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Nitrous Oxide Emissions from Crop Nitrogen Applications in Eastern Canada T.W. Bruulsema1, O. Bergeron2, P. Rochette3, B.J. Zebarth4, D.B. Burton5, and C.F. Drury6. 1International Plant Nutrition Institute, Guelph, ON N1G 1L8; 2Lac Beauport, QC; 34Agriculture and Agri-Food Canada— 3Ste-Foy, QC; —4Fredericton, NB; 5Nova Scotia Agricultural College, Truro, NS;  —6Agriculture and Agri-Food Canada, Harrow, ON. Nitrogen fertilizer use has been shown to increase emissions of nitrous oxide, a gas implicated in climate change and stratospheric ozone depletion. However, continued nitrogen inputs are also essential for supporting foreseeable demand for agricultural crops. Management practices that reduce emissions while supporting increased yields need to be specified in protocols to qualify as offsets in carbon trading schemes, and as ecological goods and services. We used several approaches, including meta-analysis, to draw conclusions from the largest possible dataset from Eastern Canadian studies in which nitrous oxide emissions were measured in response to application of nitrogen fertilizer. The objective was to identify specific effects of source, rate, timing and placement on nitrous oxide emissions per unit land area and per unit of crop yield. The findings are to be incorporated into the recently-approved Nitrous Oxide Emission Reduction Protocol, to meet the required standards for scientific backing of coefficients and methodology used in existing and anticipated regulatory mechanisms facilitating the trading of carbon credits.    



Benefits 
Farmers 
• Offset credit for reduced GHGs 

Industry 
• Source of credits 

Government 
• Tool to meet emission reduction 

targets 
• ISO 14064-2 criteria for “real, 

measurable, additional, verifiable” 
• Approved October 2010 by Alberta 

Environment 

Researchers 
• Advance science relating farm 

practices to N2O emissions 

 

Nitrous oxide 
Emission 

Reduction 
Protocol 
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The Nitrous oxide emission reduction protocol, or NERP for short, provides offset credits to farmers for reduction in greenhouse gases. For government this is a tool to meet emission reduction targets. It meets ISO criteria for real, measurable, additional and verifiable emission reductions. Last fall it was approved by Alberta Environment, the first to be recognized by a government with an active carbon trading framework. Protocols involve legal-regulatory-political considerations as well as science, but science-based practices are an essential part. The protocol can identify relevant knowledge gaps, thus guiding and providing rationale for research.



Eastern Canada meta-analysis for NERP 
Objective: 
• To quantify the impact of fertilizer 

management practices – source, rate, 
time, and place – on N2O emission.  

• Analyze aggregated data on N2O 
emission response to fertilizer N  
application, for all published  
research conducted in  
Eastern Canada  
(ON, QC, NB, NS). 

• Emissions summed on a  
site-year basis 
 
 

Presenter
Presentation Notes
When the NERP was established the need for customization to Eastern Canada was recognized. The Canadian Fertilizer Institute and two Ontario organizations provided funding to compile data. The objective was to quantify the impact of fertilizer management practices on N2O emission. The protocol is based on 4R Nutrient Stewardship. Thus the analysis focused on source, rate, time and place for each application. Each measurement was thus for one treatment for one site for one year, conforming to the “Project” unit of the protocol.The initial coefficients in NERP were based on conservative assumptions, resulting in estimates of 15 and 25 percent reductions where 4R nutrient stewardship was implemented. It was anticipated that further research could justify larger reduction coefficients.



Meta-analysis for NERP 
Focus 
• 35 studies on S-R-T-P   

18 had rate-effect comparisons at constant source, time and place 
Hypotheses: 
• Source, time, place influence fertilizer-induced N2O emission (FIE) 

over a growing season 
 

Ef – Ec 
Nf – Nc 

FIE = (g N2O-N kg-1 N) 
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A total of 35 published papers were identified that compared nitrogen sources, rates, timings, or placements for nitrous oxide emissions. Of these, 18 compared rates with everything else held constant within the study. The hypotheses we are trying to test are that source, timing and placement of nitrogen influence the amount of emission induced by the application. All analysis focuses on FIE – fertilizer-induced emission – which for any given rate comparison involves the difference in emission divided by the difference in rates. The units then are emissions per unit of nitrogen applied, the sum total during the growing season after the application. These can be considered mostly direct emissions.



Eastern Canada meta-analysis for NERP 

Methods: 
1. Meta-analysis as per Borenstein et al. (2009) 
2. Analysis by multiple linear model, similar to the REML 

approach of Stehfest & Bouwman (2006), using PROC 
GLM and PROC MIXED in SAS 

 
 

Stehfest & Bouwman. 2006. Nutr. Cycling Agroecosyst. 74:207 
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Two methods of analysis were employed. First, meta-analysis as per Borenstein et al. the textbook on the subject. Meta-analysis sorts out both within study variances and variances among studies, whereas mixed linear models only look at treatment means coming out of the studies and thus deal only with variances among studies, not within them.Second, to address multiple sources of variation, I employed mixed linear models, sometimes using PROC GLM and sometimes PROC MIXED in SAS. The precedent for applying such models to an aggregation of data from the literature comes from Stehfest and Bouwman (2006) who applied the technique to nitrous oxide emissions globally which included some but not all of the studies encompassed in the current study. As I will demonstrate, these linear models can pull out many multiple factors that influence nitrous oxide emissions, but because the data source is unbalanced – that is, there are not equal numbers of levels of each factor at all levels of the other factors – the results need to be interpreted with caution.



Soil and site characteristics in 18 studies furnishing 
192 observations of FIE in Eastern Canada 

Year (16) 1978 1979 1993 1994 1995 1996 1997 1999 
2001 2002 2003 2004 2005 2006 2007 2008 

Soil texture 
Sandy – Sandy loam (47)  
Loam (48)  
Clay – Clay Loam (97) 

Soil pH Median 6.2 ± SD 0.6  

Crop Corn (126) Grass (48) Other (18) 

Previous Crop Corn (62) Grass (60) Cereal (33)  
Soybean (22) Mix (15)  

Presenter
Presentation Notes
These 10 studies with 120 independent observations encompassed 13 different years of measurement. They come from three provinces, Ontario, Quebec and New Brunswick with the majority from Quebec. Soil texture varied, with sand content at a median of 30% with a standard deviation of 20%. The pH also varied considerably: median 6.2 plus or minus 0.7. Nitrogen sources were grouped into four categories: NH4 represents those supplying only ammonium, ammonium nitrate, urea-ammonium nitrate, and urea. The median rate was 150 kg/ha but some were higher and lower. Three timings included V0 meaning before or at planting, V6 meaning in June at sidedress time, or split which means a combination of the two or more. Placement was divided into just two categories, banded and broadcast. 



Fertilizer-induced emission, g N2O-N/kg fertilizer N 
(n=192; from 18 published studies from Eastern Canada) 

FACTOR n Mean SE 

Crop 

Corn 125 12.7 1.3 
Grass 47 5.2 0.8 
Other 17 9.9 3.0 

Previous Crop 
Cereal 33 6.0 1.2 
Corn 62 13.6 1.4 
Grass 60 10.7 2.2 
Mix 15 12.2 3.2 

Soybean 22 7.6 2.0 
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Presentation Notes
This is the first of three slides of results. This is the only one based on meta-analysis, and it does not attempt to find differences among sources, timings, or placements. I am using it only to describe the overall dataset. From these 120 observations, the mean nitrous oxide emission was 13 g per kg of fertilizer N. The median was 9.2.  These two numbers do not differ much from the Tier I estimate used in IPCC of 1% of fertilizer N. Note however the standard deviation exceeds both. This does imply that within any single growing season, emissions are probable but not assured. However, since greenhouse gases like nitrous oxide are accumulated into a large global pool, it is not important that each field and each season reduce emissions, as long as the practices are effective on average across fields and seasons. Some discussion could take place on whether the mean or the median is the most appropriate estimate of the average. Meta-analysis provides a slightly different assessment than either the mean or the median. Q and C are based on sums of squares looking at variances from within studies and among studies. T-square estimates the among-studies variance. The summary effect, M, is only 7.4 for the fixed effects model, which assumes that each of these site-years, and the treatments within them, are not different but are simply independent estimates of the same effect. A more appropriate model is the random effects model, which calculates a summary effect of 10.3 – right in agreement with IPCC. This summary effect has a modest standard error, and a high probability of being significantly different from zero. The I-squared statistic suggests that the variance among studies is very large in comparison to the variance within studies.



Fertilizer-induced emission, g N2O-N/kg fertilizer N 
(n=192; from 18 published studies from Eastern Canada) 

FACTOR n Mean SE 

Soil Texture 

sandy – sandy loam 47 4.3 0.6 
loam – silt loam 48 8.4 1.2 
clay – clay loam 97 14.7 1.6 

Precipitation (mm) during 
measurement period 

<200 78 5.1 0.6 
200-600 52 13.2 2.5 

>600 62 15.3 1.5 
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This is the first of three slides of results. This is the only one based on meta-analysis, and it does not attempt to find differences among sources, timings, or placements. I am using it only to describe the overall dataset. From these 120 observations, the mean nitrous oxide emission was 13 g per kg of fertilizer N. The median was 9.2.  These two numbers do not differ much from the Tier I estimate used in IPCC of 1% of fertilizer N. Note however the standard deviation exceeds both. This does imply that within any single growing season, emissions are probable but not assured. However, since greenhouse gases like nitrous oxide are accumulated into a large global pool, it is not important that each field and each season reduce emissions, as long as the practices are effective on average across fields and seasons. Some discussion could take place on whether the mean or the median is the most appropriate estimate of the average. Meta-analysis provides a slightly different assessment than either the mean or the median. Q and C are based on sums of squares looking at variances from within studies and among studies. T-square estimates the among-studies variance. The summary effect, M, is only 7.4 for the fixed effects model, which assumes that each of these site-years, and the treatments within them, are not different but are simply independent estimates of the same effect. A more appropriate model is the random effects model, which calculates a summary effect of 10.3 – right in agreement with IPCC. This summary effect has a modest standard error, and a high probability of being significantly different from zero. The I-squared statistic suggests that the variance among studies is very large in comparison to the variance within studies.



Fertilizer-induced emission, g N2O-N/kg fertilizer N 
(n=192; from 18 published studies from Eastern Canada) 

FACTOR n Mean SE 

Mean air temperature during 
measurement period (C) 

<15 89 15.2 1.7 
15-17 61 6.8 1.0 
>17 42 6.4 1.0 

N Rate Class (kg/ha) 
20-90 40 6.7 1.4 

100-140 46 11.7 2.3 
142-150 54 10.4 1.8 
160-400 52 12.9 1.7 
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This is the first of three slides of results. This is the only one based on meta-analysis, and it does not attempt to find differences among sources, timings, or placements. I am using it only to describe the overall dataset. From these 120 observations, the mean nitrous oxide emission was 13 g per kg of fertilizer N. The median was 9.2.  These two numbers do not differ much from the Tier I estimate used in IPCC of 1% of fertilizer N. Note however the standard deviation exceeds both. This does imply that within any single growing season, emissions are probable but not assured. However, since greenhouse gases like nitrous oxide are accumulated into a large global pool, it is not important that each field and each season reduce emissions, as long as the practices are effective on average across fields and seasons. Some discussion could take place on whether the mean or the median is the most appropriate estimate of the average. Meta-analysis provides a slightly different assessment than either the mean or the median. Q and C are based on sums of squares looking at variances from within studies and among studies. T-square estimates the among-studies variance. The summary effect, M, is only 7.4 for the fixed effects model, which assumes that each of these site-years, and the treatments within them, are not different but are simply independent estimates of the same effect. A more appropriate model is the random effects model, which calculates a summary effect of 10.3 – right in agreement with IPCC. This summary effect has a modest standard error, and a high probability of being significantly different from zero. The I-squared statistic suggests that the variance among studies is very large in comparison to the variance within studies.



Remember… 

• The dataset has at least six factors in addition to source, time, 
and place  

• The six factors—crop, previous crop, soil texture, precipitation, 
temperature, and rate class—are unbalanced with respect to 
source, time, and place 

• In addition, studies, and years within studies, vary 
considerably 



Fertilizer-induced emission, g N2O-N/kg fertilizer N 
(n=192; from 18 published studies from Eastern Canada) 

UAN = urea-ammonium nitrate, AN = ammonium nitrate 
M* = summary effect, means weighted by inverse-variance   

SOURCE Meta-analysis Arithmetic 

n M* SE mean SE 

UAN 25 17.0 1.7 19.0 3.9 
AN 70 9.8 0.7 11.5 1.7 

NH4 (+) 23 8.0 0.8 11.0 2.8 
urea 35 7.5 1.1 7.6 0.9 

manure 39 5.8 0.6 6.0 1.0 
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Meta-analysis yields a “summary effect” which is essentially equivalent to a mean of the FIEs for each class. It is similar to the arithmetic mean, but differs slightly because of weighting. In meta-analysis, weights are assigned based on the inverse of variances. The variances are calculated from both within and among studies. The within-study variance is calculated from reported standard deviations or standard errors of the means of replicates within a site-year. The among-studies variance is that among the observations grouped into a particular class. The standard errors of the arithmetic means are based only on variances among the observations for each site-year.Note that meta-analysis generally provides a smaller standard error, because of the weighting by the inverse of variance. It enhances precision, but not accuracy. When the dataset is unbalanced, both meta-analysis and arithmetic means are equally subject to confounding. In this example, it is possible that the higher FIE of UAN arises from the fact that more of its observations came from corn, or from sites with higher clay soil, or from sites with higher precipitation. The only way to tell how much confounding exists is to put all the factors together in one model and see what happens to the estimates of the effects.From here, we will compare the summary effects from meta-analysis with output from multiple linear models applied to the same data using the same classifications. From here we ignore arithmetic means.



Fertilizer-induced emission, g N2O-N/kg fertilizer N 
(n=192; from 18 published studies from Eastern Canada) 

SOURCE Meta-analysis GLM MIXED 

n M* SE lsmean SE lsmean SE 

UAN 25 17.0 1.7 16.1 3.4 20.0 4.2 
AN 70 9.8 0.7 7.8 2.3 9.5 3.2 

NH4 (+) 23 8.0 0.8 1.4 2.9 5.1 3.7 
urea 35 7.5 1.1 10.9 3.3 15.5 4.4 

manure 39 5.8 0.6 8.8 3.1 11.0 3.7 

UAN = urea-ammonium nitrate, AN = ammonium nitrate 
M* = summary effect, means weighted by inverse-variance 
GLM – crop, pcrop, precip, temp, texture, rate as fixed effects 
MIXED – same fixed effects, plus year and study as random effects   
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This table compares two multiple-factor analyses to the single-factor meta-analysis. Both clearly result in big differences in the conclusions one would draw. Emissions from urea and manure are generally increased relative to the other sources. Some differences remain statistically significant. In the analyses from both PROC GLM and PROC MIXED, UAN differs significantly from every source other than urea; urea differs only from the “other” category, at the 5% level of probability.  The category “other” differs significantly from all other sources in the GLM analysis only.Is the effect real? Since the least-squares means differ considerably from the simple means, one has reason to be cautious. From these 18 studies, only a few compared sources directly. In fact only one compared UAN to other sources. 



Fertilizer-induced emission, g N2O-N/kg fertilizer N 
(comparison of Eastern Canada with global and specific reports) 

SOURCE MIXED from 
Eastern Canada 

Stehfest & Bouwman, 
20061 

Gagnon et 
al., 2011 

n lsmean n lsmean (NS) 3-yr mean 

UAN 25 20.0a 40 19.2 38.0a 
AN 70 9.5b 204 20.4 33.0ab 

NH4 (+) 23 5.1b 38 27.4 27.0b 
urea 35 15.5ab 131 18.4 

manure 39 11.0b 88 23.8 
UAN = urea-ammonium nitrate, AN = ammonium nitrate 
1Calculated from kg/ha assuming 125 kgN/ha rate of application 
 
Stehfest & Bouwman, 2006. Nutr. Cycling Agroecosyst. 74:207 
Gagnon et al., 2011. Soil Sci. Soc. Am. J. 75:2011-2021    
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This table compares two multiple-factor analyses to the single-factor meta-analysis. Both clearly result in big differences in the conclusions one would draw. Emissions from urea and manure are generally increased relative to the other sources. Some differences remain statistically significant. In the analyses from both PROC GLM and PROC MIXED, UAN differs significantly from every source other than urea; urea differs only from the “other” category, at the 5% level of probability.  The category “other” differs significantly from all other sources in the GLM analysis only.Is the effect real? Since the least-squares means differ considerably from the simple means, one has reason to be cautious. From these 18 studies, only a few compared sources directly. In fact only one compared UAN to other sources. Gagnon et al 2011 in Quebec, on a high-emitting clay soil, reported significant differences among fluid UAN, calcium ammonium nitrate, and aqua ammonia. While absolute values of the emissions were higher, the relative differences among them were not as great as suggested by the mixed model analysis (which included Gagnon et al 2011 among the 18 studies).Gagnon, B., Noura Ziadi, Philippe Rochette, Martin H. Chantigny, Denis A. Angers. 2011. Fertilizer Source Influenced Nitrous Oxide Emissions from a Clay Soil under Corn. Soil Sci. Soc. Am. J. 75:2011 75(2): 2011.



Studies directly comparing SOURCE 
Study Finding (FIE, g/kg) 
Chantigny et al., 
2007 

Raw manure > NH4NO3 > digested manure  
(5.9 > 3.5 > 1.9) – grass; 2001-2003 

Mkhabela et al., 
2008 

KNO3 > slurry >≈ (NH4)2SO4 
(12.0 > 5.8 >≈ 1.7) – grass; three 3-wk studies; 2005 

Rochette et al., 
2000 

Manure sidedress > NH4NO3 preplant  
(12.3 > 2.1) – corn; 1997 

Tenuta et al., 
2003 

Urea > NH4NO3 ≈ (NH4)2SO4 ≈ Ca(NO3)2 
(0.2 > 0.07 ≈ 0.06 ≈ -0.09) – bare soil; 23-day study; 1994 

Bergstrom et al., 
2001 

Urea >≈ (NH4)2SO4 ≈ Ca(NO3)2   
(17.5 >≈ 6.9 ≈  4.9) – turfgrass; 25-day study; 1993; NS 

Ma et al.,  
2010 

UAN split BAND > urea May broadcast-inc  
(5.8 > 4.5) – corn; 2005-2007 

Presenter
Presentation Notes
MacKenzie, A. F., M. X. Fan, and F. Cadrin (1997). "Nitrous oxide emission as affected by tillage,corn-soybean-alfalfa rotations and nitrogen fertilization." Can. J. Soil Sci. 77: 145-152.Chantigny, M. H., D.A. Angers, P. Rochette, G. Bélanger, D. Massé, and D. Côté (2007). "Gaseous N emissions and N uptake in forage soils fertilized with raw and treated liquid swine manure." J. Environ. Qual 36: 1864-1872.Mkhabela, M. S., R. Gordon, D. Burton, A. Madani, and W. Hart (2008). "Nitrous oxide emissions and soil mineral nitrogen status following application of hog slurry and inorganic fertilisers to acidic soils under forage grass." Can. J.Soil Sci. 88: 1 45-151.MacKenzie, A. F., M. X. Fan,  and F. Cadrin (1998). "Nitrous oxide emission in three years as affected bytillage, corn-soybean-alfalfa rotations and nitrogen fertilization.  ." J.. Environ. Qual. 27: 698-703.Rochette, P., Eric van Bochove, Danielle Pre´ vost, Denis A. Angers, Denis Coˆ te´ , and Normand Bertrand (2000). "Soil Carbon and Nitrogen Dynamics Following Application of Pig Slurry for the 19th Consecutive Year: II. Nitrous Oxide Fluxes and Mineral Nitrogen." Soil Sci. Soc. Am. J. 64: 1396-1403.Tenuta, M. a. E. G. B. (2003). "Nitrous oxide production from granular nitrogen fertilizers applied to a silt loam soil." Can. J. Soil Sci. 83: 521-532.Bergstrom, D. W., M. Tenuta, and E. G. Beauchamp. (2001). "Nitrous oxide production and flux from soil under sod following application of different nitrogen fertilizers." Commun. Soil. Sci. Plant Anal., 32: 553-570.Ma, B. L., T. Y. Wu, N. Tremblay, W. Deen, M. J. Morrison, N. B. McLaughlin, E . G . Gregorich and G . Stewart. (2010). "Nitrous oxide fluxes from corn fields: on-farm assessment of the amount and timing of nitrogen fertilizer." Global Change Biology. 16: 156-170.Gagnon, B., Noura Ziadi, Philippe Rochette, Martin H. Chantigny, Denis A. Angers. 2011. Fertilizer Source Influenced Nitrous Oxide Emissions from a Clay Soil under Corn. Soil Sci. Soc. Am. J. 75:2011 75(2): 2011.Note that the short-term studies show more difference than the long-term studies.



Fertilizer-induced emission, g N2O-N/kg fertilizer N 
(n=192; from 18 published studies from Eastern Canada) 

TIME Meta-analysis GLM MIXED 

n M* SE lsmean SE lsmean SE 

preplant - May 70 7.2 0.7 7.6 2.7 11.8 3.8 
sidedress - June 52 17.0 0.9 13.3 2.6 13.2 3.5 

split (May & June) 66 5.9 0.4 5.0 2.2 9.9 3.6 
other 4 9.2 2.8 10.1 5.3 13.9 5.8 

M* = summary effect, means weighted by inverse-variance 
GLM – crop, pcrop, precip, temp, texture, rate as fixed effects 
MIXED – same fixed effects, plus year and study as random effects   
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Presentation Notes
In the assessment of the effect of application timing, differences that seemed large with meta-analysis became smaller in a multiple-factor model, and disappeared altogether in the mixed model which again, included studies and years as random effects in addition to the six other fixed-effect factors in the background.



Studies directly comparing TIME 
Study Finding (FIE, g/kg) 
Burton et al., 
2008 

Preplant > Split  
(5.1 > 3.0) – potatoes; significant 1 of 2 years 

Zebarth et al., 
2008 

Preplant >≈ Sidedress  
(4.3 >≈ 3.8) – corn; 2-year study; NS 

Rochette et al., 
2004 

Spring > Fall  
(27.3 > 17.4) – corn; 1999; pig slurry  

Rochette et al., 
2000 

Sidedress Manure > Preplant NH4NO3  
(12.3 > 2.1) – corn; 1997 

Ma et al.,  
2010 

Split UAN band > Preplant urea broadcast-inc  
(5.8 > 4.5) – corn; 2005-2007 

*Drury et al.,  
in prep 

Preplant >≈ Split 
(11.5 >≈ 10.5) – corn; 2004-2006; NS 

*not included in Eastern Canada FIE dataset owing to lack of control; 
assumes zero-rate control = 50% of fertilized  
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104 Burton, D.L., B. J. Zebarth, K. M. Gillam1, and J. A. MacLeod. 2008. Effect of split application of fertilizer nitrogen on N2O emissions from potatoes. Can. J. Soil Sci.. 88: 229-239.107 Zebarth, B.J., P. Rochette, D.L. Burton and M. Price. 2008. Effect of fertilizer nitrogen management on N2O emissions in commercial corn fields. Can. J. Soil Sci.  88: 189-195.116 Rochette, P., D. A. Angers, M. H. Chantigny, N. Bertrand, and D. Coˆ te. 2004. Carbon Dioxide and Nitrous Oxide Emissions following Fall and Spring Applications of Pig Slurry to an Agricultural Soil. Soil Sci. Soc. Am. J. 68:1410–1420 68: 1410–1420.189 Ma, B.L., T. Y. Wu, N. Tremblay, W. Deen, M. J. Morrison, N. B. McLaughlin, E . G . Gregorich and G . Stewart. . 2010. Nitrous oxide fluxes from corn fields: on-farm assessment of the amount and timing of nitrogen fertilizer. Global Change Biology. 16: 156-170194 C.F. Drury1*, W.D. Reynolds1, X.M Yang1, N.B. McLaughlin2, W. Calder, T.W. Welacky1 and C.A. Grant3 -- Nitrogen Source, Application Time and Tillage Effects on Soil N2O Emissions  -- prepublication draft 21 April 2011



Fertilizer-induced emission, g N2O-N/kg fertilizer N 
(n=192; from 18 published studies from Eastern Canada) 

PLACE Meta-analysis GLM MIXED 

n M* SE lsmean SE lsmean SE 

band 61 15.5 1.0 11.2 4.3 11.6 5.0 
broadcast 28 9.4 1.2 4.9 4.1 14.2 5.0 

broadcast - inc 53 7.3 0.8 11.6 3.9 12.4 4.4 
broadcast - no-till 50 5.0 0.5 8.3 5.3 10.6 5.7 

M* = summary effect, means weighted by inverse-variance 
GLM – crop, pcrop, precip, temp, texture, rate as fixed effects 
MIXED – same fixed effects, plus year and study as random effects   
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For application placement, apparently higher emissions associated with band placement also disappeared in the mixed model. This suggests that the effect seen in the simple mean was due to confounding with the other background factors – and one possible example is that the UAN source is most commonly band-applied --and the unbalanced nature of this collection of information.



Studies directly comparing PLACE 
Study Finding (FIE, g/kg) 
Zebarth et al., 
2008 

Broadcast-inc preplant >≈ Band sidedress  
(4.3 >≈ 3.8) – corn; 2-year study; NS 

Ma et al.,  
2010 

Band split UAN > Broadcast-inc preplant urea  
(5.8 > 4.5) – corn; 2005-2007 

*Drury et al., 
2006 

Band 10 cm deep > Band 2 cm deep 
(10.5 > 7.8) – corn; 2000-2002 

*not included in Eastern Canada FIE dataset owing to lack of control; 
assumes zero-rate control = 50% of fertilized  
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107 Zebarth, B.J., P. Rochette, D.L. Burton and M. Price. 2008. Effect of fertilizer nitrogen management on N2O emissions in commercial corn fields. Can. J. Soil Sci.  88: 189-195.189 Ma, B.L., T. Y. Wu, N. Tremblay, W. Deen, M. J. Morrison, N. B. McLaughlin, E . G . Gregorich and G . Stewart. . 2010. Nitrous oxide fluxes from corn fields: on-farm assessment of the amount and timing of nitrogen fertilizer. Global Change Biology. 16: 156-170105 Drury, C.F., W. D. Reynolds, C. S. Tan, T. W. Welacky, W. Calder, N. B. McLaughlin. 2006. Emissions of Nitrous Oxide and Carbon Dioxide: Influence of Tillage Type and Nitrogen Placement Depth. Soil Sci. Soc. Am. J. 70: 570-581
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Note also that 73% of the measured emissions come from 27% of the observations. Identifying the top 50% of the emission sites would capture 90% of the emissions.



Conclusions:  

1. Meta-analysis can reduce uncertainty of effects on 
N2O emissions but requires a large database and 
selection of studies for specific comparisons. 

2. Source, time and place options for fertilizer 
management do not differ generally across Eastern 
Canadian, but may differ in specific situations. 

3. Emissions per unit of crop yield increase very little  
up to the economically optimum N rate. 
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