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Summary. The experimental site for SDSU soil fertility project is located at the Southeast 
Research Farm of the South Dakota State University located at Beresford, and Brookings Felt 
farm, South Dakota. The experimental sites were established in 2003 at Beresford and 2008 at 
Brookings to assess the influences of manure and inorganic fertilizer on the long-term corn (Zea 
mays L.)-soybean (Glycine max. L.) rotation. Crop rotation now is proposed to be corn-soybean-
spring wheat. The experimental site has 24 plots with 4.6 to 20 m dimensions into complete 
randomized block design. The study treatments include: three manure rates [low manure (LM), 
manure application based on the phosphorous requirement; medium manure (MM), manure 
application based on nitrogen requirement; high manure (HM), two times prescribed nitrogen 
rate], two chemical fertilizer rates [medium fertilizer (MF), recommended inorganic fertilizer 
rate; high rate of the fertilizer (HF)], and control (CK, without any manure or fertilizer 
application). The manure was applied in the spring in a manual application and incorporated by 
disk at 6-cm deep for 1 to 3 days before planting at either site. South Dakota Agricultural 
Laboratories analyzed manure of the study. Fertilizer treatments for 190 kg ha-1 yield goal for 
corn in 2018 and no fertilizer application was done for soybean in 2019 for both sites.  
  
Data from this study showed that bulk density under HM was 19 and 9% lower compared to the 
CK in 2018 and 2019, respectively. Data from 2019 showed that manure application 
significantly increased soil wet aggregate stability (0-10 cm) compared with the CK. Soil organic 
carbon (SOC) was significantly higher in HM treatment by 51.7, 9.27, 11.7, and 33.3% in 0-10 
cm, 10-20 cm, 20-30 cm, and 30-40 cm soil depths, respectively, as compared to the CK. In 2018 
and 2019, water stable aggregates (WSA) was increased by 18, 22, 46, 21, 28, and 44% in LM, 
MM and HM treatments, respectively, as compared to the CK. Data showed that higher rates of 
organic manure application (HM) significantly increased urease, β-glucosidase, and alkaline 
phosphatase enzyme activities compared to the CK for 0-10 cm soil depth in 2018. Similar trend 
was observed for 2019. For 10-20 cm depth, soil enzyme activity values were lower than the 0-
10 cm soil depth. In 2018, β-glucosidase enzyme activity was significantly higher with MM, 
HM, and HF treatments (4.79, 4.86 and 4.75 µmol PNPg-1 soil h-1, respectively) than the CK 
(3.74 µmol PNPg-1 soil h-1) treatment. Furthermore, in 2019, HM treatment significantly 
increased the β-glucosidase enzyme activity by 38 and 25% than the CK and HF treatments, 
respectively, at 10-20 cm depth. The PLFA biomass at 0-10 and 10-20 cm depths was higher 
with the HM compared with the CK. In 2018, the HM increased the total PLFA, total bacterial, 
actinomycetes, Gram-negative bacteria, Gram-positive bacteria, total fungi, arbuscular 
mycorrhizal fungi (AMF), and saprophyte PLFA biomass by 70, 84, 65, 108, 72, 118, 92, and 
1.36% than the CK treatment. Similarly, in 2019, application of HM and MM treatments 
significantly increased the total PLFA, total bacterial, actinomycetes, Gram-negative bacteria, 
Gram-positive bacteria, total fungi, arbuscular mycorrhizal fungi (AMF), and saprophyte PLFA 
biomass than the CK. The SQI values in 0-10 cm soil depth were higher in LM, MM, and HM 
treatments by 7.95, 6.75 and 9.80 %, respectively, compared to the HF. In 10-20 cm soil depth, 
the SQI values were higher in LM, MM, and HM treatments by 10.1, 8.73 and 16.3%, 
respectively, compared to the CK. 



Results suggest that overall soil health was higher under manure applications when compared to 
inorganic fertilization. However, risks for nutrient transport away from the field were also high 
when manure applications exceeded recommend rates based on soil phosphorus. For C pools in 
2018 and 2019, results also showed that all manure and inorganic fertilizer significantly 
increased active C at 10-20 cm depth compared to CK. Treatments that included manure had 
significantly higher C mineralization than inorganic fertilized treatments and CK at 0-10 cm. The 
manure treatments also had higher dissolved organic C and N than inorganic fertilized treatments 
at both sites. Particulate organic C and N also increased by manure at both depths compared to 
inorganic fertilized and CK at both sites. Carbon management index increased by manure at both 
depths compared to inorganic fertilizer at Brookings. The results demonstrate that manure can 
increase C and N compared to inorganic fertilized and unfertilized treatments.   
 
Study Objectives.  
1. Assess the impacts of manure and inorganic fertilizer applications under corn-soybean-

spring wheat-cover crop rotation on soil fertility parameters such as N dynamic (NO3
--N 

and NH4
+-N), P, K, soil organic carbon (SOC), micronutrients (Fe, Mn, Zn and Cu), bulk 

density, microbial activity, aggregate stability, pH and EC at two sites (Beresford and 
Brookings) and water quality parameters. 

2. Assess the impacts of manure and inorganic fertilizer applications under corn-soybean-
spring wheat rotation on crop growth parameters, nutrients in plants, and N use 
efficiency, agronomic N use efficiency and physiological N use efficiency. 

3. Develop site-specific best fertilizer management practices using the Soil Management 
Assessment Framework (SMAF) tool by utilizing the data from FY-2017 and Objectives 
1 and 2 of this proposal. 

 
Methods 
 Soil samples were collected before planting in 2018 and 2019 at both sites to determine 
the nutrient status to apply manure and fertilizer to the treatments. Corn crop was planted at both 
sites and calculated manure and fertilizers were applied based on the treatment requirement.  
 Soil samples were collected from 0-10, 10-20, 20-30 and 30-40 cm depths in 4 replicates 
and mixed together to make a composite sample for each plot in 2018 and 2019 to analyze 
selected soil health indicators. Detailed tasks are mentioned below in the results section. 
 
Results and Impacts 
Task 1. Measurement of Soil health indicators. 

Soil samples were extracted from 0-10 cm, 10-20 cm, 20-30 cm, and 30-40 cm depths in 
4 replicates and mixed together to make a composite sample for each plot in both years to 
analyze selected soil health indicators. Composited soil samples were labeled, sealed in plastic 
zip-lock bags, and transported to the laboratory. Higher manure application significantly 
decreased the bulk density as compared to the CK for the 0-10 cm soil depth. Bulk density was 
lowered in HM treatment by 14.7 and 9.20 % in 2018 and 2019, respectively, as compared to the 
CK. However, fertilizer application rate did not impact BD in any soil depths. Soil organic 
carbon (SOC) was significantly higher in HM treatment by 51.7, 9.27, 11.7, and 33.3% in 0-10 
cm, 10-20 cm, 20-30 cm, and 30-40 cm soil depths, respectively, as compared to the CK.  
Similarly, MM treatment has higher SOC by 3.47 and 44.9% in 10-20 cm, 30-40 cm soil depths, 
respectively, as compared to the CK. The SOC was higher in LM and HF at 10-20 cm soil depth 



by 4.24 and 3.47%, respectively, as compared to the CK. TN was significantly higher in HM 
treatment by 48.3, 8.84, 8.92, and 15.7% in 0-10 cm, 10-20 cm, 20-30 cm, and 30-40 cm soil 
depths, respectively as compared to the CK. Similarly, MM treatment has higher TOC by 4.08 % 
in 10-20 cm soil depth, respectively, as compared to the CK. At 10-20 cm soil depth, TOC was 
higher in LM and HF by 4.42 and 3.40%, respectively, as compared to the CK.  

Aggregate stability generally increases with the increase in amount of manure applied. In 
2018, water stable aggregates (WSA) was increased by 18, 22, and 46% in LM, MM and HM 
treatments, respectively, as compared to the CK.  In 2019, WSA was increased by 21, 28, and 
44% in LM, MM and HM treatments, respectively, as compared to the CK. In 2018, mean 
weight diameter (MWD) was increased in LM, MM, and HM treatments by 48, 69 and 114%, 
respectively, compared to the CK. In 2019, MWD was increased in LM, MM, and HM 
treatments by 40, 50, and 71%, respectively, compared to the CK. 

Soil enzymes like urease, β –glucosidase, alkaline phosphatase, arylsulfatase were 
analyzed using a spectrophotometer. For 0-10 cm soil depth, manure application under HM 
treatment significantly increased the soil β-glucosidase activity by 44 and 64% compared to the 
CK in 2018 and 2019, respectively. For 0-10 cm soil depth in 2018 and 2019, the HM treatment 
significantly increased the urease enzyme activity by 54 and 100% times than the CK, 
respectively. Alkaline phosphatase activity was also increased by 1.2 and 2.29 times with HM 
treatment than the CK in 2018 and 2019, respectively. However, there was no significant 
increase observed from inorganic fertilizer application (MF and HF) and CK for soil β-
glucosidase and urease enzyme activity in either year. However, alkaline phosphatase enzyme 
activity was increased by 78% under HF as compared to the CK in 2019. For 10-20 cm depth, 
soil enzyme activity values were lower than the 0-10 cm soil depth. In 2018, β-glucosidase 
enzyme activity was significantly higher with MM, HM, and HF treatments (4.79, 4.86 and 4.75 
µmol PNPg-1 soil h-1, respectively) than the CK (3.74 µmol PNPg-1 soil h-1) treatment. 
Furthermore, in 2019, HM treatment significantly increased the β-glucosidase enzyme activity 
by 38 and 25% than the CK and HF treatments, respectively, at 10-20 cm depth. However, no 
significant difference was observed for urease activity at 10-20 cm soil depth in 2018, whereas, 
in 2019, the HM treatment increased the urease activity by 1.08 times higher than the CK 
treatment. Alkaline phosphatase activity in 2018 for 10-20 cm soil depth was increased in all 
fertilizer treatments irrespective of the source of fertilizer when compared to the CK, however, 
the MM and HM treatments increased the alkaline phosphatase activity by 29 and 43%, 
respectively, as compared to the inorganic fertilizer (MF) treatment. In 2019, no differences were 
observed among the treatments for alkaline phosphatase activity. 

The total phospholipid fatty acid (PLFA) biomass at 0-10 and 10-20 cm depths was 
higher with the HM compared with the CK. In 2018, the HM increased the total PLFA, total 
bacterial, actinomycetes, Gram-negative bacteria, Gram-positive bacteria, total fungi, arbuscular 
mycorrhizal fungi (AMF), and saprophyte PLFA biomass by 70, 84, 65, 108, 72, 118, 92, and 
1.36% than the CK treatment. However, no significant differences were observed between 
inorganic fertilizer and CK treatments. Similarly, in 2019, application of HM and MM treatments 
significantly increased the total PLFA, total bacterial, actinomycetes, Gram-negative bacteria, 
Gram-positive bacteria, total fungi, arbuscular mycorrhizal fungi (AMF), and saprophyte PLFA 
biomass than the CK. Similar to 2018, there were no significant differences between inorganic 
fertilizer and CK treatments in 2019. High throughput 16S RNA-soil sequencing was also carried 
out to identify the soil microbial composition. In comparison to HF and CK, the HM application 
stimulated some microbial groups (Chitinophagaceae, Burkholderiaceae, Beijerinckiaceae, and 



Cellulomonadaceae) those are often involved in phosphorus solubilisation, nitrogen 
mineralization, methane degradation, and degradation of complex organic compounds.  

In addition, intact soil core samples were collected for analyzing the soil pore-size 
distributing using the computed tomography study (CT-Scanning). These cores were scanned at 
the University of Missouri-Columbia, and the analysis of pore-sizes are under progress. This 
outcome will provide an useful indicator of soil health. In addition, aggregate associated C and N 
in each aggregate size fraction were determined from Beresford site in 2019. Manure application 
has significantly increased aggregate associated SOC in most of the size fractions as compared to 
the CK. Aggregate associated SOC was increased in 8-4 mm, 4-2 mm, 2-1 mm, 1-0.5 mm, 0.5-
0.25 mm and 0.25-0.053 mm size fractions in HM treatment by 62.7, 58.4, 58.7, 71.9, 47.7, and 
54.1%, respectively as compared to the CK. Similarly, aggregate associated SOC was increased 
in 8-4 mm, 4-2 mm, 2-1 mm, 1-0.5 mm, 0.5-0.25 mm and 0.25-0.053 mm size fractions in MM 
treatment by 18.2, 15.6, 13.1, 27.7, 17.3, and 20%, respectively, as compared to the CK. LM had 
higher aggregate associated SOC in 4-2 mm, 2-1 mm, 1-0.5 mm, and 0.25-0.053 mm size 
aggregate fractions by 18.5, 13.1, 22.1, and 15.5%, respectively as compared to the CK. 
However, fertilizer application rates did not impact aggregate associated SOC. 

Manure application significantly increased aggregate associated N in most of the size 
fractions as compared to the CK. Manure application significantly increased aggregate associated 
N in most of the size fractions as compared to the CK. Aggregate associated N was increased in 
8-4 mm, 4-2 mm, 2-1 mm, 1-0.5 mm, 0.5-0.25 mm and 0.25-0.053 mm size fractions in HM 
treatment by 66.5, 63.5, 61.8, 67.1, 48.5, and 53.2%, respectively, as compared to the CK. 
Similarly, aggregate associated N was increased in 4-2 mm, 2-1 mm, 1-0.5 mm, 0.5-0.25 mm 
and 0.25-0.053 mm size fractions in MM treatment by 11.7, 21.5, 15.3, and 14.9%, respectively, 
as compared to the CK. LM treatment had higher aggregate associated N in 4-2 mm, and 1-0.5 
mm size aggregate fractions by 17.4, 14.3, and 18.4% as compared to the CK.  

 
Task 2. Measurements of soil nutrients and crop yield.  
The impact of manure and inorganic fertilizer applications on soil nutrients and crop yield was 
also studied. Soil samples at depths of 0 to 15 cm and 15 to 60 cm, were taken at the beginning 
of the experiment before manure application and mineral fertilization by using augers and soil 
data were used to calculate the amount of manure rates. For soil nutrient analysis 1 month after 
planting, disturbed soil samples were extracted from four replications of each plot from 0-10, 10-
20,20-30 and 30-40 cm depths and mixed together to make a composite sample for the respective 
depth. Soil samples were carried in plastic zip-lock bags, labeled, transported to the lab, and 
stored for analysis. Soil was air dried, mechanically grinded, and sieved through 2-mm sieve to 
analyze and also stored at 4°C. Soil analysis was performed to determine N, P, K, Soil organic 
matter (SOM), Sulfur, Zinc, pH, Salts, and Texture. In 2018, SOM was significantly higher in 
HM treatment by 36.8, 33.7, 7.69, 7.69% in 0-10 and 10-20 cm soil depths, respectively, as 
compared to CK and MF. In 2019, SOM was significantly higher in HM treatment by 29.4, 6.5, 
6.8% in 0-10, 10-20, and 20-30 cm soil depths, respectively, as compared to CK. In 2018, MF, 
HM, and HF treatments increased NO3-N content by 318, 279, and 236% than the CK treatment 
in 0-10 cm soil depth, respectively. In 2019, NO3-N content was significantly higher in HM 
treatment by 156, 92, 74, and 124% in 0-10 cm, 10-20 cm, 20-30 cm, and 30-40 cm soil depths, 
respectively, as compared to the CK. Compared to MF treatment, the NO3-N content was 
significantly higher in HM treatment by 130, 79, 126, and 136% in 0-10 cm, 10-20 cm, 20-30 
cm, and 30-40 cm soil depths, respectively. At 0-10 cm soil depth in 2018, available P was 



significantly higher in HM, MM, and LM treatments as compared to HF, MF, and CK 
treatments. HM treatment significantly increased the available K in 2018 and both available P 
and K content in 2019 at all depths compared to all the other treatments. In 2018, the corn yield 
was significantly higher in HM, MM, HF, LM, and MF treatments by 104, 104, 97, 85, and 81% 
as compared to the CK, respectively. 
 
Task 3. Measurements of Soil C Pools.  

With an objective to understand the long-term effects of different rates of manure and 
synthetic fertilizer on soil carbon (C) and nitrogen (N) pools in corn-soybean cropping system, a 
study was conducted at Beresford, South Dakota. Soil samples were collected from 0-10 and 10-
20 cm soil depths in 2018 to measure permanganate oxidizable C, microbial biomass C and N, 
dissolved organic C and N, particulate organic C and N, and C and N mineralization. Further, 
carbon management index (CMI) was calculated from this data. On average, manure treatment had 
higher soil C and N pools as compared to synthetic fertilizer and control. At 10-20 cm depth, HM 
had 113% and 98% higher DOC than MM and LM, respectively, and 215% higher DON compared 
to LM. The principal component analysis showed that manure rate has a significant influence on 
the majority of C and N pools. No significant differences in C and N pools were observed between 
the synthetic fertilizer and CK treatments. Therefore, this study suggests that manure application 
can be beneficial to enhance C and N pools compared to synthetic fertilizer and zero fertilizer 
application. 

 
Task 4. Application of Soil Management Assessment Framework (SMAF) tool. 

The soil health assessment was calculated using the Soil Management Assessment 
Framework (SMAF) scoring function analyses. Scores are given for each soil property measured, 
then combined into one simple value (0 to 1) for an easy interpretation of overall soil health. The 
soil quality index (SQI) values in 0-10 cm soil depth were higher in LM, MM, and HM 
treatments by 7.95, 6.75 and 9.80 %, respectively, compared to the HF. In 10-20 cm soil depth, 
the SQI values were higher in LM, MM, and HM treatments by 10.1, 8.73 and 16.3%, 
respectively, compared to the CK. However, fertilizer application rate did not impact SQI at 
either depth. 

 
Changes in project or personnel. One MS Student (Asmita Gautam) and two partially budgeted 
postdoctoral researchers (Abagandura Gandura and Udayakumar Sekaran) worked under this 
project in 2019. Due to the excessive soil moisture in the spring, lysimeters for measuring 
nutrient leaching could not be installed on time before leaching events occurred.    
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