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Soil carbon and nutrient variations in an arable-ley rotation with organic pig 

production  

 

ABSTRACT 

Soil carbon, nitrogen and phosphorus concentrations were determined, and the soil structure 

evaluated for four annual courses in a rotation (Year 1, fattening, non-nose-ringed pigs at a 

stocking density of one pig produced per 150 - 200 m2 depending on seasonal conditions; 

Years 2 and 3, spring wheat; Year 4, reseeded grass-clover) for organically-accredited pig 

production on a shallow calcareous soil in southwest England. Soil nitrogen and phosphorus 

and organic decomposition rate were greatest when pigs were present, consistent with recent 

inputs of feed and nutrient redistributed in dung and urine. Soil nitrogen and phosphorus 

concentrations and organic decomposition rate declined consistently over the subsequent 

courses. The overall production system was sustained by inputs of pig feed one year in four, 

with nutrients being carried over to subsequent years. The pigs caused significant physical 

damage leading to soil disaggregation, but the soil structure recovered over the following two 

years. The high concentrations of inorganic nitrogen, particularly nitrate at high concentration 

“hot-spots” around feeders and housings, and the poor soil structure caused by the pigs 

represented a significant risk of loss of nutrients and soil. At this site, vertical movement of 

disaggregated soil and nutrients through cracks and fissures in the underlying limestone may 

be an additional route of loss alongside denitrification, volatilization, erosion and run-off.  
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Introduction 

 

There has been a significant increase in outdoor rearing of pigs in recent years driven, in part, 

by animal welfare concerns (Watson et al. 2003; Eriksen et al. 2006; Quintern and Sundrum 

2006; Salomon et al. 2007; Bondi et al. 2015) and a perception of better meat quality (Bondi 

et al. 2015). Access to outdoor grazing is consistent with the International Federation of 

Organic Agriculture Movements principles for organic production (Halberg et al. 2010) and 

is necessary to comply with certification for organic production in the UK (Soil Association 

2020). Outdoor pigs are often reared as part of an arable-ley rotation system in which grass is 

grazed and supplementary feed is supplied, representing an imported energy and nutrient 

input to the system in addition to photosynthetic carbon and N-fixation inputs from grass and 

legumes. Typically, the pigs are followed by courses of cereals which take up residual 

nutrients.  By comparison with indoor-reared pigs, outdoor pig production emits more carbon 

dioxide, but this is more than off-set by carbon sequestration into the soil during the arable 

and grazed courses of the rotation when there are no pigs present (Halberg et al. 2010). At a 

time when livestock sectors are examining the net carbon balance of their production systems 

and other environmental effects, such as nutrient balances and soil properties, it is appropriate 

to consider the environmental effects of outdoor-reared pigs.   

Outdoor pigs can cause significant changes to the soil because of their feeding, 

rooting, defecating and urinating habits (Bondi et al. 2015). Trampling and rooting typically 

contribute to deterioration in soil structure, often leading to reduced water infiltration (Evans 

2004, 2005), and together with reduced plant cover during to grazing (Rachuonga et al. 2002) 

increase the risk of run-off and erosion on vulnerable soils (Evans 2004, 2005). Nutrient hot-

spots associated with sites of dung and faeces deposition and sites of wasted or spilled feed 

also typically occur (Watson et al. 2003; Eriksen et al. 2006; Quintern and Sundrum, 2006; 



Rachuonga and McGlone 2006; Salomon et al. 2007).  Such nutrient hot-spots are sites of 

intense nutrient loss from denitrification, ammonia volatilization and, in some cases, leaching 

(Williams et al. 2000; Webb et al. 2014). For example, N losses approaching 600 kg N ha-1 

year-1 have been reported (Eriksen 2001; Watson et al. 2003; Williams et al. 2005). Although 

less well quantified, there is also potential for significant loss of phosphorus and potassium 

from land used for outdoor pigs because of run-off and leaching (Eriksen et al. 2006; 

Haygarth et al. 2009). In addition to the damage to soil physical conditions and nutrient 

losses, there is an increased risk of faeces and pathogen transport from land associated with 

outdoor pigs particularly during the wetter autumn and winter months and from vulnerable 

soils (Evans 2004).   

Moving feeders and housings around the paddocks and setting up paddocks with trees 

that take up some of the excess nutrients are approaches used to avoid or manage high 

nutrient loadings (Quintern and Sundrum 2006; Manevski et al. 2019; Jakobsen et al. 2019), 

but these can be either labour-intensive or not practical where outdoor pigs are part of a 

rotation that includes arable cropping. Management approaches to soil physical damage and 

high nutrient loading in the soil usually therefore rely on the following: minimising erosion, 

run-off and leaching losses (Evans 2004, 2005; Haygarth et al. 2009; Halberg et al. 2010); 

subsequent crop uptake of the residual nutrients (Williams et al. 2005); cultivation to disperse 

and dilute high nutrient concentrations; and allowing time for soil structure to recover (Bondi 

et al. 2015).  

In this study, the spatial distribution of soil carbon and nitrogen in soil during a four-

year ley-arable rotation (year 1 outdoor pigs, years 2 and 3 conventionally-tilled spring wheat 

and year 4 reseeded grass-clover) was characterised to assess the magnitude of nutrient hot-

spots. Soil carbon and respiration (carbon mineralisation rate), soil nitrogen and phosphorus 

concentrations were also measured and soil structure was assessed to estimate the extent of 



nutrient carry-over or loss between different courses and to assess the speed of recovery of 

soil physical conditions following the pigs. By examining the soil properties in all four 

courses of the rotation at the same time, a ‘space-for-time’ (SFT) substitution approach was 

used, allowing the observations to be collected over a short period.  

 

Materials and methods 

Site and production system 

This work was based on what was the Royal Agricultural University’s Harnhill Manor Farm 

(51° 42′N, 01° 59′ W) near Cirencester, Gloucestershire in the southwest of England, UK at 

an altitude of 135 m above sea level. The maximum average monthly temperatures is 22˚C 

occurring in July and minimum is 0.8˚C occurring in February; the annual rainfall is 806 mm 

with 129 days per year receiving more than 0.1 mm precipitation distributed relatively evenly 

throughout the year with February being the driest month (receiving 53 mm) and October 

being the wettest month (receiving 85 mm); there are 1493 sunshine hours per year and 51 

days of frost per year (Met Office 2010). The soil at the site is a brown rendzina of the 

Sherborne series (Avery et al. 1980), equivalent to a Calcaric Leptosol in the UN FAO World 

Reference Base for Soil Resources (WRB 2014) and known colloquially as “Cotswold 

Brash”. It has a calcareous Ap horizon rarely more than 20-25 cm deep overlying a thin 

(approximately 5 cm) Bw horizon over a limestone-rich Cr horizon. The soil has textures 

varying between clay loam and silty clay loam across the site and contained abundant stones 

(limestone). The soil was well-drained except during the wettest periods in the year at 

locations that had sustained soil physical damage by livestock and vehicles. Observation over 

several years indicated that the soil has good “self-setting” properties (as described by Shiel 

et al. 1988), recovering quickly from water-logging and lack of macro-aggregation to well-

drained and friable aggregates within 2 to 3 months of drying out and removal of hoof and 



wheel traffic.  The average soil pH in water suspension was 7.5 ranging between 7.33 and 

7.72 (n = 10). 

The production system was an organic arable-ley four course rotation for cereal and 

outdoor pig production, accredited by Soil Association Certification (Bristol, UK). It 

occupied approximately 40 ha divided into four approximately equal-sized contiguous fields 

each of which was used annually for successive courses in the rotation. The rotation was: 

Year 1, outdoor pigs; Years 2 and 3, conventionally-tilled (i.e. conventional tillage practice 

with all operations conformed to organic accreditation) spring wheat; and Year 4, reseeded 

grass-clover mixture (Figure 1). This system had been operating on the site for a decade when 

the samples were taken, so each field had been through the four courses at least twice.  The 

pig herd comprised 120 sows raised in an outdoor farrowing and production system. Once 

weaned, the piglets were reared in a radial system (Figure 1) in which separate cohorts of up 

to about 20 animals were kept within a sector delineated by electric fences until slaughter, 

typically at about 6 months old. There were typically 25-30 sectors each of between about 

300 and 400 m2 in each paddock each with a water trough, arch housing and feeder in each 

sector. The stocking density in each sector was 1 pig produced per between 150 and 200 m2 

depending on seasonal condition. In addition, there was land for the dry and farrowing sows 

and the boars.  The pigs fed on grass and roots when on new grass, which was usually grazed 

off within 1-2 weeks, and they were supplied proprietary organically-certified (grain-based) 

pig feed. The pig feed and straw bedding were the only major nutrient inputs to the site. 

Carry-over of nutrients as dung and urine, feed spillage and wastage around the feeders, and 

incorporated straw from the bedding were the only sources of nutrients for the subsequent 

arable crops and grass in year 2 to 4 of the rotation, except biological nitrogen fixation in year 

4 and background atmospheric N deposition which was less than 18 kg N ha-1 year-1 (UK 

Pollution Deposition 2015). The pigs caused major physical damage to the soil physical 



structure particularly during the wettest periods of the year, but as previously mentioned, the 

structure recovered relatively quickly.  

The soil structure for each course in the rotation was assessed using the five-point 

Visual Evaluation of Soil Structure (Ball et al. 2017; VESS 2020) protocol in which 1 is the 

best quality (friable or intact aggregates) and 5 is the worst (poorly structure with low 

hydraulic conductivity).   

 

Soil sampling 

A SFT substitution sampling approach was used to collect soil samples from different courses 

in the rotation at the same time. SFT is commonly used to evaluate slow ecological processes 

(Pickett 1989; Blois et al. 2013), and although it is not a direct substitute for time series data, 

it was used in this study to overcome the lack of historical sampling and records. In April 

2016, soil samples were collected from sites in each of the four fields. For the field with pigs 

(course 1), samples were taken from a radial sector immediately before pigs were introduced 

and from a separate sector immediately after the pigs were removed. Soil samples comprised 

up to ten cores using 8-cm diameter steel corer to a maximum depth of 20 cm (in some case it 

was not possible to sample this deep), bulked to produce a single replicate, and there were 

three replicates from each sector. Second, a sector from which pigs had been removed a few 

days earlier was sampled. The sector sampled after the pigs had been removed was stratified 

into sites close to the housing (i.e. within approximately 5 m), sites close the feeder (also 

within approximately 5 m) and a central location in the sector away from housing and feeder 

sites. Around the housing, there was straw from bedding, dung and urine on the soil surface, 

and around the feeders there was waste feed, dung and urine. Whereas at the centre of the 

sector there was no conspicuous dung, urine or straw. The soil samples were collected as 

described above.  For the two arable fields and the grass field (courses 2 to 4), three replicate 



soil samples were taken as above in each case.  In all cases, the volume and depth of the core 

was recorded so that the total soil volume per sample could be subsequently estimated. 

Triplicate soil samples were also taken from an area of land adjacent to the site of the rotation 

at the edge of field three (within 5 m of the field boundary) and less than 50 m from field 1 

(Figure 1) that has been under grass and largely unmanaged for several years. These samples 

were used as a ‘control’ (the control site is not shown in Figure 1). The choice of a control 

site was limited by the land available on the farm, but was selected on the basis that it was on 

the same soil type (confirmed by soil inspection).   

 

Soil analyses 

Soil samples were weighed in the field-moist state then sieved (2 mm) to remove stones and 

re-weighed before being thoroughly mixed and divided into sub-samples. Soil samples were 

sealed in a polyethene bags and transported from the field site in chilled insulated box before 

being stored refrigerated at between 3 and 5°C for no more than 5 days before analyses. The 

weight of stones was also recorded. One set of soil sub-samples (approximately 10 g each) 

were weighed, dried in a fan-assisted oven at 105˚C for 24 h and re-weighed to determine 

moisture content and with the volume data used to estimate soil bulk density.  From the oven 

dried soil, sub-samples were acidified repeatedly with HCl to remove carbonates as described 

by Midwood and Boutton (1988) and the remaining soil C and the total N measured using a 

CHN elemental analyser. Removal of the carbonates by acidification allowed the soil organic 

carbon (SOC) to be estimated. In parallel, a second set of oven-dried soil sub-samples that 

had not been acidified were analysed and the difference between the total C content of the 

acidified and non-acidified samples was used as an estimate of the inorganic soil C content. A 

third set of soil sub-samples (approximately 50 g each) were incubated in the field-moist state 

at 20˚C in gas-tight jars with a NaOH trap to collect CO2 for a period of 30 days to determine 



soil respiration described by Hopkins et al. (1988). Briefly, the NaOH traps were removed 

very 3-5 days and the amount of CO2 trapped estimate by back-titration with dilute HCl. The 

rate of respiration was determined by linear regression of the CO2 production against time 

after the initial flush of CO2 production associated with disturbance had subsided. A fourth 

set of soil sub-samples were used to determine extractable NO3
- and NH4

+, and available P. 

Inorganic N concentrations in the soil were determined on 0.5 M K2SO4 extracts of soil using 

the modified Griess-Ilosvay method for NO3
- and the indole phenol method for NH4

+ 

colorimetric methods (Keeney and Nelson 1982) with a segmented flow analyser. Available 

P was determined on 0.5 M NaHCO3 extracts using the colorimetric method of 

molybdate/ascorbate method (Murphy and Riley 1962; Olsen and Sommers 1982). 

 

Expression of results and statistical analyses 

Unless stated otherwise, all results for soil organic C, soil respiration, total soil N, soil 

inorganic N and available soil P are expressed by unit area to a depth of 20 cm. This provided 

a reliable basis on which to compare data from the different courses of the rotation without 

the confounding influence of differences in bulk density which varied for the different 

courses in the rotation. All data were analysed using single factor analysis of variance in 

which either the location in the paddock containing pigs or the phase of the rotation were 

used as factors and Tukey’s post-hoc analyses were used to assess the significance of 

comparisons between means with a threshold of p < 0.05. Data on soil inorganic C and stone 

content were compared by correlation analyses, and the VESS data were not subject to 

statistical analyses. 

 

Results 

Carbon, nitrogen and phosphorus in pig paddock 



The soil organic C and total N concentrations varied between locations in the paddocks 

containing pigs (Figure 2); there were significantly (p < 0.05) greater concentrations of both 

soil organic C and total N close to housings and feeders compared with the centre of the 

paddock (Figure 2). There was significantly less soil organic C and total N at the centre of the 

paddock than at the control site (Figure 2). However, the differences in soil organic C and 

total N between the different locations in the paddock stocked with pigs only varied by 11% 

and 14%, respectively, between the greatest and the smallest concentrations (Figure 2).  

The soil respiration rates at the centre of the paddocks and the control site were not 

significantly (p > 0.05) different from each other, but the rates close to housings and feeders 

were significantly (p < 0.05) greater, with the rates at feeder sites being significantly (p < 

0.05) greater than that at the housing sites (Figure 2). The difference in respiration rates 

between the different locations in the paddock varied by 43% between the greatest and the 

smallest rates (Figure 2), which was substantially greater than the variation on soil organic C 

at the same sites indicating a greater concentration of labile or biologically active organic C. 

It was also notable that the variations around the mean were greater for the soil from the 

paddock compared with the control, which reflected the variable distribution of bedding 

straw, dung and waste feed (Figure 2). 

Over 99% of the soil inorganic N was nitrate and the ammonium concentrations were 

negligible (data not shown). This was not unexpected given the near neutral soil pH. The soil 

inorganic N concentrations were all significantly (p < 0.05) greater for sites in the pig 

paddocks compared to the control sites (Figure 2). Close to housing and feeders, the soil 

nitrate concentrations were significantly (p < 0.05) higher that that at the centre of the 

paddock, but not significantly (p > 0.05) different from each other (Figure 2). The difference 

in soil nitrate concentrations between the different locations in the pig paddock varied by 37-

43% between the highest and the lowest concentrations (Figure 2), which was substantially 



greater than the variation on total soil N, but similar to that observed for the soil respiration 

rates. 

 

Carbon, nitrogen and phosphorus in different courses of the rotation 

Comparing the soil between different courses in the rotation (centre of paddocks and away 

from obvious sites of housings and feeders in the courses without pigs), the soil organic C 

and total N concentrations were significantly (p < 0.05) less than that in the control (Figure 

3). Both the soil organic C and total N concentrations were significantly (p < 0.05) greater in 

the course with pigs (year 1) than the other courses (years 2 to 4; arable and grass), with 

increases of 9.5% and 10.5% for soil organic C and total N, respectively, in year 1 

immediately after the introduction of pigs (Figure 3). 

The soil respiration rate did not differ significantly between years 1 and 2 (pigs and 

arable) of the rotation, but it was significantly greater (p < 0.05) than in year 3 (arable; Figure 

3), perhaps indicating that the carry-over of labile carbon from feed and dung had passed by 

this time. Over years 1 to 3, the soil respiration rates declined consistently (R2 = 0.936; p < 

0.05) from 1.5 to 1.2 mg C m-2 day-1 (Figure 3), and then increased to 1.7 mg C m-2 day-1 in 

year 4 following grass-clover reseeding (Figure 3).  

There were no significant (p > 0.05) differences in the soil inorganic N concentrations 

for year 1 (before pigs were introduced) and years 2, 3 and 4 of the rotation (Figure 3). In 

year 1, the presence of pigs was associated with a significant (p < 0.05) increase in soil 

inorganic N concentration from 0.83 g N m-2 (8 kg N ha-1) to 2.90 g N m-2 (29 kg N ha-1; 

Figure 3). The soil inorganic N concentration subsequently declined significantly (p < 0.05) 

to 1.14 g N m-2 (11 kg N ha-1) in year 2 and then to 0.81 g N m-2 (8 kg N ha-1) in year 3 

(arable), respectively (Figure 3). The inorganic N concentration for year 4 (grass-clover) was 

0.96 g N m-2 (10 kg N ha-1), but despite a potential input from N-fixation, this concentration 



was not significantly (p > 0.05) different from either of the preceding arable courses 

(Figure3). 

In parallel with the changes in soil inorganic N, the available phosphorus showed the 

same pattern (Figure 4). In year 1, the available soil phosphorus increased from 0.69 to 1.29 g 

P m-2 following the introduction of pigs, and then declined to 1.06, to 1.03 and 0.83 g P m-2 in 

years 2, 3 and 4, compared to 0.26 g P m-2 in the control (Figure 4). 

The inorganic C concentration of the soils in the rotation ranged between 0.27 and 

0.12 kg C m-2 (mean = 0.19; standard deviation = 0.06; n = 5) and were all significantly (p < 

0.05) greater than the control soil (0.09 kg C m-2; Figure 4). There was a significant 

correlation between the stone content (Table 1) and inorganic C concentration (R = 0.812; p 

< 0.05).  

 

Evaluation of soil structure 

The visual evaluation of soil structure gave ‘structural quality’ (SQ) scores of 1 or 2 for all 

years, indicating good quality soil structure, except for year 1 after pigs had been on the field 

which had a SQ4 score indicating relatively poor quality (Table 1). Following pigs, the soil 

structure improved from SQ4 to SQ2 in year 2 and SQ1 in year 3, associated with a 

combination of tillage to reduce compaction and improved infiltration and drainage, and time 

for aggregates to reform.  

 

 

Discussion 

 

The key observations from this work were the greater soil inorganic N and available soil P 

associated with the pigs and the high concentrations of these around housings and feeders 



compared with that in the arable and grass-clover course in the rotation; the correlation 

between labile carbon and soil inorganic N and available P suggesting that the N and P 

concentrations were associated with fresh carbon inputs from feed and possibly straw 

bedding, with the nutrients subsequently being redistributed as dung and urine; the carry-over 

of nutrients from the course with pigs to subsequent courses when wheat was grown; the poor 

soil structural quality immediately after the pigs, but the rapid recovery of the soil structure 

after the pigs; and the greater inorganic C and stone contents of the soil from the rotational 

system compared to the control soil.   

Central to this production system was the carry-over of nutrients from the pig feed as 

waste feed, in the dung and urine redistributed by the pigs, and from the straw bedding to the 

subsequent arable courses. This led to large nutrient concentrations in the soil at the end of 

the pig course at a time when the soil was bare and soil structural conditions were poor. In 

combination, these factors created a significant risk of loss of nutrients and soil. Whilst no 

direct measurements of losses were made, several previous authors have reported the low 

nutrient use efficiency of outdoor pig rearing (Watson et al. 2003; Halberg et al. 2010) 

particularly when inputs were large (Williams et al. 2005) and where nutrient hotspots 

occurred in the fields (Eriksen 2001; Waston et al. 2003; Rachuonga and McGlone 2006). 

These were the conditions observed in the current study and nutrient losses of a similar 

magnitude, approaching 600 kg N ha-1, would therefore not have been unexpected (Eriksen 

2001; Watson et al. 2003; Williams et al. 2005). Indeed, the near neutral soil pH was likely to 

have exacerbated N loss compared to that which might occur from more acidic soils. This 

was because most of the soil inorganic N was present as nitrate, having been oxidized from 

ammonium by microbial nitrification, which is favoured by neutral soil pH and in the 

presence of urine (Flowers and O’Callaghan 1983). The N was further predisposed to loss by 

denitrification under the poor soil structural conditions leading to waterlogging.    



Accelerated soil erosion and run-off are often associated with outdoor pig rearing 

because of deterioration in soil physical conditions and loss of plant cover (Evans 2004, 

2017; Rachuonga et al. 2002), both of which were observed in the present study. The greater 

soil inorganic C and stone contents for soils in the rotation compared to the control could be 

due in part to preferential soil loss from this site. It could not be excluded that that ploughing 

may have brought stones closer to the surface, but the soils are shallow, and the sample cores 

were typically taken to the depth of the Cr horizon. If ploughing was a major determinant of 

stone content, more stones and greater soil inorganic C contents would be expected for the 

samples taken immediately after ploughing in years 2, 3 and 4. In fact, years 2, 3 and 4 had 

lower soil inorganic C and stone contents than year 1. No direct measurements of soil loss by 

erosion or run off were recorded, but the site has only gentle slopes and there is only one 

minor water course in the vicinity, so some of the losses nutrients and soil may be diffuse. 

One hypothesis to consider is whether dispersed soil material could be lost down cracks and 

fissures in the underlying limestone, potentially carrying nutrients with it.  

The continued productivity of this arable-ley-pig system relies on the nutrient input 

from the pig feed, the activity of the pigs redistributing resources and the properties of the 

soil which allow relatively rapid recovery of structure. The true sustainability of the 

production system can, however, only be assessed by a life-cycle analysis that includes the 

production and sustainability of the imported feed, the losses of nutrients and soils and the 

resilience of the soil to recover from structural damage. 

The ‘space-for-time’ (STF) approach was critical to this study because of the absence 

of times series data, sampling, and limited records, and without adopting this approach only 

limited inferences would be possible. SFT is not however without limitations, principal of 

which is the untested (and often untestable) assumption that variations in space and time are 

equivalent (Pickett 1989; Damgaard 2019). Nevertheless, this was regarded as a necessary 



compromise in the absence of any alternatives. A specifically designed experiment with time 

series data and record keeping would be preferable, but imposing these requirements on a 

commercial production system is not always possible. Whilst this limits the interpretation, it 

does not undermine the key observations about nutrient carry-over arising from feed, dung, 

urine and bedding from the pigs to the subsequent arable and ley courses, and of the potential 

for nutrient losses from the system when nutrient loadings are high and soil physical structure 

is damaged.  
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Table 1. Stone contents and visual evaluation of soil structure (VESS) for the different courses in the 
rotation  

  
Stone content VESS “structural quality” (SQ) score 

 % by weight 
 

Year 1 without pigs 46.3 2 

Year 1 with pigs 39.3 4 

Year 2 arable 25.0 2 

Year 3 arable 33.4 1 

Year 4 grass 29.5 1 

Control 20.2 2 

 

 

  



Legends for figures 

 

Figure 1. Arrangement of the four courses in the rotation. 1 shows the fields used for pigs with the 

radial grazing system and absence of vegetation in most segments except those  yet to be occupied 

by pigs clearly visible; 2 is under spring wheat in the first year after pigs but the radial pattern from 

the previous year is still visible; 3 is under the second year of spring wheat; and 4 has recently been 

reseeded with a grass-clover mixture. 

Figure 2. Soil carbon and nitrogen parameters for different locations in a paddock stocked with pigs. 

Soil organic carbon, total nitrogen and inorganic nitrogen are concentrations on an area basis; the 

inorganic nitrogen is the sum of the ammonium and nitrate concentrations, but nitrates represented 

>99% of the inorganic nitrogen; soil respiration is the rate of carbon dioxide production during 

laboratory incubation expressed per unit area. Each column is the mean of three replicates and the 

bars are ± standard deviations. Columns with the same letter are not significantly different (p > 

0.05). 

Figure 3. Soil carbon and nitrogen parameters for soil from the centre of the paddocks or fields away 

from obvious features such as past or present housing or feeder locations for four years of the 

rotation. Year 1 includes paddocks before and during stocking with pigs and the control is grassland 

at the field margin. The soil organic carbon, total nitrogen and inorganic nitrogen are concentrations 

on an area basis; the inorganic nitrogen is the sum of the ammonium and nitrate concentrations, but 

nitrates represented >99% of the inorganic nitrogen for the land under rotation management and 

>96% for the control; soil respiration is the rate of carbon dioxide production during laboratory 

incubation expressed per unit area. C-to-N ratios are calculated on the basis of soil organic C and the 

total soil N. Each column is the mean of three replicates and the bars are ± standard deviations. 

Columns with the same letter are not significantly different (p > 0.05). 

Figure 4. Soil available phosphorus and soil inorganic for soil from the centre of the paddocks or 

fields away from obvious features such as past or present housing or feeder locations for four years 

of the rotation. Year 1 includes paddocks before and during stocking with pigs and the control is 

grassland at the field margin. Each column is the mean of three replicates and the bars are ± 

standard deviations. Columns with the same letter are not significantly different (p > 0.05). 

  



 

  



 

  



 

  



 


