
AGR1429: Quantifying the Contribution of Pulse Crop Residues to Greenhouse Gas Emissions, 

Nitrogen NutritionΣ and the Growth of a Subsequent Wheat Crop: A Dual Isotope Labeling Approach 
 
Retailers and consumers are increasingly concerned about the environmental impact of agricultural 
products. There is a trend among retailers for requiring detailed “carbon footprinting” accounting along 
a supply chain. The goal of this study was to better understand the role that nitrogen (N)-fixing pulse 
crops can play in improving the environmental footprint, nutrient-use efficiency, and soil health of 

cropping systems. Wheat was grown the year following field peas, lentils, chickpeas, faba beans, or wheat. 

Contribution of the crops to a following wheat crop’s nutrition, greenhouse gas emissions, and soil health 

were evaluated. The study used tracers to separate N and carbon (C) from above-ground and below-
ground residues, and urea-N. 
 
Faba beans had the highest biological nitrogen fixation (76%), N fixed (201 kg ha-1), seed yield (4.2 Mg ha-

1), harvest index (0.48), and yield stability over two years. However, the small amount of N in its above-
ground residue (57 kg ha-1) means that it will not provide a large N benefit to succeeding crops. In 
contrast, chickpea residue contained the highest N (86 kg ha-1) but lowest seed yield (2.2 Mg ha-1), 
harvest index (0.28), and seed N (75 kg ha-1), and allocated the least fixed N to seed (44 kg ha-1) despite 
having moderate nitrogen fixation (62%). Moreover, chickpea productivity was sensitive to 

environment, producing half the seed yield in 2014 vs 2016. Lentils and peas were intermediate for all 

factors. 
 
Wheat grown after the pulses yielded 5% to 25% higher than wheat after wheat. The greatest increases 
(15–25%) occurred on lentil and pea residues. Nitrogen content of wheat seed was 5% and 10% greater 

following lentils and peas. In general, 4% to 6% of above-ground N and 6% to 12% of below-ground N in 

pulse residues was exported with wheat seed. 20% to 30% of urea-N was recovered in wheat. Overall, 
pulse residues contributed 6.5 to 16.0 kg N ha-1 to wheat. 
 
Nitrous oxide fluxes during the wheat year were greater when the previous crop was a pulse vs wheat. 

Emissions over the four-year experiment were highest from fertilized wheat, lentil, and chickpea 

residues. Emissions were lowest from pea and faba bean residues. Below-ground residues contributed 
21% of N2O-N vs 12% from above-ground residues and 22% from soil N. When soils were moist, urea-N 
was preferred over residue-N for production of N2O by microorganisms. The most N2O from pulse 
residues was released during spring thaw—indicating that considerable N mineralization occurred after 
harvest. The magnitude appears to be related to the biochemical composition of residues, and was 

greatest for lentils. 
 
On average, more CO2 was emitted during the pulse phase (5.46 Mg CO2-C ha-1) than the wheat phase 
(4.50 Mg CO2-C ha-1). Most of the carbon originated from soil (74-83%) not the introduced residues. 
Above-ground residues generally resulted in 2-3 times more CO2 than below-ground residues. 
In short, growing a pulse crop before wheat provided a yield benefit to wheat which was partially due to 
the N provided from residue decomposition. Pea and lentil residues underwent more extensive 

decomposition postharvest than chickpea and faba bean residues, and contributed more to wheat yield. 

However, it appears that this enhanced decomposition also means more N2O was produced, especially 
with the lentil below-ground residue. 
 




