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Pulse crops play an important role in crop rotations because of their ability to fix nitrogen (N) from the 
atmosphere and incorporate that N into their tissues. This reduces the amount of fertilizer N needed by 
the pulse crops in the year they are grown, and by subsequent crops grown in the rotation that use the 
N released as the pulse residues decay. However, not all of the residue-derived N released during 
decomposition is taken up by the next crop, and some of this N is converted by soil microorganisms into 
nitrous oxide (N2O)—a potent greenhouse gas. This study examines the cycling of N fixed by different 

pulse crops (pea, lentil, faba bean, and chickpea) and the contributions of the fixed N to N2O emissions, as 
well as its uptake by a following wheat crop. The field study involves growing wheat on the different 
pulse crop residues and on wheat for comparison. As would be done by a farmer, urea fertilizer was 
applied at recommended rates to the pulse crop residues before seeding the wheat crop. During the 
pulse phase of the rotation, stable isotopes 15N and 13carbon (C) were introduced into the crops. During 
the wheat phase, plots with the labeled below-ground (BG) residues (roots, nodules, sloughed off root 

cells, and compounds excreted by the roots) and above-ground (AG) residues were examined separately, 

allowing us to identify where the N and C originated from, and compare the residue N to 15N originating 
from urea fertilizer. 2015 was the wheat year of the rotation sequence. Among all of the pulse crops, 
lentil residues produced the greatest (but most variable) amounts of N2O—producing approximately 
50% more N2O than the other pulse crops and fertilized wheat. In all of the crops BG residues produced 
more N2O than AG residues. Only 1–3% of the N emitted as N2O was from AG residues, compared to 6–
14% from BG residues; the remaining 81–91% of the N in the N2O originated from the urea fertilizer. 
Carbon dioxide (CO2) was measured along with the N2O and gives an indication of the microbial activity 
of the soil since CO2 is respired by microorganisms. Carbon dioxide emissions did not mirror the N2O 
emissions instead AG CO2 was higher than BG CO2 emissions—indicating that BG residues can be 
decomposed and mineralized more efficiently by the soil microorganisms than the AG residues. 
Furthermore, CO2 emissions were higher from wheat residues than the pulse crop residues. Despite N2O 
emissions being highest from lentil residues, wheat grown on the lentil (and pea) residues had the 
highest seed yields. Furthermore, wheat grown on all of the pulse crop residues had slightly higher 

harvest indexes (seed yield relative to total biomass produced), compared to wheat grown on wheat 

residues (44–46% vs 41–42%, respectively). Despite variations among the different species of pulse 
crops, wheat grown after the pulse crops had both an agronomic and environmental advantage 
compared to wheat grown after fertilized wheat. 


