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INTRCDUCTION

Soil potassium exists in several forms, namely, water-
soluble, exchangeable, non-exchangeable, and primary mineral
forms.

#ater-soluble potassium in soil solution is limited to
a range of one to ten parts per million. This amount is in-
adequate to meet the requirements of a crop. Eoweve:f, there
is a larger amount present in the exchangeable form associat-
ed with the colloids which is usually determined by the
extraction with ammonium acetate. This form is generally
considered to be readily absorbed by plant roots that make

contact with it. The non-exchangeable potassium, on the
other band, is fixed and unavailable to plants. Ordinary
ammonium acetate extraction will not remove the potassium.
It mey be extracted by HCl acid (4). Also the continuous
extraction by plants will remove this non-exchangeable form
under normal soil condition (6). Finally, the bulk of the soil
potassium is contained in primary minerﬁls, such as feldspars
and biotite.

With the clarification of the cation exchange phenomenon
in soils, these forms were identified. But, it was known
for a long time that added potassium became fixed.

Fixation of potassium may be defined as the transforma-
tion of soluble and exchangeable potassium to non-exchangeable

forms. Martin, Overstreet and Hoagland (17) indicated that
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all the potassium fixed had functioned in replacing Ca, Mg,
and Na, which appeared in the water extract; thus suggest-
ing an exchange reaction. Wood and DeTurk (33) considered
this exchange reaction very important in their concept of
potassium equilibrium in soils.

Later Page and Baver (19) showed fixation of potassium
within the lattice structure of montmorillonitic clays.
Another theory suggests the formation of muscovite, a
secondary mineral, as described by Attoe and Truog (3).
This was also reported by G.W. Volk (28) as supported by
X-ray patterns. |

Consequently, the existence of potassium fixation
has been well established by a number of investigators.
Most of their work seems to indicate greater fixation by
high temperature treatment and alternate wetting and
drying.

In view of the fact that potassium fertilizer is
used extensively in Hawaii and elsewhere in the world,
the extent to which applied potassium is fixed in the soil
is of vital concern. Therefore, the primary objective
of this study was to determine the ability of certain
Hawaiian soils to fix added potassium under various
condivions and to attempt to identify the predominant

minerals involved.
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DESCRIPTION OF SOILS USED

Great diversity in the soils of Hawaii has resulted
from‘variations in environmental conditions and topographye.
Tﬁééérsoils have developed primerily from basaltiec lava
and volecanic ash (11) (12). Geologically, the age of lava
and ash varies from recent flow of eruptive materials to
the early formation of the Hawaiian Islands. During that
periéd of time volcanoes in Hawaii have.been very active.

The annual rainfall ranges from 10 to 15 inches in
dry areas to nearly 250 inches in excessively wet areas.
Drainage is generally good bul areas of poor drainage

are evident, especially in lowland where magnesium

content is high.

Laterization is the most active and dominant soil
forming process in Hawaii. In this process extensive
leaching of silica and bases has taken place resulting in
a low silica-sesquioxide ratio -- usually less than two.

Soil samples from six major Great Soil Groups,
representing agriculturally important areas, were collected
for this study. These samples were taken from the first
surface foot. The six groups of soils may be briefly
described as follows:

*Low Humic Latosols from Poamoho, Wahiawa, are

* U.S.D.A. Soil Survey Report (in press)



characterized by their red color. They are used extensive-
ly for growing sugar cane and piasapples.‘ The exchange
capacity ranges from 15 to 30 milliequivalents per 100 grams
of 5011. Organic matter is low ranging from 2 to 5 per cent.
The annual rainfall varies from 15 to 60 inches. The clays
are primarily kaolinite.

Humic Latosols from Tantalus, Oshu, and Laupahoehoe,

Hawaii, are developed under rainfall ranging from 40 to as
much as 150 inches annually. In these soils the kaclinite
minerals are decomposing to a more stable aluminum oxide
(22). Simultaneously, with leck of aeration, the iron
oxides are being reduced and leached from the soils. The
pH rances from 4.5 to 6.0. The cation exchange capacity
averages 45 milliequivalents per 100 grams of soil.
Organic matter ranges from 10 to 15 per cent.

Hydrol Humic lLatosols from Pepeekeo, Hawall, are

developed under excessively wet areas. The annual rainfall
averages 120 to 300 inches, and in the natural condition
they are continually wet. Organic matter is high ranging
from 15 to 35 per cent. Due to the tremendous loss of
water upon drying, their volume weights are extremely low.
But they do not revert to their original form upon hydra-
tion.- The clays are largely oxides.,

Humic Ferruginow Latosols from Lihue, Kaual, appear

rather grayish to purple. Volume weights of these soils

in contrast to the Hydrol Humic Latosolis, are extremely



high resulting from the accumulation of titanium and iron

oxides (23)(25). Leaching is intensive which accounts for
the low base saturation. The annusl reinfall ranges from

35 to 150 inches. These so0ils probaebly represent the end

product of soil formation for the latosols under a wet

and dry climete (22).

Gray Hydromorphic Soils from Ewa, Oahu, are character-

ized by level topography, poor drainage, and the sccumulation

of magnesium. They are heavy and plastic and are easily
dispersed. Large number of surface cracks appears upon

drying. They are neutral to alkalinre in reaction.

Dark Magnesium Clays from Ewa, Oahu, are characterized

by their dark color and stiecky, highly plastic consistency.
They conteain high accumulation of bases of calcium and
particularly magnesium.

Exchange capacity is rather high. The magnesium
saturation is usually more than 30 per cent. They are not
truly developed solonetz but are in the process of desali-
nizetion. Montmorillonite is probably the predominant
minerai. Active dolomitization is also present in small
areas (24).

Some properties of the soils used are shown in
table 1.



Table 1, SOME PROPERTIES OF SOILS USED

Exohangeable Cations

Soil Soil Soil Exchange Organic
Number Group Femily Location pH Potassium GQalcium Magnesium Qapacity Matter
m.e./100 m.e,/100 m.e./100 m.e./100 Per cent

49~35  Humie Ookala Laupahoehoe, 4,3 «29 W) .20 Lol 14.00
Latosol A=5 Hawaii v

49-37  Hydrol Akaka Pepeekeo, Le3 2.65 «19 .39 52.9 18.00
Humlc K8 Hawaii ‘
Latosol

50-91 Low Humie Wahiawa  Poamoho, 5.2  3.71 b+ Ol Lok5 11.8 2,84
Latosol N3 Oahu

50-92 Dark Lualualei Ewa, Oahu 7:5 725 17.39 17.95 33.7 430
Magnesium M
Clay

50-205 Humie Haiku Lihue, Kaual 4.7 + 09 .66 25 17.8 7.30
Ferrugl- T3
nous
Latosol

50220 Gray Honouliuli Ewa, Oah 7ok o 3b 19444 18.33 3343 1.69
Hydro=- H1 -
morphie Soil

50-221 Dark Lualualei Ewa, Ogzshu 7.3 1.09 19.19 15.95 43.3 1.90
Magnesium M

Clay



Exohaqgeable Cations (oonﬁ.)

Soil Soil Soil Exechange Organia
Number Group anil¥> Location pH Potassium Calcium Magnesium Capacity Matter
Me€+/100 Me@s/L00 Maby M.©./100 Per cent

50-222 Low Huaie W&hhwa, Poamoho, 503 083 3.83 1035 11;8 2.22
Latosol N3 Oahu

511 Hydrol Hilo Pepeekeo, L5 .38 37 1.20 47.2 - 16494
Humie K6 Hawai i
Latosol ‘

512 Humie Kapoho Tantalus, 5.0 48 3.06 2.99 504k 15.68
Latosol A9 . Oahu
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METHODS OF ANALYSIS

‘VSQils were leached of exchangeable cations with N
ammonium acetate adjusted to pH 7.0. Peech's (20)
centrifuge method was employed initielly in determining
potassium in the extracts. However, this method was not
adapted for large quantities of potassium. The cobalti-
nitrite method of Volk and Truog (30) was more suited for
the analysis. Flame photometer was also used rather
briefly. Calcium in the extract was determined by
precipitation as the oxalate, followed by titration with
potassium permanganste. Magnesium was determined by
precipitation as the ammonium phosphate, followed by
titration with a standard acid solution.

Cation exchange capacity was determined by leaching
the soil with N ammonium acetatse, followed by distillation
and titration of the adsorbed emmonia. Organic matter was
determined by a modification of the Walkley - Black method
(31). Soil pH was determined by the use o Beckman pH

meter.



POTASSIUK FIXATION UPON MOIST STORAGE

Results of both positive and negative fixation upon

moist storage have been reported by investigators. Attoe
end Truog (3) found no fixation after 73 months of moist
storage. Stanford (27) reported little or no fixation
of potassium by montmorillconite. On the other hand,
Raney and Hoover (21), working with montmorillonite,
showed as much as 23 per cent fixation. Attoe, (2) in
his later work, found that fixation ranged from 0 to 17
per cent in the case of the fertilized soils.

Three important factors have been reported which
influence fixation upon moist storsge, namely, rate of

application, time of storage, and the effect of anions.

Bray and DeTurk (8) showed increased fixation of
potassium with greater addition of its soluble salts.
This may be looked upon as a mass action effect whereby
a state of equilibrium is attained. Wood and DeTurk
(33) also noted greater fixation with heavier application,
particularly with soils of high exchange capacity.

Although fixation upon moist storage is generally
considered slow and gradual, Martin, et al. (17) have
shown rapid fixation which was established in 48 hours.
Wood and DeTurk (33) determined that the effect of time
on fixation varies with different soils and differences

in geolcgicel ags.
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The anion effect has been considered important by
several investigators. Joffe and Keladny (13) showed
higher potassium fixation with increase in phosphate ions.
Raney and Hoover (21) noted that at 216 ppm. K the KCl
sho;#d a higher percentage fixation, but at 2,160 ppm. K

tke KEQPOL fixed a greater percentage.

In order to determine whether Hawaiian soils will fix
added potassium, the following experiment was carried out.
A series of 25 gram samples of soil was kept moist in

stoppered Erlenmeyer flasks containing 20 ml. of potassium .
solution of three different concentrations, based on the
weight of soil. The applications were 266 ppm. K, 416

ppm. K, and 1596 ppm. K. The samples were stored for one
hour to eight weeks and periodically the exchangeable

potassium was extracted. In addition to the study of time

interval, the influence of anions and the effect of air-

drying the field soil have been considered. However,
differences were not observed as indicated in figures 1, 2
ﬁnd 3. PFixation is determined by the difference in the
amount added and that recoverable after storage.

Low Humic Latosol (No. 50-91) of figure 1 indicates
no fixation. Rather than fixation, the first few days of
storage showed some release of non-exchangeable potassium.

Hydrol Humic Latosol (No. 49-37) of figure 2 shows no

fixation also. However, Ayres and Hagibara (5) found 16 to
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21 per cent fixation when potassium was applied in the
form of XjPO « With KC1, KZSOA’ xsérok KPOB, or with
- mixtures of KCl and either of the superphosphate or
ammophos no fixation was evident.

Dark Magnesium Clay (No. 50-92) of figure 3, unlike
the other two types of soils, indicates definite fixation.
With longer storage, fixation gradwmlly increased, and at
four to six weeks about 10 to 16 per cent of the added
potassium was fixed.

Figure 4 indicates results obtained from the applica-

tion of 416 ppm. K. These soils were collected at a
later date to supplement the other samples. Gray Hydro-

morphic soil (No. 50-220) was also included. At this
concentration and in following experiments addition of

phosphste ions and the moist field soils was purposely

omitted because previous study showed no effect. An
exception is the Hydrol Humic Latosol. Since this soil

is continually moist in the natural condition, it was
never allowed to dry in storage. Evidently, at 416 ppm. K
application fixation was absent.

Since fixation was not apparent far most of the soils
at lower rates of application, a concentration of 1596
ppm. K was employed. It is generally believed that higher
application brings about greater fixation (15) but this
was not the case, as shown in figure 5. Even Dark
Magnesium Clay (No. 50-92) failed to fix any potassium.
Humic Ferruginous Latosol (No. 50-205) was included in this

study also.
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Fig. 14+ Per cent of added potassium fixed upon moist storage of Low Humie Latosol
(No. 50-91) at 266 ppm., K application, (4) nztot added to moist rield soil; (B) kGl

added to moist field seil; (C) KOl added to aip-dry soil; (D) nzro“ added to ut-dry
soil, ’ A
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Fig. 2. Per cent of added potassium fixed upon moist storage of Hydrol Humie Latosol
(No. 49-37) at 266 ppm. K application, (A) KHQPOL added to moist field soil; (B)
KH,P0, added to air-dry soil; (C) KC1 added to air-dry soil; (D) KCl added to moist

field soil.
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Fig. 3. Per cent of added potassium fixed upon moist storage of Dark Magnesium Clay
(No. 50-92) at 266 ppm. K application. (A) mzro‘ added to moist field seil; (B) KC1
added to molst field soil; (G) KOl added to air-dry soll; (D) KH PO, added to alr-dry
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Fig. 4+ Per cent of added potassium fixed upon moist storage at 416 p.p.m. K application
of KC1, (A) Dark Magnesium Clay (No. 50-221); (B) Gray Hydromorphiec Soil (No. 50-220);
(C) Hydrol Humic Latosol (No., 51-l); (D) Low Humie Latosol (No., 50-222),

Each point represents average of duplicate samples.
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POTASSIUM FIXATION UPON AIR-DRYING

7 Following the étudy on moist storage, the effect of
air-drying the soils with added potassium was considered.
Attoe (2) noted considerable evidence of fixation when a
potassium fertilized soil was air dried. Wood and DeTurk
(33) also found increased fixation upon air-drying for one
week. With heavier applications, they were able to show
greater fixation, particularly with soils of high exchange

capacity.
To study the effect of air-drying, 25 gram portions

of soil were placed in Petri-dishes. Potassium solution

of» different concentrations was added to the soils, and
the mixfure was allowed to dry at room temperature for a
week. Then the exchangeable potassium was extracted.
For each concentration duplicate samples were analyz.egi.
At lower concentrations potassium was not fixed as shown
in table 2. At 1596 ppm. K applieation potassium was
fixed by Dark Magnesium Clay and Hydrol Humic Latosol.
Low Humic Latosol, on the other hand, showed some release
of non-exchangeable potassium.

In another approach to this subject a study was made

of drying & fertilized soil to the wilting point. Low
Humic Latosol (No. 50-225) was used for this experiment.

In this study, fifteen Mitschexllich pots were used
as follows: 6 pots were treated with KCl solution, 6 pots

were treated with KCl erystals, 2 pots were used to grow
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sunflower to determine the wilting point, and 1 pot was
used as a check. KCl equivalent to 1250 pounds or_xzo per

acre was added to each pot. This application is somewhat
comparable to an amount of 250 pounds K20 per acre as

generally practiced on plantations where KCl is narrowly
concentrated.

At five different moisture levels, ranging from 17 to
28 per cent, the soil was analyzed for exchangeable potassium.
Triplicate samples were taken for potassium analysis and
duplicate samples for moisture determination. The wilting
point of this soil, as determined by the use of sunflower,
was 22 per cent.

In the first series of six pots where KCl solution
was used fixation was indicated at the higher moisture level.
However, below 23 per cent moisture no fixation was
evidenced as shown in table 3. In another series of six
pots crystals of KCl were used to simulate actual plantation
practice of adding potassium fertilizer, but fixzation was

not apparent.



19

Table 2. EFFECT OF AIR-DRYING ON FIXATION OF POTASSIUM

fference

B Exchangeable Potassium

Soil Soil Potassium After

Number Group Added Initial;xﬁ Drxi%% Di

gt Ppm. mgm./25g mgm./258

50-91 Low Humic 266 10.4 10,2

: . Latosol .

50=-222 n 500 17.7 17.8

50-91 " 1596 43.8 45.3

50-92 Dark Mag- 266 13.6 13.5
nesium Clay

50-221 " 500 20.3 19.8

50-92 " 1596 47.0 Ll .8

4,9=37 Hydrol Humie 266 8.2 8.1
Latosol

51-1 " 500 12.6 12.5

49-37 * 1596 Ll.5 39.3

50-220 Gray Hydro- 500 13.5 13.2
morphic

50-205 Humiec 500 11.8 11.0
Ferruginous
Latosol

51=2 Humic 500 14 .22 14.2
Latosol

Each figure represents average of duplicate samples.

mgm.
2

.1

1.5
-1

o4
22
- 3

ol
2.2

«3

.8
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Table 3. EFFECT OF DRYING TO THE WILTING POINT ON
FIXATION OF POTASSIUM IN LOW HUMIC LATOSOL
(N1) S0IL NO. 50-225

Exchangeable Potassium

Mitscherlich Potassium Upon
Pot Number Moisture Form Initially Drying Difference
Per cent MgM./25g mgm.;/<5g mgm.
397 28.0  Solution  23.5 22.3 1.2
398 24 .8 " Cm 21.8 1.7
399 23.2 " " 23.6 " |
401 21.5 = » 233 -2
400 16.8 K n 22.6 .9
403 27.9 Crystals " 22.7 «8
404 26.1 - " 23.6 " |
405 2h .4 " " 23.5 -0
107 22.4 " " 23.2 .3
406 17.5 L » 23.3 o

Each figure represents average of triplicate samples.

Wilting point = 22 per cent molsture

1250 1bs. K20 acre application
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POTASSIUM FIXATION UPON OVEN-DRYING HUMIC LATOSOL

Oven~-drying offers another phase of this study which
is of academic interest. Heat treatment up to ZOOOC tends
to facilitate fixation (8)(9) because equilibrium is
approached more rapidly. 1In treating soil samples over

zoooc, Joffe and Kolodny (14) showed decrease in fixation
for montmorillonite clay. At SBOOG complete destruction
of fixing capacity was noted.

Humic Latosol (No. 49-35) was used in this study.
This soil was initially treated with various forms and

combinations of potassium salts particularly the phosphates;
subsequently, the soil was leached with nearly 100 inches of
water. The amount of exchangéable potassium present after
leaching is shown in the third column of table 4. TPhis
amount was compared with that of the same soil oven-dried
at 10500. As the results show, fixation was high ranging

from 20 to 40 per cent of the exchangeable potassium,
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Table 4. EFFECT OF OVEN~DRYING HUMIC LATOSOL SOIL
o NO. 49-35 ON FIXATION OF POTASSIUM

Exchangeable Potassium

Soil After~
Depth Treatment Initislly Drying Difference K Fixed
Inches mgm./25g mgm./25g mgm. Per cent
0-12 Check 1.2 1.3 " | -
surface
= KCl+Ammophos 3.7 2.4 1.3 35.94
" KEéPQ& 5.8 La2 1.6 28.45
:J””' KH?POirKBl 6.5 Leb 1.9 29.92
7* KPO3 5.9 4.0 1.9 32.65
12-24 Cheeck 1.7 1.6 " 1 -
Subsoil
- KCltAmmophos Lo 27 1.7 39.93
" KBZPOA 6.4 he7 1.7 27.75
" KH,PO,+KC1 7.7 L.8 2.9 37.52
n KPQB 9.3 6.4 2.9 3097

* Oven-dried at 105°C



POTASSIUM FIXATION UPON ALTERNATE WETTING AND DRYING

Many investigators have reported greater fixation when

soils were subjected to alternate wetting and drying process.
Martin, Overstreet and Hoagland (17) showed that in this
process potassium fixation was not dependent on the presence
of clay minerals of the expanding lattice type. This is not
in harmony with Page and Baver's (19) theory, which is based
on the formation of a stable structure upon dehydration of
a potassium saturated system. This stable structure is
formed only in the expanding and contracting lattice mineral
such as montmorillonite. G.W. Volk (28) also found tremendous
fixation by this type of mineral after alternate wetting and
drying twenty times at 7000, Using the same technique,
N.J. Volk (29), working with 100 different soils, was able to
show fixation ranging from O to 114 per cent of the added
potassium.

In view of the high fixation data obtained by other
investigators, an attemnpt was made to determine the effect

on Hawaiian soils using this method. However, instead of
o
drying at 70 C as Volk did, it seemed more practical to dry

the soils at room temperature. Twenty-five gram portions
of soil were placed in Petri-dishes and saturated with 20

ml. of KCl solutions of different concentrations. The soils
were allowed to dry at room temperature for about a week;

then they were rehydrated with water. This process was

repeated three times. For each concentration duplicate
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sample s were analyzed.

ILow Humic Latosol (No. 50-91 and No. 50-222) showed
little fixation, 9 per cent being the highest amount fixed
at 500 ppm. K application.

| Dark Magnesium Clay (No. 50-92 and No. 50-221) showed
a much higher fixation. At 266 ppm. K application the soil
fixed an average of 11 per cent potassium and at 500 ppm. K,
fixation was as much as 19 per cemt. However, at 1596 ppm.
K, an average of only 3 per cent was fixed.

Hydrol Humic Latosol (No. 49-37 and No. 51-1) and Humie
Latosol (No. 51-2) did not fix potassium at all. Humic
Ferruginous Latosol (No. 50-205) fixed an average of 8 per
cent at 500 ppm. K application. Gray Hydromorphic (No. 50-
220) showed an average of 7 per cent fixation.

Dark Magnesium Clay again showed the greatest amount of
fixation. It is very probable that drying the soils at

higher temperature would bring about further fixation.



Teble 5. EFFRCY OF ALTZRLATE WETTING AND DIYING AT ROOM

5091 Low Numls 266 104k 104 o3 &e08
istosol
50-222 - 500 194 18,3 1.1 Fe50
55-91 . 1596 L3.8 h2.6 1.2 2.85
’i;}ogz “Dark 26¢& 13&‘ 13.5 «3 1.1;25
Hagnesium
Clay
50=221 - 500 22.0 19.8 2.2 18.64
5052 " 1596 h7.1 46.1 1.0 2.60
49«37 Hydrel 66 8.1 8.0 "} -
Humle
Latosol
5i=1 w 500 Ao 17 o2 o
49=37 . 1596 blek bl oky »0 -
50-205 %@0 , w%& Tobe Toh 0 e
Latosol
» . 500 13.0 12.1 9 8.10
" . 1596 409 40.9 - -
$0=220 Grey 500 15.7 149 o8 €.95
Hydromor phle
§1-2  Humie 500 154 15.1 3 d
Latenol

Each figure represents sversge of duplicate sanples.



THE EF?ECT OF PGTASSIUH SATURATION‘QK

In the fixation process the exchangeable potassium is
génsrally converted into non-exchangeable form. Accordingly,
soils saturated with potassium would seem to favor fixation.
To test this point, an experiﬁent was carried out by saturat-
1ng the soils with N potassium acetate and heating the soils

for 12 hours at temperatures ranging from 25 G to 100 C to
facilitate the fixation process.

Wear and White (32) showed significant decreases in
exchange capacity with an increase in fixation when potassium

o)

saturated soils were dried at 105 C for 12 hours. This was
particularly evident in soils of 2:1 mineral structure like
the bentonite. They claimed that illite, which is aliso of

2:1 mineral structure, did not fix as much potassium

because it already contained large amount of potassium in
fixed positions. Levine and Joffe (16) also noted the same
relationship between fixation and the exchange complex, but
not in equivalent amount. Barshad (7) was able to show

that the reduction in the exchange capacity was due to
vermiculite or blotite minerals in soils. Potassium in
these minerals caused the crystal lattice layers to contract,
thereby entrapping the potassium in the mineral structure.
Ammonium, cesium and rubidium react in a manner very similar

to that of potassium. The fixed cations are exchangeable

only by such icons as sodium, magnesium, calecium, and barium,
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which when adsorbed, caused the layers of the crystal
lattices to expand.

In pursuing this study three soils were ﬁsed, namely,
Gray Hydromorphic (No. 50-220), Dark Magnesium Clay (No. 50-
221), and Low Humic Latosol (No. 50-222). As shown in table
6, Gray Hydromorphic soil showed little fixation with
increase in temperature and a slight reduction in exchange
capacity. Dark Magnesium Clay showed greater fixation
with increase in temperature and a considerable drop in
exchange capacity. Low Humiec Latosol, on the other hand,
béhaved somewhat differently. At 5000 fixation was at its

greatest and decreased as the temperasture was increased.



Table 6. EFFSCT OF TEMPERATURE ON FIXATION AND EXCHANGE CAPACITY IN POTASSIUM
SATURATED SOILS

Gray Hydromorphie Soil Dark gnea%um glax Low Humic tosol
iﬁm 5%2265 . (NOW (No. 50- %%ﬂ

Tempera bur e ed }é’.:ohgita* K Fixed E:thitu"‘ Fixed gﬁ;ﬁn &
M Per cent %T% %ﬁ"oent Me®o/
25% 33.8 .0 L2 .4 4.7
50°C 2437 33.5 8.54 39.4 9.79 1445
75%  3.56 334 9.39 39.6 8.99 1h b
100% 5.85 13340 13.79 39.4 2.65 T

*Exchange capacity of potassium saturated soils.

8c



| DIFFERENTIAL THERMAL ANALYSIS OF SOILS USED

Since many soiis in Hawaii are made up of over 50 per
cant clay fractions, the identification of clay minerals is
extremely importanmt. To a large extent these minerals
determiﬁe the physical and chemical properties of soils.

Differential thermal analysis (26) provides one of the
methods of identifying these minerals. This analysis was
included in order to substantiate the experimental data.
Briefly, this method is based upon the fact that the

a?plication of heat to a mineral causes certain physical
and chemical changes that are reflected in endothermic

and exothermic reactions. By comparing the change in
temperature of a mineral heated at definite rate with that
of a thermally inert substance (A1203) heated under the

same conditions, a curve or pattern is obtained which .s

characteristic of the particular mineral under examination.
Two standard reference samples *, kaolin and- bentonite,
Qere run for thermal curves which represent typical 1:1 and
2:1 lattice minerals respectively as shown in figures 6 and
7. ** The vertical axes on the graphs represent galvano-
meter deflections of endothermic and exothermic reactions
of the clays. |
Kaolinite has two critical peaks, a sharp endothermic
peak at about 60000 and a sharp exothermic peak at 95000.
*¥ Samples obtained through the courtesy of Dr. G.D. Sherman,

U.H. Expt. Sta.
** Part of the analysis was done by T.A. Jones
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The se peaks are very distinct as shown in figures 8A and 8B
of the Low Humic Latosols, which may ccntéin nearly 80 per
cent kaolinite (18). These points are also present in
other types of soils but not as pronounced. Matsusaka (18)
was able to identify kasolinite distinctly with quantitative
data, which seem to agree fairly well with his dehydration
curves. He found Kaolinite content rather low in young
soils like Reddish-Brown and increased amounts in Humic
Ferruginous Latosols and Hydrol Humic lLatosols. Low Humie
Latosols contained the highest amount.

Montmorillonites are not as easily identified in
Hawaiian soils. The reference sample, bentonite, shows the
eridothermic peaks at about 100°C, 700°C, and 900 C. Derk
Magnesium Clays of figures 134 and 13B show all three points
on the curve indicating the presence of Montmorillonitic
Clay and little kaolinite. Gray Hydromorphic soil of
figure 11 shows greater amount of kaolinite and a
questionable presence of 2:1 crystal lattice minerasl.

Bauxite, goethite and limonite show large‘endothermic
peaks at about }SOQG on the differential thermsl curves.
These are easily identified in Humiec lLatoscl, Hydrol Humic

Latosol, and Humic Ferruginous Latosol of figures 9B, 10
and 1ll. Figure 9A shows the masking effect of organic
matter on clay minerals as compared to figure 9B the same

soil with organic matter removed by hydrogen peroxide treatment.
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Fig. 9. Differential thermal cﬁrns of Humiec Latosol
(No. 51-2). (&) presence of organic matter; (B) removal
of organic matter with hydrogen peroxide.
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Frineipsl types of Hawaliiasn solls do not possess the
eapaelty to L£ix potassium as the Fodzolic solls of the
United Stetes. In Bawail where lateriszation is very active

erd chemical weslhering scoelerated, the formation of
kasolinitlec and oxidic minerals predominates. These minersis
40 not Tix spprecisble anounts of potassium. Fapey and
Hoover (21) snd obthers bave sbhown no flzation with lateritie
eolloids because the predomissting minersl type consists

of the non-expanding kaoclinite. Page and Baver (19)

related the ionle size of potassium to the expanding lattioce
type of mineral inm deseribing Iization.

A8 part of N.J. Volk's (29) doectorate thesis, tiree
soils from Haweli! were used. However only one showed any
fization upon slternate wetlilng and drying. “laterite No.
9% as lndicated in his table fized 20 ger oent of the added
potassium. Using & sleilar procedure the Derk Hagnesium
Clay of tiis stady fized approximmiely the seame perssntage
of potassias.

The results of this study eonform to the findinmgs of
the above investigators. Solls under study generelly
showed 1ittle fizetion bessuse a large proportion of their
clay fraction conslsted of either ksolinite or the oxides
&2 revealsd by differential thermsl ourves. Low Humie
latosols, for exauple as shown ian figures 84 and 88, contain-
ed large amount of keoclinite. Humie and Hydrol Humle
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imtosols in figures 98 and 10 conslsted of oxides and
kaclinite minerals. Humle Ferruginous latosol of figure
1l consisted primerily of the ozides. Uray Hydromorphis

soil, as indicated 1ua flgure 12, contained cunsiderable
amount of kaclisite and posalbly 2:1 lattice minersl.

Dark Hagnesium Clays im Cigures 134 aml 13E conslsted of
keclinite and 2:1 lattice mireral of the montmorillonitie
tyre. The kaolinite content was much lower ln Dark Hagnesliun
Clays than in lLow Bumic latesol or Gray Eydromorphie soil.

The presence of 2:1 ilattice minerals in Oray Hydro-
morphic snd Derk Magnesium Clay, 1s substantlisted by the
properties shown in teble 1. These scils posseas high
exchange cajmcities, high bese saturation and high pH.

As evidenced throughout thils stady, Dark Hegnesium (lay was
the only svil thet consistently fevored fixation.

Upon moist storage, Wood end DeTurk (33) were able %o
sbhow fixstion with additicon of scluble potassium salis, in
acoordance with thelr eguilibriua concept on different
potassium forms, However, t:is eguliibrium reecotion was
not obsserved in thils cwrrent study. Fization upon melist
storage was lisited to Dark Magnssium Clay at 266 ppm. X
application. Abel and Haglstad (1) found no squilibrium
reaction of potassium for Hawalisn solis. They noted

that fallosed solls showed grester relesase of uon-

exchangeabls polassium than eropped solls.
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syres and Hagibars (5) as aforementioned found 16-21
per eeat fixetion from ‘JPeb upon moist storage of Humle
and Eydrol Humls latosols. Sinee X, PO, forms a stromgly
besie medium upon hydrolyeis, its resetions are somewint
different. According to Stenfard {2‘?) pH ohanges are
agoompanied by mmrked effeols on fixstion. The resuits
suggest that hydroges iome in certeln positions within the
minersl erystals of the =old solls sre meulruiized by ihe
bases, and this process, in sone mensner, facllitatss the
entranee of potassium lons into sttice poslisions where
~ fixetion takes place.

Air-drylog is ancbher sepect of this study whieh
prevalls under netural eomdition. With higher application
of potsssium greater amount was fixed. The effect is
definitely dus to greetly invreased concentration of the
potassium selts, Tils enmables a state of propiaguiity to
exist between potessium ions end the elay fractions, resuli~
ing in the conversioca of soliuble snd exchangeable potassium
to non-exchangesble forms, Martin, et al. (17) suggest
that Tixation on drying may be atiribubed %o the loss of
water and %0 the lnoresse in salt concemtration is the
iiguld phase.

In another reiated experisent in whleh the Humle lLatoscl

(¥o. 49-35) was dried at 105 ¢, fixatlon wes extremely hlgh.
Thils may be caused by either the lneresese in potassium
gongentration, ihe presence of soluble phosphate, the effect
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of drying at a higher temperature, or by the combination of

these factors. Joffe and Kolodny (13) showed higher
potassium fixation with increase in phosphate ions. Any
condition which facilitates the release of phosphate aids
the reeombination of this phosphate with other cations, thus
fa#oring the fixation of potassium. According to Stanford
(27) the precipitation of iron and aluminum phosphates
caused an increase in potassium fixation. This Humie
Latosol may contain as much as 50 per cent ¥ of its minerals
as the iron and aluminum oxides, which could react chemically
with the phosphates in the fixation process. With less then
10 per cent montmorillonite in this soil, it hardly scems
possible that this amount will influence fixation. As a
mtter of fact, Stanford and others found less fixation

with addition of phosphate ions to montmorillonite.

Generally speaking, therefore, moist storage and air-
drying produce very little fixation.

Alternate wetting and drying presents another approach
to this problem. Several workers have shown tremendous
fixation. In this experiment, as much as 19 per cent fixa-
tion was noted for the Dark Magnesium Clay while the other
soils showed some indications of it. Evidently this alternate
wetting and drying process 1is more suited for the expanding
and contracting mineral in facilitating the entrance of
potassium ions. Page and Baver (19), as already mentioned,
associated the ionic size of pbtassium with the expanding
* Abstract of American Journal Society Agronomy 1952 Annual

Meeting "Chemical Allocation and Mineral Content of Hydrol

Humic, Humic, and Brown Forest Latosols of Hawaii®,
T. Tamura, M.L. Jackson and G.D. Sherman.
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latiice mimeral. From all indications the probavle reason
for higher fixation by Dark Magnesium Clay is duc %o the
presence of ap appreciable amount of the expaundinmg 2:1
lattice minerals.

Levine and Joffe (16) were able $0 show & relstionship
between the pobassium which enters the ecomplex of exchange
rea¢ilon and the pobsssiua whieh 1s fixed. It shows dlrect-
iy st prior %o fization potessius must be in the exclmnge
complex. With inerease la fization greater redustioa in
exehange capacity was noted. Simiisr decreases in exchange
oupaoidy were ovidenced in tials study, particularly by the
Dark Magnesium Clay. 1%, therefors, indleates a elose
assoglation between the properties of fixation and exchange
gapacity.

Other theories sve been advansed on the mechanisa of
fization. ¥or example, Joffe and Koledny (13) and G.¥. Volk
{28) hmve suggested potessium fixation by museovite formstion
as supported by i-ray pattem. Theoretically, thls is
possible by substituting slumings snd potassium Ior silles
of the pyrophyliite mimeral. Gorbusov (10) expialined the
phenonenon & being esscolsted with the aging of the seoil
gel during e intermlttent weltinog and drying procesa,.
Rewettling doves not restore the soll gel to the original
state. |
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fotassiun fization does not pose any serious problem
in Hawali. Oolis representing alx major Oreat soll Groups
comprising areas devoted priseril; o agricuitwe wers

empioyed in this study, OF these solls Dark iagnesius Clay

favored fizstion im sil phases

of thiz study. Hesuits of
the experiments say be susssrised as folliows:

Holist sturage of solls generally prodused
except for Dark Hegnesium Clay at 2066 ppm. X concen
The enions showed no differentisl sflects on fixation.
EHelst {ield solls showsd simlilsr resuits as the alr-dried

solis.

Iittle fization wes evidenced upon slr-dryisg. in
appreciable amount of potassion was fixed at the highest
application by Dark Megnesium Clay and Hydrol Humle lstosol.

Oven-drying the Humle lLatoscl resulted lo wnusually
high fixation whioh may have been dw o Shree sondltions:
gonoentrat ion, phospbete lons, and high temperature.

in the altermmie wellilog and drylmg provess, the Dark
Magnenium Clay fixed as much as 19 per oent of the added
potassies. Other soils showed much less fixzatiom.

Close relationship was noted between {lxation and the

age capacity on potassius saturated soiis, but mot in
proportisnste ampunt. Flzatlon inoreased with highes
tesperatwe.
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Clay minersls were ldentified by the differential
felrly well with the data obtained 1z tals study.

Potassium fizatios is due prissrily %o the expsnding
2:1 lesties minerals. Xaolinite and ths free oxldes of
iron and siuslinus ié set favor fiszetion.
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