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SORPTION OF POTASSIUM AND ALMONIUM BY SOILS
AS INFLUENCED BY CONCENTRATICN AND
THE DEGREE OF BASE SATURATION

w > o $°2 agriculturel soils in high rainfall regions of the

Hawaiian Islands are in a low state of base saturation. Because@ of

treti ~1+N1which,inthemost humid districts,isabove 200 inches

L yvawledge of theabilitiesof thesesoilstoretain potassium and

ammonium fertilizers becomes important to the sugar cane grower, It has been

shown by Peech and Bradfield (6)and more recently by Peech

o heallitiesof soils to sorbpotassium from neutral potassium
(7)shast

salte decrease as the degree of base saturation decreases. It seemxs

probable that sorptionofammonium issimilarlyaffectedby the stateof
saturation.inviewof these considerntions it was deemzsd aporopriate to

sgtudy she effect of thedesree of basasaturation of these soilsupon

their abilities to sorb potassiumand ammonium salts.

It isa commonpracticeinitawail toapply nitrogenand, attimes,

to surar cane by diesolvinz the fertilizer in the irriesticn

noteas it

mote~ Triov to 1ts enplicatiorn to the field. Since an irrigation of

ana tnvelves from S to 10 =scre-incres of water, the resulting
b 14

sUSAaT Y

stz ion o the 821t is great. The effect of suck dilution unon the
sorotioe of the salts by Fawaiizn scils has not nrevicusly bteen studied.
L eecond wbiective of this work, therefcre, was to deterrmine the in-
Flamee oF concentration upon the sorbability of petassium und amronium
Y 4 wotl.

Zxperirental Trocedure

Two S8oilsweresclected for thestudy:one,a’’iio-coastsoil from

thelalnwiolftoweli isrepresentativeof soilsof themorehuniddistricts


http:arrmoniu.rn
http:arrmoniu.rn

G-

where irrication is unnsecessary; the other, from the Aiea region of the

Island of Oahu, is typical of large areas of drier, irrigated sugar cane
l=nds of the Islands. Both scils are residual and lateritic in nature.

Certain other characteristics of thess soils are listed in Table 1,

Substantial quantities of the two soils were pulverized to pass a
l~mm. screen, They were then saturated with calcium by leaching with a
soluticn (pH 6.8) which was 0.5 N with respect to calcium acetate and
0.1 N with respect to calcium chlorids. The chloride was included to
simplify the testing of the washed zoil., After treatment with the cal-
cium solution, the soils were washed with water until free of chlorides.
As a result of this treatment the pH of each soil was 7.4. One hundred-
gram portions of these calcium-saturated soils weére then adjusted to
various degrses of saturation by electrcdimlysis. 1In the case of the
Hilo~const sample, s0ils at eight stazes of base saturation were prepared
in this manner; with the Aiea soil, three., Sines ammonium is apvolied
almost exclusively by the plantations as the sulfate {n fertilization and
potassium as the chloride, these salts of the cations were employed in the
study.

The abtilities of the two soils at the warious degrsss of caleium
saturation to sorv potassiur =nd arconium were measursd by the following
procedure: Duplicate S-gm. samples of the air-dried prepared soils were
shaken with 250 cc. of potassium chloride (or with ammonium sulfate) in
an and-over-snd shaker for 1 hour., The suspensicns were allowed to stand

16 to 12 heoura. They were then poured on filters in 8-cx. 3Buchner funnels

~

and the solutions drawn throusgh under suction. «dditionsal units of 5C0 ec.

C

¢f the fresh scluticns wera thren mercolated through the soilis

mder cravity,
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the rate of percolation being so adjusted that the process required 16 to
20 hours. Upon completion of the percolation, the soils were washed with
80 per cent ethyl alcohol until free of goluble salt. Where potassium was
the sorbed cation, the arount was determined by subsequent displacement
with & normal ammoﬁium acetate solution adjusted to pi 6.8. The potas-
sium thus displaced was determined by the volumetric scdium cobaltinitrite
method of Volk and Truog (9). The sorbed armonium was determined by distil-
lation with magnesium oxide, corrections being made for any breakdown of
organic soil nitrogen in the process by similarly distilling samples of
the untreated completely electrodialyzed soils. In order to ascertain
the effect of concentration upcrn the sorption of potassium and emmonium
by the soil, three solutions of each salt were employed; namely, C.0CL,
C.01 and C.1 N.

It was manifestly irpossible to vary the concentrations of the salts
and at the same time to meintain constant both the ratio of salt tc soil
and that of soil to solution. It was therefore decided to employ a con=-
stant ratio of soil to solution and to ignore the factor of the unequal
ratios of salt to soil. This anoears to have been justified, since the
amounts of the cations sorbed by the soils were nof sufficient to de-
trease more than slirhtly the concentrations of the solutions, except in
the case of the highest diluticn, 0.C71 N. Even here the maximum decrease
was less than 10 per cent. Morsover, this represents an sverage decrease,
whereas the nctual decrease was protably greater than this value at the
beginning of the vercolation and very much less at the end.

Sorption of Poctaasium

Fixation of potassium in nonreplaceabls forms has bsen shown by
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Volk (8) and Lymsn (5) to occur to only a slisht extent in Hawaiian soils
and then only as a result of repeatedly wetting and drying the soils.
Hencs, it is assumed that fixation of potassium in such forms did not
occur under the conditions of this experiment and that all the potassium
sorbed under the various treatments was subsequently revlaced by ammonium
acetate,

The results obtained for the sorption of potassium at various degress
of calcium saturation by the Hilo-coast soil are shown in Fig. 1. They
indicate that increasing the amounts of exchangeable calcium in this soil
increases its ability to sorb potassium. The degree to which exchangeabls
ealefun 1s effective in incressing the sorption of potessium by the soll
is seen, however, to be dependent upon the concentration of potassium in
the solution with which the soil is leached. Thus, whereas saturating
the completely electrodialyzed soil with calcium approximately doubled the
quantity of notassium sorted from the 0.001 N KC1 solution, it increased
by a factor of five the amount sorbed from the C.1 N solution., The slopes
of the curves in the figure indicate that the beneficial effect upon the
sorption of potassium of increasing amounts of exchanxeadle calcium i=
greater at the lower dagrees of base saturation. This susrgests that
liming would prove most effective upon those soils which are most nesrly
devoid of exchangeable bases.

Table 2 cshows results for the sorption of potassium by the Alez soll
at three staces of saturation, together with correspondinz data for the
Hilo~coast soil. It will be seen from this pressntation that auvementing

] i ' 5 < the
the sunply of exchangeabls calcium in the Alea soil resulted, us in
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case of the Hilo-coast soil, in increased sorption of potassium. In fact,
the quantities of the salt sorbed by these two very diverse types of soil
are, except at the highest concentration of potassium chloride, of much
the same order. With the highest concentration, and at the higher degrees
of caleium saturation, sorption by the Hilo-coest soil was much greater,
The difference in sorption'power at this point is probably conditioned in
part by the very unequal exchange capacities of the two soils., Thus the
amount of potassium taken up from 0.1 N KCl by the saturated Hilo-coast soil
(17.5) 1s the equivalent of the entire exchange capacity of the Alea soil.
In every case the degree of potassium saturation resulting from the
various treatments was greatsr for the Alea soil.

Since potassium (from potassium chloride) apparently replaces
exchangeable calcium in ths soil more readily than it does exchangeable
hydrozen, there seems littls doubt but that increasing the degree of base
egaturation in the more highly leachsd soils of the high rainfall districts
would aid substantially in bringing about a greater sorption of potassiuz.
There is a wvast difference, however, between raiesing the level of exchange-
2ble ealeium throuchout the root zone and the mere application of lime to
the soil. DBrown and Munsell (1) found that, after appliecation of lime
to grassiand soils, o period of 1C vears was required before a uniform pH
was attained in the top 6 inches of soil. The problem of obtaining the
necessary distribution of lime in the root zons of suzar cane would be
esﬁecially difficult under 'awaiisn conditions where the fields are nlowed
<nd planted only at intervals of 5 tc 10 years. Fence, 1t anpsars that,
though ultimately the uses of limq would orove beneficial in retarding

nossible locses of potascium in the hish rainfall reglions of the Islands,



little immediate gain could be expected from its use.

Fig., 1 and Table 2 show that the effect of tke concentration of
the potassium solution upon sorption of this cation by the =0il is just
as important as that of the degree of base séturation, if not more so.
From 0,001 N KC1 the gquantities of the cation taken up were cnly one-fourth
tc ons-twelfth the amounts sorbed at the same degrees of saturation from
0.1 N KCl. Tre marked decreases in the sorption of potassium with de-
creasing concentrations of potassium chloride, together with the relatively
slisht sorption of the cation from the lowest concentration {in the neigh-
borhood of 1 m.e. for both soils, at all degrees of saturation), suggest
the possibility of a concentration so low that no sorption whatever by
the soil would oceur, regardless of the degree'of base saturation. Hance
and co-workers {3), studying the effect upon certain Hawaiian soils of ir-
rigntion water with naturally occurring potassium to the extent of
25 v.p.m. K90, concluded that sorption of potaésium from this medium by
the soil does not occur even when several hundred pounds of Xp0 are ap-
plied ennually.™ Expressed on the basis of normality, this ccncentration.
of potessium corresnonds to aprroximately 0,0005 N, or but one-half of
the minimum concentration of potassiur chloride employed in the present
study, which resulted in a maximum scrption of only 1.4 m.e, of potassium
per 100 gms. ¢cf soil. There seems good reason to believe, therefore, that
the failure of potassium-containing irripation water to increase the level
of exchanmeable potassium in FZawaiian soils is due in very large part to

the low concentration of the cation. Kelly, Brown and Liebig, Jr. (4)

It was shown, howesver, that the cron was able to obtain potassium

directly from the irriesation water,
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and Fraps and Fudge (2) have shown that the degree to which sodium is
sorbed by soils from irrigation water is dependent to a great extent upon
the concentration of the cation in the medium. Their work indicates that
it 1s due to the high dilution of the sodium in irrigation water that the
base dces not normally accumulate in the soil in injurious amounts. The
same workers have also shown that other cations in the irrigation water,
espscially caleium, influence the sorption of monovalent bases,

The repressing effect of dilution upon the sorption of potassium by
the scil suggests that the application of potassium fertilizers to crops
through the medium of the irrigation water may result in losses of the
nutrient. The extent to which such losses of potassium might be expected
to occur would depend in part upon the quantify applied and the volume of
irrigation water in which the salt is dissolved. Where potassium salts
are applied to the soil in crystalline forms and brought into solution
through subseguent rainfall, the concentrations of the salt and hence the
assoclated corption of potassium would be expected to range from very high
tc probably neglisible valuss,

Sorption of Armonium

Data relative to sorption of ammonium {from ammonium sulfate) by ths

two solls at three stages of base saturation are slso shown in Table Z.

i3]

Sorption of ammonium by both soils incressed, as did that of potaczsium,

+

with increasinz degrees of caleium saturation, the effect tsing more
pronounced on the ilo-coast soil., OScrpticn of ammonium by the two soils
was similar in amount except at the highest concentration of ammonium sul-

s
fate, ©.1 N. ere the

»

ffect of exchange capacity upcen the sorption cf
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ammonium is seen. Thus with the half and the completely calcium-saturated
soils, sorption by the Hilo-coast soil considerably excseded the entire
exchange capacity of the Aiea soil.

Though the presence in the soil of exchangeable bases is thus seen to
have a beneficial effect ﬁpon the retention of ammonium, yet a far more im-
portant factor avnpears to be the concentration at whieh the anmonium salt
percolates through the soil. For example, on the Aiea so0il, the quantities
of armonium sorbed from 0.1 N (NH3)5SO4 were from 8 to 10 times the amounts
taken up from 0,001 N (NHg)pSO4, whereas the maximum increases in sorption
by this socil, duse to base saturation, were less than twofold. The in-~
fluence of concentration upon the sorption of ammonium by the Hilo-coast
801l was still gzreater.

The results of this study suggest that when armonium salts are ap-
plied to the soil throucgh the medium of the irrigation water, the re-
sulting state of sorbability of the ammonium ions is probabdbly very low,
depending upon the amount of fertilizer applied, the volume and guslity of
the irrigation water and the nature of the soil. The more dilute is the
solution, the greater will be the tendency for the ammonium to go where
the water goes. If the water containing the salt does not penetrate the
scil to depfhs exceeding that of the root zone, it perhaps makes little
difference whether the cations are actually sorbed by the soll or not;
however, an irrigation of 7 acre-inches, which is normal under Hawaiian
conditions, does in many soils reach depths considerably greater than
those attained by important fractions of the sugar cane roots. Moreover,

in the generally pervious scils of Hawaii, percolation cf water is g
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feirly rapld process. Under such circumstances, 1t seems probable that

some smmonium may be lost.

Effect of the Anicn on the Sorption of
Pctassium and Armonium

The results of this study showed that, at the higher concentrations
of the selts, the amounts of ammonium sorbed were much greater fhan the
corresponding quantities of potassium sorbed, particularly by the Hilo-
coast soil. The question naturally aross, therefore, whether the greater
sorption of amronium a% these concentrations indicated a higher sorbability
of armonium, per se, or winsther the difference in sorption of the two
cations was attributable to the different natures of the accompanying
anions. It wes suzgested that, sinece sulfuric acid is weaker than hydro-
ckloric acid, more armonium than potassium was sorbed by the soils be-
cause of the union of the sulfate radical with exchangeable hydrogen to
form the bisulfate radicsl, thereby promoting the replacement of hydrogen
by ammonium,* I# the respective anions were responsible for the dif-
ferential sorption, then, if the soil were leached with pctassium sul-
fate and amronium chloride instead of with potassium chloride and ammonium
sulfats, the sorntion of potassiur should exceed thet of armonium,**

In order to test this hypothesis, portions of the corpletely unsaturated
Hilo-cosst soil were leached with solutions of potassium sulfate and am-
monium chloride in the manner already described, and the extent of the
resulting sorption was determined.

It will be seen from Table 3 that interchanzing the anions reversed
T "The discociation constant for the second rydrogen of HpSO04 = 2 x 10
**0On this basis it is probtable that substantial differences in the

sorption of the cations from the two salts would result only where the
sorption was brouzht about by parcolation,
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the order of the sorption of amronium and potassium: under these con-
ditions, much more potassium than ammonium was taken up by the soil at
a1l concentrations. Thus there remains no evidence that one of the two
cations is more strongly =sorbed than the cther, when both are employed
as salts of the same acid, If the proffered explanation for the observed
differences in sorbabilit? of the cations from the chloride and sulfsate
forms is correct, it would bs expected that such differences would bs
greatest on the hydrogen-saturated soils and would decrease as the pro-
portioné of exchangeable hydrogen to bése in the so0il exchangs material
decreased. Such relationships appear to be implied by the date in Table 2.
Except at the lowest concentrations, the ratios of ammonium sorbed (from
arrwonium sulfate) to potassium sorbed (from potassium chloride) generally
decreased with increasing degrees of base saturation. Though the evidence
resultine from this test is definitely limited, the indications ars that,
on highly =a¢id soils at least, greater sorption of potassium and ammonium
may be expected to result from the use of sulfates than from the use of
the corresponding chlorides.
Surmar

A study was mzde of the sorption of vpotassium and ammonium from 0.1,
0.0l and 0.001 N solutions of the cations by two Hawailan clay soils at
degrees of calcium saturaticn ranging from 0 to 100 per cent. The re-
gults may be surmarized as follows:
' Sorption of notassium and armenium {from percolztins solutions)
decreased goreatly with decreases in concentrations cof the cations, 4t the
lowest concentration (0.001 §) the sorption was very low, ranging from O to
1.4 m.e. por 100 #m. of soil, dependine upon the salt used and the dezree

of calcium eaturation.
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Increasing the degree of czlcium saturation of the soils increased
the sorption of potassium and ammoniur. The effect was not so marked,
however, as was that of the concentration.

Sorption of potassium and ammonium (by the comvletely electro-
dialyzed soil) was much higher from the sulfates than from the chlorides
of these cations,
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Table 1.

Description and Scme Chemicel
Characteristics of the Soils Studied

Exchange
capacity
Organic Exchange dus to
matter Ultimate capacity orzanic matte
Soil Deseription . Per cent m.8./1C0 gm. Per cent
Hilo-coast Light brown clay 15.6 4.3 41.2 75.6
Alea Red elay 4,7 4,3 17.4 27.0
pH (Ca-soil) = 7.4
Table 2, Effect of the Concentration of the Percolating
Solution and of the Degree of Base Ssturation
Upon Sorption of Potassium and Ammonium
Degree of Ca-saturation
Percolating Hilo-coast soil Alea soil
solution 0 51 100 0 31 10¢
Potassium sorbed, in m.e./100 a@m. of so0il
0,001 N KC1 0,7 1.3 1.4 0.9 - 1.8
0.01 N KC1 1.6 3.9 5.5 1.8 4.4 4.4
0.1 N KC1 3,0 12.8% 17,5 4.2 5.9 7.9
Ammonium sorbed, in m.e./100 gm. of soil

0,001 g;(NH4)QSO4 C.2 .4 0.6 1.0 1.1 1.2
C.C1 gl(N34)2804 Sl 6.9 7+l 3,9 5.8 8.1
0.1 N (NHg)9S04 10.4 22.8 24.1 7.3 10,5 10.4

*Cbtained by interpolation from Fig. 1.



Table 3. Influence of the Anion on the Sorption
of Ammonium and Potassium by the ll-saturated Hilo-coast Soil

(Results expressed in m.e./100 gm. of soil)

Potassium sorbed

Concentration from

of salt KCl KoS04
0.001 N | 0.7 1.2
0.01 X 1.6 3.4
C.1 R 3.0 10.6

Anmonium sorbed

from
NH4Cl  (NHgq 2S04
0.0 0.2
0.8 3.1
3.3 10.4

b
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