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CORE IDEAS 15 

• ISNT and PSNT concentrations did not differ among alfalfa stand ages in five long-term trials. 16 

• ISNT and PSNT concentrations did not differ among alfalfa stand ages in five long-term trials. 17 

• ISNT and PSNT concentrations did not differ among alfalfa stand ages in five long-term trials. 18 

• The PSNT more accurately predicted corn response or nonresponse to fertilizer N than the 19 

ISNT. 20 

• The product of alfalfa stand age and PSNT separated N response in 87% of 15 independent 21 

site-years. 22 

  23 
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ABSTRACT 24 

 Improved methods are needed to predict grain yield response to fertilizer N for first-year 25 

corn (Zea mays L.) following alfalfa (Medicago sativa L.) on fine-textured soils. Data from 21 26 

site-years in the North Central Region of the United States were used to determine how Illinois 27 

soil nitrogen test (ISNT) and pre-sidedress soil nitrate test (PSNT) concentrations change during 28 

alfalfa-corn rotations and how they relate to mineralized N, available N, and grain yield response 29 

to fertilizer N in first-year corn. In five long-term crop rotation trials, ISNT and PSNT taken in 30 

the alfalfa phase did not change with alfalfa stand age, but PSNT concentration in first-year corn 31 

increased with alfalfa stand age in three of five trials. Across 21 site-years, the PSNT more 32 

accurately predicted corn response or nonresponse to fertilizer N than the ISNT (67 vs. 52% of 33 

site-years). The interaction of PSNT with alfalfa stand age resulted in 87% accuracy when 34 

validated with 15 independent site-years; no N response was likely in first-year corn when the 35 

product of PSNT × stand age exceeded 42. Incubation of soil from first-year corn showed that 36 

the ISNT explained over twice as much variation in soil nitrate-N accumulation after 17 wk than 37 

the PSNT (30 vs. 13%). Overall, the PSNT was less related to soil N mineralization and more 38 

related to aboveground corn N uptake (ANU), total available N (TAN), and grain yield response 39 

to fertilizer N in first-year corn than the ISNT. This research provided a simple method for 40 

predicting when N response is likely in first-year corn after alfalfa, but further research is needed 41 

to predict the size and mineralization rate of soil N pools following alfalfa termination in order to 42 

estimate the EONR when fertilizer N response is likely. 43 

 44 
Abbreviations: ANU, aboveground nitrogen uptake; DD, degree day, EONR, economically 45 
optimum nitrogen rate; ISNT, Illinois soil nitrogen test; ISNT-NY, Illinois soil nitrogen test with 46 
critical soil concentration adjusted for soil organic carbon; MR, mineralization rate; PMN, soil 47 
potentially mineralizable nitrogen; PSNT, pre-sidedress soil nitrate test; TAN, total available 48 
nitrogen. 49 
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When corn (Zea mays L.) is grown following alfalfa (Medicago sativa L.), the need for 50 

supplemental N is often eliminated or greatly reduced (Yost et al., 2014b); however, first-year 51 

corn following alfalfa is frequently over fertilized (El-Hout and Blackmer 1990; Yost et al., 52 

2014a), which reduces profitability and increases risk of N loss. Most land grant universities in 53 

the Midwest recommend that N rates in first-year corn are reduced based on alfalfa stand density 54 

at the time of termination; however, recent research does not provide sufficient evidence to 55 

support the relationship between alfalfa stand density and first-year corn yield response to 56 

applied N or the economic optimum N rate (EONR) for responsive sites (Yost et al., 2014b, 57 

2015). Therefore, improved methods of predicting corn yield response to N and the EONR are 58 

needed to advance N management in first-year corn following alfalfa.  59 

Site-specific methods of managing N in first-year corn following alfalfa indicate that 60 

EONR is influenced by soil texture, alfalfa stand age at termination, alfalfa termination time, and 61 

weather conditions between alfalfa termination and corn planting or sidedressing (Yost et al., 62 

2014b). Their summary of 259 site-years found that, compared to medium-textured soils, first-63 

year corn responded to N more frequently (approximately 50% of the time) when grown on fine-64 

textured soils and when following young (≤2-yr-old) alfalfa stands. This was confirmed by Yost 65 

et al. (2015), who reported that 64 to 118 kg N ha-1 was required to economically optimize grain 66 

yield on fine- and medium-textured soils when following 1- and 2-yr-old alfalfa and that corn 67 

following 3-yr-old alfalfa required N (94 kg N ha-1) only on fine-textured soils. Greater soil N 68 

supply following older alfalfa stands may be due to more time for N deposition (Kelner et al., 69 

1997); however, it is unclear how soil N supply to first-year corn differs with alfalfa stand age at 70 

termination.  71 
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One common tool used to assess early-season soil N supply is the PSNT (Magdoff et al., 72 

1984). In crop rotation trials at three Minnesota sites, the PSNT did not detect differences in soil 73 

N supply in first-year corn following alfalfa of different ages (Yost et al., 2015). The authors 74 

hypothesized that this is because the PSNT measures nitrate-N present only at the time of 75 

sampling and that the majority of the soil N contribution from alfalfa is initially in a labile 76 

organic form that will be mineralized throughout the growing season. A soil test that measures 77 

labile N may be more capable of estimating mineralizable N following alfalfa. The ISNT (Khan 78 

et al., 2001) measures amino sugar-N (Mulvaney et al., 2001), a labile organic fraction of soil N 79 

consisting primarily of glucosamine, galactosamine, and muramic acid, the primary constituents 80 

of structural components in microbial cell walls (Parsons, 1981). Microbial growth is limited in 81 

soil by tillage and availability of oxygen, nutrients, and water. The deep-rooting nature of alfalfa 82 

combined with the lack of tillage during the life of an alfalfa stand enhance soil aggregation and 83 

water infiltration, which subsequently promote soil microbial growth (Rasse et al., 2000). 84 

Therefore, if ISNT concentration increases as alfalfa stands age, it may be useful for identifying 85 

relative differences in potential soil N supply in first-year corn.  86 

 A review by Yost et al. (2013b) found that the PSNT correctly classified 55% of 94 site-87 

years of first-year corn following alfalfa as responsive or non-responsive to fertilizer N. Initial 88 

evaluation of the ISNT using laboratory incubation showed that amino sugar-N is inversely 89 

related to inorganic soil N concentration (Mulvaney et al., 2001). In the initial field development 90 

of the ISNT, five site-years of first-year corn following alfalfa were correctly identified as 91 

responsive or nonresponsive to N at a critical concentration of 230 mg kg-1 (Mulvaney et al., 92 

2006). After its inception, the ISNT was evaluated for its ability to predict corn grain yield 93 

response to N and EONR in 172 site-years across the Midwest (Osterhaus et al., 2006; Laboski et 94 
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al., 2008). These authors reported that the ISNT was related to soil organic matter content, but 95 

was a poor predictor of N response in continuous corn and corn following soybean [Glycine max 96 

(L). Merr.]. Only a single site-year was first-year corn following alfalfa in these reports.  97 

The ISNT and PSNT may have greatest utility for corn following alfalfa because 98 

fertilizer N response is infrequent and these tests have been more successful at separating N 99 

response from non-N response than at estimating the EONR. In New York state, the ISNT 100 

correctly identified 12 of 16 site-years of first-year corn following alfalfa on coarse- to medium-101 

textured soils as responsive or nonresponsive to fertilizer N (Lawrence et al., 2009). Additional 102 

evaluations of the ISNT’s ability to predict N response in first-year corn following alfalfa are 103 

needed, especially on fine-textured soils where response to N can be more frequent. These 104 

should include direct comparisons between the PSNT and ISNT to determine whether N 105 

availability and the need for N application can be predicted by either test alone or in combination 106 

with other factors known to influence N supply. The objectives of this study were to: (i) 107 

determine how ISNT and PSNT concentrations change during the life of an alfalfa stand and 108 

shortly after alfalfa termination; (ii) evaluate the ability of the ISNT and PSNT to predict grain 109 

yield response to fertilizer N in first-year corn following alfalfa; and (iii) investigate whether the 110 

ISNT or PSNT can be used independently or in combination with other variables to predict 111 

PMN, corn N uptake, and plant available N in first-year corn following alfalfa.  112 

 113 

MATERIALS AND METHODS 114 

Alfalfa Stand Age Experiment 115 

Soils used in the alfalfa stand age experiment were collected from two trials in Iowa 116 

(Kanawha and Nashua) and three trials in Wisconsin (Arlington, Lancaster, and Marshfield). All 117 
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five sites were long-term crop rotation trials with no recent manure application (Mallarino and 118 

Ortiz-Torres, 2006; Stanger and Lauer, 2008; Lauer et al., 2010-2014). Rotations were begun at 119 

Lancaster in 1970, Nashua in 1979, Kanawha in 1985, and Marshfield and Arlington in 2010. 120 

Crop rotations consisted of alfalfa planted with an oat (Avena sativa L.) companion crop (O), 121 

alfalfa independently planted or grown following the establishment year (A), and corn (C). 122 

Treatments included three 4-yr rotations (OCCC, OACC, and OAAC) at Kanawha, one 4-yr 123 

rotation (OACC) at Nashua, two 5-yr rotations (AACCC and OAACC) at Lancaster, and one 4- 124 

and one 5-yr rotation (AACC and AAACC, respectively) at Arlington and Marshfield. 125 

Experiments at Arlington and Marshfield were a randomized complete block design with three 126 

replications of each crop rotation phase. Experiments at Kanawha, Lancaster, and Nashua were a 127 

split-plot arrangement in a randomized complete block with two replications at Kanawha and 128 

Lancaster and three replications at Nashua, with crop rotation as the main plot treatment and N 129 

fertilizer rate for corn as the split-plot treatment.  130 

In June of 2014 and 2015, composite soil samples consisting of eight soil cores (0–30 cm 131 

depth × 1.8 cm in diam.) were collected from the non-N-fertilized control treatment in all phases 132 

of alfalfa-corn rotations at the three long-term trials with N treatments. The same soil sampling 133 

method was used at Marshfield and Arlington, but these trials did not have fertilizer N rate 134 

treatments, so samples were collected prior to sidedress fertilizer N application in corn plots. All 135 

plots at each trial were sampled in a single day and sampling dates were selected based on when 136 

first-year corn was at the five to six leaf-collar stage (Abendroth et al., 2011). Soil samples were 137 

dried at 35ºC in a forced-air oven until constant mass and ground to pass a 2-mm sieve. Ground 138 

subsamples were extracted with 2M KCl (1:10 soil:extractant, 15 min on reciprocal shaker, 139 

centrifuged 10 min at 3000 rpm) based on the methods of Gelderman and Beegle (1998), and the 140 
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supernatant was analyzed for (NO2 + NO3)-N (henceforth considered ‘nitrate’) by cadmium 141 

reduction using automated flow injection analysis (Lachat Quick Chem 8000, Hach Company, 142 

Loveland, CO; Method 12-107-04-1-B), analyzed for amino sugar-N plus NH4-N using methods 143 

described by Khan et al. (2001) by a certified commercial laboratory (VH Consulting, Inc., 144 

Glenwood City, WI).  145 

 146 

Soil Nitrogen Mineralization Experiment 147 

 Soil collected from three trials in 2014 for the alfalfa stand age experiment (Kanawha, 148 

Lancaster, and Nashua) and soil from 14 on-farm trials of first-year corn following alfalfa in 149 

Minnesota were used in a soil N mineralization experiment. A total of 21 site-years of first-year 150 

corn were utilized because some of the crop rotation trials (Kanawha and Lancaster) had corn 151 

following multiple alfalfa stand ages. Soil from trials at Arlington and Marshfield were not used 152 

for this soil N mineralization experiment because fertilizer N rate treatments were not applied to 153 

first-year corn at these sites. Each of the 14 on-farm trials in Minnesota was a randomized 154 

complete block with four replications of six fertilizer N rates.  155 

Soils from 21 site-years of first-year corn following alfalfa sampled at the five to six leaf-156 

collar corn stage from all plots with no fertilizer N applied were incubated for 17 wk to estimate 157 

in-season soil nitrate-N supply between the five to six leaf-collar corn stage and physiological 158 

maturity. The incubation procedures were based on Hart et al. (1994) with modification to allow 159 

repeated subsampling over extended time periods, consistent with Venterea and Rolston (2000). 160 

Ground air-dry, sieved soil (200 g) from each field replicate was evenly distributed in individual 161 

plastic containers. Containers were 14.5 × 14.5 cm wide and 5 cm in height with two 3-mm holes 162 

in opposing sides of the walls to allow gas exchange when closed for incubation. Soil was added 163 
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to each container to an initial depth of less than 1.2 cm to facilitate gas exchange within the 164 

entire sample. The soil was incubated for a period of 17 wk and subsampled periodically for 165 

analysis as described below. Collection of subsamples at each time point was carefully done to 166 

minimize mixing and physical disturbance to the remaining sample. Soil moisture content was 167 

maintained by site at about 76% of field capacity as measured using the pressure plate method 168 

with pressure applied at -33 kPa for 24 h (Klute, 1986). Soil moisture content was monitored and 169 

adjusted weekly, based on change in mass, by spraying deionized water on the soil surface with a 170 

fine-mist sprayer and verified monthly by measuring the change in mass of a subsample 171 

(approximately 2 g oven-dry soil) dried at 105°C until constant mass. These methods ensured 172 

that there was no waterlogging or water accumulation at the bottom of the containers. Soil 173 

temperature was maintained by adjusting incubator minimum (16–23°C) and maximum 174 

temperatures (18–25°C) each week to accumulate the same mean degree days (DD > 0°C) as the 175 

average weekly DD accumulation across sites. The average weekly accumulation was calculated 176 

using available daily soil temperature data at a 15-cm depth in 2014 from the Minnesota 177 

Department of Agriculture Soil Temperature Network (2016) stations nearest each site in the on-178 

farm trials and on-site weather stations at Kanawha, Nashua, and Lancaster.  179 

 Approximately 3 g of soil was sampled from incubation containers at weekly (weeks 0–180 

3) and biweekly (weeks 5–17) intervals to track soil nitrate-N accumulation. Samples were 181 

immediately mixed with 2M KCl at a 1:10 soil:extractant ratio and refrigerated at 4oC for ≤2 d 182 

prior to extraction. Extraction and analysis of samples were completed using methods described 183 

above. Cumulative net soil nitrate-N supply for a given time period (mg NO3-N wk-1) was 184 

calculated as the difference between the last and initial points in the time period. 185 
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 Before the incubation began, subsamples of soil from each replicate of the 21 site-years 186 

included in the incubation were analyzed for soil texture and soil organic C. Soil texture was 187 

determined using the hydrometer method (Miller et al., 1997). Soil organic C was determined by 188 

dry combustion at 482°C on an Elemental varioMax (Elementar Americas, Mount Laurel, NJ) by 189 

the Research Analytical Lab at the University of Minnesota. Each sample was tested for 190 

carbonates and those classified as calcareous were fumigated with hydrochloric acid for 16 hr 191 

before combustion. Soil organic C was multiplied by 1.72 to convert it to organic matter to 192 

evaluate the ISNT-NY.   193 

 194 

Aboveground Nitrogen Uptake and Total Available Nitrogen 195 

Corn yield and ANU at physiological maturity were measured in the 14 on-farm trials 196 

from all replications of treatments with 0, 30, 60, 90, 130, or 200 kg N ha-1 as CaNO3 applied at 197 

planting. They were also measured in the crop rotation trials at Kanawha, Lancaster, and Nashua. 198 

Fertilizer N treatments were 0, 90, 180, or 270 kg N ha-1 as urea applied in the spring prior to 199 

tillage at Kanawha and Nashua, and 0, 56, 112, or 224 kg N ha-1 as NH4NO3 applied 1 to 2 wk 200 

after planting at Lancaster. In all 17 trials, soil fertility, except N, was managed according to 201 

university guidelines (Kaiser et al., 2011; Laboski and Peters, 2012; Mallarino et al., 2013). 202 

Starter fertilizer containing 3 to 36 kg N ha-1 was applied in 11 trials. Alfalfa stand age prior to 203 

first-year corn was 2 to 7 yr in the on-farm trials, 1, 2, and 3 yr at Kanawha, 2 and 3 yr at 204 

Lancaster, and 2 yr at Nashua (Table 1). 205 

 Aboveground corn N uptake was measured within a 2.3 to 3.4 m2 area in each plot, 206 

depending on row width for corn, by harvesting and weighing all plant material 15 cm above the 207 

soil surface. A 1.5-kg subsample of harvested material was weighed in the field, dried at 60ºC in 208 
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a forced-air oven until constant mass, weighed to determine dry matter yield, and ground to pass 209 

through a 1-mm sieve. A subsample of the ground tissue was analyzed for N concentration using 210 

a Foss Model 6500 near-infrared spectrometer (Foss North America, Inc., Eden Prairie, MN) at 211 

1100 to 2500 nm. WinISI III (version 3.0, Infrasoft International, Port Matilda, PA) was used to 212 

select 30 samples of each plant tissue (i.e., grain, cob, and stover) for dry combustion using an 213 

Elemental varioMax (Elementar Americas, Mount Laurel, NJ). Estimates of N concentration 214 

from near-infrared spectroscopy were calibrated to dry combustion standards using linear 215 

regression (grain r2 = 0.99, P < 0.001; cob and stover were predicted with a single equation, r2 = 216 

0.93, P < 0.001). Nitrogen concentration was multiplied by dry matter yield to calculate 217 

aboveground corn N uptake. 218 

 Soils were also collected from non-N-fertilized control plots of first-year corn following 219 

alfalfa ≤30 d after corn harvest from all sites except Arlington, Brewster, Lancaster, Marshfield, 220 

and Saint Hilaire. Three cores (3.8 cm in diam.) were collected from the 0- to 1.2-m depth, 221 

composited by 0.30-m depth increments, and processed and analyzed for nitrate-N concentration 222 

using the aforementioned methods. At the time of sampling, a fourth analogous core was 223 

collected from each plot for determination of soil bulk density by depth increment after drying in 224 

a forced-air oven at 105°C until constant mass and weighing. Residual soil nitrate-N content was 225 

calculated for each depth increment as the product of soil nitrate-N concentration and soil bulk 226 

density, and summed to obtain soil nitrate-N content for the 0- to 1.2-m profile. Total available N 227 

for a given plot was the sum of ANU for that plot and residual soil nitrate-N content in the 0- to 228 

1.2-m depth from the non-N-fertilized treatment within the same replicate. 229 

 230 

  231 
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Data Analysis 232 

 Data in the alfalfa stand age experiment from the crop rotation trials were analyzed using 233 

the MIXED procedure of SAS (SAS Institute, 2011) at P ≤ 0.05. Illinois soil nitrogen test and 234 

PSNT concentrations were analyzed separately by trial due to differences in crop rotation among 235 

trials. Crop rotation was considered a fixed effect and block, year, and interactions including 236 

block and year were considered random effects. Residuals were assessed for normality and 237 

homogeneity of variance using the UNIVARIATE procedure of SAS and scatter plots of 238 

residuals vs. predicted values (Kutner et al., 2004). When dependent variables were significantly 239 

influenced by crop rotation, means were compared with pairwise t tests at P ≤ 0.05 using the 240 

PDIFF option of the MIXED procedure of SAS. 241 

 The MIXED procedure of SAS was used to determine whether grain yield differed 242 

among N rates in each site-year, including each crop rotation in long-term trials. For site-years 243 

where N rate influenced yield, the REG or NLIN procedure of SAS was used to relate grain yield 244 

to N rate using linear, linear-plateau, quadratic, or quadratic-plateau regression models. Selected 245 

models were significant at P ≤ 0.05 and produced residuals that were normally and randomly 246 

distributed (Kutner et al., 2004). The first derivatives of the best fit non-linear and linear 247 

regressions at responsive sites were set to the price ratio ($ kg-1 N/$ kg-1 grain) of 5.6 to estimate 248 

EONR.  249 

In the soil N mineralization experiment, the relationship between cumulative soil nitrate-250 

N concentration and accumulated DD for the mineralization experiment was analyzed by 251 

replicate using nonlinear regression models in SigmaPlot 13.0 (Systat Software, San Jose, CA). 252 

Triple-, double-, and single-exponential regression models were evaluated and the single-253 

exponential model in Eq. 1: 254 
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 y = a(1-e-bx) [1] 255 

where y is cumulative soil nitrate-N concentration (mg NO3-N kg-1), a is soil potentially 256 

mineralizable N (PMN, mg N kg-1), b is soil N mineralization rate (MR, mg N kg-1 DD-1), and x 257 

is soil DD (base 0°C, DD wk-1), was selected based on scatter plots of residuals vs. predicted 258 

values (Kutner et al., 2004) and model significance at P ≤ 0.05. The REG procedure of SAS was 259 

used to determine whether ISNT or PSNT concentration alone related linearly to cumulative soil 260 

nitrate-N concentration for each sampling week (0, 0.29, 1, 2, 3, 5, 7, 9, 11, 15, and 17) of the 261 

incubation, or if each related to PMN, MR, ANU, or TAN. Additionally, multiple linear 262 

regression models were developed using the REG procedure of SAS to determine whether one-263 

way combinations of ISNT or PSNT concentration with soil characteristics (clay content and 264 

organic C content), alfalfa stand age at termination, and weather conditions [early-season (May–265 

June) and late-season (August–September) cumulative precipitation and cumulative air 266 

temperature DD >0°C] would improve relationships with PMN, MR, ANU, or TAN, and to 267 

evaluate which soil test or interactions with soil test explained more variation in these dependent 268 

variables. When interactions were significant in multiple regression models, lower order models 269 

were also examined and reported when comparable measures of fit were obtained. The same set 270 

of potential predictors that included soil tests alone and in combination with other variables was 271 

used to develop multiple logistic regression models to predict the response (yes vs. no) of grain 272 

yield to fertilizer N in first-year corn following alfalfa. These regressions were conducted using 273 

the LOGISTIC procedure of SAS according to methods outlined by Yost et al. (2014b). Stepwise 274 

selection with an entry level of P ≤ 0.10 and exit level of P ≤ 0.15 was used to develop multiple 275 

linear and logistic regression models (Kutner et al., 2004). 276 

 277 
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RESULTS 278 

Soil Test Response to Alfalfa Stand Age 279 

 Mean ISNT concentration across 2014 and 2015 ranged from 118 to 231 mg kg-1 (Table 280 

2) and did not differ among crop rotations in all five trials (P ≥ 0.11). Pre-sidedress soil nitrate 281 

test concentration was influenced by crop rotation in three of the five crop rotation trials (P < 282 

0.001 at Kanawha, P = 0.006 at Lancaster, and P = 0.001 at Nashua) and averaged 3.1-fold 283 

greater during first-year corn after terminating alfalfa than during alfalfa. At Kanawha, PSNT 284 

concentration in first-year corn was 2.8 mg kg-1 (27%) greater following 2 or 3 yr of alfalfa 285 

compared to corn following 1 yr of alfalfa, but PSNT at Lancaster did not consistently increase 286 

as older stands were terminated. Comparisons among stand ages could not be made at Nashua 287 

because only one alfalfa-corn rotation was present in this trial. PSNT determined in alfalfa did 288 

not change during the alfalfa phase, regardless of the age of the alfalfa stands. 289 

 290 

Accuracy of Soil Tests in Predicting Corn Nitrogen Response 291 

 Mean PSNT and ISNT concentrations ranged from 7 to 24 and 128 to 355 mg kg-1, 292 

respectively, in the 21 site-years where grain yield of first-year corn following alfalfa was 293 

measured (Table 3). Based on the widely accepted critical concentration of 21 mg kg-1 (Andraski 294 

and Bundy, 2002), the PSNT correctly predicted grain yield response or non-response to N in 14 295 

of 21 site-years (67% of cases), representing eight N-responsive and six non-N-responsive site-296 

years, but also predicted seven false positives (33% of cases) where response to fertilizer N was 297 

predicted for non-N-responsive site-years (Fig. 1A). The ISNT (critical concentration of 230 mg 298 

kg-1, Mulvaney et al., 2001) correctly identified 11 site-years (52% of cases) as N-responsive (4 299 

site-years) and non-N-responsive (7 site-years); however, it predicted six false positives (29% of 300 
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cases) and four false negatives (19% of cases) (Fig. 1B). One-half of the 10 ISNT predictions 301 

that were incorrect were for site-years with lower clay content (< 40 g kg-1), confirming that soil 302 

texture might influence its effectiveness (Williams et al., 2007; Fulford et al., 2012). However, 303 

soil texture or other properties measured were not always the driving factor influencing 304 

effectiveness of the ISNT because ISNT predictions were correct for corn following 1- and 3-yr-305 

old alfalfa, but not 2-yr-old alfalfa, at a single site (Kanawha) with relatively homogenous soils. 306 

The ISNT was slightly less accurate (10 of 21 correct) when its critical concentration was 307 

adjusted for organic matter  (ISNT-NY, Klapwyk and Ketterings, 2006; Lawrence et al., 2009) 308 

than when it was not adjusted (Fig. 1C). 309 

Attempts to integrate PSNT, ISNT, and alfalfa stand age results in separating N-310 

responsive and non-N-responsive site-years caused only minor improvements in accuracy. Using 311 

the ISNT as a second step to separating responsiveness to N at site-years with PSNT 312 

concentrations < 21 mg kg-1 resulted in a total of 15 correct predictions, the same accuracy as 313 

with the PSNT alone. Only one additional site-year was correctly predicted as responsive to 314 

fertilizer N (16 of 21 site-years) when PSNT < 21 mg kg-1 and (i) if alfalfa < 3-yr old, then 315 

classify as responsive to fertilizer N, and (ii) if alfalfa > 2-yr old, and if ISNT < 230 mg kg-1, 316 

then classify as responsive to fertilizer N. 317 

 318 

Soil Test Relationship to Nitrogen Uptake and Availability 319 

 Mean ANU ranged from 114 to 251 kg N ha-1 (Table 3) and did not relate to ISNT 320 

concentration (P = 0.76) but increased by 3.7 kg N ha-1 per unit increase in PSNT concentration 321 

(P < 0.001, r2 = 0.33) (Table 4). When the PSNT was combined with additional variables known 322 

to influence soil N availability, the amount of variation explained increased to 48% and ANU 323 
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changed by 4.7, 8.6, and -2.0 kg N ha-1 per unit increase in PSNT, alfalfa stand age, and soil clay 324 

content, respectively. Variation in TAN was explained by the PSNT but not the ISNT (P < 0.001 325 

and P = 0.28, respectively). The PSNT alone accounted for 23% of the variation in TAN, and in 326 

combination with alfalfa stand age accounted for 31%. In the latter model, TAN increased by 16 327 

and 5.6 kg N ha-1 per unit increase in alfalfa stand age and PSNT, respectively.  328 

 329 

Soil Test Relationship to Net Nitrogen Mineralization 330 

 The PSNT explained 11 to 32% of the variation in soil nitrate-N accumulation from week 331 

0.29 to 17 of the incubation (Table 5, Fig. 2), with the greatest amount of variation explained at 5 332 

wk post-sampling (686 DD after soil sampling). The week 0 PSNT sampling time was excluded, 333 

because the PSNT is a direct measure of nitrate-N and therefore explains all variation in soil 334 

nitrate-N at week 0. The ISNT explained 1 to 30% of the variation in soil nitrate-N accumulation 335 

from week 0 to 17 of the incubation (Table 5, Fig. 3), with the greatest amount of variation 336 

explained in the final week of the experiment (2625 DD after soil sampling).  337 

Mean soil PMN derived from the single exponential model ranged from 68 to 138 mg kg-338 

1 among the 21 site-years and was statistically similar at nearly all site-years (Table 6). The 339 

largest difference was between the Sleepy Eye and Hutchinson sites, where the former had 340 

nearly half of the PMN of the latter even though both sites had similarly high mean ISNT 341 

concentrations (316 and 355 mg kg-1, respectively) and both were first-year corn following 5-yr-342 

old alfalfa stands. Across sites, the ISNT was positively correlated with PMN, but not PSNT (P 343 

= 0.64); however, ISNT explained only 6% of the variation in PMN (Table 4). When additional 344 

predictors were considered, ISNT and SOC accounted for 19% of the variation in PMN and 345 

PMN changed by -0.35 and 0.20 mg kg-1 per unit increase in ISNT and SOC, respectively. Mean 346 
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soil MR from the single exponential model averaged 0.0099 mg kg-1 DD-1 and did not differ 347 

among site-years (Table 6). Across site-years, there was no relationship between soil tests and 348 

MR (P ≥ 0.45), and therefore, multiple linear regression for MR was not considered (Table 4).  349 

 350 

Predictions of Corn Response to Fertilizer Nitrogen 351 

 In the 21 site-years of first-year corn following alfalfa, the interaction between PSNT and 352 

alfalfa stand age was the only significant variable in the multiple logistic regression model 353 

associated with grain yield response to fertilizer N (P = 0.009; Somers’ D = 0.83; concordance = 354 

91%). For this model (y = {1 + exp[-6.5587 + (0.1583 × (stand age × PSNT))]}-1), the odds of 355 

non-N-response to corn grain yield increased 1.17-fold with each one unit increase in the product 356 

of PSNT concentration and alfalfa stand age. The N-responsive and non-N-responsive site-years 357 

were accurately predicted with this model in 75 and 92% of cases, respectively, with a 358 

probability cutoff level of 0.50 (i.e., site-years with P < 0.50 were predicted as nonresponsive). 359 

Only one responsive site-year occurred with the product of PSNT × stand age > 42 (Fig. 5).  360 

This logistic regression model was independently validated with six site-years 361 

summarized in Yost et al. (2014b) and nine site-years from Yost et al. (2015) of first-year corn 362 

on fine-textured soils. Of these 15 site-years, 13 were correctly classified as responsive or 363 

nonresponsive to N. Taken together, 89% of 36 site-years were correctly classified using the 364 

critical level of 42 for PSNT × alfalfa stand age. 365 

A multiple linear regression model could not be developed to predict the EONR for corn 366 

grain yield for the eight N-responsive site-years in this study due to the narrow range (68–114 kg 367 

N ha-1) in EONRs at six site-years and large EONRs (≥196 kg N ha-1) in the remaining two site-368 

years. 369 
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 370 

DISCUSSION 371 

Soil Test Response to Alfalfa-Corn Rotation 372 

 Contrary to our hypothesis, ISNT concentration did not increase as alfalfa stands aged, 373 

nor did it increase after alfalfa of any age was terminated and first-year corn was planted. Similar 374 

results were obtained at Kanawha in 2003 where the ISNT (termed amino sugar-N test) 375 

concentration was the same following termination of 2- and 3-yr-old alfalfa stands (Barker et al., 376 

2006). Results from these long-term trials support those of Laboski et al. (2008), who concluded 377 

that the fraction of soil N measured by ISNT is more recalcitrant than labile in nature, and 378 

therefore is not predictive of soil N supply.  379 

Pre-sidedress soil N test concentrations increased after alfalfa was terminated at 380 

Kanawha, Lancaster, and Nashua, but not at Arlington and Marshfield. The lack of response at 381 

Arlington and Marshfield may have been due to increased interannual variation, because the 382 

random effect of year accounted for 13 and 38% of total random variation in PSNT 383 

concentration at these two sites, respectively, compared to 0, 0, and 8% at Kanawha, Lancaster, 384 

and Nashua, respectively. Among the three responsive sites, Nashua experienced the greatest 385 

increase in PSNT (14 mg kg-1 or 500% vs. 7–13 mg kg-1 or 250–390% at other two sites) after 386 

terminating alfalfa in preparation for first-year corn. This could be related to fall tillage at 387 

Nashua compared to no-tillage at Lancaster, because tillage may have increased the potential for 388 

soil N mineralization. Differences in PSNT concentration at Kanawha and Nashua were likely 389 

related to soil and weather differences between sites.  390 

The finding that PSNT is a better indicator of alfalfa N supply than ISNT suggests that 391 

PSNT may be a reliable predictor of first-year corn response to N if it can separate N-responsive 392 
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and non-N-responsive sites-years and if PSNT alone or in combination with other factors relates 393 

well to N mineralization, ANU, and TAN.  394 

 395 

Accuracy of Soil Tests in First-Year Corn 396 

 In this direct comparison of PSNT and ISNT across 21 site-years, the PSNT correctly 397 

predicted the response of grain yield to fertilizer N in first-year corn more frequently than the 398 

ISNT. The accuracy of the PSNT on fine-textured soils in this study (66%) was slightly greater 399 

than the accuracy of 94 site-years in the literature (55%) that were predominately for medium-400 

textured soils (Yost et al., 2013b). In the present study and in the literature, first-year corn with 401 

PSNT concentrations > 21 mg kg-1 never or almost never responded to N. Thus, the test has 402 

utility for identifying nonresponsive sites above this critical value. However, there were a large 403 

number of nonresponsive sites with PSNT concentrations < 21 mg kg-1. The accuracy of the 404 

ISNT or the ISNT-NY on fine-textured soils in this study was much less than in Illinois 405 

(Mulvaney et al., 2006) or New York (Lawrence et al., 2009) on coarse- and medium-textured 406 

soils. The accuracy of the organic matter adjustment to the ISNT critical value developed by 407 

Klapywk and Ketterings (2006) may improve if it were calibrated to fine-textured soils.  408 

Of the site-years that were incorrectly predicted by either the ISNT or PSNT in this study, 409 

the majority were false positive predictions, which would have led growers to unnecessarily 410 

apply N, thereby reducing profitability and increasing the potential for N losses. The PSNT is 411 

currently the most accurate soil test for separating response to N in the North Central Region, 412 

but the PSNT will likely be more spatially variable than the ISNT (Maresma and Ketterings, 413 

2017) and may require more intensive sampling.  414 

 415 
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Soil Test Relationship to Nitrogen Uptake and Availability 416 

 Estimates of ANU and TAN are influenced by management practices including crop 417 

rotation (Carpenter-Boggs et al., 2000), manure history (Yost et al., 2013b), and environmental 418 

factors such as soil texture, precipitation, and air temperature (Yost et al., 2014b). Consistent 419 

with its inability to predict grain yield response to fertilizer N in first-year corn following alfalfa, 420 

the ISNT did not relate to measurements of ANU and TAN in this study. In contrast, there were 421 

positive linear correlations between the PSNT and ANU or TAN. The PSNT independently 422 

explained 33% of the variation in ANU and 31% in TAN, which supports the findings that the 423 

PSNT alone is not sufficient for predicting N availability in first-year corn following alfalfa 424 

(Yost et al., 2013a,b; Yost et al., 2015). The finding that both ANU and TAN increased as alfalfa 425 

stands aged, and that ANU decreased as soil clay content increased, support conclusions that 426 

alfalfa stand age and soil texture influence N availability in first-year corn (Yost et al., 2015). 427 

These results demonstrate that the accuracy and utility of the PSNT at estimating N supply in 428 

first-year corn following alfalfa may be enhanced if other factors such as alfalfa stand age and 429 

soil texture are included.  430 

 431 

Soil Test Relationship to Net Nitrogen Mineralization 432 

 The relationship between net soil nitrate-N accumulation and time can be described using 433 

several mathematical models, but is often described using single- or double-exponential 434 

regression models. A single-exponential regression model assumes that mineralizable soil N is 435 

supplied from a single finite source, or pool, that is mineralized at a constant rate over time 436 

(Stanford and Smith, 1972). A double-exponential regression model is an extension of a single-437 

exponential model, and assumes that mineralized soil N is derived from the summation of two 438 
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independent N pools, such as labile and recalcitrant pools, that have different rates of 439 

mineralization (Molina et al., 1980). Although double- or triple-exponential regression models 440 

may be more biologically intuitive than single-exponential regression models for relating nitrate-441 

N accumulation with time, single-exponential regression models fit the data obtained in this 442 

study better, perhaps because the weekly and bi-weekly measurements of soil nitrate-N were not 443 

frequent enough to reliably estimate the additional parameters of the double- and triple-444 

exponential regression models.  445 

 It was expected that there would be a positive linear correlation between the ISNT and 446 

net soil nitrate-N accumulation in this study; however, the ISNT did not strongly correlate with 447 

estimates or net rates of mineralizable soil N during the corn growth period after soil sampling. 448 

At best, the ISNT explained only one-third of the variation in soil nitrate-N by the end of the 449 

growing season (week 17). The lack of and only low to moderate correlation between the PSNT 450 

and net soil nitrate-N accumulation indicate that the PSNT has little bearing on the 451 

mineralization potential of the soil throughout the growing season. The finding that the PSNT 452 

did not relate to PMN further supports this conclusion. These results partially contrast those of 453 

Kuo et al. (1995), who found that PSNT and PMN were well correlated, and that the 454 

combination of the two explained more variation in yield and N uptake of corn following a cover 455 

crop than the PSNT alone. 456 

 457 

Predictions of Corn Response to Fertilizer Nitrogen 458 

 In first-year corn following alfalfa on fine-textured soils, Yost et al. (2014b) found that 459 

the response of corn grain yield to fertilizer N was influenced by total precipitation in March and 460 

alfalfa stand age, which accurately predicted responsiveness and non-responsiveness in 90 and 461 
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89% of cases, respectively. When this regression equation was applied to site-specific 462 

information from 21 site-years with N rates in this study, response and non-response to fertilizer 463 

N was correctly identified in only 5 and 57% of cases, respectively. In the present study, all but 464 

one site-year (Saint Hilaire) had values for March precipitation and alfalfa stand age that were 465 

within the range of values used by Yost et al. (2014b) to develop the equation. Therefore, data 466 

from additional N-responsive site-years and possibly additional predictor variables are needed to 467 

improve the capability of the regression equation developed by Yost et al. (2014b) for predicting 468 

the response of corn grain yield to fertilizer N on fine-textured soils. 469 

 Multiple logistic regression analysis was conducted to identify significant predictors of 470 

corn grain yield response to fertilizer N for the 21 site-years with N rates in this study. The 471 

interaction between PSNT and alfalfa stand age was the only significant predictor variable. This 472 

supports the conclusion that alfalfa stand age influences N availability to the subsequent corn 473 

crop and supports the role of PSNT in explaining variation in grain yield response to fertilizer N 474 

in first-year corn following alfalfa (Yost et al., 2014b, 2015). Of 36 site-years from this research 475 

and the literature, the interaction of PSNT and alfalfa stand age incorrectly classified only one 476 

responsive site-year as nonresponsive and three nonresponsive site-years as responsive. Thus, the 477 

combination of stand age and PSNT appears to help forecast responsiveness to N in first-year 478 

corn after alfalfa on fine-textured soils.  479 

This research greatly increased the number of site-years of information on the response of 480 

grain yield to fertilizer N in first-year corn following alfalfa on fine-textured soils. Corn grain 481 

yield responded to fertilizer N in 8 of 21 site-years in this study. When combined with site-years 482 

of first-year corn following alfalfa on fine-textured soils summarized by Yost et al. (2014b), the 483 

total number of N-responsive and non-N-responsive site-years are 17 and 23, respectively, and 484 
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the EONR for N-responsive site-years range from 47 to 224 kg N ha-1 (Fig. 4). Given the similar 485 

number of N-responsive and non-N-responsive site years between studies, along with the wide 486 

range in EONR for N-responsive site-years, there is a clear need to enhance prediction of N 487 

supply in first-year corn following alfalfa on fine-textured soil to improve economic net return to 488 

corn production and reduce adverse environmental impacts from excessive N application rates in 489 

the crop rotation. 490 

 491 

CONCLUSIONS 492 

 In contrast with the PSNT, the ISNT did not increase after termination of alfalfa stands of 493 

different ages. Furthermore, the ISNT and ISNT-NY did not improve prediction of N-494 

responsiveness in first-year corn following alfalfa in this study. The ISNT explained only 6% of 495 

the variation in PMN obtained using a single-exponential regression model relating net soil 496 

nitrate-N accumulation and time during the 17-wk aerobic incubation study.  497 

 The PSNT taken in alfalfa did not increase with alfalfa stand age, but did increase 498 

following alfalfa termination, and was greater following termination of older stands. When 499 

combined with other independent variables, the PSNT also accounted for variation in ANU, 500 

TAN, and the likelihood of grain yield response to fertilizer N in this study. This indicates the 501 

importance of considering early season soil nitrate-N concentration, along with other factors, 502 

when making N management decisions for first-year corn following alfalfa. In nearly 90% of the 503 

cases, the combination of PSNT and stand age correctly separated N-responsive from non-N-504 

responsive first-year corn following alfalfa on fine-textured soils. Future research that provides 505 

enhanced knowledge about the size and mineralization rate of multiple soil N pools, and 506 
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identifies predictive variables related to them, could increase the predictability of crop 507 

responsiveness to fertilizer N and estimates of EONR in N-responsive site-years.. 508 
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Figure Captions: 639 

Fig. 1. Relationship between the (A) pre-sidedress soil nitrate test (PSNT) concentration or (B) 640 

Illinois soil nitrogen test (ISNT) concentration and economic optimum nitrogen rate (EONR) for 641 

grain yield at the price ratio (US$ kg-1 N/US$ kg-1 grain) of 5.6 in 21 site-years of first-year corn 642 

following alfalfa. The vertical dashed lines in (A) and (B) represent widely used critical values 643 

for the PSNT (21 mg NO3-N kg-1) and ISNT [230 mg (amino sugar + NH4)-N kg-1]. Site-years 644 

with concentrations lower than the critical value are expected to be non-responsive to fertilizer N 645 

while those above are expected to be responsive to fertilizer N. Relationship between (C) ISNT 646 

concentration and loss-on-ignition (LOI) soil organic matter correction (ISNT-NY). Site-years 647 

above and below the curve [126.36 + (4.0944 × LOI) – (0.0199 × LOI2) from Klapwyk and 648 

Ketterings (2006)] are predicted as non-responsive and responsive to fertilizer N, respectively, 649 

based on the ISNT-NY. Solid and open symbols represent site-years where there was or was not 650 

an actual response of corn grain yield to fertilizer N, respectively. 651 

 652 

Fig. 2. Linear relationships between pre-sidedress soil nitrate test (PSNT) concentrations and soil 653 

nitrate-N during the 17 wk aerobic incubation of soil from 21 site-years of first-year corn 654 

following alfalfa. 655 

  656 

Fig. 3. Linear relationships between Illinois soil N test (ISNT) concentrations and soil nitrate-N 657 

during the 17 wk aerobic incubation of soil from 21 site-years of first-year corn following alfalfa.  658 

 659 

Fig. 4. Economic optimum N rate (EONR) for grain yield at the price ratio (US$ kg-1 N/US$ kg-1 660 

grain) of 5.6 for 21 site-years of first-year corn following alfalfa on fine-textured soils in the 661 
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present study and 19 site-years from the literature (summarized in Yost et al., 2014b). Site-year 662 

names followed by a dash and a number specify alfalfa stand ages prior to first-year corn at sites 663 

with more than one crop rotation. 664 

 665 

Fig. 5. Multiple logistic regression results showing relationship between the product of alfalfa 666 

stand age and pre-sidedress soil nitrate test (PSNT) concentration and economic optimum 667 

nitrogen rate (EONR) for grain yield at the price ratio (US$ kg-1 N/US$ kg-1 grain) of 5.6 in 21 668 

site-years of first-year corn following alfalfa in the present study. The model was also validated 669 

with 15 site-years of literature data (Yost et al., 2014b; 2015). The vertical dashed line represents 670 

a critical value for separating N-responsive and non-N-responsive site-years.  671 

Page 30 of 44Soil Sci. Soc. Am. J. Accepted Paper, posted 09/18/2017. doi:10.2136/sssaj2017.06.0183



 31

Table 1. Geographic coordinates, soil series, soil texture, and alfalfa stand age for 21 site-years of first-year corn following alfalfa. 

Site 
Geographic 
coordinates Soil series (classification) † Texture‡ Alfalfa age§ 

    yr 

Adams  43°38' N, 92°47' W Tripoli (fine-loamy, mixed, superactive, mesic Typic Endoaquolls) sic 4 

Brewster  43°44' N, 95°25' W Spicer (fine-silty, mixed, superactive, calcareous, mesic Typic 
Endoaquolls) – Lura (Fine, smectitic, mesic Cumulic Vertic Epiaquolls) 

c 2 

Cologne  44°44' N, 93°49' W Cordova (fine-loamy, mixed, superactive, mesic Typic Argiaquolls) sic 5 

Fulda  43°52' N, 95°29' W Webster (fine-loamy, mixed, superactive, mesic Typic Endoaquolls) c 4 

Hutchinson  44°50' N, 94°23' W Harps (fine-loamy, mixed, superactive, mesic Typic Calciaquolls) – 
Glencoe (fine-loamy, mixed, superactive, mesic Cumulic Endoaquolls) 

c 5 

Kanawha  42°54' N, 93°47' W Canisteo (fine-loamy, mixed, superactive, calcareous, mesic Typic 
Endoaquolls) 

c 1, 2, 3 

Lakefield  43°37' N, 95°15' W Collinwood (fine, smectitic, mesic Aquertic Hapludolls) c 5 

Lancaster  42°49' N, 90°47' W Fayette (fine-silty, mixed, superactive, mesic Typic Hapludalfs) sicl 2, 2, 3¶ 

Marshall  44°26' N, 95°38' W Canisteo (fine-loamy, mixed, superactive, calcareous, mesic Typic 
Endoaquolls) 

c 3 

Minneota  44°30' N, 95°59' W Forman (fine-loamy, mixed, superactive, frigid Calcic Argiudolls) – 
Aastad (fine-loamy, mixed, superactive, frigid Pachic Argiudolls) 

c 5 

Morgan  44°24' N, 94°50' W Nicollet (fine-loamy, mixed, superactive, mesic Aquic Hapludolls) c 4 

Nashua  42°56' N, 92°34' W Readlyn (fine-loamy, mixed, superactive, mesic Aquic Hapludolls) c 2 

Pilot Grove  43°30' N, 94°12' W Canisteo (fine-loamy, mixed, superactive, calcareous, mesic Typic 
Endoaquolls) – Gencoe (fine-loamy, mixed, superactive, mesic Cumulic 

Endoaquolls) 

c 5 

Saint Hilaire  48° 2' N, 96°13' W Clearwater (fine, smectitic, frigid Typic Epiaquerts) c 7 

Sleepy Eye  44°18' N, 94°42' W Nicollet (fine-loamy, mixed, superactive, mesic Aquic Hapludolls) c 5 

Underwood  46°18' N, 95°51' W Forman (fine-loamy, mixed, superactive, frigid Calcic Argiudolls) cl 7 

Waseca  44° 3' N, 93°30' W Le Sueur (fine-loamy, mixed, superactive, mesic Aquic Argiudolls ) c 4 

† Soil series obtained from Soil Survey Geographic Database (SSURGO). 

‡ Soil textural class is based on textural analysis of top 30 cm of soil at each site. c, clay; cl, clay loam; sic, silty clay; sicl, silty clay loam. 

§ Includes establishment year. 

¶ Lancaster had two crop rotations with 2 yr of alfalfa, one where alfalfa was planted with an oat companion crop  in the establishment year 
and another where alfalfa was directly planted without a companion crop. 
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Table 2. Mean Illinois soil nitrogen test (ISNT) and pre-sidedress soil nitrate 
test (PSNT) concentration in the 0- to 30-cm depth at five crop rotation trials 
across 2014 and 2015. 

 Crop   

Site Rotation† Rotation phase‡ ISNT PSNT 

   mg kg-1 mg kg-1 

Arlington AACC A 209 a§ 8.2 a 
  AA 200 a 3.7 a 
  AAC 196 a 12.3 a 
  AACC 210 a 9.9 a 
 AAACC A 205 a 7.8 a 
  AA 212 a 4.3 a 
  AAA 207 a 3.5 a 
  AAAC 205 a 11.1 a 
  AAACC 210 a 14.0 a 

     

Kanawha OCCC O 226 a 2.8 de 
  OC 196 a 10.2 b 
  OCC 197 a 4.2 cde 
  OCCC 231 a 5.9 cd 
 OACC O 249 a 2.4 e 
  OA 225 a 3.2 cde 
  OAC 237 a 13.7 a 
  OACC 257 a 6.2 c 
 OAAC O 233 a  2.5 de 
  OA 260 a 4.1 cde 
  OAA 240 a  3.8 cde 
  OAAC 221 a 12.3 ab 

     

Lancaster OAC O 110 a 4.9 b 
  OA 109 a 3.9 b 
  OAC 119 a 17.7 a 
 AACC A 105 a 5.3 b 
  AA 113 a 5.3 b 
  AAC 125 a 18.5 a 
  AACC 124 a 11.1 ab 
 OAACC O 114 a 3.8 b 
  OA 114 a 4.5 b 
  OAA 124 a 4.3 b 
  OAAC 132 a 17.0 a 
  OAACC 124 a 11.3 ab 

     

Marshfield AACC A 179 a 8.9 a 
  AA 181 a 3.6 a 
  AAC 164 a 10.0 a 
  AACC 158 a 7.5 a 
 AAACC A 154 a 7.5 a 
  AA 175 a 4.0 a 
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  AAA 165 a 4.3 a 
  AAAC 156 a 8.4 a 
  AAACC 158 a 9.4 a 

     

Nashua OACC O 194 a 2.7 c  
  OA 178 a 2.7 c 
  OAC 196 a 16.3 a 
  OACC 182 a 7.3 b 

† O, alfalfa planted with oat as a companion crop; A, alfalfa directly planted in 
the establishment year or as second- or third-year alfalfa; C, first-, second-, or 
third-year corn.  
‡ Crop rotation phase is the crop indicated by the last letter of the abbreviation. 
§ Within a location, means followed by the same letter are not significantly 
different at the 0.05 probability level. 
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Table 3. Mean value of predictor variables from 21 site-years of first-year corn following alfalfa used to predict corn aboveground N 
uptake (ANU), total available N (TAN) (shown here), and soil potentially mineralizable N and mineralization rate (shown in Table 6), 
along with the economic optimum nitrogen rate (EONR) for grain yield at the price ratio (US$ kg-1 N/US$ kg-1 grain) of 5.6. 

 

 Alfalfa Soil characteristics, 0-30 cm Early-season§ Late-season¶   

Site Age† 
Term. 
time ISNT‡ PSNT‡ Clay 

Organic 
C Precip. 

Air 
temp. Precip. 

Air 
temp. ANU TAN EONR 

 yr  mg kg-1 mg kg-1 g kg-1 g kg-1 mm °C-day mm °C-day kg N ha-1 kg N ha-1 kg N ha-1 
Adams 4 Fall 350 7 447 31.6 303 1657 217 1135 136 175 114 
Brewster 2 Spring 258 20 397 35.6 323 1620 116 1091 167 -# 91 
Cologne 5 Fall 280 7 434 27.0 583 1624 145 1147 114 157 200 
Fulda 4 Fall 320 24 475 27.8 336 1599 173 1095 248 367 0 
Hutchinson 5 Fall 355 9 420 36.3 494 1636 156 1107 185 304 0 
Kanawha 1 Fall 176 11 500 18.4 404 1774 222 1223 153 189 104 
Kanawha 2 Fall 263 16 500 25.4 404 1774 222 1223 145 - 77 
Kanawha 3 Fall 210 14 500 19.0 404 1774 222 1223 172 - 78 
Lakefield 5 Spring 296 24 494 23.8 382 1608 132 1100 177 219 0 
Lancaster 2†† Fall 128 22 337 9.4 311 1674 163 1211 214 - 0 
Lancaster 2 Fall 137 22 337 11.1 311 1674 163 1211 211 - 0 
Lancaster 3 Fall 141 22 337 10.6 311 1674 163 1211 251 286 0 
Marshall 3 Fall 260 21 453 34.0 370 1715 78 1189 227 293 0 
Minneota 5 Fall 199 10 425 17.6 364 1715 78 1189 169 228 0 
Morgan 4 Fall 262 13 456 20.4 394 1737 73 1183 161 272 0 
Nashua 2 Fall 197 15 425 14.4 338 1744 184 1211 131 163 196 
Pilot Grove 5 Spring 239 13 466 40.4 371 1623 118 1146 169 239 0 
Saint Hilaire 7 Fall 170 7 409 21.2 294 1504 102 1055 217 254 114 
Sleepy Eye 5 Fall 316 14 450 25.1 394 1706 138 1173 147 - 0 
Underwood 7 Fall 203 7 359 18.1 374 1522 240 1052 211 273 0 
Waseca 4 Fall 225 8 489 22.2 432 1654 140 1147 129 175 0 

† Includes establishment year.  
‡ ISNT, Illinois soil-nitrogen test; PSNT, pre-sidedress soil nitrate test. 
§ Total precipitation and air temperature degree days >0°C during May through July obtained from nearest national weather service station to 
each site. 
¶ Total precipitation and air temperature degree days >0°C during August and September obtained from nearest national weather service station to 
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each site.  
# Dash denotes data were unavailable. 
†† Alfalfa planted with an oat companion crop in this rotation.  
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Table 4. Relationship between corn N uptake (ANU), total available N (TAN), soil potentially 
mineralizable N (PMN), mineralization rate (MR), and the Illinois soil-nitrogen test (ISNT) 
and pre-sidedress soil nitrate test (PSNT) concentrations alone and with other predictor 
variables for 21 site-years of first-year corn following alfalfa. 

Dependent 
variable 

Independent 
variable Model† r

2 
P > F 

ANU ISNT y = 182 - 0.758 

 PSNT y = 124 + 3.70 PSNT  0.33 <0.001 

 All‡ y = 162 + 8.64 age - 2.02 clay + 4.67 PSNT 0.48 <0.001 

TAN ISNT y = 203 - 0.277 

 PSNT y = 179 + 4.72 PSNT 0.23 <0.001 

 All y = 95 + 16.00 age + 5.58 PSNT 0.31 <0.001 

PMN ISNT y = 80.6 + 0.092 ISNT 0.06 0.041 

 PSNT y = 100 - 0.640 

 All y = 88.2 - 0.355 SOC + 0.196 ISNT 0.19 0.001 

MR ISNT y = 0.00087 - 0.458 

 PSNT y = 0.00098  - 0.811 

 All - - - 

† Age, alfalfa stand age (yr); clay, soil clay content (g kg-1); ISNT (mg kg-1); PSNT (mg kg-1); 
SOC, soil organic C (g kg-1). 
‡ "All" indicates that all predictor variables [ISNT, PSNT, soil clay content, SOC, alfalfa 
stand age, early- (May–June) and late-season (August–September) precipitation and air 
temperature, and their one-way interactions] were considered in the multiple regression 
model. 
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Table 5. Incubation soil temperature 
degree days (DD) >0°C accumulated 
after soil was sampled at the six leaf-
collar corn stage and began incubation 
and coefficients of determination for 
linear regressions between Illinois soil N 
test (ISNT) concentration or pre-sidedress 
soil nitrate test (PSNT) concentration and 
soil nitrate-N by sampling time across 
replicates for 21 site-years of first-year 
corn following alfalfa.  

Week DD ISNT PSNT 

 °C-day ---------- r
2 
---------- 

0 0 n/s† n/a‡ 

0.29 36 0.06* 0.15*** 

1 126 0.15*** n/s 

2 252 0.18*** 0.17*** 

3 385 0.22*** 0.28*** 

5 686 0.17*** 0.32*** 

7 1015 0.12** 0.30*** 

9 1337 0.24*** 0.12** 

11 1673 0.11** 0.16** 

15 2310 0.14** 0.11** 

17 2625 0.30*** 0.13** 

*** Significant at P ≤ 0.001. 
** Significant at P ≤ 0.01. 
* Significant at P ≤ 0.05. 
† n/s, P > 0.05. 
‡ n/a, not applicable. 
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Table 6. Estimates of mean soil potentially 
mineralizable N (PMN) and mineralization rate (MR) 
using single-exponential regression models across 
replicates for 21 site-years of first-year corn 
following alfalfa. 

Site 
Alfalfa 
age† PMN MR 

 yr mg kg-1 mg kg-1 DD-1‡ 

Adams 4 85 abc§ 0.0012 a 

Brewster 2 87 abc 0.0012 a 

Cologne 5 128 ab 0.0007 a 

Fulda 4 114 abc 0.0012 a 

Hutchinson 5 138 a 0.0009 a 

Kanawha 1 75 bc 0.0010 a 

Kanawha 2 124 ab 0.0008 a 

Kanawha 3 102 abc 0.0007 a 

Lakefield 5 102 abc 0.0009 a 

Lancaster 2¶ 99 abc 0.0012 a 

Lancaster 2 105 abc 0.0007 a 

Lancaster 3 117 abc 0.0008 a 

Marshall 3 102 abc 0.0010 a 

Minneota 5 95 abc 0.0013 a 

Morgan 4 108 abc 0.0014 a 

Nashua 2 123 ab 0.0009 a 

Pilot Grove 5 81 bc 0.0006 a 

Saint Hilaire 7 122 abc 0.0011 a 

Sleepy Eye 5 68 c 0.0013 a 

Underwood 7 110 abc 0.0008 a 

Waseca 4 87 abc 0.0010 a 

† Includes establishment year. 

‡ Soil temperature degree days (DD) > 0°C. 
§ Means followed by the same letter are not 
significantly different at the 0.05 probability level. 
¶ Alfalfa planted with an oat companion crop in this 
rotation.  
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Fig. 1. Relationship between the (A) pre-sidedress soil nitrate test (PSNT) concentration or (B) Illinois soil 
nitrogen test (ISNT) concentration and economic optimum nitrogen rate (EONR) for grain yield at the price 
ratio (US$ kg-1 N/US$ kg-1 grain) of 5.6 in 21 site-years of first-year corn following alfalfa. The vertical 

dashed lines in (A) and (B) represent widely used critical values for the PSNT (21 mg NO3-N kg-1) and ISNT 
[230 mg (amino sugar + NH4)-N kg-1]. Site-years with concentrations lower than the critical value are 

expected to be non-responsive to fertilizer N while those above are expected to be responsive to fertilizer N. 
Relationship between (C) ISNT concentration and loss-on-ignition (LOI) soil organic matter correction (ISNT-
NY). Site-years above and below the curve [126.36 + (4.0944 × LOI) – (0.0199 × LOI2) from Klapwyk and 
Ketterings (2006)] are predicted as non-responsive and responsive to fertilizer N, respectively, based on the 
ISNT-NY. Solid and open symbols represent site-years where there was or was not an actual response of 

corn grain yield to fertilizer N, respectively.  
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Fig. 2. Linear relationships between pre-sidedress soil nitrate test (PSNT) concentrations and soil nitrate-N 
during the 17 wk aerobic incubation of soil from 21 site-years of first-year corn following alfalfa.  
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Fig. 3. Linear relationships between Illinois soil N test (ISNT) concentrations and soil nitrate-N during the 17 
wk aerobic incubation of soil from 21 site-years of first-year corn following alfalfa.  
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Fig. 4. Economic optimum N rate (EONR) for grain yield at the price ratio (US$ kg-1 N/US$ kg-1 grain) of 
5.6 for 21 site-years of first-year corn following alfalfa on fine-textured soils in the present study and 19 

site-years from the literature (summarized in Yost et al., 2014b). Site-year names followed by a dash and a 

number specify alfalfa stand ages prior to first-year corn at sites with more than one crop rotation.  
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Fig. 5. Multiple logistic regression results showing relationship between the product of alfalfa stand age and 
pre-sidedress soil nitrate test (PSNT) concentration and economic optimum nitrogen rate (EONR) for grain 
yield at the price ratio (US$ kg-1 N/US$ kg-1 grain) of 5.6 in 21 site-years of first-year corn following alfalfa 

in the present study. The model was also validated with 15 site-years of literature data (Yost et al., 2014b; 
2015). The vertical dashed line represents a critical value for separating N-responsive and non-N-responsive 

site-years.  
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