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Abstract. The paper describes the influence of long term (more than 30 years) fertilizer application to nitrogen,
phosphorus, potassium, calcium and magnesium leaching through subsurface drainage in small experimental
catchment. The effect of crop and cultivation practice on nutrient concentrations in drainage water is analyzed. This
paper presents leaching data during 2011-2013 when spring oilseed rape (OSR), spring barley (SB) and perennial
grasses (GC) were grown.

The research has been carried out at the Research Institute of Agriculture of Latvian University of Agriculture in
the long-term subsurface drainage field established in Skriveri in 1981 under the guidance of professor J. Stikans. The
long-term drainage field was established in the uncultivated gleyic sod-podzolic Hypostagnic Endogleyic Albeluvisol
(Hypereutric), stw-ng-AB(he) loam that had not been used in agriculture for 20 years before. The experimental field
was established with four rates of mineral fertilizers: without fertilizers, N45P30K45; N90P60K90 N135P90K135
calculated in form of P,O5 and K,O. Since 1994 a seven-year crop rotation has been organized: 1) winter triticale, 2)
potatoes, 3) spring wheat, 4) spring oilseed rape, 5) spring barley + perennial grasses (red clover, timothy), 6)
perennial grasses, 1st year of using, and 7) perennial grasses 2nd year of using. The total area (1.6 ha) of the
experimental field was divided into 16 plots (15x50 m). Each plot was supplied with a seepage tile drain at the depth of
80-100 cm and an inspection well for drain water sampling and measurement of total water amount.

The nitrate nitrogen content in subsurface drain water was significantly affected by fertilizer rate and crop species.
The concentration of nitrogen in drain water was significantly lower from non-fertilised plots than from other
treatments and was considerably lower growing grass without autumn soil tillage than with conventional ploughing.
Different fertilizer rates (applying 30, 60 or 90 kg ha' of phosphorus and no fertilizer) had no significant effect on
phosphorus concentration in drain water. However, concentration of potassium in drain water depended remarkably
(p<0.001) on fertilization rate and was lower from non-fertilized plots. Without autumn ploughing and providing
vegetation potassium leaching was significantly lower. The use of fertilizers increased the subsurface water
concentration of calcium and magnesium considerably.
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I INTRODUCTION amounts of runoff generated. Large P applications left
on the surface of wet, frozen, compacted, and
intensively under-drained soils in high rainfall areas
are particularly vulnerable to leaching. Concentrations
of P in runoff are often the greatest during the first
storm event following P application, but can remain
high for several weeks, or even months after
application [26].

Long-term fertilisation experiments have shown
that important processes in the large-scale turnover of
nitrogen operate on a time scale of decades up to at
least a century [6].

The group of scientists [21] from the Baltic Sea
region have determined that for the time period 1970-
93 there had been substantial changes in land use,
atmospheric deposition and wastewater treatment in
many parts of the study area. But the total riverine
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The results of many scientific findings from the
long-term monitoring show large differences in the
levels of plant nutrient losses between the catchments
and fields with different farming intensity, large
annual and interannual variability due to climate
impact and soil conditions [9,11,19].

Fresh applications of phosphorus (P) may cause
losses of dissolved and particulate P forms in land
runoff when rainfall interacts directly with fertilizers
and manures which are spread onto the soil surface.
Rates of P loss are temporally and spatially very
variable (< 1 to 25 % of total P applied) depending on
the amount of P applied; the P release properties of the
materials applied (% P extractable in water), the
timing of storm events after application and the
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loads of nitrogen (N) and phosphorus (P) to the Baltic
Sea have been fairly constant since 1980, and most
likely also since 1970. Moreover, the interannual
variation was clearly correlated to the runoff. The
average annual loads to the Baltic Sea for the time
period 1980-93 were found to be about 825 000
tonnes N and 41 000 tonnes P, respectively. The total
annual riverine load from the 117 basins to the Baltic
Sea for the years 1994-2006 was estimated to 570000t
of N. The results show that around 380000t of N are
annually retained in surface waters draining to the
Baltic Sea [20].

The aim of research — to analyze the influence of
long term (more than 30 years) fertilizer application to
nitrogen, phosphorus, potassium, calcium and
magnesium leaching through subsurface drainage.

The hypothesis — the long term fertilizer application
influence the nutrient concentration in drainage water.

The paper describes the influence of long term
(more than 30 years) fertilizer application to nitrogen,
phosphorus, potassium, calcium and magnesium
leaching through subsurface drainage in small
experimental catchment. The effect of crop and
cultivation practice on nutrient concentrations in
drainage water is analyzed.

II MATERIALS AND METHODS

Field site

The research has been carried out at the Research
Institute of Agriculture of Latvian University of
Agriculture in the long-term subsurface drainage field
established in Skriveri in 1981 under the guidance of
professor J. Stikans.

The long-term drainage field was established in the
uncultivated  gleyic  sod-podzolic  Hypostagnic
Endogleyic Albeluvisol (Hypereutric), stw-ng-AB(he)
(IUSS Working Group WRB, 2007) loam that had not
been used in agriculture for 20 years before. After 32
years similar soil parameters showed significantly
different content of all nutrients (phosphorus,
potassium) related to the different level of fertilizer
application (table 1).

TABLE 1
THE NUTRIENT CONTENT IN SOIL
Content, mg kg™ Organic

Fertilizing rate matter,

K Ca Mg gkg'
Without 14 29 670 68 22
N45P30K45 30 74 1016 128 23
N90P60K90 78 108 574 41 24
N135P90K135 181 174 877 78 24

The study site is located in the central part of Latvia
(56°38'N; 025°08'E) with warm temperate climate.
The precipitation amount is normally 670 mm a year.
The annual air temperature is + 5.7°C. The winter

average air temperature is - 4.3°C. The duration of
vegetation period proceeds 180-210 days.

The meteorological conditions were different
during research period (Fig.1, Fig. 2.)
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Fig.1. The amount of precipitation, 2011-2013 (Skriveri)
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Fig.2. The average temperature of air, 2011-2013 (Skriveri)

Experimental treatments

The experimental factors were mineral fertilizers,
termed ‘F’. The experimental field was established
with four rates of mineral fertilizers: FO — without
fertilizers, F1 — N45P30K45; F2 — N90P60K90 and
F3 — N135P90K135 calculated in form of P,Os and
K50 or F1 — N45P13K37; F2 — N90P26K74 and F3 —
N135P39K 112 calculated as elemental P and K kg ha’
'. Mineral fertilizers were applied according to the
anticipated rates of plant nutrient elements annually
during the cultivation of soil before sowing. For
winter cultivars the phosphorus as superphosphate and
potassium as potassium chloride fertilizers were
cultivated before the sowing in autumn and nitrogen in
form of ammonium nitrate was applied the next spring
at the beginning of vegetation and at the stage of
tillering.

The total area (1.6 ha) of the experimental field was
divided into 16 plots (15x50 m). Each plot was
supplied with a seepage tile drain at the depth of 80-
100 cm and an inspection well for drain water
sampling and measurement of total water amount.

Crop management

This paper presents leaching data during 2011-2013
when spring oilseed rape (OSR), spring barley (SB)
and perennial grasses (GC) were grown.

OSR variety Clipper was used in 2011. Soil was
ploughed in the autumn before growing OSR. OSR

324



Janis Vigovskis, et al./ Environment. Technology. Resources, (2015), Volume II, 323-328

was sown at the depth of 1.5 -2 cm and at the row
distance of 12-12.5 cm. The sowing was done on the
28th of April for a target density of 90 plants m™. For
weed control the mixture of herbicides lontrel 72 SG
(clopiralid 720 g kg') 0.4 1 ha' + pantera
(quisalophop tephuril 40 g 1) 1.5 1 ha™" was used at
the end of May.

SB variety Anakin was used in 2012. Spring barley
was sown at the depth of 2-4 cm and at the row
distance of 12-12.5 cm. The sowing was done on the
8th of May. A day later, the mixture of GC was sown
under spring barley. The components of mix include
red clover Jancis, timothy Varis, meadow fescue Silva
anc} festulolium Vizule with sowing rate of mix 30 kg
ha™.

Measurements and calculations

The intensity of drain water flow was measured and
water samples were taken. The water sampling was
done manually every time the water ran through drains
at the start, at maximal and at the end of flow. Since
2010 to measure drain water flow pendulum type
automatic water counters with data loggers were
installed. Nitrate nitrogen content in drain water was
determined by applying LVS ISO 7890-3:2002,
phosphorus content — by LVS EN ISO 6878:2005,
potassium — by LVS ISO 9964-3:2000, calcium — by
LVS ISO 6058:1984 and magnesium — by ISO
6059:1984.

The obtained data mathematical processing was
performed using analysis of variance (ANOVA).

IIT RESULTS AND DISCUSSION

The nitrate nitrogen content in subsurface drain
water was significantly affected by fertilizer rate and
crop species (Table 2; Table 3). Significant
differences were noted when comparing three-year
average N-NO; concentrations between the highest
rate (F3), the lowest rates (F1 and F2) and plots with
no applied fertilizer (FO) (P<0.001; Table 2). The
spring OSR (2011) and spring barley (2012) resulted
high nitrate content in subsurface water 11.94 and
12.32 mg N-NO; I"" respectively (Table 2). Growing
grass- clover mix (2013) the concentration of nitrate
nitrogen in drain water was low and ranged from 4.98
mg N-NO; I (F2) to 5.51 mg N-NO; I"' (F1) except
highest fertilization rate (F3) where was 11.03 mg N-
NO; I'' drain water nitrate content found and it was
near to spring cultivars. There was found no
interaction between fertilizer and crop species
(P=0.128>0.05; Table 3).

Ingrid Wesstrom, Ingmar Messing [25] write that
the high-risk periods for N losses through drains
coincided with periods of high outflow rates and high
mineral N content in soil. The changes in mineral N
content in soil, NO;-N loading in drain outflow, N
fertiliser application, N uptake in crops showed a
surplus during autumn in all plots.

TABLE 2
NUTRIENT CONCENTRATION IN DRAIN WATER 2011-
2013 RELATED TO CULTIVATION REGIME AND LONG-
TERM FERTILIZATION RATE, MG L"!

Rates of fertilizers

Param.
FoO F1 F2 F3 average

NO3, mg I'!
OSR (2011) 10.95 11.70 11.43 13.68 11.94
SB (2012) 10.92 11.47 12.33 1454 1232
GC (2013) 5.39 5.51 4.98 11.03 6.73
Average 9.09 9.56 9.58 13.08
P,0s, mg I!
OSR (2011) 0.004 0.005 0.004 0.003  0.004
SB (2012) 0.004 0.005 0.004 0.004  0.004
GC (2013) 0.008 0.008 0.009 0.010  0.009
Average 0.005 0.006 0.006 0.006
K,0, mg 1"
OSR (2011) 0.13 0.23 0.30 0.25 0.23
SB (2012) 0.10 0.18 0.28 0.31 0.22
GC (2013) 0.10 0.13 0.13 0.18 0.13
Average 0.11 0.18 0.24 0.25
Ca, mg 1"
OSR (2011) 58.50 49.00 63.75 66.00 5931
SB (2012) 63.94 88.38 73.25 98.88  81.11
GC (2013) 72.25 87.00 77.25 99.75  84.06
Average 64.90 74.79 71.42 88.21
Mg, mg I
OSR (2011) 11.50 18.75 12.50 20.50  15.81
SB (2012) 13.94 19.69 14.81 23.56  18.00
GC (2013) 15.25 22.25 14.00 21.50  18.25
Average 13.56 20.23 13.77 21.85

Rates of fertilizers: FO - NOPOKO, F1 - N45P30K45, F2 -
N90P60K90 and F3 - N135P90K 135

OSR - spring oilseed rape; SB — spring barley ; GC — grasses-red
clover

During the winter season, a surplus in measured net
changes of N was found in common drainage system
in all years. The nitrogen is leached from agricultural
soils, even with no N application By N application
similar to that removed with yields, N leaching losses
amounting to 40 — 50 kg ha™ [24] and 25 — 30 kg ha
[13] are found [2]. The N losses were the highest for
fields with excessive N application [3]. Our trials
show even after 30 years of experiment from plots
with no nitrogen fertilisation the nitrogen is leached
by drain water and excessive N application resulted
highest nitrogen concentration in drain water. In
Latvia the maximal nitrogen rate for spring barley (at
predicted yield 3- 5 t ha™) is limited to 100 kg N ha™
but for spring oilseed rape (predicted yield 2 —4 t ha™)
is limited to 120 kg N ha™.

The content of phosphorus in subsurface drain
water was relatively low and average yearly
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concentration ranged from 0.003 mg P I"' (at F3, OSR,
2011) to 0.010 mg P I"" (at F3, GC, 2013) of water
(Table 2). Statistical differences of P concentrations in
subsurface drainage are presented in Table 2. There
were no statistically remarkable differences of
phosphorus content in drain water among different
fertilizer application rates (p=0.759>0.05; Table 3).
When comparing phosphorus concentrations between
OSR or SB (0.004 mg P I'") and GC (0.009 mg P 1)
in average by fertilizer rates, significant differences
were noted (P=0.008<0.05; Table 3).
TABLE 3

ANALYSIS OF VARIANCE P-VALUES FROM CULTIVARS
AND FERTILIZER RATES 2011-2013

ANOVA values
Source of variation
FBC[ P
NO3, mg I
Effect of cultivar (A) *k <0.001
Effect of fertilizer rates
(B) *k <0.001
AxB n.s. 0.128
P, mg I’
Effect of cultivar (A) wox 0.008
Effect of fertilizer rates
(B) n.s. 0.759
AxB n.s. 0.489
K, mg1*
Effect of cultivar (A) * 0.001
Effect of fertilizer rates
(B) * 0.000
AxB n.s. 0.216
Ca, mg 1"
Effect of cultivar (A) *K <0.001
Effect of fertilizer rates
(B) *k <0.001
AxB * 0.017
Mg, mg I!
Effect of cultivar (A) * 0.008
Effect of fertilizer rates
(B) *k <0.001
AxB n.s. 0.506

*:P <0.05; **: P <0.01; n.s.: not significant

In long-term grassland trials there was no
significant change in total soil P between any of the
treatments, although there was a significant decrease
in total inorganic P on two of the sites accompanied
by an increase in the organic P pool, suggesting that
over time P was becoming occluded within organic
matter, reducing the plant availability [5]. This could
be one of the ways for phosphorus accumulation in
soil and limited leaching through drains.

In Italian soils long-term factors influencing the
mobility of P within the soil profile are due not only to
excessive P inputs, but also the forms of P fertilizer

applied [17]. Some results suggest enhanced P losses
through subsurface runoff on heavy soils, once a
certain plow layer concentration of critical level is
exceeded [7,8]. Probably in our experiment in 30
years there is still no critical P concentration in plow
layer reached. The results of Norwegian scientists
illustrated that losses of phosphorus (P) and nitrogen
(N) had often different critical source areas. The P
losses were highest for fields with manure application
and/or high soil P status or with autumn ploughing [3].
Reduced nutrient application and stubble during
autumn and winter led to the largest decrease in
nutrient losses, and it was also apparent that
management changes in high-risk areas had the
greatest impact on the indices [3] and our results show
similar trend especially for nitrogen and potassium.
Marianne E. Bechmann and Johannes Deelstra [1] say
that soil phosphorus status in addition to soil erosion
is an important factor for phosphorus transfer. High-
risk periods of phosphorus losses from common
drainage system did not exclusively occur in months
with highest outflow rates. In 3 out of 4 years, peak P
loads occurred in late winter and P concentrations
were positively correlated to soil temperature [25].

The results of water sample analysis showed
remarkable (P=0.001<0.05, Table 3) influence of
fertilization rate on content of potassium in leaching
drain water. The highest content of potassium in drain
water was observed in the catchment area with high
rate (F3) of fertilizers and it had statistically
significant (p<0.05) difference. The highest leaching
of potassium was noted in spring OSR plots, where
the content of potassium in subsurface drain water
rose considerably: from 0.10 in plots with no fertilizer
to 0.31 mg K I in plots fertilized with rate F3
(P<0.05).

Perennial grasses (GC) in average resulted lowest
potassium leaching through drains where the content
of potassium in water ranged from 0.10 mg I"" without
fertilizer (FO) to 0.18 mg K 1" in the catchment area
with the highest fertilizer rate (F3) with calculated
average 0.13 mg K 1" of drain water (Table 3).

The content of calcium in leaching water was
variable (p<0.05; Table 3). On average by fertilizer
rates the lowest content of calcium in drain water was
observed in 2011 growing spring OSR: 59.31 mg Ca
I" and this was significantly lower (p>0.05) than
81.11 mg Ca 1" at SB and 84.06 mg Ca I"" at GC. The
content of calcium in leaching water in average ranged
from 64.90 mg Ca I"' without treatment of fertilizers to
- 8821 mg Ca I" (Table 2) and its mean that
fertilization rates considerably increased content of
calcium in drainage water (P<0.001, Table 2).

The content of magnesium in drain water
significantly variated by the different fertilizer rates
(P<0.05; Table 3). The content of magnesium varied
within the range on average from 11.50 to 22.25 mg "'
Mg (Table 3). Variation of magnesium concentration
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in drain water was more influenced by fertilizer rate
than growing year or cultivar what was still significant
with statistically significant impact (P=0.008, Table
3).

Calcium and magnesium cations are leached from
the soil most intensively. The succession of vertical
migration intensity of soil elements is as follows: Na >
Ca> Mg > K [13]. The results obtained from the long-
term (1972-1995) lysimetric experiments conducted
in Lithuania suggest that the amounts of calcium and
magnesium leached from the soil depend not on the
amount of water moving through the soil, but on the
level of calcium and magnesium content in the soil,
therefore the largest amounts of these elements are
leached from heavy-textured calcareous soils [23].
Fertilisation increased the migration of magnesium in
soil as well, but the concentrations of magnesium in
lysimetre water were lower, since magnesium is
retained by soil particles more strongly than calcium
[22].

Our results show that fertilization rates
considerably increased content of calcium in drain
water. The reason for that could be the high Ca-release
within the process of higher soil organic matter
mineralization. Higher fertilization rates resulted
higher crop residues returned to the soil. It is
consistent with report of the data obtained from the
long-term (1992-2003) experiments conducted in
Western Lithuania suggest that the largest annual
amounts (on average 112.7 kg ha™) of calcium were
leached from the limed experimental plots treated with
mineral and organic fertilisers. The amounts of
calcium leached from these plots were larger by
21.3% than those of calcium leached from the not
limed and not fertilised experimental plots [12].
Nitrogen fertilizer at rate of 150 kg N ha™ results
significantly in the highest value of calcium leaching
[15]. Soil pH had a strong influence on Ca*'and Mg*"
concentrations in the leaching water [4,18]. Monaghan
et al. [15] found that N fertilizer application
significantly increased losses of nitrate-N and Ca in
drainage but had no significant effect on K, Mg, Na,
sulfate-S, Cl, and P drainage losses. Our results show
significant increase of content of calcium and
magnesium in drain water with fertilizer use.

The inputs of nutrients should be based on realistic
crop yield expectations that vary with soil properties.
Proper management helps avoid excessive levels of
elements such as nitrogen and phosphorus that then
become harmful.

IV CONCLUSIONS

The concentration of nitrogen in leached drain
water was significantly lower from non-fertilised plots
than from other treatments and was considerably
lower growing grass without autumn soil tillage than
with conventional ploughing.

The content of phosphorus in drain water was more
influenced by crops and agricultural practice including
climatic condition of the year than used fertilizer rate.

Exchangeable potassium in soil has increased more
than 4 times (from 64 till 223 mg K,0 kg') and
significantly affected drain water content of
potassium.
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