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ABSTRACT

Sixty soil samples, representing 20 soil series, were analyzed by

each of three soil testing procedures (Double Acid, the Tennessee soil

testing procedure, and a newly proposed procedure by Mehlich) at six

soil to solution extracting ratios (1:4, 1:6, 1:8, 1:10, 1:15, and 1:20)

in triplicate for P, K, Ca, Mg, Mn, and Zn. The soil test procedures

were compared to each other and to other standard extraction procedures

that are generally used for the tested elements. The extraction

procedures used were Bray 1 for P, 0.11^ HCl for Zn, and neutral normal

ammonium acetate for K, Ca, Mg, and Mn. Phosphorus was determined

colorimetrically on a Technicon AutoAnalyzer, potassium was determined

by flame emission on a Technicon Flame Photometer III, and calcium,

magnesium, manganese, and zinc were determined by atomic absorption

spectrophotometry.

The experimental design used was a nested design. Regression and

correlation were performed using the amount of the test elements

extracted by each soil test procedure as the dependent variable.

Duncan's New Multiple Range Test was used to separate significantly

different means.

The chemical extractant, soil-solution extracting ratio, soil

sample, and all interactions affected the amount of P, K, Ca, Mg, Mn, and
2 . . . .

Zn measured. The coefficients of determination (R ) were high, indicating

that most of the variance in the tested elements could be explained by

the analysis of variance model chosen. The coefficients of variation
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CC.V.) differed only slightly among chemical extractants for the same

element indicating similar data dispersion for the chemical extractants.

In general, except for Ca and Mg, each increase in soil-solution

ratio from 1:4 to 1:20 resulted in significant increases in the amount

of P, K, Mn, and Zn measured for all extractants. The data for Ca and

Mg were more variable and the same trend was not evident. Across soil-

solution ratios, the Tennessee procedure extracted significantly more

P, K, Mn, and Zn, and the Double Acid procedure extracted significantly

more Ca and Mg than the other extractants. Although there were

differences in the amounts of the test elements measured, the amount of

P, K, Ca, Mg, Mn, and Zn extracted by each chemical extractant was

highly correlated to the amount of the elements extracted by the other

generally used extraction methods.

Regression analyses indicated a linear relationship between P, K,

and Zn extracted by all three chemical extractants and the soil-solution

extraction ratio used. Only for the Tennessee extractant was the soil-

solution extraction ratio a significant predictor for Ca. There was a

curvilinear relationship for Mg and Mn with soil-solution extracting

ratio with all of the chemical extractants tested.

Based on the data collected and the statistical analyses performed,

there appears to be little, if any, real difference in the three tested

procedures. The Tennessee and Double Acid extractants in most cases

extracted more of the tested elements, but correlation analysis indicates

all procedures to be highly correlated to standard extraction procedures.

The data dispersion, as shown by the coefficients of variation, was very

similar for all chemical extractants for each tested chemical.
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CHAPTER I

INTRODUCTION

Over the years, many researchers have felt that biological methods,

the use of various seedlings, bacteria, or fungi, were the most accurate

means of determining available soil nutrient levels. These tests

assumed that the organisms uptake and nutrient utilization was the same

as that of crop plants. Evidence indicated that this probably was not

the case. Since most of the biological tests require considerable time

to complete, these procedures have gradually been discontinued in the

United States. Various chemical extraction procedures, differing mainly

in the type and strength of chemical used, replaced the biological

methods. These chemical soil testing techniques need to be continually

evaluated and upgraded in order to assure accuracy and reliability of

soil fertility estimates.

The purpose of this study was to evaluate two extraction

procedures currently in use, the Double Acid (0.025^ H2S0^ in 0.05^ HCl),

the Tennessee extractant (1% (NH^)2^'^4 0.05^ H2S0_^), and one newly

proposed extractant by Mehlich (33) (0.2^ NH^Cl, 0.21^ acetic acid,

0.015N NH^F, and 0.012N HCl). Six soil to solution ratios (1:4, 1:6,

1:8, 1:10, 1:15, and 1:20) were studied on 60 soils from different

physiographic regions of Tennessee. Analyses included P, K, Ca, Mg, Mn,

and Zn. All samples were analyzed in triplicate, and the results from

each of the methods were compared to each other and to the other

standard extraction procedures.
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CHAPTER II

LITERATURE REVIEW

Introduction

Soil testing is used to assess the relative adequacies of

available nutrients and to provide guidance on amounts of fertilizer

required to obtain optimum growth conditions for plants (31). To

accomplish these objectives, representative samples, acceptable

analytical procedures, and proper calibration are all necessary.

Bray (15) listed three requirements for any successful soil test

as follows:

1. The extracting solution and the procedure used should
extract the total or a proportionate amount of the
available form of a nutrient from soils with variable
properties.

2. The amount of the nutrient in the extract should be
measured with reasonable accuracy and speed.

3. The amounts extracted should be correlated with the
growth and response of each crop to the element under
consideration.

Various soil properties such as cation exchange capacity (CEC), and

sorption-desorption mechanisms, as well as the chemical extractant and

extraction procedure affect the amount of the nutrient measured.

Problems in Soil Testing Analysis

Praps and Fudge (21) reported on the solubility of different forms

of phosphate in 0.2^ HNO^, 0.75^ HCl, 0.002^ H2S0^, and 0.52^ acetic

acid in 10% sodium acetate. Calcium phosphates were soluble in all

extractants. Apatite was not completely soluble, while rock phosphate



was soluble in the HCl and HNO^, less soluble in the H2S0^, and

insoluble in the acetic acid. Ballaux and Peaslee (5) proposed the

grouping of soils on the basis of P sorption-desorption. This could

allow fertilizer recommendations for a wider range of soils without the

need for costly field calibration research.

Ryden and Syers (44) investigating the labile phosphate pool in

soils, found that sorbed P existed in two forms, chemisorbed P and

physically sorbed P. The amounts of inorganic P extracted by the

Olsen bicarbonate method were considerably greater than the physically

sorbed P. However, in calcareous soils, the chemisorbed and physically

sorbed P was approximately equal. The estimate of physically sorbed P

from the sorption isotherm was equal to the amount of P removed from

the soil by two water extractions, lending support for the water

extraction for P determination. White and Beckett (56) found that the

labile P pool reached equilibrium only after two to three months of

aeration at a constant temperature. Up until that time, the equilibrium

constant depended on shaking time and soil to solution ratio used.

The Ca status of the soils also affects P.

Hassett and Walker (22) noted the effect of shaking time on the

Bray PI test and found that shaking times of one or five minutes on

soils of low P status removed a proportionally higher amount of P than

from high P testing soils. They proposed calculation of an equilibrium

time of shaking to control this variability.

Saeed and Fox (45) demonstrated a linear relationship between Zn

concentrations and suspension pH. At a pH above 7.0, a general
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increase was noted. For calcareous soils, the relationship between Zn

solubility and pH was nonlinear. Sidhu et al. (47) measured the

thermodynamic parameters AG, AH, and AS, and found Zn adsorption to

follow the linear form of the Langmuir equation. The desorption of Zn

was inversely related to the buffering capacity of the soil. Shuman

(46) equilibrated eight concentrations of Zn in four soils and determined

Zn conformed to the Langmuir equation. The CEC was also related to

adsorptive capacity.

Maclean (28) found a significant correlation between K uptake and

exchangeable K in surface soil samples. Amounts of nonexchangeable K

in soils and uptake of this fraction by plants was also highly correlated,

Omar and El Kobbia (39) in research on the interrelationships of K and

Mg, reported a one way competition with Mg uptake being reduced by

increased K, and K absorption not affected by Mg. Soil test data, if

used correctly, could limit Mg deficiency due to over fertilization with

K. Alston (2) reported that the concentration of Mg in equilibrium soil

solutions was generally a less acceptable Mg availability indicator

than activity ratios. A significant proportion of the Mg concentration

variation in ryegrass could be explained by the K content of the soils

in which the ryegrass was grown. Prince et al. (42) reporting on the

Mg supplying capacity of New Jersey soils, found no correlation between

total soil Mg and crop producing ability. The most important factor in

Mg uptake was soil available K. If Mg was less than 6% of the exchange

complex, crops were likely to be Mg deficient. Adams and Henderson (1)

in research concerning Mg availability as related to different soil
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types, studied plants grown at deficient and sufficient lime and K

levels. Soils with less than 4% of the CEC as Mg were Mg deficient.

On Mg deficient soils, the availability of Mg to crops tended to be

greater at the higher K levels. The availability of Mg on the same

soil was less at the higher soil pH. Magnesium availability on soils

not deficient in Mg was higher at lower K levels.

Bear and Toth (7) reporting on research concerning the influence

of Ca on other soil cations stressed the importance of soil Ca. They

suggest that ideally, 65% of the exchange complex should be Ca, 10% Mg,

5% K, and 20% H.

Cameron et al. (17) reported on research to determine the accuracy

of field sampling on soil test results, found that with as many as 30

core samples per field, there was considerable inaccuracy in N and P

measurements. Conductivity and pH were somewhat less variable. The

number of cores needed for a given accuracy level increased very little

for fields of up to 40 hectares in size. Degree of variation was

higher within the same field than between fields.

Olson et al. (38) reporting on research conducted in Nebraska,

found that different soil series could be grouped with regard to pH,

P, and K status. Subsoil tests correlated very well with topsoil,

indicating little need for subsoil testing.

Chemical Soil Test Procedures

Among the earliest rapid chemical tests for available nutrients

was the Dyer method proposed in 1894 as reported by Tyner (S3). After
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considerable study on plant root acidity, Dyer decided that a 1%

solution of citric acid should be of proper strength for extracting

available soil nutrients.

Spurway (50) in 1933 devised a soil extracting solution of 1 part

acetic acid to 3 parts distilled water. To the soil extract, various

reagents were added to give colorimetric determinations of ^^3'

NO2, P, K, Ca, Mg, Pe, Al, CO^, Mn, Cl, and Na. The color development

was then compared to a chart of colors for each tested element.

Morgan (34) in 1941 proposed his Universal Soil Testing Extract of

0.5N acetic acid buffered to pH 4.8 with sodium acetate. All elements

under study were then determined in the same extract much the same way

as Spurway (50) did. Morgan felt this extraction would work on all

soils for all elements. Peech and English (41) in 1944 and Lunt et al.

(27) in 1950 advocated Morgan's extractant with only a few minor

adjustments in the method of determination of the separate elements

after extraction.

Truog (52) proposed in 1930 that soil P be divided into readily

available and difficultly available rather than available and unavailable

forms. Differences in recommendations then could be based on crop and

cropping intensity. The extraction procedure proposed was 0.002N

H2S0^, buffered with (NH^)2S04, to a pH of 3.0, with a soil to solution

ratio of 1:200 be used to extract readily available P.

Bray (14) and Bray and Kurtz (16) reporting on P extraction

research noted that most methods of P extraction involving acids were

effective in extracting adsorbed P except when the absorbed P was
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present in very large amounts. This explains why acid methods gave

proportionately higher values on soils of high P status. Thus Bray

proposed different extraction procedures for the different forms of P.

For adsorbed P, the Bray PI procedure (0.03N NH^F in 0.025|^ HCl and

1:7 soil to solution ratio with 1 minute shaking time) was proposed.

For combined adsorbed and acid soluble P, the Bray P2 method (0.03^

NH F in O.ION HCl and 1:7 soil to solution ratio with 40 second shaking
4 —

time) was proposed. Olsen et al. (37) proposed a 0.5 M solution of

NaHCO^ at pH 8.5 for P determination. The extraction mechanism was

based on the increased solubility of Ca-phosphates as a result of

lowering the Ca^^ activity in solution. Approximately 50% of the

surface adsorbed P was extracted.

Soltnapour et al. (48) found little difference in correlation

coefficients between displaced soil solution, O.OIM CaCl2 extract, and

the Double Acid extraction as P extraction procedures. He concluded

that all methods were equal in soil P extraction. Mehlich (32) in 1953

proposed the North Carolina Double Acid method which is well suited to

a wide range of neutral to acid soils with a CEC of less than 15 meq/100

grams soil. The extract is 0.05N HCl in 0.025N H^SO^ with an original

soil to solution ratio of 1:4 and 5 minutes shaking time. The

procedure is applicable to mass analysis as P, K, Ca, Mg, Mn, Na, and

Zn can all be determined in a single soil extract. Mehlich (33) in

1976 proposed a new soil extractant composed of 0.2N acetic acid,

0.015N NH^F, 0.2N NH^Cl, and 0.012N HCl. The objective was to develop

a soil test extractant for several elements over a wide range of soil
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properties that would eliminate the need to group soils for

recommendations.

Seatz developed the extraction procedure currently in use at the

Tennessee Soil Testing Laboratory (43), The extracting solution is 1%

fNH,)„SO, in 0.05N H„SO, with a 1:4 soil to solution ratio and a 3
*• 4 2 4 — 2 4

minute shaking time. This procedure is similar to Truog's except that

it is a stronger extracting solution,

Paauw (40) found a high correlation between water extractable soil

P and plant response. He found no response difference due to soil

properties such as pH or organic matter. Upon evaluation of different

soil types from three continents, high correlation between the method

and plant response was found. One single regression line could be

fitted for all soils, Deionized water was used at a soil to solution

ratio of 1:60, The soil was moistened and allowed to stand 22 hours,

then shaken for 1 hour and filtered. The resultant solution was then

analyzed for P,

Mclntosh (30) modified the original Morgan method for the Vermont

Soil Testing Laboratory, The Na"^ ion was replaced by NH^"^ in the
acetate solution. This increased measurement of K, Mg, Mn, and Ca,

He proposed a second extraction for P of 1,25^ ammonium acetate and

0.03N NH^F, Phosphorus test results were found to be highly variable

on acid to slightly acid soils,

Yaalon and Koyumdjisky (58) reported a considerable difference in

ammonium and sodium acetate for displacing exchangeable K in soils.



The higher replacing power of NH^ explains why ammonium acetate

displaced 50% more K in montmorillonitic soils than sodium acetate. For

highly leached soils, sodium acetate extracts more K due to NH^ fixation.

Groupings based on exchangeable K will need to be adjusted based on

extracting chemical (58).

Lombin and Fayemi (26) evaluated 10 extraction procedures for

available Mg on Nigerian soils. Among the methods studied were neutral

N ammonium acetate, Morgan's extractant, IN NH^NO^, 0.05N HCl, and

0.025N CaCl2. Results indicated that all methods extracted the same

form of Mg and thus all would work well on soils of the type studied.

Correlation and regression analysis indicated that Morgan's extractant

and the ammonium acetate gave better prediction of Mg uptake by corn.

Micronutrient Soil Testing

Hodgson (23) predicted that as the demand for higher yields

increases, and the plant's major element requirements are met, more and

more cases of micronutrient deficiency are likely to occur. Factors

such as pH, organic matter, microbes, and seasonal variation affect

micronutrient availability.

Mortvedt (35) contends that plant tissue analysis may be better

than chemical soil analysis as micronutrient indicators since soil

tests for micronutrients have not been widely adapted and used. A

recent trend has been to use the same extractant for a variety of

elements. The Double Acid extractant has been used to test for Zn and

Mn as well as Ca, Mg, P, and K. Acid extractants are not suited for
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calcareous soils, and in these regions, chelating agents have been used

for trace elements. Bingham and Martin (11) and Bingham et al. (12)

found severe Cu deficiency induced in citrus by heavy P fertilization.

Plant growth in the soils treated with high rates of P fertilization

was reduced. Copper application only partly reversed the effect. Zinc

adsorption was reduced, while Fe and Mn adsorption were unaffected.

Bingham and Garber (13) also found excessive P fertilization to cause

severe Cu deficiency symptoms in plants. In acid soils, reduced uptake

of B and Zn was noted, while Mn and Mo uptake increased. In alkaline

soils. Mo uptake was reduced. Solubility of Mn, B, and Mo paralleled

the uptake data.

Sorensen et al. (49) reporting on research concerning Zn, Mn, and

Fe extraction by O.IN HCl, reported wide differences in the amount of

Zn extracted in relation to length of shaking and soil to solution

ratio. There was little difference in the amounts of Mn and Fe

extracted with respect to soil type. Soil organic matter was closely

related to the amounts of all three nutrients measured. Martens and

Chesters (29) determined plant uptake of Zn could best be predicted by

a multiple regression equation using pH, 0.1^ HCl extracted Zn, and clay

content as the independent variables. Soil organic matter did

influence Zn measured, but was not significant enough to enter into the

regression equation.

Wear and Evans (55) evaluated 0.05N HCl and 0.025N H2S0^, O.IN HCl,

and 0.05M EDTA to determine soil Zn levels in relation to Zn uptake by

corn and sorghum. For corn, the correlation coefficients were 0.89,
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0.82, and 0.62 respectively, and for sorghum 0.70, 0.63, and 0.44. The

Double Acid extractant gave the best correlation for both crops.

Lindsay and Norvell (24) in 1969 proposed an approach by which the

equilibrium between chelating agents and metal ions can be predicted

from formation constants. Specific metal-ligand complexes and the

change in concentration relating to pH were predicted.

Follett and Lindsay (20) studied 11 soils fertilized with Zn, Fe,

Mn, and Cu and soil test determination performed by the DTPA micro-

nutrient soil test. The conclusion reached was that the DTPA soil test

was effective for micronutrient cation availability evaluation. Soil

test levels reported by the DTPA procedure agreed with observed oat and

corn responses. Lindsay and Norvell (25) in 1978 proposed a new DTPA

micronutrient soil test for use on neutral and calcareous soils. The

extract is composed of 0.005M DTPA, O.IM triethanolamine, and O.OIM

CaCl2, adjusted to a pH 7.3. Ten grams of soil and 20 ml of extractant

are shaken for 2 hours. The extract was tested for Zn, Fe, Mn, and Cu.

The procedure was successful in separation of Colorado soils on the

basis of crop response to the tested elements.

Possible Trends of the Future

Woodruff (57) on research on the energy of replacement of Ca by K

found that energy of exchange was a good measure of the intensity

factor for a balanced supply of cations from the exchange complex in

soils. Calcium for K replacement energies of -3,500 to -4,000 calories

indicate K deficiency while -2,500 to -3,000 calories indicate a proper
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balance. Other cations will affect the energies, but the principle

appeared universal in soil application.

Beckett (8, 9) proposed as a basis of evaluation of soil fertility

the activity ratios of K/(Ca + Mg]. He found the activity ratio gave

a good indication of labile soil K provided soils of widely different

Ca and Mg status were not compared. The activity ratio was a measure

of the intensity factor of the soil. Beckett et al. (10) extensively

studied soil K and quantity-intensity (Q/I) relationships and

conformation of the ratio laws, and found that release of fixed K was

slow in comparison to fixation of K. The Q/I relations were not

altered greatly by addition or release of K.

Baker (3, 4) and Stout and Baker (51) beginning in 1971, proposed

an approach to soil testing based on equilibration with soil testing

solutions. This work was in many ways similar to the work of Beckett

(8, 9, 10) and the energy of exchange as shown by Woodruff (57). Baker

prepared solutions which contained each element for which the soil was

being tested. Serious problems for P tests were noted, but K, Mg, Ca,

Zn, Fe, and Mn test results were promising. The soil was mixed with

the testing solution and allowed to equilibrate. Changes in

concentration in the test solution were then determined. This procedure

shows promise for future soil testing and may be important immediately

for grouping soils for soil test recommendations by present extraction

procedures.



CHAPTER III

MATERIALS AND METHODS

Sample Collection and Preparation

Sixty different soil samples, representing 20 soil series of

different P and K fertility levels were collected from different

physiographic regions of Tennessee. The soil samples were air dried

and ground to pass through a 2 mm sieve. The ground samples were

placed in a Patterson-Kelley Model 1897 twin shell dry blender and

thoroughly mixed to assure a homogenous representative sample. A one

gallon cardboard container was filled with the mixed sample, and the

remainder discarded. From this container, a one pint container was

filled and used for subsequent analysis.

Soil series used in this study were Calloway, Memphis, Henry,

Collins, Falaya, boring, Grenada, Maury, Armour, Huntington, Hartsells,

Sango, Robertsville, Mountview, Dickson, Sequoia, Whitwell, Etowah,

Emory, and Sequatchie.

Laboratory Analysis of Samples

Three soil testing procedures were evaluated at each of six soil

to solution ratios (1:4, 1:6, 1:8, 1:10, 1:15, and 1:20). The soil

testing procedures considered were the Double Acid, outlined in

Appendix A, the procedure used at the Tennessee Soil Testing Laboratory,

outlined in Appendix B, and the newly proposed Mehlich Method, outlined

in Appendix C. Each soil sample was analyzed in triplicate for all

13
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procedures. Twenty-five ml of extracting solution was added to an

appropriate weight of soil in a 125 ml Erlenmeyer flask to give the

desired soil to solution ratio. Samples were then shaken for 30 minutes

on a rotary shaker at 180 cycles per minute. The samples were then

filtered through Whatman No. 2 filter paper into glass filter funnels.

The extract was analyzed for P, K, Ca, Mg, Mn, and Zn. Phosphorus was

determined colorimetrically on the Technicon AutoAnalyzer. Phosphorus

in the Double Acid and Mehlich procedures was determined by the

Ascorbic Acid Single Reagent Method of Murphy and Riley (36) as

reported by Watanabe and Olsen (54), outlined in Appendix D. Phosphorus

extracted by the Tennessee procedure was determined by the Molybdic Acid-

Amino Napthol Sulfonic Acid Method, as outlined in Appendix E.

Potassium was analyzed by flame emission on a Technicon Flame Photo

meter III with the flow diagram given in Appendix H. Calcium, magnesium,

manganese, and zinc were determined on either the Perkin-Elmer Model 303

or 372 Atomic Absorption Spectrophotometer. Appropriate dilutions for

Ca, Mg, and Mn were made by a Thomas Model 31 dilutor before analysis.

Exchangeable cations and CEC were determined by a modification of

procedures given in Methods of Soil Analysis (18), as outlined in

Appendix F, with determined colorimetrically on a Technicon Auto-

Analyzer as given in Appendix J, O.IN HCl extractable Zn was determined

using the procedure outlined by Cox and Wear (19), as given in

Appendix G. Phosphorus determination was performed by the Bray PI

method, as outlined in Appendix H. These methods were used as check

procedures to determine the extraction effectiveness of the evaluated

soil test procedures.
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All glassware was originally rinsed in extracting solution, to

remove adsorbed ions, and then rinsed in deionized water. After

analyses were begun, glassware was washed in a P-free soap and rinsed

twice in distilled water and twice with deionized water. Blanks were

run for all analyses periodically to assure no contamination of samples

during extraction.

Statistical Analysis

The experimental design was a nested design with samples nested

within soils, ratios, and extraction procedures. Analysis of variance,

linear regression and curvilinear regression, correlation, and Duncan's

New Multiple Range Test (OMR) mean separation were performed. The data

were analyzed for each individual chemical extraction used and then for

the combined data set. All statistical analysis was performed utilizing

the facilities of the University of Tennessee Computing Center and

followed standard statistical procedures as outlined by Barr et al. (6).



CHAPTER IV

RESULTS AND DISCUSSION

Sixty soil samples, representing 20 soil series, were analyzed for

P, K, Ca, Mg, Mn, and Zn by three chemical extraction procedures at six

soil to solution extracting ratios. The results for each replicate and

the mean for each soil to solution extraction ratio for each soil sample

for all chemical extractants are in Appendixes M through R. The soil

samples chosen represent different physiographic regions of Tennessee

and were selected to have wide differences in nutrient contents to

better evaluate the extraction effectiveness of the tested chemical

extraction procedures.

Analyses of variance of each element tested for soil to solution

extraction ratio, soils, and the ratio x soil interaction are given in

Tables 1 through 6. Table 7 lists the analysis of variance data for

chemical extractant, soil to solution extracting ratio, chemical

extractant x soil-solution ratio interaction, soils, chemical extractant x

soil interaction, soil-solution ratio x soil interaction, and chemical

extractant x soil-solution ratio x soil interactions for the combined

data for each tested element. In addition, coefficients of variation

(C.V.) and coefficients of determination (R^) by extracting chemicals

for each element are also presented.

As can be seen from the data in Table 1, the soil to solution

extracting ratio had a significant effect on the amount of P extracted

by all three chemical extractants. The largest F value was obtained

16
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2
Table 1. F Values, Coefficients of Determination (R ), and Coefficients

of Variation (C.V.) for Soil-Solution Ratio and Soils for
Phosphorus Extracted by Three Extractants

Source DF D.A. Tenn. Mehlich

Ratio 5 3,525** 3,446** 9,316**

Soil 59 2,614** 2,306** 4,207**

Ratio X Soil 295 127** 183** 132**

Error 720

r2 .99** .99** 99**

C.V. (%) 7.96 9.48 6.36

^*Significant at the .01 level of probability.

2
Table 2. F Values, Coefficients of Determination (R ), and Coefficients

of Variation (C.V.) for Soil-Solution Ratio and Soils for Potassium
Extracted by Three Extractants

Source DF D.A. Tenn. Mehlich

Ratio 5 575** 309** 287**

Soil 59 3,921** 3,580** 2,941**

Ratio X Soil 295 13** 8** 5**

Error 720

r2 .99** .99** .99**

C.V. (%) 4.42 3.97 4.64

**Significant at the .01 level of probability.
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Table 3. F Values, Coefficients of Determination (R ), and Coefficients
of Variation (C.V.) for Soil-Solution Ratio and Soils for Calcium
Extracted by Three Extractants

Source DF D.A. Tenn. Mehlich

Ratio 5 113** 570** 89**

Soil 59 711** 1,024** 857**

Ratio X Soil 295 15** 32**
y* *

Error 720

r2 .98** .98** .99** .99**

C.V. (%) 12.05 11.09 11.34

**Significant at the .01 level of probability

Table 4. F Values, Coefficients of Determination (R ), and Coefficients
of Variation (C.V.) for Soil-Solution Ratio and Soils for Magnesium
Extracted by Three Extractants

Source DF D.A. Tenn. Mehlich

Ratio 5 185**
yyy** 182**

Soil 59 310** 457** 219**

Ratio X Soil 295 3** 9** 2**

Error 720

r2 .97** .98** .95**

C.V. (%) 10.99 10.37 13.76

**Significant at the .01 level of probability.
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2
Table 5. F Values, Coefficients of Determination (R ), and Coefficients

of Variation (C.V.) for Soil-Solution Ratio and Soils for Manganese
Extracted by Three Extractants

Source DF D.A. Tenn. Mehlich

Ratio 5 1,480^^ 801^^ 1,397^^

Soil 59 210^^ 138*^ 175^^

Ratio X Soil 295 9^* J-kie

Error 720

R^ .97** .9S** .96^^

C.V. (%) 11.60 13.89 12.75

**Significant at the .01 level of probability.

2
Table 6. F Values, Coefficients of Determination (R ), and Coefficients

of Variation (C.V.) for Soil-Solution Ratio and Soils for Zinc
Extracted by Three Extractants

Source DF D.A. Tenn. Mehlich

Ratio 5 388^^ 1,004^^ 2,137^^

Soil 59 2,593^^ 3,186^^ 542

Ratio X Soil 295 10*^ 10^^ 22^*

Error 720

r2 .99^^ .99^^ 99**

C.V. (%) 12.43 11.59 12.95

♦♦Significant at the .01 level of probability.
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for the Mehlich extractant with the Tennessee and Double Acid

extractants very similar. The soil samples significantly affected the

amount of P measured. This was expected, since the soil samples were
2

selected to show wide variation in both P and K content. The R values

were very high indicating that 99% of the variation in P measured by

each of the three chemical extractants could be explained by the

analysis of variance model chosen. The C.V. values were good, with the

largest C.V. of 9.5% obtained from the Tennessee extractant and a low of

6.4% for the Mehlich extractant. The C.V. values indicate little

difference in data dispersion among the three extractants.

The soil to solution extracting ratio significantly affected the K

extracted by all chemical extractants, as shown in Table 2, but the F

values obtained were not as large as for P. The F values for the soil
2

samples were highly significant as expected. The R values were .99 for

all extractants, indicating 99% of K variation was explained by the

analysis of variance model used. There was very little difference in

the C.V. values with the range being from 3.9% for the Tennessee

extractant to 4.6% for the Mehlich extractant indicating the data

dispersion to be virtually the same for all extractants.

The data in Tables 3 through 6 for Ca, Mg, Mn, and Zn show

similar results to the data for P and K. All soil to solution

,

extracting ratios, soil samples, ratio x soil interactions, and R
2

values were significant at the 1% level of probability. The R values

were slightly lower in most cases and the C.V. values were somewhat

higher than for P and K. The C.V. values for each element varied
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little among the chemical extractants indicating that the data

dispersion was similar for the different extractants.

Table 7 presents the results from combined analysis of data for

all extractants, and indicates all F values to be significant at the

1% level of probability. The chemical extractant used had a highly

significant effect on the amount of the element measured. The F values

for the soil to solution extracting ratio were somewhat lower, but were

2
still highly significant. The R values for P, K, Ca, and Zn were

.99 and for Mg and Mn were .97 and .96, respectively. This indicates

that 96% of the variation in Mn, 97% in Mg, and 99% for P, K, Ca, and

Zn were explained by the analysis of variance model chosen.

Once it was determined that the chemical extractant and the soil

to solution extracting ratio significantly affected the amount of the

elements measured, Duncan's New Multiple Range Test (OMR) for mean

separations was performed.

Table 8 shows that as the extraction ratio increases from 1:4 to

1:20, a significant increase in P extracted at each increasing ratio

for all three chemical extractants was found. The Tennessee extractant

extracted more P at each ratio than either the Double Acid or Mehlich

procedures, with the Double Acid intermediate and extracting more P at

all ratios than did the Mehlich procedure.

The results for K, as shown in Table 9, were similar to the data

for P. As the Double Acid soil to solution extraction ratio increased

from 1:4 to 1:20, there was a significant increase in K extracted at

each increasing ratio. The same pattern was observed for both the
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Table 8. Mean Amount of Phosphorus Extracted by Soil-Solution Ratios
for Each Chemical Extractant'^

Ratio D.A. Tenn. Mehlich

20

15

10

8

6

4

69.5 a

59.4 b

46.6 c

39.6 d

34.3 e

26.0 f

- PPM —

92.6 a

67.4 b

53.5 c

46.3 d

40.6 e

28.0 f

45.2 a

37.4 b

27.0 c

23.1 d

18.1 e

11.7 f

^Mean amount of phosphorus extracted by Bray 1 was 35.4 ppm.

®Means separated by Duncan's New Multiple Range, .05 level.

Table 9. Mean Amount of Potassium Extracted by Soil-Solution Ratios
for Each Chemical Extractant"^

Ratio D.A. Tenn. Mehlich

20

15

10

8

6

4

121.2 a

116.2 b

114.6 c

112.3 d

106.8 e

96.1 f

0

-- PPM --

148.0 a

145.4 b

140.8 c

141.7 c

135.0 d

128.1 e

146.4 a

141.6 b

136.9 c

136.2 c

129.4 d

124.5 e

Mean amount of potassium extracted by ammonium acetate was 151.2
ppm.

'Means separated by Duncan's New Multiple Range Test, .05 level.
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Tennessee and Mehlich extractants, except that there was no significant

difference between the 1:8 and 1:10 ratios. The Tennessee extractant

removed slightly more K at all ratios than did the Mehlich procedure.

For Ca, as shown in Table 10, the Double Acid extractant extracted

slightly more Ca at all extracting ratios than did the Tennessee

procedure, with the Mehlich procedure extracting approximately 50% as

much Ca as the Double Acid. For Double Acid, wider soil to solution

ratios extracted significantly more Ca, and when considering all soils

across all soil-solution extraction ratios each increase in the soil

to solution ratio extracted significantly more Ca. However, several

soils from the West Tennessee loess area extracted by the Double Acid

extractant did not follow this pattern. These soils exhibited a marked

decrease in the amount of Ca extracted at the 1:15 and 1:20 soil-

solution ratios. Additional analyses on these soils at a later date

did not show this decrease in Ca extracted at the 1:15 and 1:20 soil-

solution ratios. The values for Ca analyses by the acid extractants

will be decreased somewhat since no masking chemicals were added to the

soil extracts before analysis by atomic absorption spectrophotometry.

The statistical analyses were performed on all the original data and

this could have possibly influenced the results obtained for Ca with

the Double Acid extractant and care should be used in interpreting

this segment of the Ca data. For the Tennessee procedure, the 1:10

and 1:15 ratios appear to be reversed and there was a significant

difference between each ratio. For the Mehlich procedure, the 1:20

ratio was the highest, followed by the 1:8, no difference between the
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1:15 and 1:4, and then the 1:10 and 1:6 ratios with no significant

difference between them.

Table 10. Mean Amount of Calcium Extracted by Soil-Solution Ratios
for Each Chemical Extractant"^

Ratio D.A. Tenn. Mehlich

20

15

10

8

6

4

1050.3 a

993.6 b

947.2 c

894.8 d

850.2 e

816.9 f

PPM

1037.1 a

849.1 c

870.1 b

710.5 d

682.9 e

606.2 f

508.4 a

453.6 c

417.6 d

483.8 b

416.1 d

459.6 c

+
Mean amount of calcium extracted by ammonium acetate was 1078.4

ppm.

@
Means separated by Duncan's New Multiple Range Test, .05 level,

For Mg, Table 11, the data were more variable. The Double Acid

procedure removed slightly more Mg than did the Tennessee or Mehlich

extractants. For Double Acid, the 1:15 extracting ratio extracted the

most, the 1:20 was second, with no difference in the 1:10, 1:8, or 1:6

ratios, and the 1:4 ratio extracting significantly less. The Tennessee

extractant had the 1:20, 1:8, 1:15, 1:6, 1:10, and 1:4 ratios in that

decreasing order. The Mehlich extractant had the 1:20 ratio extracting

significantly more, no difference between the 1:15 and 1:10, and then the

1:8, 1:6, and 1:4 in order with significant differences between each.

Both Mn, Table 12, and Zn, Table 13, exhibited similar extraction

patterns. For both elements and all extractants, the 1:20 ratio
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Table 11. Mean Amount of Magnesium Extracted by Soil-Solution Ratios
for Each Chemical Extractant+

Ratio D.A. Tenn. Mehlich

20

15

10

8

6

4

160.4 b

167.5 a

141.9 c

142.4 c

141.1 c

121.2 d

-- PPM --

166.9 a

149.4 c

124.8 e

152.7 b

144.9 d

83.5 f

154.8 a

150.1 b

146.5 b

137.0 c

121.4 d

106.2 e

tM
ppm.

ean amount of magnesium extracted by ammonium acetate was. 122.9

'Means separated by Duncan's New Multiple Range Test, .05 level.

Table 12. Mean Amount of Manganese Extracted by Soil-Solution Ratios
for Each Chemical Extractant

Ratio D.A. Tenn Mehlich

20

15

10

8

6

4

421.8 a

359.9 b

294.5 c

252.8 d

216.7 e

163.3 f

-- PPM --

413.8 a

392.9 b

363.4 c

303.7 d

301.6 e

153.3 f

341.9 a

301.1 b

239.3 c

216.1 d

165.3 e

122.3 f

Mean amount of manganese extracted by ammonium acetate was 69.7
ppm.

'Means separated by Duncan's New Multiple Range Test, .05 level,
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Table 13. Mean Amount of Zinc Extracted by Soil-Solution Ratios
tfor Each Chemical Extractant

Ratio D.A. Tenn. Mehlich
PPM

1:20 4.0 a® 4.9 a 5.3 a
15 3.3 b 3.6 b 3.6 b

10 3.1 c 3.4 c 2.8 c

8 3.0 d 2.9 d 2.5 d

6 2.7 e 2.7 e 2.0 e

4 2.4 f 2.4 f 1.6 f

+

Mean amount of zinc extracted by O.IN HCl was 2.8 ppm.

@
Means separated by Duncan's New Multiple Range Test, .05 level.

extracted significantly more Mn and Zn. The other ratios were in

descending order with each ratio significantly different from the other

ratios.

The comparison of the chemical extractants across soil to solution

ratios is given in Table 14. For P, the Tennessee procedure extracted

significantly more than Double Acid which extracted significantly more

than the Mehlich procedure. The Tennessee procedure extracted more K

with the Mehlich extractant second and Double Acid extracted the least.

Double Acid extracted significantly more Ca than the Tennessee procedure

which was significantly higher than the Mehlich extractant. For Mg, the

Double Acid procedure extracted significantly more than the Tennessee

or Mehlich method, with there being no difference between the Tennessee

and Mehlich methods. The data for Mn and Zn show that the Tennessee
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procedure extracted significantly more Mn and Zn than did the Double

Acid which extracted significantly more of both elements than did the

Mehlich procedure.

Table 14. Mean Amount of P, K, Ca, Mg, Mn, and Zn Extracted by Each
Chemical Extractant Across All Soil-Solution Ratios

Chemical

Extractant P K Ca Mg Mn 7^

PPM

D.A. 45.9 b 111.1 c 925.6 a 145.9 a 282.8 b 3.1 b
Tenn. 54.7 a 139.9 a 792.6 b 137.1 b 321.5 a 3.3 a
Mehlich 26.9 c 135.8 b 456.3 c 135.9 b 230.7 c 2.9 c

@
Means separated by Duncan's New Multiple Range Test, .05 level.

The results for each soil sample for Bray 1 P, neutral normal

ammonium acetate extractable K, Ca, Mg, and Mn, and 0.1^ HCl extractable

Zn are given in Appendix S. The mean amount of these elements is

listed with the results of this study for the corresponding element

(Tables 8 through 13, pages 23, 25-27) so that comparisons of the

amount of each element measured by the standard extraction procedures

can be compared to each extraction ratio for each chemical extractant.

In order to compare and evaluate the extraction effectiveness of the

chemical extractants used, correlations were performed between P, K, Ca,

Mg, Mn, and Zn extracted by the chemical extractant under study, and

the standard extraction procedures for the tested elements. Data for

these correlation analyses are given in Table 15.
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A correlation coefficient (r) of 0.84 was obtained when P

extracted by the Mehlich procedure was correlated with P extracted by

the Bray 1 method on the same soil samples. Correlation coefficients

of 0.74 and 0.71 respectively were obtained from Double Acid and the

Tennessee extractants. All r values were significant at the 1% level

of probability.

There was very little difference among the three extractants when

compared to ammonium acetate for K extraction. The Mehlich extractant

had a r value of 0.89 and the Tennessee procedures had a r value of

0.88, and the Double Acid procedure had a r value of only slightly less

at 0.87. All r values for K were significant at the 1% level of

probability.

Correlation coefficients for Ca were somewhat lower than for P or

K. A correlation coefficient of 0.77 was obtained for Ca extracted by

the Mehlich procedure with Ca extracted by ammonium acetate. The Double

Acid and Tennessee procedures had r values of 0.69 and 0.68 respectively.

All r values were significant at the 1% level.

The correlation coefficients for Mg were lower than for Ca. The

coefficients obtained were 0.52, 0.49, and 0.48 for the Mehlich, Double

Acid, and Tennessee procedures respectively. These r values were

significant at the 1% level.

The correlation coefficients for Mn were the lowest of any of the

r values obtained. Values of 0.41, 0.34, and 0.25 for the Mehlich,

Tennessee, and Double Acid procedures respectively were calculated.

Although the r values were quite low, they were significant at the 1%

level of probability.
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There was considerable difference in the r values found for Zn.

Correlation coefficients of 0.97, 0.96, and 0.61 were obtained for the

Double Acid, Tennessee, and Mehlich procedures respectively. Although

the r value for the Mehlich procedure was considerably lower than for

either the Tennessee or Double Acid extractants, all r values were

significant at the 1% level of probability.

Multiple regression analyses (Tables 16 through 21) were performed

to determine if the results were linear. The amount of P, K, Ca, Mg,

Mn, and Zn extracted by each of the test procedures was used as the

dependent variable, and the soil-solution extracting ratio and soil-
2

solution extracting ratio were used as the independent variables.

The data for P and K (Tables 16 and 17) were very similar. For

both elements and all three chemical extractants, the soil-solution

ratio b values were highly significant. The b values for the soil-

solution ratio were very small and not significant. This indicates

that the relationship between P and K extracted by each of the chemical

extractants and the soil-solution extracting ratio was linear.

The data for Ca (Table 18) shows that the soil-solution extracting

ratio had a significant b value only for the Tennessee extractant. The

soil-solution ratio was significant only for the Double Acid

extractant. The data for the Tennessee extractant appear to be linear

for soil-solution ratio with the data for the Double Acid extractant

being curvilinear. The b values for the Mehlich extractant were not

significant.
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Table 16. Intercept and Multiple Regression b Values for Soil-Solution
Ratio and Soil-Solution Ratio^ as Independent Variables and
Phosphorus Extracted by Each Chemical Extractant at All Soil-
Solution Ratios as the Dependent Variable

Parameter Chemical Extractant

Estimate D.A. Tenn. Mehlich

Intercept 10.41 17.58 -0.26

Ratio 4.24 ** 3.26 ** 3.28 **

. 2
Ratio -0.07 ns 0.02 ns -0.05 ns

ns Not significant at the .05 level of probability.

** Significant at the .01 level of probability.

Table 17. Intercept and Multiple Regression b Values for Soil-Solution
Ratio and Soil-Solution Ratio^ as Independent Variables and
Potassium Extracted by Each Chemical Extractant at All Soil-
Solution Ratios as the Dependent Variable

Parameter Chemical Extractant

Estimate D.A. Tenn. Mehlich

Intercept 83.68 117.37 114.49

Ratio 4.27 ** 3.43 ** 2.98 **

. 2
Ratio -0.12 ns -0.09 ns -0.07 ns

ns Not significant at the .05 level of probability.

** Significant at the .01 level of probability.
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Table 18. Intercept and Multiple Regression b Values for Soil-Solution
Ratio and Soil-Solution Ratio^ as Independent Variables and
Calcium Extracted by Each Chemical Extractant at All Soil-
Solution Ratios as the Dependent Variable

Parameter

Estimate

Chemical Extractant

D.A. Tenn. Mehlich

Intercept 665.55 487.43 421.29

Ratio 56.01 ns 34.35 ** -11.48 ns

. 2
Ratio -2.34 ** -0.39 ns 0.61 ns

ns Not significant at the .05 level of probability.

** Significant at the .01 level of probability.

Table 19. Intercept and Multiple Regression b Values for Soil-Solution
Ratio and Soil-Solution Ratio^ as Independent Variables and
Magnesium Extracted by Each Chemical Extractant at All Soil-
Solution Ratios as the Dependent Variable

Parameter Chemical Extractant

Estimate D.A. Tenn. Mehlich

Intercept 98.07 68.95 71.96

Ratio 7.24** 10.23** 10.23**

r, • 2
Ratio -0.20* -0.28** -0.30**

*Significant at the .05 level of probability

**Significant at the .01 level of probability.
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Table 20. Intercept and Multiple Regression b Values for Soil-Solution
Ratio and Soil-Solution Ratio^ as Independent Variables and
Manganese Extracted by Each Chemical Extractant at All Soil-
Solution Ratios as the Dependent Variable

Parameter

Estimate

Chemical Extractant

D.A. Tenn. Mehlich

Intercept 66.95 11.19 22.06

Ratio 27.04** 49.50** 27.92**

T, • 2
Ratio -0.47** -1.49** -0.60**

**Significant at the .01 level of probability.

Table 21. Intercept and Multiple Regression b Values for Soil-Solution
Ratio and Soil-Solution Ratio^ as Independent Variables and Zinc
Extracted by Each Chemical Extractant at All Soil-Solution Ratios
as the Dependent Variable

Parameter

Estimate

Chemical Extractant

D.A. Tenn. Mehlich

Intercept 2.11 2.13 1.32

Ratio 0.09 ** 0.07 ** 0.08 **

„ • 2
Ratio 0.00 ns 0.00 ns 0.00 ns

ns Not significant at the .05 level of probability.

** Significant at the .01 level of probability.
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The data for Mg and Mn (Tables 19 and 20) indicate that all b

. 2
values for soil-solution ratios and all soil-solution ratio were

significant. This indicates that Mg and Mn extracted by each of the

chemical extractants exhibits a curvilinear relationship with the soil-

solution extracting ratio.

As can be seen in Table 21, the data for Zn are very similar to the

data for P and K. The b values for soil-solution extracting ratio is

highly significant for all chemical extractants. The b values for the

2 . . . . . .
soil-solution extracting ratio were not significant indicating a

linear relationship between soil solution ratio and Zn extracted by all

extractants.



CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

Three chemical extraction procedures were compared to each other

at six soil to solution extracting ratios and to standard extraction

procedures for P, K, Ca, Mg, Mn, and Zn. The standard extraction

procedures used were Bray 1 for P, O.III HCl for Zn, and neutral normal

ammonium acetate for K, Ca, Mg, and Mn. Sixty soil samples, representing

20 soil series from different physiographic regions of Tennessee, were

selected to show variation in the tested elements to better evaluate the

chemical extractants studied.

Phosphorus was determined colorimetrically on the Technicon

AutoAnalyzer using the appropriate manifold for each chemical

extractant. Potassium was determined by flame emission on a Technicon

Flame Photometer III. Calcium, magnesium, manganese, and zinc were

determined by atomic absorption spectrophotometry after necessary

dilutions.

Statistical analyses were performed on the collected data. Analyses

of variance for the data were computed for each chemical extractant for

soil-solution ratio, soil sample, and interaction. The combined data

were analyzed for effect of chemical extractant, soil-solution ratio,

soils, and interactions. Duncan's New Multiple Range Test analysis for

mean separation, correlation, and regression analyses were performed.

36
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Conclusions

The following conclusions were drawn from the results of this

study.

1. The soil to solution extracting ratio and the chemical

extractant significantly affect the amount of P, K, Ca, Mg, Mn, and Zn

measured in a soil sample.

2. The coefficients of determination for the analysis of variance

were high indicating that most of the variance in the tested elements

was explained by the model used.

3. The coefficients of variation for each tested element differed

only slightly among chemical extractants indicating similar data

dispersion for the chemical extractants.

4. With the exception of the 1:10 and 1:8 extracting ratios for K

extracted by the Tennessee and Mehlich procedures, for P, K, Mn, and Zn,

there were significant increases in the amount of the elements

measured for each increase in the soil-solution extracting ratio from

1:4 to 1:20.

5. Data for Ca and Mg were more variable and the trend was not as

clear as for the other elements with the soil-solution extracting ratio

having less effect on the amount of the elements measured.

6. Across soil-solution extracting ratios, the Tennessee procedure

extracted significantly more P, K, Mn, and Zn, the Double Acid procedure

extracted significantly more Ca and Mg than the other extractants.

7. The amount of P, K, Ca, Mg, Mn, and Zn extracted by each

chemical extractant was highly correlated with the amount of each test
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element measured by the respective standard extraction procedures,

despite wide variations in the amount of the elements extracted by the

different chemical extractants.

8. A linear relationship existed between the soil-solution

extracting ratio and P, K, and Zn measured by each chemical extractant.

9. Only for the Tennessee extractant was the soil-solution

extracting ratio a significant factor for Ca as shown by the regression

analysis.

10. The Mg and Mn extracted in the different soil-solution ratios

by the different extractants was nonlinear as shown by the significant

. 2
b values for soil-solution ratio .

11. Although there are differences in the amounts of the test

elements extracted by the chemical extractants, based on the data for

analysis of variance, correlation and regression, and mean separation,

there appears very little, if any, real differences in the extraction

effectiveness of the Double Acid or Tennessee procedures, with the

Mehlich extractant only slightly less effective as a soil test procedure.
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APPENDIX A

PROCEDURE FOR EXTRACTION OF SOIL BY DOUBLE ACID

AS USED IN THIS STUDY



1. Extracting reagent (0.05N HCl in 0.025^ H2S0^). Dilute 8.6 ml
of concentrated HCl and 1.4 ml concentrated liters with
deionized water.

2. Weigh 6.250, 4.167, 3.125, 2.500, 1.667, or 1.250 grams of soil
(to obtain soil to solution ratios of 1:4, 1:6, 1:8, 1:10, 1:15, or
1:20) into a 125 ml Erlenmeyer flask and add one small scoop of Darco
G-60 activated carbon to clear the sample.

3. Add 25 ml of extracting solution from a bottle type automatic
pipet.

4. Shake for 30 minutes on a rotary shaker at 180 oscillations per
minute.

5. Filter through Whatman No. 2 filter paper and collect the
extract. The extract should be clear.

6. At this point, the samples are ready for analysis on the
Technicon AutoAnalyzer for P and K, and on the Perkin-Elmer Atomic
Absorption Spectrophotometer, after necessary dilutions, for Ca, Mg,
Mn, and Zn.

47



APPENDIX B

PROCEDURE FOR EXTRACTION OF SOIL BY THE TENNESSEE PROCEDURE

AS USED IN THIS STUDY



1. Extracting reagent (0.05N H2SO4 containing 1% (NH4)2S04).
Dilute 1.4 ml concentrated H2SO4 and 10 grams (NH4)2S04 to one liter
with deionized water,

2. Weigh 6.250, 4.167, 3.125, 2.500, 1.667, or 1.250 grams of
soil (to obtain soil to solution ratios of 1:4, 1:6, 1:8, 1:10, 1:15,
and 1:20) into a 125 ml Erlenmeyer flask and add one small scoop of
Darco G-60 activated carbon to clear the sample.

3. Add 25 ml of extracting solution from a bottle type automatic
pipet.

4. Shake for 30 minutes on a rotary shaker at 180 oscillations
per minute.

5. Filter through Whatman No. 2 filter paper and collect the
extract. The extract should be clear.

6. At this point, the samples are ready for analysis on the
Technicon AutoAnalyzer for P and K, and on the Perkin-Elmer Atomic
Absorption Spectrophotometer, after necessary dilution, for Ca, Mg, Mn,
and Zn.
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APPENDIX C

PROCEDURE FOR EXTRACTION OF SOIL BY MEHLICH METHOD

AS USED IN THIS STUDY



1. Extracting reagent. Dissolve in 750 ml deionized water 0.56
grams ammonium fluoride (NH4F), 10.7 grams ammonium chloride (NH4CI),
then add 1 ml concentrated HCl, and 11.5 ml glacial acetic acid and
dilute to one liter with deionized water.

2. Weigh 6.250, 4.167, 3.125, 2.500, 1.667, or 1.250 grams of
soil (to obtain soil to solution ratios of 1:4, 1:6, 1:8, 1:10, 1:15,
and 1:20) into a 125 ml Erlenmeyer flask and add one small scoop of
Darco G-60 activated carbon to clear the sample.

3. Add 25 ml of extracting solution from a bottle type automatic
pipet.

4. Shake for 30 minutes on a rotary shaker at 180 oscillations
per minute.

5. Filter through Whatman No. 2 filter paper and collect the
extract. The extract should be clear.

6. At this point, the samples are ready for analysis on the
Technicon AutoAnalyzer for P and K, and on the Perkin-Elmer Atomic
Absorption Spectrophotometer, after necessary dilution, for Ca, Mg,
Mn, and Zn.
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APPENDIX D

TECHNICON PROCEDURE FOR THE AUTOMATED SINGLE REAGENT

ASGORBIC ACID P DETERMINATION



Reagents—Sulfuric-Molybdate-Tartrate Solution. Dissolve 100 grams
ammonium molybdate (CNH4)6 M07 O24 • 4 HgO) and 2.425 grams
antimony potassium tartrate (K Sb 0 0411406- 1/2 H2O) in 500 ml
deionized water. Slowly add 1400 ml concentrated H2SO4 and dilute
to two liters. Store in polyethylene or pyrex bottle in a dark,
refrigerated compartment.

Ascorbic Acid Solution. Dissolve 88.0 grams of ascorbic acid
in deionized water and dilute to one liter. Refrigerate in a dark
bottle.

Working Solution. Add 20 ml of the molybdate solution and 10 ml
of the ascorbic acid and dilute to one liter with deionized water.
Allow to stand 30 minutes before using and prepare fresh weekly.
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APPENDIX E

SINGLE REAGENT ASCORBIC ACID PHOSPHORUS MANIFOLD
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APPENDIX F

TECHNICON PROCEDURE FOR P DETERMINATION BY MOLYBDIC ACID-

AMINO NAPTHOL SULFONIC ACID



Reagents: Molybdic Acid Solution. Dissolve 25 grams ammonium molybdate
((NH4)g Moy O24 • 4H2O) in 200 ml deionized water heated to 60
degrees C and filtered. Dilute 275 ml concentrated H2SO4 to
750 ml. After both solutions have cooled, add the ammonium
molybdate to the acid slowly with stirring and dilute to one
liter.

Reducing Agent. Amino-Napthol-Sulfonic Acid. Mix thoroughly 2.5
grams l-amino-2-napthol-4-sulfonic acid (Eastman), 5.0 grams sodium
sulfite (Na2S03) and 146.25 grams sodium bisulfite (meta,
Na2S205) and grind the mixture to a fine powder. Dissolve 8.0
grams of the ground mixture in 50 ml of warm deionized water.
Allow to stand overnight and filter before using.

Dilute 125 ml of the reducing agent to one liter in deionized
water for use with the Technicon AutoAnalyzer manifold shown in
Appendix G.
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APPENDIX G

MOLYBDIC ACID-AMINO NAPTHOL SULFONIC ACID

PHOSPHORUS MANIFOLD
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APPENDIX H

POTASSIUM MANIFOLD
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APPENDIX I

PROCEDURE FOR DETERMINATION OF EXCHANGEABLE

CATIONS AND CEC



Reagents. Ammonium acetate pH 7.0. Dilute 560 ml ammonium hydroxide
(sp. gr. 0.90) to two liters with deionized water. Dilute 458 ml
glacial acetic acid (99.5%) to two liters with deionized water.
Mix the two chemicals together and dilute to a final volume of
eight liters with deionized water. Allow to cool and adjust the
pH to 7.00 ± 0.05.

Ethyl alcohol 95%.
A 10% sodium chloride solution adjusted to pH 2.5 with concentrated
HCl added dropwise with stirring.

Procedure.

1. Weigh 10 grams of air dry soil (2.0 mm) into a 125 ml
Erlenmeyer flask and add 10 ml of ammonium acetate. Shake to
wet the soil and allow to stand overnight. Filter through
Watman No. 42 filter paper with gentle suction. Repeat if
filtrate is not clear. Wash the soil on the filter paper with
8 or more washings of ammonium acetate. The filtration should
take no less than one hour to complete with approximately 100 ml
extract collected. Transfer to a 100 ml volumetric flask and

bring to volume with ammonium acetate. Use this filtrate for
determination of exchangeable cations. Refrigerate if the
extract is kept more than 24 hours.

2. Wash the soil on the filter paper with at least eight washings
of ethyl alcohol. Use at least 90 ml of alcohol and discard
the leachate. Apply only gentle suction.

3. Add 10 ml of 10% acidified sodium chloride to the soil on the

Buchner funnel. Allow to leach without suction until almost

all the NaCl has filtered through or for 30 minutes. Complete
replacement of the ammonium by adding five ml increments of
NaCl allowing each addition to filter almost completely
through. Use only gentle suction. Filtration should take at
least one hour and 100 ml of filtrate should be collected. Use

this solution for the colorimetric determination of NH^"*" by the
Technicon AutoAnalyzer manifold given in Appendix J to calculate
the total CEC.

4. Determine the CEC as follows:

CEC in meq/100 grams =

(Pg/g) Volume x Dilution x x .001 mg/ug x
Extracted ^
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APPENDIX J

AMMONIACAL NITROGEN MANIFOLD
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APPENDIX K

PROCEDURE FOR O.IN HCl EXTRACTABLE ZINC



1. Extracting reagent. Dilute 17.2 ml of concentrated HCl to two
liters with deionized water.

2. Weigh 2.500 grams of soil into a 125 ml Erlenmeyer flask and
add 25 ml of extracting solution.

3. Shake for 15 minutes on rotary shaker at 180 oscillations per
minute.

4. Gravity filter through Whatman No. 2 filter paper and analyze
on an atomic absorption spectrophotometer.
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APPENDIX L

PROCEDURE FOR P DETERMINATION BY THE BRAY Pi METHOD



1. Extracting reagent. 0.031^ NH^F-0.025^ HCl.

A. NH4F, IN: Dissolve 37 grams of NH^F in 400 ml of deionized
water and dilute to one liter.

B. HCl, 0.51^: Dilute 20.2 ml of concentrated HCl to 500 ml
with deionized water.

C. Mix 30 ml of IN NH4F with 50 ml of 0.5N HCl and dilute to
one liter with deionized water.

2. Weigh 2.500 grams of 10-mesh soil into a 125 ml Erlenmeyer
flask and add 25 ml of extracting reagent from a bottle type automatic
pipet. Shake for 5 minutes on a rotary shaker at 180 oscillations per
minute.

3. Filter through Whatman No. 2 filter paper limiting filtration
time to 10 minutes.

4. Determine P concentration using the automated Single Reagent
Ascorbic Acid F procedure.
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APPENDIX M

PPM PHOSPHORUS EXTRACTED BY DIFFERENT SOIL-SOLUTION

RATIOS FOR THREE SOIL EXTRACTANTS
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APPENDIX N

PPM POTASSIUM EXTRACTED BY DIFFERENT SOIL-SOLUTION

RATIOS FOR THREE SOIL EXTRACTANTS
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APPENDIX 0

PPM CALCIUM EXTRACTED BY DIFFERENT SOIL-SOLUTION

RATIOS FOR THREE SOIL EXTRACTANTS
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APPENDIX P

PPM MAGNESIUM EXTRACTED BY DIFFERENT SOIL-SOLUTION

RATIOS FOR THREE SOIL EXTRACTANTS
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PP'Kl ZINC EXTRACTED BY DIFFERENT SOIL-SOLUTION
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APPENDIX S

SOIL PROPERTIES AS DETERMINED BY OTHER

STANDARD EXTRACTION PROCEDURES
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