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Abstract 

The Bray P1 extractant has traditionally been the C O I ~ I O I I  extractant used for soil testing in the 
Midwest and Great Plains. while the Olsen P tests has been the dominant phosphorus (P) extractant 
used in many \vestem states. The use of the Meldich-3 extractant for determining soil test P in 
private and state operated soil test laborato~ies becotne more commonplace in recent years. The 
ability to extract multiple elements is a 11lajor advantage of the Mehlich-3 test. While the ~Mehlich-3 
test is often run using the more traditional colorimet~ic procedure. the use of ICP in conjunction with 
the Mehlich-3 extractant is also becoming more con~lllonplace as pricing declines. \Gth changes in 
extractants and analytical techniques also comes the need to evaluate these new tests for agronomic 
and environmental stewardship purposes. As part of a larger P management project, this study 
utilized 367 soil samples collected froill 10 locations across Kansas and western Missouri which 
were analyzed by Bray P1 with colo~imetric determination (BPI), Mchlich-3 with colorimetric 
determination (M3-Col) and Mehlich-3 wit11 ICP determination (M3-ICP). The BPI test was highly 
correlated to both the M3-Col and M3-ICP procedures, especially for non-calcareous soils (r2 = 0.91- 
0.93). Likcwise, M3-Col and M3-ICP were highly correlated across all soils (r2 = 0.98). However, 
the relationship of M3-Col to M3-ICP varies, depending on the M3-Col soil test value. Additional 
work to further define this relationship and the relationship of each of thcse tests to crop response 
and grain nutrient content will continue. 

Introduction 

Soil testing programs have long been recognized as the cornerstone of efficient: profitable P fertility 
programs. Additionally. as more and more attention is directed at the environmental effects of  P 
movement to surface waters, soil testing is increasingly being viewed as an important tool for 
environmental protection. Unfortunately, P soil tests do not measure the actual amount of soil P 
available to growing crops or the anlount o f P  subject to ~novement to surface waters. With proper 
interpretation, however, they do provide information that is useful in developing cost effective 
nutrient management programs that also provide for environmental stewardship. 

However, there are several soil test extractants/procedures routinely used by soil testing laboratories 
to provide soil P status information and each of thein requires individual interpretation. The 
extractantlprocedure used often varies from state to state and son~etimes from laboratory to 
laboratory. Before P soil tests can be interpreted, the user rl~ust know cxactly what test andlor 
procedure is used. In the midwest, the inost widely used P soil test extractant used has been the Bray 
P1 extractant (Bray and Kurtz, 1945). This test was developed for slighlly acidic to near neutral 
soils and has been very reliable in areas of adaptation. I-Io\vever, this test has sometinles been iound 
to be unreliable for calcareous soils (Eree lime) due to the rapid neutralization of the acid in the 
extractant by calciunl carbonate (Blanchar & Caldwell, 1964; Randall & Grava, 1971). For some 
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calcareous soils (not necessarily all) the Bray PI soil test may consistently indicate low P supplying 
ability for a soil, even though responses to applied P fertilizer can not be obtained. 

In much of the Great Plains and western U.S., the soils are often calcareous and the Bray P1 soil test 
is often relatively unreliable. Consequently, the sodium bicarbonate extractant (Olsen test) was 
developed (Olsen et al., 1954) and has been routinely used in these areas in years past. In parts of 
the country having a mixture of slightly acidic to calcareous soils, the Olsen test is often suggested 
for the higher pH and/or calcareous soils while the Bray P1 test n7as suggested for the remainder of 
the soils. Oftentimes, both of these tests have been used by the sane laboratoiy and sometimes even 
for samples collected from the same field. 

The Mehlich-3 extractant (Mehlich. 1984) was designed for use on a wide-range of soils for 
simultaneously extracting many crop nutrients. The ability to extract multiple elements is a major 
advantage of the Mehlich 3 test as it offers the potential for increasing laboratory efficiency. The 
Mehlich-3 test is co~mnonly run using the tnore traditional colorimetric procedure, but is also 
measured by ICP procedure analysis. The use of ICP has become more commonplace as pricing has 
declined and offers the additional advantage of simultaneously measuring several nutrients fi-om a 
single extract, again improving laboratory efficiency. 

But improved laboratory efficiency by itself is not sufficient grounds to adopt a new soil test 
procedure. The usefullless and credibility of a soil-testing program is determined by the correlation 
and calibration data that supports the interpretation of the analytical results (Beegle 6i. Oravec, 
1990). There are questions about the relationship between the Bray P1 extractant and Mehlich-3 
extractant across geographies and soils. Additionally, Mehlich-3 values typically vary depending 
on tvhether colorimetric or ICP determinations are utilized. It has been suggested that one reason 
M3-ICP values are higher that M3-Col values is that organic P, in addition in addition to inorganic 
P, is measured with ICP (Hylander et al., 1995; Eckert & Watson, 1996; Eliason et al., 2001; 
Nathan et a]., 2002). 

Current research at Kansas State University includes collection of additional P correlation/ 
calibration data, grain nutrient removals and soil test data for corn and grain sorghum from 
locations across the state. Initial soil P test results for 2003 from ten of these locations were used to 
evaluate the relationship among Mehlich-3 colorimetric (M3-Col), Mehlich-3 ICP (M3-ICP) and 
the colorimetric Bray P1 (BPI) procedures. While these results only address at the relationship 
among the soil test numbers, each method will eventually be coirelated to crop response as well. 
2003 was only the first of a three year project and these results will be followed for two more years. 

&laterials and Methods 

A total of 367 soil samples were collected from individual plots at nine locations throughout Kansas 
and one from western Missouri. Selected soil properties for each location are presented in Table 1. 
Fifteen soil cores were collected fiom the 0- 15 cm depth for each sample location at each site. Each 
sample was then air dried and ground to pass a 2 - i m  sieve. 

The samples were analyzed for Bray-P1 soil test P (Bray and Kurtz, 1945), soil pH determined on a 
1:l soi1:water mixture and free lime estimates inade using a 1 M HCl acid visual neutralization 
method at the Kansas State University soil test laboratory. Mehlich-3 colori~netric and ICP 
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determinations (Mehlich, 1978; Soltanpour & Schwab, 1977; Eik & Hanway, 1986) and soil organic 
matter were run by Servi-Tech soil test laboratory. All soil test detenninatioils nrere made using the 
same dried and grouild sample. Linear coefficients of dete~lniilation between thc three soil test 
procedures (BPI, M3-Col and M3-ICP) were nlade Tor each site. 

Results and Discussiori 

113-Col and R13-ICP vs. Bray PI. In general, the relationship between the M3-Col and BPI 
procedure and the M3-ICP and BPI procedures were well correlated at individual locations. The 
main exceptions were the Brokvn and the Dekalb sites (Table 2). At both these locations, 
coefficients of determination were less than about 0.50 for each comparison. It is unknown why 
these locatioils were so different fiom the rest of the sites. Interestingly, the Dekalb location was 
previously in pasture, with the sod being worked up in late winter 2003 and also had very low Bray 
P1 soil test values. 

At Ellis county, 12 of the 90 samples collected contained appreciable amounts of free lime 
(calcareous soils). While the relationship of both the M3-Col and M3-ICP procedures to the BP 1 
extractant were very good. many of these 12 samples appeared as outliers (Figure 1). These outliers 
resulted in lower than expected BPI values relative to either Mehlich-3 determination. While the r' 
value of the M3-ICP to BPI comparison was not improved by removal of these soils (0.84 vs. 
0.84). the relationship of the M3-Col to BPI was iiliproved (0.79 to 0.85). 

Both the M3-Col and M3-ICP  neth hods were highly correlated to BPI when all locations were 
combined for analysis (Figure 2). Calcareous srunples were excluded for this analysis. Overall, the 
M3-Col method extracted about 12% more P than the BP 1 extractant. The M3-ICP extracted more 
P than either the M3-ICP or BP I procedures. 

RI3-Col and 313-ICP. The relationship between the M3-Col and hI3-ICP determinations lvere 
very highly correlated with 8 values exceeding 0.70 at all locations except tbr the Dekalb county 
site (8 = 0.35). If fact. the r2 values were greater than 0.96 at seven of ten locations. While it is 
unknown at this time why the Dekalb locatio~l provided such results, the differences at Dekalb 
County were striking. The average soil test values at this location were 3.6, 3.2 and 9.8 ppm for the 
BPI. M3-Col and M3-ICP deteminations, respectively. I t  is possible that the only recently 
disturbed pasture residues resulted in greater amounts of organic P being measured the M3-ICP 
procedure as compared to either the BPI or M3-Col procedure. 

When the samples from all locatiorls are combined (Fig. 3), including the calcareous soils. the M3- 
Col and M3-ICP determinations were very highly coi~elated (r2 = 0.98). However. at low soil test 
values. the M3-ICP procedure extracted relatively more P than the M3-Col procedure. Figure 3 
presents the ratio of the M3-Col deter-nlination divided by the M3-ICP determination. Clearly, the 
data suggests that the relationship between M3-Col and M3-ICP varies depending on the relative P 
soil test levels. Mallarino reported si i~~ilar  results fro111 Iowa soils. A possible explanation for this 
is that the relative importance of organic P is greater with low P soil tests, while the relative 
importai~ce of inorganic P is greater at higher P soil test values. We intend to explore this in the 
near future. Hopefully, this relatioilship will become clearer as additional years of data are 
included. 
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More state university and commcrcial laboratories are switching to the Mehlich 3 extractant and 
away from the Bray P1 extractant since it allows multiple nutrient analyses on a single extract. 
Additionally, there continues to be a trend to laboratories utilizing ICP analysis since it allows for 
si~nultaneous analyses of ~nultiple nutrients with the same extract. High correlations exist among 
the three P soil test nlethods examined (BPI, M3-Col and M3-ICP), although the BP 1 test provided 
lower than expected values on calcareous sanlples. Both the M3-Col and h43-ICI' tests worked well 
on both calcareous and non-calcareous soils and both were highly correlated with each other. 

However, additional work will be conducted to examine the relationship behveen M3-Col and M3- 
ICP at soil test levels in the crop response range (less than 30 ppm) since it seenis that at lo\v P soil 
test levels the M3-ICP extracts relatively more P than the M3-Col method. Also, additional work 
relating P soil test values for each of these three soil test methods to crop response and grain 
nutrient content wrill continue. 
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and Non-calcareous Soils (Ellis county Kansas, 2003). 

Ellis Co. (excluding calcareous samplos) 
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Figure 2. Overall Relationship of M3-Col and M3-ICP with Bray P 1 Soil Tests Values on Non- 
calcareous Soils (10 locations, 2003). 

gray ~1 ( P P ~ )  

- - - - - - - - - - - - 

M5Col: M3-ICP Ratio 

Figure 1. Relationshp of M3-Col and M3-ICP with Bray P 1 Soil Tests Values on Calcareous 
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Figure 3. Overall Relationship of M3-Col and M3-ICP 
P Soil Test Values (10 locations, 2003) 

Figure 4. Relationship of M3-Col : M3-ICP P Ratio To 
M3-Col Soil Test Value (10 locations, 2003) 
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'Table 1. Soil Samplc Locations ar~tl Properties. 

Soil Organic Nurnber of 
Loc;~tion RIatter (%) Soil pII 1;1*ce Lime Sa~llples 

Brown County 2.2 - 2.7 5.9 - 6.8 None 40 
Clay County 1.7 - 3.2 4.9 - 5.5 None 3 2 

Chcrokee County 1.5 -2.1 5.9 - 6.8 None 45 
Decatur County 1.6 - 2.1 5.9 - 6.5 None 25 

Dekalb County (AIO) 2.5 - 3.4 5.7 - 6.8 Nonc 3 0 
Dickinson County 2.3 - 3.8 6.1 -7.1 None 40 

Ellis County 1.5 -3.4 5.9 - 8.3 None - High 90 
Gove County 2.2 - 3.3 5.9 - 7.0 None 24 

Hodgeman County 1.6 - 2.2. 6.1 - 7.3 None 9 
Saline County 1.9 - 2.8 NA NA 32 

Table 2. Relatior~sl~ip Of 3Iehlich 3 Colorinletric and ICP Deternlinations \\'ith Bray P1 Soil Test \'slues 

Location Regression Equation R~ 

Broun M3-Col = 0..68 BP + 2.3 0.43 
M3-ICP = 0.83 BP + 8.8 0.36 

Clay M3-Col = 0.95 BP + 1.5 0.84 
M3-ICP = 0.95 BP + 10.2 0.63 

Cherokee M3-Cot = 1.48 BP - 3.7 0.83 
M3-ICP = 1.65 BP - 1.6 0.87 

Decatur M3-Col = 0.96 BP - 0.6 0.65 
M-3 ICP = 1.07 BP + 5.0 0.61 

Dekalb (AlO) M3-Col = 0.72 BP + 0.6 0.51 
M3-ICP = 0.74 BP + 7.1 0.34 

Dickinson M3-Col = 1.29 BP - 2.2 0.99 
M3-ICP = 1.34 BP + 1.3 0.99 

Ellis (trith CaC03 soils) M3-Col = 0.72 BP + 13.9 0.79 
Ellis (with CaC03 soils) M3-ICP = 0.82 BP + 20.0 0.84 

Ellis (wlo CaC03 soils) M3-Col = 0.85 BP + 8.0 0.85 
Ellis (wlo CaC03 soils) M3-ICP = 0.93 BP + 15.1 0.84 

Gove M3-Col = 0.80 BP + 5.7 0.76 
M3-ICP = 0.92 BP + 12.5 0.78 

I iodgenian M3-Col = 0.91 BP + 2.5 0.75 
M3-ICP = 1.21 BP + 4.3 0.88 

Saline M3-Col = 0.90 BP + 12.2 0.68 
M3-ICP = 1 .OO BP + 13.8 0.71 
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