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I ntr oduction

Out of the total nitrogen added into soil with mineral fertilizers, plants get about 50 %, about
25 % isimmobilized in soil, and about 25 % is lost through leaching, denitrification and other
mechanisms (Azem et al., 1985). From the ecological viewpoint, nitrogen has special
importance because of its possible pollution of surface and ground waters. As nitrogen is
predominantly leached in the form of nitrates since the soil does not adsorb ions, the hazard of
environmental pollutions is generally to the nitrate form of nitrogen, and less to its ammonium
and nitrite forms. Groundwater pollution by nitrates is an international problem (Roberts and
Marsh, 1987; Meybeck et al., 1989; Weisenburger, 1991; Spalding and Exner, 1993; Zhang et
al., 1996; Lerner et al., 1999; Wakida and Lerner, 2002).

Excessive nitrate concentration in water may lead to eutrophication of watercourses or
stock watering places. If such water is used for human consumption, it may cause
methemoglobinemia in infants and animals (Pratt and Jury, 1984. Potential cancer risk from
nitrate-N (and nitrite) in water and food has been reported (Rademaher et al., 1992; and Jasa
et al., 1999). Therefore is the World Health Organization recommended that drinking water
should contain less than 10 mg NOs-N L™ or 50 mg NOs L™ (WHO, 1998). Leaching of
nitrates from soil depends on a number of factors such as, the amount, frequency and intensity
of precipitation, soil properties, crop type and crop development stage, evaporation, soil
tillage practices, and nitrogen fertilization (Gausey, 1991; Vidacek et al., 1996, 1999,
Josipovic et al., 2006; Nadasy and Nadasy, 2006; Németh, 2006; Nemcic et al., 2007; Mesic et
al., 2007 and 2008; Smunic et al., 2002, 2011).

The problem of nitrate leaching is even more pronounced in agro-ecosystems of hydro-
ameliorated fields, especially in drained soils because of changed infiltration and filtration
capabilities of these soils. Different drainpipe spacing and different nitrogen fertilization
levels significantly influence soil productivity in the experimental area, but may lead to
contamination of drainage water with nitrogen pollutants (Milburn and Richards, 1994;
Klacic et al., 1998; Webster et al., 1999).
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Drainage and fertilization

In Croatia the total hydroameliorated areas cover 600,054 ha, including 117,865 ha of the pipe
drainage system area (Vidacek et al., 2006). From the total hydroameliorated areas the largest
area is located in the Sava river valley, which characterized different types of hydromorphic
soils and clayey texture content. From all hydromorphic soils the more extended is Gleyic
Podzoluvisol (Photo 1, which the major physical and chemical properties are given in Table
1). Drained Gleyic Podzoluvisol is located on level relief (slope<1%0), a an average altitude
of 100 m as.l. Before the hydroamelioration was set up, the area (soil) was utilised as a
pasture, which was in association with swamp vegetation (Salix sp., Juncus sp. €tc).
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Photo 1 Profile of Gleyic Podzoluvisol
(From Smunic)

The soil has silty clayey texture to the depth of 0.75 m. The clay content of this soil
section is in the range of 46-48 %, and the silt content is 45-47 %. The soil depth of 0.75-1.15
m is of lighter texture. The silt component preponderates in soil texture (55 %), while the clay
content decreases (39 %). The soil is porous with the total pore volume of 48-49 %. Soil water
capacity is 42-45 %. Air capacity is low (4 %). Vertical hidraulic conductivity is very low
(0.001 m/day). Humus content is good (3.03 %), while contents of P,Os and K;O are very
low.

Table 1 Major properties of drained Gleyic Podzoluvisol

Profile Depth Content of Porosity Capacity Permeability pH Humus P,Os KO
(cm) particles (%) (%) (m/day) KCI (%)
%

Silt Clay Water Air mg/100 g soil
Ap 0-35 47 46 48 44 4 0.011 53 3.03 151 8.3
Btg 3575 45 48 49 45 4 0.011 5.2
Gso 75115 55 39 46 42 4 0.011 7.1
Gr/c 115130 45 49 49 46 3 0.011 5.9

On hydroameliorated soils on a few locations in the Sava river valley are established
experimental amelioration fields. Experimental amelioration field is located on soil type
defined as Gleyic Podzoluvisol, which involved four different drainpipe spacing (15 m, 20 m,
25 mand 30 m), set up in four replications. All drainpipes spacing were combined with gravel
as contact material in the drainage ditch above the pipe. Drainpipe characteristics were: length
95 m, diameter 65 mm, average slope 3 % and average depth 1 m. Drainpipes discharged
directly into open canals and drainage discharge was measured continually by means of
automatic electronic gauges (limnimeters), which were set up at the drainpipe outlet into the
open canal (Figure 1). Typical crops for these agro-ecologically conditions were grown, but
frequently in rotation as the trial crops were grown maize and winter wheat Photo 2). Maize
was grown in five trial years (1991, 1993, 1996, 1999 and 2002) and winter wheat in two trial
years (2006/07 and 2008/09). Sowing of maize was done in May and harvest took place in
October. All measurements were taken from May to April of the following year because
soybean was planted as the next crop in rotation in May. Total nitrogen fertilization was: 175
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kg ha® in 1991, 145 kg ha™ in 1993, 145 kg ha* in 1996, 155 kg ha™ in 1999 and 164 kg ha™
in 2002. Winter wheat was sown in October and harvested in July. Total nitrogen fertilization
was: 179 kg ha' in 2006-07 and 184 kg ha® in 2008-09. At maize and winter wheat in all
investigation year total nitrogen was added with basic fertilization and topdressing.

EXPERIMENTAL DRAINAGE FIELD
«a JELENSCANKS®

Figurel
Experimental
drainage field
LEGEND
= ww & 1z Limmgraphs
L= ] Chaan med
Lo, v Pips drainage spacing 15,20.25.30 m

Photo 2 Cropsin trial (From Smunic and Filipovic)
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Hydrological relations

Monthly precipitation values and the corresponding total values (i.e., sum of monthly
precipitation values for the whole examined period) are presented in Table 2.

Table 2 Monthly precipitation values and the corresponding total values (mm)
(From Meteorological Station, Sisak)

Y ear vV VI VIl VIl IX X Xl X [ [ A X

1991/92 156 20 160 52 50 152 108 21 15 45 78 59 916

1993/94 44 134 30 119 90 107 165 112 50 58 37 79 1025

1996/97 71 31 90 83 190 46 135 79 4 55 26 45 895

1999/00 107 89 86 66 95 72 92 104 29 37 63 77 917

2002/03 183 56 130 99 133 73 113 54 71 21 5 30 968

Y ear X Xl Xl I I Il v V VI VIl VI IX py

2006/07 27 86 28 82 58 85 7 92 43 27 55 141 731

2008/09 88 86 101 113 40 54 31 44 153 171 37 30 948

Table 3 Quantities of drainage discharge (mm) and total duration of drainage discharge (days)

Drainpipe Year  Precipitation Drainage discharge Duration of drainage

spacing (m) (mm) mm % of precipitation  discharge (days)
15 228 24.9 134
20 1991/92 916 219 23.9 136
25 213 233 139
30 229 25.0 141
15 266 26.0 167
20 1993/94 1025 271 26.4 170
25 268 26.1 177
30 277 27.0 182
15 198 22.1 140
20 1996/97 895 198 22.1 146
25 203 22.7 153
30 199 22.2 157
15 174 19.0 124
20 1999/00 917 175 19.1 126
25 166 18.1 129
30 171 18.6 129
15 273 28.2 143
20 270 27.9 151
25 2002/03 968 277 28.6 153
30 285 29.4 165
15 170 233 81
20 169 23.1 83
25 2006/07 31 167 22.8 85
30 165 22.6 85
15 250 26.4 119
20 245 25.8 124
25 2008/09 948 247 26.1 127
30 240 25.3 128
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According to the analyses of total precipitation values, total drainage discharge values and
total duration of drainage discharge for different drainpipes spacing (Table 3), differences are
noticeable in the quantity and duration of drainage discharge, both between the tested
drainpipes spacing in each growing season and between the trial years. Differences in the
guantity of drainage discharge between drainpipes spacing in a particular year are smaller
than differences between years. There is a strong correlation between total precipitation and
total drainage discharge (r=0.79 up to 0.85; Figure 2) and generally in case of higher
precipitation, drainage discharge is higher, and vice versa (Table 3), but drainage discharge is
dependent on many factors such as, the amount, frequency and intensity of precipitation, crop
type and crop development stage, i.e. evapotranspiration.

The shortest duration of drainage discharge was recorded in each year at the drainpipes
gpacing of 15 m and the longest at drainpipe spacing of 30 m. According to Petosic et al.
(1998) and Tomic et al. (2002), narrower drainpipe spacing and shorter duration of drainage
discharge are more efficient.

Correlation between precipitation and drainage discharge

0,8

Correlation
coefficient

0,6

0,4

0,2

15
Drainpipe spacing (m)

Figure 2 Correlation between precipitation and drainage discharge

Nitr ogen leaching

Drainage water was sampled every day during the discharge period. Nitrates were determined
spectrophotometrically by yellow colouring of phenol disulphonic acid (APHA-AVWWA-
WPCF, 1992).

Maximum nitrogen concentrations in drainage water from all drainpipes spacing variants
during the trial period exceeded the concentration of 10 mg/L (Table 4).

Table 4 Maximum concentration of nitrogen (mg dm™) in drainage water

Spacing variants  1991/92 1993/94 1996/97 1999/00 2002/03 2006/07 2008/09

(m)

15 32.82 29.15 20.05 18.15 34.32 23.12 28.42
20 30.93 29.03 20.81 19.24 33.19 23.18 28.12
25 31.67 29.13 20.34 20.21 34.71 24.59 27.23
30 30.63 29.07 19.91 18.43 33.58 23.53 27.05
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Table 5 Average concentration of nitrogen (mg dm'®) in drainage water

Spacing variants  1991/92 1993/94 1996/97 1999/00 2002/03 2006/07 2008/09

(m)

15 1625 a 1290 a 1021 9.51 1737 b 1215 1390 a
20 1595 b 1222 b 10.36 8.99 1770 a 1233 1371 a
25 1567 b 1288 a 10.58 9.54 1781 a 1274 1257 b
30 1526 ¢ 1195 c¢ 1051 9.47 1782 a 1178 1265 b

Values marked by the same letter are not significantly different according to Duncan’s test
(p=0.01)

At maize grown the highest nitrogen concentrations in all drainpipes spacing were
recorded in 1991/92 and 2002/03 (Figure 3), when higher fertilizer doses were applied (175
kg/ha and 164 kg N ha*, respectively) and higher precipitation (drainage discharge) was also
recorded, especially in May and July (Table 2) after fertilization. The lowest nitrogen
concentration (in all drainpipes spacing) was detected in 1999/00, when the lowest total
drainage discharge of all trial years was determined, although it was not the year when the
lowest fertilizer rates were applied. At winter wheat grown higher nitrogen concentrations
was recorded in all variants in 2008/09 than in 2006/07, when higher fertilizer doses was
applied (184 kg/ha) and higher precipitation (drainage discharge) was also recorded,
especially in autumn after fertilization (Table 2). Average nitrogen concentration values in six
years were in all variants above the allowable concentration, except in 1999/2000.

As observed in Figure 3 for drainpipes spacing of 15 m, maximum nitrogen
concentrations in drainage water (at maize grown) in all years were detected in spring, soon
after sowing and topdressing, which generally coincided with precipitation maxima (i.e., after
higher drainage discharge), except in 1996/97, when the highest drainage discharge occurred
in September. Similar fluctuations of nitrogen concentration were observed in other drainpipe
spacing variants.
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Figure 3 Fluctuation of maximum nitrogen concentration in drainage water at maize grown
As observed in Figure 4 for drainpipes spacing of 15 m, maximum nitrogen

concentrations in drainage water (at winter wheat grown) in both investigation years were
detected in autumn, soon after sowing (fertilization).
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Figure 4 Fluctuation of maximum nitrogen concentration in drainage water at winter wheat
grown

In the years 1991/92, 1993/94, 2002/03 (at maize grown) and 2008/09 (at winter wheat
grown) there were significant differences in average concentration of nitrogen in drainage
water between drainpipe spacing (p=0.05). Generally, the highest values are calculated for
drainpipe spacing of 15 m and the lowest for drainpipe of 30 m. Nitrogen concentration in
drainage water exceeded the MAC in three (1996/97) to seven months (1993/94)—Figure 3 (at
maize grown) and five months in both years at winter wheat grown. Similar results for
nitrogen concentrations in drainage water were obtained by Kladivko et al. (1991), Rossi et al.
(1991), Smunic et al. (2002 and 2011) and Bensa et al. (2007). According to Vidacek et al.
(1999), nitrate concentration in drainage water is dependent on the sampling time. Total
annual quantities of nitrogen leached were estimated on the basis of the average monthly
concentration and monthly quantity of drainage discharge.

According to the analyses of total annual quantity of nitrogen leached through drainage
water (Table 6), there are differences (at maize grown) both between the tested drainpipes
spacing in each year and between trial years. Differences between drainpipes spacing in the
quantity of nitrogen leached in a particular year are smaller, but there are greater differences
between years. Lower nitrogen leaching was recorded in all drainpipe spacing variants in the
periods 1996/97 and 1999/00, when the quantity of drainage discharge was the lowest and
lower nitrogen rates were applied than in 1991/92 and 2002/03.

Higher leaching occurred in the years 1991/92, 1993/94 and 2002/03 while either larger
amount of nitrogen added with fertilization or higher drainage discharge. At winter wheat it
was same about leaching of nitrogen. Differences between drainpipes spacing in the quantity
of nitrogen leached in a particular year are small, but there are greater differences between
years. Lower nitrogen leaching was recorded in all drainpipe spacing variants in year 2006/07,
when the quantity of drainage discharge was lower and lower nitrogen rates was applied than
in 2008/09.

At winter wheat grown in both years the highest leaching of nitrogen is recorded on

drainpipes spacing of 15 m and the lowest on drainpipe of 30 m, but at maize grown it was
different from year to year.
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Table 6 Quantity of nitrogen leached (NL) through drainage water (kg ha) and percentage of
nitrogen leached relative to the total N added with fertilization

Spacing  1991/92 1993/94 1996/97 1999/00 2002/03 2006/07 2008/09

Va(ria)ntSNL%NL%NL%NL%NL%NL%NL%
m

15 357 204 344 237 203 140 166 107 472 287 2067 116 3475 189

20 30.7 175 332 229 206 142 158 102 484 295 2084 116 3359 183

25 339 194 346 239 215 148 159 103 494 301 2128 119 3105 169

30 349 199 332 229 210 145 162 105 508 310 1944 109 3036 16.5

According to Mesic et al. (2007), the quantity of nitrogen leached is in linear correlation
with the quantity of drainage discharge. These results (Table 6) are in accord with the results
obtained by Skaggs and Gilliam (1985) and Klacic et al. (1998).

Different quantities of leached nitrogen are influenced by climate conditions. The total
amount and distribution of precipitation (drainage discharge), crops grown, their development
stages, as well as by the quantity of fertilizers applied and the time of their application. In this
case, if there is higher amount of precipitation in spring or in autumn when maize and winter
wheat needs less nitrogen and less water for its development, then it results in higher nitrate
leaching.

If other crops (alfalfa) were grown, nitrate leaching would probably be different because
of different root depth, different growth, etc.

Conclusions

The foregoing points to the conclusion that there were found differences in concentration of
nitrogen between both tested drainpipes spacing in each year and between trial years.
Differences between drainpipes spacing are smaller, but there are greater differences between
years. There were statistically significant differences (p=0.05) in drainage water
contamination with nitrates among the tested drainpipes spacing in the years 1991/92,
1993/94 and 2002/03 at maize grown and 2008/09 at winter wheat grown, but in years
1996/97 and 1999/00 at maize and 2006/07 at winter wheat there were no significant
differences.

Maximum nitrogen concentrations in drainage water (at maize grown) in all years were
detected in spring, soon after sowing and topdressing, which generally coincided with
precipitation maxima (i.e., after higher drainage discharge) and maximum nitrogen
concentrations in drainage water (at winter wheat grown) in both investigation years were
detected in autumn, soon after sowing (fertilization) and after higher drainage discharge.

Nitrate levels in drainage water exceeded the MAC in all drainpipes spacing in three
months (1999/00) to seven months (2002/03) at maize grown and five months in both years at
winter wheat grown. The same concentration of nitrogen in drainage water it was and with
leaching of nitrogen. Differences between drainpipes spacing in the quantity of nitrogen
leached in a particular year are smaller, but there are greater differences between years.

The highest nitrate leaching occurred with the highest drainage discharge and with higher
fertilization. At maize grown it was in year 2002/03 and winter wheat grown in year 2008/09.

128



Refer ences

APHA-AWWA-WPCF. 1992. Standard methods for the examination of water and
wastewater. Washington, DC 20005: 156-157.

Azam, F., Malik, K. A. 1985. Transformation in soil and availability to plants of 15 N applied
as inorganic fertilizer and legume residens. Plant and soil, 86. 3-13.

Bensa, A., Vidacek, Z., Coga, L., Sraka, M., Vrhovec, D. 2007. Influences of pipe drainage
and fertilization on nitrate leaching. Cereal Research Communications, 35. 2. 237-240.
Gausey, N.R. 1991. Nitrate leaching to subsurface drains as affected by drain spacing and

changes in crop production system. Journal of Environmental Quality 20. 1. 264-270.

Jasa, P., Skipton, S., Varner, D., Hay, D. 1999. Drinking water: NOs-N. NewGuide, Published
by Cooperative Extension Institute of Agriculture and Natural Resources, University of
Nebraska-Lincoln

Josipovic, M., Kovacevic, V., Sodaric, J., Plavsic, H., J. Liovic. 2006. Influences of irrigation
and fertilization on soybean properties and nitrogen leaching. Cereal Research
Communications, 34. 1. 513-516.

Klacic, Z., Petosic, D., L. Coga. 1998. Nitrogen Leaching in Different Pipe Drainage
Distances. Agriculturae Conspectus Scientificus, 63. 4. 331-338.

Kladivko, E.J., Frankenberger, J.R., Jaynes, D.B., Meek, D.W., Jenkinson, B.J., Gausey, N.R.
1991. Nitrate leaching to subsurface drains as affected by drain spacing and changes in
crop production system. J. Environ. Quality, 20. 264-270.

Lerner, D.N., Yang, Y., Barett, M.H., Tellam, JH. 1999. Loading of non-agricultural
nitrogen in urban groundwater. In: Ellis, J.B. (ed.), Impacts of urban growth on surface
and groundwater quality. Proc. of lTUGG99 Symposium HS5, Birmingham, July 1999.
IAHS Publ., no. 259. IAHS Press, Wallingford, UK, pp. 117-123.

Mesic, M., Basic, F., Kisic, I., Butorac, A., Gaspar, I. 2007. Influence of mineral nitrogen
fertilization on corn grain yield and nitrogen leaching. Cereal Research Communications,
35. 2. 773-776.

Mesic, M., Simunic, |., Basic, F., Vukovic, I., Jdurisic, A. 2008. Soil type influence on
drainage discharge and yields of soybean. Cereal Research Communications, 36. 2 Suppl.
2. 1207-1210.

Meybeck, M., Chapman, D., Helman, P. 1989. Global freshwater quality: A first assessment,
global environment monitoring system. WHO and UNEP, Blackwell Ltd., USA

Milburn, P., Richards, J.E. 1994. Nitrate concentration of the subsurface drainage water from
acorn field in southern New Brunswick. Canadian Agricultural Engineering, 36. 2. 69-78.

Nédasy, E., Nédasy, M. 2006. Some harmful or useful environmental effects of nitrogen
fertilisers. Cereal Research Communications, 34. 1. 49-52.

Nemcic, JJ., Mesic, M., Basic, F., Kisic, |., Zgorelec, Z. 2007. Nitrate concentration in
drinking water from wells at three different locations in Northwest Croatia. Cereal
Research Communications, 35. 2. Suppl., 533-536.

Németh, T. 2006. Nitrogen in the soil-plant system nitrogen balances. Cereal Research
Communications, 34. 1. 61-64.

Petosic, D., Dolanjski, D., Husnjak S. 1998. Functionality of Pipe Drainage at the Trial Field
Oborovo in the Sava River Valley. Agriculturae Conspectus Scientificus, 63. 4. 353-360.

Pratt, P., Jury, W.A. 1984. Pollution of the unsaturated zone with nitrate. Ecol. Stud., 47. 52-
67.

Rademaher, J.J., Young, T.B., Kanarek, M.S. 1992. Gastric cancer mortality and nitrate levels
in Wisconsin drinking water. Arch. Environ. Health 47. 4. 292-294.

Roberts, G., Marsh, T. 1987. The effects of agricultural practices on the nitrate concentrations
in the surface water domestic supply sources of Western Europe. IAHS. 164. 365-380.

129



Rossi, N., Ciavatta, C., Antisari, L.V. 1991. Seasonal pattern of nitrate losses from cultivated
soil with subsurface drainage. Water, Air and Soil Pollution, 60.1-2. 1-10.

Simunic, |., Tomic, F., Mesic, M., Kolak, 1. 2002. Nitrogen leaching from Hydroameliorated
Soil. Die Bodenkultur, 53. 2. 73-83.

Simunic, 1., Mesic, M., Sraka, M., Likso, T., Coga, L. 2011. Influence of Drainpipe Spacing
on Nitrate Leaching and Maize Yield. Cereal Research Communications, 39. 2. 274-283.

Skaggs, R. Gilliam, JW. 1985. Effect of drainage system design and operation on nitrate
transport. Transaction of the ASAE, 24. 929-934.

Spalding, R.F., Exner, M.E. 1993. Occurrence of nitrate in groundwater-A review. J. Environ.
Qual. 22. 392-402.

Tomic, F., Simunic, 1., Petosic, D., Romic, D., Satovic, Z. 2002. Effect of drainpipe spacing
on the yield of field crops grown on hydroameliorated soil. Agriculturae Conspectus
Scientificus, 67. 2. 101-105.

Vidacek, Z., Bogunovic, M., Sraka, M., Husnjak, S. 1996. Water discharges and nitrates from
some soils of the Sava river valley. 6. Gumpensteiner Lysimetertagung “Lysimeter in
Dienste des Grundwassershutzes’. BAL, Gumpenstein, pp. 111-115.

Vidacek, Z., Sraka, M., Coga, L., Mihalic, A. 1999. Nitrates, heavy metals and herbicides in
soil and water of Karasica-Vucica catchment area. Agriculturae Conspectus Scientificus,
64. 2. 143-150.

Vidacek, Z., Bogunovic, M., Husnjak, S., Sraka, M., Bensa, A. 2006. Hydropedological map
of the Republic of Croatia. World Congress of Soil Science Frontiers of Soil Science
Technology and the Information Age, Abstracts p. 228.

Weakida, F.T., Lerner, D.N. 2002. Nitrate leaching from construction sites to groundwater in
the Nottingham, UK, urban area. Water Sci. Technol 45. 243-248.

Webster, C., Poulton, P.R., Goulding, K.W.T. 1999. Nitrogen leaching from winter cereals
grown as part of a 5-yearly-arable rotation. European Journal of Agronomy 10. 99-109.
Weisenburger, D.D. 1991. Potential health consequences of ground-water contamination by
nitrate in Nebraska. In: Bogardi, 1., Kuzelka, R.D. (Eds.), Nitrate contamination-exposure,
conseguence, and control: NATO ASI Serial G. Ecological Sciences, 30. Springer-Verlag,

Berlin, pp. 309-315.

WHO, 1998. Guidelines for Drinking-water Quality. 2" Edn. World Health Organization,
Geneva

Zhang, W.1., Tian, Z.X., Zhang, N., Li, X.Q. 1996. Nitrate pollution of groundwater in
northern China. Agric. Ecosyst. Environ., 59. 223-231.

130



