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Abstract

Studies on the dynamics of concentrations and discharge of nitrogen load through
draining systems were carried out in Olsztyn Lake District (Pojezierze Olsztyfiskie) from
1994 to 2007. For the tests, three basins were selected: an agricultural basin drained with
a drainage system, an agricultural and forested basin drained with a network of ditches
and drains, and an agriculrual basin with a large forest cover (ca 30%), drained with dit-
ches. The discharge of water through the draining facilities was measured every two we-
eks, and once a month, N-NO;, N-NO,, N-NH, as well as Kjeldahl nitrogen were determi-
ned. It has been demonstrated that the volume of discharged water carried away through
draining systems depends primarily on the amount and distribution of atmospheric precipi-
tation, epsecially during the winter half-year. The dynamics of concentrations and loads of
nitrogen in water discharged via draining systems varied with time and depended not only
on the amount and distribution of precipitation over a year and in the multi-year period,
but also on the type of land use in a given basin and a draining system. It was also found
out that intensive rainfall in summer only slightly increased the discharge of water from
the basinm drained with the drainage system. The load of total nitrogen flowing away
through the draining systems from agricultural basins was closely connected with the amo-
unt of discharged water and water levels of mineral nitrogen compounds, especially
N-NO;. The highest nitrogen loss from drained areas appeared in spring, which was asso-
ciated with the seasonal character of water outflow, culmunating in March-April. The hi-
ghest concentration of total nitrogen (16.69 mg dm=3) was determined in water discharged
through the network of ditches and drains, but due to a more intensive dewatering of so-
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ils, a higher total nitrogen load (on average 33% more) was discharged through drains. Per
1 ha of an agricultural basin, the annual outflow of total nitrogen was up to 13.13 kg,
including 12.04 kg of mineral nitrogen.

Key words: nitrogen, drains, ditches, agricultural basin, draining systems.

WPE£YW SPOSOBU ODWODNIENIA | UTYTKOWANIA GLEB NA DYNAMIKE
STE ENIA | WIELKOEE ODPEYWU AZOTU Z OBSZAROW ROLNICZYCH

Abstrakt

Badania nad dynamik® sté;enia i odp3ywu 3adunku azotu systemami melioracyjnymi
prowadzono na Pojezierzu Olsztyfiskim w latach 1994-2007. Do badafi wytypowano zlew-
nie: rolniczt odwadnian® siecit drenarsk®, rolniczo-leen® odwadniant siecil rowéw i dre-
néw oraz rolniczt o dugym udziale obszaréw leenych (ok. 30%), odwadnian® rowami melio-
racyjnymi. Odp3yw wdd z urzidzefi melioracyjnych mierzono co dwa tygodnie, a raz na
miesilc w wodzie oznaczano N-NOz; N-NO,, N-NH, oraz azot metod® Kjeldahla. Wykaza-
no, ¢e o wielkoeci odp®ywu wody systemami melioracyjnymi decyduj® g36wnie iloez i roz-
k3ad opadéw atmosferycznych, a szczegdlnie ich iloez w péd3roczu zimowym. Dynamika sté-
¢efl i 3adunkéw azotu w wodach odp3ywajicych systemami odwadniajicymi by3a zmienna
w czasie i zaleja3a nie tylko od iloeci i rozk3adu opadéw w roku i wieloleciu, ale réwnie; od
sposobu zagospodarowania zlewni i systemu odprowadzajicego wodé. Stwierdzono, ¢e in-
tensywne opady w sezonie letnim zwiékszajl odp3yw wody w niewielkim stopniu, i tylko
w przypadku sieci drenarskiej. £adunek azotu ogélnego odpdywajlcego systemami meliora-
cyjnymi ze zlewni rolniczych jest eciele uzaleiniony od iloeci odp3ywajicej wody oraz od sté-
¢enia w niej mineralnych zwitzkéw azotu, szczegélnie N-NO,. Najwiéksze straty azotu
z terenéw zmeliorowanych wystépowa3y w okresie wiosennym, co wilie sié z sezonowym
odp3ywem wdéd i jego kulminacjt w miesilcach marzec-kwieciei. Najwiéksze sté;enie azo-
tu ogdlnego (16,69 mg-dm—3) wystépowa3o w wodach odpdywajicych siecil rowéw i dre-
now, ale ze wzglédu na intensywniejsze odwodnienie gleb wiékszy jego 3adunek, erednio
033%, odplywa® drenami. Z 1 ha zlewni rolniczej drenami odp3ywa3o do 13,13 kg azotu
ogélnego rocznie, w tym do 12,04 kg azotu mineralnego.

S3owa kluczowe: azot, dreny, rowy, zlewnia rolnicza, systemy odwadniajice.

INTRODUCTION

Threats posed by man’s activity to the environmental quality of rural
areas are a consequence of a combination of many natural and anthropo-
genic factors. Among the major man-made stress factors, which can be con-
trolled and modified, are the type of land use in a catchment basin, includ-
ing the share and location of arable lands, permanent grassland, forests,
peatbogs and wetlands, water pools, tree assemblages and thickets, as well
as the intensity of agricultural practice, including the amounts and forms
of fertilizers (ALLan, CHAPMAN 2001, Herzoc et al. 2008, Gragifiska et al. 2005,
HeatHwaITE et al. 1998, OenemA et al. 2005, SpruiLL 2004). More intensive
farming, often resulting in turning more grounds into arable land, has long
been inseparebly connected with the development of draining systems, the
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aim of which in Poland is mainly to accelerate water outflow (LiriRiski 2002).
Thus, draining does not usually affect much groundwater, but just carries
away excess of precipitation (Lirikiski 2003). However, the fact that water
shortages, which may appear following a prolonged after-drought period, can-
not be replenished raises the risk of inferior crop yields and initiates many
soil processes, especially mineralization of organic matter. Excessive quanti-
ties of released nutrients, due to the limited access to water, do not under-
go biosorption, which means they are more likely to be leached by rainfall
into deeper layers of the soil profile. They enter groundwater, and through
drainage systems, quickly travel to surface waters, where they can cause eu-
trophication and pollution (Koc et al. 2007, Szymczyk, Szyperek 2005, Szymczyk et
al. 2005, VacstaDp et al. 2000). The dependence of the outflow of water
through drainage ditches on atmospheric precipitation is very complex, be-
ing shaped by such elements as the amount and time distribution of precipi-
tation, structure and permeability of a soil profile, level of groundwater, in-
flux water supply, temperature and species of crops (LiriRiski 2002, Szymczvyk,
Szvperek 2005). Precipitation water contains elements which are already dis-
solved, and this facilitates their migration within the environment and par-
ticipation in physicochemical processes of ion exchange in soil. During
intensive rainfall, the nitrogen contained in rainfall water quickly migrates
to groundwater, and with the surface and subsurface flow, enters surface
water (LiriRiski 2002). Large changeability in the concentration of nitrogen
in water and the outflow of nitrogen load through draining systems is con-
nected with both the type of a draining system and the intensity of farming
practice in a given agricultural catchment basin (Koc et al. 2007, Koracz
etal. 2007, PuLikowski et al. 2008, Szymczyk, Szyrerek 2005). The outflow
of nitrogen load from agricultural basins can be drastically limited by such
structural, spatial and economic transformations that lead to changes in land
use. As a result of such modifications, the area of farmed land decreases
(more idle and fallow land) or some farmland is transformed so as to sus-
tain low-cost, organic farming (Koracz et al. 2007).

The objective of this study has been to determine the dynamics of con-
centrations and loads of nitrogen carried away from basins which differed in
the type of land use, soil compactness and draining system. The analysis
was performed on the backdrop of changing meteorological conditions in the
multi-year period from 1994 to 2007.

MATERIAL AND METHODS

In 1994-2007, a study was carried out in Olsztyn Lake District (Poje-
zierze Olsztyfiskie) on the dynamics of nitrogen outflow from agricultural
areas, with water drained by different types of draining systems. Three ba-
sins, which differed in the land use, soil compactness and draining systems,
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were selected for the study. The first basin was an agricultural one; it cov-
ered 34 ha (arable lands — 98%) and was drained with a drainage system.
The prevailing soils were medium-compact and light ones, developed from
sandy, loamy and silty formations. The second basin was agricultural and
forested in character. It covered about 250 ha and was drained with an
irregular network of drains and open ditches. The predominant form of land
use (over 60%) was arable land, while about 34% of the total area was cov-
ered by forests and field tree assemblages. The basin comprised light and
very light soils developed from sands, with some loams and silty, sandy or
loamy formations. The third basin, which covered over 280 ha, was drained
with an irregular network of drainage ditches. About 50% of the basin’s
area was covered by arable land, 15% belonged to grasslands (since 1993
some set aside) and about 30% was overgrown with forests and trees. The
soils in this basin were mainly medium-compact and light ones, developed
from medium loams and loamy sands. A small area of the basin lies on silty
soils and peat. Later in this paper, the three basins are characterised ac-
cording to the type of a draining system.

The flow of water in draining facilities was measured at two-week inter-
vals, and once a month water samples were taken for the following deter-
minations: nitrate nitrogen (V) — N-NOg, by colorimetry with disulfofenolic
acid; nitrate nitrogen (l11), by colorimetry with sulfanilic acid; ammonia ni-
trogen — N-NH,, by colorimetry with Nessler’'s reagent and Kjldahl nitrogen
- NKJ- (ammonia nitrogen + organic nitrogen) by distillation after minerali-
zation in sulfuric acid. The following concentrations were calculated for the
analyzed water samples: mineral nitrogen (N;,) from the formula [N;, =
N-NH, + N-NO; + N-NO,] and total nitrogen (Nog) - [NOg = N-NH, +
+N-NO; + N-NO, + N,,.}. Based on the measured flows, first a monthly
outflow of water was calculated, and then loads of the determined forms
of nitrogen. The results were processed statistically using Statistica 8PL soft-
ware, generating the following values: linear (Pearson’s) correlation coeffi-
cients (r Pearson’s), normal distribution of data using Shapiro-Wilk test,
a p=<0.05 and statistically homogenous groups using Kruskal-Wallis test.

RESULTS AND DISCUSSION

In the hydrological years 1994-2007, the total annual precipitation in
the environs of Olsztyn ranged from 408 mm (1996) to 827 mm (2007) —
Figure 1. Compared to the multi-year period 1951-2000 (average 616 mm),
half of the analyzed 14-year period (7 years) had moderate/normal (£10%)
rainfall; the other years could be classified as: one very dry year (1996),
3dry years (1998, 2003 and 2005) and 3 humid years (1995, 2004 and 2007).
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Fig. 1. Dynamics of the annual and monthly water discharge through draining systems
from agricultural areas against the background of atmospheric precipitation
in 1994-2007 (mm)

The monthly total rainfall was characterized by large variability over
time (Figure 1). On average, during the 14-year period, the driest month
was February (average precipitation 26 mm) and the wettest was July
(86 mm). With respect to the multi-year period covered by this study, de-
monstrably less rainfall occurred in November (on average, by 9 mm less),
December (by 6 mm), June (by 10 mm) and September (by 13 mm), and
more rainfall appeared in April (on average by 5 mm more), May (by 16 mm),
July (by 6 mm) and October (by 4 mm). In respect of the total precipitation,
the analyzed period was dominated by normal (40%) and dry months (18%).
Compared to an analogous multi-year period (1951-2000), in the winter half-
-years of the analyzed period the precipitation was lower by 11 mm (Ta-
ble 1). The lowest precipitation in this half-year occurred in 1996 (on aver-
age, 104 mm) and the highest was recorded in 1994 (on average 335 mm).
In the summer half-year, the atmospheric precipitation was on average 3 mm
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Table 1

Discharge of water through the analysed draining systems in the winter and summer
hydrological half-years versus the meteorological conditions

Outflow of water (mm)

Average temperature | Precipitation -
drains

(°C) (mm) . .
Year drains and ditches ditches

XI-X [XI-IV | VX [ XI-IV| VX [XI-IV| VX |XI-IV| VX [XI-IV| VX
1994 8.6 2.1 151 | 335 | 314 113 10 126 8 53 28
1995 8.2 0.9 155 | 274 | 443 115 38 137 15 77 35
1996 5.8 -1.9 | 134 | 104 | 305 21 6 10 14 12 16
1997 7.3 0.6 139 | 136 | 420 102 22 69 12 43 35
1998 7.3 1.0 135 | 197 | 353 31 9 30 9 22 25
1999 8.2 1.8 145 | 269 | 403 45 35 89 18 49 24
2000 8.6 3.2 14.0 | 208 | 350 | 144 32 85 17 59 6
2001 7.4 0.5 144 | 202 | 451 128 32 93 20 69 15
2002 8.4 1.6 151 | 224 | 417 158 23 80 26 56 18
2003 7.5 0.9 141 | 119 | 359 127 5 13 7 27 23
2004 7.3 11 13.6 | 255 | 441 | 213 26 59 52 38 72
2005 8.3 15 152 | 196 | 264 26 11 25 10 40 5
2006 7.9 0.4 154 | 193 | 452 124 29 43 63 68 9
2007 8.5 2.5 146 | 316 | 511 | 215 18 131 29 110 6

Average 7.8 1.2 144 | 216 | 392 112 21 71 21 51 23

1951-2000 | 7.1 2.1 12.1 | 227 | 389

higher than in a comparable half-year from the 1951-2000 multi-year period.
The rainfall was characterized by a very large amplitude, from 264 mm in
2005 to 511 mm in 2007.

In general, the examined multi-year period was warmer (by 0.7°C) than
the 1051-2000 period, although it had colder winter half-years (on average
by 0.9°C), but warmer (on average by 2.3°C) summer half-years (Table 1).

The amount and distribution of atmospheric precipitation in the particu-
lar years and time periods analyzed had a considerable influence on the
volume of water carried away through the draining systems, although the
effect was found to be significant only for the winter half-year (Table 1,
Figure 2). In the 14-year period (1994-2007), the annual water outflow ranged
from 20 mm (mixed system, 2003, dry year) to 239 mm (drains, 2004, wet
year). Regarding the volume of water carried away from the basin, the drain-
age systems should be ordered as follows: drains (on average 133 mm) >
ditches and drains (on average 92 mm) > ditches (on average 74 mm).
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Fig. 2. The influence of the draining systems on the volume of discharged water

The smallest outflow of water, less than 50 mm, appeared during dry
years, when a very small portion of the rainfall (4-10%) was carried away
with the draining systems. The outflow of water was particularly strongly
reduced in the summer half-year despite relatively high precipitation occur-
ring at that time. This suggests that most of the rainfall underwent eva-
potranspiration. Most of the precipitation (up to 34%), in turn, was carried
away from the basins during the wet years. A clear tendency appeared for
a larger outflow in the basins drained with the drainage system (21-34%0
than with the mixed system (16-21%) or with ditches alone (14-16%).

Our study has demonstrated that the water outflow through draining
systems grows considerably in winter, reaching the peak value in spring
(Figure 3).

It has also been found that more intensive water draining through the
drainage system compared to the ditches or the mixed system can result in
a rapid increase in the water outflow, so that the amount of water dis-
charged can exceed the current rainfall.

The discharge of water through the drainage system was higher than
the one recorded for the mixed network or through the ditches. However,
the statistical analysis proved that it was significantly higher only in sum-
mer versus the system of drains and ditches and in autumn and winter
compared to the system of ditches (Figure 4).

In the analyzed multi-year period, this tendency featured particularly
strongly in the spring in 2003, 2004 and 2007, when the amount of water
discharged through the drainage system was higher than the current rain-
fall. This was caused by a larger — compared to the basins drained with the
mixed system or with the ditches — share of more compact soils, which
were almost totally (98%) used as arable lands. With the higher retention
of these soils, more water was accumulated in the soil profile during au-
tumn and winter and more was discharged in spring. This tendency con-
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Fig. 4. The influence of a draining system on the seasonal dynamics
of water discharge from an agricultural basin

firms how important is the role of forests and thickets present in the other
two basins (34 and 30%) in regulating and maintaining an equilibrium of the
annual water outflow. It was only in the autumn and summer that the
examined draining systems discharged similar amounts of water and dem-
onstrated a similar response to the volume and distribution of atmospheric
precipitation. This finding supports the claim that the relationship between
water discharge and rainfall is a very complicated one and depends on
a number of factors, which condition the intensity of water migration in the
environment (LipiRiski 2002).

The content and outflow of nitrogen with the systems which drained
the agricultural basins varied over a wide range and depended on both the
type and intensity of land use, type of a draining system and meteorological
conditions, which influenced the amount and intensity of translocation
of water, and that also meant translocation of water-dissolved elements within
the enviornment. Depending on such factors present in the three agricul-
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turally used catchment basins, which differed in the extent of man-made
stress as well as the type of a water draining system, the amount of total
nitrogen varied from 0.16 to 16.69 mg dm=3, and its annual outflow was
0.36 to 13.13 kg ha™! (Table 2).

Most of the nitrogen in water was mineral nitrogen (up to 97%), of which
the dominant form was N-NOg. This confirms the assumption that one of the
major factors affecting the intentsity of eutrophication and quality of water
is the leaching of N-NO3 from soils (Koc et al. 2009).

The highest variations in the concentration of nitrogen (0.43-16.69 mg
dm=3) as well as higher levels of nitrogen (on average 4.68 mg dm=3) were
found in water drained through a draining system which consisted of drains
and ditches. This was associated with the fact that this catchment basin

Table 2

Extreme values and mean concentrations and loads of nitrogen in water discharged
from agricultural basins

Draining systems of If‘i(t);ﬁ)zen Min. Max. | Average | Median | V(%)
Concentration (mg-dm=3)
N-NOg 0.08 9.67 2.72 2.67 41
Drains mineral N 0.14 10.22 3.21 2.95 34
total N 0.16 10.53 3.56 3.24 33
N-NO4 0.16 11.97 3.46 3.57 23
Drains and ditches |mineral N 0.38 15.03 4.11 3.99 26
total N 0.43 16.69 4.68 4.60 25
N-NO4 0.02 0.85 0.53 0.46 38
Ditches mineral N 0.60 1.60 0.93 091 29
total N 0.71 1.90 1.09 1.08 30
Load (kg-ha™1)
N-NO4 1.13 11.66 5.02 4.28 60
Drains mineral N 1.44 12.04 5.45 4.81 59
total N 1.60 13.13 5.98 5.28 58
N-NO4 0.78 7.35 3.27 2.70 62
Drains and ditches |mineral N 0.83 8.89 3.70 3.12 61
total N 0.94 9.81 3.99 3.55 60
N-NO4 0.08 151 0.51 0.31 87
Ditches mineral N 0.31 1.78 0.75 0.60 60
total N 0.36 2.08 0.87 0.70 60

V — coefficient of variation
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comprised more light soils compared to the area drained only with drains.
However, a more intensive water dewatering of drained soils, irrespective
of a lower nitrogen concentration (on average 3.56 mg dm=3), resulted
in a larger (by 50%) load of discharged total nitrogen. Lower concentrations
and the smallest outflow of total nitrogen as well as its main fractions (es-
pecially N-NOg) occurred in water carried away through ditches. This was
connected with the less intensive use of the basin and a relatively small,
versus the drains, outflow of water.

The dynamics of the concentrations of mineral nitrogen compounds
in water carried away by the analyzed systems varied with time and depend-
ed not only on the amount and distribution of rainfall during a year and in
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the multi-year period, but also on the land use in a given catchment basin
and its draining system (Figure 5).

The smallest variability in the concentration, especially for N-NO,, which
made up the dominant part of mineral nitrogen, appeared in water drained
through ditches with a supplementary network of drains. In the water dis-
charged through ditches and drains, N-NO5 made up 88% of mineral nitro-
gen and 81% of total nitrogen, and in the water discharged through drains,
it constituted 68% of mineral N and 59% of total N. This finding suggests
that the leaching of nitrogen from soil takes place after mineralization
of organic nitrogen and oxidation to N-NO,. This is a consequence of the
fact that draining facilitates oxygen supply to a soil profile, which induces
a series of soil processes, for example it raises the intentity of mineraliza-
tion of organic substances (Lirikiski 2002). Thus, improved oxigenation
of drained soils under agricultural use may be a cause of an increased threat
of water becoming polluted with nitrogen compounds, especially during
a more intensive water draining of soils than recorded in draining systems
comprising or consisting of cditches. Therefore, for the sake of environment
conservation, the existing or planned drainig systems should be equipped
with facilities which will regulate water discharge (Lirifiski 2002).

The present study has not demonstrated any significant influence of the
type of a draining system on the concentration of N-NH, in the analyzed
water samples. In the water discharged through drains, compared to the sam-
ples taken from ditches, an elevated concentration of N-NOg appeared along-
side levels of mineral N and total N (associated with this parameter) as well
as N-NO,, compared with the mixed system (drains and ditches — Figure 6).

A relatively high concentration of N-NH, was found in 1996, which was
the driest year during the 14-year period. The highest levels of this nitro-
gen form, unseen in the other years, were determined then in water dis-
charged through the drainage system (on average 1.09 mg dm=3) and from
the mixed system (on average 1.34 mg dm=3). Over 20% higher concentra-
tion of N-NH* in water discharged through the mixed system may have
been caused by a more intensive decomposition of organic matter at the
bottom of ditches, where periodically oxygen deficiency can occur and the
decomposition of organic substance slows down and is limited to ammonifi-
cation. Similar relationships have been observed for N-NO,. Small concen-
trations of N-NO,, relative to N-NOg, which occurred especially in water
carried away through the drainage system, confirm good oxygenation of the
soils drained with this system. The highest N-NH, level in the water drained
through ditches (on average 0.70 mg dm—3) was found in 1995, a wet year,
characterized by a relatively large discharge of water, including nutrients,
during the early vegetative growth period.

The dominant share of N-NO; in total nitrogen in water discharged
through draining systems confirms that its variability runs a similar course
to the variability of total nitrogen in all seasons of the year (Figure 7). The
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in water discharged from agricultural areas

highest concentrations of total nitrogen and N-NOj in water discharged
through the drainage system or ditches with drains (the mixed system) ap-
peared in spring, while in the ditches alone, the highest levels of these
nitrogen forms were recorded in winter.

With respect of ammonia and nitrate (I11) nitrogen, variations in the
levels of these nitrogen forms followed a slightly different course. Nonethe-
less, because of their small concentrations, as compared to the levels
of N-NOg, they did not produce any significant effect on the variation of total
nitrogen concentrations in water.

The correlation dependences between meteorological conditions (temper-
ature and precipitation) and volume of discharged water demonstrated that
the effect they produced on the concentration and load of discharged nitro-
gen depended on the type of a draining system (Table 3). Negative correla-
tions between temperature and the concentration and load of nitrogen sug-
gest that during the plant growing season (rising air temperature) the
amount of nitrogen discharged from drained agricultural basins decreases,
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which is a result of nitrogen bioaccumulation. This dependence became par-
ticularly evident when soils were drained with the drainage system or with
the ditches.

Similar tendecies were also determined for atmospheric precipitation,
most of which fell during summer (Table 3). Also, a tendency was demon-
strated for the lowering of N-NH, and N-NO; in water and increased dis-
charge of these forms of nitrogen through the analyzed draining systems.

A positive correlation has been demonstrated between the concentration
of N-NOg, which represented the major portion of nitrogen contained
in water, and the volume of discharged water. This led to a significant in-
crease in the load of N-NO; and, consequently, mineral and total nitrogen.
Such findings are confirmed by the results reported by PuLikowski et al.
(2008), who demonstrated that a larger load of nitrogen is discharged from
drained basins mostly under agricultural land use, which was mainly attrib-
uted to a high concentration of nitrates in the drainage effluent.

The volume of nitrogen load discharged with the draining systems from
the agricultural basins during the whole analyzed period as well as in indi-
vidual years was mainly conditioned by the amount of discharged water, its
flow rate and concentration of N-NO5 (Figure 8). The most important was
the water discharge in winter half-year (from October to April, Figure 2),
i.e. during the time when water supplies in a basin are replenished (from
November to February), as implied by a relatively small water outflow ver-
sus precipitation. The largest water outflow occurred during its annual cul-
mination, mainly in March and April (Figure 1).

Thus, particularly large loads of N-NO3, and consequently total nitro-
gen, appear in March and April in the basin drained with the drainage sys-
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Table 3

Correlations between temperature. precipitation and water outflow versus concentration
and load of nitrogen in water from draining systems (at p < 0.05; N = 150)

Temperature Precipitation Load
Variable drains drains drains
drains | and |ditches| drains | and |ditches| drains| and | ditches
ditches ditches ditches
Concentration
N-NO4 -0.18% - -0.40% - -0.18% | -0.22% - - 0.17*
N-NH, - -0.26* - - -0.16% - - - -
N-NO, - - -0.20% - - - - - -
Load
N-NO4 -0.21% - - - - - 0.70% | 0.77% | 0.57*
N-NH, -0.18% - - - - - 0.59% | 0.67% | 0.74*
N-NO, -0.18% - - - - - 0.74* | 0.76% | 0.30%
Mineral N | -0.22% - -0.17* - - - 0.72% | 0.81% | 0.66*
Total N - - -0.18* - - - 0.72% | 0.82% | 0.66*

*essential correlation; (-) lack of essential dependences

tem, and in March in the basins drained with the mixed system or with the
ditches (Figure 8).

Much larger water discharge and water levels of nitrogen compounds
meant that a significantly larger nitrogen load (except N-NO,) was discharged
by the drainage and mixed systems than through the ditches (Figure 9).

The present study has also demonstrated that much more N-NH,
is discharged through draining ditches in years characterized by a more even
annual water discharge. Possible sources of N-NH, include atmospheric pre-
cipitation polluted with ammonia (Lirikiski 2002), which directly feed surface
waters, or its supply from surface effluents, especially in spring. In the sum-
mer season, in turn, much N-NH, reaches a basin after intensive rains. An
additional source of N-NH, in water drained through ditches could be the
products of decomposition of organic matter derived from dying plants and
bottom sediments. This can be associated with the release of this form of
nitrogen from plants and bottom sediments.

The load of nitrogen discharged through the draining systems (Figure 8)
was closely connected with the seasonality of water flow (Figure 1, Table 1).
Consequently, the highest loads of total and of the determined mineral ni-
trogen forms were the highest in the spring and the lowest in the autumn
and winter. In respect of total nitrogen in spring, the largest loads were
dsicharged through drains (4.0 kg ha1), followed by the network of ditches
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Fig. 8. Dynamics of annual and monthly outflow of nitrogen through draining systems
in agricultural areas in 1994-2007

and drains (3.0 kg ha™1) and the smallest ones — through ditches (0.6 kg ha™1)
— Figure 10.

Similar tendencies were observed for the outflow of loads of N-NO;
(3.23 kg ha™! through drains > 2.40 kg hal through ditches and drains
>0.38 kg ha™! through ditches) and N-NH, (0.37 kg ha=! through drains
>0.32 kg ha™1 ditches and drains > 0.12 kg ha™! through ditches). As for
N-NO,, an over two-fold larger load of this form of nitrogen was discharged
through ditches than through drains or ditches and drains. The smallest
discharge of N-NO, occurring in the spring in the basin drained with the
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drainage system should be associated with a much more rapid water out-
flow and better oxygenation of drained soils as compared to soils dewatered
with ditches (Koc et al. 2009). This was also confirmed by the seasonal dy-
namics of the load of N-NO,.

The statistical analysis verified the predominant influence of meteoro-
logical conditions, mainly atmospheric precipitation and air temperature (sig-
nificant seasonal variability) on the volume of the outflow of forms of nitro-
gen through the draining systems dewatering agricultural basins
(Figures 11-13). Significantly higher nitrogen loads, than in autumn, were
discharged in spring. However, the seasonal dynamics of the outflow of par-
ticular forms of nitrogen was found to differ slightly between the three test-
ed draining systems. In the case of the drainage systemn and the network
of ditches, significantly larger loads of nitrogen compounds were discharged
in spring.

The results of our tests have demonstrated that the discharge of nitro-
gen compounds from agricultural areas is largely dependent on the meteor-
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ological conditions, draining system ,type of soils and type of lanbd use. At
the same time, they seem to confirm the claim that the influence of agri-
culture on chemism of groundwater and surface water can be both positive
and negative, and the amount of pollutants originating from area sources
can be considerably reduced by proper water management (HeatHwaITE et al.
1998, Herzoc et al. 2008, Oenema 2005). This can be achieved by reducing
the intensity of fertilization and limiting surface area of cropped land
(Kopacz et al. 2007) because, particularly in spring, during the intensive
growth and development of plants, bioaccumulation of nitrates exceeds the
sum of nitrates reaching a bsinc from the atmosphere and originating from
mineralization and nitrofication of organic compounds of nitrogen in soil
(KowaLik, KuLeik 2002).
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CONCLUSIONS

1. The dynamics of water discharge from an agricultural basin depended
on the amount and distribution of atmospheric precipitation as well as the
type of a dewatering system, adjusted to the type of soils and type of land
use. The volume of discharged water was mainly conditioned by atmospher-
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ic precipitation in the winter half-year. Intensive rainfall occurring in sum-
mer would only slightly increase the outflow of water from the baic drained
with a drainage system.

2. The dynamics of concentrations and loads of nitrogen in water dis-
charged via draining systems varied with time and depended not only on
the amount and distribution of precipitation over a year and in the multi-
year period, but also on the type of land use in a given basin and a draining
system. The largest variation in the concentrations of N-NO5 (V=41%) and
total nitrogen (V=33%) appeared in water drained with the drainage system,
and the largest variation in the loads (N-NO; — V=87%, and total N — V=60%)
was calculated for water carried away through draining ditches.

3. The largest concentration of total nitrogen (16.69 mg dm=3) occurred
in water carried away through the mixed system, and the lowest one — in
water discharged through ditches. Within total nitrogen, mineral nitrogen
reached from 84% in water flowing through ditches to 97% in water from
drains. Within mineral nitrogen, the percentage of nitrates (V) ranged from
53% in water flowing through ditches to 95% in water from drains.

4. The annual outflow of total nitrogen per 1 ha was the highest from
the agricultural basin dewatered by the drainage system, where it reached
13.13 kg. When it was dewatered through drains and ditches, the annual
outflow of total nitrogen was 9.81 kg, falling down to 2.08 kg in the case of
the basin drained through ditcches only. The percentage of nitrates (V) in
the mineral nitrogen load was from 97% in drained water to 85% in water
flowing through ditches and 83% in water discharged through drains and
ditches.

5. The total nitrogen load carried away through the draining systems
from agricultural basins was closely related to the amount of discharged
water and water concentration of mineral nitrrogen compounds, especially
N-NO5. Due to the seasonal discharge of water, with the climax occurring
in March-April, the largest loss of nitrogen from drained areas appears in
spring.

6. Nitrates (V) made up the largest portion of total nitrogen polluting
drained water, i.e. 92% of mineral N and 84% of total N in water flowing
through drains, 88% of mineral N and 81% of total N in water drained
trough ditches and drains and just 68% of mineral N and 59% of total N in
water carried away through ditches.

7. The greatest threat of polluting surface water with nitrogen com-
pound, due to the volume of its load discharged from sgricultural basins,
occurred in spring, and the smallest one — in autumn and in summer.
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