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Abstract (max 0.5 page) 

Post-quarry soil conservation is critical for effective ecosystem restoration as it provides a valuable 

habitat for below-ground biodiversity, of which above-ground biodiversity depend through efficient 

feedback mechanisms. Additionally, soil carbon stocks are important as they play a major role in carbon 

sequestration as the world seeks to achieve Net Zero by 2050. The aim of this project was to evaluate 

soil development within three restoration targets (pasture, calcareous grassland, woodland) and 

determine the benefit of compost addition to early-stage restoration.  Soils at Ketton Quarry (UK) were 

evaluated in the field (Visual Soil Assessment); in addition, microbial community development, carbon 

and nitrogen stocks were quantified.  Microbiology in the calcareous grassland and woodland soils are 

approaching the target; however, the pasture soil has an apparent barrier to development (e.g., 

compaction). Composts may improve carbon sequestration, but high available N applied altered the 

trajectory of development; this though may alter in time as the bioavailable N becomes depleted. This 

study suggests that calcareous grassland may be the preferred option for carbon sequestration and 

microbial diversity. Recommendations for future research are suggested, requiring additional sampling 

to understand future community developments and deeper carbon stocks. Deep-rooting plant species 

may promote community development and carbon bioavailability at depth. 



Introduction

Quarrying of natural resources is an essential part of our modern society. While this has its benefits 

with regards to resource supply, natural landscapes and soil health are often significantly degraded 

(e.g., Luna et al., 2016a). Inappropriate soil management during earthworks can degrade the soil’s 

physical, chemical, and biological properties. The impact of this being soil that is no longer appropriate 

for re-instatement into their intended use, with poor vegetation establishment, reduced biodiversity, and 

low productivity.  In addition, there is a need to preserve soil carbon; this is critical if we are to address 

the COP26 primary strategy “to protect and restore ecosystems” and contribute to carbon sequestration 

targets.  Soil holds three times more carbon than the atmosphere (IUCN 2011), thus emphasising the 

need to conserve carbon in our soils. Sustainable practises require effective and targeted post-quarry 

soil restoration strategies to promote the recovery of soils and long-term ecosystem development. Most 

European countries mandate ecological restoration of disturbed soil. Restoration success is often 

quantified in terms of vegetation reestablishment (e.g., Blanco and Lal, 2010). However, success goes 

beyond vegetation establishment and should consider soil derived ecological functions (Boyer et al., 

2011) e.g., carbon sequestration and biodiversity conservation. Organic amendments (compost) have 

been used to restore highly degraded soil properties and improve soil quality, particularly for agricultural 

land use (e.g., Ojeda et al., 2015). Benefits include increased microbial activity (Brown and Cotton 

2011), improved nutrient use efficiency (Edwards and Hailu, 2011), long term stabilization of organic 

matter (Liang et al 2006) improvement of soil pH (Agegnehu et al. 2015a), increased soil structure, 

drainage, and infiltration (Jeffret et al., 2011). However, the benefits of organic amendments are likely 

to depend on the restoration target, as it may be detrimental to species rich grassland development.   

Aims, Objectives and hypothesis 

This report is a summary of a thesis for MSc Environmental Engineering (Student Otee Islong, 

Supervisors Drs M Pawlett and L Deeks), which is available in full at Cranfield University.  The study 

aimed to assess the implications of restoration target choice on carbon cycling, with a particular focus 

on the recovery of soil microorganisms.  Soils restored (15 yrs.)  to woodlands and grasslands (pasture 

and species rich grasslands) were compared to recently (2022) restored soils, and to local analogous 

reference sites of undisturbed soils. In addition, the potential implications of compost applications were 

assessed as they were recently included in the restoration management strategy at Ketton Quarry. 

Research is currently lacking in respect of the long-term benefits of large-scale compost incorporation 

as a strategy for soil restoration (Zahra et al., 2021; Soliveres et al., 2021). Fresh carbon inputs in soil 

can alter their decomposition (soil priming) with resultant effects on the capacity for carbon 

sequestration (Bastida et al., 2019). We hypothesized that the addition of carbon (composts) to early-

stage restoration will benefit soil microorganisms in the soil short-term, but maybe be detrimental to 

microbial community development.



Objectives: 

 Literature review (Appendix I) 

 Identify the condition (physio-chemical, microbial, and visual assessments) of soils (woodland, 

species rich grassland and pasture) 15 years post application; compare to undisturbed target 

community to identify whether choice of target community impacts restoration success. 

 Determine whether the incorporation of compost into topsoil is likely to benefit restoration.  

 Provide recommendations in respect of how to improve carbon storage and microbial community 

development in restored soils 

Methods 

Study Site: Grange Top Quarry, UK (52.637178 N; 0.546355 E), an active limestone and clay 

extraction site. Locations selected for study (Table 1: GPS co-ordinates in Appendix II) summary:

1. Newly reinstated: four areas (reinstated in 2022) were selected for their intended use as pasture 

or calcareous grassland. Composts had been incorporated into the areas intended for pasture, 

one of which was sampled separately due to spontaneous rapeseed establishment.  The area for 

calcareous grassland did not incorporate composts. Areas are unseeded. 

2. 15-year post-reinstatement: areas selected comprised of (i) calcareous grassland, (i) pasture 

grassland and (iii) woodland. 

3. Target (undisturbed) reference: comprising of (i) species rich calcareous grassland, (i) pasture 

grassland and (iii) woodland 

Composts incorporated were of British Standard Publicly Available Specification (PAS 100) quality (pH 

8.9, 1.43% total N, 19% total C, organic carbon 18%, 676 mg/kg available N. The compost was 

incorporated into the top 30 cm of soil less than a month prior to sampling and prior to seed applications. 

Soil Sampling Strategy and preparation: Nine areas (Table 1) were sampled (June 2022) using an 

auger (2cm diameter) to 10cm depth. Three replicates were collected from each area.  Each replicate 

consisted of 9 soil cores obtained following a ‘W’ shaped path to ensure representation of soils within 

each sample location. All 9 soil cores were consolidated as one sample. Soils were then stored at 4C 

before homogenising, sieving (2mm) and partitioned for storage (refrigerated for microbial biomass and 

available nitrogen, frozen for PLFA, air dried for pH, and oven dried at 105C for TOC, TCN). 

Visual Soil assessment (VSA) to describe physical soil characteristics: A bespoke score card system 

was developed, based on a modified version of Linking Environment and Farming Simply Sustainable 

(Appendix IV). Soils for agricultural soils. Soil blocks (10 x 10 x 10 cm) were extracted using a spade 

and assessed for vegetation, smell, compaction, colour, fauna (earthworms and insects), roots, pore 

spaces, and structure. Soil moisture content for each soil block was also determined using a theta probe 

(one surface and one subsurface measurement). Weighted marks between 1-3 were assigned to each 

category examined in the VSA scorecard with a legend designed explaining the scoring system used. 



Table 1: Name, and Description of Sites Sampled (Geolocation of each sample in Appendix I)

Abbreviation Description 

IG Intended Grassland: Blisworth limestone prepared for calcareous grasslands 

IP Intended Pasture: Compost incorporated. 

IPR Intended Pasture with spontaneous rapeseed growth: Composts incorporated. 

15yG Calcareous species rich grassland: restored 15 years ago 

15yP Pasture restored: 15 years 

15yW Planted woodlands: restored 15 years 

TG Target Grassland: Calcareous grassland undisturbed since 1930s 

TP Target Pasture: Pastureland undisturbed by quarrying activities 

TW Target Woodland: Woodlands undisturbed by quarrying activities 

Laboratory analysis: Soil analysis are listed in Table 2.  Phospholipid Fatty Acid (PLFA) provides a 

“fingerprint” profile of the microbial community structure and allows identification of biomarkers unique 

to the membranes of certain organisms, a such we used a biomarker to estimate fungal biomass. 

Table 2: Soil parameters analysed and associated method references 

Analysis Definition Method Reference 

Biological 

Microbial biomass The living microbial component of soil organic matter Jenkinson and 
Powlson 1976

PLFA Microbial community composition and fungal biomass Frostegard et al. 2011

Chemical 

pH Measure of soil acidity BSI 10390, 2005 

Extractable nitrogen Plant available nitrogen (ammonium, nitrate and nitrite) BSI 13654, 2001 

Total Carbon  The total amount of Carbon in the soil 

Total organic Carbon Total Organic Carbon (TOC) in the soil 

Total nitrogen Total nitrogen in the soil  



Statistical Analysis: Statistical analysis was performed in TIBCO STATISTICA (Version 14). The 

relative abundance (% mol) of 34 identified fatty acids bioindicators from PLFA analysis was subjected 

to Principal Component Analysis (PCA). The resultant scores of PLFA PCA, soil pH, organic matter, 

available nitrogen, and microbial biomass were each analysed by one-way analysis of variance 

(ANOVA), and subsequently by post hoc Fisher Least Significance Difference to test the differences 

between variables in newly restored, previously restored and reference soils. Each difference was 

considered significant if p < 0.05. PLFA loading scores are presented in Appendix III.

Results

Soil physicochemical data is summarised in Table 3; microbial community profile (PLFA) in Figure 1. 

Pasture: Soil pH was greater (p<0.05) in all pasture soils compared to the target (pH 6.9), but with no 

difference between restored soils. There was no difference of total N across all pasture soils (0.25-

0.34%); however available N was greater (p<0.05) than the target (x3) where the composts had been 

added.  For carbon, there was no difference for total organic carbon (2.5-4.0%) across all the pasture 

soils; total carbon in the restored soils was the same as the target. Total microbial (269-524 µgC/g) and 

fungal (1.2-2.8 %) biomass was similar across all pasture soils; however, the microbial community 

compositions of all soils were separate from the target (p<0.05) on PC1 (Figure 1).  The addition of 

composts also altered the microbial community PLFA structure on PC2 (p<0.05); this is particularly 

noticeable where rapeseed had spontaneously seeded (IPR, Figure 1).   

Woodland: There was no difference between the restored woodland soil and target community in for 

total N, total C, TOC, and available N. The pH of the 15y restored woodland soil remained alkaline (pH 

8.1) and had not achieved the target pH (5.0).  In addition, the microbial biomass (1098 µgC/g) of the 

restored soil was greater (p<0.05) than that of the target (669 µgC/g), however the proportion of fungi 

in the biomass had not yet reached that of the target community (p<0.05). The microbial community 

(PLFA) of both woodland soils are significantly different (p<0.05) on both PC1 and PC2 (Figure 1). 

Calcareous grassland: The pH of all soils in the calcareous grassland areas were very similar, 

however the pH of the newly restored area (pH 8.3) was greater (<0.05) than the 15y restored soil. Total 

N was less (p<0.05) in the restored (0.08%) compared to target (0.24%), but with no difference of 

available N (9-18 mg/kg). For carbon, there was no difference in either total (7.7-8.3%) or organic 

carbon (4.2-4.6%) of the newly restored grassland compared to the target soils; however, both the total 

and organic C in the 15-year restored soil had dropped (approx. 3-fold: p<0.05) compared to target.  

For the microbial community, both the total microbial and fungal biomass were significantly (p<0.05) 

different across all grassland soils, with the newly restored area being lowest, followed by the 15-year 

soil, and target having the greatest.  Similarly, the overall microbial community composition was 

significantly (p<0.05) different for all grassland soils on PC1, with the 15y restored grassland soil 

separate (p<0.05) form the target and new grasslands soil on PC2 (Figure 1). 



Figure 1: Microbial Community (PLFA) profiles Principal Component (PC) Analysis (PC means ± SE).  

IP Intended Pasture; IPR Intended Pasture with spontaneous rapeseed; 15yP 15 year restored pasture; 

TP Target Pasture; 15yW 15 year restored woodland; TW target Woodland; IG Intended (calcareous) 

Grassland; 15yG 15 year restored calcareous grassland; TG Target calcareous grassland.

Addition of composts: Composts were incorporated into the soil for pasture development, but not in 

the area that will be used for calcareous grassland.  Comparing these locations, compost 

incorporation significantly (p<0.05) reduced the soil pH (8.3 to 7.9), increased total N (0.08% to 

0.29%), increased available N (9.0 to 68 mg/kg), reduced total carbon (8.3 to 4.4 %), increased 

microbial biomass (18 to 524 µg-C/g), and shifted the microbial community composition/PLFA profile 

on PC2.  Although total carbon was reduced with the addition of composts, there was no significant 

effect on TOC.  Spontaneous rapeseed growth further increased the available N to 113 mg/kg and 

further increased the shift of the microbial community on PC2 of the PLFA profile, although the 

rapeseed growth did not affect pH, total N, TOC, total microbial or fungal biomass. 

Visual Soil Assessment: Pasture soil VSA scored lower than all other soil, except intended Grassland, 

where ease of soil disintegration and number of pores scores resulted in pasture scoring higher than 

Intended Grassland. Woodland scored the highest VSA of all soils. Being highest in evenness of colour 

in profile, ease of soil disintegration and number of pores, including pores >0.5cm. While the intended 

Calcareous Grassland VSA score was the lowest of all soils, both the target and 15y restored grassland 

scored just below the highest scores for woodland. Grassland soils scored particularly well for ease of 

spade insertion and pore spaces >0.5cm (Figure 2: Appendix V; Photographs Appendix VI).
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Table 3: Soil properties (unweighted mean ± SE). 

Pasture Woodland Species Rich Grassland 

Soil Parameter IP IPR 15yP Target (TP) 15yW Target (TW) IG 15yG Target (TG) 

pH 

LSD 

7.9 ± 0.08 

a 

8.0 ± 0.08 

a 

8.2 ± 0.08 

ab 

6.9 ± 0.08 

c 

8.1 ± 0.08 

a 

5.0±0.08 

d 

8.3 ± 0.08 

b 

8.0 ± 0.08 

a 

8.2 ± 0.08 

ab 

Total N (%) 

LSD 

0.29 ± 0.03 

ab 

0.34 ± 0.03 

bc 

0.25 ± 0.03 

a 

0.27 ± 0.03 

ab 

0.33 ± 0.03 

bc 

0.40 ± 0.03 

c 

0.08 ± 0.03 

d 

0.10 ± 0.03 

d 

0.24 ± 0.03 

a 

Available N (µg/g) 

LSD 

68 ± 3 

b 

113 ± 3 

c 

27±3 

ab 

21 ±3 

a 

43 ±13 

ab 

46 ± 3 

ab 

9 ±3 

a 

7.5± 3 

a 

18± 3 

a 

Total C (%) 

LSD 

4.36 ± 0.71 

abc 

4.80 ± 0.71 

ac 

4.05 ± 0.71 

abc 

2.77 ± 0.71 

bc 

5.82 ± 0.71 

ad 

5.27 ± 0.71 

a 

8.28 ± 0.71 

e 

2.57 ± 0.71 

b 

7.65 ± 0.71 

de 

TOC (%) 

LSD 

3.0 ± 0.59 

ab 

4.0 ± 0.59 

abc 

2.5 ± 0.59 

ad 

2.8 ± 0.59 

ad 

3.9 ± 0.59 

c 

5.2 ± 0.59 

abc 

4.2 ± 0.59 

abc 

1.2 ± 0.59 

d 

4.6 ± 0.59 

bc 

MBC µg-C/g 

LSD 

524 ± 94 

ab 

269 ± 94 

acd 

531 ± 94 

ab 

335 ± 94 

ad 

1098 ± 94 

e 

669 ± 94 

b 

18 ± 94 

c 

226 ± 94 

cd 

695 ± 94 

b 

Fungal Biomass: 
(mol% 18:2ω6, 9) 

LSD 

2.3 ± 0.4 

abc 

2.8± 0.4 

bc 

1.2± 0.4 

ad 

1.9± 0.4 

ac 

2.7 

bc 

3.9± 0.4 

d 

1.2± 0.4 

a 

3.3± 0.4 

bd 

7.1± 0.4 

e 

IP Intended Pasture; IPR Intended Pasture with spontaneous rapeseed; 15yP 15 year restored pasture; TP Target Pasture; 15yW 15 year restored woodland; TW target Woodland; IG Intended 
(species rich) Grassland; 15yG 15 year restored calcareous grassland; TG Target (species rich) grassland. MBC Microbial Biomass Carbon; TOC total organic carbon; 18:2ω6, 9 fungal PLFA 
biomarker; LSD Lest Significant Difference (Fisher) Post hoc ANOVA analysis-letters represent homogenous groups at p<0.05. 
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.  

Figure 2: VSA total score.  Breakdown of individual VSA scores is in Appendix V (IP Intended Pasture; IPR Intended 

Pasture with spontaneous rapeseed; 15yP 15 year restored pasture; TP Target Pasture; 15yW 15 year restored woodland; TW target 

Woodland; IG Intended (species rich) Grassland; 15yG 15 year restored calcareous grassland; TG Target (species rich) grassland).

Discussion 

This study evaluated restoration targets (target pasture, species rich calcareous grassland, and woodland) and 

asks whether compost incorporation to early-stage restoration is beneficial to the selected target; our focus was 

on carbon stocks and shifts in soil microbiology community structure.  Soil microbial communities act as indicators 

of the trajectory of soil restoration as they respond quickly to environmental changes (Waterhouse et al., 2014). 

Reference Soils: The total carbon in the target communities was least in the pasture soil, greater in woodlands, 

and greatest in the calcareous grassland. The high total carbon in the calcareous grassland soil may reflect a 

greater proportion of calcium carbonate in the soil as there was no significant difference of TOC across all three 

target communities.  This is surprising as it would be expected that the quantity of organic carbon in the woodland 

would be greater than the pasture. The quantity of carbon cycled into the soil microbial biomass is a useful indicator 

of the totality of the soil population.  The target pasture soil had the least microbial biomass, with the woodland 

and calcareous grassland having similar microbial biomass. The proportion of carbon cycled to the fungi followed 

the same order with pasture having least, woodland more, and calcareous grassland the greatest proportion of 

fungi. Collectively this suggests that carbon cycled into the soil biology is similar for the woodland and calcareous 

grassland, but that the grassland community benefits from increased fungal biomass.  Biodiversity of fungi is 

ecologically important in relation to their enzyme capabilities and so decomposition of organic matter as such fungi 

are especially prolific in ancient woodlands and undisturbed grasslands. 

Restored soils:  Analysis of soils after reinstatements allows us to understand which system is closest to the 

target.  VSA suggests that soil quality is increasing over time from initial point of disturbance, with the newly 
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reinstated soils least, followed by the 15y soils, and finally the target soils greatest. The low VSA for the newly 

restored areas is unsurprising for early-stage restoration soils. 

For the pasture soil there was no difference in carbon (total C, TOC, or microbial biomass) or nitrogen (total and 

bioavailable) across all locations suggesting that, although disturbance did not reduce the carbon sequestered into 

the soil it remained less than the woodland and calcareous grassland and so is a poor choice in respect of carbon 

sequestration. The microbial community (PLFA) profile in the pasture soil was similar in the newly restored 

compared to the 15y restored soil, both being significantly separated from the target pasture soil on PC1.  This 

may represent a barrier (e.g., compaction, reduced pore space) to restoration in the pasture soils. 

For the plantation woodland soil, total C and N, and TOC were the same as the target after 15 years restoration 

suggesting that the carbon and nutrient stocks had recovered.  However, the proportion of fungi within the target 

woodland community was greater than the 15y year restored soil; this is not surprising as it would be expected 

that mature woodlands would have greater fungal biomass compared to planted woodlands. This could be due to 

the chemical form (bioavailability) of the organic carbon, which could be investigated through further carbon 

fractionation. The total microbial biomass was significantly greater in the 15-year restored soil compared to the 

target, which could demonstrate overdevelopment of the bacterial fraction. This elevated microbial biomass could 

represent the presence of more labile carbon within the soil organic matter (Sorial et al 2021; Brenzinger et al 

2018) and the development of ruderal species able to monopolise the available carbon. This would require further 

investigation of the bacterial community 16SrRNA methodologies, and quantification of labile carbon. Despite this, 

the development of the microbial community (PLFA profile) is approaching that of the target after 15 years, and 

indeed appears closer to the target in comparison to the calcareous grassland and pasture grassland development. 

This could represent improved soil physical and chemical properties, and improved nutrient cycling and feedback 

mechanisms, in the woodland system compared to grassland in the restored soils.   

For the calcareous grassland, total C, TOC, total N, total microbial biomass, and fungi in the soil remained lower 

in the 15y restored grassland compared to the target. Also, the microbial community (PLFA) profile of the 15y 

grassland soil was further from the target in comparison to the pasture and the woodland.  This suggests that the 

development of soil microbial characteristics in calcareous grassland may take longer than the woodland in respect 

of reaching profiles like that of the target community.  It is important to note that the microbial community has 

shifted from that of the newly reinstated topsoil and towards the target after 15 years, therefore although 

development appears slower than for the woodland recovery is improved compared to the pasture soil. 

Compost incorporation into the topsoil intended for pasture altered the microbial community composition, with a 

shift on PC2 of the PLFA profile in the direction of the microbial community of the compost analysed alone.  

Compost also increased soil microbial biomass.  PLFA results suggest that the increase was due to bacterial rather 

than fungal biomass, as the proportion of fungi in the community was unaffected.  It is unsurprising that composts 

altered the microbial community as it would provide a flush of nutrients to the indigenous microbiome while also 

adding microorganism to the soil from compost application.  The flush of nutrients is clear from the increase of 

both total and available N (x7), which are high in the compost.   However, results suggest that compost application 
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did not significantly increase the total or organic carbon of the soil compared to the newly restored soils intended 

for calcareous grassland. This is surprising given that the carbon within the composts was about 18-19% and 

contrasts with expectations. This suggests that the microbial community shift on PC2 was driven available N in the 

composts.  The elevated N is likely to be detrimental to the development of woodland and species rich grassland 

communities, particularly fungi.  However, it is unknown as to how long this shift in the bacterial community is likely 

to persist as the bioavailable N becomes depleted in the soil with community development. Composts could be 

providing a short-term boost of ruderal bacterial species, which would likely diminish as available N diminishes. 

As the microbial community of the target woodland is the closest to the soils with compost, it is likely that woodland 

development would benefit rather than species rich grassland as the community. Interestingly soils that had 

rapeseed growth had elevated available N, and a further shift in the microbial community.  This could be due to 

root exudates (e.g., organic acids) altering the microbiome and bioavailability of nitrogen within the rhizosphere. 

Conclusions 

 The primary shift of the microbial community (PC1 of PLFA: Figure 1) is towards the target reference 

communities, suggesting improved biodiversity. Both the calcareous grassland and woodland are approaching 

the target; however, the pasture soil has an apparent barrier to development (e.g. compaction).  

 The secondary shift in biodiversity (PC2 of PLFA: Figure 1) is due to available N in the compost. 

 Shifts in microbial community composition will provide nutrient feedback mechanisms that will promote above-

ground vegetation and ecosystem functioning.  The use of composts may improve carbon sequestration but 

may also alter the trajectory f community development, suggesting our hypothesis is correct.  However, to 

further substantiate the hypothesis it would be necessary to take further samples over a longer time-period. 

 Collectively data suggests that the target calcareous grassland would be the preferred option for carbon 

sequestration and microbial diversity, however further research would be required to substantiate this.   

Recommendations 

 Additional samples over longer time-period would enable a more thorough investigation of the trajectory of 

the soil microbial community.  It would be interesting to see whether the community develops towards 

woodlands when the available N becomes diminished and soil C:N ratios shift. 

 Data collected from the newly restored sites forms baseline study for future research, thus enabling the 

monitoring of carbon and soil biodiversity from immediately after topsoil reinstatement.  

 PAS100 compost had substantial quantities of plastic (Appendix VIII for picture); it would be valuable to 

sample these in the future to determine whether microplastics are affecting ecosystem development  

 We focused on the surface 10cm topsoil.  Future research should quantify deeper carbon stocks 

 Interventions to improve the soil biological community could include planting deep-rooting plant species as 

there seems to be an interaction effect of composts with roots in respect of oil microbiology development.  
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Appendix I 

MSc thesis short literature review: 

Quarrying of natural resources is an essential part of social and economic development as human populations 

continue to increase globally (Carabassa, Domene and Alcaniz, 2020; Yang et al., 2016). While this has its benefits 

with regards to resource supply, natural landscapes and soil quality are altered significantly at physiochemical and 

biological levels and are often degraded (Josa et al., 2012, Luna et al., 2016a) because of topsoil removal, storage, 

and reinstatement. This degradation has severe negative impacts on the ecological functions of soil and the 

ecosystem services that can be derived. The recovery of these services is dependent on successful restoration of 

the soil quality to natural, reference conditions with similar characteristics prior to disturbance (Callaham et al., 

2018, Luna et al., 2016). Most European countries such as the UK recognise the problem of soil degradation and 

mandate successful ecological restoration of disturbed soil (Domene et al., 2010; Ros et al., 2006, Rufaut and 

Craw, 2010). The has often been measured by the reestablishment of vegetation following the spreading of a soil 

layer (Koch, 2007; Werner et al., 2001; Blanco and Lal, 2010). However, successful restoration goes beyond 

vegetation establishment and considers soil quality and its ability to perform various ecological functions (Boyer et 

al., 2011) which are disturbed by mining activities, equipment, and processes (Bradshaw 1992). This requires 

adequate soil management, stimulation of microbial activity, improved soil structure, increased carbon and 

nitrogen content and improving the efficiency and resilience of the ecosystems (Lal, 2015, Soria et al., 2021a) 

Throughout literature, soil organic matter content, nutrients availability and microbial biomass have been studied 

as some of the physiochemical and biological parameters that serve as indicators for measuring soil quality and 

successful long-term restoration as they are susceptible to management strategies and climate change (Allen et 

al., 2011, Zahra et al., 2021a, Mele 2011, Powlson et al., 2011) in Zahra et al., 2021. Boyer et al., (2011) state that 

these soil properties can be improved significantly at the early-stage restoration process of respreading topsoil in 

disturbed landscapes. 

In the context of restoration, organic amendments such as compost have been suggested for use in rehabilitating 

highly degraded soils as it contributes to improving soil properties in agricultural land uses as well as quarries in 

Mediterranean, arid and semi-arid areas (Asensio et al., 2013; Kabas et al., 2014, (García-Orenes et al., 2005; 

Grosbellet et al., 2011, Ojeda et al., 2015. Some of these include increased microbial activity (Brown and Cotton 

2011), improving nutrient use efficiency (Edwards and Hailu, 2011), long term stabilization of organic matter (Liang 

et al 2006) improvement in soil pH (Agegnehu et al. 2015a), increased soil structure, drainage, and infiltration 

(Jeffret et al., 2011). Additionally, the use of composted material is a good alternative to landfilling which fits into 

the circular economy approach, reducing carbon and atmospheric emissions. Specifically, the focus on soil is due 

to its contribution as a major carbon sink (Le Quere et al., 2015) holding three times more carbon than the 

atmosphere present within the organic matter. These are particularly important as studies show that decreasing 

atmospheric carbon can limit the rapid increase in temperature keeping the change within the threshold at which 

climate change would have significant impacts on earth (Meinshausen et al., 2009, Minasny et al., 2017, IPCC 

2013). One of the ways to offset atmospheric carbon increases is to increase C stocks in surface (30cm depth) 
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soils by 0.4% i.e., 4 per 1000 (Balesdent and Arrouays 1999). This concept, known as the 4 per mille initiative 

aims at improving soil carbon stocks as it also has positive impacts on food security as improved soil organic 

matter content is linked to improved soil fertility and soil physical properties (Peltre et al., 2012) for agricultural 

production. This has however been critiqued owing to biophysical, socio-economic, and political limitations 

spanning geographical areas (Rumpel et al., 2020) 

Compost application being practiced at the Ketton quarry, the study site for this research falls within the category 

of carbon inputs into topsoil. Research indicates that accumulation of carbon stocks in soil can be improved 

through organic amendments such as compost (Dignac et al., 2017). 

Although the “4 per mile” initiative promotes good soil management practices that can help mitigate climate change 

(Minasny et al., 2017), these practices may differ in geographical regions as soil properties, prevalent climate and 

microorganisms vary across regions with different land uses. Degraded soils could benefit more from organic 

carbon improvements as studies indicate that various management practices such as organic amendments, no till 

practices, establishment of crop rotated vegetation, etc can improve carbon sequestration in soils with low organic 

matter content such as degraded mining soil (Minasny et al., 2017). However, most of these practices have only 

been applied to agricultural topsoil. Lord and Sakrabani (2019) identified significant increases in soil organic matter 

content in brownfield sites restored using PAS100 compost over a ten-year period. While this presents a promising 

opportunity for investigating carbon sequestration in restored quarry soils using compost, there is limited 

information on the long-term effects this strategy has on driving microbial communities towards those observed in 

reference soils.  

This study focused on assessing soil properties related to carbon sequestration and microbial biodiversity at the 

Ketton quarry (UK) where compost up to PAS100 standard has been applied to woodland and grassland soils. 

These will be compared with reference soils and those historically restored with no organic amendments. It will 

evaluate the effects of compost application for soil restoration and replenishment as data is lacking on its large-

scale application in temperate regions (Zahra et al., 2021) such as the UK. Although this has improved soil 

properties for establishment of vegetation in restoration efforts, its long-term effects on soil properties are poorly 

known or undetectable (Valdecantos and Fuentes, 2017, Soliveres et al., 2021) as soil communities can be altered. 

This is particularly important as soil microbes are responsible for the mineralization of soil organic carbon. Fresh 

carbon inputs in soil can alter their decomposition of SOC (soil priming) with resultant effects on the capacity for 

carbon sequestration in soils (Bastida et al., 2019). While compost addition enhanced carbon sequestration by 

improving soil organic matter stability in semi-arid soils (Ojeda et al., 2015, Soliveres et al., 2021, Bastida et al., 

2017), the same might not be applicable in temperate regions. We hypothesize that target soil communities are 

not affected by the addition of carbon during early-stage soil restoration. 

Findings will provide insights on the use of compost in soil restoration projects for carbon sequestration and 

biodiversity. Data will form a baseline with which future research can be compared to build on the existing body of 

knowledge on microbial compositions and carbon sequestration in woodlands and grassland land uses. 
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Appendix II 

Name, Geolocation and Description of Sites Sampled where R1-R3 represent Replicates at each Sample Location. 

Sample Site Geo location Description 

Intended Grassland (NRG) R1 – (52.6520403, -0.5545772) 

R2 – (52.6521196, -0.5544074 

R3 – (52.6522581, -0.5543734) 

Managed calcareous 

grasslands restored using 

Blisworth limestone, bare soil 

Intended Pasture 

(NRP) 

R1 – (52.651599, -0.5562476) 

R2 - 

R3 – (52.6514964, -0.5564513) 

Pastureland newly restored 

using compost incorporated 

into the topsoil, awaiting 

revegetation using woodland 

and pasture species. 

Intended Pasture with 

Rapeseed Growth (NRPR) 

R1 – (52.6535712, -0.5578408) 

R2 – (52.6535269, -0.5576899) 

R3 – (52.6533678, -0.5571904) 

Newly restored pastureland, 

using compost. Spontaneous 

seeding of rapeseed observed 

after restoration 

15 year Restored Grassland 

(PRG) 

R1 - (52.6470228, -0.5535855) 

R2 - (52-6472567, -0.5544136 

R3 -(52-6472921, -0.5532924) 

Grassland restored without 

compost, 15 years ago 

15 year Restored Pasture 

(PRP) 

R1 - (52.6454216, -0.5514226) 

R2 

R3 - (52.6455256, -0.5509086) 

Pasture restored post 

quarrying, revegetated  

15 year Restored Woodland 

(PRW) 

R1 - (52.6454367, -0.5547462) 

R2 - (52.6456820, -0.5551821) 

R3 - (52.6457701, -0.5553440) 

Planted woodlands, restored 

15 years ago after quarrying 

without composts  

Target Community Grassland 

(UDG) 

R1 - (52.6374374, -0.5601690) 

R2 - (52.6372040, -0.5600147) 

Calcareous grasslands 

managed by the Leicester and 
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R3 - (52.6371965, -0.5597455) Rutland wildlife trust. 

Undisturbed since the 1930s 

Target Community Pasture 

(UDP) 

R1 

R2 – (52.6346399, -0.5743545) 

R3 

Pastureland undisturbed by 

quarrying activities 

Target Community Woodland 

(UDW) 

R1 – (52.6340766, -0.5778823) 

R2 – (52.6377365, -0.5784653) 

R3 – (52.6337759, -0.5784640) 

Woodlands undisturbed by 

quarrying activities 
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Appendix III: PLFA PCA Loading scores 

PC1 PC2 

14:0 -0.81 -0.13 

15:0i 0.35 -0.78 

15:0ai 0.49 -0.33 

15:0 0.02 -0.73 

16:0i 0.28 -0.84 

16:1w11t 0.75 0.35 

16:1w7c 0.59 0.02 

16:1w5 0.46 0.34 

16:0 0.50 -0.59 

Me17:0 isomer -0.61 -0.08 

Me17:0 isomer2 -0.64 -0.03 

17:0i -0.67 0.33 

cyc17:0 isomer -0.93 -0.17 

ai17:0 -0.61 -0.40 

17:0br -0.89 0.18 

17:1w8c -0.39 -0.34 

17:0c -0.76 0.06 

17:1w8t -0.88 0.17 

17:1w7 -0.38 -0.29 

17:0 (12Me) -0.20 0.01 

UK 29.68 -0.93 0.05 

18:2w6,9 0.65 0.08 

18:1w9c 0.94 0.14 

18:1w7t 0.89 0.32 

18:1w13 0.10 0.10 

18:0 -0.64 -0.30 

19:1w6 -0.46 0.51 

18:0 (10Me) 0.13 0.13 

19:0c 0.67 -0.02 

20:4 (5,8,4,11,14) 0.17 0.55 

20:5w3 -0.55 0.42 

UK 42.041 -0.22 0.14 

20:0 -0.63 -0.09 

UK 42.41 -0.24 -0.16 

UK Unknown peak at identified 
retention time
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Appendix IV: VSA Scorecard 

Date: Field: 

Sample point 1 Sample point 2 Sample point 3 

Geo location 

Evidence of worm middens on surface: 

No/Yes (if Y how many per m2) 

No/Yes 

No.: 

No/Yes No/Yes 

Spade insertion: 

1. Easy 
2. Some restriction @ 
3. Hard
Is the colour the same in the whole of the 

sample: 

Take photo and describe colour(s) 

Yes/No 

Where does change occur:  

Yes/No 

Where does change occur:  

Yes/No 

Where does change occur:  

How easy does the soil block break: 

1. Disintegrates 
2. Very easy to break 
3. Slight resistance to break 
4. Hard to break
What does the soil smell like: 

1. No smell 
2. Sweet smell 
3. Sulphur smell 
4. Other
How many pores are visible in the sample: 

1. Many 
2. Few 
3. None
Can you see roots in the sample: No/Yes 

To depth of: 

No/Yes 

To depth of: 

No/Yes 

To depth of: 

How many pore spaces >0.5 cm are visible 

in the sample 

How many pores >0.5 cm are visible at the 

bottom of the pit 

How many worms found in the sample 

How many other insects etc present in the 

sample 
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Do aggregates have and angular or 

rounded edge 

Angular/Rounded Angular/Rounded Angular/Rounded 

Appendix V: VSA scores 
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Pasture 

IP 0 0 2.5 0 2.0 2.5 3.0 2.5 0.0 0.0 0.0 0.0 0.0 3.0 16

IPR 0 0 1.7 0 1.5 1.7 3.0 2.3 1.0 0.5 0.5 0.0 0.0 1.0 13

15yP 1 0 1.7 0 2.0 1.8 3.0 2.5 1.0 0.5 0.5 0.7 0.3 1.3 16

TP 1 0 2.0 0 2.5 2.0 3.0 2.5 1.0 0.5 0.5 1.0 0.0 1.0 17

Woodland 
15yW 1 0 1.7 0 2.5 2.0 3.0 3.0 1.0 2.0 2.0 0.3 0.3 2.3 21

TW 1 0 2.2 0 2.5 2.5 3.0 3.0 1.0 2.0 2.0 0.0 0.3 3.0 23

Calcareous 
 Grassland 

IG 0 0 0.5 0 1.0 1.0 3.0 2.0 0.0 0.0 0.0 0.0 0.0 3.0 11

15yG 1 0 2.0 0 1.5 2.0 3.0 2.3 1.0 1.0 1.0 1.0 0.7 3.0 20

TG 1 0 2.0 0 2.5 1.5 3.0 3.0 1.0 1.0 1.0 1.0 1.0 3.0 21
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Appendix VI: VSA soil images 



20/12

Appendix VII: Picture showing plastic contamination of PAS100 compost 
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To be kept and filled in at the end of your report

Project tags (select all appropriate): 

This will be use to classify your project in the project archive (that is also available online) 

Project focus: 
☐Beyond quarry borders 

☐Biodiversity management 

☐Cooperation programmes 

☐Connecting with local communities 

☐Education and Raising awareness 

☐Invasive species 

☐Landscape management  

☐Pollination 

☐Rehabilitation & habitat research 

☒Scientific research 

☒Soil management 

☐Species research 

☐Student class project 

☐Urban ecology 

☐Water management 

Flora: 
☐Trees & shrubs   

☐Ferns   

☐Flowering plants   

☒Fungi   

☐Mosses and liverworts 

Fauna: 
☐Amphibians  

☐Birds   

☐Insects   

☐Fish   

☐Mammals   

☐Reptiles   

☒Other invertebrates 

☐Other insects   

☐Other species 

Habitat: 

☐Artificial / cultivated land 

☐Cave   

☐Coastal  

☒Grassland 

☐Human settlement   

☐Open areas of rocky grounds 

☐Recreational areas   

☐Sandy and rocky habitat 

☐Screes   

☐Shrub & groves   

☒Soil   

☐Wander biotopes 

☐Water bodies (flowing, standing)   

☐Wetland 

☒Woodland 

Stakeholders: 

☐Authorities   

☐Local community   

☐NGOs   

☐Schools 

☒Universities 


