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.Examples of anion andcation 
adsorptionby soils of tropical America* 

R. L. FOX 
Departmzent ofA gronon, and Soil Science, University ofHawaii, 

ttonolhi, Hawaii, US.A. 

Volcanic ash weathers quickly in tile humlid tropics and in a few years may 
develop an aprreciable phosphorus adsorption capability. Apparently 
sulphate adsorption capacity develops more slowly. Phosphate and sulphale 
adsorption curves clearly reflect chemical and mineralogical changes in soils 
associated with weathering. For soils developed from ash tamorphous 
colloids) phosphate adsorption was inversely related to Si solubility. 

Phosphate adsorption by several oxisols of tropical America was 200 to 
600 jg PIg soil at standard supernatant concentration 102 p.p.m. PH. 
(apacity for P adsorption was 20, 425, 1900 and 2500 pg/g for the weather
ing sequence: fresh volcanic ash, Uibric Vitrandept, Typic Dystrandept 
and Oxic I)ystrandept, respectively. Phosphate adsorption by andepts was 
inversely related to silicon solo bilify. 

Sulphate accumulates in large quantities in subsoils of the most highly 
weathered Oxisols and l)ystrandepts. Some oxisols, such as those of the 
Llafios Orientales of (Colombia. arc generally low in adsorbed su!phate 
throughoutt their protiles. Sulphur deficiencies in these soils can be expec
led if other limiling nutritional problems are corrected. Imc .\ horizon of 
Nipe soil was only tlhree per cent sulphate saturated and sulphate solu
bility was p can S0 4-S saturation of subsurface horizons was04 Ipm 
68 per cent and mean solubility was 4-8 p.p.m. Soils of the Llafios Orien
tales usually contained <10 pjgig of adsorbed S while mean adsorption 
capacity was about 150 pg/g. Volcanic ash soils retain sulphate in pro
portion to weathering bt apparently sulphale adsorption capabilities 
develop more slowly than phosphate adsorption capability. 

Cation adsorption curves predict that suitable intensities of K and ('a 
nutrition call be reached with simall additions of these cations to mxisols 
but that capacity for supply is low especially for soils of the llafios ()rien

tales. Attellilpts to stock these soils with cations may result inl elevated 
soil solution concentrations. luxury uptake by plants and leaching. 
Aluminium dominates the exchange complex of soils of the Llarios 
Orientales. 

INTIRODUCTION 

Adsorption curves (isoth-rms) are useful for describing, studying and managing 
soils. First, they integrate and reflect many aspects of soil mineralogy. chemistry 
and past management of soils (FOX and KAMPRIATI I. I970). I lighly weathered 
volcanil, ash retains phosphate very strongly and in great qIiatlities (WASS-
BUND'R. 1969; FOX, 1969). 'h'ltesame is true to a lesser extent for sulphate it 

*Published with tile approval ol the I) rector of tie Ilawaii Agricultural I xperimcnt Station 
as Journal Series No. 1578. 
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201 ANION AND CATION ADSORPTION BY SOILS 

the soil is acid (IIASAN et al., 1970; BORNEMISZA and LLANOS, 1966). Much 
less adsorption of these anions can be expected by kaolin clays and less still by 
expanding layer silicates. Cation adsorption generally follows a reverse pattern. 
Cation adsorption by highly weathered ash is so weak that cation leaching is a 
very real problem (FOX, 1969) although cation exchange capacity, as 
traditionally measured, may be very high in these soils. 

Second, adsorption curves can be used to follow the course of soil 
development. Perhaps no better example call be given than phosphate adsorption 
by volcanic ash in the humid tropics where soil materials and climate promote 
rapid removal of silicon and accumulation of' hydrated iron and aluminium 
oxides. 

Third, adsorption curves provide background inlformatiom about quantity 
intensity relationships for adsorbed plant nutrients. This information is helpful 
for developing the tlree aspects of a complete soil testing programme: 
inventory, diagnosis and prescription. 

Finally, adsorption curves yield data that can be used to calculate 
single-valued expressions such as I (CKWITI I's ( 1965) phosphate requirement or 
WOODRUFF's ( 55 ) energy of exchange. 

The purpose of this paper is to illustrate the points listed above, using data 
fron soils of tropical America. 

.MATLRIALS AND M\IIODS 
Volcanic ash and ash derired soils 

Mt Irazu (volcafi Irazfi) in Costa Rica erupted pyroclastic materials during 'he 
period 1963 to 1965. Ash naterial frotm this eruption was secured from Volio 
Farm during eruption in I964 and again after eruption ceased in 190)6. These 
samples were taken by l)r [:ilter Bornemis/a. IAlAS. lurrialba. Additi nal ash 
and ash derived soils of Costa Rica were sampled in 190 ). lhiree of the soils 
sampled were described by KNOX and MAI)ONADO (I 96t)) where they are 
listed as profiles I. 2 and 4. The soils usCL IM lis st ud\ represent a wealhiering 
sequence as is indicated by the solubility of Si anid degree of hydration of the 
soils. Colloids are mostly amorphous. 

Soils Jhon Colombha 

The Lastern Ilainis (llafos Orientales) of ('Olomnbia are i very large expanse 
of grassland btuilided by tile Andes Mountains. Venezuela and the Amazon river 
basin. Soils are generally exlrenmelN inlertile. (atile gla/ing native vegelation 
present ina. iutritimnal problems. A series ol samples were laken along am 
east west transect between the Meta and Guaviare rivers from La Libertad 
Experimental Station inIthe piedmont area east oI Ilie Andes to Las (aviotes. 
('lays are predomitnantly Ile kaolin type but lioie are some 22 minerals 
(chlorite ). 

Ai example of soils of the intermounmtam valleys. tentalivel. classified is a 
lutropept. was sampled from the Experimental Statiom Farm at Palnira III tIle 
('auca Valley. The soil is a silt), clay nearly saturated with (a and Mg. ('lays are 
the 2:1 swelling type. 

Soils frmn Brazilal Puerto Rico 
A Terra Roxa soil from Sao Paulo was included to represent kaolin clay iron 
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202 R.L. FOX 

oxide systems. Nipe soil, a highly weathered oxisol, was obtained from Puerto 
Rico. This soil is not extensive inPuerto Rico but isimportant elsewhere in tile 
Caribbean Islands, especially Cuba. 

Adsorption isotherms 
Data for plotting phosphate sorption curves were obtained by equilibrating 

3 g samples of soil for six days at 25'C in 30 ml of 0.01 Al CaCI 2 containing 
various amounts of Ca( 111P0 4 )2. Equilibration was carried out in 50 ml plastic 
centrifuge tubes. Shaking was undertaken for periods of 30 minitwice daily. 
Toluene was added to suppress microbial activity. 

Sulphate sorption procedures were the same as for phosphate except that 
Na,SO, replaced the phosphate and equilibration was for one day with 
continuous shaking. 

Potassium and calcium adsorption was in 0.0025 N CA solutions of K and Ca. 
-quilibration time was one day and the soil solution ratio was I:10. 

.Soilexlraclfi pr cedures 
cmSilicon was determined in saturation extracts of soils. Soil samples (50 3 

volume) were placed in leaching tubes with free drainage. Water was added in 
small increments until the first leachate appeared. The columns were allowed to 
equilibrate for three days alter which small aliquots of water were added. The 
first 8 ml of Icachate were centrifuged and appropriate aliquots were used for 
colorimetric determination of Si. 

Sulphate was extracted by repeated batch treatments of soils with 500 p.p.m. 
1)as ('a 111 O4 ), in a soil solution ratio of 1:5. Previous work (IIASAN et A. 
1970) had demonstrated that four extractions desorb most of the sulphate from 
subsoil materials. 

Exchangeable cations were extracted with neutral I ,V N11 4OAc except that 
Al was extracted with IN KCI. 

RISULTS AND DISCUSSION 

Phosphate adsorpti ft 
le importance of soil mineralogy incontrolling soil chemistry is illustrated 

by the marked differences in phosphate adsorption characteristics of the 
different volcanic ash materials represented here. Volcanic ash weathers rapidly 
to tform amorphous materials which adsorb phosphate in proportion to the 
extent of silicon depletion. When the ash is finely divided, as was tlie case with 
ash carried by water to the floor o1' Iraztl ('rater. an appreciable phosphate 
capacity developed in onl\' l'otr %,cars (F,,ur I). F-ven coarse material of tihe 
crater rim adsoi bed 75 p.pm. P)at standard P)concentration (0-2 p.p.m. P in 
solution). Ash ofl ( ubric Vitrandept) about 2the same age deposited over a sodil 
killfron the crater adsorbed less phosphate than materials fromh the crater rim. 
The most obvious explanation is the effecl of organic residue which had already 
developed in the young ash. There was no vegetation ia tle crater. 

The outstanding difference in phosphate adsorption among soils as presented 
in Fkure / is associated with weathering which is a function of climatic factors 
and time. Phosphate adsorption at standard concentralion was 20, 425. 1900 
and 250) pg/g for the new ash, Umbric Vitrandept. Typic l)ystrandept and Oxic 
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Figure 1. Phosphate sorption hy volcanic ash and ashi derived soils 
oj Costa Rica showing how teiesoils and ash fall into a weathering 
sequence. ,.7ipic D.vstranhpt. x. Oxic Dt'itrapidept. . Lnbric 
Vitrandelpt. fJine ash from crater. -.c'inder from rin. 

.uash oier soil.......fre'i ash
 

Dystrandept respectively. Weathering produced a marked decrease in ithe 
solubility of Si in these soils (Tabhe I ). 

The case with which Si is weathered from volcanic ash. as indicated here. 
emphasizes the rejuvenating effects which canl be expited when fresh ash is 
deposited oil more highly weathered soil. In Ilawaii the Si content of irrigation
water can increase thc soluble Si of soils and thereby decrease phosphate 
adsorption (FOX et al.,1971 ). Similar efects should result froim tlie weathering 
and leaching otafash mantle. 

Phosphate adsorption by representative soils fromt the Llafios ()rientales. the 
(auca Valley. Brazil and Puerto Rico is compared iti F.'urc 2. The lypic 
l)ystrandept from Costa Rica is also included it)give a wide range in 
nineralogicl systems. Phosphate adso~rbCd at standard coincenltration is pre

sented in relation to Si in saturation exrIacts in lTahc' 2. Soils which are 
predominantly expanding silicate clays and have high Si solubilily adsorb little 

Tab/h 	 I. Ph/osphiateadsorption at vxiperiatatitcon(''iat,)ii t 1)- p' im Phhi' 'hcalit" ax/i
and ash derired soils which harie been i'arots, depleted of Si hivweatfiring 

Si Field 
/'.'iosp/ate satuiratin null 

Soil 
adsorbed 
(big Pigi 

extract 
ippPit.) 

moisture 
( 

Raitall 
tin! 

I'elp 
"' 

Cinder (crater rim) 210 46.2 
Aih. 4 6 year 
tim bric Vitrandept 

20 
425 

12.5 
18.8 

15 
14 

200li0t 
2011 

typic t)ystrandept 1900 5.7 77 210011 t'9 
(xic l)ystrandcpt 2501 1.5 1 t0 380i0 21 

Trop. Agric. (Trinidad) Vol 51, No 2, April 1974 



204 R. L. FOX 

_1500

0 0'01 0.1 I.0 10 

P in solution (p p m ) 

'i/gure2. IPhosphate sorption h a di'erse group oJ .soilsJrom 
tropical America. Phosphate sorhed for ithe mnteralogical istents' 
r' presented is i the Jollowing sequence amorphous oxides > 
cri'stallim'oxides > kaolin cavs > 2 / ,Iavs. a I pc'Dystrandep; 

ri Nipc. .. Llanos: x. T'erra Roxa. , Cauca I'alt'i' 

phosphate at staidard concentrations. Wili increasing weathering, as indicated 
by decreasing Si sluhbility. phosphate adsorption increases. ,\ndept soils are in a 
class apart as tat as phosphate adsorption is concerned. 

In lawaii, phosphate adsorption values can he converted into phosphate 
ferlihzer reqniremenis with a lair degree ot precision it correclions are made tor 
bulk density of soils and allowance is made lo plant specieN Itecls. Main, and 
sorghum require ahotit 0.00 p.p.. I' in stilkttioll tot )5 pet Cent of ilaxiilItlltu 
yield wletcas phosplitlc-scnsitive crips such as leaN vegetahlc,.s usually irequire 
0.1 to 04 p.p.m. A nuthei of perenniial crops apparently hive a vMry low P 
requiremnent aflter the initial ,slahshneut sige is past. Present idic;tioni are 
that sugal-cane, batnnas, and ttopical orages. such Is langola grass and 
I)c'smotuhm spp.. have ret _'liuenis which ale lower thai ,na'e. 

lab, '-' piii tt ht a/i rpitii at /l mta'ratfa~i li'iifrallol of m, Pa lp ilt. lla t'Iiif ) p p 
and si/uon s /hbi/lrt of selected so/s from fropical Amnrica 

t'/molphaft Si nivatnratonn Sohti/' Pn 
Soil tzdsorhed 'xtract ii ii \1 ('10'1 

Location 'lasvil/cation tog 1/'g ) p p.lin I /ti.p. I 

('dllq'l Vallet. I u11r 1l l 2.5 19t)4 o. I o 

lra/i I I crra Iosai ()\isol 2(0 8- ) 11(13 
I.ano, ()itn ilat, 

La l.ttitrtail I )xlsl 4010 7.0 <1).OI 
L.a,Cicnrdia ()\1w]l 3011 0-X ,4l). I 
('ai'aI, lira \lsol .80 t 3"7 <t) Io 

'ltlrl, Rukt iNiIc)' (\isutl 600 1.3 0.01 
('Uot( te;a I ypit I)ystran dtepl I 0I <0.0(04O) 5.7 

(l t)ystrantept 25(10 1.5 <00(14 
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ANION AND CATION ADSORPTION BY SOILS 205 

Table 3. L:xtractable S04 .S in profilesof volcanic ash derived soils of Costa Rica 

1963 6.5 Ash Umnbric Virrandept* "l'picDysirandept Oxic D'strandept 

Dept/b S0 4-S Depth S04 -S Depth S0 4.S Depth S04.S 
(pp. 1i) 	 (cm) (p.p.m.)(cml (p.p.m.) (ciPI) (p.p.io. (ci) 

18 0 30 48 0 38 1120 13 10 13-35 
0 45 75 20 38 60 25835 5O 

8O 92 901 110 41250 90 0 9t 
105 120 18 160 181 42 105 180 508 

*"Te Umbric Vitrandcpt "as covered by 13 cm of 1963 65 ash 

Sulphateadsorpti m 
Sulphate adsorption is an important feature of highly weathered soils. It is 

responsible for sulphate accumulation to very high levels III some soils, especially 
materials lIltis isweathered Andepts and other soils which contain gel-like 

illustrated in Tlabl' 3. Sulphate does not accumulate in laige aliinotts in profiles 

developed in volcaic ash until weatherig is well ,idvaiiced 

Sulphate distribution III the Nile piotile i, tpical il th.e hhl. we:h1lieted 

Oxisols examined. I)isribution ot ulphate III the prtiile. ofluhlit,tile tatl,01 

chargc In S04 adsorpliot. andsulphate, as determined from the isollierms at ii, 

sulphelle required to adiiust the equilihtated st,il (,hflto to 5 p.p.m. S arc Livein 

In Table 4. Sulphate adsorption maxima. the ic, shpe ,falr,).,I tie linear Imi 

of the Langinuir adsorpltion curve, increased with deplh mi tie piotile \dsurhed 

sulphate (phosphate extractable S) also ielased with depth but itiuaiiu 

percentage was maxiimiii il te 45 to 70 c.i depth increni it It the soil 

material is constant. sulphale ,AuIhiiI I, a nictimi of the dcgie t sulphate 
to m,.ilesesaturatiot otl colloids. The fact that sulphate soluhihit :mItiimed 

alter the saturatioi pelc,,itag' hebg:ii to decrease is et.sidec1e that salta.111ti 

c\presi,, d itsulphate avallabilits.. Iorpercentage Inay tiot he an adeuiale 
Andepts in I lawaii sulphalte sulI pht SOIhh IihIt. was, a1)(t11 5 pp.l, whIeI 

saturation was 60 t) 80 per cen (IIASAN el a.. IQ70). Sulphur nutritioni is 

probably oti the borderline of deficiency tol sole Ciops whet' sonil solutions 

contain 3 to 5 p.p.m. SO,, -S. 

lab/e 4 Distrbutopi. ol t lit and adsorptio, or detorptii ol siphatt1 sllIphulr II rrlation 

to sullphateadsorption maxima iII a .\pe soil prouilh 

I'lhovplate 	 Siulphati, SO 4 .S 

Depth 	 extractable Sulphate reqtire adsorptio S0)4-S 
saturatitmincrentn 	 sitlphate sohbilitv in'iit* max 


(pp III / (p.p In.) (p p1)11l 1 /)III
(c il 

94 20011 20t0 '5 41 14 
44 3o2 71.1

25-40 255 1t 
35 431 X63 7 II 


70 95 463 46 2(0 765 61
45 71 

6310itt 1251190t 1211 792 86 
2136 581201 16( 1234 7-8 150 

5 p-p.in. S()4-S 

solution. Negative values reter to predicted SO4-S release 1 504 is dcsorde to 5 pp,. 
in solution. 

*Sulphate sulphur adsorbed by the soil cquilibrated %%fiml It Il %upcrnalant 

Trop. Agric. (Trin idaltl Vol 51. No 2. April 1974 
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F'igure 3. Sulphate sorption /' a group ol div'erse soils Iroot tropical
America. Sulphatc adsorltion Jor the mineralogical s'stems repre.
sented iyin the Joliowing ,equenceamorphous hyidrated oxides >
crysqtalline oxides"> kaoin elars > 2I claysx. NVipe. ".IHaloi"(arinlatua. *. 7epie l)ystrandept:l.eIrra R'oxa A, l:iitropept. . I '113. 

65 ash 

Sulphate is readily desorbed hin soils by phosphate and by hydroxide. It is 
probable that organic anions ils, t:opele 1Im adsolptioll siles with sulphate and 
this inay acoUlt Ir the IOW S,,l Sla ttt s f milost surface sotils. 

Upland soils (f the Ilafios f ('olubinha conltain very little adsorbed sulphate, 
the mean S04 -S adsorption naxminUnn is ,ho)t 150Sug/g and sulphate solubility
is low (data not shown). These soils require about 00 pg S p[r granmc of soil to 
alltan 5 p.plm. S in solt imio (I'urc .3). At present low levels of production, 
licre is probabl) su'ficient S in rain and fton mineralization olorganic matter 
to mce plant needs. By any higher standa rd these soils should be sulphur 
deficient. 

Polassitim calchin adsorp)lion 
Recent evidence supporls the concept that nutrient uptake by plants is 

mnostly contiolled b lle composition olf soil solutions. Thus (RINIME el al. 
( 1971) reported that oats growing in 20 different potted soils (illitic, clhlorolic 
and kaolnilic) required roni (.5 to 0-8 Inequiv./I K in the soil saturatioti extract 
homniaxiunmn yield. A recalculation of' Ilawaii d:rta (GRAI IAM and FOX, 1971 ) 
iidicates inaximniim yield at about OX.mequiv./I K for I I soils of Ilawaii 
(animorpthos gels, oxides, 2 I layer silicales and kaoliiitic). The agreement is 
icniakable considering the diversilx ot soils used. Field evideice suggests lower 
reqliiemeiits lr K im sohltiom. WOODIRUFF and NIcINTOSI I (1960) ieported
that mai/v did not respond to ipplied potash whlei K in 0.01 il ('aOl, was 9 
p.p.n. (023 inequiv./l). BARIBIR el al. (1903) measured the compositioin of
salutation extracts of, soils growing iimi/e. Median K content was 0.1 mequiv./I. 
In Ilawaii thele is evidence that horderlinie K deficiency for banana is associated 

I rtp. Agric. (T rinidad) Votl 5 1. No 2, April 1974 



--

ANION AND CATION ADSORPTION BY SOILS 207 

2"5

0)
0 

o" /
 
1"5-/
 

/E 

v I 

0'5-- , "
 
05/ ,1 // -

I 11 

0 I0 2"0
 
K in solution lmequiv./I) 

Figure 4. 'otassium on the exchange complex o ,selectedsoils o 
tropical A inerica in rclation to equilihriontconcentralons o K in 
solution. Adsorhed K represents the ahgebraic soum 0/ exchangeabh' 
K originalir present and K adsorbed or desorhed during equilra. 
tion with sohtions which were 0.1125 N I as K aid/or ('a. e, 
h'trop'it Cauca I'a/hiv. x. Oxic Pirandept. , 'erraRoxa. 

Nipe, . Ihanos Carmagua 

wilh an equilibrium concentration of about 0.2 inequiv./I K in 0.01 11 chloride. 
For 0.0025 A'chloride solution, equilibrium K was 0.1 mequiv./I for (he 
borderline deficient sit uation. 

POPENO" (1960) has pointed out thai calculations of percentage base 
saturation ol the exchange complex give no measure otf Ihe absolute quantiflcs 
of nutrient available for plant growth. Base saturation iiftorrllation mnulst be 
interpreted in lerms of clay mineral types. The same isnot true i1cation data are 
presented as adsorption curves either with initial exchange cations added as in 
1.'igure 4 or without as in ligure 5. Such curves are useful for seeing 
quantity- intensity relationships more clearly. If.1Imequiv./I K (in 0.0025 h (:1) 
is taken as borderline K deficien. [lie following required levels or exchangeable 
K are obt-ined for the soils inI.'titrc 4: 

Soil K (uequi'./l1U0g) 
Llafios (Cariinagua) 0.10 
Nipe 0.12 
Terra Roxa 0.15 
Oxic I)ystrandept 0.24 
Cauca Valley 0.40 

Trop. Airlc (Trinidad) Vol 51. No 2, April 1974 



208 	 R.L.lOX 

The intensity of K nutrition. tie bulfering capacity tifsoils. and fertilizer 
are more easily seenrequirements for attaining specified levels of K in solution 

in Figure 5. Apparently the Nipe soil is potassium deficient, tie Dystrandepts 
are borderline. the soils from Coloumbia are adequately supplied and tile 
Vitrandept will supply potassium illexcess. The ilistantaleous K level (intensity) 
can be distinguished froin supplying powel (quantity). Iaturc 5 predicts that the 

['utropept of flie ('auca Valley will not be deficient until 0.4 iequiV. K/100 g 
soil has bec'- depleted while Il the Ilafios ((arinagua) soil deficiency can be 

expected after 0.04 meouiv. K hai been extracted. 
Exchangeable calcium was very low illthe highly weathered soils (Table 5), 

and ('a in 0-0625 .11K(ol SOititiOns eqtuilibrated with these soils was as low is 

0.005 	 iiLeqU.iv/I for the Oxic Dystrandept and 0.02 inequiv.!l for a soil fron tie 

lafios ()rientades. Alumniuiu was the most abundant exchange cation illsoils of 

tileLlafios t'Jentales and in one soil (l.a ('oncordia) its concentration in 

equilibra'ed soltions exceeded calcium ninetold. 
Energies of ieplaceiment tI K by ('af Mg were calculated as suggested by 

WOODRUFF (1955 ) except that valies for (a and K tiusolutions were sected 

from adsoiption curves at zeio change illcatloll adsolbed aid Mg was that ili 

equilibrmin with 000? ,11K(1. These values are presented in Tuble 5. 

W)ODRUIF:1 and \'I NI'OSII 11900) suggested that ,3500 cal'mol would 
provide ,dequatel\ hr the K nutrittoi of plaitls Very low values may represent 

either K excess oi ('a Mg deficiency. [lie tatter mnterpretation probably fits best 

for tie highly weathered ,oils investigated iii this stid since (a illequilibrated 

0.0025 V (I sOiltnis Was as low as 0.005 ninequiv./I (data not shown . while K 

tiexcess is likel 1inthe Vilrandept. 

1.5
 

0 

0 5 X 

'V 

0. 

0 	 1.o 20 
K in solution (mequiv/I) 

Figure 5. Potassiuon sorbed hi wlected .oils ol tropical AIiierica in 
relation to concentratmos of k in sohttion Jollowing equilibrations 
wIth solutionswhich were U 0025 N I as K and/or Ca. 9, Eutropept 
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DISCUSSION 
A.V. Downer: Would you care to coumment on the sgnificance of pilill 

rclation to the sorption mechanisms you have described? 
Author's reply: We have examined phsssplhale adsiirptit at tltree p1 levels 

using a (;ibbsilhumox. We took care to keep ('aadded constant by balancing 
Ca(OlI), with ('a('l, . Under tlese colndiliutns sie isoltherm described all It the 

data points. The pI range was about 5.0 lo 0.5. 
II. 	 l'ine: In uarryitg out these equilibratiosns studies, especially with 

dried soil prepaied uaid kepl in the tutnial mauer'Andosols. can one use 

general we sil
A tthors rq'l I': As a practice keep thew sos Ill a Itlst 

coudition. The Ilydrandepts dry irreveisibly st,we h 'ive assuid Ihat pth)slihali 

sorptit would decrease til)01I drying. llns ma. io l be true. We onice dried a 

Ilydrandept to varyitng degrees a shoil periil (4 miid dtd isl ltitd lsstver litlte 

insorpliotn capacity. The results may have beet ditletelt iltdryiig had beeii 

dotte slowly or it' there was altertiate wetting miid drying. 
L. Nalovi: Ott which criletion did vo u base .,,5w csslu'slsto that the 

adsorption of' P afid S()4 sir Si take place wuiti 'gcl hulls' rather (fait chemical 
reaction. 

Author's reply: I am not tryitg it) distinguish between the varitus 
mechantistts by which pltosphate I, alplhale may be retaiti,:d by soil lhis is the 

reason I define sorplion as 'that which has disappeared trutin solttiot'. 
LI. Nalovic: Did you measure the specific surface ofl samples before and 

after the treatment. I agree wilh y ut that the hydrated sUrface sf irm and 

nmaybe aluminium oxides adsorb catitis atid ainititns frotin solution where they 
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are inore easily desurbed than in the case of chemical reactions such as Fe-O-1 
etc. 

Author's rep!y:- We did not measure specific surfaces. We have looked at the 
thickness of 'gel-hulls' in relation to phosphate applications and believe there is 
some increase in thickness as a result of applying 1).This does not necessarily 

mean that specific surface will be increased. It may in fact decrease if the gel 

material has an agglutinating effect. 
G.7. Felbeck: If an oxisol is pretreated with a soluble silica source does this 

reduce the phosphate adsorption by these soils'? 
Author's replv: We have evidence that this is the case at least in some 

instances. ('alcium silicates are used by the sugar-cane industry in lawaii. We 

think that improved phosphorus nutrition is one of the factors responsible for 

improve yields obtained as a result. There also seems to be other factors 

involved, however. 
B,1l. Janssen: D~o you think tie determinations of P adsorption isotherms 

call be used on a practical scale for fertilizer recomnmendations" 
Authors replr: So far we have not used adsorption curves in a routine way. 

I think they could be done although more work will need to be expended than 

for most of* the methods now used. The isotherm need not have so many points 

oilit. In fact only one point may be sutficient if a 'standard curve' for the 

specific soil is available to establish the slope. 
1.11. .Janssen. There is a method identical or nearly identical with your 

method where some standard value soc 'i as a ratio at a fixed concentration of 

the solution is used Ito advisory work. What is your comment)? 
Author's replv: I am not familiar with the work to which you refer. The 

problem of different adsorption values for different eluilibration ratios has been 

investigated but the explanations given are not very satisfying. I think that an 
incre:ise in ,adsorptimo with increasing soil solution ratio should be expected 

because increasing the ratio will increase desorption of sulphate, silicate and 

perhaps organic anions. This should be accompanied by equivalent phosphate 
adsorption increase. 
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