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?=om .Aprii 23-27, 1979, a  c s n f e r e n c e  t i t l e d  "Znvironmenta l  
Yanagement of . A g r i c u l t * ~ r a l  Watersheds"  was h e i d  i n  Smolen ice ,  
Czechos lovak ia .  The a e e r l n g  was o r g a n i z e d  j o l n t l y  by t h e  Czecho- 
s l o v a k i a n  .Academy of S c l e n c e s  and t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  
App l l ed  Systems X n a l y s i s  ( I IXSX).  

. A g r l c u l F ~ r e  LS one  of t h e  n a l n  f a c t o r s  which change t h e  f a c e  o f  
t h e  n a r t h .  .About 1 1  ? e r  = e n t  3f ~ c e - f r e e  l a n d  Ln t h e  v o r l d  1s 
c r o p i a n d .  I n  some v e r y  l a r g e  r l v e r  o a s l n s  3n a r e a  of a r a b i e  l and  
r s  up t o  70 p e r  c e n t  of -ne   hole b a s l n ,  v h l i e  Ln s i n a l l e r  w a t e r -  
s h e d s ,  this r a t l o  r s  even u g h e r .  I t  1s well known now :hat 
a g r l c u l t u r a l  a c t l v l t y  has  a  considerable ~ n f l u e n c e  on ' I y d r o l o q l c a l  
p r o c e s s e s  such a s  run-off  and ~ t s  r e g m e ,  e r o s l o n  and i e i l s e n t a t ; o n ,  
t r a n s p o r t  of  dissolved c n e m l c a l s ,  e t c .  3 u t  t h e  ~ n f l u e n c e  qoes  
beyond aydro logy .  Na te r  ; u s t  p l a y s  t h e  r o l e  o f  an  a g e n t  o r  z a r r l e r  
Ln qeoecosys tems.  T h a t  1s m y  we nave chosen  t h e  wa te r shed  a s  a  
n a t u r a l  t e r r l t o r l a l  u n l t  v n e r e  t h e  components a r e  u n l t e d  311 nydro- 
l o g l c a l  p r o c e s s e s .  

The ? o l l c y  u s u a l l y  adop ted  f o r  normal a g r l c u l t u r a l  development  2 s  

~ n t e n s l i l c a t l o n .  A ;ood d e a l  s f  ~ n f o r m a t l o n  L S  now a v a l l a b l a  on 
. Jar lous  a n v ~ r a n m e n t a l  consequences  o f  such  ~ n t e n s l f l c a t r o n ,  n o s t l y  
of ' ~ n f a v o r a b l e  c h a r a c t e r .  R e c t l f l c a r ~ o n  s f  t n o s e  consequences  L S  

sometimes c o s t l y  o r  technically d l i f l c u l t ,  i O  t h a t  a  d e c l s l o n  LO 70 
anead i r l t h  r t  L S  m d e  a g a l n s t  economlc 3r t e c n n o l o g l c a l  c o n s ~ d e r a -  
t l o n s .  I n  nany c a s e s  correction ~f  a n e  pronlem o r r n g s  a l o n g  xew 
m e s  o f t e n  r e l a t e d  t o  o t h e r  d l s c l p l l n e s .  To make a  d e c l s l o n  gn 
a p p r a p r l a t e  a c t i o n s ,  a  t r a d e - o f f  1s u s u a l l : ~  nade  v e l g h l n g  t n e  ? r o s  
and zons of t h e  a c t l o n .  Sence ,  t h e  nanaqement 31x1 of n a l n t a l n l n q  
e n v ~ r o n m e n t a l  q u a l l t y  and a  sustainable r e s o u r c e  b a s e  r s  of  a  cam- 
? l e x  3nd n u l t l d l s c l p l l n a r y  c h a r a c t e r  v h l c h  L S  o f  L n t e r e s t  '3 an 
r n s t l t u t e  such  a s  IIASA. 

These  d e r e  t h e  c r l t e r l a  v h l c n  l e d  t o  t h e  cnoLce s f  =he = g n f e r e n c e  
theme, a s  ~t was 3ne  gf t n e   inp port ant o n e s  d ~ t h - n  :xe t h e n  Task 
' E n v ~ r o n m e n t a l  ? rgolems 3f . A g r l s u l F ~ r e . "  S ~ n c e  t h e n .  t h e  eeed  f o r  
development  and m p l e m e n t a t l o n  3f n e t h o d o l o g l s s  f o r  a n v l z o n n e n t a l  
nanagement of a g r ~ c u l t u r a l  J n l t s ,  v a t e r s n e d s  ~ n c l u d e d ,  ? a s  3ecome 
w e n  n o r e  J r g e n t .  T h e r e f o r e ,  e x p e r r e n c e s  accumula t ed  Ln nerrser 
c o u n r r l e s  3f iIXSh and ? r e s e n t e d  a t  =he c a n f e r e n c e  I n  l u e s t l s n  a r e  
~f  i n t e r e s t  t oday  n o t  o n i : ~  t o  t ? o s e  countries, b u t  c o u l d  3e  ~ s e f u l  
ts t n e  i e v e l o p l n g  d o r l d  a s  de l i .  

I t  3 f t e n  nappens c h a t  v a t e r s n e d  nanagement is associated d ~ t n  
~ K O S L ~  c o n t r o l ;  t n e  l a t z e r  2s 3ne 3f =he  a a l n  ; o a l s  b u t  a o t  =he 
3n ly  s n e .  The r x e e d l n g s  s f  -1s z o n f z r e n c e  z l e a r l y  demons tza t e  
this. 

Varrous  r e a s o n s  p r e v e n t e d  JS from 3 u b i ~ s h 1 ; 1 9  m e  5 . ~ 1 1  ? r x e e a ~ n g s  
3f me n e e t l n g  v l t n l n  a  r z a s o n a b l e  t u n e .  "he s e l e c t e d  o a p e r s  
irhlch appea r  Ln t n l s  vo ivne  ? r e s e n t ,  t o  Q u r  judgement,  t n e  
expertise n o r e  r e i e v a n r  t o  ? r o p e r  nanagement ,  & r i l l e  o t h e r s  4n;c.h 
r e p r e s e n t  a s p e c t s  of  ~ n d e r s i a n a l n g  o r  a s s e s s n e n t  nad t o  3e 



, ~ n f o r t a n a t e l y  l e f t  o u t .  I am ~ r a t e f u l  t3 311 'he ? a r t i c i ? a n t s  
a t  t h e  c o n f e r e n c e ,  t h e  h o s t s ,  r e v i e w e r s  and o t a f  f  me-nbers of  t h e  
Resou rces  and  Znvrronment . U e a  3 c  IIXSA who a a d e  t h i s  ? u b l i c a t r o n  
? o s s i b l e .  I n  3 a r t l c u l a r  1 would l i k e  t o   hank t h e  .Lre3 C h i - m a n ,  
D r .  J a n u s z  K i n d l e r ,  whose s f f o r t s  h e l p e d  a  3 r e a t  d e a l  i n  f i n a l -  
i z r n g  t h i s  p u b l i c a t i o n .  

Sanacy ?I. Go1ube.l 
> s k  Laace= 1 3 - 3 - ' 3 8 : ;  
Znvl ronmencai  ? robloms 3f .Aqr:sui t a r s  
3 e s o u r c e s  and  Envlronmenc Area 
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SYSTEXS ASPECTS OF ENVIRONMENTAL MANAGEMENT OF AGRICULTURAL 
WATERSHEDS: AN INTRODUCTION TO THE CONFERENCE 

Genady N .  Golubev 

The problem a s s o c i a t e d  w i t h  i n c r e a s i n g  a g r i c u l t u r a l  
p r o d u c t i o n  t h e  wor ld  o v e r  may be s o l v e d  i n  two ways: by 
i n t e n s i f i c a t i o n  of t h e  use  of e x i s t i n g  ag roecosys tems  and 
by t h e  development of new, c u r r e n t l y  i d l e  l a n d s  ( F i g u r e  1 ) .  
I n t e n s i f i c a t i o n  would mean expanding t h e  u s e  o f  machinery .  
f e r t i l i z e r s ,  p e s t i c i d e s ,  and t h e  development  of i r r i g a t i o n  and 
d r a i n a g e  methods,  among o t h e r s .  T h i s  l e a d s  t o  a  number of 
env i ronmenta l  e f f e c t s ,  f o r  example ,  changes  i n  t h e  p h y s i c a l  
and chemica l  p r o p e r t i e s  of s o i l s  ( i n  many c a s e s ,  u n f a v o r a b l e  
o n e s ) ,  a n  i n c r e a s e  i n  s o i l  e r o s i o n ,  p o l l u t i o n  of s u r f a c e  w a t e r  
and groundwater  by d e r i v a t i v e s  of f e r t i l i z e r s  and p e s t i c i d e s ,  
s a l i n i z a t i o n  of s o i l s ,  w a t e r l o g g i n g ,  and t h e  i n c r e a s e  o f  s a l t  
c o n t e n t  i n  i r r i g a t i o n  w a t e r .  The f a c t  t h a t  some l a n d  l i e s  i d l e  
i n  many c a s e s  i m p l i e s  t h a t  t h e  l a n d  was m a r g i n a l  i n  t e rms  o f  
a g r i c u l t u r a l  p r o d u c t i v i t y ,  t h e r e f o r e ,  a f t e r  p lough ing ,  i t  
would be e x p e c t e d  t h a t  u n f a v o r a b l e  e f f e c t s  such a s  a  h i g h  
r a t e  of e r o s i o n  (when compared t o  n a t u r a l  e r o s i o n  and pure  
d r a i n a g e )  and a  h igh  s a l t  c o n t e n t  i n  s o i l s  o r  i r r i g a t i o n  
w a t e r  would m a n i f e s t  t hemse lves .  I f  t h e  i d l e  l a n d  was merely  
l e s s  f e r t i l e  t h a n  o t h e r  f a rmland ,  then  i t  would r e q u i r e  t h e  
heavy use  of chemica l s  o r  t h e  development o f  i r r i g a t i o n  and 
d r a i n a g e ,  o r  some o t h e r  means, t o  i n t e n s i f y  t h e  u s e  o f  i t s  
agroecosystem.  

These e f f e c t s  which d e c r e a s e  t h e  s u s t a l n a b i l i t y  o f  a n  
ag roecosys tem have d i r e c t ,  d e p r e s s i v e  f eedback  on a g r i c u l t u r a l  
p r o d u c t i o n ,  on a  s h o r t -  o r  long- term s c a l e .  The s f f e c t s  on t h e  
q u a l i t y  of t h e  environment  o u t s i d e  an agroecosystem may n o t  
have a  d i r e c t  feedback on a g r i c u l t u r a l  p r o d u c t i o n .  However, 
t h e  need t o  m a i n t a i n  a  c e r t a i n  s t a n d a r d  o f  t h e  q u a l i t y  o f  t h e  
environment  c r e a t e s  some r e g u l a t i o n s  which l i m i t  a g r i c u l t u r a l  
activity. 

T h e r e f o r e ,  we a r a  c o n f r o n t e d  by a  number 3f e n v i r o n m e n t a l  
e f f e c t s  of a g r i c u l t u r e .  P r a c t i c a l  problems r e l a t e d  t o  t h e s e  
e f f e c t s  depend ve ry  much on t h e  t ime  and space  s c a l e .  F i g u r e  2 
shows p r i n c i p a l  c l a s s e s  of t h e  env i ronmenta l  problems o f  a g r i -  
c u l t u r e  i n  c o o r d i n a t e s  o f  s p a c e  and t ime .  Some problems r e q u i r e  
a  t lme  r e s o l u t i o n  o f  l e s s  t h a n  one day.  I n  t h i s  c a s e ,  i n t r a - d a y  
v a r i a t i o n s  of p r o c e s s e s  shou ld  be  t aken  i n t o  a c c o u n t .  For 
example,  i f  we want t o  know i n  d e t a i l  t h e  wa te r  b a l a n c e  o f  a  
f i e l d  o r  even  of a  c r o p ,  we shou ld  t a k e  n o t e  o f  v a r i a t i o n s  of 
h y d r o m e t e o r o l o g i c a l  f a c t o r s  and p l a n t  Sehav iour  w i t h i n  a  day .  
These v a r i a t i o n s  a r e  p e r i o d i c ,  depending on t h e  l o c a t i o n  of t h e  
sun .  By super impos ing  p e r i o d i c  o n e s ,  o t h e r  o s c i l l a t i o n s  
become a p e r i o d i c  i n  c h a r a c t e r .  For example,  a v a r i a t i o n  i n  
t h e  r a i n f a l l  a t  a  g i v e n  p o i n t  i s  i m p o r t a n t  f o r  u n d e r s t a n d i n g  
e r o s i o n  and a s s o c i a t e d  f e r t i l i z e r  and pesticide t r a n s p o r t .  







For  a  t u n e  s c a l e  of  between one  day  and one y e a r ,  t h e  
n o s t  i m p o r t a n t  f a c t o r  is t h e  s e a s o n a l  v a r i a t i o n  o f  p r o c e s s e s :  
i n  many c a s e s  i n t r a - d a i l y  v a r i a t i o n s  c a n  be d i s r e q a r d e d .  The 
management o f  fertilizer application o r  nanagement of i r r i g a t i o n  
w l t h  c o r r e s p o n d i n g  e n v i r o n m e n t a l  consequences  a r e  examples  o f  
t h i s  c l a s s  of  problems.  For a  t i m e  s c a l e  c f  s o r e  t h a n  one  y e a r ,  
one  c a n  d i s r e g a r d  t h e  h o u r l y ,  d a i l y ,  and s e a s o n a l  v a r i a t i o n s .  
Long-term c o n t r o l  o r  f o r e c a s t  of  s o i i  f e r t i l i t y  is a n o t h e r  
example  o f  t h i s  t y p e  o f  problem. 

I n  c o o r d i n a t e s  of  s p a c e ,  a  f i e l d  Level  means mos t ly  t h a t  
we u s u a l l y  d e a l  w i t h  a  one -d imens iona l  t a s k  d i s r e g a r d i n g  
s p a t i a l  v a r i a t i o n s .  A t  t h e  w a t e r s h e d  l e v e l ,  t h e  s p a t i a l  
v a r i a t i o n  o f  f a c t o r s  and p r o c e s s e s  s h o u l d  be t a k e n  i n c o  a c c o u n t .  
Some s o l u t i o n s  such  a s  Lumped p a r a m e t e r  models d o  n o t  r e g a r d  
t h i s  e x p l i c i t l y ;  a t  a  c o n c e p t u a l  s t a g e  however,  t h e  e l e m e n t s  
o f  s p a c e  a r e  considered. Another  c o n s i d e r a t i o n  a t  t h e  w a t e r s h e d  
l e v e l  is t h a t  r i v e r  r u n o f f  becomes a p p a r e n t .  %no+£ Der 
and a s  a  medium o f  compound exchange  can  be s t u d i e d  a n T c o n t r o 1 -  
l e d  j u s t  a t  t h i s  l e v e l .  Hany ?roblems such a s  s o i l  e r o s i o n ,  
p o l l u t i o n  o f  w a t e r  b o d i e s  by a g r i c u l t u r a l  c n e m i c a l s ,  and t h e  
q u a l i t y  o f  i r r i g a t i o n  r e t u r n e d  w a t e r  c a n  and s h o u l d  be  managed 
a t  t h l s  l e v e l .  Some o f  t h e  problems do n o t  have an  o b v i o u s  
r e l a t i o n  t o  r i v e r  r u n o f f ,  t h u s  a  w a t e r s h e d  l e v e l  i s  n o t  
u n l i k e  t h e  management o f  t h e  q u a n t i t y  and q u a l i t y  o f  ground- 
w a t e r s  o r  t h e  s econda ry  s a l i n i z a t i o n  of s o i l s .  Xowever, t h e  
mere f a c t  t h a t  g r o u n d w a ~ e r s  and s u r f a c e  w a t e r s  a r e  i n t e r r e l a t e d  
makes it  n e c e s s a r y  t o  s t u d y  and manage t h e s e  problems a t  a  
w a t e r s h e d  l e v e l .  

A r e g i o n  is r e g a r d e d  h e r e  a s  a : e r r i t o r l a 1  u n i t  w i t h  
common n a t u r a l  and soc io-economic  f e a t u r e s ,  economic g o a l s ,  
and common p o l i c i e s .  I t  IS p a r t  o f  a  l a r g e  c o u n c r y ,  o r  a  s m a l l  
c o u n t r y  i n  i t s e l f .  Long-term p l a n n i n g ,  z o n t r o l ,  and f o r e c a s t -  
i n g  a r e  t h e  main t y p e s  o f  e n v i r o n m e n t a l  problems o f  a g r i c u l t u r e  
i n  a  r e g i o n .  T y p i c a l  examples  a r e  t h e  measu re s  p l a n n e d  f o r  t h e  
? r e v e n t i o n  o f  non -po in t  s o u r c e  p o l l u t i o n  o f  w a t e r  b o d i e s .  
C o n t i n e n t a l  and g l o b a l  l e v e l s  a r e  of  i n t e r e s t  f o r  u n d e r s t a n d i n g ,  
m o n i t o r i n g ,  and long - range  f o r e c a s t i n g  of  l a r g e - s c a l e  a n v i r o n -  
m e n t a l  changes  due  t o  agriculture, e.?.,  q l o b a l  b iogeochemica l  
c y c l e s .  

I n  ? i g u r e  3 each  a r e a  ! f i e l d ,  u a t e r s h e d ,  2r r e g i o n )  h a s  
c e r t a i n  e x p l i c i t  o r  i m p l l c i t  g o a l s  f o r  a c r i c n l t u r a l  p r o d u c t i o n  
( 1 ) .  The g o a l s  m y  be q u i t e  d i f f e r e n t .  I n  some a r e a s ,  t h e  
g o a l  may be t o  o b t a i n  maximum b e n e f i t  from a g r i c u l t u r a l  pro-  
d u c t i o n ,  in o t h e r s ,  it nay be t o  grow a  z e r t a i n  amount o f  a 
g i v e n  c r o p ,  i n  y e t  o t h e r s ,  it i s  t o  p r o v i d e  s e l f - s u f f i c i e n c y  
I n  a g r i c u l t u r a l  p r o d u c t s  T r  t o  e x p o r t  a  terrain amount.  The 
g o a l  is  accompl i shed  t h r o u a h  t h e  a d o p t i o n  o f  a p p r o p r i a t e  
a g r i c u l t n r a l  p r a c t i c e s  ( 2 )  . Once t h e  g o a l  i s  a c h i e v e d  ( 3 )  , 
t h e r e  i s  s i m u l t a n e o u s  impac t  on t h e  environment (4) a s  d i s c u s -  
s ed  i n  r e l a t i o n  t o  F i g u r e  1 .  U s u a l l y ,  a  f a rmer  i s  n o t  ve ry  
I n t e r e s t e d  i n  t h e  e f f e c t s  r e p r e s e n t e d  by 3 l o c k  9 i n  F i g u r e  3 
n n l e s s  h e  o b s e r v e s  immediate o r  s n o r c - t e r m  o f f e c t s  of  h i s  
a c t i v l t y .  I n  many c a s e s ,  f a r m e r s  may n o t  r e a l l z e  t h e  n e g a t i v e  
long- term consequences  3f  t.5e.r a c c i v i t y  o r  t h e y  do  n o t  have  
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snough means t o  a i t e r  sr  s t o p  t h e s e  c o n s e q u e n c e s .  Tor a  s o c i e t y  
l i Y r i n g  i n  3 q i v e n  r e g i o n  >r w a t e r s n e d ,  b o t h  3 l o c k s  3 and  4 a r e  
o f  I n t e r e s t  and  a  ? r o p e r  o v e r a l l  a s s e s smer . t  o f  Lhe l o s s e s  and  
g a i n s  i s ) ,  i s  r e q u i r e d .  I f  t h e  a s s e s s m e n t  ? r o v e s  t h a t  t h e  
s i t u a t i o n  i s  a c c e p t a b l e ,  t h e  a g r i c u i t u r a l  a c t i v i t y  c o n t i n u e s .  
I f  it is u n a c c e p t a b l e ,  t h e  i n i t i a l  i t e r a t l o n ( s )  a r e  c a r r i e d  
o u t ,  r e t a i n i n g  t h e  i n l t i a l  g o a l s  ( 6 ) ,  and c e r t a i n  m e a s u r e s  t o  
improve  t h e  s i t u a t i o n  a r e  a p p l i e d  171.  They c a n  h e  o f  v a r i o u s  
k i n d s  ( t e c h n o l o g i c a l ,  e conomic ,  l e g i s l a t i . ~ e ,  a d m i n i s t r a t i v e ,  
e t c . 1 ,  and c a n  be  a p p l i e d  t o  e i t h e r  o r  b o t h  a g r i c u l t u r a l  
a c t i v i t y  and  t h e  env i ronmen t  ( 8 )  . Yany example s  o f  s u c h  
measu re s  a r e  Xnown, e .  g  . , t e r r a c  i n ? ,  i n c r e a s e d  c h a r g e s  f o r  
irrigation w a t e r ,  fertilizer t a x e s ,  r e q u l a c l o n s  on  a g r i c u l t u r a i  
p r a c t i c e s ,  e t c .  I n  some c a s e s ,  t h e  f i r s t  i t e r a t i o n  i s  done  
m e n t a l l y .  For  i n s t a n c e ,  d e s i g n  o f  d r a i n a g e  s i m u l t a n e o u s l y  w i t h  
- h e  d e s i g n  o f  a  new i r r i g a t i o n  p r o j e c t .  i f  t h e  o u t p u t  o f  t h e  
a g r i c u l t u r e - e n v i r o n m e n t  s y s t e m  1s s t i l l  u n a c c e p t a b l e  a f t e r  some 
i t e r a t i o n s ,  t h e  i n i t i a l  g o a l  s h o u l d  b e  changed  ( 9 ) .  

i t  is o b v i o u s  t h a t  e n v i r o n m e n t a l  management i s  n o t  an  2nd 
i n  i t s e l f .  The main g o a l s  c e n t e r  on  g r o d u c t i v e  a c t i o n s ,  i n  o u r  
c a s e ,  a g r r c u l t u r a l  a c t i v i z y .  gowever ,  t o  a c h i e v e  c e r t a i n  g o a l s ,  
c o n t r o l  o f  t h e  2 n v i r o n m e n t  i s  3 key  f a c t o r .  An i z p o r t a n t  
objective is  t o  f o r e c a s t  e n v i r o n m e n t a l  c h a n g e s  s tenuning f rom 
.nar. 's a c t l v i t l e s .  b u t  ~t would h e  even  n o r e  i m p o r t a n t  t o  
c o n t r o l  ihem.  The t r e n d  i n  m r l d  a g r i c u l t u r a l  deve lopmen t  i s  
t oward  i n t e n s i f i c a t i o n  o f  a g r i c u l t u r e  and  t h u s  e v e r  i n c r e a s i n g  
s f f e c t s  on t h e  env i ronmen t  a r e  e x p e r i e n c e d .  One o f  t h e  
f u n d a m e n t a i s  o f  t h e  e n v i r o n m e n t a l  management o f  a g r i c u l t u r a l  
a r e a s  i s  c o n f l i c t  he tween  t h e  g o a l s  o f  agriculture and  t h o s e  
o f  e n v i r o n m e n t a l  q u a l i t y  ( F i g u r e  3 1 .  

To s o l v e  t h i s  c o n f l i c t ,  t h e  s t a t e  3f  t h e  e n v i r o n m e n t  
s h o u l d  be  a s s e s s e d  u s l n g  a  s y s t e m  o f  ~ n d i , z e s  c o m p r i s i n g  b o t h  
p h y s i c a l  ~ n d i c a t o r s ,  s u c h  a s  Y - ~0~ c o n t e n c  i n  w a t e r ,  t h e  
amount o f  t s c s o i i  washed away, t h e  3 c c u n u l a t i o n  l e v e l  o f  
pesticides l n  s o i l ,  e t c . ,  and  t h e  i n t a n g i b l e s ,  s u c h  a s  t h e  
b e a u t y  o f  r h e  l a n d s c a p e ,  r e c r e a t i o n  o o t e n c i a l ,  human p e r c e p -  
t l o n  o f  c e r t a i n  p h y s i c a l  l n d i c e s ,  and human h e a l t h  r e l a t e d  
t o  e n v i r o n m e n t a l  q u a l i t y .  Th;s .:cry i m p o r t a n t  a s p e c t  s f  
environmental s c i e n c e  1s a  b a s l c  i s s u e  v h l c h  s h o u l d  5e b o r n e  
i n  mind .  

. A g r ~ c u l t u r a l  and  2nv : romenca l  interests a r e  d e t e r ~ ~ i n e c  5;) 5 
z u m e r  of  componen t s ,  whlch ,.+hen z o n s l d e r e c  b o t h  s i n g l y  and  :n 
c o m i n a t l o n ,  a r e  ~ f t e n  c o n i l l c t l n q  s ~ ; e c t i ' r e s .  T h e r e f o r e ,  2 e i l n e a c -  
i n g  j o a l s  f 3 r  @nt: i ronmencal  c o n t r o l  z o t  only) s n t a l l s  a  s e a r c h  
f o r  o p t i m a i  g o a l s  among s e v e r a i  criteria, b u t  a l s o  means t h a t  
an  optimum f o r  e n e r a l  u s e  c annoc  ~ s u a l l - I  5 e  found .  I n s t e a d ,  
one  s h o u i d  Lsok f o r  opt imums a p p l i e d  a t  t h e  l o c a l  l e v e l ,  
which may a e a n  a a c r i f i c l n g  c e r t a l n  o b j e c t ~ . ~ e s  e l t h e r  i n  
a g r i c u l t u r e  o r  l n  s n v i r 2 n m e n c a l  q u a l i t y .  The same p rob l em 3 f  
t r a d e o f f  and c o m p r o n i s e  :an b e  found  i n  v a r l o u s  a s p e c t s  o f  t h e  
environment. Fo r  i n s t a n c e ,  s u c c e s s f u l  5 0 1 1  c o n s e r v a t i o n  may 
l ? a d  t o  an I n c r e a s e  o f  nitrates l e a c h i n g  i n c o  n a t u r a l  . d a t e r s .  
I n  t h l s  r e s g e c t ,  l t  wouid be u s e f > ~ i  co  d r s c u s s  a c c u m u l a t e d  
experience I n  d e f i n i n q  r - s c i n a l  g o a l s  f o r  s n v i r o n m e n t a l  rnanaae- 
n e n t  a s  w e l l  a s  methods  f o r  a n a l y z i n g  t h e  ~ o a l s .  



I n  o r d e r  t o  c o n t r o l  t h e  environment ,  t h e  c a u s e  and e f e c t  
r e l a t i o n s h i p s  between a g r i c u l t u r e  and t h e  environment  must be 
known, and p rev ious  e x p e r i e n c e  is of paramount impor tance .  
Some o f  t h e  knowledge r e q u i r e d  c a n  be d e r i v e d  from s t a t i s t i c s ,  
measurements o v e r  s e v e r a l  y e a r s ,  and t h e  e x p e r t i s e  o f  f a r m e r s .  
These d a t a ,  g a t h e r e d  i n c i d e n t a l l y  o r  th rough  g e n e r a l  s u r v e y s ,  
o f t e n  s t em from p r a c t i c a l  e x p e r i e n c e .  However, a  c o n t r o l l e d ,  
p lanned exper imen t  is a l s o  a  u s e f u l  s o u r c e  of  i n f o r m a t i o n .  
I t  is ,  f u r t h e r m o r e ,  w e l l  wor thwhi l e  d i s c u s s i n g  t h e s e  r e l a t i o n -  
s h i p s ,  a s  t h e  f i r s t  s t a g e  i n  management of t h e  complex problem 
of  s t u d y i n g  t h e  env i ronmenta l  e f f e c t s  o f  a g r i c u l t u r e .  

I n  t h e  c a s e  o f  a  wa te r shed ,  it is e s s e n t i a l  t o  know t h e  
c a u s e  and e f f e c t  r e l a t i o n s h i p s  f o r  d i f f e r e n t  env i ronmenta l  
a g r i c u l t u r a l  problems a t  v a r i o u s  h i e r a r c h i c a l  l e v e l s ,  from a  
f i e l d  t o  a  c l o s e d  w a t e r  body: 

pr imary 
h y d r o q r a ~ h i c  - c o n s t a n t  

network f low 
.dater body 
o f  h i g h e r  l e v e l  
i r l v e r ,  l a k e ,  
r e s e r v o i r )  

d e e p e r  groundwater  

The above diagram r e l a t e s  both  t o  h y d r o l o g i c  p r o c e s s e s  
and LO p r o c e s s e s  where wa te r  s e r v e s  a s  a  t r a n s p o r t  medium. 
The 3 r o c e s s e s  i n  t h e  l i n k s  o f  t h i s  c h a i n  a r e  n o t  c o m p l e ~ e l y  
known. 

Mathemat ica l  modeling i s  an i n t e g r a l  p a r t  o f  a  sys t ems  
approach t o  t h e  problem of u s i n g  c a u s e  and e f f e c t  r e l a t i o n -  
s h i p s  f o r  env i ronmenta l  management of a g r i c u l t u r a l  a r e a s .  
Modeling no t  o n l y  h e l p s  i n  3 l a n n i n g  an  exper imen t ,  and i n  
u s i n g  a v a i l a b l e  e x p e r i m e n t a l  d a t a  t o  g e n e r a t e  new e x p e r i m e n t s ,  
b u t  a l s o  c a n  be a  u s e f u l  t o o l  i n  a s s e s s i n g  t h e  e f f e c t s  of 
a g r i c u l t u r e  on t h e  env i ronment ,  t h u s  r e p a r i n g  background 
i n f o r m a t i o n  f o r  s o l v i n g  t h e  c o n f l i c t  s i t u a t i o n  between a g r i -  
c u l r u r e  and t h e  environment .  

.&en t h e  o b j e c t i v e s  o f  env i ronmenta l  nanagernent a r e  
d e f i n e d ,  mechanisms t o  be used f o r  c o n t r o l  shou ld  be z l e a r l y  
s t i p u l a t e d .  Environmenta i  management o f  a g r i c u l t u r a l  a r e a s  
can  be done th rouqh  t e c h n o l o g i c a l ,  economic, a d m i n i s t r a t i v e ,  
and l e g a l  c o n t r o l  t o o l s .  ? o l l c y  a n a l y s i s  1s a n  i m p o r t a n t  
? a r c  3f envlzonmenta l  nanagement.  A s  many o f  t h e  c o n t r o l  



nechan i sms  a r e  o p e r a t e d  by man 3nd 3 f f e c t  mankind ,  s o c i a l ,  
economic ,  and b e h a v i o r a l  a s p e c t s  s h o u l d  a l s o  be  t a k e n  Anto 
a c c o u n t .  

The o b j e c t i v e  o f  t h l s  ?ape= i s  m e r e l y  t o  d e t e r m i n e  t h o s e  
3 rob l ems  which a r e  i m p o r t a n t  f o r  t h e  e n v i r o n m e n t a l  management 
o f  a g r i c u l t u r a l  w a t e r s h e d s .  I t  c a n n o t  be  s x p e c t e d  t h a t  a l l  
t h e  i s s u e s  c a n  be  d i s c u s s e d  o r  even  m e n t i o n e d  i n  a  c o n f e r e n c e .  
However, c o n s i d e r a b l e  a t t e n t i o n  s n o u l d  be  ; iven  t o  : ~ n d e r s t a n d -  
i n g  e n v i r o n m e n t a l  e f f e c t s  a s  t h i s  is che  f i r s t  s t e p  t oward  
e n v i r o n m e n t a l  management .  
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A g r i c u l t u r e ,  t o g e t h e r  v i t h  r e l a t e d  w a t e r  c o n t r o l ,  influence 
h y d r o l o g i c a l  p r o c e s s e s  on t h e  e a r t h  more a d v e r s e l y  than any o t h e r  
i n t e r f e r e n c e  by man i n  t h e  h y d r o l o g i c  c y c l e ,  because  t h e  e f f e c t s  
c o n c e n t r a t e  on a  q u a r t e r  o f  t h e  l a n d  s u r f a c e  o f  t h e  e a r t h .  
Lengthening and i n t e n s i f i c a t i o n  of t h e  growing ? e r i o d ,  t h e  i n c r e a s e  
of y i e l d s  a s  compared w i t h  t h e  n a t u r a l  p r o d u c t i o n ,  i n s t a l l a t i o n  
of one-crop a g r i c u l t u r e  i n s t e a d  o f  t h e  b a l a n c i n g  v a r i e t y  o f  a  
n a t u r a l  compos i t ion  of p l a n t s ,  mechanical  t r e a t m e n t  of s o i l ,  
s h i f t s  i n  t h e  l a n d  u s e ,  f e r t i l i z a t i o n  and s o  on ,  have e f f e c t s  
which conce rn  t h e  d i s t r i b u t i o n  of w a t e r  a c c o r d i n g  t o  s p a c e  and 
t ime ,  t h e  q u a n t i t y  of wa te r  a v a i l a b l e  t o  n a n ,  and w a t e r  q u a l i t y .  
I t  i s  an u r g e n t  t a s k  t o  s t u d y  t h e  g e o g r a p h ~ c a l  d i f f e r e n t i a t i o n  
of t h e s e  e f f e c t s .  



Our -ng  the p a s t  few decades, the w a t e r  3 a l 3 n c e  I n  e a r t h  has cnanged, 

r e g i o n a l l y  and g l o b a l l y ,  aue t o  man 's  i n t l u e n c e ,  3s nan s t a r t e d  t o  use v a s t  

a reas  o f  t h e  l a n d  s u r f a c e  f o r  economic Ju rposes ,  e s ~ e c l a l i y  f o r  a g r i c u l t u r e .  

The r u n o f f  f r o m  che continents t o  t h e  sea decreased ,  though p r e c i p i t a t i o n  was 

a l m o s t  conscan t .  Over s e v e r a l  decades, e v a p o t r a n s p i r a t i o n  nas i n c r e a s e d  b y  

a b o u t  109, t h i s  numoer i n d i c a t i n g  t h e  t rend .  The e x o a n s i o n  o f  a r a b l e  i a n a  

and  g r a s s l a n d  a t  the  expense 3 f  f o r e s t  a reas  and a r i d  I r e a s  w i t h o u t  v e g e t a t i o n ,  

and  t h e  i n c r e a s e  g f  c r o p  y i e l d s ,  a r e  n o t  t h e  o n l y  reasons b u t  t h e  i m s t  important 

ones f o r  t h e  m o d i f i c a t i o n  o f  w a t e r  ba lance .  

Ten p e r c e n t  o f  t h e  l a n d  surCace i s  a r a b l e  l a n d  and s e t t l e m e n t  a reas ,  16: i s  

petmanent  g r a s s l a n d ,  savannas and s teppes .  Thus, a  q u a r t e r  o f  t h e  l a n d  s u r f a c e  

i s  b e i n g  used f o r  a g r i c u l t u r e .  - h z t  i s  to say t h a t  on  a  q u a r t e r  o f  t h e  l a n d  j u r -  

face t h e  n a c u r a l  3 a l a n c e  i s  i n f l u e n c e d  b y  nan. 

[t. i s  <nown t h a t  o r i g i n a l l y  C e n t r a l  Europe was j l m o s t  c o m p l e t e l y  covered  b y  

f o r e s t s  o f  d i f f e r e n t  k i n d s .  E s p e c i a l l y  d u r i n g  'he V i d c l e  Ages, l a r g e  f o r e s t  

j r e a s  were  c l e a r e d  and c l a i m e d  f o r  a r a o l e  l a n d  and  p a s t u r e ,  tnown t o  h i s t o r i a n s  

3nd geograoners  as new s e t t l e m e n t  a r e a s .  I n  s ~ i t e  g f  :nese cnanges,  H a t e r  2 a i a n c e  

l a s  n o t  3een c o m o l e t e l y  u n b a i a n c e l .  

A1 1  M e  s t u d i e s  c a r r i e d  o u t  i n  nany c o u n t r i e s  3nd c! i m a t i c  r e g i o n s  g f  :he 

e a r t h  p r o v e d  t h a t  f o r e s t s ,  due t o  :he g r e a t e r  r e t e n t j o n  c a p a c i t y  o f  t h e  t r e e  rops 

i n d  t h e  ground,  b reak  most  f l o o d  Jeaks. I t  c a n n o t  >e < : e a r l y  s a i d  whe ther ,  

,3u r ing  t h e  f e a r ,  f o r e s t e d  a reas  can  s u p p l y  a o r e  w a t e r  tnan an  a rea  ' w i t h o u t  

r o r e s t .  

I n  ; e n t r 3 l  Europe,  g e o m r ~ h o 1 o q i s : s  can  :rove r h a c  d u r i n g  t h e  Y i d d l e  Ages, a  

; j ec :a l  sed iment  i a y e r  i n  f i o o d  g i a i n s ,  :he so-ca1:eq f l o o d   lain d e ~ o s i t s ,  

3 r l g i n a t e d  i m m  the  i n t e n s i f i e d  e r o s i o n  < n  a reas  o f  f o r e s t  c l e a r i n g .  I t  i s  

3150 cnown t n a t  ! n  Y e d i t e r r a n e a n  r e g i o n s ,  'ram :he Roman ? e r i o d  t o  t h e  l a t e  

: l i d d l e  Ages, l a r ~ e r  a reas  o f  fo res t .  were c l e a r e d ,  2 r o v i o i n g  space f o r  s e t t l e m e n t s  



and f o r  s h i p  cons t ruc t i on ,  o tc .  On account o f  d i f f e r e n t  c l i m a t i c  c o n d i t i o n s ,  

t he  consequences o f  f o r e s t  c l e a r i n g  i n  these reg ions are  more se r i ous  than 

i n  Cent ra l  Europe. 

Today, i n  Mediterranean coun t r i es ,  v a s t  areas a re  n o t  o n l y  devo id  o f  f o r e s t  

b u t  t h e r e  i s  n o t  even s o i  1  f o r  %water s to rage ,  wh ich  cou ld  be a  bas i s  f o r  

r e f o r e s t a t i o n  and o f  c o u n e  f o r  farming. A f t e r  d e f o r e s t a t i o n ,  heavy w i n t e r  

r a i n s  which are  c h a r a c t e r i s t i c  o f  t h e  Medi ter ranean c l  i rnate,  cou ld  e a s i l y  

erode the s o i l  and s p i l l  i t  i n t o  t h e  nearby sea. Th i s  process i s  s t i l l  t o  

be observed annual l y  i n  a g r i c u l t u r a l  areas o f  m u n t a i  nous and h i  11 y  c o u n t r i e s .  

Du r i ng  t h e  l a s t  150 years  even more new a r a b l e  1  and and pastures  i n  1  arge 

areas a l l  ove r  t h e  w o r l d  were c la imed ay c l e a r i n g  f o r e s t s ,  than d u r i n g  

t h e  e n t i r e  M i d d l e  Ages. The h y d r o l o g i c a l  consequences of these more recen t  

c l e a r i n g s  a r e  sometimes d r e a d f u l .  Areas i n  t h e  west of No r th  America, i n  

A f r i c a  and A u s t r a l i a .  areas w i t h  a  h i g h  a m u n t  o f  p r e c i p i t a t i o n  as w e l l  as 

s e m i - a r i d  p a r t s  o f  New Zealand, are j u s t  a  few examples. Th is  recen t  c l e a r i n g  

of l and ,  where pe r i ods  o f  heavy r a i n  a l t e r n a t e  w i t h  d ry  pe r i ods  d u r i n g  t h e  

y e a r ,  had c a t a s t r o p h i  c  consequences. I n  t hese  reg ions cons ide rab le  e ros ion  

and sed imen ta t i on  s t i l l  t ake  p lace  every y e a r .  Large areas o f  a r a b l e  l and  

and pas tu res  a re  s t i l l  be ing  destroyed by e r o s i o n  as w e l l  as oy sed imenta t ion .  

Du r i ng  the l a s t  y e a r s ,  i n  the  Yangatu V a l l e y  i n  NE New Zealand, t he  v a l l e y  

f l o o r  a long  the  main r i v e r  and along seve ra l  t r i b u t a r i e s  nas r i s e n  by 50 cm 

each y e a r  as a  r e s u l t  o f  sed imenta t ion .  Th i s  nappens along a  s t r e t c h  o f  many 

ic i lometers  and extends t o  3 w i d t h  o f  about 200 m. Pasture  c la imed about a  

nundred y e a n  ago i s  be ing  destroyed. 

Wi th  d e f o r e s t a t i o n ,  the t y p i c a l  c l i m a t e  o f  a f o r e s t  cnanges, wnicn !s o f  

p a r t i c u l a r  impor tance i n  areas o f  fog  f o r e s t .  The s o i l  i s  5e ing  removed. A t  

t he  same t ime  the  a b i l i t y  o f  t h e  s o i l  t o  s t o r e  water  and t h e  supp ly  o f  s o i l  

d a t e r  t o  the  ground water  decreases. The m iss ing  w a t e r - r e t e n t i o n  i a o a c l t y  i n  

t3e  s o i l  causes the p r e c i p i t a t i o n  t o  runo f f  on The surface, f l o o d  ~ e a k S  



become n i g h e r ,  l o w  w a t e r  becomes more ex t reme;  i n  o t h e r  words :  f l u c t u a t 4 o n s  

of * d a t e r  l e v e l s  i n  r i v e r s  i n c r e a s e  and w i t h  them, t h e  work o f  e r o s i o n  and 

t r a n s p o r t  i n  r i v e r s .  I n  o r d e r  t o  compensate these  n e g a t i v e  e f f e c t s  of  

c u l t i v a t i n g  woodlands,  r e s e r v o i r s  have t o  be b u i l t  t o  b a l a n c e  t h e  f l u c t u a t i o n  

o f  w a t e r  ' e v e l s ,  and t o  decrease e r o s i o n  as w e l l  as t h e  t r a n s p o r t a t i o n  c a p a c i t y  

o f  s o l i d  m a t t e r ,  t h e  r i s i n g  o f  t h e  r i v e r  bed, a n d s e d i m e n t a t i o n  i n  t h e  m i d d l e  

and l o w e r  p a r t  o f  t h e  r i v e r .  

The a g r a r i a n  a reas  a1 1  o v e r  t h e  w o r l d  b o r a e r  on  n a t u r a l  f o r e s t  be1 t s  and a r i d  

b e l t s .  The n a t u r a l  g r o w t h  o f  g r a s s  i n  s e m l - a n d  a reas  a l s o  p r o t e c t s  t h e  s o i l .  

Grass i n c r e a s e s  i n f i  1  t r a t i o n ,  t r a n s p i r a t i o n  and e v a p o r a t i o n  r e s p e c t i v e l y .  

S t u d i e s  have p r o v e d  t h a t  g r a s s - c o v e r  l o w e r s  t h e  r u n o f f  peak and t h e r e b y  

decreases t h e  e r o s i o n  capac l  t y  and, l a s t  b u t  n o t  1 e a s t .  t h e  w a t e r  consumpt ion  

of  v e g e t a t i o n  i t s e l f .  A m i s t a k e  most  f r e q u e n t 1  y  observed  i s  o v e r - g r a z i n g .  w h i c h  

d e s t r o y s  t h e  sod, and t h e r e f o r e  i n c r e a s e s  w a t e r  and w i n d  e r o s i o n .  T h i s  causes a  

decreased s t o r a g e  of  w a t e r  i n  t h e  s o i l  and i n c r e a s e d  r u n o f f  f l u c t u a t i o n s .  

A f u r t h e r  e f f e c t  o f  p a s t o r a l  f a r m i n g ,  v n i c h  ;lay be  observed  i n  s u b - a l p i n e  and 

a l p i n e  mounta ins  o f  h i g h e r  l a t i t u d e s ,  i s  t h e  *3 l  l o w i n g :  t 3 e  t ramnl  i n ?  o f  ? r a z i n g  

an ima ls  causes t h e  ground t o  be compacted and t h e r e b y  t h e  r u n o f f  i s  a c c e l e r a t e d .  

I n  a  c e r t a i n  a rea  o f  West C o l o r a d o  p a s t u r i n g  was n o t  p e r m i t t e d  3etween 1955 

and 1961. The r u n o f f  decreased b y  20:, because m r e  w a t e r  c o u i d  i n f i l t r a t e  

t h e  s o i l .  and t h e  sed iment  l o a d  decreased by 18 t o  2 4  : as a  r e s u l t  o f  

d i m i n i s h e d  e r o s i o n .  A t  t h e  same t i m e  t h e  c o m p o s i t i o n  o f  t h e  v e g e t a t i o n  d i d  

n o t  change r a d i c a l  l y  ( I n t e r n a t i o n a l  i l y d r o l o g i  c a l  Oecaae, i 9 7 2 ) .  

S i m i l a r  r e s u l t s  Here found i n  t h e  Swiss and a a v a r i a n  A l p s  ( K a r l  and Janz. 

1969).  The i n t e n s i f i e d  e r o s i o n  observed  d u r i n g  t h e  l a s t  decades d e t e r i o r a t e s  

w a t e r  r e s o u r c e s  development p r o j e c t s  o f  r i v e r s  i n  t h e  f o r e l a n d  as a  r e s u l t  o f  

t h e  i n c r e a s e d  t r a n s p o e  o f  s o l i d  m a t t e r .  I n v e s t ~ g a t i o n s  showed t h a t  p a s t o r a l  

f a r m i n g  i n  mountainous c o u n t r i e s  sometimes causes a r a p i d  i n c r e a s e  o f  e r o s i o n  

and o f  t r a n s p o r t  o f  s o l i d  m a t t e r  i n  s u r f a c e  f low.  There,  a p p l i e d  i n f i l t r a t i o n  

t e s t s  nave demonst ra ted  t h a t  infiltration on p a s t u r e s  i s  276 t o  1080 t imes  



l e s s  as compared w i t h  i n f i l t r a t i o n  on grounds which were no t  pastured.  

There fore ,  t h e  e r o s i o n  encouraging s u r f a c e  run -o f f  increases on pastures  

d u r i n g  f requen t  heavy r a i n s  i n  mountainous reg ions.  These areas, which 

i n c l u d e  woodland pas tu res ,  cover  about 20 % of t h e  Bavar ian Alps.  

I n  more recen t  h y d r o l o g i c a l  research. the  ques t i on  o f  a  h ighe r  water demand 

caused by an expans ion o f  a r a b l e  l and ,  by  i n t e n s i f y i n g  c u l t i v a t i o n ,  and by 

i n c r e a s i n g  c r o p  y i e l d s  i s  very  impor tan t .  as w e l l  as t he  ques t i on  o f  

m o d i f i c a t ' i o n  o f  wa te r  q u a l i t y  caused by f e r t i l i z a t i o n  of  a r a b l e  l and  and 

pas tu re .  Under v a r y i n g  edaphi c  c o n d i t i o n s  t h e r e  i s  a  d i f f e r e n t  e c o l o g i c a l  

e v a l u a t i o n  o f  t h e  a r a b l e  l a n d  and t h e r e  i s .  t he re fo re ,  no unanimous answer 

t o  t h e  f o l l o w i n g  ques t i ons :  

Does f o r e s t  area need more water  than farmland? Does groundwater r e c e i v e  

more water  f m m  f o r e s t  l a n d  than f m m  a r a b l e  l and?  

D e t a i l e d  s tud ies  have shown t h a t  as a  r u l e ,  nmre water  evaporates from 

s o i l  covered w i t h  vege ta t i on  than s o i l  w i t h o u t  vege ta t i on ;  moreover, these s tud ies  

have demonstrated t h a t  a  dense vege ta t i on  needs more water f o r  c u l t i v a t i o n  

than sparse vegeta t ion .  Here, i t  must n o t  be over looked t h a t  i n  consequence 

o f  t h e  m i c r o c l  i m a t i c  c o n d i t i o n s  ( w i t h  more i n t e n s i v e  r a d i a t i o n ,  a  more i n t e n s i v e  

mo t i on  of t h e  w ind and the reby  e v a p o r a t i o n ) ,  t h e  s i n g l e  p l a n t  i n  open 

v e g e t a t i o n  has a  r e l a t i v e l y  h ighe r  water use, i .e. ,  the water  use per  gram o f  

p l a n t  substance, than t h e  s i n g l e  p l a n t  i n  dense vegeta t ion .  Good management 

of 1  and under cu l  t i  va t i on ,  improved a g r i c u l  t u r a l  p rac t i ces ,  and ?ood f e r t i  1  i z a t i o n  

a l s o  saves water.  However, as 3 r u l e  the abso lu te  ,dater use increased per 

u n i t  o r  area w i t h  a  h i g h e r  amount o f  t r a n s p i r a t i n g  p l a n t s .  O f  course, t h e  

~ i n d S  of p l a n t s  are  o f  importance; t he re  a r e  water -sav ing and w a t e r w a s t i n g  

p l a n t s  as we1 1  as 1  oca t i ons .  ~ g r i c u l t u r a l  p roduc t i on  then, i n f l uences  the  

surface and subsurface runoff  due t o  t h e  water  i n t a k e  o f  p l a n t s .  



Before  1951, the ques t i on  o f  the  i n f l u e n c e  o f  a g r i c u l  t u r a l  p roduc t i on  on 

evapo ra t i on  and r u n o f f  d i d  n o t  a t t r a c t  any a t t e n t i o n .  U n t i l  1951, i t  was 

b e l i e v e d  t h a t  i n  Cen t ra l  Europe t h e  t o t a l  e v a p o t r a n s p i r a t i o n  was s p l i t  up 

i n t o  25 % t r a n s p i r a t i o n ,  and 75 % evapo ra t i on .  Spec ia l  s t u d i e s  on t h e  

phys io loqy  o f  p l a n t s  brought  me t o  t he  conc lus ion ,  t h a t  75 % o f  t h e  t o t a l  

evapot ransp i  r a t i o n  i s  t ransp ' i  r a t i o n .  and 25 % evapora t ion .  I e x p l a i n e d  t h i s  

f o r  t he  f i r s t  t i m e  i n  t h e  f i r s t  scheme o f  water  ba lance of t h e  Federa l  

Repub l ic  o f  Germany i n  1951. I n  t h i s  connec t i on  t he  t r a n s p i r a t i o n  was 

es t ima ted  acco rd ing  t o  a  spec i  a1 procedure.  

The water  balance values f o r  t he  p e r i o d  1891 - 1930, which were then de te r -  

mined, a re  s t i l l  used today i n  the  Federal  Republ ic of Germany, as a  bas i s  f o r  t he  

c a l c u l a t i o n  of  wa te r  resources.  I n  1970. I used the same method i n  r e c a l c u l a t i n g  

t h e  water  ba lance f o r  t h e  p e r i o d  1931 - 1960, whereby an i n t e r e s t i n g  comparison 

of  changes i n  evapo ra t i on  and runo f f  were ev iden t .  F o l l o w i n g  t h i s ,  I b r i e f l y  

e x p l a i n e d  t h e  method used (Ke l  l e r ,  R. , 1951, 1952, 1961, 1965, 1970, 1971).  

The b a s i s  o f  t he  method i s  t r ansp i  r a t i o n  measurements, where, s imul taneousl  y ,  

t he  mass o f  t r a n s p i r i n g  m a t e r i a l  i s  a l s o  g iven.  From b o t a n i c a l  works,  I have 

compi led  a  d iagram (F ig .  1 )  i n  which t h e  t r a n s p i r a t i o n  va lues f o r  62 d i f f e r e n t  

p l a n t s  a re  i n c l u d e d  acco rd ing  t o  P isek ,  C a r t e l l i e r i ,  Berger -Landefe ld t ,  Schenk, 

H a r t e l ,  M i i l l e r - S t o l l .  From t h e  v e r t i c a l  s c a l e ,  i t  may be seen t h a t  1  gm o f  

f r e s h  p l a n t  m a t t e r  can g i v e  o f f  between 2  and 13 gm o f  wa te r  d a i l y .  Th i s  

t r a n s p i r a t i o n  i s  p a r t  o f  an o r d e r  o f  d imension a l s o  s p e c i f i e d  f o r  c u l t i v a t e d  

p l a n t s .  

I n  3 rde r  t o  assess the water  balance i n  a  reg ion,  i t  i s  impor tan t  t o  determine 

whether p l a n t s  w i t h  an ex t remely  h i g h  water-consumption can b u i l d  up an. 

e n t i r e l y  n a t u r a l  f o rma t i on  w i t h  f u l l  surface-coverage. P l a n t  popu la t i ons  o f  

o n l y  grasses and shrubs appear seldom as a  n a t u r a l  phenomenon; man, however, 

i n  h i s  f i e l d s  and woodlands, c u l t i v a t e s  p l a n t  popu la t i ons  o f  a homogeneous 

type. He p r e f e r s  few p l a n t s .  Can these p l a n t s  have extreme water - requ i rer rents? 



F i g u r e  i .  T r a n s p i r a t i o n  by d i f f e r e n t  p l a n t s  i n  r e l a t i o n  t o  a reas  
c o v e r e d  oy them. 



Can t h e  n a t u r a l  wa te r  ba lance be d i s t u r o e d  by t h i s  means? I n  t h e  diagram 

(F ig .  1 )  t h i s  q u e s t i o n  i s  answered o n l y  f o r  t h e  n a t u r a l  p l a n t s  which have 

been recorded here .  

The l a r g e r  the  area covered by nembers o f  a  s i n g l e  p l a n t  group, the lower  the  

r e l a t i v e  w a t e r  consumption by t h i s  p l a n t .  O r ,  one may say: p i a n t s  w i t h  

extreme wa te r  consumption are  always i n  t h e  m i n o r i t y  i n  a  fo rmat ion .  I n  t h e  

f o l l o w i n g  diagram (F ig .  Z), n o t  t he  w a t e r  consumption o f  i n d i v i d u a l  p l a n t s  

i s  po r t rayed ,  bu t .  r a t h e r ,  t h e  t r a n s p i r a t i o n  o f  n a t u r a l  p l a n t  fo rmat ions  

made up o f  va r i ous  types o f  p l an ts .  T h i r t e e n  c h a r a c t e r i s t l c  p l a n t  format ions and 

seven t r e e  and shrub types are  included. The p l a n t  fo rmat ions  a re  composed o f  t he  

same p l a n t s ,  wh ich  were p o r t r a y e d  as i n d i v i d u a l  p l a n t s  i n  t he  p rev ious  diagram. 

The lower  1 i m i t  o f  t h e  arrangement o f  p o i n t s  i n  the  diagram (F ig .  3 )  1 i e s  on a  

cont inuous curved graph. On t h i s  curve,  a i l  p l a n t  fo rmat ions ,  which a re  t o  be 

found i n  t h e  r e g i o n  of  t h e  a l p i n e  t r e e - l i n e  and above ( i .  e. i n  h e i g h t s  above 

1800 m i n  Cen t ra l  Europe) have been i n v e s t i g a t e d .  

The graph curve o f  the water  requirements o f  t he  vege ta t i on  i n  these a1 t i  tudes, 

near  and above t h e  a l p i n e  t r e e - l i n e ,  may be represented by t h e  f o l l o w i n g  

p r e l i m i n a r y  equat ion :  

(109 F) '  
l o g  W = + L ( t )  

l + l o g  F  

I n  a l t i t u d e s  above 1800 m L  ( t )  = 0. I n  t h i s  equat ion .  W represents  t h e  annual 

7 
water - requ i rements  i n  mm, F  the  annual p r o d u c t i o n  o f  f r e s h  m a t t e r  i n  gm/m-, 

o r ,  if the  necessary d a t a  f o r  t h e  t r a n s p i r i n g  surfaces are  l a c k i n g ,  t h e  

t r a n s  p i  r i n g  mass. 

An increase i n  the  abso lu te  'water-consumption w i t h  i n c r e a s i n g  ?reduction o f  

f r e s h  ma t te r ,  i s  n o t  t o  be denied. However, t h e  r e l a t i v e  wa te rconsumpt ion ,  

t h a t  i s .  B e  water-consumption per  gram o f  p l a n t  ma t te r  produced, decreases 

w i t h  i n c r e a s i n g  p roduc t i on .  Th i s  f ac t .  a l s o  recorded i n  t h e  above formula,  

has l ong  been known i n  a g r i c u l t u r a l  botany. The t r a n s p i r a t j o n  values f o r  
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WATER CONSUMPTION 

6 5 0 1 I  
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F igu re  3 .  Na te r  consumption 3y d i f f e r e n t  crops (corn .  hay, bulbous p l a n t s )  
i n  the Federal  Republ ic o f  Germany. For  oa ts ,  wheat and r ye ,  
d o t t e d  l i n e s  a re  f o r  t he  s e r i o d  1935-1950 and so l  i d  1 ines  
a re  f o r  1950-1960. 



t r ees  and shrubs e x h i b i t  t he  q r e a t e s t  v a r i a t i o n ;  they d o u b t l e s s l y  g rov ide  the  

g r e a t e s t  d i f f i c u l t i e s  i n  measurement, due t o  t h e i r  v a r y i n g  age, t h e  p o s s i b i l i t y  

o f  t a k i n g  t h e  samples a t  v a r y i n g  l e v e l s  and f rom sunny o r  shady exposure, and, 

2 f i n a l l y ,  i n  de te rm in ing  t h e  p r o d u c t i o n  o f  f r e s h  m a t t e r  per  m  . The v a r y i n g  

wa te r  requ i rements  o f  p l a n t  f o rma t i ons  i n  v a r y i n g  l e v e l s  o f  a l t i t u d e  a r e  

apparent  i n  t h e  diagram. Al though the  wa te r  g i ven  o f f  i n  t r a n s p i r a t i o n  does 

n o t  e x c l u s i v e l y  f u n c t i o n  as coo l i ng -wa te r  f o r  t h e  p l a n t ,  t h e r e  i s .  neve r the less ,  

s p e c i a l  s i g n i f i c a n c e  i n  t h e  c o o l i n g  e f f e c t ,  which h inde rs  t h e  dangerous over-  

h e a t i n g  o f  t h e  leaves by i n s o l a t i o n .  

If i t  i s  assumed t h a t  the r e l a t i o n s h i p  between g l a n t  mass and t r a n s p i r a t i o n ,  

o u t l i n e d  here, i s  a1 so a p p l i c a b l e  t o  c u l t i v a t e d  p l a n t s ,  the  r e s u l t  i s  sb ta ined  

(see F i g .  3 )  t h a t  a  r y e  c rop  w i t h  2000 kg/ha g r a i n  y i e l d  r e q u i r e s  more water  

t han  a  wheat c rop w i t h  t he  s a m  y i e l d .  Accord ing t o  F ig .  3, t h e  p o s s i b i l i t y  

e x i s t s  t h a t  w i t h  i n c r e a s i n g  c rop  y i e l d s ,  t he  water - requ i rements  a l s o  increase.  

The marked i nc rease  i n  c rop y i e l d s  i n  pre-war Germany and i n  post-war years  

i n  t h e  Federa l  Repub l i c  of  Germany. i s  i l l u s t r a t e d  i n  K e l l e r ,  R. (1970. 1971). 

The increase i n  c rop  y i e l d  i s  n o t  accomoanied by  a  g m p o r t i o n a l  increase o f  

g r a i n  and s t raw.  I t  i s  r a t h e r  success i n  the  c u l t i v a t i o n  o f  p l a n t s  t h a t  :he 

i n c r e a s e  i n  c rop  y i e l d  i s  achieved by improv ing the  g ra in -s t raw  r a t i o .  

The re fo re ,  t h e  r e f e r r i n g  l i n e s  f o r  water-consumption o f  t h e  f i e l d  crops i n  

t h e  yea rs  f r o m  1950 - 1960 d i f f e r  f r om t h e  former  p e r i o d  (F ig .  3 ) .  The 

wa te r - requ i  rement l i n e  shown i n  'ig. 3 was ob ta ined  us ing  the  equa t i on  

shown above. 

The mean t r a n s p i r a t i o n  va lue f o r  the a g r i c u l t u r a l  area o f  the  Federal 

Republ i c  o f  Germany, f o r  the  p e r i o d  1951 - 1960 acco rd ing l y  amounts t o  

578 mn per  annum. 



The f o l l o w i n g  f a c t s  may be noted: 

1. There i s  a  c l ose  r e l a t i o n s h i p  between t h e  amount o f  wa te r  g iven o f f  by 

t h e  v e g e t a t i o n  and t h e  e x t e n t  o f  t h e  t r a n s p i r i n g  sur face.  

2 .  When da ta  concern ing t h e  t r a n s p i r i n g  su r face  i s  l a c k i n g ,  t he  green we igh t  

o f  t h e  t r a n s p i r i n g  m a t e r i a l  may be used as a  s u b s t i t u t e .  

3. I t  may be i n f e r r e d  t h a t  t r ees  r e a c t  i n  a  s i m i l a r  manner t o  shrubs and 

grasses i n  t h e  t r a n s p i r a t i o n  o f  water .  

4. The q u a n t i t y  o f  p l a n t  ma t te r  produced i n  a  c e r t a i n  l o c a l i t y  i s  dependent 

upon t h e  e c o l o g i c a l  f a c t o r s  o f  t h a t  l o c a l i t y .  

The p l a n t  m a t e r i a l  produced i s  t h e  exp ress ion  of t h e  e c o l o g i c a l  p o t e n t i a l  

o f  t h e  area, dependent, amongst o t h e r  t h i n g s ,  upon water ,  s o i l  and 

r a d i a t i o n .  

5. F e r t i l i z a t i o n  and a  good s o i l  may reduce t h e  wa te r  consumption per  gram 

produced substance, i nc reas ing ,  however, t he  t o t a l  wa te r  consumption o f  

a  su r face .  

6. A l a r g e  amount o f  wa te r  a v a i l a b l e ,  e. g . ,  as i n  t he  case of a  h i g h  ground- 

water  level ,  may l e a d  t o  an increased t r a n s p i r a t i o n ,  e v e n t u a l l y  n o t  by means 

o f  evapo ra t i on .  

7 .  Evapo ra t i on  i s  n o t  taken i n t o  c o n s i d e r a t i o n  i n  t h e  l o g a r i t h m i c a l  equa t i on  

o f  wa te r  consumption. On t h e  bas i s  o f  numerous i n v e s t i g a t i o n s  c a r r i e d  ou t  

i n  Cen t ra l  Europe concern ing i n t e r c e p t i o n  and evapo ra t i on ,  one may assume 

t h a t  t h e  annual evapo ra t i on  i s  130 mn (see: Hyd ro log i sche r  A t l as  der  Bun- 

des repub l i k  Deutschland, 1978). I n  1951, I used 100 mm, i n  1978 130 mm t o  

i n d i c a t e  t h i s .  

8. The l o g a r i t h m i c  equa t i on  f o r  water  consumption may o n l y  be regarded as a 

p r e l  i m i n a r y  equa t i on ,  as t h e  upper p a r t  o f  t h e  graph curve rep resen t i ng  

water  r e q u i  rements ( = i  g. 2 )  cannot increase t o  i n f i n i t y .  



The f i n a l  equat ion  must make al lowance f o r  3n upper 1  i m i t i n g  va lue f o r  

t r a n s p i r a t i o n ,  which i s  dependent upon r a d i a t i o n .  This maximum va lue l i e s  

w i t h i n  the  l i m i t s  o f  p o t e n t i a l  evapo ra t i on .  I n  Cent ra l  Europe t h i s  maximum 

va lue i s  n o t  a t t a i n e d ,  except  i n  t h e  case of evapo ra t i on  f rom open wa te r  

su r faces  and. thus ,  t h e  equa t i on  under d i scuss ion  i s  adequate f o r  Cen t ra l  

European cond i t i ons .  It would be d e s i r a b l e  t o  have a  b e t t e r  s c i e n t i f i c  

bas i s  f o r  t h e  f u n c t i o n  L ( t )  i n  t h e  l o g a r i t h m i c  wa te r  requ i rements  equat ion .  

Th is  f u n c t i o n  i s  an exp ress ion  o f  t h e  d i f f e r i n g  c o n d i t i o n s  o f  temperature 

and r a d i a t i o n  a t  t h e  va r i ous  a l t i t u d e  l e v e l s  i n  Cen t ra l  Europe. A t  h e i g h t s  

o f  1800 m above sea l e v e l  i t s  va lue  i s  zero,  and, on the  average, f o r  the  

area o f  t h e  Federa l  Repub l ic  o f  Germany, i t s  va lue  i s  about 0.15. 

The comparison o f  water  balance du r i ng  the years  1891 - 1930 and 1331 - 

1960, which was c a l c u l a t e d  by u s i n g  the  same method, encouraged h y d r o l o g i c a l  

research i n  Cent ra l  Europe imnensel y. 

The e v a p o t r a n s p i r a ~ i o n  va lue f o r  1931 - i 960  i s  5 7 5  mm per  year ,  o r  30 m 

n ighe r  than the va lue f o r  the p e r i o d  1891 - 1330. I n  bo th  balances. the  

evapo ra t i on  has been assessed a t  130 mn. The lncreased e v a p o t r a n s p i r a t i o n  

was c a l c u l a t e d  e n t i r e l y  on the  bas i s  o f  h i g h e r  c rop y i e l d s  f o r  t h e  p e r i o d  

!951 t o  1960. I n  the  Hyd ro log i ca l  A t l a s  o f  the  Federal  Repub l i c  o f  Germany 

(1978) t he  evapo ra t i on  was c a l c u l a t e d  by employing the  Penman, A l b r e c h t  

as w e l l  as two o t h e r  h y d r o l o g i c a l  methods. For t he  ? e r i o d  1931 - 1060, 

the  hea t  budget method r e s u l t e d  i n  450 mm and us ing  the  o t h e r  methods the  

values between 515 and 525 m were es t imated.  



Table 1 .  The Water aalance o f  t h e  Federal  Repub l ic  of  Germany 

1891 - 1930 and 1931 - 1960 (rm)+) 

P I  ET H U ~ - o t t  o t a l  R i ve rs  I Ground-Uater 
I 

+ )  Con t ra ry  t o  e a r l i e r  p u b l i c a t i o n s  ( K e l l e r ,  R . ,  1971 and o t h e r s )  

t h e  values o f  p r e c i p i t a t i o n  and evapo ra t i on  have changed accor-  

d i n g  t o  more exac t  and up-to-date data .  

I n  1931 - 1960, w h i l s t  the evaoo t ransp i ra t i on  jncreased. t he  

decreased. This decrease i n  r u n o f f  i s  a l l  the more as ton i sh ing ,  as 

t h e  p r e c i p i t a t i o n  l e v e l  o f  837 mn f o r  the i n t e r v a l  1931 - 1960 i s  34 mm 

h i g h e r  than t h a t  f o r  t h e  p e r i o d  1891 - 1930. The t o t a l  r u n o f f  was c a l c u l a t e d  

as t he  measured annual mean p r e c i p i t a t i o n  mi nus t h e  c a l c u l a t e d  e v a p o t r a n s p i r a t i o n  

(us ing  the above mentioned method). Subsequently, t he  t o t a l  r u n o f f  i n  the p e r i o d  

1891 - 1930 amounted t o  369 mn. 39 mrn o f  wnich was groundwater runoff  and 

330 mn d ischa rge  i n  streams and r i v e r s ,  recorded a t  gauging s t a t i o n s .  For  

t h e  p e r i o d  1931 - 1960 t h e  t o t a l  r u n o f f  i n  the  Federal  Repub l ic  o f  Germany 

amounted t o  on l y  322 mn, t h i s  i s  47 mrn l e s s  than i n  t he  e a r l y  p e r i o d  

1891 - 1930.. 296 mrn o f  t he  322 mn f lowed seawards through r i v e r s  ( i .  e . ,  

r u n o i f  recoraea a t  wdter yduyas) and 25 ~,.oo ir; groundwater. 

A11 those c a l c u l a t i o n s  are  3oproximate and shou ld  on l y  i n d i c a t e  a  t rend, as 

the measuring accuracy and the zxactness o f  s t a t i s t i c a l  r eco rd ing  a re  

inadequate  i n  p resen t i ng  p r e c i s e  i n f o r m a t i o n .  

M. I. L v o v i t c h  (1969) found ~ u t  independent ly t h a t  water oalance 3n the e a r t h  

changes r e g i o n a l l y  and g l o b a i l y  by the i n f l u e n c e  o f  man. I n  these s tud ies  i t  was 

demonstrated t h a t  r u n o f f  from the con t i nen ts  t o  the  sea decreased, w h i l e  

p r e c i p i t a t i o n  was almost constant ,  and evapo ra t i on  d u r i n g  severa l  decades 

i nc reased  by  about 10 ',, t h i s  number on l y  i n d i c a t i n g  t he  t rend .  



2 3 

L J i  t h  regard to  the i n f l u e n c e  on hydro1 oq i ca i  phenomena, the expansion o f  

arab le  l and  may be o f  n igher  value than the  increase o f  c rops.  For cen t ra l  

Europe, however, where a r a b l e  area d imin ished r a t h e r  than expanded, t he  

decrease o f  r u n o f f  and t h e  i nc rease  o f  e v a p o t r a n s p i r a t i o n  were main ly  

a t t r i b u t e d  t o  t h e  cons ide rab le  i nc rease  i n  crops per  a c r e  d u r i n g  t h e  

prev ious decades. 

By observ ing the  r u n o f f  du r i ng  the pe r iod  1901 - 1970, an i n s i g n i f i c a n t  

1  i n e a r  increase i n  t h e  r u n o f f  o f  c e r t a i n  r i v e r s  i n  the Federal Republ ic 

o f  Germany may be mathemat ica l ly  detec ted us ing  a  t r e n d  a n a l y s i s .  The 

i nc rease  i n  r u n o f f  i s  s i g n i f i c a n t  i n  the case o f  c e r t a i n  gauging s t a t i o n s  

on the Rhine and Weser R ivers .  However, f o r  most gauging s t a t i o n s  i t  i s  

i n s i g n i f i c a n t .  

If one uses the same c a l c u l a t i o n  f o r  reg iona l  x - e c i p i t a t i o n ,  one may a l s o  

observe an increase, which i s  c e r t a i n l y  l a r g e r  than the increase i n  runoff  

and n e a r l y  reaches t h e  s i g n i f i c a n c e  l e v e l  o f  95 5 .  The l a r g e r  p r e c i p i t a t i o n  

i nc rease  does n o t  a f fec t  the r i v e r  r u n o f f .  Th is  cou ld  p o s s i b l y  r e l a t e  t o  

the  aforement ioned 1  a rge r  water  consumpti on by a g r i c u l t u r e .  

The t rend  o f  the t o t a l  r u n o f f  conta ins  the t rend o f  the p r e c i p i t a t i o n .  

Seoarat ing the p r e c i p i t a t i o n  t rend  from the r u n o f f ,  an i n s i g n i f i c a n t  

runoff  t r e n d  remains. which l i e s ,  however, a g rea t  deal  below the  

s i g n i f i c a n c e  l e v e l  than the  c a l c u l a t e d  t r e n d  o f  t he  o r i g i n a l  values o f  

r u n o f f  (acco rd ing  t o  L iebscher  i n  K e l l e r ,  1978). 

A f t e r  the preceding cons iderat ions,  a  decrease i n  runof f  may be a n t i c i p a t e d ,  

as shown by the comparison o f  water  balance du r ing  the  pe r iods  1891 - 1930 

and 1931 - 1960. If t h i s  decrease o f  runo f f  cannot be detected by the t r e n d  

ana lys i s  of t he  observed data,  i t  may be j u s t i f i e d  e i t h e r  i n  t h e  choice o f  

s t b t i o n s  examined on the Rhine and LJeser R ive rs ,  o r  o the rw ise  by a  r e c o m ~ o s i t i o n  

of t h e  t o t a l  r u n o f f ,  d i s t i n g u i s h i n g  betLreen subterranean and su r face  f l o w .  I n  



t h i s  c o n n e c t i o n ,  i t  i s  n o t  y e t  c l e a r  what  i n f l u e n c e  a g r i c u q t u r e  has .  and 

wnat  i s  t r a c e d  back t o  i n d u s t r y ,  w a t e r  e n g i n e e r i n g  and o t h e r  causes. 

D u r i n g  t h e  l a s t  decades a  l o w e r i n g  o f  t h e  g roundwater  l e v e l  - d e s i r e d  o r  

u n d e s i r e d  - was observed  i n  m n y  p l a c e s  i n  C e n t r a l  Europe.  I n  o t h e r  ,words: 

It i s  q u i t e  p o s s i b l e  t h a t  t h e  t o t a l  r u n o f f  had reduced,  y e t  t h e  r u n o f f  

o f  t h e  s u r f a c e  w a t e r s  had i n c r e a s e d  a t  t h e  expense of  s u b t e r r a n e a n  runo f f .  

I n  r e c e n t  years ,  many s t r u c t u r a l  measures i n  t h e  t r a n s f o r m a t i o n  o f  c u l t u r a l  

landscapes  i n  C e n t r a l  Europe f o l l o w e d  t h e  t r e n d  o f  h a s t e n i n g  s u r f a c e  r u n o f f  

and d r a w i n g  o f f  f l o o d  peaks as q u i c k l y  as p o s s i b l e .  R i v e r s  and st reams were 

s t r a i g h t e n e d  and w e t  a reas  were made d r y .  I n  t h e  F e d e r a l  R e p u b l i c  o f  Germany 

2 2 approx.  3000 km were  i r r i g a t e d .  however 3000 km were a l s o  d r a i n e d  

(Oeutsches : l a t i o n a l e s ,  1976) w h i c h  c o u l d  l e a d  t o  a  c e r t a i n  b a l a n c e  o f  

e v a p o r a t i o n  and d i s c h a r g e .  

I n  t h e  w ine-produc ing  K a i s e r s t u h l  r e g i o n  near F r e i b u r g ,  l o e s s  

t e r r a c i n g  was c a r r i e d  o u t  on a  l a r g e  s c a l e  d u r i n g  t h e  p e r i o d  1971 - 1973, 

w h i c h  t o t a l l y  changed t h e  c u l t u r a l  landscape.  As a  r e s u l t  of  t h i s ,  70 Z 

of  t h e  a r e a  was d r a i n e d  and a  cana l  sys tem p r o v i d e d  a  r a p i d  d i s c h a r g e  o f  

p r e c i p i t a t i o n  and s o i l  w a t e r .  The rlewly e s t a b l i s n e d  a s p n a l t  r o a d  system 

i n c l u d e s  8 % o f  t h e  t o t a l  sur face,  and c o n s e q u e n t l y  speeds up s u r f a c e  r u n o f f .  

The G e o g r a p h i c a l  I n s t i t u t e  o f  t h e  U n i v e r s i t y  o f  F r e i b u r g  has i n s t a l l e d  two 

n y d r o l o g i  c a l  e x p e r i m e n t a l  b a s i n s  i n  t h i s  a rea  and, t h e r e f o r e .  t h e  d i v e r s i o n  

of  r u n o f f ,  as a  r e s u l t  o f  a g r i c u l t u r a l  measures. c o u l d  oe q u a n t i t a t i v e l y  r e -  

corded :  
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1. The s u r f a c e  r u n o f f  i s  acce le ra ted  and i n t e n s i f i e d  ( T ~ b l e  Z and F i g .  4 ) .  

2 .  The s o i  1  wa te r  s to rage  i s  consequent ly  reduced a long the  s o i l  p r o f i l e ,  

which i s  i m p o r t a n t  f o r  vegeta t ion ;  i n  t h i s  manner t he  i n f i l t r a t i o n  

towards groundwater decreases. 

3. Replenishment o f  groundwater i s  reduced and consequent ly  the  low 

d ischarges a re  more pronounced i n  d r y  pe r i ods .  More f r e q u e n t l y ,  ex t remely  

h i g h  f l o o d  peaks emerge and remain  f o r  a  s h o r t  t ime; t h i s  causes an 

i n c r e a s e  o f  e r o s i o n  and t h e  t r a n s p o r t  o f  s o l i d  m a t t e r .  

I p r e v i o u s l y  mentioned the a t t emp t  t o  hasten the  su r face  r u n o f f  w i t h i n  t he  

scope of a g r i c u l t u r a l  measures. I n  t h i s  connect ion,  o t h e r  aeasures which 

s low down run-o f f  i n  t he  i n t e r e s t  o f  a g r i c u l t u r e  and wa te r  supp ly ,  shou ld  

be d i scussed  i n  d e t a i l .  

No a c t i o n  a f f e c t s  h y d r o l o g i c a l  processes t o  the e x t e n t  t o  which i r r i g a t i o n  

does; 80% o f  the  e n t i r e  wa te r  use on e a r t h  i s  used f o r  i r r i g a t i o n .  

Since tne c o n s t r u c t i o n  o f  t he  Assuan High Dam on the r i v e r  N i l e  t he  r e s e r v o i r  

a n n u a l l y  s u p p l i e s  t h e  r i v e r  w i t h  55 mi 11 i a r d s  m3 o f  water .  For i n f i l t r a t ~ o n  

3 and evapo ra t i on  i n  t he  area o f  Lake Nasser 10 m i l l i a r d s  m  are  be ing assumed. 

3 The 55 m i l l i a r d s  m below the  r e s e r v o i r  a re  be ing  r e g u l a t e d  t o  an a lmost  

cons tan t  runof f  d u r i n g  t h e  y e a r  which i s  q u i t e  c o n t r a r y  t o  t he  fo rmer  n a t u r a l  

3 runoff .  Out o f  55.150 m i l l i a r d s  m  which were d ischarged i n  1972, 41.420 

3 3 
m i l l i a r d s  m  were used f o r  i r r i g a t i o n ;  t h i s  i s  about 20.000 in per rrectare o f  

t he  i r r i g a t e d  area. 3n t h e  s t h e r  hand, o n l y  3 m i l  1 i a r d s  m3 dere  used f o r  

wa te r  supp l y  t o  t h e  p o p u l a t i o n  (37.5 m i l l  i o n s  i n h a b i t a n t s )  and i n d u s t r y ,  and 

3.5 mi 1  l i a r d s  m' (equa l  t o  measured d i scha rge  i n t o  t h e  Medi ter ranean Sea) f o r  

n a v i g a t i o n a l  s a f e t y .  Loss o f  water  i n  i r r i g a t i o n  channels ( i n f i l t r a t i o n  

3 and e v a p o r a t i o n )  i s  oe ing  es t ima ted  a t  11.3 m i l l i a r d s  m . 75 % of the  N i l e  

wa te r  was used f o r  i r r i g a t i o n  purposes (acco rd ing  t o  J. Z. Kinawy, i976). 



Table 2. Changes i n  r u n o f f  by c r e a t i n g  t e r r a c e s  i n  t h e  r i n e - p r o a u c i n g  
K a i s e r s t u h l  a r e a  n e a r  F r e l b u r g ,  Federa l  Republ i c  o f  Germany 

F lood  h y d r o g r a p h  Old v ine-growing  Changed 1 a n d s c a p e  w i t h  
30. 6 .  1977 1 a n d s c a p e  w i t h  l a r g e  t e r r a c e s  and 

s m a l l  t e r r a c e s  l a n d  c o n s o l  i d a t i  on 
(Rippach  d r a i n a g e  d u r i n g  t h e  per;  od 
b a s i n )  1971  - 1973 

(Lochernbach  d r a i n a g e  
b a s i n )  

T o t a l  d e p t h  o f  p r e c i p i t a t i o n  13 .1  mm 1 8 , 3  mm 

D u r a t i o n  o f  p r e c i p i t a t i o n  140  Nin.  130 Min. 

Mean i n t e n s i t y  o f  
p r e c i  pi t a t i  on 

Maximum i n t e n s i t y  o f  
p r e c i p i t a t i o n  

0.94 m/lO Mi'n. 1 .4  mn/lO Min. 

6 , 5  mm/lO Min. 8.4 mrn/lO Min 

Dry-wea ther  f l o w  p r e c e d i n g  2.1 l / s  
t h e  f l o o d  

Base t i m e  T 420 Min. 650 Clin. 

Peak d i s c h a r g e  HSQ 
HSq 

Average f l o w  r a t e  
d u r i n g  b a s e  t i  me 

Accumul a t e d  d i s c h a r g e  V 

Depth o f  d i s c h a r g e  AH/T 

C o e f f i c i e n t  o f  r u n o f f  



i a  Uhr 

8 ,'r 3 i 8 :, - a  I ,. uhr 
30.6. ' 1. 7. 2.7. 

F igu re  4 .  Changes i n  r u n o f f  i n  the  v ineyards  o f  t h e  Ka i se rs tuh l  , 
near F re ibu rg  ( F R G ) .  For  a d d i t i o n a l  pxo lana t i on  see 
Table 2 ( a f t e r  G. L u f t  and G. Morgenscnweis, 1979) 



Water demand f o r  i r r i g a t i o n  has increased c o n s ~ d e r a o l y  s i nce  1966, because 

t h e  r i c e  and sugar  cane g r w i n g  area i n  t he  p r e v i o u s l y  i r r i g a t e d  r e g i o n  was 

en la rged  t o  a  g r e a t  e x t e n t .  R ice  and sugar cane need a  l a r g e  amount o f  water .  

That i s  why i n  Epypt about 5  m i l l i a r d s  m' more wa te r  i s  used now than b e f o r e  

t h e  c o n s t r u c t i o n  o f  t he  High Dam. Du r ing  t h e  p a s t  25 yea rs  t h e  r i c e  growing 

area a lmost  doubled. (Nat iona l  Counci 1  f o r  Product ion  and Economic A f f a i r s ,  

1975.) 

The hyd ro log i ca l  s i g n i f i c a n c e  o f  i r r i g a t i o n  i s  e s p e c i a l l y  extreme i n  semi- 

a r i d  and a r i d  areas where the  n a t u r a l  evapo ra t i on  had been ve ry  low due t o  

l a c k  o f  water .  A f t e r  t he  i n t r o d u c t i o n  o f  i r r i g a t i o n ,  evapo ra t i on  i nc reases  

i n  f o rmer l y  d r y  areas more than t e n  t imes ,  i n  Tun i s i an  oases, f o r  i ns tance .  

f r om 150 mmlyear to  1680 nmlyear (H.  F iohn. 1970) .  

Irrigation management i s  o f t e n  connected w i r h  the  c r e a t i o n  o f  new l a r g e  wa te r  

surfaces i n  "man-made l akes "  and i n  a  w i d e l y  spread system f o r  water  d i s t r i b u t i o n  

as w e l l  as i n  ex tens i ve  f l o o d e d  f i e l d s  and meadows. The man-made lakes,  channe ls ,  

groundwater catchment p l a n t s ,  and f i e l d  i r r i g a t i  on i t s e l f  i nc rease  evapo ra t i on  

and i n f l uence  r u n o f f  regimes. :Jater s torage balances the r u n o f f  du r i ng  the 

yea r  and t h e  supp ly  o f  water  t o  t he  f i e l d s  across a  w i d e l y  spread ne t  o f  

channels a l s o  i m p l i e s  a  de lay  o f  t he  runof f .  

A t  the World Food Conference i n  Rome, 1974. i t  was s t a t e d  t h a t ,  a t  p resent ,  

2  an area o f  2  m i l  l i o n  km o f  a g r i c u l t u r a l  land was be ing i r r i g a t e d .  I n  t he  

2  programnes. 230.000 km o f  newly i r r i g a t e d  areas were be ing  planned between 

1976 and 1985, i n  o r d e r  t o  guarantee a  bas i s  f o r  food i n  deve lop ing c o u n t r i e s .  

ay f a r  t h e  n i g h e s t  amount o f  i r r i g a t i o n  water  o r i g i n a t e s  f rom su r face  r u n o f f .  

Accord ing t o  E l  Gabaly (1976) ,  i n  rk Y i d d l e  East ,  i n c l u d i n g  Egypt,  S y r i a ,  

I r a q .  Pak i s tan ,  I r a n ,  Afghani  s tan ,  Saudi Arabi  a  and o t h e r  c o u n t r i e s ,  

2  2  261.490 km 1s be ing  i r r i g a t e d  by su r face  wa te r ,  and 28.510 km by groundwater.  

I n  many groundwater oases the  rese rve  i s  be ing used up. I n  t h i s  case 



p r o f l t a b i  l i t y  o f  a g r i c u l t u r e  and the  mere ex i s tence  o f  t he  oas i s  i s  t o  be 

doubted w i t h i n  t h e  near  f u t u r e .  I f  ,water i s  taken f rom the sur face runo f f ,  

wa te r  c o n t r o l  takes care  t h a t  t he  surface r u n o f f  always remains constant  

as f a r  as p o s s i b l e .  T h i s  means t h a t  f l o o d  and low wa te r  are  be ing  balanced 

t o  a  g r e a t  e x t e n t  and f l o o d  waves which, f o r  i ns tance ,  w i t h  t h e i r  f e r t i l i z i n g  

suspended loads serve as a  b a s i s  f o r  t h e  o l d  b a s i n  i r r i g a t i o n  system i n  Egypt, 

a re  reduced o r  t hey  do no t  occur  a t  a l l .  The process of e ros ion  and sed imen ta t i on  

i n  these r i v e r s  and streams was fundamenta l ly  changed. As t h e  t r a n s p o r t  o f  

s o l i d  m a t t e r  ceases t o  take p lace,  t he  f o r ce  of e r o s i o n  i s  increased,  the  

r i v e r  bo t tom 1  i e s  deeper and i n  estuaries. e.g., t h e  N i  l e  D e l t a ,  se r i ous  

geomorphological  changes o f  the  c o a s t l i n e  occur  owing t o  t h e  l a c k  o f  

sed imen ta t i on .  

Ag r i cu l  ture, and espec ia l  1  y  f i e l d -  and 3rass land i r r i g a t i o n ,  a1 so i n f l uences  

h y d r o l o g i c a l  c o n d i t i o n s  i n  t h e  unsa tu ra ted  zone o f  t h e  s o i l ,  which i s  the  

connec t i ng  l i n k  between groundwater and t h e  atmospher ic stage o f  the 

h y d r o l o g i c a l  cyc le .  By c u l t i v a t i n g  t h e  s o i  1, t he  n a t u r a l  cap i  1  l a r y  s t r u c t u r e  

i s  mod i f i ed .  The i n f i l t r a t i o n  o f  p r e c i p i t a t i o n  i n t o  deeper l a y e r s  o f  s o i l ,  

subsur face r u n o f f ,  wa te r  f l o w  and wa te r  r e t a i n i n g  c a p a c i t y  i n  an unsa tu ra ted  

zone, l e v e l s  of  groundwater and cap i  11 a ry  f r i n g e  are  changed. 

The m o d i f i c a t i o n  o f  groundwater balance means a  m o d i f i c a t i o n  o f  chemicai 

processes i n  t h e  s o i l .  By i r r i g a t i o n  t h e  con ten t  3f  s o i l  wa te r  o f t e n  reaches 

the maximum c a p a c i t y .  For  v e g e t a t i o n  t h i s  i s  u s u a l l y  n o t  o p t i m a l ,  bu t  

i g n o r a n t  fa rmers  w i l l  o f t e n  t o l e r a t e  i t .  An i nc rease  of s o i l  water  con ten t  

means an i nc rease  o f  the  ac tua i  evapo ra t i on  t o  t he  l e v e l s  o f  p o t e n t j a l  

evapo ra t i on  and as a  r u l e  t he  groundwater t a b l e  r i s e s ,  f r e q u e ~ t l y  c o i n c i d i n g  

w i t h  a s a l i n l z a t i o n  o f  t h e  s o i l s .  The r i s e  of t he  grounowater l e v e l  can l e a d  

t o  h a t e r  l o g g i n g  o r  t ne  f l o o d i n g  o f  areas used f o r  a g r i c u l t u r a l  purposes. 



"Degradat ion o f  l and  by water  l o g g i n g  and s a l i n i t y  i s  a  c o m n  oy-product 

o f  i r r i g a t i o n .  More than 70 : o f  t h e  30 mi 11 i o n  hectares  o f  i r r i g a t e d  l a n d  

i n  Egypt,  I r a n ,  I r a q  and Pak i s tan  i s  moderate ly  t o  s e r i o u s l y  a f fec ted.  

200.000 ha o f  newly i r r i g a t e d  1  and i n  Egypt i s  s e r i o u s l y  t h rea tened  and i n  

Pak i s tan  i t  i s  r e p o r t e d  t h a t  I00 hectares  go o u t  o f  p r o d u c t i o n  every  day due 

t o  s a l i n i t y  and water  logg ing.  I n a i a  has 3bout 1 2  m i l l i o n  hectares  ,which are  

a f fec ted.  Vast s a l i n e  areas are  found along the Senegal R i ve r ,  on the border  

o f  Lake Chad,and i n  most c o u n t r i e s  o f  n o r t h e r n  and c e n t r a l  A f r i c a .  They 

a l s o  occur  i n  t he  coas ta l  v a l l e y s  and p l a i n s  o f  C h i l e ,  Peru,  A rgen t i na ,  

Venezuela,and H a i t i ,  and the recen t  development o f  s a l i n i t y  i s  found i n  

the  Fa r  East i n  t r a d i t i o n a l  r i c e  areas."  (C. E. Houston, 1977, p. 431).  

Sal i n i  zed and water logged areas a re  no 1  onger a g r i  cu l  t u r a l l  y  p roduc t i ve ,  

b u t  t h e i r  i n f l u e n c e  on h y d r o l o g i c a l  processes s t i l l  remains,  because evapora- 

t i o n  i s  cons ide rab l y  h ighe r  due to tne  h i a h  gmundwater  l e v e l ,  and the 

m o d i f i c a t i o n  o f  groundwater qua1 i t y  i s  n o t  i n t e r r u p t e d .  I n  deal i ng 

w i t h  t h e  t o p i c  "The i n f l u e n c e  o f  i r r i g a t i o n  on h y d r o l o g i c a l  processes" 

we must n o t  o n l y  pay a t t e n t i o n  t o  p r o d u c t i v e  areas,  which a re  be ing 

i r r i g a t e d  a t  t h e  moment, and t o  areas which w i  11 be i rr i  gated d u r i n g  t h e  

n e x t  decades, b u t  a t t e n t i o n  must a l s o  be p a i d  t o  t h e  e f f e c t s  o f  vas t  f o rmer l y  

i r r i g a t e d  and p r e s e n t l y  l o s t  areas. Up t o  now I have n o t  y e t  r ece i ved  any 

exac t  da ta  on abandoned i r r i g a t e d  areas. 

The i n f l u e n c e  o f  hyd ro log i ca l  processes by i r r i g a t i o n  i s  n o t  r e s t r i c t e d  t o  

i r r i g a t e d  areas themselves, b u t  i t  a l s o  spreads t o  ad jacen t  areas. 3ere are 

some examples. From t h e  r a m i f i e d  n e t  of i r r i g a t i o n  channels and f rom i r r i g a t e d  

f i e l d s  wa te r  p e r c o l a t e s  i n t o  the  s o l ! .  S o i l  water  and groundwater o r j g i n a t i n g  

from t h i s  process f o l l o w  i n t o  ad jacent  n o n - i r r i g a t e d  steppes o r  dese r t s .  Thus, 

:he groundwater t a b l e  can r i s e  i n  areas not  a c t u a l l y  t r r i g a t e d  and t h i s  might  

p o s s i b l y  l ead  t o  an increased evapo ra t i on  and t a  a  c o n c e n t r a t i o n  of s a l t s .  

As f a r  as ! know t h e  expansion 3 f  these areas has n o t  y e t  been registered. 



I n  humid c l ima tes ,  too, there  uas and the re  s t i l l  i s  i r r i g a t i o n  ,di t h  

assoc ia ted  e c o l o g i c a l  p r o b l e m .  Here. i t  i s  t r u e ,  t h a t  the  r i s e  o f  ground- 

water ,  due t o  i r r i g a t i o n ,  does n o t  cause s a l i n i z a t i o n  b u t  i t  i n f l u e n c e s  the 

growth o f  p l a n t s ,  and f o r  i r r i g a t e d  meadows, t h e  compos i t ion  o f  p l a n t  

assoc ia t i ons .  I n  n o r t h e r n  S w i t z e r l a n d  and i n  t h e  southern  p a r t  o f  t he  Upper 

Rhine Val l e y  the  i r r i g a t i o n  o f  meadows was abandoned 20 years ago, when t h i s  

reg1 on was a g r i c u l t u r a l  l y  reorgan ized.  Consequently t h e  groundwater t a b l e  sanK 

w i t h i n  a  few years  by  2 t o  6 m, s m a l l e r  creeks and d i t ches  became dry .  d i t h  

the  r e s u l t  t h a t  vege ta t i on  on t h e  banks and the fauna have changed. 

I n  humid reg ions o f  Cent ra l  Europe i r r i g a t i o n  cou ld  be used a l so  f o r  r e g u l a t i n g  

r u n o f f  and subter ranean wa te r  s torage.  A p a r t  of  t he  sur face r u n o f f  can be 

reduced i n  f avou r  o f  groundwater by i r r i g a t i o n  w l t h  r i v e r  wa te r ,  and, t h e r e f o r e ,  

a t  i e a s t  a  de lay  o f  t he  su r face  r u n o f f  may be a t t a i n e d .  I n  t h i s  manner i r r i g a t i o n  

i s  an e f f e c t i v e  measure i n  t he  r e g u l a t i o n  o f  r u n o f f  and groundwater recharge i n  

water  management. It i s  p o s s i b l e  t h a t  the  recharge of groundwater, o r  r a t h e r  

increased subter ranean runof f  can l e a d  t o  the  r i s e  o f  low wa te r  i n  s p r i n g s  

and r i v e r s .  

S tud ies  i n  Sov ie t  Cent ra l  As ia  i n  t he  Syr Dar ja  b a s i n  showed t h a t  30 

co 36; o f  the  r u n o f f  i n  the Syr Sar ja  originates from i r r i g a t i o n  r e t u r n  

flow. This r e t u r n  wa te r  nas a  s a l i n i t y  o f  more than 2 g r  p e r  l i t r e .  The 

expansion of  i r r i g a t e d  areas leads t o  a  cons iderao le  i nc rease  o f  r e t u r n  water  

and :o a  fundamental m o d i f i c a t i o n  o f  t he  v n o f f  regime. Since 1910, r i v e r  

runof f  decreased by 34 % and f rom 1971 t o  1974 by 47 ', as compared w i t h  

t he  2 e r i o d  1910 t o  1938 ( reco rded  n e a r  K a z a l i n s k ) .  Tnis decrease i n  r u n o f f  i s  

a t t r :  bu ted t o  the development of i r n g a t i o n  and, a c c w d i n g l y ,  t o  t h e  

c o n s t r u c t i o n  o f  r e s e r v o i r s  and supp ly  channels. Accord ing t o  V .  Dukhovny and 

L. L 'xvak 11977) losses o f  d a t e r  from the r e s e r v o i r s  caused oy evapo ra t i on  

and . n f i l t r a t i o n  i n  t he  Syr Da r j a  catchment area are a t  the  moment as n i g h  

3 
as !. 5 ,m3 and these losses w i l l  r i s e  t o  1.9 t o  2 km oy 1990, because 
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s to rage  and i r r i g a t e d  areas are  expanding. At  p resen t  i n  t he  Syr D a r ~ a  

catchment area,  w i t h i n  t he  f o u r  Cen t ra l  As ian r e p u b l i c s  o f  t h e  Sov ie t  

2 Union, 27.000 km are be ing i r r i g a t e d .  

The d imin ished i n f l o w  caused the decrease i n  the  volume o f  the  Ara l  Sea 

and t h e  i nc rease  o f  s a l t  content  i n  t h e  sea water .  I n  t he  p e r i o d  of  1910 - 

1938 t h e  mean annual i n f l o w  f rom the  Syr Da r j a  r i v e r  t o  t h e  A ra l  Sea was 

3  15 km3Iyear; i n  the  p e r i o d  o f  1961 - 1970 i t  was 9.78 km /year  and i n  t h e  

3  p e r i o d  o f  1971 - 1973 i t  was 8.01 km l y e a r .  

The i nc reas ing  d e f i c i  t o f  the  water  resources promoted the idea f 

t r a n s f e r r i n g  runof f  o f  t he  S i b e r i a n  r i v e r s  i n t o  t he  Syr Da r j a  r i v e r  

3 
b a s i n  (15 - 25 km l y r )  to  p rov ide  f o r  the f u t u r e  development o f  a g r i c u l t u r e  

i n  t h i s  area. This p r o j e c t  i s  be ing  cons idered f o r  1990 - 1995. The t r a n s f e r  of 

t h i s  volume o f  f r esh  water  i n t o  t he  Syr Da r j a  r i v e r  b a s i n  as w e l l  as the  

development o f  i r r i g a t i o n  systems on t h i s  bas i s  w i l l  increase the volume 

3  o f  r e t u r n  waters  by 5.8 km /year .  I t  w i l l  a l l o w  a  de lay  i n  the  r a t e  of  

l ower ing  the  Ara l  Sea l e v e l  i f  a l l  the  r e t u r n  waters  a re  d i r e c t e d  to  the  

r i v e r .  

The Bhakra Canal i n  no r the rn  I n d i a  supp l i es  i r r i g a t i o n  water  f o r  an area 

2  of 27.000 km . The channel system i s  4.800 km l o n g  and has a  d ischarge o f  

3  353 m /sec .  I r r i g a t i o n  was s t a r t e d  i n  1954. From 1954 t o  1963 the ground- 

wa te r  t a b l e  rose  i n  t h i s  area by 7  t o  9  m. S a l i n i z a t i o n  of  s o i l s  i n  t h i s  

area has a l r e a d y  begun. 

I n  oases, oasea on grounadater,  tne proolems o f  i r r i g a t i o n  are  c i  f f e ren t .  

i n  t h e  irri gated oas i s  o f  Phoenix. Ar izona,  t he  groundwater t a b l e  was 

lowered by 41 m between 1948 and 1967 because of t h e  ex tens i ve  groundwater 

p r o d u c t i o n  f o r  i r r i g a t i o n  purposes. Groundwater p r o d u c t i o n  i n  areas used 

f o r  a g r i c u l t u r a l  purposes ?xceeds by f a r  the  n a t u r a l  recnarge o f  groundwater.  



Below che i r r i g a t e d  areas the l ower ing  i s  l a r g e r  than w i t h i n  the  q u i c k l y  

expanding urban area o f  Phoenix. Consequently there  a r e  subsidences as w e l l  

as the fo rma t i on  o f  f i s su res  i n  the  ground (Schumann, H.H. and Poland, J .F . ,  
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THE EFFECTS OF AGRICULTUWL LAND USE O N  RIVER RUNOFF 

I . A .  Shiklomanov 

S t a t e  H y d r o l o g i c a l  Institute, 
Leningrad 
USSR 

The f o l l o w i n g  main a n t h r o p o g e n l c  f a c t o r s  connec ted  w i t h  t h e  
growth of  a g r i c u l t u r e  i n  t h e  USSR g r e a c l y  i n f l u e n c e  r i v e r  r u n o f f :  

- i r r i g a t i o n  of  l a n d s  i n  a r i d  r e g i o n s ;  
- a g r o t e c h n i c a l  measures  i n  f o r e s t - s t e p p e  and s t e p p e  zorles: 
- d r a i n a g e  of w a t e r l o g g e d  l a n d s  and l a n d s  v l t h  s u r p l u s  w a t e r .  

l o r  t h e  q u a n t i t a t i v e  e v a l u a t i o n  of t h e  impac t  of t h e s e  
a n t h r o p o g e n i c  f a c t o r s  on t h e  r i v e r  r u n o f f ,  depend ing  on t h e  a v a i l -  
a b i l i t y  of  i n l t i a l  d a t a ,  ? h y s i o g r a p h i c  f e a t u r e s ,  and t h e  e x t e n t  o f  
economic development ,  t n r e e  g roups  of  computa t ion  methods a r e  used :  

- methods based on t h e  i n v e s t i g a t i o n s  of  t h e  v a r i a t i o n  of  
c h a r a c t e r i s t i c s  of l ong  t e rm r i v e r  runof f  a t  t h e  h y d r a u l i c  
s i t e s ,  combined w i t h  t h e  a n a l y s i s  of  n a t u r a l  v a r i a t i o n s  of 
m e t e o r o l o g i c a l  f a c t o r s  and economlc a c t i v i t y  i n  t h e  r i v e r  
b a s i n s  ; 

- w a t e r  b a l a n c e  methods based on t h e  s t u d y  of w a t e r  b a l a n c e  
e l e m e n t s  d i r e c t l y  a t  t h e  s e c t i o n s  of  w a t e r s h e d s  s u b j e c t  t 3  

changes  of  runof f  formation c o n d i t i o n s  under  t h e  i n f l u e n c e  
of  economic a c t i v i t y ;  

- a c t i v e  f i e l d  e x p e r i m e n t s .  

I r r i g a t i o n  and e n g i n e e r i n g  n e a s u r e s  g r e a t l y  a f f e c t  t h e  hydro- 
l o g i c a l  reglrne and t o t a l  a n n u a l  r u n o f f  n o t  o n l y  of s m a l l  and mid- 
s i z e  z i v e r  s y s t e m s ,  h u t  of t h e  b i g  3nes  a s  w e l l .  A t  t h e  same 
r ime ,  i n v e s t i g a t i o n s  showed t h a t  i n  :he r e g l o n s  o f  i r r i g a t e d  s o i l  
nanagement ,  t i le  v a l u e  of  r i v e r  r u n o f 5  r e d u c t i o n  i s  n o t  a lways  
? r o p o r t i o n a l  to t h e  i n c r e a s e  of w a t e r  consumpt ion f o r  i r r i g a t i o n .  

Among t h e  problems a s s o c i a t e d  w l t h  t h e  e f f e c t  o f  a a r o t e c n n l c a l  
a e a s u r e s  on t h e  h y d r o l o s i c a l  r e g i n e . t h e  inost c o m p l i c a t e d  and n o o t  
?robism 1 s  t n e  evaluation of  t h i s  e f f e c t  3n a n n u a l  r l v e r  
f low . r a r i a c l o n s .  ?he  e v a l u a t i o n  of t h e  w a t e r  regime c3anges  of  
some r i v e r s  i n  t h e  3 e l o r u s s i a n  S . S . R . ,  c aused  by d r a i n a g e  and l a n d  
c u l t i v a t i s n  l n  t h e i r  i r a i n a g e  b a s i n s ,  s e ryJe  3s a  c y p l c a l  
sxampie of t h e  h y d r o l o g i c a l  e f f e c t  o r  d r a i n a g e .  



INTRODUCTION 

The n e c e s s i t y  f o r  a c o n s i d e r a b l e  i n c r e a s e  I n  a g r i c u l t u r a l  
p r o d u c t i o n  t o  p r o v i d e  t h e  eve r -g rowing  p o p u l a t i o n  o f  t h e  w o r l d  
w i t h  food i s  t h e  r e a s o n  beh ind  t h e  a c c e l e r a t e d  r a t e s  i n  i r r i g a - ,  
t i o n  and d r a i n a g e  deve lopmen t ,  e x t e n s i v e  a g r o t e c h n i c a l  measu re s  
aimed a t  t h e  i n c r e a s e  o f  c r o p  y i e l d ,  i n t e n s i f i c a t i o n  o f  l i v e s t o c k  
p r o d u c t i o n ,  and c u l t i v a t i o n  o f  new l a n d s  f o r  a g r i c u l t u r a l  n e e d s .  
I n  t h i s  c o n n e c t i o n ,  t h e  r o l e  of  a g r i c u l t u r e  i n  t h e  t r a n s f o r m a -  
t i o n  o f  the env i ronmen t  t e n d s  t o  be more i m p o r t a n t ,  i n  p a r t i c u l a r ,  
i n  q u a n t i t a t i v e  and q u a l i t a t i v e  changes  o f  t h e  h y d r o l o g i c a l  c y c l e  
components w i t h i n  r i v e r  b a s i n s  and  l a r g e  a g r i c u l t u r a l  a r e a s .  The 
q u a n t i t a t i v e  e v a l u a t i o n  of  w a t e r  r eg imes  and w a t e r  q u a l i t y  changes  
under  t h e  e f f e c t  o f  a g r i c u l t u r e ,  and  a  s c i e n t i f i c  e x a m i n a t i o n  o f  
w a t e r  reg ime c o n t r o l  i n  a g r i c u l t u r a l  w a t e r s h e d s ,  a r e  v e r y  impor- 
t a n t  f o r  e f f e c t i v e  p l a n n i n g  o f  w a t e r  r e s o u r c e s  u s e ,  a s  w e l l  a s  
f o r  development  and i m p l e m e n t a t i o n  of  measu re s  f o r  t h e  p r o t e c t i o n  
o f  t h e  env i ronmen t .  

I n  t h e  USSR, t h e  f o l l o w i n g  p r i n c i p a l  a g r i c u l t u r a l  and r e l a t e d  
a c t i v i t i e s  c o n s i d e r a b l y  a f f e c t  t h e  w a t e r  reg ime:  

- i r r i g a t i o n  I n  a r i d  r e g i o n s ;  

- a g r o t e c h n i c a l  measures  i n  f o r e s t - s t e p p e  and s t e p p e  z o n e s ;  

- d r a i n a g e  o f  mar sh l ands  and h i g h  p r e c i p i t a t i o n  a r e a s .  

I n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  t h e s e  f a c t o r s  on t h e  w a t e r  
r eg ime ,  multi-disciplinary i n v e s t i g a t i o n s  a r e  b e i n g  c a r r i e d  o u t  
i n  t h e  USSR, ma in ly  a s s o c i a t e d  w i t h  t h e  development  of  methods 
and  r e g i o n a l  e v a l u a t i o n  o f  man-made changes  i n  s t r e a m f l o w  i n  
d i f f e r e n t  p h y s i o g r a p h i c  a r e a s  and r i v e r  b a s i n s .  I n  r e c e n t  y e a r s  
a n  app rox ima te  e v a l u a t i o n  o f  t h e  changes  which have  o c c u r r e d  and 
a r e  e x p e c t e d  i n  annua l  r u n o f f  o f  a l l  t h e  main r i v e r s ,  i n d i v i d u a l  
r e g i o n s  and t h e  c o u n t r y  a s  a  whole, unde r  t h e  e f f e c t  o f  d i f f e r e n t  
t y p e s  o f  human a c t i v i t y  ( i n c l u d i n g  a g r i c u l t u r a l  deve lopmen t ) ,  h a s  
been made a t  t h e  S t a t e  H y d r o l o g i c a l  I n s t i t u t e ,  on a  u n i f i e d  
m e t h o d o l o g i c a l  b a s i s .  Some r e s u l t s  o f  t h o s e  i n v e s t i g a t i o n s  a r e  
g l v e n  below. 

Ne thodo logy  

The q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  lmpac t  of  a g r i c u l t u r a l  
f a c t o r s  on  t h e  w a t e r  reg ime IS a  v e r y  complicated p rob lem,  s i n c e  
.mn-made changes  o v e r l a p  w ~ t h  t h e  n a t u r a l  v a r i a t i o n s  o f  a phenom- 
enon .  U s u a l l y  t h e  r ange  o f  t h o s e  v a r i a t i o n s  c o n s i d e r a b l y  e x c e e d s  
t h a t  of man-made changes .  Three  g roups  o f  methods t o  e v a l u a t e  
man-made changes  a r e  u s u a l l y  a p p l i e d :  

* 
ay t h e  t e r m  " a g r o t e c h n i c a l  m e a s u r e s " ,  w h ~ c h  i s  wide ly  u sed  i n  
t h e  p a p e r ,  t h e  a u t h o r  aear.s a  number o f  a g r i c u l t u r a l  a c t i v i t i e s  
aimed a t  r e t e n t i o n  o f  w a t e r  on and w i t h ~ n  a  s o i l  c o v e r  i f a l l  
t i l l a g e ,  snow r e t e n t i o n ,  p l a n t i n g  o f  f o r e s t  b e l t s ,  e t c . ) .  [ E d . ]  



- a e t h o d s  based  on r e s e a r c h  o f  long- term r u n o f f  f l u c t u a t i o n s  
i n  combinat ion w i t h  t h e  a n a l y s i s  o f  changes  i n  meteoro- 
l o g i c a l  f a c t o r s  and man 's  a c t i v i t y  i n  t h e  b a s i n ;  

- w a t e r  ba lance  methods based on t h e  s t u d y  o f  w a t e r  b a l a n c e  
components a t  t h e  l o c a t i o n s  where changes  i n  h y d r o l o g i c  
regime o c c u r  due t o  man's a c t i v i v f ;  

- me-hods o f  a c t i v e  f i e l d  exper imen t s  

I n  t h e  USSR, t h e  f i r s t  and t h e  second  g roups  o f  methods a r e  used 
inost. They p rov ide  t h e  b a s l c  i n f o r m a t i o n  on t h e  e f f e c t  o f  man- 
made f a c t o r s  on t h e  h y d r o l o g i c a l  regime.  

The main working h y p o t h e s i s  f o r  t h e  f i r s t  group is  c a l c u l a -  
t i o n  o f  n a t u r a l  s t r eamf low c h a r a c t e r i s t i c s ,  and as sessmen t  o f  
an i n t e g r a l  e f f e c t  o f  t h e  whole v a r i e t y  o f  man-made f a c t o r s  
i n  t h e  b a s i n  a s  t h e  d i f f e r e n c e  between t h e  c a l c u l a t e d  and t h e  
obse rved  f l o w s .  These methods a r e  a l s o  a p p l i e d  t o  e s t i m a t e  t h e  
r o l e  o f  i n d i v i d u a l  f a c t o r s  ( i r r i g a t i o n  and d r a l n a g e ,  a g r o t e c h -  
n i c a l  measures ,  channe l  c o n t r o l ,  u r b a n i z a t i o n ,  d e f o r e s t a t i o n ,  
e t c . )  f o r  t h e  b a s i n s  where t h o s e  f a c t o r s  a r e  predominant  i n  t h e  
change o f  t h e  n a t u r a l  regime o f  s t r eamf low.  

The f o l l o w i n g  methods a r e  i n  t h e  f i r s t  group:  method o f  
analogy o r  o f  c o n t r o l  b a s i n s ;  method o f  comparison o f  w a t e r  
regime c h a r a c t e r i s t i c s  f o r  d i f f e r e n t  long- term p e r i o d s ;  and 
methods o f  s t r eamf low modeling u s i n g  n a t u r a l  runof f  f a c t o r s  i n  
t h e  b a s i n .  

The above methods t o  some e x t e n t  a r e  a p p l i e d  t o  t h e  q u a n t i -  
t a t i v e  e v a l u a t i o n  o f  t h e  e f f e c t s  o f  a g r i c u l t u r e  on s t r eamf low 
i n  t h e  VSSR, b u t  a c c o r d i n g  t o  t h e  r e s e a r c h  done by t h e  S t a t e  
Hydro log ica l  Institute, t h e  modeling o f  s t r eamf low c n a r a c t e r i s -  
t l c s  1s most e f f e c t i v e  when t h e r e  is  r.0 imbalance  o r  d i s t u r b a n c e  
Ln t h e  wa te r shed  d u r l n g  t h e  o b s e r v a t i o n  p e r l o d s  on a c c o u n t  o f  
~ n t e r f e r e n c e  by man. Th i s  s e r v e d  a s  t h e  b a s l s  f o r  t h e  develop-  
ment o f  a  t echn ique  f o r  a  q u a n t i t a t i v e  e v a l u a t i o n  o f  changes  l n  
annua l  and s e a s o n a l  s t r eamf low,  a p p l i c a b l e  t o  i n d i v i d u a l  g roups  
of b a s i n s  iShlklomanov, 1976, 1979) : 

- iUvers o f  t h e  s o u t h e r n  a r e a s  o f  t h e  GSSR ( t h e  Caucasus ,  
C e n t r a l  A s l a ,  South  K a z a n ~ s t a n )  whlch have t h e l r  s o u r c e s  
I n  t h e  mountains and a r e  used on t h e  p l a i n s  and lowlands  
rnalnly f o r  l r r l g a t l o n  and non-?roduct lve  evaporation*. 
F3r r u n o f f  modeling, t h e  v a l u e s  o f  l n f l o w  from t h e  zone 
o f  r u n o f f  forrnat lon and meteorological d a t a  a r e  used ;  

- Xivers  o f  t h e  p l a i n s ,  mainly f o r  e v a l u a t i o n  o f  t h e  e f f e c t s  
o f  d r a i n a g e  and channel  c o n t r o l  i n  t h e  f o r e s t  zone ,  agro- 
technical measures and ponds i n  f o r e s t - s t e p p e  and s t e p p e  
zones .  C o r r e l a t i o n  o f  runof f  d a t a  w i t h  t h e  main me teom-  
L3g ica l  f a c t o r s  ( ~ r e c i p i t a t i o n ,  snow s t o r a g e ,  humid i ty  
d e f i c i t  and a i r  t e m p e r a t u r e )  i s  used;  

* 
These r l v e r s  supp ly  abour 309 of  t h e  ~ r r i g a t e d  a r e a s  o f  t h e  USSR 
wl th  - d a t e r .  



- Large  r i v e r  sys t ems  (Vo lga ,  Dn lepe r )  f o r  t h e  e v a l u a t i o n  
o f  t h e  i n t e g r a l  e f f e c t  o f  t h e  wnole v a r i e t y  o f  man-made 
f a c t o r s  and ,  malnly  t h a t  o f  t h e  c a s c a d e  o f  r e s e r v o i r s  
and  i r r i g a t i o n .  Runoff o f  l a r g e  r i v e r s  i s  modeled u s i n g  
r u n o f f  o f  b a s i n - i n d i c a t o r s  and m e t e o r o l o g i c a l  d a t a .  

The above men t ioned  t echn iques ,  b a s e d  on  t h e  u se  o f  a l r e a d y  
a v a i l a b l e  l ong - t e rm h y d r o m e t e o r o l o g i c a l  i n f o r m a t i o q  p r o v i d e  a n  
o b j e c t i v e  e s t i m a t i o n  o f  t h e  changes  o f  s t r e a m f l o w  u n d e r  t h e  
e f f e c t  o f  t h e  whole v a r i e t y  o f  man-made f a c t o r s ,  r e g a r d l e s s  o f  
c o l l e c t i o n  and  s t o r a g e  o f  new d a t a  and a v o i d i n g  c o m p l i c a t e d  and  
c o s t l y  e x p e r i m e n t s .  

The g e n e r a l  d i s a d v a n t a g e  of  t h e  methods o f  t h e  f i r s t  g roup  
i s  a  l i m i t e d  c h o i c e  o f  t h e  o b j e c t s  unde r  i n v e s t i g a t i o n  because  
l o n g  p e r i o d s  o f  o b s e r v a t i o n  s h o u l d  be u sed  which c o v e r  d i f f e r e n t  
s t a g e s  o f  man 's  a c t i v i t y  i n  t h e  b a s i n .  B e s i d e s ,  w i t h o u t  a n a l y -  
s i s  o f  t h e  p h y s i c a l  e s s e n c e  o f  t h e  e v e n t s  o c c u r r i n g  i n  t h e  b a s i n ,  
t h e s e  methods f a i l  t o  r e v e a l  t h e  r o l e  o f  e v e r y  man-made f a c t o r  
t a k e n  i n d i v i d u a l l y ,  a s  w e l l  a s  t h e  whole v a r i e t y  o f  f a c t o r s  
t a k e n  i n t e g r a l l y  i n  c a s e s  where t h e  e f f e c t  o f  t h o s e  f a c t o r s  on 
s t r e a m f l o w  is s m a l l  and  1s w i t h i n  t h e  l i m l t s  o f  t h e  a c c u r a c y  
o f  h y d r o l o g i c a l  measurements a t  a  gaug ing  s t a t i o n .  

To e v a l u a t e  t h e  e f f e c t  o f  s p e c i f i c  t y p e s  o f  a c t i v i t y  on t h e  
w a t e r  r e g i m e ,  w a t e r  b a l a n c e  methods have  been w i d e l y  a p p l i e d ,  
b a s e d  on  t h e  s t u d y  o f  changes  I n  w a t e r  b a l a n c e  components o c c u r -  
r i n g  i n  i n d i v i d u a l  a r e a s  o f  b a s i n s  and r i v e r  c h a n n e l s ,  where 
n a t u r a l  p h y s i o g r a p h i c  f e a t u r e s  a r e  s u b j e c t  t o  chanqes  unde r  t h e  
e f f e c t  o f  man 's  a c t i v i t y  ( i r r i g a t e d  and d r a i n e d  a r e a s ,  p loughed  
l a n d s ,  a r e a s  i n u n d a t e d  by r e s e r v o i r s ,  e t c .  ) . These  methods 
a l l o w  f o r  an  e v a l u a t i o n  o f  t h e  i n d i v i d u a l  r o l e  o f  e v e r y  man-made 
f a c t o r  and a  c a l c u l a t i o n  n o t  o n l v  o f  t h e  chanqes  which o c c u r  i n  
h y d r o l o g i c a l  c h a r a c t e r i s t i c s ,  b u t  t h e  f o r e c a s t e d  o n e s  a s  w e l l .  
Among t h e s e  methods it is  r e a s o n a b l e  t o  ment ion  t h e  w a t e r  b a l a n c e  
methods f o r  e v a l u a t i o n  o f  t h e  e f f e c t  o f  a g r o t e c n n i c a l  m e a s u r e s ,  
irrigation, d r a i n a g e  and c n a n n e l  r u n o f f  c o n t r o l  (Shik lomanov,  
1 9 7 6 )  deve loped  a t  t h e  S t a t e  H y d r o l o g i c a l  I n s t i t u t e  d u r i n g  
r e c e n t  y e a r s .  To e v a l u a t e  s t r e a m f l o w  changes  u n d e r  t h e  e f f e c t  
o f  a g r o t e c h n i c a l  measu re s ,  methods have  been deve loped  on t h e  
b a s i s  o f  a n a l y s i s  o f  e x p e r i m e n t a l  d a t a  from r u n o f f  p l o t s  and  
s m a l l  w a t e r s h e d s ,  a s  w e l l  a s  t h e  d a t a  on g roundwa te r  l e v e l s  and  
d a t a  on  evapotranspiration from v a s t l y  d i f f e r e n t  t e r r a i n .  These 
methods p e r m i t  c a l c u l a t i o n  o f  t h e  changes  i n  o v e r l a n d  f l o w ,  
t o t a l  s t r e a m f l o w  and r e c h a r g e  of g roundwa te r s ,  c o n s i d e r i n g  t h e  
a o r t l o n  o f  p loughed a r e a s  i n  t h e  b a s i n ,  t h e  amount o f  w a t e r  i n  
;he b a s i n  f o r  a  g i v e n  y e a r ,  c h a r a c t e r i s t i c s  o f  s o l l s  and  sub-  
s o i l s ,  t h e  g r a d i e n t  o f  s l o p e s  and d e p t h  o f  t h e  g roundwa te r  
t a b l e  i n  d i f f e r e n t  fa rm l a n d s  (Vodogre t sky ,  19 71 ) . 

An approx ima te  w a t e r  b a l a n c e  method o f  t h e  a c c o u n t  o f  i r r i g a -  
t i o n  e f f e c t  on a n n u a l  r u n o f f  i s  based  on t h e  f o l l o w i n g  d a t a :  
i r r i g a t e d  a r e a s ,  w a t e r  consumpt ion ,  e f f i c i e n c y  of  t h e  i r r i g a t i o n  
s y s t e m ,  d e p t h  o f  t h e  groundwater  t a b l e ,  a s  w e l l  a s  on  t h e  v a l u e s  
o f  d i f f e r e n t  h y d r o m e t e o r o l o g l c a l  p a r a m e t e r s  t y p i c a l  o f  t h e  r e q i o n s  
s t u d i e d .  Moreover ,  an  e v a l u a t i o n  i s  made f o r  i n d i v i d u a l  g roups  
of i r r i g a t i o n  sys t ems  c h a r a c t e r i z e d  by some common . f ea tu re s  o f  



t h e  .water ba lance  and n y d r o l o g l c a l  reglme,  t h e  p r e s e n c e  o r  absence  
o f  a  S l l a t e r a l  hydraulic r e l a t l o n  between t h e  r l v e r  and t h e  a r e a  
l n  q u e s t l o n  a s  w e l l  a s  by h y d r o g e o l o g l c a l  ? a t t e r n s  (Kharchenko, 
1975; Shlklomanov, 1976, 1 9 7 9 ) .  

To e v a l u a t e  t h e  e f f e c t  o f  d r a i n a g e  of swamps and marshlands  
on t h e  annua l  r u n o f f  o f  l a r g e  r i v e r s  d r a i n i n g  a l l  t h e  categories 
of  g roundwate r ,  an approximate  methodclcqy deve loped  a t  t h e  S t a t e  
Hydro log ica l  I n s t i t u t e  i s  used.  I t  i s  based  on t h e  a c c o u n t  o f  
s t reamflow changes ,  i . e . ,  d e p l e t i o n  and d r a i n a g e  o f  groundwater  
s t o r a g e  on t h e  one hand,  and changes  i n  e v a p o t r a n s p i r a t i o n  from 
t h e  d r a i n e d  a r e a s  on t h e  o t h e r  hand,  when swamp v e g e t a t i o n  i s  
r e p l a c e d  by a g r i c u l t u r a l  c r o p s .  The f i r s t  f a c t o r  c o n t r i b u t e s  
t o  a  temporary  i n c r e a s e  i n  r u n o f f ;  t h e  second  f a c t o r  u s u a l l y  
c a u s e s  t h e  d e c r e a s e  i n  runof f  due t o  some i n c r e a s e  i n  e v a p o r a t i o n  
l o s s e s  from d r a i n e d  and c a l t i v a t e d  a r e a s  (Novikov, Goncharova,  
1 9 7 8 ) .  

3 e s p i t e  q u i t e  e v i d e n t  a d v a n t a g e s ,  t h e  w a t e r  b a l a n c e  methods 
have a number o f  i n t r i n s i c  d i s a d v a n t a g e s .  The accuracy  o f  mea- 
surements  and c a l c u l a t i o n s  o f  i n d i v i d u a l  w a t e r  b a l a n c e  components 
i s  r a t h e r  low. G r e a t  d i f f i c u l t i e s  a r i s e  d u r i n g  t h e  t r a n s l a t i o n  
o f  d a t a  from runof f  p l o t s ,  i r r i g a t e d  and ploughed a r e a s ,  and s m a l l  
experimental wa te r sheds  t o  l a r g e  r l v e r  b a s i n s .  

Z o n s l d e r i n g  r h e  advan tages  and d i s a d v a n t a g e s  o f  t h e  methods 
developed i t  i s  e x p e d i e n t  t o  e v a l u a t e  runof f  changes  s i m u l t a n e o u s l y  
by two independen t  methods,  namely,  by t h e  d i f f e r e n t i a t e d  w a t e r  
b a l a n c e  computa t ion o f  irretrievable w a t e r  l o s s e s  i n  t h e  b a s i n  
caused  by . m n ' s  a c t i v i t y  and by t h e  a n a l y s l s  o f  a c t u a l  long- term 
r u n o f f  variations and m e t e o r o l o g i c a l  f a c t o r s  d e t e r m i n i n g  t h o s e  
v a r i a t i o n s .  The l a t t e r  method p r o v i d e s  an  i n t e g r a l  e v a l u a t i o n  
o f  t h e  r o l e  o f  t h e  whole v a r r e t y  o f  man 's  a c t i v l c y  s i m u l t a n e o u s l y  
affecting t h e  b a s i n ;  t h i s  approach i n s u r e s  a g a i n s t  s e r i o u s  m i s -  
c a l c u i a t i o n s  and p r o v i d e s  r e l i a b l e  r e s u l t s  i n  agreement  w i t h  t h e  
d a t a  3f a c t u a l  o b s e r v a t i o n s  o f  t h e  h y d r o l o g i c a l  regime.  

Zhanqes l n  Xiver Runoff due t o  Yan 's  . l c t i 7 f i t y  

' Js lng 'he a fo remen t ioned  methodological a p p r o a c h e s ,  annua l  
runof f  changes  f o r  t h e  inaln r l v e r s  s f  :he USSX caused  by man's 
a c t i v ~ q  nave been i n v e s t i g a t e d  f o r  t h e  p e r l o d  t o  d a t e  and f o r  
t h e  f u t u r e  10-25 y e a r s .  The r e s u l t s  have been o b t a i n e d  f o r  20 
l a r g e  r i v e r  baszns  n o s t  important f o r  t h e  n a t i o n a l  economy o f  
t h e  countr . ; .  The computations have been nade b o t h  i n t e g r a l l y  
f o r  t.h.e srhole v a r i e t y  o f  man-made f a c t o r s  and d i f f e r e n t i a l l y  
f o r  t h e  e f  Zec t s  o f  irrigation, a g r o t e c h n l z a l  a e a s u r e s ,  d r a i n a g e ,  
cnanne l  runof f  c o n t r o l ,  i ndus  t z i a l  and munic ipa l  . da te r  suppl:/, 
wa te r  consumption f o r  agricultural n e e d s ,  and w a t e r  t r a n s f e r s  
beyond +be b a s i n .  The maln r e s u l t s  o f  changes  i n  r u n o f f  due t o  
n a n ' s  a c t i v l t y  a r e  g iven  i n  Tab le  1 .  

C s n s i d e r i n g  t o t a l  annua l  runof f  of t h e  J S S R  r i v e r s  a s  a  
whole ,  whlch is e v a l u a t e d  a s  4 ,  700 km3/':/ear, i t s  d e c r e a s e  under 
che e f f e c t  o f  man 's  a c t l v i t y  i s  n o t  significant. In 1340 ~t 
was i i  km3//?ear, o r  0 . 3 % ;  by I975 i t  was 92 km3:'year 1 2 . 2 3 ) ;  
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Ln 1985 t h e  e x p e c t e d  r u n o f f  d e c r e a s e  w l l l  e q u a l  170-1 75 km3,/.;ear 
( =  4 5 )  and  a t  t h e  end o f  t h l s  c e n t y J r y ,  240-250 ~ m 3 / ~ e a r  ( 3  5 . 5 % )  . 
The g e n e r a l  i n s i g n i f i c a n t  change i n  t o t a l  r u n o f f  o f  t h e  USSR 
r i v e r s  is e x p l a i n e d  by t h e  f a c t  t h a t  t h e  main p o r t i o n  o f  r u n o f f  
( a b o u t  8 4 % )  o c c u r s  i n  t h e  r i v e r  b a s i n s  whlch open i n t o  t h e  A r c t i c  
and  P a c l f i c  Oceans ,  where  due t o  w a t e r  s u r p l u s  a n d  Low h e a t  t h e  
e f f e c t  o f  man's  a c t i v l t y  2 r a c t i c a l l y  does  n o t  c a u s e  any r educ -  
t i o n  i n  g r o s s  w a t e r  r e s o u r c e s .  The main r u n o f f  r e d u c t i o n  i s  
o b s e r v e d  i n  t h e  r i v e r  b a s i n s  o f  t h e  Black  S e a ,  Sea o f  Xzov, 
C a s p i a n  and A r a l  S e a s ,  L a ~ e  Ba lkhash ,  where by 1975 t h e  r u n o f f  
r e d u c t i o n  had e q u a l e d  73% and was e x p e c t e d  t o  be even  g r e a t e r  I n  
t h e  f u t u r e :  by 1985 i t  w i l l  be 23% and by 2000,  30% ( T a b l e  1 ) .  
A t  ??=%sent 785 o f  t o t a l  r u n o f f  r e d u c t i o n  o f  t h e  USSR under  t h e  
e f f e c t  o f  man ' s  a c t i v i t y  o c c u r s  i n  t h e  r r v e r s  o f  t h e  s o u t h e r n  
r e g i o n s  w l t h  n a t u r a l  w a t e r  r e s o u r c e s  o f  a b o u t  540 km3/?ear o r  
12% o f  t h e  t o t a l  r i v e r  d i s c h a r g e  o f  t h e  USSR. T h e r e f o r e ,  a t  
p r e s e n t ,  p r o j e c t s  a r e  b e i n g  d e s i g n e d  i n  t h e  USSR f o r  t h e  d i v e r -  
s i o n  o f  some p o r t i o n  o f  s t r e a m f l o w  o f  n o r t h e r n  and S i b e r i a n  
r i v e r s  t o  the s o u t h e r n  a r e a s .  

The Impacts  o f  I r r i g a t i o n  

Yeasu re s  a s s o c i a t e d  w l t h  t!he development  o f  a g r i c u l t u r e  
? l a y  an i m p o r t a n t  r o l e  i n  t h e  g e n e r a l  r e d u c t i o n  o f  s t r e a m f l o w  
i n  t h e  USSR ( T a b l e  1 ) .  Dur ing  t h e  f o r t i e s ,  the main r o l e  was 
p l a y e d  by a g r o t e c h n i c a l  measu re s ,  w h i l e  a t  ? r e s e n t  and  f o r  t h e  
f u t u r e ,  irrigation becomes +he main f a c t o r  o f  man ' s  a c t i v i t y  
c a u s i n g  t h e  ma jo r  p o r t i o n  o f  r u n o f f  r e d u c t i o n ;  irrigation and 
a g r o t e c h n i c a l  measu re s  c a u s e  a b o u t  60 X o f  g e n e r a l  r e d u c t i o n  o f  
s t r e a m f l o w  ( w i t h o u t  t a k l n g  i n t o  a c c o u n t  w a t e r  s t o r a g e  i n  r e s e r -  
v o i r s )  . 

.Among a g r i c u l t u r a l  f a c t o r s ,  i r r i g a t ~ o n  c o n s r d e r a b l y  i n i l a e n c e s  
Lhe h l ~ d r o l o g i c a l  c y c l e  and  t o t a l  a n n u a l  r u n o f f  o f  r e g i o n s .  Large  
new i r r i g a t e d  a r e a s  i n  a r l d  r e g i o n s  r e s u l t  i n  some m i c r o - c l l m a t i c  
changes  i n  t h e  t e r r a i n  and i n  s p a c e - t i n e  r e d i s t r i b u t i o n  o f  many 
components o f  w a t e r ,  ene rgy  and s a l t  b a l a n c e s  l l X e  p r o d u c t i v e  
and non-productive e v a p o r a t i o n ,  o v e r l a n d  f l a w ,  t e m p e r a t u r e  and 
h u m i a r t y  o f  a l r ,  e t c .  These changes  a r e  o n s e r v e d  n o t  s n l y  w l c h i n  
t h e  irrigated a r e a  b u t  on t h e  a d j a c e n t  t e r r a l n .  A i l  t h e s e  e v e n t s  
a r e  t o  some e x t e n t  r e f l e c t e d  i n  t h e  changes  o f  d i f f e r e n t  s t r eam-  
f low c h a r a c t e r l s t l c s  i n c l u d i n g  t o t a l  a n n u a l  r u n o f f .  

The e f f e c t  o f  i r r l g a t l o n  on s t r e a m f l o w  1s s u b s t a n t i a l l y  
d i f f e r e n t  f o r  s ina l l  a n d  l a r g e  r l v e r  s y s t e m s .  The l a t t e r  d r a m s  
a l l  t n e  c a t e g o r i e s  o f  g roundwa te r .  I n  c a s e  o f  small w a t e r s h e d s ,  
a  comple t e  w i t h d r a w a l  o f  w a t e r  from t h e  r i - ~ e r  f o r  r r r l g a t i o n  
needs  i s  7 o s s l b l e .  T h i s ,  however,  does  n o t  mean t h e  e x h a u s t i o n  
o f  w a t e r  r e s o u r c e s  f o r  a  l a r g e  b a s i n  s i n c e  =he  .major p o r t l o n  o f  
w a t e r  s e e p i n g  from c a n a l s  and coming o u t  a s  r e t u r n  f l ow from 
r r r i g a t e d  f l e l d s  r e c h a r g e s  g roundwa te r  which 1s d r a i n e d  by 
l a r g e r  r i v e r s .  

? o r  l a r g e  r l v e r s ,  s=reamflow chances  unde r  t h e  e f f e c t  3f 
r r r l g a t l o n  a r e  determined by t h e  cnanges  rn  e v a p o t r a n s p l r a t l o n  
r n  t n e  b a s l n  whlch c o n s l s t s  o f  e v a p o t r a n s p r r a t l o n  from r r r l g a t e a  
a r e a s  and  non-productive e v a p o t r a n s p l r a t l o n  from o t h e r  a r e a s  r n  



t h e  b a s i n  ( a s s u m i n g  g r e c i p l t a t i o n  t o  b e  c o n s t a n t  a n d  n e g l e c t i n g  
a d d i t i o n a l  w a t e r  l o s s e s  f o r  v e g e t a t i v e  mass g r o d u c t i o n ) .  Depend- 
i n g  on  t h e  r a t i o  of  t h e  l a s t  two v a l u e s ,  r i v e r  r u n o f f  d u e  t o  
i r r i g a t i o n  may d e c r e a s e ,  nay b e  unchanged  f o r  a  l o n g  p e r i o d ,  a n d  
m y  e v e n  i n c r e a s e  f o r  some p e r i o d s .  S t a b i l i t y  o r  i n c r e a s e  o f  
r u n o f f ,  t hough  h a r d l y  p o s s i b l e  a t  f i r s t  s i g h t ,  ;nay a c t u a l l y  o c c u r  
i n  l a r g e  b a s i n s  w i t h  d i v e r s e  p h y s i o g r a p h i c  f e a t u r e s ,  where  i r r i g a -  
t i o n  deve lopmen t s  and  i n c r e a s e  o f  w a t e r  consumpt ion  happen  s i m u l -  
t a n e o u s l y  w i t h  t h e  d r a i n a g e  o f  swampy a r e a s ,  e x t e r m i n a t i o n  o f  
h y d r o p h y t e s ,  d e c r e a s e  i n  r l v e r  f l o o d i n g ,  and  r e d u c t i o n  o f  t h e  
p e r i o d  o f  f l o o d  p l a i n  i n u n d a t i o n  a s  a  r e s u l t  o f  c h a n n e l  r u n o f f  
c o n t r o l ,  w a t e r  w i t h d r a w a l s  and  r emova l  o f  some s u r f a c e  f l o w  t o  
g r o u n d w a t e r  s t o r a q e  (Kharchenko,  1975;  Sh ik lomanov ,  1976) . 

I n  t h i s  r e s p e c t ,  t h e  s f f e c t  o f  i r r i g a t i o n  on  t h e  h y d r o l o g i c a l  
c y c l e  c a n  b e  i l l u s t r a t e d  by t h e  Kura a n d  T e r e k  r i v e r s  ( F i g u r e  1 ) .  
T h e i r  r u n o f f  is formed i n  t h e  n o u n t a i n s  o f  t h e  Caucasus  and  i s  
u s e d  o n  t h e  p l a i n s  and  l o w l a n d s .  The i r r i g a t e d  a r e a s  i n  t h e  Kura 
b a s i n  up t o  X i n g e c h a u r  (F = 6 2 , 6 0 0  km2) was 210 ,000  h e c t a r e s  i n  
1929 ,  520 ,000  h e c t a r e s  i n  1963 ,  560 ,000  h e c t a r e s  i n  1970 and  
620 ,000  h e c t a r e s  i n  1977 .  Consumpt ion  f o r  i r r l g a t l o n  n e e d s  was 
s u b j e c t  t o  l n c r e a s e  respectively. D e s p i t e  t h e  i n c r e a s e  o f  irri-  
g a t e d  a r e a s  by 350 ,300  h e c t a r e s ,  r e l i a b l e  dependences  ( R  = 0.9U) 
be tween  r u n o f f  ( a n n u a l  a n d  f o r  a  warm s e a s o n ,  A p r i l - O c t o b e r )  Y 
a n d  n a t u r a l  f a c t o r s  have  been  o b t a i n e d  f o r  t h a t  b a s i n  f o r  1929- 
1970: 

whe re :  IQin 1s c h a r a c t e r i s t i c  o f  i n f l o w  f rom t h e  mountainous 
p a r t  o f  t h e  b a s i n  d e t e r m i n e d  a t  g a u g l n g  s i ~ e s  l c s a t e d  
i n  t h e  zone o f  r u n o f  f o r m a t i o n :  

x  and  ta a r e  g r e c i p i t a t i o n  and a i r  t e m p e r a t u r e  i n  t h e  zone  
o f  r u n o f f  u s e .  

E.~en d u r i n g  196 1- 1970 r u n o f f  r e d u c t i o n  due  t o  i r r r g a t l o n  
and  o t h e r  f a c t o r s  o f  m a n ' s  a c t i v i t y  we re  g r a c t i c a l l y  n o t  o b s e r v e a  
( t h e  e f f e c t  o f  a d d i t i o n a l  l o s s e s  f o r  e v a p o r a t i o n  a n d  a c c u m u l a t i o n  
i n  t h e  X ingechau r  r e s e r v o i r  c o n s t r u c t e d  i n  1953 and  w a t e r  d i v e r -  
s i o n s  heyond t h e  b a s i n  a r e  e x c l u d e d ) .  Annual  r u n o f f  d u r i n g  t h a t  
p e r i o d  d e c r e a s e d  by 1 .2% o n l y  a s  compared v i t h  t h e  p r e v i o u s  ~ e r i o d ;  
r u n o f f  f o r  :he varm s e a s o n  d e c r e a s e d  by 3 . 9 % ;  t h e  main d e c r e a s e  
was o b s e r v e a  d u r l n ?  t h e  v e r y  d r (  y e a r s  o f  1361 and  1962. Such  
a n  i n s i q n i f i c a n t  r . m o f f  reduction u n t i l  ' 970  d e s p i t e  an  i n t e n s i v e  
i r r l g a t l o n  deve lopmen t  1s e x p l a i n e d  by a  d e c r e a s e  o f  n o n - p r o d u c t i v e  
e v a p o r a t i o n  d u r i n g  r h a t  t i m e  due t o  t h e  above  men t ioned  man-made 
f a c t o r s  maklng  f o r  s i g n i f i c a n t  a d d i t i o n a l  w a t e r  l o s s e s  f r om 
irrigated a r e a s .  

Dur ing  t h e  s u b s e q u e n t  ? e a r s  ( 1  971- 197') when t h e  ? o s s l b i l i t y  
o f  c o m p e n s a t i o n  a t  t h e  e x p e n s e  o f  n o n - p r o d u c t i v e  e ~ ~ a p o r a t i o n  was 
t o  a  g r e a t  a x t e n t  s .xhaus tec ,  a  f u r t h e r  deve lopmen t  o f  irrigation 
r e s u l t e d  i n  a  i o n s : J e r a b l e  r e d u c t i o n  o f  r u n o f f  (by 9-125) . 



F l g u r e  1 .  Jependence  o f  r m o f f  o f  t h e  Terek  r i v e r  a t  
K a r g a l i n s k a y a  f o r  1 9 2 5 - 1 9 7 7  
( a )  on  n a t u r a l  f a c t o r s  

1 - 7 9 2 5 - 1 9 3 U ,  2  - 1 9 3 5 - 1 9 6 0 ,  3 - 1 9 6 1 - 1 9 7 2  

( 5 )  on  n a t u r a l  and  mn-made f a c t o r s  
: - 1 9 2 5 - 1 9 6 0 ,  2  - 1 9 6 1 - 1 9 7 1 ,  3  - 1 9 7 2 - 1 9 7 7  



Q u i t e  a n o t h e r  sit-ation o f  r u n o f f  changes  c a u s e d  by i r r i g a -  
t i o n  is  o b s e r v e d  i n  t h e  Terek  b a s i n  up t o  K a r g a l i n s k a y a  ( F  = 
37,000 km2 1 . I r r i g a t e d  a r e a s  i n  t h e  b a s i n  i n c r e a s e d  f rom 70,000 
h e c t a r e s  i n  1925 up t o  600 ,000 h e c t a r e s  i n  1975.  I t  was impos- 
s i b l e  f o r  t h a t  b a s i n  t o  o b t a i n  r e l i a b l e  dependences  o f  t y p e  ( 1 )  
a c c o u n t i n g  f o r  n a t u r a l  f a c t o r s  o n l y  ( s e e  F i g u r e  l a )  . When t h e  
a n t h r o p o g e n l c  f a c t o r  U: was i n c l u d e d  i n  e q u a t i o n  ( 1  ) r e l i a b l e  
e q u a t i o n s  o f  r e g r e s s i o f i  w l t h  a  h i g h  m u l t l p l e  c o r r e l a t i o n  c o e f f i -  
c i e n t  were  computed;  Ui, was n u m e r i c a l l y  e q u a l  t o  t h e  i r r i g a t e d  
a r e a s  i n  t h e  b a s i n .  Fo r  example ,  t h e  f o l l o w i n g  e q u a t i o n  was 
o b t a i n e d  f o r  a n n u a l  r u n o f f  f o r  t h e  Te rek  r i v e r  a t  K a r o a l i n s k a y a  
f o r  1925-1977: 

where  U i r  IS t h e  a r e a  L r r l g a t e d  ( i n  h e c z a r e s - - t n o u s a n d s )  ; t h e  
r e m a i n i n ?  symbols  a r e  t h e  same a s  above .  

In  e q u a t i o n  ( 2 )  , t h e  p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t  be tween 
r u n o f f  and  t h e  i r r : ? a t e d  a r e a  i s  v e r y  h i g h  ( ryU,  = - 0 . 8 8 ) ,  v h l c h  

L r 
shows t h a t  i n  t h i s  b a s i n ,  u n l i k e  the Kura b a s i n ,  t h e  change  i n  
i r r i g a t e d  a r e a s  i n  f a c t  c h a r a c t e r i z e s  t h e  dynamics  i n  t h e  deve lop -  
ment o f  t h e  whole v a r i e t y  o f  a n t h r o p o g e n i c  f a c t o r s .  

Acco rd ing  t o  b e  e q u a t i o n s  of t y p e  (2) ,  a n n u a l  r u n o f f  o f  t h e  
Terek  r i v e r  u n d e r  t.le i n f l u e n c e  o f  i r r i g a t i o n  was r e d u c e d  f o r  
1960-1970 by 22% a s  compared w i t h  t h e  p r e v i o u s  p e r i o d ;  r u n o f f  
f o r  t h e  warm s e a s o n  r educed  by 2 U X ;  r u n o f f  r e d u c t i o n  was even  
h i g h e r  (by  30-355) 3 u r i n g  s u b s e q u e n t  y e a r s  ( 197 1- 1977) . 

Thus ,  i n  t h e  a r e a s  of i r r i g a t e d  f a r m i n g  t h e  v a l u e  o f  r i v e r  
r u n o f f  r e d u c t l o n  i s  f a r  f rom b e i n g  a lways  proportional t o  t h e  
i n c r e a s e  o f  w a t e r  consumpt ion  f o r  I r r i g a t i o n  n e e d s .  I n  some 
l a r g e  r i v e r  3 a s l n s  che  i n c r e a s e  o f  i r r i g a t e d  a r e a s  a n d  h e n c e ,  w a t e r  
consumpt ion  f o r  i r r i g a t i o n ,  may n o t  c a u s e  r e d u c t i o n  o f  t o t a l  
z u n o f f  a t  t h e  r i v e r  mouth due  t o  r e d u c t i o n  o f  t h e  t o t a l  non- 
p r o d u c t i v e  e v a p o r a t l o n  l n  t h e  b a s i n .  

T h i s  is especially typical o f  t h e  b a s i n s  where  n a t u r a l  non- 
2 r o d u c t l v e  e v a p o r a t l o n  l o s s e s  make up a  g r e a t  ? o r t i o n  o f  t o t a l  
w a t e r  r e s o u r c e s  ( s u c h  a s  t b e  S y r d a r y a ,  t h e  .Amudar)ra, t h e  Kuban, 
t h e  I l i  and o t h e r  r l v e r s  b e s i d e s  t h e  Kura r i v e r ) .  

T h i s  may be  w e l l  i l l u s t r a t e d  by r u n o f f  changes  a f f e c t e d  by 
l r r i q a t i o n  i n  t h e  S y r d a r y a  and  Xmudarya r i v e r s  d1scharq:ng i n t o  
t h e  c l o s e d  A r a l  S e a .  Water  z e s o u r c e s  o f  t h o s e  r i v e r s  wnlch a r s  
formed i n  t h e  moun ta in s  s f  t h e  T i en  Shan and  + h e  Pamlr  m a ~ e  up 
110 km3/year on t h e  a v e r a g e .  T h i s  w a t e r  d i s c h a r g e s  i n t o  t h e  
zone o f  r u n o f f  u s e ,  zhe  L a t t e r  c c u p i e s  a b o u t  250 ,000  icm2 w l t h i n  
t h e  c o n s i d e r e d  b a s i n s  and e x t e n d s  o v e r  more t h a n  1 , 0 0 0  km i n  
l e n g t h .  I n  t h i s  zone ,  w i t h  a d ry  a n d  h o t  c l l m a t e ,  t h e  ;major 
p o r t i o n  o f  w a t e r  r e s o u r c e s  available and  l o c a l  3 r e c i p i t a t l o n  



a r e  l o s t  t o  e v a p o r a t i o n ,  t r a n s p i r a t i o n  and  f o r  man ' s  n e e d s  s o  
o n l y  some o f  t h e  w a t e r  is d i s c h a r g e d  i n t o  t h e  A r a l  S e a .  

The zone o f  r u n o f f  o f  che above  r i v e r s  is a  r e g i o n  o f  i n t e n -  
s i v e  i r r i g a t i o n .  A t  t h e  b e g i n n i n g  o f  t h i s  c e n t u r y  11910) t h e  
i r r l q a t e d  a r e a s  c o v e r e d  3 ,000 ,000  h e c t a r e s ;  i n  1960 i r r i g a t e d  
a r e a s  o c c u p i e d  a b o u t  5 , 0 0 0 , 0 0 0  h e c t a r e s  a n d  a t  p r e s e n t  more t h a n  
6 , 0 0 0 , 0 0 0  h e c t a r e s .  D e s p i t e  i n t e n s i v e  expans  i o n  o f  i r r i g a t e d  
a r e a s  f rom 1910 t o  7960 and  i n c r e a s e  o f  w a t e r  u s e  f o r  i r r i g a t i o n ,  
no e v i d e n t  i n c r e a s e  o f  t o t a l  r u n o f f  l o s s e s  i n  t h e  zone o f  i ts  
u s e  U Z  i s  o b s e r v e d ,  which i s  i l l u s t r a t e d  i n  F i g u r e  2 .  During  
t n e  p e t i o d  b e f o r e  1960 t h i s  r e l a t i o n s h i p  was q u i t e  c l e a r ,  showing 
t h e  l n c r e a s e  o f  t o t a l  w a t e r  l o s s e s  depend ing  on  t h e  volume o f  
w a t e r  d i s c h a r g i n g  i n t o  t h e  zone  o f  w a t e r  u s e .  Dur ing  t h a t  p e r i o d  
no d e c r e a s e  o f  w a t e r  d i s c h a r g e  i n t o  t h e  A r a l  Sea was o b s e r v e d  
and  t h e  s e a  w a t e r  l e v e l  was s t a b l e .  T h i s  i s  e x p l a i n e d  by t h e  
f a c t  t h a t  f o r  a  l o n g  p e r i o d  o f  t i m e ,  i n c r e a s i n g  w a t e r  consumpt ion  
f o r  irrigation n e e d s  was compensa ted  by a  d e c r e a s e  i n  n o n - p r o d u c t i v e  
e v a p o r a t i o n  i n  t h e  b a s i n .  Runoff  c o n t r o l  and  i n c r e a s e  o f  w a t e r  
d i v e r s i o n s  were accompanied  by a  d e c r e a s e  i n  r i v e r  f l o o d i n g  down- 
s t r e a m ,  r e d u c t i o n  o f  e v a p o r a t i o n  and  t r a n s p i r a t i o n  f rom w a t e r  
s u r f a c e s ,  and  f rom f l o o d  p l a i n s  w i t h  ~ h r e a t g p h y t e s .  

3 u r i n g  s u b s e q u e n t  y e a r s  t h i s  r e l a t i o n s h i p  was d i s t u r b e d  
thougn t h e  w a t e r  r e s o u r c e s  i n  t h e  zone of r u n o f f  f o r m a t i o n  and  
l o c a l  p r e c i p i t a t i o n  were  t h e  same a s  b e f o r e .  Water l o s s e s  i n  
t h e  zone  o f  r u n o f f  ilse i n c r e a s e d  g r e a t l y ,  i . e . ,  d i v e z s i o n  o f  
some p o r t l o n  o f  t h e  Amudarya s t r e a m f l o w  beyond t h e  b a s i n  down 
t h e  Kara-Kum C a n a l ,  i n c r e a s e  o f  w a t e r  d i v e r s i o n s  f o r  i r r i g a t i o n  
e t c .  On t h e  a v e r a g e ,  d u r i n g  1961-1976 d i s c h a r g e  i n t o  t h e  h r a l  
Sea  d e c r e a s e d  by 16 .5  km3/year ( 3 0 % )  due t o  man ' s  a c t i v i t y ,  
which c a u s e d  3 f a l l  i n  t h e  w a t e r  l e v e l  o f  t h e  A r a l  Sea  by more 
t h a n  3 .5  m ( p l u s  a  1 . 5  m f a l l  c a u s e d  by dr2r y e a r s  o b s e r v e d  
d u r i n g  t h e  c o n s i d e r e d  p e r i o d ) .  A particularly q r e a t  r e d u c t i o n  
l n  r i . ~ e r  d i s c h a r g e  and  a  d r o p  i n  t h e  w a t e r  l e v e l  were o b s e r v e d  
d u r i n g  t h e  l a s t  t h r e e  y e a r s ,  due t o  e x t r e m e l y  l i m i t e d  p r e c i p i t a -  
t i o n  In  t h e  moun ta in s  ( F i g u r e  2 )  . 

3 u r i n g  r e c e n t  y e a r s  a  considerable d e c r e a s e  I n  a n n u a l  r u n o f f  
3 t  t h e  mouths o f  t h e  r i v e r s  was a b s e r v e d  i n  nany l a r g e  r l v e r s  i n  
t h e  s o u t h  o f  t h e  USSR due  t o  intensive i r r i g a t i o n  development  
( K u r a ,  T e r e k ,  Amudarya, S y r d a r y a ,  S u l a k ,  D n l e p e r ,  Don, U r a l  and  
o t h e r  r i v e r s ) ,  s o  t h a t  +-he i n f l o w  i n t o  t h e  C a s p i a n  and  h r a l  S e a s  
and I n t o  t h e  Sea o f  Azov d e c r e a s e d .  Y o r e o v e r ,  a s  t h e  r e s e a r c h  
h a s  snown, r u n o f f  1s e s p e c l a l i y  low d u r l n g  d r y  a n d  h o t  y e a r s ,  
when =.he n a t u r a l  w a t e r  r e s o u r c e s  i n  r i v e r s  a r e  s m a l i ,  which 
c a u s e s  g r e a t  d i f f i c u l t i e s  i n  w a t e r  s u p p l y .  

: o n c l u s ~ o n s  made on  t h e  problem s f  t h e  e f f e c t s  ~f  i r r l g a c l o n  
3n s t r e a m f l o w  characteristic f o r  o t h e r  r l v e r  b a s i n s  ;n s i m i l a r  
n a t u r a l  s o n d i c i o n s  s n o u l d  b e  t a k e n  i n t o  a c c o u n t  i n  t 3 e  c o n s t r u c -  
t i o n  of m a t h e m a t i c a l  models f o r  w a t e r  regl ine c o n t r o l ,  w a t e r  
s u p p l y  and  i t s  e f f e c t  on che e n v i r o n m e n t .  



F i g u r e  2.  Dependence o f  t o t a l  w a t e r  l o s s e s  i n  =he z o n e  o f  
r u n o f f  u s e  I n  t h e  Ar .1  Sea b a s l n  (U ) on t h e  
amount  o f  w a t e r  r e s o u r c e s  a n d  ? r e c l $ i ? a t l o n  
( I Y Z . f  + 3X), 1  - 1 9 2 6 - 1 9 6 0 ,  2 - 1 9 6 1 - 1 9 7 0 ,  

3  - 1 9 7 1 - 1 9 7 3 ,  '4 - 1 9 7 U - 1 9 7 6  



The E f f e c t s  o f  Improved .Agricultural Techniques  

The main a g r o t e c h n l c a l  measures c a r r i e d  o u t  on a  l a r g e  s c a l e  
i n  t h e  f o r e s t - s t e p p e  and s t e p p e  zones o f  t h e  U S S R ,  a r e  a s  f o l l o w s :  
p lougning o f  v i r g i n  and f a l l o w  l a n d s ,  f a l l  t i l l a g e ,  a f f o r e s t a t i o n ,  
c t c .  They a m  a t  t h e  c o n s e r v a t i o n  o f  m o i s t u r e  i n  s o i l  t o  an i n -  
c r e a s e  i n  c r o p  y i e l d s .  From a  h y d r o l o g i c a i  p o i n t  o f  view, agro-  
t e c h n i c a l  n e a s u r e s  p r i i n a r i l y  c o n t r i b u t e  t o  t h e  i n c r e a s e  of s o i l  
? o r o s l t y  and permeability and t o  b e t t e r  i n f i l t r a t i o n  o f  snowmelt 
w a t e r ,  whlch r e s u l t s  i n  a  d e c r e a s e  i n  t h e  o v e r l a n d  f low and i n -  
c r e a s e  l n  f i l t r a t i o n  I n t o  t n e  u n s a t u r a t e d  zone and t o  groundwater .  
Th l s  g e n e r a l ,  q u a l i t a t i v e  c o n c l u s l o n  c a u s e s  no d o u b t s .  However, 
t h e  q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  r a t e  o f  o v e r l a n d  f low reduc- 
t i o n ,  and Ln p a r t i c u l a r ,  t h e  e f f e c t  o f  t h i s  r e d u c t i o n  on t o t a l  
r i v e r  r u n o f f ,  is  de te rmined  by a  g r e a t  v a r i e t y  o f  f a c t o r s ,  a n d ,  
p r i m a r i l y  by t h e  amount of w a t e r  r e s o u r c e s  f o r  a  g iven  y e a r ,  
by s o l 1  m l s t u r e  c o n t e n t  p r i o r  t o  s p r i n g  snowmelt ,  by t h e  compo- 
s i t i o n  o f  s o i l s  and s u b - s o i l s ,  d e p t h  o f  t h e  groundwater  t a b l e ,  
and t h e  s t e e p n e s s  o f  s l o p e s .  

Yoreover ,  i t  i s  e s s e n t i a l  20 d i f f e r e n t l a t e  t h e  e f f e c t  o f  
a g r o t e c h n i c a l  measures ,  i n  p a r t i c u l a r  t h e  e f f e c t  o f  autumn 
? lougn ing  on o v e r l a n d  f low,  from t h e  e f f e c t  on r u n o f f  o f  s m a l l  
temporary w a t e r  c o u r s e s  and e s p e c i a l l y  r i v e r s  d r a i n i n g  ground 
w a t e r s .  The s t a t e m e n t s  made above r e f e r  n a i n l y  t o  s p r i n g  r u n o f f  
formed p r i m a r i l y  when t h e  s o i l s  and s u b s o l l s  a r e  f r o z e n  and t h e  
intensity o f  w a t e r  i n p u t  t o  t h e  s u r f a c e  o f  a b a s i n  i s  r a t h e r  
s m a l l .  A s  t o  t h e  o v e r l a n d  flow ?reduced by i n t e n s i v e  r a i n f a l l ,  
~t may be much g r e a t e r  from s t e e p ,  ploughed s l o p e s ,  t han  from 
s l o p e s  which have been long  f a l l o w ,  o r  v i r g i n  l a n d s .  Moreover,  
an i n c r e a s e d  sed imen t  t r a n s p o r t  1s obse rved  from ploughed s l o p e s  
because  o f  t h e  i n c r e a s e d  w a t e r  e r o s i o n  r a t e  which makes i t  neces-  
s a r y  t o  t a k e  d i f f e r e n t  measures t o  ? r e v e n t  e r o s i o n .  

The l n t e n s l t y  o f  t h e  o v e r l a n d  flow t o  a  g r e a t  e x t e n t  d e t e r -  
n l n e s  maximum d l s c h a r g e s  o f  s p r l n g  snowmelt and r a m f a l l  f l o o d s  
I n  r l - ~ e r s .  For medlum and low f l o o d s  t h e  d e c r e a s e  o f  max;rnum 
d l s c h a r g e s  o f  s p r l n g  snowmelt f l o o d s  l n  s m a l l  wa te r sheds  under  
t h e  e i f e c t  o f  a g r o t e c h n l c a l  measures may be 10-20% o r  more. 
Yaxlmum d l s c n a r g e  o f  r a l n f a l l  f l o o d s  from ploughed wa te r sheds  
q r e a t l y  depends on t h e  l n t e n s l t l r  o f  s t o r m s ,  l o c a l  n a t u r a l  cona l -  
t l o n s  and type  o f  a g r o t e c n n ~ c a l  measures (Konovllow, Jyzhov,  
1 9 6 9 ;  Sokolovsky,  1968) .  

As i n v e s t l g a c i o n s  show, changes  i n  d i s c h a r g e s  of s p r i n g  
snowmeit and r a l n f a l l  f l o o d s  o f  r a r e  f requency caused  by ag ro -  
t e c h n ~ c a l  measures a r e  p robab ly  w i t h i n  t h e  accuracy  o f  p r a c t i c a l  
c a l c u l a t i o n s  and u s u a l l y  they need ;lot be t a k e n  i n t o  a c c o u n t  f o r  
wacer nanaqement d e s i g n .  

The n o s t  complicated problem 1s t n e  evaluation of  t h e  r o l e  
of a g r a t e c h n l c a l  measures I n  t h e  changes  of l n n u a l  r u n o f f .  In- 
v e s t l g a t l o n s  made a t  t h e  S t a t e  Bydro log lca l  Institute during 
r e c e n t  y e a r s  (Vodogretsky , 1974 ; Shlklomanov, 1976 ha./e shown 
t h a t  mol s tu re  accumulated  I n  t h e  f l e l d s  due t o  a g r o t e c h n l c a l  
a e a s u r e s  n a l n l y  c o n t r ~ b u t e d  t o  groundwater  r e c h a r g e  and t o  t h e  
increase of  t h e  groundwater  component o f  s t r eamf low a ~ d  t o  a  
l e s s e r  e x t e n t  t o  evaporation and c r s n s p l r a t l o n .  The g e n e r a l  
c o n c l u s l o n  1s t h a t  t h e  development o f  a g r o t e c h n l c s l  measures 



s l i g h t l y  a f f e c t s  annua l  r u n o f f  o f  l a r g e  and mid - s i ze  r i v e r s  and 
c a n n o t  produce  a  s i g n i f i c a n t  d e p l e t i o n  o f  w a t e r  r e s o u r c e s  i n  
v a s t  a r e a s .  According t o  c o m p u t a t i o n s ,  t h e  up- to-date  d e c r e a s e  
o f  r u n o f f  i n  l a r g e  r l v e r s  on t h e  Russ i an  p l a i n  o f  t h e  USSR f l o w i n g  
th rough  the h r g h l y  c u l t i v a t e d  a r e a s  ( r e l a t i v e  t o  t h e  p e r l o d  b e f o r e  
1936) i s  a s  f o l l o w s :  Volga,  1 .7 km3/year o r  0 . 7 4 ;  Oka, 0.04 km3/ 
y e a r  o r  0 .1%;  Dnreper ,  1 .2  km3/year o r  2 . 5 % ;  Don, 0 .68  km3/year 
o r  2 .5%;  U r a l ,  0.20 km3/year o r  1 .8%.  For  t h e  c o u n t r y  i n  g e n e r a l ,  
t h e  t o t a l  d e c r e a s e  i n  annua l  r r v e r  r u n o f f  under  t h e  e f f e c t  o f  
t h i s  f a c t o r  o f  man ' s  a c t i v i t y  amounted t o  6  km3/year a l t o g e t h e r  
(Tab le  1 ) .  I n  f u t u r e  t h i s  d e c r e a s e  w i l l  be a p p r o x i m a t e l y  a t  t h e  
same l e v e l .  

Reduc t ion  o f  annua l  r u n o f f  i n  small and medium-sized r i v e r s  
is more s i g n i f i c a n t  i n  a r i d  s t e p p e  r e g i o n s  where it may a t t a i n  
10-15s (when 60-70s o f  t h e  b a s i n  a r e a  i s  p l o u g h e d ) .  I n  t h i s  c a s e  
a  s u r f a c e  component o f  f low t e n d s  t o  a  c o n s i d e r a b l e  d e c r e a s e  (up  
t o  20-30s) w i t h  a  s i m u l t a n e o u s  i n c r e a s e  i n  t h e  r o l e  of  ground 
f low (up  t o  30 -40%) .  

The e v a l u a t i o n  o f  t h e  h y d r o l o g i c a l  r o l e  o f  a  v a r i e t y  o f  
a g r o t e c h n i c a l  measures  may b e  illustrated by g r o s s  p lough ing  o f  
v i r g i n  l a n d s  i n  South  Kazakhstan  d u r i n g  1954-1966, when d u r i n g  
t h e  s p a c e  o f  a  few y e a r s  t h e  a r a b l e  a r e a s  l n  some r i v e r  b a s i n s  
i n c r e a s e d  from 5-7s up t o  60-705. From t h e  h y d r o l o g i c a l  p o i n t  o f  
vlew t h i s  may be  c o n s i d e r e d  a  k i n d  o f  a c t i v e  e x p e r i m e n t  and t h e  
r e s u l t s  o f  t h i s  expe r imen t  p r o v i d e  a  r e l i a b l e  c o n c l u s i o n  on t h e  
e f f e c t  o f  man 's  a c t i v i t y  on r i v e r  r u n o f f .  

L e t  ys c o n s i d e r  t h e  Tobol r l v e r  b a s i n  up t o  K u s t a n a i  (F  = 
44,800 km ) l o c a t e d  i n  t h e  a r i d  s t e p p e s  o f  Kazakhstan .  Yean 
a n n u a l  p r e c i p i t a t i o n  i s  320 mm, a n n u a l  r u n o f f  i s  1 7 . 3  m. Before  
1954 t h e  p loughed a r e a  made up 18% of t h e  b a s i n s ,  d u r i n g  subse -  
q u e n t  y e a r s  it i n c r e a s e d  t o  6 7 % .  A w a t e r  b a l a n c e  method deve looed  
by t h e  S t a t e  H y d r o l o g i c a l  I n s t i t u t e  proved t h a t  t h i s  caused  a  
r e d u c t i o n  o f  t h e  s u r f a c e  component of  a n n u a l  r u n o f f  a p p r o x i m a t e l y  
by 4 .3  mm w i t h  a  s i m u l t a n e o u s  i n c r e a s e  o f  s u b - s u r f a c e  component 
o f  s t r eamf low by 1 .8  mm. T o t a l  r i v e r  runof f  d e c r e a s e d  by 2.5 mm 
o r  14%.  C o n c u r r e n t l y ,  annua l  r i v e r  r u n o f f  d e c r e a s e d  under  t h e  
e f f e c t  o f  o t h e r  f a c t o r s :  c o n s t r u c t i o n  o f  ponds and r e s e r v o i r s ,  
and a n  i n c r e a s e  i n  mun ic rpa l  and a g r i c u l t u r a l  w a t e r  consumpt ion.  

I t  s h o u l d  b e  n o t e d ,  t h a t  t h e  above c o n c l u s i o n s  on t h e  e f f e c t  
o f  a g r o t e c h n i c a l  measures on r u n o f f  r e f e r  t o  t h e  c o n d r t r o n s  o f  
t h e  c o n t i n e n t a l  c l i m a t e  o f  s t e p p e  and f o r e s t - s t e p p e  zones  o f  
E u r a s i a  where r l v e r  r u n o f f  i s  formed mainly  d u r i n g  t h e  p e r i o d  
o f  s p r i n g  snowmelt .  I n  o t h e r  n a t u r a l  c o n d i t i o n s  t h e  a g r o t e c h n i c a l  
measures  may a f f e c t  b a s i n  c h a r a c t e r i s t i c s  q u i t e  differently. For  
example ,  a c c o r d i n g  t o  t h e  d a t a  o b t a i n e d  by t h e  US scientists 
(Lohson e t  a l . ,  1969) i n  Iowa S t a t e  where annua l  precipitation i s  
800 mm, w i t h  r a i n  mainly  f a l l i n g  d u r i n g  t h e  warm s e a s o n ,  t h e  
t r a n s f o r m a t i o n  o f  l a r g e  a r e a s  occup ied  by p a s t u r e s  w i t h  ? h r e a t o -  
p h y t e s  i n t o  f i e l d s  w i t h  t i l l e d  c r o p s  c a u s e s  a n n u a l  r u n o f f  i n c r e a s e  
approximately by 30% due t o  r educed  l o s s e s  by e v a p o t r a n s p i r a t i o n .  



The E f f e c t s  of Drainage 

The e f f e c t s  o f  d r a i n a g e  on t h e  w a t e r  reglme and w a t e r  b a l a n c e  
IS d i s p l a y e d  immedia te ly  i n  r ec la imed  a r e a s ,  o n  l a n d s  a d j a c e n t  t o  
d r a l n a q e  sys t ems  and i n  r i v e r  b a s i n s  a s  a  whole .  The c r e a t i o n  
o f  d r a l n a g e  sys t ems  p r i i n a r l l y  a f f e c t s  t h e  regime of e v a p o r a t i o n  
and t r a n s p i r a t i o n  from swamps, due t o  changes I n  t h e  dep th  o f  
groundwater  t a b l e s ,  m o i s t u r e  c o n t e n t  i n  s o i l s  and s u b s o i l s  and 
t r a n s f o r m a t i o n  of v e g e t a t i v e  c o v e r .  D e t a i l e d  and complete  inves -  
t i g a t i o n s  o f  t h e  e f f e c t s  o f  d r a i n a g e  on e v a p o r a t i o n  and t r a n s p i r a -  
t i o n  have been c a r r i e d  o u t  by V . F .  Shebeko (1970) f o r  t h e  s o n d i -  
t i o n s  o f  t h e  B e l o r u s s i a n  SSR. According t o  t h e s e  i n v e s t i g a t i o n s  
s o i l  m o i s t u r e  c o n t e n t  a f t e r  a  d r a i n a g e  p r o j e c t  is  completed t e n d s  
t o  a  sudden r e d u c t i o n  and f o r  n a t u r a l  swamp g r a s s  t o t a l  evapo- 
t r a n s p i r a t i o n  t e n d s  t o  d e c r e a s e  by 10-155 on t h e  a v e r a g e ,  and 
up t o  40% d u r i n g  some months. A s  t h e  d r a i n e d  swamps a r e  c u l t i v a t e d  
f o r  a g r i c u l t u r a l  c r o p s ,  e v a p o t r a n s p i r a t i o n  t e n d s  t o  i n c r e a s e  a g a i n  
and may be even g r e a t e r  t h a n  p r i o r  t o  d r a i n a g e .  E v a p o t r a n s p i r a -  
t i o n  from perennial g r a s s  and s p r i n g  c e r e a l s  f o r  a  v e g e t a t i v e  
season  i s  g r e a t e r  t h a n  from undra ined  swamps on t h e  ave rage  by 
20-253 d u r i n g  wet y e a r s ,  by 10% d u r i n g  t h e  y e a r s  o f  mediom w a t e r  
r e s o u r c e s ,  and i t  is  abou t  t h e  same d u r i n g  dry  y e a r s .  The conclu-  
s i o n s  i n  g e n e r a l  a r e  s u p p o r t e d  by r e s u l t s  o b t a i n e d  by s c i e n t i s t s  
b o t h  l n  t h e  USSR and i n  o t h e r  c o u n t r i e s .  

Changes i n  w a t e r  ba lance  f o r  swamps and marsh-r idden a r e a s  
under t h e  e f f e c t  o f  d r a i n a g e  c a u s e  changes l n  hydrological b a s i n  
c h a r a c t e r i s t i c s  ( annua l  r u n o f f ,  maximum s p r i n g  snowrnelt and r a i n -  
f a l l  r ' m o f f ,  minimum r u n o f f ,  s t r eamf low d i s t r i b u t i o n  d u r l n g  a  
y e a r ,  e t c . ) ,  which shou ld  be  t aken  l n t o  accoun t  i n  +he develop- 
n e n t  o f  ma themat i ca l  models of  runof f  fo rma t ion  and i t s  u s e .  I n  
t h l s  c a s e  t h e  e f f e c t  o f  d r a i n a g e  on t h e  regime o f  s m a l l  and l a r g e  
r i v e r s  may d i f f e r  g r e a t l y  because  o f  t h e i r  d i f f e r e n t  d r a i n l n g  
c a p a c i t i e s  and may be even i n  c o n t r a d i c t i o n  w i t h  each o t h e r .  

Fgr  s m a l l  r l v e r  b a s l n s ,  l f  t h e  depth  o f  t h e  r l v e r  channe l  
is  comparable t o  t h e  dep th  o f  t h e  drainage network,  d r a l n a g e  r e -  
z l amat lon  nay r e s u l t  rn  a  considerable d e c r e a s e  In  annua l  r u n o f f ,  
and on ly  a  s l l g h t  change o r  even a n  I n c r e a s e  o f  ronof f  from 
l a r g e  b a s l n s  t o  whlch t h e s e  s m a l l  r l v e r s  r e l a t e  s a y  o c c u r .  s o t  
even wnen t h e  wa te r shed  a r e a s  a r e  s l m l l a r  In  s l z e ,  d r a l n a q e  re-  
c l a m a t l o n  may have a different e f f e c t  on t h e  w a t e r  reqlme o f  
r l v e r s  depending on c l l m a t l c ,  pedologlca;  and hydroqraph lc  fea-  
t u r e s  2f t h e  b a s l n ,  swamp a r e a  I n  t h e  S a s l n ,  t y p e  of swamDs and 
t n e  nature 3f  reclamation. In  one c a s e  t h i s  e f f e c t  i s  l n s l g n l f l -  
c a n t ,  In t h e  o t h e r  one ~t 1s q u l t e  pronounced. 

,Yany s c i e n t i s t s  come =3 +-he = o n c l u s i o n  t h a t  d r a m a g e  r e c l a -  
.-nation c o n t r i b u t e s  t o  t h e  i n c r e a s e  o f  b c t h  mean annua i  runof f  
and d i s c n a r g e s  f o r  low w a t e r  ? e r i o d s ,  e s p e c i a l l y  3 u r i n g  t h e  - .  
t l r s t  few y e a r s  a f t e r  t h e  z o n s t r u c t l o n  o f  . r ' , ra i? .a~e s y s t e m s .  T h l s  
- 3  because  o f  groundwater  s t o r a g e  d e p l e t i o n ,  d e c r e a s e  i n  evapo- 
t r a n s p l r a c i o n ,  i n c r e a s e  i n  r i v e r  xetwork d e n s i t y ,  r e d u c t i o n  ;n 
t h e  t i m e  3f  f l o o d  p l a i n  i n u n d a t i o n ,  and some o t h e r  f a c t o r s .  



According t o  d a t a  compiled by au lavko  (1971)  f o r  s i x  r e -  
c l a imed  r i v e r s  i n  t h e  B e l o r u s s i a n  SSR i n  il o r  5 y e a r s  a f t e r  
r e a l i z a t i o n  of i n t e n s i v e  d r a i n a g e  r e c l a m a t i o n  i n  r i v e r  b a s i n s ,  
annua l  runof f  i n c r e a s e d  by 10-20% on t h e  a v e r a g e ,  and summer- 
autumn and w i n t e r  low f lows grew by 1.2-1.8 t i m e s .  The p o r t i o n  
of underground f low i n  t o t a l  r i v e r  r u n o f f  i n c r e a s e d  s u b s t a n t i a l l y  
S i m i l a r  c o n c l u s i o n s  c o n c e r n i n g  d r a i n a g e  o f  swamps and marshland 
a r e a s  have been o b t a i n e d  by o t h e r  s c i e n t i s t s  f o r  t h e  r i v e r s  o f  
B e l o r u s s i a ,  a s  w e l l  a s  t h e  Ukra ine ,  o f  t h e  B a l t i c  Repub l i c s  and 
C e n t r a l  r e g i o n s  o f  t h e  European USSR (Bulavko,  1971, 1976; 
Nauka i Tekhnika ,  1973) x h e r e  s u f f i c i e n t l y  long- term o b s e r v a t i o n  
s e r i e s  a r e  a v a i l a b l e ,  c o v e r i n g  t h e  p e r i o d s  w i t h  d i f f e r e n t  r a t e s  
of d r a i n a g e  development .  

F i g u r e  3 i l l u s t r a t e s  r e l a t i o n s  between s p e c i f i c  d i s c h a r g e s  
i n  a  r ec la imed  b a s i n  ( B e l o r u s s l a n  SSR, t h e  Odessa r i v e r  a t  Andreevka,  
F  = 3,380 km2; t h e  a r e a  of d r a i n e d  swamps i n  1973 was 29% from 
t h e  t o t a l  b a s i n  a r e a )  and t h e  c o n t r o l  b a s l n  w i t h  i lnd i s tu rbed  
regime ( t h e  P t i c h  r i v e r  a t  Kr inka ,  F  = 2 , 3  10 km2) which shows a  
c o n s i d e r a b l e  i n c r e a s e  o f  annua l  runof f  a f t e r  swamp d r a i n a g e .  

Conc lus ions  on t h e  i n c r e a s e  o f  annua l  and low f lows  under  
t h e  e f f e c t  o f  d r a i n a g e  have been made by s c i e n t i s t s  from F i n l a n d ,  
t h e  German Democratic Repub l i c  and t h e  Uni t ed  Kinadom (Bulavko,  1971; 
1976; Nauka i Tekhnika ,  1 9 7 3 ) .  

The e f f e c t s  of d r a i n a g e  on w a t e r  r e s o u r c e s  of t h o s e  l a r g e  
r i v e r  b a s i n s  i n  humid r e g i o n s  where d r a i n a g e  r e c l a m a t i o n  c o v e r s  
r e l a t i v e l y  s m a l l  a r e a s  ( n o  more than  8-105) a r e  u s u a l l y  s m a l l  
and a r e  w i t h i n  1 - 5 1 .  For example,  a c c o r d i n g  t o  c a l c u l a t i o n s  nade 
a t  t h e  S t a t e  Hydro log ica l  I n s t i t u t e ,  t h e  runof f  o f  t h e  Dnieper  
a t  Kiev (F  = 328,000 km2) due t o  g r o s s  d r a i n a g e  o f  swamps i n  t h e  
b a s i n  i n c r e a s e d  a t  p r e s e n t  by 1.0- 1 . 1  km2 i y e a r  (2-35)  . For t h e  
f u t u r e ,  when n e a r l y  a l l  t h e  d r a i n e d  l a n d s  w l l l  be used f o r  a g r i c u l -  
t u r a l  needs ,  a  d e c r e a s e  of annua l  runof f  by  approx ima te ly  t h e  same 
v a l u e  i s  e x p e c t e d .  In  g e n e r a l ,  For t h e  USSB, t h e  chacces  i n  ? o r a l  
annua l  runof f  under  t h e  e f f e c t  of d r a i n a g e  a r e  q u i t e  l n s l g n l f i c a n t  
( T a b l e  1 ) .  

Some s c i e n t i s t s  n o t e  t h a t  i n  some b a s i n s  d r a l n a g e  nay r e s u l t  
I n  a  c o n s i d e r a b l e  d e c r e a s e  of annua l  runof f  from s m a l l  and mid- 
s i z e  r i v e r s .  For  example,  a c c o r d i n g  t o  S.P. Kubyshkin (Yauka i 
"khnika,  1 9 7 3 ) ,  r e c l a m a t i o n  o f  swamps i n  f l o o d  p l a i n s  i n  t n e  
b a s i n s  o f  12 r i v e r s  idhicn a r e  t h e  t r i b u t a r i e s  o f  t h e  Dnieper  and 
t h e  P r i p i a t  ( w i t h i n  t h e  t e r r i t o r y  o f  t h e  Ukra in ian  SSR) caused  a  
r e d u c t i o n  of t h e i r  nean annual  runof f  approx ima te ly  by 405, due 
t o  some i n c r e a s e  of e v a p o t r a n s p i r a t i o n  and m u l t i f o l d  i n c r e a s e  of 
groundwater  o u t f l o w  from t h e  f l o o d  p l a i n  i n t o  m i n e r a l  s u b - s o i l s .  

The problem o f  changes  I n  maximum d i s c h a r g e s  d u r i n g  s p r i n g  
snowmelt f l o o d s  and r a i n f a l l  f l o o d s  under t h e  e f f e c t  o f  d r a i n a g e  
1s more compl ica ted .  T h i s  i s  e x p l a i n e d  by t h e  f a c t  t h a t  maximum 
d i s c h a r g e s  i n  t h e  r e c l a r n e d  swamps a r e  Formed under  t h e  c o n t r a d i c -  
t o r y  e f f e c t  o f  two f a c t o r s .  On t h e  one hand,  a  r e l a t i v e l y  b i g  
u n s a t u r a t e d  zone o f  d r a i n e d  swamps h o l d s  g r e a t  amounts o f  snow- 
m e l t  w a t e r ,  which c o n t r i b u t e s  t o  t h e  d e c r e a s e  o f  maximum d i s c h a r g e s .  



Figure 3. The relations between mean annual specific discharges 
of an artificially drained basin (the Odessa river) 
and control basin (the Ptich river) 
1 - before reclamation, 2 - after reclamation, 
3 - mean runoff for the period of simultaneous 
observations, 4 - values of equal frequencies 



On t h e  o t h e r  hand, a  w e l l  developed a r t i f i c i a l  hydrographic  
network i n  recla imed a r e a s  c o n s i d e r a b l y  i n c r e a s e s  t h e  v e l o c i t y  
o f  flow and improves t h e  t r a n s p o r t  of snowmelt and r a i n f a l l  
w a t e r s ,  which e x p l a i n s  t h e  format ion of h igh  d i s c h a r g e s .  A s  a  
r e s u l t  of a  complicated combination o f  t h e s e  two d i f f e r e n t  fac-  
t o r s ,  t h e  maximum d i s c h a r g e s  t end  t o  i n c r e a s e  i n  some c a s e s  and 
t o  d e c r e a s e  i n  o t h e r  c a s e s .  Th i s  h a s  been no ted  by many s c i e n -  
t i s t s  i n  t h e  a n a l y s i s  o f  e m p i r i c a l  d a t a .  The e f f e c t  of d r a i n a g e  
a l s o  may be  q u i t e  d i f f e r e n t  depending on t h e  amount o f  wa te r  
r e s o u r c e s  d u r i n g  a  given y e a r  and t h e  r e l a t i v e  v a l u e  o f  maximum 
d i s c h a r g e .  The s i g n i f i c a n t  changes i n  o r d i n a r y  maxima a f t e r  
d r a i n a g e  rec lamat ion  do not  mean t h a t  maximum d i s c h a r g e s  of 
r a r e  f r e q u e n c i e s  formed under ex t remely  favourab le  c o n d i t i o n s  
of runoff  format ion w i l l  be s u b j e c t  t o  changes .  I n  t h i s  connec- 
t i o n  t h e  c o r r e c t i o n s  recommended by some s c i e n t i s t s ,  f o r  maximum 
d i s c h a r g e s  o f  r a r e  f requency account ing  f o r  t h e  e f f e c t  of d r a i n a g e  
a r e  n o t  s u f f i c i e n t l y  s u b s t a n t i a t e d .  

Thus, t h e  a n a l y s i s  of r e s u l t s  o f  numerous s c i e n t i s t s  i n  t h e  
USSR and i n  o t h e r  c o u n t r i e s  p rov ides  t h e  fo l lowing  c o n c l u s i o n s  
on t h e  changes of r i v e r  runof f  from recla imed b a s i n s  i n  humid 
zones (Bulavko, 1976; GGI, 1973; Sokolov and Vugllnsky, 19731. 

During t h e  f i r s t  few y e a r s  a f t e r  d r a i n a g e ,  a  c o n s i d e r a b l e  
i n c r e a s e  of annual  and s e a s o n a l  runof f  is u s u a l l y  observed.  I t  
is caused by a  d e c r e a s e  of e v a p o t r a n s p i r a t i o n  and r e d u c t i o n  of 
groundwater s t o r a g e .  L a t e r ,  wi th  an i n t e n s i v e  c u l t i v a t i o n  of 
r ec la imed  a r e a s  f o r  a g r i c u l t u r a l  purposes  , runoff  regime 
s t a b i l i z e s ,  evapora t ion  t e n d s  t o  i n c r e a s e ,  annual  runoff  approa- 
ches  i t s  o r i g i n a l  va lue  and may even d e c r e a s e  s l i g h t l y .  The 
d r a i n a g e  rec lamat ion  e f f e c t  i s  most apparen t  i n  minimum d i s c h a r g e s  
and i n  s t reamflow d i s t r i b u t i o n  d u r i n g  a  y e a r .  Drainage c o n t r i b u t e s  
t o  a  smoothing o f  s t reamflow d i s t r i b u t i o n  d u r i n g  a  y e a r ;  t h a t  i s ,  
it i n c r e a s e s  ( o f t e n  by 1 .5-2  t i m e s )  minimum d i s c h a r g e s  and flow 
d u r i n g  low wate r  p e r i o d s .  

Maximum s p e c i f i c  d i s c h a r g e s  under t h e  e f f e c t  of d r a i n a g e  
may i n c r e a s e  o r  d e c r e a s e  depending on p a r t i c u l a r  physiography,  
meteoro log ica l  c o n d i t i o n s  of f lood  fo rmat ion ,  d r a i n a g e  type  and 
t h e  n a t u r e  of c u l t i v a t i o n  of t h e  recla imed t e r r a i n .  Th i s  problem 
r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n s  s o  t h a t  t h e  p h y s i c a l  r e g u l a r i t i e s  
o f  t h e  above p rocesses  may be i d e n t i f i e d  and p r a c t i c a l  recommenda- 
t i o n s  made on d ra inage  rec lamat rons  w i t h  t h e  de te rmin ing  v a l u e s  
o f  maximum d i s c h a r g e s  which a r e  r e q u i r e d  f o r  e n g i n e e r i n g  d e s i g n .  

In  g e n e r a l ,  r ec lamat ion  of swamps and marshlands i s  under- 
taken on a  s c i e n t i f i c  b a s i s .  In  t h e  m a j o r i t y  o f  c a s e s  it is 
favourab le  f o r  t h e  s t reamflow regime, e s p e c i a l l y  f o r  t h e  k inds  
o f  flow which a r e  important  f o r  water  use such a s  minimum flow 
and low wate r  f low,  which a r e  u s u a l l y  i n c r e a s e d  g r e a t l y  by t h e s e  
a c t i v i t i e s .  
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ABSTRACT 

In  c o n t r a s t  t o  t h e  use o f  e f f l u e n t  c o n t r o l s  a s  p a r t  o f  a  
pe rmi t  program f o r  p o i n t  sources  such a s  municipal  and indus-  
t r i a l  w a s t e s ,  an I n f l u e n t  Cont ro l  Approach (ICA) has  been 
developed f o r  i r r i g a t i o n  r e t u r n  f lows ,  which a r e  non-point  
sources  o f  p o l l u t i o n .  

This  approach c o n s i s t s  of e i g h t  s p e c i f i c  components: 
( 1 )  d e s i g n a t e  a r e a s  f o r  i r r i g a t i o n  r e t u r n  flow q u a l i t y  manage- 
ment and d e s i g n a t e  the r e s p o n s i b l e  a r e a  e n t i t y ;  ( 2 )  develop 
s t a n d a r d s  and c r i t e r i a  f o r  b e n e f i c i a l  use i n  d e s i g n a t e d  a r e a s ;  
13)  i n t r o d u c e  i n c e n t i v e s  t o  use wa te r  more e f f i c i e n t l y :  
( 4 )  i n c l u d e  t h e  e lement  o f  wa te r  q u a l i t y  i n  new o r  t r a n s f e r r e d  
and changed wate r  r i g h t s ;  ( 5 )  adopt  and e n f o r c e  a  r e p o r t i n g  and 
r e c o r d i n g  system f o r  wa te r  r i g h t s ;  ( 6 )  r ecogn ize  r e a s o n a b l e  
degrada t ion  from a g r i c u l t u r a l  wa te r  use:  ( 7 )  adopt  an Agricul-  
t u r a l  P r a c t i c e s  Act;  and ( 8 )  p r o m t e  c l o s e  c o o p e r a t i o n  o r  in- 
t e g r a t i o n  of s t a t e  wa te r  agenc ies  and r e l a t e d  f u n c t i o n s .  



INTRODUCTION 

4 a t e r  p o l l u t i o n  from i r r i g a t e d  a g r i c u l t u r e  i n  the  w e s t e r n  Uni ted  S t a t e s  

h a s  r e c e i v e d  w j o r  a t t e n t i o n  d u r i n g  t h e  p a s t  f i v e  y e a r s ,  p r i m a r i l v  a s  a  re -  

s u l t  o f  f e d e r a l  and s t a t e  e n d e a v o r s  t o  i d e n t  i i y  i r r i g a c i o n  r e c u r n  f low q u a l i t y  

problems and t o  d e v e l o p  a v i a b l e  c o n t r o l  s t r a t e g y .  The key t o  i r r i g a t e d  

a g r i c u l t u r a l  r e t u r n  f l o w  q u a l i t v  c o n t r o l  is  p r o p e r  u t i l i z a t i o n  and management 

of t h e  r e s o u r c e  i t s e l f ,  and a n  a c c e p t e d  t o o l  i n  o u r  s o c i e t y  is  t h e  Law. 

B v  l e g a l  c l a s s i f i c a t i o n ,  w a t e r  is d i v i d e d  i n t o  laws  f o r  q u a n t i t y  

c o n t r o l  and laws  f o r  q u a l i t y  c o n t r o l .  The laws on w a t e r  q u a l i t y  c o n t r o l  

a r e  r e c e n t ,  r e l a t i v e l y  un i form between s t a t e s  and w i t h  L i t t l e  e x c e p t i o n ,  

c o n s t r a i n  improvement of r e t u r n  f l o w s  from i r r i g a t e d  a g r i c u l t u r e .  The laws  

p e r t a i n i n g  t o  w a t e r  r e s o u r c e s  q u a n t i t v  c o n t r o l  and  management a r e  complex,  

voluminous,  i n c o n s i s t e n t  and l a c k  u n i f o r m i t y  among t h e  17 s t a t e s  of t h e  West. 

Vnder P u b l i c  Law 9 2 - 3 0  passed by t h e  Congress  of t h e  Uni ted  S t a t e s  i n  

1972,  t h e  U.S. C-nvironmental P r o t e c t i o n  Agency (EP.4) i n i t i a t e d  a  p e r m i t  

program f o r  i r r i g a t e d  a g r i c u l t u r e ,  t h e r e b y  v i e w i n g  a g r i c u l t u r e  a s  a  p o i n t  

s o u r c e  of p o l l u t i o n  s i m i l a r  t o  m u n i c i p a l  and i n d u s t r i a l  w a s t e s  t h a t  a r e  

s u b j e c t  t o  e l f  l u e n t  c o n t r o l s .  Yost  a g r i c u l t u r a l i s t s  ( i n c l u d i n g  t h e  few 

a g r i c u l t u r a l i s t s  i n  EPA) a d v i s e d  a g a i n s t  t h e  emuloymenc of  a  p e r m i t  program 

f o r  i r r i g a t e d  a g r i c u l t u r e .  A s t r o n g  b a c k l a s h  q u i c k l y  deve loped  by i r r i g a t i o n  

companies and d i s t r i c t s ,  and n o s t  w a t e r  r e s o u r c e  s t a t e  a g e n c i e s  i n  t h e  

s e v e n t e e n  w e s t e r n  s t a t e s .  Yore r e c e n t l y ,  Congress  passed  amendments t o  

P u b l i c  Law 92-500 t h a t  d e s i g n a t e d  i r r i g a t e d  a g r i c u l t u r e  a s  a non-point  

s o u r c e  of p o l l u t i o n .  

.h approach  h a s  been formula ted  t o  i n c o r p o r a t e  t h e  problem and t n e  

law. The I n f l u e n t  C o n t r o l  Approach i s  based upon t h e  assumpt ion  t h a t  im- 

proved ,dater  management p l u s  improved a g r i c u l t u r a l  p r a c c i c e s  w i l l  s i g n i f  i- 

c a n t l y  c o n t r i b u t e  t a  improved v a t e r  q u a l i t y ,  and t h e  c a n c l u s i o n  t h a t  b e s t  

aanagement p r a c t i c e s  p l u s  b e s t  a g r i c u l t u r a l  p r a c c i c e s  w i l l  p r o v i d e  i r r i g a t i o n  

r e t u r n  f low q u a l i t y  c o n t r o l ,  v h l c h  i n  t u r n  w i l l  c o n t r i b u t e  s i g n i f i c a n t l y  t o  

t h e  n a t i o n a l  g o a l  of c l e a n e r  wacer th rough improved z a t e r  q u a l i t y .  

?HILOSOPHY AND CRITERIA FOR EFFECTIVE CONTROL 

The Need 

Vacer quality c o n t r o l  from F r r l g a t i o n  r e t u r n  f lows  h a s  3 e r h a ~ s  caused  

:he < r e a c e s t  d e g r e e  o r  d i s e n c n a n t n e n t  among s t a t e  and f e d e r a l  p e r s o n n e l  zharged 

w i t h  z a r r y i n g  o u t  w a t e r  q u a l l t p  programs under P . L .  32-500 than  any s t h e r  

c a t e g o r y  of p o l l u t i o n  s o u r c e s .  S i n c e  t h e  t ime  r n a t  i r r s t  r e g u l a t i o n s  f o r  



i r r i g a t i o n  r e t u r n  f l o w s  were ? romul3a ted  i n  1973.  t h e r e  h a s  been s t r o n g  and 

d i s t i n c t  d i f f e r e n c e s  of o p i n i o n  amonq t h e  v a r i o u s  a g e n c i e s  d e a l i n g  w i t h  v a t e r  

a t  boch s c a t e  and f e d e r a l  l e v e i s  of government ,  and i r i c h i n  t h e i r  r a n k s  a s  

.de l l .  %ny w e s t e r n  s c a t e s  have  c a l l e d  a  s t o p  t o  t h e i r  p rograms  u n t i l  CPA 

a d o p c s  what t h e  s t a t e s  c o n s i d e r  a  workable  a p p r o a c h .  The l e g a l  y y r a t i o n s  of  

t h e  p a s t  f o u r  y e a r s  have caused  them :o mlndercake minimum a c t r v i t : ~  s o  a s  

n o t  t o  d i r e c t l y  v i o l a t e  any ? a r t i c u l a r  l aw o r  r e g u l a t i o n .  !Jot s n e  v e s t e r n  

s t a c e  has  c o m p l e t e l y  and e n t h u s i a s c i c a l 1 ; i  2mbraced a  program of i n c l u d i n g  

i r r i g a t i o n  r e t u r n  f l o w s  a s  3 ' p o i n c  s o u r c e '  and t h u s  s u b j e c t i n g  a l l  i r r i g a -  

t i o n  t o  a  p e r m i t  program. 

P a r t  of t h e  problem f o r  t h e  d i s e n c h a n t m e n t  s tems  from t h e  p h y s i c a l  

d i f f i c u l t i e s  i n  d e a l i n g  w i t h  t h e  i r r i g a t i o n  r e c u r n  f low q u a l i t y  p rob lem 

where i t  d o e s  e x i s t .  E q u a l l y  important i s  t h e  l a c k  ~i a  ? h i l o s o p h i c a l  

f o u n d a t i o n  and : h r u s t  t o  r e s o l v i n g  a  ? rob lem of c h i s  immense c s m p l e x i t : ~ ,  a s  

w e l l  a s  i n h e r e n t  r e s i s t a n c e  ts c o n t r o l .  

Viewing t h e  problem from b o t h  t h e  p o s i t i o n  of  v a t e r  u s e r s  and a s e n c y  

p e r s o n n e l  charged  w i t h  c o n t r o l l i n g  t h e  probiem, t h i s  s t u d y  a t t e m p t e d  Lo be 

bo th  l o g i c a l  and p r a g m a t i c  i n  f o r n u i a t i n g  a n  rmplementab le  and s u s t a i n i n g  

a p p r o a c h  t o  i r r i g a t i o n  r e t u r n  f low q u a l i t y  c o n t r o l .  The p h i l o s o p h y  and 

c r i t e r i a  which f o l l o w  a r e  b u i l d i n g  i l o c k s  t o  :he proposed I n f l u e n t  C o n t r o l  

Approach (ICX) s e t  o u t  i n  t h i s  ? a v e r .  I t  is  t h e  a u t h o r s '  o p i n i o n  t h a t  aware-  

n e s s ,  n o t  c o n c u r r e n c e ,  is e s s e n t i a l  t o  a n  u n d e r s c a n d i n g  and a c c e p t a n c e  s f  a  

program. 

T:7e complex s i t u a t i o n  f a c e d  bv F u b l i c  o l ' f ~ c i a l s  and w a t e r  u s e r s  i s  

i l l u s t r a c e d  i n  F i g u r e  1. To a c h i e v e  :he h igh17  d e s i r a b l e  g o a l s  of  c l e a n e r  

v a t e r  c a l l e d  f o r  bv t h e  F e d e r a l  Vacer  P o l l u t i o n  C o n t r o l  Act  s f  1 9 i 2  (P.L. 

32-500),  i c  is n e c e s s a r y  t o  r e a l i s t i c a l l y  a s s e s s  t h e  s p e c i f i c  n a t u r e  and 

j r o b l e m s  caused  by s u r f a c e  and s u b s u r f a c e  r e t u r n  f l o w s  from i r r i g a c e d  a g r l -  

z z l t u r e .  P r e s e n t  w a t e r  xanagement and a g r i c u l t u r a l  ? r a c e i c e s  c r e a t e  ~ r r i -  

s a t i o n  r e t u r n  f l o w s  from t h e  Lonvevance sys tem and :ropLand :hat nav  have 3 

d e g r a d i n g  e f f e c c  apon .dater  q u a l i t y  i n  t h e  r e c e i v i n g  w a t e r s .  

The ?reposed p h i l o s o p n v  upon which t o  f o r n u l a c e  s s n c c e s s f u i  ? rogram 

f o r  c o n c r o l  o f  irrigation r e c u r n  f low q u a i l e y  c o n s i s c s  a t  f o u r  i n t e r l o c k i n s  

? r o p o s i c i o n s .  F i r s t ,  t h e  u i t i m a c e  g o a l  a c h i e v e d  bv che f e d e r a i  and s t a t e  

a g e n c i e s  i s  inproved  v a t e r  q u a l i ~ : ~  bv vav of  i n p r s v e d  w a t e r  Tanagernenc, vi:h 
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F i g u r e  i .  Irn~,zcr: ~f ; r a t r r  nanagement and a g r i : u l t u r a l  3 r a c t i c e s  upon 
i r r 3 a t i o n  r e t u r n  flov q u a l i r y .  



t h i s  p a r t i c u l a r  s tudy Focusing upon the  r e t u r n  flow c h a r a c t e r i s t i c s  and j ro-  

blems of i r r i g a t e d  agriculture. i n  :h is  c o n t e x t ,  improved v a t e r  3anagement 

s e a n s  wacer q u a l i t y  enhancement througn r educ t ions  i n  t a i l w a t e r  r u n o f f ,  see- 

page l o s s e s ,  and deep pe rco la t ion  l o s s e s  ( i . e . ,  s u r f a c e  and subsu r face  r e t u r n  

flows, which a r e  p o i n t  and nan-point sou rces ,  r e s p e c t i v e l v )  . 

Second, the  program should promote s o c i a l  and economic w e l l  being 

zhrough coope ra t ive  a c t i o n .  Every e f f o r t  should be made t o  prevent  p o l a r i -  

z a t i o n  between s t a t e  and f e d e r a l  agenc ie s  and l o c a l  water  u s e r  groups.  An 

approach nus t  be des igna ted  t o  s t i m u l a t e  a  t r i p a r t i t e  r e l a t i o n s h i p  between 

the  water u s e r s  and the  s t a t e  and f e d e r a l  a g e n c i e s ,  whi le  s t i l l  ma in t a in ing  

the  i d e n t i t y  of each.  

Third .  on ly  a t t a c k  t h e  problem a f t e r  i t  has been r e a l i s t i c a l l y  

i d e n t i f i e d .  

Fourth,  vo lun ta ry  compliance i s  more d e s i r a b l e  than forced o r  involun- 

t a ry  compliance i n  implementing a  management o r  c o n t r o l  approach. 

C r i t e r i a  

Sased upon t h i s  phi losophy,  the  fo l lowing c r i t e r i a  must be n e t  f o r  an 

iaplementable  and s u s t a i n i n g  program i n  i r r i g a t i o n  r e t u r n  flow q u a l i t y  c o n t r o l :  

1 .  The approach snould r e s u l t  i n  unproved water  management p r a c t i c e s  

s p e c i f i c a l l y  and improved a g r i c u l t u r a l  p r a c t i c e s  g e n e r a l l y .  In  t h e  c o n t e x t  

3f t h i s  pape r ,  improved a g r i c u l t u r a l  p r a c t i c e s  can be achieved through j o i n t  

p rog res s  i n  two a r e a s :  ( a )  proper land ,Ase and (b )  proper a p p l i c a t i o n  of 

a g r i c u l t u r a l  chemicals .  As s t a t e d  p rev ious ly ,  v a t e r  nanagement i nc ludes  e f -  

f e c t s  >lpon the  q u a n t i t y  and qua l i cv  n f  s u r f a c e  and subsu r face  r e t u r n  f lows.  

2 .  The approach should prevent  s o c i a l  d i s r u p t i o n  and p o l a r i z a t i o n  

of vacer  u se r s  ( e .  g . ,  i n d i v i d u a l s ,  i r r i g a t i o n  companies and water  d i s t r i c t s )  

and s t a t e  and f e d e r a l  agenc ie s .  Xa in t a in ing  s e p a r a t e  i d e n t i t i e s  i s  neces sa rv ,  

m i n t a i n i n g  oppos i t i on  is n o t .  In  most western  s t a t e s ,  wacer u s e r s  have qone 

on record apposing p a s t  f e d e r a l  and s t a t e  e f f o r t s  t o  c o n t r o l  i r r i s a t i o n  r e t u r n  

f  :ow q u a l i t y .  

3 .  The approach should be p a l a t a b l e  t o  water u s e r s .  Some 3 f  t h e  most 

oc t en  expressed concerns  of the  v a t e r  l l sers  a r e :  : h a t  i s  Ehe problem and how 

s i g n i f i c a n t  is  i t ;  how am I invo lved ;  i f  I  aq ree  t o  3 permit ,  what ,does chat  

nean t o  ne now, a s  we l l  a s  p o t e n t i a l  c o n t r o l  i n  :he f u t u r e  ( i . r . ,  what r i g h t s  

and l i b e r t i e s  am I g iv ing  up by aq ree ing  t o  a  nebulous program); irhac i s  i t  

~ o i n g  t o  c o s t ;  xhat  b e n e f i t s  x i 1 1  ie achieved;  and,  . ~ h o  j avs  f o r  n a t u r e ' s  

Aischarges?  



. T i e  approach s u s t  5e ' z a s i b L e ,  f l e x l b i e  and a i l o w  f o r  s t a c e  a s e n c y  

d i s c r e t i o n  i n  .xorking x i c h  1 3 ~ 3 i  ? n c l c i e s .  S t ~ c e  a s e n c v  c o n c e r n s  which muse 

5e met ~ n c l u a a :  a  i e c e r n i n a c i o n  J: t3.e s i g n i f i c a n c e  a f  t h e  p r s b l e a :  aoili:! 

:o imoi?ment t h e  ?rogram ~ e c a u s e  of  s a n p o v e r  i i n i c a c i o n s ;  L d e n c i f i c a t i o n  

of ? o l l u t i o n  s o u r c e s ;  f a i l u r e  of ? a s c  programs :o i n c l u d e  s u b s u r f a c e  f l o w s :  

c r e d i b i l i t y  w i t h  v a c e r  u s e r s ;  c o n f l i c t s  v i t h  o c h e r  s t a t e  a g e n c i e s  i e . g . ,  v a t e r  

q u a l i c v  a d m i n i s t r a t i o n  and a g r i c u l t x r e  a g e n c i e s ) ;  a n d ,  t h e  u l t i m a t e  i n p a c t  o f  

such  a  ?rogram upon v a t e r  " u a l i t v ,  f low reg ime a f  s t r e a m s  and w a t e r  u s e r s .  

5. The approach  s h o u l d  improve t h e  c r e d i b i l i t y  of s c a t e  and f e d e r a l  

a g e n c i e s .  P r e s e n c l v ,  nose  a g r i c u l t u r a l  v a t e r  u s e r s  f e e l  a l i e n a t e d  a q a i n s c  

t h e  f e d e r a l  and s c a r e  v a c e r  q u a l i t y  c o n c r o l  a g e n c i e s .  

9. The a o p r o a c h  should  u t i l i z e  e x i s t i n g  i n s t i c u t i o n s  ( e . y . .  laws and 

o r g a n i z a t i o n s )  and accepcea  concepcs  ( e . g . ,  l e s i g n a t l o n  of probiem a r e a s  such  

a s  z r i c l c a l  <round w a t e r  b a s i n s ,  b e n e f i c i a l  u s e ,  and d u t y  ~ f  wacer )  a s  nuch 

a s  p o s s i b l e .  

Ln o r d e r  t o  implement any a p p r o a c h ,  boch t h e  v a t e r  u s e r s  and :he a g e n c i e s  

n u s t  i a v e  'movladge  of che r e s o u r c e s  t h e y  a r e  'mnagino , . '  The i r r i j a t i s n  sy- 

stem is too  h i g n l : ~  L n t e g r a t s d  and complex zo be s u b j e c t e d  co a  r io, id m i l a t e r a l  

c o n t r o l  ?roqram. 

I r r i g a c i a n  Recurn Flow C h a r l c t e r i s c i c s  

I r r i g a t i o n  r e t u r n  f lows  have few c h a r a c t e r l a t i c s  which a l l o w  them l o  be 

viewed 1s a  t ' r p i c a l  ? o i n t  so;rce ? o l l u t i o n  d i s c h a r g e  ? roblam.  Yosc ? o l l u t i o n  

c o n c a i n e a  i n  i r r i g a c i o n  r e t u r n  f low s c c u r s  a s  3 n a c u r a l  p r o c e s s  of diverting 

and u s i n q  u a t e r  Eor a  l e g a l 1  appropriated b e n e f i c i a l  u s e .  3 u t ,  eke  p o l l u t i o n  

o f t e n  s c c u r s  be-ond :he b o u n < a r i ? s  J I  t h e  c o n t r o l  o f  che u a t e r  u s e r .  Thus,  

che f i r ? c  d i s t l n c c  f e a t u r e  i- ?robl?m i d e n t i f i c a t i o n .  

3 r c a u s e  :ne deqraded  :-:urn f lows  mav be a i t h e r  s u r t a c e  o r  s u b s u r i a c e ,  

and n o s t  2 f t e n  i l t f u s e d  r a t h e r  t h a n  c o l l e c t e d  I n t o  a  d l s c r e c e  conveyance sys tem 

from t n e  - o n c r i b u t i o n  s o u r c e .  t h e  s e c m d  f e a t u r e  is  contributor i d e n c i f i c a t i o n .  

From a  ; . -chnologica l  ; c a n d p c i n t ,  c o n t r i b u t o r  i d e n t i f i c a t i o n  r e q u i r e s  a n  a v a l u a -  

t i o n  sf :he s o u r c e s  s f  ~ o l l u c i o n :  x n e r e a s ,  from a  l e g a l  v iewooinc .  c o n c r ~ b u t o r  

i d e n t i f : c n t i o n  r e q u l r e s  a  d e r e m n a t l s n  of who is p o l l u c i n q .  

i l l o c a t i o n  s f  v a t e r  un:er v e s c e r n  s c a r e s  l a v s  r e q u i r e s  c h a r  i c  be f a r  a 

b e n e f i c l a 1  u s e .  Y a t e r  a l l o c ~ c e d  f o r  l r r i q a c i o n  is g e n e r a l l y  a l l o c a t e d  ts 

s p e c i f i c  l a n d s  ; r ich  che q u a n c i t v  ~ a s e d  upon a  f i x e d  ; t a r e - v l d e  due:? ~f w a t e r  
. - s tandar? .  ( e . 3 . .  - -:s/70 a c r 2 s  i n  :;voming, 2 a c r e - f e e t  ? e r  a c r e  i n  Xebras ica j . -  

1- 
in 3 ;s: j c a c s s .  ':evada f s r  ? ? t a r r . ~ l z ,  d l s c r e t i s n  :J a e c ? m l n e  quan:;cv I s  : i . .~en 

- .  che 5c.l: a  i -q;?.err .  



The r i g h t  t o  use wacer i s  a  p rope r ty  r i g h t  to  t h e  ho lde r ,  which i s  t o  

be exe rc i sed  according t o  p r i o r i t v  . ~ i t h  o t h e r  u s e r s  and a v a i l a b i l i t y  > f  f low. 

Because the re  i s  no p ro ra t ion ing  du r ing  s h o r t a g e s  a s  under the  r i p a r i a n  doc- 

t r i n e ,  and because t h i s  proper tv  r i g h t  i s  one of r a p i d l y  inc reas ing  v a l u e  i n  

t he  West, t h e  i nhe ren t  i n c e n t i v e  t o  t h e  holder  i s  t o  p r o t e c t  t h a t  r i g h t  by  

d i v e r t i n g  the  f u l l  an t i t l emen t  without regard  t o  t h e  f i n e  l i n e  between benef i -  

c i a l  use and waste .  Thus, a  t h i r d  f a c t o r  emerges, i . e . ,  law and customarv 

d i v e r s i o n  preempt equa l  weight t o  e x t e r n a l  diseconomies.  

The f o u r t h  f e a t u r e  g ives  r i s e  to  t h e  proposed i n f l u e n t  c o n t r o l  approach 

desc r ibed  h e r e a f t e r .  This  is the  c o r r e l a t i o n  of input  t o  o u t p u t .  I n  a d d i t i o n  

t o  t he  p o s s i b i l i t y  of c o n t r o l l i n g  degraded r e t u r n  flows a t  t h e i r  d i s c h a r g e ,  o r  

e f f l u e n t  c o n t r o l ,  an  impact can be exe r t ed  upon t h e  q u a l i t y  of v a t e r  d ischarged 

from i r r i g a t i o n  uses  by changes a t  t he  i npu t  s t a g e s ,  i . e . ,  d e l i v e r y  and a p p l i -  

c a t i o n  of v a t e r .  Secause of t he  e l u s i v e  n a t u r e  of i r r i g a t i o n  r e t u r n  f lows,  t h e  

t r a d i t i o n a l  approach of e f f l u e n t  c o n t r o l  i s  not  cons idered  adequate  nor f e a s i b i e  

i n  l i g h t  of a  more economic, simple and f u n c t i o n a l  a l t e r n a t i v e  w i t h i n  t he  con- 

t r o l  of the  v a t e r  u se r  and in f luence  of s t a t e  u a t e r  o f f i c i a l s .  That a l t e r n a t i v e  

is :o :ont ro l  t he  i n f l u e n t .  In  the  ca se  of i r r i g a t i o n  r e t u r n  f low,  t h i s  in-  

c l u d e s  wacer u se r  d i s c r e t i o n  on the  d e l i v e r y  and a p p l i c a t i o n  of water (u se  of 

we l l  known t echno log ie s  such a s  c a n a l  l i n i n g  t o  curb  exces s ive  seepage l o s s e s  

du r ing  conveyance, o r  improved i r r i g a t i o n  methods and p r a c t i c e s  t o  reduce  

deep p e r c o l a t i o n  l o s s e s  and t a i l w a t e r  r u n o f f ) ,  proper  land use  t o  r e t a r d  o r  

prevent  e ros ion  of s o i l  and subsequent sediment p o l l u t i o n  i n  t a i l w a t e r ,  and 

proper a p p l i c a t i o n  o i  f e r t i l i z e r s  and p e s t i c i d e s .  

These fou r  f e a t u r e s  p lus :  a )  t he  system of water q u a n t i t v  and q u a l i t v  

a d m i n i s t r a t i o n  a t  t he  s t a t e  l e v e l ,  and b) t h e  p e c u l i a r i t i e s  of our  j u d i c i a l  

system, r u l e s  of evidence  and burden of p roo f ,  r e q u i r e  an approach which is 

both p r e v e n t a t i v e  and c u r a t i v e  but w i t h i n  t he  parameters  of a  known demonstrated 

problem. 3ecause end-of-pipe treacment i s  n e i t h e r  : ~ c h n i c a l l v  s a t i s f a c t o r y ,  

nor ec3nornicallv j u s t i f i a b l e ,  t he  I n f l u e n t  Control  ,\pproach ( I C X )  i s  des ignated  

to s e t  a t  t he  w, not the  ;onsequence, of rhe ?roblem and promote a l t e r n a t i v e  

s o l u t i o n s  wichin chr  c o n t r o l  and c a p a b i l i t y  of i r r i q a t i o n  water u s e r s  g e n e r a l l y .  

:;here ~ io lunca rv  a c t i o n  to  a l l e v i a t e  ;he known ?roblem is not t anen ,  e x i s t i n g  

laws f o r  water q u a n t i t y  use  and c o n t r o l  of d i s cha rges  b v  permit  can be e x e r c i s e d .  



Theme of  I n f l u e n c  Concrol  Approach 

The u n d e r l y i n g  theme s f  t h e  ICA c a n  be i m a r i z e d  a s :  

1. Proof b e f o r e  c o n t r o l .  

1. Proceed  c a u t i o u s l y  and p o s i t i v e l y .  

3 .  S t i m u l a t e  v o l u n c a r y  a c t i o n  based  on d e m o n s t r a t e d  need t o  change .  

L. \ i a i n t a i n  r e l a c i o n s h i p  between a g e n c i e s  and wacer u s e r s .  

5 .  C r e a t e  o r  n a i n t a i n  c r e d i b i l i t y .  

Assumptions 

The I n f l u e n t  C o n t r o l  Approach is premised  upon t e n  a s s u m p t i o n s .  P i e y  a r e :  

1. Achiev ing  t h e  g o a l s  of P . L .  32-500 ( t h e  F e d e r a l  ' Ja te r  P o l l u t i o n  

C o n t r o l  Act of 1972)  and p o l i c i e s  s f  f e d e r a l  and s t a t e  Laws t o  improve t h e  

use  of o u r  n a t l o n a l  r e s o u r c e s  is h i g h l y  d e s i r a b l e ;  

2 .  The c o n c e p t  of p r o p e r t y  r i g h t s  i n  w a t e r  and o t h e r  c o n s t i t u t i o n a l  

g u a r a n t e e s  w i l l  be m i n t a i n e d ;  

3 .  The l e g a l  p r o c e d u r e s  o l  Lne j u d i c i a r y  and a g e n c i e s  v i l l  be , ~ t i l i z e d ;  

A .  Improved a g r i c u l t u r a l  practices and improved w a t e r  nanagement w i l l  

r e s u l t  ;n improved w a t e r  q u a l i t y ;  

5 .  I r r i g a t i o n  r e t u r n  :low ?roblems and  a p p r o p r i a t e  s o l u t i o n s  t o  t h e s e  

problems a r e  s i t e  s p e c i f i c ;  

6 .  Water u s e r s  ( f a r m e r s )  w i l l  respond when i t  h a s , b e e n  d e m o n s t r a t e d  

t h a t  t h e r e  is a  ? r o b l o  t o  which t h e y  a r e  c o n t r i b u t i n g ;  

7 .  T e c n n i c a l  and l e g a l  s o l u t i o n s  t o  i d e n t i f y  problems n u s t  b e  appro- 

p r i a t e  and v i a b l e  ( t e c h n i c a l l y  sound,  economic all^ f e a s i b l e ,  l e g a l l y  implemen- 

t a b l e ,  and s o c i a l l y  a c c e p t a b l e ) ;  

8 .  .%ny l r r i g a r o r s  w i l l  respond on a  v o i u n t a r y  compl iance  b a s i s ;  

9 .  h o s e  u s e r s  who do n o t  respond v i l l  f e e l  a  l o c a l  s o c i a l  o r e s s u r e  

a s  a  r e s u l t  of be ing  'ou t -of - tune '  w i t h  t h e  newly evolved  cus toms of t h e  

comnunitv;  and 

10 .  R e g a r d l e s s  of  approach ,  t h e r e  w i l l  i e  some u s e r s  vno . d i l l  no t  

respond Jr w i l l  r e s i s t  change ,  t h e r e b y  requiring some necnanism f o r  m f o r c e m e n t .  

I n f l u e n t  C o n t r o l  Approach Camponents 

As v a s  a l l u d e d  t o  above ,  t h e  d i s t i n c : i o n  of t h i s  a p p r o a c h  t o  F r r i g a r i o n  

r e t u r n  f l o w  q u a l i t y  c o n t r o l  is  t o  i n d i r e c t l v  c o r r e c t  t h e  u n r e a s o n a b l v  d e ~ r a d e d  

r l i s c h a r g e s  caused  by i r r i g a t e d  a g r i c u i t u r e  by d i r e c t l v  a f f e c t i n q  t h e  i n r l u e n t  



o r  i n p u c  t o  t h e  s y s t e m .  T h i s  a p p r o a c h  is  based  upon t h e  a s s u m p t i o n  t h a t  

improved a g r i c u l t u r a l  p r a c t i c e s  (LQ) and improved v a c e r  managemenc (IT-) 

w i l l  c o n t r i b u c e  t o  improved v a c e r  q u a l i t v  (IWQ). I n  s p e c i f i c  c o n t e x t  of c h i s  

p a p e r ,  i t  i s  f u r c h e r  conduced t h a t  b e s c  management p r a c t i c e s  p l u s  b e s t  a g r i -  

c u l t u r a l  p r a c t i c e s  iiill p r o v i d e  improved i r r i g a t i o n  r e t u r n  f l o w  q u a l i t v  con- 

t r o l  ( IRFQC),  which i n  c u m  y i e l d s  improved w a t e r  q u a l i t y  (IWQ): 

BMP + 3AP = IRFQC + IKQ 

Because :he n a t u r e  o f  a g r i c u l t u r a l  p o l l u t i o n  from i r r i g a t i o n  is  coo compiex 

co r e l y  upon end-of -p ipe  treatment, t h e  c a u s e  of t h e  p rob lem i s  examined i n  

i t s  b r ~ a d e r  c o n t e x t  ( i . e . ,  p r e s e n c  w a t e r  management and a g r i c u l t u r a l  p r a c c i c e s )  

v i t h  t h e  e m p h a s i s  upon o n l y  t h o s e  e l e m e n t s  o f  a g r i c u l c u r a l  ? r a c e i c e s  r e l a t i n g  

t o  o r  h a v i n g  a n  e f f e c t  upon r e t u r n  f l o w s .  The conce?c  of b e s t  aanagemenc 

p r a c t i c e s  is  c u r r e n t l y  employed by 'PA and  t h e  s t a t e s  and  r e f e r s  h e r e  t o  im- 

? r o v e m e n t s  i n  l o c a l Z  w a t e r  aanagemenc.  Besc a g r i c u l t u r a l  p r a c t i c e s  is  used  

h e r e  t o  i n c l u d e  p r o p e r  l a n d  u s e  and p r o p e r  a p p l i c a c i o n  o f  a g r i c u l t u r a i  c h e m i c a l s .  

70 r e i c e r a c e ,  e v e r v  e f f o r t  i n  f o r m u l a t i n r :  c h i s  a p p r o a c h  was made t o  

decentralize t h e  a c c  of  c o n c r o l  co t h e  lowesc common denominacor - - the  i r r i g a t o r - -  

b e c a u s e  of h i s  a b i l i t y  t o  v o l u n t a r i l y  and  d i r e c t l v  impac t  che  q u a l i t y  of  r e c u r n  

f l o w s  and b e c a u s e  of a  r e c o g n i t i o n  :hat  agriculturalists traditionally a r e  

i n d e p e n d e n t  p e o p l e  who p r e f e r  :o be  a c t o r s ,  n o t  pawns. The components  of t h e  

ICA chus  p r o v i d e :  ( 1 )  t h e  d e s i g n  and d i r e c t i o n  t o  i r r i g a t i o n  r e c u r n  f low 

q u a l i t - ?  c o n c r o l ;  ( 2 )  t h e  opportunity f o r  v o l u n t a r y  c o m p l i a n c e  by w a t e r  u s e r s  

i n  proolem a r e a s ;  and  ( 3 )  che n e a n s  co e f f e c t i v e l y  a s s e r t  i n v o l u n t a r y  com- 

p l i a n c e  upon chose  c o n t r i b u t i n g  co che  problem who r e f u s e  t o  a d o p t  b e c r e r  

p r a c t i c e s  by che  r e s p o n s i b l e  government  a g e n c i e s .  

:he I n f l u e n c  C o n t r 3 1  Approach is  d e s i g n e d  t o  i x p r o v e  wacer  ? u a l i t v  bv 

r e d u c i n g  e x c e s s i v e  s e e p a y e ,  t a i l w a t e r  r u n o f f  and  d e e ?  p e r c o l a t i o n ,  r e d u c i n s  

s e d i m e n t  i n  r e c u r n  f l o w s  zhrougn  e r o s i o n  c o n t r o l  and r e d u c i n g  c h e m i c a l  con-  

c e n c r a c i o n s  i n  r e t u r n  f l o w s  chrough l i c e n s i n g  ~ n d / o r  c o n t r o l  r e s u i t i n s  from 

o v e r - a o p l i c a t i o n  of p e s t l c i d e s  and  f e r r i l i z e r s .  S i n c e  i r r i g a t i o n  r e t u r n  f l o w  

q u a l i t y  ? r o b l e n s  d i f f e r  5 r 3 m  3ne  i r r i g a t i o n  s v s t e m  t o  a n o t h e r ,  t h e  a p p r o a c h  

p r o v i d e s  i h e  l a c i t u d e  t o  i n t r o d u c e  change  and c o n c r o l  a c c o r d i n g  : o  t h e  n a t u r e  

of  t h e  ? r o b l e m ,  v i t h o u c  r e q u i r i n g  , I n n e c e s s a r y  s o m o i i a n c e  by chose  i r r i g a t o r s  

o u c s i d e  problem a r e a s .  

-Loca l  is used  t o  distinguish v a c e r  ,qua l i e?  s o n c r o l  w i t h i n  che i r r i r j a c i o n  
svscem s r  s u b s y s t e m  from s c a c e  and a a t i o n a l  c o n t r o l .  



Based upon t h i s  background, t h e  I n f l u e n t  Con t ro l  Approach (F igu re  2) 

is designed ' ~ i t h  e i g h t  s p e c i f i c  components. The f i r s t  s i x  components p e r t a i n  

t o  improving l o c a l  water management, wi th  components 1 and 2  having a p p l i c a t i o n  

i n  t he  problem a r e a  only  and components 3 co 6 having s ta te-wide  j u r i s d i c t i o n .  

Component 7 p e r t a i n s  to  land use and chemical a p p l i c a t i o n s  affecting water 

q u a l i t y  and has state-wide j u r i s d i c t i o n .  Component 8 focuses  upon the  func- 

t i o n a l  a b i l i t v  of agenc ie s  t o  c a r r y  o u t  t he  program. 

The I n f l u e n t  Control  Approach c o n s i s t s  of t h e  fo l lowing components t o  be 

c a r r i e d  o u t  by the  s t a t e s :  

1. Desiqnate  Areas f o r  I r r i g a t i o n  Xeturn Flow Q u a l i t y  Xanaqement and 

t h e  Responsible  Area E n t i t y .  

Act ion .  Based upon moni tor ing  and a n a l y s i s  f o r  i d e n t i f y i n g  s i g n i f i c a n t  

i r r i g a t i o n  r e t u r n  f low problem a r e a s  w i th in  t h e  s t a t e ,  t h e  s t a t e  agency v i l l :  

a )  d e s i g n a t e  t he  boundar ies  of t he  problem a r e a ,  which nay be che boundar ies  

of an  i r r i g a t i o n  system o r  subsystem o r  watershed;  b) d e s i g n a t e  an  e n t i t y ,  i . e . ,  

l e g a l l y  c o n s t i t u t e d  body r ep re sen t ing  water u s e r s  w i th in  t he  a r e a ,  to  under take  

r e s p o n s i b i l i t v  f o r  w r k i n g  wi th  t h e  water  u s e r s ,  c o l l e c t i n g  d a t a  and d i s semina t ing  

informat ion.  The a r e a  e n t i t y  may be a  newly formed o r g a n i z a t i o n ,  a n  e x i s t i n g  

o r g a n i z a t i o n ,  i . e . ,  i r r i g a t i o n  d i s t r i c t ,  t h a t  assumes the  program o r  a  federa-  

t i o n  of numerous e x i s t i n g  o r g a n i z a t i o n s  i n  che des igna ted  a r e a s ;  and c )  i n s u r e  

t h a t  t he  r n t i t y  i s  c a r r y i n g  ou t  t h e  bes t  management p r a c t i c e s  developed f o r  

t h i s  a r e a .  a s  wel l  a s  b e s t  a g r i c u l t u r a l  p r a c t i c e s .  

% a t i o n a l e .  Applying t h e  des igna ted  a r e a  approach co c o n t r o l l i n g  unrea- 

sonable  deg rada t ion  from i r r i g a t i o n  r e t u r n  flow enab le s  t h e  s t a t e  t o  focus  

on ly  upon those  a r e a s  w i th in  i t s  boundar ies  where a  problem has  been i d e n t i f i e d .  

Thus, not  a l l  i r r i g a t o r s  a r e  dep ic t ed  a s  s h i f t i n g  e x t e r n a l i t i e s  ( i . e . ,  c o s t s  

from use  of degraded water )  xpon t h e  pub l i c  and downstream u s e r s ;  a l l  i r r i g a t o r s  

r e g a r d l e s s  or' how we l l  they manage t h e i r  water  and land r e sou rces  a r e  no t  sub- 

j e c t e d  co t h e  : h e  consuming procedures and imp l i ca t ions  of a  p e n i c  system. 

Consequently,  water u s e r s  a r e  not c o l l e c t i v e l y  po la r i zed  a g a i n s t  che e f f o r t s  

of s t a t e  and f e d e r a l  agenc ie s  t o  reduce and prevent  water q u l i t y  deg rada t ion .  

This  f i r s t  component is the co rne r s tone  of t he  i n f l u e n t  c o n t r o l  program because 

i t  draws a t t e n t i o n  only  t o  problem a r e a s  wi thout  t he  g u i l t  i n s i n u a t i o n s  Jr 

accusations chac farmers  a r e  so  s e n s i t i v e  t o .  
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Figure  2 .  I n f l u e n t  c o n t r o l  approach t o  i r r i g a t i o n  r e t u r n  f l o v  
q u a l i t y  m a n a g e m e n t  



Prom a  ? r a c t i c a l  ? o i n t  of view, t h e  a r e a  e n t i t y ,  ,.dhicn map be 

r ep re sen ted  by an e x i s t i n g  i r r i g a t i o n  o r  v a t e r - r e l a t e d  o r g a n i z a t i o n ,  vould 

u t i l i z e  a  r e p r e s e n t a t i v e  board of commissioners t h a t  would be r e spons ib l e  

f o r  ca r ry ing  o u t  moni tor ing ,  d i s c u s s i n g  vays t o  a l l e v i a t e  unreasonable  degrada- 

t i o n  bv i r r i g a t i o n  r e t u r n  f l o v s  t o  r ece iv ing  v a t e r  v i t h  v a t e r  u s e r s  i n  the  

des igna ted  a r e a ,  and encouraging vo lun ta ry  improvement of a g r i c u l t u r a l  p r a c t i c e s  

by those  u s e r s  i d e n t i f i e d  a s  c o n t r i b u t i n g  t o  t he  a r e a ' s  problem. For those  

u s e r s  ( o r  e n t i t i e s  r ep re sen t ing  those  u s e r s  v i t h i n  an a r e a )  vho r e f u s e  o r  

f a i l  t o  respond a s  recommended, t h e  a r e a  e n t i t y  vould n o t i f y  t he  s t a t e  v a t e r  

q u a l i t y  c o n t r o l  agency of t he  s p e c i f i c  non-compliance, and the  s t a t e  vould then 

proceed under e x i s t i n g  f e d e r a l  and s t a t e  law t o  i n i t i a t e  c o n t r o l  and enforce-  

ment; t h a t  i s ,  under t h e  gene ra l  p r o v i s i o n s  of t he  water  p o l l u t i o n  l a v s ,  pro- 

h i b i t i n g  d i scha rges  of p o l l u t a n t s  and v i o l a t i o n  of s t ream s t a n d a r d s .  I n  

t hese  c a s e s ,  the  i d e n t i f i e d  and non-complying i r r i g a t o r  d i s c h a r g e  can be re-  

qui red  t o  o b t a i n  a  ? e m i t  under t he  r e s u l a r  EPA permit  program. The a r e a  

e n t i t y  is  thus  r e spons ib l e  f o r  a s s i s t i n g  i n  managing the  a g r i c u l t u r a l  p r a c t i c e s  

v i t h i n  t he  des igna ted  a r e a ,  but c o n t r o l  and necessary  enforcement a r e  appro- 

p r i a t e l y  l e f t  t o  t h e  s t a t e .  

Precedent .  The concept  of des igna ted  a r e a s  f o r  r e sou rces  conc ro l  and 

raanagement i s  well-recognized and a p p l i e d  i n  aany western  s t a t e s  Eor ground 

v a t e r  and municipal vace r  supply .  In  most i n s t a n c e s ,  water  u s e r s  p a r t i c i p a t e  

on commissions o r  boards  having j u r i s d i c t i o n  over  t he  nanagement a r e a .  

2 .  Develop Standards  and C r i t e r i a  f o r  B e n e f i c i a l  Use i n  Designated Areas.  

Act ion .  For each des igna ted  a r e a  v i t h i n  a  s t a t e ,  t he  v a t e r  q u a n t i t y  

and q u a l i t y  agenc ie s  w i l l  c o l l a b o r a t e  t o  a r r i v e  a t  s t anda rds  and c r i t e r i a  f o r  

b e n e f i c i a l  use  of v a t e r .  Such s t anda rds  and c r i t e r i a  v i l l  not  c o n s t i t u t e  an 

impairment o r  raking of v a t e r  r i q n t s ,  bu t  r a t h e r  be the  technical l i m i t s  of 

v a t e r  d e l i v e r y  and a p p l i c a t i s n  under t he  c l i m a t i c ,  s o i l  and o t h e r  agronomic 

c o n d i t i o n s  of t he  a r e a .  These cond i t i ons  f o r  v a t e r  use would be cantamount 

t o  a  c a l c u l a t e d  'duty of v a t e r '  f o r  t he  a r e a  i n  l i s h t  of the  r e t u r n  flow 

q u a l i t y  ?roblems. 

b t i o n a l e .  Under t he  v a t e r  l a v s  of each v e s t e r n  s t a t e ,  v a t e r  is a l l o c a t e d  

under the  concept  of b e n e f i c i a l  use .  This  term i s  general117 not d e f i n e d ,  i t  

i s  normally nebulous ,  but  does i n  gene ra l  meet t h e  needs f o r  both  a l l o c a t i n g  

'3uty of v a t e r  means the  q u a n t i t y  of v a t e r  neces sa ry  f o r  e f f e c t i v e  use  f o r  che 
purpose t o  which i t  i s  put under t he  p a r t i c u l a r  c i rcumstances  of s o i l  c o n d i t i o n s ,  
method JP conveyance, topography, c l i m a t e  and c rop  grovn. 



and d i s t r i b u t i n g  v a t e r  w i th in  the s t a t e .  ilowever, i n  c e r t a i n  a r e a s  due 

to  s o i l  c h a r a c t e r i s t i c s  and v a t e r  use Z racc i ces ,  i r r i g a t i o n  r e t u r n  flow 

quality[ problems do develop which a r e  i i r e c t l y  r e l a t e d  :o t he  d e l i v e r y  and 

a p p l i c a t i o n  of wa te r .  Within designazed a r e a s ,  i t  i s  necessary  t o  develop 

s p e c i f i c  s t anda rds  and c r i t e r i a  f o r  b e n e f i c i a l  use  t h a t  s t i l l  comply wi th  

the concept of a  water r i g h t  under s t a t e  law. 

Precedent .  Under Nevada water  iaw, t he  S t a t e  Engineer has d i s c r e t i o n  

to de termine  t h e  duty  o i  water 5ased upon :he s i t e  s p e c i f i c  c h a r a c t e r i s t i c s  

of t he  i r r i g a t e d  a r e a ,  t h e  type  of use t o  which the  water  w i l l  be o u t ,  and 

the  impact upon surrounding water u s e r s .  Utah i s  another  s t a t e  t h a t  has 

app l i ed  the  v a r i a b l e  duty  o i  water concept i n  de termining the  a p p r o p r i a t e  

amount of v a t e r  t o  a l l o c a t e  under a  water  r i g h t .  Yowever, the  s t a t e  agency 

i n  Utah has had t o  proceed through a  j u d i c i a l  de t e rmina t ion .  These two 

s t a t e s  a r e  i n  c o n t r a s t  to  t he  s tandard  concept of du ty  of v a t e r  found i n  many 

s t a t e s - f o r  example. Uyoming and Nebraska--in which a  f i xed  dutv  of v a t e r  has 

been adopted t h a t  i s  a p p l i c a b l e  s t a t e -wide .  

3 .  In t roduce  Incen t ives  co 5se  J a t e r  Yore T l f i c i e n t l y .  

? i s t o r i c a l l v ,  t h e  A g r i c u l t u r a l  Conservat ion  Program adminis tered  ? ~ n d e r  

the  U.S. Department of Agr i cu l tu re ,  wi th  t e c h n i c a l  a s s i s t a n c e  ?rovided bv the  

S o i l  C a n s e n a t i o n  Se rv i ce ,  has provided cos t - sha r ing  funds t o  farmers  and i r r i -  

3 a t i o n  d i s t r i c t s  f o r  i r r i g a t i o n  svs t en  improvements, nos t  of which had water  

qua l i t -1  b e n e f i t s .  This program has  5een r e l a t p ~ e l y  i n a c t i v e  i n  r e c e n t  y e a r s  

5ecause of l ack  of funds,  however, a s  1 r e s u l t  of t h e  r e c e n t  amendment to  P.L. 

92-300.  a d d i t i o n a l  funds a r e  now being provided.  This  program should ? l a v  a  

very Laportant r o l e  i n  t h e  I n f l u e n t  Control  Auproach, a s  a  ? a r t  of the f e d e r a l -  

s t a t e - l o c a l  water  u se r s  t r i p a r t i t e .  

-4ction.  Yost western s t a t e s  have r evo lv ing  funds o r  low i n t e r e s t  loan 

programs f o r  water  r e sou rces  ? l a m i n g  and development. Gene ra i lv ,  t he se  pro- 

grams r e q u i r e  t he  a p p l i c a n t  t o  be an i r r i g a t i o n  d i s t r i c t  o r  o t h e r  co rpo ra t e  

5odv. Xhere such s t a t e  ?rograms e x i s t .  changes i n  The l e g i s l a t i o n  and/or  regu- 

l a t i o n s  fo r  p a r t i c i p a n t  q u a l i f i c a t i o n  should 5e changed ro  a l low:  (1 )  i n d i v i -  

dual  i r r i g a t o r s  t o  q u a l i f y ;  ( 2 )  broaden t h e  use of funds t o  i nc lude  on-farm 

improvement ~ r a c t i c e s  a s  we l l  3s Lnprovement or' de l iver j r  systems: and ( 3 )  in- 

ziude  -n the  ~ b j e c t i v e s  or t he  Frogram the  improvement of water  q u a l i t v .  .&en 

s t a t e s  have no such programs, a  low o r  n o - i n t e r e s t  Loan program con ta in ing  the  



above  t h r e e  components should  be adopted  i n  o r d e r  t o  c o o p e r a t i v e l y  a s s i s t  

v i t h  t h e  f e d e r a l  government and l o c a l  v a t e r  u s e r s  i n  a c h i e v i n g  improved v a t e r  

management and a g r i c u l t u r e  p r a c t i c e s .  

I n  a d d i t i o n ,  d i s s e m i n a t i o n  of i n f o r m a t i o n  a b o u t  o t h e r  s t a t e  and f e d e r a l  

agency  i n c e n t i v e  programs s h o u l d  be c a r r i e d  o u t  by t h e  s t a t e  v a t e r  a g e n c i e s ,  

p a r t i c u l a r l y  t o  t h e  d e s i g n a t e d  management a r e a s  and c o o p e r a t i o n  ex tended  t o  

i n s u r e  u t i l i z a t i o n  of  s u c h  programs.  

Other  i n c e n t i v e  p r o g r a m ,  v h i c h  nay  r e q u i r e  l e g i s l a t u r e  enactments o r  

agency  r e g u l a t i o n s ,  c o u l d  i n c l u d e  encouragement of  t r a d i n g ,  l e a s i n g  o r  s e l l i n g  

of 'saved'  v a t e r  from more e f f i c i e n t  p r a c t i c e s  a s  a n  inducement t o  improve 

t h e  d e l i v e r y  sys tems  and methods of a p p l i c a t i o n .  S t a t e  o r  l o c a l  v a t e r  m a r k e t s ,  

under  t h e  d i r e c t i o n  of  t h e  S t a t e  Engineer  ( o r  e q u i v a l e n t  s t a t e  o f f i c e ) ,  c o u l d  

m o n i t o r  o r  c o n t r o l  t h e  u s e s  of t h e s e  v a t e r s .  

To e n c o u n t e r  t h e  t r a d i t i o n a l  a t t a c k  a g a i n s t  such  a n  i n c e n t i v e  program. 

i t  is h i g h l y  c o n c e i v a b l e  dovns t ream j u n i o r  v a t e r  r i g h t s  h o l d e r s  would be t h e  

most l i k e l y  t o  b e n e f i t .  p a r t i c u l a r l y  i f  t h e y  were g i v e n  p r i o r i t y  t o  pay f o r  

t h i s  v a t e r .  

R a t i o n a l e .  By p r o v i d i n g  i n c e n t i v e s  f o r  v a t e r  u s e r s  i n  d e s i g n a t e d  a r e a s ,  

t h e  f a r m e r s  v i l l  have  a n  o p p o r t u n i t y  t o  v o l u n t a r i l y  improve t h e i r  v a t e r  u s e  

p r a c t i c e s ,  v h i c h  i n  t u r n  v i l l  r e s u l t  i n  improved i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y .  

T h i s  is c o n s i s t e n t  w i t h  t h e  p h i l o s o p h y  of e n c o u r a g i n g  v o l u n t a r y  compl iance  

v e r s u s  f o r c e d  o r  i n v o l u n t a r y  compl iance .  F u r t h e r ,  i f  s t a t e s  a r e  co c r e a t e  

s t a n d a r d s  and c r i t e r i a  f o r  b e n e f i c i a l  u s e ,  i t  is  t h e  o p i n i o n  t h a t  some nechanism 

should  be made a v a i l a b l e  t o  t h e  f a r m e r s  that v i l l  f a c i l i t a t e  compl iance  v i t h  

t h e  new c r i t e r i a .  Without  i t ,  i r r i g a t o r s  a r e  on s o l i d  l e g a l  g rounds  t o  con- 

t i n u e  e x e r c i s i n g  t h i s  v a t e r  r i g h t  a s  t h e y  have i n  t h e  p a s t .  The l e g a l  c o s t  

t o  t h e  s t a t e  and w a t e r  u s e r s  t o  change  t h i s  t r a d i t i o n a l  s r a c t i c e  nay f a r  

ou tweigh  d e v i s i n g  a  p r o c e s s  and p r o c e d u r e  by v h i c h  v a t e r  u s e r s  can  b e  encouraged 

t o  improve t h e i r  e f f i c i e n c y  i n  w a t e r  u s e  f o r  b o t h  q u a n t i t y  and q u a l i t y  b e n e f i t s .  

v h i l e  s t i l l  p r o t e c t i n g  t h e  dovns t ream u s e r s .  

P r e c e d e n t .  Funds have been nade  a v a i l a b l e  t o  irrigation districts and 

w a t e r  u s e r s  t h r o u g h  t h e  f e d e r a l  Department of Agriculture-Agriculcural Conser-  

v a t i o n  Program, v i t h  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  p r o v i d i n g  t e c h n i c a l  a s s i s t a n c e  

I n  a d d i t i o n ,  s e v e r a l  s t a t e s  have s t a t e - v i d e  programs i n  v h i c h  l o v  o r  n o - i n t e r e s t  

monies  a r e  made a v a i l a b l e  t o  w a t e r  u s e r s  f o r  improving t h e i r  d e l i v e r y  s y s t e m s .  

I n  Wyoming, t h e  f u n d s  may be used f o r  improving l a t e r a l s  and a p p l i c a t i o n  

p r a c t i c e s .  



i. I n c l u d e  t h e  Zlement  of  Y a t e r  Q u a l i t y  i n  :iew o r  T r a n s f e r r e d  and 

Changed V a t e r  R i g h t s .  

A c t i o n .  The w a t e r  q u a l i t y  e i e m e n t  s n o u l d  be  a  g e n e r a l  p r o v i s i o n  added  

t o  a l l  new v a t e r  r i g h t s  and r e q u e s t s  f o r  e x t e n s i o n s ,  c h a n g e s  i n  u s e  and t r a n s f e r s ,  

i n  o r d e r  t o  p r o v i d e  t h e  n e c e s s a r y  a u t h o r i t y  t o  s t a t ?  w a t e r  a g e n c i e s  f o r  L a t e r  

s e t t i n g  and  e n f o r c i n g  of n u m e r i c a l  s t a n d a r d s  ( e i t h e r  w i t h  r e s p e c t  t o  w a t e r  

a p p l i c a t i o n  o r  r e t u r n  f l o w s ,  o r  b o t h ) .  Where w a t e r  q u a l i t y  s t a n d a r d s  on 

s t r e a m s  f o r  b e n e f i c i a l  u s e  h a v e  heen  r e a l i s t i c a l l y  s e t ,  s u c h  s t a n d a r d s  c a n  b e  

i n c o r p o r a t e d  by r e f e r e n c e  t o  w a t e r  r i g h t s  f rom t h a t  s o u r c e  o f  s u p p l y .  

T h i s  a c c i o n  mav r e q u i r e  l e g i s l a t i v e  e n d o r s e m e n t ,  s u t  u n d e r  t h e  v a s t  

m j o r i t v  of  s t a t e  l aw,  i t  is c o n c e i v a b l e  t h a t  a g e n c v  r e g u l a t i o n s  c a n  i n i t i a t e  

t h i s  component .  

X a t i o n a l e .  The e l e n e n t  o f  w a t e r  q u a l i t y  is o n i y  i m p l i c i t  i n  w e s t a r n  s t a t e  

v a t e r  l a w s ,  v i t h  t h e  e x c e p t i o n  of  C a l i f o r n i a  which  ias made i t  a n  e x p l i c i t  e l e -  

a e n t  i n  a l l  w a t e r  r i g h t s  s i n c e  1 9 6 9 .  As a  c o n s e q u e n c e ,  w a t e r  u s e r s  n u s t  n o r -  

m l l y  r e l y  upon c o m o n  l aw d o c t r i n e s  and  2 r i v a t e  l i t i g a t i o n  t o  p r o t e c t  t h e i r  

w a t e r  r l g h t  where  t h e  q u a l i t y  h a s  b e e n  d e g r a d e d  t o  L e v e l s  t h a t  h i n d e r  u s a g e .  

Because  t h e  q u a l i t y  e l e m e n t  i s  n o t  a p l i c i t ,  a s  a r e  t h e  o t h e r  a l e m e n t s  o f  a  

v a t e r  r i g h t - - q u a n t i t y ,  s o u r c e ,  ? o i n t  of d i v e r s i o n ,  type o f  u s e ,  and p l a c z  o f  

use - - the  s t a t e  a g e n c y  c h a r g e d  .d i th  a d m i n i s t r a t i o n  of  t h e  v a t e r  l a w s  and  r i z h t s  

i s  n o t  i n  a  f a v o r a b l e  p o s i t i o n  :o i n i t i a t e  a c t l o n  r o  ? r e v e n t  h a m  From w a t e r  

qua l i t : !  d e t e r i o r a t i o n ,  and  t h u s  t h e  nanagement  c a p a b i l i t y  e x t e n d s  o n l y  t o  

q u a n t i t y  c o n t r o l .  

F r e c e d e n t .  I n  C a l i f o r n i a .  t h e r e  i s  a  g e n e r a l  ?revision (which  i s  added  

t o  a l l  new w a t e r  r i g h t s ,  e x t e n s i o n s  on w a t e r  r i g h t s .  a n d  :nanges i n  o w n e r s h i p  

3r :ype of  u s e )  t h a t  t h e  w a t e r  w i l l  5 e  u s e d  i n  s u c h  a a a n n e r  a s  n o t  t o  u n r e a -  

sonab1:r d e g r a d e  t h e  u s a g e  of  w a t e r  f o r  downs t ream u s e r s .  I n  some i n s t a n c e s ,  

t h e  S t a t e  V a t e r  X e s o u r c e s  C o n t r o l  b a r d  h a s  a l s o  l p p l i e d  n u m e r i c a l  v a t e r  

q u a l i t . :  s t a n d a r d s  t o  p a r z i c u l a r  a g r i c u l t u r a l  w a t e r  r i g h t s .  

5 .  Adopt and  E n f o r c e  a  Zeuor t ine ,  and S e c o r d i n g  S y s t e n  f o r  :dater  S i g h t s .  

. , . c t ion .  ? l o t i c e  ;rould be  g i v e n  t o  a l l  v a t e r  a s e r s  and  v a t e r  r i g h t  c l a i m a n t ;  

t a  s u b m i t  a  r e ? o r t  t o  che v a t e r  r i g h t  3 d m ~ n i s t r a t i , ~ e  a g e n c v  i n d i c a t i n g  c h e i r  

name, s c d r e s s ,  b a s i s  f o r  c l a i m i n g  r i g h t  t o  u s e  w a t e r ,  u s e  o f  . . J a t e r ,  s o u r c e  and  

5 e g i n n i n g  i a t e  f o r  w a t e r  u s e .  w a t e r  , ~ s e r s  m y  b e  ::ven n o t i c e  i v  p u b l i c a t i o n  

i n  L o c s l  n e w s p a p e r s .  Yanv s t a t e s  have  a l r e a d y  i n l t l a t e d  a  ' : a b u i a t i o n  of  w a t e r  

r i g h t s '  program t o  acquire t h i s  j a t a .  I t  is n e c e s s a r v ,  however ,  L O  a i s o  a d o p t  



a  s y s t e m  of a n n u a l  reporting, i n d i c a t i n g  p a r t i c u l a r l y  c h a n g e s  i n  ownersh ip  

s i n c e  o t h e r  m a t e r i a l  c h a n g e s  ( e . g . ,  t r a n s f e r  i n  type  and p l a c e  of u s e )  r e q u i r e  

s t a t e  a p p r o v a l .  

R a t i o n a l e .  Al though t h i s  component is more d i r e c t l y  r e l a t e d  t o  improving 

w a t e r  management w i t h i n  t h e  s t a t e s  r a t h e r  t h a n  i r r i g a t i o n  r e t u r n  f lows  o n l y ,  

i t  is r e l a t e d  t o  t h e  a b i l i t y  of t h e  s t a t e  t o  manage w a t e r  q u a l i t y  b e c a u s e  of 

t h e  r e l a t i o n s h i p  between t h e  d i v e r s i o n  and a p p l i c a t i o n  of  w a t e r  and t h e  r e s u l -  

t a n t  r e t u r n  f low w a t e r  q u a l i t y .  Yost  w e s t e r n  s t a t e s  have i n a d e q u a t e  knowledge 

of p r e s e n t  ownersh ip  of v a t e r  r i g h t s ,  and t h u s :  a )  Save p r o c e d u r a l  d i f f i c u l t i e s  

i n  n o t i f y i n g  w a t e r  u s e r s  of n a t t e r s  d i r e c t l y  a f f e c t i n g  t h e i r  r i g h t s :  b )  a r e  

u n a b l e  t o  e f f e c t i v e l y  remove ' p a p e r  v a t e r  r i g h t s '  from t h e  r e c o r d s  t h a t  a r e  

m a i n t a i n e d  and t h u s  making f o r f e i t u r e  p r o v i s i o n s  i n  t h e  Law n e a r l y  u s e l e s s ;  

and c )  would be hampered i n  i n c o r p o r a t i n g  t h e  e lement  a f  w a t e r  q u a l i t y  t o  new, 

e x t e n d e d  o r  changed w a t e r  r i g h t s .  

One of  t h e  major d i f f i c u l t i e s  f a c e d  i n  a t t e m p t s  t o  c o n t r o l  i r r i g a t i o n  

r e t u r n  f l o w  q u a l i t y  is ' c o n t r i b u t o r  i d e n t i f i c a t i o n . '  X d a t a  b a s e  of who t h e  

v a t e r  r i g h t  h o l d e r s  a r e  w i l l  g r e a t l y  f a c i l i t a t e  e f f o r t s  t o  encourage  inplemen- 

t a t i o n  of b e s t  management p r a c t i c e s  and b e s t  agricultural p r a c t i c e s .  

P r e c e d e n t .  Both Idaho and Oklahoma have  a  sys tem bv which t h e  c u r r e n t  

awners of  w a t e r  r i g h t s  a r e  r e q u i r e d  t o  submi t  t o  t h e  s t a t e  w a t e r  r i g h t  admini-  

s t r a t i o n  agency  a n  a n n u a l  r e p o r t  ( i n  t h e  c a s e  of Oklahoma, t h i s  ii done  on a  

computer  c a r d )  which s p e c i f i e s  who t h e  u s e r s  a r e ,  where t h e  v a t e r  i s  u s e d ,  

and t h e  a p p r o x i m a t e  q u a n t i t y .  F a i l u r e  t o  submi t  t h e s e  a n n u a l  r e p o r t s  s e r v e s  

a s  prima f a c i e  e v i d e n c e  of non-use and c o u l d  l e a d  t a  f o r f e i t u r e  a f  t h e  v a t e r  

r i g h t .  

5. Recognize  Reasonable  D e g r a d a t i o n  Prom A g r i c u l t u r 3 1  'Jacer 'Jse.  

A c t i o n .  L e g i s l a t i v e  r e c o g n i t i o n  of  t h e  n a t u r a l  :onsequen;'- of w a t e r  

q u a l i t y  d e g r a d a t i o n  r e s u l t i n g  from w a t e r  u s e  f o r  i r r i g a c i a n  p u r m s e s  is needed 

a t  t h e  s t a t e  and f e d e r a l  l e v e l s .  

R a t i o n a l e .  I t  i s  commonly a c c e p t e d  t h a t  any u s e  s r  v a t e r  ' ? r  i r r i g a t e d  

a g r i c u l t u r e  is going  t o  r e s u l t  i n  some d e g r a d a t i o n  s f  :he l u a l i t - 7  ~ f  r e t u r n  

f lows .  To p r e t e n d  o t h e r w i s e  is t o  e i t h e r  c o n t i n u e  a  p r o c e s s  o f  ' ? l a y i n g  t h e  

game' o r  vlll u l t i m a t e l y  remove i r r i g a t e d  a g r i c u l t u r e  r i t h  i t s  o b v i o u s  a d v e r s e  

e f f e c t s .  Common knowledge knows t h e  l a t t e r  w i l l  n o t  J c c u r ,  b u t  a  t remendous 

and u n n e c e s s a r y  c o s t  t o  prove  i t  could  be ex tended  llpon i r r i g a t o r s  and t h e  

p u b l i c  t h r o u g h  t h e  f a i l u r e  of l e g i s l a t u r e s  t o  r e c o g n i z e  n a t u r a l  p r o c e s s e s  of 

w a t e r  u s e .  



P r e c e d e n t .  Yew Yexico h a s  adopced a  s p e c i f i c  p r o v i s i o n  i n  t h e i r  

s t a t u t e s  which s t a t e s  t h a t  ' . . . r e a s o n a b l e  degradation of w a t e r  q u a l i c y  resulting 

from b e n e f i c i a l  u s e  s h a l l  be a l l o w e d '  (NM Rec.  S c a t .  j i5 -39-11) .  

Yontana h a s  a r r i v e d  a t  :he same c o n c l u s i o n  by d e f i n i n g  ' n a t u r a l l y  ~ c c u r r i n g  

c o n d i t i o n s '  i n  t h e i r  w a t e r  q u a l i t y  s t a n d a r d s  a s  t h o s e  ' ? r e s e n t  f rom r u n o f f  o r  

p e r c o l a t i o n  o v e r  v n i c h  man has no c o n t r o l  o r  deve loped  l a n d  where a l l  r e a s o n a b l e  

l a n d ,  ; o i l  and w a t e r  c o n s e r r a t i o n  p r a c t i c e s  have been a p p l i e d '  !NAC 16-2.13 ( 1 0 ) -  

S14&80,  U a t e r  Q u a l i t y  S t a n d a r d s ,  5 ( 3 )  3 e f l n i t i o n s ) .  S e v e r a l  s t a t e  supreme 

c o u r t  d e c i s i o n s  a l s o  r e c o g n i z e  c e r t a i n  d e g r a d a t i o n  from w a t e r  u s e ,  e . ~ . ,  

h v n d a l e  v .  Y o r t h  F o r k  P l a c e r s  ( 9 1  P.2d 368 I d a h o ,  1939) where  some c o n t a m i n a t i o n  

from a  s i n e  w i l l  n e c e s s a r i l y  o c c u r  t o  a  s t r e a m .  

7 .  Adopt a n  A g r i c u l t u r a l  P r a c t i c e s  A c t .  

A c t i o n .  Yany of che 1 7  w e s t e r n  s t a t e s  have  laws and p rograms  r e q u i r i n g  

t h e  l i c e n s i n g  of  a g r i c u l t u r a l  c h e m i c a l  d i s t r i b u t o r s  and a p p l i c a t o r s  w i t h  t h e  

s t a t e  3epar tmenc  of A g r i c u l t u r e .  The l a w s  a n d / o r  p rograms  s h o u l d  be  r e v i s e d  

o r  new l e g i s l a t i o n  a d o p t e d  t o  i n c l u d e  t h e  f o l l o w i n q :  

1) Sediment  and e r o s i o n  c o n t r o l .  

5 )  L i c e n s i n g  and c o n t r o l  o v e r  a p p l i c a t i o n  of  a g r i c u l t u r a l  c h e m i c a l s  t o  

i n c l u d e  p e s t i c i d e s  and a r t i f i c i a l  f e r t i l i z e r s .  

1:) C r e a t i o n  of  a n  A g r i c u l t u r a l  P r a c t i c e s  C o n t r o i  Board c o n s i s t i n g  of  

r e p r e s e n t a t i v e s  from t h e  a g r i c u i t u r e ,  w a t e r  q u a n t i t y  and q u a l i t y ,  s o i l  c o n s e r -  

v a t i o n  ( i f  s e p a r a t e )  and f i s h  and w i l d l i f e  a g e n c i e s ,  and a p p o i n t e d  members of  

t h e  p u s l i c .  The h o a r d ' s  f u n c t i o n s  would p r i m a r i l y  j e  s s t a b l i s h i n g  r u l ? s ,  

regulations and  p r o c e d u r e s  f o r  c a r r y i n g  o u t  a j  2nd s i  above  and  i n s u r i n q  

f u n c t i a n a l  implementation Lhrough coordination aad  l e s i g n a t i o n  of d u t i e s  t o  

a p p r o p r i a t e  s t a t e  a g e n c i e s .  

X a t i o n a l e .  Due co che imuact  apon w a t e r  q u a l i t y  r e s u l t i n g  from che 

a p p l i c a t i o n  of h e r b i c i d e s ,  pesticides and f e r ~ i l i ~ e r s  i n  c h e  a q r i c u l t u r a l  

s e c t o r ,  and  :he inability of t h e  s t a t e  zo c o n t r o l  :hese p r a c t i c e s ,  i t  i s  h i g h l v  

recommended chac a n  A g r i c u l c u r a i  P r a c t i c e s  Acc be  a a o p t e d  which  r e q u i r e s  

l i c e n s r n g  and m o n i t o r i n g  ' ~ f  d i s t r i b u t i o n s  and ~ o p l i s a t i o n s  of  s u c h  c h e m i c a l s  

2nd c o ~ c r o l  o v e r  h a r m f u l  i a n d  -nanage.nent p r a c t i c e s  : s n t r i b u c i n g  co e rc r s ion  

and subsequenc  s e d i m e n t  problems i n  r e c e i v i n g  Y a t e r s .  T h e r e  nay  be nanv 

o t h e r  ~ g r i c u l t u r a i  practices x h i c h  c o u i d  j e  inc?udec  , ~ n d e r  such  an a c t .  



I t  is e s s e n t i a l  t o  recognize  the  i n t e r c o n n e c t i o n  between these  a c t i v i t i e s  

and r e s u l t i n g  water q u a l i t y  problems (which may i n  t u r n  c o n t r i b u t e  t o  ground 

water and doms t r eam supply  problems) and t h e  usua l  d i v i s i o n  of j u r i s d i c t i o n  

and d u t i e s  between v a r i o u s  s t a t e  agenc ie s .  Shor t  of complete r e o r g a n i z a t i o n  

of s t a t e  agenc ie s  t o  i n s u r e  i n t e r r e l a t e d  a c t i v i t i e s  a l l  under one agency 

(which may n o t  only  be imposs ib le  bu t  h igh ly  u n d e s i r a b l e ) ,  an A g r i c u l t u r a l  

P r a c t i c e s  Con t ro l  Board (APCB) c o n s i s t i n g  of a c t i o n  r e p r e s e n t a t i v e s  from the  

v a r i o u s  involved s t a t e  agenc ie s  and members of t he  p u b l i c  could i n s u r e  coo rd i -  

n a t i o n  and implementation o i  t h e i r  r u l e s  and r e g u l a t i o n s .  The c u r r e n t  l o c a l  

water q u a l i t y  p lanning bodies  could be des igna ted  t o  assume l o c a l  implementation.  

Precedent .  Again, C a l i f o r n i a  has  l e d  the  way i n  l i c e n s i n g  and moni tor ing  

of commercial a p p l i c a t o r s  of h e r b i c i d e s  and i n s e c t i c i d e s .  Oregon has  been 

cons ide r ing  t h e  app ropr i a t enes s  of such an  a c t  t o  a l l e v i a t e  t h e i r  major irri- 

g a t i o n  r e t u r n  flow q u a l i t y  problems. However, a  comprehensive a g r i c u l t u r a l  

p r a c t i c e s  a c t  has  no t  been prepared i n  any of t he  v e s t e r n  s t a t e s .  Iowa has  

adopted e ros ion  c o n t r o l  l e g i s l a t i o n  t h a t  even a u t h o r i z e s  imposi t ion  of a f i n e  

on those  who f a i l  t o  adopt approved p r a c t i c e s .  

8 .  Promote the  Close  Cooperation o r  I n t e g r a t i o n  of S t a t e  Water Agencies. 

Action.  To f a c i l i t a t e  t he  implementation of t he  I n f l u e n t  Con t ro l  Approach 

to i r r i g a t i o n  r e t u r n  flow q u a l i t y  management, i t  i s  impor tant  t h a t  c l o s e  

coope ra t ion  and c o o r d i n a t i o n  e x i s t  b e w e e n  s t a t e  water  agenc ie s  through opera- 

t i o n  of a  l i a i s o n  board o r  couunittee, o r  i n t e g r a t i o n  of t h e  s t a t e  water  

agenc ie s  under one depar tment .  

Ra t iona l e .  I t  is d i f f i c u l t  t o  provide  t h e  neces sa ry  agency suppor t  t o  

c a r r y  ou t  any new program, but  even more d i f f i c u l t  t o  i n t roduce  a  program 

of management and c o n t r o l  over  an  a r e a  of a c t i v i t y  h igh ly  s e n s i t i v e  t o  govern- 

ment i n t e r v e n t i o n .  I n  a d d i t i o n  t o  l dd ing  d u t i e s  t o  agenc ie s  o f t e n  a l r e a d y  

burdened v i t h  heavy programs, e f f o r t s  t o  c o n t r o l  i r r i g a t i o n  r e t u r n  flow q u a l i t y  

meets v i t h  s t rong  r e s i s t a n c e  from an i n f l e x i b l e  and i n s t i t u t i o n a l i z e d  system 

of p rope r ty  r i g h t s  t o  t h e  use  of water i n  which t h e  s t a t e  water  q u a n t i t y  agency 

o f t e n  ma in t a ins  a  c l o s e  r e l a t i o n s h i p  wi th  t h e  water  u s e r s .  The r e s u l t  is 

? o t e n t i a l  p o l a r i z a t i o n  between t h e  s t a t e  agency c a r r y i n g  o u t  water  q u a l i t y  con- 

t r o l  and the  s t a t e  water  q u a n t i t y  agencv. However, because of t he  in terdepen-  

dence of water  q u a n t i t y  and q u a l i t y ,  p a r t i c u l a r l y  a s  a  n a t u r a l  process  in water  

app l i ed  t o  i r r i g a t i o n ,  i t  is i n c o n s i s t e n t  t o  promote t h e  g o a l s  of P.L. 92-500 

and not  promote t h e  coo rd ina t ion  o r  i n t e g r a t i o n  of agenc ie s  charged wi th  c a r r y i n g  

out  water q u a n t i t y  and q u a l i t y  c o n t r o l .  



P r e c e d e n t .  I n  1969 ,  C a l i f o r n i a  combined t h e  w a t e r  q u a l i t y  and q u a n t i t v  

a g e n c l e s  ' ~ n d e r  t h e  P o r t e r - C o l o g n e  Act  i n  o r d e r  t o  s p e c i f i c a l l y  a t t e m p t  t a  

n a n a g e  t h e  r e s o u r c e s  i n  a r a t i o n a l  manner .  I n  1 9 7 2 ,  t h e  s t a t e  o f  W a s i ~ i n g t o n  

c r e a t e d  t h e  Depar tment  o f  Eco logy  which  encompasses  a l l  t h r e e  o f  t h e  p r i n a r y  

w a t e r  f u n c t i o n s ;  namely ,  w a t e r  s d m i r d s t r a t i o n ,  w a t e r  q u a l i t v  c o n t r o l  and w a t e r  

r e s o u r c e s  d e v e l o p m e n t .  T e x a s ,  Oregon and  Kansas  a r e  c o n t e m p l a t i n g  a n  i n t e g r a t e d  

a p p r o a c h ,  w h i l e  Oklahoma has c h o s e n  :o , u t i l i z e  a n  a d v i s o r y  c o o r d i n a t i n g  b o a r d  

t o  i n t e r f a c e  t h e  v a r i o u s  w a t e r  activities of numerous s t a t e  a g e n c i e s .  

EPILOGUE 

3ased  upon d i s c u s s i o n s  v l t h  s t a t e  v a t e r  y a n t i t y  and  q u a l i t y  j e r s o n n e l  

f rom a l l  1 7  w e s t e r n  s t a t e s ,  i t  i s  a p p a r e n t  t h a t  n o s t  s t a t e s  f e e l  a  r e a l  

c r e d i b i l i t y  g a p  e x i s t s  between t h e  E n v i r o n m e n t a l  F'rocec t i o n  Agency and  t h e  

s t a t e  3 g e n c i e s ;  t h a t  i n  t h o s e  s c a t e s  w h e r e  t h e  s t a t e  a g e n c i e s  a t t e m p t e d  t o  

implement  t h e  f e d e r a l  p e r m i t  p rogram,  a  c r e d i b i l i t v  3ap  d e v e l o p e d  be tween  t h e  

w a t e r  , 1 s e r s  and  t h e  s t a t e  a g e n c y ;  a n d ,  i n  s e v e r a l  s t a t e s  t h e  p e r s o n n e l  2 x u r e s s e d  

t h e  o p l n i o n  t h a t  EPA l e t  them dovn by b a c k i n g  ~ f f  a f t e r  r h e y  a t t e m p t e d  t o  

c a r r y  3ut  a  c o n t r o l  a p p r o a c h  t h e y  d i d  n o t  a g r e e  - d i t h  i n  t h e  f i r s t  p l a c e .  I n  

n e a r l y  s v e r y  s t a t e ,  :he w a t e r  u s e r  o r g a n i z a t i o n s  and i n d i v i d u a l s  have  T o l a r i z e d  

t o  comDat t h e  i m p o s i t i o n  3f u n c e r t a i n  r e g u l a t i o n  o v e r  t h e i r  p o s s i b l e  w a t e r  u s e .  

.\ p e r n l t  c o n c e p t  i s  n o t h i n g  new :o tnem a n d  t h e y  know t h a c  e v e n t u a l  c o n t r o l  

c a n  emana te  t rom s n  i n i t i a l l y  h a r m l e s s  p e r m i t .  

T h i s  r e s e a r c h  was i a r g e l y  funded  by t h e  3 . ; .  Environmental ? r o t e c t i o n  

Agency, ?.obert S. K e r r  E n v i r o n m e n t a l  2 e s e a r c h  L a b o r s t o r y ,  Ada. 2klahom.a. 

The c o o p e r a t i o n  and s u p p o r c  o f  t h e  P r o j e c t  O f f i c e r ,  3 r .  James P .  Law, J r . ,  

is  d e e p l y  a p p r e c i a t e d .  
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ABSTRACT 

3 e c e n t  r e s e a r c h  o n  t h e  e f f e c t s  o f  agricultural p r a c t i c e s  
o n  t h e  h y d r o l o g i c a l  r eg ime  i n  t h e  U . K .  a r e  r e v i e w e d .  Upland 
afforestation r e d u c e s  w a t e r  y i e l d  b e c a u s e  o f  h i g h  e v a p o r a t i o n  
r a t e s  a p p l y i n g  t o  i n t e r c e p t e d  w a t e r .  U n d e r d r a i n a g e  o f  f i e l d s  
c a n  b e  v e r y  b e n e f i c i a l  i n  c o n t r o l l i n g  t h e  w a t e r  t a b l e  and  it 
d o e s  n o t  e x a c e r b a t e  f l o o d  p rob l ems .  The e c o l o g i c a l  damage done  
by r i v e r  improvement  works  c a n  b e  m i t i g a t e d  by c o n s u l t a t i o n  w i t h  
e c o l o g i s t s  and t h e  u s e  o f  e c o l o g i c a l  d e s i g n  criteria. D i s t u r b i n g  
r i s e s  i n  n i t r a t e  n i t r o g e n  c o n c e n t r a t i o n s  i n  s t r e a m s ,  especially 
I n  S . 3 .  E n g l a n d ,  d e r i v e  f rom a g r i c u l t u r a l  l a n d .  The p r e c i s e  
s o u r c e  is u n c e r t a i n  f o r  f e r t i l i z e r  l e a c h i n c  i s  n o t  t h e  o n l y  
c a u s e .  Enhancement  o f  n a t u r a l  f i x a t i o n  and  n i n e r a l i z a t i o n  by 
l m d e r d r a i n a g e  and  t h e  e a s e  o f  l e a c h i n g  i n  u n d e r d r a i n e d  f i e l d s  
may b e  a  m a j o r  c o n t r i b u t o r y  f a c t o r .  



INTRDDUCTION 

h d e s i r e  f o r  a  g r e a t  degree of na t iona l  s e l f - s u f f i c i e n c y  i n  food and 

timber has l ead  the  U . K .  Government t o  propose the  expansion of upland f o r e s t s  

and inc reases  i n  food product ion through a  f u r t h e r  i n t e n s i f i c a t i o n  of a g r i c u l t u r e .  

The seve re  drought of 1975-76 focussed the  a t t e n t i o n  of s c i e n t i s t s  and the 

pub l i c  a t  l a rge  onto  the  p rob lem of v a t e r  supply and water  q u a l i t y .  The 

r e o r g a n i s a t i o n  of water management, t o  provide l a r g e  mul t i - funct ional  v a t e r  

a u t h o r i t i e s  i n  England and Wales and s t rengthened River  P u r i f i c a t i o n  Boards 

i n  Scot land,  has f a c i l i t a t e d  an i n t e g r a t e d  o v e r a l l  view t o  be taken of the  

hydro l o g i c a l  cyc le ,  i t s  use and management. Against  t h i s  background, 

a g r i c u l t u r a l  p r a c t i c e s  have been the  s u b j e c t  of cons ide rab le  r e sea rch  because 

of t h e i r  hypothesized hydro log ica l  e f f e c t s .  This paper reviews r ecen t  

U.K. work on hydrological  changes consequent upon upland a f f o r e s t a t i o n ,  on 

f lood  runoff and e c o l o g i c a l  mod i f i ca t ions  a f t e r  improvements i n  land dra inage,  

and on poss ib l e  mechanisms to exp la in  a d i s t u r b i n g  r i s e  i n  the  concen t ra t ion  

of n i t r a t e a i c r o g e n  i n  su r face  v a t e r s .  

WUND UFORESTATION 

In 1924 the re  ve re  573,000 ha o f  high f o r e s t  i n  Great B r i t a i n  comprising 

2.5% of t h e  t o t a l  land a rea .  By 1976, managed f o r e s t  land had r i s e n  t o  

1.69 m i l l .  ha which when added to  the 300,000 ha of unproductive voodland 

comprised 8.5% or' the  land a rea .  Yost of the  new p l a n t i n g  has involved 

coniferous  p l a n t a t i o n s  i n  the  uplands; lowland f o r e s t  be ing  r e s t r i c t e d  t o  

the o l d  Royal f o r e s t s  o r  a reas  of poor sandy o r  chalky s o i l  a f f o r e s t e d  i n  

the ' 20s and ' 30s (Einns .  1979).  This ex tens ive  upland a f f o r e s t a t i o n ,  

coupled wi th  Law's (1956) f ind ing  t h a t  the annual water l o s s  from a  Sicka 

Spruce p l a n t a t i o n  was 290 uim g r e a t e r  than from g ras s l and  has led  co the 

I n s t i t u t e  of Hydrology's Plynlimon experiment i n  Centra l  Wales repor ted  by 

Clarke and HcCulloch (1979).  



Two s m a l l  b a s i n s ,  t h e  1055 ha  g r a s s  covered  :ive ca tchment  and t h e  870 h a  

Severn  ca tchment  w i t h  a  66% cover  of  z o n i f e r s ,  a r e  b e i n g  used f o r  a  c l a s s i c  

-+ired ca tchment  s t u d y  and a s  a  base  f o r  p r o c e s s  investigations. T h i r t y  e i g h t  

ground 1 s v e l  o r  canopy l e v e l  s o n t h l y  r a i n  p a u s e s ,  s i x  a u t o g r a p h i c  r a i n  gauges  

and e i g h t  f low gauging s t a t i o n s ,  i n c l u d i n g  s i x  s p e c i a l l y  d e s i g n e d  s t e e p  scream 

structures, form t h e  b a s i c  i n s t r u m e n c a t i o n .  I n  addi:ion a u t o m a t i c  weather  

s t a t i o n s  i n  each  major domain r e c o r d  n e t  r a d i a t i o n ,  t o t a l  s o l a r  r a d i a t i o n ,  

wet b u l b  d e p r e s s i o n .  wind run  and wind d i r e c t i o n  on magnet ic  t a p e  e v e r y  f i v e  

minutes .  E x t e n s i v e  necworks of  s o i l  moiscure  a c c e s s  t u b e s  f a c i l i t a t e  monthly 

r e c o r d i n g  of s o i l  m o i s t u r e  by n e u t r o n  p r o b e .  Snowfa l l  i s  r e c o r d e d  by 

t e r r e s t r i a l  photogr-try and snow c o u r s e s .  

Table  1  g i v e s  annual  t o t a l s  f o r  r a i n f a l l  and r u n o f f  f o r  each  

ca tchment  and t h e  d i f f e r e n c e  between w a t e r  l o s s e s  from the  wooded Severn  and 

3 r a s s l ~ n d  Wye. During the  y e a r s  1970-71 t h e r e  were problems w i t h  s e d i m e n t  

a c c u m u i a t i o n  i n  t h e  Severn  f lume.  The c o n s t r u c t i o n  of an  ups t ream s e d i m e n t  

t r a p  s o l v e d  t h e  problem and d a t a  f o r  1972-7A "'rere used t o  e s t i m a t e  stream- 

f low f o r  t h e  ... ? e r i o d  1970-71" ( C l a r k e  and XcCul l sch ,  1 9 7 9 ) .  The mean 

v a l u e  f o r  t h e  e x c e s s  of l o s s e s  i n  t h e  f o r e s t e d  Severn  coarpared t o  t h e  g r a s s  

i a n d  Wve f o r  t h e  l a s t  f o u r  y e a r s ,  f r e e  of t h e  : o m p l i c a t i o n  of  t h e  e a r l i e r  

p e r i o d ,  is ?81?LO m. This  may be an underes i l imate  of the  e x t r a  l o s s e s  

r e s u l t a n r .  on h a v i n g  i o r e s t s .  E ighty-n ine  percenil  :f t h e  a n n u a l  n e t  r a d i a t i o n  

i s  used f o r  e v a p o r a t i o n  i n  the  Severn  b a s i n  b u t  o n i v  55.7 i n  t h e  Xye which 

suggescs  t h a c  t h e  e x c r a  l o s s e s  would have been  g r e a c e r  i f  r r e e s  x e r e  growing 

Jn  the  llpper 3 6 h f  :he Severn  iatchmenc.  I t  i s  h y p o t h e s i s e d  " t n a t  t h e  

a d d i t i c n a l  v a c e r  l o s s  from :he i o r e s t  is .he r e s u l t  2f evaporation of 

r a i n d r o p s  i n t e r c e p t e d  by the  t r e e  c a n o p i e s "  !Clarke and !!cCuLloch, 1979) and 

c o n s e q u e n t l y  i t  is argued  t h a t  l o s s e s  of a  simr:dr magnitude could  o c c u r  f o r  

f o r e s c s  growing i n  r e g i o n s  of q u i t e  d i f f e r e n t  p r e c i p ~ c a t i o n .  These f i n d i n g s  

have been c o n f i m e d  by s t u d i e s  of  an  34 s- l y s i a e t e r  ?Lot c o n c a i n i n e  26 ?ionfay 



TABLE 1 rLUNJAL V A L E S  OF ?RECIPITATION ( P ) ,  STREXIXITOW ( Q )  .hVD P-Q FOR THE 
CUSSLAND ',RE CATCKUEST (U) .LVD MOOLIED SEVERV L U S )  CATCHMENT, 
L970-75.  
Units: uan 
S o u r c e :  C l a r k e  and Y c C u l l o c h .  1 9 7 9  

Year 



S p r u c e  t r e e s ,  10 n i n  h e i g h t  and  l s c a t e d  i n  t h e  S r - ~ e m  catchment. C a l d e r  

11976) found t h a t  " t h e  a n n u a l  l o s s  r e c o r d e d  a t  :he l y s i m e t e r ,  amount ing  t o  

t w i c e  -he Penman (open  ; r a t e r  e v a p o r a t i o n  race ! ,  d e m o n s t r a t e s  t h e  magni tude  o f  

t h e  e v a p o r a t i o n  l o s s e s  t h a t  c a n  a r i s e  f r o m  f o r e s t s  i n  a  h i g h  r a i n f a l l  a r e a " .  

C l a r k e  and Yewson (1978) showed t h a t  " i n  t h e  d r o u g h t  y e a r s  o f  1975 and 1976 

l o s s e s  from t h e  Wye ca tchment  under  h i l l  p a s c u r e  were  a b o u t  20% of a n n u a l  

p r e c i p i t a c i o n ;  w h i l e  t h o s e  f o r  t h e  S e v e n  were  r a t h e r  more t h a n  30X of  a n n u a l  

p r e c i p i : a c i o n " .  They employed a  s i m p l e  s i m u l a t i o n  o f  a  r e s e r v o i r  t o  show 

t h a t  f a i l u r e  t o  a l l o w  f o r  a  l a n d  u s e  change ( f rom g r a s s  t o  f o r e s t )  c o u l d  

n u l l i f y  a  w a t e r  management p r o c e d u r e  d e s i g n e d  t o  m a i n t a i n  s u p p l y  even  d u r i n g  

a  d r o u g h t  y e a r .  

y e t a i l e d  s c u d i e s  s f  :he i n t e r c e p t i o n  p r o c e s s  have z e n e r a l l y  s u p p o r t e d  

t h e s e  l a tchmenc  s c a l e  f i n d i n g s .  Rut t e r  (1963) found i n t e r c e p t i o n  l o s s  i n  

a  S c o t s  P i n e  p l a n t a t i o n  i n  B e r k s h i r e  t o  be  much n i g h e r  t h a n  Denroan e s t i m a t e s  

of open  wacer  e v a p o r a t i o n  and t h e r e f o r e  h i g h e r  t h a n  t h a c  t o  be  r x p e c c e d  f rom 

g r a s s .  S u b s e q u e n t l y ,  R u t t e r  e c  a l .  (1971,  1975 ,  1971) d e v e l o p e d  and 

v a l i d a t e d  a mathematical model f o r  i n c e r c e p c i o n  i n  a  v a r i e t y  o f  f o r e s t  t y p e s .  

The model o p e r a t e d  on  a n  h o u r l y  b a s i s  and computed a  r u n n i n g  v a t e r  b a l a n c e  

f o r  t h e  zanopy.  The d u r a c i o n  of r a i n f a l l ,  a s  a  s e a s u r e  o f  t h e  t ime  when 

t h e  canopy was v e t ,  v a s  shown t o  e x p l a i n  much o f  t h e  month ly  v a r i a t i o n  i n  

i n t e r c e p t i o n  l o s s  and c o n s t i t u t e d  a n  i m p o r r a n t  e l e m e n t  i n  che model .  The 

s o d e l  h a s  b e e n  excended  by C a l d e r  (1977) :o i n c l u d e  b o t h  ~ r a n s p i r a c i o n  and 

i n t e r c e p t i o n .  He was a b l e  LO t e s t  t h e  model o v e r  a n  e x c e p t i o n a l  r a n g e  o f  

i o n d i  t i a n s  d u r i n g  1976.  C a l d e r  (19  79) demonscra ted  r h e  c l o s e  c o r r e l a t i o n  

b e m e e n  p r e d i c t e d  and q b s e r v e d  Losses  f o r  t h e  P1:mlimon l y s i m e t e r .  He 

showed t h a t ,  i n  3 2  s o n c h s  s p a n n i n g  1974-1976, t r a n s p i r a t i o n  l o s s e s  from the  

l y s i m e t a r  t o t a l l e d  900 onn and i n t e r c e p t i o n  l o s s e s  r e a c h e d  1600 m ; r i t h  a 

3 r o s s  p r e c i p i t a t i o n  of  5464 m. Xork w i t h  m i c r o m e t e o r o l o g i c a l  s e n s o r s  

above X ~ e t f o r d  f o r e s r .  i n  E a s t  . h g l i a  i e . g .  Gash and Stewar:, 1977) h a s  b e e n  



revieved by Calder (1979) .  For 1975, r a i n f a l l  was 5 3 5  m; i n t e r c e p t i o n  

l o s s  213 mm; and t r a n s p i r a t i o n  353 mm. This sugges t s  a  t o t a l  l o s s  l e s s  than 

vould  have occurred  from g ras s l and  i n  s p i t e  o t  che h igh r aces  of evapora t ion  

observed vhen the  canopy was v e t .  Calder (1979) exp la ins  t h i s  appa ren t ly  

anomolous r e s u l t  by r e f e rence  t o  the  inf requency of r a i n ;  only  350 hours 

i n  1975. This  means t h a t  the i n t e r c e p t i o n  process  a p e r a t e s  f o r  i n s u f f i c i e n t :  

t i e  to  make up the  d i f f e r e n c e  between the low t r a n s p i r a t i o n  r a t e  from the 

t r e e s  du r ing  dry  weather and the  r e l a c i v e l y  h i g h e r  one from g ras s .  Gash 

(1979) has used the  Thet ford  daca " t o  c r e a t e  a model s f  i n t e r c e p t i o n  l o s s  

vhich  is s imp le r  and e a s i e r  co apply than the Ructer nodel ,  bu t  . . . con ta ins  

a  greac  dea l  of the  o b j e c t i v i t y  and phys i ca l  reasoning behind thac  w d e l " .  

The high sedimenc y i e l d  of f o r e s t e d  bas ins  has  been q u a n t i f i e d  by 

? a i n t e r  e t  a l .  ( 1 9 7 i ) .  They found t h a t  the fo re s t ed  i an l lwy th  sub-catchment 

ac Plynlimon had fou r  times the sedimenc load of the  ?a scu re  land Cyff 

bas in .  Eros ion of t he  dra inage  d i t c h e s ,  vhich  a re  cu t  to  a s s i s t  t r e e  

e s t ab l i shemen t  and growth. was l a r g e l y  r e s p o n s i b l e .  The i r  work on the 

Coalburn i n  Northumberland r evea l ed  an inc rease  s f  t-40 o rde r s  of magnitude 

i n  sediment t r a n s p o r t  a f t e r  d i t c h i n g  had taken p l ace .  The reduced water  

y i e l d  from a f f o r e s t e d  l and ,  the h igh r a t e s  of a ros ion  from f o r e s t  d r a i n s  and 

p o s s i b i e  v a t e r  q u a l i t y  problems from f e r t i l i z e r s  and a e r b i c i d e s  have been 

recognized by Binns (1979) ,  a Fo res t ry  Cowmission s c i e n t i s t .  H i s  review 

of f o r e s t r y  7 r a c t i c e s  shovs thac ,  v h i l s c  v a t e r  q u a l i t y  e f f e c t s  can be 

rendered n e g l i g i b l e  and e ros ion  l imi t ed ,  " the  e f f e c t  sn  water  y i e l d  over the 

councry a s  a  vhole  w i l l  be decennined more by po l i cy  sn  land a c q u i s i t i o n  and 

,Jse ihan by rhe way the accua l  ope ra t ions  a r e  done". 

LAID DRAINAGE 

Land dra inage  encotpasses  a r t e r i a l  d r a inage ,  the  s t r a i g h t e n i n g .  

deepening and embanking of  wacer cou r ses  and r i v e r s ,  and underdra inage ,  the 

d ra in ing  of f i e l d s  by a  combination of some o r  a l l  of c i l e  o r  p l a s t i c  p i p e s ,  

3ermeable b a c k f i l l ,  m l e  d r a i n s  sr subsoi1ings  (Csle .  1976; Z e i r s ,  1976; 



Green,  1979).  Records of a r c e r i a l  d r a i n a g e  a r e  noc c e n c r a l i s e d ,  however the  

'da te r  Daca Unic (1975 and 1977) have snovn chac i n  England and Vales che 

c a p i c a l  expendicure  on land  d r a i n a g e  and f l ood  p rocecc ion  (which very  l a r g e l y  

exc ludes  underdra inage)  was £17.04 d l 1  i n  1974 and £27.49  mill i n  1975 v i c h  

E23.L7 and E30.23 be ing  spenc  i n  che r e s p e c c i v e  y e a r s  on che r e c u r r e n c  accounc. 

F igu re s  1  and 2 show the  exeen r  of unae rd r a inaqe  i n  t he  Uniced Kingdom i n  che 

l a s r  30 y e a r s .  Green (1979) has  shown chac  more rhan  2% of some a r e a s  of 

Easce rn  England a r e  r e c e i v i n g  underdra inage  each y e a r  i n  the  1970s. Zssex 

ha s  15Z of i c s  vho l e  a r e a ,  bur  30% of i t s  a r a b l e  a r e a ,  underdra ined .  The 

p r eva l ence  of  underdra inage  sugges r s  t hac  s u b s r a n c i a l  a g r i c u l t u r a l  b e n e f i t s  a cc rue  

a s  a  r e s u l c .  The F i e l d  Drainage Experimental  2 n i c  (FDEU) has  used experimencal  

s i t e s  :o quanc i fy  the  b e n e f i c s  of land  d r a i n a g e  Lor v a c e r t a b l e  c o n t r o l  

( e . 2 .  :?ay and T r a f f o r d .  1977) ,  c rop  y i e l d s  ( e . 2 .  hrmscrong. 1977) and 

s o i l  t emperacure  ( e . g .  Va t e r s ,  1977) .  Yowever f i v e  y e a r s '  wcrk a t  the  

FDEU s L t e  ac  .Abbots Rip ton  showed "no d i f f e r e n c e s  i n  wace r t ab l e  c o n t r o l  

o r  c rop  y i e l d  be tveen  the andra ined  conc ro l  and d r a i n s  ae  i O  a e t r e s  v i c h  

m l i n g "  i K e l l r c t  and Davies,  1977) .  Th i s  s e c c i o n  examines che view thac  

land d r a inage  e x a c e r b a t e s  f lood  problems and r epo rc s  on the  i i v e l y  n a t i o n a l  

deba t e  on t he  r e l a t i o n s h i p  b e w e e n  land  d r a inage  m a  nacure  conservation. 

Y i l l  (1976) has  surmnarised :he e t f e c t s  of ?and d r a inage  b u t  he 

poincea ou r  t he  lack  of d e t a i l e d  ev idence  on s p e c i f i c  changes.  Rycrof t  

and Yassey (1975) s a i d  chat  " ?ub l i shed  ev idence  thac  d r a inage  i n c r e a s e s  

f l o o d i n g  is a lmost  non-existent". Hove ec  x l .  (1966) demonstraced a  

s i g n i f i c a n t  i n c r e a s e  i n  f l o o d i n g  i n  t he  Severn  and :.lye cacchmencs i t h e i r  

; t u d i e s  ased  r eco rds  from the lower r e a c h e s ,  nor :he ?l j .nl imon headwaters )  

from 1911-196L. However chey could  not  demonst rare  whether ch i s  e f f e c t  was 

the r e s u l t  of e i c h e r  a  demonst rab le  i n c r e a s e  i n  heavy ra inscorms o r  Land 

managemenc by wav 3f a i f o r e s c a c i o n  and Land d r a i n a g e .  Green ,1973) worked 

on -he ; i i low Brook n e a r  Pe terborougn,  .xhere t h e r e  i s  sxc?ns ive  underdra inage .  



Source: Uacer Daca Unic. 1977 

Figure 1. Area in hectares underdrained in the United Kingdom 



PERCENT 

Source :  Green,  1973 

T i g u r e  Za. P r o p o r c i o n  of  che  :o ta l  a r e a  u n d e r d r a i n e d  i n  England ~ n d  
g a l e s  1951i2-197011 



Dratns only 

Source :  Armst rong  and Smith.  1977 

*pf  d e n o t e s  pe rmeable  b a c k f i l l  

F i g u r e  Zb. Dominant d r a i n a g e  p r a c t i c e s  i n  England  and 7 a l e s .  



3 
He showed chat  che number o f  days chac flow exceeded 2.12 m / s  had increased 

from an average of 4 days per annum f o r  1945-60 to  15 days per  annum for  !966-71 

He has  a l s o  a s s e r t e d  (Green, 1979) chae che underdrainage of 302 of t he  Bury 

Brook cacchmenc i n  Cambridgeshire has i nc reased  che number of f l ood  peaks 

compared to  the  neighbouring Harpe r ' s  Brook which is  only  7 %  underdra ined.  

These ana lyses ,  however, say l i ~ t l e  abouc the e f f e c t  of land d ra inage  on the  

form o r  magnitude of s i g n i f i c a n t  f lood hydrographs.  The dra inage  of t he  

15 km- Glenu l l i n  cacchmenc has received d e t a i l e d  ac t enc ion  from Wilcock 11979) . 
This boulder  c l a y  b a s i n ,  wi th  ex t ens ive  r a i s e d  p e a t  bogs, has  had n e a r l y  2  'a 

of channel c l e a r e d  and scoured a longside  one bog and ax tens ive  d i t c h e s  and 

underdra ins  i n s t a l l e d  i n  a  second. Ui lcock found chac f lood flows were 

reduced i n  m a g i t u d e  and frequency dur ing :he pos t -dra inage  pe r iod .  To ta l  

annual  v a c e r  y i e l d s  and low t o  middle range flows v e r e  g reac ly  inc reased  

initially, but  a f c e r  rrvo years  nee a m u a l  replenishment r e s t a r t e d  and he 

e s t ima ted  t h a t  the r e s t o r a c i o n  of i n i c i a l  scorage  cond i t i ons  would only  

cake cwelve yea r s .  Rycrofc and Yassey (1975) c o q a r e d  recorded hydrographs 

from the 170 ha c l a y  catchment ac  Shenlev Brook End and s imula ted  hydrographs 

which n igh t  have r e s u l t e d  il t h e  b a s i n  had Seen a o l e  d ra ined .  They concluded, 

from t h e i r  simulation e x e r c i s e  and l i e e r a c u r e  review, chat 

"1. There is no evidence to  suggesc t h a t  underdrainage inc reases  

f l ood ing .  

2 .  Yole dra inage  reduces the peak out f low r a t e s  from a  catchment 

f o r  h e a w  storms which a r e  l i a b l e  t o  give r i s e  co f lood ing  

!because i t  i n h i b i t s  s u r f a c e  r u n o f f ) .  

3.  Slole dra inage  mainta ins  wa te r t ab l e  Levels ? ~ s u a l l y  a t  50 c a  depch, 

the  vace rcab le  r i s e s  dur ing storms but is  qu ick ly  lowered a f t e r  

r a i n f a l l  thus  c r e a t i n g  scorage  space  f o r  f u r t h e r  r a i n f a l l  

4 .  Undrained c l ay  caccnmencs have Limited s to rage  which is f i l l e d  up 

qu ick ly  dur ing s t o m s .  Purcher r a i n f a i l  then r e s u l t s  i n  runof f .  



5.  An undrained wacerlogged c l ay  catchment remains vec fo r  a  

considerable  cime a f t e r  r a i n f a l l  thus providing no b u f f e r  a g a i n s t  

f u r t h e r  r a i n f a l l . "  

The i n h e r e n t  c o n f l i c t  between land dra inage and na tu re  conservacion has 

been s u c c i n c t l y  puc by Humphries (1978) who s a i d :  

" t h e r e  i s  a  growing concern about i n c r e a s i n g  food p roduc t ion  from a  

d e c l i n i n g  a v a i l a b l e  acreage and about the incidence of h ighe r  f lood 

l e v e l s .  At: t he  same time t h e r e  i s  a  growing awareness of the  need t o  

have regard  f o r  t h e  preservation of t h e  councrgside and i t s  eco log ica l  

balance. ... the quescion (cannot) be resolved simply on economic 

groundr,  i t  br ings  i n  broad s o c i a l  ques t ions  as  wel l" .  

This concern fo r  n a m r e  conservacion i s  g iven s c a r u t o r j  suppor t  by the  

Countryside Act 1968 and the 'dater Act 1973, both of which r equ i re  Government 

and 'dater Authorities to  have regard fo r  che p rese rva t ion  and conservat ion 

of nacura l  beauty.  The growth in  pub l i c  concern i s  d i f f i c u l t  t o  quan t i fy  

bu t  i s  r e f l e c t e d  i n  che grovch i n  membership of conservat ion- l inked 

o rgan i sa t ions  d e t a i l e d  i n  Table 2 .  

The problem i s  no t  as simple as  a  need co a s s e s s  the  impact o i  a  

new development and t o  make recomncndations for  management. Land dra inage 

i s  an o ld  e s t a b l i s h e d  procedure,  i t  i s  undoubtedlyhighly  b e n e f i c i a l  t o  

a g r i c u l c u r e ,  many examples e x i s t  of va luab le  h a b i t a t s  c rea t ed  by dra inage 

vork e.g.  the  Cuse washes i n  the  Fenland and the Xonmouthshire Levels 

( S c o t t e r  e t  a l . ,  1977). and the re  i s  the problem of v i ~ o  should pay any c o s t s  

attributable t o  conse rva t ion  work. Yoreover, land dra inage engineers  can 

be r a t h e r  myopic. Xiers  i l97i . ) .  fo r  i n s t a n c e ,  w r i t i n g  about "design 

considera t ions"  i n  a  paper e n t i c l e d  'The C i v i l  Engineer and F ie ld  gra inage '  

does not  l lention o r  a l l u d e  t o  na tu re  conservat ion o r  eco log ica l  changes l i k e l y  

co r e su l :  from drainage.  However, elsewhere Xiers  (1975) s a i d  "ou t s ide  of 

-he f ens  and marshes che land dra inage engineer  has rhe g r e a t e s c  oppor tuni ty  



TABLE 2.?IEMBERSBIP OF CONSERVATION BODIES I N  THE U.K. 

---- --- - 
ORGAN I S  ATION 1973 1974 19 75 1976 1977 

B r i t i s h  T r u s t  f o r  
Orni thology 

Royal S o c i e t y  f o r  t he  
P r o t e c t i o n  of Bi rds  

139,000 166,000 181.000 200,000 216.000 

S o c i e t y  f o r  t h e  Promotion 84,&12 97,180 100,660 111.134 115,211 
of Yature  C o m e r v a t i o n  

Wildfowlers '  Assoc i a t i on  
of Grea t  B r i t a i n  and 28,000 29,000* 30,815 31.664 34,412 
I r e l a n d  

Wildfowl T rus t  11,000* 12,000* 13,000* 14,000* 15,000 

Source:  ;iacer Space .Amenity Conmission. 1978 



!o conserve ... fauna and f l o r a  ... and improve the environment". How 

r e g r e t t a b l e  t h a t  he could n o t  a l l u d e  t o  t h i s  i n  h i s  e a r l i e r  d i s c u s s i o n  b~f 

dra inage  des ign.  Cripps (1975) empnasised t h e  p o i n t  by say ing  "Xiers '  

en l igh tened  views c o n t r a s t  v i t h  some r e c e n t  ... p r a c t i c e s .  Too much ( l and  

d ra inage )  ... i s  s t i l l  ... pure ly  func t iona l " .  

A l a rge - sca l e  example of the problem, but  one which i s  t y p i c a l  of t h e  

hundreds o r  thousands of smal l  l oca l i zed  schemes, a r e  t he  proposed dra inage  

2 improvemena i n  the  Some.rset Levels (Will iams. 1977).  This  687 km a r e a  of 

marshy farmland was dra ined piecemeal l a r g e l y  du r ing  t h e  n ine t een th  centurp .  

Today. a s  a  permanent p a s t u r e  a r ea ,  i t  i s  Free of s e a  f l ood ing  and s u f f e r s  

only  l imi t ed  w i n t e r  f looding.  This  h a b i t a t  con ta ins  v a s t  f l ocks  of 

w in t e r ing  wildfowl and waders on the  s o f t  p a s t u r e s  vhere  i n s e c t  food i s  

p l e n t i f u l .  A high percentage  of t he  S r i t i s h  breeding popu la t ion  ~f c e r t a i n  

b i r d s  and a  s a g n i f i c e n t  F lo ra  add t o  the conse rva t ion  i n t e r e s t .  F i n a l l y ,  

t he  thousands of mi l e s  of rhynes ( d i t c h e s )  provide a  wide r m g e  of aqua t i c  

and semi-aquatic p l a n t s  a long wi th  a s s o c i a t e d  i n v e r t e b r a t e s .  A l l  of c h i s  

i s  t h r ea t ened  by the  d e s i r e  of sany farmers t o  i nc rease  p r o d u c t i v i t y  through 

a  convers ion t o  a r a b l e  and improved g ra s s l and .  In some a reas  ch i s  has begun 

p r i v a t e l y  and t h e  a g r i c u l t u r a l  advantages of the  1  l l e t r e  lowering of t he  

i r a t e r r ab l e  a r e  c l e a r .  Unfor tunate ly ,  t h e  e c o l o g i c a l l v  de t r imen ta l  e ~ f e c t s  

o r  d r a i n i n g  t h e  v e t l a n a s  and d e s i c c a t i n g  t h e  r k m e s  a r e  a l s o  c l e a r l y  appa ren t .  

The Somerset Levels ques t ion  i s  f a r  from being resolved but  Fc i s  

l i k e l y  chat vorked o u t  peat  excavat ions  w i l l  f e a t u r e  prominently i n  any 

agreed compromise. The proposal  to  form n ine  iakes  from these  p i t s  could 

serve  the  needs of f l ood  s t o r a g e ,  i r a t e r  supply ,  land r e h a b i l i t a t i o n ,  r e c r e a t i o n  

and na tu re  conservar ion.  In  any event t he re  i s  almost c e r t a i n  t o  be a  p u b l i c  

i nqu i ry  i n t o  t h e  scheme.. The conse rva t ion  lobby scored a  no tab le  success  

vhen i t  forced 3 p u b l i c  i nqu i ry  I n t o  Southern Water A u t h o r i t y ' s  scheme t o  



d r a i n  :he Amberley Vildbrooks. Yoreover, the  Y i n i s t e r  r u l e d ,  a f t e r  the 

i nqu i ry ,  t h a t  the  i n t e r e s t s  of conse rva t ion  outweighed the  p o t e n t i a l  a g r i c u l -  

t u r a l  b e n e f i t  of t h a t  scheme. 

R e a l i s a t i o n  of a  need f o r  a  framework wi th in  which t o  r e so lve  these  

c o n f l i c t s  emerged a t  the  1975 Conference on Conservation and Land Drainage 

(Water Space h n i c y  C o d s s i o n ,  1975).  Subsequent ly ,  Drunrmond (1977) argued 

t h a t  execu t ing  land dra inage  works and conserving our n a t u r a l  landscape i s  a  

ma t t e r  of "management and cornpromise - accompanied by imaginat ion  and f l a i r " .  

The Working Pa r ty  on Land Drainage and Conservation e s t a b l i s h e d  by the  Water 

Space hmeni ty  Counnission, publ ished Dra f t  Guidel ines  i n  1978. They sugges t  

"how, vhy and what a c t i o n  should be fo l loved  by chose under taking ... dra inage  

. . . t o  take accounc of . . . n a t u r e  conse rva t ion ,  landscape and amenity,  

f i s h e r i e s  and r ec rea t ion" .  The Guidel ines  s e t  ou t  a  system f o r  c o n s u l t a t i o n  

bemeen  eng inee r s  and c o n s e r v a t i o n i s t s  and a  s e t  of p r a c t i c e  no te s  f o r  use by 

eng inee r s  du r ing  the  des ign and execut ion  of vorks .  Xn example of a c t i v e  

coopera t ion  bemeen  land dra inage  eng inee r s  and :onse rva t i an i s t s  i s  the  

work of H o l l i s  and Ki t e  ( i n  p r e s s )  on che Rivers  S t o r t  and Roding, Y.E. 

of London. The environmental  e f f e c t s  of convent ional  f lood a l l e v i a t i o n /  

r i v e r  improvement schemes a r e  be ing monitored,  a  s o d e l  i s  be ing developed 

t o  f o r e c a s t  :he e c o l o g i c a l  s t a t e  of t he  r i v e r s  as  i t  I s  r eco lon i sed  and 

an e c o l o g i c a l  management p l an  i s  be ing prepared to  a a i n t a i n  and enhance. 

vhere  p o s s i b l e ,  t he  conse rva t ion  i n t e r e s t  o f  the  r i v e r s  and t h e i r  banks. 

There i s ,  hovever,  a  long way to  go be fo re  land dra inage  works a r e  designed 

t o  s a t i s f y  hydrau l i c  and e c o l o g i c a l  c r i t e r i a .  Cole (1976) ,  Chief Zngineer 

o f  che ?tinistry of  Agr i cu l tu re ,  F i s h e r i e s  and Food, s t a t e d  t h a t  " shee t  s t e e l  

p i l i n g  i a s  been i n c r e a s i n g l y  used" f o r  e a r t h  r e t a i n i n g  s t r u c c u r e s ,  "i t  i s  

j u s t  as  imporcant t o  remove wrzeds as . . . any o t h e r  c o n s t r i c t i o n "  and 

he rb i c ides  "have been verg  r f f e c t i v e  and, i n  gene ra l ,  have done l i t t l e  

iamage :o :he environment". George ( i975)  arqued :hat a s t e e l  l i ned  river 



gives  "no chance of any n a t u r a l  v e g e t a t i o n  ... a t  .he r i v e r ' s  edge; i t  i s  

a e s t h e t i c a l l y  u n a t t r a c t i v e  and . . . i t  i s  ext remely  dangerous" should people 

need t o  clamber from the  s t ream.  Even Johnson (1954),  a  predecessor  of 

Cole a t  t he  H i n i s t q  of Agr i cu l tu re .  F i s h e r i e s  and Food, s t a t e d  t h a t  huge 

amounts of t r e e  c l ea rance  had been under taken "without a  proper  a p p r e c i a t i o n  

. . . t h a t  . .. t r e e  growth, and the  shade i t  gave, prevented  o r  a t  l e a s t  

d iscouraged the  growth of water  veeds".  

The f u t u r e  e c o l o g i c a l  s t a t e  of t he  r i v e r s  of England and Wales i s  

u n c e r t a i n  became  t h e  arguments f o r  i nc reased  indigenous food product ion  and 

the  d e s i r e  f o r  f l ood  p r o t e c t i o n  a r e  e s p e c i a l l y  pcwerful .  However, the  

conse rva t ion  lobby is growing i n  number and i n  conf idence  and e x i s t i n g  

p u b l i c a t i o n s  p o i n t  to  t h e  minimal c o s t  o f ,  and i n  some c a s e s ,  the  f i n a n c i a l  

savings  from, a  m r e  "environmenta l ly  aware" s t y l e  of r i v e r  eng inee r ing .  

The i n c r e a s i n g  a b i l i t y  of t he  mu l t i - func t ion4  Regional Water A u t h o r i t i e s  t o  

l u t i l i ze  r e sea rch  r e s u l t s  i n  t h e i r  catchment c o n t r o l  func t ion  (Addyman, 1979) 

sugges t s  t h a t ,  perhaps,  a  f u t u r e  management s t r a t e g y  w i l l  be t he  e x p l i c i t  

i n c l u s i o n  of e c o l o g i c a l  y a r d s t i c k s  and landscape  f a c t o r s  a s  wel l  a s  

hydro log ica l  c r i t e r i a  i n  t h e  des ign of improved r i v e r  channe l s .  

XITRATES I N  SURFACE WATER 

The concen t r a t ion  of n i t r a t e  n i t r o g e n  i n  s u r f a c e  waters  i n  some 

p a r t s  of t h e  U.K. g ives  grounds f o r  concern.  The 'AX0 recommended maximum 

f o r  young i n f a n t s  of 11.3 mg/l and abso lu t e  maximum of 2 2 . 6  mg/l a r e  o f t e n  

observed i n  r i v e r s  and  he t rend appears  t o  be upward. There i s  s i m i l a r  

concern f o r  groundwater resources  f e . g .  F o s t e r  and Crease.  1974) bu t  t h i s  

i s  d i s cussed  f u l l y  by Young and Gray, 1978; Young and H a l l ,  1977; and 

Young, 1979. 

Scorer  (1974) has shovn t h a t  the  average  concen t r a t ion  of n i ~ r a t e  

n i t r o g e n  i n   he Thames and Lee in t akes  of t he  Ye t ropo l i t an  Water Board 

rose  from a  long run average (1920-1940) of 2.7 mg/l and 4 .0  mg/l t o  12 mg/l 

and 17 n g / l  r e s p e c t i v e l y  i n  che middle o i  1974. He a sc r ibed  these  changes 



? r i m a r i l y  t o  u n u s u a l l y  varm w i n t e r s  and low r a i n f a l l  a t  t h e  b e g i n i n g  of =he 

1970s b u t  a rgued  t h a t  che r e l a c i v e  imporcance sf growing d i s c h a r g e s  of 

n i t r a t e  r i c h  sewage e l f l u e n t ,  f e r t i l i z e r  a p p l i c a t i o n s ,  l a n d  d r a i n a g e  and 

i n c r e a s e d  c u l c i v a t i o n  a f  legumes was n o t  y e t  knovn. The n i c r a c e  problem 

h a s  c o n t i n u e d  i n  che Thames Wacer A u t h o r i t y  a r e a ,  e s p e c i a l l y  i n  the  Xiver Lee.  

The Thames J a c e r  Authority Annual Report  (1975) s a y s  t h e  Lee " c o n t a i n e d  h i g h  

c o n c e n t r a t i o n s  of  n i t r a t e  which on o c c a s i o n s  v e r e  s o  h i g h  t h a c  abstraction f o r  

p u b l i c  s u p p l y  had t o  be c u r t a i l e d " .  Thames Water A u t h o r i c y  (1976) s a i d  

t h e  c o n c e n t r a t i o n  of n i c r a c e  i n  t h e  S i v e r  Lee a c  t h e  Chinglord  i n t a k e  h a s  

been  aoove 11.3 mg/l f o r  che f i r s t  q u a r t e r  o f  1976. Thames Water  Auchoricy 

(1977) r e p o r t e d  low c o n c e n c r a c i o n s  o f  n i t r a t e  d u r i n g  t h e  1976 droughc  wich 

Levels  r i s i n g  r a p i d l y  sometime a l t e r  f lows  had i n c r e a s e d .  X i t r a t e  

s o n c e n t r a t i o n s  i n  e x c e s s  of 1 1 . 3  mg/l p e r s i s e e d  f o r  s e v e r a l  months i n  boch 

rhe Thames and Lee.  The h g l i a n  '.later Auchor icy ,  which c o v e r s  much of 

E a s c e r n  England ,  has  a l s o  had s e v e r e  problems.  Angl ian  !dater A u t h o r i t y  (1977) 

s a i d  "no p u b l i c  s u p p l i e s  ... exceeded ( 2 2 . 6  mg/l)  d u r i n g  t h e  y e a r  b u t  

s e v e r e  problems v e r e  e x p e r i e n c e d  w i t h  d i r e c t  abstractions ... i n  j e d f o r d s h i r e  

and Essex".  h g l i a n  Vacer A u t h o r i t y  (1978) s a i d  "relatively h i g h  peaks  

of n i c r a c e  c o n c e n t r a t e s  v e r e  r e c o r d e d  i n  f o u r  c a s e s .  The use  of  a  c n a i k  

s o u r c e  i n  y e s t  X o r ~ o l k  was d i s c o n t i n u e d  due co r a p i d l y  i n c r e a s i n g  n i t r a t e  

i e v e l s " .  Greene (1978) s t a t e d  zhac " t h e r e  i s  a  c l e a r  upward t r e n d  i n  

nany of :he major r i v e r s  r n  S o u t h e r n  and E a s t e r n  England". F i g u r e  3  shows 

~ h e  s t e a d y  r i s e  i a  :he mean annual  concentration ai n i c r a c e  i n  t h e  i r e a c  

Ouse, t h e  spectacular r i s e  a s s o c i a t e d  v i t h  t h e  2nd ~t che 1976 d r o u g h t  and 

:he h i g n  and y i s i n g  c o n c e n t r a t i o n  i n  :he ! l i l l  River  a c  the  Bucklesnam p u b l i c  

u a c e r  s u p p l y  . n t a k e .  This  1at:er example i s  e s p e c i a l l y  impor tan t  because  

t h e  s n a i l  cac ihment  has no s i g n i f i c a n t  volume o i  sewage a r ' f i u e n c  

d i s c h a r g e d  i n t o  i c .  S lack  (1977) v r i c i n g  a b o u t  x i t r a c e  l e v e l s  i n  r i v e r s  





i n  Essex i n  south  e a s t  England s a i d  " l e v e l s  i n  excess  of 20 mg/l of n i t r a t e  

n i t r o g e n  have been recorded a t  times". S t  i s  i q o r c a n t  though, to  note  t n a t  

the  problem i s  nor nationwide. The South Vest Water Xuchority (1977) s a i d  

" r i v e r s  ?rsed f o r  supply i n  t h i s  region normally con ta in  very  low concen t ra t ions  

of n i t r a t e "  and Y o r c h d r i a n  Uater Author i ty  (1978) do not  d i s c u s s  n i t r a t e  

concen t ra t ions  bu t  include a  t a b l e  which shows  at from 1972-77 t h e  aaximum 

n i t r a t e l n i t r o g e n  concen t ra t ion  recorded i n  t h e i r  r i v e r s  was 4.79 mg/: with a  nonnai 

average of becueen 1.0 and 2.0 m g / l .  What, then. i s  the  cause of  t h i s  

d i s t u r b i n g  r i s e  i n  n i t r a t e  l e v e l s  i n  t h e  r i v e r s  of. southern  and e a s t e r n  

England i n  p a r t i c u l a r ?  Discussion of t h i s  ques t ion  usua l ly  c e n t r e s  around 

f e r t i l i z e r s ,  sewage e f f l u e n t ,  and na tu ra l  processes  beinq acce le ra t ed  by 

unusual weather condi t i ons  . 
A t  f i r s t  s i g h t  the r i s e  i n  the  a p p l i c a t i o n  r a t e  of n i t rogenous  

f e r t i l i z e r s ,  being contemporaneous with r i s i n g  n i t r a t e  l e v e l s  i n  r i v e r s ,  is 

a  powerful argument. Green (1973) has shovn how the a p p l i c a t i o n  r a t e  f o r  

n i t rogen  r i c h  f e r t i l i z e r  f o r  crop and g ras s l and  i n  England has r i s e n  from 

around i kglha  i n  1953 t o  16 kglha  i n  1972. He shared t h a t  t he  h i g h e s t  

r a t e  of a p p l i c a t i o n  was i n  the south  and e a s t  and i n  Cheshire.  He shoved 

t h a t  the g r e a t e s t  r a t e  of i nc rease  i n  a p p l i c a t i o n  of n i t rogenous  f e r t i l i z e r  

i s  i n  the l a r g e l y  p a s t o r a l  coun t i e s  a f  the nor th  and west.  Yost coun t i e s  

exh ib i t ed  a t  l e a s t  a  f i v e  fo ld  inc rease  i n  a p p l i c a t i o n  r a t e s  from 1957-72. 

Cooke (19 i6 )  repor ted  t h a t  approximately 930,000 tonnes of n i t rogen  ;rere 

added t o  che s o i l  i n  the 3.K. by f e r t i l i z e r s  i n  1973, w h i l s t  Holden (1976) 

in  h i s  study of Loch Leven found t h a t  n i t roqen  f e r t i l i z e r  usaqe i n  Kinross 

increased from under 300 tonnes/annum i n  1952-54 t o  9ver 1000 conneslannum 

in 1970-72. This c i r cums tan t i a l  evidence i s  not  completely subs t a n t i a t e d  

by small  s c a l e  exper imenta l  s t u d i e s  nor i s  i t  proven conclus ively  i n  catchment 

s c a l e  s ~ u d i e s .  
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Cooke (1976) reviewed three  ly s ime te r  exper iments .  0.0000 ha 

ly s ime te r s  were made a t  Rothamsted by enc los ing  undis turbed s o i l  b locks  i n  

1870. The s o i l  has s i n c e  remained f r e e  of crops  and f e r t i l i z e r s ,  but  i t  has 

been weeded r e g u l a r l y .  From 1878-1905 t h e  dra inage  conta ined 9 .8  mg/l of 

n i t r a t e  n i t rogen .  I n  1969 the  hundredth year  of the  experiment.  t he  

dra inage  from April-November averaged 5 mg/l v i t h  18 mg/l occu r r ing  i n  

November. This experiment r evea l s  t h a t  d ra inage  from land which has never 

r ece ived  f e r t i l i z e r  can con ta in  s u b s t a n t i a l  amounts of n i t r a t e s  r e l ea sed  o r  

f i xed  by n a t u r a l  processes .  S imi l a r  s i z e d  ly s ime te r s  near  Aberdeen. 

e s t a b l i s h e d  i n  1914, were p l an t ed  v i t h  g r a s s e s ,  r o o t  crops  and c e r e a l s ,  and 

g iven modest aumunts of n i t r a t e s  i n  manure. I t  was found t h a t  d ra inage  water  

from g ras s l and  c a r r i e d  l i t t l e  (0.5-3 kg N/ha) n i t r a t e  w h i l s t  I*-11 kg X/ha were 

l o s t  from cropland.  I t  i s  s i g n i f i c a n t ,  though, t h a t  l o s s e s  were a lmost  a s  

g r e a t  from a  l g s i m t e r  not  given f e r t i l i z e r .  h r e c e n t  l y s ime te r  s tudy  a t  

J e a l o t t ' s  H i l l  found t h a t ,  w i thou t  t he  use of N f e r t i l i z e r ,  dra inage  from a  

g r a s s  svard  conta ined 1  mg/l of n i t r a t e  n i t rogen .  chat  from groving c l o v e r ,  

29 mg/l;  t h a t  from ba re  s o i l  a f t e r  renmvel of c l o v e r ,  34 mg/l. and t h a t  from 

ba re  s o i l  42 mg/l. 

Cooke (1976) a l s o  r epo r t ed  s t u d i e s  on smal l  ( 0 . 2  ha) p l o t s  a t  o r  nea r  

Rothamsted a l l  groving win te r  wheat. I n  t he  Broadbalk experiment,  a  p l o t  

v i t h  contemporary commercial r a t e s  of N f e r t i l i z e r  a p p l i c a t i o n  had dra inage  

water  w i th  7  mg/l n i t r a t e  n i t r o g e n  w h i l s t  u n f e r t i l i z e d  p l o t s  had 0  mg/l n i t r a t e  

n i t rogen  i n  d ra inage .  Water i s s u i n g  from land d r a i n s  a t  fou r  a g r i c u l t u r a l  s i t e s  

i n  S.E. England has shown mean n i t r a t e  n i t rogen  c o n c e n t r a t i o n s  of 11.7,  22.2. 

20.0 and 9 .8  mg/l wi th  a  range i n  one case  of 11.5-36.5 n g / l  and i n  ano the r  

from 0.5-60.0 mg/l .  Johnson (1976) snowed t h a t  long- term use of N f e r t i l i z e r  

does no t  produce a  s i g n i f i c a n t  accumulation i n  t h e  s o i l  o r  sub-soi l .  He found 

t h a t  some crops  recover  70-80 pe rcen t  of t he  added !i but t h e  average uptake is 

s n l y  I*6 percent .  Hood (1976) s t u d i e d  dra inage  v a t e r  from g ras s l and  t h a t  r e c e i v e s  

250 and 750 kg f e r t i l i z e r  X/ha/annum and i s  s tocked heav i ly  wi th  d a i r y  covs.  



He found t h a t  r a i n f a l l  p a t t e r n s  a f f e c t e d  n i t r a t e  l o s s e s  but  t h a t  o v e r a l l  l e s s  

than 5 percent  of the  app l i ed  n i t r a t e  vas  leached,  assuming no c o n t r i b u t i o n  

from s o i l  X r e se rves .  

The evidence of these  small  s c a l e  s t u d i e s  is  t h r e e f o l d .  F i r s t ,  t he re  

can be s u b s t a n t i a l  l each ing  o f  n i t r a t e s  even when no f e r t i l i z e r s  a r e  used. 

Second, when f e r t i l i z e r s  a r e  used the re  is  always incomplete uptake  by the  

crop and the re fo re  a  high p r o b a b i l i t y  of l each ing .  Third ,  peak concen t r a t ions  

of n i t r a t e  i n  dra inage  water a r e  r e l a t e d  t o  the type of crop grown, the  form 

of husbandry p r a c t i c e d .  the weather,  the  r a t e  of f e r t i l i z e r  a p p l i c a t i o n  and 

the t iming o i  f e r t i l i z e r  a p p l i c a t i o n .  Cooke (1976) confirms ch i s  r e l a t i v e  

p o s i t i o n  of f e r t i l i z e r  i n  h i s  e s t i m a t e s  of the  Y involved annual ly  i n  U.K. 

farming systems (Table  3 ) .  

Catchment s c a l e  s t u d i e s ,  comparing a g r i c u l t u r a l ,  i n d u s t r i a l ,  sewage 

e f f l u e n t  and r a i n f a l l  c o n t r i b u t i o n s  t o  n i t r a t e  i n  r i v e r s ,  nea r ly  a l l  po in t  

to farmland a s  the major source  of n i t r a t e  n i t rogen .  Ovens (1970) examined 

t h e  n u t r i e n t  budget of the River Great  Ouse from the headwaters t o  Tempsford, 

16 km below Sedford .  He found t h a t  the 60 sewage e f f l u e n t  d i scha rges  

con t r ibu ted  only  30 pe rcen t  of the  t o t a l  f low of Y .  " I t  was t h e r e f o r e  

concluded t h a t  i n  the Great Ouse Basin ,  land d ra inase  was a  major source  

of n u t r i e n t s " .  In  reconnaisance s t u d i e s  of t h i r t y - t h r e e  o t h e r  U.K. r i v e r s ,  

Ovens found t h a t  " the  g r e a t e r  p ropor t ion  of the n i t r o g e n  f l a r  was de r ived  

from .. . land dra inage" .  He was, hovever ,  unable t o  demonstrate wi th  h i s  

r a t h e r  poor d a t a ,  a  c l e a r  r e l a t i o n s h i p  betveen n i t r o s e n  concen t r a t ion  i n  

r i v e r  water  and the a p p l i c a t i o n  r a t e  of n i t rogenous  f e r t i l i z e r .  Yoreover, 

us ing a a t a  f o r  t h ree  Essex r i v e r s  and s i x  Yorkshire r i v e r s ,  he found chat 

"although the a m u n r s  (of Y f e r t i l i z e r )  app l i ed  per  u n i t  of catchment have 

inc reased  s u b s t a n t i a l l y ,  no marked inc reases  i n  che loads c a r r i e d  by the 

r i v e r  a t  any g iven flow a r e  appa ren t r ' .  S lack (1977) cha r t ed  the  s easona l  

cyc l e  sf n i t r a t e  i n  che Chelmer, 3lackwater and Stour  i n  5 s sex  from 1970-7:. 





d igh  w i n t e r  zoncencrac ions  were a s s o c i a t e d  v i c h  h igh  f lows and "as t h e  

c o n t r i b u t i o n  from sewage e f f l u e n t  ( i s )  f a i r l y  conscan t ,  che i n c r e a s e d  n i t r a c e  

can  only  be de r i ved  from d ra inage  on a r a b l e  l and  which forms t h e  major icy  

of che catchment a r e a  of t h e  r i v e r s " .  Greene (1978) s i m i l a r l y  found "h igh  

n i c r a t e  concencrac ions  a r e  i n v a r i a b l y  a s s o c i a t e d  wich h igh  f low c o n d i t i o n s  i n  

a l l  .. . r i v e r s  i n  h g l i a  s i g n i f y i n g  t h a t  che major n i c r a c e  load  i s  a s s o c i a t e d  

w i th  land  d r a inage" .  He s a i d  t h a c  " c u r r e n t  information appea r s  to  i n d i c a t e  

t h a t  ( r e c e n t )  i n c r e a s e s  ( i n  n i c r a c e  n i c rogen  i n  r i v e r  wacer)  a r e  p r i m a r i l y  

a s s o c i a t e d  wich t h e  i n c r e a s i n g  i n t e n s i t y  of and /o r  improvement i n  a r a b l e  

farming i n  t h e  r e g i o n  i n  t he  l a s t  twenty yea r s " .  The n i c r a c e  n i t r o g e n  concent  

of r a i n f a l l  i s  m d e s t .  Yean c o n c e n t r ~ c i o n s  of 1 .09  ( 6 . 8  kg/ha/annum),  0 .93  

(5 .1  kglhalannum) and 1 .17  n g / l  ( 6 . i  kg/ha/annum) f o r  s i t e s  i n  south-easc  

England have been  reporced  by Will iams (1976) f o r  t h e  p e r i o d  1969-73. Troake 

and Wal l ing  (1975) measured a  concenc ra t i on  of 0 .25  mgil  (2.75 kg/ha/annum) 

For a  n a r i t i m e  l o c a t i o n  i n  S.V. England and 0.1-4.5 mg/l has  been  quoted  a s  

the  range  f o r  t h e  U.K. (Greene,  1978) .  

The n i t r a t e  i n p u t s  co Loch Leven have been monicored by Xolden (1976 ) .  

He found t h e  i n f l u e n t  screams to  be t he  major sou rce  of n i t r o g e n .  The i r  

a g r i c u l t u r a l  catchments produced n i t r s g e n  y i e l d s  t e n  t imes those  of u n c u i c i v a t e a  

aoo r l and  screams.  He e s t i m a t e d  cha t  che annual  l o s s  of n i t r a c e  of 33 kgiha  

iras p o s s i b l y  more t han  one c h i r d  of t he  n i t r a c e  a p p l i e d  through fertilizer. 

Troake r t  a l .  (1976) found thac  f o r  :he p e r i o d  1971-7L t h e  N load  of two 

r x p e r i w n t a l  catchmencs vh i ch  a r e  f r e e  s f  sewage e f f l u e n t  d i s c h a r g e s  was 

50 p e r c e n t  and 76 p e r c e n t  of f e r t i l i z e r  a p p l i c a t i o n ;  t he  former f i g u r e  

d e r i v i n g  from a  catchment wich particularly shorK sceep  s l o p e s  whish would 

favour  = ransmi s s ion  of s o i l  wa t e r  t o  :he s t r e a m  as  chrougnflow. An a n a l y s i s  

of t h e  ~ u t r i e n c  budget  of h l d e r f e n  aroad  i n  E a s t  . h g l i a  ( P h i l l i p s ,  1977) 

r e v e a l e c  :hat " i n p u t  of n i c r a t e  ~ i c r o g e n  v i a  t h e  i n f l ow  was the  n o s t  imporcant  

sou rce  2 i  n i r r o g e n  ... Yaximum n i t r a c e  n i t r o g e n  i n p u t  s c c u r r e d  d u r i n g  

Yovember due ro a  ,rery h i sh  concenc ra t i on  . . . (i; n g i l )  3:ombined wich a h igh  

fiow race" .  



The evidence ,  t h e r e f o r e ,  po in t s  c l e a r l y  to  farmland a s  :he n a j o r  source  

of n i t r a t e  i n  B r i t a i n ' s  r i v e r s  but  the evidence does not  p inpo in t  f e r t i l i z e r s  

a s  t h e  major source .  The e f f i c i e n c y  of n a t u r a l  n i t r a t e  product ion  by 

m i n e r a l i z a t i o n  and a n m s p h e r i c  f i x a t o n  and the r a p i d i t y  of r a inwa te r  l each ing  

v e r e  d rama t i ca l ly  d e w n s t r a t e d  by s t u d i e s  of t he  e f f e c t s  of t h e  1976 drought  

and the  subsequent v e t  m n t h s .  The per iod Xay 1975 - .9ugust 1976 v i t h  757 nrm 

of r a i n f a l l  over  England and Wales was the  d r i e s t  16 month per iod s i n c e  

r eco rds  began i n  1727 and has  a  r ecu r rence  i n t e r v a l  af nore  than 1000 yea r s .  

?fany r ive r f lows  v e r e  lover  than eve r  recorded be fo re ,  o f t e n  f o r  6  months o r  

more. The e s t ima ted  recharge  f o r  many U.K. a q u i f e r s  has  an e s t ima ted  r e t u r n  

per iod of 1  i n  100 yea r s  (Cen t r a l  Water Planning Un i t ,  1976) .  

Wri t ing  about the Anglian Water Author i ty  a r e a ,  Davies (1978) s a i d  

" the  most no tab le  change i n  the  q u a l i t y  of r i v e r  v a t e r  dur ing the  (pos t -drought)  

pe r iod  vas  the  r ap id  inc rease  i n  the concen t r a t ion  of n i t r a t e s  . .. i n  s u r f a c e  

v a t e r s  ... one r i v e r  reached 40 mg/l n i t r a t e  n i t r o g e n ,  while concen t r a t ions  

between 20 and 25 mq/l v e r e  not  uncouxnon". The coincidence  of s u s t a i n e d  high 

n i t r a t e  concen t r a t ions  v i t h  h igh f l w s  gave an extremely l a r g e  t o t a l  d i s cha rge .  

Davies argued :hat t he  sho r t age  of s-r r a i n  l imi t ed  n i t r a t e  uptake by c rops ,  

and inc reased  n i t r o g e n  f i x a t i o n  i n  the s o i l  because of the h igh tempera tures  

conspi red  t o  provide  a  l a rge  s t o r e  of n i t r a t e  xhich  was leached from the 

s o i l  by v i n t e r  r a i n f a l l .  Creene (1978) provided a t a b l e  of d a t a  f o r  the  

h g l i a n  a r e a  and showed f o r  i n s t a n c e  :hat a t  Bucklesham (F igu re  3) the  

n i t r a t e  a i t r o g e n  was between 28.0 and 30.0 mq/l f o r  t he  whole pe r iod  1:10:76 

t o  31:3:77. U a l l i n g  and F o s t e r  (1978) ,  vorking i n  the  Exe b a s i n  i n  5 . 1 .  England. 

found t h a t  dur ing the  o n s e t  of :he ?ost-drought r a i n f a l l ,  n i t r a t e  l e v e l s  reached 

l e v e l s  $5 t imes h ighe r  than i s  normal f o r  t h a t  r i v e r  a t  t h a t  :ime of yea r .  

I n  a  t i l e  d r a i n  o u t l e t  they recorded 903.6 mg/l n i t r a t e  n i t rogen .  They too 

argued t h a t  t hese  l e v e l s  a r e  r e l a t e d  t o  the  i n f luence  of t he  extreme drought 

on m i n e r a l i z a t i o n  and n i t r i f i c a t i o n  processes  v i t h i n  the s o i l .  



The f o r e g o i n g  d i s c u s s i o n  p r o v i d e s  no c l e a r  e x p l a n a c i o n  of che undoubted 

r i s e  i n  n i c r a t e  l e v e l s  i n  many U.K.  sc reams o v e r  t h e  l a s e  decade  a l t h o u g h  

a g r i c u l t u r a l  l a n d  is  c l e a r l y  i d e n c i i i e d  a s  che s o u r c e  of che l a r g e  w i n c e r  

c o n c e n t r a t i o n s  of  n i c r a t e .  P e r e i r a  (1976) i n  c o n c l u d i n g  t h e  seminar  an  

A g r i c u l t u r e  and Water Q u a l i c y  s a i d  "agriculture does  ... c o n c r i b u c e  s u b s t a n c i a l  

q u a l i c i e s  of N ... t o  che w a t e r  supply  ... some o f  t h e  Y comes from f e r t i l i z e r s  

. .. t h e  main problem i s  chac fanned  cacchments c a n  no l o n g e r  b e  r e l i e d  on  co 

be low enough i n  n i c r a t e s  f o r  u s e  i n  d i l u t i o n  of u r b a n  sewage and i n d u s i l r i a l  

w a s t e s " .  Whac o t h e r  mechanisms might  e x p l a i n  che r i s e  i n  n i t r a t e s ?  Two have 

been  suggesced .  F i r s c ,  P e r e i r a  (1976) a rgued  chac  a  major  i n p u t  of n i t r a t e  

i n t o  che s o i l  s y s t e m  is t h e  p loughing  of legumes o r  g r a s s  swards .  He s a i d  

che n i c r a t e  i n p u t  was " f a r  more chan t h e  f a r m r  can a f f o r d  co a p p l y  from t h e  

bay". Cooke (1976) r e p o r t e d  c h a t  ?,GO0 kg Y/ha was r e l e a s e d  i n  t h e  f i r s t  

12 y e a r s  a f t e r  p loughing  v e r y  o l d  g r a s s .  T h i s  sechanism,  d u r i n g  che p loughing  

up of g r a s s l a n d  d u r i n g  1939-46, has  been advanced :o p a r t i a l l y  e x p l a i n  r e c e n t l y  

noced i n c r e a s e s  i n  n i t r a t e  concent  i n  groundwater  (Young and H a i l ,  1977) .  

However, t h e r e  have b e e n  no e q u i v a l e n c  land  use  changes of  c h a t  s c a l e  c h a t  

would e x p l a i n  che c u r r e n c  r i s e s  i n  s u f a c e  v a c e r  n i c r a t e  concentrations. 

Second,  che e x t e n s i o n  s f  f i e i d  u n a e r l r a i n a g e  has  c o i n c i d e d  wich boch i n c r e a s e s  

Ln f e r t i l i z e r  usage and r i s i n g  n i t r a t e  l e v e l s  i n  sc reams.  Xoreover ,  

{underdra inage  has  been s o s c  e x t e n s i v e  i n  t h e  souch  and e a s t  wnere c h e r e  

is  the h e a v i e s c  r a c e  of a p p l i c a t i o n  a f  X f e r t i l i z e r .  There is  e v i d e n c e  

co supporc  t h i s  view from s o i l  s c i e n c e  s c u d i e s .  ' da te rs  (197;) h a s  shown 

how s o i l  t emperacure  i s  h i g h e r  i n  s p r i n q  on d r a i n e d  :and :han a n  undra ined  

land .  She showed, by means ~ f  a  d e r i v e d  r e l a c i o n s n i p  S e w e e n  b a c t e r i a l  

a c c i v i c ~  and t e m p e r a t u r e ,  cha t  u n d e r d r a i n a g e  mighc i n c r e a s e  peak b a c t e r i a l  

a c t i v i c y  by 1.5 r imes.  S i m i l a r l y ,  Young and H a l l  (1977) conc luded  from a 

l i c e r a c . ~ r e  rev iew c h a t  a "?renounced r e l e a s e  of n iczoqen  from s o i l  o c c u r s  

v i c h  t h e  ... i q r o v e m e n c  i n  cne d r a i n a g e  a f  wee s o i l s " .  They a l s o  found 



chat " r e t e n t i o n  of n i t rogen  i n  s o i l  i s  promoted by the absence of a e r a t i o n " .  

A f i n a l  p i ece  of c i r c u m s t a n t i a l  evidence i s  che inc idence  of very  high 

n i t r a t e  concen t r a t ions ,  quoted above, f o r  t i l e  d r a i n  o u t l e t s .  

There i s  a dea r th  of publ ished s t u d i e s  on the  n u t r i e n t  e f f e c t s  of 

underdra inage .  Work, though, i s  underway j o i n t l y  between the  I n s t i t u t e  of 

Hydroloqy and the  X i n i s t r p  of Agr i cu l tu re ,  F i s h e r i e s  and Food ( I n s t .  of 

Hydrology. 1978) w i th  a lys inre ter  experiment ac  P1:mlirnon. a catchment s c a l e  

s tudy  of wa te r  q u a l i t y  and f e r t i l i z e r  use a t  Shenlev Brook End i n  Cen t r a l  

England and a s t u d y  of d ra ined  and undrained p l o t s  nea r  Grendon Underwood. 

CONCLUSION 

A g r i c u l t u r a l  p r a c t i c e s  do,  c l e a r l y ,  modify the  hydro log ica l  regime i n  

the  United Kingdom. The high r a t e  of evapora t ion  observed from water  he ld  

i n  i n t e r c e p t i o n  s t o r a g e  i n  t r e e s  exp la ins  why afforestation reduces water  

y i e l d  i n  upland a r e a s  where r a i n f a l l  i s  f r equen t  and p l e n t i f u l .  Given the 

economic and s i l v i c u l t u r a l  need t o  g r w  c o n i f e r s  t he re  i s  l i t t l e  chat can be 

done t o  m i t i g a t e  t h i s  l o s s  i n  y i e l d  o t h e r  than t o  take  note  of i t  f o r  t h e  

des ign  of water  resource  svscems. Land dra inage  does not i nc rease  the 

magnitude of f lood f l o v s ,  indeed the presence of s o i l  s t o r a g e  can reduce the  

s i z e  of moderate f loods .  F i e ld  underdra inage  can 3e very succes s fu l  i n  

reducing ti-e water  t a b l e  i n  many s o i l s  bu t  i t s  b e n e f i c i a l  e f f e c t s  a r e  not  

l a r g e  everywhere. The e x i s t e n c e  of ex t ens ive  underdrainage appears  co 

marginal ly  i nc rease  low Plows i n  s t reams.  Land d ra inage  and r i v e r  improve- 

ment works reduce ,  and may d e v a s t a t e ,  t he  na tu re  conse rva t ion  i n t e r e s t  of 

an a r e a .  There i s  a need f o r  c l o s e  c o n s u l t a t i o n  and l i a i s o n  between 

engineers  and e c o l o g i s t s .  The e s t a b l i s b w n t  of e c o l o g i c a l  and hydrau l i c  

c r i t e r i a  f o r  r i v e r  improvement vorks  would be u s e f u l .  



I n c r e a s i n g  c o n c e n t r a t i o n s  ~ f  n i t r a t e  n i t r o g e n  i n  s u r f a c e  v a t e r s  i s  

one of  t h e  m s t  p r e s s i n g  problems f a c i n g  t h e  w a t e r  i n d u s c r y  i n  the  U . K .  

Heavy o r  ill- t imed d r e s s i n g s  of f e r t i l i z e r  c a n  produce h igh  r a t e s  of n i t r a c e  

l e a c h i n g .  There i s  no c o n c l u s i v e  proof t h a t  t h e  e v e r - i n c r e a s i n g  u s e  o f  

n i t r o g e n o u s  f e r t i l i z e r  is  d i r e c t l y  r e s p o n s i b l e  f o r  t h e  i n c r e a s e  i n  n i t r a t e  

observed  i n  sc reams,  b u t  a l l  s t u d i e s  of  f e r t i l i z e r  use show an  incomple te  

upcake by t h e  c r o p .  I n v e s t i g a t i o n s  of u n f e r t i l i z e d  s o i l s  do show s u b s t a n t i a l  

y i e l d s  of  n i t r a t e  i n  d r a i n a g e  w a t e r  and t h e  wet months a f t e r  t h e  1976 d r o u g h t  

a t t e s t e d  co t h e  e f f i c i e n c y  of n a c u r a l  f i x a t i o n  and P i n e r a l i z a t i o n .  There is 

c i r c u m s t a n t i a l  and s c i e n c i f i c  e v i d e n c e  t o  s u g g e s t  t h a t  f i e l d  u n d e r d r a i n a g e  

i s  a  s i g n i f i c a n t  f a c c o r  i n  i n c r e a s i n g  t h e  movemenc a f  s o i l  n i t r a c e s  i n t o  

s t r e a m s ,  b u t  a  dearch  of r e s e a r c h  s n  :his  s u b j e c t  p r e v e n t s  d e f i n i t i v e  
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ABSTRACT 

T h e i n c r e a s e d  use  o f  i n o r g a n i c  fertilizers r a i s e d  n o t  o n l y  
t h e  c r o p  y i e l d s  b u t  a l s o  t h e  l e v e l s  o f  phosphorus  and po ta s s ium 
i n  t h e  s o l l .  I t  was proved t h a t  n i t r o g e n  i n  t h e  s o i l  c o u l d  n o t  
be i n c r e a s e d  by i n o r g a n i c  f e r t i l i z e r s  a l o n e .  The r a t e  o f  t h e  
n i t r o g e n  l o s s  from t h e  s o l 1  r o s e  w i t h  t h e  increasing a s e  o f  
n i t r o g e n  f e r t i l i z e r s .  A p a r t i c u l a r  p o r t i o n  o f  t h e  n i t r o g e n  
l o s s  o c c u r r e d  th rough  t h e  l e a c h i n g  o f  n i t r a t e s ,  t h u s  p o l l u t i n g  
g roundwa te r .  

I t  was groved t h a t  t h e r e  was h a r d l y  any chance  o f  ? r e v e n t i n g  
t h e  w a t e r  p o l l u t i o n  by n i t r a t e s  i f  t h e r e  was n i t r a t e  p r e s e n t  i n  
t h e  s o i l  which markedly  exceeded  t h e  u p t a k e  by p l a n t s .  The 
r e g u l a t i o n  o f  t h e  use  o f  n i t r a t e s  seems t o  be  t h e  o n l y  meaning- 
f u l  way o f  p r e v e n t i n g  t h e i r  migration i n t o  deep  s o i l  h o r i z o n s  o r  
i n t o  g roundwa te r .  

Three  modes o f  p o s s i b l e  n i t r i f i c a t i o n  p r e v e n t i o n  i n  
C z e c h o s l o v a ~ i a  were  examined:  l a )  a p p l i c a t i o n  o f  n i t r i f i c a t i o n  
l ~ i b i t o r s ;  ( b )  a p p l i c a t i o n  o f  s l o w - r e l e a s e  n i t r o g e n  f e r t i l i z e r s ;  
( c )  b i o c h e m i c a l  n i t r o g e n  i m m o b i l i z a t i o n .  The l a s t - m e n t i o n e d  
gave t h e  h i g h e s t  r e l i a b i l i t y ,  and  t e c h n o l o g i c a l  and  economic 
efficiency. 

The c o n d l t l o n s  f o r  b lochemlca l  N- lmmobl l l za t lon  were  s t u d l e d  
l n  d e t a l l .  'Pdo r e g u l a t o r y  p r l n c ~ p l e s  were described: ( 1 )  t h e  
C: Ngrg. r a t l o  I n  t h e  s o l l ,  a s  a  r e g u l a t o r y  f a c t o r  f o r  l l n k a g e  
o f  n l t r o g e n  t o  t h e  o r g a n l c  c a r b o n  s k e l e t o n ;  and ( 2 )  t h e  amount 
o f  f r e e  e n e r g y  liberated by e x e r g o n l c  r e a c t l o n s  t o  c o v e r  t h e  
ene rgy  demand o f  t h e  e n d e r g o n l c  a m l n a t l o n  r e a c t l o n  o f  I- 

o x o g l u t a r a t e  r e a c t l o n s  . 



INTRODUCTION 

The amount of i n o r g a n i c  f e r t i l i z e r s  a p p l i e d  i n  Czechoslovakia  
and nany o t h e r  c o u n t r i e s  has  i n c r e a s e d  t o  an unforeseen e x t e n t .  
Along w i t h  t h l s  i n t e n s i f i c a t i o n  of  s o l 1  f e r t i l i z a t i o n ,  t h e  c rop  
y i e l d s  and t h e  amounts of a v a i l a b l e  n u t r i e n t s  i n  t h e  s o i l  a l s o  
increased ( F i g u r e s  1 - 3 ) .  I t  i s  p o s s i b l e  t o  conclude from t h e s e  
f i g u r e s  t h a t  t h e  i n c r e a s i n g  l o a d s  o f  i n o r g a n i c  f e r t i l i z e r s  have 
been u t i l i z e d  e i t h e r  t o  l n c r e a s e  c r o p  y i e l d s  o r  t o  improve s o i l  
f e r t i l i t y .  However, t h i s  r e f e r s  o n l y  t o  phosphorus and potass ium.  
The o v e r a l l  n i t r o g e n  ba lance  is r a t h e r  bad. The amount of n i t r o g e n  
n c t  be ing  u t i l i z e d  by c r o p s  and/or n o t  be ing  accumulated i n  t h e  
s o i l  grows w i t h  i n c r e a s i n g  N-fertilizer doses .  This  is  r e l a t e d  
t o  t h e  s p e c i f i c  agro- and b iochemis t ry  of  n i t r o g e n  i n  s o i l .  

Ni t rogen may be  r e a d i l y  accumulated i n  t h e  s o i l  i n  t h e  
form o f  non-soluble  o r g a n i c  s u b s t a n c e s - - s o i l  humus. The degree  
t o  which t h i s  t y p e  of  n i t r o g e n  i s  accumulated i n  t h e  s o i l  i s  
l i m i t e d  by t h e  p roper  C:N r a t i o .  I t  has  never  been observed 
t h a t  t h e  C:N r a t i o  i n  s o i l  humus exceeded t h e  va lue  of  1 0 .  I f  
t h e  r a t i o  o f  t h e  e n t i r e  c o n t e n t s  of  o r g a n i c  carbon and t o t a l  
n i t r o g e n  drops  below 1 0 ,  a  p a r t  of  t h e  n i t r o g e n  remains i n  an 
i n o r g a n i c  s t a t e .  A l l  t h e  i n o r g a n i c  compounds of  n i t r o g e n  t end  
t o  o x i d i z e  t o  n i t r a t e s .  The a n i o n i c  forms of  n i t r o g e n  a r e  n o t  
adsorbed  by s o i l  p a r t i c l e s  and move i n  s o i l  a s  t h e  wa te r  moves. 
I n  t h e  w a t e r  s a t u r a t e d  s t a t e  t h e y  migra te  i n  s o i l  s o l u t i o n  
accord ing  t o  t h e  d i f f u s i o n  laws and t h e i r  d i s t r i b u t i o n  c o r r e s -  
ponds t o  t h e  randomizat ion p r i n c i p l e .  Accordingly, t h e  s o i l  
n i t r a t e  can  reach  t h e  s u b s u r f a c e  wa te r  t a b l e  n o t  o n l y  under 
humid c o n d i t i o n s  b u t  a l s o  i n  a  semi -a r id  c l i m a t e .  

The exper imenta l  r e s u l t s  and e x p e r i e n c e  t o  d a t e  l e a d  one 
t o  b e l i e v e  t h a t  it cou ld  h a r d l y  be p o s s i b l e  t o  p reven t  t h e  
migra t ion  o f  n i t r a t e s  through t h e  s o i l  p r o f i l e  once n i t r a t e s  
have been p r e s e n t .  Fur thermore,  t h e  r e d u c t i o n  of  n i t r a t e s  t o  
a  c a t i o n i c  form of  n i t r o g e n  o r  t o  organic-N compounds is ex- 
t r emely  d i f f i c u l t .  This  i s  why, f o r  many y e a r s  now, t h e  emphasis 
has  been on d i s c o v e r i n g  methods f o r  p reven t ing  an e x c e s s  o f  
n i t r a t e s  i n  s o i l .  S e v e r a l  methods and t e c h n o l o g i e s  were examined. 
Some promising methods, e  .g.  t h e  a p p l i c a t i o n  of  slow r e l e a s e  
N- fertilizers and t h e  a p p l i c a t i o n  of  n i t r i f i c a t i o n  i n h l b i  t o r s ,  
f a i l e d  t o  y i e l d  s a t i s f a c t o r y  r e s u l t s ,  because they  a r e  very 
expens ive ,  produce on ly  shor t - t e rm e f f e c t s ,  sometimes d e c r e a s e  
t h e  y r e l d s  of  c r o p s ,  and fu r the rmore  i n t r o d u c e  i n t o  t h e  s o i l  
some f o r e i g n  c o n s t l t u e n t s  r n o s e  e f f e c t s  on t h e  environment a r e  
no t  known. 

3n t h e  o t h e r  nand, d e s p l t e  t h e  i a r g e  amounts of  eneray  
necessitated by t h e  use  of a l r ~ l a n e s  f o r  f e r t l l l z e r  a p p l l c a t l o n ,  
t h l s  treatment proved profitable f o r  smal l  i o a d s  of  N-fer- 
c l l l z e r  wnen t h e r e  were hlgh c r o p  s t a n d s .  L ~ q u ~ d  forms of  N- 
f e r t l l l z e r s  were p r e f e r r e d  (nitrates + amrnonla - u r e a ) .  Zood 
c r o p  responses  were a c h ~ e v e d  f o r  t h e  n l r r o g e n  a p p l i e d  and very 
l l t t l e  was l eached  ( F l g u r e  4 )  . Thls  method had t h e  f u r t h e r  
advan tageof  a l lowlng  c;ne t o  determine a c c u r a c e i y  che N-loads. 
The i reather  c o n d l t l o n s  u s u a l l y  vary markedly rn i l f f e r e n t  y e a r s .  
Thls  r s  wny t h e  n l t r o g e n  transformation and :ts resolution from 
3011 resources  a r e  never  the  same rn r n d l v ~ d u a l  y e a r s .  I n  wet 
y e a r s  a d d ~ t l o n a l  N - f e r t l l l z a t l o n  c a n ,  z n e r e f o r e ,  be o m l t t e d .  
Thls  ? r e v e n t s  wa te r  p o l l u t ~ o n  from n l t x a t e s  and s a v e s  lmneces- 
s a r y  n l t r o g e n  f e r t l l l z l n g  ( 7 r g u r o  5 )  . 





F i g u r e  2 .  Phospho rus  a v a l l a b l e  t o  p l a n t s  Ln 2 z e c h o s l o v a k l a n  
s o l l s .  P e r c e n t a g e  s f  s o l l s :  A - p o o r ,  B - :ood, 
C - r l c h  in a v a l l a b l e  p h o s p h o r u s ;  a  - a a l z e  p roduc -  
t l o n  zone ,  5 - s u g a r  o e e t  p r o d u c t l o n  z o n e ,  c - p o t a t o  
p r o d u c t l o n  zone  
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i g u r e  4 .  Yie ld  r e sponse  (A) t o  N - f e r t i l i z i n g  - 150 kg.  N 
p e r  ha t o  s p r i n g  wheat and l e a c h l a g  of N (B); 
(a) s i n g l e  l o a d  i n  s o l i d s ,  (b) d i v i d e d  l o a d :  - 5 0 %  i n  s o l i d s  b e f o r e  v e g e t a t i o n  
- 5 0 %  i n  l i q u i d s  d i v i d e d  i n  t h r e e  e q u a l  p o r t i o n s  

a t :  s tem f o r m a t i o n ,  e a r  s h o o t i n g  and f l o w e r i n g  



Figure  5 .  The e f f e c t  o f  ( a )  s i n g l e  150 k g ,  ib) d i v i d e d  
150 kg and ( c )  d i v i d e d  reduced 125 kg l o a d s  of 
n i t r o g e n  on tie ; ~ l e l d  a£  s p r l n g  wheat i n  "dry"  
( A )  and "wet" i a ) years  



The b i o c h e m i c a l  i m m o b i l i z a t i z n  o f  arrnonia o f f e r e d  t h e  mst  
e f f e c t i v e  and r e l i a b l e  a e t h o d  f o r  p reven tLnq  t h e  f o r m a t i o n  o f  
n i t r a t e s .  O r g a n i c  m a t t e r  c a n  a c c u m u l a t e  n l r r o q e n  substances 
I n  t h e  s o i l  and  t h u s  p r e v e n t  t h e i r  l e a c h l n q  ( F i g u r e s  6 - 9 ) .  
Crop y i e l d s  have  been a d v e r s e l y  a f f e c t e d  by t h e  b i o c h e m i c a l  
n i t r o g e n  i m b i l i z a t i o n , S u t  o n  the o t h e r  hand,  t h e  s u b s e q u e n t  
m i n e r a l i z a t i o n  f u r n i s h e s  t h e  r o o t s  o f  c r o p s  w i t h  a  r e a d i l y  
a v a i l a b l e  and s t a b l e  s u p p l y  o f  n i t r o g e n  compounds. T h i s  eco-  
l o g i c a l  dependence  o f  t h e  r e m i n e r a l i z a t i o n  o f  immobi l i zed  
n i t r o g e n  is v e r y  u s e f u l  f o r  t h e  p h y s i o l o q l c a l  n e e d s  o f  growing 
p l a n t s .  

O r q a n l c  s u b s t a n c e s  e x e r t  a  d o u b l e  e f f e c t  on  n i t r o g e n  
l m m b l l i z a t i o n :  

! 1 )  They a r e  e s s e n t i a l  f o r  t h e  f o r m a t i o n  o f  c h e m i c a l  bonds 
be tween t h e  ca rbon  c h a i n  and n i t r o g e n .  I n  s p i t e  o f  
t h e  f a c t  t h a t  m n y  n i t r o g e n - r i c h  compounds may be  
formed,  t h e  accumulation o f  D r q a n l c  n i t r o g e n  d o e s  n o t  
exceed  10 2 e r c e n t  o f  t h e  t o t a l  c a r b o n  accumula t ed  
( F i g u r e  6 )  . 

( 2 )  The e x e r g o n i c  r e a c t i o n s  b a s e d  on  t h e  decompos i t i on  o f  
o r g a n i c  m a t t e r  a c t  a s  f u e l  f o r  t h e  e n d e r q o n i c  s y n t h e s r s  
o f  p r i m a r y  n i t r o g e n o u s  compounds : 

R.C0.COOH+NH3 + NADPH2 + ATP - - R.CH. COOH + NADP + ADP 7 ? . 

where:  

R.CO.COOH - any o r g a n i c  3-0x0 a c i d  ( p r e f e r a b l y :  
2-0x0 q l u t a m l c  o r  o x a l a c e c i c  a c i d s )  

NH - ammonia  on ( N H ~  i n  f a c t )  

NADPH2 - nicotinamide-adenln-dlnucleoprote~de- 
phospha te - r educed  form ( b r i e f l y :  coenzyme 
I1 - r s d . )  

NADP - coenzyme I1 - o x i d i z e d  form 

A TP - a d e n o s i n e  t r l p h o s p h a t e  ( c o n c a i n l n q  ene rgy -  
r l c h  p h o s p h a t e  bond)  

XDP - a d e n o s i n e - d i p h o s p n a t e  ' w i t h  t h e  Loss o f  
o n e  p h o s p h a t e  form AT? t h e  e n e r g y  o f  the 
" e n e r g y - r l c h "  bond i s  b e l n q  t r a n s p o r t e d )  

'i - i n o r g a n i c  phosphace  ( o r t h o p h o s p h a t e )  

R.CH.COOH - r-amino a c i d  f o r n e d  by t h e  s i m u l t a n e o u s  
! t h r e e - s t e p  ?recess: 

NH 
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( 1 ) r e d u c t l o n  o f  t h e  I -ketogroup o f  I- 

oxoac id  by NXDPH2, and p a r t l y  by N H 3  

( 2 )  s u b s t i t u t i o n  of one  3-atom i n  t h e  
1 - p o s i t i o n  o f  t h e  newly formed f a t t y  
a c i d  by - N H Z  g roup  

( 3 )  h y d r o l y s i s  o f  ATP by t h e  evo lved  g20  
w i t h  t h e  f o r s a t i o n  o f  ADP and ? i  
and t h e  liberation o f  " f r e e  ene rgy"  
needed f o r  t h e  i n c o r ? o r a t i o n  o f  -NH2 
group ( n o t e :  t h e  f r e e  +nergy  o f  
NADPH2 - r e d u c t i o n  i s  no t  l i b e r a t e d :  
i t  i s  d i r e c t l y  consumed i n  che coupled 
r e a c t l o n  s f  t h e  0x0-acld  r e d u c t i o n )  

The ene rgy  i n p u t  i n  t h i s  o v e r a l l  r e a c t i o n  may be c a l c u l a t e d  
a s  : 

AT? + H20 - A D P + P i +  7 . 3  k c a l  

In  calculating t h e  e n t i r e  f r e e  cne rgy  demand f c r  one 
molecule  o f  ammonla a t  6 0  k c a l ,  no more Enan 3 p e r c e n t  o f  the  
f r e e  onergy f o r  t h e  n l t r o g e n  i m m o b ~ l l z a t l o n  ,das over  . x e d  o f  
t h e  t o t a l  s n e r g y  l i b e r a t e d  by s x e r g o n l c  p r o c e s s e s .  G e n e r a l l y ,  
t h i s  ? e r c e n t a g e  was much lower i n  o u r  e x p e r i m e n t s ,  u s u a l l y  2  
t o  3 p e r c e n t  under f a v o r a b l e  conditions, o r  z e r o  under  l e s s  
f a v o r a b l e  o o n d i t r o n s  . 

The p r l m a r l l y  formed 2 - s m n o  a c l d s  i g l u t a m l c  o r  a s p a r t l c  
acids) a r e  t r ans fo rmed  t o  secondary  amlno a c l d s  oy t r ansamlna-  
t l o n  reactions, evidently w l t h o u t  any f r e e  ene rgy  l n p u t .  S u t  
t n e  ? r e c u r s o r s  f o r  t h e  secondary  arnlno a c l c s  a r e  Formed Sy t h e  
l l v l n g  c e l l s  according t o  t h e l r  own s p e c l f l c  regulation mecna- 
nlsms. The t o t a l  ene rgy  l n p u t  1s che c o n t r o l i l n g  f a c t o r  re-  
g a r d l n g  t h e  e l e c t ~ o n  o f  L5e a i t e r n a t l v e  m e t a ~ o l l c  pathways a s  
w e l l  a s  t h e  t o t a l  Slomass I n c r e a s e .  

The ~ n d i v i d u a l  m e t a b o l i c  pathways v a r y  i n  e f f ~ c i e n c y  w l t h  
r e g a r d  t o  t h e  ene rgy  demand f o r  production of  t h e  same n e t a b o l l t e  
( o r  p r e c u r s o r ,  o r  i n t e r m e d i a t e ) .  Some h i c h i y  s t a b l l l z e d  a e t a -  
b o l i t e s  ( e . g .  a r o m a t i c  and /o r  h e t e r o c y c l i c  zompounds) a r e  l i n k e d  
t o  a  .ler:/ l i m i t e d  number o f  metabolic pathways ( e . g .  ?en toso -  
phospha te  p a t h w a y ) .  Th i s  makes ~t c l e a r  t h a t  t h e  ene rgy  con- 
trolling a u c o r e g u l a t i o n  aecnanlsms such a s  Y A D H 2  : NAD (similar- 
l y :  NADPH2 : NADP) and XTP: ADP i e v e n t u a l l y :  XTP : P i )  a r e  ve ry  
important no t  o n l y  f o r  t h e  e n t l r e  i o c e s s  o f  n l t r o g e n  immobillza- 
t i o n  b u t  a l s o  f o r  t h e  stability i i . ~ .  t h e  a b l i i t y  t o  w i t h s t a n d  
t h e  a t t a c k  o f  s o i l  s l c r o o r g a n l s r n s )  o f  t h e  newly formed n i t r o -  
genous s u b s t a n c e s  and ,  hence ,  For t h e  r a t e  o f  t h e l r  breakdown. 
These Fac t s  e n a b l e  us t o  under s t and  e a s l l y  t h a t  ecological 
f a c t o r s  a r e  a l s o  significantly e f f e c t i v e  i n  t h e  c o n t r o l  o f  t h e  
e x t e n t  o f  n i t r o g e n  immobi l i za t ion  and o f  t h e  p e r c e n t a g e  o f  f r e e  
energy u t i l i z a t i o n  f o r  t h i s  i m m o b i l i z a t i o n ,  a s  w e l l  a s  i n  t h e  
c o n t r o l  o f  n i t r o g e n  r m n e r a l i z a t i o n .  



Under comparable  s o l 1  and weacher conditions, t h e  sxten:  
of  Y - l . m o b ~ i ~ z a t l o n  r n c r e a s e d  r l t h  i n c r e a s l n q  amounts of  o r q a n l c  
s u b s t a n c e s  e n t e r i n g  t h e  s o l 1  and w i t h  =he  c o n s e q u e n t l y  i n c r e a s e d  
C:X.  r a t l o .  The ? e r c e n t a q e  o f  f r e e  ene rgy  l l t l l i z e d  i n  n i t r o g e n  
lmrnob l l i za t lon  d e c r e a s e d  w i t h  t h e  i n c r e a s e d  amount o f  o r 7 a n i c  
n a t t e r  and increased w i t ?  t h e  i n c r e a s e d  ammonia-N c o n t e n t .  
Slmple o r g a n i c  s u b s t a n c e s  ( s u c h  a s  hexoses )  e n a b l e d  r a p i d  
3 - lmmobl l l za t ion  w l t h  a  h igh c o n t e n t  o f  n l t r o g e n  i n  t h e  newly 
formed s u b s t a n c e s  ( C : N o r q  = 5 - 6 ) ,  b u t  zhese  were r a t h e r  l a b l l e  
and were r a p l d l y  decomposed, o r ,  i f  t h e  conditions were f avoraDln ,  
were p a r t l y  i n c o r p o r a t e d  l n t o  o t h e r  o r q a n l c  s u b s t a n c e s  v i c h  a  
Lower n i c r o q e n  c o n t e n t .  The complex o r g a n i c  m a t t e r  1 sc raw,  
manure, e t c .  ) y l a i d e a ,  w l t h  n i t r o g e n ,  e w  and r e l a t i v e l y  s t a b i e  
o r g a n l c  compounds w i t h  a  C:N r a t i o  o f  a p p r o x l m a t e l : ~  1 0 .  
Y i n e r a l i z a t i o n  of  s o i l  n i t r o g e n  o c c u r s  r e g u l a r l y  a t  t h e  
same r a t e  a s  t h e  . n i n e r a l i z a t i o n  o f  s o i l  c a r b o n .  The produc- 
t i o n  of e v e r y  35 q  C02 i s  accompanied by t h e  m i n e r a l i z a t i o n  o f  
one q  n i t r o g e n  ( C : N  r a t i o  = 1 0 )  . 

The a p p l l c a t l o n  o f  nitrogen rn 'i?e f o m  zf o r q a n l c  rnanurss 
o r  :he a p p l l c a t l o n  o f  i n o r q a n l c  : I - f e r t ~ l ~ z e r s  t o q e c n e r  wlcn 
s t r a w  and /o r  r e l a t e d  orqanl:  n a t t e r  c a p a b l e  3 f  c a u s l n q  n i t r o g e n  
inunob l l l za t lon ,  d e ? r e s s e d  n l c r r f l c a c l o n  and c o n s e q u e n t l y ,  ;he 
n l g r a t l o n  o f  n l t r o q e n  downward rn  t n e  s o l 1  ? r o f l l e .  T?.e ? r o p e r  
relation ~ e t s r e e n  t n e  amount of  o r g a n l c  and l n o r q a n l c  fertilizers 
a p p i l e d  remalns  :he n o s t  s f f e c t l v e  f a c t o r  z o n t r o l l l n q  w a t e r  
? o l l u t l o n  ~y nitrates. 



WATER-RELATED ENVIRONMENTAL PROBLEMS OF AGRICULTURE I N  FINLAND 

Pi rkko  Valpasvuo-Jaatinen 

Nat iona l  Board o f  Waters 
F in land  

ABSTRACT 

I n  F in land  i n t e n s i v e  farming is c o n c e n t r a t e d  mainlv  on t h e  
r a t h e r  d ry  c o a s t a l  a r e a  of South and West F in land .  The wate r -  
c o u r s e s  i n  t h i s  r eg ion  a r e  i n h e r e n t l y  s u s c e p t i b l e  t o  p o l l u t i o n .  

The e v e r - i n c r e a s i n g  e f f i c i e n c y  o f  a g r i c u l t u r a l  p r a c t i c e s ,  
i n  p a r t i c u l a r  t h e  widespread use o f  f e r t i l i z e r s  and t h e  cen- 
t r a l i z a t i o n  o f  d a i r y  farming i n t o  l a r g e  u n i t s ,  emphasizes t h e  
u rgen t  need f o r  wa te r  p o l l u t i o n  c o n t r o l  i n  a g r i c u l t u r e .  I n  some 
c a s e s  t h e  wa te rcourses  o f  a g r i c u l t u r a l  a r e a s  a l s o  s e r v e  a s  raw 
wate r  s u p p l i e s  f o r  c i t i e s .  Problems r e l a t i n g  t o  t h e  uptake o f  
wa te r  occur  p a r t i c u l a r l y  d u r i n g  t h e  f l o o d  season  f o l l o w i n g  t h e  
s p r i n g  thaw. 

Research and p lann ing  i n  t h e  f i e l d  of w a t e r  p o l l u t i o n  con- 
t r o l  i n  a g r i c u l t u r e  h a s  i n  r e c e n t  y e a r s  ga ined  c o n s i d e r a b l e  
importance.  I t  is  impor tan t  t o  d i s t i n g u i s h  between n a t u r a l  load  
and t h e  l o a d  caused by man. Research is  a l s o  be ing  c a r r i e d  o u t  
on t h e  e f f e c t  of non-polnt l o a d i n g  on wate rcourses  and on t h e  
d i f f e r e n t  uses  o f  wa te r .  The r o l e  o f  c u l t i v a t i o n  t e c h n i q u e s  
and of t h e  r e u s e  o f  waste  m a t e r i a l s  is  a l s o  t h e  o b j e c t  o f  in -  
v e s t i g a t i o n .  The use  and d r a i n a g e  c h a r a c t e r i s t i c s  o f  p e s t i c i d e s  
i s  be ing  s t u d i e d .  



WATER RESOURCES AND WATER POLLUTION CONTROL I N  FINLAND 

F i n l a n d ' s  t o t a l  a r e a  i s  337,000 km2. S o i l  d e p o s i t  on t h e  
bedrock i s  t h i n .  T h i r t y f i v e  ~ e r c e n t  o f  -the s o l 1  i s  mora ine ,  
f i v e  p e r c e n t  s and  and g r a v e l ,  f i v e  t o  t e n  F e r c e n t  c l a y  and s i l t ,  
and f i v e  p e r c e n t  exposed bedrock .  P e a t l a n d s  c o v e r  a b o u t  t h i r t y  
p e r c e n t  o f  t h e  c o u n t r y .  

The c l l m a t e  i s  v e r y  mi ld  compared t o  o t h e r  c o u n t r i e s  a t  
t h e  same l a t i t u d e .  Annual p r e c i p i t a t i s n  i s  630 nun, of  which 
one  h a l f  e v a p o r a t e s  and t h e  o t h e r  h a l f  f lows a l o n g  r i v e r s  t o  t h e  
s e a .  G e n e r a l l y  i n  t h e  w a t e r c o u r s e s  w a t e r  f low i s  n e v e r  b roken .  
F u r t h e r ,  r e g i o n a l  p r e c i p i t a t i o n  i s  r a t n e r  e v e n l y  d i s t r i b u t e d  
th roughou t  t h e  y e a r .  

A t o t a l  o f  9.4% of  t h e  s u r f a c e  a r e a  of F i n l a n d  i s  occup ied  
by l a k e s ,  t h e  a v e r a g e  d e p t h  o f  which i s  a b o u t  7  m and t h e i r  
t o t a l  volume a p p r o x i m a t e l y  220 km3. Water r o u t e s  w i t h  many 
l a k e s  a r e  found ma in ly  i n  c e n t r a l  and a a s t e r n  F i n l a n d .  I n  t h e  
s o u t h e r n  and w e s t e r n  c o a s t a l  r e g i o n s  t h e  waterways a r e  by con- 
t r a s t  ma in ly  s m a l l ,  l a k e l e s s  r i v e r s  c h a r a c t e r i z e d  by a b r u p t  
s e a s o n a l  changes  i n  f low volume. The l a r g e s t  r i v e r  waterways 
a r e  found i n  North F i n l a n d .  

F i n n i s h  w a t e r c o u r s e s  a r e  h l g h l y  s u s c e p t i b l e  t o  p o l l u t i o n .  
Reasons f o r  t h i s  i n c l u d e  t h e  h i g h  humus c o n t e n t  and low n u t r i e n t  
and s a l t  c o n c e n t r a t i o n s .  A l o n g  a n n u a l  p e r i o d  o f  f r e e z i n g  o v e r ,  
t h e  s h a l l o w n e s s  o f  F i n n i s h  l a k e s  and s low t u r n o v e r  o f  w a t e r  i n  
t h e  waterways ,  a l l  c o n t r i b u t e  t o  t h e  dange r  o f  p o l l u t i o n .  

The m a l o r l t y  o f  F l n n l s h  w a t e r c o u r s e s  a r e  st111 l n  a nea r -  
n a t u r a l  s t a t e .  However, r e c e n t  decades  have  s e e n  t h e  c e n t r a l l z a -  
t l o n  o f  u r b a n l z a t l o n  and considerable 3rowth o f  l n d u s t r y  and 
l n t e n s l f l c a t l o n  o f  agriculture. T h l s  > a s  Ln some c a s e s  r e s u l t e d  
I n  p o l l u t l o n  and c o n s e q u e n t l y  l n  r e d u c c l o n  l n  t h e  v a l u e  of v a t e r -  
c o u r s e s .  T h e r e f o r e ,  w a t e r  p o l l u t l o n  c o n t r o l  h a s  been important 
l n  F l n l a n d  a l r e a d v  s l n c e  t h e  a l x t l e s .  The d a t e r  l e q l s l a t l o n  l n t r o -  
duced l n  1962 and t h e  N a t l o n a l  Board 3 :  Waters inaugurated l n  1 9 7 0  
compr l se  t h e  l e g a l  and qovernmenta l  a a s l s  f o r  v a t e r  p o l l u t l o n  
c o n t r o l .  The c e n t r a l  alm o f  w a t e r  p o l - u t l o n  c o n t r o l  management 
nas  oeen t o  r educe  t h e  l o a d l n g  c a u s e d  s y  ~ n Z u s r r v  and m u n l c l p a l l -  
t l e s  and t o  h a l t  w a t e r  p o l l u t l o n  a r l s l n g  from t n e s e  s o u r c e s .  
w a t e r  p o l l ~ t l o n  c o n t r o l  n a s  produced some p o s l t l v e  r e s u l t s  l n  
t h e  n l n e t e e n  seventies. Due t o  t h e  reduction of t h e  l o a d  o n l y  
2 %  of  the ,water a r e a  r s  now 3 a d l y  p o l l ~ t e a .  i n  a d d l t l o n ,  
~t 1s estimated t h a t  1 9 %  o f  t h e  v a t e r  3rea  1s t o  some a x t e n t  
? o l l u t e d  by w a s t e w a t e r .  

Reduction I n  w a s t e w a t e r  p o l n t  l o a a l n q  q f  industry and 
m u n l c l p a l l t l e s  .Ids I n c r e a s e d  t h e  relative s l g n l f l c a n c e  of non- 
point l o a d l n g  3nd 3 1 ~ 0  f a c l l l t a t e d  t h e  experimental observation 
o f  t h l s  p a r a m e t e r .  In  T a ~ l e  1 ,  a s t l m a t e s  a r e  g l v e n  of t h e  3on- 
? o l n t  l o a d  and t h e  n u t r l e n t  l o a d  o f  w a s t e w a t e r  d l s c h a r q e .  



T a b l e  1 .  E s t i m a t e s  o f  n u t r i e n t  l o a d  i n  F i n l a n d  b y  
s o u r c e s  o f  l o a d  i n  1975  

P h o s p h o r u s  N i t r o g e n  
t o n s  P/a  t o n s  N / a  

N a t u r a l  l o a d  3 , 3 0 0  7 5 , 0 0 0  

E r o s i o n  

R a i n  a n d  thaw w a t e r  

Non-point  l o a d  b y  human 
a c t i v i t i e s  2 , 5 0 0  

S e t t l e m e n t s  w i t h o u t  
s e w e r  s y s t e m s  

S t o c k  r a i s i n g  a n d  
d a i r y  f a r m i n g  

C u l t i v a t i o n  o f  l a n d  

F o r e s t r y  

T o t a l  o f  n o n - p o i n t  l o a d  5 , 8 0 0  

P o i n t  l o a d  o f  w a s t e w a t e r s  2 ,900  

M u n i c i p a l i t i e s  w i t h  s e w e r  
s y s t e m s  1 , 9 0 0  

I n d u s t r y  1 , 0 0 0  



GENEAWL FEATURES OF FINNISH AGRICULTURE 

F i n l a n d  i s  -the w o r l d ' s  most n o r t h e r l y  c o u n t r y  i n  which 
agriculture has  n o t a b l e  economic s i g n i f i c a n c e .  Some b a s i c  d a t a  
on F i n n i s h  a g r i c u l t u r e  i s  g iven  i n  Table  2 .  C u l t i v a t e d  f i e l d s  
accoun t  f o r  9% of  t h e  t o t a l  s u r f a c e  a r e a  o f  F i n l a n d .  A g r i c u l -  
t u r e  1s most i n t e n s i v e  i n  t h e  c l ay -based  a r e a s  o f  South  and West 
F i n l a n d ,  where a r a b l e  l a n d  t o t a l s  30% o f  t h e  s u r f a c e  a r e a .  A s  
a  whole ,  a g r i c u l t u r e  i n  F i n l a n d  i s  . x i n l y  based  on s m a l l  h o l d i n g s  
and c r o p s  a r e  u s u a l l y  one-family  produce.  Average f i e l d  a r e a  
f o r  t h e  whole coun t ry  i s  1 1  h a ,  i n  t h e  r e g i o n  o f  i n t e n s i v e  farming 
16 h a .  The p r o p o r t i o n  o f  t h e  t o t a l  p o p u l a t i o n  a c t i v e l y  engaged 
i n  a g r i c u l t u r e  is d e c r e a s i n g  c o n t i n u o u s l y ,  a s  i s  t h e  number of 
farmlng u n i t s ,  e s p e c i a l l y  s m a l l  h o l d i n g s .  By c o n t r a s t ,  ave rage  
f i e l d  a r e a  is s lowly  i n c r e a s i n g ,  a l t h o u a h  very  l a r g e  farms a r e  
st111 t h e  e x c e p t i o n .  Only one p e r c e n t  o f  farms have a  f i e l d  
a r e a  o v e r  50 ha .  

A g r i c u l t u r a l  development has  fo l lowed  d i f f e r e n t  l l n e s  i n  
d i f f e r e n t  p a r t s  o f  F i n l a n d .  C u l t i v a t i o n  o f  g r a i n  and t h e  produc- 
t l o n  o f  po rk ,  ch ickens  and eggs  have become t h e  main a c t i v i t i e s  
I n  South and Southwest  F i n l a n d ,  whereas Ln c e n t r a l  and wes te rn  
districts t h e  emphasis i s  more on d a i r y  farming.  I n  t h e  l a t t e r  
a r e a s  meadowland and an ima l  f e e d  c r o p s  a r e  a l s o  o f  impor tance .  

Dairy farming i s  nowadays c a r r i e d  o u t  i n  l a r g e r  u n i t s  t h a n  
i n  p r e v i o u s  y e a r s .  The t o t a l  number o f  cows i n  F i n l a n d  has  
d e c r e a s e d ,  b u t  a  growing number o f  dal-ry farms have more than  
10 cows. About 25% o f  t h e  t o t a l  o f  d a i r y  c a t t l e  a r e  c o n c e n t r a t e d  
l n t o  t h e s e  l a r g e r  u n i t s .  The s i z e  o f  p ig-farming u n i t s  h a s  i n -  
c r e a s e d  even more r a p i d l y .  About 65% o f  t h e  t o t a l  of pork 
p r o d u c t i o n  is from p i g g e r i e s  o f  o v e r  100 p i g s .  The use  of 
meadowland f o r  e n s i l i n g  fodder  has  i n c r e a s e d  by a  f a c t o r  o f  o v e r  
50 d u r i n g  t h e  p a s t  10 y e a r s .  Almost 3,500 m i l l i o n  kg.  o f  f r e s h  
fodder  a r e  produced a n n u a l l y .  

The use o f  a r t i f i c i a l  f e r t i l i z e r s  is  n o s t  widespread i n  
a r e a s  o f  i n t e n s i v e  farming.  3 u r i n g  t h e  season  1977-78 n i t r o g e n  
i N )  iras a p p l i e d  a t  a  l e v e l  o f  80 kg/ha ,  ?nosphorus  ( P 2 0 5 i  76 
kg/ha and po tas s lum (K J )  6 4  kg/ha i n  Southwest  F i n l a n d .  For 
t h e  c o u n t r y  a s  a  whole! t h e  c o r r e s p o n d i n g  f i g u r e s  were 69 k g  
n i t r o g e n ,  5 9  kg phosphorus and 5 2  kg ? o t a s s l u m  ? e r  h e c t a r e .  The 
use  o f  fertilizers i n c r e a s e d  t o  t h e  middle o f  t h e  1 9 7 0 1 s ,  a f t e r  
which t h e r e  has  been a  s l i g h t  d e c l ~ n e .  

Intensively c u l t i v a t e d  f i e l d s  a r e  nowadays n e a r l y  a l l  t r e a t e d  
w i t h  d i f f e r e n t  p e s t i c i d e s .  I n  19 77,  3 e s t l c i d e s  c a l c u l a t e d  a s  
amounts o f  a c t i w  i n g r e d i e n t s ,  were used i n  F i n l a n d  a s  f o l l o w s :  
fungicides 89 t o n s ,  l n s e c t l c i d e s  115 t o n s ,  s t o r a g e  p e s t  r e p e l l e n t s  
18 t o n s ,  h e r b i c i d e s  1 ,100 t o n s  and f o r e s t  h e r b i c i d e s  160 t o n s .  
The chemical  ms t  used ,  a imos t  1,000 t o n s ,  > a s  t!!e h e r b i c i d e  
YCP.3. S i g n i f i c a n t  changes  i n  + h e  use o f  p e s t i c i d e s  have t aken  
p l a c e  d u r i n g  t h e  1970s.  The use  o f  DDT a s  a  p e s t i c i d e  is nowa- 
days s t r l c t l y  f o r b i d d e n .  B l o l o g ~ c a l  p e s t  c o n t r o l  has  become 
i n c r e a s i n g l y  i m p o r t a n t  ! T i i t t a n e n  and 3 l o m a v l s t .  1 9 7 8 ) .  



Table  2. S t a t i s t i c a l  d a t a  on a g r i c u l t u r e  i n  F i n l a n d  i n  
1969 and i n  1977 

- - 

1969 1977 change 5 

Area o f  a r a b l e  l and  1000 ha 2669. 1 2616.2 - 2.0 

Percen tage  o f  t h e  a r a b l e  
l a n d  from t h e  t o t a l  a r e a  X 8.8 8.6 - 2.2 

Percen tage  o f  s u b s u r f a c e  
d r a i n e d  l and  from t o t a l  
a r a b l e  l a n d  P. 18. 2 29.0 +59.3 

Farms ?cS 29 725 7 242682 - 18.4 
C a t t l e  1000 pcs  1981. 3 1762.3 -11.1 

Horses 101.3 29.3 - 71.1 
P i g s  796.9 1143.3 +43.5 

Sheep and lamb 158.9 104.5 - 34.2 
Hens and c h i c k s  7248.0 8689.2 + 19.9 
Milk r e c e i v e d  i n  d a i r y  

p l a n t s  m i l l . 1  2949.30 2821.67 - 4.3 

Meat p roduc t ion  m i l l . k g  208.36 251.89 + 20.9 
S i l a g e  p r o d u c t i o n  1000ha 39.6 204.3 +415.9 

S i l a g e  p r o d u c t i o n  m i l l . k g  548.9 3276. 1 +496.8 

S a l e s  of  f e r t i l i z e r s *  1000 t o n s  

Ni t rogen  N 1 160 168 + 5.0 

Phosphorus P2O5 I 174 142 - 18.4 
Potass ium K~~ 132 126 - 4.5 

Yain nutrients t o t a l  466 4 36 - 6.4 

S a l e s  o f  f e r t i l i z e r s *  kg/ha 

Ni t rogen  N 57- 8 69. 1 + 19.6 
Phosphorus P205 61. 8 58.7 - 5.0 

Potass ium K20 47. 8 51.7 + 8.2 

Hain nutrients t o t a l  167. U 179.5 + 7.2 

* F e r t i l i z a t ~ o n  s e a s o n s  1969-70 and 1977-78 



THE EFFECT OF AGRICULTURE O N  WATERCOURSES AND WATER UTILIZATION 

Research i n t o  t h e  e f f e c t s  and t h o  s o s s i b l e  r e d u c t i o n  o f  
d i s c h a r g e  l o a d i n g  i n  t h i s  c o u n t r y  has  mainly Seen c o n f i n e d  co 
was tewa te r s  o f  i n d u s t r y  and m u n i c i p a l i t i e s .  S i m i l a r  r e s e a r c h  
i n  a g r i c u l t u r a l  and s p a r s e l y  p o p u l a t e d  a r e a s  has  n o t  s o  f a r  
been c o n s i d e r e d .  However, w a t e r  q u a l i t y  r e c o r d s  f o r  t h e  whole 
c o u n t r y  (Laaksonen,  1970; Laaksonen and W a r t i o v a a r a ,  1973) show 
a  s low s l i g h t  i n c r e a s e  i n  e l e c t r i c a l  c o n d u c t i v i t y  and i n  t h e  
c o n c e n t r a t i o n s  o f  both n i t r o g e n  and i n s o l u b l e s .  E m p i r i c a l  
methods have been used i n  an a t t e m p t  t o  e s t i m a t e  t h e  magnitude 
o f  non-point  l o a d i n g  i n  t h e  c o u n t r y  a s  a  whole and a l s o  i n  
s e p a r a t e  d r a i n a g e  a r e a s  ( S l r k k d  , 19 72 1 . The most comprehensive 
s o u r c e  o f  r e s e a r c h  m a t e r l a l  c o n c e r n i n g  non-po in t  l o a d i n g  i n  
F i n l a n d  is  t h e  o b s e r v a t i o n  s e r i e s  o f  s m a l l  h y d r o l o g i c a l  a r e a s .  
Regular  mon i to r ing  o f  w a t e r  q u a l i t y  was commenced i n  t h e  34 
s m a l l  d r a i n a g e  b a s i n s  i n  1962. A r e q u i r e m e n t  f o r  r e s e a r c h  on 
l e a c h i n g  was t h e  c o n t i n u o u s  measurement o f  f low r a t e s .  Observa- 
t i o n s  i n  t h e s e  a r e a s  c o n t i n u e  unchanged. 

Calculations of  l e a c h l n g  v a l u e s  f o r  t h e  e a r s  1962-1968 have 
been published f o r  nutrients ( S l r k k d ,  1972 I , a l k a l l  m e t a l s  
(Kohonen, 1974) ,  and o r g a n l c  m a t e r l a l  (Kauppl ,  1975) . Kohonen 
( 1976) h a s  drawn up a  summary o f  t h e s e  r e s e a r c n  r e s u l t s .  On 
t h e  b a s l s  o f  observations made s l n c e  1965, K a ~ s p l  t1978, 1979) 
has  l n v e s t l g a t e d  t h e  dependence o f  non-po ln t  phosphorus  and 
n l t r o g e n  l o a d l n g  on t h e  c h a r a c t e r l s t l c s  o f  t h e  d r a m a g e  b a s l n ,  
I n  particular on t h e  2 r o p o r t l o n  o f  a r a b l e  l a n d .  

On t h e  b a s i s  o f  t h e  r e s e a r c h  r e s u l t s  from t h e  s m a l l  d r a i n a g e  
b a s i n s ,  t h e  n a t u r a l  r a t e  o f  l e a c h i n g  of ?hosphorus  i n  F i n l a n d  i s  
4-5 kg/km2. The c o r r e s p o n d i n g  f i g u r e s  f 3 r  n i t r o g e n  l e a c h i n g  a r e  
a b o u t  200 kg/km2 i n  South  F i n l a n d  and 100 'cg/km2 i n  t h e  Yor th .  

Research shows t h a t  t h e  e f f e c t  of human a c t i v i t y  and ? a r = l c -  
d l a r l y  o f  a g r i c u l t u r e  on t h e  l e a c h l n g  of n u t r i e n t s  i s  ve ry  marked 
i n  t h e  c o a s t a l  a r e a s  o f  South  and West T i n l a n d .  T o t a l  l e a c h i n g  
o f  phosphorus  i n  South P i n l a n d  is  2 2  kgjkm2, and t h a t  o f  n i t r o g e n  
400 kg/km2. The e f f e c t  o f  agriculture on zhese  l e a c h i n g  v a l u e s  
is very obv ious :  a s t r o n g  c o r r e l a r i o n  e x l s t s  between n u t r i e n t  
l o a d i n g  and t h e  p r o p o r t i o n  o f  cultivated l a n d  (Kauppi ,  1 9 7 8 ) .  

The e f f e c t s  o f  a g r i c u l t > ~ r e  on w a t e r c o u r s e s  3nd w a t e r  qualiz:? 
a r e  q r e a t e s r  i n  a r e a s  where t h e  2 r o p o r t i o n  of  c u l t i v a t e d  l a n d  is 
n i g h  and t h e  w a t e r c o u r s e s  a r e  s m a l l .  Such a r e a s  a r e  t h e  Sou th ,  
Southwest  and West c o a s t a l  districts of  F i n l a n d ,  i n  which o v e r  
one t n i r d  o f  t h e  t o t a l  p o p u l a t i o n  gf t h e  c o u n t r y  1 s  c o n c e n t r a t e d .  
Particularly u r g e n t  problems a r i s e  i n  &&ese a r e a s  where s u r f a c e  
.da te r  i s  used a s  a  s o u r c e  of w a r e r  s u p p l y .  The c l e a r e s t  example 
o f  t . 1 ~  problem 1s t h e  a r e a  around t h e  r i v e r  A u r a j o k i  i n  South- 
u e s t  F i n l a n d .  Th i s  w a t e r c o u r s e  se r - l e s  2s :ne s o u r c e  o f  w a t e r  
supp ly  f o r  +ne c l t y  o f  Turku and i t s  n e ~ q n b o u r i n g  m u n l c i ? a i l t i e s  
( p o p u l a t i o n  2 5 0 , 0 0 0 ) .  The r l v e r  Aura:okl has  no l a k e s  i n  ~ t s  
course  and i t s  f low r a c e  1s s u b j e c t  t c  sharr ,  variations. Con- 
c e n t r a t i o n s  o f  p o l l u t i n g  components lr. t h e  .da te r  a r e  a t  t h e i r  
naxinum d u r i n g  t h e  s p r i n q  f l o o d .  T a s t e  and s d o u r  d e f e c t s  



o c c u r r i n g  i n  t h e  d r i n k i n g  wate r  of t h e  c i t y  o f  Turku cannot  be 
t o t a l l y  removed by t h e  wa te r  p u r i f i c a t i o n  technology o f  t h e  
waterworks.  The d r a i n a g e  b a s i n  of t h e  r i v e r  Aura jok i  i s  i n t e n -  
s i v e l y  farmed, and t h e r e  a r e  many l a r g e  p i g g e r i e s  i n  t h l s  a r e a .  

A problem o f  a s l i g h t l y  d i f f e r e n t  n a t u r e  has  a r i s e n  i n  
Pohjanmaa, t h e  c o a s t a l  a r e a  o f  West F in land .  During t h e  t ime 
o f  t h e  summer minimum flow r a t e  t h e  h y g i e n i c  c o n d i t i o n  o f  water-  
c o u r s e s  becomes r a t h e r  poor ,  and oxygen d e f i c i e n c i e s  e x i s t .  I n  
t h i s  d a i r y  farming a r e a  c o n s i d e r a b l e  amounts o f  f r e s h  fodder  a r e  
grown. E n s i l i n g  t h e s e  fodder  c rops  c o i n c i d e s  w i t h  t h e  summer 
flow minimum. 

The use o f  p e s t i c i d e s  has  n o t  been r e p o r t e d  t o  have s e r i o u s  
e f f e c t s  on wa te rcourses  i n  F in land .  The use o f  s e e d  d r e s s i n g s  
c o n t a i n i n g  mercury compounds has  n o t  been found t o  i n c r e a s e  
mercury l e v e l s  i n  f i s h .  Amounts o f  MCPA and o t h e r  phenoxyherbi- 
c i d e s  and a l s o  t h e i r  d e g r a d a t i o n  p roduc t s  a r e  very small i n  
t h e  wa te r s  o f  d i f f e r e n t  wa te rcourses .  However, t h e  concen t ra -  
t i o n s  a r e  s i g n i f i c a n t l y  h i g h e r  i n  a r e a s  i n  which t h e s e  h e r b i c i d e s  
a r e  used than  i n  o t h e r  a r e a s .  

WATER PROTECTION AND AGRICULTURE 

Yost o f  t h e  a c t i v i t y  d i r e c t e d  towards t h e  r e d u c t i o n  o f  non- 
p o i n t  l o a d i n g  by a g r i c u l t u r e  i s  economical and r e a s o n a b l e  from 
t h e  p o i n t  o f  view of  both  wa te r  p o l l u t i o n  c o n t r o l  and a g r i c u l t u r e  
i t s e l f .  More e f f i c i e n t  use  o f  f e r t i l i z e r s  d e c r e a s e s  t h e  danger  
o f  l e a c h i n g  o f  n u t r i e n t s ,  whi le  t h e  u t i l i z a t i o n  o f  was tes  from 
c a t t l e  farming reduces  t h e  need f o r  expens ive  a r t i f i c i a l  f e r t i l i z e r s  
N u t r i e n t s  d i s c h a r g e d  due t o  e n s i l a g e  a r e  a problem from 
t h e  p o i n t  o f  view o f  wa te r  p o l l u t i o n  c o n t r o l ,  w h i l e  i n  terms o f  
t h e  n u t r i t i v e  value o f  t h e  fodder  they r e p r e s e n t  an  obvious  l o s s  
t o  t h e  farmer .  These n u t r i e n t s  a r e  q u i t e  a c c e p t a b l e  a s  f i e l d  
f e r t i l i z e r .  

? r e s e n t  d e f i c i e n c i e s  i n  wa te r  p o l l u t i o n  c o n t r o l  ~ r a c t i c e  i n  
a g r i c u l t u r e  s tem l a r g e l y  from lack  o f  knowledge o r  from d i s r n t e r e s t  
on t h e  p a r t  o f  f a rmers .  Because o f  t h e  s h o r t  growinq season i n  
F in land  i t  is o f t e n  necessa ry  t o  a c t  very r a p i d l y  i n  s p r i n g  t o  
e n s u r e  t h a t  sowing t a k e s  p l a c e  a t  t h e  optimum t i m e .  I n  o r d e r  t o  
e a s e  t h e  situation i n  s p r i n g ,  many fa rmers  s p r e a d  manure i n  autumn, 
o r  i n  l a t e  w i n t e r ,  on t h e  s t i l l - f r o z e n  ground, o r  on t h e  snow 
covering. This p r a c t i c e  o f  course  l e a d s  t o  very g r e a t  l o s s e s  o f  
n u t r i s n t s  by l e a c h i n g .  

Bui ld ings  and outhouses  used i n  c a t t l e  farming a r e  s t i l l  i n  
many a r e a s  r a t h e r  old-fashioned and modernizat ion proceeds  q u i t e  
s lowly .  The growth o f  c a t t l e  farming u n i t s  t h e r e f o r e  o f t e n  
causes  i n c r e a s e d  load ing  o f  n u t r i e n t s  and may l e a d  t o  c o n s i d e r a b l e  
p o l l u t i o n  o f  wa te rcourses .  

Advice and in fo rmat ion  is  nowadays s u p p l i e d  by bo th  a g r i c u l -  
t u r a l  and r a t e r  a u t h o r i t i e s .  P o s i t i v e  changes a r e  a l s o  s lowly  
t a k i n g  p l a c e  i n  t h e  development and c o n s t r u c t i o n  of farm b u i l d i n g s  
and i n  t h e l r  f i n a n c i n g .  Land f e r t i l i t y  r e s e a r c h ,  i n d i v i d u a l  plan- 
ning o f  f i e l d  fertilization and modern techniques of  f e r t i l i z a t i o n  
a l l  s e r v e  t o  d e c r e a s e  the r i s k  of l e a c h l n g  o f  n u t r i e n t s .  



The X a t i o n a l  3oa rd  of Waters h a s  begun p r e c i s e  p lann ing  f o r  
t h e  p o l l u t i o n  c o n t r o l  i n  c e r t a i n  i m p o r t a n t  waterways i n  a g r i c u l -  
t u r a l  a r e a s .  The d r a i n a g e  b a s i n  o f  t h e  r i - r e r  A u r a j o k i ,  mentioned 
above,  is one such r e g i o n .  X w a t e r  p r o t e c t i o n  scheme f o r  t h e  
Aura jok i  r i v e r  w i l l  be  completed  a t  t h e  beg inn ing  o f  1980. Plan-  
n ing  i s  b e i n g  c a r r i e d  o u t  a s  a  c o o p e r a t i v e  e n t e r p r i s e  i n v o l v i n g  
t h e  water-consuming m u n i c i p a l i t i e s  and r e p r e s e n t a t i v e s  o f  a g r i c u l -  
t u r a l  a c t l v i t y  i n  t h e  a r e a .  The aim is t o  d e m o n s t r a t e  sys t emat -  
i c a l l y  and i n  p r a c t i c a l  terms, t h e  2 o s s i b i l i t i e s  f o r  r e d u c t i o n  o f  
n u t r i e n t  l o a d i n g  and a l s o  t h e  e f f e c t s  o f  t h e  s u g g e s t e d  a c t i o n s  
on t h e  q u a l i t y  and u s a b i l i t y  o f  w a t e r .  

Yeasures  a r e  be lng  t a k e n  f o r  t n e  l e g l s l a t l y ~ e  c o n t r o l  o f  a l s -  
c h a r g e s .  More s p e c l f l c  l n s t r u c t l o n s  f o r  d a t e r  protection a r e  
a l s o  b e l n g  drawn up f o r  d r a l n a g e  a r e a s  v h l c h  f o r  r e a s o n s  o f  n a t u r e  
c o n s e r v a t l o n  o r  w a t e r  s u p p l y  r e q u l r e  particularly s t r l c t  w a t e r  
2 r o t e c t l o n  regulations f o r  bo th  agricultural and o t h e r  s o u r c e s  o f  
non-polnt  l o a d l n g  . 

% I N  FEATURES OF THE RESEARCH O N  WATER ?OLLUTION CONTROL PWCTICE 
I N  AGi7ICULTUXE 

Non-?oint n u t r i e n t  l o a d i n g  and i ts  d i f f e r e n t  components a r e  
s t i l l  be ing  i n v e s t i g a t e d  on t h e  b a s i s  o f  t h e  e s t a b l i s h e d  long- 
term o b s e r v a t i o n  ne tworks .  Of p a r t i c u l a r  impor tance  i n  t h i s  
r e s e a r c h  i s  t h e  d i s t i n c t i o n  between n a t u r a l  l e a c h i n g  and l o a d i n g  
caused  by human a c t i v i t y .  2esea rch  i s  a l s o  b e i n g  conduc ted  on 
t h e  e f f e c t  o f  non-point  l o a d i n g  on w a t e r c o u r s e s .  O the r  i m p o r t a n t  
a r e a s  o f  r e s e a r c h  a r e  + b e  more p r e c i s e  a n a l y s i s  o f  e u t r o p h i c a t i o n  
and oxygen consumpt ion.  The e f f e c t  o f  non-point  n i t r o g e n  and 
phosphorus  l o a d i n g  on a l g a e  growth a s  compared t o  t h e  e f f e c t s  
o f  n u t r i e n t s  a r r i v i n g  w i t h  w a s t e w a t e r  d i s c h a r g e  is a l s o  i m p o r t a n t .  
The e f f e c t s  o f  d i f f e r e n t  methods and i n a t e r i a l s  f o r  f e r t i l i z a t i o n  
and o f  t h e  use o f  waste  m a t e r i a l s ,  and a l s o  o f  t h e  c iming o f  
fertilization on l e a c h i n g  a r e  b e i n g  sxaminea on t e s t  p l o t s  i n  
v a r i o u s  p a r t s  o f  F i n l a n d .  

The use  o f  ? e s t i c i d e s ,  a s  d e l l  a s  t h e i r  o c c u r r e n c e  and 
e f f e c t s  on w a t e r c o u r s e s ,  is under c a r e f x l  o b s e r v a t i o n .  

F i n n i s h  c l i m a t i c  c o n d i t i o n s  and w a t e r c o u r s e  characteristics 
on t h e  one  hand reduce  t h e  harmful  e f f e c t s  nf a g r i c u l t u r e  on 
wa te rdays  w h i l e  on t h e  o t h e r  they 3gc raVia te  t h e s e  p r o b l m s .  One 
of t h e  main conce rns  s f  wa te r  pollution c o n t r o l  i n  t h e  1980 ' s  
~ 1 1 1  be t h e  r e d u c t i o n  of non-point  l o a d i n g .  The n e c e s s i t y  f o r  
a c t i o n  i n  t h e  f i e l d  o f  w a t e r  2 r o t e c t l o n  w l l l  i n c r e a s i n g l y  be 
based on o b s e r v a t i o n s  o f  w a t e r  q u a l i t y  and i t s  changes  i n  q u a l i t y  
l e v e l .  F i e l d  r e s e a r c h  a p p l i c a t i o n  of ma themat i ca l  models may be 
expec ted  t o  l e a d  t o  improved estimates o f  L!e zonseauences  o f  
non-point  n u t r i e n t  l o a d i n g .  Bas ic  r e s e a r c h  i s  however f i r s t  
xeeded i n  o r d e r  t o  c l a r i f y  many i m p o r t a n t  phenomena connec ted  
with t h e  rnovement o f  n u t r i e n t s .  Only t?.en w l l l  p r a c t i c a l  a p p l i c a -  
t i o n s  be p o s s i b l e .  
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ABSTRACT 

Japan ' s e n t i r e  wa te r  demand amounts t o  approx imate ly  8  3 b  . m' 
a n n u a l l y ,  which i n c l u d e s  5 7  b.m3 f o r  a g r i c u l t u r e .  A g r i c u l t u r a l  
wa te r  demand from r i v e r s  is o f t e n  h i g h e r  t h a n  t h e  minimum low 
f low.  T h i s  means t h a t  i f  p r e c i p i t a t i o n  i s  low d u r i n g  t h e  r a i n y  
s e a s o n ,  s e r i o u s  wa te r  s h o r t a g e  problems o f t e n  o c c u r .  

Timberland occup ies  an  a r e a  of 2 5  m i l l i o n  h a ,  compris ing 6 7 %  
of t h e  t o t a l  l a n d  a r e a .  There  a r e  many k i n d s  of  p r o t e c t i o n  f o r e s t s  
c o v e r i n g  a  t o t a l  of 7 . 0 8  ha. These p r o t e c t i o n  f o r e s t s  have been 
i n  e x i s t e n c e  s i n c e  1 8 9 7 :  however, abou t  t h e  f u n c t i o n  o f  t h e  pro- 
t e c t i o n  f o r e s t ,  e s p e c i a l l y  abou t  i t s  w a t e r  r e t e n t i o n  f u n c t i o n ,  
l i t t l e  was known. I n  o r d e r  t o  shed l i g h t  on t h i s  s u b j e c t ,  a  
number of e x p e r i m e n t a l  p l o t s  were e s t a b l i s h e d .  The r e s u l t s  
of  the p a s t  70 y e a r s  of r e s e a r c h  and o b s e r v a t i o n  were r e c e n t l y  
summarized a s  f o l l o w s :  

i l l  I n t e r c e p t i o n  l o s s  of r a i n f a l l  by f o r e s t  canopy ranged from 
abou t  1 5  t o  2 0 %  of t h e  a n n u a l  n e t  p r e c i p i t a t i o n .  

( 2 )  I n f i l t r a t i o n  c a p a c i t y  of f o r e s t  land was h i g h e r  than  
t h a t  of o t h e r  land.  

( 3 )  The increment  of annua l  runof f  w a t e r  became g r a d u a l l y  
l a r g e r  a s  t h e  c u t t i n g  p r o g r e s s e d ,  and s m a l l e r  a s  regrowth developed.  

(4) A f t e r  c l e a r  c u t t i n g ,  q u i c k  f low and peak d i s c h a r g e  due  
t o  t h e  heavy r a i n f a l l  i n c r e a s e d  by an a v e r a g e  of 1 . 3 0  - 1.70 t i m e s  
t h a t  b e f o r e  c u t t i n g .  

( 5 )  Bi t rogen  c o n t e n t  i n  s t r e a m  f low i n c r e a s e d  by 3 . 5  ppm. 
i n  t h e  summer a f t e r  c l e a r  c u t t i n g .  

T h i s  paper  a l s o  d e a l s  w i t h  t h e  o u t l i n e  of  the  r e l a t i o n s h i p  
between a g r i c u l t u r e  and f o r e s t r y .  I tems d i s c u s s e d  a r e  a s  f o l l o w s :  

i l l  Supply o f  o r g a n i c  m a t e r i a l  t o  a g r i c u l t u r a l  f i e l d s ,  
( 2  ) Xoodland g r a z i n g ,  
( 3 )  Disposa l  of l i v e s t o c k  d i s c h a r g e ,  
( a )  C u l t i v a t i o n  i n  t h e  f o r e s t ,  
( 5 )  2roduc t ion  of f i rewood,  c h a r c o a l ,  e t c .  



INTRODUCTION 

The c u l t i v a t i o n  o f  r i c e ,  Z a p a n ' s  main c r o p ,  r e q u i r e s  l a r g e  
q u a n t i t i e s  o f  w a t e r ,  t h e r e f o r e  much I n t e r e s t  h a s  c e n t e r e d  on  
f o r e s t  nanagement  f o r  t h e  p u r p o s e  o f  s e c u r i n g  w a t e r  r e s o u r c e s .  
T h i s  p a p e r  m a i n l y  t r e a t s  h e a d w a t e r  conservation f o r e s t s ,  p r o t e c -  
t i o n  f o r e s t s ,  and  t h e  g e n e r a l  r e l a t i o n s h i p  be tween  a g r i c u l t u r e  
a n d  f o r e s t r y ;  s u c h  t o p i c s  a s  s u p p l y  o f  o r g a n i c  m a t t e r ,  woodland  
g r a z i n g ,  and  p r o d u c t i o n  o f  m ino r  f o r e s t  p r o d u c t s  (which  a r e  
t h o u g h t  t o  b e  i m p o r t a n t  f a c t o r s  l n  t h e  s y s t e m  a n a l y s i s  o f  w a t e r -  
s h e d  management ) a r e  a l s o  d e a l t  w i t h .  

LAND USE 

> lo s t  o f  J a p a n  1s moun ta inous  and  t h e r e  1s l i t t l e  f l a t  l a n d  
s u i t a b l e  f o r  a g r i c u l t u r e .  I n  a d d i t i o n ,  t h e  ? o p u l a t i o n  i s  r e l a t i v e -  
l y  l a r g e .  a e c a u s e  o f  t h i s ,  a l m o s t  a l l  a r a b l e  l a n d  h a s  l o n g  b e e n  
u s e d  a s  f a r m l a n d .  L o c a t i o n  o f  t i m b e r l a n d  h a s  b e e n  l i m i t e d  t o  
s t e e p  s l o p e s  a n d  p o o r ,  s h a l l o w  s o i l .  Land u se  a r e a s  I n  J a p a n  
a r e  a s  f o l l o w s :  

T i h e r l a n d  25.26 m i l l i o n  h a  ( 6 6 . 9 % )  

Paddy f i e l d  3.14 m i l l i o n  h a  ( 8 . 3 % )  

Farm f i e l d  2 .39  m i l l i o n  h a  ( 6 . 3 9 1  

G r a s s l a n d  0.46 m i l l i o n  h a  ( 1 . 2 % )  

W i l d e r n e s s  0.56 m i l l i o n  h a  ( 1 . 5 % )  

Numbers i n  p a r e n t h e s i s  r e p r e s e n t  p e r c e n t a g e  o f  t h e  t o t a l  l a n d  
a r e a  o f  t h e  c o u n t r y .  About  40% o f  t h e  t o t a l  timberland a r e a ,  
o r  9.38 m i l l i o n  h e c t a r e s ,  is man-made f o r e s t .  One t h i r d  o f  
the t o t a l  t i m b e r l a n d  is n a t i o n a l  f o r e s t .  

A f t e r  t h e  w a r  ( 1 9 4 5 - 1 9 6 0 ) ,  t i m b e r l a n d  a r e a  was s l l g h t l y  
r e d u c e d  b e c a u s e  l a n d s  were b e i n g  r e c l a i m e d  f o r  a g r i c u l t u r a l  
IJse a n d  f a r m l a n d  was b e i n g  u s e d  more i n t e n s i v e l y  i n  c o n n e c t i o n  
w i t h  J a p a n ' s  e f f o r t s  t o w a r d s  s e l f - s u f f i c i e n c y  i n  f o o d .  S i n c e  
a b o u t  1960 ,  d u e  t o  sudden  u r b a n  s p r a w l ,  f a r m l a n d  h a s  d i m i n i s h e d .  
As a  c o n s e q u e n c e ,  t h e r e  h a s  b e e n  a t e n d e n c y  t o  c o n v e r t  w i i d e r -  
n e s s  i n t o  f a r m l a n d .  I n  a d d i t i o n ,  w i l d e r n e s s  and  f o r e s t  l a n d  
a r e  b e i n g  c o n v e r t e d  i n t o  man-made g r a s s l a n d  i n  o r d e r  t o  expand  
s t o c k  f a r m l n q .  A t  p r e s e n t ,  demand f o r  f i r e w o o d  a n d  c h a r z o a l  i s  
d e c r e a s i ~ ~ g  s h a r ~ l : ? .  A s  a  r e s u l t ,  it h a s  become ?I n a j o r  q u e s t l o n  
3s t o  x n e t n e r  young,  n a t u r a l ,  b r o a d - l e a v e d  f o r e s t s ,  i n  o t h e r  
words ,  f ue lwood  f o r e s t s ,  s n o u l d  be c o n v e r t e d  co  g r a s s i a n d  a r  
c o n i f e r o u s  man-made f o r e s t s .  J a p a n  h a s  a s e r l o u s  f o o d  and  nous-  
i n g  s h o r t a g e ,  which  i n  t u r n  h a s  l e d  t o  a s h o r t a g e  o f  wood. An 
e a r l y  s o l u t i o n  t o  t h e s e  p r o b l e m s  seems u n l i k e l y ,  a s  J apan  m n u a l -  
l y  i m p o r t s  60-70 m l l l i o n  3 3  o f  l o g  a n d  ?umber ,  maklng i t  t h e  
l a r g e s t  i m p o r t e r  o f  such  goods  i n  t h e  x o r l ? .  



PROTECTION FOREST 

As mentioned above, most of the forests are located in 
mountainous areas on steep slopes. Due to this geographical 
condition, execution of land protection, flood preservation, 
and water source protection are essential in Japan. For this 
reason, there are many protection forests in Japan, covering 
a total of 7.08 million ha, half of which are privately owned forests. 
The following is a classification of protection forests according 
to objective, especially where the objective relates to agriculture . 

Headwater conservation 

Sediment run-off prevention 

Landslide protection 

Shifting sand control 

Windbreak 

Tidal wave and salty wind 
prevention 

Drought damage prevention 

Fog prevention 

5.28 million ha 

1.51 million ha 

0.044 million ha 

0.016 million ha 

0.054 million ha 

0.012 million ha 

0.031 million ha 

0.052 million ha 

Protection Forest for Headwater Conservation 

In Japan, total annual precipitation is about 670 billion 
m3, a relatively large quantity. An estimated 520 billion m3 of this 
total flows out to rivers. The total water demand of the coun- 
try at present (1975) is approximately 83 billion m3 (57 bm3 
for agriculture, 15 bm3 for industry, 11 bm3 for living) , of 
which about 60 billion m3 are from rivers (40 bm3 for agricul- 
ture, 10 bm3 for industry, 7 bm3 for liying). By 1985, water 
demand is expected to increase by 40 bmJ. As available 
underground water has nearly reached its limit, this increasing 
demand will have to be met mainly by rivers. The increment 
rate of water demand for agriculture is about lo%, or about the 
usual rate, while the increment of water demand for industry 
and public supply is estimated at triple the present demand. 

In order to meet future demands, it will be necessary to 
construct 580 dams with a total capacity of approximately 10 bm . 
However, the high construction costs will make it difficult to 
realize construction to this extent. 

Since the land is so steep and the valleys are so narrow 
in Japan, the storage capacity of each dam is small. Accord- 
ingly, construction expenses per unit of volume 1s extremely 
high. Therefore, it is necessary to cover headwater area with 
forests in order to promote storage capacity in ways other than 
by the construction of water reservoirs. 



For  t h e  r i c e  c r o p - o r i e n t e d  a g r i c u l t u r e  o f  J a p a n ,  a  l a r g e  
q u a n t l t y  of w a t e r  i s  e s s e n t i a l .  Too much w a t e r  i s  wi thdrawn 
from r17Je r s  f o r  a g r i c u l t u r e  d u r l n g  p e r r o d s  o f  low w a t e r  d l s -  
c h a r g e .  When p r e c i p i t a t r o n  i s  low d u r i n g  t h e  r a i n y  s e a s o n ,  
s e r i o u s  w a t e r  s h o r t a g e  p rob lems  o f t e n  o c c u r .  To a l l e v i a t e  
t h i s  p rob lem,  f o r e s t s  a round  headwa te r  a r e a s  w e r e d e l l n e a t e d  a s  
p r o t e c t i o n  f o r e s t .  C u t t i n g  i n  t h e s e  f o r e s t s  h a s  been  s h a r p l y  
r e s t r i c t e d  by law. Many p r o t e c t i o n  f o r e s t s  have  been  e s t a b -  
l i s h e d  s i n c e  1897 ,  e s p e c i a l l y  f o r  headwa te r  c o n s e r v a t i o n .  
However, how f o r e s t  t y p e  and tree s p e c i e s  a f f e c t  t h e  volume o f  
e f f l u e n c e  and t h e  w a t e r  h o l d i n g  f u n c t i o n  had n o t  been made c l e a r  
i n  d e t a l l .  I n  o r d e r  t o  d e t e r m i n e  t h i s  r e l a t i o n s h i p ,  a  number 
of e x p e r i m e n t a l  p l o t s  were  e s t a b l i s h e d  upon which o b s e r v a t i o n  
and r e s e a r c h  have  been c a r r i e d  o u t .  The r e s u l t s  o f  t h e  p a s t  
70 y e a r s '  r e s e a r c h  w e r e  summarized a s  f o l l o w s :  

( 1 )  I n t e r c e p t i o n  of r a i n f a l l  by f o r e s t  canopy ranged around 
15 t o  20% of t h e  annua l  n e t  p r e c l p l t a t l o n .  The i n t e r -  
c e p t i o n  by undergrowth i n  s t a n d  was a b o u t  1 mm f o r  e v e r y  
s t o r m ,  and t h a t  by l i t t e r  was 2 t o  4 nun. Water i n t e r -  
c e p t e d  by t h e  canopy r anged  a b o u t  5-105 a t  t h e  t i m e  o f  
o f  s t r o n g  s to rms  (100 t o  200 m m ) .  

( 2 )  The mean annua l  w a t e r  l o s s  by e v a p o t z a n s p i r a t i o n  o f  
f o r e s t  l a n d  r anged  from 400 t o  1 ,  i00 mm. 

( 3 )  Water-holding c a p a c l t y  o f  f o r e s t  l a n d  was h i g h e r  t h a n  
t h a t  o f  o t h e r  l a n d :  b road- l eaved  f o r e s t  l a n d  (mean 
v a l u e  272 mm) > c o n i f e r o u s  f o r e s t  1246 mm) > g r a s s l a n d  
( 19 1 mm) > c u t - o v e r  l a n d  ( 160 nun) > t e r r a c e d  l a n d  ( 3 9  inm) . 

( 4 )  I n  t h e  w a t e r s h e d  on which c l e a r  c l l t t l n g  has  been practiced 
f o r  2 o r  3 y e a r s ,  t h e  increment l n  annua l  r u n o f f  w a t e r  
l n c r e a s e d  g r a d u a l l y  a s  t h e  c u t t l n g  ?regressed, and de-  
c r e a s e d  a s  regrowth deve loped .  Runoff w a t e r  l n c r e a s e d  
by 10-50% a f t e r  c l e a r  c u t t l n g .  

( 5 )  A f t e r  c l e a r  c u t t l n g ,  q u l c k  f low 3nd 3eaK discharge 3ue 
t o  200-500 m s t o r m s  l n c r e a s e d  o y  an  ave rage  ~ f  1 .30-1 .05 
t l n e s  t h a t  b e f o r e  c u t t l n g  f o r  200 .nm s to rms  and 1.35-7.70 
trmes t h e  p r e v r o u s  amount f o r  500 m s t o r m s .  

( 6 )  The ave rage  low s t r e a m  f low from t h e  w a t e r s h e d  w i t h  
s u p e r i o r  f o r e s t  u a s  l a r g e r  t h a n  t h a t  from t h e  wa te r shed  
w l t h  s c a n t y  f o r e s t .  

( 7 )  Qulck  f low a f t e r  c u t t l n q  was 1 . j 8 - 2 . 3 3  t l m e s  t n a t  b e f o r e  
c u t t l n g ,  and flow rlue t o  ileav-J rains (200 t o  500 mm) u a s  
1 .?0- 1.65 t i n e s  t i e  ? r e v l o u s  m o u n t .  

( 8 )  Ni t rogen  c o n t e n t  l n  i t r e a m f l o w  i n c r e a s e d  by 3 . 5  2pm l n  
t h e  summer fo l lowinq  c l e a r  c u t t l n g ,  b u t  t h i s  i n c r e a s e  
c e a s e d  o v e r  t h e  n e x t  s e v e r a l  y e a r s .  

( 9 )  A p p l l c a t l o n  of  herbicides and fertilizers i n c r e a s e d  t h e  
c o n c e n t r a t i o n  o f  s o l u b l e  i o n s  and nitrogen, b u t  t h i s  con- 
c e n t r a t l o n  r a p l d i y  d e c r e a s e d  i a t e r .  



SEDIMENT RUNOFF AND LANDSLIDZ CONTROL ?ROTECTION FO-SEST 

To p r e v e n t  e x i s t i n g  dams from b e i n g  b u r i e d  wi th  sediment  
runof f  d u r i n g  t h e  f lood  s e a s o n ,  i t  i s  ve ry  i m p o r t a n t  t o  check 
s o i l  l o s s  and t o  p reven t  l a n d = , l i d e s  by p l a n t i n g  f o r e s t s .  Var ious  
exper imen t s  a r e  b e i n g  conducted t o  s t u d y  t h i s  i s s u e .  

According t o  fundamental  p o l i c y ,  l a r g e  b a r e  a r e a s  shou ld  
n o t  be c r e a t e d  i n  p r o t e c t i o n  f o r e s t s  bv l a r g e  s c a l e  c l e a r -  
c u t t i n g :  s e l e c t i v e  c u t t i n g  i s  d e s i r a b l e .  There  i s  a l s o  re -  
s t r i c t i o n  r e g a r d i n g  t h i n n i n g .  Only when t h e  d e n s i t y  o f  t h e  
canopy exceeds  80% may up t o  2 0 %  of  t h e  volume be c u t .  

I n  many c a s e s ,  a  p r i v a t e  f o r e s t  i s  managed t o  produc? t imber  
even where t h i s  f o r e s t  s e r v e d  a s  a  .protection f o r e s t .  F e l l l n g  
and p l a n t i n g  c o s t s  p e r  h e c t a r e  a r e  much h i g h e r  f o r  s e l e c t i v e  
c u t t i n g  and s m a l l  a r e a  c l e a r - c u t t i n g  t h a n  f o r  l a r g e  a r e a  c l e a r -  
c u t t l n g .  How t h i s  c o s t  s h o u l d  b e  compensated f o r  i s  a  major 
t o p i c  of  d i s c u s s i o n .  On t h e  o t h e r  hand,  i t  is assumed t h a t  t h e  
f o r e s t ' s  p r e s e r v a t i o n  f u n c t i o n  w i l l  b e  c a r r i e d  o u t  most e f f e c -  
t i v e l y  i f  t h e  f o r e s t  is i n t e n s i v e l y  managed t o  o b t a i n  maximum 
y i e l d .  The s e a r c h  f o r  a  harmonic p o l n t  between t h e  p r e s e r v a t i o n  
f u n c t i o n  and t h e  t i m b e r  p roduc t ion  f u n c t i o n  (economic f u n c t i o n )  
i s  an i m p o r t a n t  s u b j e c t  f o r  t h e  f u t u r e .  

SHIFTING SAND CONTROL AND TIDAL WAVE 
AND SALTY WIND PREVENTION FOREST 

Japan i s  a  narrow c o u n t r y  w i t h  a  l o n g  s h o r e l i n e .  Sand 
dunes deve lop  a l o n g  t h e  s h o r e  and s h i f t  c o n s t a n t l y  i n l a n d  toward 
t h e  a g r i c u l t u r a l  f i e l d s .  For a  long  t ime  Japanese  b l a c k  p i n e  
(?<nus t h u n b e r g i i )  w a s  p l a n t e d  on t h e  sand  dunes t o  s t a b i l i z e  
t h e  s h i f t i n g  sand .  However, p l n e  seedlings o f t e n  s u f f e r  damages 
from windblown sand.  Var lous  t e c h n i c a l  methods a r e  used t o  
manage t h i s  problem, such a s  t h e  e r e c t i o n  of  f e n c i n g  when p l a n t i n g ,  
o r  t h e  a d d i t i o n  of  l a r g e  amounts of  o r g a n i c  m a t t e r .  

Need less  t o  s a y ,  t h e  c u t t i n g  of t h l s  type  of  f o r e s t  i s  
s t r i c t l y  p r o h i b i t e d .  But r e c e n t l y ,  heavy i n f e s t a t i o n  of t h e  
p i n e  ba rk  b e e t l e  i n  t h e  s o u t h e r n  p a r t  o f  Japan  has  become a  
s e r i o u s  problem. Recent r e s e a r c h  c a r r i e d  o u t  t o  i n v e s t i q a t e  t h e  
c a u s e  of  t h e  w i t h e r i n g  o f  t h e  t r e e s  h a s  r e v e a l e d  t h a t  t h e  
p i n e  t r e e s  were be ing  i n f e s t e d  by a  nematode,  which 1s c a r r i e d  
from p l a c e  t o  p l a c e  by a  k ind  of  long-horned b e e t l e .  

'clIMDBRE4K AND FOG PREVENTION FOREST 

S e n e r a l l y  speakrng ,  farmers  a r e  u n w i l l i n g  t o  e s t a b l i s h  a  
windbreak f o r e s t ,  because t h e  p r a c t i c e  r e q u i r e s  t h e  convers ion  
of  considerable a r e a s  o f  f e r t i l e  a g r i c u l t u r a l  l a n d  i n t o  f o r e s t  
l a n d .  Windbreak f o r e s t s  have been s y s t e m a t i c a l l y  e s t a b l i s h e d  
on ly  i n  t h e  e a s t e r n  p a r t  of Hokkaido I s l a n d .  An a d d i t i o n a l  
problem i n  t h i s  d i s t r i c t  i s  dense  s e a  f o g ,  which moves i n  o v e r  
f i e l d s  d u r i n g  t h e  vegetation ? e r i o d  of  c r o p s ,  and o b s c u r e s  t h e  
sun.  F o r e s t  zones a r e  e s t a b l i s h e d  a l o n g  t h e  s e a s h o r e  f o r  t h e  
purpose  of  i n t e r c e p t i n g  t h e  fog and d e c r e a s i n g  i ts  d e n s i t y .  



A t  t h e  f e l l r n g  a g e ,  when v lndbreak  and fog 3 re ' J en t lon  f o r e s t s  
a r e  c u t ,  a  zone a t  l e a s t  20 me te r s  I n  v l d t n  n u s t  be l e f t  untouched.  
A s  t h e  s o l l s  I n  t h l s  d l s t r l c t  a r e  v o l c a n l c  and t tne re fo re  e a s l l y  
blown away o r  d r l e d  o u t  by t h e  wlnd,  t q e  e f f e c t l v e n e s s  of t h e  
windbreak f o r e s t  1 s  c l e a r l y  recognized. However, more s t u d y  1s 
needed on t h e  e f f e c t l v e n e s s  of f o g  prevention. 

THE MUTUAL RELATIONSHIP BETWEEN AGRICULTURE AND FORESTRY 

F a l l e n  l e a v e s  and undergrowth o f  c o m p a r a t i v e l y  young, 
b road- l eaved  c o p p i c e  s t a n &  (fuelwood f o r e s t )  o r  p i n e  f o r e s t  
which r e g e n e r a t e s  n a t u r a l l y ,  have l o n g  been i m ~ o r t a n t  s o u r c e s  
o f  o r g a n i c  m a t t e r  f o r  a g r i c u l t u r a l  f i e l d s .  O c c a s i o n a l l y ,  such 
f o r e s t s  were owned by farriers, i n d i v i d u a l l y  o r  ; o i n t l y ,  f o r  
t h e  purpose  o f  c o l l e c t i n g  fuelwood, f a l l e n  l e a v e s  and under- 
g r a s s .  I n  a d d i t i o n ,  n a t i o n a l  f o r e s t s  were sometimes l o a n e d  t o  
f a rmers  f o r  t h i s  same purpose .  

Xesearch showed c o n c l u s i v e l y  t h a t  i n  t h e s e  f o r e s t s  t h e  
growth o f  t r e e s  and t h e  q u a n t i t y  o f  f a l l e n  l e a v e s  and under-  
g r a s s  had d e c r e a s e d  due  t o  a  d e t e r l o r a t i o n  of l a n d  p r o d u c t i v i t y  
caused  by t h e  c o l l e c t i o n  o f  f a l l e n  l e a v e s  e v e r y  y e a r .  The 
p r a c t i c e  makes t h e  a g r i c u l t u r a l  l a n d  more f e r t i l e ,  b u t  i t  
makes t h e  f o r e s t  l e s s  f e r t i l e .  Exper imen ta t ion  carried o u t  on 
t h e  f e r t i l i z a t i o n  of such deteriorated f o r e s t  l a n d  i n  o r d e r  t o  
r e c o v e r  i ts  p r o d u c t i v i t y  b r o u g h t  s u c c e s s f u l  r e s u l t s .  iioweTzer, 
d u r i n g  t h e  l a s t  twen ty  y e a r s ,  t h e  t r a d i t i o n a l  p r a c t i c e  o f  
f e r t i l i z i n g  a g r i c u l t u r a l  f i e l d s  w i t h  o r g a n i c  m a t t e r  from f o r e s t s  
h a s  d i m i n i s h e d  because  o f  t h e  s h o r t a g e  o f  l a b o r .  

WOODWND GRAZING 

I n  J a p a n ,  r a i s l n g  c a t t l e  1s an i m p o r t a n t  activity. However, 
s u i t a b l e  l a n d  f o r  g r a z i n g  and g r a s s  c u l t i v a t i c n  i s  l l m i t e d .  
There  i s  no doub t  t h a t  t h e  expans ion  of man-made f o r e s t s  t o  
s t e p  up wood p r o d u c t i o n  i s  a l s o  an  i m p o r t a n t  p o l i c y .  

Woodland g r a z i n g  i s  used t o  accompl i sh  b o t h  o f  t h e s e  ob- 
j e c t i v e s .  Ten y e a r s  a f t e r  p l a n t i n g ,  a  c o n s i d e r a b l e  amount of 
g r a s s  v e g e t a t e s  among t h e  p l a n t e d  t r e e s ,  depressing t h e  growth 
o f  young s e e d l i n g s .  Weeding i s  t h e  most l a b o r - i n t e n s i v e  a s p e c t  
o f  r e f o r e s t a t i o n .  Graz ing  c a t t l e  i n  p l a n t e d  a r e a s  a t  a  r a t l o  
of one  head p e r  1 - 2  ha s e r v e s  t h e  d u a l  pu rpose  o f  c l e a r i n g  t h e  
g r a s s  and f e e d i n g  t h e  c a t t l e .  Of c o u r s e ,  t h e r e  i s  some r i s k  
t h a t  newly p l a n t e d  t r e e s  might  be damaced by =he c a t t l e ,  b u t  
t h i s  r i s k  i s  i n s l g n i f i c a n t  i n  compar ison w l t h  t h e  s a v i n g s  i n  
manpower. E x t e n s i v e  f o r e s t  l a n d  is r e q u i r e d  f o r  t h i s  p r a c t i c e  
s o  t h a t  s h o u l d  f o r e s t  canopy become dense  3nd qrowth o f  c r a s s  
d e c r e a s e  i n  one  lroung plantation, t a e  c a t z l e  may be moved t o  
r h e  n e x t .  T h e o r e t i c a l l y ,  t h i s  method is a  very p r o f i t a b l e  
l a n d  use  sys t em,  b u t  ~t h a s  n o t  y e t  been wide ly  r e a l i z e d  because  
t h e  p r o d u c t i o n  o f  t imber  and t i e  g r a z l n g  o f  z a t t l e  a r e  n o t  c a r -  
r l e d  o u t  by t h e  same f a r m e r s .  



Where t h e  ground is  covered  by a  dense  growth o f  bamboo 
g r a s s  a f t e r  t h e  d e s t r u c t i o n  o f  f o r e s t  canopy,  t r e e s  can  no 
l o n g e r  i n f r i n g e  upon t h e  a r e a .  Graz ing  such a n  a r e a  w i l l  d e c r e a s e  
t h e  amount o f  bamboo g r a s s  and e a s e  t h e  n a t u r a l  r e g e n e r a t i o n  o f  
beech and p i n e .  Th i s  f a c t  has  been known s i n c e  e a r l i e r  t i m e s ,  
b u t  i t  h a s  neve r  been s y s t e m a t i c a l l y  c a r r i e d  o u t .  

DISPOSAL OF LIVESTOCK WASTES 

I n  J a p a n ,  swine ,  b a r n y a r d  fowl ,  and d a i r y  c a t t l e  a r e  
r a i s e d  i n  narrow backyards  and b a r n s .  Because o f  t h i s ,  d i s -  
p o s a l  o f  l i v e s t o c k  w a s t e s  i s  a  ma jo r  problem. Nowadays, t h e  
r a i s i n g  of l i v e s t o c k  h a s  moved from t h e  l a r g e  c i t ies  t o  r u r a l  
communi t ies ,  and t h e n  t o  a r e a s  n e a r  f o r e s t  l a n d .  G r e a t  
q u a n t i t i e s  o f  w a s t e s  a r e  t a k e n  i n t o  f o r e s t s  a s  f e r t i l i z e r s ,  
and t r ia ls  a r e  b e i n g  made t o  f i l t r a t e  t h e  w a s t e s  t h r o u g h  
f o r e s t  s o i l .  But t h e s e  t r i a l s  a r e  s t i l l  on a  s m a l l  s c a l e .  

CULTI'IATION I N  THE FOREST 

A s  mentioned above,  e l i m i n a t i o n  o f  weeds r e q u i r e s  t h e  
g r e a t e s t  amount o f  manpower d u r i n g  t h e  r e f o r e s t a t i o n  s t a g e .  
C u l t i v a t i o n  i n  t h e  f o r e s t  was c a r r i e d  o u t  t o  r educe  t h i s  man- 
power r equ i remen t  and t o  produce a g r i c u l t u r a l  p r o d u c t s  i n  an  
a r e a  where t h e  f o r e s t  l a n d  i s  on g e n t l e  s l o p e s ,  t h e  s u r f a c e  
o f  t h e  e a r t h  is burned o u t  and t h e n  c u l t i v a t e d  w i t h  buckwheat,  
soybean,  d ry  f i e l d  r i c e ,  and v a r i o u s  v e g e t a b l e s .  Between 
t h e s e  c r o p s ,  Crgptomer ia  b a p o n i c z  and Chamaecyparis  o b f u s a  
a r e  p l a n t e d .  Usua l ly  t h e  landowner and t h e  c u l t i v a t o r  a r e  
n o t  t h e  same fa rmer .  Where t h i s  i s  t h e  c a s e ,  t h e  c u l t i v a t o r  
i s  exempted from pay ing  r e n t  on  t h e  l a n d  and,  i n  r e t u r n ,  h e  
l o o k s  a f t e r  t h e  p l a n t e d  t r e e s .  Th i s  method o f  c u l t i v a t i n g  t h e  
f o r e s t  is c o n t i n u e d  f o r  f o u r  t o  s i x  y e a r s  a f t e r  p l a n t i n g ,  o r  
u n t i l  t h e  t r e e s  have reached a c e r t a i n  s i z e .  

I n  t i m e s  when enough cheap manpower was available t o  keep 
p l a n t i n g  c o s t s  low, e n s u r e  t h e  growth o f  t r e e s ,  and e a s e  t h e  
y i e l d  of c r o p s ,  t h i s  p r a c t i c e  was o f t e n  c a r r i e d  o u t  i n  a r e a s  
w l t h  l i m i t e d  a r a b l e  a g r i c u l t u r a l  l a n d ,  b u t  now i t  h a s  been 
l a r g e l y  abandoned. 

PRODUCTION OF H I N O R  PRODUCTS 

The demand f o r  f i r ewood  and c h a r c o a l  h a s  r a p i d l y  d e c r e a s e d  
s i n c e  t h e  peak t ime  around 1960. Today, p r o d u c t i o n  of c h a r c o a l  
and f i r ewood  h a s  sh runk  t o  1/100 of what i t  was d u r i n g  peak 
demand. Those broad- leaved t r e e s  which were f o r m e r l y  used f o r  
f u e l  and p u l p  m a t e r i a l  a r e  now b e i n g  used a s  a  bed f o r  
c u l t i v a t i n g  mushrooms. 2 n z r c x s  a c u t i a s < r n ~  and ; n ~ r c > c  s e r r a s a  
a r e  p l a n t e d  f o r  t h i s  purpose .  P r e s e n t  t o t a l  p r o d u c t i o n  o f  
s h i i t a k e  ( L e n t i n u s  e l o d e s )  i s  abou t  73 thousand t o n n e s  p e r  y e a r ,  
o f  whlch abou t  1 1  thousand tonnes  a r e  d r i e d  mushrooms and 6 2  
t housands  tonnes  a r e  raw mushrooms. About 1 . 8  m i l l i o n  m3 o f  
b road- l eaved  t i m b e r  a r e  used a s  bed l o g s .  The c u l t i v a t i o n  o f  



s h i i t a k e  and mushrooms b r i n g s  an adequa te  income t o  mountain 
f a r m e r s .  Besides  mushrooms, paulownia ( ? z . t i i o v n i z  f o m e n t o s a )  
c h e s t n u t  !Cas:anea c r s n a r a )  and sumac (.?h:is - ~ e r n ? : c i j ' ? ~ a )  a r e  
c u l t i v a t e d .  Paulownia i s  a  f a s t -g rowing  s p e c i e s  and t h e  p r i c e  
of  i t s  wood is  very h i g h ,  making i t  e s p e c i a l l y  p r o f i t a b l e  t o  
t h e  f a rmers .  I n  g e n e r a l ,  s m a l l  f a rmers  wi th  l i t t l e  f o r e s t  l a n d  
must c u l t i v a t e  minor p roduc t s  t o  make t h e i r  l i v i n g ,  a s  they a r e  
n o t  a b l e  t o  w a i t  long  p e r l o d s  f o r  p l a n t a t i o n  y i e l d s .  
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ABSTRACT 

Yathematical simulation and linear programming models were 
used to determine the site-specific effects of soil and water 
conservation practices (SWCPs) on farm income and losses of 
sediment, nutrients and pesticides from croplands. SWCPs were 
found to significantly reduce pollutant losses in runoff with 
solid-phase losses being reduced more than dissolved losses. 
Only one SWCP (sod-based rotations) reduced total (runoff plus 
percolation) losses of nitrate. Sediment control was determined 
not to be equivalent to erosion control since the former requires 
concentration of SWCPs on fields with high sediment delivery. 
SWCPs often have negative or marginal short-run monetary benefits 
to the farmer. Long-run benefits may be positive, but data is not 
available to estimate such benefits. 



INTRODUCTION 

The e f f e c t s  o f  a g r i c u l t u r a l  a c t i v i t i e s  on u a r s r  q u a l i t y  r e s u l t  from a 

complex s e t  of c i rcumstances .  p o t e n t i a l  p o l l u t a n t s  such a s  sediment ,  n u t r i e n t s  

and p e s t i c i d e s  s a y  l e a v e  a  cropped f i e l d  i n  runoff  o r  p e r c o l a t i o n  water .  be 

t r a n s p o r t e d  a c r o s s  o r  through t h e  l andscape  t o  s u r f a c e  o r  ground wa te r s ,  and 

depending on t h e i r  e f f e c t  on r e c e i v i n g  wa te r s ,  produce v a t e r  q u a l i t y  problems. 

Xanagement of a g r i c u l t u r a l  v a t e r  p o l l u t i o n  r e q u i r e s  i n t e r v e n t i o n  a t  one o r  

more p o i n t s  i n  t h i s  c a u s a l  cha in .  Source c o n t r o l  imp l i e s  an a t tempt  t o  reduce  

edse-of- f ie ld  l o s s  of p o l l u t a n t s ,  d e l i v e r y  c o n t r o l  focuses  on rneasures vhich  

vould  prevent  p o l l u t a n t  movement from f i e l d  t o  s t ream o r  a q u i f e r ,  and problem 

& t i g a t i o n  invo lves  a t t e m p t s  t o  l e s s e n  t h e  impact or' p o l l u t a n t  d i scha rges  on 

p o t e n t i a l  v a t e r  u se r s .  The f i r s t  of t h e s e  s t r a t e g i e s  ( sou rce  c o n t r o l )  is  o f t e n  

emphasized s i n c e  t h e r e  a r e  a  v a r i e t y  of ve l l -de f ined  management op t ions  which 

can p o t e n t i a l l y  reduce  edge-of- f ie ld  p o l l u t a n t  l o s s e s .  I n  t h e  United S t a t e s .  

t h e s e  o p t i o n s  a r e  r e f e r r e d  t o  a s  a g r i c u l t u r a l  " b e s t  sanagement p r a c t i c e s "  and 

i n c l u d e  p r a c t i c e s  t o  reduce both p o l l u t a n t  a v a i i a b i l i t y  and movement. Reduction 

o f  a v a i l a b i l i t y  can b e  achieved by the  management of chemical  a p p l i c a t i o n s  

t o  l i m i t  t h e  o p p o r t u n i t y  f o r  l o s s ,  wh i l e  management of p o l l u t a n t  sovement 

r e s u l t s  f r a n  t echn iques  such a s  s o i l  and wa te r  l onse rva t ion  p r a c t i c e s  (SWC?s) 

which a r e  des igned t o  prevent  s o i l  e r o s i o n  and r e t a i n  v a t e r .  

There  has  been a  g r e a t  d e a l  of i n t e r e s t  i n  t h e  u se  of SWCPs f o r  v a t e r  

p o l l u t i o n  c o n t r o l  i n  t h e  U.S. Due t o  a  long-term i n t e r e s t  i n  e ros ion  c o n t r o l ,  

t h e  U.S. has  an  in -p l ace  i n s t i t u t i o n a l  d e l i v e r y  system t o  a i d  farmers  i n  

implementing SWCPs. Th i s  sys tem i n c l u d e s  l o c a l  conse rva t ion  d i s t r i c t s  a s  

s t e l l  a s  n a t i o n a l  agenc ie s  which p rov ide  t e c h n i c a l  and f i n a n c i a l  a s s i s t a n c e  t o  :am- 

e r s .  S ince  SWCPS can have p r o d u c t i v i t y  bene f i t ;  due to  che r educ t ion  ~ r '  c rovland 

e r o s i o n ,  t h e  long-run n e t  c o s t s  of imp lenen ta t inn  a r e  p o t e n t i a l l y  low. Thus 

SWC?s can he implemented us ing e x i s t i n g  a d m i n i s t r a t i v e  s t r u c t u r e s ,  appear t o  

be r e l a t i v e l y  i nexpens ive  and nay c o n t r i b u t e  co the  c o n t r o l  o i  two important 

n a t i o n a l  problems: v a t e r  p o l l u t i o n  and e ros ion .  



Although i t  is apparent  t h a t  s o i l  and v a t e r  conservat ion is  and v i l l  

con t inue  t o  be a  major element of a g r i c u l t u r a l  p o l l u t i o n  c o n t r o l  i n  the  U.S., 

s u r p r i s i n g l y  l i t t l e  i s  known about the e f f e c t s  o f  s p e c i f i c  SWCPs on e i t h e r  

edge-of-field l o s s e s  of n u t r i e n t s  and p e s t i c i d e s  o r  farm income. Data 

vh ich  does exist has  o r i g i n a t e d  from shor t - t e rm exper imenta l  f i e l d  s t u d i e s  and 

is s u f f i c i e n t l y  v a r i a b l e  s o  t h a t  g e n e r a l  conc lus ions  a r e  seldom poss ib l e .  

Recognizing a  need f o r  more comprehensive in fo rma t ion  on bo th  t h e  economic and 

environmental  e f f e c t s  of SWCPs, t h e  U.S. Environmental P r o t e c t i o n  Agency 

sponsored a  tvo-year r e sea rch  p r o j e c t  "Ef fec t iveness  of S o i l  and Water Conser- 

v a t i o n  P r a c t i c e s  f o r  P o l l u t i o n  Control"  a t  C o r n e l l  Un ive r s i ty .  The p r o j e c t  

v a s  i n t e r d i s c i p l i n a r y ,  and involved i n v e s t i g a t o r s  from t h e  U n i v e r s i t y ' s  

Departments of A g r i c u l t u r a l  Engineering. A g r i c u l t u r a l  Economics, and Environ- 

mental Engineering a s  v e l l  a s  t h e  U.S. Department o f  A g r i c u l t u r e ' s  Economic 

Research S e r v i c e  (Table 1 ) .  A f i n a l  p r o j e c t  r e p o r t  vas i s sued  by the  

U.S. Environmental P r o t e c t i o n  Agency, Athens. Georgia du r ing  1979. T h i s  

paper  i s  an a t tempt  t o  srnnmarize t h e  p r i n c i p a l  r e s u l t s  of t h e  p ro jec t .  The 

r e s e a r c h  invo lved  many d i f f e r e n t  a c t i v i t i e s  vhich cannot be adequa te ly  

documented here .  O f  n e c e s s i t y ,  t h e  paper  focuses  on r e s u l t s  r a t h e r  than 

methodologies ,  and r e a d e r s  must r e f e r  t o  t h e  p r o j e c t  r e p o r t  f o r  t h e  d e t a i l s  

of l i t e r a t u r e  reviews,  maehematical models and d a t a  a n a l y s i s .  

Scope and M e t h o d o l o ~ y  

The p r i n c i p a l  r e s e a r c h  o b j e c t i v e  of t h e  s tudy  was t o  i d e n t i f y  the  

p o t e n t i a l  v a t e r  q u a l i t y  e f f e c t s  of SUCPs and t o  d e s c r i b e  t h e  economic impli-  

c a t i o n s  of t h e i r  use.  Scope v a s  l i m i t e d  t o  n o n i r r i g a t e d  f i e l d  c rops  i n  t h e  

Eas t e rn  U.S. The v a t e r  p o l l u t a n t s  s t u d i e d  were sediment,  n u t r i e n t s  (n i t rogen  

and phosphorus) and p e s t i c i d e s .  .Uthough a  l a r g e  number of conse rva t ion  

p r a c t i c e s  v e r e  s t u d i e d ,  enphases v a s  p laced on t h e  s i x  SWCPs l i s t e d  i n  

Table  2 .  These p r a c t i c e s  were g e n e r a l l y  compared t o  a  somewhat a r b i t r a r y  

d e f i n i t i o n  o f  ' convent ional '  t i l l a g e .  vh ich  was assumed t o  imply s o i l  i nve r s ion  



TABLE 1. P r o j e c t  I n v e s t i g a t o r s  and A f f i l i a t i o n s  

A g r i c u l t u r a l  Economics, Corne l l  A g r i c u l t u r a l  Engineer ing,  Corne l l  

George L. C a s l e r  
E a r l  A. Lang 
Er ick  E. Smith 

Hameke D.  DeLancey 
Douglas A. Ha i th  
Raymond C.  Loehr 
Tammo S. S t eenhu i s  
Michael F.  Wal ter  

Environmental  Engineer ing,  C o r n e l l  Economic Xesearch S e r v i c e ,  U.S. 
Department of A g r i c u l t u r e  

Narlon 0. H a r r i s  
C h r i s t i n e  A. Shoemaker Roger W. Hexem 

U.S. Environmental  P r o t e c t i o n  Agency P r o j e c t  O f f i c e r  

Lee A. Yulkey 

TABLE 2. P r i n c i p a l  S o i l  and Water Conse rva t ion  P r a c t i c e s  

P r a c t i c e  D e s c r i p t i o n  

Contour ing 

T e r r a c i n g  

St r ip-Cropping 

F i e l d  p r a c t i c e s  i n c l u d i n g  s o i l  i n v e r s i o n  (moldboard) 
p lov ing .  c u l t i v a t i o n ,  h a r v e s t i n g ,  r t c .  fo l low 
n a t u r a l  f i e l d  con tou r s .  

Contour ing p l u s  embanben t s  and channels  ac ros s  
t h e  f i e l d  s l o p e  t o  d i v e r t  and s t o r e  s u r i a c e  runof f .  

Contouring w i t h  s t r i p s  of c lose-seeded crops  (sod)  
a l t e r n a t e d  w i t h  row c rops .  

Sod-Based R o t a t i o n s  Ro ta t ions  i n  which a t  l e a s t  t h r e e  consecu t ive  y e a r s  
of legume sod ( a l f a l f a )  a r e  a l t e r n a t e d  ; t i t h  row 
c rops .  

No-Tillage Cropping wi th  minimai seed bed p r e p a r a t i o n .  Cu l t i -  
v a t i o n  is e l i m i n a t e d ,  and s o i i  s u r f a c e  i s  p ro t ec t ed  
by und i s tu rbed  crop r e s idues .  

Conse rva t ion  T i l l a g e  S h i l a r  t o  n o - t i l l a g e ,  i l i t h  t h e  excep t ion  t h a t  seed 
bed p r e p a r a t i o n  by c h i s e l  o r  d i s k  plowing is 
p r a c t i c e d .  



by moldboard plowing, secondary t i l l a g e  t o  smooth and p u l v e r i z e  t he  s o i l  and 

s e c h a n i c a l  c u l t i v a t i o n  of row c r o p s  f o r  weed c o n t r o l .  S ince  t h e  p r o j e c t ' s  

t ime and r e s o u r c e s  were l i m i t e d ,  t h e  execu t ion  of long-term f i e l d  s t u d i e s  

was prec luded.  The g e n e r a l  approach of t h e  s tudy  inc luded  t h r e e  primary 

e lements :  

1. Review and qualitative e v a l u a t i o n  of p rev ious  and on-going f i e l d  

s t u d i e s ;  

2. Use of mathemat ica l  s i m u l a t i o n  and l i n e a r  programming models t o  

q u a n t i f y  t h e  e f f e c t s  of SWCPs a t  s e l e c t e d  l o c a t i o n s ;  

3. Review of r e s e a r c h  methods and r e s u l t s  by an e x t e r n a l  pane l  of 

e x p e r t s  made up of p r o f e s s i o n a l s  from u n i v e r s i t i e s ,  government 

a g e n c i e s  and c o n s u l t i n g  f i nns .  

The fo l lowing  s e c t i o n  is a  q u a l i t a t i v e  d e s c r i p t i o n  of t h e  e f f e c t s  of 

SWCPs on p o l l m a n t  l o s s e s  based on t h e  fundamental  c h a r a c t e r i s t i c s  of SWCPs 

and p o l l u t a n t  c o n s t i t u e n t s  a s  v e l l  a s  t h e  r e s u l t s  of f i e l d  s t u d i e s .  Th i s  

d i s c u s s i o n  forms a  b a s i s  f o r  t h e  succeeding s e c t i o n s  which p re sen t  r e s e a r c h  

f i n d i n g s  based on the  s t u d y ' s  q u a n t i t a t i v e  ( p r i m a r i l y  model l ing)  a n a l y s e s  of 

sediment.  n u t r i e n t  and p e s t i c i d e  l o s s e s .  

QUALITATIVE EVALUATION 

Although f i e l d  measurements of p o l l u t a n t  l o s s e s  a s s o c i a t e d  v i t h  SNCPs 

a r e  not  e x t e n s i v e ,  they have been s u f f i c i e n t  t o  permit  c e r t a i n  g e n e r a l  obser-  

v a t i o n s .  When t h e s e  r e s u l t s  a r e  combined wi th  a  fundamental  unders tanding 

of p o l l u t a n t  behav io r  and t h e  e f f e c t s  o f  SWCPs on runoff  and e r o s i o n ,  q u a l i t a -  

t i v e  e s t i m a t e s  of t h e  e f f e c t s  of SWCPs on sediment and chemical l o s s e s  from 

cropland a r e  p o s s i b l e .  

P o t e n t i a l  v a t e r  p o l i u t a n t s  move from a  cropped f i e l d  i n  so l id-phase  o r  

d i s s o l v e d  forms v i t h  v a t e r  f lows. These i n c l u d e  both  s u r f a c e  and subsu r face  

l a t e r a l  runoff  f lows and v e r t i c a l  p e r c o l a t i o n  o r  deep seepage.  S ince  STfCPs 



a r e  g e n e r a l l y  des igned t o  c o n t r o l  e r o s i o n ,  t hey  reduce  l o s s e s  of sediment 

and so l id -phase  n u t r i e n t s  and p e s t i c i d e s .  Dissolved chemicals  move wi th  

bo th  runoff  and p e r c o l a t i o n ,  and t h e  s u r f a c e  runoff  c o n t r o l  a s s o c i a t e d  v i t h  

SWCPs does n o t  n e c e s s a r i l y  reduce  t h e  t o t a l  ( runof f  + p e r c o l a t i o n )  l o s s e s  

of t h e s e  chemicals  from a  f i e l d .  For example, a l though SWCPs dec rease  n i t r a t e  

l o s s e s  i n  s u r f a c e  r u n o f f ,  t he  same p r a c t i c e s  may i n c r e a s e  p e r c o l a t i o n  and 

s u b s u r f a c e  r u n o f f ,  p a r t i c u l a r l y  i n  r e g i o n s  vhe re  s o i l  mois ture  l e v e l s  a r e  

n o t  s e v e r e l y  d e p l e t e d  by e v a p o t r a n s p i r a t i o n .  The r e s u l t  may be an i n c r e a s e  

i n  n i t r a t e  movement i n  subsu r face  wa te r s .  

The c l a s s i f i c a t i o n  of a g r i c u l t u r a l  chemicals  according t o  t h e i r  w p e c t e d  

d i s s o l v e d  and sol id-phase  forms can p rov ide  a  b a s i s  f o r  e v a l u a t i o n  of a  

SWCP's e f f e c t i v e n e s s  i n  c o n t r o l l i n g  cropland l o s s e s  of t h e  chemicals .  S ince  

t h e  i n f l u e n c e  of SWCPs on e r o s i o n  and runoff  is o f t e n  p r e d i c t a b l e ,  q u a l i t a t i v e  

e s t i m a t e s  o f  chemical  l o s s e s  can be  made by assuming movement of so l id-phase  

c o n s t i t u e n t s  w i t h  eroded s o i l  and d i s s o l v e d  c o n s t i t u e n t s  i n  s o l u t i o n  wi th  water  

f l o v s .  C e r t a i n  chemicals  may be c h a r a c t e r i z e d  a s  e s s e n t i a l l y  s o l u b l e  ( n i t r a t e )  

o r  i n s o l u b l e  ( o r g a n i c  n i t r o g e n ,  f i x e d  phosphorus) .  However, many chemicals  

may have s i g n i f i c a n t  so l id -phase  and d i s s o l v e d  forms, depending on t h e i r  

deg ree  of a d s o r p t i o n  t o  s o i l  p a r t i c l e s .  S t rong ly  adsorbed chemicals  (organo- 

c h l o r i n e  p e s t i c i d e s ,  pa raqua t )  a r e  l o s t  from c rop lands  p r imar i ly  i n  so l id-phase  

form. Unfo r tuna te ly  many of t h e  a g r i c u l t u r a l  chemicals  which a r e  of environ- 

menta l  concern ( a v a i l a b l e  phosphorus and most n o n p e r s i s t e n t  p e s t i c i d e s )  a r e  

on ly  modera te ly  adsorbed,  and s u b s t a n t i a l  3ovement can occur  i n  both  s o l i d -  

phase  and d i s s o l v e d  forms. The e f f e c t s  of Sh'C?s on l o s s e s  of :he s o d e r a t e l y  

adsorbed chamicals  a r e  d i f f i c u l t  t o  e s t i m a t e ,  s i n c e  a  cont inuous  in t e r change  

between so l id -phase  and d i s so lved  zomponencs is  p o s s i b l e .  For example, a  

r educ t ion  of s u r f a c e  runoff  l o s s e s  of d i s so lved  phosphorus may tend t o  

i n c r e a s e  movement i n  subsu r face  flows. I f  t h e s e  f lows sove  through a  s o i l  

p r o f i l e  v i t h  p l e n t i f u l  adso rp t ion  s i t e s ,  l o s s e s  w i l l  be minimal. Converse ly ,  

i f  t h e  a d s o r p t i o n  is n in ima l ,  t he  effect of runoff  r educ t ion  may be t o  i n c r e a s e  

d i s s o l v e d  phosphorus i n  p e r c o l a t i o n  and /o r  subsu r face  runof f .  



F i e l d  s t u d i e s  have provided a  r easonab le  b a s i s  f o r  e s t ima t ing  whether a  

SWCP w i l l  i n c r e a s e  o r  dec rease  l o s s e s  of p o l l u t a n t s  from croplands .  However, t h e  

r e l a t i v e  e f f e c t i v e n e s s e s  of t h e  v a r i o u s  STJCPs f o r  c o n t r o l  of s p e c i f i c  p o l l u t a n t s  

a r e  unce r t a in .  Impacts can be expected t o  be s i t e - s p e c i f i c  and va ry  from yea r  

t o  yea r  wi th  weather  and cropping p r a c t i c e s .  The q u a n t i f i c a t i o n  of t h e s e  impacts 

c o n s t i t u t e d  the major po r t ion  of the  r e sea rch  p ro jecc  a s  desc r ibed  i n  the 

remaining s e c t i o n s  of t he  paper.  

CONTROL OF S E D E N T  LOSSES 

Sediment is important  no t  only  a s  a  p o t e n t i a l  p o l l u t a n t  o f  s u r f a c e  

wa te r s ,  b u t  a l s o  a s  a  c a r r i e r  of sol id-phase  n u t r i e n t s  and p e s t i c i d e s .  Sediment 

l o s a  from c rop lands  is r e a d i l y  e s t ima ted  us ing  t h e  Un ive r sa l  S o i l  Loss Equation 

(Uisdrmaier and Smith. 1978). P r e d i c t i o n s  can be made on an annual  o r  

s easona l  b a s i s  us ing this equat ion.  I n  a d d i t i o n ,  s e v e r a l  mod i f i ca t ions  of 

t h e  equa t ion  a r e  a v a i l a b l e  which provide  approximate e s t i m a t e s  of s o i l  l o s s  

f o r  i n d i v i d u a l  s to rm events .  Table  3 i n d i c a t e s  t h e  e f f e c t s  of s e l e c t e d  SWCPs 

on sediment l o s s e s  from example corn f i e l d s  i n  Aurora. Nev York, Ames, Iowa 

and Watk insv i l l e ,  Georgia.  These r e s u l t s  were ob ta ined  from 25-year runs  of 

t h e  s i n u l a t i o n  model desc r ibed  i n  che nex t  s e c t i o n  of che paper .  The r e s u l t s  

i n d i c a t e  t h a t  SUCPs o f f e r  s u b s t a n t i a l  c o n t r o l  of sediment l o s s e s ,  p r imar i ly  

because they reduce cropland e ros ion .  I n  t h e  case  of t e r r a c i n g ,  a d d i t i o n a l  

sediment r educ t ion  is  ob ta ined  by d e p o s i t i o n  i n  t e r r a c e  channels.  Runoff re- 

duc t ions  a r e  a l s o  given i n  t h e  t a b l e ,  and i t  i s  ev iden t  t h a t  t he  p r a c t i c e s  a r e  

s u b s t a n t i a l l y  l e s s  e f f e c t i v e  a t  c o n t r o l l i n g  runoff  than sediment.  The d i f f e r -  

ences  i n  sediment and runoff  r educ t ions  r e f l e c t  v a r i a t i o n s  i n  weather ,  s o i l s  

and management p r a c t i c e s  a t  t h e  t h r e e  l o c a t i o n s .  

Although p reven t ion  of cropland e ros ion  is  an obvious way of c o n t r o l l i n g  

sediment, t h e  uniform implementation of SWCPs f o r  e ros ion  c o n t r o l  on the  

va r ious  f i e l d s  w i t h i n  a  farm o r  watershed may not  be an e f f i c i e n t  way of 

reducing sediment load ing  t o  r ece iv ing  waters .  Th i s  can be seen through t h e  

we of a  sediment d e l i v e r y  r a t i o  (SDR) which was de f ined  f o r  t h e  purposes of 



TABLE 3 .  Ef fec t s  of Selected SWCPs on Runoff and Sediment Losses i n  
Three Locations 

Reduction i n  Reduction i n  
Mean Annual Mean Annual 

Runoff Sediment Loss ---------- X 

New York 

Contouring 

Terracing 

Sod-based Rotation 

Conservation T i l l a g e  

Iowa - 
Contouring 

Terracing 

Sod-based Rotation 

Conservation T i l l a g e  

Georgia 

Contouring 

Terracing 

Sod-based Rotat ion 

Conservation T i l l a g e  



t h e  s tudy  a s  t h e  f r a c t i o n  of a  f i e l d ' s  s o i l  l o s s  which r eaches  a  stream. 

The SDR i s  a  f u n c t i o n  of s e v e r a l  f a c t o r s ,  i nc lud ing  t h e  d i s t a n c e  betveen 

f i e l d  and stream. For example, a  h igh ly  e r o s i v e  f i e l d  f a r  from a  s t ream 

may be u n l i k e l y  t o  c o n t r i b u t e  sediment load ings  t o  t h e  stream. The use of 

a  SUCP on such a  f i e l d  w i l l  reduce e r o s i o n  bu t  have l i t t l e  e f f e c t  on s t ream 

sediment. .  

The r e l a t i v e  e f f i c i e n c i e s  of SWCPs f o r  sediment c o n t r o l a r e b e s t  i l l u s t r a t e d  

by e s t i m a t e s  of  cos t - e f f ec t iveness .  In  t h i s  s tudy  t h e  cos t - e f f ec t iveness  of 

a SUCP was determined by comparison wi th  conven t iona l  t i l l a g e  and was de f ined  

aa t h e  r e d u c t i o n  Fn annual  sediment load ing  d iv ided  by t h e  incremental  annual  

monetary cos t .  Examples of i nc remen ta l  c o s t s  a r e  given in Table  4 f o r  g r a i n  

corn.  These c o s t s  a r e  t h e  changes i n  n e t  farm income a s s o c i a t e d  wi th  the  

p r a c t i c e s ,  and a r e  s e n s i t i v e  t o  t h e  e f f e c t s  of  t he  p r a c t i c e s  on crop y i e l d s .  

Although i t  appears  t h a t  most SWCPs have marginal  impact on corn  y i e l d s ,  no- 

t i l l a g e  and conse rva t ion  t i l l a g e  a r e  except ions .  These p r a c t i c e s  dec rease  

y i e l d s  on poorly-drained s o i l s  but  can i n c r e a s e  y i e l d s  on vel l -dra ined s o i l s .  

It i s  c l e a r  t h a t  i n  many c a s e s  SWCPs can be implemented on ly  a t  s u b s t a n t i a l  

c o s t  t o  t h e  farmer and t h a t  government cos t - sha r ing  may be necessary .  The 

inc remen ta l  c o s t s  in Table  4 do not  i nc lude  t h e  e f f e c t s  of SWCPs on long-term 

s o i l  p r o d u c t i v i t y .  Con t ro l  of s o i l  e ros ion  should i n c r e a s e  farm income i n  

thelong-run, bu t  d a t a  is not  a v a i l a b l e  t o  q u a n t i f y  these  b e n e f i t s .  

Cos t - e f f ec t iveness  va lues  f o r  t hese  p r a c t i c e s  a r e  shovn i n  Table  5 f o r  

two i d e n t i c a l  corn f i e l d s  vh ich  have d i f f e r e n t  SDRs. The f i e l d s  have annual  

e ros ion  r a t e s  of 32 t / h a  under convent ional  t i l l a g e .  It can be seen t h a t  i t  

is much more c o s t - e f f e c t i v e  t o  p l ace  SWCPs on f i e l d s  wi th  high SDRs. P r a c t i c e s  

such a s  t e r r a c i n g .  s t r ip -c ropp ing  and sod-based r o t a t i o n s  a r e  r e l a t i v e l y  ex- 

pensive  ways t o  reduce sediment load ings ,  whi le  contour ing.  n o - t i l l a g e  and 

conse rva t ion  t i l l a g e  can be h igh ly  c o s t - e f f e c t i v e  when they do not  depress  crop 



TABLE 4.  Typical  Incremental  Costs  of SUCPs f o r  Grain  Corn 

SWCP f; Change Increment a 1  
i n  Crop Yield  Cost ($/ha-yr) 

Contouring 0 10  

Terracing 0 110 

Sod-Based Rocat ion +4" 9 0 

No-Tillage 

Conservation T i l l a g e  

=lst year co rn  a f t e r  sod. 



TABLE 5. Cost -Effect iveness  of SWCPs f o r  Con t ro l  of Stream Sediment Loadings 

SDR = 1 . 0 ~  SDR = 0 . 3 ~  
SWCP X Yield  Erosion Sediment Cost- Sediment Cost- 

Change ( t  /ha-yr) Loading Ef f e c c i v e  e s s  Loading Ef fec t iveness  
( t / ha -y r )  (CIS)  ( t i ha -y r )  

Contouring 

Ter rac ing  

S t r i p -  
Cropping 

Sod- Based 
Ro ta t ion  

No-Tillage 

Conservat ion 
T i l l a g e  

a ~ e d i m e n t  d e l i v e r y  r a t i o  = f r a c t i o n  of eroded s o i l  reaching scream. 

b ~ e d u c t i o n  of sediment load ing  from 32 [/ha-yr d iv ided  by incremental  cos t  
(Table 4 ) .  

' ~ e d u c t i o n  of sediment loading from 32(0.3) = 9 . 6  t lha-yr  d iv ided  by 
inc remen ta l  c o s t  (Table 4) .  



yie lds .  As shovn in the t a b l e ,  the l a t t e r  tvo prac t ices  can have negative 

cost-effectivenessvalues, ind ica t ing  tha t  they may decrease sediment loadings 

v h i l e  increas ing  income. 

It is somewhat misleading t o  compare prac t ices  based on t h e i r  performance 

on a  s i n g l e  cropped f i e l d .  A farm c o n s i s t s  of combinations of crops, s o i l s  

and f i e l d  topographies, and cont ro l  of t o t a l  sediment loading farm t o  farm 

general ly  requ i res  a  combination of p r a c t i c e s  which a r e  cons i s ten t  v i t h  a  

p a r t i c u l a r  s e t  of a g r i c u l t u r a l  a c t i v i t i e s .  A l i n e a r  programming model was 

uaed t o  s tudy  these  farm-scale e f f e c t s .  Representative farms ware modelled 

i n  New York. Iova and Texas. Each farm was nodelled a s  a  rectangle bisected 

by a  stream, and SDRs were determined based an f i e l d  d i s t a n c e  from the stream. 

Incomemaximizing plans wereformulated subject  t o  cons t ra in t s  of ( i )  50% and 90% 

erosion reduction per f i e l d ,  and ( i i )  50% and 909. sediment load reduction f o r  

the  farm. These reductions were v i t h  respect  t o  a  base income-maximizing plan 

with no erosion or  sediment cons t ra in t s .  The ana lys i s  consis ted e s s e n t i a l l y  

of comparison of farm conservation plans f o r  erosion cont ro l  with those designed 

f o r  va t  er pol lu t ion  (sediment) control .  

The r e s u l t s  f o r  the  Iowa farm i l l u s t r a t e  the general  f indings.  This farm 

is  a 100-ha flog and cash crop operation. Tota l  farm erosion and sediment loadings 

from t h e  f i v e  conservation plans a s  well  a s  Costs (decreased farm income) com- 

pared t o  the base plan a r e  shown i n  Table 6. The plan f o r  50% erosion reduction 

lovered the t o t a l  farm erosion by nore than 50%. s ince the required reduction 

on highly e ros ive  s o i l s  necessi ta ted r o t a t i o n s  which reduced s o i l  l o s s  on the 

l e s s  e ros ive  s o i l s  by more than 50%. I t  can be seen tha t  the c o s t s  of erosion 

or  sedinent  con t ro l  a re  nonlinear. Xarginal c o s t s  of con t ro l  increase s igni-  

f i c a n t l y  a s  reductions a r e  increased from 502 to  90%. Although farm plans 

designed t o  con t ro l  erosion on a l l  f i e l d s  a r e  very e f f e c t i v e  i n  reducing sedi- 

ment loads, they a r e  a l s o  q u i t e  expensive. I n  c o n t r a s t ,  plans based on sediment 



TABLE 6 .  Farm Conservation Plans t o  Reduce Erosion or  Sediment Loading 
f o r  a 100-ha Iova Farm 

Type o f  Farm 
Plan 

T o t a l s o i l  T o t a l s e d i m e n t  Cost 
Erosion Load t o  Stream ($/ha-yr) 

( t iha-yr)  ( t lha-yr)  

Base 

50% Erosion Reduction 

90% Erosion Reduction 

50% Sediment Reduction 

90% Sediment Reduction 



c o n t r o l  a r e  l e s s  c o s t l y ,  mainly because they c o n c e n t r a t e  SWCPs on F ie lds  

wi th  h igh  SDRs ( c l o s e  t o  s t reams)  and inc lude  p r a c t i c e s  such a s  sediment 

t r a p s  which a r e  designed expres s ly  For sediment c o n t r o l .  

The sediment s t u d i e s  demonstra te  t h a t  SWCPs a r e  g e n e r a l l y  an e f f e c t i v e  

vay t o  reduce both  cropland e r o s i o n  and sediment loadings  t o  s t reams.  The 

shor t - term c o s t s  of many of t h e s e  p r a c t i c e s  can be s i g n i f i c a n t ,  although 

conse rva t ion  t i l l a g e  and n o - t i l l a g e  may e n t a i l  l i t t l e  o r  no cos t  i n  many 

s i t u a t i o n s .  The l i n e a r  programming r e s u l t s  demonstra te  t h a t  farm p lans  t o  

reduce sediment loads  can be  d i f f e r e n t  from, and r e s u l t  i n  l e s s  c o s t s  than 

comparable p l a n s  t o  c o n t r o l  e ros ion .  

CONTROL OF XUTRIENT LOSSES 

Research on n u t r i e n t  l o s s e s  c a r r i e d  out  i n  t h e  pro2ect  d i f f e r e d  sub- 

s t a n t i a l l y  from t h e  sediment work. Simple p r e d i c t i v e  equa t ions  f o r  n u t r i e n t  

l o s s e s  vhich a r e  s i m i l a r  co t h e  Un ive r sa l  S o i l  Loss Equation do no t  e x i s t  and 

i n  a d d i t i o n  t h e r e  a r e  no a v a i l a b l e  methods f o r  escimacing nuc r i en t  d e l i v e r y  

t o  r e c e i v i n g  waters .  Thus che r e sea rch  was l i m i t e d  t o  the  development of 

n u t r i e n c  s i m u l a t i o n  a o d e l s  and t h e  use  of t h e s e  models t o  e s t ima te  edge-of- 

f i e l d  l o s s e s  of d i s so lved  and sol id-phase  n i t r o g e n  and phosphorus a t  t h e  

t h r e e  l o c a t i o n s  mentioned e a r l i e r :  Aurora, Yew York; .Ames, Iowa; and Watk insv i l l e ,  

Georgia.  The n u t r i e n t  s imula t ion  model is based on t h e  S o i l  Conservat ion 

S e r v i c e ' s  runoff  equa t ion  (Ogrosky and Xockus. 1964) and on Onstad and 

F o s t e r ' s  (1975) m o d i f i c a t i o n  of the  Un ive r sa l  S o i l  Loss Equation. S o i l  

o rgan ic  and i n o r g a n i c  n i t r o g e n  mass balances  a r e  computed and i t  i s  assumed 

t h a t  soi id-phase  n i t r o g e n  l o s s e s  a r e  i n  t h e  o rgan ic  f o m  and d i s so lved  l o s s e s  

a r e  ino rgan ic .  S o i l  phosphorus i s  d ivided i n t o  a v a i l a b l e  and f ixed  ino rgan ic  

forms. The p a r t i o n i n g  of a v a i l a b l e  phosphorus i n t o  d i s so lved  and sol id-phase  

c o n s t i t u e n t s  i s  based on a  l i n e a r  adso rp t ion  isotherm. !!ode1 output  i s  monthly 



r u n o f f ,  s e d i m e n t  l o s s ,  d i s s o l v e d  and s o l i d - p h a s e  n u t r i e n t s  i n  r u n o f f  and 

r u n o f f  and d i s s o l v e d  n i t r o g e n  i n  p e r c o l a t i o n .  The model was v a l i d a t e d  

u s i n g  f i e l d  d a t a  f rom G e o r g i a  and New York. 

The e f f e c t s  o f  c o n t o u r i n g ,  t e r r a c i n g ,  sod-based r o t a t i o n s  and c o n s e r v a t i o n  

t i l l a g e  were  compared t o  c o n v e n t i o n a l  t i l l a g e  f o r  2-ha c o r n  f i e l d s  a t  t h e  

t h r e e  l o c a t i o n s .  S o i l  and c r o p p i n g  c h a r a c t e r i s t i c s  were chosen  t o  be t y p i c a l  

of  e a c h  l o c a t i o n  ( T a b l e  7 ) .  Twenty-five y e a r  r u n s  of  t h e  s i m u l a t i o n  model 

w e r e  used  f o r  t h e s e  compar i sons  w i t h  m e t e o r o l o g i c  d a t a  f o r  1952-1976. Conven- 

t i o n a l  t i l l a g e  was i d e n t i c a l  a t  e a c h  l o c a t i o n  w i t h  t h e  e x c e p t i o n  t h a t  f a l l  

p lowing  w a s  assumed f o r  Iowa and  s p r i n g  p lowing  was c o n s i d e r e d  t y p i c a l  i n  

New York and Georg ia .  E f f e c t s  o f  t h e  SWCPs on 25-yr mean a n n u a l  n u t r i e n t  l o s s e s  

a r e  shown i n  T a b l e  8. R e s u l t s  f o r  a n n u a l  r u n o f f  and sed iment  l o s s e s  were g i v e n  

i n  T a b l e  3. A l l  p r a c t i c e s  s i g n i f i c a n t l y  r e d u c e  n u t r i e n t  l o s s e s  i n  r u n o f f ,  

. d t h  t h e  h i g h e s t  r e d u c t i o n s  o c c u r i n g  on t h e  h igh- runoff  Xew York s i t e .  S o l i d -  

p h a s e  l o s s e s  a r e  g e n e r a l l y  r e d u c e d  more t h a n  d i s s o l v e d  l o s s e s .  A11 p r a c t i c e s  

e x c e p t  sod-based r o t a t i o n s  i n c r e a s e  t h e  amounts of  d i s s o l v e d  n i t r o g e n  i n  

p e r c o l a t i o n .  The e f f ~ c t s  of  t h e  p r a c t i c e s  on t o c a l  ( r u n o f f  + p e r c o l a t i o n )  l o s s e s  

of  d i s s o l v e d  n i t r o g e n  a r e  shmm i n  T a b l e  9.  I t  can be  s e e n  t h a t  o n l y  sod-based 

r o t a t i o n s  r e d u c e  t o t a l  l o s s e s .  T h i s  p r a c t i c e  r e d u c e s  a l l  c a t e g o r i e s  of n u t r i e n t  

l o s s e s  s i n c e  r u n o f f ,  e r o s i o n  and f e r t i l i z e r  n i t r o g e n  i n p u t s  a r e  a l l  reduced .  

The e f f e c t s  ~f p r a c t i c e s  on n u t r i e n t  l o s s e s  a r e  o b v i o u s l y  n o t  un i form and v a r y  

w i t h  boch n u t r i e n t  f o r n  and l o c a t i o n .  

The e f f e c t s  of  Siv'CPs v a r y  from :rear t o  y e a r  w i t h  w e a t h e r  c o n d i t i o n s .  The 

s i z e  of t h e s e  v a r i a t i o n s  is d e m o n s t r a t e d  i n  TabLe 10 which compares a n n u a l  

l o s s e s  of  d i s s o l v e d  phosphorus  and n i t r o g e n  i n  runof f  f o r  contouring and 

conventional t i l l a g e  based  a n  :he f i r s t  f i f t e e n  y e a r s  of s i m u l a t i o n  model r u n s .  





TABLE 8. Ef fec t s  of Selected SUCPs on Mean Annual Nutrient Losses 
a t  Three Locations 

Z Changes i n  Mean Annual Z Changes i n  Mean 
Runoff Losses Annual Percolation 

Loss of Dissolved 
Prac t ice  Phosphorus Nitrogen 

Dissolved Solid- Dissolved Solid- Nitrogen 

Phase Phase 

Nev York -- 
Contouring -45 -65 

Terracing -60 -95 

Sod-based Rotation -75 - 70 

Conservation T i l l a g e  -25 -55 

Iowa - 
Contouring -20 -55 

Terracing -30 -95 

Sod-based Rocation -55 -60 

Conserration T i l l a g e  -35 -70 

Georgia 

Contouring -30 -60 

Terracing -40 -95 

Sod-based Rocation -30 -65 

Conservation T i l l a g e  -20 -40 



T a b l e  9. E f f e c c s  of  S e l e c t e d  SWCPs on T o t a l  D i s so lved  N i t rogen  Losses  

P r a c t i c e  

Average Annual Los se s  of  Disso lved  Xicrogen 

Runoff P e r c o l a t i o n  Toca l  ----------------- kg/ha-yr--------- 

New York 

Conven t i ona l  1 0  
Conrour ing  5 
T e r r a c i n g  3 
Sod-based Rocacion 2 
Conse rva t i on  T i l l a g e  7 

Iowa - 
Conventional 16  
Contour ing  12 
T e r r a c i n g  11 
Sod-based Zocac ion  Ir 
Conse rva t i on  T i l l a g e  11 

Georg i a  

Conven t i ona l  14  
Contour ing  9 
T e r r a c i n g  7 
Sod-based Roca t i on  6 
Conservation T i l l a g e  12 



TABLElQ Ef fec t s  of Contouring on Dissolved Xutrient Losses Over 
15 Years i n  Iowa (Simulation Results)  

Nitrogen Phosphorus 

Year Conventional Contouring X Conventional Contouring % 
(kg/ha-yr) (kg /ha-~r)  Reduction (kg/ha-yr) (kg/ha-yr) Reduction 



The e f f e c t i v e n e s s  of con tou r ing  changes markedly from yea r  t o  yea r ,  i n d i c a t i n g  

t h a t  e v a l u a t i o n s  of SWCPs cannot be based on two o r  t h r e e  y e a r s  of da t a .  Th i s  

is  e q u a l l y  t r u e  whether n u t r i e n t  l o s s e s  a r e  measured i n  f i e l d  s t u d i e s  o r  pre- 

d i c t e d  by s i m u l a t i o n  models. I n  e i t h e r  c a s e ,  s t u d i e s  must be  of s u f f i c i e n t  

d u r a t i o n  t o  c a p t u r e  t h e  expected  range o f  p o s s i b l e  l o s s e s .  Long-term 

s t u d i e s  permi t  e s t i m a t e s  of n u t r i e n t  l o s s e s  p r o b a b i l i t i e s .  For  example. 

t h e  s i m u l a t i o n  r e s u l t s  were used t o  de t e rmine  one-in-ten-year d i s s o l v e d  

phosphorus l o s s e s ,  and t h e  e f f e c t s  o f  con tou r ing  and sod-based r o t a t i o n s  on 

t h e s e  ext reme l o s s e s  a r e  shown i n  Tab le  U. I n  g e n e r a l ,  t h e  SWCPs a r e  some- 

what l e s s  e f f e c t i v e  a t  c o n t r o l l i n g  l a r g e  phosphorus l o s s e s  than they a r e  i n  

r educ ing  mean annua l  l o s s e s .  

CONTROL OF PESTICIDE LOSSES 

P e s t i c i d e  l o s s e s  i n  runoff  were s t u d i e d  a t  t h e  !lev York. Iowa and 

Georgia  s i t e s  (Table  7) u s ing  a  25-year run of a  s imu la t ion  model s i m i l a r  

t o  t h a t  used i n  e s t i m a t i n g  n u t r i e n t  l o s s e s .  A s  w i th  t h e  n u t r i e n t  s t u d i e s ,  

p e s t i c i d e  d e l i v e r y  t o  s t r eams  could  n o t  be  p r e d i c t e d  and hence only  edge-of- 

f i e l d  l o s s e s  were a s t ima ted .  The p e s t i c i d e  s i m u l a t i o n  model was v a l i d a t e d  

us ing  Georgia  f i e l d  da t a .  S ince  a  v e r y  l a r g e  number of  p e s t i c i d e s  a r e  r e g i s t e r e d  

f o r  use i n  t h e  U.S., runoff l o s s e s  were s imula ted  f o r  t h e  g e n e r a l  c a t e g o r i e s  

of p e s t i c i d e s  shown i n  Table  12. The c l a s s i f i c a t z o n  is  based on p e s t i c i d e  

p e r s i s t e n c e  i n  t h e  s o i l ,  i n d i c a t e d  by h a l f - l i f e ,  2nd a d s o r p t i o n  t o  s o i l  p a r t i c l e s .  

The l a t t e r  p r o p e r t y  i s  measured by an adso rp t ion  r o e f f i c i e n t  which is  equa l  

t o  :he r a t i o  of s q u i l i b r i u m  so l id -phase  and disso:ved concen t r a t ions  i n  

t he  s o i l .  C l a s s i f i c a t i o n s  of some r e p r e s e n t a t i v e  p e s t i c i d e s  a r e  shown i n  

Tab le  1 3 ,  a l t hough  i t  should  be recognized t h a t  both p e r s i s t e n c e  and adso rp t ion  

depend on s o i l  type .  a p p l i c a t i o n  methods and environmenta l  cond i t i ons .  For 

example, a t r a z i n e  is r e l a t i v e l y  p e r s i s t e n t  when inco rpo ra t ed  i n t o  o rgan ic  

s o i l s  but  v e r y  s h o r t - l i v e d  on t h e  s o i l  s u r f a c e .  



TABLE 11. E f f e c t s  of Contouring and Sod-based Ro ta t ions  i n  Conr ro l l ing  
Average and Extreme Annual Losses of Dissolved Phosphorus 

P r a c r i c e  

Dissolved Phosphorus i n  Runoff 

Loss Exceeded Average 
One Year in % Annual Loss Z 
Ten (kg/ha-yr) Reduction (kg/ha-yr) Change 

New York 

Convenrional 

Contouring 

Sod-based Rota t  i on  

Iova - 
Conventional 

Cont ou r ing  

Sod-based Ro ta t ion  

Georgia 

Convent ional  

Conrouring 

Sod-based Rot a t  i on  



TABLE 12. Genera l  P e s t i c i d e  C l a s s i f i c a t i o n  Based on P e r s i s t e n c e  and 
A f f i n i t y  f o r  S o i l  P a r t i c l e s  

Category  
Adsorpt ion  Half-Life 

D e s c r i p t i o n  C o e f f i c i e n t  (da) 

Weakly adsorbed,  non- 0 .1  15 
p e r s i s t  Mt  

Moderately adsorbed,  non- 10 15 
p e r s i s t e n t  

C Xode ra t e ly  adsorbed,  10 100 
modera te ly  p e r s i s t e n t  

S t r o n g l y  adsorbed,  
p e r s i s t e n t  

TABLE 13. C l a s s i f i c a t i o n  of R e p r e s e n t a t i v e  P e s t i c i d e s  

P e s t i c i d e  Type Category  Yajor P r i n c i p a l  
Crop Appl ica t ion  

Method 

A t r a z i n e  Herb ic ide  B 

Carbof u r a n  I n s e c t i c i d e  C 

Ye thy l  I n s e c t i c i d e  B 
P a r a t  h ion  

Paraquat  Herb ic ide  D 

Toxap hene I n s e c t i c i d e  D 

Corn Broadcast  o r  
band 

Corn Broadcas t ,  band 
o r  s o i l  incor-  
po ra t  ed 

Cocron F o l i a r  Spray 

Corron. Spray 
:-om 

Cocton F o l i a r  Spray 



Only one SWCP, t e r r a c i n g ,  vas  eva lua t ed  f o r  i t s  e f f e c t  on p e s t i c i d e  

l o s s e s  u s ing  t h e  s i m u l a t i o n  model. Th i s  SWCP s u b s t a n t i a l l y  reduces  both  

runof f  and sediment l o s s e s  and thus  p rov ides  a r ea sonab le  i n d i c a t i o n  of t h e  

magnitudes of p e s t i c i d e  l o s s  c o n t r o l  which can be achieved by SWCPs. Te r r ac ing  

and conven t iona l  t i l l a g e  of cont inuous  co rn  a r e  compared i n  Table  14 wi th  

r e s p e c t  t o  d i s so lved  and so l id -phase  p e s t i c i d e  l o s s e s  f o r  t h e  t h r e e  example 

f i e l d s .  S i n g l e  p e s t i c i d e  a p p l i c a t i o n s  of 3000 g/ha on Xay 10 of each s imu la t ed  

y e a r  v e r e  assumed. Except f o r  s t r o n g l y  adsorbed p e s t i c i d e s  (ca tegory  D ) ,  l o s s e s  

i n  New York were n e g l i g i b l e .  A t  t h e  o t h e r  w o  l o c a t i o n s ,  t e r r a c i n g  was more 

e f f e c t i v e  a t  r educ ing  so l id -phase  than  d i s s o l v e d  l o s s e s ,  a l though d i s s o l v e d  

l o s s e s  were s u b s t a n t i a l l y  reduced i n  Iowa. 

Zxcept f o r  t h e  s t r o n g l y  adsorbed p e s t i c i d e s ,  p r ed ic t ed  runoff l o s s e s  of 

p e s t i c i d e s  v e r e  g e n e r a l l y  l e s s  than 5% of a p p l i c a t i o n s .  Losses of t h i s  same 

magnicude have been c o n s i s t e n t l y  observed i n  f i e l d  s t u d i e s  (Clauchope, 1978) .  

While i t  seems c l e a r  t h a t  SWCPs can reduce  t h e s e  l o s s e s ,  such c o n t r o l  may no t  

be  an  e f f i c i e n t  vay of reducing environmenta l  p o l l u t i o n .  P e s t i c i d e s  may 

b e  l o s t  from c rop lands  by means o t h e r  than r u n o f f .  For example, of t he  f i v e  

p e s t i c i d e s  l i s t e d  i n  Tab le  1 3 ,  a l l  except  fo r  paraquat  xay have d r i f t  l o s s e s  

of up to- 50% us ing  s t anda rd  a p p l i c a t i o n  methods. Control  of d r i f t  l o s s e s  

may have g r e a t e r  envi ronmenta l  impact t han  r educ t ion  of r e l a t i v e l y  smal l  runoff 

l o s s e s .  

CONCLSS IONS 

A c u r r e n t  assessrnemt of t h e  e f f e c t i v e n e s s  of s o i l  and water c o n s e r v a ~ i o n  

p r a c t i c e s  (SWCPs) f o r  c o n t r o l  of v a t e r  p o l l u t i o n  a s s o c i a t e d  v i t h  cropland 

sediment ,  n u t r i e n t s  and p e s t i c i d e s  must be based on individual f i e l d  s t u d i e s  

and t h e  p r e d i c t i o n s  of mathemat ica l  models. Such an assessment must be 

cons ide red  3 r e l i m i n a r j  and f u r t h e r  s t u d i e s  of water  q u a l i t y  and long-run 

economic impacts  o f  SWCPs a r e  u r g e n t l y  needed. Subjec t  t o  t h e s e  l i m i t a t i o n s ,  





t h e  p r i n c i p a l  conc lus ions  of t h e  r e s e a r c h  desc r ibed  i n  t h i s  paper  a r e  a s  

fo l lows :  

1. SWCPs s i g n i f i c a n t l y  reduce  edge-of- f ie ld  p o l l u t a n t  l o s s e s  i n  r u n o f f .  

Reduct ions  of so l id-phase  p o l l u t a n t s  (sediment ,  s t r o n g l y  adsorbed 

p e s t i c i d e s ,  o rgan ic  n i t r o g e n ,  f i x e d  phosphoms)  a r e  s u b s t a n t i a l l y  

g r e a t e r  than r educ t ions  of d i s s o l v e d  n u t r i e n t s  and p e s t i c i d e s .  The 

magnitudes of p o l l u t a n t  r e d u c t i o n s  a r e  s i t e - s p e c i f i c ,  depending on 

l o c a l  weather ,  s o i l s  and c rop  management. 

2. SVCPs w i l l  n o t  reduce t o t a l  ( runoff  p l u s  p e r c o l a t i o n )  edge-of- f ie ld  

n i t r a t e  l o s s e s  u n l e s s  they a l s o  reduce  f e r t i l i z e r  n i t r o g e n  a p p l i c a t i o n s .  

3. Cropland e r o s i o n  c o n t r o l  may no t  e f f i c i e n t l y  reduce  sediment l oad ings  

t o  s t r eams  u n l e s s  t hey  a r e  concen t r a t ed  on l ands  w i t h  h igh sediment 

d e l i v e r i e s .  

. SI;CPs o f t e n  have n e g a t i v e  o r  marginal  shor t - term monetary b e n e f i t s  

t o  t h e  farmer .  I n  zany c a s e s ,  however, conse rva t ion  t i l l a g e  and no- 

t i l l a g e  can i n c r e a s e  farm income. 

5.  Although SWCPs were no t  e x t e n s i v e l y  compared wi th  o t h e r  p o l l u t i o n  

c o n t r o l  measures,  i t  i s  apparent  t h a t  e f f i c i e n t  management of chemical 

a p p l i c a t i o n s  t o  croplands  has  s i g n i f i c a n t  p o t e n t i a l  f o r  reducing 

p e s t i c i d e  and n i t r o g e n  l o s s e s .  Although such management is not  

always o p e r a t i o n a l l y  or economically f e a s i b l e .  i t  does  provide  a  

major  a l t e r n a t i v e  t o  t h e  u s e  of SWCPs :ar p o l l u t i o n  contro l .  

I t  appea r s  l i k e l y  t h a t  f o r  both  p r a c t i c a l  and p o l i t i c a l  reasons  s o i l  

and wa te r  conse rva t ion  is  l i k e l y  t o  be a  major component of programs For 

c o n t r o l  of v a t e r  p o l l u t i o n  from cropland i n  t h e  United S t a t e s .  The r e s u l t s  

from t h i s  r e s e a r c h  p r o j e c t  i n d i c a t e  t h a t  such a  po l i cy  is not  unreasonable .  

Neve r the l e s s ,  t h e  economic e f f i c i e n c y  and water  q u a l i t y  b e n e f i t s  of t he  

p o l i c y  a r e  u n c e r t a i n  and should r e c e i v e  f u r t h e r  s tudy.  
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ABSTRACT 

In  t h e  G n i t e d  Kingdom f i e l d  s t u d i e s  o f  t h e  u n s a t u r a t e d  
zones o f  30 s i t e s  on t h e  Chalk and 1 2  on t h e  T r i a s s i c  s a n d s t o n e  
a q u i f e r s  nave shown a  c o r r e l a t i o n  between a r a b l e  farming r e g l o n s  
and h i g h  n i t r a t e  c o n c e n t r a t i o n s  i n  i n t e r s t i t i a l  p o r e  w a t e r .  .\ 
slow downwards movement o f  n i t r a t e  h a s  Seen proved a t  two s i t e s .  
.A mathemat i ca l  model has  s u c c e s s f u l l y  s l rnu la t ed  t h e  o b s e r v e d  
n i t r a t e  p r o f i l e s  a t  a  number o f  t h e  investigated s i t e s .  T h i s  
v e r t i c a l  t r a n s p o r t  model has  Seen i n c o r p o r a t e d  i n  a  ca tchment  
model and s o  used t o  p r e d i c t  changes  i n  groundwater  n i t r a t e s ,  
i n  some a r e a s ,  t o  l e v e l s  above 1 1 . 3  mg N/1. R e h a b i l i t a t i o n  o f  
con tamina ted  a q u i f e r s  i s  s low and a  number o f  p o s s l b l e  e n g i n e e r i n g  
s o l u t i o n s  t o  n i t r a t e  c o n t r o l  a r e  c o n s i d e r e d .  



1 .  INTRODUCTION 

Abouc a  t h i r d  of the  pub l i c  v a t e r  s u p p l i e s  i n  the United Cingdorn a r e  

ob ta ined  from groundwacer, t h e  g r e a t e r  p a r t  of which a r e  de r ived  from 

tvo p r i n c i p a l  a q u i f e r s .  t he  Chalk and t h e  T r i a s s i c  sandscones (F igu re  

I ) .  Croundwacer, where a v a i l a b l e ,  i s  a  cheap source  of supply  and 

g e n e r a l l y  of good q u a l i c y .  Hovever, an i n c r e a s e  i n  t h e  n i c r a c e  concencracion 

of some groundvacers i n  t h e  Uniced Kingdom has been r epo r t ed  i n  recenc 

yea r s  (Davey, 1970; Foscer  and Crease,  1974; Creene and Walker, 1970; 

Sacchel l  and Edvorchy, 1972; Severn-Trenc Wacer Au tho r i ty ,  1976 a , b )  

Over 100 pub l i c  supply boreholes  now produce groundwater wi th  n i t r a c e  

concentrations incermitcencly  o r  soncinuously  above 11.3 rig N/1. High 

n i c r a t e  concencracions  i n  wacer s u p p l i e s  a r e  of concern because of 

~ o t e n c  i a l  hea l ch  r i s k s ,  (Comley 1945; Petakhov and Ivanov 1970; Tannenbaum. 

Archer,  Xishnok, Correa.  Cuel lo  and Haenszel. 1 9 i 7 ) .  

In  1974 the  'rlacer Research Centre i n i c i a c e d  a  ?rograuune of f i e l d  invesciga-  

t i o n s  and laboratory s t u d i e s  v i c h  che ob jecc ives  or 

i determining t h e  excenc of a i t r a c e  soncamination or' :he unsa tu ra t ed  

zones of che p r i n c i p a l  a q u i f e r s  i n  t he  United Kingdom. 

ii evaluating the  mec.hanisms and r a c e s  of mvemenc of ; locencial  

po l lu t ancs ,  der ived from the  land s u r f a c e ,  through :he unsaturated 

zone t o  che vace r  t a b l e ,  and 

iii e s t i m a t i n g  fucure  t r e n d s  i n  aroundvacer n i z r a t e  concencrar ions  

on boch :he l o c a l  and r eg iona l  s c a l e s .  

Work on t h i s  n a j o r  r e sea rch  programme i s  s c i l l  con t inu ing .  The paper 

desc r ibes  t he  techniques  used and the  p r i n c i p a l  r e s u l t s  to dace .  



Outcrop of the Chalk 

.... '..;.'.':.., ...- ..... , .::: . . . . . . . 
" ' . . ..(, ..'..,l: ...- ... . Outcrop of  the  T r ~ a s s ~ c  Sandsrones 

F ig .  1. Simplified geological m a p  o i  England and iValea, snowlng 
the ou tc rops  o i  the m a l o r  aqu i fe rs  and s i t e s  o i  'NRC n i t r a t e  
invest igat ions.  



2 .  SITE SELECTION AVD RESEARCH ?IE?HODS 

S i t e s  f o r  f i e l d  i n v e s t i g a t i o n s  were s e l e c t e d  i n  accordance wi th  t h ree  

c r i t e r i a :  

I .  l o c a t i o n  on an ou tc rop  a r e a  of t h e  a q u i f e r ,  and, t hus ,  i n  a  zone of 

n a t u r a l  recharge .  The a r e a s  s e l e c t e d  were f r e e  from s u p e r f i c i a l  

d e p o s i t s  (a l luvium,  g l a c i a l  t i l l  e t c )  i n  o r d e r  ro ensu re  comparab i l i t y  

between s i t e s ;  

2 .  t h e  presence  of a  t h i c k  (gene ra l ly  >?Om dep th )  unsa tu ra t ed  zone, 

i n  o r d e r  t o  a l l ow e f f e c t i v e  de t e rmina t ion  o f  t h e  v e r c i c a l  changes 

i n  c o n c e n t r a t i o n s  of s o l v e n t s  i n  t h e  i n t e r s t i t i a l  wa te r ,  and, 

3.  where a p p l i c a b l e ,  t h e  a v a i l a b i l i t y  of d e t a i l e d  r eco rds  of land 

usage, c ropping and f e r t i l i z e r  a p p l i c a t i o n  r a t e s  f o r  a t  l e a s t  che 

preceding t e n  yea r s ,  t oge the r  w i th  s u f f i c  ienc  l o c a l  nece ro log ica l  

d a t a  co permit  r e l i a b l e  e s t ima te s  co be made of i n f i l t r a t i o n  r a t e s  

(Gr i n d l  ey, 1969 1. 

h simple c l a s s i f i c a t i o n  of land usage (Table 1 )  has been adopted,  so 

t h a t  d i f f e r e n t  c a t e g o r i e s  of use i n  s i m i l a r  hydrogeologica l  environments 

may be compared. During t h e  period October 1974 t o  January  1978 a  

t o t a l  of air boreholes ,  some t o  depths  a f  up t o  200 n  have been d r i l l e d  

a t  2 2  s e l e c t e d  s i t e s ,  30 on t h e  Chalk and 12 on che T r i a s s i c  sandstone  

a q u i f e r s  (F igu re  I 1. 

The d r i l l i n g  and sampling se thods  employed du r ing  che f i e l d  i n v e s t i g a t i o n s  

and t h e  subsampling and s t o r a g e  techniques  used on s l t e  were designed to  

prevent cross-contaminat ion  of samples (Gray, s o l l a n d ,  Breach, and 

Rowland, 1977). Dr ive  co r ing  us ing a  pe rcuss ion  d r l l l  was emploved a t  

Chalk s l t e s ,  v h i l s t  a i r - f l u s h  r o t a r v  co r ing  vas  used In che T r i a s s i c  

sandstone  a q u i f e r .  Concro l l e d  experiments nave been c a r r i e d  ou t  :o 

determine t h e  most e f f e c t i v e  manner af p re se rv ing  c o r e  samples and t h e i r  

i n t e r s t i t i a l  water a f t e r  d r i l l i n g  (Young and Gray, 1978).  These showed 



Table  1. C l a s s i f i c a c i o n  ~i !and u s e  t y p e s  

Cacegory  C~mmencs 

I F e r t i l i z e d  a r a b l e  l a n d ,  
i n c l u d i n g  h o r t i c u l c x r e .  
wich  g r a s s  l e y s  

2 .  F e r t i l i z e d  l o n g  t e r m  
g r a s s l a n d  

3 .  U n i e r c i l i z e d ,  l o n g  c e r s  
g r a s s l a n d  

4 Woodland 

. ? r a w  l e y s  up co 7  y e a r s  duration. 
S h a r a c c e r i s t i c  o f  a r a b l e  and mixed 
f a r m i n g  districts. 

C ~ n c i n u o u s  g r a s s  f o r  more chan  7 y e a r s  
Characteristic ~i d a i r y i n g  a r e a s  

T ; r p i c a l l y  zormnon Land, rough  : raz ing ,  
s h e e p  f o l d s  e c c .  

I n d i g e n o u s  m o d l a n d  and a f f o r e s e e d  a r e a s .  

:har l e e p  f r e e z i n g  p r e v e n t e d  boch d r a i n a g e  > f  cne  i n c e r s c i c i a l  f l u i d s  

and c h a n g e s  i n  n i c r a r e  c o n c e n c r a c i o n .  Wacer f o r  c h e m i c a l  a n a l y s i s  r a s  

e x c r a c c e d  from sub-samples o f  t h e  s o r e s ,  a f t e r  chawing ,  by h i g h  speed  

c e n r r ; f u g a c i o n  (Edmunds and 3ach ,  1 9 7 6 ) .  'riater samples  were  a n a l y s e a  

a s i n g  s r a n d a r d  Xuco Anal y s e r  c e c h n i q u e s .  E x t r a c e  i o n  o i  i n c e r s r  i c  i a l  

v a c e r  by vacuum d i s c i l l a t i o n  and  neasuremencs  o f  c h e  t r i c i u m  concenc  o f  

t h e  w a c e r s  have  been  c a r r i e d  ouc  by t h e  t l a rwel l  L a b o r a r o r y  (UK Acomic 

Energy  R e s e a r c h  E s c a b l i s h m e n c )  u s i n g  'he mechod d e s c r i b e d  by  , I t l e e  

(1968) .  

3 .  RESLLTS Or' FIELD INVESTIGATIONS 

j c u d i e s  i n  che C h a l k  and T r i a s s i c  s a n d s t o n e  a q u i f e r s  have r e v e a l e d  a  

: o r r e l a c i o n  b e m e e n  n i g h  n i c r a c e  c o n c e n c r a c i o n s  ( o f c e n  ) ?O mg !I/?) i n  

r h e  i n c e r s c i r i a l  w a c e r s  of  c h e i r  u n s a c u r a c e d  z o n e s  and a r a b l e  f a r m i n g  

r e g i m e s ,  w h i l s c  low : o n c e n r r a c i o n s  ( o f c e n  ( 5  s g  3 / 1 1  a r e  c h a r a c c e r i s t i c  

o i  i n c o r s c i c i a l  w a t e r  beneach  i l n f e r c i l i z e d  permanent  s r a s s l a n d  and 

m o d l a n d .  The v e r c  i c a l  ?ref i i o s  o r  n i c r a c e  c o n c e n c r a c  i o n s  i n  cne 

u n s a c u r a c e d  zone beneath a r a b l e  Z h a l k  l a n d  a r e  o f c e n  s i n u o u s  and i c  i s  

~ s c u l a c e d  i n  s e c c i o n  5 chac  z h e s e  . ~ a r i a r i o n s  ; r i c h  depch  r e f l e c r  changes  

i n  :he r a c e  ~ f  l e a c h i n g  from s o i l s  under  d i f f e r e n t  a g r r c u 1 : u r a l  r e g i m e s .  



I n  a d d i c i o n  co che  n i t r a t e  and c r i c i u m  p r o f i l e  r e p o r t e d  i n  c h i s  p a p e r ,  a  

c o n s i d e r a b l e  body o f  i n f o r m a t i o n  h a s  b e e n  accumuiaced  o n  che  v e r c i c a l  

d i s t r i b u t i o n  o f  a m n i a ,  n i t r i t e ,  c h l o r i d e .  s u l p h a t e ,  c a l c i u m ,  sodium. 

p o t a s s i u m  and magnesium i o n s  i n  i n t e r s t i t i a l  w a t e r s ,  w h i l s t  i n s o l u b l e  

c a r b o h y d r a t e s  a s s o c i a t e d  v i t h  t h e  s o l i d  C h a l k  have  b e e n  r e p o r t e d  (Young. 

Hall and  Oakes,  1976) a t  c o n c e n t r a t i o n s  o f  up :o 0.1 mg/g d r y  Cha lk ,  a t  

d e p t h s  of  be tween  5.0 and 55.0 m e t e r s  b e n e a t h  a r a b l e  l a n d .  D e t e r m i n a t i o n  

o f  c h e  c o t a l  e l e m e n t a l  c a r b o n ,  hydrogen  and  n i c r o s e n  i n  i n s o l u b l e  C h a l k  

r e s i d u e s  i s  a l s o  b e i n g  u n d e r t a k e n .  I n t e r p r e t a t  i o n  ,or r h e  s i g n i f i c a n c e  

o f  t h e  v e r t i c a l  p r o f i l e s  of  t h e s e  a d d i t i o n a l  d e t e r m i n a n t s  is complex,  d u e  

co d i f f i c u l t i e s  i n  a s s e s s i n g  n a t u r a l ,  background  l e v e l s  and  r a t e s  o f  

e x t e r n a l  i n p u t s .  

3 . 1  U n s a t u r a t e d  Zone 

F e r t i l i z e d  A r a b l e  Land : Uniform, o r  r e l a t i v e l y  smooth ly  v a r y i n g  n i c r a t e  

p r o f i l e s  w e r e  found  co be  c h a r a c t e r i s t i c  o f  s i t e s  s n  che  C h a l k  under  

c o n t i n u o u s  a r a b l e  r e g i m e s  v i t h  c o n s i s t e n t  f e r t i l i z e r  a p p l i c a t i o n  r a t e s  

(Young and  Gray ,  1 9 7 8 ) .  S i n u s o i d a l  v a r i a t i o n s  o f  n i t r a t e  c o n c e n t r a t i o n  

w i t h  d e p t h  have  b e e n  found  t o  be w e l l  d e v e l o p e d  b e n e a t h  C h a l k  s i t e s  a c  

v h i c h  a r a b l e  c r o p p i n g  i s  p e r i o d i c a l l y  i n t e r r u p t e d  by g r a s s  l e y s  ( F i g u r e  

L a ) ,  c h i s  b e i n g  most a p p a r e n t  a t  s i t e s  v i t h  l o n g  c e r p  (4-7 y e a r s )  l e y s  

(Young, Oakes & X i l k i n s o n ,  1 9 7 6 ) .  The n i t r a t e  p r o f i l e  b e n e a t h  a r a b l e  

and a r a b l e i l e y  r e g i m e s  i n  che  T r i a s s i c  s a n d s c o n e s  ( F i g u r e  7b)  have b e e n  

found :J f o l l o w  a  s i m i l a r  p a t t e r n ,  b u t  t o  show = r e  r a p i d  and i r r e g u l a r  

v a r i a t i o n s  v i t h  d e p t h .  T h i s  may be  a t t r i b u t e d  co che  m d i f y i n g  e f f e c t s  

o f  che  d r e a t e r  v e r t i c a l  and h o r i z o n t a l  i n h o r m g e n e i c ] ~  o f  che  T r i a s s i c  

s a n d s t o n e s  compared v i t h  t h e  C h a l k .  P r o f i l e s  o b t a i a e d  f rom d r i l l i n g  

cwo dr m r e  b o r e h o l e s  a t  t h e  same c i n e  i n  a  s i n g l e  I i e l d  have  b e e n  found  

K O  be c l o s e l y  c o m p a r a b l e  w i t h  r e s p e c t  t o  v a r i a c i o n s  Ln concentration 
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w i t h  d e p t h s  below t h e  s u r f a c e  (Young and Gray 1'!78), e s p e c i a l l y  i n  t h e  

c a s e  o f  t h e  Chalk  a q u i f e r .  The quanc icy  o f  n i t r a c e  s c o r e d  i n  i n t e r s t i t i a l  

w a t e r  i n  t h e  Chalk  u n s a c u r a t e d  zone b e n e a t h  a r a b l e  iand  i s  l a r g e .  

Betveen 30 and 40 kg N/ha a r e  p r e s e n t  p e r  I0 mg N/1 i n t e r s t i t i a l  c o n c e n t r a t i o n  

per  meter  d e p t h  of  u n s a t u r a t e d  zone,  so c h a t  t h e  p r o f i l e  shown i n  F i g u r e  

2a c o n t a i n s  i n  e x c e s s  of  3 .0  connes of n i c r a c e - n i t r o g e n  above t h e  v a t e r  

t a b l e .  

F e r t i l i z e d  Long Term G r a s s l a n d s :  X i c r a t e  ? r o f i l r s .  i n  t h e  Chalk and 

T r i a s s i c  s a n d s t o n e s ,  b e n e a t h  permanent g r a s s l a n d  r e c e i v i n ~  f e r t i l i z e r  

a p p l i c a t i o n s  up t o  abouc 250 kg N / h a / y r  have Seen  iound co be g e n e r a l l y  

un i form a t  between 5  and 10 mg N/1 (Young and :ray, 1978) but  c o n c e n t r a t i o n s  

i n  che  r a n g e  10 co 100 ng N/1 have been measured i n  ? r o f i l e s  Seneach  

g r a s s l a n d  w i t h  f e r t i l i z a t i o n  r a t e s  ~ f  g r e a t e r  t h a n  a b o u t  i O O  kg N/ha 

( F i g u r e s  ?c and d l .  

U n i e r c i l i z e d  Long Term G r a s s l a n d  and Woodland: P r o f i l e s  s e a s u r e d  b e n e a t h  

u n f e r t i l i z e d  g r a s s l a n d  have shovn c o n s i s t e n t l y  interstitial n i t r a t e  

v a l u e s  of  l e s s  chan 6  mg N/l  and o f t e n  l e s s  chan I mg N/1. A s i m i l a r  

d i s t r i b u t i o n  a p p e a r s  t o  be p r e s e n t  beneach e s t a b l i s h e d  -modland  ( F i g u r e s  

2e, f and g) 

T r i t i u m :  T r i t i u m  p r o f i l e s  have been de te rmined  a t  a  l a r g e  number o f  t h e  

Chalk s i t e s .  I n  a l l  c a s e s  t h e  7eaked form o f  :he p r o f i l e  -4as comparable 

with chat d e t e r m i n e d  by Smich, Uearn,  Xichards  and l o v e  (1970) i n  t h e  

Upper Chalk  o f  B e r k s h i r e  i n  1968, who sugges ted  t h a c  t h e  peak c o n c e n t r a c i o n s  

r e c o r d e d  t h e  p o s i t i o n  o f  i n f  i l t r a t i o n  d u r i n g  t n e  x i n c e r  o f  1963/64,  when 

thermonuclear c r i t i u m  i n  r a i n f a l l  reached  mximum I fa lues  ( O c l e t ,  1978).  

The examples shovn i n  F i g u r e  3a were measured i n  t h e  Upper Chalk i n  

S u r r e y  becveen 1975 and 1977, and i n c l u d e  b o t h  ?ermanenc u n f e r t i l i z e d  

g r a s s i a n d  and a r a b l e  s i c e s .  P r o f i l e s  measured i n  che T r i a s s i c  sandscone  

a q u i f e r s  ( F i g u r e  3b) a r e  l e s s  w e l l  d e f i n e d  t h a n  :hose from t h e  Chalk ,  

buc p r o v r d e  i n d i c a c i o n s  3f  peak ;oncencrac ions  a c  d e p t h s  o f  abouc 20 

n e c r e s .  



je) Unfertilized g r a s s  Chalk ( f )  Unfertilized g r a s s ,  l g )  Woodland, Chalk 
T r i a s s i c  Sandstone 

Fig. 2. (Contd) Nitrate  prof i les  
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F i g .  3 (a) Tr i t i um profi les  in un-  
saturated Chalk in Surrey .  

F i y .  3 (b) Tri t ium j ro i i l e s  in unsaturated 
T r i a s s i c  Sandstone. 



3 . 2  Sa tu ra t ed  Zones 

Chalk: Yany of the  boreholas  d r i l l e d  i n t o  the Chalk dur ing the e a r l y  - 
s t a g e  of che r e sea rch  p rog rames  were terminated  only  one o r  t m  metres  

belov r e s t  water  i e v e l ,  but a u r e  r e c e n t l y  bor ing has been cont inued to  

20 metres  be lov t h e  water t a b l e  (F igu res  La and 6 ) .  Smooth concen t r a t ion  

g r a d i e n t s  have been recorded wr th in  t h e  zone s f  3roundwacar l e v e l  fluctuations, 

i n d i c a t i v e  o i  washing ou t  oL i n t e r s t i t i a l  v a t e r  hy s a t u r a t e d  zone f lows.  

A s  would be a n t i c i p a t e d  a t  t h e  i n t e r f a c e  becween t h e  v e r c r c a l  mvements 

o i  t he  unsaturaced zone and t h e  h o r i z o n t a l  f lows i n  the  s a t u r a t e d  zone, 

concen t r a t ions  above and below t h e  v a t e r  t a b l e  have been found f r e q u e n t l y  

to  be d i f f e r e n t .  

T r i a s s i c  Sandstones:  Two boreholes ,  about 2 km a p a r t ,  in  :he T r i a s s i c  

sandstone  a q u i f e r  to the v e s t  of Birmingham (F igu res  i c  and d) were 

continued to  depths  g r e a t e r  than 100 metres below :ne water  c a b l e .  In  

boch cases  t he  d i v i s i o n  of the  T r i a s s i c  sandscones r e f e r r e d  t o  a s  the  

Suncer Pebble Beds, a  s e r i e s  of coa r se ,  occas iona l ly  conglomerat ic  

sandstones  with s i l t s t o n e  bands, was completely pene t r a t ed  and the  

under ly ing,  uniform sandstone  en t e red .  Geopnvsical  horenole  logging a t  

boch s i t e s  i nd i ca t ed  t h a t  groundwater f lows v e r e  t a ~ i n g  p lace  predominencly 

through t h e  Bunter Pebble Beds, and t h a t  hydrau l i c  'head d i f f e r e n c e s  

ex i s t ed  becveen d i f f e r e n t  depcns i n  t h e  l aye red  a q u i f e r  sysccm. The 

t r i t i u m  p r o f i l e s  of t h e  s a t u r a t e d  zones a t  both s i t e s  ( F i g u r e s  Ae and f) 

suggested t h a t  t h e  higher n i t r a t e  concen t r a t ions  were a s s o c i a t e d  wi th  

r ecen r  recharge  m v i n g  through rhe  Pebble Beds, i n d i c a t i n g  a  p o s s i b l e  

s c r a c i q r a p h i c  c o n t r o l  on contaminant mvemenc i n  char: a r e a .  Liovever, a  

s l m i l a r  s tudy of t he  T r i a s s i c  sandstone  a q u i f e r s  i n  Worch Yoctinghamshire 

(Savern-Trent Yacer Au tho r i ty ,  1978) d id  not r evea l  a  s i m i l a r  s t r a t i g r a p h i c  

c o n t r o l  of n i t r a t e  wvement .  
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4 .  SOURCES OF NITRATE 

The i n p u t s  of  n i t r o g e n  t o  a g r i c u l t u r a l  s o i l s  i n  t h e  U n i t e d  Kingdom may 

be c o n s i d e r e d  under t h r e e  headings :  a m s p h e r i c  s o u r c e s ,  human and animal 

v a s c e  and i n o r g a n i c  f e r t i l i z e r s .  

~ t m s p h e r i c :  Daca on t h e  n i t r a t e  c o n t e n t  o f  r a i n f a l l  i n  t h e  Uni ted  

Kingdom is  l i m i t e d  (Scevenson.  1968, V i l l i a m s  19i5)  b u t  i n d i c a t e s  c h a t  

i n  r u r a l  a r e a s ,  no t  downvind o f  c o n u r b a t i o n s ,  mean c o n c e n t r a t i o n s  a r e  on 

t h e  o r d e r  o f  I mg Y/1, equivalent t o  a  d e p o s i t i o n  or between 5 and 10 kg 

N/ha/yr  o v e r  much of  S o u t h e r n  B r i t a i n .  Yeasured c o n c e n t r a t i o n s  of up 

KO h mg X / l  have  been r e p o r t e d  from r a i n f a l l  dovnvind o f  major urban 

a r e a s .  F i x a c i o n  o f  a c m s p h e r i c  n i t r o g e n  by che  f r e e  l i v i n g  o r  s y m b i o r i c  

s o i l  b a c t e r i a  has been a s s e s s e d  a c  about  5 0  kg H / h a / ; n  f o r  a r a b l e  c r o p s ,  

75 kg ! l /ha /yr  f o r  permanent vegetation and up LO 250 kg X/ha /yr  f o r  

c l o v e r  and r o c a c i o n a l  g r a s s e s  ( l e y s )  ( C e n t r a l  Uarer  J l a n n i n g  U n i t .  1977) 

Human and Animal Wasres: The u s e  of farmyard Xanure a s  a  f e r t i l i z e r  i n  

t h e  Uni ted  Kingdom i s  l i m i t e d ,  b u t  i n  n ixed  f a n n i n g  r e g i o n s  applications 

of  between 25 and 50 t o n n e s / h a  a r e  t - y p i c a l ,  r e p l a c i n g  o r  supplement ing  

i n o r g a n i c  f e r t i l i z e r ,  and s u p p l y i n g  5ecveen  1 5  and 30 kg Y/ha ( H i n i s t r y  

o f  agriculture, F i s h e r i e s  and Food, 1976) .  S l u r r i e s  from i n c e n s i v e  

s t o c k  r e a r i n g  may a l s o  b e  s p r e a d ,  g e n e r a l l y  s n t o  g r a s s l a n d s ,  a t  r a c e s  

s h r c h  p r o v i d e  up t o  130 kg Y/ha. 3 i g e s c e d  sewage ; iudge  s p r e a d i n g ,  

p r i n c i p a l l y  ? n t o  g r a s s 1 a n d . i ~  p r a c t i c e d  l s c a l l y  (Edworthy,  Y i l k i n s o n  and 

3 'ioung, 1978) a c  r a c r s  o f  up t o  150 n  ! y r ,  pocenc ia l? :?  e q u i v a l e n t  t o  500 

kg :4/ha/;rr. 

I n o r g a n i c  F e r t i l i z e r :  The r a t e  s f  i n o r g a n i c  f ? r c i l i z e r  a p p l i c a t i o n s  

i n c r e a s e d  by hecween 5 and 10 t imes d u r i n g  t h e  p e r i o d  :944 co 1972 < C e n t r a l  

Uacer J l a n n i n g  : 'nit,  1977) t o  che l e v e l s  shovn i n  T ~ b l e  7 .  



Table 2. Current  Ranges o i  Inorganic  F e r t i l i z e r  Annual App l i ca t ion  

Xates i n  t h e  United Kingdom 
(assuming a  l i g h t  s o i l  wi th  low n i t r o g e n  r e s i d u e s  from previous  c rops )  

Crop ca t ego ry  Xate Kg N/ha Coment  s 

Cerea l s  90-1 50 

Soots  i nc lud ing  pota toes  120-200 Highest  r a t e  g e n e r a l l y  on 
po ta toes  

Bras s i ca  greens  1 50- 300 Occas ional ly  very  high r a t e s  
a f t e r  h o r t i c u l t u r a l  c rops  

Legumes (peas  S beans) n i l  Yitrogen f i x i n g  spec i e s  

Grass  1 50-250 Occas ional ly  h ighe r  va lues  

: ; i t rogen Balance: Yitroqen l o s s e s  from the  s o i l / p l a n t  system may be 

d iv ided i n t o  gaseous l o s s e s ,  removal by the crop and i each ing .  The s o i l s  

developed on ou tc rop  Chalk a r e  c h a r a c t e r i s t i c a l l y  shallow, well  dra ined 

rendzinas  and a s s o c i a t e d  b r o w  ca l ca reous  e a r t h s ,  w h i l s t  those i n  the  

T r i a s s i c  sandstones  a r e  v e l l  dra ined brown e a r t h s  and podsols .  LJnder 

a r a b l e  ( t i l l a g e )  regimes such s o i l s  a r e  v e l l  a e r a t e d  2nd l o s s e s  by 

d e n i t r i f i c a t i o n  a r e  considered  co be i n s i g n i f i c a n t  . ~ h i i s t  m i n e r a l i s a t i o n  

of o rgan ic  n i t r o g e n  i s  encouraged. sowever, i t  has been sugges ted  

(Young r t  a l .  1976, a , b )  t h a t  compaction of t h e  s o i l  under permanent: 

:rass may lead  t o  anoxic  cond i t i ons  i r i th  d e n i t r i f i c a t i o n  i n  the  lower 

s o i l  l a y e r s .  

The r a t e  of removal by crops i s  cons ide rab le  ( iohnson,  1976) but 3 nean 

f i g u r e  of about  50 percent  o i  the app l i ed  f e r t i l i z e r  n i t rogen  has been 

es t imated (Kolenbrander,  1975) .  Under normal c l i m a t i c  cond i t i ons  i n  che 

United Kingdom i t  i s  probable t h a t  a  high p ropor t ion  of the  remaining 

dpp l i ea  f e r t i l i z e r  i s  a s s i m i l a t e d  by veeds and mic ro f lo ra  du r ing  the growing 

season.  



A n a l y s i s  of 57 l y s i m e c r i c  e x p e r i m e n t s  i n  Europe and t h e  USA ( A t k i n s ,  

1976) has  s u g g e s t e d  t h a t  i h e  r a t e  of l o s s  of n i c r a t e  i n  d r a i n a g e  w a t e r  

i rom l y s i m e c e r s  ( a )  s u p p o r t i n g  a  g r a s s  c o v e r .  !b) t h o s e  growing a r a b l e  

c r o p s  and ( c )  t h o s e  m a i n t a i n e d  i n  a  f a l l o w  c o n d i i i o n  a r e  i n  che approximate  

r a t i o s  1:5:30 r e s p e c t i v e l y .  Leaching b e n e a t h  g r a s s  h a s  been r e p o r t e d  a t  

o n l y  a  few mg Y/1 (Wi l l iams ,  1975).  bu t  e x p e r i m e n t s  on  s o i l s  deve loped  

on  Upper Chalk  (Ganmod and Tyson, 1973) have s u g g e s t e d  t h a t  f e r t i l i z e r  

a p p l i c a t i o n  r a t e s  o f  500 kg Y/ha on g r a s s  may l e a d  t o  s u b s t a n t i a l  l e a c n i n g  

l o s s e s  i n  normal s e a s o n s  and c h a t  h i g h  l e a c h i n g  l o s s e s  may o c c u r  from 

t h e  same s o i l s  f e r t i l i z e d  a t  lower r a c e s  (250 kg Y/ha) f o l l o w i n g  prolonged 

d r o u g h t ,  a s  t h e  r e s u l t  of abnormal m i n e r a l i s a t i o n  s t  o r g a n i c  n i t r o g e n  

(Gawood 8 Tyson. 1 9 7 7 ) .  The m i n e r a l i s a t i o n  of s o i l  ~ r g a n i c  n i t r o g e n  

f o l l o v i n g  t h e  p loughing  of e s t a b l i s h e d  g r a s s l a n d  (Reinhorn  and Avnimelech, 

1974, Smith and Younq, 1975, Y e i n t s ,  K u r t z ,  Y e l s t e d  and Pack, 1977) has  

been proposed  a s  an i m p o r t a n t  s o u r c e  of  n i t r a t e  f o r  l e a c h i n g  i n  t h e  

United Kingdom (Young e t  a l .  1976,  a , b ) .  I t  is notewor thy  c h a t  t h e  

marked i n c r e a s e  i n  a r a b l e  h e c c a c r e a g e  i n  Southern  England from 1939 t o  

1946 ( F i g u r e  5)  was concencraced  p r i n c i p a l l y  on t h e  t h i n  up land  s o i l s  o f  

t h e  Chalk r e c h a r g e  a r e a s ,  which had p r e v i o u s l y  been permanent sheep  and 

c a t t l e  g r a z i n g .  The p o t e n t i a l  q u a l i t y  o f  n i t r o g e n  a v a i l a b l e  f o r  m i n e r a l i s a -  

c ion  nay be s e v e r a l  thousand kg p e r  h e c t a r e  (Reinhorn  and Avnimelech, 1 9 7 4 ) .  

Yeasuremencs s a d e  a e  Water Research  Cancre e x p e r i m e n t a l  ? l o t  on a  60 cm 

deep Chalk s o i l  p r o f i l e  i n  Sussex ,  a t  u h i c h  p loughing  ~t v i r g i n  g r a s s l a n d  

f i r s t  o c c u r r e d  i n  A p r i l  1978, have i n d i c a t e d  c h a t  che s o l u b l e  n i c r a t c  

c o n t e n t  of  a  f a l l o v  s o i l  i n c r e a s e d  by a b o u t  200 kg Xiha,  when compared i l i t h  

a c o n c r o l  p l o t  under  g r a s s ,  d u r i n g  t h e  p e r i o d  A p r i l  ro Xovember. 

A s y n o p t i c  d iaqram i l l u s t r a t i n g  ? o t e n t i a l  s o u r c e s  3f n i t r a t e  l e a c h i n g  

irom a g r i c u l t u r e  and i t s  p o s s i b l e  r o u t e s  i o  che groundwater  zone is shown 

i n  F i g u r e  5 .  



, e l  Triassrc  sandsrone. trrnum. 

Fig.  4 (contd) Yitrare and tritium proi i lea ,  laturated zones.  

-. 21%. 5 .  R e g l o a d  caanges  .n land  sage. zounrles a 
southern Zngland. 





5. XOVEXENT SF G A E R  LVD SOLLTES IN T'tE UXSBTilIUTED ZONE 

3 a s i c  i l y d r a u l i c  P r o p e r t i e s  s f  t h e  C h a l k  and T r i a s s i c  S a n d s t o n e s :  The 

p o t e n t i a l  r a t e s  o f  movement 3f v a t e r  t h r o u g h  t h e  u n s a t u r a t e d  zone  i s  

c o n t r o l l e d  p r i n c i p a l l y  by t h e  r a t e  of  i n f i l t r a t i o n  and t h e  h y d r a u l i c  

p r o p e r t i e s  o f  t h e  a q u i f e r .  The C h a l k  i s  composed o f  m i c r o s c o p i c  f o s s i l  

f r a g m e n t s ,  g e n e r a l l y  l e s a  t h a n  5 m i c r o n s  diameter, g i v i n g  r i s e  t o  a rock  

w i t h  h i g h  p o r o s i c y  ( o f t e n  i n  t h e  r a n g e  o f  0 . 3 0  t o  9.50)  o u t  e x t r e m e l : ~  

low i n t e r g r a n u l a r  p e r m e a b i l i t y  ( g e n e r a l l y  below lo- '  d d a y ) .  As a  

r e s u l t  of  t h i s  c o m b i n a t i o n  o f  c h a r a c t e r i s t i c s  t h e  Cha lk  h a s  a  v e r y  h i g h  

s p e c i ~ i c  r e t e n t i o n  and b l o c k s  o f  t h e  r o c k  r e m a i n  c l 3 s e  t o  s a t u r a t i o n ,  

s v e n  i n  t h e  u n s a t u r a t e d  zone.  The Cha lk  i s  t r a v e r s e d  by f r e q u e n t  v e r t i c a l  

and h o r i z o n t a l  f i s s u r e s ,  g i v i n g  r i s e  t o  a  Cha lk  ? e m e a b i l i t y  of  between 

j 0  and 100 s / d a y  and  a  s t o r a g e  c o e f f i c i e n t  s f  ; ) . d l  t o  1 . 3 5 .  3y compar i son ,  

t h e  c o a r s e r  g r a i n  s i z e  o f  t h e  T r i a s s i c  s a n d s t o n e  a q u i i s r s  z i v e s  a  F o r o s i t y  

i n  t h e  r a n g e  o f  0 . 2 0  t o  0 . 3 0  w i t h  l o v  s p e c i i i i  r e t e n t i o n  and i n t e r g r a n u l a r  

p e r m e a b i l i t i e s  of a b o u t  1 s / d a y .  

I n f i l t r a t i o n  Yechanisms:  The d i s t r i b u t i o n  s f  t r i t i u m  i n  t h e  u n s a t u r a t e d  

zone  i n d i c a t e s  a  dovnvard  movement r a t e  a f  be tween  J.5 and ! a / ; ~ r  i n  :he 

C h a l k  and a b o u t  2 m/yr i n  t h e  T r i a s s i c  s a n d s t o n e s .  C u r c h e m r e ,  t h e  

d e p t h s  o f  t h e  peaks  a r e  s c r o n q i v  c o r r e l a t e d  t o  es tLmated  i n f i l t r a t i o n  

r a c e s  a t  e a c h  o f  t h e  s i t e s  v n e r e  measurements  have been  m d e .  Zc I s  

t h e r e r o r e  c o n c e i v a b l e  t h a t  t r i t i u m  m v e s  downwards z h r o u s n  e h e  p o r e  

s p a c e  a t  t h e  same r a t e  a s  w a t e r ,  and i n  t h e  a b s e n c e  o f  i n t e r a c t i o n s  w i t h  

t h e  r o c k  s a t r i x  i t  i s  e x p e c t s d  t h a t  a t h e r  s o l u t e s  . d i l i  Senave  s i m i l a r l : ~ .  

An a l t a r n a t r v e  s e c h a n i s m  s f  x a t e r  ~ n d  s o l u t e  w v e m e n t  In  :he Cha lk  h a s  

j e e n  p o s c u l a t e a  ( F o s t e r ,  1 9 7 5 ,  J a ~ e s ,  : 9 7 7 '  whereby :he v a t s r  m v e s  

t h r o u g n  t h e  f i s s u r e  s y s t e m  and t h e  v a t e r  h e l d  i n  t h e  p o r e s  i s  e s s e n t i a l l y  s t a t i c .  

9 i f f u s i o n  o f  s o l u t e s  b e t v e e n  t h e  s o b i l e  and s t a t i c  v a t e r  r e s u l t s  i n  t h e  

s o l u t e s  m v i n g  much m r e  s l o w l y  t h a n  t h e  w a t e r  i n  t h e  f i s s u r e s .  I f  t h e  

i i f f u s i o n  i s  s u f f i c i + n t l y  r a p i d  f o r  e q u i l i b r i u m  beyween t h e  f i s s u r e  and ? o r e  



water concen t r a t ions  to  be e s t a b l i s h e d ,  then :he s o l u t e  p r o f i l e  w i l l  be 

convected downwards wi th  l i t t l e  a l t e r n a t i o n  of t h e  peak shapes and a t  a  

r a t e  which would have ob ta ined  had warer and s o l u t e  w v e d  toge the r  

through t h e  pores.  The tu,  pos tu l a t ed  mechanisms t h e r e f o r e  g ive  e s s e n t i a l l y  

t he  same r e s u l t  and t h e  f i e l d  d a t a  c o l l e c t e d  t o  d a t e  have nor allowed 

t h e  o p e r a t i v e  mechanism t o  be i d e n r i f  i e d .  Indeed, i t  i s  l i k e l y  t h a t  t he  

r e a l  mechanism i s  a  combination o f  t h e  t vo ,  v i t h  t n e  f i s s u r e  flow component 

be ing w r e  dominant i n  t h e  Chalk and t h e  pore  flow component be ing m r e  

dominant i n  sandstone.  

Despi te  the  s r rong  c o r r e l a r i o n  of the  depths  of t ne  t r i r i u m  peaks v i t h  

t o t a l  i n f  i l t r a c i o n  s i n c e  t h e m n u c l e a r  t e s t i n g  rn  1963. :he ques t ion  must 

be posed a s  K O  vhe the r  t h e  n i t r a t e  and t r i t i u m  p r o f i l e s  vh ich  have been 

measured r e s u l r  from a  downward migrar ion  of s o l u t e s ,  o r  whether t h e  

p o s i t i o n s  of t h e  peaks a r e  c o n r r o l l e d  by hydrogeologica l  f a c t o r s  such a s  

t he  p o s i r i o n s  of bedding planes  and zones of high and low pe rmeab i l i t y .  

C o r r e l a t i o n s  of n i r r a t e  and t r i t i u m  p r o f i l e s  v i r h  an t eceden t  i n f i l t r a t i o n  

and land use d a t a  have now been shown a t  8  s i t e s  on t h e  Chalk, suppor t ing  

rhe  concept of s t eady  downward movement of s o l u t e s .  D i r e c t  evidence 

of wvement has come from repea t  i r i l l i n g s  a t  tvo s i t e s  a n  t h e  Chalk. 

Y i t r a t e  P r o f i l e  Yeasurement: A t  an Experimental  Xusbandry Farm i n  

Hampshire i n  a f i e l d  vh ich  has been i n  a  mixed arable- ley  ro rac ion  s i n c e  

1948, n i t r a t e  and t r i t i u m  p r o f i l e s  were ob ta ined  from a  ho le  d r i l l e d  i n  

October 1975, and aga in  f o r  a  ho le  d r i l l e d  in Xarch 1978. The p r o f i l e s  

shown i n  F igu re  7  i n d i c a t e  a  genera l  downward wvement o f  about irm 

which i s  c o n s i s t e n t  v i t h  t h e  i n f i l t r a t i o n  f o r  t h e  i n t e rven ing  per iod.  A t  

a  second s i t e  i n  Kent, holes  v e r e  d r i l l e d  i n  a  f i e l d ,  which has been in  

a r a b l e  c u l r i v a t i o n  s i n c e  rhe  e a r l y  1900's. i n  Ocrober 1975 and again  i n  

October 1978. N i t r a t e  and t r i r i u m  p r o f i l e s  a r e  shown in  F igu re  8 and 

i n d i c a t e  a  downward wvement of ~ b o u r  ?m which i s  c o n s i s t e n r  v i t h  :he 







low ~ n f i l t r a c i o n  of t h i s  a rea .  I C  i s  apparent  t h e r e f o r e  t h a t  s o l u r e s  

m v e  downwards through the  unsaturared zone of the  Chalk a t  a  r a t e  

decermined by che i n f i i t r a t i o n  and the  t o c a l  rock s o r o s i t y .  Similar  

f ind ings  a r e  emerging from s r u d i e s  s f  n i t r a c e  and t r i t i u m  mvemenc in  

sandscone, bur t h i s  jrork i s  nor a s  f a r  advanced. 

6. S I U T I O N  OF XITRATE YOVE,WXT AW PREDICTION IF FUTLXE TRENDS 

Yodels of rhe movement o i  n i r r a r e  and ocher so lucas  rnrouqh rhe unsarurared 

and sa ru ra red  zones have been developed t o  he lp  in re rp rec  the  f i e l d  

measuremenrs and ro provide a  means of p red ic r ing  f u r u r e  t r ends .  

Ver t i ca l  Flow Xodel: A v e r r i c a l  flow nodel has been developed \Young +c  

a l .  1976 b) i n  vh ich  so lu res  o r i g i n a t i n g  a t  t h e  s o i l  s u r f a c e  a r e  leached 

downwards a r  a  r a r e  depending on t h e  i n f i l r r a r i o n  and che pore v a r e r  

v a r e r  contenr  of t h e  rock. The model rhus  embodies the  t w  p o s s i b l e  

mechanisms of s o l u t e  t r anspor r  postulared i n  sec r ion  5 .  It vas  assumed 

t h a t  a  small  f r a c t i o n ,  t y p i c a l l y  5 - 1 5 I  of t h e  i n f i l t r a t i n g  v a t e r  and 

soluces  moves quickly  down to  t h e  v a r e r  t a b l e  v i a  rhe  l a r g e r  f i s s u r e s .  

The remaining water and so lu res  f i l l  up r h e  pore space a t  t h e  top  of the  

unsa tu ra t ed  zone d i s p l a c i n g  downwards .darer and s o l u t e s  a l r eady  i n  the  

p r o f i l e .  Some a r t enua r ion  of peak concen t ra r ions  was assumed :o occVJr 

and i s  modelled by a  d i spe r s ion  mechanism. The nodel works x i t h  a  

yea r ly  cime increment 2nd r equ i re s  f o r  i npu t :  

i .  annual i n f i l t r a t i o n  r a t e s  fo r  t h e  period 3f s ~ n u l a t i o n ,  

ii land use h i s r o r v  and f e r t i l i z e r  a p p l i c a t i o n  r aces  f o r  t h e  period o f  

s imulat  ion. 

iii pore water conrent  vhich i s  assumed to be constant  i n  cime and v i c h  

deprh; t h i s  ;s  a  va l id  assumption i n  i h a l k  a s  shown by f i e l d  

neasuremenrs Young s t  a l .  1976 a ) .  



The n a s s  of n i t r o g e n  r e l e a s e d  each  y e a r  i n  t h e  s o i l  l a y e r s  f o r  u p t a k e  by 

i n f i l e r a c i n g  v a c e r  v a s  assumed t o  depend on p r e s e n t  and a n c e c e d e n t  f i e l d  

u s e  and f e r c i l i z e r  a p p l i c a c i o n .  Kolenbrander  (1975) has  estimated t h a t  

f o r  rooc c r o p s  and c e r e a l s  50 p e r  c e n t  o f  t h e  a p p l i e d  f e r c i l i z e r  becomes 

a v a i l a b l e  a s  o r g a n i c  n a c e r i a l  f o r  m i n e r a l i z a c i o n  and i c  v a s  assumed i n  

t h e  m d e l  chac t h i s  q u a n c i c y  is  l e a c h e d  downwards. Xot a l l  o f  t h i s  

m a c e r i a l  i s  a v a i l a b l e  i n  t h e  y e a r  o f  a p p l i c a c i o n .  Using K o l e n b r a n d e r ' s  

srork a s  a  b a s i s ,  i c  was assumed t h a c  m i n e r a l i z a t i o n  t a k e s  p l a c e  o v e r  a  

t h r e e - y e a r  p e r i o d .  T a b l e  3 g i v e s  a n  e s t i m a c e  of  t h e  n i c r a c e  a v a i l a b l e  

t o  infiltration a s  a  f r a c t i o n  of che a p p l i c a c i o n  r a t e .  

The e f f e c t  o n  t h e  m d e l  r e s u l c s  of  v a r y i n g  t h e  distribution i n  t ime of  t h e  

m i n e r a l i z a t i o n  r a c e  was s m a l l  a s  che  major  c o n t r i b u t i o n  t o  n i t r a c e  l e a c h i n g  

comes f rom t h e  p loughing  o f  g r a s s l a n d .  By match ing  t h e  m d e l  r e s u l c s  t o  

t h e  o b s e r v e d  N p r o f i l e s  i n  a  number o f  b o r e h o l e s  i t  was p o s s i b l e  t o  e s t i m a c e  

t h e  amount o f  X r e l e a s e d  by p loughing  g r a s s l a n d s  o f  v a r i o u s  a g e s .  T a b l e  

j i v e s  t h e  c o r r e s p o n d i n g  m d e l  c o n c r o l  r u l e s .  

The model was c a l i b r a t e d  a g a i n s t  t h e  n i t r a c e  p r o f i l e s  o b t a i n e d  a c  t h e  

Exper imenta l  Hl~sbandry Farm i n  Hampshire (Young e t  d l .  1976,  a , b ) .  F i g u r e  

9  shows che r e s u l t s  from che same m d e l  a p p l i e d  t o  :he Chalk s i t e  i n  

Kent :o s i m u l a t e  t h e  n i t r a c e  p r o f i l e  on  October  1973.  Land u s e  d a t a  were 

a v a i l a b l e  o n l y  from 1956, which a e a n s  t h a t  t h e  t o p  I l m  o n l y  of  t h e  ~ r o f i l e  

may b e  s i m u l a t e d  v i t h  r e a l  d a c a .  Data f o r  t h e  p r e c e d i n g  50 y e a r s  was 

s y n c h e s i s e d  by f o r c i n g  t h e  modei co f i e  t h e  l o v e r  p a r t  o f  t h e  p r o f i l e  

o b t a i n e d  f o r  t h e  e a r l i e r  1975 d r i l l i n g .  These d a t a  were used w i t h  r e a l  

d a t a  f o r  t h e  y e a r s  1950-78 i n c l u s i v e  t o  s e n e r a t e  t h e  p r o f i l a  ;novn in  

F i g u r e  9 .  The comparison w i t h  s e a s u r e d  c o n c e n t r a t i o n s  i s  s e e n  t o  be $very 

good o v e r  t h e  t o c a l  depch.  



Table  3 .  Yodel c o n r r o l  r u l e s  f o r  r o o r s  and c e r e a l s  

Crop Year of  !J a v a i l a b l e  a s  a  f r a c r i o n  o f  r h e  a p p l i c a r i o n  
a p p l i c a r i o n  r a c e  Y 

Fo l lowing  y e a r  Yexr f o l l o w i n g  
y e a r  

Roocs 0.35 

C e r e a l s  0 . 2 5  

Table  +. Yodel c o n t r o l  r u l e s  f o r  t h e  p l o u g h i n g  a f  : r a s s  

Years  i n  g r a s s  ! i (kg/ha)  r e l e a s e a  by p l o u g h i n g  
p r i o r  co p l o u g h i n g  Toca l  Year o f  Fo l l o v i n g  Nexr r o l l o w i n g  

Y l o u g h i n g  y e a r  y e a r  

C a r c b e n r  Yodel: A s o d e l  of n i r r a r e  mvemenc I n  t h e  s a c u r a r e d  zone h a s  

been  j u i l r  . ~ n i c h  b a s  a s  i n p u r s  t h e  n i r r a c e  f l u x e s  a c r o s s  :he w a r e r  : ab le  

& e n e r a r e d  by t h e  v e r t i c a l  f l o w  m d r l .  The cacchmenr: a r e a  .Jas d i v i d e d  

inco  500 TI x 500 s s q u a r e s  and n i r r a c e  and v a c e r  r o u r e d  t h r o u g h  t h e  

sys tem a c c o r d i n g  t o  :he ? r e v a i l i n g  h y d r a u l i c  g r a d i e n r s .  ! l i r r a c e  r e a c n i n g  

t h e  w a t e r  c a b l e  d u r i n g  a y e a r l y  increment was assumed L O  s i x  f u l l y  2 1 t h  

n i r r a t d  a l r e a d y  i n  t h e  s a c u r a r e d  zone .  T h i s  t y p e  ~ f  n o d e l  i s  g e n e r a l l y  

r e f e r r e d  t o  1 s  a  fu l l : ?  ziixed : e l l  m a e l ,  and i s  v e l i  s u i r e d  co problems 



F i g .  9 Unsaturated zone model  s imulat~on and 
comparison with measurement.  



wich d i f f u s e  source  inpucs.  The m d e l  was run from :he year 1800 up t o  

che year 2100. Ear ly  daca on land use and f e r c i l i z e r  a p p l i c a c i o n  r a t e s  

were obta ined from p a r i s n  and n l n i s c r y  of Xgr iculcure ,  F i s h e r i e s  and 

Food r eco rds  and by nacching t h e  v e r c i c a l  f low m d e l  t o  measured distributions 

of n i t r a t e  i n  che unsacuraced zone. ?resent l e v e l s  of f e r c i l i z e r  use 

were assumed co be maintained i n  che fucu re .  F igu re  10 shows a  t y p i c a l  

m d e l  2utpuc ,  g iv ing  n i t r a c e  concentrations i n  pumped groundvacer d i scha rge .  

There I r e  a  f e v  measured va lues  wich which to  compare t h e  simulations 

and chese  a r e  shown i n  F igu re  10. The p red icc ions  suggesc t h a t  i n  ch i s  

catchment n i t r a t e  concencracions  w i l l  exceed 20 mg XI1 wichin  t h e  nexc 

two decades  and w i l l  s c a b i l i s e  a t  about 33 mg ! i l l .  The m d e l  p red icc ions  

a r e  r e i a t i v e l y  insensitive to  fucure  t r e n d s  i n  land , l se  and f e r t i l i z e r  

a p p l i c a t i o n  r a t e s  because of t he  l ong  t r a n s i t  t ime through the  unsacuraced 

zone, i n  t h i s  catc:ment be ing t y p i c a l l y  25-30 yea r s .  

S imi l a r  s o d e l s  have been app l i ed  to  ~ c h e r  Chalk catchments and t h e i r  

a p p l i c a t i o n  K O  T r i a s s i c  sandstone  catchments w i l l  be r e l a t i v e l y  s t r a i g h t -  

forwara once the v e r t i c a l  flow s o d e l s  f o r  the sandstone  have been calibrated 

7 .  POSSIBLE SOLLITIONS TO GROUNDWATER SUPPLY PROBLEXS 
ARISING FROM HIGH YITRATE CONCENTRATIONS 

The C e n t r e ' s  investigations have s h o w  chat cnr ver:lcal  sovemenc J S  

n i t r a t e  c a r r i e d  by infiltrating r a i n v a t e r  through t h e  , ~ n s a t u r a c e d  zones 

of che ~ r i n c i p a l  a q u i f e r s  i n  :he United Kingdom i s  g e n e r a l l y  r e l a t i v e l y  

slow an.i t h a t  a zons ide rab la  q u a n t i t y  s f  n i c r a t e  i s  present  i n  1hes.r 

zones. l e a s u r e s  :o dec rease  the  r a t s  of l each ing  i ~ s s e s  from s o i l s ,  

f o r  axaxple  by che use  of i low r e l e a s e  f e r t i l i z e r s  o r  by improved synchronisac ion 

~f f e r t , ; i z e r  a p p l i c a t i o n s  and p l an t  demands w i l l  ~ i r i r n a t r l y  reduce the  

n i t r a t e  con ten t  s f  groundwater out  t h i s  may cake manv yea r s ,  o r  poss ib ly  

decades co ach ieve .  S the r  sechods of meecing Worli Health 3 r g a n i s a c i s n  

1: I S i  1 )  : r  EEC drinking ; la ter  q u a i i t y  r e g u l a t i o n s  m v   heref fore be necessar:r. 





Blending  low n i t r a t e  v a c e r  from s u r f a c e  o r  g roundvacer  s o u r c e s  wich a 

h igh  n i t r a t e  c o n c e n t ,  b e f o r e  injection i n t o  che p u b l i c  s u p p l y  sys tem 

i s  a l r e a d y  c a r r i e d  ouc i n  c e r r a i n  p a r t s  o f  che Unit?d Kingdom. T h i s  

method remains s a t i s f a c t o r y  so  l o n g  a s  a  s u i c a b l e  s o u r c e  of d i l u t i n g  w a t e r  

i s  a v a i l a b l e ,  bu t  i n c r e a s e d  d i f f i c u l t i e s  may b e  a n c i c i p a c e d  i f  n i t r a t e  

c o n c e n t r a t i o n s  i n  boch s u r f a c e  and &roundwater  conc inue  t o  r i s e .  

Particular problems may a r i s e  i n  t h e  c a s e  of  r u r a l  = i n s  necvorks  s u p p i i e d  

by o n l y  o n e  co tu, b o r e h o l e s  and noc l i n k e d  t o  e x c e r n a l  mains n e t v o r k s .  

The s u p p l y  of low n i t r a t e  b o c t l e d  wacer t o  i n f a n c s  u y  p a r t i a l l y  a l l e v i a t e  

che problem, bur  i c  is  d o u b t f u l  r h e c h e r  such  a  p r a c t i c e  c o u l d  be excended 

:o t h e  a d u l t  p a p u l a t i o n  i f  o c h e r  i e a l t h  r i s k s  were :a be conf i rmed.  

Yhen t h e  n i t r a t e - r i c h  groundwater  can h e  shovn co be noving  a t  w e l l  

d e f i n e d  h o r i z o n s ,  scavenge  pumpins of  t h e  contamina ced w a t e r  t o  x a s c e  

m y  n l l o v  e x c r a c r i o n  of r e l a c i v e l y  ~unconcaminated groundwater  ( F i g u r e  

1 1 ) .  T h i s  t e c h n i q u e  has  been s u c c e s s f u l l y  a p p l i e d  t o  t h e  removal of 

connace  s a l i n e  v a c e r  w i t h i n  t h e  T r i a s s i c  sandscone  a q u i f e r  i n  S h r o p s h i r e .  

( T a t e  and Rober t son ,  1971).  I f ,  however, t h e  n i c r a c e  r i c h  groundwater  

is  composed p r i n c i p a l l y  of  r e c e n c  r e c h a r g e ,  p r o g r e s s i v e  r e m v a l  o f  

o l d e r ,  l e s s  contaminaced  groundvacer  .say Lead co overpumping of  c h e  

a q u i f e r  and a  permanent d e c l i n e  i n  ground-dater l e v e l s .  

A n r l t e r n a c i v e  approach  v o u l i  j e  70 reduce  n i c r a c e  i o n c ? n c r a c i o n s  i n  the  

:roundwater b y  a r c i f i c i a l l v  r e c h a r g i n g  rhe a q u i f e r  . ~ i a  b a s i n s  o r  b o r e h o l e s  

w i t h  h ign  q u a l i c y  w a t e r .  S u c c e s s f u l  s a n c r o l  o f  groundwater  q u a l i t y  b y  

b a s i n  re :harge  i n  C a l i f o r n i a  has  been demonscraced by Y i q h c i n g a l e  and 

3 i a n c h i  ? 9 7 7 ) ,  and c o n s i d e r a c l o n  is b e i n g  g i v e n  by t h e  Water Xesearch 

i r n c r e  t~ t h e  , l se  of such  t e c h n i q u e s  i n  t h e  Uni ted  Kingdom. 

I n  :hese c a s e s  where engineering s o l u t i o n s  prove i m p r a c t i c a b l e  a r  

u n s u c c e s s f u l ,  z o n s i d e r a t i o n  s a y  be g i v e n  to t rea tmenc  by ion-exchange 

? rocesse t :  t o  r e d u c e  t h e  n i t r a t e  l e v e l s  i n  t h e  pumped v a c e r .  The aevelopment 
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: 11. 5 c a v e n g e  pumping  to c o n t r o l  g roundwate r  con tamlna t lon .  



of n i t r a c e - s p e c i f  i c  r e c h a r g e  r e s i n s  i s  b e i n g  undertaken 5y che Wacer 

Research  C e n t r e  (Gaunc?ecc,  1 9 7 5 ) ,  5ue some probiems of concaminac lon  of  

che exchange media by s u l p h a c e s ,  and of  cne d i s p o s a l  o f  :he regenerative 

a f f l u e n c s  remain .  

a .  C3NCLUS13NS 

i )  F i e l d  i n v e s t i g a t i o n s  have ? s c a b l i s h e d  t h a t  l a r g e  c u a n c i t i e s  sf 

n i t r a t e  a r e  Fresenc  i n  t h e  unsacuraeed  zones of  t h e  p r i n c i p a l  

a q u i f e r s  i n  che Uni ted  Kingdom. A s c r o n g  s o r r e l a c i o n  between h i g h  

i n c e r s c i c i a l  water  n i t r a c e  c o n c e n c r a c i o n s  and a r a b l e  fa rming  

reg imes  i n  t h e  u n s a t u r a c e d  zones has  been founu.  LGV n i t r a t e  

l e a c h i n g  l o s s e s  a r e  a s s o c i a c e d  v i t h  moderace lv  fertilizes, and 

u n f e r t i l i z e d .  s r a s s l a n d .  

f x p e r i m e n c a l  and f i e l d  observations i n d i c a t e  t a a c  .Iery l a r g e  n i c r a t ?  

l e a c h i n g  i o s s e s  a r e  a s s o c i a t e a  wi th  r h e  ? l a u g h i n g  up of  established 

g r a s s l a n d  o r  long-cerm g a s s  l e y s ,  a s  a  r e s u i c  of  = h e  m i n e r a l i s a c i o n  

of s o i l  o r g a n i c  s a c e r i a l .  

i i )  C o r r e i a c i o n  o f  n i t r a c e  and c r i c i u m  p r o f i l e s  th rough t h e  ~ n s a c u r a c e d  

zone o i  che Chalk  w i t h  i i s c o r i c a l  v a r i a t i o n s  i n  n i t r a c e  l e a c h i n g  

r a c e s  due  t o  changing  husbandrv  practices and i i c h  :he ihermonucl?ar  

t r i c i u m  ;oncent  of r a i n t a i l  s u g g e s t s  t h a t  a hi;h p r o p o r c i o n  a f  boch 

s o l v e n c s  Dove s lowly  aovnvards .  

i i i )  The ~ s e  ~f s a t h e m a c i c a l  m a e l s  ;has a l l o v e d  sac  .sfaccor:r s i rnu lac ions  

s t  measured t r i r r ium and n i t r a t e  p r o f i l e s  t o  be a c h i e v e d .  The r a c e  

of dovnvaras  mvement  i s  i c p r n d e n t  on che l o c a l  h y d r a u l i c  properties 

ai t h e  a q u i f e r  and i n f  i l t r a t i o n  r a t e s ,  b u t  i n  :he Chalk  v e l o c i t i e s  

o i  becveen 9 . 5  and 1.0 n/:rr a r e  indicated. S u c c e s s f u l  simulation 

s f  T r i a s s i c  sandscone  p r o f i l e s  has  nor y e t  beei: complaced,  buc 

g r e a c e r  r a c e s  ~ f  mvemenc.  Pernaps ? w'v ,  a r e  . n c i c i p a t e d .  S l o v  

dovnvards  mvemenc of  n i t r a t e  and t r i c i u m  ? r o t .  ? e  t h r o u g h  t h e  (Chalk 

'Lnsacuraced zone has  been c o n f i n e d  by  sequenc i L  i ampl ing  ac cvo s i t e s .  



i v )  The mathemat ica l  model o f  vertical movement has  5 e e n  i n c o r p o r a t e d  

i n  a  ca tchment  w d e l  f o r  groundwater  f lows  i n  t h e  s a t u r a t e d  zone,  

a l l o w i n g  p r e d i c t i o n s  t o  b e  made o f  f ~ c u r e  n i t r a t e  c o n c e n t r a t i o n s  i n  

g r o u n d v a t e r  i n  w e l l  d e f i n e d  c a t c h m e n t s .  The r e s u l t s  o f  such  

w d e l s ,  v a l i d a t e d  by compar i son  w i t h  h i s t o r i c a l  groundwacer q u a l i t y  

d a t a ,  i n d i c a t e  t h a t  i n  some a r e a s  n i t r a t e  i o n c e n t r a t i o n s  may c o n t i n u e  

t o  r i s e  t o  l e v e l s  i n  e x c e s s  a f  11.3 mg Y/ l  b e f o r e  stabilizing. 

V )  The slow r a t e s  of  groundwacer mvement  i n  b o t h  [ h e  u n s a t u r a t e d  and 

s a t u r a t e d  zones p r e c l u d e  a  r a p i d  r e s p o n s e  i n  ;roundwater  q u a l i t y  t o  

changes  i n  n i t r a t e  l e a c h i n g  r a t e s  from :he s o i l  zone and o t h e r  a c t i o n s  

i n c l u d i n g  e n g i n e e r i n g  s o l u t i o n s  and t r e a t m e n t  of  b o r e h o l e  wacer may become 

n e c e s s a r y  i n  some a r e a s  i n  o r d e r  t o  meec d r i n k i n g  v a c e r  

q u a l i t y  s c a n d a r d s  

T h i s  paper  is p u b l i s h e d  w i t h  t h e  p e r m i s s i o n  of 3 r .  V . K .  C o l l i n g e ,  
D i r e c t o r ,  Xedmenham L a b o r a t o r y ,  Water Research  C e n t r e .  

1 0 .  REFERENCES 

X t k i n s ,  S . F .  ( 1 9 7 6 ) .  N i t r o g e n  l c a c h i n g  from fertilizer: l y s i m e t r r  t r i a l s :  
p u b l i s h e d  r e s u l t s  from Europe and USA. I m p e r i a l  Chemical I n d u s t r i e s  
L t d . ,  A g r i c u l t u r a l  D i v i s i o n  Repor t  F i l e  Yo. X.128, 607.  76 pp. 

C e n t r a l  Water P l a n n i n g  U n i t  ( 1 9 7 7 ) .  N i t r a t e  and wacer r e s o u r c e s  w i t h  
? a r t i c u l a r  r e f e r e n c e  :o groundwacer.CUPU, 3eading  Br idge  House. 
Xeading, B e r k s h i r e ,  UK, 64 pp. 

Comly, 3 . H .  ( 1 9 4 5 ) .  Cyanos is  i n  i n f a n t s  caused  by n i t r a t e s  i n  w e l l  wacer.  
J o u r n .  .Am. Yedic .  Xssoc. Vol. 29: 112. 

Davey, K.Y. ( 1 9 7 0 ) .  Xn i n v e s c i g a c i o n  i n t o  t h e  n i t r a c e  ? o l l u t i o n  of  t h e  
Chalk  b o r e h o l e  wacer s u p p l i e s .  Yor th  Lindsey 'Jacer a o a r d ,  S c u n t h o r p e .  

Edmunds, Y.3.. and h . 3 .  Bath ( 1 9 7 6 ) .  Centrifuge e x t r a c t i o n  and chemica l  
a n a l y s i s  o f  i n c e r s t i c i a l  w a t e r s .  Fnvironmencai  S c i e n c e  and Technology 
Val. 10, pp. h67-472. 

Edworthy, K.J., W . B .  Wi lk inson  and C . P .  Young ( 1 9 7 3 ) .  The e f f e c t  o f  che 
d i s p o s a l  o f  e f f l u e n t s  and sewage s l u d g e  on groundwater  q u a l i t y  i n  che 
Chalk  of t h e  Uni ted  Kingdom. Pros  . G a t .  Tech.  701. L O .  Y o . j l 6 ,  
pp .  $79-493. 



F o s t e r ,  S . S . 3 .  ( 1 9 7 5 ) .  The c h a l k  groundwater  c r i t r m  anomaly - s p o s s i b l e  
e x p l a n a t i o n .  J o u r n a l  of Hydrology,  Vol. 25 ,  ? p .  159-165. 

F o s t e r .  S.S.D.,  and R.A. Crease  (197A) .  Y i t r a t e  p u l l u t i o n  of  c h a l k  ground- 
w a t e r  i n  E a s t  Yorksh i re .  A h y d r o g e o l o g i c a l  a p p r a i s a l .  J .  I n s t n .  Gat .  
Engrs.  Vol. 28, pp. 178-194. 

Garvood, E.A., and K.C.  Tvson ( 1 9 7 3 ) .  Losses  of n i z r o g e n  and o t h e r  p l a n t  
x u t r i e n c s  t o  d r a i n a g e  from s o i l  under  g r a s s .  j. A g r i c .  S c i .  Camb. 
701.  80 ,  pp. 303-312. 

Carwood, E.A., and K.C. Tyson ( 1 9 7 7 ) .  High l o s s  o f  n i t r o g e n  i n  d r a i n a g e  
from s o i l  under  g r a s s  f o l l o w i n g  a  pro longed  p e r i o d  a f  low r a i n f a l l .  
J .  A g r i c .  S c i .  Camb., Vol. 39, pp. 767-768. 

S a u n t l e t ~  2 . 3 .  (1975) .  The removal o f  n i t r a t e  from w a t e r  by ion-exchange 
Vat .  T r e a c .  Exam., Vol. 24, P c .  3 ,  pp. 172-190. 

Gray, E. ,  J .  Hol land  and C.D. Rowland (1976).  Ni t rz i te  i n  groundvacer - 
p r o c e d u r e s  i n  t h e  c o l l e c t i o n  and p r e p a r a t i o n  of rock and w a t e r  samples .  
Proceedings  - Water Research  C e n t r e  Conference  sn  Groundvater  Q u a l i t y  - 
Xeasurement. P r e d i c t i o n  and P r o t e c t i o n  - Reading,  September.  pp.  373-384. 

Greene, L . A . ,  and P. Walker ( 1 9 7 0 ) .  N i t r a t e  p o l l u t - . o n  o r  Chalk w a t e r s .  
v a t .  T r e a t .  Exam. Vol. 19,  No. 1,  pp. 159-182. 

C r i n d l e y ,  J .  (1969) .  The c a l i b r a t i o n  o i  a c t u a l  e v a n o r a t i o n  and s o i l  m i s t u r e  
d e f i c i t  o v e r  s p e c i f i e d  ca tchment  a r e a s .  Appendix t o  H y d r o l o g i c a l  
Xemorandum Yo. 38, ? i e t e o r o l a g i c a l  O f f i c e ,  Nov. L969. p .  3. 

Johnson,  A.E. ( 1 9 7 6 ) .  A d d i t i o n s  and removals of n i t r o g e n  and phosphorus i n  
long  term exper iments  a t  Rothamsted and Voburn and t h e  e f f e c t s  of 
r e s i d u e s  on t o t a l  s o i l  n i t r o g e n  and phosphorus .  WFF. Tecn. g u l l .  
No. 32, A g r i c u l t u r e  and Vater  q u a l i t y ,  pp. 1 1 1 - ~ 4 4 .  

Rolenbrander .  G.J. ( 1 9 7 5 ) .  N i t r o g e n  i n  o r g a n i c  m a t t z r  and f e r t i l i z e r  a s  
a  ;ource  of ?o l :u t ion .  ? r o c .  I n c .  Assoc.  ' da t .  '911. 2 e s .  S p e c i a i i s e d  
Canf .  Nicrosen  a s  s l a t e r  ? o l l u t a n t .  Copenhagen. 

Y e i n t s ,  V . W . ,  L.T. Kurrz ,  S.W. Y e l s t e d  and 7 . R .  ?eck  , : 9 i 7 ) .  Long term t r e n d s  
i n  t o t a l  s o i l  n i t r o g e n  a s  i n i l u e n c e d  by i e r t a i n  nanagemenc p r a c t i c e s .  
S o i l  S c i e n c e  '101. 124,  No. 2 ,  pp. 110-11b. 

Y i n i s c r y  of  A g r i c u i t u r e  F i s h e r i e s  and Food ( 1 9 7 6 ) .  I r ~ a n i c  manures.  W F  
B u l l e t i n  210 HMSO, London, 78 pp.  

! l i g h t i n g a l e ,  H. I . ,  and V.C. a i a n c h i  11977) .  Groundw.iter zhemical  q u a l i t y  
~ a n a g e m e n c  by a r c i i i c i a l  r e c n a r g e ,  Groundvater  '101. 15, !Io. 1 ,  
pp.  15-21. 

l a k e s ,  3.8.  (1977) .  The mvement sf w a t e r  and s o l u t ~ s  rhrough the ' l n s a t u r a t e a  
zone a i  :he Chalk i n  :he f iniced Kingdom. ?aper  ? r e s e n t e d  a t  T h i r d  
I n t e r n a t i o n a l  Hydrology Symposium, June  1977.  s l o r a d o  S t a t e  U n l v e r s l t y ,  
E a s t  C o l l i n s .  USA. 



O c l e t ,  R.L. ( 1 9 6 8 ) .  Lou l e v e l  t r i t i u m  measurements  f o r  h y d r o l o g i c a l  a p p l i c a -  
t i o n .  P r o c e e d i n g s  of C o n f e r e n c e  on  H u c l e i o n i c  I n s t r u m e n t a t i o n .  Reading 
U n i v e r s i t y ,  23-25 September 1968 .  pp .  13-17.  

O t l e t ,  R.L. ( 1 9 7 8 ) .  T r i t i u m  i n  r a i n f a l l  t o  J a n u a r y  1 9 7 8 .  UK hcomic Energy  
Xesearch  Establishment, H a r v e l l  L a b o r a t o r y ,  Carbon 1 G l T r i t i m  Yeasurement  
L a b o r a t o r y ,  p. 6 

P e t a k h a r ,  N . I . ,  and A.V. Ivanov  ( 1 9 7 0 ) .  I n v e s t i g a t i o n  o f  c e r t a i n  psycho- 
p h y s i o l o g i c a l  r e a c t i o n s  i n  c h i l d r e n  s u f f e r i n g  f rom s e t h a e m o g l o b i n a e m i a  
due t o  n i t r a t e  i n  v a t e r .  Hyg. S a n i t .  V o l .  35, pp .  29-32. 

R e i n h o r n ,  T . ,  and Y .  Avnimelech ( 1 9 7 4 ) .  Y i t r o g e n  r e l e a s e s  a s s o c i a c e d  w i t h  
t h e  d e c r e a s e  i n  s o i l  o r g a n i c  m c c e r  i n  n e u l v  c u l t i v a t e d  s o i l s .  J .  
Envicoa. Qua l .  Vol .  3 ,  p t .  2 ,  pp.  118-121. 

S a t c h e l l ,  R.L.H., and K.J. Edworthy ( 1 9 7 2 ) .  A r t i f i c i a l  r e c h a r g e :  S u n t e r  
s a n d s t o n e .  T r e n t  R e s e a r c h  Programme, ' J o l .  7 ,  Reading Water R e s o u r c e s  
Board.  

Severn-Tren t  Water A u t h o r i t y  ( 1 9 7 6 ) .  Water  Qualit::  1974 /75 .  The A u t h o r i t y ,  
S h e l d o n ,  Birmingham. $ 5 3  pp.  

Severn-Tren t  Water  A u t h o r i t y  ( 1 9 7 6 ) .  2 a c e r  O u a l i t y  1975176.  The A u t h o r i t y ,  
S h e l d o n ,  Birmingham. 478 pp. 

S e v e r n - T r e n t  Water A u t h o r i t y  (19783 .  Groundwater  ? o l l u t i o n  i n v e s t i g a t i o n s  
i n  Nor th  Y o t t i n g n a m s h i r e ,  P a r t  1. Research  and Development T r o j e c c  
R e p o r t  STWA, She ldon ,  Birmingham, Yarch 1978 .  26 pp .  

Smich, D.B., P.L. Wearn, H.J. R i c n a r d s  and D . C .  Rove ( 1 9 7 0 ) .  Water m v e m e n t  
i n  t h e  u n s a t u r a c e d  zone of  h i g h  and low ? e r m e a b i l i c y  s t r a t a  by m e a s u r i n g  
n a t u r a l  t r i t i u m .  P r o c e e d i n g s  o f  a  Symposium s n  I s o t o p e  Hydro logy ,  
WEA, Vienna ,  pp.  73-87. 

Smith.  S . J . ,  and L.B. Young ( 1 9 7 5 ) .  Distribution o f  n i t r o g e n  forms i n  v i r g i n  
and c u l c i v a c e d  s o i l s .  S o i l  S c i e n c e ,  Vol .  L2O. P C .  5 ,  pp. 354-360. 

S t e v e n s o n ,  C.Y. ( 1 9 6 8 ) .  An a n a l y s i s  o f  t h e  c h e m i c a l  c o m p o s i t i o n  of  r a i n w a t e r  
and  a i r  o v e r  t h e  B r i t i s h  I s l e s ,  and E i r e  f o r  zhe y e a r s  1959-64. 
Q. J 1 .  R .  Y e t .  Soc.  Vol .  9 4 ,  pp .  56-70. 

Tannebaum, S.R., Y.G. A r c h e r ,  J . S .  ' i i s n n o k ,  ? .  C ~ r r e a ,  C .  C u e l l o  and 
V. Haensze l  ( 1 9 7 7 ) .  Y i c r a t e  and che 2 t i o l o g y  a i  g a s t r i c  c a n c e r .  
O r i g i n s  a i  Human C a n c e r ,  Book C, Human Xisk  Assessment ,  e d s .  H.3. H i a t t ,  
J . D .  Watson and  J .A.  Winsten.  Cold S p r i n g  Harbor  L a b o r a t o r y .  pp.  1609- 
1625.  

T a t e ,  T.K., and A.S. R o b e r t s o n  ( 1 9 7 1 ) .  I n v e s t i q a t i o n s  i n t o  h i g h  s a l i n i t y  
groundwater a t  t h e  Woodfield Pumping S t a t i o n ,  x e i l i n g t o n ,  S h r o p s h l r e ,  
Yacer  Supply  P a p e r s  o i  t h e  i n s t i t u t e  o f  G s o l o g i c a l  S c i e n c e s .  3 e s e a r c h  
R e p o r t  Yo. 6 ,  21 pp. 

Yi lZ iams ,  R.J.B. ( 1 9 7 5 ) .  The :hemica1 c o m p o s i t i o n  o f  r a i n ,  l a n d  d r a i n a g e  
and b o r e h o l e  v a t e r  f rom Rothamsted ,  Saxmundham and Woburn Experimental 
S t a t i o n s .  I n :  h g r i c u l ~ u r e  and Water  Q u a i i t y  Tech .  B u l l .  Yin.  A g r i c .  
F i s h .  Food . ,  London Yo. 32,  HMSO 31 ? p .  



k'orld H e a i t h  O r g a n i z a c i o n  ( 1 9 7 1 ) .  I n t e r n a t i o n a l  s :andards f o r  d r i n k i n g  v a c e r  
3rd e d i t i o n .  WHO Geneva, 70 pp .  

Young, C.P. ,  E . S .  9 a l l  and D . B .  Oakes (1976 a ) .  N r c r a t e  i n  groundwac2r - 
s t u d i e s  on t h e  c h a l k  near  J i n c h e s c e r ,  H a m p s n ~ r e .  h'ater Research  C e n t r e ,  
T e c h n i c a l  Beporc No. 31, j e p t e m e r .  67 s p .  

Young, C.P. ,  D.B. Oakes and U.B. Wilk inson  (1976 b j .  P r e d i c r i o n  o f  f u t u r e  
n i t r a c e  c o n c e n c r a c i o n s  i n  3 r o u n d v a c e r .  Groundvacer ,  Vol .  1 4 ,  Yovember 
t o  December. pp. i26-438. 

Young, C . P . ,  and E.Y. Gray ( 1 9 7 7 ) .  N i t r a c e  i n  g roundvacer  - i n t e r i m  r e p o r t  
J n  i n v e s t i g a t i o n s  i n  t h e  T r i a s s i c  sandscone  o f  che S t o u r  V a l l e y .  V a t e r  
Xesearch  C e n c r e ,  ILR 659,  Xay. 23 pp.  

Young, C.?. , and X. Xorgan-Jones ( 1 9 7 9 ) .  A hydrogeochemica l  s u r v e y  o f  t h e  
Cha lk  groundwacer of  t h e  aanscead  Area,  S u r r e y ,  w i t h  p a r t i c u l a r  r e f e r e n c e  
co n i t r a t e .  





IJTILIZING AQUIFERS O R  SUBSURFACE STORAGL OF IRRIGATION 
WATER, ESPECIdLLY INFILTWTED SEWAGE 

J .  Q u a s t ,  3.-J. Diersch  and W. Kluge 

Forschunqszentrum fLlr 3 o d e n f r u c h t b a r k e i t  
MClncheberg d e r  Akademie d e r  Landwlr t s c h a f  :s- 
w i s s e n s c h a f t e n  d e r  Deutschen Demokratischen 
Reepublik 

ABSTRACT 

The e x t e n s i o n  o f  irrigation i n  t h e  German Democratic R e ~ u b l i c  
r e q u l r e s  t h e  u t i l i z a t i o n  o f  groundwater  f ~ r  r r r i g a t i o n  purposes  
and t h e  e f f e c t i v e  management o f  groundwatsr  r e s o u r c e s  i n  i r r r g a -  
t i o n  a r e a s .  Problems a r l s e  above a l l  from t h e  quality ?a ramete r s  
s e t  f o r  i r r i g a t i n g  v e g e t a b l e  c r o p s  and f r ~ i t  p l a n t a t i o n s  and from 
t h e  a o t e n t i a l  r l s k  o f  ?roundwater  con tamina t ion  i n  t h e  c a s e  of 
sewage and s l u r r y  i r r i g a t i o n .  Using t y p i c a l  examples ,  an o u t l i n e  
i s  g i v e n  o f  t h e  models and s t r a t e g i e s  t h a ~  were developed f o r  
groundwater  manaaement w i t h  due c o n s l d e r a t l o n  t o  t h e  s p e c i f i c  
c o n d i t i o n s  o f  i r r i g a t e d  c r o p  production a i r e a d y  used.  The model 
described h e r e  c o u o i e s  w a t e r  and m a t t e r  dynamics, and IS c u r r e n t l y  
b e l n q  t e s t e d  a t  t h e  f i e l d  l e v e l .  



PROBLEYS 

I n  1 9 7 1 ,  t h e  i r r i g a t e d  s r e a  i n  t h e  German 3 e m o c r a t l c  R e p u b l i c  

came up t o  a b o u t  3 5 0 , 0 0 0  h e c t a r e s .  I t  w a s  e x t e n d e d  t o  1 ,100,000 

h e c t a r e s  by  1982.  The l a t t e r  f i g u r e  ~ n c l u d e s  some 1128,000 h e c t a r e s  

u n d e r  s p r i n k l i n g  i r r i g a t i o n .  T h e s e  h i q h  r a t e s  o f  i n c r e a s e  a r e  

p a r t  o f  i n t e n s i f i c a t i o n  m e a s u r e s  t a k e n ,  a c c o r d i n g  t o  p l a n ,  w i t h  

a v iew t o  i m p r o v i n g  s o i l  f e r t i l i t y  a n d  stabilizing c r o p  y i e l d s .  

T h i s  g o e s  h a n d  i n  h a n d  w i t h  t h e  ~ n t e n s l f i c a t i o n  o f  f e r t i l i z a t i o n ,  

p l a n t  p r o t e c t i o n ,  a n d  i m p r o v e d  t i l l a g e .  

S u r f a c e  w a t e r ,  m o s t l y  f r o m  r i v e r s ,  l a k e s ,  a n d  r e s e r v o i r s  

i s  u s e d  f o r  i r r i g a t i o n  p u r p o s e s .  Sewage i r r i g a t i o n  h a s  become 

common p r a c t l c e  o n  more  t h a n  3 0 , 0 0 0  h e c t a r e s  o f  i r r i g a t e d  i a n d .  

T h i s  means t h a t  e v e r y  y e a r ,  a0 m i l l i o n  cTd.n.  o f  t h e  1 . 2  t h o u s a n d  

m i l l l o n s  o f  cu.m.  o f  d o m e s t i c  s e w a g e  p r o d u c e d  a r e  u t i l i z e d .  

D u r i n g  the w i n t e r ,  s e w a g e  is a p p l i e d  m a i n l y  t o  l a n d  w l t h  i n t e n -  

s i v e  infiltration, l . e . ,  v l t h  i n f i l t r a t i o n  r a t e s  o f  more t h a n  

3000 mrn. S l u r r y  i s  u s e d  f o r  i r r i g a t i o n  o n  2 5 , 5 0 0  h e c t a r e s  > f  

f a r m l a n d  (Kappes  a n d  S c n w a r z ,  1 9 7 9 )  . 

U n t i l  a  f ew y e a r s  a q o ,  o n l y  a  v e r y  s m a l l  s o r t i o n  o f  g r o u n d -  

water u a s  u s e d  f o r  irrigation s l n c e  g r o u n d w a t e r  1s r e s e r v e d  

primarily f o r  drinking water s u p p l y .  :d.eanwillle, g r o u n d w a t e r  

1s b e l n g  u s e d  f o r  s p r l n k l l n g  a b o u t  3 5 , 1 0 0  h e c t a r e s  o f  l a n d .  

F ' iqure  1 shows  t h e  t r e n d  o f  w a t e r  demand i n  t h e  GDR ( A l b r e c h t ,  

1 9 7 7 ) .  The w a t e r  demand o f  t h e  a g r ~ c u l t n r a l  s e c t o r  e x h i b l t s  a  

3 a r t i c u l a r l y  h i q h  r a t e  o f  I n c r e a s e .  T h a t  means a  v e r y  h e a v y  l o a d  

o n  t h e  w a t e r  r e s o u r c e s ,  s i n c e  i n  d r y  : rears  the s u p p l y  o f  w a t e r  

comes u p  t o  n o  n o r e  t h a n  9 t h o u s a n d  m l l l i o n  c u - n .  I t  1s , 3 b v l o u s  



t h a t  t h e r e  r s  a need f o r  t h e  effective z o n t r o i  o f  l r r l g a t l o n ,  f o r  

s e t t l n g  u p  s p e c l a 1  reservoirs f o r  l r r l g a t l o n  d a t e r ,  and  f o r  

maxlmum sewage  u t l l l z a t l o n  f o r  agricultural p u r p o s e s .  While 

c o n s i d e r i n g  more i n t e n s i v e  g r o u n d w a t e r  utilization and b e t t e r  

g r o u n d w a t e r  management, t h e  f o l l o w i n g  objectives have  t o  be  n e t :  

- n a i n t a i n i n g  t h e  q u a l i t y  o f  w a t e r  r e q u i r e d  f o r  f r u l t ,  

. ~ e g e t a b l e s ,  and  o t h e r  s p e c i a l  c r o p s :  

- improv ing  t h e  r e l i a b i l i t y  o f  w a t e r  s u p p l y  d u r i n g  d r y  ? e r i o d s :  

- r e l i e v i n g  t h e  s u r f a c e  w a t e r  b a l a n c e  d u r i n g  t h e  summer; 

- l i m i t i n g  t h e  c o n t a m i n a t i n g  e f f e c t  i n  a r e a s  w i t h  a g r i c u l t u r a l  

sewage u t i l i z a t i o n :  

- s u b s u r f a c e  s t o r a g e  o f  infiltrated sewage  I n  w i n t s r  t o  be  

u t i l i z e d  f o r  i r r i g a t i o n  d u r i n g  t h e  g rowing  s e a s o n ;  

- r e d u c i n g  t h e  i n v e s t m e n t  e x p e n d i t u r e  compared w i t h  e x p e n s i v e  

f a c i l i t i e s  f o r  w a t e r  s u p p l y .  

PRINCIPLES FOR THE PREPARATION AND OPERATION OF GROUNDWATER-BASED 

IRRIGATION SYSTEMS 

(1 Only t h o s e  a q u i f e r s  must  be  u sed  t h a t  a r e  n e i t h e r  r e q u l r e d  

n o r  s u i t a b l e  f o r  S r l n k i n g  w a t e r  s u p p l y .  

( 2 )  H y d r o l o g i c a l  restrictions f o r  a i n l n u m  discharge i n  d r y  

? e r i o a s  and  t h e  e f f e c t s  on  n e l g n b o u r l n c  w a t e r s  must  b e  

c o m p l i e d  w i t h .  

( 3 )  3n cont ro1: inq  t h e  groundwater c a p p i n a s  I n  t h e  7 9 u r s e  of 

one  y e a r ,  t h e  d i f f e r s n t i a t e d  operation ~ n d  . d a t e r  pumpage 

o f  t h e  w e l l s  i n  c o o r i i n a c l o n  w l t h  r h e  t e c h n o l o g y  , e . q . ,  

i n t e r m e d i a t e  s t o r a g e ;  r u n n i n g  t i n e  3 f  t h e  ?umps) nave  t 3  





be 3 r r a n g e d  i n  a specific way f o r  e a c h  l n d l v i d u a l  sys t em 

s o  t h a t  t h e  a c t u a l  s t o r a g e  lamina  would g u a r a n t e e  maxmum 

r e s e r v e s  from t h e  g roundwa te r  r e s e r v o i r ,  t h u s  m e e t i n g  

peak demands and s u p p l y i n g  w a t e r  i n  c r i t i c a l  situations. 

( 4 )  Optimum management o f  t h e  g roundwa te r  s t o r a g e  o v e r  s e v e r a l  

l l e a r s  p re supposes  t h a t  che  mean a n n u a l  u p t a k e  i s  s m a l i  

compared w i t h  t h e  t o t a l  s t o r a g e  lamina  ( r e g u l a t i v e  

r e s e r v e )  o f  t h e  a q u i f e r .  The s t a t i c  p r a m e t e r s  f o r  

a n n u a l  u p t a k e s  and r e p l e n i s h m e n t  of  che  groundwater  

s t o r a g e  have  t o  be  c o n s i d e r e d  on t h e  b a s l s  o f  n e t e o r o -  

l o g i c a l  and h y d r o l o g i c a l  t i m e  s e r i e s  a n a l y s e s .  

( 5 )  For e f f e c t i v e  irrigation sys t em c o n t r o l  t o  manage t h e  

g roundwa te r  s t o r a g e ,  i t  i s  n e c e s s a r y  t o  a n a l y z e  t h e  r e s u l t s  

o f  a t  l e a s t  a one-year  t e s t ,  a l o n q  w l t h  ex t ended  hydro- 

l o g i c a l  programs.  

, 6 )  On s u i t a b l e  s i t e s ,  t h e  t e c h n o l o q  gf  intensive sewage 

u c ; l i z a t l o n  s h o u l d  be coup led  v l t h  t h a t  o f  s t o r i n g  

infiltrated sewage i n  t h e  a q u l f e r .  

DISCUjSION OF TYPICAL VARIANTS .AND C)F THE 3ECISIOY AIDS USED FOR 

280BL24 SOLUTION 

:he a q u l f e r  shown i n  "1gure  2 1s o f  che  . r a l l o y  t y p e .  I t  1s 

unconfined and c o n s l s t s  o f  f l u v l a c l i e  s a n d s  and c o a r s e  q r a v e l s .  

T e r t l a r y  c l a y s  a r e  found I n  t h e  m d e r s t r a t u m .  The t h r c k n e s s  sf 

t h e  a q u r f e r  1s between t e n  and cwenty a e c r e s .  3 y d r o l o g l c a l  

oouncary  conditions i n c l u d e  (on  t h e  r l g h t )  t h e  r i v e r  gr t h e  
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g r a v e l  p i t ,  and  (on  t h e  l e f t )  t h e  s u b s u r f a c e  w a t e r s h e d  d i v i d e  

which i s  n o t  s t a t i o n a r y  uhen s p e r a t i n g  t h e  g r o u n d w a t e r  s p r i n k l i n q  

p l a n t  o r  employing  sewage ~ n f i l t r a t i o n .  I r r i g a t i o n  s p r i n k l i n q  i s  

used  on a g r i c u l t u r a l  l a n d .  

V a r i a n t  1 : Clean-water  s p r i n k l i n q  

The l a n d  i s  t o  be  used  ? r i m a r i l y  f o r  v e g e t a b l e  g rowing .  I n  

t h e  g i v e n  l o c a t i o n ,  s p r i n k l i n q  water o f  a d e q u a t e  q u a l i t y  can  o n l y  

be o b t a i n e d  from t h e  g r o u n d w a t e r .  S p r i n k l i n g  w a t e r  i s  d e l i v e r e d  

t o  t h e  s p r i n k l i n q  machine  e i t h e r  by means o f  a  c e n t r a l  b a t t e r y  o f  

w e l l s  t h r o u g h  an i n t e r m e d i a t e  s t o r a q e  w i t h  c a p a c i t y  f o r  one  day  

and  a n  a u t o m a t i c  pumping s t a t i o n ,  o r  t h e  w e l l s  a r e  d e c e n t r a l i z e d  

i n  a  way t h a t  t h e y  f e e d  immed ia t e ly  i n t o  t h e  s p r i n k l i n g  n a c h i n e s .  

P o s i t i o n i n g  and  a r r a n g e m e n t  o f  t h e  w e l l s ,  3s s e l l  a s  w a t e r  ?urnpage, 

comply w i t h  t h e  r e q u i r e m e n t  t h a t ,  a d h e r i n g  t o  t h e  g r o j e c t e d  w a t e r  

demand i n d i c e s ,  t h e  pumping d e p r e s s i o n  cone  r e a c h e s  t h e  r i v e r  3 n l y  

by t h e  end o f  t h e  growing s e a s o n .  Dur ing  p e r i o d s  of  ?eak  demand, 

3 d d i t i o n a l  w a t e r  c a n  be  t a k e n  from t h e  g r a v e l  p i t .  Rep l en i shmen t  

o f  t h e  g roundwa te r  s t o r a q e  t a k e s  ? l a c e  m a i n l y  o v e r  t h e  w i n t e r  by 

way o f  

- i n f i l t r a t i o n  f rom p r e c i p i t a t i o n ;  

- b a n k - f i l t e r e d  r i v e r  w a t e r ;  

- i n f l o w  f rom t h e  s u b s u r f a c e  w a t e r s h e d .  

O n  t h e  b a s i s  s f  t h e  r e s u l t s  o f  g e o h y d r o l o g i c a l  and  hydro-  

3 e o l o g i c a l  e x p l o r a t i o n  ( a n d  o f  ?urnping t e s t s ) ,  t h e  d i g i t a l  compu te r  

Frogram, HOREGO (Luckne r  and Sches t akow,  1975)  1s used  f o r  ? l a n n i n g  

s u c h  a n  irrigation s y s t e m ,  f o r  dimensioning t h e  w e l l s ,  ~ n d  f o r  

e f f e c t - v e  s t o r a q e  management. HOREGO s o l v e s  t h e  two-dimens ional  

d i f f e r  + n t i a l  e q u a t i o n  o f  t h e  g roundwa te r  movement ( w i t h  Dupui t 



a s s u m p t i o n s )  by means of a  f i n i t e  d i f f e r e n c e  scheme w i t h  r e c t a n g u l a r  

e l e m e n t s  and  l i n e a r  p a r a m e t e r s  o f  transmissibility. Boundary con- 

d i t i o n s  o f  t h e  f i r s t ,  s econd  and t h i r d  k l n d  c a n  be r e a l i z e d  a t  any 

p o l n t  o f  intersection l n  t h e  scheme. The HOREGO program was 

deve loped  by Luckner f o r  t h e  S o v i e t  computer  9ESM-6. The program 

h a s  been used  w l t h  good r e s u l t s  s i n c e  1976 f o r  ~ a n d l l n g  p r a c t i c a l  

problems.  T h e r e f o r e  t h l s  program was used  f o r  q e o h y d r a u l l c  

s i m u l a t i o n  t e s t s  d u r i n g  p r e p a r a t i o n s  f o r  j roundwa te r  sprinkling 

p l a n t s .  The g e o h y d r a u l i c  reg ime up t o  t h e  maximum s t o r a g e  lamina  

was c a l c u l a t e d  f o r  s e v e r a l  p r a c t i c e  p l a n t s  s p r i n k l i n g  between 

1000 and 2000 h e c t a r e s  e a c h .  The p o s s i b l e  a n n u a l  pumping r a t e s ,  

t h e  e x t e n t  o f  t h e  pumping d e p r e s s i o n  c o n e ,  and t h e  dynamics  o f  

t h e  s t o r a g e  l amina  were i n d i c a t e d .  

V a r l a n t  2 :  Sewage s p r r n k l l n g  

S p r l n k l l n g  w a t e r  q u a n t l t l e s  a p p l l e d  a r e  g e n e r a l l y  much h l g h e r  

t h a n  t h e  w a t e r  requirement of  t h e  p l a n t s .  Sewage l n f l l t r a t l o n  

and g roundwa te r  c o n t a m l n a t l o n  may r e s u l t .  The s l t u a t l o n  w l l l  b e  

even more a c u t e  l f  i n  c r l t l c a l  a r e a s  Lncens lve  l n f l l t r a t l o n  1s 

practiced because  t h e  sewage h a s  t o  be a c c e p t e d  a l l  t h e  y e a r  

round .  

I t  h a s  become n e c e s s a r y  t o  determine t h e  dynamics, I n  t l m e  

and s p a c e ,  of  c o n t a m l n a t l o n  I n  t h e  a q u l f e r .  For  t h e  t lme  b e l n g ,  

technological solutions a r e  I n  t h e n  t e s t l n g  s t a g e  I n  t h e  GDR, 

comblnlng  sewage u t l l l z a t l o n  and t h e  r e u s e  o f  t h e  con tamlna tod  

g roundwa te r  f o r  l r r l g a t l o n  p u r p o s e s .  Wlth t h a t ,  a n  a d d l t r o n a l  

w a t e r  r e s o u r c e  can  be  opened u p ,  and t h e  extensive groundwa te r  

c o n t a m l n a t l o n  w l l l  be l a r g e l y  c o n f l n e d  l f  w e  succeed  I n  c o n t l n -  

u o u s l y  l n d u c l n g  a  depression cone  I n  t h e  a a u l f e r  between t h e  



i n f i l t r a t i o n  a r e a  and  t h e  s u r f a c e  w a t e r  ( d i t c h ,  r i v e r ,  l a k e ) ,  

i . e . ,  w a t e r  f l ow  i n  t h e  a q u i f e r  musc a l w a y s  be  d i r e c t e d  t o  t h e  

w e l l s .  

The HOREGO program was a l s o  used  w i t h  good r e s u l t s  f o r  simu- 

l a t i n g  t h e  g e o h y d r o l o g i c a l  reg lme i n  t h a t  s p e c i f i c  c a s e .  Xega rd ing  

t h e  s i m u l a t i o n  o f  t h e  c o u p l e d  w a t e r  and  m a t t e r  dynamics ,  t h e  

p r a c ~ i c a l  u s e  o f  models  h a s  n o t  y e t  r e a c h e d  t h a t  advanced  s t a g e .  

A t  p r e s e n t ,  o n e  model f o r  t h e  dynamics  i n  t h e  saturated a q u i f e r  

is b e i n g  t e s t e d .  The f o l l o w i n g  problems a r e  b e l n g  i n v e s t i g a t e d :  

- s p r e a d  and  d i s i n t e g r a t i o n  o f  a  c o n t a m i n a t i o n  t r a i l  i n  t h e  

g r o u n d w a t e r  under  a  sewage utilization a r e a ;  

- f o r e c a s t  o f  t h e  q u a l i t y  of  t h e  sewage infiltrate pumped 

away from t h e  a q u i f e r  . 

Record ing  o f  p e r c o l a t i o n  from t h e  u n s a t u r a t e d  zone  o f  t h e  

s o i l  1s done  on t h e  b a s l s  o f  t e s t  d a t a  ( F i g u r e  3 ) .  No s e p a r a t e  

model calculations o f  m a t t e r  t r a n s l o c a t i o n  f o r  t e s t  p roblems l n  

t h e  > u n s a t u r a t e d  zone h a v e ,  a s  y e t ,  been  a v a i l a b l e .  

The following model c o n c e p t  is b e l n g  u sed  f o r  t 5 e  s a t u r a t e d  

r a n g e  o f  t h e  a q u i f e r  ( e . g . ,  P i n d e r ,  1973:  P i c k e n s  and  Lsnnox,  

1976 ;  P r a k a s h ,  1976;  T a y l o r  and Huyakorn,  1978 )  . 
The s p r e a d ,  i n  t l m e  and s p a c e ,  o f  c h e m i c a l s  i n  t h e  ground- 

w a t e r  r a n g e  u n d e r  r ev i ew  I S  d e s c r i b e d  by means o f  t h e  dynarnlc 

e q u a t i o n s  3f  a m i s c i b l e  b l n a r y  f l u i d  syscem: 

- m a t t e r  c o n s e r v a t i o n  o f  t h e  f l u l d  syscem 

- c o n s e r v a t i o n  o f  momentum ( e q u a t i o n  o f  a o t - o n )  of t h e  

f l u l d  s y s t e m  





- matter conservation of the chemical species (convection - 
dispersion equation) 

1 - n  ; r 
(1 + 7 X )  + (ViC) = (D. .C, . )  + Qc 

11 1 

with 

- equation of state 

The equation system is solved wlthin the frame of a finite 

element model (FEFLOW programming system) for two-dimensional 

?roblems. These are some of the characteristics of the model: 

- discretlzatlon of the flow field by means of isoparametric 

finite elements !linear, quadratic, cubic) ; 

- iinear time approxination (implicit o r  mixed schemes): 

- Galerkin finite element approxlmatlon cf equations (i) , 

(2) and ! 3 ) ;  

- deterxination of :he velocity distribution either as a 



d e r i v a t i v e  f i e l d  f rom t h e  h y d r a u l i c  h e a d  (1 n o d a l  d e q r e e  

o f  f r e e d o m ,  d i s c o n t i n u a l  v e l o c i t y )  o r  d i r e c t l y  t h r o u g h  

c o u p i e d  s o l u t i o n  o f  e q u a t i o n s  (1) a n d  ( 2 )  ( 3  n o d a l  d e g r e e s  

o f  f r e e d o m ,  c o n t i n u a l  v e l o c i t y ) ;  

- f r o n t a l  s o l u t i o n  o f  t h e  e q u a t i o n  s y s t e m s :  

- f l u i d  d e n s i t y  c o r r e c t i o n  by means o f  s i m p l e  r e l a x a t i o n ,  

e q u a t i o n  ( 4 )  ; 

- u s e  o f  m o d i f i e d  n u m e r i c a l  methods  ( u p w i n d  f o r m u l a t i o n )  f o r  

c o n v e c t i v e - d o m i n a n t  t r a n s p o r t  p r o c e s s e s ;  

- b o u n d a r y  c o n d i t i o n s  o f  t h e  f i r s t  a n d  s e c o n d  Xlnd f o r  a n y  

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

T h i s  model  h a s  b e e n  v a l i d a t e d  f o r  t h e o r e t i c a l  p r o b l e m s  a n d  

was t e s t e d  o n  a  model  p r o b l e m .  I t  o f f e r s  good simulation r e s u l t s ,  

good  q u a l i t y  w i t h  r e g a r d  t o  s t a b i l i t y  a n d  c o n v e r q e n c e ,  a n d  t o  t h e  

e f f e c t s  i n  t e r m s  o f  n u m e r i c a l  dispersion. A t  ? r e s e n t ,  t h e  f i n i t e  

e l e m e n t  model  i s  u n d e r g o i n g  t e s t s  i n  a sewage  i n f i l t r a t i o n  a r e a  

i n  t h e  n o r t h e r n  p a r t  o f  t h e  GDR. 
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N o t a t i o n  

The f o l l o w i n g  s y m b o l s  a r e  u s e d  i n  t h i s  p a p e r :  

3  C = c o n c e n t r a t i o n  o f  c h e m i c a l  s p e c i e s  (M/L ) ; 
L 

= m o l e c u l a r  d i f f u s i o n  c o e f f i c i e n t  ( L  I T ) :  
L 

= components  o f  dispersion t e n s o r  (L / T ) :  
2 

= effective l o n g i t u d i n a l  d i s p e r s i o n  c o e f f i c i e n t  ( L  /T); 

= e f f e c t i v e  t r a n s v e r s e  d i s p e r s i o n  z c e f  f i c i e n t  ! L ~ / T )  ; 

= components  o f  g r a v i t a t i o n a l  u n i t  v e c t o r ;  

= g r a v i t a t i o n a l  a c c e l e r a t i o n  ( L / T ~ )  ; 

= h y d r a u l i c  h e a d  (L) ; 

K .  = components  o f  h y d r a u l i c  c o n d u c t l v l t y  ( L / T ) ;  
1 I 2 

k .  = components  o f  p e r m e a b i l i t y  t e n s o r  (L ) ;  
1 1  

e f f e c t i v e  p o r o s i t y  o f  2 o r o u s  3 e d i m ;  
2 

p r e s s u r e  !M/LT ) ; 

f l u i d  mass s o u r c e  o r  s i n k  ( Y / L ~ T )  ; 
3 c o n c e n t r a t i o n  s o u r c e  3r s i n k  iM/L T) ; 

4 s p e c i f i c  s t o r a g e  c a p a c i t y  (Y/L ) ;  

c o m p o n e n t s  o f  a v e r a q e  p o r e  v e l o c i t y  ( L / T ) ;  

r e s u l t a n t  a v e r a q e  p o r e  v e l o c i t y  (L,'T) ; 

h e l q h t  a b o v e  a  da tum (i.) ; 

f l u i d  d e n s i t y  d i f f e r e n c e  r a t l o :  

s o r p t i o n  c o e f f i c i e n t ;  

d y n a m l c  f l u i d  * ~ i s c o s i t y  (M/LT) ; 
3 f l u i d  d e n s i t y  (Y/L ) : 

3 r e f e r e n c e  d e n s i t y  (M/L ) ; 

t o r t u o s i t y  o f  p o r o u s  medium. 
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ABSTRACT 

Desc r ibed  is a  d i s t r i b u t e d  pa ramete r  model which s i n u l a t e s  
runof f  q u a n t i t y  and q u a l i t y  from t h e  a g r i c u l t u r a l ,  f o r e s t e d  and 
urban p o r t i o n s  o f  r u r a l  -watersheds.  D i r e c t  r u n o f f  i s  d e t e m i n -  
i s t i c a l l y  s i m u l a t e d  w h i l e  i n t e r f l o w  i s  d e s c r i b e d  w i t h  a  t r a n s f e r  
f u n c t i o n .  The q u a l i t y  p o r t i o n  of t h e  model s i m u l a t e s  t h e  r u n o f f  
o f  sed imen t ,  o r g a n i c s ,  n u t r i e n t s  and heavy m e t a l s .  

Example a p p l i c a t i o n s  of t h e  model a r e  r e f e r e n c e d  i n  con- 
j u n c t i o n  w i t h  d e s c r i b i n g  how t h e  model i s  used i n  i n v e s t i g a t i o n s  
of t h e  i n f l u e n c e  of changing r u r a l  l a n d  u s e s  on t h e  anvironrnent.  
? r e s e n t e d ,  a l s o ,  a r e  t h e  problems a s s o c i a t e d  w i t h  t h e  u s e  o f  such  
d e t e r m i n i s t i c ,  distributed paramete r  models.  The d i f f i c u l t i e s  
and mean ingfu lness  of model c a l i b r a t i o n  a r e  d i s c u s s e d ,  a long  w i t h  
t h e  t h e o r e t i c a l  p o b l e m s  a s s o c i a t e d  w i t h  t h e  s e l e c t i o n  of d e s i g n  
p r e c i p i t a t i o n  e v e n t s  f o r  p l ann ing  s i m u l a t i o n s .  



INTRODUCTION 

The s i y n i f i c a n c e  o f  r u n o f f  f r o m  r u r a l  , ~ a t i ? r s n e d s  J n  d o v n s t r e a m  

a q u a t i c  c c o s y s c e m s  h a s  o n l y  r e c e n t l y  b e e n  r e c o g r z e d .  3 n e  a p p r o a c h  t o  

t h e  a n a l y s ~ s  o f  t h e  v a c e r  q u a l r t y  p r o b l e m s  arising f r o m  Chese c a c c h m e n c s  

i s  :o a s e  predictive s i m u l a c i o n  n o d e l s .  T h r o u g h  ; ~ m u i a c i o n ,  unknown 

l n p u c s  co  d o v n s c r e a m  s y s c e m s  c a n  oe d e c e r a l n e d  J r  :he r e s p o n s e  L O  

v a r i o u s  constructive m a s u r e s  s r  c u l t u r a i  a c c i v l : ~ e s  ;an  be  p r e d i c t e d .  

P r o o l e m s  e x i s c  v i c h  s u c n  s l m u i a c i o n  c e c h n l q u e s ,  ~ u c  t h e  ? o v e r  s f  c n e i r  

s v s c e m a c i c  a n a l y s l s  o f  g o l u c l s n s  r o  compi?x  u a c e r  q u a l i t y  p r o b l e m s  

c a n n o c  b e  o v e r l o o k e d .  D e g c r i b e d  n e r e  r s  a ~ e c e r r n l n i s c i c  a p p r o a c n  co  

s l m u l a c l n g  r u n o i f  v a c e r  q u a l r c : ~ ,  :he a d v a n r a g e s  ~i s u c h  a n  a p p r o a c h ,  

a n d  t h e  a a s o c i a c e d  p r o b l e m s  and  u e a r n e s s e s .  

I n  r h e  h y d r o l o g r c  c y c l e ,  b e m e e n  p r e c l p l t a t l o n  and  I n s c r e a m  

v a c e r  q u a l ~ c y  b e l o v  a  r u r a l  d a t e r s h e d ,  ! l e  i u m e r o u s  l n c e r r e l a c e d  s t e p s ,  

a l l  o f  d h i c h  a r e  c o m o l l c a c e d  and  a l i f ~ c u l c  :o d e s c r l b e  a c c u r a c e ! ~  

:'acer n a v e s  o v e r l a n d  a s  d l r e c c  r u n o f f  s r  c n r o u g n  :ne s o i l  a n d  d e e p e r  

a q u ~ f e r s  a r  r n t e r f l o v  and  b a s e  f l o v  Scdrmenc  r s  removed w ~ c h  t h e  d l r e c c  

r u n o f f  by w a a h o f f  a n d  e r o s l o n  The b a s e  and ~ n c e r f l o v  p ~ c k  up d r s s o l v e d  

c o n s c l c u e n c s  t h r o u g h  s o l u c ~ o n  and  l e s o r p t l o n  3 n c e  r n  c n a n n e l s ,  s o l ~ d s  

a n d  dissolved c o n s c l c u e n c s  form a  dvnamrc  prisrcal-cnem~cal-brolo10g~:a~ 

s y s c e m  a s  c h e v  m v e  d o v n s c r e a m .  

F o r  t h e  s a k e  o f  m a t h e m a c i c a i  r e p r e s e n t a ~ i o n ,  c h e s e  p r o c e s s e s  

h a v e  h e e n  r e p r e s e n c e d  a c  :be l a r g e s t  ! eve1  3s a  r u n o i f  3yscem a n d  a  

c r a n s v o r t  syscem.  The : r a n s p o r t  sysce rn ,  n o t  d e s c r l h e a  h e r e ,  1 s  i e c e s -  

s a r y  v n e n  t h e  h y d r o d y n a m r c s  become somp l i c a t ? d ,  2 . 3  c o n s c r l c c i o n s  u ~ c n  

b a c k w a t e r  o r  b y d r a u l ~ c  s c r u c c u r e s  l o r  s c s r a g e  o r  ~ r v e r s ~ a n ,  o r  vnen  :he 

' I o n c o n s e r v a t 1 v e  i n s c r e a m  v a c e r  q u a l i t y  a q u a c a c  b i s i o g y  reactions b e g i n  

co  become s ~ g n i f i c a n c .  I n  s u c h  c a s e s  i h e  r l i n o f f  s r m u l ~ c e d  f rom t h e  

d e s c r i b e d  model  1 s  r o u t e d  t h r o u g h  more c x a c r  c r a n s o o r t  node l s  C J  ~ r o v r d e  

s i m u l a c e d  f l o w s  a n d  v a c e r  q u a l i : '  a c  cns  ! e j ~ r e d  d o u n s t r e a m  L o c a t r o n .  

The r u n o f f  s y s t e m  i s  E : l r t h e r  s u b d i ~ ~ i d e d  i n t o  In sver!and f l o w  

c o r m o n e n c ,  a  g r o u n d w a t e r  t l o v  comoonenc , and A z n a n n e l  r o u c l n g  componenc .  

i h e  n v d r o d y n a m r c s  and t h e  d a t e r  q u a l r t y  ; o n s c l : u e . ~ c  p r c k - u p  and  c r a n s -  

p o r t  3 f  c h e s e  s y s c e m s  h a s  b e e n  ?e  c e r m ~ n r  s c l c a l l ~  Z e s c r l 3 e a .  l n c e  c a l l -  

b r a c e d  a n d  v e r i f l e d  a g a l n s c  h 1 S C ~ r l c a i  d a t a ,  s u c n  a  d e c e r r n l n l s c i c  

d e s c r l p c i o n  a l l o w s  f o r  t h e  p r e d l c c z v e  s ~ m l a c l o n  o f  v a r l o u s  ? l a n n i n g  

a 1 C e n . a C l ~ e s  o r  s c e n a r i o s .  



MDEL DESCRIPTION 

The r u n o f f  s y s t e m  i s  s i n u i a c e d  w i r h  a dynamic a e c e r n i n i s c i c  

m d e l ,  v e r y  u n i m a g ~ n a c i v e l y  n a m d  3tiNOFF. T h i s  m d e i  1 s  b a s e d  on  a  

r e l a t i v e l y  s r q l e  d i s t r i b u t e d  a a r a m e t c r  c n a r a c : s r i z a t i o n  u h i c h  d i v i d e s  

t h e  w a t e r s h e d  r n t o  s e v e r a l  subca t sn rnencs  d r a i n e d  by a  c r e e - s h a p e d  

n e c v o r k  o f  c h a n n e l s .  l c  is  c a p a b l e  ~ f  s r m u l a t l n g  s i n g l c  s v e n t s  o r  

c o n t i n u o u s  s e q u e n c e s ,  d e p e n d i n g  on ch r  u s e r ' s  r e q u i r e m e n t s .  The s r a c e  

v a r i a b l e s  a r e  w a t e r  d e p t h s  and c o n s c i c u e n t  concenc  r a t  i o n s .  Deve l o p m n c  

o f  c h i s  m d e l  began  n e a r l y  a  d e c a d e  a g o .  The m d e l  n a s  J e e n  a p p l ~ e d  

s u c c e s s i u i l y  co a  g r e a c  v a r i e t y  ~ f  x a c e r s n e d s  and  a nurnoer o f  p r o g r a m  

v e r s i o n s  have  b e e n  v r i c c e n  f o r  s p e c i f i c  a p p l i c a t i o n  r e q u i r e m n c s .  

Comple te  n a c h e m a c i c a l  E o r m u i a t i o n s  o f  v a r l o u s  model s e c t i o n s  have  S e e n  

d e s c r i b e d  by a o e s n e r  e c  a l .  ( ! 9 7 1 ) ,  Y e t c a l f  and  Zddy ,  Lnc. s t  a l .  ( 1 9 7 1 ) ,  

S h u b i n s k i  a n d  R o e s n e r  ( 1 9 7 3 )  and  Lyons ( 1 9 7 8 ) .  

F o r  o v e r l a n d  and  c h a n n e l  f l o w ,  t h e  L i g h t h i l l  and :*itham (1955)  

k i n e m a t i c  wave a s su rnpc ion  h a s  been  u t i l i z e d  t o  s i m p l i f y  t h e  Sa inc -Venan t  

g e n e r a l  aomencum e q u a t i o n  o f  m t i o n .  Combin ing  w i t h  t h e  c o n t i n u i t y  

e q u a t i o n .  t h e  r e s u l t i n g  nonlinear d i f f e r e n c i a i  aqua ti on^ i ~ r  s u b c a c c h -  

mcnc o v e r l a n d  f l o w  and  channe  1 f l o w  a r e :  

S u b c a c c n m n c s  ( L - 1 ,  . . .  L):  

s t o r a g e  i n i i l t r a c i o n  a v e r l a n d  ? r e c i p r c a c l o n  
change  suc f low 

C h a n n e l s  ( ~ 1 .  . . . 3 ) :  

, t o r a g e  cnanne  1  r n f l u e n c  suocacchnrent  f l o w s  : r i b u t a r v  
change  o u t  i l o v  c h a n n e l  r n f  lows 

The model  s c a c e s  a l  and  b  a r e  t h e  ~ v e r l a n d  m d  z h a n n e l  f low d e p t h s ,  

r e s p e c : i v e l y ,  a n d  che f u n c t i o n s  : ' ( .)  and p ( . )  r e p r e s e n t  i l o v s  computed 

f rom Y a n n i n g ' s  e q u a t i o n .  

I n t e r f l w  a n d  b a s e f l o v  a r e  compuced t h r o u g h  a conceptualized 

s y s t e m  a f  overlying o n e - a l m e n s l o n a l  e i e r n e n c s .  The + q u a c l a n s  of : ~ r . t l n u l c y  

and  melon g l v e  che fo lLowrng  3 e c  o f  n o n l i n e a r  d l f f e r e n c l a l  e q u a c l o n s  

f o r  ~ n c e r f l o v  and b a s e  f l o w :  



Subcacchmcnc  s o i l  s y s c e m  (L-L ,  . . . L ) :  

s t o r a g e  d e e p  e v a p o -  : nc* r -  ~ n f i l c r a c i o n  
c h a n g e  p e r c o l a c i o n  c r a n s p i r a c i ~ n  i ? J V  

S u b c a r c h m c n r  g r o u n d w a t e r  s y s c e m  ( L - 1 ,  . . . L ) :  

s c o r a g e  b a s e  f l o w  d e e p  
c h a n g e  percolation 

The m d e l  s t a t e  c L  and  e l  a r e ,  r e s p e c c i v e i y ,  :he c i i e c c ~ v e  v a c e r  s c o r a g e  

d e p c h s  o f  t h e  s o i l  and  g r o u n d v a c e r  s y s c e m s .  The ?unc : ions  h ( .  j and  i ( . )  

r e p r e s e n t  f l o w s  compuced f rom 3 a r c y  ' s  Law. 

E q u a c i o n e  1 co A a r e  s o l v e d  i n  RUNOFF w i r h  t h e i r  appropriate 

f u n c c i o n a ,  :(. ) ,  g ( .  ) ,  h ( . )  o r  i ( .  ) ,  t h r o u g n  In i m l i c i c  Xevcon-3apnson  

scheme .  Once d e p t h s  and  f l o w  r a c e s  h a v e  b e e n  c a i c u l a c e d ,  i t  i s  p o s s i b l e  

t o  c o n p u r e  c h e  r u n o f f  q u a l i c y .  

S u r f a c e  w a s h o f f  o f  s e c c l e d  d u s t  and  d i r c  is  s i x u l a c e d  a s  a  

f i r s c  o r d e r  r a c e  p r o c e s s :  

v n e r e  m L S  che  ma99 o f  t h e  s i m u l a c r d  ; o n s t r c t ~ ~ ' : i c  and i i s  a  ; o n s t a n t .  

S e e  H e c c a l f  and E d d y ,  I n c .  e c  d l .  ( 1 9 7 1 )  and  Lyons : i 9 7 Y )  f o r  a  d i s c u s -  

s i u n  o f  che  a n a l y c l c a l  and  n u m e r i c a l  n e c h o d s  l s e d  Ln 3UNOFF co  s o l v e  

E q u a t i o n  L .  S e v e r a l  m t h o d s  a r e  u s e d  c o  d e t e r m i n e  :he 3 u i l d  up o f  

d u s t  a n d  d i r c  on che  c a r c h m e n c  s u r f a c e  b e t v e e n  p r e c ~ p i c a c i o n  e v e n t s ,  

wh ich  g i v e s  t h e  i n i t i a l  c o n d i t i o n s  n e e d e d  ca  s o l v e  3 q u a c i o n  i. 

Agricultural and  f o r e s c e d  a r e a s  a r e  u s u a l l y  c smpuced  ul :h  a  c o n s c a n c  

b u i l d  up f a c c o r  d e p e n d e n c  on i a n d  u s e ,  u h i l e  Ln a r s a n l z e d  a r e a s  a  b u i l d  

up r a c e  d e p e n d e n c  on c o c a 1  cacchmenc  s c r e e c  l ? n g c n  i a s  p r o v e n  m s c  

e f f e c c i v e .  

E r o s i o n  r e s u l t i n g  f rom r a i n i a l l  d i s l o a p e ? c  a n d  o v e r l a n d  f l o w  

r e m o v a l  h a s  S e e n  d e s c r i b e d  co d a c e  v i c h  che  w e l l  *noun U n i v e r s a l  S o i l  

LJJS E q u a t i o n  ( U i s c h m e i e r  and  jmich  1958). : h i s  ? m p i r l c a l  a q u a c i o n  

was o r i g i n a l l y  d e r i v e d  f r o m  s c a c i s c r c a l  a n a l v s e s  s f  s o i l  l o s s  d a t a  t o  



g i v e  an esc imace  of  average  annual  s o i l  e r o s l o n  from r a i n s c o r n s .  The 

U n i v e r s a l  S o i l  Loss Equacion has  been modi f ied  f a r  use i n  RUNOFF t o  

a v e n c  e r o s i o n  and d e l i v e r i e s  co t h e  r e c e i v i n g  channe!. 

A = R a K . L S *  C . P .  SDR 

v h a r a  

A = s o i l  l o s s  p e r  u n i t  a r e a ,  

R - che r a i n f a l l  e r o s i v e  e n e r g y  f a c t o r ,  

K t h e  s o i l  e r o d i o i l i c y  f a c t o r ,  

LS - che s l o p e  l e n g t h  g r a d l e n t  r a t i o ,  

L: = t h e  c r o p p i n g  management f a c t o r  o r  c rop  c o v e r  i n d e x  F a c t o r ,  

P = t h e  e r o s i o n  c o n t r o l  p r a c t i c e  f a c t o r ,  and 

SDR - the  sedimenc d e l i v e r y  r a c i o .  

D i s s o l v e d  w a t e r  q u a l i t y  constituents a r e  p i c k e d  up by  i n t e r f l o w  

and groundwater  a s  i o n s  move i n t o  s o l u t i o n  from e q u i l i b r i u m  and Lon- 

exchange r e a c t i o n s .  ' A i l e  i h e s e  c o m p l i c a t e d  phys ico-chemica l  reactions 

can be mathematically r e p r e s e n t e d  and s i m u l a t e d ,  i c  has  noc 5een f e l t  

n e c e s s a r i l y  p r o d u c t i v e  enough co use  s u c n  a  d e t e m i n r s t i c  p r o c e d u r e  i n  

3UNOFF. The p i c k - u p  of  d i s s o l v e d  c o n s c i t u e n c s  i s  s i m u l a c e d  v i c h  t r a n s f e r  

functions dependent on flow r a c e :  

v h e r c  ciL i s  t h e  c o n c e n t r a t i o n  d f  c o n s t i t u e n t  i ieached  from s u b c a t c h -  

m n c  L and is  a  t r a n s f e r  f u n c t i o n  r e l a c i n g  c o n c e n t r a t i o n  co i low 

r a c e  q  . 
7. 

The c o n s c i c u e n c s  r e w v e d  f rom t h e  subca tchment  a r e  r o u t e d  

downscream through a  o n e - d i m n s ~ o n a l  channel  jyscem. j l a t e r  q u a i i c y  

r e a c c i o n s  a r e  a r s u m d  conservative i n  t h e  c h a n n e l s  and movement i s  b y  

c o n v e c t i o n  o n l y :  

v h e r e  A i s  t h e  c r o s s - s e c t i o n a i  a r e a  in  :he x - d i r e c t i o n  and s r e p r e s e n t s  

s o u r c e s  o r  s i n k s  3f c o n s c i t u e n t  c .  Thrs a q u a t i o n  i s  l n t e g r a c e d  u s i n g  a  

mixed i m p l i c r t - e x p l i c i t  s c h e m  -Lyons i 9 7 8 ) .  

Yormally,  a  limited number of c o n s t i c u e n c s  a r e  s i m u l a c e d .  

%hen s u f f i c i e n t  v a t e r  q u a l i t y  d a t a  a r e  a v a i l a b l e  t o  c a l i b r a t e  ?.UNOFF, 

numerous c o n s c i c u e n t s  c a n ,  h o v e v e r ,  be s i m u l a t a d .  Table  1  p r e s e n t s  a  

l i s t  o f  t h e  c o n s t i t u e n t s  a l r e a d y  s i m l a c e d  v i c h  XLrNOFF. 



XODEL APPLICATION 

The use  o f  d i s t r i b u t e d  2aramecer  d e t e r m i n i s t i c  m d e l s  r e q u i r e s  

a  l a r g e  amount of  i n l c l a l  e i f o r t .  3nce  z a i i i r a t e d  and v e r i f i e d ,  however ,  

t h e y  become q u i t e  v e r s a t i l e  and p o w e r f u i  a s  p l a n n i n g  and a n a l y s i s  c o o l s .  

P r e d i c t i v e  s i n u l a t i o n  i s  t h e  l a s t  i n  a  t n r e e - s t e p  p r o c e s s .  The model 

must f i r s t  be c a l i b r a t e d  a g a i n s t  x a s u r e d  h i s t o r i c  d a t a ,  p r e f e r a b l y  

c o l l e c c e d  w i t h i n  the  w a t e r s h e d  co be s t u d i e d .  Once che model p a r a m e t e r s  

nave been c a l i b r a t e d  a g a i n s t  a  s e t  s i  h i s t o r i c a l  d a c a ,  t n e  m d e l ' s  

p r e d i c t i v e  c a p a b i l i t i e s  must t h e n  be v e r i f i e d  a g a i n s t  a n o t h e r  s e t  o f  

h i s t o r i c a l  d a c a .  Such a  validation g i v e s  t h e  > m e r  a  d i r e c t  measure of  

t h e  m d e l ' s  a c c u r a c y  i n  mrk lng  p r e d i c t i o n s .  

The p r e d i c t i v e  s i m u l a t i o n  o f  r u n o f f  q u a l i t y  can  b e  a p p l i e d  i n  

many d i f f e r e n t  ways i n  t h e  a n a l y s i s  o i  env i ronrnenca i  p r o b l e m s .  S imula -  

:Ion can be used  s iruply t o  compute Lmpucs t o  downstream u a c e r  q u a l i t y  - -  
a q u a t i c  e c o l o g y  investigations, f o r  e x a m p l e ,  r e s e r v o ~ r  x a t e r  q u a l i t y  

management F c L a u g h l i n  e t  a l .  1 9 7 5 ) ,  o r  + s c u a r y  w a t e r  q u a l i t y  manage- 

ment ( ! 4 e t c a l f  and Cddv,  I n c .  and Xesource Uanaqemenc h s s o c i a c e s  i Y 7 8 ) .  

The i m p a c t s  o f  p r o p o s e d  l a n d - u s e  c h a n g e s  can .very e f f e c c i v e l ; ~  be ? r e d i c t e d  

iRoesner  e t  a l .  i 9 7 2 ) .  P roposed  c o n s t r u c t i v e  w a s u r e s ,  such  a s  terracing 

o r  l a n d  l e v e l i n g , s r  c h a n g e s  i n  a q r r c u l t u r a l  c u l t u r a i  p r a c z i c e s ,  can 

s i m i l a r l y  be s t u d i e d  w i t h  p r e d i c t r v e  a i m l a c i o n s  (U.cLauqhl in  a t  a l .  1975)  

D e t e r m i n i s t i c  m d e l s  a r e  n o t ,  h o v e v e r ,  p a r t i c u l a r l y  s u i t e d  

t o  r e a l - t i m e  s i r n u l a c i o n .  I d a p t i v e  s t a c e / p a r a m t e r  mde!s  a r e  s u p e r i o r  

due t o  t h e i r  s p e e d  i n  c a l c u l a c r o n  and t h e i r  a ~ ~ l i c : r  t o  c o n t i n u a l ! y  

a d a p t  t o  c h a n g i n q  c o n d i t i o n s  and improve t h e i r  p r e d l c c ~ a n s  ~ T s d i n i  e t  

a l .  1 9 7 6 ;  3 r a s  1 9 7 6 ) .  Adapcrve mode l i  a r e  ? r ;na r :y  u s e f u l  i n  

r e a l - c i m  c o n t r o l  p r o b l e m s ,  w n i l e  d e c e r m r n i r c r c  modelr  have i h e l r  main 

v a l u e  I n  r i m l a c i n g  v a r i o u s  p l a n n i n g  a l t e r n a c ~ v e s .  

Thr  j e t  u p  n d  : a l l b r a t i a n  oi 3LTlOFF r e q u i r z s  s l a r g e  . m o u n t  

sf d a c a .  The d e c e r m i n i o c i c  f o r m u l a t i o n  o i  the  mode! ~ n p i ~ e s  i ,mnedlacely 

a  l a r q e  number sf r a c e  o r  t r a n s f e r - f u n c c l o n  c a e i f i c l e n c s ,  ? 3 r  e x a m p l e ,  

t h e  o v e r l a n d  f low f u n c t i o n  ? ( ,  ) i n  Z q u a t i o n  1  Ln L C S  ~ i m p l e r c  form 

c o n t a r n s  f i v e  p a r a m e t e r r :  



Table 1 .  S imula ted  runof f  water  q u a l i t y  c o n s t i t u e n t s  

SOLIDS NUTRIENTS 

S e t t l e a b l e  

Suspended 

Yocal d i s s o l v e d  

C h l o r i d e  

Sol  f a t e  

Biochemical  oxygen demand 

i h e m i c a l  oxygen demand 

Grease  

Toca l  c o l i f o n n s  

F e c a l  c o l i  forms 

O r g a n i c  n r c r o g e n  

Armnonia 

g i c r a c e  p l u s  n i t r i t e  

Toca l  h y d r o l i r e d  pnosphorua 

Orrhopnosphace 

HEAW .%TALS 

Ye r c u r y  

Copper 

Zinc  

Lead 

Chromium 

Cadmium 

A r s e n i c  

S e v e r a l  p a r a m c e r s  r n  E q u a t i o n  8 can be d i r e c t l y  ~ n c e r ? r e r e d  From 

scbcac:hment geomet ry ,  v  A ;  and 7 v ~ d c h ,  a r e a  and s l o p e ;  u h r l r  i n  
i' i '  

s p r c e  ~ f  t h e i r  p h y s i c a l  b a s e s ,  the  o c h e r  t v o  ? a r a m e c e r s ,  X i  and S L .  

o v e r l a n d  flow roughness  and s u r f a c e  d e t e n t i o n ,  can  m l y  be 5 s c i m a t e d  

and t h e i r  v a l u e s  f i n a l i z e d  through c a l r b r a c r o n .  As a  d i s t r i b u t e d  

pararmcer  model ,  s p a c i a l  d i s c r e c i z a c i o n  g i v e s  a  r a p i d  growth t o  t h e  

coca1 lumber of p a r a m e t e r s  L O  be d e c e r m n e d .  

To c a l i b r a t e  a  d e t e r m i n i s t i c  model, s e a s u r e d  h i s t o r i c a l  and 

3imulaced v a l u e s  of t h e  s t a t e  v a r i a b l e s  f o r  tile same e v e n t  a r e  compared 

and moaei p a r a m c e r s  a r e  a d j u s t e d  uncr! the minimum d i f f e r e n c e  i s  

a c h i e v e d  be:veen measured and s i m u i a c e d .  h m a n i n g f u l  d a c a  c o l l e c t i o n  

p r o g r a n  f o r  node l  c a l i b r a t i o n  i s  a  s i g n i f i c a n t  a c t i v i t y  rn i t s e l f .  

S p a t l a A  and cemporal d i s c r ~ b ? l c i o n  o f  measurements i n  a  meaningfu l  

p a t t e r ? ,  a s  .de l l  a s  r e p e c ~ c i o n ,  i s  needed co be a b l e  :o i d e n t i f y  u n i q u e l y  

a l l  a f  :he lode!  p a r a m e t e r s .  jucn a  daca  i o l  l e c c i o n  program must be 

d e s i g n e d  f o r  model c a l i b r a t i o n  r a t h e r  t h a n  v i c e  v e r s a .  O f t e n  L C  i s  



u n v i s e l y  d e c l d e d  co nake  che  j e s c  o f  l n a p p r o o r ~ a c e .  s x i s c r n g  d a t a  

collected f o r  o c h e r  2 u r p o s e s  co  c a l i b r a c a  a  m o d e l .  

RLPJOFF must  b e  c a l i b r a t e d  i n  s c a p s .  F i r s t .  d a c a  a r e  n e e d e d  

co c a l i a r a c e  :he m d e l  f l o w  ? a r a m e c e r s ,  and  s e c o n d ,  d a c a  a r e  n e e d e d  t o  

c a l l b r a c e  che q u a l i c y  p o r t i o n s  s f  t h e  m o d e l .  C o o r d i n a t e d  p r e c l p i c a c ~ o n  

a n d  t l o v  measu remencs  a r e  r e l a t i v e l y  a a s y  and  t n e a p  co  make i n  compar -  

i s o n  v i c h  w a c e r  q u a l i c y  m e a s u r e m e n c s .  T h e r e  i s  mucn co be done i n  

developing effective c e c h n l q u e s  f o r  : o l l e c c ; n x  3nd a n a i y z l n g  :he q u a l l c y  

d a t a  l e e d e d  co  ? r o p e r l y  c a l i b r a t e  r u n o f f  q u a l l c y  m d e l s .  Y l c r o - p r o c e s s o r s  

a n d  mini-computers a r e  ? r o v i n g  a  t f e c c l v e  I n  s u p e r v ~ i l n g  t h e  c o l  l e c t ~ o n  

a n d  s c o r a g e  o f  r u n o f f  q u a l i c y  s a m p l e s  ( ~ a r r  a n d  ? l e p e r  1 9 7 7 ) ,  a n d  i n  

t h e  f u c u r e  v e  w i l l  definitely s e e  c h e l r  g r e a c e r  u se  i n  f i e l d  i o n s t i c u e n c  

d e  termination. 

CALIBRATION 

V i r t u a l l y  a l l  r u n o f f  m o d e l s  i n c o r p o r a t a  mknown o a r a m e t e r s  

c h a c  a r e  d i f f i c u l t ,  i f  n o c  i m p o s s i b l e ,  co  ;measure I n  :he f i e l d  J r  l a o o r -  

a c o r y ,  :'or e x a m p l e ,  che o v e r l a n d  f l a w  r o u g h n e s s  ; ~ e  f f i c i e n c .  J f : e n ,  

p r e c l s e  ? a r a m e c e r  v a l u e s  a r e  d i f f l c u l c  co  s p e c i f y  Ln a d v a n c e .  Ac b e s c ,  

t h e  model u s e r  h a s  o n l y  a  rouqn  ~ d e a  s f  t h e  r a n g e  ~ f  p l a u s i b l e  v a l u e s .  

Yode l  p a r a u e c e r s  chac  c a n n o c  be  m e a s u r e d  d r r e c c l y  musc be  i n f e r r e d  f rom 

observations o f  r e l a c e d  v a r r s ~ l e s  :haC a r e  m r e  r e a d 1  l y  a v a i l a b l e .  

I n d i r e c t  estimation p r o c e d u r e s  s u f f e r  f rom t v o  f u n d a m e n t a l  

s o u r c e s  J C  e r r o r :  1 )  t h e  measu remencs  u s e d  f o r  e s c ~ r n a c r o n  n a y  be  u n c e r -  

c a l n  o r  corrupted by extraneous d ~ s c u r ~ a n c e s .  l n d  : )  model  i n p u c s  s r  

b o u n d a r y  c o n d i c l o n s  v h l c h  a r e  a s sumed  co Jr veil nnown may,  i n  f a c t ,  b e  

i n a c c u r a t e .  T h e s e  e r r o r  s o u r c e s  d i r e c t l y  e f t e c c  : s e  q u a l i c y  o f  t h e  

p a r a a m c e r  e s c l m a c e s .  Fo r  a  r u n o f f  .model,  e r r o r s  ~i :he f i r s c  t y p e  

i n c l u d e  s u c h  s o u r c e s  a s  u s l n g  u n c e r c a l n ,  d y n a m l c a l  :y v a r y i n g  w a c e r  l e v e  1  

m e a s u r e m e n c s  co  c a l c u l a t e  f l o w  n y d r o g r a p n s  wlch  a  r a c l n g  c u r v e  d n l c n .  

i n  i t s e l f ,  i s  a  s m o o t h e d  s e t  ~ f  uncertain v e ~ a c ~ c y - d ~ s c h a r q e  m e a s u r e m e n c s .  

E r r o r s  o f  che s e c o n d  t y p e  a r e  e x e r n o l l f i e d  3y u s l n g  p r e c i p i c a c ~ ~ n  r a c e s ,  

m a s u r e d  ac  a  f e u  p o i n t  l s c a c i o n s ,  s l c e n  noc  u i : ? l n  che c a t c h m e n t s  b e l n g  

c a l i b r a c e d ,  t o  e s c l 3 a t z  t h e  dvnamlc  a r e a l  d1sc r :bu r :on  ~ f  ~ r e c i p l c a r i o n .  

E x p e r i e n c e  h a s  s h o v n  chac  t h e  x a s u r e m e n t s  'used :n c a l i b r s c l n q  r u n o f f  

m o d e i s ,  q u a n c i c y  and  q u a l l t y ,  c o n c a ~ n  v e r y  s ~ j n l i ~ c a n c  u n c e r c a r n t i e s  

a n d  t h e s e  m e a s u r e m e n t s  s h o u i d  a l w a v s  be  . r lewed ver:, s i t e p c i c a l : y ,  a n d ,  

v h e n  p o s s i b l e ,  e s c i m a c e s  ? f  c h e s e  d n c e r t a i n c i e s  s n o u l d  be  d i r e c c i y  

incorporated l n c o  t h e  ? a r a m e c a r  e s c i r n a c l J n  J r o c e s s .  



r i g i n a l l y ,  t h e  c a l i b r a c i o n  of  d e t e r m i n i s t i c  p r e d i c t i v e  n o d e l s  

v a s  c a r r i e d  ouc 5 v  a  c r i a l - a n d - e r r o r  j r o c e s s .  A n  e v e n c  was s i m u l a t e d  

and :he c a l c u l a t e d  r u n o i f  r a c a s  ana  concentrations ,were compared w i t h  

che measurenmncs;  p a r a m e t e r  a d j u s c n e n t s  v e r e  m u a l l y  s a d e  a c c o r d i n g  co 

t h e  m d e l e r ' a  judgment and u n d e r s t a n d i n g  o f  che model;  and che syscem 

r e s i r n u l a c e d  v i c h  che new p a r a m c e r s .  T h i s  c y c l i c a l  p r o c e s s  v a s  r e p e a c e d  

u n c i l  a  s a c i s f a c t o r y  c a l i b r a c i o n  v a s  a c h i e v e d .  

T r i a l - n n d - e r r o r  c a l i b r a t i o n  becomes m r e  d i f f i c ! r l t ,  as chose  

who have  c r i e d  i t  w i l l  know, a s  more p a r a m e t e r s  a r e  a d j u s t e d  and a s  t h e  

r e l a t i o n s h i p  be tween  c h e s e  p a r a m a t e r s  an.' t h e  pe r fo rmance  i n d e x  becomes 

more complex.  In such  situations, t h e  s e a r c h  t o r  "good" p a r a m e t e r  

a d j u s c m n c s  can u s u a l l y  be rnade more e f f i c i c n c l y  v i c h  n u m e r i c a l  ~ p c i m i -  

z a c i o n  3 i g o r i c h m s  v h i c h  a r e  a b l e  t o  a s s i m i l a t e  and p r o c e s s  v e r y  q u i c k i y  

[he i n f o m c i o n  o b c a l n e d  from s e q u e n c l a l  ? e r f o r m a n c e  +valuations. T h i s  

numerically o r i e n t e d  a p p r o a c n  i s  commonly c a l l e d  aucomacic  node1 

c a l i b r a c i o n .  

A i l  l e a s c  N o  d i f f e r e n t  p a r a m e t e r  . - s t i rna t ion  t e c h n i q u e s  a r e  

a v a i l a b l e  f o r  !he p r a c t i c a l  a u c o m a r l c  c a l i b r a t i o n  ~ f  r u n o f f  q u a l i t y  

m o d e l s ,  v e i g h c e d  l e a s c - s q u a r e s  and maximum l i k e l i h o o d .  The i re ighced  

l e a s c - s q u a r e s  ~ s c i m a r i o n  a l g o r i t h m  ( a  F i s h e r  e s c r m a t o r )  e s s e n t i a l l y  

i g n o r e s  i n p u t  e r r o r s ,  v n i l e  the  maximum l i k e l i h o o d  e s c i m a c i o n  a i y o r i c h m  

i a  a a y e s i a n  + s c i i n a c o r )  a c c o u n c s  t a r  chese  e r r o r s  i ?  a s v s c e n a r i c  v a y .  

Per fo rmance  d i f f e r e n c e s  b e t v e e n  t h e s e  + s c l m a c o r s  a r e  n e g l i g i b l e  when 

i n p u t  e r r o r a  a r e  .n inor .  When i n p u c  a r r o r s  a r e  l a r g e ,  nowever ,  Che 

s u i m u m  l i k e l i h o o d  c s c i m a t o r  a p p e a r s  co g i v e  s l g n i f i c a n c i y  b e c c e r  

e s c i m a c e s .  

C o n s i d e r a c i o n  o f  t h e  m d e l  e q u a t i o n s  r e v e a l s  :he Fo l lowing  

irnporcanc p o ~ n c s :  

- The l u m b e r  o f  mknown o a r a m e c e r s  c e n d s  ca &row r a p l d l y  3 s  t h e  

d a t e r s h e d  d l s c r e c l z a c l o n  3ecomes m r e  d e c a i L e d .  Each s u b c a c c 3 -  

Tent and c h a n n e l  c o n c r l b u c e s  s e v e r a l  u n c e r c a l n  : o e f f l c l e n t s .  

- A11 or' t h e s e  unicnown p a r a m e t e r s  2 o m a l l y  musc 3e e s t i m a t e d  

w i t h  f l o v  and q u a l l c y  m a s u r e m e n c s  from a  l i m l c e d  xumoer o f  

e v e n c s  a t  downscream l o c a c i o n s  r e c e i v i n g  r u n o f f  From numerous 

jubcacchmencs .  

- :ncer:ain r a i n f a i l  v a l u e s  nave a  iomlnanc e f f e c c  ,an j o c n  r u n o f f  

2 r e d i c t l o n s  and p a r a m e t e r  e s c i n a c e s .  



P x p e r l e n c e  ~ n d i c a c e s  c h a t  n o s t  a f  :he r r a r a m c e r  c s c i n a c e s  ~i f i r r e l y  

d i s c r e c ~ z e d  s y s t e m s  compuced ay c e c n n ~ q u e s  juch  as  l d a s c - s q u a r e s  ,or 

saxlaurn l i k e l i h o o d  a r e ,  i n  f a c t ,  a n l v  weak ly  :oupied co measurements  

o f  i n d i v i d u a i  e v e n t s .  T h i s  has  Imporcan t  s t a c i s c i c a l  i m p i i c a c ~ o n s ,  :he 

Rao Cr lmcr  bound on e s c i m a c e  covariance r SchweFpe !973), whicn impiy  

c h a r  t h e  p a r a n e c e r r  w ~ l l  > e  a n l y  m a r g i n a l  i y  r d e n c i f i a b l d .  

T h i s  t e n d e n c y  c a n  he c o u n t e r e d  i n  s e v e r a l  ways: 

- S p a c i a l  d l ~ c r i b u c i o n  ~ f  j a m p i l n g  s i t e s  s n o u i d  he s e l a c t e d  

t o  r e d u c e  t h e  numoer a f  parameters e s c i m a c e d  dur:ng c a i i b r a c i o n .  

Yore e m p h a s i s  s h o u l d  he p iven  :o upscream s i t e s  ~ i c h  s u b c a c c h -  

n e n c s  of  u n l f o r m  l a n d  u s e .  

- X ~ c h l n  i n d i v i d u a l  r u n o f f  a v e n c s ,  more ? i f a r t  s n o u l d  i e  x lven  

t o  s h o r t e r  s a n p l i n g  r n c e r v a l s  vhen che runcl i f  p r o c e s s e s  a r e  

n o s t  r a p l d l y  c h a n q l n g ,  1 . e .  f o r  q u a l ~ c y ,  ac che i e g l n n l n g  of 

t h e  ?vents. 

- G r e a t e r  e f f o r t  s x o u i d  be made t o  d e s c r i b e  more a c c u r a t e l y  t h e  

rempora i  and s p a c i a l  d i s c r i b u c l o n  ~ f  ? r e c i o ~ t a c i o n .  

- R e p e c i c i o n  o f  sampled e v e n t s  and s a m p l r n g  ! o c a c i o n s  i s  imporcane .  

- Only chose p a r a m c c e r s  s h o u l d  he e s t l r n a c e d  v n l c n  a r e  s l g n i f i c a n c l y  

i n v o l v e d  i n  t h e  sampled  h y d r o l o g i c a l  p r o c e s s .  i n  o c h e r  u o r d s ,  

d u r i n g  c a l i b r a t i o n  t h e  i n s e n s i c l v e  7 a r a m e c e r s  s h o u l d  j e  sequen-  

c i a i l y  d ropped  u n c i l  o n l y  [ h o s e  p a r a m e t e r s  remain  ; ih ich  a r e  

s e n s i t i v e  co the  m a s u r e m e n c s .  

3 r i o r  t o  m d e i  c a l i b r a t i o n .  t h e  c o m p l e t e  s e t  ;hou ld  be  i i v r a e d .  

' i ~ c h  t h e  f l r s c  sa r rp le  suosec,  che model 1 s  : a l i o r a c e d  and d l c h  :he s e c o n d  

L C  r s  v e r l f l r d .  In  che ~ e r ~ f r c a c : o n ,  ? v e n t s  a r e  s l r n ~ l y  s r m u l a c e d  and 

t h e  s o d e l  r e s u l t s  compared v l c h  t h e  n e a s u r e m n c s .  V e r r f l c a t l o n  g,lves 

a s t a c ~ s c l c a l  m a s u r e  sf t h e  p r e d l c t ~ v e  a c c u r a c y  3f t h e  r u n o f f  model .  

Th19 rrnporcanc s e e p  r s  a f c e n  s n w l s e l j  l e f t  3uc 3y n o d e l c r r .  

'e a n a i y z e  r u n o f f  q u a l i t y  f rom r * ~ r a l  s i a t r r s n e d s  t o  2e  a b l e  

co s o i v e  sone d o v n s t r e a m  v a c r r  q u a l i t y  3rooiern a r l s r n q  :ram J r  a c c e q -  

cuaced  >y :he r u n o i f .  i t  L S  cornon  :J i ~ e c ~ i y  An > o j c c t l v e  d n l c h  s n o u l d  

n o t  he exceeded  more   it en rhan a  q ~ v e n  : r e a u e n c v  J £  o c c u r r e n c e :  mass 



d i s c h a r g e  r a t e s  s r  i n s t r e a m  c o n c e n t r a c i s n s  a r e  n o t  c s  2 x c e e d  s o m  

c r i t i c a l  l e v e l  n o r e  o f t e n  chan s n c e  e v e r y  "a "  y e a r s .  Such  a  3 t a t i s t i c a i  

a p p r o a c h  co s o l v i n g  e n v i r o n r n e n c a l  p r o b l e m s  L S  r e a l i s t i c :  i t  is  d e l u s i o n a l  

t o  s a y  t h a c  s o - a n d - s o  e v e n t  w i l l  "aver  o c c u r .  

j e v e r a l  t e c h n i q u e s  a r e  a v a i l a b l e  f o r  u s i n g  p r e d i c t i v e  

s ~ m u l a c i o n  m d e l s  i n  p l a n n i n g  s t u d i e s :  

- E v e n t  s i r n u l a c i o n  s f  p l a n n i n g  a l t e r n a c l v e s  w i t h  d a t a  f rom 

c r i t i c a l  b ~ s t o r i c a l  e v e n t s .  

- E v e n t  s i m u l a c ~ o n  or '  ? l a n n l n g  alternatives v ~ t h  I n d e p e n d e n t  

variables d e t e r m ~ n e d  f rom statistical a n a l y s e s .  

- L ~ n g - c e n n  3 i m u l a t i o n  s f  p l a n n l n g  a 1  t e r n a t i v e s  i r i c h  a  h ~ s t o r i c  

o r  3 c o c n a s c i c  i n p u t  s e q u e n c e .  The r e s u l t s  o f  :he s i m u l a c ~ o n  a r e  

Lhen s c a c i s c i c a l l y  a n a l y z e d  :o g i v e  a  m e a s u r e  s f  p r o j e c t  e r ' f s c -  

z i v e n e s s .  

The f i r s t  two a p p r o a c h e s ,  a s  nonnal!y  a p p l i e d ,  c o n t a i n  an  i m p l i e d  

a s s u m p t i o n :  

T h ~ s  a s s u m p t i o n  i s  i n c o r r e c t  f o r  cvo  r e a s o n s .  F ~ r s c ,  t h e  ? r o ~ a b i : i t y  

d ~ s t r i b u t ~ o n  f u n c t i o n  of a  s e q u e n c e  sf r n d e p e n d e n c  p r e c l p ~ t a t ~ o n  e v e n t s  

d o e s  n o t  r e m a i n  c o n s t a n t  i n  ;he c r a n s f o r m a c i o n  t ~  t x e  p r o o a b i l i t y  

distribution function ~f r u n o f f ,  a s  :he r u n o f f  p r o c e s s  r 3  n o t  l i n e a r .  

S e c o n d ,  w h i l e  p r e c i p ~ t a t i o n  c a n  l r s u a l l y  be  s e e n  a s  a  s e q u e n c e  o i  i n d c -  

p e n d e n t  e v e n t s ,  m n o f f  e v e n t s  a r e  s e q u e n c l a i i y  c s r r e l a c c d ;  i n  o c h e r  

w o r d s ,  i t  i s  a  Yarkov  p r o c e s s .  I t  i s ,  c h e r e i o r e ,  n o t  p o s s ~ b l e  co  s p e c l f y  

a s i n z l e  p r e c l p i c a c i o n  e v e n t  : ha t  ; i l i l  3 i v e  3 r u n o f f  e'7er.t 3 E  I u n i q u e  

J c c u r r e n c e  f r e q u e n c y .  

T\e  t h l r d  a p p r o a c h  t o  p r e d i c t i v e  s i m u l a t i o n  i s  t h e  o n l y  o n e  

: a rougn  ~ h ~ c h  cne c f i e c t l v e n e s s  > f  a  p i a n n ~ n g  a l i s n a t ~ v e  can  he  

s t a c ~ s c l c a l l y  q u a n c l f l e d .  ;he f ~ r s t  cvo  a p p r o a c h e s  < ~ v e  t n e  r e s D o n s e  

10 s p e c r f l c  m u n d a r y  i o n d ~ c ~ o n s , b u c  s a y  n o t h l n g  q u a n t i t a t i v e  ~ v e r  t h e  

s c a c ~ ~ c l c a l  ? f f e c t ~ v e n e s s  ~i a  3 r o : e c c .  3 n e  :an m l v  c a k e  s t e p s  Co 

g u a r a n t e e  Cba t  :he 2 o u n d a r y  i o n d l c l s n s  sf an e v e n t  ~ r ~ c n t e d  > r e J L c t l v e  

s ~ r n u l a c ~ o n  a r e  2s p h y s l c a ~ i y  ( s t a t ~ s t i c ~ l l y )  r e p r e s e n t a t i v e  a s  ? o s s l ~ l e  

~ f  wnac c o u l d  o c c u r  rn  che s c u d v  w a t s r s n e d  (Abranarn e t  a t  1 9 7 6 ) .  



CONCLUSIONS 

3 e  d e t e r m i n i s t i c  s h u l a c i o n  o i  r u n o f f  c a n  e f f e c t i v e l y  d e p i c t  

t h e  q u a l i t y  ~i w a t e r  o r i g i n a c r n g  from r u r a l  v a c e r s h e d s ,  and i t  is a  .Jer), 

v e r s a t i l a  ~ 3 0 1  i n  w a t e r  q u a l i t y  managenrent p l a n n i n g .  The q u a n c i c : ~  

p r e d i c t i o n  a l g o r i t h m s  a r e  more advanced  i n  : h e i r  deve iopment  and m r e  

r e l i a b l e  t h a n  t h o s e  f o r  q u a l i t y .  Experience h a s  shown :ha t  t h e  amount 

and r e l i a ~ i l i t y  ai d a t a  a v a i l a o i e  f o r  ; a l i b r a t ~ o n  p l a y s  a  s ~ g n i i i c a n c  

r o l e  Ln t h e  m d e l ' s  a c c u r a c y  i n  !!taking ? r e d l c t ~ o n s .  Yore n e e d s  t o  be 

done i n  q u a n c i i y i n p  i n p u t  d a t a  and p r e d i c c ~ o n  u n c e r t a i n t i e s  and i n  

i m p r o v i n g  i n d i v i d u a l  q u a l i t y  f u n c t i o n s  i n  t h e  m d e l .  
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ABSTRACT 

Thi r ty - two  commercial  f e r t i l i z e r s  c o l l e c t e d  from e i g h t  
d i f f e r e n t  manufac tu re r s  and d i s t r i b u t o r s  have been ana lyzed  
by a tomic  absorption spec t ropho tomet ry  t o  de te rmine  how much 
of t h e  f o l l o w i n g  e l emen t s  they  c o n t a i n :  As, 8 ,  a i ,  Cd, C1, 
Co, C r ,  Cu, Fe,  Hg, L i ,  .Yn, No, Xi ,  P b ,  S e ,  Sn ,  and Zn. 

F i f t e e n  of t h e  e i g h t e e n  i n v e s t i g a t e d  t r a c e  e l e m e n t s  a r e  
d e t e c t a b l e  i n  a l l  f e r t i l i z e r s ;  a i s  noc p r e s e n t  i n  two f e r -  
t i l i z e r  t y p e s  and B i  d s e s  n o t  show up i n  t h r e e  t y p e s ;  Se is 
p r e s e n t  o n l y  i n  two samples .  

The e l emen t s  presenr:  i n  t h e  l a r g e s t  amount i n  a l l  
f e r t i l i z e r s  a r e  Fe and C1, whereas L i ,  Hg, Cd and 3 i  a r e  
p r e s e n t  i n  t h e  s m a l l e s t  amounts. 

F e r t i l i z e r s  o r i g i n a t e d  from p h o s ~ h a t e  rocks  c o n t a i n  t h e  
h i g h e s t  q u a n t i t i e s  of t r a c e  e l e m e n t s ,  whereas s y n t h e t i c  n i t r o g e n  
f e r t i l i z e r s  and potass ium s u l p h a t e  samples  z o n t a i n  much s m a l l e r  
q u a n t i t i e s .  

C a l c u l a t i o n s  show t h a t  As, Cd, Hg, Sn and :4o p rov ided  by 
common d r e s s i n g s  w i t h  a l n o s t  a l l  examined fertilizers may 
a f f e c t  t h e  m l c r o n u t r i e n t  s t a t u s  o f  s o i l ,  t h u s  l e a d i n g  t o  poten-  
t i a l  c o n t a m l n a t i o n ;  t h e  r i s k  from Co, C r ,  C X ,  Y i ,  ?b, Zn, L i ,  
8 ,  and C 1  ap?ea r s  t o  be l i m i t e d  o n l y  t o  t h e  c a s e  when phosphate  
f e r t i l i z e r s  a r e  added t o  s o i l s  commonly j o o r  i n  t h a t  e l emen t ;  
i n  no c a s e  a r e  P e ,  L% and 9 1  c o n t r i b u t i o n s  b y  f e r t i l i z e r s  
e x p e c t e d  t o  va ry  a p p r e c i a b l y  t h e  n a t u r a l  s o l 1  c o n t e n t .  



INTRODUCTION 

F e r t i l i z e r s  have  been  r e c e n t l y  i n d i c a t e d  [ l l ,  l o ,  1 8 ,  2O!to be 
among t h e  p r i n c i p a l  f a c t o r s  o f  t h e  t r a c e  e l e m e n t  contamination 
o f  t h e  env i ronmen t ,  a s  t h e y  a f f e c t  t h e  t r a c e  e l e m e n t  c o m p o s i t i o n  
o f  s o i l s  and o f t e n  l e a d  t o  s o i l  c o n t a m i n a t i o n .  

A p p l i c a t i o n  o f  i n o r g a n i c  f e r t i l i z e r s  f r e q u e n t l y  i n v o l v e s  
t h e  a d d i t i o n  o f  s m a l l  q u a n t i t i e s  o f  h e a w  m e t a l s  and o t h e r  
e l e m e n t s  t h a t  a r e  p r e s e n t  i n  t h e  n a t u r a l  p a r e n t  m a t e r i a l s  o r  
a r e  d e r i v e d  a s  i m p u r i t i e s  from many o t h e r  s o u r c e s .  Al though 
t h e  amounts may vary  w i d e l y  i n  m a t e r i a l s  o f  d i f f e r e n t  o r i g i n s  
3nd different p r o c e s s i n g ,  such  a d d i t i o n s  may be r e g a r d e d  a s  3 
r n o d i f i c a t l o n  o f  t h e  n a t u r a l  j e o c h e m i c a l  d i s t r i b u t i o n .  

Xhether  o r  n o t  r e s u l t s  nay be h i g h l y  beneficial r a t h e r  
t h a n  a d v e r s e  when f e r t i l i z e r s  containing m e t a l s  ( t h a t  a r e  
e s s e n t i a l  n u t r i e n t s )  a r e  added t o  s o i l s  n a t u r a l l y  d e f i c i e n t  
i n  t h e s e  e l e m e n t s ,  p o t e n t i a l  problems c o u l d  a r i s e  when t h e  
c o n c e n t r a t i o n  o f  u n d e s i r a b l e  e l e m e n t s  have  i n c r e a s e d  too  nucn.  

Comprehensive i n f o r m a t i o n  on  t h e  t r a c o  e l e m e n t  c o n t e n t s  o f  
f e r t i l i z e r s  h a s  been p u b l i s h e d  by Swaine i n  1962 !2Sl ; f u r t h e r  
s t u d i e s  on t h i s  s u b j e c t  have  been  per formed t o  d a t e  by some 
o t h e r  a u t h o r s  [ I ,  2 ,  4 ,  a ,  9 ,  1 2 ,  16 ,  17 ,  21,  271,  b u t  con- 
c e r n i n g  o n l y  a  l i m i t e d  number o f  t r a c e  e l e m e n t s  and f e r t i l i z e r  
f o r m u l a t i o n s .  

I n  o r d e r  t o  have  a  more comple t e  and c u r r e n t  e v a l u a t i o n  
o f  t h e  s o i l  c o n t a m i n a t i o n  haza rd  r e l a t e d  t o  commercia l  i n o r g a n i c  
f e r t i l i z e r s  management i n  a g r i c u l t u r e ,  32 samples  from a 
m a n u f a c t u r e r s  and d i s t r i b u t o r s ,  r e p r e s e n t i n g  t h e  major  t y p e s  
o f  f e r t i l i z e r s  used i n  I t a l y  and e l s e w h e r e ,  i re re  c o l l e c t e d  i n  
t h e  l a s t  s i x  y e a r s  [ I S ,  22, 231  f o r  t h e  detection and de t e rmina -  
t i o n  o f  t h e  c o n t e n t s  o f  t h e  f o l l o w i n g  t r a c e  e l e m e n t s :  .As, 8, B i ,  
Cd, C1, CO, C r ,  Cu, F e ,  Hg, i i ,  .%I, NO, X i .  Pb,  Se ,  Sn ,  and Zn. 

The s u p p l y  o f  t h e s e  t r a c e  e l e m e n t s  LO s o i l  ser h e c t a r e / y e a r  
from rommon r a t e  a p p l i c a t i o n  of  fertilizers t o  a wide  v a r i e t y  
o f  c r o p  p l a n t s ,  h a s  been  c a l c u l a t e d .  

.WTERIALS AND LWTHODS 

The e l e m e n t s  a r e  e x t r a c t e d  from ?round f s r t ~ i l z e r s  hy 
absorption f o r  24 hour s  Ln a  wacer  b a t n  v l t n  c o n c e n t r a t e d  m l n e r a l  
3 c l d s  o f  h l g h  p u r l t y  (HCl/HNO3 = 3 / 1 ;  HNO~/H~SOU/HC~OU 7 0 4  = 
10 /2 io ;  HNO3 c o n c . ,  XC1 conc .  6 N) , f o l l o w ~ n g  when ? o s s l b l e ,  
t h e  2 f f l c l a l  methods o f  a .0 .A.C.  [ 3 ] .  

:he concentrations of  t h e  e l emencs  I n  t h e  a c l d  e x c r a c t s  a r e  
d e t e r a l n e d  by acomlc a b s o r p c l o n  s p e c t r o p h o r o m e t r y ,  e x c e p t  f o r  
chlorine. The operating p a r a m e t e r s  and equlpmenc x e d  a r e  
summarlzed I n  Tao le  1 .  





A r s e n l c ,  b i s m u t h ,  s e i e n l u m  a n d  t i n  a r e  d e t e r m i n e d  by t h e  
g a s e o u s  h y d r i d e  g e n e r a t e d  by r e d u c t i o n  w l t h  s o d i u m  b o r o h y d r i d e  
and  s w e p t  by a  f l o w  o f  a r g o n  i n t o  a n  a r g o n - h y d r o g e n - a i r  f l a m e  
[ l o ] .  Mercury  i s  d e t e r m i n e d  by  t h e  H a t c h  a n d  O t t  method [ 1 3 3 ,  
u s i n g  t h e  s p e c i a l  Hg-System by P e r k i n  E l m e r :  a n  a i r s t r e a m  s w e p t  
by  t h e  m e t a l l i c  m e r c u r y  v a p o r s  i n  a  q u a r t z  t u b e ,  w h e r e  t h e  
maximum o f  a b s o r b a n c e  is d e t e c t e d .  Cadmium a n d  l e a d  a r e  a n a l y z e d  
by  a t o m i z a t i o n  i n  a  g r a p h i t e  f u r n a c e ,  P e r k i n  Elmer HGA-72, 
u s i n g  a  D e u t e r i u m  Background  C o r r e c t o r .  4 1 1  t h e  o t h e r  e l e m e n t s  
a r e  d e t e r m i n e d  by b u r n e r  a t o m i z a t i o n  o f  t h e  e x t r a c t s .  

Hollow c a t h o d e  lamps a r e  employed  f o r  a l l  e l e m e n t s ,  e x c e p t  
f o r  Cd a n d  Pb ,  f o r  which  d i s c h a r g e d  n o n - e i e c t r o d e  l a m p s  a r e  
u s e d .  The method o f  a d d i t i o n  is u s e d  t o  e l i m i n a t e  m a t r i x  
l n t e r f  e r e n c e .  

RESULTS AND DISCUSSION 

The a v e r a g e  c o n t e n t s  o f  t r a c e  e l e m e n t s  i n  t h e  f e r t i l i z e r s  
examined  a r e  summar ized  -n T a b l e  2 .  F i f t e e n  o f  t h e  e i g h t e e n  
e l e m e n t s  i n v e s t i g a t e d  a r e  d e t e c t a b l e  i n  a l l  f e r t i l i z e r  t y p e s ;  
B is a b s e n t  i n  ammonium s u l p h a t e  a n d  u r e a  s a m p l e s ;  B i  i n  
ammonium n i t r a t e ,  c a l c i u m  c y a n a m i d e  a n d  ~ o t a s s i u m  s u l p h a t e  
o n e s ;  S e  1s p r e s e n t  o n l y  I n  t r i p l e  s u p e r p h o s p h a t e  and  ~mmonium 
n i t r a t e .  

Fe and C1 a r e  t h e  e l e m e n t s  p r e s e n t  I n  t h e  l a r g e s t  a m o u n t s  
I n  a 1 1  fertilizers, f o l l o w e d  by ,Mn, C r ,  3,  Cu ,  Zn, A s  a n d  t h e n  
by Ni ,  Co, Yo, Pb,  S n ,  w h e r e a s  L i ,  S g ,  Cd ,  a n d  B i  a r e  r e s e n t  
I n  t h e  s m a l l e s t  quantities. S e  1s d e t e c t a b l e  a t  s l g n l f i c a n t  
l e v e l s  I n  t h e  p r e s e n t  two s a m p l e s .  

T a b l e  3  shows  t h e  v a r i a t i o n s  a n d  F i g u r e  1 ,  t h e  r a n g e  o f  
t r a c e  e l e m e n t  c o n t e n t s  a n a l y z e d  i n  fertilizers. I t  a p p e a r s  
t h a t  some e l e m e n t s ,  s u c h  a s  P b ,  N i ,  L i ,  3 0 ,  C1,  Hg, a n d  Co 
show r e l a t i v e l y  l i m i t e d  q ~ a r i a t i o n s ,  w h e r e a s  t h e  o t h e r s  s u c h  
a s  B, B i ,  S e ,  F e ,  e t c . ,  v a r y  i n  a  w i d e ,  o r  r e l a t i v e l y  w i d e  r a n g e .  

I n  T a b l e  4 t h e  s c a l e  o f  a b u n d a n c e  0 5  a n a l y z e d  t r a c e  e l e m e n t s  
f o r  e a c h  f e r t i l i z e r  t y p e  i s  p r e s e n t e d .  C 1  and  ?e a l m o s t  a l w a y s  
o c c u p y  t h e  f i r s t  two p l a c e s ,  f o l l o w e d  by t h e  o t h e r  e l e m e n t s  
which  a r e  distributed t h r o u g h o u t  t h e  i n r e r m e d i a t e  p o s i t i o n s ,  
e x c e p t  f o r  Cd,  L i ,  Hg, 31 a n d  S e ,  w h i c h  a r e  l o c a l i z e d  v l r t u a i l : ?  
e v e r y w h e r e  I n  t h e  l a s t  l a c e s .  

Fertilizers o r i g i n a t i n g  fzom n a t u r a i  raw m a t e r ~ a l s  c o n t a l n  
t h e  n l g h e s t  amounts  o f  t r a c e  e i e m e n t s .  

A l l  t h e  p h o s p h a t e  f e r t l l ~ z e r s  ! r r - p i e  s u p e r p h o s p h a t e ,  
s u p e r p h o s p h a t e ,  NP and  NPK compounds)  contain n l g n  l e v e l s  o f  
C 1  and l e  ( > 1 , 0 0 0  ppm) , appreciable amounts  o f  Mn, 3 ,  C r ,  
Zn, Cu, a n d  A s  132 1-9 apm) , f o l l o w e d  by N l ,  Co ,  Yo, Pb and  Sn 
( 4 4 - 6  ppm, ,  a n d  s l g n l f i c a n t  q u a n t i t i e s  o f  51, Cd,  a n d  H a  
( 4 - 0 . 4  ppm) a n d  B i  ( 0 . 5 - 0 . 5 3  opm) ; a p p a r e n t l y  r h e y  come from 
t h e  p a r e n t  r o c k  p h o s p h a t e s ,  a s  l n d l c a t e d  by  t h e  comparison o f  
t h e  r e l a t i v e  a b u n d a n c e  o f  t r a c e  e l e m e n t s  I n  p h o s p h a t e  f e r t l l  ~ z e r s  
( T a b l e  4 )  and  r o c k  s h o s p h a t e s  ( T a b l e  5). 
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Fertilizers d e r i v e d  f rom c a r b o n a t e  r x k s  ( c a l c i u m  n i t r a t e  
a n d  c a l c l u m  c y a n a m i d e )  show a  w i d e  distributional r a n g e  o f  t h e  
amounts  o f  v a r l o u s  e l e m e n t s  w i t h  s i g n i f i c a n t  q u a n t i t i e s  o f  F e ,  
Ni ,  Co,  Cu, and  ,Mn ( 4 , 3 0 0 - 1 4  ppm) f o r  c a l c i u m  c y a n a m i d e  a n d  
C1, F e ,  N i ,  Mn, Zn, C r ,  Co ,  Cu (600-10  ppm) f o r  c a l c i u m  n i t r a t e .  
I n  a l m o s t  a l l  c a s e s  t h e  t r a c e  e l e m e n t  c o n t e n t s  o f  t h e  f e r t i l i z e r s  
d e r i v e d  f rom c a r b o n a t e  r o c k s  a r e  q u i t e  b e l o w  t h e  p h o s p h a t e  o n e s  
( T a b l e  5 ) .  Compar ing  T a b l e s  4 a n d  5 ,  t h e r e  i s  a  good c o r r e l a t i o n  
b e t w e e n  t h e  r e l a t i v e  a b u n d a n c e  o r d e r  o f  t r a c e  e l e m e n t s  i n  t h e  
c a l c i u m  c o n t a i n i n g  f e r t i l i z e r s  a n d  p a r e n t  c a r b o n a t e  r o c k .  

S y n t h e t i c  n i t r o g e n  f e r t i l i z e r s  (ammonium s u l p h a t e ,  ammonium 
n i t r a t e  a n d  u r e a )  a n d  ? o t a s s i u m  s u l p h a t e  c o n t a i n  much s m a l l e r  
q u a n t i t i e s  o f  a l l  t h e  a n a l y z e d  e l e m e n t s ,  e x c e p t i n g  F e ,  P b ,  As ,  
S n ,  a n d  L i  i n  u r e a  s a m p l e s ;  C1 ,  F e ,  As ,  Yn, P b ,  Cd ,  and  Sn i n  
ammonium n i t r a t e :  C1,  F e ,  N i ,  As,  a n d  Co i n  ammonium s u l p h a t e  
a n d  C1, F e ,  B, N i ,  a n d  Pb i n  p o t a s s i u m  s u l p h a t e .  The p r e s e n c e  
o f  s m a l l  a m o u n t s  o f  t r a c e  e l e m e n t s  i n  s y n t h e t i c  f e r t i l i z e r s  
c o u l d  b e  a s c r i b e d  m a i n i y  t o  i m p u r i t i e s  f rom s u l p h u r i c  and  n i t r i c  
a c i d s ,  c a t a l y s t s ,  raw m a t e r i a l s  u s e d  a s  conditioners o r  f i l l e r s  
f o r  t h e i r  c o m m e r c i a l  d i l u t i o n  (i. e .  gypsum, c a l c i u m  c a r b o n a t e ,  
k a o l i n ,  l i m e s t o n e ,  e t c . , )  and  corrosion o f  e q u i p m e n t .  

T a b l e  6  shows a  c o m p a r i s o n  b e t w e e n  t h e  r a n g e  o f  c o n t e n t  
~ f  t r a c e  e l e m e n t  f o u n d  l n  t h l s  s t u d y  a n d  t h e  a v e r a g e  c o n t e n t  
r e p o r t e d  i n  t h e  l i t e r a t u r e  [ 2 5 ,  2 6 3 .  C o b a l t ,  c o p p e r ,  molybdenum, 
n l c k e l  a n d  o f t e n  l e a d  a n d  z i n c  c o n t e n t  d e t e c t e d  i n  o u r  s a m p l e s  
a r e  h i g h e r  t h a n  a v e r a g e ,  w h e r e a s  i r o n  a n d  l i t h i u m  c o n t e n t  a r e  
a l w a y s  b e l o w  t h e  a v e r a g e  g i v e n  b y  o t h e r  a u t h o r s  a t  p r e s e n t .  

R e g a r d i n g  t h e  o t h e r  e l e m e n t s  a n a l y z e d ,  o u r  d a t a  r a r e l y  f i t  
i n  w i t h  t h e  v a l u e s  i n  t h e  l i t e r a t u r e ,  r a n g i n g  a t  random be low 
o r  a b o v e  them. T h i s  i s  n o t  s u r p r i s i n g  i f  o n e  c o n s i d e r s  how 
t h e  p u r i f i c a t i o n  a n d  t r e a t m e n t  o f  t h e  p a r e n t  m a t e r i a l s  a n d  
t h e i r  o r i g i n  v a r y  w i t h  t i m e  and  p l a c e ;  m o r e o v e r ,  t h e  d i f f e r i n g  
a n d  v a r i a b l e  g r a d e s  o f  p u r i t y  o f  r e a c t a n t s  a n d  c a t a l y s t s  used  
and  t h e  v a r i a b i l i t y  o f  m a t e r i a l s  u s e d  a s  c o n d i t i o n e r s  a n d  
f i l t e r s  must  b e  c o n s i d e r e d .  

T a b l e  7 shows t h e  c o n t r i b u t i o n s  o f  t r a c e  e l e m e n t s  p e r  
h e c t a r e / y e a r  t o  t h e  t o p  l a y e r  o f  c u l t i v a t e d  s o i l s ,  f o l l o w i n g  
f e r t i l i z e r  applications a t  common r a t e s .  The l a s t  f o u r  l i n e s  
l n  t h e  t a b l e  r e f e r  t o  t h e  e x t r e m e  a n d  u s u a l  r a n g e  o f  t r a c e  
e l e m e n t  l o a d s  t o  so i l s  [ 7 ,  1 1 ,  241. 

C a l c u l a t i o n s  show t h a t  As,  Cd ,  Hg, S n ,  and  No, found  i n  
a l m o s t  a l l  examined  s a m p l e s ,  c a n  b e  s i g n i f i c a n t  s o u r c e s  o f  
s o i l  c c n t a m i n a t i o n  d e s p l t e  t h e  g e n e r a l l y  v e r y  l o w  c o n t e n t s  o f  
t h e s e  e l e m e n t s .  They may c o n s i d e r a b l y  a f f e c t  t h e  m i c r o n u t r l e n t  
s t a t u s  o f  s o i l  w i t h  r e g a r d  t o  t h e  u p t a k e  by  c r o p  p l a n t s .  

The r i s k  f r o m  Co,  C r ,  Cu,  X i ,  2b .  Zn, L i ,  B a n d  C 1  additions 
by  p h o s p h a t e  f e r t i l i z e r s  ~111 p r o b a b l y  b e  l i m r t e d  t o  t h o s e  
s o i l s  commonly p o o r  i n  t h a t  e l e m e n t  a n d  f o r  c r o p s  w i t h  low 
t o l e r a n c e  l ~ m i t s .  

:n no c a s e  would F e ,  .?ln, a n d  B i  c o n t r i ~ u t i o n s  by 
fertilizers b e  e x p e c t e d  t o  i n c r e a s e  t h e  n a t u r a i  s o i l  c o n t e n t  
a p p r e c  l a b l y .  





T a b l e  6 .  2ange o f  c o n t e n t s  ( p p m ) o f  t r a c e  e lements  a e t e c t e a  i n  t h i s  
work ( 1 s t  l i n e )  and average  c o n t e n t s  p p m )  r e p o r t e d  i n  
t h e  l i t e r a t u r e  [6, 251 f o r  s i m p l e  f e r t i l i z e r s  

T r a c e  P r i n c i ~ a  I E l e m e n l  

Element K ( 3  sarnp~esl N (12 samples) P ( 5  samples) 

2 0  - 30 0 - r r .  
2 0  0 .2  - 2 0  

2. 0 - 2.8 rr. - 23. o 
10 < 5 

r r .  - I S  2 0  - 138 
1 5 

r r .  - 42 55 - 235 
5 1 so 

* : f rom W i l l i a m s  and D a v i d  (1973;  1271.  
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CONCLUSION 

Even i f  t h e  t r a c e  e l emen t  c o n t e n t s  o f  commercial  f e r t i l i z e r s  
a r e  o f t e n  q u i t e  low and t h e  q u a n t i t i e s  added t o  o r d i n a r y  s o i l  
a r e  seldom s u f f i c i e n t  t o  a f f e c t  t h e  t o t a l  c o n t e n t  i n  t h e  s o i l ,  
t h e y  may on o c c a s i o n  a f f e c t  t h e  s o l u b l e  and a v a i l a b l e  f r a c t i o n .  

I t  seems n e c e s s a r y  t o  ~ o i n t  o u t  t h a t  t h e  a c t u a l  h a z a r d  
f o r  accumula t ion  o f  t h e s e  e l emen t s  i n  t h e  s o i l  and f o r  up take  
by p l a n t s  w i l l  c l e a r l y  depend on many o t h e r  f a c t o r s ,  c h i e f l y  
on s o l u b i l i t y  o f  t h e  e l e m e n t ,  c l i m a t i c  c o n d i t i o n s ,  chemica l  
and p h y s i c a l  p r o p e r t i e s  o f  t h e  s o i l ,  and t y p e s  o f  c u l t i v a t e d  
p l a n t s .  

Noreover,  t r a c e  e l emen t  a d d i t i o n  th rough  f e r t i l i z e r s  has  
t o  be c o n s i d e r e d  n o t  o n l y  i n  r e l a t i o n  t o  t h e i r  n a t u r a l  c o n t e n t  
i n  t h e  s o i l  and t o  t h e  s p e c l f i c  needs  and t o x i c i t y  l e v e l s  o f  
p l a n t s ,  b u t  a l s o  t o  t h e  r e q u i r e m e n t s  and h e a l t h  haza rd  f o r  
an ima l s  t h a t  consume t h e s e  p l a n t s .  

REFERENCES 

[ 1 I A g r i c u l t u r e  Canada ( 1974) . Repor t  from P l a n t  P roduc t  
Division, Produc t ion  and Yarke t ing  Branch,  Department 
o f  A g r i c u l t u r e ,  Ottawa, Canada. 

[ 2 1  Xhmed, I .  ( 1 9 7 5 ) .  Fe ,  LW, Zn, and Cu C o n t e n t s  o f  Some 
I n o r g a n i c  F e r t i l i z e r s .  Malaysian  Agr. J. 5 0 ( 1 )  : 100-107. 

[ 3 ]  A.O.A.C.  ( 1 9 7 0 ) .  O f f i c i a l  Xethods o f  A n a l y s i s .  1 l t h  
E d i t i o n .  

[ 4 ]  Ba jescu ,  I . ,  D .  D a n i l i u c ,  i. T i g a n a s ,  V .  C a r d a s o l ,  
D .  P a p o v i c i ,  and I .  Tucra .  ( 1 9 7 8 ) .  E f f e c t  o f  i i rn lng  and 
F e r t i l i z a t i o n  on t h e  Trace  Element C o n t e n t  i n  t n e  S o i l  
and V e g e t a t i o n  o f  Some G r a s s l a n d s .  An. I n s t .  C s r c .  
Pedol .  Agroch. 43:lOl-113. 

[ 5 ]  sear, F.E., ed .  ( 1 9 6 5 ) .  S o i l  i n  R e l a t l o n  t o  Crop Growth. 
New York: Reinhold P u b l i s h i n g  Co. 

[61 Bowen, H . J . M . ,  e d .  ( 1 9 6 6 ) .  T race  Elements  i n  B iochemis t ry .  
London, Academic P r e s s .  

i7 1 Ihapman, H .D., ( 197 1 )  . Zvolu t lon  o f  =he Y l c r o n u t r l e n t  
S t a t u s  o f  S o l l .  l r o c e e a l n g s  o f  t h e  International 
3ymposlum on "So l1  F e r t l l l t y  Evaluation, " Yew Delh l .  
I n d l a n  Soc. S o l i  S c l . ,  1:927-947. 

i81 Sooke,  G.W. e d . ,  ( i 9 6 7 ) .  The C o n t r o l  o f  S o i l  F e r t i l i t y  
London, C r o s t y  ~ockwood  ~ t d .  

[91 Dar ra ,  B.L.,  H .  S i n g h , ' R . S .  H e n d i o r a t t a ,  e t  a l . ,  11970) .  
The E f f e c t  o f  ao ron  I n  I r r i g a t i o n  Waters and F e r t i l i z e r s  
on C u l t i v a t e d  Crops i n  t h e  Chambai Xegion. Agrok. Ta la ] .  
19:78-84. 



[ 10 ] F e r n a n d e z  , ? .; . 137 3)  . Atomic A b s o r p t i o n  D e t e r m i n a t i o n  
o f  G a s e o u s  H y d r i d e s  Utilizing Sodium 3 o r o h y d r i d e  R e d u c t i o n .  
A t .  .as.  N e w s l e t t e r  : 2 ( 4 ) : 9 3 - 9 7 .  

[ 11 ]  F r a n k ,  R . ,  K .  I s h l d a ,  a n d  P .  Suda  ( 1 9 7 6 )  . X e t a l s  i n  
A g r i c u l t u r a l  S o l i s  o f  O n t a r i o ,  Can.  J .  S o l 1  S c i .  56 ( 3 )  : 
181-196.  

[ 1 2 ]  H a r i g o p a l ,  N., a n d  I . M .  Rao ( 1 9 6 8 ) .  A  G e n e r a l  S u r v e y  o f  
Boron C o n t e n t  i n  Some I r r i g a t i o n  W a t e r s ,  C u l t i v a t e d  S o i l s ,  
F e r t i l i z e r s  a n d  C u l t i v a t e d  P l a n t s  o f  a  L o c a l i t y  o f  T i m p a t y .  
I n d i a n  J .  Xgron .  13:  35-40. 

[ I  31 H a t c h ,  W.R., a n d  W.L. O t t  ( 1 9 6 8 )  . ~ e t e r m i n a t i o n  o f  Submicro-  
gram Q u a n t i t i e s  o f  M e r c u r y  by Atomic  A b s o r p t i o n  S p e c t r o -  
p h o t o m e t r y .  A n a l .  Chem. 4 0 ( 1 4 ) : 2 0 8 5 - 2 0 8 7 .  

[ 14 ] L a g e m e r f f ,  J . V .  ( 1975)  . S o i l  Contamination w i t h  Heavy 
M e t a l s .  P r o c e e d i n g s  o f  t h e  International C o n f e r e n c e  o n  
"Heavy H e t a l s  l n  t h e  E n v i r o n m e n t , "  T o r o n t o ,  O c t o b e r  27-31 

[ 151 L l s a n t i ,  L.E., a n d  N. S e n e s i  ( 19731 . X i c e r c h e  s u i  m i c r o -  
e l e m e n t i  n e l  f e r t l l l z z a n t i .  Ann. F a c .  Agr .  3 n i v .  B a r l .  
S u p p l .  26:65-8U ( ~ n  I t a l l a n ) .  TRANSLATION: R e s e a r c h  o n  
M l c r o e l e m e n t s  i n  Fertilizers. 

[ I 6 1  L o c h ,  J . ,  a n d  I .  J a s z b e r e n y l  ( 1 9 7 3 ) .  D e t e r m i n a t i o n  o f  
Cadmium by Atomic  . 4 b s o r p t l o n  S p e c t r o p n o t o m e t r y  w i t h  
R g f e r e n c e  t o  E n v l r o n m e n t a l  P r o t e c z i o n .  D e b r .  A g r .  Eg. 
Tudom. K o z l .  A g r o b l o l .  :8 :9 -25 .  

[ 171 Mazur ,  T. ( 1970)  . Nolybdenum C o n t e n c  o f  F e r t ~ l i z e r s  Used 
I n  P o l a n d .  A c t a  A g r .  S i l v .  S c i .  A q r .  1 0 ( 1 )  : 3 - 4 0 .  

[ I 8 1  M i l l s ,  J . G . ,  and  Y.X. Z w a r i c h  ( 1 9 7 5 ) .  Heavy Y e t a i  Contamlna-  
t i o n  o f  A g r i c u l t u r a l  S o i l s  i n  H a n i t o o a .  Can .  2 .  S o i l  S c i .  
5 5 (  31 :295-300.  

[ I 9 1  Ylwa,  E . ,  a n d  F.  Yamazoe (1971  1 . D e t o r m l c a t l o n  o f  Cadmium 
l n  F e r t l l l z e r s  by Atomlc  A b s o r p t i o n  S p e c t r o p h o t o m e t r y .  
S o l 1  S c l .  P l a n t  N u t r l .  1 7 ( U ) : l U l - l U 9 .  

i2O] P u r v e s ,  D .  ( 1 9 7 7 1 .  T r a c e  E l e m e n t  C o n t a m l n a c i o n  o f  t h e  
Environment. I n :  F u n d a m e n t a l  A s p e c t s  o f  Pollution C o n t r o l  
a n d  E n v l r o n m e n t a l  S c i e n c e s :  1 ,  edited by R . J .  Wakeman. 
New York: E l s e v i e r  Sc:. ? u b l .  Comp. 

[ 2 1 ]  X e t h i e l d ,  3 . ,  G .  Grdssman ,  a n d  W. & g e l s  1 ' 9 7 6 ) .  D e t e r m i n a -  
t i o n  o f  CU, Zn, ? b ,  Cd, ~ i ,  a ~ d  Z r  l r  P l a n t s ,  S o l l s ,  
P e r  t l l i z e r s ,  a n d  Wate r  ~ y  X-ray f l u o r e s c e n c e  A n a l y s l s  . 
L e l s t .  X g r .  X g r a r b l o l .  C o r s c h .  XXX ( K o n g r e s s b a n d  1975)  
Landw. F o r s c h , ,  Sond 3 2 ( 1 )  :251-265 .  



i 221  S e n e s i ,  N., a n d  M. P o l e m i o  ( 1 9 7 5 ) .  C o ,  C r ,  a n d  N i  n e i  
c o n c l m i  c h i m i c i  q u a l i  7 o t e n z i a l i  f a t t o r i  d i  i n q u i n a m e n t o  
a g r i c o l o .  A t t i  V. S i m p o s i o  " C o n s e r v a z i o n e  d e l l a  N a t u r a "  
B a r i ,  V o l  1 :121-133 .  TRANSLATION: Co ,  C r ,  a n d  N i  i n  
C h e m i c a l  F e r t i l i z e r s  as P o t e n t i a l  F a c t o r s  i n  A g r i c u l t u r a l  
P o l l u t i o n .  

[ 2 3 ]  S e n e s i ,  N., M. P o l e m i o ,  a n d  L .  L o r u s s o  ( 1 9 7 9 ) .  C o m p o n e n t i  
s e c o n d a r i  d e i  c o n c i m i  c h i m i c i  q u a l i  f o n t i  d i  i n q u i n a m e n t o  
a g r i c o l o :  Cd ,  Hg, P b  e S n .  I n q u i n a m e n t o ,  21 ( 3 )  ( i n  I t a l i a n ) .  
TRANSLATION: S e c o n d a r y  C o m p o n e n t s  o f  C h e m i c a l  F e r t i l i z e r s  
a s  S o u r c e s  o f  A g r i c u l t u r a l  P o l l u t i o n .  

[2Ul S w a i n e ,  D . J . ,  e d .  ( 1 9 5 5 ) .  The  T r a c e  E l e m e n t  C o n t e n t  o f  
S o i l s .  T e c h n .  Comm. 4 8 .  Comm. B u r e a u  S o i l  S c i . ,  H a r p e n d e n .  

[251 S w a i n e ,  D . U .  e d .  ( 1 9 6 2 )  . T h e  T r a c e  E l e m e n t  C o n t e n t  o f  
F e r t i l i z e r s .  T e c h .  Comm. 52. Comm. B u r e a u  S o i l  S c i . ,  
H a r p e n d e n  

[ 2 6 ]  Trocme ,  S .  ( 1 9 7 0 ) .  E f f e c t  o f  F e r t i l i z i n g  a n d  D i f f e r e n t  
C u l t u r a l  T e c h n i q u e s  o n  t h e  T r a c e  E l e m e n t  N u t r i t i o n  o f  
P l a n t s .  Ann. A g r o n .  21 ( 5 1 ,  519-548 .  

[ 2 7 ]  W i l l i a m s ,  C .H. ,  a n d  D . J .  D a v i d  ( 1 9 7 9 ) .  The  E f f e c t  o f  
S u p e r p h o s p h a t e  o n  t h e  Cadmium C o n t e n t  o f  S o i l s  a n d  P l a n t s .  
A u s .  J.  S o i l  R e s .  2 ( I ) ,  43 -56 .  





ASSESSING THE WATER QUALITY IMPACTS OF AGRICULTURAL PRACTICES: 
SOME METHODOLOGICAL COMPARISONS 

I. Bogardi*, W.W. Walker** and J. Kuhner** 

*Xlning Deveiopment Institute 
Xikoviny u. 2-4 
1037 Budapest 
Hungary 

**Meta Systems Inc. 
10 Holworthy Street 
Cambridge, !-lass. 02138 
USA 

ABSTRACT 

Two methods addressing the relationship between agriculture 
and water quality are reviewed. Meta Systems (1978) has investl- 
gated for the U.S. Environmental Protection Agency the feasibility 
of a methodology which permits the assessment of both the water 
quality and socio-economic impacts of agricultural practices and 
specific government policies aimed at encouraging environmentally 
sound agricultural practices. Bogardi and Duckstein (1978) 
elaborated a stochastic model of non-point nutrient loading into 
a waterbody. Common elements as well as specific features of 
both models are underlined, and recommendations are given for 
further research. 



1 . INTRODUCTION 

The ourpose o f  t h i s  paper i s  t~ compare two models iMeta Systems, 1978; 

3ogardi  and Duckstein,  1978) s e r v i n g  f o r  the ana l ys i s  of the r e l a t i o n s h i o  

a g r i c u l t u r e - w a t e r  q u a l i t y .  80 th  models cons ider  t he  same problem: ( a )  

watersned(s) w i t h  var ious  human a c t i v i t i e s  such as a g r i c u l t u r a l  p r a c t i c e ;  

( b )  a r i v e r  network c o l l e c t i n g  and t r a n s p o r t i n g  r u n o f f  water ,  sediment and 

p o l l u t a n t s ,  i n t o  ( c )  an imooundment ( r e s e r v o i r  o r  l a k e )  o r  a downstream 

r i v e r  sec t ion .  A t r a d e - o f f  o r  b e s t  p o l i c y  i s  sought f o r  a g r i c u l t u r a l  

management and p o l l u t i o n  c o n t r o l .  Among the va r i ous  types o f  p o l l u t i o n ,  

e u t r o p h i c a t i o n  i s  considered a wor ld-wide danger f o r  na tu ra l  water-bodies 

(Edmnson. 1969).  The problem can be so lved w i t h  the he lp  o f  two submodels: 

an impact model s i m u l a t i n g  w a t e r - q u a l i t y  cond i t i ons  as r e l a t e d  to  a g r i c u l t u r a l  

management a l t e r n a t i v e s .  and a d e c i s i o n  model l e a d i n g  t o  t he  b e s t  compromise 

among c o n f l i c t i n g  i n t e r e s t s .  Since b o t h  models cons idered c o n t a i n  impact 

models, these submodels a re  cornoared and :he d e c i s i o n  model i s  b r i e f l y  

r e f  e r r e d  to .  

The paper c o n s i s t s  o f  two main 3arf.s. F i r s t ,  o r i n c i o a i  e lements o f  

00 th  models a r e  reviewed, then a comoarison i s  naae, .mpnasizing common 

'eatures and s p e c i f i c  aspects.  Also,  a recomnenda-ion i s  !iven f o r  a com- 

p o s ~  t e  model. 

2. RE'IIEW OF MODELS 

2 . 1  The Meta System Model 

F igu re  1 i s  a f low c h a r t  o f  t he  proposed metnoaology showing: : 1  ) t h e  

f a n  model, n n i c h  accepts  as i n ~ u t s  a l t e r n a t i v e  ag r ' cu l  t u r a l  o r a c t i c e s  

a v a i l a b l e  t o  :he farmer and es t imates  t he  n e t  revenues r e s u l t i n g  =ram sac5 

a1 t e r n a t i v e ;  ( 2 )  t he  watershed/water qual  i t y  .nodel, 'mi ch analyzes the water  

qual  i t y  impacts of the  se lec ted  a g r i c u l  t u r a l  ~ r a c t i c e s :  and ( 3 )  a qua l  i t a t i v e  

approacn f o r  t he  assessment of t he  socio-economic imoacts of wa te r  a u a l i t y  

changes on downstream wa te r  users. 





An i l l u s t r a t i v e  example was s e l e c t e d  th rougnou t  model f o r m u l a t i o n  and 

s o l u t i o n .  I n  o r d e r  t o  m in im ize  r e q u i r e d  f i e l d  work and maximize da ta  a v a i l -  

a b i e  f o r  t he  example. a  w e l l - s t u d i e d  a g r i c u i t u r a l  ,watershed r i t n  a  downstream 

impoundment was sought. A l o c a l i t y  meet ing  a1 1  these requ i rements  .das n o t  

t o  be found; t he re fo re ,  t o  imp1 ement the  i 11 u s t r a t i v e  example, t h e  S lack  Creek 

watershed i n  No r theas te rn  I nd iana  (a U.S. EPA. USOA demonst ra t ion  p r o j e c t )  was 

used, and a  downstream impoundment was j y n t h e s i z e d  w i t h  c h a r a c t e r i s t i c s  

t y p i c a l  t o  those found i n  t he  Corn Be1 t. Data frm impoundments i n  t h i s  r e g i o n  

,#ere ob ta ined  from the EPA1s Na t i ona l  E u t r o ~ n i c a t ~ o n  Survey and o t h e r  sources 

t h a t  p e r m i t t e d  r e g i o n a l  c a l i b r a t i o n  o f  t he  im~oundment  d a t e r  q u a l i t y  mode!s. 

The ,xork done on t h e  a lack  Creek watershed (Lake and k r r i s o n .  1977) p rov ided  

a  good source f o r  some of t h e  economic, s o i l s  and water  q u a l i t y  data  needed 

f o r  c a l i b r a t i o n  and i l l u s t r a t i v e  a p p l i c a t i o n  o f  t he  netnodo loqy.  

A g r i c u l t u r a l  P rac t i ces  and Farm Suagets 

A farm budget t h a t  assumes the c u r r e n t  a g r i c u i t u r a l  s t r u c t u r e  i s  developed. 

A s e t  o f  a g r i c u l t u r a l  p r a c t i c e s  r e p r e s e n t a t i v e  o f  'he oo t i ons  a v a i l a b l e  to s 

fa rmer  i n  a   articular watershed i s  se lec ted.  I n  t he  e x a m ~ l e ,  e leven  

o r a c t i c e s  a re  se lec ted,  and farm w d g e t s  are aevelooea f o r  a  luniform f a n  o f  

250 acres  on eacn o f  t he  t h r e e  preaorninant i o i l s  i n  :he 3 lack  CreeK watershed. 

The farmer chooses a  s e t  o f  a g r i c u l t u r a l  ~ r a c t i c e s  V a t  i n c l u d e :  :roo r o t a -  

t i o n ,  t i l l a g e  p r a c t i c e s ,  s i r u c t u r a l  e r o s i o n  3nd d ra inage  c o n t r o l  p racz fces ,  and 

l e v e l s  of chemical a p p l i c a t i o n  (Tab le  1 ) .  

Aater  Qua1 i t y  h p a c t s  o f  Ag r i cd l  t u r a l  ? r a c t i c e s  

70 judge the r a t e r  q u a l i t y  e f f e c t s  o f  :he 3 g r i c u l t u r a l  p r a c ~ i c e s ,  cne 

d a t e r  q u a l i t y  impacrs o f  eacn ? r a c t i c e / s o i l  combinat ion  a re  ana;yzed 3s :he 

second steD. The f o l l o w i n g  d a t e r  q u a l i t y  parameters a r s  consiaered. 
7 

1 . im~oundmenr sed imenta t ion  ( kg lm- -y r ) ,  

a  measure ~i the  amount of sediment . d e ~ o s i t e d  on the  bot tom of 

:ne im~oundment  3er  year  and thus of t he  impoundment's u s e f u l  

1  i f e t i m e ;  



Table 1 .  h j o r  features o f  a  se lec ted  s e t  3 f  farm p r a c t i c e s  i n  the 
Slack Creek area 

Crops 

Soi 1  Abbrev ia ted 
conserva- Des ignat ion 

T i1  l age  P r a c t i c e  t i o n  o f  Farm 
P r a c t i c e  P r a c t i c e  

Continuous Corn Convent ional  t i l l a g e .  w i t h o u t  LC-C1l 
f a l l  t u r n  plow ( C V )  t e r r a c i n g  

Continuous Corn (CC) Convent ional  t i 1  lage,  w i t h  CC-CYT 
f a l l  t u r n  plow (CV) t e r r a c i n g  

Continuous Corn (CC) F a l l  shred s t a l k s ,  w i t h o u t  CC-CH 
c h i s e l  plow, s p r i n g  t e r r a c i n g  
d i s k  (CH) 

Continuous Corn (CC) F a l l  shred s t a l k s ,  v i  t h  CC-CHT 
c h i s e l  plow, s p r i n g  t e r r a c i n g  (TI 
d i s k  (CH) 

Continuous Corn (CC) F a l l  shred, no t i 1  1  w i t h o u t  CC-NT 
p l a n t i n g  (NT) t e r r a c i n g  

Corn-Soybean 
R o t a t i  on (CB) 

Corn-Soybean 
R o t a t i o n  (CB) 

Corn-Soybean 
R o t a t i o n  (CB) 

Corn-Soybean 
2 o t a t i o n  (CB) 

Convent ional  t i  1  lage, 
f a l l  t u r n  plow (CV) 

F a l l  shred, c h i s e l  
plow, s p r i n g  d i s k  (CH) 

F a l l  shred, n o - t i l l  
p l a n t i n g  (NT) 

F a l l  shred, n o - t i l l  
p l a n t i n g  (NT) 

w i  thou t ca-CY 
t e r r a c i n g  

.di tnou t CB-CH 
t e r r a c i n g  

v i  t h o u t  C3-NT 
t e r r a c i n g  

w i t h  ca-NTT 
t e r r a c i n g  ( T j  

Corn-Soybean-Uheat- Convent ional  t i l l a g e ,  u i  thouc CBWH* 
Hay R o t a t i o n  (CaWH) f a l l  t u r n  plow f o r  corn; t e r r a c i n g  

n o - t i l l  p l a n t i n g  f o r  soy- CBWH 
bean, wneat. hay 

Corn-Soybean-dheat- F a l l  shred s t a l k s ,  n o - t i l l  w i t h o u t  CBWH*-NT 
Hay R o t a t i o n  (C3WH) p l a n t i n g  f o r  a11 crops. t e r r a c i n g  

increased use o f  h e r b i -  C3WH-NT 
c ides  (NT) 

Xote: En t r y  i n  parentheses used ,mere  needed t o  d i  s t i n q u i  sh s o e c i f i c  comoonenr. 
o f  farm D r a c t i c e  

t 

i n d i c a t e s  farmer-owned equioment f o r  wneat and neadow ~ l a n t i n g  and fo r  hay 
mowing, r a k i n g  and b a l i n g ,  r a t h e r  than custcm n i r i n g  f o r  chese ope ra t i ons  



3 
2. impoundment sediment outflow concentration (kg/m ) ,  

a measure of the amount of sediment suspended i n  waters 'withdrawn 

from the impoundment; 
3 

3. river and impoundment nitrogen concentrations ( ~ / m  ) 

an indication of n i t r a t e  levels in the ,daters; 

3 .  r iver 1 ignt extinction coefficient  / m - '  ) ,  

a measure of the resistance to l ight  penetration i n  the r iver due 

to turbidity and color; 

5. impoundment i ight extinction coefficient  im" 1 ,  

a measure of the resistance to l i g h t  penetration i n  the surface 

waters of the impoundment due to :ur5idi t y ,  color an0 31gJ.l growth; 

3 6. impoundment biomass (g chl-a/m ) ,  

a (measure of the concentration of  suspended algae in the surface 

waters of the impoundment during the iumers  and thus a measure 

of the degree of eutropnication. 

For each practice, the watershed models predict averaae loadinqs of sediment 

(sand, s i l t  and clay f r ac t ions ) ,  nitrogen, phospnorus and color as functions 

of fie1 d/soi 1 characterist ics.  Transport of ,water qual i ty components from 

the watershed i s  represented i n  ?+NO phases (dissolved and sediment-bound) and 

in two streams (surface runoff and sub-surface drainage). The water qual i ty 

models estimate the impact of these loadings on the average concentrations of 

the respective components in the downstream river and impoundments. Imoound- 

ment uater quali ty response i s  also assessed with regard to mean surmer trans- 

oarency and chlorophyll-d concentration, ,wnich are imoortant indices of 

eutroonication. 

Figure 2 depicts the separation of the .water qual icy analysis into 

najor sections: 

1 .  the watershed, or rq~noff model, vnicn is  cfiaracterized as generating 

different 1 oadings of 701 1 utants depending on ~ g r i c u l  tural ac t iv i t i e s  

and ratershed characterist ics;  





2.  the  impoundment. wnere water  q u a l i t y  i s  jependent upon the  type and 

q u a n t i t y  of l oad ings  from the  'datershed and upon impoundment cha rac te r -  

i s t i c s .  

ga tersned emissions o r  !oadings are  comouted 3s f unc t i ons  s f  t he  i o i : ow ing  

c h a r a c t e r i s t i c s :  

i. Sur'ace s o i l  o r o o e r t i e s  

a. E r o d i b i l i t y  - S f a c t o r  i n  t b e  Un i ve rsa l  S o i l  Loss Eauat ion  

(U iscnmeier  and Smith, 1372) 

b. Texture  - Sand, i i l t  and c l a y  c o n t e n t  

c. Hyd ro log i c  Soi 1  Group (SCVUSDA, 1971 ) 

d .  XH4F/HC1 c x t r a c t a b l e  phosohorus con7.ent - i n  eacn t e x t u r e  

c l a s s  

e. ?hospnorus d i s t r i b u t i o n  c o e f f i c i e n t  :g  e x t r a c t a b l e  ?/Kg so i  1  ) /  

( g  d i s s o l v e d  ?/m3 s o i l  s o l u t i o n )  

f .  Organic m a t t e r  con ten t  - i n  eacn t e x t u r e  c l a s s  

2. i l a t e r s h e d l f i e l d  o m o e r t i e s  

a. Slope 

b. Slope l e n g t n  

c. Sur face area 

d. T o t a l  f l o w  ( runof f  and d r l i n a g e !  

. Z a i n f a l l  e r o s i v i t y  ( ?  f a c t o r  i n  2 n i v e r s a i  S o i l  i g s s  Equa t i on )  

3. A g r i c u l t u r a l  o r a c t i c e s  

3 .  Crooning f a c t o r  (C i n  J n i v e r s a i  S o i l  i o s i  Equat ion)  

. P r a c t i c e  f a c t o r  ( P  i n  J n i v e r s a l  S o i l  Loss Equat ton)  

c .  V i  t r ogen  and pnosphorus fe r t :  i i z a t i o n  rites 

a. T i l l a g e  depth  

e. Croo res idue  management. 



Some Xesu l ts  o f  Model A p p l i c a t i o n  

Tab le  2 shows the  rank ing  o f  t he  e leven s e l e c t e d  farm p r a c t i c e s  i n  terms 

o f  n e t  revenues f o r  the  t h r e e  fanns; f u r t h e r  r e s u l  t s  can be found i n  t he  Heta 

Sys tems r e p o r t  ( 1978). 

For  r i d g e  farm, comparison o f  p r a c t i c e s  i s  shown i n  F i g u r e  3. aesides 

s o i l  l o s s ,  va lues o f  t he  o t h e r  s i x  d a t e r - q u a l i t y  Jarameters a r e  l l s o  qiven. 

2 . 2  Stochas t i c  Model o f  Yon-point  N u t r i e n t  Loading 

Model Oesc r i o t i on  

Main s p e c i f i c a t i o n s  o f  a  P 1 oad ing model des igned f o r  decis ion-maki  ng 

i n  t h e  l a k e  e u t r o p h i c a t i o n  problem are :  (1  ) t o  account  f o r  u n c e r t a i n t y  i n  

h y d r o l o g i c  events, i.e., p r e c i p i t a t i o n  even ts  caus ing t r a n s p o r t  o f  d i s s o l v e d  

and a ~ s o r b e d  P i n t o  t he  lake;  t h i s  u n c e r t a i n t y  i s  encoded as a  p r o b a b i l i t y  

dens i  tj f u n c t i o n  ( p d f )  o f  P l o a d i n g  pe r  event  f o r  each t ype  of P; ( 2 )  t o  

u t i l i z e  e x i s t i n g  p r e c i p i t a t i o n  data  p l u s  t h e  few data  b i t s  a v a i l a b l e  f o r  

c a l i b r a t i o n  on chemis t r y  o f  d i s s o l v e d  and adsorbed P, and on r u n o f f  and sediment 

y i e l d ;  ( 3 )  t o  enab le  us t o  keep t r a c k  o f  bo th  types o f  ? i n  the  lake,  g i v e n  

the  n e t  r e l e a s e  r a t e  o f  P  f rom sediments and the  res idence t ime  of wa te r  i n  

the  lake;  ( 4 )  t o  p r e d i c t  t he  e f f e c t  o f  f e r t i l i z e r  c o n t r o l  on t h e  ~ d f  o f  P 

load ing,  hence t h e  p d f  o f  e u t r o p h i c  s t a t e  of t h e  iake. 

The elements o f  t h i s  model i nc lude :  ( a )  the  source of ? f o r  a  g i ven  

subcatchment; ( b )  random p r e c i o i t a t i o n  even ts  wn icn  l ead  t o  t r a n s p o r t  o f  ? 

by t h e  two mechanisms desc r i bed  p r e v i o u s l y  and moael led  i n  ( c )  and ( a )   elo ow: 

( c )  d i s s o l v e d  load ing,  a  f u n c t i o n  o f  runof f  volume; ( d )  sediment o r  sorSed 

P load ing,  a  f u n c t i o n  o f  sediment y i e l d ;  ( e )  t o t a l  seasonal l o a d i n g  o f  d i s s o l v e d  

P and sorbed P. These elements ,dhich a re  sketched i n  F i o u r e  4 a re  desc r i bed  

be1 ow. 

P - l oad ing  events  are  triggered by p r e c i o i t a t i o n  events  X , X  ,T, i n  Nnich 1 2  
X i s  the  r a i n f a l l  amount, X 2  the  d u r a t i o n  and T the i n t e r a r r i v a l  time between 1 



TABLE 2. Net revenue -- 1977 D o l l a r s  

Uplands F a n  
F a n  P r a c t i c e  3 Rank 

47dge i a rm Lowlands Farm 

3 ?ank S Ran K 

CC-CY 

CC-CVT 

CC-CH 

CC-CHT 

CC-NT 

CS-C'I 

C3-CH 

CB-IVT 

C3-'4TT 

CSWH 

C3WH-YT 

5 ( T i e )  

9 

3 

3 

11 

2 

1 

7 

10 

6 

1 ( T i e )  
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S O I L  L O S S  j k g  / m 2  o i  
watershed-  y r )  

SEDIMENTATION 1 6 9  / v 2  
of ,rnpoundrnenr - yr! 

R I V E 2  PHOSPHORUS .'O r 
( g / v 3 )  

0 

RIVER LIGHT 
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Figure 3.  Impacts o f  farm pracIices on net revenue and va te r  q u a l ~ t y  



I Dissolved 2 
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F i g u r e  4 .  Elements o f  the s:ochasTic DhoSpnOrUS 'P) :oading model 



events. XI , X Z  are dependent random var iab les,  wh i le  T i s  assumed t o  Se 

exponen t ia l l y  d i s t r ibu ted .  The p r e c i p i t a t i o n  event causes r u n o f f .  ,xhich ca r r ies  

d issolved P i n t o  the lake w i t h  a  concentrat ion C1 and sediment y i e l d  Z, wnich 

c a r r i e s  f i x e d  o r  sorbed P i n t o  the lake i n  a  f r a c t i o n  C2 o f  Z. Seasonal loading 

o f  P i s  ca lcu la ted  by adding random numbers o f  random var iab les.  The model 

accounts separate ly  f o r  d isso lved P and sorbed P. E x p l i c i t  expressions are 

given f o r  the mean and variance o f  each type o f  P-loading. Then a  s imulat ion 

method i s  used t o  est imate complete pdf o f  these random var iab les.  

Model a p p l i c a t i o n  (Duckstein e t  al.. 1978) 

Results o f  the model are shown f o r  a  subwatershed (F igure 5 )  o f  Lake 

Balaton, Hungary. Spec i f i ca t ions  o f  the watershed are given i n  Table 3. 

Hydro log ica l  observat ions nave been made by the Hungarian Research 

I n s t i t u t e  f o r  Water Management (VITUKI) on the Tetves subwatershed. S p e c i f i -  

c a l l y ,  d a i l y  amunts o f  ra in fa l  1 are ava i lab le  f o r  the years Setween 1964 and 

1975 a t  fou r  s ta t ions  i n  the watershed wh i le  43 r u n o f f  events were recorded 

between 1964 and 1970 a t  the o u t l e t  o f  the subwatershed. 

I n  1975, when the eu t roph ica t ion  process i n  the lake  appeared t o  be 

accelerat ing,  VITUKI s t a r t e d  new observat ions i n  two p o i n t  measurements 

o f  discharge, concentrat ion o f  sediment o f  d isso lved ? and of f i xed  P (Jo lankai ,  

1975). For t h i s  paper, on ly  one year o f  such data, amounting '.o 49 points ,  

was ava i lab le  to c a l i b r a t e  pre l iminary models f o r  C i  and C 2 .  

Table 4  compares f i r s t  order  analys is  ana s imu la t ion  r e s u l t s ;  the expected 

values are w i t h i n  a  few percent o f  each other ,  but  the variances o f  s imulat ion 

runs are several times nigher than those o f  f i r s t  order analys is .  This may be 

expla ined by the very skewed pdf of P-loading ger event and the small number 

of events per season (mean = 7 . 4 3 ) .  Some r e s u l t s  of s imu la t ion  runs, each. o f  

wnich was performed w i t h  500 sample points ,  are shown i n  = igures 6  and 7 .  





Taole 3. S p e c i f i c a t i o n s  of t h e  Tetves watersnea 

Geoqraphical da t a :  

Watershed a rea :  70 km2 

Watershed l eng th :  15.2 km 

Matershed average width: 5.1 km 

Average s l o p e  of t h e  main water  course:  4.1: 

So i l  da t a :  

Loess: 39%; sandy loam: 30%; gravel  and sand: 27:; o t h e r :  4% 

Land use  da ta :  

Agr i cu l tu ra l  land: 70%; meadow: 20%; f o r e s t :  6%; vineyard and orchard:  4% 

Slope c a t e g o r i e s  : 

0-5; 5-1 2% 12-25'6 25-353 Average 

30% 30% 34% 6 X 114  
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3. D ISCUSSION:  COMPARISON OF THE MODELS 

Both models analyze the fo l low ing  pathway of processes: watershed - 
management a l t e rna t i ves  - conveyance o f  the po l l u t an t s  - impoundment viater 

qua l i t y .  Being engineering models, they can r e a d i l y  be used fo r  eutrophi -  

ca t ion  con t ro l  planning, as recomnended by Bogardi and Duckstein (1979). 

Table 2 and Figure 3 show t ha t  general ly  there i s  no s i ng l e  optimal so lu t ion  

concerning net  revenue and water q u a l i t y  parameters. Sometimes the best 

po l i c y  corresponding t o  one o f  the c r i t e r i a ,  such as economics, i s  even no t  

f eas i b l e  as fa r  as another c r i t e r i a ,  such as algae biomass i s  concerned. As 

a  r esu l t ,  we c la im t h a t  the evaluat ion o f  a g r i c u l t u r a l  p rac t i ces  i s  a  m u l t i -  

ob jec t i ve  o r  mu1 t i c r i t e r i a  problem and cur ren t  research i s  d i rec ted  i n  t h a t  

l i ne .  

Both models acknowledge the f a c t  t h a t  there i s  a  general lack of data to  

serve as a  d i r e c t  basis f o r  est imat ing the model parameters associated w i t h  

several types o f  pract ices. Subject ive estimates must o f t en  be r e l i e d  upon, 

p a r t i c u l a r l y  i n  the watershed submodel. 

The Meta Systems model endeavors t o  tack le  the watershed, the r i v e r  

network and the impoundment i n  equal depth. I n  order t o  keep the model 

operat ional,  1 ong-term average 1 oadi ngs are calculated. I n  contrast ,  the 

stochast ic  loading model, i n  i t s  present form, considers most1 y  the ~a te r shed ,  

a h i l e  processes i n  the r i v e r  network and the impoundment are s imp l i f i ed .  As 

a  r esu l t ,  s t a t i s t i c a l  inferences can be reached; s r i ec i f i ca l l y ,  p re l im inary  

r esu l t s  show tha t  there i s  considerable variance i n  2 loading ana chat the 

pdf of both forms of P  loading are very skewed g a n a  d i s t r i bu t i ons .  Thus, i t  

i s  important to  consider the ef fects  o f  uncer ta in t?es  associated ui t h  model 

parameter estimates and c l  imato logic  var ia t ions  i n  developing rea l  i s t i c  

assessments. On the other  hand. r esu l t s  o f  the Meta Systems made1 also 

reveal t ha t  i n  order t o  proper ly  evaluate p racr i ce  imoacts, i t  i s  necessary 



t o  go beyond an  e d g e - o f - f i e l d  a n a l y s i s  o f  p o l l u t a n t  l o a d i n g s  3nd t o  c o n s i d e r  

i n s t r e a m  p o l l u t a n t  fransforma:ions and i n t e r a c t i o n s  w n ~ c h  a r e  r e s p o n s i ~ l e  

f o r  w a t e r  qua1 i t y  changes 
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APPENDIX A: AGENDA OF THE CONFEFCZNCE 





APRIL 23-27, 1979 

INTERNATIONAL CONFERENCE 

ON 

E N V I ~ ~ A L  M,.AGE?IENT OF AGRICULTURAL WATERSHEDS 

.Honday morning, April 23 Opening Session 

10:OO-10:15 Welcoming Address - J. Janovic, Minister of Agricul ture,  CSS?, 

10:15-10:30 Welcominq Address - R. Levien, Director of IIASA 

10:30-10:50 Addresses by Czechoslovak IHP C o d t t e e ,  W, ICID 

10:50-L1:20 0. Vasi l iev,  Deputy Director of I X A  and Leader of the Re-  
sources and Environment Area (IIASA) 

11:20-11:50 C. Colubev (IIASA), Systems aspects  of environmental manaqe- 
mcnt f o r  a g r i c u l t u r a l  watersheds 

11:50-12:30 D. Pimentel ( U . 9 . A . )  , Land use p o l i c i e s :  Environmental de- 
gradat ion and energy resources 

Monday afternoon, April 23 Land Use and its Impact on Water Xesources 

14 :00-14:40 H. ~ o l $  (&sR) , Land use and its impact on water regime 

L4:40-L5:lO I. Shiklomanov, ( U . S . S . R . ) ,  Xqricul tural  land use e f f e c t  on 
r i v e r  runoff 

15:lO-15:25 V.  ~ a n i r e k ,  ( * C . S . S . R . ) ,  Water as  the dynanuc rndicator  of the 
ecological  valency of c.he r u r a l  Landscape S-cture and u t e -  
g r i t y  of i ts  environment 

15:25-15:40 W. Ce .%n, (Netherlands), Some remarks on the elemenr of space in  
environmental management of a g r i c u l t u r a l  watersheds 

15:40-15:55 L. ?ex. ( U . S . S . R . ) ,  Influence of a q r i c u l t u r a l  land use on 
r i v e r  runoff 

15:55-16:15 Coffee Break 

16:15-16:30 J. Salek, J. skoFepa, i Z . 5 . 5 . R . :  , Land use impact on pile hy- 
droloqrcal  md hydrogeoloqrcal regme of representarzre  carcn- 
ments of the Czech-Moravlan s i l l s  

16:30-16:45 T. ~ a z e s ,  B. Holdan, ( ? . s . S . R . ) ,  Differences between the ,un- 
off  of eleven cheuucal elements from a g r r c u l t u r a l  and forested 
watersheds 



16:45-17:15 H. Liebscher. ( F . R . G . ) ,  %?suits and experiences of s t u d i e s  
in  small watersheds on the influence of ?ores-y and aqr i -  
c u l t u r e  on the runoff regime of r l v e r s  in  the F . R . G .  

17:15-17:30 H. Takehara, ( Japan) ,  Forestry manaqement in its r e l a t i o n  
t o  a g r i c u l t u r a l  p r a c t i c e  

17130-18;00 Discussion 

Tuesday morning, April 24 Xqr icu l tu ra l  Manaqement Prac t ices  and 
t h e i r  Impact on Xater .-sources 

08:30-09:lO R. Kel le r ,  (F.R.G.), The hydrological r o l e  of a g r i c u l t u r a l  
p r a c t i c e s  

09:lO-09:40 G.  Hol l i s ,  ( U . K . )  , .an's e f f e c t  on +he hydroloqical regime 
i n  r u r a l  areas  of the United :Cingdom 

09:40-10:lO A. Voronin, F .  Zaidelnan. L.' Rarpachevsky, :U.;.S.R.), ~ f f e c t  
of a g r i c u l t u r a l  a c t i v i t y  on hydroloqlcal regime of landscape 

10:10-10:25 n. Kutilek, (E.s.s .  R. I , The inf luence of s o i l  surface q u a l i t y  
upon water regime of the region 

10:25-10:45 Coffee are* 

10:45-11.00 P. warmcrdam. (Netherlands) kIydroLaqica1 e f f e c t s  o i  drainage i m -  
provement In the Hupselse Beek Catchment Xrea zn the Netherlands" 

11:OO-11:40 D. Zachar, (C.S.S.X.), Ecological consequences of water erosion 
on watersheds 

11:40-12:30 Discussion 

Tuesday af ternoon,  Aprll 24 .Clanaqement of Sroundvaters fo r  Aqrl- 
c u l t u r a l  ?roauct;on 

. 
14:OO-14:30 J .  Benetin, (C.S.S.R.) , Care for  underqround water regine i n  

a g r i c u l t u r a l  p rac t ices  

14:30-15:lO 5. Antontsev, 3. ' Jas l l i ev ,  S. Rybakova, V. Sabinin (U.S.S.X.), 
Mathematical modelinq of s o l 1  and groundwater requnes 

15:lO-15:40 G .  :(ovacs, (Hungary), Flow and s toraqe 3f s o i l  m i s t u r e  

15:40-15:55 I. Ladunqa, (Hunqary), AQUALIBRA 1.0: X nodel characcerlzlnq 
L l e  3cc'urrence 2f -sw 301: rno1;rJre 

I" 

15:55-16:lO I .  Yucha, ? .  P o s p i s i l ,  L. Melior is ,  iC.S.j.R.), Three- 
dimensional modelling of groundwater flow: a too l  fo r  
solving groundwater problems i n  agr lcu l t t l ra l  a reas  



16:lO-16:30 Coffee are* 

16:30-17:OO C.  Young, ( U . K . ) ,  The impact of a g r i c u l t u r a l  p r a c t i c e s  on 
the n i t r a t e  content  of groundwarer in t h e  p r b c l p a l  U . X .  
a q u i f e r s  

17:00-17:15 a. ~ o v h k .  (*C.S.S.R.), The e f f e c t  of f e r t i i l z e r s  on t h e  
p o l l u t i o n  hazard of water wi th  n i t r a r e s  

17:15-17:30 P. Riytema, (Netherlands) The offser :  o f  grass land farming on 
n i t roqen  leaching 

17:30-17:45 N.  Senes l ,  ,r(. ?olermo, ( I t a l y ) ,  Trace element con ten t s  of 
inorqanic  f e r z i l i z e r s  and r e l a t i v e  s u p p l i e s  t o  s o i l s  

17:45-18:OO 2 .  St re iansky ,  2 .  a e n e t l n ,  J. Antal,  (?.S.S.EI.) , Complex 
of aq ro techn ica l  measures m a q r l c u l t u r a l  u t l l l z a t i o n  of 
soils in -he protective zones of underground water sources  

Wednesday morning, Apri l  25 Manaqement of Groundwaters f o r  Agri- 
c u l t u r a l  Production (cont inued)  

08: 30-08: 45 J. ~ a a k o ,  A. 36clk .  0 .  r u s t y k e v l ~ o v a ,  T. h p k a ,  (:.s. S .  3.. ) , 
Some dependences between i n t e n s i t y  of F e r t i l i z a t i o n  and 

m o u n t s  o f  n i t r a t e s  i n  ground waters  of the  "tny Ostrov a rea  

0a:45-09:00 n. mi?, J. Jhieir, (?.s.s.R.), E f f e c t s  of l r r l g a t l o n  w ~ t h  
wastewater and s e p t l c r z e d  sewage s ludges  on 'he envlron- 
mant I n  a q r l c u l t u r a l  watersheds 

09:OO-09: 15 J. Crysewski, H. hrmanska .  ?I. Xawalany , E. ~ r y k o k k o  . (Poland) . 
The concept of s imulat ion model of the  a g r i c u l t u a l  p o l l u t ~ o n  

in s o i l -  and groundwate~ 

09:15-09:30 J. ' S a s t ,  H. Diersch, (G.S.R.), Use of confined a q u i f e r s  
f o r  underground s to rage  of irrigation water ,  e s p e c i a l l y  f o r  
i n f i l t r a t e d  sewage 

09: 30-09: 45 J. S t i b r a l ,  J. 7avra ,  (CSSRI , Underground water contamination 
with Yitr3gen 

09: 45-10:15 Discussion 

10:15-10:35 Coffee Break 

Wednesday morning, Apr i l  25 
(continued) 

Environmencal .%naqement of I r r i g a t e d  
Aqr i c u l  tur  e 

10:35-11:15 C. Skoqerboe, C. Radosevich, (U.S.X. I , Water pollution con- 
t r o l  s t r aceqy  for l r r  lgated a q r l c u l t u r e  in  the  U.S.A. 

11:15-11:55 I .  Stepanov, A .  Sabl tova.  (U.S.S.2.) .  Control of the  meli- 
o r a t i o n  s t a t e  of i r r i g a t e d  lands by chemical composition 
of d ra inage  vacers  



11:55-12: 25 A. Hornsby, (U.S .A. ) , .Yanagament of water qua l i ty  rspacts  
of i r r i g a t e d  aqr lcu l tu re  

Wednesday afternoon, April 25 

Thursday morning, April 26 Environmental Yanaqement of I r r iga ted  
Agriculture (continued) 

08:30-09:OO P.  Wierenga, C. Ouffy, J .  Hernandez, (U.S.A.), Ef fec t s  of 
i r r i g a t i o n  on re tu rn  f lov  q u a l i t y  in the i(io Grande 

09:OO-09:lS G. Skoqerboe, W. Walker, R. Evans, (U.S.A.) , Application 
of s a l i n i t y  con t ro l  planning framework to the Colorado 
River 

09:15-09:45 5. Nerpin, (U.S.S.R.), Physical fundamentals of .%thematlcal 
m d e l s  of water- and s a l t  t r a n s f e r  in s o i l s  

09:4S-10:15 I. Szabolcs, G. ' laral lyay,  (Hungary), S o i l  s a l i n l t y  problems 
in watersheds 

10: 15-10: 35 Coffee Break 

10:35-ll:05 B. Rozanov, (UNEP),  Management of water-sal t  regimes under 
i n i q a t i o n  i n  a r i d  lands 

11:05-11:20 L. U d q ,  ( P A O ) ,  Sol lva te r - sa l in i ty  re la t ionsn lp  in  the 
Hilla-Diwamiya ( I r a q )  drainage study 

11:20-11:35 '7. Bobschenko, (U.S.S.R.), Water and s a l t  balance can t ro l  
and groundvater requlat ion by means of drainage, agricul-  
t u r a l  enqineering and reclamation methods 

11:35-11:SO V. Penkovsky, ' l. Aemich, (U.S.S.R.) , Mathematical models 
of s a l t  motion zn s o l l o  

11:50-12:30 Discussion 

Thursday af ternoon,  Aprll 26 Surface Nater :ual-ty Under F e r t r l l z e r  
and Pes t lc lde  3saqe 

14:OO-14:40 0. Haith, (U.S.A. , Land use and water qua l i ty  - a zeview 
of North American -mpirical s tud ies  

14:40-14:55 A. Sredihina,  V. Moskovkin, Yu. Yurkov, (U.S.S.R.1, Yetho- 
dology t o  est lmate t ransport  of ~ i s o n o u s  chemicals under 
in tens ive  farmlng taiting i n t o  account standards to  p ro tec t  
water bodies 

14:55-15:lO V. za j igek ,  8. ~ A l e k ,  (:.s.s.R. I , Water contaminat~on by 
a g r i c u l t u r a l  p r a c t i c e s  i n  pneplazn-type watersheds 



V .  Kudeyarov, V.  Sashkm, (U.S.S.R.), The nitrogen balance 
in small r i v e r  basrns under a g r i c u l t u r a l  and f o r e s t r y  land 
use 

P.  V a l p a m o ,  (F in land) ,  Water-related environmental pro- 
blems of agr icu l tu re  i n  Finland 

F. Massantini,  F. Caporali,  ( I t a l y ) ,  Inorqanic ni t roqen 
contents of streams &raining a g r i c u l t u r a l  and forested 
watersheds i n  c e n t r a l  I t a l y  

Coffee Break 

V.  Lddonin, (IAEA), The behavior of herbicides i n  s o i l  
under d i f f e r e n t  l e v e l s  of f e r t i l i z e r  app l ica t ion  

T. Lyons, (U.S.A.), Simulation of runoff q u a l i t y  from r u r a l  
watersheds 

H. ~ o l i ,  J.  d k a ,  K. v r h a .  (E.s.s.R. , The de te rmin is t i c  
&el  of n u t r i e n t  t ranspor t  a t  a catchment a rea  l e v e l  

Discussion 

Priday mornrnq, A p r ~ l  27 Environmental Yanaqement of Complex 
Agricul tural  Systems 

08:30-09:lO D .  Haith, R. Loehr, (U.S.X.), The ro le  of s o i l  and xa te r  
conservation a r a c t i c e s  In water qua l i ty  and non-pornt source 
po l lu t ion  control  

09:lO-09:40 I. ~ o g A r d i ,  (Hungary) , W. Walker, ;. Keuhner, (U.S.A.) , 
Assessing the va te r  q u a l i t y  Lmpacts of a g r i c u l t u r a l  r a c t i c e s - -  

some methodological comparrsons 

09:40-09:55 L. David, (Hungary), Watershed development approach t o  con- 
t r o l  the eutrophrcat ion of shallow lakes 

09:55-10:lO K .  'rohberq, (IiASAI, C.  Taylor, (U.S.X.), (rptimal agr icu l -  
t u r a l  erosion-sedmentation control  

10: 10-10: 30 Coffee Break 

10:30-11~30 Short repor t s  of the charnnen and/or rapporteurs of the 
s e s s ~ o n s  

11: 30-12: 30 General Drscussron 
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Hospodarska  1914 
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11309 Prague  1, CSSR 
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Y i c r a .  CSSR 

X r .  ? s v e l  CIZEK 
water Research  I n s c i c u c e  
? r a g u e ,  CSSR 

? r o f  .Dr.  Y i l o s  HOLY 
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16629 ? r a g u e  5. CSSR 

Zag. j u r a j  MASK0 
Research  I n s c i c u c e  of  : o i l  S c i e n c e  

and Xgrocnemisc ry  
Xoznavska 23 
B r a c i s l a v a  31831,  CSSR 

Ing .  Zdenek <OS 
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? r o f . D r .  Y i r o s l a v  KUTILEK 
3 e p a r c n e n c  o f  I r r i g a c i o n  and 

D r a i n a g e  
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Doc.Dr. I n g .  3ohumir  NOVrlK 
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Ruzyne 
:6iO6 P r a g u e ,  CSSR 



Dr.  J u r a j  PACL 
CSSR X a t i o n a l  C o r n i t t e e  f o r  !he 
International H y d r o l o g i c a l  
Programme 

T r n a v s k a  32 
B r a t i s l a v a ,  CSSR 

I n g .  Pave1 PETROVIC 
Water  Research  I n s t i t u t e  
B r a t i s l a v a ,  CSSR 

Dr. Pavo l  POSPISIL 
Department o f  Hydrogeology 
F a c u l t y  o f  X a t u r a l  S c i e n c e s  
Comenius U n i v e r s i t y  
Zaduna j s ka 1 5  
81100 B r a t i s l a v a ,  CSSR 

A s s o c . P r o s .  Dr.1ng.  J a n  SXLEK 
Deparrmenc o f  I r r i g a t i o n  and  

Dra inage  
F a c u l t y  o f  C i v i l  E n g i n e e r i n g  
T e c h n i c a l  U n i v e r s i  t y  Brno 
V e s l a r s k a  230 
62300 Brno. CSSR 

X r .  J a r o s l a v  SKDREPA 
Hydrology a n d  Water  Yanagement 
Gorkeho nam 7 
11309 Prague  1. CSSR 

RNDr. Y i l a n  STRASKRABA 
H y d r o b i o l o g i c a l  L a b o r a t o r y  
a o t a n i c a l  I n s t i t u t e  
Academy of S c i e n c e s  of  che  CSSR 
Vlcavska  17  
Prague ,  CSSR 

D i p l . 1 n g .  J o z e i  STREDANSKY 
Depar tment  o f  Amel i o r a t  i o n  
U n i v e r s i c y  o f  A m e l i o r a t i o n  
U n i v e r s i t y  o f  A q r i c u l  c u r e  
Hospodarska  1914 
X i t r a ,  CSSR 

D i p l .  I n g .  J o s e f  SEVERYN 
Uacer  !-lanagement R e s e a r c h  I n s c i t u c e  
Yodbabska 30 
16062 P r a g u e ,  CSSR 

I n g .  Olena SUSTYKEVICOVA 
R e s e a r c h  Institute of S o i l  S c i e n c e  

and A g r o c h e m i s t r y  
Roznavska 23 
81831 B r a t i s l a v a ,  CSSR 

P r o f . D r . 1 n g .  V l a s t i m i l  VANICEK 
D e p a r t s e n c  of  Landscape  Ecology 
Brno U n i v e r s i c y  a i  A g r i c u l t u r e  
Zemedelska 1  
66265 Brno,  CSSR 

Ing .  J i r i  VASU 
Depar tment  o i  I r r i g a t i o n  and 

D r a i n a g e  
F a c u l t y  o t  C i v i l  E n g i n e e r i n s  
T e c h n i c a l  G n i v e r s i t y  Prague  
16629 P r a s u e  6 ,  CSSR 

Y r .  J i r i  VAVU 
Group o f  Groundwater  P r o t e c t i o n  
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Corkeho nam 7  
Prague  6 ,  CSSR 

D r .  Yogens DYHR-NIELSEN 
H y d r o l o g i c a l  Sunrey  
D a n i s h  Land Development S e r v i c e  
$200 S l a g e l s e ,  Denmark 

D r .  P i r k k o  VALPASWO-JMTINEY 
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X a t i o n a l  Board o f  U a t ? r s  
P.O.B. 250 
SF-00101 H e l s i n k i  10 ,  F i n l a n d  

Dr.  K a r l  HOFIUS 
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Kaise r in -Augus ta -Anl .  1 5  
D-5400 Koblenz.  ZRG 
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APPENDIX C: LIST OF THE CYAIRMEN AND FUPPORTEURS 





Chairmen and Rapporteurs  

XONDAY, 2 3  A p r i l  (Af te rnoon)  

Land Use and i t s  Impact on Water Resources 

Chairman: Prof  . D r .  Reiner  XELLER (FRG) 
Rapporteur :  P ro f .  David PIMENTEL (USA) 

TUESDAY, 2 4  A p r i l  (Mornlnq) 

Agricultural Yanagemenc P r a c t i c e s  and t h e i r  Impact 
on Water Resources 

Chairman: P r o f .  I s t v a n  SZXBOLCS (Hungary) 
Rappor teurs :  P r o f .  Gaylord SKOGZRBOE (USA) 

Prof .  Jan SENETIN (CSSR) 

(Af te rnoon)  

Yanagement of Groundwaters f o r  A g r i c - ~ l t u r a l  P roduc t ion  

Chairman: Prof .  John SERNANDEZ IUSA) 
Rappor teur s :  P r o f .  Y i r o s l a v  KUTILZK (CSSR) 

D r .  Seorge iiOLLIS rUnlted Kingdom) 

XEDNESDAY, 25 A p r i l  (Morning) 

Znvironmental  Yanaqement of I r r i g a t e d  A g r i c u l t u r e  

Chairman: P ro f .  Xi los  90LY (CSSR) 
Rapporteurs :  3 r .  T .  C l a r k  LYONS ( F R G )  

?=-of. Franco MSSANTINI ( I t a l y )  

THURSDAY, 2 6  I p r l l  (Morning) 

Environmental  Yanagement of I r r i g a t e d  A g r i c u l t u r e  (contd . )  

Chairman and Xapporteurs :  same a s  :iednesday morning 

(Af te rnoon)  

S u r f a c e  % a t e r  Quality 'Jnder ? e r t t i i i e r  and Pesticide dse 

Chalraan:  Dr. L.T. K A D R Y  (FAO) 
Rapporteurs :  P r o f .  3ven JANSSON (Sweden) 

D r .  ;eof f r e y  . W C E  :United Kingdom; 

TRIDAY, 2 7  A p r i l  !Xornlng) 

Environmentai  Yanagement of Somulex .Agr icu l tu ra l  Systems 

Chairman: I r o f .  3ouglas  SAITH (USA) 
Rapporteurs :  Ing.  Zdenek KOS ICSSR) 

Prof .  Gyorqy KOVACS (Hungary) 




