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ABSTRACT The effects of drainage water storage in ponds on nutrient leaching and 
water resource management were examined in a three-year (2006-2008) field experiment 
in a 163 km2 study area in southern Sweden. The land use in the area is mainly intensive 
agriculture and approximately 2.5 million m3 of groundwater are used for irrigation every 
summer. In 2004, 27 small water storage ponds were constructed in the area. The total 
storage capacity of these ponds is 355 000 m3 and if they were to be refilled e.g. 1.5 times 
per season, the groundwater use for irrigation could be decreased by 20%.  This study 
examined the effects of the ponds on nutrient transport and water resource management 
and developed an index for risk assessment of drainage water quality. Weather 
parameters and changes in water storage were recorded in the field and samples of water 
entering and leaving the ponds were collected. Analyses of the water revealed that the 
ponds acted as a trap for transported nitrogen and phosphorus within the catchment. 
Digital data on land use, soil type, drainage network and slope gradients were used to 
identify watershed boundaries and to evaluate the impact of watershed properties on 
water quality. The potential non-point pollution indicator method (PNPPI) developed for 
assessing catchment potential as a contributor of nitrogen and phosphorus leaching 
proved useful. However, the temporal variability was not fully considered and a 
procedure for including point sources of pollution should be added. 
 
Keywords: Water storage ponds, nutrient transport, index for risk assessment of drainage 
water quality.  

INTRODUCTION In temperate zones, variations in evaporative demand within the year 
create a deficit of precipitation during the growing season and a surplus of precipitation 
throughout the winter. One of the main causes of crop yield depression is lack of water. 
Uneven or low levels of yield often leave a high concentration of mineral nitrogen (N) in 
the soil after harvest, increasing the risk of N leaching in the following winter. An 
integrated water management system combines water handling and quality assurance 
within watersheds. Measures can be carried out at farm level with a view to reducing the 
amount of nutrients available for leaching and the amount of run-off. In order to reduce 
run-off leaving the watershed, drainage water can be collected and stored in small ponds 
or wetlands.  
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The main purpose of water reuse systems is to reduce diffuse emissions of nutrients, 
pesticides and sediments, while ensuring yields of high quality and quantity and 
guaranteeing efficient use of water. Previous research on the subject has largely focused 
on water quality, which is considered the main constraint to water reuse since it 
determines e.g. which crops may be irrigated (Shannon et al., 1997). In Ohio, USA, an 
integrated water management system has been developed consisting of a wetland and 
storage pond bound together by a management system and which according to 
requirements can be used either for drainage or for sub-irrigation (Allred et al., 2003). 
Trials which have been going on for the past five to six years show an average yield 
increase of 20% for maize and 17% for soybean. 

Small ponds can act as traps for N, phosphorus (P) and sediments and as water reserves 
which during periods of low rainfall can be returned to the field through irrigation. 
Integrating the water management system and reuse of stored water can be an optimal 
water management strategy for both crop and environment. The general objectives of the 
project described here were to examine the effects of small ponds on nutrient transport 
and water management and to create an index for risk assessment of drainage water 
quality. 

MATERIALS AND METHODS The effects of drainage water storage in ponds on 
nutrient leaching and water resource management were examined in a three-year (2006-
2008) field experiment at Listerlandet in southern Sweden. The study area comprised a 
163 km2 area that has significant agricultural production, with intensive cultivation of 
potatoes, sugarbeet, cereals, vegetables and soft fruits. An estimated 2.5 million m3 
groundwater are used for irrigation in the region every year. In order to manage and 
legitimize the use of groundwater for irrigation, local farmers formed an association, 
FAGRI. In 2004, 27 small ponds were created in a dam construction project that received 
up to 70% financial support from a local investment program. The objectives with the 
dams were to improve water management in the area and to reduce diffuse emissions of 
nutrients to the Baltic Sea. The total volume of the dams is approximately 355 000 m3. 
Assuming that these dams are refilled 1.5 times per season, this means that the 
groundwater withdrawal for irrigation purposes can be reduced by 20%. 

Measurements in the field In the initial stage of the project, the dams were examined 
and divided into classes according to their size, design and watershed characteristics (land 
use, geology and topography). Field measurements of water quality were carried out in 
ponds representative for each class by bi-weekly sampling of the incoming and outgoing 
water. Data on some of the ponds are presented in Table 1. 
 
Table 1. Area, depth and volume of selected ponds used for water quality measurements.  
Size Pond D108 Pond D111 Pond D120 Pond D125 
Area (m2) 3200 2165 1383 7300 
Depth (m) 3.5 3.3 2.4 3.4 
Volume (m3) 9900 3300 2600 24500 
Sealing Organic matter None Plastic sheeting Plastic sheeting 
 
Analyses were carried out in the laboratory of pH, electrical conductivity and N and P 
concentrations (Spectrophotometer, DR5000 UV-VIS, Hach-Lange). Nutrient removal 
from water was determined by calculating the differences in N and P content between 
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incoming and outgoing water. The water level within the pond and water temperature 
were measured continuously with sensors (Levellogger Gold Solinst Canada Ltd.) that 
combined a pressure transducer and a temperature sensor.Write your text here. 

Methodology for designing the water quality index In order to estimate the ability of 
small ponds to reduce diffuse emissions of nutrients, calculations were carried out using 
Geographical Information Systems (GIS) and the ponds were classified under an 
estimated potential non-point pollution index (PNPPI) (Munafòa et al., 2005). The 
physical characteristics of the watershed were described by digital data from land use 
maps, geological maps and digital elevation models (DEM). All data were processed 
using the software ArcInfo 9.3. The methodology was similar to that used previously in 
Sweden for identification of suitable areas for controlled drainage (Joel et al., 2009). The 
digital data included information on soil type, land use, field, crop, elevation and artificial 
drainage network. 

The potential nutrient leaching from defined land areas was then expressed as a function 
of three indicators. The method for calculating PNPPI follows an approach quite similar 
to environmental impact assessment (EIA). In this case the potential pollution coming 
from land parcels was expressed as a function of the following three indicators: 

 
• LCI (land cover indicator), which refers to the potential generation of non-point 

pollution due to the land uses of the parcel. 
• ROI (run-off indicator), which takes into account pollutant mobility and possible 

filtering with respect to terrain slope, land cover and geology. 
• DI (distance indicator), which translates hydraulic distance as a kind of retention 

coefficient. 
 
Figure 1 shows a flow chart for calculations concerning the PNPPI. 
 

 
Figure 1. Flow chart for calculations of PNPPI. After Munafõa et al., (2005). 
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LCI was the most important factor for assessing the potential for pollution. The land 
within the catchment area was classified in terms of land use on a scale from the highest 
category of intensively farmed land to the lowest category of land with low disturbances, 
such as forest and grassland. Densely populated areas were also classified as the lowest 
category, since all water discharge was assumed to be treated. Terrain maps produced by 
the Swedish Land Survey Authority in the scale 1:50 000, each representing a 25 km x 25 
km area, were used to outline the different land uses (i.e. agriculture, forestry, urban) in 
the study area. The dataset consisted of several layers, with information such as land use, 
hydrology, settlements and road networks. In the present study, only the land use layer 
was used. Information on the crop rotation in each field was obtained from the Swedish 
Board of Agriculture’s statistical database. The land area was then classified into one 
class for water areas that included all types of surface waters (sea, lakes, rivers, etc.) and 
four intensity classes based on fertilizer input: very high intensity, comprising intense 
cropping systems (potatoes, vegetables, sugarbeet); high intensity (wheat, rape, rye); 
moderate intensity, comprising cropping systems with low levels of inputs such as oats, 
barley and grass leys; and low intensity, comprising land use systems with very low 
inputs such as forestry, natural grassland and urban areas. 

Digital elevation models and information on artificial drainage networks were used for 
defining the sub-catchments or contributing areas. The elevation dataset was produced by 
the Swedish Land Survey Authority and contains an elevation value in meters to one 
decimal point in each cross-point in a 50 m x 50 m grid. Each dataset comprises a 
mapping unit of 25 km x 25 km.  

ROI was calculated as the average coefficient of run-off from the fields to the drainage 
network or reservoirs. The run-off coefficient from each parcel was calculated as a 
function of hydraulic conductivity. The slope factor was not included in the calculation, 
since most of the study area has a slope of less than 3% and all potential run-off (mainly 
subsurface) is routed through the drainage network. Thus the effects of velocity and flow 
on leaching are determined by the ability of the soil in retaining and transporting water. 
All soil data were taken from the Geological Survey of Sweden. In the present study, 
local digital map material in the scale 1:50 000 was used. In these maps, soil types are 
classified according to pedogenesis and particle size distribution. Shallow soils less than 
0.5 m in thickness are generally not recorded. The mapping was originally carried out at a 
detailed scale but generalized to 1:50 000 to improve readability. To present the map 
information as completely as possible, each surface (polygon) is described by one of 
three attributes: J1 (surface layer above 0.5 m), J2 (normal mapping depth at 0.5 m below 
soil surface) and J3 (soil type below 0.5 m). The J2 attribute was used in this study since 
it corresponds to a depth where drainage properties have a large significance. A general 
rating of soil types relative to their water permeability was made according to the 
following, based on the classification of particle sizes typical for the dataset utilized in 
this study: (1) High water permeability in coarse-textured and sandy soil types with less 
than 5% clay content; (2) moderate water permeability in mineral sediment and glacial till 
soils with clay content from 5% to 15% maximum, organic soils (peat and marine muds), 
and glacial tills with no reference to dominant particle size; (3) low water permeability in 
mineral sediment and glacial till soils with more than 15% clay, and fine and medium 
silts. 
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DI can be calculated as the hydraulic distance between any point or field contributing to 
the stream or reservoir. The distance is calculated as the theoretical route water takes on 
the surface. A long distance to the pond will provide a low DI value as there are many 
opportunities for retention on the way. In this study ArcGis software was used to 
represent the different hydrological component in each sub-catchment, but the assessment 
showed that the distance was very short because the fields are equipped with sub-surface 
drains. Therefore DI was not used as one of the coefficients in the study. 

In order to facilitate the combination of information contained in various layers, all vector 
data were converted to raster data with a cell size of 10 m x 10 m pixels. After 
rasterization, each pixel was given a numerical value representing many properties of a 
location, such as hydraulic properties and land use. From the geographical point of view, 
each parameter is exactly represented by this value in the defined mapping grid system. A 
series of mathematical operations can be used to combine the effect of various properties. 

LCI and ROI were normalized between their maximum and minimum values, so that 
each indicator class had a value between 0 and 1. PNPPI was calculated for each pixel as 
a function of LCI and ROI according to the equation:  

 
ROIKLCIKPNPPI ROILCI ⋅+⋅=    (1) 

 
The coefficients KLCI and KROI were given a value of 1 in the first estimation (T1), 
indicating that the land use at the site and its potential for run-off had equal significance 
for the processes of N and P transport. In the second estimation (T2) KLCI was given a 
value of 5 and KROI a value of 1, indicating that the most important factor determining 
transport was the amount of N and P available for transport, which is linked to the land 
use. 

After the land cover and run-off indicators were defined into classes and given a tabular 
value, the PNPPI index was calculated for each class according to the two estimates of 
coefficients mentioned above. Table 2 presents the different classes of the indicators LCI 
and ROI, their tabular values, the coefficient values used for KLCI and KROI and the 
calculated PNPPI for each class. 



 

Table 2. The different classes of the indicators LCI and ROI, their tabular values, the 
coefficient values for KLCI and KROI and the calculated PNPPI for each class. 

LCI ROI KLCI KROI PNPPI index 
T1 

PNPPI index 
T2 

Class Value Class Value T1 T2 T1 T2 Class Value Class Value
Very 
high 

1.0 High 1.0 1.0 5.0 1.0 1.0 C-1 2 C-1 60 

Very 
high 

1.0 Medium 0.6 1.0 5.0 1.0 1.0 C-2 1.6 C-1 56 

High 0.6 High 1.0 1.0 5.0 1.0 1.0 C-2 1.6 C-2 40 
Very 
high 

1.0 Low 0.3 1.0 5.0 1.0 1.0 C-3 1.3 C-1 53 

Moderate 0.3 High 1.0 1.0 5.0 1.0 1.0 C-3 1.3 C-4 25 
High 0.6 Medium 0.6 1.0 5.0 1.0 1.0 C-3 1.2 C-3 36 
Low 0.1 High 1.0 1.0 5.0 1.0 1.0 C-3 1.1 C-5 15 
High 0.6 Low 0.3 1.0 5.0 1.0 1.0 C-4 0.9 C-3 33 
Moderate 0.3 Medium 0.6 1.0 5.0 1.0 1.0 C-4 0.9 C-4 21 
Low 0.1 Medium 0.6 1.0 5.0 1.0 1.0 C-4 0.7 C-5 11 
Moderate 0.6 Low 0.3 1.0 5.0 1.0 1.0 C-5 0.6 C-5 18 
Low 0.1 Low 0.3 1.0 5.0 1.0 1.0 C-5 0.4 C-5 8 
 

RESULT AND DISCUSSION 
Effects of small ponds on water quality During the period November 2007 to mid-
December 2008, water quality was monitored at different locations in water courses close 
to the ponds and within four selected ponds. A total of 30 water samples were collected 
and analyzed at each monitoring site. Storage of water in the ponds proved to have a 
significant effect on water quality in all four ponds monitored. The nutrient 
concentrations were lower in ponds than in the respective incoming water. For example, 
the average N concentration in all ponds was 2 to 16 times lower than the average 
concentration in incoming water, while the average P concentration was halved in ponds 
D108 and D120. Differences in total N and P concentrations in water samples taken from 
incoming water, ponds and outgoing water are shown in Figures 2-4. 

Effects of small ponds on water management Different water withdrawal strategies 
were used in the different ponds examined (Table 3). In pond D108, withdrawal started at 
the end of June and was concentrated to three large events, with the last of these 
occurring at the beginning of August. In ponds D111 and D120 water withdrawal started 
in May and continued until July for pond D111, whereas for pond D120 it was spread 
across minor events during the irrigation season (May-August). Ponds D108 and D120 
were continuously refilled during the irrigation season, whereas pond D111 was just 
refilled once, after the first irrigation event. The different management strategies resulted 
in an utilization rate of pond water ranging between 88 and 170% during the vegetation 
period and an additional water resource of 420, 440 and 875 mm per hectare for each 
pond. 
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Figure 2. (a) NO3-N concentration (mg L-1) and (b) PO4-P concentration (mg L-1) in 
incoming water (S108) and in pond D108, 2008. 

 

Figure 3. (a) NO3-N concentration (mg L-1) and (b) PO4-P concentration (mg L-1) in 
incoming water (S125.1, S125.2 and S125.3), outgoing water (D125_out) and in ponds 
D120 and D125, 2008. 

 

 

Figure 4. (a) NO3-N concentration (mg L-1) and (b) PO4-P concentration (mg L-1) in 
incoming water (S111s and S111b) and in pond D111, 2008. 
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Table 3. Summary of pond water management 

 Pond D108 Pond D111 Pond D120
Time period, 2008  April-Oct. May-Aug. May-Aug. 
Discharge (m3) 8745 4244 4406 
Refill (m3) 8525 4145 4320 
Coefficient of efficiency (%) 88 129 170 
 

PNPPI index for risk assessment of drainage water quality The catchments 
contributing water to each of the ponds were analyzed in terms of soil properties and land 
use. Three of the catchments (SS1088, S120 and S125) are areas under intensive farming, 
while the fourth catchment (S111) is covered mainly with forest and served as a reference 
area.  

Catchment S108 supplies water to pond D108 and had an area of 533 ha, with 63% 
cultivated land and 24% forest. During the study period the major crops cultivated were 
barley, potatoes and sugarbeet. Light-textured soils with high hydraulic conductivity 
dominate in the area and cover 95% of the catchment.  

Catchment S120 was the smallest, with an area of 49 ha, and supplies water to pond 
D120. This pond was chosen because it is known to only receive drainage water 
generated in cultivated land close to the pond. During the study period the major crops 
cultivated were potatoes, grass leys and rye. Light-textured soils are very common in the 
area, covering 96% of the catchment. 

Catchment S125, which supplies water to pond D125, was the largest catchment in the 
study, with an area of 2837 ha. The catchment was divided into three sub-catchments 
S125.1 (747 ha), S125.2 (1281 ha) and S125.3 (810 ha). Water samples for determination 
of N and P leaching were taken at the outlet of S125.2 and S125.3 in order to characterize 
these two sub-catchments. A third monitoring site where placed at the junction point of 
the three sub-catchments, 40 m from pond D125. In catchment S125, 83% of the land is 
cultivated and 9% covered by forest. The remaining land is open areas and settlements. 
During the study period the major crops cultivated were barley, potatoes and sugarbeet. 
Light-textured soils with high hydraulic conductivity cover 84% of the catchment area. 

The reference catchment (S111) has an area of 49 ha and supplies water to pond D111. In 
this catchment 97% of the land is used for forestry and 97% of the total area is covered 
by light-textured soils. 

For each of the sub-catchments the hydraulic properties and land use were classified in 
regard to the potential of the area for N and P leaching. When a value of 1 (T1) was given 
to KLCI and KROI, the weighted PNPPI for the different catchments ranged between 1.1 
and 1.6 (Table 4). This indicates that differences between the catchments as potential 
contributors of N and P leaching are relatively small, and also that the distribution into 
the different land use intensity classes is similar with the exception of the S111 
(reference) catchment, where almost all land belonged to the medium class. 

In the second evaluation (T2) a value of 5 was given to KLCI and a value of 1 to KROI. The 
weighted PNPPI then ranged between 1.5 (for S111) and 4.2 (for S120) (Table 4). When 
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a higher value was given to KLCI, the catchment potential as a contributor of N and P 
leaching was better related to the concentrations of N and P observed at the catchment 
outlets. However, the results show that KLCI and KROI values need to be adapted 
individually to each catchment. Furthermore, different PNPPI indices should be used for 
N and P leaching in order to obtain satisfactory values. 

Table 4. Calculated and weighted PNPPI for two different estimates of coefficients (T1 
and T2) for four catchment areas (S108, S125, S111 and S120) supplying water to ponds 
D108, D111, D120 and D125, respectively. 

PNPPI class S108 
 
S111 

 
S120 S125.1 S125. 2 S125. 3 

 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 
Very high 139 151 0 0 17 19 193 229 354 399 189 216 

High 48 41 0 2 11 11 136 131 216 195 106 93 

Medium 332 2 166 0 21 0 349 36 587 55 424 66 

Low 12 146 5 0 0 19 43 200 45 377 69 148 

Very low 2 195 0 168 0 0 27 150 80 255 21 287 

Total area (ha) 533 533 171 171 49 49 747 747 1281 1281 810 810 
Weighted 
PNPPI 1.4 3.2 1.1 1.5 1.6 4.2 1.4 3.6 1.5 3.7 1.4 3.3 

 

CONCLUSIONS Small ponds can act as a trap for transported N and P within a 
catchment. In areas with a water surplus in late autumn to early spring and irrigation 
demand during the growing season, small ponds can also provide an additional water 
source to overcome short-term crop water deficits. By integrating water management 
system and reuse of stored water, an optimal water management system in terms of both 
crop and environment can be created. 

The PNPPI method for assessing catchment potential as a contributor of N and P leaching 
proved to be useful. However, the results only provide a rough estimate of the leaching 
potential and should not be used in detailed calculations. If more detailed data are 
available, better PNPPI values can be obtained by calibrating KLCI and KROI for each sub-
catchment and by using different PNPPI indices for N and P. However, the temporal 
variability cannot be fully considered, nor can sources of transported N and P other than 
agricultural or forestry land. A procedure for including point sources of pollution is 
required. 
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