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INTRODUCTION 

Exchangeable potassium in soil has been determined for many 

;years by precipitation as eobalti-nitrite under cont.rolled con

ditions . '!'him method has some disadvantages. When the solution 

temperatures are high an increase in the solubility,. of the Na-K

cobalti-nitrit.e occurs and low values are obtained. Consistent 

accurate results were di!Iicult to secure by this method. 

A new method based on the measurement of light intensity 

produced when potassium salts are volatilized in a flame has been 

developed by the Perkin-Elmer corporation. 

Litt.le information was available on the procedure to follow 

when this method was used for det.ermination ot exchangeable pot

assium in soil. 

Since the deteJ"11'inaticn of potassium by the name photometer 

is a rapid procedure requiring only 2 or 3 minutes for a d~ermina

tion. the important problem in the use of this instrument is to 

discover a procedure which will complet.ely remove the exchoageaiHe 

pot..aasium from the soil and t..o develop a satiafaetor, standard 

solution of potassium which will have the same viscosity as the 

solution being analyzed. 

It is known that. the total amount of potassium in the soil 

does not. reflect accurately the amount of exchangeable potassium 

for plant growth. Studying the rate of release of potassium in 

fertile soils, .many agricultural \l.urkers have found that the 

relativu rate of liberation of potassium from soil minerals deter

mines the continued richness of the soil. A high rate of libera

tion will maintain a high level or available pot.ash and vice ver&a. 

What is actu.al.l:y available for the plant is the deten.dng factor. 

-· 
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As successive crops are grown w~thout return of potassium. to 

t.he soil, the total exchungeable pou:issiu.'Tl is decreased and the 

rate of replacement will depend upon the mc,vement of potassium 

from non-exchangeable forms to the surface of the clay complex. 

'lbe quantity of exchaneeable potassium required for optimum 

erowt.h of different crops is quite variable. 

A part. of th.is study will be t.o determine Lhe quantity of 

exchangeable potassium in soil below which crops will respond to 

potash fertilization. ln Oklahoma, where climatic conditions ore 

quite va riDble, it would be expected that the clin:aiic conditions 

for crop production would alter the relation between ex.changeable 

potc1ssium and fertilization . 

In attempting to predict the need for potassiu.~ fert.ilization 

from the exchan6eablc potassium content of t.he soil it is necessary 

to !-'..now, (a) the critical level at. which mrodmum yiclda cannot be 

n.aintained Without the addi tion of potassium, and (b) the rate at 

•tlich the exeh~ngeable potassium is replenished by that fron. the 

non- ex.changeable forms . Obviously, the r esponse to potassium 

fertilization con be predicted with greater accuracy from the 

amount of exchungeable potassium ~nen the content in the soil is 

either well below or well above the critical level . h'hen he ex

changeable potassium content is near the critical level, ~he pot

assium requirement oft.he soil c;;innot be evaluated properly without 

some knowledge of the rate at ~hich the non- exch~ngeable potassil.Bn 

is converted into tho exchangeable form. 
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Review ot Literature 

Three met.hods were used by Olsen and Shaw ("5) in detenr.ining 

the available potassium in the soil and compuring these ~~th crop 

response to potash !ertilization. The three methods used were, (a) 

chemical, using neutral ammonium acetate, (b) the Mit.scherlich 

method and (c) the Neubauer method. 'iheir conclusion w&s, from this 

comparison of chemical and biological methcxis to field response, that 

each indicated a low supply of exchangeable potassiuca in soils on 

wboch crops were most responsive to potash fertilizers . 

According to During, (10) who used the Mit.scherlich method for 

determining available potassium, a surface soil in general should be 

fertilized if it contains less than about 175 pounds of exchangeable 

potash. 

Fraps, (14) found a close relation between the exchangeable pot

assium in i.he soil and the potassium removed by crops. Evidence was 

presented to show that exchangeable potassium is used by the crops 

to a greater ex.tent than other .forms and t.bat the exchangeable 

potassium is a measure of the st.rength of the soil as regards pot

assium.. He stat.es that the amount of potassium removed by crops is 

about twice the exchangeable potassium as determined by chemical 

methods. He found the correlation coefficient for the exchangeable 

po assium, as determined by extraction with ammonium chloride, and 

the amount of potash removed by crops, to be . 910 ~ . 012. 

Magistad, (21) working with Hawaiian soils, found that continu

ous cropping for 20 months removed large· amounts of non-exchangeable 

potassium, ranging from 1.32 to 2.38 pounds per acre . 

Chandler, Peech, and Chang, (8) found t.hat the change in the 



exchangeable potassium content of 28 soils on which alfalfa was 

growing vigorously showed an average decrease of 1e pounds per 

acre . 

Hissink,(15) found that Lhe a.mount of adsorbed potassium 

e.xi.udneci by him, averaged only 0 . 024 per cent, while the percentage 

of acid soluble potassiUir, averaged 0. 826 per cent, but considered ~he 

adsorbed portion of greater importance, so far as plant nutrition is 

concerned. 

Bear., Prince and Ma.lcolm,(6) found that there existed no corr

elb't.ion bet.ween the t.otal potassium content and ~he yielding capacity 

of 20 of the most important l~ew Jersey soils. 'Ihe amount of exchange

able potassium was a more reliable index of the capacity of a s ~il to 

supply potassium for crop needs than t.ota.l potassium. 

Bray, (7) concluded \.hat the amount of exchangeable polassiuo in 

the surface soils of t.he corn belt is directly relnted to the ability 

of the soil t.o supply po1.assl um t-0 e rops . He found, I.hot. .-.hen soils 

contain 180 pounds of exch&ngeable pot&ssiun:. per acre, a corn yield 

of 90 per cen1. of cptimum may bo expected . '1he study of e.xch.:.ngsable 

potassium: and crop response ~o po~ash fertilizers reveals a good 

correlation ~heri the fertilizer is used in ndequaLe rurDunts . lt is 

shown that , through the use of tho test for excb&ngeable pc1.assium, 

estima~ions can now be made o!,(a) the pot.ash deficiency on each 

farm soil, (b) t.he yiel.d increase to be expected on each., (c) the 

potash requirement.a for the majority of corn belt. soils , and (d) the 

economics of potnsh uae. 

lJyer, (ll) decided t.hat. if less than 200 po'lmdn per acre of ex

changeable pot.assi1m1. is found in a soil, liS determined by extraction 

with l per cent citric acid ., potassium t rt.ilization is necessary. 
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Wood,(39) using 1 per cent citric acid as a solvent found that 

soils responding strongly to pot.ash fertilizers yielded an average 

of 146 pounds per acre of exchangeable potassium and those that, did 

not respond yielded en an average 280 pounds per acre of exchangeable 

potassium. 

Wheeting,(37) reports that leaching a soil wit.h no.rmol ammonium 

chloride appears to be one of the best ways of determining the amount 

of exchangeable potassium in soils . 1he quant.iiiee of potassium made 

available by this means are quite closely related to the quantities 

ob ained hy plants themselves . 

Murphy, (23) found that as a rule in mineral soils , it is not a 

matter of pote sh deficiency so much as it is of availabilit.y. The 

toL~l potassium content. of soils unually range from 10,0UO i..o 60, 000 

rounds per 2, 0v"0, 000 pounds of soil ~ith the exception of peats , mucks, 

and some sandy soils, but the available supply may be limited even in 

those soils having the greater totAl supply. A relatively low nutritive 

level if constantly maintained will produce good crops , while a high 

quantity IllBY not. produce nearly as good a crop, if the solid phase 

does not contribute 1.0 it sufficiently to maintain it above t.he 

criticol level . A good response was obtained from po~ash fertilization 

on soils containing under 60 ppm of exchangeable poLassium. Response 

in many cases was obtained when the soil contained from 60 to 79 ppm 

of exchangeable potassium. Soils containing 80 t.o 99 pJD of exchange

able potas.siwn -were classified as doubt.ful, from 100 to ~00 ppm very 

doubtful , and if a soil contained over 200 ppm of exchangeable potassium 

no response from potash fertilization would be secured. 

Thornton, (32) using the seedling method on determining nutrient 
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deficiencies in soils concluded that a tninirnun:. of 700 pounds per acre 

of exchangeable potassium is adequate for general f erm crops in Indiana. 

Scars-eth, (26) found that when the soil contains 200 or less pounds 

per acre of exchangeable potassium additiontl potash will be needed by 

most crops . 

Winte:·s, (3.8) of 'I'ennessee conducted field experiments to dete:nrJ.ne 

the response of several crops to po~ash fertilizers a~ differen~ levels 

of available poLash in the soil. three treatmen~s were given each 

field experiment, (a) no potash, (b} a mediwn potash applioal.ion and, (c) 

a heavy application. 

All plots, except in the case of alfalfa, were given uniform 

applications of nitrogen and phospha.t.e to eliminate any serious deficiency 

of these two critical minerals . His conclusions sre as follows: the 

approximate potassium requiranents in pounds per acre fo:- a 90 per cent 

optimum yiel.d of com is 155 pounds por acre, of alfalfa 160 pounds 

per acre, of cotton 185 pounds per acre and of Irish potatoes 220 

pounds per acre. 

Hoover, (19) working with Mississippi soils. report.a that. the crop 

requirement for a 90 per cent optimum yield of cotton is 180 poundsper 

acre of ex.changeable potassium. 

Olson, (25) of Georgia reports that the cril.ical level of exchange

able potassium for a 90 per cent optimum yield of cotton is 175 pot.mds 

per acre. 

P'llsminger, (12) applied potash on a fine sandy soil which contained 

56 pounds per acre of exchangeable potassium and increased the dry 

weight of lespedeza by 440 poundo per acre. 

The conclusion of Bear~ ( 5) wa s thet about 160 pounds of readily 
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exchangeable potassium per acre is needed for the production of 

normal yields of alfalfa, corn, and cereals. 



A COMPAlUSON OF ME'l'HOD OF DETf·:R.MH J.'fl01~ 
OF LXCHANGEABLE PO'i ASSlUM 
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Due to great. difficulty in securine accurate results from using 

t.he sodiurn-cobalti-nitrite method, a flame photometer recently ob

tained from the Perkin- Elmer corporation was used to measure the 

exchangeable po~assium removed from the soils studied in the follow

ing experiment . 

A lack of detailed information on proper procedur·e to follow to 

obtain accurete measur ments on exchangeable potassium in the soil 

ma.de it necessary for considerable h-ork on technique to be done. 

Flame Photometer 

In the operation of Lhis instrument, t.he solution of potassium 

is atomized by a Jet of air which carries the liquid into a Meker 

burner. A photoelectric measurement of light intensity produced is 

then made. 'l'he instrument is calibrated by means of a reference so

lution having a. know concentration of potassium dissolved in a so

lution of the same viscosity as that used for extracting the soil . 

Table 1 gives the results of ~his calibration. 

The accuracy or the measurements obtained by the use of the 

photometer will depend largely on the viscosity of t he standards 

and unknowns ll-'bich muet be identical to obtain accur te results. 



TI.DLE 1 PO?t.S.'."'IUM CONTENT OF SOLUTIO?t BASED O { RHEOSTAT* 
m:, . .cnm ON '1 ~?:: FLJ. f PIIO'I0Hb.''H~R CAlCULJ.TSD F'tOM 
STANDARD SOLUTIONS OF PCTASSI.UM CHLOIUDE IN 
.,\r'.!!,iON 1 UM ACb'l'.A'l'E 

Rheostat ppm K Rheostat ppm K Rheostat PJD K 
Reading Reading Reading 

1 1 .0 35 1.9. 9 68 llJ.O 
2 ~.3 36 51. 2 69 115. 2 
3 J.7 3i 52. 9 ~ 117.5 
4 5. 0 54. 4 120. 0 
5 6. 1 39 56.0 72 122.4 
6 7. 5 40 57.9 73 124. 9 
7 9. 0 41 59. 4 74 12'7. 5 
8 10.1 42 61. 0 75 130.0 
9 u.,. 43 62. 8 76 132. 5 

10 13. 0 44 64.4 77 135.0 
ll 14. 3 45 66. 0 78 137.7 
., " 15.7 46 67.9 79 140.3 .J...C 

1.3 17.0 47 69.8 80 142.8 
l4 18. J 48 71 .6 81 145. 8 
15 19.9 49 7.3. 4 82 148.8 
16 21. 2 50 75.0 8.3 151. 4 
17 22. 6 51 77 .0 84 154. 2 
18 24. 0 52 79.0 85 157.0 
19 25 • .3 53 81.0 86 160.0 
20 26.9 54 83 .0 87 162.9 
21 28. l 55 85 . 0 88 165.8 
22 29. 9 56 87. 0 89 168.9 
23 31.1 57 89.0 90 171. 5 
24 32.8 58 91.0 91 174. 5 
25 34.1 59 9.3. 0 92 177. 2 
26 .35 . 9 60 95.0 9.3 100. 2 
27 37.1 61 97. l 94 183.3 
28 .38 . 9 62 99.8 95 186.3 
29 40. 1 63 102.0 96 189. J 
30 41.7 64 104. 1 97 192. J 
31 43. 2 65 106.0 98 195.J 
32 45. 0 66 108. 2 99 198 . 0 
33 46.6 67 ll0. 8 100 200. 0 
34 48.0 

* weal Citation 

9 
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It has been found* that the potassium filter did not exclude 

all light emitted. from sodium and some correction is necessary for 

potassiurr. when more thun a trace of exchangeable sodium is · present. 

Comparison of Cold l!:xtraction and Leaching 

Several compa risons were m.tlde of extracting the soil with 2N 

ammoniuru acetate, using one part of soil and two parts of the ex

tracting solution, and leaching the soil with 2N ammonium aceta~e. 

The procedure for the extraction with the 2N ammonium acetate 

was to place 5 grams of soil in a l a rge test tube or beaker contain

ing 10 cc. of the amnonium acetate. The suspension was stirred a 

minimum of tour times and allowed to set for at least thirty minutes, 

before being filtered, and the potassium determined in the filtrate 

"'1th Lhe flame photometer. 

lhe procedure for the leaching of the soil was as follows: a 

small piece of cotton was placed in the bottom of a leaching tube, 

1 inch in diameter and four inches t all, t.o which l'&s added e small 

amount of sand . The soil to be tested was placed on the sand and 

then more sand was placed on t.op of the soil. 'I'en cc . of the 

Bir' .. moniu.rn acetate was added to the tube and allowed to leach t.hrough 

the sand and soil. 'Ihc lec,.chatc was then tes l.ed on t.be flame photo-

meter. '1.'he results were then computed on t.he basis of the c11IJount of 

leachate recovered, whereas in the method of extraction the results 

were computed on tbe amount of extracting solut..ion originally used. 

The conclusion from this experiment was that extraction was 

preferable in a routine analysis due t.o the saving of time. 

• Local Citation 
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Since the exchangeable potassium. is held on the surface of the 

clay particle , a study was made to determine whet.her a complete 

dispersion of the clay particles would increase the quantity of 

exehangeable potassium recovered from soils. A mechanical stirrer 

used in the hydroseter method for the mechanical analy'sis of soils, 

as recommended by Bouyoucos, was comp::.red with hand stirring and 

the quantity of potassium extracted from these soils. The quantity 

of potassium extracted was the same and it was assumed that stirring 

for a minimum of tour times was sufficient. to disperse the soil. 

Effect of Rot and Gold Extraction 

Considerable time was spent in comparing hot and cold extraction 

of soils with lll ammonium acetate as the extracting solution. · This 

data is presented in Table 2. 

'!'he 1uethod or hot e.xtra.ction was as follows: Twenty-five cc. 

of neutral lN ammonium acetate was placed in a beaker or large teet 

tube, 5 grams of 20 mesh soil was added and the beaker was plac-ed 

in a water bath <lt 70 degrees centigrade and .allowed to remain for 

one hour. This suspension ~as stir-red a minimum of four times. 

Table 2 A COMPAB1 SON OF HOT Mm COLD EX'I'RACTIO!i 

Soil No. Hot E)d..ra.ction Cold Extraction 
Kin ppm Kin ppm 

11730 85 57 
117.31 65 48 
ll735 155 100 
11738 81 53 
11741 150 106 
11744 197 155 
11749 78 65 
ll750 95 57 
11752 91 71 
11754 81 57 

Av. 110 Av. 77 
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The procedure for the cold extraction was carried out in the 

same manner as £or the hot with the exception of the heating of the 

suspension. 

For these particular soils hot extraction removed JO per cent 

more potassium tbon did the cold. The conclusion reached was that 

hot extraction renoved more replaceable potassium than cold extract

ion, but there was no definite relationship tha~ could be established 

between the two methods • 

. ABLE 3 

Soil No . 

11734 . 
11735 
ll,J6 
ll737 
11738 
11739 
ll740 
11741 
11742 
ll743 
11744 
li745 
11746 
lJ.747 
11748 
11749 
ll750 
11751 
11752 
ll753 
11754. 
11755 

A COMPARISON OF Hl:)fOVAL Atm J;ON-:mMOVAL 
OF EXCHANGEABLE CALCIUM ON THE AMO T OF 
EXCHANGEABLE POTASt IUM ·,.rrtEN DE'IE'"cl-1.I.NED 
WITH 'fHE FLAME PHOTOMI!.1I'ER 

Exchangeable Calcium 
removed 

Exchangeable Calcium 
Present 

Av. 

Kin ppm 

JO 
155 

25 
JO 
8l 
65 
30 

150 
71 
70 

197 
30 
41 
65 
65 
78 
95 
71 
91 
71 
81 
30 
74 

Kin ppm 

18 
125 

21 
JO 
65 
41 
25 

135 
71 
JS 

150 
JS 
50 
65 
57 
71 
85 
65 
78 
50 
88 
41 

Av . 63 
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The Effect of the Removal of Exchangeable 

Calcium on the Detenninat.ion of .b.xehangeable 

Potassium 

During the course of the study, an attempt. was made t.o determine 

if other bases , such as calcium and magnesium, were being removed in 

sufficient quantities to affect the accuracy of the potassium deter

mination. The approximate amount of exchangeable calcillt'l to be 

found in the av rage soil was es imated and this amount ( . 176 grams) 

was added to twenty five cc . of neutral 1N anm:.onium acetate . The 

photometer reading was similar to a 15 ppm solution of potassium. 

When the calcium was reJLOved by the addition of a saturated solution 

of ammonium oxalate the photometer did not register. 

When a similar amount of magnesium acetate was placed in .25 cc. 

o! neutral llf ammonium acetate and tested on the ptiotomet.er there 

was no indication of any interference by 1..his base. 

Replaceable calcium was removed from twenty two soils by the 

addition of a saturated solution of ammonium ox.:i.late. The soils were 

extracted hot with neutral 1N ao:monium acetate, filtered, the air.monium 

oxalate was added, the exchangeable calcium was removed by filtering 

and the filtrate was measured by the photometer. !he same soils were 

extracted ho~ with neutral 1N ammonium acetate and the exchangeable 

calcium was not removed . 'Iable 3 gives the r-esult,s of this e."{.peri

ment. When the calcium was not removed, the potassium content of the 

soil was 15 per cent. more, than the soils which contained. calcium. 

An attempt -was made to remove the calcium by adding ammonium oxalate 

with, the extracting solution . 'Ihe ammonium oxalate .formed crystals 

in the tip of ~he atomizer and made it very difficult to obtain 
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accurate readings . 

The conclusion reached on this part of the experiment 'kias t.hat 

calcium did have a alight in~cr!ering affec~, but that it was a 

relat.ive matter and that the removal of it. would prove to be more 

time consuming than would be justified by the results obtained . 

A Q9mparison of Various Extracting Solutions Used 

For ~be Replac ent of Exchangeable Pot.assium From Soils 

Several extracting solutions have been used for the removal of 

replaceable soil potassium. The extraction of soils with • 5lJ 

hydrochloric acid was tried . Five grams of 20 mesh soil was placed 

in 50 cc . of .5N hydrochloric acid and the solution was placed in a 

water bath for one hour. The temperature was kept at 70 degrees 

cen~igrade. After being removed from the water bath the solution 

was neutralized and the iron and aluminum filtered off. The .filt

rate was tested on the name photomet r . 'he results were erratic 

when compared. with the results of the same soils extracted hot with 

lll ammonium acetate. 

Several attempts were made to extract the soils with lN and 2N 

ammonium chloride. These solutions were not satisfactory because 

the;r would clog the atomizer before it could be standardized. 

Mono-ammonium phosphate wao tried as an extracting solution but 

there ~as not sufficient volat.ilization of the potassium combined 

with the phosphate to give readings equivalent to filtrates obtained 

by treating soils with ammonium acetate. 

Consider ble work was done using ammonium nit.rate, both l N and 
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2N ns tho extracting agent , and it was fowid to be equal to either 

lll or 2.H ammonium acetate . The results of the dat.a. on t..his are given 

in Table 4. 

1ABLE 4 

Soil 

Dennis Silt 
Loam 

Parsons Silt 
Loam 

Vanos Silt 
Loam 

Summit Clay 
I.Dam 

A COMPII SON OF EXCHANGEABIB PO'lASE1lUM 
EXlMC ED FHOH FOUtt SOILS BY lN AND 2.N 
/J.:MONIUM ACETATE AND lti AND 2f~ AJIJo.ONIUM 
NITRATE 

Ar:unonium Acetate Ammonium tUtrate 
lN 2N 1N 2?l 

Kin ppn 

34 35 37 37 

JO 34 35 35 

60 6.3 67 67 

59 55 6; 67 

In the above case the ammonium nitrate ext.racted slightly more 

potassium than the am1nonium acetat . However, for several other soils 

measured, ther~ seemed to be no advantage, of one of ~hese extracting 

solutions over the other, for routine analysis of exchangeable 

potassium. If ignition of the filtrate is desired !or further tests 

the ammonium acetate would be preferable to use . 

• 



'l.ABLE 5 

Soil 
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A COMPAFUSON OF EXCHANGEABLE POTASSIUM EXTRACTED 
FRO}! FOUR SOILS USlNG lN AMMONIUM ACETATE AND A 
1 TO 2 AND A 1 TO 5 RATIO BS'f~"EEN THE SOIL AND 

EX.'l'RAC'UMG SOLUTION 

l to 2 Ratio l to 5 Ratio 
Kin ppm 

Dennis Silt. L 31 35 

Parsons Silt Loam 25 34 

Vanos Silt Loam 58 6J 

Sumn.it Clay Loam 58 55 

The Effect of Varying the Quantity o! Ammonium 

Nitrate and Am111onium Acetate Solutions on the 

Removal. of Exchangeable Potassium 

A comparison was made to determine the correct r atio between the 

soil and the extracting solution, to obtain maximum amounts of ex/. 
changeable potassium. In Table 5 is given the results obtained from 

four soils . The 1 to 5 ratio extracted more potnssium than the l to 

2 ratio. A 1 to 10 soil- extracting solution ratio was studied but 

it is believed, that in the very l-0w potash soils, this dil~tion is 

too great. to give accurate readings on the !'lame photometer. 'l'he l 

to 5 ratio was used in measuring the soils with ~hich potash experi-

ments had been conducted. 



TABLE 6 

Soil No . 

1 
2., 
3 ~ 

4 
5 
6 
7 
8 
9 

A STUDY OF THE POTASSIUM REMOVED FROM SOIL BY 
ONE EXTRACTION AND 'l'WO SUCCESSIVE LEACHINGS 

WITH NEUTRAL 1N AMMONIUM ACETATE 

17 

Orig . Extraction 1st Leaching 2nd Leaching 
Kin ppm 

75 8 5 
100 11 2 

78 11 2 

78 18 2 
41 5 2 
48 5 2 
78 25 5 
50 8 2 

150 25 5 

A Study of Soil Extraction Followed by Leachings on the 

Removal of Exchangeable Potassium 

A study was made to determine if all of the exchangeable 

potassium was removed with the original extraction . 'l'he procedure 

for this study was as follows: the original extraction was made 

by the hot extraction method, as previously described in this study. 

'l'he filter paper containing the soil left after the original filter

ing, was washed with 25 cc . of hot neutral 1N ammonium acetate, and 

this filtrate was measured on the photometer. The filter paper was 

washed again and this filtrate was again tested on the flame photo

meter . As Table 6 shows, all of the exchangeable potassium is not 

removed by the original extraction, but the first washing of 25 cc . 

removed practically all of the potassium. 



TABLE 7 

Soil No . 

ll726 
ll.727 
11728 
11729 
117.30 
11731 
11732 
ll73J 

A COMPARIOON OF 100 AND 200 PA~ PEl MIWON 
OF ~ OTASf.lUM A~ ST!,NDA: D RE.FERENCZ SOLUTIONS 

18 

200 ppm Standard 100 ppm Standard 
Kin ppm 

10 
JO 
78 
57 
71 

i 
54 

Av. 53 Av. 

Toe .Effect. of Vaqing the Concentration 

of the Standard Reference Solutions 

15. 
32 
7B 
57 
57 
57 
60 
60 
52 

A comparison of using standard reference solutions containing 

100 ppm. or potassium and l..hat containing 200 ppm ot potassium was 

made. Table 7 shows that there is very little difference between 

using the two standard reference solutions . The important consider

ation in using the standard reference solutions, is- that they be of 

the same viscosity as the extracting solutions. When 50 ppm of 

potassium was tried as a reference solution on the photometer, the 

sensitivity was reduced. sufficiently to offset any advantage of the 

lower s l.andard . 



EXCHANGEABLE POTASSIUM AND CROP 
fil.S?ONSE 'l'O POTASH FERTILIZER 
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Most oft.he soils that were studied in this experiment were 

out of state soils . These soil s had been tested for 1:.heir crop 

response to potash fertilizati on. In attemp~ing to determine 
' 

critical levels of exchangeable potassium, from the data secured from 

these soils, it must be remembered. that the climatic conditions and 

soil capabilities for the areas from which these soils were obtained 

are di.ff'erent from those r:;revailing in Oklahoma. The review of lit

erature, on the subject o! exchangeable potassium and crop response, 

did not reveal that this factor had been considered to any degree . 

The soil s obtained from lllinois and Tennessee, on which the response 

of com to potash .fertilizer had been determined, were soils capable 

of producing 80 to 90 bushels of corn per acre. There are large 

acreages of corn planted on soils which are not. capable or producing 

this much corn and therefore , the critical level of exchangeable 

potassium below which corn t'iould respond to pot.ash fertilization would 

be somewhat l ower. 

llesponse of Cotton to Potash Fer ilizer 

There were seventeen soils studied that had a known response, or 

lack of response, of cotlon to potash treatment . 

Three of the soils were from the £jtJ)eriment Station of South 

Carolina. Nitrogen and phosphate were used in connection witJi potash 

in this series of experiments . 'Iwo of these soils thnt. responded to 

pot.ash "l.est.ed low on the flame photometer and t.he third tested on the 

border line, of the ten ative values se~ up for critical levels of 

exchangeable potassium as r egards coLton. Data for the response of 
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cotton to potash fertilization is given in ·rable 8 . 

'lhree of the soils that had a pol.ash history for response to 

cot.t.cm wert1 from Georgia . 'lhe soil from Avera, Georgie had 32 pounds 

of nit.rogen applied to it along with 24 pounds of pot.ash fertilizer 

and 48 pounds of potash fertilizer . '..'here 24 pounds of potash was 

applied there was an increase of 452 pounds of seed cotton per acre 

and ~here 48 pounds or potash was applied there was an increase of 502 

pounds of seed cot.ton per acre. The fuime photometer showed the.1. there 

were 37 pounds pttr acre of exchangeable pot.ash in 'the 'Untreated soil. 

'lhe soil £rum Loui.,,ville , Ga. , that had been treated with \.hree 

different retes of potash and ahowed no response to ireat~ent, tested 

311 pounds of exchangeable potassium per acre on the fl.arle photometer. 

The soil from Rover, Georgie., that sbo-wed a resp . nse ot 210 pounds 

of seed cotton per a.ere from 48 pounds of potash, cont.ained 75 pounds 

of exchange.:ible potassium per acre. Two soils from Fayetteville, h!'k

ansas, l.ha:t showed response to potash fertilization when cotton was 

planted, contained 157 and 130 poimds of exchangeable potassium per 

acre. 

1he Oklahoma soil th~t showed Lhe t reatest response to potBsh 

fertilization from cotton is located on ~he John Every farm near 

Cbecoi.an. This response was 330 pounds per a.ere of seed cotton. The 

soil measured only 37 pounds per acre of exchangeable potassium. 

From the limited amount of data available , colton rcspvnoe \.O pot.

ssh fer tilization, on soils conta.ining varying amounLs of exchangeable 

potassium, would be as follows: soils with lest than 100 pounds of ex

changeable potas:;ium. pi::r ac '."C should shm, a high pespcnse to po l a sh 

application . Soils that. contain from 100-150 pout:-ct~ of pot ... s sium ptir 
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acre should give a modernte rcsp0nse. Soils that contain from 150-190 

pound per acre of exchangeable potassium shoul d show alight. response 

and soils above 190 pound per r,.cre will !>how no response. 
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TABLE g P..E~POM~~E OF CO'f'100 TO PO'lASH F£H'l'ILIZA'!'I0N 

Soil No. Location lncrease in Seed txchant,;eable K 
Cott.on per Acre in pounds per 
1-·rom Pot.ash Use acre 

11726 Sandhill F.xpt. . 4::.6 ?ounds 37 
s. Car. 

ll728 Pendleton, 5. 460 170 
Car 

ll729 Abbeville Co. 451 101 
S. Car. 

ll734 Avera, Ga. 502 J7 

ll735 Louisville, Ga. No Response Jll 

ll7J6 Rover, Ga. 210 75 

ll7J8 Fayetteville, Hoderat.e Response 157 
Ark . 

11739 Fayet.Lieville, ~Ioderate Response l.JO 
Ark . 

7705 Sallisaw, Okla. 100 75 

513 Stigler, Okla 250 170 

470 Shawnee, Okla. Moderate Heaponse 157 

835 Stigler, Okl,, . 1".oderate Hesponse 114 

Kl Checotah , Okl& . 330 37 

9041 Sall~eaw, Okla . ?·~oderate Response 101 

K 4 Spaul:.iing , Okla . 175 J.63 

8992 Hugo, Okla . Uo neeponse 199 

9022 Checotah, Okln . r evere Leaf Rust 61 
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Response of Corn to Potash Fertilization 

There were eleven soils tes~ed for exchangeable potassiun: that 

had a cropping hist.ory of corn und its response ;,..o potash treatment. 

Eight of the soils were from out of state. '!here were four soils from 

the '.t.ermessee Experiment Station. The fk.mc photometer measurements 

agreed rat.her closely with the exchangeable potassium tests , on these 

soils ma.de at this 1:tat.ion. The test included a comparison of nitrogen 

and phosphorus wiU-t nitrogen, phosphorous a.mi pot.ash . 1he results are 

given in 1able 9. 

Three soils with potasoium. records were from t.he Illinois Experi

ment. SLation in Urbana. lhe photometer tests agreed rather closely 

with their results. The two soils t.hat showed ... high response to 

fertilization test.ed very lov in exchangeable potash, containing 37 

and 68 pounds per acre respectively, 'While the soil with no crop 

response measured 2.99 pounds per acre of exchangeabl~ potassium. 

The soil from Wooster, Ohio ,. that had a response of 8 . 18 bushels 

per acre, measured only 56 pound per a.ere of exchangeable potassium 

on the fl~me photometer. 

'there has not heen too much experimentation !or com response 

to potash in Oklahoma. Of the two soils noted there was a slight 

response where t.he soil test..ed 37 pounds per acre and no response 

on the soil testing 56 pounds per acre. The soil that gave no 

response ~o poLassium gave a high response to nitrogen and phosphorus . 

From the data available, it would seem Lhat in general a moderate 

res;:;onse would be obt.ained from corn growing on soils containing l ess 

than li+O pound per acre of exchange<l:ble potassium and a slight r esponse 

obtained from soils measuring ll+0-170 pound of exchanseable potassium 
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per acre and no response t.o soils containing over 170 pound per acre. 

The values cited arc obtained from soils that. have productive capabili

ties of 80 bushels per acre or more. On soils of lower ferl.ility and 

less f avorabl e clime tic conditions the crit.ical lower limits 'W<>uld be 

reduced somewhat . 

1 AB1..E 9 RESPDNGI.. CF CO:W '10 PO'rASH F1tRTIUZA'rION 

Soil No. Location lncrease in Corn Exchangeable 
From Potash Fert- Kin pounds 
ilization per acre 
Bu. per Acre 

ll730 Knoxville, Tenn . 10.4 170 

11731 Knoxville, Tenn. 12.8 lJO 

11732 Knoxville, Tenn . 7.0 130 

11733 Knoxville , Tenn. 10. 5 143 

11740 Urbsna , Ill . 22. 0 37 

ll741 Urbana , Ill. No Response 299 

11745 Urbana , lll. 20 68 

11756 lfooster , Ohio 8. 8 56 

ll624 Atoka , Okla . 4.0 37 

K 6 Atoka , Okla. No Res,~onse 56 

1024 Remington, Ind . Moderate Eesponse 75 



25 

Response of Oa~s to Po sh Fertilization 

There were twelve soils available for study that had cropping 

record of oat response to potash t.rea ent. 0£ these twelve soils, 

five were from out o! state and seven were fro Oklah0Dl8.. there was 

only one soil in this group t.hat had a record of a high response to 

potaoh treat.ment and this soil was from Ewing Field, of the Illinois 

Experiment Station. This soil was very responsive to pot.ash on com, 

wheat and oats. ':Che increase 1n oat yield s 7 bu. pu acre. The 

name photometer measurement on t.hia soil agreed very closely with 

that of the t sts ot the Illinois Station, where the cobalti-nitrite 

llethod for the determination of potassium was used. Their test 

showed 40 pounds per acre of exchangeable potassium while the photometer 

measured 37 pounds per acre. There were only two other soils that show

ed a slight response and t.he values for these were 68 and 56 pound per 

acre respectively. Oats for this are given in Table 10. 

It would seeni .fro these data tba\. oats are capable of using 

more oft.be slowly available potassium than many other field crops . 

From the da~a available, oa~s would probably give a moderate 

response to potash treatment from aoils containing lees than 60 pounds 

per acre of potassium, a very slight response to soils con·t.aining from 

60 to 100 J?OUnda per acre and no response 'to soi.ls containing over 100 

pounds per a.er~ o! exchangeable potassium. 



TABLE 10 

Soil No. 

11740 

11741 

11745 

11751 

ll756 

7702 

9001 

7708 

9006 

9031 

9052 

11613 
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RESP,.fiSE OF OATS TO PO'f.ASR FERTIUZA1ION 

Location 

hwing Pld. 
Urbana, 111. 

Aledo Fld. 
Urbana, Ill. 

Toledo Fld. 
UrbP.na, Ill. 

Purdue Univ. 
Lafayett.e, Ind. 

\-;oost.er, Ohio 

Okla. Ex.pt.. Sta. 
Morris, Okla. 

Vinita, Okla. 

Vinita, Okla; 

Delaware Co. 

Morris, Ckla • 

Copan, Okla . 

Okla . ~t. Sta. 

Increase in Oats 
in Bushels per 
Acre 

7 

No aesponse 

Slight Response 

No Response 

Slight Response 

No Response 

No Response 

No Response 

No Response 

No Response 

No ~esponse 

No J"!esponse 

Exchangeable K 
in Pounds per 
Acre 

37 

299 

68 

114 

56 

226 

183 

96 

328 

121 

415 

212 



TABLE ll RESPONS.ii. Of v:HEA'l ·o P01ASH F£R.'f1LIZA'II0N 

Soil No. Local.ion Increase in Wheat. Exchangeable 
From Potash Fert- Kin Pounds 
ilizat..ion in Bu. per Acre 
per Acre 

11740 Urbana, Ill. 9 37 

ll741 Urbana, Ill. No ftesponse 299 

11745 Urbana, Ill. 6 68 

11748 Lafayette, Ind. Slight fl.esponse 101 

ll756 Wooster, Ohio 1 . 1 56 

6644 Stillwater, Okla. Slight ?1.esponse 269 

The data available for wheat response Lo potash treatment was 

very slight. 'there were only six soils that had any record of pot.ash 

fertilization end crop response . Of these six, only three showed 

wha'L, might. be considered a profitable response w 'l''bl> soils from 

Illinois that. showed only a slight increase troin potaoh treatment 

for ~heat and oats, showed a highJesponse for corn . 

It would seem from this data that wheat , like oat..s , has a rather 

l.ow requirement.. for ex.changeable potassium. 

From the very limited data available, wheat. could be expected to 

give a slight to moderate response to pot.ash treatment from soils 

containing less than 60 pounds per ~ere , a slight to very slight 

response from soils containing between 60 and 100 pounds per acre 

and no resp,mse to soils containing over 100 pound per acre of 

exchangeable pot, ssium. 



'l'ABLE 12 HES:-'>?:SL OF J\LFfl Uii 'l'O PC'i'ASH FERTI1lZA1l0N 

r 

Soil no. Location Increase in f-ounds Exchangeable 
of Alfalfa Hay from Kin Pounds 
Potash F rtilization per Acre 

11737 DeKalb Co . Ca. 820 75 

797 Jennings, Okla. Sligh\. i esponse 170 

4439 Inola, Okla . Showed Severe Leaf 
Symptoms or Potash 
Starvation 61 

6473 Spencer, Okla. No ?tesponse 850 

Response ot Alfalfa to Po \.ash ' rea. t.ment 

1here wel';only !our soils available for study thet had any crop 

record of response from alfalfa Lo potash fertilization . The soil 

troru DeKalb Co. Georgi a showed an increase of 820 po'Wlds of hay per 

acre !I'Om an application of 100 pounds of pot.ash . The poi.ash was 

used in con junction w.i th bornx and lime. The photometer showed this 

soil to be very low in exchangeable potassium as it contained only 

75 pounds per acre of exchangeable potassium per acre. The soil from 

t.he H. C. itu?pel fa.rm near lnola, developed lent symptoms of potash 

starvation after lime and phosphate had been applied t.o it.. 

From this data alone it ~ould be impossible to att.empt to estab

lish ~ny values for potassium needs for alfalfa, but. this study in 

itn very limited scope does seeD to agree rather closely with t.he 

result.a of otht"' r workers on the n.an:e subject. 



'fABLE 13 

Soil No. 

P 64 

P 65 

P 66 

P 67 

P 68 

P 216 

P 217 

P 218 

P 219 

P 220 

p 221 

P 381 

P 382 

P 383 

RESPONS1 OF S~'EE'r CLOVER O PO ASH 
F.l:.ff i.l Ll ZA'l'I ON 

Dept.h 

0-6" 

6-12" 

12- 18" 

18- 24" 

24-36" 

0-6" 

6- 1211 

12- 18" 

18- 24" 

24-.30" 

J0-36" 

Q-6n 

6- 12tt 

12-1811 

Increase in Pounds 
of Hay From Potash 
1rcatment 

350 

500-1500 

500- 1700 

29 

Exchangeable 
K in Pounds per 
Acre 

68 

56 

43 

50 

233 

157 . 

157 

130 

161 

90 

43 

JO 

43 

There were little data available for study on sweet clover and 

its response to poLa.sh. 1he aoove 'fa.ble is more of a. profile study 

than it is of potash s t udy . 

Further comparisons are needed before accurate data ca.n be given 

for r esponses Lo be expected when sweet clover is planted on soils 

varying in exchangeable po~assium. 
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A series of cxperimen"ts were n:a.de t.o determine t,he exchangeable 

potassiw content of several soils , and to determine t.he critical 

lower liD'dt. of exchangeable pot.aesium, l,elo"' \1/hich various :field 

crops , ould rosp:.~nd t.o potash fertilization . 'Ihe recently developed 

flame phot.ometer method was used in this t tully. 

Du.c lo lhe comparative newness or this method of 11\easurEc.ruent of 

exchangeable p::>tasnium, it was necessary to develop a procedure for 

ils efficient use. 

ihe extraction of soils was found to be better than leaching 

for the removal of the exchangeable potassium. 

Hol oxtraction of soils , whereby a water bath ut 70 degrees 

cent.igrade was used for one hour, was found ~o extract. a lecst JO 

per cent more ex.changeable pol..assium T.h.=:n cold extraction. 

teutra.1 ammonium acetate and ammonium nitrate -were found t.o be 

t.he best. extracting solutions for the removal of exchangeable 

poLaesium .from the soil . lt. was round that a Ill concentration or 

either of the above mentioned ex~raciing solu~iuns was sufficient for 

the removr. l of the maximum amount. of exch~ngeable potassium. 

It was fo\.U.1d thal. a one t.o five. rat,i..o of soil i:.o ext.ract.J.ne sol

ution was preferable over o~her ratios . 

IL ~a~ determined th~t. all of the exchangenble pot.assium was not 

removed by th~ first extract.ion . . The leaching of the soil wit.h twenty 

five cc . of hot lN ammonium acetnt.e after the origi1111l extract.ion 

removed ~he greater pert of the exch~ngeable potassium. 

Exchangeable calcium was found t.o be ext.ract.ed wit..h the exchange-



.31 

able potassium, bu\. it. was determined that t he removal of Lhe calcium 

was not necessary for accurate routine analysi. 

In order to obtain accurate results from the use of the flame 

phot.ometer, it. was found that the viscosity or the standard reference 

solutions must be the same as that of the extracting solutions used. 

Either 100 ppm or 200 pp!l of potassium can be ueed a the re

ference solu~ion. 

It was necessary ~o calibrate the flame photometer by comparing 

the rheostat readings calculated from standard solut.ions of potassium 

chloride in ammonium acetate. 

A total of 53 soils that had a definite known response or lack 

of response from various field crops to pot.ash treatment were studied. 

A majority of the soils were from states other than Oklahoma, llhere 

prevailing climatic conditions and soil capabilities are variable. 

This makes it difficult to establish critical levels of exchangeacle 

potassium for Oklahoma. from the data. obtained from these particular 

eoils. 

from t.he de.ta available, it oeems t.hat of the crops studied in 

this experi.Dlent cotton has the greatest need for exchangeable pot

assium. il.fal!a r&nko second in its demands tor exchangeable pot

assium. com rank5 tru.ro. wh~t ranks fourth and oats and e}lleet clover 

seem to have more ability to obtain their potassium needs from the 

slowly available !orms. 
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