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Summary 

On cropped arable land the nitrate content of drainwater shows a distinct maximum 
in spring (March-May) and a minimum in autumn (November). On grassland it is 
more constant during the year, except when nitrogen is applied in autumn or winter 
(liquid manure, stable dung, liquid ammonia). In such cases the situation is the same 
as in cropped arable land. These fluctuations of the nitrate content of drainwater 
make it necessary to collect samples of the drainwater periodically during the whole 
year. In this way an average content of 1-2 mg per 1 was found for grassland, and 
of 4-10 mg per 1 for cropped arable land depending on the clay content (particles 
< 16 fim) of the soil. 
From lysimeter experiments it is found that on cropped arable land (350 mm drain-
water per year) and from a soil profile of 100-125 cm with a clay content of 35 % 
or more, little nitrogen is lost by leaching neither as mineralized nor as applied nitro­
gen. On sandy soils (0-10 °/o clay), however, about 60 kg N per ha can be lost yearly, 
while also 20 % of the applied fertilizer nitrogen is leached out of the profile. 
On grassland leaching losses depend on the time of application of the nitrogen. A 
better distribution of the applied nitrogen during the growth season than on arable 
land and the high rate of nitrogen uptake by the grass reduce strongly the losses of 
applied nitrogen during the period March-June, even on sandy soils. Later on the 
losses can rise to a maximum of 40 °/o of the nitrogen applied in November. 

Introduction 

The assessment of the yearly nitrate losses with drainage is a very complex problem. 
It depends on the amount and time of drainwater production but also on the nitrate 
content of the soil. The latter is the resultant of the amount of nitrogen mineralized 
by the soil, the nitrogen applied, the amount taken up by the crop and losses by 
leaching and denitrification. 
Only when rainy periods, with a high drainwater production, coincide with high ni­
trate concentrations in the soil, losses of nitrates in drainwater are likely to be large. 
The vertical transport of nitrate from the upper layers to the drains, however, re­
quires some time. Therefore, the increase in nitrate losses with water might appear 
when the wet period has ended. The leaching of nitrate from a layer with a high 
concentration on the surface of the soil after fertilization proceeds as a descending 
displacement of a 'concentration wave' in the profile. This vertical concentration 
wave will be found also in the drainwater, when this is sampled periodically. As the 
mean waterflow due to another distribution pattern of soil pores is much slower in 
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a heavy clay soil than in a light sandy soil, leaching in the former is much less than 
in the sandy soil. 
Overlooking the problem the conclusion can be that an incidental sampling of drain-
water never can serve for the assessment of the mean nitrate concentration in the 
drainwater. Long-term experiments with frequent drainwater sampling are indispen­
sable for that purpose. But accepting only experiments answering this requirement, 
there remain very few cases in the Netherlands which can be used. They are compiled 
in Table 1 and consist of two lysimeter trials on grassland (Kolenbrander, 1969) and 
one on arable land (Maschhaupt, 1941), and two drainage trials on arable land (Hudig 
and Welt, 1911; Engelhardt, 1935; Maschhaupt, 1941). 

Nitrate content of drainwater in the Netherlands 

The average nitrate content of drainwater during the year of the experiments men­
tioned above is drafted in Fig. 1. From this figure it becomes apparent that on heavy 
clay grassland (Experiment 1, unpublished results from the Rottegatspolder), with an 
application of fertilizer nitrogen (3 X 50 kg N per ha) during the growth season 
only, the nitrate content of the drainwater is low (about 1 mg per 1), and remains 
practically constant during the whole year. When, however, the nitrogen is also ap­
plied during the winter, as in Experiment 2 on a light sandy soil (Woldendorp et al., 
1965), an increase of the nitrate content is evident beginning in November and reach­
ing a maximum in March. During the summer the nitrate concentration here also is 
very low and very similar to that in Experiment 1 on heavy clay soil. 
In the Netherlands large amounts of nitrogen are generally applied as liquid manure 
on grassland in autumn and winter. Part of this nitrogen is oxidized to nitrate in 
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autumn, and about 50 % of it is lost by leaching during autumn and winter. This 
situation can be considered normal on sandy soils. 
On arable land a similar curve is found (Maschhaupt, 1941), but the mean concen­
tration level is higher than on grassland. The top in spring is caused by mineraliza­
tion, nitrification and leaching during autumn and winter of organic residues remain­
ing in the soil after harvesting the crop. 
The mean nitrate concentration of drainwater from cropped arable land being higher 
than that from grassland is brought about by the application of nitrogen at once and 
at a high rate in spring, while the velocity of the uptake of the nitrogen by the crop 
on arable land is lower. Experiment 4 (Engelhardt, 1935 ; Maschhaupt, 1941) main­
tained over two consecutive years shows that the concentration in the same soil can 
considerably differ from year to year. 
The conclusion from these experiments is that in practice on cropped arable land and 
grassland the highest concentration of nitrate in the drainwater can be expected from 
March to May, the lowest in the period June-November. The mean nitrate content 
over the whole year will be higher on cropped arable land than on grassland. The 
number of experiments is, however, too small for a quantitative estimation of the 
mean yearly nitrate level in drainwater from arable land and grassland with different 
clay contents. 

Nitrogen losses bij leaching in cropped arable land 

The number of experiments in which the nitrogen losses by leaching have been deter­
mined is small in the Netherlands (Table 1). To obtain information it was decided 
to include also lysimeter results from other countries in this consideration. Fig. 2 

N , k g / h a / y e a r  
6 0 r  

Fig. 2 Relation between nitrogen losses 
I I I I I I by leaching and drainwater production 

100 200 300 400 500 600 on cropped arable lysimeters (depth of 
drainwater p rod uc 11 on, m m /ye ar the lysimeters 100-125 cm) 
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demonstrates the relation between the amount of nitrogen lost yearly by leaching and 
the amount of drainwater produced. These results are derived from studies by Lyon 
and Bizzell (1921), Gerlach (1926), Lyon et al. (1930), Maschhaupt (1941), Oedelien 
and Vidme (1945), Oedelien and Uhlen (1952), Reyes et al. (1961) and Pfaff (1963), 
and represent 'arable' lysimeters, cropped during 5-15 years, with a depth varying 
from 100 to 125 cm. 
The influence of the nitrogen applied and of the heaviness of the soil on these leach­
ing losses can now be determined. Therefore we must, for the sake of easy calcula­
tion, start from the assumption that the relation between yearly drainwater production 
and nitrogen loss in a lysimeter is linear. So all lines pass through the orgin. Fig. 3 
shows that this assumption is supported until 600 mm drainwater by the data of the 
Maschhaupt lysimeter. As the average yearly drainwater production in the Maschhaupt 
lysimeter (Experiment 3, Table 1) was 362 mm, we have for all further consider­
ations recalculated all losses to a drainwater production of 350 mm per year on crop­
ped arable land. From Fig. 2 it becomes evident that also at the same drainwater 
production (350 mm per year) the nitrogen losses of the different lysimeters are 
showing a considerable fluctuation, ranging from 5 to 80 kg N/ha per year, with a 
mean annual loss of about 40 kg per ha. This great fluctuation is caused by dif­
ferences in soil texture and nitrogen fertilization. 
As the drainage of 350 mm yearly is produced mainly in winter, we can make a 
comparison with experiments of van der Paauw (1963a, b). In his investigation he 
found also a value of about 40 kg N per ha for the mean difference in available 
nitrogen between dry and wet winters in different field trials with a clay content 

N ,  k g / h a / y e a r  

0 100 200 300 400 500 600 700 Fig. 3 Relation between the 
drainwater production,nnm/year yearly drainwater production 

X  f a l l o w  a r a b l e  l a n d  and ™»°gen Joss by leaching 
in the Maschhaupt lysimeter 

- • cropped arable land (curve 3 in Fig. 1) 
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(< 16 /im) ranging from 0 to 50 °/o. In these experiments a winter was called wet 
when more than 250 mm rain had fallen from November to February, while after 
such a winter the mineral-nitrogen content of the soil is very small. Under our climatic 
conditions drainwater production in this period will be equal to rainfall. 

E f f e c t  o f  s o i l  t e x t u r e  o n  l e a c h i n g  l o s s e s  o f  a p p l i e d  n i t r o g e n  
Fig. 4 shows the relation between amount of nitrogen applied and nitrogen lost by 
leaching (350 mm drainwater) for different lysimeters with soils of different clay 
contents (particles < 16 am). These data are taken from Gerlach (1926), Oedelien 
and Vidme (1945), Reyes et al. (1961), and Pfaff (1963). 
Fig. 5 is derived from Fig. 4 and shows the relation between the clay content (< 16 um) 
of the soil and the percentage of the applied nitrogen lost by leaching at different 
levels of nitrogen fertilization. This figure shows that the yearly nitrogen losses from 
fertilizer nitrogen generally are small in soils with a clay content (< 16 ;«m) of more 
than 25-30 °/o-

E f f e c t  o f  s o i l  t e x t u r e  o n  n i t r o g e n  l o s s e s  b y  l e a c h i n g  o n  u n m a n u r e d  s o i l s  
In the above we discussed the effect of leaching on applied fertilizer nitrogen. But 

N - l e a c h e d ,  k g / h a / y e a r  %  < 1 6  

1 I I L 
0 20 AO 60 8 0  1 0 0  1 2 0  1 4 0  

N _  a p p l i e d , k g /  h a / y e a r  

Fig. 4 Relation between N-
applied and N-leached on 
cropped arable lysimeters with 
different heaviness of the soil, 
calculated for the standard­
ized average drainwater pro­
duction of 350 mm per year 
(depth lysimeters 100—110 cm) 

linear extrapolation 
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°/o N-leached 
4 0  r  

Fig.5 Nitrogen losses (in %) by leach­
ing of the applied nitrogen fertilizer as 
a function of heaviness of the soil (350 
mm drainwater, depth lysimeters 100— 
110 cm) 

10 20 30 40 50 
h e a v i n e s s  o f  t  h e  s o i  I ,  " / o d  6 ^ u  

also the unmanured soil looses nitrogen by leaching. Fig. 6 shows the relation be­
tween soil texture and nitrogen losses by leaching on unmanured soils (at 350 mm 
drainwater per year and about 2 % organic matter). 
The results of the experiments on cropped arable land in the Netherlands are in 
good agreement with these foreign results, in spite of the fact that the Dutch experi­
ments were fertilized with nitrogen. The fertilizer level and the texture of the soil, 

N -  I  e a c h e d ,  
k g / h a / y e a r  

.0 10 20 30 40 50 60 70 
h e a v i n e s s  o f  t h e  s o i l  % > d 6 / j  

•  I y s i m e t e r  e x p e r i m e n t s  
^ - d r a i n a g e  f i e l d  t  r i a l . U  i  t  h  u i z e r m e e d e n  
X  d r a  i n a g e  f i e l d  t  r i a l ,  N  i e u  w  -  B e e r t a  
A  l y s i m e t e r  M a s c h h a u p t  

Fig. 6 Relation between heaviness of soil and nitrogen leached from cropped arable lysimeters with 
2 % organic matter in the soil and without nitrogen fertilization (drainwater production 350 mm 
per year) 
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however, are such that, according to Fig. 5, practically no nitrogen losses are to be 
expected after fertilization, and consequently these cases are comparable with un-
manured objects. 
The small leaching losses from fertilized and unfertilized clay soils in contrast to 
those on light soils are caused by the slow water movement in those profiles with a 
high percentage of water-filled small pores (Kolenbrander, 1969). On the other hand 
a great number of small pores filled with water will increase the anaerobic conditions 
in the profile and stimulate losses by denitrification, which result in smaller leaching 
losses. 

E f f e c t  o f  o r g a n i c  m a t t e r  o n  n i t r o g e n  l o s s e s  b y  l e a c h i n g  
As amount and nature of the organic matter have an important effect on the quan­
tity of nitrogen mineralized in soil, it must be assumed that nitrogen loss by leaching 
is affected by the humus content. No comparable experiment with varying organic 
matter content neither in our own work nor in the literature could be found, how­
ever, to test this supposition. 

Nitrogen losses by leaching on grassland 

There are less lysimeter experiments with grassland than with arable cropping. This 
makes it difficult to study the different factors influencing the losses by leaching on 
grassland. 
Fig. 7, derived from the results of Lyon et al. (1930), Morgan and Jacobson (1942), 
Geering (1943), Bizzell (1944), Greenland (1959), Drover (1963), and Pfaff (1963), 
demonstrates that losses by leaching on unmanured grassland are small, as could be 
anticipated owing to the low level of mineral-nitrogen content throughout the year 
on unmanured grassland. The influence of the amount of rainfall also could not be 
spectacular. Even the effect of manuring is small, at least when manuring is restricted 
to the growth season and spread over several applications as usual in practice. Under 
these conditions with the average Dutch annual rate of 180 kg N per ha applied in 
3-4 dressings, mineral nitrogen in the soil is kept low, while the velocity of nitrogen 

N  _  l e a  c  h e d ,  
k g / h a / y e a r  
6 0 r  

0 200 400 600 

N  -  a p p l i e d :  
•  0  k g / h a / y e a r  
X 250 kg /ha/year 

800 1000 1200 
r a  i  n f a  1 1 , m  m  /  y e a r  

Fig. 7 Relation between rainfall and 
nitrogen losses by leaching in grassland 
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K l  -  I  o  s s , ° /o  

5 0 I— 

Fig. 8 Nitrogen losses by 
leaching in percents of the fer­
tilizer nitrogen applied during 
the year in grassland on a 
sandy soil 

I I I J  I  I  I  I  I  I  I  
U 5 6 7 9  1 0  1 1 1 2  1  2  3  U  5  

t i m e  o f  a  p p l  i  c  a  t i o n . m  o n t  h  

uptake in the herbage is high, and — as the average rainfall in the Netherlands is 
about 750 mm per year — the annual loss by leaching from grassland can be esti­
mated at 9 kg N per ha. 
Nitrogen applied during autumn and winter is much more liable to leaching than 
that applied in spring and summer due to more rainfall and a slower uptake by the 
herbage. In Fig. 8 the leaching losses found in our experiments with grassland on a 
sandy soil are a clear example of this rule. Nearly 40 °/o of the nitrogen applied in 
autumn (1 November) proved to be lost, while there was no loss at all in spring. 
In analogy with arable land these losses will be smaller on heavy soils. 
Normally the dressing with fertilizer nitrogen is restricted to the growth season, but 
in the Netherlands much nitrogen is applied in autumn and winter as liquid and 
stable manure. During the autumn and mild winters part of this ammonia nitrogen 
is nitrified and lost by leaching in our wet winters. The effect of this autumn dress­
ing is consequently about half that applied in spring. 

Conclusions 

1. The nitrate content of drainwater can fluctuate considerably during the year and 
from soil to soil, on arable land as well as on grassland. For an estimation of 
a correct average value periodical sampling will be necessary. 

2. On soils with 35 °/o or more clay (particles < 16 «m) not much nitrogen is lost 
due to leaching from a profile of 100-125 cm. This holds for fertilizer nitrogen 
and for nitrate formed by mineralization. 

3. Owing to the higher leaching losses on light soils the nitrate content of the drain-
water will be higher on sandy soils than on heavy soils, at the same drainwater 
production. 
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4. On grassland the nitrate content in the drainwater is very low (about 1-2 mg 
per 1) except when nitrogen is applied during autumn and winter. 
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