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Turvemaiden kuivatuksen on yleisesti havaittu lisäävään ravinnekuormitusta alapuolisiin vesistöihin ja siten 

heikentävän vesistöjen tilaa. Luonnollisessa tilassa oleva turvemaa toimii ravinne- ja vesivarastona. Kuivatuksen 

myötä veden pinta laskee, mikä nopeuttaa turpeen hajoamisprosessia ja lisää ravinteiden liukoisuutta. Aleneva 

vedenpinta saattaa paljastaa ravinnerikkaita, syvempiä turvekerroksia ja johtaa kuormituksen lisääntymiseen pienen 

virtaaman aikaan. Virtaama turvemailta saattaa lisääntyä joko kasvavien virtaamahuippujen tai lisääntyvän 

kokonaisvirtaaman myötä. Lisääntynyt virtaama voi kasvattaa kuormaa huuhtomalla ravinteita ojaverkostoon 

turvepinnasta tai huuhtomalla ojaverkossa jo olevan ravinnekuorman alapuolisiin vesistöihin. 

 

Alueellisten tutkimusten määrä eri maankäyttömuotojen vaikutuksesta kuormituksen syntyyn kuivatuilla turvemailla 

on vielä pieni. Kuormituksen syntyyn voivat vaikuttaa maankäyttömuodosta riippuvat toimenpiteet. Tämän 

tutkimuksen tarkoitus on analysoida ja vertailla maatalouden, metsätalouden ja turvetuotannon vesistövaikutuksia 

turvemailla suhteessa kuormitukseen luonnontilaiselta suolta. Tutkimusalueet sijaitsevat Pohjois-Suomessa Pelson 

kylässä (Vaala). Ravinne- (kiintoaine, DOC, Ptot, liukoiset PO4 ja Ntot) sekä metallikuormat (Fe, Al, Mn) eri 

maankäyttömuodoilta määritettiin säännöllisten vesinäytteiden, jatkuvatoimisten pinnankorkeusmittareiden sekä 

virtaamamittausten avulla. Tutkimus toteutettiin huhti–lokakuussa. Tutkimusalueilla tehtyjen 

maanmuokkaustoimenpiteiden vaikutusta turpeeseen ja kuorman syntyyn tutkittiin määrittämällä turvenäytteistä 

kemiallisia ja fysikaalisia ominaisuuksia.  

 

Saatujen tulosten perusteella ravinnekuormitus oli suurempi ojitetuilta alueilta kuin luonnontilaiselta suolta. 

Turvemaatalous aiheutti suurimmat päivittäiset kiintoaine-, Ptot-, PO4-, Fe- ja Al-kuormat. Sen sijaan suurimmat 

päivittäiset Ntot-, DOC- ja Mn-kuormat mitattiin turvemetsätalousalueelta. Tutkituilta kolmelta kuivatulta 

turvemaalta, turvetuotanto aiheutti pienimmät ravinnekuormitukset. Kuormat luonnontilaiselta suolta olivat yleisesti 

kaikkein pienimmät. Turvemaan ominaisuudet (kuten tuhkapitoisuus ja fosforin fraktiot) heijastivat tehtyjä 

maanmuokkaustoimenpiteitä. Turvemetsätaloudessa olevalla tutkimusalueella ei kuivatusta ja sitä kautta 

metsittymistä lukuun ottamatta oltu tehty mitään metsätaloudellisia toimenpiteitä. Näin ollen korkeat kuormitukset 

turvemetsätaloudesta kertovat kuivatuksen voimakkaasta ravinnekuormaa lisäävästä vaikutuksesta. Mitatut kuormat 

keskittyivät korkeiden virtaamien aikaan elokuuhun (rankkasadetapahtuma) ja aikaiseen kevääseen (lumensulanta). 

Tätä tietoa kuorman ajoittumisesta voidaan hyödyntää vesiensuojelutyössä. Korkean ravinnekuormituksen ojitetuilta 

turvemailta aiheuttivat: a) lisääntynyt virtaama, b) muuttuneet hydrologiset ja geokemialliset olosuhteet turpeessa ja 

c) maankäyttömuodosta riippuvat toimenpiteet. Tulevaisuudessa ilmaston muutoksen vaikutuksia 

ravinnekuormitukseen voitaisiin tutkia talviseurannan avulla. 
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Abstract 

 

Peatlands drainage is known to increase nutrient leaching into downstream water systems and thus to deteriorate the 

status of natural water bodies. Drainage changes peatlands from nutrient and water accumulating systems to nutrient 

releasing catchment areas. This transformation happens due to lowering water table and changed runoff conditions. 

Deeper water table accelerates decomposing process and may expose nutrient rich peat layers during low discharge 

seasons, which can show up as elevated nutrient loads. Drainage may increase discharge rate trough peaks or as total 

discharge, which further can increase load by eroding nutrients from soil and by flushing the nutrients already present 

in ditch down to natural waters.  

 

There are few regional studies related to water impacts of drained peatlands with different land-use option. Load 

formation can be dependent on site-specific land management. The aim of this study was to analyse and compare 

water impacts of peatlands in agriculture, silviculture and peat extraction in relation to natural leaching from pristine 

mire. The studied sites are located in Northern Finland in Pelso (Vaala). To compare the studied sites, the nutrient 

(SS, DOC, Ptot, soluble PO4 and Ntot) and metal (Fe, Al, Mn) loads together with descriptive parameters (pH, EC, 

colour) were quantified with regular water samplings, continuous water level loggers and discharge measurements. 

Observation period was April-October. The effects of different land management on soil horizon and load formation 

were studied by analysing physical and chemical properties in each site.  

 

Based on the obtained results the nutrient load was higher from the drained areas compared to the pristine mire. The 

cultivated peatland had the highest daily loads of SS, Ptot, PO4, Fe and Al. Daily loads of Ntot, DOC and Mn were the 

highest in the peatland forest. From the drained sites, the peat extraction had the smallest loads. Loads from the 

pristine mire were the smallest. Determined soil characteristics reflected the implemented land management actions. 

High loads from the peatland forest, which have not been under silviculture actions, underlined the strong nutrifying 

impact of drainage itself. Observed loads were concentrated on high discharge season in August (high precipitation) 

and spring (snowmelt), which can be utilized in water protection work. The high nutrient load in the drained sites was 

originated from: a) increased discharge rates, b) altered hydrological and geochemical conditions and c) site-specific 

actions. In future, the effects if climate change on nutrient load could be studied with winter follow-up. 
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1 INTRODUCTION  

The condition of Finnish surface water bodies and the Baltic Sea has been a growing 

concern among environmental authorities for many decades. Water quality, especially 

in coastal areas and rivers, has deteriorated continuously due to increased human 

impacts. The Council of State of Finland underlines in its decision in principle (Finnish 

Ministry of the Environment 2007, Water Protection guidelines by 2015) a need for 

effective actions to protect water systems from further degradation. One of the main 

goals presented in the principle is to decrease nutrient load from terrestrial systems to 

water bodies and therefore prevent eutrophication and its side effects.   

Agriculture, forestry and peat extraction contribute as non-point sources with a 

notable amount of nutrients into water systems. Peatlands cover approximately one 

third of Finland´s surface area. More than half of peatlands have been drained for 

forestry (60 %), agriculture (24 %) and peat extraction (0.7 %) (Maljanen et al. 2010). 

Originally these wet, waterlogged ecosystems with a thick organic topsoil layer acted 

as an absorbent for incoming water and nutrients. From environmental impact point of 

view, drainage changes peatland from nutrient accumulating ecosystem to a chemical 

compounds releasing area. Changes in peatlands hydrology, physical properties and 

geochemistry may lead e.g. to different catchment runoff patterns (Holden et al. 2004) 

and to elevated nutrient load in surrounding water systems (Adamson et al. 2000, 

Astrom et al. 2001). The intensity of the impact is site specific and determined by 

peatland´s characteristics and the chosen land-use option. Therefore, understanding 

the effects of drainage is important when deciding the best available solutions for 

future land management. 

The aim of this Master's thesis is to study nutrient leaching from peatlands with 

different land-use options – cultivated peatland, peatland forest and peat extraction 

site. The drained study sites with different land-use options belonged once to the 

same big mire complex, which provides a consistent starting point for nutrient load 

comparison. Effects of land-use options on natural leaching are studied by using the 

load from the nearby pristine mire as a background level. Studied parameters are total 

phosphorus, soluble phosphate phosphorus and soluble total nitrogen, suspended 
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solids, dissolved organic carbon and heavy metals. Acidity, electric conductivity and 

colour of outflowing water are studied to estimate possible acidifying effects of 

drainage and possible chemical changes in downstream water bodies. In addition, the 

relationships between the chemical and physical properties of soil and nutrient 

leaching are examined.  

There are few regional studies related to water impacts of drained peatlands in 

different land management. This study will provide an evaluation of load formed in 

different land-use options and a comparison to load from the natural stage pristine 

mire. Results of this study can be used to deepen the knowledge about water 

protection in drained peatlands and to enhance land-use planning actions, which will 

contribute to work for preventive water protection in Finland. 
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2 CHARACTERISTICS OF PEATLAND 

2.1 Definition of peatland 

Peatlands in natural stage are waterlogged ecosystems with a thick organic soil layer 

made of dead and decaying plant material (Figure 1). Half of the Earth’s wetlands are 

peatlands and totally they cover 3 % of the global land area. Peatlands can be found 

from almost every country in the world, but most of them occur in the boreal and sub-

arctic zones (Joosten & Clark 2002).  

 

Figure 1. Natural stage pristine bog in Kainuu, Eastern Finland. (Picture: Annemari Kari 
2011) 

 

According to the soil classification of Food and Agriculture Organization (FAO), 

peatlands – or histosols – are organic soils without permafrost. They are especially 

typical in cold and wet regions such as North America, Russia, Fennoscandia, Ireland 

and Scotland. 

Peatland as a term is used to describe peat-covered, water logged terrain and typically 

a minimum depth of peat is required to classify site as peatland. For example in 

Canada the limit is 40 cm (Daigle & Gautreau-Daigle 2001), but in many countries the 

used limit is 30 cm (Joosten & Clarke 2002). The latter is used also in the Finnish 
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geological description of peatland (Päivänen 1990). For instance in Sweden, all soils 

with organic matter (OM) content > 20 % and the depth of the peat layer > 30 cm are 

defined as peat soils (Eriksson et al. 2005). In addition, so-called “gyttja” soils, with OM 

content between 6 and 20 %, are categorized as organic soils aside peat soils in 

Sweden (Berglund and Berglund 2010). 

 

Natural stage peatlands can be classified further to subtypes for example according to 

the vegetation, nutrient status, water level and morphology (Cajander 1913). These 

types are e.g. mire, fen and bog, which can all be defined as a wet ecosystem 

dominated by living peat-forming plants. Detailed classification used varies between 

countries. (Rydin & Jeglum 2006) In this study the term peatland refers to an area with 

or without vegetation that has naturally accumulated peat layer at the surface.  

2.2 Peatland development 

In Fennoscandia, most of the peatlands were formed after the ice age 10 000–12 000 

years ago. Peatland development requires a positive water accumulation, from 

rainwater or groundwater, on impermeable mineral soil surface. Peat is formed, when 

the production of dead organic matter is faster than it’s decomposing. Therefore peat 

is an accumulation of partially decomposed biomass. Accumulation process requires 

constant water table at or near the mineral soil surface. High water table creates 

anoxic conditions, which slows down the decomposition process. (Brady & Weil 2008, 

51, 97–99) Once peat formation has started, it is a continuous self-sustaining process. 

Cold regions provide suitable conditions for peat accumulation due to low 

temperature, but on the other hand formation of biomass is slower compared to 

southern regions. 

In more detailed level, three peatland formation processes have been recognized: 

infilling (terrestrialization), primary peat formation and paludification. Infilling is 

process where mire develops as a result from vegetation overgrown in lake, pond or 

other slow-flowing water system. The process is also called terrestrialization, even 

though the result is often not much terrain a like. (Rydin & Jeglum 2006, 122–124) 
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Paludification is a process that refers to peatland formation over previously less wet 

mineral ground and which involves the formation of waterlogged conditions (Joosten 

& Clark 2002). Paludification can arise by pedogenic processes (soil development) or by 

anthropogenic causes. Typically pedogenic processes occur in areas that are located 

upslope from peatlands. In those cases soil is slowly wetted creating anoxic conditions, 

allowing Sphagnum moss invasion. Anthropogenic reasons can be e.g. human caused 

fires, grazing and clear cuttings that decrease evapotranspiration and increase the 

amount of precipitation reaching the ground. (Rydin & Jeglum 2006, 124–126). Primary 

peat formation is a process where peat forms on freshly exposed wet mineral soil 

without previous dry stage. This process occurs on coasts of Finland and Sweden as a 

result of land uplift. All the peatland formation processes may occur simultaneously in 

the same location and sometimes it is difficult to distinguish where each type begins 

and the other ends. 

2.3 Peat as soil type 

2.3.1 Organic and botanical features 

Peatlands have some characteristic features that separate them from other terrains. 

Peat itself is defined as a soil composed of dead organic material with organic content 

more than 75 % of dry matter (GTK 2015). Peat is so-called sedentary material; 

meaning it has been formed in place in contrast for example to some aquatic 

sedimentary deposits. Geologically peat is coal in its primary stage (Rydin & Jeglum 

2006, 77). 

Peat material may consist of quit different plant material such as wooden parts, 

bryophytes, leaves and roots. Typically peat is defined according to its composition 

material that can be botanical, organic or mineral (Andriesse 1988). Composition 

affects peats properties. According to Kivinen (1980) peat types can be divided into 

three categories: Sphagnum, sledge and woody peats. Furthermore, there are several 

subtypes that can be recognized based on the plant species found in peat material. 
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In Finland the most common peat types found are Sphagnum and sedge types 

(Virtanen et al. 2000), which are composed according to their names mainly of moss 

(Sphagnum sp.) or sedge (Carex sp.) species. Sedge type is considered more suitable 

for forestry and agriculture than Sphagnum type and both of them are suitable for 

peat extraction. Peat type analysis is one tool to predict the effects of peatland 

drainage (Kløve et al. 2012).  

2.3.2 Physical properties and soil pH 

In addition to botanical composition, physical, chemical and morphological properties 

of peat are important factors used to describe peat and to evaluate suitability for 

human use.  

Water and dry matter rations, bulk density (BD), and organic matter (OM) and ash 

content vary between mire types and reflect e.g. peatlands nutritional and hydraulic 

status (Andriesse 1988, Rydin & Jeglum 2006). Water content can be presented as 

percentage of original mass (dry/wet) or volume (g cm-3). Volumetric water content 

(VWC) percentage, which describes the fraction of the total volume of soil that is 

occupied by the water contained in the soil, is used in this study. Peatlands in natural 

stage can have VWC over 90 %, which defines well the water holding capacity 

(Päivänen 1973). Drying peat tends to hold on water, but already dry peat instead 

tends to resist rewetting. This phenomenon may cause problems for example in 

peatlands restoration, when water table is risen and very dry peat comes loose and 

forms floating rafts. Naturally, water content decreases with drainage causing 

respectively increasing dry mass content. 

Bulk density (g cm-3) is soil dry mass per unit volume. After drainage peatlands BD 

tends to increase, when peat surface sinks due to loss of water (Silins & Rothwell 

1998). Organic matter (OM) is decomposed organic material that serves as nutrient 

and water reservoir. It also improves arability by preventing soil compaction and soil 

surface crusting. Furthermore OM increases water infiltration (Brady & Weil 2008). In 

peatlands OM is typically high (>75 %). For organic soils OM is determined together 

with ash content by weight loss on ignition method, where soil sample is burned in 

high temperature. Lost weight in burning is OM and remaining matter ash content of 
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soil. The latter depends on the amount of mineral nutrients, alluvial deposits and 

chemical precipitates in soil. In Finland, typical ash content in peatland varies between 

1–10 % and national average weighted with amount of peat is 3.4 % (Virtanen et al. 

2000). 

One of the most important peat classification parameter together with botanical 

composition is peat´s humification degree (Rydin & Jeglum 2006, 84). Humification 

describes, how decomposed the peat is. In other words, how much of the original 

fibrous structure of the vegetation remains and how much of those original plants are 

no longer recognizable by structure. (Rydin & Jeglum 2006, 84) The von Post 

humification method is one of the most used approaches in peat humification 

characterization. In this method peat is squeezed in hand and the colour, consistency, 

fibres and visible plant material are observed. According to the observations, peat can 

be classified in one of the ten von Post humification classes (H1–H10), where class H1 

represents undecomposable peat and class H10 entirely decomposed peat. (von Post 

1922)  

Every soil can be divided into three main phases – air, water and solid material. 

Porosity (n), or total pore space, is the total volume of soil minus volume of solid 

material. In peat porosity varies between 78 % and 93 % (Illnick & Zeitz 2003). Porosity 

is important for vegetation by allowing sufficient available water. It can be also used to 

estimate water infiltration capacity. Porosity is inversely proportional to humification, 

bulk density and degree of compaction. (Rydin & Jeglum 2006, 87–88) 

Soil pH has an influence on several chemical, biological and physical soil properties. 

Peat soil pH varies between 8.5–3.5 from extremely rich fens to poor pine bogs. (Rydin 

& Jeglum 2006, 35) In Finland, peatlands are acid with average pH 3.5–5.5. Surface 

peat has normally the lowest pH-value, which increases towards deeper peat layers. 

(Virtanen et al. 2000) Microbial activity is lowered at very high and low soil pH, which 

is directly connected to decomposition rate. 

Nutrient availability for plants varies according to soil pH. Macronutrients (Ca, Mg, K, P, 

N and S) availability is reduced in strongly acid soils. In contrast, availability of 

micronutrient cations (Fe, Mn, Zn, Cu) is increased towards low pH, even until toxic 
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levels. Aluminium (Al), manganese (Mg) and iron (Fe) are the most typical heavy 

metals to develop toxic levels in soils. In organic soils, heavy metal levels do not 

generally reach toxic levels, since background levels are typically low. (Brady & Weil 

2008, 381–386) Instead, low pH levels may decrease leaching of phosphorus bound to 

inorganic molecules – in acid soils especially to Al and Fe (Nieminen & Penttilä 2004). 

2.4 Nutrients in peatlands 

In general, pristine peatlands are considered as nutrient poor ecosystems. As in most 

terrestrial ecosystems, nitrogen (N) is a limiting factor for plant growth in peatlands, 

but also lack of phosphorus (P) and potassium (K) may be a restricting factor. Similarly, 

a deficiency in other major elements, such as magnesium (Mg) and zinc (Zn), can 

develop. Productivity may be limited also by a combination of nutrient and mineral 

deficiency (Rydin & Jeglum 2006, 169).  

Nutrient distribution and availability depends on the mire type and its nutrient status. 

Thus, peatlands drained for human use often require fertilization or other treatments 

to enhance productivity. Fertilization is used to correct both nutrient deficiencies and 

imbalances in forestry and agriculture (Kaunisto 1997, 387–394), which can increase 

nutrient load among fundamental changes of drainage on peatlands (Holden et al. 

2004). Drainage alters geochemical and hydrological conditions of peatland, which 

may lead to changes in nutrient cycles and further to increased risk of leaching. 

Mechanisms behind elevated nutrient load after drainage will be discussed in detail in 

later chapters. First, status and characteristics of N and P, which are often considered 

to be limiting factors both in terrestrial and aquatic systems, in peatlands are 

presented.  

2.4.1 Nitrogen 

Nitrogen is an essential nutrient for plant growth and reproduction. In peat, most of 

the N occurs as organic forms (in litter and living organisms) and only a small 

proportion as inorganic forms (nitrate NO3
- or nitrite NO2

-). Part of N exists also in 

reduced form (ammonium NH4
+). Plants uptake N mainly as inorganic forms (NO3

- and 
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NH4
+) in the so-called immobilization process. Availability of organic N for plants has 

been considered minimal, although some studies have found evidences about the 

importance of organic N for plant growth (Näsholm et al. 2009).  

Flow of N in soil can be described by a nitrogen cycle (Figure 2). Simplifying, N from air 

(N2) is taken up by a few groups of organisms (e.g. Cyanobacteria) in a fixation process, 

where N2 is reduced to NH3 and further to organic molecules in oxic conditions.  

 

Figure 2. Simplified conceptual scheme of the nitrogen cycle in peatlands. Encircled 
symbols represent gaseous forms and dashed lines illustrate microbial processes. 
(Modified from Rydin & Jeglum 2006, 165) 

 

Later on this organic N from decaying material is broken down to NH4
+ in 

mineralization process, or in other terms – ammonification process. Mineralization 

depends especially on soil pH and amount of microbial biomass, and is typically slower 

in peatlands compared to other soil types. Draining affects especially mineralization 

part of the nitrogen cycle. In aerobic conditions, NH4
+ is first oxidized to NO2

- and then 

to NO3
- (nitrification).  Denitrification occurs, when anaerobic bacteria reduce NO3

- to 

N2O or to N2. (Rydin & Jeglum 2006, 165–167) 
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2.4.2 Phosphorus 

Phosphorus is an essential element in living organisms and among N, the most 

abundant nutrient in soil organic matter. Concentration of P is low in rainwater and in 

dry deposition (Rydin & Jeglum 2006, 167). Most of the P in soil is weathered from 

bedrock and released from decaying organic material, which rarely is enough to 

maintain satisfactory supplies in peatland. Compared to N cycle, P migrates almost 

solely between soil and water since it does not form durable gaseous forms to be 

cycled through the atmosphere. During the cycle, part of P in soil is lost in runoff, 

leaching and sediment deposit. Plants absorb available inorganic P as H2PO4
- or H2PO4

2- 

ions, depending on the soil pH. Later on, P is returned to earth as organic phosphate in 

litter and animal residues. (Rydin & Jeglum 2006, 167) These organic forms of 

phosphate are turned again by bacteria to inorganic and insoluble, fixed forms bound 

to Fe, Al or Ca molecules, which are ready to turn back into soluble phosphate forms. 

This phenomenon is called mineralization–immobilization process (Equation 1, Brady & 

Weil 2008, 607) that can be described as follows:  

  
            
←   Immobilisation 

             
←        

𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑃 𝑓𝑜𝑟𝑚𝑠 
𝑀𝑖𝑐𝑟𝑜𝑏𝑒𝑠
←       𝐻2𝑃𝑂4

−  
𝐹𝑒3+ 𝐴𝑙3+ 𝐶𝑎2+

←           𝐹𝑒, 𝐴𝑙, 𝐶𝑎 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒𝑠   (1) 

  
              
→     Mineralization 

              
→    . 

From plant point of view the most important types of P are the earlier mentioned 

available soluble phosphate ions (10–30 % of total P) in peat soil water (Vepraskas & 

Faulkner 2001). Most of the slowly releasing and tightly bound P is attached to organic 

molecules, but part of it is also associated with clay minerals and part forms poorly 

soluble complexes with Fe, Al or Ca (Chang & Jackson 1957), as described earlier. 

Phosphate may bind also to other inorganic molecules, but above mentioned are the 

ones mainly encountered in peatlands. P leaches from peat soils either as soluble 

phosphate phosphorus or organic phosphorus, or bind to SS particles. It is typical, that 

amount of P in runoff water correlates positively with concentration of SS (Marttila & 

Kløve 2009, Tuukkanen et al. 2010). 
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Occurrence of these different fractions of P, and mobilization and availability of P in 

general is determined by environmental factors. According to Boström et al. (1982) 

main factors are redox potential, pH and temperature. Redox potential describes 

compounds tendency to acquire electrons, and thus to be reduced. At certain 

potentials (<200 mV), Fe-bound P is released. In acid soils, P tends to be associated 

with Fe and Al, which is the case typically in peatlands (Boström et al. 1982). In 

calcareous soils Ca-bound phosphates are produced (Nieminen & Penttilä 2004). For 

plants, optimum pH for P availability is between 5 and 6.5. Availability decreases below 

pH 4.5 (Lucas & Davis 1961). Temperature alters both pH and redox conditions: high 

temperature increases bacteria activity, which further increases oxygen consumption 

and decreases pH and redox potential (Boström et al. 1982). Draining affects soils 

hydrochemical conditions, which can lead to P release. The amount and type of 

released P depends on the original conditions of soil, e.g. amounts of metals 

(Nieminen & Jarva 2008).   

2.5 Hydrology of peatlands 

Hydrology of peatlands is maybe the most important single feature determining 

peatlands biodiversity, processes, functions and development. Water flow in peatlands 

happens mainly as surface runoff, in soil pores, and as groundwater beneath the peat 

layer. Depth to the water table (DWT) shapes peatlands vegetation composition – 

higher DWT allows the maximum height of plants to increase. Thus, trees do not 

normally succeed in mires. Water table level in peatlands is a function of soil water 

storage, which is determined by the balance among precipitation (P), 

evapotranspiration (ET), and the discharge and recharge of water. (Gong et al. 2012) 

Water flow in and out can be lateral and vertical depending, if water enters via 

precipitation, groundwater or snowmelt.  

Water balance in peatland can be described with a general water balance formula 

according to equation 2 (Rydin & Jeglum 2006, 147):  

𝑃 + 𝑄𝑆𝑊 𝑖𝑛 + 𝑄𝐺𝑊 𝑖𝑛  = 𝐸𝑇 + 𝑄𝑆𝑊 𝑜𝑢𝑡 + 𝑄𝐺𝑊 𝑜𝑢𝑡 +  Δ𝑆 ,              (2) 
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where P is precipitation, QSW in is surface water inflow, QGW in is groundwater inflow, ET 

is evapotranspiration, QSW out is surface water outflow, QGW out is groundwater outflow 

and ΔS is change in storage. Depending on the peatland type, all the components may 

not be present. For example, bogs do not receive water as surface water or 

groundwater inflow by definition and those terms are extracted (Rydin & Jeglum 2006, 

150). 

Water table determines the boundary for saturated and unsaturated soil as well as 

boundary for oxic and anoxic soil. Furthermore, these two layers are often termed 

acrotelm and catotelm, of which the first one refers to upper peat layer with 

fluctuating water table and the former one to deeper, saturated layer with little 

microbial activity (Landry & Rochefort 2012). Draining affects especially the acrotelm 

part of peatland exposing catotelm to oxygen. Near the saturation boundary is so 

called soil water layer. Soil water is water inside the pores of the soil hold by the 

capillary forces. Immediately above the water table there might be a zone called 

capillary fringe, which is a layer of capillary saturation (Figure 3). 

 

Figure 3. Schematic cross-sectional illustration of peatlands hydrology. 

 

Natural stage peatlands are extremely vulnerable for water regulations. For the mire 

itself the water table maintenance is essential – it sustains peat and carbon 

accumulation, ecosystem functions and nutrient cycle. Due to capillary forces mire acts 

as a “sponge” absorbing water during rainy seasons and releasing it slowly during dry 

times. Thus they can act as part of flood control system in heavy rain occasions and 
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snowmelt. Water table lowering will cause multiple changes in peatlands hydrology – 

especially increasing water table fluctuations (Van Seters & Price 2002, Price et al. 

2003). Deepening saturated zone will increase aeration in peat, which in turn 

accelerates microbial processes and therefore affects also nutrient mobilization. 

(Holden et al. 2004) It is evident, that peatlands dewatering has direct impacts on its 

functions and surrounding water bodies, which will be discussed in following chapters.  
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3 MANAGEMENT AND USE OF PEATLANDS  

3.1 Peatlands in Europe 

Currently peatlands cover 318 000 km2 of EU Member States and Candidate Countries 

and more than 50 % of this surface is located in northern countries – Finland, Sweden, 

Norway and United Kingdom (Schilst et al. 2008). In Finland, peat surface is the most 

covering soil type, reaching coverage of more than 50 % in Northern Finland. 

According to Kauppi et al. (1997) approximately 30 % (9.3 million ha) of total land 

surface in Finland is covered by peatlands. Original area after the World War II was 

estimated 10.4 million ha (Mikola 1989). When comparing the peatlands proportion of 

land area, Finland has the highest fraction of peatlands in the world (Vasander et al. 

2003). Also, more than 25 % of land area in Sweden is covered with peat (Fredriksson 

1996). Peat surface area in Norway and Denmark is also significant, but smaller in 

comparison to Finland and Sweden. Relative peat cover (%) in Fennoscandia is 

presented in figure 4, according to Montanarella et al. 2006. Approximately 50 % of 

total peatland surface in Europe (EU Member States and Candidates) is drained, while 

most of the undrained areas are in Finland and Sweden.  

 

Figure 4. Distribution of peatlands and peat-topped terrains in Fennoscandia, 
according to European Soil Database. (Modified from Montanarella et al. 2006) 
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3.2 Management of peatlands in Nordic countries 

The main drivers for peatlands drainage and reclamation in Fennoscandia have been 

the need for food production and later on, growing demand for energy production. 

Peatlands suitability for agriculture has been recognized already in the 12th century, 

but intensive reclamation started only few hundred years ago (Rydin & Jeglum 2006, 

263). In the beginning and middle of 20th century, large peatland areas were drained 

for agriculture in Finland and Sweden (Sopo 2001, Hånell 1990). Similarly in Iceland, 

the draining of peatlands for agriculture started in 1940s. Drainage for forest started 

slowly in 1950s and expanded to large campaign in 1960s–1970s. During 70s, global 

energy crisis forced nations to search alternative energy sources and e.g. Finland 

started the first national energy peat development programme (Sopo 2001). In the 

next decades large areas of peatlands were drained for energy production purposes. 

Information about peatlands use in Europe is partly defective and no detailed 

information is available. Based on the available data Schilst et al. (2008) estimate that 

more 65 000 km2 of European peatlands have been drained for agriculture, almost 90 

000 km2 for forestry and 2 300 km2 for peat extraction. Draining has been especially 

intensive in Nordic countries (Finland, Sweden, Norway, Denmark and Iceland), where 

the pristine peatland surface has decreased considerably. 

At the moment, fractions of undrained peatlands vary from 80 % in Norway to 9 % in 

Denmark (Maljanen et al. 2010). Peatlands are drained mainly for forestry and 

agriculture, in addition to peat extraction especially in Finland and Sweden (Table 1). It 

is challenging to estimate accurately peatland coverage and land-use options due to 

e.g. constantly abandoned and restored peat extraction sites and pastures. In Finland 

and Sweden, peatlands have been drained intensively for forestry (50–60 % of original 

peatland area). Agriculture is the second most common land-use option after forestry– 

largest in Sweden after Finland. It should be also pointed out, that part of the 

peatlands originally drained for agriculture has been reforested, abandoned or they 

have lost all the organic matter being now mineral soils. Thus total area of peat soils 

used for crop production in Sweden and Finland is constantly decreasing. (Paavilainen 

& Päivänen 1995, Berglund 1996, Myllys & Sinkkonen 2005) 
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Table 1. Peatland areas (km2) and land-use options in Nordic countries. These data are 
not fully compatible between countries due to different definition and calculation 
bases, but it provides an approximate comparison for peatland land-use options and 
original areas in Nordic countries.  

Soil use option Original 

 

Unmanaged Agriculture Forestry Peat extraction 

Finland 104 000l 30 000a 2500b 63 000b 745c 
Sweden 103 000de 49 000d 3015e 50 000d 102 – 400f 

Norway 25 000g 20 000j 850j–1500g  4200i 0 

Denmark 10 000i 910i 600i –1530k nd 9k 

Iceland 9000f 4000f 1300h 6f 0 

(a GTK 2015, b Finnish Ministry of Agriculture and Forestry 2011, c Pirkonen 2012, d 
Hånell 1990, e Berglund and Berglund 2010, f Maljanen et al. 2010, g Grønlund et al. 
2006, h Paavilainen and Päivänen 1995, i Djurhuus et al. 2005, j Norwegian Pollution 
Control Authority 2009, k Nielsen et al. 2009, l Mikola 1989, nd = no data). 

 

In Norway peatlands are also drained mainly for forestry, but most of them are in 

original state (Maljanen et al. 2010). More than half of peatlands in Iceland are 

drained. In comparison to other Nordic countries, peatland forestry in Iceland is a 

minor land-use option and peatlands are mainly utilized for agriculture, which is 

increasing due to growing demand of pastures (Björnsson et al. 2008). Denmark has 

the smallest unmanaged peatland area – peatlands are used extensively for 

agriculture. Peat extraction is the most practiced in Finland, where 745 000 ha have 

been drained for peat harvesting (Table 1) and 250 000 ha is currently in active use 

(Finnish Ministry of Agriculture and Forestry 2011). In contrast, peat harvesting is 

uncommon in Norway and Denmark (Table 1). In smaller scale, peatlands are drained 

for energy crop production, they are used as water stores, and abandoned areas can 

be taken for recreational use or restored to serve again as biodiversity hot spots. 

3.3 Effects of drainage on peatlands 

Drainage lowers the water table in the peat in order to support tree/crop growth or to 

enable peat harvesting by enhancing aeration (at least 40 cm) via deepening oxic soil 

horizon (Päivänen & Hånell 2012 in Similä et al. 2014). In Fennoscandia, draining is 

typically performed by a combination of closely spaced plough furrows and deep 

(effective ditch depth 0.5–2 m) lateral ditches (Holden et al. 2004). Ditch spacing varies 

depending e.g. on the needed drainage intensity, nutrient availability and soil 
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physiology (Ahti 1980). Ditch network typically consist of main drainage ditch(es) 

located in the lower parts of  peatlands with the smaller connected feeder ditches 

entering it diagonally and with respect to the natural inclination to optimize drainage. 

Peatlands for forestry and peat extraction are drained usually with open ditches, but 

for agricultural purposes subsurface drainage provides better starting point. Ditch 

network require regular maintenance – especially in forested sites ditch clearing is 

essential to maintain stable drainage and water table level. 

Effects of peatland drainage to downstream water system have been studied already 

since 1960s, when Conway and Millar (1960) pointed that moorland drainage increases 

flooding. Similarly, the effects of forestry runoff have been studied during several 

decades (Kenttämies & Mattson 2006). Later on, drainage impacts have been studied 

intensively and increasing awareness has led to national and international guidelines 

for water protection actions. It has been estimated that agriculture practiced on 

peatland can release 2–3 times more nutrients to water streams compared to similar 

agriculture in mineral soil (Finnish Ministry of Agriculture and Forestry 2011). Drainage 

has straight impacts on peatlands hydrology, biochemistry and physical properties. 

This leads to multiple effects on surrounding environment and peatlands usability. 

Lowered water table stops peat accumulation process and changes natural flow 

directions of water (Similä et al. 2014). Decreasing water table consolidates peat and 

the soil surface may fall as much as 2.5m over 5–10 years (Berglund 1996). Natural 

stage peatlands may act as net sources or sinks for greenhouse gases (GHG) (CO2 and 

CH4), which depends mainly on the weather conditions. Draining increases peatlands 

GHG flux (CO2, CH4 and N2O) due to deeper oxic layer and changed biochemical 

conditions. (Maljanen et al. 2010, Berglund & Berglund 2010)  

The focus of this study – nutrient load – is essentially connected to peatlands 

hydrologic conditions and to changes, that lowering WT causes in peat soil. The 

phenomena and mechanisms behind nutrient load from drained peatlands together 

with other impacts on the water systems will be presented in the following chapter.  
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3.3.1 Impacts on peatlands hydrology  

Fundamentally nutrient load depends on the water movement and water quality in 

peatlands. As a rule of thumb – the higher is the discharge and its nutrient 

concentration, the higher is the formed load. In practice runoff and nutrient leaching 

are formed by a complex process determined by natural leaching, peatlands nutritional 

status and geochemistry, land-use option, used drainage method and other 

environmental factors. The most fundamental drainage impacts on nutrient load are 

changed geochemical conditions in soil due to deepened oxic layer (Holden et al. 2004) 

and increased runoff (Prévost et al. 1999). In general, nutrient load is elevated 

permanently after drainage, unless peatland is abandoned and restored, which still will 

at least temporarily increase load compared to the original situation (Similä et al. 

2014). 

Draining alters natural movement of water, especially in horizontal direction, and 

increases runoff volumes. According to Similä et al. (2014), the total change in mires’ 

water storage can correspond to a year or more of runoff. A significant proportion of 

annual nutrient load and water discharge into water systems from peatlands occur 

during high-flow events such as heavy rain occasions and snowmelt (Dinsmore et al. 

2011). Especially the annual spring snowmelt is the most extreme hydrological event in 

northern peatlands and has been estimated to represent 50 % or more of the total 

annual runoff both in Finland and Sweden (Laudon et al. 2004, Kortelainen et al. 1997).  

Also, the timing and nature of runoff events may change, but typically depending on 

the use of peatland this effect diminishes over time (Hynninen & Sepponen 1983). 

Studies about impacts of drainage on maximum runoff levels show variable results, but 

generally annual runoff peaks have been observed to increase (Holden et al. 2004). 

This is explained both by the straight discharge effect of build ditch network and by the 

decreased ability of peat to absorb water as “sponge”. Nutrient load may increase also 

due to access of the “old water” in runoff when water level deepens after drainage. 

This “old water” refers to water in deep peat layers and it is usually nutrient rich and 

humic. These waters may join to runoff discharge during low discharge levels. Kløve 

(2001) found a link between low runoff season and increased P concentrations. In 
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contrast, so called “new water” from surface runoff can dilute P concentrations. 

Effects of “old water” can be seen also during ditch maintenance operations, when 

new soil layers are exposed. (Kløve 2001)  

3.3.2 Impacts on water quality 

Increased total runoff and higher runoff peaks increase loads into downstream water 

systems together with altered biochemical conditions. Special attention has been paid 

especially on concentrations of suspended solids (SS), dissolved organic carbon (DOC), 

heavy metals and different fractions of N and P. SS concentrations are associated with 

discharge fluctuations (Marttila & Kløve 2010) and elevated levels are typical during 

and after ditch maintenance operations (Nieminen 2010). In peatlands, load of SS is 

mainly created by induced soil erosion after drainage and during high-flow events 

(Mattson et al. 2003).  

High concentrations of SS can lead to physical, biological and chemical alterations of 

water body (Bilotta et al. 2008). Physical changes may include decreased light 

permeability (elevated turbidity), increased cost of water treatment (Ryan 1991) and 

decreased life span of damns and other water structures (Verstraeten & Poesen 2000). 

Often different chemical compounds, e.g. P, heavy metals and pesticides, are bound to 

SS particles and thus can cause eutrophication, local lack of oxygen and harm the 

metabolism of water organisms (Kronvang et al. 2003). Biologically, high SS levels may 

impact organisms’ reproduction and cause physical damages (Bilotta et al. 2008). A risk 

of increased heavy metal leaching from drained peatlands is linked to above-

mentioned SS load, but also to deepened water table level that allows water flow 

through deeper peat layers, where metal concentrations tend to be higher. (Kløve et 

al. 2012) 

High SS levels and increased runoff from peatlands are partly linked to elevated DOC 

levels. For example Edwards et al. (1987) found a trend of increased DOC levels in 

peatlands drainage waters. Temporarily increased DOC levels have been reported right 

after the drainage, when static water storage empties (Kondelin 2006). On the other 

hand, according to Sallantaus (1988) reduced surface runoff through upper peat layers 

by ditching decrease the amount of leaching DOC. Thus the effects of drainage on DOC 
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loads are not straightforward. The color of runoff water reflects DOC values in some 

extent and can be used to evaluate the amount of humic substances in drainage water. 

Typically color is low during spring due to the diluting effect of snowmelt waters and 

high after growing season, when nutrient rich waters join to runoff discharge. (Kløve et 

al. 2012)  

Also nutrient and heavy metal losses from drained peatland areas, especially forestry, 

are essentially connected to the load of SS and organic material in drainage water 

(Koelmans & Prevo 2003). Leaching P and N from peatlands are mainly in soluble form 

or bound to SS particles (Kløve et al. 2012). Most of the Finnish fresh water bodies are 

P-limited and therefore high P loads from peatlands to downstream water bodies can 

cause eutrophication. In the Baltic Sea and its river estuaries, N may act as limiting 

nutrient in a combination with P (Andersen & Laamanen 2009).  

Nutrient leaching may increase due to changed geochemical conditions in peat soil. 

Peatland loses its ability to absorb and filter chemical compounds and increased 

aeration in soil accelerates microbial activity and decomposition rate (Rydin & Jeglum 

2006, Holden et al. 2004). Phosphorus transportation is mainly determined by 

adsorption/desorption on soil particles, which is further determined by available 

oxygen, pH, redox potential and temperature (Boström et al. 1982). Increased level of 

oxygen and neutral pH of the soil and warm soil enhances mineralization of nutrients, 

especially organically bound P. This sudden change in mineralization can be too fast for 

plant uptake, and can lead temporarily to excess P in runoff water (Laiho et al. 2006). 

Similarly, when oxic layer deepens nitrification and nitrate production is increased, 

which leads to increased levels of inorganic N and risk of leaching. Nitrogen leaching 

from natural stage pristine mires is mainly organic and elevated levels of inorganic N in 

runoff waters are met after drainage (Kløve et al. 2012). Increased leaching from newly 

drained peatlands has been estimated to be 1.6 kg/ha for P and 21 kg/ha for N 

(Ahtiainen & Huttunen 1999 in Similä et al. 2014).  

Typically natural stage mires have low pH, which varies depending on the nutrient 

status of peatland (Kløve et al. 2012). Generally soil pH tends to increase in freshly 

drained soils and during ditch clearing (Paavilainen & Päivänen 1995, Prévost et al. 
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1999, Astrom et al. 2001) due to release of neutral and nutrient rich water from 

deeper peat layers (Kløve et al. 2012). Exceptions are peatlands located on sulphur-rich 

acidic sulphate mineral soils, where deepened oxic layer can cause acid runoffs peaks 

(Öster 2012).   

3.3.3 Timing of nutrient load and soil management actions 

Nutrient loads are generally presented as seasonal loads, e.g. over a year. Seasonal 

load is a cumulative sum of nutrients leaching during the observation period. Typically 

nutrient leaching is not continuous and consistent phenomenon. It depends on many 

environmental and human caused factors, such as weather conditions and applied soil 

cultivation actions. By observing the timing of load and performed soil management 

operations, it is possible to find explanatory variables for load formation. 

Chosen land-use option for peatland can increase nutrient load and affect the timing, 

e.g. trough ditch maintenance operations (Holden et al. 2004, Joosten et al. 2012). 

Elevated nutrient leaching from peat increases the need for fertilization both in 

forestry and agriculture. Peatlands nutritional status depends on the original mire 

type, but they are typically poor in P and some micronutrients (e.g. B, Mg, Cu) (Rydin & 

Jeglum 2006, 169). N fertilization might be required in cold regions, e.g. in North 

Finland. Also low soil pH may require liming treatment, which improves nutrient 

availability for plants. (Myllys 1998) Even though cultivated peatlands are fertilized 

according to recommendations, some of the added fertilizes escape and combine to 

nutrient load caused by drainage. Cultivated peatlands leach three times more 

nitrogen than representative mineral soils and higher portion of leaching P is lost as 

PO4-P form (Finnish Ministry of Agriculture and Forestry 2011). 

There are still only few detailed studies related to nutrient loads from cultivated 

peatlands. Myllys (1998) pointed out, that there is correlation between cultivated 

plant species and nitrogen load: peatlands in crop cultivation leached two times more 

nitrogen than lands used for grass production independently of applied fertilizer. In 

the same study, amount of P load did not vary between plant species. Differences in 

water impacts between used crop species may arise from the different need of 

fertilizers and soil tillage, crop rotation, harvest time and from the plant specific 
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characteristics such as rooting depth and nitrogen fixation ability (Miller et al. 1993, Liu 

et al. 2014). 

In forestry the timing and amount of nutrient loads is strongly dependent on 

performed silviculture operations, such as clear cutting, fertilizing, ditch cleaning and 

original drainage depth. The use of fertilizers in forestry has decreased since 1980s, 

which could be seen as decreasing N and P loads. (Kenttämies & Mattson 2006) 

Correct and careful ditch cleaning and clear cutting can control the intensity of forming 

load (Ahtiainen & Huttunen 1999, in Similä et al. 2014). According to Lappalainen 

(2009) peat extraction accounts for 0.7 % of the total P and 0.9 % of total N loads in 

Finland, which is less than agriculture and forestry. Harmful impacts of peat extraction 

have been related especially to increased load of SS after runoff peaks. Peat harvesters 

in Finland are obliged to purify drainage waters using e.g. sedimentation ponds during 

soil frost-free months (May-October). With these preventive methods quality of 

drainage waters from peat extraction can be improved and impacts to water systems 

diminished. (Pirkonen 2012) 

As described in previous chapters, nutrient load formation is a complex process 

determined by natural and human caused factors. A conceptual model in figure 5 

presents and summarizes the main factors participating in nutrient load formation 

from drained peatlands. Formed load is a sum of natural leaching and leaching caused 

by drainage and land-use option specific soil management actions, unless runoff 

waters from peatland are treated in order to decrease loads into downstream water 

bodies.  
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Figure 5. A conceptual model presenting main factors influencing nutrient load formation in drained peatlands with different land-use options. 
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4 MATERIALS AND METHODS 

4.1 Study site description 

The study site was located in Northern Finland in the Pelso village that belongs to the 

municipality of Vaala (Figure 6). Study area includes three different drained sites that once 

belonged to the same bog complex and pristine mire that is located apart from the other 

ones. The three drained sites are used for agriculture, peat extraction and forestry. Drainage 

in the area was started in the early 18th century. 

 

Figure 6. The Pelso study site location in North Ostrobothnia of Finland. (Basemap © 
National Land Survey of Finland, www.paikkatietoikkuna.fi, 2015) 

 

Temperature during observation period (April–September) varied between -0.2 and 15.5 °C 

and mean temperature was 8.5 °C. Mean precipitation was 2.7 mm d-1 with highest monthly 

average in August (4.4 mm d-1). (Figure 7) 
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Figure 7. Average daily temperature and precipitation in the study area during observation 
period 1.4.–31.10.2012 (Source: Finnish Meteorological Institute, Vaala (Pelso) 
meteorological weather station). 

 

Study sites surface area varies from 5 to 72 ha with a peat layer between 1.0 and 3.0 m. The 

peat extraction site has the deepest ditches and the widest ditch spacing of the drained 

areas, whereas the cultivated peatland has the shallowest ditches with smallest spacing 

(Table 2). According to von Post humification classification, decomposition varies from H3 to 

H5.  

Table 2. Characteristics of study sites: surface areas (ha), mean peat depth (m), ditch depth 
(m) and ditch spacing (m). Humification is presented according to von Posts classification as 
median together with minimum and maximum values. 

Study site Area of 
study 

Peat 
depth 

Ditch depth Ditch spacing 
Von Post’s 

humification class 

Cultivated peatland 5 1.0–1.5 0.85 11–26 H4 (H4–H6) 
Peatland forest 11 1.5 0.70 30 H5 (H2–H8) 
Peat extraction site 72 1.4 1.0–1.5 20 H5 (H4–H8) 
Pristine mire 30 1.2-3.0 - - H3 (H1–H10) 

 

Study sites are located close to each other: the cultivated peatland, the peatland forest and 

the peat extraction site are inside the same influence area and the pristine mire few 

kilometres south (Figure 8). Sites are not studied entirely – areas under observation are 

marked with vertical black lines. 



33 
 

 

 

Figure 8. Study sites location in Pelso, Vaala. Runoff areas used in this study are rasterized.  
Pristine bog (blue colour) is located to south from three other study sites. (Basemap © 
National Land Survey of Finland (www.paikkatietoikkuna.fi), 2015). 

 

Agricultural production (Figure 9A) was started in the cultivated site (orange area in Figure 8) 

in 1948, after the site had been drained during 1930s and 1940s. Open ditches were used as 

a drainage method (ditch depth 85 cm and spacing 11–26 m). At the same time mineral soil 

was mixed to the top-layer to enhance arability. The cropping rotation currently in use is 3–4 
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years of grass ley (Phleum pratense) and one year of barley (Hordeum vulgare). During this 

study, part of the field was cultivated with grass ley (3.6 ha) and part with barley (1.5 ha). 

During cultivation, the site has been treated with liquid manure and inorganic fertilizers. In 

addition, every 3–4 years dolomite lime has been applied to increase pH of the soil. Total 

area of the cultivated site is 14.5 ha, 5.1 ha of which was included in this study.  

 

Figure 9. The studied land-use options A) the cultivated peatland, B) the peatland forest, C) 
the peat extraction site and D) the pristine mire. (Pictures: Maarit Hyvärinen 2012) 

 

The peatland forest (Figure 9B) site is located next to the cultivated site (green area in Figure 

8). Total area of the forest is 21 ha of which 11.3 ha were surveyed in this study. The forest is 

a Dwarf shrub-type forest (Vatkg) and its drainage was started during 1970s also with open 

ditches (ditch depth 70 cm and spacing 30 m). Dominating tree species are pine (Pinus 

sylvestris) and birch (Betula pubescens). Despite the drainage actions, the site have never 

been used for intensive silviculture and no fertilize neither lime have been added. Peat layer 

is thick (approximately 150 cm). Drainage is not working properly in some parts of the forest, 

where water table is near the soil surface. Thus, the forest is poorly growing.  
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The peat extraction site (Figure 9C) (Pelsonrimpi II) (brown area in Figure 8) used to be a part 

of a poorly drained peatland forest drained in 1970s, at the same time as the forest site. The 

site was re-drained in 2006 (ditch depth 100–150 cm, spacing 20 m) for peat extraction 

purposes. Currently it is owned and managed by Vapo Oy. Since the drainage, soil surface 

level has decreased 50 cm and every year peat harvesting decreases an additional 10 cm. 

Due to extraction technical reasons, soil near the ditches has been moved to the centre parts 

of the extraction stripes. Total area of the site is 84 ha of which 56 ha are in active peat 

extraction use, 16 ha are drained for harvesting but not in use and 12 ha are restored using 

reed-canary grass. In this study, the observed runoff area was 72 ha after excluding the 12 

restored ha. 

The natural state pristine mire (Figure 9D) is located further from the other three sites (blue 

area in Figure 8). It is known by a name Kallioneva. In this site, peat layer depth varies from 

average 120 cm up to maximum 300 cm (Häikiö 2008). Sites peat composition is Sphagnum 

(85 %) dominated together with Carex (15 %) species. Total size of the mire is 44 ha of which 

30 ha were included in this study.  

4.2 Nutrient load data 

4.2.1 Water sampling 

Water samples were taken from ditches at each study site. There were 10 water samplings 

during the sampling period (April–October), but water samples were not taken from every 

point at every sampling occasion. Number of samplings in each point varies between 4 and 

10, where average of the sampling occasions is 8. There were three sampling points (VP1, 

VP2 and VP3) in the cultivated peatland – two in the ditch next to the grass lay field and one 

next to the barley field (Figure 10). Peatland forest had four sampling points (VM1, VM2, 

VM3 and VM4), one in each corner of the square shaped area (Figure 10). 
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Figure 10. Water sampling points in the cultivated peatland (VP1, VP2 and VP3) and in the 
peatland forest (VM1, VM2, VM3 and VM4). (Basemap © National Land Survey of Finland 
(www.paikkatietoikkuna.fi), 2015) 

 

Outflowing water from the peat extraction site was sampled in two sampling points (VT1 and 

VT2) before sedimentation ponds (Figure 11). There were four water-sampling points (VS1, 

VS2, VS3 and VS8) in ditches of the pristine mire (Figure 11).  
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Figure 11. Water sampling points (VT1 and VT2) in peat extraction site and in pristine mire 

(VS1, VS2, VS3 and VS8). (Basemap © National Land Survey of Finland 

(www.paikkatietoikkuna.fi), 2015) 

  

Equipment used in water sampling were acid washed. Taken water samples were analysed 

for soluble total phosphorus (Ptot), soluble phosphate phosphorus (PO4), dissolved organic 

carbon (DOC), metals (Fe, Al, Mn) and soluble total nitrogen (Ntot) in the accredited 

laboratory of Finnish Environment Institute. Not all the parameters were determined from 

each sample. The suspended solid (SS) concentration was measured with filtration using 

GF/C filter, pore size 1.2 μm (Standard EN 872: 2005) in the Water Resources and 

Environmental Engineering Laboratory together with colour. Electric conductivity (EC) and 

pH were measured on the field. Most of the samples were analysed as composite samples. 

Two samplings – one in spring (May) and one in autumn (October) – were analysed 

separately from each sampling point. Results from each water-sampling occasion are 

presented appendix 2(1–3).  

4.2.2 Runoff measurements 

Runoff from the study areas was determined with continuously measuring water level 

loggers (Intech´s Water Level and Temperature Data Logger) and with flow velocity 
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measurements. Water level loggers were installed in all the water-sampling points. They 

were installed in April (24.–26.4.2012) and taken away in October (25.10.2012). Loggers 

recorded water level in every 15 min. Functionality of the loggers was checked regularly and 

water level was also measured manually during every water-sampling occasion. Collected 

water level data was corrected according to the manual measurements and calibrations 

done before logger installation. Possible errors e.g. due to logger falls were corrected 

linearly using the known water levels from manual measurement. Water level was measured 

from the bottom of the ditch, except in the pristine mire, where water depth was 

determined in relation to the moss layer. Vegetation may have altered water flow in open 

ditches. The pristine mire ditches had an excessive moss growth that acted as water flow 

barrier. Thus, valid water discharge leaving the area was determined using the depth of 

water on top of the moss layer (Figure 12).  

 

Figure 12. Schematic illustration for water level determination in moss-free and moss-filled 
ditch. 

 

Water flow velocity (m s-1) was measured while water sampling using a current meter 

(lowest observed velocity 0.01 m s-1). At the first sampling in April, velocity could not be 

measured due to ice cover. There were also sampling occasions when velocity was zero or 

below the measurement range. Thus the number of data varies between study points. The 

point VS1 in the pristine mire did not have measurable flow during the study period. 

Therefore it was assumed that no water left the area through this point and it was excluded 

from the data set.  

Velocity measurements were done next to the water level loggers in the ditches at each 

sampling point. To find out velocity profile of a ditch, several measurements were done 

across the entire ditch width in different water depths.  Width and depth of the ditch at 

different points were determined. Based on these dimensions, cross-sectional area (m2) was 

determined using discharge software from Finland´s Environmental Administration. 
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Discharge (Q) (m3 s-1) is a product of water velocity (v) and cross-sectional area (A) (eq. 3) 

and it was calculated for every sampling event as follow: 

𝑄 = 𝑣 ∙ 𝐴 .       (3) 

Using the above mentioned calculation method and manual measurements discharge (Q) – 

water level (h) – curves (rating curves) were created for each sampling point by using the 

curve fitting method. These curves were linear (y = kx + b (eq. 4)) or power (y = cxb (eq. 5)) 

depending on the dataset (in the equations 4 and 5, y represents discharge and x represents 

water level). Rating curves are presented in appendix 1(1–6). They were used to estimate 

discharges over the study period at each data point. Thus, with the measured and corrected 

water level data, discharge could be calculated for the examined time period. This method 

provides a reliable way to estimate discharge over the study period, when discharge is not 

significantly low. With low velocities the precision of curve-fitting method decreases. Thus 

discharges during low velocities were marked as zero that is most likely close to reality based 

on the observed, low velocities.  

Water level logger in the peatland forest in point VM3 was destroyed in September, when 

ditches were cleaned with heavy machinery. For this reason, there is a lack of water level 

data 7.–26.9.2012 at this point. Missing discharge data was replaced by linearization 

between known water levels on 6.9.2012 and 26.9.2012 and load calculations were 

performed as in the other points, as described in the chapter 4.2.3. For some study points, 

discharges were monitored only during time period 8.5.–9.10.2012, so the runoff 

comparison is presented based on data from this time period. Load calculation instead is 

based on point specific measurement range. 

4.2.3 Load calculation 

Seasonal load is affected by the nutrient concentration in water and by the amount of 

runoff. Load (L) for observed time period can thus be calculated with the know 

concentration (c) (e.g. as g l-1) and with the know discharge (Q) (e.g. as l d-1) for wanted time 

scale (eq. 6). Using the units given as an example, the loads would be presented as g d-1. 

(Tattari et al. 2014). Used equation is presented as: 
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𝐿 = ∑ 𝑐(𝑡𝑖)
𝑘
𝑖=1 ∙ 𝑄(𝑡𝑖) ,    (6) 

where  

L = seasonal load 

k = number of observation days 

c(ti) = daily concentration 

Q(ti) = daily discharge. 

 

In long-term studies, it is not typically possible to measure daily concentrations. Therefore, 

in this study, daily loads were calculated based on concentrations determined on each 

sampling occasion concentrations. Used discharge is daily average. For example if water 

samples were taken on 24th of April and 10th of May, concentrations measured on 24.4 were 

used in load calculation until the exact sampling time on 10.5. To facilitate comparison 

between areas of different size, loads are presented as daily/seasonal load per hectare. 

Areas of study sites (as presented in figure 10 and figure 11) can be seen in table 2 presented 

earlier.  

Loads for SS, Ptot, PO4 and DOC were calculated for time period 3.5.–9.10.2012 (160 days). In 

the pristine mire, one point (VS8) was observed only from 8.5.2012 onwards but the effect 

of this was considered to be minor. The available data during spring and early summer 

(April–June) for Ntot, Fe, Al and Mn was insufficient and the amount of know concentration 

points was inadequate. In some points, there were neither water samplings during the end 

of October. Therefore loads for these compounds were calculated for the time period 25.6.–

9.10.2012 (107 days) in order to achieve the same observation period for all the points, and 

to reach a frequent set of concentration points. A load for full observation period for each 

study point is presented in appendix 3. 

Runoff from the cultivated peatland site was measured in sequential points in one’s ditch. 

Thus formed load accumulates towards the last point (VP3), which was taken into account 

when calculating the total load. The load at each point was calculated as difference to the 

previous one. Point VP1 represents incoming load including nutrients also from other 

sources than agriculture. Point VP3 is a reference point for outgoing water. Therefore total 

load for the cultivated site was calculated as difference of VP3–VP1. Similarly load for grass 
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was the difference of VP2–VP1 and load for barley, the difference VP3–VP2. Average water 

quality data is presented correspondingly.  

4.3 Soil characteristics 

Characteristics of soil can affect the nature and amount of formed load. Therefore both 

physical and chemical properties of peat were studied to evaluate their possible effects.  

4.3.1 Soil sampling 

Soil samplings were done in the autumn 2010 and the summer 2011 from three points in the 

cultivated peatland, the peat extraction site and the pristine mire. In the peatland forest, 

samples were taken from two places. Samples were taken using a soil auger from soil profile 

0–75 cm. In the pristine mire, sampling was extended down to 140 cm due to deeper peat 

layer. For transportation, samples were cut in pieces (15 cm) and sealed with plastic bags to 

avoid air contact. Samples were stored in a cold room (+4 oC) before analysis.  

4.3.2 Analytical methods for studied parameters 

Physical properties of peat and pH 

Soil samples were analysed for pH, water content, dry matter content, ash content, dry bulk 

density, amount of organic matter & porosity. For soil pH determination peat was mixed 

with deionized water according to 1:2.5 ratio (v/v) and it was left to settle at least 30 min or 

overnight before measuring the pH.  

Water and dry matter content determination was done according to the European SFS-EN 

12880 standard. In the process, soil was dried 24 h in 70 oC and afterwards overnight in 105 

oC (some samples were dried in 85 oC until weight did not change anymore). Bulk density and 

porosity were determined by saturating samples of known volume and then drying them as 

described above. For ash content and organic matter European standard CEN/TS 14775:1 

was used. According to the standard, soil was heated up in oven up to 250 oC for 60 min and 

then up to 550 oC for 2 h. Remaining soil was measured as ash content and the organic 

matter was determined as a loss of ignition.  
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Determination of total P, Fe, Al and Ca 

To study potential for P leaching from peat, concentrations of Ptot and metals (Al, Fe, Mn) in 

soils of the study sites were determined. Concentration of compounds may vary vertically in 

soil profile, which can alter load formation. Peat samples taken from the cultivated site were 

analysed separately for each 15 cm of the profile until 75 cm depth (0–15, 15–30, 30–45, 45–

60 and 60–75 cm). This was due to observed clear layer structure at this site, resulting from 

intensive soil modifications typical for cultivation. Samples taken from the peatland forest 

and the peat extraction sites were divided into surface (0-15cm) layer and deeper horizon 

(45–60cm) layer. Peat layer in the pristine mire is thicker than in the other sites and thus 

composition could also be assumed to be different. Samples were divided into four horizons: 

0–15, 15–60, 60–75 and 75–140 cm.  

Hydrochlorid acid (HCl) extraction (the ignition method) of Anderson (1976) was used to 

analyse total P, Fe, Al and Ca. For better accuracy, analyses were carried out in duplicates, all 

equipment used were acid washed and high purity 18 MΩcm−1 water (Milli-Q, Millipore) 

was used. To remove excess water, first 2–3 g of wet peat was weighted and oven dried in 

70 oC for 24 h and then overnight in 105 oC. Remaining peat was then ignited in muffle 

furnace at 550 oC for 2 h. After cooling down ignited samples were re-wetted with a small 

amount of alcohol (96% ethanol) and 2.0 ml of 6 M HCl was added to the residual samples. 

Formed solution was then gently heated up for 15 min. After this another 10.0 ml of 1 M HCl 

was added and solution was again heated up, now for 20 min. Formed peat solution was 

filtered using a 0.45 µm glass-fibre filter paper and analysed using inductively coupled 

plasma-optical emission spectrometry (ICP-OES) in Finnish Environment Institute. 

Different fractions of phosphorus 

P in soil can be divided into easily soluble and more stable fractions, and it can be found 

bound to other compounds such as metals like Fe, Al and Ca. Fractionation depends on other 

soil characteristics, for example acidity and redox potential. These different fractions and 

types of P have different tendency for leaching. To evaluate possible effects of P types on 

load formation, peat samples were analysed for different fractions according to the method 

of Chang and Jackson (1957). In this method, 1.0g of peat is sequentially extracted with 50ml 

of 1 M NH4Cl, 0.5 M NH4F, 0.1 M NaOH, and 0.25 M H2SO4 as illustrated in figure 13. 
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Figure 13. Steps of phosphorus fractionating process (Chang & Jackson 1957) according to 
Nieminen & Penttilä 2004. 

 

On each step, sample is shaken for 16 h in 20 oC and the residue sample continues to the 

next step. In each extraction phase P is separated for inorganic (IP) and organic (OP) P of 

which the latter one is calculated as difference of total P and inorganic P. Ptot and phosphate 

phosphorus (PO4-P) were determined with molybdenum blue method using representative 

standard. Ptot was digested and analysed using peroxodisulfate method (SFS 3026: 1986) and 

PO4-P using a standard SFS 3025:1986. The methods are applicable when phosphorus 

concentration of water is 2–800 µg l-1. Colour may alter the NH4F extraction and which was 

eliminated by using blank samples.  
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5 RESULTS 

5.1 Water discharge in studied land-use options  

Water discharge from the study sites for time period 8.5.–9.10.2012 is presented in table 3. 

Discharge from the peatland forest was higher (26.5 l s-1) than from the peat extraction site 

(16.5 l s-1) and the cultivated site (10.2 l s-1). However, discharge proportion to the 

catchment area i.e. runoff were clearly lower from the peat extraction site than from the 

cultivated site and the peatland forest. In the cultivated site, the barley field had three times 

bigger discharge than the grass field. The pristine mire had the smallest discharge and 

runoff. 

Table 3. Mean discharges (Q), standard deviation (S.d) and maximum daily discharges (Max 
Q) for study points and study sites between observation period 8.5.–9.10.2012. Mean 
runoffs (q) are presented per hectare for total areas. 

Study site Point Mean Q (l s-1) S.d. (l s-1) Max Q (l s-1) 
Mean runoff q 

(l s-1 ha-1) 

Cultivated 
peatland 

Grass VP2 3.6 16.0 131.9  
Barley VP3 10.6 15.7 65.1  

Total 10.2 17.1 86.6 2.0 

Peatland forest 

VM1 4.8 6.5 31.9  
VM2 1.8 2.9 10.4  
VM3 21.0 11.4 73.7  
VM4 1.4 7.6 73.7  
Total 26.5 25.7 181.7 2.3 

Peat extraction 
VT1 12.1 20.1 91.9  
VT2 4.4 8.7 46.9  

Total 16.5 28.4 138.7 0.23 

Pristine mire 

VS2 0.6 0.2 1.0  
VS3 1.0 0.7 1.7  
VS8 3.0 2.2 6.3  

Total 4.6 2.4 8.7 0.15 

 

The cultivated peatland had a high peak of discharge in early spring (Figure 14). Also the 

peatland forest showed elevated discharge in April and the peat extraction site in May 

(Figure 14, Figure 15). Heavy precipitation event in August could be seen as high discharge 

peak in all sites except in the pristine mire, where the peak was not outstanding and rather 

delayed (Figure 15). Furthermore the overall discharge in the pristine mire is equally 

distributed between June and August with several peaks of similar maximum runoff. 

Discharge is low in spring and declines sharply towards autumn. Water storing capacity and 
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groundwater flow in the pristine mire keep the WL more stable compared to other drained 

sites, which explains the different runoff pattern.  

 

Figure 14. Mean daily discharges (Q) in the cultivated peatland and the peatland forest 
during observation period 26.4.–25.10.2012 for the forest and 26.4.–9.10.2012 for the 
cultivated site. 
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Figure 15. Mean daily discharges (Q) in the peat extraction site and the pristine mire during 
observation period 3.5.–9.10.2012 for the peat extraction and 8.5.–9.10.2012 for the pristine 
mire. 

 

5.2 Quality of outflowing water 

In this chapter, the status of water leaving each study site is observed based on the 

measured, average concentrations. Later the different crop fields in the cultivated peatland 

are presented separately. Water quality in each study point can be seen in the appendix 2 

(1–3) in more detail. 

5.2.1 Studied land-use options 

Outflowing water from the pristine mire was more acid (pH 4.0) than from the drained sites 

(pH 4.7–5.8) (Table 4). Colour value was the highest in the cultivated peatland (474 mg/l Pt) 

and the peatland forest (414 mg/l Pt) compared to the other two sites (232–284 mg/l Pt). 

The peatland forest had clearly the highest concentration (76.5 mg l-1) of suspended solids 

(SS) in the runoff water. Generally, the samples from the pristine mire had lower 

concentrations of SS (14.3 mg l-1) than the samples from the drained study sites (20.8–76.5 
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mg l-1). Concentration of dissolved organic carbon (DOC) was the lowest (25 mg l-1) in the 

peat extraction site and did not vary outstandingly between the other sites (32–36 mg l-1).  

Table 4. Mean, standard deviation (S.d.), minimum (Min), maximum (Max) and number of 
samples (N) for EC, pH, colour, SS and DOC of outflowing water from study sites. Value for 
pH is presented as median (md.) together with quartiles. From the cultivated peatland 
concentrations are presented also separately for incoming and outgoing water in addition to 
statistical parameters of all points. 

Study site 
Observation period 

Parameter 
EC 
(mS cm-1) 

pH 
(md.) 

Colour 
(mg l Pt-1) 

SS 
(mg l-1) 

DOC 
(mg l-1) 

Cultivated 
3.5.–9.10.2012 

Mean 36 4.7 474 25.6 35.9 
S.d. 21.7 4.4*–5.1** 331 47.4 9.5 
Min 19.0 3.82 200 0.37 22.0 
Max 97.0 5.59 1250 234.2 57.0 
N 30 27 18 27 30 

Cultivated inflow 
(VP1) 

Mean 34 4.7 483 23.83 38 
S.d. 18.9 4.0*–5.0** 395 29.43 11 
Min 19.0 3.86 200 0.50 22 
Max 78.0 5.45 1250 75.76 57 
N 10 9 6 9 10 

Cultivated outflow 
(VP3) 

Mean 38 4.7 496 32.75 36 
S.d. 26.1 4.5*–4.8** 391 76.29 8 
Min 19.0 3.85 225 0.50 23 
Max 97.0 5.56 1250 234.15 44 
N 10 9 6 9 10 

Peatland forest 
3.5.–9.10.2012 

Mean 30 4.7 414 76.5 36 
S.d. 13.7 4.4*–5.0** 285 162.5 12 
Min 2.6 3.7 200 0.3 21 
Max 83.0 5.8 1250 650.9 65 
N 37 35 23 33 38 

Peat extraction 
3.5.–9.10.2012 

Mean 44 5.8 284 20.8 25 
S.d. 30.7 5.6*–6.1** 145 16.0 9 
Min 2.1 5.52 80 4.2 9 
Max 123.7 6.48 500 55.0 37 
N 14 13 12 15 15 

Pristine mire 
11.5.–11.10.2012 

Mean 45 4.0 232 14.3 32 
S.d. 11.5 3.9*–4.0** 121 47.8 7 
Min 26.0 3.70 90 0 14 
Max 68.4 4.18 500 235.7 46 
N 23 23 26 24 26 

Lower quartile (25 %), ** Upper quartile (75 %) 

 

Concentrations of Ptot and PO4 were high in the cultivated (0.093 mg l-1 and 0.076 mg l-1) and 

the peat extraction (0.092 mg l-1 and 0.067 mg l-1) sites in comparison to other two sites 

(0.042–0.015 mg l-1 and 0.029–0.005 mg l-1) (Table 5, Table 6). On the other hand, as 

illustrated by the high standard deviation in both the cultivated and the peat extraction sites, 
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P concentrations varied during observation period. The level of Ntot was the highest in the 

peat extraction site (4.6 mg l-1), when the concentrations in other sites ranged from 1.0 to 

2.5 mg l-1. The pristine mire had the smallest average concentration of Ptot (0.015 mg l-1), PO4 

(0.005 mg l-1) and Ntot (1.0 mg l-1), which reflects the nutrient holding capacity of an 

undrained peatland. Mean concentration of heavy metals Fe and Al were the largest in the 

cultivated peatland (7.1 mg l-1 and 0.57 mg l-1, respectively). Mn presented high 

concentrations in the peat extraction site (0.219 mg l-1), where average value was 4 times 

bigger than in other drained sites (0.055 & 0.056 mg l-1). In pristine mire, the heavy metal 

concentrations were clearly lower than in drained sites. 

Table 5. Mean, standard deviation (S.d.), minimum (Min), maximum (Max) and number of 
samples (N) for Ptot, PO4, Ntot, Fe, Al and Mn of outflowing water from the cultivated 
peatland. Concentrations are presented also separately for inflowing and outflowing water.  

Study site 
Observation period 

Parameter 
Ptot 

(mg l-1) 
PO4  

(mg l-1) 
Ntot      

(mg l-1) 
Fe 

(mg l-1) 
Al 

(mg l-1) 
Mn 

(mg l-1) 

Cultivated 
3.4.–9.10.2012 

Mean 0.093 0.076 1.6 7.1 0.57 0.053 
S.d. 0.112 0.105 0.5 8.4 0.17 0.018 
Min 0.017 0.007 1.1 1.6 0.43 0.037 
Max 0.480 0.440 3.6 35.0 1.10 0.110 

N 30 30 21 21 21 21 

Cultivated inflow 
(VP1) 

Mean 0.071 0.056 1.5 7.0 0.57 0.051 
S.d. 0.079 0.079 0.3 8.1 0.17 0.018 
Min 0.017 0.007 1.1 1.6 0.44 0.037 
Max 0.280 0.270 2.1 25.0 0.89 0.091 

N 10 10 7 7 7 7 

Cultivated outflow 
(VP3) 

Mean 0.118 0.098 1.8 8.3 0.59 0.056 
S.d. 0.155 0.144 0.8 11.8 0.24 0.024 
Min 0.020 0.009 1.3 1.6 0.43 0.040 
Max 0.480 0.440 3.6 35.0 1.10 0.110 

N 10 10 7 7 7 7 
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Table 6. Mean, standard deviation (S.d.), minimum (Min), maximum (Max) and number of 
samples (N) for Ptot, PO4, Ntot, Fe, Al and Mn of outflowing water from the peatland forest, 
the peat extraction site and the pristine mire.  

Study site 
Observation period 

Parameter 
Ptot 

(mg l-1) 
PO4  

(mg l-1) 
Ntot      

(mg l-1) 
Fe 

(mg l-1) 
Al 

(mg l-1) 
Mn 

(mg l-1) 

Peatland forest 
3.4.–9.10.2012 

Mean 0.042 0.029 2.5 6.6 0.33 0.054 
S.d. 0.036 0.033 1.1 8.1 0.15 0.028 
Min 0.011 0.002 1.4 1.8 0.07 0.034 
Max 0.190 0.160 4.6 26.0 0.59 0.120 

N 38 38 28 28 28 28 

Peat extraction 
3.5.–9.10.2012 

Mean 0.092 0.067 4.60 3.93 0.147 0.219 
S.d. 0.099 0.089 1.18 2.20 0.109 0.140 
Min 0.015 0.004 2.50 1.30 0.043 0.052 
Max 0.400 0.350 6.30 8.50 0.430 0.370 

N 15 15 10 10 10 10 

Pristine mire 
11.4.–11.10.2012 

Mean 0.015 0.005 1.00 0.45 0.067 0.004 
S.d. 0.013 0.011 0.92 0.39 0.046 0.003 
Min 0.004 0.002 0.25 0.07 0.013 0.001 
Max 0.073 0.056 3.10 1.90 0.220 0.009 

N 25 24 20 20 20 20 

 

5.2.2 Water quality in the cultivated peatland – grass and barley fields 

The cultivated peatland was divided into two separate fields of which the first one was 

utilized for grass and the second one for barley cultivation. Differences in water quality 

observed according to cultivation technique and plant species are described below. 

EC, pH, colour, SS and DOC did not show notable variation between the barley and grass 

fields neither in comparison to incoming water (Table 7). EC was relatively consistent over 

the study areas varying between 34–38 mS cm-1. A small growing trend towards the barley 

field can be pointed out. Average colour value was the highest in the barley field (496 mg l 

Pt-1), but difference to the grass field (442 mg l Pt-1) is not outstanding. Also, the mean 

concentration of SS was higher after the barley field (32.75 mg l-1) than after the grass field 

(20.31 mg l-1).  
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Table 7. Mean, standard deviation (S.d.), minimum (Min), maximum (Max) and number of 
samples (N) for EC, pH, colour, SS and DOC of outflowing water from the cultivated peatland 
separated to inflowing water and to water running from the barley (VP3) and the grass (VP2) 
fields. Point in the barley field also represents quality of outflowing water. Values for typical 
pH are presented as medians (md.) together with quartiles.  

Study sites 
Observation period 

Parameter 
EC 

(mS cm-1) 
pH 

(md.) 
Colour 

(mg l Pt-1) 
SS 

(mg l-1) 
DOC 

(mg l-1) 

Inflow (VP1) 
3.5.–9.10.2012 

Mean 34 4.7 483 23.83 38 
S.d. 18.9 4.0*–5.0** 395 29.43 11 
Min 19.0 3.86 200 0.50 22 
Max 78.0 5.45 1250 75.76 57 

N 10 9 6 9 10 

Grass field (VP2) 
3.5.–9.10.2012 

Mean 37 4.7 442 20.31 35 
S.d. 21.8 4.5*–5.0** 248 22.90 10 
Min 21.0 3.82 250 0.37 22 
Max 79.5 5.59 900 63.08 48 

N 10 9 6 9 10 

Outflow/barley field 
(VP3) 
3.5.–9.10.2012 

Mean 38 4.7 496 32.75 36 
S.d. 26.1 4.5*–4.8** 391 76.29 8 
Min 19.0 3.85 225 0.50 23 
Max 97.0 5.56 1250 234.15 44 

N 10 9 6 9 10 

Cultivated total 
3.5.–9.10.2012 

Mean 36 4.7 474 25.6 35.9 
S.d. 21.7 4.4*–5.1** 331 47.4 9.5 
Min 19.0 3.82 200 0.37 22.0 
Max 97.0 5.59 1250 234.2 57.0 

N 30 27 18 27 30 

Lower quartile (25 %), ** Upper quartile (75 %) 

 

Ptot and PO4 showed the highest mean concentration after the barley field (0.118 mg l-1 and 

0.098 mg l-1) (Table 8). Concentration of phosphorus in inflowing water was lower than in 

the water sampled after the grass and barley fields. Also Ntot presented a small growing 

trend in concentration towards the barley field (1.5 mg l-1  1.8 mg l-1). Fe and Al were 

slightly elevated in inflow (7.0 mg l-1 and 0.57 mg l-1) compared to water after the grass field 

(6.0 mg l-1 and 0.54 mg l-1), but their concentration increased again after the barley field (8.3 

mg l-1 and 0.59 mg l-1).  
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Table 8. Mean, standard deviation (S.d.), minimum (Min), maximum (Max) and number of 
samples (N) for Ptot, PO4, Ntot, Fe, Al and Mn of outflowing water from the cultivated 
peatland separated to inflowing water and to water running from the barley (VP3) and the 
grass (VP2) fields. Point in the barley field also represents the quality of outflowing water.  

Study sites 
Observation period 

Parameter 
Ptot 

(mg l-1) 
PO4 

(mg l-1) 

Ntot 
(mg l-1) 

Fe 
(mg l-1) 

Al 
(mg l-1) 

Mn 
(mg l-1) 

Inflow (VP1) 
3.5.–9.10.2012 

Mean 0.071 0.056 1.5 7.0 0.57 0.051 
S.d. 0.079 0.079 0.3 8.1 0.17 0.018 
Min 0.017 0.007 1.1 1.6 0.44 0.037 
Max 0.280 0.270 2.1 25.0 0.89 0.091 

N 10 10 7 7 7 7 

Grass field (VP2) 
3.5.–9.10.2012 

Mean 0.089 0.073 1.6 6.0 0.54 0.052 
S.d. 0.096 0.088 0.4 5.5 0.12 0.014 
Min 0.020 0.009 1.2 1.6 0.43 0.038 
Max 0.300 0.260 2.3 18.0 0.77 0.081 

N 10 10 7 7 7 7 

Ouflow/barley field 
(VP3) 
3.5.–9.10.2012 

Mean 0.118 0.098 1.8 8.3 0.59 0.056 
S.d. 0.155 0.144 0.8 11.8 0.24 0.024 
Min 0.020 0.009 1.3 1.6 0.43 0.040 
Max 0.480 0.440 3.6 35.0 1.10 0.110 

N 10 10 7 7 7 7 

Cultivated total 
3.5.–9.10.2012 

Mean 0.093 0.076 1.6 7.1 0.57 0.053 
S.d. 0.112 0.105 0.5 8.4 0.17 0.018 
Min 0.017 0.007 1.1 1.6 0.43 0.037 
Max 0.480 0.440 3.6 35.0 1.10 0.110 

N 30 30 21 21 21 21 

 

5.3 Loads in the different land-use options 

The loads (kg ha-1 d-1) over study period in the study sites are presented in table 9 and the 

cumulative total loads (kg season-1) in table 10. The daily load of SS varied between 18–0.04 

kg ha-1 d-1, where the highest load was formed in the cultivated peatland and the smallest in 

the pristine mire. Seasonal total leaching of SS was estimated to be the highest in the 

peatland forest (15.4 tons) and in the cultivated peatland (14.7 tons). Load of SS from the 

peat extraction site was clearly lower than from the other two drained sites (0.62 kg ha-1 d-1 

and 7.1 tons), but daily load was 15 times higher and total load 35 times higher than load 

from the pristine mire (0.2 tons).  

 



52 
 

 

Table 9. Observed mean daily loads (kg ha-1 d-1) during observation period in the studied 
land-use options. Load for SS, Ptot, PO4 and DOC is from period 3.5.–9.10.2012 (except VS8 
starting on 8.5.2012) and for Ntot, Fe, Al and Mn from 25.6.–9.10.2012.  

Study site SS Ptot PO4 DOC Ntot Fe Al Mn 

Cultivated 18.00 0.0363 0.0311 4.0 0.36 3.08 0.1041 0.0103 
Peatland forest 8.51 0.0073 0.0046 8.3 0.55 2.44 0.0847 0.0145 
Peat extraction 0.62 0.0015 0.0010 0.5 0.06 0.06 0.002 0.003 
Pristine mire 0.04 0.0002 4 x 10-5 0.4 0.01 0.005 0.0008 4 x 10-5 

 

Table 10. Observed total loads during study period (3.5.–9.10.2012) in the studied land-use 
options. Loads for SS, Ptot, PO4 and DOC are from period 3.5.–9.10.2012 (expect VS8 starting 
on 8.5.2012) and for Ntot, Fe, Al and Mn from 25.6.–9.10.2012. 

Study site 
SS 

(tons) 
Ptot 
(kg) 

PO4 
(kg) 

DOC 
(tons) 

Ntot 
(kg) 

Fe 
(kg) 

Al 
(kg) 

Mn 
(kg) 

Cultivated 14.7 29.6 25.4 3.3 198.1 1678.6 56.8 5.6 
Peatland forest 15.4 13.3 8.3 15.0 667.7 2948.7 102.4 17.5 
Peat extraction 7.2 17.1 12.1 5.2 473.9 452.7 16.6 25.7 

Pristine mire 0.2 0.8 0.2 1.9 46.7 15.2 2.5 0.1 

 

Loads of Ptot and PO4 were clearly highest in the cultivated peatland, both by the daily load 

(Ptot = 0.0363 kg ha-1 d-1 and PO4 = 0.0311 kg ha-1 d-1) and by the total load (Ptot = 29.6 kg and 

PO4 = 25.4 kg). Total loads of Ptot and PO4 from the peatland forest and the peat extraction 

site were in the same magnitude with slightly bigger loads from the peat extraction site. 

Daily loads instead were clearly higher from the peatland forest. Clearly the highest loads of 

DOC were observed in the peatland forest (8.3 kg ha-1 d-1 and 15.0 tons). The cultivated 

peatland had elevated daily load (4.0 kg ha-1 d-1) compared to other two sites. Similarly, the 

highest load of Ntot was observed in the peatland forest (0.55 kg ha-1 d-1 and 668 kg), 

although the difference to other drained sites is not outstanding. In the other sites, daily 

load of Ntot varied from 0.01 to 0.55 kg ha-1 d-1. All the nutrient loads were the lowest in the 

pristine mire. 

The highest daily loads of Fe and Al were determined in the cultivated peatland, but the 

highest total loads as kg season-1 were observed in the peatland forest. The highest total 

load of Mn (25.7 kg) came from the peat extraction site, though the highest daily load came 

from the peatland forest (0.0145 kg ha-1 d-1). The pristine mire had the lowest loads of 

metals.  
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5.3.1 Nutrient load in the cultivated peatland – grass and barley fields 

To evaluate possible effects of different type of cultivation, nutrient loads were calculated 

separately for the barley and grass fields (Table 11). In the cultivated site, the grassland was 

located between the points VP1 and VP2 of which point VP2 represented the grass field. The 

barley field is located after the grass field and its load was measured at point VP3. 

Table 11. Observed daily loads in the cultivated peatland (kg ha-1 d-1) presented separately 
for the barley and grass fields. Loads for SS, Ptot, PO4 and DOC are from period 3.5.–
9.10.2012 and for Ntot, Fe, Al and Mn from 25.6.–9.10.2012. Negative values are marked with 
a cursive and asterisk (*). 

Study site Area (ha) SS Ptot PO4 DOC Ntot Fe Al Mn 

Total 5.1 18.0 0.036 0.031 4.0 0.36 3.08 0.104 0.0103 
Grass 3.6 1.1 0.007 0.006 -1.93* -0.01* 0.32 0.005 0.0023 
Barley 1.5 58.6 0.106 0.090 18.4 1.25 9.69 0.008 0.0296 

 

In all the studied compounds, the barley field presented higher load than the grass field and 

in most cases the difference was considerable. The former also showed negative values for 

DOC and Ntot, which might be explained by sedimentation, but method uncertainty should 

not be excluded. Thus it should be pointed out that there might be some error in the 

observed load from the grassland due to problems in measuring water level in the ditches or 

due to curve fitting in the discharge calculation. These possible errors may have led to an 

underestimation of the total discharge in the point VP2, which further would have 

influenced load determination. Thus to study possible source of error, loads from fields were 

recalculated using the incoming discharge (VP1) of first point to calculate load for grass field 

(VP2). Furthermore, this new load from the grass field was used to calculate the load from 

the barley field (VP3–VP2). Results of recalculation are presented in table 12. 

Table 12. Daily load (kg ha-1 d-1) from the grass and the barley fields calculated with 
inflowing discharge in point VP1. Load for SS, Ptot, PO4 and DOC is from period 3.5.–
9.10.2012 and for Ntot, Fe, Al and Mn from 25.6.–9.10.2012. 

Study area Area (ha) SS Ptot PO4 DOC Ntot Fe Al Mn 

Grass 3.6 2.9 0.006 0.003 1.6 0.37 -0.22* 0.125 0.012 

Barley 1.5 55.0 0.110 0.098 9.9 0.23 7.34 0.036 0.004 

 

Now the recalculated loads are more evenly distributed than the results presented earlier in 

table 11. The barley field had still considerably bigger load of SS, DOC and P (Ptot and PO4), 
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but now the grass field presented bigger load of Al and Mn. Also, the amount of Ntot was 

somewhat higher in the grass field (0.37 kg ha-1 d-1) than in the barley field (0.23 kg ha-1 d-1). 

The grass field shows still negative value for Fe load (-0.22 kg ha-1 d-1), which again might be 

explained by sedimentation or precipitation process.  

5.3.2 Timing of the load  

In this chapter the measured loads are observed at monthly bases (kg ha-1) and compared to 

average monthly discharge (l s-1) in each study site. The variation of EC (mS cm-1), pH and 

colour (mg l Pt-1) are presented over the study period in comparison to monthly discharge. 

Total phosphorus and phosphate phosphorus 

In all the study sites, the highest monthly load was measured in August for both Ptot and PO4 

(Figure 16). In the cultivated peatland this trend was outstanding. Loads in the peatland 

forest and pristine mire were rather equally distributed over the season. Most of the P 

leaching from the peat extraction site occurred in May and the late summer/early autumn. 

The load of Ptot in the pristine mire was clearly higher than the concentration of PO4, as an 

exception to the other sites. It can be also seen that loads were high in the cultivated 

peatland and peatland forest in April, when considering the short time of observation (< 7 

days). Peaks of nutrients followed the curve of mean discharge, which also explains high 

loads in April.  
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Figure 16. Monthly load and standard deviation of Ptot and PO4 together with mean monthly 
discharge Q over the study period A) in the cultivated peatland, B) the peatland forest, C) the 
peat extraction site and D) the pristine mire. When there were no observations for part of 
the month (April, May and October), the starting or ending day for monitoring is mentioned 
between parentheses. 

 

Total nitrogen 

Leaching of Ntot was most intensive in August in the cultivated peatland, the peatland forest 

and the peat extraction site (Figure 17). The pristine mire showed the highest peak in July 

although it was not considerably high and it was not in correlation to high discharge, apart 

from the other sites during the highest peak in August. Otherwise load was distributed quite 

equally from June to September in the pristine mire. The peat extraction site showed 

elevated load in October in addition to peak in August. In the cultivated peatland and the 

peatland forest a big part of the load was also formed during spring (April and May). There 



56 
 

 

were no nitrogen data available for May in the peat extraction site and the pristine mire, but 

discharge in May in the peat extraction site was elevated, which could have caused elevated 

Ntot load. 

Figure 17. Monthly load and standard deviation of total nitrogen (Ntot) together with mean 
monthly discharge Q over study period in A) the cultivated peatland, B) the peatland forest, 
C) the peat extraction site and D) the pristine mire. When there were no observations for 
part of the month (April, May and October), the starting or ending day for monitoring is 
mentioned between parentheses. Data from the peat extraction site and the pristine mire 
was only available starting from 25.6.2012. 

 

Suspended solids and dissolved organic carbon 

The biggest monthly loads of SS were observed in August in the cultivated peatland and the 

peatland forest (Figure 18). In addition elevated loads were observed also in July. In the 

pristine mire the load is distributed evenly during the study period. The SS load in the peat 

extraction site was outstandingly high in May compared to other months and other study 
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sites. Another, lower peak was observed in August, but in general SS load was low during 

summer and towards autumn.  

Figure 18. Monthly load and standard deviation of SS together with mean monthly discharge 
Q over study period in A) the cultivated peatland, B) the peatland forest, C) the peat 
extraction site and D) the pristine mire. When months (first and last) were not entirely 
followed, the starting or ending day is mentioned between parentheses. 

 

DOC presented the highest monthly load in August in the cultivated peatland and the 

peatland forest, and in May and August in the pristine mire and the peat extraction site 

(Figure 19). Load is also elevated in October, expect in the cultivated peatland, where spring 

load is higher compared to autumn load. 
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Figure 19. Monthly load and standard deviation of DOC together with mean monthly 
discharge Q over study period in A) the cultivated peatland, B) the peatland forest, C) the 
peat extraction site and D) the pristine mire. When months (first and last) were not entirely 
followed, the starting or ending day is mentioned between parentheses. 

 

Colour, pH and electric conductivity 

There were some pH variations in the study sites over the observation period (Figure 20). 

The pristine bog had the lowest pH range (3.8–4.1), which represents well the general acidity 

of Finnish bogs. The highest pH was observed in the peat extraction site (5.7–6.2). The pH 

values showed a clear drop in August in the cultivated peatland and the peatland forest, 

which correlated with the high discharge peak in the same month. The applied liming has 

probably influenced the pH of the runoff from the cultivated peatland. 
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Figure 20. Monthly variation of A) pH, B) EC (mS cm-1) and C) colour (mg l Pt-1) and D) mean 
monthly discharge Q (l s-1) during study period April – October. Data points are based on 
mean values from water samplings, expect pH that is based on median values. Observation 
points are mean values of measurements done in study points. 

 

EC measurements revealed quite strong variation over time in the cultivated peatland and 

the peat extraction site of which the former one has outstanding peak from early May to 

early July (Figure 20). During this period discharge rate in the peat extraction site was low, 

which probably had increased the EC values. Similar trend can be seen behind the values in 

the cultivated peatland as high EC in early July (low discharge) and as decreasing EC before 

August (high discharge). In the peatland forest EC is low trough the observation period.  

Colour values in the cultivated peatland and the peatland forest increase slowly from April to 

the beginning of July and then peak quickly to mid-July and decrease sharply towards August 

(Figure 20). This peak follows the discharge peak in July-August. The peat extraction site has 
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low colour values over the observation period, although they increase to a small peak in the 

end of June. The pristine mire has the lowest colour value through the study phase.  

Metals – Fe, Al and Mn 

Seasonal loads of Fe were the biggest in August in all the study points (Figure 21), but 

especially in the peat extraction. In the cultivated peatland and the peatland forest, load was 

also high in July. Fe leaching in the pristine bog is the most evenly distributed over the 

summer. The load was low in October in the pristine mire and the cultivated peatland, 

however only the beginning of October was included in the study. In contrast, Fe load 

increased from September to October in the peatland forest and peat extraction site.  

Figure 21. Monthly load and standard deviation of Fe together with mean monthly discharge 
Q over study period in A) the cultivated peatland, B) the peatland forest, C) the peat 
extraction site and D) the pristine mire. When months (first and last) were not entirely 
followed, the starting or ending day is mentioned between parentheses. Data from the peat 
extraction site and the pristine mire was only available starting from 25.6.2012. 
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Temporal load distribution of Al is similar to the one of Fe (Figure 22): the highest load peaks 

were observed in August in all the sites. Elevated loads were formed also during the spring in 

the cultivated peatland and the peatland forest together with high discharge. Apart from Fe, 

load of Al showed high peaks also in October (the peatland forest and the peat extraction 

site). Again, the available data from the cultivated site did not reach until the end of the 

October, but the trend of Al concentration was increasing from September to October, as 

stated earlier.  

Figure 22. Monthly load and standard deviation of Al together with mean monthly discharge 
Q over study period in A) the cultivated peatland, B) the peatland forest, C) the peat 
extraction site and D) the pristine mire. When months (first and last) were not entirely 
followed, the starting or ending day is mentioned between parentheses. Data from the peat 
extraction site and the pristine mire was only available starting from 25.6.2012. 

 

Monthly loads of Mn also achieved their highest peaks in August in all the sites, except in the 

pristine mire where the highest load occurred in July, however being only slightly higher 

than the load in August (Figure 23). In general, timing of Mn load was very similar to the 

timing of the Fe load. Major difference was higher load in the pristine mire during June, 
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which was notable when taking into account short time of observation (5 days). There were 

no heavy metal data available during May and early June for the peat extraction site and the 

pristine mire. Discharge in the peat extraction site during this time was high. This could 

indicate elevated loads for metals, as in the other drained sites. 

Figure 23. Monthly load and standard deviation of Mn together with mean monthly 
discharge Q over study period in A) the cultivated peatland, B) the peatland forest, C) the 
peat extraction site and D) the pristine mire. When months (first and last) were not entirely 
followed, the starting or ending day is mentioned between parentheses. Data from the peat 
extraction site and the pristine mire was only available starting from 25.6.2012. 

 

Effects of precipitation and snow melt on nutrient load 

Some of the nutrient loads were time and discharge dependent, which can be connected to 

hydrological events and phenomena. Most of the highest load peaks occurred in August. 

Exceptions were Ntot, SS and Mn in the pristine mire (peaks in July) and SS and in the peat 

extraction site (peak in May). In the pristine mire and the peat extraction site DOC was 
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almost as high in May than in August. Observed loads were also high in April considering 

short observation time.  

A summary of precipitation data in study sites during period 26.4.–25.10.2012 is presented 

in table 13 and a visual presentation can be seen in figure 7. Two highest single rain events 

were observed on first and 7th of August (25 and 29.2 mm d-1, respectively) of which the 

former one was the most intensive rain event (1.22 mm h-1). Also, the highest cumulative 

precipitation occurred in August (136.9 mm). In June precipitation was elevated (118 mm). If 

the highest precipitation event in August (3.8.2012 29.2 mm d-1) is extracted from the total 

amount, the cumulative sum of precipitation approaches the one of June. Thus according to 

the high precipitation in August, high nutrient load formation seem to be largely connected 

to intensive rain events. 

April had the lowest precipitation values mainly due to short observation period, but apart 

from the presented data below, the total precipitation sum during April was 45.2 mm and 

the maximum daily precipitation 9.95 mm. These values are not too much apart from the 

other months, although they are still the lowest observed. Also, water sampling was partly 

defective during spring, which could have affected the obtained results. Load formation 

during spring was probably more connected to the snowmelt than caused by the 

precipitation.  

Table 13. Monthly precipitation in the study sites during observation period 26.4.–
25.10.2012. Values are presented as mean, standard deviation (s.d.), cumulative sum, 
cumulative sum divided by days, monthly maximum values and monthly maximum rain 
intensity.  

Month 
No. of 
days 

Mean 
(mm d-1) 

S.d. 
(mm d-1) 

Sum 
(mm d-1) 

Sum/days 
Max 

(mm d-1) 
Max intensity 

(mm d-1) 
April 5 1.5 2.6 9.1 1.5 6.8 0.28 
May 31 2.0 3.4 59.2 2.0 14.2 0.59 
Jun 30 3.9 4.8 118.0 3.9 17.6 0.73 
July 31 2.5 3.7 76.9 2.5 15.2 0.63 
August 31 4.4 7.7 136.9 4.4 29.2 1.22 
September 30 1.9 3.0 57.7 1.9 10.3 0.43 
October 25 3.2 4.5 79.7 3.2 15.3 0.64 
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5.4 Soil quality parameters 

In addition to human actions and environmental factors, nutrient load is essentially 

connected to soil characteristics. In this chapter, both physical and chemical soil properties 

are analysed followed by comparison to observed nutrient loads. 

5.4.1 Physical soil properties 

Dry matter, water, ash and organic matter contents 

The cultivated peatland had the highest dry matter (mean 26.9 m-%) and ash contents 

(mean 26.3 m-%), and the pristine mire had the lowest values in both parameters (means 

18.9 m-% and 1.2 m-%, respectively). Due to agricultural soil management, soil in the 

cultivated site had different composition compared to other sites: soil is sandy on the top 

and peat content increases after 30 cm, which affects ash and dry matter contents. The 

pristine mire and the peatland forest had highest water contents (mean 81.1 and 81.8 m-%, 

respectively). (Table 14, Table 15) 

Table 14. Dry matter, water and ash contents and organic matter of soil samples in studied 
land-use options together with standard deviation (S.d), minimum (Min), maximum (Max) 
and number of samples (N). The highest value in each parameter is marked with an asterisk 
(*). 

Study site Parameter 
Dry matter 

content (m-%) 
Water 

content (m-%) 
Ash 

content (m-%) 
OM 

content (m-%) 

Cultivated 
peatland 

Mean 26.9 * 73.1 26.3  * 73.7 
S.d. 9.3 9.3 25.6 25.8 

Min 16.2 52.1 4.0 30.7 

Max 47.9 83.8 69.4 96.0 

N 37 37 16 16 

Peatland 
forest 

Mean 21.0 81.8 * 2.8 97.2 

S.d. 15.8 4.3 0.4 0.4 

Min 11.1 71.4 2.1 96.8 

Max 100 88.9 3.2 97.9 

N 29 28 10 10 
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Table 15. Dry matter, water and ash contents and organic matter (OM) of soil samples in the 
peat extraction site and in the pristine mire together with standard deviation (S.d), minimum 
(Min), maximum (Max) and number of samples (N). The highest value in each parameter is 
marked with an asterisk (*). 

Study site Parameter 
Dry matter 

content (m-%) 
Water 

content (m-%) 
Ash 

content (m-%) 
OM 

content (m-%) 

Peat 
extraction 

Mean 22.3 77.7 3.4 96.6 
S.d. 6.9 6.9 1.4 1.4 

Min 11.4 64.0 1.3 92.7 

Max 35.9 88.6 7.3 98.7 

N 48 48 15 15 

Pristine  
mire 

Mean 18.9 81.1 1.2 98.8 * 

S.d. 18.1 18.1 2.5 2.5 

Min 0 43.0 0.0 88.7 

Max 57.0 100 11.3 102.2 

N 20 20 22 22 

 

Porosity and bulk density 

Soil porosity (%) and dry bulk density (g cm-3) are presented in table 16. The pristine mire 

had the most porous soil (mean 95.1 %). The cultivated peatland had the lowest porosity – 

approx. 15 percentage units lower than the pristine mire. Bulk density varied from the 

highest mean 0.27 g cm-3 in the cultivated peatland to the lowest mean of 0.09 g cm-3 in the 

pristine mire.  

Table 16. Soil porosity and bulk density in studied land-use options together with standard 
deviation (S.d), minimum (Min), maximum (Max) and number of samples (N). Highest value 
in each parameter is marked with an asterisk (*). 

Parameter Parameter Cultivated peatland Peatland forest Peat extraction Pristine mire 

P
o

ro
si

ty
 (

%
) Mean 79.3 87.5 87.3 95.1 * 

S.d. 7.0 3.3 4.0 4.6 
Min 63.4 80.6 76.1 83.0 
Max 90.5 93.7 97.3 100.0 

N 37 29 48 20 

B
u

lk
 d

en
si

ty
 

 (
g 

cm
-3

) 

Mean 0.27 * 0.13 0.20 0.09 
S.d. 0.16 0.02 0.06 0.06 
Min 0.14 0.11 0.14 0.05 
Max 0.52 0.15 0.28 0.20 

N 16 4 6 10 
Median 0.27 * 0.13 0.20 0.09 
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5.4.2 Chemical soil properties 

pH 

Peat soil was the most acid in the pristine mire (median 3.9) and highest in the cultivated 

peatland (median 5.5) (Table 17). Soil acidity in the peatland forest and the peat extraction 

site was also near value 5.0. The lowest observed pH value was in the pristine mire (3.8) and 

the highest in cultivated peatland (6.7). Here, the pH value of soil in the peat extraction site 

is lower than the one in the cultivated site, which was the opposite when comparing the pH 

of runoff water. Applied liming in the cultivated site can be seen as increased soil pH, but 

here it does not increase the pH of runoff water in the same range. 

Table 17. The median pH value in studied land-use options together with standard deviation 
(s.d), minimum (Min), maximum (Max) and number of samples (N). Highest is marked with 
an asterisk (*). 

Parameter Cultivated peatland Peatland forest Peat extraction Pristine mire 

Median 5.5 * 4.7 5.1 3.9 
S.d. 0.9 0.4 0.3 0.1 
Min 4.5 4.0 4.5 3.8 
Max 6.7 5.3 5.4 4.1 
N 16 15 15 21 

 

Total P, Fe, Al and Ca of soil 

Fetot was the most abundant of the analysed metals in soils in all the drained sites (Figure 24) 

and it was evenly distributed through the soil horizon in the drained sites. In the pristine 

mire also Catot was rich in addition to Fetot that, like Altot, had higher concentrations in 

deeper horizons. As a result from agricultural management in the cultivated peatland, Catot 

and Ptot were more concentrated on the topsoil compared to the deeper layers.  
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Figure 24. Means of Ptot, Fetot, Altot and Catot in soil samples taken from different soil horizons 
in the studied land-use options. Values are presented together with standard deviations.  

 

 

The mean concentrations of all the studied compounds presented the highest values in the 

cultivated peatland and the lowest values in the pristine mire (Table 18). In addition, while 

soils of the peatland forest and the peat extraction site had similar concentrations of Ptot 

(mean 0.65 and mean 0.59 g kg-1, respectively) and Fetot (mean 8.07 and mean 8.09 g kg-1, 

respectively), the concentration of Altot was clearly higher in the soil of the peat extraction 

site (mean 2.31 g kg-1) than in the soil of the peatland forest (0.82 g kg-1).  
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Table 18.  Total amounts of P, Fe, Al and Ca in soil samples in the studied land-use options. 
Highest value in each parameter is marked with an asterisk (*). 

Study site Parameter 
Ptot 

(g kg-1) 
Fetot 

(g kg-1) 
Altot 

(g kg-1) 
Catot 

(g kg-1) 

Cultivated peatland 

Mean 1.17 * 12.42 * 3.34 * 4.54 * 
S.d. 0.40 3.23 0.90 2.48 

Min 0.56 8.17 2.10 2.13 

Max 1.93 24.54 5.69 9.58 

N 32 32 32 32 

Peatland forest 

Mean 0.65 8.07 0.82 1.48 

S.d. 0.29 3.01 0.10 0.63 

Min 0.28 5.91 0.65 0.82 

Max 0.98 10.30 0.94 2.29 

N 8 8 8 8 

Peat extraction 

Mean 0.59 8.09 2.31 1.77 

S.d. 0.06 1.66 0.48 0.40 

Min 0.47 5.52 1.67 1.28 

Max 0.69 11.30 3.04 2.50 

N 12 12 12 12 

Pristine mire 

Mean 0.33 1.33 0.75 1.14 

S.d. 0.11 0.59 1.04 0.64 

Min 0.20 0.20 0.09 0.56 

Max 0.62 2.34 3.52 3.01 

N 22 22 22 22 

 

Different fractions of phosphorus in peat 

Major part of easily soluble P was organic. Fractionation also shows that P was mainly bound 

to Fe and Al, especially the concentration of organic P (PO) bound to Fe being high. (Table 

19). In the cultivated peatland and the peatland forest, most of the P was inorganic (PIO) and 

bound to Fe. In the peat extraction site P was also mainly Fe-bound, but the proportion 

between organic and inorganic was more evenly distributed compared to other two drained 

sites. 

Concentrations of all the fractions, except PIO bound to Fe (PFe), were highest in the 

cultivated peatland. Soluble and loosely bound PO concentrations were clearly highest in the 

cultivated peatland (3.21 g m-3) compared to the second biggest value in the peat extraction 

site (0.25 g m-3). Differences in concentrations of easily soluble PIO were not as outstanding. 

The pristine mire had the smallest concentrations of soluble PIO and PO soluble P, where P 

was the most evenly distributed among different fractions. 
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P bound to Al (PAl) was clearly higher in the cultivated peatland than in other sites. 

Differences between other sites were not outstanding. According to these results, the 

peatland forest did not have PAl O, but in the peat extraction site and the pristine mire 

concentrations were moderate (0.80 and 0.55 g m-3). The highest mean concentration of PFe 

IO (8.83 g m-3) was found in the peat extraction site and the highest PFe O in the cultivated 

peatland (80.18 g m-3), the latter especially being much higher value than those observed at 

the other sites. The highest PCa IO concentration was in the cultivated peatland (1.00 g m-3) 

and lowest in the pristine mire (0.02 g m-3). 

Table 19. Different fractions of P (g m-3) in studied land-use options presented as mean with 
standard deviation (S.d), minimum (Min), maximum (Max) and number of samples (N). 
Presented fractions are soluble and loosely bound P and P bound to Al (PAl), Fe (PFe) and Ca 
(PCa). From each fraction also inorganic (PIO) and organic P (PO) are presented separately. 
Highest value in each parameter is marked with an asterisk (*). 

  
Soluble and 

loosely bound 
Al bound Fe bound Ca bound 

Study site Parameter PIO PO PAl IO PAl O PFe IO PFe O PCa IO 

Cultivated 
peatland 

Mean 0.65 * 3.21 * 5.89 * 3.95 * 1.99 80.18 * 1.00 * 
S.d. 0.89 5.32 8.54 6.33 5.42 112.99 2.60 
Min 0.01 0.13 0.07 0 0.07 2.38 0.07 
Max 4.58 27.03 25.47 19.62 20.77 316.80 13.89 
N 94 32 32 23 32 24 32 

Peatland 
forest 

Mean 0.19 0.22 0.46 0 0.15 3.29 0.15 
S.d. 0.15 0.21 0.44 0 0.01 2.92 0.01 
Min 0.04 0 0.13 0 0.13 0.23 0.13 
Max 0.41 0.45 1.09 0 0.16 7.45 0.16 
N 8 8 8 8 8 8 8 

Peat 
extraction 

Mean 0.50 0.25 0.17 0.80 8.83* 
* 

11.94 0.30 
S.d. 0.45 0.14 0.03 2.01 6.87 6.18 0.29 
Min 0.08 0 0.12 0.00 2.14 4.71 0.12 
Max 1.24 0.43 0.23 6.51 23.10 24.82 1.16 
N 12 12 12 12 12 12 12 

Pristine 
mire 

Mean 0.12 0.01 0.40 0.55 0.81 0.79 0.02 
S.d. 0.10 0.01 0.42 1.03 1.23 1.68 0.01 
Min 0.01 0 0.04 0 0.01 0 0.01 
Max 0.39 0.04 1.95 4.28 3.92 6.09 0.04 
N 23 23 23 23 23 23 23 
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6 DISCUSSION 

According to the obtained results, nutrient load was obviously affected by land-use 

option, which is in line with earlier published studies (e.g. Holden et al. 2004, 

Kenttämies & Mattson 2006, Tuukkanen et al. 2011, Kløve et al. 2012, Landry & 

Rochefort 2012). The highest loads (of both nutrients and most metals) were observed 

mainly in the cultivated site although some of the loads were highest in the peatland 

forest. The observed load varied over time – highest load peaks were observed in 

August and early spring in the drained sites.  

The used method for water level and discharge determination included some 

uncertainties that may have influenced the result. Water level in free flowing ditch 

network varied considerably over the study period, which created uncertainties 

especially during high and low discharges. One solution for this would be use of 

Thompsons V-notch measuring weir that could provide a consistent water level, in 

future studies. On the other hand, this solution could decrease the natural effect of 

high discharge peaks due to backwater effects of the weir. Using a weir would require 

sufficient inclination (1 m / 100m distance) to ensure a proper overflow (Hyvärinen & 

Reuna 1984).  

The linear corrections done in the water level measurements could have 

overestimated the nutrient load, especially from the pristine mire where discharge 

rates were low over the entire study period. In any case, the used method was the 

same in all the sites and thus the possible measurement errors similar, and thus the 

results were comparable between sites. 

6.1 Seasonal variation in load 

The observed nutrient loads varied over the study period from high load peaks to 

periods of low or zero loads, which is a typical pattern in peatlands (Holden et al. 2004, 

Marttila & Kløve 2008 and 2009). The higher mean runoffs from the cultivated 

peatland and the peatland forest could be seen as higher loads from these sites 

compared to the peat extraction site and the pristine mire. The runoff from the peat 
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extraction site presented the highest mean concentrations for Ntot, but formed daily 

load was the smallest of the drained sites due to the low runoff. Similarly, 

concentrations of phosphorus (both Ptot and PO4) were in the same range as in the 

runoff from the cultivated peatland, but measured daily loads were 30–40 % lower 

than the corresponding loads from the cultivated site. Therefore, the tendency of a 

peatland area for nutrient leaching was not necessarily straightforwardly connected to 

the load that ends up in the downstream water bodies but also affected by site 

hydrology.  

August was the peak load and runoff month for nearly all the studied compounds and 

sites. A storm event occurred on 3th of August, with the highest observed rain 

intensity (1.22 mm h-1), daily precipitation (29 mm d-1) and monthly precipitation 

(136.9 mm). June was also rainy month (188 mm), but the load rates were one of the 

lowest observed. The heavy rain events in August were a cause for elevated nutrient 

loads and a steady rain in long term did not create corresponding impact to water 

bodies. The effect was more evident in the drained sites than in the pristine mire, 

which had the most evenly distributed discharge over the study period and the same 

pattern in the formed load. Similarly high loads were observed during October as a 

result from autumn rains.  

Runoff peaks in peatlands are created by heavy precipitation events or seasons, and by 

the snowmelt processes during springs. Intensive rain accelerates especially soil 

erosion in ditches, which in turn increases SS loads and further levels of other 

compounds (Kløve et al. 2012). Soil erosion in peatlands and the connection between 

discharge peaks and increased nutrient loads is well recognized (Kløve et al. 2012, 

Stenberg et al. 2014) and a major part of annual load can be formed in few days. A part 

of the seasonal load is formed by constant runoff, but short time runoff peaks can be a 

significant determining factor in load formation (Marttila & Kløve 2009).  

Load can be also elevated after low discharge seasons due to “old” water penetrating 

from ground water trough exposed, deeper peat layers, which can cause a small peak 

when flushed away with increased rain. Elevated concentrations decrease again after 

water level rises back to higher level. This has been earlier observed at least for P 

(Kløve 2001) and DOC (Tuukkanen et al. 2011) concentrations. In the drained sites, 
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some the highest concentrations of P in ditch water were observed during low 

discharge in June and July (appendix 2 (1–3)). These high concentrations during 

summer are probably due to concentration process and released “old water”. Often 

the presence of “old water” or nutrient concentration in general, can be seen as 

increased colour concentration. This pattern was present in the cultivated peatland 

and in the peatland forest, first as high colour peak in July and then as rapid decline in 

August initiated by increased precipitation.  

In April, high concentrations of SS, Ptot and PO4 were observed in part of the points in 

the cultivated peatland, the peatland forest and the pristine mire (appendix 2 (1–3)). 

Nutrient loads in April were elevated in the cultivated peatland and the peatland forest 

comparison to short observation time (< 7 days). Based on the weather data, this 

cannot be explained by hydrological condition such as heavy rain events. Instead, a 

notable part of the nutrient load during spring was clearly caused by snowmelt as the 

driving hydrological process. In North Finland snowmelt typically occurs during April–

May and floods are common. Therefore, the observed elevated nutrient 

loads/concentrations in April and May were partly created by high water discharge 

initiated by the snow melting process. Nutrient release during spring is rarely caused 

by microbiological activity due to low temperatures. Nutrients originate from the snow 

water itself, SS particles and in some cases also from the “old water” (Eskelinen et al. 

2015). Load of SS is increases when melt waters create temporarily new flow paths, 

flushes decaying plant material from the previous years and when the particles in snow 

itself end up to ditch water (Eskelinen et al. 2015). Spring snowmelt typically decreases 

colour of water when “new water” enters the system and dilutes colour 

concentrations (Kløve 2001), which was seen happening in all the sites expect in the 

pristine mire. 

Snowmelt in peat extraction site can occur earlier than in the vegetation covered sites 

(Kløve et al. 2012) and it is possible that the highest discharge peak happened in April 

that was not included in this study. Since clearly the highest SS load was observed in 

May, it is possible that the most intensive nutrient pulse was recorded. According to 

Tuukkanen et al. (2001), the load of SS tends to be low in the beginning of the 

snowmelt process increasing along the spring, which supports the observed result. 
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There were no water quality data available for Ntot and metal concentrations in the 

peat extraction site from April to June, and thus the effects of the most intensive 

snowmelt season April/May on these compounds could not be evaluated. Measured P 

concentrations were below average in May, which is typical in peat extraction (Kløve 

2001) and refers to source of “new water”. Therefore load of Ntot during spring and 

early summer in the peat extraction site was probably following similar pattern to P 

and not significantly different from the other sites. Heavy metals tend to be bind to SS 

particles instead and their concentration could have been elevated together with SS.  

Precipitation during the study year 2012 was higher compared to long-term average 

(Finnish Meteorological Institute 2012). This could have overestimated the observed 

load in comparison to normal years. On the other hand, it has been predicted that 

autumn and winter runoffs will increase in Northern Finland if the mean temperature 

rises and the period of snow shortens (Pirkanmaan Ympäristökeskus 2009). Therefore 

the acquired results could be used useful when evaluating possible changes in nutrient 

load in the future. 

6.2 Specific effects of the land-use option on nutrient load 

The drained sites had clearly higher loads than the pristine mire. The pristine mire 

presented the lowest loads in all the studied compounds both by daily and total loads. 

Daily loads from the pristine mire were 780–20 times smaller, of which the biggest 

difference was between PO4 and smallest between DOC loads, than from the drained 

sites. Note that the pristine mire was more nutrient poor mire than the drained sites 

before drainage, as seen in the soil nutrient concentrations, which also affected loads. 

Runoff waters from natural mires are typically humic (Kløve et al. 2012), which explains 

the small difference in DOC loads and could be seen also as high OM content in the 

pristine mire. The median pH of outflowing water from pristine mire was 4.0, which is 

typical for natural stage mires (Kløve et al. 2012). Water alkalinity increased with 

drainage intensity: the lowest median pH (4.0) was observed in the pristine mire, 

whereas in the peat extraction site pH median approached neutral range (5.8).  
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Differences between the studied drained sites were connected to the site-specific 

factors and to the land management operations. Below, each site is discussed 

separately. 

The cultivated peatland 

The cultivated peatland had the highest daily load of SS, Ptot, PO4, Fe and Al and the 

second highest loads of Ntot, DOC and Mn after the peatland forest. The difference to 

the other drained sites was evident for the SS and phosphorus. Soil management in 

this site has been the most intensive including fertilization, liming, tilling, mineral soil 

addition and intensive drainage. In general, it has been estimated that the contribution 

of agriculture to total nutrient load in Finland is approximately 30 % for N and 30 % for 

P (Finnish Environment Institute 1999). In the studied case, the load of P corresponded 

80–85 % of total nutrient emissions from the drained sites, which is clearly higher than 

the average load from cultivation in Finland. The load also increased from point VP1 

(inflow) to point VP3 (outflow) – both Ptot and PO4 grew 1.7 times.  

Most of the P (83 %) in soil was Fe-bound organic P since plants uptake available P in 

inorganic form, but it was also caused by the used fertilizers. The P load was also 

connected to high SS load, which corresponded to 66 % of the total load in drained 

sites. Thus, the high load of P was probably a combined effect of fertilizers and high SS 

load. Fertilizing is usually an essential action in peatland agriculture, but over fertilizing 

is especially harmful for downstream water bodies even as slow nutrient flux, since in 

maintains eutrophication level. Eutrophication can continue from enriched nutrient 

sediments even after external inputs of P are decreased. (Carpenter 2005)  

Soil losses through drainage and runoff are connected to intensive soil tillage (Etana et 

al. 2009). Effects of intensive soil tillage could be seen as high soil bulk density and low 

porosity in the cultivated peatland. In general, shallow tillage in agriculture can 

decrease soil losses through runoff and drainage, which could be utilized also in the 

studied site. Similarly, measured low porosity refers to intensive soil packing, which is 

probably due to long time period the site has been under intensive drainage. 

Decreasing porosity reduces infiltration capacity and can hence lead to increased 
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surface runoff, which can further influence the amount of fertilizers and particles 

flushed away from the topsoil. 

N load corresponded 37 % of the total daily N load from drained sites, which is similar 

to the national average, and it was 35 % lower compared to the highest load in the 

peatland forest. One should notice that the load of Ntot and metals might have been 

underestimated due to missing water quality data in spring and June. Many 

agricultural actions, like fertilization, are timed for spring or early summer and the 

used observation period excluded this time phase. Also the effect of the spring floods 

could not be evaluated. Metal loads were slightly higher than the ones from the 

peatland forest, which was probably influenced by the applied mineral soil and high SS 

load that has been found also in earlier studies (Heikkinen & Ihme 1995). Similarly it 

could be seen as the highest ash and dry matter content, and the highest total metal 

concentration in soil. The amount of Ca was slightly elevated in topsoil caused by 

liming. For the same reason, pH of the outflowing water was elevated and the pH of 

the soil was the highest observed.  

The cultivated peatland was divided into two separate fields, barley and grass fields, 

according to the used crop species. The barley field had clearly higher daily loads of SS, 

DOC, Ptot and PO4 than the grass field (based on the inflow discharge in point VP1). The 

differences varied from 6 times higher load of DOC to 32 times higher load of PO4. The 

grass field had higher loads of Al, Mn and slightly higher load of Ntot, instead. Phase of 

the crop rotation evidently had an effect on the formed load. Earlier studies show 

contrary results than the obtained ones: Myllys (1998) found higher N in cereal crops 

fields in comparison to grass field and there were no differences in P load. The 

difference in N load might be again explained by the lacking data in the beginning of 

the growing season. The use of grass as crop species in peatland is recommended in 

order to decrease nutrient loads (Myllys & Sinkkonen 2005). Barley requires lower 

water table compared to grass, which accelerates peat decomposing and thus 

increases nutrient load. Grass field also requires less soil tillage that, as stated earlier, 

decreases SS load. Nutrient losses could be decreased by using catch crops between 

main crops, as suggested by Liu et al. (2014). 
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The peatland forest 

In this study, the peatland forest presented the second highest daily loads of SS, P, Fe 

and Al after the cultivated peatland. Loads of DOC (65 % of total load), Ntot (57 % of 

total load) and Mn (52 % of total load) were the highest observed. These loads 

represent the potential impact arising from drained peatland with forest vegetation, 

but without maintenance operations. High DOC load is partly explained by the high OM 

content in soil. High concentrations of Ntot were measured during low discharge in July 

and September, which refers to origin of “old water”. These high concentrations came 

up as high Ntot loads in August and October.  

The studied peatland forest was drained in 1970s, but it has never been used for active 

silviculture and drainage is not working properly in part of the site. High water table 

compared to optimal forestry could have diminished the leaching process of nutrients 

and metals from “old water” at least in part of the study site. Thus, the site does not 

represent typical peatland drained for forestry and the effect of maintenance 

operations, such as clear cutting and ditch clearing, could not be studied.  

It can be assumed that peatlands in active silviculture can have higher loads than the 

one presented in this study. Silviculture operations, especially heavy logging and ditch 

clearing, can potentially have a considerably effect on the N and P loads (Kenttämies & 

Mattson 2006). Similar results have been observed for SS load (Nieminen et al. 2010, 

Marttila & Kløve 2010, Stenberg et al. 2015) during and after ditch maintenance 

operations. In addition to above mentioned, Pirkonen (2012) mentions fertilization and 

stump removal as water impact factor in peatland forests.  

Elevated DOC and Mn concentrations were connected to low discharge, which again 

refers the exposure of deeper peat layers. In comparison to other drained sites, N load 

from the forest was distributed the most evenly over the study period. It is possible 

that the concentration of soluble nitrogen in runoff from the peatland forest was 

higher than in the cultivated peatland due to crop species higher demand of N. An 

explanation might be high groundwater table, since the site has not been under as 

intensive drainage than the other two drained sites. Therefore drained peatland with 

forest vegetation has a potential to increase nutrient load in comparison to natural 

stage peatland, even when taking into account the barren nature of the pristine mire. 
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This result also indicates the importance of the drainage action, which alone without 

any further operations can increase negative water quality impacts.  

The peat extraction site 

The peat extraction site had the smallest daily loads of the drained sites in all the 

studied compounds, which is in line with earlier studies (Lappalainen 2009). But loads, 

apart from DOC, were clearly higher than from the pristine mire. In contrast, the mean 

Ptot and PO4 concentrations of outflowing water were in the same range with the 

cultivated peatland and mean concentration of Ntot was the highest measured. 

Apparently deep ditching depth (1.0–1.5 m) exposed “old water” peat layers during 

low discharge, which increased nutrient concentrations (Kløve 2001) and could be seen 

also as the highest pH values of outflowing water.  

Thus, the peat extraction site had a clear potential for high impacts on water quality of 

receiving water bodies. Different water infiltration paths caused by drainage were 

probably the fundamental reason for increased load compared to natural stage 

pristine mire, which has been recognized also in previous studies (Holden et al. 2004). 

Runoff impacts in general in peat extraction sites vary depending on the drainage 

method and peatland characteristics (Kløve et al. 2012). In this case, discharge from 

the peat extraction site increased compared to natural situation, and together with 

altered hydrochemical conditions also increased the formed load.  

The most evident factor influencing the observed small load compared to other 

drained sites was lower discharge rate (app. 85 % smaller). In general, discharge rates 

in the peat extraction sites are partly decreased by the long runoff paths in ditch 

networks and on the peat surface area that allows water to absorb in soil. Water 

storing capacity of a peatland area may also increase during low discharges when 

vegetation-free topsoil dries (Kløve et al. 2012) and in the studied peat extraction site, 

drainage depth was deeper compared to the other drained sites. Probably the runoff 

difference compared to the cultivated site and the peatland forest came particularly 

from this higher water storing capacity. Also evaporation from open water surface is 

higher in peat extraction site than in vegetation covered sites. On the other hand, 

during high discharge peaks peat surface without vegetation can cause an increased 

the amount of leaching SS and nutrients (Marttila & Kløve 2008), which could be seen 
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as high SS load in May. Missing vegetation cover also affected the distribution of 

organic and inorganic P in soil that was more uniform compared to the cultivated 

peatland and peatland forest.  

It should be noted, that runoff waters in peat extraction sites are treated according to 

the environmental protection laws (Finnish Ministry of the Environment 2013). The 

determined load is therefore only the potential load that would enter into water 

systems without purification. However, the above discussed high discharge events may 

disturb these purification methods and cause a temporarily high peak of nutrients into 

downstream waters (Marttila & Kløve 2008). In any case, the effects of low loads 

should not be underestimated. Local effects of the peat extraction discharge waters 

can be notable especially in small water systems and in head waters (Finnish Ministry 

of the Environment 2007).  
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7 CONCLUSION AND FUTURE ASPECTS 

The aim of this study was to analyse and compare water impacts of peatlands with 

different land-use options in relation to natural leaching from natural stage pristine 

mire. For this purpose, the nutrient (SS, DOC, Ptot, soluble PO4 and Ntot) and metal (Fe, 

Al, Mn) loads together with descriptive parameters (pH, EC, colour) were quantified 

with regular water samplings, continuous water level loggers and discharge 

measurements. The effects of different land use on soil horizon were studied by 

determining soil properties in each site.  

Based on the obtained results the nutrient load was obviously greater from the 

drained sites compared to the pristine mire. The cultivated peatland had the highest 

daily loads of SS, Ptot, PO4, Fe and Al. Daily loads of Ntot, DOC and Mn were, however, 

the highest in the peatland forest. From the three studied drained sites, the peat 

extraction had the smallest loads.  

The high nutrient load in the drained sites was originated from: a) increased discharge 

rates, b) altered hydrological and geochemical conditions in the peat soil and c) site-

specific actions such as fertilization and peat mining. The load differences between the 

drained sites were connected to land management actions. Water impacts of 

agriculture are well recognized and the effects of fertilizing, liming, mineral soil 

application and soil tilling were clear also in this study.  Similarly the phase of crop 

rotation affected load formation. 

The fundamental effect of drainage was revealed in the peatland forest, which apart 

from the other drained sites had not been under active land management and still the 

formed loads were large. This is an important factor to consider when taking decisions 

regarding drainage of untouched mires. Similarly the effect of deep drainage could be 

seen in the peat extraction site, where the nutrient load was higher than in the pristine 

mire. The obtained results may have uncertainties related to discharge measurements. 

Thus, V-notch measuring weir could be one solution for obtaining precise discharge 

rates in the future studies. However, using the weir would require a certain inclination 

to ensure proper discharge rate. 
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A major part of the load was created during high precipitation peaks and snowmelt 

season. This result can help to estimate the optimal timing for land management and 

water treatment measures, and consequently to reduce water impacts. 

The used data did not cover the early spring season in all the sites. Thus, precise 

measurements during snowmelt could provide deeper understanding about load 

formation during spring in different land-use options. The year when the study was 

done (2012) was rainier than average and precipitation has been predicted to increase 

due to climate change. This study could be valuable when evaluating the impacts of 

climate change on the nutrient load. Furthermore, runoff during late autumn and 

winter has been predicted to increase. Follow-up during this season could provide 

important information about the water impacts of increasing winter runoff in Northern 

Finland. 
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APPENDIX 1 (1) 

Appendix 1. Rating curves from the curve fitting method for the studied points.  

 

 

Figure 25. Rating curve from the curve fitting method for study point VP1 in the 
cultivated peatland. 

 

 

Figure 26. Rating curve from the curve fitting method for study point VP2 in the 
cultivated peatland. 
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Figure 27. Rating curve from the curve fitting method for study point VP3 in the 
cultivated peatland. 

 

 

 

Figure 28. Rating curve from the curve fitting method for study point VM1 in the 
peatland forest. 
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Figure 29. Rating curve from the curve fitting method for study point VM2 in the 
peatland forest. 

 

 

 

 

Figure 30. Rating curve from the curve fitting method for study point VM3 in the 
peatland forest. 
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Figure 31. Rating curve from the curve fitting method for study point VM4 in the 
peatland forest. 

 

 

 

 

Figure 32. Rating curve from the curve fitting method for study point VT1 in the peat 
extraction site. 
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Figure 33. Rating curve from the curve fitting method for study point VT2 in the peat 
extraction site. 

 

 

 

Figure 34. Rating curve from the curve fitting method for study point VS2 in the 
pristine mire. 
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Figure 35. Rating curve from the curve fitting method for study point VS3 in the 
pristine mire. 

 

 

 

Figure 36. Rating curve from the curve fitting method for study point VS8 in the 
pristine mire. 

  



 

 

APPENDIX 2 (1)  

Appendix 2. Point specific water quality data 

Table 20. Measured water quality at each water sampling in the cultivated peatland 
(VP1, VP2 and VP3) and in the peatland forest (VM1 and VM2). Values are presented 
as mg l-1m expect EC (mS cm-1) and colour (mg l-1 Pt). 

Point Date EC pH Colour SS Ptot PO4 DOC Ntot Fe Al Mn 

VP1 03/04/12 78.0 5.45  46.48 0.110 0.081 47     
 26/04/12 31.0 4.35 250 1.50 0.020 0.007 31 1.2 1.6 0.44 0.037 

 03/05/12 21.0 4.73 200 0.50 0.017 0.008 22     

 10/05/12 19.0 4.67 250 3.28 0.019 0.007 25     

 27/06/12 23.4 4.75 500 12.50 0.058 0.042 38 1.1 3.9 0.45 0.043 

 11/07/12 58.0 5.12 1250 62.19 0.280 0.270 57 2.1 25 0.89 0.091 

 08/08/12 32.4  450 2.54 0.039 0.020 45 1.7 3.4 0.69 0.044 

 29/08/12 24.5 4.40  75.76 0.071 0.062 30 1.4 5.9 0.53 0.049 

 19/09/12 26.5 5.35  9.71 0.049 0.034 34 1.6 5 0.44 0.053 

 09/10/12 29.0 3.86   0.046 0.028 46 1.3 4 0.55 0.042 

VP2 03/04/12 79.5 5.59  43.04 0.300 0.260 47     
 26/04/12 32.0 4.34 250 41.75 0.020 0.010 32 1.3 1.6 0.44 0.038 

 03/05/12 21.0 4.70 250 0.37 0.020 0.009 23     

 10/05/12 21.0 4.76 300 2.77 0.021 0.009 24     

 27/06/12 23.4 4.65 450 4.69 0.052 0.039 38 1.2 3.5 0.46 0.046 

 11/07/12 75.0 5.04 900 63.08 0.230 0.210 48 2 18 0.77 0.081 

 08/08/12 33.7  500 3.09 0.052 0.033 22 1.6 3.8 0.63 0.049 

 29/08/12 24.3 3.82  13.76 0.075 0.063 31 1.7 5.9 0.53 0.049 

 19/09/12 27.8 5.25  10.25 0.068 0.055 38 1.2 5.3 0.43 0.054 

 09/10/12 29.2 4.45   0.052 0.042 45 2.3 4.1 0.53 0.047 

VP3 03/04/12 74,0 5,56  35,62 0,32 0,28 42     
 26/04/12 31,0 4,46  1,88 0,022 0,011 30 1.3 1.6 0.43 0.040 

 03/05/12 21,0 4,74 250 0,50 0,02 0,009 23     

 10/05/12 19,0 4,75 225 4,80 0,022 0,01 24     

 27/06/12 23,3 4,66 250 7,17 0,066 0,051 38 1.7 3.7 0.46 0.043 

 11/07/12 97,0 5,00 500 234,15 0,48 0,44 44 3.6 35 1.1 0.11 

 08/08/12 31,7   1250 3,42 0,059 0,037 42 1.5 3.8 0.61 0.051 

 29/08/12 24,1 3,85 500 1,55 0,057 0,049 31 1.7 5 0.53 0.049 

 19/09/12 27,9 4,50  5,68 0,072 0,056 37 1.3 5 0.44 0.052 

 09/10/12 28,5 4,35    0,059 0,04 44 1.6 4 0.53 0.047 

VM1 03/04/12 71.0 5.52  81.69 0.190 0.160 46     
 26/04/12 30.0 4.37 250 5.75 0.016 0.005 28 1.4 1.8 0.23 0.048 

 03/05/12 21.0 4.73 200 0.25 0.018 0.008 23     

 10/05/12 18.0 4.71 250 6.57 0.021 0.009 24     

 27/06/12 23.2 4.58 500 10.58 0.070 0.067 34 1.8 3.3 0.26 0.043 

 11/07/12 83.0 5.09 1250 73.47 0.053 0.038 65 2.9 26 0.59 0.12 

 08/08/12 38.2  500 2.66 0.028 0.011 42 1.6 3.3 0.41 0.048 

 29/08/12 23.9 3.70  22.48 0.040 0.028 29 2.2 4.1 0.28 0.034 

 19/09/12 24.8 5.20  9.60 0.028 0.012 35 4.6 4 0.23 0.037 

 09/10/12 29.0 4.63   0.053 0.034 45 2.1 3.9 0.55 0.043 

VM2 26/04/12 37.0 4.16 250 1.33 0.016 0.005 28 1.4 1.8 0.23 0.048 
 03/05/12 27.0 4.42 275 1.00 0.020 0.007 26     

 10/05/12 18.0 5.14 300 10.53 0.021 0.009 24     

 27/06/12 22.2 4.74 350 6.85 0.070 0.067 34 1.8 3.3 0.26 0.043 

 11/07/12 29.0 5.02 400 29.11 0.053 0.038 65 2.9 26 0.59 0.12 

 08/08/12 41.5  500 2.48 0.028 0.011 42 1.6 3.3 0.41 0.048 

 29/08/12 27.0 4.70  650.89 0.040 0.028 29 2.2 4.1 0.28 0.034 

 19/09/12 32.4 5.54  34.33 0.028 0.012 35 4.6 4 0.23 0.037 

 09/10/12 30.0 4.75   0.037 0.026 45 4.2 4.9 0.2 0.057 
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Table 21. Measured water quality at each water sampling in the peatland forest (VM3 
and VM4) and in the peat extraction site (VT1 and VT2).  Values are presented as mg l-

1, expect EC (mS cm-1) and colour (mg l-1 Pt). 

Point Date EC pH Colour SS Ptot PO4 DOC Ntot Fe Al Mn 

VM3 03/04/12 31.0 5.78  5.50 0.150 0.120 47     
 26/04/12 29.0 4.49 250 4.00 0.016 0.005 28 1.4 1.8 0.23 0.048 

 03/05/12 21.0 5.00 250  0.018 0.008 22     

 10/05/12 18.0 4.78 250 3.47 0.021 0.009 24     

 27/06/12 25.1 4.73 450 13.28 0.070 0.067 34 1.8 3.3 0.26 0.043 

 11/07/12 2.6 4.85 1250 102.12 0.053 0.038 65 2.9 26 0.59 0.12 

 08/08/12 35.5  500 1.50 0.028 0.011 42 1.6 3.3 0.41 0.048 

 29/08/12 21.2 4.10  7.38 0.040 0.028 29 2.2 4.1 0.28 0.034 

 19/09/12 24.1 5.23  7.54 0.028 0.012 35 4.6 4 0.23 0.037 

 09/10/12 27.6 4.50   0.055 0.038 44 2.3 3.6 0.51 0.047 

VM4 26/04/12 31.0 4.08 200 9.75 0.016 0.005 28 1.4 1.8 0.23 0.048 
 03/05/12 24.0 4.65 200 16.00 0.011 0.002 21     

 10/05/12 21.0 4.44 350 1.63 0.021 0.009 24     

 27/06/12 31.9 4.42 300 336.46 0.070 0.067 34 1.8 3.3 0.26 0.043 

 11/07/12  4.31 > 2500 460.00 0.053 0.038 65 2.9 26 0.59 0.12 

 08/08/12 43.5 4.13 500 2.02 0.028 0.011 42 1.6 3.3 0.41 0.048 

 29/08/12 27.1 5.02  502.68 0.040 0.028 29 2.2 4.1 0.28 0.034 

 19/09/12 28.9 4.90  100.63 0.028 0.012 35 4.6 4 0.23 0.037 

 09/10/12 25.6 4.74   0.015 0.007 32 2.5 2.6 0.071 0.035 

VT1 03/05/12 27.0 5.52 150 36.00 0.055 0.042 14     
 08/05/12 28.0 5.90 140 7.50 0.035 0.022 15     

 10/05/12 30.0 6.09  54.97 0.039 0.018 15     

 25/06/12 123.7 5.57 500 16.20 0.120 0.057 36 6.3 4.1 0.15 0.37 

 11/07/12 2.1 6.06 500 28.90 0.140 0.110 30 4.7 5.7 0.095 0.36 

 08/08/12 33.8  400 25.22 0.027 0.013 37 2.5 2.1 0.43 0.052 

 27/08/12 61.7 5.84  16.52 0.40 0.350 35 4.6 8.5 0.17 0.25 

 27/09/12   350 15.82 0.037 0.025 28 4.7 1.3 0.14 0.11 

 09/10/12 61.9 5.66   0.15 0.140 26 3.1 3.1 0.15 0.19 

VT2 03/05/12 19.0 5.56 80 50.50 0.015 0.004 9.4     
 08/05/12 27.0 5.78 180 6.25 0.036 0.022 19     

 25/06/12 83.0 5.73 400 5.36 0.120 0.057 36 6.3 4.1 0.15 0.37 

 11/07/12 32.0 6.15 300 14.72 0.140 0.110 30 4.7 5.7 0.095 0.36 

 08/08/12   250 23.24        

 27/08/12 38.2 6.48  7.17 0.041 0.026 20 4.5 2.8 0.044 0.058 

 27/09/12   160 4.16        

 09/10/12 48.1 5.64   0.020 0.009 19 4.6 1.9 0.043 0.069 

 

 

 

 

 

 



 

 

APPENDIX 2 (3) 

 

Table 22. Measured water quality at each water sampling in the pristine mire (VS2, 
VS3 and VS8). Values are presented as mg l-1, expect EC (mS cm-1) and colour (mg l-1 
Pt). 

Point Date EC pH Colour SS Ptot PO4 DOC Ntot Fe Al Mn 

VS2 03/05/12 29.0 4.13 100 1.63 0.008 0.002 16     
 08/05/12 30.0 4.11 120 1.00        

 25/06/12 44.5 3.98 180 0.29 0.011 0.002 30 3.1 0.3 0.044 0.0089 

 09/07/12 43.0 3.86 200 34.21 0.018 0.003 36 0.77 0.44 0.067 0.0022 

 07/08/12 44.8 3.94 180 0.56 0.015 0.004 35 0.71 0.41 0.085 0.0031 

 27/08/12 45.8 3.91 250 24.85 0.012 0.002 34 0.88 0.37 0.051 0.0023 

 27/09/12   180 2.10 0.010 0.002 34 0.49 0.34 0.041 0.002 

 11/10/12 57.8 4.03 180 4.03 0.012 0.002 31 0.38 0.13 0.034 0.0014 

VS3 11/04/12 53.5 3.61 200 60.27 0.056 0.073 32     
 13/04/12     0.073 0.056 32     

 25/04/12 33.0 3.92 90 3.12 0.010  26 0.4 0.22 0.067 0.0073 

 03/05/12 26.0 4.16 90 2.24 0.009 0.004 14     

 08/05/12 28.0 4.18 100         

 25/06/12 39.3 3.99 200 7.17 0.011 0.002 30 3.1 0.3 0.044 0.0089 

 09/07/12 43.0 3.86 180 0.82 0.018 0.003 36 0.77 0.44 0.067 0.0022 

 07/08/12 39.0 3.70 160 2.79 0.015 0.004 35 0.71 0.41 0.085 0.0031 

 27/08/12 40.7 3.96 180 1.43 0.012 0.002 34 0.88 0.37 0.051 0.0023 

 27/09/12   160 5.90 0.010 0.002 34 0.49 0.34 0.041 0.002 

 11/10/12 47.1 3.98 160 6.25 0.004 0.002 23 0.25 0.068 0.013 0.001 

VS8 11/04/12 57.5 3.88 425 235.71 0.020 0.005 44 0.58 1.9 0.22 0.0083 
 13/04/12       44     

 03/05/12 42.0 3.99 250 0.00 0.009 0.003 28     

 08/05/12 41.0 4.06 200 0.83 0.009 0.002 27     

 25/06/12 51.2 3.80 350 4.67 0.011 0.002 30 3.1 0.3 0.044 0.0089 

 09/07/12 57.0 3.78 500 3.12 0.018 0.003 36 0.77 0.44 0.067 0.0022 

 07/08/12 61.5 3.90 400 0.10 0.015 0.004 35 0.71 0.41 0.085 0.0031 

 27/08/12 58.6 3.79 450  0.012 0.002 34 0.88 0.37 0.051 0.0023 

 27/09/12   350 0.50 0.010 0.002 34 0.49 0.34 0.041 0.002 

 11/10/12 68.4 3.84 400 0.80 0.012 0.002 46 0.62 1.1 0.15 0.0043 

 

  



 

 

APPENDIX 3 
 

Appendix 3. Point specific daily and total loads. 

Table 23. Measured total loads (TL) (kg) and daily loads (DL) per surface area (kg ha-1 d-

1) in the study points presented as point specific observation periods. The first time 
period refers to measurement period of SS, Ptot, PO4 and DOC, and the second time 
period to measurement period of Ntot, Fe, Al and Mn. 

Study point  SS Ptot PO4 DOC Ntot Fe Al Mn 

VP1 
26.4. – 9.10 
25.6. – 9.10. 

TL 5509.5 21.4 17.6 10238.0 267.4 1632.6 98.4 9.5 

DL 2.3 8.8E-03 7.3E-03 4.2 1.7E-01 1.1 6.3E-02 6.1E-03 

VP2 
26.4. – 9.10 
25.6. – 9.10. 

TL 6487.2 22.6 18.4 9265.9 282.7 1391.6 103.5 10.4 

DL 2.7 9.3E-03 7.6E-03 3.8 1.8E-01 9.0E-01 6.7E-02 6.7E-03 

VP3 
26.4. – 9.10 
25.6. – 9.10. 

TL 20936.7 61.1 51.0 17784.2 617.6 3619.6 205.6 19.6 

DL 8.7 2.5E-02 2.1E-02 7.3 0.4 2.3 1.3E-01 1.3E-02 

VM1 
26.4. – 25.10. 
25.6 – 25.10 

TL 1756.8 2.9 1.9 3206.6 149.7 574.3 23.8 3.6 

DL 8.5E-01 1.4E-03 9.3E-04 1.6E+00 1.1E-01 4.2E-01 1.8E-02 2.6E-03 

VM2 
26.4. – 25.10. 
25.6. – 25.10 

TL 616.7 1.1 0.6 1299.8 64.8 252.5 8.1 1.5 

DL 3.0E-01 5.1E-04 3.0E-04 6.3E-01 4.8E-02 1.9E-01 6.0E-03 1.1E-03 

VM3 
26.4. – 25.10. 
25.6. – 25.10. 

TL 6917.3 12.5 7.9 12834.4 518.8 1913.4 84.3 12.7 

DL 3.4 6.1E-03 3.8E-03 6.2 3.8E-01 1.4E+00 6.2E-02 9.4E-03 

VM4 
26.4. – 25.10. 
25.6. – 25.10. 

TL 6920.1 0.9 0.6 1123.6 53.4 393.7 10.1 2.0 

DL 3.4 4.4E-04 3.0E-04 5.4E-01 2.6E-02 1.9E-01 4.9E-03 9.5E-04 

VT1 
3.5. – 25.10. 
25.6. – 25.10. 

TL 6684.1 15.9 11.9 4366.1 399.8 370.5 17.3 20.9 

DL 5.3E-01 1.3E-03 9.4E-04 3.5E-01 4.5E-02 4.2E-02 2.0E-03 2.4E-03 

VT2 
3.5. – 25.10. 
25.6. – 25.10. 

TL 863.8 4.7 3.4 1483.9 160.5 158.3 2.8 9.3 

DL 6.8E-02 3.7E-04 2.7E-04 1.2E-01 1.3E-02 1.3E-02 2.2E-04 7.3E-04 

VS2 
3.5. – 25.10. 
25.6. – 25.10. 

TL 114.5 1.0E-2 2.0E-2 299.7 6.0 2.6 0.4 2.0E-2 

DL 0.02 2.3E-05 4.6E-06 6.0E-2 1.6E-03 7.1E-04 1.1E-04 5.2E-06 

VS3 
25.4. – 25.10. 
25.6. – 25.10. 

TL 38.6 0.2 9.0E-2 373.5 9.1 3.0 0.5 3.0E-2 

DL 7.0E-03 3.1E-05 
1.67E-
05 

6.8E-02 2.5E-03 8.2E-04 1.4E-04 7.7E-06 

VS8 
8.5. – 9.10. 
25.6. – 9.10. 

TL 52.6 0.5 0.1 1261.7 32.0 9.8 1.6 0.1 

DL 1.1E-02 1.0E-04 2.1E-05 2.7E-01 
10.0E-
03 

3.1E-03 4.9E-04 3.0E-05 

 


