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pH DEPEUIDEIT CIAPGE III S,^IL CLAYS 

Tsuji, G. Y., Keng, J. C.f., and Ue;,ara, G.
 
Department of Agronomy t Soil Science, Leiversity of ia,'!aii
 

A soil serves as a reservoir for plant nutrients. The capacity of this reservoir
increases as the number of electrical charges in a given i!eight of soil increases.
The sign of the charge may be negative or positive, but it is more generally negative. 

These negative charges are balanced by positively charged ions (cations) such as 
potassium, calcium, magnesium, and Oydrogenions. The maximum nuantity of cations

.iich a soil can adsorb, expressed in milli-equivalent meq per 100 9rams of soil, is
termed cation exciianij, capacity. Thte cation exchange capacity of Hawaii soils ranges
from 5 to 80 meq per 1OD grams. ;lost soils have cation exchangz capacity values near 
20 meq per 100 grams.
 

For exatiple, a soil "it. 5 meq of calcium per 103 grams of soil can retain 4,0,.1
pounds of calcium ii, ati acre-foot of soil, or the amount of calcium dhic;i is contained
in 10 tons of limestonc. Similarly, I meq of potassium would L-e equivalent to 1564
pounds of potassium or I077 pounds of '20 in an acre-foot of soil. 

In most soils of th;e :orld (but not i.i 1a1awaii) the electrical charga on soil
particles arises from defects in te interior structure of the clay particles. These
defects often involve the occurrence of a metal ion of lower charge in a position
ncrmally occupied by an ion of higier charge. For examrple, if nagnesium ion (ig++)
fills a position norm-ally occupied !;y aluminum (Al+++),* the clay particle acquires
a net negative charg:, and this charge is balhniced ty an ion such as potassium (K+ ) 
which resides in the soil solution. The ions in solution whici balance t charge
of the clay particle are called counter-ions or ixchangeablo ions. 

LJ. en the chzrge on the clay particle arises from defects in the interior ofthe clay particles, the cation exchange capacity of a soilI cannot lbe changed by soil 
management.
 

In many of the soils ir. .1a!'aii, particularl, those .:hich occur in be wst uplands,
the charge on soil particles develops from. adsorption of hydrogen ions (11+) or
hydroxyls iors (.;H ) on thi: surface of the soil particle. 

For exarh1le, a particle of ;Aydrated iron oxide may have a net surface charge of 
zero. If this same particle is imersed in an acid solution, the hydrogen ions in
solution ,ill Le adsort d on tho surface of the particle and render the particle
positively charged. Sirilarly, if the sarme particle is immersed in a strongly
alkaline solution, the particle ,!ill acquire a net negative ciarge through adsorption
of negatively charged hydroxyl ions. 

,t some p1l, an equal quantity of hydrogen and hydroxyl ions ,will be adsorbed on
thc particle surface. At this p1l, the soil particle will carry a net surface charge
of zero. Cations and anions can still *be adsorbed on Vie particle because there
still exist positive and negative charges oil thc particle, but the quantity adsorbedis generally very small. P.s the p.H is increased (more .i,- Is added to the soil), the 
charge on the particle t:ill become increasingly more negative. 

Soils .,hich contain minerals whose surface charges vary %ith p1l are ref rrad to 
as soils with pl;-depondent charges. 
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'!hen a famer adds lime to such a soil, he does raise the soil pHso to 	 andincrease the calcium level of the soil. It follows that, as he raises pl,1 he alsoincreases the cation exchange capacity of his soil and thus 	increases the soil 'scapacity to adsorb calcium. Inaddition, since the hydroxyl ions are adsorbed on thesurface, the p1l of the soil solution does r.ot rise as rapidly as one would expect. 

In liming ex:eriments conducted on the Island of Hawaii (Rixon, 1266), additionof 34,000 pounds (17 Tons/acre) of lime raised the soil pH from an initial value of5.0 	to a final value of C.4. In most other soils, the final p1; u;ould have been much 
higher. 

The curves in Figures I and 2 illustrate how, the charge on soil particles varies 
with p11. 

Adsorption of ions other than i + or OH- can also alter the cation exchange capacity 	of a soil. T.e cation exchange capacity of a soil can' be increased b.,y heavyapplications of phosphate fertilizers. For cxampl,_-, ,Ayers and Hargliara (1953) demonscrated that loss of potassium threugh, leaching could Le mar!,edly reduced by ap :lyinqphosphate fertilizers to a soil. e not.' kno!- (.;ekaru and U-hara, 1972) that adsorption of phosilhato ions by soils causes incrcasc io
an their cation exchange capacities. 

Figures 3 to 5 sho-, the effect of silicate and phospiate application on leachinglosses of calcium, r*iagnesium, and potassium. Soil samplcs fr' toe K:uai BranchStation of the Eaw:aii .gricultural Experlmr.ntal Station w.;re treated uith severallevels of p;iosphorus fertilizer and calcium silicate. The 	 piU of all treatr.ments washeld 	constant to eliminate the effect of soil p;.i on the end result. 

The soils vere placed in 1-quart containers and seeded ,ith sorgium. Excesst'ater 	was added during irrigation to allow! collection of leachiate. The 	 data inFigures 3 to 5 show t~iat, as more phosphate f4.rtilizer and calciu i silicate were
added to the soil, loss of calcium, magnesiu., a.d potassiun decreased.
 

The results clearly, suggest thiat .hosil',ata fertilizer and calcium silicate notonly 	serve as sources of nutrients (P, Ca, Si) but al.;o improve the fertility oft:Viese 	 soils by iacreasing their capacity to hold nutriants against 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 inwhich the measurement was made.
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Figure 3. Cumulative Ca 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, OSi 
= zero Si, and
HSi = 
968 ppm Si). (Syed-Fadzil, S. B., 1972)
 



100 .......- , LPOSi
 

0 75 

HPOSi
Lu
 
- 0o.....LPHS 

0. 

Z~H PHSi 
< 25 

0
 
0 600 1200 1800 2400 

LEACHATE VOLUME (ml) 

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, OSi 
= 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; unlined region
represents low water application rate (LP = 
100 ppm P, HP = 750 ppm P, OSi = zero Si, and
 
HSi = 968 ppm Si). (Syed-Fadzil, S. B., 1972)
 


