
- 16% of cereal rye shoot nitrogen 
becomes plant bioavailable over the 

subsequent growing season

- 8% of cereal rye root nitrogen becomes 
plant bioavailable over the subsequent 

growing season

- 15% of total cereal rye nitrogen becomes 
plant bioavailable over the subsequent 

growing season
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Use aerobic incubation and stable isotope techniques to
determine the fate of nitrogen from cereal rye root and shoot
biomass

The incorporation of cover crops (CC) in agricultural cropping
systems has increased by 422% over the past eight years. This
rapid increase in adoption is primarily driven by producers’
knowledge of cover crops benefits such as reduced sediment
loss, increased soil heath, and reduced nitrogen (N) loss from
subsurface drainage systems. The ability of cover crops,
specifically cereal rye (CR) to scavenge and assimilate N has
been well documented within the scientific community; as has
the rate at which CR shoot biomass decomposes. However, a
dearth of knowledge remains surrounding the fate, cycling, and
bioavailability of CR root and shoot N following decomposition.
Results from this experiment could lead to enhanced
knowledge of CR root and shoot N cycling. Furthermore, this
experiment could help producers understand the effects of CR
on bioavailable soil N throughout the maize growing season.

Objective

Methods
Soil Type: Coesse Silty 
Clay Loam
1/3 bar Θ(g): 

21.12 𝑘𝑔 𝑤𝑎𝑡𝑒𝑟

𝑘𝑔 𝑠𝑜𝑖𝑙

Organic Matter: 
2.28 𝑔 𝑆𝑂𝑀

𝑔 𝑠𝑜𝑖𝑙

Incubation:
• Soils were incubated at 40% of 1/3 bar

water retention (Field Capacity) at 23.9
± 0.3 °C

• Sampled according to accumulation of
growing degree days (GDD)

• Sampling times: 0, 167, 278, 431, 945,
1667 GDD

Inorganic Nitrogen:
• Inorganic nitrogen (IN) was 

determined by extracting with 2M 
KCl and analyzing colorimetrically.

Microbial Biomass Nitrogen:
• Microbial Biomass N (MBN) was

determined using a standard
Chloroform fumigation-extraction
method with 0.5M K2SO4.
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Discussion

Figure 1. Cereal Rye N recovered in the soil and 
plant N pools over time in the Entisol.

Figure 2. Cereal Rye N recovered in the soil and 
plant N pools over time in the Mollisol.

15N Stable Isotope Analysis:
• Analysis conducted at Cornell University Stable Isotope

Laboratory using isotope ratio mass spectrometry (IRMS).
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• Root biomass contains 22% of the total N in the
CR plant.

• On average, 10% of CR root nitrogen is released
regardless of soil type.

• On average, 94% of CR shoot nitrogen is released
regardless of soil type.

• On average, 73% of total CR nitrogen is released
to the soil over the subsequent growing season
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Figure 3. Mass of (A) CR root N, (B) CR shoot N, and (C) 
percent of total CR N recovered within the organic, 
inorganic, and microbial biomass nitrogen fractions of the 
soil

Figure 5. Theoretical distribution of the total cereal rye 
nitrogen added at the corn R6 growth stage.

Figure 4. Overlay of theoretical curves for cereal rye 
decomposition, microbial n demand, and corn N uptake 
with the patterns for cereal rye N release and distribution 
within the soil.

62.8 kg N ha-1 added
45.9 kg N ha-1 recovered
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Soil Type: Raub-Brenton 
Complex
1/3 bar Θ(g): 

24.94 𝑘𝑔 𝑤𝑎𝑡𝑒𝑟

𝑘𝑔 𝑠𝑜𝑖𝑙

Organic Matter: 
3.13 𝑔 𝑆𝑂𝑀

𝑔 𝑠𝑜𝑖𝑙
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