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IMPACT OF FERTILIZERS ON THE QUALITY OF GROUND WATER MONITORING 
I N  FIELD EXPERIMENT CONDITIONS 

J. STIBRAL and J. VRBA 
Stavebnf geologie, Praha ( Czechoslovakia 1 

ABSTRACT 
On the  Bohemian-Moravian Highlands a t e s t  was carr ied out  i n  the  

period 1977 - 1979 on an area o f  30.5 ha of  arable  land which have 
been sown three  times i n  succession w i t h  spring barley t o  invest igate  
the  re la t ionship  between the  quantity of applied f e r t i l i z e r ,  t he  ce- 
r e a l  y ie ld  and ground water qual i ty .  

A close re la t ionship  has been proved among the  n i t r a t e  contents 
o f  ground water and the  quantity,  manner, s o r t  and frequency o f  ap- 
p l ied  f e r t i l i z e r s .  The importance o f  d ivis ion o f  the  nitrogen fer-  
t i l i z e r  doses i n t o  three  appl icat ions was s ta ted  f r o m  the standpoint 
o f  qua l i t a t ive  ground water protection, t he  optimal r e su l t  being 
achieved when t h e  f irst  dose had been applied a t  sowing time i n  the  
f o r m  o f  ammonium sulphate. Excessive f e r t i l i z e r  doses gave r i s e  not 
only t o  high n i t r a t e  waste in to  ground water but  a lso t o  a reduction 
o f  s o r t s  and quant i t ies  of  macroorganisms i n  the  s o i l .  The invest i -  
gat ion is  continuing w i t h  pa r t i cu la r  emphasis on nitrogen d i s t r i b u -  
t i o n  i n  the  unsaturated zone when changing agr icu l tura l  crops i n  the  
usual sowing regime. 

INTRODUCTION 
Owing t o  the  appl icat ion o f  constantly increasing quant i t ies  o f  

f e r t i l i z e r s  i n  a rab le  land, ground water non-point pol lut ion has 
become a world wide problem. There i s  a poss ib i l i t y  o f  ecological 
hazard of the  subsurface water mass, t he  r e s t i t u t i o n  of  which evi- 
dently would not be immediate and what i s  more it could cause soc ia l  
and economic consequences f o r  a long time t o  come. 

qua l i ty  has become the  subject of  invest igat ion and of subsequent 
p rac t i ca l  measures i n  only few countries. Investigations carried 

Up t o  now, the impact o f  ag r i cu l tu ra l  a c t i v i t i e s  on ground water 
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out on extensive experimental a g r i c u l t u r a l  a r e a s  a r e  an important 
con t r ibu t ion  t o  t h e  s o l u t i o n  o f  such a demanding t a s k  which may be 
simply c a l l e d  "optimal production of d i g e s t i b l e  albumens from a rab le  
land with minimal impact on ground water". 

RESULTS 
Geological, pedological and hydrogeological c h a r a c t e r i s t i c s  

marked from I t o  VII and t h e  p l o t s  separated from each o the r  by 25 m 
wide u n f e r t i l i z e d  s t r i p s  ( Fig. 1. >. The a l t i t u d e  above sea l e v e l  i: 
from 490 t o  520 m, t h e  n a t u r a l  su r f ace  d e c l i n a t i o n  f r o m  3 t o  5%. 
The a rea  i s  marked wi th  considerably d i f f e r i n g  p r e c i p i t a t i o n  and 
temperature between t h e  winter  and summer periods.  

The basement is  geo log ica l ly  formed by monotonous s e r i e s  o f  mol-  
danubic c r y s t a l l i n i c  of t h e  Bohemian Massive ( b i o t i c  paragneiss 1, 
weathered except ional ly  up t o  10 m i n  depth. Weathered ma te r i a l  may 
be designated as p a r t i a l l y  replaced sandy-clay eluvium. 

Soi ls .  The o r i g i n  of t h e  brown ac id  s o i l s  was g e n e t i c a l l y  a f f ec -  
t e d  by gne i s s  weathering under r e l a t i v e l y  higher  p r e c i p i t a t i o n  and 
lower temperature. The s o i l  t h i ckness  v a r i e s  f r o m  30 t o  1 2 0  cm wi th  
an expressive low percentage o f  c l ay  f r a c t i o n  ( low water cohesity > 
and with a high percentage of sand f r a c t i o n s  ( / h i g h e r  permeabili ty 1. 
The so rp t ion  capaci ty  of t h e  c u l t i v a t e d  l a y e r  v a r i e s  f r o m  17.4 t o  
18.1% and drops t o  from 7.6 t o  11.9% towards the  basement. The so rp -  
t i o n  s a t u r a t i o n  ( 77.9 t o  38.2 and s o i l  a c i d i t y  ( 6.9 t o  4.0% > 
i n  t h e  s o i l  p r o f i l e  goes down i n  a s i m i l a r  way. The s o i l  gene ra l ly  
has l i t t l e  capaci ty  o f  n u t r i e n t  binding on the bio-organic-mineral 
complex. 

Hydrogeologically, t h e  a rea  i s  uncomplicated. There i s  a sha l low 
a q u i f e r  with f r e e  water l e v e l  i n  t h e  e luv io -d i luv ia l  depos i t s .  I n  
accordance with t h e i r  thickness ,  t h e  water l e v e l  v a r i e s  from 1.0 t o  
6.8 m under t h e  surface.  The t e s t  f i e l d  i s  s i t u a t e d  between t h e  l o -  
c a l  watershed l i n e  and t h e  edge o f  t h e  erosive base o f ' t h e  l o c a l  ri- 
ver. It obtains  i t s  moisture s o l e l y  f r o m  t h e  t o t a l  r e g i s t e r e d  preci-  
p i t a t i o n  on t h i s  f i e l d .  The water l e v e l  g rad ien t  goes f r o m  SE t o  NW. 
The hydraul ic  g rad ien t  I v a r i e s  f r o m  5.6 . 10'~ t o  8.9 . 
t r ansmiss iv i ty  T v a r i e s  from 1.5 . t o  4.6 . m2.sec-l, 
k v a r i e s  from 2.5 . t o  10.5 . m.sec-'. 

The i n v e s t i g a t i o n  a r e a  covering 30.5 ha was divided i n t o  7 p l o t s  

t h e  
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Fig. 1. Scheme o f  t h e  t es t  f i e l d  

Relationship between r a i n f a l l  und run-off 
P r e c i p i t a t i o n  i s  predominantly during t h e  vegetat ion season when 

i ts  d i s t r i b u t i o n  was monitored i n  d e t a i l  and the quant i ty  of storm 
p r e c i p i t a t i o n  was evaluated, t o o  ( Table 1 >. The year  1977 was ex- 
tremely r i c h  i n  prec ip i ta t ion .  The d i f fe rence  between 1978 and 1979 
i n  p r e c i p i t a t i o n  i s  without s ign i f icance  ( 2.7 mm 1, but t h e  d i f fe -  
rence i n  barley y i e l d s  i n  the  same period is remarkable. Reduction 



TABLE 1 

Monthlv DreciDitation t o t a l s  ( mm i n  vegetation seasons 1977 - 1979 
Veg e t  a t  i on Year Months 

1977 
1978 

IV V VI VII VIII IX X season t o t a l  
39.9 74.3 118.5 149.5 61.9 29.8 519.4 

436 3 
1979 51- 3 31.8 116.3 83.2 41.7 88.2 21.1 433.6 

45.5 
34.2 67.2 31-3 87-  4 103.5 64.0 48.7 

TABLE 2 

Rainfal l  and run-off data 

log ica l  per mit  t a t i o n  trans- t o t a l  base sub- surf ace kg/ha/year 
year ( m m )  p i ra t ion  surface 

Precipi- Evapo- S p e c i f i c  r u n  - o f f  N f low i n  Hydro- R u - O f f  

( m m )  
568 50 215.50 19.30 129.74 66.46 

43.70 
35: 3 

70: 3 

4.10 
o*6$ 60.0# 

78 4 
100 72.50 27.50 9.1 

- 3.10 2- 3% 
l/sec/km2 170:;g 74-85 

- 6.83 - l/sE/km2 
O! /o 

481.25 97.75 17.28 73.27 7.20 
22.70 mm 579 - 1978 

f 100 83.10 1 6  90 
385.20 280.82 50- 46 154.00 76 36 

44.80 
2* 4$ 

- 8.90 1.60 4.88 
mm 666 - 1979 

l / s  e c /km 
B 100 57.80 42.20 18. Odc 54.8# 27.2 

x = 76 o f  t he  t o t a l  run-off - hydrological data  ( re f .  1 
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i n  y i e l d s  i n  1979 ( 1 . 2  t /ha was evident ly  due t o  unfavourable 
d i s t r i b u t i o n  of p r e c i p i t a t i o n  i n  May and i n  t h e  first half  of June 
( l e s s  t hen  50% of 1978 ) and due t o  higher  temperature i n  t h e  same 
per iod ( p lus  1.3 t o  2.4OC ). The r e l a t i o n s h i p  between r a i n f a l l  and 
run-off o f  t h e  t e s t  f i e l d  may be found i n  t a b l e  2. 

Test  arrangement 

whole f i e l d  ( a n  a g r i c u l t u r a l  cooperative was responsible  for 
sowing, f e r t i l i z e r  app l i ca t ion ,  ha rves t ,  ploughing and for other  
a g r i c u l t u r a l  a c t i v i t i e s .  The i n v e s t i g a t i n g  team d i r e c t e d  and con- 
t r o l l e d  t h e  a c t i v i t i e s  o f  t h e  cooperative and a t  t h e  same time car- 
r i e d  out i t s  own inves t iga t ions .  

F i r s t  of a l l ,  on t h e  whole t e s t  f i e l d  19 t e s t  wel ls  were d r i l l e d  
and f i l l e d  by screens ( 2 - 3 wel l s  on each p l o t  1, of  a diameter 
of 95 mm, made of  polyethylene,  t h e  lower 5 m par t  being perforated.  
Each t e s t  we l l  was equipped wi th  a hand pump. The working cyl inder  
wi th  p i s t o n  was s i t u a t e d  a t  a depth of 7.5 m. An observation tube 
of 1" diameter was l a i d  on t h e  we l l  wa l l  t o  measure ground water 
l e v e l .  P l o t  VII was meliorated.  A limnigraph wi th  a Thomson weir 
and a s o i l  loss tank were s i t u a t e d  a t  t h e  drainage head. A f i e l d  
l abora to ry  was s e t  up a t  t h e  s i t e  of t h e  experiment. 

Spring bar ley ( Favor i t  was sown i n  t h r e e  consecutive years.  
From t h e  a g r i c u l t u r a l  s tandpoint ,  t h e  t e s t  f i e l d  was included i n  
t h e  cereal-potato s o i l  type.  The sor t s  o f  f e r t i l i z e r  employed f o r  
t h e  t e s t  and q u a n t i t i e s ,  manner and a p p l i c a t i o n  t ime m a y  be found 
on t a b l e  3 .  The dose o f  70 kg N i n  pure n u t r i e n t s  per  ha was f ixed  
as bas i c ,  when 1 4 0  kg N/ha i s  the  dose for simulation o f  excessive 
f e r t i l i z i n g .  Superphosphate ( 300 kg/ha ) was employed f o r  phosphate 
f e r t i l i z i n g  and potash for K f e r t i l i z i n g  ( 48 kg K i n  pure n u t r i e n t s  
pe r  ha 1. 

The tes t  was c a r r i e d  out i n  1977 - 1979. The p r o p r i e t o r  of t h e  

Data monit orirvl ,  

20 t imes a yea r  f o r  a complete chemical ana lys i s  w i t h  more frequent 
sampling during t h e  vegetat ion period. 

P r e c i p i t a t i o n  - sampling f o r  chemical ana lys i s  s e v e r a l  times du- 
ring t h e  season ( normal p r e c i p i t a t i o n  and s t o r m s  1. 

Surface and subsurface water - sampled for chemical ana lys i s  20 
t imes a year  a t  drainage head and i n  adjacent  r i v e r .  

Ground water ( wells ,  drainage, sp r ings  ) were sampled a l toge the r  
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TABLE 3 
Summary o f  p l o t s  I - V I I  and employed f e r t i l i z e r  sorts, doses and 
appl icat ion 
Plot  Fe r t i l i ze r  s o r t  All-year Three appl icat ions i n  a l l  
N r  . doses o f  cases : a t  

kg N/ha 
I 
I1 
I1 
I V  

Ammonium sulphate 
Ammonium sulphate 

I Ammonium n i t r a t e  + Ca 
Ammonium n i t r a t e  + C a  

V Combination o f  ammo- 
nium sulphate, ammo- 
nium n i t r a t e  + Ca 
As i n  case o f  p lo t  V 2 ~ )  Ammonium n i t r a t e  + Ca 

sowing, t i l l e r i n g ,  shooting 
sowing, t i l l e r i n g ,  shooting 
sowing, t i l l e r i n g ,  shooting 
sowing, t i l l e r i n g ,  shooting 
sowing! t i l l e r i n g ,  by plane 
a t  earing 

a s  !n case o f  p l o t  V 
140 70 sowing, t i l l e r i n g ,  shooting 

x )  Meliorated p l o t  

The s o i l  was sampled 20 times a year, each t i m e  one day before 
water sampling. Chemical analysis  ( leachate 1, microaedaphon analy- 
sis ( t o t a l  number, microorganism a c t i v i t y  and dynamics 1, macroaeda- 
phon analysis  ( with pa r t i cu la r  regard t o  Lumbricus species and 
catalaze analysis  were carr ied out .  

Plants - t o t a l  quant i ta t ive  analysis  o f  biogenic elements i n  
p lan ts  including t o t a l  nitrogen. I n  barley, phenometry and phenology 
( growth and development monitoring 1, exact y ie ld  determination 
separately f r o m  each p l o t ,  segetal  vegetation analysis .  

c ip i t a t ion  a t  a spec ia l  meteorological s t a t i o n  b u i l t  d i r ec t ly  on 
the  f i e ld .  

Climatological measurements - complex measurements including pre- 

Ni t ra te  natural  background i n  landscape with minimal ag r i cu l tu ra l  
pol lut ion 

The n i t r a t e  na tura l  background o f  the  investigated area was con- 
t r o l l e d  by a t e s t  well s i tua ted  a t  the  edge o f  an extensive fores t .  
The well was f i l l e d  by a screen i n  a manner analogical with the  welle 
on the t e s t  f i e l d .  The N O j  content during the vegetation season was 
3 . 4  t o  5.3 mg/l .  

Orientation balance o f  nitrogen migration 

balance items o f  t he  nitrogen small c i rcu la t ion  cycle i n  one year 
w i t h  pa r t i cu la r  regard t o  nitrogen losses  i n  ground water. 

The or ig ina l  na tura l  landscape ecosystem kept the  nitrogen in- 
crease and decrease i n  equilibrium which may be expressed a s  follows: 

One goal of  t he  f i e l d  t e s t  was t o  co l lec t  data f o r  the  individual 
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I. N + N + N = N + N + N  
from f r o m  f ixa t ion  vege- deni t r i -  i n to  
precipi-  organic + n i t r i -  t a t i o n  f i c a t i o n  water 
t a t i o n  mass f i c a t i  on 

nitrogen increase = nitrogen decrease 

For fur ther  calculat ions which were concerned with the  brown type 
s o i l  and first y ie ld  without addi t ions1 nitrogen Yer t i l i za t ion ,  the 
quant i ty  o f  nitrogen taken f r o m  the s o i l  reserves was determined as  
88 kg which corresponds t o  a y ie ld  o f  2.2 t/ha. This value was s e t  
according t o  ag r i cu l tu ra l  invest igat ion r e s u l t s  i n  t h i s  area ( ref .  
2 1 and t o  a s t a t i s t i c a l  s t u d y  of  cerea l  y ie lds  o f  ag r i cu l tu ra l  COO- 

perat  ives. 

f o l l o w s  : 

11. 8 8 k g N  = N + N + N - N - N - N 

Superiority o f  nitrogen increase over losses  may be expressed as  

f rom f rom f ixa-  weeds deni- losses  
preci-  orga- t i o n  trifi- i n t o  
pi ta-  n i c  + ni- cat ion water 
t i o n  mass trif.  

I n  fur ther  years,  a f t e r  the addi t ion o f  70 kg N i n  pure nutr ients  
per ha, we get  the  l e f t  hand s ide  of  the  equation : 

88 kg + 70 kg = 158 kg N. 

Individual balance equation items may be expreesed by values o f  
kg N/ha as f o l l o w s  : 

111. 158 kg N = 1 5  kg N + 30 kg N + 189 kg N + 10 kg N - 
a t  y ie ld  from pre- cca 1% f r o m  macro- f ixa t ion  
0 3.4 t/ha c i p i t .  of s o i l  and micro- + n i t r i -  

s t  orage aedaphon f i c a t  i on 
1 2 3 4a + 4b 5 

600 mm 

- x k g N  - 3 7 k g N  - 8 k g N  - 8 k g N  
from deni- losses  i n t o  i n t o  surface in to  weeds 
t r i f i c .  groundwater water 

6 7 8 9 

158 = 244 - x - 53 x = 33 

Deni t r i f ica t ion  processes can be quantified a s  33 kg N/ha. 

Explanatory notes t o  individual balance equation items : 

1 - About 79 kg N a year get  i n to  crops a t  a yield o f  3.4 t/ha. Thus 
the  avai lable  nut r ien ts  a r e  being b u i l t  i n to  crops with about 
50"? efficiency. Nutrient contents were determined i n  laborato' 
r i e s .  

2 - 15 kg N a re  transported in to  the  s o i l  by 600 mm o f  precipi ta t ion.  
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Relation NO3 : NH4 = 1 : 1. One hectare area i s  supplied by 
storm prec ip i ta t ion  with N concentration double o f  normal one. 

3 - 30 kg N represent 2% o f  humus quantity on average from arable  
s o i l  layer  up t o  depth o f  25 cm, determined i n  laborator ies .  
Arable s o i l  spec i f ic  weight 1.5. Proper leachate determined by 
guess ( order o f  magnitude >. 

4a- Macroaedaphon - 50 kg N from earthworms and t h e i r  excrements and 
80 kg N from other aedaphon on an average, i.e. a t o t a l  o f  130 
kg N. Macroaedaphon values s ta ted  by weighing, laboratory analy- 
sis and qual i f ied guess. 

4b- Microaedaphon - t o t a l  quantity 59 kg N. Data on microaedaphon 
correspond t o  guess o f  order of magnitude, the  l i f e  period o f  
bacter ia  and actinomyceta being very s h o r t  ( about 80 generations 
i n  a vegetation period >. Up t o  now, it has been d i f f i cu l t  t o  
monitor the microorganism share which became f o o d  f o r  other de- 
s t ruents  and zoo-predators and the  quantity of  microorganisms 
accessible t o  p lant  r o o t s  with possible losses  i n t o  ground water. 
Each year i n  May, the April quantity of  s o i l  biomass increases 
by about 100%. I n  June, the nut r ien t  materials su i tab le  f o r  micro- 
organisms being depleted, they begin t o  decrease t o  A p r i l  values 
approximately. The difference between May and June may be taken 
a s  a sum which supplies s o i l  w i t h  nitrogen a f t e r  microorganism 
mineralization ( 1 t o  3 weeks >. Nitrogen forms about 10% o f  
the weight o f  microorganisms. After the  onset o f  f r o s t  ( December 
and January > comes microorganism mass ext inct ion and a f t e r  mine- 
r a l i za t ion  t h e i r  nitrogen may be considered one o f  the  causes of  
nitrogen maximal wash ou t  i n t o  ground water a t  the spring thaw. 
Macroaedaphon analysis  and microaedaphon t e s t ing  were carr ied out 
by the microbiological laboratory o f  the Technical University of  
Agriculture i n  Prague. 

5 - Due t o  s o i l  sandiness the a i r  nitrogen main f ixa to r  Azotobacter 
Chroococcum f ixes  0.5 kg N/ha only. Amylobacter and other f ixa to r  
f ixa t ion  i s  therefore  evaluated very low. In  s p i t e  of  many deter- 
minations and t e s t s  t he  resu l t ing  sum of f i xa t ion  and n i t r i f i c a -  
t i o n  has been s ta ted  by qual i f ied guess only. 

puted value o f  33 kg N i s  of  course influenced by the sum o f  er- 
rors o f  individual balance items. 

analyses i n  wells on the  individual s p o t s ,  i n  temporary springs 

6 - I n  the equation, den i t r i f i ca t ion  i s  taken t o  be unknown. The com- 

7 - Nitrogen losses  i n t o  ground water were s ta ted by regular  chemical 
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and from t h e  adjacent Trnavka r i v e r .  The unsaturated zone was 
not  monitored f o r  any p a r t i c u l a r  purpose. For information only, 
the run-off f r o m  drainage heads was used f o r  ana lys i s .  It con- 
t a i n s  127 mg N 0 3 / 1  on an average. 

8 - Nitrogen l o s s e s  i n t o  sur face  water. The run-off f r o m  t h e  t e s t  
a r e a  i s  minimal and ni t rogen l o s s e s  were quant i f ied  by guess. 
I n  t h e  watershed where t h e  t e s t  a rea  l i e s  t h e  losses  were moni- 
t ored prec ise ly .  

up t o  t h e  time o f  herbicide employment ( between t h e  second and 
t h i r d  p a i r  o f  proper leaves 1. 

9 - The weed vegetat ion was monitored a s  t o  i t s  quant i ty  and types 

DISCUSSION OF RESULTS 
~ 

On f i g s .  2. and 3. and on t a b l e s  4 and 5, t h e  r e l a t i o n s h i p  among 
n i t rogen  f e r t i l i z i n g ,  y i e l d s  and ground water po l lu t ion  may be seen. 
The best r e s u l t s  were obtained on p l o t  V. The t e s t  car r ied  o u t  on 
p l o t  V I  proved t h a t  a f u r t h e r  c e r e a l  y i e l d  increase ( 255 > i s  pos- 
s i b l e  by f e r t i l i z i n g  i n t e n s i t y  e leva t ion  ( 100% b u t  a t  t h e  ccs t  
of high pol lu t ion  o f  ground water ( NO3 contents having r i s e n  by 
22007 >. Greatly excessive f e r t i l i z a t i o n  may be found on p l o t  I V  
which had an appl ica t ion  o f  140  kg N/ha i n  t h e  form o f  calcium am- 
monium n i t r a t e .  With t h i s  f e r t i l i z e r  dose the  y i e l d  decreases t o  
97.6% and t h e  ground water p o l l u t i o n  rap id ly  r i s e s  t o  171.6 mg NO3 
per  l i t e r .  Th i s  r e s u l t  i s  not favourable f o r  a g r i c u l t u r e  and ne i ther  
f o r  water economy. 

TABLE 4 
N - N O  average concentrations i n  mg/l i n  ground water o f  individual  

F e r t i l i z e r  non-veg. veget. non-veg. veget. non-veg. veget. 

3 
p l o t s  

0 1977 0 1978 0 1979 
70  kg N i n  AS 33.6 37.1 40.6 38.7 45.4 52.0 61.3 61.6 61.9 
70  kg N i n  CAN 40.7 47.7 54.7 55.7 46.6 37.5 47.1 50.7 54.3 
70 kg N comb. 23.2 20.4 17.6 14.5 18.9 24.2 3.3.1 39.9 46.6 

140  kg N i n  AS 27.7 43.8 59.8 59.8 53.9 47.9 78.3 72.7 67.0 
140  kg N i n  CAN 55.8 65.4 74.9 63.6 54.9 46.2 52.0 45.1 38.2 

AS = Ammonium Sul h a t e  CAN = Calcium Ammonium N i t r a t e  
comb. = AS ( 1/3 7 + CAN ( 2/3 > 

140  kg N comb. 42.2 54.4 66.5 63.4 68.9 74.3 75.5 79.3 83.0 

A balance equation for t h e  dose of  140 kg N/ha cannot be s e t  up, 
because t h e  l i n e a r  r e l a t i o n s  between f e r t i l i z e r  increase  and y ie ld  
increase  a r e  no l ong  val id .  
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TABLE 5 
NO3 and N average wash-out i n  r e l a t i o n  t o  bar ley y i e l d s  
1 ha sur face  70 kg N i n  pure 140 kg N i n  pure 

n u t r i e n t s  n u t r i e n t s  
NO3 mg/l contents  0 39.7 O 57.7 
i n  ground water 
N mg/l contents  9 1 3  
i n  ground water 
crops i n  tons/ha O 3-40 O 3.32 

Macroaedaphon r e a c t i o n  t o  d i f f e r e n t  doses o f  f e r t i l i z e r s  ( 70 and 
140 kg N/ha was remarkable. A t  lower f e r t i l i z e r  doses ni t rogen 
suppl ies  der ive even from macroaedaphon bodies and excrements, on an 
average 130 kg/ha. However because of excessive f e r t i l i z a t i o n ,  n i t ro-  
gen supply of t h i s  o r i g i n  decreases t o  91 kg/ha. It means t h a t  doub- 
l e d  a r t i f i c i a l  n i t rogen  doses appl ied a t  economic expense t o  t h e  
f i e l d  causes t h a t  the n a t u r a l  n i t rogen  supply f r o m  macroaedaphon de- 
c reases  by one t h i r d .  

A n  elevated n i t rogen  dose inf luences t h e  microaedaphon o f  indivi-  
dua l  s o r t s  but excessive f e r t i l i z a t i o n  does not inf luence negatively 
t h e  sum of ni t rogen due t o  t h e  capaci ty  of microaedaphon t o  replace 
t h e  e x t i n c t  populations by other  s o r t s .  

Some inaccuracies  i n  severa l  items of t h e  balance equation f o r  
n i t rogen  migration and weather change inf luences i n  1977 - 1979 have 
r a t h e r  more genera l ly  than i n  d e t a i l  permitted : 

1. t o  detemine t h e  n i t rogen  balance and migration i n  vegetat ion - 
- s o i l  - ground water system 

2. t o  express t h e  degree of ground water P o l l u t i o n  wi th  regard t o  
t h e  quant i ty ,  s o r t ,  manner and frequency of employed f e r t i l i z e r s .  

CONCLUSIONS 
I n  harmony w i t h  t h e  r e s u l t s  o f  d i f f e r e n t  authors ( r e f s .  3 - 5 

increas ing  ground water p o l l u t i o n  by n i t r a t e s ,  above a l l  on a reas  
used f o r  c u l t f v a t i o n  o f  c e r e a l s  has been proved. A t  the  same time, 
t h e  r e l a t i o n s h i p  between t h e  degree o f  ground water p o l l u t i o n  and 
t h e  quant i ty  of employed f e r t i l i z e r s  i s  evident. Within t h e  frame o f  
the  inves t iga t ions ,  hydrochemical, geobotanical and other  aspects  
have been s tudied and t h e  r e s u l t s  have been elaborated i n  d e t a i l  
i n  o ther  repor t s .  

monitoring i n  unsaturated zone and f i e l d  t e s t s  w i t h  model employment 
( one-dimensional v e r t i c a l  model have been added. Simultaneously 
a g r i c u l t u r a l  p l a n t  a l t e r n a t i o n  within t h e  current  sowing regime has 

The i n v e s t i g a t i o n  i s  t o  continue up t o  1984. Nitrogen d i s t r i b u t i o n  
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been introduced.  
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