Housing and management of horses in Nordic and Baltic climate

NJF seminar nr. 437, 6.-7. June 2011, Iceland

11. Mitigation of phosphorus and faecal bacteria losses to water from

horse paddocks

Jaana Uusi-Kämppä, Aaro Närvänen and Håkan Jansson

MTT Agrifood Research Finland, Plant Production Research, FI-31600 Jokioinen, Finland
There are a few studies available on nutrient and faecal microorganism losses to water from horse

areas. Losses of phosphorus (P) and faecal microbes from outdoor exercise areas (paddocks) may

worsen water quality of receiving watercourses. We measured concentrations of total P (TP) and

dissolved reactive P (DRP) as well as numbers of faecal coliforms in runoff from different paddock

floors/footings (sand, gravel, woodchips, clay) by indoor rainfall simulation. At the same time we

also tested if peak P concentrations and coliform numbers could be reduced by amending the soil

floor with P-binding materials containing Ca or Fe. According to our preliminary results sand was

good at retaining P and coliforms. Addition of Ca- or Fe-containing materials into soil floor of paddoks also decreased P and faecal coliform concentrations in runoff.

Introduction

Although horse industry is an increasing branch in Finland and new stables are established near

population centres, there are only a few studies dealing with nutrient and faecal microbe losses in

runoff from horse areas. Pikkarainen (2005) presented that horses spend daily 7.2 hours in paddocks.

There are normally two horses in the same paddock, average size being 1100 m2 (Pikkarainen

2005). It can be estimated that for our 70,000 horses there are up to 35,000 paddocks and their

total area is 3800 ha. A big horse produces annually phosphorus 10 kg and nitrogen 61 kg in dung

and urine (Jouni Nousiainen, personal communication, MTT Jokioinen, April 19, 2011). Nutrient

losses and levels of faecal microorganisms in paddock runoff can thus be great. High P concentration

causes water eutrophication and algae blooming in water bodies whereas elevated levels of

coliforms indicate faecal contamination of water by warm-blooded animal and potential presence of

harmful bacteria which may cause sickness to humans or animals.

Airaksinen et al. (2007) studied accumulation of horse dung and contamination of surface runoff

water in open-paddocks. They measured high concentrations of TP (3.4 to 18.8 mg l-1) and total

nitrogen (18.3 to 140 mg l-1) in runoff water. According to their measurements high concentrations

of acid ammonium acetate extractable P (PAc, soil test P; 16 to 24 mg l-1) also existed in soil floor of

paddock feeding areas (37 horses ha-1) while low PAc values (5.5. to 6.7 mg l-1) existed in other

parts of the paddock. In many studies, DRP concentrations in surface runoff have found to increase

linearly with the values of PAc in the surface soil layer (e.g. Närvänen et al. 2008, Jansson et al.

2000). Jansson et al. (2000) also reported rather high TP concentrations (1.28 mg l-1) in ditch water

and high PAc values (21.6 mg l-1) in ditch sediments adjacent horse areas. The concentrations were 3

to 4-fold compared to corresponding values in ditches of agricultural fields.

In other studies, addition of ferric sulphate into runoff water from horse pastures decreased TP

losses by 81% (Närvänen et al. 2008) and soil amendments containing Fe decreased DRP losses by

57 to 80% from grassed soil during cold season (Uusi-Kämppä et al. 2011). In this study, we examined

if concentrations of P fractions and faecal coliforms could be decreased by adding Pbinding

amendments into the paddock floor. The study was done indoor with a rainfall simulator.

Soil floor samples from real paddocks and constructed paddock floors (sand or woodchips) were

amended with materials containing Fe or Ca. They were put under a rainfall simulator and after that

surface runoff or percolation water was sampled for laboratory analyses.
Material and methods

In the first rainfall simulation (surface runoff study), soil floor samples (gravel, sand, clay and

woodchips) were taken from 5 outdoor paddocks and put into metal bowls (diam. = 24 cm, height

=6 cm). Before rainfall simulation, 12, 24 or 48 g of Ca(OH)2 was added into sand in the bowls to

retain P, with one replicate serving as untreated control. In two paddocks made from woodchips,

ferrisulfate or calcium hydroxide [Ca(OH)2] had been added into paddock floors during building.

No amendments were added into clay or gravel. The saturated samples were set to 4% slope, rain

was applied (21 mm h-1, 1.5 h) and surface runoff water was collected for analyses of P fractions

and faecal microbes. The water samples were filtered for DRP and faecal coliforms through Nuclepore

® Polycarbonate (0.2 μm) and Millipore (0.45 μm) filters, respectively. The DRP concentration

was determined by the molybdate blue method, using ascorbic acid as the reducing agent (Murphy

and Riley 1962). The TP was analysed by the same method after peroxodisulphate digestion.

In the second rainfall simulation (percolation study), constructed cylinders acted as a paddock floor.

A 15 cm layer of clean sand or woodchips was added on a 5 cm layer of quartz sand into PVC cylinders

(diam. = 15 cm, height = 25 cm) of which surface 30 g (wet weight) of horse dung, containing

12–17 mg P, was finally added. Phosphorus-binding materials such as Fe-rich gypsum residue

from TiO2 production, Ca(OH)2 or ferric sulfate (trade name Ferix-3) was applied into the surface

layer to retain P into footing material and thus decreasing P losses in percolation water. Three replicates

served as untreated controls. The cylinders were placed under the rainfall simulator, rainfall

(10 mm h-1, 11 h during two days) was applied and the percolation water through the cylinders was

collected for analyses of DRP, TP and coliforms. Faecal coliforms and E.coli were cultivated on

mFC agar (Difco) and Harlequin E.coli/coliform medium (LabM) respectively. On the Harlequin

medium, blue-green colonies were counted as presumptive E.coli and all rose-pink colonies were

counted as presumptive coliforms. Bacteria counts were expressed as geometric means of colony

forming units (cfu) per 100 ml water.
Results and discussion

In the first study, the highest TP concentrations (25 and 74 mg l-1) in surface runoff were obtained

when gravel was used as a footing material and dung was not removed from the area (Table 1). The

corresponding TP numbers were 1.2–3.1 mg l-1 for gravel in the other paddock areas. The TP concentrations

in runoff were smaller for woodchips amended previously with ferrisulfate (5.4–8.4 mg

l-1) than in runoff from woodchips amended previously with Ca(OH)2 (16–23 mg l-1). Addition of

Ca(OH)2 into surface of sand samples decreased the DRP and TP concentrations by 96 and 78%

respectively. In surface runoff from agricultural fields, DRP and TP concentrations are usually from

0.01 to 0.35 mg l-1 and 0.1–2.0 mg l-1, respectively, (e.g. Uusitalo et al. 2007) – field runoff has thus

smaller P concentrations than paddock runoff. However, when cattle slurry was applied on the surface

of snow in winter, DRP concentration in surface runoff peaked up to 25 mg l-1 (Turtola and

Kemppainen, 1998) being as high as in horse paddock runoff.

High numbers of presumptive coliforms were also measured in surface runoff from sand paddocks

(1.4x106 cfu 100ml-1) but the addition of 48 g Ca(OH)2 into sand (0.045 m2) decreased the numbers

below the detection limit (Uusi-Kämppä et al. 2007). The highest number was up to 7.8x107 cfu

(100 ml)-1 for gravel covered with dung.
Table 1. Type and size (m2) of paddocks, average number of horses, outdoor time (h), and average

DRP and TP concentrations (mg l-1) in surface runoff.
Type of paddock floor 
Size 
Number of
Outdoor
DRP
TP
horses
time
Gravel and dung 
710 
6 
3.5a) 
23–66 
25–74

Gravel 

710 
6 
3.5a)
 0.9–2.3 
1.2–3.1

Sand 

520 
7 
3.5a)
4.3–11 
5.0–13

Woodchips with Ca 
950 
3–4 
11 
13–21 
15–23

Woodchips with Fe 
950 
3–4 
11 
4.7–7.2 
5.4–8.4

Clay 

800 
3–4 
11 
4.0 
2.8–6.8

Sand (control) 
520 
7 
3.5a) 
10 
12

Sand + 12 g Ca(OH)2 
520 
7 
3.5a)
 0.346 
1.9

Sand + 24 g Ca(OH)2 
520 
7 
3.5a)
 0.027 
2.3

Sand + 48 g Ca(OH)2 
520 
7 
3.5a)
 0 
2.7

a)=1–2 horses in a herd

In the second study, high TP loads (6 mg cylinder-1) were measured in percolation water from paddock floors made from woodchips. It can be estimated that 6–11 mg of P was retained in woodchips and quartz sand. The retained P might have been leached later with percolation water if the rainfall simulation had been continued. Addition of Fe-gypsum and Ca(OH)2 into woodchips decreased the

TP load by 70% and 40% respectively. In percolation water from sand floors, the TP load and TP

concentration were negligible (Table 2). Probably the sand contained Fe which retained P decreasing P losses in percolation water. In addition, the volume of percolation water from the sand (120

mm) was half lesser than from woodchips (210 mm). On the sand footings, however, P losses in

surface runoff might have increased due to small infiltration and water ponding. In percolation water (study 2) the TP and DRP concentrations (Table 2) were smaller than in surface runoff (study 1).

In percolation water the concentrations are generally lower than in surface runoff due to filtration

and adsorption of P into soil.

There were present less faecal coliforms in percolation water from sand floor (90 to 7000 cfu

100ml-1) than from woodchips (6400 to 20 000 cfu 100ml-1) partly due to poor infiltration of sand.

In the sand floor, pores were also smaller than in the footing made from woodchips and therefore

sand might sieve microbes better than woodchips. The application of Fe-gypsum lowered the levels

of faecal coliforms from 15 to 120 cfu 100ml-1 in percolation water from footings made from sand.

Addition of Ferix-3 removed coliforms from water due to low pH. Although Ca(OH)2 and Fegypsum decreased numbers of faecal coliforms in footings made from woodchips, rather high numbers of faecal coliforms (330 to 3100 cfu 100ml-1) were observed in percolation water.

Table 2. Concentrations of DRP and TP (mg l-1) in percolation water from constructed footings

(amended with Ca or Fe-containing material) after application of horse dung.

Footing material 
DRP
 TP

Woodchips 

0.6–4.4 
1.0–5.7

Woodchips + Ca(OH)2 
0.03–0.5 
0.8–2.2

Woodchips + Fe-gypsum 
0.04–1.1 
0.4–1.8

Sand 

≤0.02 
0.02–0.4

Sand + Ferix-3 
0 
≤0.06

Sand + Fe-gypsum 
≤0.06 
≤0.02

Conclusion

The losses of P and faecal microbes from outdoor paddocks are possible to decrease by removing

dung, choosing the right floor materials and adding of the P-binding material into the surface layer

of the floor. In the present study, sand retained more P and faecal coliforms than woodchips. The

concentrations were lower in percolation water compared to surface runoff water, since the floor

materials retained P and sieved coliforms. Addition of Fe-containing amendment into the sand floor

decreased P concentrations and possibly also numbers of faecal coliforms in percolation water.

More research is, however, needed to obtain the right amendments and suitable amounts.
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