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SORPTION OF POTASSIU'.l AND A1�lmNr�.! BY SOILS 
AS INFLUENCED BY CONCENTRATION 1\ND 

THE DEGREE OF BASE SATURATION

- �·· . · t':� !if'.riculturel soils in high rainfall regions of the
..... ..... ' 

Hawaiian Islands are in a low state of base saturation. Becaus� of

tte ��..:-� "."!1-:·�.'lll which. in the most humid districts, is above 200 inches

annually. � \:.':\.'•ledge of the abilities of these soils to retain 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

(?) that the a111ties or soils to sorb potassiu..� from neutral potassium

salt�decrease us the degree of base saturation decreases. It seems

probable that  �rption or ammonium is sitr.ilarly affected by the state of

saturation. fo view of these considerations it was deemed appropriate to 

study the effect of the degree of base saturation of U.ese soils upon 

their ab�l1ties to sorb potassium and arrmoniu.rn salts.

It is a �ommon practice in P.:.s-.,;s.ii to apply nitrogen and, at times, 

pct�:t��\�:-i· t,' �u,;:ar cane by dissolvin? the fertilizer in the irri3'8tion

't'i'i,, 1• to its enplication to the field. Since an irrigation ofW:'. te:-

\'t1''.� involves from 5 to 10 acre-inches of water, the resulting 

�i :�:� t,•:, .·1 P'.t' s<:tlt is gre'lt. T:,e effect of such dilutio::i u:;:ion the

�01 .. :th'n ,,(' t!1t1 salts by t:awaiio.n soils h::1.s not previously been studied •

. :.. �,,_.,,.,,, ,,bJ,�t�tive of this war�. therefore, was to deterr.ine the in-

�l:;,,•'.,' (
' ,.r ('M1ccntration upon tbc sorbnbility cf pot:1sai"..l.T :.ind :1rr.rr.onium

E:xperirrent!l l ?rccedur� 

'I'wi• ·sPi ls were selected. for tl:e st;.,dy: one, a IHlo-coast soil from 

t�to 1-, h !,,I ,)t' 1 :::iwa ii, is represent'it i vo 01· so1l:i or the a:ore ht.:..'11id d.istr:tcts
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where irrigation is unnecessary; 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 soils are reeidual and lateritic in nature . 

Certain other characteri sti cs of these soils are listed in Table 1. 

Substantial quantities ot the two soils were pulverized to piss a 

1-rr.m. screen. They were then saturated with calcium by leachi ng with a 

soluticn (pH 6.8) wbich was 0.5 N with respect to calcium acetate and 

0.1 ! wi th respect to calciun: chloride. The chloride was i ncluded to 

simplify t he testing of the washed soil. After treatment with the cal

cium solution, the soils were washed with water until tree of chlorides. 

As a result of this treatrr.ent the p.t{ of each soil was 7 .4. One hundred

gram portions of these calcium-saturated soils were then adjusted to 

vari ous degrees of saturation by electrodialysis. In the case of the 

~ i l o-co~st sample , soils at ei?ht stages o f base saturation were prepared 

i n this manner; with the Aiea soi l , t hree. Since a:nn:onium is a pnlied 

almos t exclus ively by the -p ls.ntations as t he sulfate i n fertili zat1.on and 

potass iurn a s t he ch l or ide, the s e sa lts of t he cat ions were employ ed in the 

st udy . 

Th e ab iliti es of' the twc soils a t the V'J. r i ous de~rees of ca lc i u:n 

sa t ura.ti on t o s orb potass i urn -, nd rrrr::oni u.c'T were mea sure d by t:-i e f o llowi ng 

procedur e : Du;li cate 5- grn . sa:nple s of t he a ir-dri ed prepared s oi ls wer e 

s :1aken wi t h 250 cc. of pobssium chloride (or wi th a.rrmo niurn sulfa t e ) i n 

a n and-over-,,:: r~:l shaker fer l hour. The suspens ions 'Nere 3llowe d t o stand 

16 to 18 bcur '.l . T'cey were t hen pour ed on fi lt er s in 8 - c:r.• 3uchner funne l 2, 

'ind t he solut ions dn wn throup:h undFtr suct ion. ,,dditional unit s of 500 cc. 

of the fresh solutions were t ten ne reob t ed t h r ouf;h t he ,,o i ls under r: ravi ty , 



-3

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 tree of soluble salt. f.nere potassium was 

the sorbed cation, the amount was determined by subsequent displacement 

with a normal a!!IIlonium acetate solution adjusted to pH 6.8. The potas

sium thus displaced was determined by the volumetric sodium cobalt1n1tr1te 

method of Volk and Truog (9). The sorbed arrmonium was determined by distil

lation with magnesium oxide, corrections being ma.de for any breakdown or 

organic soil nitrogen in the process by s1~1lerly distilling samples ot 

the untreated com~letely electrodialyzed soils. In order to ascertain 

the effect of concentration upon the sorption of potassium end ammonium 

by the soil, three solutions of egch salt were employed; namely, 0.001, 

C.01 and 0.1 N. 

It W9.8 rranifestly iTpossible to vary the concentrations of the salts 

and at the same time to maintain constant both the ratio of salt to soil 

n~d th~t of soil to solution. It wa s t herefore decided to employ a con

stant ratio of soil to solution awl to ignore the factor of the unequal 

ratios of S3.lt to soil. This a-:,r,ears to h'lve been justified, since the 

amounts of the cations sorbe :'i by t he so ils were not suf'ficient to de

crease more than sl1:-htly the concentrations of the solutions, except in 

the case of t he hi ghest dilutio :1, o.crn .!i_. Even here t he m2.ximu.rn decrease 

was leso than 10 per cent. 7,~oreover, this represents an s.verage decrease, 

wherens the nctual decrease W-'.13 protn bly greater tha.n this value at the 

bep;inning of t he nercolution ,i::id very much less at t t e e:1d. 

Sor-otion of Pote,rnium 

Fixat ion of' pOtl3.ssi um in nonr-eplcicenbla forrr:s has been sho·,m by 

http:m2.ximu.rn
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Volk (8) and Lyrran (5) to occur to only a sliiht extent in Hawaiian ~oils 

and then only as a result of repeatedly wetting and drying the soils· 

Henca, it is assumed that fixation of potassium in ~uch forms did not 

occur under the conditions of this ex:perirr.ent and thnt ull the potassium 

sorbed under the various treatments was subsequently rdplnced by rur.rnonium 

acetate. 

The results obtained for the sorption of potassium at various degrees 

of calcium saturation by the Hilo-coast soil are shown in Fig. l. Thay 

indicate that increasing the amounts or exchangeable calcium 1n this ao11 

increases its ability to sorb potassium. The degree to which exchangeable 

calcium is effective in increasing the sorption of potassium by the soil 

is seen, however, to be dependent upon the concentration or potassiu.rn in 

the solution with which the soil ie leached. Thus, whereas saturating 

the completely electrodialyzed soil with calcium e.p-proxirrntely doubled tht'l 

qu3ntity of ootassiurn sorbed from the 0.001 N KCl solution, it increased 

by a factor of five the amount sorbed from the O.l k! aolution. The slopou 

of the curves in the figure indicate that t be beneficial effect upon th~ 

scrption of potl"lssium of i ::-icreasinf, arr.cunts of excru1n~eable calciu.T. is 

greater at the lower dei;:rees of b?:se sa turation. Thi o sup:gests the. t 

lirr.ing would prove most effective upon those soils which ore most nearly 

devoid of exchan,geable bases. 

Table 2 shows results for the sor:r,tion of pot ~1!1 !~illi11 by t he Idea soil 

at three stP. ~es of saturation, to l!,ether with correq)(,n ding: data for t he 

Hilo-const soil. It will bo seen fro m t h is -presnntntton thnt au~entinv 

the sunply of exchan ~eabl e cslci,w in the Aiea soil resulted, ~sin t ho 

http:potassiu.rn
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case or tho Eilo-coast soil, in increased sorption of potas·sium. In fact, 

the quantities of the salt sorbed by these two very diverse typos of soil 

are, except at the highest concentration or potassium chloride, of much 

the same order. With the highest concentration, end at the higher degrees 

of calcium saturation, sorption by the Hilo-eoest soil was much greater. 

The difference in sorption -power at tbia point is probably conditioned in 

part by the very unequal exchange capacities or the two soils. Thus the 

amount of potassium taken up from 0.1 N KCl by the saturated Hilo-coast soil 

(l?.5} is the equivalent of the entire exchange capacity or the Aiea soil. 

In every case the degree of !)Otaa~ium saturation resulting from the 

various treatments was greater for the Aiea soil. 

Since potassium (from potassiu.~ chlori~e) apparently replaces 

exchsngea.ble calcium in the soil more readily than it does exchangeable 

hydrogen, there seemB little doubt but that increasing the degree of base 

ssturation in the more highly leached soils of the high rainfall districts 

would aid substantially in qringing about a greater sorption of potassiu:r.. 

There i s a vast difference, however, between raising the level of exchange

eble crilciu'!l throue:hout the root zone and the mere a pplication of lLne to 

the soil. Brown and Munsell (1) found that, afte1• application of li rr.e 

to gr a ssland soils, n period of 10 years was required before a uniform pH 

was atta ined in the top 6 inches of soil. The problerr. of obtaining the 

necessary dis tr i bution of lime 1n the root zone of sugar cnne v1ould be 

especially dif f icult under Eawaiian conditions whe:re t ho fi elds ar e nlowed 

':nd pla nt ed only nt intor vuls of 5 to 10 yea rs. Eence, it e-::-;-pea r s t hat, 

thouEh ult1rrately the use of lirr,e wo ul d 9rove benefic ifJ. l in retnrding 

nossi ble lo ~ses o f potassium in t r.e h.1. .:-r; ra tnf a 11 rer,i orn1 o f the I s l •1nd s , 
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little irrreediate gain could be expected from its use. 

Fig. 1 and Table 2 show that the effect of the concentration of 

the potassium solution upon sorption of this cation by the soil is just 

as iIIl1)ortant as that of the degree of base saturation, if not more ao. 

Fr~ 0 .001 J!KCl the quantities of the cation taken up were only one-fourth 

to one-tweltth the amount s sorbed at the same degrees of saturation from 

O.l !!KCl. The marked decreases in the aorption of potassium with de

creasing concentrations of potassiTh~ chlo~ide, together with the relatively 

slight sorpt1on of the cation rrom the lowest concentration (in the neigh

borhood of 1 m.e. for both soils, at all degreos of aatu:ration}, suggest 

the possibility of a conccmt:retion so low that no sorpt1on whatever by 

the soil would occur, regardless of the degree of base saturation. Hance 

and co-workers (3), studying the effect upon certain P.awaiian soils of ir

rigation water ,\Tith naturally occurring ?Otassium to the extent of 

25 p.p.m. K20, concluded that sorption of potassium fro~ this medium by 

the soil does not occur even w~en several hundred pounds of K20 are ap

plied ennually.* Expressed on the basis of normality, this concentration 

of :potassiu.Ti corresncnds to a-p~roxirr:ately 0.0005 N, or but one-half of 

the minirr.u::n concentration of -potassiurr chloride employed in the present 

study, which resulted in a maximum scrption of only 1.4 m.e. of potassium 

per 100 ~s. of soil. TI:e:-e seerr.s good reason to believe , therefore, that 

the failure of potass iu.'T,-containing irrigation water to incre!lse the level 

of exche.n?,eti.ble potass iu."f. in I:uvm iian soils is due in very large psrt to 

the low concentration of the C3.tion. Kelly, Brown 3.nd Liebig, Jr. (4) 

*rt wns shown, hol':ever, t!'l '-i t the c r on W'1S nble to obtain potr1~f,1W..'1 

directly from the irrigation w~ter. 

http:potassiu.Ti


-?

and Fraps and Fudge {2) have shown tha t the degree to which sodium is 

sorbed by soils from irrigation water is dependent to a great extent u:pon 

the coneentration of the cation in the medium. Their work indicates that 

it is due to the high dilution of the sodium in irrigation water that the 

base does not nori:rally accumulate in the soil in injurious amounts. The 

same workers have also shown that other cations in the irrigation water, 

especially calcium, influence the sorption of monovalent bases. 

The repressing effect of dilution upon the sorption of potassium by 

the soil suggests that the application of potassium tertiltzers to crops 

throu~h the medium of the trrii;;etion water ma7 result in losses of the 

nutr ient. The extent to which such losses of potassium might be expected 

to occur would depend in part upon the quantity applied a nd the volume of 

irrigation water in which the salt is dissolved. Where potaasiu.~ salts 

a re applied to the soil in crystalline forms and brought into solution 

throtLgr, subse;uent rainfall, tbe concentrations of t he salt and hence the 

associated sorption of potassiUi'll "\'JOUld be expected to range from very higl: 

to probably negligible values. 

Sorption of A"~onium 

Data relative to sorption of uTr,onium (from ammonium sulfate} oy t ta 

two soils at three stages of base saturation a.re also shown i n Table 2 . 

Sorption of ammonium by both soils i:ncre<.:, sed, as did that of potassiu:n, 

~,1th increasinr; de gree s of calcium s3.t uration, the effect being more 

nronounced on the : :ilo - co3st soil. Sorption of urr:rroniurr. by t he t .-;o soils 

WHS simihu· in s.mount except at t he h i ~est concentration of arrrr:oniurr: sul

f :1to, 0.1 ~; . Ecre the effect or' excha nge c1:1-pacity upon t he ~mrption cf 
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ammonium is seen. Thua with the half ~nd 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 upon the retention of anmonlum, yet a tar more im

portant factor a'.!)l)ears to be the concentration at which the ammonium salt 

percolates through the soil. For example, on the Aiea soil, the quantities 

or arr.monium sorbed from 0.1 !. (NH.4.) 2so4 were from 8 to 10 times the amounts 

taken up f'ran 0.001 !. (NP...,.)~04 • whereas the maximum increases in sorption 

by this soil, due to base saturation, were less than twofold. The in

fluence or concentration upon the sorption of ammonium by the Hilo-coast 

soil was still greater. 

The results of this study suggest that when arr.monium salts are ap

plied to the soil throu~ the medium of the irrigation water, the re

sulting state of sorbability of the a!r!tonium ions is probably ver-J low, 

depending u~on the aT.ount of fertilizer applied, the volume and quality of 

the irrigation water and the nature of the soil. The more dilute is the 

solution, the €;reater will be the tendency for the aimr.oni~lITl to go where 

the water goes. If the water containing the salt does not penetrate the 

soil to depths exceedi~ that of the root zone, it perba:ps makes little 

difference whether the cations 3re actually sorbed by the soil or not; 

however, an irrigation of? 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 senerally pervious soils of Hawaii, percolation cf water is a 
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fairly rapid process. Under such circumstances, it seerr.s probable that 

some urrrnonium may be lost. 

Effect of the Anion on the Sorption of 
Potassium ~nd ATIT:onium 

The results of this study sho«ed that, at the higher concentrations 

of the salts, the amounts of ammonium sorbed were much greater t~an the 

corresponding quantities or potassium sorbed, particularly by the Hilo

coast soil. The question nat\ll'S.lly arose, therefore, whether the greater 

sorption of arm:onium at these concentrations indicated a higher sorbability 

of a.."'lDOnium, per se, or whether the difference in sorption of the two 

cations was attributable to the different natures of the accompanying 

anions. It was suggested that, sin~e sulfuric acid is weaker than hydro

chloric acid, mo r e arrmoniu."tl th9.n ?Otassium was sorbed by the soils be

cause of the 'IL~ion of the sulfate radical with exchangeable hydl"Ogen to 

f o~ the bisulfate radical, thereby promoting the replacement of hydroeen 

by am.ruonium. * If the respective anions were responsible for the dif

ferential sorption, then, if the soil were leached with pctassiu.m sul

fate and arm,oni\h'TI chloride instead of with potassi1..lJ.'1: chloride and arr..rnoniurn 

sulfate, the sor-ption of potassiurr should exceed that of arr:."!"',Oni1.1.11. ** 
In order to test this r.ypothesis, portions of the coITpletely unsaturated 

Hilo-cosst soil were leeched with solutions or potassiurr, sulfate an1 e.rr,

moniu.rn chloride in tbe rra.nner al:.ready described, and the extent of the 

resulting sorption was determined. 

It will be seen from Table 3 th'l.t interchan&?:ing the anions reversed 

2
s;:'l'he· dis sociati on constant for the second tydro fsen of H2S04 = ::; JC 10 

**on this b~sis it is probable that substantial differences in the 

sorption of the cation~ from the two salts would result only where the 

sorption was brought nbout by ·percolation . 


http:moniu.rn
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the order of the sorption of arrP.:onium and potassium: under these con

ditions, much more potassium than arrmoni~m was taken up by the soil at 

all concentrations. Thus there remains no evidence that one of the two 

cations is more strongly sorbed than the other, when both are employed 

as salts of the same acid. If the nroffered explanation for the observed 

differences in aorbability of the cations from the chloride and sulfate 

forms is correct. it would ba expected that such differences would. be 

greatest on the hydrogen-saturated soils and would decrease as the pro

portions of exchangeable hydrogen to base in the soil exchange material 

decreased. Such relationships appear to be implied by the data in Table 2. 

Except at the lowest concentrations, the ratios of ammonium sorbed (from 

e.mmonium sulfate) to ~otassium sorbed (from potassium chloride) generally 

decreased with increasing degrees of base saturation. Thoug..~ the evidence 

resulting from this test is definitely limited, the indications are that, 

on hi<?;hly acid soils at least, ~reater sorption of -potassium 1:1nd arr:monium 

rr.1:J.y be expected to result from the use of sulfates tban from the use of 

the corres~onding chlorides. 

Surnr.a!'"l 

;,. study was rr:13.de of the sor:ption of potassium and amrr.onitLrn from 0.1, 

0.01 nnd 0.001 N solutions of the c~tions by two Hawaiian clay soils at 

degrees of calcium saturation ran~ing from Oto 100 per cent. Tte re

sults may be surn.m3.rized as follows: 

SorptioY: of potassium 2-nd arrmonium (from percola tinr: solutions) 

decreased r;reritly with decreases j_n concentrations cf the cations. :~t the 

lmrest concentration (0.001 !I_) tha sorpt1on was very low, ranging from O to 

l.•l: rn.e. per 100 f".l.11. of r-;oil, de pendin9' unon the salt used [rnd the de:::ree 

of ct1lcium ~atu:ration. 

http:rr:13.de
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Increasing the degree of calcium saturation of the soils increased 

the sorptton of potassium and an:moniurr. The effect was not so marked, 

however, as was that of the concentration. 

Sorption of potassium and a~.monium (by the completely electro

dialyzed soil) was much higher from the sulfates than fran the chlorides 

of these cations. 
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Table 1. Description and Some Chemical 
Characteristics of the Soils Studied 

Exchange 
capacity 

Organic Exchange due to 
matter Ultimate capacity organic matte 

Soil Description Per cent pH m.e./100 gm. Per cent 

Hilo-coast Light brown clay 15.6 4.3 41.2 ?6.6 

Alea Red clay 4.7 4.3 l?.4 27.0 

pH (Ca-soil) = 7.4 

Table 2. Effect of the Concentration or the Percolating 
Solution and of the Degree or Base Saturation 

Upon Sorption or Potassium and Armlonium 

Deg:£ee of Ca-saturation 
Percolating Hilo-coast soil Aiea soil 
solution 0 51 100 0 51 100 

Potassium sorbed 1 in m.e.ilOO gm. or soil 

0.001 N KCl 0.7 1.1* l .~ 0.9 1.2 

0 . 01 N KCl 1.6 3.9 5.5 1.9 4.4 4.4 

0. 1 N KCl 3.0 12.s* 17.5 4.2 5 . 9 ? . 9 

Arrimoni U..'1" scrbed 1 in m.e .[100 ~· 0 1 .. soil 

0.001 N (NE4) 2so4 0.2 0.4 0.6 1.0 1.1 1.2 

O.Cl N (N~4 )2S04 - 3.1 6 .9 7.1 3.9 5.8 " 0 • ,.L 

0.1 N ( NFf4 ) 2S04 10.4 22 .6 24.l 7.3 10.5 10.4 

*Obtained by inter pol9.t ion fro;n 1ti g . 1. 



Table 3. Influence of the Anion on the Sorption 

of Anunonium and Potassium by the II-saturated Hilo-coast Soil 


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

Concentration 
of salt 

Potassium sorbed 
from 

KCl KB504 

Ammonium sorbed 
from 

Nll.4Cl {~)2S04 

0.001 ! 0."1 1.2 o.o 0.2 

0.01 ! 1.6 3 •• o.a 3.1 

O.l N 3.0 10.6 3.3 10.4 

" I'
~'f.i-' ' 


	Ayres 000
	Ayres 001
	Ayres 002
	Ayres 003
	Ayres 004
	Ayres 005
	Ayres 006
	Ayres 007
	Ayres 008
	Ayres 009
	Ayres 010
	Ayres 011
	Ayres 012
	Ayres 013
	Ayres 014
	Ayres 015
	Ayres 016



