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Preface

Scandinavian Association of Agricultural Scientists (NJF.) Section VIII, Agricultural
Water Management in cooperation with NJF. Section XI, Natural Resources and
Environment arranged in 18-20 October 1994 a seminar on the subject Agrohydrology
and Nutrient Balances.

The seminar themes focused on water flow processes and how to manage nutrient
transport in the soil profile, in the field and in the landscape. In the first theme,
"evapotranspiration and transport processes in soil”, there were seven papers presented.
Three of the papers discussed evaporation during different seasons and from different
crops and the rest concerned flow processes in the soil profile as it was governed by
soil structure. The second theme, "water management in the field - natural variations,
waler and nutrient management”, was a forum for discussions about processes of
nitrogen leaching, effects of irrigation and drainage and how precipitation and runoff
affects erosion. Ten papers were presented in this session. The third theme concerned
"water balances in the watershed - natural variations, water and nutrient management. In
this session were seven papers presented. Discussions focused on different techniques
to reduce nitrogen and phosphorous losses by using buffer zones and constructed
wetlands. In a poster session were twelwe posters presented.

The seminar was attended by 57 participants from ail Nordic and Baltic countries; 8
from Denmark, 5 from Estonia, 11 from Finland, 1 from Iceland, 1 from Latvia, 2 from
Lithuania, 10 from Norway and 19 from Sweden.

On the behalf of the organizers, I would like to thank all participants and speakers
that contributed to the seminar with excellent presentations and active discussions.

Ragnar Persson

Seminar secretary
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Elisabet Lewan

Dep. Soil Sciences

Box 7072

S-750 07 Uppsala, Sweden

Evaporation and discharge from cropped and bare soil during winter.

Question;
Which are the differences between cropped and bare soils during winter in evaporation and
discharge?

Background.:

- Generally evaporation from a surface is determined by the amount of available energy and
the efficiency by which vapour is transported away. Cropped and bare soils may have
different albedo and different roughness, which influence the amount of available energy for
evaporation and the transport of water vapour.

- Evaporation from different systems is also governed by other specific propertics of the
systems, Evaporation from bare soil is governed by the availability of water at the soil
surface which is mainly regulated by soil hydraulic properties. Evaporation from cropped soil
is regulated by factors influencing water uptake by roots, transpiration of water through
stomata and evaporation of intercepted water.

Aim of the study:
- To investigate to what extent measured discharge from cropped and bare tile-drained field
plots could reveal differences in evaporation from cropped and bare soil during winter,

- To interpret any identified differences using a physically based simulation model.

Conclusions:

- Total annuval discharge showed a large degree of inconsistent variation between field plots
within the same year and treatment, whereas the discharge dynamics showed more consistent
differences between treatments.

- Both measurements and simulations showed that evaporation was higher from cropped soil
than from bare soil during early autumn when potential evaporation was relatively high.

- By contrast, during periods with lower temperatures and frequent precipitation, evaporation
from bare soil was as high or, for limited periods, exceeded that form cropped soil.

- According to the simulations the annual discharge from the system with cropped soil during
winter was 30-40 mm less than that with bare soil. This constituted about 10-15% of the
annual discharge.

Referens: Lewan E. 1993, Evaporation and Discharge from arable land with cropped or bare soils during
winter. Measurements and Simulations. Agricultural and Forest Meterorology 64:131-159.
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Finn Plauborg

Danish Institute of Plant and Soti Science
Dept. of Land Use, Research Centre Foulum
P.O.Box 23, DK-8830 Tiele, Denmark

EVAPORATION FROM BARE SOIL

Background

In a humid environment evaporation from bare soil accounts for a major part of the total
evapotranspiration, especially in spring and fall when the crop cover is scarce. Quantification
of the evaporation from bare soil and the water content in the very upper soil layers are
important in relation to a number of aspects: soil biological processes, farm management and
modelling of the atmosphere. Numerous studies of evaporation have been conducted in
controlled environments during several decades. These studies have documented significant
effects of soil types, soil tillage and potential evaporation level, e.g., for a sandy loam Olesen
(1970) found up to 68 % reduction in accumulated evaporation in differently tilled soil
compared to untilled soil. Simple models have often been applied in these studies to describe
the measured evaporation. Comprehensive field studies and modelling of evaporation have
been conducted during the last two decades, especially in arid environments, and recently,
also in humid areas (Berge, 1986; Plauborg, 1994c). The results and conclusions presented in
this abstract are extracted from Plauborg (1994ab and ¢).

Results and conclusions

Evaporation from a bare loamy sand was measured with micro-lysimeters and showed in
two periods an almost linear relationship with time in the falling rate stage of evaporation.
Several simple models were tested, but only one of the models could be calibrated to describe
the measured evaporation. Preliminary results show a quite good agreement between
measured evaporation and evaporation calculated from a comprehensive, physically based
model.

Perspectives

The mechanisms controlling the evaporation at the scil surface are interrelated in a complex
system which is still not well understood. The influence of soil aggregation and aggregate
stability, affected by soil tillage, seem to be just one of several challenges to be included in
future modelling of evaporation from bare soil.
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Figure 1. The process of soil water evaporation (from Heinonen, 19835).
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EVAPOTRANSPIRATION FROM AGRICULTURAL CROPS

In 1955 measurement of agroclimate were initiated at The Climate and Water Balance
Station, Hejbakkegard, Tastrup. Besides parameters as temperature, humidity, wind speed
and precipitation, normally observed at meteorological stations, the measurements includes
radiation balance components, evaporation from free water surface and potential eva-
potranspiration from short grass.

Actual evapotranspiration E, plays an important role in the water and energy balance
of the earth surface. E, from different fields crops have been measured in the growing season
(April-October), mainly in the period 1969 to 1980, In order to evaluate the climatical effect
on E, the Dalsy model was used to simulate E, for a 30 year normal period.

Dalsy is a mathematical model for snnulatxon of crop production, and soil water and
nitrogen dynamics in crop production at various agricultural management practices and
strategies, (Hansen ef af. 1990, 1991). The hydrological processes considered include snow
accumulation and melting, interception of precipitation by the crop canopy, evaporation from
crop and soil surfaces, infiltration, water uptake by plant roots, transpiration and vertical
movement of water in the soil profile. E, is based on a climatical determed potential
evapotranspiration, the availability of water, and crop production and canopy development
from emergency 1o harvest, described in terms of temperature sum and solar radiation.

E, was simulated for four crops: Grass, Winter Wheat, Spring Barley and Beet, and
two soils: Sand and Loam, for the period 19641993, The soils are defined by one set of
retention and hydraulic conductivity curves for the soil profile. Maximum root zone capacity
anct root depth for Sand was 130 mm (pF 1.7—4.2) and 60 cm, and for Loam 185 mam (p¥
2.0—4.2y and 90 cm.

Meteorological input are daily values of solar radiation, air temperature, precipitation
P and potential evapotranspiration EP, calculated according to the Penman equation with
radiation data for short grass. Annual mean of P is 603 mm, ranging from 415 to 742 mm.
For EP it is 578 mm, ranging from 486 to 649 mm. From april to august monthly mean of
potential net precipitation (P-EP) is negative.

Mean annual E, simulated for the four crops were of the same size, a result too found
in actual field measurement. For Sand E, varied from 358 mm (Barley) to 372 mm (Grass),
for Loam from 441 mm (Beet) to 468 mm (Wheat). Lowest E, found in 1976 was 245 mm
(Sand) and 345 mm (Loam). Highest &, was approx. 420 mm and 500 mm for the two soils.
The standard deviation of £, was highest for crops on Sand soil. For Sand E, from Barley
and Beet was allays lower than Grass, up to 40 mm. For Loam only Wheat L, was higher
than Grass, up to 50 mm.

Mean monthly E, from Beet reached for both soils maximum in fuly and were higher
than E, from the other crops in the rest of its growing season. In generally E, for all crops
and both soils followed the development of leaf area index. Daily E, in years with low P and
normally high EP showed in the growing season a strong dependency of the availability of
s0il water in the root zone.
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TRANSPORT OF WATER AND SOLUTES IN THE UNSATURATED ZONE

fn order to optimize crop production and at the same time minimize nutrient
losses, or to predict environmental impact from different fand use, it 1s important to
both measure and model transport of water and solutes in the unsaturated zone.

For simulation of water transport one needs the knowledge of water content vs
matric potential for the different layers of the soil. This relation (the water rentention
curve, WRC) is determined in the faboratory or in the field. Although beeing a well
established procedure it is quite time consuming to determine the WRC. The
hydraulic conductivity for the soil as a function ol either water content or pressure
head is also needed. Experimental determination of this parameter ts tedious, and no
routine in applied research. Water retentton and hydraulic conductivity could also be
predicted from grain size and bulk density data. Predicted data are of course not as
accurate as experimental data.

Matric potential is measured by tenstometers, which could be equipped with
clectrical  fransducers connected to a data logger. One main problem with
tenstometers is thewr sensitivily to {reezing. The standard method for measurement of
water content in the field is the use of neutron probe. Although robust and reliable
this method requires persone! on spot for all measurements. For some years it has
been possible to measure water content by the TDR-method. The use of multiplexing
and automated evaluation makes it possible to "continuously” and easily monttor the
water content in soil profiles also under freezing conditions. The use of clectrical
measurements of both matric potential and water content makes it possible to
measure in remote locations, and continuously register extreme events when they do
ocecur, It is also possible to obtain on line information by connecting the logger or
TDR-unit via 2 modem and a telephone line {or mobile phone) to a PC at the office.

The transport of solutes is more complicated to get information on. Sampling of
water for analysis is both time consuming and costly. In addition precipitation and
rapid changes of water content in soil influences mobilization of poliutants. The time
of sampling is important to detect events of potentially high leaching. When
modelling solute transport the dispersion parameters of the soil must be determined,
which is not a trivial task. Generalized information on dispersion parameters of soils
are comparatively scarce. In addition to the difficulties recognized above comes the
spatial variability of the different soil parameters as well as the mfluence of
preferential flow paths and macropore {low. This will however be dealt with in other
sessions of this meeting.

One study on the influence on dispersion parameters from sotl characteristics
and different water contents has been performed and will briefly be presented .

21



Nicholas Jarvis
Dept. Soil Sciences, Swedish Univ. of Agric. Sciences
P.0O. Box 7072, 5-750 07 Uppsala, Sweden

PREFERENTIAL FLOW IN A SANDY SOIL

Soil structural features or macropores (e.g. cracks, worm channels, root holes)
can cause rapid non-equilibrium or ‘preferential’ flow of water and solutes. This
macropore flow may be especially significant in structured clays, where the soil
matrix is relatively impermeable. Preferential flow also occurs in coarse-textured
sandy soils, but for different physical reasons such as heterogeneity (e.g. textural
lenses, soil layering), hysteresis and hydrophobicity. This paper presents some
preliminary results of plot tracer experiments carried out in a layered sandy soil in
Halland, Sweden, to investigate and quantify the impact of preferential flow pathways
on solute transport.

Materials and Methods

The field site consists of two tile-drained (7 m spacing, 90 cm depth) plots, each
0.09 ha in size. Drain flow is continuously measured by tipping buckets connected to
dataloggers. Flow proportional drainage water samples are collected for water quality
analyses. In addition, 20 ceramic suction cup samplers installed in the plots at two
depths (50 and 90 cm) are sampled weekly. Potassium bromide was applied to the
plots in September 1992 at a rate equivalent to 1.68 g Br m™. Bromide concentrations
in soil and drainage water were then measured during the following 16 months, until
concentrations fell below the detection limit.

The occurrence of preferential flow is demonstrated here by comparing field
measurermnents with the uncalibrated predictions of a physically-based deterministic
transport model based on Richards” equation and the convection-dispersion equation.

Results and Discussion

The model satisfactorily predicted the accumulated drain discharge and the
overall soil water balance. However, the temporal dynamics of drain discharge could
not be reproduced, in that observed drain hydrographs were much peakier than those
predicted. Peak water flows were rapidly transmitted through the profile with little
attenuation, indicating preferential flow. The model also failed to reproduce the rapid
breakthrough of Br to the suction cups at 90 cm depth. Instead, the Br” concentrations
predicted at 50 cm depth closely matched those found at 90 cm. Br' concentrations
measured in drain flow were smaller than those measured in suction cups at the same
depth, again suggesting the existence of two pore systems with contrasting chemical
signatures. Br leaching to drains was overestimated by the model, largely due to an
overestimation of concentrations in the second winter season. This was attributed to
a loss of Br™ in lateral groundwater seepage, which is not accounted for in the model.

The causes of the preferential flow behaviour at the Mellby field site are as yet
uncertain. The topsoil is known to be slightly water repellent which may generate
unstable wetting fronts. The soil is also texturally layered (sandy loam over loamy
sand) which may lead to ‘fingering’ at the horizon interface. The subsoil is also highly
heterogeneous, with coarser sand and clay lenses. Understanding and modelling such
a complex system will certainly be a challenge and is the subject of ongoing research.
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TRANSPORT OF WATER IN HETEROGENEOUS SOILS:
A FIELD STUDY OF FLOW PATTERNS

Field studies with application of both weakly and moderately adsorbing tracers to the soil
surface have shown that the amount of water and solutes transported through the root
zone, as well as transport velocities, can be greatly increased owing to preferential flow.
"The macropore structure is often a prime cause but other factors such as differing initial
and boundary conditions may also predispose a soil to produce bypassing of infiltrating
water. The interaction between states and processes regulating the spatial structure of
flow patterns in soil is not well understood.

Dye-tracing field experiments were carried out to assess flow pathways of water in
different Danish soils with different initial moisture content and with different soil
structure in the top layer. 25 mm of water containing 4 g I'' of the weakly adsorbing dye
Brilliant Blue (C.I. 42090) were applied within 60 minutes onto each plot (1.6 by 1.6 m).
'The plots were excavated one day after water application. The spatial structure of flow
patterns were examined on vertical and horizontal 100 by 100 cm soil profiles. The
fofllowmg statements and conclusions are based on a preliminary analysis of the results:
Distinct dye patterns showed preferential flow in all investigated soil types, ranging
{rom a coarse sandy soil developed on an outwash plain to sandy loam soils develo-
ped on moraine.

Dye penetrated to larger depths in structured soils than in nonstructured soil,
Initial moisture content had a less pronounced effect on flow patierns than soil
structure. Dye penetrated to larger depths in wet soils than in dry soils.
Experiments conducted in the spring after conventional seedbed preparation on
autumn ploughed structured sandy loam soils showed, generally, dye penetration to
depths between 100 and 150 cm. The maximum depth of penetration and the
amount of preferential flow channels was smaller on these soils when examined
right after harvest.

Continuous preferential flow pathways reaching a depth of more than 1 m in wet,
structured soils were made up, exclusively, by cracks created by the plow (in the top
s0il) combined with worm holes below ploughing depth. A few cracks were
activated as major preferential flow pathways below ploughing depth in these soils
when examined in a very dry condition right after harvest.

The soil structure after ploughing, combined with surface relief and conditions in
the boundary layer between tilled and untilled soil, seem often to impose a sort of
scale on the flow patterns.

Rotary cultivation to a depth of 5-7 cm significantly reduced the number and depth
of active preferential flow channels, Rotary cultivation to a depth of 15 cm
prevented the activation of preferential flow channels in the sub soil.

The results exemplify the complicated patterns of water and solute movement with high
spatial resolution. A major drawback of the applied method is the necessity of excavation
which means that experiments cannot be repeated at the same location. A quantitative
estimation of the significance of preferential flow is not possible based on the present
experiment.
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MACROPOROSITY AND WATER MOVEMENT
UNDER DIFFERENT TILLAGE PRACTICES

Reduced tillage is recommended as a management method to reduce erosion and
phosphorus runoff to surface waters. The better control of erosion in reduced tillage is
usually ascribed to the crop residue cover on soil surface, which protects soil against
raindrop detachment and surface runoff. A satisfactory macroporosity and pore continuity
are also important to reduce the amount of surface runoff, especially on clay soils with
low water permeability.

Bulk density and penetration resistance in the middle and lower parts of the top soil
are usunally greater and porosity lowesr under reduced tillage than ploughing. This may
result in lower infiliration, and subsequently, higher runoff. Obviously, this may be the
case during the first years after new tillage methods are inroduced. However, there may-
be a transition period after which water infiltration is improved in unploughed soil. The
formation of continuous macropores, especially biopores such as earthworm burrows,
seems to be a major factor in this process.

Several studies have shown that reduced tillage favours earthworms, particularly
deep burrowing species, such as Lumbricus terrestris. The surface opening and continnous
burrows of L. ferrestris are considered to be the most imporiant chanmels for preferential
flow of water and solutes. The burrows of other earthworm species can be relatively
continuous, and may also contribuie markedly to water movement in soil. Earthworm
burrows and other continuous macropores, like cracks and voids, apparently counteract the
higher compaciness in the top layer of unploughed soil. A well operating drainage reduces
the risk of soil compaction in reduced tillage, and apparently hastens the the formation of
continuous pores. Increased aggregate stability at the surface of unploughed soil may also
improve macropore continuity by reducing slaking.

Morphological measurements of macropores, and the study of their spatial distri-
bution are useful to understand and model the significance of macropores for soil
processes, especially for preferential water flow, under different tillage systems. Pre-
liminary results have shown that the patiern of earthwormn burrows is random under
reduced tillage. Similaily, the water flow has had a random character at short distances.
On ploughed soil, with more intensive and deeper tillage, the pattern of burrows may be
different, and subsequently the characteristics of preferential flow. The consequences of
the possible differences in water flow under reduced tillage and ploughing are discussed.
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Martti Esala and Aku Leppinen
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FIN-31600 Jokioinen, Finland

LEACHING AND TRANSFORMATIONS OF NEWLY APPLIED FERTILIZER
NITROGEN IN SOIL. AFTER HEAVY RAINFALL

Leaching of nitrogen occurs when a large amount of water drains through a soil with
high nitrate N content. These two preconditions are met if fertilizer application in spring is
followed by heavy rain, To study what proportion of applied fertilizer can be leached in these
circumstances, a laboratory study was done by applying “N-labelled fertilizer to intact soil
cores followed by a simulated heavy rainfall.

Eight undisturbed cores in PVC pipe (19 cm i.d., 60 cm long), were collected from
a sandy soil, a clay soil and a peat soil at the end of May. The cores were obtained by
placing a cutting tip to a 65 cm piece of the pipe and hitting by a large plastic hammer. The
cores were prepared for collection of drainage water and brought to a room with 5 °C
temperature. The soils were brought to maximum water-holding capacity. After drainage
ceased, calcium nitrate solution 10 atom-% '“N-labelled at a rate equivalent to 120 kg/ha N
was injected to a depth of 5 cm in four cores of each soil. After two weeks the rest of the
four cores of each soil were fertilized similarly. Deionized water was applied to the columns
an amount corresponding to 70 mm rain during two days. Drainage was collected daily, and
the "N content in the water was determined. After drainage ceased, in seven days, the
columns were sectioned into 6 cm (topsoil, 0-24 cm) and 9 cm segments (subsoil, 24-60 cm).
The earthworm channels were counted, and macropores of each soil segment were
determined. Also the total ¥N content and "N content in the mineral N of each segment were
determined.

Most of the water applied to the columns percolated through the soil in two days.
When simulated rain was appiied immediately after fertilizer application, a total of 30 %, 20
%, and less than 0.1 % of the applied N was leached in sand, clay, and peat, respectively.
When rain was applied two weeks after fertilizer application, the amount of leached N was
reduced by 1/3 in sand and by about 2/3 in peat. In clay soil, incubating the fertilizer in the
soil seemed to increase leaching. However, the resull of clay is based only on three cores
out of eight. The other five cores were impermeable, so that no drainage was observed. Also
in the three permeable clay soil cores, a large variation in permeability was observed
explaining the illogical results. After the first day of drainage, the concentration of fertilizer
N in the water from all the cores was rather constant. High content of unlabelled N in the
drainage from the peat soil compensated the low content of fertilizer N. As a result, the
differences between the three soil types in the total amounts of nitrogen leached were
smaller.

In all of the columns, the highest content of fertilizer N was found in the segment 12-
{8 cm. Incubating the soils with fertilizer had only a minor effect on the depth of movement
of the fertilizer N frontier. The most important factor affecting the distribution of fertilizer
N in the column was soil type. In sandy soil and in those clay soil columns that were
permeable, the frontier had reached the fowest segment of the column. In those clay soils that
were impermeable, the frontier was stopped by the impermeable layers. In peat soil, the
frontier reached the segment 24-33 cm. Almost all of the fertilizer N remaining in the soil
was in inorganic form. This indicates that the decrease in the total amount of leaching of
fertilizer N by two-week incubation was caused by diffusion of inorganic fertilizer N in the
soil in stead of biological immobilization.
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NITROGEN LEACHING UNDER DIFFERENT WATER REGIMES IN A 4-YEAR
LYSTMETER EXPRRIMENT.

in 72 weighing type lysimeters (diam. 80 cm and depth 110 cm),
containing 4 different soil types, the interaction effects of
irrigation and fertilizer rates (30, 95, 160 kg N ha' } on
nitrogen leaching, barley vield, and evapotranspiration were
investigated, The rainfall during May to July in the 1990 and
1991 years was near normal, whereas the 1992 and 1993 seasons
were relatively dry. The effects of irrigations are,
therefore, reported separately for the two first and the last
two yvears.

Oon average for the first two years 100 and 80 mm irrigation
water increased the evapotranspiration with only by 15 mm at
the 30 kg N ha* which increased to 46 mm at the highest
fertilizer rate (160 kg N ha'). The corresponding values for
the leaching volumes of the added water was 75 and 43 mm. In
the last two years (1992 and 1993) , the evapotranspiration,
on average for the two years, increased to 72 and 99 mm atb
the two above mentioned fertilizer rates and the leaching
volumes decreased to 29 and 19 mm. This was caused by high
vield responses to the applied irrigation of 120 and 100 mm in
1992 and 1993, respectively. The irrigations, 4-6 times at
the rate of 20 mm each, were given before the middle of July,
whereas the increased leaching from applied irrzigation
generally appeared during the autumn rain. A hysteresis
effect was observed during the drying-rewetting processeg of
the =zoil.

As a consequence of higher yield levels at the increasing
fertilizer application rates, nitrate leaching decreased in
some cases. The overall means of nitrate leaching were 26.5,
24 and 23.5 kg N ha' vy at the fertilizer rates of 30, 95 and
160 kg N ha™*, respectively. The nitrogen leaching logses were
smallest in a sandy solil and largest in a sandy loam, morainic
soll apparently due to high off-season N-mineralization in
the later soil. Two clay soils, either as monoliths
(undisturbed) or as in-filled cylinders (1989) gave somewhat
higher leaching losses of nitrogen than did the sandy soil,
but the nitrogen losses in the clay soil were less than the
sandy loam, morainic soil.

Irrigation with 80-120 mm increased the nitrate leaching in
most of the years, in all soils and at all fertilizer rates,
although the total effect of irrigation on nitrogen losses
were generally small, averaging < 4 kg N ha* y*.

It is concliuded that the very high vield levels in this

lysimeter experiment resulted in small nitrogen losses by
leaching.
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N-2350 Nes pd Hedmark, Norway.

IRRIGATION NEEDS AND STRATEGIES ON SOILS OF SOUTH-FEAST NORWAY

Rainfall deficits occur during the period May-fuly in many, but not all, years in south-
east Norway, which ts the country’s major agricultural region. Farmers require information
on when and how much to irrigate their crops, and on the likely yield benefits which may
be obtained. Answers to these questions depend upon crop type, development stage, soil
type and prevailing weather conditions (evaporative demand).

Drought sensitive growth stages have been identified for a wide range of arable and
horticuitural crops, using a technique in which drought is imposed at different stages of
growth by means of mobile shelters, Yields from these treatments are compared with those
on a fully irrigated control. An irrigation priority ranking of the various crops is given.

Irrigation needs are dependent upon the soil’s available water capacity (AWC), which
varies with soil texture, humus content and maximum rooting depth. The proportion of
AWC which can be utilized before yields start to decline varies to some extent between
crops. Arable crops are in many cases more tolerant than vegetable crops with sparser roots.
Water balance calculations suggest that considerable savings in lrrigation water use, and in
consequent drainage losses, may be achicved by withholding irrigation until between 50%
and 75% of AWC has been depleted. Whether this is acceptable from the grower’s
viewpoint depends upon the effects on yield and product quality.

An assessment of likely yield benefits of irrigation has been made using long-term
series of weather data. Relative evapotranspiration {actual/potential) has been used as an
index to quantify the degree of drought which plants encounter. Different weightings of this
index have been found by means of regression against vields measured on field plots
subjected to various degrees of drought, expressed in relation to a fully irrigated control.
Results have been extrapolated for soil groupings with different AWC,

Assuming a high irrigation mtensity and otherwise optimum conditions for crop growth,
irrigation may on average be expected to increase yields on the most drought-prone soils
by about 30%, 40% and 50% for grass, cereals and potatoes, respectively. Corresponding
figures for the more drought-resistant soils are only 8%, 10% and 14%. On the former soils,
responses to irrigation may be expected in about 90% ol all years, but in only half on the
latter soils. Withholding irrigation until 50-75% of AWC has been utilized gives on average
about 5% lower yields than high intensity irrigation.

Implications of irrigation for nutrient cycling are generally positive, due to greater
fertilizer use efficiency and reduced risk of leaching after the end of the growing scason.
Exceptions to this rule occur on sotls with very low water-holding capacity, when high
irrigation intensity 1s followed by high rainfall incidence. This may cause serious nutrient
leaching during the growing season. In such cases fertilizer should be given in split
applications, or else irrigation intensity should be reduced.
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Table 1. Mean, maximum and minimum monthly values {(mm) of open
surface evaporation and rainfall measured during the growing
geason at Kise, S$.E. Norway, over the period 1963-94.
MAY JUNE JULY AUG., SEPT. MAY -SEPT .

EVAPCRATION

Mean 54 85 83 66 40 336

Max. 95 127 137 116 66 473

Min. 36 40 62 46 24 269
RATINFALL

Mean 42 62 70 72 64 311

Max. 80 178 146 138 153 499

Min. 10 11 5 8 17 174

Table 2. Effects of drought imposed at different times in the
growling season, on yield levels of various crops,
percentages of a fully irrigated control treatment.

expressed ag

CROP EARLY -SEASCN MID-SEASON LATE-SBEASON
Red beet 115 93 88
Carrot 113 78 85
Swedes 104 88 88
Main-crop potato 112 100 84
Semil-early potato 98 82 87
Cabbage 96 86 88

Peas 89 63 89
Squash 88 77 68
Onions 81 83 a3
Oilsead rape 98 72 92
Barley 102 74 106
Wheat 82 64 91

Catg 89 75 78
(After Riley & Dragland 1988, 1991)

Table 3. The effect on relative yield levels of Ffully

irrigated control} of withholding irrigation until different

degrees of soil wmolsture deficit have been reached. Results
based on sheltered trials in which plots received no rainfall.

CROP DEGREE OF MCISTURE DEFICIT
45 m (50% of AWC) 67 mm {75% of AWC)

Carrot 74 67
Onionsg 75 72
Swedesg 81 73
Wheat 85 81
Cabbage 91 86
Barley 95 89
Potatc 96 89
(After Riley 198% & unpublished results)
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Table 4. Classification of droughtiness of some common Norwegian
soll types, according to plant available water in the roct zone.

DROUGHET CLASS mm AWC SOIL TYPES

VERY PRONE 50 Coarse gands and gravels, shallow and
gravelly sandy loams.

FRONE 70 Loawmy sand, sandy loam, shallow loams and
loams/silty clays with low humus content .

MEDTUM 90 Humus-rich loams, clay loams and gilty
clay loams with medium topscil depth.

RESISTANT 110 Humus-rich loams and clay loams with deep

topscil, silty lcams and shallow peat.
VERY RESISTANT 130 Silt scoils, humus-rich, deep silty clay
loams and heavy clays, and deep peats.

Table 5. Equations used to calculate relative vyields (% of
potential) obtainable with varying degrees of relative evapo-
transpiration (EA/EP) during drought sensitive growth stages.

GRASS Y=EA/EP: 100 (EA/AP for whole growth period)
CEREALS  Y=30: (EA/EP),+80 (EA/EP),-30 (1=4-6 weeks 2=7-10 waeks)
POTATORS ¥=170- {EA/EDP) -70 (EA/EP 4-14 weeks after emergence)

(After Riley 1989, 1992 & unpublished results)

Table 6. Average yield regponses (%), water reguirements and
conseguent.  extra percolation (mm) assuming irrigation at
different levels of soil moisture deficit (% of AWC), calculated

for a soill with medium wmoisture storage capacity (AWC = 90 mm) .
CROP YIBLD RESPONSE IRRIGATION WATER EXTRA PERCOLATION
5 of AWC: 25%  50%  75% 25%  50%  75% 25%  50%  75%
GRASS 14 1L 9 140 104 66 81 53 26
CERBALS 19 15 8 89 67 38 52 33 14
POTATOES 28 26 20 105 7L 50 50 30 16

{(Calculated over 30-year period using data from Kise)

Table 7. Average yileld responses (%), water requirements and
congeguent extra percolation (mm) calculated for intengive
irrigation of goilg with very low and very high moisture storage
capacity (AWC = 50 and 130 mm}.

CROP YIELD RESPONSE IRRIGATION WATER EXTRA PERCOLATION
AWC . 50 mm 130 mm 50 mm 130 mm 50 mm 130 mm
GRASS 28 8 160 116 85 61
CEREALS 38 10 99 80 52 46
POTATOES 54 14 110 87 61 46

(Calculated over 30-year period using data from Kise)
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Table 8. A comparison of the effects of N fertilizer level, soil
moigsture holding capacity, total precipitation amount and irrig-
atlon intensity on simulated wvalues of N leaching during the

growing season of cabbage.

(After Riley & Guttormsen 1994).

N-FERT. MOISTURE CAPACTTY

ka N/ha Hich LOwW
0 20 24
100 45 75
200 677 129
300 95 195

RAINFALL AMOUNT IRRIG. INTENSITY
Low Bigh Low High
23 21 i6 28
57 63 472 78
89 107 71 125
130 160 112 179

(Results are means of 16 simulations
combined using input data obtained in two years at two sites.)

in which the factors are
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P.O.Box 23, DK-8830 Tiele, Denmark

SUBSURFACE DRAINAGE RUN OFF AND DEEP PERCOLATION ON CLAYEY
MORAINE,

Leaching of plant nutrients and pesticides from soils and their fate in the environment is
of great concern to the public. The loss by surface run off and by subsurface drainage run
off can be measured directly, whereas the total leaching and deep percolation to the ground
water can only be estimated by modelling downward water movement through the soil.

The internal drainage of almost all Danish clayey soils of morainic origin is insufficient
and normally a perched water table 1 present near the soil surface. To improve plant
production most soils are drained by a system of parallel subsurface drains at about one
meters depth and spaced at 12-18 m. The partition of the total water percolation through the
root zone to drainage run off and deep percolation to the primary ground water depends on
the precipitation events, the evapotranspiration rate and the physical properties of the soil
over and below the drain depth.

Subsurface drainage

A simplified drainage sifuation is sketched in Figure 1. The soil has a high saturated
hydraulic conductivity in the upper layer which is normally the case on clayey moraine soils
especially when an argillic horizon is present. From one meters depth an isotropic low
permeable soil fayer (aquitard) of a thickness of D meter is overlaying a highly permeable
layer at the depth of z,. The permanent ground water level is below z, and the water flow is
downward.,

JuIy\Augi Sep | Oct | Nov | Dec i Jan {.___{_—‘__eb | Mar Apr[May ;junem\ July&ﬂxz

Pariod 2

Ky,

Figure 1. Sketch of a simple drainage situation throughout the year on a clayey moraine soil
with a subsurface drain on top of a 3 m aquitard,
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The perched ground water level is fluctuating throughout the year due to the downward water
movement and the seasonal variation in the precipitation surplus. In Figure 1 a drain is placed
at z; on the top of the low permeable layer and the perched ground water level is considered
midway between two drains.

In period 2 the ground water level z, is higher than z, and drainage run off occurs. As
the hydraulic conductivity above the drain is supposed to be much higher than below the drain
the flow towards the drains takes place in the upper layer only. The drainage discharge Ay
then depends on the hydraulic head, H,=2z,z,, the hydraulic conductivity k,, the specific yield
of the upper layer S, and the drain space L.

Ay = I(H,, k;, §;, L)

For this drainage situation the steady state drainage run off can be estimated by the equation
of Fukuda (1957)

Ay = - 1.5k H/L

Ata hydraulic conductivity, k, below the drains and a thickness D of the aquitard the rate
of downward water flow (deep percolation) depends on the hydraulic head H,=z,-z, which
here is equivalent to the thickness of the water saturated layer. The deep percolation A, in
the period 1. and 2. are

A, = -/ {-2) = -k, and A, ~ -k /D respectively.

The specific yield of the soil layer below the drain depth and above the ground water
fevel, 8, can be considered as a water reservoir that is filled gradually in the autumn when
the precipitation exceeds the sum of evapotranspiration and water movement through the low
permeable layer. The specific yield is approximately equal to the soil air content at pF 2.

Several models on drainage discharge and deep percolation have been developed, i.e.
MACRQO (Jarvis, 1991) and SHE (Abbot et al., 1986). Normally the soil layering is rather
complicated, the variation in soil structure and hydraulic heads are very high and the cost of
measuring the physical parameters 1o be used in the equations is far too high to accomplish,

Leaching experiments

In 1971 the Danish Institute of Plant and Soil Science started measuring the subsurface
drainage discharge and nitrate concentration of drainage water on several clayey soils in
Denmark (Hansen & Pedersen, 1975). It was obvious that only a fraction of the precipitation
surplus was passed the drains and that deep percolation on many sites exceeded the drainage
run off. In order to calcuiate the total nitrate leaching it was necessary to calculate the
precipitation surplus by water balance models.

The downward water movement was modelled by WATCROS (Aslyng & Hansen, 1982)
or the modified WATCROS model EVACROP (Olesen & Heidmann, 1990), Based on
climatic observations and soil and crop parameters the models calculated the daily values of
evapotranspiration, the soil moisture content and the percolation at 1 m depth. Soil surface
corrected precipitation rates were used. The models do not take surface run off into
consideration, but under Danish conditions this is normally very small and can be ignored
without any great error to the results.

39



By calculating the total nitrate leaching it is assumed that the nitrate concentration of the
deep percolation was the same as for drainage water. Investigation by the use of porous cup
samples has confirmed that on an average this is normally the case (Simmelsgaard, 1985¢).
In this paper only the hydrological aspects of the investigations are discussed.

Figure 2 shows an example of estimated total water percolation through the root zone
together with the precipitation and the measured drainage run off. The drainage run off
normally ceases early in the spring. The perched ground water level drops 1-2 m in the
summer period or disappears totally. In the autumn the field capacity of the root zone and the
reservoir below drain depth must be recharged and the charging rate must exceed the rate of
deep percolation before any drainage water run off occurs.

mm/day mm/day
A0 T T 0
35 5
30 A - 10
25 - 15
20 20
15 25
10 : 30
5 . 35
O»! , - a - : ' [ [-40
JUL74 SEP74 NOV74 JANTS MAR75 MAY7S JULTS

e Drainage -~ ot percolation .~ Precipitation

Figure 2. Precipitation, drainage run off and total percolation at Sdr. Stenderup in 197475,

The deep percolation is calculated as a difference between the estimated total percolation
and the measured drainage discharge. For 7 experimental sites of which 5 have been
investigated for 20 years the average precipitation, deep percolation and drainage discharge
are presented in Figure 3. The average yearly precipitation varies between 613 and 1219 mm
and the drainage run off varies between 45 and 344 mm. The annual deep percolation was
141- 425 mm and seemed to be more constant than the drainage run off,

The water balances for the 7 sites are shown in Figure 4. The precipitation is highest in
the western and central part of Jutland (Abenrd, Agervig and Silstrup) compared to the
eastern part (Na&stved). The actual evapotranspiration is about the same on all sites. Therefore
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rigure 3. Annual precipitation, deep percolation and drainage discharge as an average of 7
subsurface drained sites in the period 1971-1990. After Simmelsgaard (1994},
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bigure 4. Average annual water balance at 7 subsurface drained sites. After Simmelsgaard.
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according to the precipitation. The average drainage discharge varies from 254 mm at
Nestved to 561 at Abenrd and the drainage discharge amounted to 26-73 % of the total
percoiation.

The water balance studies for the 7 sites over the 13 to 20 year period were used for
studying the relationship between drainage discharge and soil physical properties on the sites.
Figure 5 shows the drainage discharge as a function of the total yearly percolation at Abenra.
The interception on the x-axis of 59 mm can be considered as a rough measure of the
reservoir below drain depth. The stope 0.83 is a measure of the proportion of the total
percolation that 1s collected by the drains after the reservoir has been filled up. If the soil had
been totally impervious at drain depth the slope would have beer 1.0 and the interception 0.

Drainage discharge, mm/year Abenrd

800 4
700 4
600 1
500 4
400 1
300
200

100 4

0 100 200 300 400 500 600 700 800 800 1000

Total percolation, mm/year
Figure 5. Annual subsurface drainage discharge as a function of estimated total percolation
through the root zone on a clayey moraine soil at Abenrd in the period 1974-91. The
interception on the x-axis is 59 mm and the slope is 0.83 (¥ = 0.88). Notice the curve
for the 1.1 slope.

The intercepts on the x-axis’ and the slopes for all the 7 sites are given in Table 1
together with some soil parameters for the depth of 100-140 cm. For most sites the reservoir
below drainage depth is less than 100 mm. At Agervig this basic deep percolation is about
250 mm. The high value can be explained by an increasing clay content with depth and that
the low permeable lfayer is situated rather deep in the horizon.

The high slopes and the small intercept at Abenrd and Nastved are certainly due to a
very low permeability of the soil layers just below the drains. In general the soils with the
highest clay content have the smallest intercepts and the highest stopes.
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Table 1. Soil parameters at 110-140 cm depth, and regression analysis of drainage run off as

a function of total annual water percolation on 7 experimental sites in the period 1971-
1991.

Site Clay CaCO, pH Bulk Alr Hydraulic Intercept Slope
content (H,0)  density  eapacity  conductivity on xX-axis
o % - glom’ % m/day mim -

Abenri 35 12 8.1 1.47 2 0.02 59 0.83
Nastved 29 <1 7.8 1.81 2 - 59 0.70
Sdr. Sten- 25 19 8.5 .68 2 0.2 135 0.62
derup

Silstrup ¥ 22 - T 1.63 e 1.6 =20 .36
f.unding 23 <1 7.1 1.72 ! - 20 0.28
Norsing ¥ td . 6.5 - - - G5 0.36
Agervig 13 <1 4.6 1.80 10 0.2 250 0.71

! Simmelsgaard (1985a)
At 65 - 100 em depth, Hansen {(1976)
¥ At 50 - 100 cm depth, Hansen & Pedersen (1975)

Summary

In order to estimate nitrate leaching by subsurface draing in 1971 the Danish Institute of
Plant and Soil Science started measuring the drainage discharge and nitrate concentration of
drainage water on several clayey soils in Denmark. The percolation that does not pass the
drains was calculated as a difference between the total percolation and the drainage run off,
Total percolation at drain depth was estimated by the water balance models WATCROS and
EVACROP. The average annual drainage run off for 7 sites over a period of 20 years varied
between 45 and 344 mm. At the 7 sites the average annual run of varied between 254 and
561 mm. The drainage discharge depends mainly on the annual precipitation surplus and the
soil parameters below the drain depth. A linear relation between annual drainage discharge
and the annual precipitation surplus on each site was assumed. The interception on the x-axis
couid then be considered as a reservoir that should be filled before any drainage run off
occurred. The slope of the curve was then the rate of drainage run off to the precipitation
surplus after the reservoir had been filled. The rate varied between 28 and 83 %.
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INFLUENCE OF IMPROVED SUBDRAINAGE ON PHOSPHORUS AND
NITROGEN LEACHING FROM A HEAVY CLAY SOIL

[ntroduction

The route of the runoff water, whether along the surface or through the soil to subdrains,
would be expected to tnfluence phosphorus and nitrogen leaching from the field. In South-West
Finland, problems of high water table and heavy surface runoff are endemic to the heavy clay
soils due to low water conductivity of the clay layers. Without proper subdrainage on a sloping
heavy clay soil, the resuiting surface runoff induces abundant soil erosion and phosphorus losses,
whereas nitrogen leaching might be reduced due to smaller percolation volume.

Materials and methods

To determine the influence of improved subdrainage (IMP) on soil erosion, phosphorus
losses and nitrogen leaching, a heavy clay soil with a 29 ~year-old subdrainage system and open
drains to aliow measurement of drainage discharge as well as surface runoff, was fitted with new
drains, with topsotl or wood chips used as back{ill in the drain trenches. The waler discharge and
nutrient concentrations in drainage water and surface runoff were compared from plots under
simijar cropping and soil cover, for winter periods preceding and following IMP,

Results

Before IMP, surface runoff constituted 60-90% of the total runoff (surface + drainage) but
after IMP only 10 - 50%. Where topsoil was used as backfill, the estimated soil erosion and
particulate P and dissolved orthophosphate P losses from ploughed soil during winter were
reduced by [7%, 16% and 25%, respectively. Where wood chips were used as backfill, soil
erosion and particulate P losses were not reduced. Due to the higher drainage discharge after
IMP, the estimated increase in nitrogen leaching during winter was 70%. It should be noted,
however, that the above estimate describes only the immediate effect of subdrainage
improvement.

Conclusions

On poorly drained heavy clay soil, the leaching of dissolved orthophosphate phosphorus will
diminish if the amount of surface runoff is reduced by improving the subdrainage system.
Topsoil used as back{ill material in the drain trenches seems to be efficient in sieving suspended
clay patticles and particulate phosphorus {rom infiltrating water. Wood chips may not efficiently
reduce these losses. The greater drainage discharge after drainage improvement will lead to
higher nitrogen leaching,



Table 1. Cropping in preceding summer (parenthesis) and soil cover in winter on

surface (A-D) and drainage plots (1-16) before and after the drainage improvement

(IMP). First test (1) between winter periods 1990-91 and 1991-92, second test (2) between
winter periods 1987-88 and 1992.93.

winter period Plot
urface B e e s e
Drainage 1-4 5-8 9-12 13-16
{fallow) {fallow) (ryegrasg) (timothy)
1987-88 ploughed ploughed ploughed timothy (2)
{(fallow) (harley) {(barley) {timothy)
28-89 ploughed ploughed ploughed timothy
{(fallow) (£allow) {ryegrass) {timothy)
89-90 ploughed ploughed ploughed ploughed
{barley} (harley) {(barley} {tbarley)
90-91 ploughed (1} ploughed (1) ploughed (1} ploughed (1}
A.........AA___....A.u--_....uu__.v.uk-_.._.u___..:[MP ..................................
{barley) {barley) {barley) {barley)
91~-92 ploughed {1} ploughed (1) ploughed (1) ploughed (1)
(timothy} {timothy) {timothy) (timothy)
92-~93 timothy timothy timothy timothy (2}

Table 2. Precipitation, total runoff, drainage water and surface runoff (mam) during the winter
period before and after the subdrainage improvement (IMP). Total runoff, drainage water and
surface runoft as percentage (%) of precipitation in ploughed soil, test one (1), and ley, test
two (2},

}.;“Zloughed (1) T)c‘y {(2)
Before IMP After IMP Before IMP After IMP
Precipitation {(mm} 284 392 447 346
Total runoff (mm} 229 360 280 273
Drainage {(mm) 5% 328 44 159
Surface runoff (mm) 174 3z 238 114
Total runcff (%) 80.6 * % 9L.8 n=4 52.6 78.9 n=l
Drainage (%) 19.4 ks 83.7 n=1ls6 9.8 * 46 .0 n=4
Surface runocff (%) 61.3 kww 8.2 n=4 52.8 32.9 n=1

#4¥ significantly different at the 0.1% level
** significantly different at the 1% level
* significantly diffcrent at the 5% level
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Table 3. Concentratios of total solids (TS, g/1), particulate phosphorus (PP), dissolved
orthophosphate phosphorus (DP), total nitrogen (TN) and nitrate nitrogen (NN), mg/l, in
drainage water and surface runofl during the winter period before and atter the subdrainage
improvement (IMP), from ploughed soil, test one (1), and ley, test two (2). Backfill: gravel
and topsotl in the upper, gravel and wood chips in the lower part.

Backfill

TS {g/l)
PP {mg/1)
PP (mg/l)
™ (mg/l)

NN (meg/L}

BackFfill

TS {g/l)
PR {mg/l)
or o {mg/ L)
T™H (mg/1)

NN {mg/l)

Drainage,

PLOUGHED {1)
n=16

Topsoil, n=8

Wood chips, n=8

Before TMP

surface runcff, n=4

After IMP Befors IMP After IMP Before IMP Aftexr IMP
0.4L  --k-- 0.36 0.46 0.49 0.52 ¥ke~  0.39
Q.20 wE - 0,17 0.13 ~-%*.. 0.29 a4.27 Q.27
0.040 -~ -*-- 0.028 0.037 ~vg~- 0.026 0.036 0.039
6,1 7.9 2.9 3.3 3.23 2.03

5.8 6.8 Z2.6 2.7 2.7% L.61
LEY ()
Drainage, ns=t Surface runoff, n=i

Topscll, n=2

' WOerchipS, n=2

Before TMP After IMp

Before IMP Aftexr IMP

.35 0.40
0.20 0.20
0.034 0.027
1.8 6.2
1.3 5.2

0.30 0.36
0.1z 0.25
Q.027 0.01L8
1.5 1.8
1.1 1.z

Before IMP After IMP

0.47 0.40
0.25 0.26
0.034 0.077
1.25 2.24
0.57 6.60

©* gignificantly different at the 1% level

* significantly different at the 5% level
g different at the 10% level

Table 4. Runoff (mm) and losses of total solids {I'S), particulate (PP) and dissolved
orthophosphate phosporus (DP), total (TN) and nitrate nitrogen (NN), (kg/ha), from ploughed
clay soil during hypothetical winter periods with 350 mm precipitation before and after
subdrainage improvement (IMP).

Runeff {mm)
TS {kg/ha)
PP (kg/ha)
P (kg/ha)

™ (kg/ha}

NN {kg/ha)

Drainage

Surface

Before IMP After IMP Before IMP After IMP Before
68 293 215 28 283
292 1056 1116 112 1408
0.%1 0.50 0.58 0.08 0.69
0.03 0.09 0.0% 0.0L Q.12
3.3 16,4 5.9 0.58 0.0
2.8 13.9 5.8 0.46 8.6

TMP

Total
After
222

MP

1168
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INFLUENCE OF CONTROLLED DRAINAGE ON LEACHING OF NUTRIENTS
FROM AGRICULTURAL FIELDS

Movement of nitrogen, mainly as nitrates, from agricultural fields via drainage waters is
a very important factor in nonpoint source pollution of surface waters in Finland. According
to a decision made by the Finish government in 1988, phosphorus loading from agriculture
should be reduced by 30 % by 1995, combined with a significant reduction of nitrogen
loading. The main problem with the fulfillment of the decision has been the lack of suitable
methods for controlling the leaching of nutrients from agricultural fields.

Water table management using subirrigation and controlled drainage is a method that has
recently been accepted in Midwest and Southwest regions of the USA as a tool for reducing
nitrogen and phosphorus load from agriculture. Moreover, it has been found out that
pesticide concentrations in groundwater were decreased Dy maintaining shallow water table
depths. Helsinki University of Technology, Finnish Field Drainage Center and University
of Helsinki have have been running a four-year research project that aims to evaluate the
limitations and soil requirements to use the system in Finnish climatic conditions.

Four experimental fields have been founded to evaluate the influence of controlled
drainage on nutrient load from agricultural fields: clay soil and peat soil in Southern part of
Finland, loamy sand in Western and fine sand in Northern part of Finland., An
interdisciplinary team conducts research to evaluate the applicability of controlled drainage
in reducing the nutrient load. The objectives are as follows:

* To determine the water and nutrient balance of conventional and controlled drainage sys-
tems.

* To evaluate soil requirements and limitations to use the controlled drainage systems and to
determine the effects of the use of the system on soil properties.

*To determine the influence of controlled drainage on crop growth and ¢rop nutrient uptake.,
* To evaluate the long-term effects of controlled drainage on surface and subsurface
hydrology and water quality.

* To develop design guidelines to assist in the use of the controlled drainage in different soil
and climatic conditions.

* To evaluate the economic feasibility of the controlled drainage systems for different soil,
crop and climatic conditions.

Results clearly suggest that subirrigation and controlled drainage practices have the ability
to improve groundwater quality in agricultural areas. Moreover, subirrigation and controlled
drainage systems have been successful in providing good crop production as well as an excel-
lent technique for the management of shallow groundwater quality.
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LEPISODIC PRECIPITATION AND DISCHARGE EVENTS AND THEIR
INFLUENCE ON LOSSES OF PHOSPHORUS AND NITROGEN FROM TILE
DRAINED ARABLE FIELDS

Moaitoring over a 2-3 year pertod revealed that a large proportion of the yearly nutrient
losses through tile drainage can occur in connection with a few runoff events. Half of the total
phosphorus transport from a clay-soil experimental field at Vara during 1992-94 took place
during two such episodes. The first episepde occurred in January 1993 and the second, more
pronounced one occurred in January 1994, Both started with intense rain on newly frozen soil.
A grass cover strongly reduced the losses.

In another experimental field south of Stockholm with clay containing mud, autumn
episodes with intense rain on dry soil led to pronounced nutrient losses. Five episodes during a
2-year period accounted for nearly half of the total phosphorus transport. Total phosphorus
iosses from this site were greater.

Although losses of nitrogen during these episodes were less pronounced than those of
phosphorus, they amounted to 30% of the total losses.

Thus certain types of weather episodes can lead to Jarge losses of nutrieats from clay
soils via tile drainage and pasture can strongly reduce such losses.



Table 1. Crop production and other agriculiural practices at the experimental fields.

Year Crop Tile mana- Catch N fertilizer Crop Tile mana- Catch N fertilizer
gement crop (% of normal) gement crop (% of normal)
Lanna | Lanna 2
1991 oals  conventionl o 100 oats  conventional 1o 100
[992  barley conventional 1o 100 batley conventional 1o 125
1993 barley conventional 1o 100 barley conventional 1o £25
Lanna 3 Lanna 4
(991 oats yes 100 oats  conventional  ves 100
1992 barley conventional — yes 100 barley conventional — yes i25
1993 barley conventional  yes 100 barley conventional  yes 25
Lanna 5 Lanna 6
1991 oats yes 75 oats  minimized 70 100
1992 barley conventional — yes 150 barfey  minimized ) 100
1993 barley conventional — ycs 150 barley  minimized no 100
Lanna 7 Oxelby
1991 pasture grass - - fallow - -
1992 pasture grass - - wheat- conventional - 100
1993 pasture grass - - [allow - - -
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Figure 1. Precipitation (mm) and soil (5 cm) temperature (9C) during September -January
92/93 and 93/94 at Lanna (above) and Oxelby (below).
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Tabte 3. Drainage (mm) and losses of nutrients and suspended materials (kg/ha) during certain episodes

as compared with yearly losses at Lanna 4 and Oxelby cxperimental fickls.

Period Drain PO4-P PartP TotP NO2-N TotN Susp
{littered)
Lanna 4 {spring cereals)
9204 14-920420 25 0005 0.013 0.019 1.0 - 15
93041 10-930127 76 0 0.023 0.031 0.064 4.7 5.2 43
940112-9400 14 32 0062 0.042 0.110 1.5 2.0 61
Entire year 91/92 159 0.010 0.040 0.063 4.2 - 52
Entire year Y2/93 68 0.033 0085 0.106 95 103 69
Entire year 93/94 286 0136 0.102 0.248 125 149 107
Lanna 7 (pasture)
Entire year 93/94 188 0.013 0.042 0.064 0.8 1.9 47
Oxelby (fallow)
921102-921104 24 0.020 (.040 0.060 0.5 0.8 4()
921112-921114 24 0.039 (0.047 0092 0.4 0.6 0
930830-930831 {2 0016 0010 0.028 0.1 0.2 {}
930016-930918 25 0028 0012 0.059 0.2 0.3 0
931219-931221 22 0.022 0007 G051 0.2 0.4 0
Entire year 92/93 138 0.087 0.165 0.276 2.1 3.3 51
Entire year 93/94 262 0093 0.227 0.408 2.0 37 104

Table 4. Phosphorus [ractions, in percent of total phosphorus content, in drainage suspension and soil at

Lanna and Oxelby.

Leannad Oxelby
Fraction Drain- Soil Soil Drain- S0il Sott

age (@30 cm)y (3090 cm) age {0-30 cm) (30-90cm)
NH4CI-POyP 6.0 1.4 0.1 2.9 0.4 0.5
NaOH-PO4P 0.8 14.5 7.2 1.5 212 373
NaOHorg P 19.1 185 503 3.3 221 293
HCL-PO4P 10.1 20,2 4.5 16.3 18.2 0.0
Other org. P 57.2 454 379 6.5 32.1 329
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EVENT STUDIES OF RUNOFF AND NUTRIENTLOSSES IN CATCHMENTS OF
DIFFERENT SCALES

Runoff and nutrient losses are being measured at different scales, varying from plot studies
on 1 and 125 m’ to catchments, ranging in size from less than 1 ha to 7 km® Runoff is
measured using a fixed profile with a known head-discharge relation. Water levels are either
measured automatically using a datalogger or a mechanical recorder. Water sampling is

carried out either automatically or by using a tipping bucket and is preferably event based.
Additional objectives of the measurements are;

. Document differences in runoff and nutrient losses from catchments, having different soil
types, topography and agricultural practices.
- Study the effect of hydrological factors on nutrient losses, especially during winter periods.

RESULTS.

The annual number of runoff events varied between 3 and 32 for 8 catchments during the
period from 1987 - 1993 [1]. Whether or not surface runoff occurs in smaller catchmenis
depends on a number of factors, the main ones being size, topography and soil type.

Some catchments only show surface runoff during snowmelt when there is frost in the soil
with a 5 days duration of runoff . In other catchments surface runoff also occured after
rainfall events and the annual sum of runoff periods could last up to 70 days. Runoff with
drainage waier showed the same pattern with high peaks of runoff , but the duration of the
drainage period lasted longer after the surface runoff had stopped. Days with drainage water
varied between 71 and 160 for a catchment of (.86 ha.

Runoff intensities varied greatly for the different catchments.It is difficult to see a good
relation between soil type, topography and catchient size and measured peak discharges.

Most of the nuirient losses were due to a few evenis each year. Documentation of these
events requires a specialized sampling technique.

Often, sampling routines are based on single samples, taken according to routines with fixed
time interval, These methods lead to large errors in calenlated nutrient transport and erosion, |
2L.JORDYFORSK uses an alternative method, based on volume proporiional sampling. The
datalogger continyously measures the discharge(q), Each time a certain, pre-set volume(P) has
passed the measuring station, a sample with fixed volume(v) is taken. All the samples are
mixed together in one container and produce one sample representing the average
concentration(C ;) during the runoff period. By special setting of the sample volume (v) and
the volume (P) it is possible to carry out event studies by volume proportional sampling.

References.

1.@ygarden.L..1994.50il tillage and erosion in small catchments,In:Proceedings of 13th ISTRO
conference:Soil tllage for crop production and protection of the environment. Aalborg,
Demmark,July 24-29 1994,p 263-269.

2. Deelstra, J. & T, Tajet, 1994: Avrenningsméilinger, metoder og pregvetakingsfrekvens,
JORDFORSK, 1432, AS, Norway



NUMBER OF RUNOFF EVENTS BETWEEN CATCHMENTS OF DIFFERENT

SCALE,

Table 1, Number of annual runoff events 1987 - 1993 for different catchments,
107 and 31 are drainage runoff, the others surface runoff.

Catch- Area

ment (ha) 1987 1988 1989 1990 1991 1992 1993
101 0,36 8 9 3 6 7 8 .
102 3,25 14 23 13 13 20 22 -
103 0,41 0 0 3 8 7 6
106 0,86 20 24 16 20 29 29 -
107 0,86 28 29 16 17 31 14 -
108 0,44 11 18 8 10 19 12 -
50 5,0 - - - 15 31 28
51 50 - - 7 12 12
60 700 - - 10 10 12

VARIATION IN RUNOFF (MM) BETWEEN CATCHMENTS OF DIFFERENT

SCALE,

Table 2, Total surface runoff Gmm) 1987 - 1993, Catchment 107 and 51 are deainage water .

Catch- Area

ment (ha) 1987 1988 1989 1990 1991 1992 1 1993
101 0,36 33 102 71 127 31 52 -
102 3,25 88 o7 30 128 29 36 -
103 0,41 0 0 10 121 27 21 -
106 0,86 238 292 178 216 242 88 -
107 0,86 357 404 123 54 165 93 -
108 0,44 188 327 130 232 244 146 -
50 5,0 - « - - 29 29 55
51 5,0 - . - - 89 177 149
60 700 - - - - 157 157 152
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HOW MANY DAYS ARE THERE SURFACE AND DRAINAGE RUNOFE EACH
YEAR?

Table 3. Aunual number of days with runoff in different catchments. Catchment 107 and 51 are
drainage water , the other surface runoff,

Catch~ Ares

ment (ha) 1587 1988 1989 1990 1991 1992 1993
101 0,4 9,03 30,2 5,3 16,3 12,8 23,4 -
102 3,3 55,6 68,0 62,2 48,4 37,1 49,4 -
106 0,98 61,5 70,8 69,7 53,5 30,5 50,2 -
107 0,9 104,4 160,4 104,1 70,3 85,7 72,2 -
108 0,4 36,9 44,5 41,2 23,0 25,8 31,7 -
50 5 - - - - 9.2 39,2 34,7
51 5 - - 29,8 57,8 46,0
60 700 - - - 36,1 6,5 36,6
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Figure (1): Number ol samples collected when sampling volume (P} is set to respectively 300,
2500 and 10000 liters. In case sampling volume set at 10000 liters not enough water will be
collected in sample for analysis, while at same time the period between two sampling becoines
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Q - Total runoff during sampling period.
q - Discharge at time, ¢ {I/s).
4 - Time length for sampling period,

8 - Brosion or runoff of nutrients
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SURFACE- AND DRAIN WATER RUNOFF AT DIFFERENT TILLAGE SYSTEMS,
~-S0IL TYPES AND WEATHER CONDITIONS.

Methods .

Surface runoff was measured in 5 "field lysimetres" and 2
small catchments on agricultural land at As or within 55 km
from As. Two lysimetres and both catchments also measured
drain water. So0il and nutrient losses were also measured.
Obsexvation period vary from 1984-94 to 1992-94.

Seoil types were: A) levelled silty clay loam, B) levelled
silty clay and C) nonlevelled loam with high aggregate
stability.

Tillage systems ranged from relatively early plowing orxr
harrowing autumn to spring tillage or notill. Weather
conditions ranged from rainy winters with little snow to cold
winters with heavy snow, rainy to dry summers and auiumms.

Effects of soil itypes.

Precipitation at As 1961-90 was 785 mm/year but 838
mm/year 1987-93 ranging from 986 (1988) to 728 (1993).

oy the pexiod 198793 results were as follows: Askim
{soil A): precipitation 850 mm/year, total runoff 538 mm/year
(45 % surface water). Holt (soil A): precipitation 700
mm/yeaxr, total runoff 327 mm/year (30% surface water).
Enerstujordet (soil ¢): precipitation 838 mm/year, total
runoff 507 mw/year (9% surface water).

Yearly variation: Enerstujordet As (soil ¢): total
runoff: maximum 725 wmm minimum 325 mm, surface runoff: maximum
187 mm {38% of total) minimum 17 mm (5 % of total). °

Holt (seill A, lower precipitation): total runcff: maximum
506 mm minimum 216 mm, surface runcff: maximum 192 mm (79% of
total) minimum 20 mm (9% of total).

For the peried 1992-apr. 1994 accumulated surface runoff
was 415 to 665 mm on soil A, 305 mm on soil B and 174 mm on
soil C by relatively early autumn plowing. The differences can
mostly be explained by so0il types.

Effects of tillage.
Spring tillage reduced surface runoff by 10-20 % on soil
A but increased it by 150% on soil C compared to autumn plow-

ing. On seil C the difference between tillage systems occurred
with shallow frost, not with deep frost or unfrozen soil.
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Plowing across reduced surface runoff by 20% on soil A
compared to plowing along slope.

Autumn harrowing gave about the same surface runoff as
atumn plowing when plowing and harrowing were done at egual
times.

Sewage sludge in spring harrowed plots reduced surface
runoff 10% on soil A compared to harrowing only.

Plowing or harrowing in auntumn at unfavorable soill
conditions increased surface runoff and soil losses
substancially for a period of at least one vear due to damage
to soil structure.

Weather conditions.

Conditions occurring under yearly maximum runoff at Holt
(seil A) for the B vears 1986~93 were as follows: rain twice,
snowmelt also twice and snowmelt+rain four times. Yearly max
runoff intensity was 11 to 38 mm/day, and 12 to 100% of this
was surface water.

Snow conditions during runoff, effects on water guality.

N=no snow or frost, L=little snow, D=deep snow.

During the period 1992-apr. 1994; 7, 45 and 48% of surface
runoff occurred under snow conditions N, L, D respectively.
for drain water the numbers were 42, 48 and 10 % in the same
order.

However, the surface runoff under the D-condition varied
from 0 to 87% duvring 1987 to 1994 at Askim (soil A).

Mean concentratiens of suspended solids were about 4, 2
and 0,1% mg/l for snow condition N, L and D vespectively
during 1992-apr. 1994.

A simple model based on snow conditions could explain
a big part of the vear to year variation in water guality.

It must be noted that concentrations ¢f suspended golids
in surface water were 15 times lower winter 1994 than for the
wole year 1993. The main reason was a shift from runoff
concditions N and L to D (deep snow condition).

Main conclusion.

Different soil types produce different amounts of surface
water and they often react differently on tillage operations
depending on weather conditions.

Weather, especially in winter, determines mostly the
runoff conditions which in turn influence water quality.

Thus, hydrological factors may be important reasons to
large natural variations in water gquality, at least in areas
with evosion. This must be considered when pollution problems

are discussed.



INTRODUCTION, MATERIAL.

Runoff (type, intensity, time of year when it occurs,
catchment conditions when it occurs) is important for the
water quality in rivers and lakes. Hydrology can help to
explain quality variations between vears, which is to be shown
in this paper.

Material is 5 "lysimetres'" with plots 160 to 720 m’ and
slope 12-15%, measuring surface runoff and drain runoff (two
sites). The sites Bjprnebekk and Syverud are at As, Askim 30
km east of As, Hellerud 15 km north of Osloc and ¢saker at
Sarpsborg. Holt is a 2,7 ha catchment 35 km northeast of Oslo,
and Enerstujordet a 9 ha catchment at As. Observation periods
are maximum 1984-94 and differ between sites.

RESULTS.

Soil information is found in table 1. The soils at Holt,
Hellerud, Bjgrnebekk, Askim and @saker have all been
artificially levelled, with low organic content and low
aggregate stability as a result.

Table 1.

Soil information for experimental sites. Autumn plowing.
Agrs=% water stable aggregates 0,6-6mm. TotC, TotN and TotP
are total contents of C, N and P resgpectively.

- not measured.

Site Clay Silt Sand Agrs TotC TotH ToLP
% % % % % % mg/kg
Holt 28 67 5 - 1,5 0,18 863
Askim 29 60 11 - 1,1 0,11 715
Bijgrnebekk (app. as Askim) 31 ~ 0,11 883
Hellerud 32 65 3 - 1,9 0,16 850
Psaker >40% Clay 54 - - -
Syverud 23 50 27 83 3,2 0,31 970
Enerstujordet 21 41 37 - 2,6 0,27 1370

Table 2.
Mean runoff values 1987-93 for the sites Holt (Ullensaker),
Enerstujordet (As), and Askim. Precipitation for Holt and
Askim are approximations.

Sites
Type Holt Enerstujordet Askim
Surface runoff 97 (30%) &7 {9%) 242 (45%)
Drain walter 230 (70%) 461 (91%) 296 (55%)
Totals 327 507 538
Precipitation 700 838 850

Runcff values are found in tables 2, 3, 4 and 5. In table 4
concentrations of suspended solids in runcff are also given.
Taple 2 shows great variations in relative amounts of drain
and surface water between sites. Yearly varjiation given in
table 3 is very great, especially for surface runoff.

Table 4 shows effects of various treatments (mainly
tilling systems) on surface runoff. The effects vary between
soill types and the weather conditions under which they were
done. Surface runoff is far greater with spring plowing than
autumn plowing at Syverud (high aggregate stability), while
runoff is slightly smaller by spring plowing at Bjgrnebekk
(low aggregate stability). Aggregates are probably destroyed
in top after autumn rain on this soil, causing silting and low
infiltration rates both with and without frost in soil. The
levelled silty clay soils in Akershus and @stfold most llkely
give most surface runoff in all of Norway, also because of the
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Table 3.
Yearly surface runoff values {(mm) at different sites,.
Precipitation at As. For two sites also drain water is given.
Except Enerstujordet, the treatment is autumn plowing.
Surf=surface water, Drain=drain water.
* 1994 is fjanuary-april.
Year = 06mmrmememmm——ee- Sites -————-mrmeosmmmmom o

Prec Enerstu] Syv @sak Helle Bjgrn Askim Holt

As Drain Surf Surf Surf Surf Surf Surf Surf Drain

1984 846 422 137 - - - - 170 184
1985 821 364 171 - - - - - 110 346
1986 709 309 187 - - - - - 140 220
1987 977 676 32 - ~ - - 291 69 425
1988 686 670 55 - - - 391 390 74 432
1989 741 366 17 - - - 209 181 20 215
1990 890 417 74 - l4i - 326 283 192 58
1991 745 364 83 59 71 - 249 268 147 169
1992 802 446 31 30 18 74 218 209 100 170
1993 728 286 39 51 61 96 157 190 76 140
1994+ 267 323 10 93 184 259 282 267 168 73

Table 4.
Time period 1992Z2-april 19%4. Total runoff values (mm) by
autumn plowing and relative runoff for other treatments
compared to autumn plowing. Relative runoff and cons. of
suspended solids in runoff at different snow conditions are
also given. Explanations: Snow=0 no frost in soil and no snow,
Snow=1 soil frozen or with a thin layer of snow, Snow=2 deep

snow cover. Tillage: PL~AU=plowing autumn, PL~AU-~L=plowing
avtumn late, PL-AU~AC=plowing autumn across, HA-BU=harrowing
autumn, HA-SP=harr. spring, HA~SP+SL=harr. 8pr.-+sewage
sludge, PL~S5P=plowing spring, PIR-8P=direct sowing spring.
wwwwwwwwww Surface water-——--——~=-—==- Drain water
@sak Helle Askim Bjgrn Syver Mean Askim Syver
mm (PL-AU) 305 419 665 631 174 404 538 711
PL-AU-L 0,7 - - 1,2 - - - -
PL-~AU-AC - 0,8 - - - - - -
HA~AU 1,2 - - 1,02 - - -~
HA-8P - 1,1 G,82 - - - - -
HA-SP+35L - 1,0 - - - - - -
PL-5P - - - 0,90 2,6 - - 0,8
DIR-8P 1,2 - - - - - - -
MEADOW - 1,06 - - - - - -
SNOW Relative runoff for snow (%) mean drain
0 2 6 8 13 4 7 50 34
1 29 50 54 50 42 45 49 46
2 69 44 38 37 54 48 1 19
Cong. of suspended solids (g/1) mean drain
0 0,39 13,0 6,9 2,3 0,13 4,5 0,4 0,007
1 2,0 1,7 2,4 2,0 0,28 1,7 6,7 0,011
2 0,10 0,18 0,20 0,16 0,021 0,13 0,12 0,009

frost in soil every vyear. Late auvtumn plowing gave high
surface runcff at Bijgrnebekk because of plowing at very smeary
conditions one vyear, destroying structure. Aggregate stability
and infiltration was lowest after this treatment. Harrowing
autumn at @saker gave high surface runoff of similar reasons.
Mean monthly runoff at Askim is given in figure 1. Frost
in soil was main reason for surface runoff. Table 4 and 5 show
runoff and relative amounts of drain water at various snow
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Table 5,
Askim 1987-apr. 1994. Yearly runoff of surface- and drain
water. Drain as % of total runoff. Percentual values of runoff
at different snow conditions are also given. Snow=0: no snow
and no frost in soil, snow=l: snow frozen or with a thin snow
cover, snow=2: s0il with a relatively deep snow cover.
# 1994: only dapuary-april.

Year Runcff Percent runoff, different values of snow
surf. drain surface water drain water
RIm TIn % snow= 0 1 2 0 1 -
1987 268 423 61 77 5 18 62 4 34
1988 398 313 44 21 37 43 54 12 34
1989 168 239 59 43 57 0 g4 15 0
1990 270 241 47 9 91 0 71 29 0
1991 248 335 57 17 37 46 T4 17 9
1942 167 337 67 6 94 0 32 68 0
1993 179 18% 51 17 74 9 86 14 0
1994 *{260 13 5 0 13 87 0 78 22)
B7-93 242 296 55 27 52 21 64 23 13

conditions.

Table 4 (last section) show that cons. of suspended
solids was by far greatest when surface runoff occurred at no
frost or with a thin snow cover. Deep snow cover protects the
soil.

Since the amount of runoff at deep snow varies dJreatly from
vear to vear the concentration in total runcff also must vary.
Yearly total concentration in surface runoff (CS,) can be
estimated by the following simple model: C3 =C *Q +C *Q +C *Q,
where C=concentration and Q=relative runoff, and 0, 1, 2 mean
snow condition 0, 1, 2 respec¢tively. Values of C may be found
in tabkle 4 and yearly values of Q in table 5.

Total concentrations in drain water (CD,) can be found in
a similar way. When total amounts of surface (QS) and drain
runoff (QD) also are known, then the mean concentration in all
water (C) will be: C= (CS, * Q8 + CD, * QD) / (QS + QD).

Example of use of this model at Holt is shown in fig. 2.
The effects of mild winters 1990-93 are evident, and also the
change back to snowrich in 1994. The hydrological cause of
variation in water quality must be taken into account when
pellution problems are discussed.

70_!E»~ OFAIN WATER ™=~ SR, HAFR SPF -~ SURE. FLOW AUT ...
] 4500
e O O 4 (==~ EST VAKINNE == EST. MINIAM - MEASURED
T 507
E -
Q A0ty
T 1
e R Pt
= f’,': s ~
S i sy
10: e \‘\\ﬁ )
o fmsranas - :
(LS (oo oo s S —— : "y
T2 3 4 § 8 7 F 8T TG 84/85 1986 1997 1988 1089 1000 1901 1902 1693 1doq
MONTH NUMBER YEARS
Fig. 1. Mean Monthly runoff Fig 2. Holt. Measured and esti-
at Askim 1987-april 199%4. mated cons. using snow factor.
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EFFECYT OF S0OIL TILLAGE ON EROSION AND NUTRIENT TRANSPORT IN
PLOUGH LAYER RUNOFF

Non-point source loading from the ficlds can be roughly divided by its pathway into two
main types: plough layer runoff (0-30 cm) and drainage runofl’ through sub-drains. As the
slope of the ficld increases, crosion increascs, and thus the proportion of loading from plough
layer runoff also increases. The surface crosion from fields can be decreased by using lighter
tillage methods, or by adopting unploughed cultivation. This would cvidently also have a
significant cffect on the amount of non-point source loading. In these cases, farmers have
the possibility of taking action themscives to reduce non—point source loading,.

The total amounts of solids and particulate phosphorus in piouoh layer (0-30 cm) runoff are
very dependent on the type of soil surface in the ficld. The cffects of different cultivation
methods on both crosion and surface runoff were studicd under experimental conditions on
ficlds with a surface slope of 7-8 %, where the soil in the plough layer was clay loam and
the subsoil heavy clay.

The nutrient and total solids concentrations of plough layer runoff from the cxperimental plots
were analysed d}ld compared to the concentrations of plough layer runoff from controt plots
(winter wheat). The relative total solids concentrations thus calculated was 0.35-0.58 for
stubble plots, 0. 79w! 29 for stubble tillage, 0.90-1.09 i‘()r Ll'()% ploughing, 1.23-1.53 for
normal ploughing, and 0.54--0.65 for a grass strip (control=1.0). The particulate phosphorus
concentration corrclated extremely well with the total solids concentration, and the relative
change was simiiar for both.

The relative nitrogen conceatration of plough layer runoff was 0.46-0.52 in stubble; 0.41-
-1.64 in stubble tillage, 0.66-2.79 in cross ploughing, 0.69~7.91 in normal ploughing, and
0.34-0.52 in grass strips. It is recommended that lighter tillage be used in stubble tillage. If
the surface was heavily tilled to a depth of 10 cm, the runoff concentrations rose to the same
fovel as in ploughed land. In ploughed land, the variation in the annual nitrate concentrations
of plough layer runoff was considerable.

The relative soluble phosphorus (DRP) was same level in all studied cultivation methods,
although differencies of the total phosphorus cocentration was great. It means, that PO,~P
concentration of plough layer runoff mainty depends from content of phosphorus in soil.

The quality of the surface of the field also had an cffect on the amount of piough layer
runoff. In stubble, the total amount of plough layer runoff relative to that from control plots
cven decreased slightly in some cases; in cross ploughed fields plough layer runoff clearly
decreased; in normal ploughed fields it increased; in stubble tillage it also increased; and in
the grass strips it remained at the same level.

The starting point for lowering loading is towering of the concentrations of runoff.  This
alone implies the lowering of total loading, even if no other changes take place in the runoff
itself. On the other hand, the amount of total runoff may not change even though the
proportions of runoff may change.
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STREAMFLOW VARIABILITY AND POTENTIAL FOR REGULATION IN SMALL
WATERSHEDS

Sweden has a long tradition of river regulation, mostly for the production of
hydroelectric power, which covers some 50% of Swedens demand for electricity. The
hydrological conditions in the country are also very favourable for river regulation due to the
abundance of lakes, more than 92 000. Today it is easter to find a regulated than an
unregulated larger river system in the country. In some of the main rivers as much as 70% of
the mean annaual runoff can be stored in reservoirs. This means rather drastic regulation
amplitudes in some of the lakes, sometimes as much as 30 meters. In smaller watersheds
(catchment area less than some 100 km?) regulation effects are less pronounced.

When planning a reservoir there are many factors which have to be considered:

Streamflow variability (annual, interannual, extremes).
Physical limitations.

Ecological advantages and limitations.

Fconomical aspects.

Legal aspects.

Safety aspects.

If the reservoir is intended for nutrient management the streamfiow variations in
combination with the desired residence time determines its volume. To estimate the volume
is, however, not a trivial problem due to the great variabilities in streamflow and the
hydrography of the reservoir itself. Due to preferential pathways of the water within the
reservoir, caused by irregular reservoir shape or stratification of the water body, the real
residence time of water may be far less than the theoretical one.

The seasonal dynamics of the concentrations of nutrients in the river is another factor
which effects the success of the project. In the areas in the south of Sweden, with the most
intense agricultural activity, the concentrations are highest during the non-vegetation period
in winter. Unfortunately this coincides with the season for high river flow which means that
the residence time for this particular water may be surprisingly short. Consequently the
retention of nutrients may be lower than expected.

The interaction between seasonal dynamics in river flow and nutrients were rather
unfavourable for the Baltic Sea during the 1980-ies. The decade was the wettest during the
period 1920-1990 and, unfortunately, the increased runoff relates to winter-time when the
concentration of nutrients is high as well, Thus the load of nutrients on the Baltic Sea was
above normal during the latest decade, due to climatic conditions.

The physical constraints are obvious if an artificial reservoir or 4 regulation of a lake
are planned. There must be room for the reservoir and the environmental problems related to
its operation must be controlled. But there is also a safety aspect which must not be neglected.
Very small dams and reserveirs are normally not a big problem but as the water body
increases the consequences of a dam failure moves into focus. The dams must therefore be
designed to be able to withstand extreme hydrological conditions. The problem of design
floods and dam safety are in focus all over the world and experience shows that we tend to
underestimate the magnitude of the problem.
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USE, PROBLEMS AND SOLUTIONS
iN SWEDISH IRRIGATION WATER MANAGEMENT

Irrigation Water Use

The 1rrigation in Sweden developed rapidly duxing the 1970°s. From 1980
the withdrawals have been faixly constant within the yearly climatic variations.
The estimates today are that some 6,000 farmers withdraw some 100 million m?
for irrigation of 100,000 hectares during a dry growing season. Such draughts
can be expected about every five years. Even this dry year irrigation is small
compared to most agrohydrologic measures: The irrigated area represents 3.5 per
cent of the cultivated area, the irrigation withdrawals correspond to less than 0.1
per cent of the usable net precipitation, less than five per cent of the total with-
drawals, and are of the same order as the losses in the municipal water supply
systems. About half of the irrigation water is drawn from natural streams, one
gquarter from groundwater and the rest from lakes, ponds and coastal waters.

Problems

Although the total irmgation withdrawals from streams correspond to only
five m? per second (evenly distributed over four irrigation months), the stream
withdrawal is the principal problem with nature conservation being the main
opposing interest. It 1s not rare that small streams completely dry out partly
because of 1rrigation. This causes difficulties for the County Boards who are the
supervising bodies according to the Water Act as well as traditionally according
to the Nature Conservation Act, With The Water Act stipulating permits for
harmful irrigation withdrawals, with 95 per cent of the withdrawals being poten-
tially tllegal (only some 300 farmers have proper Water Court permits) and with
practically no legal means for immediate counteraction, the conflicts are bound to
arise.

Solutions

In a governmental investigation two years ago the Swedish Board of Agricul-
ture suggested some means to overcome the most pronounced conflicts. Apart
from technical measures a new paragraph in the Water Act was suggested. This
has now been adopted in connection with a proposal for a new Code of Environ-
mental Protection giving the County Boards more power to stop illegal with-
drawals. More important though is the suggestion to reach concensus through
river basin management. T'wo examples from southeastern Sweden show that
this is fruitful. Only within these two basins some 250 farmers will get their
legal permits. Because of joint action, joint design and joint reservoir regulation
the permits will be acquired at extremely moderate costs. Above all the irrigation
water will be withdrawn in full agreement with all potential opposing interests.
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SEDIMENTATION OF PHOSPHORUS AND SOIL PARTICLES IN
CONSTRUCTED WETLANDS

In 1990, four first order streams in South-Eastern Norway, were damned up and
their banks expanded. Four small, rectangular, shallow ponds resulted. Each had
a 0.4-0.5 m deep vegetation filter, except at the inlet, where the sedimentation
basing were 1 meter deep. The widths were 3-9 m, and surface area between 230-
860 m?, equal to between 0.03-0.12 % of watershed area (50-100 ha). Average yearly
discharge was 0.14 s 1/ha.

Samples were collected using a water proportional sampling system in the in-

and outlet, and with sedimentation traps throughout the constructed wetlands
(CWs).

Retention of soil particles was higher in the "winter season" (November-April)
than in the "summer season” (71 % versus 47 % respectively). This was also true
for phosphorus retention (42 % versus 20 %). The corresponding values for
organic matter were 27 and 17 % (figure 1 and 2). High retention, despite winter
storms, may be explained by a higher input of coarser soil particles, more
collisions due to higher particle concentrations and little re-suspension, due to
vegetation cover.

Results from the "winter season” should, however, be used with some care: They
include only one sampling season from two CWs (1993/1994). The "summer
season” results include two seasons from four CWs (1992 and 1993). However,
higher retention in the "winter season” was confirmed by sedimentation trap
results (table 1),

Texture analysis of the sediment from the vegetation filter gave a clay content of
25 % on average. There were, however, large differences between the CWs. The
clay content was up to 5 times the expected, compared to formulas presented in
Handbook of NPS-Pollution by Novoiny and Chesters (1981). High content of clay
and fine silt (18 %) may be explained as a function of vegetation reducing the
water velocity, increasing flocculation, and the inflow of aggregated particles.

To sum up, these results show that even small CWs are able to retain soil

particles and phosphorus. Constructed wetlands can be efficient tools to mitigate
the effects of surplus nutrition loss and soil erosion from arable land (figure 3).
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Retention of soil particles

Min. mat.
May - October ] Org. mat.
47 % retention of
soil, £ 10 % 23 %

17 % retention of
org. mat., £7 %

Into CWs: 60 kg soil particles Out of CWs
pr. Ha watershed

November - April

71 % retention of
soil, £ 10 %

-t mmzmﬁ:m;‘:%mmmxmm}

27 % retention of
org. mat,, 7 %

s

Inpuf: 1100 kg soil particles Out of CWs
pr. Ha watershed

Figure 1. Soil retention for a whole year: The year is divided into a summer
season and a winter season. The circles are scaled and show the relative
comparison befween winter and summer, inlet and outlet. The soil particle
runoff in the winter season, is 18 times higher than that in the summer season.

Mixed samples show a retention rate of 47 % for soil particles in the summer
seasorn. 15 % of the soil particles into the CWs were organic matter. Only 17 % of
the organic matter is retained, probably due to it’s low specific weight, and the
production of organic matter in the suminer.

The larger sized wetlands, relative to the watershed area, gave the best percentage
retention. '
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summer inpu
particles are like glue to phosphorus, and may explain the high retention during

Concentration of soil particles in the water is quite high in the winter season. Soil
this part of the year. 42 % of phosphorus was captured in the winter season.

manipulated further. This may be one of the reasons for summer retention being
less than the winter retention. 20 % of total phosphorus was retained during the
SUMINEr Season.

Figure 2. This figure gives the annual retention of phosphorus in the CWs. It is
inflow-water. Soluble phosphate seems to_be hard to capture, unless the system is

built up as for the so0il particles. The input through the winter is 9 times the
We see that 33 % of total phosphorus is soluble phosphate in the summer
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Retention of soil and phosphorus (kg / m?)

Table 1. The effect of the consiructed wetlands are summed up in this table.
Retention is presented in confidence intervals, an average and the statistically

calculated borders (1). Both retention from mixed samples and sedimentation
traps results are presented in kg/m?2.

Mixed samples Sedimentation traps

Season  Average P=0,05 Average P=0,05

Soil particles S 5840 +5800 6480 £3300
W 100300 +2006000 23510  +£10900

Org. mat. S 130 +100 510 150
W 1333 £9300 1170 +500

Phosphorus S 5 +7 4 +3
W 46 +81 18 9

Some of the differences in the two methods are due to:
- Mixed sample results include only two season’s data in the winter (n=2),
- Sedimentation iraps nof covering the inlet area well enough. Sedimentation

trap results will also include some of the organic matter produced in the
summer,

An estimate of soil and phosphorus retention would be: 300-1000 metric tons of
soil captured annually per ha of CW, and 200-500 kg phosphorus.

Cm 10
. 1991/92
B 1992/93
6 1993/94

BERG FINSRUD KINN STORLES

Figure 3. Annual sedimentation of soil particles in the vegetation filter of four
CWs. Sedimentation rates are increasing despite decreasing depth (<0.5 m). CWs

have to be emptied after 8-25 years, depending of wetland size and particle input.
Soil and phosphorus may be recycled.

Braskerud, B. 1994. Tilbakeholdelse av jord, fosfor og nitrogen i fangdammer.
JORDFORSK-rapport 6.24.09/4.
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EXFECT OF VEGETATIVE FILTER STRIPS ON MINIMIZING
AGRICULTURAL RUNOFF IN SOUTHERN NORWAY

Abstract

Loss of nutrients and sediments from agricultural runoff causes
eutrophication in surface water. The use of natural systems (Ecological
Engineering), like vegetated filter strips adjacent to a streamside, can effectively
filter nutrients and sediment. It is, therefore, important to study design criteria
which optimize such vegetative filter strips.

This paper describes the influence of five criteria: (i) filter strip length {in
slope direction - 5, 10 and 15 m), (i) vegetation type (grass versus trees), (iii) size
of catchuents (500 and 5000 m2), (iv) constitution of vegetation (rapid growth
and withered vegetation), and (v} slope (7, 14 and 28 %). These parameters were
studied after natural runoff, simmulated runoff and in the laboratory.

The results show that the sedimentation process is most effective in the
upper part of the filter strip. We recommend therefore filter strip length between
5 and 10 m depending on the topography and hydrology in the catchment. The
results show no significant differences between forest filter strips and grass filter
strips regarding their efficiency of retention. The filter strips can receive runoff
from relatively large catchments (5000 m?2) without significantly decrease in
removal level (for sediments). Rapid growth is significanily more effective than
withered vegetation. Results indicate no significant differences in sedimentation
between three slopes (7, 14 and 28 %). A filter strip can remove more than 30 %
of the incoming nitrogen, 50 % of phosphorus and 70 % of sediment.

1 INTRODUCTION

The North Sea is threatened by high nutrient input and eutrophication caused by runoff
from agriculture, The use of natural systems, like vegetative filter strips adjacent to a
streamside, is one measure which can reduce non-point pollution from agriculture. It is
important to study design criteria which optimize the effect of vegetative filter strips.
The design criteria have been studied for 1) natural ronoff 2) simulated runoff and

3) laboratory study.
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2 MATERIAL AND METHODS
1) Natural ranoff:

-three 4-plot field areas, established autumn 1991
~tested the influence of filter strips length (in slope direction)
~control reception (no filter strip), filter strips with 5, 10 and 15m length
-the filter strips were planted with native grass
~runoff from each supply area was calibrated for one year
-measured the discharge rate, water samples after each runoff episode
~water samples analysed for phosphorus, nitrogen and suspended matter

2) Simulated runoff

-t0 create surface flow the filter strips were saturated of water
-water-based sediment and nutrient were applied to the filter strips
~simulated runoff with native grass:
-tested the influence of filter strips with 5 and 10 m length
~tested the influence of applied 2000 1 and 20,000 1 "runoff water"
(corresponding to 4 mm runoff from 500 and 5000 m? catchment)
~tested the influence of filter strips with rapid growth and withered vegetation
-simulated runoff with native grass and aspen with mosses:
-tested the influence of filier strips with 5 and 10 m length
-water samples from supply and collecting gutter
-water samples analysed for phosphorus, nitrogen and suspended matter

33 Laboratory study
-filter strip model built

-added water mixed with sediment to filter strip '
-tested the influence of sedimentation at different slopes (7, 14 and 28 %)

3 RESULTS AND CONCLUSIONS

-3 vegetative filter strip can capture more than 70 % of the sediment. 50 % of the
phosphorous and 30 % of the nitrogen

~the removal of sediment and nutrient is also high during autumn and winter
-autuma: high precipitation and runoff
-winter; snow and freeze

~filter strips can receive runoff from relatively large caichments without significant
decrease in removal level (especially for sediments)

-we recommend a filier steip length between 5 and 10 m
-sedimentation (sediment and nutrient adsorped to sediment) is most

effective in the upper part of the filter strip

~-13 m filter strip does not remove significantly greater amounis of sediment and
nutrient

-rapid growth vegetation is significantly more effective than withered vegetation

-there is no apparent difference between different kinds of vegetation (grass versus
aspen)

~different slopes (7, 14 and 28 %) do not influence the level of removal apparently

-further investigation of different kinds of vegetation and sIopé is needed
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BUFFER ZONES - POSSIBILITIES TO REDUCE NUTRIENT LOSSES
FROM ARABLE LAND

In Finland, the largest single source of phosphorus and nitrogen in aquatic ecosystems
is agriculture. Therefore, methods that decrease nutrient losses from agricuitural areas are
of increasing interest. These methods include cultivation practicies, and vegetated buffer
strips (zones) between fietds and watercourses. This paper describes an experiment at the
Agricuitural Research Centre of Finland to determine the effects of buffer strips on
sediment and nutrient losses.

An experiment began in autumn 1991 at Jokioinen in southwestern Finland to measure
the effects of grass buffer strips (GBS} and vegetated buffer strips (VBS) on sediment and
nuirient losses. A 6-plot experimental field also provided a control without buffer strip
(NBS) with two replications. The 60 m by 18 m runoff plots are on a clay soil with a
uniform slope of 2%. Spring barley or spring oats are grown on each plot. At the lower
end of each plot there is a 10-m wide strip wiith a slope ol about 10%. On the control
(NBS) barley or oats are grown on the strips, also. On the GBS treatment, a mixture of
timothy grass and meadow fescue is used, and the grass is mowed and removed once each
summer. The VBS (reatment has a mixture of mainly common bent and yarrow grasses,
and trees and shrubs were transplanted in 1991,

The 3-year mean surface runoff plus subsurface flow (270-300 mm) varied little
among the treatments. The 3-year foad of total solids was 1810 kg/ha on the NBS plots.
The GBS’s and VBS’s decreased the suspended sediment by 30 and 43 %, respectively. The
sediment-adsorbed phosphorus from the GBS plots (1.2 kg/ha) was 20% less than that from
the MBS plots, and that from the VBS plots (1.0 kg/ha) was over 30% less than that from
the NBS plots.

On the GBS and VBS plots, 22 and 38% of total phosphorus was in the form of
orthophosphate, but on the NBS plots only 17% was orthophosphate phosphorus. The
runoff loss of orthophosphate phosphorus was very high from the VBS plots in the spring
snowmelt period compared with the NBS and GBS plots. The high loss is because of
phosphorus icaching out of the decaying grass residue on the surface of the buffer strip. As
a result of these spring losses, the runoff orthophosphate phosphorus losses from the VBS
plots were 90% greater than that from the GBS and NBS plots.

The load of runoff and sediment nitrogen was [8.6 kg/ha from the NBS plots. The
GBS’s and VBS’s decreased the loss of nitrogen by 53 and 31 %, respectively. The buffer
strips  also reducednitrate losses. The nitrate-nitrogen load from the GBS plots (5.5 kg/ha)
was 60% fess than that from the NBS plots, and the VBS plots (8.5 kg/ha) was 40%
smaller than that from the NBS plots.



Table i. Runoff (surface + subsurface), total solids
(TS}, and plant nutriet losses Efrom NBS, GRS, and
VBS plotsg, mean of two replicates.

Treatment/ Runoff T3 Tot-¥ NO-N NH,"-N Part.-P PO -P
Period (e} kg/ba

Wo buffexr

strip (NBS)

Autumn 1991 16 330 2.0 1.4 0.02 0.27 0.02
Spring 1992 42 12¢ 2.5 2.0 0.06 0.314 0.06
Autumn 1992 24 210 2.9 2.4 0.04 0.20 0.04
Spring 1993 64 720 5.6 4.3 0.10 0.50 0.10
Autumn 1993 10 990 0.5 0.3 0.01 ¢€.09 0.02
Spring 1994 115 270 5.1 3.5 0¢.i8 (.30 0.08
Sum 1991/93 271 1810 18.6 13.9 0.41 1.50 0.32
Grass buffer

strip (GBS)

Autumn 1991 15 17¢ 0.5 0.3 {0.01 0.18 0.02
Spring 1992 61 240 1.8 1.4 0.106 0.18 0.09
Autumn 1992 33 196 1.0 0.6 0.04 0.19 0.04
Spring 1993 56 47¢ 2.5 1.6 0.10 0.33 0.08
Autumn 1983 18 70 0.4 0.2 0.02 0.08 0.03
Spring 1994 105 140 2.6 1.4 0.16 0.23 0.08
Sum 1991/93 288 1280 8.8 5.5 0.43 1.19 (.34
Vagetated

buffer strip

{(VES)

Autumn 1891 18 200 1.2 0.7 0.02 0.18 0.03
Spring 1992 67 240 3.2 2.5 0.19 0.17 0.12
Autumn 1992 25 100 1.0 0.7 0.03 0.13 0.04
Spring 1993 62 300 3.8 2.7 0.18 0.24 0.13
Aubumn 1993 14 40 0.3 0.1 0.03 0.0% 0.07
Spring 1994 113 150 2.3 1.8 0.28 0.22 0.22
Sum 1991/93 296 1030 12.8 8.5 0.73 0.99 0.61L
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Experimental treatments:

1. Grass buffer strip {(GBS); Seed mixture of timothy {(Phleum pratensel 22 kg/ha
and meadow fescue {Fegtuca pratensis) 12 kg/ha was sown with a companion crop
of barley im May 19%1l. The barley was harvested in August 1991. The grass was
nowad once each summer.

2. Mo vegetated buffer stwrip {NBS):; sown with barley and fertilized like cropland
source arvea,.

3. Vegetated buffer strip {(VBS): sown with common bent {Agrdstis tenuis) in June
1991, Goat willow {(Salix cdpresa), mountain currant (Ribes alpfunum), European
cranberry bush (Viblrunum Spulus), birch (Bétula), alder (Alnus), maple {(Acer
platanoides) and mountain ash (Sorbus aucupdria) were trangplanted in October
1591.

The cropland souxrce area, above the bufifer strips, was sown with barley or oats
and fertilized (NPK compound fertilization: 90 kg N/ba, 1B kg P/ha and 36 kg K/ha)

in May. The crop was harvested in August and the field wag ploughed in Septembex
each year.

Fig. 1. Schematic diagram of experimental field.

17



BNIBA WNIXEL ‘SBIUEA
Bumoys Jeg Joua yum seresyde: oml (0 ugsw 's10id sEA winwiew Dulmoys Jeg 10us ik $91BoHda) OM] 10 UBsW
puB SO0 "SAN Byl woy gouns up usbonu-eleaN G By ‘5010 SBA DUR SED SN AU WO SPEO; pos 1BloL g Big
58A 589D SN o SgA san SanN o
€ 00s
U e—
| LB Ly e
o z5 mcmamgm 0004
26 Uwmny g ; 28 cEwwnq‘am
£6 mcxamﬂ_ , o6 Buuds] oo i 00%¢
i 3] i |
£8 uwmn ! : X o
q@m mmm LRUNITY 0002
v6 Buudg g | bs BuudgEy! i
@ Coe e o P 00SE
gL Q00¢t
Bu/By eu/By
usBoipu-aB N SpIOs 8101
Fnea Winwixew Buimous seg anea wnupe Bumoys jeg
10150 ulm s8jedyda: om) JC uesw ‘s1oid S8A PUB SED ‘SH 10435 UM sefeoydas oml Jo uesut 's1cid SgA PUB SE89D 'San
auy woyp gount  w smuoydsoud  eteudsoydoyu v Big 2y} w0l IUBUNPas Ul SPEO] snioydsoyd pagiospy ‘g Bl
S8A 595 SgN 5 SgA sgD SaN o
) _ 50
{16 uwmnye o {16 vwmay ]
m Z6 mcﬁawam | z6 mcwﬁm@w {
! H
|26 vwmny g H i o |26 uwmny &
w £6 Bundsm _, £6 Sundg ! .
B
| £6 uwmny | |6 uwmny gz
| ¥6 Bupdg 0 , »6 Bupdg @)
L ’ A
L
m 0 S'e
2 .
216y 21/
snioydsoyd sreydsoydoyrQ snioydsouyd psaglospe-lusuiipesy

78




Roger Roseth, Bent Braskerud og Anne Grete Buseth
JORDFORSK

N-1432 AS

NORGE

NITROGEN RETENTION IN STREAMS AND CONSTRUCTED WETLANDS

Nitrogen leaching from arable land is a major source (25%;) for the N-load from Norway to
the North Sea. Eutrophication of coastal waters and lakes makes it necessary to reduce the N-
loads. N-leaching from arable land is difficult to control by conventional measures such as
reducing ploughing, fertilizing, and surface runoff. Constructed wetlands, stream restoration
and vegetated filter strips are alternative measures for N-removal. Results shows that these
measures can be efficient. JORDFORSK has studied N-retention in constructed wetlands and
streams for more than four years. Field- and laboratory studies are presented.

Constructed wetlands

In 1990 four constructed wetlands were built in small streams. Each constructed wetland
consisted of a sedimentation chamber (1-2 m deep) and a wetland filter (0.5 m deep). The
purification efficiency was evaluated by water proportional sampling. Results from 1993
showed annual reduction of the total N-load by 5-20%. This retention is high considering the
constructed wetlands cover only 0.03-0.12% of the catchment areas. Daily N-retention was in
the interval 100-700 mg N/m? wetland.

Field streams

Experiments were performed in a small stream during summer and early autumn when
discharge was low and stable. High levels of organic matter (15 mg TOC/[) and rich growth
of macrophytes and algae provided favorable conditions for denitrification. N-retention was
investigated over a 100 m stretch after continuous addition of nitrate-solution for 48 hours.
Nitrate concentrations varied in the interval 2-30 mg NO3-N/L. Retention efficiency increased
tinearty with nitrate concentrations. Retention was in the interval 300-8000 mg N/m?
stream*day.

Laboratory streams

Field sediment was lined in four (man-made) laboratory streams. Macrophytes and algae were
grown under fluorescent lamps. Nitrate was added to a initial concentration of 20 mg NOs-
N/L Daily sampling showed decreasing nitrate-concentrations. Nitrate-removal was

dependent on nitrate concentrations, and was slower at low nitrate-concentrations. N-retention
varied in the interval 50-200 mg N/m? siream*day. Replicate experiments conducted at
different water temperatures, 5, 10 and 20°C, showed that the retention efficiency was halved
when the temperature fell from 20 to 5°C.

Mesokosmos

Small units of wetland arcas (with intact sediment and water) were 1solated (mesokosmos) by
installing cylindrical or rectangular walls. A series of experiments showed that the N-
retention was dependent on nitrate concentration, content of organic matter, water velocity
and water temperature. N-retention was 16-2000 mg N/m? *day dependent on conditions.

Conclusions and further needs for research

The referred experiments demonstrated considerable variation in N-retention (16-8000 mg
N/m?#day). Important factors for N-retention are nitrate level, content of organic matter,
growth of algae and macrophytes and water temperature. The interaction of theses factors
should be examined by factorial design experiments -- both in the field and in the laboratory.
Since high water-velocity is considered to be critical for an active denitrifying biofilm, the
effect of water velocity should be investigated. To design constructed wetlands for N-
removal, a thorough understanding of the various factors influencing N-retention is
necessary.
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Nitrogen Removal in Created Ponds

Background

The role of nitrogen as an envirenmental hazard has become increasingly important since
World War H. Emissions, and increased use of nitrogen compounds, e.g. fertitizers, have an
impact on eutrophication, acidification, production of greenhouse gases and on the
stratospheric ozone layer. Decreasing the supply of nitrogen to coastal waters by half by 1995
has been adopted as a national goal in Sweden. However, this decrease appears (o be
unrealistic to attain for many years. In 1989, an interdisciplinary project tn the Laholm Bay
drainage basin pointed out that the goal can be attained if decreased emissions and leaching is
combined with increased removal during runoff. This paper presents studies on nitrogen
removal in created ponds.

Results

When area nitrogen foading is increased in a poad, total area removal also increases, but
nitrogen removal expressed in percent of the load often decreases. Subsequently, low
percentage removal does not indicate a poor function. However, several ponds of a certain
capacity would be useful.

Periods with net removal were frequently followed by periods with release of nitrogen but in
the tong run all ponds except one showed a net removal during the investigation period.
Annual net semoval in these ponds varied between 73 and 7000 kg N ha™, Shaltow ponds , as
an additional nitrogen retention step after activated sludge treatment of municipal wastewater,
showed an annual nitrogen removal of about 8000 kg N ha™. These results are promising
especially for small towns and villages where a cost-efficient reduction can be obtained without
continiuous supervision of the treatment plant, Ponds/wetlands should constitute one of several
important building blocks in programs that aim to decrease river transport of nitrogen. This is
true even with respect to low preentage in ponds with high nitrogen load, since this may result
in low marginal costs as a result of high area removal. In order to keep marginal costs low,
planning of wetland creation/restoration must be strategic. Sites for ponds wetlands should
preferably be localized where the area nitrogen load is high, because of high nitrogen
concentrations. The hydrological load sets the limits for nitrogen removal processes, and is
therefore crucial for designing ponds and wetlands. The dominating ebullotion gases were
nitregen and methane, the latter being the most important greenhouse gas escaping the ponds.
The predominating fraction of nitrous oxide escaped from the extremely high N-loaded pond
Tjarby 2 by means of diffusive flux. N2O entered the pond via the stream that drained farmland,
and would also have escaped to the atmosphere if there was no pond in the runoff system. In
the pond, no N;O production by denitrification, but rather a consumption, was indicated.

Reference

Fleischer, S., Gustafson, A., Joelsson, A., Pansar, J. & Stibe, L. 1994, Nitrogen Removal in
created Ponds, Ambio, Vol 23 No. 6, 349-357.
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EVAPOTRANSPIRATION FROM AGRICULTURAL CROPS
IN LITHUANIAN LOAMY SOILS

The article presents generalized conclusions of many years (from 1965) investigations
of total evapotranspiration (water consumption). Main basis ol investigations was located in
the central part of Lithuania, not far from Kaunas, but some investigations were done in other
places of the country. Investigations were mostly done in drained loamy soils. All experiments
were done in trrigation systems so irrigations norms were investigated at the same time. There
were 4 usual variants: not - irrigated fields and 3 fields irrigated with three different norms:
smalier, average, defined by calculations, and farger than the calculated one.

Evapotranspiration is mostly conditioned by meteorological factors and plants have less
mfluence on it (Fig. 1), On the basis of experimental material of evapotranspiration
investigations on irrigated fields with highly developed agricultural crops potential evaporation
was defined. The experiments were done mostly in 1.0 sq.m. surface areas and smaller
evaporators were used at the Water Balance Laboratory of the Land Reclamation Department,
Lithuanian Academy of Agticulture. To caleulate potential evaporation according to
meteorological factors multinomial regressive equations of two types were analysed. These
equations included various combinations of meteorological factors. Relative air moisture (x, ),
alr femperature (x, ), air moisture deficit (x, ), total solar radiation (x,), soil surface
temperature (x ; ), soil temperature in 10 cm depth (x ), average length of the day (x; ), length
of solar radiance (x, ) and ratio of length of solar radiance and total length of the day in the
particular period (x, ) were also members of the equations mentioned above. The actual
evapotranspiration data for the five-day-periods, which were equated with the evaporation
from highly developed cabbage fields, was best aproximated by the equation: y = 0,52x, -
0,138x, +0,584x, -0,417x, +16,1 where regressive ratio is 0,94, actual Fisher criterion -
41,0, theoretical - 2.5, error - 3,1 mm (13,5%). Total equation influence modulus - 88,7%,
air moisture deficit - 72,5%. We compared good calculation results according to one variable

equation which includes only air moisture deficit (x, ) influence modulus - 86,6, correalation
cocefticient ~ 0,93, Fisher criterion ~461,3, theoretical - 4,0, Equation error - 3,4 mm (14,7%),

Literature presents some data which show the connection between potential
evaporation and atr moisture deficit to be curved-lined, therefore, various forms of the
connection were looked for (in all 17). The best results were obtained, in turn, according to the
third and the second degree polynomes, progressive curve, and, in the fourth place, according
to rectilinear dependence (Table 1). Statistic line of 222 members was made and generalized
formula to calculate potential evaporation was calculated using evapotranspiration
investigation data from wvarious irrigated fields of highly developed agricultural crops.
Introduction of biological coeflicient into this formula allows to calculate evapotranspiration
from the irrigated fields:

E = K(0,48%d+9,4) mm/ten-day-period, (1)
where K - biological coefficient, Ld- total air moisture deficit in the ten-day-period.
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Biological coefficients depend on the variety and development ol agricultural crop. On
the ground of many years observations dependency curve of biological coefficients on time was
worked out:

for late cabbages:

K =-0,01i51 x} +0,6641x, - 06,15, (r = 0,958 = 0,06), (2)
for red beets;

K =-0,0149x +0,6665x, - 6,31, (r = 0,94; 6 = 0,08); (3)
for cucumbers:

K =-0,001ix} +0,0575x] -0,8934x, +4.75; (4)

{r =094, 6 = 0,07,
where x, - number of the decade from the beginning of vear (from 16 till 27); r - cotrelation
coeflicient; & - equation error.

Biological coefficients of perennial grasses fluctuate from 0,6, at the very beginning of
the vegetation period, till 1,0, when grasses are developed well. After cutting biological
coeflicient of perennial grasses is 0,6 in the current ten day period and 0,9 in the following ten
day period. In September biological coeflicients of perennial grasses are 0,8; 0,7 and 0,6.

Seil moisture influence on evapotranspiration is significant too. QOur investigations
show that in dry periods evapotranspiration in irrigated fields which have enough moisture is
30-60%, and sometimes more, greater than that in not-irrigated fields, where soil suffers lack
ol moisture. We have created methodics to evaluate the influence of soit moisture deficit
influence on evapotranspiration based on the analysis of expertmental materials and literature
on this issue (S.Alpatjev, M Budyke, IEagleman, H Hanson, $ Harchenko, P Kuzmina,
V.Mezencev, O.Shvelidze and others), which is suitable for Lithuanian climatic conditions. 1t is
based on the S.Harchenko's recommendation and can be expressed as

K w (W??U" - AW:‘EV)/(WHJF - Wu’m)f’ (5)
where W, . - field capacity soil moisture; AW - average soil moisture deficit in the period,
W, - moisture of drooping in the soil.

Comparison of actual water consumption with the one calculated by (1) formula is
shown at the Fig. 2. We can see sufficiently good vesults of calculations. Correlation
coetlicient among the measured and calculated norms of total evapotranspiration is: for red
beets - 0,92, for late cabbages ~ 0,89, for perennial grasses - 0,88. When calculating generally
for all crops this coeflicient equals 0,90, and dependency curve, in all cases, is close to
bisector. Generally (1) formula can by used for practical needs, including calculation of
irrigation regime. It was tested in experiments of many years. Good results were obtamned
when irrigation regime was calculated by water balance method, and water consumption - by
(1) formula. Figure 3 shows that 2¢ (calculated) curve of moisture dyramics in the active soil
layer fluctuates between max and min possible limits, and vyields of agricultural crops were
highest in those felds,

Conclusions

1. Total evapotranspiration very much depends on local conditions, therefore, regional
formulas, deduced in particular locality fits best to calculate the evapotranspiration, or
parameters of elsewhere deduced formulas, have to be defined localy.

2. Formula (1) can be applied for practical use under Lithuanian conditions, also for
calculation of irrigation regime.
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Table L Formulae for Calculation of Ten Pay Potential Evaporation Using Air Moisture

s Delicit
NO Formula Correfation Fisher Criteri
> er Criterion Srrov Statistic
coefficient Bl m?ﬁlim
actual jtheoretical mm Y% members
Laie cabbages
L B, = 0.56x+85 0.894 1912 4 ; 5
' e " lO - ) : D
3 E o 0000‘51& *-0.01088x,+118x,-2.0 0,898 54 28 (;i ::)2 2?}
3. E,= 0.00066x 140,474x 10 0.895 94.3 42 6.4 157 '30
R A . b8 o]
Cucumbers
4. E,= 00001417 *0.03118x,*+2.62x,-36.6 0.675 30.6 3.0
5. £y = 16.72xp001283x,) 0.353 00 42 75 77 "
6. = 0548x,+4.9 0.852 79.5 4.2 7.3 1738 42
7. Eg= 0.00181%,140.279x +14.0 0857 398 33 73 75 32
Recd beets .
£oL,= o:m ;15 . 0902 1441 4.2 5.2 12,1 35
4. L =, 102:(' - 0,890 143.0 4.4 52 12,1 5"3
0 L -0.00047x, 50,5828 % +9.5 0902 702 a3 3 35
1. = 137.0-78.71nx,+13 8(inx. JE 0901 69,4 38 5.3 123 5
Perennial grasses
1. l, = {),0000834x, 3+0 0160?\ '"‘ﬂ °O!\ -4} 0,783 532 2.7 6.9 207 i)
I3 B, = 17.346exp(0.01068x,) 0770 1503 39 70 200 105
1. Eg = 0,00179x,“0185% 16,0 0771 748 1) 71 210 105
15. o: JCJ)\ 5110 G, 764 1449 3.9 7A 212 I
Average for the investigated agriculturales crops
16, & . 0 OOOO()/ZK 10,014 3(}\ +130x.-4.9 0,614 1428 2.6 5
7. By = 0.00108x 40,3275 4139 ' 0.803 205,6 50 7% Iz%?a fjj,
18, B = 048 +9.4 0806 4068 a9 76 202 2!
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Fig. 2 Comparison of actual water cousumption witl: the onc
caleulated by (8) Formmeda: [-on the additiovally (reigated lelds of
perenadal grasses; 2 - the same on the ltelds of red beets: 3 - the same
on the {ields of late cabbage
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Fig, 3 Moisture Dynamics in the Active Soil Layee: | - soil moistur
in not irrigated Melds: 2a - soil moisture in the Intensively irrigate
fickds: 2b - soll meisture in the ficlds with small irrigation rale: 2¢ - 50
moisture in the ficlds with average irrigation rate: 3 - oplimum so

maoisture lgts: 4 - brrigation: § - precipiation,
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EVAPOTRANSPIRATION FROM CEREALS AND EFFICIENCY OF FERTILIZERS

The investigations were catried out on the different soils of Estonta during the period of
1967-1990.This complex study deals with problems of cereals productivity, the influence of
soil-climatic conditions, fertilization, sowing time, cultivars etc. Hssential conclusions of the
present work were as following :

* Relative influence of weather on productivity of cereals is twice stronger than the effect of
fertilization and thrice stronger than the tmpact of the sowing time . It is connected with the
facts , that the total precipitation during the vegetative period annually varies more than 4 - 5
times and the sum of active temperature accordingly 1.5 - 2 times.

* Bvapotranspiration from cereal crops as well as lower hmits of the optimum of soif moisture
content depend essentially on the texture of soils, potential level of the evapotranspiration and
biological peculiarities of plants. The optimal available water supply decreases during the
growing period 20 - 25 per cent but also later development stages of plants moisture content
in soil does not go belowe the limits of the discontinuous cappilary moisture. Influence of water
deficiency on the yield of cereals during the period from tillering to earing is 1.5 - 2 time
bigger than at earlier and later development stages of plants. On the average water deficiency
during the intensive growing period of cereals forms 10 -35 per cent of the potential
cvapotranspiration rate. But in some droughty years it may be exceed up to 50 - 65 %. Only
for that reason on the sandy soils and pebble rendzina the yield of cereals decreases on the
average 0.8 - 1.2 Mg ha ', droughty years even above 1.2 ~ 1.8 Mg ha ",

* Tn droughty conditions the efficiency of nitrogen fertilizers is thrice lower than on the optimal
supply of plant with water. At the same time the differences between biologically effective
amounts of the fertilizer, ensuring the maximum level of the yield, and economically
recommended amounts are bigger i the uafavourable growing conditions of plants, If the
biologically effective amount of nitrogen fertilizer are approximatly 100 kg nitrogen per
hectare, then from the viewpoini of the yield quality and the economical aspects the
recommended fertilizer norms are within limits 50 - 70 kg ha "', Also, early sowing time cereals
is a very essential factor limiting efficiency of fertilizers , productivity of crops and the quality
of the yield.

* Depending on the soil properties, evapotranspiration from cereals on the average forms 250 -
300 mm. Consumption efficiency of water by plants appreciably decreases if the wncrement of
total phytomass per day is lower than 40 - 50 kg ha "' or than the yield of cereals is lower than
2.0 - 2.5 Mg ha . Consumption of water per unit of yield of cereals varies from 800 to 5500.
* Since the soil water - supplying capacity 18 a very important factor, which also i our region
has affected productivity of cereals, then m agricultural models as well as complex soil climatic
zoning programs we have used real and potential evapotranspiration index as a factor. As the
result of the analysis we may note, that the pedoclimatic conditions for the growing of cereal
crops in the North and South - East Estonia and on the islands are 20 -30 per cent more
unfavourable than that in Central Estonia,
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INTRODUCTION

The climatic conditions in Estonia vary in great
extent. The total precipitation during the ve-
getative period may differ more than 4-5 times
and the sum of (emperature accordingly 1.5-2
times {IFig. 1), For that reason the yields of
cercal crops are relatively unstable (Fig 2, 3).
The relative influence of weather on productivity
of barley is twice stronger than the effect of
fertilization and thrice stronger than the impact
of sowing time.

EXPERIMENTAL WORK

This practically oriented complex study {carried
out 1967-1990) deals with problems of cercals
productivity, the influence of soil-climatic
conditions, fertilization, sowing time, cultivars,

Actual evapotranspiration (ET) from cereals on

the ficld trials was found by the data of water
balance. For that purpose water supply in the
soil and the total precipitation were regularly
determined during the plant growing period.
Potential evapotranspiration rate (PET) was
calculated en the basis of air vapour pressure
deficiency data using the simple formula by
AM. Alpatiev - PET = KXD. In our calcula-
tions the values of biological constants (K) were
before tillering of cereals - 0.60, from tillering
to earing - 0.70 and after that period - 0.65.

For the detailed study of water consumption
from cereals we have used the evapometers
GGI-500-50. Daily values of ET and PET were
established by weighing the vessels.,
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RESULTS

Water deficiency during the intensive growing
period of cereals on the average forms 10-35%
of the PET, but in some droughty years it may
exceed up to 50-65% (Tab., Fig. 4). For that
reason on sandy soils and rendzina the yield of
cereals decreases on the average 0.8-1.2, some-
times above 1.2-1.8 Mg ha'. Evopotranspiration
from cereals depends on the soil texture, PET
and biclogical peculiarities of plants (Fig. 5-8).
The optimal water supply decreases 20-25%
during growing period, but even in fater plant
development stages moisture content in the soil
does not go below the limits of the discontinuous
capillary moisture (DCM).

Water supply capacity of soils and climatic
conditions affected in great extent effectiveness
of fertilizers (Fig. 9-11). Consumption effi-
ciency of water by plants decreases appreciably
il the increment of total phytomass is lower than
40-50 kg ha'l day’!, or if the yield of cereals is
fower than 2.0-2.5 Mg ha' (Fig. 12-13),

CONCLUSIONS

Since the soil water supply capacity is very
important factor, which also in our region fimits
productivity of cercals, inagricultural models as
well as complex soil-climatic zoning programs
we  have used actual and  potential
evapotranspiration ratio as a factor, As the result
of the analysis, we may note that the pedo-
climatic conditions for the growing of cereal
crops in the North and South-East Estonia and
on the islands are 20-30% more unfavourable
than that in Central Estonia. Pedoclimatic and
ecologic-cconomic complex analysis is the basis
for optimizing land use and preservation of
natural resources.

The results of the present work may be used fo:
calculation of ecological-economically recoms-
mended land use models and agricultural pro-
duction in general.



Table. Water deficiency (%) in different soils

Mf;henophasc Sand Lgamy gSandmy Dral-

of cereals sand | loam | naged
soils

From

sprouting

to tillering | 10-15| 5-10 0-5 0

Irom

titlering to

caring 25-35] 15-25 1 1020 ¢ 10-15

From '

caring to

harvesting 1 15-251 1020 | 5-10 0-5

10% deficiency of water supply {rom tillering to
earing of cereals depending on the fertilization,
decreases the yield by 130-190 kg ha'. The
influence of water deficiency in earlier and later
development stages of plants is 1.5-2 times
lower than it is in the intensive growing period,
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Fig. 1. Probability {P, %)} of precipitation and sum
of effective temp. (=5 C) during veg. period

Mg ha?

gMahe
* kel
6] el T x =
-z r -3 T ox
4 B f I Tom
Ty
"

2 %z
) o

0 20 40 60 50 100

~  Oals = Bardey » Hye - Whaeat

Fig, 2. Probability {P, %) of diiferent cereal yields

£T mm day” ET mm mm ™

4 <DCM crj©-08
3 10.06
2 -0.04
o 0.02

t - from sprouting to tillering

il - from tillering to earing

I} - from earing to harvesting

DCM - discontinuous capillary moisture
FWC - field water capacity

Fig. 5. kvapotranspiration from barley
depending on the available water supply
in a meter-deep soil layar

87



1 o EUPET — P
O'SiPET<4mm day AAA

0.6 \ . o \
04 | . ; N A \ FWQC
021 ’ PET > 4 mm day’ mm
00830 a0 s0 80 100

Fig. 6. Relationship belween evapotranspiration
index (ET/PET) and water supply of sandy soil

ET/PET

'10 n o " P R AT S

DB_‘PET<4mm day . *

0.6 1\ * AA.A

8: et \ DCM FWC
2] A* -1

0Ok PET = dmmday | e

0 20 40 60 80 160 120
Fig. 7. Relation between evapotranspiration index
(EF/PET) and water supply of sandy ioam soil

ET/PET

1.07 / S R
0.8{ PET < 4mm day'_f T -
0.6 2ot
0.4 AAA BOM | | EWC
021 i P
0 Ojﬁﬁ* PET>4mmday |1 mm

0 20 40 60 80 100 120

Fig. 8. Relation belween evapolranspiration

index {ET/PLT) and water supply of clay soil

1
S.SMQ ha
3.2 e
28] ST e e
R —
2.4 e T - =30%
\\-ﬁ“*‘“‘* ‘m‘_i:m_“* P=50%
2.0 e Ap=70%
16 - P=80%

[ i Hl Y
[« ET/PET = 1.0 I - BRAM = 220 mm
il - RAM = 180 mm IV - RAM = 140 mm

Fig. 9. Variation of basley yield (NOPOKO) depen-
ding on available moisture supply in the soil (RAM

88

51

47 ::f\\\m
4.3 \\.&:ﬁ\“"*---*-w-_m P=10%
3.9- \»\.;::::m—H--.g... P =30%
- \5\\\\ ‘‘‘‘‘ -A-:H.“._ P=50%

4 . . P=70%
2; “ T P=00%
: g I Il v
P~ ET/PET = 1.0 Il - RAM = 220 mm

Hi - RAM = 180 mm iV -~ RAM = 140 mm

Fig. 10. Variation of barley yield {N9OP39K75) depen
ding on available moisture supply in the soil (RAM

o Mg nat’ ‘ . kakaN'sy
; [ D 10
) i 1o
ol W g
‘! 10
ok AL )
100 150

| - in very favourable conditions , P < 10%

il - average yield In early sowing time

i1} - average yield in  later sowing time

iV - in very unfavourable conditions, P > 90%

ig. 11. Effect of N fertifizer on the productivity
of barley on the background P26 K30

pgoga b e EIM9 K00
?600: A 5000
(500 4000
ool 2 3000

| s, 7 2000
4007 M Arakaas 0 AH000

rrrrrrrrrrrrr

0 50 100 150 200{}
0 1.0 20 3.0 4.0
Fig. 12. Evapolranspiration coefficient as a funct:
of the increment of total phytomass and the
yleld level of bariey

EEK hat
5000
4000;
3000-
2000 oo
000

01 ]

. ] EEK kg |

-1 B
009 08 1 12141618 2

| - in very favourable conditions, P < 10%

I} - average yietd in early sowing time

ill - average yield in fater sowing time

IV - in very unfavourable conditions, P > $0%

Fig. 13. Profit and profitability of barley cultivating
depending on the market price

{R=75%
R{=50%
Rt=25%




V. Tamm

Institute of Water Management
Estonian Agricultural University

EE 2400, Kreutzwaldi 5 Tartu, Estonia

ESTIMATING EVAPOTRANSPIRATION FROM GRASSLAND IN ESTONIA

The present research work deals with the estimating evapotranspiration
(ET) from cultivated grassland and possibilities to calculate potential evapo-
transpiration (PET) m Estonian climate. The aim is to find a proper formula
for modelling water balance of the soil by personal computers.

Before (1968 - 1974) the research work has shown in HEstonian
conditions a world-wide known FH. L. Penman formula was used for calculating
PET month- and decade-values. Now we wanted to check up if the same
formula suits for calculating daily values.

The experimental studies were carried out in the Eerika (1984 and
1085) experimental grassland plots (sandy-clay-loam soil) and Aarvdla (1988
and 1989) bolder grasslands (fine sand soil) near Tartu. A hydraulic
evaporation pan GR-17, made in Russia was usad. It enables to measure daily
evapotranspiration in a soil monolith of 1.5 m height and the area of 2000 ¢m?
(ervor £ 0.1mim).

If to compare PET daily values calculated by Penman formula by
measured E'T values during the period when the soil water conditions were
optimal for vegetation, it came out the correlation was quite satisfactory
(correlation coefficient r=0.90 and standard deviation s=0.5mm). The research
can prove Fl. L. Penman formula can be used in modelling water balance in
soll with quite success 1n Bstonia as well.

During the period of 1966 - 1987 the data from 20 meteorological
stations were compiled, the average PIET was calculated by computer for the
whole of stonia and the corresponding map formed. It seems PET is greater
on the coast and islands than on the continent. There the average PET during
the vegetation period (from May to October) was 350 - 370 mm, that on the
coast and islands - 380 - 420 mm. By the formed probability curves we can
estimate the possible fluctuation of PET in pertods of years. On the continent
of Estonia PET value can be from 300 te 380 mun, on the islands accordingly
380 - 460 mm.
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ESTIMATING EVAPOTRANSPIRATION

FROM GRASSLAND IN ESTONIA
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INTRODUCTION

This study deals with the estimating evapotranspiration
(BT from cultivated grassland and possibilities to caleulate
potential evapotranspiration (PET) in Istonian climate. The

aim js find a proper formula for modelling water balance of

the soil by personal computers.

Bafore (1968 - 1974) the research work has shown in
Estonian conditions a world-wide known H. L. Penman
formula was used for caleulating PET month- and decade-
values. Now we wanted to check up if the same formula
suits for calculating daily values as a time interval for
maodelling waterbalance by computers should not be longer
than a full day (24 hours).

THE EXPERIMENTAL WORK

The experimental studies were carried out in the Ferika
(1984 and L985) experimental plets (58° 22' N, 26° 40" )
and Aardia (1988 and 1989) bolder grassland (587 20' N,
26° 45" IN) near Tartu. A hydranlic evaporation pan GR-17
(Fig. 1), made in Russia was used. If enables to measure
daily evapotranspiration in a soil monelith of 1.5 m height
and area of 2000 em? (ervor + (0.1 mm).

An evaporation pan was set up on a sandy-clay-loam
grassland at Erika. Measuring ET were taken from July
till September,1984. As there was very little rain that July
and August,the plants suffered from drought. The actual
T was smaller than petential PET (Fig. 2). In 1985 we
started the measuring on May 1, it lasted up to September
30. Precipitation had fallen equally during the vegetation
period, there was no drought (Fig. 3).

In 1988 the measuring was tansforred to Aardla bolder.
The evaporation pan wag put on a fine sandy grassland,
the measuring ET took place in July and August. Because
of dJune-duly drought the grass was damaged. Thus ET
values were smaller than PET (Fig. 4}, As in 1989 it was
drought in July-August (Fig. 5) it was not possible to use
the data that period.

90

[Fig. 1. Hydraulic evaporation pan GR - 17

I - soil monolith; 2 - foal;

3 - water tank; 4, § - micrometric gauges;

6 - metallic case; 7 - gauge of percolation water

Fig 2. Curnulative curves of the
PLUET and PET (EERIKA 1984)
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Fig 4, Cumulative curves of the
P, ET and PET {AARDLA 198B)
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RESULTS

If to compare PET daily values caleulated by Penman formula by
measured ET values during the period when the soil water conditions
were optimal, it came out the correlation was quite satisfactory
(Fig.6). At Derika correlation coefficient r=0.91, standard deviation
0.5 mm and regression equation @ ET= 1,03 PET - 0.08. At Aardla
correlation coeffieient r=0.90, standard deviation s=0.5 mm and
regression equation : ET=0.99 PET + 0.0%.
H. I.. Penman formula ean be used in modelling water balance in soil
with quite success in Bstonia as well,

The rescarch ean prove

Daily values PET can be computed by Penman’s combining the energy
balance equation and the aerodynamic formula:

mad o (2}

" " — o .
J-075R -(0‘23 + 0,54 Nj] -5 ‘(0,56 - O,OBJcJ )-(0,1 +09 ;.V_) il e, (3

£, =026-(05 0537w} df mmid, I
where Il is net radiation; A - slope of the saturated vapor pressure versus
temperature curve; ¥ - psychrometric constant; R - extraterrestrial radiation for
number of observed hour of sunshine; N - number of maxiunun
air

the latitude; o -
possible hours radiation for the latitude; & Stefan-Bolzman constant; T
temperature K% e - actual vapour pressure; u - wind velocity; d - air v: -our

pressuve deficiency.

Hegression of ET on PEY

EERIKA .
19%4,1985

P
)

AARDLA
LUBR,L19RD

[
w3 :

o~

PET
Mg, 6. Relationship between caleulated PET and
measured BT mm/d

CONCLUSIONS

During the period of 1966 - 1987 (representative period) the data
from 20 meteorological stations were compiled, the average PET
was calewlated by computer for the whole of Estonia and the
correspoending map formed {(Fig. 7). 1t seems PET iz greater on the
const and islands than the continent. There the average PET during
the vegetation period {from May to October) wag 330 - 370 mun, that
on the coast and islands - 380 - 4120 mm. By the formed probability
curves (Fig. 8) we can estimate the possible fluctuation of PET i
pariods of years. On the continent of Estonia PET values can be
from 300 to 380 mm, on the islands accordingly 380 - 460 mm.
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THE INTERACTION BETWEEN SOH. MOISTURE AND SURFACE CONDITIONS

Soil evaporation and the heating of air and soil depend on the exchange of heat at the
ground surface. The exchange processes are regulated by the temperature and
moisture conditions at the surface, which in turn are results of complicated
interactions between the soil and atmosphere.

In the present study the influence of soil moisture on surface conditions was
examined. The working hypothesis was that the influence of soil moisture on the
vapour pressure at the soil surface can be estimated from the soil water potential in
the top layer and the soil moisture gradient close to the surface.

To test the hypothesis, a small-scale field experiment was set up close to Uppsala in
central Sweden. The trial was comprised of two clay plots and two sand plots, each
of them 2 x 2 m” and 0.3 m deep. One sand and one clay plot were irrigated during
dry periods while the other two plots were not irrigated and served as controls. The
plots were kept bare and were surrounded by grass that was kept short.

A number of different measurements were carried out during some weeks in June
1994. Besides the standard meteorological measurements at the site (air temperature
and humidity, radiation, windspeed and precipitation) soil and soil surface
temperature and moisture were registered continuously. Thermocouples, for s0il
temperature measurements, and TDR probes, for soil water content determination,
were installed in two profiles in each plot. Miniature tensiometers were used for soil
water tension measurements in one profile in each plot. Soil surface temperature was
determined both with thin thermocouples and with an infrared thermometer
scanning over the four plots. Soil surface moisture was measured with a gas analyser
on air continuously sampled from one plot at a time, Each plot was equipped with a
miniature net radiometer.

A preliminary data evaluation confirmed the strong relation between soil surface

temperature and soil moisture. The daily amplitude of surface temperature was up
to 50 % smaller in irrigated plots as compared with dry plots.
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GRASS GROWTH AND ITS INFLUENCE ON SOIL MINERAL
NITROGEN. A SIMULATION STUDY.

The SOILN-CROP model was applied on the grass Lolium multifiorum, Lam. to simulate the
growth and its influence on the mineral nitrogen in the soil. The SOILN-CROP (Eckersten et
al., 1994) model simulates nitrogen and carbon dynamics in the soil - plant - atmosphere
system. Climatic factors, such as solar radiation, temperature and precipitation governs the
flows of C and N. The model is divided in a plant part that simulates the crop growth and
nitrogen uptake, and in a soil part simulating nitrogen and carbon turnover in the soil. The
plant is divided into tissues with different functions - roots take up water and nutrient, leaves
take up carbon and lose water through transpiration and stem functions as a storage organ,
The growth is governed by the solar radiation intercepted by the canopy and the radiation use
efficiency. Low temperature, water stress and nitrogen stress can act Hmiting on growth. The
leaf area expansion s correlated with the total shoot biomass and root growth is a function of
total plant biomass. Nitrogen uptake by the crop is governed by the daily increase of biomass
and maximum N concentrations in the different plant parts. A {raction of the soil mineral-IN
pools is available for plant uptake at one time-step. Dead plant material is incorporated into
the soil organic matiter.

The model was run for the period August 25th, 1988 to April 15th, 1989, and calibrated
against measured values of shoot and root biomass and nitrogen and soil mineral mtrogen.
The daily leaf’ area expansion was given by multiplying daily above ground biomass
increment by a factor of 0.046. The amount of total biomass allocated to the leaves was given
by the leaf area index and a constant specific leaf area of 0.02 m* g DWW, The radiation use
efficiency was set to 2.5 gDW MJ" to reproduce the high growth rate in September and
October . Initial allocation of biomass to the roots was set to 48% and was lowered by a factor
0.0001 of total plant biomass to give a reasonable distribution of biomass and nitrogen
between shoot and roots. Nitrogen was translocated to the roots to give a maximum nitrogen
concentration of 1%. Maximum respective minimum nitrogen content of the leaves was 3 and
0.5% respectively. Simulated plant nitrogen content agreed with measured values, except in
the spring, when 10% of the soil mineral nitrogen was available for plant uptake each day .
No water stress was considered. To be able to reproduce the highest values of biomass during
the autumn no litterfall from the plant was concidered. This in return gave a strong
overestimation of shoot biomass in November and throughout the season. Root growth in
February and March could not be predicted. Soil mineral nitrogen in the upper 30 cm was
overestimated during almost the whole simulation period. In the 30-60 cm layer the nitrogen
content agreed with measured values except in September and late March.

Reference: Eckersten, H., Jansson, P-E. & Johnsson, H., 1994, SOILN model. Users manual.

Division of Agricultural Hydrotechnics. Department of Soil Sciences. Swedish University of
Agricultural Sciences. Uppsala.
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CHANGES IN MAIN PLANT NUTRIENT BALANCE IN ESTONIA

The crop yield and soil fertility are closely related to the cycle and balance of main plant
nutrients. The plant nutrient balance may be calculated on the basis of general or plant available
nutrient content. The first one is called general balance and the second - active balance. In this
paper all data characterise the general one.

The total content of main plant nutrient removed by vield is calculated on the base of
average yield (kg of feed units per hectare of arable land) and the content of plant nutrient in
feed unit (1 fu contains 25,0 g N, 5,2 g P and 23,2 g K). The volatilisation coefficient based on
the laboratory experiments and data of literature is 25 % of N supplied with fertilizers. The
losses of plant nutrients by leaching have been calculated as 1,5 % of N, 0,2 % of P and 4,0 %
of K supplied with fertilizers, losses by erosion 1,0; 0,3 and 0,8 % consequently. In
calculations of supplied main plant nutrient the losses of commercial and organic fertilizers
during the storage and transportation have been taken into account.

The general balance of nitrogen and phosphorous was on optimal level, the balance of
potassium was higher than optimum, according to the yield in 1985. The usage of mineral and
organic fertilizers has fallen down rapidly during recent years. This is the main reason of
decreasing of average vield up to 1600 fu/ha of arable land. In 1993 the general balance of
nitrogen decreased up to +10.5 kg/ha, the supply by fertilizers was only 59% and the part of
symbiotically fixed nitrogen increased up to 36%. The balance of nitrogen is on optimal level
when the supply with fertilizers forms 115...150% of removed nitrogen. In {985 the supply
with fertilizers was 130%. In spite of the decreasing the supply with fertilizers up to 59% in
1993 the general balance of nitrogen remained positive. The balance of nitrogen stays on the
positive level when other factors besides nitrogen fimit yield. In 1993 the limiting factor was
phosphorous - the removed amount cxceeds the supplied one. The rate of decreasing of
supplied phosphorous exceeded removed phaesphorous, therefore the balance of phosphorous
reached the negative value - 0,6 kg/ha.

The balance of potassium is regarded as an optimum, when supplied with fertilizers
amount of potassium makes up 100...105% of removed. The balance of potassium was the
only of main nutrient balances, which stayed as an optimum for this level of crop yield in 1993,

Summarising the results of this investigation we can state following;

o The usage of nitrogen and phosphorous in 1993 is so low that it does not satisfy the
plant nutrient uptake on even such low level of crop yield.

o To achieve the optimal level of general balance and to increase the yield without
pollution of environment, the rate of usage of fertilizers must be increased to the
optimal level which would guarantee the whole population with main foodstuffs,

o The losses of fertilizers during the storage and transportation must be decreased.



APPENDIX

Table. Main plant nutrient balance in Estonian arable land in 1985 and 1993,

N P K
I Removal kg/ha of arable 1985 1993 1985 1993 1985 1993
land
with crop 69.0] 40,0 14,3 84| 63,1 372
volatilizing 349 9.5
leaching 2,1 0,6 0,1 0,1 48 3.2
erosion 14 0,4 0,1 0,1 1,3 0,3
Total 107 4 50,5 14,5 8,0 69,2 40,7
Il Supply kg/ha of arable
land
mineral fertilizers 104,6 18,7 21,4 42 749 258
organic fertilizers 35,0 i1,3 10,6 3.4 43,2 14,0
symbiotically fixed 25,0 22,0
non-symbiotically fixed 4,0 3,0
precipitation 4.0 3.0 1,7 1.3
seeds 3.0 3.0 0,4 0,4 2,1 2.1
Total 175,6 61,0 32,4 8,0 1219 432
BALANCE +682] 4105 +17,9 06 527 425
Supplied with fertilizers % 130 59 221 88 171 o8
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THE KVITHAMAR FIELD LYSIMETER
OBJECTIVES, EXPERIMENTAL DESIGN AND RESULTS

Application of animal slurry on arable land before ploughing in the autumn, has until
recently been a prevailing practice in Central Norway. The objectives of our study were to
compare grain vields, nutrient balances, and nutrient leaching in drain water and in surface
runoff from plots where pig slurry was supplied and ploughing accomplished in autumn or
spring. There were six treatments, each replicated three times:

1. Autumn ploughing, pig slurry ploughed in

2. Autumn ploughing, pig slurry harrowed in the following spring

3. Autumn ploughing, NPK-fertilizer harrowed in the following spring

4. Spring ploughing, pig slurry harrowed in subsequently

5. Spring ploughing, NPK-fertilizer harrowed in subsequently

6. Spring ploughing, nil nutrient supplied.

Pig slurry was supplied in a quantity of 40 metric tons per hectare/vear for three
treatments, which according to the chemical analyses equaled 76 kg of mineral-N, 25 kg P, 48
kg K, 11 kg Mg, 42 kg Ca and 8 kg S per hectare. At treatment 3 and 5 the same quantities
of N,K,P were supplied as mineral fertilizers as at the treatments with pig slurry. Spring barley
was sown on all plots.

The experimental site had a slope of 1%, and the soil type was a silty clay loam,
described as an Ortic Humic Gleysol of originally marine sedimentation. The drain space was
8.0 m, and the drain depth was 1,0 m,

A soil test of the top layer at start showed |1% organic matter, pH=6.0, P-A}=9.0, K-~
Al=9.0 and K-HNO,=150. Normal precipitation per year is 892 mm, normal temperature for
July is 13.9°C and for January -3.2°C. The experiment started in October 1990, and wili be
ended in autumn 1994,

Results per May 00, 1994:

s A total precipitation of 900 mm was registered, in average per year. The corresponding
drain discharge equaled 480 mm, and the surface runoff 180 mm

e Pig sturry ploughed in during autumn resulted in only 60 % of the grain yield obtained by
spring plowing and subsequently application of sturry

e Autumn and spring ploughing gave equal grain yields, provided that the nutrients were
applied in the spring

o Application of pig slurry during the autumn, resulted in increased nutrient leaching during
winter

e Autumn ploughing gave significantly higher concentration of plant nutrients in drain water,
compared to spring ploughing

o The leaching losses were: Total-N 15, Nitrate-N 10, Total-P 1.5, Phosphate-P 0.1,
Sulphate-S 40, all figures in kg per hectare, in average per year, for all six treatments.
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FOSTOP - A NEW METHOD 70O IMPROVE WATER PERMEABILITY AND
REDUCE PHOSPHORUS LEACHING IN HEAVY CLAY S0ILS

Nutrients originating from agricultural land contribute substantially to the
eutrophication of lakes and watercourses in Finland. Special attention is
traditionally paid to phosphorus.

In areas with heavy clay soils and slopy fields most of the phosphorus is
transported to the recipients with the surface runoff due to insufficient water
permeability of such soils.

FOSTOP offers a new alternative method to reduce the phosphorus load
from impermeable soil areas by trapping the surface runoff into subsurface lime
filter drains. This is achieved by mixing 3 to 8 % burnt lime (CaQO) into the
excavated soil material before refilling the drains. The lime reacts chemically
with the soil moisture, which subsequently results in a coarse and durable soil
structure and thus in a significant improvement of the water permeability of the
treated clay.

Laboratory tests, lysimeter studies and full scale FOSTOP applications have
been performed since 1990. Observations made so far show that lime filter drains
are able to retain considerable amounts of the suspended solids and the
phosphorus contained in the surface runoff entering the drains. The main results
from the studies can be summarized as follows:

*  The water permeability of lime treated clays was 15 to 30-fold compared to
untreated clays acting as refevences (results obtained from laboratory tests as
well as field studies).

Suspended solids and turbidity showed an 85 to 90 % reduction after the
FOSTOP treatment (when compared to surface runoff).

PO4-P concentrations were on an average 85 to 95 % lower in the waters
discharging from the lime filter drains compared to surface runoff (results
obtained from three different studies). Total phosphorus reductions were
somewhat lower (average 75 to 80 %).

The FOSTOP tfreatment was not able to reduce nitrogen species from the
studied waters.

The lime filter drains were inactive during wintertime, but resumed their
normal function rapidly after the spring thaw period.
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LEACHING OF CALCIUM BY DRAINAGE RUNOFF FROM HEAVY AND LIGHT-
TEXTURED SOD GLEY SOILS OF ESTONIA

Leaching studies in Estonia began in 1927 when water samples were first analysed from
the greatest eight rivers during two years. These early results showed that the mean Ca content
of surface runoff was 40 mg/l. Regular study started in 1946, These results showed that by
rivers-passing-areas with limestone bedrock in North Estonia 1,5 times (per ha) more Ca was
leached than by the rest rivers of the country. Leaching research with funnel lysimeters on
arable soils began in the 1960°s. Apropos, there was shown the liming effect of acid soil on the
leached Ca amount.

The investigations reported were carried out in drained sod gley soils of different
texture and reaction. Research in heavy clay soil (84-88% clay) was carried out at two plots
situated in the Parnu River basin; at Vihtra plot, where the top 60 c¢m of soil profile is slightly
acidic (pHyq =5,4-5,9), from 1969 to 1976 and at Pendre plot in strongly acidic soil (pHg
=3,8-4,4) during 1976-1979. Leaching studics in loamy sand (10% clay) with neutra! reaction
(pHi o =6,6-7,0) were realized at Topt plot (Saku) during 1975-1985. Water samples for
chemical analyses were taken depending on the rate of drainflow, 4-9 times a month.

Based on the results obtained, the following conclusions are drawn:

The calcium content of draintiow was the smallest during floods after snow-melting,
butin the course of groundwater level lowering into subsoil layers richer in calcium,
increased gradually.

Caicium leaching by drainage runoff obviously is affected by the acidity ot soil. The
average annual total loss in the experiments is ranged according to the reaction of soil
as follows:

- 152 kg Ca/ha (mean of 10 years) from loamy sand with neutral reaction

&

- 96 kg Ca/ha {7 years) from heavy clay with slightly acidic reaction (pHgg, =5,4-5,9),
- 48 kg Ca/ha (3 years) from heavy clay with strongly acidic reaction (pHy, =3,8-4,4).
Application of lime to soil increases leaching of calcium. After liming of clay soil with
slightly acidic reaction(at the rate of 2300 kg Ca/ha), the annual mean calcium concen-
tration in drainflow was increased from 44 up to 91 mg Ca/l the next year and up to
60 mg Ca/l in the year after. The after-effect of liming was not recorded in the third,
probably because of dry year.

The large annual leaching foss of calcium by drainflow once more suggests that a no-
ticeable decalcification of drained arable soils takes place. Therefore, recurrent liming
of acidic soils is necessary.
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LEACHING OF CALCIUM  BY
DRAINAGE RUNOFF FROM HEAVY
AND LIGHT-TEXTURED S0OD GLEY
SOILS OF ESTONIA

INTRODUCTION

Calcium loss from arable land, causing acidification of soil, is an
important probicm from the agronomic point of view. In Estonia the
catcium balance of soils is greatly negative: the main part of losses
presents leaching (1)

The frst examination of chemical composition of runoff was carricd
out on cight rivers during 1927-1928 (2). The regular study on this topic
was started on 16 rivers all over the country i 1946 and gradually
extended to 31 rivers since 1961 (3). More thorough investigations on
teaching of nutrients were undertaken by funnel lysimeters on arable lands
in the 19607s (4).

Whereas aboul 55 per cent of agriculiucal lands is drained, the groat
part of nutricnts losses have been washed out from soil by drainage runoff
in Estonia. Tor that reason, the main purpose of the threc experiments
reported in the present paper was to evaluale the amount of caleium
Jeached by drainflow from twe different soif types: heavy clay and loamy
sand, with different degree of seil reaction, throughout the year,

The investigations reported were part of the rescarch which also
included studies on the aspects of drainage hydrology, as well of leaching
other nutrients,

2 MATERIAL AN METHODS

Investigations were carried out in sod glay soils of two different
lextures at three cxperimental plots drained by tile wbe drainage with
mean depth of 1,0-1,1 m.

Experimental plots in heavy clay soils Viltra and Pendre arce situated
in the Plunu River basin near Vildra at two-kilometres-distance from
each other. Topi plot on foamy sand is situated in Nerth Estonia, close to
Saku. Characteristics of experimental plots are presented in Table 1,

Drainage runoff was measurcd by volume method. Water samples
for chemical analyses were taken, depending on the rate of drainflow, 4.9
times a month. The concentration of calcium in the water was determined
by flame photometer.

3. RESULTS AND DISCUSSION
3.1 Concenteation of calefum in divainage cunoft

Data obtained from two cxperinients in heavy clay soils confirm that
the content of calcium in drainflow depends mainly on the runotf regime
and acidity of soil. Generally, clay soils distributed in the Middle and
West Estonia are poor of lime, particularly the top 60 cm of soff profile.
Therefore, the concentration of calciwm in drainflow is the lowest during
floods and the highest by low groundwater table when discharging water
has a durable contact with subsoil layers, more rich in lime (Fig.1).

At Vihtea plot the heavy clay soil with slightly acidic reaction
{(pige=5,4-5,9) was limcd at the rate of 2300 kg Ca/ha at the beginning
of the fiRkh research year, Before liming the catcium concentration of
drainflow was on the average of 4 years 44 mg Ca/l (imonthly mean within
the range of 21-70 mg Ca/l). As a result of liming #t was considerably
increased: up to 91 mg Ca/l (range 67-106) next year and up to 60 mg Ca/l
{range 46-73) in the year after, During the dry third year (total runoff only
69 mm) the aficr-cffect of liming was not recorded (Table 3).

The influence of soil reaction on the caleium leaching extent from
clay soil appeared clearly at Pendre experiment. Caleium concentration of
drainflow from strongly acidie soil (pHyge=3,8-4,4) averaged 2 mg Cafl
during three years, that is roughly twice less than this of slightly acidic
heavy clay soil at Vihitra plot,
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Fig.1. The monthiy weighed mean concentration of caicium in drainage water
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Drainage runoff from  loamy sand with neutral reaction is
characterized by rich calcium content. Contrary to the results in clay soils,
there was high calcium content of runoft recorded also during autunin
months (Fig. 1}, The mean values varied from 50 to 108 mg Ca/l and the
amad means 75-97 mg Cal (Table 2). The mean of ten-years period was
87 mg Ca/l,

The rich calcium content of runoff is proper to the Morth Estonian
calcarcous soils bedding on limestone. As shown in Table 3 this i3
affirmed also by the data oblained from the drainage runoff study at
Kuusiku (3) and fysimeter experiments at Vinni {4), where the tunoff from
loamy sand contained on the average of two years 79 and 96 mg Ca/l
respectively. Also the runoff of North Estonian rivers was noliceably
richer by calcinm (62 mg/h) than the runofl from the rest part of the
country (44 mg/l).

A considerable liming cffect of strongly
calcium  concentration  of rueff is
experiments at Ahja (Table 3).

acidic sandy soil on the
followed from the lysimeter

3.2 Quantity of calcium removal

The annual distribution of calcium amounts teached by drainflow
follows a pattern of rucoff: two peaks, ene in autumn and the second in
spring (Fig. 2). Calcium losses from clay soils were during Cclober-
December 53% and March-May 35% of total annual losses and these from
sandy seil 45% and 30% respectively.

The average annual total loss in the experiments is ranged
accordingly to the reaction of sod as follows:

- 152 kg Ca/ha (mean of 10 years) from loamy sand with neutral

reaction (pklye=6,6-7,0)

- 96 kg Ca/ha (mean of 7 years) from heavy clay with slightly acidic

reaction (pHge=35,4-3.9),

~48kg Ca/ha (mean of 3 years) from heavy clay with strongly acidic

reaction (pHge=3,8-4,4).

These data clearly reflect the influence of soil reaction on the extent
of calcium Teaching, what follows also from the data presented in Table 3

(1,4,

4 CONCLUSIONS

Based on the results obtained, the following conclusions are
CALCIUM LEACHING BY DRAINAGE RUNOFF OBV
1S AFFECTED BY THE ACIDITY OF SOIL.
APPLICATION OF LIME TO SOIL NOTICEABLY INCI
LEACHING OF CALCIUM. ‘
THE LARGE ANNUAL LEACHING LOSS OF CALCI
DRAINFLOW  ONCE  MORE  SUGGESTS T
CONSIDERABLE DECALCIFICATION OF DRAINED 4
SOILS TAKES PLACE. THEREFORE, RECURRENT LIV
ACIDIC SOILS 15 NECESSARY.

3 REFERENCES

. NMomunik, A, 1941,

. Simm, L

. Turbas,E.,

Turbas, ., Lauk, I 1982, Lupjamisalase uurimistod tulem
soovitused  muldade  korduslupjamiscks  (On the  res
investigations on seil liming and the recommendations
recurrent liming, In Estonian). Tallinn, 60 k.

Eesti NSV jocvete keemilisi vurim
chemische Untersuchungen des Flusswassers in Estn.
Estnisch  mit den  Anmerkungen in Deutsch).  No
Agronoomia, Nr.2: 34-31.

1972, Gidrohimicheskaja harakleristika pover!
vod, Resursy poverhnostnyh vod SSSR. (EHydrochermical cha
surface waters. In: Resources of surface waters, [n Russian}”
Estonia: 270-316, 534-340.

Flits, V. 1972, Taimetoitainete valialcostuming
soltuvall victise kasutamisest (Leaching of nutrients fi
depending on application of fertitizers. In Estenian). Sol
Pollumajandus, Nr.21: 965-972.

Sirendi,A.,  Hannolainen,G.,  Kuptsev,A. 1978,
kultuuristamisc  miju  toiteelementide  viifjapesemisele
{Influcnce of land cultivation on icaching of nutrients fron
Estonizn). Sotsialistlik Poliumajandus, Nr.21: 1002-1604,

VRSN

1y
o
E

Loamy sand
"1 Heavy clay {Viitea) L

Gl ilcuvy cl ay (Pcm rg) l

—

Pig.2. The mean amount of calcium washed out by the drainage water monthly

104



‘Tabie 1. Characteristics of experimental plots

Site, arca and Depth Humus pllkct Physical Spacing Rescarch
soil type cm % clay % of drains years
(<0,G1 mm) m

VIHTRA, 0-20 3,4 59 45 16 1969-

1,1 ha 20-60 0,8 5,4 88 1976

Heavy clay  60-100 0,4 6,8 89

PENDRE,  0-20 3.8 4,4 Gd 1o 1976-

3.4 ha 20-60 i1 3.8 87 1979

Heavy clay  60-100 0,8 4,3 90

TOPI, 0-20 5,2 0,5 1 25 1975-

10,3 ha 20-60 0,8 7,0 10 1985
60-100 0,3 1,5 10

Table 2. Leached calcium losses and characteristics of observation Table 3. Leaching of calcium from Estonian soils

periods (from | IX w0 31 VI

tcethods, location and conditions  Ref.  Rescarch Average Leached Ca

Obg‘rvntion Mean Ca Annual I’rgcipi« Dralnage Ru.noff Cultivated of rescarch No yeass  content amount
petiod content Caloss tation  runoff  ratio crops e/l keha
mg/l kgha Pomm Q,mn QF
VIHTRA (heavy clay, slightly acidic) LBy susface runoff
“stonia average 927. :
969110 S0 U3 617 m7 037 Winer wheat Etonia on he averuge T oamw e
1970/71 33 58 538 110 0,20 Winter wheat Among this the North Estonia 0 172
197 U?? 28 ;’»'f 622 131 0,21 Bariey The rest part of Estonia 44 118
1972473 43 73 632 71 021 Barey By greal rivers 41 102
1973514 QL% 133 362 146 0,26 (Grasses
1974775 60 227 T4 378 0,51 Grasses 2 Lysimeter experiments on
197576 43 36 490 69 0,14 Grasses arable naturally drained lands
Mean 35 96 608 {76 029 Vinni, joamy sand, pH KCI=68 4 {969-71 96 192
PENDRE(heavy clay, strongly acidic) NU'_E‘- loamy sand, pH KO =4,4
D67 2L 57 0 268 038 Fladie e 1260 " Lo
1977418 200 s 82 254 031 Baly Ca- 2400 kg o b
197879 2L 35664 166 025 Ows Ca . 4800 keha w0 e
Mean 21 43 735 229 0,31
TOPI {loamy sand, neutral) . 3 By drainage rupoff
1975776 87 95 571 109 0,09 Winter wheat Jussiiu, loamy jrapieeas s i e e
1976177 ol 127 625 M0 022 Potato ) oamy sand, il KE1=0, A 152
. . ) ibtra, heavy clay, pH KCI=5,8 - 196976 35 %6
1977778 92 M2 906 135 017 Oass Pendie, heavy clay, pH KCI=40 - 197679 21 43
1978179 75 138 792 133 0,23 Barley ’ ’ ’
1979180 92 92 594 100 0,17 Barley
1980/81 85 231 1060 271 0,26 Winter rye
1981/32 76 210 740 278 0,38 Potato
[982/83 95 136 639 143 0,22 Barley
1983/34 92 181 921 197 0,21 Barley
1984/85 97 169 782 174 0,22 Potato
Mean 37 152 763 175 0,23

Note * Ca - 2300 kg/ha was apphied iy autaman 1973,
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Biogenic and Organic Matter Hun - off in the Central Lithuanian
Small Stream Caichment Areas

We present results of monitoring total and mincral forms of nitrogen and
phosphorus, organic compounds in streams and rivers in Kédainiai region. These
measuring were made in 1992 .. 1993 years.

Kedainiai  district, located in central Lithuania, is notable for inlcnsive
agriculture and much industry. Its area is 1077 sq.km. 67% of the total territory is
agricultural fand, and 72% of this land is intensively drained. The soils here are soddy
gleye, loam and clay - loam. Forest accounts for 18% of the total territory, and marshes
for 1%. In the district there are fertilizer, biochemical, clectrical appliance, leather
processing and sugar tactories, a cannery, and several dairies.

About 98% of the Kédainiai district territory lies in the NevéZis catgment arca. 11
rivers, whose cathment areas vary [rom 16 sq.km. to 1165 sq.km. llow into the NevéZis in
Keédainiai district. Hydrochemical tests and run - off measurements were made at their
mouths. 6 of the cathment areas are wholly within the Kédainiai district, the others flow
in from other districts. The total stream lenth in the district is 754 km.

The eutrophication process accurs in all the tested streams. The average total
nitrogen concentration is 6.0 - 8.5 mg/l. The smallest variation in nitrogen concentration
(variation cocllicient about 27%) occurs in the bigger rivers, whose average annual
discharge 18 4 - 6 cub.m/s. In small rivers, when the average annual discharge is 0.09 -
0.15 cub.m/s the variation coeflicient is about 80%. Most of the nitrogen total is made
up of mineral nitrogen in nitrate form.

Measuring  the stream condition according to HPC (highest permissible
concentration), in all the streams the HPC was exceeded total nitrogen minimum
concentration, by 1.1 - 2.6 times, average, by 1.9 - 42 times; and maximum, by 3.8 - 13.6
times. The total phosphorus average concentration in streams [lowing through
agricuitural land was 0.14 - .38 mg/l. In rivers where industrial emissions ocecur, the
average concentration was .08 - 1.08 mg/l and exceeded the HPCby 3.4 - 8.4 times. The

average chemical Oxygen Demand (ChOD). concentration was 28 - 481718 - 02 /' { and
exceeded the HPC by 1.8 - 3.2 times.

In 1993 the stream run - off removed 548 - 1603 kg/sq. Km ol nitrogen, and 19.5 -
275 kg/sq. Km of phosphorus. Over 1 year, the alfluent streams of the Nevézis in the
Kédainial district carried 4000t of total nitrogen, 270 t of total phosphorus, and 11500 t
of organic matter. The size of the chemical run - off was in part determined by the size
of the water run - off. The highest level of biogenic matter leaching occurs in the winter
and spring seasons, and the lowest level in summer.

Organic nitrogen made up 4 49% of the total nitrogen content. This figure for the
slream water was higher in summer and autumn. Organic phosphorus made - up 1 -76%
ol the total phosphorus content. This figure was higher in the winter and spring scasons.
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Preliminary results of agriculiural run-off monitoring in Latvia

Hydrological monitoring in rivers and lakes has a relatively long tradition in Laivia
from the last century. Hydrological monitoring in small catchments, started after
World War I ( the first catchment river Vienziemite, Zoséni Run-off Station, dates
from 1947 ). Hydrological monitoring daia of drainage fields and plots exist from the
beginning of the 60's in Latvia. Due to financial problems the network was
significantly decreased from 1990.

Run-off quality from small catchments was evaluated only in the small catchment of
river Vienziemite ( iwo years data in the 80's ). Run-off quality from drainage fields
and plois was studded in a few cases for short time periods in the Laivia University of

Agriculture and institute of Crop Husbandry, generally regarding liming of soils, wasie
water or slurry irrigation .

There are no national monitoring programmes and networks in Latvia specifically
aimed at assessing agricultural run-off today. Results from some sampling points can
be used for general evaluations of nutrient losses from arable land. On regional and
caichmeni scale these date are of litile value. To get a beiter information of nitrogen
and phosphorus run-off from agricultural areas and the impact on the total nutrient
load 1o Baltic Sea, a build-up of monitoring neiwork in cooperation and with technical,
financial assistance and transfer of the experience and knowledge from the Nordic
countries ( Sweden, Norway ) is necessary. Two joint programmes between the

Baltic states ( Latvia, Estonia, Lithuania ) and the Nordic states ( Sweden, Norway )
have started.

The Baltic Agricultural Run-off Action Programme ( BAAF ), is sponsored by ihe
swedish governmenti. Part of the programme is the Bakiic Environmental Agricultural
Run-off Project ({ BEAROP ) carried out by the Swedish University of Agriculiural
Sciences { SUAS ) and JT1. The BEAROP project proposes a wide action programme
to reduce the nutrient load from agricultural areas.

Other project concerning agricultural run-off is the "Drainage Basin and Load of the
Gulf of Riga", sub project " Soil and nutrient loss from small catchmenis " financed by
granis of NorFFA and Norway. Participating institutions are Jordforsk, (Norway) and
Latvia University of Agriculiure, Latvia Hydrometeorological Agency and Latvia
University. The corner stone of the programme is to build up monitoring stations
directed towards nutrient run-off and nutrient balances in small caichments
dominated by agricultural activities. Polential monitoring catchments have been
investigated duririg the autumn of 1993. First water samples were collected in several
catchments. Bérze site was evaluated as the best from hydrological viewpoint, were
is possible with small invesiments to start a monitoring programme immediately.
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There exists catchment (368 ha) and field level (76 ha) run-off stations from 1967.
Stations only need a renovation of the buildings and a technical upgrading. Soils in
the catchment are soddy carbonate and gley soils, siliy clay according international
classification. There are hydrological data available both on the small catchment and
the field scale drainage from 1967. A preliminary water sampling programme in
cooperation with Jordforsk has been started in 1994.

The hydrological year October 1993 - September 1994 ( Table 1) was close io the
annual year according amount of precipitation and responds to wet years according
amount of run-off from caichment and drainage field. The winter of 1993 and the
spring of 1994 might be described as wet with a high drainage and catchment run-off.
sSummer period was dry, no run-off after first decade of July was recorded.

The nutrient run-off for period Ociober 1993 - September 1994 (Figure 1, Figure 2)
in the Bérze catchment ( 368 ha, 98 % arable land ) was 11.6 kg/ha of nitrogen and
0,52 kg/ha of phosphorus. Nutrient run-off from the drainage field { 77 ha ) in the
same period was higher - 14 kg/ha of nitrogen and 0,56 kg/ha of phosphorus. The
amount of nutrient run-off might be preliminary evaluaied as moderately high for the
clay soil. I is necessary to obtain from farmers data on both mineral and organic
fertilizers applied in 1993/1994 and soil management for the final evaluation of
nutrient transport in the Bérze monitoring site.

Table 1. Nutrient ( N, P ) run-off from Bérze monitoring site, October 1993
September 1994,

Month  [Precipitation, Rischarge, mm N run-off, kg/ha P run-off, kg/ha
mm Catchment | Drainage | Calchment | Drainage | Gatchment | Drainage
QOctober 53.6 16.0 31.9 0.895 2.168 0.023 0.089
November 9.4 4.8 6.6 0.273 0.433 0.008 (.020
December 60.8 9.7 18.9 0.558 1.149 0.020 0.053
January 55.9 55.4 47.4 3.197 2.699 0.184 0.126
February 20.5 5.8 7.9 0.336 0.422 0.015 0.020
March 47.9 68.6 81.0 4.040 4.023 0.207 0.180
April 47.8 36.7 45.0 2.157 2.699 0.095 0.041
May 52.5 2.5 5.1 0.119 0.264 0.012 0.014
June 47.1 0.5 2.7 0.0%1 0.123 0.002 0.005
July 1.2 0.0 0.7 0.000 0.033 0.000 0.001
August 73.2 0.00 0.0 £.000 0.000 0.000 0.000
September 54.1 0.00 0.0 0.000 0.000 0.000 0.000
Total Oct,

1993 - Sept. 524 200 247 11.58 14.01 0.52 0.56

1994
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Enn Soovik
The Estonian Research Institute of Agriculture
EFE3400 Saku, Estonia

DETERMINATION OF DRAINAGE PARAMETERS ON THE BASIS OF
GLEYZATION DEGREE AS THE INDICATOR OF THE CVERWETTING RATE OF
SOIL

Up to now is there not generally accepted universal methods for determination of drain
spacing and collector size for drainage systems. A method of drainage dimensioning in Estonia
and similar to Estonia conditions worked out by the author of this paper is presented here.

In Estona the main part of soils (85%) needing drainage is situated between
automorphic and bog soils. Necessity in drainage of these temporarily waterlogged mineral
soils is quite different; optimum drain spacings on the occasion of the equal permeability of
soils differs up to 3 times. At the same time due to the high spatial variability of soils the
practical identification of overwetting rate of every drainable plot has been a serious problem,

Our and other experiments have given evidence that the gleyzation degree of soil is in
correlation with the depth of groundwater level and yield loss on undrained temporarily
waterlogged soil as much as with drainage runoff on the drained soil. Our experimental data
had come from 15 production farms in Harjumaa, Raplamaa, Jirvamaa, Pdrnumaa and
Viljandimaa in Estonia from 1962 to 1980.

On the basis of experiments we reached following conclusions:

o The gleyzation degree of soil can satisfactorily be used as overwetting rate indicator of
temporarily waterlogged mineral soils in forest zone.

» The gleyzation degree of soils as a complex notion can be practically determined by
morphologicat signs of the soil profile, by organic matter content in the humus horizon
and by the indicator plants.

o In dependence of the gleyzation degree of sotl optimuwmn drain spacing and drainage
coeflicient can be determined presented for the conditions of Estonia in this paper.
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