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This paper presents the results of the Dutch moni-
toring program for agriculture in the clay regions
for the period 1996–2000 and evaluates the moni-
toring strategy. A wide range of farms (25 to 85%)
had a NO3

–-N concentration in tile drainwater
higher than the EU standard of 11.3 mg/l. The low
figure is related to wet winters; the high, to dry
winters. Arable farms are more prone to NO3

–

leaching than dairy farms. On arable farms, about
25% of the N surplus leached to groundwater and
tile drainwater, on dairy farms this was about 15%.
N in tile drainwater has shown to be the best indi-
cator for monitoring the effects of farming prac-
tice changes in the clay regions. The average NO3

–

-N concentration in tile drainwater was 18.8 and
3.2 mg/l in borehole water on farms where both
were monitored. It is known that N use has a rela-
tionship with NO3

– in tile drainwater and not with
NH4

+ and organic N. The presented results indi-
cate that crop rotation and precipitation strongly
influence NO3

– concentration in tile drainwater.

KEY WORDS: groundwater quality, clay regions, nitrate,
ammonium, total nitrogen, Kjeldahl-nitrogen, tile drains, farm
practices, nitrogen surpluses, nitrate leaching

DOMAINS: agronomy, soil systems, environmental sci-
ences, environmental chemistry, environmental manage-
ment and policy, environmental monitoring
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EXPERIMENTAL METHODS

The Clay Regions
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RESULTS AND DISCUSSION

Farm Practices
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TABLE 1
Number of Farms in Tile Drain and Borehole Water

(Between Brackets) Subprogram per Combination of
Farm Type and Clay Region (30 Farms Participated in both Programs)

Clay Areas

Farm type North Polders South River Total

Arable 7 (5) 11 (7) 14 (8) 0 (0) 32 (20)
Dairy 13 (12) 7 (5) 7 (3) 6 (20) 33 (40)
Mixed 3 (0) 1 (0) 0 (0) 0 (0) 4 (0)
Total 23 (17) 19 (12) 21(11) 6 (20) 69 (60)
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TABLE 2
Average N Account (kg/ha of Farmland, with Respect to the Year Prior to Sampling)

for Arable, Dairy, and Mixed Farms on Marine and River Clay in the Netherlands for both the
Borehole Water Subprogram (1996–1997) and Tile Drainwater Subprogram (1996–2000)1

Borehole Subprogram Tile Drain Subprogram

Arable Dairy Dairy Arable Dairy Mixed Dairy
Marine Marine River Marine Marine Marine River

Artificial fertilizer 185 (38) 323 (84) 245 (64) 170 (47) 281(102) 210 (54) 221 (49)

Manure 88 (65) 1 (5) 41 (42) 103 (82) 5 (13) 0 (0) 7 (17)

Fodder 7 (22) 109 (50) 134 (70) 0 (7) 110 (58) 17 (41) 127 (71)

Other2 48 (6) 53 (15) 84 (58) 52 (24) 61 (30) 111(140) 141 (70)

Input 328 (82) 486(112) 504(113) 327(100) 461(130) 338(128) 498 (115)

Agricultural products 127 (21) 86 (19) 85 (21) 126 (31) 93 (29) 130 (93) 115 (24)

Manure 0 (0) 9 (12) 9 (24) 0 (0) 14 (25) 0 (0) 14 (25)

Output 127 (7) 94 (21) 93 (45) 126 (31) 107 (46) 130 (93) 129 (39)

Surplus 201 (84) 392(102) 411 (80) 201 (96) 350(104) 208 (96) 364 (99)

1 Values in parentheses show standard deviation.
2 Mainly atmospheric deposition, further some mineralization and binding of nitrogen.
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TABLE 3
N Concentration (mg/l) in Borehole Water (1996–1997) and Tile Drainwater (1996–2000)

on Arable, Dairy, and Mixed Farms in Marine and River Clay Regions in the Netherlands1

Borehole Subprogram Tile Drain Subprogram

Arable Dairy Dairy Arable Dairy Mixed Dairy
Marine Marine River Marine Marine Marine River

Number of farms 20 20 20 32 27 4 6

Nitrate-N 4.1a 4.5a 5.4a 12.7b 9.9b 6.9ab 14.5b

Ammonium-N 2.4a 3.3a 1.3a 0.59a 1.1a 1.1a 0.44a

Organic-N — 1.1a — 1.4a 1.9b 1.9ab 2.2b

1 Non-matching letter within row show significant differences in concentration.

��������� �(��)���
�����
 ������
����������*���������
���������
��
������
���
��������
+���	��������



7

Fraters et al.: Nitrogen Leaching and Evaluation of Dutch Minerals Policy TheScientificWorld (2001) 1

������	���� �
� �����	������ ������� ���	���	�������	���� ��	������
&����������	����������%����������	��������$���
���5������
	
�
���
	��������������&�	�
���	���������������	���	�����&������
������������������	������
���
	����
	���%�	������	��
���	��
��������������������������	�

$��������	�����&�������	
������������
�
�
����	���
��


����������	������	��������������	��	��	�����%�����������$��	��
�
	�����	��������������&�	�
��	
����������
���������������	����
�����������&�	�
���	�����
������	���?���������8�������	�������	
��	���2������������	���������
���������2�������	������8������������	�
�����G����
����
���

Relationship Between NO3
– in Tile

Drainwater and Flow Rate at Sampling

D��������	����%�����
�	�����
�����������
����&���������
��	������
���������
���������

�
�
����	���
�����������	�������	���������

	
����(����������
����������)��$�������
�������������������
�


����	���
��� ��	� ��	��� ��	� 	
���� �	�� ���	��� ������	� �

�
�����������%�	������$��	��
	�������	����������	
�������	���
������	������	
��
�����	���������
���	
�������&���������
���%�

�����������
���

+����	�����&���������
�������������������
�
�
����	��

��
��������
�����������%�	�����
�������	������	���(����	
����)
����
�������	����	
�����(������	��)��	���������&�������������0���-�
������81���9��������	������%����

Effects of Precipitation on NO3
– in Tile

Drainwater

���
�
�
����	���
��������	�����������������	
�����	��
����	�(���

<����2)��=
����	���
�������  -7�  !�(��
&�	��  -7D�	����  !)
��	�����������������������  !7�   �������
������4���	
�
�������
�����������������
������%�	����
������	��������
�77�����	��	�����

TABLE 5
Estimated Variance Components1 for NO3

– in Tile Drainwater on Farms in the
Clay Regions of the Netherlands for 1996–2000 for all Farms and per Farm Type

Farm Type
Source All Arable Dairy Dairy

Marine Marine River River

Between farms 445ac –72a 447ac 371abc

Between years 371abc 234abd 565ac 546abc

Interaction of combination of farm and years 579a 491abd 574a 934abc

Between drains on a farm 447a 287b 427a 1923b

Between drains on a farm within a year 1056b 1648c 1061b 546c

Between rounds on a farm within a year 295c 381b 153c 513c

Residual variance 502a 661a 461a 541c

1 Non-matching letter within columns shows significant differences in variance components.

TABLE 4
Farm Average Soil and Drainage Characteristic (Fraction of Acreage) of Arable,

Dairy, and Mixed Farms in Marine and River Clay Regions in the Netherlands

Borehole Subprogram Tile Drain Subprogram

Arable Dairy Dairy Arable Dairy Mixed Dairy
Marine Marine River Marine Marine Marine River

Soil type

sand 0.05 0.07 0.01 0.05 0.06 0.22 —

clay 0.95 0.92 0.99 0.95 0.83 0.75 1.00

peat — 0.01 — — 0.11 0.03 —

Drainage class

Imperfect 0.10 0.18 0.36 0.09 0.26 0.11 0.45

Moderate 0.76 0.75 0.59 0.84 0.70 0.89 0.52

Good 0.14 0.07 0.05 0.07 0.05 — 0.03
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