu lses w h ile  in  search  fo r h igher incom e.

T ab le  4 . A nnual com pound  g row th  ra te  (percent) o f  a rea p roduction  a n d  y ie ld  o f  m ajo r crops in  Ind ia

C ro p s 1981-90 1991-2003
A re a P ro d u c tio n Y ield ? A r e a . P ro d u c tio n . Y ield
(h a )  • (m t) (k g /h a ) • , (h a ) (m t) (k g /h a )

Cereals -0 .24 3 .36 3.61 -0.21 1.34 1.55
P u lses 0.06 1.55 1.49 -0 .79 -0.51 0.28
Oil C rops 1.76 5 .08 3.27 -0 .45 -0.72 -0 .27
V egetables -0 .62 1.31 1.93 1.96 5 .06 3 .04  '
F ru its 5.39 5 .63 0.23 4 .0 6 5 .87 1.74
Spices 1.23 7.53 6.23 9.49 10.16 0.61
C otton -1 .24 2 .8 0 4 .10 1.23 -0.41 -1.61
S ugarcane 1.47 2.71 1.23 1.92 2.11 0.18

H ow ever, despite  negative  g row th  in cereals, its p roduction  is con tribu ted  by  h igher p roductiv ity  
g row th  o f 1.55 percent per annum  (T able 4 ). Pu lses and O il crops exh ib ited  negative  g row th  necessitating  large 
im ports during 9 0 's. A substantial increase  o f  2 .00  percent in area during  9 0 ’s as against negative  g row th  was 
observed  in  vegetab les and 50 .00  percen t o f  y ie ld  increase  con tribu ted  fo r h igher g row th . A n e igh tfo ld  increase 
in area w ar observed  during  1990s in sp ices as against 1.23 percen t in 8 0 ’s.

T he proportion  o f  d iffe ren t cerea ls  c rops to  total va lue  o f  cereals p roduc tion  in d ifferen t W T O  regim es 
are p resen ted  in Table 5. A m ong the  cereals, W heat and M aize  have rep laced  coarse  cereals like Jow ar, and 
R agi. Favorable governm ent p ric ing  po lic ies, assu red  p rocurem ent, h igh  y ie ld in g  technology, assured irrigation 
have encouraged  north  Ind ian  F arm ers to  a llocate  m ore  a rea  in favo r o f  w hea t crop. D uring  the post W TO  
period , m aize p ick ing  up fast to  m eet the  d em and  fo r poultry  feed industry.
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Table 5. Proportion of different cereals crops to total value of cereals production in different WTO regimes

C ro p  . P r e  lib e ra liz a tio n  
' ,  (1985-86  to  90-91)

P r e  W T O  p e r io d  
(1991-92 to  95-96)

P o s t W T O  p e rio d  
(1996-97 to  02-03)

P addy 55.52 55 .82 55.00
W heat 29 .44 31.03 32.87
Jow ar 5.39 4 .24 3.16
B ajra 2.75 2 .80 2 .80
B arley 1.02 0.81 0.71
M aize 3.88 3.95 4 .30
Ragi 1.10 0 .96 0.78
Sm all M illets & O ther cereals 0 .57 0.35 0.37

T he analysis o f  the  area under d ifferen t crops fo r the  last th ree decades (1986  -2003) show  that 
abso lu te area under w heat increased  from  23 m illion  h a  in 1986 to 27 .50  m illion h a  in  1999 H ow ever, the 
relative proportion  o f area w itnessed  a little  change, i.e., from  12.89 to n ea r abou t 14.6 percent. Sim ilarly, the 
abso lu te area u n d er rice, o ilseed, cotton and  sugarcane, though  increased , bu t no  d rastic  sh ift in  the  relative 
share o f  a rea w as observed  during  this period . T he only  sign ifican t sh ift observed  w as the  sharp  decline in  the 
area under coarse cereals. E xcep t m aize  and w heat a rea  u n d e r course  cereals decline during 1990’s (Table 6).

T a b le  6. A nnual com pound  g row th  rate  o f  area o f  m ajo r cereals in Ind ia  (percent)

C ro p  1981-82 to  1999-91 1991-92 to  2000-01
Rice 0.57 0.81
Jo.war -1 .82 -3.18
B ajra  - -0.71 -0.99
M aize 0.13 1.33
R agi -1 .49 ■ -1.88
W heat 0 .40 1.39
B arley -5.63 -2.11
O ther C ereals and Sm all M illets -5 .16 -3.55
T o ta l A re a  o f C ro p s  0 .48  0.38

T he proportion  o f  di fferent pu lses crops to total value o f  pulse in d ifferen t W T O  reg im es are p resen ted  
in Table 7 and from  this tab le  it is concluded  that am ong pulses crops, b lack  gram , green g ram  and pigeon pea 
h ad  increased  share  in total va lue  o f  pulses ou tpu t in post W T O  period  w hen com pared  to p re  liberalization  
pu lses ou tput in above said  periods. A positive  g row th rate  o f 0 .50  percent w as experienced  in gram  area during 
9 0 ’s as against negative g row th  rate o f  1.26 percent in 80’s (Table 8). O ver all, i.e., share  o f  pulses in the total 
value o f  agricu ltural ou tput w as also declined  betw een  the pre libera liza tion  and post W T O  periods.

T he  proportion  o f  d ifferent oil seed  crops to total value  o f  oil seeds in d ifferen t W T O  reg im es are presen ted  in 
T able 9. W ithin  o ilseeds, soybean  and  sun flow er gained  during post W T O  period. Specifically, the  percen t share  
o f  soybean  in the  value o f  o ilseed  ou tpu t w as trip led  w hen com paring  pre libera lisa tion  and post W T O  periods. 
S im ilarly  there is an ju m p  in share o f  the sunflow er a lso  in  this period . B ut g roundnu t and  m ustard  m ajo r looser; 
ie. 10 percen t decline in share o f  o ilseed  by  groundnut alone during  the  post W T O  period. T here  w as about 
th ree percent decline in the  m ustard  in value o f  o ilseed  output. G roundnu t and m ustard  are under serious threat
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in  the  w ake o f  im port libera lisa tion  o f  ed ib le  o ils at the  cost o f  im ported  o ils espec ia lly  p a lm  oil is m uch  low er 
than the  dom estic  price p revailing  in  the  econom y.

T a b le  7 . P roportion  o f  d ifferen t pu lse  c ro p s  to  to ta l va lue  o f  pulses in  d iffe ren t W T O  reg im es

C ro p P r e  l ib e ra liz a tio n P r e  W T O  p e r io d P o s t W T O  p e r io d
(1985-86  to  90-91) (1991-92 to  95-96) (1996-97  to  02-03)

G ram 4 1 .5 2 . 43 .47 45 .33  '
A rhar 20 .05 18.75 18.96
U rd 9.97 9.46 9.54
M oong 11.09 10.62 8.68
M asoo r 5.14 5.57 6.58
H orse  G ram 2.25 1.70 1.14
O thers 9.53 10.02 9.76

T a b le  8 . A nnual com pound g row th  ra te  (% ) o f  a rea  o f  m ajo r pu lses in Ind ia

C ro p 1 9 8 1 -8 2 to  1999-91 1991-92  to  2000-01
G ram -1 .26 0 .50
T ur o r  A rhar 2 .40 -0 .16
O ther Pulses 0.18 -1 .20

T a b le  9. P roportion  o f  d ifferent oil seed  crops to total va lue  o f  o ilseeds in d ifferen t W T O  regim es

C ro p P r e  l ib e ra liz a tio n  
(1985-86  to  90-91)

P re  W T O  p e rio d  
(1991 -92 to  95-96)

P o s t W T O  p e r io d  
(1996-97  to  02-03)

L inSeed 2 .32 1.34 0.98
Sesam 4.59 3.40 2 .97  1
G round nut 40 .10 32 .02  ■ 29.28
R ape seed  and M ustard 22 .12 23.88 19.31
C astor 2 .22 2.86 5.25
C oconut . 15.08 16.01 14.54
N ig e r Seed 1.07 0.77 0.61
S aflow er 1.97 1.27 1.10
S un F low er 3.21 5.14 5.89
S oybean 6.09 12.49 16.34
O thers 0 .76 0.55 1.02

E xcep t casto r seed and coconu t all the  m ajo r o ilseed  w itnessed  a nega tive  grow th  during  P re and Post 
W TO  periods (Table 10).

T here  w as no o r little  change in the sugar, o r  f ib e r and  d rugs and  n arco tic  crops share  in  the  value o f  agricultural 
o u tpu t in the d ifferent W T O  reg im es. W ith in  c ro p  sector, fru its and  vegetab les ga ined  du rin g  post W T O  period. 
Specifically , the  percen t share o f  fru its  and  vegetab les in  the value  o f  agricu ltura l ou tpu t w hen com paring  pre 
liberalization  and post W T O  periods. D ue to the  da ta  lim itation , it is very  d ifficu lt b ring  out the  exten t o f 
d iversifica tion  w ith  in the  fruits and v ege tab le  crops.
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Table 10. Annual compound growth rate (%) of area of major oil seeds in India

C ro p 1981-82 to  1999-91 1991-92 to  2000-01
G round  nut 2 .12 -2.73
C astor seed 2.79 . 2 .92
Sesam e 2.61 -3.98
R ape Seed and M ustard 7.85 -0 .86
L inseed -3 .14 -3 .49  .
C oconu t 3.31 2 .26
O ther O ilseeds 10.08 3.02
Total O ilseeds 10.08 -0.25

Livestock sector
The livestock  secto r is g row ing  at a faster ra te  and there fore its share  in  the total value o f  ou tpu t is 

p rogressively  raising  from  p re  libera lisa tion  to post W T O  period  ( Table 11). B u t d iversification  w ithin
the  livestock  secto r is m odest m ain ly  due to large share o f  m ilk  g roup  (66 percent). T he  rem ain ing  share o f  
livestock  products (34  percent) d istribu ted  to several item s like m eat, egg, w ool, etc. M eat and  poultry  sub  
sectors have also reg istered  g o o d  p erfo rm ance during the post W T O  period.

T ab le  11. P roportion  o f  d ifferen t livestock sectors to  to tal va lue  o f  livestock  in  d ifferen t W T O  regim es

D eta ils P re  lib e ra liz a tio n P re  W T O  p e r io d P o s t W T O  p e rio d
(1985-86  to  90-91) (1991 -92 to  95-96) (1996-97  to  02-03)

M ilk  G roup 64.39 65.55 67.28
M eat G roup 16.04 17.80 17.06
E ggs ' 3 .14 3.41 3.65
W ool and H air 0.31 ' 0 .26 0.26
D ung 12.51 9.41 7.99
S ilkw orm  cocoons and  H oney . 1.39 1.42 1.29
Increm ent in  S tock 3.58 2.19 2.47

C ontrary  to crop  d iversifica tion , d iversification  tow ards a llied  sectors, i.e., dairy, pou ltry  and fish  
production, is fairly good. T he production  o f  m ilk  increased b y  253  percent, eggs b y  367  percent and fish by 243 
percent during 1980-81 to 2002-2003. T he  grow th  o f  m ilk  production  w as m uch  h igher (5.01 percen t) during  
1981-90 than 1991-2003 (4 .20  percent) (Table 12). H ow ever, there  is still a  large gap  betw een  the  availab ility  
and  requirem ent o f  these  com m odities.

L ivestock  production  brough t out revolu tionary  changes inn the  country  during pre libera liza tion  
period  and these con tinued  during  Post W TO  period also at a s low er pace. In dairy  secto r break  th rough  is 
ascribed to the im plem entation  o f O peration F lood Program m e. R ealizing  the success o f  the program m e. T he 
Integrated  D airy  D evelopm ent P rogram m e w as launched  in non  operation  flood, h illy  and  backw ard  areas in 
1992-93 to enhance production  and procurem ent and m arketing o f  m ilk  and  to generate  em ploym ent opportunities 
in those  areas.
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Table 12. Growth performance of livestock activities and fish in India

D eta ils P ro d u c ts 1981-90 1991-2003
N os P ro d u c tio n Y ield N os P ro d u c tio n Y ie ld

M ilk C ow  M ilk 0 .74 5.20 2 .97 0 .86 4 .06 2.18
B uffa lo  M ilk 1.83 4.74 0.94 1.29 4.63 2.18
Total M ilk 5.01 4 .20

Poultry C hickens 5.21 11.78 0.00 9.77 11.32 0.00
H en E ggs 5.21 7.96 2 .87 9.77 4.59 0.61

Total M eat 3.74 3.17
Total F ish  C atch 5.06 3.77

Forestry sector
T he p roportion  o f  d ifferen t fo restry  sectors to to tal value  o f  fo restry  in  d ifferen t W T O  reg im es 

are presen ted  in  Table 13. T he share  o f  fire  w ood in to tal va lue  o f  fo restry  sec to r w as increased  from  67 percen t 
in  pre libera liza tion  p eriod  to 78 percen t in  post W T O  perio d  w here  as share  o f  industrial w ood  declined  
sharply.

T ab le  13. P roportion  o f  d ifferen t fo restry  sectors to total va lue  o f  fo restry  in  d iffe ren t W TO  regim es

F o re s try  se c to rs P re  l ib e ra liz a tio n  
(1985-86  to  90-91)

P r e  W T O  p e rio d  
(1991 -92 to  95-96)

P o s t W T O  p e rio d  
1996-97 to  02-03 .

Industrial W ood 21.75 14.97 12.13
Fire w ood 66.96 71 .96 77.67
M inor forest products 12.30 1 2 .8 7 ' 10.20

Fisheries sector
Fisheries sub  sec to r has also  d iversified  o ver the  years. T h e  p e rcen t share  o f  m arine  and  in  land  

fisheries to  the  total value  o f  fisheries (Table 14) c learly  ind icated  that, a g radual sh ift from  m arine  to  in land  
fisheries during post W T O  period  w hen  com pared  to  p re  libera lisa tion  period . T rad itionally  the m arine  fisheries 
used  to dom inate  the  fish  production  in  the  country  w hich  w as m ore than  75 p ercen t in  1960-61 and  has fallen 
to 47  percent in post W T O  period  w hile  that o f  in land fisheries has a risen  abou t to 53 percen t in  po st W T O  
period  from  less than  25  percen t in 1960-61.

T ab le  14. P roportion  o f  d iffe ren t fishery  sectors to total value o f  fishery  in d ifferen t W T O  regim es

S e c to rs P re  l ib e ra liz a tio n P r e  W T O  p e r io d P o s t  W T O  p e rio d
(1985-86  to  90-91) (1991 -92 to  95-96) (1996-97  to  02-03)

In land  F ish 47 .34 48 .39 52.59
M arine  Fish 53 .82 52.07 47.41 "

T he h igher g row th  in  in land  fisheries w as m ainly  a ttribu ted  b y  p rogress in  the  aquaculture. T h e  share  
o f  cu lture fisheries in  in land  sec to r w en t u p  to 84  percen t in 1994-95 (K um ar et al., 2001). A  bu lk  o f  g row th  in 
culture o f  fisheries has com e from  the fresh  w ater o f  aquacu ltu re  (K rishnan  et a l 2000).
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Implications of diversification 
Food Security

F ood  security  at the  national and househo ld  level is an im portan t issue in the  context o f  agricu ltura l 
d iversification . P roducing  additional food  is a m ajor challenge w hen popu la tion  and incom es are rising, and 
natu ra l resources degrad ing . T h ere  are apprehensions that shift in  crop  portfo lio  from  food  to  non-food  crops 
m ay lead  to food  insecurity. Incidentally , the d iversifica tion  in m ajority  o f  the  states in  Ind ia  w as com ing  as a 
result o f  expansion  in c ropping  intensity. T he  crop  substitu tion  w as also  tak ing  place, w hich w as d iverting  area 
in favour o f  h igh-y ie ld ing  cereals from  low -yield ing  in fe rio r cereals. W h ea t and  m aize  gained  w hile  sorghum , 
ragi and  m illets lost the  area. T he  high-y ield ing  natu re  o f  foodgra in  crops has im proved  their availability . T h e  
production trends reveal that the  p e r cap ita  daily  availab ility  o f  foodgrains h a s  increased  from  448.56  gram s in 
1981-82 to  475 .4  gram s in 1999-2000. S im ilarly, the per cap ita  daily  availab ility  o f  m ilk has substan tially  gone 
up from  128 gram s in 1980-81 to  214  gram s in 1999-2000 [G overnm ent o f India, 2002].

Interestingly, the consum ption  baske t is changing over tim e. T he  food  consum ption  is sh ifting  from  cereals to  
non-cereals in bo th  rural and u rban  areas (Table 15). T he per cap ita  cereal consum ption  in rural and u rban  areas 
has declined , w h ile  those  o f  m ilk , m ilk  products, vegetab les an d  fru its have increased  significantly  [K um ar 
2002]. M ost rem arkab le  increm ent in  consum ption  w as w itnessed  in  case o f  fru its and  vegetab les. T he availab le 
ev idence clearly  reveals that d iversifica tion  o f  crop and livestock  secto rs has no t on ly  increased  p roduction  o f  
non-cereal com m odities, but a lso  ra ised  th e ir consum ption  pattern.

T ab le  15. P e r cap ita  consum ption  pattern  o f food item s
(kgs /  person /  annum )

Item

R u ra l U r b a n

1977 1987 1993 1999 1977 1987 1993 1999

Rice 86.5 88.1 85 .4  7 81.0 67.6 66.1 64.2 62.5
W heat 49 .4 61.6 53.5 53.9 64 .6 60.4 57.4 55.4
C oarse cereals 56.7 29.8 24.1 17.7 14.8 10.6 7.7 7.1
Total cereals 192.6 179.5 163.0 152.6 147.0 139.14 129.3 125.00
Pulses 8.7 11.5 9.2 10.1 11.7 12.2 10.5 12.00
M ilk and  M ilk  products 24 .6 58.0 51.4 50.5 39.7 64.9 68.3 72 .0
E dib le o ils 2 .7 4.3 4.6 6.0 4.8 6.8 6.6 8.6
V egetables 24.7 50.8 53.2 66 .0 39.7 66.4 63.1 70.0
F ru its 2.6 10.3 9.8 17.00 5.9 18.8 20.1 19.0
M eal, eggs, fish 2.7 3.3 4.1 5.0 4.8 4.9 6.3 6.8
Sugar, and  G ur 13.5 11.0 9.2 10.1 17.1 12.3 11.8 12.0

Source: Kumar (2002)

T he im pact o f  structural shift in dietary pattern through diversification is expected to show a m arginal 
im provem ent in nutrition, especially  energy (Table 16). T he share o f  horticultural crops in total energy w ill im prove 
from  5.2 percent in  1995 to 7.8 percent in 2030, from  7.5 to 12.3 percent fo r livestock and fisheries products, w hile 
there will be m arginal im provem ent for “other” food item s during th is period(Paroda and Kumar, 2000). These 
changes w ill bring im provem ent in  food security in term s o f  enhanced  availability  o f  m icronutrients, such as iron  
and vitam in A. D espite  these diversification led structural changes in dem and and their im pact on food  security, 
how ever, food grains w ill continue to dom inate and m aintain their share o f  61 percent in  total energy even in 2030.
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Tablel6. Source of energy by major food groups in india during 1995 and 2030

S.N o F o o d  g ro u p Y ear P e r  c a p ita  G D P  
g ro w th

T o ta l e n e rg y  
C o n su m e d  (p e rc en t)

1 Food grain 1995 3.5 68.6
2030* 3.5 64
2030 5.5 60.6

2 H orticu ltural products 1995 3.5 5.8
2030 3.5 7.6
2030 5.5 8.9

3 L ivestock  &  F isheries P roducts 1995 3.5 7.3
2030 3.5 9.8
2030 5.5 11.7

4 O ther food  Item s 1995 3.5 18.2
2030 3.5 18.6
2030 5.5 18.8

5 D aily per cap ita  energy(kcal) 1995 3.5 2,188
2030 3.5 2 ,294
2030 5.5 2,389

Source: Paroda and Kumar, 2000.

Note: * P ro jections for 2030  w ere done fo r two d ifferen t g row th  rates (i.e ., 3.5 and 5 .5 percent).

E m p lo y m e n t
In o rder to m ax im ize  the  labor absorb ing  capacity  o f  the  ru ra l sector, it is critica lly  im portan t to add 

ex tra  farm  production  ac tiv ities to trad itional cereal p roduction  by  m eans o f  deve lop ing  m ore in tensive  c rop  
ro tations and crop-Iivestock  com bination . A gricu ltu ra l d iversifica tion  can  act as a pow erfu l force in th is d irec tion  
and can coun teract the  popu la tion  p ressu re  w hich o therw ise  results in  g row ing  poverty  and inequality . In th is 
context, the trends in agricu ltural d iversifica tion  in Ind ia  are  w elcom ing . G enera ting  em ploym ent avenues in 
rural areas is c ritica l. T he question  is how  d iversifica tion  o f  crop  sec to r can genera te  additional em ploym ent 
opportun ities in the  rural areas. Som e in fo rm ation  w as co lla ted  from  labour use in production  o f  d ifferen t crop  
activ ities from  the pub lica tions o f  Cost o f  C u ltivation  Principal C rops (Table 17). It m ay be noted that labou r use 
for cu ltivation  o f  n on-cereals is substan tia lly  h ig h e r than  cereals (excep t rice).

A rea shift from  cereals to vegetab les w ou ld  genera te  substan tia l em ploym ent opportun ities in rural 
areas. R ough estim ates suggest that I ha sh ift in area from  w heat to po ta to  w ould generate  145 additional m an- 
days. S im ilarly, 1 h a  a rea  shift from  coarse cereals (sorghum  and pearl m illet) to  on ion  w ould  genera te  70 m an- 
days m ore em ploym ent opportun ities in  rural areas. In case o f  substitu tion  from  coarse cereals to o ther vegetab les 
(fo r exam ple, cabbage, cauliflow er, egg plan t, tom ato, lady  finger), it is expec ted  to  generate  70  m an-days/ha  
additional em ploym ent. A  m arginal sh ift in area from  w heat and  coarse  c ereals in fav o u r o f  h igh-value  crops can 
thus generate  enhanced  em ploym ent opportun ities. G enera ting  additional em ploym en t in rural areas has w elfare 
and equity  im plications.
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Tablel7. Average labour use in vegetables, cereal and non-cereal crops

(Man-days per ha)
V egetab les C e re a ls  a n d  N o n -C e re a ls
C rop L ab o u r U se C rop L ab o u r U se
P otato 2 0 0 R ice 110
O nion 125 W heat 55
C abbage 110 S orghum 51
C auliflow er 120 P earl m illet 63
Eggplant 70 C otton 96
Tom ato 195 S ugarcane 228

- M aize 77
Source: Derived from several sources (i) Subramanian et al (2000) and Government of India (2003)

T here  are  several m icro  level ev idences, w h ich  dem onstra te  that d iversifica tion  o f ag ricu ltu re  in  favo r 
o f com m ercial crops augm ents incom e, generates m ore  em ploym ent opportun ities, and  a llev iates ru ra l poverty. 
T he  d iversification  as a resu lt o f  com petitive  env ironm ent is a ou tcom e o f  econom ic  reform . T he em pirical 
ev idences reveal that econom ic  refo rm s have genera ted  m ore  em ploym ent opportun ities. F o r exam ple, D ev  
(2000) had  show n th a t the em ploym ent g row th  during  1983-88 w as slow  w hich  im proved  during  1987-94 
because  o f  the  econom ic  re fo rm s during  the  la te r period . Sim ilarly, incidence  o f  poverty  in ag ricu ltu re  sec to r 
am ong rural househo lds also  declined  m arg inally  from  37 percen t in 1987-88 to 36  percen t in  1993-94 (B halla,
2000). R ecen t estim ates from  the  P lanning  C om m ission  (2001) show ed  that these  positive  trends have further 
strengthened, and popu la tion  below  poverty  line has com e dow n to 26  percen t in  2000. T hese  trends in poverty  
allev iation  can be  re la ted  to agricu ltu ral d iversifica tion  as w ell. S uch  k ind  o f  d iversifica tion  m ust b e  encouraged  
and sustained  th rough  continuous m onitoring  o f  po licies and institu tions responsib le  fo r the change.

C ha llen g es  o f A g r ic u ltu ra l  D iv e rs if ic a tio n

D ifferen t coun tries have d iffe ren t po ten tia l to  im plem ent the  W T O  regulation , thus d iversify  the ir 
production and  consum ption  system s. T he concern  fo r  food  security  rem ains a  sensitive  issue. R elated  to th is is 
agricultural and food  subsid ies and w ould  requ ire  m ore  atten tion  in the new  econom ic  reg im e. C onsidering  the  
social objectives o f  various form s o f  subsid ies in ag ricu ltu re  and  th e ir  po litical sensitivity, reform s in  input 
sec tor in term s o f w ithdraw al o f  these  subsid ies are  going  to  be the real challenge fo r  the  po licy-m akers. T h e  
extent o f  d iversifica tion  in  Ind ia  w ill depend  upon how  efficien tly  the W T O  issues are im plem ented  and free 
m arkets are allow ed to  w ork  both  in the  input and output m arkets.

A s noted before, cereal g ra ins w ill continue to  be a dom inant source o f  energy  in India. T herefo re , in 
the  com petitive  env ironm ent, no coun try  can  afford to dilu te  efforts in sustain ing  production  grow th o f  food 
grain crops. T h is g row th  m ust com e th rough  raising p roductiv ity  levels because  the  scope for area expansion  is 
now  lim ited in the  even t o f  d iversifica tion  tow ards h igh  value crops and m ore com petition  o f  land fo r  non- 
agricultural uses. T he availab le  e stim ates reveal that the  yield  levels o f  all food  g ra in  crops need  to be stepped  up 
substantially, failing  that w ould  create  food  security  threats and jeo p ard ize  the  d iversifica tion  drive in developing 
countries. H av ing  said  that, p roducing  balanced  food  is also the m ajo r challenge in the  fast changing  econom ic 
parad igm  especially  w hen  resources are  lim ited and  d egrad ing . C oncen tra tion  o f  efforts on  cereals and  dem and  
shift to  o th e r food  m ay create  an im balance  in  the supplies o f  the cereals and  the  non-cereals com m odities. F o r 
exam ple, the concen tra ted  efforts on the d iffusion  o f  m odem  cereal p roduction  techno log ies enab led  Indonesia
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to  m ove from  be in g  the la rgest im p o rte r in  the w orld  to se lf-su ffic iency  in rice  w ith in  the  decade end ing  in  the 
m id-1980s, w h ile ,the  se lf-su ffic iency  ra tio  o f  soybean  (a m ajo r so u rce  o f  p ro tein  foods) dec lined  from  100 to 
a lm ost 50 percent, partly  becau se  o f  ris in g  dem and  for h igh -p ro te in  foods and  partly  because  o f  sign ifican t 
d iversion  o f  land  from  soybean  to rice (H ayam i and  O tsuka, 1994). S im ila r im balance  in dem and  and  supp ly  can  
b e  observed  in  pu lses and  o ilseed  in P ak istan  and  B ang ladesh , and  p u lses  in  Ind ia , A s a  resu lt, e ith e r  the 
consum ption  o f  these  com m od ities  has reduced , o r the  im port b ill on  accoun t o f  th ese  com m odities has surged. 
T he reduced  consum ption  o f  espec ia lly  pu lses has serious im p lica tion  fo r the  ba lanced  diet, espec ia lly  fo r the 
poor incom e group. T herefo re , keep ing  a balance  betw een  cereals and  non-cerea ls  in  the  po licy  a ren a  is an  
im portan t challenge o f  d iversifica tion  program s.

Lastly, bu ild ing  in frastruc tu re  and  institu tion  fo r d iversifica tion  is an expensive  and daun ting  task. 
A ppropria te  fiscal incen tives fo r  a lternative  c rops and  en terprises, based  on  th e ir  com petitive  advan tage , w ill be 
required  to bu ild  on  favo rab le  env ironm en t for d iversifica tion .

C o n c lu s io n
T h e  study d iagnosed  the  sta tu s o f  agricu ltura l d iversifica tion  in  I n d ia , du ring  d ifferen t W T O  reg im es 

.T he results o f  the  study  revea led  tha t agricu ltura l sec to r in Ind ia  is  g radua lly  d iversify ing  in fav o u r o f  h igh- 
value  com m odities, nam ely, fru its, vegetab les, livestock  and  fish  p roduc ts . M uch  o f  the  d iversifica tion  cam e, i f  
at all, w ith  on ly  little  suppo rt from  the governm en ts . It w as because  food  security  issues are still critica l in  the 
subcontinent and governm ent policy  is still obsessed w ith self-sufficiency in cereals, w hich presum ably contribu tes 
to  a  large share  o f  area still be ing  a llocated  to  cereal crops. D esp ite  focusing  efforts tow ards food  gra in  production , 
a  silent revolu tion  is w itnessed  in h igh-value  com m odities. P roduction  o f  fru its, vegetab les, livestock  and fish  
p roducts have increased  rem arkab ly  in Ind ia . D ue to their low  share in  g ross va lue  o f  ag ricu ltu ra l ou tput, the 
silent revolu tion  w as unno ticed . .

T he  success o f  any d iversifica tion  p rog ram  invo lves the  deve lopm en t o f  crop- o r  en terp rise -spec ific  
technologies, creation  o r iden tifica tion  o f  m arket, and  p rovision  o f  e conom ic  incentives. T he  free trade reg im e 
envisages the m ovem ent from  com m and to m arket econom ies and leaves it on  the m arket, dom estic o r  international, 
to  ju d g e  the com petitive  advan tage o f  any  product.

A s a  s ignato ry  o f  G A TT and  m em ber o f  W T O , In d ia  is  com m itted  to  im plem ent the  various agreem ents 
and  p rov isions o f  A oA . T h is  c reates the fears that trad itional agricu ltu ra l p roducts w ill face  a s tif f  com petition  
from  im ports. T he d iversifica tion  o f  agricu ltu ra l p roduction  in favo r o f  the com m od ities  in  w hich  Ind ia  en joys 
the  com petitive  advan tage  can help  to m eet th is challenge. V arious s tud ies show  that due to d iverse  ag ro -clim atic  
conditions, Ind ia has the  advan tage o f  p roducing  a n um ber o f  com m od ities . Particu larly  it enjoys the com petitive  
advantage in those com m od ities  and en terp rises w here  the  la b o r requ irem en ts  are re la tively  high . Fo llow ing  
types o f  d iversifica tion  op tions have been  suggested :

1. Item s o f  m ass p roduc tion  and consum ption  such as  dairy, poultry , pu lses, o ilseeds, forestry, etc.;

2 . A rea-specific  en terp rises o f  m oderate ly  h igh value com m od ities  in d ifferen t ag ro -c lim atic  reg ions and
sub-reg ions, e .g ., co tton , vegetab les, fru its, sugarcane, basm ati rice, du rum  w heat; etc.

3 . L im ited  site -spec ific  d iversifica tion  th rough  in troduction  o f  h igh  value  crops fo r the consum ption  o f
elite, e .g., flo ricu lture , exo tic  vegetab les, etc.

In the  scenario  o f  h ig h e r  econom ic  g row th  and  popu la tion  pressure , the  p roduction  env ironm ent and 
dietary  patterns in Ind ia  are  rap id ly  chang ing . To m eet the dem and in the  co m p etitiv e  environm ent, the  c rop-m ix
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is changing  in favo r o f  m ore  non  food crops and  low -elastic ity  com m odities to h igh-e lastic ity  com m odities. 
H ow ever, p roducing  balanced  food  is the m a jo r cha llenge  in the fast changing  parad igm  sh ift w hen  resources 
a re  lim ited  and  degrad ing . To m eet the challenge, the  p roduction  strategy shou ld  b e  m ore  d iversified  tow ards 
com m ercia l crops w ithou t sacrific ing  the basic  ob jective  o f  en su ring  food  security.

To encourage d iversifica tion  o f  ag ricu ltu re  a m u lti-p rone strategy needs to b e  designed . H o w ever to 
put the  d iversifica tion  po licy  into p ractice  dem ands the  g radual restructuring  o f  d iversification  h indering  m arket, 
institu tions, and  cred it a n d  fiscal setup  into a d iversifica tion  encourag ing  ones. I t  dem ands revam ping  o f  the 
agricu ltural financia l sy stem  and  hum an resource  deve lopm en t program s. It requ ires heavy  investm en ts  on 
technological im provem ents and  creating  supporting  m arketing  and postharvest in frastructure. T he im provem ent 
and fine-tun ing  o f  technologies and the ir d issem ination  is fairly  a long-term  process and m ay  take 7 -10  years  o f  
gesta tion  period. D ecrease  in the  cost o f  p roduction  e ith e r th rough  p roductiv ity  im provem ent o r  enhancing  the  
efficiency  o f  resource use o r  bo th  can  go  a long w ay in  p rov id ing  the com petitive  edge to  spec ified  Indian 
agricu ltural p roducts.

G lobal com petitiveness a lso  requ ires the  stric t adherence to the  quality  standards. H ence the research  
and institutional agenda draw n fo r the future agricultural developm ent and diversification m ust strive on  enhancing  
p roductiv ity , reducing  costs, and im prov ing  quality . T he N ational A gricu ltura l P olicy  addresses these  vital issues 
bu t does no t specify  any  tim e-bound  action plan . H ow ever, the  N ational E xport-Im port P o licy  g ives the  c lear 
d irections fo r d iversification .

T h e  lack o f  product-specific  data on cost o f  p roduc tion  and governm ent support that various products 
enjoy  in  various countries and reg ions o f  the  w orld  is a  m ajo r constra in t in identify ing the  com parative  advan tage 
and the d iversifica tion  options. T herefore, it should  b e  m ade m andatory , in the clauses o f  W T O , fo r the  m em ber 
countries to  be  transparen t in sharing this inform ation . O nce this is done, different countries w ill be  ab le  to ju d g e  
the  com petitive  advan tage  o f  the ir p roducts in  a b e tte r  w ay  and identify  the options fo r  d iversifica tion .

C ertain  cau tions should  also be taken  w hile  go ing  fo r  d iversifica tion . First, the long-run  food  security  
o f  the country  m ust be  kep t in m ind. Secondly, since  the  w orld  agricu ltural trade  is like ly  to w itness m any ups 
and  dow ns especia lly  in  the in itial years, an  e lem en t o f  flex ib ility  m ust b e  in jected  in d iversifica tion  plans. 
T hird ly  degree  o f  risk  in  the  transition  from  trad itional p roducts  to  new  products and en te rp rises  is qu ite  h igh  
and  m ay prove detrim ental to m arginal and sm all farm ers. T herefore, som e incom e insurance schem es m ust be 
evolved  to safeguard  the in terests o f  the m arg inal and  sm all farm s. T he research  institu tions are also requ ired  to 
evolve a su itab le  farm ing  system  fo r  these  categories o f  the fan n ers . T he overall ob jective o f  the  policy  should  
b e  to m axim ize the gains from  d iversification  and  m in im ize  the  pains o f  transition.
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Farming system research for improving resource use efficiency in rice: 
Recent advances

C. Jayanthi and N. S ankaran 
Department o f Agronomy,
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Ind ia  w ould need to produce additional food  g ra ins o f  100 and 160 m illion  tonnes by  2030 and 2050 
A D , respectively , to  feed  its pro jected  popu la tion . In  Ind ia  m ore than 85 m illion  out o f  105 m illion  operational 
ho ld ings are w ith less than tw o hectares o f  farm  size , necessitate  in tensive cu ltivation  involv ing  the m odem  
concep t o f  tim e and space  by  adopting  heavy  d o se  o f  chem ical fertilizers leading to accum ulation  o f  chem ical 
residues in  the  soil. H ence, it is im perative  to  go fo r  in teg ra ted  farm ing system  approach  w hich is not o n ly  a  
reliab le  w ay o f  obtaining fairly  h ig h  p ro duc tiv ity  w ith  substan tial fertilizer econom y but also  a concep t o f  
eco logical soundness leading to susta inab le  agricu lture. A  jud ic io u s  m ix  o f  one o r m ore en terprises w ith  cropping  
com plem ents each  en terprise  th rough  e ffective  recyc ling  o f  w astes/ residues.

A n effo rt has been m ade for a h o lis tic  in teg ra tion  o f  d ifferen t farm ing en terp rises w ith  cropping  w ith 
the objectives o f increasing  incom e and recycling  o f  farm  w astes and by-p roducts to su s ta in  the  soil p roductiv ity . 
S tudies on  in tegrated  farm ing system  invo lv ing  various com ponents w ere carried  out at d ifferen t agro-ecological 
zones o f  Tam il N adu since 1985. The identified  technologies em anated  from  the research  program m e on integrated 
farm ing  system s fo r the last th ree decades a re  enorm ous.

L o w la n d  fa rm in g  sy s tem

Field  Experim ents w ere  conducted  a t T N A U , C oim batore in  low land  invo lv ing  cropping , poultry, 
piggery, duck, goat, p igeon, fishery  and  m ush room  en terp rises in all possib le  com binations w ith  a v iew  to 
recycle  the  residue and  by  products o f  one com ponen t o v e r the  other. T he recycling  p rocess cou ld  reduce the  
cost o f  production  p e r un it o f  g ra in , m eat, m ilk , egg , ed ib le  m ushroom , b iogas e tc  an d  there b y  w iden the  gap 
betw een  the production cost and  net return .

Crop + poultry/ pigeon + fish + mushroom.

E xperim en t on  en te rp rise  lin k ag e  fo r  lo w  la n d  farm ing  system s w as co n d u c ted  at Tam il N adu  
A gricu ltural U niversity  during Septem ber, 1993 th rough  A ugust 1995. T he com ponen ts o f  in tegrated  farm ing  
system s in low land  involves c ro p  +  fish +  m ushroom , crop  +  poultry  +  fish +  m ushroom  and crop  + p igeon  + 
fish  +  m ushroom . T he  efficiency o f  the com ponen t linkages w as evaluated  p redom inan tly  on the  basis o f  
p roductiv ity , its incom e and em ploym ent genera tion  w ith  the possib ility  o f  u tiliz ing  recycled  organic w astes as 
nu trient to  enrich  the soil fertility.

In one-hectare farm , an area o f  0 .9 0  ha  assigned  for crop  activ ity  and  the  rem ain ing  area o f  0 .10  h a  to 
fishpond. 1000 po lyculture  fingerlings w ere  reared  in  0 .10  h a  fishpond. F ifty  num bers o f  babkok layers /  
hun d red  productive  pairs o f  p igeon  w ere  linked  to supp lem en t the feed requ irem en t o f  1,000 fingerlings. 
M ushroom  unit w ith  an average production  o f  5 kg  d a y 1 w as included. T he recycled  pond silt ob ta ined  from  
fish  ponds fed w ith  poultry /p igeon  d ropp ings w ere  app lied  as organic source  to first c rop  in the  c rop  sequence.
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T he results revealed  that c ro p  +  p igeon  +  fish  +  m ushroom  in teg ra tion  w as found  to  be  superio r in 
o b ta in ing  the  h ighest ne t re turn  to the  tu n e  o f  R s.90 ,105  h a4 (Tables 1 and  2). In teg ra tio n  o f  cropp ing  w ith  
p ou ltry  + fish  + m ushroom  generated  the  h ig h est em ploym en t o f 7 9 8 m a n d a y s / h a  /  y e a r  w ith  1.16 m an  days 
from  the  a llied  en terp rises linked  w ith  equ id is tribu tion  th rough  ou t the  year. In teg ra tio n  o f  pou ltry  +  fish  +  
m u sh ro o m + cropping  applied  w ith recyc led  pou ltry  m anure susta ined  the  p roductiv ity  o f  soil though  the  add ition  
o f  b io resource  residue w ith  b e tte r  N P K  n u trien t supp ly  poten tial.

To enhance  and  sustain  the  p roductiv ity , econom ic returns, em p lo y m en t genera tion  fo r the  fam ily 
labou r ro und  the  y e a r and  soil fe rtility  w ith  env ironm enta l p ro tection , in teg ra tion  o f  rice -g inge lly -m aize  and  
rice -soybean -sun flow er c ropping  each  in 0 .4 5  h a  w ith  recycled  pou ltry  m anu re  as  fish  p o n d  s ilt to  rice and  75 
p e r cen t o f  the  recom m ended  N P K  to each  c rop  in the sy stem  + poultry  (50  layers) +  fish  (1000  po lyculture  
fingerlings in  0 .10  h a  o f  ponded w ater) com prising  ca tla  (20 p e r cen t), silver carp  (20  p e r cen t) rohu  (20  p er 
cen t) m irgal (15 p e r cen t), com m on carp  (15 p e r cen t) and g rass carp  (10 per c en t) fed w ith  pou ltry  d ropp ing  +  
O yster m ushroom (5kg/day) fo r the low land  fa n n e rs  hav ing  one hectare farm .

F eed  for poultry, fish  and  p igeon , substra te  for m ush room  production , o rgan ic  m anu re  from  the  w astes 
can  be  secu red  a t the  least cost th rough  p ro p e r in tegration . S tab ility  o f  egg  p ro duc tion  co u ld  b e  ach ieved  w ith  
a p roductiv ity  o f  75 p e r  cen t b y  atta in ing  an average egg  p roduction  o f 2 7 4  eggs p e r  lay e r in  a y ea r b y  p rocu ring  
17 w eeks o ld  b ird  a fte r com pleting  p re lim inary  p rev en tive  m easures in stead  o f  go ing  fo r day  o ld  ch ick  to  the  
pou ltry  unit. C ost o f  p roduction p e r b ird  w as R s. 109 .55/year in com m ercia l ven tu re  as against the production  
cost o f  R s.30 .65 /year th rough  IFS.

F ish  g row th  obta ined  th rough  feed ing  o f  dropp ings o f  50 bab k o k  layers  an d  100 pairs o f  p igeon  w as 
sim ilar. S ince, the feed  cost involved  fo r p igeon  rearing  w as least due to  open  g razing , the  net p ro fit under 
p igeon  linked  system  w as h ig h e r than  in pou ltry  linked  system .

A bout 10 kg  o f  rice straw , m aize  sheath  o r crop w astes could  be e ffec tively  u tilised  as substra te  fo r 
p roducing  5  kg o f  ed ib le  m ushroom  p er day. C ost o f  p roduction  per kg  o f  m ush room  w as R s.20 /- in  com m ercia l 
ven ture as aga in st the  production  cost o f  R s .I2  th rough  IFS. W ith  an annual p roduction  o f  1 ,460 kg o f  ed ib le  
m ushroom , an additional n e t incom e o f  R s .l  1 ,680 cou ld  be ob ta ined  in  IFS o v e r co m m erc ia l m ush room  units. 
I t  a lso  he lp s in  supplem enting  h igh  value  o rgan ic  m anure to the tune o f  3 . 0 1 to  the  c ro p  activ ity . E m ploym ent 
opportun ity  w as also  enhanced  a t the ra te  o f  1/2 m andays everyday to  the  fam ily  labourer and  thus cou ld  increased  
to 182 m andays fo r  the w ho le  year.

W ith  reg a rd  to w a te r requ irem en t, cu ltiv a tio n  o f  rice -g reen g ram -m aize  an d  rice -su n h em p -m aize  
c ropp ing  alone consum ed 182 ha cm  o f  w ater, 201 h a  cm  o f  w ater w as needed  fo r rice-so y b ean -su n flo w er and  
rice-g inge lly -m aize  cropping  system s in 0 .90  h a  included  in in tegrated  farm ing  system s. Poultry, p igeon , fish 
and  m ushroom  u tilized , respectively , 0 .02 , 0 .04 , 15.84 and  1.37 ha  cm  o f  w ater fo r  th e ir  p roduction  in a year. 
In teg ra tion  o f  cropping  w ith  pigeon +  fish +  m ushroom  utilized  218 .25  ha  cm  as aga in st 182.00 h a  cm  o f  w ater 
w ith c ropping  a lone. In tegration o f  pou ltiy  and  p igeon  requ ired  veiy  little quantity  o f  w ate r and  total requirem ent 
o f  w a te r in in teg ration  o f  cropp ing  w ith  fish  +  m ushroom  +  pou ltry / p igeon  w as le sse r than  the  to tal w ate r 
requ irem en t o f  c ropp ing  alone in a h ec ta re  area.

Cropping + poultry /  pigeon /  goat +fishery

Field  experim en ts on  In teg ra ted  F arm ing  S ystem s w ere conducted  at the  T am il N adu A gricu ltura l 
U niversity , C o im bato re  during  1998-2001 invo lv ing  cropping , poultry, p igeon , go a t an d  fishery  en terp rises in
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all possib le  com binations, w ith  a v iew  to  recycle the residue and by-products o f  one  com ponen t o v e r  the  other. 
In  one hec ta re  farm , an area o f  0 .75ha w as assigned  fo r  c rop  activity, O.IOha fo r  g row ing  fodder grass to feed  the 
goat u n it (20+1), 0 .03 h a  allo tted  to goat shed  and  the  rem ain ing  0 .12ha a llo ted  to 3 fish  ponds. T hree  in teg ra ted  
farm ing  system s viz., c rop  +  fish  + poultry  (20 B apkok  lay e r b irds), c rop  +  fish + p igeon  (40  pairs) and  c ro p  +  
fish  +  goat (T ellicherry  b reed  o f  20 fem ale and  1 m ale  m ain ta ined  in 0 .03ha d eep  litte r  system ) w ere  tried  fo r  2  
years. P o lycu ltu re  fingerlings o f  400  num bers (catla, rohu , m rigal/ com m on carp  and  g rass carp ) in the ra tio  o f  
40 :20 :30 :10 , respectively , reared  in 3 ponds o f  size 0 .04ha (depth  o f  1.5 m ) each . F ishes w ere  fed w ith  poultry, 
p igeon  (700  kg poultry/pigeon droppings ob tained from  20  B apkok layers/40 productive pairs o f  p igeon) sheltered  
o v e r tw o fish  ponds and goat droppings (3 anim als - 800kg droppings) to assess the feasib ility  o f  rearing  fish  by  
u sing  d ifferen t m anures as feed. U nder In tegrated  F a n n in g  System , cropping  sequence includes (i) sugarcane 
(P lanted) -su g a rc a n e  (R atoon) -  banana (3 years) (ii) banana  - turm eric  -  rice -  banana  (3 years) and  (iii) m aize 
-  rice  -  sesam e -  sunnhem p (annual) each  in 0 .25ha and  bajra- n ap ie r grass + desm anthus (perenn ia l) in  0. lOha. 
In ano ther one  hectare, conventional cropping  sy stem  as practiced  by  the farm ers w as taken up.

T ab le  l.C o m p o n en t and  System  Productiv ity  (rice g rain  equivalen t yield) o f  different In tegrated Farm ing  System s 
(M ean ov e r th ree ye'ars 1 9 9 8 - 2001) .

F an n in g  systems C om ponent P roductivity (kg) System 
productivity 

(kg h a 1)

P e r cent 
increased 
over CCSCrop Poultry Pigeon Fish G oat

Cropping alone ! 2995 - - . . . 12995 -

Crop + Fish + Poultry 26352
(89.0)

1205
(4.1)

- 2052
(6.9)

- 29609 128

Crop + Fish + Pigeon 24854
(85.2)

- 2545
(8.7)

1774
(6.1)

- 29173 124

Crop +  Fish + Goat 25725
(68.3)

- - 1975
(5-2)

9979
(26.5)

37679 190

* F ig u re s  in  th e  p a re n th e s is  in d ic a te  p e r  c e n t c o n tr ib u tio n  o f  e ach  co m p o n e n t 

T ab le2 . E conom ic analysis o f  In tegrated  Farm ing  System s (1998 -2 0 0 1 )

F a rm in g  S ystem s N e t r e tu r n  (R s./ha)

I  y e a r I I  Y ear I I I  y e a r M e a n

C ropp ing  alone 31921 4 0 4 6 0 39077 37153

■Crop + F ish  + Poultry 123066 92869 77260 97731

C rop  + F ish  + P igeon 134516 89013 72805 98778

C rop  +  F ish  + G oat 147889 126662 118804 131118

R esearch  results on  in tegrated  farm ing  system  for th ree years revealed  that in teg ra tion  o f  c ro p  w ith  
fish, poultry, p igeon  and goat resu lted  in h igher p roductiv ity  than  cropping  alone un d er low land . C rop+  fish  +  
goat in teg ra tion  recorded  h igher rice g ra in  equ ivalen t y ie ld  o f  3 7 ,6 7 9  kg /h a  than  o th e r system s (T ab le l) . T he
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goat un it (20+1) cou ld  p rov ide  U.Ot o f  valuab le  m anu re  apart from  supp lem enting  the  feed  requ irem en t o f  400  
num bers o f  fish. W hile  assessing  the feasib ility  o f  rearing  fish  by  using  poultry, p igeon  and  goat d ropp ings as 
feed, the fish  fed  w ith  poultry  dropp ings resu lted  in  h ig h e r fish  y ie ld  (289  kg  /0 .0 4 h a  ponded  w ater) than  the 
o ther tw o sources o f  feed.

T he  h ighest net re turn  o f  R s. 131118 an d  p e r day  re tu rn  o f  R s.511 /ha  w ere  ob ta ined  by  in teg ra ting  
goat+  fish+  im proved  c ropp ing  applied  w ith  recycled  fish  pond  silt en riched  w ith  goat d ropp ings (Table 2). 
H igher B C R  o f  R s.3 .36  w as ob ta ined  by  in teg ra tion  o f  p igeon  +  fish  + c ropp ing  app lied  w ith  recy c led  fish  p ond  
silt en riched  w ith  p igeon  droppings.

T he em ploym ent o pportun ity  w as also  increased  to 576  m an days/ha /year by  in teg ra ting  fish  + goat in 
the cropp ing  as against cropping  alone (369 m andays/ha/year). C om bin ing  c ropping  w ith  o th e r a llied  en terp rises 
w ould  increase  labou r requirem ent and thus p rov ide  scope to em ploy  fam ily  labou r ro und  the year.

Tw enty fow ls in  the poultry  un it and  4 0  p ro d u c tiv e  pairs in  the p igeon  un it vo ided  7 00kg  o f  dropp ings 
w ith  the  nu trien t po ten tia l o f  2 2 .5 ,1 7 .5  and  7 .4kg  and  1 2 .7 ,3 .9  and 6 .9kg o f  N , and  K .O , respectively , bu t 
w hen  recy c led  th ro u g h  fish  pond , nu trien t conten ts w ere enhanced . S im ilarly , th ree goats p ro d u ced  810kg  o f 
vo id ing  con tribu ting  11.3, 6.9 and 5 .7kg  o f  N , P20 5 and  K / l  nu trien ts, w h ich  w ere fu rth e r en hanced  th rough  
recycling . T he  additional nu trien ts gained  by  recyc ling  w ere the h ighest w ith  pou ltry  m anu re  65.7 , 28 .4  and 
25 .0kg  N , P 2O s, and  K jO , respectively) than  w ith  goat/p igeon  m anure.

T he  system  as a w hole p rov ided  opportun ity  to m ake  use o f  p roduce/w aste  m aterial o f  one  com ponen t 
as input on ano ther at the least cost/no  cost at farm  level. ■

R ice  -  F ish  +  A zo lla  F a rm in g  sy s tem

^ c y d i n a o f n u t ^ ^

\
O rganic
residues

Fig .l. Fish -  Azolla integration in rice field
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Fig.2. Bio-resource flow model of Rice-Fish -Azolla integrated farming system

Field experim ent w as conducted at ARS, B havan isagarto  develop an integrated N m anagem ent practices 
for rice-fish- azo lla  farm ing  in  w etland. Farm ing  system s consisted  o f  rice -  rice + fish  and rice -  rice +  azo lla  
+  fish and tw o levels o f  N (100  and  75 per cen t recom m ended) w ith  and w ithout green lea f m anure  (Sesbania 
rostrala) app lications. In  the  rice -  fish system , rice and  fish  crops w ere ra ised  together in rice  field. F ie ld  
trenches w ere  p rov ided  w ith 1.0 m  dep th  and  1.5 m  w id th  occupy ing  10 per cen t o f  the  rice area, fo r she lte ring  
the  fish. Azolla microphylla w as g row n  in  rice fie ld  th roughou t the c ropping  period. T he dual cu ltu re  m eth o d  o f  
g row ing azo lla  w ith  rice  has ga ined  w idespread  adoptab ility  because  stand ing  w ater is availab le  in  rice  fie ld  
from  seedling to pan ic le  m atu rity  in  low land  rice fields and  is effec tively  used as b io fertilizer fo r rice. A zo lla  
cu ltivation in rice field  c an  im prove the fish food  organism s. F ish  cu ltu re  in  rice fields loosens the  soil as a resu lt 
o f their sw im m ing and  thus aerating  the soil, enhance the decom position  o f  o rganic m atter and p rom otes re lease  
o f nu trients from  soil. T he ex certa  o f  fish  d irectly  fertilize the  w ater in rice  fie lds leading to increase  in u tlizab le  
source o f  N  to  the rice crop. In tegration o f  allied  com ponents like azo lla  + fish w ith rice in low land  farm ing  
could  provide w ider scope for b io resources recycling  (Fig. 1 and 2).

R ice- rice -  azo lla  +  fish  farm ing w ith 75 per cen t recom m ended  N as well as incorporation  o f  g reen  
leaf m anure resu lted  in h igher productiv ity  w ith  increased  econom ic  returns and im proved the soil fertility  
through recycling  o f  o rgan ic  residues. T he quan tum  o f  o rgan ic  residue addition  and N added through recycling  
were h igher in  rice- rice- azo lla  +  fish  farm ing w ith Sesbania rostrata incorporation . T he unu tilized  fish  feed, 
decayed  azolla  and  fish  excre ta  settled at the fish trench  bottom  had  a h igher nu trient value, w h ich  can  b e  
recycled  to enrich  the  soil.
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Rice -  fish integration for improving input use efficiency in rice farming in 
humid tropics

N.K  Sasidharan, K.G. Padm akum ar and C.T. A braham
Regional Agricultural Research Station, Kumarakom, Kerala 

College o f Horticulture, Vellanikkara, Kerala

K erala  has a very  long  trad ition  o f  in teg ra tion  o f  rice and  fish  in its coasta l w etlands. T he  Pokkali 
farm ing system , w hich  has been  accla im ed  as a susta inab le  m odel, is tim e tested and  unique in several respects 
especially  in  its h igh  effic iency  standards in  u tiliz ing  the natural resources and the  exogenous inputs. T he  live 
feed  genera tion  by  the  d isin teg ra ting  paddy  stubb les in ten tionally  left during the  harvest o f  rice form s the basis 
o f  perpetual renew able b io -energ ic  resou rces fq r the  a lternative p roduc tion  o f r ice  and  p raw n  in these  fie lds. T he 
Pokkali rice farm ing  system  o f  cen tu ries  o ld  ow es it o rig in  to  the  trad itional w isdom  o f  o u r forefa thers, w h ile  the  
sc ien tific  and  system atic  rice- fish  in teg ra tion  in  Kuttanad- the rice bow l o f  K era la  - is o f  recen t o rig in . T he 
presen t paper is an a ttem pt to  ana ly se  the s treng th  and  w eakness o f  the  Pokkali rice fish  p raw n  system  vis a vis 
the rice fish  rotational sy s tem  in Kuttanad.

Pokkali and  Kuttanad are con tiguous and  together they constitu te  75 ,000  h a  o f  the  coastal w etlands. 
T hey  are in terconnected  low  ly ing  netw ork  o f  back  w aters, canals and stream s, and  are  the basins o f  the  rivers; 
Periyar, Chalakudy, Muvattupuzha, Meenachil, Pampa, Achencoil and Manimata. T hese  tw o rice  ecosystem s 
can b e  considered  as  the tw o  sides o f  the  sam e co in  separa ted  by  the  Thanneermukkom sa lt-w a te r barrie r 
constructed  to p reven t the en try  o f  salt w a te r in to  the K uttanad  rice fields.

W ith  the cessation  o f  m onsoon the  sea  w a te r inundates the Pokkali fie lds resu lting  a gradual change 
in  w ater quality  to saline, the  in tensity  o f  w h ich  depends on  the  fresh  w ater d ischarge from  the  up  stream s side. 
A t the very sam e tim e, the  Thanneermukkom b a rrie r  p reven ts the  en try  o f  salt w a te r in to  Kuttanad and hence, the 
w ater quality in e ither side o f the barrie r w ill be  d ifferent, w hich necessitates cropping  /  farm ing system  appropriate 
to  the p revailing  soil and w a te r characteris tics . T he rice  -  fish  /  p raw n farm ing  system  o f  the Pokkali fie lds is 
w ell tuned to the chang ing  w a te r quality  .The so il chem ical param eters as in fluenced  by  a sim ula ted  tidal and  
non- tidal situation as ex ist on  e ith e r side o f  the Thanneermukkom b a rrie r is g iven  in  Table 1 (S asidharan , 2004). 
It can be seen that during the h ig h  saline phase  u n d e r the tidal s itua tion  the electrica l conductiv ity  and availab le  
sodium  o f soil are qu ite  h igh , w h ich  do  no t allow  a second crop  o f  rice during  the  h igh  saline phase  in Pokkali 
soils. O n the contrary , the b lock ing  o f  tidal w ater en try  could  decrease  the e lectrica l conduc tiv ity  and availab le  
sodium  to som e extent, w h ich  m ay perm it a rice crop, for the success o f  w hich w ash ing  w ith abundan t fresh  
w ater is necessary  as is done in Kuttanad during the puncha season.

C rops and c rop  season o f these  tw o rice tracts are ta ilo red  to these soil cond itions. In Pokkali fields 
cu ltivation o f  rice is restric ted  to  the  low  sa line  phase  and as the  fie ld  w ater shifts to  the sa line  phase, p raw n/ 
fishes are  grow n. In Kuttanad tw o  rice crops are taken: the m ain  season  during  O ctober-M arch  (puncha) and  an 
additional crop subsequently . R ice  cu ltiva tion  in the  beg inn ing  o f  the  last cen tu ry  w as d one  only  once  in tw o 
years, w hich  becam e annual cu ltiva tion  during  1940’s and  the  in tensifica tion  into doub le  c ropp ing  began  in the 
1950’s vvith the series o f deve lopm en t in terven tions viz■ sp illw ays to d ra in  o ff  flood  w aters and  b arrage  to  w ard  
o ff  salin ity  incursion  (Padm aja, et at., 1994).
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T ab le  1. T idal effect on soil chem ical characters during the low  saline c rop  phase  and h igh  saline po st c rop  
phase  in  Pokkali so ils

S o il c h e m ica l c h a ra c te rs
-y /  *

L o w  sa lin e  c ro p  p h a se  
T id a l N o n -tid a l

H ig h  sa lin e  p o s t c ro p  p h a se  
T id a l  N o n - tid a l

pH  . 3 .36 3.25 4.31 4 .2 2
EC (dsm -') ' 2.61 3.43 6.69 5 .76
O rgan ic  carbon  (% ) . 2 .76 2 .47 2.69 2 .37
A vailab le  phosphorus(kg  h a 1) 9.35 9 .36 12.47 10.11
A vailab le  po tassium (kg  ha-1) 934 .20 878.05 704.60 437 .60
A vailab le  sodium (kg  ha-1) 5406.15 6891 .20 8532.90 5 287 .90
E xchangeab le  po tas-sium (kg  ha-1) 838 .60 681 .40 597.60 4 4 6 .0 0
E xchangeab le  sodium (kg h a 1) 4477 .10  . 5406 .43 8332.40 6615 .60
A vailab le :E xchangeab le  po tassium  ratio 1.11 1.29 1.18 0.98
A vailab le :E xchangeab le  N a  ratio 1.30 1.32 1.02 0.81

R ic e -f ish /p ra w n  in te g ra t io n  in  Pokkali fie lds.

T he Pokkali rice-fish /p raw n  integration  has been  dealt w ith  by  several w orkers (P um shan , 1987 and 
R ajendran  et at., 1993). M ost o f the w orkers have described  the  d ifferen t aspects o f  the praw n filtra tion  system , 
in  w hich  seed  sh rim ps and  fishes are allow ed to en te r into the post harvest Pokkali f ie lds th rough  tidal w a te r and 
then  trapped  fo r sho rt term  culture. P rospects o f  s im ultaneous cu lture o f  fish  species viz., Etroplus suratensis, 
Oreochromis mossambicus, Cyprinus carpio, Labeo.rohita, Chanos chanos and Mugil cephalus w ith  the  Pokkali 
rice geno types h ave  been  reported  by T ham pi (1993) and  R ajendran  et al. (1993). H o w ever the  sim ultaneous 
rice-fish  cu lture in Pokkali fields d id not get the  popularity  as th a t o f  the sequential rice -p raw n  cu lture. _

P raw n  filtra tion  in  Pokkali fie lds s tarts after the  harvest o f rice w ith the s trengthening  o f  ou te r bunds 
and insta lla tion  o f  slu ice gates. R em oval o f  w eeds and desilting  o f canals, w herever necessary , are  ca rried  ou t 
for increasing  the  w ate r ho ld ing  poten tial (R ajendran, et a l,  1993). B rackish  w ater carry ing  the  sh rim p  seed  
ingresses and egresses regu la rly  at desired  levels du ring  h ig h  and low  tides respectively . W h ile  regu la ting  the  
en try  and ex it o f  tidal flow, a large m esh  conical bag  net o r  c lo se ly  packed  bam boo screen is su itab ly  in sta lled  in 
the slu ice  gate. T his p rocess being  repeated  cau tiously  during  each  tide enables the shrim p and fish  seed  to get 
concentra ted  in the  field (P um shan , 1986). T he  species au to  stocked  includes com m ercially  im portan t shrim ps 
such  as Metapenaeus dobsoni, M.motioceros, Peaaeiis indicus and  P.monodon. T hese  sh rim ps tak e  she lte r in 
betw een  the  decaying  paddy stalks (R ajendran, et td .,1993), w h ich  re lease  nu trien ts to the sh rim ps and  they 
grow . T he  synergistic  effect o f  all these and the  congenial cond itions prevailing  devo lve  to form  a rich  niche o f  
forage o rgan ism s to the grow ing  shrim ps that atta in  a m arketab le  size w ithin  3 to 4 m onths period

T he  actual harvesting  o f praw n starts by the m iddle o f January co incid ing  w ith  the lunar phase. W hen 
the w ater is le t o u t o f  the fields, during low  tide the p raw n  and fishes carried  along w ith  w ater and are co llec ted  
in the p raw n filtration  net. L uring in o f  p raw ns con tinues s im ultaneously  along w ith  fishing until the  end  o f  
M arch , w hen the fields are finally  drained fo r tak ing  up  rice cu ltivation . T he y ie ld  is abou t 8 0 0 -to l0 0 0  kg h a '1. 
P raw ns constitu te  abou t 80 p e rc e n t o f  the catch. T he spp. being  Metapenaeus dobsoni (65 %'), M. monoceros 
(10% ), Penaeus indicus (22%) and P. monodon(3%) depend ing  up  on the  season. F ishes com prises 20  percen t 
o f  the  harvest. T he m ain spp. are Oreochromis mossambicus, Etroplus suratensis, Mystus sp.,Lates calcarifer, 
Anabas testudineus, Megalops cyprinoides, Mugil sp. etc. T he species d iversity  is the strength  o f  p raw n f iltra tion  
as it adds to the  sustainability  o f  th is farm ing  system . H ow ever, a h igher volum e o f  low  value species d ilu tes the

176



percen tage o f  quality  p raw n  like Penaeus indicus an d  P. monodon and  the re tu rns from  p raw n  filtra tio n  under 
such  c ircum stances w ill be less.

It is  in  th is con tex t that the supp lem en tary  s tock ing  o f  q u a lity  praw n seeds along  w ith  p raw n  filtra tion  
and  m onocu ltu re  o f  fast grow ing  se lec ted  species g e t set the ir roo ts in  Pokkali fields.

S e lec tive  c u l tu re  o f  q u a li ty  p ra w n

S e lec tive  cu ltu re  o f  tiger/w hite  p raw n  a fte r p reparing  the  fie ld  is an im provem ent o v e r th is  trad itional 
p ractice o f  p raw n filtration  (Pillai, 1999). T he native  fish  population  in the fields is com pletely  erad icated . S tocking  
w ith  d esirab le  p raw n seed  at desired  stocking  density  and  o ther cu ltural operations are done to g e t h ig h e r y ie lds. 
Farm ers op t fo r fa s t g ro w in g  species and artificial feeds, w h ich  enhances the p raw n  y ie ld  and  the  p roduc tion  
cost. T he risk  o f  c ro p  fa ilu re  is a lso  high  w hen the  in tensive  fa n n in g  techniques like h ig h e r s tock ing  d en sity  and  
feeding w ith  com m erc ia l feed  fo rm ulations are reso rted  to . P erenn ia l p raw n  cu ltu re  system  w ith  ou t ro ta tional 
rice is also being  p rac tised  by  many. M onocu ltu re  o f  p raw n w ith  ou t ro tational rice can  e ro d e  the susta inab ility  
base o f  this system , since  the  live fe e d  g eneration , w h ich  enhances the  species d iversity  o f  th is  ag ro -eco  sy stem  
is to tally  ignored.

S elec tive  cu ltu re  o f  p raw n  w ith  ou t supp lem en tary  feed ing  is se ld o m  practiced . A  y ie ld  o f 4 2 5  kg h a '
1 o f  p raw n un d er se lec tiv e  cu ltu re , w hen  fed  w ith  the  liv e  feed  g enera ted  in the P o kkali fie ld s  is  repo rted  
(S asidharan , 2004). A verage w eight gain  o f  15.9 g  in 50  days and  20  g  at harvest in 74  days a fter s tock ing  
could  be  observed  as g iven  in the Table 2.

T ab le  2 . P erfo rm ance  o f  tig er p raw n u n d e r se lec tive  cu ltu re  in  Pokkali fields

G ro w th  p a r a m e te r s R a n g e M e a n  .
L eng th  a fte r 50  days (cm ) 10.2 -  15.0 10.9
W eight a fte r 5 0  days (g) 1 0 .0 - 2 2 .0 15.9
L eng th  at h arv est (cm ) 1 5 .8 - 1 9 .3 18.2
W eight a t harvest (g) 1 7 .0 -  35 .0 20 .0

R ice  c u m  fish  c u l tu r e

In teg ra ted  fish  cu ltu re  a long  w ith  rice is feasib le  in Pokkali fields. M ost o f  the P o kka li fields 
have peripheral channels, w h ich  are invariab ly  requ ired  fo r the  rice- fish  dual culture. T he dep th  o f  the  channel 
m ay vary  from  50  -  75 cm  and  the  w idth  from  100-200cm . T he channels prov ide  a safe  hab ita t fo r  fishes 
particu larly  during  the  low  tide. A sluice w ith  shu tters fac ilita te  exchange o f  w a te r and  regu la tion  o f  w a te r level, 
a rem ovable net screen  is p rovided  in the slu ice to preven t the  escape o f  cu ltured fishes and the en try  o f  undesirab le  
o rganism s. T he  erad ica tion  o f  w eed and  undesirab le  fish  can  be  ach ieved  by  apply ing  b io -p estic id es  like m ahua 
oil cake. R ice  varie ties and  fish species w ith  in  the a llow ab le  to lerance  lim it for sa lin ity  a lone  a re  se lec ted  for 
cu ltu re  in Pokkali fie lds. R ice  varie ties e ither tall o r  sem i tall that can  thrive under flooded  co nd ition  are m ore 
desirab le  (T ham pi, 2002). W hen  trad itional tall varie ties like  Pokkali are g row n  they  p rev en ted  ligh t p enetra tion  
and  thus the p lankton  production  in the  rice fie ld . (R ajendran  e ta / . ,  1993). R ice  varieties o f  vary ing  m orphological 
characters w ere  ev a lu a ted  for the ir com patib ility  w ith  fish  species un d er s im ultaneous rice-fish  reg im e. S em i tall 
com pact varieties p e rm itted  s ign ifican tly  m ore  ligh t to  reach  the  f loo r o f  the  Pokkali fields. T hese  varie ties could  
give sign ifican tly  h ig h e r  g ra in  y ie ld  than  the  trad itional tall varie ties (Table 3). H ow ever, the straw  y ie ld  fo r  such



varieties is significantly less compared to the traditional tall varieties like Vytilla-3.

T ab le  3 . P erfo rm ance o f  rice cu ltivars in sim ultaneous rice -  fish  dual cu ltu re

C u ltiv a rs H e ig h t (cm ) L ig h t in ten s ity  (lux) Y ield  (k e  h a 1)
G ra in S tr a w B io m ass

Vyttila-3 182.2 925 3056 7186 10241 .
C u l-1026 130.1 1625 3726 4724 8451
Chettivirippu m utant 117.4 1597 4396 5215 9611
C D  (.05) 7 .2 185 238 724 1357

The fish .fingerlings are  stocked  im m ediate ly  a fter the d ism antling  o f  m ounds and spreading  o f  seed lings in 
Pokkali fie lds. F ish  cu ltu re  is  con tinued  even  a fte r the rice harvest, w hen  the  sa lin ity  m ay  r ise  to h ig h e r values, 
in  w hich  case  it is necessary  to  se lec t species, w h ich  are  euryhaline. S everal a ttem pts w ere m ade to iden tify  
species capable to w ithstand  the  harsh  cond itions ex isting  in Pokkali fields. R a jend ran  e t al. (1993) op ined  that 
the  cand idate  species m ust b e  capab le  to w ithstand  anoxic condition  in  f ie ld  w a te r du ring  the  post harvest decay 
o f  rice stubbles. F ast g row th  ra te  to g e t m arketab le  size w ithin  the short cu ltu ra l p eriod  w as ano ther criterion. 
T ham pi (1993) iden tified  Cypriiius carpio, Oreochromis mossambicus, Trichogaster pectoralis, Chana striata 
and Ctarius bratachus as su itab le  species fo r  the sim ultaneous culture. A m ong  the th ree  species, tried  Sasidharan  
(2004) iden tified  Oreochromis mossainbicus as the m ost su itab le  species (Table 4 ). .
T ab le  4 . P erfo rm ance o f  fish  species in sim ultaneous rice -  fish  culture. ‘

F ish  sp p . S u rv iv a l (% ) F ish  y ie ld  (kg  h a '1) M e a n  le n g th  (cm ) M e a n  w e ig h t (g)

E troplus 0 .0 0.0 0.0 0.0
R ohu ■ 16.0 25.4 10.7 79.7
M ale tiiapia 37.6 216.7 20.9 139.1
C  D  (0.05). 3 .8 21.8 0 .6 16.8

T he u tility  o f  Oreochromis mossambicus as a  su itab le  com p o n en t o f  the  rice-fish  in teg ra ted  
farm ing  system  w as am ply  illu stra ted  by  R ajendran  et a l  (1994). Its  p ro fu se  occurrence, p ro lific  b reed ing  and  
shadow ing  e ffec t on  o ther species w ere  dealt by  P urushan  (2002), w h ile  the  possib ilities o f  horm onal sex reversal 
and m ono sex culture as a rem edial m easure have been  reported  by  R o y  (1998). .

S u s ta in a b le  fa rm in g  sy s tem

T he in tegrated fan n in g  system  involving rice, fish  and/or praw n follow ed in Pokkali fields is considered 
as a sustainable system . It in  n o  w ay in terferes w ith  the 1 rhy thm  o f  seasonal changes and  the  com ponents o f  th is 
farm ing  system  w ell m in g le  w ith  the  nature. T he tides regulate  the  salin ity  and pH  o f  the soils and contribu te to 
the fertility  and p roductiv ity  o f  the  Pokkali soils. Thus, the com ponents o f  the system  com plim en t each  o ther by 
organic recycling  and  generation  o f  live feed . T he  organic m atter add ition  by  rice  stubb les is also sign ifican t 
since the  total b iom ass p roduction  by  rice  in Pokkali fie lds is reported  to b e  12 to 1 8 1 ha ''o u t o f  w hich only th ree 
to five tons alone are taken  aw ay by  w ay  o f  grain (Sasidharan, 2004). E ven  a fter the rem oval o f  substan tial 
quantities o f  p lan t nu trien ts fo r the  production  this m uch biom ass, no  d ep le tion  o f nu trien ts ra ther than  accretion 
w as observed  in  Pokkali soils. T his is ev iden t from  the soil chem ical characteris tics o f the Pokkali so il after the  
p raw n  harvest as g iven  in the  fo llow ing  Table 5.
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Table S. Soil chemical characters after fish and prawn harvest in Pokkali, fields

S oil c h e m ica l c h a ra c te rs A f te r  p r a w n  h a rv e s t  
R a n g e  '  M e a n

P H 5 .7 0 - 6 .2 0 5 .80
E lectrical conductiv ity  (ds m 1) 6 .1 0 - 8 .9 0 8.00
O rganic carbon  (%) 2 .4 3 - 3 .1 7 2.78
A vailable P  (kg h a 1) 1 0 .6 0 -1 5 .1 0 11.90
A vailable K  (kg  h a '1) 3 1 4 - 1 2 9 9 463
A vailable N a  (kg h a 1) 3 5 6 4 -  13440 5484

T he  soil chem ical characters a fte r the  p raw n h arv est deno ted  desirab le  changes in  pH , o rgan ic  carbon , 
available P  and  available K. T he electrical conductiv ity  and the  available sod ium  how ever, reg istered  considerable 
increase  com pared  to  the  soil charac te rs  a fte r the  rice  harvest. . '

T he econom ic analysis o f  th is  in teg ra ted  fan n in g  system  brough t fo rth  its  eco n o m ic  superio rity  also. 
T he p roduction  cost o f  r ice u n d er the P o kkali sy stem  o f  cu ltivation  is com para tive ly  le sse r than  the  o th e r rice  
ecosystem s o f  the state. Input costs on  fertilizer, pesticides and herbicides are nil in  Pokkali fields. T he expenditure 
on  w eed  m anagem ent, w h ich  usually  co sts  50  p e r  c en t o f  the  p roduction  cost, is a lso  le sse r in  Pokkali farm ing  
system . T he  in teg ra tion  o f  p raw n  and  fishes w ith  r ice  is the key fo r increasing  th e  n e t re tu rn s  and  benefit: cost 
ra tio  o f  Pokkali fie lds. H ence, the s im u ltaneous cu ltu re  o f  h ig h  y ie ld ing  Pokkali rice  varie ties and m ale  tilapia  
during  the low  saline  phase  and  sub seq u en t p raw n  cu ltu re  is a susta inab le  farm ing  sy stem , w hich  is  socially  
acceptable, econom ically  viable and  eco log ica lly  sound. '

R ice -fish  in te g ra tio n  in  Kuttanad

T he im pact o f  the developm enta l ac tiv ities to  in tensify  rice cu ltivation  in  Kuttanad is to  b e  exam ined  
in this background . T h e  env ironm ental consequences because  o f  the rice cen tric  deve lopm en ta l in terventions 
w ere  no t m arginal. E m ergence  and  p ro life ra tio n  o f  new  aquatic  w eeds, fall in  fe rtility  sta tu s o f  so il, resurgence 
o f  pests and  diseases, ind isc ip line  in  ric e  cu ltiv a tio n  p rac tices and  non-jud ic ious u se  o f  ag ro -chem icals  resu lting  
env iro n m en ta l hazard s, w h ich  a ro se  o u t o f  the  in c re a se d  r ic e  in te n s if ic a tio n  e tc . w ere  the  new  p rob lem s 
surfaced(Padm akum ar et a i,2 003). T h ey  fu rth e r o bserved  that all the  econom ic  in te rven tions in tended  to  boost 
the rice  p roduction  w ere  becom ing  n o t o n ly  ineffec tive  b u t a lso  p ositively  co u n te r p roduc tive , w h ich  resu lted  in 
w aning o f  in terest o f  farm ers in rice  cu ltiva tion . '

In this context, a  farm ing system  approach that integrated fish along w ith rice w as initiated and 
m odels suited to the Kuttanad rice ecosystem  w ere developed. In the laboratory m odel developed  at the  Regional 
A gricultural R esearch Station, K um arakom  the possibility  o f  integrating fresh  w a te r fish  and praw ns along w ith 
rice w as evaluated under a sim ultaneous farm ing regim e, initially. The developm ent o f  these m odels, their evaluation 
at the on station and on  farm  levels, its transform ation from  sim ultaneous to ro tational system  and  its lateral diffusion 
from  scientist m anaged to  farm er m anaged  trials ov e r a  period o f  two decades are illustrated  in  Table 6.

T he resu lts ind icated  that.in teg ra tion  o f  fish  cu ltu re  along  w ith  rice  is  qu ite 'feas ib le  in Kuttanad. In  
add ition  to rice productions rang ing  from  1.7-to 4 . 2 1 h a 1, fish  p roduction  o f  383 to  6 00kg  h a '1 ov e r a  period  o f  
210  to 220  days cou ld  b e  ob ta ined  u n d e r  a sim u ltaneous farm ing  regim e. A s o b served  from  the  subsequent 
studies, r ice - fish rotational farm ing m odel w as found  m ore advantageous as  it p erm itted  adop tion  o f  m anagem ent 
p ractices m ore  effectively  fo r r ice and  fish.
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T he general species m ix  and stock ing  m odel evo lved  com prised  20  p e r cen t surface feeders, 30  per 
cen t co lum n feeders, 40  p e rc e n t bo ttom  feeders, and  10 p er cen t m acro vegetation  feeders. C om m on carp  and 
g rass  carp  w ere found  to b e  versa tile  species su itab le  fo r  cu lture in  paddy fie lds along  w ith  o ther carps. M ulti 
size stock ing  o f  each  species o f f is h  w as a lso  found  useful. T he ku ttanadan  konchu  Macrobrachium mseiibergii 
w as dem onstra ted  to be  the m ost p rom ising  spec ies  su ited  to rice field  and w as found  to  a tta in  size up  to 180 to 
2 0 0  g in 6  to 7 m onths. ' .

T ab le  6. C hanges in  cost and returns and  production  in  rice based  fish  farm ing m odels in  K uttanad  (P adm akum ar 
etal., 2003) '

Y ear F a n n in g  S y stem Y ield (k g /h a ) C o s t o f  P ro d u c  N e t r e tu r n s  (R sT ha) T o ta l
t io n  (R sT ha) r e tu r n

- R ice F ish R ice F ish R ice F ish O th e rs (R sT ha)
O n  s ta t io n  R ese a rch
1986-87 -do- 1757

4208
383
600

4715 3535 99Q 6065 — 7155

1987-88 R ice-F ish  ro tational 2100 
4208

5 3 8 
1000

4715 3535 2910 12465 — 15375

O n  f a r m  p a r t ic ip a to ry  tr ia l
1996-97 R ice-F ish  rotational 2625 1140 8073 22896 5216 7878 4419 17513*
1997-98 -do- 3219 1289 10211 20966 6091 12234 5732 24057**
F a r m e r  m a n a g e d  tr ia ls
1995-96 R ice m onocropping 2338 — 12013 — 859 — — 859
1996-97 R ice-fish  rotational 3563 347 10925 3350 8716 6453 — 15169
1997-98 -do- 4105 673 11780 11403 13350 8460 — 21810
1998-99 -do- 4178 1643 8563 21683 17915 18610 — 36525
1999-00 -do- 3988 1265 10463 21995 15090 13270 — 28360
2000-01 -do- 4058 815 9638 14823 17443 7898 — 25341

* includes net returns from  rice, fish, pig and  cattle
** includes net returns from  rice, fish, p ig, poultry, banana and p ineapple

C o m p le m e n ta ry  effects

C ultivation  o f  rice im proved the  b io logical po tential o f  rice fields since  the stubb les left after harvest 
decom posed  and provided  she lte r and  feed  for the g row th  and  developm ent o f  live feed , w h ich  form ed ideal 
food  fo r  fish. In an on  farm  trial rice fish ro ta tion  y ie lded  fish p roduction  as high as 2500  kg h a 1. T h is observation  
ind icated  that fish could  attain m uch h ig h e r g row th  w hen left to  g row  in larger im poundm ents even  under an 
ex tensive  farm ing system  (Padm akum ar el at., 2003). T he com plem entary  effect o f  fish  on  ro tational rice is 
qu ite  ev iden t on land  preparation, m anuring , pest incidence and w eed control (Table 7). T he  susta inab le  rice 
y ie ld s ob ta ined  during  the la te r years in  the  fa rm er m anaged  trial (Table 6) po in t ou t the com plem entary  effect o f  
fish  on rice yield.
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E co n o m ic  b e n e fits

T he  effect o f f is h  in teg ra tion  o n  cost o f  p roduction  o f  rice in  fan n e rs  partic ipato ry  tria ls is illu stra ted  
in  Table 7. T h e  in teg ra tion  he lp ed  to reduce  cost o f  p ro duction  o f  rice appreciab ly  by  17.6 percen t d u n n g  the  
first year besides increasing  y ie ld  b y  52  p e r cent. A lthough  vary ing  levels o f  y ie ld  in  rice have been  repo rted  by 
fish  in tegration  the average increase  in  such  cases w as alw ays ov e r 15 p e r cent. Ind irec t control o f  pes t and 
d iseases resu lted  in substan tia l reduc tion  in cost on  p lan t p ro tection . A  percep tib le  reduction  in  w eed ing  cost by  
32 .7  per cen t and a  sav ing  o f  100 p e r cen t on  w eed ic ide  w as also  observed . It is ev iden t that the  in teg ra tion  not 
only  helped  to reverse  the  u p  trend  in  cost o f  p roduction  o f  rice  b u t a lso  con tribu ted  to increase  in y ie ld  o f  b o th  
fish  and rice.

E co log ica l b en e fits

T he eco log ical effect o f rice fish in teg ra tion  is m ore conv inc ing  due to the reduction  in  agricu ltura l 
chem icals, especially  in w eed ic ide  and o th e r hazardous p lan t p ro tection  chem icals (Table 7). T he percep tib le  
im provem ent in  the  soil cond ition  h ad  favuorab le  effec t by  the  recycling  o f  the  nu trien ts and  energ ies, w h ich  
render the  rice ecosystem  m ore  o rgan ic  an d  env ironm ent friendly.

T a b le  7 . E ffect o f  rice-fish  in teg ra tion  on  cost o f  p roduction  o f  p addy  in  K uttanad  (P adm akum ar et al., 2003)

Ite m B e fo re  fish  in te g ra t io n A f te r  fish  in te g ra tio n

1995 (Puncha) 
C ost (R s.)

1995 (V irippu) 
C ost (Rs.)

1995 (Puncha) 
C ost (Rs.)

1995 (V irippu) 
C ost (Rs.)

M a te r ia l L a b o u r M a te r ia l L a b o u r M a te r ia l L a b o u r M a te r ia l L a b o u r
E x p en se s
L and  p repara tion 0 1483 0 2238 0 634 0 4 8 6

B unding 0 47 2 0 575 0 606 ,  0 790

Seeds &  sow ing 808 101 842 108 876 108 1021 115

W eeding 76 3198 76 3631 0 1460 0 3013

Plant protection 381 270 393 324 232 229 66 103

M anuring/L im ing 2008 298 2376 342 2200 319 2581 510

O ther inputs 346 894 371 1050 393 1062 0 1465

H arvesting 0 427 0 674 0 685 0 642

Total 3619 7143 4058 8942 3701 5103 3668 7124

In co m e Quintals (Rs.) Quintals (Rs.) Quintals (Rs.) Quintals (Rs.)

Paddy 19 8967 28 14812 34 17144 35 17938

Straw 0 371 0 449 0 225 0 309

Total 19 9338 28 15261 34 17369 35 18247

Profit (-) 1405 2289 8599 7490

C o n c lu s io n
R ice-fish /p raw n  in teg ra tion  ra th e r than  m onocropp ing  o f  rice o r fish /p raw n  is m ore  su ited  to the  

coastal w etlands o f K era la  com prising  o f  Kuttanad, Pokkali and  Kole lands. T he eco log ical and environm ental
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im pacts o f  rice- fish  in tegration  are instrum ental in  b roadening  the  spp. d iversity  base o f  these  ecosystem s. T he 
seasonal d ifference  in chem ical and b iological p roperties o f  the  soil and w ater o f  the  Kuttanad and Pokkali trac ts 
m ake it im perative to develop  indiv idual p roduction  m odels fo r the differen t coastal w etlands. In fo rm ation  o n  
the beneficial e ffec ts o f  the com ponents o f  the system  and their com plem entary  in teraction  can  substan tia lly  
lo w er the input use  and enhance i ts efficiency. A chiev ing  h igher production targets fo r rice u tilising  the  favourable 
soil cond itions and  m in im ising  the  use o f  com m ercia l feed  form ulations fo r  fast g ro w in g  p raw n  species in 
Pokkali tract and exp lo ring  the  utility  o f  increased  organic m atte r accum ulation  as a resu lt o f f ish  in tegra tion , for 
reducing  the inorganic fe rtilize r use in  Kuttanad a re  som e o f  the  unexp lo red  a rea  requ iring  im m ediate  research  
attention.
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E xplo ita tive  ag ricu ltu re  offers  g rea t possib ilities i f  carried  o u t scien tifically , b u t posses a g rea t danger 
i f  carried  ou t w ith  on ly  an im m ediate  p ro fit m otive. Ind ia  is now  experienc ing  th is p ro b lem  in m any  o f  o u r 
agricu ltural system s. T he y ie ld  levels rem ain  stagnan t even w ith the add ition  o f  m ore  and  m ore inputs like 
fertilizers, irrigation  and  p lan t p ro tec tion  chem icals. T he  ever increasing  popu la tion  is exe rtin g  h ig h  p ressu re  on 
agricu ltural lands and it is from  sm all fragm en ted  ho ld ings that w e have to d erive  susta ined  outpu t. T h e  only 
practica l approach  to ach ieve this is in teg ra ted  farm ing.

F arm ing  sy s tem s rep re se n t an  in teg ra tio n  o f  farm  en te rp rises  su ch  as c ro p p in g  system s, anim al 
husbandry, fisheries, fo restry  and  the  resou rces availab le to the  fa rm er to  ra ise  th em  p ro fitab ly  and  sustainably. 
H ig h er p rofitab ility  w ithou t a ltering  eco log ica l balance  is em phasized  in  farm ing  system s. A  ju d ic io u s  m ix  o f  
cropp ing  system s w ith  assoc ia ted  en te rp rises  like dairy, poultry, p iggery, fishery, sericu ltu re  and ap icu lture 
su ited  to the  given  agro c lim atic  cond itions and  socio -econom ic sta tus o f  farm ers w ou ld  b ring  p rosperity  to the 
farmer. Farm ing  system  as a concep t, takes into account the  com ponents o f  soil, w ater, crops, livestock , labour, 
capital, energy  and o th e r resources o f  the  farm  w ith  the farm  fam ily  a t the  cen tre  m anag ing  agricu ltura l and  
related  activ ities. T he a rea  and  production  o f  m ajo r crops o f  K erala are g iven  b e low  (T able 1).

T ab le  1. A rea  and production  o f  m ajo r crops o f  K era la  .

M a jo r  c ro p s A re a  (‘000  h a ) P ro d u c tio n  (‘000  to n n e s)
C oconut 906 5479*  •
R ubber 475 580
R ice 322 704
P ep p er 204 58
Tapioca 111 2456
B anana & o th e r P lantain ' 106 769
A recanut 93 85
C offee 85 67
C ardam om 41 8
Tea 37 66
G inger 11 4 0

* million nuls (Farm guide, 2004)

1. R ice  b a se d  fa rm in g  sy s tem s

In  K erala , rice is cu ltiva ted  in 3 .2  lakh  ha  w ith an annual p ro duction  o f  7 lakh  tonnes and  it is the m ost 
im portant staple food crop. It is cu ltivated  under various situations like upland, low land  and deep w ater conditions. 
T he cropping  system s also  vary  based  on  the  ecosystem  and  soil chem ical reac tions. In  up lands, the  system s 
m ost prevalen t are rice-rice-fallow , rice-rice-vegetab les, rice-rice-sesam um , rice-rice-g roundnu t, rice-rice-pulses, 
rice-rice-g reen  m anure  crops, r ice -tap ioca  etc. In low  lands m ost o f  the  tim es a  s ing le  crop  o f  r ice  is taken.”
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R ice  cu ltivation  iri K erala  is on  the  decline  m ainly  because  o f  the  escala ting  lab o u r charge, w h ich  can  
be  tack led  by in troduction o f  chem ical control o f  w eeds and m achineries like m echanical transp lan ter and  com bine 
harvester. To save chem ical fe rtilizers, the use o f  o rganic m anures like green  m anuring  and  azo lla  cu ltu re  are  in 
vogue. The use o f  legum inous green  m anure  crops ra ised  e ither as fallow  crops o r  along  w ith  rice  crop  is also  
becom ing  popular. B eena Jacob  e ta i,  (1999) h ave reported  that g roundnu t-rice  system  and  sesban ia-rice  system  
w ere  com parable  in  re ta in ing  a h ig h e r level o f  soil fertility  bu t re tu rns p e r rupee  invested  w as the  h ighest fo r 
cow pea-rice  system . T hey  have a lso  repo rted  that the  m ean  y ie ld  increase  fo r  the  application  o f  35 k g  N  ha"1 w as 
15 kg  g ra in  per kg  o f  N  over con tro l w hereas it w as on ly  6.6 kg  grain  for the nex t 35 k g  and fu rther declined  to 
4 .5  kg  g ra in  for the  last 35 kg  N  (T able 2)

During the rest of the period either it is left fallow or fish/prawn culture is the practice.

T a b le  2 . Y ield o f  rice as in fluenced  by  preced ing  crops and  N  levels (kg h a 1)

T re a tm e n ts  • G ra in  y ie ld  ( t h a 1) S tra w  y ie ld  ( t  h a 1)
Proceeding  crops (C)

C ow pea 3.23 3.42
G roundnu t ' 2 .82 2.84
Sesbania ■ 3 .2 4 3.29
F allow 2.57 2 .9 4

N levels, kg her'
035 ' 2 .39 2.47
7 . ' 2 .95 3.11
0 3.18 3 .42
105 . 3 .34  ' 3.49
SEm  for C  . . 0 .12 0.11
SEm  for N  ‘ 0.09 0.09
C D (0.05) for C 0.34 0.32
C D (0.05) fo r  N ■ 0.26 0 .26

Source: (Beena Jacob el o f 1999)

1.1. Rice-fish culture

1 L ow  lands a re  frag ile  ecosystem s and  are im portan t in surface as w ell as g round w ater m ovem ent and 
storage. Pokkali, K uttanad , K ole and K aipad  a re  the im portant low  land tracts in K erala . To m aintain the  balanced  
eco loey  o f  low lands, it is im portan t to  p ro tect these  low  lands as ‘low  lands’ itse lf  w hich can b e  atta ined  by 
evolv ing  strateg ies fo r susta in ing  the  rice based farm ing system s in these  areas. S ubstan tial area u nder paddy has 
been  converted  into residential areas.

A ssured  w a te r availab ility  in coastal and ad jacent areas th roughout the yea r g ives the opportun ity  fo r 
the  inclusion o f  aquaculture com ponen t in  the  farm ing system s. It w as an age old p ractice  p revalen t in  low  lands, 
w hich got neglected  a fter the in troduction  o f  h igh  y ie ld ing  rice varieties. B u t ov e r dependence on chem ical 
fertilizers for years resu lted  in  d rastic  reduction  in its productivity. It also caused  aquatic  p o llu tion  and  depletion  
o f  organic base  in soils. T h is m ade  farm ers to go  b ack  to the o ld  practice o f  rice-fish  in teg ra ted  fan n in g  system  
to  m ake low land fanning  econom ically feasible (Siddiq, 1999). B ut it has got its ow n advantages and disadvantages.
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Advantages:
•  C on tro ls in sect pests and  w eed  in fes ta tio n  in  rice  fie lds and  b rings dow n pestic ide  use.
•  F ish  ex c re ta  and  left o v e r feed  con tribu tes to  so il fertility  and  r ice  y ie ld .
•  M ovem ent o f  fish  aerates the  field.

Disadvantages:
•  Increased  use  o f  fertilizers and  p lan t p ro tec tion  chem icals in  low lands is  harm fu l to  the aquacu ltu re  

com ponen t.
■ I f  the  aquacu ltu re  com ponen t is not cau tiously  in troduced , it can  act as an env ironm enta l po llu tan t due 

to  accum ulation  o f  fish  w astes. F ish  com ponen t shou ld  be  se lec ted  so  as to u tilize  the ag ricu ltu ra l o r 
livestock  w astes and the fish w aste  (pond  silt) in  turn shou ld  b e  p roperly  recycled  in c ro p  fields.

A long  w ith  rice and  fish, several livestock  com ponen ts  like cattle, p ig, duck and pou ltry  can  also  b e  in teg ra ted  
into the low land  farm ing  system  in  o rd e r to increase  the efficiency  o f  the system .

1.1.1. Pokkali model fo r  rice-fish farm ing system .

O ut o f  the various fish  farm ing  p rac tices fo llow ed  in low  lands, a successfu l exam p le  is  ‘‘P o k k a li’ 
cu ltivation . I t is o rig ina lly  a  rice -fish  ro ta tion  (sequen tia l) system . T he  m ain  rice  c ro p  season  is  from  M ay-June  
to S ep tem ber-O ctober w hen the m onsoon  ra in s w ash  o ff  the  excessive  salinity. A fte r  rice, fie ld  bunds are 
s treng thened  and fishes are  allow ed to na tu ra lly  in filtra te  in to  field  during  high  tide till January . H arvesting  is 
done  tow ards end o f  M arch  by  d ra in ing  the  field . T his system  prov ides a  fish y ie ld  o f  3 00 -1600  kg  h a '1 p er 
season  in add ition  to increased  rice  yield . 80  percen t o f  the fish  ca tch  w ill b e  p raw ns, o u t o f  w h ich  65 percent 
w ill be Mctapcnacus dobsoni, 22  percen t Penaeus indicus, 10 percent Metapanaeus monoceros and  3 percen t 
Penaeus mono don. Thilap ia , Pearl spo t and M ilk  fish  are the  im portan t fish spec ies  in the catch  (R ajendran  et 
ai, 1993).

In o rd e r to  increase  the total re tu rns from  p raw n  cu ltivation , se lec tive  s tock ing  o f  la rge  sized  p raw ns 
hav ing  h ig h  m arket p reference is done. S e lec tiv e  s tock ing  o f  P. indicus in  pokkali fie lds gave  a p raw n  y ie ld  o f  
3 8 2  kg  h a '1 in  90 d ays and w hen  supp lem enta l feed ing  w as done, an  y ie ld  o f  552  kg  h a 1 in 83 d ays w as ob ta ined  
(Jose  et a l, 1987)

S im ultaneous rice-fish  cu ltu re  in  pokkali fie lds w ith  fishes like M ilk  fish , M u lle ts  and  P earl spo t is 
also in p ractice  bu t the ir perfo rm ance  w as rep o rted  to  b e  poor. R otational rice-fish /p raw n  cu ltu re  w as found  to 
be the m ost su ited  one  in  term s o f  fish y ie ld , effec tive  pest and w eed  control and fertility  im provem en t o f  the 
fie ld . F ie ld  p reparation  requ irem en ts are also  less in such  farm ing  system s. T he  saline w aters o f  Pokkali o ffer 
great opportun ities fo r crab  fatten ing  and  m ussel farm ing. T hese  resources rem ain  to ta lly  un tapped . K ole lands 
o f  T h rissu r and M alappuram  also have s im ila r aqua tic  env ironm ents as tha t o f  Pokkali.

1.1.2. Kuttanad model fo r  rice-fish farm ing system

E cology  o f  K uttanad  w as in fluenced  by  a com bination  o f  flood  w ater and  sea  w a te r en tering  the 
V em banad lake. T h e  w ide spectrum  o f  sa lin ity  d ivergence enab led  the  su stenance o f  a range o f  aquatic  life 
especia lly  b rack ish  w ater fish. T ill th e  co m m ission ing  o f  T hann irm ukkom  salt exc lusion  barrier, fan n e rs  u sed  to 
g e t p raw n catch  o f  3 0 0 -4 0 0 1 p e r season. In add ition , ed ib le  c lam s 1 ike Villorita sp and  lim e she lls  w ere abundant 
in  K uttanad . D rastic  decrease  in b reed ing , g ro w th  an d  developm ent o f  fishes, p raw ns a n d  c lam s resu lted  due  to 
preven tion  o f  sa line  w a te r in trusion  and  ex tin c tio n  o f  m angroves, w hich  used  to p rov ide  sh e lte r g round  fo r
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p raw n s  and  o th e r  e s tu a rin e  fishes.
D u e  to  th e s e  c o n s t r a in t s ,  f i s h  
p roduction  in K uttanad  h ad  suffered 
a  serious se t back . B u t now adays due 
to  in c re a se d  a w a re n e ss  o f  p e o p le  
a b o u t  th e  d i s tu r b e d  e c o lo g ic a l  
b a la n c e , p u rp o se fu l in te g ra tio n  o f  
aquaculture  com ponen t in  w et lands 
o f  K u tta n a d  is  u n d e r ta k e n  b y  th e  
farm ers them selves. The Field lay  ou t 
o f  a  sing le  p lo t is show n in F ig . 1.

P lan t p ro tection  chem icals 
are  app lied  to  rice a fter d ra in ing  the Fig* 1* R ice-fish  cu lture: fie ld  layout
fie ld  so  th a t fishes can  retrieve to the canals  th rough  b reaches in  the  d yke  sepiarating fie ld  and  canal. C arps 
excep t g rass carp  and  fresh  w ater p raw ns are su ited  fo r th is system . S ize o f  fingerlings a t the  tim e o f  s tock ing  is 
im portan t in  determ ining  th e ir  su rv ival rate . A t K um arakam , P adm akum ar and  N air (1988) found  that com m on 
carp  attained the h ighest individual size in  sim ultaneous culture system , bu t percentage o f  survival and  contribution 
to y ie ld  w as m ax im um  fo r  Ind ian  carp  as g iv en  in  Table 3 and  4

Water outlet , 
from Channel**

T ab ic  3 . A quaculture com ponents for K uttanad

C o m m o n  n a m e __________________ S c ien tific  n a m e __________________ F e e d in g  h a b i t

C atla Catla catla Surface  feeder (Zoo plankton)
R o h u  ' Labeo rohita C olum ns/filte r feeder
M rigal Cirrhinus mrigala . B ottom  feeder '
C om m on carp Cypria us carpio O m nivorous .
G rass carp Ctenopiiaryngodon idella M acro  vegeta tion  feeder
S ilver carp Hypothamichthys molitrix Surface feeder
Indian  carp Labeo fibriatus B ottom  feeder
T h ilap ia  . Oreochromis mossambicus O m nivorous
Pearl spot Entroplus suratensis O m nivorous
G ian t fresh w ater p raw n Macrobrachium rosenbergii B ottom  feeder

Source: (Padmakumar e l a i ,  1993)

T a b le  4 . Survival and y ie ld  o f  fish  species under rice-fish  cu lture

S pec ies__________  N o. S to c k ed _____________ N o. R eco v ered ___________ Y ie ld / 1500m 1 (kg)

C atla 139 8 3.0
R ohu 280 232 24.5
M rigal 215 138 ,. 18.5
Indian  carp 178 - 174 36.5
C om m on carp 218 17 . ' 7.5

Source: (P adm akum ar an d  N air, 1988)
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To avo id  com petition  am ong fishes for space  and  feed  they  are  se lec ted  accord ing  to  feed ing  hab its  
and  com position  o f  the stock  is  fixed  as 25  percen t su rface  feeders, 30  p ercen t co lum n  feeders  and  45  percen t 
bo ttom  feeders. A part from  add itional incom e from  fish , rice  y ie |d  w as a lso  fo und  bo o sted  by  sim ultaneous fish  
culture un d er rice -fish  farm ing  sy s tem  as show n in  T ab le  5. B ro w n  p lan t h o p p er (B PH ) w h ich  is  one o f  the  m ajo r 
pests in  K u ttanad  is a lso  red u ced  b y  th is system .

T a b le  5 . C om para tive  p e rfo rm ance  o f  paddy m onocrop  w ith  r ice -fish  cu ltu re  1 -

C o m p o n e n t Y ield  in  k g  h a 1 d u r in g  P u n ja  se a so n
 ________________________________ W ith  fish _____________________ W ith o u t  fish______________

R ice (var: pav izham )
G rain 2500 .00
Straw  1389.83
F ish  600 .00
Source: (P adm akum ar an d  N air, 1988)

1.2. Rice-fish-limtock farming system

A d d itio n a l fe ed in g  u s in g  r ic e  b ran , 
cassava, coconut o il cake, c lam  m eat, p raw n shell 
w astes  from  m arin e  p ro ce ss in g  in d u stry  and 
m ollusk m eat from  back  w aters im proves the fish 
y ie ld . T h is  add itiona l fe e d in g  co st (abou t 50 
p ercen t o f  the  to ta l co st) c a n  b e  a v o id ed  by 
inco rpo ra ting  so m e  liv es to ck  co m p o n en t like 
d u c k  a n d  p ig  e tc  in  th e  f a r m in g  s y s te m  
(Padm akum ar, 1987). A  ba tch  o f 250-300  ducks 
p ro v id e s  e n o u g h  m a n u re  to  fe e d  1 .0 h a  o f  
fishpond y ie ld ing  3 .5 -4 .01  ha-1 o f  fish  m eat. T he 
expend itu re  on  d uck  is  m et b y  the  sale  o f  eggs 
alone. H ousing  fo r duck  is  construc ted  o v e r  the 
fie ld  to  facilita te  the  d ropp ings to  d irectly  fall in 
the fie ld  itself. P ig sties  are  construc ted  on  the field  o r  pond  bunds so that the dung  and shed  w ashings are  easily  
drained  in to  the field. C arps feed d irec tly  on pig dung  w hich  con ta in s 7 0  p ercen t o f  the  d igestib le  food  fo r  fishes. 
P ig  m anure  also fertilizes the  pond  and  increases its p roductiv ity  by enhanc ing  p lank ton  p roduction . S ale  o f  p ig  
m eat w ill m eet the en tire  expend itu re  in the system . TWo batches (each  kep t fo r 6 m onths) o f  30-40  p ig le ts each  
can support 1.0 ha o f  fish  pond  in a y ear w ithout additional feed ing . F o d d er for grass carp  can  b e  g row n on field 
o r pond bunds. T he m aterial f low  in  this system  is show n in F ig . 2.

Fodder in teg ra tion  facilita tes livestock  rearing  and  in  tu rn  b iogas p roduction . T here  is a lso  scope  for 
rearing sm all rum inan ts like g oa ts  in low  lands, as the land requ irem en ts  to  suppo rt sm all rum inan ts  a re  m eagre.

1.3. R ice-azo lla -fish  f a rm in g  sy s tem

T he use  o f  azo lla  has a trem endous im pact o n  rice p ro duc tion  system s, n o t on ly  as  a  ch eap  substitu te  
to  n itrogenous fertilizer, bu t also  fo r o ther nu trien ts. A zo lla  a lso  u tilizes fish  ex cre ta  in m etabo lic  p rocess as its

F ig . 2. M ateria l flow  in  rice-fish -livestock  sy stem

1835.94
1132.81
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nutrition . A zolla  contains a h ig h  am ount o f  arg in ine, w hich  is im portan t fo r fish  grow th. S ince  azo lla  g row s 
rap id ly  and  p roduces sm all ind iv idual p lan ts, it is ideal for fish  to feed. C on tinuous m anuaring  is d esirab le  in  
rice-fish  cu lture to ensure  availab ility  o f  natural fish  food. A pp lica tion  o f  green  le a f  m anure and  azo lla  and  
add ition  o f  fish  ex cre ta  and  the rem ains o f  fish  feed  toge ther cou ld  enhance the  so il fertility  to  a g rea te r ex ten t 
than application  o f  inorganic nu trien ts alone. •

A dvan tages o f  the  rice-azo lla -fish  farm ing  system  o v e r  trad itional rice cropp ing  system s include 
increased  fish  p roduction , decrease  in  inorganic fertilizer and  pestic ide  requ irem en ts, reduc tion  in incidence  o f  
insec t pests and  w eeds, im provem en t o f  so il fertility  and h igher e conom ic  benefits.

2. C o co n u t b a se d  fa rm in g  sy s tem

C oconut is  the m ajo r c rop  in K erala. D u e  to availability  o f  sufficien t in terspaces in coconut garden , a 
variety  o f crops are  g row n as in tercrops. T he in tercrops are banana, tap ioca  and  o ther tubers, clove, nutm ug, 
pepper, g inger, turm eric , curry leaf, sapota, guava, annona, lovilovi, p ineapple, roseapple, papaya, b ilim bi, coffee, 
fodder, vegetables, be te lv ine , g ly ric id ia  and  m edicinal p lan ts (John and  N air, 2001). The livestock  is reared  
en tirely  on  househo ld  w aste. C rop  se lec tion  is based  on  d ie tary  and  socioeconom ic preferences o f  farm ers. 
T uber crops and  fu it trees find  a  p lace  in  hom egarden . E n te rp rises  like flo ricu lture, ap icu ltu re  and  m ushroom  
culture a lso  find  a  p lace  in  coconu t gardens. F lo ricu ltu re  com ponen t include shade  to leran t bush  ja sm in e , orchid , 
anthurium  etc.

W ith  the in teg ra tion  o f  livestock  com ponen t in coconu t garden , it becam e a necessity  to raise  quality  
f o d d e r  c ro p s . S c ie n t i f ic  in v e s t ig a t io n s  sh o w e d  th a t th e  g ra s s - le g u m e  m ix tu re s  v iz . g u in e a  g r a s s /  
congosignal+ sty losan thes w as m ost su ited  fo r coconut gardens in K era la  (L akshm i et a i, 1989). Inclusion  o f  
livestock  com ponent in  hom estead  farm ing im proves the quality  o f  life  by  p rov id ing  nutritious food  (m ilk  and  
m eat) and ensuring  the food  se cu rity  o f  farm  family. In addition to  this, there is nu trien t recycling  in the  system  
by  the  addition  o f  cattle  m anure o r b iogas s lu n y , thus im prov ing  the  p roductiv ity  o f  land . T he  b iogas plan t can  
readily  m eet the energy  requ irem en t o f  the  farm  fam ily  and slurry  ob ta ined  a fter the  biogas production  is hav ing  
a  h igh  conten t o f  availab le  p lan t nu trien ts.

T he by-p roducts  from  coconu t palm s a re  sufficien t to  m eet the fuel requ irem en ts o f  a farm  fam ily. It is 
estim ated  that a coconut tree, p roduces 76-136  kg o f  by-products (dried  petio les, fronds, stipu les, spadix , husk , 
shell e tc  p e r y e a r w hich  can  b e  u sed  as a  cooking  fuel. A bout 35-40  coconu t trees a re  enough  to m eet the  fuel 
requirem ents o f  a sm all farm  fam ily  (M eerabai et at., 1991).

In coastal areas, w here c o ir  industry  p redom inates, co ir  p ith form s the w aste  w hich is a po ten tial 
pollu tan t due to tann ins ooz ing  out o f  the  dum p yards especia lly  during  m onsoon. In such  areas, the  coconut 
based  farm ing can b e  m ore  sustainable by  com posting the co ir p ith  using Pleurotus sp. o f  fungi. S tud ies at 
C PC R I, K asargod  p roved  the advan tage  o f  using  co ir p ith  as bedding  m aterial in poultry  farm s. T he  tox icants in 
co ir p ith get reduced  and it gets  enriched  w ith  nu trien ts from  poultry  d roppings by th is p ractice. T he enriched  
co ir is  a h ig h ly  acceptab le o rgan ic  m anure. 150 kg d ried  co ir  p ith  used  as bedd ing  m aterial fo r deep  litte r poultry  
un it o f  100 birds g ives 225  kg  o f  en riched  co ir  p ith  in 55 days (M a h esw arap p aefa /., 2000). T h e  h igher m icrobial 
activ ity  in enriched  co ir p ith hastened  the  decom position  p rocess lead ing  to reduced  lignin  and cellu lose con ten ts 
and  increased  nu trien t conten ts. A cid ic  pH  o f  the  m edium  w as brough t to neutral range. Increased  m icrobial 
activity low ered the  C :N , thus increasing p lant nu trien t availability. T hus efficient nu trien t cycling  can  be achieved 
in coconu t based  farm ing  system  involv ing  a poultry  com ponent. T echnique to  produce biogas from  co ir  p ith  
w as developed  by C PC R I, K asargod  (M athew  et at., 2000)
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C oconu t based  m odel fo r up lands o f  K erala  w as deve loped  by  C PC R I, in teg rating  g rasses, dairy, 
poultry, rabb itry  and  fish  cu ltu re  w ith  coconut. P ep p er w as tra iled  o n  pa lm s and  b an an a  all a long  the  border. 
O ther com ponen ts  o f  the sy stem  w ere fo d d er grasses v iz  g u in ea  an d  hybrid  n ap ie r g row n in in terspaces o f  
coconut, dairy  unit, a  b iogas un it, b ro ile r  ch icks, R ussian  C h inch illa  rab b its , Jap an e se  quails. A q u acu ltu re  un it 
consisted  o f  rohu , m rigal and  g rass  carp. Soil o rganic carbon  and  availab le  N , P  and  K  s ta tus w ere im proved  b y  
o rganic recyc ling  in coconu t garden  a n d  soil pH  w as b rough t to  n ea r neu tra l leve ls  (M ahesw arappa et a i, 1998). 
Soil physio -chem ical p roperties  and  nu trien t up take  b y  coconu t pa lm s w ere  im proved  by  g rass  in tercropp ing  
and  organic m anure recyc ling . N u t y ie ld  o f  coconu t w as also im p ro v ed  by  in teg ra ted  farm ing  system

C oconu t is a  p lan t w h ich  responds w ell to  irriga tion  and  nu trien t application . A round  11.2 m t c rop  
w aste  is availab le  from  coconu t exclud ing  c o ir  p ith . T he  nu trien t recycling  is not p raticab le in  m any cases s ince  
all the  c rop  residues are being  taken aw ay  m ain ly  fo r co ir  jndustry  and  fo r fuel purpose , tha tch ing  e tc . hence  
g reen  m anure/F Y M  incorporation  becom es1 a m ust for im prov ing  p roduc tiv ity  o f  coconu t gardens. A  study  
conducted  at D ep artm en t o f  A gronom y, C ollege o f  H orticu ltu re , K e ra la  A gricu ltu ra l U n iversity  sh ow ed  that the 
n eg lected  w aste  land w eed  C rotalaria striata and  p o pu lar cover c ro p  Peurarea phaseoloides cou ld  p roduce 
enough  b iom ass to sa tisfy  the  o rgan ic  m anu re  requ irem en t o f  co conu t (T able 6). T hey  accum ulated  159-202 g  
N , 15g P 20 5 and  76 -101g  K 20  p e r  basin  and  considerab le  qu an titie s  o f  secondary  and  m icronu trien ts w hen 
g row n in  the  b asin s o f  co co n u t (Tanie T hom as et a i, 2001).

T ab le  6 . B iom ass and  nu trien t accum ula tion  o f  basin  ra ised  g reen  m anures in coconu t

G re e n  m a n u re s B io m ass (kg  basin*1) P r im a ry  n u tr ie n ts  (g basin*1)
F re sh  w eigh t D ry  w e ig h t N P K

Sesbania aculeata 13.66 2.73 92 .92 10.39 87 .46
Sesbania speciosa 6.91 1.72 55 .26 5.18 48 .36
Crotaiaria juncea 5.50 1.10 23 .1 0  . 3 .52 19.80
Crotalaria striata 15.08 3 .77 158.47 15.09 75 .46
Cassia tora 18.50 3 .07 76.75 13.20 98 .24
Pueraria phaseoloides 23 .00 4 .6 0 2 0 2 .4 0 15.18 101.20
Calapagonium mucanoides 16.50 3 .30 132.00 9.90 99.00
Mimosa invisa 18.25 3.65 135.05 10.22 7 6 .6 5  .
(Tanie Thomas et ai, 2001)

C ocoa is an im portan t intercrop o f  coconut in K erala. The litte r fall in  cocoa is estim ated to  be  5 .3 1 h a 1, 
w hich can supply  6 6 .9 ,4 .9 ,5 9 .7 ,8 4 .9 , and  40.3 kg h a '1 o f  N , P 20 5, K20 ,  C a  and  M g y e a r 1 (M ercy G eorge et ai,
2001). They have also reported that 95 percent o f  the litter is getting  decom posed  w ithin 4  m onths. T he m axim um  
litter fall is in the hot m onths w hich w ill add to  soil fertility w ith the onset o f  m onsoon by increasing the  organic 
carbon content o f  the soil and the nu trient supplying capacity  and  reducing  the level o f  fertilizer application and  
reducing soil and w ater erosion.

D rip  irriga tion  practices in coconu t has im proved  the  p roductiv ity  o f  the m ain  and  com ponen t crops. 
D rip  irrig a tio n  in c re a se s  the w a te r  u se  e ffic ie n cy  n o t o n ly  a t f ie ld  lev e l b u t a lso  a t p lan t an d  le a f  level 
(K um ar et at., 2000). B ased  on  irriga tion  levels a so il-p lan t w a te r re la tionsh ip  in coconu t has been  w orked  out 
(Table 7) . ‘
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3 . R u ^ e f  b a ^ fd  fn fjn irig  systefji

T l*  in troduction  o f  ru b b ef com pletely  a ltered  (fog ex isting  chopping systgm s in K pfala. Tw p d |s tjp c | 
rubber based  system s evolved  v iz . the  sm aji ho ld ings w ith  m onocrop  o f  rubbep ap4 la rger hPm? s!eads w ith 
ixjfjttep as 3 com ponen t p f  fhe systerp . if jg h  ip teqsjty  q f  yepficg.1 and horizon ta l s p e c  q t|jiz a |iq n  ip hprne gardens 
had  stim ulated a  natu ra l fo je s t ecosystem , bu t w hen  r u ^ e p  yya§ in troduce^  ipfp Jjye system , it d p p i in a t^  g yg f 
o th e r species (Jose, 1992), vyhich affepted the species d iversity, food  security  anff m ade the  system  mope p fpne
19 rls(fS: , ' '  '

Op the  o th e r hand  ru b b e r w hen  in troduced  jn tp  larger hom esteads as a com ponent, fitted  wel] ip to  the  
system . In initia l yeprs q f  rut^fjer c rp p  e stab lishm ent, iptepcypp^ (ike bapapn, p jneapple, gjngep apd turmej-jc cap  
be  successful jy  ra ised  and the d iversified  p rpducts ob ta ined  gjyp econom ic  stab ility  to the  farpi fam ily  befp re  the  
ty b b e r starts y ielding, fnsu ffjc jeqcy  p f  f|lfered  light thrppgh’ fbe rubber canopy  | jppts the scope pf in tercrpppm g 
beyond  the th ird  yepr o f  g row th  p f  rubber (Joseph, 1999). f h e  exfept p f  litte r recycling  is fijgfier jp  rubber 
p lan tations resu lting  jn  accum ulation  o f  considerab le  am ounts o f  p rganic m atte r and nutrien ts jn soil.

4 . T a p |p c a  b a se d  f a rm in g  sy s tem

T apjoca js the m pst Im portan t tuber c rop  o f K erala  and  a  n um ber o f  varieties foaye been  evplyeci b y  
p en tra l T uber P f9 P s research  Institu te  (G TC R I) S reekaryam  apd K erala  A gricu ltu ral U niversity  (K A U ), t f i f i^ u r ;  
ft cap  b?  rp jsed  as ap  jp tprcrpp  |p  cqcqpuf q r  ppn fp ra i a s  the  m a |n  c rop  \y}iere In tercrops like  cqjqpasja, 
am orphophallus, yam s, banana, co jeus, sw eet po ta tp  e tc  are g row n. V arieties hay ing  a  duratjqn  p f  6 m onths to l l  
m onths m ake  i t  a  very  d iverse c rop  and  can be  fitted |p tp  m an y  types Of fan rnng /c rppp ing  system s. T he  tubers 
are reljshefj by m an and  an im als and tjie stem  is also fecf tp  cattle . T pe starch  can be  u tilized  in  a  num ber o f  
Industries like beverages, co tton  industry  etc.

S ince  very  short du ra tion  varieties (6 m onths) are availab le , |t  is becpm uig  a  very im portan t crop  in 
rice based  c ropp ing  system s and  |s  very  su itab le  jn rice fa |jow s. T he average yield  varies from  2 0 - 3 0 1 h a -1. F p r 
m ajority  o f  people in  K era |a , | t  takes the status p f  a  staple  food  crop. It is a c rop  w pjch  resppnt(s w ell tp  fertilizer 
and jand m anagem ent practices.

5. H o m e stea d  fa rm jn g  sy s tem

, K erala  hom e gardens are  considered  as the  m ost p o pu la r and  successfu l Integrated farp iing  system s in  
the w orld , T he K era la  hom esteads are techn ically  ca lled  as ‘trop ical hom egarden  ag ro fo restry ! (Jose, 1992). A 
jipm egarden /jiom estead  is a  fu n c t|p n a |/o p era tjv e  and  se lf  sustain ing  farm  un it w h ich  consists o f  a co llec tion / 
assem b ly /cong lom era tion  o f  crops and m ultipurpose trees, p lan ted  a rb itrarily  w ith  o r w ithout an im als/pou ltry /
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apiculture, ow ned  and  p rim arily  m anaged  by  the dw ejljng  farm  fam ily w jth  tfip qb jectivps q f  sa tisfy ing  tfie basic  
fam ijy peeds (food, fuel and  tim ber) and producing  som e m arketab le  surp lus fpp the  pgpcbgsg p f  f|o p :p rq d u c ib |e  
item s'(John  and bjaip, 2QQ | )  Typicqj p iu jtis tp rie^  propping system  cap be seep ip  these  bpW jngs W!(h 3 propping  
in tensity  g rea te r (b'ap 200  in m ost cases. W ide spaced' pereqm ais hke  poconpt and arecupu t grp’w p jn K era la  have 
g re a te r 'sc p p e  for m ultip le /m ultisto reyed /npu lhspecies c ropping  and  m ixed  fa rm in g -sy stem s w hich  provides 
oppo rtun ity  fo r  b e |te r  ho rizop ta l and vertical u tjljza tipp  o f  sam e resources q f land, tjm g and  sp ja r en e rg y  aqd 
gives in crease^  p roduc tion  and incqpie.

T he  se lection  p f  com ponen ts fo r  the hq m e  gqrfieq is based  on  the need, percep tion  and cen tu ries q f  
experience  o f  farm ers. C rop  com ponen ts are se lec ted  so gs to harvesf the  rngxirpum  sq ja r racljfltiqn (based on 
the jr canopy characteris tics). D ifferen tia l d is tribu tion  o f canopies o f  com ponen t crops in  ho ipesfead  rangjpg 
frqiq ground jevel tq qiore than  25 jq is shQwq jn T able  8.

T he p resence  q f  w ide variety  o f  crops, especia lly  tubers like tap ioca and fruit trees like m ango  and 
ja ck  he lped  a lo t to  m ain ta in  the food security  o f  sm alj farm  fam ilies. P epper is the m ost abundap t sp ice  c rop  in 
K erala. T h e  abuqflance o f  tree species in hom esteads is an asset as it serves the function  q f  q standard  fo r trajljng  
pepper. A part ffpm  function ing  as pepper s tandard , they  fiaye o th e r u ses like m ed ic iqa |, o rnam enta l) greeji 
m anure, Ijye feqce, m asticatory , fru it/pu t yie}4|ng, qij yiejdlRg, tj|Rbpr W sPft WOpd yigMlRgt Ppfipn y ie jd ipg , 
fo rage  y ie ld ing  e tc . In add ition  to pepper, o th e r species like (unperjc , ginger, cu rry  leaf, ta rq an n d , nu tm eg , clqye 
and garc in ia  fprrpi in tegral part p f  K era la  hom e gardens (Shehanq f f  f?/-, 1992)

T ab le  8. C q p o p y  d js tr jb u tjp n  o f  c ro p  co m p p ficn ts  in  hqiqegarcjgRS

C a n o p y  H e ig h t C q m p q n e n ts
> 25m  C oconut, arecanut, jack , alb izzia , teak, cocoa, rubber.
10-25m  Tam arind, m ango, cashew , m ahogany, gooseberry , ailan thus, nu tm eg.
3 - 10m B readfru it, b ilim bj, annoqa, pepper, neem , c inqam on, sapqta, m oringa, gqqvq, m oringa,

papaya, clove.
l-3 m  B anana, cassava, d ioscorea , teak , am prphophallus, co locasja , cu rry  jeaf.
d m  P ineapple, tu rm eric , arrow roo t, vegetab les, fodder._______________________________
Source: John, 1997

T h e  su c c e ss fu l b re e d s  o f  p o u ltry  
su ited  for the b ackyard  system  o f  rearing  in 
sm all hom esteads o f  K erala  a reG ram alakshm i, 
G ra m a s re e ,  W h ite  le g h o rn , M in o rc a  e tc .
G irira ja  type o f  poultry  is an ideal dual pu rpose  t:ui1 
type for hom esteads. iiuu

T h e  b a la n c e d  in p u t - o u tp u t  
ch an n e lisa tio n  in a w ell p lan n ed  ho m estead  
m ak e s  it h ig h ly  p ro d u c tiv e  a n d  v ia b le  as 
ev idenced  in fig 3, show ing  the m aterial flow  
in hom estead  farm ing system .
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F ig . 3 . M aterial flow  in hom estead  fan n in g  system
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P lan ta tio n  crops and spices are  cu ltiva ted  in K erala. Tea and coffee requ ire  c o o le r c lim ate . Tea is 
grow n in high  altitude follow ed by  coffee and pepper along  hill slopes and cardam om  in the  valleys o f  m ountainous 
terrain. C ashew  is genera lly  g row n on  the  h ills  and  h ill s lopes o f  coastal belt fo llow ed b y  arecanu t and  coco a  in 
the  valley. O il pa lm  cu ltivation  has been  restric ted  to the  com m and  areas o f  m ajo r irrigation  p ro jects. G in g e r and 
tu rm eric  are  a lso  com m ercially  im portan t crops in the  m id lands a long  w ith nutm eg and  o ther sp ices and  m edicinal 
p lants. A recanu t finds a  p lace  in  all re lig ious, social and  cu ltural functions. It is p o pu lar as a m astica to ry  
consum ed  w ith e r raw  o r  as a va lue  added  p roduc t like  scen ted  supari, pan m asala , pan  parag  e tc . T hough  
a recanu t has u ses in  ayurvedic and veterinary  m ed ic ines, it has no t been  explo ited  due to  lack  o f  concen tra ted  
research  efforts. 1

C o n c lu s io n

N early  95  percen t o f  the farm  holdings in K erala  a re  sm all o r  m arginal and m ost o f  the  farm ers have no 
susta inab le  livelihood  from  their sm all holdings. A  ju d ic io u s  m ix o f  tw o o r m ore  in teractive  fa rm  en terp rises in 
the sam e un it o f  land  alone can m ake these  sm all farm steads productive  enough  to  suppo rt a fam ily . D esigning  
o f  su itab le  fa n n in g  system s should  be  done on  a location  specific  basis. P hasic  research  o v e r an ex tensive  period  
o f  tim e is  needed  fo r the iden tification  o f  constra in ts an d  po ten tia ls  o f  a region, se lec tion  o f  su itab le  com ponents, 
a ttain ing the  technical know -how  for the  m anagem ent o f  the system , form ulation  o f  a  design  w here  there is 
ba lanced  d is tribu tion  o f  com ponents, im plem enta tion  and m onitoring  o f  the  perfo rm ance o f the  system  and  

.finally  ex tension  o f  the  resu lts to  the  u ltim ate users viz. Farm ers.

A  p arad igm  sh ift from  the c rop  cen tred  ag ricu ltu re  concep t o f  green revo lu tion  to  a  farm ing, system  
cen tred  approach  is  the need o f the  day  as a p rim ary  step  tow ards sustainability  in fu ture. T his sy stem  can  be 
regarded  as ‘eco techno logy  based precision  fa rm in g ’ and  is the  only practical w ay  to m eet the challenges o f  
enhancing  p roductiv ity  w hile  m ain tain ing  env ironm enta l soundness.
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