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Predicting the Nitrogen Fertilizer Response of Turfgrass Based on Solvita® Soil Test Results I: 

Literature Review 

Estimation of Soil Organic Matter Mineralization Potential 

The nitrogen (N) mineralization potential of a soil is the amount of inorganic N that is generated by 

the microbial breakdown of larger, N-containing organic molecules. The process of mineralization 

releases plant-available nutrients, and thus should be taken into consideration when making fertilization 

recommendations. It is possible to quantify N mineralization potential. Many soil tests have been 

developed that measure the labile, or active, N-containing soil organic matter (SOM) fraction (Keeney, 

1982; Dahnke and Johnson, 1990; Bundy and Meisinger, 1994). None of these tests have been widely 

adopted, however, because either the incubation time is too long, or because the process is too complex, 

or both. Both biological and chemical tests have been developed to measure N mineralization in soils; 

they are referred to as ‘nitrogen-availability indices’ (Dahnke and Johnson, 1990). Generally, biological 

tests are more reliable than chemical tests because the microbes present in the soil are involved in the 

breakdown of SOM particles, but biological tests take much longer to complete than chemical tests 

(Dahnke and Johnson, 1990). Long-term biological tests are more useful than short-term biological tests 

because sample handling and pretreatment influence results more during short-term incubations (Dahnke 

and Johnson, 1990). 

Soil microbes are responsible for performing many important N cycle processes (such as 

mineralization, immobilization, nitrification, and denitrification). Scientists have been interested in the 

connection between microbial biomass (or the N component of microbial biomass) and plant N derived 

from mineralization of SOM (Kwon et al., 2009). Microbial cytoplasmic N only contains a small percent 

of N derived from mineralization, so attempts made to correlate total microbial biomass with N 

mineralization (Jenkinson and Powlson, 1976) and microbial biomass N with N mineralization (Shen et 

al., 1984; Brookes et al., 1985) have not been successful. Therefore, instead of concentrating on microbial 

biomass N, research to predict mineralization has focused on ways to measure the N-containing labile 

fraction of SOM. 
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Long-term biological tests (described by both Dahnke and Johnson [1990] and Bundy and Meisinger 

[1994]) generally require several weeks to several months, and are conducted in an aerobic environment 

(i.e., the soils are kept at or below field capacity). Typically, either a combination of ammonium (NH4
+) 

and nitrate (NO3
-), or just NO3

-, is measured. These long-term biological tests generally involve several 

leaching steps (often, calcium chloride [CaCl2] is used as an extractant, because calcium [Ca2+] and 

chloride [Cl-] can exchange with NH4
+ and NO3

-, respectively), which are spread out throughout the 

course of the experiment; the inorganic N measured from each of these leaching steps corresponds to the 

amount of nitrogen (N) bound by different fractions of soil organic matter (SOM). N mineralized early on 

in the experiment and collected from early leaching is thought to belong to the ‘active’, ‘labile’, or 

readily-degradable SOM fraction; N mineralized later on in the experiment and collected from a later 

leaching is thought to belong to the ‘passive’, ‘recalcitrant’, or not-readily-degradable SOM fraction. 

These leaching steps also inadvertently change the equilibrium status of the soil – since all of the 

inorganic N is removed, soil chemical processes may tend to increase inorganic N production after the 

leaching step, whereas immediately before the leaching step, it is likely that these processes were 

happening less. Along these lines, it is thought that these long-term biological tests for N mineralization 

underestimate the actual amount of N mineralized in the field because in the field, soil is constantly 

drying out and being rewetted; when dry soil is rewetted, there tends to be a flush of mineralization that 

happens (Haney et al., 2001), and this cycle of repeated flushes are not part of biological N mineralization 

tests. The N mineralization flush due to rewetting dry soil is likely due to the fact that some soil microbes 

die when the soil dries, and when the soil is rewetted, the nutrients they assimilated are available for other 

microbes that survived the drying (Haney et al., 2001). 

Short-term biological tests, in contrast to long-term biological tests, generally take around one week. 

(Dahnke and Johnson, 1990; Bundy and Meisinger, 1994). These are anaerobic, or waterlogged, tests 

(many ammonifying bacteria are facultative anaerobes). Usually, only NH4
+ is measured – nitrifying 

bacteria need oxygen to function, so no NO3
- is produced during these incubations. 
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There are also biological tests that measure C mineralization. Dried, sieved soil samples are rewetted 

and emit carbon dioxide (CO2) as microbes resume activity. These tests are generally thought to be 

related to N mineralization (Haney et al., 2001; Franzluebbers et al., 2000), since microbes that 

decompose SOM can mineralize both C and N. Biological tests for C mineralization could be a better 

option than biological tests for N mineralization because about ten times more C is mineralized than N 

during aerobic incubations (Franzluebbers et al., 2000). Additionally, biological C mineralization tests 

could be better than those for N mineralization because N mineralization tests generally involve a 

determination of initial inorganic N content in addition to a determination of mineralized N at the end of 

the incubation, and these additional determinations add potential sources of error to the experiment 

(Franzluebbers et al., 2000). 

Chemical tests have been developed in hopes of developing a rapid test that is as reliable as the 

biological tests. There are several different types of chemical tests that measure different forms of soil N. 

Acid hydrolysis tests are one: an acidic solution has the capability of breaking polymers (such as chitin 

and proteins) down into their monomeric units (i.e., amino sugars and amino acids) via hydrolysis (Kwon 

et al., 2009). Acid hydrolysis can also partially deaminate these monomeric units, and the excess protons 

in acidic solutions cause the deaminated amine groups to be present as NH4
+. When an alkali step is 

subsequently performed, not only do many more deaminations occur (amino sugars are decomposed in a 

strong alkaline solution of a pH of around 13), but NH4
+ ions are deprotonated, which allows for ammonia 

(NH3) volatilization, which is an important step in the process of quantifying the amount of N that is 

released. 

It is interesting to note that chemical extraction tests may not be accurate for finer-textured soils; the 

presence of soil aggregates can make some of the organic soil N unavailable (Serna and Pomares, 1992). 

Furthermore, extractants used to measure inorganic N (such as aqueous KCl and CaCl2) can also extract 

organic forms of N if heat is added. Heat acts as a catalyst for the hydrolysis reaction that causes the 

removal of amine groups from organic molecules. This explains why hot KCl extracts yield more 

inorganic N than KCl extracts done at room temperature (Cordovil et al., 2007). Hot water can be used as 
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an extract as well (Curtin et al., 2006), but hot water will not remove the amount of exchangeable 

inorganic N that KCl and CaCl2 will remove. Caution must be used when interpreting the results of hot 

KCl extractions, because a hot KCl treatment can lyse microbial cells and overestimate the amount of 

labile N due to the release of organic molecules from the lysed cells (Curtin and Wen, 1999). 

Lastly, chemical tests for N mineralization are at a disadvantage as compared to biological tests for N 

mineralization: chemical tests do not take N immobilization into account, and therefore they only measure 

gross N mineralization, not net N mineralization (net N mineralization is equal to gross N mineralization 

minus the amount of N immobilized) (Curtin et al., 2006). This fact could account for the inability of 

chemical tests to be as accurate as aerobic biological N mineralization tests; this problem would be 

particularly pronounced for soils with higher C-to-N ratios (and consequently higher N immobilization 

rates). Plant roots will interact (and compete) with soil microbes, which changes the rates of 

mineralization and immobilization (Curtin et al., 2006). This renders even the best lab-based biological 

test somewhat incapable of mimicking field conditions. 

Biological tests generally are superior to chemical tests for accurately measuring mineralization 

potential, but tissue N tests might be superior to both biological and chemical soil labile N tests because 

tissue N tests take into account competition for mineral N between plant roots and soil microbes; 

therefore, there is reduced microbial N immobilization for tissue N tests, since in biological soil N 

mineralization tests microbes do not have to compete for mineral N with plants (Curtin et al., 2006). Plant 

tissue N derived from mineralization can be cleverly measured by quantifying the initial mineral N 

concentration in the soil and subtracting that value from the plant tissue N concentration, and the 

difference is, supposedly, N that the plant took up that was derived from mineralization (assuming the 

plant took up all of the inorganic N) (Curtin et al., 2006). Clearly, this is an estimation; N could have been 

lost from that initial mineral N pool via leaching or denitrification, and nonexchangeable NH4
+ (NH4

+ 

adsorbed in the interlayer of clays that is not easily released) could have become available to the plants 

during the course of the experiment. Tissue (or foliar) tests for N have the disadvantage of only measuring 
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past N mineralization; they cannot accurately be used to predict future N mineralization (Scharenbroch 

and Lloyd, 2004). 

The Illinois Soil Nitrogen Test (ISNT), which is also called the Amino Sugar-Nitrogen Test (ASNT), 

was developed by researchers from the University of Illinois (Khan et al. 2001). The ISNT quantifies a 

soil’s N mineralization potential; specifically, it measures the amount of NH3 gas [NH3(g)] released from 

a 1-g soil sample during a 5-hr incubation with 2 M sodium hydroxide (NaOH) solution between 48 and 

50° C. The ISNT employs an alkali hydrolysis step but no acid hydrolysis step. The ISNT was developed 

to help predict agricultural sites that will not respond to additional N fertilization. A soil’s amino sugar N 

fraction does not fluctuate as much as inorganic N fractions (NH4
+ and NO3

-) (Gardner and Horgan 2007; 

Ruffo et al., 2005), so amino sugar N, as measured by the ISNT, may be a better predictor of N fertility 

requirements. 

The Solvita® Labile Amino-Nitrogen Test (SLAN) was developed by William Brinton, and SLAN 

soil test kits are produced by his company, Woods End Laboratories, Inc., in Mount Vernon, Maine. The 

SLAN test measures the amount of NH3 released from a 4-g soil sample during a 24-hr incubation with 2 

M NaOH solution at room temperature (between 22 and 25° C). The SLAN test is much easier to perform 

than the ISNT; there are fewer reagents that need to be made up, there is no titration step, and no hotplate 

is needed. The only logistical advantage of the ISNT is that it takes only 5 hrs (the SLAN test takes 24 

hrs), but this difference is not as important – 24 hrs is a relatively quick turnaround for an N 

mineralization potential soil test. ISNT results from a single spring soil sample (which is the current 

industry practice) have been shown to correlate well with turfgrass performance (Geng et al., 2014), so if 

SLAN test results from a single spring soil sample correlate well with ISNT results, by the transitive 

property of equality, the SLAN test should also correlate well with turfgrass performance. 

The ISNT and the SLAN test both measure a very similar fraction of labile N in the soil. Both utilize 

2 M NaOH as a reactant (this is referred to as alkali hydrolysis). Aqueous hydroxide ions (OH-) react with 

carbon (C) atoms near amine groups (–NH2) in organic molecules and facilitate the removal of the –NH2 

groups via substitution and elimination reactions (M. Peczuh, personal communication, 2016). In addition 
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to being involved as a reactant, a high OH- concentration also maintains a high pH, which prevents 

aqueous and adsorbed NH4
+ from forming; therefore, most of the –NH2 groups that have been removed 

become NH3 and will volatilize. The only notable differences between the two tests are the temperature at 

which the incubation takes place and the length of the incubation. 

The ISNT involves heat; presumably, this higher temperature will increase the rates of the reactions 

and cause more NH3(g) to be released. On the other hand, the SLAN test involves a longer incubation; 

presumably, this longer incubation will allow more SOM to react with the NaOH, causing more NH3 to 

be released. Therefore, though the ISNT and the SLAN test have different temperature and time 

requirements, they may still measure not only a similar fraction of soil N (due to the use of aqueous 

NaOH in both), but also a similar percentage of soil N. Percentage is used here because the amounts of 

soil N measured will probably be very different – the ISNT uses only 25 % of the soil that the SLAN test 

uses – but the relative amounts of NH3 released could be similar if the additional time used in the SLAN 

test is able to make up the difference due to the added heat used in the ISNT. The ISNT will probably 

release a higher percentage of NH3, though, because the heat will help catalyze more reactions than the 

number of reactions that could happen at room temperature, even though there is a difference in 

incubation time. Ultimately, the goal of these soil tests are to help predict plant performance and fertilizer 

requirements, so being highly correlated with plant response is more important than generating the most 

NH3. 

It is thought that the main organic source of –NH2 groups removed during the ISNT is amino sugars 

found on microbial cell walls (Mulvaney and Khan, 2001). Monomeric amino sugars (as opposed to 

polymers of amino sugars, such as chitin) are decomposed by a strong base, such as NaOH (Kwon et al., 

2009); nearly all of the bacterial amino sugars are detected by the ISNT (Kwon et al., 2009). Only a small 

percentage of amino acids present in soil are detected by the ISNT; the ISNT is also capable of detecting 

almost half of the N present in amide functional groups (Kwon et al., 2009). Though it has been found 

that proteins decompose at rates comparable to or greater than amino sugars, a hypothesis is that amino 

acids (the product of protein decomposition) are preferentially used by microbes, which leaves the NH4
+ 
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from amino sugar decomposition for plants to utilize; this could explain why amino sugars are thought to 

be the most important source of mineralizable N for plants. (Kwon et al., 2009). Other researchers, 

however, have found that the ISNT does not measure labile soil N fractions or certain categories (i.e., 

amino sugars) of labile soil N; instead, they found that the ISNT measures a constant percentage (roughly 

15 %) of total soil N (Laboski et al., 2008). 

The fraction of soil N measured by the ISNT (ISNT-N) is positively correlated with percent SOM 

(Lawrence et al., 2009). This is true for golf course fairways (Gardner et al., 2008). For the older, more 

well-established fairway in the study, the average percent SOM was lower and the average ISNT test 

results were higher than for the newer fairway (Gardner et al., 2008). The correlation between ISNT-N 

and percent SOM was also stronger for the newer fairway. The authors attributed these findings to the fact 

that SOM is not uniformly mineralizable; when a fairway is older and more established, SOM is more 

complex, and the ISNT-N (which the authors refer to in their article as ‘amino sugar N’) content may be a 

more accurate predictor of SOM. SOM is comprised of many different fractions  (such as active and 

passive fractions), so though it is likely that percent SOM and amino sugar N are positively correlated, it 

is unlikely that percent SOM and amino sugar N are positively correlated for every single soil. For soils 

with much greater passive OM fractions than active OM fractions, there may be no correlation, or there 

may be a negative correlation, between percent SOM and ISNT-N. 

Alkali hydrolysis of SOM is capable of breaking down many different N-containing organic 

compounds, but it is also incapable of breaking down many N-containing compounds as well. Many 

peptides and amino sugars can be broken down by alkali hydrolysis; chitinous material will not be 

affected by alkali hydrolysis (Greenfield, 2001). N-containing organic compounds are not only present in 

living organisms resistant to degradation; N-containing organic compounds found in dead organisms are 

also resistant to enzymatic degradation (Greenfield, 2001). This could be due to spatial (i.e., the 

compound is deep inside of a soil aggregate) or chemical (i.e., the compound is bound to another 

compound, rendering it incapable of binding to an enzyme) reasons. Furthermore, SOM can form 

complexes with ions such as calcium, and these complexed molecules are more resistant to degradation as 
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well (Kerek et al., 2003). Chitinous material is a polymer of amino sugars, and the amino sugars in chitin 

are not detected by the ISNT (Greenfield, 2007). 

Direct steam distillation, as described by Bushong et al. (2008) and by Roberts et al. (2009b), is 

thought to be a potentially viable alternative to the ISNT. Both are alkali hydrolysis methods; direct steam 

distillation involves a distillation step where NH3 is transported to an H3BO3 indicator solution in water 

vapor. Direct steam distillation captured a larger percentage of NH3 liberated from amino acids, and the 

ISNT captured a larger percentage of NH3 liberated from amino sugars (Roberts et al., 2009b). 

Interestingly, alkali hydrolysis brings about the removal of amine groups bound to carbonyl carbons (and 

perhaps amine groups bound to other carbonaceous functional groups), and acid hydrolysis brings about 

the removal of amine groups bound to carbons not associated with functional groups (Roberts et al., 

2009b). 

The ISNT and the SLAN test will inadvertently measure NH3 that originated as NH4
+ derived from 

urea (CO(NH2)2) or any other soluble NH4
+ source. Any NH4

+ present in the soil can potentially volatilize 

as NH3(g) and be detected by the ISNT or by the SLAN test. The ISNT and the SLAN test can detect 

NH4
+ present in the soil solution and exchangeable NH4

+ (Khan et al., 2001) in addition to NH4
+ that’s 

derived from substitution and elimination reactions (and thus from larger organic molecules). Sodium 

cations (Na+) present during the SLAN test incubation is highly concentrated and will exchange with 

other cations. Therefore, it is advisable not to use these tests as measures of N mineralization potential 

following an N fertilization, particularly if the source of N in the fertilizer is NH4
+, urea, or any other N 

form that could be converted into NH4
+. The ISNT and the SLAN test could show a much higher level of 

NH3 released in these circumstances due to additional sources of N that are not derived directly from the 

mineralization of SOM. The ISNT should be used with caution for soils that have high levels of 

exchangeable NH4
+ (Greenfield, 2007). 

ISNT results do not always accurately correspond to the amount of N mineralized during a growing 

season. The amount of mineralized N in the field during a growing season is highly variable, and it is due 

to variable climate and weather patterns. The timing and amount of rainfall, the temperature, the 
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humidity, and many more factors can cause microbial activity to change positively or negatively. The 

ISNT was not found to correlate well at all with maize (Zea mays L.) yield and performance, possibly due 

to highly variable environmental conditions (Barker et al., 2006). The environmental conditions that 

govern N cycling in soil in the field were found to be of more importance than the chemical nature and 

the amount of soil N (Kresge and Merkle, 1957). The ISNT was found to correlate well with 

exchangeable NH4
+ concentrations in the soil, but not with amino sugar concentrations (i.e., hydrolyzable 

amine groups), which suggests that the ISNT does well at measuring exchangeable NH4
+, and that it does 

a poor job at measuring amino sugar N (Barker et al., 2006). 

The ISNT may not be an accurate measurement of mineralizable N for soils high in exchangeable 

NH4
+ and low in amino sugar N (Barker et al., 2006). Khan et al. (2001) may have had more success 

correlating the ISNT to hydrolyzable amino sugar N due to the fact that Khan et al. (2001) looked at only 

a few soil types, none of which were high in clay (and therefore they were not high in exchangeable NH4
+ 

either) (Bushong et al., 2008). For soils that are not normally fertilized, though, a large portion of the 

exchangeable NH4
+ may have been derived from the mineralization of SOM, which means that the ISNT 

is an indirect measurement of mineralized N in these cases. On the contrary, however, the ISNT was well-

correlated with a 24-hour aerobic incubation soil test which measures N mineralization (Sharifi et al., 

2007). Since crops are in competition for soil N with soil microbes, it is possible that high ISNT values 

correspond to large amounts of soil microbes (since amino sugars are found in large quantities in soil 

bacteria and only in trace quantities in plants [Parsons, 1981]), and these large populations of microbes 

will compete with plants for soil N; a portion of the N that is mineralized could be taken up by microbes 

instead of by plants. In fact, one study (Norton and Firestone, 1996) found that soil microbes will actually 

outcompete plants for available N, but other studies (Bowman et al., 2002; Wherley et al., 2009) have 

shown that turfgrasses can outcompete soil microbes for fertilizer N. Furthermore, both plants and 

microbes are capable of taking up both amino acids and amino sugars directly (Herman et al., 2006; 

Malmstrom et al., 2004; Riemann and Azam, 2002, Roberts and Jones, 2012), so it is likely that many 
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amino acids and amino sugars present in the soil will not get transformed into inorganic forms of N, 

despite the fact that the ISNT measures them as such. 

To get a more accurate picture of soil N forms and processes, multiple tests should be performed 

(Bundy and Meisinger, 1994). It is important to look at all of the available N pools in the soil (Meisinger, 

1984); Any single N index is unlikely to accurately and sufficiently predict optimum N fertilization 

requirements for maize (Fox and Piekielek, 1984). After all, N availability indices (i.e., tests for N 

mineralization) are very useful, but they may or may not discern between exchangeable NH4
+ 

concentrations and labile amine groups found on organic molecules (this depends on whether the testing 

method used includes a pre-extraction to remove exchangeable cations), and they generally do not 

measure residual NO3
- concentrations. In addition, chemical N indices do not take into account the soil 

microbes that facilitate N transformations in the field. 

Though several reports (Barker et al., 2006; Osterhaus et al., 2008; Spargo et al., 2009; Sawyer and 

Barker, 2011) have found that the ISNT measures a constant percentage of total soil N, and not a labile 

fraction of soil N, it is possible that molecules in the soil containing labile N are more soluble in water 

and more prone to leaching, and thus can be found deeper in the soil in humid climates. Microbial activity 

is greater in topsoil than in subsoil, and this activity causes a buildup of recalcitrant SOM in the upper 

layer of soil (Roberts et al., 2009a). Although total soil N decreases as soil depth increases (this is 

consistent with the findings from Stevenson [1982]), ISNT results do not always decrease as soil depth 

increases (Roberts et al., 2009a). For soils that have higher ISNT values at deeper soil depths (greater than 

15 cm) than at the surface, it is likely that a Type B failure can occur (Roberts et al., 2009a); a Type B 

failure is a low ISNT values leading to recommendations for N fertilizer when in fact the crop is 

nonresponsive to the fertilizer (Laboski et al., 2008). Plant roots can take up N as far down in the soil as 

their roots grow; capillary rise can also make soluble forms of N that have previously leached out of the 

upper layers of soil available to plants, if conditions are right during periods of plant N uptake. 

Inconsistent ISNT values from different soil depths can lead to Type A failures (as described by Laboski 

et al. [2008]) – if the top layer of soil has high ISNT values, but deeper soil layers have very low ISNT 
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values, the total amount of mineralizable N throughout the soil profile may not be enough to meet crop 

needs for yield goals (Roberts et al., 2009a). In general, the amount of mineralizable N present in lower 

soil depths (i.e., soil depths deeper than where soil samples are taken from) can influence plant growth if 

plant roots come into contact with it. The presence or absence of plow pan layers (and the amount of 

subsoiling, if plow pans are present) can affect rooting depths and N availability as well, and should be 

taken into account when quantifying soil N. 

It has been shown that microbes in the rhizosphere are capable of mineralizing more plant-available N 

than microbes that are not associated with plant roots. Interactions between microbes and roots increase 

soil N mineralization (Herman et al., 2006). C-rich root exudates provide microbes with an energy source 

to bring about the increased activity; most biological soil tests for N mineralization are carried out in the 

absence of plant roots, and therefore they are likely underestimating the amount of N that is actually 

mineralized (Herman et al., 2006). 

Although many composts are a source of potentially mineralizable N, some composts have the 

opposite function – they will actually cause the immobilization of inorganic forms of N present in the soil 

when used as a soil amendment (Bowden et al., 2007). N mineralization and immobilization are processes 

that are facilitated by soil microbes, and the C:N ratios of the composts, as well as the total N content of 

the composts, are important factors that drive these processes. Composts with lower C:N ratios tend to 

mineralize more N; composts with a greater total N content also tend to mineralize more N. This 

relationship is more likely to hold true when there is a greater amount of the N in the compost in 

inorganic forms; when there is more mineral N (such as NH4
+, NO3

-, and nitrite [NO2
-]), this relationship 

is less likely to hold true (Bowden et al., 2007). Biological tests for N mineralization can involve both 

mineralization and immobilization; chemical tests for N mineralization, on the other hand, only remove N 

from organic molecules. 

For biological soil N mineralization tests, gross N mineralization rates (i.e., ignoring the effects of 

immobilization) are more apt to accurately relate to soil N availability for plants than net N mineralization 

rates (i.e., mineralization minus immobilization) (Wang et al., 2001). This is because these lab-based 
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biological soil N tests do not account for plant N uptake or for leaching; since plant N uptake and 

leaching are not part of the N cycling in biological lab-based soil N tests, it is likely that the buildup up 

mineral N due to mineralization favors microbial immobilization. Therefore, it is likely that tests for net N 

mineralization underestimate the amount of plant-available N during an incubation. To measure gross N 

mineralization, Wang et al. (2001) added a small amount of isotopically-labelled NH4
+ to their soil 

samples and determined the percentage of this labelled N fraction was immobilized. They were 

subsequently able to calculate how much immobilization was taking place in the non-labelled N fraction 

and determine gross N mineralization rates. 

It has been suggested that the ISNT does not predict maize yields very well during years of water 

stress (i.e., either too little or too much water) (Williams et al., 2007). These extreme situations cause 

microbial N mineralization to be suboptimal, and hence, field conditions do not allow for proper 

mineralization of amino sugars. Additionally, it has been suggested that the critical ISNT value (at which 

there is no longer a response to N fertilization in maize) increases as SOM increases (Williams et al., 

2007; Klapwyk and Ketterings, 2006). In one study, sites with high SOM tended to be more prone to 

saturation, and hence there was likely slower N mineralization and more rapid denitrification than in drier 

sites (Williams et al., 2007). The poorly-drained soils that had a higher SOM content also had a higher 

C:N ratio than the well-drained soils, and therefore there was less N mineralization in the poorly-drained 

soils; these factors could explain why large changes in ISNT-N at poorly-drained sites correspond to 

small differences in economic optimum N rates (EONR) (Williams et al., 2007). When regressing EONR 

(the dependent variable) on ISNT-N (the independent variable) for poorly-drained sites, the slope of the 

trendline was -0.50 (Williams et al., 2007). The opposite is true for well-drained soils: slight changes in 

ISNT values at well-drained sites correspond to large differences in calculated economic optimum N rates 

(the slope of the trendline for the regression of EONR on ISNT-N was -1.23), likely because the C:N ratio 

is lower and N mineralization is greater (Williams et al., 2007). 

For soil samples that are ground or sieved (such as those used for the SLAN test and the ISNT), it is 

likely that N availability indices are reporting an overestimation of labile N (Bundy and Meisinger, 1994). 
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This is because the acts of grinding and sieving break up soil aggregates and release N from within the 

aggregates that would otherwise likely be unavailable to plants (Schimel et al., 1989; Binkley and Hart, 

1989). Furthermore, the act of drying the soil (which often involves heat) can stimulate mineralization; as 

soils warm, there is sufficient moisture in the soil to allow for plenty of microbial activity, and therefore, 

the pool of organic N decreases, and the pool of inorganic N increases during drying, particularly if heat 

is involved (Ma et al., 2006). The alternative method to this uses undisturbed soil cores – not only does 

this keep soil structure intact; it also is minimally disruptive of the soil microbiota. Unfortunately, 

procuring and maintaining several undisturbed soil cores is often an impractical way to go about soil 

sampling (Bundy and Meisinger, 1994). It is possible to use the results of N indices using sieved soil 

samples to predict values from those using undisturbed soil cores, though (Cabrera and Kissel, 1988). 

N mineralization potential, as measured by lab-based biological soil tests, is greater in no-till 

agricultural systems than in conventionally-tilled systems (Willson et al., 2001). It follows that 

destructive soil sampling (including sieving and mixing) has the same effect as tillage – it would cause a 

temporary increase in N mineralization, followed by a decrease in N mineralization. Lab-based biological 

tests for N mineralization would show lower N mineralization in conventionally-tilled systems because 

this process of mixing and SOM breakdown (brought about by conventional tillage) already occurred in 

the field, and by the time the soil is sampled, the soil has reached the period of low N mineralization. For 

no-till systems, on the other hand, the process of sampling and sieving will cause the initial N 

mineralization flush to be measured by the soil test. 

For long-term biological aerobic incubations that test for N mineralization discussed previously, there 

is some discussion on how sample pretreatment and handling affects test results. Using field-moist soil 

samples is preferred for these tests – when dried soil samples are used, often N mineralization is enhanced 

during the first week of incubation (Bundy and Meisinger, 1994). This is probably due to the fact that 

during the drying process, microbes die, and therefore there is an increased amount of amino sugars and 

other labile N sources from these dead microbes that become readily-available substrate for the 

ammonifying microbes that survive the drying process and mineralize SOM during the incubation 
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(Richter et al., 1982). N mineralized during the first week should not be considered part of the soil’s true 

mineralization potential (Beauchamp et al., 1986). Due to this initial flush of mineralized N, the total 

amount of mineralized N in these long-term biological incubations was greater for soil samples that were 

air-dried and lesser for soil samples that were field-moist or frozen (Beauchamp et al., 1986). 

Ammonium and NH3 can be determined with relative accuracy if reagents specific to these molecules 

are used. If general pH indicators are used, aqueous CO2 (which is in equilibrium with H2CO3) can 

interfere, among other things. Berthelot’s method (Hansen and Nielsen, 1939) is a good choice for NH3 

and NH4
+. Bundy and Meisinger (1994) recommend this method with some modifications. Ammonia first 

reacts with hypochlorite, and then with phenol, to form indophenol, which has a deep blue color. This 

lends itself nicely to determining NH3 via colorimetric methods. Amine groups can break off of organic 

molecules under the conditions of the reaction and react to show a falsely high NH3 concentration, though 

(Searle, 1984). Ninhydrin is a compound that also reacts specifically with NH3 and –NH2 groups (from a 

wide range of organic molecules, including amino acids) and NH3(g) is released (Mulvaney and Khan, 

2001). 

Mineralization Tests to Guide Nitrogen Fertilization 

The process of N mineralization releases plant-available nutrients, and thus should be taken into 

consideration when making fertilization recommendations. For cool-season turfgrass lawns, N 

fertilization recommendations do not take N mineralization into account, despite the fact that N 

mineralization can account for a significant portion of turfgrass N needs, especially in older, established 

lawns where soil organic matter (SOM) has been building up in the soil for years. For recently-established 

turf (turfgrass stands up to about 25 years old), there is a period of net N immobilization, and there is not 

enough mineralization to provide sufficient N for plants; eventually, this changes, and when SOM builds 

up appreciably, mineralization becomes an important source of N for plants (Porter et al., 1980; Frank et 

al., 2005). Overfertilization is likely for turfgrass stands ten years in age and greater (Porter et al., 1980). 

Elevated levels of NO3
- leaching occur in mature turfgrass stands following N fertilization (Frank et al., 

2005). N fertilizer is applied on cool-season turfgrass lawns at a set rate of 24.5 to no more than 49 kg N 
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ha-1 per application; there are 2 to 4 applications per year, and these applications are made in the spring 

and the fall, when cool-season grasses are actively growing. 

There are environmental problems associated with overfertilization of turfgrasses (Morton et al., 

1988; Frank et al., 2005), and turf managers with budget constraints would likely be happy if they can 

reduce their fertilizer inputs without compromising turfgrass quality and performance (this would happen 

if the soil on which the turf is growing has an adequate N mineralization potential). Conversely, if a soil 

with negligible N mineralization potentials can be identified, turf managers would be able to target areas 

where full rates of N fertilizer should be applied to avoid underperforming turf. 

 The ISNT can be used to some extent to help predict relative yield and N fertilization 

requirements in maize. Maize is a warm-season grass that undergoes C4 photosynthesis; maize puts on 

most of its growth during the hot midsummer months in the northeastern United States. Thus, soil N 

mineralization is capable of supplying corn with much of its N needs because the period of maize N 

uptake overlaps with the period of soil N mineralization. It is not well-known if the performance of cool-

season grasses, which undergo C3 photosynthesis, is correlated with soil N mineralization or the ISNT. 

The ISNT was found to be somewhat of a good predictor of wheat (Triticum aestivum L.) yields (wheat is 

a cool-season grass), but it was not as good as a spring soil NO3
- test (Steckler et al., 2008). The study by 

Steckler et al. (2008) was conducted in Saskatchewan in a semi-arid prairie region, and in this dry region, 

it is likely that the NO3
- measured by the spring NO3

- test was an accurate depiction of soil N 

mineralization due to the insignificant amount of leaching. 

The SLAN test and the ISNT have similar chemical mechanisms and are well-correlated, and likely 

extract a similar fraction of N from the soil, and therefore it is probable that information that is true about 

the ISNT is also true about the SLAN test. The ISNT has been shown to correlate strongly with different 

measures of turfgrass performance, including biomass production (i.e., grass clipping yield), total foliar N 

concentrations, and turfgrass color as measured with a normalized difference vegetation index (NDVI) 

meter (Geng et al., 2014). Furthermore, with future research, the ISNT can probably be used to categorize 

turfgrass by the probability of response to N fertilization (Geng et al., 2014). A study by Rogers (2017) 
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found that most of the SLAN tests reported in the study did not detect any mineralizable N, though, 

despite the fact that ISNT results from the same soil samples were obtained and well-correlated to various 

other soil N availability indices. This detection issue could be due to low SOM concentrations (Rogers, 

2017). 

It is interesting to note that for many warm-season grass crops (such as maize), the seasonal timing of 

soil microbial N mineralization generally coincides well with the periods of plant N uptake. This is why 

the presidedress nitrate test (PSNT) (Magdoff et al., 1984) works well in temperate humid climates – by 

the time maize is generally sidedressed with fertilizer, the soil temperature has warmed enough to cause 

an increase in microbial activity in soils that have suitable structure, moisture, and organic matter content. 

This method, however, is not as reliable for cool-season grass crops such as wheat (Bundy and Meisinger, 

1994), presumably because wheat’s N requirements come during a period of time when there is little soil 

microbial activity – it is too early in the growing season in temperate climates, and the soil temperature is 

not optimum for microbial activity. Interestingly enough, the PSNT can be used for other, non-grass crops 

as well, such as fall cabbage (Brassica oleracea) (Heckman et al., 2002), tomatoes (Solanum 

lycopersicum) (Krusekopf et al., 2002), and lettuce (Lactuca sativa) and celery (Apium graveolens) (Hartz 

et al., 2000). Furthermore, a modified PSNT was developed for perennial forage grasses (Collins and 

Allinson, 2004). In all of these cases, and in order for the PSNT to be effective, the timing of crop N 

requirements and the timing of soil sampling need to coincide with the timing of soil N mineralization, 

and it is important that there have been no recent rainstorms of sufficient intensity to leach NO3
- from the 

upper soil horizons. 

The PSNT is essentially an in situ measurement of biological N mineralization (Magdoff et al., 1984; 

Magdoff et al., 1990). Nitrate leaching and denitrification are of concern with this test (Bundy and 

Meisinger, 1994); if, for example, a rainstorm happened immediately before soil sampling and caused 

significant NO3
- leaching, the PSNT result would show little inorganic soil N, despite the fact that 

considerable N mineralization had taken place, and despite the fact that it is likely that more N 

mineralization will take place, since field conditions could remain the same for some time. There are a 
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few other conditions under which the PSNT would not work well; one condition is if there is an unusually 

cool or dry spring (not much mineralization will have occurred), and another is if soils are highly 

leachable and nonstructured (such as loamy sands) (Bundy and Meisinger, 1994). However, the 

relationship between PSNT results (i.e., NO3
- levels in the top 30 cm of soil when maize plants are 15 to 

30 cm tall) and maize silage yields was found to be good (r2 = 0.74) despite this complication (Magdoff et 

al., 1984). Furthermore, the PSNT is viable in humid regions because leaching does not remove as much 

NO3
- as was previously thought in fine- and medium-textured soils due to preferential flow of water – N 

mineralized in small soil pore sequences is not leached when water travels through larger pore sequences; 

preferential flow is particularly pronounced in soils that have good soil structure (e.g. for no-till systems) 

(Bundy and Meisinger, 1994). 

Other in situ tests for N mineralization that measure inorganic forms of N have been developed, but 

these are generally used only in arid, semi-arid, or subhumid regions (Bundy and Meisinger, 1994). 

Examples of these tests include the preplant, or residual, profile soil NO3
- tests (Hergert, 1987; Dahnke 

and Johnson, 1990); these tests differ from the PSNT because they provide a direct measurement of N 

availability, whereas the PSNT provides an index of N availability based on mineralization happening 

during the current growing season that can be used to predict crop response or additional N fertilization 

requirements in conjunction with appropriate calibration data (Bundy and Meisinger, 1994). Preplant 

profile NO3
- tests likely measure not only leftover, mineralized N from the previous growing season, but 

also residual N fertilizer from the previous year’s application. 

It is of interest that past fertilization practices are not a reliable predictor of responsiveness to N 

fertilization (Brown et al., 1993). Additionally, different N fertilization rates do not correspond with 

different ISNT values (Genovese et al., 2009). This could be related to the fact that N fertilization rates do 

not affect soil C sequestration (Khan et al., 2007). Inorganic N derived from N fertilizer can be taken up 

by soil microbes, which compete with plants for nutrients (Yao et al., 2011). The added N also decreases 

the C:N ratio of the SOM, which increases the likelihood of microbial SOM decomposition 

(Scharenbroch and Lloyd, 2004). Therefore, when N fertilizer is added, plant biomass increases, but SOM 
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degradation also increases at a rate that may be higher than the rate of plant biomass increase; this can 

cause SOM losses in soils where plenty of N fertilizer is applied (Khan et al., 2007) [others have 

questioned the results of this study, though (Powlson et al., 2010; Reid, 2008)]. Furthermore, the increase 

in soil microbial activity causes a greater decrease in the active fraction of SOM than in the passive or 

recalcitrant fraction of SOM, and as the active fraction of SOM is lost, there will be less mineralizable N 

for next year’s crop. 

Soil Microbial Respiration Tests 

Many soil tests have been developed to measure soil microbial respiration through the evolution of 

CO2(g). Like the soil tests for N mineralization, there are both field-based and lab-based tests for soil 

microbial respiration. Field-based tests can be used to determine in situ microbial respiration; advantages 

of this method include soil that has been minimally disturbed and microbes that are functioning as they 

would normally in the field (Anderson, 1982). There are disadvantages, though; it is difficult to accurately 

control the moisture content of soil in the field, and since the soil is left undisturbed, it is not easy to study 

the microbial biomass – the disturbance caused by removing soil from the field so it can be looked at 

under a microscope is enough to alter microbial populations (Anderson, 1982). Though soil structure is 

lost, and the microbial populations severely altered during the drying and sieving process to prepare soil 

for lab-based tests, there are advantages to lab-based soil tests: soil can be analyzed in a soil testing lab as 

part of a routine soil analysis, and it is much easier to study microbial populations and their effects on the 

soil in a lab (Anderson, 1982). 

One of the most common soil tests for soil respiration is described by Anderson (1982). It involves a 

metal cylinder that is air-tight and has a sealed top but an open bottom; the bottom is pushed into the soil. 

Inside the cylinder is a glass jar filled with a solution of NaOH. After a certain amount of time, the glass 

jar is removed and capped and brought to a lab, where it is titrated. Since CO2 dissolved in an aqueous 

solution of NaOH becomes H3CO3, which is a weak acid, the relative amount of CO2 generated by soil 

microbes can be measured by the titration of the NaOH solution after the incubation in the cylinder: the 

lower the pH, the more respiration took place. Soil disturbance is necessarily present in this technique 
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(Anderson, 1982). The bottom ring of the cylinder must be set into the ground 2 to 5 centimeters (or even 

deeper for very coarse-textured soils to prevent gas from the atmosphere from diffusing into the chamber 

[Zibilske, 1994]). Either the bottom of the cylinder is left in the soil for the duration of the experiment, 

which would disturb the soil less but cause soil processes to be interrupted because the soil within the 

cylinder is cut off from the soil outside the cylinder, or the bottom of the cylinder is removed after each 

measurement and pushed into the soil again to begin the subsequent measurement, which would cause an 

increase in soil disturbance due to the constant introduction and removal of the cylinder (Anderson, 

1982). Over time, the soil under permanent chambers (another name for the cylinders used) tend to have 

fewer roots and lower soil microbial activity (Zibilske, 1994). 

Another type of test for soil respiration also involves a closed cylinder placed on top of the area of 

interest, but instead of using NaOH within the cylinder to trap CO2 (many researchers have used soda 

lime, which is primarily Ca(OH)2, in place of NaOH [Anderson and Ingram, 1993]), gases evolved during 

the incubation period are removed from the cylinder by a syringe and brought to a laboratory, where they 

are analyzed using either gas chromatography or infrared gas analysis. Since the area of interest is 

covered, and if the incubation time is long enough, photosynthesis will decrease due to the lack of light 

reaching the plants in the cylinder. It is notable that the former method (using NaOH or soda lime) causes 

a depletion of CO2 in the headspace because the CO2 that is evolved during soil respiration reacts with the 

NaOH or the soda lime and is consumed. The latter method (where a syringe removes a small amount of 

the gas in the headspace after the incubation period) causes an accumulation of CO2 in the headspace 

because the O2 gas in the headspace is consumed (unless it is replenished periodically, as is done in some 

cases, particularly when incubations are long), and because the CO2 that is produced has no path of 

escape. The distinction between these two types of respiration tests (CO2 accumulating in the headspace 

and CO2 being consumed) is important to note (Parkin et al., 1996) because it could cause differences in 

the CO2 measured due to equilibrium. 

 Tests for soil microbial respiration measure either CO2 production, gaseous oxygen (O2) 

consumption, or a combination of the two. Production of CO2 is a direct measurement of microbial 
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respiration, and is the more common method. Some soils, however, have an abundance of carbonate 

(CO3
-). In CO3

--rich soil, CO2 can be produced from CO3
- in an aqueous environment as long as 

equilibrium allows. For soils where this is the case, O2 consumption is the preferred method of measuring 

microbial respiration (Anderson, 1982). 

 Interestingly, soil tests that measure respiration do not actually measure the total amount of C 

degraded (C mineralization via microbial activity is termed ‘biodegradation’) (Zibilske, 1994). There are 

many intermediate steps that occur during the conversion of large organic molecules to CO2, and soil 

microbial respiration tests only account for the last step in the process, when gaseous CO2 is released. 

 Soil microbial respiration tests can be classified as either static or dynamic (Zibilske, 1994). 

Static tests are carried out in a closed system, where the surrounding atmosphere is completely cut off; 

these tests are generally short-term tests because oxygen will deplete as soil microbes continue to respire. 

Dynamic tests involve the periodic flushing of the gas collection chamber with gas from the surrounding 

atmosphere (or with pure O2, or with gas from the surrounding atmosphere that CO2 has been removed 

from) to refresh the chamber. Lab- and field-based tests can both be either static or dynamic (Zibilske, 

1994). Microbial metabolism can be affected in static systems when CO2 concentrations increase and O2 

concentrations decrease (Zibilske, 1994); in one study, microbial respiration decreased as CO2 

concentrations increased (Macfadyen, 1973). 

 There is a distinction between soil respiration and microbial respiration (Parkin et al., 1996). 

Whereas microbial respiration is respiration that takes place in microbes such as bacteria, fungi, and 

protozoa, soil respiration includes respiration that takes place in insects, plant roots, earthworms, and 

other larger soil-dwelling organisms in addition to microbes. Lab-based tests for CO2 production will 

often only take into account microbial respiration, since soil samples are removed from the field and 

sieved; field-based tests for CO2 production often look at soil respiration in the broader sense. One study 

showed that the contribution of roots to soil respiration test results is around 46 % during an entire year 

and 60 % during a growing season (Hanson et al., 2000). Another study looking at forest soils 

fractionated soil respiration into three components: root respiration, microbial respiration in the 
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rhizosphere, and microbial respiration in root-free soil; the amounts of respiration from each component 

were 32 %, 20 %, and 48 %, respectively (Kelting et al., 1998). Results from soil microbial respiration 

tests that are carried out in the absence of living roots should be interpreted with caution because it is 

likely that the absence of rhizodeposits could cause a decrease in microbial activity. 

Tests for soil microbial respiration measures both beneficial and detrimental microbial activity 

(Parkin et al., 1996). Since these tests will measure respiration from detrimental microbes (such as plant 

pathogens and microbes that mineralize N at a time when plants are not actively taking N up) too, it could 

be difficult to correlate test results with plant performance. Additionally, it is possible that many of the 

microbes whose CO2 production is measured by the tests have neither a beneficial nor detrimental effect 

on plants; this, too, will complicate the ability to correlate test results with plant performance. A future 

research goal should be to develop microbial respiration tests that can differentiate between these 

different types of microbes, especially if it is wished to use these tests to predict plant performance 

(Parkin et al., 1996). 

 For a more complete soil microbial respiration test, microbial respiration should be measured at 

several different moisture, temperature, and pressure levels. It is well-known that soil microbes behave 

differently at different temperatures as well (Bradford et al., 2008; Davidson et al., 1998; Grant et al., 

1994; Curiel Yuste et al., 2007). Soil moisture also plays an important role in determining soil microbial 

respiration (Davidson et al., 1998; Grant et al., 1994; Orchard et al., 1983; Curiel Yuste et al., 2007). It is 

plausible that changes in barometric pressure could also bring about changes in soil microbial respiration, 

so for regions of the world that experience significant pressure changes during the growing season, it 

would be worthwhile to study the effect of atmospheric pressure on soil microbial activity. 

The differences in microbial activity that have been described along temperature and moisture 

gradients are most likely due to the fact that microbes function better at certain temperatures and moisture 

levels and more poorly at others. It is probable, however, that there are soil microbes that are capable of 

outcompeting other types of soil microbes at different levels of soil moisture. There are anaerobic bacteria 

that are active in saturated soils; there are aerobic bacteria that function best when the soil is at field 
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capacity; there are facultative anaerobes that can survive under both aerobic and anaerobic conditions. It 

is plausible that there are bacteria who function when soil moisture is scarce, but these bacteria may be 

outcompeted when soil moisture is more plentiful. More research is needed in this area. As mentioned 

previously, the absence of living plant roots (which contribute C-containing compounds to the soil via 

rhizodeposition) in soil samples may lead to an inaccurate estimation of microbial respiration as measured 

by lab-based soil tests. This effect could be greater for biological tests than for chemical tests because it 

has been shown that rhizodeposits stimulate microbial activity (Millard and Singh, 2010). 

 The Solvita® Soil CO2-Burst (SSCB) test is a static, biological, lab-based test that measures CO2 

production at field capacity, and thus in an aerobic environment (albeit the soil sample is sealed in a jar 

for 24 hours, and therefore the amount of O2 available for microbial consumption is somewhat limited). It 

works under the premise that when sieved and dried soil samples are rewetted, soil microbes break 

dormancy and begin to decompose SOM present in the sample. This test shares the disadvantages of other 

lab-based microbial respiration tests, namely the fact that the soil structure and microbial populations 

have been disrupted by drying, sieving, and storage, but the fact that microbial respiration can be easily 

(and relatively quickly) analyzed in a soil test lab as part of a routine soil analysis is of great benefit; if the 

SSCB test is shown to be well-correlated with crop yield, turfgrass performance, or other measures of 

plant performance and growth, it would be worthwhile for soil testing labs to adopt it. 

 It is of interest to note that the SSCB test makes use of soil samples held at field capacity. Peak 

microbial respiration occurs when between 30 and 70 % of soil pores are filled with water; this is 

approximately half of field capacity (Haney and Haney, 2010). The microbial respiration during soil 

sample incubation at field capacity is very highly correlated with the microbial respiration during soil 

sample incubation at other lower water contents, and therefore field capacity is suitable to use for soil 

tests (Haney and Haney, 2010). It is much easier to allow water to equilibrate at field capacity than it is to 

measure precise water contents, so the fact that the SSCB test makes use of field capacity makes it easier 

to perform and more attractive for widespread adoption. In a comparison of several wetting methods (i.e., 

a fixed-volume method [which made use of capillary rise, and thus was equivalent to field capacity], a 50 



23 

 

% water-filled pore space method, and a 70 % saturation method), it was found that SSCB results were 

lower when the fixed-volume method was used (the fixed-volume method used more water than the other 

two methods), particularly in sandy soils where soils were oversaturated with larger volumes of water 

(Tu, 2016). It is unclear as to why there was oversaturation in sandy soils if capillary rise was the primary 

mechanism by which soil pores were filled. 

 A test for soil microbial respiration similar to the SSCB test was well-correlated with a 24-day 

incubation measuring biological N mineralization and with forage N uptake (Haney et al., 2001). Soil 

microbial respiration (CO2 production) and biological tests for N mineralization have previously been 

found to be well-correlated (Castellanos and Pratt, 1981; Gilmour et al., 1996; Franzluebbers et al., 1996). 

The SSCB test was somewhat correlated with a 7-day biological test for N mineralization, but this 

relationship was not as strong as the relationships between the 7-day biological incubation and other tests 

(i.e., the ISNT and the loss-on-ignition test) (Rogers, 2017). SOM (as measured by the loss-on-ignition 

method) was found to be more highly correlated with potentially-mineralizable N (as measured by a 64-

day anaerobic biological incubation test for mineralizable N) and with maize grain N uptake than the 

SSCB test for soils in maize fields (Tu, 2016). Furthermore, the SSCB test showed a better correlation 

with other soil tests for coarser-textured soils (Tu, 2016). The SSCB test was a more reliable predictor of 

maize yield and other soil tests when a legume (i.e., alfalfa [Medicago sativa L.] or soybean [Glycine max 

L.]) was not the previous crop (Tu, 2016). The SSCB test was found to be more reliable in the 0 to 15 cm 

layer of soil (i.e., the top 15 cm) than in the 15 to 30 cm layer, but it was also found that the SSCB is not 

reliable enough to be used on a routine basis (Tu, 2016). 

 One concern about the SSCB test is that, for soil samples that have been dry and in storage for 

many years, microbial activity may not be as evident. Many soil microbes can go dormant and survive in 

the dried, stored soil samples for long periods of time, and for older soil samples, the incubation time for 

the SSCB test can be increased to account for the dormancy of the microbial biomass (W. Brinton, 

personal communication, 2015). There are currently, however, no set values for how long the incubation 

should be based on the age of the soil sample. 
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 Another concern about the SSCB test (and other lab-based tests for soil microbial respiration) is 

that microbial population dynamics during the handling and testing processes are not consistent with what 

happens in the field. Some of the indigenous microbes will die during the drying and sieving process; 

others will die upon rewetting with water due to osmotic stress; the microbes that survive could be 

overrepresented in the assay due to the increased presence of lysed metabolites from all of the dead 

microbes that provide the remaining, live microbes with an energy source (Franzluebbers et al., 2000). 

 There are two other concerns about the SSCB test. One is that the initial, blue color of the CO2-

sensing probes is greater than zero (Doran et al., 1997). This means that probes that are not exposed to 

any CO2 will nonetheless report a small concentration of CO2. It has been suggested that subtracting the 

initial probe value from the final probe value for more accurate results (Doran et al., 1997). The other 

concern is that when the SSCB test is being set up and soil samples are being placed in the glass jars, the 

jars contain the same amount of CO2 that is in the atmosphere in the lab (Zibilske, 1994). Therefore, the 

amount of CO2 generated by microbial respiration is less than the amount of CO2 picked up by the probe. 

Obviously, not all CO2 in the glass jar is absorbed by the probe, but had there been a complete absence of 

CO2 in the starting environment, perhaps the SSCB test results would be slightly lower and slightly more 

accurate. This baseline CO2 concentration will be equal for each SSCB test, so the relative differences 

will be roughly the same; for soils with extremely low respiration rates, though, the mistake could be 

made that the CO2 measured by the SSCB probe was derived completely from microbial activity. 

 Lab-based and field-based tests for soil microbial respiration measure the same thing, but it is not 

evident from the literature whether or not any direct comparisons have been made between the two 

methods. It is probable that there would be a high degree of variability due to the differences between the 

two methods discussed above, but it is likely that the two methods would be somewhat positively 

correlated. Lab-based and field-based test results typically differ (Zibilske, 1994). More research is 

needed in this area. 

 A comparison was made between the field-based Solvita® microbial respiration test and other 

standard field methods used to measure soil microbial respiration (namely, a cylinder, as described above, 
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was installed in the ground, and after a period of time, the gas in the headspace was harvested and 

analyzed using a gas chromatographer and also by Draeger detection tubes), and they found that the 

Solvita® test showed promise as a substitute for the other two tests in the study, although the data were 

not shown in a table or a graph, and the sample size was small (there were only 3 sites in the study) 

(Doran et al., 1997). 

 As mentioned previously, it is important to find reagents that are specific to CO2 when 

determining CO2 concentrations. Acid-base indicators (or titrations of aqueous solutions of an alkali) will 

measure NH3 and NH4
+ concentrations in addition to CO2 levels, but depending on the experimental 

procedures, it could be assumed that the concentrations of non-CO2 compounds affecting the pH are 

minimal – this is why the uncomplicated experiment where an NaOH solution is used to trap CO2 works. 

More CO2-specific methods are available, though. Soda lime is commonly used to trap CO2, and when 

CO2 reacts with soda lime, the difference in the mass of the soda lime can be used to calculate the amount 

of CO2 trapped. Of course, more technological (and expensive) methods, such as chromatography and 

spectrometry, are available to allow for even more accuracy. 

Several studies have mentioned the effects of dominant plant species on soil microbial communities 

(Bardgett et al., 1999, page 651; Grayston et al., 2004). Root exudates from different grass species are 

chemically different (Vancura, 1964; Klein et al., 1988) and likely behave differently over time as well; 

root exudates are an important nutrient source for soil microbes in the rhizosphere (Bardgett et al., 1999). 

Grass receiving higher rates of N fertilizer have a reduced root system and an increase in rhizosphere 

acidity (Bardgett et al., 1999); the reduced root biomass in the presence of N fertilization could be due to 

the fact that the roots are not as obligated to mine the soil for nutrients as they would be in the absence of 

N fertilizer. It is interesting to note, though, that adding N fertilizer to soil where no plants are growing 

did not decrease soil pH (Bardgett et al., 1999); perhaps nitrifying bacteria are less active when plant 

roots are absent. Microbial activity was greater when plant root and shoot biomass were greater (Bardgett 

et al., 1999). 
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 Though several studies have looked at soil microbial communities in grassland ecosystems 

(Bardgett et al., 1999; Garcia-Pausas and Paterson, 2011; Innes et al., 2004), Yao et al. (2006, 2011) 

looked at soil microbial communities specifically in turfgrass ecosystems. Soil microbes in older turfgrass 

sites have more efficient metabolic processes (Yao et al., 2006; Shi et al., 2006), although the age of 

turfgrass stands has little effect on population diversity (Yao et al., 2006). Long-term turfgrass 

management did alter microbial community composition and structure (Yao et al., 2006). There is 

functional redundancy in soil microbial communities – the change in species may not significantly alter 

the overall functions of the community (Yao et al., 2006). Despite the fact that the young turfgrass stands 

were only recently converted to turfgrass from a pine forest, the effects of the land being in turf had a 

much greater effect on the soil microbial community than the residual effects of the pine forest because 

the residual C left by the pine forest was mainly in the recalcitrant form, whereas the turfgrass was 

actively providing microbes with root exudates and other more labile forms of C (Yao et al., 2006). 

 Microbial biomass and microbial respiration were found to be greater in warm-season turfgrass 

ecosystems (as compared to cool-season turfgrass ecosystems) (Yao et al., 2011). Net N mineralization, 

however, was greater in cool-season turfgrass ecosystems (C:N ratios, interestingly enough, were similar 

in both ecosystems) (Yao et al., 2011). It is possible that the amount of N mineralized by soil microbes in 

both warm- and cool-season turfgrass soils is similar; net N mineralization could be different due to 

greater N immobilization in warm-season turfgrass soils (perhaps due to a higher C:N ratio in returned 

warm-season grass clippings) (Yao et al., 2011). The Yao et al. (2011) study was performed in Raleigh, 

North Carolina, which is in the transition zone where both warm- and cool-season turfgrasses are suitable. 

The warm-season turfgrasses in the study, though, may be under different stresses than the cool-season 

turfgrasses in the study, due to the location of the study relative to their ranges – in North Carolina, it is 

possible that cool-season grasses may experience stress due to the warm temperatures during the summer, 

and that warm-season grasses may experience stress due to the cool temperatures during the spring and 

fall. This may confound the comparison in the study (for example, soil microbial biomass was about 1.8 

times greater under warm-season grasses than under cool-season grasses throughout the study [Yao et al., 
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2011]); future research could compare the two different types of turf (cool- and warm-season) when they 

are both grown in the middle of their respective ranges. 

Rhizodeposits have a larger influence on microbial biomass than soil temperature and soil moisture 

(Lynch and Panting, 1982; Yao et al., 2011); plant growth is influenced by soil temperature and soil 

moisture, so these effects (soil temperature and moisture) probably also have an indirect effect on soil 

microbes as well (Yao et al., 2011). Competition for soil N has the greater effect on soil microbes than 

rhizodeposits; when warm-season turf is actively growing in the summer, microbial biomass is less than 

when warm-season turf growth slows down during the winter (Yao et al., 2011). For cool-season grasses, 

this relationship was not as obvious: microbial biomass was not less during periods of active cool-season 

grass growth (i.e., spring and fall) – instead, biomass was lowest in late summer and early fall, and 

consistently higher the rest of the year (Yao et al., 2011). There was an overall shift in the composition of 

the microbial community over time: the C:N ratio of the biomass was lower during the September soil 

sampling than it was in the December soil sampling, which suggests a larger amount of bacteria than 

fungi present in the soil in September; bacteria have a higher N requirement than fungi, and perhaps the 

bacteria were dying off in September due to the lack of available soil N and the decreased amount of 

labile C in rhizodeposits (this is due to plant growth slowing down) (Yao et al., 2011). The competition 

between soil microbes and plants for available N has been documented by others as well (Inselsbacher et 

al., 2010). There could be differences in microbial activity within the types of grass (i.e., warm- and cool-

season) due to factors such as rooting depth (zoysiagrass [Zoysia japonica], for example, has a shallower 

root system than Bermudagrass [Cynodon dactylon]) (Yao et al., 2011). 

 The rate-limiting step in the breakdown of large organic molecules is the depolymerization step, 

where polymers are broken down into their monomers (Yao et al., 2011). This process is facilitated by 

microbial enzymes. There is a positive feedback loop between cellulose and the enzyme cellulose such 

that when grass clippings, which contain considerable amounts of cellulose, are mulched (returned to 

turfgrass ecosystems), the concentration of cellulose in the soil increases (Yao et al., 2009). When more N 
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becomes available to microbes, microbes tend to manufacture more enzymes involved in C mineralization 

(Sinsabaugh and Moorhead, 1994; Yao et al., 2009). 

 In warm and moist climates, SOM is generally broken down much more completely than in cool 

and dry climates. This is because warmth and moisture favor microbial activity. In fact, in tropical 

climates, SOM is typically broken down completely into CO2, whereas in cooler climates, SOM 

decomposition is incomplete (Schulthess, 2005). Soils in cooler and drier climates have a larger 

recalcitrant SOM fraction (Franzluebbers et al., 2000). Very high levels of organic matter are present in 

histosols, which are found mainly in subarctic areas. This fact is illustrative of why different soil tests are 

usually developed for different regions. 

Relationship Between Soil Microbial Respiration and Plant Performance 

 There are only a few studies that correlate biological soil tests for soil respiration with plant 

performance. Soil microbial respiration tests correlate well with measures of plant performance in a forest 

setting (Reichstein et al., 2003). Soybean yields were not correlated with basal respiration rates (Insam et 

al., 1991). Several soil microbial respiration tests have been shown to correlate well with other types of 

soil tests (tests for labile, or mineralizable, N (Haney et al., 2001; Franzluebbers et al., 2000) and tests for 

total organic C (Franzluebbers and Stuedemann, 2003)). Some studies have shown that chemical tests for 

mineralizable C are positively correlated to plant growth (Stine and Weil, 2002; Lucas and Weil, 2012; 

Spargo et al., 2011; Culman et al., 2013; Geng et al., 2014). The work by Geng et al. (2014) is of 

particular interest because it was based on tall fescue (Festuca arundinacea) and Kentucky bluegrass 

(Poa pratensis) turfgrass systems. The permanganate-oxidizable C (POXC) test, (described by Weil et al. 

[2003]), is positively correlated with various measures of turfgrass performance, and it can be used to 

predict the likelihood of turfgrass responding to N fertilization (Geng et al., 2014). The POXC test makes 

use of the fact that the permanganate ion will oxidize many different organic molecules, and when this 

happens, Mn(VII) (Mn7+) is reduced to either Mn(IV) (Mn4+) or Mn(II) (Mn2+), and a color change 

occurs. It is thought that the types of organic molecules oxidized by permanganate (i.e., C-C pi bonds, 
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weak C-H bonds, and exceptionally weak C-C single bonds) are labile in soil ecosystems. POXC test 

results are well-correlated with tests for soil respiration (Wang et al., 2003; Weil et al., 2003). 

Quantifying Soil Active Carbon Fractions 

 There are other chemical tests besides the POXC test that quantify active C fractions in SOM. 

Examples of these include the quantification of carbohydrates via their reaction with anthrone (DeLuca 

and Keeney, 1993; Saviozzi et al., 1999), the quantification of microbial biomass C (Islam and Weil, 

2000; Kennedy and Paperdick, 1995), and the determination of a soil’s particulate organic matter content 

(Janzen et al., 1992; Wander and Bidart, 2000). There are conflicting reports as to whether or not these 

indices are well-correlated with soil microbial respiration. For example, two studies (Jenkinson et al., 

1976; Shen et al., 1997) found that microbial biomass C was well-correlated with soil respiration rate 

(Wang et al., 2003), but in a different study, no relationship was found between the two (Sato and Seto, 

1999). 

There is still much confusion and ambiguity surrounding soil microbiological and biochemical 

processes (Yao et al., 2009). Future research should involve using modern genetic and techniques to 

identify species within soil microbiological communities, and future research should also involve defining 

the roles played (i.e., the biochemical pathways performed) by each of these organisms. 

Using Soil Tests to Guide Fertilization 

 The process of developing soil tests for practical use (i.e., predicting fertilization requirements) is 

a two-step process involving correlation and calibration. First, soil test results need to be correlated with 

some measurement of plant performance, such as yield, color, or biomass accumulation. This correlation 

step determines if soil tests are of any use in predicting whether or not fertilization is required based on 

the detection of a critical level. A critical level is the concentration where the probability of response to 

fertilization is higher when concentrations are less than the critical level, and the probability of response 

to fertilization is lower when concentrations are greater than the critical level. If fertilization is called for 

(i.e., if soil test results are less than the critical level), the second step is to determine how much fertilizer 

should be applied based on soil test results below the critical to achieve a given level of plant performance 
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or crop yield; this calibration step is necessary for the practical application of soil test results to fertilizer 

recommendations. 

 This study deals primarily with correlation – SLAN and SSCB test results are correlated with 

different measures of plant performance – but no thorough calibration experiments were carried out, and 

therefore SLAN and SSCB test results cannot be used yet to make precise fertilization recommendations. 

Preliminary categories of likelihood of turfgrass response to N fertilization were created with the 

understanding that turfgrass professionals can decide if they want to apply additional N fertilization based 

on probabilities of turfgrass response. These categories only provide an estimation of whether additional 

N fertilization is sensible; they do not provide quantitative information about how much additional 

fertilization is required to achieve certain responses. Therefore, in order to calibrate SLAN and SSCB test 

results for use predicting N fertilization recommendations, more research is needed to determine how 

much additional N fertilization is needed to achieve certain plant performance responses based on SLAN 

and SSCB soil test results. 
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Predicting the Nitrogen Fertilizer Response of Turfgrass Based on Solvita® Soil Test Results II: 

Correlation Between the Solvita® Labile Amino-Nitrogen and Illinois Soil Nitrogen Tests in Soils 

from Kentucky Bluegrass and Tall Fescue Lawns 

ABSTRACT 

The Illinois soil nitrogen (N) test (ISNT) and the Solvita® Labile Amino-Nitrogen (SLAN) test are lab-

based, chemical tests that estimate the amount of labile soil N. The ISNT has been studied for its 

capability to differentiate maize (Zea mays L.) fields that are responsive and nonresponsive to N 

fertilization. The SLAN test is relatively new and has not been studied extensively. The SLAN test uses 

the same catalyst as the ISNT and is simpler to use. It is not known if the results from the SLAN and 

ISNT tests are correlated. This study was conducted across 6 years (2008 to 2013) to determine if the 

SLAN test is correlated with the ISNT for soils under Kentucky bluegrass (Poa pratensis L.) and tall 

fescue (Festuca arundinacea Schreb.) lawns. Separate randomized complete block field experiments were 

established in Connecticut, USA on the two species with varying rates of an organic fertilizer to create a 

wide range of labile soil N concentrations. Soil samples were collected in the spring of each year and 

analyzed with the ISNT and the SLAN test. The amount of N detected by the SLAN test (SLAN-N) was, 

for all years and all species, and for the combination of all years and the combination of both species, 

positively and significantly (p < 0.05) correlated with the amount of N detected by the ISNT (ISNT-N) 

test. Furthermore, in all cases, the relationships between SLAN-N and organic fertilizer rate, as well as 

the relationship between ISNT-N and organic fertilizer rate, were positively linear and significant (p < 

0.05), despite r2 values generally being less than 0.7. The data suggest that the SLAN test, like the ISNT 

test, is capable of measuring labile soil N. 

INTRODUCTION 

The Illinois soil nitrogen (N) test (ISNT), described by Khan et al. (2001), is a chemical test for labile 

soil N. A concentrated solution of sodium hydroxide (NaOH) is added to a small amount of dried and 
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sieved soil and heated for 5 hr. Alkali hydrolysis facilitates the removal of amine (–NH2) groups from 

organic molecules, primarily amino sugars (Mulvaney and Khan, 2001). There has been considerable 

interest in the ISNT because it can be used to differentiate soils in maize (Zea mays L.) fields that are 

responsive and nonresponsive to additional N fertilization, both when soil organic matter (SOM) content 

is not accounted for (Khan et al., 2001) and when SOM content is accounted for (Klapwyk and 

Ketterings, 2006). Other studies, however, have shown that the ISNT is not reliable as a guide for N 

fertilization (Barker et al., 2006; Bushong et al., 2008). 

The ISNT is a relatively rapid test for labile soil N that can be completed within a work day, whereas 

many biological tests for mineralizable N take between one week and several months (Dahnke and 

Johnson, 1990; Bundy and Meisinger, 1994). Additionally, the ISNT involves heat and several reagents, 

as well as the fact that several studies have shown that it is not correlated to crop N responsiveness under 

certain conditions (Barker et al., 2006; Bushong et al., 2008). This makes it unattractive for widespread 

adoption as a method to estimate mineralization or determine N responsiveness. The Solvita® Labile 

Amino-Nitrogen (SLAN) test was recently developed as a rapid test to measure labile soil N (Woods End 

Laboratories, Inc., 2016). The SLAN test can be completed in 24 hr, but does not require heat, and the 

only reagent needed is a solution of 2M NaOH. It is probable that the SLAN test measures a similar 

fraction of chemically-labile soil N because the same reactant (NaOH) at the same concentration (2 M) is 

used. The SLAN test, however, has a longer incubation period, and is performed entirely at room 

temperature. 

Little research has been reported on the SLAN test. There are currently only two reports on the SLAN 

test. One was published in a regional conference proceedings (Rogers, 2017) and one was presented as a 

poster at a national meeting (Salon et al., 2016). One found that the majority of the SLAN tests could not 

detect any mineralizable N in Snake River plain soils in Idaho (Rogers, 2017). The other found that initial 

SLAN concentrations were higher than those taken six weeks later, and suggested that timing of sampling 

may be an important consideration with this test (Salon et al., 2016). 
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There are no reported studies comparing the ISNT with SLAN. Therefore, the objectives of this study 

were: 1) to determine the correlation between SLAN-N concentrations and ISNT-N concentrations in 

soils from cool-season turfgrass ecosystems, and 2) to compare SLAN test and ISNT results in relation to 

varying organic fertilizer rates and cool-season turfgrass species. 

MATERIALS AND METHODS 

Field Plot Layout and Management 

A field experiment was conducted at the Plant Science Research and Education Facilities at the 

University of Connecticut, Storrs, CT (41° 47’ N, 72° 13’ W; 203 m in elevation) from 2008 through 

2013. The plots were located on a Paxton fine-sandy loam soil (a coarse-loamy, mixed, active, mesic 

Oxyaquic Dystrudept). On 3 Sept. 2007, separate stands of a turf-type tall fescue blend (including the 

cultivars ‘Crossfire II’, ‘Dynasty’, and ‘Shortstop II’) and of Kentucky bluegrass (‘America’) were 

established 20 m apart from each other. Kentucky bluegrass was seeded into the plots at a rate of 2.2 kg 

ha–1 and tall fescue at a rate of 6.7 kg ha–1.  Nested within these separate stands were randomized 

complete block designs with three replicates. Treatments were rates of an organic fertilizer (Suståne all 

natural 5-0.87-3.3 [N-P-K], Suståne Natural Fertilizer, Inc., Cannon Falls, MN ) to supply 10, 20, 30, 40, 

50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 300, and 400 kg of readily-

available N ha–1 (20% of the total N available in the first year after application according to the 

manufacturer estimates). The organic fertilizer was applied to the plots before seeding and incorporated to 

a depth of 15 cm. The organic fertilizer was reapplied in November of each year to the established plots 

from 2008 to 2009 and from 2011 to 2013. These plots were solid-tine aerified, then the organic fertilizer 

was reapplied and raked into the aerification holes. 

Plots were mowed with a Scag Tiger Cub mower (Scag Power Equipment, Mayville, WI) to a height 

of 75 mm as needed. Clippings were generally returned, although once a month, the entire study area 

were mowed at 83 mm and clippings were removed using a Toro SR4 Super Recycler push mower (The 
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Toro Company, Bloomington, MN) so that clippings yields and foliar N concentrations could be 

determined for a different study. Supplemental irrigation was applied as needed to prevent wilt (this was 

infrequent). Pest control for broadleaf and grassy weeds, and for white grubs, was applied as needed. 

Soil Sampling and Analyses 

Beginning in 2008, soil samples were taken from each plot in late April or early May of each year. 

Four soil cores were taken from each plot to a depth of 10 cm below the thatch layer using an 18-mm-dia. 

soil probe. Soil cores from the same plot and the same sampling date were combined into a single sample, 

air-dried, and sieved to 2 mm. Soil samples were analyzed for concentrations of ISNT-N following the 

procedures of Khan et al. (2001) and SLAN-N following Solvita® (Woods End Laboratories, Inc., Mount 

Vernon, ME) guidelines (Woods End Laboratories, 2016). 

Statistical Analysis 

Statistical analyses were performed using SAS/STAT 14.1 software (SAS Institute, Inc., 2015). The 

REG procedure of SAS was used to analyze the data for simple linear regression analysis. The GLM 

procedure was used to determine slope and intercept differences when only two linear regression 

trendlines were compared (i.e., when differences between the two species or the two types of soil tests 

were sought). The GLIMMIX procedure was used when 3 or more trendlines were being compared (i.e., 

when differences between the six individual years were determined). The CORR procedure was used to 

determine if there were differences between two correlation coefficients using Fisher’s z transformation. 

Differences between three or more correlation coefficients were determined using a Tukey-like separation 

test (Levy, 1977; Williams and LeBlanc, 1995). The REG procedure was used to determine if slopes, 

intercepts, and coefficients of determination showed a general increase or decrease across the years (years 

were used as the independent variable, and slopes, intercepts, and coefficients of determination were used 

as the dependent variables). For all statistical analyses, the α level was set at 0.05. 
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RESULTS 

Field Activity and Weather Data 

Weather data can be found in Table 1. It was cooler than normal in 2009 during the growing season 

(6% lower than the normal high monthly temperature); 2010 and 2012 growing seasons were notably 

warmer than normal (4.9 and 1.8% higher than normal high monthly temperatures, respectively). 

Precipitation during the May through October growing season in 2011 was 60% greater than normal, with 

349 mm of rain falling in August. Monthly precipitation in June of 2013 (309 mm) was also above 

normal, but was followed by a drier-than-normal fall (September and October). The years 2009, 2012, 

and 2013 had 14, 20, and 16% more rain than normal, respectively, during the May to October growing 

season; 2010 had 17% less rain than normal during the May to October growing season. 

Correlation Between Illinois Soil Nitrogen Test Results and Solvita® Labile Amino-Nitrogen Test 

Results 

Figure 1 shows the relationship between ISNT and SLAN test results. In all species and years, the 

correlations between ISNT and SLAN test results were significant and positive (p < 0.05) (Table 2). 

Slopes, intercepts, and coefficients of determination (r2) for the relationship of ISNT-N as a function of 

SLAN-N differed across years within each species, and for both species combined (Table 2). Across 

years, slopes for Kentucky bluegrass showed a general increase with time (p = 0.0176), but slopes for tall 

fescue and for both species combined did not at α = 0.05 (p = 0.0525 and 0.0677, respectively). Intercepts 

did not show trends across years (p = 0.1536, 0.5069, and 0.4877 for Kentucky bluegrass, tall fescue, and 

both species combined, respectively). Coefficients of determination for Kentucky bluegrass showed a 

general increase across years (p = 0.0178), but r2 values for tall fescue and both species combined did not 

(p = 0.1132 and 0.1344, respectively). 

For Kentucky bluegrass, the coefficient of variation (CV) for ISNT-N concentrations from 2008 to 

2013 was 23.3%, and the CV for SLAN-N concentrations from 2008 to 2013 was 14.6% (Table 2). For 
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tall fescue, the CV for ISNT-N concentrations from 2008 to 2013 was 26.6%, and the CV for SLAN-N 

concentrations from 2008 to 2013 was 14.7% (Table 2). For the combined results of both species, the CV 

for ISNT-N concentrations from 2008 to 2013 was 25.9%, and the CV for SLAN-N concentrations from 

2008 to 2013 was 15.1% (Table 2). In all but 2 cases, ISNT-N CVs were greater than SLAN-N CVs. For 

ISNT-N, tall fescue CVs were always greater than Kentucky bluegrass CVs. For SLAN-N, tall fescue 

CVs were greater than Kentucky bluegrass CVs for 3 of the 6 years in the study, and Kentucky bluegrass 

CVs were greater than tall fescue CVs for 3 of the 6 years in the study. 

Differences between Kentucky bluegrass and tall fescue slopes and intercepts from the linear 

regression equations for the relationship between SLAN-N and ISNT-N are shown in Table 3. There were 

significant (p < 0.05) slope differences between the species for 2010, 2012, 2013, and all years combined 

(tall fescue was greater in all cases), and significant (p < 0.05) intercept differences for 2008, 2012, and 

2013 (Kentucky bluegrass was greater in all cases) (Tables 2 and 3). Relationships between ISNT-N and 

SLAN-N were, for 2009, 2010, 2011, and all years combined, stronger for soils under tall fescue than for 

soils under Kentucky bluegrass. For 2008, 2012, and 2013, there were no significant differences between 

Kentucky bluegrass and tall fescue r2 values (Tables 2 and 3). 

Response of Illinois Soil Nitrogen and Solvita® Labile Amino-Nitrogen Test Results as a Function of 

Organic Fertilizer Nitrogen Rate 

Figure 2 and Table 4 show the relationship between ISNT-N and organic fertilizer N rate for 

Kentucky bluegrass and tall fescue individually and for both species combined, and for individual years 

and for all years combined. In all cases, the linear relationship was highly significant (p < 0.0001). For 

individual years, the correlations were, in 15 out of 18 cases, strong (r2 > 0.5), although when data from 

all years was combined, in all 3 cases, the relationship was weaker (r2 < 0.5). 

For the relationship between ISNT-N and organic fertilizer N rate, slopes for Kentucky bluegrass and 

for both species combined showed a general increase across years (p = 0.0251 and 0.0411, respectively), 
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but slopes for tall fescue did not (p = 0.0585). Intercepts showed significant positive trends across years 

(p = 0.0012, 0.0061, and 0.0025 for Kentucky bluegrass, tall fescue, and both species combined, 

respectively). Coefficients of determination for Kentucky bluegrass, tall fescue, and both species 

combined showed no significant trends across years (p = 0.0593, 0.0536, and 0.1050, respectively). 

Figure 2 and Table 4 also show the relationship between SLAN-N and organic fertilizer N rate for 

Kentucky bluegrass and tall fescue individually and for both species combined, and for individual years 

and for all years combined. In all cases, the positive correlation was significant (p < 0.05). Coefficients of 

determination were generally low (r2 < 0.5) with a few exceptions: Kentucky bluegrass data from 2013; 

tall fescue data from 2009, 2010, 2011, and 2013; and data from the combined results of both species 

from 2013. 

For the relationship between SLAN-N and organic fertilizer N rate, slopes for Kentucky bluegrass 

and for both species combined showed a general increase across years (p = 0.0196 and 0.0228, 

respectively), but slopes for tall fescue did not (p = 0.0743). Intercepts did not show any significant trends 

across years (p = 0.2620, 0.1679, and 0.2017 for Kentucky bluegrass, tall fescue, and both species 

combined, respectively). Coefficients of determination for Kentucky bluegrass and both species combined 

showed significant positive trends across years (p = 0.0179 and 0.0342, respectively), but r2 values for tall 

fescue did not show any significant trends over time (p = 0.1099). 

Table 5 compares slopes, intercepts, and r2 values between species for the relationships of ISNT-N 

versus organic fertilizer rate and SLAN-N versus organic fertilizer rate. For both relationships, slopes are 

significantly different (p < 0.05) on odd years and not significantly different on even years (for odd years, 

tall fescue slopes are always greater) (Tables 4 and 5). In all but 2 cases, tall fescue intercepts were 

significantly greater (p < 0.05) than Kentucky bluegrass intercepts; intercepts were not significantly 

different between the species for the relationship between SLAN-N and organic fertilizer rate in 2012 and 

for the relationship between ISNT-N and organic fertilizer rate in 2010 (Tables 4 and 5). With only 3 

exceptions (all for the relationship between SLAN-N and organic fertilizer rate), there were no significant 
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differences between r2 values between the species; tall fescue had significantly greater (p < 0.05) r2 values 

for the three exceptions (for 2009, 2011, and all years combined) (Tables 4 and 5). 

Both slopes and intercepts of linear regression trend line between ISNT-N and organic fertilizer rates 

were in all cases significantly greater (p < 0.0001) than slopes and intercepts of linear regression trend 

line between SLAN-N and organic fertilizer rates (Tables 4 and 6). No r2 values for linear regression 

trend line between SLAN-N and organic fertilizer rates were significantly greater than r2 values for linear 

regression trend line between ISNT-N and organic fertilizer rates; several (10 out of 21 total: 5 for 

Kentucky bluegrass, 1 for tall fescue, and 4 for both species combined) r2 values for linear regression 

trend line between ISNT-N and organic fertilizer rates were significantly greater (p < 0.05) than r2 values 

for linear regression trend line between SLAN-N and organic fertilizer rates (Tables 4 and 6). 

DISCUSSION 

Correlation Between Illinois Soil Nitrogen Test Results and Solvita® Labile Amino-Nitrogen Test 

Results 

The results suggest that the SLAN test results are relatively good predictors of the ISNT test results. 

In general, r2 values were about 0.5 (Table 2), which we think is good relationship between two different 

laboratory tests trying to estimate field biological functions. It is logical that these two tests are well-

correlated; the same solution (NaOH) at the same concentration (2.0 M) is used in both tests. Assuming 

soil handling and pretreatment effects are the same for both tests, any variation in test results, therefore, 

should be a result of either the temperature, the incubation time, or other procedural factors. The higher 

temperature used for the ISNT should cause more hydrolysis to take place, and indeed, on average, ISNT-

N concentrations were greater than SLAN-N concentrations. The longer incubation period employed 

during the SLAN test should allow more hydrolysis to take place, but since SLAN-N concentrations are 

less than ISNT-N concentrations, it is clear that the heating step used in the ISNT most likely brings about 
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substantially more hydrolysis reactions than the longer incubation period used in the SLAN test brings 

about under room temperature. 

A probable cause of ISNT-N CVs being so much greater than SLAN-N CVs (Table 2) may be 

associated with the heating process. The ISNT uses a hot plate which may not heat evenly; glass jars near 

the center of the hot plate experience higher temperatures than glass jars near the edge (Klapwyk and 

Ketterings, 2005). Several modifications to the ISNT have been proposed: one involves rotating the glass 

jars during the heating step (Mulvaney et al., 2004); one involves switching positions of the glass jars 

twice during the heating step (Anonymous, 2004; Mulvaney et al., 2006); one involves the use of a glass 

jar filled with water (i.e., with no soil sample) and left open in the center of the hot plate so that the 

hottest position on the hot plate is not used during the experiment (Klapwyk and Ketterings, 2005); 

another involves a plywood cover that goes over the entire hot plate and all of the glass jars to allow for a 

more even heating (Klapwyk and Ketterings, 2005). This latter modification has the disadvantage that 

there is less of a temperature gradient between the top and the bottom of the glass jars, which causes 

lower ISNT-N concentrations because diffusion is hampered, even though there is more consistency 

between positions on the hot plate (Khan et al., 1997; Klapwyk and Ketterings, 2005). In this study, the 

ISNT was used according to the original procedure laid out by Khan et al. (2001) with no modifications, 

and as such, it is presumed that much of the variation in our results could have been caused by the uneven 

heating. 

Though it is likely that the ISNT and the SLAN tests extract a very similar fraction of soil N due to 

the fact that both use 2M NaOH, it is likely that there are some differences due to the temperature and the 

incubation time. More research is needed to determine how these fractions differ. The ISNT and the 

SLAN test could be carried out on known amounts of common N-containing soil organic molecules such 

as amino acids and amino sugars; this would allow for the determination and quantification of exactly 

how ISNT-N and SLAN-N fractions differ. Since the ISNT measures a larger fraction of labile soil N than 

the SLAN test, it appears that the addition of heat in the ISNT allows the ISNT to catalyze more 
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hydrolysis reactions than the SLAN test is incapable of catalyzing at room temperature. Therefore, the 

ISNT likely measures a very similar fraction of labile soil N that the SLAN test measures, but the ISNT 

additionally measures a slightly less labile soil N fraction (due to the use of heat) that the SLAN test 

cannot measure. 

Slope differences were present within species between years (Table 2). Slopes increased in time. A 

probable cause for this observation is the fact that organic fertilizer was added each year (with the 

exception of 2010). The Paxton soil from the study site had an initial SOM content of 63 g kg–1 (Geng et 

al., 2014). As more organic fertilizer was added in time, the relative importance of the native SOM 

(particularly in the plots that received high rates of organic fertilizer) probably diminished. Slope 

differences indicate that the ratio of ISNT-N to SLAN-N changes from year to year depending on how 

much labile soil N is present. During the early years of the study, the ratio of ISNT-N to SLAN-N 

increased slowly as labile soil N increased; during the later years of the study, the ratio of ISNT-N to 

SLAN-N increased more rapidly as labile soil N increased (data not shown). Plots that received higher 

rates of organic fertilizer had a higher ratio of ISNT-N to SLAN-N during the later years of the study: 

when the ISNT-N:SLAN-N ratios from the plots receiving the three highest rates (200, 300, and 400 kg 

ha–1) of organic fertilizer were averaged within each year for both species individually and both species 

combined, these ratios showed a positive and significant increase over the years (p values for this linear 

relationship for Kentucky bluegrass, tall fescue, and both species combined were 0.0358, 0.0073, and 

0.0056, respectively, when ISNT-N:SLAN-N ratios were regressed against years). If slopes were less 

steep at the beginning of the study because the SOM concentration of the native Paxton soil was playing a 

significant role relative to the initial organic fertilizer applications, it would be likely that the SOM in the 

native Paxton soil (prior to any organic fertilizer applications) would have to have a lower ISNT-

N:SLAN-N ratio than the organic-fertilizer-amended soil had, particularly in the later years of the study. 

For most of the species-years, the plots receiving the highest rate (400 kg N ha–1) of organic fertilizer had 

relatively high ISNT-N:SLAN-N ratios, and the plots receiving no organic fertilizer had relatively low 
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ISNT-N:SLAN-N ratios, but differences in ISNT-N:SLAN-N ratios between plots receiving other rates of 

organic fertilizer and plots receiving no organic fertilizer were not great enough or consistent enough to 

confirm this assumption (data not shown). 

There are other possible reasons for the observed slope differences across time as well. It is well-

understood that a plant’s physiology can change over time depending on if the plant is growing 

vegetatively or reproductively (Ҫakir, 2004; King and Roughgarden, 1982) or if the plant is experiencing 

stress from herbivory (McNaughton, 1983), from a nutrient deficiency or toxicity (Foy, 1984; Kozlowski, 

1997), from a water deficit or surplus (Ҫakir, 2004; Kozlowski, 1997), or from a pathogen (Berger et al., 

2007). It is not well-understood whether turfgrass physiology changes as a result of sward age, though, 

irrespective of other factors (i.e., weather). It has been shown that the age of hybrid bermudagrass 

(Cynodon dactylon × transvaalensis) stands that were overseeded in the fall with perennial ryegrass 

(Lolium perenne L.) plays only a minor role in determining soil microbial composition and activity 

relative to other factors (Yao et al., 2006). It is therefore unlikely, but not impossible, that root exudates in 

high organic fertilizer plots were low in ISNT-N during the early years of the study but higher in ISNT-N 

during the later years of the study due to physiological changes due to the swards becoming more 

established (or due to weather patterns), while the SLAN-N concentration of root exudates in these same 

high organic fertilizer plots did not change as much as the ISNT-N concentration did over time. 

Concurrently, root exudates in low organic fertilizer plots would have to have been relatively stable in the 

amounts of ISNT-N and SLAN-N secreted throughout the course of the study. Another possibility is that, 

in time as the turfgrass sward became more established (and more organic fertilizer had been applied), 

root exudates promoted different types of microbial growth in the high organic fertilizer plots and in the 

low organic fertilizer plots. Perhaps the microbial population that thrives in rhizospheres where high rates 

of organic fertilizer has been applied produces more ISNT-N than SLAN-N, and perhaps this difference is 

not as great in the low organic fertilizer plots. Another possibility is that, in time as the turfgrass sward 

became more established, dead roots sloughed off in the high organic fertilizer rate plots contain a higher 
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ratio of ISNT-N to SLAN-N than dead roots sloughed off in the low organic fertilizer rate plots. More 

research is needed to determine whether or not the age of turfgrass swards (irrespective of vegetative or 

reproductive status, of fertilizer rate, and of weather patterns) has a significant effect on plant physiology. 

Kentucky bluegrass also exhibited increasing r2 values across the years (Table 2). There is likely less 

spatial variability in labile soil N during the later years of the study because, after repeated applications of 

organic fertilizer, the organic fertilizer is distributed more evenly within plots. Plots were also solid-tine 

aerified each year immediately before additions of organic fertilizer, and this should also promote a more 

even vertical distribution of the organic fertilizer throughout the root zone. 

There were slope differences observed between Kentucky bluegrass and tall fescue for some of the 

years as well (Tables 2 and 3). It is unknown why this is the case, but since slopes differ between species, 

Kentucky bluegrass and tall fescue most likely promote different ratios of ISNT-N and SLAN-N in the 

rhizosphere depending on how much labile soil N is present. In other words, slope differences indicate 

that the ratio of ISNT-N to SLAN-N changes from species to species depending on the organic fertilizer 

rate. For all years where there are slope differences, tall fescue slopes are greater than Kentucky bluegrass 

slopes. There are several possible reasons for this observation. As discussed above, there could be 

differences between species in the ISNT-N to SLAN-N ratio of root exudates depending on how much 

organic fertilizer has been applied. There could be differences between species in the types of microbial 

communities present (and their ISNT-N to SLAN-N ratios) in the rhizosphere. There could be differences 

between species in the ISNT-N to SLAN-N ratios of dead, sloughed-off roots depending on how much 

organic fertilizer has been applied. There could be differences between species in the ISNT-N to SLAN-N 

ratios of clippings from plots receiving high rates of organic fertilizer and plots receiving low rates of 

organic fertilizer (clippings were returned several times throughout the growing season each year). If two 

or more of these possibilities are true, they could be directly related (i.e., decomposing clippings that have 

high ratios of ISNT-N to SLAN-N could cause microbial communities to also have high ratios of ISNT-N 

to SLAN-N). 
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It was observed that, for some (but not all) years, tall fescue had greater slopes and r2 values, and 

Kentucky bluegrass had greater intercepts (Tables 2 and 3). Potential reasons for differences in slopes and 

r2 values were discussed above. Possible reasons for intercept differences, when there are no slope 

differences (i.e., for 2008), are the same as the possible reasons for slope differences if and only if there 

are no differences in microbial growth and activity, or rhizosphere and root physiology, between high and 

low organic fertilizer plots. In other words, for the 2008 Kentucky bluegrass intercept to be greater than 

the 2008 tall fescue intercept, Kentucky bluegrass ISNT-N concentrations would have to be higher than 

tall fescue SLAN-N concentrations in almost all treatments. In 2012 and 2013, Kentucky bluegrass 

intercepts were greater than those of tall fescue, while tall fescue slopes were greater than those of 

Kentucky bluegrass. This phenomenon is the result of 2012 and 2013 tall fescue ISNT-N concentrations 

being more variable than 2012 and 2013 Kentucky bluegrass ISNT-N concentrations. It is also the result 

of low SLAN-N concentrations being correlated with higher ISNT-N concentrations for Kentucky 

bluegrass and lower ISNT-N concentrations for tall fescue, and high SLAN-N concentrations being 

correlated with lower ISNT-N concentrations for Kentucky bluegrass and higher ISNT-N concentrations 

for tall fescue. Since this only happened during the last 2 years during the 6-year study, underlying 

reasons are possibly either related to weather, to the age of the turfgrass sward, or to the cumulative 

annual organic fertilizer additions. From Table 1, however, no clear weather patterns were evident in 

2012 and 2013. 

It is known that, for soils under cool-season grasses, higher rates of N fertilization generally favor 

greater bacterial populations in the soil, and lower rates of N fertilization generally favor greater fungal 

populations in the soil (Bardgett et al., 1999). These soil microbial community differences are likely 

responsible, at least in part, for differences in ISNT-N and SLAN-N concentrations across different 

organic fertilizer rates. It is also known that different species of cool-season grasses tend to favor different 

soil microbial communities (Bardgett et al., 1999; Grayston et al., 2001; Grayston et al., 2004; Innes et 

al., 2004), and therefore soils under different species of cool-season grasses can differ in their abilities to 
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decompose and cycle nutrients (Innes et al., 2004). Although it is not yet fully understood, there are 

probably differences in root exudates, and therefore soil microbial communities, between Kentucky 

bluegrass and tall fescue; these differences could be responsible, at least in part, for differences in slopes, 

intercepts, and r2 values between the two species. 

Response of Illinois Soil Nitrogen and Solvita® Labile Amino-Nitrogen Test Results as a Function of 

Organic Fertilizer Nitrogen Rate 

In all cases, higher organic fertilizer rates lead to both higher ISNT-N and SLAN-N concentrations 

(Figure 2; Table 4). This was expected, and it suggests that the organic fertilizer used in this study 

supplied forms of N-containing organic molecules that can be hydrolyzed by 2M NaOH. The organic 

fertilizer used also contained some soluble (immediately-available) N – 0.4% of the organic fertilizer is 

ammoniacal N, 0.4% is water-soluble organic N, and 4.2% is water-insoluble organic N (5% of the 

organic fertilizer is N) (Anonymous, 2016). Organic fertilizer was applied in the fall, and soil was 

sampled in the spring. It is possible that some of this inorganic N had leached, denitrified, or volatilized 

before the soil was sampled, but it is also probable that most remained in the soil at the time of soil 

sampling. Ammonium (NH4
+) is particularly likely to remain in the soil because it will be strongly 

attracted to soil particle surfaces via cation exchange. This adsorbed NH4
+ will exchange with sodium 

(Na+) during the ISNT and the SLAN test, and volatilize as NH3, thus increasing ISNT-N and SLAN-N 

concentrations. If the NH4
+ in the soil at the time of soil sampling was derived from mineralization, then 

its activity in the ISNT and the SLAN test will reflect the soil’s mineralization potential; if the NH4
+ in 

the soil at the time of soil sampling was not derived from mineralization (i.e., it was applied to the soil as 

inorganic N), then it will cause higher ISNT-N and SLAN-N concentrations, but that do not completely 

reflect soil mineralization potentials. Since no inorganic fertilizer was applied to the organic fertilizer 

plots, we assumed that the ISNT and SLAN results were primarily the result of SOM mineralization. 

Kentucky bluegrass and the combination of both species showed a trend of increasing slopes for both 

ISNT-N and SLAN-N across years; tall fescue did for ISNT-N, but not for SLAN-N (Table 4). It has been 
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shown that the age of hybrid bermudagrass stands that were overseeded in the fall with perennial ryegrass 

plays only a minor role in determining soil microbial composition and activity relative to other factors 

(Yao et al., 2006). It is therefore unlikely, but not impossible, that cool-season turf physiology changes as 

it becomes more established (or as weather patterns change) enough to alter soil microbial characteristics. 

If there is a change in physiology as sward age increases, it could affect microbial populations in such a 

way that promotes or discourages ISNT-N and SLAN-N fractions of SOM. Perhaps turfgrasses are 

capable of assimilating more N as they become more established; perhaps turfgrass root exudates promote 

a microbial population that is better at mineralizing N as time goes on. More research is needed to 

determine whether or not the age of turfgrass swards (irrespective of vegetative or reproductive status, of 

fertilizer rate, and of weather patterns) has a significant effect on plant physiology. It is also likely that 

soil microbiology changed over time as a result of the annual organic fertilizer applications. 

For the combined results of both species, intercepts increased across years for ISNT-N but not for 

SLAN-N concentrations (Table 4). For both species individually, intercepts generally increased across 

years for both ISNT-N and SLAN-N concentrations (Table 4). There could be some differences in the 

fractions of SOM hydrolyzed by the ISNT and the SLAN test, and it is possible that the heating step in 

the ISNT allows for the breakdown of more hydrophilic SOM particles which would be less likely to 

leach; therefore, leaching could cause a higher percentage of SLAN-N being lost than the percentage of 

ISNT-N lost from year to year (if this happens, there will be less carryover from year to year of SLAN-

hydrolysable SOM, despite the annual additions of organic fertilizer). Furthermore, it is possible that 

there is more N immobilization by soil microbes into forms of SOM that are not easily hydrolyzed by the 

SLAN test. It is also possible that microbial activity causes the conversion of SLAN-hydrolysable SOM 

into ISNT-hydrolysable N faster than ISNT-hydrolysable N is converted to SLAN-hydrolysable N; this 

would cause a build-up of ISNT-hydrolysable SOM in the soil while SLAN-hydrolysable SOM remains 

constant (since more organic fertilizer is added each year, it is possible that SLAN-hydrolysable SOM 

won’t decrease even if it is converted to ISNT-hydrolysable SOM faster than it is formed from ISNT-
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hydrolysable SOM). In general, though, the buildup of SOM, even in plots that received low rates of 

organic fertilizer, across time due to the annual organic fertilizer applications was likely the cause of the 

increase in intercepts across years. 

In general, r2 values increased in time (much like they did for the correlation of ISNT-N with SLAN-

N) (Table 4). The repeated yearly organic fertilizer applications were likely the reason for this trend. After 

repeated applications, the organic fertilizer is likely spread out more evenly within plots, causing less 

spatial variability in labile soil N during the later years of the study. If it is true that there is less spatial 

variability in organic fertilizer after several applications, it would follow that, after several years’ worth of 

precipitation events, the organic fertilizer would move down the soil profile and be more evenly-

distributed below the thatch layer as well. The annual solid-tine aerification probably also increased the 

even vertical distribution of organic fertilizer in the root zone. 

It is peculiar that tall fescue slopes were only greater than Kentucky bluegrass slopes during odd 

years (Table 5). It is likely that weather played a role in these cases – with the exception of 2012 and 

2013, odd years had greater precipitation rates than even years. Perhaps tall fescue root exudates and their 

corresponding microbial communities were more capable of breaking down large SOM particles than 

Kentucky bluegrass in plots where more organic fertilizer had been applied during wetter years. Overall, 

temperature during the growing season did not seem to vary consistently between odd and even years. 

Tall fescue intercepts were usually greater than those of Kentucky bluegrass (Table 5). Intercept 

differences generally mean that low concentrations are different, so differences here would indicate that 

there are differences in the plots that received little to no organic fertilizer. Perhaps tall fescue (and its 

corresponding microbial communities) are more adept than Kentucky bluegrass at breaking down large 

SOM particles present in the Paxton soil used in this study (irrespective of the organic fertilizer applied) 

into SLAN- and ISNT-hydrolysable molecules. It is also possible that tall fescue roots and their 

associated microbial communities are capable of binding more strongly with SOM to reduce losses. 

Intercepts generally increased from year to year, which is most likely a result of the yearly organic 
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fertilizer additions. It is logical that ISNT-N trendlines have greater slopes and intercepts than those of 

SLAN-N (Table 6). The ISNT is capable of hydrolyzing more SOM molecules than the SLAN test is due 

to the use of heat. 

SUMMARY AND CONCLUSIONS 

SLAN-N concentrations were positively and significantly (p < 0.05) correlated with ISNT-N 

concentrations in all cases. Furthermore, the relationship between ISNT-N concentrations and organic 

fertilizer rate, as well as the relationship between SLAN-N concentrations and organic fertilizer rate, were 

positive and significant (p < 0.05). Results from this study indicate that the SLAN test can be used 

confidently to predict ISNT results, and that the SLAN test (much like the ISNT) is capable of measuring 

labile soil N, in cool-season turfgrass ecosystems. 

Although ISNT-N and SLAN-N concentrations were measured on soils under turfgrass receiving only 

organic fertilizer as the N source, both tests should work on soils from sites receiving synthetic N 

fertilizer as well, provided that the carryover of NH4
+ is minimal (i.e., that soil samples are not taken 

immediately after fertilizer applications). Large amounts of inorganic, exchangeable forms of soil N such 

as NH4
+ can affect ISNT and SLAN test results, but if soil samples are taken early in the spring prior to 

fertilization, it is probable that most of the excess inorganic N that was applied or that mineralized during 

the previous growing season has leached during the dormant season. 

The differences between species indicate that the relationship between ISNT-N and SLAN-N 

concentrations changes depending on the type(s) of vegetation growing on and in the soil. Therefore, 

further research is needed to determine if the relationships found in this study hold true for different types 

of soils and vegetation. 
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TABLES AND FIGURES 

Table 1. Monthly and active sampling period (May through October) temperature and 

precipitation across the 6-year study (2008 to 2013) with the 30-year norms (1981 to 2010) 

in Storrs, CT. 

   Temperature maximum, °C 

Month   2008 2009 2010 2011 2012 2013 Norm 

Jan.  2.5 –3.0 0.8 –1.0 3.6 1.6 0.6 

Feb.  2.9 2.7 1.1 1.8 5.2 1.3 2.7 

Mar.  6.4 6.3 10.1 6.6 12.0 4.5 6.8 

Apr.  15.2 14.3 16.2 13.5 14.7 13.0 13.4 

May  17.3 18.9 21.1 19.2 20.6 19.9 19.3 

June  23.9 21.1 24.8 23.6 23.2 24.1 23.8 

July  26.4 24.1 27.9 27.5 27.2 27.1 26.2 

Aug.  24.7 26.0 25.3 25.2 25.9 23.8 25.6 

Sept.  21.7 20.9 23.4 22.5 21.3 20.8 21.7 

Oct.  15.6 13.2 16.1 15.2 16.3 16.3 15.6 

Nov.  8.7 11.4 9.5 12.1 7.6 8.8 9.8 

Dec.  3.8 2.6 1.0 6.4 5.1 2.5 3.3 

Sum                 

May-Oct.  21.6 20.7 23.1 22.2 22.4 22.0 22.0 

 mean or sum         

Deviation  –1.9 –6.0 4.9 0.8 1.8 0.0  

  

(%) from May-

Oct. normal                 
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Table 1, continued. 

   Temperature minimum, °C 

Month   2008 2009 2010 2011 2012 2013 Norm 

Jan.  –5.8 –10.9 –7.1 –9.0 –5.9 –6.8 –7.5 

Feb.  –5.7 –6.8 –5.6 –8.2 –3.6 –5.8 –5.8 

Mar.  –3.0 –3.2 1.3 –2.7 1.8 –2.3 –2.2 

Apr.  3.8 4.1 5.5 4.1 4.3 2.5 3.4 

May  7.5 8.9 9.5 10.2 11.3 8.4 8.3 

June  14.9 12.8 14.9 13.6 13.2 14.4 13.7 

July  18.0 15.6 18.9 17.6 17.6 19.8 16.6 

Aug.  14.6 16.9 16.2 16.6 16.7 14.8 15.7 

Sept.  12.4 10.8 13.1 14.0 11.6 10.5 11.7 

Oct.  4.9 4.6 6.9 7.4 7.3 5.9 5.7 

Nov.  0.6 3.7 1.0 3.1 0.2 –0.9 1.5 

Dec.  –5.2 –5.5 –6.0 –1.8 –1.4 –4.7 –4.2 

Sum                 

May-Oct.  12.1 11.6 13.3 13.2 13.0 12.3 11.9 

 mean or sum         

Deviation  1.0 –2.8 11.0 10.9 8.5 3.4  

  

(%) from 

May-Oct. 

normal                 
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Table 1, continued. 

   Precipitation, mm 

Month   2008 2009 2010 2011 2012 2013 Norm 

Jan.  58 73 85 80 67 54 96 

Feb.  226 32 90 78 12 91 85 

Mar.  126 82 245 98 29 56 113 

Apr.  102 119 41 136 83 54 115 

May  64 92 78 159 88 143 101 

June  108 145 111 173 131 309 113 

July  115 195 81 72 107 91 100 

Aug.  82 101 90 349 131 92 97 

Sept.  233 43 50 150 208 65 104 

Oct.  74 145 116 105 94 35 117 

Nov.  91 76 95 101 30 97 116 

Dec.  198 121 113 100 97 86 107 

Sum   1476 1222 1195 1601 1077 1173 1264 

May-Oct.  677 719 525 1008 760 734 632 

 mean or sum         

Deviation  7 14 –17 60 20 16  

  

(%) from 

May-Oct. 

normal                 
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Table 2. Linear regression slopes, intercepts, coefficients of determination (r2), and p values 

for the relationship between the Illinois soil nitrogen test results (ISNT-N) and the Solvita® 

Labile Amino-Nitrogen test results (SLAN-N) for soils under Kentucky bluegrass (KBG) and 

tall fescue (TF) turf managed as lawns, and for the combined results of both species (Both). 

Results are shown for individual years and for all years combined from a study conducted 

between 2008 and 2013. Coefficients of variation (CVs) for both ISNT-N and SLAN-N are 

shown for individual years and all years combined and for individual species and both species 

combined. This study was conducted in Storrs, CT. 

      CV, % 

Species Year(s) Slope Intercept r2 p value ISNT-N SLAN-N 

KBG 2008 0.509c† 94.344a 0.079b 0.0193 12.3 8.9 

KBG 2009 0.893bc 56.071ab 0.119b 0.0036 12.6 6.6 

KBG 2010 1.202b 32.877ab 0.415ab <0.0001 14.2 11.1 

KBG 2011 1.343ab 55.498a 0.405ab <0.0001 11.7 10.1 

KBG 2012 1.101bc 74.116a 0.341ab <0.0001 13.7 12.2 

KBG 2013 1.791a –10.650b 0.668a <0.0001 17.6 13.9 

KBG 2008-2013 1.796 –-29.748 0.516 <0.0001 23.3 14.6 

TF 2008 1.137c 37.181ab 0.242b <0.0001 13.0 8.1 

TF 2009 1.543bc –22.462bcd 0.602ab <0.0001 17.3 11.9 

TF 2010 1.796b –48.143cd 0.649a <0.0001 14.8 9.6 

TF 2011 1.427bc 38.859a 0.693a <0.0001 13.7 13.7 

TF 2012 1.703bc 13.055abc 0.520ab <0.0001 13.8 10.6 

TF 2013 2.301a –54.829d 0.783a <0.0001 20.3 15.3 

TF 2008-2013 2.386 –103.340 0.651 <0.0001 26.6 14.7 

Both 2008 1.027b 41.920abc 0.203c <0.0001 14.5 8.7 

Both 2009 1.430b –7.772c 0.521ab <0.0001 16.6 11.4 

Both 2010 1.458b –1.461bc 0.523ab <0.0001 14.6 10.5 

Both 2011 1.311b 57.179a 0.642ab <0.0001 13.9 14.9 

Both 2012 1.418b 42.015ab 0.411bc <0.0001 14.5 11.4 

Both 2013 2.205a –56.705d 0.697a <0.0001 21.2 14.8 

Both 2008-2013 2.140 –1.656 0.607 <0.0001 25.9 15.1 

†Within each column, and within each species (as well as for both species combined), slopes 

and intercepts followed by the same letter are not statistically significantly different according 

to Fisher's Least Significant Difference test, and coefficients of determination followed by the 

same letter are not statistically significantly different according to a Tukey-like separation test 

(Levy, 1977) where α = 0.05. 
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Table 3. Comparing slopes, intercepts, and coefficients of 

determination (r2) for the relationship between Solvita® 

Labile Amino-Nitrogen test results and Illinois soil nitrogen 

test results. Comparisons were made between species 

(Kentucky bluegrass and tall fescue) for individual years 

and for all years combined. This study was conducted in 

Storrs, CT, between 2008 and 2013. 

Year(s) 

p value for 

equal slopes 

p value for equal 

intercepts 

p value 

for equal 

r2 

2008 0.0550 <0.0001 0.1503 

2009 0.0575 0.8105 0.0001 

2010 0.0144 0.6665 0.0447 

2011 0.7135 0.1124 0.0106 

2012 0.0307 <0.0001 0.1675 

2013 0.0191 <0.0001 0.1510 

2008-2013 <0.0001 0.0716 0.0023 
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Table 4. Linear regression slopes, intercepts, coefficients of 

determination (r2), and p values for the relationship between Illinois 

soil nitrogen test results (ISNT-N) and organic fertilizer available 

nitrogen rates, as well as for the relationship between Solvita® Labile 

Amino-Nitrogen test results (SLAN-N) and organic fertilizer 

available nitrogen rates, for soils under Kentucky bluegrass (KBG) 

and tall fescue (TF) turf managed as lawns, and for the combined 

results of both species (Both). Results are shown for individual years 

and for all years combined from a study conducted between 2008 

and 2013. This study was conducted in Storrs, CT. 

  ISNT-N versus organic fertilizer rate 

Species Year(s) Slope Intercept r2 p value 

KBG 2008 0.148d† 136.580d 0.519a <0.0001 

KBG 2009 0.175cd 141.355d 0.629a <0.0001 

KBG 2010 0.233bc 162.150c 0.640a <0.0001 

KBG 2011 0.217bc 188.030b 0.643a <0.0001 

KBG 2012 0.247b 184.431b 0.611a <0.0001 

KBG 2013 0.427a 210.774a 0.734a <0.0001 

KBG 2008-2013 0.241 170.553 0.229 <0.0001 

TF 2008 0.150c 159.278cd 0.365b <0.0001 

TF 2009 0.256b 152.672d 0.562b <0.0001 

TF 2010 0.253b 165.274c 0.654ab <0.0001 

TF 2011 0.291b 203.434b 0.680ab <0.0001 

TF 2012 0.261b 203.040b 0.559b <0.0001 

TF 2013 0.619a 237.962a 0.818a <0.0001 

TF 2008-2013 0.305 186.943 0.223 <0.0001 

Both 2008 0.149c 147.929d 0.329b <0.0001 

Both 2009 0.215bc 147.014d 0.485ab <0.0001 

Both 2010 0.243b 163.712c 0.640a <0.0001 

Both 2011 0.254b 195.732b 0.554ab <0.0001 

Both 2012 0.254b 193.736b 0.525ab <0.0001 

Both 2013 0.523a 224.368a 0.631a <0.0001 

Both 2008-2013 0.273 178.748 0.212 <0.0001 

†Within each column, and within each species (as well as for both 

species combined), slopes and intercepts followed by the same letter 

are not statistically significantly different according to Fisher's Least 

Significant Difference test, and coefficients of determination 

followed by the same letter are not statistically significantly different 

according to a Tukey-like separation test (Levy, 1977) where α = 

0.05. 
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Table 4, continued. 

  SLAN-N versus organic fertilizer rate 

Species Year(s) Slope Intercept r2 p value 

KBG 2008 0.028c† 114.867bc 0.060b 0.042 

KBG 2009 0.036c 114.958bc 0.182b 0.0003 

KBG 2010 0.094b 119.826b 0.359ab <0.0001 

KBG 2011 0.062bc 110.769c 0.234b <0.0001 

KBG 2012 0.100b 115.301bc 0.357ab <0.0001 

KBG 2013 0.180a 130.778a 0.624a <0.0001 

KBG 2008-2013 0.083 117.750 0.170 <0.0001 

TF 2008 0.036d 119.040b 0.111c 0.0051 

TF 2009 0.129bc 117.972b 0.567ab <0.0001 

TF 2010 0.102c 123.530b 0.529ab <0.0001 

TF 2011 0.151b 121.816b 0.536ab <0.0001 

TF 2012 0.099c 118.238b 0.444bc <0.0001 

TF 2013 0.227a 132.312a 0.746a <0.0001 

TF 2008-2013 0.124 122.151 0.323 <0.0001 

Both 2008 0.032c 116.954bc 0.078c 0.0009 

Both 2009 0.083b 116.465c 0.281bc <0.0001 

Both 2010 0.098b 121.678b 0.422b <0.0001 

Both 2011 0.106b 116.292c 0.261bc <0.0001 

Both 2012 0.099b 116.769bc 0.391b <0.0001 

Both 2013 0.204a 131.545a 0.667a <0.0001 

Both 2008-2013 0.104 119.951 0.230 <0.0001 

†Within each column, and within each species (as well as for both 

species combined), slopes and intercepts followed by the same 

letter are not statistically significantly different according to 

Fisher's Least Significant Difference test, and coefficients of 

determination followed by the same letter are not statistically 

significantly different according to a Tukey-like separation test 

(Levy, 1977) where α = 0.05. 
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Table 5. Comparing slopes, intercepts, and coefficients of determination 

(r2) between species (Kentucky bluegrass versus tall fescue) for the 

relationship between Solvita® Labile Amino-Nitrogen test results (SLAN) 

and organic fertilizer rates and for the relationship between Illinois soil 

nitrogen test results (ISNT) and organic fertilizer rates. Comparisons of 

slopes and intercepts were made for individual years and for all years 

combined. This study was conducted in Storrs, CT, between 2008 and 

2013. 

Year(s) 

Dependent 

variable 

p value for 

equal slopes 

p value for 

equal intercepts 

p value 

for equal 

r2 

2008 SLAN 0.6594 0.0026 0.5824 

2009 SLAN <0.0001 <0.0001 0.0026 

2010 SLAN 0.6649 0.0090 0.1828 

2011 SLAN <0.0001 <0.0001 0.0198 

2012 SLAN 0.9422 0.1637 0.5097 

2013 SLAN 0.0443 0.0009 0.1729 

2008-2013 SLAN 0.0014 <0.0001 0.0032 

2008 ISNT 0.9416 <0.0001 0.2285 

2009 ISNT 0.0126 <0.0001 0.5868 

2010 ISNT 0.5313 0.0571 0.8910 

2011 ISNT 0.0198 <0.0001 0.6994 

2012 ISNT 0.7071 <0.0001 0.6333 

2013 ISNT <0.0001 <0.0001 0.2206 

2008-2013 ISNT 0.0728 <0.0001 0.9112 
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Table 6. Comparing slopes, intercepts, and coefficients of determination 

(r2) between soil test types (Solvita® Labile Amino-Nitrogen test results 

versus Illinois soil nitrogen test results) for the relationship between 

Solvita® Labile Amino-Nitrogen test results and organic fertilizer rates 

and for the relationship between Illinois soil nitrogen test results and 

organic fertilizer rates. Comparisons of slopes and intercepts were made 

for individual years and for all years combined, and for individual 

species (i.e., Kentucky bluegrass [KBG] and tall fescue [TF]) and for 

both species combined (Both). This study was conducted in Storrs, CT, 

between 2008 and 2013. 

Species Year(s) 

p value for 

equal slopes 

p value for equal 

intercepts 

p value for 

equal r2 

KBG 2008 <0.0001 <0.0001 0.0002 

KBG 2009 <0.0001 <0.0001 0.0003 

KBG 2010 <0.0001 <0.0001 0.0192 

KBG 2011 <0.0001 <0.0001 0.0010 

KBG 2012 <0.0001 <0.0001 0.0380 

KBG 2013 <0.0001 <0.0001 0.2281 

KBG 2008-2013 <0.0001 <0.0001 0.2399 

TF 2008 <0.0001 <0.0001 0.0427 

TF 2009 <0.0001 <0.0001 0.9659 

TF 2010 <0.0001 <0.0001 0.2515 

TF 2011 <0.0001 <0.0001 0.1736 

TF 2012 <0.0001 <0.0001 0.3477 

TF 2013 <0.0001 <0.0001 0.2859 

TF 2008-2013 <0.0001 <0.0001 0.0597 

Both 2008 <0.0001 <0.0001 0.0027 

Both 2009 <0.0001 <0.0001 0.0269 

Both 2010 <0.0001 <0.0001 0.0075 

Both 2011 <0.0001 <0.0001 0.0011 

Both 2012 <0.0001 <0.0001 0.1331 

Both 2013 <0.0001 <0.0001 0.5978 

Both 2008-2013 <0.0001 <0.0001 0.6128 
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Figure 1. Correlations of Illinois soil nitrogen test results (ISNT-N, mg kg
–1

) with Solvita
®
 Labile Amino-

Nitrogen test results (SLAN-N, mg kg
–1

). Results are shown for Kentucky bluegrass and tall fescue lawns 

separately and for the combination of both species over individual years and for all years combined from a study 

conducted between 2008 and 2013 in Storrs, CT. *, significant at p  < 0.05; **, significant at p  < 0.01; ***, 

significant at p  < 0.001. Linear regression parameters (slopes, intercepts, coefficients of determination, and p 

values) can be found in Table 2.
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Figure 2. Effects of organic fertilizer rate on Illinois soil nitrogen test results (ISNT-N, mg kg–1) and on 

Solvita® Labile Amino-Nitrogen test results (SLAN-N, mg kg–1). Results are shown for Kentucky bluegrass and 

tall fescue lawns separately and for the combination of both species over individual years and for all years 

combined from a study conducted between 2008 and 2013 in Storrs, CT. Linear regression parameters (slopes, 

intercepts, coefficients of determination, and p values) can be found in Table 4.
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Predicting the Nitrogen Fertilizer Response of Turfgrass Based on Solvita® Soil Test Results III: 

Cool-Season Turfgrass Lawn Response in Relation to Solvita® Labile Amino-Nitrogen Soil 

Concentrations 

ABSTRACT 

Current practice in the turfgrass industry is to apply nitrogen (N) fertilizer at a set rate without taking into 

account the amount of labile, or easily-degradable, soil organic matter (SOM) present in the soil that can 

mineralize during the growing season to release plant-available forms of N. For turfgrass soils with high 

N mineralization potentials, it is likely that N fertilization rates can be decreased without a subsequent 

decrease in turfgrass performance. The Solvita® Labile Amino-Nitrogen (SLAN) test is capable of 

measuring a labile fraction of soil N. This study was conducted across 9 years (from 2008 to 2016) in 

Connecticut, USA to determine if the SLAN test from a single spring soil sample is correlated to 

Kentucky bluegrass (Poa pratensis L.) and tall fescue (Festuca arundinacea Schreb.) lawn turfgrass 

performance, and to determine the probability of turfgrass response to additional N fertilization in relation 

to SLAN concentrations. Randomized complete block field experiments were set out on the two species 

with 23 rates of an organic fertilizer (0 to 400 kg available N ha–1) and four different rates of urea (50, 

100, 150, and 200 kg N ha–1). Soil samples were collected in late April or early May of each year and 

analyzed for labile N concentrations using the SLAN test. Turfgrass reflectance, clippings yield, clippings 

total N concentration, and clippings total N uptake were measured from May to October. Turfgrass 

responses showed positive and highly significant (p < 0.001) linear responses as a function of SLAN 

concentrations. Benchmark turfgrass performance values were generated from the urea plots, and 

turfgrass performance values from the organic fertilizer plots were compared with these benchmark 

values. Binary logistic regression was used to obtain probabilities that turfgrass will equal or exceed the 

benchmark values for each of the four urea rates. When spring soil SLAN concentrations were ≥ 154, 

162, 197, and 216 mg kg–1, there was low (≤ 10%) probability of obtaining any further positive response 

from N fertilization that would be equivalent to the response obtained from the 50, 100, 150, and 200 kg 
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N ha–1 urea treatments, respectively. The SLAN test shows promise as an objective soil test to guide N 

fertilization of turfgrass lawns. 

INTRODUCTION 

Current practice in the turfgrass industry is to apply nitrogen (N) fertilizer two to four times a year at 

a set rate of typically between 24.5 to 49 kg N ha–1 per application for cool-season turfgrasses. A soil’s N 

mineralization potential, or its inherent ability to provide plant-available N during the growing season due 

to the decomposition of soil organic matter (SOM), is generally not taken into account for N fertilization 

recommendations because a dependable routine soil N test that is correlated with turfgrass performance 

has not been identified as a guide for fertilization. Being able to quantify a soil’s N mineralization 

potential would be a valuable tool in helping to predict N fertilization requirements in turfgrass. 

There are many environmental problems associated with over-fertilization of N. If excess N is 

applied, N can be lost from the root zone of the soil by several processes. Ammonia (NH3) can volatilize 

under certain conditions (although plants can absorb gaseous NH3 [Stiegler et al., 2011]). Nitrate (NO3
–) 

will leach readily as water moves down through the soil profile after rainfall (Morton et al., 1988; Frank 

et al., 2005); NO3
– can also runoff with surface water when infiltration and percolation rates are less than 

precipitation rates (Easton and Petrovic, 2004). Nitrate can be converted to gaseous forms of N (nitric 

oxide, nitrous oxide, and dinitrogen) and lost via denitrification if anaerobic (i.e., waterlogged) conditions 

are present (Horgan et al., 2002). 

Without some measure of estimating the inherent N mineralization potential of a soil, there is a 

greater chance of over-fertilization. If turf managers could identify soils with adequate mineralization 

potentials, then they could reduce their fertilizer inputs without compromising turfgrass quality and 

performance. Conversely, if soils with negligible N mineralization potentials can be identified, turf 

managers would be able to target areas where full rates of N fertilizer should be applied to avoid 

underperforming turf. 
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The Illinois soil N test (ISNT), described by Khan et al. (2001), has been shown to aid in the 

differentiation of soils in maize (Zea mays L.) fields that are responsive and nonresponsive to additional 

N fertilization (Khan et al., 2001). Another study reported that the ISNT could be used to differentiate 

soils in maize fields that are responsive and nonresponsive to additional N fertilization when soil organic 

matter (SOM) is taken into account (Klapwyk and Ketterings, 2006). Other studies, however, have shown 

that the ISNT is not reliable as a guide for N fertilization (Barker et al., 2006; Bushong et al., 2008). The 

ISNT is a chemical test for labile soil N that makes use of alkali hydrolysis: amine (–NH2) groups on 

organic molecules are removed and measured as ammonia (NH3) gas. The ISNT has been shown to 

correlate well with turfgrass performance (Geng et al., 2014b), and therefore, there is potential for using it 

not only to predict turfgrass performance, but also to estimate the probability that turfgrass will respond to 

added N fertilizer. Furthermore, it was found that, in golf course fairways in Minnesota, ISNT results 

were spatially correlated over distances of 100 m or less, which means bulking soils from four or five 

locations within a 100-m section of each fairway should be sufficient for measuring ISNT concentrations 

(Gardner et al., 2008). This suggests that with more research, turfgrass managers could develop site-

specific N fertilizer recommendations using soil labile N concentrations. 

The Solvita® Labile Amino-Nitrogen (SLAN) test, was recently developed to rapidly determine a 

soil’s mineralization potential (Woods End Laboratories, Inc., 2016). This test makes use of alkali 

hydrolysis via the addition of 2 M sodium hydroxide (NaOH), similar to the ISNT, but it has two obvious 

advantages over the ISNT: heating is not needed, and fewer reagents are required. Therefore, the SLAN 

test is more likely to be adopted as a method to estimate soil mineralization potential than the ISNT. The 

SLAN test presumably measures a very similar fraction of chemically-labile soil N as the ISNT due to the 

fact that the reactant (NaOH) is used at the same concentration (2 M). 

Little research has been reported on the SLAN test. There are currently only two reports on the SLAN 

test. One was published in a regional conference proceedings (Rogers, 2017) and one was presented as a 

poster at a national meeting (Salon et al., 2016). One found that the majority of the SLAN tests could not 
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detect any mineralizable N in Snake River plain soils in Idaho (Rogers, 2017). The other found that initial 

SLAN concentrations were higher than those taken six weeks later, and suggested that timing of sampling 

may be an important consideration with this test (Salon et al., 2016). 

To determine the capabilities of the SLAN test for use on cool-season turfgrass soils, SLAN test 

results were regressed against several measures of turfgrass performance. The turfgrass performance 

indicators included in this study were normalized difference vegetation index (NDVI), chlorophyll index 

(CM1000), clippings yield (Yield), total clippings nitrogen concentration (TN), and total clippings 

nitrogen uptake (NUP). Each of these has its own advantages. From a purely aesthetic standpoint, 

reflectance measurements (i.e., NDVI and CM1000) are useful because they take into account turfgrass 

color, density, and overall health (for example, if pathogens are present, or if there is drought or heat 

stress, the resulting chlorosis or necrosis of grass tissue can cause reflectance values to be lower [Adams 

et al., 1999]). NDVI and CM1000 measure similar wavelengths of light (NDVI is calculated based on the 

amount of 660-nm light plants absorb and the amount of 850-nm light plants reflect [Spectrum 

Technologies, Inc., 2016b]; CM1000 is calculated based on the amount of 700-nm light plants absorb and 

the amount of 840-nm light plants reflect [Spectrum Technologies, Inc., 2016a]). Sod producers may be 

interested in Yield data – they are particularly interested in increasing turfgrass biomass quickly. TN and 

NUP are used to show when adequate N has been taken up to support optimum or desirable growth or 

quality. 

The primary objective of this study was to determine if turfgrass performance can be predicted by 

SLAN concentrations from a single spring soil sample, which is consistent with current industry 

practices. If turfgrass response was correlated to SLAN concentrations, a second objective was to 

determine the probability of turfgrass response to N fertilization in relation to SLAN concentrations from 

a single spring soil sample. 
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MATERIALS AND METHODS 

Field Plot Layout and Management 

A field experiment was conducted at the Plant Science Research and Education Facilities at the 

University of Connecticut, Storrs, CT (41° 47’ N, 72° 13’ W; 203 m in elevation) from 2008 through 

2016. The plots were located on a Paxton fine sandy loam soil (a coarse-loamy, mixed, active, mesic 

Oxyaquic Dystrudept). On 3 Sept. 2007, separate stands of a turf-type tall fescue blend (including the 

cultivars ‘Crossfire II’, ‘Dynasty’, and ‘Shortstop II’) and of Kentucky bluegrass (‘America’) were 

established 20 m apart from each other. Kentucky bluegrass was seeded into the plots at a rate of 2.2 kg 

ha–1 and tall fescue at a rate of 6.7 kg ha–1.  Nested within these separate stands were randomized 

complete block designs with three replicates. Treatments were rates of an organic fertilizer (Suståne all 

natural 5-0.87-3.3 [N-P-K], Suståne Natural Fertilizer, Inc., Cannon Falls, MN ) to supply 10, 20, 30, 40, 

50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 300, and 400 kg of readily-

available N ha–1 (20% of the total N available in the first year after application according to the 

manufacturer estimates). The organic fertilizer was applied to the plots before seeding and incorporated to 

a depth of 15 cm. Additional treatments included an unfertilized control (0 kg N ha–1) and four rates of 

urea (CO[NH2]2) (50, 100, 150, and 200 kg N ha–1) applied in subsequent years from 2008 to 2016 

(excluding 2012) in equal split applications (May, June, September, and October). A 45-0-0 (N-P-K) 

CO(NH2)2 fertilizer with NutriSphere-N (Andersons Golf Products, Maumee, OH) was used from 2008 to 

2015 (excluding 2012), and a 25-0-5 (N-P-K) 50% slow-release (polymer-coated) CO(NH2)2 fertilizer 

with muriate of potash and iron sucrate (LESCO, Inc., Cleveland, OH) was used in 2016. After each urea 

application, plots were irrigated if no sufficient rainfall was imminent. The organic fertilizer was 

reapplied in November or early December of each year to the established plots from 2008 to 2009 and 

from 2011 to 2016. These plots were solid-tine aerified, then the organic fertilizer was reapplied and 

raked into the aerification holes. Phosphorous as triple superphosphate (Ca[H2PO4]2) and potassium as 
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muriate of potash (KCl) were applied on the urea-only plots at the first N application date each year of the 

study to supply 21.4 and 40.7 kg ha–1 of P and K, respectively. 

Plots were mowed with a Scag Tiger Cub mower (Scag Power Equipment, Mayville, WI) to a height 

of 75 mm as needed. Clippings were generally returned, although once a month, the entire study area 

were mowed at 83 mm and clippings were removed using a Toro SR4 Super Recycler push mower (The 

Toro Company, Bloomington, MN) so that clippings yields and foliar N concentrations could be 

determined. Supplemental irrigation was applied as needed to prevent wilt (this was infrequent). Pest 

control for broadleaf and grassy weeds, and for white grubs, was applied as needed. 

Beginning in 2008, reflectance measurements were taken approximately every 2 weeks throughout 

the growing season (late April or early May to October or November) with a FieldScout TCM 500 NDVI 

Turf Color Meter and a FieldScout CM 1000 Chlorophyll Meter (Spectrum Technologies, Inc., Aurora, 

IL). Nine to 10 measurements were taken from each plot and the average measurements were recorded for 

each plot on each date. All measurements were taken on dry days between 1000 and 1400 h. FieldScout 

CM 1000 Chlorophyll Meter measurements were taken with the meter positioned approximately 1 m 

above the turf canopy. 

Clipping yields were obtained once a month from May through October from 2008 to 2016 with the 

exception of 2012; in 2012, only 5 months’ worth of clipping yields were collected for Kentucky 

bluegrass, and only 4 months’ worth of clipping yields were collected for tall fescue, due to weather-

related reduced growth during the spring and early summer of that year. From 2008 through 2013, 

clipping samples were collected from two random 0.1-m2 areas in each plot with hand shears immediately 

following reflectance measurements (either on the same day, or on the day after). From 2014 to 2016, a 

Toro SR4 Super Recycler push mower (The Toro Company, Bloomington, MN) set at an 83-mm height 

with a bagging attachment was used to harvest clippings from a 0.25-m2 area. 
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Soil and Turfgrass Tissue Sampling and Analysis 

Beginning in 2008, soil samples were taken from each plot in late April or early May of each year. 

Soil cores were collected from each plot to a depth of 10 cm below the thatch layer using an 18-mm-dia. 

soil probe. Four soil cores were taken from each plot from 2008 to 2013, and 10 soil cores were taken 

from each plot from 2014 to 2016. Soil cores from the same plot and the same sampling date were 

combined into a single sample, air-dried, and sieved to 2 mm. Soil samples were analyzed for SLAN 

concentrations using the Solvita® (Woods End Laboratories, Inc., Mount Vernon, ME) guidelines (Woods 

End Laboratories, Inc., 2016). 

The harvested clippings were oven-dried at 65° C for a minimum of 48 h and weighed. From 2008 to 

2012, after dry weights were obtained, grass clipping samples from individual plots from different months 

within the same year were not bulked, but kept separate; from 2013 to 2016, after dry weights were 

obtained, grass clippings samples from different months within the same year were bulked into a single 

sample to save on analytical expenses. Clipping samples were ground to pass a 0.5-mm sieve using a 

Cyclone Lab Sample Mill (UDY Corporation, Fort Collins, CO). These grass tissue samples were 

analyzed for total N concentrations using the combustion method described by Bremner (1996); from 

2008 to 2010, using an Elementar CHNOS Combustion Analyzer (Elementar Americas, Inc., Mount 

Laurel, NJ), and from 2011 to 2016, using a LECO TruMac CN Macro Determinator (LECO Corporation, 

St. Joseph, MI). Monthly clipping dry weights were summed across year for each plot. For grass tissue 

samples from 2008 to 2012, yield-weighted total N concentrations were determined by multiplying each 

month’s foliar N concentration by that month’s clippings dry weight percentage (i.e., the monthly 

clippings dry weight divided by the annual sum of clippings dry weights for each plot), and adding up 

each of the months’ values for each plot. For turfgrass tissue samples from 2013 to 2016, monthly 

clippings from each plot were combined over the growing season, so the resulting total foliar N 

concentrations were already yield-weighted. Turfgrass tissue N uptake was determined by multiplying the 

yearly, yield-weighted foliar N concentration by the yearly, total clippings dry weights for each plot. 
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Clippings were not collected from the plots receiving the urea treatments in 2010, and urea was not 

applied in 2012, so benchmark values reported for these variables and these years (Table 1) are estimates. 

Missing benchmark values were estimated for each variable separately by regressing data from urea plots 

with data from compost plots of equal nitrogen rate from the two adjacent years. To predict 2012 

benchmark values, for example, data from 2011 and 2013 were used in the model; in this case, the 

average 2011 NDVI value from the 50 kg N ha–1 yr–1 urea plots was regressed against the average 2011 

NDVI value from the 50 kg N ha–1 yr–1 compost plots, the average 2013 NDVI value from the 50 kg N 

ha–1 yr–1 urea plots was regressed against the average 2013 NDVI value from the 50 kg N ha–1 yr–1 

compost plots, and the average 2013 NDVI value from the 200 kg N ha–1 yr–1 urea plots was regressed 

against the average 2013 NDVI value from the 200 kg N ha–1 yr–1 compost plots, along with all of the 

other 2011 and 2013 NDVI data points for the four different N rates. These values were all plotted on the 

same graph, and the linear model was used to predict the missing benchmark values. 

Statistical Analysis 

Since data were collected across nine years, relative values were used for data analyses since absolute 

turfgrass responses can vary year-to-year. Because a plateau response was not observed with any of the 

variables measured as a function of SLAN concentrations, relative values were calculated from the mean 

of the six highest values for a particular variable within a given year (plots receiving both urea and 

organic fertilizer treatments were included). Next, each absolute value for that particular variable was 

divided by the average value from the six high-performing plots (this step was performed on plots 

receiving both urea and organic fertilizer treatments). 

Statistical analyses were performed using SAS/STAT 14.1 software (SAS Institute, Inc., 2015). The 

REG procedure of SAS was used to analyze the data for simple linear regression of all relationships 

investigated in this study. The GLIMMIX procedure was used to determine if there were differences in 

SLAN concentrations and turfgrass performance values for each species over the three-year groups (i.e., 

2008 to 2010, 2011 to 2013, and 2014 to 2016; see below for an explanation of the purpose of parsing the 
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data into these year groups). The GLIMMIX procedure was also used to determine if there were 

differences between Kentucky bluegrass and tall fescue turfgrass performance benchmark values (i.e., 

turfgrass performance measurements from the plots receiving urea) for each year and each urea rate. 

Binary logistic regression was performed using the LOGISTIC procedure of SAS with the model (a + 

bx = {ln[π/(1–π)]}, where π is the probability of NDVI readings being less than the benchmark values. 

Binary logistic regression calculated the probability that, for a given soil test value (i.e., SLAN 

concentrations), turfgrass performance will be less than, or equal to or exceeding a benchmark value. In 

this study, the benchmark values used were the turfgrass performance measurements obtained from the 

four different N rates from the urea plots (Table 1). In binary logistic regression, if a measurement for a 

given data point equals or outperforms the benchmark value, a value of zero is assigned as a new 

dependent variable; otherwise, a value of one is assigned. Logistic regression curves followed the model y 

= 1 – (1/ (1 + exp(a + (bx)))), where y is the probability of equaling or outperforming the benchmark 

value, a is the intercept, b is the slope obtained from the logistic regression output), and x is the soil test 

result value. 

In addition to slopes and intercepts, relevant binary logistic regression parameters are max rescaled r2 

values and p values from the Wald and Hosmer-Lemeshow tests. The null hypothesis from the Wald test 

is that the slope parameter is equal to zero (i.e., that the slope parameter is not needed in the model, and 

therefore the logistic model may not be the best model fit for the data); therefore, when p values from this 

test are less than α and the null hypothesis is rejected, the logistic model is accurately describing the data. 

Larger max rescaled r2 values mean that the data fit the model better. The null hypothesis from the 

Hosmer-Lemeshow test is that the model is a good fit for the data; therefore, when when p values from 

this test are greater than α and the null hypothesis is retained, the logistic model is a good fit for the data. 

The data from this study were analyzed as three separate groups of three years each (2008 to 2010, 

2011 to 2013, and 2014 to 2016) for each species separately and for species combined to determine if the 

relationships in the study changed over time. The primary reason for parsing the data into these three 
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equal year groups was due to the annual additions of the organic fertilizer that may have affected turfgrass 

performance in each subsequent year. The data were also pooled over the entire 9 years of the study (2008 

to 2016) so that general conclusions could be made about turfgrass performance for any given year. 

RESULTS 

Field Activity and Weather Data 

Weather data can be found in Table 2. It was cooler than normal in 2009 during the growing season 

(6% lower than the normal high monthly temperature); 2010, 2012, 2015, and 2016 growing seasons were 

notably warmer than normal (4.9, 1.8, 6.0, and 6.1% higher than normal high monthly temperatures, 

respectively). Precipitation during the May through October growing season in 2011 was 60% greater 

than normal, with 349 mm of rain falling in August. Monthly precipitation in June of 2013 (309 mm) was 

also above normal, but was followed by a drier-than-normal fall (September and October). Only 17 mm 

of rain fell in May of 2015, making it a very dry month. Years 2009, 2012, and 2013 had 14, 20, and 16% 

more rain than normal, respectively, during the May to October growing season; 2010, 2015, and 2016 

had 17, 16, and 21% less rain than normal, respectively, during the May to October growing season. 

Predicting Turfgrass Performance Using the Solvita® Labile Amino-Nitrogen Test 

Figures 1, 2, and 3 show the relationship between SLAN concentrations and various indicators of 

relative turfgrass performance, and Table 3 provides the coefficients and statistics for those relationships. 

For all groups of years and all variables studied, linear correlations were positive and very highly 

significant (p < 0.001). 

Descriptive statistics can be determined based on the information in Table 3. The average r2 values 

across all species (including the combined results from both species) and all year groupings for NDVI, 

CM1000, Yield, TN, and NUP were 0.232, 0.276, 0.175, 0.251, and 0.239, respectively. The average r2 

values across all year groupings and all variables for Kentucky bluegrass, tall fescue, and both species 

combined were 0.211, 0.266, and 0.226, respectively. The average r2 values across all species (including 
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both species combined) and all variables for 2008 to 2010, 2011 to 2013, 2014 to 2016, and 2008 to 2016 

were 0.222, 0.233, 0.316, and 0.167, respectively. Coefficients of determination for the combined results 

of all 5 variables increased over the three-year groups for Kentucky bluegrass and both species combined 

(p = 0.0002 and 0.0488, respectively) but not for tall fescue (p = 0.3521). Interestingly, r2 values do not 

change significantly over the three year groups when parsed out for individual variables with the 

exception of CM1000 r2 values for both species combined – these r2 values increase over the three year 

groups (p = 0.0099). 

Predicting the Probability of Turfgrass Response to Nitrogen Fertilization Using the Solvita® Labile 

Amino-Nitrogen Test 

The binary logistic regression curves in Figures 4, 5, and 6 show that, in general, turfgrass soils with 

higher SLAN concentrations correspond with a higher probability of equaling or exceeding the responses 

of that obtained from various rates of soluble urea fertilization. By corollary, this suggests higher 

probabilities of not needing additional N fertilization to match turfgrass response of the urea treatments 

when SLAN concentrations were high.  

In addition to slopes and intercepts, p values from the Wald test, max rescaled r2 values, and p values 

from and the Hosmer-Lemeshow test from these graphs are given in Table 4. When averaging across all 4 

urea rates, all 4 groups of years, and all 6 variables (5 individual variables and the combination of all 

variables together [All]), Kentucky bluegrass had 4 Wald p values that were greater than 0.05 and 18 

Hosmer-Lemeshow p values that were less than 0.05, and tall fescue had 4 Wald p values that were 

greater than 0.05 and 38 Hosmer-Lemeshow p values that were less than 0.05 (Table 4). Therefore, these 

data indicate that binary logistic regression models may work slightly better for Kentucky bluegrass than 

for tall fescue. When averaging across all 4 urea rates, all 4 groups of years, and all 6 variables (5 

individual variables and the combination of all variables together [All]), the combination of both species 

had 0 Wald p values that were greater than 0.05 and 27 Hosmer-Lemeshow p values that were less than 

0.05 (Table 4). 
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When averaging across all 4 urea rates, all 4 groups of years, and both species individually and the 

combined results of both species, NDVI had 5 Wald p values that were greater than 0.05 and 14 Hosmer-

Lemeshow p values that were less than 0.05, CM1000 had 2 Wald p values that were greater than 0.05 

and 9 Hosmer-Lemeshow p values that were less than 0.05, Yield had 1 Wald p value that was greater 

than 0.05 and 5 Hosmer-Lemeshow p values that were less than 0.05, TN had 0 Wald p values that were 

greater than 0.05 and 5 Hosmer-Lemeshow p values that were less than 0.05, and NUP had 0 Wald p 

values that were greater than 0.05 and 8 Hosmer-Lemeshow p values that were less than 0.05. Therefore, 

out of the five variables included in this study, reflectance (NDVI and CM1000) data are not described by 

binary logistic regression models as well as other variables. Zero (0%) of the All binary logistic 

regression curves had Wald p values that were greater than 0.05, and 42 (88%) of the All binary logistic 

regression curves had Hosmer-Lemeshow p values that were less than 0.05 (Table 4). Therefore, although 

highly significant, binary logistic regression may not be the best fit for the data when all five variables are 

combined. 

When averaging across all 4 urea rates, all 6 variables, and both species individually and the 

combined results of both species, 2008 to 2010 had 0 Wald p values that were greater than 0.05 and 11 

Hosmer-Lemeshow p values that were less than 0.05, 2011 to 2013 had 4 Wald p values that were greater 

than 0.05 and 26 Hosmer-Lemeshow p values that were less than 0.05, and 2014 to 2016 had 4 Wald p 

values that were greater than 0.05 and 15 Hosmer-Lemeshow p values that were less than 0.05. Therefore, 

binary logistic regression’s ability to model the data does not improve over the years. When averaging 

across all 4 urea rates, all 6 variables, and both species individually and the combined results of both 

species, 2008 to 2016 had 0 Wald p values that were greater than 0.05 and 31 Hosmer-Lemeshow p 

values that were less than 0.05 (Table 4). 
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DISCUSSION 

Turfgrass Performance as a Function of Solvita® Labile Amino-Nitrogen Concentrations 

Across the 3-yr intervals, there were varying turfgrass performance responses with respect to SLAN 

concentrations. Weather conditions could have a large effect on year-to-year differences, but it is also 

possible that the age of the turfgrass stand could cause changes as well. For recently-established turf 

(turfgrass stands up to about 10 to 25 years old), there is a period of net N immobilization, and there is not 

enough mineralization to provide sufficient N for plants; eventually, immobilization is overtaken by 

mineralization such that when SOM builds up appreciably, mineralization becomes an important source 

of N for plants (Porter et al., 1980; Frank et al., 2006). Since organic fertilizer was applied in this study 

each year, there could be net mineralization taking place soon after establishment, particularly in the plots 

receiving high rates of organic fertilizer. If there were changes over time in the relationships in this study, 

it could be due to the fact that net immobilization is greater during the beginning of the study than it was 

towards the end of the study. Net N immobilization would cause SLAN concentrations from plots 

receiving no organic fertilizer to be lower at the beginning of the study and higher at the end of the study 

(this was not observed for either Kentucky bluegrass or tall fescue SLAN concentrations when the 3-year 

intervals were used). Net N immobilization in young turfgrass soils could also affect turfgrass 

performance by causing turfgrass response to increase significantly over the three groups of years because 

there would be less plant-available N towards the beginning of the study (this was also not observed for 

either Kentucky bluegrass or tall fescue when the 3-year intervals were used). Since there were no clear 

patterns to turfgrass response changing over time, weather patterns likely had a larger influence on 

turfgrass response than the age of the turfgrass. It has been shown that turfgrass age has a relatively small 

effect on soil microbial communities (Yao et al., 2006). 

Since, in all cases, the correlations between SLAN concentrations and all five turfgrass performance 

indicators included in this study were highly significant, SLAN concentrations from a single spring soil 

sample seem to be relatively good predictors of turfgrass performance. In all cases, as SLAN 
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concentrations increased, there was a linear increase in turfgrass performance measurements. Although r2 

values were not exceptionally high (all were between 0.04 and 0.50), the overall significant positive trend 

to the data allows for the use of SLAN concentrations as predictors for turfgrass performance with 

reasonable confidence. In relation to the current recommendations for turfgrass N fertilization, the SLAN 

test may be helpful in developing objective guides to N fertilization, despite r2 values being below 0.7. 

Mean Yield r2 values were somewhat lower than r2 values from the other four variables, suggesting 

that SLAN concentrations are less reliable in predicting Yield than the other turfgrass performance 

variables measured in this study. However, clippings were only collected once a month and a more 

frequent collection of clippings may have improved the relationship between Yield and SLAN 

concentrations. Mean r2 values for both species were rather close, so SLAN concentrations may work 

equally well for both species as a predictor of turfgrass performance. 

Although plots were seeded as pure, separate stands of Kentucky bluegrass and tall fescue, in time, 

changes in cool-season turfgrass species population were observed. Specifically, it was observed that tall 

fescue became more prevalent in Kentucky bluegrass plots receiving low rates of organic fertilizer, and 

Kentucky bluegrass became more prevalent in tall fescue plots receiving high rates of organic fertilizer. 

Furthermore, bentgrasses (Agrostis spp.) became more prevalent in some plots receiving low rates of 

organic fertilizer in both Kentucky bluegrass and tall fescue swards. The herbicides applied for weed 

control did not control encroaching cool-season turfgrasses. These compositional changes over time may 

have had a slight effect on the data collected, but throughout the study, plots seeded as Kentucky 

bluegrass and tall fescue were still predominantly Kentucky bluegrass and tall fescue, respectively. 

Moreover, despite these compositional changes, data still represent responses of perennial cool-season 

turfgrasses, since other broadleaf plants and annual grasses were controlled for in the plots. 

It is interesting to note that mean r2 values seemed to show a general increase over time. Weather 

conditions could have influenced the trend in r2 values, but there is no clear trend in weather data (Table 

2) – minimum average temperatures seemed to increase slightly over the course of the experiment, and 
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precipitation was higher from 2011 to 2013 but lower from 2014 to 2016; none of these facts would 

explain why r2 values increased. It is likely that organic fertilizer was applied every year had a large 

effect on the increase in r2 values. There is probably less spatial variability in labile soil N during the later 

years of the study because, after repeated applications of organic fertilizer, the organic fertilizer would be 

distributed more evenly within plots. Furthermore, if there was less spatial variability in organic fertilizer 

placement after several applications, it would follow that, after several years of rainfall, the organic 

fertilizer would be expected to move down the soil profile and be more evenly-distributed below the 

thatch layer as well. Plots were also solid-tine aerified each year immediately before additions of organic 

fertilizer, and this would also promote a more even vertical distribution of the organic fertilizer 

throughout the root zone. Therefore, it is likely that the SLAN test would be more accurate in turf areas 

where SOM is more evenly distributed throughout and across the depth of soil sampling, such as in turf 

areas that have received compost- or organic fertilizer-amended over several to many years. 

Probability of Turfgrass Lawn Response to Nitrogen Fertilization in Relation to Solvita® Labile 

Amino-Nitrogen Concentrations 

Most of the binary logistic regression curves were statistically significant, indicating that the SLAN 

test can be used to predict the responsiveness of turfgrass to additional N fertilization. This predictive 

ability allows for the categorization of turfgrass soils as to the probability of response to N fertilization. 

With future research, and with the development regional or localized calibration curves, a SLAN 

concentration could be used to make N fertilizer recommendations – with the data from this study, it is 

not yet known exactly how much N fertilization should be added to turfgrass stands to meet the turfgrass 

performance benchmarks; instead, it is only known how likely it is that the turfgrass will respond to 

additional N fertilization. Future research should be performed to quantify how much N fertilization 

should be added to achieve these benchmark values. This goal can be achieved by establishing turfgrass 

plots with a wide range of SLAN concentrations (as was done in this study), and then fertilizing plots of 

the same SLAN concentration with different rates of synthetic N fertilizer. It can thus be quantitatively 
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determined for each SLAN concentration how much additional N fertilization is needed to equal or 

exceed benchmark turfgrass performance values. If this type of work is conducted on a regional scale 

(i.e., accounting for different soil types and precipitation regimes), it is likely that more accurate N 

fertilization recommendations can be made for different turfgrass soils. 

It is likely that with the addition of other factors (of which rainfall may be the most important), model 

fits will improve. If historical precipitation data are included, variations from normal precipitation could 

add uncertainty, but the ability to predict turfgrass response would probably increase relative to a model 

that does not take precipitation into account. Determinations of SLAN concentrations from more frequent 

soil sampling throughout the growing season (e.g., every 2 to 4 weeks), would also most likely improve 

the prediction. Previous studies at our location have shown that soil NO3-N concentrations measured 

every other week throughout the growing season are well-correlated with turfgrass performance (Geng et 

al., 2014a) – but this would not be consistent with current industry practices of soil sampling once or 

twice throughout the season. More frequent soil testing would, however, allow turfgrass professionals 

who intensely manage turfgrass areas to make more precise decisions about N fertilization throughout the 

growing season, particularly as they are applying N fertilizer somewhat frequently during the growing 

season, and as conditions for N mineralization change throughout the growing season as well. It is 

possible that frequent SLAN measurements throughout the growing season may improve the model 

because ISNT concentrations can vary throughout a growing season in a given area (Klapwyk et al., 

2006), and SLAN concentrations are well-correlated with ISNT concentrations (Moore and Guillard, 

unpublished data); therefore, SLAN concentrations probably vary throughout a growing season. Further 

research is needed to validate this hypothesis. 

All the binary logistic regression curves (Figs. 4, 5, and 6, and Table 4) had positive slopes, indicating 

that, as SLAN concentrations increased, probabilities of equaling or exceeding the benchmark values also 

increased. 
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Wald and Hosmer-Lemeshow p values found in Table 4 are of interest because these p values reveal 

whether or not the binary logistic regression model is a good fit for the data. Kentucky bluegrass and tall 

fescue had equal amounts of binary logistic regression models that, according to the Wald test, were not 

the best fit for the data, suggesting that species differences may not be the driving factor in whether or not 

a model is significant (p < 0.05) according to the Wald test. Tall fescue had more than twice the binary 

logistic regression models that, according to the Hosmer-Lemeshow test, were not the best fit for the data 

than Kentucky bluegrass did; therefore, these data show that binary logistic regression models are a better 

fit for Kentucky bluegrass data than for tall fescue data for the relationship between SLAN concentrations 

and the turfgrass performance indicators used in the models. 

In most cases, significant (p < 0.05) logistic models were obtained, but that the fit of the models was 

better for certain variables than for others (Table 4). NDVI binary logistic regression models had the most 

models that, according to both the Wald and Hosmer-Lemeshow tests, were not the best for the data. 

CM1000 binary logistic regression models had the second-most models that, according to both tests, were 

not the best fit for the data. TN binary logistic regression models were tied with NUP binary logistic 

regression models for the most models that, according to the Wald test, were a good fit for the data, and 

TN binary logistic regression models were tied with Yield binary logistic regression models for the most 

models that, according to the Hosmer-Lemeshow test, were a good fit for the data. Therefore, out of the 

turfgrass performance indicators included in this study, binary logistic regression models are best suited 

for use with TN data, and they are least suited for use with NDVI data. 

It would follow that linear regression models of SLAN concentrations with NDVI would be less 

significant than the other measures of turfgrass performance used in this study and that linear regression 

models of SLAN concentrations with TN would be more significant than the other measures of turfgrass 

performance used in this study. This notion was not observed – relationships were highly significant for 

all turfgrass performance indicators as a function of SLAN concentration. Furthermore, the relationships 

of SLAN concentrations with NDVI and with TN had very similar r2 values (0.232 and 0.251, 
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respectively); other relationships of SLAN concentrations with other turfgrass performance indicators had 

both higher and lower r2 values.  

The 2011-to-2013-year grouping had the fewest amount of binary logistic regression models that, 

according to both the Wald and Hosmer-Lemeshow tests, were not the best fit for the data (Table 4). 

Unlike the linear relationships between SLAN concentration and the turfgrass performance variables 

discussed in the previous section, model fits for the data using binary logistic regression did not improve 

over the three groups of years. This is an interesting observation considering the turfgrass was established 

in 2007. Since organic fertilizer was applied each fall starting in 2007, SOM would have built up in plots 

receiving high rates of organic fertilizer and SOM would be much lower in plots receiving lower rates; it 

would be expected that more differences would be evident, and binary logistic regression curves would be 

better fitting during the later years of the study. It may be that the organic fertilizer used in the study, 

which is a composted turkey (Meleagris spp.) waste, has relatively high fractions of stable forms of N and 

C, and lower fractions of labile N and C to begin with, and even though considerable amounts were 

added, the labile fraction only goes up slightly each year. Out of the 3-yr groupings, precipitation was 

greatest during the 2011 to 2013 period, and this unusually large amount of rain could have caused greater 

N losses during those years, which may have affected turfgrass responses. 

Binary logistic regression models for all variables combined are shown in the bottom panels in Figs. 

4, 5, and 6. These curves would be useful to determine if turfgrass will respond to N fertilization additions 

with respect to a combination of growth and quality measures. NDVI, CM1000, Yield, TN, and NUP 

were all weighted equally in the creation of these combined models; thus, reflectance data (i.e., NDVI and 

CM1000) account for 40% of the overall response in these models. NDVI and CM1000 are good 

indicators of turfgrass color, density, and overall health. Yield (which is biomass accumulation) accounts 

for 20%, and TN accounts for an additional 20%. NUP, which accounts for the remaining 20%, is 

calculated from Yield and TN, and therefore takes both into account. These five variables combined give 
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a good overall assessment of turfgrass performance. In general, the binary logistic regression model fit 

these data relatively well. 

Guiding Turfgrass N Fertilization Based on Solvita® Labile Amino-Nitrogen Concentrations 

Table 5 provides SLAN concentrations at selected probabilities of turfgrass responses equaling or 

exceeding the benchmark responses with no additional N fertilizer applied for the five variables included 

in the study (as well as for the combined results of all variables). For all urea rates (50, 100, 150, and 200 

kg ha–1) and all selected probabilities (0.33, 0.67, and 0.90) of equaling or exceeding the benchmark 

values, Kentucky bluegrass had higher SLAN concentrations than tall fescue only 42% of the time (33% 

for reflectance [NDVI and CM1000] data, 25% for Yield data, 52% for TN data, and 27% for NUP data) 

(Table 5). For the two high urea rates (150 and 200 kg ha–1) and all probabilities of equaling or exceeding 

the benchmark value, Kentucky bluegrass had higher SLAN concentrations only 29% of the time (Table 

5). 

At our location based on all years and variables combined, a predominately Kentucky bluegrass lawn 

that has a SLAN concentration from a spring soil sample of ≥ 205 mg kg–1 would be likely (≥ 90% 

chance) to perform similarly (based on the combined response of all variables) to a Kentucky bluegrass 

lawn fertilized at a rate of 200 kg urea N ha–1 yr–1; as such, there would be only a small chance (< 10%) 

that additional N fertilization would cause an increase in turfgrass performance. It is implied from this 

scenario that there are sufficient active forms of N in the soil to support turfgrass whose performance is 

similar to turfgrass that is fertilized at a rate of 200 kg urea N ha–1 yr–1 (Table 5). If a predominantly tall 

fescue lawn in our location has a SLAN concentration of below 98 mg kg–1, there would be less than a 

33% chance of equaling or exceeding the response of the 50 kg ha–1 yr–1 urea rate, suggesting a need for 

additional N fertilizer to match the expected response from that rate. Moreover, if a predominantly tall 

fescue lawn in our location has a SLAN value of 165 mg kg–1, there would be a 67% chance of equaling 

or exceeding the response of all variables combined at the 150 kg ha–1 yr–1 urea rate. 



93 

 

The probabilities (P) from Table 5 can be used to create categories based on how likely it is that 

turfgrass will respond to N fertilization, and, subsequently, the information in Tables 4 and 5 can be used 

to make decisions about how much N fertilization may needed. For example, SLAN concentrations below 

the P = 0.33 level are very likely to respond to additional N fertilization. SLAN concentrations between 

the P = 0.33 and P = 0.67 levels are somewhat likely to respond to additional N fertilization. SLAN 

concentrations between the P = 0.67 and P = 0.90 levels are somewhat unlikely to respond to additional N 

fertilization. SLAN concentrations above the P = 0.90 level are highly unlikely to respond to additional N 

fertilization. With further research, we may be able to suggest that turfgrass soil with SLAN 

concentrations below the P = 0.33 level should receive the full currently recommended rate of N 

fertilizer, that turfgrass soil with SLAN concentrations between the P = 0.33 and P = 0.67 levels should 

receive two-thirds of the full currently recommended rate of N fertilizer, that turfgrass soil with SLAN 

concentrations between the P = 0.67 and P = 0.90 levels should receive one-third of the full currently 

recommended rate of N fertilizer, and that turfgrass soil with SLAN concentrations above the P = 0.90 

level should not receive any additional N fertilizer. These types of recommendations would be very 

useful, but more research is needed before we can quantify the amount of N fertilizer offset by a given 

SLAN concentration. 

A Kentucky bluegrass lawn may have a SLAN concentration of 150 mg kg–1 as determined from a 

single spring soil sample. Based on the equation generated from Kentucky bluegrass lawns using the 200 

kg ha–1 yr–1 urea rate benchmark values (P = 1 – (1/(1 + exp(-6.205 + (0.041*SLAN))))) (Table 4), we 

can ascertain that there is a 49% chance that this lawn will equal or exceed the performance of a similar 

lawn receiving 200 kg urea N ha–1 yr–1. Based on this information, if we wished to have a high-

performing Kentucky bluegrass lawn, we could choose to apply one-half to two-thirds of the currently 

recommended N rate. 

For lawns that are mixes of different cool-season grass species, we can use the data for the combined 

response of both species in Table 5. For example, if we have a lawn comprised of several different species 
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of bluegrasses (Poa spp.), fescues (Festuca spp.), and ryegrasses (Lolium spp.) that has a SLAN 

concentration of 110 mg kg–1, there is less than a 33% chance that this lawn will perform as well as a 

similar lawn receiving 200 kg urea N ha–1 yr–1 (this is based on the combined response of all years and all 

variables). Specifically, based on the equation from Table 4 for all years combined, all variables 

combined, and all species combined (P = 1 – (1/(1 + exp(-5.763 + (0.037*SLAN))))), we can ascertain 

that there is a 15% chance that this lawn will equal or exceed the performance of a similar lawn receiving 

200 kg urea N ha–1 yr–1. In this situation, if it is desired that this lawn performs as well as a similar lawn 

that receives 200 kg urea N ha–1 yr–1, it would be reasonable to apply the full currently recommended rate 

of N fertilizer. For cool-season turfgrass lawns that are not pure or predominant stands of Kentucky 

bluegrass and tall fescue, the combined results of both species (Table 5) represents a convenient reference 

for determining probabilities of the range of different turfgrass species response to N fertilization. More 

research is needed to determine if the conclusions drawn in this study are true for other locations and 

other species of cool-season turfgrass. 

As stated previously, further research is needed to quantify the exact amount of additional N fertilizer 

that need to be applied to cool-season turfgrass lawns based on SLAN concentrations and probabilities of 

equaling or exceeding the benchmark values for the different urea rates. The benchmark SLAN 

concentrations and associated probabilities of turfgrass response equivalent to standard urea N 

fertilization rates shown in Table 5 suggest that cool-season turfgrass lawns in our location with SLAN 

concentrations that have a probability of P ≤ 0.33 of equaling or exceeding the benchmark value probably 

will require the current full recommended rate of N fertilizer. Cool-season turfgrass lawns with SLAN 

concentrations that have P > 0.33 but ≤ 0.67 of equaling or exceeding the benchmark value would 

probably require roughly two-thirds of the current full recommendation rate. Cool-season turfgrass lawns 

with SLAN concentrations that have P > 0.67 but ≤ 0.90 of equaling or exceeding the benchmark value 

would probably require roughly one-third of the current full recommendation rate. Cool-season turfgrass 

lawns with SLAN concentrations that have P ≥ 0.90 of equaling or exceeding the benchmark value would 
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probably not need to receive additional N fertilizer to achieve high-performance turf; if additional N 

fertilizer were added in this case, there would be a high risk of over-fertilization.  

The ability to accurately predict N fertilization requirements of turfgrass would be of great benefit to 

landscaping and turf management professionals because N fertilizer is expensive, and excesses result in 

water quality concerns. Cases of turfgrass soils whose high N mineralization potentials can allow for 

reduced rates of N fertilizer applications without sacrificing turfgrass performance should be detected. A 

simple, inexpensive, and reliable soil test that quantifies a soil’s N mineralization potential (i.e., the 

amount of labile N present) could be of great economic importance to turfgrass professionals who spend a 

significant portion of their budget on fertilizers. The ability to accurately predict N fertilization 

requirements of turfgrass would also be of great benefit to the environment, since N losses from 

agricultural and residential areas cause water quality problems. The SLAN test is a straightforward test 

that quantifies an active fraction of soil N, and the data from this study suggest that the SLAN test has 

great potential in guiding N fertilization of cool-season turfgrasses. This study shows that cool-season 

turfgrass soils can be categorized by their probability of response to additional N fertilization, and follow-

up studies should seek to quantify how much additional N fertilizer should be added to achieve certain 

turfgrass performance benchmark values based on SLAN concentrations from single spring soil samples. 

Single spring soil samples are consistent with current industry practices, and therefore the SLAN test 

would fit in nicely with routine soil testing procedures. 

SUMMARY AND CONCLUSIONS 

The SLAN test on a spring soil sample is a relatively good predictor of cool-season turfgrass lawn 

performance in our location. For both Kentucky bluegrass and tall fescue, and for all year groupings, 

relationships between all five variables included in this study and SLAN concentrations were positive and 

very highly significant (p < 0.001). Based on our preliminary results, SLAN concentrations seem to be a 

better predictor of NDVI, CM1000, TN, and NUP than it is for Yield based on r2 values. Kentucky 

bluegrass and tall fescue performance seem to be predicted by SLAN concentrations with similar 
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accuracy based on r2 values. Furthermore, the SLAN test shows promise as an objective guide for cool-

season turfgrass lawn N fertilization once it has been validated with further research in other locations and 

with different species. This ability to predict cool-season N fertilizer needs would be a considerable 

improvement on the current recommendations of N fertilization. Probabilities of turfgrass responses 

equaling or exceeding benchmark urea responses can be used to categorize turfgrass soils as being highly 

likely (P < 0.33), moderately likely (0.33 < P < 0.67), unlikely (0.67 < P < 0.90), and very unlikely (P > 

0.90) to respond to additional N fertilization, but further research is needed to quantify how much 

additional N fertilization is needed based on SLAN concentrations. 
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TABLES AND FIGURES 

Table 1. Turfgrass performance benchmark values for all four urea rates (50, 

100, 150, and 200 kg N ha–1 yr–1). Turfgrass performance indicators are 

normalized difference vegetation index (NDVI), chlorophyll index 

(CM1000), clippings yield (Yield), clippings total nitrogen concentration 

(TN), and clippings total nitrogen uptake (NUP). All turfgrass performance 

measurements are reported in absolute values in this table. Absolute NDVI 

and CM1000 values are unitless; absolute Yield values are in g m-2; absolute 

TN values are in g kg–1; absolute NUP values are in g m-2. Data are reported 

for Kentucky bluegrass and tall fescue lawns separately. Data are reported 

for individual years from a study conducted between 2008 and 2016 in 

Storrs, CT. 

Kentucky bluegrass 

   Urea rate, kg N ha–1 yr–1 

 Dependent 

variable 

 50  100  150  200 

Year   Benchmark value 

2008 NDVI  0.672  0.679  0.69  0.698 

2008 CM1000  246  272  308  340 

2008 Yield  195.5  252.2  338  393.6 

2008 TN  29.5  30.8  33.5  35.1 

2008 NUP  5.8  7.8  11.3  13.8 

2009 NDVI  0.684  0.696  0.711  0.72 

2009 CM1000  316  357  404  438 

2009 Yield  242.1  297.5  353.7  421.8 

2009 TN  32.9  34  36.4  38.3 

2009 NUP  8  10.2  12.9  16.2 

2010 NDVI  0.682  0.684  0.698  0.702 

2010 CM1000  339  354  385  416 

2010 Yield  307.3†  310.7†  364.4†  410.6† 

2010 TN  32.6  34.8  36.8  40.5 

2010 NUP   10.0†   10.8†   13.4†   16.6† 
†Clippings were not collected in 2010, and urea was not applied in 2012, so 

benchmark values reported for these variables and these years are estimates. 

Missing values were estimated for each variable separately by regressing 

data from urea plots with data from compost plots of equal nitrogen rate from 

the two adjacent years. For example, to predict 2012 benchmark values, data 

from 2011 and 2013 were used in the model, and the average 2011 NDVI 

value from the 50 kg N ha–1 yr–1 urea plots was regressed against the average 

2011 NDVI value from the 50 kg N ha–1 yr–1 compost plots. The linear model 

was used to predict the missing benchmark values. 
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Table 1, continued. 

Kentucky bluegrass 

   Urea rate, kg N ha–1 yr–1 

 Dependent 

variable 

 50  100  150  200 

Year   Benchmark value 

2011 NDVI  0.709  0.716  0.728  0.734 

2011 CM1000  337  373  410  426 

2011 Yield  303.4  340.2  392.2  422.2 

2011 TN  34.5  37.4  39.6  39.8 

2011 NUP  10.6  12.8  15.5  16.9 

2012 NDVI  0.691†  0.698†  0.708†  0.718† 

2012 CM1000  267†  275†  286†  297† 

2012 Yield  239.0†  237.4†  259.7†  302.0† 

2012 TN  28.5†  29.2†  28.6†  29.7† 

2012 NUP  6.8†  6.9†  7.4†  9.0† 

2013 NDVI  0.716  0.72  0.731  0.737 

2013 CM1000  351  360  388  405 

2013 Yield  192.8  214.9  250.7  251.4 

2013 TN  37  38.1  39.4  40.5 

2013 NUP   7.1   8.3   9.9   10.2 
†Clippings were not collected in 2010, and urea was not applied in 2012, so 

benchmark values reported for these variables and these years are estimates. 

Missing values were estimated for each variable separately by regressing 

data from urea plots with data from compost plots of equal nitrogen rate from 

the two adjacent years. For example, to predict 2012 benchmark values, data 

from 2011 and 2013 were used in the model, and the average 2011 NDVI 

value from the 50 kg N ha–1 yr–1 urea plots was regressed against the average 

2011 NDVI value from the 50 kg N ha–1 yr–1 compost plots. The linear model 

was used to predict the missing benchmark values. 
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Table 1, continued. 

Kentucky bluegrass 

   Urea rate, kg N ha–1 yr–1 

 Dependent 

variable 

 50  100  150  200 

Year   Benchmark value 

2014 NDVI  0.657  0.672  0.678  0.677 

2014 CM1000  331  350  364  376 

2014 Yield  84.4  121.8  126.4  147.3 

2014 TN  32  35.2  36.2  37.3 

2014 NUP  2.7  4.4  4.6  5.5 

2015 NDVI  0.683  0.693  0.703  0.709 

2015 CM1000  297  325  341  358 

2015 Yield  60.1  90.1  83.7  125.3 

2015 TN  28.7  34  34.7  38 

2015 NUP  1.7  3.1  2.9  4.8 

2016 NDVI  0.677  0.691  0.71  0.712 

2016 CM1000  284  332  350  392 

2016 Yield  124.1  220.8  219.2  351.7 

2016 TN  30.3  35.4  35.7  39.3 

2016 NUP   3.8   7.8   7.9   14 
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Table 1, continued. 

Tall fescue 

   Urea rate, kg N ha–1 yr–1 

 Dependent 

variable 

 50  100  150  200 

Year   Benchmark value 

2008 NDVI  0.673  0.673  0.694  0.692 

2008 CM1000  317  315  358  379 

2008 Yield  315.3  370.4  367.2  392.6 

2008 TN  29.1  28.4  35.6  34.9 

2008 NUP  9.2  10.5  13.1  13.7 

2009 NDVI  0.675  0.68  0.701  0.695 

2009 CM1000  330  349  397  421 

2009 Yield  352.3  354.7  429.8  443.2 

2009 TN  29.4  30.9  33.8  35.4 

2009 NUP  10.4  11  14.5  15.7 

2010 NDVI  0.689  0.69  0.703  0.702 

2010 CM1000  367  358  388  425 

2010 Yield  370.8†  389.8†  457.1†  485.9† 

2010 TN  33.1  34  37.8  39.3 

2010 NUP   12.3†   13.3†   17.3†   19.1† 
†Clippings were not collected in 2010, and urea was not applied in 2012, so 

benchmark values reported for these variables and these years are estimates. 

Missing values were estimated for each variable separately by regressing 

data from urea plots with data from compost plots of equal nitrogen rate from 

the two adjacent years. For example, to predict 2012 benchmark values, data 

from 2011 and 2013 were used in the model, and the average 2011 NDVI 

value from the 50 kg N ha–1 yr–1 urea plots was regressed against the average 

2011 NDVI value from the 50 kg N ha–1 yr–1 compost plots. The linear model 

was used to predict the missing benchmark values. 
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Table 1, continued. 

Tall fescue 

   Urea rate, kg N ha–1 yr–1 

 Dependent 

variable 

 50  100  150  200 

Year   Benchmark value 

2011 NDVI  0.711  0.714  0.734  0.736 

2011 CM1000  395  388  460  490 

2011 Yield  384.6  397.7  460.1  472.8 

2011 TN  29.5  30.5  34.9  35.9 

2011 NUP  11.3  12.2  16  17 

2012 NDVI  0.697†  0.704†  0.719†  0.729† 

2012 CM1000  303†  316†  338†  354† 

2012 Yield  174.0†  196.8†  233.0†  258.7† 

2012 TN  26.5†  26.9†  28.5†  30.1† 

2012 NUP  4.6†  5.3†  6.6†  7.8† 

2013 NDVI  0.717  0.706  0.72  0.723 

2013 CM1000  380  363  399  424 

2013 Yield  209.4  204.5  236.9  247.9 

2013 TN  32.1  32.2  36.1  38.3 

2013 NUP   6.7   6.6   8.6   9.5 
†Clippings were not collected in 2010, and urea was not applied in 2012, so 

benchmark values reported for these variables and these years are estimates. 

Missing values were estimated for each variable separately by regressing 

data from urea plots with data from compost plots of equal nitrogen rate from 

the two adjacent years. For example, to predict 2012 benchmark values, data 

from 2011 and 2013 were used in the model, and the average 2011 NDVI 

value from the 50 kg N ha–1 yr–1 urea plots was regressed against the average 

2011 NDVI value from the 50 kg N ha–1 yr–1 compost plots. The linear model 

was used to predict the missing benchmark values. 
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Table 1, continued. 

Tall fescue 

   Urea rate, kg N ha–1 yr–1 

 Dependent 

variable 

 50  100  150  200 

Year   Benchmark value 

2014 NDVI  0.673  0.681  0.696  0.696 

2014 CM1000  387  400  447  475 

2014 Yield  120.3  174.6  152.8  193.2 

2014 TN  31.4  32.8  34  35 

2014 NUP  3.8  5.7  5.2  6.8 

2015 NDVI  0.693  0.692  0.711  0.708 

2015 CM1000  343  355  405  417 

2015 Yield  80.3  101.8  106.7  150.6 

2015 TN  31.6  32.2  35.7  36.6 

2015 NUP  2.5  3.3  3.8  5.5 

2016 NDVI  0.706  0.698  0.724  0.738 

2016 CM1000  345  348  405  408 

2016 Yield  198.5  220.5  261  338.3 

2016 TN  31.8  33.2  35.7  37.4 

2016 NUP   6.3   7.3   9.3   12.7 
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Table 2. Monthly and active sampling period (May through October) temperature and precipitation across the 9-year study 

(2008 to 2016) with the 30-year norms (1981 to 2010) in Storrs, CT. 

   Temperature maximum, °C 

Month   2008 2009 2010 2011 2012 2013 2014 2015 2016 Norm 

Jan.  2.5 -3.0 0.8 -1.0 3.6 1.6 -0.7 -1.7 2.8 0.6 

Feb.  2.9 2.7 1.1 1.8 5.2 1.3 -0.1 -4.6 4.8 2.7 

Mar.  6.4 6.3 10.1 6.6 12.0 4.5 2.6 3.1 10.7 6.8 

Apr.  15.2 14.3 16.2 13.5 14.7 13.0 12.4 12.9 13.3 13.4 

May  17.3 18.9 21.1 19.2 20.6 19.9 18.6 22.8 19.7 19.3 

June  23.9 21.1 24.8 23.6 23.2 24.1 23.1 22.6 24.2 23.8 

July  26.4 24.1 27.9 27.5 27.2 27.1 25.4 26.5 27.9 26.2 

Aug.  24.7 26.0 25.3 25.2 25.9 23.8 24.0 26.9 27.9 25.6 

Sept.  21.7 20.9 23.4 22.5 21.3 20.8 21.7 25.4 23.3 21.7 

Oct.  15.6 13.2 16.1 15.2 16.3 16.3 15.2 15.7 16.9 15.6 

Nov.  8.7 11.4 9.5 12.1 7.6 8.8 7.7 12.3 11.4 9.8 

Dec.  3.8 2.6 1.0 6.4 5.1 2.5 4.8 10.6 3.5 3.3 

Sum                       

May-Oct.  21.6 20.7 23.1 22.2 22.4 22.0 21.3 23.3 23.3 22.0 

 mean or sum            

Deviation  -1.9 -6.0 4.9 0.8 1.8 0.0 -3.0 6.0 6.1  

  

(%) from May-

Oct. normal                       
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Table 2, continued. 

   Temperature minimum, °C 

Month   2008 2009 2010 2011 2012 2013 2014 2015 2016 Norm 

Jan.  -5.8 -10.9 -7.1 -9.0 -5.9 -6.8 -9.9 -9.9 -6.2 -7.5 

Feb.  -5.7 -6.8 -5.6 -8.2 -3.6 -5.8 -7.9 -14.6 -5.7 -5.8 

Mar.  -3.0 -3.2 1.3 -2.7 1.8 -2.3 -6.8 -5.4 0.5 -2.2 

Apr.  3.8 4.1 5.5 4.1 4.3 2.5 2.5 2.9 2.1 3.4 

May  7.5 8.9 9.5 10.2 11.3 8.4 8.7 9.6 9.1 8.3 

June  14.9 12.8 14.9 13.6 13.2 14.4 13.6 13.1 13.2 13.7 

July  18.0 15.6 18.9 17.6 17.6 19.8 16.9 16.4 17.2 16.6 

Aug.  14.6 16.9 16.2 16.6 16.7 14.8 14.6 16.0 17.4 15.7 

Sept.  12.4 10.8 13.1 14.0 11.6 10.5 11.5 13.6 13.6 11.7 

Oct.  4.9 4.6 6.9 7.4 7.3 5.9 7.1 4.7 6.8 5.7 

Nov.  0.6 3.7 1.0 3.1 0.2 -0.9 -0.6 3.1 2.2 1.5 

Dec.  -5.2 -5.5 -6.0 -1.8 -1.4 -4.7 -2.0 2.2 -4.1 -4.2 

Sum                       

May-Oct.  12.1 11.6 13.3 13.2 13.0 12.3 12.1 12.2 12.9 11.9 

 mean or sum            

Deviation  1.0 -2.8 11.0 10.9 8.5 3.4 1.5 2.9 8.2  

  

(%) from 

May-Oct. 

normal                       
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Table 2, continued. 

   Precipitation, mm 

Month   2008 2009 2010 2011 2012 2013 2014 2015 2016 Norm 

Jan.  58 73 85 80 67 54 81 66 58 96 

Feb.  226 32 90 78 12 91 82 60 126 85 

Mar.  126 82 245 98 29 56 117 78 64 113 

Apr.  102 119 41 136 83 54 108 96 102 115 

May  64 92 78 159 88 143 133 17 74 101 

June  108 145 111 173 131 309 58 198 61 113 

July  115 195 81 72 107 91 111 46 81 100 

Aug.  82 101 90 349 131 92 83 75 122 97 

Sept.  233 43 50 150 208 65 39 96 45 104 

Oct.  74 145 116 105 94 35 150 98 115 117 

Nov.  91 76 95 101 30 97 107 47 75 116 

Dec.  198 121 113 100 97 86 100 104 94 107 

Sum   1476 1222 1195 1601 1077 1173 1168 981 1017 1264 

May-Oct.  677 719 525 1008 760 734 574 530 497 632 

 mean or sum            

Deviation  7 14 -17 60 20 16 -9 -16 -21  

  

(%) from 

May-Oct. 

normal                       
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Table 3. Linear regression slopes, intercepts, coefficients of determination (r2), and p values for the 

relationship of relative normalized difference vegetation index (NDVI), chlorophyll index (CM1000), 

clippings yield (Yield), clippings total nitrogen concentration (TN), and clippings total nitrogen uptake 

(NUP) as a function of Solvita® Labile Amino-Nitrogen (SLAN) test results for Kentucky bluegrass 

(KBG), tall fescue (TF), and both species combined (Both). Coefficients of variation (CVs) for each 

dependent variable (NDVI, CM1000, Yield, TN, and NUP) and SLAN are shown for individual 

species and both species combined. Results are shown for different groups of years between 2008 and 

2016 from a study conducted in Storrs, CT. 

       CV, % 

Species Years 

Dependent 

variable Slope Intercept r2 p value 

Dependent 

variable SLAN 

KBG 2008-2010 NDVI 0.0006 0.884 0.103 <0.0001 2.7 10.3 

KBG 2008-2010 CM1000 0.0035 0.344 0.128 <0.0001 15.9 10.3 

KBG 2008-2010 Yield 0.0064 -0.127 0.187 <0.0001 28.1 10.3 

KBG 2008-2010 TN 0.0027 0.448 0.135 <0.0001 14.0 10.3 

KBG 2008-2010 NUP 0.0071 -0.328 0.195 <0.0001 37.4 10.3 

KBG 2011-2013 NDVI 0.0005 0.897 0.206 <0.0001 2.6 16.6 

KBG 2011-2013 CM1000 0.0022 0.536 0.251 <0.0001 11.8 16.6 

KBG 2011-2013 Yield 0.0023 0.413 0.100 <0.0001 22.4 16.6 

KBG 2011-2013 TN 0.0014 0.680 0.148 <0.0001 9.1 16.6 

KBG 2011-2013 NUP 0.0033 0.206 0.150 <0.0001 29.2 16.6 

KBG 2014-2016 NDVI 0.0009 0.818 0.432 <0.0001 3.4 15.6 

KBG 2014-2016 CM1000 0.0037 0.227 0.493 <0.0001 15.7 15.6 

KBG 2014-2016 Yield 0.0062 -0.420 0.406 <0.0001 44.6 15.6 

KBG 2014-2016 TN 0.0029 0.359 0.290 <0.0001 16.9 15.6 

KBG 2014-2016 NUP 0.0070 -0.623 0.404 <0.0001 59.7 15.6 

KBG 2008-2016 NDVI 0.0004 0.901 0.129 <0.0001 2.9 17.0 

KBG 2008-2016 CM1000 0.0023 0.489 0.191 <0.0001 14.8 17.0 

KBG 2008-2016 Yield 0.0019 0.368 0.044 <0.0001 33.7 17.0 

KBG 2008-2016 TN 0.0018 0.570 0.148 <0.0001 14.1 17.0 

KBG 2008-2016 NUP 0.0030 0.139 0.085 <0.0001 43.5 17.0 

TF 2008-2010 NDVI 0.0011 0.817 0.345 <0.0001 2.8 10.9 

TF 2008-2010 CM1000 0.0040 0.271 0.286 <0.0001 13.5 10.9 

TF 2008-2010 Yield 0.0027 0.456 0.127 <0.0001 13.6 10.9 

TF 2008-2010 TN 0.0052 0.078 0.410 <0.0001 15.4 10.9 

TF 2008-2010 NUP 0.0066 -0.219 0.324 <0.0001 25.9 10.9 

TF 2011-2013 NDVI 0.0006 0.873 0.408 <0.0001 2.4 16.1 

TF 2011-2013 CM1000 0.0023 0.493 0.359 <0.0001 10.9 16.1 

TF 2011-2013 Yield 0.0028 0.342 0.211 <0.0001 18.8 16.1 

TF 2011-2013 TN 0.0021 0.515 0.305 <0.0001 11.2 16.1 

TF 2011-2013 NUP 0.0041 0.049 0.280 <0.0001 28.2 16.1 
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Table 3, continued. 

       CV, % 

Species Years 

Dependent 

variable Slope Intercept r2 p value 

Dependent 

variable SLAN 

TF 2014-2016 NDVI 0.0002 0.941 0.055 0.0006 2.2 16.9 

TF 2014-2016 CM1000 0.0021 0.503 0.261 <0.0001 12.7 16.9 

TF 2014-2016 Yield 0.0040 -0.007 0.260 <0.0001 33.4 16.9 

TF 2014-2016 TN 0.0023 0.495 0.303 <0.0001 13.6 16.9 

TF 2014-2016 NUP 0.0048 -0.200 0.310 <0.0001 41.4 16.9 

TF 2008-2016 NDVI 0.0005 0.893 0.241 <0.0001 2.5 16.4 

TF 2008-2016 CM1000 0.0022 0.496 0.266 <0.0001 12.4 16.4 

TF 2008-2016 Yield 0.0015 0.500 0.041 <0.0001 24.5 16.4 

TF 2008-2016 TN 0.0029 0.396 0.367 <0.0001 13.7 16.4 

TF 2008-2016 NUP 0.0034 0.117 0.166 <0.0001 32.5 16.4 

Both 2008-2010 NDVI 0.0008 0.862 0.177 <0.0001 2.7 11.1 

Both 2008-2010 CM1000 0.0037 0.312 0.203 <0.0001 14.8 11.1 

Both 2008-2010 Yield 0.0055 0.041 0.205 <0.0001 23.0 11.1 

Both 2008-2010 TN 0.0035 0.320 0.222 <0.0001 14.9 11.1 

Both 2008-2010 NUP 0.0072 -0.321 0.281 <0.0001 32.3 11.1 

Both 2011-2013 NDVI 0.0006 0.887 0.295 <0.0001 2.5 16.8 

Both 2011-2013 CM1000 0.0022 0.534 0.280 <0.0001 11.4 16.8 

Both 2011-2013 Yield 0.0025 0.382 0.149 <0.0001 20.6 16.8 

Both 2011-2013 TN 0.0015 0.637 0.157 <0.0001 10.3 16.8 

Both 2011-2013 NUP 0.0035 0.159 0.194 <0.0001 28.6 16.8 

Both 2014-2016 NDVI 0.0005 0.882 0.207 <0.0001 3.0 16.2 

Both 2014-2016 CM1000 0.0028 0.371 0.364 <0.0001 14.4 16.2 

Both 2014-2016 Yield 0.0051 -0.212 0.321 <0.0001 39.6 16.2 

Both 2014-2016 TN 0.0026 0.425 0.289 <0.0001 15.5 16.2 

Both 2014-2016 NUP 0.0059 -0.409 0.348 <0.0001 51.0 16.2 

Both 2008-2016 NDVI 0.0005 0.896 0.184 <0.0001 2.7 16.9 

Both 2008-2016 CM1000 0.0023 0.490 0.229 <0.0001 13.7 16.9 

Both 2008-2016 Yield 0.0020 0.400 0.053 <0.0001 29.7 16.9 

Both 2008-2016 TN 0.0023 0.493 0.239 <0.0001 13.9 16.9 

Both 2008-2016 NUP 0.0033 0.111 0.127 <0.0001 38.3 16.9 
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Table 4. Binary logistic regression coefficients and parameters for the response of turfgrass 

performance indicators to Solvita® Labile Amino-Nitrogen test results for different urea rate 

benchmark values. Turfgrass performance indicators are normalized difference vegetation index 

(NDVI), chlorophyll index (CM1000), clippings yield (Yield), clippings total nitrogen concentration 

(TN), clippings total nitrogen uptake (NUP), and all variables combined (All). Data are reported for 

Kentucky bluegrass and tall fescue lawns separately, as well as for the combined results of Kentucky 

bluegrass and tall fescue lawns. Data are reported as groups of years between 2008 and 2016 from a 

study conducted in Storrs, CT. 

Kentucky bluegrass 

2008-2010 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and Lemeshow 

p value 

NDVI 50 0.076 -8.157 <0.0001 0.153 0.3394 

NDVI 100 0.077 -8.951 <0.0001 0.183 0.4511 

NDVI 150 0.089 -11.584 <0.0001 0.254 0.9708 

NDVI 200 0.109 -14.776 <0.0001 0.327 0.7115 

CM1000 50 0.064 -6.373 0.0007 0.105 0.2950 

CM1000 100 0.089 -10.336 <0.0001 0.221 0.1161 

CM1000 150 0.079 -10.076 <0.0001 0.214 0.9686 

CM1000 200 0.098 -13.154 <0.0001 0.288 0.8884 

Yield 50 0.096 -9.926 <0.0001 0.177 0.6967 

Yield 100 0.097 -10.350 <0.0001 0.200 0.4863 

Yield 150 0.079 -9.465 <0.0001 0.200 0.9881 

Yield 200 0.080 -10.259 <0.0001 0.218 0.9182 

TN 50 0.081 -9.694 <0.0001 0.206 0.2593 

TN 100 0.079 -10.061 <0.0001 0.213 0.9096 

TN 150 0.089 -11.799 <0.0001 0.256 0.8950 

TN 200 0.085 -12.143 <0.0001 0.238 0.9728 

NUP 50 0.095 -9.886 <0.0001 0.180 0.5478 

NUP 100 0.094 -10.493 <0.0001 0.216 0.5939 

NUP 150 0.077 -9.598 <0.0001 0.202 0.8186 

NUP 200 0.071 -9.566 <0.0001 0.186 0.9545 

All 50 0.076 -8.088 <0.0001 0.150 0.0002 

All 100 0.080 -9.208 <0.0001 0.190 0.0006 

All 150 0.080 -10.180 <0.0001 0.217 0.5165 

All 200 0.084 -11.376 <0.0001 0.237 0.3936 
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Table 4, continued. 

Kentucky bluegrass 

2011-2013 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.032 -2.737 0.0019 0.087 0.1183 

NDVI 100 0.026 -2.598 0.0016 0.076 0.2325 

NDVI 150 0.006 -0.994 0.3626 0.005 0.0133 

NDVI 200 0.006 -1.457 0.4018 0.005 0.0047 

CM1000 50 0.030 -2.766 0.0013 0.087 0.0792 

CM1000 100 0.031 -3.390 0.0002 0.107 0.1830 

CM1000 150 0.018 -2.490 0.0092 0.046 0.0261 

CM1000 200 0.002 -0.884 0.8102 0.0004 0.0454 

Yield 50 0.021 -1.248 0.0296 0.042 0.2164 

Yield 100 0.016 -1.093 0.0438 0.031 0.2540 

Yield 150 0.012 -1.289 0.0736 0.022 0.0183 

Yield 200 0.028 -3.858 0.0001 0.104 0.0485 

TN 50 0.026 -3.300 0.0004 0.091 0.5731 

TN 100 0.034 -5.173 <0.0001 0.149 0.7476 

TN 150 0.046 -7.732 <0.0001 0.228 0.7261 

TN 200 0.037 -6.978 <0.0001 0.154 0.5734 

NUP 50 0.027 -2.403 0.0027 0.073 0.7117 

NUP 100 0.025 -2.648 0.0015 0.075 0.3455 

NUP 150 0.021 -2.855 0.0023 0.064 0.0036 

NUP 200 0.028 -4.484 0.0001 0.109 0.0540 

All 50 0.026 -2.342 <0.0001 0.070 <0.0001 

All 100 0.025 -2.760 <0.0001 0.077 <0.0001 

All 150 0.017 -2.584 <0.0001 0.046 <0.0001 

All 200 0.017 -3.055 <0.0001 0.044 <0.0001 
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Table 4, continued. 

Kentucky bluegrass 

2014-2016 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.113 -14.095 <0.0001 0.445 0.9628 

NDVI 100 0.123 -17.251 <0.0001 0.546 0.6207 

NDVI 150 0.094 -14.181 <0.0001 0.474 0.7879 

NDVI 200 0.073 -11.555 <0.0001 0.386 0.3324 

CM1000 50 0.076 -8.748 <0.0001 0.270 0.7733 

CM1000 100 0.098 -13.331 <0.0001 0.448 0.9491 

CM1000 150 0.114 -16.240 <0.0001 0.525 0.4944 

CM1000 200 0.101 -15.676 <0.0001 0.509 0.8225 

Yield 50 0.064 -6.133 0.0018 0.167 0.5450 

Yield 100 0.078 -9.978 <0.0001 0.333 0.8952 

Yield 150 0.087 -11.137 <0.0001 0.370 0.8788 

Yield 200 0.075 -11.104 <0.0001 0.381 0.6666 

TN 50 0.065 -6.822 0.0002 0.196 0.7015 

TN 100 0.086 -11.160 <0.0001 0.375 0.6949 

TN 150 0.079 -10.494 <0.0001 0.357 0.6127 

TN 200 0.063 -9.163 <0.0001 0.312 0.3849 

NUP 50 0.087 -9.140 0.0002 0.257 0.7399 

NUP 100 0.079 -10.067 <0.0001 0.336 0.8195 

NUP 150 0.087 -11.109 <0.0001 0.370 0.6886 

NUP 200 0.084 -12.369 <0.0001 0.423 0.8493 

All 50 0.079 -8.796 <0.0001 0.263 0.1697 

All 100 0.089 -11.832 <0.0001 0.400 0.1835 

All 150 0.081 -11.092 <0.0001 0.380 0.1159 

All 200 0.076 -11.444 <0.0001 0.391 0.0050 

 

 

 

 

 

 

 

 

 



 

113 

 

Table 4, continued. 

Kentucky bluegrass 

2008-2016 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.053 -5.549 <0.0001 0.189 0.0946 

NDVI 100 0.041 -4.814 <0.0001 0.167 0.2388 

NDVI 150 0.033 -4.762 <0.0001 0.142 0.1035 

NDVI 200 0.035 -5.560 <0.0001 0.160 0.0759 

CM1000 50 0.044 -4.282 <0.0001 0.140 0.1565 

CM1000 100 0.045 -5.317 <0.0001 0.190 0.3973 

CM1000 150 0.045 -6.005 <0.0001 0.216 0.5029 

CM1000 200 0.034 -5.375 <0.0001 0.154 0.0807 

Yield 50 0.046 -4.100 <0.0001 0.128 0.5248 

Yield 100 0.034 -3.293 <0.0001 0.105 0.7701 

Yield 150 0.042 -5.060 <0.0001 0.178 0.8361 

Yield 200 0.040 -5.573 <0.0001 0.189 0.5575 

TN 50 0.054 -6.373 <0.0001 0.237 0.9807 

TN 100 0.057 -7.543 <0.0001 0.293 0.7671 

TN 150 0.063 -8.840 <0.0001 0.345 0.3660 

TN 200 0.057 -8.767 <0.0001 0.313 0.7564 

NUP 50 0.052 -5.032 <0.0001 0.163 0.8111 

NUP 100 0.042 -4.673 <0.0001 0.161 0.5843 

NUP 150 0.050 -6.327 <0.0001 0.237 0.7060 

NUP 200 0.047 -6.876 <0.0001 0.245 0.7172 

All 50 0.049 -4.959 <0.0001 0.166 0.0113 

All 100 0.043 -4.996 <0.0001 0.176 0.0093 

All 150 0.044 -5.870 <0.0001 0.211 0.0027 

All 200 0.041 -6.205 <0.0001 0.203 0.0012 
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Table 4, continued. 

Tall fescue 

2008-2010 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.120 -14.952 <0.0001 0.379 0.6115 

NDVI 100 0.117 -14.680 <0.0001 0.375 0.5394 

NDVI 150 0.112 -15.710 <0.0001 0.405 0.2333 

NDVI 200 0.126 -17.235 <0.0001 0.449 0.4819 

CM1000 50 0.128 -15.274 <0.0001 0.365 0.9016 

CM1000 100 0.109 -13.048 <0.0001 0.313 0.9101 

CM1000 150 0.098 -13.045 <0.0001 0.339 0.3408 

CM1000 200 0.126 -17.613 <0.0001 0.454 0.1817 

Yield 50 0.083 -9.013 <0.0001 0.185 0.2085 

Yield 100 0.098 -12.013 <0.0001 0.299 0.5312 

Yield 150 0.075 -10.342 <0.0001 0.249 0.0996 

Yield 200 0.076 -11.151 <0.0001 0.254 0.1155 

TN 50 0.125 -15.498 <0.0001 0.393 0.4281 

TN 100 0.127 -15.911 <0.0001 0.405 0.6188 

TN 150 0.122 -16.750 <0.0001 0.436 0.5558 

TN 200 0.127 -17.669 <0.0001 0.455 0.8543 

NUP 50 0.109 -13.048 <0.0001 0.313 0.8355 

NUP 100 0.111 -13.926 <0.0001 0.356 0.2350 

NUP 150 0.118 -16.231 <0.0001 0.423 0.0461 

NUP 200 0.119 -16.858 <0.0001 0.431 0.2694 

All 50 0.110 -13.144 <0.0001 0.318 0.0344 

All 100 0.111 -13.722 <0.0001 0.346 0.0726 

All 150 0.102 -13.927 <0.0001 0.361 0.0128 

All 200 0.111 -15.603 <0.0001 0.401 0.0021 
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Table 4, continued. 

Tall fescue 

2011-2013 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.027 -2.548 0.0026 0.077 0.0611 

NDVI 100 0.078 -8.966 <0.0001 0.305 <0.0001 

NDVI 150 0.046 -6.550 <0.0001 0.239 0.0006 

NDVI 200 0.050 -7.586 <0.0001 0.277 0.0552 

CM1000 50 0.058 -6.861 <0.0001 0.247 0.0035 

CM1000 100 0.097 -12.188 <0.0001 0.439 <0.0001 

CM1000 150 0.051 -7.670 <0.0001 0.283 0.3002 

CM1000 200 0.035 -6.140 <0.0001 0.162 0.1760 

Yield 50 0.020 -1.208 0.0355 0.040 0.6590 

Yield 100 0.041 -4.338 <0.0001 0.143 0.3591 

Yield 150 0.026 -3.854 0.0001 0.102 0.1227 

Yield 200 0.037 -5.730 <0.0001 0.179 0.1862 

TN 50 0.081 -10.509 <0.0001 0.398 0.9600 

TN 100 0.083 -11.031 <0.0001 0.423 0.9928 

TN 150 0.059 -9.747 <0.0001 0.342 0.0866 

TN 200 0.050 -9.288 <0.0001 0.265 0.0807 

NUP 50 0.039 -4.014 0.0002 0.130 0.1982 

NUP 100 0.049 -5.726 <0.0001 0.201 0.3903 

NUP 150 0.038 -5.779 <0.0001 0.188 0.0577 

NUP 200 0.038 -6.551 <0.0001 0.190 0.0981 

All 50 0.043 -4.792 <0.0001 0.162 <0.0001 

All 100 0.065 -7.814 <0.0001 0.285 0.0043 

All 150 0.041 -6.245 <0.0001 0.211 <0.0001 

All 200 0.039 -6.505 <0.0001 0.194 <0.0001 
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Table 4, continued. 

Tall fescue 

2014-2016 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.003 0.726 0.6511 0.002 0.5095 

NDVI 100 0.018 -1.330 0.0184 0.045 0.4702 

NDVI 150 0.003 -1.210 0.6095 0.002 0.3563 

NDVI 200 0.003 -1.153 0.5620 0.002 0.0836 

CM1000 50 0.025 -2.141 0.0034 0.075 0.3795 

CM1000 100 0.030 -3.086 0.0003 0.110 0.2266 

CM1000 150 0.007 -1.147 0.1985 0.011 0.1112 

CM1000 200 0.015 -2.802 0.0118 0.043 0.3551 

Yield 50 0.040 -3.745 0.0006 0.138 0.0331 

Yield 100 0.054 -6.533 <0.0001 0.263 0.2427 

Yield 150 0.025 -2.531 0.0012 0.087 0.1126 

Yield 200 0.024 -3.646 0.0001 0.106 0.0405 

TN 50 0.060 -6.569 <0.0001 0.252 0.1378 

TN 100 0.057 -6.510 <0.0001 0.256 0.1055 

TN 150 0.037 -5.001 <0.0001 0.189 0.0885 

TN 200 0.029 -4.153 <0.0001 0.135 0.0131 

NUP 50 0.052 -5.318 <0.0001 0.201 0.1628 

NUP 100 0.057 -6.737 <0.0001 0.270 0.1270 

NUP 150 0.037 -4.290 <0.0001 0.162 0.0415 

NUP 200 0.024 -3.555 <0.0001 0.104 0.0462 

All 50 0.027 -2.272 <0.0001 0.082 <0.0001 

All 100 0.040 -4.392 <0.0001 0.167 <0.0001 

All 150 0.016 -2.086 <0.0001 0.050 <0.0001 

All 200 0.018 -2.896 <0.0001 0.063 0.0003 
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Table 4, continued. 

Tall fescue 

2008-2016 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.028 -2.995 <0.0001 0.905 <0.0001 

NDVI 100 0.052 -6.042 <0.0001 0.212 <0.0001 

NDVI 150 0.025 -4.042 <0.0001 0.096 <0.0001 

NDVI 200 0.026 -4.233 <0.0001 0.104 <0.0001 

CM1000 50 0.050 -5.685 <0.0001 0.195 0.0007 

CM1000 100 0.058 -6.877 <0.0001 0.244 0.0171 

CM1000 150 0.028 -4.167 <0.0001 0.116 <0.0001 

CM1000 200 0.030 -5.048 <0.0001 0.128 <0.0001 

Yield 50 0.038 -3.484 <0.0001 0.108 0.3156 

Yield 100 0.058 -6.830 <0.0001 0.243 0.5501 

Yield 150 0.040 -5.458 <0.0001 0.190 0.0469 

Yield 200 0.039 -6.067 <0.0001 0.200 0.0504 

TN 50 0.085 -10.548 <0.0001 0.378 0.2666 

TN 100 0.082 -10.271 <0.0001 0.378 0.2190 

TN 150 0.053 -7.912 <0.0001 0.297 0.0133 

TN 200 0.042 -6.774 <0.0001 0.223 0.0098 

NUP 50 0.060 -6.748 <0.0001 0.228 0.2256 

NUP 100 0.066 -8.091 <0.0001 0.294 0.5748 

NUP 150 0.054 -7.518 <0.0001 0.287 0.0150 

NUP 200 0.041 -6.517 <0.0001 0.217 0.0160 

All 50 0.049 -5.438 <0.0001 0.184 <0.0001 

All 100 0.062 -7.533 <0.0001 0.272 <0.0001 

All 150 0.038 -5.507 <0.0001 0.183 <0.0001 

All 200 0.035 -5.646 <0.0001 0.170 <0.0001 
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Table 4, continued. 

Both species combined 

2008-2010 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.076 -8.717 <0.0001 0.199 0.3044 

NDVI 100 0.085 -10.157 <0.0001 0.248 0.4043 

NDVI 150 0.083 -11.367 <0.0001 0.279 0.7143 

NDVI 200 0.116 -15.808 <0.0001 0.407 0.7928 

CM1000 50 0.077 -8.366 <0.0001 0.179 0.3230 

CM1000 100 0.096 -11.206 <0.0001 0.272 0.6428 

CM1000 150 0.082 -10.606 <0.0001 0.264 0.8018 

CM1000 200 0.102 -14.059 <0.0001 0.356 0.5846 

Yield 50 0.077 -7.940 <0.0001 0.157 0.9360 

Yield 100 0.071 -7.969 <0.0001 0.175 0.9788 

Yield 150 0.055 -7.183 <0.0001 0.152 0.3843 

Yield 200 0.057 -7.939 <0.0001 0.161 0.0909 

TN 50 0.096 -11.616 <0.0001 0.293 0.1031 

TN 100 0.103 -12.851 <0.0001 0.333 0.2574 

TN 150 0.095 -12.820 <0.0001 0.325 0.7273 

TN 200 0.106 -14.839 <0.0001 0.371 0.9325 

NUP 50 0.078 -8.552 <0.0001 0.184 0.7308 

NUP 100 0.081 -9.520 <0.0001 0.225 0.7707 

NUP 150 0.075 -9.900 <0.0001 0.238 0.0397 

NUP 200 0.079 -11.030 <0.0001 0.261 0.4506 

All 50 0.078 -8.743 <0.0001 0.195 0.0002 

All 100 0.085 -10.100 <0.0001 0.244 0.0034 

All 150 0.076 -10.091 <0.0001 0.243 0.0002 

All 200 0.088 -12.230 <0.0001 0.300 0.0008 
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Table 4, continued. 

Both species combined 

2011-2013 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.026 -2.153 <0.0001 0.069 0.4438 

NDVI 100 0.044 -4.792 <0.0001 0.174 0.3067 

NDVI 150 0.024 -3.348 <0.0001 0.086 0.0002 

NDVI 200 0.026 -4.159 <0.0001 0.104 0.0054 

CM1000 50 0.039 -4.088 <0.0001 0.144 0.4301 

CM1000 100 0.052 -6.117 <0.0001 0.236 0.2122 

CM1000 150 0.030 -4.349 <0.0001 0.128 0.5088 

CM1000 200 0.014 -2.824 0.0021 0.033 0.2063 

Yield 50 0.020 -1.137 0.0025 0.041 0.2752 

Yield 100 0.027 -2.422 <0.0001 0.077 0.4067 

Yield 150 0.016 -2.076 0.0005 0.041 0.1534 

Yield 200 0.029 -4.245 <0.0001 0.120 0.1265 

TN 50 0.046 -5.851 <0.0001 0.224 0.4950 

TN 100 0.055 -7.532 <0.0001 0.299 0.7943 

TN 150 0.052 -8.616 <0.0001 0.289 0.1650 

TN 200 0.042 -7.830 <0.0001 0.202 0.4033 

NUP 50 0.032 -3.036 <0.0001 0.101 0.2269 

NUP 100 0.036 -3.971 <0.0001 0.138 0.5703 

NUP 150 0.026 -3.757 <0.0001 0.101 0.0247 

NUP 200 0.030 -4.942 <0.0001 0.126 0.1463 

All 50 0.032 -3.258 <0.0001 0.109 0.0006 

All 100 0.041 -4.707 <0.0001 0.171 0.0001 

All 150 0.027 -3.977 <0.0001 0.107 <0.0001 

All 200 0.025 -4.354 <0.0001 0.098 <0.0001 
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Table 4, continued. 

Both species combined 

2014-2016 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.025 -2.345 <0.0001 0.072 0.0364 

NDVI 100 0.048 -6.148 <0.0001 0.223 0.8364 

NDVI 150 0.026 -4.405 <0.0001 0.108 0.1719 

NDVI 200 0.024 -4.228 <0.0001 0.096 0.6097 

CM1000 50 0.039 -3.957 <0.0001 0.130 0.8042 

CM1000 100 0.053 -6.691 <0.0001 0.245 0.9857 

CM1000 150 0.030 -4.297 <0.0001 0.129 0.1553 

CM1000 200 0.037 -6.136 <0.0001 0.188 0.9266 

Yield 50 0.048 -4.376 <0.0001 0.141 0.6182 

Yield 100 0.064 -7.980 <0.0001 0.293 0.9819 

Yield 150 0.045 -5.299 <0.0001 0.185 0.5394 

Yield 200 0.041 -6.080 <0.0001 0.208 0.4088 

TN 50 0.063 -6.687 <0.0001 0.225 0.3649 

TN 100 0.068 -8.416 <0.0001 0.308 0.5788 

TN 150 0.049 -6.549 <0.0001 0.241 0.4033 

TN 200 0.041 -5.945 <0.0001 0.205 0.4902 

NUP 50 0.062 -6.344 <0.0001 0.208 0.6613 

NUP 100 0.066 -8.160 <0.0001 0.299 0.8544 

NUP 150 0.054 -6.646 <0.0001 0.241 0.7952 

NUP 200 0.042 -6.274 <0.0001 0.219 0.6052 

All 50 0.041 -4.008 <0.0001 0.131 <0.0001 

All 100 0.058 -7.254 <0.0001 0.267 0.0208 

All 150 0.034 -4.514 <0.0001 0.148 <0.0001 

All 200 0.035 -5.514 <0.0001 0.174 <0.0001 
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Table 4, continued. 

Both species combined 

2008-2016 

Dependent 

variable 

Urea rate, kg 

N ha–1 yr–1 Slope Intercept 

Wald p 

value 

Max-

rescaled r2 

Hosmer and 

Lemeshow p value 

NDVI 50 0.034 -3.433 <0.0001 0.112 0.0013 

NDVI 100 0.046 -5.430 <0.0001 0.197 0.1780 

NDVI 150 0.027 -4.172 <0.0001 0.110 0.0014 

NDVI 200 0.030 -4.883 <0.0001 0.133 <0.0001 

CM1000 50 0.043 -4.477 <0.0001 0.151 0.2145 

CM1000 100 0.051 -6.035 <0.0001 0.223 0.3419 

CM1000 150 0.034 -4.740 <0.0001 0.151 0.0096 

CM1000 200 0.031 -5.028 <0.0001 0.135 0.2351 

Yield 50 0.039 -3.424 <0.0001 0.109 0.4752 

Yield 100 0.042 -4.604 <0.0001 0.159 0.9817 

Yield 150 0.037 -4.750 <0.0001 0.164 0.3013 

Yield 200 0.037 -5.444 <0.0001 0.179 0.2050 

TN 50 0.066 -7.930 <0.0001 0.302 0.8862 

TN 100 0.068 -8.709 <0.0001 0.345 0.5304 

TN 150 0.056 -8.085 <0.0001 0.312 0.0047 

TN 200 0.048 -7.634 <0.0001 0.267 0.0104 

NUP 50 0.051 -5.310 <0.0001 0.179 0.6237 

NUP 100 0.051 -5.959 <0.0001 0.218 0.8395 

NUP 150 0.048 -6.436 <0.0001 0.243 0.2973 

NUP 200 0.042 -6.414 <0.0001 0.220 0.3044 

All 50 0.046 -4.805 <0.0001 0.164 <0.0001 

All 100 0.051 -6.064 <0.0001 0.224 0.0172 

All 150 0.038 -5.356 <0.0001 0.184 <0.0001 

All 200 0.037 -5.763 <0.0001 0.181 <0.0001 
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Table 5. Solvita® Labile Amino-Nitrogen test results (SLAN-N, mg kg–1) at selected 

probabilities (P) of equaling or exceeding benchmark values of turfgrass performance 

for all four urea rates (50, 100, 150, and 200 kg N ha–1 yr–1) based on the logistic 

regression curves. Turfgrass performance indicators are normalized difference 

vegetation index (NDVI), chlorophyll index (CM1000), clippings yield (Yield), 

clippings total nitrogen concentration (TN), clippings total nitrogen uptake (NUP), and 

all variables combined (All). Data are reported for Kentucky bluegrass (KBG) and tall 

fescue (TF) lawns separately, as well as for the combined results of Kentucky 

bluegrass and tall fescue lawns (Both). Data are reported as groups of years between 

2008 and 2016 from a study conducted in Storrs, CT. 

2008-2010 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN-N, mg kg–1 

NDVI 50 0.33  98  118  106 

NDVI 50 0.67  117  130  124 

NDVI 50 0.90  136  142  144 

NDVI 100 0.33  106  119  112 

NDVI 100 0.67  125  131  128 

NDVI 100 0.90  144  144  146 

NDVI 150 0.33  122  134  128 

NDVI 150 0.67  138  146  145 

NDVI 150 0.90  155  160  163 

NDVI 200 0.33  130  131  130 

NDVI 200 0.67  143  142  142 

NDVI 200 0.90  156  154  155 

CM1000 50 0.33  88  114  100 

CM1000 50 0.67  110  125  118 

CM1000 50 0.90  134  137  138 

CM1000 100 0.33  108  113  110 

CM1000 100 0.67  124  126  125 

CM1000 100 0.90  141  139  140 

CM1000 150 0.33  118  125  121 

CM1000 150 0.67  136  140  139 

CM1000 150 0.90  155  155  157 

CM1000 200 0.33  128  134  131 

CM1000 200 0.67  142  145  145 

CM1000 200 0.90   157   157   159 
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Table 5, continued. 

2008-2010 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

Yield 50 0.33  96  101  94 

Yield 50 0.67  110  118  113 

Yield 50 0.90  126  136  132 

Yield 100 0.33  100  116  102 

Yield 100 0.67  115  130  122 

Yield 100 0.90  130  145  143 

Yield 150 0.33  111  129  117 

Yield 150 0.67  129  148  142 

Yield 150 0.90  148  168  169 

Yield 200 0.33  119  138  128 

Yield 200 0.67  137  157  153 

Yield 200 0.90  155  177  179 

TN 50 0.33  111  119  114 

TN 50 0.67  128  130  129 

TN 50 0.90  147  142  145 

TN 100 0.33  118  119  118 

TN 100 0.67  136  131  132 

TN 100 0.90  155  142  147 

TN 150 0.33  124  132  128 

TN 150 0.67  140  143  143 

TN 150 0.90  157  155  159 

TN 200 0.33  135  134  134 

TN 200 0.67  152  145  147 

TN 200 0.90   169   157   161 
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Table 5, continued. 

2008-2010 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

NUP 50 0.33  97  113  100 

NUP 50 0.67  112  126  118 

NUP 50 0.90  127  139  137 

NUP 100 0.33  104  119  109 

NUP 100 0.67  119  131  126 

NUP 100 0.90  135  145  144 

NUP 150 0.33  115  131  123 

NUP 150 0.67  134  143  142 

NUP 150 0.90  153  156  162 

NUP 200 0.33  125  136  131 

NUP 200 0.67  145  148  149 

NUP 200 0.90  166  160  168 

All 50 0.33  97  113  103 

All 50 0.67  116  126  121 

All 50 0.90  136  140  140 

All 100 0.33  106  117  110 

All 100 0.67  124  130  127 

All 100 0.90  143  143  145 

All 150 0.33  118  130  124 

All 150 0.67  136  144  142 

All 150 0.90  154  159  162 

All 200 0.33  127  134  131 

All 200 0.67  144  147  147 

All 200 0.90   162   161   164 
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Table 5, continued. 

2011-2013 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

NDVI 50 0.33  63  69  56 

NDVI 50 0.67  107  122  112 

NDVI 50 0.90  153  177  170 

NDVI 100 0.33  73  106  92 

NDVI 100 0.67  128  124  124 

NDVI 100 0.90  185  143  157 

NDVI 150 0.33  49  126  112 

NDVI 150 0.67  293  156  172 

NDVI 150 0.90  550  189  235 

NDVI 200 0.33  134  137  132 

NDVI 200 0.67  389  165  186 

NDVI 200 0.90  656  194  244 

CM1000 50 0.33  68  107  87 

CM1000 50 0.67  115  131  124 

CM1000 50 0.90  164  157  162 

CM1000 100 0.33  85  119  104 

CM1000 100 0.67  130  133  131 

CM1000 100 0.90  178  149  160 

CM1000 150 0.33  102  135  122 

CM1000 150 0.67  183  163  170 

CM1000 150 0.90  268  192  220 

CM1000 200 0.33  110  157  149 

CM1000 200 0.67  995  197  249 

CM1000 200 0.90   1925   240   354 
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Table 5, continued. 

2011-2013 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

Yield 50 0.33  26  25  22 

Yield 50 0.67  93  96  93 

Yield 50 0.90  163  170  168 

Yield 100 0.33  24  90  65 

Yield 100 0.67  111  125  118 

Yield 100 0.90  202  161  174 

Yield 150 0.33  48  120  87 

Yield 150 0.67  166  173  176 

Yield 150 0.90  291  230  270 

Yield 200 0.33  113  136  124 

Yield 200 0.67  164  175  174 

Yield 200 0.90  218  215  226 

TN 50 0.33  99  120  111 

TN 50 0.67  152  138  142 

TN 50 0.90  209  156  174 

TN 100 0.33  130  124  125 

TN 100 0.67  171  141  151 

TN 100 0.90  215  159  178 

TN 150 0.33  152  153  152 

TN 150 0.67  182  178  180 

TN 150 0.90  214  203  208 

TN 200 0.33  169  172  171 

TN 200 0.67  207  201  205 

TN 200 0.90   247   231   241 
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Table 5, continued. 

2011-2013 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

NUP 50 0.33  63  86  74 

NUP 50 0.67  115  123  118 

NUP 50 0.90  170  161  166 

NUP 100 0.33  78  102  91 

NUP 100 0.67  135  131  131 

NUP 100 0.90  195  161  173 

NUP 150 0.33  101  133  118 

NUP 150 0.67  168  170  172 

NUP 150 0.90  238  209  230 

NUP 200 0.33  133  153  144 

NUP 200 0.67  183  190  192 

NUP 200 0.90  235  229  242 

All 50 0.33  63  95  79 

All 50 0.67  118  128  123 

All 50 0.90  176  163  169 

All 100 0.33  83  110  98 

All 100 0.67  140  132  133 

All 100 0.90  200  155  170 

All 150 0.33  108  134  123 

All 150 0.67  189  169  176 

All 150 0.90  275  205  232 

All 200 0.33  136  150  144 

All 200 0.67  219  186  199 

All 200 0.90   305   225   258 
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Table 5, continued. 

2014-2016 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

NDVI 50 0.33  118  -491  65 

NDVI 50 0.67  131  -6  121 

NDVI 50 0.90  144  504  180 

NDVI 100 0.33  135  35  113 

NDVI 100 0.67  146  116  143 

NDVI 100 0.90  159  200  174 

NDVI 150 0.33  144  171  143 

NDVI 150 0.67  159  652  198 

NDVI 150 0.90  175  1159  256 

NDVI 200 0.33  148  136  147 

NDVI 200 0.67  168  567  206 

NDVI 200 0.90  188  1021  268 

CM1000 50 0.33  106  58  83 

CM1000 50 0.67  124  116  120 

CM1000 50 0.90  144  177  158 

CM1000 100 0.33  129  80  113 

CM1000 100 0.67  144  128  140 

CM1000 100 0.90  159  178  168 

CM1000 150 0.33  136  62  121 

CM1000 150 0.67  149  262  169 

CM1000 150 0.90  162  473  219 

CM1000 200 0.33  149  142  147 

CM1000 200 0.67  163  239  185 

CM1000 200 0.90   178   340   226 
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Table 5, continued. 

2014-2016 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

Yield 50 0.33  85  75  77 

Yield 50 0.67  107  110  107 

Yield 50 0.90  131  147  138 

Yield 100 0.33  118  107  113 

Yield 100 0.67  136  134  135 

Yield 100 0.90  155  161  158 

Yield 150 0.33  120  72  102 

Yield 150 0.67  136  128  133 

Yield 150 0.90  153  187  167 

Yield 200 0.33  139  120  132 

Yield 200 0.67  158  178  167 

Yield 200 0.90  178  239  203 

TN 50 0.33  94  98  96 

TN 50 0.67  115  121  118 

TN 50 0.90  138  146  142 

TN 100 0.33  122  102  113 

TN 100 0.67  139  127  134 

TN 100 0.90  156  153  156 

TN 150 0.33  123  117  119 

TN 150 0.67  141  156  147 

TN 150 0.90  160  197  178 

TN 200 0.33  135  121  129 

TN 200 0.67  158  171  164 

TN 200 0.90   181   223   201 
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Table 5, continued. 

2014-2016 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

NUP 50 0.33  97  89  91 

NUP 50 0.67  113  117  114 

NUP 50 0.90  131  146  138 

NUP 100 0.33  119  107  113 

NUP 100 0.67  137  132  134 

NUP 100 0.90  155  158  157 

NUP 150 0.33  120  97  110 

NUP 150 0.67  136  135  136 

NUP 150 0.90  153  175  163 

NUP 200 0.33  139  118  132 

NUP 200 0.67  156  177  165 

NUP 200 0.90  174  239  200 

All 50 0.33  102  58  80 

All 50 0.67  120  110  114 

All 50 0.90  139  166  151 

All 100 0.33  125  93  113 

All 100 0.67  141  129  137 

All 100 0.90  158  167  163 

All 150 0.33  128  85  113 

All 150 0.67  145  172  154 

All 150 0.90  164  264  199 

All 200 0.33  142  122  136 

All 200 0.67  161  201  176 

All 200 0.90   180   285   218 
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Table 5, continued. 

2008-2016 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

NDVI 50 0.33  91  81  81 

NDVI 50 0.67  117  131  123 

NDVI 50 0.90  145  184  167 

NDVI 100 0.33  101  103  102 

NDVI 100 0.67  135  131  133 

NDVI 100 0.90  172  160  165 

NDVI 150 0.33  124  134  128 

NDVI 150 0.67  167  192  181 

NDVI 150 0.90  213  252  236 

NDVI 200 0.33  139  136  138 

NDVI 200 0.67  180  191  185 

NDVI 200 0.90  222  248  234 

CM1000 50 0.33  81  100  87 

CM1000 50 0.67  113  128  120 

CM1000 50 0.90  147  158  155 

CM1000 100 0.33  102  106  104 

CM1000 100 0.67  134  131  132 

CM1000 100 0.90  167  156  161 

CM1000 150 0.33  119  124  120 

CM1000 150 0.67  151  174  163 

CM1000 150 0.90  184  227  207 

CM1000 200 0.33  136  147  142 

CM1000 200 0.67  178  195  188 

CM1000 200 0.90   221   246   237 
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Table 5, continued. 

2008-2016 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

Yield 50 0.33  74  73  70 

Yield 50 0.67  104  111  106 

Yield 50 0.90  137  150  144 

Yield 100 0.33  76  106  92 

Yield 100 0.67  118  131  125 

Yield 100 0.90  162  157  160 

Yield 150 0.33  103  118  108 

Yield 150 0.67  136  154  146 

Yield 150 0.90  172  191  186 

Yield 200 0.33  122  137  128 

Yield 200 0.67  157  173  167 

Yield 200 0.90  195  211  207 

TN 50 0.33  105  115  110 

TN 50 0.67  131  132  131 

TN 50 0.90  159  150  154 

TN 100 0.33  121  117  119 

TN 100 0.67  146  135  140 

TN 100 0.90  172  153  162 

TN 150 0.33  130  136  133 

TN 150 0.67  152  163  158 

TN 150 0.90  176  191  185 

TN 200 0.33  143  144  144 

TN 200 0.67  168  178  173 

TN 200 0.90   194   213   204 
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Table 5, continued. 

2008-2016 

    Species 

    KBG  TF  Both 

Dependent 

variable 

Urea rate, kg N 

ha–1 yr–1 P   SLAN, mg kg–1 

NUP 50 0.33  84  101  90 

NUP 50 0.67  111  124  117 

NUP 50 0.90  140  149  146 

NUP 100 0.33  94  111  103 

NUP 100 0.67  128  133  130 

NUP 100 0.90  163  155  159 

NUP 150 0.33  112  126  118 

NUP 150 0.67  141  153  148 

NUP 150 0.90  170  180  178 

NUP 200 0.33  131  141  135 

NUP 200 0.67  161  175  169 

NUP 200 0.90  192  211  204 

All 50 0.33  87  98  90 

All 50 0.67  116  127  121 

All 50 0.90  147  157  154 

All 100 0.33  100  110  105 

All 100 0.67  134  132  133 

All 100 0.90  168  156  162 

All 150 0.33  117  127  121 

All 150 0.67  150  165  158 

All 150 0.90  183  204  197 

All 200 0.33  134  141  137 

All 200 0.67  169  181  176 

All 200 0.90   205   223   216 
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Fig. 1. Relative normalized difference vegetation index (NDVI), chlorophyll index (CM1000), clippings yield (Yield), clippings total nitrogen 

concentration (TN), and clippings total nitrogen uptake (NUP) response as a function of Solvita
®
 Labile Amino-Nitrogen test results (SLAN 

concentration, mg kg
–1

) for Kentucky bluegrass turf managed as a lawn. Results are shown for groups of years between 2008 and 2016 from a 

study conducted in Storrs, CT. Linear regression parameters (slopes, intercepts, coefficients of determination, and p  values) can be found in 

Table 3.
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Fig. 2. Relative normalized difference vegetation index (NDVI), chlorophyll index (CM1000), clippings yield (Yield), clippings total nitrogen 

concentration (TN), and clippings total nitrogen uptake (NUP) response as a function of Solvita
®
 Labile Amino-Nitrogen test results (SLAN 

concentration, mg kg
–1

) for tall fescue turf managed as a lawn. Results are shown for groups of years between 2008 and 2016 from a study 

conducted in Storrs, CT. Linear regression parameters (slopes, intercepts, coefficients of determination, and p  values) can be found in Table 3.

SLAN concentration, mg kg
–1

Tall fescue



 

136 

 

 

 

 

 

 

 

 

 

 

 

 

2008-2010 2011-2013 2014-2016 2008-2016

R
el

at
iv

e 
N

D
V

I
R

el
at

iv
e 

C
M

1
0

0
0

R
el

at
iv

e 
Y

ie
ld

R
el

at
iv

e 
T

N
R

el
at

iv
e 

N
U

P

SLAN concentration, mg kg
–1

Years

D
ep

en
d

en
t 

v
ar

ia
b

le

Fig. 3. Relative normalized difference vegetation index (NDVI), chlorophyll index (CM1000), clippings yield (Yield), clippings total nitrogen 

concentration (TN), and clippings total nitrogen uptake (NUP) response as a function of Solvita
®
 Labile Amino-Nitrogen test results (SLAN 

concentration, mg kg
–1

) for both species (Kentucky bluegrass and tall fescue) combined. Results are shown for groups of years between 2008 and 

2016 from a study conducted in Storrs, CT. Linear regression parameters (slopes, intercepts, coefficients of determination, and p values) can be 

found in Table 3.
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Fig. 4. Binary logistic regression curves showing the probability of equaling or exceeding a given turfgrass performance benchmark value for each of 

the 4 different urea rates (50, 100, 150, and 200 kg N ha
–1

 yr
–1

) based on Solvita
®
 Labile Amino-Nitrogen test results (SLAN concentration, mg kg

–1
) 

for Kentucky bluegrass turf managed as a lawn. Turfgrass performance indicators are normalized difference vegetation index (NDVI), chlorophyll 

index (CM1000), clippings yield (Yield), clippings total nitrogen concentration (TN), clippings total nitrogen uptake (NUP), and all variables 

combined (All). Results are shown for groups of years between 2008 and 2016 from a study conducted in Storrs, CT. Binary logistic regression 

coefficients and parameters can be found in Table 4.
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Fig. 5. Binary logistic regression curves showing the probability of equaling or exceeding a given turfgrass performance benchmark value for each of 

the 4 different urea rates (50, 100, 150, and 200 kg N ha
–1

 yr
–1

) based on Solvita
®
 Labile Amino-Nitrogen test results (SLAN concentration, mg kg

–1
) 

for tall fescue turf managed as a lawn. Turfgrass performance indicators are normalized difference vegetation index (NDVI), chlorophyll index 

(CM1000), clippings yield (Yield), clippings total nitrogen concentration (TN), clippings total nitrogen uptake (NUP), and all variables combined 

(All). Results are shown for groups of years between 2008 and 2016 from a study conducted in Storrs, CT. Binary logistic regression coefficients and 

parameters can be found in Table 4.
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Fig. 6. Binary logistic regression curves showing the probability of equaling or exceeding a given turfgrass performance benchmark value for each of 

the 4 different urea rates (50, 100, 150, and 200 kg N ha
–1

 yr
–1

) based on Solvita
®
 Labile Amino-Nitrogen test results (SLAN concentration, mg kg

–1
) 

for the combined results of both species (Kentucky bluegrass and tall fescue). Turfgrass performance indicators are normalized difference vegetation 

index (NDVI), chlorophyll index (CM1000), clippings yield (Yield), clippings total nitrogen concentration (TN), clippings total nitrogen uptake 

(NUP), and all variables combined (All). Results are shown for groups of years between 2008 and 2016 from a study conducted in Storrs, CT. Binary 

logistic regression coefficients and parameters can be found in Table 4.
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Predicting the Nitrogen Fertilizer Response of Turfgrass Based on Solvita® Soil Test Results IV: 

Cool-Season Turfgrass Lawn Response in Relation to Solvita® Soil CO2-Burst Soil Concentrations 

ABSTRACT 

Current practice in the turfgrass industry is to apply nitrogen (N) fertilizer at a set rate without taking into 

account the amount of labile, or easily-degradable, soil organic matter (SOM) or carbon (C) present in the 

soil that can mineralize during the growing season to release plant-available forms of N. For turfgrass 

soils with high N mineralization potentials, it is likely that N fertilization rates can be decreased without a 

subsequent decrease in turfgrass performance. The Solvita® Soil CO2-Burst (SSCB) measures the amount 

of carbon dioxide (CO2) released upon incubating a rewetted soil sample, which is related to the labile 

fraction of soil N. This study was conducted across 3 years (from 2014 to 2016) in Connecticut, USA to 

determine if the SSCB-C concentrations from a single spring soil sample are correlated to Kentucky 

bluegrass (Poa pratensis L.) and tall fescue (Festuca arundinacea Schreb.) lawn turfgrass performance, 

and to determine the probability of turfgrass response to additional N fertilization in relation to SSCB-C 

concentrations. Randomized complete block field experiments were set out on the two species with 23 

rates of an organic fertilizer (0 to 400 kg available N ha–1) and four different rates of urea (50, 100, 150, 

and 200 kg N ha–1). Soil samples were collected in late April or early May of each year and analyzed for 

SSCB-C concentrations. Turfgrass reflectance, clippings yield, clippings total N concentration, and 

clippings total N uptake were measured from May to October. Turfgrass responses showed, in most cases, 

positive and significant (p < 0.05) linear responses as a function of SSCB-C concentrations. Benchmark 

turfgrass performance values were generated from the urea plots, and turfgrass performance values from 

the organic fertilizer plots were compared to these benchmark values. Binary logistic regression was used 

to obtain probabilities that turfgrass will equal or exceed the benchmark values for each of the four urea 

rates. When spring soil SSCB-C concentrations were ≥ 91, 113, 166, and 211 mg kg–1, there was low (≤ 

10%) probability of obtaining any further positive response from N fertilization that would be equivalent 
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to the response obtained from the 50, 100, 150, and 200 kg N ha–1 urea treatments, respectively. The 

SSCB test shows potential as an objective soil test to guide N fertilization of turfgrass lawns. 

INTRODUCTION 

Current practice in the turfgrass industry is to apply nitrogen (N) fertilizer two to four times a year at 

a set rate of between 24.5 and 98 kg N ha-1 per application for cool-season turfgrasses. A soil’s N 

mineralization potential, or its inherent ability to provide plant-available N during the growing season due 

to the decomposition of soil organic matter (SOM), is generally not taken into account for N fertilization 

recommendations because a dependable soil N test that is correlated with turfgrass performance has not 

been identified as a routine test to guide fertilization. Being able to quantify a soil’s N mineralization 

potential would be a valuable tool in helping to predict N fertilization requirements in turfgrass. 

There are many environmental problems associated with over-fertilization of N. If excess N is 

applied, N can be lost from the root zone of the soil by several processes. Ammonia (NH3) can volatilize 

under certain conditions (although plants can absorb gaseous NH3 [Stiegler et al., 2011]). Nitrate (NO3
–) 

will leach readily as water moves down through the soil profile after rainfall (Morton et al., 1988; Frank 

et al., 2005); NO3
– can also runoff with surface water when infiltration and percolation rates are less than 

precipitation rates (Easton and Petrovic, 2004). Nitrate can be converted to gaseous forms of N (nitric 

oxide, nitrous oxide, and dinitrogen) and lost via denitrification if anaerobic (i.e., waterlogged) conditions 

are present (Horgan et al., 2002). 

Without some estimate of the inherent N mineralization potential of a soil, there is a greater chance of 

over-fertilization. If turf managers could identify soils with adequate mineralization potentials, then they 

could reduce their fertilizer inputs without compromising turfgrass quality and performance. Conversely, 

if soils with negligible N mineralization potentials can be identified, turf managers would be able to target 

areas where full rates of N fertilizer should be applied to avoid underperforming turf.  
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Several tests for soil microbial respiration have been developed. These tests measure CO2 generated 

by soil microbes. It is generally thought that soils that have a robust population of microbes are 

productive and biologically active (Parkin et al., 1996). Certain soil microbes are the driving factors in the 

decomposition of SOM, and therefore play a critical role in N mineralization. Other microbes can convert 

passive forms of organic N into recalcitrant forms of organic N, thereby rendering that N unavailable for 

plant uptake. Furthermore, it is known that soil moisture plays an important role in determining soil 

microbial respiration (Davidson et al., 1998; Grant et al., 1994; Orchard et al., 1983; Curiel Yuste et al., 

2007). Soil samples contain many different types of microbes; some will dominate in aerobic conditions, 

and others will dominate in anaerobic conditions. A biological soil test conducted at only one moisture 

level will thus favor a particular subset of microbes present in the soil. 

Some studies have shown that chemical tests for mineralizable C are positively correlated to plant 

growth (Stine and Weil, 2002; Lucas and Weil, 2012; Spargo et al., 2011; Culman et al., 2013; Geng et 

al., 2014). The permanganate-oxidizable C (POXC) test, which was described by Weil et al. (2003), is 

positively correlated with various measures of turfgrass performance, and it can be used to predict the 

likelihood of turfgrass responding to N fertilization (Geng et al., 2014). 

There has been some research focusing on correlating biological tests for soil microbial respiration 

tests with plant performance. Soil microbial respiration tests correlate well with measures of plant 

performance in a forest setting (Reichstein et al., 2003). Soybean (Glycine max [L.] Merr.) yield, 

however, was not correlated with soil basal respiration rates (Insam et al., 1991). Wheat growth was 

strongly correlated with microbial respiration in soils with certain amendments, but not for others; in this 

study (Agbim et al., 1977), it was concluded that soil microbial respiration could only be used to predict 

N availability when factors hindering microbial activity in the soil (i.e., salt toxicity from high 

concentrations of sludge) were minimal and when N immobilization is minimal. Several soil microbial 

respiration tests have been shown to correlate well with other types of soil tests (tests for labile, or 

mineralizable, N [Haney et al., 2001; Franzluebbers et al., 2000] and tests for total organic C 
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[Franzluebbers and Stuedemann, 2003]). A test for soil microbial respiration was well-correlated with a 

24-day incubation measuring biological N mineralization and with forage N uptake (Haney et al., 2001). 

The SSCB test was found to be a more reliable predictor of maize yield when a legume (i.e., alfalfa 

[Medicago sativa L.] or soybean) was not the previous crop (Tu, 2016). 

The SSCB test is a biological, lab-based test that measures CO2 production in an aerobic environment 

(Woods End Laboratories, Inc., 2013). This test takes 24 hr and is performed at room temperature. It 

works under the premise that when sieved and dried soil samples are rewetted, soil microbes break 

dormancy and begin to decompose SOM present in the sample. The CO2 molecules diffuse into a probe, 

and the probes react with the CO2 and change color; the amount of CO2 generated is measured 

colorimetrically or matched to a color chart. 

The objectives of this study were to determine if turfgrass performance can be predicted by SSCB test 

results from a single spring soil sample, which is consistent with current industry practices. Moreover, 

this study aims to determine if SSCB test results from a single spring soil sample can be used to predict 

whether or not turfgrass will respond to an addition of N fertilization. It is hypothesized that SSCB test 

results will be well-correlated with various measures of turfgrass performance. It is further hypothesized 

that, using binary logistic regression, the SSCB test can be used to classify soils as to their responsiveness 

to additional N fertilizer. 

MATERIALS AND METHODS 

Field Plot Layout and Management 

A field experiment was conducted at the Plant Science Research and Education Facilities at the 

University of Connecticut, Storrs, CT (41° 47’ N, 72° 13’ W; 203 m in elevation) from 2014 through 

2016. The plots were located on a Paxton fine sandy loam soil (a coarse-loamy, mixed, active, mesic 

Oxyaquic Dystrudept). On 3 Sept. 2007, separate stands of a turf-type tall fescue blend (including the 

cultivars ‘Crossfire II’, ‘Dynasty’, and ‘Shortstop II’) and of Kentucky bluegrass (‘America’) were 
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established 20 m apart from each other. Kentucky bluegrass was seeded into the plots at a rate of 2.2 kg 

ha-1 and tall fescue at a rate of 6.7 kg ha-1.  Nested within these separate stands were randomized complete 

block designs with three replicates. Treatments were rates of an organic fertilizer (Suståne all natural 5-

0.87-3.3 [N-P-K], Suståne Natural Fertilizer, Inc., Cannon Falls, MN ) to supply 10, 20, 30, 40, 50, 60, 

70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 300, and 400 kg of readily-available N 

ha-1 (20% of the total N available in the first year after application according to the manufacturer 

estimates). On 3 Sept. 2007, the organic fertilizer was applied to the plots before seeding and incorporated 

to a depth of 15 cm. Additional treatments included a nonfertilized control (0 kg N ha-1), and four rates of 

urea (CO[NH2]2) at 50, 100, 150, and 200 kg N ha-1, applied in subsequent years from 2008 to 2016 

(excluding 2012) in equal split applications (May, June, Sept., and Oct.). A 45-0-0 (N-P-K) CO(NH2)2 

fertilizer with NutriSphere-N (Andersons Golf Products, Maumee, OH) was used from 2008 to 2015 

(excluding 2012), and a 25-0-5 (N-P-K) 50% slow-release (polymer-coated) CO(NH2)2 fertilizer with 

muriate of potash and iron sucrate (LESCO, Inc., Cleveland, OH) was used in 2016. After each urea 

application, plots were irrigated if no sufficient rain events were imminent. The organic fertilizer was 

reapplied in November or early December of each year to the plots from 2008 to 2016 (except for 2010). 

These plots were solid-tine aerified, then the organic fertilizer was reapplied and raked into the 

aerification holes. In each year of application, the urea plots also received 21.4 kg ha-1 of P and K using 

triple superphosphate (0-20-0 [N-P-K]) and muriate of potash (0-0-42 [N-P-K]). Plot size was 1 × 1 m. 

Reflectance measurements (normalized difference vegetation index [NDVI] and chlorophyll index 

[CM1000]), were taken approximately every 2 weeks throughout the growing season (late April or early 

May to November) from 2014 to 2016 with the FieldScout TCM 500 NDVI Turf Color Meter and the 

FieldScout CM 1000 Chlorophyll Meter (Spectrum Technologies, Inc., Aurora, IL). Ten measurements 

were taken for each plot, and the average measurements were recorded for each plot on each date. All 

measurements were taken on dry days between 1000 and 1400 h. FieldScout CM 1000 Chlorophyll Meter 

values were taken with the meter positioned approximately 1 m above the turf canopy. 
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Supplemental irrigation was applied as needed to prevent wilt (this was infrequent). Pest control for 

broadleaf and grassy weeds, and for white grubs, was applied as needed. 

Soil and Turfgrass Tissue Sampling and Analysis 

Soil samples were taken from each plot in late April or early May of each year. Ten soil cores were 

taken from each plot to a depth of 10 cm below the thatch layer using an 18-mm-dia. soil probe. Soil 

cores from the same plot and the same sampling date were combined into a single sample, air-dried, and 

sieved to 2 mm. Soil samples were analyzed for concentrations of SSCB-C using the Solvita® guidelines 

(Woods End Laboratories, Inc., 2013). 

Plots were mowed with a Scag Tiger Cub mower (Scag Power Equipment, Mayville, WI) to a height 

of 75 mm as needed. Clippings were generally returned, although once a month (May through October), 

the entire study area was mowed at 83 mm and clippings were collected from a 0.25-m2 area using a Toro 

SR4 Super Recycler push mower with a bagging attachment (The Toro Company, Bloomington, MN). 

The harvested clippings were oven-dried at 65° C for a minimum of 48 h and weighed to determine 

yields (Yield). After dry weights were obtained, grass clippings samples from different months within the 

same year were bulked into a single sample to save on analytical expenses. Clipping samples were ground 

to pass a 0.5-mm sieve using a Cyclone Lab Sample Mill (UDY Corporation, Fort Collins, CO). These 

turfgrass tissue samples were analyzed for total N concentrations (TN) using the combustion method 

described by Bremner (1996); a LECO TruMac CN Macro Determinator (LECO Corporation, St. Joseph, 

MI) was used. Monthly clipping dry weights were summed across year for each plot. Monthly clippings 

from each plot were combined over the course of a growing season, so the resulting total foliar N 

concentrations were inherently yield-weighted. Turfgrass clippings total N uptake (NUP) was determined 

by multiplying the yearly, yield-weighted foliar N concentration by the yearly, total clippings dry weights 

for each plot. 
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Statistical Analysis 

Since data were collected across three years, relative values were used for data analyses since 

absolute turfgrass responses can vary year-to-year. Because a plateau response was not observed with any 

of the variables measured as a function of SSCB-C concentrations, relative values were calculated from 

the mean of the six highest values for a particular variable within a given year (plots receiving both urea 

and organic fertilizer treatments were included). Next, each absolute value for that particular variable was 

divided by the average value from the six high-performing plots (this step was performed on plots 

receiving both urea and organic fertilizer treatments). 

Statistical analyses were performed using SAS/STAT 14.1 software (SAS Institute, Inc., 2015). The 

REG procedure of SAS was used to analyze the data for simple linear regression of all relationships 

investigated in this study. 

Binary logistic regression was performed using the LOGISTIC procedure of SAS. Binary logistic 

regression calculated the probability that, for a given SSCB test value, turfgrass performance will equal or 

exceed a benchmark value (in this study, the benchmark values used were the turfgrass performance 

measurements obtained from the four different N rates from the urea plots [Table 1]). In binary logistic 

regression, if a measurement for a given data point equals or outperforms the benchmark value, a value of 

zero is assigned as a new dependent variable; otherwise, a value of one is assigned. Logistic regression 

curves followed the model y = 1 – (1 / (1 + exp(a + (b x)))), where y is the probability of equaling or 

outperforming the benchmark value, a is the intercept, b is the slope, and x is the soil test result value. 

In addition to slopes and intercepts, relevant binary logistic regression parameters are max rescaled r2 

values and p values from the Wald and Hosmer-Lemeshow tests. The null hypothesis from the Wald test 

is that the slope parameter is equal to zero (i.e., that the slope parameter is not needed in the model, and 

therefore the logistic model may not be the best model fit for the data); therefore, when p values from this 

test are less than α and the null hypothesis is rejected, the logistic model is accurately describing the data. 
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Larger max rescaled r2 values mean that the data fit the model better. The null hypothesis from the 

Hosmer-Lemeshow test is that the model is a good fit for the data; therefore, when when p values from 

this test are greater than α and the null hypothesis is retained, the logistic model is a good fit for the data. 

RESULTS 

Field Activity and Weather Data 

Weather data can be found in Table 2. The 2015 and 2016 growing seasons were notably warmer than 

normal (6.0 and 6.1% higher than normal high monthly temperatures, respectively). Only 17 mm of rain 

fell in May of 2015, making it a very dry month. 2015 and 2016 had 16 and 21% less rain than normal, 

respectively, during the May to October growing season. 

Predicting Turfgrass Performance Using the Solvita® Soil CO2-Burst Test 

Figures 1, 2, and 3, and Table 3, show the relationship between SSCB-C and various indicators of 

turfgrass performance (relative NDVI, CM1000, Yield, TN, and NUP). For all groups of years and all 

variables studied, all but 5 correlations were positive and significant (p < 0.05). Exceptions include 

correlations between SSCB-C and 2014 tall fescue CM1000, 2014 tall fescue Yield, 2014 tall fescue TN, 

2014 tall fescue NUP, and 2014 NDVI for both species combined. Slopes ranged from 0.0002 (2014 both 

species combined NDVI versus SSCB-C) to 0.0090 (2015 Kentucky bluegrass NUP versus SSCB-C). 

Intercepts ranged from -0.324 (2015 Kentucky bluegrass NUP versus SSCB-C) to 0.951 (2015 tall fescue 

NDVI versus SSCB-C). Coefficients of determination ranged from 0.017 (2014 both species combined 

NDVI versus SSCB-C) to 0.571 (2016 Kentucky bluegrass CM1000 versus SSCB-C). 

Descriptive statistics can be determined based on the information in Table 3. The average slopes 

across all species (including the combined results from both species) and all years and year groupings for 

NDVI, CM1000, Yield, TN, and NUP were 0.0005, 0.0021, 0.0043, 0.0021, and 0.0048, respectively. 

Slope standard deviations across all species (including the combined results from both species) and all 

years and year groupings for NDVI, CM1000, Yield, TN, and NUP were 0.0002, 0.0006, 0.0015, 0.0009, 
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and 0.0019, respectively. The average intercepts across all species (including the combined results from 

both species) and all years and year groupings for NDVI, CM1000, Yield, TN, and NUP were 0.919, 

0.606, 0.178, 0.637, and 0.055, respectively. Intercept standard deviations across all species (including the 

combined results from both species) and all years and year groupings for NDVI, CM1000, Yield, TN, and 

NUP were 0.023, 0.060, 0.160, 0.091, and 0.192, respectively. The average coefficients of determination 

across all species (including the combined results from both species) and all years and year groupings for 

NDVI, CM1000, Yield, TN, and NUP were 0.240, 0.258, 0.247, 0.217, and 0.247, respectively. 

Coefficient of determination standard deviations across all species (including the combined results from 

both species) and all years and year groupings for NDVI, CM1000, Yield, TN, and NUP were 0.153, 

0.160, 0.140, 0.151, and 0.139, respectively. 

The average slopes across all years and year groupings and all variables for Kentucky bluegrass, tall 

fescue, and both species combined were 0.0036, 0.0020, and 0.0026, respectively. Slope standard 

deviations across all years and year groupings and all variables for Kentucky bluegrass, tall fescue, and 

both species combined were 0.0023, 0.0014, and 0.0018, respectively. The average intercepts across all 

years and year groupings and all variables for Kentucky bluegrass, tall fescue, and both species combined 

were 0.383, 0.564, and 0.489, respectively. Intercept standard deviations across all years and year 

groupings and all variables for Kentucky bluegrass, tall fescue, and both species combined were 0.386, 

0.292, and 0.333, respectively. Average coefficients of determination across all years and year groupings 

and all variables for Kentucky bluegrass, tall fescue, and both species combined were 0.314, 0.175, and 

0.236, respectively. Coefficient of determination standard deviations across all years and year groupings 

and all variables for Kentucky bluegrass, tall fescue, and both species combined were 0.150, 0.106, and 

0.144, respectively. 

The average slopes across all species (including both species combined) and all variables for 2014, 

2015, 2016, and 2014 to 2016 were 0.0019, 0.0037, 0.0028, and 0.0027, respectively. Slope standard 

deviations across all species (including both species combined) and all variables for 2014, 2015, 2016, 
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and 2014 to 2016 were 0.0014, 0.0026, 0.0016, and 0.0018, respectively. The average intercepts across all 

species (including both species combined) and all variables for 2014, 2015, 2016, and 2014 to 2016 were 

0.551, 0.394, 0.486, and 0.485, respectively. Intercept standard deviations across all species (including 

both species combined) and all variables for 2014, 2015, 2016, and 2014 to 2016 were 0.296, 0.422, 

0.315, and 0.337, respectively. The average coefficients of determination across all species (including 

both species combined) and all variables for 2014, 2015, 2016, and 2014 to 2016 were 0.066, 0.308, 

0.382, and 0.210, respectively. Coefficient of determination standard deviations across all species 

(including both species combined) and all variables for 2014, 2015, 2016, and 2014 to 2016 were 0.038, 

0.098, 0.114, and 0.062, respectively. 

Predicting the Probability of Turfgrass Response to Nitrogen Fertilization Using the Solvita® Soil 

CO2-Burst Test 

The binary logistic regression curves in Figures 4, 5, and 6 show that, in general, turfgrass soils with 

higher SSCB-C values correspond with a higher probability of not needing additional N fertilization. In 

addition to slopes and intercepts, p values from the Wald test, max rescaled r2 values, and p values from 

and the Hosmer-Lemeshow test from these graphs are given in Table 4. The binary logistic regression 

model was not able to be determined for 2016 tall fescue NDVI data at the 200 kg N ha-1 yr-1 urea rate 

(Table 4), and is therefore excluded from the following discussion. 

From Table 4, slopes from the logistic regression curves ranged from 0.006 (2014 to 2016 tall fescue 

NDVI versus SSCB-C at the 150 kg N ha-1 yr-1 urea rate) to 0.115 (2016 Kentucky bluegrass CM1000 

versus SSCB-C at the 50 kg N ha-1 yr-1 urea rate). Intercepts from the logistic regression curves ranged 

from -11.343 (2016 both species combined NDVI versus SSCB-C at the 200 kg N ha-1 yr-1 urea rate) to 

1.877 (2014 tall fescue Yield and 2014 tall fescue NUP versus SSCB-C, both at the 50 kg N ha-1 yr-1 urea 

rate). Max rescaled r2 values from the logistic regression curves ranged from 0.004 (2014 tall fescue 

Yield and 2014 tall fescue NUP versus SSCB-C, both at the 50 kg N ha-1 yr-1 urea rate) to 0.611 (2016 tall 

fescue TN versus SSCB-C at the 50 kg N ha-1 yr-1 urea rate). 
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When averaging across all 4 urea rates, all 4 years and groups of years, and all 6 variables (5 

individual variables and the combination of all variables together [All]), Kentucky bluegrass had 50 Wald 

p values that were greater than 0.05 and 16 Hosmer-Lemeshow p values that were less than 0.05, tall 

fescue had 33 Wald p values that were greater than 0.05 and 3 Hosmer-Lemeshow p values that were less 

than 0.05, and the combination of both species had 62 Wald p values that were greater than 0.05 and 16 

Hosmer-Lemeshow p values that were less than 0.05 (Table 4). 

When averaging across all 4 urea rates, all 4 years and groups of years, and both species individually 

and the combined results of both species, NDVI had 17 Wald p values that were greater than 0.05 and 6 

Hosmer-Lemeshow p values that were less than 0.05, CM1000 had 25 Wald p values that were greater 

than 0.05 and 3 Hosmer-Lemeshow p values that were less than 0.05, Yield had 23 Wald p values that 

were greater than 0.05 and 1 Hosmer-Lemeshow p value that was less than 0.05, TN had 14 Wald p 

values that were greater than 0.05 and 5 Hosmer-Lemeshow p values that were less than 0.05, NUP had 

23 Wald p values that were greater than 0.05 and 0 Hosmer-Lemeshow p values that were less than 0.05, 

and All had 43 Wald p values that were greater than 0.05 and 20 Hosmer-Lemeshow p values that were 

less than 0.05 (Table 4). 

When averaging across all 4 urea rates, all 6 variables, and both species individually and the 

combined results of both species, 2014 had 38 Wald p values that were greater than 0.05 and 9 Hosmer-

Lemeshow p values that were less than 0.05, 2015 had 22 Wald p values that were greater than 0.05 and 6 

Hosmer-Lemeshow p values that were less than 0.05, 2016 had 34 Wald p values that were greater than 

0.05 and 8 Hosmer-Lemeshow p values that were less than 0.05, and 2014 to 2016 had 51 Wald p values 

that were greater than 0.05 and 12 Hosmer-Lemeshow p values that were less than 0.05 (Table 4). 

Out of a total of 287 binary logistic regression curves (4 urea rates times 4 years or groups of years 

times 3 species or groups of species times 6 variables or groups of variables; 2016 tall fescue NDVI data 

at the 200 kg N ha-1 yr-1 urea rate is excluded because the binary logistic regression model was not able to 

be determined), 132 models were good fits for the data according to both the Wald test and the Hosmer-
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Lemeshow test (i.e., p < 0.05 for the Wald test and p < 0.05 for the Hosmer-Lemeshow test). Twenty-five 

models were not good fits for the data according to both tests. One hundred twenty models were not good 

fits for the data according to the Wald test but were good fits for the data according to the Hosmer-

Lemeshow test. Ten models were good fits for the data according to the Wald test but were not good fits 

for the data according to the Hosmer-Lemeshow test. 

DISCUSSION 

Predicting Turfgrass Performance Using the Solvita® Soil CO2-Burst Test 

Across the 3-yr intervals, turfgrass performance responses with respect to SSCB-C concentrations 

varied somewhat (Figures 1, 2, and 3; Table 3). Weather conditions (Table 2) could have a large effect on 

year-to-year differences, but it is also possible that the age of the turfgrass stand and the build-up of 

organic fertilizer applied over time could cause changes as well. For recently-established turf (turfgrass 

stands up to about 10 to 25 years old), there is a period of net N immobilization, and there may not be 

enough mineralization to provide sufficient N for plants; eventually, immobilization is overtaken by 

mineralization such that when SOM builds up appreciably, mineralization becomes an important source 

of N for plants (Porter et al., 1980; Frank et al., 2006). Since the turfgrass swards in this study were 

established in 2007 (7 years before this study was initiated) and have been amended annually with organic 

fertilizer, it is unlikely, but not impossible (particularly in plots receiving little or no organic fertilizer), 

that soil in the study plots were still experiencing net immobilization. Net mineralization may be taking 

place soon after establishment in plots receiving high rates of organic fertilizer. The SSCB test measures 

soil microbial respiration from microbes serving all different functions (i.e., it does not distinguish 

between microbes that immobilize or mineralize), and therefore it is unclear how large a role the shift 

from net immobilization to net mineralization plays in the year-to-year variation. Furthermore, it has been 

shown that turfgrass age has a relatively small effect on soil microbial communities (Yao et al., 2006). 
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Since, in most cases, the correlations between SSCB-C concentrations and all five turfgrass 

performance indicators included in this study were significant, SSCB-C concentrations from a single 

spring soil sample seem to be relatively good predictors of turfgrass performance (Table 3). In most cases, 

as SSCB-C concentrations increased, there was a linear increase in turfgrass performance measurements. 

Although r2 values were not exceptionally high (they ranged from 0.017 to 0.571), the overall significant 

positive trend to the data allows for the use of SSCB-C concentrations as predictors for turfgrass 

performance with reasonable confidence. In relation to the current recommendations for turfgrass N 

fertilization, the SSCB test may be helpful in developing objective guides to N fertilization. 

Linear regression models were more accurate for Kentucky bluegrass than for tall fescue. Coefficients 

of determination were, on average, greater for Kentucky bluegrass than they were for tall fescue, and p 

values were, in general, greater for tall fescue than they were for Kentucky bluegrass, indicating that 

SSCB-C concentrations predict turfgrass performance better in Kentucky bluegrass turfgrass systems than 

in tall fescue turfgrass systems. This observation could be due to differences in rhizosphere microbial 

communities, and more research is needed to determine compositional differences in the rhizosphere 

microbial communities from Kentucky bluegrass and tall fescue turfgrass systems. This observation could 

also be due to differences in rooting depths. Soil samples in this study were taken to a depth of 10 cm, and 

Kentucky bluegrass roots have been observed to grow mainly to a depth of 10 cm (Sprague, 1933); tall 

fescue, on the other hand, generally has a greater rooting depth – it was observed having a mean rooting 

depth of 50.7 cm in one study (Brown et al., 2010). The soil samples from this study, therefore, probably 

captured the rhizosphere of Kentucky bluegrass more completely, and therefore soil microbes associated 

with Kentucky bluegrass may be represented more completely by the SSCB test. Soil microbes associated 

with tall fescue rhizospheres, on the other hand, may not be completely represented by the SSCB test – 

any microbes and microbial processes below a 10-cm depth are excluded from analysis, and this omission 

is likely a large source of error for tall fescue soil samples analyzed with the SSCB test. Rooting depths of 



 

153 

 

plants should be taken into consideration when soil sampling, particularly when rhizosphere microbial 

communities are of importance to the soil test. 

Parsing the data by turfgrass performance variable (NDVI, CM1000, Yield, TN, and NUP), mean r2 

values from the linear regression models for each variable were all between 0.21 and 0.26, so it seems 

like there is not much of a difference in the ability of SSCB-C concentrations to predict one turfgrass 

performance variable over another. The mean r2 value for Kentucky bluegrass was greater than that of tall 

fescue (0.314 and 0.175, respectively), so it seems that SSCB-C is a better predictor of Kentucky 

bluegrass response than it is of tall fescue response. The reason for this observation is unclear; perhaps 

there are differences in microbial communities associated with Kentucky bluegrass and tall fescue 

rhizospheres, and perhaps the variability in the microbial communities associated with tall fescue 

rhizospheres is greater than those associated with Kentucky bluegrass rhizospheres. Several studies have 

observed the effects of dominant plant species on soil microbial communities (Bardgett et al., 1999; 

Grayston et al., 2004). Root exudates from different grass species are chemically different (Vancura, 

1964; Klein et al., 1988); root exudates are an important nutrient source for soil microbes in the 

rhizosphere (Bardgett et al., 1999). 

Although plots were seeded as pure, separate stands of Kentucky bluegrass and tall fescue, in time, 

changes in cool-season turfgrass species population were observed. Specifically, it was observed that fine 

and tall fescues became more prevalent in Kentucky bluegrass plots receiving low rates of organic 

fertilizer, and bluegrass spp. became more prevalent in tall fescue plots receiving high rates of organic 

fertilizer. Furthermore, bentgrasses (Agrostis spp.) became more prevalent in some plots receiving low 

rates of organic fertilizer in both Kentucky bluegrass and tall fescue swards. The herbicides applied for 

weed control did not control encroaching cool-season turfgrasses. These compositional changes over time 

may have had a slight effect on the data collected, but throughout the study, plots seeded as Kentucky 

bluegrass and tall fescue were still predominantly Kentucky bluegrass and tall fescue, respectively. 
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Moreover, despite these compositional changes, data still represent responses of perennial cool-season 

turfgrasses, since other broadleaf plants and warm-season annual grasses were controlled for in the plots. 

It is interesting to note that mean r2 values seemed to show a general increase over time. When 

averaging r2 values across both species (Kentucky bluegrass and tall fescue) and turfgrass performance 

variables, the mean r2 value for 2014 was 0.082, the mean r2 value for 2015 was 0.302, and the mean r2 

value for 2016 was 0.383. Weather conditions could have influenced the trend in r2 values (Table 2): from 

2014 to 2016, during the growing seasons, there was a clear warming trend, and there was also a clear 

trend of decreasing precipitation. Less precipitation could have caused soil microbial populations to 

decrease, and it could have caused there to be less of a difference in SSCB-C concentrations between high 

and low organic fertilizer rate plots during the later years of this study; this was not the case, however. 

2014, 2015, and 2016 mean Kentucky bluegrass SSCB-C concentrations were 84.7, 81.2, and 95.0, 

respectively, and Kentucky bluegrass SSCB-C standard deviations were 17.8, 19.7, and 29.9, 

respectively. 2014, 2015, and 2016 mean tall fescue SSCB-C concentrations were 74.3, 101.3, and 98.1, 

respectively, and tall fescue SSCB-C standard deviations were 21.8, 22.4, and 27.2, respectively. 

Therefore, the average SSCB-C concentrations and the variability in SSCB-C concentrations seemed to 

increase across years. It is likely that the annual organic fertilizer applications were the cause of this 

phenomenon (annual organic fertilizer applications lead to wider ranges of SOM across years), and these 

annual applications negated any differences due to drought. Furthermore, soils with high SOM contents 

can hold more water than soils with low SOM contents (Hudson, 1994), so this fact, coupled with the 

increasing temperatures across years, could have led to an increase in soil microbial populations across 

years. 

It is more likely that the increase in r2 values is due to less spatial variability in SOM during the later 

years of the study. After repeated applications of organic fertilizer, the organic fertilizer would be 

distributed more evenly within plots. Furthermore, if there was less spatial variability in organic fertilizer 

placement after several applications, it would follow that, after several years of precipitation (including 
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precipitation outside of the growing season), the organic fertilizer would be expected to move down the 

soil profile and be more evenly-distributed below the thatch layer as well. Plots were also solid-tine 

aerified each year immediately before additions of organic fertilizer, and this would also promote a more 

even vertical distribution of the organic fertilizer throughout the root zone. Therefore, it is likely that the 

SSCB test would be more accurate in turf areas where SOM is more evenly distributed throughout and 

across the depth of soil sampling, such as in turf areas that have received compost- or organic fertilizer-

amended over several to many years, because soil microbes are typically associated with labile fractions 

of SOM (Alvarez and Alvarez, 2000). 

Probability of Turfgrass Lawn Response to Nitrogen Fertilization in Relation to Solvita® Soil CO2-

Burst Concentrations 

In total, 50.3 % of the binary logistic regression curves had Wald p values greater than 0.05; 

therefore, only about half of the binary logistic regression curves were statistically significant. This 

indicates that the SSCB test is a good predictor of the responsiveness of turfgrass to additional N 

fertilization about half of the time. In contrast, 12.2 % of the binary logistic regression curves had 

Hosmer-Lemeshow p values less than 0.05; therefore, most the binary logistic regression curves were 

good fits for the data. This indicates that the SSCB test is a generally good predictor of the responsiveness 

of turfgrass to additional N fertilization. For both the Wald and the Hosmer-Lemeshow tests, models were 

better fits for tall fescue data than for Kentucky bluegrass data. It is unknown as to why this is the case – 

perhaps tall fescue rhizodeposition support microbial communities more directly involved with N 

mineralization than the microbial communities supported by Kentucky bluegrass rhizodeposition. If this 

were the case, the SSCB test would be measuring a larger fraction of microbes that help provide plant-

available N under tall fescue turfgrass systems than under Kentucky bluegrass turfgrass systems; perhaps 

Kentucky bluegrass rhizodeposition support a greater number of microbes not directly involved in N 

mineralization. Since the SSCB test, like other tests for soil microbial respiration, measures microbial 

respiration from all microbes present in the soil, not just from those involved in N mineralization (Parkin 
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et al., 1996), the SSCB test may not be the most accurate in predicting N fertilization requirements. 

Turfgrass soils that have a history of being amended with N-containing organic fertilizer, however, likely 

have a robust population of microbes that mineralize N. 

With future research, and with the development regional or localized calibration curves, SSCB-C 

concentrations could be used to make N fertilizer recommendations. With the data from this study, it is 

not yet known exactly how much N fertilization should be added to turfgrass stands to meet the turfgrass 

performance benchmarks; instead, it is only known how likely it is that the turfgrass will respond to 

additional N fertilization. Future research should be performed to quantify how much N fertilization 

should be added to achieve these benchmark values. This goal can be achieved by establishing turfgrass 

plots with a wide range of SSCB-C concentrations (as was done in this study), and then fertilizing plots of 

the same SSCB-C concentration with different rates of synthetic N fertilizer. It can thus be quantitatively 

determined for each SSCB-C concentration how much additional N fertilization is needed to equal or 

exceed benchmark turfgrass performance values. If this type of work is conducted on a regional scale 

(i.e., accounting for different soil types and precipitation regimes), it is likely that more accurate N 

fertilization recommendations can be made for different turfgrass soils. 

It is likely that with the addition of other factors (of which rainfall may be the most important), model 

fits will improve. If historical precipitation data are included, variations from normal precipitation could 

add uncertainty, but the ability to predict turfgrass response would probably increase relative to a model 

that does not take precipitation into account. The effect of soil water content on soil respiration is known 

to be important (Skopp et al., 1990; Davidson et al., 2000; Liu et al., 2009). Determinations of SSCB-C 

concentrations from more frequent soil sampling throughout the growing season (e.g., every 2 to 4 

weeks), would also most likely improve the prediction; soil microbial respiration varies greatly over time 

(Rochette et al., 1991; Liu et al., 2009). Previous studies at our location have shown that soil NO3-N 

concentrations measured every other week throughout the growing season are well-correlated with 

turfgrass performance (Geng et al., 2014), but this would not be consistent with current industry practices 
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of soil sampling once or twice throughout the season. More frequent soil testing would, however, allow 

turfgrass professionals who intensely manage turfgrass areas to make more precise decisions about N 

fertilization throughout the growing season, particularly as they are applying N fertilizer somewhat 

frequently during the growing season, and as conditions for N mineralization change throughout the 

growing season as well. Further research is needed to validate this hypothesis. 

All the binary logistic regression curves (Figs. 4, 5, and 6, and Table 4) had positive slopes, indicating 

that, as SSCB-C concentrations increased, probabilities of equaling or exceeding the benchmark values 

also increased. 

Based on the results of the Wald and Hosmer-Lemeshow tests, model fits were better for certain 

variables than for others. According to the Wald test, TN and NDVI data were better fit by binary logistic 

regression models than Yield, NUP, and CM1000 data. According to the Hosmer-Lemeshow test, NUP 

data were fit the best of any variable by binary logistic regression models; Yield data were also fit very 

well by binary logistic regression models, followed by CM1000 data, TN data, and NDVI data. It is 

difficult to reconcile the differences between these two tests in this situation because they both show 

different variables to be strongest and weakest fits for the binary logistic regression model. Coefficients of 

determination for the linear regression of SSCB-C with turfgrass performance measurements were not 

very different between the different turfgrass performance variables – all were between 0.21 and 0.26 – so 

it is logical that, for the binary logistic regression models, no turfgrass performance variables had 

obviously better model fits. There is a significant, positive, and linear correlation between these linear 

regression r2 values and binary logistic regression max-rescaled r2 values: for the 50 kg N ha–1 yr–1 urea 

rate, r = 0.727 and p < 0.0001; for the 100 kg N ha–1 yr–1 urea rate, r = 0.924 and p < 0.0001; for the 150 

kg N ha–1 yr–1 urea rate, r = 0.870 and p < 0.0001; for the 200 kg N ha–1 yr–1 urea rate, r = 0.874 and p < 

0.0001; for the combined results of all urea rates, , r = 0.831 and p < 0.0001. When linear regression r2 

values are high (i.e., close to 1), benchmark values will more clearly distinguish between high and low 

SSCB-C values (i.e., there will be less variability of SSCB-C values above and below the benchmark 
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value). When linear regression r2 values are low (i.e., close to 0), benchmark values will not distinguish 

between high and low SSCB-C values (i.e., there will be more variability of SSCB-C values above and 

below the benchmark value). 

Though variations in model fits were not much different between years, based on both the Wald and 

the Hosmer-Lemeshow tests, 2015 had the highest number of good model fits and 2014 had the least 

number of good model fits. SSCB-C linear regression r2 values from 2014 were the lowest out of all the 

years, but 2015 did not have the highest r2 values from linear regression models, so the relationship 

between binary logistic regression models and linear regression models discussed above is unclear when 

taking years into consideration as well. Yearly differences are likely primarily due to weather pattern 

differences; the 2014 growing season was colder and wetter than the 2015 and 2016 growing seasons 

(Table 2), but it is unclear as to why these specific weather trends cause model fits to differ. It is 

interesting that neither linear regression nor binary logistic regression models increased in their predictive 

power over the years. Since organic fertilizer was applied each fall starting in 2007, SOM would have 

built up in plots receiving high rates of organic fertilizer and SOM would be much lower in plots 

receiving lower rates; it would be expected that more differences would be evident, and binary logistic 

regression (and linear regression) curves would be better fitting during the later years of the study. It may 

be that the organic fertilizer used in the study, which is a composted turkey (Meleagris spp.) waste, has 

relatively high fractions of stable forms of N and C, and lower fractions of labile N and C to begin with, 

and even though considerable amounts were added, the labile fraction only goes up slightly each year. 

Binary logistic regression models for all variables combined are shown in the bottom panels in Figs. 

4, 5, and 6. These curves would be useful to determine if turfgrass will respond to N fertilization additions 

with respect to a combination of growth and quality measures. NDVI, CM1000, Yield, TN, and NUP 

were all weighted equally in the creation of these combined models; thus, reflectance data (i.e., NDVI and 

CM1000) account for 40% of the overall response in these models. NDVI and CM1000 are good 

indicators of turfgrass color, density, and overall health. Yield (which is biomass accumulation) accounts 
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for 20%, and TN accounts for an additional 20%. NUP, which accounts for the remaining 20%, is 

calculated from Yield and TN, and therefore takes both into account. These five variables combined give 

a good overall assessment of turfgrass performance. In general, the binary logistic regression model fit 

these data somewhat well. 

Some of the data had poor binary logistic regression model fits based on Wald p values, max-rescaled 

r2 values, and Hosmer and Lemeshow p values. In many cases, these models predicted unrealistically 

large (i.e., greater than 200) or unrealistically small (i.e., negative) SSCB-C values. In these cases, binary 

logistic regression models are not appropriate, and responsiveness to N fertilization is not predicted very 

by SSCB-C concentrations. The variability in SSCB-C concentrations relative to the ability to predict 

turfgrass responsiveness to N fertilization can be very high. Again, this is likely because soil microbes 

serve many functions in addition to N mineralization (Parkin et al., 1996), and tests for soil microbial 

respiration such as the SSCB test measure respiration from all microbes. For example, high SSCB-C 

values could be due to a large presence of microbial plant root pathogens; these pathogens hinder 

turfgrass performance, and it is possible in cases such as this that high SSCB-C concentrations may lead 

to lower turfgrass performance measurements. 

Guiding Turfgrass N Fertilization Based on Solvita® Soil CO2-Burst Concentrations 

Table 5 provides SSCB-C concentrations at selected probabilities of turfgrass responses equaling or 

exceeding the benchmark responses with no additional N fertilizer applied for the five variables included 

in the study (as well as for the combined results of all variables). For all urea rates (50, 100, 150, and 200 

kg ha–1) and all selected probabilities (0.33, 0.67, and 0.90) of equaling or exceeding the benchmark 

values, Kentucky bluegrass had higher SSCB-C concentrations than tall fescue only 34% of the time 

(30% for reflectance [NDVI and CM1000] data, 38% for Yield data, 38% for TN data, and 40% for NUP 

data) (Table 5). For the two high urea rates (150 and 200 kg ha–1) and all probabilities of equaling or 

exceeding the benchmark value, Kentucky bluegrass had higher SSCB-C concentrations than tall fescue 

only 24% of the time (Table 5). 
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At our location based on all years and variables combined, a predominately tall fescue lawn that has a 

SSCB-C concentration from a spring soil sample of ≥ 295 mg kg–1 would be very likely (≥ 90% chance) 

to produce a response (based on the combined response of all variables) that would be equivalent to that 

obtained from 200 kg urea N ha–1 yr–1; as such, there would be a very small chance (< 10%) that 

additional N fertilization would cause an increase in turfgrass performance. It is implied from this 

scenario that, based on the amount of soil microbial respiration measured by the SSCB test, there are 

sufficient labile forms of N in the soil, and a sufficient population of soil microbes involved in N 

mineralization, to support turfgrass whose performance is similar to turfgrass that is fertilized at a rate of 

200 kg urea N ha–1 yr–1 (Table 5). If a predominantly Kentucky bluegrass lawn in our location has a 

SSCB-C concentration of below 13 mg kg–1, there would be less than a 33% chance of equaling or 

exceeding the response of the 50 kg ha–1 yr–1 urea rate, suggesting a need for additional N fertilizer to 

match the expected response from that rate. Moreover, if a predominantly tall fescue lawn in our location 

has a SSCB-C value of 117 mg kg–1, there would be a 67% chance of equaling or exceeding the response 

of all variables combined at the 150 kg ha–1 yr–1 urea rate. 

The probabilities (P) from Table 5 can be used to create categories based on how likely it is that 

turfgrass will respond to N fertilization, and, subsequently, the information in Tables 4 and 5 can be used 

to make decisions about how much N fertilization may needed. For example, SSCB-C concentrations 

below the P = 0.33 level are very likely to respond to additional N fertilization. SSCB-C concentrations 

between the P = 0.33 and P = 0.67 levels are somewhat likely to respond to additional N fertilization. 

SSCB-C concentrations between the P = 0.67 and P = 0.90 levels are somewhat unlikely to respond to 

additional N fertilization. SSCB-C concentrations above the P = 0.90 level are highly unlikely to respond 

to additional N fertilization. With further research, we may be able to suggest that turfgrass soil with 

SSCB-C concentrations below the P = 0.33 level should receive the full currently recommended rate of N 

fertilizer, that turfgrass soil with SSCB-C concentrations between the P = 0.33 and P = 0.67 levels should 

receive two-thirds of the full currently recommended rate of N fertilizer, that turfgrass soil with SSCB-C 
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concentrations between the P = 0.67 and P = 0.90 levels should receive one-third of the full currently 

recommended rate of N fertilizer, and that turfgrass soil with SSCB-C concentrations above the P = 0.90 

level should not receive any additional N fertilizer. These types of recommendations would be very 

useful, but more research is needed before we can quantify the amount of N fertilizer offset by a given 

SSCB-C concentration. 

A Kentucky bluegrass lawn may have a SSCB-C concentration of 95 mg kg–1 as determined from a 

single spring soil sample. Based on the equation generated from Kentucky bluegrass lawns using the 200 

kg ha–1 yr–1 urea rate benchmark values (P = 1 – (1/(1 + exp(-2.856 + (0.031*(SSCB-C)))))) (Table 4), we 

can ascertain that there is a 52% chance that this lawn will equal or exceed the performance of a similar 

lawn receiving 200 kg urea N ha–1 yr–1. Based on this information, if we wished to have a high-

performing Kentucky bluegrass lawn, we could choose to apply one-half to two-thirds of the currently 

recommended N rate. 

For lawns that are mixes of different cool-season grass species, we can use the data for the combined 

response of both species in Table 5. For example, if we have a lawn comprised of several different species 

of bluegrasses (Poa spp.), fescues (Festuca spp.), and ryegrasses (Lolium spp.) that has a SSCB-C 

concentration of 40 mg kg–1, there is less than a 33% chance that this lawn will perform as well as a 

similar lawn receiving 200 kg urea N ha–1 yr–1 (this is based on the combined response of all years and all 

variables). Specifically, based on the equation from Table 4 for all years combined, all variables 

combined, and all species combined (P = 1 – (1/(1 + exp(-1.877 + (0.019*(SSCB-C)))))), we can 

ascertain that there is a 25% chance that this lawn will equal or exceed the performance of a similar lawn 

receiving 200 kg urea N ha–1 yr–1. In this situation, if it is desired that this lawn performs as well as a 

similar lawn that receives 200 kg urea N ha–1 yr–1, it would be reasonable to apply the full currently 

recommended rate of N fertilizer. For cool-season turfgrass lawns that are not pure or predominant stands 

of Kentucky bluegrass and tall fescue, the combined results of both species (Table 5) represents a 

convenient reference for determining probabilities of the range of different turfgrass species response to N 
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fertilization. More research is needed to determine if the conclusions drawn in this study are true for other 

locations and other species of cool-season turfgrass. 

As stated previously, further research is needed to quantify the exact amount of additional N fertilizer 

that need to be applied to cool-season turfgrass lawns based on SSCB-C concentrations and probabilities 

of equaling or exceeding the benchmark values for the different urea rates. The benchmark SSCB-C 

concentrations and associated probabilities of turfgrass response equivalent to standard urea N 

fertilization rates shown in Table 5 suggest that cool-season turfgrass lawns in our location with SSCB-C 

concentrations that have a probability of P ≤ 0.33 of equaling or exceeding the benchmark value probably 

will require the current full recommended rate of N fertilizer. Cool-season turfgrass lawns with SSCB-C 

concentrations that have P > 0.33 but ≤ 0.67 of equaling or exceeding the benchmark value would 

probably require roughly two-thirds of the current full recommendation rate. Cool-season turfgrass lawns 

with SSCB-C concentrations that have P > 0.67 but ≤ 0.90 of equaling or exceeding the benchmark value 

would probably require roughly one-third of the current full recommendation rate. Cool-season turfgrass 

lawns with SSCB-C concentrations that have P ≥ 0.90 of equaling or exceeding the benchmark value 

would probably not need to receive additional N fertilizer to achieve high-performance turf; if additional 

N fertilizer were added in this case, there would be a high risk of over-fertilization. 

The ability to accurately predict N fertilization requirements of turfgrass would be of great benefit to 

landscaping and turf management professionals because N fertilizer is expensive, and excesses result in 

water quality concerns. Cases of turfgrass soils whose high N mineralization potentials can allow for 

reduced rates of N fertilizer applications without sacrificing turfgrass performance should be detected. A 

simple, inexpensive, and reliable soil test that can estimate a soil’s N mineralization potential (i.e., the 

amount of labile N present) could be of great economic importance to turfgrass professionals who spend a 

significant portion of their budget on fertilizers. The ability to accurately predict N fertilization 

requirements of turfgrass would also be of great benefit to the environment, since N losses from 

agricultural and residential areas cause water quality problems. The SSCB test is a straightforward test 
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that quantifies the amount of soil microbial respiration (which is related to the amount of labile soil N), 

and the data from this study suggest that the SSCB test has potential in guiding N fertilization of cool-

season turfgrasses. This study shows that cool-season turfgrass soils can be categorized by their 

probability of response to additional N fertilization, and follow-up studies should seek to quantify how 

much additional N fertilizer should be added to achieve certain turfgrass performance benchmark values 

based on SSCB-C concentrations from single spring soil samples. Single spring soil samples are 

consistent with current industry practices, and therefore the SSCB test would fit in nicely with routine soil 

testing procedures. 

SUMMARY AND CONCLUSIONS 

The SSCB test on a spring soil sample is a relatively good predictor of cool-season turfgrass lawn 

performance in our location. For both Kentucky bluegrass and tall fescue, and for all year groupings, 

relationships between all five variables included in this study and SSCB concentrations were positive and 

very highly significant (p < 0.001) in nearly all cases. Based on our preliminary results, SSCB-C 

concentrations seem to predict NDVI, CM1000, Yield, TN, and NUP somewhat equally based on r2 

values. Kentucky bluegrass performance seems to be predicted by SSCB-C concentrations with more 

accuracy than tall fescue performance based on r2 values. Furthermore, the SSCB test has potential as an 

objective guide for cool-season turfgrass lawn N fertilization once it has been validated with further 

research in other locations and with different species. This ability to predict cool-season N fertilizer needs 

could potentially be a considerable improvement on the current recommendations of N fertilization. 

Probabilities of turfgrass responses equaling or exceeding benchmark urea responses can be used to 

categorize turfgrass soils as being highly likely (P < 0.33), moderately likely (0.33 < P < 0.67), unlikely 

(0.67 < P < 0.90), and very unlikely (P > 0.90) to respond to additional N fertilization, but further 

research is needed to quantify how much additional N fertilization is needed based on SSCB-C 

concentrations. 
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TABLES AND FIGURES 

 

 

 

 

 

 

 

 

 

Year 50 100 150 200

2014 NDVI 0.657 0.672 0.678 0.677

2014 CM1000 331 350 364 376

2014 Yield 84.4 121.8 126.4 147.3

2014 Total N 32 35.2 36.2 37.3

2014 NUP 2.7 4.4 4.6 5.5

2015 NDVI 0.683 0.693 0.703 0.709

2015 CM1000 297 325 341 358

2015 Yield 60.1 90.1 83.7 125.3

2015 Total N 28.7 34 34.7 38

2015 NUP 1.7 3.1 2.9 4.8

2016 NDVI 0.677 0.691 0.71 0.712

2016 CM1000 284 332 350 392

2016 Yield 124.1 220.8 219.2 351.7

2016 Total N 30.3 35.4 35.7 39.3

2016 NUP 3.8 7.8 7.9 14

Table 1. Turfgrass performance benchmark values for all four urea rates 

(50, 100, 150, and 200 kg N ha
–1

 yr
–1

). Turfgrass performance indicators 

are normalized difference vegetation index (NDVI), chlorophyll index 

(CM1000), clippings yield (Yield), clippings total nitrogen concentration 

(TN), and clippings total nitrogen uptake (NUP). All turfgrass 

performance measurements are reported in absolute values in this table. 

Absolute NDVI and CM1000 values are unitless; absolute Yield values 

are in g m
–2

; absolute TN values are in g kg
–1

; absolute NUP values are in 

g N m
–2

. Data are reported for Kentucky bluegrass (KBG) and tall fescue 

(TF) lawns separately. Data are reported for individual years from a study 

conducted between 2014 and 2016 in Storrs, CT.

Kentucky bluegrass

Urea rate, kg N ha
–1

 yr
–1

Benchmark value

Dependent 

variable
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Year 50 100 150 200

2014 NDVI 0.673 0.681 0.696 0.696

2014 CM1000 387 400 447 475

2014 Yield 120.3 174.6 152.8 193.2

2014 Total N 31.4 32.8 34 35

2014 NUP 3.8 5.7 5.2 6.8

2015 NDVI 0.693 0.692 0.711 0.708

2015 CM1000 343 355 405 417

2015 Yield 80.3 101.8 106.7 150.6

2015 Total N 31.6 32.2 35.7 36.6

2015 NUP 2.5 3.3 3.8 5.5

2016 NDVI 0.706 0.698 0.724 0.738

2016 CM1000 345 348 405 408

2016 Yield 198.5 220.5 261 338.3

2016 Total N 31.8 33.2 35.7 37.4

2016 NUP 6.3 7.3 9.3 12.7

Benchmark value

Dependent 

variable

Urea rate, kg N ha
–1

 yr
–1

Table 1, continued.

Tall fescue
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Month 2014 2015 2016 Norm 2014 2015 2016 Norm

Jan. –0.7 –1.7 2.8 0.6 –9.9 –9.9 –6.2 –7.5

Feb. –0.1 –4.6 4.8 2.7 –7.9 –14.6 –5.7 –5.8

Mar. 2.6 3.1 10.7 6.8 –6.8 –5.4 0.5 –2.2

Apr. 12.4 12.9 13.3 13.4 2.5 2.9 2.1 3.4

May 18.6 22.8 19.7 19.3 8.7 9.6 9.1 8.3

June 23.1 22.6 24.2 23.8 13.6 13.1 13.2 13.7

July 25.4 26.5 27.9 26.2 16.9 16.4 17.2 16.6

Aug. 24.0 26.9 27.9 25.6 14.6 16.0 17.4 15.7

Sept. 21.7 25.4 23.3 21.7 11.5 13.6 13.6 11.7

Oct. 15.2 15.7 16.9 15.6 7.1 4.7 6.8 5.7

Nov. 7.7 12.3 11.4 9.8 –0.6 3.1 2.2 1.5

Dec. 4.8 10.6 3.5 3.3 –2.0 2.2 –4.1 –4.2

Sum

May-Oct. 21.3 23.3 23.3 22.0 12.1 12.2 12.9 11.9

mean or 

sum

Deviation –3.0 6.0 6.1 1.5 2.9 8.2

(%) from 

May-Oct. 

normal

Table 2. Monthly and active sampling period (May through October) temperature and precipitation across the 3-

year study (2014 to 2016) with the 30-year norms (1981 to 2010) in Storrs, CT.

Temperature maximum, °C Temperature minimum, °C
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Month 2014 2015 2016 Norm

Jan. 81 66 58 96

Feb. 82 60 126 85

Mar. 117 78 64 113

Apr. 108 96 102 115

May 133 17 74 101

June 58 198 61 113

July 111 46 81 100

Aug. 83 75 122 97

Sept. 39 96 45 104

Oct. 150 98 115 117

Nov. 107 47 75 116

Dec. 100 104 94 107

Sum 1168 981 1017 1264

May-Oct. 574 530 497 632

mean or 

sum

Deviation –9 –16 –21

(%) from 

May-Oct. 

normal

Precipitation, mm

Table 2, continued.
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Species Years

Dependent 

variable Slope Intercept r
2

p  value

Dependent 

variable SLAN-N

KBG 2014 NDVI 0.0007 0.878 0.114 0.0048 3.9 21.1

KBG 2014 CM1000 0.0024 0.520 0.102 0.0076 18.4 21.1

KBG 2014 Yield 0.0045 0.086 0.118 0.0039 50.1 21.1

KBG 2014 TN 0.0021 0.630 0.122 0.0032 13.2 21.1

KBG 2014 NUP 0.0049 –0.009 0.121 0.0034 61.9 21.1

KBG 2015 NDVI 0.0008 0.902 0.385 <0.0001 2.6 24.3

KBG 2015 CM1000 0.0032 0.564 0.394 <0.0001 12.2 24.3

KBG 2015 Yield 0.0072 –0.094 0.408 <0.0001 45.3 24.3

KBG 2015 TN 0.0041 0.436 0.250 <0.0001 21.1 24.3

KBG 2015 NUP 0.0090 –0.324 0.403 <0.0001 68.8 24.3

KBG 2016 NDVI 0.0006 0.895 0.538 <0.0001 2.7 31.5

KBG 2016 CM1000 0.0027 0.525 0.571 <0.0001 13.8 31.5

KBG 2016 Yield 0.0047 0.126 0.426 <0.0001 37.6 31.5

KBG 2016 TN 0.0024 0.599 0.495 <0.0001 12.3 31.5

KBG 2016 NUP 0.0055 –0.015 0.459 <0.0001 47.9 31.5

KBG 2014-2016 NDVI 0.0006 0.898 0.215 <0.0001 3.4 27.3

KBG 2014-2016 CM1000 0.0026 0.554 0.247 <0.0001 15.7 27.3

KBG 2014-2016 Yield 0.0054 0.043 0.313 <0.0001 44.6 27.3

KBG 2014-2016 TN 0.0028 0.559 0.267 <0.0001 16.9 27.3

KBG 2014-2016 NUP 0.0063 –0.111 0.330 <0.0001 59.7 27.3

TF 2014 NDVI 0.0003 0.948 0.076 0.0213 2.4 29.3

TF 2014 CM1000 0.0012 0.706 0.047 0.0741 14.8 29.3

TF 2014 Yield 0.0020 0.440 0.040 0.0978 36.7 29.3

TF 2014 TN 0.0009 0.758 0.039 0.1048 11.6 29.3

TF 2014 NUP 0.0021 0.351 0.039 0.1056 45.9 29.3

TF 2015 NDVI 0.0003 0.951 0.258 <0.0001 1.3 22.1

TF 2015 CM1000 0.0020 0.642 0.239 <0.0001 10.7 22.1

TF 2015 Yield 0.0048 0.110 0.333 <0.0001 31.3 22.1

TF 2015 TN 0.0015 0.686 0.064 0.0361 16.0 22.1

TF 2015 NUP 0.0048 0.025 0.284 <0.0001 39.5 22.1

CV, %

Table 3. Linear regression slopes, intercepts, coefficients of determination (r
2
), and p  values for the relationship 

of relative normalized difference vegetation index (NDVI), chlorophyll index (CM1000), clippings yield (Yield), 

clippings total nitrogen concentration (TN), and clippings total nitrogen uptake (NUP) as a function of Solvita
® 

Soil CO2-Burst test results for Kentucky bluegrass (KBG), tall fescue (TF), and both species combined (Both). 

Coefficients of variation (CVs) for each dependent variable (NDVI, CM1000, Yield, TN, and NUP) and SSCB-C 

are shown for individual species and both species combined. Results are shown for individual years and for all 

years combined from a study conducted between 2014 and 2016 in Storrs, CT.
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Species Years

Dependent 

variable Slope Intercept r
2

p  value

Dependent 

variable SLAN-N

TF 2016 NDVI 0.0004 0.926 0.221 <0.0001 2.2 27.8

TF 2016 CM1000 0.0020 0.622 0.314 <0.0001 11.9 27.8

TF 2016 Yield 0.0034 0.306 0.203 0.0001 32.3 27.8

TF 2016 TN 0.0018 0.703 0.379 <0.0001 9.1 27.8

TF 2016 NUP 0.0039 0.201 0.221 <0.0001 38.7 27.8

TF 2014-2016 NDVI 0.0003 0.945 0.128 <0.0001 2.2 29.3

TF 2014-2016 CM1000 0.0017 0.660 0.197 <0.0001 12.7 29.3

TF 2014-2016 Yield 0.0029 0.341 0.149 <0.0001 33.4 29.3

TF 2014-2016 TN 0.0014 0.717 0.125 <0.0001 13.6 29.3

TF 2014-2016 NUP 0.0032 0.245 0.145 <0.0001 41.4 29.3

Both 2014 NDVI 0.0002 0.936 0.017 0.1281 3.7 25.8

Both 2014 CM1000 0.0011 0.669 0.030 0.0417 17.1 25.8

Both 2014 Yield 0.0021 0.363 0.034 0.0311 44.0 25.8

Both 2014 TN 0.0012 0.722 0.056 0.0052 12.4 25.8

Both 2014 NUP 0.0024 0.268 0.039 0.0212 54.1 25.8

Both 2015 NDVI 0.0005 0.924 0.368 <0.0001 2.2 25.6

Both 2015 CM1000 0.0022 0.634 0.284 <0.0001 11.5 25.6

Both 2015 Yield 0.0058 0.018 0.404 <0.0001 39.3 25.6

Both 2015 TN 0.0028 0.551 0.182 <0.0001 18.9 25.6

Both 2015 NUP 0.0063 –0.122 0.357 <0.0001 54.9 25.6

Both 2016 NDVI 0.0005 0.908 0.385 <0.0001 2.5 29.5

Both 2016 CM1000 0.0024 0.567 0.445 <0.0001 12.9 29.5

Both 2016 Yield 0.0042 0.204 0.312 <0.0001 35.1 29.5

Both 2016 TN 0.0022 0.644 0.424 <0.0001 11.1 29.5

Both 2016 NUP 0.0048 0.079 0.339 <0.0001 43.4 29.5

Both 2014-2016 NDVI 0.0005 0.921 0.168 <0.0001 3.0 28.4

Both 2014-2016 CM1000 0.0021 0.606 0.223 <0.0001 14.4 28.4

Both 2014-2016 Yield 0.0042 0.190 0.225 <0.0001 39.6 28.4

Both 2014-2016 TN 0.0021 0.638 0.194 <0.0001 15.5 28.4

Both 2014-2016 NUP 0.0047 0.069 0.231 <0.0001 51.0 28.4

CV (%)

Table 3, continued.
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.029 –0.848 0.0947 0.067 0.6265

NDVI 100 0.033 –2.154 0.0359 0.094 0.0778

NDVI 150 0.036 –2.734 0.0238 0.110 0.0325

NDVI 200 0.036 –2.734 0.0238 0.110 0.0325

CM1000 50 0.023 –0.621 0.1580 0.044 0.3138

CM1000 100 0.022 –0.894 0.1448 0.045 0.2491

CM1000 150 0.022 –1.218 0.1337 0.046 0.0220

CM1000 200 0.046 –3.715 0.0067 0.167 0.1146

Yield 50 0.017 1.423 0.5399 0.015 0.6107

Yield 100 0.036 –1.141 0.0565 0.094 0.4043

Yield 150 0.034 –1.212 0.0569 0.088 0.3341

Yield 200 0.024 –0.984 0.1184 0.053 0.1822

TN 50 0.019 1.021 0.4449 0.020 0.4706

TN 100 0.040 –1.875 0.0247 0.122 0.2027

TN 150 0.037 –1.701 0.0337 0.106 0.3590

TN 200 0.041 –2.482 0.0151 0.135 0.5147

NUP 50 0.028 0.508 0.2796 0.045 0.6888

NUP 100 0.038 –1.418 0.0404 0.107 0.1963

NUP 150 0.034 –1.212 0.0569 0.088 0.3341

NUP 200 0.024 –0.984 0.1184 0.053 0.1822

All 50 0.023 0.167 0.0109 0.035 0.0065

All 100 0.032 –1.386 <0.0001 0.083 <0.0001

All 150 0.030 –1.481 <0.0001 0.077 <0.0001

All 200 0.033 –2.079 <0.0001 0.095 <0.0001

Table 4. Binary logistic regression coefficients and parameters for the response of turfgrass performance 

indicators to Solvita
®
 Soil CO2-Burst test results for different urea rate benchmark values. Turfgrass performance 

indicators are normalized difference vegetation index (NDVI), chlorophyll index (CM1000), clippings yield 

(Yield), clippings total nitrogen concentration (TN), clippings total nitrogen uptake (NUP), and all variables 

combined (All). Data are reported for Kentucky bluegrass (KBG) and tall fescue (TF) lawns separately, as well 

as for the combined results of Kentucky bluegrass and tall fescue lawns (Both). Data are reported as individual 

years and for all years combined from a study conducted between 2014 and 2016 in Storrs, CT.

Kentucky bluegrass

2014
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.065 –2.539 0.0094 0.250 0.2927

NDVI 100 0.078 –4.992 0.0007 0.341 0.3878

NDVI 150 0.111 –8.506 0.0002 0.479 0.5852

NDVI 200 0.060 –5.342 0.0013 0.261 0.7052

CM1000 50 0.078 –3.422 0.0050 0.321 0.2612

CM1000 100 0.074 –4.042 0.0018 0.311 0.5259

CM1000 150 0.090 –6.009 0.0004 0.397 0.7600

CM1000 200 0.085 –6.828 0.0003 0.383 0.2862

Yield 50 0.070 –2.107 0.0194 0.265 0.6307

Yield 100 0.077 –4.930 0.0008 0.337 0.3243

Yield 150 0.078 –4.600 0.0011 0.337 0.2705

Yield 200 0.074 –6.103 0.0005 0.333 0.2981

TN 50 0.039 –1.069 0.0456 0.114 0.3511

TN 100 0.060 –3.785 0.0021 0.255 0.0199

TN 150 0.057 –3.884 0.0021 0.244 0.0438

TN 200 0.045 –3.843 0.0054 0.181 0.1289

NUP 50 0.095 –3.964 0.0070 0.398 0.7346

NUP 100 0.075 –4.676 0.0009 0.326 0.1198

NUP 150 0.073 –4.371 0.0012 0.316 0.2445

NUP 200 0.103 –8.379 0.0002 0.454 0.6389

All 50 0.064 –2.336 <0.0001 0.241 0.0108

All 100 0.071 –4.405 <0.0001 0.309 <0.0001

All 150 0.076 –5.043 <0.0001 0.336 <0.0001

All 200 0.069 –5.786 <0.0001 0.312 0.0016

Table 4, continued.

Kentucky bluegrass

2015
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.084 –5.463 0.0002 0.538 0.0864

NDVI 100 0.055 –5.047 <0.0001 0.434 0.4411

NDVI 150 0.063 –8.024 0.0002 0.442 0.8208

NDVI 200 0.069 –9.008 0.0003 0.464 0.7928

CM1000 50 0.115 –4.958 0.0259 0.497 0.9998

CM1000 100 0.062 –5.931 <0.0001 0.491 0.4505

CM1000 150 0.055 –5.610 <0.0001 0.438 0.6037

CM1000 200 0.068 –9.683 0.0034 0.393 0.3553

Yield 50 0.019 1.108 0.3085 0.045 0.5630

Yield 100 0.045 –2.919 0.0007 0.307 0.7073

Yield 150 0.045 –2.919 0.0007 0.307 0.7073

Yield 200 0.058 –6.858 <0.0001 0.435 0.9169

TN 50 0.097 –3.966 0.0235 0.440 0.8558

TN 100 0.072 –5.134 0.0001 0.504 0.2604

TN 150 0.064 –4.548 0.0001 0.456 0.4291

TN 200 0.044 –4.564 0.0002 0.336 0.5180

NUP 50 0.043 –0.350 0.1079 0.161 0.6197

NUP 100 0.049 –3.252 0.0004 0.341 0.5652

NUP 150 0.049 –3.252 0.0004 0.341 0.5652

NUP 200 0.065 –7.390 <0.0001 0.495 0.9274

All 50 0.057 –2.095 <0.0001 0.288 0.0586

All 100 0.051 –3.995 <0.0001 0.384 0.0042

All 150 0.040 –3.473 <0.0001 0.300 0.0904

All 200 0.051 –6.333 <0.0001 0.376 0.1099

2016

Table 4, continued.

Kentucky bluegrass
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.055 –2.719 <0.0001 0.249 0.5163

NDVI 100 0.044 –3.178 <0.0001 0.222 0.1790

NDVI 150 0.032 –2.995 <0.0001 0.149 0.0024

NDVI 200 0.030 –3.087 <0.0001 0.130 0.0006

CM1000 50 0.044 –1.561 <0.0001 0.169 0.8608

CM1000 100 0.038 –2.458 <0.0001 0.177 0.2995

CM1000 150 0.038 –2.816 <0.0001 0.183 0.1212

CM1000 200 0.024 –2.586 0.0003 0.093 0.0077

Yield 50 0.031 0.284 0.0224 0.074 0.6541

Yield 100 0.050 –2.812 <0.0001 0.233 0.3374

Yield 150 0.048 –2.607 <0.0001 0.220 0.4444

Yield 200 0.032 –2.751 <0.0001 0.146 0.0088

TN 50 0.044 –1.056 0.0005 0.149 0.0227

TN 100 0.059 –3.672 <0.0001 0.295 0.0310

TN 150 0.054 –3.485 <0.0001 0.272 0.0880

TN 200 0.036 –2.938 <0.0001 0.172 0.3107

NUP 50 0.053 –1.200 0.0006 0.185 0.1124

NUP 100 0.052 –2.974 <0.0001 0.247 0.0772

NUP 150 0.050 –2.772 <0.0001 0.232 0.1629

NUP 200 0.039 –3.260 <0.0001 0.194 0.0820

All 50 0.045 –1.287 <0.0001 0.161 0.0002

All 100 0.047 –2.902 <0.0001 0.225 <0.0001

All 150 0.039 –2.602 <0.0001 0.185 <0.0001

All 200 0.031 –2.856 <0.0001 0.142 <0.0001

Table 4, continued.

Kentucky bluegrass

2014-2016
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.041 –0.840 0.0330 0.137 0.9448

NDVI 100 0.035 –0.938 0.0292 0.120 0.9759

NDVI 150 0.007 –0.622 0.5219 0.008 0.3690

NDVI 200 0.007 –0.622 0.5219 0.008 0.3690

CM1000 50 0.024 0.061 0.1402 0.058 0.9261

CM1000 100 0.030 –0.607 0.0547 0.091 0.9693

CM1000 150 0.013 –0.424 0.2803 0.023 0.9607

CM1000 200 0.009 –0.883 0.4211 0.013 0.7753

Yield 50 0.007 1.877 0.7417 0.004 0.8296

Yield 100 0.026 –0.952 0.0491 0.083 0.7930

Yield 150 0.023 –0.060 0.1353 0.055 0.9149

Yield 200 0.020 –0.860 0.0939 0.057 0.9729

TN 50 0.043 –0.866 0.0333 0.147 0.8537

TN 100 0.022 0.078 0.1559 0.051 0.8758

TN 150 0.022 –0.446 0.1055 0.058 0.8249

TN 200 0.020 –0.540 0.1188 0.051 0.8449

NUP 50 0.007 1.877 0.7417 0.004 0.8296

NUP 100 0.024 –0.671 0.0737 0.070 0.8767

NUP 150 0.030 –0.666 0.0489 0.096 0.8935

NUP 200 0.021 –0.702 0.0943 0.059 0.7590

All 50 0.025 0.311 0.0023 0.055 0.4127

All 100 0.027 –0.600 <0.0001 0.080 0.4184

All 150 0.016 –0.303 0.0046 0.033 0.5990

All 200 0.014 –0.656 0.0060 0.030 0.2586

2014

Table 4, continued.

Tall fescue
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.072 –3.969 0.0072 0.316 0.7372

NDVI 100 0.072 –3.969 0.0072 0.316 0.7372

NDVI 150 0.028 –3.429 0.0295 0.102 0.4499

NDVI 200 0.042 –4.048 0.0022 0.208 0.5411

CM1000 50 0.067 –3.795 0.0056 0.299 0.6607

CM1000 100 0.070 –4.739 0.0011 0.352 0.9349

CM1000 150 0.040 –3.357 0.0033 0.194 0.8212

CM1000 200 0.029 –2.982 0.0178 0.117 0.8547

Yield 50 0.088 –5.483 0.0029 0.415 0.7833

Yield 100 0.052 –3.584 0.0021 0.254 0.8637

Yield 150 0.039 –2.542 0.0086 0.166 0.8587

Yield 200 0.057 –6.099 0.0004 0.307 0.1103

TN 50 0.030 –1.580 0.0361 0.106 0.4292

TN 100 0.033 –1.984 0.0206 0.125 0.2375

TN 150 0.033 –3.748 0.0116 0.138 0.8793

TN 200 0.034 –4.275 0.0121 0.142 0.5164

NUP 50 0.065 –3.989 0.0029 0.305 0.8134

NUP 100 0.054 –3.593 0.0023 0.259 0.8453

NUP 150 0.056 –4.216 0.0009 0.290 0.8699

NUP 200 0.045 –5.212 0.0025 0.215 0.3650

All 50 0.056 –3.159 <0.0001 0.244 0.2614

All 100 0.051 –3.204 <0.0001 0.233 0.2364

All 150 0.033 –2.911 <0.0001 0.142 0.4640

All 200 0.039 –4.311 <0.0001 0.186 0.3145

Table 4, continued.

Tall fescue

2015
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.023 –2.245 0.0220 0.110 0.8163

NDVI 100 0.024 –1.762 0.0152 0.123 0.6912

NDVI 150 0.063 –9.012 0.0230 0.226 0.9064

NDVI 200 1.364
†

–188.100† 0.4207
†

0.995
†

None
†

CM1000 50 0.033 –2.285 0.0024 0.204 0.2920

CM1000 100 0.033 –2.285 0.0024 0.204 0.2920

CM1000 150 0.052 –7.173 0.0138 0.214 0.2222

CM1000 200 0.053 –7.369 0.0168 0.209 0.1058

Yield 50 0.042 –1.908 0.0021 0.268 0.7857

Yield 100 0.042 –1.908 0.0021 0.268 0.7857

Yield 150 0.023 –1.191 0.0247 0.107 0.6384

Yield 200 0.023 –2.473 0.0231 0.110 0.3916

TN 50 0.112 –4.675 0.0225 0.611 0.9998

TN 100 0.052 –2.152 0.0024 0.342 0.7263

TN 150 0.043 –3.193 0.0004 0.300 0.3180

TN 200 0.041 –3.704 0.0006 0.276 0.3088

NUP 50 0.055 –2.707 0.0008 0.381 0.9374

NUP 100 0.042 –1.908 0.0021 0.268 0.7857

NUP 150 0.026 –1.524 0.0110 0.140 0.7917

NUP 200 0.029 –2.740 0.0069 0.158 0.4794

All 50 0.031 –1.654 <0.0001 0.180 0.1529

All 100 0.033 –1.679 <0.0001 0.192 0.0230

All 150 0.023 –2.324 <0.0001 0.108 0.1373

All 200 0.027 –3.316 <0.0001 0.119 0.0090

Tall fescue

2016

Table 4, continued.

†
Warning: the maximum estimate likelihood does not exist.
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.016 –0.257 0.0096 0.049 0.2105

NDVI 100 0.024 –0.798 0.0003 0.102 0.0994

NDVI 150 0.006 –1.291 0.3089 0.007 0.8539

NDVI 200 0.007 –1.287 0.2161 0.010 0.9309

CM1000 50 0.026 –0.758 0.0002 0.111 0.2940

CM1000 100 0.029 –1.231 <0.0001 0.142 0.2497

CM1000 150 0.011 –1.106 0.0345 0.029 0.9373

CM1000 200 0.012 –1.683 0.0292 0.032 0.7484

Yield 50 0.033 –0.614 0.0003 0.137 0.1977

Yield 100 0.036 –1.727 <0.0001 0.197 0.8699

Yield 150 0.018 –0.374 0.0043 0.061 0.5727

Yield 200 0.015 –1.300 0.0060 0.050 0.5527

TN 50 0.030 –0.573 0.0003 0.124 0.3074

TN 100 0.026 –0.561 0.0005 0.102 0.2343

TN 150 0.015 –0.877 0.0065 0.050 0.2564

TN 200 0.013 –1.007 0.0170 0.037 0.3355

NUP 50 0.033 –0.723 0.0002 0.145 0.4171

NUP 100 0.035 –1.564 <0.0001 0.186 0.6617

NUP 150 0.024 –0.937 0.0002 0.105 0.4676

NUP 200 0.012 –1.008 0.0230 0.034 0.6529

All 50 0.026 –0.475 <0.0001 0.099 0.7000

All 100 0.030 –1.169 <0.0001 0.143 0.6858

All 150 0.013 –0.768 <0.0001 0.035 0.3880

All 200 0.012 –1.227 <0.0001 0.030 0.0092

Table 4, continued.

Tall fescue

2014-2016
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.029 –0.435 0.0143 0.077 0.9162

NDVI 100 0.022 –0.741 0.0204 0.057 0.4836

NDVI 150 0.019 –1.404 0.0312 0.046 0.0134

NDVI 200 0.019 –1.404 0.0312 0.046 0.0134

CM1000 50 0.018 0.126 0.0934 0.033 0.6185

CM1000 100 0.020 –0.337 0.0448 0.044 0.7942

CM1000 150 0.016 –0.695 0.0687 0.033 0.1494

CM1000 200 0.024 –1.873 0.0086 0.070 0.1622

Yield 50 0.012 1.620 0.4404 0.010 0.4118

Yield 100 0.033 –1.205 0.0020 0.111 0.5538

Yield 150 0.025 –0.371 0.0213 0.064 0.8365

Yield 200 0.023 –0.972 0.0131 0.064 0.8351

TN 50 0.034 –0.264 0.0160 0.092 0.7271

TN 100 0.025 –0.423 0.0195 0.065 0.3233

TN 150 0.027 –0.841 0.0085 0.077 0.5476

TN 200 0.026 –1.103 0.0067 0.078 0.4198

NUP 50 0.016 1.322 0.3014 0.019 0.4978

NUP 100 0.031 –1.029 0.0034 0.099 0.5398

NUP 150 0.030 –0.755 0.0067 0.089 0.8341

NUP 200 0.022 –0.794 0.0185 0.059 0.4200

All 50 0.022 0.388 0.0001 0.041 0.0069

All 100 0.026 –0.728 <0.0001 0.072 0.0004

All 150 0.021 –0.698 <0.0001 0.052 0.0013

All 200 0.022 –1.169 <0.0001 0.059 <0.0001

Table 4, continued.

Both species combined

2014
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.061 –2.612 0.0004 0.256 0.8134

NDVI 100 0.078 –4.821 <0.0001 0.382 0.8094

NDVI 150 0.025 –2.422 0.0021 0.098 0.2030

NDVI 200 0.045 –4.221 <0.0001 0.241 0.2146

CM1000 50 0.062 –2.799 0.0003 0.266 0.8098

CM1000 100 0.063 –3.641 <0.0001 0.302 0.8686

CM1000 150 0.040 –2.784 <0.0001 0.194 0.1933

CM1000 200 0.035 –3.192 <0.0001 0.168 0.5322

Yield 50 0.061 –2.392 0.0008 0.248 0.8500

Yield 100 0.057 –3.643 <0.0001 0.285 0.8608

Yield 150 0.042 –2.372 0.0002 0.188 0.6737

Yield 200 0.043 –4.150 <0.0001 0.230 0.1155

TN 50 0.023 –0.375 0.0299 0.060 0.4020

TN 100 0.039 –2.361 0.0002 0.176 0.1211

TN 150 0.019 –1.611 0.0156 0.059 0.0888

TN 200 0.023 –2.519 0.0053 0.081 0.3882

NUP 50 0.055 –2.311 0.0005 0.228 0.8164

NUP 100 0.057 –3.592 <0.0001 0.284 0.7083

NUP 150 0.050 –3.104 <0.0001 0.242 0.5095

NUP 200 0.037 –3.680 <0.0001 0.180 0.4235

All 50 0.047 –1.749 <0.0001 0.180 0.1689

All 100 0.056 –3.408 <0.0001 0.272 0.0493

All 150 0.030 –2.111 <0.0001 0.128 <0.0001

All 200 0.036 –3.489 <0.0001 0.174 0.0027

Both species combined

2015

Table 4, continued.



 

184 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.031 –2.330 <0.0001 0.198 0.1535

NDVI 100 0.038 –3.317 <0.0001 0.269 0.2786

NDVI 150 0.064 –8.585 <0.0001 0.342 0.8979

NDVI 200 0.080 –11.343 0.0001 0.371 0.2265

CM1000 50 0.031 –1.250 0.0003 0.166 0.3727

CM1000 100 0.047 –4.010 <0.0001 0.346 0.1101

CM1000 150 0.045 –5.457 <0.0001 0.284 0.0108

CM1000 200 0.058 –8.183 <0.0001 0.289 0.3907

Yield 50 0.033 –0.639 0.0025 0.151 0.8997

Yield 100 0.044 –2.497 <0.0001 0.291 0.9663

Yield 150 0.032 –1.936 <0.0001 0.193 0.7071

Yield 200 0.038 –4.339 <0.0001 0.247 0.2345

TN 50 0.104 –4.303 0.0010 0.526 0.9739

TN 100 0.060 –3.570 <0.0001 0.418 0.8133

TN 150 0.050 –3.621 <0.0001 0.366 0.0448

TN 200 0.043 –4.210 <0.0001 0.311 0.4277

NUP 50 0.049 –1.607 0.0003 0.267 0.8929

NUP 100 0.046 –2.661 <0.0001 0.309 0.9655

NUP 150 0.035 –2.243 <0.0001 0.228 0.6014

NUP 200 0.044 –4.695 <0.0001 0.305 0.5716

All 50 0.033 –1.204 <0.0001 0.175 <0.0001

All 100 0.042 –2.887 <0.0001 0.293 0.0362

All 150 0.030 –2.809 <0.0001 0.189 0.0174

All 200 0.039 –4.787 <0.0001 0.236 0.0303

Table 4, continued.

Both species combined

2016
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Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

Slope Intercept

Wald p 

value

Max-

rescaled r
2

Hosmer and Lemeshow p 

value

NDVI 50 0.027 –0.884 <0.0001 0.103 0.2822

NDVI 100 0.033 –1.899 <0.0001 0.160 0.8610

NDVI 150 0.015 –1.850 0.0002 0.046 0.2244

NDVI 200 0.016 –2.002 0.0002 0.048 0.2307

CM1000 50 0.032 –0.918 <0.0001 0.125 0.5496

CM1000 100 0.033 –1.824 <0.0001 0.161 0.9566

CM1000 150 0.020 –1.582 <0.0001 0.074 0.6267

CM1000 200 0.017 –2.041 <0.0001 0.055 0.2935

Yield 50 0.032 –0.220 <0.0001 0.104 0.6096

Yield 100 0.041 –2.156 <0.0001 0.212 0.9262

Yield 150 0.029 –1.168 <0.0001 0.118 0.8140

Yield 200 0.022 –1.893 <0.0001 0.088 0.4683

TN 50 0.035 –0.669 <0.0001 0.128 0.2125

TN 100 0.038 –1.853 <0.0001 0.188 0.1109

TN 150 0.026 –1.549 <0.0001 0.113 0.4750

TN 200 0.022 –1.767 <0.0001 0.087 0.6070

NUP 50 0.039 –0.735 <0.0001 0.146 0.2289

NUP 100 0.042 –2.136 <0.0001 0.213 0.7532

NUP 150 0.033 –1.572 <0.0001 0.152 0.8204

NUP 200 0.022 –1.879 <0.0001 0.091 0.4897

All 50 0.031 –0.625 <0.0001 0.113 0.0346

All 100 0.037 –1.934 <0.0001 0.183 0.0169

All 150 0.021 –1.330 <0.0001 0.082 0.0001

All 200 0.019 –1.877 <0.0001 0.071 0.0003

Table 4, continued.

Both species combined

2014-2016
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

NDVI 50 0.33 5 3 –10

NDVI 50 0.67 53 38 40

NDVI 50 0.90 104 75 92

NDVI 100 0.33 44 7 1

NDVI 100 0.67 88 48 66

NDVI 100 0.90 134 91 134

NDVI 150 0.33 57 –12 37

NDVI 150 0.67 97 185 112

NDVI 150 0.90 139 392 192

NDVI 200 0.33 57 –12 37

NDVI 200 0.67 97 185 112

NDVI 200 0.90 139 392 192

CM1000 50 0.33 –4 –32 –47

CM1000 50 0.67 58 27 33

CM1000 50 0.90 123 88 116

CM1000 100 0.33 8 –3 –19

CM1000 100 0.67 72 45 53

CM1000 100 0.90 138 95 128

CM1000 150 0.33 23 –23 –1

CM1000 150 0.67 87 90 88

CM1000 150 0.90 155 208 181

CM1000 200 0.33 65 19 50

CM1000 200 0.67 95 175 110

CM1000 200 0.90 127 338 173

Table 5. Solvita
®
 Soil CO2-Burst test results (SSCB-C, mg kg

–1
) at selected 

probabilities (P ) of equaling or exceeding benchmark values of turfgrass 

performance for all four urea rates (50, 100, 150, and 200 kg N ha
–1

 yr
–1

) based on the 

logistic regression curves. Turfgrass performance indicators are normalized 

difference vegetation index (NDVI), chlorophyll index (CM1000), clippings yield 

(Yield), clippings total nitrogen concentration (TN), clippings total nitrogen uptake 

(NUP), and all variables combined (All). Data are reported for Kentucky bluegrass 

(KBG) and tall fescue (TF) lawns separately, as well as for the combined results of 

Kentucky bluegrass and tall fescue lawns (Both). Data are reported as individual 

years and for all years combined from a study conducted between 2014 and 2016 in 

Storrs, CT.

Species

2014

SSCB-C, mg kg
–1
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

Yield 50 0.33 –128 –398 –194

Yield 50 0.67 –43 –180 –76

Yield 50 0.90 47 49 48

Yield 100 0.33 12 9 15

Yield 100 0.67 51 65 58

Yield 100 0.90 92 123 104

Yield 150 0.33 15 –28 –13

Yield 150 0.67 56 34 43

Yield 150 0.90 100 99 102

Yield 200 0.33 11 7 11

Yield 200 0.67 69 77 73

Yield 200 0.90 130 150 137

TN 50 0.33 –93 4 –13

TN 50 0.67 –17 36 28

TN 50 0.90 63 71 72

TN 100 0.33 29 –35 –11

TN 100 0.67 65 28 45

TN 100 0.90 102 95 103

TN 150 0.33 27 –12 5

TN 150 0.67 66 53 58

TN 150 0.90 107 121 114

TN 200 0.33 43 –8 15

TN 200 0.67 78 63 70

TN 200 0.90 114 138 128

Table 5, continued.

2014

Species

SSCB-C, mg kg
–1
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

NUP 50 0.33 –43 –398 –127

NUP 50 0.67 7 –180 –38

NUP 50 0.90 60 49 55

NUP 100 0.33 19 –2 10

NUP 100 0.67 56 58 56

NUP 100 0.90 95 120 104

NUP 150 0.33 15 –1 2

NUP 150 0.67 56 45 49

NUP 150 0.90 100 94 99

NUP 200 0.33 11 0 4

NUP 200 0.67 69 67 68

NUP 200 0.90 130 137 135

All 50 0.33 –38 –41 –50

All 50 0.67 24 16 15

All 50 0.90 89 75 83

All 100 0.33 21 –4 1

All 100 0.67 66 49 56

All 100 0.90 113 106 113

All 150 0.33 26 –26 0

All 150 0.67 73 64 68

All 150 0.90 123 159 139

All 200 0.33 42 –4 21

All 200 0.67 85 96 87

All 200 0.90 130 201 156

Table 5, continued.

2014

Species

SSCB-C, mg kg
–1
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

NDVI 50 0.33 28 46 31

NDVI 50 0.67 50 65 55

NDVI 50 0.90 73 86 79

NDVI 100 0.33 55 46 53

NDVI 100 0.67 73 65 71

NDVI 100 0.90 93 86 90

NDVI 150 0.33 70 98 68

NDVI 150 0.67 83 149 124

NDVI 150 0.90 96 203 183

NDVI 200 0.33 77 80 79

NDVI 200 0.67 101 115 111

NDVI 200 0.90 126 150 144

CM1000 50 0.33 35 46 34

CM1000 50 0.67 53 68 56

CM1000 50 0.90 72 90 80

CM1000 100 0.33 45 58 47

CM1000 100 0.67 65 78 69

CM1000 100 0.90 85 99 93

CM1000 150 0.33 59 66 51

CM1000 150 0.67 75 101 86

CM1000 150 0.90 91 138 123

CM1000 200 0.33 72 78 71

CM1000 200 0.67 89 127 111

CM1000 200 0.90 107 178 154

SSCB-C, mg kg
–1

Species

Table 5, continued.

2015
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

Yield 50 0.33 20 54 28

Yield 50 0.67 40 70 51

Yield 50 0.90 62 87 75

Yield 100 0.33 55 55 52

Yield 100 0.67 73 82 77

Yield 100 0.90 93 111 103

Yield 150 0.33 50 47 40

Yield 150 0.67 68 84 73

Yield 150 0.90 87 122 109

Yield 200 0.33 73 95 80

Yield 200 0.67 92 120 112

Yield 200 0.90 113 147 147

TN 50 0.33 9 29 –15

TN 50 0.67 46 75 48

TN 50 0.90 84 124 113

TN 100 0.33 51 39 42

TN 100 0.67 75 82 78

TN 100 0.90 99 128 116

TN 150 0.33 55 93 48

TN 150 0.67 80 136 122

TN 150 0.90 106 182 200

TN 200 0.33 69 104 79

TN 200 0.67 101 145 142

TN 200 0.90 134 188 207

Table 5, continued.

2015

Species

SSCB-C, mg kg
–1
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

NUP 50 0.33 34 51 29

NUP 50 0.67 49 73 54

NUP 50 0.90 65 96 81

NUP 100 0.33 53 54 50

NUP 100 0.67 72 80 75

NUP 100 0.90 92 108 101

NUP 150 0.33 50 63 48

NUP 150 0.67 69 88 76

NUP 150 0.90 89 115 106

NUP 200 0.33 75 101 81

NUP 200 0.67 89 133 120

NUP 200 0.90 103 166 161

All 50 0.33 26 44 22

All 50 0.67 48 70 53

All 50 0.90 71 97 85

All 100 0.33 52 49 48

All 100 0.67 72 77 74

All 100 0.90 93 107 101

All 150 0.33 57 68 46

All 150 0.67 76 111 93

All 150 0.90 95 157 142

All 200 0.33 73 92 78

All 200 0.67 94 128 117

All 200 0.90 115 166 159

Table 5, continued.

2015

Species

SSCB-C, mg kg
–1
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

NDVI 50 0.33 57 67 52

NDVI 50 0.67 74 128 97

NDVI 50 0.90 91 192 145

NDVI 100 0.33 79 44 68

NDVI 100 0.67 105 102 105

NDVI 100 0.90 132 164 144

NDVI 150 0.33 116 131 124

NDVI 150 0.67 139 154 146

NDVI 150 0.90 163 177 170

NDVI 200 0.33 121 137
†

133

NDVI 200 0.67 141 138
†

150

NDVI 200 0.90 163 140
†

169

CM1000 50 0.33 37 48 17

CM1000 50 0.67 49 91 63

CM1000 50 0.90 62 136 111

CM1000 100 0.33 84 48 71

CM1000 100 0.67 107 91 101

CM1000 100 0.90 131 136 133

CM1000 150 0.33 89 124 106

CM1000 150 0.67 115 151 137

CM1000 150 0.90 142 180 170

CM1000 200 0.33 133 126 129

CM1000 200 0.67 154 153 154

CM1000 200 0.90 176 181 180

SSCB-C, mg kg
–1

2016

Table 5, continued.

Species
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

Yield 50 0.33 –95 29 –2

Yield 50 0.67 –21 62 41

Yield 50 0.90 57 98 87

Yield 100 0.33 50 29 41

Yield 100 0.67 82 62 74

Yield 100 0.90 115 98 108

Yield 150 0.33 50 21 39

Yield 150 0.67 82 83 83

Yield 150 0.90 115 149 130

Yield 200 0.33 107 75 95

Yield 200 0.67 131 136 132

Yield 200 0.90 157 200 171

TN 50 0.33 33 35 35

TN 50 0.67 48 48 48

TN 50 0.90 63 61 63

TN 100 0.33 61 28 48

TN 100 0.67 81 55 72

TN 100 0.90 101 83 97

TN 150 0.33 60 58 59

TN 150 0.67 83 91 87

TN 150 0.90 106 126 117

TN 200 0.33 88 73 81

TN 200 0.67 121 107 114

TN 200 0.90 155 143 148

Table 5, continued.

Species

SSCB-C, mg kg
–1

2016
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

NUP 50 0.33 –8 37 18

NUP 50 0.67 24 62 48

NUP 50 0.90 59 90 78

NUP 100 0.33 52 29 43

NUP 100 0.67 81 62 74

NUP 100 0.90 112 98 107

NUP 150 0.33 52 31 43

NUP 150 0.67 81 85 84

NUP 150 0.90 112 141 126

NUP 200 0.33 103 71 91

NUP 200 0.67 125 120 123

NUP 200 0.90 148 172 157

All 50 0.33 24 30 15

All 50 0.67 49 76 58

All 50 0.90 75 123 103

All 100 0.33 65 30 52

All 100 0.67 92 73 86

All 100 0.90 122 119 121

All 150 0.33 69 70 70

All 150 0.67 104 132 116

All 150 0.90 141 197 166

All 200 0.33 110 98 105

All 200 0.67 137 152 141

All 200 0.90 166 208 180

Table 5, continued.

2016

Species

SSCB-C, mg kg
–1
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

NDVI 50 0.33 36 –28 7

NDVI 50 0.67 62 60 59

NDVI 50 0.90 89 151 115

NDVI 100 0.33 56 4 36

NDVI 100 0.67 88 62 80

NDVI 100 0.90 122 123 125

NDVI 150 0.33 71 101 74

NDVI 150 0.67 115 346 166

NDVI 150 0.90 161 603 263

NDVI 200 0.33 80 84 81

NDVI 200 0.67 128 288 169

NDVI 200 0.90 178 504 262

CM1000 50 0.33 19 2 7

CM1000 50 0.67 51 56 51

CM1000 50 0.90 85 112 98

CM1000 100 0.33 46 18 34

CM1000 100 0.67 83 66 76

CM1000 100 0.90 122 117 121

CM1000 150 0.33 56 35 44

CM1000 150 0.67 93 159 116

CM1000 150 0.90 132 290 192

CM1000 200 0.33 77 79 78

CM1000 200 0.67 136 194 161

CM1000 200 0.90 197 315 248

Species

SSCB-C, mg kg
–1

Table 5, continued.

2014-2016
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

Yield 50 0.33 –32 –3 –15

Yield 50 0.67 14 40 29

Yield 50 0.90 61 86 75

Yield 100 0.33 42 28 35

Yield 100 0.67 71 68 70

Yield 100 0.90 101 109 106

Yield 150 0.33 40 –18 16

Yield 150 0.67 69 59 66

Yield 150 0.90 101 141 118

Yield 200 0.33 64 39 55

Yield 200 0.67 108 134 120

Yield 200 0.90 155 233 188

TN 50 0.33 8 –4 –1

TN 50 0.67 40 43 40

TN 50 0.90 74 92 83

TN 100 0.33 50 –6 30

TN 100 0.67 75 50 67

TN 100 0.90 100 108 105

TN 150 0.33 52 11 32

TN 150 0.67 78 105 87

TN 150 0.90 105 204 145

TN 200 0.33 63 23 49

TN 200 0.67 102 133 115

TN 200 0.90 144 248 184

Table 5, continued.

2014-2016

Species

SSCB-C, mg kg
–1
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KBG TF Both

Dependent 

variable

Urea rate, kg N ha
–1 

yr
–1

P

NUP 50 0.33 9 0 1

NUP 50 0.67 36 43 37

NUP 50 0.90 64 87 76

NUP 100 0.33 44 24 34

NUP 100 0.67 71 65 68

NUP 100 0.90 100 107 104

NUP 150 0.33 42 9 26

NUP 150 0.67 70 68 69

NUP 150 0.90 100 130 114

NUP 200 0.33 66 25 53

NUP 200 0.67 103 141 117

NUP 200 0.90 142 263 184

All 50 0.33 13 –9 –3

All 50 0.67 45 46 43

All 50 0.90 78 105 91

All 100 0.33 47 15 33

All 100 0.67 77 63 72

All 100 0.90 109 113 113

All 150 0.33 48 5 29

All 150 0.67 84 117 96

All 150 0.90 122 235 166

All 200 0.33 69 45 61

All 200 0.67 114 167 134

All 200 0.90 162 295 211

Species

SSCB-C, mg kg
–1

Table 5, continued.

2014-2016
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Fig. 1. Relative normalized difference vegetation index (NDVI), chlorophyll index (CM1000), clippings yield (Yield), clippings total nitrogen 

concentration (TN), and clippings total nitrogen uptake (NUP) response as a function of Solvita
®
 Soil CO2-Burst test results (SSCB-C, mg kg

–1
) 

for Kentucky bluegrass turf managed as a lawn. Results are shown for individual years and for all years combined from a study conducted 

between 2014 and 2016 in Storrs, CT. Linear regression parameters (slopes, intercepts, coefficients of determination, and p  values) can be found 

in Table 3.
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Fig. 2. Relative normalized difference vegetation index (NDVI), chlorophyll index (CM1000), clippings yield (Yield), clippings total nitrogen 

concentration (TN), and clippings total nitrogen uptake (NUP) response as a function of Solvita
®
 Soil CO2-Burst test results (SSCB-C, mg kg

–1
) 

for tall fescue turf managed as a lawn. Results are shown for individual years and for all years combined from a study conducted between 2014 

and 2016 in Storrs, CT. Linear regression parameters (slopes, intercepts, coefficients of determination, and p  values) can be found in Table 3.

SSCB-C, mg kg
–1

D
ep

en
d

en
t 

v
ar

ia
b

le
Tall fescue

Year(s)



 

200 

 

 

 

 

 

 

 

 

 

 

 

 

2014 2015 2016 2014-2016
R

el
at

iv
e 

N
D

V
I

R
el

at
iv

e 

C
M

1
0

0
0

R
el

at
iv

e 
Y

ie
ld

R
el

at
iv

e 
T

N
R

el
at

iv
e 

N
U

P

Fig. 3. Relative normalized difference vegetation index (NDVI), chlorophyll index (CM1000), clippings yield (Yield), clippings total nitrogen 

concentration (TN), and clippings total nitrogen uptake (NUP) response as a function of Solvita
®
 Soil CO2-Burst test results (SSCB-C, mg kg

–1
) 

for both species (Kentucky bluegrass and tall fescue) combined. Results are shown for individual years and for all years combined from a study 

conducted between 2014 and 2016 in Storrs, CT. Linear regression parameters (slopes, intercepts, coefficients of determination, and p  values) 

can be found in Table 3.
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Fig. 4. Binary logistic regression curves showing the probability of equaling or exceeding a given turfgrass performance benchmark value for each 

of the 4 different urea rates (50, 100, 150, and 200 kg N ha
–1

 yr
–1

) based on Solvita
®
 Soil CO2-Burst test results (SSCB-C, mg kg

–1
) for Kentucky 

bluegrass turf managed as a lawn. Turfgrass performance indicators are normalized difference vegetation index (NDVI), chlorophyll index 

(CM1000), clippings yield (Yield), clippings total nitrogen concentration (TN), clippings total nitrogen uptake (NUP), and all variables combined 

(All). Results are shown for individual years and for all years combined from a study conducted between 2014 and 2016 in Storrs, CT. Binary 

logistic regression coefficients and parameters can be found in Table 4.
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Fig. 5. Binary logistic regression curves showing the probability of equaling or exceeding a given turfgrass performance benchmark value for each 

of the 4 different urea rates (50, 100, 150, and 200 kg N ha
–1

 yr
–1

) based on Solvita
®
 Soil CO2-Burst test results (SSCB-C, mg kg

–1
) for tall fescue 

turf managed as a lawn. Turfgrass performance indicators are normalized difference vegetation index (NDVI), chlorophyll index (CM1000), 

clippings yield (Yield), clippings total nitrogen concentration (TN), clippings total nitrogen uptake (NUP), and all variables combined (All). 

Results are shown for individual years and for all years combined from a study conducted between 2014 and 2016 in Storrs, CT. Binary logistic 

regression coefficients and parameters can be found in Table 4.
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Fig. 6. Binary logistic regression curves showing the probability of equaling or exceeding a given turfgrass performance benchmark value for each 

of the 4 different urea rates (50, 100, 150, and 200 kg N ha
–1

 yr
–1

) based on Solvita
®
 Soil CO2-Burst test results (SSCB-C, mg kg

–1
) for the 

combined results of both species (Kentucky bluegrass and tall fescue). Turfgrass performance indicators are normalized difference vegetation index 

(NDVI), chlorophyll index (CM1000), clippings yield (Yield), clippings total nitrogen concentration (TN), clippings total nitrogen uptake (NUP), 

and all variables combined (All). Results are shown for individual years and for all years combined from a study conducted between 2014 and 2016 

in Storrs, CT. Binary logistic regression coefficients and parameters can be found in Table 4.
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Predicting the Nitrogen Fertilizer Response of Turfgrass Based on Solvita® Soil Test Results V: 

Correlation Between the Solvita® Labile Amino-Nitrogen and Solvita® Soil CO2-Burst Tests in Soils 

from Kentucky Bluegrass and Tall Fescue Lawns 

ABSTRACT 

The Solvita® Labile Amino-Nitrogen (SLAN) and CO2-Burst (SSCB) tests are lab-based, chemical tests 

that can estimate the amount of labile soil nitrogen (N) and labile soil carbon (C), respectively. Although 

the correlation between soil tests measuring labile N and labile C has been studied previously, to our 

knowledge, there are no published data correlating the SLAN and SSCB tests. This study was conducted 

across 3 years (2014 to 2016) to determine if the SLAN test is correlated with the SSCB test for soils 

under Kentucky bluegrass (Poa pratensis L.) and tall fescue (Festuca arundinacea Schreb.) lawns. 

Separate randomized complete block field experiments were established in Connecticut, USA on the two 

species with varying rates of an organic fertilizer to create a wide range of labile soil N and C 

concentrations. Soil samples were collected in the spring of each year and analyzed with the SLAN and 

SSCB tests. The amount of N detected by the SLAN test (SLAN-N) was, for all years and all species, and 

for the combination of all years and the combination of both species, positively and significantly (p < 

0.05) correlated with the amount of C detected by the SSCB test (SSCB-C). Furthermore, in nearly all 

cases, the relationships between SLAN-N and organic fertilizer rate, as well as the relationships between 

SSCB-C and organic fertilizer rate, were positively linear and significant (p < 0.05) (the relationship 

between SLAN-N and SSCB-C from 2014 for tall fescue is the only exception). The data suggest that the 

SLAN and SSCB tests are well-correlated. 

INTRODUCTION 

Several studies have shown that soil tests for labile carbon (C) are correlated with soil tests for labile 

nitrogen (N). A test for soil microbial respiration (i.e., a biological test for labile C) was well-correlated 

with a 24-day incubation measuring biological N mineralization and with forage N uptake (Haney et al., 
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2001). Other studies have confirmed that there is good correlation between soil microbial respiration 

(carbon dioxide [CO2] production) and biological tests for N mineralization (Castellanos and Pratt, 1981; 

Gilmour et al., 1996; Franzluebbers et al., 1996). 

The Solvita® Soil CO2-Burst (SSCB) test was somewhat correlated with a 7-day biological test for N 

mineralization, but that this relationship was not as strong as the relationships between the 7-day 

biological incubation and other tests (i.e., the Illinois soil nitrogen test [Khan et al., 2001] and the loss-on-

ignition [LOI] test) (Rogers, 2017). Soil organic matter (SOM), as measured by the LOI method, was 

more highly correlated with potentially-mineralizable N (as measured by a 64-day anaerobic biological 

incubation test for mineralizable N) and with maize (Zea mays L.) grain N uptake than with the SSCB test 

(Tu, 2016); the SSCB test showed a better correlation with other soil tests for coarser-textured soils (Tu, 

2016). The permanganate-oxidizable carbon (POXC) test (described by Weil et al., 2003), is a chemical 

test for labile C that measures the amount of SOM that can be oxidized by a solution of potassium 

permanganate (KMnO4). The POXC test has been shown to correlate strongly with the Illinois soil 

nitrogen test (ISNT) (described by Khan et al. [2001]), which is a chemical soil test for labile N that is 

based on the alkali hydrolysis of amine (–NH2) groups (Geng et al., 2014). 

The SSCB test is a biological, lab-based test that measures CO2 production in an aerobic environment 

(Woods End Laboratories, Inc., 2013). This test takes 24 hr and is performed at room temperature. It 

works under the premise that when sieved and dried soil samples are rewetted, soil microbes break 

dormancy and begin to decompose SOM present in the sample. The CO2 molecules diffuse into a probe, 

and the probes react with the CO2 and change color; the amount of CO2 generated is measured 

colorimetrically. 

The Solvita® Labile Amino-Nitrogen (SLAN) test is a chemical test measures labile soil N via alkali 

hydrolysis: a dried, sieved soil sample is incubated for 24 hr at room temperature in a concentrated 

solution of sodium hydroxide (NaOH) (Woods End Laboratories, Inc., 2016). Amine (–NH2) groups from 

various organic molecules (primarily amino sugars [Mulvaney and Khan, 2001]) are hydrolyzed and 
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become ammonia (NH3). The NH3 molecules released diffuse out of the NaOH solution and are collected 

by a probe. The probe reacts with the NH3 and changes color based on the concentration of NH3; the 

amount of labile N is therefore determined colorimetrically. 

Labile C and labile N fractions are known to be well-correlated. Studies have shown strong and often 

(but not always) linear correlations between biologically mineralizable C and labile N in animal manure, 

plant residues, biosolids, non-amended soils, and manure- and residue-amended soils (Boyle and Paul, 

1989; Broadbent et al., 1964; Castellanos and Pratt, 1981; Dao and Cavigelli, 2003; Franzluebbers et al., 

1994; Franzluebbers et al., 1996; Franzluebbers et al., 2000; Gale and Gilmour, 1986; Gilmour et al., 

1985; Iritani and Arnold, 1960; Thompson et al., 1954; Tiessen and Stewart, 1983). Microbial respiration 

was found to be a good predictor of plant-available N in soil unless there was substantial microbial 

immobilization of plant nutrients or unless microbial activity was inhibited by toxins in the soil (Agbim et 

al., 1977). Other studies show that labile C and labile N generally increase and decrease together as 

sampling depth, time, temperature, and grazing pressures change, but labile C and labile N were not 

directly correlated in these studies (Belay-Tedla et al., 2009; Carter and Rennie, 1982; Culman et al., 

2013; Dannenmann et al., 2009; De Bruin et al., 1989; Hadas and Portnoy, 1994; Nicolardot et al., 1994; 

Robertson et al., 1988). Another study found that labile C was strongly correlated with three different 

extractable protein fractions and that labile N was moderately correlated with these same extractable 

protein fractions, but again, labile C and labile N were not directly correlated (Lerch et al., 1992). Another 

study found that mineralizable C and N did not always rise and fall together as tillage types, crop 

rotations, and sampling times changed, but mineralizable C and N were not directly correlated 

(Franzluebbers et al., 1995). The authors cite N immobilization and competition for nutrients between 

microbes and the crop as possible causes for the discrepancy (Franzluebbers et al., 1995). Finally, it has 

been shown that the amount of N mineralized relative to the amount of C mineralized decreases as the 

C:N ratio increases (Bollen and Lu, 1961; Broadbent and Nakashima, 1974; Ladd et al., 1981; Nommick, 

1961; Pinck et al., 1950; Voroney and Paul, 1984). 
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Tests for soil microbial respiration will measure CO2 produced by microbes that have varying 

functions in the soil. Some microbes mineralize N and are beneficial to plants; some are plant pathogens; 

some immobilize N (Parkin et al., 1996). Since the SLAN test specifically measures labile N, soils that 

contain many N-immobilizing microbes (particularly those that favor stable forms of organic N) may 

have lower SLAN test results than soils that contain many microbes which depolymerize stable forms of 

organic N. The ISNT has been shown to primarily measure N from amino sugars (Mulvaney and Khan, 

2001), and it is likely that the SLAN test, which is very similar to the ISNT (both use the same reagent, 2 

M sodium hydroxide [NaOH], during the incubation step), will also primarily measure N from amino 

sugars. Bacteria tend to have more amino sugars than fungi (amino sugars present in fungi tend to be in 

the polymerized form of chitin), so soils that favor bacterial communities may have higher SLAN test 

results than soils that favor fungal communities. 

Very little research has been published on the SLAN test. There is currently only one published peer-

review article reporting on the SLAN test (Rogers, 2017), and study found that the majority of the SLAN 

tests could not detect any mineralizable N in Snake River plain soils in Idaho. 

Since there are no studies reporting the relationship between the SLAN and the SSCB tests, the 

objectives of this study were to determine if SLAN and SSCB are correlated for soils collected from cool-

season turfgrass ecosystems. 

MATERIALS AND METHODS 

Field Plot Layout and Management 

A field experiment was conducted at the Plant Science Research and Education Facilities at the 

University of Connecticut, Storrs, CT (41° 47’ N, 72° 13’ W; 203 m in elevation) from 2014 through 

2016. The plots were located on a Paxton fine sandy loam soil (a coarse-loamy, mixed, active, mesic 

Oxyaquic Dystrudept). On 3 Sept. 2007, separate stands of a turf-type tall fescue blend (including the 

cultivars ‘Crossfire II’, ‘Dynasty’, and ‘Shortstop II’) and of Kentucky bluegrass (‘America’) were 
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established 20 m apart from each other. Kentucky bluegrass was seeded into the plots at a rate of 2.2 kg 

ha-1 and tall fescue at a rate of 6.7 kg ha-1.  Nested within these separate stands were randomized complete 

block designs with three replicates. Treatments were rates of an organic fertilizer (Suståne all natural 5-

0.87-3.3 [N-P-K], Suståne Natural Fertilizer, Inc., Cannon Falls, MN) to supply 10, 20, 30, 40, 50, 60, 70, 

80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 300, and 400 kg of readily-available N ha-1 

(20% of the total N available in the first year after application according to the manufacturer estimates). 

On 3 Sept. 2007, the organic fertilizer was applied to the plots before seeding and incorporated to a depth 

of 15 cm. The organic fertilizer was reapplied in either November or early December of each year to the 

established plots from 2008 to 2016 (except for 2010). These plots were solid-tine aerified, then the 

organic fertilizer was reapplied and raked into the aerification holes. Plot size was 1 × 1 m. 

Plots were mowed with a Scag Tiger Cub mower (Scag Power Equipment, Mayville, WI) to a height 

of 75 mm as needed. Clippings were generally returned, although once a month, the entire study area 

were mowed at 83 mm and clippings were removed using a Toro SR4 Super Recycler push mower (The 

Toro Company, Bloomington, MN) so that clippings yields and foliar N concentrations could be 

determined for a different study. Supplemental irrigation was applied as needed to prevent wilt (this was 

infrequent). Pest control for broadleaf and grassy weeds, and for white grubs, was applied as needed. 

Soil Sampling and Analysis 

Soil samples were taken from each plot in late April or early May of each year during the study. Ten 

soil cores were taken from each plot to a depth of 10 cm below the thatch layer using an 18-mm-dia. soil 

probe. Soil cores from the same plot and the same sampling date were combined into a single sample, air-

dried, and sieved to 2 mm. Soil samples were analyzed for SLAN-N and SSCB-C concentrations 

following Solvita® guidelines (Woods End Laboratories, 2013 and 2016). 
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Statistical Analysis 

Statistical analyses were performed using SAS/STAT 14.1 software (SAS Institute, Inc., 2015). The 

CORR procedure of SAS was used to analyze the data for correlations between SLAN and SSCB. The 

CORR procedure was used to determine if there were differences between two correlation coefficients 

using Fisher’s z transformation. Differences between three or more correlation coefficients were 

determined using a Tukey-like separation test (Levy, 1977; Williams and LeBlanc, 1995). The REG 

procedure of SAS was used to analyze the data for simple linear regression analysis to determine the 

relationship of SLAN and SSCB concentrations as a function of organic fertilizer rate. The GLM 

procedure was used to determine slope and intercept differences when only two linear regression 

trendlines were compared (i.e., when differences between the two species or the two types of soil tests 

were sought). The GLIMMIX procedure was used when 3 or more trendlines were being compared (i.e., 

when differences between the three individual years were determined). The REG procedure was used to 

determine if slopes, intercepts, and coefficients of determination showed a general increase or decrease 

over the years (years were used as the independent variable, and slopes, intercepts, and coefficients of 

determination were used as the dependent variables). For all statistical analyses, the α level was set at 

0.05. Two outliers were removed when correlating SLAN-N concentrations with SSCB-C concentrations 

(one was from the 2014 Kentucky bluegrass data and the other was from the 2014 tall fescue data); these 

outliers were included when regressing SLAN-N and SSCB-C concentrations with organic fertilizer 

available N rate. 

RESULTS 

Field Activity and Weather Data 

Weather data can be found in Table 1. 2015, and 2016 were notably warmer than average (2016 was 

much warmer than average). 2011 was also a particularly rainy year, with 349 mm of rain in August. May 
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of 2015 was a very dry month (17 mm of rain). 2015 and 2016 had 16 and 21% less rain than normal, 

respectively, during the May to October growing season. 

Correlation Between Solvita® Soil CO2-Burst Test Results and Solvita® Labile Amino-Nitrogen Test 

Results 

Figure 1 shows the relationship between SSCB-C and SLAN-N. In all species and years, years within 

each species, and for both species combined, the correlations between SSCB and SLAN test results were 

positive and highly significant (p < 0.001) (Table 2). Correlation coefficients for Kentucky bluegrass, tall 

fescue, and both species combined did not show significant trends across years (p = 0.0540, 0.454 and 

0.529, respectively). 

For Kentucky bluegrass, the coefficient of variation (CV) for SSCB-C values from 2014 to 2016 was 

27.3%, and the CV for SLAN-N values from 2014 to 2016 was 15.6% (Table 2). For tall fescue, the CV 

for SSCB-C values from 2014 to 2016 was 29.3%, and the CV for SLAN-N values from 2014 to 2016 

was 16.9% (Table 2). For the combined results of both species, the coefficient of variation (CV) for 

SSCB-C values from 2014 to 2016 was 28.4%, and the CV for SLAN-N values from 2014 to 2016 was 

16.2% (Table 2). SSCB-C CVs were always greater than SLAN-N CVs. For both SSCB-C and SLAN-N, 

Kentucky bluegrass CVs were greater than tall fescue CVs for 2 out of 3 of the years in the study. 

Differences between Kentucky bluegrass and tall fescue r values from the correlation between SLAN-

N and SSCB-C are shown in Table 3. There were no significant r value differences between species for 

any individual year, but for all years combined, tall fescue had a significantly greater correlation 

coefficient than Kentucky bluegrass (p < 0.05) (Tables 2 and 3). 

Response of Solvita® Soil CO2-Burst and Solvita® Labile Amino-Nitrogen Test Results as a 

Function of Organic Fertilizer Nitrogen Rate 

Figure 2 and Table 4 show the relationship between SSCB-C and organic fertilizer N rate for 

Kentucky bluegrass and tall fescue individually and for both species combined, and for individual years 
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and for all years combined. In all but one case (tall fescue data from 2014 being the exception), the 

positive correlation was significant (p < 0.05). In all but one case (Kentucky bluegrass data from 2016 

being the exception), the relationships were weak (r2 < 0.5). 

For the relationship between SSCB-C and organic fertilizer N rate, slopes for the combined results of 

both species combined showed a general increase across years (p = 0.0310), but slopes for Kentucky 

bluegrass and tall fescue individually did not (p = 0.0870 and 0.1861, respectively). Intercepts showed no 

significant trends across years (p = 0.3953, 0.5409, and 0.9395 for Kentucky bluegrass, tall fescue, and 

both species combined, respectively). Coefficients of determination for Kentucky bluegrass, tall fescue, 

and both species combined showed no significant trends across years (p = 0.0991, 0.3506, and 0.0842, 

respectively). 

Figure 2 and Table 4 also show the relationship between SLAN-N and organic fertilizer N rate for 

Kentucky bluegrass and tall fescue individually and for both species combined, and for individual years 

and for all years combined. In all cases, the positive correlation was very highly significant (p < 0.0001). 

Coefficients of determination were generally low (r2 < 0.5) with a few exceptions: Kentucky bluegrass 

data from 2015, 2016, and all years combined; tall fescue data from 2016; and data from the combined 

results of both species from 2015. 

For the relationship between SLAN-N and organic fertilizer N rate, slopes for Kentucky bluegrass, 

tall fescue, and both species combined showed no significant trends across years (p = 0.8342, 0.2402, and 

0.6567, respectively). Intercepts did not show any significant trends across years (p = 0.7420, 0.1457, and 

0.1756 for Kentucky bluegrass, tall fescue, and both species combined, respectively). Coefficients of 

determination for Kentucky bluegrass, tall fescue, and both species combined did not show any 

significant trends across years (p = 0.4951, 0.0732, and 0.7399, respectively). 

Table 5 compares slopes, intercepts, and coefficients of determination between species for the 

relationships of SSCB-C versus organic fertilizer rate and SLAN-N versus organic fertilizer rate. For both 
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relationships and all years and groups of years, slopes between species are not significantly different (p > 

0.05) (Table 5). In all but 2 cases, intercepts between species were significantly different (p < 0.05); in the 

six cases where there were intercept differences, 3 of the intercepts were greater for Kentucky bluegrass, 

and three were greater for tall fescue (Tables 4 and 5). In all but 3 cases, there were no significant 

differences in coefficients of determination between species; in the three cases where there were 

coefficient of determination differences, Kentucky bluegrass had the larger coefficients of determination 

(Tables 4 and 5). 

Slopes of linear regression lines between SSCB-C and organic fertilizer rates were, in 8 out of 12 

total cases, significantly different (p < 0.0001) than slopes of linear regression lines between SLAN-N 

and organic fertilizer rates (Table 6). In 7 out of the 8 cases where there were significant slope 

differences, relationships between SLAN-N and organic fertilizer rate had greater slopes than 

relationships between SSCB-C and organic fertilizer rate (Tables 4 and 6). In all cases, intercepts of the 

linear regression lines between SLAN-N and organic fertilizer rates were significantly greater (p < 0.05) 

than intercepts of the linear regression lines between SSCB-C and organic fertilizer rates (Tables 4 and 6). 

In all but three cases, coefficients of determination were significantly greater (p < 0.05) for the 

relationship between SLAN-N and organic fertilizer rates than for the relationship between SSCB-C and 

organic fertilizer rates; in the three cases where this was not true, there were no significant differences in 

coefficients of determination, and one occurred for Kentucky bluegrass, one occurred for tall fescue, and 

one occurred for both species combined (Tables 4 and 6). 

DISCUSSION 

Correlation Between Solvita® Soil CO2-Burst Test Results and Solvita® Labile Amino-Nitrogen Test 

Results 

The results suggest that SSCB-C and SLAN-N are somewhat well-correlated. Correlation coefficients 

range from 0.454 to 0.754; with most being > 0.50. These are generally good for a correlation between a 
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biological test and a chemical test. It is logical that these correlations are not incredibly strong; there will 

be inherent differences in which fractions of N and C are measured because one test is biological and one 

is chemical, and also because one test measures N and the other measures C. The same organic fertilizer 

was applied to all plots (with the exception of the control plots that received no fertilizer), and therefore it 

is expected that the same ratio of SLAN-N to SSCB-C was applied to each plot. The addition of SOM 

from the turfgrass (i.e., sloughed-off roots and returned clippings), as well as the effects of grass species 

on fertilizer decomposition (it is known that different species of cool-season grasses tend to favor 

different soil microbial communities [Bardgett et al., 1999; Grayston et al., 2001; Grayston et al., 2004; 

Innes et al., 2004]), make this ratio inconsistent, though, particularly if it is assumed that within- and 

between-plot variability (due to uneven fertilizer application within plots and field variability between 

plots) was insignificant. 

There was a significant organic fertilizer rate effect, and there was a significant species-year 

interaction, for SLAN-N:SSCB-C ratios (data not shown). The significant organic fertilizer rate is 

explained above; the control plot which received no organic fertilizer had the highest SLAN-N:SSCB-C 

ratio, which suggests that returned clippings and sloughed-off roots have higher SLAN-N:SSCB-C ratios 

than the organic fertilizer. Furthermore, there seems to be an exponential decay trend of SLAN-N:SSCB-

C ratios across organic fertilizer rates, with the SLAN-N:SSCB-C ratio stabilizing around 1.8 (data not 

shown). Since the SLAN test measures labile N and the SSCB test measures labile C, this decreasing ratio 

of labile N to labile C across organic fertilizer rates could suggest an increased population of fungi 

relative to bacteria as organic fertilizer rates increase. It is known that fungi favor SOM that is has a 

higher C:N ratio and bacteria favor SOM with a lower C:N ratio (Yao et al., 2011); these microbial 

community differences have an effect on soil microbial respiration measurements such as SSCB-C 

concentrations (Anderson and Domsch, 1973; Anderson and Domsch, 1975). The significant species-year 

interaction may be due to different species responses to weather patterns across years. 
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SSCB-C CVs were much greater than SLAN-N CVs (Table 2). Biological tests are generally thought 

to be more accurate (more closely related to field conditions) than chemical tests as predictors of soil N 

mineralization because biological tests are based on the microbial community present in the soil in the 

field, and they take into account immobilization as well as mineralization (i.e., they measure net 

mineralization) (Parkin et al., 1996). Field conditions such as soil moisture are often extremely variable 

spatially and temporally (Schmugge and Jackson, 1996). The soil moisture tension at the study site for 

this experiment ranged temporally from 0 to 20 kPa between May and Oct. of 2015 and from 0.5 to 20 

kPa between May and Oct. of 2016 at a depth of 4 in; in 2015, it fluctuated by as much as 20 kPa and by 

as little as 0.1 kPa in one day, and in 2016, it fluctuated by as much as 19.5 kPa and by as little as 0.1 kPa 

in one day (data not shown). Soil microbial communities and processes vary within field microsites due to 

the presence of things like worm castings and soil aggregates (Parkin, 1993), and the variation in lab-

based biological tests likely mimics the field variability in that the lab-based tests due to this spatial 

variability – soil samples were taken randomly from plot centers – although environmental factors such as 

temperature and moisture are controlled in the lab. 

There were no trends in r values across the years (Table 2). There is likely less spatial variability in 

both microbial activity and labile soil N after several years of annual organic fertilizer applications 

because, after repeated applications of organic fertilizer, the organic fertilizer is distributed more evenly 

within plots horizontally. Since these study plots began to receive annual additions of organic fertilizer in 

2007, the horizontal spatial variability in SOM was likely very small by 2014. Plots were also solid-tine 

aerified each year starting in 2008 immediately before additions of organic fertilizer, and this should also 

promote a more even vertical distribution of the organic fertilizer throughout the root zone after several 

years’ worth of applications. 

Tall fescue had a significantly higher r value than Kentucky bluegrass for the combined results of all 

the years (Tables 2 and 3). It is unknown why this is the case; if there were species differences in root 
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exudates and the interaction of root exudates with SOM and with microbial communities, this difference 

should be evident for individual years as well, and there are not species differences for individual years. 

It is important to note that soil microbes have a wide variety of functions in the soil. Some are 

responsible for mineralization of N and subsequent release of NH4
+, and others are not involved in this 

process at all (i.e., plant pathogens). If all soil microbes present were involved in N mineralization, it is 

likely that the correlation between SLAN-N and SSCB-C concentrations would be extremely strong, since 

all of the measured microbial respiration would be directly related to the amount of labile N present. 

Since there are many microbes present that are not involved in N mineralization, the SSCB test will 

measure microbial respiration from microbes whose existence is not based on the amount of labile N 

present in the soil (it has similarly been observed that tests for soil microbial respiration measure 

microbial activity that is both beneficial and detrimental to plant growth [Parkin et al., 1996]); this fact is 

likely responsible for much of the variability seen in the correlations between SLAN-N and SSCB-C, 

although further testing is needed to verify this hypothesis. Additionally, further testing is needed to 

determine if the correlations observed in this cool-season turfgrass study are similar to those from 

different ecosystems. 

Response of Solvita® Soil CO2-Burst and Solvita® Labile Amino-Nitrogen Test Results as a 

Function of Organic Fertilizer Nitrogen Rate 

In all cases but one (the exception being tall fescue data from 2014), SSCB-C was significantly, 

positively, and linearly correlated with organic fertilizer rate (Figure 2; Table 4). In all cases, SLAN-N 

was significantly, positively, and linearly correlated with organic fertilizer rate. This was expected, and it 

suggests that the organic fertilizer used in this study supplied essential nutrients for soil microbes and for 

plants, whose root exudates contribute an energy source for soil microbes; it also suggests that the organic 

fertilizer supplied forms of N-containing organic molecules that can be hydrolyzed by 2M NaOH (i.e., 

SLAN-N). The SSCB-C and SLAN-N measured from plots receiving no organic fertilizer were a result of 

mineralization of the native SOM and additional SOM from turfgrass tissue. 
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Kentucky bluegrass, tall fescue, and the combined results of both species all showed a trend of 

increasing slopes for the relationship between SSCB-C and organic fertilizer rate across years; none of 

them showed any trends for the relationship between SLAN-N and organic fertilizer rate across years. In 

a study encompassing 9 years (2008 to 2016), Kentucky bluegrass and the combined results of both 

species did show a significant, positive, linear trend of increasing slopes for the relationship between 

SLAN-N and organic fertilizer rate (Moore and Guillard, unpublished data). Weather patterns in 2014, 

2015, and 2016 could have prevented this trend from being evident in 2014, 2015, and 2016. 2015 and 

2016 growing seasons were unusually warm (Table 1), and warmer temperatures can increase the rate of 

N mineralization (Cassman and Munns, 1980; Sierra, 1997). If these periods of increased mineralization 

were coupled with rain events that caused leaching, there could be a significant loss of N from the top 

layer of soil, and if a significant portion of the N in the SOM mineralized, SLAN-N values generated by 

spring soil samples during the following year would be lower than expected due to the excessive 

mineralization and loss of N during the previous growing season. Turfgrass sward age is not a great 

predictor of microbial communities associated with turfgrass stands (Yao et al., 2006), and in a 3-year 

study, it would be imprudent to generalize about turfgrass age and maturity. 

There were no clear trends across species for either relationship for the intercepts across years (Table 

4), although tall fescue showed an increasing trend of intercepts across years for the relationship 

involving SLAN-N. For r2 values, there was an increasing trend for the relationship involving SSCB-C, 

but not for the relationship involving SLAN-N (Table 4). Again, this trend could be due to the possibility 

that as more annual additions of organic fertilizer are made, there is a more even spatial distribution of 

organic matter in the plots, reducing subsample variability. If this were the case, though, r2 values for the 

relationship involving SLAN-N should also show a general increasing trend across years, and this was not 

the case. Another possible explanation is that the spatial distribution of soil microbes was more uniform 

than the spatial distribution of organic matter, possibly due to a more even spatial distribution of plant 

roots whose exudates would provide microbes with the nutrition they need. It is likely that different 
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microbial communities are associated with turfgrass roots and with organic fertilizer. It is known that 

there are differences in microbial populations in the rhizosphere and in bulk soil (Smalla et al., 2001). It 

has been shown that respiration measurements are well-correlated with SOM content (Stotzky, 1965). It is 

unknown, however, if microbial biomass (i.e., density) and activity in our study was greater in the 

rhizosphere or in the area immediately surrounding the organic fertilizer. It is likely that microbial activity 

was greater in areas where both roots and organic fertilizer particles were present. 

Slopes did not differ between species for either relationship (i.e., SSCB-C versus organic fertilizer 

rate or SLAN-N versus organic fertilizer rate) (Table 5). There were, however, intercept differences 

between species for most of the relationships and years (Table 5), but neither species was clearly higher in 

intercept across the board: for the relationship between SSCB-C and organic fertilizer rate, Kentucky 

bluegrass had a significantly higher intercept in 2014, tall fescue had a significantly higher intercept in 

2015 and for the combined results of all years, and in 2016, there was not a significant difference in 

intercepts between species (Tables 4 and 5). For the relationship between SLAN-N and organic fertilizer 

rate, Kentucky bluegrass had significantly higher intercepts in 2014 and 2015, tall fescue had a 

significantly higher intercept in 2016, and there was not a significant intercept difference between species 

for the combined results of all years (Tables 4 and 5). Though the tall fescue and Kentucky bluegrass 

swards were separate, they were close enough together (within 50 m, at the same elevation, of the same 

soil type, and having the same history of management) that the spatial variability of soil characteristics 

across the field is likely minimal. Therefore, these differences are likely just due to sampling variability 

(and perhaps the interaction of annual weather patterns and species) and are not very helpful in explaining 

the relationships examined. It is interesting to note that, in a previous study on the same plots, soil under 

tall fescue had significantly greater labile N (ISNT-N) and labile C (POXC-C) concentrations than soil 

under Kentucky bluegrass (Geng et al., 2014). The results from this study contrast with the results from 

that study, particularly the results for the labile N test – the ISNT and the SLAN test are very similar and 
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should measure a similar fraction of labile N, whereas the POXC and SSCB tests are different (although 

they both measure labile C, one is a chemical test and one is a biological test). 

Coefficients of determination showed a few differences between species: for the relationship between 

SSCB-C and organic fertilizer rate, Kentucky bluegrass had a higher r2 value for the combined results of 

all years; for the relationship between SLAN-N and organic fertilizer rate, Kentucky bluegrass had a 

higher r2 values for 2015 and for the combined results of all years (Tables 4 and 5). Since this difference 

was not apparent each year, it is possible that weather patterns had effects on these r2 values as well. 

If the relationship between SSCB-C and organic fertilizer is compared with the relationship between 

SLAN-N and organic fertilizer rates, several trends are evident (Tables 4 and 6). For all species and all 

years, the relationship involving SLAN-N had significantly higher intercepts than the relationship 

involving SSCB-C because the SLAN test is designed in such a way that a higher amount of labile N is 

removed than labile C is removed in the SSCB test (this is likely due to the concentration of NaOH used 

in the SLAN test and the amounts of moisture and air present in the soil during the SSCB test). 

Coefficients of determination were significantly different in nine out of twelve cases, and in all 9 cases 

where there were differences, the relationship involving SLAN-N had higher r2 values than the 

relationship involving SSCB-C. This observation could be due to the fact that microbial community 

spatial variability is greater than the spatial variability of the applied organic fertilizer (this phenomenon 

was discussed above, and it reflects the fact that SOM particles such as worm castings are distributed 

unevenly throughout the field, and these inconsistencies bring about more variability in microbial activity 

than in labile N). Lastly, slopes were significantly different in eight out of twelve cases, and in seven out 

of the eight cases where there were differences, the relationship involving SLAN-N had higher slopes 

than the relationship involving SSCB-C. Again, this phenomenon is likely due to the fact that the SLAN 

test measures a greater amount of labile N than the amount of labile C measured by the SSCB test due to 

the way the tests are designed, and this difference is more evident at higher concentrations of labile N and 

labile C. 
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SUMMARY AND CONCLUSIONS 

SSCB-C concentrations were, in all cases, positively and significantly (p < 0.05) correlated with 

SLAN-N concentrations. Furthermore, the relationship between SLAN-N and organic fertilizer rate was 

positive and significant (p < 0.05) in all cases, and the relationship between SSCB-C and organic fertilizer 

rate was positive and significant (p < 0.05) in all cases but one. Correlation coefficients for all 

relationships were generally good (on average, they were above 0.50). Results from this study indicate 

that, in cool-season turfgrass ecosystems, SSCB-C and SLAN-N concentrations are reasonably well-

correlated. 
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Table 1. Monthly and active sampling period (May through October) temperature and precipitation across the 3-

year study (2014 to 2016) with the 30-year norms (1981 to 2010) in Storrs, CT. 

   Temperature maximum, °C  Temperature minimum, °C 

Month   2014 2015 2016 Norm   2014 2015 2016 Norm 

Jan.  –0.7 –1.7 2.8 0.6  –9.9 –9.9 –6.2 –7.5 

Feb.  –0.1 –4.6 4.8 2.7  –7.9 –14.6 –5.7 –5.8 

Mar.  2.6 3.1 10.7 6.8  –6.8 –5.4 0.5 –2.2 

Apr.  12.4 12.9 13.3 13.4  2.5 2.9 2.1 3.4 

May  18.6 22.8 19.7 19.3  8.7 9.6 9.1 8.3 

June  23.1 22.6 24.2 23.8  13.6 13.1 13.2 13.7 

July  25.4 26.5 27.9 26.2  16.9 16.4 17.2 16.6 

Aug.  24.0 26.9 27.9 25.6  14.6 16.0 17.4 15.7 

Sept.  21.7 25.4 23.3 21.7  11.5 13.6 13.6 11.7 

Oct.  15.2 15.7 16.9 15.6  7.1 4.7 6.8 5.7 

Nov.  7.7 12.3 11.4 9.8  –0.6 3.1 2.2 1.5 

Dec.  4.8 10.6 3.5 3.3  –2.0 2.2 –4.1 –4.2 

Sum                     

May-Oct.  21.3 23.3 23.3 22.0  12.1 12.2 12.9 11.9 

 mean or sum           

Deviation  –3.0 6.0 6.1   1.5 2.9 8.2  

  

(%) from May-

Oct. normal                     
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Table 1, continued. 

   Precipitation, mm 

Month   2014 2015 2016 Norm 

Jan.  81 66 58 96 

Feb.  82 60 126 85 

Mar.  117 78 64 113 

Apr.  108 96 102 115 

May  133 17 74 101 

June  58 198 61 113 

July  111 46 81 100 

Aug.  83 75 122 97 

Sept.  39 96 45 104 

Oct.  150 98 115 117 

Nov.  107 47 75 116 

Dec.  100 104 94 107 

Sum   1168 981 1017 1264 

May-Oct.  574 530 497 632 

 mean or sum      

Deviation  –9 –16 –21  

  

(%) from 

May-Oct. 

normal           
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Table 2. Coefficients of correlation (r) and p values for the relationship between the Solvita® Soil CO2-

Burst test results (SSCB-C) and the Solvita® Labile Amino-Nitrogen test results (SLAN-N) for soils 

under Kentucky bluegrass (KBG) and tall fescue (TF) turf managed as lawns, and for the combined 

results of both species (Both). Results are shown for individual years and for all years combined from a 

study conducted between 2014 and 2016. Coefficients of variation (CVs) for both SSCB-C and SLAN-N 

are shown for individual years and all years combined and for individual species and both species 

combined. This study was conducted in Storrs, CT. 

    CV, % 

Species Year(s) r p value SSCB-C SLAN-N 

KBG 2014 0.564a† <0.0001 21.1 16.8 

KBG 2015 0.673a <0.0001 24.3 14.0 

KBG 2016 0.754a <0.0001 31.5 13.3 

KBG 2014-2016 0.511 <0.0001 27.3 15.6 

TF 2014 0.454a 0.0001 29.3 15.8 

TF 2015 0.715a <0.0001 22.1 15.7 

TF 2016 0.663a <0.0001 27.8 11.9 

TF 2014-2016 0.655 <0.0001 29.3 16.9 

Both 2014 0.543a <0.0001 25.8 16.8 

Both 2015 0.517a <0.0001 25.6 15.1 

Both 2016 0.601a <0.0001 29.5 15.5 

Both 2014-2016 0.594 <0.0001 28.4 16.2 

†Within each column, and within each species (as well as for both species combined), coefficients of 

correlation followed by the same letter are not statistically significantly different according to a Tukey-

like separation test (Levy, 1977) where α = 0.05. 
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Table 3. Comparing coefficients of correlation (r) 

for the relationship between Solvita® Labile 

Amino-Nitrogen test results and Solvita® Soil 

CO2-Burst test results. Comparisons were made 

between species (Kentucky bluegrass and tall 

fescue) for individual years and for all years 

combined. This study was conducted in Storrs, 

CT, between 2014 and 2016. 

Year(s) p value for equal r values 

2014 0.3947 

2015 0.6405 

2016 0.2903 

2014-2016 0.0262 
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Table 4. Linear regression slopes, intercepts, coefficients of determination (r2), and p values for the relationship between 

Solvita® Soil CO2-Burst test results (SSCB-C) and organic fertilizer available nitrogen rates, as well as for the relationship 

between Solvita® Labile Amino-Nitrogen test results (SLAN-N) and organic fertilizer available nitrogen rates, for soils under 

Kentucky bluegrass (KBG) and tall fescue (TF) turf managed as lawns, and for the combined results of both species (Both). 

Results are shown for individual years and for all years combined from a study conducted between 2014 and 2016. This study 

was conducted in Storrs, CT. 

   SSCB-C versus organic fertilizer rate  SLAN-N versus organic fertilizer rate 

Species Year(s)   Slope Intercept r2 p value   Slope Intercept r2 p value 

KBG 2014  0.067b† 76.497a 0.122b 0.0032  0.181a 126.629b 0.456b <0.0001 

KBG 2015  0.131b 65.183b 0.384ab <0.0001  0.214a 134.734a 0.782a <0.0001 

KBG 2016  0.235a 66.391b 0.534a <0.0001  0.169a 121.293b 0.697ab <0.0001 

KBG 2014-2016   0.144 69.357 0.318 <0.0001   0.188 127.552 0.550 <0.0001 

TF 2014  0.051b 68.080b 0.048b 0.0707  0.132a 121.150b 0.321b <0.0001 

TF 2015  0.140a 82.248a 0.339a <0.0001  0.175a 129.212b 0.475ab <0.0001 

TF 2016  0.168a 77.619ab 0.330a <0.0001  0.183a 148.186a 0.706a <0.0001 

TF 2014-2016   0.120 76.649 0.173 <0.0001   0.164 132.849 0.345 <0.0001 

Both 2014  0.059c 72.288a 0.072b 0.0015  0.157a 123.889b 0.366b <0.0001 

Both 2015  0.136b 74.716a 0.291a <0.0001  0.194a 131.973a 0.586a <0.0001 

Both 2016  0.201a 72.005a 0.428a <0.0001  0.176a 134.739a 0.454ab <0.0001 

Both 2014-2016   0.132 73.003 0.233 <0.0001   0.176 130.201 0.435 <0.0001 

†Within each column, and within each species (as well as for both species combined), slopes and intercepts followed by the 

same letter are not statistically significantly different according to Fisher's Least Significant Difference test, and coefficients 

of determination followed by the same letter are not statistically significantly different according to a Tukey-like separation 

test (Levy, 1977) where α = 0.05. 
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Table 5. Comparing slopes, intercepts, and coefficients of determination (r2) between 

species (Kentucky bluegrass versus tall fescue) for the relationship between Solvita® 

Soil CO2-Burst test results (SSCB) and organic fertilizer rates and for the relationship 

between Solvita® Labile Amino-Nitrogen test results (SLAN) and organic fertilizer 

rates. Comparisons of slopes and intercepts were made for individual years and for all 

years combined. This study was conducted in Storrs, CT, between 2014 and 2016. 

Year(s) 

Dependent 

variable 

p value for equal 

slopes 

p value for equal 

intercepts 

p value for 

equal r2 

2014 SSCB 0.6556 0.0020 0.4120 

2015 SSCB 0.7712 <0.0001 0.7362 

2016 SSCB 0.0957 0.3955 0.1125 

2014-2016 SSCB 0.2999 0.0476 0.0483 

2014 SLAN 0.1503 0.0004 0.3045 

2015 SLAN 0.1479 <0.0001 0.0016 

2016 SLAN 0.4793 <0.0001 0.9201 

2014-2016 SLAN 0.2172 0.2006 0.0047 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

232 

 

Table 6. Comparing slopes, intercepts, and coefficients of determination (r2) 

between soil test types (Solvita® Labile Amino-Nitrogen test results versus Solvita® 

Soil CO2-Burst test results) for the relationship between Solvita® Labile Amino-

Nitrogen test results and organic fertilizer rates and for the relationship between 

Solvita® Soil CO2-Burst test results and organic fertilizer rates. Comparisons of 

slopes and intercepts were made for individual years and for all years combined, 

and for individual species (i.e., Kentucky bluegrass [KBG] and tall fescue [TF]) 

and for both species combined (Both). This study was conducted in Storrs, CT, 

between 2008 and 2013. 

Species Year(s) 

p value for equal 

slopes 

p value for equal 

intercepts 

p value for 

equal r2 

KBG 2014 0.0006 <0.0001 0.0089 

KBG 2015 0.001 <0.0001 0.0001 

KBG 2016 0.0307 <0.0001 0.1166 

KBG 2014-2016 0.0221 <0.0001 0.0014 

TF 2014 0.028 <0.0001 0.0160 

TF 2015 0.2917 <0.0001 0.3006 

TF 2016 0.6458 <0.0001 0.0011 

TF 2014-2016 0.0716 <0.0001 0.0194 

Both 2014 0.0002 <0.0001 0.0005 

Both 2015 0.0113 <0.0001 0.0009 

Both 2016 0.33 <0.0001 0.7748 

Both 2014-2016 0.0048 <0.0001 0.0001 
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Fig. 1. Correlations of Solvita
®
 Soil CO2-Burst test results (SSCB-C, mg kg

–1
) with Solvita

®
 Labile Amino-

Nitrogen test results (SLAN-N, mg kg
–1

). Results are shown for Kentucky bluegrass and tall fescue lawns 

separately and for the combination of both species over individual years and for all years combined from a study 

conducted between 2014 and 2016 in Storrs, CT. ***, significant at p  < 0.001. Correlation coefficients and p 

values can be found in Table 2.
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Fig. 2. Effects of organic fertilizer rate on Solvita
®
 Soil CO2-Burst test results (SSCB-C, mg kg

–1
) and on 

Solvita
®
 Labile Amino-Nitrogen test results (SLAN-N, mg kg

–1
). Results are shown for Kentucky bluegrass and 

tall fescue lawns separately and for the combination of both species over individual years and for all years 

combined from a study conducted between 2014 and 2016 in Storrs, CT. Linear regression parameters (slopes, 

intercepts, coefficients of determination, and p  values) can be found in Table 5.
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