
Nitrate Leaching Hazards: A Look at 
the Potential Global Situation

Golubev, G.N.

IIASA Working Paper

WP-80-089

May 1980 



Golubev GN (1980). Nitrate Leaching Hazards: A Look at the Potential Global Situation. IIASA Working Paper. IIASA, 
Laxenburg, Austria: WP­80­089 Copyright © 1980 by the author(s). http://pure.iiasa.ac.at/id/eprint/1380/ 

Working Papers on work of the International Institute for Applied Systems Analysis receive only limited review. Views or 

opinions expressed herein do not necessarily represent those of the Institute, its National Member Organizations, or other 
organizations supporting the work. All rights reserved. Permission to make digital or hard copies of all or part of this work 

for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial 
advantage. All copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on 
servers or to redistribute to lists, permission must be sought by contacting repository@iiasa.ac.at 

mailto:repository@iiasa.ac.at


NOT FOR QUOTATION 
WITH03T PEwIISSICN 
OF THZ AUTHOR 

NITRATE LEACHING HAZARDS: 
A LOOK AT THE POTENTIAL 
GLOBAL SITUATION 

Gennady N .  G o l u b e v  

May 1980 
WP-80-89 

W o r k i n g  P a ~ e r s  are i n t e r i m  r e p o r t s  o n  work o f  t h e  
~ n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  S y s t e m s  A n a l y s i s  
a n d  h a v e  r e c e i v e d  o n l y  l i m i t e d  r e v i e w .  V i e w s  o r  
o p i n i o n s  e x p r e s s e d  h ~ r e i n  20 n o t  n e c e s s a r i l y  r e p r e -  
s e n t  t h o s e  o f  t h e  I n s t i t u t e  o r  o f  i t s  N a t i o n a l  Member 
O r g a n i z a t i o n s .  

INTERNATIONAL INSTITUTE FOR APPLIED SYSTSI'IS ANALYSIS 
A-2361 L a x e n b u r g ,  A u s t r i a  



PREFACE 

The 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 a l  p r o d u c t i o n  i s  t h e  p r i n -  

c i p a l  way o f  i n c r e a s i n g  t h e  food supp ly  for  mankind. The e x p e r i -  

ence  o f  d e v e l o p e d ' c o u n t r i e s  d e m o n s t r a t e s  t h a t  t h e  e v e r  i n c r e a s i n g  

amount o f  n i t r o g e n o u s  f e r t i l i z e r s  a p p l i e d  may c r e a t e  s e r i o u s  

problems w i t h  d r i n k i n g  w a t e r  s u p p l y ,  because  o f  i t s  h i g h  n i t r a t e s  

c o n t e n t .  The same problem can  be  expec ted  i n  d e v e l o p i n g  c o u n t r i e s  

i f  t h e  level  o f  n i t r o g e n  l o a d s  r e a c h e s  t h a t  o f  developed c o u n t r i e s  

today .  The p r e s e n t  p a p e r  t r i e s  t o  a s s e s s  t h e  p o t e n t i a l  g l o b a l  

p i c t u r e  w i t h  r e g a r d  t o  n i t r o g e n  l e a c h i n g  i n  i t s  dependence o n  

c l i m a t i c  f a c t o r s ,  which i n f l u e n c e  b o t h  d i r e c t l y  and i n d i r e c t l y  

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

The Task "Environmenta l  Problems o f  A g r i c u l t u r e "  conducted  

most o f  i t s  work a t  a  f i e l d  level .  Methodo log ica l ly ,  t h i s  i s  

a n  a t t e m p t  t o  u s e  f i e l d  l eve l  d a t a  t o  a n a l y z e  t h e  g l o b a l  s i t u -  

a t i o n .  
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NITRATE LEACHING HAZARDS: 
A LOOK AT THE POTENTIAL 
GLOBAL SITUATION 

INTRODUCTION 

The i n c r e a s i n g  i n p u t s  o f  n i t r o g e n o u s  compounds, p r i m a r i l y  

n i t r a t e s ,  i n t o  n a t u r a l  w a t e r s  s t a n d s  among t h e  a c u t e  problems 

caused  by t e c h n o l o g i c a l  p r o g r e s s  w i t h i n  t h e  p z s t  two decades .  

Higher  n i t r o g e n  c o n t e n t s  t h e n  i n c r e a s e  t h e  r a t e  o f  e u t r o p h i c a -  

t i o n  i n  w a t e r  b o d i e s  and,  more i m p o r t a n t ,  do n o t  match h e a l t h  

s t a n d a r d s  f o r  d r i n k i n g  w a t e r .  There  a r e  a  number o f  major  s o u r c e s  

o f  n i t r o g e n  i n  n a t u r a l  w a t e r s ,  f e r t i l i z e r s  b e i n g  o n e  o f  t h e  most 

i m p o r t a n t .  T h i s  i s  because  n i t r a t e s  u s u a l l y  t r a v e l  down t o  s u r -  

f a c e  and g roundwate r s ,  t h r o u g h  l e a c h i n g  from t h e  r o o t  zone. 

The q u a n t i t y  o f  p u b l i c a t i o n s  devo ted  t o  t h i s  problem c o n t i n -  

u a l l y  grows. For  i n s t a n c e ,  a t  t h e  A p r i l  1979 c o n f e r e n c e  on "En- 

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  Watersheds"  o r g a n i z e d  by 

IIASA and t h e  Czechoslovak Academy o f  S c i e n c e s ,  many p a p e r s  d i s -  

c u s s e d  v a r i o u s  a s p e c t s  o f  t h e  n i t r a t e s  problem i n  Czechos lovak ia ,  

t h e  Uni ted  Kingdom,' t h e  USA, t h e  German Democrat ic  R e p u b l i c ,  F in-  

l a n d ,  t h e  USSR, and I t a l y  (Golubev and V a s i l i e v ,  1 9 7 9 ;  Golubev, 

1 9 8 0 ) .  According t o  s t u d i e s  c a r r i e d  o u t  a t  t h e  Thames Water 

A u t h o r i t y  i n  England,  one  o f  t h e  main f a c t o r s  c o n t r i b u t i n g  t o  t h e  

i n c r e a s e  o f  n i t r a t e s  c o n c e n t r a t i o n  i n  s u r f a c e  w a t e r s  o f  t h e  Thames 

i s  t h e  growth o f  f e r t i l i z e r  l o a d s .  I n  t h e  most r e a l i s t i c  s c e n a r i o ,  

a  mean a n n u a l  l e v e l  o f  NO3-N would reach  t h e  p e r m i t t e d  h e a l t h  



s t anda rd  of 11.3mgN/1 by t h e  beginning of  t h e  1 9 9 0 ' s .  This  

means of cour se ,  t h a t  b e f o r e  1990, due t o  d a i l y  f l u c t u a t i o n s  of  

n i t r a t e s ,  t h e  l e v e l  of  t h e s e  chemicals  w i l l  have surpassed  t h e  

admissable  s t anda rd  f o r  some pe r iods  w i t h i n  a y e a r l y  c y c l e  (On- 

s t a d  and Blake,  1979).  The r e s u l t i n g  l i m i t a t i o n s  on usage o f  

wa te r ,  t h e  q u a l i t y  o f  which has  been a f f e c t e d  by n i t r a t e s ,  would 

then  f u r t h e r  l e s s e n  t h e  r e l i a b i l i t y  o f  t h e  water  supply system 

f o r  Grea te r  London (Sexton and Onstad, 1980) .  Drinking water  

supply from w e l l s  i n  t h e  ~ k a n e  Province o f  Sweden has  a l s o  e v i -  

denced p o l l u t i o n  problems because o f  inc reased  c o n c e n t r a t i o n s  o f  

n i t r a t e s  i n  groundwaters. 

More evidence than  can be  c i t e d  exis ts  which proves t h a t  

t h e  problem o f  n i t r a t e s  water  p o l l u t i o n ,  t o  a c o n s i d e r a b l e  e x t e n t  

a s s o c i a t e d  wi th  h igh  f e r t i l i z e r  l o a d s ,  is a common and a c u t e  prob- 

l e m  o f  developed c o u n t r i e s ,  It s e e m s  t h a t  i n  t h e  West European 

c o u n t r i e s  wi th  dense popula t ion  and t h e  h i g h e s t  l e v e l s  o f  f e r t i l -  

i z e r  a p p l i c a t i o n ,  n i t r a t e s  water  p o l l u t i o n  i s  a more widespread 

problem than  i n  l a r g e r  c o u n t r i e s  wi th  less f e r t i l i z e r  l o a d s ,  such 

a s  t h e  USA o r  t h e  USSR, where t h e  n i t r a t e s  p o l l u t i o n  problem s o  

f a r  appears  on ly  i n  s p o t s ,  Never the less ,  t h e  n i t r a t e  problem 

w i l l  remain s e r i o u s  i n  developed c o u n t r i e s .  

A s  t r e n d s  i n d i c a t e  an  i n c r e a s e  of  f e r t i l i z e r  a p p l i c a t i o n  

i n  developing c o u n t r i e s ,  one could expec t  t h a t  t he ' s ame  problem 

w i l l  occur  t h e r e .  This  l e a d s  t o  t h e  main q u e s t i o n  o f  t h i s  paper:  

what would t h e  world p i c t u r e  o f  n i t r a t e s  l e a c h i n g  be i f  r a t e s  

o f  f e r t i l i z a t i o n  were h igh  everywhere? There a r e  reasons  t o  be- 

l i e v e  t h a t  t h e  process  o f  n i t r a t e s  l e a c h i n g ,  a s  a r e s u l t  o f  n i -  

t rogen  ba lance  i n  a n  agroecosystem, s t r o n g l y  depends on n a t u r a l  

f a c t o r s ,  i nc lud ing  c l i m a t e ,  Before a t t a c k i n g  t h e  major q u e s t i o n ,  

w e  s h a l l  address  t h e  problem o f  n i t r o g e n  ba lance  i n  agroecologi-  

c a l  systems. 

THE INCREASE FERTILIZER APPLICATION 

A l l  p l a n t s  r e q u i r e  a c e r t a i n  amount of  n u t r i e n t s  which a r e  

taken  from t h e  s o i l .  Some p a r t  o f  t h e  n u t r i e n t s  consumed i s  re- 

turned  t o  t h e  s o i l  i n  t h e  form o f  t h e  r e s i d u a l  o r g a n i c  m a t t e r  

c o n t a i n i n g  those  n u t r i e n t s  ( f r u i t s ,  dead l e a v e s ,  branches,  s t e m s ,  



s t o c k s ,  r o o t s ,  e t c . ) .  Decomposition o f  t h e  o r g a n i c  m a t t e r  accumu- 

l a t e d  in /on  t h e  s o i l  c r e a t e s  new p o r t i o n s  o f  n u t r i e n t s  and t h e  

c y c l e  c l o s e s .  Some amount o f  t h e  n i t r o g e n  i s  f i x e d  from t h e  a t -  

mosphere by microorganisms;  some i s  brought  w i t h  r a i n  and d u s t .  

On t h e  n e g a t i v e  s i d e  o f  t h e  ba l ance  a r e  l e a c h i n g  and s u r f a c e  run- 

o f f  o f  s o l u b l e  n u t r i e n t s ,  ou t f l ow  w i t h  s o i l  p a r t i c l e s ,  due t o  

e r o s i o n ,  and d e n i t r i f i c a t i o n  and v o l a t i l i z a t i o n  o f  gaseous  forms.  

I n  any c a s e ,  t h e  b a l a n c e  o f  n u t r i e n t s  i n  n a t u r a l  ecosystems i s  

c l o s e  t o  z e r o  i f  r egarded  i n  terms o f  a  human l i f e t i m e ,  o r  even 

t h a t  o f  t h e  t i m e  l a p s e d  s i n c e  t h e  development o f  human s o c i e t i e s .  

Tab le  1  g i v e s  a n  exqmple o f  t h e  n i t r o g e n  b a l a n c e  f o r  a  n a t u r a l  
i 

s t e p p e  ecosys tem i n  E a s t e r n  Europe, t h e  d a t a  b e i n g  t a k e n  from 

Evdokimova e t  a l .  ( 1976) , and Pannikov and Mineev (1  977) . 

Table  1. Balance  o f  n i t r o g e n  i n  t h e  s t e p p e  zone o f  t h e  Russ ian  
P l a i n ,  p r e h i s t o r i c  p e r i o d .  

Agroecosystems, i n c l u d i n g  c rop l and  sys tems ,  d i s r u p t  t h e  na- 

t u r a l ,  semic losed  b a l a n c e  o f  n u t r i e n t s .  The annua l  h a r v e s t  re- 

P r e c i p i t a t i o n  Runoff Balance 
kg .ha . - l y r . - l  kg .ha . - lyr . - l  kg .ha . - lyr . - l  

+4 -0.2. +3.8 

moves some p a r t ' o f  t h e  n u t r i e n t s  c o n t a i n e d  i n  c rop l and  p roduc t s .  

A y i e l d  o f  4 t / h a  o f  wheat t h u s  t a k e s  o u t  o f  t h e  sys tem,  v i a  

g r a i n  and s t r a w ,  abou t  100 kg N/ha; t h e  f i g u r e s  f o r  co rn  a r e  

s i m i l a r .  Other  c r o p s  u s u a l l y  c a r r y  away dozens o r  even ove r  a  

hundred k i lograms  o f  n i t r o g e n  p e r  h e c t a r e  p e r  y e a r .  

Pool  o f  n i t r o g e n  i n  1m o f  
t o p s o i l  

The h i g h e r  t h e  y i e l d  ( o r  else i n t e n s i t y  o f  a g r i c u l t u r e ) ,  

t h e  h i g h e r  i s  t h e  removal o f  f e r t i l i z e r s  w i t h  t h e  h a r v e s t .  Th i s  

i s  i l l u s t r a t e d  i n  F i g u r e  1 ,  adap ted  from F r i s s e l  ( 1977 ) ,  where 

65 agroecosys tems i n  v a r i o u s  p a r t s  o f  t h e  wor ld .we re  ana lyzed .  

Accordinq t o  F i g u r e  1 ,  e x t e n s i v e  a r a b l e  farming withdraws from 

1 t o  10 kg. o f  n i t r o g e n  p e r  h e c t a r e  p e r  y e a r  from t h e  s o i l .  In-  

kcj.ha.-1yr.-1 

abou t  30,000 

t e n s i v e  farming removes from 30 t o  200 and even up t o  400 kg N/ha 

p e r  y e a r .  

Ba l ance  a s  
r e l a t e d  t o  
t h e  pool  ,% 

0.01 



4- Extensive 
Intensive -+ 

F i g u r e  1 .  N i t rogen  Outpu t  v s .  I n t e n s i t y  o f  Agroecosystern 



Nit rogen  i n  s o i l  i s  s t o r e d  mainly  i n  t h e  form o f  o r g a n i c  

compounds which a r e  n o t  s o l u b l e  i n  wa t e r  and t h e r e f o r e  canno t  

be consumed by p l a n t s .  Trans format ion  o f  o r g a n i c  n i t r o g e n  i n t o  

wa t e r  s o l u b l e  i n o r g a n i c  forms p r o v i d e s  n u t r i e n t  m a t t e r s  f o r  t h e  

p l a n t s .  The poo l  o f  o r g a n i c  n i t r o g e n  i n  s o i l s  i s  ve ry  l a r g e  a s  

compared w i t h  t h e  annua l  amount o f  t h e  s o l u b l e  forms produced.  

Below is  t h e  t o t a l  n i t r o g e n  c o n t e n t  con t a ined  i n  t y p i c a l  s o i l s  

o f  t h e  USSR (Pannikov and Mineev, 1977) .  

Tab le  2. Pool  o f  t o t a l  n i t r o g e n  i n  s o i l s  o f  t h e  USSR, i n  thousand 
k i lograms  p e r  h e c t a r e .  

I n  l a y e r s  from I n  l a y e r s  from 
S o i l  t y p e  0  t o  20 c m  0  t o  100 c m  

Podzol  3 .3  6.6 

Grey, f o r e s  t - s t e p p e  5.6 9.4 

Dark g r e y ,  f o r e s t - s t e p p e  6.7 14.0 

Chernozem ( v a r i o u s  s u b t y p e s )  from 7.0-1 1  . 3  from 24.0-35.8 

Dark c h e s t n u t  5.6 15.2 

Sierozem 2.8 8.6 

Red 4.7 10.5 

Though a  poo l  o f  n i t r o g e n  i n  s o i l s  i s  l a r g e ,  it can  be  

exhaus ted  i n  c ropp ing  sys tems  i n  a  few decades  o r  c e n t u r i e s ,  

i f  no a d d i t i o n a l  f e r t i l i z e r  i s  a p p l i e d .  

I n  t h e  Uni ted  Kingdom, t h e  n a t u r a l  s t o r a g e  o f  n i t r o g e n  i n  

s o i l s  i s  abou t  100 m i l l i o n  t onnes ,  b u t  i n  1973, f o r  example, t h e  

c rops  removed 1.55 m i l l i o n  t onnes  (Cooke, 1976 ) .  Thus., one  g o a l  

o f  modern a g r i c u l t u r a l  methods i s  t o  s u s t a i n  o r  i n c r e a s e  s o i l  

f e r t i l i t y  by a p p l y i n g  f e r t i l i z e r s ,  most o f  which a r e  manufactured.  

The p roduc t i on  and u se  o f  f e r t i l i z e r s ,  i n c l u d i n g  n i t r o g e n o u s  ones ,  

h a s  i n c r e a s e d  r a p i d l y .  I n  Tab le  3 ,  t h e  wor ld  p roduc t i on  o f  f e r -  

t i l i z e r s  i s  d e t a i l e d ,  compiled by t h e  a u t h o r  from t h e  FAO's Annual 

F e r t i l i z e r  Reviews from 1971-1977. 



Year 1966-7 1967-8 1968-9 1969-70 1970-1 1971-2 1972-3 1973-4 1974-5 1975-6 1976-7 

N i t r o g e n  (N) 22.4 25.5 28.4 30.2 33.0 35.0 37 .8  40.4 42.4 43 .8  45.9 

P h o s p h a t e  (P205) 16.9 18.0 1 8 . 5  19 .2  20.7 22.4 23.7 24.9 25.7 24.8 27.3 

P o t a s h  (K20) 14 .5  15.4 16 .0  1 6 . 9  17 .8  1 9 . 5  20.2 22 .2  23.7 23.5 25.3 

0 
Ill 

Ill 
(D 
0 



How much f e r t i l i z e r  i s  needed i n  t h e  world? R. White-Stevens 

(1977) computed some e s t i m a t e s ,  based on t h e  n u t r i t i o n a l  needs of  

human be ings .  The requirements  of  p r o t e i n  f o r  human be ings  can 

be expressed i n  terms o f  s p e c i f i c  amino a c i d s  and, hence,  i n  terms 

of n i t r o g e n  requirements .  For one person,  t h e  annual  minimal pro- 

t e i n  requirement expressed i n  n i t r o g e n  i s  4 kg N. Assuming a  ce r -  

t a i n  convers ion e f f i c i e n c y ,  White-Stevens t hen  c a l c u l a t e d  t h a t  

f o r  human s u b s i s t e n c e ,  t h e  annual  l e v e l  i s  approximately  17.2 kg 

N pe r  person.  This  c o n s t i t u t e s  72 m i l l i o n  tonnes  f o r  t h e  p r e s e n t  

world popula t ion  o f  4 . 2  b i l l i o n .  (White-Stevens, f o r  unknown 

reasons ,  g ives  t h e  f i g u r e  o f  t h e  world n i t r o g e n  demand a s  80 

m i l l i o n  tonnes . )  Atmospheric p r e c i p i t a t i o n  b r ings  t o  t h e  a r a b l e  

l and  about  16 m i l l i o n  tonnes  o f  n i t rogen .  To main ta in  land  i n  

a  f e r t i l e  s t a t e ,  however, 56 m i l l i o n  tonnes  mre must be supp l i ed  

to  arable land. Manufactured f e r t i l i z e r s  p rov ide  46 m i l l i o n  tonnes  

o f  t h i s ,  plus f i x a t i o n  o f  atmospheric n i t r o g e n  by c rops  i s  e s t i -  

mated a t  79 m i l l i o n  tonnes .  

Hence, t h e  mean world n i t r o g e n  ba lance  seems q u i t e  f avo rab le .  

However, i n  r e a l i t y  it is  an average o f  a  r a t h e r  f a v o r a b l e  n i t r o -  

gen ba lance  i n  a l r e a d y  developed c o u n t r i e s  and d i s e q u i l i b r i u m  i n  

many y e t  developing c o u n t r i e s .  Proceeding on t h e  assumption t h a t  

developing c o u n t r i e s  should a t  l e a s t  meet t h e  minimal p r o t e i n  

requi rements ,  whi le  t h e  l e v e l  of  developed c o u n t r i e s  remains un- 

changed, it can be s a i d  t h a t ,  even f o r  p r e s e n t  world popula t ion ,  

t h e  lowest  n i t r o g e n  needs should be cons iderab ly  h i g h e r  t han  56 

megatonnes. 

The upper l i m i t  f o r  p r o t e i n  requirements  ob ta ined  from t h e  

s tudy  o f  developed c o u n t r i e s  is  about  36 kg N pe r  c a p i t a  pe r  

annum (White-Stevens, 1977) .  For t h e  p r e s e n t  popula t ion ,  based 

on t h e  aforementioned assumption,  t h i s  y i e l d s  about  6 4 0  megatonnes 

N pe r  yea r  o f  t h e  n i t r o g e n  demand. S u b t r a c t i n g  t h e  va lue  of  na t -  

u r a l  n i t r o g e n  i n p u t s ,  one o b t a i n s  t h e  upper l i m i t  o f  t h e  p r e s e n t  

demand f o r  n i t r o g e n  f e r t i l i z e r s ,  of  more than  500 megatonnes. 

I n  conc lus ion ,  it must be s t r e s s e d  t h a t  t h e  produc t ion  and 

use  o f  f e r t i l i z e r s  w i l l  grow ( d e s p i t e  energy problems) ,  c r e a t i n g  

a  number o f  problems, i n c l u d i n g  a  d e t e r i o r a t i o n  i n  t h e  q u a l i t y  

o f  t h e  environment. 



THE NITROGEN BALANCE OF AN AGROECOSYSTEM 

The n i t r o g e n  ba l ance  of a  c rop l and  agroecosystem can  b e  w r i t -  

t e n  i n  t h e  fo l l owing  form: 

A N  = F i x .  + P r e c .  + p e r t .  + S e e d s  - Crop - Leach* 

- VoZa t .  - D e n i t r .  - E r o s .  - R u n o f f  

where 

A N i s a  change o f  n i t r o g e n  c o n t e n t  i n  t h e  sys tem,  mainly  i n  

t h e  s o i l ,  f o r  any t i m e  i n t e r v a l ;  

F i x .  i s  n i t r o g e n  f i x a t i o n  by b a c t e r i a  from t h e  a i r ;  

Prec .  is n i t r o g e n  brought  by p r e c i p i t a t i o n ,  d u s t ,  b i r d s ,  e tc . ;  

F e r t .  i s  n i t r o g e n  coming from mine ra l  and o r g a n i c  f e r t i l i z e r s ;  

S e e d s  s t a n d s  f o r  n i t r o g e n  coming i n t o  t h e  sys tem wi th  s e e d s ;  

Crop r e p r e s e n t s  n i t r o g e n  removed w i t h  t h e  h a r v e s t ;  

Leach .  i s  n i t r o g e n  removed th rough  i n f i l t r a t i n g  w a t e r ;  

VoZa t .  is  n i t r o g e n  coming i n t o  t h e  atmosphere i n  t h e  form o f  

ammonia; 

D e n i t r .  i s  n i t r o g e n  e scap ing  i n t o  t h e  a i r  i n  t h e  form o f  

n i t r o g e n  o x i d e s  o r  molecu la r  n i t r o g e n ;  

E r o s .  i s  n i t r o g e n  removed w i t h  s o i l  p a r t i c l e s ;  

R u n o f f  i s  n i t r o g e n  removed from t h e  system w i t h  s u r f a c e  and 

s u b s u r f a c e  r u n o f f .  

Correspondingly ,  n i t r o g e n  l e a c h i n g  i s  a component dependent  

on a combination o f  o t h e r  f a c t o r s  i n  t h e  equa t i on  o f  n i t r o g e n  

ba lance .  Following i s  a b r i e f  d i s c u s s i o n  o f  t h e  f a c t o r s  o f  t h e  

equa t i on  o f  n i t r o g e n  ba lance .  Th i s  w i l l  p rov ide  an i d e a  o f  t h e  

a b s o l u t e  and r e l a t i v e  importance o f  each  component. 

F i x a t i o n .  Symbiotic  n i t r o g e n  f i x a t i o n  u s u a l l y  o c c u r s  through 

" 8 h i z o b i u m "  b a c t e r i a ,  which a r e  a s s o c i a t e d  w i th  leguminous c r o p s .  

Legumes can f i x  some hundreds kg N/ha, up t o  500 kg N/ha.yr. 

Nonsymbiotic microorganisms can  a l s o  p rov ide  some N-supply. Be-  

c ause  o f  b lue-green a l g a e  a c t i v i t y ,  t h e  r o l e  o f  microorganisms can 

be  considerable i n  s p e c i a l  c a s e s ,  a s  i n  r i c e  padd ies .  According 

t o  M. F r i s s e l ' s  d a t a  (1977 )  , c rop l and  agroecosystems which do n o t  



c o n t a i n  many leguminous p l a n t s  f i x  from t h e  a i r  between 0 t o  20 

kg N/ha.yr . ,  and a r a b l e  and l i v e s t o c k  sys tems  w i t h  legumes show 

v a l u e s  of  N- f i xa t i on  o f  t h e  n e x t  o r d e r  o f  magnitude.  

According t o  Burns and Hardy ( 1 9 7 5 ) ,  g l o b a l  n i t r o g e n  f i x a t i o n  

f o r  t e r r e s t r i a l  sys tems i s  137 m i l l i o n  t onnes  p e r  y e a r ,  o r  abou t  

10 kg/ha .yr . ,  a s  an  ave r age  f o r  t h e  l a n d  n o t  covered  by p e r e n n i a l  

i c e .  A g r i c u l t u r a l  sys tems f i x  79 m i l l i o n  p e r  y e a r  w i t h  t h e  following 

d i s t r i b u t i o n  f o r  s p e c i f i c  sys tems (Tab l e  4 ) .  

Tab le  4 .  N i t rogen  f i x a t i o n  r a t e s  f o r  agroecosys tems.  

Global  Ra te ,  * S p e c i f i c  r a t e ,  * *  
System - i n  m i l l i o n  tonnes /y r .  i n  kg ~ / h a . y r .  

Legumes 

Rice  

O the r  c r o p s  

Grass lands  45 15 

* Taken from B i r n s  and Hardy, 1978. 

**  Autho r ' s  a s sessment .  

Obviously ,  a l l  sys tems ,  e x c e p t  legumes and r i c e ,  f i x  minor 

amounts o f  n i t r o g e n  a s  compared w i t h  some o t h e r  s o u r c e s  o f  i n p u t ,  

i n c l u d i n g  f e r t i l i z e r s .  

Precipitation. Nit rogen  compounds r e a c h  t h e  s o i l  s u r f a c e  

through a tmospher ic  p r e c i p i t a t i o n  and dus t , .  An assessment  made 

by Sdder land and Svensson (1976) shows t h e  g l o b a l  v a l u e s  o f  amounts 

o f  n i t r o g e n  compounds f a l l i n g  t o  t h e  l a n d  s u r f a c e :  

Ammonia: 30-50 megatonnes p e r  y e a r ,  

Ni t rogen  ox ide s :  13-30 megatonnes, 

Organic  n i t r o g e n  compounds: 10-100 megatonnes. 

The t o t a l  i s  c a l c u l a t e d  a s  be ing  between 53 t o  190 megatonnes,  

o r  on t h e  ave r age ,  between 3.6 and 12.8 kg N/ha.yr.  

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

w i t h i n  t h e s e  two v a l u e s .  There  a r e  s c a t t e r e d  d a t a  i n d i c a t i n g  t h a t  

i n  a r e a s  of  h igh  p r e c i p i t a t i o n  and o f  lower  economic development,  

N-inputs from t h e  a i r  a r e  lower t h a n  t h e  ave r age  ones .  I n  equa- 

t o r i a l  r e g i o n s ,  f o r  i n s t a n c e ,  p r e c i p i t a t i o n  b r i n g s  between 1 . 5  

and 8 kg ~ / h a . y r .  (Greenland,  1977) .  On t h e  ave r age ,  however, t h e  

v a l u e  is  11 kg N/ha.yr.  f o r  c rop l and  agroecosys tems.  



F e r t i l i z e r s .  The c u r r e n t  average amount o f  i n d u s t r i a l  n i -  

t rogenous f e r t i l i z e r  l o a d  is about  30 kg N p e r  h e c t a r e  o f  c rop land  

i n  t h e  world.  However, n i t rogenous  f e r t i l i z e r  consumption v a r i e s  

cons ide rab ly  by count ry ,  from a few hundred kilograms per  h e c t a r e  

i n  developed and dense ly  populated c o u n t r i e s  a s  The Nether lands ,  

Belgium, o r  Japan,  t o  va lues  c l o s e  t o  ze ro  i n  some developing coun- 

t r i e s .  According t o  d a t a  from t h e  FAO, from 1973-1976, t h e  de- 

veloping c o u n t r i e s  accounted f o r  29 pe rcen t  o f  t h e  world consump- 

t i o n  o f  N - f e r t i l i z e r s .  

According t o  F r i s s e l  (1977) ,  t h e r e  i s  a d i r e c t  non l inea r  

r e l a t i o n  between t h e  i n p u t  and o u t p u t  o f  n i t r o g e n  f o r  a l l  a g r i -  

c u l t u r a l  systems.  Cropping systems e x h i b i t  a p a r t i c u l a r l y  

good r e l a t i o n .  The r a t i o  of  e f f i c i e n c y  of  a system ( t h e  

o u t p u t  d iv ided  by i n p u t )  changes from 30 t o  100 pe rcen t .  More- 

ove r ,  when i n p u t  i s  below 150 kg N/ha per  y e a r ,  t h e  r a t i o  is  

about  2/3, whereas under i n p u t s  o f  more t h a n  150 kg N/ha, it i s  

about  1 /2 .  

Crop and S e e d s .  The n i t rogen  c o n t e n t  o f  c r o p s  has  a l r e a d y  

been mentioned. Seeds r e p r e s e n t  on ly  a smal l  p o r t i o n  when com- 

pared t o  t h e  h a r v e s t .  The amount o f  n i t r o g e n  removed from s o i l s  

can be  e s t ima ted  i n  t h e  fol lowing way. Given t h a t  g r a i n  produc- 

t i o n  i n  t h e  world approximates 1200 m i l l i o n  tonnes  and t h a t  n i -  

t r ogen  c o n t e n t  i n  g r a i n  i s  approximately 25 kg N per  one tonne 

of  g r a i n ,  w e  a r r i v e  a t  t h e  f i g u r e  of  30 m i l l i o n  tonnes  o f  n i t r o -  

gen. According t o  some e s t i m a t e s ,  about  80 pe rcen t  o f  food comes 

from c e r e a l  c rops .  Assuming on t h e  one hand, t h a t  o t h e r  c u l t i -  

vated produc ts  c o n t a i n  t h e  same amount o f  n i t r o g e n ,  and t h a t ,  on 

t h e  o t h e r  hand, n i t r o g e n  i s  r e tu rned  t o  t h e  s o i l  through seeds ,  

one can s t a t e  t h a t ,  on a worldwide annual  b a s i s ,  35 m i l l i o n  tonnes  

o f  n i t r o g e n  i s  removed w i t h  t h e  h a r v e s t .  Th i s  i s  about  25 kg N 

per  h e c t a r e  o f  c rop land  p e r  year .  

D e n i t r i  f i c a t  i o n .  S o i l  n i t r a t e s  can be t ransformed i n t o  o t h e r  

n i t r o g e n  ox ides  ( t h e s e  a r e  i n  a gaseous s t a t e )  o r  i n t o  molecular  

n i t r o g e n  (which i s  a l s o  a g a s ) .  These gases  a r e  t hen  r e tu rned  

t o  t h e  atmosphere. D e n i t r i f i c a t i o n  occu r s  under anaerobic  con- 

d i t i o n s  when c e r t a i n  b a c t e r i a  s p l i t  t h e  n i t r a t e  molecule. Anaero- 

b i c  c o n d i t i o n s  occu r  when t h e r e  i s  h igh  s o i l  mois ture ,  though i n  



r a t h e r  d r y  s o i l s  t h e s e  c o n d i t i o n s  a l s o  e x i s t  i n s i d e  s o i l  aggre-  

g a t e s .  Converse ly ,  a c i d  s o i l s ,  which a r e  t y p i c a l  mos t ly  i n  w e t  

r e g i o n s ,  r e d u c e  r a t e s  o f  d e n i t r i f i c a t i o n .  However, t h e  p r o c e s s  

i s  speeded w i t h  i n c r e a s e s  i n  t e m p e r a t u r e .  A s  a  r e s u l t ,  d e n i t r i -  

f i c a t i o n  t a k e s  p l a c e  mos t ly  i n  b o r e a l  and t empera te  humid r e g i o n s .  

A ve ry  rough e s t i m a t i o n  o f  R.  Sdder land  and B .  Svensson (1976) 

i n d i c a t e s  t h a t  t h e  g l o b a l  f l u x  o f  N 2 0  t o  t h e  a tmosphere  i s  be- 

tween 16 and 69 megatonnes p e r  y e a r ,  o r  1-5 kg N/ha.yr. 

When n i t r o g e n o u s  f e r t i l i z e r s  a r e  a p p l i e d ,  some p o r t i o n s  o f  

them a r e  l o s t  th rough  d e n i t r i f i c a t i o n .  M. F r i s s e l  (1977) r e p o r t e d  

d a t a  f o r  d e n i t r i f i c a t i o n  f o r  4 0  agroecosys tems,  i n c l u d i n g  a r a b l e ,  

l i v e s t o c k ,  mixed,and f o r e s t e d  a r e a s .    he v a l u e s  o f  d e n i t r i f i c a -  

t i o n  r a n g e  from 0 t o  192 kg N/ha.yr. I n  t h e  l a t t e r  c a s e ,  a  sys -  

t e m ' s  i n p u t  was a s  l a r g e  a s  783 kg N/ha. I n  a  t o t a l  o f  4 0  sys -  

t e m s ,  17 w e r e  a r a b l e .  I n  most o f  t h e  a r a b l e  sys tems ,  d e n i t r i f i -  

c a t i o n  was between 0 and 30 kg/ha, and t h r e e  o u t  o f  t h e s e  17 had 

d e n i t r i f i c a t i o n  r a t e s  o f  70 and 71 kg/ha. One o f  t h e s e  c a s e s  

was a  r i c e  sys tem (presumably w i t h  w e t  s o i l s ) ,  w h i l e  two o t h e r s  

w e r e  sys tems w i t h  v e r y  h i g h  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 ,  (namely 

319 and 346 kg/ha!. 

For  a l l  a r a b l e  sys tems ,  l o s s e s  o f  n i t r o g e n  t o  t h e  a tmosphere  

w e r e  between 3  and 30% o f  n i t r o g e n  i n p u t s .  O t h e r  a u t h o r s  es t i -  

mate t h e  l o s s  o f  n i t r o g e n  from f e r t i l i z e r s  v i a  d e n i t r i f i c a t i o n  a t  

10 t o  1 5 % .  

N i t r o u s  o x i d e  ( N 2 0 )  may have a n  e f f e c t  on t h e  ozone l a y e r  

i n  t h e  upper  s t r a t o s p h e r e  s i n c e  it e n a b l e s  ozone t o  c o n v e r t  i n t o  

oxygen, t h u s  r e d u c i n g  t h e  e f f e c t i v e n e s s  o f  t h e  s c r e e n  p r o t e c t i n g  

t h e  e a r t h  from u l t r a v i o l e t  r a d i a t i o n .  T h i s  may p o s s i b l y  b e a r  con- 

sequences  f o r  human h e a l t h  and ecosys tems.  According t o  Cru tzen  

( c i t e d  from F r i s s e l ,  1 9 7 7 ) ,  a  g l o b a l  i n c r e a s e  o f  20% i n  n i t r o u s  

o x i d e  d i s c h a r g e s  w i l l  r e d u c e  t h e  t o t a l  amount o f  ozone by 4 % .  

T h e r e f o r e ,  when t h e  u s e  o f  f e r t i l i z e r s  i n c r e a s e s ,  managing 

t h e i r  a p p l i c a t i o n  p r o p e r l y  i s  i m p o r t a n t  from t h e  g l o b a l  p o i n t  o f  

view. 

V o Z a t i Z i z a t i o n .  Ammonium i s  l o s t  from s o i l s  due  t o  i t s  t r a n s -  

f o r m a t i o n  i n t o  ammonia, a  p r o c e s s  c a l l e d  v o l a t i l i z a t i o n .  The vo l -  

a t i l i z a t i o n  o f  manure and u r i n e  from l i v e s t o c k  p r o v i d e s  a  major  



s o u r c e  o f  ammonia. On c r o p l a n d s ,  ammonium i s  l o s t  n o t  o n l y  from 

t h e  manure a p p l i e d  a s  f e r t i l i z e r ,  b u t  a l s o  from ammonia f e r t i l -  

i z e r  and t h e  u rea  which is  used.  I n  17 a r a b l e  sys tems  d i s c u s s e d  

by M. F r i s s e l  ( 1 9 7 7 ) ,  v a l u e s  o f  v o l a t i l i z a t i o n  w e r e  c l o s e  t o  z e r o  

i n  16 c a s e s ,  b u t  i n  one  c a s e  t h e  r a t e  reached  18 kg N/ha.yr. 

Corresponding v a l u e s  f o r  l i v e s t o c k  and mixed sys tems w e r e  between 

2  and 98 kg/ha, which i s  between20X and 66% o f  t h e  N-inputs .  

E r o s i o n  a n d  R u n o f f .  These components d e s e r v e  a  s p e c i a l l y  

d e t a i l e d  d i s c u s s i o n  s i n c e  t h e y  a r e ,  a long  w i t h  l e a c h i n g ,  t h e  

sou rce  o f  wa t e r  p o l l u t i o n .  Here, o n l y  ave r age  g l o b a l  v a l u e s  w i l l  

be  mentioned.  

S o i l  e r o s i o n  c a r r i e s  away mos t ly  o r g a n i c  n i t r o g e n  con t a ined  

i n  de tached  s o i l  p a r t i c l e s .  Hence, s p a t i a l  v a r i a t i o n  o f  n i t r o g e n  

t r a n s p o r t  i s  as b i g  a s  t h a t  o f  e r o s i o n ,  t h a t  i s ,  o f  a  few o r d e r s  

o f  magnitude. Global  n i t r o g e n  t r a n s p o r t  w i t h  s ed imen t s  ( E r o s . ,  

G )  can be  a s s e s s e d  i n  t h e  fo l l owing  way: 

E r o s . ,  G = S T  x S o i l ,  N x RE 

where ST i s  t h e  wor ld  sediment  t r a n s p o r t ;  S o i l ,  N i s  n i t r o g e n  

c o n t e n t  i n  t h e  upper l a y e r  o f  t h e  s o i l ;  and RE i s  t h e  enr ichment  

r a t i o  o f  n i t r o g e n  i n  sed iments .  

R iver  sediment  t r a n s p o r t  i n  t h e  wor ld  i s  between 12.7 and 

51.1 b i l l i o n  tonnes  p e r  y e a r ,  a cco rd ing  t o  t h e  e s t i m a t i o n  o f  

n i n e  d i f f e r e n t  a u t h o r s  (Kovda, 1977; Lvovi tch ,  1974 ) .  M.  

L v o v i t c h ' s  e s t i m a t i o n  (1974) o f  22 b i l l i o n  tonnes  seems t o  be t h e  

most r e l i a b l e ,  a s  it u s e s  t h e  most complete d a t a .  The average  n i -  

t r o g e n  c o n t e n t  i n  t o p s o i l  i s  t a k e n  a s  0.002 by we igh t .  The 

enr ichment  r a t i o ,  which i s  a  p r o p o r t i o n  between n i t r o g e n  c o n t e n t  

i n  sediment  and on  t o p s o i 1 , i s  between 1  and 3 .  The v a l u e  o f  t h e  

enr ichment  r a t i o  f o r  t h e  e n t i r e  wor ld  r e q u i r e s  s p e c i a l  i n v e s t i -  

g a t i o n ,  however. Then, g l o b a l  n i t r o g e n  t r a n s p o r t  w i t h  sediments  

l i e s  between 40 and 130 m i l l i o n  t onnes ,  o r  on t h e  ave r age  f o r  t h e  

e n t i r e  l a n d  s u r f a c e ,  between 3  and 10 kg N/ha p e r  y e a r .  

The t r a n s f e r  o f  d i s s o l v e d  o r g a n i c  n i t r o g e n  by r i v e r s  from 

t e r r e s t r i a l  t o  a q u a t i c  sys tems i s ,  a cco rd ing  t o  Svensson and 

Sader land  ( 1 9 7 6 ) ,  abou t  10 m i l l i o n  tonnes  p e r  y e a r .  The a u t h o r s  

s t a t e  t h a t  t h e  t r a n s f e r  o f  d i s s o l v e d  i n o r g a n i c  n i t r o g e n  (mos t ly  

n i t r a t e s )  r e aches  8  m i l l i o n  t onnes  p e r  y e a r .  



The c o n c e n t r a t i o n  o f  n i t r o g e n  i n  r uno f f  from c rop l and  i s  

u s u a l l y  between 1  and 10 mg N / 1 ,  and t h a t  from u n c u l t i v a t e d  l a n d  

is  between 0.1 and 1mgN/1. I t  y i e l d s ,  r e s p e c t i v e l y ,  from 0.1 

t o  10 kg N/ha f o r  c rop l and  and from 0.1 t o  5  kg N/ha f o r  u n c u l t i -  

va t ed  l a n d  (Con t ro l  o f  Water P o l l u t i o n  from Cropland,  1976) .  

Using 0.5 mg N / 1  a s  a  mean c o n c e n t r a t i o n  o f  n i t r o g e n  i n  r i v e r  
3  wa t e r s  and 40,000 km o f  wa t e r  a s  annua l  worldwide r u n o f f ,  one  

o b t a i n s  a  va lue  o f  20 m i l l i o n  tonnes  p e r  y e a r  f o r  d i s s o l v e d  n i -  

t r o g e n  compound t r a n s p o r t .  One would a r r i v e  a t  a  f i g u r e  ve ry  

c l o s e  t o  t h i s  i f  one  w e r e  t o  t a k e  t h e  f i g u r e  o f  5 kg/ha.yr .  a s  

t h e  y i e l d  from c rop l and  and t h e  f i g u r e  o f  1  kg/ha .yr .  f o r  uncul-  

t i v a t e d  l a n d .  Cropland and u n c u l t i v a t e d  a r e a s  cons ide r ed  on a  

worldwide b a s i s  have a n  a r e a  o f  14.3 m i l l i o n  sq.km. and 119.0 

m i l l i o n  sq.km. The r e s u l t i n g  v a l u e  would be 19 m i l l i o n  tonnes  

p e r  y e a r .  

I n  Table  5 ,  ve ry  approximate  v a l u e s  o f  t h e  components o f  

t h e  n i t r o g e n  b a l a n c e  e q u a t i o n  a r e  g iven  i n  round numbers, bo th  

f o r  worldwide l a n d  s u r f a c e  and f o r  c rop l and .  The v a l u e  o f  l e ach -  

i n g  i s  t a k e n  a s  10 p e r c e n t  o f  t h e  n i t r o g e n  i n p u t ,  s i n c e  acco rd ing  

t o  M. F r i s s e l  (1977) , l e a c h i n g ,  on t h e  ave r age ,  makes up 10% o f  

t h e  n i t r o g e n  l o a d  when it i s  less t h a n  150 kg N/ha.yr. 

A number o f  c o n c l u s i o n s  can  be  drawn from t h e s e  f i g u r e s ,  

d e s p i t e  t h e i r  approximated va lue s :  1 )  f l u x  o f  n i t r o g e n  i n  crop-  

l a n d  systems is much h i g h e r  t han  i n  n a t u r a l  ecosys tems,  2) t h e  

main s o u r c e s  o f  i n f l u x  f o r  c rop l and  sys tems a r e  n i t r o g e n  f i x a t i o n  

and f e r t i l i z a t i o n ,  3 )  t h e  major  sou rce  o f  o u t p u t  i s  s o i l  e r o s i o n ,  

4 )  l e a c h i n g  is  n o t  a  ve ry  impor t an t  component a s  compared w i t h  

some o t h e r s .  

Leaching c a n  be  r ega rded  a s  a  r e s u l t  o f  e i g h t  o t h e r  compo- 

n e n t s  o f  t h e  b a l a n c e ,  each  changing c o n s i d e r a b l y  i n  space  and 

t i m e .  The c o n t r o l  o f  l e a c h i n g  r e q u i r e s  c o n t r o l  o v e r  t h e  com- 

ponents  o f  t h e  b a l a n c e  e q u a t i o n .  The most e a s i l y  c o n t r o l l e d  

f a c t o r  i s  f e r t i l i z a t i o n .  



Table  5.  Components of  t h e  g l o b a l  n i t r o g e n  ba l ance  equa t ion .  



CLIMATIC FACTORS OF NITROGEN LEACHING 

P r o d u c t i v i t y  of  c rop  produc t ion  depends on two p r i n c i p a l  

f a c t o r s :  1 )  n a t u r a l  f e r t i l i t y  of  t h e  agroecosystem and 2 )  man's 

management of  t h e  agroecosystem wi th  h i s  t echno log ica l  means and 

concomitant  s k i l l s .  The n a t u r a l  f e r t i l i t y  o f  t h e  agroecosystem 

depends on c l i m a t i c  c o n d i t i o n s ,  t h a t  i s ,  on t h e  combination o f  

energy and water  on t h e  l a n d ' s  s u r f a c e ,  and t h e  n a t u r a l  f e r t i l i t y  

of t h e  s o i l  i t s e l f .  The n a t u r a l  f e r t i l i t y  of  t h e  s o i l  i s  i n  t u r n  

determined,  t o  a  cons ide rab le  e x t e n t ,  by c l i m a t e ,  through t h e  long- 

term i n t e r a c t i o n  of  s o i l  and v e g e t a t i o n  wi th  t h e  atmosphere. It  

i s  t h i s  i n t e r a c t i o n  which forms t h e  s o i l  p r o p e r t i e s  (humus and 

n u t r i e n t s  c o n t e n t ,  pH f a c t o r ,  sum of  absorbed c a t i o n s ,  e t c . ) .  

By s tudy ing  t h e  c l i m a t e  i n  any given a r e a ,  one can determine t h e  

s o i l  p r o p e r t i e s  t h e r e .  Thus, t o  r e i t e r a t e ,  c l i m a t i c  f a c t o r s ,  

namely t h e  combination of  energy and wa te r ,  a r e  t h e  most impor- 

t a n t  f a c t o r s  determining b a s i c  n a t u r a l  p r o d u c t i v i t y  o f  bo th  natu- 

r a l  and a g r i c u l t u r a l  ecosystems.  

F e r t i l i t y  o f  s o i l s  depends on t h e i r  g e n e t i c  type .  For ex- 

ample, y i e l d s  from va r ious  g e n e t i c  t ypes  o f  s o i l s  o f  t h e  Euro- 

pean p a r t  of  t h e  USSR a r e  shown i n  F igure  2 (Vadkovskaya, 1976) .  

A l l  k inds  o f  chernozem s o i l s  a r e  from two t o  f o u r  t i m e s  more 

f e r t i l e  t han  o t h e r  types  o f  s o i l  d i s t r i b u t e d  by f e r t i l i t y  i n  de- 

c r e a s i n g  succes s ion  t o  t h e  no r th  and sou th  from r i c h  chernozems. 

While chernozem s o i l s  occupy only 8.6% of  t h e  USSR,  9 0 %  of t h e  

g r a i n  i s  produced i n  t h i s  s o i l  type.  F igure  2 a l s o  shows t h a t  

an increment i n  y i e l d  due t o  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  i s  

h ighe r  i n  more f e r t i l e  s o i l s .  Therefore ,  bo th  t h e  n a t u r a l  f e r -  

t i l i t y  of  an agroecosystem and i t s  r e a c t i o n  t o  t h e  l e v e l  of  i n -  

t e n s i t y  o f  a g r i c u l t u r e  appa ren t ly  fol low t h e  law o f  geographic  

z o n a l i t y .  One can expect  t h a t  both  impacts of a g r i c u l t u r e  on 

t h e  environment and changes i n  impacts because o f  changes i n  

a g r i c u l t u r a l  technology should conform t o  t h e  main f e a t u r e s  of  

n a t u r a l  (geographica l )  zona t ion  a s  w e l l .  I n  p a r t i c u l a r ,  n i t r o -  

gen l each ing  should a l s o  be  desc r ibed  by t h e  zona t ion  laws.  

A l loca t ion  o f  n a t u r a l  ( l andscape)  zones on t h e  e a r t h  i s  

desc r ibed  q u i t e  w e l l  a s  a  f u n c t i o n  o f  two mean annual  c l i m a t i c  

parameters  r e p r e s e n t i n g  energy and water  c o n d i t i o n s .  The f i r s t  
2 i s  a  n e t  s o l a r  r a d i a t i o n  (3) i n  cal/cm p e r  yea r .  The second i s  
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F i g u r e  2 .  C e r e a l  Y i e l d s  v s .  Gene t i c  Types of s o i l  
and I n t e n s i t y  of A g r i c u l t u r e  - 



a r a t i o  between n e t  s o l a r  r a d i a t i o n  and t h e  amount o f  a n n u a l  pre-  
R 

c i p i t a t i o n  ( r )  e x p r e s s e d  i n  energy needed t o  e v a p o r a t e  it (-1. L r  
Here L is s p e c i f i c  l a t e n t  h e a t  o f  e v a p o r a t i o n  i n  c a l / g .  Al loca-  

t i o n  o f  n a t u r a l  l a n d s c a p e  zones a d a p t e d  from 1.1. Budyko ( 1977) is 

shown i n  F i g u r e  3 .  

The v a l u e s  o f  n i t r o g e n  l e a c h i n g  depend on a  number o f  na- 

t u r a l  f a c t o r s  where t h e  amount o f  i n f i l t r a t e d  w a t e r  seems t o  be  

q u i t e  i m p o r t a n t .  The amount o f  water i n f i l t r a t e d  below t h e  r o o t  

zone i s ,  o v e r  a  long- term a v e r a g e  f o r  a  f l a t  s u r f a c e ,  t h e  d i f f e r -  

ence  between p r e c i p i t a t i o n  and e v a p o t r a n s p i r a t i o n .  Hence, it c a n  
R b e  indexed by a  r a t i o  E. The r e l a t i o n  between n i t r o g e n  l e a c h i n g  

and n i t r o g e n  l o a d  ( f e r t i l i z e r  p l u s  manure) f o r  d i f f e r e n t  l e v e l s  
R of  - i s  shown i n  F i g u r e  4 .  Values o f  n i t r o g e n  l e a c h i n g  and n i -  

L r  
t r o g e n  l o a d  a r e  t a k e n  from F r i s s e l  ( 1 9 7 7 ) ,  B e r t i l s s a r  ( 1 9 7 8 ) ,  

Bouldin  and S e l l e c k  (1977) , J o n s t o n  and Garner  (1969)  , and K j e l l e r u p  
R (1975) . Values  of  - a r e  t a k e n  from M. Budkyo (1977) . Obviously ,  

L r  
t h e  more a r i d  t h e  p l a c e  i s ,  t h e  less n i t r a t e  is  l e a c h e d .  T h i s  

f i g u r e  can  b e  a p p l i e d  t o  n o n i r r i g a t e d  a r e a s ,  b u t  i f  t h e y  come 

under  i r r i g a t i o n ,  t h e  w a t e r  b a l a n c e  s h i f t s ' a s  though t h e y  have 

a c t u a l l y  been t r a n s f e r r e d  t o  a p l a c e  w i t h  more humid c o n d i t i o n s  
R (lesser -) . 

L r  
Not o n l y  a r e  a b s o l u t e  s p e c i f i c  v a l u e s  o f  l e a c h i n g  i m p o r t a n t ,  

b u t  a l s o  c o n c e n t r a t i o n s  o f  n i t r a t e .  To o b t a i n  c o n c e n t r a t i o n s ,  

d a t a  on i n f i l t r a t i o n  of  water below t h e  r o o t  zone i s  needed.  

I t  was assumed t h a t  b a s e  f low from a  l a r g e  area r e p r e s e n t s  t h e  

a v e r a g e  v a l u e  o f  w a t e r  l e a c h e d  below t h e  r o o t  zone. Then, d a t a  

on b a s e  f low f o r  t h e  l a n d s c a p e  zones w e r e  t a k e n  from M. Lvovich 
- 

R (1974) , and v a l u e s  o f  R and - f o r  each zone were s u p p l i e d  by 
L r  

M. Budyko (1977) . I n  t h i s  way, a  r e l a t i o n  o f  b a s e  f low from R 
R and - was o b t a i n e d  ( F i g u r e  5)  . 

L r  

POTENTIAL NITROGEN LEACHING HAZARD 

What would t h e  n i t r o g e n  l e a c h i n g  v a l u e s  b e  i f  t h e r e  w e r e  

heavy worldwide a p p l i c a t i o n  o f  n i t r o g e n o u s  f e r t i l i z e r s ?  The 

v a l u e s  o f  c o n c e n t r a t i o n  o f  n i t r a t e s  i n  l e a c h e d  w a t e r  a s  a  f u n c t i o n  
R o f  R and - were c a l c u l a t e d  f o r  d i f f e r e n t  N-loads from 50 t o  2 0 0  

L r  





kg/ha pe r  y e a r .  The concen t r a t i on  ( c )  was c a l c u l a t e d  a s  

~ e a c h i n g  c = P e r c o l a t i o n  , 

us ing  F igu res  4 and 5 t o  a r r i v e  a t  corresponding va lues .  Some 

r e s u l t s  a r e  p resen ted  i n  F igures  6  and 7 .  

The p r i n c i p a l  conc lus ions  drawn from t h e  c a l c u l a t i o n s  a r e :  

1 )  There a r e  two landscape zones where t h e  hazard  of n i t r a t e  

l each ing  i s  expected t o  be  high ( F i g . 6 ) .  These zones a r e  

t h e  con i f e rous  f o r e s t s  and t h e  d r y  s teppes / semideser t s  , 
both  o f  which a r e  s i t u a t e d  i n  a r e a s  w i th  temperate  c l i m a t e .  

The zones o f  con i f e rous  and deciduous f o r e s t s  i nc lude  t h e  

c o u n t r i e s  o f  Northern and C e n t r a l  Europe. The l e v e l  o f  

n i t rogenous  f e r t i l i z e r  a p p l i c a t i o n  h e r e  i s  a l r e a d y  about .  

1 0 0  kg N/ha . y r .  Thus, t h e  conc lus ion  f o r  t h i s  p a r t  of  

t h e  world (based on Fig .  6) confirms t h e  a c t u a l  s i t u a t i o n ,  

wherein n i t r o g e n  p o l l u t i o n  i s  widespread throughout Western 

Europe. 

2 )  A zone where t h e  hazard of  n i t r a t e  p o l l u t i o n  i s  expected 

t o  be lower i s  t h a t  of  l i g h t  t r o p i c a l  f o r e s t  and wooded 

savanna (F ig .  6 ) .  Hence, one might expec t  l e s s  problems 

wi th  n i t r a t e  p o l l u t i o n  i n  many developing c o u n t r i e s  si- 

t u a t e d  i n  such zones, when and i f  t h e  l e v e l  o f  n i t rogenous  

f e r t i l i z e r  a p p l i c a t i o n  becomes s o  h igh .  

3 )  The c o n c e n t r a t i o n  of n i t r a t e s  i n  leached wate r  depends 

d i r e c t l y  on t h e  N-load and t h e  va lue  o f  t h e  a r i d i t y  in -  

dex - Moreover, i n  temperate  l a t i t u d e s ,  t h e  growth of L r  ' 
t h e  n i t r a t e  concen t r a t i on  is  more pronounced than  i n  t r o -  

p i c a l  l a t i t u d e s  (F ig .  7 ) .  Again, it can be s a i d  t h a t  

under t h e  same, b u t  h igh n i t r o g e n  loads ,  more problems 

with  n i t r a t e  p o l l u t i o n  a r e  expected i n  a r e a s  wi th  tem- 

p e r a t e  c l i m a t e s .  
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Figure  4 .  R e l a t i o n  o f  N-Leaching w i t h i n  N-Load - 
K and A r i d i t y  Index 



F i g u r e  5 .  Base R i v e r  Flow, The World P i c t u r e ,  i n  mm/year 



F i g u r e  6 .  N i t rogen  C o n c e n t r a t i o n  i n  Leached Water 
Under N/Load = 1 0 0  kgN/ha, i n  mg/l 
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F i g u r e  7 .  Nit rogen  C o n c e n t r a t i o n  i n  Leached Water 
Depending on  N-Load and C l i m a t e  
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