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c h a p t e r  I  

INTRODUCTION

In tro d u ctio n  o f  dwarf genotype o f  wheat has  brought 

about wheat revo lutio n  in  In d ia  and enhanced i t s  production  

to  3 1 .3  m il l io n  to n s . The pro ductio n  o f  wheat has  to be 

doubled to  meet the  to ta l  food g ra in  requirem ent o f  230  m illio n  

tons by 2000  AD. The targ et  i s  a tta in a b le  only by in te n s ify in g  

p r o d u c t iv it y . Water and f e r t i l i z e r  n itro g en  (N ) are  the  m ajor 

resource  c o n str a in ts  to t h is  in t e n s i f ic a t io n  programme. Only 

65 p e r  cent o f  the to t a l  area  under wheat i s  ir r ig a t e d  and the 

a p p lic a t io n  e f f ic ie n c y  o f  ir r ig a t io n  w ater  i s  le ss  than 55 p e r  

cent by su rfa c e  m ethods. S im ilarly  the  resources  for f e r t i 

l i z e r  N i s  also  lim ite d  and i t  meets only 75 p e r  cent o f  the  

t o t a l  consum ption o f  N. I t  thus becomes im perative  that  

wheat p ro d u c tio n  can be  enhanced only by m axim ising the  y ie l d  

with  optim al in p u ts  o f  w ater  and f e r t i l i z e r .

Growth and p ro d u ctio n  o f  crops are d irectly  r e la t e d  

to p la n t  w ater use  -in dry land  areas (Hanks et a l .»  1 9 6 9 ) .  A 

h ig h  w ater u se  e f f ic ie n c y  i s  achieved  when ir r ig a t io n  sche

duling  i s  b a se d  on actual crop water u se  and water supplying  

cap acity  o f  th e  s o i l .  I r r ig a t io n  fo r  wheat h as  been  g en erally  

scheduled  b a se d  on c r it ic a l  p hen o lo gieal stages* o f  which 

crown root i n i t i a t i o n  i s  th e  most v i t a l  one fo llow ed  by 

jo in t i n g , flo w ering  and g r a in  form ation (Day and In t a la p ,
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1970,* Che on a et a l . ,  1 9 7 3 ) .  More recently  Ir r ig a t io n  schedule 

has  been decided  based  on crop water u se  p re d ic te d  from clim ate 

d a ta . By t h is  approach scheduling ir r ig a t io n  at 0 .7 5 - 1 .0  ratio  

o f  i r r ig a t io n  water to  cum ulative pan evaporation  has  been found 

to be  optimum fo r  wheat (P r ih a r  et a l . ,  19 74*, 19 7 6 ) .  Although the  

r e la t iv e  s u s c e p t ib ilit y  o f  growth stages  to  water stress  has 

been id e n t i f i e d  and ir r ig a t io n  scheduling  c r it e r ia  have been 

d e f in e d ,a  h igh  water use  e ff ic ie n c y  i s  s t i l l  to be a tta in e d .

I t  im p lies  th at  the a p p lie d  ir r ig a t io n  w ater i s  not e f f ic ie n t ly  

u t i l i z e d  by the  crop for i t s  dry m atter p ro d u ctio n . The growth 

and d is t r ib u t io n  o f  roots may not be  exten siv e  and e ffe c t iv e  

enough to make a exh austiv e  u se  o f  th e  ap p lied  ir r ig a t io n  water.

The growth and p en e tratio n  o f  wheat roots are  g reatly  

encouraged by the  a p p lic at io n  o f  f e r t i l i z e r  N (L in sc o tt  et a l . ,  

1962 ; Campbell et a l . ,  1977) . The  nodal roots which may even 

i n i t i a t e  in  r e la t iv e ly  dry surface  s o il , p en e trate  deep when 

th e  sub- soil la y ers  have adequate m oisture  and N . At h ig h er  

le v e ls  o f  N t h e  crop develops active  and deep root system with 

g r e a te r  water e xtractio n  c a p a b il it ie s  (sm ith , 1953) . The  s ig n i 

f ic a n c e  o f  t h is  deep root development through N f e r t i l i z a t i o n  

fo r  e xtra c tio n  o f  sub-soil m oisture  i s  a lso  r e fle c t e d  in  t h e  

drought r e s is ta n c e  o f  the  f e r t i l i z e d  crop (Kmoch et  a l . , 1 9 5 7  j 

Pesek et a l . ,  1 9 5 5 ) .  Obviously  N f e r t i l i z a t i o n  may p lay  a 

s ig n i f ic a n t  r o le  in  r a is in g  the  water u se  e f f ic ie n c y  o f  the 

crop.

In c re a s e d  root growth and enhanced w ater  uptake  also  help 

enhancing th e  u se  e f f ic ie n c y  o f  a p p lie d  N which i s  recovered  by
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th e  crop only to an extent o f  60 p e r  cent (F lu h ler , et a l . ,  1 9 7 7 ) .  

When ir r ig a t io n s  are frequently  applied , the  applied  N i s  l ia b le  

to leach ing  lo sses , w h ile  w ith  less  frequent ir r ig a t io n  and re 

sultant  d r ie r  soil water regim e the d e n it r if ic a t io n  lo sses  

(V o lz  et a l . ,  1976) are more p ro b a b le . A p lanned  d e f ic it  i r r i 

g a tio n  schedule  leaving  room fo r  rain^m inim ises  leaching  losses 

o f  N, but in  coarser  so il  w ith  low water h old ing  cap acity , th is  

p r a c t ic e  may r e s u lt  in  y ie l d  loss  i f  ir r ig a t io n s  are poorly  timed 

and r a in f a l l  does not occur during the  growing season (W atts and 

Hanks, 1 9 7 8 ) .  Thus, the a v a ila b il it y  and u se  o f  a p p lied  N by 

the  crop are in  turn  largely  dependent on ir r ig a t io n  water sche

d u le . A  strong in t e r a c t io n  between f e r t i l i z e r  N and ir r ig a t io n  

w ater has  been  documented i n  th e  l it e r a t u r e  (Singh  et a l . ,  1979, 

EcK, 1984) .

T h e  u s e  e f f ic ie n c y  o f  both N and w ater may be  enhanced i f  

i r r ig a t io n  schedules  are  also  based  on the  rate  and tim ing  o f  N 

f e r t i l i z a t i o n .  However, th e  concept o f  d ec id in g  ir r ig a t io n  

schedule  b a se d  on N a p p lic at io n  rate  e s s e n t ia lly  needs b a s ic  

in fo rm ation  on the uptake o f  water and N by p lan t  roots in  r e la 

t io n  to so il  wetness and N c o n cen tratio n . A l i t t l e  i s  known 

about the  uptake  o f  w ater and N by wheat roots . As p h y s ic a l  

ev alu atio n  o f  the  uptake p ro cesses  i s  d i f f i c u l t ,  m acroscopic  

sim ulation  m odels have been  su c c e ss fu lly  employed to p r e d ic t  

the  flu x  o f  w ater  or N to p la n t  roots in  is o la t io n  to  s o il  water 

movement.

Scheduling  ir r ig a t io n  based  on the  uptake  p atte rn s  o f  

w ater and N, i s  o f  sp ec ia l  s ig n if ic a n c e  to  wheat c u lt iv a t io n  in
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low  r e te n t iv e  and N d e f ic ie n t  deep a l lu v ia l  soil as p rev alen t  

i n  northern In d i a .  Because o f  low re te n tiv ity  th e se  coarse 

textu red  s o ils  are h igh ly  prone  to leach in g  lo sses  o f  water and 

N. The r ate  and tim ing o f  the  ap p licatio n  o f  ir r ig a t io n  water 

and f e r t i l i z e r  N on t h is  so il should be  decided  in  such a way 

t h a t  the  lo s se s  o f  th ese  two costly  in p uts  are kept at minimum 

and the crop rarely  experiences  any y i e l d  reducing  water or N 

s t r e s s . In  an e ffo r t  to e stab lish  such ir r ig a t io n  schedules 

for  vary in g  le v e ls  o f  N the  p resen t  f i e l d  in v e st ig a t io n  on w inter  

wheat was undertaken  i n  Loamy sand ustipsam ment in  1984-85 and 

1985-86 w ith  the  fo llow ing  o b je c t iv e s  :-

i )  determ ining growth and y ie l d  responses  to ir r ig a t io n  

w ater regim e and N a p p lic atio n  rate ,

i i )  d e f in in g  depth and tim e p atte rn s  o f  root growth under 

vary ing  ir r ig a t io n  w ater regim e and N ap p licatio n  rate,

i i i )  assessm ent o f  water extractio n  p a tte rn  under varying  

i r r ig a t io n  w ater regime and N a p p lic atio n  r a te ,

iv ) s im u lation  o f  root extractio n  rate  o f  stressed  and non

stre sse d  wheat at low  atad h igh  N a p p lic atio n  rates ,

v) m odelling  flu x  o f  n it r a t e  N from so il  to root system 

in  f e r t i l i z e d  and u n f e r t i l i z e d  so il  under stressed  and 

no n stressed  c o n d it io n s , and

v i)  com parison o f  m odelled  so il w ater p r o f i l e  and N uptake  

w ith  t h e i r  f i e l d  m easured co unterparts .
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