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Wh y  Co m p o s t ?

• Nitrous oxide - Emissions reduction
• Food waste 
• Carbon sequestration in CA studies 
• Scalability: where and under what 

circumstances does compost add to soil C 
or other goals. 

• Trade offs in how treatments impact C 
cycling in deep horizons 

People already doing it and seeing good results



Ho w  Wo u ld  
Co m p o s t  In c re a s e  
So il Ca rb o n ?

• Main pathway: Production (Yield) > 
Inputs to soil > Inputs exceed 
respiration

• Compost > Increase production 
(Yield) OR increase efficiency of soil 
organic conversion

• Compost needs to increase soil C 
over and above the raw addition of 
C in compost to be a net gain. 

From https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=22224



Ris ks  o f 
Co m p o s t

• Annuals more are more effective at using 
nutrients

• Most annuals in our region are undesirable
• Nutrients beyond N can benefit annuals 

such as cheatgrass (Phosphorus) 
(Blumenthal et al. 2017)

• CA studies done in an annual grassland  
where this would be less of a risk 

• Compost can increased respiration (Ryals et 
al. 2014)

Blumenthal, D. M., LeCain, D. R., & Augustine, D. J. (2017). 
Composted manure application promotes long‐term 
invasion of semi‐arid rangeland by Bromus tectorum. 
Ecosphere, 8(10), e01960.



Pro je c t  Go a ls

Test the efficacy of a 1-time compost application to..

• Increase grass productivity.
⚬ Collected 2021, 2022, 2023

• Sequester carbon and increase soil organic 
matter.
⚬ Collected 2022 & 2023

• To alter species composition.
⚬ Collected 2021 & 2023



Wh a t  We  Are  Lo o k in g  Fo r

How effective is a 1-time application of compost to
increase soil organic matter, and enhance plant 
growth compared to fertilizer?

• If effective, we would see an increase in above-
ground production (yield) and below ground 
soil organic matter and soil C

• If effective, we would see no adverse impacts 
from compost use compared to fertilizer or 
doing nothing.



Timeline 

2020

Tested compost 
sources; picked 

a source; 
sampled soils 
for application 

rates

2022

Split plot 
design; 

collected soils 
data; will 

collect yield 
data

2021 

Applied compost 
& treatments; 

collected biomass  
& species data; 
tested soils for 

end-of-season N

2023

Collect soils 
data; analyze 

results; 
develop 

recommenda
tions

Wh a t  We  Did



Tre a t m e n t s  Ap p lie d  

Control 
(nothing)

Fertilizer

Compost Compost + 
Fertilizer

Equal Available N



Co m p o s t  Crit e ria
• Compost quality was of concern to our 

stakeholder group
⚬ Salts
⚬ Fungi: Bacteria ratio
⚬ Moderate C:N ratio

• Tested 4 commercial scale composts for 
NPK, salts, and fungi:bacteria ratio

• Selected compost
⚬ C:N = 18 (C:N 10 – 20less plant available N short-term, but 

could supply longer-term(slow-release)

⚬ Salts: 25 mmhos/cm
⚬ Highest Fungal:Bacterial Ratio



Tre a t m e n t  Am m e n d m e n t s  -  NPK

• Compost Amendments first optimized for forage N requirements (accounted for 
existing soil N, , assumes 20% of org N is 'plant available in Yr1)

• Compost P & K concentrations exceeded forage requirement



Ca lib ra t io n
• Used drop seeder
• Calibrated weights by driving over a tarp of 

known area, then weighing it. 



Plo t  La y o u t  -  20 21



Plo t  La y o u t  -  20 22



Compost Only 

Compost Only x 3 @ 2 Sites   |  Compost + Fertilizer 3 @ 2 Sites   |  Fertilizer Only 3 @ 2 Sites   |  Control x3 @ 2 Sites 

Exp e rim e n t a l De s ig n

Compost Only 



Da t a  Co lle c t io n

Clip  b io m a s s  
& c o lle c t  s p p .  
b e fo re  e a c h  

c u t t in g

An a ly ze  So ils  
in  La b

Co lle c t  s o ils  
d a t a

Co lle c t  Sp p . 
Co m p o s it io n  

d a t a

June/ July ‘21 &  ‘22 March/ April ‘22 & ’23 ‘22 & ’23 June/ July ‘21 & ’23



Wh a t  Ha p p e n e d ?



Ho w  Wo u ld  Co m p o s t  
In c re a s e  So il Ca rb o n ?

• Main pathway: Production > Inputs 
to soil > Inputs exceed respiration

• Compost > Increase production OR 
increase efficiency of soil organic 
conversion

From https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=22224



Re s u lt s  -  Gra s s  
Yie ld

• Co m p o s t  p lo t s  w e re  le s s  p ro d u c t ive  (p = 
0.008; 1,585+458) c o m p a re d  t o  fe r t ilize d  
p lo t s  and were not different than controls 
(i.e., untreated).



Re s u lt s  -  Gra s s  
Yie ld
La g  Effe c t s ?

• Any n e g a t ive  e ffe c t  fro m  c o m p o s t  w a s  n o t  
a p p a re n t  in  Yr2 (no differences among plots 
treated differently in Yr1 in Yr2).

• Plots where fert. applied in Yr2 were 
significantly more productive than non 
fertilized plots (p = 0.001745), b u t  t h e re  w a s  
n o  d iffe re n c e  a m o n g  t re a t m e n t s  fro m  Yr1



Wh y ? Wh a t  Ha p p e n e d  t o  
t h e  N in  t h e  c o m p o s t ?



Wh e re  d id  t h e  
N g o ? 

• Lost to atmosphere
• Still there - not enough time for the microbes 

to break down the compost to make it 
available to plants

• Did microbes use N in compost to digest the 
carbon? C:N Ra tio  s h o u ld  h a ve  b e e n  
a d e q u a te

• Review of 44 studies, Yield was not different 
in compost versus control in 50% of studies 
(Kutos et al. 2023). 



SOC a n d  So il He a lt h  Re s u lt s



Re s u lt s  -  SOC 
St o c ks

• A 1-time application of compost did not 
increase SOC Stocks. No difference among 
treatments at any horizon sampled. 

• No treatment effects on total nitrogen stocks.

• Compost did not increase soil salinity. (No 
treatment effects on soil salinity).



Re s u lt s  -  So il 
He a lt h  Me t ric s

• Carbon (TC, SIC, SOC)
• Nitrogen (NH4, NO3, TON)
• Phosphorus (Olsen P)
• POX-C (proxy for microbial/active carbon)
• Water holding capacity
• Beta-glucosidase (Microbial extracellular 

enzyme)
• PH
• Soil Respiration
• Water Stable Aggregates
• CEC (Cation Exchange Capacity)
• Salts



Re s u lt s  -  So il 
He a lt h  Me t ric s
No  d iffe re n c e  a m o n g  t re a t m e n t s  in  s o il 
h e a lt h  m e t r ic s  a n a ly ze d .

• Carbon (TC, SIC, SOC)
• Nitrogen (NH4, NO3, TON)
• Phosphorus (Olsen P)
• POX-C (proxy for microbial/active carbon)
• Water holding capacity
• Beta-glucosidase (Microbial extracellular enzyme)
• PH
• Soil Respiration
• Water Stable Aggregates
• CEC (Cation Exchange Capacity)
• Salts



Wh y  d id n 't  w e  s e e  s ig n ific a n t  t re a t m e n t  
e ffe c t s  o n  s o il h e a lt h  m e t ric s ?

• N in compost not available to plants

• Building SOC and soil health metricstakes 
time. 

• Soils are spatially heterogenous which 
makes change hard to detect. 

• Despite higher yield in fert plots, SOC was n o t  
greater in these plots. 



Pla n t  Sp e c ie s  Co m p o s it io n  
Re s u lt s



Sp e c ie s  Co m p o s it io n

• There were no difference in the proportion of 
exotic species pre and post treatment across 
sites. 

Other
• Orchardgrass increased overall except on 

fertilized plots (we a k s ig .)



Ho w  d o e s  t h is  c o m p a re  t o  
o t h e r  s t u d ie s ?



Study
Wa s  t h e re  a n  in c re a s e  in  

SOC?
Am o u n t  a p p lie d Ho w  lo n g  d id  it  t a ke ? Location of Study

Mclelland et al. 2022 Yes, in top 10 cm 
4.9 T/Ac in Irr. Pasture (‘12, 

‘18) (109 N lb/acre)
Observed after 8 yrs 

Northern Front 
Range, CO

Kutos et al. 2023
15 studies = No; 22 studies 
= Yes, difference between 
compost/ control = 59%

Various
Various, ranges from 1 

yr to 5 yr
Various

Mikha et al. 2017 No 9.8 T/Acre and 4.9 T/Acre 2 years Northern CO

Ryals et al. 2014 Yes 7 kg/m2 or 28 T/Acre; C:N 11 Observed after 3 yrs
California; various 

sites

St u d y  Co m p a ris o n  -  SOC



Ta ke  h o m e s  

• Real question is for what – what is your goal 
and your context? 
⚬ Consider costs/ benefits and risks of the 

practice

• Key take-homes
⚬ N demands of your crop 
⚬ Timing of application
⚬ Incorporation 
⚬ As part of crop rotation to reduce N 

use

Should I use compost in my operation?



Co n c lu s io n s

• We did not we did not detect differences 
among treatments in SOC, and soil health 
metrics, and yield was not higher in 
compost-applied plots. However, salts were 
not an issue despite high application rates.

• Change is slow 

• Think mechanism when considering new 
practices! I.e., how does C get into the soil, 
and how does the proposed treatment 
influence that? 



Th a n k  y o u  & GO TEAM

Thank you to Western SARE for funding this project. 
Thank you as well to Dustin Mullins and Perry Cabot for the fields, Jim Fry for 

assistance with management, Katie Alexander, Cordelia Anderson, Jenny Beiermann 
and Analissa Sarno for sampling help, Seth for still talking to us even though he has a 
new job, Tayin Wang for sampling, data entry, and analysis, and to the producers who 

supported this project. 



Please  take my evaluation 
And talk to Analissa if you are interested in targeted 

grazing on specialty cropsPresented By: 
Retta Bruegger & 
Megan Machmuller

Th a n k  Yo u !

970-988-0043

retta.bruegger@colostate.edu



Ec o n o m ic  Co n s id e ra t io n s



Re s u lt s  -  So il 
In o rg a n ic  
Ca rb o n

• Highly variable 
• Large proportion of total carbon 

(>75% in Fruita)
• Important consideration because 

possible for practices aimed at 
increasing SOC can decrease SIC, 
which would likely be a net loss of C. 
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