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Abstract: 

 

 

  

  Crop treatment practices have a possible effect on nitrogen and carbon cycling as 
nitrogen and carbon are used as plant nutrients. As part of the denitrification process in 
the soil, nitrous oxide, a greenhouse gas, is released into the atmosphere. By evaluating 
the amount of greenhouse gases released by specific crop management practices, a 
reduction in the amount of greenhouse gases released can be developed in future 
agricultural systems. Crop treatment of miscanthus, switchgrass, maize, prairie, and 
sorghum were varied to determine the effects of differing levels of nitrogen fertilizer 
treatment. The effects on nitrogen and carbon cycling of the different crop management 
practices were measured by determining the total organic carbon in a sample, the level of 
greenhouse gas emission, and the amount of ammonium and nitrate in the soil sample. 
This project’s outcomes may increase understanding of soil carbon and nitrogen cycling 
and greenhouse gas emission from the soil. The type of crop and type of fertilizer have 
strong impacts on the pathways for nitrogen loss and carbon availability. 
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Introduction 

I. Background 

Agriculture production is driven by the use of nitrogen and carbon by crops. The 

importance of nitrogen and carbon in agriculture is evident in providing the population 

with food, production of plants and animal feed of high quality and producing yields that 

are economically sufficient.1 Crop treatment practices have an effect on nitrogen and 

carbon cycling as nitrogen and carbon are used as plant nutrients.1 Nitrogen is the 

essential plant nutrient and must be used efficiently to meet the agricultural needs of the 

population.1 The availability of nitrogen limits plant biomass and productivity even 

though molecular nitrogen (N2) is an unlimited resource, making up 78% of the 

atmospheric gases.2 N2 is not a form of nitrogen accessible to plants, so N2 must be 

chemically or biologically reduced through nitrogen fixation to a form of nitrogen 

available to plants such as ammonium or nitrate.2 As part of the denitrification process in 

the soil, nitrous oxide (N2O), a greenhouse gas, is released into the atmosphere.1 

Agricultural Nitrous Oxide Production 

Agriculture produces 40 to 60% of the total global atmospheric N2O, making 

agriculture a major source of N2O.2 The nitrogen cycle consists of two biological 

processes, denitrification and nitrogen fixation (Figure 1).2 Denitrification contributes to 

the loss of nitrogen available for the growth of plants by releasing N2O into the 

atmosphere.1 On the other hand, nitrogen fixation can help to reduce the harmful effects 

of nitrogen fertilization.2 Denitrification is an alternative form of bacterial respiration in 
                                                           
1 Munch, J.C. and Velthof, G.L. Denitrification and Agriculture. In Biology of the Nitrogen Cycle; Bothe, 
H., Ferguson, S.J., Newton, W.E., eds. Elsevier: Amsterdam, 2007; pp 331-341. 
2 Olivares, J., Bedmar, E.J., Sanjuan, J. Biological Nitrogen Fixation in the Context of Global Change. 
Molecular Plant-Microbe Interactions, 2013, 26.5, 486-494. 
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which nitrate or nitrite is reduced to N2 when oxygen concentrations are limited, 

producing N2O as an intermediate of the process.2 N2O is an important product of the 

denitrification respiration cycle because the bacteria that fully complete the 

denitrification process on their own are scarce.2 Thus denitrification is the only known 

biological process that removes nitrates from polluted soil and water, but the gaseous 

intermediates produced--nitric oxide (NO) and N2O--have an enormous impact on air 

pollution.2 The level of N2O released by agricultural methods is important to monitor 

because N2O is a stable and strong greenhouse gas.1 The lifetime of N2O in the 

atmosphere is over 100 years, and it is 300 times more effective than carbon dioxide 

(CO2) at contributing to the greenhouse effect.1 Soils are the major source of atmospheric 

N2O, especially after fertilization or harvest.1 Humans have had their effect on the 

nitrogen cycle through the use of nitrogen fertilizer and production of oxidized reactive 

nitrogen compounds originating from fossil fuel combustion which has led to more N2O 

in the atmosphere.2 N2O is released into the atmosphere by the activity of the denitrifying 

bacteria in soil and water that are contaminated with nitrates.2 Agriculture adds to the 

growing problem of global climate change by releasing greenhouse gases, but agriculture 

production is also sensitive to climate change.2 
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Figure 1. Nitrogen Cycle3 

 

Nitrogen Fertilizer Use in Agriculture 

The agricultural consequences of denitrification include loss of nitrogen from the 

soil which directly influences the loss of plant-available nitrogen, ammonium, and 

nitrate.1 Loss of plant-available nitrogen leads to lower crop yield and a decrease in the 

protein content of the crops.1 As a result of the decreased quality and yield from nitrogen 

losses, farmers fertilize more than the minimal level of nitrogen that plants require.1 The 

Haber-Bosch procedure produces mineral fertilizer containing inorganic nitrogen, but at a 

high energy cost.1 The Haber-Bosch procedure is considered to be one of the most 

important inventions of the twentieth century because the world population would not 

have grown as it did from 1.6 billion in 1900 to more than 6 billion today without it.2 

Nitrogen fertilization has helped to diminish famine in many parts of the world, but this 

has come at a significant environmental cost.2 High quantities of CO2 are produced as a 

result of the Haber-Bosch process’s usage of natural gas and coal.2 Although the use of 

                                                           
3 Orr, M.J. Purdue University, West Lafayette, IN. Personal Communication, 2013. 
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chemical fertilizers is abundant, the use efficiency of nitrogen fertilizer is very low.2 The 

amount of nitrogen fertilizer needed for agriculture is predicted to increase in the next 

decade, leading to greater environmental pollution.2 Society needs to move away from its 

dependence on nitrogen fertilizers and place attention on more sustainable methods.2 

Consequences of Denitrification in Soil 

Agricultural fertilization not only affects soil fertility, but also has an effect on 

surrounding ground and surface water. Nitrogen is very mobile, so the applied nitrogen 

fertilizers pollute surrounding bodies of water.2 Denitrification decreases leaching of 

nitrate to ground and surface waters.1 A decrease in the leaching of nitrate can protect 

water that would be suitable for drinking because high levels of nitrates in water can have 

negative health effects in humans.1 

The possibility of limiting denitrification activity in agricultural fields would have 

to include reducing nitrogen input in soils such as organic farming practices, but a 

reduction in nitrogen input could cause lower yield and lower product quality.1 Soil 

management could be adapted to reduce denitrification activity by reducing soil tillage 

because tillage increases oxygen (O2) consumption.1 When there is a deficiency of O2, 

denitrification begins.1 There is a high occurrence of O2 deficiency in wet soils, yet 

drainage of wet soils would reduce denitrification.1 Avoiding application of fertilizers 

during wet conditions would also decrease denitrification losses and N2O emission.1 

The measured amounts of organic carbon and nitrate are contributing factors in 

controlling the denitrification process.1 Anoxic conditions, the levels of nitrate and 

available organic carbon control denitrification.1 If these conditions are not met, then 

denitrification is unlikely to occur.1 Organic carbon sources are located mostly in 
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decaying plant roots, crop residues and manure.1 Sources of nitrate in the soil include 

artificial fertilizers, manures, crop residues, atmospheric deposition and biological 

nitrogen fixation.1 

 

II. Objectives 

 Due to the present study of evaluating the amount of N2O, CO2 and methane 

(CH4) released by specific crop management practices, a reduction in the amount of 

greenhouse gases released can be developed in future agricultural systems.4 The amount 

of organic carbon and nitrate in the soil controls the denitrification process. In measuring 

the amounts of organic carbon and nitrate, the harmful effects of denitrification could be 

remedied. The effect on nitrogen and carbon cycling of different crop management 

practices was measured by determining the total organic carbon in a sample, the level of 

greenhouse gas emission, moisture content, soil temperature and the amount of 

ammonium and nitrate in the soil sample.5 

Crop treatment of miscanthus, switchgrass, maize, and sorghum were varied to 

determine the effects of differing levels of nitrogen fertilizer treatment. These biofuel 

feedstock systems were chosen as the crops in a five-year survey of Sustainable 

Production and Distribution of Bioenergy for the Central USA (CENUSA) as part of the 

United States Department of Agriculture’s National Institute of Food and Agriculture. 

These second generation biofuels of miscanthus, switchgrass, maize, and sorghum have 

larger potential agricultural regions in the United States where they can be grown strictly 
                                                           
4 Follett, R. Sampling Protocols. Introduction. In: Sampling Protocols. Follett, R.F., ed. USDA-ARS 
GRACEnet Project Protocols. United States Department of Agriculture, Agriculture Research Service 
[online] 2010 www.ars.usda.gov/research/GRACEnet, pp I-1 to I-4. 
 
5 CENUSA Bioenergy Project Narrative. USDA National Institute of Food and Agriculture, 2011, pp 6-7. 
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based on rainfall, allowing for more sustainable agricultural growth without artificial 

irrigation (Figure 2). The larger potential for agriculture in different regions of the U.S. 

outside of the Midwest, gives a higher possibility for sustainable agriculture of biofuel 

grasses such as miscanthus. Miscanthus is promising as a biofuel because it has a very 

high biomass (high cellulose content per unit of land).3  These second generation biofuels 

will contribute to ethanol fermentation from cellulose.5 

 
Figure 2. Generalized map of potential rain-fed feedstock crops in the conterminous U.S. 
based on field plots and soil, prevailing temperature, and rainfall patterns6 
 

 I hypothesized the nitrogen and carbon cycling in the soil will be affected by 

nitrogen fertilizer treatment in the conventional maize and the sustainable biofuel grasses. 

This project’s outcomes may increase understanding of soil carbon and nitrogen cycling 

and greenhouse gas emission from the soil.4 

                                                           
6 Dale et al., 2010 ESA: Biofuels and Sustainability Report; updated from Wright. 1994. Biomass and 
Bioenergy 6:191–209. 
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Methods 

 The 36 agricultural plots evaluated included eight plots of miscanthus, eight plots 

of switchgrass, eight plots of maize, eight plots of sorghum and four prairie grass plots 

and were located at Throckmorton Purdue Agricultural Center (TPAC) (Figure 3). Out of 

each of the eight plots of each crop type, four plots were treated with nitrogen-containing 

fertilizer (100-150 kg nitrogen per hectare), and four of the plots were not treated with 

any nitrogen-containing fertilizer. A soil sample was taken every three weeks from each 

of the plots while a gas sample was taken weekly. A measurement of soil temperature and 

water content was also determined weekly for each plot. 

 
Figure 3. Throckmorton Purdue Agricultural Center (TPAC) field plots3 
 

Preliminary Preparation 

 In measuring the greenhouse gas emission from soils that were treated with 100-

150 kilograms (kg) nitrogen per hectare versus soils that had not been treated with any 
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additional nitrogen fertilizer, the effect of added nitrogen was evaluated in terms of 

greenhouse gas production by the soil. The sorghum and maize were treated with 

fertilizer UAN-28 composed of 28% nitrogen in the form of a solution of urea, 

ammonium and nitrate which was knife injected into the soil.3 The switchgrass and 

miscanthus were treated with urea coated Agrotain® which inhibits the urease enzyme.3 

The Agrotain® was broadcast as pellets on the soil surface.3 The fertilizer treatment was 

done by the staff of Purdue University’s Throckmorton Purdue Agricultural Center.  

Soil and Gas Sampling 

 The soil samples were taken every three weeks throughout the growing season. 

Four soil cores were taken per plot to a depth of five centimeters. The soil samples were 

stored in a cooler in the field before being transferred to a 4o Celsius refrigerator until 

analyzed. The soil cores were sieved with a four millimeter sieve to homogenize the soil. 

From each soil sample from each of the 36 plots, total organic carbon, moisture content 

and the amount of ammonium and nitrate in the sample were measured. Total organic 

carbon was measured by determining the amount of water soluble carbon and hot water 

extractable carbon in the sample. The greenhouse gas emission of each sample plot was 

measured by extracting a gas sample using United States Department of Agriculture’s 

Greenhouse Gas Reduction through Agricultural Carbon Enhancement network (USDA 

GraceNet) protocol’s chamber-based trace gas flux measurements.7 The gas samples 

were analyzed through gas chromatography for concentrations of N2O, CH4, and CO2.
6 

An extraction from the soil sample using potassium chloride (KCl) was used to determine 

                                                           
7 Parkin, T.B., Venterea, R.T. Sampling Protocols. Chamber-Based Trace Gas Flux Measurements. In: 
Follett, R.F. ed. USDA-ARS GRACEnet Project Protocols. United States Department of Agriculture, 
Agriculture Research Service [online] 2010, www.ars.usda.gov/research/GRACEnet, pp 3-1 to 3-39. 
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the amount of ammonium and nitrate in the sample, the plant-available nitrogen in the 

soil. 

Total Organic Carbon 

 To determine the total dissolved organic carbon in the soil sample, the carbon was 

extracted using the method from Soil Biology and Biochemistry.8 The water soluble 

carbon measures what is readily available while the hot water extractable carbon shows 

the carbon that is available after further enzymatic digestion.3 Hot-water extractable 

carbon is closely related to soil microbial biomass.7 The materials included 50 milliliter 

(mL) sterile Falcon centrifuge vials, soil, distilled water, reciprocal shaker, centrifuge, 30 

mL syringe, 0.45 µm syringe filter of medium polar media, hot water bath at a 

temperature setting of 80oC, total organic carbon (TOC) baked vials and acid washed 

septa and caps.8 The protocol to extract the water soluble carbon included weighing 

approximately 3.5 grams of fresh soil into the sterile 50 mL Falcon vial, and adding 30 

mL room temperature double distilled water to each vial including the empty vial (no soil 

control).8 The Falcon vials were then placed on the reciprocal shaker for 30 minutes at a 

low setting followed by separation by centrifuge for 20 minutes at 10000 revolutions per 

minute (rpm).8 The supernatant was filtered by syringe filter into clean, baked glass 

vials.8 

 To prepare the soil samples for determining the hot-water extractable carbon, the 

protocol included using the soil pellet from the water soluble carbon procedure. Any 

remaining water that was not filtered from the centrifuged Falcon vial was decanted 

before the addition of 30 mL of double distilled water.8 The soil pellets in the Falcon 

                                                           
8 Ghani et al. 2003. Hot-water extractable carbon in soils: a sensitive measurement for determining 
impacts of fertilization, grazing and cultivation. Soil Biology and Biochemistry, 35:1231. 
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vials were re-suspended by mixing using a vortex mixer for 15 seconds.8 The vials were 

then incubated in a hot water bath for 16 hours at 80oC.8 After the hot water incubation, 

the vials were mixed using the vortex mixer for 15 seconds to ensure carbon release.8 The 

vials were then centrifuged for 20 minutes at 10000 rpm followed by filtration of the 

supernatant by syringe filter into clean, baked glass vials.8 

 Analysis for dissolved organic carbon was performed on a Shimadzu-TOC (Total 

Organic Carbon) Analyzer. The water soluble carbon samples were analyzed directly 

from the sample that was filtered while the hot-water extractable carbon samples were 

diluted 1:10.8 The hot-water extractable carbon samples analyzed by the Shimadzu-TOC 

contained 2 mL of the filtered supernatant and 18 mL of double distilled water.8 

Greenhouse Gas Samples 

 The trace flux gas measurements were taken using soil chamber methodology. 

The materials included gas chambers and anchor frames, 30 mL syringes equipped with 

20 gauge needles, stopwatches, rubber septa and 3 glass vials per plot evacuated to 0.24 

Torr the day previous to gas sampling (Figs. 4-6).7 The anchor frames for the chamber 

were installed at least 24 hours prior to the weekly sampling time.7 The chamber lids 

were placed on the frames just before the first sample was taken. There is a high degree 

of temporal variability in trace gas flux measurements, so the 30 mL gas samples were 

taken at times 0, 15 and 30 minutes using a 30 mL syringe and immediately injected into 

the glass vials. The chambers should be in place for no longer than 60 minutes, so the 

chamber lids were immediately removed after sampling.7 The samples were analyzed on 

the gas chromatograph (GC) as soon as possible after sample collection.7 Gas standards 

were standardized on the GC initially during the analysis and periodically throughout the 
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sample analysis (every 25 to 30 samples).7 The gas chromatograph analyzed each of the 

gas samples using the electron capture detector for N2O, the flame ionization detector for 

CH4 and CO2.
7 

 
Figure 4. Soil chamber methodology for trace gas flux measurements: gas chamber lid in 
field site3 
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Figure 5. Soil chamber methodology for trace gas flux measurements: gas chamber 
anchor frame in field site3 

 
 

  
Figure 6. Soil chamber methodology for trace gas flux measurements: gas chamber 
anchor frame in field site3 
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Ammonium and Nitrate Levels 

 The KCl extractions were performed by weighing 5 grams of fresh soil and then 

adding 50 mL of 2 Molar KCl solution to each sample.3 The samples were then placed on 

a reciprocal shaker for 1 hour before filtering using gravity filtration with filter paper.3 

The samples were analyzed by a SEAL Automated Discrete Analyzer instrument for 

levels of ammonium and nitrate, the plant available nitrogen in the soil.3 

 

Results 

Total Organic Carbon 

 The analysis of the water soluble carbon in each sample showed that the plots that 

were not treated with any nitrogen fertilizer had more water soluble carbon available per 

gram of soil except for maize (Figs. 7-8). Miscanthus had the highest levels of water 

soluble carbon per gram of dry soil. The hot-water extractable carbon measurements 

showed similar results compared to the amount of water soluble carbon per plot. The 

plots with no nitrogen fertilizer had more hot-water extractable carbon per gram of soil 

available than the plots that were treated with nitrogen containing fertilizer. Using 

nitrogen fertilizer seems to deplete the stores of carbon in the soil, thereby decreasing the 

fertility of the soil. Miscanthus was the exception; the miscanthus plots that were treated 

with nitrogen fertilizer had a much higher level of hot-water extractable carbon than the 

miscanthus plots not treated with any nitrogen. Compared to maize, the conventional 

cropping system, the potential sustainable cropping treatments had significantly higher 

carbon sources. 
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Figure 7. Dissolved organic carbon, water soluble carbon: soil sample 1 (April 30, 2013) 
 
 

 
Figure 8. Dissolved organic carbon, hot water extractable carbon: soil sample 1 (April 30, 
2013) 
 

Greenhouse Gas Samples 

 The CH4, N2O and CO2 baseline gas flux levels from the period of April 22-May 

7, 2013 show the average greenhouse gas fluxes of each of the cropping systems (Figs. 9-

11). The CH4 fluxes of each of the cropping systems were relatively small and therefore 
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did not indicate that conventional versus sustainable systems has a substantial impact on 

CH4 flux. The maize is most representative of a conventional cropping system. The more 

sustainable cropping systems demonstrated by the plots of prairie, miscanthus, 

switchgrass and sorghum showed less N2O emission than the maize plots. The 

sustainable cropping systems are better compared to conventional cropping systems in 

terms of less N2O emission, the most harmful greenhouse gas. The CO2 fluxes indicated 

that switchgrass treated with nitrogen had the highest CO2 flux. The conventional 

cropping system of maize did not have as high of a CO2 flux. So while the N2O flux is 

reduced in the sustainable cropping systems, the CO2 flux of the sustainable systems is 

actually higher than the conventional maize. 

 
Figure 9. CH4 Flux averaged over April 22 - May 07, 2013 (baseline prior to field 
activities)3 
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Figure 10. N2O Flux averaged over April 22 - May 07, 2013 (baseline prior to field 
activities)3 
 

 

 
Figure 11. CO2 Flux averaged over April 22 - May 07, 2013 (baseline prior to field 
activities)3 
 

 For sorghum, maize, prairie, miscanthus and switchgrass, the N2O levels 

maintained a stable concentration between 0.4 and 0.5 parts per million (ppm) with zero 

fertilizer treatment while the plots that were treated with various levels of fertilizer had an 

increase to approximately 0.6 ppm by the 30 minute sampling time (Figs. 12-20). The 
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plots that were treated with 100-150 kg nitrogen per hectare had the same initial level of 

N2O at 0.4 ppm as the plots that were not treated with any nitrogen-containing fertilizer. 

 
Figure 12. Sorghum with zero nitrogen treatment: nitrous oxide concentration ([N2O]) 
 
 

 
Figure 13. Sorghum with 150 kilograms nitrogen per hectare (kg N/ha-1) treatment: [N2O] 
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Figure 14. Maize with zero nitrogen treatment: [N2O] 
 
 

 
Figure 15. Maize with 150 kg N/ha-1 treatment: [N2O] 
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Figure 16. Miscanthus with zero nitrogen treatment: [N2O] 
 
 

 
Figure 17. Miscanthus with 100 kg N/ha-1: [N2O] 
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Figure 18. Prairie with zero nitrogen treatment: [N2O] 
 
 

 
Figure 19. Switchgrass with zero nitrogen treatment: [N2O] 
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Figure 20. Switchgrass with 100 kg N/ha-1: [N2O] 
 

 The CO2 levels within the various plots linearly increased during the sampling 

time which is evidence of a positive emission of CO2 from the soil (Figs. 21-29). The 

plots that were treated with nitrogen-containing fertilizer had a higher increase in CO2 

emissions than the plots without any nitrogen treatment. In comparing the two sorghum 

plots, the 150 kg N/ha-1 treated plot reached a maximum of over 1600 ppm CO2 while the 

plot without any nitrogen treatment reached a maximum of less than 1400 ppm. 
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Figure 21. Sorghum with zero nitrogen treatment: carbon dioxide concentration ([CO2]) 
 
 

 
Figure 22. Sorghum with 150 kg N/ha-1 treatment: [CO2] 
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Figure 23. Maize with zero nitrogen treatment: [CO2] 
 
 

 
Figure 24. Maize with 150 kg N/ha-1 treatment: [CO2] 
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Figure 25. Miscanthus with 100 kg N/ha-1 treatment: [CO2] 
 
 

 
Figure 26. Miscanthus with 0 kg N/ha-1 treatment: [CO2] 
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Figure 27. Prairie with 0 kg N/ha-1 treatment: [CO2] 
 
 

 
Figure 28. Switchgrass with 0 kg N/ha-1 treatment: [CO2] 
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Figure 29. Switchgrass with 100 kg N/ha-1 treatment: [CO2] 

 

 The CH4 concentrations all remained relatively steady (Figs. 30-38). The CH4 

fluxes were approximately zero. Soils in a wetlands area would have higher CH4 

emissions than the drier soils of TPAC. There was minimal increase in CH4 concentration 

between time 0 and time 30 during the seven week sampling periods. June 11, 2013 had a 

higher CH4 concentration in each of the plant species which could be a result of wet 

conditions. 
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Figure 30. Sorghum with 150 kg N/ha-1 treatment: [CH4] 
 
 

 
Figure 31. Sorghum with 0 kg N/ha-1 treatment: [CH4] 
 
 



Orenstein 30 
 

 
Figure 32. Maize with 0 kg N/ha-1 treatment: [CH4] 
 
 

 
Figure 33. Maize with 150 kg N/ha-1 treatment: [CH4] 
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Figure 34. Miscanthus with 100 kg N/ha-1 treatment: [CH4] 
 
 

 
Figure 35. Miscanthus with 0 kg N/ha-1 treatment: [CH4] 
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Figure 36. Prairie with 0 kg N/ha-1 treatment: [CH4] 
 
 

 
Figure 37. Switchgrass with 0 kg N/ha-1 treatment: [CH4] 
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Figure 38. Switchgrass with 100 kg N/ha-1 treatment: [CH4] 
 

Ammonium and Nitrate Levels 

 The miscanthus that was treated with inorganic nitrogen fertilizer had the highest 

level of nitrate (Figs. 39-40). The conventional crop treatment, in the form of maize, had 

a lower nitrate concentration than the sustainable cropping systems of miscanthus, 

sorghum, switchgrass and prairie. 

 The nitrogen treated maize had a slightly higher concentration of ammonium than 

the nitrogen treated miscanthus, and the other potentially sustainable biomass feedstocks 

had lower ammonium concentrations than the conventional cropping system. 
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Figure 39. Nitrate concentrations: soil sample 1 (April 30, 2013) 
 
 

 
Figure 40. Ammonia concentrations: soil sample 1 (April 30, 2013) 
 

 

Discussion 

 The cropping systems that used fertilizer had higher levels of nitrate and 

ammonium, produced more CO2 and N2O, and did not significantly increase the available 
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storage of carbon in the soil. Nitrogen fertilizers contribute to negative environmental 

effects. The question of how much fertilizer, and if the amount of fertilizer can be limited 

arises from the perspective of environmental sustainability. In order for agricultural 

processes to be more sustainable, the amount of fertilizer used must be limited. The type 

of crop and type of fertilizer have strong impacts on the pathways for nitrogen loss and 

carbon availability. 

The present study may add to the understanding of nitrogen and carbon pathways 

in the soil. The pathway of nitrogen turnover in soil is not yet completely understood 

despite numerous studies that have been conducted, but the current study may contribute 

understanding of the denitrification process.9 Agricultural management practices alter the 

microbial communities involved in nitrogen cycling.9 The addition of nitrogen-containing 

fertilizer is understood to increase rates of nitrification and denitrification which is 

supported by the present study.9 Plots treated with mineral inorganic nitrogen fertilizer 

had higher levels of ammonium and nitrate which is understood to increase nitrification 

and denitrification patterns in soil nitrogen cycling.9 Previous work involving organic 

fertilizer use demonstrates nitrification and denitrification activity is less than when 

inorganic fertilizer is used.9 In order to lessen the environmental effects of denitrification, 

organic fertilizer may be a viable solution. Global climate change due to greenhouse 

gases emitted from the soil is dependent on interlinked activities of nitrifiers and 

denitrifiers in the soil microbial community.9 The current research could help in 

understanding long-term consequences of environmental changes in the soil which is 

necessary in the transformation of scientific results into concrete recommendations for 

                                                           
9 Ollivier et al. 2011. Nitrogen turnover in soil and global change. Federation of European Microbiological 
Societies Microbial Ecology, 78:3-16. 
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agricultural practice.9 

 From an environmental sustainability perspective, this project adds to the 

understanding of how the farmer can address these problems of soil carbon content (soil 

fertility), greenhouse gas emission from the soil and reducing leaching of nitrate. 

Bioenergy feedstock systems have potential to mitigate the consequences of greenhouse 

gas emission by gasoline utilization. But there could be more of a negative impact on 

greenhouse gas emission by these bioenergy feedstock systems. This was evident in the 

CO2 flux studies where the sustainable cropping systems had higher CO2 flux than the 

conventional maize cropping system. The N2O flux was lower in the sustainable cropping 

systems compared to maize which shows that the potential bioenergy feedstock systems 

of miscanthus, prairie, switchgrass and sorghum could mitigate the N2O emission from 

agricultural processes. In producing green biofuel, from a seedling to a gallon of ethanol, 

there are negative possible outcomes throughout this process. There is potential to have a 

greater negative impact in using ethanol rather than gasoline if there is more NO3
- and 

more N2O produced in the process of growing the crop to harvesting the amount of 

biomass that is used in ethanol. The sustainable crop treatments of miscanthus, sorghum, 

switchgrass and prairie grasses could have a higher possibility of leaching nitrates into 

the soil or adding to the concentration of N2O emitted into the atmosphere through 

denitrification because of their higher nitrate pools. 

 Bioenergy cropping systems must produce less greenhouse gases than 

conventional cropping systems to be sustainable. Are these bioenergy cropping systems 

truly sustainable in terms of reducing greenhouse gas emissions compared to 

conventional cropping systems? If producing a gallon of ethanol produces more 
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greenhouse gas than just using gasoline, these bioenergy crops are not environmentally 

sustainable. 

 Future research will include continued sampling of the gas emission from the 

bioenergy feedstock systems. These data represent a small portion of the five year 

program of Sustainable Production and Distribution of Bioenergy for the Central USA 

that includes multiple major universities across the Midwestern U.S. The program will 

continue to track seasonal and annual trends of the bioenergy feedstock systems over 

time. 

Conclusion 

 Types of crop and amount of fertilizer used have strong impacts on nitrogen and 

carbon pathways. Agriculture practices should include the implementation of more 

sustainable methods to mitigate negative outcomes of leaching and greenhouse gas 

emissions. Cropping systems that used fertilizer had higher levels of nitrate, higher levels 

of ammonium, produced more CO2 and N2O, and did not significantly increase the 

available storage of carbon in soil. 
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