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IRTROD0OfIQ» 

Thik prapost of this study la to dotesudno ihB rsto of releaso 

of non-oxehsngoSblo to oxohsagosble potsasiom In dlfferont foomsaoo 

aoiXa, 

fho oxduingosblo potassium eontont of moat tennesaoo soils 

ranges from $0 to more than 200 pounds per aero in the surface layer* 

TbttSy the amount of potassium in exchangeable font found at any one 

time is often leas than that removed by (Mae or a few crops at the 

most* In order that 8<mm of these soils may be cropped successfully 

for years without potassium fertilisation^ part of the potassium 

required by the crops must be supplied fr<»a the non-exchangeable form 

or forms in the soil* Wood and DeTurk (10)^ have suggested that the 

following equilibrium exists among the potassium coapounds of the soilj 

Primary Mineral Potassium > Fixed Potassium (Acid-Insoluble) ^ 

Fixed Potassium (Acid-Soluble) > Replaceable Potassium < > Water 

Soluble Potassium* 

Proof of the release of exchangei^le potassium from the non-

exchangeable forms has been well established by a nunber of workers* 

Bray and DeTurk (Ij.) leached different soils with 0*1 normal hydrochloric 

acid to remove replaceable potassium and then stored them in a moist 

condition for six months* They obtained releases ranging from 21 to 288 

pounds per acre. The release of potassium fnm non-replaceable forms 

^Figures in parenthesis refer to literature cited in the 
Bibliography, page 16. 
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under the wu» eonditions but irtiere the orlglnel exchangeable potaeslua 

had not been reaoTed aas generally very eaall or negligible. 

Abel and Magistad(1)in similar studies found that upon continu 

ous cropping for 20 months, amounts of non-exchangeable potassium ranging 

from 132 to 238 pounds per acre mere removed by the crops, fork and 

Rogers (11) studied the influence of lime on the solubility of potassium 

in soils. They recorded the potassium released from non-exehugeable 

forms by six Alabama soils at 0, 75# and 150 per cent calcium saturation. 

Releases ranging from 32 to 88 pounds per acre at 0 per cent saturation 

mere recorded over a period of 150 days. The releases mere sonemhat 

higher for the 75 and 150 per cent calcium saturated soils. 

Bear^ et al (2) conducted pot experiments on the potassium-

supplying power of 20 New Jersey soils, both vith and without potassium 

fertilisation. Seven crops of alfalfa mere gromn and the amount of 

non-exchangeable potassium released (hiring the entire period mas calcu 

lated. It mas concluded ̂ mt more potassium mas released on the no-

potassium pots than on the potassium treated pots. 

Chandler, et al (5) continuously cropped 11 Nem York soils 

mith Ladino Clover for periods ranging from 271 to 3^1 days. Amounts 

of non-exchangeable potassium ranging from 16 to 358 pounds per acre 

were removed by the crops. The exchangeable potassium content of the 

different soils decreased very rapidly at first, then mozm gradually 

until a certain level mas reached, idiere the potassium-supplying power 

of the soil was equal theoretically to the rate at which non-exchangeable 

potassium mas converted into the exchangeable form. 



MATERIALS ARD METHODS 

The aolla selected for this study represent surface samples of 

series that are c(»nonly encountered in Tenne8see> eith the exception 

of one saaple fr(» Illinois* Seven of series are West Tennessee 

SOils> naaely» Center, Loring, Collins, Anguille, Obion, Memphis, and 

Supora* The Hagerstoim and Talbott series are found in both the 

Central Basin and the East Tennessee Valley idille the Dickson is a 

Highland Rim soil. The other series are found in the East Tennessee 

Valley. 

The original replaceable potassium level mas determined by the 

following procedures 20 grams of air-dry soil were extracted with UO 

ailliliters of neutral normal anaonium acetate. The filtrate was 

evaporated to dryness and then wet oxidized with nitric, perchloric, 

and sulfuric acids in the order listed. The residue after oxidation 

was dissolved in extracting solution containing 0.1 normal free 

perchloric acid and approximately 2$% sodium perchlorate. Potassium 

(^terminations were macie by a modification of the method outlined by 

Bray (3). Turbidities were measured with a photoloaeter and the 

replaceable potassium in pounds per acre was read from a curve that had 

been constructed from results of determinations aaade on stanciard 

potassium chloride solutions. 

The release of exchangeable potassium from non-exchangeable 

forms was determined as follows: After the 20 gram saaq)les were 

extracted with ammonium acetate, they were leached with 0.1 normal 

calcium chloride solution (pH approximately 6,0) to remove aamonium 



 

k 

iiM3« and to giva approxlaately 75 par cant ealciuai aaturatlon. Finally) 

the saiBples aera leached aith aater to ranore solubla aalts, then they 

aare stored in a moist condition for varying periods of time. Whan 

the moist storage period iras completed) the samples mere again extracted 

aith neutral normal ammonium acetate and the release of exchangeable 

potassium aas determined by the same method as that used to determine 

the original replaceable potassium level. 

Determinations on all samples ware carried out in (hiplicate and 

the results shown are an average of Uw two determinations. Duplicates 

checking within 10 per cent were considered to be within the range of 

experimental error. 

. i.'t-



RESDI.TS 

I glT«8 th» original replaceable potaeeiura level of 

fifteen Tennessee soUSj the release of potassiua frora non-exchangeable 

to exchangeable forms daring 15 day moist storage periods* and the 

ctimulatlve release values over a U5 day period. 

The amount of potassium released ranged from 23 to 93 pounds 

per acre. Soils irith an original level beteeen 50 and 100 pounds per 

acre released from 23 to 31 poundsi soils idth an original level 

between 100 and 155 pounds released fron 32 to Ijl pounds* with the 

exception of one soil that released 6lt poundsj and soils with an 

original level over 155 pounds per acre released I4O pounds or more in 

all oases. 

The data in Table II show the release of potassium from one 

Illinois and four Tennessee soils at various inteznrals of time after 

the original exchangeable potassliun was removed. These figures were 

obtained during preliminary work and before a definite time Interval 

was selected for the release studies. Releases ranging from 1^9 pounds 

over a 75 day period to I3U pounds over a 105 day period were obtained. 

https://RESDI.TS
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DISCUSSION 

S«Teral solla uMd in tMs study were speeiJfically selected 

because data from field eiqperiaents on crop response to potassium 

fertilisation were available fron Mr. 0. H. Long, of tbe Tennessee 

Agricultural Ezperimnt Station. Such data make it possible to study 

the critical level of potassium for crops in relation to the rate at 

sMch the exchangeable potassium is replenished from Idui non-«zchangeable 

forms in the soil* 

Results from these field experiments are shown in Table III. 

The yields are an average of four replicates. The original replaceable 

potassium level of the check plots was determined by the same method 

used in this study. The saam soil saaples used by Mr. Long for 

determining original replaceable potassium were used for this experiment. 

A difference in exchangeable potassium, as determined for the two 

studies, will be noted for most of the soils. Mr. L^*s values 

(Table III) were obtained two to three years previous to the daterai«* 

nations made for this study (Tables I and II). Values for some of the 

soils are higher by the later dmtenainationj some are the same or within 

the range of experiawntal error, while others are lower. For the soils 

with higher values by recent tests, it is suggested that some potassium 

was released from a non-exchangeable to a replaceable form during Um 

two to three year dry storage period in the laboratory. For soils 

with lower values, it can be assumed that the soil potassium was not 

in ecjuilibrium at the time of the first determination, due to past 

fertilization or sampling at a tine when the replaceable level was 



� 

T
A
B
L
E
 I
I
I
 

E
X
C
H
&
M
Q
M
B
I
£
 P
O
m
S
S
I
U
M
 A
f
i
D
 
R
E
S
P
O
S
S
E
 O
F
 G
(»

IN
 
A
N
D
 
C
O
T
T
C
^
 

T
O
 
P
O
T
A
S
S
I
U
M
 
F
E
R
T
I
L
I
Z
A
T
I
O
N
 
m

E
I
G
H
T
 S
O
I
L
S
 

%
 

Or
ig
. 
Ex
cl
a.
 

Y
i
e
l
d
s
 P
e
r
 A
c
r
e
*
 

I
n
c
.
 

S
o
i
l
 

S
a
m
p
l
e
 

K
 o
f
 C
h
e
c
k
 

C
r
o
p
 

K
P
K
 

N
P
 

C
h
e
c
k
 

F
r
o
m
 

8
e
 

S
e
r
i
e
s
 

H
u
i
^
r
 

P
l
o
t
 

Q
r
o
m
 

P
l
o
t
s
 

P
l
o
t
s
 

P
l
o
t
s
 

K
 

(
5
$
L
e
v
e
l
)
 

1
2
3
8
 

9
5
^
 

L
e
a
d
r
a
l
e
 

1
2
3
9
 

li
t5

 
C
o
m
 

7
0
.
5
 

7
2
.
7
 

1*
3.

2 
-
2
.
2
 

1
1
.
2
 

1
3
6
1
 

1
3
0
 

C
e
n
t
e
r
 

1
3
6
2
 

1
8
0
 

C
o
m
 

6
8
.
U
 

5
U
.
1
 

51
*.

6 
li

».
3 

1
3
.
3
 

L
o
r
i
n
g
 

1
3
8
>
 

1
1
0
 

C
o
m
 

8
1
.
3
 

8
6
.
5
 

3
3
.
2
 

-
5
.
2
 

1
2
.
8
 

I
U
0
6
 

2
1
0
 

C
o
l
l
i
n
s
 

ll
i0

9 
2
0
5
 

C
o
m
 

l4
l.
li
 

5
0
.
5
 

2
7
.
2
 

-
9
.
1
 

1
7
.
8
 

A
n
g
u
i
U
e
 

1
3
9
9
 

1
3
5
 

C
o
m
 

9
2
.
k
 

9
1
.
7
 

6
8
.
1
 

0
.
7
 

1
5
.
6
 

O
b
i
o
n
 

1
3
8
7
 

2
0
0
 

C
o
m
 

7
9
.
0
 

8
8
.
2
 

61
*.
8 

-
9
.
2
 

2
0
.
2
 

l
l
M
q
i
^
s
 

1
5
7
8
 

C
o
t
t
o
n
 

1
7
(
X
l
 

11
*5

3 
1
2
7
3
 

21
*9

 
3
1
8
 

1
5
8
6
 

1
6
5
 

D
u
p
o
r
a
 

1
5
8
7
 

1
0
0
 

C
o
t
t
o
n
 

2
1
9
2
 

1
5
1
2
 

11
*0
1*
 

6
8
0
 

3
6
5
 

*
C
o
m
 y
ie
ld
s 
ar
e 
ex
pr
es
se
d 
i
n
 b
us

he
ls

; 
co

tt
on

 y
ie
ld
s 
a
r
e
 e
xp

re
ss
ed
 i
n
 p
ou
nd
s 
o
f
 s
e
e
d
 c
ot
to
n«
 

**
Po

an
ds

 p
er
 a
cr

e,
 

t
h
a
n
 
2
1
0
,
 



n 

high, and soim of the potasaium was fixed to non-exchangeable foms 

during the storage period. Similar results have been reported by Seats 

and Winters (8}« Further, it is suggested that the non^xchangeable 

and replaceable potassium iiez>e in equilibrium at the time of the first 

determination for the soil saaples having similar values for both 

determinations» 

Oom gave a yield response to potassium on one soil only and the 

incx^ase mas close to the least significant dlffez^oe (1. s. d.) 

value* This one soil, the Center, had an original potassium level 

of 155 pounds idth 29 pounds being released from non^xchangeable forms 

during the k5 day period of this study. Other soils having similar 

original potassium levels vdth slightly higher releases but idxich gave 

no response mith com are the Leadvale, Loring, and Anguille. Thess 

sexles had original levels of 165» 155, and 153 pounds tdth releases 

of iK), 33f and 35 pounds, respectively, over the U5 day period. These 

values for exchangeable potassium and for potassium release appear to 

be close to the critical values for corn under the experimental con 

ditions, and com response to fertilisation mould be doubtful under such 

conditions. Theae exchangeable potassium levels agree with the critical 

levels (155 pounds per acre} reported by Winters (9)for com on 

Tennessee soils. 

Other series used for the studies mith com weare the Collins 

and Obion. The Collins had an original level of 200 pounds with 70 

pounds being released over the U5 days iMle the Obion had an 

original level of 195 pounds with a release of 93 pounds. The 
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original repl&ceabla potassium loral of tbsso soils is mall over ttaa 

waggssted critical level and release from noQ«exchangeable forms is 

high* Tberefore* the lack of czh>p response to potassium fertilisatl(m 

on these soils mas to be expected* 

Only tmo soils mere used for the field experiments mlth cotton. 

The Eupora series gave a yield response to potassium and the increase 

mas considerably higher than the least significant difference. The 

Mffisqphis did not give a yield response. Original potassium level of the 

Eupora mas 125 pounds and 32 pounds mere released. The Ifei^his had an 

original level of 210 pounds mith h9 pounds being released. These data 

suggest that Meiqphis level is above the critical value idiile the 

Eupora level is belom the critical value for cotton. Winters (9)found 

the approximate critical level of exchangeable potassium for cotton to 

be 185 pounds. 

soils mere used in this study for mhich no crop response 

results are available. Three of the series^ Hagerstomn« Diokson^ and 

Fullerton, had original replaceable potassium levels belom 100 pounds 

per acre and the release from non-exchangeable forms mas lom. It is 

eoqjected that com and cotton mould respond mell to potassium fertili 

zation on theae soils. Similar results have been reported by Hoagland 

and Ifartin (6), Murphy (7), and Winters (9), 

The Demey^ Deoatur^ Talbott^ and Tellico series had original 

levels of 118, lljfl, 165, and 170 pounds mith releases of lil, 61*, 88, 

and li3 pounds, rsspeotively. Ho com response mrould be expected on 

the Decatur and Talbott eeriea and response mould be doubtful mith the 

Demey and Tellico series. 



13 

The Le«dv«le> Cantor» Eupora, and CoUina Maples for ahloh 

data are reported in Table II are from tlie sane field, but represent 

different check plots than the 8as^}le8 of Table !• The differeiice in 

exchangeable potassium levels indicates the soil variability found 

mlthln the area used for me field ejq>erimBnt« 

The data in Table 1 indicate that soils slth high release values 

during the initial release period will continue to have high values. 

Oata for Imger periods of time (Table II) likewise indicate that soils 

with high release values during the initial release period will continue 

to have high values over extended periods of time, whereas, soils with 

low release values daring the Initial period will continue to have low 

values over extended periods. 

From the data presented here and those reported in the literature 

(1, 2, 3» $$ 7)« it may be concluded that the amount of exchangeable 

potassium found in the soil at any <me tins may not always be a reliable 

measure of the capacity of the soil to supply potassium to the crop 

for any extended period of time and, consequently, is not always a 

good index, by itself, for suggesting rates of potassium fertilisation. 

In nmny caaes the rate at which the norn^xohangeable potassium is 

converted into the exchangeable form should also be considered. 

Bowever, more work must be completed, both with laboratory and 

fi^d experiments, in order to determine more accurately critical 

release rates for various crops axui for different soils. 
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Th« original axchangeable potaaaium and the rate of raneml of 

exchangeable potaaaium after removal by aomonixm acetate extracting 

solution mere detezmiined on fifteen Tenneaaee soila (eight eith known 

crop response). 

The major conclusions of the study may be briefly stated as 

followsI 

X. The correlation between the original replaceable 

potassium level and the amount released from non-exchangeable 

forms was erratic in several instances. 

2. Some soils were capable of releasing potassium over 

extended periods of tims> and the conversion of non-exchangeable 

to replaceable potassium would probably be significant in crop 

producti<m» particularly with soils exhibiting the higher 

releases. 

J. Soila that had high release values during the initial 

release period continued to have high values over extended 

periods of tiiw while soils idth low release values during 

the initial pexdod continued to have low values ever extended 

periods of time. 
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