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Introduction: The potential for nitrogen fixing cover crops and controlled release-nitrogen 

fertilizer to improve nitrogen use efficiency and reduce nitrogen leaching has been shown small 

plot research trials. Quantifying the nitrogen budget of systems using these nitrogen management 

techniques is key to evaluating nitrogen use efficiency and leaching potential as these practices 

are adapted to production scale. Results from year one will be presented in terms of complete 

nitrogen budget complied using a mass-balance approach. Total amount of nitrogen in the 

cropping systems is quantified in the spring before planting and after harvest. Total nitrogen 

budget includes above ground biomass, fertilizer inputs, crop exports and plant available 

nitrogen in the top three feet of soil. The difference between N applied and N removed with the 

harvest portion of the crop represents the potential N loss that can occur. The drought conditions 

of 2012 minimized the potential for nitrate leaching from irrigated systems and removed the 

competitive advantage of the controlled-release fertilizers. 

Methods: Components of the nitrogen budget include above ground biomass (AGB), soil, inputs, 

and exports. Estimation of total nitrogen contributed by each component was derived by 

estimating nitrogen content of each component and then estimating total of mass each 

component per unit area. In-season period AGB crop refers to the portion left in the field, yield 

export refers to all plant material removed from the field at harvest. Cover crop AGB was 

collected prior to chemically kill or plow down. Cover crop AGB was collected prior to being 

chemically killed or incorporated into the soil. Weeds were not considered as crop fields are kept 

weed free throughout the growing season. Soil nitrogen content was estimated prior to planting 

and following harvest in thirty centimeter increments to at least sixty centimeters. Nitrogen 

inputs were reported by the producer and book values were used to calculate nitrogen per unit 

area.  

AGB crop, AGB cover crop and yield export: Total nitrogen in AGB and yield export was 

determined by averaging across three random plots and scaling up to mass per unit area. The area 

of each plot varied by crop type. Corn plot area was 7.5 feet (3 rows) by 20 feet. Potato and snap 

bean plot dimensions were 2.5 feet (1 row) by 20 feet. Plants were cut at the soil surface and 

separated into AGB and yield export. Each component was weighed and subsampled. Nitrogen 

content of a biomass and yield subsample was determined using combustion analysis. Cover 

crops yield was estimated by harvesting three repetitions of representative stands using a 

standard square (0.25 m
2
). Biomass was subsample and analyzed in the same manner as crop 

samples.  

Crops had different variability within treatments. Snap bean subplots were consistently uniform, 

while corn yield varied slightly from row to row within each subplot, and varied quite a bit from 

plot to plot resulting in a large uncertainty term for the estimation of total yield. Potato subplots 

had the greatest variance in yield from vine to vine and within each treatment resulting in an 



uncertainty term for total yields that very large. There was no significant difference in yield 

between treatment for sweet corn, field corn, or potato (Table 1).   

Soil nitrogen: Soil cores were collected in plastic sleeves using a truck-mounted Giddings probe.  

Cores were randomly collected by dividing the field into approximately even subarea and 

randomly sampling one core from each sub area. Cores were collected to a depth of at least sixty 

centimeters. A goal of ninety centimeters was not always possible. Bulk density is used in the 

estimation of total nitrogen and can be varied across in sandy fields. Total depth of hold and core 

length was recorded in order to estimate overall compaction during core collection. This method 

may over estimate compaction- a soil layer with increased clay content tended to plug the soil 

corer, and allowed the soil core to be driven into the looser sand directly below the layer with 

increased clay. An estimation of core compaction was made from a measurement of total hole 

depth and total core length. Cores were refrigerated until processed. For processing, cores were 

divided into one foot sections, weighed, dried and ground. Extractable NO3-N and NH4-N 

determined using microplate colorimetric method which included duplicates of each sample and 

quality control samples analyzed with each batch. Total extractable NO3-N and NH4-N were 

considered to be a good estimate of total nitrogen as the sandy soils have very low organic 

matter. The contribution of nitrogen from mineralizing soil organic matter was considered 

insignificant.  

Inputs: Fertilizer application rates were reported by each grower and book values were used to 

assign total nitrogen applied through fertilization (Table 1).  

Conclusions: Clear conclusions are not possible at this point, as this is the first year of data 

collection and samples are currently in the process of being analyzed. The most outstanding 

feature of 2012 was the drier than average conditions leading to lower than typical late season 

application of nitrogen.  

Improvements for 2013: The largest source of uncertainty for 2012 nitrogen budgets seemed to 

be in-field variation with in treatment. For 2013 samples from the treatment and control will be 

taken using a pair-plot procedure. Soil and plant samples will be taken from the same point in the 

field by using a hand held GPS to flag each subsample plot within the field. Irrigation water in 

the study area has elevated nitrate concentration that varies from site to site and varies within 

each season. For the 2012 year, nitrogen content of irrigation water was ignored but should be 

sampled in future years. 



  

Table 1: Yield for sweet corn, field corn and potato and applied nitrogen in pounds per acre with 

amount applied as ESN. This year had lower than average rainfall leading to lower than typical 

rates of applied N in conventionally managed systems. 

Crop Treatment Application Yield % N N export 

  N lbs ac
-1

 Mean ± s.e.  lbs ac
-1

 

Sweet 

corn 
ESN

ǂ
 198 8.2

§
 ± 0.2 2.22 50 

Control 180 8.8 ± 0.5 1.81 69 

 

Field corn ESN
α
 241 185

λ
 ± 10 1.29 113 

Control 198 197 ± 18 1.37 128 

 

Russet 

Burbank 

ESN
β
 275  397

μ
 ± 31 1.27 91 

Control 206  441 ± 27 1.39 116 

 

§
tons per acre fresh weight 

ǂESN: preplant = 88 (ESN); starter = 14; side dress = 95; Control: starter = 14; side 

dress: 96; fertigation = 70 (over two applications) 

λ 
bushel per acre at 15.5% moisture 

α
 ESN: starter = 21, side dress = 121 + 110(ESN); Control: starter = 21, side dress = 

113; fertigation = 64  (over two applications) 

μ
 hundred weight per acre marketable yield (tubers >3 oz) 

β
ESN: Starter = 20, broadcast = 123 + 132 (ESN) ; Control: starter = 20; broadcast = 

186 (over four applications) 

 

 


