N2O and CO2 Emission from Mine Soil Reclaimed with Organic Amendments
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Abstract
Surface coal mining causes drastic soil disturbance leading to serious degradation of inherent soil
characteristics and productivity. The primary objective of mined land reclamation is to restore soils capacity
to support vegetation and other essential ecosystem services. Organic amendments such as bio-solids,
manure, composted manure and industrial by-products are effective in restoring soil productivity; however
there has been little investigation of the potential for these amendments to give rise to potential green house
gases such as nitrous oxide (N2O) and carbon dioxide (CO2). This laboratory incubation study compared N2O
and CO2 fluxes from non-amended mine soil (control) and mine soil amended with lime and fertilizer, a
manure (1.6g dry weight per 100g soil), composted poultry manure (7.1g dry weight per 100 g soil) and fresh
poultry layer manure (1.6g dry weight per 100g soil) mixed with four rates of paper mill sludge (PMS) (0,
6.6, 9.9 and 13.2g dry weight per 100g soil) to achieve C: N ratios of 7:1,14:1, 21:1 and 28:1. The amount of
N added with the compost and with all manure + PMS treatments was constant. The experiment was carried
out at soil moisture contents of 60% and 80% water filled pore space (WFPS). The impacts organic
amendments had on N2O and CO2 emissions were very short-lived. Combined application of fresh manure
and PMS caused an increase in the N2O and CO2 emissions during the first 3 days of incubation. No
differences were observed in emissions among the fertilizer, compost and only manures treatments.
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Introduction
Surface coal mining results in degradation of soil physical properties, significant loss of organic matter and
nutrients and hence diminishes soil productivity (Akala and Lal 2001). Restoring the soil productivity and
the establishment of sustained vegetative cover are primary objectives of mine soil reclamation. Use of postmining landscapes for biomass production requires development of highly productive soils which can be
achieved by large additions of organic amendments including agricultural manure. However, addition of
large amounts of organic amendments results in significant nutrient loss unless measures are taken to
stabilize the amendments and sequester the nutrients (Cravotta 1998; Sopper 1993; Stehouwer et al. 2006).
Previous research has demonstrated that these leaching losses of manure N can be largely avoided either by
composting the manure or by mixing the manure with high carbon materials such as paper mill sludge
(PMS). However, these amendments could also create conditions conducive for nitrous oxide (N2O) and
carbon dioxide (CO2) emission because of the presence of large amounts of organic carbon and nitrogen and
thus increased microbial activity. Release of CO2 and N2O to the atmosphere represents loss of essential
nutrients from soil and also emission of two major greenhouse gases. Nitrous oxide is a greenhouse gas 300
times more effective than CO2 (Ramaswamy et al. 2001). To assess the potential for these amendments to
cause such gaseous emissions, we conducted a laboratory incubation experiment using mine soil treated with
various manure-based amendments.
Methods
Soil sampling
Soil for this study was collected from the surface layer (0-15 cm) of an active mine site in Clearfield Co.,
PA. Soil material was passed through a 2 cm screen to remove large rock fragments before being brought
back to the laboratory. Soils were analysed for gravimetric moisture by drying for 48h at 105°C. Then the
soils were sieved to 2 mm, were characterized for physico-chemical properties such as pH, acidity, Ca, Mg,
K, P cation exchange capacity (CEC) and then they were stored at 4°C for further analysis.
Incubation experiment-Measurement of N2O and CO2 emission from soil
An incubation experiment was set up using 1L clear glass mason jars each containing 100 gm soil mixed
with the amendments described in Table 1. Soils were adjusted at 60% and 80% water filled pore space
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(WFPS). Soil oxygen (O2) level is difficult to measure directly; therefore, changes in soil O2 levels are
usually described using a surrogate, such as water-filled pore space (WFPS) (Lemke et al. 1998; Davidson
and Verchot 2000). Nitrification occurs at up to 60% WFPS (Davidson and Verchot 2000). Denitrification
becomes dominant at WFPS 60% (Lemke et al. 1998) and at 80% WFPS, O2 diffusion is restricted to the
point where N2O is used as an electron acceptor and reduced to N2 (Veldkamp et al. 1998). However, these
WFPS values are not exact limits for nitrification and denitrification, because O2 availability is a
combination of O2 diffusion rate and O2 consumption by heterotrophic activity (Ma et al. 2008). Moreover,
maintaining the soils at these two constant moisture levels ensured that the soil does not become too dry or
too wet because both these conditions can impede microbial activity. Each treatment at each moisture level
was replicated 3 times for gas sampling and one extra replicate for measuring ammonium (NH4+) and nitrate
(NO3-) concentrations in soil using KCl as an extractant. The jars were incubated at 20±2°C, were aerated on
a regular basis and were checked for water content by weighing the jars one day before each gas sampling.
Gas samples were collected at 0, 1, 3, 6, 10, 28 and 37 days and were analyzed for N2O and CO2 using a Gas
Chromatograph (Varian CP-3800). The treatment effects were analyzed by using two -way ANOVA and
single degree of freedom contrasts were used for planned comparisons using SAS (Statistical analysis
software).
Table1. Quantities of amendment material, C and N added to mine soil
Treatment
Material added
Total C added
(g/100 g soil)
(g C/ 100 g soil)
Control
Lime and fertilizer
0.5 g lime + 0.07 g
0.6
ammonium nitrate
Compost
7.1 g compost
2.45
Manure
1.6 g manure
0.65
Manure and PMS(14:1)
1.6 g manure + 6.6 g PMS
1.68
Manure and PMS(21:1)
1.6 g manure + 9.9 g PMS
2.52
Manure and PMS(28:1)
1.6 g manure + 13.2 g PMS 3.36

Total N added
(mg N/100 g soil)
24
121
121
121
121
121

Results
Physico-chemical properties of soil
The physico-chemical characterictics of soil such as pH, acidity was measured. Soil pH was 4.5 and acidity
20.7. Also soils samples were analyzed for Ca, Mg, K, P and CEC. The CEC of the soil was found to be 17
meq/100 g of soil and Ca (190 ppm),Mg(106 ppm), K(67 ppm), P(7 ppm).
Nitrous oxide (N2O)emission results
N2O emission at 60% WFPS
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Figure1. Effect of organic amendments on N2O emission from mine soil at 60% water filled pore space (WFPS)
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Carbon dioxide (CO2)emission results
CO2 emission at 60% WFPS
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Figure2. Effect of organic amendments on CO2 emission from mine soil at 60% water filled pore space (WFPS)

Discussion
Results indicated the effect of amendments and soil moisture content on N2O and CO2 emissions from
reclaimed mined soils. Organic treatments, especially, the higher ratios of manure and PMS treatments (14:1
and 21:1 C: N ratios) gave rise to larger N2O and CO2 emissions from mined soils compared to untreated soil
and soil amended with inorganic fertilizer. But the effect was limited to only first 3 days of incubation
(Figure 1 and Figure 2). This increase of emission can be attributed to increased heterotrophic activity right
after application of amendments. Increase of moisture content from 60 to 80% caused statistically significant
increase in N2O emission from manure based amendments (Figure not shown). In another study by Ciarlo et
al. (2007), the greatest N2O emission occurred at 80% WFPS where the conditions were not reductive
enough to allow complete reduction to N2. The NH4+ content in the KCl extract of soil remained high in all
organic amendments but the level of NO3- was found to be low in all treatments except for the soil treated
with lime and fertilizer. This can be due to lower level of nitrification conversion of NH4+ to NO3- by the
nitrifying population in soil. The reason why nitrifiers were not active in soil could be related to soil pH (pH
below 5) because in soil, autotrophic nitrifying bacteria grow best at neutral pH (Principles and applications
of soil microbiology, 2nd edition). Therefore it can be summarized from the laboratory results that organic
amendments have the potential to cause increased CO2 and N2O emissions. However, since these effects
persisted only for a very brief period under controlled laboratory conditions, these results should be further
tested in situ.
Conclusion
Over the past century, global average surface temperature has warmed by about 0.75ºC (Solomon et al.
2010). Much of the warming occurred in last half-century largely due to anthropogenic increases in wellmixed greenhouse gases (IPCC 2007). Therefore, care should be taken to avoid any human activity that
would cause potential green house gas emissions capable of causing rise in earth’s temperature to the
environment. Hence, mine reclamation study needs to incorporate methods and develop strategies to come
up with restoration mechanisms that are environmentally safe and at the same time are economically
efficient. This study attempted to quantify and compare the emissions from mine systems reclaimed with
different organic amendments. Once the results of this study are tested in situ, this study will be a useful
addition to the growing body of literature focusing on restoration of degraded ecosystems. Data from this
research coupled with studies focusing on biomass production in degraded lands will help develop a
reclamation strategy that ensures optimum productivity while minimizing the emissions to the environment.
Recommendations will be made to land managers on the basis of these research evidences to help them
achieve specific reclamation targets with minimum environmental and economic costs.
References
Akala VA, Lal R (2001) Soil organic carbon pools and sequestration rates in reclaimed minesoils in Ohio. J.
Environ. Qual. 30, 2098-2104.
Ciarlo E, Conti M, Bartoloni N, Rubio G (2008) Soil N2O emissions and (N2O/ N2O + N2) ratio as affected
by different fertilization practices and soil moisture. Biol. Fertil. Soils 44, 991-995.
Cravotta III CA (1998) Effect of sewage sludge on formation of acidic ground water at a reclaimed coal
mine. Ground Water 36, 9-19.
© 2010 19th World Congress of Soil Science, Soil Solutions for a Changing World
1 – 6 August 2010, Brisbane, Australia. Published on DVD.

55

Davidson EA, Verchot LV (2000) Testing the hole in the pipe model for nitric oxide emissions from soils
using the TRAGNET database. Global Biogeochemical Cycles 14, 1035–1043.
IPCC, Climate change (2007) The Physical Science Basis, In ‘Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change’. (Eds S Solomon et al.)
(Cambridge Univ Press, Cambridge, 2007).
Lemke RL, Izaurralde RC, Nyborg M (1998) Seasonal distribution of nitrous oxide emissions from soils in
the parkland region. Soil Science Society of America Journal 62, 1320–1326.
Ma WK, Bedard-Haughn A, Siciliano SD, Farrell RE (2008) Relationship between nitrifier and denitrifier
community composition and abundance in predicting nitrous oxide emissions from ephemeral wetland
soils. Soil Biology and Biochemistry 40, 1114-1123.
Ramaswamy V, Boucher O, Haigh J (2001) In Climate Change 2001: The Scientific Basis. In ‘Contribution
of Working Group I to the Third Assessment Report of the Intergovernmental Panel on Climate
Change’. (Eds JT Houghton, LG Meira Filho, J Bruce, H Lee, BA Callender, E Haites, N Harris, K
Maskell) pp. 349–416. (Cambridge Univ. Press, Cambridge, U.K).
Solomon S, Rosenlof KH, Portmann RW, Daniel JS, Davis SM, Sanford TJ and Plattner GK (2010)
Contribution of stratospheric water vapor to decadal changes in the rate of global warming. Science
327, 1219-1223.
Sopper WE (1993) Municipal Sludge Use in Land Reclamation. 163 p. Lewis Publishers, Boca Raton, RL.
Stehouwer RC and Macneal KE (2006) Nutrient and Trace Element Leaching following Mine Reclamation
with Biosolids. J. Environ. Qual. 35, 1118-1126.
Sylvia DM, Fuhrmann JJ, Hartel PG, Zuberer DA (2005) Principles and applications of soil microbiology,
2nd edition. Book published by Pearson Prentice Hall.
Veldkamp E, Keller M, Nunez M (1998) Effects of pasture management on N2O and NO emissions from
soils in the humid tropics of Costa Rica. Global Biogeochemical Cycles 12, 71–79.

© 2010 19th World Congress of Soil Science, Soil Solutions for a Changing World
1 – 6 August 2010, Brisbane, Australia. Published on DVD.

56

