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EXECUTIVE SUMMARY: Digestion of manure as feedstock for biogas production prior to use as 

fertilizer is known to change the chemical composition of the manure, including raising the pH, 

mineralizing the organic N to NH4
+-N, and reducing the amount of C in the remaining digestate. 

It is unknown how soil microbes in non-fertilized soils or soils that receive other sources of 

fertilizer such as manure are impacted by digestate fertilization, and how this change in soil 

organic inputs may impact soil organic matter (SOM) retention and C cycling. This project seeks 

to investigate how digestate fertilization impacts the short-term functionality of the soil 

microbial community and soil C pools in fertilized and non-fertilized soils using microcosm 

incubations. To date, samples of the soils and fertilizers have been collected, the initial 28-day 

incubations have been completed, and fertilizer characterization, data analysis, and manuscript 

preparation are in progress.  

 

OBJECTIVES:  

The objectives of this study were to evaluate the short-term microbial response to digestate 

and liquid manure slurry fertilizer using soils that have previously received no fertilizer, manure 

fertilizer, or digestate fertilizer and to determine if the long-term applications of these 

fertilizers result in differences at different depths of the soil profiles or in the short-term 

microbial response to future fertilizer application.   

 

PROCEDURES:  

We worked with Troy Downing, an OSU Extension Dairy Specialist, to identify locations in 

Tillamook county for soil collection in June 2019. All three soils collected were identified as 

Nehalem series soils (Fluventic Humudepts). Soils were collected from two dairy pastures that 

receive either undigested manure fertilizer (MF), or digestate from the anaerobic digester (DF) 

as a source of N fertilizer. The manured pasture has been under this management for 50+ 

years, while the pasture receiving digestate received manure until 8-9 years ago when the 

anaerobic digester was installed in Tillamook. Manure and digestate are applied in each pasture 



three times a year at a rate of 125 lbs. N acre-1. A third sample of unfertilized (UF) soil was also 

collected. At each site, four to five individual soil samples were taken to a depth of 10 cm via a 

random walk process and combined to create one composited sample. Samples were also 

collected to evaluate soil C and N characteristics with depth. From each site, soils were 

collected at depths 0-10 cm, 10-20 cm, 20-40 cm, 40-60 cm, and 60-100 cm (four replicates). All 

samples were then transported to the laboratory where they were sieved to <2 mm and stored 

at 4oC until needed.  

 

The microcosm experiment was setup using a 3x4 factorial experimental design, with each of 

the soils amended with 0.06 mg N g-1 soil from digestate, undigested liquid manure slurry, or 

ammonium chloride (NH4Cl). A treatment receiving water served as the control. Additional 

microcosm replicates per treatment were set up to provide three technical replicates per 

treatment for destructive sampling at 0 and 7 days. All samples were incubated in the dark at 

room temperature (~24°C). Replicates from each treatment were destructively sampled to 

measure microbial biomass, permanganate oxidizable carbon, nitrate, ammonium, moisture 

content, and extracellular enzyme activity of β-glucosidase, cellobiohydrolase, N-acetyl-beta-D-

glucosaminidase, peroxidase, phenyloxidase. Weekly measurements of respiration were made 

by placing ~50g soil into 1 L Mason jars with septa in the lid for gas sampling. After each 

respiration measurement was obtained, jars were opened for 30 minutes, after which they 

were resealed, measured again for CO2 to obtain a starting concentration, and the incubation 

continued.  

 

The depth samples from each site were analyzed for microbial biomass, permanganate 

oxidizable carbon, nitrate, ammonium, moisture content, potential extracellular enzyme 

activity of β-glucosidase, cellobiohydrolase, N-acetyl-beta-D-glucosaminidase, peroxidase, 

phenyloxidase, and nitrification potential. Additionally, total N and C were determined at the 

beginning and end of the incubations and on each depth sample by the OSU Soil Health 

Laboratory using dry combustion in an Elementar Vario Macro Cube (Elementar Americas, 

Ronkonkoma, NY).  

 

SIGNIFICANT ACCOMPLISHMENTS:  

To date, we have completed all experimental work and are in the progress of writing two 

manuscripts providing the results of how long-term fertilization with manure and digestate, 

after long-term manure fertilization, affect the potential microbial activity and accumulation of 

C and N forms at depth and the short-term response to fertilization with manure, digestate, and 

inorganic N in soils after receiving long-term fertilization with manure and digestate.  

 



We observed that background (control) respiration increased between soils in the order UF < 

DF < MF at both 7 and 28 days (Figure 1). Additionally, although the digestate fertilization 

resulted in respiration increased above the control at 7 days in all soils, after 28 days, all 

fertilizers in the DF soil actually resulted in significantly less respiration than the control, 

whereas digestate and manure fertilization of MF and UF was above their respective controls., 

After 28 days, all treatments in UF and DF, except UF manure, respired significantly less of the 

total C present after fertilization on day 0 than all treatments in MF. However, the UF manure 

treatment respired almost 2-fold more of the total C than any other treatment and soil 

combination. 

 
Figure 1. Cumulative CO2-C accumulation (A) after 7 and 28 days and % total C respired (B) after 
28 days from digestate fertilized (DF), manure fertilized (MF), and unfertilized (UF) soils 
receiving digestate, manure, or NH4Cl fertilizer or water (control). Error bars represent +1 
standard deviation, n=3. Capital letters indicate significant differences between treatments 
within a soil, lowercase letters indicate significant differences between soils within a treatment.  

Additional highlights from this analysis include:  

• Changes in microbial biomass C were generally found after 7 days but were no longer 

present after 28D, except in the UF soil receiving manure fertilizer where microbial 



biomass carbon remained significantly higher than all other treatments in the UF soil 

and the DF and MF manure treatments.  

• The potential activity of hydrolytic extracellular enzymes at 28 days was often higher 

than at day 0 in all soils, particularly after receiving inorganic N fertilizer.  

• While not always significant, N cycling activity tended to increase in the order UF < MF < 

DF down to 100 cm. For example, potential ammonia oxidizing bacteria activity and NO2
- 

accumulation tended to be higher in the DF soil than in the MF and UF soils down to 100 

cm (figure 2).  

 

 
Figure 2. Potential nitrification activity (A), nitrite accumulation at 24 and 48 h, and AOA (C) and 
(AOB) contributions to nitrification potential. Capital letters indicate significant differences 
between fertilizer treatments within depth, lowercase letters indicate significant differences 
between depths within a fertilizer treatment.  



BENEFITS AND IMPACT:  

Previous studies on the soil microbial response to digestate fertilizer has not placed 

much consideration on prior fertilization applications. However, since the use of manure as 

feedstock for biogas production helps to reduce greenhouse gas emissions by reducing 

methane released to the atmosphere from manure during storage, often the soil that will 

receives digestate fertilizer was previously fertilized with stored manures. Additionally, many 

studies have almost exclusively focused on the short-term response to digestate application, 

without consideration for how long-term application of digestate can change the chemical 

composition and amount of the soil organic matter available for the microbial community.  

 This study shows that although soil previously receiving manure fertilizer has a similar 

short-term microbial response to the application of digestate or stored manure slurry, after less 

than a decade of receiving digestate fertilizer on a regular basis (DF soil), total C content has 

increased significantly. Additionally, upon fertilizer applications, respiration is reduced in the DF 

soil compared to the MF soil, suggesting less C is being released to the atmosphere as the 

greenhouse gas carbon dioxide. However, the DF soil also showed a trend of increased 

microbial activity over the MF soil throughout the profile, particularly for nitrification potential 

and nitrite accumulation, and therefore long-term applications of digestate may require stricter 

monitoring for nitrate leaching throughout the profile and more research about digestate 

driven nitrous oxide emissions. These findings could make useful contributions in the future 

toward best management practices and towards research of how nitrification is affected 

throughout the depth of a soil profile by differences in long-term fertilizer applications.  

  

ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM:  

None.  

 

FUTURE FUNDING POSSIBILITIES:  

None at this time.   

 


