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Soil Carbon and Nitrogen Responses to High Rate of Compost 
in Dryland Winter Wheat During the First Two Years

Mavis Badu1, Urszula Norton1, and Jay Norton2

Introduction
Application of composted feedlot manure (“compost”) 
to dryland winter wheat may deliver much needed soil 
nutrients, and improve soil properties like water holding 
capacity, soil structure, and cation exchange capacity 
(CEC). But anecdotal evidence shows that farmers who 
apply small amounts of compost every three to four 
years do not obtain desired benefits in yield. A one-time 
high rate application may bring the desired effects of 
compost. Reeve et al., 2012, observed higher soil organic 
carbon (C) and microbial properties in amended plots 
than control plots, 16 years after a one-time application 
of 20 ton/acre compost on a dryland wheat field near 
Snowville, Utah. Could a one-time high rate compost 
application bring similar benefits to dryland wheat fields 
in southeast Wyoming?

Objectives
Our objectives were to determine the influence of a 
one-time high rate of compost application on soil C, soil 
nitrogen (N), and greenhouse gas (GHG) emissions.

Materials and Methods
The research was a field experiment conducted at the 
dryland organic section of the James C. Hageman 
Sustainable Agriculture Research and Extension Center 
(SAREC). We applied 18 ton/ac composted feedlot 
manure and 79 lb/ac inorganic fertilizer to the field 
in September 2015. The compost supplied 41 lb N/ac, 
while the inorganic fertilizer (79 lb/ac mono-ammonium 
phosphate and 107 lb/ac ammonium sulfate) supplied 
44 lb N/ac. The compost was raked into the soil at a depth 
of ~2 inches.

Soil samples were collected six times in 2016 and 2017 
and were analyzed for dissolved organic C and inorganic 
N (sum of nitrates and ammonium). Polyvinyl chloride 
(PVC) rings 9.8 inches in diameter and 3.9 inches high 
were used as the bottom of the GHG collection chambers. 
These were installed at a depth of ~2 inches. The tops 
of the chambers, also made of PVC pipes, were used to 
cover the installed bottoms when collecting gas samples. 
Gas samples were analyzed for nitrous oxide (N2O) at 
every sampling date. Data were subjected to a one-factor 

analysis of variance, and significant means were separated 
by Fischer’s least significant difference at p<0.05.

Results and Discussion
Higher dissolved organic C (DOC) in the compost 
treatment compared to the control and inorganic fertilizer 
indicates enhanced nutrient release from compost, which 
served as a substrate for microbes (Fig. 1). Compost 
supplied N amounts comparable to inorganic fertilizer 
during wheat green-up and rapid plant growth—anywhere 
between 25–40% more than the control (Fig. 2). Lower 
N2O emissions from compost in May 2017 (Fig. 3) 
show more efficient N uptake by plants and microbes in 
compost-amended soil compared to inorganic fertilizer.

These results indicate a one-time high rate compost 
application can yield early benefits in southeastern 
Wyoming such as (1) enhanced microbial activity as 
shown by soil DOC; and (2) more efficient use of soil N 
as shown by plant and microbe-available N and lower N 
losses to N2O.
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Figure 1. Dissolved organic carbon concentration of the soil during the wheat phases of the 2016 and 2017 growing seasons.

μg/g OD soil=microgram dissolved organic C per 1 gram of oven dried soil (1 gm=~0.04 oz); IF=inorganic fertilizer; error bars 
represent standard errors of a mean (n=8); asterisks indicate statistical difference between means across treatments at p≤0.05.

Figure 2. Inorganic N concentration of the soil during the wheat phases of the 2016 and 2017 growing seasons.

μg/g OD soil=microgram inorganic N per 1 gm of oven dried soil; IF=inorganic fertilizer; error bars represent standard errors of 
a mean (n=8); asterisks indicate statistical difference between means across treatments at p≤0.05.

Figure 3. Nitrous oxide emission from wheat phases of the 2016 and 2017 growing seasons. Error bars represent standard errors 
of a mean (n=8). Asterisks indicate statistical difference between means across treatments at p≤0.05.

μg N/ft2/hr=microgram inorganic N per one square foot land area per one hour; IF=inorganic fertilizer; error bars represent 
standard errors of a mean (n=8); asterisks indicate statistical difference between means across treatments at p≤0.05.




