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- pH DEPEWDEXMT CHARGE Iil SDIL CLAYS

Tsuji, G. Y., Keng, J. C.'W., and lieara, G.
Departnent of Acronomy & Soil Science, lniversity of Hawaii

A soil serves 2s a reservoir for plant nutrients. The caracity of this raservoir
increases as the number of electrical charnes in a given veight of soil increascs.'
The sign of the charge may be negative or sositive, bSut it is more gonerally negative.

Taese negative charges are balanced by positively charged ions (cations) such as
potassium, calcium, magnesium, and aycrogen ions. The maximum cuantity of cations
virich a soil can adsorb, expresscd in milli-equivalent meg per 105 grams of soil, ‘is
termed cation excaany2 capacity. Tie cation exchange capacity of Havaii scoils ranges
from 5 to 80 meq ser 102 grams. iiost soils nave cation exchangs capacity values near
20 meq per 100 grams.

For example, a seil with 5 meq of calcium per 190 grams of soil can vretain 4200
pounds of calcium i an acre-foot of soil, or the amount of calcium vhich is contained
in 10 tons of limestonc, Similarly, 1 meq of jotassium would te ecuivalent to 156
pounds of potassium or 1577 sounds of ¥20 in an acre-foot of soil.

In most soils of tiia world (but not i !Hawaii) the electrical chargs on soil
particles arises from defects in the interior structure of the clav narticles. These
defzcts often involve the occurrence of a metel ion of lower charge in a nosition
ncrmally occupiad by an ion of higher charge. For examnle, 1f ragnesium icn (ig*t)
fills a position normally occupied by aluminum (A1+++), the clay particle acquiras
a net negative chargs, and this charge is talanced Ly an ion such as potassium (i
viich rasides in the soil solution. Tz ions in solution wiich balance tha charge

of the clay particle are called counter-ions or =xchangeable ions.

duen the churge on the clay particle arisas from defects in the interior of
the clay particlas, tihe cation exchange capacity of a soil cannot be channed by so1l
managenent, '

In many of the soils in Haaii, particularly thosz wnich occur in be wat uplands,
the charge on soil particles develops frow adsorption of hydrogen ions (I1¥) or
hydroxyls ions (HH'g on thc surface of tlhe soil particle.

For exatple, a particle of avdrated iron oxice mey have a net surface charge of
zero. If this same particle is immersed in an acid solution, the nydrocen fons in
solution uill Le adsortzad on the surface of the particle and render the particle
positively coarged. Similarly, if the sawe particle is irmarsed in a strongly
alkaline solution, the particle w1l acquire a net negative charga throuch adsorstion
of negativaly charged hydroxyl ions.

At som2 pH, an equal quantity of nydrogen and hydroxyl dons :1i11 be adsorbad on
the particle surface. At this pil, the soil particle will carry a net surfacz ciharaz
of zero. Cations and anions can still ‘be adsorbad on the particle because there
still exist positive and negative charges on the particle, but the quantity adsorbed
is generally very small., As the pH is incroased (more 4~ is added to the s0il), the
charge on tic narticle will bacome increasingly more negativa.

Soils t.hich contain minerals uhose surface charges vary 1:ith pll are refarred to
as soils with pli~dependent charges.
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) Jhen a farmer adds Time to such a soil, he doss so to raise the soil pH and
Tncrease the calcium level of the soil. It follows that, as he raises nl, he also
increases the cation exchange capacity of 4is soil and thus increases the scil's
capacity to adsorb calcium. In addition, since the hydroxyl ions are adsorbed on the
surface, the pll of the soil soluticn does rot rise as rapidly as one would expect.

In liming exveriments conducted on the Island of Hawaii (Rixon, 1266), addition
0f 34,000 pounds (17 Tons/acre) of lime raisad the soil pri from an initial value of
5%0 to a final valuc of C.4. In most other 5011s, the final pt vould have been much
nigher.

" Tne curves in Figures 1 and 2 illustrate how the charge on soil particles varies
with pil.

Fdsoration of ions othar than ii* or O~ can also alter the cation exchange capa-
city of a seil. The cation exchange capacity of a soil can be increasad by heavy
apelications of phosphate fertilizers. For ~xamplz, Avers ana Hagihara (1953) demon-
strated that loss of potassium throuyis Teaching could Le markedly reduced by apnlying
phosphate fertilizars to a soil. ¢ now kriow (-ckaru and Ushara, 1972) that aGsorp-
tion of phosphate ions by soils causas an increase in their cation exchange cavacities.

Figures 3 to 5 show the offect of silicaio and phosphate application on leaching
losses of calcium, riagnesium, and potassium. So0il samples from the Xauai Cranch
Station of the Kauvaii Agricultural Cxperimental Station waor: treated v:ith several
levels of piosphorus fertilizer and calcium silicate. Tie M of all treatments was
held constant to eliminate the effect of 501l pii on the end result.

The soils vere placed in 1-quart containers and seeded with sorghum, Excess
rater was added during irrigation to allow collection of leachate. The data in
Figures 3 to 5 show tnat, as mere phosphate fariilizer and calcium silicate were
added to the soil, loss of calcium, magnasiua, and potassiun decreased.

Tue results clearly suggest that nhosnhata fertilizer and calcium silicate not
only serve as sourcas of nutriants (P, Ca, Si) but also improve the fertility of
these soils by increasing their capacity to hold nutriants anainst leaching losses.
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Figure 1. pH dependent cation exchange capacity of Molokai soil. Note that the shape of the curve
also depend on the concentration of the neutral salt in which the measurement was made.
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Figure 2. pH dependent charge of Halii soil.
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Figure 3. Cumulative Ca leached in Halii soil as a function of leachate volume. Data points jeined
by dashed or solid 1ine represent leachate from high water application rate; unlined region
represents low water application rate (LP = 100 ppm P, HP = 750 ppm P, 0Si = zero Si, and
HS1 = 968 ppm Si). (Syed-Fadzil, S. B., 1972)
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Figure 4. Cumulative Mg leached in Halii soil as a function of leachate volume. Data points joined
by dashed or solid line represent leachate from high water application rate; unlined region
represents low water application rate (LP = 100 ppm P, HP = 750 ppm P, 0Si = zero Si and
HSi = High Si). (Syed-Fadzil, S. B., 1972)
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Figure 5. Cumulative K leached in Halii soil as a function of leachate volume. Data points joined
by dashed or solid line represent leachate from high water application rate; uniined region
represents low water application rate (LP = 100 ppm P, HP = 750 ppm P, 0Si = zero Si, and
HSi = 968 ppm Si). (Syed-Fadzil, S. B., 1972)



