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Potassium is required in relatively large amounts by many eultivated
plants. In the eustomary production of crops, potassium is supplied fo
the plants by inorganie fertilizer, organic materials, and the soil itself.
Many soils contain extremely high guantities of potassium, of which
only a minute fraction is generally available to plants at a given time,
Soils extending over large areas have potassinm coutents of 1 o 2 per-
cent, which is eqrivatent to 20,000 to 40,000 pounds of potassium per
acre of surface soil, yet usually no more than several hundred pounds
of this is eurrvently available to plants. ILess weathered soils of this
same range of potassinm content may contain several times as much
availabie potassium,

Most of the soluble and exehangeable potassivin occenrring at any in-
stant can be considered as available, but the degree and rate of availa-
bility of the nonexchangeable fraction vary enormously among seils.
After prelonged pericds of eropping without the replenishment of pot-
ash from without the soil, some soils will continue te deliver sufficient
potassinm to plants, while others will become incapable of this. 1t has

* Bubmitted fer publieation Mny 18, 1931,

*Loraine W, Klipp and R. Q. Parks, of this Diviston, participated in various phases
of the work, Soil samples were supplied by members of the agronemy departments
of tho State angrievltural experiment stedions of Alabmmna, Tllinois, Muine, Ohio, and
Penngylvania,
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been known that the quantities of exchangeable and soluble potassium
are inadequate to supply a long succession of erops and that the avail-
able quantity must be replenished by release from the nonexchangeable
part. Throughout this Lulletin, the term ‘‘nonexchangeable potas-
sium’’ refers to potassium that is not comparatively rapidly extracted
by neutral normal ammonium acetate solution.

Knowledge of the potassium-supplying capacity of a soil, therefore,
is important to the selection of cropping systems, fertilizer usage, and
other management practices. It has been generally known that soil
associations and regions differ markedly with regard to rate of potas-
sium liberation. More precise understanding of the relative availability
of potassium of different soils, especially under actual management
practices, and of the source and mechanism of release within the soil
is needed.

The organic matter of soils appears not o hold potassium in nonex-
changeahls forms, and the bulk of the potassium resides in primary and
clay minerals, Potassium-bearing feldspars—such as orthoelase, miero-
cline, and some plagioclases—and micas-—-sueh as museovite and biotite
—are generally abundant in mineral soils, In the more weathered soils,
these minerals oceur prineipally in the silt and finer sand fractions and
usually constitute the major part of the total potassium of the soil. Of
the three ¢common groups of clay minerals—kaolinite, montmorillonite,
and hydrous mica—the last-named is the important carrier of potassium.
The possibility of appreciable release of potassium from the clay mineral
fraction would therefore appear limited to soils of significant content of
hydrous micas.

Surface s0ils of six experimental fields in five States in the eastern
half of the United States, known to contain hydrous mica and having
a history of low-potash applications similar to common regional prae-
tices, were available in 1944 for greenhouse and laboratery studies.

At one of these locations, Aroostook IParm, Presque Isle, Maine, soil
samples were selezted from nine plots that had received a wide range
of potash additions in the form of fertilizer and organic materials.
Many soils fix added potassinm in a nonexchangeable condition, espe-
cially at higher levels of soluble and exchangeable potassium. The
availability of fixed potassium relative to that of the native mineral
content is important, both as to the understanding of the mechanism of
release and fixation and as to the subsequent production of erops on soils
exhibiting sueh fixation.

The 14 scil samples of this group huve been intercsmpared with ve-
spect to their potassinm-supplying capacities by a variety of plant,
vhemical, and mineralogical investigations, The purposes of these ex-
periments ineluded: (1) Comparison of svils, of different regions and
origins, having sebstantial potash contents; (2) relation of mineralogi-
ca} composition to potassium relcase; and (3) comparative availabilities
of native and fixed potassinm. The results are reported in detail in this
haulletin.

REVIEW OF LITERATURE

A detailed review of the literature on soil potassinn, including that
on the release and fixation of nonexchangeable porassinm, was prepared

.




RELEASE OF POTASSIUM IN SOILS

recently (70).2 The present review is limited mainly to some work bav-
ing an immediate bearing on the particular aspects of the experiments
reported hiere. :

Hopkins and Aumer {46) extracted an Iilinois soil with boiling 23-
percent HCL  Although their first attempts to starf plants on the ex-
tracted soil were unsuecessful, alsike and red clover later grew well over
a B-year period. For the first 2 years the tops, and for all years the
roots were returned to the soil. The average uptake of potassium dur-
ing the last 3 years was 50 pounds per aere per year. The conclusion
that the liberation of mineral potassinm was caused by the action of
organic matter decay was not supported by control treatments. Their
generalization that ail ‘‘nerinal’’ soils, containing 35,000 pounds or
more of potassium per aere, ean supply sufficient potassiam for erops
without the use of potash fertilizer has not been confirmed by subseguent
eXperience,

Fraps (32) and Page and Wiiliams {61) observed that plants could
absorb substantially more potassium frem soils than conld be acecunted
for by the reduetion in exchangeable potassium content. After Gedroiz
(34) had replaced the exchangeable cations of a Chernozem by caleium
zlone, cats and other plants grew as well without added potassium as
with it. His assumption, based on this result, that in general the non-
exchangeable potassium of seils is adequate for plant growth, appears
unjustified.

Martin {57} and Heagland and Martin (43) found that during con-

_tinuous cropping to barley and tomatoes over prolonged periods of time
some soils release appreciable quan*'ties of nenexchangeable potassiom.
Since then the prolonged-cropping technique has become a commonly
used procedure for the comparative evaluation of the potassium-supply-
ing-capacity of a soil, For example, alfalfa has been employed in this
fashion by Bear, Prince, and Malcolin {12), Ladire clover by Chandler,
Peech, and Chang {22} and by Evans and Attee {37), (erman millet by
Gholston and Hoover (35), and Sudan grass and panicum grass by
Avres (7). Studies such as these have established the existence of wide
differenees in the long-time potassium liberation from soils within the
same tegion. {omparison of the results of various workers indicates
broad regional seil differences with respeet to this preperty. The pos-
sible cceurrence of fixed potassium in soils of inadequately characterized
history may have modified the liberation rate of the native sourees.
Seldom has any attempt been made to correlate the supply rate with
mineralogical and chemical eomposition or genesis.

Drake and Scarseth {26} found that the respense of 13 erop plants to
potash applications on Croshy silt loam varied oppositely as their abili-
ties o absorb native potassium. Timothy utilized some potassium un-
available to most of the erops, and carrvots, buckwheat, Sudan grass. and
wheat also absorbed potassium in excess of the exchange valpe. Evans
and Attoe {27) found that Ladino clover extracts more nonexchangeable
potassium from soils of high exchange level than oats hut less from soils
of low exchange level, because of the ability of oats to grow well at low
levels of available potassinm. Of a number of plant species grown with
powdered mierocline as the source of potassium, the elovers were the

1 Ttalie numbers in parentheses refer to Liternture Cited, p. 42
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more efficient feeders, and it was concluded that, being slower growing
plants, they can absorb potassium from a more dilute substrate (837,
Lewis and Eisennienger (54) observed that of 22 seed plants of differing
degree of development grown on Merrimae sandy loam containing
ground orthoclase, those of the earlier stages of development were the
more efficient in the utilization of potassium from the feldspar.

The observed close agreement between exchangeable and Neubauer
potassium values of some soils has led to the assumption that release of
nonexchangeable potassium does not oecur in the Neubauer procedure
(218). However. Neubauer vultues substantially higher than the corre-
sponding exchange values have been obtained for a number of soils (49,
71,78, 83). By three to five successive Neubauer evoppings of the same
soil sample, Schachtschabel (76) and Wiessmann and I.ehmann (90)
observed that some soils release extremely large quantities of potassium,
In no case was the exchangeable fraetion climinated by the eropping.

Bray and DeTurk (19) concluded that soils conld release potassium
to the exchangeable form vomparatively rapidly when its magnitude was
below the equilibrium level, even in the absence of plants. Thus, the
moist storage of field samples at equilibrium resulted in no ekhange, while
that of samples leached with TICI effected a4 return to the initial equi-
librium level.  Ayres (7) found that partial removal of exchangeable
cations was followed by the release of small amounts of potassium dur-
ing moist storage and that complete remnoval resulted in a greater re-
lease. Caleinm-saturated soil liberated about 2.5 times as muel. as the
hydrogen-saturated soil.  The average release during eropping to grass,
however, exceeded that during moist storage of hydrogen-saturated soil
by about sevenfold.

Peech and Merwin * by a partieular sequence of leachings with acetates
of ammonium and other eations, without any standing hetween treat-
ments, ohtained substantial velease of potassium from Honcoye and
Dunlkivk soils ; ealvium. magnesinm, and sodium acetates, especially, were
eflective when used between two ammonivm acctate leachings. During
repeated leachings of four soils with single acetate solutions, sodium re-
leased the mest potassinm; ammonimn tended to block release, and thus
afforded a sharp distinction hetween exchangeable and nonexchangeable
fractions. This behavior is consistent with the tendency of ammonium
to be fixed similarly to potassium {15, 80). It was reported by Fine,?
however, that during moist storage ammonium-saturated soils released
about five times as much potassium as hydrogen-saturated soils.

DeTurk, Wood, and Bray (25) reported that the exchangeable potas-
sium level of soil of 2 experimental ficlds was low in Qetober after har-
vest, but was restored to its cquilibrium value by the following May.
In a similar study invelvineg 11 field sites, Rouse and Bertramson (75)
found that at 3 of the lueations the exchangeable potassinm value was
appreciably higher in Aprit than in the preceding September. It has
not been established if at least a part of this effeet is caused by such

'AMERWIN, FIL D, PIHE RELEARE OF NON-EXCHANGHEARLE POTASKIUM INTO EXCIANGE-
ABLE FORM IN FOUR NECW YORK $0ML5. L9350, [PLJI) Thesis, Cornell Univ,, Ithaen,
N. Y.}

STINE, T (3, POPARSTUM PIXATION AND AVAILARILITY. I INPLUENCE OF FREEZ-
ING AND THAWING. 1. AVAILARILITY OF FIXED POTASSIUM TO PLaNtTs. 48 pp., illus,
1941,  [PL.D. Thesis, Wis. Tniv., Madizon,]
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processes as freezing and the leaching of potassium from crop residues.
Fine, Bailey, and Truog (29) observed that freezing and thawing eycles
tended to increase exchangeable potassinm in soils of low fo moderate
fertility and to decrease it in soils of high potassium fertility.

Release of potassium from soils of relatively low exchange level by
drying at above-ordinary temperatures has been reported by Bray and
DeTurk (12}, Campanile {20), Rouse and Dértramson (73), and Walsh
and Cullinan (88). Possible evidence of a similar release upon air-
drying at room femperatures is implicit in some results of Abel and
Magistad (2), Ayres (6), and Seatz and Winters (77). Attoe (3,4)
definitely established that air-drying of moist, eropped soils can increase
the exchangeable potassium eontent and that the exchange value varies
inversely with the relative hiumidity of the air in equilibrium with the
dried soil. The potassium thus released was found to be available to
oats; this agrees with the finding of Walsh and Cullinan (88) that
potassium liberated by drying at 45° C. was available to mustard plants.

Attoe (4) suggested 2 procedure involving alternate drying and wet-
ting and extraction with a salt solution as a possible method for the
determination of the potassium-supplying-power of a soil.  Subse-
guently, Evans and Simon (28) proposed the use of alternate extrac-
tions with 0.3 N HCl and dryings at 80° €. Lee © found that soil samples
from Illinois experiment fields eontained about 200 pounds of exchange-
able potassium per acre when they had been thoroughly air-dried in the
usuzl manner, but indieated less than 100, and in two eases less than 10,
when the sample was extracted at its field moisture content of 10 to 20
percent. The exchange level did not inerease until the moisture was
reduced to several pereent above that of the air-dry state, Subsequent
heating at 105° C, had no fucther effect on the exchangeable potassinm.
Release by air-drying has been obtained also by Ayres (7) and Larson
and Allaway {(52).

The extraction of potassinm not replaceable by the usual salts of
cation exchange methads has been effected by strong mineral aeids under
varyving conditions of voncentration, temperature. and time. Fraps
(31), Ayres (7}, and Attoe and Truog {5) used IICL; with Fraps em-
ploying concentrated acid at 100° C., Ayres 1 N acid at 95° C., and
Attoe and Truog 0.5 N acid with 2 honrs of shaking. Boiling 1 N HNO,
for 10 minutes has been used by Woeod and DeTurk (93) and Rouse and
Bertramson (77}, Moderate degrees of eorrelation have been obtained
batwren the values of velease by some of these procedures and values hy
other methods, such as eropping and moist storage.

The carlier studies of electrodialysis of soils indicated a general agree-
ment between exchangeable and dialyzable potassium, but the dialysis
pericds were comparatively short. Some results such as those of Gilli-
gan (37) sugpested a higher extraction by dialysis for a 1-day period
than by ammoninom avcetate. Ayres () and Avres, Takabashi, and
Kanehiro (5) increased the duration of electrodialysis considerably—
up to 30 days. A quentity of potassium equivalent to the ex-
changeable fraction was usnally liberated the first day, and all soils then
rielded nonexchangeable potassinm at varying rates that offen became
constant for a given soil.  Avres found the total 30-day release is re-

§LeE, (. K. A STUDY OF EXTRACTION AND DETERMINATION OF THE AVAILABLE X UTRI-
ENTS 1IN S0ILS. 72 pp., illug, 1948, [Ph.D. Thesis, 1it. Tuiv., Trbana.}
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lated to release by hydrogen-saturafed soils daring moist storage. Both
prolonged electrodialysis and vigorous acid extraction effect extensive
soil decomposition.

The solubilities and availabilities of soil-forming potassiunm-bearing
primary minerals have been extensively studied, especially those of feld-
spars and micas. The potash of all such minerals is available to some
extent, but the degree of availability depends on the type of mineral,
particle size, and stage of weathering. Most comparisons between pe-
tassinm feldspars and potassitm micas on the basis of equal weight or
equal potassimm content have indieated a greater effectiveness for the
mieas (69). DBlanck (13, id), Plummev {68), and Fraps (30) fnund
the followinz order of imereasing availability to plants: Mieroeline,
orthoclase, muscovite, biotite. However, the potassium feldspars gener-
ally are mueh more abundant in existing surfaee soily than the mieas.

According to MeCanghey and Pry (55), micrceline in soils shows
o chemical alteration, while orthoclase may be of either fresh or ex-
tremely altered appearance in youhg soils. The rate of weathering of
plagioclase feldspars, which usually centain small amounts of potassium,
varies aceording to the calelum and sodinm conteat; the high sodium
plagioclases, such as albite and oligoclase, occur genevally as fresh
grains, but the hizh-caleium species, such as anorthite, may be intensely
weathered and difficult to identify. Ilenison, Fry, and Gile (24) es-
tablished that micas of the Piedmont province soils had undergone
severe weathering. Weathered muscovite had inereased in water con-
tent to about the same extent as it had lost K,O. Biotite tended fo be
altered in composition more than did museovite and to be weathered to
a T,0 content of about 4 percent, Barshad (20} and Walker (87} re-
gard the hydration of micas during weathering as principally a vesait
of replacement of potassinm by ealeium, magnesium, and hydrogen ions,

CGiraham (38) measured the reteasc of potassium from silt-size
fractions of seven soils to sorbeans during contact with hydrogen-elay.
Only one silt released potassinm, two did not, and in the remaining four
potassinm moved instead Trom the seeds or plants to the surface of the
elay. Olsen and Shaw (60) determined the Neubaucr values of the
2-30-, 30-20-, and 20-30-mirron silt Practions of three soils that had
heen freed of exchangeable potassium.  The seedlings absorbed appreci-
able amounts of potassinm from all fractions, but the extent of release
inereased with deercasing particie size. Merwin ¥ fonnd that by storage
while caleium- or hydregen-saturated, the sand, silt, and elay fractions
of four scils contribmted 0 to 18, 15 to 51, and 40 to 83 pereent, ve-
spectively, of the tofal potassium releagsed.  He observed no relationship
between the amount of release by sand and silt £raetions and their con-
tents of potassiwm-rich minerals.

Althongh most workers have studied fhe eontribution of sits and sand
minerals to the delivery of potassium, a few have stressed the importance
ol the elay minerals in the finer fracvtions (17, 93), Tt was observed by
Bray (17} that with ineveasing age of 1Hinois soils the potassinm con-
tent of the clay fractions tended to becomre lower. Ile posiulated a
weathering mechanism of 0.1 to 1 micron miea particles, whereby the
ends lose potassinm, hydrate, and split off 1o form superfine sheets of

? Bee footnote .,
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beidellite. Wood and Defurk (94) proposed that in these older soils
the petassium of illite particles had been replaced to a greater distance
within the particle. The existence of a eontinuous series of hydrous
miea intermediates between the iliite and moentmorillonite weathering
stages has been suggested (48). Rouse and Bertramson(75) measured
the potassium-supplying power of a nmnber of soils by IINQO, digestion
and made X-ray diffraction spectrograms of various clay and silt-size
fractions; for the two finest fractions, <7 0.2 and 0.2 to 1.0 micron, signifi-
cant correlations existed between the area under the illite peak of the
spectrogram and the HNO, rvelease value. Peech and Bradfield (65)
concluded that the nonexchangeable potassium of severely eleetrodia-
lyzed Miami B-horizon clay containing 2,36 percent of potassinm was less
soluble than that of biotite or ortheclase. Fine® found the potassium
of the < 0.2-mieron fraction of Mizmi A-horizon clay to be unavailable
to corn and that of illite of particle size 0.2 te 2.0 microns only slightly
available.

The identification and estimation of hydrous micas in soils and their
behavior and importance in the potassium economy remain unsatis-
factory. Among the reasons for this situation are the following: Dif-
fuse X-ray diffraction speetra; differences in basal spacing (47);
variations in potassium and water contents (39, 40); dissimilavity of
hydrous micas of soils and geological deposits; nonuniform distribution
within the ¢lay-size fraction . 96); and possible general oceurrenee in
particles of mixcd-layer clay ainerals (4.2},

It has been definitely established that potassium s fixed in difficult-
to-exchange forms by wontmorillonite {53, 62, 79, 84, 89), hydrous
micas (79, 89, 97}, and vermiculite {9), but not by kaolinite {4, 84, 86).
Drying appears necessary for the fixation to oceur in montmorillonite
(72, 82) but not in hydrous mica (7%, 91). As members of these two
groups of ¢lay minerals often oceur together in soils and as the moisture
conditions of soils in the field are extremely variable, it i difficult to pre-
diet the behavior of field soil with regard to the fixation of added potash,
A necessary condition for fixation is the cocxistence of a moderate or
high level of readily exchangeable potassium. "The various forms of
soil potassium eomprise an equilibvium systeis, so, that potassinm tends
to be fixed when the exchange level is above the equilibrium value and
to be released when it is below this value {25). '

TFixation in the expanding 2:1 lattice type of clay minerals is
currently regarded as the entrapment of potassinm ions between some
shects of particles that de not readily reexpand, because of the presence
of critical-size potassium ions and a laek of hydration (89). In the
nonexpanding or slightly expanding hydrous mica lattices, fixation is
probably a restoration of interlayer potassium that had been previously
removed by weathering processes or similar leaching stress (25).

Chaminade (21) considered fixed potassiom as virtually unavailable
to plants. On the basis of growth of tomato plants with artificially
fixed potassium of bentonite as the enly source of potassium, Kolodny
and Robbins (§1) coucluded that fixed potassium was only very slightly
avaitable. However, Fine® eritized this canclusion because the test
piant was a poor feeder, magnesium was not sapplied, and the availa-

A Bec footnote 5.
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bility was compared to that of exchangeable potassium supplied in
eight times the gquantity of fixed pofassinm. Fine grew tobaeco, corn,
and wheat with fixed potassium of bentonite as the sole source of po-
tassium; during periods of growth of 7 to 10 weeks, about 25 percent
of the potassium beeame available to the tobaceo, and virtually all of it
o corn and wheat, which had more thoroughly devcloped root systems.

DeTurk, Wood, and Bray (25) considered that fixation of potassium
is not wholly wasteful, as it retards loss by leaching, and some of the
fixed potassium is available when the exchange level has become reduced
again. According to Walsh and Cullinan (88), fixation in seils by
wetting and drying cyeles is not permanent, as evideneed by the subse-
quent liberation of fixed potassium after the first mustard crop had
been severely deficient. Evens and Attoe (27) found that oat plants
abserbed appreciable fractions of potassium fixed in soils. York ? ob-
served the liming of Mardin siit loam to fix a part of potash additions,
but the fixed potassium was available during a 6-month period. Attoe
(8} distinguished between two types of fixation: (a) That in moist soil
enhanced by Jiming and the fixed potassinm fairly soluble in 0.5 N HGl;
and (b) that by drying independent of pH and the fixed potassium re-
sistant to 0.5 N 11C1 extraction.

Values for the release of nonexchangeable potassium, from the 14
soil samples under consideration here, by various methods—suel as
Ladino clover cropping, moist storage, freezing and thawing, clectro-
dialysis, digestion with beiling 1 N 1INQ,, and a Neubauer procedure
—have already been presented {72). Significant bivarviate correlations
of relcase values of moderate preeision were found among the clover
¢ropping, dialysis, acid, and Neubauer procedures, the most satisfactory
agrecment being that between the claver and Qialysis values.

DESCRIPTION OF SOILS

Wooster sitt loam, accession No, B1649, was frowm plot 14 of experi-
ment 21 on the IPrye Farm, Wooster, Ohio.  Sinee 1945 it had received
a N-1,0,-I0 appiication of 20-120-20 pounds per acre in cach eorn-
pats-wheat-clover votation {1).  Cowmparisons of 40-80-40 and 40-80-80
treatments for the 191528 period and of 40-120-40 and 40-120-30
treatments for 1929-37 indicate slightly higher wields for the higher
potash application, bat the differences can be cousidered significant only
for corn.  This soil series is reported to be in the medium elass of Qhio
snils with respeet to response to potagsium and potash-supplying power
(70). 1t was derived from glacial till, and is classified within the
Gray-Brown Podzolic great soil group (78).

Hagerstown silt loam, B1670, was from plot 23 of the supplementary
fertility series at State College, P2, Sinee 1922 it had veeeived § tons
of manure and 24 pounds of P,0; per acre applied to ecorn and wheat
in & eorn-pats-wheat-mixed hay rotation (59). 1In the sapplementary
series, comparisons of 20-72-23, 20-72-50, and 20-72-75 treatments for
the period 1922-41 indicate moderate inercases in yicld for successive

BYorKk, BT, CALOU M-POTASHIUA INTERRELATIONS IN SOILS AND TIEIR 1NFLU-
ENCE UPON THE YIELD ARD CONTENT OF CERTAIN cnoPi. 1949, [Ph.D), Thosis, Cornel!
Taiv., Tthaez, N. Y.}
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increases in potash additions for all of the votation crops (59). For
the nearby Jordan plots on the same seoil type, four pessible eomparisons
of treatments, namely 0-0-0 and 0-0-100, 24-0-0 and 24-0-50, 0-48-0
and 0-48-100, 2448-0 and 24-48-100, for the two peviods 1882-1921
and 1922-30 demonsirate appreciable response to petash in every case
{38). 'The soil was developed from limestone and is classified as Gray-
Brown Podzolic (78). _

Deecatur clay loam, E1563, was taken from seetion 34 of the Tennessee
Valley Substation, Belle Mina, Ala. This section was not in plots but
had been cultivated in generat farming for 15 years with only one potash
application. Experiments on this sume soil at the substation indi-
cate that it responds to potash.’®*  From 1033 to 1937, of four eom-
parisons of 0 and 400 pounds of XKC), alfalfa showed an appreciable
vesponse in three cases. In a cotton-legume-corn 2-year rotation, 1930-
38, slight responses to 75 pounds of LU were indicated generally. 'With
continuous cotton, onc series comparing ¢, 12, 24, 48, and 96 ponnds of
K,0 indicated no consistent trend, while another series of 6, 12, 24, and
48 pounds produced a possibly significant slight response. In the grow-
ing of cotton only small amounis of potassinu arve reinoved from the area.
Phe alfalfa experiments do indicate an appreciable response of this evop
to potash, presumably beeanse of the greater removal of potassiom.
This is a led Podzolic seil derived from limestone (78).

Sable silty clay loom, Bi64%, from a plot of treatment 7 of the Aledo,
{11, experiment Seld had received crop residues since 1910 in a rotation
involving corn. oats, wheat, and sweetelover (27). Comparison of treat-
ment 8, residues-limestone-rock plosphate, with treatment 9, which in-
cluded these plus 30 ponunds K.0 per year, indicated the following re-
sponse to potash : 1910442, corn. cats, and wheat showoed slight inerveases;
193912, only corn and wheat exhibited slight respouse. This is a
ILuntie Gley soil that represents stage 1 in the develepment sevies of five
stages for Tlinois soils formed from Peorian loess of varying thickness
on IHinoian till, aud is reported to be not deficient in available potash
{25, 93},

Tevrick silt loam, B1648, from a plot of treatment 4 of the Carlinville,
111, experiment field reeeived rock phosphate from 1910 to 1834 and
manure sinee 1718 in rotations involving eorn, oais, wheat, and legume
hay {11). Comparison of treatments 8 and J, which were the same as
for the Sable seil, indicated response to potash as follows: 1910-42,
moderate response for corn and smaller incrcases for oats, wheat, and
hay; 193942, this vesponse continued exeept {or oats.  This Planoesol
represents stage 3 of the Peorian loess development series, and it is said
to be deficient in potash for the produetion of high yields (25, 93).

Claribou loam from soil-fertility plois on Aropsteok Farm, Presgue
Isle, Maine, was represented by samples from nine plots receiving differ-
ential potash and organic mafter applications since 1927 (23). The
treatments are indicated in table 1.

The 3-year rotation consisted of potatoes, oats, and red clover; the
2_.vear rotation of potatoes and erimson clover; and the 1-year culfure
was eontinnons potatoes. Al fertilizer was applied to potatoes. The
"”;67{‘}-\:61\'_\*_\]0(:5_ RESULIAS TO NATE OF EXPFRIMEXTR 0N RUBSTATIONE AND FIELDS,
Ala, Agr. Bxpt. Sta, Rpt. on Outlying Field Statinvs, 31 pp., illus. 1938, [Proce
essed. ]
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Tasue 1.—~Figld E-}'&al‘-}ﬂeﬂ!& of Caribou loam samples

Itolation Fertilizer

Acgeuuinn Mot i
" v peeringd nnalysis t ‘
}

No, No Other Lreatment ?

i
H
! Fettrs
; 4=H=-0 | Caver crop pluwed nuder,
! A-H-H Ly,

d=f-12 b

4-8-# | Cover crap removed,

4=H=-4% | Cover crop plowed vmder.
+=4~4 | Two cover ceapn plowed under,

[0SR Y

unier.
Cover orap Jus 2% tonw TEanre
plewed under,

A=8-8

Lot

+=§-K [ Cover crop plus 9 1ons straw plowed

L 0ne ton per acre in ench rotntion.

* Once in each rotation,
fertilizer rate and analyses listed are those begun in 1939; somewhat
differeiit applications were used previously. Before 1935 the green
manure crop of the 2-year rotations was a mixture of oats, peas, and
vetch. The green manure crop of plot 863 was transferred to plot 365
where it was plowed under with the erop grown there, During the
1927-29 period, 60, 105, and 150 pounds of K,0 provided large sueces-
sive increases in yield of potatoes but not of oats. From 1930 to 1941,
80, 140, 200, and 280 pounds effested successive increases in potato
yields, especially the 80-pound rate, which produced a considerable in-
crease in clover also.  The native potash of this soil eannot be depended
on for the major portion of the high potash requirements for & large
erop of potatoes. Caribon soils are classed as Podzols and were formed
from glacial till derived from calcareous shale (78).

COMPOSITION OF SOILS
Physical
Im table 2 are listed the meehanical analyses for the 14 soil samples,
TasLk 2.—Pariiele-size distribution, nitrogen and organic malier conlents,

antd piT valnes of soils

Meclhanicn! nnalysis

L. : - . e
?@I N ! . N
suries . £ osm

| 2ma)
i

Urgarie pH

D Clay matter vaine !
(2p=80p) | T<Cd .
i : !

-
I
1
i
1
t

1
i
1
t
1
'

Percent Ferrent ‘ Ferevat + Peecent
1, T4, : LB

Woosler, . .
Hngirstown .. TR .. i5.
Dzeatur. . ! s, g2,
Sable....... S

=

ewlmi

Coarilue

O I T e G 20T e
10 Zh En L0 ok dn e e LK e S e
NS T P et ) — kg i
B S fm 20 Zn G dn tn T et b b

D et = DD L

N S T

' Ak & soil-water ratio of 1:2,
1 Determioed by dry-cambustion method.



http:sl'rie.1o
http:Acc.".iu
http:Fcrtili.or

RBLEASE OF POTASRIUM IN SOILS 11

#8 determined by the pipette niethod (50}, organic matter contents as
estimated from the loss of weight due to H,0. treatnient in the mechani-
cal-analysis procedure, nitrogen vontents by a Kjeldahl procedure, and
pH values.

The nine Caribou loam samples are uniform in particle-size distribu-
tion. The Wooster, Hagerstown, Sable, and IXerrick samples have com-
paratively high silt contents. The highest elay content by far is that
of Decatur ¢lay loam, Both the nitrogen and the organic matter con-
tents of the fwo Caribou samples receiving the highest organic matter
additions in the field, E1666 and B1667, are higher than those of the
remaining Caribou samples and also of the other soils.

Chemical

The total eliemical composition of oven-dry (< 2 mn.) samples of the
six soil series, as determined according to Robinson (74), is shewn in
table 3.

Also ineluded is the composition of the silt {2 to 50 microns) and the
rlay (< 2 microns) fractions of the same soil samples.  All of the soils
exeept Deeatnr contain substauntial guantities of potassium, and this is
alse true of the silt and elay fractions. ‘The potassium contents of the
other Caribon samples, uot shown, were slightly higher than for the
E1548 sample, probably becanse of vxchangeable and fixed residues of
potash applications.  The oveitrrenve of kaolinite 1 the clay Eraction of
the Decatur soil is evideneed by the low siliea and high alumina eontents
of that fraction.

The silt fractions of the same soil samples were subdivided into three
size-fractions, 2-10, 10-20, and 20-30 microns. T'he potash contents of
these subfractions, together with these of the silt and ¢lay fractions, are
listed in table 4.

The general tendeney is for the potash content to inercase with de-
¢reasing particte size.  This trend is relatively gradnal except for the
("aribou, in which the clay is markedly higher than any of the siit sub-
fractions. Only in the ITagerstown is the elay lower than the silt, whieh
is a reversal of the trend within the silt fraction. The agreement be-
tween determined and ealeulated silt values is satisfactory.

The silt fraction can be subdivided not only by the particle size, bhut
by differences in speeific gravity between the various minerals.  Silt
fractions of samples of Wooster, Ilacerstown, Decatur, Sable, and Cari-
bew soils were divided by use of liquids of differing specifie gravity into
three specifie-gravity groups, > 2.70, 2.680-2.70, and < 2.60. These
were analyzed for potassinm eontent, and the results are presented in
table J.

The middle, or quartz, fraction has the lowest potash coutent. Exvept
for the Caribou sample, the light fraction has a higher potash content
than the heavy fraetion. In the unweathered state, the potash micas
have specific gravities > 2.70, but weathering tends to veduee the grav-
jty, so that both the middle and light fractions may contain mieas. Also,
because of their platy shape, micas tend to settle in liquids as would
material with lower actual specifie gravity. With due copsideration
for these offeets, it would appear that the feldspar minerals of the light
fraction have the highest potash ¢ontent gf the silt minerals.
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TABLE 3.—Chemical composition of soils and of their silt and clay fractions
WHOLE SOIL :

Seil. Acesssion | g0 Ca0 MO Sir | Fe:Os | ALO; | TiC: | MaO | PG, | Tepition | gy

Percent Percent Pescent Percent Percent Percent Percent Percent Percent Percent Percent
Wooster........] E1649..: ... 0.4 0.9 3.3 0.87 1 0.15 3.938
Hagerstown ..., E1670...,.- 7 ; 3.52 1.02 .10 5.56
Decatur, ....... .. r: . i 5.28 5.7 1.51 W17 6.86
Snblg........ .21 E1648. ... 7 7 3,12 3 60 .15 6.91
Herrick....... i . 2.238 .89 .19 5.01
Caribou........ ; +.67 1.05 .25 7

E1649.
E1d70,
E1563,

E1548.. ...

Wooster. .. .. ool E1649 : 9. $ 40 | 199.82
Hagerstown.. . . i . 5 100.94
Decatur........f E1568...... b . t160.27
Sable...........] E1648. ..., 5 7 20., 04 4 1.99.76
Herrick. E1646...... : 5 L 100.20
Caribou. .......1 E1548.. ... . . 100.22

V1neludes small content of S0,

HINLTIADIIOY IO INURIAVIHAA 'S 1 '6F0T NILHTING TYOINHDHT
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Taule §—Distribulion of potash in aill and clay fraclions

Ei1(Y in size-fraction of—

Fraglion
e Woosler | Hogerstawn | Teeatur Hable Herrick Curibiou
(E1042) {l£1U70) {E1408) (E1644) (E1048) {131344)

Separate

Microne Percent Ferpant FParcent ercont Pereent Percant
2 +3 1.46 0,70 ®,041 2. 11 2,78
2-10 . 3.08 2,28 . 1.17
10-20 . .04 LA 1.60 . 1.01
0-50 . 2,54 . 1.51 A
.97 1,07 . 1.98

2,78 1.4 1

A

! Calculated from the values for the 3 silt [ractions,

Cation-exchanpe capacities and exchangeable-eation contents of the
14 soil samples are listed n table 6.

Exchangeable cations were veplaced by leaching 20 gm. of soil in a
special glass leaching tube with two 100.ml. portions of neutral N

TARLE 8, —Potash contents of specific-yravity fractions nf silis

K+0 content of moterial of specific gravity

gE:}L:g Accﬁlo!‘ion Fractione of ailt Wiole silt

=270 2.60-2,70 <260 Determined | Coleulntad b

Pereent fercont Perpend Percent Pereend
Wooster., ... ..| E164P 1.56 1,14 4.4 1.6%2 1.00
Hagerstown....| B1670........ 2,04 . L] 2.77 2,80
E1s508........ .05 . JTH N 62
1E1048........ 1.37 . .34 1.07 2.0%
E1548..,.. ... 1.47 1.8 1.%8 1.25

¥ Caleuinted Irom the velues for the & apecifie-gravity fructions,

ammonium acetate, the soil remaining ammonium-saturated overnight
after pereolation of the first portion. Caleium, magnesinm, potassium,
manganese, and cation-cxchange capaeity were determined by methods
ontlined by Pecch (63)., Sodinum was detevmined gravimetrically as

TanLe §.—Calion-ezchange eapacity und cxehungeable-cation composition of
soil snmples, tn millieguivalenls (m.c.) per 100 groms

Snil Arcrearion
acrics Nu.

Catisu- ) |
excliange My
enpacity

—

|
E

1,25
.01
104
R 48
2,080
N
L0
LAk
LAk
AT
i
W48
L
it

el

Wooater
Hogeratown, .

D

E—Hﬁ'-‘hﬂ-—(—'ld-'-—-"“-—'ﬁ:
— T e I

I ED = e L AL e =D

—— e
Fie = R R R s
[ 0L R T S B R
WZTHEWJEILEE— 5 L

T
E TR i
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sodium uranyl magnesinm acetate (67), and hydrogen by titration of
the ammonium aeetate extract to pH 7.

The Sable soil has the highest cation-exchange eapacity; within the
Caribou group the capacity tended to increase with the field application
of crganic matter. The exchangeable potassium of the Caribou samples
exhibited a wide range, 0.09 to 1.17 m.e., as a result of differential field
treatments. The straw and manure-plot samples, E1666 and 1667,
contained more exehangeable potassium than the centinuous-potatoes
sample, E1558. For the soils from the other States the range of values
was very narrow exeept for the Sable soil.  The trend of aceumnulation
of potassium within the Caribou group was accompanied by a similar
trend in exchangeable sodium.

Mineral

The primary mineral composition of the silt fractions of samples of
the six soil types was determined by microscopic estimation of the
abundance and size of pavticles of the various minerals (33, 55). The
percentage estimates of quarts, potash mieas, potash feldspars, and
plagioclase feldspars are presented in table 7. .

Tabre 7.—Partial mineral composition of silt fractions (2 to 50 microns)

£l X Mieas Potosi feldsprrs Tlagio-
clase {uartz
{eldspnrs

serics i i
Biotite | Mauscavite | Microcline| Orlhoclase

Prregnt Percant Prercent Hercent Percent Prereent
Waooster i@ 5%
HEngertown
Drecetur
Sable
Herrick,,.......
Caribow, .......

* Appreciable conteut of siderite and jron oxides,

The abundance of minerals, other than quartz, contajning little or no
potassium is not indicated. As the plagicelases usually have slight or
negligible potassium contents, the appreciable amounts of these minerals
shown for all the soils do not necessarily mean a substantial supply of
potassium from this source. All soils except the Decatur eontain potash
feldspars, in a range from low to moderate, the values for both the Hag-
erstown and Sable being more than 20 percent. Orthoclase exceeds
microcline in abundance. Caribou is the only soil pessessing a high con-
tent of miea, predominantly muscovite. The Wooster, Sable, and Her-
rick soils are virtually free of mieas, while the Hagerstown and Decatur
have small contents of musecovite. It is difficult to estimate the abun-
dance of minerals in such mixtures. In addition, minerat particles oeenr
in various stages of weathering, which involve losses of potassium with-
out readily discernjble econcomitant alterations in erystal properties used
for identification,

The clay mineral composition of the < 2-micron clay fractions of the
same six soil samples was established by a combination of methods.
Kaolinite was determined by a differential thermal analysis procedure
(€2). Montmorillonite was estimated from X-ray diffraction spectro-
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grams of elay that had been solvated with ethylene glyeol (26, 56) and
from the eation-exchange capacity of the clay. The presence of hydrous
mica was indicated by the X-ray speetrogram and the content esti-
matud from the potassinm eontent and the exchange eapacity. By dis-
regavding the quartz eontents the clay mineral portion of the clay frac-
tion was divided into its eomponent minerals (table 8).

The contents of free iron oxides assigned to the Deecatur and Hagers-
town elays were previously determined in other samples of these soit
series. The estimates for hydrous mica, except for the Decatur seil,
range from GO to 90 pereent. Oue of the bases for selection of these six
soils for the present investigation was the probable cecurrenee of sub-
stantial amounts of hydrous mica. Only Hagerstown and Decatur clays
have appreeciable contents of kaolinite, and the high value for Deeatur
agrees with its tow siliea to alumina ratic. The two Illinois soils, THerrick
and Sable, have the highest montmorillonite contents, and in these soils
the beidellite variety probably predominates.

TABLE 8. —Clay mineral composition of elay fractions (< 2 mivrons) 1.2

Montmn-

Haii Acerasion
4 rillanite

Hydrons
W ries No.

mics

R ifree iran
Haolinite ol

Percent Forecnl

Woester. ..
Hrgerstown
Decator
Salile |
Herriek
Crrilion

DT 2 11

Pereent
bLlt]

L
349
it
It
50

ferornt
]

! Exelusive ol quarly eonlent,
2 Peteradned by S0 B endricks and . AL Nelson,
3\ wnbsequent Xoray apeelrogrnin itndientes this value Lo be ton high,

There 13 a general corvelation between che hydrous mica and total
potassium vontents of the clays.  Flowever, the minerals of this group
evidently can possess structuves and potassium contents lying between
those of illite and montmorillonite {(48). 1Ii is to be expected that a
reduetion in potassivm content within this hydrous mica-intermediate
weathering seqguence wonld be accompanied by a lesser potassinm avail-
ability, 'l'ho indieated elay mineral pattern for the Sable and Herrick
soils is similar, but the Sable soil has a slightly higher potassium content
and represents a younger stage of development.

RELEASE METHODS AND RESULTS
Grecnhouse

Tadino clover was grown on 12 of the soil samples in small ceramic
pots with inside dimensions of 5 inches in diameter and 3.5 inches in
depth, in twe conenrrent experiments, Nos, 2 and 3.

In experiment 2, 10_clover plants were grown on 800 gmi. {air-dry
hasis) of Wooster, ll(werstown Deeatur, %able ilerrick, and Caribou
H1550 sotls, In e}.peumcnt 3, 10 ulover plants were grown on 700 gm.
of Caribou samples L1548, E15a9 Fig6d, E1668, leb: and E1558.
‘The seeds were inoculated \wth the proper rhl?oind j.oi mtlogcn fixatien.
The initial design of both experiments eomsisted of two 8 by 6 Latin
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squares. From the second square of each experiment a row of pots
was removed at each even-numbered harvest and the exchangeable po-
tassium and the weight and potash content of the roots determined.
Exchangeable potassium was determined, as indicated previously, and
the potassium content of tops and rocts by a gravimetric eobaltinitrite
method (92). Additions of Ca-Mg lime, phosphorus, and micranu-
trient elements were made at the beginning of the experiments where
necessary and during the experiments ag requirel. The desired pH
level was 6 to 6.5. Available phosphorus was maintained at or above
the minimum level of 300 pounds of P,0; per acre by a modified Truog
method (64). Distilled or demineralized water was added to the sur-
face of the soil when requirved, usually daily. Tifteen harvests were
made before discontinuance because of cxtremely slow growth. Seeding
and harvest dates of these two experiments, as well as experiments 5 and
7, are included in table 9.

TABLE .—Iarvest dutes of greenhouse experiments 2, 3, 5,1 and 7 ¢
& r sy

Experiment 2 Ezperiment 3 LExperiment § Experiment 7

Marvest
No.
Date Beration Pouratinn 1uration Date Duration

Pagpas
Seeding. .. .. . |ie-18-44 | o 0 |[1=12—47%
1 . Hal e 11 i . =] T 4| [d—dl— +
B=ll-da e | i f 4= b '+
a— =45 = 3 B
N=-20- 5 E J G- 1535 |
T-Ri-44 o 4. R .

HENE = ¥}
TH=22=45
Sl =5
de =4
R e 1]
T =1l

| g=2n-4g A6
N | [T Pry 10=14—41
i-g0-1p 1]—a1i-4

d= H=4T P Sed?

1 l)incunsgut: of experiment 5 begins on p. 24,
? Diacusgion of experiment § begina on p, 28,

The fivst cuttings were made when the plants were in about half-
bloom, but the time of subsequent harvests was based more on the height
of the plants, After harvests 4,7, and 9, small additions of .80, were
made in an attempt to maintain better growth and & consequently rreater
extractive foree on the nonexchangeable potassivm.  This added potas-
sium, however, was absorbed rapidly with no evidence of improved
arowth,

The clover yiclds of complete Latin squares and significant differences
for each harvest are listed in table 10.

Both the yields and the potash valnes listed later are ealeulated on
the basis of pounds per 2,000,000 pounds of soil {pounds per aere). The
vields of all harvests after the sceond are those of the first Latin syuare
ounly, )

In experiment 2 significant differences between yields on some soils
veeurred at every harvest. With a few exceptions the Sable soil far
outyielded the others at the various harvests. The Herrick soil quite
consistently was second in yield, while the relative positions of the re-
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TABLE 10.—Y4elds of Ladino-clover in greenlouse cmpernncnts 2and 8
EXPERIMENT ¢

_ . Mean yield of dry matter i pouncds per aere at harvest No.~—
Soil series or
accession No.

b
>

Total

85,550
64,408
58,908
03,989
78,077
57,936

s
©
=
»

Wooater.. ... .
Hagerstown. ...
Decatur.

¥

w

NONBND
(LR R ol
L e i b OO

o
=1~

Cm-':bou h

H
{

Leasy significant dilference,
F=005 E 8 ( i3 7 1 o 6,617

Least ﬂlgmhcuut \lllrl.l‘(:llu‘ -
P =001 9,035

D R TR,

Cnnbou,
‘E1548,
E1552.
E1663. ...
EH}BG‘ Sl
E1667, . ...
E1668 ..

1,018 7 7 4,308
2727 1 ; 4,545
2527 | . 2,702 46 7 X 1,804
4,167 j ! S 4,680
7,069 . \22 Nt ; g 5,242
2,815 47 ; 7| AT00

by
w0

— ARG
SATOS NI WATSSVIOA 0 FSyan

0

Len,si. significant difference,
=

. 005, .. ivsussean £0d E 4 o
Least significant difference, )
F=0.01 R 3 28 3 4,188 1,007 H0" 197 W&08 1,360 (]

t No significant difference.
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maining four fluctuated between cuttings. The total yields on the
Decatur and Caribou were appreciably less than those on the Wooster
and Hagerstown and about 60 pereent below the yield on the Sable,
The ability of the Sable and Herrick soils to outlast the others became
obvious during the second half of the experiment,

In experiment 3 the guperior ability of the straw and manured sam-
ples (BI666 and B1667) to produce clover was apparent From the start
anc continned to be evident until about the twelfth harvest.  After this
the superiority of even the manured sample was not significant, aceord-
ing to analysis of variance, The ne-potash sample {E1348) was the
lowest producer until the twelfth harvest. All differences hetween ad-
jacent pairs of total yield values are signifieant boyond the l-percent
level of probability. The ordey of yields folows that of inereasing
applications of potash; however, the quantities added in the straw gnd
manure can only be estimated. The uptake of petash by the elover is
shown in table 11.

These values were determined from compositing the dry matter of all
pots of each soil. A larme fraction of the uptake in the first soveral
harvests is derived from soluble and exchangeable polassivm, so that
carly differences between soils chiefly refleet differences in exchange
levels. Later the exvhangeable Sorm becemes rodueced to a minimonm
level anduthe nptake thien represents a rough index to the relative avail-
ability of the nonexchangeable roserve. A sharp deeline in uptake
during the course of experiment 2, regardiess of the soil, is readily ap-
parent. Throughout the experiment, the Sable far exeecded the other
soils, which wore grouped relatively close. although the Flerrick was
second guite consistently.

In expeviment 3 the pattern of potash absorption by the elover closely
paralieled that of the yiekls. The enormons uptaie from the manured
sample in the first three cuttings is due to its high initial content of ox.
changeable potassiom.  This sample provided a higher uptake even af
the end of the experiment. but at this stage its superiority was slight.
A slight advantage was maintained by 1558 and B1666 ovor the ve-
maining samples.

An indieation of the percent ef potash content of the elover may
ha pbtained by dividing the valnes of table 11 by the corresponding values
of tuble 10.  Tn experinent 2 Tuxury consumption ocenrrved in the first
hurvest, and throughout the experiment the Sable and Hoevrick soils pro-
duced elover of higher potash content than did the other soils.  In the
later havvests the geneval averame for the mramp of four lower potash
soils was about 0.3 pereent. which is considerably below the valoe of
0.6 percent iu leaves, which has been said to be the critical lovel for
deficiency symptoms in Ladiue elover £22).  In experiment 3 the in-
itially high values weve abruptly reduced in subsequent karvests, and
after harvest 8 all percentages ranged between 0.2 and 0.4, At the first
harvests o the experiments, the size of loaves and stoms was about nor-
mal for Ladine ¢lover, but later declined 1o sbout that of white clover.

At alternate harvests the roots of the discontinned pots were removed
while moist by sereening; and wore washed, dried, weighed, and ana-
lvzed for potassium. The soil was air-dried and its exchangeable potas-
siuni eontent was determined. TDeelines in root weights oceurred near
the finish of the experiments beeause of death of plants and runners.




TAKLE 1= Uplake of polash by Ladino clover in greenhouse experimenis 2 and 8
: EXPERIMENT 2

A1 g fhnint ] e o ans i ey S -,

. : Potnsh uptake by clover tops in ponnds ‘KO per acre for harvest No
Sail weries or o B O D s in
necesaion No. ) i |

51 4 7o o ‘ : Total

AT

Waoster. . . : FY 2 i 14 9 ; 4
Hugerstown 308

Decntuir, ... . N ¢ E 14 18 i i 318
Sable.., ... B 1 1 58
Nerrick. . : 1 2 24
Caribou.. . 2 I 1

[ -

EXPERINENT 8

e S s e e

Caribious ]
Eigis 14
Bisse . ( A
L1004, . . 1 | 43
Bigen. 0§ 142
Blsoer .. . 287 I
E1ss8 e

R e s i

STT08 NI IRAISSYLOd J0 USVATHH

35—
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This effect is reflected in the total potash content of the roots (table 12).

TauLe 18~—Mmount of polash in Lading clover rools {n greenhouse
experiments 2 and §

FEXPREIIMENT

. : Potash in pounds Kat) per acre for hurvest Noo—
SoMleerleace . . 0 0 L i e

f
|

accession o, v
ig 12 j 14 | 132

Woaster
Hiugeratawn,
Deentir... ..
SBable. .. .
Elerrick . ..
Carilion . .

i
i
i

T8
o D e el
Lt g

|
H
1

13

EXPERIMENT §

Caribou;
E1s46.. . .,
Elss2, ... ..
Eloo4. ...
Kidog, |
EWgy.,
B1558,

i
o
12 |
1
b
3%

) et et ]
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The roots in the Sable soil contained about twice as mueh potassium
as those iv any of the other five soils thronghout the experiment. In
experiment 3 the potash eontent of the roots in the manured sample,
E1667, was high at the earlier harvests, hut at the econclusion of the
experiment was virtually no higher than those of the other samples.
Part of this decrease van be atiributed to transtocation from the roots
to acrial tissues.

The exchangeable potassinm values ave tabulated in table 13 aund
shown graphically in fisures 1 and .

Tastr 13, —Erchunarable polash cantonls of seils in greenhouse
cxperiments 2 and 3 )
ENPERIMENT ¢

. Exchiogenble palash in pormls Ka(} per were after Jnrvest No—
Soil sertes or | . e e e e -
anoession Noo i )

Iritinl 4

Woodter. .. . 200 an
Hugersiows Hou e
Lleealnr, . 2l 146 -
Sadale. . S00
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Caribon. H

EXNTIERIMENTY
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isis. | 53
1559, 220
Eiand 244 -
1060, 3840
wiegy. . [T
1558 ik

1 Menan of 5 ceplienles,
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In experiment 2 the initial exchange values ranged From 168 ty 500
pounds of K.O per acre. By the second harvest all values hagd been
drastically reduced. Disregarding the fluetfuations that oecurred sub-
sequently and which are attributed to other causes, the values found at
harvest 2 were reduced no further during the vest of the experiment.
This statement perhaps does not apply to the Sable soil, which exhibited
a decline nntil harvest 10; on a porcentage basis, however, this deerease
for the Sable is not so great as the range of fluctuation for some of the
other soils.  With respeet to minimum exchange levels, the Wooster,
Hagerstown, and Cavibon are grouped closely, while the Decatur js
somewhat higher, fullpwed by the Herrick and Sable at ever-widening
inlervals.

In experiment 3 the ininai exehange values covered a wide range, and
on this basis the six samples can be grouped in four levels, namely fa)
181548, (b) E1552 and BI16G6+ () E1666 and E1538, and (1) BI667.
The potash in exvess of 85 pourds pev acre, the B1548 value, represents
that aceumulated from fertilizer, straw, manure, or greell wmanunre whiel
was not absorbed by ¢rops, fixed, or leached from the surface soil The
initial level for B15348 was seareely redneed doring the entive experi-
ment, as it is but slightly higher than the winimum valae for this soil
type.  The values for the other samples were severely reduced by har-
vest 2, and several were at the minimun level by harvest 4. Sinee all
the samples reached the same minimum range of values, the genoral
pattern differs Irom that of experiment 2, in which fhere occurred a
eonsiderable range of niinimim values.

The existence of this charactevistic of intensively crapped soils to
retain a minimum level of unavailable exehaneeable polassium against
abserption has been observed hy a number of workers; for example,
Ayres {7, Bear, Trince, andd Maleolm 1423, Chandler, Peeeh, aml
Chang (22), and Ghwlston and Tloover (551, .An explanation was ad-
vaneed by Ayves (7) that this minimum level vepresents an average for
a mass of soil and that the concentrations at root-soil contacts are con-
siderably lower than the averame and maximum values.

The calewlation of enmulative release of nonexehangeable potash dur.
ing the period frowm the start of an experiment to any particular harvest
is as follows:

Potash release = cumulative uplake by tops +
current eontent of roots - eurrent exchangeable vontent -
mitial exehangeable eonfent—
guantity added to the soil during the growth period foxelusive
of that added in water or other exteaneous sourcesi,

Cumulative values for experiments 2 and 3 are inelnded in {able 14
and shown graphically in fignres 3 and 4.

Release ocenrred in all soils but ity extent varvied considerably. In
general i did not proeeed by equal inerements between alternate huar-
vests; this may be caused by a number of factors: for example, an initial
high exchange level, varyhir intervals of fime between havvests, seasonal
and random changes in weather tactors affecting growth, infestations
by inseets, and applications ol soluble potash.  For all soils the highest.
rate of release ocearred in the early stages, but large proportions of the
total release ocenrred while the soil was in a minimum exchange status.

Inn experiment 2 the total release varied from 82 pounds per acre for
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the Decatur to 703 for the Sable, o vange of almost tenfold.  The aver-
age rate for the Sable soil was almost 2 pounds per acre per day.  Her-
rick and Wooster soils were intermediate. It is presamed from the
history of these six soil samples that no appreciable fixation of potagsinum
had oecurred in the field and that consequently the magnitude of release
is an index of the availability of {he native potash. The fraction of the
clover potash originating in the nonexchangeable reserve is obtained by
dividing the total release by the sum of the untake by the tops and the
final root content. For the six soils, in the ovder of table 14, these frac-
tions are 0.45, 0.25, 0.26, 0.73, 0.72, and 0.35.  Aliliough the magnitudes
of these valnes are, of eourse, dependent upon the initial exehanee Jevels,
theiv grouping is quite simitar to that of the release values.

TavLy, MH—Cwmudalive release of noncwclangeable polash tn greenhouse
experivunts 2, 8, 4, and ¥

Relewne of polasl in pounds K:Q per aere
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In experiment 3. release was manifested by the second harvest, even
though B1667 had an initial exchauge content of 1,100 pounds per acre.
Release contimued to inerease during the rest of the experiment, but
unly very slowly near its termination.  Among the six Cavibou samyples
the gualitative orders with regard to initial exchange level, vield, up-
take, and release present a consistent picture.  Without exeeption, the
order. from low to high, is 1548, E1552, 11664, 181558, 151666, and
B1667. This is probably the same ovder as Lor the total additions of
potash to the plots.  1f the release [rom 81548, 115 ponrnds, is assumed
to be the result entirely from native reserves, the release From fixed sup-
plies in the other samples ranges from 40 to 440 pounds per acre.  For
the six samples in the order of table 14, the fractions of ¢lover potash
tlerived from nonexehangeable forms ave 0.73, 0.47, 0.44, 0.37. 0.36. and
0.33.  With respeet to order of availability of potash reserves, this
pattern is virtually opposite that of experiment 2.

Following the discontinuance of experiments 2 and 3 beeause of sevore
deeline and Jow potash uptake by the elover, 8 of the 12 soils that had
produced 15 cutlings of elover were replanfed to Kobe lespedeza in a
study designated experiment 5. These were the soils o experiment 2.
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exeept the Caribou, and 3 Caribou samples from experiment 3, B1548,
181558, and E1667. Experimental arrangements ineluded the follow-
ing: 700 gm. of soil in small ecramie pots; 4 randomized blocks, each
having 1 replicate of each soil; sceds plauted after contact with 75 per-
cent H80, for 30 minutes; inceulated with vhizobia for lespedeza; ‘and
thinned to 20 plants 19 days after planting. Seeding and the 4 har-
vest dates are listed in table 9. One block was discontinued atter har-
vest 2 for root and exchange determinations.

"The yields and potash uptake of the lespedeza arve presented in table
15. Significant differences in growth ocenrred throughout the experi-
ment, the Wuoster, Sable, and lerrick soils showing superiority from
the start. As a groap, the three Caribou samples performed quite
poorly as eompared with the other soil samples, but B1558 and E1667
vutpreduced E1545.  The plauts on most of the soils deelined abruptly
during the fowrth havvest period, and the experiment was terminated

Tasne 15.—Yields and potash uptake of Kobe lespedoza in
preenlonse cxperiment §

Menn yield ol ey meplder in Patush wplake i potinly RKaf)
Soil Acression penuds per aere ol larvest N per nete Bur harvest No,—
seriey No.

1 2 El 1 Tatal ki + Tatn]

Waosler..o ..o B1GHE .., | S800) 0,582 5504
Ungerslow | BIGTDL ] S 5,897 i
Deentur.. ... | Bisd. L] S840 4461

BIGtS, ., i 11,108
Bk, ., q8] d,a04
E154%5. ... S 1495 2,70
Eie7, .., 7,80
EVseH, ... | 5,007 8,648

Least signifienut
ttifference,
P=0.05 ceeeeae | LABE LABG 3,848

Lenal signifiennt
ditfer
P, . 1,880 1a1] 4,045 1846

alter this eutting.  Appreelable uptake of potash from some soils oc-
curred, especially in the first two growth peviods.  Txcept for the pot-
ash uptake that might originate from a further deerease in exchange
level from the minimum of the clover experiments, the souree of this
is the nonexehangeable xeserve.  The uptake from the Wooster, Salle,
and Herrick soils therefors represents & substantial liberation of potas-
sinm,  The remaining five samples are grouped in & much lower range,
whieh snggesis a drastic reduction in the moderate availability of the
fixed potassium of the Cavibou samples.

The potash conients of the lespedeza voots at harvests 2 and 4 (table
16) emphasize even better the rapid decline of the plants at the finish
of the experiment.

The death of roots seriously reduced the reeoverable proportion and
permitted the return of potassium to the soil.

Ixchangeable potassium values of experiment 5 ave listed in table 16.
The initial values shown are the final values of experiments 2 and 3.
The drop in exehange level of the soils ut harvest 2 below the minimum
levels of those experiments is not sufficiently preat to be accepted as
significant except in the eases of the Sable and Ilerrick soils.  For these
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TapLE 16.—Amount cf potash in rools of Kobe lespedeza and exchangeabie
potash contents of soils in greemhouse experiment §

Hoot potnsl in pounds Xe0 per Exch bie potash in p 1
Soil Arcession uere for harvest No— K=} per nere afler linrvest No—

gerien

2 Tailial

Wooster Eresa....., ..
Hagerstown..,.] Big70
Drecntur .| Bisay, ..
L1d48.
Bla4a,
E1548,
Liga?. .
Biss8,.......

B4
87
114

3 1 ot 4 ettt

two soils, at first glance the minimum level appears to vary with the
plant. Tbe higher values obtained for the fourth harvest are atiributed
to potash of dead roots that was either returned to the soil or eontained
in small pieces of roots remaining with the soil during sereening.

The extent of release during experiment 5 is not listed separately but
is added to that of the preceding experiments, as indieated by the cumu-
lative values of table 14 and figures 8 and 4.  Appreciable release oe-
carred during both halves of the experiment. The Wouoster, Sable, and
Herrick soils released considerably more potash than did the other five
soils, whose total release values were grouped closely between 61 and 83
pounds per acre. ‘The average rates of release for all soils were higher
than in the elover experiments; that of the Sable was close to 1.5 pounds
per acre per day. )

Samples of the same § soils, which had nindergone 15 clover harvests
and 4 lespedeza cuttings, were next planted to perennial Tyegrass in an
experiment designated No. 7. BExperimental arrangements included
the following: 700 gm. of air-dry soil in small ceramic pots; 3 random-
ized blocks, each having 1 pot of each soil ; addition of Ca-Mg lime, miero-
nutrients, and 200 pounds of NILNO, per acre. Seeding and harvest
dates arc vecorded in table 8. Subscqnent nitrogen additions were as

Tanup 17, —Yields end polash uplake of percnniai THEGrass n
greenhonuse experiment 7

Mean yield of dry mzlter in Fatoul uptnke in ponsds K0

Soil Accension pounds per pore at harvest No— ner aere for harvest No,—
)

svries Mo,

4 1 Tatal ! F Tutal

L1649, ... Y g,a60| e 16,418 : 904
+,8%0 14,274 : 118
A,186| 2.480] 14,700 190
6,843 18,414 jee
O 8,505 17,801 ; 280
Cariheu, g E s, 7a0| #,908] 16,p87 : 18]

Do. , | 8,501 5,077 70,840 251

Do. . . 5,714 aneu| 15177

Leost atgnificant
diferep. e,
Peabrdin,,....| . 1,241 {1 2,257

Lenst sigoifiennt

iferance,
Fagat,. ... . e 2 1828 (% 3,388

} No signifieant Jilference,
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follows: April 6, 1948, 100 pounds of N per acre as NH,NO;; June 11,
1948, 50 pounds of N per acre as Ca{NQ,), - 4I1,0.

The resnlts of experiment 7 are inclzded in tables 17 and 18. The
yields did net show the maghitude of range obtained in the preceding
experiments. Nevertheless, the precision was sufficlent to establish
highly significant differenees for the first three harvests and for the
totals. The previous superiovity of the Herrick and Sable soils with
respeet to growth was not evident here, and after the first cutting the
manured Caribou sample, B1667, produced the greatest yields. The
potash uptake, however, was highest in the Herrick and Sable, the latter
being far in the lead at each harvest: on this basis the manured Caribon
was third, It is of interest that the potash contents of the plants on
the six soils of lowest uptake, expressed in percent, inereased con-
siderably during the experiment, which is directly opposite the tremd
in the preceding experiments. The range for the eight soils at harvest
4 was 0.93 to 2.38 percent. This inerease is aseribad partly to the de-
velopnient of large root systems during the first half of the experiment.

TABLE 18.—dmount of potash in rools of perennial ryegrass and svchangeable
potash contents of soils in greenhouse esperiment 7

Exchungeatle putaal in pounds

Ltoot potash in Kal) per nere after larveal Wo.—

Soil Acceasion potinds Kal) per
serics Na. | aere for harvest
No. 2

41

Wongter E1640...... ..
IMagerstown,,.... ..... . .. Bwvo.,.,. ..}
Deeatur., ... ..o L.l
Suble......... ...,
Herniek. . ..., . .
Cariliou. .

Do..

Do,

! Rt of harvest + ool harvested.
Mneluedes wll voots; mean of two repiieales.

After the third cutting, the grass underwent rapid deeline and large
cuantities of roots died. When addition of ealeium nitrate effected no
noticeable reecovery the experiment was concluded. At harvest 4 the
roots could not be separated satisfactorily and the portion sereened out
was pulverized and returned to the soil. The roots of ryeerass had
accumulated far more potash than those of lespedeza at corresponding
stages of experiments 5 and 7.

This return of root potash to the soil inereased the exchangeable po-
tassium values for harvest 4 considerably over those for harvest 2, which
was previously observed in experiment 5. Therefore, only the value for
harvest 2 of each experiment can be regarded as representative of the
minimum exchange level. Tor most soils the agreement for harvest 2
of experiments 5 and 7 is goed and particularly so for Decatur, Sable,
and Caribou E1667.

Cumulative release values are indicated in table 14 and fizures 3 and
4. Al soils released potash at both the seeond and fourth cuttings.
The total release of potash in experiment 7 was considerable, greatly
exceeding that of the lespedeza cxperiment, The Sable released the
most potash by far, and the Herriek and manured Caribou were at the
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second level, The Hagerstown and Decatur were least effective. The
Sable and Herrick, and to a lesser extent the Wooster, liberated an exees-
sive fraction of the total during the first two harvest periods. The dis-
integration of the ruots in the later stages must be partly responsible
for this, because at harvest 2 the roots eontained as mueh potash as the
tops. .

Figure 3 indieates that both lespedeza and ryegrass ean utilize non-
exchangeable potassinm more effectively than Ladine elover, even though
they are grown subsequent to the clover, This can be cousidered a
parallel to the observation of Evans and Attoe (27) that Ladino clover
extracted more nonexchangeable potassium from soils of relatively high
exchange level than did sats, but less on soils of low edchange level.
This was attvibuted to the a@bility of plants such as oats to grow well at
low levels of available potassimin.  The relative order of the soils with re-
speet to potassium-supplying capacity, however, was not greatly altered
by the change in plants except in the case of ryegrass on Caribou soils.
In the lespedeza experiment the three Cavibou samples were orouped
together with Hagerstown and Deeatur at the low level ; however, rye-
grass absorbed eonsiderably more potash from the Caribon samiples, and
the manured soil released as much ag the Iferriek.

Air- and Oven-Drying

After harvest 14 of experiments 2 and 3, exchangeable potassium was
determined on a part of the soil of the diseontinued veplicates (1) while
it retained the moisture present after serconing out the roots, {2) after
being air-dried in the usual manner for 7 days, and (3} after being
heated in an oven at 103° C. for I day. The results (table 19) suggest
that there was a general irercase in exchangeahle potassium by both
air-drying and oven-drying.

With only one exception, all values inereased suceessively by the twa
consecntive dryings.  Ilowever, many of the changes due to aiv-drying
amounted to euly abeut 10 pounds; for exaple, 181649, 1670, 15515,
B1548, B1552, and T1667. The outstanding inereases oecurred in the
Decatur, Herrick. and espeeially the Sable, which showed an increase
of 132 percent,

At harvest 15, the svil from duplicate pots was subjected to similar
treatments (table 18).  Sturage while moist for 6 and 46 days produced
no consistent or substantial change in the exchange level. Alter 4 days
of air-deying only the liervick and Sable exhibited large increases; the
others showed a small inerease or deercase.  Owven-d rying brought about
further appreeiable increases for the Sable and Tervick and about 10-
pomud increases in the Decatur and 1667, Air-drying for 10 day=
after moist storage for 46 days resulted mn significant inercases only
for the Sable and Iervick, On the basis of this and later evidence it
is considercd that the determined moist values for harvest 14 were low,
and that only the Sable and Herriel, and to a legser degree the Deeatur,
release appreciable amounts of potassium upon drying.

This conclusion is supported by results from harvest 2 of experiments
5 and 7. Only the Sable, Herrick, and Decatur consistently velease
significant amounts of potassium by air-deying; the value of 94 for
Herrick appears far too low, for nuknown reasons. Por havvest 4 of
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experiment 5 the resulis indieate, except for the Sable and Herrick,
fixation on air-drying of seme of the additional potash from dead voots.

Liater experiments on particlesize separates of these soils, not re-
ported here, have demonsteated that this speeifie ability to release
potassium is a property of elay minerals of these soils. .\ rough aver-
aging of acceptable data leads to these approximate values of the ve-
lease of potash Ly air-drying of Decatur, Herrick, and Sable, respee-
tively; 10, 60, and 120 pounds per acre in experiment 2; 10, 25, and 30
pounds in experiments 5 and 7. As soils of experiments 2 and 3 were
air-dried prior to planting experiment 3, and again before planting
experiment 7, sizable fractions of the release by the Ierrick and Sable
so01ls during the lespedeza and ryegrass growth periods must be assioned
to the respective release on air-drying that oceurred just priov to the
start of the latter two experimenis. Thus, of the 166 pounds ap-
parently released by the Ilerrick soil during lespedeza growth, GO
pounds was liberated by aiv-drying; similarly for the Sable, 120 of the
282 pounds indieated, In the ryegrass experiment, 25 ponuds of the
297 released by IHerrivk is attributed to air-drying, as is 50 of the 432
ponnds released by the Sable.  Adjustments to acceuut for this effect
wonld veduce the rates of velease of the two soils during experinments
2 and T.

Neubaner

The 14 soil samples were subjeeted to fhe Neohauer potassinm test
hy a procedure in gencral aveordancee swith the nsual technigue (42).
Tegistered Rosen rye secedlings were growt in quatdvuplicate eylindri-
cal Pyrex glass dishes arranged in four randomized blocks for 17 days
in a room maintained gt 20° == 1°M. ‘The Ouorescent-light intensity at
plant level for 1G out of every 24 honrs averaged 80 foot-candles. The
potassitm content of the seedlings was determined hy a gravimetrie
cohaltinitrite method {42).

A elese agreement between many of the mean Neubauer values and
the corresponding exchaugeable potassium values was noted, which
might suggest that in these cases all of the exehangeable poatassivm was
absorbed by the mye seedlings. As the elimination of exehangeable
potassium by eropping was considered improbable, a seeond run was
made, using the same procedurc as in the fiest; however, the wmixture
of soil, sand, and root washings was not disearded as before but was
evaporated and air-dried at room temperature and analyzed for the
residunl content of exehangeable potossinm,  The Neubaner and ex-
rhange values and the release values caleulated from them ave listed
in table 20.

Very ¢loge agreenient between exchange and Neubaver values is illus-
trated by samples 1646, B1632, and 11665, Moderate agrecment is
indieated for a number of other samplos, Tlowever, it is to be noted
that after removal of the eve seedlings all soils contained residual ex-
changeable potassium, and that the rvesidual gquantities ave in general
apreement with the minimwm exehange values of the prolonged evop-
ping experiments, exeept for the manuvred Caribon sample 1667, The
high residual value for this sample is attvibuted to the fact that ite
Neubaner value is the maximum pessible with 100 gm. of soil under
the particnlar growih econditions
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Release of potash is indicated for all soils exeept the Magerstown in
amounts ranging from 12 to 313 pounds per acre. Some of the differ-
ences between the lesser values ave not significant. The higher values
represent a eonsiderable release when it is considered that the growth
period was only 17 days. In the cases of the Herrick and Sable about
50 and 100 pounds, respectively, of the release should be assigned to
the air-drying operation neeessary to prepare the soils for determina-
tion of residual potassium. In this Neubauer procedure the release by
the Sable was cxceeded by that of B1667. Coupled with the results of
the ryegrass experiment, this suggesis that the nomexchangeable pa-
tassium of the Caribou soil is rzlatively available to grasses. In a later
experiment, reduction af the ameunt of BI667 to 25 gm. did not sub-
stantially increase the release expressed as pounds per acre. The

TaABLE 20 —TFiclruse of sancrehangenble potash in Nenbaner study,
in ponnds K0 per aere

o Mesislue] Y S o] Initinl 1 Nun-
Aeression Newlawer 1 exelanpe- Nettbager © exclange- ! exelangie-
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putash ! © potash ¢ poelash b eelensed
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Coctlicienl nf
varfation 7. .. HoY

I Remainine after seedlings were reguoved from soil
L Expressed ne perecnt,

correlation coeflicient between Neubawer release and that duaring 740
days of Ladine clover growth was 0.807 (72).

Eleciredialysis

One hundred-gin, portions of the 14+ soil samples were continuously
eleetrodialyzed in 2 Mattson-type cells having platimun-gauze electrodes
and eellophane wembranes under a potential difference of 100 to 110
volts for periods of 30 to 90 days. 'The open eross-scetional dimensions
of the cells were 5.3 by 15 em., and the thickness of the eeater soil com-
partment 3.6 em. The direct-current souree was at first a battery af
large wet cells; later, a direci-current motor-generator. The eleetrotie
chambers were drained at freguent intervals, espeeially near the starf
of a run. Alter drainings the current direction was reversed, and
potassium in each eatholyte was determined separately. The magnitude
of the eurrent is affected at first by initial clectrolyte content and
yuantity of exchangeable bases and later by the extent of decomposition
and liberation of nonexchangeable hases.
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Curves representing the enmulative extraction of exchangeable and
nonexchangeable potassium for periods up to 60 days are shown in
figures and .

Al eurves present a generally similar appearance. A quantity of
potash equivalent to the initial exchangeable is Uberated within a period
of 1 to 8 days. This is followed Rrst by a period of decreasing rates
and later by a period of vivtually linear release, of slope characteristic
of the partieular soil. The eurves for clectrodialysis over 30-day
periods, found by Axves and coworkers (7, ), are very shmilar to those
shown here,

The correlation and regression coefficients fiv the relationship
between release duving 740 days of Ladine clover growth and that
during 30 days of cleeirodialysis were previcusly reported to be 0.964
and 1,063, respectively (72). The rates of velease for the constant-rate
parts of the dialysis curves, for the 14 seil samples in the order listed
in table 20 are as follows: 3.0, 3.3, 0.88. 10.3 (mean of two runs), 8.0,
1.9, 1.6, 2.3, 1.5. 2.2, 2.1, 3.6, 3 8, and 3.0 1ounds of K.0 per acre per
day. Ifor the 6 soily of experiment 2 the range of values is more than
tenfold, that is, from 0.88 for the Decatur to 10.3 tor the Suble. Among
the Caribon samples the range is only about twofold, from 1.5 to 3.8,
but the qualitative order is sbout the zame as for other eritevia of
release, Durving dialysis, an appreciable part of the potash fixed in
the Caribou soils is veleased duving the first few days (nonlinear seetion
of the graphi. while the subsecquent linear rate appears more representa-
tive of the availabilitv of the native reserves. The nonlinear seetions
of the release enrves of (faribou samples E1558 and B1667 ave equiva-
Ient te abaut 100 and 400 pounds of 50 per acre, which agrees ronghly
with their superiority over E1548 in experiments 3, 5, and 7,

The sumples dialyzed for 30 to 90 dayvs were air-dried and analyzed
for residual exchangeable potassinm, with the following results for the
soil*; in the order of listing in table 20: 59, 37, 48, 157, 131, 50, 25, 48,

. 32,26, 24, 67, and 48 pounds of GO per acre: values for T1643,
]L ‘)’2‘ and E166+4 are means ¢f {wo runs.  I'lie residual levels for mauy
of the soils are almost as high as the minimum levels existing after pro-
longed intensive cropping.  The finding of residual exchangeable po-
{assinm in substantial quantities was not anticipated. 1t has not been
constdered in the calenlations of release. Later studies indicate that
the effect of the air-dreying on the dialyzed soils is similar to the effect
op eropped samples.

The dialysis method van be consideved an aetd extraction, but one in
wlich the hydrogen ion eoncentration in the intermicellar phase is low
anel in which the adserhed hydrogen is the agent of release and degcom-
position.  Jenny (59 reperied that contact with exehangeable 10, Nu,
and NIL, ions of eation-exchange resing was mueh more effective in re-
leasing nenexchangenble potassium from Ramona soil than was leaching
with soluble acids and salts.  In prolonged Jdialysis appreciable de-
composition of the soil is observed, and a part of the liberated potassinm
must originate in the disintegreation of the erystal structure of surfaces
of partieles.  Aecording to G-iesckiug {36) electrodialysis for severnl
months eliminated the characteristic basal spacings for montmorillonite
from a young loessial clay. 11 is not presumed that extensive similar
decomposition oecurs with the release of potassium doring plant growth.
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¥ieURE §——Bxtraction of potassium from seils of greenkouse oxperiment 2 by pro-
loaged cleetrodinlysis (exchangeable potussinm indicated by blnek dot).
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Acid Digestion

Preliminary studies with strong mineral acids indicated that aug-
mented release resulted from an increase in coneentration, temper atnre,
or time. The 14 soil samples were extracted under a variety of cou-
ditions, and the results of some procedures ave presented in tabla 21,

In (ll|_ the {reatments, 10 gm. of soil was dicested with 100 ml, of acid,
The total extracted potassium, determined after filtration and w ashing
of the soil, wus eorrected for exchangeable petash to obtain the \“11\105
reported. During 2 days at reom temperature, 1 N 1INO; exiracted
relatively small amounts of nonexehangeable potassivm from the soils.
From the Deeatur it actunlly extracvted less than that exchangeable
by ammoniam acetate. The samples showing highest release hy “other
methods liberated the most potassium, but the range was narrow.

Boiling TICL, H.80,, and 1INO | removed considerably more potassium
than did the cold aeid. Many diiferences in the results by the three aeids

TavLk 21—Relcass of noncrchangoable potash by various acid-digestion
provednres, in poxnds .0 pee tere 1.2
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appear significant on ihe basis of agreement of cluplicates, but no
systematie diffevence for the soils in general has been nefed. In most
eases the release values ave mueh higher than those of expeviments 2
and 3, but are comparatively elose to the euvmulative values ol experi-
ment 7. The correlation coefficiont between the boiling IINQ, values
ancl relesse by Ladino clover in 740 days has been veported to be 0.938

72).

The use of boiling 3 N IINQ, vaised the values for most of the soils
far beyond the magnitudes of release obtained by the cropping pro-
cedures. DBoiling TICIQ, removed laree fractions of the total potash
contents of the soils, 5 to 35 percent, and thereby obliterated any dis-
tinetions among the soils that could be related o other indices of release.

Moist Storage and Freezing and Thawing

Descriptions ol procedures involving (13 moist storage and (2)
monthly freezing and thawing cyeles during a period of 210 days,
and the cumulative resulls, were given previously (72). Both the ab-
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sobute relense values and the precision of correlation with other methods
were low.  For 10 of 13 soils, release by storage equaled or excecded
that by freezing cyveles.  Although the Sable wmoil released the most
potassinm by the two methods, 152 and 109 pounds of K.O per acre,
respeetively, the range for the remaining soils was very narrow, 41 fo
100 pounds. No systemalic relationship as to order of soils or velative
effectivencss of the two methods has been Found.

These sotls were ammoniunm-satiarafed for the duration of the treal-
ments, It s currontly presumed that the low velease values of most
of the seils and the general lnck of velationship to other wethods re-
subted frem the property of ammonium o be fixed and thereby o
tend o blovk relense of potassinm,

DISCUSSION

Previous investigations of this sature have compared soils of reln-
tively narvow geopraphieal disiribution, wsually from within State
borders.  The soil samples of the present study orivinated from six
loeations in five States in the eastern hatl of the Unifed States, They
ave classified wnder five great soil groups, namely, Podzol, Grax-Irown
Podzolie, Red Podzolie, 1Tumic Gley, and Plancso] soils. The pavent
materials feom whieh they were derived inelude limestone, Joess, and
wlacial {111,

Within the group of samples of six soil types that lad undereone
low-potash trestments, the outstanding consistency of potassinm-supply-
ing capacities, when compared by a wvariety of methnds, lies in the
supeviority of the Rable soil and the intermediate performance of the
Herriek, both from IHinols, The remaining four soils are clusteved af
the lower end of the range, and their relative order with rezard to the
release of nonexchangeable potassinm varies with the method.

tn the Ladine elover, lespedeza, and rvegrass oxperiments, the
Wouoster was the highest of the Lour; in total release of potassium by
tleetrodialysis For 30 days it was about equal to the ITazersfown and
Decatur, but its constant rale of rolease was about four times that of
the Deeatur. By the Neubauer procedure the Hagerstown releaged loss
than the other three soils, and the vesults actually indicated a negaiive
release. On the basis of acid-digestion values, no consistent arder of
release appears amony fhe fonr soils. Helatively slisht reloase from
2 sample of Decatnr elay by continuous erapping, of about the same
magnifude as Lor nine other Alabama soils, has heen reported (81).

With respeet fv the extent fo which they made availuble nonex-
changeable pofassinm to plants in eontinuous-cropping proceduves, the
six seils ean be divided into four levels, namely, {1) 8able, (2} ilerrick,
(8) Woester, and 41 Caribou, Decatur, and Hagerstown. ield ox-
periments on fhese soils at the sample sites. from which the response
to potash ean be gaged, afford general confirmation of this mroupine.
The Sable soil, it is reported, shows no vesponse. The Ifervick re-
yuires small potash applications for maximam crop production. The
Wooster is said to be intermediate of Ohie soils in vegard to potassium
supply,  Maximum produetion of potatees on Carvibou loam of low
exehangeable potassium requires large pdditions of potash. The vela-

11 See fEﬁnme 4, p. 4.
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tively low response on the Deeatur seil is attributed to the low awnual
removal of potash in the harvested parts of crops. The Hagerstown
soil shows moderate response to small applications of potash.

No explanatory relationship has been established between the general
order of potassium-supplying eapacity ahd other properties that have
been determined, such as initial exchangeable potassium, total poiash
content of soil, elay, or silt; abundanee of silt, elay, or organic matter,
content of potassinm-bearing minerals in the silt fraction, and hydrous
mica content of the < 2-mieron clay fraction. The Herrick and Sable
s0ils have the highest montmorillonite content, cation-exchange capaeity,
and silt-plusclay content.  Only the Decatur has a relatively low total
potash content.

The absence of any obvious relationship between the exient of potas-
sitn relense and the content of hydrous mica or of potassium-beaving
minerals of silt size decs not preclude the assmnption that the potassinm
behavior of these seils must be velated to their wineralogicatl charaeter-
isties. The proper assessment of the role of these minerals must dependd
not only on their total abundance but on their present potash conlents
and stages of weathering or formation. Merwin 2 observed no relation-
ship bebween velease by several New Yorlk soils and the mineralogical
vomposition of their silt fractions, The primary micas in sofls may eon-
tain much less potassium than unweathored spectuens (24}, and the
ydrous wica group comprises mincrals of varying potash content
and properties related thereto {48).

Soils having appreciable contenis of potassivm in both the silt and
elay fraetions probably release it by both silt weathering und release
from clay lattices. The part of the soil that suppiies the Jarger fraction
of the potassium can be expeeted to differ between soils.  Tilinois
workers (19,25} appear to consider the elay-size fraction of soils of the
State the mor important sonree. OF the two Ilinois soils in this study,
the younger Sable far surpasses the older Horrviek in pofassium avail-
ability, although little difference can be deteeted between their patterns
of mineralogical and chemieal composition; a higher content of potash
feldspars is indieaied for the Sable. Of two Mississippt soils, the
greater velease by Grenada soil, as compared to that by Savannah soil,
was attriboted to the oceurrvence of a substantial amount of potasshim-
bearing clay minerals of the 2:1 lattice type in the Crenada, and pre-
tlominance of 1:1 type clays in the Savannah (45).

As the fixation mechanism involves clay minerals and release mml
fixation appear to be inverse proeesses, clays eontaining potassivin
would be expeeted to confribute to rclease. The potash availability
of the samples within the Caribou eroup of differential fertilizer and
organic matter treaiments, as shown by the various methods, cen-
clusively demeonstrates the accumnlation of fixed potassinin in plots
receiving excess applications.  The mechanism whereby this soil fixes
potassium has not been established. As it contains both montmorillonite
and hydrous mica, it is pessible that both minerals partieipate in
fixation. The necessity of having soil dvy enongh that montmorillonite

P will thus funetion dees not cxelude this mineral, becanse surface layers
may be desiecated, cven by freezing,

22 See footnotc 4, p. 4.
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Some of the fixed potassium is highly available compared with the
native potassivm of this soil, as is shown by the rapid carly release,
espeeially £rom the straw and manured samples in cropping and electro-
dislysis procedures. In the prolonged growth experiments, the manured
sample acled as a soil of potassium-supplying capaeity between that
of Sable and that of Herrick, whereas the low-potassiom Caribou samples
resembled Deeatur and Hagerstown. Constant dialysis rates did not
show suel a great range, however, which may be due to exhaustion of
fixed potassium before the constant-rate section is reached or to differ-
ing release mechanisms in eropping and dialysis.

Neo espeeial affinity of oroanie matter for petassium beyond that of
the usunal eation-exchange relationships has been established. Neither
has an angmentation of release of mineral potassinm by decomposing
orpanie matter been accepiably demonstraied. The inereased fixation
and the consequent inereased availability of nonexchangeable potassium
in the organic-treated plots, therefore, are attributed solely to the addi-
tinn of the potash contained in the organie maierials.

It ig infevred from the results of Attoe (3) and Lee ¥ that all soils
tested by them inercased in exchangeable potassium by air-drying, or
wonld have if the exchange level in the moist condition were sufficiently
iow. Most of the Hawaiian soil samples studied shuilarly by Ayres {7},
however, did net change during air-drying. In the present investiza-
tion, after prolonged intensive eropping, only the two Illineis soils
Terrick and Sable consistently inereased appreciably in exchange-
able potassium by air- and oven-drying, The Herrick sample is from
the same experiment field as one sample of Lee’s, Some soils apparently
<o not possess the minerals or the potassium status required for release
by air-drying. This qualitative separation of soils does not extend
fo the other methods employed in this study, which almest always
imdlieate release in some measurable amounts.

SUMMARY

Fourteen soil smmples representing surface soil of six soil types from
five States were subjected to chewical and mineralogieal examinations
and to measurements of their eomparative abilities {0 release nonex-
changeable potassivm by a variety of methods. Wooster silé loam
from Ohie, agerstown silt loam from Pennsylvania, Deecatur elay
loam from Alabama, Sable silty elay loam and Herriek silt loam from
Hiinois, and Cuariben loam from Maine were represented by single
smmples that had received low-potash applications in field experiments.
In addition, the group included cight other samples of Caribon loam
that had veceived differential applications of potashi and potassium-
containing organie watier in the field.

All soils had large total contents of potash, about 1.5 to 2.5 pereent, ex-
copt Deeatur, which eontained 0.5 percent.  This was also true of the
elay and sili fractions of the soils. The exehangeable potash content
ranged from 85 to 1,100 pouuds per acre. In the group of Caribou
soils the exchange level tended to inercase with the extent of the pre-
vious potash applications,

The content of potash micas and potash feldspars in the silt fractions

1 Bee footnote 6, p. 6.
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varied considerably, Only the Caribou was high in micas, with an esti-
mated content of about 25 pereent. The highest cstimated feldspur
contents were about 20 and 30 pereent for the Sable and Hagerstown
soils, respectively. It is emphasized that the potassium contents of these
soil minerals may be substauntially lower than those of unweathered
specimens,

The clay mineral composition of the <« 2-micron clay fraction was
determined by a combinaticn of methods, namely, X.ray diffraction
spectrogram, differential thermal analysis, cation-exehange capacity,
and potassium content, The hydrous miea content, disregarding the
oceurrence of quartz and amorphous materials, was estimated to range
up to 90 percent, with only the Decatur coniaining less than 60 percen®.
The Sable and Herrick had the highest montmorillonite content, 30
pereent, while none was indicated for the Decatur and Hagerstown.
The Decatur elay eontained 50 pereent of kaolinite.

Twelve of the samples, including 7 Caribou treatments, were cropped
by 15 euttings of Dadino clover over a period of 2 years. In the soil-
type comparison, the release of potash by Sable was ontstanding, fol-
lowed hy Herrick, Wooster, and the remaining 3, in that ovder. In
the Caribou experiment the manured soil sample released the most by
far, followed next in order by the straw-treated moil and eontinuous-
potatoes sample. Eight of these 12 cropped soils—4 Caribou samples
were omitted-—subsequently were successively cropped to 4 cuttings
each of Kobe lespedeza and perennial ryegrass. The results were
similar to those with elover, exvept that the rates of release weare gen-
erally higher than in the clover experiments and that the potassium
of the Caribon samples was comparvatively highly available to ryvegrass.

Other methods by which potash was released ineluded air-drying
and oven-drying, a Neubauer procedure, 30- to 90-day electrodialysis,
various acid digestions, moist storage, and freezing and thawing., Im-
portant release during air-drying of eropped soil oeenrred only in the
Sable and IIerrick. The electrodialysis curves were similar in shape
for all samples but differed in magnitude of release and in the constant
rate of release. In geuneral, all these release methods vated the soils
In about the same order as the prolonged cropping technique. With
repard to native potassinm, the Herrick and Sable soils had much
higher supplying capacities than the others. The prior fixation of
field-applied potash in the manured Caribou had increased iis potassium
availabiity to a level between those of the Hewrrick and Sable.

Significant relationships have not been found between the compara-
tive potassium-supplying eapacities of these soils and the other proper-
ties that were determined in this study. Since differences between
soils with respect to their availability of nonexchangeable potassium
must lie in their mineralogical characteristies, it is coneluded that the
usnal methods of estimating mineral eontents must be supplemented by
determination of the actual potassium eontent and behavior of minerals
as they exist i soils.
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