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CHAPTER I 

INTRODUCTION 

Liberia is· on: the West Coast of Africa bounded l;>y Sierra Le.one, 

in the northwe$t, Guinel:l- in the north, Ivory Coast in.the East and 

the Atlantic ocean on.the south. 

The· climate i~ tropical (warm - humid) with marked wet and dry 

petiods~ Annual rainfall along the c<;>ast averages about 205 in. 

(521 cm.) , decreasing southeastward to 100 in.. (254 cm.) , and 

diminishing inland to about 70 in. (170 cm).· Seventy-five to 88 

percent of the ra:in ·nopnally falls be~e~n May and October. The· 

0 daily minimum, tempe+attp:;e along, the c9ast : averages .. 72-7 4 F and the 

0 
maximum,temperature averages 80-87 F. 

The l~d along tP.e coast i~ flat and sandy with i.nany long narrow 

lagoons. The land rii;;es from the coast to small hills a~d mountains •. 

Th,e inland geology. is .. a type of :Preeambian metamorphic· rock which has 

given rise to red acidic soils. The flora.is essentially tropical 

rail), forest e~cepting tb,e north, northwest· and, coastline wh_ich is 

savannah-like. 

Reed (81) hl:l-s·cll!lssified the vegetation of the land· into four 

different belts: 

(1) Coast;al fqrest and mangrove.swamps occurring in narrow 

stripi;; from 1 ·to more than,9 miles in width run,p.ing para],.lel 

with,tb,e seacoast. 
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(2) Evergreen rainforest that begins onthe highl~ds.near 

the sea coast and extends inland about,30 mi!es in the 

rainfall,belts of 100 - 200 in. (254-508 cm). per,year. 

(3) Deciduous forest that begins 40 to 50 miles inland along 

a line .r9ughly parallel to the sea coast, 

(4) Savat).nah.and d~rk fc;irest vegetation occurring in,the 

extreme northern.portion of the .western part of the country. 

The c9.unt~ is .. economically dependent upon the .slash and burn. 

traditional farming system with approximately 90-95 percent of the 

population engaged in agriculture. The traditional farming system, 

involves cutting down.the bush, burning it, and clearing the land for 

cultivation •. The farm falDily moves to a new tract for each crop 

season• 

Reed (81),who was the first to do any scientific soil research· 

in Liberia h~s-reporte9 that this burning enriches the.nutrient. 

stat4s of. the soil. Thi:s claim has _also been. supported by Baldanzi (9). 

Export products are iron ore, rubber, t~mber, coffee, cocoa, 

piassava, and palm kernel. Ri~e is a ~ajor food crop in1Liberia. Its 

cultiv:ation oc~upies most of ·.the working hours of the .farmer• B4t the 

yield of-rice is low and inadequate for domestic ~urposes thus it i~ 

I not.an export crop. Additional rice is imported for domestic. 

consumption •. 

The introduction of concession companies and ancillary enterprises 

have had.some.marked effects on tQ.e Liberian ecqnomy and.domestic food 

production. · These. new sources of. employment draw labor o~t of the 

t:i;aditional.·farming economy. Therefore9 the ability of agric4lture to. 

carry on its task· of· .feeding tlw population has declined. With :a 



traditional agric4J,.tt,u;-al e9<momy, the mobility of labqr. from the 

agric4ltur.al se~otr can ,bring a.bout an adverse situation. This :J_abor 

mobility makes it m~c;latory.to\shift the.agricultural syst,ei;n from one . . . . . ·' . 

depen,den,t on,,a large vo~u,me,of manual.labor to one which CaP. success~ 

fully cope with problems of lapor sca,rcit,y. This pr<;>bl~i;n r~quires a 

wise an~ intensive use of.all i;tvailable,resource~. 

Th~s-st'1dY is an attempt to exa~ne one·of,the most i~portant. 

resources (soil) of t,he, c<;>unt;ry. Up to, the p;-esen,t time very littl~ 

info;-mat;ioµ,concerni~g Liberia~ soiJ,.s and their physical and ch~mica,l 

properties.have been ga.th~red~ ~xcept for Re~d's (Sl) reconnaissance· 

soil suz:vey worJ:<:,and fertilizer tri,~ls on sma,11 plots, n()t t+ue 

3 

scien~ific a,nd:continuo'1s·soil in,vestigatiens,have been attel!lpteq on 

Liberian soi.ls. This stud~ is an investigation of some. of tb.e cb,emical 

ch~+act;eristic!? of Liberian s9ils .a~d tl1e concentration of i;najQr 

nutrient·· elements.; b~se status, soil r~actic;m, organic ·matter, and. 

nutrient .. eletnent aya,ila,bilit:.y for plai;lts~ The· mine~al()gy of: these soils 

and its effect on. the soil :propert.iei;; was, also inve!lltigated • It is 

also t;he. object;ive of tli.is research tQ :i,nci:;ease our, unde:i;-standing, of 

how· to, begin a stt,idy of s,oil mana,gement and crop production. 



CHAJ;>TER II 

REVIEW OF LITERATURE 

In 1944 Reed (81) took, the first; step in: a :pioneering il)vestigat;ion. 

to obtain information on the soils of Liberia. Since the report by 

Reed was ,published, there has been no significant soil research 

undertaken except for a few fertil:l,.zer trials• 

Reed (81) classified t;he .soils of L:l,.beria as .Latosols ,for 75 per-

cent of the . total areljl of tQ.e country, Lithiso.ls 16. 7% , percent, .. and 

Regosols 2.5 percent.· Otqer s~all groups of soils are; alluvial soils 

2.5 percent, mangrove swamp soils 0.8 percent, half-bog soils 0.4 

percent and Gray Hydromorphic soils 2.5 percent •. 

Most, of the upland so.ils are yellow-brown latosols (probably. 

equivalel)t in charl!l.cter to bxysols) with d:i,stinct Bt horizons, but 
I . 

becoming more red (character Och,rasqls) towards the drier section of. 

the c9untry·(nQrth) (104). They are usually :i;-ich. in ironstone.gravel 

even under high fores17. · Worrall and his· coworkers (104) claimed that 

the.red loamy soil~ (ch~rac~er Basisols) deve1ope4 over numerous 

basaltic dikes along· the coast •. ~e parent i;naterial,.s ·of, these soils 

are crystall,.ine metamorphic and igneous roc~s• 

According to·Reed.(81) the 0rganic,matter c0ntent of the latasols· 

under virgin forest averages about, 6 percent. in the. surface. 6 inch.es 

of soil and 2.5 percent at ,depth of 3~6 inches~ For soils under a 

secondary growth,, the organic i;naq:er averages 4 percent and 2. percent 

4. 



respectively. This. information reveals. that .the soils used. for 

"shifting farming" cont.;i.in ab9ut , 25 percent less 0 rganic . .matter than 

they initially contained. 

5 

The nitrogen, content of these latosols is said .to correh.t;e closely 

with the amo\lnt of organic . .-matt~r-.pr~sent (79) •. Th~ .. soil 0rganic. 

matter-nitrogen ratio averages• a~out 30 and the carbon-nitrogen. ratio 

aboµt ·17 (81). The solu'Qle phosphorus content.varies. from 4 ppm to. 15 · 

ppm.:- It averages about .,8 ppm.in the top soil ,a:t;td al:?out, 5 ppm.in the 

subsoil. These latosols are strongly acid in tqe subsurface where the, 

pH averages 4.50. The ext;:remely acid subsoil has a pH average of 3~85 

(81). 

The avei;age .•cation exchange ·capacit;:y for soils unc:ler virgin forest 

is about · 12, and.· 9 for those Ut).cler. secondary fallow. , The d:J,ffei;ence 

is at.triQuted to the high organic matter c0nt~q.t of. the v+rgill forest 

soils.. At tl_ie 3-6 incq depth,- the cation .exchange capacity averages: 

,about 8 and -bel~ 3-6 inch.es about .5. Ac<=prd;ng to Reed (81) burning 

of ·the bush before cq.ltiyatiQP. inc;reases t'Q.e nutrietl-t st~tus ,of the 

soil while it decreases t:he_soil.,acidity. He-found tl).at on rec~ntly 

burnt land the soluble7phosphoi;us c0ntep.t: of the surface 3 inches 

increases from 8 ppm to. 18 ·ppm and •. base.saturation in':!rea$ed from 30 

t;o 46 percent an.d acidity decreased fr001 pH 4.6 to 5.3. 

Th~ lithosols ·developed on hilly and steeply.sloping lc;i.nd are· 

shallow soils (81)• Most of the deeper soils in these areas are due 

to colluvial deposits at tl:ie bo1;:tom_of·the slopes •. The vegetation 

consists mainly of trees. and shrubs •. The structural pat1;:ern,of -the soil 

_ -o:f_ten,,,·appears to~~retain .the properties of the parent material,• "rotten 

rocit". The clays in some of· these lithosols ,are plast;ic while others 
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exhibit non-plas.ticity (81) • The· surfac;e three inches is descr:i,bed 

as having 5 perce~t· orga~ic,matter, 13 ppm, soluble phosphorus, all, 

average pH of 4•4, and a cat~on e~change c~pac~t;:y of 12. The s1,1bsurface 

3-6 inch laye:i;- has, a CEC of 6 and an average pH of 3.9 with abol,lt 2.3 

percent. organic. mattet;. Th~ extreme topographic vari?ticm ,of· the 

lit4osols ·and t;hei:r shallowness causes them to be of limited 

agricultural.value. 

Th~ Regosel group of s<;>ils consists .of sandy soils ,a"Q.d they occur 

in narrow .belts along the; ceast and in· several small t;:r,acts inland •. 

The vegetation consist;E! of a. spar$e st;i;i.nd of savannah grass.· and pal1;118,. 

Worral,l et .al. (104) ·reported .that, analytical worlc, by _Van Boren 

indicates that;: the . s9il$ of Liberia are "Q.on":'marine .. in origin• and the 

parent.rock,is primarily pre..,,ci;i.mbrian ~tamorphic rocks. 

More wor~ has,beeJ;1._reported on·fertil:i,.zer·trials·tha:p.-on.soils. 

MO!"!t ·of the e~periment;:s ·however, were carried out ,with commercici.J,. 

mi:x;ed· fertil,izers · (15 ... 15-15) or· (10-10-10). 

Worrall:e~ al,. (104) reported t4at·th~. tµost sust;ained work•in 

fertilizer trials .has been on rubber at HarJ?el (:Irires,ton~ Rubber 
' ' ' 

Plantations 'Coll!-pany) and, on rice. . As ·reported by thes~ inv~stigato:rs' 

Mcindoe who. worked with f~rtilizers on rubber plal;ltations for several 

years.·- reached the following c0ncll~sions ·in. 1952: 

(1) N + P on mature tt;ees. ,depresseci t;he yield; 

(2). P alo~e incre~sed growth but not yield; 

(3) N is necessary f 0r l~tex in mature trees; 

(4) K is beneficial but.the amount required is n~t-certain; and 

(5) K+ N give~ definite inci;-eases in yield. 

In.1957, copper deficiency was.conf:i,rmeq and..c~ns:l.dered the cause· 



of the inefficient u~e of the m~j or ,nutrient _elements by rubber . tree~ 

( 104) • 

7 

Fertilizer; trials with rice showed that all ,_treatment:s -except_ 

nitrogen alon~ and potassium .alcme were beneficial,._ It. was recommende4 

that a fertilizer -rate ,in ex~esi;Lof 60~60.-60 par. acr.e would be, most, 

profitable. 

According to -sev~ral soil scient:i,sts ,,.(l.5 ,18.,65)- the soils of __ 

Libe:r;ia cE1-n be,placed ip.,the u~tis()l orqer. Red-yellow pad~olic 

soils are presently recqgnized as Ultisob. Ext;:~nsive leaching is 

prerequisite to t:;l).e formation o:f these soil.s (18). _ The m~an annual,. 

9oil temperature is greater than 23~C(74°F) ·a diagnostic criterion for 

the Ultisol_ order (18).. Characteristics of tbese_soils is a clay_ 

mineral suite ,that _is stable.ut;ide]f t:;he _ambient et;lvironment~ - The suite 

is dominate_d by .kaolinite, as~ociated with ,gibbsite _and cl;il,ori_te

vermiculite interg:r;adit:ional ca.lys.(18). -!\ccording to.Russell (83) 

these. kaolinites -are probably present .as halloysites; free silica 

recrystalizea as q~art~, opal; or chalcedony; _the a+uminum is present 

as -gibbsite or"hydrargil,.lite and:the iron as limonite FeO(OH) and 

hematite (Fe2o3),; Lessivage, leaqing to the formatiqn of,albic and_ 

argil,.lic horizons·is,pronqunced. Some of the.clay accumulation_in-

the arg:!-llic l1ort~on: is in the form of argil,.lic!!-ns ( 18) • PodzolizatioI). 

alsq occt,ln i'Q these-profiles. The all,)ic horizqn is low in free 

iron oxide but the argHlic, horiion -is -rich (18) • 

According to Be~nema (15) the latosols,are tqe most·ext~ns:f.ve 

of the red and yeJlow ,soilfi of tl:_ie tr()lpics and_ subt!opics. The 

constitution of tb,e mineral _soil ,mass, of -these soils cons:!-sts of 

sesquio,xides; 1:1 lattice clay minerals; quaftz and otheJ? minerals 



8 

Particle Size Dist;riq4tion 

Particle·size distribution is one of the most stable soil' 

charact;eristicf:!. · Int;erest ·in _particle. size distributio~ ,centers aroun4 

its use as a basis for .soiLtextural classif.icatioJJ, (16). It is a 

valuable, i:p.formation in solying prob].ems dealing with weatherin~,' 

segregation of soil particles by leaching, s.oil structure, and. sediment, 

transport by waterat;1,d wind (16). The determination.of particle size 

distripution was originally called "mechanic:al anaJ,.ysis" but tod~y it, 

is referred to.as'"particJ,.e-size analysis" (16). 

Je~:p.ings; Thomas, and Gardner (49) in 1922 recq-nnnen,ded.the use 

of pipette for particJ,.e·size analysis of soils. Their method consisted 

of shaking a.dilute, fully dispersed soil s4spension in a.cylindrical 

vessel, placing it in an upright position, and determining the 

concentration of the suspe1;1.sicm with the tii;ne a1;: mea~ured distances 

below the surface. · The procedure assumes. that the particles fall as 

individuals at, a constant rate, irt:espective of .the presence o:t; other 

particJ,.es. It; ·cl~ssifies .. the soil separates ,into. fract;ion~ ac~o;rding 

to their rate of fall. 

In· 1926 Bouyoucos (19) devised the hydrometer method which could 

be used to determine tqe amount of the various,soil,particle.sizes in a. 

soil.suspension. Using the Zuevenn.es~Lact9densimet;er with a. 

,thermometer in its ,stem, he c9uld meast,ire tQ.e density 9f suspension of 

a.soil after different periods, of settling •. 

The hydrometer becai;ne q'l,lite ,useful in .this, area of· soil analysis .• 

However, it had some ma~or limitations which. ,affeqted test;, results. 

Acc0rdit;tg to Day (31) the hydrometer failed to fulfill t;he Stq\<,e's 
2 

equation which is given by the formula: V = ; (dp - ~)gr where. 



V - veloci.ty of fall in c~ntil!leter per second, 

g = .accele+ati9n due to gravity, 

dp density of tb,e particle, 

d = density of the liquid 

r = .radius of t;he par.t~cle .. in ce~.ti~ter!il, and, 

n·= th.e absolute viscosity .of the liquid.; 
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In 1950, Day (31) repor.teq.a new .methc;>d.of calibration .of the 

hydrometer for detert,llining :particle size. · He. f.ounQ. that .in a particular 

soil suspen!jlion ,settling ,under gravity, the .concentration of the 

suspen4ed s9il at an arbitrary time after i;nixing to be a logarithmic 

function of depth~ He. based his. methqd ·on, the hyp.othesis that a 

logarithmic concentratic;>~ gradient might be a .geI).eral.charact~ristic 

of soil suspensions,unde+going sedimentat:i,on •. 

In 1951, Bouyoucos .(20) recalibrated the hy_drometer to cqnform 

with th~ .present s.oil, particle ,size classificatiqn of. the USDA and of 

the Internatio~al~Socie1;:y of Soil Sci~nce. 

Cation Exchange Capac:f,.ty and 

Exchange Cations in Soils 

In 1850, l'h9mpsen, as reported·by Kelley .(54.), se~ out,to 

investigate the absorpt:i,o'IJ, process by soil. · Hi!:! first attempt dealt· 

with ( 1) whether ai;nmonia, when , absorbed , by soq. could be leached· out 

by rain wate.r, (2) ·whether soils differ one fi;om aI).other in ,their 

ammonia, absorbing-powers, and (3) whether ammoniu~-sulfate was absorbed. 

He.added to a soil,0.64 .gralllS1 of (NH4) 2so4 _or CNH4) 2co3 in 

solution and. he discovered. that·. a greater part, of the (NH4) 2so 4 

converted in'l:o·CaS04. He concluded that NH4-adsorption was,assoc:f_at~d 



with li~e in the soil. He recovered only one~f0urth of the added 

(NH4) 2so4 and one-eight:'ll of the (NH4) 2co3• 
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He. thetl. percolp.ted s9il columns with similar solutions· of. 

(NH4) 2so4 and (NH4) 2co3 and observed that.the NH4 in both, solutions was 

absorbed by the soil. He .later leached a soil column with a .NaCl 

solution and bas.ed on his chloride determination, erroneously 

concluded that sodiutµ is not absorbed by .. the s9il. 

Thompson was lat:er. supported by Way who als<? found thi:it NH4 could 

be absorbed by complex double si.licates . of .aluµiinum and sodium. . In 

an.experimeri.t it was observed that the reaction of the aluminosilicates 

with solutipns of NH4Cl or (NH4) 2so4 .resulted in.the replacement of Ca, 

Na, or.K with the Jormation of NH4 aluminosilicates (54). Way held 

that:· the replacement. procei:is was irreversible and he was supported by 

Liebig (54). 

Fran~ according to.Kelley (54) was one.of the pioneering soil 

scientists to demonstrat:e displaa,ement phenomenon in a soil cqlumn. · 

He .noted that the cc;>ncentration of a, leachate. decreases progresf:!ive],y 

with depth of the colutpn and that add:j.tion o.f NaCl to a KCl solution . 

reduces the absorption of K from that soluti,on, 

The ci:ition exchange capacity phenomenon, which was initiated by 

\l'hompson, came to occupy a greater portion of the literatt,lre in the 

middle and lat:e 1800's, Research.in this area expanded .quite rapidly 

during the early .1900's • 

. Mattson .(62) explained that cation exchange capacity is a function 

of pH. At a.given pH, the exchange capacity is a definite quantity 

for a sample, but, different from that at at1other pH. 

By microscopical, chemical, and x-ray exq.mination, soil scientists 
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(43,55) found that the very fine soil .fraction contained, crystalline . 

substances· and that a· sample. may give charac.teristic x-ray diffraction 

patterns that can be said to arise from one of tl;le clay minerals. 

Both Albrecht (3) and Grimm (40) pointetj. out, that the excha11-ge 

properties of soil is largely due to the clay minerals. Bean (13) 

indicated that th~ clay fraction ( 2 ) and tbe organic matter of the 

soil.are responsible·for ion exchange. The work of Marshall and ' . 

Patnaik (60) alsq corroborates other investtgations~ 

Russell (83) showed that exchangeable cations in a soil.can be 

displaced by washing the soil with a salt solution that contains a. 

cation uncommon·to the soils .or by washi11g with a dilute acid. The 

ions in the e~tract are part of the readily available elements 

required by plants. He refers to the uptake· of ions, by plants .. and 

their releas.e by the plant roots· as the exchange process in soil. 

Jac;:kson (47) defines the cation exchange capacity a,s arisiri.g 

from proximity to surfaces of negative charges on minerals.and organic 

solids. ' +3 +4 In many polysilicate clays; Al substitutes for Si in 

h h d 1 h Mg+Z f · Al+3 · h h d 1 h f t .e tetra era s eet; or or , int e octa e·ra s eet, or 

e~ample; in micas9 vermiculites and smectites. A second source of 

negative charge is broken ~ond,s at crystal ed,ges~ 

Negative charge must occur.within one or two atomic,layers from 

the surface.or pores for CEG to be developed. Various cations held in 

a water shea,th or "double, layer" near such negative surfaces are 

+ exchageable by other cc;i.tions including protons (OH3 ) of soluble salts, 

acids or bases.in solutions in contact.with .the surface. 

Schollenberger and, Drie'Qelbis (89) investigated the use of a 

neutral 2M solution .of NH4 acetate for estimation of exchangeable bases 
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and supported the claim· that· it is the most satisfactory salt for the 

purpose. Jackson (45) also recommends this salt .for base determination. 

Ammonium acetate is a neutral salt and its solution is buffered around 

pH 7. This makes the dissociati.on of both acids and bases practically 

,...5 0 
equal and the ionization product is.small (1.8 .X lO at 25 C). They 

recommend the leaching method as the best means of extracting cations 

from the soil. 

Mehlich (66) proposed the use of tl(iethanolamine.acetat~ barium 

hydroxide buffer for the determination of cations·exchange·capaci~y, 

base and hydrogen saturation, and lime requirement of soils. A 0.2 N 

solution buffered at approximately.pH.8.15 is advantageous for the 

efficient replacement. of soil bases. 

Mehlich' s. procedure (66) for the e9timaticm of the determination 

of lime invqlve~ the .dete:nnination .of bar.ium adsc::irbed by the soil (base 

or lime adsorption cq.pac:ity at approximately pH 8 •. 15) titratal?le 

acidity and replacea,ble,magnesium. The barium adsor.bed by the.soil, 

is determined by the difference in concentration of the test solution 

before and after treatment of the soil. 

Truog and Bower (95) investigated the question of why clay acids, 

like weak acic;ls, form salts when neutralized with weak bases of 

divalent cations and why; . when, these cations , are used in the determirta':'" 

tion of base. exchange, higher results are obtainec;l. They founc;l that 

base exchange capacity, when determined with .polyvalent cations; was 

higher than.when determined with monovalent cati~ms for a Miami silt. 

loam. Results .obtained .with monovalent cation~ were in good agreement 

while those obtained with divp.lent cations becc;ime higher with decreases 

in, the strength of the base which their respeci;:ive ions formed. They 



noted that cattons.whic~ form basic exchange salts are mu~h more· 

difficult to replace~ This suggests that, Cu.maybe dec+eased in 

availability as.a plant nutrient.and·niq.y be.reduced in toxicity when 

present in considerable amounts because of the tendency to form :basic 

exchange·salts. They believed that these res4lts indicate.a 

connection with the availability and toxicity of certain nutrient 

elements for example, copper and zinc. 

Availability and Nutrient· Requirement of Plants· 

13 

Bray (21) investigated ionic competition in.base exchange 

reactions. · He . considered eqt,iilibria involving small amounts of 

electrolyte and relative:J_y large ,amounts of cation-exchange material as 

the most important equilibriuIQ. process in soil. He gave seven rules 

governing.exchange.competition in soils. The rel.atiye ease of 

release for univalent and bivalent cations is in the order Na>K>Mg>Ca>H 

(21). 

Jarosov (48) reporteq where two different cations are.present 

on a surface, the cation with the higher bonding energy occupies those· 

positions o+ sites on the surface that.have the greatest energy release. 

The. one with the lower bonding energy will occupy an area with le~ser, 

energy release. This was confirmed by Jenny and Ayers (.52) in 1939. 

Many other soil chemist$ (71,92,102,103) have investigatecj ionic· 

equilibria i:p. · so:j..ls and the energies of replacement of .one ion by .. 

another as well as t~e uptake of·nutrients by plants. It has been 

obs.erved that. (92, 102) an increase in the c(;>ncentrat;ion of K in a 

solution with a c<;mstant value _of Ca, results ,in a rapid _decrease of 

Ca uptake; but that the reverse.is not true of potassium. Taylor (92) 



found that the relationship between Kand Ca ion was.obeyed only in 

soils of low K-status. 
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Energy of exchange (102·,103) is a measure of the intensity factor 

in the delivery of a.balanced supply of nutrient catiob.s from the 

exchange complex of the soil to the growing plants.· It determines 

whether or not reactions will occur and also determines the nutritional 

balance of a suite of cations which will be exchanged from the soil. 

The energy of replacement of potassium (71, 92 ,101) at which deficiency 

will appear in the plant has been set at 4000 calories and 35000 

calories as the upper limit for the normal performance of the plants. 

Variations which occur in soils which have received large amounts of 

K-fertilizers are caused by an exchange reaction by which the amount of 

K in readily exchangeable form is irtcreased as the electrolyte concen

tration is raised (92,102). 

Mass-flow, root interception, and diffusion (71) are the three 

mechanisms which govern the rl;l.te of nutrient supply from the soil to 

plant roots. Oliver and Barber (71) found mass flow to be significant 

in supplying Ca and Mg but of little importance for the supply of Na 

and K. Increase in the mass-flow of.Ca and Mg were highly correlated 

with increase in the uptake of Ca and Mg by the plants. 

In a second experiment dealing with root interception ;of Ca and 

Mg and in which mass-flow was minimized by previous leaching of the 

soil, it was found that the calculated Ca uptake by root interception 

gave reasonably close approximation to uptake of Ca minus mass-flow 

Ca. 

Root interception by a given plant is related to the effective 

soil volume per plant (102) which can be influenced by impervious soil 
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horizons ._or horizons 'contaiQ.ing .toxic conc,entl;'ations of element~ sucl~ 

as aluminum and manganese._ The amount of different.elements.removed 

by mass-flow is.related direct;ly t~ the amount; of .water transpired by 

the plant; as well as_ other factors whic,~ also affect the amount of 

each ion 'being removed as a result of dif fqsion. · 

Baker (5) pr9posed that ion availability is relatE\d to. ionic 
I;-

activities rather t;han ionic ·concentrations, as described by various. 

inve~tigators (21 1 71,92,101,102,103) and the mec\J.anism governing tbe -

supply of nutrients to plant·roots as outlined by ot;:hers (71,92,101,103) 

were.in eri;-or., Baker dev:f.sed a new,metho.d for testing .soil~ which 

cot,lld be_ used_ for es.ti~tiri.g the avi;i.il,abi,lity and requirement o~ 

nutrient elexnents py plant~. Th~ method is ba$ed on the amou"Q,1: of _ 

each element re-moved fi;-om the soil or the -amount yielded tq the _soil, 

by an -extracting sc;:>lution contaiQ.ing ,salt~, ac~ds, or coml;3ination of 

both.;._. From ,the c'Q.ange in C<l!mposition .of the _solut;:ion after extraction,. 

the nutrient element require~nt ._for plant_- growth can be cqmputed. _ 

T~e initial :experiment has as its ,.objec.t,ive t;he predictioJ;J, of -the K 

requ:;i.red to provide optimum, and m:l,nimum availab.ili~y of K in different --

soils. __ The study was limited to K,, Mg, and Ca,. with .t;we],,.ve different_ 

soils, aµd eight ext;ract;ing ,solutions with diff~ring chemical properties 

were,used in·th:f.s-investigation., 

Baker obs~rved, that all, soils removed ,K from a so:iution that was 

ccmditioned, to provide med:l--um to high_ amou~ts of the element. The test_ 

was conce:i;-ned with determining the low level of _K ava;l.lability (not 

deficiency) and the re~ults indicatetl that_only a relatively s~ll_ 

. amount ·of K was removed. , Greet1.house studies (3 separate sets) with-. 

sufficient·K for 4000 calories for the.energy of exchange 
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on bean plap.ts showed no response to added K. 

Bake,r (5) believed that if the amcmnt. of K removed by these. soils 

were applied as fertilizer an adequate level.of K would be provided for 

field crops. He also concluded that soils ,which did.not remove K 

from the. extracting solutions do have sufficient .K available for 

adequate plant growth. Another aspect of this study was.the imp<:>rtan,ce 

of the energy of excha,nge and the percent K in solutiop. as a parameter 

for K availabi;l.ity. This extracting s.olution for this test contained 

-4 4. 8 X 10 m/1 KCl. It was. observed that, four of the soils liberated 

K to this solution. Two of the .four soils ,were.noted for their 

proc;l.uctivity and were also rich in the clay mineral i.l,lite. 

Baker. concJ,uded that K ·and Mg requirements .of soils can be 

determined directly from changes.il;l .the cancentration,.of.the respective 

ions in the ext;ract;ing salut;ion .when soil.samples are·eqt,J.ilibrated in. 

a soil-solutic;m rat;.io of 1: 10. -4 The salution contains 7.4 X 10 m/l, 

-4 -4 KCl, 9.6 X 10 m/l MgC1 2, and 48 X 10 m/l Cacl2 • 

Baker .(6} in a subsequent experiment modified the e~tracting 

solutions b~ the.addition of Mn, Fe, Zn, Cu, S, and P. In order to 

maintain a relat:i,.vely constant activity for each elemep.t i'Q. the, 

different soil extracting solution,, he incorp0rated the use of a. 

preservative (O.l·gm phenyliµercuric.acetate in 20 ml of d:i.oxane diluted 

to H>O mL), a,pH buffer DTPA, and TEA. In this test, the levels of H 

and Ca were held const;.ant while thef:1e for other .elemepts varied. Three 

additional soils were included in.this ipvestigat;ion. 

Baker reported excellent results and indic.;i.ted that the ac;l.sorption 

equilibr;ia sqil test could be successfully us.ed to test;., for several 

nutrie~t elemept reqtJ.irements. He conclµded that the sign:i,fican,t soil 
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X sol:ution interact;.ion was, due tq the high prec:i,.sion for Mg and K •. _ 

The rankings for tl,,e -15 soils- studied were_ not substantially diff~rent; 

from preyiou"' studies a~d Baker noted the_ test for two of, the- soib 

to be . signi,ficantly different· in K and .Mg requiremen.ts -regard+ess _of 

the test soll;ltion useQ,. He_ therefore concluded that -.th~ modificat;.ion 

did .. not sul>stantially affect _the reliability of ·the m~thod..' The use, of 

DTPA was fouI).d to.be advant~geous·in test:t.ng fc:;i;- Mn, Zn, Fe; ang Cu, 

The inve~tigation shciwed th~t t;.hese extracting solutions could alSo 

be ·used in,.predicting soil requirements for lime, K, Mg, Cu, Zn, Fe, -

and Ml;l. · -He :could not ·-how:eyer, _make conc],.usive predict; ions. for _phos""." 

pho:i;-us • 

. Excha,nge -, Acidity 

Jackson (47).iI).dicates.that,the most importaT;J.t; chemical property 

of. a soil as. a meQ,ium .for plant. growth is. its pH value or hydrclgen. 

ion activity. Jackson (46) and Jenny (50) have suggested that_ the acid 

princ;.iple in.soils is associated with ;aluminum, 

Jackson (46) and Jenny (50) have .conclude4_ .. that soil acidity is 

e5'senually due, ta c],.ay saturated;with,compiex alumi-q.um pol,.ymers and 

never hydrogen .ions, as .such,. except under laboratory, conditicms. 

According to Jei:my (50) the controversy invQlving aluminum a-q.d 

hydrogen and so:U acidity came to SQ. end. in· 1952 when-Coleman and .his 

coworkers compared.heat _of neutralizatioµ ,and titration.curves of. 

H+-and Al-resins with t~ose,of ·H-clays and:acid leached clays .and 

Al:-clays and prqved that, el,ect,ro-qialyzed ·clay is., aluminum clay and 

d +. 'd that;. alui;ninuD-1- saturate H -clays ·are strong a~i-s. 

Jac~son. (46) further el,.abor~te!jl on aluminum panding iT;J.. soilS? and, 
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points out its usefulness in understanding many properties of the 

soil system. He e::icJ>lains aluminum banding .is .. analogous to hydrogen in 

aqueous.systems •. He discuss.es the solubility product of A,l(OH) 3 , 

+3 5 
K1 of AL (OH2) 6 :'.and the Pauling Ki/K2 .ratio .of 10 whic~. are. applied 

in the calct,J.latipn of concentrations o~ aluminohydroniu111 mon9meric 

cation ,speci,es of vale:p.ce. 3, . 2, and 1. These concentrations relate· to 

the cation excrhange and interlayer aluminum polymerhaticm reactions· in. 

s~ils during chemical weathering. · Th~ generalized bonding equation 

for this and .minex:al c91lo:i,.ds c<;>mpoi;;ition is.lAl~O~Al OH •• 

This. prevides. an u:\.ti~te buff ex: function in .beth the lower and upper 

pH range of. soils .except i'Q. t;he presence, of .st:i;·ong, acid"'."' forming cem-. 

pounds such ·as S and. ;FeS. .. Jackson notes aluminum. banding is central,. 

.to soil ac,idit;y through not only. the acidic aluminohexyhydrcmium 

monomeric cations· put.also .through the weal,dy _acid,Al...__OH2 ••• 0H 

pair in edges of.polymerized precipitated hydrexy alumina structurea. 

Aluminium toxicity and soil acidit;y ma~ .involve ,Al-b0ndi~g a:p.d 

solubility product relations at the,soil'7root int~rface-and in solution 

in the soil.and in the, plant .sap. Retention by soil.of anions,such.as 

phosphorus aild s~lfate·is .. closely related to,aluminum,bond:i,.ng of these 

anions (OH replacement). 

Most soils. in hutµid regions, ·are acid (13). Many soil scientists .. 

(13,37) have shown, that, this acidity is brought ,_about by ~ces!!ive , 

leaching _due to heavy ra~nfa:U in t~1ese areas. CarboI). dioxide .from, 

the air·aild soil water combined to.form.carbonic.acid and.have been 

postulated as t'Qe ultimat;e·cause of .acidity in soils. Plants-can not. 

grow well in e:x:'(:re~ly acid soils.. As the ac:i,di ty incx:eases, past: 

some. limit depending on• plant, species, plant;· growth, usually declines. 
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Many soil scientists (27,29;41,66,76,86,87) have .developed methods· 

to be ·used .in.estimating the amount of acicls in soil.and how to. 

condition the.soil,for optimum plant growtl:i~ Comber (29) developed 

the.use of potassium thiocyanate to determine ,lime requirement of 

soils. In 1933, Harper. (41) studied and compared .variGus acid-based 

indicators in the determination of soil reaction. He,founcl that 

filtrates of indicators passing through different soils. did not give 

the same results as did tlie electrometric,measurements of pH values 

of soil-water suspen$ions. · A st;:udy. of the absorption of indicators 

showed that brom thymol blue and brom cresol. green were absorbeq to 
( 

greater extent . than. brom cres.o1 purple, ch],or phenol· red or cre$ol 

red. Brom cresol purple was found tc;> give sharper .color changes than, 

chlor phenol red and was. therefore recqmmended.as a possible useful 

indicator of soil.acidity. 

The hydrogen ion activities and its effects on cation exchange· 

capacity and its dete:i;mination haf; arrested.the c~ncern of many, 

investigator!:! (29,41,47,76,86,87)0 Schofield (86) investigated the 

electric charges .carried by clay particles and pH. He found that these 

charges were pH-dependent. , This . means as the .pH of a solution surround-

ing .a clay partic],e is .raised, the charge on tl;i.e clay is i~creased 

resulting also, in a corresponding increase in the number of exchange·. 

sites on the clay partic],es. For instance, he .found that a!;l the·. pH· 

I 

was .increased from 5.5 to 7.4 the negative charges al$o increased from 

24.5 to 28~2 meq/100 grams. · 

Coleman, Weed, and McCracl}en (27) investigated CE;ltion-exchange · 

capacity .and exchangeable cations and emph~siz·@d ·the magnitudes and, 

sources of negative charges on the ex~hangeable cation populaticms 
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as related to other soil characteristics. They were concerned with 

the. contribution~ of poth permanent charge and .pH""".dependent charge. 

Leaching a soil sample with a neutral salt so.J,.ution should remove· 

exchageable ions whi.ch are bonded .electrostatically (27). The ions 

displaced by these treatments may be regarded as those, neutralizing 

permanent charges on.soil.minerals. On .the other hand.a buffered salt 

solution not. only displaced exchangeable ions bonded to permanent 

charges, but also neutralized a part of the weak acid or pH-dependent_ 

charge. These investigators prepared two different solutions (IN KCl 

and BaC12 .""". TEA+ lN KCl) for investigating .the permanent and pH 

dependent charge. The sui;n of. the e~changeable Ca, Mg, and exchange 

acidity were regarded as reflecting permanent charges of the various. 

soil.sampleso The base cqnsumed on leaching.KCl-,treated soii samples 

with BaC12 - TEA and pH 8. 2 was taken as the pH-,dependent charge 

measured as the base requirement on raising the soil pH from. about; 6 

to 80 2. Ratios prepared between t;he results obtained from these 

two leachings indicated that great differences existed bett:.ree:p. the 

various .soils tested. A S<?il fqund .to have a .. high permanent charge 

at low pH but a low pH-dependent charge at.high pH gave a b,igh ratio. 

On the other hand, .a soi! found to have a low permanent charge at low 

pH and a low pH - dependent charge at high pH gave a low ratio. A 

large proportion of the CEC for soils with high ratios came from 

permanent .chaq~;e which eJ!:ists at low pH. While a large proportio:p. 

of. the .CEG for soils with .low ratios was due .to pH""".dependent charge 

which exists .at high pH, they recqmmended. a breakdown of. the soil CEC 

intq low pH a:p.d high pH· components which was a more realistic appraisal .. 

of exchange·charact;eristics. Pratt (79) co:nfiri;ned the findings of 
' . 
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Coleman et al. He found a continuous,change in .the CEC of some 

soils as tl).e pH was changed. Data for other so.ils ,indicated a constant 

value be.tween pH .3 and pH 4.5 but, increases didoccur as 1;:he pH was 

increased from 4.5 to 8.0. He defined the pH-dependent cation-

exchange.capacity .to be,equivalen1;: to tl).e e~change acidi1;:y not 

displaced by. a neutral ,KCl solut~on but displac:;ed by a buffered BaCl _ 
2 

TEA solution •. 

In dealing with the problems of pH determi:p.ation and lime 

requirements, Sch0field and Taylor (87) found. that a, soil pH 

determination in a O.Olm Cacl2 could be used satisfactorily. They 

obtained satisfactqry results especially on non-saline .soils whei;e the 

surface density of electrical charge on colloidal mate~ial was high 

and independent of the solution composition •. ·. Mehlich .(66) introduced 

the use of BaCli-trietQ.ano}.amine for determination of soil acidity and 

lime requirement. Peech et al. (76) modified Mehlich's procedure, 

The buffer and extracting solut~o.n used .by Mehlich .were. replaced by 

a single solution which consisted of 0;5N Bac12 and 0.05N TEA 

neut;:ralized to pH .8. 0 with HCl. Thi,s method gave higher ·.results than 

the ammonium acetate method and.the r~sults were in.better agreement 

with the standard rei;;idual carbonate method. 

Pltosph0rus 

.Phosphorus .is classified as one of .the major el.ements required 

by plants (93). It oc~urs in plants in·quantities .much smaller than 

either nitrogen.or potassium. Plants absorb this element primarily .as. 

the orthophosphate ion Hl04~ and af? the secondary orthophosphate ion, 

HP04- 2 in sn;ialler amounts (93). Ph~sphorus .has been recognized as a 



constituent of nucleic acid, phytin, andphospholipiqs. Adequate 

supply is said tq increase root growth and to hasten plant maturity. 
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Many soil.scientists (57,74,83,100) have classified .soil 

phosphorus into several groupings; according .to its distribution in the 

soil and according to its s~lub:i,lity. Russell (83) categorized 

phosphorus in the s9il into three .main groups: 

(1) Phosphorus in the soil.solution whic4 is small as 

compar~d to other ions; 

(2) Phosphorus in the organic matte+; and 

(3) Phosphorus in the inorganic form botl:J. definite phosphate 

compounds and surface films of phosphate.held on inorganic 

soil part:i,cles. 

The bulk of the phosphorus . in · the. soil is in the inorganic form 

except for a few soils on ancient·peneplains and some strongly leached 

tropical soils (83). In these soils, organic.ph,osphate is the 

principal reserve of plant available phosphate. The importance of 

organic .phosph~te .is mainly tw:o-fold: (1) to prevent. the conversion 

of available phosph,ate to the dHficultly soluble form i11- soils low 

in phosphate and to speed up the build-up of a hu~~s where gras~ is 

grown and. (2) as a source of phosphate supply to plants by being 

converted to the inorganic and available form (83). 

Kurtz (57) and Williams (100) have attempted to .group phosphate 

compounds.based on sc;ilubility. Kurtz (57) grouped phosphorus into 

inorganic and organic.and classified the inorganic phosphorus into 

two. groups: ( 1). water-soluble inorganic. phosphorus which is a 

relatively small portion, confirming the classification of Russell, and 

(2) acid-soluble. which is a relatively large portion. Kurtz (57) st:.u.fl;Led 



acid soils and separated phospho+us inte four ma.in .gx:oups based on. 

their solubility: 

( 1) Soil phosphorus soluble, i~ .strong ;.concentq1ted acid; 

(2) Soil.phosphorµs soluble in dilute acid. dissolves in. 

0. 2N ni tr:i,c: hydrochloride;, 

(3) Adsarbed: phosphor1,ls and phospho~us sqluple ·in alkal.ine , 

solution ,whicq_ disi:wlve .in N~OH st:i,ch .as the .apatite type; , 
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(4) Residual phosphorue .or phosphate which is .i'q.ert to extrac1;:ing . 

reagents • 

.Williams'·.(100) solub:i,lity classification .was based .on phospherus 

be;havior in sodium hydroxide., He g:r;:o'liped phosphorus .compounds into· 

three main areas more, or less silllilat;" to .that of i<urtz: 

( l) Solu,ble-phos.ph9rus in coml:>ination witij sesquioxides, 

organic; pho$pho:r;:us, .exchangeable, phosphorus of . the clay 

c9mplex, phosphorus of c~lcium.compounds such as CaHP04, 

and phosphorus of water-sq1ubl,e compouI).ds: . 

. . (2), .Insoluble'7phoepho:r;:us it). compounds .of the .apatite class; 

(3) Doubtful-p~aspherus in. tlw i~ter:i,or of the clay .. structure and. 

phosphor1,1S of.titanium,cempounds. · 

. It has been observed that calcium phosphate is the .predominate 

phosphate compound in a1~ali~e and calcare9us soils while iron and. 

aluminum. phosphat~s are of equal. or greater .s.ignif i~anc~ in acid 

soils (57). 

Olson (74) found that phosphate, in alkali~e and .calcarec;>Us sails . 

occurs in the form of hydr.oxyapat::f_te, fluorapatite, ch1oroapatite, 

wagnerite ,and wavellite, and,in organic forms. He found .that·alki;i.liI).e 

and calcarecms soils were dominate4 by calciq.~ .phosphate ·while iron and 



aluminum phosphate were do.mi:p..;:tnt in acic,l soils. Chai and Ca.:j..dwell 
/ 

(26). studied ,the forms of phosph~rus fixat;ion, and av:ailabi,lit)" and'· 

char.;:tcterize4 the organic and inorganic phosphates •... Th~y-divided 

inorganic phosphate int:o aluminum, iron.and c\ilcium compou~ds. Theii;-

fractions were in.agre~ment witQ. Olsen in,that _iron.and alumiiium 

compounds·. of ph,osphoJ;"us .a+e characteristics .. of .ac;:id soil~ ,while 

calcium compounc;ls were cliaract;.e:i:istic, of alkali~e .sails.. They. found 
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that s.oils with pH ·near .. 7 all .. thre~ ino:i:;ganic ·phosphate cqimpounds were .. 

evenly distributed. · PhC!:sph~te-~ixing .capacity. was fc:iund to increase. 

with departur~ fro~ a .pH .near. neutrality.. Organic .phosphate was fol,lnd 

to be po~itively related to the centent_of soil .organic matter. 

TQ.e a:iµount;. of solubl,e·phosph0rus .as .deter.mined.py .methods. employing 

strong.acids were found to,be·higher_than thos~ using weak acids. 

The t~ndency ef phc:ii;iphorus tc;> be present in the .s9il in nearly 

insoluble.compounds is largely responsible .for.phosphorus deficie~cy 
, '. ' 

soils and decreased pla:p.t growth .cm i;nany .soils •. Ma.:p.y seientist:s 

.(28,34,39.,5.9,68) hav:e investigated soil phosphorus a,nd.come, to the 

c01;1clusion that fixation of phoi;Jphate is. mostly due to t~e clay minerals; 

especially Kaolini'!;e cl,.ay, in the soil, 

.Murphy .(68) in defii;iing fixatioJ:?..of phosphate said,. "when·a soluble 

phosphate .is prought: into contact with the soil,. .reactions take place· 

which remove a great d~.al, if not all. of the pho$phate from the solution. · 

This ·.pheneme:p.on,has been called fixation .of .phosphate :by soils". He 

f~und. that soils with a kaolini.te txpe of clay h,ave .a .h:i,gJ;i ·capacit;.y to 

fix .soluble pb,ospha.te. This .clay when in a colloidal form. b,as, a high 

fixing capacity •. The fix,aticm is greatest at acid reacticms ,which 

indicates that· th~ H2PO 4 ion is. the m<?st favored pllosphate io:p. for the. 
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reaction. An increase in l;>ase-exchap.ge,capacity accc;:>mpanies the 

increi;ise i11 pho~phate fixed. He showed. that;. .th.e .ayailability of the. 

phosphate in "kaoHni t~ phe~phate'' is directly .proportional to the · 

degree .of phospl:J.ate saturation. · This means. that ,a light .phosphate 

fertilize:i;- application .might be i"Q.effectiv.e on ,.soil~ .hav.~µg a. kaolinitic 

kind of cla:y •. 

Law and .Blacl~. (59.) were concerned with .the. fixatien .of phosphate 

by kaolinite ,and tl.i.e effect .of phosphate on kaolinite cl.ay. The St\,ldy 

.was based .on the hypothes:ts that, kaolinite dissociates .into a.1.umii;ium 

a.i+d sil.ica ions and that phosphate.precipitates th.e alumiri.u,m iol} thereby 

.disturbing the· equilibrium and causing the .clay to dissolv~ in 

.accordanc~ with. s.olll,b.ility .product principles •.. As. ev.ide~ce o:t; this 

hyp9thef'i!is, they found that the.addit.ion,of .both .ph9sphate and 8-

hydoxyquinoline t<?. kaol.inite produced .a cc;msiderable incre~se in the, 

concentration of s:Uica in tqe solutiol;l, whereas.; anu,:nonium chlor:i,de 

caused. only sma+l increases ,,in dif?solved silica. : .Moreover, ext;raction 

of the phosphi:i,te kaolinite ,with _anu,:nonium .oxalate -CE!-usec;l .the, liberatic;m 

of.aluminum.and phosphorus in a .constant:ratio despitevariations·in. 

time .of ex~ract;.iolJ. ,and qt,iant:f.ty of .fixed pl;:tosphorus in the clay • 

. From t;.heE!e results. they concluded that ·.phosphate .in .the. phosphated 

kaolinite w~s .present as an "aluminum phospha,te" al;ld not ·as .a 

"kaolinite phosphateu. · 

He~all. (42) investigated the. role of clay minerals ii). phosphate· 

.fixatiolJ.. lie disc;ov.ered that phosphorus is. .f:i,xed by .clay minerals by 

reac~ing ,with .inso+uble alul!linum which originates .from .the e~change 

sites.or from lattice dissociation of t4e clay minerals.·to form. 

ilJ.so+uble alutµi.nutl/- phosphate· compounds •. His eJl:peril!lent.s showed, that 
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the insolubl,e -alumi:p.1,lm-phosphate _-was var.iscite (AlP04• 2H20). .The 

rate·of.fixation.is_·dependent upon the rate·at._which_ t;he clay 

replenish.es - tb.e solution with so!ubl~ .aluminum •... Re~ction: was slow 

with lat_tice-associated--aluminum but .rapid ,with ,exchangeable aluminum. 

Fixat;ion of phosphate has .been noted.to .he, greater in acid soils 

than -in -calcE;Lreo"l;lS ·sails. Ghan~_ and .Islam (3.9). imrestigat7d phosphorus 

fixation on acid s qi ls. Based on ,.incubation .wit;:h .op.timum i;noii;; ture 

content and fractionation-of samples at periodic .interyals, they 

reported: (1) as tb.e amount ;of phosphate added .incr~¥ed the ,available 

phosphate .also in~reased hut .not in the same pro~ortion;, (2) as the 

time .of co~tact; bet;wee:i;i the P compound and the s~il in,crelilsed, the_ 

available P tended to inc:rease -for two weeks then .remain constant, _ 

(3) as tqe amount; of P added inc~eas.ed, .the aID.Qunt .of P fixed -also 

increased.· However, about, 70-95% of the .phosphates were fixed by, the 

6th week of .incubatio:p.. Tb.e percentage _.of phosphate .fixed at· any time 

was_ lower at a high~r rate of application,. Tb,e al!lount .of P fixed in 

tb,e different treatm.ents was. high],y correlated _with .the phosphate 

recovered as iron al.14 alt,lmint,lm phosphate. - More. tl:ian _90 percent of 

tb.e-P recovered was as iroI). or aluminum phosphate; and .no phosphate 

reverted to apat;ite .form, 

_ Perkins , (77) reported that, regardless of pH;- i:p.crease in cation

phospb,ate_ rat:i,o i:p.crea~ed the percentage ,.of pb,osphate precipitation •. 

However, one-:-.third .calcium plus one-;-.t;hird .iron .wit;h two-thirds and 

tb.reejthirds of these mixed cations do.not precipitate .the phosphate. 

He also observeq that ca.lcit,lm sh9ws a. gene-ral increas_e in phosphate 

fixation from.pH.2.5 .througl:i pH 9.5 except when in J,llinimum amount 

equivaleI).t -to one-third of the phosphate •. _ With ,magnesium, fixation 



increased from pH 2.5 to 4.5 and from pH.4.5 to .pH 9.5 phosphate 

fixation gradually decreased. 
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Coleman (28) reported that the phosphate held by the coarse clay 

and most. of the phoi;;phate held by the fine c+ay was fixed by the free . 

iron and aluminum oxides. He.used.hydrogen~and aluminum-saturated 

clays at different reactions. both before .and after the free iron 

and aluminu~ oxides were removed. Kaolinite .and montmorillonite in the 

fine c+ay fixed appreciable amounts .of phosphate but the .kaolinite, 

montmorillonite, quartz, and.mica in the coarse clay minerals were 

unable .to fix phosphate. Phosphate fixation by both fine and coarse 

clays is influenced by reactions and exchangeable cations only as long 

as the free iron and aluminum, oxides are .present. The activity of 

these free oxides determine~ the amouut of P04 fixed by the clay. 

The .amount of PO 4 . fixed by clays .is influenced .. not by the type of 

clay minerals' but by th.e amount and activity of the free oxides of 

the Fe and AL 

Recovery, transformation and availability .of phosphate to plants 

has been an area of great interest. Dickman. and Bray (34) reported 

that adsorbed added phosphate could be recovered .by shaking 1 gram of 

kaolinite with 50 ml. of 0.1 N neutral NH4F for one minute. They 

observed that continued phosphate-kaolinite contact, drying, and 

calcium saturation .tended to decrease recovery of .added phosphate 

. by this method. 

Dalton et al. (30) worked on the effect of organic matter phosphate 

availability to plants under acid conditions .and reported that org~mic 

matter added to soil as an ·amendment is effective in increasing the 

availability of soil phosphate to plants~ Easily decomposable organic· 
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matter was more .effective than that·which decomposed .slowly. They 

attributed the ability of organic matter .in .ma~tng E04 available to the 

ability of certain metabolic products of microbiological, decomposition 

to form stable complex molecules with .Fe and Al .. that .are responsible 

for P04 fixation .in acid soils. 

Basa~ and. Bhattacharya (9) studied .phosphate .t:r;ansformation in 

r:i,ce soil .(paddy). Their inve~tigation sh9wed that waterlogged soils 

tend to .possess a unique capaci:ty of regenerating.an increasing 

quantity of .available phosphorus during the .growing period of the rice. 

plant. · They believed that· the· source. of the .phos:phorus .sl,lpply and the 

c~mses of its iregeneration was .probably due to tqe rel.ease of 

phosphorus by .mineralization of o:,::ganic phosphorus and reductive 

transformation of iron and aluminum.phosphate under .anaerobiasir;; due 

to waterlogged. 

Al-Abbas and Baber (1) used phosphorus upta~e·.by. millet as an 

indication .of phosphorus response, and .. correlated .these data with a 

NaoH-Na2c2'o4 extractions. procedure .to determine ex~ractabl,e P04 • 

They· reported Na2c2o4 to be superior t,o five .different. extractants py 

compariso~ and.it was more effective at .pH .value$ .above 7~ In a second, 

test .(2) involv:ing multiple,regression.analysis, they .c9rrel,atec;l the. 

soil.phosphor.1,1s fractions with plant~available pll.osphorus. It was 

observed that· iron phosphate was significantly correlated with ava:il

able phosphate. 

Nye and .B.ertheux .(.68) inv:estigated the .ph,os.phor.us ,stat4s of. fore$t 

anc:l savannah, soils in the G<;lld Coast. (Ghana) •. They reported that 

forest soils have more total phosphorus and more or.ganicand inorganic, 

phosphorus than savannah soils. The carbon-phosphort.ls ratio was found 
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to average 233 in forested soils and 247 in savannah s9ils. The 

higher content of P in forest soils was. probably due to high organic 

matter resulting f:rom forest litter. Total phosphorus was found to be 

greatest at the surface of forest soils and no ccmsistant change was 

observed in savannah soil!:1. 

Bates and Baker (11)_ reported the accumulation of soil ,phosphorus 

in the subsurface of some Nigerian soils •. Below 2 inches, the profile. 

exhibited, a .marked decrease in .total phosphorus content, indicating 

a large decrease in organic phosphorus. Thereafter, total P was 

observ:ed to .he fairly cons.tant down the .profile. About 80 percent 

of the total P in the gray horizon (12-30 in.). was, ~mmobilized in 

iron c.oncretions. There was little Ca-bound phosphate. below two inches. 

Hesse (44) examined some muds from mangrove swamps in Sierra 

Leone and found no aluminum-,bound .phosphate despite a high (5 percent). 

dilute .acid extractable aluminum .content •. This was .true even where 

added calcium phosphate had ,been immobilized in the .mud. The 

distribution of total P in thia, mud ,was 87 percent in .organic form 

and the remainder in association with iron and calcium. Hesse holds 

th~t -the absence of aluminum bounc;l .phoa,phate in the mud .appears t;o be 

due to a t~ansfer to iron of any phosphate which:may have been 

acquired .by ~luminum. 

Many .soil .scientists (22,35,67,84,94,100) have,developed methods 

dealing with the determination and extraction .of the .various.forms of 

phosphorus. Truog and Meyer (96) developed a .modification of the 

Deniges method of developing blue color when stannous chloride is 

added to a mg.lybdate of phosphorus or arsenic. They found that ferric 

iron when. present in concentrations greater than 6 ppm markedly 
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depresses the. formation of ,the blue color and a:).so gives .rise to· 

greenish tints •. Reduction to the ferrous,condition is said to, 

eliminat;:e ·this.· hazard. 'l'i~aniui:µ. .n.iay ,he. p.resent .up t':l 20 ppm without · 

interferri"Q.g with the color. Salts :of Al, Mn, .Ca, .and Mg. ma,y be 

present in large amounts without. causing ,undue .inter.f.e~ence. · Nitrates 

may be present it:i, large amounts .• without int;erfer.ing •.. They· recOI11I11ended: 

.(1) Pn~par.at;ian of a stQck s.olution of .. stanIWU$ chloride by 

dissolving th~ pure sal'!: in acidified .watel;' and. preserving 

it:bY covering with a laye:r.of wh~te mineral oil, and. 

(2) doubling the amount.of .atmnonium.molybdate .and .increase the 

acidity. 

This makes tpe i:nethod more s~nsitive and the full .effect of all the 

phospharus is brought into play •. 

Dickn.ian and· Bray .(34) described a colormetric meth.od .for phosphate. . . ' . ' . 

determination.. The methods .elJlploy a molybdate-hydrochloric . acid . 

. solution ,inste_ad .of .a mo+ybdate-sulfuric .acid .. solu'l:ion.. The· method 

is .. not affected by chlorides .or b:y ferric.,.ion up to 15 pP:\11• Color 

fading is les.s ·rapid tqan with mos.t methods•· .It .is applicable for 

phosp.hat~ determinations in soils, water .analysis,. .aceanogl;'aph;c 

analysis, plant, analysis ,.in wh~ch the saIµ.ple. is taken up in HCl and. 

far .biological tis,sue . determinations. 

Watanabe and 019en (75) recommend .the .us,e .of the .iso~utyl alcohol 

method for colormetric determination( of phosphorus. .They claimed that 

this w:i,11 prevent the int~rf~~1t"ence from diss9lv:ed organic, matte.r or· 

some .mi;tter:ials ads9rb.eq by carbon black• 

Truog (94) recammended th.e Deniges colc;i:cmetric,proc~c;lure to 

facilitate t;:he rapid and,accurate,determinliltion of.readily available 
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soil phosphorus. His extracting solution was.0.002 N H2so4 buffered 

with ammonium sulfate to a pH of 3. He usec;l a soil solution ratio of 

1:200 which should minimize refixation of dissolved phosphate.due to the 

low concentration. He recommended that·this concentration makes.it 

possible to maintain a more constant strength of the solvent and.· to 

imitate· plant feeding .during tl:ie extractioi;iprocess. He found that 

extraction with 0.002 N H2so4 buffered to a pH of 3 complet~ly 

dissolved finely ground.rock,phosphat~ in one hour and powdered apatite 

in severalhours. Healso found that-powdered sulfrenite gives up a 

trace·of phosphorus to this solvent. 

Brayand Kurtz (22) worked on the extraction of the various forms 

of phosphorus and adopted the use of.perchloric acid digestion for 

total phosphorus as suggested by previous workers. Th~y·claimed that 

this method can be. applied in a semimicro way if . desired, that _the 

phosphate. is .determined direc;.tly in an. aliquot. from t9-e original 

digestion and that·arsenic and iron do not interfere when present in 

appreciable but not excessive amounts. They also developed a method 

for a rapid determination ot" soil phosphorus depending on-it~ 

· sol1,1bility., .. They proposed .the. use of 0. 03 N .ammoni1,1m fluoride and 

0.()25 N hydrochlodc acid solution for extraction and concei;itrateq 

molybate reagent.and a tin rod as,a reducing agent. For the 

determination of acid soluble and adsorbed phosphorus, the. above 

reagents .excep.t l{Cl were recommendec;l. · 

·Mehta et al. (67) developed a procedure for determining organic. 

phospp.orus. This procedure. cons.:i,.sts. of successive extractions with 

conce"Q.trated· HCl and 0. 5 N NaOH at room temperature and 0. 5 N NaOH at 

90°c. The difference in content of inorganic .and total phosphorus in 



the combined extracts was.taken as total organic phosphorus in the 

soil. Saunder (SA) also proposed the use of hot 0; l · N NaOH as a 

reagent for extraction of available phosphor1:1s from tropic~l soils, 

particularly red earths, where P is retained in the soil iI). very 

insoluhle forms. Only. the inorganic .. fractions is determined and. the 

organic ·fraction is separated by acidi~ication •. 

Organic Matter and Nitrogen 

The organic .matter in the soil is initially derivE;!d from the 

green plants living ip. it (13). These plants and their residues are· 

decomposed to co2 and water. Th~ residue, of this composition . 

gives the soil a dark color and the dark material is called "humus" 

(13). Bear (13) defined organic matter as that.which "consists of 
' ' ' . ' 

plant res:i,due9 at various stages of decomposition along.with its 
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· corresponding products at de~omposition and excretion of all the micro-

organisms living in and on the soil", 

According to Russell (83) both Achard and Vaquelin in 1786 

attempted to extract the soil humus, Sprangel.as reported by Russell 

(83) distinguished the acid humus: of peat .formed where baSE;!S are 

·lacking· from the l~ss acid "mild humus" formed in soils in the 

presence of basic materials in 1826. 

Bremner and Lee (24) showed that neutral sodium pyrophosphate is 

effective .in di9persing significant amounts of humus up to 20-30 

percent of the .organic carbon in the soil. Its advantage lies in the 

fact .that it produces no organic anion. · 

The elements carbon, .hydrogeu, oxygen, nitrogep., phosphorus, and 

sulfur are major constituents of humus (37 ,47 ,83). Russell (83) 
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reported that about 58-60 percent of the soil humus is carbon. , He 

gave. the carbon,· Olcygen, and hydrogen ratio of humus as 100 :55 :7 • The 

carbon:nitrogen rat:io of the organic matter is determined for the 

purposeof assessing the.influence of organic-matter on plant growtQ. 

The C/N ratio in soils .is higher for soil organic ·matter 

produced under acid .t:han under neutral conditions (87}. In a soil 

profile the C/N ratio decreases with depth (83). The organic matter 

content of a soil increases at the rate.at which plant remains are 

added .(83). · . Fore$tsoils have the hulk of their organic matter close 

to the soil .surface while prairie soils by contrast, have a greater 

proportion of their orgaI).ic matter in tqe. deeper horizons. 

The rate of decomposition of the organic matter depends on soil 

aeration, c~lcium supply, and temperat~re. Well aerated soils with 

an-adequate calcium supply favors a rapid rate of decompositi~n of 

·organic· material (83). It has been reporteq that acid soils with 

small animal populations.usually haveh:i,.gher organic· matter in their 

surface. layers th~n in. surface layers of well drained neutral soils 

(83). Higher temperatures favor a, rapid rat~ of decomposition due to 

the vigorous activities of soilmicroorganisms. 

In the ·United .States .organic matter content of the temperate zone 

soils· increases with increasing rainifall and decreas:i,.IJ.g temperature 

(38). The former favors plant growth.and the latter.retards the 

rate of decomposition. ' 

Fowler and Wheet:i,.ng (38) studied.forest soils in Washington with 

an ambient environmeI).t of uniform temperature and humidity but different 

in rainfall. They reported that organic matter varies in dif~eren·t. 

soils. The C:N ratio is wide under high rainfall and narrow under low 
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rainfal.1. 

Jenny (51) investigated the organic matter· and nitrogen. content 

of two tropical· soils of Columbia and.Costa .Rica and.cc;;impared them . . . 

with those.· of California, a subtropical-h\.p;nid region,. lie found that· 

organic .matter.: .. and .nii;:rogen. content of these soilfil were- higher than 

those·. of· California •... '.j:'his. is· cq1;1.trary. .t9· the, .exi~ting belief that· 

tropici;i.l soils are low in- organic :matte~-· .and,.nitrqgen. He also 

reported that· the proportion ,of carb<?n ·to. organic,.matter in tl\e 

trc;>pical forest ,floor with .a high litter ,fall:;.to al;:>out 0.6 percent 

for tli;e oak ·forest. and 1. 8 p.ercent for the- pine .forest·.. This value 

was higher· for .the Ca.l,ife.rnia profile with 11. 0 percent for oak fores.t 

and-37 percent:.for the pin~ forest. 

Norman (69) .report~ that in the low, hilly lands. of the tropics. 

conditions ·are optimum, for mineralization of plant .residues~ This. 

results _in· little .o.:J;'.gan,ic matter .accv.mulation .ei,ther in the original 

or· tra1;u~f.ormed ~tate~ At elevations above· 1,.000 meters ·with good 

moisture and aeration the humu~ content,i11crease~. 

·Benavides (.14} fractionated sdme tropical .soils of Columbia and 

. found· organic mat~er .content to he 4.59 ·perce~t i,n t::he_first 4 

· centimeters·ef·depth,decreasing with de)?th tC? 0.04% for the 150 ci;n 

laye;r. Nitrogen cQntent·corresJ?.ending to these depths .was 0~28% and 

0, 01% : ... C/.N · ratio being .9 • 5 : 1 and 4 : 1. 

Many· attempts (24.,58,88,98) .have been· made· to deve+op ~thods ·by 

which percent orgai+ic matte:i;- in ~qe· soil can be 4etermined. ·· Walkley: 

and Black· (98) intr'i>duced t;.he use of potassium dichromate ·and 

concentrated sulfuric acid for t1:J.e digestion and .deter~ination ,of 

organic matt(;:!r. 



Schollenl;>erger ·(88)· developed a method involving potassium 

di.chromate·, concentrated .sulfuric acid, .heating· to. 175°c, ·titrat~on 

with 0.2 N ferrous a1;11ID.o.nium sul.fate, andwitQ, an indicj!itor ,compound, 

sodium fluoride powder and.· diphenylamine in .concenttatec;L HZSO 4 • Lee 

't' (58) also descril?ed a.method for.organic_matterdeterminat~on for 

paddy soils. 

· Jack,soJ,1 (.47.) .classified .sail .organi~. matter .. extraction intq two 

types: 

· (1) ... treatment·'.in dilute al.kali; alcahol.metaphosphate, or HG. 

and 

.(2) ·treatment with st;rong lfaOH. 
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-Schnitzer .. and:.Levesque-:(85) .. founQ. .. O.k.to .O·.~· N-NaOH·.as a suitab:J,.e 

extractal'lt• .for obtaining the soiL.organi~· nia.tter .content·. They found. 

the extract to be .low in ash cantent. · 

The uptake of nitrogen by plant .roots.surpasses· that of all 
• y \ • • • 

other. elements ._requ:i,.red by plSJ;lts. It i~ usually _absorbed·, in· the 

·nitrate.· form-.. The quantity: ,of nitrogen in, the .soil i~ closely related 

fo .tqe .am<;>unt .(12,13,83) ·.of ,soil:.,.organic. matter.:.· Mi~eralization of· 

soil'nit:rogen-is.the .process by.which_nitrc;igen in tl].e organic form is. 

converted into the inorgani9 amm<;>nium and.then by nitrif:i,.cation,.to 

nitrate ions for plant use~ The stages in thi~ mineralization is 

prol?ab.ly organic N ---+-ammonium ___,..niti;i te~ni trate. . Ni trqgen. 

compounds in .. tqe soil are derived from protein synthesized by the 

soil organisms living in the soil or the plant;s living on.the soil..· 

Nitrat~s , .. ni.tri tes, and ammonia .. usually: make .. up less that;l one percent 

of. the· nitrogen in mineral soilf;l (13). Bear· (13) reports. the C/N 

ratio of well decomposec;L organic matt~r to range from 10: 1 to 12: 1. 
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Carbon content of· this· organic. matter is about .50 percent by weight. · 

Most mineral soils contain between 1-5 percent- organic .matter and the . 

nitrogen. content on an a~r-dry basis is between .O·. 05 and 0. 25 percent. 

· · ·Russell· .(.83.) "has divi.ded·.the nitrogen cQmpotmds- in .the soil intq 

three main:· categories:, 

( 1) .n:itr.ogen .present al? nitrate· or .annnoniu\11· .ion .which accrounts -

··for· more than .1 to 2 .percent ,.of the tetal.nit.rogen .an4 

· ·which .far.ms a .p.rii;na,ry: .source· of n:itrogen for pla,nt; 

. (2).· · ni,.trogen .iIJ.. compounds that· decompose "readily to give 

·ammonium .or n:itrate ions· known .as.· 11itdfiable nitrogen 

compounds; and: 

(3) .. · n:itrogen present .in--c.ompounds .that .. are. slowly decomposed 

by· t~~·spil i;nicrobid population. 

The· amou'Q.t of nitrogen in the .soil available .. to-. the· plant during 

the- growing· season depends on the rate oLnitrate .production in the 

· surface soil dur~ng the season and also on th.e .amount of nitrate. 

produced .in .the· .p.revious .. 9.eason ... and ... stQi:ed:.in ... the,.subs.oil ,withi1;1 the 
' . ' . \ ' 

··range· of the·_.plant· :reots~ The rate ·of .nitrate productio~ in tqe su:rfac~ 

soil depends .both on· th~ amou'Q.t .anq nit'l;.'ogen .presen.t. in th~ readily, 

.oxidizable:.or.ganic.· mat~er prese~t and the·_.rate':'.of · ax+dat~on •. The r~te · 

ofoxidati9nis rapiQ. in.~ost well aerated soils. 

Climate·(83) is .a.factor related to the amount .of _nitrate stored 

in. the· s-ubsoil and the depth from which plant .roots, can extract it. 

Jenny- et -al. .(52) .. examined, soil. samples from an .eqt,litorial,. region of 

Columbia,· _and· the Great Plains of the- .Uni,ted- States both of which have 

the .same· temperat;.ure and ra:j..nfalL Th,ey .found-. that· __ at .high· temperatures 

··and· low .latitudeli?, .s.oil ni~rogen and- .organic ,matter increase· as .. 
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precipitation became higher •. From sea level to .higher altitudes 

nitrogen and.organic ~atter increase. For belts· of.constant rainfall 

the nitrqgen. c<;mtent increases exponentially as te:-mperature ·decreases. 

In a comparison~ the Columbian soils were found, .to have much more 

nitrogen and organic matter. in·. the surface soils than the North 

American soils. 

Dean (33) found .the sub.tropical .soils oLHaw:aii to be ricl:). in 

nitrogen as comp.are~ to t:.emperature zone soils. The mean nitrogen 

cop.tent averages about 0.31 ± 0.004% and the mean organic matter 

content was 3. 75 ± 0.03%. The correlation coefficient between 

nitrogen and organic matter was O. 74. Assuming a factor of 1. 72 for 

carbon to organic matter, the average carbon percent;.age was 2.18 and 

· the , C/N ratio . 7 to i. 

Dean· (32)·reported the.following res4lts on nitrogen.and carbon 

contents of Hawaiian soils: (1) Carbon. content increases with. 

increasing nitrogen, rainfall, and elevation. · (2) ·The nitrogen. 

content increases with increasing carbon, rainfall and elevation but 

with const:.ant .carb';>n .content, nitrogen dei;rreases with increasing 

· rainfall and is not significantly related to elevation. The carbon"'.' 

.nitrogen.ratio. of.soil~increasE}s with increasing.rain:f,:all but is not. 

signV.icantly .related. to · el~vation. 

The sourc~ of nitrate in tropical rain.water has been, traced to 

fine dust particles and photochemical reactions .occurring in the. 

atmosphere b.y Visser (97) who worked in Uganda. 

·Many methods, (23.,63,80 ,.99). have .been developed for the det~rmina

tion of total .nitrogen compounds in the soil. ·Prince (80) l'resented 

methods for the determination of-total nitrogen, ammonia, nitrites, and 



nitrates in the soil. Total nitrogen determination was based. on· the 

Kjeldahl method • .Ammonia was determined at ordinary· temperatures by 

aerating .a suspension of the soil with a 4 percent solution of K2co3 

and a 20 p.ercent: solution of KCl. · .Ammonium· h)'.'.dt:oxide is added in 

the.case.fornitrate·extraction. 
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McLean .(63). attempted .to measure .the .nitrogen .supplying power of·. 

soils by extraction with sodium b~carbori.ate,. ·He presented four 

methods· for acco111plishing this: 

· (l)· microbiological methods in which N111ineralized during a 

·. period (1-2 wee~s) of incubation is .. measured; 

(2) tota+ nitrogeri.; 

(3) mineral nitrogen content of fresh samples; 

(4) nitrogen.mineralized as a result of chemical treatment 

involving acid or alkaline hydrolysis. 

He used total nitrogen.suppl~ing power and also those of cherµical 

treatment.· · In a greenhouse. experiment, through direct nesslerization 

he used. sodium bi.carbonate to measure the nitrogen supplying power of 

soil.· ·He found the relationship betw:een . .soil, nitrogen, values by 

this method and nitrogen uptake by ryegrasf!. to be superio:r; (r = 0. 76) 

to all other. previous methods studied. 

· ·Waring. (99) developeQ. a rapid method for determining mineralizable 

nitrogen in soilso This method was based on the production of ammonium 

ion during incubation under waterlogged conditions. The value of 

the procedure is.taken as an index of the nitrogen availability for 

plants. It.has advantages over aerobicmineralization. It is simple, 

rapid, and reproducible. However, according to Bremner (23) only two 

methods have gained general acceptance for determinations of total 



39 

nitrogen: (1) the Kjeldahl method which is essentially a wet-oxidation 

proceudre, and (2) the Dumas method whi.ch is a dry-oxidation (i.e. 

combustion) technique. 

Clay Minerals 

Clay minerals (13,16,25,47,61) have been found .to have a profound 

influence on the phys.ical .and chemical properties of· soili;;. Identifi

cation characterization and understanding of these minerals and their 

properties is an indispensable aid inthe eyaluation·of· soils with 

regards to their classification, agronomic potential and engineering 

properties. Stelly (91) outlined ten contributions of mineralogy to 

soil chemistry and fertility. 

According to Bear (13) and other investi.gators (37,54,55,56,73) 

the clay minerals found in soils includes kaolinite, montmorillonite, 

halloysite, illite, chlorite,. vermiculite and mixed layer minerals. 

Minerals of the kaolinite, montmorillonitic, and illitic groups are 

most common in soils. All of these minerals according to Mason (61) 

are hydrous-aluminosilicates ·.of· sedimentary origin o 

.Kaolinite (OH) 8A14si4o10 is said to have an electroneutral 

·structure·(13,25,61,73). Replacement of Si and Al .by other elements 

is not· possible because atomic charges in the.structural unit are 

balanced. Kaolinite is referred to as a 1:1 layer clay (13,25). 

Accordiµg to van Olphen (73) the CEC of .this mineral falls in the 

range 2-10 meq/100. grams of soil. Kaolinite is said to have the 

narrowest Ai:Si ratio of all clays (13,73) and its formation is 

favored by an acid environment and is protonateQ if weathering tends 

to remove Si in solution, thereby enriching the aluminum fraction 
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(13,61). 

Montmorillonite is referred to as a 2: 1 lattice mineral. The 

units are stacked one·above another in the direction of the c-axis 

and are loosely held together with water molecules.present between 

them (13 161,73). The unit cell (13,.25,.7.3) varies depending upon the 

water content. Characteristics of.the mineral is its interlayer 

swelling capacity: which allows ,water to:.move betwe~n the layers and also 

permits .ionic sub~tittitions •... Substitution .of ions in .the structure 

at the.time of synthesis include Al and P for Si and Mg, Fe, Ni, and 

Li for Al (13) • According to van Olphen. the CEC .of montmorillonite 

lies· b.etween 80-100 .meq/100 grams .. of clay. Bear (13) reports that the 

CEC lies between 80-150 meq/100-grams of. clay (13,73). 

The structure of iLl.ite is similar to that .of montmorillonite 

except that in the illite .more.of the silicons .are.always-replaced by 

AL The exGess charges resulting from .this substitution are 

compensated .. f.or,b.y K ions that eJt:ists between .the silica sheets of 

successive U1'.its (13). K ·ions act as .a binding .unit to prevent 

expansion in the presence of water. Van Olphen (73) reported the CEC 

of .illite as 20-40 meq/iOO grams. 

·Kelley (54) has listed several methoQ.s by which clay minerals 

can.be·ident.ified. These methods include: 

(1) . x-ray analysis 

(2) dehydration or heating 

(3) differential tqermal analysis 

(4) optical. 

(5) electron microscope, and 

(6) Chemical analysis and cation exchange 



determin.!;lt ion. · 

Black (16) has pointed out. that x-,ray diffraction is one of the me>st 

useful of thes.e meth0ds. 

According to Ja<;!kson (47). diffraction analysis reveals the 

arrangements of the atoms, ions., and molecules within a crystal .known 

as ''crys.tal structure"-. The concept of isomorphism in. atomic 

stc;tcking modified the law of .definit;e elemental proportion of solid 

chemical. subst.ance.s. · JacksQn (47) explains. that the x-ray spectrµm 

extends from 0 .5 to lOOA, but the wave length· .of most interest; in 

clay mineral diffractiol;l analysis extends .. from· abcm1;: 0 •. 4 to 2 or 3A. 

The basic phenomenon of x-,ray diffraction analysis is the diffraction 
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·by atomic plal;les in a crystal through an angle which .is quantitatively 

related to the distance. (d)of separation.of the.at0mic·pl,anes. 

Diffraction can .occur only.when the Bragg Lawn~= 2d Sine is 

satisfied (16,47}. 

n =order of reflection.and.onlyhas integral values 

I. = wavelength of the x,,.,ray in Angstroms 

d d:l.stance .in Ang-Btroms betweell atomic pl.;i.nes 

in the crystal 

e - angle of diffraction 

Black et aL (16) have indicated that .soils .always contain a 

number of mineralspeci.es and that many of tQ.ese species c.!;ln easily 

be identified hy .their distinctive diffraction max~'\ila fr~m a single 

x-ray pattern. Layer-,silicate species, howeyer have many simil.!;lr. 

structural features.which make the:i,r differentiation andidentification 

more dif.ficult. 

A diffraction ,spac:i,.ng (001) of approximately 14A ol:rtained from 



a Mg-saturated, air-dried sampl~ may be due to.montmorillonite, 

vermiculite, or chlorite, or by a mixture .of species (16). Glycerol 

salvation a!lows separation and identification .of .montmorillonite 

whileK-saturation.facilita,tes separation of· vermiculite from 

chlorite which does not collapse on heating, 

Heating has been recommended an .another means.· .of differentiation 

and identification of . these layer-silicates,_ Heating a sample to 

500°c issaidto serve twc::> main functio!lSo· It e~fects.the collapse 

of vermiculite which cemtains nonexchangeable interlayer aluminum 

hydroxy complexes, and secondly it destroys the kaolin minerals, 

Chlorite if pre$ent in a sample yields a second-order maximum of 
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kaolinite (7.15A) • .If a 7.15A spacing~ obtained from an,.unheated sample. 

disappears or decreases in intensity .. after heating .at: soo0 c , the 

presence of kaolinite iS confirmed (16). 

·Kaolinite can be expanded to 14A with inters1;1lation with 

·potassium acetate (16}. When the. potassium acetate is replaced with 

· NH4N0 3 , ·a spacing· of. ll .6A results with kaolinite (16). 

Black et aL (16) have. discussed the .diffraction e~fect on 

interstratified mixtures of layer-.,silicatespecie$. Regular 

· alternation ,of two specie$ within a crystal produces repeating 

diffraction planes.at distances equal to the sum of the (001) 

distances 'of the two spe'C!i:es.. Therefore; a· regular alternation of 

Mg-saturated montmorillonite and mica, chlorite and mica, or . 

· verm:j_culite and mica yields a diffraction .. spac:i,.ng. of 24A. (14A + lOA . . . 

in each -case). • Regular alter11ation of. montmorillonite with either 

chlorite or vermiculite, or of chloritewithvermiculite gives a 

spacing of approximately '28A ( 14A + 14A in each case) • 



Kunze.andJeffries (~6) by saturating 15 samples·of Gray-Brown 

podzolic surface sqil. cl:ays;(0-6)·with potassium and then divalent 

cations· were able~ tc;> separate· the poti;\ssium f:f-:i:dng soil-;-clays from 

the non"':"potassium .fixing s.oil,..,clays. '· · They·, reported that the 

potassium fixed.clays showed strong 1.0.0A lines:when.saturated with 

pot'ilssium·.as :·CQnt~as.ted.-.with a strong .l4A·,line,"when-..saturated wit4 a 

divalent· cation., They also· observed that. the· poor. potassium fixers 

did net· change t~eir, basal spacing,.towards a. lOA line when satun~ted 

with potassiuxµ.. 
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CH.APTER III 

MATERIALS AND METHODS 

A-. Soils: Th~ sails far this .study .were ... collected fram the . 

· northwestern· .. seete~· af,.Liberia .... ,.They ,were obtained ... f.i;om· areas which. 

have· been· fat:med. and .. perhaps .. chave ·received seme· che1;1li.c.;i.ls in the . 

form".of. fertilizers .... HaweveJ;,. thE7re.was· very, lit;tle·.previous, infor:- · 

mation·.:availabl~ on .these samples... It·· shotild·-be .. neted .tQ.at no care 

with-regards.to ho~izon idelltification·was observed.in(collecting 

these samples.. Each .s~mple is tqeref.ore. identif.ied by the depth, of 

the· soil· pro;file .from·,whicI:i the sample .. was take_n. 

· · · ~ua:{. rainfall for .. Liberia varies between 6Q..,,8(i) inches per. year .. 

with a warm· tropical climate~ Savarm.ah type.v.eget;at],on-..iotermingled 

with bush is the characteristic·. of .,.the vegetat~on.. The J,.andform is 

flat· t(vplate~u.,.,like.. Tl\e SE.lmples represent· upland soils. A. complete. 

·description for these soils ,follows .. in the .appendix, 
' . . ' l " 

· · B • · La,boratory Procedure: 

a. Physical Prop¢rties :, 

· (1) Mechanical ana+yses~ partic+e size .distrfbution was 

determined"by use of the. BouyoucQus .(20) hydrometer.and it was. 

performed on s~mples grouped for mine~al analyses. 

( 2)- Color: Color was determit~ed by use· of the Munsell . 

color chai-t• 

(3) Texture and Cons:i-stence:· These were det;ermined by 
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feel between the thumb and forefinger both dry and· moist and by. the 

hydrometer. The results are given.in the appendix. 

b. Chemical Properties: 

.( 1) SoiLReaction:. · pH was .determined .with the corning 

pH Meter·ModeL7,. using· l:l.water .. soil,mixtu.re:aI).d·-1·:.l)NKC.l mixture. 

(2) · Cation Exchange .. Capa~ity: · This-.. was .d~termined as 

described, by Jack,son ·. (45).. Five grams .of· soil., were,.saturated with 100 

ml· lN· Cacl2 :.in fQur .washings .• · . The exces~, chloride· was, removed by 

washing with,wate:i;;:.and, then.,.95%:.ethanol ..... The. exc;hang_e ·calcium 

+I- + 
(Ca. -)-·was displaced by Na ... in feur washings ·with .25· ml ef 1 N NacL 

TQ.e· centrifugate.-.waf?· QUffered with· lO ml of NH4c:i,-..NH40H· buffer. The 

heavy· metals were C~1,l1Plexed- by ·use of· L-ml· of a 2%·. solution sodium 

cyanide (.NaCN) an4 10 drops , of Erioch:i;_ome, Black T· indicator was used. 

The solution was titl;'ated .. with a O·. 0066 .. N .. standardized EDTA solutioQ. 

to a-.bright blue color •. Tota_! calcium was a~sumed. to .. represent total 

CEC and was calculated as: 

Ml·,ED. TA· x .. N E'"TA. , X 100 /!On 
J;I = Meq u gm. 

wt. of soil..(S gm) x 1 (or .. any· fraction of · 

100-used in.titration) 

· (3). ~xcl:lange. Catiens: .. ·The:.exchangeabJ,.e. cations ,were. 

determined by extraction with lN NH4 acetate-as.desc+ibeq by 

Prianishnikov ,. Schollen,berger and Sil!l-on, and Baurer et al. as ,describeq 

by Jacks9n (45). This sqlution is said to be effective iri. wetting the 

soil'and.replacingthe.exchangeable cations, and;is also suitabl,e 

for use.with flame emission and atomicabsorption_detepninat;ioI).. · Five 

grams of sail were slowly leached with 200 ml of ammonium acetate.ai;i.d 

the respect;ive cations were determined on t4e Perkin~~lmer #303 
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atomic-absorption spectrophotometer. Each ion.was calculated from the 

value obtained from a prepared standard curve of the element in ppm. 

and this was converted to milliequivalent per 100 grams of. soil. 

Grams X, 200 X 100 
The formula used for th~s was Meq/100 grams =Wt. of Sample X Meq. Wt. 

Note: PPM+ 1,000,000 = grams. 

(4) Soil nutrient availability and nutrient requirement 

o:t:·soil for optimum plant growth. This aspect of the stl,ldy deals 

with the native fertility of a soil and. the amount·of.adcled nutrients 

that would be requirecl for optimum, plant. growth. It was based 

essentially on the method developed by Baker (5,6). The extracting 

·solution .used. in this ·study was patterned after .that .. of Baker's 

solution No. 6 ( 6) • As mentioned earlier, the e:ictracting solution 

was conditioned by supplying it with a given quantity of each element 

t;o be tei;;ted for. The elements considered in thi,s study were K, Mg, 

Ca, Mn, Fe, Cu, P, and Zn. The amount of eache:J.ement in,the test 

solution is listed in Table I. 

Standard solutions for each element coni;;idered i~ this 
I 

investigation were prepared and •. inclucled. even amounts of the .elements 

included in th~ extracting solution. The metallic cations were 

determined.by use.of tl:te atomic absorptiqn spectrophotometer and 

phosphorus by the Bray pro<;:edure with color development acco:i;ding to 

the Murphy (68) procedure. 

(5) Exchangeable acidity: Exchangeable acidity was 

determined by the .method developed by Mehlich (66) a1;1 described and 

modified by Peech,. Cowan,. and Ba~er (76). 

(6) Organic Matter: The percent organic matter was 

determined by the methods developed by Walkley (98) as presented by 
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TABLE-I 

BAKE_R'S SOLUTION NO. 6.M X 104 

Composition· .. 

KCl 

K2HP04 . 

CaC12 

Mg Cl2 

Triethanalamine (TEA) 

DTPA· Dietl\ylenetriaminepenta .. ac;:etic acid) 

PPM 

Fe·· as in FeC13 3.0 

Mn as in Mnc;:.r2 3.0 

Cu as ·in Cuso4 0.25 

Preservative· (Plienylmecuric 1.0 
acet;:ate) 

Aillount in grams/7 liter 

• 02611 . 

• 1226 

2.6438 

.4184 

1.483 (0.32 .mL) 

0.557 

.021 

.021 

.00175 

3 drops 

Jackso.n (45) .• ·Richards (82) ... and Scl;iollet;tbe~ger . (88). The soil, organic 

matter· was, diges,ted with·.potassium dichromate· and .. co~!letitrat~d H2so 4 •. 

·The digested .. sl(lmple was .. diluted with distilled <Water. and. excess. 

dichromate:was-.titrat:ed,.with a· 0.1257 N fer.rousd\nnnonium: sulfat~. Th~ 

percelt+• .organic .. matt~r .. was, calculated .. by · the· .. formula.:· (Blank ·titration

sample .:titration) .X .(N _of .FAS) x· .. L25. Perce~t--erganic;: carbcm was 

derive,d· as ,.follows: % .Organic .. matter + 1. 72 • 

.. .(7) .. Percent t~tal nitrogen. - ·The percent of total 

· nit;regen .. in· these .soils was de~ermined, by· th.e· mac:i;-o,,.,~jeldahl method 



as described by Bremner (23) and.Jackson (45). 

(8) Phosphorus determinations: (a)· ·Total phosphorus 

was determined by the method descr:ibed by Olsen and Watanabe (75). 

(b) Available phosphorus was .determined, by the Bray and Kurtz' s (23) 

·method. Ascorbic acid was used for color development;:, Murphy (68). 

(c) Organic phosphorus was determined by the method· oLMehta et al. 
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(67).; ·One gram· of .soil· was extracted with·.10, .. ml of, concentrated HCl 

and heated for te:o. minutes. Additional.10.ml·of the acid was added 

andthe samples were allowed to remain at room t;.empel;'ature for l·hour. 

The sample ,was then diluted by addition .of 50 ml-. water and· centrifuged. 

· Eac~!i sample WS:S. af.t7rward. e~t.rac'.t;ed · s'1.c:ces.sively. with-. 30 · ml· of 0. 5 N · 

NaOH at room. temperature and 60 mloLO.S N .NaOH after-..heating at 90° 

for 8 hours. Total and .inorganic .phosphorus· were-..determ;i.ned separately 

and the difference ... of the .. two was .taken .as .total· organic phosphorus. 

(9) Mineral .Analysis.~ The analysis. of these soils 

for the common clay minerals was by x-ray. diffraction. Each soil 

sample was soaked.witha2% NaC03 :NaHC03 solution atptt 9.0. The 

soil-Naco3 :NaHC03 . suspension .was allowed to .. set for 24 hours. These 

suspended samples' were· dispersed.by use of ultra...,sonic·generator •. The 

samples ,were then pourec:j. into-.. a .soil.(1000 ml) .cylinder and the sand, 

silt..,· and clay fq1.ctions were.detetmined by Bouyoucous .hydrometer 

procedure. Excess. organic.matter· was .removed· by the addition of 

sodium hydroc:hlorite (ordinary chlorox) and heating for several hours. 

The clay fraction was. separated from the sand and silt portion by 

beaker· sedimentation as outlined,. l:>Y JiCkson (47). · The fine clay 

(O. 2µ) was separated from the coarse· portion· (2..,.3µ) by highspeed 

centrifugationina.supercentrifuge •. Both of these· fractions were 
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saturated withCaC12 and th~excess--chloride,removed by several 

washings with distil led water and then. with· 95% ethanol. K-saturation 

was also, performed in a similar manner. using· lN KC12 ... x.,..ray slides 

were- then mounted for clay' mineral ide1ltification.by x-ray diffraction. · 

K-satu:i;ated samples·were,.heated to 500?c, for conf:ir.matien .. of Kaolinite 

clays, 



CHAPTER IV 

RESULTS AND DISCU$SION 

Particle Size Distrib4tion 

The·particle.size distribution analysis.by the hydrome1;:er did not 

involve every sample included in this study. Two or thre~ samples of 

the surface, soil, and sijbsurface layers of a so:Ll profile were combined 

for this purpose. Thes~ sai;nples were, later l,J.Sec;l for clay mineral 

analyses• In grouping these samples, emphasis was placed on combining 

the parts of the soil profile that were consi4ered to be of agri

cultural importance anQ. the subsurface samples ~ere considered to be of 

importance for a st;:udy of the mineral characteristics of the parent 

material. The result~ of the analyses are reported in Ta,bles II ~ X. 

Thfl sand and c],ay fractions dominate these soils in all profiles. The 

large cont.ent. of sand in. these s.oils is, probably due to cementing 

together of the fine silt and clay fractions by iron oxide and 

hydrated aluminum oxides and colloidal silica as reported by Russell. 

(83). The~e large particles, caJ,led pseudo-sand grains, beh~ve like 

sand. Anotl,ier rea,son for the high content of sand coulc;l be attriquted 

to t~e extreme res~stance of the quartz like sand to chemical.weathering. 

Both Mason (61) and Fos.ter (36) have reported on Bowen's Reaction Series 

·which shows that sa~d as quartz forms.at· the lowest t;:empe~ature·in.a 

basl:iltic magma. It is the last mineral to be crystal~zed and also the 

last to ,breakdown under chemical weathering. The high clay content of 
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TABLE II 

PARTICLE SlZE DI$TRIBUTION: COMAS,ADU I .AND DALIN II
SAMPLES USED IN MINERAL ANALYSIS 

51 

$ample No. 1 + ·2 3 + 5 6 (Dalin) 
Depth .Cm. 0 - 20 50 - 90 0 - .26 

% Sand .. 48 44 56 

% Silt 18 12 24 

% Clay 34 44 20 

Textural class Sandy clay loam Loam Sandy clay 

TABLE III. 

PARTIQLE SIZE DISTRIBUTION: FOYA ~ODEL Ill SOIL 
SAMPLES USED IN MIN:ERAL ANALYSIS 

Sample ,No. 
Depth Cm. 33 - 60 60 - 120 

% sand 42 38 

% Silt 8 6 

% Clay 50. 56 

TeJJ,:tural clas_s Clay Clay 

loam 



Sample Nq. 
Depth Cm. 

% Sand 

% Silt 

% Clay 

TA8LE rv 
PARTICLE SIZE DISTRIBUTION: FOYA DEEP IV SOIL 

SAMPLES USED IN MINERAL ANALYSIS 

10 11 12 + 13 
0 - 8 18 - 38 38 - 105 

54 52 46 

6 8 6 

40 40 48 

52 

14 
105 - 140 

48 

6 

46 

Textural. class · Sandy c.:j.ay Sandy.clay Sandy cl.;iy Sandy clay 

Sample ,No. 
Depth.Cm. 

% Sand 

% Silt .. 

% Clay 

Textural claes · 

TABLE V 

PARTICLE SIZE DISTRIBUTION: MAJ(QNA,V SOIL 
SAMPLES.USED IN MINERAL ANALYSIS 

16 17 & 18 
0 - 12 12 - 47 

18 12 

16 10 

66 78 

Cl~y Clay 

19 & 20 
47 - 140 

10 

12 

78 

Clay 



Sample No. · 

TABLE VI 

PARTICLE SIZE DISTRIBUTION!.KONJO VI SOIL 
SAMPLE USED IN MINERAL ANALYSIS 

21 & 22 

53 

24 & 25 
Depth Cmo 0 - 37 68 - 123 

% Sand 

% Silt 

% Clay 

Textural 

20 

16 

64 

cl.ass Clay (very fine) Sancily 

TABLE VII· 

PARTICLE SIZE .DISTRIBUTION: N'GISI KONJA VII SOIL 
SAMPLE USED IN MINERAL ANALYSIS 

Sample No. 26 & 27 
Depth Cm. 0 - 37 

% Sand 20 

% ~ilt 10 

% Clay 70 

Textural class Clay (very fine) Clay 

50 

16 

34 

c].ay loam 

28 
37 - 80 

18 

16 

66 

(ver¥ fine) 



TABLE VIII 

PARTICL~ SIZE DISTRIBUTION: RED WELEDU VIII SOIL 
SAMPLES USED IN MINERAL ANALYSIS 

Sample No. 29 31 & 32 
Depth Cm. 

% Sand 

% Silt 

% Clay 

Textural 

0 - 15 62 - 160 

36 26 

16 20 

48 54 

class Sandy .. clay Clay (fine) 

TABLE IX 

PARTICLE SIZE DISTRIBUTION: REP WELED.U/STONES IX SOIL 
SAMPLES USED IN MINERA+. ANALYSIS 

Sample No.· 33 & 34 35 & 36 
Depth Cm. 0 - 47 47 - 124 

% Sand 40 18 

% Silt 18 32 

% Clay 42 50 

Textural class· Sandy clay Clay (fine) 
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Sample Nq. 
Depth Cm. 

% Sand 

% Silt 

% Clay 

TABLE X 

PARTICLE SIZE .DISTRIBUTION: YELLOW WELEDU X SOIL 
SAMPLES USED IN ~INERA.i, ANALYSIS 

37 & 38 
0 - 36 

56 

12 

32 

~9 & 40 
36 - 125 

42 

8 

50 

Textural class Sandy clay loam Clay (fine) 

55 
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these soils especially in the lower layers of the soil,profile is a 

diagnostic feature of these soils. as has previqusly been reported ( 18) • 

Low silt content is also ch9-ract:eristic.of th~ red and yellow so:f,.ls of 

the tropics and subtropics .05). 

Chemical Properties of the Soils 

The·. che~cal properties of. the soils that. have been stud:f,.ed are 

reported in Tables XI - XIX. These data show that· these soils are acid 

soils with acidity ranging from we~kly acid to strongly. acid. The pH 

in water (1:1) for all profiles ranges.from weakly acid of pH 6.6 to 

strongly acid pH 4,5. A pH reading of 1 N KCl reveals these pH's to. 

fall withi,n the range of 3.9 to 5.6. This drop in pH is due to.a 

decrease in the diffuse double layer thickness of the clay particles of 

t:he ,soil .when the potassium salt .. solution was added as reported by Bear 

(13) and Russell (83). According to theseauthors, for unsaturated 

clay particles in an aqueous SU$pensic;m, the number of hydronium ions 

dissociating from the diffuse double layer into the soil solution is 

inversely proportional t9 the thicknes.s of· the layer. Addition of an 

electrolyte decreases the thicknesf:1 of the layer and brings about·a 

replacement of th.e exchangeable hydronium ions from the c~ay by the . 

electrolyte cations. The repJ,aced hydronium ions then increase the 

acidity of the so+tition. Tqe pH of an acid or slightly acid clay is 

thus lowered by the addition.of a salt. 

All of these soils are·found t<;> b,e more acid at the surface than 

at the subsurface.layers. The Red Weledu soil does not.exhibit 

appreciable differences between the acidity of its lower and upper 

layer. A look.at the mean averages given in Table XX indicates that 
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TABLE XI 
... 

CHEMICAL CUl)RACT~RISTICS OF THE COMASADU I sort 

Depth cm 0 - 10 10 - 20 20 - 50 50 - 90 90 - 140 
Determination Sample No. 1 

pH-in H 0 
pH in 1~·Kc1 

( 1: 1) 
(1: 1) 

CEC* (m. eq ~ / 100 gm) 

5.1 
4.5 

6.76 

Exchangeable cat~9ns .(m. e ./ 100 gm) . 

Calcium 
Magnesium 
Potaesiul!l 
Sodium 
Manganese_ 
Copper 
Iron 
Zinc 
% Base Saturation 
Exchfngeab4:e Acidity** 

(A 3 +.H ) 

Total Phosphorus (PPM) 
Available Phosphorue (PPM) 
Organic Phosphorus (PPM) 
% Total Nit~ogen 
% Organic Matter 
% Organic Carbon 
Carqon:~itrogeµ Rat,io 

i.20 
1.65 
0.21 
0.94 
0.11 
0.13 ' 
0.14 
0.12 

67.06 
29.50 

39.20 
1.16 

14.70 
0.03 
4.18 
2.43 

68.43 

2 

5.1 
4.5 

4.17 

1.09 
0.82 
0.18 
0.45 
0.07 
0.10 
0.09 ·, 
0.02 

61.10 
25.34 

103.50 
1.09 

21.60 
0.03 
2.80 
1.62 

48.83 

*Cati<f>n Exchange Capacity (:11h e. /100 grams). 

**It;t milliequivalents per 100 grams. · 

3 

5.4 
4.5 

3.70 

0190 
0.33 
0.11 
0.49 
0.08 
0.05. 
0.09 ' 
0.03 

49.38 
21.19 

11.52 
1.24 

28.70 
0.06 
1.68 
0.98 

16.85 

4. 

5.5 
4.5 

4.30 

i.2$ 
0.26 
0.11 
0.44 
0.06 
o.os ·, 
0.14. 
0.02 

44.16 
21.19 

131.~0 
19.00 
30. 72 ' 
0.07 
Q.93 
0.54 
7.00 

5 

s.8 
4.7 

4.01 

1.\22 
0.28 
0.11 
0.48 
0.07 
o.os . 
0.09 
0.04 

52.09 
13.76 

12.36 
7.00 
23.~0 
0.04 
0.86 
a.so 

12 .oo . 



TABLE XII 

CHEMICAL CHARACTERISTlCS OF TH~ DALIN. II 
.AND FOYA·MOD~L III SOJ;LS 

Depth Ctl). 

'Determinatiop. · Sample No •. 
0 2'6 ' 33 - 60 60 - 104 

6 7 8 

pH in ·. H 0- ( 1: 1) 
pH in 1N2KC1 (1:1) 
CEC* (m.eq~/100: gm) 

4.5 
4.0 
7.02 

Exchangeable cations. (m.e. /100 gm) 

Calcium 
Magnesium 
Potassium 
Sodium 
Manganese· 
Copper 
Iron 
Zinc 
% Base Saturation 
Exchangeable , Acidi.ty** 

Total Phosphorl,ls (PPM) 
Available Phosphoru~ (PPM) 
Organic Phosphorus (PPM) 
% Total Nitrogen 
% Organi~ Matter 
(o Organic Carbon 
Carbon:Nitrqgen:RatiQ 

0.30 
0.20 
0.26 
0.48 
o. 01 ' 
0.05 
0.14 
0.03 

17 .52 
25 .15 . 

9.08 
1.26 
4.70 
0.04 
4.15 
2.41 

S5.06 

5.2 
4.3 
5.75 

1.36 
1.18 
0.12 
0.45 
0.02' 
o.os 
0.14 
0.05 

53.79 
10.69 

16.28 
8.30' 

21.16 
0.11 
1.22 
0.71 
6.38 

~Cation E:xchange Capacity (m.e~ /100 grams) 

*~I~ milliequivalents per 100 grams~ 

5.4 
4.4 
4.70 

1.50 
0.69 ., 
0.12 
0.26 
0.02' 
0.10 
0.14 
0.03 

54.60 
9.21 

13.64 
1.3.8 

10.72 
0.03 
1.12 
0.65 

21.63 

104 - 120 
9 

5.7 
4.6 
4.73 

1.22 
0.49 
0.15 
0.26 
0.02' 
0. 06 ,._ 

0.14 
0.02 

31.27 
7.92 

11.22' 
0.18 
4 .40' 
0.02 
0.74 
0.43 

18.65 
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TABLE XIII 

CHEMICAL CHARACTERISTICS OF THE FOYA DEEP IV SOIL 

Deter- - · Depth cm 
minat:ion Sample No 

0118 18~38 38-72 72-105 105-140 18-38 
10 11 12 13 14 15 

pH in H20, (1:1) 4.60 
pH in 1 N KCl (1:1) 4.10 
CEC* (m.e./100 grams) 5.89 

4.90 
3.90 
3.70 

5.10 
4.20 
3.26 

Exchangeable Cations· (m. e. /100 grams) 

Calcium 
Magnesium 
Potassium 
Sodium 
Manganese 
Copper · 
Iron 
Zinc 
% Base· Saturation 
Exchangeable_ 

Acidity ** 

Total Phosphorus 
(PPM) 

Available Phos
phorus (PPM) 

Organic Phos-
phorus (PPM) 

% Total Nitrogeµ. 
% Organic Matter 
% Organic-Carbon 
Carbon :Ni i:rogen 

Ratio 

0~62 0.42 
0.26 0.17 
0.16 0.31· 
0.26 0.26 
0.01 0.10 
0.10 0.04 
0.14 0.16 
0.03. 0.03. 

22.19 ·- 31.14 
13.46 10.49 

6.16 

0. 62 . 

4. 72. 

0.08 
2. 73 . 
1.59 

19.38 

7.26 

0.16 

3.36 

0.09 
1. 79 . 
1.04 

11.20 

0.42 
0.17 
0.19 
0.44 
0.01 
0.13 
0.14 
0.04 

37.21 
9.90 

8.38 

0.18 

2.28 

0.05 
LOO 
0.59 

12.44 

*Cation Exchange Capacity (meq/100 grams). 

**In milliequivalents per 100 grams~ 

5.60 
4.20 
·2. 32 

0.24 
0.10 
0 .11. 
0.17 
0.10 
0.05. 
0.14 
0 .01 . 

26.20 
9.50 

8.38 

0.14 

0.68 

0.04 
0.90 
0.52 

11.89 

5.80 
4.50 
2 .27 . 

0.24 
0.13 
0 .12. 
0.17 
0.01 
0.10 
0.16 
0 .01 . 

29.21 
5.54 

0.80 

0.10 

0.20 

0.05 
0.56 
0.32 
6.00 

5.70 
5.30 
4 .41 . 

7.68 
1.97 
0 .19 . 
0.27 
0.05 
0.05 . 
0. 21 . 
0 .02. 

229.42 
5.34 

11. 72 

7 .31 . 

3 .60. 

0 .18 
2.94 
1.71 
9.28 
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TABLE XIV 

CHEMICAL CHARACTERISTICS OF THE MAK.ONA V SOIL 

DeptQ. cm 
Determination Sa~ple No. 

0 - 12 12 - 30 30 - 47 47 - 87 87 - 140 
16 17 18 19 20 

pH in H20 
pH in 1 N KCl 
Cation Exchange· 

( 1: 1) 
( 1: 1) 

Capacity (m.eq/100) 

4.8 
4.2 

10.48 

Exchangeable Cations (m.e./100 grams) 

Calcium 
Magnesium 
Potassium 
Sodium 
Manganese 
Copper 
Iron 
Zinc 
% Base Saturation 
Exchangeable Acidity*· 

Tot:al Phosphorus (PPM) 
Available Phosphorus (PPM) 
Organic Phosphorus (PPM) 
% Total Nitrogen. 
% Organic Matter 
% Organic Carbon 
Carbon:Nitrogen Ratio 

1.00 
0.57 
0.31 
0.26 
0.11 
0.06 
0.21 
0.02 

20.37 
33.66 

1.52 
1.50 
2.56 
0.17 
4 .12 . 
2.39 
14~08 

*In Milliequivalents per 100 grams. 

5.4 
4.3 

6.18 

1.01 
0.40 
0.16 
o. 27 . 
0.05 
0.05 
0.16 
0.06 

29.68 
19.80 

1. 24 
0.14 
1.36 
0.03 
1. 45 . 
0.84 

28 .02 . 

6.0 
4.5 

5.44 

0.80 
0.40 
0.11 
0.26 
0.06 
0.05 
0.16 
0.02 

28.81 
13.37 

1.30 
0.22 
1.60 
0.03 
1. 71. 
1.00 

35.57 

6.1 
4.9 

5. 78 

1.00 
0.49 
o.u 
0.43 . 
0.11 
0.05 
0.16 
0.43 

35.12 
11.68 

1.54 
0.54 
3. 92. 
0.03 
0.66 
0.38 

15.35 

5.8 
4.4 

5.28 

1.00 
0.53 
0.11 
0.32 
0.02 
0.05 
0.21 
0.02 

36. 72 
11.88 

1.38 
0.32 
3.18 
0.01 
0.79 
0.46 

33.00 
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TABLE··XV 

CHEMICAL C~CTERISTICS OF TijE KON.JO VI S,OIL 

Depth >cm. 
Sample No. 

0 - 8 8 - 37 37 - 68 68 - 101 101 - 123 
Detepnination 21 22 23 24 25 

pH~nH20 (1:1) 
pH in i, N KCl ( l : 0 
Catioµ Exch~nge .. 

Capacity (m.e/100 gm) 

5.10 5.30' 
4 .60 ' 4.60 
6.39 5.36 

Changeable.Cations (m.e./100 grams)· 

Calcium 
Magnesium 
Potassium 
Sodium 
Manganei;;e · 
Copper 
Iron. 
Zinc 
% Base Sat;.urat:iop. 
Exchangeab+e Ac~dity*· 

Totai_Pho~phorus (PPM) 
Available Phosphor'11s ·(PPM) 
Organic·Ph9sph~rus_(PPM) 
% Total Nitrogen 
% Organic Matter 
% Organicr Cart!on 
Carbo.n:Nitrogen Ratio. 

0.90 
0.53 
0.31 
0.32 
0.04' 
0.05 
0.16 
0.02 

32.16 
14.26 

2.21 
0.35 
2.60 
0.70 
1.43 
0.83 
11~88 

0.40 
0.13 
0.13 
0.25 
0.01 ' 
0.06 
0.23 
0.02 

12.20 
11.68 

1.32 
0.22 
0.32 
0.06 
2.73 
1.59 

28.39 

*In millie,qui'?'alents per 100 grams. 

6.20 
5.20 
2.70 

0.68 
0.17 ' 
0.13 
0.44 
0.02' 
0.04 
0.23 
0.02 

52.30 
10.89 

1.20 
0.08 
0.20 
0;02 
Ll5 
0.67 

33 .34' 

6.20 
5.50 
1. 77 

0.56 
0.17 ' 
0.11 
0.30 
0.02' 
0.05 
0.21 
0.02 

64.97 
8 .91 . 

1.40 
0.24 
0.36 
0.01 
l.01 
o.58 

41. 77 

6.60 
5.30 
1.58 

0.50 
0.10 
0.11' 
0.67 
0.02' 
0.05 
0.14 
0.01' 

61. 77' 
8. 71. 

1.44 
0.32 
9.60 
0.12 . 
0.42 
0.25 
2.05 



TABLE·XVI 

CHEMICAL CHARACTERISTICS OF·THE N'GISI KONJA VII SOIL 

Depth.cm. 
Determination Sample No. 

pH in H20 (1:1) 
pH in 1 N KCl (1:1) 
Cation Exchange 9apacity 

(m.e./100 gm) 

. 0 - 10 
26 

4.80 
4.70 
6. T3 

Exchangeable Cat~ons (mae./100 gms) 

Calci:um 
Magnesium 
Potassium 
Sodium 
Manganese. 
Copper 
Iron 
Zinc 
% Base Satµration 
Exchangeable Acf..dity* 

Total Phosphorus (PPM) 
Available Phosphorus (PPM) 
Organic Phosphorus (PPM) 
% Total Nitrogen 
% Organic Matter 
% Organic Carb9n 
Carbon:Nitrogen.Ratio 

1.70 
0.60 
0.31 
0.32 
0.47 
0.05 
0. 28 
0.02 

43.58 
27 i 72 

1.48 
1.64 

26.16 
0.13 
3.69 
2.15 

16.26 

*In milliequivalentE? per 100 grams. 

10 - 37 
27 

4.80 
4.30 
6.26 

1.20 
0.51 
0.15 
0.61 
0.02 
0.13. 
0.23 
1.00 

36.97 
21.19 

1.10 
1.50 

19.96 
0.11 . 
3.68 
2.14 

20.36 

37 - 80 
28 

4.80 
4.10 
5.17 

1.46 
0.51 
0.15 
0.45 
0.02 
0.05 
0.25 
0.03 

42.81 
9.70 

0.76 
1.34 

12.08 
0.05 
0.96 
0.56 

10.92 
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TMLE' XVII 

CHE;M.I~ Gli.AMCTERISTICS OF THE RED WELEDU VI:J;.I SOIL 

·Depth c~ a - 15 · 15 - 62 62 - 135 135 - 160 
Determination Sample Ne. 29 30 · 31 · 32 

pHinH2a (1:1) 
pH in·l N.KCl (1:1) 
CEC* (m.e,/100 gm) 

5.ao. 
4.40 
5.33 

Exchange~ble cations (m.e./100 grams}. 

Calcium 
Magnesium 
Potassium 
Sodium 
Copper 
Iron 
Zinc. 
% ~ase Sat~rat~on 
Exchangeable Acidity** 

To1:al Phospherus. (PPM) 
Available ,,Pb,osphor~s (PPM) 
Organic·Phosphor~s (PPM) 
% Total Nitrogen 
% Organic Ma~ter 
% Organic Carbon 
Carbon:Ni4rogen.Ratio 

0.9a 
a.52 
0.31 
a.a4 
0.10 
a.21 
a.al 

36.75 
12.67 

1.06 
a.68 

10.96 
a.(i)2 
1. 70 
a.99 

61.66 

5.50 
4.8a 
3.oa· 

a. 74. 
0.35 
a.18 
0.02 
a.as 
a.21 
a.a3 

53.30 
11.09 . 

L02 
0.04 
8.28 
0.03 
a.99 
a.58 
22~13 

*Cation EJtchange 9ap~city (meq/laa grams). 

**In·milliequivalents per 1aa grams. 

6.20 
4o8a 
3.90 

0.56 
0.25 
a.18 
a.02. 
0.04 
a.21 
a.a2 

28 .87 ' 
1a.49 

a.88 
o.a4 

u .16 
a.02 
0.46 
a.27 

12.62' 

5. 7a. 
4.50 
3.00 

a.80 
a.33 
0.3.t 
a.a4. 
0.05 
0.16 
o.a9 

59.40 
8.32 

0.90 
a.a4 
6.56 
0.02 
0.20 
0.12 
8 .47' 
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TABLE XVIII 

CHEMICAL CHARACTERISTICS OF THE RED 
·. WELEDU/STONES I~ SOI~ . 

Depth c~. 0 - 25 25 - 47 47 - 102 102 - 124· 
Determinatiqn Sample Jfo, 33. 34 35 36 

pH in H20 
pH in 1 N KGl 
Cation Exchange 

(m.e./100 gm) 

(1: 1) 
(1:1) 

Capacity 

6.10 
5.60 

11.93. 

5.50 
4.60 
6.10 

Exchang~able Cations (m.e./100 grams) 

Calcium 
Magnesium. 
Potassium 
Sodium 
Manganese_ 
Copper· 
Iron 
Zinc 
% Base Sat;uration 
Exchangeable Acidity* 

Tatal Phosphorus (PPM) ·. 
Available Phosphorus (PPM) 
Orga:p.ic PhQsphorus .. (PPM) 
% Tdtal Nitrogen 
% Organic Matter 
% Organic Carbon 
Carbon:~itrogen Rati9 

7.25 
2.30 
0.23 
0.35 
0.06 
0.03' 
0.16 
0.02. 

84.85 
15. 44. 

1.48 
0. 71 
8 .16 
0.04 
3.44 
©.27 
7.-31 

*In milliequivalents.p~r 100 grams. 

2.14 
1,15 
0.23 
0.26 
0.06 
0.04. 
0.21. 
0.01 ' 

42.98 
16.24 

1. 75 
o. 77 
9.84 
0.03 
2.04 
1.19 

37 .12 ' 

5.90 
5.00 
5.20 

2.99 
0.98 
0.31 
0.57 . 
0.07 
0.04 
0.21 ' 
0.07 . 

91.60 
8. 71 

1.30 
0.12 
3.04 
0.01 
o.38 
0.22 

27.39 

6.20 
4.80 
5.36 

1.97. 
0.59 
0.18 
0.48 
0.02 
0.04. 
0. 21 . 
0.07 ' 

60.07 
5.94 

l.26 
0.08 

21.52 . 
0.02 
0 .17 . 
0.10 
5.58 
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TABLE XIX 

CHEMICAL CHARAGTERISTICS OF THE YELLOW WELEDU x SOii 

Depth;cm 
Sample. No~ 

6 - 22 22 ~ 36 36 - 74 74 - 125 
Determination, 37 38 39 40 

pH in H20 (1:1) 
pH in 1 N KCl (1:1) 
CEC (m.e./100 gm) 

4.60 
4.10 
4.83 

Exchangeable Cations (m.e./100 

Calciuill 
Magnesium 
Potass;um 
SodiUlJI. 
Ma:p.gane~e 
Copper·. 
Iroµ 
Zinc 
% Base Sati,lqttiG>n. 
Exchangeable; Acidity* 

'l'otal Phosphorus .(PPM) 
Available Phosph9-rus (PPM) 
Orga~ic.Phosphorus (PPM) 
% Total Nitrpgen 
% Organic Matter 
% Organic Carbo~ 
Carbon;Nit~ogen Rat~o 

0.73 
0.33 
o.~o 
0.44 
0.02' 
0.04 
0.21 
,f).01 

35.18 
11. 78 

1.04 
0.62 
1.44 
0.·14 
2.04 
l.;19. 
8.48. 

*In mil],.iequivalents_per 100 grams. 

4.90 
4.20 
4.0.7 . 

0.56 
0.21 
0.18 
0.43 
0.02' 
0.04 
0.21 
0.02 

33 .98 . 
3.76 

1.10 
0.38 
0.22 
0.01 
l.26 
0.73 

14(;.16 

s.oo 
4.40 
3.56 

0.46 
o. 21 . 
0.16 
0.27 
0.02. 
0.04 
0.21 
0.01 

31.00 
7.92 

0.96 
0.21 
0.20 
0.05 
0.86 
a.so 

10.92 

6.00 
4.40 
2.96 

0.30 
0.17 . 
0.16 
0.41 
0.02. 
0.04 
0.21 
0.02 

35.27 
9.11 

i.02 
0.08 
0.60 
0.02 
0.55 
©.32' 

19.98 
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TABLE-XX -

:MEAN AVERAGE CHEMIE:AL CHARACTERISTICS OF -EACH -
' SERIES OF SOIL, (I-X) - . 

_ S~ril;!s I u; III, IV v VI VII· VIII IX_ x 

pH iµ water (1:1) 5.38 4.50 5.43 5.28 5o62 5.88 4.80 5.60 5.93 5.13 
pH in lN KCl (1:1) 4.54 4.00. 4.43. 4.37 - 4.46 5.04 4 .37 . 4.62. 5.00: 4.28 
CEC_ (m.e./100 gm) 4.59- 7.02· 5.06 3.64. 6.63 ·- 3.56 6 .05 ·- 4.18. 7. l~ . 3.86 
Exchangeabie cations (m.e./100 gr~s) 
Calcium 1.32 0.32 1.36 1.60 0.96 0.61 - l.45 o.75 3.59 0.51 
Magnesium. Oa67 0.20 0.79 0.47 0.48 0.22 0~·54 0.36 1.23 0.23 
Potassium 0.14 0.26 0.13 0.18 0.16 0.22 0.20 0.44 0.24 0.18 
Sodium 0.47 0.48 0.32 0.26 0.31 - 0 .40 0.46 0.30 0.42 0.39 
Mat;tganese _ 0.08 0.01 0.02 0.02 0.07 0.04 0.17 0.03 0.05 0.02 
Copper 0.08 0.05 - 0.07 ~ 0108 o.o~ -- o.o5 .. 0.08. 0.06 0.04 0.04. 
Iron 0.11 0.14 0.14 0.16 0.18. 0.19 . 0 .25 . 0 .19 ·. 0.20 0.21 
Zi11c 0.05 0.03. 0.03. 0.0.2 - O. H · O.Q2. 0.35 . 0 .03. 0.04. 0.02 
% Base Saturation 54a 75 · 17 .52 46.55 62.63 30.14 31.69 41.12 44.58 69 .88. 33.86 
Exchangeable Acidity* 22.20 25.15 9o27' 7.00 15.40 10.89 19 .54 10.64. 11.58 8.14 
Total, ,Phosphor~s. (PPM) 59.54 9.08 13.71 7.12 l.40 1.53 LU 0.97 1.45 1.03 
Avail~ble Phosphorus 2.10 1.26 3.29 1.42 0.54 0.24 0.99 0.20 0.42' 0. 3,2 • 

(P~M) -
Organic Phosp~orus (PPM) 19.48 4.70 12.09 2.47 2.52 2.61 19 .40 ~.24 10 .64. 0.62 ' 
% Total,_Nitroge"Q._ 0.05 0.04 0.05 0.08 0.05 0.06 0.10 0.02 0.03 0.06 
% Organic,Matt~r 2.09. 4 .15 - 1.03 1.6:5 1. 75 1.35 2o"~8 0.84 1.51 1.18 
% Carbon·(Organic) 1.21. 2.41 0.60 0.96 1.01 0.78 1.62 0.49 0.45 0.69 
C:N Ratio 20.86 55.06 15,55 8.47 25.20 23.4_9 - 15.85 26.22 19.35 46. 39 -

*m.e./100 gr~s. 

O'\ 

°' 
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the N'gisi Konjo and the Comasadu soils are the most.acid. The Makona, 

Konjo, Red Weledu,.and Red Weledu (with stones) soils are slightly 

acid. The exchange9-ble acidity (Al+3 + H3+o) for all.samples, ranges· 

from 3.76 m.e./100 grams in the Yellow Weledu.soil,to 33,66 m.e./100 

The cation exchange capacity is very low for all samples, The 

lowest (1~58 moeo/100 grams) is for th,e 123 cm, depth of the Kanjo soil. 

The highest (11.93 m.e./100 grams,) :i,s for the 25 cm. depth of the. 

Red Weledu/Stones soil. A.11 of these soils .exhibit a .lower CEC at 

depth than at the surface. Th,e base s.tatus of the~e soils is. higher 

at t;:he surface tQ.an at depth despite leaching of bases.d9wn,the 

profile by rain wate~ as shown,in Tables XI - XIX. Foth and Turk (37) 

and Bennema .. ( 1.5) explained, that the roote of higher plants absorb 

nutrient elements from deep into the.soil solum and tran~port them 

through.the stems.to·thE7 surface by falling 1eav:es, dead debris and 

plant root exqdates. The process of leaching is probably responsible 

for the irregular accuml,llation of bases at point;:s down·the profile in 

these soils. This results .in a higher or lower.value for CEC and bases 

at some points t~an at other points. near the surfa~e ·or deep below 

the surface in t;:he profile. Th~s phenom~non is demonst;:rated by.many of 

the soils in this studyo On.the ayerage; the Re<;l Weledu/Stone has the 
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highest cat~on exchange capacity (CEC) value (?;15 moeq./100 gm). 

The Makal).a and N'gisi soils are second invalue.-of CEC, 6 0 63 and 6.05, 

respectivelyo The DC11iJ;J. soil at one depth in the .. prefile had a catioI). 

ex<;:hange capacity oL7.02 m.e./100 grams, It is not:possible to 

compare it with other soils .in ... this .. study because it .. was. represented 

by only one sample. The :i::emaining six soils had ~ average CEC below 

eight milliequivalents per 100 grams of soila The Koµjo.s.0il ,which is 

one· of .. the ~dium acid.soils of. Liberia .. had .the lowesJ:, average CEC 

(3 .• 56 m.e./100 grail$) • 

. .. .. ... With respec'I:= to the exchangeable bases, calc~um. c.ontent was the 

highest in all soili;i as expected. Red Weledu/Stone.had the highest cal"" . . . 

cium saturation am~ng tl).ese soils. Magnesium.sat;uration was,second to. 

calcium in all-soilso Sodium valueS,in.alLsoils :was.next to magnesium. 

The low. per.cent base. saturatioµ G>f these soils. is.:.characteristic 

Qf the ... red and yepow sc;>ils referred to as tropical Ultisols. S0me · 

workers .. (17) have .. indicated that the dark surface of. these soils, 

cla~sified aE;i the .umbr:i..c epipedon un<;ler naturaL.conditions, normally 

has a base. satu-i;ation of.: less than 50% .and .. that.ca diagnostic depth for 

de.termining bas~.s.aturaticm sh0uld. be .set at 125. cm {.50. it)..) 0r 180 cm ·. ' . ' , ... 

(72 •in.) .from the surface· and must have. a bai;;e .saturation.Jar t~e subsoi:j. 

of less than 35(.. Most of .... t;:he profiles fo.r .. the.soils .. s.tudied have depths·. 

less than 145 cm. · Th~ base saturation of t;hese .soils. c9pforms we:!-1 with 

the above restrictions~ Few of these soils, howevert have base 

saturation great~r than 50% for the surface and great;er .than 35% 

for the 125th cm. depth. These high .base saturation percentages 

c0uld pr0pably ·be. due t0 fact; ors, such as· accumulation of bases to. 

a particular depth caused by leaching, method of collectiJ;J.g 
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the .samples, and laboratory errors. 

The microJ:l.utrient .. element s~atus of tQ.ese'. soil!j! is very low. Of 

the .four, trace elements stuc;lied,, manganese, ircm, zinc, and cqpper, 

all but.copper'in some,case9, have values falli~ be~ow 1 ppm~ Baker 

and Tucker (7) have ·cited 1.0+ ppm of -zinc, 4.5 + ppm, of· iron an4 1.0 + 

ppm.manganese to be adequate. for.grow:i,ng ci;-ops~ They alsQ recQ:mmend. 

10.0 + ppm of iron as a<f,equate for lawns. 

All three forlll$ of phosphorus: total phospl:J.orus, ava,ilable 

phosphorus, and. org.;i.P,ic phosphorus were found to be very: low fc;ir all 

samples examined~ The . Camai;;adu, soil , however, . appears t<;> have more 

t;ot;a,l phosphorus t~an the other soils.- As ca.n be,seei;i..from,Tables 

XI-:XIX and XX a· greate+ amount o:f t;his tota,l ·phqsph9rus is in, t.he. 

organic form. Data.reported in Tal?le ~show an avera.ge·total 

phosphorus content _of Camasadu so~l to be 59. 54 ppm of, this. amoullt;, 

32. 72 percent was in the organic form whi,le OI).lY 3 ._52 percent, wa~ in 

t;b,e ·available form as explained earlier (39 ,57 ,6.7, 74 ,83)_. The 
. ' 

difference in phospho+us content of 63,.76 percent .is probably in.other 

inoi::gaµic · fo+ms not ea~ily avaiJ,.able t,o . plants, . perhaps due t;o 

fixation by iron and, aluminum oxides whi_ch dOlllin~tes . these soils. 

The Foya·Mo4el sqil has-the. second highei;t coi;itent of total phosphorus 

both on an-.. i~dividual. sample basis and on a tot;al ayer!ige ·basis anc;I ·it 

had a total avel;'age~ ph~i;;phorus cc;mtent of 13. 71 ppm~ Unlike the 

Camasadu·so:j.l, 24 percent of the phosphorus in the Foya Model soil·was 

in the available form~ The rei:naining 76 percent; ~as,in·the organic, 

and otJ:ier inorganic forms not l;'eadily .solul?le for pJ,.ant gl;'owtQ.. It 

can be observed from the .data: in· Tal;>les XI-X~X and XX that in some 

samples, the amount of organic.phosphorus ext;ract;ed was higher than, the 



value for total phosphorus for the same samPle. This·is due to 

differences in the methods,of extrac~ion~ 
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The·percent total nitrogen is very low for all soils,_ but-the 

percent organic matter is high in these.soils. As .indic;:a.ted by some 

authors (93) both 1nitrrogen.and organic matter .cont~nt a;-e higher in 

the surface :layer then in tqe lower layers of the profile. On an -

average basis,, the N' gisi _soil .has the highest :percentage of both 

organic.matter and tota,l nitrog~n. The percent orgi;i.nic-.carbon h also 

high f<;>r these sc;>ils corresponding to.the h~gh organic matter content •. 

The c.;i._rbon;nitrogen ,ratio for some of these soils for exa.I)l.ple ,Comasadu, 

Dalin, and Red Weledu is too high especially at the surface and should 

retard mineralization as d:t.scussed:b¥ Tisdale and_Nels0n (93). The 

C:N ratio decreased with depth._ Other soUs: Foya.Model., N'gisi, 

Konj_a; al)d Yellow Wele_du have a C:N r~tio adequi;i.te+y low to :pe;-mit 

mineralizati_on of Iiitrc;>gen. For s.ome soils, for exaI,nplC? K,cmjo; 

neither minera.li~ation nor innnobil:i-zation can be~expected. 

+he· data. pres~nted on th_ese .soil~ can.be-said to.be in.agree.ment 

with those reported by.Reed (81) ·at).d other inve9tigatorE! (104). Result:s 

of a rec~nt chemical determinat:ion on some L~berian soils a.z:e·giyen in 

the Appel;ldix~ 

Nutrient Element.Requirements 

Theresu:J,.trs of the.tests conductE!d for predicting tq.e amount of 

nutrient: el~:cnents -as fert_:tlizers required for optimum crap praductian 

as introduced by Ba~er (5,6) are·given in Table XX~. Sulfur was nc;>t

includ~d in.this_ study and-no resultr;; are;reparted _for phosphorus. 

·All of the soils st.udied wefe very effici~nt in removal of the nut;-ient 
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TABLE XX! 

SOIL CHARACTERISTICS OF NUTRIENT ~LEMENTS 
REQUIR.EXE~TS. (BMER.'S ·PROC,EDURE) 

Nutr,ient; Elel'.llents (m.e./100 grams) 
Nos. Soil Sample Pr9f ile cm Ca, Mg K · fe · Mn Cu Zn 

1 Comasadu. 
2· 
3 
4 
5 

6 

0-10 
10-20 
20-50· 
50-.90 
90-140 

0-26 

7 
8 
9 

Foya Model 33~60 
60-104 

104-120 

10 
11 
12 
13 
14 
15 

Foya Deep 0-18 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

Kanjo · 

26 N'gisi Konja 
27 
28 

29 · Red Weledu 
30 
31 
32 

18-38 
38-72 
72-105 
10~-140 
18-38 

0-12 
12-30 
30-47 
47-87 
87-140 

0-,8 
8-37 

37-68 
68-101 

101-123 

0-10 
10-37 
37-:-80 

0-15 
15-62 
62-135 

135-160 

33 Red. Weledu/St;ones 0-25 
34 25-47' 
35 47-102 
36 102-:-124 

0~99 o.64 o.67 0.26 0.02 o~oo 0.01 · 
1.44 0.16 -0.03 0.13 0.02 o.oo 0.01 
1.51 -0.10 -0.01 -0.01 0.02 o.oo -0.01. 
1.80 -0.12 -0.01 -0.01' 0.01. 0.00 -0.01. 
1;64 -0.12 -ri.01 -0.06 0.02 o.oo -0.01 

1.74 -0.04 0.13 0.58 0.01 o.oo -0.01 

0.58 0.12 -0.01 0.14 0.01 o.oo -0.01 
0.14 o.33 -0.01 · 0.26 ·-0.02 o.oo -0.01. 
1.53 -0.08 -0.0l' 0.16 -0.02 o.oo -0.Ql 

1.31. 0.00' 0.19. 0.22 .-0.02 o.oo -0.01 
1.29 -0.01 0.10 0.10 -0.02 o.oo -0.01. 
o.~3 o.oo ·-0.04 -0.01 -o.o~. OoOO -0.01 
l.12 -0.15 -0.02 -0.02· ... o.02 o.oo -0.01 
0.69 .-0.16 -0.03 -0.02 -0.02' o.oo -0.01' 
0.72 0.06 -0.03. 0.44' 0 o.oo -0.0l' 

0.84· 0.1~. 0.10. 0.03. 0.04 o.oo -0.01. 
0.76 -0.06 0.01. 0.02 0.02 0.00 -0.01 
o.93 -0.04 -0~01 -0.06 0.01 · o.oo -0.01 
0.63 ·-0.06 -0.01 -0.03 0.02 o.oo -0.01. 
0.71 -0.08 -0.0l -0.03 -0.02. o.oo -0.01 

0.73 0 0.10 0.49. 0.01 
0.12 -0.15 -0.03' 0.22' 0 
l.17 ·-0 • .16 -0.02 -0.0l ·-0.02 
0.75 -0.18 -0.0l ·-0.01 ·-0.02 
0.73 ·-0.24 -0.01' 0.03 -0.02' 

0.97. 0.07. 0.10 0.08 0 
-0,05 0.07 0 0.19 I 0 

0.51 o.45 o 0.10 o 

0 .oo -0 .01 . 
o.oo -0.01 
o.oo -0.01. 
o.oo -0.01 
0 .oo -0 .01 . 

o.oo -0.01 
o.oo -0.01 
0 .oo -0.01 ' 

1.18 0.01 Q.10 0.10 0 0.00 -OiOl 
0.60 0.04 0.02 0.08 0 o.oo -0.01. 
0.45 ·-0.09 0.01. 0.03 -0.02 o.oo -0.01 
0.88 ·-0.03 0.12' 0.09 -0~02' o.oo -0.01 

0.68 0.47 · 0,01 · 0.06 0.02 · 0,00 -OiOl · 
1.63. 0.35 0 0.02 -0~02. o.oo -0.01 
0.83 0.16 -0.01 ·-0.06 0.02 o.oo -0.01 
1.42. 0 0.03 -0.06 -0,02 o.oo -0.01 
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TABLE XXI "CONTINUED" 

Nutrieht Elements (m.e./lOa grams) 
Nos, Soil Sample Profile cm Ca.. Mg K Fe Mn · .Cu ... Zn 

37 
38 
39 
4a 

Note: 

Yellow Weledu 0-22 
22-36 
36-74 
74-:125 

o.83 0.02 a.as a.a2 a o.oo 
a.99 a.12~ a.a6 a a a.ao 
1.14 -0.13 o.a5 -a.03 -a.a2 a.oo 
a.62 -0.17 o.al -a.a3 -a.02 a.aa. 

Bakers.chemical,refe+s to nutrient.elements.that.have.been 
ana:lyzed by Baker's proc~dure ·(Table V), 

-a .01 . 
-o.a1 
-0.01 
-a.01 
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elements . added to tl).e extracting sol.u1;:ion. In general, it can, be saici 

that· these soils are very deficient. in these elemep.ts. These soils will 

therefore respond to an 'applica,tion of fertilizers having these elements. 

The major esseI1.tial elements, magnesium a-o.d potassi~ are the more· 

deficient for all soils as shown in Ta,ble. XX!. Although .. crop growing 

will r~spond to, calcium applicatic;m, less calcium wal? removed. from 

the extracting solution as c9mpared to other elements. All trace 

elemen1:s were found to be.very deficient in these soils. Results shown. 

in this study indic;;i.te tl).at a. considerable-, amount of these elements 

were remoyed by all soils. Removal of these elements could be. due to 

efficiel}.1: adsorption by the soil and the determination ,or ·detection 

l:f.mit.of the atemic·ab~orption spectrophotometer was,exceeded.al;ld n<;> 

value was reporteq, for exa,mple~ for copper. Addition.of these element;s 

in a fertilizer· program for the soils studied would probably be .. 

beneficial. Although, the test indicates . that these soils will respon4 

to iron in a fe+_tilizer, care must be taken _as to. the amount of iron 

to add-to a fertilizer for thes~ soils. It has beeII. pointed out that 

t'l~ese soils contain ironstone in their subst,irface ·,layer and perhaps 

free iron oxide also!. 

Correlation coefficients were determineq on all of the chemical 

analy~es reported on these soils. It is not pract~cable-or necessary 

to report every result. in this paper, therefore, those. that were 

significant and also those.that were worth mentioning are reported in 

Tables XXII through xxyr and XXVII tQ.rough )QQCVII. Correlations show:n 

in. Tables. xx:u through XXVI that. are due to soil. factors and data shown 

in Tables XXVII through XXXVII showed correlations where -soil· effects 

have been removed or n<;>t considered. 



TABLE XXII· 

CORRE.LATION COEFFICIENTS DUE TO SOIL FACTOR: TOTAL 
PHOSPHORUS (PPM) VERSUS OTHER FRACTIONS 

Other Frac ~ions. Total Phospho~us . Remarks 

Available Phosphorus (PPM). 0 .96** Significant at 1% 

Organic Phosphorus (PPM) 0.75* Significant at 5% 

Organic Matter 0.73* Significant at 5% 

% Total Nitrogen -0.10 Not significant 

Carbon:Nitrogen.Ratio 0.28 Not significant 
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level 

level 

level 

Baker's Calcium 0.67* Significant at 5% level 

Baker's Magnesium 0.06 Not significant 

Bak~r's Potassium -0 .33 . Not signifiGant. 

Baker's Manganese Ne:>t significant· 

Exchangea~le Calcium 0.01. Not significant .. · 

Exchangeable.Magnesium -0 .45 . Not significant•·. 

Exchangeable Manganese 0.59 Not significant 

Exchangeable Potassium -0.45 Not significant 
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TABLE XXIII 

CORRELATION COEFFICIENTS DUE TO SOIL FACTORS: AVAILABLE 
. . p . (PPM) VERSUS OTHER FRACTIONS 

Other Fract;ion~ Available Phosphorus .. Remarks 

Orga~ic ·Phosphorus (PPM) Q.78** Significant,at 1% level 

Organic Matter o. 71* Significant.at 5% levd 

% Total Nitrogen 0.07 Nqt significant 

Carbon:Nitrogen Ratio 0.11 Not signi,ficant 

Baker's.Calcium 0.61 Not ,s:Lgnif ica.nt 

Baker's. Magnesium 0.37 Not significant 

Baker's Potassium 0.37 Not significant 

Baker's -Manganese 0.57 No.t significant 

Exchangeabl,~ Calc.ium . 0.05 Not s:!-gnificant, 

Exchangeable Magnesium 0.28 Not significant 
Ill 

Exchangeable Potassium -0.52 Not significant 

E;xcha.ngeable Manganer;;e 0.51' Not significant, 



TABLE XXIV 

CORRELATION COEFFICIE~S DUE TO SOIL FACTOR8: ORqANIC 
MATTER VERSUS OTHER FRACTIONS 

Other Fractions Organic Matter Remarks 

% Total Nitrogen 0.28 Not: significant 

Carbon:Nitrogen Ratio_ 0.40 Not si,gnificant -

Baker's CaiciulJl 0.52 ~ot significant 

Baker's Magnesium 0.12 Not significant 

Baker's Potassium 0.11 N:ot significant 

Baker's Manganese 0.66* Significant at; 5% 

Exchangeable _Calcium 0.03 Not ·significant 

Exchangeable Magnesium 0.08 Not significant 

Exchangeable -Sodium 0.72* Significant.at.5% 
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level. 

lev'el 



TABLE XXV 

CORRELATION COEFFICIENTS DUE TO SOIL FACTORS; ORGANIC· 
p (PPM) VERSUS .OTHER FRACTIONS ' 
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Other Fractions, Organi~ Phosphoru$ Remarks. 

Organic :Mat'l;er 0.661c Signific~nt at 5% level. 

% Total Nitrogen, -0,09 Not ·significant 

Baker' s Ca.lei.um 0.27 Not significant 

Baker's Magnesium 0.65* Significant at 5% level 

Baker's Potassium -0.50 Not significant 

Baker's Manganese 0.57 Not significant 

~xcha~geable Calcium o. 28 . Not significant 

Exchangeable Sodi.um · · o. 73 Significant,at,5% level 

Carbon~Ni~rogeµ.Ra'l;io 0.26 Not significant 



Baker's 

Baker's 

Baker's 

Baker's 

Exchange 

Exchange 

TABLE XXVI 

OTHER CORRELATION COEFFICIENTS THAT -i\RE DUE TO SOIL 
FACTORS AND ARE SIGNIFICANT 

r Remarks 

Mg Versus Baker's K -0,71 Significant at 

Mg Versus Exchm;ige Ca 0.73 $ignificant at 

Mg Versus Excha.nge Mg 0.86 Significant at 

Mn .Versus ·Exchange -Mn_ 0.88 Significant at 

Ca Versus Bakei;'s Mg 0.92 Significant_ at; 

Mg Versus Baker's Mn 0.96 Significant at 
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5% level 

5% level 

1% level 

1% level 

1% level 

1% level 



TABLE .XXVII 

SIGNIFIC.ANT .CORJ,U;LATION CO~FFICIENTS: SOIL EFFECTS REMOVED 
TOTAL FHqsrHORUS VERSUS OTHER FRACTIONS 

r Remarki;;. 

Available Phosphorus (PPM) 0.50 Significant at 1% leyel 

Organic P~osphorus (PPM) ' 0.43 Significant at 5% level 

Organic Matter. -0.42 Significant at 5% level. 

% Total Nitrogen· 0.80. Significant a.t 1% level 

Baker's Calcium 0.59 Significant at 1% level 

Bake:i;:-'s Magnesium 0.77 Signi~ica;q.t at; 1% ·level 

Baker's. Potassium 0.99 Significant·at 1% level 

Baker'~ Iro.n 0.87. Significant at 1% level 

Baker's Mai;igane~e 0.66 Significant at 1% level 

Exchangeable Calcium 0.82 Signifiqant .at 1% level 

Exchangeable Magnesi~w 0.82. Significant; at 1% level 

Exc,hangeable · Pot;:assi.um o.a4 Significant at 1% ·level 

Exchange ab le Sodiu'!ll 0.71 Significant at 1% level. 

Exchljli;tgeab le . Copper 0.85 Signif ica,nt ·at .1% level 

Exchangea~le !rem 0,45 Significant·at; 1% level 

Exchangeable Zinc 0.82 Significant at 1% level 
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TABLE XXVIII . 

SIGNIFICANT CORRELATION COEFFICIENTS: SOIL EFFECTS REMOVED 
AVAI~ABLE PHOSPHORUS (PPM) VERSUS OTHER FRACTIONS 

Remarke 

Organic Phosphorus (PPM) 0.435 Significant. at 5% 

Organic.Matt~r 0.936 Significa11t· at 1% 

% Total Nitrogen 0.408 Significant at 5% 

Baker's Calcium 0.693 SignifiGant. at 1% 

Baker's Potassium 0.409 Significant at 5% 

Baker's Iron 0.825 Significant at 1% 

Baker's Manganei;e 0.623 Significant· at 1(. 

Exchangeable Magnesiu~ 0.535 Significant,· at 1% 

Exchangeable Potassium 0.654 Significant. at 1% 

Exchangeable Sodium 0.898 Signi,ficant at 1% 

Exchangeable .Manganese 0.760 Significant at 1% 

Exchangeable ·Zinc 0.875 S:i,gnificant·at 1% 
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level 

level 

level 

level 

level 

level 

level 

level 

level. 

level. 

level 

level 
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TABLE XXIX· 

ORGANIC PHOSPHORUS (PPM) VERSUS ·OTHER FRACTIONS 

r Remark~ 

Organic Matter . 0.614 Significant. at 1% level 

% Total N·itrogen. 0.441 Significant;: .at 5% level 

aak~r's Magµesium .... o.531 Significant at 1% level 

aaker's. Potassium o.~56 Significant at 1% level. 

Baker's Iron 0.699 Significant at 1% level. 

Baker's Manga~ese, 0.501 Significant: at 1% level 

Exchange ab le Calcium 0.613 S ignif ican t at 1% level 

Exchangeable Magn~sium 0.485 Significant·at .1% level 

ExchaI?.ge ab le Pot;:assium 0.505 Significant.at 1% level 

Excl).angeab le Sodium 0.923 Significant at 1% level. 

Exch~nge~ble,I+o~ 0.828 Significant:at 1% .level. 

Excnangeabl~ Zi~c 0,944 Significant;: at 1% level 



TABLE XXX 

SIGNIFICANT CORRELATION COEFFICIENTS: SOIL EFFECTS REMOVED 
BAKER"S CALCIUM VE~US OTHER FRAC'.\:'IONS 

r Remarks 

Baker's Manganese -0.484 Significant at 1% level 

Excbangeab le Magnesium -0.394 Signific;:ant at 5% level. 

Exchangeable, Pota$sium -0.553 Significant at 1% level 

Exchangeable Sodiul!l -0.427 Significant at 5% level 

Exchangeable Ii;-on 0.427 Significant at 5% level 

Exchange ab le Zinc. 0.499 Signifi~ant at 1% level 

TABLE XXXI 

BAKER '·S MAGNESIUM .VERSUS OTHER FRACTIONS 

r Remarks 

Baker'$ Iron 0.563 Significan1;: at 1% level 

Baker'!? Manganese 0.392 Significant at 5% level 

Exchangeable Calcium 0,406 Significant at 5% level 

Exchange ab le Magnesiu'!Il 0.643 Significant at 1% level 

Exchange ab le Sodium 0.590 Significant. at 1% level 

Exchangeable Martga:p.ese 0.433 Signi,f icant at 5% level. 

Exchangeable Iron 0.534 Significant at 1% level 

Exchangeable Zinc 0.670 Significant· at 1% level 
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'.CABLE; XXXII 

BAKE~'S PQTA$S,IUM VERSUS OTHER FRACTIO~S 

r R,emarks 

Bake.r's Iron 0.542 Significant :at 1% ·level 

:aak~r' s. Manga,nese 0.585 Significan~ a,t 1% level 

Exchangeab .i~ Calcium 0~833 Signif ican1;: at 1% level 

Ex~hang~ab+e Magnesiµm 0.37? Signi,ficant a1;: 5% level 

Exchange.;ib le. I rol;l o. 777 Signiftcant· at .1% -level 

TABLE XXXI II 

SIGNIFICANT CORRELATION COEFFICIENTS: SOIL.EFFECTS Rm:IOVED 
ORGANIC MATTER VERSUS OTHER FRACTIONS 

r. Remarks 

Baker's Calcium 0.504 Significant at 1% level 

Baker's Iron 0.384 Si,~~ificant·at,5% level. 

Baker's Mangai;i.ese, 0.387 Significant,at 5% level 

Exchangeable,Magn~sium 0.35~ Significant;: at 5% level 

Exchange ab le Sodium 0.452 S:i,gnif icant ·at 1% ·level 

Exchangeable Copper. 0.692 Signi,fica~t a~ 1% level. 

Exchange ab le Iron 0.785 Signi:Ei~ant.at 1% level 

Exchange ab le Zin~ 0.759 Significant at 1% level 
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TABLE_ XXXIV 

% TOTAL, NITROGEN VERSUS OTHER FRACTIONS 

Tests r Remarks 

Baker's Calcium 0,644 Significant at 1% level 

Baker's Magnesium 0.819- Sign:l.ficant at 1% level-

Bakel;'.' 1 s Ir:on 0.375 Sign~ficant at 1% level. 

Bakel;'.' 1 s Mangat;1.ese. 0.421 Significant~at 5% level 

Exchange ab le Calcium 0.405 Significant. at 5{o level 

Exchangeable ~gnesium o. 399 Significant at 5% level 

Exchangeable. Potassium 0.357 Significant at 5% leve_l 

Exchap.geab .l.e Sodium 0.427 ~ignif icant at 5% level 

Exchange ab le Iron 0.427,- Significant at 5% level 

ExGhangeab le -Zinc 0.499 Significant·at 1% level 

TABLE XXXV 

SIGNIFICANT co~_LATION COEFFICIENTS: -SOIL I EFFECTS REMOVED 
EXCHANGEABLE CALCIUM VERSUS OTHER FRACTIONS 

I ' ' 

r Remarks 

Excha,ngeab le Magnesium 0.868 Significan.t at 1% level 

Exchangeable Potassium 0.549 Significant at 1% level 

Exchangeable Sodium 0.823 Significant at 1% level 

Excha,ngeab le Manganese 0.374 Significant at 5% level 

Exchangeable Copper 0.384 Significant at 5% level 

Exchangeable Zinc 0.865 Significant at 1% level 
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TABLE XXXVI 

EXGHANG~ABLE MAGNESIUM VERSUS OTHER FRACTIONS 

Tests r Remarks 

Exchangeabl~ So4ium 0.808 Significant:at 1% .l~vel 

Exchangeable Manganese 0.482 Significant at 1% ·level 

Exchal,lgeable. Copper 0,595 Signific1µ1t,at 1% -level 

Exchangeable Zi,:p.c 0.746 Significant at 1% level, 

TABLE XXXVII 

EXQHANGEABLE POTASSIUM VERSUS OTHER FRACTIONS 

r Remarks. 

Exchangeab].e So.dium 0.798 Significant at 1% level 

Exchangeab+e Manganese 0,537· Significant a~ 1% level 

Exchangeable ,Copper o.747 Significant at 1% level 

Exchangeable Iron 0.641 Significant at 1% level 
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Data reported in Tables :KXII throt,tgh :KXVI show a signific:ant. 

correlation betwe~n total ph9sphorus and available phosph9rus, organic 

phosphorus; organic matter, and•Baker's cal,ciu~*· High~r correlations· 

(r:= 0.96) and (r = 0.50~ see!Jl t;o exist .between total ,phosphorus and 

available phosph9rus both,, with , and without ·soil effects though· earlier 

data revealed. that a· gr~ate:i;- pereentage of the .tota.:;L phoi;ipho+us 1 in· 

these, soils is i,n the. organic form •. When, .soil,, effects a:i;-e re1J19veq, · 

total phosphorus correlates si,gnificantly wel,l with other test~ (i.e. 

% total nitrogen; Baker's calciu'tll, . magnesium, potasfi?ium, iron; 

exchangeab+e ·calcium, magnesium, potai;;sium; ·and ·both •organic and. 

available phosphorus). Data reported in Ta't>le VII sq.ows,that as the 

amount of tota.l pho,sphorus ,increased, the percent organic mattei;

decJ;"eased. The data reported in,Table :KXIII shows that as the amoui:;it· 

of.·. availabl~ phosphorus is increased onl:y · the amot,mt of organic· .. phosphorus 

and percent.organic lJlatter correspondi~gly.incr~ase~ :aut w:f,.th .the 

removal of sQil factors; availl:lble ,phosphoq1s teI,lds t9 correlate: 

significantly with ot;her tests li~e percent,total nitrogeI)., Baker's 

calcium, potlilss:f,.um, i+on anc;l manganese. Availabl~ phosphorus aho 

correlat~s significant;l,y with tl'!-e exchangeable cations incl,ud:lng the 

trace elements. When sqil effects are removec;l.statistically, a 

negative correlation is.foun4 t;o e~ist .between avc!l.ilable.phosphorus 

and Baker's : magn~s.it,tm. Organic phoi;;pho:i;-us was found t~ correlate · 

significantly with organic matter.and Baker's magnesium. Organic 

phosphorui;i was also highl,y correlated with the.rest.of Baker's t;est 

parameters and the exchangeable cations,inclt,tding the trace elements. 

* Calcium determined by Baker's Procedure~ 
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Correlati<?J;l. between orgE;tt;J.ic,phosphorl,ls and percent total. nitJ;ogen 

when soil effects,are removed was significant.at the. 5 percent;: level. 

When s()il factors·are considered both Baker's mangaJ;l.~se and· 

exchangeal;>le·sodium increa.se,aleng wit~ an increa.se in the.organic 

matter cont;:ent of all soils. Baker's calciutl;l inci::e.ased with an 

iJ;l,crea.se in organic matter cc;mteJ;l.t when sqil effects· are removed. 

Bakers iron and manganei;;,e also increased along .with organic mattel;' 

when soil fact.9rs,are nqt cqnsidered. When·sc;:>il effect.s are remqved, 

correlation.between organic-matter .and exchangeable magnesium, sodium, 

copper, iron, , and zinc aJ;"e ·all significant. Data reporteq in Table, 

XXVI .shows that Baker's magnesium has a t;>.ega,tiv~ correlation with. 

Bake+'s potassium at the 5% level.but a positive ,correlation with 

' 
e~changeable calcitJ:m, ma,gne~ium and m~:mganese, at 1 percent level. , 

Bal,c.E!,r' s manganese abo was" sig:p.if icantly correlated w~ th e~changeable 

manganese. 

Pe·rcent. totat nitrc;>gen did. not correlate. significant~y with any 

of the tests made when soil effects ·were taken into c9nsidero11.tion., 

However, data. reporte4 in Ta:ble )CXXIV s,hows ·that when· s9il f a.c;tors 

are removed, percent tot;al nitrogen.correlate:s significantly with 

Baker's calcium, magnesium, iron, and manganese. Th~ data in Table 

XXXIV also shows that·exqhangeal:>le cations including the. trace·elemet;>.ts 

iron and dn~ incr:ease signif:i,qant],:y with an .increase:in total nitrogen. 

Data:reported in Tal;>les XXXV through :XXXVII shows that 

exchangeable calcium correlates significantly .well with .other 

exchangeable cations. When. the content of exchangeable D;1.agnesium 

increased' excnange.;i.ble' sc;>diw;n, mangai;iese, copper and :;:inc also increased. 

An increase in exchangeable potassium was significantly correlated with 
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an increase in excl;iangeable sodium, manganese, copper, and iron •. 

Mineralogical Properties . 

X-ray diffraction pa.tt~rns for tl:ie Comasadu soil are reported in 

Figure 1. When the fine clay fraction for the.first; 26 cm. ·depth 

(surface) was calcium saturated, it produced a 3.37A peak for ·quartz. 

The potassium sat;:urated s.;i.mple revealed a st;:r<;lng.peak of 7~25A 

indicating the presence of kaolinite~ Quartz was identified at 4.29A, 

4.13A, 3.36A, and 3.32A •. The· second order of kaolinite pe.;!,ks appeared 

at 3.57A and 3•64A. Heat=!-ng of the potassium saturated s~ple,at 

500°C collapsed all of the _kaolinit~ peaks after which ,quartz. was 

identified at 3.36A and 4.13A. When t;:qe co.;irse.fract;ian _of th:i;s surface 

soil was .. calcium saturated _it· sl;lqwed. a kaolini~e pe.;ik at. 7. 35A and, 

quartz peaks _at 4. UA a'Q.c,l · 3.37A. Potai;;sium satu.rat:i,.on produced a 

quartz peak at· .3. 36A which , did nqt · co],lapse ·upon. he~ting. · Clay mineral. 

ana+ysis of the sul;>surface,(50-140 cm depth); of thi~ soil gave results 

similar tq that of tb..e surface!, horiZOJ;l~ The· calc=!-um sa,turated sampJ,.e 

of the fiJ;ie c,iay fr~ction produced a. broaq and low inten~ity peak .. at 

7 ~37A for metaholloysite .,of kaolinite •. Potassium saturat;:f.c,m of the 

sample: rei;;ul te.c1 in. a 3. 36A peak for quat;'tz. The kaolinite peak, 

disappeared when the ·sanwle ,was heated to 500°c. The quart;:z. peak was 

identified ae a·low :i;ntensity diffract;:ion peak .;it 3~36A and 4.29A, 

The· coarse clay fraction whe-p. · calciui;n satt,i.rated produc~d kaol,init;e 

peaks at 7~43A and second.order, peak of kaolinite at·3.62A. Peaks 

for kaolinite and.second·orc;ler kaolinite _were produced again i:Lt 

7.31A and-3.591\, res,pective],y. A.high ,intensity quartz peak was 

identified at 3.36A. 0 Heat:i,.ng of the s.;impJ.e.to 500 C collapsed all 
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the kaolinite peaks but·quartz peak :was .;igain,found at 3.36A~ 

Figure 2.shows x-ray diffractograms.for t~e Foya Model. The 

calcium sa~urated sample of the fine clay fraction of the 33-60 ~m 

depth.revealed .a low intensity peak at 7.37A,for k,aolinite,and t~e 

second order maximum, for kaolinite .at 3.6zA •. Pota$sium saturation 

gave results similar to th~se of calcium satu:i;-ated sampleso All of 

the kaolinite peaks were.destroyed when the po~assium. s~mple was'. 

0 heated to 500 C. Th~ coal;'~e.clay fraction when calciUJ\1 treated 

produced a kaolinite peak or metaholloysite .at 7.31A and a 3,&QA 

for the sec<;md order max:i-mum of Kaol,inite. Quart:z vas identified 
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as a 3.40A. The third order peal< of the 14~ i;ninerals 4no':ltmoril,.lonite,, 

vermicul,ite, and chlorite), which , probably is vermiculite, wa~ 

identified at a·low intensity of-.4o92A. Potassium. s~turation of this 

sa,mple showed kaolinite at both '7 .37A and, the second order. maxiiµum at 

3~62A. The kaolinite peaks,collapsec;l when the,sa,mple was heat 

treated, and. the qua,rt:l; peak was .. found at 3. 36A~ When the _fine ,cl,ay 

fract;ion.of the subsurface (60-120 cm) for the Foya MQdel,was c~lcium. 

saturated~ kaolinite or metah0lloysite was.fouru;J. at 7.37A and a.second 

order maximum at~ :3.6l;)A.. A low intens~ty peak for the 14A .minerals. 

probably veri;nicuUte oi:: chlorite was ,produced, as th~. thit:d order 

peak at 4. 92A. Potas~ium satUl;-ation also producec;l a kaolinite peak, 

at 7~37A and the sec1;md order,maxi~um of kaolinite at: 3.62A,. No peak 

appeared when the.k~saturated sample was.heated to.500°c. Cal,cium 

saturat:f-on of the coari;;e clay fraction rei;;ult~d in a (.37A peak,.for 

kaolinit,e and. the second-order maxi,mum for kaolinite at; 3.63A. The 

presen~e ·of . the 14A minerals. ·probably chl,or:i,te was found, as, a low 

i:p.tensity thi:i;-d order peak of 4.92A. Potassium satu:i;-ation of the 
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sample revealed a kaolinite peak at .7.31A and second-order maximum o:t; 

kaolinite at 3.62A. Heat treatment collapsed a+l peaks f~unq in the 

sample. 

x..,.ray diffract~on patteI'ns for the Foya Deep soil are:shown in 

Figures 3 and 4. Calcium saturation of the fine clay fraction of the 

surface (0-19 cm. depth) revealed a peak for kaolinite at 7.25A and 
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the second-order maximum at 3.59A. Potassium saturation a,nd heating of 

the potassium saturated sample resulted.in lo$S of.the kaolin;minerals. 

Calcium saturation of the coarse clay fraction gave.a high intensity 

peak for kaolinite at 7.31A and the second-order maxilllum of kaolinite 

at 3.62A. A third-order peak fe:>r the 14A minerals probably vermic\llite 

or cQ.lorite was foui;i.d at,: 4, 92A. Potassium-saturation o:(: th.is· sample 

was similar to the calcium treatment. · All peaks collapsed upon 

heating of the potassium saturated samples which verifies that·theY 

were kaolinite peaks! Calcium sa,turation of the fine clay fraction 

from the 18 ... 38 cm d~pth showed a kaolinit;e peak at 7, 25A, the second, 

order maximum of kaolinite .at 3.59A and quartz at 4o21A and 3.35A. 

Kaolinite was found at 7.25A and quartz at 3.35A when .this sample was 

K-saturated and heat treat~ent collapseq all:existtng peaks.· Calcium 

sat'l,lration of the coar$e clay fracti1;m produced a high int;en$ity peak. 

for kaolinite .at 7.31A and the second-order maximum of kaolinite at 

3.62A. A low intensity peak for the third-order of 14A minerals 

was found at.4.92A. K-satu;ration of the coarse clay fraction yielded 

a kaolinite peak at 7.31A and the.second-order maximum at 3.60A and a 

third order peak for t\ie 144 minerah was, founc;l at 4. 92A, Heating of 

the salllple to 500°c caused disappeara,nce of all peaks i~ the sample. 

X-ray diffraction patterns for the subsurface (38-72 cm and 105-



~, .... ~~W"-......,. ....... ..--....._.,-..._,, 

'J.311\ 
1~ l' 

~ 

3.,. _ .. ______ ) 

2 

1 

·. ~·.S~A ·.·A.3..?>~AJ 

~ ,.VV 

'J• ~ '~ ,:,.- ·to- i·s 1o • ,l..e != · 1~ 1'. :iJJ J.s. .J, 
Figure 3. X-ray Diffractograms for the Foya Deep IV Soils Measured in Angstroms. (1) 

Ca-Saturated, (2) K-Saturated (Air-Driect, and (3) K-Saturated and Heated to 
soo0 c. 

3 

1 

3 

2 

1 

\C 
w 



. . ) 3 

~'WIF ..... .._.,.,,,... .. ~..w 

2 

l~ 

3 3 

2 

2 

1 ___ ,_ 1 

ta I I I I I f .t• 5 lo IS" .t.o 3., s- 3o . .t9 s-t t I I I I I I 
JD I~ ~D ,Z,F 30 

Figure 4. X-ray Diffractograms for the Foya Deep IV Soil Measured in Angstroms. (1) Ca
Saturated, (2) K-Saturated, and (3) K-Saturated and Heated to 500°c. 

l.O 
~ 



95 

40 cm depth) of the Foya,Deep are given in Figure 4. Calcium 

saturation.of the fine clay fraction of the top portion of·this profile 

(38-72 cm) gives a high inten_sity kaolinite pe.;i.k ·at _7 .25A while the 

second-order maximum.of kaolinite appeared at 3.75A. Quartz was. 

identified as. a 3 • 35A peak. Pot;assiu:in sa.tu+ation of the sample did 

not change t:he,positio~.of the first-order.peak.of kaolinite but the 

second order of kaolinite was.found at 3.70A., H;eating the. potassium 

saturate4 sample cqmpletely destroyed th~ peaks. When the coarse 

clay portion was calcium satµrated, a, kaolinite peak of 7.19A with 

high intensity was produced~ The second-order.maximum of kaolinite 

was found at 3.59A anQ. heat.treatment of the potassium saturated 

sample.destroyed all kaolinite peaks! Galcium satul;'ation of the fine 

clay fract;ion,of .the next layer.(105-140 cm depth) revealed a kaolinite 

peak at] .49A and the se.cond-order maximum of, kaolinit~ at 3. 64A. When 

the sample.was pota,ssiul,11 satµrated, the kaolinite peaks moved to. 

7. 25A for .. the first; Ol;'der and, 3. 59A for the s~cond~order :inaximum. 

Only the quartz peak was iQ.entifed at 3.37A, 4.llA~ and. 4.31A when the 

0 sample was-heated to 508 c. Calcium-saturation of tbe coarse clay 

fract;ion shows a kaolini,te peak a~ 7.31A and the.second~order.maximum 

of kaolinite at .3.60A and.a 4.90A peak for the third order of the 14A 

minerals probably chlorite appeared. Potassium saturation of this 

fract;ion did not ch~nge.the results obtained when-it was calciulJI. 

0 treated but these peaks were .,destroyed when heated tc;> 500 C. 

X-ray diffraction analysis for the Makana soil is shown 

in· Figure 5. - The deeper portion of the Makana soil and 

su+face of the Dalin sqil is sh9wn·in Figure 6. Calcium saturation 

for the fine cl,ay fraction of the Makona (0-30 cm depth) shows.a broad 
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kaolinite peak at 7.31A (Figure 5) and 3.62A for the second~order 

maximum of Ka<;>linite.. Potassiu~ saturation ,produced. a kaolinite peak 

at 7.25A and a second-order maximum.of 3.60A. Heating tl,ie·potassium 

saturated sample to .500°c col!aps9d all of the peaks found. Calcium 

treatment of the coarse.clay fraction resu!ted in·a high int;enE!ity 

kaoli.nite peak at 7.31A and the second-order.maximum of kaolinite . . ' . . 

appeared at.3.60A •. A low intensity peak probably t~e third order. 

of the 14A minerals was found. at 4. 90A. After the. sample was saturated 

with po~assiuma kaolinit;e peak appeared at.7.31A and. the second.,..erder 

maximum at.3.60A~ He~1; treatment removed all peaks except.for qt;lartz 

whii;:h appeared at 3.36A. · Cal,.ciUl)l satt;irat~on of the .fine clay fraction 

for the sample,c<;>llectec:J from the next.layer (30-47. cm. depth) produced 

a peak of 7 ~ 37A for. kaolinite. The second":"order maximum for kaolinite 

was found at.3.57~. A lqw intensity peak for quartz,was f<;>und at 3.37A• 

When this sample was petass~um saturated. ~ kaolinite peak appeared 

at 7.31A and the second-order.maximum at 3.59A. Heati~g the sample 

0 to 500 C reJ'.llOved all,. peaks. indi,cat:tng tl,ie presence of kaolinite. The 

cearse clay fraction ,when _calc~um saturated produced. a ka<;>linite peak 

at-7.37A. A peak for the t~ird-:erder of the l4A minerals was fot.Jnd at 

4.92A. The secon4 order of kaol:i.nite was found at 3.62A peak and a 

quartz peak was found at 3.37A. After potassium saturation of the 

samples the kaolinite peak appeared at 7.31A and a second-order 

maximum at 3.60A. The peak for the third-order of the 14A minerals 

was found at . 4 q 87 •. Heat treatment of . the sample collapsed all peaks 

which verifie~,the presence of kaoHnit;e. 

X-ray diffraction analysis of the deep stratum (87-140 cm depth) 

of the Makona soil is also given in Figure.6. Calcium saturation of 
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the fine clay fraction produced a low intensity peak for kaolinite at 

7.25A and the second-order maximum kaolinite pe/ilk at 3,57Ao When the 

sample was potassium-saturated, a h~gh intensity kaolinite peak was. 

found at 7. 37A and the s.econd-order maximum kaol:f_nite was foun<;l at 

3.62A. 0 Heating this sample to 500 C destroyed the kaolinite peaks 

completely. Ca~cium saturation of the coarse clay fraction revealed 

a kaolinite ,peak at 7.31A and the second-order of kaolinite .at 3o62A. 

The third order of the 14A mip.erals perhaps chlorite was found at 4.92A. 

Potassium saturat:f..on o! the sample produced a high intensity peak .for 

k~olinite at·7.31A and a second-order m~imumat.3.60A. A peak for 

the third order of the 14A minerals.· was found· at. 4. 90A. He~t;ing the 

sample to soo0 c entirely destroyed th~se peaks. 

Figure 6 also contains an x-ray diffraction pattern for the Dalin 

soil (0-26 cm deep) •. The calcium saturated fine clay fraction showed 

a high ini;:ens:j..ty peak for kaolinite at 7.37A and a sei;:ond...,.order maximum 

i;:i.t 3. 62.A, and 3. 73A on potassium saturat.;Lon of the sample. A kaolinite 

peak at}.37A and its second..,.order maximumwaf? observed at 3.60A. 

0 Ueating to 500 C completely destroyed these peaks which shows that 

they were kaolinitic,peaks. When the coarse clay fraction was c~lcium 

saturated it produced a high ,intensity kaolinite peak at 7.31A and the 

second-order maximum pe<itk for kaolinite at 3.60A. A low intensity peak 

for the third order of the 14A minerals was shown at 4.87A. A low 

intensity quartz peak was found at, .3 .36A. Th~ :potassium saturated 

sample h,ad a kaolinit;e peak at 7 .37A and a second-order maximum of 

kaolinite at 3.63A. Heating to 500°c destroyed the kaolin diffracti9n 

peaks, 

X-ray diffraction patterns for the Kanjo soil.is reported in 
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Figure 7. Calcium saturat~on of the fin,e cliiY fract;ion of th~ 

suJ;"face 37 ~m, depth, show,ed, a 'f?road kaolini.te peak at 7 • 25~ and a 

second ,order 11l.ax:imum,of kaolinite at 3.59A. Aft:er it was satt,trated 

with.potassium, a ],ow and proad kaolinite peak al>peared at 7•31A and 

the second-order maximum of kaolini t.e at . 3. 59~. · Heating the . potiisaium 

0 saturated sai:nple;to 500 C destroyed all of t:he kaol,.inite peaks. The 

calc.iun:i satl,lrat;ed coarse .clay fract;ion .of the sample showeq. a kaolinite 

peat at 7.37A and a sec;:<:>nd,orde~ maximum,at·3,62A~ The potassium 

Siiturated. sample shewed the same,kaolin peaks. HeaUng of the potassium-

0 saturiited sample to 500 C caused the~e peaks .to di$appear. The 

calcium saturated fine cl,ay portio~ of.the subsurface (68-123 cm depth) 

soil. sample showed. a low intensity kaolinit~ peak at; 7 .31A and a 

second-o~der max:f..lllum.kaolinit~ peak at 3.59A. A lqw intensity 

kaolinite peak .. at: 7 .J(A .and the secc;md-orde.J;." max+mum, kaol:i,nite peak 

at 3.59 was observed for the.potassium saturated sample~ Quartz peaks 

appeared . at· 3. 48A an<;l 3 • 28A, .. Heat:f,.ng tl).e sample. , tC)l 500° C destroyed . 

all kaoli:i;iite peaka, howeve+, th~ quartz peak persisted at 3.37A. The 

calcium saturated coarse clay fract;ion of tl).is subsu+face soil sample 

hB;d a k,aolinite peak at: 7 .3(A and a second-order max.imUlll at~ 3.63A. 

A l~w intensity peak probably due to 14A minera],s was found i!t; 4. 92A. 

The coarse clay potassium s.aturated sample ,had a braod and, low 

k,~olinite peak.at; ·7.31A o11nd a secont;l order maximum at 3.60A. He~ting 

of the potassium-saturated sample caused all peaks to collapse. 

x~ray diffract;9grams for.the N'gisi ~onja soil are shown in Figure· 

8. Calcium sat;urat:ion of tQe fine clay fraction of the s~~face (0-37 

cm depth) soil s.hows , a 1taolini t;e peak at 7 • 3 7 A and. the secend-orde r 

l!laximum for kao],inite at,3.59A. A low intensity quartz peak was 
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found at,3.37A. However, potassium saturation of thi~ sample showed 

a high intensity kaolinit~ peak at 7137A and a sec;:ond,order l!la:itimu:in. 

kaolinite peak at 3.60A and t;he.quartz peak was at 3~37A. The calcium 

satur~ted cearse cl.a.y · fractiQ~ had a higl;l in~ensit;y kaolinite .. peak 

at 7.31A and.· a s~cond~ord~r maximum at:3.60A. A peak for the 14A. 

minerab probably chlorite was observed at,4.92A. Th~· potassium 

saturated sample gave kc;+i.nite .peaks at.;7.37A and the 

second-order maximum at 3. 62A; :B;eating of th~ :potlils.sium saturated 

sample to 500°C caused toe Kaolin peaks to disappear.and quarts peaks 

to remain at 4.l~A.arid 3.33A• The calcium saturat:ed fine clay fraction 

of the subsurface (37-80 cm depth) sample hada high int~nsity kaolit;tite. 

peak at 7. 31A and.· a second-order maximum was identified at 3. 62A a:p.d the. 

quartz peak·was at 3.37A• l'hepotassium satui;at~d. sample-shows a law 

inte~sity kaoiin~te p~ak at 7•19A and a sec;:ond"7order maximum at 3.62A 

but tl,.e quartz .,peak: .shift:ed tq 3.40A. The kaolin pealts in, the 

0 potassium-a,aq1rated sample,_disappeared when it was,heat~d tp 500 c.' 

The calcium satuI'ate" coarse clay fracq.on had· a h:l.gh intensity 

kaolinite peak; at: 7.25A and a ~econ.4-order kaolinite ,peak.at 3.59Ao A 

peak for the 14A minerals was observed for the third.-9rder at 4.87A. 

ThE7·potassiµm sample,had a.kaol~nite peak at 7.37A, and a second-order 

maximum at 3.63~ a:p.d heating the sample destroyed all kaolin peaks. 

The x-ra,y diffract;ion .Pattfllrns for t;he _Re.d Weledu soil is 

$1\own .in Figure .9. Th~ calc·ium saturateq fine clay fraction of the 

surface (0-15 cm depth) had a.low intensity kaolinite peak at 7~25A 

and a second..,.order maximull). at 3 .59A. 'l'he peak; .for quarq was. observed· 

at·3.36A. Kaolinit4f and.quartz peaks did not change when this sa,mple 

was, potassium sat;u.rat~d· The second. order maximum- of kaolinite was 
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produced at:· 3.:59A. · The ct;ilcium saturated c<;>arse cl?Y fraction had 

potassium satu+ate~ ~ample ~ad a diffracti0~ m~imum at 7.25A for 

Kaolinite , (first-erdel;') qut;: the s~con~-order i;naximui;n sh~~ted to 3 •. 62A. 

The heated potassi~m-saturate4 ~ample ha,d a qµart;~ peak at 3.36A.while 

all ot;her peaks we:te'destroyed. The c~lcium saturated f:tne c,+i;i,;Y 

fract~en ot' the subsurface· (62-160 cm depth), shewe.d a .kaelinit;e peak 

at }.31A and, a second-ordet;" l!lf!Ximum,at; 3.60A. The :potas~ium saturated 

sampl,e ha,d a k,aolinite ,peak,_at; 7,3lA and a secend..-order maxil!lUlll at 

3.6ZA and the,quartz pe~k was at J.39A. Heat treatme-qt of the sample 

destroyed all peaks but t;h~ second order of k,aolinite at; 3.62A remained 

and- this was probably a th;J.r~-order chlerite :peak and not kaolinite. 

The caldum sat;urated coarse cl.a:y fraction e~.this. had a kaolinite 

peak at 7.25A_and'a seconq-order.maxiiµum at 3.59A~ A quart~ peak, was. . :, . . 

f<?und at 3~36,/\. The potass.~um s.a,turated sample ;had a se~ond..,.erder 

ID{iXimum fol;' kaoli1;dte at _3.62A. The ii;it;en!:!_ity f 0r the fi:i;st order ,of 

kaolinite was vei:y law and ceul4 net,be separated from tq.e background. 

Heating the po-i;:as~ium satul;'a.te4 s~mple ·ta 500°C causeq all pel;lkS to 

collapse. -

X-ray diffractien patterns for theRed Weledu (with stenee) soil 

is shewn in Figure 10. The cal.cium saturated fine cl,ay fraction of 

the _surfac;:e 47 cm de:pth_,_shewed a kaolinite ,peak,.at 7 ~37A and a 

seconq-erder ma:x:imui;n at:3.62A. The potassium sat:urat;ed sample did not 

show a, change· in .the re.sults obtained from the calcium saturated 

sample, however heating the K-E?atl,lrat~d sample,to S00°c destroyed.all 

peaj<.s e:x:c;:ept_quart;:z. The Cf!.lcium saturated cearse-clay frac;:t;ion .of 

'this surface sail had a kaolinit;e peak, ,at 7 .49A and -a sec~nd-order 
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'maximum at 3.63A,. The potassium sa,tilratec), samJ?le h~d a kaolinite 

peal,t at 7.25A anc1 a second order maximum at 3.59A,. 411 peaks collapsed 

when·th~ potassium saturated sa~ple was.heated to.500°c. The calcium 

saturated fine clay portion of the subsurface <47-124 ci;n deptQ) had 

kaolinite peaks at 7.l9A, anc1 3•70A for t;he second-order maximum. 

The pot;assiu.:in satu+atec1 s.ample gave only t;he sec.i;:>nd~order ~~imum. 

Thepotassiu:in saturated sa,mple gave only the secanc1-order maxiiµ1,l1Il 

k~olinite peak at 3.59A and heating of the potassitµn sa,turated sample 

to 500°c caused all kaoli~ pea,l;ts t~ disappear. The clay fraction of 

this. sample was t;reated in th~ same manner as the fii:;ie clay fraction. 

The first; and second-order.peaks of kaoli,nite.were.found at 7.37A.and 

3.62A, respectively •. The potassium-saturated s.ampl~ had.a secq>nd-order 

max:f_mum.for kaolinite .at 3.62A. Heat:f.ng the patass:f,u,m-satu+ated sample 

0 to 500 G collapsed all kaolin pea~s. 

X-ray d:f,ffractogra~ for the Yellow Weledu soil are'shown·in 

Figure 11. Th~ calcium satur~ted fine clay fraction of the surface 

36 cm depth b,ad a,f:f,,rst-ordel;' of ~aolinite peak.at; 7~25A a-P.d a second-

order ma.ximui;n at 13.59A. A lo.w intensity third-order peak for the 

14A clay minerals whic~ w:as,, prabably chlorite .was observed a.t; 4. 92A. 

The pota,si;dum sat;urated sample· had a ka<;>linite peak at 7 • 3 ll\ and a 

se1:ond-order maximum at 3. 62A. A low intensity quartz ;peak ._appeared 

at 3.36A. Heat:f-ng t~e potass:f_um saturate~ coarse clay fraction of thi~ 

sample had firs,t-order kaol,init;e peak.s at 7. 25A and a se~ond .order 

max:f_mum;ka,olin pea,~ at; 3.56A. Th~ qµartz peak was found at; 3•37A. 

The potass:f_um sa,tur~ted sample had a high in~ens:f,ty ka,oli:t;dte p~ak_ 

at 7~25A and a second-order i;naximut;n at 1.3.60A. A, low int~nsit~ t.hird-

o+der. 14A clay u4neral pea~ probably for vermiculite ,or chl,orl.te 



3 

2 

1 

3 

2 

1 

- -·- - . - - - . --
~- ~ .:_ 

~ \ ·- ....... .,, ~ Ytort#"' IJ/INl*I*'• ~ 
'1.;,i.:; A /I A~PiA ~ '1. ~,A 

-~" 

~,.,_-..... -.... --,,...,._ -------- - -- -----

"if ,c.tf-AJ z:1~A j _ '.l, 'J,.r/I\ 1 7.3tA n q,q:i_~ 3"X ;j,~A··, .... ~ 
t"t I I I I <I elf 

j.O S 10 '" 1"° i~ jb 
':iS I I I -~ I I · / 

G lo Ir tO 1.4" JO 

Figure 11. X-ray Diffractograms for the Yellow Weledu X Soil Measured in Angstroms 
(1) Ca-Saturated, (2) K-Saturated (Air-Dried), and (3) K-Saturated and 
Heated to 500°c. 

.-J· 

3 

2 

1 

3 

2 

1 

,..... 
0 
00 



109 

was found at 4.87A and the quartz peak was at 3.37A.. Heating the 

potassium saturated sample completely destroyed all peaks found. The 

calcium saturated fine day ft·act~on of the subsurface·. (36...-125 cm 

' <lepth) had a low intensit:Y peak ,at. 8 .04A which was l?roQably kaolinite. 

The sec<;>nd"7order maximum kaolini t;e peaks were found at 3 • 7 SA and the 

saturatetj. sampl,e had a k.;ioli~i te .pea\<, at 7. 25A and a secorn;1-order 

maximum at'.3.62A a,nd,a quart;z peak at 3.37A. The potassium saturated 

aµd heated saµiple showed all peak;s to be collapsed. The calc:J.um 

saturat;:ed coarse clay fracti9~ had a high intensity kaolinite peak at 

7.31A and a second-order,maximum at 3.60A. The third-order of the 

14A clay mineral peak was found at 4 .9~A. The potassium saturated 

sample ll·ad a kaolinite peak ~at 7 .3(A and a second"".'order ·maximum at 

3.62A. A low intensity peak for the third-order of the,14A minerals 

was observed at.4.92A. Th~ heated p~tassium saturated sample showed 

all.kaoli~ite peaks to be cqllapsed. 



CHAPTER V 

Sill-Il:fARY AND CON~LUSION 

The soils studied in this investigati9n were all hLgh in clay and 

sand. They might be te:g:turally called sandy clays, clays, or clayey 

soils. These soils are very acid in reaction.· Th~ ave+age,pH (1:1 

in water) ranges from 5.93 to 4.50 and from 5.04 to 4.00 (1:1 in 1 N 

' + + 
KCl). Exchai;ig~a}Jle acidity (Al + H30) content for all sc;>ilE;! was. 

found to be very high which me~s t~at a greater portion of the 

exchange complex of.these soilei is.saturated with excQ.angeable hyclronium 

and/or; aluminum ionE!• Although, all of these soils are extremely 

acid, the Foya Model soil was. found to be the most ac~d while Mokana, 

Konjo, Red Weledu and.Red Weledu with stones were only slightly acid. 

The cation exchange capacities of these soils were found to be 

. extreme+y low.· On ,an,average basis, the cation exchange capacit~es 

of these soils fall within the range of 3~56 m.e./100 grams.to 7.15 

m. e. I 100 grams. The Red We:{.edu soil. has the highest ave+ age CEC while . 

the Ka11jo soil.has tqe lowest. These figures are,extremely low if 

compared with s9il,s in temperate humid areas but are similar to results 

obtained in other tropical. areas. Th~se soils are depleted of bases, 

however, c~lcium contin~es to be the dominant cation.of all soils. Of 

the.major essentia+ e:{.ements, potas~ium was the lowest.of all soils 

both on,an·average am;l an individual sample basis. The micronutrient~ 

are.also deficient in these soils. The values obtained for all trace 
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elements, do not meet the requirement quoted by Tucke;-- and Bak.er (7) 

as adequate for optimum plant growth. The percent base saturation of 

these soili:i is also very low due to b~se defici,ency. Although ,the 

percent,base.saturation for the Comasadu, Foya Deep, and Red Weledu/ 

stones exceeds,50 percent, it is believed that these higher than 

expected values,are maybe due to experimental errors. 

Phosphorus and nit+oge~ contents are very low i~ these soils but 

percent organic matter content is high. E,xcept for the sample collected 

from the 50-90 cm depth of Comasadu s,oil which has a total phosphorus 

content of 131. 0 ppm, all; other s,amples contain less than 131. 0 ppm 

total phosphorus. Some samples have total phosphorus values,as low 

as 1 ppm or lower. The Comasadu soil can be said to be higher in 

phosphorus content than the rest of the soils in this investigation. 

The Foya Model soil ranks second in phosphorus content. It was found 

tl).at most of the phosphorus in,these soils is in the, organic form 

rath~r than a form avi;iilable for plant,, use. When averages, are cqnsidered, 

th~ Foya Model soil has the highest amount of available phosphorus. 

All of these soils are extremely low in percen~ total ni,trogen. The 

percent organic-matter ,content of these soils is very high. It 

ranges,from 0.17 in the 124 cm depth in the Red Weledu/Stones.to 4.18 

in,the first 10 cm dept4 of the Comasadu soil• The percen~ organic, 

carbon content is low in all soils. The carbon:nitrogen,ratio is high 

in,many of th~se s9ils such.that mineralization of native nitrogen 

hardly occurs. Tl).e Comasadu soil has the highest carbon: nitrogen 

ratio of 1: 68.0 i~ its .surface 10 cm depth and the Red Weledu soil 

with 1: 62.0 in its surface 15 cm depth is second and Dalin with 

55.0 in the first 2() cm deptl). is tQ.ird. Although these values 



decreased with depth, i;ni.:p.e_ralization in the surf ace layer of these 

soils is;not likely to occur. 

With regard t~ nutrient element requirements all of the soils in 

the study were efficient in removing the nutrients added to the 

extract+ng solution as outlined by Baker (5,6). Th~s deillonstrates 

that these soils are deficient in these nutrient elements according 

to Baker (5,6). Calcium however, was the least removed by all soils 

perhaps because it is the dominant cations in these soils. It can be 

suggested that fertilizer materials for these soils in excess of the 

amount (Table I) of nutr+ent elements.included in the solution for 

testing these.soils for _the Baker's test would prove, to be.profitable. 

Total phosphorus correlated significantly with available 

phosphorus, organic phgsphorus, organic ma.tter and Baker.' s 

calcium. Unless the soil factors are disregarded, total phosphorus 

did not correlate signific~mtly. with the other remaining tests, for 

e~ample, exchangeable calcium, magnesium, and percent total nitrogen. 

Correlations were found between available phosphorus and organic 

phosphorus and organic matter. Organic phosphorus correlated 

significantly with orga"Q.ic .. matter and Baker's magnesium and orga"Q.ic, 

matter also correlated significantly with Bake.r's ma,nganese and 

exchE,lngeable sodium. Otl~er ccgre+atio"Q.s of interest are.· reported 

in Table XXVI. It was observed that when soil effects are removed, 

many of the tests will correlate significantly with other tests. 

For example, when soil effects were, removed,.· total phosphorus was 

found to. correlate significantly with percent total nit,rogen, 

excha:p.geable calcium, and with other tests, it did not, when soil 

factors were involved. Available phosphorus was also found to be 
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correlated significantly with percent total nitrogen• Baker's calcium, 

magnesium, exchal(lgeable, ca.lcium, magnesium, and, c;>ther · t~sts. These 

correlatiO'!lE! are, reported in Ta]?les. XXVII thr~1,1gl;l XXXVII. 

Metahalloysite or l,<,aolioite was found to be, the doi;ninant clay 

minerals in all of the samples examined for c+ay mineral characteristics. 

Low intensity x-ray diffraction pea~s for the third-orde:r of the 14A 

clay minerals were found in many of the soils st~died. Th~s,probably 

indicates that clay minerals such as montmor:P,lonite, vermicul,ite, 

and chlorites mig4t.be present in these soils b~t in very small 

amounts.. Most such minerals ·have been eluviated out ·of these soils, 

however, traces can.be detected by x-ray. · Quartz, was also found to be 

dominant in the clay fract:ions of these soils. 

It _has been shown, that the soils in this stu4y are highly 

weathered, and are·very deficient in elements required by plants. It 

was. also shown that most of the we.;itherable minerals have been removed 

from these soils. by weathering. The high clay aµd low silt contents 

of these soils .is additional proof that thes~ soils can be said.to be, 

highly weathered and probably ve~y ol,d. Th~ low nutr~ent.element 

content is largely due·to excessive l,eaching by long periods of 

torrential tropic~! rainfall each year and the.lack of weatherable 

minerals rich in t:he~e elements .• 

It is ~uggested.that a sound f7rtilizer program be instituted if 

these soils are to becultivated on a cpm,mercial, or highly productive 

basis. Liming programs must be an indispensible aspect of the 

fertilizer scheme. Ban~ing of fertilizers ins~ead,of broadc~stiog 

will be much preferred after cons:t.deration of costs. Cultivation 

of deep rooted crops.'. where fertilizer is not feasibl,e is reconunended 



for these soils rather than shallow rooted crops. . Cultural methods 

aimed at preventing erosion .will be of great help. 

In brief, it can be said that.the soils of Liberia are poor for 

intensive crop production.but they car;i. be:made proc;l~ctive ifa 

fertilizer scheme is adopted whe.re economy of appJ,icatic;m and 

management is of. a high ordei;-. In other areas, these. sqiils can ,be 

said to ,have some, engineering ad, vantages. for construction'· that is, 

these s.oi,ls can l:>e very stable for. engineering purposes. 
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frofile Desc+ipti<;>n 

Scµuple ~o. Soil, 

1. Comasudu 

2. 

3. 

4~ 

5 •. 

6. Dalin II: 

7, Foya ~od~l III 

8. 

. . 

Depth cm Description 

0-10 Reddish br~wn (2.5YR 4/6) 
Sandy clay loam, dark redd:i,sh , 
brawn (5YR 3/4) i;noist;; slight;ly 
sticky, a,ndplastic when wet; 
pH 5.10. 

10-20 Yel.~owieh req (5YE: 5/8) sandy· 
clay l<;>am, ye+.lowish .red · 

_ '5.Uw.4/6) i;noist ;, stic,ky and 
pla,stic; pH.5.10. 

Z0.-50. Re.ddish yellow (5YR 7 /8) san4y 
clay; yellow:ish,red (5YR 5/8) 
i;nqis t; ;, :pH 5 • 4.0 • 

50-90 · Reddish ·yellaw (5YR 7 /8) sandy 
cJ,.ay ; . ye llqwish. red (5YR 5 I 8) 
moist.; sticky.and plast~c; 
pH 5 .50, . 

9©-140 Light r~c;l. (l.OYR 6/8) sandy 
clay, req (lOYR 4/6) moist; 
st;ick:y ·aµd ~lastic;. pH 5.80. 

0-26 

33-60 

60-H>4 

104-120 

Gray. (7. ~5YR 6/1) sa~dy clay 
loam, dark .. gray (? ~5YR 4/1) 
moist; pH .4,50. 

Pa].e·brqwn (lOYR 6/3) SE!-ndy 
clay; dark-gra,yish brcwn· 
(lQYR 4/2) i;noist;;, ·very sticky 
and pl,.lils.tic~ pH?5.20. · 

Very pal~ brown (lOYR 7 /4) 
sandy clay; yellowish bi;-own. 
(lG'{R, 5/4). i;noist; very sticlty 
and .plast.~c; pH 5.40, 

Very .pale :brown (lOYR 7 /4) 
sandy clay, . yel.l,Gwish brown · 
OOYR 5/4). i;naist;; very sticlt'3f'' 
and ·plastic; pH 5. 7. · 



S~mple No. Soil -
10. Foya Deep IV 

11. 

12. 

13. 

14. 

15. 

l6. Mokana V 

17. 

125 

Depth cm Description 

0-18 Brown (lOYR 5/3) sandy clay, 
dark brown·. (lOYR 3/3) moist; 
slightly sticky and plastic; 
pH 4~6.· 

18-38 Brown (lOYR 5/3) sandy clay, 
brown (lOYR 4/3) moist; 
slightly sticky and plastic; 
pH 4.9. 

38-72 Yellow (lOYR 7 /6) sandy clay, 
yellowish brown,(lOYR 5/4) 
moist; sticky and plastic; 
pH 5 .1. 

72-105 Yellow (lOYR 7/6) sandy clay, 
brownish yellow (lOYR 6/6) 
moist; sticky and plastic; 
pH 5.6. 

105-140 Reddish yellow (7.5YR 6/8) 
sandy c!ay, strong brown 
(7.SYR 5/8) moist; sticky 
and plastic; pH 5.8. 

18-38 Grayish browri, (lOYR 5/.2) 
sandy clay loam, very dark 
grayish brown (lOYR 3/2) 
moist; slightly sticky and 
plastic; pH 5 .7 • 

0-12 

12-30 

30-47 

Grayish brown (lOYR 5/2) 
sandy cll3.y loam, very dark .. 
grayish brown (lOYR 3/2) moist; 
sticky.and plastic when wet; 
pH 4.8, 

Light yellowish brown (lOYR 
6/ 4) clay, yellowish brown : 
(lOYR 5/4) moist; sticky and 
plastic wh~n wet; pH 5,4. 

Yellow (lOYR 7/6) clay loam 
brownish yellow (lOYR 6/5) 
moist; stic~y and plastic 
when wet; pH 6.0. · 



Sample No. Soil 

19. Mokana V 

20. 

21. Konjo VI 

22. 

23. 

24. 

25. 

26. N'gisi Konja VII 

27. 

Depth cm 

47-87 

87-140 

0-8 

8-37 

37-68 

68-101 

101-123 

0-10 

10-37 

126 

Description 

Yellow (lOYR 7/6) clay loam, 
brown yellow (lOYR 6/6) ~oist 
sticky and plastic ,when wet; 
pH 6 .1. 

Yellow (lOYR 8/6) clay, 
yellow (lOYR 7 /6) moist; . 
stic~y and plastic when wet; 
pH 5.8. 

Light Yellowish brown (lOYR 
6/4) sand_y clay, yellowish 
brown (lOYR 5/4) moist;. 
stic~y and plastic.when wet; 
pH 5.1. 

Light yellowish brown,(lOYR 
6/4) sandy clay, yellowish 
brown (lOYR 5/4) moist; 
stic~y and plastic .when wet; 
pH 5.3. 

Reddish yellow (7.SYR 6/8) 
clay, strong brown (lOYR 
5/4) moist; stic~y and plastic. 
when wet; pH 6.2. 

Reddis~ yellow (5YR 6/8) clays 
yellow·ish red (5YR ~/6) moist; 
sticky and plastic when wet; 
pH 6.2. 

Reddish yellow (5YR 6/6) clay, 
yellowish red (5YR 4/6) moist; 
sticky and plastic.when wet; 
pH 6.6. 

Light.brownish gray (lOYR 
6/2) sandy clay, very dark 
grayish brown, (lOYR 3/2) 
moist, slightly sticky and 
plastic when wet. pH 4.8. 

Gray (lOYR 6/1) dry sandy 
clay, and gray (lOYR 5/1) 
moist, sticky and plastic 
when wet, pH 4.8. 



Sample Nao Soil, Depth cm 

28. N1gisi K,onja VII· 37-80 

29. .Red Weledu. 0-15 
(Foya) VIII 

' , 

30. 

31. 

32. 

330 

34. 

35. 

36. 

Red Welec1.u/ 
Stones. IX 

15-62 

62-135 

135-160 

0-25 

25-47 

47-102 

102-124 

127 

Description 

Whitish ,gray (10YR 8/1) clay, 
light.gray (lOYR 6/1) moist; 
sticky and plast,ic when wet; 
pH 4.8 

Strong brown,(7.5YR 5/6) sandy 
clay, dark •brown (7.SY~ 4/4) 
'IUOist; slightly sticky and. 
plastic when wet; pH 5.0. 

Reddish,yellow (5YR 6/8) sandy 
clay, yellowish red (SYR 5/8) 
moist; sticky,and,plastic 
wh.en wet. pH 5. 5. 

Reddish ,yello~ (5YR. 6/8) sandy 
clay, yellowish red (5YR 
5/6) moist; sticky and.plastic 
when wet ; pH 6 • 2 • · 

Reddish yellow (SYR 7/8) clay, 
yel,lowish red (5YR 5/6) moist; 
sticky and plastic when wet. 
pH 5.7. 

Light yellow b:i:-own, (lOYR 6/4). 
sandy clay, brown, (lOYR. 4/3) 
moist; sticky and.plastic 
when wet pH 6 .1. 

Brown (lOYR 5/3) sandy clay, 
dark brown (lOYR 4/3) moist; 
stocky and pl~stic when·wet; 
pH 5 .5. 

Redd.ish yel:Low (7. 5YR. 6/8) 
clay, stroi:ig brown. (7 ~ SYR 
5/6) moist st~cky and plastic 
wh.en we-i:; pH .5. 9. 

Reddish yellow (7.5YR 7/8) 
clay, st:i;-ong, brown (7 .5YR 
5/8) moist;, pH 6.2. 



Sample No. 

37 •. 

38. 

39 •. 

40. 

128 

So:i,.l Depth.cm Description 

Yellow Weledu X 0-22 Brown (lOYR 5/3) sandy.clay 
loam; very dark grayish .brown 
(lOYR 3/2) moist; stic~y and 
slightly plastic when wet; 

22-36 

36"-74 

74-125 

pH 4.6. . 

Light yellowish brown (lOYR 
6/4) sandy c1ay, dark yellow
ish brown (lOYR 4/4) moist; 
sticky and plastic ·wh~n wet; 
pH 4 .9 •.. 

YellGw (lOYR 7/6) clay, yellow
ish brown (lOYR 5/4) moist; 
sticky and plast:ic when wet; 
pH 5.0. 

Yellow (lOYR 7 /6) clay, brownish 
yellow (lOYR 6/6) moist:; pH 6.0. 
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