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C U L T U R A L  I N F L U E N C E S  ON IRRIGATION DRAINAGE W A T E R  

J. R .  B u s c h ,  A . M .  ASAE;  D. W. F i t z s i m m o n s ,  M.  ASAE;  
G. C .  L e w i s ;  D.  V. N a y l o r  and  R .  D. C a r l s o n  

INTRODUCTION 

E n v i r o n m e n t a l  i m p r o v e m e n t  h a s  r e c e n t l y  ga ined  a  f r o n t  r o w  
s e a t  in t h e  a r e n a  of n a t i o n a l  p r i o r i t i e s .  I n  m o s t  c a s e s ,  h o w e v e r ,  t h e  
c a u s e  of e n v i r o n m e n t a l  d e t e r i o r a t i o n  m u s t  b e  d e t e r m i n e d  b e f o r e  i m -  
p r o v e m e n t s  c a n  b e  m a d e .  S u c h  i s  t h e  c a s e  of w a t e r  qua l i ty .  T h e  
q u a l i t y  of w a t e r  i n  m a n y  r i v e r s ,  c a n a l s  and  d r a i n a g e w a y s  i s  i n d e e d  i n  
n e e d  of i m p r o v e m e n t ,  b u t  i m p r o v e m e n t s  i n  w a t e r  q u a l i t y  c a n n o t  b e  
e f f i c i e n t l y  b r o u g h t  a b o u t  unt i l  t he  s o u r c e  o r  s o u r c e s  of p o l l u t a n t s  c a n  
b e  iden t i f i ed .  

A c c o r d i n g  t o  V i e t s  ( 1 2 ) ,  t h e  u s u a l  a p p r o a c h  t o  t h e  s t u d y  of w a t e r  
q u a l i t y  i s  t o  a s s i g n  c e r t a i n  i n p u t s  of c o n s t i t u e n t s  t o  c e r t a i n  i n d u s t r i e s  
a n d  m u n i c i p a l  s e w a g e  p l a n t s  a n d  c h a r g e  the .  r e m a i n i n g  inpu t  b y  d i f f e r -  
e n c e  t o  a g r i c u l t u r e .  A g r i c u l t u r a l  i n p u t  i n  t h i s  c a s e  c o u l d  p o s s i b l y  
c o n t a i n  a n i m a l  w a s t e s  f l u s h e d  f r o m  f e e d l o t s ,  p a s t u r e s  o r  f i e l d s ;  n u t r i -  
e n t s  w a s h e d  f r o m  d e a d  vege ta t ion ;  l e a c h a t e  f r o m  r u r a l  ( o r  s u b u r b a n )  
s e p t i c  t a n k s ;  e r o d e d  s o i l ;  a n d ,  of c o u r s e ,  f e r t i l i z e r  m a t e r i a l s  i n  s o l u -  
t i on  o r  a d s o r b e d  t o  e r o d e d  s e d i m e n t .  0.ne c a n  r e a d i l y  s e e  t h a t  p o s s i -  
b l e  a g r i c u l t u r a l  s o u r c e s  of po l lu t ion  a r e  d i f f i cu l t  t o  iden t i fy .  

T h e  q u a l i t y  of i r r i g a t i o n  d r a i n a g e  w a t e r  is of s p e c i a l  i n t e r e s t  i n  
t h e  w e s t e r n  s t a t e s  w h e r e  m a n y  a c r e s  of c r o p l a n d  a r e  i r r i g a t e d .  S y l -  
v e s t e r  a n d  S e a b l o o m  ( 1 1 )  found  t h a t  i r r i g a t i o n  r e t u r n  f l o w s  had a n  im- 
p o r t a n t  i n f l u e n c e  on t h e  w a t e r  q u a l i t y  of t h e  Y a k i m a  R i v e r  i n  W a s h i n g -  
ton .  J o h n s o n  gt. ( 7 )  r e p o r t e d  o n  t h e  t i l e  d r a i n  e f f l u e n t s  a n a l y z e d  in 
t h e  S a n  J o a q u i n  Va l l ey .  T h e y  found t h e  h i g h e s t  c o n c e n t r a t i o n s  of n i -  
t r o g e n  w h e r e  h e a v y  a p p l i c a t i o n s  of n i t r o g e n  f e r t i l i z e r s  w e r e  m a d e .  
N a y l o r  g d. ( 9 )  h a v e  po in ted  o u t  t h a t  t h e  o v e r a l l  n i t r o g e n  a p p l i c a t i o n  
e f f i c i e n c y  i s  r e l a t e d  t o  t h e  w a t e r  a p p l i c a t i o n  e f f i c i e n c y .  T h e  e f f e c t  of 
i r r i g a t i o n  d r a i n a g e  w a t e r s  o n  w a t e r  q u a l i t y  h a s  b e e n  d i s c u s s e d  by  s e v -  
e r a l  o t h e r s  (1 ,  2 ,  4) .  

 he a u t h o r s  a r e  r e s p e c t i v e l y  A s s i s t a n t  P r o f e s s o r  and  P r o f e s -  
s o r  of A g r i c u l t u r a l  E n g i n e e r i n g ,  P r o f e s s o r  and  A s s i s t a n t  P r o f e s s o r  
of S o i l s ,  and  G r a d u a t e  A s s i s t a n t  ( A g r i c u l t u r a l  E n g i n e e r i n g ) ,  Un ive r  - 
s i t y  of I d a h o ,  M o s c o w .  
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Agricu l tura l  Eng inee r s  and Soil Sc ien t i s t s  f r o m  the Univers i ty  
of Idaho joined in a  coopera t ive  e f fo r t  t o  s tudy  what  e f fec t s  i r r i ga t ed  
a g r i c u l t u r e  might  have on w a t e r  qual i ty in the  Boise Valley in south-  
w e s t e r n  Idaho. The  Boise Valley w a s  se lec ted  a s  a  r e s e a r c h  s i t e  for  
s e v e r a l  r e a sons .  T h e r e  w a s  l i t t l e  in format ion  avai lable concern ing  
the quanti ty and qual i ty of the  a r e a ' s  i r r i ga t i on  d r a inage  water .  Grav -  
i ty  i r r i ga t i on  s y s t e m s ,  which a r e  opera ted  a t  va r i ous  e f f ic ienc ies ,  a r e  
used t o  apply w a t e r  throughout  m o s t  of the s tudy  a r e a .  Water  t ab le  
depths  tend t o  be qui te  shal low throughout  mos t  of the  valley. Also,  
the qual i ty of w a t e r  in the  Boise  Valley is of impor t ance  t o  both the 
es tab l i shed  ag r i cu l t u r e  and the  rap id ly  expanding population of the 
a r e a .  

The  r e s e a r c h  e f for t  w a s  ini t ia ted in 1970 and w a s  planned t o  ob- 
tain per t inen t  in format ion  concern ing  the qual i ty of i r r i ga t i on  dra inage  
wa t e r .  In 1970, a  to ta l  of 79 s i t e s  in the Boise Valley w e r e  sampled  
t o  d e t e r m i n e  const i tuent  concent ra t ions  in i r r i ga t i on  headwa te r s ,  s u r -  
f a c e  d r a inage  and s u b s u r f a c e  dra inage .  As pointed ou t  by F i t z s i m -  
mons  g g. (5) ,  flow m e a s u r e m e n t s  w e r e  needed in conjunction with 
the sampl ing  in o r d e r  to d e t e r m i n e  the  amounts  of va r i ous  cons t i tu -  
e n t s  t r an spo r t ed  by the  wa t e r .  In 1971, a  60. 5 - a c r e  t r a c t  w a s  ex ten-  
s ive ly  moni tored  dur ing  the months of June ,  July and August t o  d e t e r -  
mine  the  amounts  and movements  of wa t e r  and cons t i tuen ts  dur ing  the 
peak  i r r i ga t i on  season .  The f a r m e r  of the t r a c t  applied c o m m e r c i a l  
f e r t i l i z e r  by plowing down, by s i de  d r e s s i n g  and by me te r i ng  i t  into 
the  i r r i ga t i on  w a t e r .  C r o p s  grown in the intensive s tudy a r e a  in  1971 
w e r e  33.5 a c r e s  of onions and 27 a c r e s  of suga r  bee ts .  

METHODS AND PROCEDURES 

Measu remen t s  w e r e  m a d e  to d e t e r m i n e  a  wa t e r  ba lance  fo r  the 
60. 5 - a c r e  s tudy a r e a .  All s u r f a c e  f lows en t e r i ng  the s tudy  a r e a  w e r e  
m e a s u r e d  ove r  Cipollet t i  w e i r s  and su r f ace  d r a inage  was  m e a s u r e d  
through a P a r s h a l l  f lume.  Stage r e c o r d e r s  w e r e  used in conjunction 
with a l l  m e a s u r i n g  dev i ce s  in o r d e r  t o  provide a  continuous r eco rd  of 
a l l  s u r f ace  flow r a t e s  en t e r i ng  and leaving t he  f a r m .  P e n m a n ' s  equa-  
tion was  used  in a  computer  p r o g r a m  developed by Davis  (3)  to  c o m -  
pute the da i ly  evapot ransp i ra t ion  f r o m  e a c h  of the  two c rops .  Re la -  
t ive humidity and continuous t e m p e r a t u r e  m e a s u r e m e n t s  w e r e  made  
a t  the s tudy a r e a ,  and o the r  n e c e s s a r y  meteoro logica l  da t a  needed fo r  
computing evapot ransp i ra t ion  w e r e  obtained f r o m  nea rby  U. S. Weath-  
e r  Se rv i ce  s ta t ions  located a t  Boise ,  Caldwell  and Kuna. The  flow 
and evapot ransp i ra t ion  da ta  w e r e  used t o  compute  the amounts  of 
d r a ina ge  wa t e r  leaving t he  s tudy a r ea .  The  s u r f a c e  d r a inage  was  
m e a s u r e d  d i r ec t l y ,  and the subsu r f ace  d r a inage  was  computed f r o m  a 
w a t e r  balance for  the a r e a .  

Amounts of cons t i tuen ts  p r e sen t  in the  wa t e r  w e r e  de t e rmined  
f r o m  s a m p l e s  col lected f r o m  headwaters ,  s u r f a c e  d r a inage  and sub -  
s u r f a c e  dra inage .  The  su r f ace  flow s a m p l e s  w e r e  taken f r o m  the 
open d i tches  whe re  wa t e r  w a s  flowing. The  subsu r f ace  wa t e r  w a s  
sampled  using f ive p i ezome te r s  loca ted  12 fee t  below the  ground s u r -  
f a c e  in  the s tudy  a r e a .  The f requency  of s amp le  col lect ion depended 
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on s e v e r a l  f a c t o r s  s u c h  a s  c h a n g e s  in  flow r a t e s  and t h e d d i t i o n  of 
c o m m e r c i a l  f e r t i l i z e r  t o  the  w a t e r .  Dur ing  p e r i o d s  of rap id ly  chang-  
ing flow r a t e s  a n d / o r  nu t r ien t  concent ra t ions ,  s u r f a c e  flow s a m p l e s  
w e r e  taken  a s  f requent ly  a s  e v e r y  hour ,  w h e r e a s  g roundwater  s a m p l e s  
w e r e  usua l ly  t aken  a t  10-day i n t e r v a l s .  T h e  s a m p l e s  w e r e  qu ick- f ro-  
zen  and s t o r e d  unt i l  they could b e  t r a n s p o r t e d  t o  the l a b o r a t o r y  f o r  
ana lys i s .  

L a b o r a t o r y  a n a l y s e s  included t h o s e  f o r  n i t ra te -n i t rogen ,  t o t a l  
phosphorous and to ta l  so l ids .  T o  prevent  changes  in nu t r ien t  f o r m s ,  
the s a m p l e s  w e r e  kept  f r o z e n  unt i l  jus t  before  the  a n a l y s e s  w e r e  
s t a r t e d .  T h e  methods used in making  the  a n a l y s e s  w e r e  e s s e n t i a l l y  
the s a m e  a s  those  given in APHA Standard  Methods (10)  and E P A  (8). 
Ni t ra te -n i t rogen  w a s  d e t e r m i n e d  by the phenoldisulphonic ac id  method 
a f t e r  r e m o v a l  of any  c h l o r i d e s  wi th  s i l v e r  n i t r a t e .  T h e  s a m p l e s  w e r e  
f i l t e red  th rough  0 . 4 5  m i l l i p o r e  f i l t e r s  and d iges ted  wi th  su lphur ic  ac id  
and a m m o n i u m  persu l fa te  f o r  t o t a l  phosphorous.  T h e  phosphorous  
w a s  d e t e r m i n e d  c o l o r i m e t r i c a l l y  in the f i l t r a t e  and d iges t ion  m i x t u r e  
b y  t h e  amino-naphthol-sulfonic  a c i d  method.  T o t a l  s o l i d s  w e r e  d e t e r -  
mined  by weighing the r e s i d u e  a f t e r  d ry ing  a  s a m p l e  f o r  24 h o u r s  a t  
110O C. All a n a l y s e s  r e p o r t e d  the  cons t i tuen t  concent ra t ions  in  p a r t s  
p e r  mi l l ion  (ppm)  by weight .  

The flow, e v a p o t r a n s p i r a t i o n  and c h e m i c a l  a n a l y s i s  d a t a  w e r e  
combined and analyzed f o r  the  1971 study a r e a  t o  obtain a  w a t e r  b a l -  
a n c e  and a  m a s s  ba lance  f o r  t h e  d i f fe ren t  cons t i tuen ts .  A d ig i ta l  c o m -  
pu te r  w a s  used f o r  t h e  d a t a  a n a l y s i s  and output.  Two-hour  i n c r e m e n t s  
w e r e  used in s o r t i n g  and p r e s e n t i n g  d a t a  s o  tha t  t h e  e f fec t s  of v a r i o u s  
p r a c t i c e s  could be  evaluated dur ing  p e r i o d s  of rap id ly  changing flow 
a n d / o r  concent ra t ions .  T h e  d a t a  f r o m  the  two-hour  t i m e  i n c r e m e n t s  
w e r e  s u m m e d  t o  give to ta l s  f o r  t h e  d u r a t i o n  of the  s tudy period.  T h i s  
s u m m i n g  p r o c e s s  proved t o  be  a  s a t i s f a c t o r y  and a c c u r a t e  method of 
in tegra t ion  f o r  both w a t e r  vo lumes  and cons t i tuen t  m a s s e s .  

RESULTS AND DISCUSSION 

Data obtained f r o m  the  1971 study indicate  t h a t  t h e  quant i ty  and 
qual i ty  of s u r f a c e  and s u b s u r f a c e  d r a i n a g e  f r o m  the  m o n i t o r e d  t r a c t  
w e r e  d i f fe ren t  f o r  the  two c r o p s  grown on the  t r a c t .  T h e  d i f f e r e n c e s  
in quant i ty  and qual i ty  m a y  b e  a t t r ibu ted  a l m o s t  e n t i r e l y  t o  t h e  d i f f e r -  
e n c e s  in the  c u l t u r a l  p r a c t i c e s  a s s o c i a t e d  with e a c h  c r o p .  

Sur face  flow d a t a  f r o m  an i r r i g a t i o n  s e t  on onions a r e  plotted in  
F i g u r e s  1  th rough  4. T h e  s e t  c o v e r e d  a  per iod  f r o m  7:00 A.M. ,  
June  24, t o  7:00 A.M. ,  June  25, and n i t rogen  f e r t i l i z e r  w a s  added t o  
the  w a t e r  dur ing  the  f i r s t  p a r t  of the  s e t .  The  s e t  i l l u s t r a t e d  typif ies  
a l l  i r r i g a t i o n  s e t s  th roughout  the s tudy per iod  a s  the  i r r i g a t o r  w a s  
quite met icu lous  and c o n s i s t e n t  with h i s  i r r i g a t i o n  p r a c t i c e s .  

The flow d a t a  plotted in F i g u r e  1  f o r m  a  hydrograph  f o r  t h e  irri- 
gation s e t .  As c a n  be  s e e n ,  t h e  headwater  flow r a t e  w a s  e s s e n t i a l l y  
constant  f o r  the  dura t ion  of t h e  se t .  Af te r  a  t i m e  l a g  t h a t  o c c u r r e d  
while the w a t e r  w a s  advanc ing  a c r o s s  the  f ie ld,  the  s u r f a c e  runoff 
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- HEADWATER 

--- SURFACE DRAINAGE 

HOURS FROM B E G I N N I N G  O F  I R R I G A T I O N  SET 

F i g u r e  1. W a t e r  appl ied and l o s t  to  s u r f a c e  d r a i n a g e  d u r i n g  an 
i r r i g a t i o n  s e t  



r a t e  i n c r e a s e d  until  i t  r e a c h e d  a  n e a r l y  cons tan t  value n e a r  the end of 
the se t .  The  shape  of t h e  s u r f a c e  runoff  c u r v e  i s  influenced by s e v e r a l  
f a c t o r s  including s i z e  of i r r i g a t i o n  s t r e a m ,  s lope  of the f i e ld ,  t i l l age  
p r a c t i c e s ,  c r o p  grown and s o i l  type.  The  a r e a  between the  c u r v e s  
r e p r e s e n t s  the  ne t  volume of w a t e r  applied t o  the f ie ld d u r i n g  the  se t .  

I 

The o n e - s e t  da ta  f o r  to ta l  phosphorous and t o t a l  s o l i d s  a r e  shown 
in F i g u r e s  2  and 3 .  The headwater  data  p r e s e n t e d  in both f i g u r e s  show 
that  the r a t e  of appl icat ion of both cons t i tuen ts  r e m a i n e d  e s s e n t i a l l y  
cons tan t  f o r  the dura t ion  of the  se t .  The  amounts  of to ta l  phosphorous  
and to ta l  so l ids  l o s t  in s u r f a c e  d r a i n a g e  w e r e  g r e a t e s t  a s  s u r f a c e  
dra inage  began and then  decl ined r a t h e r  sharp ly .  The  plots  f o r  to ta l  
phosphorous and to ta l  so l ids  l o s t  in s u r f a c e  d r a i n a g e  indicate  a  f a i r  
c o r r e l a t i o n  between the two. T h i s  f a c t  w a s  pointed out  by F i t z s i m -  
m o n s  st. ( 5 )  f o r  the 1970 s u r v e y  data  f r o m  the  s a m e  a r e a .  

The e f fec t  of applying n i t rogen  f e r t i l i z e r  in the i r r i g a t i o n  w a t e r  
i s  shown in F i g u r e  4. A s  c a n  be s e e n ,  the n i t r a t e  appl icat ion r a t e  
w a s  m u c h  g r e a t e r  dur ing  the 4-hour  period of f e r t i l i z e r  appl icat ion 
than d u r i n g  the r e m a i n d e r  of the s e t  when only background r a t e s  of 
n i t rogen  w e r e  appl ied.  A  signif icant  amount  of n i t ra te -n i t rogen  w a s  
p r e s e n t  in  s u r f a c e  runoff t h r e e  h o u r s  a f t e r  the  beginning of the se t .  
The g r e a t e s t  amount  a p p e a r e d  a t  about the  5 -hour  t i m e  with a  s h a r p  
d e c r e a s e  following. T h e  i r r i g a t o r  could have l e s s e n e d  the a m o u n t s  of 
n i t r a t e  l o s t  i n  the s u r f a c e  d r a i n a g e  had he s topped the appl icat ion at  
an e a r l i e r  t i m e  in the  s e t .  

T o t a l  w a t e r  volume va lues  a s s o c i a t e d  wi th  e a c h  c r o p  a r e  d i s -  
played in F i g u r e  5. As c a n  be s e e n ,  m o r e  w a t e r  w a s  applied to  and 
l o s t  f r o m  the  onions than  t h e  s u g a r  b e e t s  even  though the e v a p o t r a n s -  
p i ra t ion  r e q u i r e m e n t  f o r  onions w a s  s l ight ly l e s s  than  the r e q u i r e -  
m e n t  f o r  s u g a r  bee t s .  The  d i f fe rences  a r e  a  r e s u l t  of d i f fe ren t  c u l -  
t u r a l  p r a c t i c e s  a s s o c i a t e d  with e a c h  c r o p .  Onions,  a  r a t h e r  shal low 
roo ted  c r o p  c o m p a r e d  wi th  s u g a r  b e e t s ,  w e r e  planted in 28- inch  b e d s ,  
4  r o w s  t o  a  bed ,  with an i r r i g a t i o n  f u r r o w  between ad jacen t  b e d s .  The  
i r r i g a t o r  used 24-hour i r r i g a t i o n  s e t s  s o  tha t  the  b e d s  would be c o m -  
pletely wetted on the s u r f a c e  a t  t h e  c e n t e r  of the bed a t  t h e  end of e a c h  
i r r iga t ion .  T h e  s u g a r  b e e t s  w e r e  planted in  24- inch  r o w s  and w e r e  
i r r i g a t e d  e v e r y  o t h e r  row with s e t s  rang ing  f r o m  6  to 12 h o u r s  in d u r -  
a t ion.  P e r c e n t a g e s  of t h e  g r o s s  appl ied w a t e r  tha t  went  to  e v a p o t r a n s -  
p i ra t ion ,  s u r f a c e  d r a i n a g e ,  and s u b s u r f a c e  d r a i n a g e  f o r  e a c h  c r o p  a r e  
l i s ted  in  T a b l e  1. 

TABLE 1. P e r c e n t a g e s  of t o t a l  g r o s s  applied w a t e r  to  e v a p o t r a n s p i r -  
a t ion,  s u r f a c e  d r a i n a g e  and s u b s u r f a c e  dra inage .  

T o  evapot ransp i ra t ion  
T o  s u r f a c e  d r a i n a g e  
To  s u b s u r f a c e  d r a i n a g e  

Sugar  B e e t s  Onions 
(70) (70) 

62 .9  48. 7  
32. 2 40. 4  

3 .5  18.2 
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F i g u r e  2.  To ta l  phosphorous gained and l o s t  d u r i n g  an i r r i g a t i o n  s e t  
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F i g u r e  3 .  T o t a l  so l ids  gained and l o s t  d u r i n g  a n  i r r i g a t i o n  s e t  
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F i g u r e  4. Ni t ra te -n i t rogen  appl ied and l o s t  d u r i n g  a n  i r r i g a t i o n  s e t  
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The  va lues  l i s t e d  in  T a b l e  1 ind ica te  tha t  t h e  i r r i g a t i o n  eff ic ien-  
c i e s  w e r e  h igher  f o r  s u g a r  b e e t s  than f o r  onions. The  percen tage  of 
the g r o s s  appl ied w a t e r  going t o  evapot ransp i ra t ion  i s  t e r m e d  Con- 
sumpt ive  Use Eff iciency by I s r a e l s o n  and Hansen (5). The Consump-  
t ive  Use  Eff iciency should be  n e a r l y  100% when i r r i g a t i n g  with high 
qual i ty  w a t e r .  All w a t e r  appl ied to  the  s tudy a r e a  had a  conductance 
of l e s s  than 0 . 2  m m h o s  p e r  c m  and negl igible  sodium. When th i s  eff i -  
c iency  d r o p s  the  percen tage  of w a t e r  l o s t  t o  d r a i n a g e  i n c r e a s e s .  . T h e  
d i f fe ren t  Consumpt ive  Use Ef f ic ienc ies  of 62.9% f o r  s u g a r  b e e t s  and 
48. 7% f o r  onions a l s o  affected the  a m o u n t s  of cons t i tuen ts  that  w e r e  
l o s t  in  the d r a i n a g e  w a t e r  f r o m  e a c h  c rop .  

TABLE 2. Tota l  cons t i tuen ts  gained and l o s t  in s u r f a c e  f lows.  

Applied in L o s t  in  s u r -  Net gain 
headwater  face  d r a i n a g e  o r  l o s s  

Const i tuent  C r o p  ( l b l a c r e )  ( l b l a c r e )  ( l b l a c r e )  

Tota l  P 

T o t a l  Solids 

Tota l  Ni- 
t r a t e  N 

Ni t ra te  N 
f r o m  back-  
ground 

Ni t ra te  N 
f r o m  f e r -  
t i l i z e r  

Sugar  b e e t s  
Onions 

Sugar  b e e t s  
Onions 

Sugar  b e e t s  
Onions 

Sugar  b e e t s  
Onions 

Sugar  b e e t s  
Onions 

Values shown in Table  2 d o  indicate  tha t  i r r i g a t i o n  e f f ic ienc ies  
influence the amounts  of cons t i tuen ts  l eav ing  a n  i r r i g a t e d  f ie ld in the 
s u r f a c e  dra inage .  T h e  a m o u n t s  of to ta l  phosphorous  appl ied t o  e a c h  
c r o p  w e r e  n e a r l y  the s a m e .  The  s a m e  w a s  t r u e  concern ing  the to ta l  
so l ids  appl ied.  However ,  the amounts  of to ta l  phosphorous and to ta l  
s o l i d s  l o s t  in s u r f a c e  d r a i n a g e  f r o m  e a c h  c r o p  differed quite m a r k e d l y  
a s  did the p e r c e n t a g e s  of g r o s s  appl ied w a t e r  l o s t  t o  s u r f a c e  dra inage .  
Values  f o r  n i t r a t e - n i t r o g e n  f r o m  background a l s o  show the effect  of 
d i f fe ren t  i r r i g a t i o n  e f f ic ienc ies .  Approximate ly  37% of the  appl ied 
background n i t r a t e  w a s  r e t a i n e d  on the s u g a r  b e e t s  while only 870 w a s  
r e t a i n e d  on the onions. A g r e a t e r  p ropor t ion  of n i t r a t e  f r o m  f e r t i l i z e r  
appl ied in the i r r i g a t i o n  w a t e r  w a s  r e t a i n e d  on e a c h  c r o p .  Approxi-  
m a t e l y  72% of the f e r t i l i z e r  n i t r a t e  appl ied t o  both the s u g a r  b e e t s  and 
onions r e m a i n e d  on t h e  f i e lds .  T h i s  fac t  is due t o  the c a r e  the i r r i g a -  
t o r  used  when applying f e r t i l i z e r  in  the i r r i g a t i o n  w a t e r .  

The g r e a t e s t  d i f fe rence  i n  the amounts  of cons t i tuen ts  l o s t  t o  
d r a i n a g e  f r o m  the two c r o p s  w a s  the amount  of n i t r a t e - n i t r o g e n  l o s t  
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to  s u b s u r f a c e  d r a i n a g e  a s  a  r e s u l t  of d e e p  percolat ion.  Ni t ra te  m o v e s  
r e a d i l y  wi th  the w a t e r  in  the  soi l .  T h e  a m o u n t s  of n i t r a t e  l o s t  to  s u b -  
s u r f a c e  d r a i n a g e  f r o m  t h e  s u g a r  b e e t s  and onions w e r e  2. 156 l b / a c r e  
and 15. 188 l b / a c r e  respec t ive ly .  The  var ia t ion  m a y  b e  a t t r ibu ted  
main ly  t o  the  l a r g e  d i f fe rence  in  the  amounts  of w a t e r  tha t  w e r e  l o s t  
t o  d e e p  perco la t ion  f r o m  e a c h  c r o p  and a l s o  to  fe r t i l i za t ion  p r a c t i c e s  
b e f o r e  and d u r i n g  the  i r r i g a t i o n  season .  

R e s u l t s  f r o m  t h e  1971 s tudy  ind ica te  tha t  the  i r r i g a t o r  would 
s a v e  m o r e  than  w a t e r  by i n c r e a s i n g  h i s  i r r i g a t i o n  e f f ic ienc ies .  He 
would r e t a i n  nu t r ien t s  and  s o i l  t h a t  a r e  valuable t o  h i m  a s  a  f a r m e r  
and a t  the  s a m e  t i m e  r e d u c e  t h e  potent ial  pollution of the w a t e r  f o r  
d o w n s t r e a m  u s e r s .  
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