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C ont. s ilage c orn
C orn-s oy

Net E c os ys tem C  L os s es  f rom Dairy F orage R otations

-10 .8  Mg C  ha -1

-3 0 .5  Mg C  ha -1

-3 9 .7 Mg C  ha -1



F arm C  B alanc e



y = - 5.30 58  + 0 .79 25x 
R  2 = 0 .4 0 , P  < 0 .0 0 1

C rop

R es idue = NP P  – Harves t C
(Inc ludes  s traw, c rowns , roots , exudates , etc )

R oot &  R es idue Inputs  Impac t NE C B



A lfa lfa-G ras s  Mix tures , R oots , and 
S oil C

• Alfalfa-gras s  mixtures  often have 
greater root produc tion

• Up to 6 8 % more dry root mas s  
than pure alfalfa (W oods  et al., 
19 53)

• R educ ed G HG  emis s ions  and 
inc reas ed s oil C  with alfalfa-tall 
fes c ue c ompared to alfalfa 
monoc ultures  (G hani et al., 20 22).

Ghani et al. Alfalfa-grass mixtures reduce greenhouse gas emissions and net global warming potential while maintaining yield advantages over monocultures Sci. Total Environ. (2022)



• O bjec tive:  E valuate impac t of alfalfa-gras s  mixtures  vs  
monoc ultures  on field-s c ale:

• F orage yield & quality

• E ddy c ovarianc e C O 2 & water flux, Net C  balanc e

• S oil C  dynamic s  (T C /T O C /T IC , P O M-C , MAO M-C )

• Des ign:  P aired fields  at two loc ations , 3  field s eas ons  (20 24  – 
20 26 )

• UMN Morris  R es earc h S tation, Morris , MN 

• O rganic  management

• US DA-AR S  Dairy F orage R es earc h C enter, P rairie Du S ac , W I 

• C onventional management

• T reatments
• Alfalfa-meadow fes c ue mixture

• Alfalfa monoc ulture

F ie ld S tudy



E s tablis hed May 20 24

F ield E -15 W  (Monoc ulture)  

• Alfalfa 20  lbs /ac re – B lue R iver 38 0 0  
organic  alfalfa (F D 4 )

• O ats  4 0  lbs /ac re - R eins  organic  oats

F ield E -16 W  (Mix ture)

• Alfalfa 14  lbs /ac re – B lue R iver 38 0 0  
organic  alfalfa (F D 4 )

• Meadow fes c ue 8  lbs /ac re - P ardus  
organic  meadow F es c ue

• O ats  4 0  lbs /ac re - R eins  organic  oats

UMN W es t C entral R es earc h and 
O utreac h C enter – Morris , MN

C lay &  S ilt L oam S oils

• Aazdahl-F ormdale, 
B alaton c lay loams

• T ara & Mc Intos h s ilt 
loams



E s tablis hed A ugus t 20 23

F ield 8 6 0 0  (Monoc ulture)  

• Alfalfa 18  lbs /ac re – Dairyland 
Magna 10 0 R R  (F D 4 )

F ield 9 4 0 0  (Mix ture)

• Alfalfa 15 lbs /ac re – Dairyland 
Magna 10 0 R R (F D 4 )

• Meadow fes c ue 10  lbs /ac re - 
P ardus  meadow F es c ue (res eeded 
Marc h 20 24 )

US DA -A R S  Dairy F orage R es earc h C enter 
P rairie  du S ac , W I

S ilt L oam S oils

T oddville, R ic hwood, Mc Henry, 
& S t. C harles  s eries



E ddy C ovarianc e Method

C ampbell IRGASON 
CO2 & H2O exchange at 20 Hz

Net E c os ys tem C arbon B alanc e 
(NE C B )
= NE P  – Harves t C  + Manurial C

NE P  
Net C O 2 flux (+/-)

G P P ; 
P hotos ynthetic

C O 2 (+)

P lant & S oil 
R es piration

C O 2 (-)

Harves t C  
(-)

NE C B  = ΔS O C  + ΔP C  

Net E c os ys tem P roduc tivity (NE P )
= G P P  – E cos ys tem R es piration (R e)

+ P os itive f lux es : C  uptake into 
plants  and s oil

- Negative f lux es : C  los s  to the 
atmos phere /  C  export from the 
s ys tem

Manurial C  
(+)



Half -Hourly Net C O 2 E x c hange
(NE P )



C umulative 
C O 2 
E x c hange

16 0  g C  m-2

28 7 g C  m-2



F orage Y ield

Prairie du Sac, WI Morris, MN

Harvest Year Alfalfa Alfalfa-
Grass Mix Alfalfa Alfalfa-

Grass Mix
------------------------Mg DM ha-1-------------------------

Cut 1 2024 3.5 3.9  5.2 * 3.9 *
Cut 2 2.5 * 3.0 * 1.7 1.6
Cut 3 2.2 * 2.6 * - -
Cut 4 2.3 * 2.8 * - -
Total 10.6 12.2 6.9 5.5

Cut 1 2025 4.2 4.3 9.0 * 7.0 *
Cut 2 4.5 4.8 3.9 3.9
Cut 3 3.5 * 4.0 * 4.7 4.4
Cut 4 2.3 * 3.1 * - -
Total 14.6 16.1 17.5 * 15.3 *



C umulative
NE C B

 = NE P  – Harves t C



F indings  s o far…
• Alfalfa – meadow fes c ue mixtures :

• Higher net ec os ys tem produc tivity (NE P )

• G reater yield in W I

• Higher NE C B  and potential for C  ac c rual

• Harves t/G P P  & R e/G P P  s ugges ts  greater 
alloc ation of C  to roots

O ngoing work …
• P artition R e to c alc ulate NP P  & es timate root C

• F orage quality and s oil C   /  s oil health analys es

• F eeding trials

• Need field-to-animal G HG  balanc es
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C arbon B alanc e 

Site Crop Period NEP GPP Reco Harvest C NECB

--------------------------------g C m-2----------------------------

MN Alfalfa 2-yr 864 3937 -3073 -1014 -150

Mix 2-yr 884 3903 -3019 -863 21

WI Alfalfa 2-yr 810 4524 -3703 -1043 -247

Mix 2-yr 1257 4132 -2875 -1177 79

• Minnes ota:  

• S imilar G P P  & R ec o

• Alfalfa higher C  export (~150  g C )

• W is c ons in

• Higher G P P  & R ec o for alfalfa

• Mixture= higher C  export (~10 0  g 
C ) 

•  L ower R ec o/G P P

• S ugges ts  greater alloc ation C  to 
roots



Half -Hourly P hotos ynthes is  &  R es piration (G P P  &  R ec o)
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