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INTRODUCTION

The non-point source pollution is a global problem 
affecting the safety of drinking water supply and aquatic 
habitats. Pollutants originating from agricultural runoff 
include sediment, nitrogen, phosphorus, pesticides, 
pathogens, salts, trace elements, and dissolved organic 
carbon (O ’ G e e n  et al., 2010). It is well known that 
excessive amounts of phosphorus and nitrogen may 
cause eutrophication of freshwaters (Figs. 1 and 2) and 
coastal zones (Fig. 3). It has been well established that 
phosphorus is the key element and limiting nutrient for 
algae and cyanobacteria in a majority of freshwaters 
(e.g. Vo l l e n w e i d e r , 1968; C h i a u d a n i ,  V i g h i , 

1974; M i l l e r  et al., 1974). On the other hand, it 
has been long known that eutrophication of estuaries 
and coastal waters is caused by excessive loadings 
of nitrogen (Fleischer et al., 1987; B a k e r , 1992; 
N i x o n , 1995; H o w a r t h  et al., 1996; H o w a r t h , 
M a r i n o , 2006; H ä g g , 2010). 

Nitrogen is applied on agricultural fields in various 
forms (inorganic fertilizers, urea, manure), however the 
major nitrogen species in tile drainage is nitrate-N as all 
other forms are converted into nitrate-N via hydrolysis 
and nitrification. P o w l s o n ,  A d d i s c o t t  (2005) 
pointed out that urea is by far the most commonly 
used nitrogen fertilizer. After application it is hydro-
lyzed to ammonia-N within few days and ammonia-N 

 
The Use of Constructed Wetlands for Nitrogen 
Removal from Agricultural Drainage: A Review* 

Jan Vymazal

Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Prague, 
Czech Republic

Diffuse pollution from agricultural drainage is a severe problem for water quality and it is a major reason for eutrophication 
of both freshwaters and coastal waters. Constructed wetlands were proposed as a suitable tool for removal of nitrogen from 
agricultural drainage in the early 1990s. Since then constructed wetlands with free water surface have been successfully used 
in Europe, North America, Asia, and Australia. The predominant form of nitrogen in agricultural drainage waters is nitrate 
and therefore denitrification is considered as the major removal process. The literature survey of 41 full-scale constructed 
wetlands revealed that removed nitrogen amount varied widely between 11 and 13 026 kg N ha–1 per year with the median 
removal of 426 kg N ha–1 per year. A very close relationship was found between inflow and removed nitrogen loads but the 
overall percentual efficiency decreases with increasing inflow nitrogen load. It has also been found that nitrogen removal de-
pends on the size of constructed wetland (W) as compared to catchment (C) area. The survey indicated that the W/C greater 
than 1% does not result in any substantial increase of nitrogen removal. There are still some gaps in our knowledge that need 
to be evaluated, namely the optimum vegetation maintenance. 

drainage waters, nitrate, eutrophication, denitrification, wetlands 

* Supported by the Czech Technological Agency, Project No. TA04020512.



Scientia agriculturae bohemica, 48, 2017 (2): 82–91	 83

is then available for plant uptake. If not uptaken by 
plants, ammonia-N is nitrified to nitrate within 1–4 
weeks. Nitrate-N is a very mobile and chemically 
inert nitrogen species and, therefore, it is easily lost 
from the soil profile by leaching (e.g. K l a d i v k o  et 
al., 1991; K o v a c i c  et al., 2000; G o s w a m i  et al., 
2009; M e i s i n g e r  et al., 2015). It has been shown 
that nitrate leaching is affected to a great extent by 
tillage practices – this effect is highly variable and 
the impact is the highest when tillage occurs shortly 
before a season of high water-recharge (A d d i s c o t t , 
D e x t e r , 1994; Z i b i l s k e ,  B r a d f o r d , 2007; 
S t r u d l e y  et al., 2008; M e i s i n g e r  et al., 2015).

Wetlands can act as filters removing particulate 
material, as sinks accumulating nutrients, or as trans-
formers converting nutrients to different forms such 
as gaseous forms of nitrogen (R i c h a r d s o n , 1989). 
The ability of natural wetlands to retain nitrogen from 
freshwaters was recognized and reported since the 
1970s (M i t s c h  et al., 1979; R i c h a r d s o n , 1990; 
F i s h e r ,  A c r e m a n , 2004). F i s h e r ,  A c r e m a n 
(2004) reviewed the available results from 54 natu-
ral wetlands in North America, Europe, Australasia, 
and Africa and concluded that 80% of the wetlands 
retained/removed nitrogen with the average retention 
of 67%. The major processes responsible for nitrogen 
removal in wetlands are denitrification (L o w r a n c e 
et al., 1984; X u e  et al., 1999; P o e  et al., 2003; 
T a n n e r , 2004), uptake by plants, and subsequent 
nitrogen accumulation in the plant biomass (J i a n g  e t 
a l ., 2007; B o r i n ,  T o c c h e t o , 2007), sedimenta-
tion (B o r i n , T o c c h e t o , 2007), and volatilization 
(Vy m a z a l , 2007). 

The main objective of this study is to evaluate 
nitrogen removal efficiencies of constructed wetlands 
designed to treat agricultural drainage waters. 

Constructed wetlands for nitrogen removal from 
agricultural drainage waters

The use of constructed wetlands to remove nitrogen 
from agricultural drainage waters was first proposed 
during the late 1980s (M i t s c h , 1992; v a n  d e r 
Va l k , J o l l y , 1992). M i t s c h  (1992) set up several 
design principles that could be applied to wetland 
construction for non-point source pollution control: 
(a) minimum maintenance, (b) use of natural energies, 
(c) multiple objectives, (d) landscape-friendliness, (e) 
systems as ecotones, (f) design for function, not for 
form, (g) no over-engineered systems, and (h) time 
necessary for full development. Constructed wetlands 
designed to remove nutrients from drainage waters 
could be positioned either ‘in-stream’ or ‘off-stream’, 

Fig. 1. Filamentous algae, a typical result of eutrophication. 
Břehovský Creek, South Bohemia 
Photo: author 

Fig. 2. Cyanobacterial water bloom in a drinking water reservoir 
Švihov, Czech Republic 
Photo: author

Fig. 3. Eutrophication of a coastal water in Baltic Sea at Kuressaare, 
Saaremaa, Estonia 
Photo: author
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however, the in-stream configuration is applicable only 
in small streams (M i t s c h , 1992). A special type of 
‘in-stream’ wetlands designed to mitigate agricultural 
drainage pollution are naturally overgrown vegetated 
ditches that have recently been used (e.g., M o o r e  et 
al., 2010; K r ö g e r  et al., 2012). In general, shallow 
ponds fed by small streams with high concentrations 
of nitrate or directly by agricultural drainage can also 
effectively remove nitrate in the anoxic zones near the 
bottom, especially during the growing season. K n i g h t 
(1992) pointed out that besides the primary purpose 
of retention of nutrients and sediments, constructed 
wetlands designed for non-point pollution ameliora-
tion have the ancillary or secondary benefits such as 
biomass production, secondary production of fauna, 
food chain and habitat diversity or aesthetic/recrea-
tional/educational human uses. 

Vast majority of constructed wetlands for nu-
trient removal from agriculture drainage waters 
have been designed as free water surface systems  
(FWS CWs) with deeper inflow section for sedimen-
tation of particles which may be present in drainage 
ditches from the surface runoff after heavy rain events  
(Figs. 4 and 5). The deeper part is usually 1–2 m deep 
and often is modified to allow for sediment removal. 
The vegetated beds are usually shallow trenches with 
no specific requirements for bottom soil. The major 
function of the soil is to provide rooting medium for 
macrophytes. Water depth is usually between 10 and 
50 cm (K a d l e c ,  W a l l a c e , 2009; V y m a z a l , 
2013). Most processes responsible for nitrogen removal 
in FWS CWs occur in the water column and in the 
layer of decaying plant material on the bottom. The 
processes in the water column are aerobic, the anoxic 
and anaerobic processes may occur within the litter 
layer (Vy m a z a l , 2007). 

There is a wide variety of plants that have been 
used for CWs treating agricultural drainage (Table 1), 
however, the most commonly used species are Typha 
latifolia and Phragmites australis. Other more fre-
quently used species are Phalaris arundinacea, Scirpus 
lacustris, Glyceria fluitans, Sparganium erectum, 
Carex spp. or Polygonum lapathifolium. The plants 
are usually not harvested as decaying plant material 
provides important source of organics for denitrifica-
tion as the concentration of organics in agricultural 
drainage waters is often low as compared to nitrate 
concentrations. The emergent macrophyte species are 
quite often accompanied by submerged species which 
occur mostly voluntarily. Emergent species produce 
more organics in the sediment but submerged species 
may provide more surface for denitrifying bacteria 
(We i s n e r  et al., 1994). Both emergent and submerged 
macrophytes provide a substrate for the growth of pe-
riphytic algae which contribute to removal of nitrogen 
as well (Vymazal, Kröpfelová, 2008). 

Probably the highest number of constructed wet-
lands for nutrient removal from agricultural drainage 
waters was built in Sweden (F l e i s c h e r  et al., 1994; 
J a n s s o n  et al., 1994; A r h e i m e r ,  W i t t g r e n , 
2002; A r h e i m e r ,  P e r s , in press). According to 
A r h e i m e r ,  P e r s  (in press), during the period 
1996–2006, a total of 1574 wetlands were constructed 
with a total surface area of 4135 ha. In the following 
period 2009–2011, 564 wetlands were created with a 
total surface area of 2468 ha. The investment cost during 
the period 1996–2011 amounted to 130 million EUR. 

Nitrogen removal in constructed wetlands 

The inflow load of constructed wetlands treating 
agricultural drainage waters included in the survey of 

Fig. 4. Free water surface constructed wetland for treatment of 
tile drainage planted with Typha latifolia at Rodstenseje, Denmark 
Photo: author

Fig. 5. Free water surface constructed wetland for treatment of agri-
cultural drainage planted with Phragmites australis. Laluzea, Spain 
Photo: author
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41 constructed wetlands varies within several orders 
of magnitude between 11 and 47 272 kg N ha–1 per 
year. The amount of removed nitrogen from these 
wetlands varies considerably as well, between 11 and 
13 026 kg N ha–1 per year (Table 1) with the median 
removal of 426 kg N ha–1 per year. This is in a good 
agreement with results obtained by T o n d e r s k i  et 
al. (2015) who reported an average annual nitrogen 
removal in constructed wetlands built for treatment 
of agricultural drainage between 298–336 kg N ha–1 
per year for the period 2007–2013. As compared to 
these wetlands, constructed wetlands built with the 
primary purpose of biodiversity increase, the nitrogen 
removal varied only between 32 and 46 kg N ha–1 per 
year. The major reason for this difference is the fact 
that biodiversity wetlands were not optimally designed 
for nutrient removal (e.g. flow path, retention time). 
The authors also calculated the potential nitrogen 
removal up to 1000 kg N ha–1 per year in the case of 
high inflow loads. 

Nitrogen removal efficiency is highly variable 
and the major factors that affect removal efficiency 
are inflow load and the ratio between the drained 
catchment (C) and constructed wetlands (W) surface 
areas (F i s h e r ,  A c r e m a n , 2004; K o s k i a h o , 
P u u s t i n e n ,  2005; O ’ G r e e n  et  al . ,  2010). 
Concerning the effect of the W/C ratio, K o s k i a h o , 
P u u s t i n e n  (2005) found a close relationship  
(R2 = 0.77) when analyzing results from agricultural 
wetlands in Finland, Sweden, and the USA. The authors 
pointed out that for 20% N removal, the W/C ratio  
should be at least 2% while 50% removal can be achieved 
with the W/C ratio > 7%. T a n n e r  et al. (2010) re-
ported that 40% nitrate removal can be achieved with 
the W/C ratio 5% and further increase of the W/C ratio 
would not bring any substantial removal of nitrate. 
The W/C ratio effect on nitrogen removal in surveyed 
systems (Table 1) yields a similar relationship to that 
reported by T a n n e r  et al. (2010). The W/C ratio  

necessary for 40% removal of total nitrogen (TN) is 
only 1% and further increase of the W/C ratio does 
not result in increased TN removal (Fig. 6). However, 
the relationship is quite weak (R2 = 0.116). This may 
be caused by the fact that the ‘drained catchment area’ 
reported in the literature may not necessarily include 
in some cases only drained agricultural fields.  

A very close relationship has been reported between 
inflow and removed nitrogen loads. S a u n d e r s , 
K a l f f  (2001) reported a highly significant relation-
ship (R2 = 0.82, P < 0.001) for 23 wetlands in the USA, 
Canada, and Denmark. A similar result was observed 
by M i t s c h  et al. (2001). The results included in our 
survey yielded a moderate relationship (R2 = 0.61)  
(Fig. 7). At the same time it is important to realize 
that the removal efficiency decreases with increasing 
inflow load. S a u n d e r s ,  K a l f f  (2001) observed a 
very strong (R2 = 0.82) indirect correlation between 
inflow nitrogen loading and nitrogen percentual re-
moval. Similar trend but less marked (R2 = 0.353) 
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Fig. 6. Dependence of total nitrogen (TN) removal efficiency (in %) of 
the constructed wetland on the constructed wetland (W)/drained catch-
ment (C) area ratio (in %) 

Fig. 7. Relationship between inflow and removed nitrogen loads (kg N 
ha–1 per year) in constructed wetlands treating agricultural drainage waters

Fig. 8. Relationship between inflow nitrogen load (kg N ha–1 per 
year) and treatment efficiency (%) in constructed wetlands treating 
agricultural drainage waters
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Table 1. The amount of nitrogen removed in constructed wetlands treating agricultural drainage waters. Systems are ranked according to the 
removed load.  Part 1.

Locality
Wetland 
area (A) 

(ha)

Catch-
ment area 
(B) (ha)

A/B 
(%)

Removed 
load (kg 

N ha-1 per 
year)

Concentra-
tion (mg/l) Remo- 

val (%) Dominant vegetation Reference
in out

Finland 0.48 90 0.53 11 8.40

Typha latifolia, 
Juncus filiformis,  
J. effusus, Alopecurus  
pratensis, Eleocharis  
palustris, Bidens sp.

Koskiaho et al. 
(2003)

USA 1.30 14 9.30 17
Eleocharis obtuse, Lud-

wigia palustris, Schoeno-
plectus americanus

Jordan et al. (2003)

Sweden 2.10 100 2.10 17 not specified Strand and Wiesner 
(2013)

Norway 0.087 103 0.085 50 1.60 1.50 6.3 Glyceria fluitans, Carex 
spp. Braskerud (2002)

Norway 0.09 148 0.06 56 3.21 3.10 4.9

Scirpus lacustris, Acorus 
calamus, Phragmites 

australis, Typha latifolia, 
Equisetum fluviale, Glyce-

ria fluitans

Braskerud (2002)

Finland 60 2 000 3.00 57 3.10 2.76 11

Phragmites australis, 
Lysimachia thyrsiflora, 
Lythrum salicaria, Peu-

cedanum palustre, 
Carex aquatica, Scuttelaria 

galerigulata

Koskiaho et al. 
(2003)

Norway 0.0345 50 0.07 93 3.49 3.35 4.0

Scirpus lacustris, Acorus 
calamus, Phragmites 

australis, Typha latifolia, 
Equisetum fluviale, Glyce-

ria fluitans

Braskerud (2002)

USA 0.16 3.76 4.26 117 15.60 9.30 40.4 Kovacic et al. 
(2006)

Norway 0.084 22.1 0.38 159 5.14 4.38 17.4

Sparganium erectum, 
Phragmites australis, 
Phalaris arundinacea, 
Myosotis scorpioides

Braskerud (2002)

Korea 0.886 465 0.19 195 7.20 5.30 26.4 Maniquiz et al. 
(2011)

Australia 0.045 90 0.05 230 2.77 2.57 7.2 Raisin et al. (1997)

USA 0.78 25 3.12 241 7.50 1.16 84.5 not specified Larson et al. (2000)

USA 0.30 5 6.00 245

Phragmites japonica, Ty-
pha angustifolia, T. orien-
talis, Miscanthus sinensis, 
Zizania caduciflora, Ne-

lumbo nucifera, Oenanthe 
javanica

Kovacic et al. 
(2000)

Finland 0.60 12 5.00 280 9.80

Phragmites australis, 
Schoenoplectus validus, 

Rorippa nasturtiumaquati-
cum, Paspalum distichum, 

Persicaria lapathifolia

Koskiaho et al. 
(2003)

Norway 0.046 21.9 0.21 285 5.14 4.40 14.4

Sparganium erectum, 
Phragmites australis, 
Phalaris arundinacea, 
Myosotis scorpioides

Braskerud (2002)

USA 0.80 25.6 3.13 298 Kovacic et al. 
(2000)

Taiwan 13.65 308 Wu et al. (2010)
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Locality
Wetland 
area (A) 

(ha)

Catch-
ment area 
(B) (ha)

A/B 
(%)

Removed 
load (kg 

N ha-1 per 
year)

Concentra-
tion (mg/l) Remo- 

val (%) Dominant vegetation Reference
in out

Italy 0.32 6 5.33 359 Phragmites australis, 
Typha latifolia

Borin and Toccheto 
(2007)

USA 0.40 12.3 3.25 367 18.40 12.80 30.4 Kovacic et al. 
(2006)

Sweden 1 300 0.33 374 not specified Strand and Wiesner 
(2013)

USA 0.60 15 4.00 426 Kovacic et al. 
(2000)

USA 1.63 71 500 0.0023 542 2.40 0.75 68.8 Scirpus sp., Typha sp. Beutel et al. (2009)

Sweden 0.22 60 0.37 576 not specified Strand and Wiesner 
(2013)

Sweden 0.80 580 Arheimer et al. 
(2004)

Korea 5 20 25.00 605 3.50 1.35 61.4 Phragmites australis, 
Typha angustifolia Kim et al. (2010)

USA 150 2 000 7.50 681 10.89 2.50 77.0 Typha latifolia, Schoeno-
plectus californicus Diaz et al. (2012)

USA 0.60 15 4.00 780 14.10 11.00 22.0 Kovacic et al. 
(2006)

Sweden 0.75 380 0.20 791 not specified 9,6

Norway 0.12 80 0.15 800 8.03 6.29 21.7

Phalaris arundinacea, 
Glyceria fluitans, Typha 

latifolia, Sparganium erec-
tum, Phragmites australis

Blankenberg et al. 
(2008)

USA 4.50 1 620 0.28 888 5.70 5.31 6.8 Typha latifolia, Polygonum 
lapathifolium Diaz et al. (2012)

Sweden 0.40 650 0.062 989 not specified Strand and Wiesner 
(2013)

Sweden 0.28 200 0.14 1 003 not specified Strand and Wiesner 
(2013)

Sweden 3 1 030 4.60 3.50 not specified Arheimer and 
Wittgren (2002)

USA 3.30 425 0.78 1 050 8.20 3.50 57.3 Nyssa biflora, Acer ru-
brum, Salix nigra Hunt et al. (1999)

Spain 1.32 22 6.00 1 200* 20.00
Phragmites australis,  

Typha latifolia, Scirpus  
lacustris, Carex divisa

Moreno-Mateos et 
al. (2010)

Sweden 0.65 880 0.074 1 524 not specified Strand and Wiesner 
(2013)

USA 2.50 324 0.77 2 072 16.17 9.77 39.6 Typha latifolia, Polygonum 
lapathifolium Diaz et al. (2012)

Sweden 0.40 4 336 8.70 7.50 not specified Arheimer and 
Wittgren (2002)

New 
Zealand 0.026 2.6 1.00 8 410 34.90 7.59 78.3 Glyceria declinata, Holcus 

lanatus, Typha orientalis Tanner et al. (2005)

USA 2.30 324 0.71 11 267 16.17 9.76 39.6 Polygonum lapathifolium Diaz et al. (2012)

Denmark 0.14 100 0.14 13 026 23.50 13.70 41.7 Typha latifolia Cochran et al. 
(2016)

*Nitrate nitrogen only.

Table 1. The amount of nitrogen removed in constructed wetlands treating agricultural drainage waters. Systems are ranked according to the 
removed load.  Part 2
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was reported by F i s h e r ,  A c r e m a n  (2004) for 
natural wetlands or by T u r n e r  (1999) for wetlands 
designed for water quality improvement in Louisiana. 
Our survey (Fig. 8) resulted in low correlation  
(R2 = 0.115), however, the decreasing trend is apparent.

Other important parameters affecting the removal 
of nitrogen are hydraulic loading rate, hydraulic re-
tention time, and plant uptake. Longer residence time 
provides a greater opportunity for sediment-water 
contact, thereby promoting retention processes such 
as denitrification and sedimentation (S v e n d s e n , 
K r o n w a n g , 1993; W i n d o l f  et al., 1996; J o r d a n 
et al., 2003). However, the residence time is difficult 
to calculate for agricultural drainage waters because of 
highly variable flow of the drainage (W o l t e m a d e , 
2000). It has been generally agreed that hydraulic re-
tention time should be longer than two days to achieve 
any substantial nitrate removal (Hey et al., 1994; 
P h i p p s ,  C r u m p t o n , 1994; K o v a c i c  et al., 
2000; B e u t e l  et al., 2009). However, the excessive 
long retention time may cause adverse effects such 
as increased release of dissolved organic matter or 
increased salinity due to evapotranspiration (D i a z 
et al., 2008). Hydraulic loading rate, calculated by 
dividing the flow rate by the wetland surface area, 
is very seldom calculated for agricultural drainage 
waters due to difficulties with a constant drainage 
flow. The fluctuation of the flow during the year is 
usually so great that any ‘average’ hydraulic retention 
time is just misleading.

Plants are an indispensable part of the wetlands 
but they are seldom taken into consideration when 
removal mechanisms in constructed wetlands are 
evaluated. Due to vigorous growth of wetland plants, 
the amount of nitrogen sequestered in the aboveground 
biomass is usually high and commonly amounts to 
40–60 g N m–2, i.e. 400–600 kg N ha–1 for tall spe-
cies such as Phragmites australis or Typha latifolia 
(Vy m a z a l  et al., 1999; Vy m a z a l ,  K r ö p f e l o v á , 
2008). As already mentioned, the predominant form 
of nitrogen in agricultural drainage waters is nitrate 
and therefore denitrification is always considered as 
the major removal process. Due to lack of ammonia in 
drainage waters, nitrate is taken up by plants as well. 
In order to remove nitrogen sequestered in the biomass, 
the plants must be harvested. However, vegetation in 
constructed wetlands with free water surface is usually 
not harvested (Vy m a z a l , 2013) and, therefore, most 
of nitrogen is released back to water during plant decay 
and subsequent decomposition (e.g. D i n k a  et al., 
2004; L o n g h i  et al., 2008). The question remains 
whether the biomass should be harvested to enhance 
removal of nitrogen because decaying biomass is a 
source of organics necessary for denitrification. So 
far, there have been no studies that would critically 
compare the benefits of harvesting and provision 
of organics for decomposition. This gap concerning 
vegetation maintenance still needs to be filled in. 

REFERENCES

Addiscott TM, Dexter AR (1994): Tillage and crop residue 
management effects on losses of chemicals from soils. 
Soil and Tillage Research, 30, 125–168. doi:10.1016/0167-
1987(94)90003-5.

Arheimer B, Wittgren HB (2002): Modelling nitrogen removal 
in potential wetlands at the catchment scale. Ecological En-
gineering, 19, 63–80. doi: 10.1016/S0925-8574(02)00034-4.

Arheimer B, Pers BC (in press): Lessons learned? Effects of 
nutrient reductions from constructing wetlands in 1996–2006 
across Sweden. Ecological Engineering. doi: 10.1016/j.
ecoleng.2016.01.088.

Arheimer B, Torstensson G, Wittgren HB (2004): Landscape 
planning to reduce coastal eutrophication: agricultural prac-
tices and constructed wetlands. Landscape and Urban Plan-
ning, 67, 205–215. doi: 10.1016/S0169-2046(03)00040-9.

Baker LA (1992): Introduction to nonpoint source pollution in 
the United States and prospects for wetland use. Ecological 
Engineering, 1, 1–26. doi: 10.1016/0925-8574(92)90023-U.

Beutel MW, Newton CD, Brouillard ES, Watts RJ (2009): Nitrate 
removal in surface-flow constructed wetlands treating dilute 
agricultural runoff in the lower Yakima Basin, Washington. 
Ecological Engineering, 35, 1538–1546. doi: 10.1016/j.
ecoleng.2009.07.005.

Blankenberg A-GB, Haarstad K, Søvik A-K (2008): Nitrogen 
retention in constructed wetland filters treating diffuse agri-
culture pollution. Desalination, 226, 114–120. doi: 10.1016/j.
desal.2007.01.237.

Borin M, Toccheto D (2007): Five years water and nitrogen 
balance for a constructed surface flow wetland treating 
agricultural drainage waters. Science of the Total Environ-
ment, 380, 38–47. doi: 10.1016/j.scitotenv.2006.12.039.

Braskerud BC (2002): Factors affecting nitrogen retention in 
small constructed wetlands treating agricultural non-point 
source pollution. Ecological Engineering, 18, 351–370. doi: 
10.1016/S0925-8574(01)00099-4.

Chiaudani G, Vighi M (1974): The N : P ratio and tests with 
Selenastrum to predict eutrophication in lakes. Water Re-
search, 8, 1063–1069. doi: 10.1016/0043-1354(74)90149-3.

Cochran MW, Skovgaard H, Moeslund B (2016): Surface flow 
constructed wetlands with filter matrix targeting drainage water. 
In: Zak D, Gelbrecht J, Scholz C, Goldhammer T, Cabezas A 
(eds): Wetland-science and society. Knowledge transfer, conser-
vation conflicts and restoration management. Leibnitz-Institute 
of Freshwater Ecology and Inland Fisheries, Berlin, 40–41.

Diaz FJ, Chow AT, O’Green AT, Dahlgren RA, Wong PK (2008): 
Restored wetlands as a source of disinfection byproducts 
precursors. Environmental Science and Technology, 42, 
5992–5997. doi: 10.1021/es800781n.

Diaz FJ, O’Green AT, Dahlgren RA (2012): Agricultural pollut-
ant removal by constructed wetlands: implications for water 
management and design. Agricultural Water Management, 
104, 171–183. doi: 10.1016/j.agwat.2011.12.012.



Scientia agriculturae bohemica, 48, 2017 (2): 82–91	 89

Dinka M, Ágoston-Szabó E, Tóth I (2004): Changes in nutrient 
and fibre content of decomposing Phragmites australis litter. 
International Review for Hydrobiology, 89, 519–535. doi: 
10.1012/iroh.200410772.

Fisher J, Acreman MC (2004): Wetland nutrient removal: a re-
view of the evidence. Hydrology and Earth System Science, 
8, 673–685. doi: 10.5194/hess-8-673-2004.

Fleischer S, Hamrin S, Kindt T, Rydberg L, Stibe L (1987): 
Coastal eutrophication in Sweden: reducing nitrogen in land 
runoff. Ambio, 20, 271–272.

Fleischer S, Gustavsson A, Joelsson A, Pansar J, Stibe L (1994): 
Nitrogen retention in created ponds. Ambio, 23, 358–362.

Goswami D, Kalita PK, Cooke RAC, McIsaac GF (2009): 
Nitrate-N loadings through subsurface environment to ag-
ricultural drainage ditches in two flat Midwestern (USA) 
watersheds. Agricultural Water Management, 96, 1021–1030. 
doi: 10.1016/j.agwat.2009.02.007.

Hägg HE (2010): Nitrogen land-sea fluxes in the Baltic Sea 
catchment – empirical relationships and budgets. Ph.D. 
Thesis, University of Stockholm.

Hey DL, Kenimer AL, Barrett KR (1994): Water quality im-
provement by four experimental wetlands. Ecological Engi-
neering, 3, 381–397. doi: 10.1016/0925-8574(94)00008-5. 

Howarth RW, Marino R (2006): Nitrogen as the limiting nutrient 
for eutrophication in coastal marine ecosystems: evolving 
views over three decades. Limnology and Oceanography, 
51, 364–376.

Howarth RW, Billen G, Swaney D, Townsend A, Jaworski N, Lajtha 
K, Downing JA, Elmgren R, Caraco N, Jordan T, Berendse 
F, Freney J, Kudeyarov V, Murdoch P, Zhao Liang Z (1996): 
Regional nitrogen budgets and riverine N and P fluxes for the 
drainage to the North Atlantic Ocean: natural and human influ-
ences. Biogeochemistry, 35, 75–139. doi: 10.1007/BF02179825. 

Hunt PG, Stone KC, Humenik FJ, Matheny TA, Johnson 
MH (1999): In-stream wetland mitigation of nitrogen 
contamination in a USA Coastal Plain stream. Journal 
of Environmental Quality, 28, 249–256. doi: 10.2134/
jeq1999.00472425002800010030x.

Jansson M, Andersson R, Berggren H, Leonardsson L (1994): 
Wetlands and lakes as nitrogen traps. Ambio, 23, 320–325.

Jiang C, Fan X, Cui G, Zhang Y (2007): Removal of agricultural 
non-point source pollutants by ditch wetlands: implications 
for lake eutrophication control. Hydrobiologia, 581, 319–327. 
doi: 10.1007/s10750-006-0512-6.

Jordan TE, Whigham DF, Hofmockel KH, Pittek MA (2003): 
Nutrient and sediment removal by a restored wetland receiv-
ing agricultural runoff. Journal of Environmental Quality, 
32, 1534–1547. doi: 10.2134/jeq2003.153.

Kadlec RH, Wallace SD (2009): Treatment Wetlands. 2nd edi-
tion. CRC Press, Boca Raton, Florida.

Kim HC, Yoon CG, Son YK, Rhee HP, Lee SB (2010): Effects 
of open water on the performance of a constructed wetland 
for nonpoint source pollution control. Water Science and 
Technology, 62, 1003–1012. doi: 10.2166/wst.2010.333.

Kladivko EJ, Scoyoc GEV, Monke EJ, Oates KM, Pask W 
(1991): Pesticide and nutrient movement into subsur-
face tile drains on a silt loam soil in Indiana. Journal 
of Environmental Quality, 20, 264–270. doi: 10.2134/
jeq1991.00472425002000010043x.

Knight RL (1992): Ancillary benefits and potential problems 
with the use of wetlands for nonpoint source pollution con-
trol. Ecological Engineering, 1, 97–113. doi: 10.1016/0925-
8574(92)90027-Y.

Koskiaho J, Puustinen M (2005): Function and potential of con-
structed wetlands for the control of N and P transport from 
agriculture and peat production in boreal climate. Journal 
of Environmental Science and Health, 40, 1265–1279. doi: 
10.1081/ESE-200055679.

Koskiaho J, Ekholm P, Räty M, Riihimäki J, Puustinen M 
(2003): Retaining agricultural nutrients in constructed wet-
lands – experience under boreal conditions. Ecological Engi-
neering, 20, 89–103. doi: 10.1016/S0925-8574(03)00006-5.

Kovacic DA, David MB, Gentry LE, Starks KM, Cooke RA 
(2000): Effectiveness of constructed wetlands in reducing 
nitrogen and phosphorus export from agricultural tile drain-
age. Journal of Environmental Quality, 29, 1262–1274. doi: 
10.2134/jeq2000.00472425002900040033x.

Kovacic DA, Twait RM, Wallace MP, Bowling JM (2006): Use 
of created wetlands to improve water quality in the Midwest 
– Lake Bloomington case study. Ecological Engineering, 28, 
258–270. doi: 10.1016/j.ecoleng.2006.08.002.

Kröger R, Pierce SC, Littlejohn KA, Moore MT, Farris JL 
(2012): Decreasing nitrate-N loads to coastal ecosystems 
with innovative drainage management strategies in agri-
cultural landscapes: an experimental approach. Agricul-
tural Water Management, 103, 162–166. doi: 10.1016/j.
agwat.2011.11.009.

Larson AC, Gentry LE, David MB, Cooke RA, Kovacic DA 
(2000): The role of seepage in constructed wetlands receiv-
ing agricultural tile drainage. Ecological Engineering, 15, 
91–104. doi: 10.1016/S0925-8574(99)00037-3.

Longhi D, Bartoli  M, Viaroli  P (2008): Decomposition 
of  four  macrophytes  in  wet land  sediment :  organic 
matter and nutrient decay and associated benthic pro-
cesses. Aquatic Botany, 89, 303–310. doi: 10.1016/j.
aquabot.2008.03.004.

Lowrance RR, Todd RL, Asmussen IE (1984): Nutrient cycling 
in an agricultural watershed: II. Streamflow and artificial 
drainage. Journal of Environmental Quality, 13, 27–32. doi: 
10.2134/jeq1984.00472425001300010005x.

Maniquiz MC, Lee SY, Choi JY, Jeong SM, Kim LH (2011): 
Treatment performance of a constructed wetland during 
storm and non-storm events in Korea. Water Science and 
Technology, 65, 119–126. doi: 10.2166/wst.2011.843.

Meisinger JJ, Palmer RE, Timlin DJ (2015): Effects of tillage 
practices on drainage and nitrate leaching from winter wheat 
in the Northern Atlantic Coastal-Plain USA. Soil and Till-
age Research, 151, 18–27. doi: 10.1016/j.still.2015.02.007. 



90	 Scientia agriculturae bohemica, 48, 2017 (2): 82–91

Miller WE, Maloney TE, Greene JC (1974): Algal productiv-
ity in 49 lake waters as determined by algal assays. Water 
Research, 8, 667–679. doi: 10.1016/0043-1354(74)90126-2.

Mitsch WJ (1992): Landscape design and the role of created, 
restored, and natural riparian wetlands in controlling non-
point source pollution. Ecological Engineering, 1, 27–47. 
Mitsch WJ, Dorge CL, Wiemhoff JR (1979): Ecosystem 
dynamics and a phosphorus budget of an alluvial cypress 
swamp in southern Illinois. Ecology, 60, 1116–1124. doi: 
10.2307/1936959.

Mitsch WJ, Day JW, Gillingham AG, Groffman PM, Hey DL, 
Randell GW, Wang N (2001): Reducing nitrogen loading to 
the Gulf of Mexico from the Mississippi River Basin: strate-
gies to counter a persistent ecological problem. BioScience, 
51, 373–388. doi: 10.1641/0006-3568(2001)051[0373:RN-
LTTG]2.0.CO;2.

Moore MT, Kröger R, Locke MA, Cullum RF, Steinriede Jr. 
RW, Testa III R, Lizotte Jr RE, Bryant CT, Cooper C (2010): 
Nutrient mitigation capacity in Mississippi Delta, USA drain-
age ditches. Environmental Pollution, 158, 175–184. doi: 
10.1016/j.envpol.2009.07.024.

Moreno-Mateos D, Pedrocchi C, Comín FA (2010): Effects of 
wetland construction on water quality in a semi-arid catch-
ment degraded by intensive agricultural use. Ecological En-
gineering, 36, 631–639. doi: 10.1016/j.ecoleng.2009.02.003.

Nixon SW (1995): Coastal marine eutrophication: a definition, 
social causes, and future concerns. Ophelia, 41, 199–219. 
doi: 10.1080/00785236.1995.10422044.

O’Geen AT, Budd R, Gan J, Maynard JJ, Parikh SJ, Dahlgren 
RA (2010): Mitigating nonpoint source pollution in agricul-
ture with constructed and restored wetlands. Advances in 
Agronomy, 108, 1–76. doi: 10.1016/S0065-2113(10)08001-6.

Phipps RG, Crumpton WG (1994): Factors affecting nitrogen 
loss in experimental wetlands with different hydrologic loads. 
Ecological Engineering, 3, 399–408. doi: 10.1016/0925-
8574(94)00009-3.

Poe AC, Piehler MF, Thompson SP, Pearl HW (2003): Denitrifi-
cation in a constructed wetland receiving agricultural runoff. 
Wetlands, 23, 817–826. doi: 10.1672/0277-5212(2003)023.

Powlson DS, Addiscott TM (2005): Nitrates. In: Hillel D (ed.): 
Encyclopedia of soils in the environment. Elsevier, Amster-
dam, 21–31. doi: 10.1016/B0-12-348530-4/00905-X.

Raisin GW, Mitchell DS, Croome RL (1997): The effectiveness 
of a small constructed wetland in ameliorating diffuse nutri-
ent loadings from an Australian rural catchment. Ecological 
Engineering, 9, 19–35. doi: 10.1016/S0925-8574(97)00016-5.

Richardson CJ (1989): Freshwater wetlands: transformers, fil-
ters, or sinks? In: Sharitz RR, Gibbons JW (eds): Freshwater 
wetlands and wildlife. U.S. Department of Energy Office 
of Science and Technology, Oak Ridge, Tennessee, 25–46. 

Richardson CJ (1990): Biogeochemical cycles: regional. In: 
Patten BC (ed.): Wetlands and shallow continental water bod-
ies. Vol. 1. SPB Academic Publishing, The Hague, 259–279. 

Saunders DL, Kalff J (2001): Nitrogen retention in wet-
lands, lakes and rivers. Hydrobiologia, 443, 205–211. doi: 
10.1023/A:1017506914063.

Strand JA, Wiesner SEB (2013): Effects of wetland construction 
on nitrogen transport and species richness in the agricultural 
landscape – Experiences from Sweden. Ecological Engineer-
ing, 56, 14-25. doi: 10.1016/j.ecoleng.2012.12.087.

Strudley MW, Green TR, Ascough II JC (2008): Tillage effects 
on soil hydraulic properties in space and time: state of the 
science. Soil and Tillage Research, 99, 4–48. doi: 10.1016/j.
still.2008.01.007.

Svendsen LM, Kronwang B (1993): Retention of nitrogen and 
phosphorus in Danish lowland river system: implications for 
the export from the watershed. Hydrobiologia, 251, 123–135. 
doi: 10.1007/BF00007172.

Tanner CC (2004): Nitrogen removal processes in constructed 
wetlands. In: Wong MH (ed.): Development in ecosystems. 
Vol. 1. Elsevier, Amsterdam, 331–346. doi: 10.1016/S1572-
7785(04) 01018-4.

Tanner CC, Nguyen ML, Sukias JPS (2005): Nutrient removal 
by a constructed wetland treating subsurface drainage from 
grazed dairy pasture. Agriculture, Ecosystems and Environ-
ment, 105, 145–162. doi: 10.116/j.agee.2004.05.008.

Tanner CC, Sukias JPS, Yates CR (2010): New Zealand guide-
lines: Constructed wetland treatment of tile drainage. NIWA 
Information Series No. 75, National Institute of Water and 
Atmospheric Research Ltd.

Tonderski KS, Geranmayeh P, Johannesson K, Ulén B, Weisner 
SEB (2015): Nitrogen and phosphorus removal in agricultural 
wetlands. In: Vlasáková L, Čížková H (eds): Proc. Conf. 
Wetlands in Agricultural Landscapes: Present State and Per-
spectives in Europe, České Budějovice, Czech Republic, 23.

Turner RE (1999): A comparative mass balance budget (C, N, P and 
suspended solids) for a natural swamp and overland flow systems. 
In: Vymazal J (ed.): Nutrient cycling and retention in natural 
and constructed wetlands. Backhuys Publishers, Leiden, 61–71.

van der Valk AG, Jolly RW (1992): Recommendations for 
research to develop guidelines for the use of wetlands to 
control rural nonpoint source pollution. Ecological Engi-
neering, 1, 115–134. doi: 10.1016/0925-8574(92)90028-Z.

Vollenweider RA (1968): Scientific fundamentals of the eu-
trophication of lakes and flowing waters, with particular 
reference to nitrogen and phosphorus as factors of eutrophi-
cation. OECD Technical Report DAS/CSI/68.27. 

Vymazal J (2007): Removal of nutrients in various types of 
constructed wetlands. Science of the Total Environment, 
380, 48–65. doi: 10.1016/j.scitotenv.2006.09.014.

Vymazal J (2013): Emergent plants used in free water surface 
constructed wetlands: A review. Ecological Engineering, 
619, 582–592. doi: 10.1016/j.ecoleng.2013.06.023.

Vymazal J, Kröpfelová L (2008): Wastewater treatment in con-
structed wetlands with horizontal subsurface flow. Springer, 
Dordrecht. 



Scientia agriculturae bohemica, 48, 2017 (2): 82–91	 91

Vymazal J, Dušek J, Květ J (1999): Nutrient uptake and storage 
by plants in constructed wetlands with horizontal sub-surface 
flow: a comparative study. In: Vymazal J (ed.): Nutrient 
cycling and retention in natural and constructed wetlands. 
Backhuys Publishers, Leiden, 85–100.

Weisner SEB, Eriksson PG, Granéli W, Leonardson L (1994): 
Influence of macrophytes on nitrate removal in wetlands. 
Ambio, 23, 363–366. 

Windolf J, Jeppesen E, Jensen PJ, Kristensen P (1996): Model-
ling of seasonal variation in nitrogen retention and in-lake 
concentration: a four-year mass balance study in 16 shallow 
Danish lakes. Biogeochemistry, 33, 25–44. doi: 10.1007/
BF00000968.

Woltemade CJ (2000): Ability of restored wetlands to reduce 
nitrogen and phosphorus concentrations in agricultural 

Corresponding Author:

Prof. Ing. Jan Vy m a z a l , CSc., Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Kamýcká 129, 165 21 
Prague 6-Suchdol, Czech Republic, phone: +420 224 383 825, e-mail: vymazal@knc.czu.cz 

drainage water. Journal of Soil and Water Conservation, 
55, 303–309. 

Wu CY, Kao CM, Lin CE, Chen CW, Lai YC (2010): Using a 
constructed wetland for non-point source pollution control 
and river water quality purification: a case study from Tai-
wan. Water Science and Technology, 61, 2549–2555. doi: 
10.2166/wst.2010.175.

Xue Y, Kovacic DA, David MB, Gentry LE, Mulvaney RL, 
Lindau CW (1999): In situ measurements of denitrification in 
constructed wetlands. Journal of Environmental Quality, 28, 
263–269. doi: 10.2134/jeq1999.00472425002800010032x.

Zibilske LM, Bradford JM (2007): Soil aggregation, aggregate 
carbon and nitrogen, and moisture retention induced by con-
servation tillage. Soil Science Society of America Journal, 
71, 793–802. doi: 10.2136/sssaj2006.0217.


