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1. Can intercropping with a legume support the nitrogen demands of an IWG crop?

2.  Are there other ecosystem services captured by intercropping IWG and a legume?
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1. Can intercropping with a legume support the nitrogen demands of an IWG crop?

2.  Are there other benefits or drawbacks to intercropping other than N fixation?
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• KA yield was significantly 
higher than K or KK in 
2017.

• KA was the only treatment 
that did not significantly 
decrease in yield over 
time.

• K+N yield was significantly 
higher than KK yield in 
2014 and 2017.

Mixed Model Type 3 Tests of Fixed Effects
Effect Num DF Den DF F Value Pr > F
Treatment 4 15 10.83 0.0002
Year 4 59 32.75 <.0001
Treatment*Year 16 59 3.35 0.0004

Kernza nitrogen sources– Grain



• Grain yield significantly 
decreased over time in 
K+M and K treatments, but 
not in KA or KA-M 
treatments

• Grain yield in 2017 was 
significantly higher in KA 
than in K plots.

Mixed Model Type 3 Tests of Fixed Effects
Effect Num DF Den DF F Value Pr > F
Treatment 3 12 0.98 0.4332
Year 4 46 10.98 <0.0001
Treatment*Year 12 46 2.11 0.0350

Mulching Experiment – Grain









Ecosystem Services:
N20 emissions 
reduced
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N2O emissions during two growing seasons in 
unfertilized Kernza-Kernza (KK), Kernza-alfalfa (KA),
and fertilized Kernza-Kernza (KK+NP) plots
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Koziol, Crews & Bever in press

VA Mycorrhizae responsiveness of 19
prairie and crop species in 
greenhouse trials



Ecosystem Services:
Carbon sequestration

Photo : Jim Richardson





GPP = Gross Primary Production
NEE = Net Ecosystem Exchange
Reco = Ecosystem respiration

GPP = Gross Primary Production
NEE = Net Ecosystem Exchange

=Reco - GPP
Reco = Ecosystem respiration

Net Carbon Balance of 
Grassland to Kernza-alfalfa
Conversion in Eastern Kansas

de Oliveira, Brunsell, Crews and Kemp unpublished



de Oliveira, Brunsell, Crews and Kemp unpublished



Ecosystem Services:
Water Resource
Partitioning
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Mid-day (top) and pre-dawn (bottom) 
Leaf water potential in IWG (K) and IWG-alfalfa
Intercrops from June 9 - July 13

IWG growing with alfalfa (KA,K) is not more
Stressed than wide-spaced IWG single species (K)

As the summer progresses, alfalfa does not 
experience the moisture stress of IWG.

Nosshi (2019)
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1. Can intercropping with a legume support the nitrogen demands of an IWG crop?
Getting there.

2. Are there other ecosystem services captured by intercropping IWG with a legume?
Reduction in N2O emissions
C sequestration
Water resource partitioning and possible facilitation
Attenuate yield decline
Dual use forage quality
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• Letters indicate 
differences among 
treatments within a given 
year (shared letter=no 
significant difference).

• All treatments declined in 
ANPP over time

• KK+NP had significantly 
higher yield than KK in all 
years except 2013.

• KA had lower ANPP than 
N-fertilized treatments in 
2014, but otherwise had 
intermediate ANPP 
throughout the study.

Mixed Model Type 3 Tests of Fixed Effects
Effect Num DF Den DF F Value Pr > F
Treatment 4 15 11.16 0.0002
Year 4 59 69.27 <.0001
Treatment*Year 16 59 3.07 0.0009

Nitrogen Experiment – ANPP



• No significant treatment or 
treatment*year interaction 
effects

• ANPP in all treatments 
dropped significantly 
between 2013-2014, was 
stable for 3 years, then 
significantly dropped again 
in 2017.

Mixed Model Type 3 Tests of Fixed Effects
Effect Num DF Den DF F Value Pr > F
Treatment 3 12 2.52 0.1073
Year 4 47 34.32 <0.0001
Treatment*Year 12 47 1.79 0.0770

Mulching Experiment – ANPP



de Oliveira, Brunsell, Crews and Kemp unpublished
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