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Výzkumné studie (2007-2009) o kvalitě vody v odvodňovaných zemědělských oblastech byly prováděny na experimentálním melioračním poli „Jelenščak“ Kutina, na hydroameliovaném gleyickém podzoluvisolu. Půda byla odvodňována ve čtyřech variantách rozchodu drénů (15 m, 20 m, 25 m a 30 m), které byly rozmístěny ve čtyřech opakováních. Varianty pěstované plochy byly: 1425 m2, 1900 m2, 2375 m2 a 2850 m2. Použily se plastové (PVC) - vláknové a perforované trubky (obrázek 1). Ve všech variantách a v každém sledovaném roce byla pěstována stejná plodina a byly aplikovány stejné osevní postupy. Charakteristika sběrných drénů: délka 95 m, průměr 65 mm, průměrný sklon 3 ‰ a průměrná hloubka 1 m. Sběrné drény byly svedeny přímo do svodných otevřených kanálů. 
[image: ] Obr. 1 Experimentální odvodňované pole „Jelenščak“
Pšenice ozimá byla pěstována v roce 2007 a 2009 a sója v roce 2008. Celkové hnojení N bylo: 178,6 kg.ha-1/ 2006-2007, 126,5 kg.ha-1/2008 a 183,6 kg.ha-1/2008-2009, doplněno základní hnojení a hubení plevele pro kontrolu pšenice ozimé, které zahrnovalo aplikaci herbicidu Dicuran forte (1,6 kg.ha-1, na bázi účinné látky chlortoluron 79,25 %), záhy po výsevu, zatímco herbicid Frontier x 2 (1,5 kg).ha-1, založený na účinné látce P-dimetenamid) byl aplikován na sójový záhon brzy po výsevu. Plodiny byly udržovány konvenčním způsobem, bez zavlažování. Zbytky po sklizni (sláma) byly zaorány. Odtok z drenáže byl měřen průběžně automatickými elektronickými měřidly, které byly instalovány v místě přechodu sběrného drénu do svodného kanálu. Drenážní voda byla odebírána každý den v průběhu meliorace.


[bookmark: _GoBack][image: ]Obsah humusu byl zjištěn dobrý, naopak obsahy P2O5 a K2O byly velmi nízké (Tabulka 1).
 


Tab. 1 Hlavní charakteristiky gleyického podzoluvisolu
[image: ]Obr. 2 Množství odvodňované vody (mm) pro různé rozchody drénů. (m)



[image: ][image: ]Rozdíly ve velikosti odtoku v drenážních trubkách mezi různými melioračními kanály jsou připisovány charakteristikám drenážních systémů, zatímco rozdíly v množství odtoku mezi jednotlivými roky mohou být způsobeny rozložením a množstvím srážek ve vegetačním období. 
 




Obr. 3 Kolísání odtoku (mm) a kolísání koncentrace N pro rozchod drénů 15 m
Množství vyluhovaného dusíku v roce 2006/07 se pohybovalo od 43,70 kg.ha-1 (24,46%) do 47,78 kg.ha-1 (26,75%) a v roce 2008/09 od 30,36 kg.ha-1 (16, 53%) na 3,45 kg.ha-1 (18,93%). Různá množství vyluhovaného dusíku jsou ovlivněna několika faktory, jako jsou: celkové množství a rozložení srážek, pěstované plodiny, jejich vývojové stupně, jakož i množství aplikovaných hnojiv a doba jejich aplikace.
[image: ]Herbicidní přípravek Chlortoluron
Obr. 4 Kolísání Chlortoluronu (mm) pro rozchod drénů 15 m
[image: ]Tab.2. Množství vyluhovaného chlortoluronu v drenážní vodě (kg.ha-1) a % vyluhovaného chlortoluronu vzhledem k Ncelk.

Výsledky se pohybovaly v rozmezí od 350 μg.dm-3 do 365 μg.dm-3 a nejnižší koncentrace chlortoluronu ve všech variantách rozchodu drénů byla zaznamenána v roce 2008/09 a pohybovala se od 320 μg.dm-3 do 330 μg.dm-3. Větší množství vyluhovaného chlortoluronu bylo zaznamenáno v roce 2008/09 než v roce 2006/07, pravděpodobně z důvodu delšího období odvodnění a velmi vysokého celkového odvodnění, zejména v prosinci a lednu (Tab.2)
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Figure 7. Fluctuation of chlotoluron concentration
desinage water for drsinpipe spacing of 15 m
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so0n after winter wheat sowing and herbicide application, re-
spectively (November 2006 and October 2008), which generally
coincided with higher precipitation maxima (e, ater higher
drainage discharge). Concentrations of chlortoluron decreased
inboth years with lter drainage discharge. The results on con-
tamination of drainage water with chlortoluron are in agree-
ment wih the results of Accineli et al. (2002). These authors
point to the fact that the quantity of pesticdes leached in these
parts isstrongly influenced by the distribution of precipitation
(drainage discharge) time of herbicide application, their quan-
titiesadded, and the phenological stage of winter wheal.Similar
esults for chlortoluron concentrations in drainage water for
drainpipe spacings were obtained by Sraka et al. 2007) and
Simunic et al. (2010).

Chlortoluron concentration in drainage waler exceeded the
MAC in five months (2006/07) and in seven months (2008/05).
In ll trial years,there were no significant diferences in chlo-
~ioluron concentrations between drainpipe spacings (p-0.05).
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The lowest average nitrogen concentration for all drainpipe
spacings was recorded in 2006/07 and the results ranged from
1178 mg.dm: to 12.74 mg.dm while the highest average ni-
trogen concentration at all drainpipe spacings was recorded in
2008 with resls from 19.42 mg.dm- t0 20.67 mg.dm-.

The highest maximum nitrogen concentration for all drai
pipe spacings was recorded in 2008 and the resuls ranged from
24.35 mg.dm? 102771 mgdm while the lowes! maximum ni-
trogen concentration at all drainpipe spacings was recorded in
2008/09 with the results rom 23.12 mg,dm 0 24.59 mg.dm-.

Average and maximum concentrations ofntrogen in drainage
water exceeded the MAC (10 mg.dm-) in five months (2006/07),
i two months (2008) and i seven months (2008/09) inall drain-
pipe spacing variants

ANOVA (p=0.05) showed that there were no statistically s
nificant differencesin nitrate concentration between drainpipe
spacings in 20062007 and 2008, bu there were statisicaly sig
nificant differences between drainpipe spacings in 200872009,

The lowest quantity of nitrogen leached was ecorded in soy-
bean prodisction in 2008. The extent of nitrate leached ranged
from 5,08 kg ha'! (01%) 1o 599 kgha! (4.739%). The highest
quantityof nitrogen leached was recorded in winter wheat pro-
duction in 2006/07 when the values ranged from 4370 kg ha!
(24.46%) to 47.78 kg ha' (26.75%).

The lowest average chlortoluron concentration atalldrai
pipe spacings was recorded in 2008/09 and the results ranged
from 190 g dm 10 194 1g dm > while the hghest average chlo-
rioluron concentration at all drainpipe spacings was recorded
in 2006/07 with the results from 222 ng.dm- to 227 ngdm-.

The highest maximum chlortoluron concentration inall vari
ants was recorded in 2006/07 and the resuls ranged from 350
ngdnr’ 10365 g dm while thelowest maximum chlortoluron
concentration a all drainpipe spacings was recorded in 2008/09
with the resultsfrom 320 ng. 4 10 330 g don.

Average and maximum concentrations of chlortoluron in
drainage water exceeded the MAC (100 ng.dm-) infive months
of 2006/2007, and in seven months of 20082009 in all i
pipe spacing variants

ANOVA (p=0.05) showed that there were no satistically
significant differences in chlortoluron concentrtions between
drainpipe spacings in the trial years.

Chlortoluron losses ranged from 0.366 (28.86%) 10 0.384
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Introduction

Intensive use of mineral fertilizers and herbicides in con-
ventional agricultural practices has resulted in continuous and
serious environmental (soil, water, food and organisms) pollu-
tion (Jolankai et al., 2006; Kirsch et al., 2007; Veliskova, 2006;
Simunic et al., 2008). Pollutants may constitute a potential risk to
the environment through their uptake by plants and subsequent
input into the food chain, and the danger ensuing from their
tendency to accumulate in vital organs of humans, animals and
plants, or because of possible contamination of drinking water.
Potential cancer risk from nitrate-N (and nitrite) in water and 5 L
food has been reported (Rademaher et al., 1992 and Jasa et al.,
1999). Nitrate leaching from soil depends on the amount, fre-
quency 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
and 1999; Nemeth, 2006; Josipovic et al., 2006 and Nemcic et
al,, 2007). Since winter wheat is the leading culture on arable
areas in Croatia, herbicide products based on chlortoluron are
most widely used and are most frequently found in our water
resources. Recent studies have shown that due to its moderate
adsorption onto soil constituents, chlortoluron is fairly mobile

and leachable and can be detected in agricultural soils, lakes,
streams and rivers (Denser, 2000).

‘The problem of nitrate and chlortoluron leaching is even
more pronounced in agroecosystems of hydroameliorated fields,
especially in drained soils because of changed infiltration and
filtration capabilities of these soils. Total hydroameliorated areas
cover 600,054 ha in Croatia, including 117,865 ha of pipe-drainage
system area (Vidacek et al., 2006). Different drainpipe spacing
and different nitrogen fertilization levels significantly influence
soil productivity in the experimental area (Simunic et al., 2002;
Mesic et al., 2007 and 2008), but different drainpipe spacings,
along with different agricultural practices and application of LEGEND
mineral fertilizers and herbicides, may lead to contamination of
drainage water with nitrogen pollutants (Milburn and Richards, = way
1994; Klacic et al., 1998; Webster et al., 1999) and chlortoluron S Channel

pollutants Simunic et al., 2010).
s LILILIV  Pipe drainage spacing 15,20,25,30 m
“The aim of the study was: A G
- to determine the nitrate and chlortoluron concentrations in e -
drainage water in hydroameliorated agricultural areas under
different drainpipe spacing (15 m, 20 m, 25 m and 30 m);
to determine the nitrate and chlortoluron leaching in drain-
water in hydroameliorated. 3%, and average de i =
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Figure 1. Experimental drainage field “Jelenscak”
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disulphonic acid and chlortoluron was detected by gas chroma.
tography (APHA-AWWA-WPCE, 1992). Total annual quaniies
of itrogen and chlortoluron leached were estimated on the basis
of the average monthly concentration and monthly quantity of
drainage discharge. ANOVA (p=0.05) was used for determina.
tion of tatstcal differences between average nitrogen and chio-
rtoluron concenrations i different drainpipe spacing variants.
If significant differences were found between the tested drain-
age spacings, then Duncan's Multiple Range Test was applied.

Results and discussion

According to the mechanical composition of the arablelaye,
the soilssilty clay,belongsto the category of orous soils having
average (0 high capacity for water and very low air capacity as
well as water permeabiliy. Hiumus content is good while con-
tents of P,0, and K,Oare very low (Table 1)

Yearly precipiation vlt in Table 2 and the cor

ined period are presented in F

According to the analysesoftotal annual precipitation values
and total drainage discharge values for differnt drainpipe
spacings (Figure 3, diernces ae noticeable in the amount of
preciptation and inthe quaniity of drainage discharge both be-

e the ested drainpipe spacings and between the ral years.
Differences in the quantity of drainage discharge etween drain-
pipespacings ina particular year re smalle than the differences
between years. Dilferencesin the quantiy of drainage discharge
between drainpipe spacings are ascribed {0 the characeristis of
drainage ystems Simunié, 1995) while diffrences i the quan-

ity of drainage discharge between years could be caused by the
distribution and amount of recipiation in the vegetation and
out-of-vegetation periods (Figure 2. Thus, i theyear with the
least precipiation (2007) the highest drainage discharge was
delermined at alldrainpipe spacings and vice vers, in the year
with the highest totl preciptation (2009) th lowest drainage
discharge was detected at all drainpipe spacings. Fluctuation of
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Figure 2. Monthly precipitation values (mm)
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Figare 3. Quantitcs of drainage discharge (mm) for
different drsinpipe spacing

drainage discharge during the investigation period is presented
in Figure 5 on the example of drainpipe spacing of 15 m;similar
dynamics were observed for other drainpipe spacings. Thereis a
strong correlation between total precipitation and total drainage
discharge at each drainpipe spacing (Figure 4) and the oefficient
of correlation (1) changed from 0.974 (for drainpipe spacing of
20m) up 10 0.980 (for drainpipe spacing of 25 m).

O the basis ofdrainage discharge and nitrate and chlortolu-
ron concentrations, the extent o thei leaching was calculated.
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kgha! (16.53%) to 3475 kg-ha (18.99%). As regards drain-

pipe spacing,i can be seen tha the owest quantites of itro-

gen leached in allyears were recorded for drainpipe spacing of
30 m, and the highestfor drainpipe spacing of 15 m (2008 and
2008/09) and 25 m (2006/07), because ofdiferent unctions of
drainage systems (Simunic, 195).

which probably iflucnced the higher avrage and masimum
concentration of chlortoluron in drainage water.

As seen in Figure 7 for drainpipe spacing of 15 m (similar
fluctuations of chiortoluron concentration were found for other
drainpipe spacing), maximum concentrations of chlortoluron
in drainage water in both years (2006 and 2008) were detected
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Figure 7. Fluctustion of chlortoluron concentration in
drainage water for drainpipe spacing of 15 m

“Tuble . Extent of chlortoluron leached through drsinage.

water (kgghi) and percentage of hlortoluron leached relative
o total N added

Conclusion

The results point o the following conclusions:

Very high coefficents of correation etween annal precy
taton and drainage discharge were calculatedfor each drainpipe
spacing inalltia years and ranged from 0374 (for drainpipe
spacing of 20 m) up 0 0.90 (for dranpipe spacing of 25 ).

The lowest average nitrogen concentration for all drainpipe
spacings was recorded in 2006/07 and the resls ranged from
1178 mgdm to 12.74 mg.dn> while the highest average ni
trogen concentration at al drinpipe spacings ws recorded in
2008 with resltsfrom 15.42 mgdm- 10 20.67 mg 4.

The highest maximum nitrogen concentration foralldri
pipe spacings was recorded in 2008 and th reslts ranged from
24.35 mg.dm- 102771 mg.dm while the lowest maximum ni.
trogen concentration at al drainpipe spacings was recorded in
2008/09 with the resultsfrom 23.12 mg.dm 10 24.59 mg.dm .

Averageand maximum concentrations of nirogen n drainage
vaterexceded he MAC (10 mg.dm-) i fve monts (2006107,
in wo months (2008 and n seven mnths 2008/09)inall drain
pipespacing variais.

ANOVA (p=0.05)showed thtthere were no satstically sig
nificant differences n nitrate oncentration between drainpipe

cings in 2006/2007 and 2008, but there were satistically sig:
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