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Introduction

Drainage of overwetted agricultural lands became before long an essential component of agronomy in humid, subhumid and transitional climates. Recently, however, the drainage has also been recognised as a factor which, allegedly, exacerbates harmful effects of floods, deprives the landscape of moisture and accelerates the leaching of nutrients and pollutants from the soil. A specific feature of drainage systems in countries of Central and Eastern Europe (such as the Czech Republic) is that most of them were build on a large scale and under a massive support of the state. Because of that, some potentially valuable wetland sites were drained and destroyed, while, on the other hand, drainage was frequently built on the lands which had not been waterlogged. The result is an intensively drained agricultural landscape (in the Czech Republic, about 30 % of the total arable land area is tile-drained). Another important phenomenon with hydrological significance is the decline of intensity of agriculture which has occurred in Central and Eastern Europe over the last decade. The fertiliser application rates and numbers of domestic animals fell down drastically and some lands (some of them drained) have been set aside or converted from arable land into grassland or forest. Generally perceived is the lack of reliable criteria allowing to judge whether or not a site is economically and environmentally suitable for such a conversion. The combination of hyperintensive land drainage with the far-reaching land use changes leads to hydrological and environmental consequences which are difficult to predict and quantify. Therefore, the hydrological role of drainage systems in interaction with land use changes and other factors is significant and deserves to be studied quantitatively.

Catchment characteristics

The paper reports about results from five experimental catchments, situated in foothill zones of various Bohemian highlands. Table 1 presents an overview of basic catchment characteristics. All catchments are small (few km2). Their land use is prevailingly agricultural (mainly arable land, intermingled with segments of grassland and forest). Forest, however, prevails in the Cerhovicky potok catchment, where also the arable land has recently been largely set aside, and can be therefore regarded as grassland. (This particular experimental catchment had reached farther downstream in the past, comprising larger proportions of arable lands. However, this downstream part became a highway construction site in 1994-1995 and was lost for further research.) Dolsky potok and Kotelsky potok are twin catchments of elongated shape lying side by side. Texturally, the soils in all catchments vary between loamy sand and clayey loam, being distinctly heavier in the Cerhovicky potok catchment. The soils are prevailingly underlain by acid crystalline (igneous or metamorphic) rocks with low permeability. The tile-drained fields occupy about 15 to 40 % of the total area of the catchments.

Table 1 Basic characteristics of experimental catchments

Name of catchment:
Cerhovicky

potok
Cernici
Dolsky

potok
Kopaninsky

tok
Kotelsky

potok

Average latitude
49o 51' E
49o 37' N
49o 47' N
49o 28' N
49o 47' N

Average longitude
13o 50' E
15o 04' E
15o 59' E
15o 17' E
15o 59' E

Altitude (m)
390 - 572
460 - 561
456 - 676
467 - 578
438 - 663

Area (km2)
7.31
1.42
4.63
6.64
3.75

% arable land
18 %
65 %
68 %
52 %
76 %

% grassland
22 % +)
14 %
7 %
14 %
10 %

% forest
61 %
19 %
1 %
30 %
3 %

Average annual

precipitation (mm) *)
617

Holoubkov

1901-50
722

Cechtice

1961-95 **)
764

Hamry

1901-50
665

Humpolec

1901-50
764

Hamry

1901-50

Average annual air

temperature (oC) *)
7.5

Jince

1901-50
7.5

Cechtice

1961-95 **)
6.3

Hlinsko

1901-50
7.0 

Humpolec

1901-50
6.3

Hlinsko

1901-50

parent rock
schist
paragneiss
phyllite
paragneiss
phyllite

+) Including the set-aside land.

*) According to weather station and period indicated.

**) The years 1968, 1971, 1986-1990 are missing.

Water quantity

The drainage runoff and its contribution to the total runoff in small streams have to be studied both by deterministic and stochastic means. The probability-of-exceedance curves of instantaneous or average daily tile-drainage runoff typically consist of three parts. The first part, at low or zero discharges, corresponds to the situation when the drains are (or are not) in contact with a permanent aquifer. The second part comprises the cases when the soil profile itself is being drained, while in the third part the discharges are limited from above by the hydraulic capacity of the drainage system. In the range of medium discharges, the rate of decline of the discharge depends on the discharge itself in an approximately linear manner and can be physically interpreted.
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Fig. 1 Probability-of-exceedance curve of average daily drainage runoff from two differently located drainage systems. Cernici catchment, 1994-1999, See the text for details.

Fig. 1 shows typical examples of the probability-of-exceedance curves for small drainage systems. The system S1 (0.605 ha) is located in the valley and collect hypodermic flow from surrounding slopes, while S2 (1.815 ha) drains a wetland (the discharge zone of an aquifer) lying uphill.

Water quality

The results of water quality measurements show that the runoff from tile drainage typically reveals high concentration of nitrate as long as the overlying fields or the lands in the recharge zone of the drained aquifer are ploughed. This is because the ploughed lands must inevitably be left without vegetation over a certain part of the year (in autumn, winter and/or spring) and the inorganic soil nitrogen, supplied by mineralisation of organic matter, is easily leached out from the topsoil rather than taken up by the plants. Water in surface streams of agricultural catchments also contains relatively high amounts of nitrate. Some results indicate that this is caused by high proportion of ploughed land in the catchments rather than by high proportion of drained lands. In other words, the perched groundwater over the weathered crystalline bedrock receives the nitrate quickly from the topsoil and transmits the load into the stream baseflow, without much opportunity for denitrification and with an efficiency and speed not much behind those displayed by the tile-drainage runoff. The concentration of other soluble forms of nutrients (NO2-, NH4+, PO43+) in drain water as well as in stream water is significant but lies, in most cases, below the limits which apply to the streams to be used as drinking water supplies. Water emerging as springs often appears, in the catchments studied, in upper or middle parts of slopes. Its underground circulation through weathered and fissured zones of the crystalline bedrock is also short but its time of residence is longer than that of the drainage water or of the perched groundwater. Moreover, its recharge zones, difficult to delineate, mostly lie under forest and grassland. Both these factors contribute to lower concentrations of nitrate in spring water, in comparison with drain water, perched groundwater and stream water (see Table 2).

Table 2  NO3- concentration (mg NO3-/litre) in drainage runoff and in springs, Kopaninský tok

Runoff from
Tile drainage outlets
Springs

Sampling site
P4.1
P6
P7
P8
T1
P1
P5.1

Land use
arable
arable/

/forest
grassland/forest
forest

Maximum
142
77
43
47
37
22
25

Minimum
3
17
9
12
8
3
6

Average
60
50
26
28
24
17
11

95 % quantil
94
74
38
43
36
21
19

Quality class (Czech standard

CSN 757221)
V
V
IV
IV
IV
III
III

The decline of fertiliser application rates in 1990's resulted in reduced but still relatively high concentrations of pollutants in drainage water. This reduction occurred with about a 5-year delay after the decrease of fertiliser application rates. 

Conclusions

Strictly speaking, the results discussed above are only valid for small agricultural catchments in the foothill zone of Bohemian highlands. Extrapolations to other conditions should be made with caution.

It appears that the contribution of drainage to flood runoff may be significant but varies considerably, depending on local conditions (soil permeability, size and other parameters of the drainage system, hydrogeology, etc.) and the nature of the flood generating event. The maximum specific drainage runoff rates after extreme rain or snowmelt events seldom (once over several years) exceed 3 litre.s-1.hectare-1. The cases when a drainage system drains a discharge zone of an aquifer are harmful for water balance of the landscape because the water drained away cannot be used by vegetation on the spot.

The available results also lead to a conclusion that the desirable goal, i.e., the reduction of nutrient load received from the topsoil leachate by streams, drinking water reservoirs and, finally, seas can be achieved (and is indeed being gradually achieved) by a combination of the following measures:

- reduction of fertiliser application rates,

- reduction of ploughed land areas in mountainous and foothill regions, i.e., conversion of ploughed land into grassland and forest,

- retardation of drainage runoff from drainage systems, in order to reduce the peak flow rates as well as the total runoff volumes and to extend the residence times, by inserting small weirs and valves into existing drains and canals.

The research into quantification of these aspects continues.
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