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PREFACE

The work herein reported is not in a virgin field* Earlier investigators 
have made a very definite contribution to this study. The writer has exer­
cised no hesitancy in using results of others when it appeared to serve a 
worthwhile purpose for the situation at hand. In view of this fact, the 
writer is deeply indebted to all those who have made contributions to the 
field of quick tests for available plant foods*

Even though the extracting solution used in the present work is very 
different from that used by Bray (9), it is the desire of the writer to 
acknowledge him as the one who initiated the work of using HCIO^ as an ex­
tracting solution of plant foods* It is further desired to acknowledge 
with appreciation the assistance of Mr. Marvin Geiger, Experiment Station 
Chemist, State College, Mississippi, for determining the exchangeable po­
tassium of certain soils; to the recent Mr. C. T. Ames, Superintendent of 
Branch Experiment Station, Eolly Springs, Mississippi, for furnishing certain 
soil samples; to Dr. Clarence Dorman, Assistant Director, Mississippi Experi­
ment Station, State College, Mississippi, for furnishing yield data on ferti­
lizer rates and analysis tests; to the officials of the Mississippi Experi­
ment Station for making this study possible in granting a leave of absence 
to the writer; and especially to acknowledge with grateful appreciation Dr*
E. P. Thomas, Soil Technologist of Maryland Experiment Station, College Park, 
Maryland, for supervising the work.



INTRODUCTION

In some parts of the country a great deal of time and effort has been 
devoted to rapid testing of soils for plant food deficiencies. These tests 
in the hands of experienced workers have made a very definite contribution 
to fertilizer practices in those areas.

Thomas* (74) survey showed, except teste for a few individual ions, 
that very little rapid testing had been done in the extreme South. There 
are several reasons for this. Owing to the mild climate, abundant rainfall, 
broken topography, and cropping practices the organic matter content is low, 
considerable erosion occurs, and as a result the general status of fertility 
of the soil is comparatively low. A satisfactory test must therefore be able 
to make minute differentiations. None of the methods which are most exten­
sively used elsewhere have given the desired results* Because of this fact 
and because of the demand for such work, the present study was undertaken.



REVIEW OF LITERATURE

Quick tests as used today for determining plant food deficiencies in 
the soils are of comparatively recent development. There has been a great 
deal of work done in this field, however, during the last three-quarters of 
a century. Many schemes have been proposed and used for estimating these de­
ficiencies. A brief review of these is given to lay the foundation for the 
present work.

The technique and reagents used in determining the individual ions have 
been greatly improved during the last few years. Since, however, the purpose 
of the whole effort is to determine the presence and abundance of the recog­
nized essential ions that are available, the extracting solution seems to be 
the basic factor. If the work is approached from this angle, the previous 
work can be roughly divided into three periods, namely:

1. Early development to 1900 - Various weak acids were used.
2. From 1900 to 1920 - Water vrais used.
3. From 1920 to date - The trend has been back toward weak acids and

to biological tests.
During the early development practically all of the work was done in 

Europe. Dilute solutions of hydrochloric acid, nitric acid, ammonium citrate,
ammonium oxalate, citric acid, acetic acid, carbon dioxide saturated water, 
and some stronger solutions such as aqua regia were used as extracting so­
lutions by such men an Liebig (43), Deherain (17), Vogel (84), Dugast (21), 
Lechartier (42), Stutzer (71), Eggertz and Nilson (23), and Dyer (22). Dyer's 
work perhaps exerted the greatest influence upon quick testing of all work 
done during this period. He did an extensive piece of work on the acidity of 
feeding roots of many different kinds of plants. The range in acidity, ex­
pressed as citric acid which he proposed to use, was from 0.34$ to 3.4$. The
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average of all plants was 0.93$. He thought that if an extracting solution 
comparable to the sap of feeding roots were used, comparable values of the 
essential ions could be had. Therefore, he made his extracting solution 1$ 
citric acid. This method showed fair agreement with crop yields, and con­
sequently has been used a great deal and is still used some in Europe. Most 
of the work was done on phosphorus.

During the period 1900 to 1920 most of the work was done in the United 
States. King (41) initiated the effort, using water as an extractant. About 
the same time Whitney and Cameron (86), and Snyder (68), and a little later 
Schreiner and Failyer (62) did considerable work on quick testing, all using 
water as an extractant. The progress of quick testing was perhaps arrested 
during this period on account of lack of agreement in interpeting the data 
secured. YJhitney and Cameron’s (86) work attracted a great deal of attention. 
Based on the results of this work, they concluded that practically all soils 
gave essentially identical solutions and that even where a small quantity of 
one constituent was present it was sufficient in quantity for a fair crop 
if the mechanical condition of the soil were good. Further deductions led 
them to suggest that the soil moisture was practically a saturated solution 
of mineral substances present in the soil. This led them to conclude that 
the controlling factors of fertility were moisture and physical condition 
of the soil, and not fertilizers and plant nutrients.

King (41) and Snyder (68) reached conclusions just opposite to those 
set forth by Whitney and Cameron. JCing found that the soil solution varied 
a great deal in concentration of soluble salts, and that it is higher on 
fertilized soils.

Since 1920 the trend has been back toward weak acids. Shedd (64) in 
1920 reported the use of 0.2 N. nitric acid as an extracting solution. A 
little later it was brought out (2) (18) (53) (65) (82) and (88) that for 
the determination of certain ions, particularly phosphorus, the concentration



of the acid and the pH value of the extracting solution had to be accurately 
controlled. Otherwise the color developed was not necessarily a true picture 
of the phosphorus present. It was further revealed that there are certain 
ions, such as arsenic, ferric Iron, and silica, which when present in large 
concentrations give similar colorations to that of phosphorus.

From 1925 to the present, an enormous amount of work has been done on 
testing soils for available plant foods. For the first few years phosphorus 
continued to be the center of interest, but gradually gave way, in part, to 
calcium or lime requirements, potassium deficiencies, and deleterious materials 
of the soil in general. Many different extracting solutions, methods of ex­
traction, periods of time of contact between soil and solution, degrees of 
agitation, and dilution of soil extracting solution continued to be used.

According to a recent survey made by Thomas (74) most of the quick test­
ing for available plant food nutrients is done in a few central, eastern, and 
northeastern states, with the exception of certain tests for individual ions. 
The extraction solutions most extensively used were Morgan’s, Spurway's, Bray’s, 
and Truog’s, or a modification of these. Morgan’s (50) solution Is similar to 
the one used by Dahlberg and Brown (14), in that it is a solution of acetic 
acid buffered to a pH of 4.8, whereas Dahlberg and Brown buffered theirs to a 
pH 5. Spurway*s (69) solution consists of one part of acetic acid to three 
parts of water. Bray’s solution is made from hydrochloric acid and ammonium 
molybdate of approximately 0.7 N acid concentration. Truog’s (81) solution 
is a 0.002 S. solution of sulfuric acid buffered at a pH 13 with ammonium 
sulfate (His present solution is approximately .015 N HC1) . This shows con­
siderable variations in the concentration of acid in the various extracting 
solutions. These differences may be partially overcome, however, by varying 
the time of contact between the soil and the solution and by the degree of 
agitation.
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Other methods have been used in making rapid tests for plant food de­
ficiencies of the soil* Several biological tests, such as aspergillus niger 
by Dox (20), Azotobacter by Winogradsky, tft© Growth of Rye Seedlings by Neubauer, 
and Plant Tissue Tests by Hoffer (37), have been used. McGeorge (45) proposed 
and used electrodialysis as a means of measuring available phosphorus. Others 
(68) (46) (15) have used replaceable potassium to represent the amount of 
available potassium in the soil.

EXPERIMENTAL

An attempt is made to find an extracting solution which will extract 
plant foods available to plants under southern conditions* Since several of 
the above mentioned solutions serve a good purpose in other parts of the 
country, it seemed well to study those used most extensively under local con­
ditions for a possible lead. The results of these solutions were therefore 
compared on a soil of known fertilizer treatment and yield history. Bray's 
(l) newly proposed perchloric acid solution was included in the comparison.

The perchloric acid solution promised to be the best possibility of the 
group. The soil extract was much clearer and considerably more phosphorus 
was extracted. All other extractants were discarded and a more detailed study 
was made of this solution. In this preliminary work, three rather serious 
handicaps were encountered in connection with this method, namely:

1. If the solution were made from the salt, it could not be used in test­
ing for SO^ and because of their presence in the salt as impurities.

2. If the acid and NagCOg were used in making the solution, the test was
long and tedious.

3. If the solution were made from either the salt or the acid, it was not
buffered and therefore not satisfactory for soils of great variations 
in pH values, such as are encountered in the South.
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The buffered perchloric acid solution is made by dissolving ^0*75 
grams of C.P* sodium hydroxide in distilled water, adding 1^0 ml of 71 per 
cent perchloric acid. 100 grams of sodium acetate and making the volume up 
to a liter* This results in an approximate *62 N solution in titratable 
acidity and a pH of 2* The use of this solution overcomes the above men­
tioned objections* Furthermore, an attempt is made to correlate the results 
from this method with the productivity of the soil* Samples of soil were 
collected from different levels of fertility of the same series, and from 
several different fertilizer rates and ratios tests, and were brought into 
the laboratory and studied* The study can be divided into three general 
divisions, namely:

1* A comparative study of soils from different levels of 
fertility on the same series*

2* A study of relative plant responses in the greenhouse,
the amount of exchangeable potassium and rapid teat values 
of soils from fertilizer rates and ratios tests,

3* A study of rapid test values, fertilizer treatments, forms 
of phosphorus and crop yields of soils taken from several 
fertilizer rates and ratios tests of several years standing 
under field conditions*

A brief outline of procedure used in each instance is given below*

A Comparative Study of Soils from the Same Series 
from Different Levels of Fertility*

A number of different important agricultural soils were included in 
this study* Two samples were taken from each soil series, one representing 
the higher status of fertility and the other the lower* Samples were taken 
from extremes in fertility in so far as was possible to be had in close prox­
imity to each other* Pictures were made as to the status of vegetative growth 
at the place the samples were taken. In no instance were the samples taken more 
than fifty yards apart* The samples were brought into the laboratory, air- 
dried, put through a 20 mesh sieve and the rapid test values determined*



■ 8“

Testa for Individual Ions

Extraction was accomplished as Williams and Thomas (75) described by sub­
jecting one teaspoonful (approximately 5 grams) of soil to the extraction so­
lution for 20 minutes. This was done by placing a rubber policeman on the end 
of the funnel stem to retain the extracting solution. Ten ml. of the extract­
ing solution were added to a 50 mm. funnel, which had as a filter a 20 mm. 
fritted glass disc, (porosity of 1). The soil was then added and allowed to 
stand undisturbed for 20 minutes. At the expiration of that time the police­
man was removed, and the solution was allowed to drain thru the soil. The 
leachate was received in a 50 ml. Erlenmeyer flask. Aliquots of this solution 
were used for making the determinations of the several ions. A 0.5 ml. portion 
was used for each of the following tests; calcium, ferric iron, magnesium, 
manganese, phosphorus, potassium, and sulfate. The aluminum, nitrate nitrogen, 
and ammonia nitrogen were detected on one, one, and four drops respectively. 
Organic matter was determined according to Thomas and Williams* (75) modifi­
cations of Schollenberger’s quick method (59). The pH values were determined 
with a Beckman glass electrode pH meter.

All tests except organic matter content and pH values were made on pyrex 
spot plates, No. 2001, under a day light lamp. Thomas* (73) found that accuracy 
of reading the amounts of the several materials present was facilitated by 
placing two intersecting ink lines of different widths immediately beneath 
the bottom of each spot indentation of the plate. One line should be drawn as 
fine as possible with an inking pen and the other from 0.5 to 0.75 mm. wide, 
so that each will be obscured at different intensities of colorations, turbidity, 

or precipitation as the case may be. The Intersecting line chart can be held 
in place by putting a piece of plate glass over it.

In the determination of the quantity of the several compounds present no 
color charts were used, nor will any description of colors be given. It is
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the opinion of the writer that it is a physical impossibility to give the 
accurate color picture through photography or in written description. In 
order to fix the color range firmly in the mind of the investigator, standard 
chemical solutions ranging in concentration from very high to no tests for the 
particular ion were used. Colors developed by this procedure are not always 
identical with those developed in soil extracts containing similar quantities 
of the element concerned, but are nearer the correct color than standard color 
charts.

Procedure for Determining the Several Elements
Aluminum

This element was determined by adding two drops of a saturated solution 
of haematin in 95$ ethyl alcohol to one drop of soil extract.

Ammonia

Ammonia was determined by placing four drops of the extract in the spot 
and adding one drop of Nessler*s solution.

Calcium

This element was determined by adding two drops of a saturated solution 
of sodium oxalate in 2$ solution of sodium hydroxide to 0.5 ml. of soil extract 
in the spot plate. If the calcium content of the extract is excessively high, 
as indicated by a heavy instantaneous precipitation, three drops of sodium 
oxalate-hydroxide solution should be added.

Magnesium

Two tests were necessary for the determination of magnesium. One was 
designed for determining the higher range of magnesium. This test was made by
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adding one drop of 0.01# solution of para-nitrobenzene-azoresoreenol in a 1# 
solution of sodium hydroxide to a 0.5 ml. of soil extract and then adding two 
drops of a 15# solution of sodium hydroxide as was used by Morgan (49). The 
other test is more sensitive than the first and is therefore designed to 
determine small quantities of magnesium. The test is made by adding one drop 
of Titan yellow solution (0.15# in 50 ml. of Methyl alcohol and 50 ml. of 
distilled water), to 0.5 ml. of soil extract and two drops of 15# solution of 
sodium hydroxide.

Manganese

To 0.5 ml. of soil extract was added one drop of 85# phosphoric acid 
and a few crystals of potassium periodate.

Ferric Iron

This element was determined by adding two drops of a saturated solution 
of sodium thiocyanate to 0.5 ml. of soil extract.

Nitrate Nitrogen

One drop of soil extract was placed in the spot plate and four drops of 
a solution of 0.2# diphenylamine in concentrated sulfuric acid were added.

Phosphorus

To a 0*5 ml. of soil extract was added one drop of 6# ammonium molybdate 
in 40# sulfuric acid solution. The two solutions were thoroughly mixed in the 
spot plate, and one drop of a saturated solution of stannous oxalate in per­

chloric acid extracting solution was added.
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Potassium

One drop of a solution, saturated first with sodium cobalti-nitrite 
and then with sodium nitrate and filtered, was added to 0.5 ml. of soil 
extract. The reagent was thoroughly mixed with the extract and then four 
drops of absolute ethyl alcohol as used by Thomas (73) were added.

Sulfates

One drop of a 10$ solution of barium chloride was added to 0.5 ml. of 
soil extracts

Organic Matter

One teaspoonful (approximately 5 grams) of soil was placed in a 200 ml. 
flask. To this were added 25 ml. of sodium dichromate solution (containing 
200 grams of the salt per liter) and 25 ml. of concentrated sulfuric acid. 
After the mixture had cooled to approximately 40° C. it was diluted to 200 ml. 
with water, mixed, and 10 ml. aliquots were taken for titration with ferrous 
ammonium sulfate. The latter solution contained 100 grams of the salt and 25 
ml. of sulfuric acid per liter. The samples for titration were diluted with 
from 10-20 ml. of water. Three ml. of concentrated sulfuric acid and two 
drops of orthophenanthroline, for indicator, were added to the samples before 
titration.

A blank solution of sodium dichromate was titrated first, and then the 
soil sample was titrated. The difference between the amount of ferrous 
ammonium sulfate used on the soil sample and on the blank is the amount of 
dichromate used in oxidizing the organic matter. Each ml. difference of 
ferrous ammonium sulfate used in the two titrations represents approximately 
0.5$ of organic matter.
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Th© pH values were determined by placing a teaspoonful (approximately 
5 grams) of (20 mesh sieve) soil in a 25 ml* capacity test tube and adding 
10 ml. of distilled water. It was then allowed to come to an equilibrium, 
mixed, and the pH values were determined with the Beckman glass electrode 
pH meter.

With the exception of organic matter content which was reported in 
percentage and the pH values which were reported as such, the quantities of 
the several elements present in the soil were indicated by letters. The 
letters used were as follows: None (0), trace (T), low (L)» medium (M), 
high (H), and very high (X). The tests for the individual ions in the 
buffered perchloric acid solution were calibrated according to the range in 
pounds per acre and miligrams per aliquot of element concerned, according 
to Thomas and Williams (75), with the exception of sulfates. Sulfates are 
usually found in the soil only in small quantities.

With the buffered perchloric acid extractant the differences in the 
time required for the test reagents to ‘react with the aliquots of soil ex­
tract can be conveniently handled by the sequence of adding the reagents and 
subsequent reading of them. The reagents were added in the following 
sequence: mangenese, potassium, magnesium, sulfates, calcium, phosphorus,
nitrate, ammonia, aluminum, and Iron. Subsequently the readings were made 
in the following order: iron, aluminum, ammonia, nitrates, phosphorus,
calcium, sulfates, magnesium, potassium, end manganese.

A Study of the Relative Plant Responses in the Greenhouse, The 
Amount of Exchangeable Potassium, and Rapid Test Values 

of Soils from Fertilizer Rates and Ratios Tests

For this portion of the study samples were taken from fertilizer rates 
and ratios tests on Ocklocknee fine sandy loam. Four kilograms of soil were
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place d in one gallon capacity glazed pots and planted to rye. When the plants 
had germinated, they were thinned to eight plants per pot. Two hundred grams 
of soil were taken from each pot and the exchangeable potassium determined, 
after the method of Schollenberger and Dreibelbis (6l). When the plants were 
about eight inches high, a picture was made of them. At maturity the rye was 
harvested and the yields secured*

A Study of Rapid Test Values, Fertilizer Treatment, Forms 
of Phosphorus, and Crop Yields of Soils Taken frcm 

Several Fertilizer Rates and Ratios Tests of 
Several Years Standing Under Field 

Conditions

Three important soil types were included in this part of the study*
Samples were taken from fertilizer rates and ratios tests of ten or more 
years standing on each soil, brought into the laboratory, and rapid test 
values were determined. The fertilizer treatments, crop yields and rapid 
test values are brought together and their relationship studied*

As a check upon the phosphorus results obtained by the buffered per­
chloric acid solution, some of the soils were analyzed for different forms of 
phosphorus by Fisher and Thomas’ (24) method.

RESULTS AND DISCUSSION

Perchloric acid was compared with several of the most extensively used 
extracting solutions employed in determining soil deficiencies by rapid tests. 
The perchloric acid is a mineral acid and therefore gives a clearer soil extract 
than organic acid extractants. This was very helpful in reading all turbidity 
tests, particularly that of potassium. This acid has a higher ionization 
constant and is used in a more concentrated form (.62N in titratable acidity
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with a pH of 2) and is therefore able to extract more phosphorus than other 
extractants. The study revealed that it was necessary to buffer the solution 
in order for it to have equal extracting power in soils with great variations 
in pH values. Making the extracting solution from perchloric acid, sodium 
hydroxide, and sodium acetate is a simple task and resulted in a well buffered 
solution that would pemit testing for sulfates, nitrates, and chlorides.
This would not be true of most other strong mineral acids.

The object in testing the soils for plant food deficiencies from differ­
ent levels of fertility on the same series were, first, to ascertain if the 
method would make minute differentiations and, secondly, to reveal the de­
ficiency or disturbing factors of the soil so that the evil might be correct­
ed. This whole group of soils ranged in productivity from medium to very low. 
The results are reported in Table 1. A critical study of the Table reveals 
that there are some textural differences in certain of the soils that are 
being compared. These differences, however, are very small and probably do 
not exert a significant influence upon the amount of available plant food 
present•

The principal differences in the soils were that the more productive 
soils were, in general, higher in organic matter, calcium, magnesium, and pH 
values, whereas iron and aluminum were higher in the less productive soils.

Burgess and Pember (12) found that active aluminum exercised very 
definite inhibitory forces upon plant growth. The solubility of aluminum is 
directly correlated with the acidity of the soil, increasing rapidly below 

a pH of 5.4.
With three exceptions the less productive soils had a pH too low for 

optimum plant growth, which is no doubt either directly or indirectly 
responsible for their low productivity. The exceptions were Myatt (number

I-

5), Ruston (number 9), and Houston (number 11). The Myatt is a bottom soil,
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and in this case is covered with material from the surrounding limestone 
hillsides. There appeared to be no significant differences between the two 
samples of Ruston. The explanation of the Houston soils, being an exception, 
lies in its parent material. It is derived from Selma chalk; and owing to 
erosion has limestone material cropping out where this sample was taken.
The difference in productiveness in samples number 11 and 12 is perhaps due 
to a physical relationship rather than a chemical one. Sample number 12 
comes from an area that has several inches of top soil to retain the moisture, 
whereas sample number 11 has very little soil material. These data indicate 
that the buffered extracting solution removed the plant food in about the 
same order as it is removed by the growing plant, and revealed the presence 
and approximate quantities of disturbing substances.

The differences in growth of rye in the greenhouse on the Ocklocknee 
soil taken from rates and ratios tests were very pronounced at first. When 
the plants were a month old, there was a regular increase in growth for each 
additional increment of potassium that had been applied. This is shown in 
plate Ho. 20. At maturity no consistent differences were found, in total 
growth, size of head, or total grain due to potassium treatments. The 
results are reported in Table 2. This soil responded quite well to potassium 
treatments under field conditions, which would tend to indicate that the soil 
was low in soluble potassium. There was, however, enough residual potassium 
in the soils receiving high applications to give the plants a very good 
start. The initial supply was exhausted long before the plant reached 
maturity, and thus exerted no influence upon the ultimate growth or yield.

Table 2 also shows the exchangeable potassium found in the Ocklocknee 

soil following various treatments. The plot receiving 72 pounds of KgO (or 
the 600 lbs. of 4-8-12) was an untreated plot until five years ago. During 
the last five years this plot has received 72 pounds of Kg0 annually. All
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plots receiving more than 72 pounds of KgO per acre annually have been receiving 
it only for the last five years. The relatively small quantities of potassium 
found following the higher applications of complete fertilizer are perhaps due 
to potassium fixations by phosphorus* Joffe and Kolodny (40) found that 
potassium was fixed by soluble phosphorus. This fact seems to be borne out in 
these data since untreated soil had more replaceable K than the soil receiving 
600 pounds of 4-3-4. The greatest increase in exchangeable potassium occurred 
where the phosphorus was held constant and the potassium increased to 48 
pounds of ZgO per acre. Above that point the phosphorus application was like­
wise increased; therefore, more potassium was probably fixed. It seems to 
be generally accepted that only exchangeable cations are available to plants.
In Table No. 2 the results of the rapid test are also shown. They are not in 
perfect agreement with the exchangeable potassium found. The rapid test showed 
more potassium under the higher applications, and these results are in agree­
ment with yields on these plots. This seems to indicate that more potassium 
might be available than is found in an exchangeable form, which is in agree­
ment with the results of G-edroiz (28) and Proebsting (57). Gedroiz in­
vestigated calcium and magnesium and found almost normal yields after practical­
ly complete displacement of both cations. Proebsting concluded that neither 
water soluble nor exchangeable potassium was an accurate index of the soil’s 
ability to supply potassium and that the non-exchangeable potassium may con­
stitute a very important source of supply to certain plants.

The average yields of seed cotton on several different soils variously 
treated under field conditions and the results obtained from the buffered 
perchloric acid method are recorded in Tables 3 to 5 inclusive. Table No. 3 

gives the results of Ocklocknee fine sandy loam. It is a valley soil of the 
coastal plain area, and is above the average in productivity.
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Since nitrogen, phosphorus, and potassium are the only variations in 
treatment and since nitrogen is very unstable in the soil, major emphasis is 
placed upon phosphorus and potassium and their relationship to yields and 
rapid test values.

The yield data from the Lufkin and Ocklocknee soils were analyzed by 
statistical methods for differences due to treatments. In the case of the 
Ocklocknee, it was found that the first increase in phosphorus ovei* the 
minimum application did not give significant increases in yield, but that 
the second increase in the phosphorus application was significant* This was 
not in agreement with the rapid test. The minimum application of potassium 
gave a significant increase over no potassium, but further increases in 
applications were not significant. This is in perfect agreement with the 
results of the rapid test, as a L amount of potassium seemed to supply 
sufficient potash for growth. The plots receiving the 1200, 1800, and 2400 
pound applications of complete fertilizer gave considerable increases in the 
amount of soluble materials of all elements applied.

The results on Lufkin clay are reported in Table 4. This is an upland, 
level to undulating soil, is very high in collodial material, and has a very 
stiff, sticky subsoil which restricts internal drainage. It is considered a 
submarginal soil for general agricultural pur poses, but is farmed considerably 
in certain areas* The results are not very consistent, either in yields or 
quick test data. Phosphorus variations failed to give anysignificant differences, 
and potassium was inconsistent. The rapid tests agreed with the yield data in 
that the fertilizer treatments did not give consistent increase in yields. This 
study reveals that the limiting factor in this soil is a physical phenomenon 

rather than a nutrient deficiency.
Table 5 gives the results from Lintonia silt loam, which is a valley soil 

derived from Loessal material and is above the average in productivity*
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There is an almost perfect relationship between the amounts of potassium 
applied, increases in yields, and amounts of potassium found by the rapid test. 
Small increases in yields and available phosphorus were secured from increases 
in phosphorus application. There was, however, a definite relationship between 
the amounts of phosphorus applied and the amount found by the rapid test.

Tables Nos. 3 and 4, reporting the yields of seed cotton as affected by 
fertilizer treatments on Ocklocknee and Lufkin soils respectively, showed very 
small increases due to phosphorus treatments. Since there were some inconr 
sistencies between phosphorus applications, yields, and quick test results, it 
seemed well to ascertain what forms of phosphorus were present. This was done 
according to Fisher and Thomas’ method (24). This method divides the phos­
phorus into three parts, namely: A, which is primarily calcium and magnesium
phosphates; B, which is easily soluble iron and aluminum phosphates; and C, 
which is relatively insoluble iron and aluminum phosphates. These results are 
reported along with the yields of seed cotton and rapid test values and 
Ocklocknee and Lufkin soils in Tables No. 6 and 7 respectively.

It is believed that calcium and magnesium phosphates are soon converted 
to iron and aluminum phosphates when applied to the soil under Southern con­
ditions. A part of these newly formed phosphates may be available to plants; 
Truog (81) suggests that they are available. This seems to be borne out in 
these data, since very little calcium end magnesium phosphates (from 14 to 46 
pounds per acre) were found in the Ocklocknee soil and yet very poor responses 
to additional application of phosphorus were secured. If the relatively large 
amounts of eadlyaoluble iron and aluminum phosphates (from 88 to 308 pounds 
per acre) found are also available to plants, then obviously the plants would 

not respond to additional applications of phosphorus. The total amounts of 
phosphorus found in the three different forms correlated with the amounts 
applied up to and including 1200 pounds of 4-8-8 per acre. The sample from
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the plot receiving 600 pounds of 6-8-8 per acre was relatively low (88 pounds 
per acre) jj&easily soluble iron and aluminum phosphates but was high (112 
pounds per acre) in the relatively insoluble iron and aluminum phosphates.
Even in this instance, however, the combined calcium and magnesium and rela­
tively soluble iron and aluminum phosphates give a total of 134 pounds which 
is sufficient to produce a medium crop. Furthermore, Truog (83) thinks that 
some of the most "difficultly soluble" forms of phosphorus found in soils may 
be available to plants.

A critical examination of Table 6 reveals that the combined calcium and 
magnesium and relatively soluble iron and aluminum phosphate content is quite 
high (172 pounds per acre) even where no fertilizers had been applied. The 
yield of seed cotton was 608 pounds per acre. This is almost equal to the 
state average in production prior to the 1937 crop, which indicates that it is 
a fertile soil. The amounts of phosphorus found by the (quick test are in 
general agreement with the combined calcium and magnesium, and iron and aluminum 
phosphates found.

It is usually conceded that organic extractants such as sodium acetate, 
remove only the calcium and magnesium phosphates from the soil. The sodium 
acetate extracting solution was compared to the buffered perchloric acid 
solution on other soils than those included in this study, and found to be 
consistently lower in its extracted phosphorus content. These actual yield 
data indicate that at least a good portion of the iron and aluminum phos­
phates are utilized by the plants. It logically follows that extracting 
solutions vdiich extract only the calcium and magnesium phosphates would not 
give a true picture of the phosphorus deficiencies in these soils. This, no 
doubt, is one reason why the sodium acetate or "universal" extracting solution, 
has failed to give satisfactory results under Southern conditions.
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In addition to the phosphorus inconsistencies as secured by the methods 
ordinarily used, Bray (9) states that sodium perchlorate in fairly concentrated 
solutions has the ability to remove 100 per cent of the replaceable potassium 
from soils with low exchange capacities and almost 100 per cent from soils 
w it h high base exchange capacities. He further states that the only other 
feasible extracting solution known to replace practically all of the replace­
able potassium is a solution of 30 per cent sodium acetate plus 15 per cent 
nitric acid. The concentration of the sodium acetate in the latter solution 
is much greater than is used in the orthodox methods. What is a great deal 
more important from the standpoint of extracting potassium, however, is the 
fact that 15 per cent nitric acid gives a strong solution of a mineral acid.
£his solution, even though it is well buffered and capable of removing all 
exchangeable potassium, would not permit testing for nitrates because of the 
nitric acid present.

A satisfactory extracting solution for quick testing of soils should not 
only reveal an accurate picture of the presence and abundance of phosphorus 
and potassium in the soils, but also the nitrogen, calcium, magnesium, iron, 
aluminum and manganese content. The tests should also include the easily ac­
tivated organic matter and the pH value of the soils. All of this information 
assists In presenting the picture as it exists in nature and is therefore 
essential in making an intelligent recommendation for the soil. Recommendations 
are based upon a very minute portion of soil and it is therefore of utmost im­
portance that the samples be taken correctly. Even with the greatest of care 
it is easy to conceive of a composite sample being contaminated to the extent 
that the results on one or two of the tests, such as phosphorus or pH, could 

be misleading unless all tests were made and the interrelationship between all 
of the compounds properly considered. Nitrogen content might be quite high 
just prior to the planting of a long growing summer crop but would no doubt need
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an application of nitrogen before it reached maturity. Another soil may be 
high in colloidal material and have sufficient quantity of all of the 
compounds needed for good plant growth and yet have toxic quantities of 
aluminum and manganese. A soil may have a low pH indicating that such crops 
as asparagus and red clover would not grow, but the calcium and magnesium 
content may be relatively high. Since these plants are calcium loving plants 
rather than high pH loving plants, they may grow well on this soil*

The buffered perchloric acid extracting solution permits the testing for 
all of the important elements of plant foods and disturbing substances of the 
soil.
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PLATE I.

OPTIBBEFA FILE BRUY LOAtv: CCVB'RED ,.ITH ^ VERY POOR oOD



PLATE 2 .

OKTIBBEHA SAlvDT LOAi: COVERED V.TTH A GOOD SOD
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PLATE 3.

OKTIBBEHA. FEME SANDY LOAIvi COVERED 7JITH EEN3IT
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PLATE 4.

CETIBBEHa FIEE SANDY LOAk COVERED WITH BUR CLOVER AID HAIRY VETCH



YA.TT SANDY LGAk SHOEING A VERY POOR GROWTH OF COTTON
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PLA.TE 6

LYATT FIN'S .AFjIY LOaL. SF TONING A LEDIUL OROV/TH OF COTTON



PLATTE 7.

OKTIBBEHA. FINE SaNDY LOAM SHOWING A POOR GROWTH OF COTTON



PXATE 8.

.CETIBBEHA FINE SANDY LOAM SHOWING A MEDIUM GROWTH OF COTTON
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PLATE 9.

RUST ON VERY PINE SANDY LOAM' COVERED WITH A POOR GROVJTH OF VETCH
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PLATE 10.

5XJ3T0N VERY FIHE SANDY LOAM COVERED WITH A MEDIUM GROWTH OF VETCH
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PLATE 11

HOUSTON FINE SANDY LOAto COVERED WITH A POOR SOD



PLATE 12.

HOUSTON FINE SANDY LOAM COVERED WITH A GOOD SOD
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PLATE 13.

J h

H b

[

j | |

HOUSTON FINE SANDY LOAM SHOWING A POOR GROWTH OF CORN
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. PLATE 14.

HOUSTON SANDY" LOAM SHOWING A GOOD GROWTH OE CORN
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PLATS 15.

KIHVTN VERY* FINE SANDY" LOAM SHOWING A VERY POOR GROWTH OF COTTON
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PLATE 16

KXEVTK VERY FINE SANDY LOAM COVERED WITH A MEDIUM GROWTH OF COTTON
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PIATE 17.

LDFKXN SANDY LOAM SHOWING MEDIUM GROWTH OF COTTON
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PLATE 18.

LUFKIN SANDY LOAM, 1st TWO INCHES UNDER FOREST COVER
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PLATE 19

RELATIVE GROWTH OF RYE PLANTS AS AFFECTED BY VARIATIONS OF 
POTASSIUM TREATMENT ON OCKLOCKNEE FIN^ StifjgX - LOAM



TABLE I.— A Comparison of Vegetative Growth and the Amounts of Ions Extracted by the
  Buffered Perchloric Acid Solution on Several Important Southern Soils_____ _____ _

Amounts of ions extracted by Per cent
pH buffered perchloric acid solution_____  organic

Soil Type Vegetation value Ca Mg A1 Fe no5 nh4 P ¥, Mn oCO matter

1. Oktibbeha fine sandy loam Vei*y poor sod 4.98 M T X -H T -L — -H - - .4
2. Oktibbeha sandy loam Good sod 5.51 M m L M T M T 1L - - 4.5
3. Oktibbeha fine sandy loam Weeds 4.94 -L -L M -L T L L T - - •
4. Oktibbeha fine sandy loam Legumes 5.40 L 1L M L T 4L -L - - - 1.0
5. Myatt sandy loam Very poor cotton 6.08 -H -M L - T -L T T - - .4
6. Myatt fine sandy loam Medium cotton 6.94 H H T - T L T L T - 1.4
7. Oktibbeha fine sandy loam Poor cotton 5.36 M T X -E T L T L - - 0.0
8. Oktibbeha fine sandy loam Medium cotton 5.88 H M L T T -M T L - - .7
9. Ruston very fine sandy loam Poor vetch 6.17 L L L T T -L T L L - .4
10. Ruston very fine sandy loam Medium vetch 6.08 IT IT L T T -L -L - IT - .3
11. Houston clay loam Poor sod 7.51 X -M - - T 1M M T T - 2.1
12. Houston clay loam Good sod 6.54 H M - T T m T M - - 3.3
13. Houston clay loam Poor corn 5.54 H IT M T M 1L - T M - 1.4
14. Houston clay loam Good corn 6.37 H -M T - T ±L T IT T - 1.6
15. Kirvin very fine sandy loam Poor cotton 5.46 1L 1L M T - -L T L T - .0
16. Kirvin very fine sandy loam 'Medium cotton 5.70 -L M M - - -L T T T - 1.1
17. Lufkin sandy loam Medium cotton 4.94 M -M H -M -L 1M T -K X - 1.1
18. Lufkin sandy loam 1st. two inches

forest cover 5.58 -H -M T -L T M T IE L L 5.1i—1 Lufkin sandy loam First foot
forest cover 5.27 T L H H - L T H L - 1.5
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TABLE II#— The Residual Effect of Fertilizer Treatment upon 
Ocklocknee Fine Sandy Loam from Fertilizer Rates and 

Ratios Tests upon Yields of Rye, Exchangeable 
Potassium and Rapid Test Values under 

 _______________ Greenhouse Conditions
Treatment

12 yr. avr. yield 
of seed cotton 
in the field

Mille-equiv. 
of K. found

Y i e l d s  of R y e  
Grain Stalks &nd leaves

Rapid test 
values of 

K.No treatment 608# • 182 0.32 grms. 4.70 grms. T4-8-4 600$ 1026 .168 0.10 " 3.65 " L4-8-6 600# 1071 .259 0.12 " 3.28 " L4—8—8 600# 1096 .509 0.38 " 4.90 " L
4-8-12 600# 985 .279 0.27 " 4.47 ?1 L4-8-8 1200# 1149 .235 0.36 ” 5.36 " It,
4-8-8 1800# 1118 .313 0.03 ,T 5.12 " H
4-8-8 2400# 1075 .303 0.31 " 4.60 ” X

TABLE III.— The Influence of Fertilizer Treatments on 
Yields of Seed Cotton and the Ions Removed by the 

Buffered Perchloric Acid Solution on a 
Ocklocknee Fine Sandy Loam Soil

the

Treatment
12 yr. avr. yield 
of seed cotton in 
lbs. per acre

pH
value

Amounts of ions extracted by the 
buffered perchloric acid solution 
Ca Mg A1 Fe HOg NH4 P K Mn so4

Per cent
organic
matter

No treatment 608 6.51 H M T — L M T T T — o.b
4-8-0 600# 682 6.37 H to T - L L L T T - 0.4
4-8-4 600# 1026 6.32 H M T - M L M L T- - 0.4
4-8-6 600#

600#
1071 6.30 H M T - M L M L T - 0.4

4-8-8 1096 6.35 H T - i: L M L T — 0.3
4-e-12 600# 985 6.35 H H T - to L L L T- — 0.8
4-6-8 600# 1030 6.39 H m T - M L to L T — 0.8
4-4-8 600# 1005 6.42 H M T - m L L L T — 0.5
4—8—8 1200# 1149 6.15 H M T - H M E to T T 0.8
4-8-8 1800# 1118 5.99 H M T - H H H H T L 1.2
4-8-8 2400# 1075 6.09 H M T - H H H Z T L 0.6

TABLE IV.— The Influence of Fertilizer Treatment on the 
Yields of Seed Cotton and the Ions Removed by 
the Buffered Perchloric Acid Solution 

on a Lufkin Clay Soil
11 yr. avr. yield 
of seed cotton in pH

Amounts of ions extracted by the 
buffered perchloric acid solution

Per cent 
organic

Treatment lbs.per acre. value Ca Mg A1 Fe N03 NH4 P K Mn
- r  - r  m  fc/r m m

S04 matter

No treatment 299 4.8 M M L L T M - T T — .5
4—8—0 600# 570 4.9 M M H T L L L T T — .5
4-8-2 600$ 582 4.3 H M H L L L L T L — .7
4—3—4 600# 629 5.3 M M M M L L T T L - .5
4-8-6 600# 622 5.8 H M M H L M L M T - .9
4-4-4 600# 569 6.1 H M L L L H T L T — .3
4-6-4 600# 623 5.6 H M L H T to L M T — .7
4-8-4 1200# 789 5.4 H M L M M L M L T L .9
4-8-4 1800# 892 5.4 H M L T M M M H T M 1.2
4-8-4 2400# 981 5.6 H M L L X H H X Ti H .9
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TABUS V.— The Influence of Fertilizer Treatments on 
the Yields of Seed Cotton and the Ions Removed 

hy the Buffered Perchloric Acid Solution 
___________  on LintoaAa Silt Loam

12 yr. avr. yield Amounts of ions extracted hy the Per cent
of seed cotton in pH buffered perchloric acid solution organic
lbs. per acre. value Ca Mg A1 Fe no3 nh4 P K Mn so.4 matter

No treatment 889 6.62 H M T T M iT T T _ 1.2
4-8-0 600# 1025 7.28 -H M — - T -H 1L L L - 1.64-8-2 600# 1257 6.81 -H M — T 1M L 1 L — 1.3
4-8-4 600# 1433 6.85 -H M — — T 1L L 1L -L — 1.6
4-8-6 600# 1532 6.98 -H M — - T M L M L - 1.2
4—8—8 600# 1599 6.94 H M — - T M 1L M L — 1.3
4-4-4 600# 1396 7.32 -H M — - T -H T 1L 1L - 1.5
4-6-4 600# 1393 7.16 H -M — - T M 1L -M iL — 1.6
4-8-4 1000# 1528 6.85 -H M T - T -L M m T - 1.5
4-8-4 1200# 1526 7.09 H M — — T £M -II x IT 1.3

TABLE VT.— The Effect of Fertilizer Treatments Upon the 
Forms of Phosphorus in Ocklocknee Fine Sandy

Loam
Treatment Yield Solution A Solution B Solution C. Rapid Test 

Value of P
No treatment 608 18 154 0 IT
4-4-8 600# 1005 28 . 132 52 L
4-6-8 600# 1030 55 110 98 M
6—8—8 500# 1029 46 88 112 M
4-8-8 1200# 1149 22 308 0 E
4-8-8 1800# 1118 24 286 0 H
4-8-S 2400# 1075 14 297 0 H

TABLE VII.— The Effect of Fertilizer Treatments Upon the 
Forms of Phosphorus in Lufkin Clay

Treatment Yield Solution A Solution B Solution C. Rapid Test 
Value of P

Ho treatxaent 299 0 154 0 -

4-4-4 600# 569 20 77 0 T
4-6-4 600# 623 28 132 0 L
4-8-4 600# 629 26 44 100
4-8-4 1200# 789 0 506 0 M
4-8-4 1800# 892 12 363 80 M
4-8-4 2400# 981 38 528 0 H
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SUMMARY

Soils from different states of fertility of the same series and soils 
from fertilizer rates and ratio tests of ten or more years standing on 
several soil types were brought into the laboratory and studied. The study 
included comparisons of rapid test values, yields, relative growth, forms 
of phosphorus, and amounts of exchangeable potassium on certain of the 
soils. Supporting evidence was secured from each of these approaches in­
dicating that the essential ions were extracted from the soil in about the 
same proportion to that extracted by plants*

From the results of this study it is concluded that the buffered 
perchloric acid extracting solution is:

1. A well buffered extracting solution.
2. Easily made*
3. Permits testing for all ions essential for plant growth*
4. Secures the calcium and magnesium phosphates and a good portion of
the easy soluble iron and aluminum phosphates, thus correlating with
plant growth responses to phosphorus applications.
5. Secures practically all of the exchangeable potassium.
6. Gives a clearer soil extract than organic acid extractants.
It is further concluded that if all other factors are properly consider­

ed, the use of the buffered perchloric acid extracting solution in the rapid 
soil test gives a good picture of the fertilizer needs of the Southern soils 
such as are in Mississippi.



BIBLIOQBAPHY

1. Anderson, M. S. and Hoble, W. M.
Comparison of various chemical quick tests on different 
soils. U. S. D. A. Mi sc* Bui. 259. 1937

2. Atkins, W. R. 0.
The rapid determination of available phosphate in the 
soil hy the coeruleo~molybdate reaction of Deniges.
Jour. Agr. Sci. Vol. Ikt 192. 192*4-

3. Baor, V. C. and Lineley, C. M.
Test your soil for acidity, 111. Agr. Exp. Sta. Circ. 3*46. 
1929

4. Bell, Richard D. and Boisey, Edvard A.
A rapid colorimetric method for the determination of 
phosphorus in urine and blood. Jour. Biol. Chem. Vol. 44.
55-67. 1920

5. Bartholomew, S. P and Jaaaaen, 0.
The relation betveen concentrations of potassium in culture 
solutions and optimum plant growth. Soil Sci. Vol. 27:
189-acfc. 192s

6. Blair, A. W.
Measuring soil fertility. N. J. Agr. Exp. Sta. Cir. 335
193^

7. Bouyoucos, 0. J.
The concentration of the soil solution around the soil 
particles. Soil Sci. Vol. 11: 131* 1920

S. Bray, R. H.
A field test for available phosphorus in soils.
111. Agr. Exp. Sta. Bui. 337 ^1929„;^

9* -The use of sodium perchlorate as a reagent for extracting 
the replaceable and water soluble constituents in soils. 
111. Agr. Exp. Sta. Mime&graph 193&

10. Briggs, A. P.
A modification of Bell-Doisey phosphate method.
Jour. Biol. Chem. Vol. 53* 13"*1̂ » 1922

11. Burd, John S. and Martin, J. C.
Water displacement of soils and the soil solution.
Jour* Agr. Sci. Vol. 13* 265. 1923



-1*6-
12* Burgess, Paul S* and Pember, P. R.

Active aluminum as a factor detrimental to crop
production in many acid soils. H« I. Agr. Exp* Sta. Bui* 1
1923

13* Burgess, Paul S*
The yield of mineral content of crop plants as influenced 
by those proceding. R. I. Agr. Exp* Sta. Bui. 193. 192U

lU. Dahlberg, H. W. and Brown, R. J*
A study of Heubauer and Winogradsky (Azotabacter) methods 
as compared with a chemical method fob the determination 
of phosphate deficiencies in western soils. Jour. Amer, Soc. 
Agron. Vol. 2h: U6O-U6S. 1926

19. Be Camargo, Theodureto, and Be Mello, P. C.
Influence of eight years successive fertilizing with 
concentrated potassium salts and with kainit on the 
replaceable bases of the “Terro Roxa" soil. Brazil*
Soil Sci. 37: 167-17S* 193^

l6. Beherain, U* P. P.
Association Jrancaise pour l'avancement des sciences*
Congres Be Reime Comp tea, Rendus, Bes Seances de la Section 
B'agronomie* Annales Agronomiques* 391-^07* 1380

17# ______________Membre de l'acadsmie dee sciences,L’acide phosphorique du sol • 
Annales Agronomiques M+5-^51* 1391

IS. Benige, G.
Reaction de coloration extrement sensible des phosphates et 
de arseinates see-applications. Comp* Rend. Acad* Sci.
Paris 171: 802-804. 1920

19* Borman, Clarence.
Unpublished data. Miss. Exp. Sta., State College, Miss. 1939

20. Box, Arthur, W.
The phosphorus assimilation of aspergillus niger*
Jour. Biol. Chem. Vol. 10: 77-30. 1911

21. Bugast, M.
Annales Agronomiques H70-U81. IS83

22. Byer, Bernard
On the analytical determination of probably available 
"mineral” plant food in the soils. Jour, of Chem. Soc. 
Vol. 65: 115-167. 189**

23. Iggerti. C. G. and Nileon, 1. T.
Chemise he untersuchung von moor-und
Lorfboden* Biederman's Central Boltt; 66*4—668. 1889



-47-

24. Fisher, R* A. and Thomas, R. P.
The determination of the forms of inorganic phosphorus 
in soils. Jour, of Amer. Soc. of Agron. Vol. 27j 863, 1935

23. Fiske, Cyrus H and Subbarow, Yellaprag&da
The colorimetric determination of phosphorus .
Jour. Biol. Chem. Vol. 66t 375-400. 1925

26. Fraps. G-. S.
Active phosphoric acid and its relation to the needs of 
soil for phosphoric acid in pot experiments.
Texas Agr. Exp. Sta. Bui. 126. 1910

27*
Relation of potash removed by crops to the active, total, 
acid soluble, and acid-insoluble potash of the soil. 
Texas Agr. Exp. Sta. Bui. 355. 1927

2S. Gedroiz, K. K.
Exchangeable cations of the soil and the plant:
Relation of plant to certain cations fully saturating
the soil exchange capacity. Soil Sci. Vol. 32: 51-63* 1930

29. Gilbert. Basil E and Hardin Leo. J.
The current mineral nutrient content of the plant solution 
as a possible means of chemical control of optimum 
fertilisation. Jour, of Agr. Research Vol. 35* 185-192. 1927

30. Gilligan, G. M.
The effect of fertilizer and lime upon electrodialyzable and 
exchangeable potash of cropped soil.
Jour. Agr. Res. Vol. 535 61-65. 193&

31. Hager. H.
Diphenolamine and crystallized phenol as reagents for 
nitrates and nitrites. Jour, Soc. Chem. Ind. Vol. 4: 613. I8S5

32. Harper, Horace, J.
Easily soluble phosphorus in Oklahoma soils.
Oklahoma Exp. Sta. bul. 205* 1932

33. Hester, Jackson, B.
Microchemical soil tests in connection with vegetable crop 

production. Va. Truck Exp* Sta. Bul, 82. 1934
34. Hester, Jackson B. and Shelton, F. A,

The influence of certain replaceable bases in the'soil 
upon the elemental composition of vegetable crops.
Soil Sci. Vol. 42: 335-340. 1936

35 Truck crop investigation. Va. Agr. Exp. Sta. Bul. 94, 1937



-1+8-

3&» Hoagland, D* R. and Martin, J. C.
A comparison of sand and solution cultures with soil 
as media for plant growth. Soil Sci. Vol. l6j 3^7—3^7* 1923

37* Hoffer, G. N.
Testing corn stalks chemically to aid in determining their 
plant food needs. Purdue Agr. Exp. Sta. Bul. 298. 1926

33. Jensen. Charles, A.
Solubility of plant food elements as modified by fertilisers.
Jour. Amer. Soc. Agron. Vol. 8: 100. 1916

39* Jones, Earl
The portable soil laboratory and the Ohio method of testing 
soils for acidity. Jour. Amer. Soc. of Agron. Vol. 21: 381* 1929

1+0. Joffe, J. S. and Kolodny, L.
Fixation of potassium in soils. Proc. Soil Sci. Soc. Amer.
Vol. It 187-192. 1936

1+1. King, P. H.
Investigations on soil management. U. S. D. A. Bur. of Soils.
Bul. 26. 1905

1+2. Lech&rtier, M. G.
Chimie agricole agricole-Sur I'assimilabilite de I1 acide
phosphorique contenu dans les roches et dans la terra
arable, presents par M. Berbray. Comptes Rendus: IO58-IO61. 1881+

1+3* Liebig, H. Von
Bodenstatik und boden analysen Ztschrs Landu. Ver. 99-191 
1872

1+1+. Linsley, C. M.
Testing soil for available phosphorus. 111. Agr. Exp. Sta.
Cic. 1+21. 193^

1+5. Me George. W. T.
Electro dialysis as a measure of phosphate availability 
in soils and the relation of soil reaction and ionization 
of phosphates to phosphate assimilation. Ariz. Exp. Sta. Tech. 
Bul. 38. 1932

1+6. Merkle, P. G.
The effect of fertilizer treatments on the content of 
exchangeable cations in Hagerstown soil. Pa. Agr. Exp. Sta.
Bul. 273. 29-37. 1932

1+7. Millar. H. C., Smith, P. B., and Brown, P. E.
The base exchange capacity of decomposing organic matter.
Jour. Amer. Soc. Agron. Vol. 28: 753^7^6. 193(*



-49-

48. Morgan, M. F.
Microchemical soil tests.
Conn* Agr* Exp. Sta* Buib. 333* 1932

9̂.

50,

The universal soil testing system. 
Conn, Agr* Exp. Sta. Bul. 372. 1935

The universal soil testing system. 
Conn. Agr. Exp. Sta. Bul. 392. 1937

51* Murphy, H. F*
The replaceable potassium content compared with field 
responses to potash fertilization of some Oklahoma soils. 
Jour. Amer. Soc* Agron* Vol. 26: 34-37* 1933

52* Parker, F* W. and Tidmore, J. W.
The influence of lime and phosphatic fertilisers on phos­
phorus content of the soil solution and of soil extracts.
Soil Sci. Vol. 21: 425. 1925

53* Parker* F. W. and Fudge* J. F.
Soil phosphorus studies: The colorimetric determination of 
organic and inorganic phosphorus in soil extracts and the 
soil solution. Soil Sci. Vol. 24: 109-117. 1926

54. Parker, F. W. and Pierre, W* H.
Relation between the concentration of mineral elements 
in a culture medium and the absorption and utilization of 
those elements by plants. Soil Sci. Vol. 25* 337—343* 1928

55* Prember, F. R. and Me Lean, F. T.
Economical use of nitrogen, phosphorus, and potassium by 
barley, oats and wheat in solution cultures.
R. I. Agr. Exp. Sta. Bul. 199. 1925

56. Pettinger, H* A.
The expressed sap of c o m  plants as an indicator of 
nutrient needs. Jour. Agr. Res. Vol. 43: 95-H9* 1931

57* Proebsting, E. L.
Absorption of potassium by plants as affected by decreased 
exchangeable potassium in the soil. Jour, of Pomology 
and Horticulture Science Vol. 10: 199-204. 1933

58. Sackett, Valter 0. and Stewart, Laura C.
Bacteriological method for determining mineral soil 
deficiencies by the use of soil plaque.
Colo. Agr* Exp, Sta. Bul. 375. 1931

71837



-50-
59. Schollenber&er, C* J.

A rapid approximate method for determining soil oragnic matter* 
Soi. Sci. Vol. 2ki 65-68. 1926

60. __ __________________
Determination of soil organic matter*
Soil Sci* Vol. 3is **83-488. 1930

6l* Schollenberger, C* J. and Dreibelbis, F. R.
Analytical methods in base exchange investigations on soils* 
Soil Sci* Vol. 30. Ho. 3: 161-173. 1930

62. Schreiner, Oswald and Failyer, 6. H.
Colorimetric turbidity add titration methods used in soil 
investigations. U. S* D. A. Bur. of Soils. Bul. 31, 1906

63* Schueler, J.E. and Thomas, R. P.
Determination of potassium by sodium cobaltinitrite*
Ind. and Eng. Chem. Vol. 5: 163. 1933

64. Shsdd, 0. M.
A short test for easily soluble phosphate in soils*
Soil Sci. Vol. lit 111. 1920

65* Smith, J. B. Brown, P. E. and Schlots, P. E.
A comparison of Niklas9 and Truog* s methods for the 
determination of available phosphorus in soils*
Jour. Amer. Soc. Agron. Vol. 24: 452-459* 1932

66. Snell, P. D. and Snell, C. T.
Phosphorus. Colorimetric methods of analysis.
Textbook 193&

67. ________________Potassium separated as the cobalti-nitrite.
Colorimetric methods of analysis. Textbook. 432-437* 193^

6S* Snyder, Harry,
The water soluble plant food of the soils.
Science Vol. 19: 834-835. 190U

69. Spurway, C. H.
Soil testing, Mich. Agr* Exp. Sta. Tech. Bul. 132. 1933

70. Stewart, Guy R.
Effect of season and crop growth in modifying the soil 
extract. Jour. Agr. Research Vol. 12: 3H *  1918

71. Stutzer,
On the estimation of reduced phosphoric acid.
Jour. Soc. Chem. Ind. Vol. Us 127»- I885

72* Taylor, A. E. and Miller, C. W.
On the estimation of phosphorus in biological material.
Jour. Biol* Chem. Vol. 18: 215* 1914



-51-

73* Thomas, R. P.
Unpublished data, Maryland Exp. Sta. , College Park, Maryland
1936

7^. Thomas, R. P.
The use of rapid soil tests in the United States.
Jour. Amer. Soc. of Agron. Vol. 28: 1+ll-Ul9* 193^

75* Thomas, R. P. and Williams, R. C.
A comparison of the results of rapid tests with the amounts 
of available nutrients obtained by quantitative methods 
on Maryland soils.
Soil Sci. Soc. of Amer. Proceedings Vol. It 2^3« 1937

76. Thompson. A.
Colorimetric methods for determining small quantities of iron. 
Jour. Soc. Chem. Ind. Vol. Uj 6l2. 1S8§

77* Thornton, S. P.
Experiences with the Neubauer method for determining 
mineral nutrient deficiencies in the soils.
Jour. Amer. Soc. Agron. Vol. 23: 195-208. 1931

7S. _____________
A field and laboratory test of plant material for
diagnosing phosphorus deficiencies. Purdue Agr. Exp. Sta. Bul.
355* 1932.

79* Thornton, S. F. and Conner, S. D., and Fraser, R. R.
The use of rapid chemical teste on soils and plants as aids 
in determining fertilizer needs.
Purdue Agr. Exp. Sta. Cir. 20U. 193^

SO. Thornton, S. F. and Conner, S. I), and Fraser, R. R.
The use of rapid chemical tests on soils and plants as aids 
in determining fertilizer needs.
Perdue Agr. Exp. Sta. Circ. 20U revised, 193&

81. Truog, Emil.
The determination of the readily available phosphorus of soils. 
Jour. Amer. Soc. Agron* Vol. 22* 87U. 193°*

82. Truog, Emil,and Meyer, A. H.
Improvements in the Denige colorimetric method for phosphorus 
and arsenic. Ind. and Eng. Chem. Anal, edition Vol. 1:
136-139. 1929

83. Turner, P. E.
Replaceable iron and aluminum in soils.
Soil Sci. Vol. 32s I&7-U58. 1931

84. Vogel, AugustFier die Fruchtbarkeite bestimmung des Bodens impsiehlt es 
sicknach. Biendermann*s Zentral-Blatt. 852. 1882



-52-

85. Volk, N. J., and Truog, Emil
A rapid chemical method for determining the readily 
available potash of soils. Jour. Amer. Soc. Agron. Vol. 26:
537. 1931*

86. Whitney, Milton and Cameron, F. K.
The chemistry of soil as related to crop production.
U. S* D. A. Bureau of Soils Bul. 22. 1903

87* Williams, C. B. Jackson, S. L,, and Mann, H. B«
Fertiliser experiment with cotton.
N. C. Agr. Eap. Sta. bul. 250. 1926

88. Wu, Hsein
Contribution to the chemistry of pbospho-molybdic acids, 
phosphotungstic acids, and allied substances.
Jour. Bioll Chem, Vol. U3: 189# 1920

89* Toe, John H. and Hall, Robert T.
A study of 7-iodo-8-hydroxy<iuinoline-5-sulfonic acid as a 
reagent for the colorimetric determination of ferric iron. 
Jour. Amer. Chem. Soc. 872-879* 1937

90. Zintadze, Ch.
Colorimetric methods for the determination of phosphorus.
Anal. Ed. Ind. and Eng. Chem. Vol. 7* 227-230 and 280. 1935


