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SUMMARY

In this study seven profiles from Kenya have been studied to find cut
the mlcromorphologleal differences between the profiles eclassified as
Aerisols and these glassified as Witosola according to the Kenyan (FAOD-
modifled) concept.

Six soils are developed from volcanic material with addition of velcanic
ash and one of them (FAKIZ2} is developed from sandstone, The profiles
are lopated 1in areas with a subhumid olimate, average annual
precipitation of 1400 to 2500 mm. per year and average temperatures of
18 to 25°C. S5ix of them are In areas of altltudss betwesn 1400 m. to
2100 m, above asa level and the obher one (EAKIZ2) is near the coast at
an altitude of 200 m. above ses level. Three of the profiles are in a
gatena {(Tombe catena) in Kisii district while the other fowr are
gituated in different places.

The physical and chemleal properties indicate that . the prmflles are
quite strongly wheathered but the Aorisol profiles have Indicationz of
stronger wheathering than the Nitosol profiles. The Nitosol prafiles are
more U'lne textured with predominantly Kaolinite clay minerals.

By Kenyan {FAQ-modified) conecept of classification, four of the profiles
{RP1, BF2; EAEK26 and EBK16) are Nitoscls, two (WANZ and EAK12} are
Aeriacld and RP2) is a Cambisol. By the FAD-Unescs (1974) classific¢ation
syatem flve of” the profiles (RE1, ERP3, EAK16, EAKI1Z and WANZ2) are
Aeriscls, RPZ2 1s a Camblscl and EAKZG i3 & Phaeczem. There are ng

‘Nitosols because of the low CEC~-clay {ﬁ 240 mmol/kg.) hence Tferric

properties in all the profiles.

According to the USDA S¢ll Taxonomy classification system profiles RP1,
EF3 and WANZ are Humults, profiles EAK1Z and EAK16 are Ustalfs, profile
RFZ2 a Tropept and profile EAXZL a2 Argludall. All are oxie or orthoxig
begause of the low CEC—clay.

Micromorpholeogical investlgatlons confirm that all the profiles atudied
are quite strongly wheathered, They are very porous especlally {n the
upper part and become less porous with depth. Biclogical pedoturbation,
perforation and homogenisation is very important for porosity and
structure development. Biologlical activity is high in all the profiles
especially in the upper 100 om, but remains noticeahle throughout the
profile, A1l the profiles except proflle RP2, have an illuvial-argillic
subsurface horizon and have some degree of recorientation. Swelling,
shrinking, leachlng, desilication, ferrallitisation and rubefaction are
the agil forming processes identified in the profiles.
Micromorpholegical features which show differences between the Acriszsol
and the Nitosol are:

i, Amount of physlcogenic pores - Thers are more physicogenic pDPEE-T
in Witpsol profiles than in Aegrisgl profiles, =

Li. Intensity and amount of reorientation — Theré are more masepie,

© vooeple and . insepilc recrientations In ¥Nitosols than in Acrisals.

iii. Related distribution — The Aorisol profiles have agglomeroplasmic
and Intertexic related distribution while the Nitosol profiles
have porphyroskelic and porphyric distribution,

iy. Profile flluviation indieces - The Acriscl profilea have lower
profile illuviation indiees than the Nitosol profiles,

V. Presence of features indicative of shiny ped faces - {vosepic and
masepic reorientations and ferri-argillans which are continuous
on ped faces). The Nitosol profiles show some of these features




wnile the Adrisol profilss do not show them.
Bome of - the differences are due to textural differences between the
borispl and Witoszol profiles and are hence coincidental.
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INTRODUCTION AND AIM OF THE INVESTIGATION

In the tropigs and the subtropics tracts of land ococur with Sgils that
have wvery favourable physical and chemieal sharacteristics for arable
agricultural use. The high apgriculfural potential of these 9olls has
Been known to the farmers who live in these places for a long time. They
have always sought for these so0ils for plantations. They have used the
80ils for many years without any chemieal fertilizers and have obtained
quite good crops and high yields.

During the preparation of the FAO{nesco soil map of the world the need
for high level separation waz felt and they were called the Nitosels
{connotative of Niti-shiny ped surfaces), An attempt was made to
séparate them from the leas favourable Aerissls and Luvisels {(Sombroek
and Siderius, 1981), However the congept had to be broadened to conform
with the dlagnostie eriteria of the 'pale' great group of Ultiscls and
Alfisols in the USA System of Soll Classification. In the USDA Soil
Taxonomy {1975) classifieation at the sSub-order level, Nitosals,
Aerisols and sometimes the Luvisols, are clagsified together as Udalfs,
Bumults and Udults. Yet fhe differences used in the suborder category
are primarily cheéemical or physical or genetic or mineralogical ({(Tth
Approximation, 1960).

dctuslly fthese solls occour in catena sequences with Acriscls and
Luvisels in many of in their natural envircrment, So 1t i= not
surprising when the agriculturally favourable goils (Nitosols) are
ineluded in the less favourable ones such as the Aorisols and Luvisols
af the FA0-Unesco legend {1973}. The differentiating criteria of the
Nitopsols Ffrom the Aeriscls do not always apply or are sometimes not well
Urlderatood,

In Kenya thess 20ils cocur in many places of high to medium agricultural
potential. Their o¢lasgification has been & gonatant problem to the
Wworkers in the country, 50 that 20me have suggeated other hames for
these =zoils while others have auggested =Dome changes-especially in the
Fho-Uneaco definltion of the Nitosols., They are deflned as Nitosols by
the Kenyan soil authoritles, but the name Nitosol ia used in this study.

Thiz study has been moetivated by these problems. The micromorphalogical
characteristics of some profiles are investigated in detalls to
differentliate the Nitosols and the fAcrisols. Also chemical, physical and
elaymineralogical properties are investigated. The genesis and
glaasification of the sclls s disecuased., Seven proflles  are
inyestigated. Three of them oseur in & toposequence, Two of them are
developed on similar parent material while the other two are developed
on somewhat different parent material but have a similar environmental
setting.




1, ENVIRONMMENT
1.1 Location

The Tombe catena is situated In South Nyanga Provines, Kizgii disgtriect of
Kenya, Tombe 13 the nearest market centre, about 13 km. from Eisii town,
The transect sampled represents a toposequence Which is about 3 km. east
of Tombe market and runs nearly North to South across one of the river
valleya and boitomlands in the area {(see figures 1.1, 1.2 and 1.3},
Profile RPF1 is located near Tombe Primary School, at a high lying stable
part of the transect with an altitude of 2075 m. above sea level (ASLI.
Frofile RPZ Is on the middle part which is steeply sloplng, at an
altitude of 1995 m. ASL, Profile REP3 is near the lower end of the slape,
at an altitude of 1945 m. ASL {see figure 1.3 and 1.4},

1.2 r20logy and parent material

The ar#a conaists of Peepambrian roeks 'of  the DBukobapn system
{Huddleston, 1951}, The rocks of this system are basalts, andesites,
rhyolltea, felaites, gquartzites, and cherts.

In many places the rogks of the Bukoban system have baen covered by a
thin layer of voleanic ashes and tuffs, aspecially in the bottemlands of
the eastern part of the Kisii district. Due to erosionil transport the
soils are developed mainly from a mixture of these rooks.

The area sampled consists of rhyolites intercalated with andesites. The
voleanic ashes cover in some parts the rhyclites and andesites. They ars
ingorporated 1n the deeply developed soils. In the bottomlands in some
places, layvers up to 4 m. thick of wvolecanio ash deposits have been
reported (Wielsmaker and Boxem, 1982), but these were not found in the
sampled area. However it 13 possible that the influence of volcanic
ashes In the soil profiles is significant.

The table helow shows the chemigal e¢omposition of the rock typss which
form the parent material of some of the profiles investigated, The rocks
have a rather high 510z, Mz0: and Fe:0s compositicn. There ls not a big
difference in theilr ocompesition., Granites have the highest Si0s
compdsitinn and gquite wigh base oxidea {Ca0, Mg0, Na:0 .and EKz0).
Andesjtes, felsitea and velcanic ashes are considered to be intermediate
rocks while rhyolites and granites are acidic rocks.




Table 1.1 Chemical composition of soil parent materiala,

Mass fraction Volcoanic Felsitea ] .
of ashes an? Ehyolites Granites
Andeaites

8i0= 0. 61 .07 0.62 0.77
AlzDs 0.4 0,13 0.13 0.12
Fez0s 0.10 0.07 010 3,25
Mnd 0,007 0.001 g9.002 0.0
Mgl 0. 006 0.006 0.003 0.0Mm
cat 0.00% 0.002 0.070 C.010
Haz0 0.002 0,002 8.050
k=0 ¢.002 0.060 ¢.030 0.030
Ti0a 0,007 0.005 G.010 0.0z
Pz20s 0.0 &.001 0.0 0.0

1.3 Geongrphology

The Tombe c¢atena is aituated in one of the high upland levels called
Keroka TUplands (Wielemaker and Bexem, 1982} This corresponds te the
Kiail eroaional surface in the study of Wielemaker and Van Dijk {1951},
It is probably of Cretaceous age but has undergone morphological changes
during the formation of the East Afriean rift valley in the Tertiary
perigd. It bGecame tilted and was covered by volecanle pyroglastieos.
Planation and ergslon removed the pyroclastics in most places and left
the present topography of hill ranges and deeply dissected broad
valleya, through which small streams run. The slopes at the top of the
bills are small (less than 10%) while the valley slopes exeeed 20% and
end abruptly to bottomlands with slopes of leas than 2%, This
gombination of atable high lying hill ranges, their slopes and parts of
bottomlands, which are not large snough to be separated is called the
high 1evel uplands (Kerocka Uplands).




Fig. 1.1. Lo¢ation of Sonth Nyanza Frovince in Kenya
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Fig. 1.3 ©Loecaticon of the gatena
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Fig. 2.1 Generalized gechorphology of Towmbe area
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1.4 Climate

bue to 8 lack of a meteorological station In Tombe area metecrological
data are estimated from stations in ihe neigbouring areas. Morumba
S5tation number 1034032 and Kisli National Agricultural Research Station
nomber . 1034088 are the nearest ones to Tombe area, HRainfall and
temperaiure depend very much con altitude and physicgraphy. The relation
between altitude and mean temperatures has heen given by East African
Meteorologleal Departnent EJAM.D. {1970}, Braun {1%80) has related
altitude and thermodynamic temperatures for Kenya as followa:

~ mean max. Lemperature = 35.5 - 5.9% x
- mean min. temperature = 24,8 - 7.05 x
~ mean temperatura = 30,2 - 6,50 x
— absolute max. temperature = 42,5 - 5,51 x
~ agbsplute min. temperature = 16.3 - B.56 x

Using these equations the temperatures .of Kiall N.A.R, Station and
Morumba F.C.S 3tation are as shown in table 1,Z2.

Table 1.2 Calculated thermodynamle temperatures in Kisii N.A.R. Station
and Mgorumba F,C.5, Station in °C.

Morumbo F.C.3. Kiasll N.A.E.
Station Station
Altitude 1920 1753
Mmean max. Temp. 24,10 25,09
mean min. Temp. 11.26 12.4h
mean Temp. 17.27 15.81
abs. max, Temp. 31.92 32.84
abs, min, Temp, 5.70 6.55

Table 1,3 Average annual rainfall {mm} of sftaticons near Tombe area.

Station’ Humber Altitude Av. énnual rainfail
{m.) {mm.)

Kisii DC 49034001 1630 1730

Kisii W.A.R. 9034088 1753 2450

Morumba F.C.5. 9034032 1920 204949

Hyakoe F.C.5. G403 4056 1570 1756

Morumba F,.C,5. Station metesrsnlogical data are the hest for Tombe area.
The average monthly rainfall and evapotranspiration are shown In Figures
2.3 and 2.4. The area has quite a High annuwal rainfall distributed in
two periods in a year. The wet peripds are March to June, and September
to November, OUnly twe months (January and February) are distinetly dry,
wher evapotranspiration Iz significantly higher than the preclpltatiocn.




June and December are moist and the other months in a year are wet
(EAMD, 1977).

s Vegetation and land use

The vegetation of the area is forest clearings and cultivation
communities from moist montaine intermediate forest (Wielemaker and
Boxem, 1982). It consists of undifferentiated clearings and shrubs. In
Tombe area, papyrus trees, swamp grasses and reeds are dominant.
Cypressus and Eucalyptus species of trees have been planted on the
steeper slopes. Small pastures planted with Kikuyu grass are found at
virtually every homestead.

The present land use is permanent cultivation of maize, tea, pyrethrum,
and vegetables such as cabbage, spinach and peas. The landscape is
characterized by a pattern of narrow strips from the valley bottoms to
the hill tops, divided by fences of planted shrubs (see plate 1).

Plate 1. Showing site of RP1 and landscape of the transect
sampled.

The areas occupied by the various crops could not be calculated because
the parcels are very small. Data provided by the Kenya Tea Development
Authorities (KTDA) of 1971-73 for 45 bigger farms in East Kitutu (Tombe
area) show: tea and pyrethrum (main cash crops in the area) comprise
23.9%, maize 27.5%, grazing land 28.9%, others (vegetable and horti-
cultural crops) 20.3% of the area. The situation has changed very much
since the last 10 years due to the high rate of population growth and
tendency to grow cash crops at the expense of food crops and grazing
land. Thus the area with maize and grazing land has reduced while that
with tea, pyrethrum and homesteads must have increased considerably
since 1973.
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2. HMETHODRS AND MATERIALS
241 Genaral

The patena was selented by means of auger hole chzervations during a two
waelkka Field work. The area was propoSed after contsultations with vabious
relevant avthorities who had done some work on the solls of Kisii area
earlier. It was selegted tu inglude soils on atable hill topss soils on
the more steep alopes of the hills and the soiis on the less ateep foot
slopes of the hills, Tharse profile pits on a transeet of atout 3 km,
Langth were despribed during the field work. They were sampled at avery
20 ecm. depth up to 200 em. or parent material, whichever is shallower.
Undisturbed samples were taken for micromorphological investigations,
mixed samples For ¢lay mineralogy and another set of mixed samplea for
physical and chemical analysis,

Four other profiles of similar soils a3 those of the catena were
selected from the profiles available at the International Scils
Reference and Information Centre (TSRIC) and the department of Scils and
Geology of the Agricultural University - Wageningsn. These ate used as
reference profiles for g¢omparison with the profiles of the aatena
studied and add to the information required for the research.

The profile descriptiona were done according to Seil Survey Staff (19571}
FAQ Quidelines (FAD, 71377) and Kenya Scil Survey profile deseription
Systen EKSS; 19?5}1'

2.2 Laboratory methods

Moat of the laboratory tests were done in Natural Agriecultural
Labeoratories (N.A.L.} at Kabete in Kenya except clay mineralogy and
elepental analysis of the clay fraction, which were determined at the
laboratories of the department of Seila and Geolopgy — Wagenlngen
Agricultural University in the Netherlands. 4 short desceription of each
methed used is glven here,

Texture. The samples Were treated mechanleally to remove the cementing
agents; shaken with sodium hexametaphosphate and sodium carbonate {h an
end-over—end shaker. Si1lt and c¢lay (< 0.05 mm.} are measured after U0
seconds and elay after .4 hours using a hydrometer. The difference
(fine earth — =ilt and clay) is the sand fraction {(Day, 1950).

PH. PH - H,0 is measured with a combined glass calomel electrode in a
supernatant of 1:2.5% soll -~ wWater solution, The sample is initially
shaken for two days with distillsd water. PH KC1 iz measured in the same
way buf the sclufion uvsed inastead of water 13 1M KCl1.

Eleetrlcalwenﬁﬂucti?ipy (EC). The EC is measured in saturation extracts
using Pt - electrodes. If 1= expressed in mm, fom.

Mass fraction of earbon (CE). The perecentage of carbon is determined by
the method described by Warkley and Black (Black, 1965).No correction
factor to compensate Far the recovery 1s used.
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Mass fraction of nitrogen {N%). The percentage of hitrogen i3 determined
by the seml-micro metned by Kjeldanl (Black, 1365}

Exchangeahle cationa. The scil 15 leached with ammonfum acetate {(conao.
1M), buffered at pH - 7. Na, K and Ca are determined by emission
spectrometry. Lanthanitm chloride is added before determination of Ca.
Mgz is determined by atomlc absorption spectrometry.

Cation exchange capacity (C.E.C.). The 301l is washed with 15% volume
fragtion sthanel after leaching with NHpG-acetate. It is pereclated with
acidified WaCl, Ammonia 1s steam distilled and titrated against 0,01M
HC1 (Houba et al 1879},

Mpisture tensions. Measurements of mass fraction of wazter in ssturated
301l and soll after egquilibrium with =3and box to pF 0.8, 1.5 and 2.0
gives the moisture fraction of those pF's. & kaolin box is used for pF

2.3 and 2,7 and pressure equiphent for pF's 3.0, 3.7 and 4.2 (Stokman et

al, 196%).

Clay mineralogy. The olay fraction is separsted by sedimentation after
destractlon of organic matter and cementing agents. A small portion (15
me.; of the clay is dried on a porous ceramic plate at & reduced
pressure Lo orlent the clay. The oriented glay is saturated with Mg
lgng. The diffraection patterns are obtained with a ocomputerized
automatic x—ray diffractometer.

Thermo analy2is. & =small portion of the clay is @rinded to give a fine
powder, The powder is put Into the tube (for DTA) or on the balance
plate (for TGA) and the thermo analysis I3 done by a computerized
thermal analyser. The loss of water or OH [s determined either by

differential thermal analysis (DTA) or the thermogravimetric analysis
(TGAJ L

Elemental analysis. The slemental analysis is carried out by the x-ray
fluorescence spectrophotemetry of the fine earth fraction or the clay
fraction. The samples are saturated with Ball solution to avoid
interference by absorbed bases.

Electron microscopy. 4 drop of deferrated sample of the elay fraction is
placed in a grid mierc-plate. The water i= allowed te evaporate. The
sanple is analysed using the transmission elsctron microscepe.

2.3 Micromorphological methods

Samples for wicromorphalegy investigations are impregnated using the
method by Fitz Pabriek (1920}, After 3lx weeks they are cut with a =aw,
attached t¢ the cohjective glasa, gawed off to about T mm. thickness, and
grounded off to a thickness of about 25)m before placing the cover glass
orn them, These are gtudied under polarizing mioroscope.

The definitions and terminology of Brewer [(1964) were followed for the
desoription of different features., The outand and papules were
quantified by means of polnt counting method on ths thin sections using
a magnification of 12%. Standard deviation was caleulated according to
‘the method of ¥an der Plas and Tobi (1965).
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The other features are semi-guantified (ranked} using the charts method
of Fitz Patrick (1980). The minerals were identified on the thin
sections using their optical properties. The adviee of expert was sought
for in this case.

The ranking of the features guantified by point counting was done as
follows:

0=1% (by volume) = Few; 1-2% = common: 2-U% = many; >»4% = abundant,
The ranking of the features semi-quantitatively by the chapris methods
was as follows: _

2% = Pew: 2-10% = comman; 10-30% = many: >30% = abundant,
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i, S0IL CHARACTERISTICS

3.1 Characteristics of the soils of the patena

3.1.1 Frofile degeriptions

Frofile code EP1: Aubthor R, XKiome and 5. Mwangi.

S31te ¢haracteristics:

Location: Kizii - Tombe, 130/2-RP1, E/F10.0, N/9927.5, altitude:
207% m. ASL.

Climatic data: Berived freom Morumba Statlon no. 9034032, 7 km north of
Tombe, altitude 1920 m. ASL, agroclimatic zone IIa (ses
figares 2.3 and 2.% for rainfall and evapotranspiration
data and table 1.2 for temperature data}

Soil classification: FAD - Unesco (1974): Humic Acrisol )

US04 Soil Taxoncmy (197U4): Orthoxic Palehumult

Agronlimatic zone: Ila

Local petrographys/parent material: Rhyolites/a mixture of rhyolites,
voleanie tuffs and ashes and some andesites.

Physlography {geheral): Upper level uplanda.

Surrounding landform: Crest of a hill (Knoll), sloping to the North West
within 20 m,

Magro-prellef: Gently uwundulating to  Flat, 20-100 m, of =lopz length,
nearly flat to convex slope part.

Mego/micro—relief: Sparse, 50 om. In diameter; 20 cw.high termite
mounds,

Vegetation/landuse: Tea, Kikuyu grass/permanent cultivation.

Surface stoniness: Nil,

Erosiont Very slight shast Erosion.

S5lope gradient: 2% — South West.

Sopil fauna: High termite activity, HKrotovinazs, mole holea in the
upper 100 cm.

Root distribution: Abundant fine to medium in the topsoil decreasing to
common, very fine to medium in the subsoil.

Dralnage class: Well drained.

MDlStuFE conditions: Moist throughout the profile, some rains in the
previous day.

Depth of groundwater: Beslow the profile depth {2 m.} at all times of the
year.

Presesnee of saltrsalkali: Hil.

Human influence: Frequent tillage, artifacts of chargoal, school about
400 m. from site, footpath 10 m. from site,

Soil profile _

Ap 0-20 em. Dark reddish trown {(5YR moist}; clay; moderate, medium,
subangular blogky and moderate to strong, medium,
granular; friable, slightly stieky, =slightly plastics
many fine, many medium pores; c¢lear and irregular
boundary to

*}Thﬁ elaséifiﬂatidn iz nitosel if the ferric pﬁoperty on basis of CEG
clay is neglegted (see chapter 6).
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AR 20-60 cm. Dark reddish brown (5 YR 3/2 meoist); clay; moderate,
fine, subangular blooky; friable, stleky, plastic; many
fine, few medium pores, few thick, patchy shiny, cutans
on ped faces; glear and irregular houndary to

E21t 60-100 om. Dark reddish brown (2.5 YR 3/4 moist)y clay; moderate,
fine, angular hloeky bresking to strong, Tine, aubangular
blocky; friable, aticky, plastic; few fing, ¢ommon medium
pores; many thick, econtinuous shiny cutans on all ped
faces; gradual and smooth boundary to

B22t 100-1%0 em. Red (2.5 YR 3/6 moist); clay; moderate, medium sngular
blocky and subangular blocky; friable, sticky, plastie;
many thick to mederately thick broken shiny cutans on all
ped fapes; diffuse and smooth boundary Lo

B23t 140-200 em. Red (2.5 YR 4/8 moist); clay; moderate to weak, medium,
angulear bleocky; friable, aticky, plastic: many ins
pores; common moderately thick broken shiny cutans on sll
ped faces; about 2.5% medium, Iron and manganese nodules
deeper than 180 om, depth.

Profile code: RP2; Author R.M. Hiome and 5. Mwangi.
Slte charateristics:

Logation: Kisii - Tembe, 130/2-RP2, E/T10.8, N/9928.9, altitude

1995 m, ASL,

Climate: See elimate dava for profile RP1.

50i1 classification: FAQ-Unssco (1974): Ferralie Cambisols.
USDA-50il Taxonomy {1975): Oxic Humikropsptsa.

Aaroclimatie mone: Iiz,

Loczl petrography/parent material: Rhyolites/rhyolites, scome voleanig
tUFE and andesite and voleanio ashes.

Physiography (general): Upper level uplands.

Surrounding landform: Steep part of the vallsy slopes.

Macro—relief: BRolling to hilly, slopes 30~35%, 100-750 m. long, linear,
regular.

Meso/micro-—reliaef: Sparse 50 em. diameter, 20-30 em. high, termite
mounds and erosional rempnants.

Yegetation/landuse; Coast grass, Kikuyu grass, wattle trees/pasture, 5%

bare scil.
Surface stoniness: Nil.
Erosion: Moderafie gully and rill erosion.

Slope gradisnt: 35%.

S30i! fauna: High termite activity up to 90 cm. de=p. Many termite
ghannels. Some mols holes,

Root distribtution: Very many fine to ¢oarse rocts up to about 120 om.
decreasing with depth.

Drainage clasar Well drained.

Moisture conditions: Molst throughout the profile, railns previous day.

Oroundwater depth: Deeper than profile dspth (140 em.) throughout the

. year.

Human influencs: Traapling by livestoock, foot path near site (10 .

away) .




Soil profile:

Ap 0-15 em. Dark reddish brown (2.5 YR 374 moist); clay; moderate,
medium, subangular blocky and gratular; friable, sticky,
plastie; many fine, many medlum pores:; clear and smooth
boundary to

AR 15-35 om. Dark reddish brown (2.5 YR 3/4 moist); eclay; coarse,
aubanguiar blocky; friable, sticky, plastie; meany, fine
to medium poresd; clear and amooth boundary to

B2it 35-60 om. Dark red (2.5 YR 370 molat): clay; moderate, coarse,
gubangular plocky: friable, sticky, plastic; many, fine,
paress; few thin patechy, shiny cutans on some ped faces;
gradual and smecoth boundary to

B2zt 60-112 om. Red (2.5 YR U/6 moist); c¢lay; moderate, fine, angular
blocky hreaking to moderate, medium, subangular blosky;
frlable, sticky, plastie; few, medlum to fine, pores;
thin patchy, shiny ecutans on ped faces: gradual and
emooth boundary to

BC 112-140 om. Dark red (10 YR 3/6 moist); clay; moderate, fine, angular
blocky; rriable, sticky, plastie; few [ine pores; few
thin patéhy shiny cubtans on ped and gravel Faces; partly
saprolite.

Profile code RP3; Buthor R.M., Kiome and 5. Mwangi.

Site characteristica:

Locatlion: Kigii - tombe, 130/2-RF3, EAF10.T7, N/9928.2, altitude
1945 m. ASL,

Climatfic data: See climatie data for profile RPI. #)

Seil eclassification: FAO-Unssco (1974): Humic Aorisol .
USDA So0il Taxonomy (1975): Orthoxic Palshumult.

Agroclimatic zone: Lla.

Local petrography/parent material:; Rhyolites/rhyclites and a mixture of
andeésitea, volcanic ashes and tufrf.

Physiography (general): Upper lsvel uplands.

Surrounding landform: Lower vallsy slopes (hill footslope) near the
bottomlands.

Magro—relief: Rolling, 20-25% slope, alope length 100 m., ilnear and
regular,

Mesos/mioro—relief: Sparse 20 cm. diameter, 10 om, high termite mounds,
Sparse 10 om, high, 10 cw. in dizmeter tillage remnanta,

Yepebatlon/landuse: Kikuyu grass 703, cedar treea and bushes 20§ /
pastures, permanent cultivation of tea.

Ercaion: 31ight sheet and rill srosich on bare parts of the sofl,
Slope gradient: 20%.
S0il fauna:  High termite activity. Scme mole holes, a few Krotoirinas

in topsoil, _
Root distribution: Common to many, fine fo very fine, and few medium
POres.

} The classifileation is Mitoscls if the ferric property on ba51$ of CEC
clay is neglected {see chapter 6).
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Crainzges elass: Well drained.

Moisture conditions: Moist throgghout the profile, reins in the previous
day,

Depth of groundwater: Below lowest profile depth (210 cm.) throughout
the year.

Fresence of salt/alkali: Nil.

Human influence: Tilled previous year., Trampling by livesteek. Some
artifacta of charcoal.

Soila: .

ip 0-20 ¢m. Dark reddish brown (5 YR 3/2 melst); clay; moderate,
coarse, granular and erumpa; friable, sticky, plastic;
common, medium, common fine to very fine pores; olear and
sitoocth boundary to

AB 20-35 cm. Dark peddish brown (5 YR 3/3 molst)y Clay; moderate,
coarse, granular and moderate, medium,. subangular blocky;
friable, sticky, plastie; thiegk, patehy shiny cutans on
veartical ped faces; many fine and wyery fine, medium
pores; gradual and smeocth boundary to

B21t 35-B0 cm. Dark reddish brown (2.5 YR 3/4 meoist); elays strong,
coarse, Subangular blocky; friable, sticky, plastic;
many, fine and medium pores; thick, continuous cutans on
all ped faces; clesr and irregular boundary to

B22t 80-12¢ cm. Park red {2.5 YR 3/6 moist); clay; weak, coarse, angular
blocky breaking to coearss, subangdlar bleocky; friable,
sticky, plastic; many, fine, few, . medium pores; nany
thigk, eontinuvous shilny cutans oh all ped faces; clear
and smocth boundary Lo

B23t 120-200 om. FRed (2.5 YR 4/6 molst); clay: weak, medium, angular
: blocky breaking to moderate, medium, subangular blooky;
friable, =sticky, plastie; many, filne, ocommon, mediuym
pores; thlek, continucus shiny eutans on all ped faces:

few manganese mottles.
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as ICSU World Data Centre for Soils.
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Plate 2: Profile RP1 (PEDON)

Plate 3: Profile RP2 (PEDON)
X mole holes



cation of the Copyright

Plate 5: Close up of part of profil RP3 showing biological mixing
of the soil.



3.1.2 Fhysical characterisities

Particle size analysis. The results cof particle size analysis are shown
in table A1.1.AL1 three profiles are clayey. Profile BF3 has higher clay
content while profile RP2 has lowest glay content. The varlation of
sand, silt and olay eontent with depth are shown in figures 3.2, 3.8 and
3.6 for profiles -RP1, RP3 and ERP2 respectively. The elay bulge in
profiles RPF1 and RP3 is quite evident in these figures. No significant
decreagse of ¢lay from the maximum can be 2eeh within 200 ocm. of these
profiles. Lowest values of olay opoour at about 40 em. in proflle BRI,
and at near 3urface in profiles RP2 and RPZ. Henee the eluvial horizon
iz near surface for profile BP3 and BP2 an at about 46 em. In profile
RF1. The maximum ¢lay content is reached at 120 em. in profile RP3 and
at about 140 cm. in profile RPY.

Silt/elay ratie., The results of siltfnlay ratics and their wvariation

With depth show a clear decrease with depth. (See table Al.1 and figures

3.3, 3.5 and 3.7).
Froflle HPZ has pather high values espegially in the subsoll, while
proflle RP3 has lowest wvalues, The values correlate with clay content,

Moisture retention. The molsture retention at pF 4.2 is rather high in
all the profiles and correlates well with elay content within and among
the profiles. (Sse table A1.1 and figure 3.1).

3.1.3 Chemieal gharacteristios

Organic carbon. The results of the organic carbon are shown in tables
AT1.2, A1.3 and Aj.4 for profiles RP1, RP2 and RP3 respeatively. Profils
RPZ2. has relatively low values of organic carbon and consequently low
orpanle matter content. Profile RPF2 has the higheat wvalueas. The wvalues
of organlc carbon relate well with the posltion of the profiles. profile
RFZ2 1s on a stesply sloping part of the toposeguence 3¢ materlal,
ineluding the organic matter moves lateérally gquickly., Profile BRP2 is in
suth a positicon that some material can be deposited. Profils RP1 Is in
such a position that it would not receive any material from the
vicinity. )

The variations of organic carbon with depth are shown in figure 3.8, A&
sharp decrease of organic carbon at about 30 em. depth in profile RP3
indicates that the profile iz on a receiving position. The variaticn of
apganic carbon with depth ecorrelates with the profile description.
Profile RP1 has a rather deep & horizon {about 60 em.) as compared with
profile RFZ2 and RP3 which have A + AR horizons of 35 cm. depth.

PH. The results of pH-H:0 and pH-KCl are shown in tables A1.2, A1.3 and
A1.4, The average pH-HzD values are low in all profilea {<5.4). Frofile
RP3 has.the lowest pH values. The pH of the subsoil for this profile is
gven lower {<%.8), The variation of pH-Ho0 with depth is sheown in Cigure
3.9, & general trend of decrease with depth can be ohserved in profile
RF3 and an lnerease with depth in profiles RP1 and RP2, especially in
the upper 150 om. The reverse occeurs in the lower &50em. There 13 an
increase With depth in profile RP3 and desrsase with depth in profile
EP1 in the lower 50 ecm. The low pH values, especially in profile RPFI in
part .of the subspil, could imply high A1° activity, but the values are

not low enough to be gonclusive.
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Cation exchange capacity. The CEC-NH.Q acetate at pH~T 13 in general low
in all three profiles as shown in tablies A1.1, 41.2 and A1.3. Profile
RP3 has lowsr CEC values than profile RP1 despite the high organic
matter content in profile RP3. The CEC walues relate to some extent with
pH and clay content. The variation of CEC-NHu.Q acetate with depth are
shown in figure 2.10, & general treéend of deeprease with depth in &ll
thres profiles is shown up to 100 em. depth,

The values of CEC~olay corrected for organic matter have been calculated
and are shown In figure 3.12. The CEC-clay (wcorrected for organic
matter) values indicate that a dominant clay mineral ie 1.1.kaolinite.
The value for RP! iz higheat while that for EF2 is lowest. The CEC-
orgafnic matter is rather high. Profile RP3 has lowest wvalusa of (EC-
organiec matter, The 1low values of CEC-clay in profile HP3 indicate
strong ferric propérties in the profile.

The ealpulated walues of CEC-elay (correscted and uncorrected for organic
matter} are shown in table A1.3. Scme of the wvalues of CEC~clay
corre¢ted for organic matter are too low by this calsulation.

Base saturation., The wvalues of exchangeable bases and basé saturation
are shoewn in tables 41,1, A1.2 and AT,3. The loW baze saturation In all
profiles indicates that the profiles are guite highly weathered. The
exchahge complex is dominated by galeium in all profiles and has very
little magnesiuvm. The lew base saturation eould =zlsg imply that the
exchange complex is dominated by acidity (41 + H) sspecially at 40-100
oM. depth of profile RP3 and 0-60 cm. of profile RP1 and RPZ,
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Fig. 2.1 Variation of moisture content at BF 4.2 with depthts

in profiles EP1, RP2 and Rp3
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Fig., 3.2 Variaticon of zand, silt and clay Fig. 3.3 wvardation of silt/clay
content with Jdepth in profile RF1 ratio with depth in
profile REI
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Fig. 3.6 WVariation of sand, silt and clay with
depth in prafile RPZ
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Fig. 3.8 Varilation of organic carkon content Fig. 3.9 variation of pB-Hz0 with depth 3_1-'1
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Fig. 3.12 Linear regressions of CEC-clay and organic carbon {g/l000 g clay)
in profiles RP!, RP2Z and RP3
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3.1.4 Mineralogieal characteristics

X-ray diffraction. The results of the x-ray diffraction are the same for
all the zamples of all threg profiles, The xX-ray diffractographs of ocne
af the samples are shown in Appendix 3.1, 3.2 and 3.3.

4 0.72 pm peak indieates predominance of kaolinite, All samples have
more than 80% kaollmite which is rather poorly erystallized and tends £o
halloysite. Deferraction (removal of 1ren) increased the intensity of
this pezk, indicating that iron and not amorphous material lowered the
intenzity of the 0.72 um. peak.

A 1.00 mm. peak indicates presence of a small amount of mica in all the
samples, Tracea of a vermiculite 1like mineral is Indicated by & iow
intensity 1.3%0 pm. peak which disappears on heating to 575°C. (uartz and
poorly crystallized poethite are also present inh small amounta.

Thermal analysis. The differential- thermal analysis (DTA) and thermo-
gravimetpic analysis (TGA) were very much the same for all the samples,
A =small DTA peak at about 200¢C lndicates presence of sScome amsrphous
material, probably allophanes, In the soil. (See Appendix 3.4). The
strong peak at about BOO°C is an éndothermic peak of kaolinlte-0H3 and
indieates the predominance of kaoclinite.

Elemental aralysis. The x—ray flucrescence spectrophotomefry analysis of
all the samples are sxpected to be the same sines the x-ray diffracto-
Metry and thermo analysis are soc much the same., The resylts show a
content of Mg0 oxide compared to Cad and a high Fez0s content. The
derived molar ratics are:; S10:2/¥A120s = 1,18, Al20:/Fez0s = Z2.94 and
5102/¥Fe:0s + %Alz0; = 0.86. The 8iC02/¥A1202 ratic is nearly !
indicating a predominance of 1.1 clay mineral In the clay fraction. The
AlaQ3/Fes0a Indicatea a high iron gontent in the soils. See table 3.1
below.



Table 3.1 Elemental analysis (mass 3 of oXldea) of the e¢lay fraction of
a mixed sample of proflles RPF1, BPFZ and RP3.

Oxlde Fercentage
Fe:0: T7.74
Mg0l 0.31
5i0z 45,20
Al20s 33.26
Cad 0.05
Tid= 1,68
Mngd 0.20
Pz0s J.23
K20 0.60
Bal 0.014
Ha0 Q.00
Sum 99.50

Electron microscopy. FPlates 6 and 7 show photographs from the
transmission elegtron microseopy of samples of BP1 and RP3 respectively.
The photographa show the minerals of tabular form (1), which are the
halloysite and the rounded apherical forms (2) which are poorly
erystallized kaolinite. Most of the kaolinite, (the gley, rounded ones)
are very poorly crystallized and hence confirm the rather broad 0.72 nm.
peak seen in the x—ray diffractographs.
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Electro microscopic photograph of the
@lay fraction of the subscil of profile RPI

Electro




3.1.5 Comparison of physical and chemical characteristics within the

B - R R R e e e

catena

Table 3.2 shows some chemical and physical properties of the ecatena in
the topsoil (0-40 cm,) and subsoil {80-16C¢ em.) deptha. The
characteristics of profile EPZ are different because it is on a very
steeply sloping part and may be truncated. Profile RFI and RP3 may be
compared. The chemical characteristies of the topsoil eof the twe
profiles do not differ wery much but indicate that oproflle RF1 is
slightiy more weathered and leached than EP3 (lower B3, © cat, % clay,
and exchangeable Ca in RP1 than RP3). The 3i/C ratio 1s higher in RPI
than RP3 topsoil. - .

The reverae is lndicated by the properties of the subscil. Profile RP3
has lower pH, low I cat, lower exchangeable Ca and lower BSi/C ratio.
Henge profile RP3 shows mere "aoric'! properties than profile RP1. IE is
galso showing more "oxie' propertiss than BRP1. This can be eXplained by
its position in the catena. Being in a position where It is receliving
zame material by colluvilation and where there is a high rate of lateral
and vertipal movement of material within the profile, It eecslves
already reworked material whiech continues to be weathered rapidly.
Profile RF1 is at such a position that it does not recelve much material
and movement of material wWlthin the profile Iz only wvertically
downwards,. Henge weathering is slower in prefile RF3.

The high CEC in profile AF3 may be duse £o hlgh organic matter ¢content,
The propertiez in prafile RPZ2 show clearly that it is less weathered
than the other two.
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Table 3.2 Some topsoil and swubsell characteristics of profiles of the

catena,

Depth Charact. Profile code

0-40 (topsoil) RE1 rP2” RP3
pH~Hz0 4.8 4.9 4.9
cEC] 278 157 22k
BSS 16 18 23
org.03 2.6 1.7 2.6
i cat® 53 28 51
¥ Cg° 38 22 b2
% nlay 53 55 60
sisfe 0.6 0.4 0.4

BO—160 {=ubsoil)l
pH-H;0 5.2 5.3 4.6
cEe! 159 88 122
BS® 24 36 26
org. oo 0.5 0.5 0.7
£ Cat® 38 31 a1
% Ca” 33 27 27
¢ clay 75 54 &0
51/C 0.2 0.3 0.1

The values for every 20 eom. are summed and the average is recorded.

M T —

60-120 em. depth for subsoil.

CEC-NH4OAez at pH 7 in mmol/ke. soll.

Bage Saturation percentagese by sum of catiens.
prganic carbon by welght percentage. .
Sum of exchangeable -cations (¥Ca®', ¥Mg*', K
exchangeable calcium in mmolsfkg. soil.

*, NaT) in mmols/kg. soil.
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3.2 Characteristics of reference profiles

3.2.1 Profile deseripticns

Proflle code: EAK?H; Auvthor J.H.M, Scholten.
3ite characteristics: _
Logation: Eialf = |Magombeo, 130/2-EAK 26, E/T14.9, HN/9936.8,
altitude 1880 m. ASL,
Soil classification®: FAC-Unesco (1974): Humic Nitosol.
USDA S0il Taxcnomy {1375}: Palehumult.
fgroclimatic zene: Ila.
Climaktes Izothermic, about 200 mm. /vear ralnfall.
Local petrography/parent matsrial: Andeaite,
Physiggraphy (general): Upper level uplands.
Surrounding landferm: Saddle between hilltops.
Macro-relief: Rolling fo hilly, 5-30% slopes, length 500 m.
Vegetation/landuse: Pasturesz,
SBlope gradient: 5%.
Root distribution: Fine and very fine throughout the profile.
Drainage class: Well drained.
Molature conditions: Moist throughout the profile.
roundwater depth: nd.

Saoil profile: :

A1 0—50 cm. Dark reddish brown {5 YR 3/2 moist); very fine clay;
moderate, fine, subangular blecky; very friable moist,
slightly =tieky, slightly plastic when wet; many fine,
and very fine, common medlum and few ocoarse pores; clear
and smogth houndary teo

A1z 50-79 cm. Dark reddish brown (5 YR 3/3 moist); very fine clay;
moderate, fine, subangular bblocky Yo angular blocky:
friable, slightly atilcky, slightly plastic; many, very
fine and fine, gommon, medium pores; gradual and smocth
boundary to

B21% 79-270 cm. Dark reddish brown (5 ¥R 3.5/4 molst); very fine clay;
maderate fine angelar to subangular blosky; friable,
slightly sticky, slightly plastlce; shiny, moderately
thick, broken colay cutans; many very fine and fine, few
medium pores; few small soft manganese conersetlons from
205-210 om.

Profile code WAN2; Author S. Slager dnd H. van Reuler.

3ite characterlatics:

Logation: Kisii - Irigongo, 130/1-WANz, 34°41'53%E, 0°37'5475,
altituede 1630 m. ASL, : '

Spil eclassification: FAO-Unescc {1974): Humie Acriacl.
USDA Seil Taxonomy (1975): Orthoxie Tropohumult.

Physiography: Upper part of a footslope, just beneath the steep hisalope
to the top.

Surroynding landform: Rolling %o hilly.

* pield classification.

31




- 32

Maeso-rellefl: Flat scattered granite boulders.

Micro-relief: Teraite moundz up to 30 om., high.

Slopa: 12%.

Parent material: Wanjare granite.

Vegetation/landuse: Dense bushland with trees. 15% trees, &0% =shrubs,
15% herbs, 40% grassea (5% bare soll)/grazing land.

Surface stoniness: Nil.

Drainage olass: Somewhat excessively drained.

Spil fauna: Termites, ants, some beetles and worms.

Soil prefile

a1 0-22 cm. Dark brown to brown (7.5 YR 4/2 dry), dark brown {7.5 YR
3/2 molst}; gravelly (angular) leoamy sand; strong
granular; abundant, very {ine, biopores; aoft, very
friable, slightly stlcky snd slightly plastio; gradual
and smooth boundary to

Bzt 22-80 em. Yellowlsh red ({5 YR 5/6, dry), yellowish red to red (5
¥R U/6 - 2.5 YR B/6 moist); gravelly {angular) loamy
sand; no macrostructure; abundant, wvery fine biocpores
{many aggrotubules filled with A1 materiall); sof't, very
friable, non stieky and non plastic; abrupt and broken
boundary to

B 40-45/7T1 ocm. Ratteﬁ rock with hnard nucleus of unweathered granlte,
abrupt and broken boundary to

11821t 45/71-85 cm. Yellewlsh red {5 YR 4/6 dry’, dark red (2.5 I8 3/6
moistls very gravelly sandy loam;y few rotten rook pleces,
no macre strogtures, many, very fine biopores; hard
friable, non aticky and non plastic; gradual and smooth
houndary to

11B22t 85135 em, Yellowish red (5 YR 4/6 dry), yellowish red to dark
red (58 YR 3/6 to 2.5 ¥R 3/6 meoist); very gravelly
{angular) sandy loam with few completely rotten rock
pieces up to 15 om. diameter; no magrostpucture, many,
very flne bicopores; hard, friable; non stiecky and non
plastig; gradual and smogth boundary to

11C 135-165 em. Yellowish red (5 YR 5/6 dry), yellowish red to red (5 YR
4/6 to 2.5% YR 4/ moist); very gravelly {angular) sandy
loam with few completely rotten rock pieces up to 15 om.
dlameter: no macrostructure; common, very fine blopores;
hardened. material with iren/manganese conceretions after
155 om.; 20% distinot brown mottles (10 mm. diameter);
60% distinet red mottles (10 mm. diameter); 20% prominent
~ blagk mottles (15 mm. diameter); platy structures,. few
aggrotubules filled with A1 material; hardly breakable;
abrupt to and amooth boundary to

{1R +165 om. Weathered granite, partly fresh.
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Profile code: EAK12; futhor anonymous.
Site gheracteristics:

Lopations Kwale district, 200/4-325:; E/28.3, N24.1, altitude
233 m. ASL, x

Soill ¢lassifiecation: Ferral Chromie Aeriscol.

Climate: nd.

Agroeclimatice zone: III.

Parent material: Coarse grained sandstone.
Physiocgraphy {general):Coastal uplands.

Relief {(generall: Undulating.
Vegetation/landuse: Open grasaland/eultlvatlon,
Erosion: Nil.

Zurface stoniness: Nil.

Slope gradient: 2%,

Drainage calass: Well drained.

Seil profile:

Ap 0-1%5 em. Dark reddish brown (5 YR 5% dry, 5 YR 2/3 moist); sandy
loam; porous massive, slightly hard when dry, friable
moist, =llghtly sticky, non plastiec when wet; many very
fine, c¢ommopn fine, many medium rocotssy high biolegical
aptivity; clear and smocth boundary to

Bit 15-45 com. Dark reddish brown (2.5 YR 374 dry and moist); sandy clay
loam; weak, eCoarss, Subangular bloskys few thin cutans;
common, fine and medium poras, common, mediun, few fine
rogtsy  high biclogicel! activity; clear and smooth
boundary to

B2t Y¥5-260 om. Red (2.5 YR ¥/8 dry and moist}; sandy clay: weak, coarse,
angular blocky to subangular blogky; very hard when dry,
friable moist; stileky and plastic when wet; common, thin
clay outans; common, f[{ine and medium pores; common,
medigm, feWw flne root3; high hlologiveal acrivity.

Profile coder EAK1G; Author: anohymous.
8ite characteristics:
Location: KARI Laborateories, Muguga, altitude EI;Q m. ASL.
501l glassifleatlon: FAO-Uneseco {1974): Humic Hitosol
USDL 501l Taxonomy (1975): Oxic Paleustalr.
Farent material: Limuru trachyte.
Climate {soil): Ustie, Isothermic.
bgroclimatic zone:r III.
Physiocgraphy (generall): Valcanle uplands.
Vegetatlion: = Trees 40%, shribs 20%, herbs 40%.

Soil profile:
A1 Q=10 om, Dark reddish brown {2.5 YR 2.5/4 moist); clay loam; very
’ fine and fine crumps; very friable, slightly aticky,
slightly plastie; many fine and medium roots; clear and
amocth boundary to

Field clasaification ageording to proposed Kenyan concept.
Field classification before cohsideration of analytical data.



AR 10=35 cm, Dark reddish brown (2.5 ¥R 374 moist); eclay; moderate,
fing, medium and ecoarse subangular bloackys: few, tain
autans; wvery friable, sticky, plastie; many fine, many
medium roots, some charepal fragments; gradusl and wavy
boundary to

B21t 35-100 om. Dusky red (10 R 3/3 moist}; ¢lay; moderate Fine, medium
and ecarse angular blocky;: common, thick cglay cutansg
very friables, stiecky, vlastic; pores as In AB, many fine,
commorn medivm roots; gradual and smooth boundary to

Bzzt 100-150 om. Dusky red {10 R 3/6); elay; strong, medium and coarae
angizlar WBlocky; common, thiek ocutang; very friable,
sticky, plastic; very Few 9oft sesquioxides; many fine,
gomaon medium pores; common fine and medium roots,

3.2.2 FPhysical characteriastics

Bulk density. The bulk densities of all the profiles are relatively high
{see table AZ.1). Profile EAKZ26 has the lowest viluss. The bulk density
dacreases slight%y with depth, Proflle WANZ2 has the highest wvalues
{(1.449-1.51 g./om.-)

Moigtire retentlon. The moiafure aontents at various pF's are shown in
table A2.1., The coarse textured profiles (EAKIZ and WANZ) thave
relatively low valuesa, The moisture retentionm relates well with alay
content, (especially molsture retention at pF U.2) within and among the
profilea,

Particle zize analysis. The variation of =and, 3llt and eclay fractions
with depth are shown in figyres 3,13, 3,14, 3.16 and 3.18 for prefiles
WANZ2, EAKZ6 and EAK16 respectively. A clay bulge is shown to start at
about 70 cm. depth for profiles EAK16 and E4K26 and at about 50 cm. for
profliles EAK12 and WAN2. The latter are coarse textursd profiles with
over 50% sand pontent, A maximum olay content is reached at 70 em. depth
in profile WANZ, 90 om. in profile ELK1Z and belew 150 cm, in profiles
EAK26 and EAK16. The minfimum ¢lay contents are at 49 em. depth in
profile EAKZ26 apnd EAKTO6, 30 cm., In profile EAKIZ and almost at the
surrace in profile WANZ,

Silt/clay ratio, The variation of silt/elay ratios with depth are shown
in figures 3.17 and 3.15. The tapsoil has generally higher values than
the subscil in all the profiles. A steady degrease in sife ratio with
depth I1s evident. Profile EAK26 has rather high valuea while profile
EAK16 has low values,
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Fig. 31.13 variation of sand, silt ana clay
with depth in profile EAKZ6
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Fig. 3.!6 WVariation of sand, silt and ¢lay content
with depth in profile WANZ

: ;..:;—'I":..i'wu:-‘
ia A8 Fe 48 gp &9 Fn @ fp gbw

Fig. 3.17 Variation of silt/clay ratio in
profile WANZ and ERKIZ

siie ;?m
ﬂvjﬁ{&ﬁ) S -3Y & i 1A £ e

|' T [

Zor

ey

£

4

a4

F28 4

ol

ot

_——— profile EAK12
_-— profile Wa2




¥ig. 3,18 Variation of =and, =ilt ane clay content
with depth in profile EAELZ

iat

Ha-

£y

fidr

f.l,f'a.-.-

iy

iger

Aot




5.2.3 Chemical charagteristics

PH. The =soil reagtion la acldic in most profiles except profile EAK1G.
The values of pH-H20 and pH-KCl are shown in table AZ2.2, The variations
of pl-HEz:0 with dspth are '‘shown in figures 3,19 &nd 3.22. The pH
decresases with depth iIn all thé profiles except In praoflles WANZ. This
praofile haz lowest pH values. The acidity correlates with CEC and base
aaturaticn.

Cation exchange capacity. The CEC-NH«Q zeet, values at pH T are rather
low in all the profiles. The lowest valuss are in profile EAKIZ and WAKZ
(4 100 mmol/kg.) while relatively high wvalwes are shown in profiles
EAKIA and EAKZ2G (> 120 mmol lkg.}. (See table A2.2)., The wvariations of
the CEC with depth are shown in figures 3,21 and 3.24. A general
decrease with depth up to 40 em. is shown in proflles EAK1G, EAE26 and
WANZ. The CEC correlates wilth the organic matter (organle carbon)
content. The wery high values in profiles EAK16 and EAXK2E in the topsoll
are dug to the high organhic matter content,

The CEC—-¢lay {corrected and uncorreected for organic matter) have been
ealeulated uging linear regressicns and are shown In kable 424 and
A2.5, The CEC-ourganic matter has alao been caleulated upaing the slopes
of the regression lines. Profile WANZ and EAK20 have higher values of
CEC~clay (corrected and uncorrected for organic matter). Profile EAK16
and EAK1Z2 have rather low walues, The values in profile WANZ and EAK2G
{230 and 198 mmol/kg. respectively) are rather high For a soll with clay
mineralogy of kaolinite predominantly. Hence the scils could have some
amorphous material or halloysitie kaolinite, The wvaluss shown for the
other profiles (4 150 mmel/kg olay} indicate a gredomingnce of
kaclinite,

The CEC-organic matter are rather low in profiles EAK26 and WANZ. This
gorrelates with the high acidity levels in these profiles sinece the CEC-
organic matter depends atrongly on the pH.

Organic matter conptent. The organic earbon contents are shown in table
Az.2. The variations of organlce carbon with depth are shown in flgures
3.20 and 3.26., & steady decrease with depth can be ohagrved in profiles
EAKZ26 and EAKt2, A sharp decrease in the upper 40 em. iz shown in
profile EAK16. This implies a high rate of decomposition or a high rate
of homogenisation In prafiles EAK26 and EAK1Z and a low rate of
decomposition or a low rate of homogenisation in profile EAKiG,

Base saturation. The base saturation of profiles EAK2G6 and EAK1G i3
rather high while that of profile WANZ iz low. The very high valus
{» 100%) at 150=-220 em. depth of profile EAK1Z2 implies agcumylation of
bases at these depths. (See table AZ.2}. The low base saturation in the
topaclls of profiles EAK12 and WANZ indicates a hilgh degree of lsaching
in-the profiles, The variations with depth are shown in figures 3.22 and
3.26., A sharp decrease iz obmerved at about 30 cm. in profile EAK26 and
WANZ and at about 60 em. in profile EAK?6. An inerease with depth ocours
up to about 40 cm. in profile EAK1Z, The valuss decrease to a minimum at
gbout 60 cm in profile EAKIG6, 80 cm, in profile EAK2G, 40 cwm. in profile
HANZ and t10 cm, In proflle EAK1Z2.

The values of exchangeable bases are shown in table A2.2. Calclum is the
dominant exchangeable catlon in all three profiles. Magnesium is rather
high in profile EAK26 and potassium is rather high in profile EAKIO.
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Profile EAK16 has the highest vwalues of all exchangeable bases of the
four profiles, while profiles EAXK1Z and WANZ have rather low amounts of
gxchangeable bases. Thig Ilndicates ztronger leaching in these two latter
profiles. However It may also be due to their gsandy texture.

3.2.4 Mineralogleal characteristios

Element analysis. Elemental gomposition (expressed as percentage of
major oxldes) of Fine earth fractlon and of elay fraction ape shown in
table AZ2.3 for profile WANZ (fine earth fraction) and EAK12 and EAK1S
felay fraction),. The derived molar ratiss ecaiculated from the elemental
pcomposition are alsc shown.

The S10: c¢ontent is rather high in profile WANZ. No pattern czn be
observed with depth due to homogenlsaticn and pedoturbation by
higlogical activity. Henee Si0z/%A1:0s, Al=03/Fe:0s and S5i0g/%AL20s and
3i0=/%¥A120a + ¥Fe:0a do not provide ussful information in  these
profiles. However 1t can be observed that Si0: iz highest in all
profiles but higher in profiles EAKIZ and EAKIA. Relatively high values
gf Al:z0s are obagrved in these profiles and indicate a predominance of
Al a5 compared to Fe.

The derived molar ratics of the ¢lay fraction of 5i20:/%41:0: are about
one in all profiles, indicating the predominance of 1.1 clay minseals,

The Al:0:/Fez0l: ratios are low in profille EBEAKIE dus to high FezQs
content .,

Clay mineralogy. The c¢lay mineralogy data for the profiles are not
available systematically. Breimer and Van Reuler {1978} suggest that In
profile WANZ therse iz 2 high percentage of 2.1 olay minerals and low 1.1
kaolinitic minerals in the uppsr 35 cm, Kaolinife predominates in the
55-135 ¢m depth and 'a very high content in the 160-165 cm. depth. Thisz
ia in ceontradicetion to what ia observed migromorphologically and by the
chemical data. .

The x-ray report of profilse EBEAK1Z indicates predominantiy a well
crystallized kaoplinite and traces of iron, A ¢lear absence of 2.1 clay
minerals is reported for this profile,

The mineralogical analysis af the eclay Ffraction in profile EAKIE {3
showhl 1n table 3.3 below.

Table 3.3 Ranking of mineralogical composition of the olay fractien in
profile EAK16,

Depth Kacl, Mi/i11. Feld. Goeth
0= 10 *h tr + X X
10~ 3§ + tr + X x
35~100 =+ tr tr - x
100-150 e tr tr - %
+++ = very high tr = tracss Kaol. = kaolinite
++ = high % = present Mifill. = micasillite
+ = low - = abasnt Feld. = feldaparsa
: Goeth = gagthite




A predominance of kseolinite and traces of picas and i111ite i= obzerved
thtroughout the profile. Goethite and feldspars are present in amzll
amcunts but Yeldspars are lacking In the subsoil.

The x-ray report of proflle EAK2E {ndieates & predominance of kaolinite
and small amounts of quartz and feldspars. No micas or i1llite is
reported.
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K, MICROMOBRPHOLOGICAL CHARACTERISYICS

ka1 Frofile RPY

Macroscople ob2eprvatlons

The proflle is dark brown to peddish brown in ¢olour, The upper 59 om,
is dark brown toc red. It is porous throughout but the porosity decrssses
considerably with depth. Planes {(eracks) and channels with diameters up
te 2 mm. occur throughout the profile inoressing with depth. The
stracture 1s granular to supangular blocky In the upper B0 om. and
pecomes  angular blocky to subanguilar blocky in the subsoil. 4 faw
fragments of c¢harcoal oecur in the upper &0 em. and ferric nodules oeour
throughout the profile.

Microspopic obaervations (Summary, figs. 4.1 and 4,2).

Groundmass (Summary, fig. 4.1).

Skeleton prains. Very few rounded, ooarse (¥ 500 um.) skeleton grains
ceour  randomly  distributed throughout the profils. Few to common,
subrounded and some sthadral Fing to medium {< 500 um.) skeleton grains
opgur randomly distributed throughout the profile, Most of them are
quartz and cherts but some are sanldine feldspars and volcanic glass.
The ¢racks are filled with red plasma materizl. Some are weathering to
yellowish plasmic material.

Voids, Most of the woids are biogenic; c¢ompound packing volids, vughs
and channsls are predeominant and abundant in the topsoll and decreasing
with depth, Craze, skew and Jjoint planes with diameters uvwp to 1 mm.
occur throughout the profile and increzse in the lower 100 om.

Flasma ~ plasmie fabrie. The plasma is predominantly undulic throughout
the profile. Sepic parts occur starting from 60 om.

Speclal features (Summary, fig. 4.2)

Reorientztion. Few to oommon, faint to distinet, 10-850 um. In diameter,
glassepie, masepie, vosepio, skelsepic and inseple reorlentaticns ceour
randomly distributed starting from about 10 em. Most of them have
diffuse boundaries. They increase and become more distinet with depth.

Ferri—-argillans. Distinet, 10-60 um, in diameter, normal, channel and
skew plane ferri—argillana oceur starting from about 60om. depth. Most
of them are clustered but some are randomly distributed. They have sharp
boundaries and some are continucus along ped faces. The maximum amount
is reached at 100-120 em. depth {(see table 4.1). Most of the ferri-
arglllans are translocated and show quite strong birefringence.

Papulea. Distinet, 10-30 ym. I1n diameter, papules occur randomly
distributed starting from about 60 cm, depth. They have sharp boundaries
and the larger ones have different shades of brown.

Nodules., Distinet, 30-150 um. in diametsr, rowded and spherical, ferric
nedulsas ceeur throughout the profile. Mogt of them have sharp boundaries
and are separated by =mall cracks from the plasma but the smaller ones
tave rather {diffuse bhoundaries. Some are associated with weathering rook
fragmants. :




Padotubules. Faint, 0.%-3 mm. in diameter, matric orthe aggrotubules
ceaur throughout the profile. They are sbundant f£o many In the topseil
and decreass considerably with depth. Some have =lightly mere organic
matter than the matrix.

Feral pellets, Falnt, 30-100 um. in diameter, matric fecal pellets coour
throughout the profile descreasing with depth. Most of them are welded
and are randomly distributed in the profile, bt some arse clustered in
the aggrotubules, Smnall omes, 10-20 um, in diameter from mites ooour
clustered in the partly decomposed plant remains.

Inherited features. L few, 300-800 um. in diameter rock fragments and
voleanis glass gecur throughout the prefile, Some are partly weathered
to red material. A& few plant remains oseur in the upper 60 om.
decreasaing with depth.

Iy
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n,2 Profile REZ

Macroscopic observations.

The upper 20 cm. is dark brown while the subscil i3 reddish brown to red
in eclour, The profile is flne textured and quite porous. The poroslity
decreases with depth and the groundmass is denser in the lower 850 cm,
Channels ahd vughs with dlameter of 1 to 2 mm. are compon in the upper
30 om. and decreaz2e with depth. Granular and subangular blocky structure
is predominant in the upper 20 ecm. while subangular blocky structure
predominates in the subsoil, Specks of ireon nodules and rock fragments
oeour throughout the proflle. Plant remalns and organlce aggregates oocour
especlally in the upper MO om. and decrease with depth.

Microscople observations (Summary, [igs. 4.3 and 4.4),
Groundmass (Summary, flg. 4.3).

Skeleton grains. Coarse (> 500 pm.} skeleton graina which are subrounded
wlth low sphericity occcur randomly distributed throupghout the profile
inersasing slightly with depth. Most of them are guartz and chert,
goated partly by iron, bhut some are rock fragments. Medium to fine
alkeleton grains are common ang oeour randomly distributed througheut the
profile, Some are subrounded while others are euhedral. Most of them are
quartz and chert but some are sanidine feldgpars, voleanic glass and
plagloclase feldspars.

Toids. Most of the volds are bicgenle compound packing veids, channels
and wvughs with diameter of 100-1000 wm., whiech ooour randomly
distribuced throughout the profile deereasing with depth., 4 few have
diameters of 1-2 mm. and a few craze, sakew and joint planes ogour
ga3pecially in the subsoil.

Plasma — plasmatic fabriec. The plasmic fabrice ls predominantiy ﬁndulie
in the upper 30 cm and asepie 1n the subsoil. Jome sepic parta ocour
starting from about 40 om. depth.

Related distribubion. The upper 40 om, have apglomeroplasmic while the
sUbscil has peorphyroskelic o porphyric related distribution.

Special features (Summary flg. 4.4).

Reorientation. A few, faint, 16-30 um. in diameter, glassepic, -8kelsepic
and insepiec reorientations occur randomly distributed starting from
about 40 em, depth. Most of them have sharp outer boundaries and diffuse

inner boundaries and are weakly expressed,

Nodules, Distinet, 30-150 um, in dlameter, rounded, spherical, ferpric
nodales ooolr randomly distributed throughout the profile fncreasing
slightly in the lower 20 cm, They have sharp boundarles and =omé are
geparated from the plasmé by small cracks around them.

Pedotubules, Faint, .5-3 mm. in diameter matric, ortho-agegrotubules
ocour randomly distributed throughout the profile, They are abundant in
the upper 40 om. and decrease with depth. They have rather amooth
boundaries.

48




Fepal pellets. Faint, 50100 pm, it diamefer welded matric feecal pellets
cocur randomly distributed throughout the profile. They are abundant in
the upper B0 em. and decrease gonsiderably with depth., A few distinet,
30 1 . in diameter =ingle organic fecal pellets oecur clustered inside
some plant remains.

Inherited features. A few, 0.2-2 mm, {n diamster, fragments of rhyolite
and andesite rocks occour throughout the profile inereasing slightly with
depth. A few partly decomposed plant remains alse occur especially in
the upper 40 om. Some of the ferrie nodules are wWeathering rock
fragments especially In the lower 20 cm depth.
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4.3 Profiie RP3

Macrosdople observations,

The proflle is dark brown in the Copacil and reddish brown to red In the
subseil. It is wery porous in the upper B0 om., and the porosity
decreases with depth to relatively dense subsoll. Channels and planes
with diameter up to 5 mi. oceur throughout the profile. The upper 60 om.
h&s subangular blocky to granular structure while the subsoll has strong
angular alecky to subangular blocky structure, Dark specks of charcoal
secur throughout the profile.

Microscopic observations {Summary, figs. 4.5 and 4.6},
Groundmass (Summary, fig. 4.5).

Skeleton prains, Coarse (> B00 um, in diameter) roundsed skeleton grains
are few and cecur randemly distributed throughout the profile. Most of
them are guartz, ohert, and rogk fragments, Few to common, medium to
fineg (< 500 um. in dilameter) are predominantiy quartz, chert and
voleanic glass and cocur randomly distributed in the profile,

Voids. Abundant to common higgenie voids opeur throughout the profile,
These are predominantly compound packing voids, vughs and channels with
diameter up to 2 mm. Craze, skew and joint plahies with diameter up to 1
mm. occur In relatively leas amount and decrease with depth.

Plasma - plasmic¢ Ffabric. The rplasmae Is predominanfly undulie. The
topsoll tends fo isctic due to high organic matter. Seple parts cocur
throughout the proflle increasing with depth.

Related distribution. The proefile has porphyroskelia related
distribution throughout., It is more open with higher porosity in the
topsocill than in the subscil,

3pecial features {Summary, Fig. 4.6).

Reorientation Faint to distinet, 10-80 um., In diametdr, Insepic,
glagzeple, skelsepic, vosepie and masepic  reorientations ocogur
throughout the profile, In the upper 40 om only a few insepic and
glaesepic reorientations occur, They all increase with depth and are
common in the lower 120 om,

Ferri—argillans, 4 few [aint to distinet, 10-30 pm. in diamefer ferri-
apgillans oceur randomly dilstributed starting from &0 om. depth. They
are rather amall and the maximum amount of only 0.4 percent by volume 1a
reached at about 100-140 em. depth. Most are broken and appear to be in
the process of belng degraded.

Papules, Distinct, 10-30 pm, In diameter, papules ocecur randomly
distributed starting from about 89 om. . depth. Some of them may be
inherited while others may be in situ weathering. However most of them
are translocated.

Nodules. Few to common, 30-280 ym. in diameter, distinect, ferric nodules
opcecur throughout the profile, Mogt of them have sharp boundaries and are

separated from the groundmass by amall cracks. The amaller cnes have

diffuse houndaries.

B2




vedotubules, Faint, 0.5-% mm. in ciameter, matric and a few organia,
ortho and meta aggrotubules occur throughout the proflle. They are many
in the upper 60 ¢m. and decgrease oponsiderably with depth.

Fecal pellets. Faint, S50-100 pm. in diameter, fecal pellets occour
throughout the profile. They are abundant to many in the upper 30 cm.
and de¢rease with depth. Most of them are welded but some are single., A
few distinct 30 wm. in diameter, organic fecal pellets occur clustered
in some plant remains,

Inherited features. 4 few partly decomposed plant remnants ocour
especially Iin the upper 60 om. and decrsase with depth., & Few, rather
fresh and some othetr weathering rock fragments occur throughout the
profile. The fresh ones occur more frequently in the topsell while the
weathering cnes ococur in the sub=eil.

o3
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Table 4.3 Degree of illuviation and biological reworking in profile RP3 (per thin section)

Depth
{ om)

G~ 20
20- 40
Bo—- &0
A0- fi1
80-100

100-120
120-140
140-160
160-180
180-200

Thin seat,

number

85063
B506Y
85065
85066
BEOGT
85068
85069
8507
85071
85072

Horizon

For explanaticn see tahle 4.1.

Total %
illuv.clay
J.0
0.0
0.0
0.3 £ 0,1
6.8 + 0.3
0.9 & 0.3
0.9 ¢ 0,3
1.2 £ 0.4
0.9 + 0,3
0.2 + 0.1

Degres
of .._.”_.-H._L.d_ﬂi

low
1w
1o
low
moderate
low

negligaanle

In situ %
of illuy,
0.0
0.0
a.0
0.0
0.3 £+ 01
o4 + G.2
0.4 + 0,2
o+ 0.2
0.3 £ 6.1
0.0

f illuv. Rel.¥ of
reworkad 111wy,
biologically reworked
0.0 0.0
0.0 ¢.0
0.0 0.9
0.3 £ 0.1 100
0.5 + 0.2 LT
0.5 + 0.2 - 5h

.0.5 + 0.2 56
1.0 £ 3 63
0.6 &£ 0.7 BT
0.2 + 0.1 100

Degree
of

reworking

total
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b4 Profile EAK2S

Magrasaopie chservations,

The groundmass is brown te dark brown in colour; predominantly fine
textured and pedal. Strong grahular and subabgular blocky structure
predominates {n the topscil while the aubsoil i8 mainly subangular to
angular blocky., The groundmass is denser with depth. Large voids (>1 mm)
ere abundant in the upper 50 cm. These are mainly biogenic and dedrease
with despth. Cracks up to 3 mm. in diameter are present in the subscil,
Reddish brown ferrie nodules of diameter up tc 2 mm., are common
throughout the profile, They are smaller and less distinoct in the lowep
50 cm. Material of the subsoil (reddish in colour) formes patches In the
darker topsoil. Pedotubuleées and channels of about I mm. in diameter
ogoeur in the upper 70 om,

Migroscopic cbservations (Summary, fig. 4.7 and 4.8).
Croundmass {Summary, fig. 4.7).

Skeleton grains. The coarse grains {dismeter > 500 pm,) are subrounded
to angular, of low sphericity, and are randomly distributed throughout
the prefile. They consist of mainly quartz and chert grains. The fine
and medium skeleton grains (diameter < S04 um.) are gensrally subrounded
and are randomly distributed In the profile, Some are euhedral and
cthers form long crystals. They <onsisat of predominantly chert and
guartz buat the euhedral ones are sanidine feldspars and plagioclase
feldspars while the long orystals are volcanic glass. Most of the
skeleton pgraing are partly coated with reddish haematite and olay
material.

Yoids. Mozt of the voids are bicgenic with diamefter 1 mm. to 200 um. In
the upper 70 om. moat of them are 1 mm. to 500 um., form a complex
pattern of compound packing voids, Interconnectsd and separate vughs.
Chamnels and craze planes occar Throughout the profile but predominate
in the lawer 50 em. The yoids decreass with depth leading to z scmewhat
denser subsoil,

Plasma — plasmice Fabric. The plasmic fabric ig predominankly undulic to
isotie in the topacll and undulic to seple in the subscil., Socme asepic
parts oceur throughout the profile lnereasing with depth. Patehes of
aaepic plasmic fabric are included in more undulic fopsoll as materizl
from the subseil.

Related distribotion. The related distribution is porphyroskelic
throughout the profile but grades to porphyric in the subsoil, Skesleton
grains are embedded in the groundmass and small cracks separate some of
the skeleton grains due to desication,

Special features (Summary, fig. 4.8}. _
Hecrientatlon. Features of reorientation start at about 20 em. depth and
increase with depth. At about 1060 owm. fthey a&are common. There are
distinet, 20-100 wm. in diameter glaeseplc, omnisspic, masepic and
insepic recrientations, randomly distributed in =ome parts marking the
walla of channels (vesepic). The omnisepic and masepic reorientations
are relatively few.
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Argillans. Distinct, 10-50 um. in diameter, channel, normal and plane
ferri-argillans with sharp boundaries occur randomly distributed and
somewhat clustered starting from 100cm depth (see plate 8). In some
parts they are clustered around places with fecal pellets which are
somewhat welded. The argillans do not occur on the relatively older
(welded) fecal pellets and on the single ones. The results of point
counting are shown in table 4.4. The maximum value is reached at 100-115
cm. depth (3.9% total illuviation).

Plate 8 Normal ferri-argillan; polarized light.
From 110-115 cm. depth, profile EAK26.

Papules. Distinct, 10-50 um. in diameter papules with diffuse boundaries
occur throughout the profile. Some are associated with weathering
skeleton grains and others with fecal pellets. They are generally
randomly distributed in the lower (100-160 cm) depths. The results of
point counting are shown in table 4.4 (10% of illuviation reworked). A
maximum is reached at 100-115 cm depth.

Nodules and concretions. Distinct, 100-500 um. in diameter rounded,
highly spherical ferric nodules occur throughout the profile. Most have
sharp boundaries but a few smaller ones in the lower depths have diffuse
boundaries. Some are associated with weathering grains.

Pedotubules. Distinct, 0.5 to 3 mm in diameter, matric and organic,
ortho and meta aggrotubules occur randomly distributed throughout the
profile (see plate 9). They are abundant by chart ranking in the upper
50 cm. and decrease with depth to a few at 150 cm. Most are matric meta
aggrotubules, A few matric meta and ortho isotubules are present in the
topsoil as brown patches in a darker groundmass.
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Plate 9 Wall of matric ortho-aggrotubule (1),insepic plasmic
fabric (2) and inside aggrotubule; polarized light.
From 110-115 cm. depth, profile EAK26.

Fecal pellets. Two sizes of fecal pellets can be distinguished;
distinct, 60-100 pm. in diameter, welded and single, matric ones occur
randomly distributed throughout the profile. These are the predominant
ones and decrease with depth. They form about 80% of the topsoil.
Distinct 50 um. in diameter ellipsoidal fecal pellets also occur
clustered in plant remains. They appear rather fresh and recent.

Inherited features. Some rock fragments of quartzite and rhyolite occur
randomly distributed throughout the profile. Some clusters of volcanic
glass also occur in the profile.

Some partly decomposed plant remains occur in the profile and decrease
with depth to very few. Artifacts of charcoal occur in the upper 100 cm.
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Table 4.4 Degree of {1luviation and degree of blglogical reworking of 1lluviated c¢lay per thin section in proflle EAK26.

. ] . D
o TMnSt orpan R bemee B laoeed e e
biologically revorked revorking
1~ 16 2101 AT 0.0 0.0 0.0 b
16— 31 2102 A1l 0.0 0.0 0.0 4]
31~ 46 2103 A11 0.0 0.0 0.0 4]
100-115 2100 B2t 3.9 + 0.6 moderate 2.8 £ 0.6 1.1 £ 0.3 28 weak
150-165 2105 B21t 1.4 + G4 moderate 1.1 + 0.3 0.3 £ 0.2 27 Weak

For explanation see table 4,1,



4.5 Profile WAN2

Macroscopic observations.

The profile is coarse textured. The voids can not be differentiated from
the skeleton grains especially in the topsoil. The coarse skeleton
grains are predominant. The wupper 20 cm. has crumbly to granular
structure and the rest of the profile appears macrostructureless. The
matrix is dark brown in the upper 40cm. and reddish in the subsoil. The
plasma is little in the topsoil but increases with depth.Reddish brown
and dark brown ferric nodules occur deeper than 100 cm. Artefacts of
black charcoal are present in the upper 100 cm. At 160 cm. depth aggro-
tubules can be distinguished which are 1-3 mm. in diameter. The
groundmass has different shades of yellow and brown to reddish brown
colours,

Microscopic observations (Summary, figs. 4.9 and 4.10).
Groundmass (Summary, fig. 4.9).

Skeleton grains. The coarse skeleton grains are angular to subrounded
and of low sphericity. They are randomly distributed in the profile and
constitute the major part of the coarse fraction. They consist of quartz
and a few of chert and feldspars. (See plate 10).

The medium and fine skeleton grains are angular. A few are somewhat
rounded and have low sphericity. They increase with depth while the
coarse ones decrease with depth. They consist of quartz, chert, volcanic
glass and feldspars. Quartz and chert are predominant.

Plate 10 Skeleton grain (1), micro aggregate (2), and fecal
pellets; normal light.
From 55-70 cm. depth, profile WANZ2.
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Yoids, Voids greater than 2 mm., are few and are mainly interconnected
vughs and chambers. Voids less than 2 mm. are abundant in the upper
4 em, and decrease to common in the subsoeil., They comprise malnly of
interconnected wughs, chambers, ohannels and compcund packing wvolds,
Some craze and skeW planes goour,

Plasma — plasmic fabric. Undulic plasmic fabrics predominate in the 0-40
em. depth, undullc to agseplic in the Y0-140 em, and asepic in the 140-165
om.. depth. BSome separt (insepic) ocour associated with channels,
gkeleton grains and fecal pellets starting from 5% om. depth.

Related distributlon. The related distribution is Intertexiec to
agglomeroplasmic in the upper 20 cm,, agglomergplasmic to porphyric in
the 20-60 om. and intertexis to porphyroskelic at lower depths.

Specgial features (Summary, fig. 4.10).

feorilentation. Faint 20-130 pm in dlameter, maseple-inseple, skelseple,
and fecal sepic reorientaticns with diffuse to scmewhat sharp boundaries
oeeur randomly dis€ributed starting from about 25 om. depth.. The size
and quantity inerease with depth due to ingrease of plasma,

Argillans, Distinet, 20-100 um, in diameter, channel, normal, plane and
smbedded grain ferri-argillans ocour clustered starting at about 50 om.
depth.A few of the ferri-argillans are assoclated with ped faces. Most
of them are associated with biclogical activity (fecal pellets) of a
gertain- generation. The single and strongly welded (rather regent and
older) feeal pellets are not affected by the illuviation. The larger
ferpi-argillans are cracked and have different shades of brown. Some are
yellowish brown whlle others are yellew., 4 few distinet 10-20 pm, in
diameter argillans ococur adjacent to ferrans at 160 cm. depth (sse pldte
11)1. The maximum gquantity of 3.9% by volume is reached at about 83-98
¢m, depth.

Subeutans. Distinet, 10-30 wm. in diameter plane necgferrans with diffuse
boundaries oeccur at 160-165 cm. depkh. They occur adjacent to argillans.

Papulea, Distinet, 20100 pym in diameter papules with. sharp boundaries
gocur randomly diatributed and some cluatered starting from sbout 50 om.
depth. They have different shades of brown. Some are assoclated with
weathering grains, espeelally In the subsoil. The maximum amount 1s
reached at B83-0¥ com depth {(see table 4.5},

Nodizles and concretlons. Distingt to faint 10-50 yum. in diameter round
ferric and manganese nodules and conerefions Wwith sharp and scme with
diffuse boundaries opocur randomly distributed, starting from about &5
cm, The amount increases with depth but they are few up to about 100cm.
depth.

Pedotubules, Distinet o faint, wmatrie, ortho and meta— aggrotubules
pecur randomnly distributed throughout the profile. They range from 0.5
to 3 mm, in diameter and are abundant in the topsoll deoreasing with
depth. Most are matric-meta-aggrotubules, difflcult to distieguish,
especially in the topsoll, from the matrix. Some. are alffected by
iTiuviation. & few organic ortho-aggrotubules of material derived from
the topsoil occur Ln the subsoll,

fa




Plate 11 Plane neo ferran (1) and ferri-argillan (2),
indicative of gleying; polarized light.
From subsoil of profile WAN2, 160-165 cm. depth.

Fecal pellets. Three types of fecal pellets can be distinguished on the
basis of diameter:

- Rather faint, greater than 90 um. in diameter, mainly welded ones.
These are micropeds molded by biological activity;

- Distinct, 40-60 um. in diameter, some single and some welded ones and
the third type are

= 10-20 uym. in diameter and mainly single.

All occur randomly distributed in the profile except the smallest ones
which are clustered in plant remnants. In the subsoil (160 cm.) they
occur only in the aggrotubules.

Inherited features. A few angular rock fragments of granite occur
throughout the profile but are more in the subsoil. A few partly
decomposed plant remains occur mainly in the upper 50 cm. Some artifacts
of charcoal occur in the upper 100 cm.
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4.6 Frofile BAK1Z

Macroscople ohservations.

The profile i=s goarse textured hut the skeleton grains are difficult to
distinguish from the pores in the thin section of the upper 50 ecm,. The
upper 30 om. has gramnular stpucture and the subsell appears mzoro-
structureless. The matrix is dark brown in the upper 30 om. and reddish
brown to red in the subsoil. & few large voids (2-5 mm. in dianeter} are
present in the surface 40 om. Some aggrotubules also cocur in the upper
30 om. The flne mateix and plasma inerease with depth and become
relatively dense starting from 45 em. depth,

tlicroscopic obasrvations {(Summary; filgs. U4.11 and 4.12},

Groundmass (Summary. figure 4.11}%.

Skeleton grains, The goarse skeleton graing {» 500 um,} are angualar,
with low sphericity and ococur randomly distrivueted throughout the
profile. They are many to abundant in the topsolil and decrease with
depth. The medium (80C0-100 uym.) and the fine (4 100 um.) are somewhat
rounded to subroundsd and are rather spherical. The fine onss inoredss
with depth. Some are clustered around aggrotuburles and channeis marking
the doundaries of these features .

The skeleton grains consizt of mainly c¢lean quarte and a few are
feldspars. A few are cracked and the cracks are filled with reddish
piasma.

Volds. Largs volda (& 2 mm. in diameter) are guite few and decrease with
depth, They are channels and interconnected vughs randomly distributed
in the profile. Voids less than 2 mm. are abundant in the topscil and
decrease with depth. These are channels, vughs, compound packing voids,
chambers, =skew and crasge planes and scme simple packing voids, Channels,
chambers and interconnected vughs are predominant in the top 30 em.
while channels amd craze planes predomlnate in the aubaoil,

Plasma - plasmic fabric. The plasma ls undulle to izcotie at 0-30 om.,
undulie o asepiec at 30-60 ecm., and predominantly asepie in the subsoil,
Some a=epi¢ parts occur heginning from 15 em. The seplec parts are
associated with channels and aggrotubules. Uthers ogeur in matrix.

Related distribution, The related distribution pattern is agglemero~
plasmice to intertexic at 0-30 cm.:; sgglomeroplasmic to porphyrice at 30-
45 em. and agglomeroplasmic at 60-100 cm. In some parts the related
distributlon pattern can not bs wWell deserlbed due to clustering of
medium and fine skeleton graina.

Speclal features (Summary, flg. 4.12).

Reorientation., Faint, 10-50 ym. in dismeter masepic-insepic and
skelagpic reorientation cceurs beginning from 30 om., depth. Most of then
have diffuse boundaries. They increase slightly with depth but the
amount is little (few) throughout the profile. Some ars assoclated with
fecal pellets and are called fecal sepie. These occur clustered on the
fecal pellets which are strongly welded.

Argillans., Distinet, 10-100 pm. in diameter, channel, nornzl, and
embedded grain ferri-argillans occur in a clustered pattern heginning




from 15 cm. to 60 cm. depth, Most of them zre normal and chamnel ferri-
argilland and embedded grain ocnes are very few in the 30-50 om. depth,
They form bands and tubules whilch are horizontally somewhat parallel.
They have sharp boundaries and have strong birefringent. The larger ones
{» 50 wm.) are cracked. The ferri-argillans are associated with a
eertain generation of biolegical activity. They are atained with
different shades of brown giving them a brownlsh te yellowish colour.
Some are associated with fecal pellsts and micropeds. The maximum amount
is reached at 30-4% cm. {ses table Y4.6) and they 4o not occur st BO—9E5
cm, depth. Thus they only ogour at 15-60 cm. depth.

Papules. Distinet, 20-80 um. in dlawmeter, rounded papules ocogur randomly
distributed beginning from 15 to &0 eom. depth. They have sharp
boundaries and decrease with depth from 45 com, The maximum amecunt 12
reachned at 20-45 om. Unlike the in aftu ferri—argillans, they ocour
gsacclated with all gensrations of biclogical activity.

Nodules and coneretlons. Distinet, 20-150 pw. in diameter, rounded and
spherigal nodules aceur randomly distributed throughout the profile, The
larger ones have sharp boundaries whiles the amaller ones have diffuse
boundaries. Very few ocour 1n tie upper 15 om, They Increase slightly
with depth but remain few throughout the profile.

Fedotubules. Faint, 0.5 to 3 mm. In diameter, matric ortho-aggrotubules
ccour randemly distributed throughout the profile. They increazes with
depth buft can not be distingulshed at the upper 30 o, The boundaries
are somewhat compacted and censist of a concentration of mediyp and fine
gralns. embedded in the plasma. Some isotubules ogocuwr at lower depths but
are giffiegult tg distinguish from the groundmass,

Fecal pellets. Faint, 100-200 um., in diameter, welded to single matrix
fecal pellets ocecur randomly distributed throughout the profile. Some
are assoclated with the ferri-argillana, They dserease with depth but
remain many throughout the proflle.

Inherited Features. A few partly decomposed plant remains ccour in the
upper 30 em. A few lithorelicts of gquartzite and nodules occur
throughout £the profile, The few weathering graina of sanldine and
feldspars are alao part of the parent material.

TO
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Table 4.6 Degres of iflluviation and degree of biclogical reworking of 1lluviated ¢lay per thin section in profile EAKIZ,

T TMREE deisen oA e MURF leenes  niel o
blologically reworked reaworking
o= 15 1893 A% 8.0 0.0 ¢.0 o
15- 30 1849k Blt 1.7 + 0.4 moderate 1.1 + 0,3 a,b = 0,5 35 moderate
Jo- 45 1895 Bt 1.8 + 0.4 moderate 1.5 + 0.4 0.% + 0.2 17 wealk
UE—- & 1BUA B2t 1.6 £ 0.1 moderate 1.1 + 0,3 0,5 + 0.3 33 moderate
Bo- 95 18397 BEt* traces neglgible traces tracesg 0.0 negligible

For explanation see under %$azble 4.1,

*¥
Not a micromorrhological B2t horizon.




b7 Frofile EAK1EG

Macrosecopic ohservations.

The groundmass is dark Drown in golour in fhe upper 20 om. and
reddishhess increases with depth to almost red at 100 cm. The material
ia wery porous throughout the profile but is dense in the subscil.
Lpgregates of red masses oooyr starting from 125 cem. depth. The apper 30
en, has granular and subangular blocky structure while the 100 cm. has
subargular fo anzuliar blocky structure. & few channels and aggrotubules
with diameter up toc 3 mm._ﬂccuf throughout the profile decreasing with
depth. A few isolubules can be observed in the upper 45 om. The walils of
channels and agerotubules are comparted. L few eracks with diameter of
up to 2 mm. occwr stapting at 15 om,

Migroscopic observations (Summary, figs. 4.13 and L.14).

Groundmnasa (Summary, fig. 4.13).

Bkeleton grains. There are a few skeleton grains throughout the profile.
The ccarse ones (> 500 um.) are present but rare. Most of the skeleton
grains are fine and medium and dJdecrease slightly with depth. They
gonsist. of mainly quartz and sanidine feldspars. Some voloanie glass and
plagionlase feldspars alsge ocouwr in small amounts, The grains are all
rather zngular and of low spherlcity. Most of them are coated with
reddish iron and ¢lay. & few are weathering to reddish maferizi,

VYoids. Mest of the volds are bicgenie., Velds with diameter > 2 mm,
conslst of a complex pattern of compound packing voids and channsls
which decrease considerably with depth., Smaller voids (diameter < 2 mm.)
comprise of compound packing woids, channsls, vyeghs and a few oraze
planes. These are randomly distributed and deerease with depth. Skew
planes are mare common in the sepction representative of the B2t horisecn,
especlally within the dense masses.

Plasma - plasmi¢ fabrie. The plasmlc fabrie is predominantly undulic
with seple and asepic parts, The topsoll undulie plasma ls predeominantly
dug to organic matter while in the lLower depths (> 1 m. deep} it is due
te aceretion of Iron. Sepic parts occur from 30 om, gonsisting of
insepic, masepic, wosepic and omnisepic. Some feeal sepic parts also
gecur. The most prominent and common are the inseple and masepic plasmic
fabria.

Related distributlon. The related distributlon is porphyroskelic to
porphyric throughout the profile. It 13 more open in the upper 60 om.
than at lower depths.

Special features {Summary, rig. 4,133,

Reorientation. Few £o common, 10-40 pm. in dlameter, insepic and masepic
recrientations ccour clustered at the walls of chanmels and pedotubules,
beginning at 30 om. depth. Some are also in the groundmass and randomly
distributed fn the profile. Most have rather diffuse boundaries and
inereass considerably with depth, Some skelsepic, glassepie, cmnisepic
and vosepic reorigntations occwr from asbout U5 cm. and inerease wikh
dep th.

TU




Argitlans. Distinet, 10-80 um. in diapeter, channels, normsl, and plane
ferri-argillans ccour somewhat clustered, beginning from 15 om. The =size
inecreases with depth. At 15-60 om. mest of them arse 10-50 pm. while at
1485-140 eom aome up te 100 em., can ‘be found., At thls deptk long
gontinugus ferti-argillans and reorlentations can WBe  seen wWell
asageiated with ped surfaces, especially in the denser, reddish matrix,
The highest amount is reached at 35-00 c¢m. depth and continus to be high
at the section of 125-1%0 com. depth, The ferri-arglllans have atrong
hirefringence and are somewhat related to a certain phase of biologlsal
astivity (see table 4.Y4).

Papules. Distinct, 10-50 um. in dizmeter, rounded papulss cocour randomly
distributed freom 15 em. depth. They have sharp boundaries and inerease
slightly with depth up to 60 cm. whers they decrease with depth,

Hodulesz: and coneretions. Distinet, 30-150 pm. in diameter, iron and a
few manganese nodeles oceur theoughout the profile. Most are reliets
inherited from the parent material but some in the subseil {125-140 cm.)
are concretions, othera are ircn coneretions. Most have sharp boundaries
but a few smaller gnes have somewhat diffuse boundaries.

Pedotubules, Distinet, 0.5 to 4 mm. In diameter, matrile, ortho and meta
aggrotubules cecour throughout the profile, Some have more organic matter
than the surrounding mmatrix. There are a few faint isotubules which are
not e=asy to distinguish from the groundmas=. The aggrotubules decrease
with depth but are . relatively many throughout the profile. The
boundaries are ocomparted and have vosspis to omnisepic rearientationa.
The nlder cnes are affected by reorlentation and illuviatien while the
recent ones are nof alffected,

Fecal pellets, Faint to distinet, 30 ym. in diameter and 100-2300 pm. in
diameter, welded and aingle fecal pellets opour throughout the proflile.
The larger ones are micro—aggregates (micropeds) which have beern moulded
by the biological aptivity. The amount decresages with depth but remaina
relatively high, Scome are affected by illuviation while others are not.

Inherited features, &L few partly decomposed gplant remains oocur
throughout the profile hut are more in the upper 60 om. Agpregates of
organic material form brownlsh speocks in the ypper 60 om. and in the
aggrotubules of up fo 80 pm. in diameter. A few lithorelicts of volcanic
glass, weatherling rock fragments and ferric nodules ooelr throughout the
profile increasing slightly with depth.
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Table 4,7 Degree of illuviation and biological reworking per thin section in profile EAK16.

Depth Thin sect. Harizon Total % Degrea In aitu ¢ ' m Huwmdm mMWMM¢ow umwwmm
{om) numbgr illuv.,glay of 1liluy. of 1lluw, GWOIke -
blologically revworked reworking

g— 15 1913 A .0 0.0 0.0 1]

16— 30 1914 AR 1.3 + 0.4 moderaté 0.8 + 0.2 0.8 + 0,2 38 modarate
30~ 45 1915 Ab/B1E 1.8 + 0.4 mndarate 1.1 + 0,3 0.7 + 0,3 =8 moderate
o~ &0 1916 b1t 2.4+ 0.5 modsrate 1.5 = 0.3 0.9 +0.3 37 moderat e
125~140 1917 B2t 2.4 £ 0.5 moderate 1.9 + 0.4 0.5 £ 0.2 21 weak

For explanation see under table 4.1
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5. S0IL CLASSIFICATION AND INTERPRETATION OF THE CHARACTERISTICE

5.1 Requirements of fthe Nitcsola and Aorizols and classification of
the profiles studled

The two classification aystems which are most widely used are the FAD-
Unesco legend (1974) and the USDA-So0il Taxonomy (1975). The Kenyan
authorities experienced problems in using these two classifications for
their soils and have suggested aome modifications especially on the FAQ-
Unesco system. The profiles under investigation are c¢lassified using
those two systems and the Kenvan cgoncept as [ndicafed by Sombroek and
Sideriuvs ({1981), (3ee table 5.2}

4 summary of the requirements of the Nitosols and Acriszols and how they
are fulfilled by the profiles atudied is shown in table 5.1, The
alas=aification of the profiles i3 shown in table 5.2,

Frofiles RP1, RPZ2 and RP3 have umbric epipedons., Profiles EAK26 has a
mpllic epipedon. Profiles WAKN2, EAKIZ and EAK16 have an  orchric
eplpedon. All the profiles have an argillic subsurface horizen except
profile BPZ which has a cambie B herizon,

Profiles RF1, RPF3, EAK26 and EAKI6 have the niti-argillie subsurface
haorizon., Most of the profiles have ferric properties due to CEC-¢lay
being le#ss than 240 mmol/kg.

Using the FAO-Unesco systen most profiles are Acrisols begause they have
ferric properties execept profile RP2, which 1z a Cambisol because 1t has
a cambic B horizon, and proflle EAKZG 1s a Phaeozem because it has a
mdllic epipedon. Acecrding to the Kenyan cohicept, ferric propsrby on the
basia of (EC~elay is not ageepted and Niteosols are placed before
Phaeozems, so they may have a mollie epipedon. Profiles RP1, RP3, EAKZ2G
and EAK16 are Nitosols while profile WANZ and EAK1Z are Acriscls,

Chemical and particle analysls of profile RP3 indlcate an &argillie
subsurfase horizen but the mieromorphological obgsepvatlons do net show
encugh 1lluviated clay for an argillic horizen. The horlzon does not
qualify for an oxiec horizon becagse it has more than traces of
weathepable minerals and CEC-clay (NH.O-zcetate at pH 7) is more than
160 mmel/Kg. I1n most parts of the subsurface horizon, Hence it may be an
intergrade of a Nitogeol ang Ferralsol.

By the USDA system all the profiles are oxic because of the CEC—clay
(< 24¢ mmol/kg.) requirement. This indicates that they are strongly
weathered and grade to Oxiscls. However, the blological activity whigh
iz nowhere oconajdered, ocounlteracts degpradetion and weathering of the
profiles. The rather high acidity in some of the profiles (RP3 and WANZ)
does not show In the elassificatleon.
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Key to table 5.1.

5T U3DL Soll Taxonomy {1975). [Requiremsnta for Humults have been
takten for Aorisels; Humules, Udalfs and Ustalfs ror Nitosolsd,

FAQ = FAO-Unesac legend (1974).

KEN = Kenvan concept (FAO-Unesco modified).

MO = Mollic epipedon,

Um = Umbric eplpedon.

Oohr = Oghrie epipedon,

A = Argillic (disgnostic horizon as defined in 3T},

N-A = Niti-argillic variant of argillic horizon (Sombrosk and Siderius,
1381).

Es1l = Base saturation (< 35 mmois100 g.} within the depth defined in
3T

Bs2 = Base saturation - NHWO acetate {< 50 mmoi 100 g.) within the
deptha defined in FAQ.

T¥xp = Textural profile (no deorease of play by more than 208 from its
maximum within 1.5 m,

Re = Red coloura aa dgefined in ST.
Pl = Plinthite as defined in 8T and FAD.
Us = lstic noisture regime.

Ud = Jdic moisture regime,

Wert = Vertle property as defined in FAG,

Fer = Ferric property as defined in FAQ.

Horg = High organic matter as defined in ST.

Izsgot = laso-temperature regianes.

o = Illuviated clay cutans as 1in 3T.

St = Subangular blocky to angular blogky structure with shiny pedfaces

{Sombroei and Siderius, 1981},
= uat have
= may or may not have
= has
= lacks
-3 = must lack

— 0+ %



Table 5.1 Summary of the requirements of Acriscls and Nitesgls in FAQ-
Unesao legend (1974), USDA Soil Taxonemy {ST, 1975) and Kenyan
modification of FAO-Unescoe system (KEN) and their fulfillments
by the profiles studied,

EPTPEDON SUBSURFACE
HORIZON
8T FAO KEN ST FAG  KEN

Mo Um Oa Mo Um Og Ma Um 0Qc A A & N-A

Aoriaclsa + - + (-} + + f=1 + + % % ¥ 2
Nitosols + o+ + - % + o+ o+ # ® ¥ #
Frofille:
kP - e T - o - - o - g o ©o o
P2 -~ o - - o - - o = = = = =
%3 - o - - o = -~ o =~ © 0o 0o o0
i BAKZE © - - o = = © - -~ @@ o o6 o
WaNZ - - 0 - - 0 N o o a] -
EAK1Z = - o - - o - = O o o al -
EAKIE - ~ o - = O - - 0 TR+ TR + B =

* .
Ses ghapter & for discussicon.
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Table 5.2 Complete ¢lassifications of the profiles studied acoording to:
USDA-S0il Taxonomy (1975}, FAO-Unesce {1974) and Kenyan-FagQ-
Unesge modified, systema.

Profile UBLA—501l Taxocnhomy FAC—{ne=co Kenyan

RF1 Fins, clayey, kaolinite, Humic Humic
isothermic, orthoxle, Acerdlsol Hitoaol
Falshumualt.

REz2 Fine, clayey, kaolinite, Ferrolle Dystric
igothermice, oxie, Humi- Cambiscl Cambizol
tropept.

RP3 Very fine, cLAvey, Humie Humie
kaglinite, izothermic, Aorisol Hitosol

orthoxic, Palehumult.

EAKZE Fine, clayey, Kaclinite, Luvig Mollic
izothermie, oxic, Phagozem Niteaol
LArgllldall,

WAN 2 Loamy . ske;etal. nixed, Ferric Humic
ischyperthermic, Acriagl horisol

orthoxie, Tropchumuilt.

EaX12 Coarse, loamy, @milxed, Ferrig Orthicg
iachyperthermnic, oxic, Aopizol Borisgl
Faleuatalrl,

EAK1G Very fine, glayey, Ferrig Humic
kaolinite, isothermic, horisol Nitosal

oxie, Paleustalf.
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.2 Interpretatlon and discussion of the physical and chemical
characterisiios of the profiles atudied.

Chemical and physieal characteristics of the profiles studled are shown
in appendixz AT and A2, The differences between the Acrisols and Wilitgaols
{aceoording to the Xenyan concept) are cited hereafter,

PH. The soll acidity is sald £o be high if pH - Hz0 i3 less than 5. It
is high in all the profiles exeept profile EAK16. However, the Acriscl
proflles have generally lower phts than the Witegsol profilles especially
in the =ubsqil. Alfthough the connctation of Acrisols is "high™ aecidity,
some profiles (EAK12)} have pH - HEG higher than 5 throughout the profile
while zpome of the Nitcsol profiles (RP3, EAKZ8) have pH lowsr than 5 in
mast parts of the profile depths,

Base saturation and exchangeable eations. The base saturation Is
requirad to be less than 50% (by NHyO-agetate} in at least a part of B
herizon within 125 om, for Aori=sols in Fa0-Unesco (19748} and < 25%
within defined depiths (oritical deptha) for Ultisols In USDA-Sell
Taxcnomy (1975}, The limits are not necessary For Nitosols. The base
saturation Is low in most of the profiles except profile EAK1G. Profile
EAK1Z2 does not guallfy to be a Humult hecause 1t has base saturation
higher than 35% in most parts of the B horizon. The Acriaol profiles
have geherally lowWer base saturaticn ln at least parts of the B horizon
than the Nitoscl profiles. But Nitoscl profilea with low pH have rather
low values also. The sum of the exchangeable ecationa shows a good
difference between the Acrisol and the Nitosol profiles (see tables A1.2
and A2.2),

Cation exchange ecapacity. The CEC—NHyO-acetate at pH 7 of the topsoil
varies very much from profile teo profile duge to its dependence on
grganic matter content., ne specific CEC limits are stated for Nitoscls
or ferisols in all elassification systems used here. The CEC in the
subzoll is generally higher In the HWitosol profiles than the Acplaal
profiles, The Nitosoel profiles have CEC higher than 120 mmol/kg.aoll
throughout the profilles while the ferisol profiles have values lower
than 100 mmol/kg.s0il in most parts of the subsurface horizona,

The CEC~elay 18 requeired to be ieas than 24 mmol/100 g, (240
mmol/kg.clay) for oxic intergrade in USDA-Soil Taxonomy {1975) and same
value for the Perric property in FAO-Unesca (1974). The Nitoszol profiles
have CEC-elay ({corrected for organie matter) higher than 130
moel Aig.olay while the Acrisol profilss have values which are lower than
130 mmel/kg.elay in at least part of the subsurface horizons. The CEC~
clay, uncorrected for organic matter is higher than 160 mwol kg. in the
Nitosol profiles and lower than 140 mmol/kg. in the Acrisol profiles
withinm the ceritical depths.

It should be nobted that there iz no dirsct method for measurement of
CEC-glay. It iz caleulated on the hasis of play eontent, CEC—-3cil, and
organic matter content. This wmethod may not be good for some aoils,
especially those with high corganie matter gontent, wery high elay
gontent and high allumintum and iron oxides.

Crganic matter content. The organic matter content {on the baszis of
organic carbon) vary from profile to profile in the upper 50 cm. High
organic matter content (> 0,9% org. earbon, or 12 kg. org. carbon/m® *
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is required for Humulta {n USDA-So0ll Tawxcnamy (1275). There is
significant difference between the Acrisgl and Nitosol profilea except
profile EAK16, which has guite a high crganic matter gontent in the
topanlil. This is in econtradictlen to ths oechric s#pipedon Pound dus to
the eolour requirements of the molile and umbric epipidon which are not
Satisfiad.

Particle slze analysis. The niti-arglilic horizon is required to have
olay content higher than 35¢ throughout its depth. The Nitogels should
not have glay profiles that decrease by more than 20 % from its maximum
within 150 om. depth. The Nitosel profiles have much higher ¢lay content
than the studied Aecriscl profiles.The olay bulges to dsptha greater
than 150 em. in the Nitoscl profiles and not in the fLorisol profiles.
The studied Nitpsol profiles have more than 502 elay while the Aeriscl
profiles have less than 35% clay throughout the prefile depths.

Moisfure retention. The moisture contenta at various pfF values depend on
the eclay content. The Nitesel profiles have higher moisturs contents at
various pF values than the Aerisol profiles. The molsture contents at pF
4.2 correlates very well with olay content within and among the
profilesa,

Silt/elay ratio. The silt/elay ratio is required to be less than 0.4 for
the niti-argillic horizon, Most profiles have low silt/clay ratios
(< 0.4) in the subsurface horizon. No diffepehce can be shown between
the Nitosol and Aerispl prolfiles,

Mineralogy of the clay fraction. A1l the profiles have kaollnite as the
predominant clay mineral. They have low amounts or traces of illite and
smegtite. Goethite, feldspars and quartz are present in mest of the
profiles as traces or very lovw amounts according to x~ray analysis.
Thermal analysis and electron microscopy reveal that there is a large
proportion of the clay fraction which consists of halloysite In profiles
RFP1, RP2 and RP3. This explains the micro-recrisntations chaserved micro-
morphologleally, since halloysite is capable of swelling and shrinking
to a small extent, It also confirms the effect of volecanle glass on
these so0ils since halloysite useally forms from voleanic ash.

B.3 Interpretation of the micromorphological observatlons

Introduoction

The interpretation of morphological and mieromorphelogical fsatures has
to be atided by a set of chemical, mineralogical and physical data on
each sample to arrive at an understanding of the soil {Caby, 1973). The
kinds of soil forming procsesaes that have heen operative can he inferred
diregtly From the micromorphological strueture and Ffabric if sufficient
background data are available (Brewer, 1364},

The profiles studied here are relatively old and hence might have under-
gone =everal cyples of soil formation, Several =301l forming processes
can be inferred from the micromorphological struectures and fabric
analysis. The processes which are more or less clearly interpretable by
the observed Features and the way in which they are smeen In the Nitoacl
and Acrisol, ({ascording to the Kenvan concept} are briefly described
hergafter,




Weathering and so0il formation., Physiecal and chemical weathering are the
initial spil forming progesses which continue te operate at different
rates for a long time. The intensity of weathering (both physieal and
chemical) is estimated from the ranking and pressnes of the following
features:

1. presence of weatherable minerals such as volcanic glass,

micas, [eldspars and pytoxenes,
2, presence of lithorelicgts,
3. appearance of the skeleton gralns {(whether clzan, coated or
fiiled in the cragks, partings and ¢leavages).

In additien, the horlzen sequenege 15 considered o indicate the degree
of 8¢ll development.
All the profiles have a ABC horizon sequence. They all have a few
weatherable minerals especially feldspars and volcanice glass except
profile EAK12 which does not have volcanie glass. They all have a Tew
Lithorelicte and the skeleton grains appear qulte weathered esxeept In
the subsocll of profile WAN2. {See Tigures 4.1 to 4.14). Hence the
profilea are rather strongly weathered. The presénce of lithoreliocts and
wealherable minerals iz due t¢ bilological homogenisation and pedo-
turbation. No difference gan be distinguished between the Agriscl and
the Nitesol profiles sxecept that in profile EAKIZ there are relatively
fewer lithorelicts and the skeleton gralina are rather bare. The profile
appears more strongly weathered but this may be due to the rather poor
parent materilal.

Biological activity. Spil fzunal and floral activity 13 inferred from
the following features.
1. biogenic pores (compound packing volds, vughs, channels, and
chambersa);
2, papules, a3 an indication of biclogical reworkling of eolay
illuyiation,
3, pedotubylss and fecal pellets,
4, plant remains {(bicrelicts) and organle matter aggregates as an
indication of floral activity.
The biclogical actlvity is high in the topsoil of all the profilea and
decreases with depth. Faunal homogenisation and pedoturbatlions are
ohserved up to the sampled depth In all the profiles. Floral activity is
reiatively less in profile EAK12. The blological activity counteracts
the degree of weathering by bringing the less wWeathered materlal from
subs0il and saprollte depths to the upper parts of the profiles, hetice
gomewhalt rejuvenating the profiles . HNo differences can be observed
between the Acriscl anmd the Nitesol profiles in the deggrees of bhlological
activity. However if depths are considered, biclogical activity operates
over greatsr depths in Nitosols than in Acrisols.

Illuviation. Illuviation is inferred from the argilianse and ferri-
argillans which have been quantified in chapter 4. Papules are also an
ihdieation of illuviation and are summed up with ferri-argiilans to give
the total iliuviation indicatlan.

Table 5.3 shows the illuviation indexes calculated acoording to Mledemsa
and Slager (1972). the upper limit of the 1Iluvial horizon ia assumed to
be the beginning of the Bt horizon as dessribed in the field and the
lower limit is saprolite depth or depth at which the linearly
extrapolated 1ine of the amount of Illuviation intersects the depth
axis.

Bb
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Table 5.3 Illuviation indices of the studied profiles, according to
Miedema and Slager (1972).

In a2itu Reworked Total

Profile  Class. jjjuv,index Illuv.index illuv.index Designation

EAKZEG M-N 1hE 41 207 low

RE H-N 118 26 20l low

RP3 H-N 36 T2 108 low
EAK16 H-u 321 98 418 moderately high
WAN2 H-a 192 86 278 low
EAK12 0-4 52 26 78 low
REZ D= 0 0 0

Class. = clasaification illuv. = illuviation

M-H = Mollic Nitoaol H-N - Humie Nitosgl

H-4 = Humie Acrisol -A = Orthiec Acrispl

D—-C = Dystric Cambiscl,

Illaviation is =zignifisant in =all profiles. In some profiles (WANZ,
EAK12, and EAK26) illuviation features are associated with a certain
gengration of bielogical activity. The older and mosty recent biological
apklvity i3 not affected by the illuviation features. The ferri-
argillans are all assumed to be translocated by illueviation but In
profile WANZ ache of ferri-arglllans and papules are derived directly
from the weathering in situ askeleton grains. Ferrl-argillans which are
distinctly eontinuwous along ped faces are observed only In profile
EAK16, RP1 and RP3.

In the other profiles the ferri-argillans are associated with voids but
are not distinetly indicative of shiny ped faces. The maximum amounts
per thin section are greater than 1.5 in all the profiles except profile
RF2 and no difference in amount c¢an be shown between the Acriscl and the
Nitosol profiles. The Iiliuviation indicez are higher in the Nitosol
profiles than fthe ferlsol profiles., The high illuvlation index in
profile WAN2 may be due to the over estimation of the amount of
illuviation due to ferri-argillans derived from the skeleton grains
weathering in aitw. The maximum amount of illuviation 12 reached at lesa
than 100 om. in Acrisol and lower than 100 om. in Nitesol profiles (see

‘table 4.1 to 4,7).

Leaching, desilication and ferrallitiszstion. Thease three proceszes ogeur
together. Leaching (loss of bases) and desilication {(loss of silicates
and silica} leads to enrichment of the profile with iron and alluminium
gxides wWhilch may concentrate to form nodules if condition= ars
ravourable (ferrallitisation). These procsgsses can be 1nferred from the
Tollowlng features: :

1. undulie and Isotic plasmie Fabrie, which fan not be attributed

" to organic matter,

2. presence of reddish aggregates as an indication of rubefaction,

3. illuyiation and degree of weathering: a profile which is

' undergoing illuviation must have undergone leaching and




eluviation at least in the upper parts and a strongly weathered
profile is usually strongly leached and desiligified,
4, presence of recrystallized stlica in the subaoil.
811 the prefiles have undulie plasmie fabric which is stronger in the
topsoil, They are all fluviated. Profilea WANZ and EAK2L6 have some
recrystallized siliga in the form of chert. Featurea of rubificatlon are
chgerved in most profiles and are rather distinet 1n profiies EAKIG.
Henece the profiles are gquite hlgly leached and desilicified. The rather
higher base saturation in profiles EAKIZ and E&K16 contradicts this
interpretation. In profile EAK16 it may be attributed £o the enrichment
of the profile with veleanic ash. There Is no difference that can be
shown between the ferizol and Nitosol profiles, Ferrallitisaticn is
significant in &ll the profiles. The degree of ferrallitisation may be
higher In the Acriscl than in the Nitgsol profiles considering the
intenaity of the undulic plasmic fabric in the subscil.

Swelling and shrinklng, The features attributed to awelling and
shrinking are:

1. masepic, vosepic, skelsepic and omnisepic plasmic fabric,

2. skew planes and joint planes (physiogenie pores),

3. micro-cracks In the ferri-argilians.

811 the profiles show some degree of weak swelling and shrinking. The
features are better expressed in Nitosol profilea, where & few vosepic
and masepic plasmic Fabrics occur, than in Acriscls, where these
features are lacking or rare, There iz more inseple fabric in Nitosol
than in Acriscl profiles,

Gleying and pseudogleying. The following features are ndigative of
gleying and pseudogleying.

1. necferrana,

2. ferric and/or manganese nodules with diffuse boundaries,

211 the profifles are well drained execept profile WANZ in which sohe
gleving featurezs (negferrans} are seen at 160 om depth. However, all the
profiles have a few small ferpric nodules with somewhat diffuss
boundaries. These may be due to pagldogleying but they may alag be due
to rubification.

Nop difference can he shown for the Aeriscl and the Nitosgl profilea but
it ean be statsd that Nitosol profiles do not show any significant
gleying or pseudogleying within 150 cm. depth.

Chronosequence of the processea. The seguence in which the 30il forming
proceases take place is gimilar in all the prefilea. it Ia evident that
biglogical activity preceeds the illuviation because some illuviation
features occur in biogenie wvoids. Normally leaching and desilieaticn
preceads  illuviation and ferrallitisation, Fhysieal and chemical
weathering is necessary to ¢reate porosity before leaching, desilication
and -illuviation takes place. A phase of biglogical homogenisation and
pedaturbation follow illuviation beecsuse some of the I1lluviation
Features are revorked {papules}. Hence the sequence of the procesases is
postulated as follows:

1., initlal physical and chemical weathering of the parent material;

2, blolegical perforatlon;

3. leaching and desilication;
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. swelling and shrinking;

» 1lluviation, eluviation, rubefaction and Ferrallitisation;
+ biological homogenisation and pedoturbation;

7. gleying of the =ubsoil.

ol =

Biological homogeniszation and pedoturbativon delays the degradaticnal
procesass while bislogical perforation enhances other proces3es such as
leaching and desiliestion, In profiles EAk26, WANZ, HP1, RPF2 and RP3
addition of wvoleanie ash is obgerved from the presence of voleanic
glass. This interrupted the soil formation and rejuvenated the profiles.
The profiles are polygenetic and may have undergone several oyeles of
soil formation,
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b, DISCUSSION AND CONCLUSICNS BASED ON MICROMORPHOLOGICAL OBSERVATIONS

Macroscoplc gbservations,

The Nitosel profiles show a difference in some macrgscople observations,
from the Aerisol profiles. While the Acrisol profiles ma¥ have a maoro-
structureless topsoil and part of the =subsell herizons, the Nitosol
profiles have strong granular, subahgelar blocky to angular blooky
stracture throaghout the profiles up te 1.5 m. depth.

Groundmass.

In the profiles atudied the Acri=col profiles are very light textured
while the Nitosgl profiles are rather heavy (clayey) teitured. This
difference hag an effect in most groundmass fabric analyses. It should
be noted that Acrisols can also he clayey and this difference in texture
iz just a colneidence. However, Nitosols are usaually clayey., Light
textured Nitosola have not been reported.

Voids. The groundmass is very porgus in all the profiles. The pores are
predominantly biggenic but the Nltosnl proffiles have most phyzicgenic
pores especlally in the subsoil. This may be dus to higher plasma
content in the Nitosol than in tne ferisel profiles.

Flasma. The plasmic fabric is undulic to sepic and asepic in ail the
proflles. The anistrophy is due~To oPgani¢ mabter in the topsoll and
more due to weathering and rubefaption in the subsoil. The Nitosol
profiles have more in amount of sepic plasma than the Acrisol profiles
in the subseil. The intensity if orientation 1s alse stronger in ths

Nitosol prafiles than in the decrisocl profiles,

Related distributlon. The Acrisol proflles have agglomeroplasmie and
intertexic to porphyric related distributicon. The Nltosgl profiles lack
agglomeroplaamic and intertexie distribution and instead have porphyric
to porphyroskeliec related distribution. This may be attributed to the
texture rather than to geneslz. The high amount of plasma in Nitosol
profiles would not allow intertexic related distribution.

Speglal Peatures,

Reorlentation. As stated in chapter 5.3 reorientation features ape mope
in amount and well expressed in the Nitosol profiles than in the Aoriacl
profiles., Hence micro swalling and shrinking 1z more significant in the
Nitocsol than in the Aoriscl profiles. These may be responsible for the
strongly developed strugture in the Hitosol profiles, Some of the pre-
orientation features as vosepic and maseple plasmic may be the features
deseribed as shiny ped faces.

Redjiatrimyation. no difference can be shown between the HNito=sol and
Acrisol profilea in amount and- degree of redistribution. However,
biplegical homegend=z=ation and pedoturbation can be observed up to depths
greater thap 1.5 im.. in Nitosol profilea, In =zome of the Acrizol profiles
the biclogical homogeniszation is limited by the profile depth.

Glacbules. No difference cah be showh betwsen the Nitoscl and Acriszcl
profiles in amount or appearance of nodules except that the Nitosol
profiles do not show significant gleying within 1.5 m. Profilile WANZ
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(Aorisql) shows =Some gleyiﬁg features within 160 om. depth. The nodules
may be indicative of ferric property. In this case thsy should be well
defined to indicate the farric limit.

congretions {argillans and ferri—argillans}., The amount of oriented
transioeatedelay (% by point counting) does not show a difference
hetween the fAerisel and the Nitosol profiles. The appearance, thickness
and distribution pattern of the ferri-argillans is sore or less the same
in all the prorlles., However the profile 1lluviation index (in em.) is
higher in some.of the Nitoscl profiles than in the fAcrisol profiles. The
profile illuviation indek is greater than 200 (except in profile RP3) in
Nitosol profiles and can be lower thap 200 in the Acrisol profiles (e,B.
profile EARK12), Some of the Nitospl profiles (EAK16 and EP3} have
channel and - plane ferri-argillans which ars long and continugus on ped
faces. These features have not besn seen on Aceriscel profiles. All the
Nitmanl profiles have strong masepic and vosepic reorientationa, These
are rarg or lacklng in Aeriscol profiles.

This type of ferri-argillans and the masepic and vosepie reorientations
may be the so called shiny ped Fases. They ocour clustered in the denssr
parts of the thin seections. The amount 12 relativelysmall and may not
acgopnt  for the shlny ped faces deseribed in the field profile
desoription, Further investigations &rse necessary bo  identify  angd
quantify the shiny ped faces and find out whether they can be used to
characterize and differentiate the Nitogsols,

A
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LPPENLIX A1

Tabkle A41.1 Physical characteristics of profiles RP1, RP2 and RP3

Fartiole size analysls (weight %)

Molafure
Depth {cm.) sanc 3ilt clay iiigo aEQEEEEFE
(weight &)
Profile AP
0= 20 158 28 54 0.5 24,7
20+ Up 15 30 52 0.6 26.4
bo= 66 i6 24 60 0.4 27.3
60~ 80 12 16 72 0.2 25.9
80=10¢ 12 12 76 0.2 30.6
100=120 1% 10 T4 0.1 30.2
120140 14 12 T4 0.2 30.9
T40=160 1 12 Th 0.2 29.9
160=130 il 12 Th 0.2 30.6
180=200 12 12 76 0.2 0.6
Frofile RP3
4= 20 20 24 56 0. b 29.4
20+ 4o 16 20 3N 0.3 29.4
4o= 60 12 18 70 0.3 30.3
60~ 80 2 16 72 0.2 30.5
80=100 14 10 76 0.1 3.4
100=120 10 10 80 0.1 32.6
120=1 40 14 6 50 a,1 32,7
140=160 12 8 80 G.1 32.6
160+180 12 8 80 0.1 32.5
180=200 12 8 80 0.t 32.6
Frofile REZ2
0= 20 24 20 56 0.4 20.5
20~ Lo 22 18 60 0.3 20,8
Lo= 60 24 16 60 0.3 21.1
£0= 80 24 14 62 0.2 20.9
80=100 24 16 £0 0.3 23.7

100120 30 14 56 0.3 0.8




APFENDIX 41

I Table &1.7 Chemical characteristicas of profile RP1.

Depth {cm.}

Q— 20
20— 40
4o- 60
60— 80
ap-100

100-120
120140
140160
160~180
180-200

;; in mmhossomn.

Urg.C
(%)
BT
LAz
.13
27
.73
.44
.50
.y
.35
.32

o o 99 O o oo - oD

nd = not determined.

N
{2
g.32
nd
nd
nd
nd
nd
nd
nd
md
nd

AN
ratic
4
nd
Il
nd
nd
nd
nd
nd
rnd
nd

CEC NH, O-acetate at pH 7 in mncl KR .

o
-

fu
48|
=

[ I

L = 1 o R g un
. . . . . . . " e
-] O L3 g P uy O O W =g

pH

KC1
3.9
4.1
.5
4,2
4.3
4.3
4.1
k.3
4.1

4,2

0,05
0,05
0.05
0,05
G.05

.02
0,02
a.03
0,03

Exchangeable bases {(mmol/kg.}

Yca®"  puptt
i3 0.8
jz 0.6
4z 0.6
iz 0.8
38 1.0
32 0.5
30 0.2
30 0.2
W 1.0
32 1.5

&

K

2.6
2.8
2.4
2.4
2.2
1.8
2.4
2.4
2.6
2.4

+

MNa

2.5
1.9
1.7
1.0
1.0
1.2
1.5

1.8

1.%
1.6

Sum

39.9
b6.g
86,7
HE. B
rz.2
33.5
35.5
37.1
39.5
37.5

cEc??

308
252
214
156
166
170
148
152
128
128

B3
(%)

13

15

22
30
26
20
24
24
31

29
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AFPENDIX A1

Table A1,3 Chemical characterlstics of profile RP2.

org.C il /N

Depth {cm.) () (D ratio
0- 20 1.8 0.2 8.2
20~ 4o 1.6 nd nd
40— 60 a.9 nd nd
&0- b0 g.6 n«d nd
80100 0.5 nd nd
100-120 0.5 nd nd

MW in mmhosdcm.
CEC zm:nsmomﬁmﬂm at pH T in monolfkg.
nd = not determined,

pH
H.G
4.9
3.9
5.1
Bl
5.3
5.

pH

KC1
3.8
3.8
4.1
h.2
3.9

4.8

Ec')

G.05
0.0z
0,01
o,01
.01
0,01

Exchangeable bases (mmol/kg.}

¥ca®t  YmgeT

20
24
24
28
26
26

0.9
1.0
1.0
1.0
Tl
1.1

waﬂ+

4.2
2.2
2.0
1.6
1.8
1.6

Na®

Sum

26
20
20
30
£}
N

CEC

186
128
o4
76
Bg
100

2)

(%)
14
23
31
b
35
31
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. Table A1.% Chemical characteristics of profils RP3.

Depsh (em.)

0- 20
ED-.HG
4o~ 60
GO— 40
B0-160

100-120
120140
140160
160-180
180-200

1)

in mmheoasom,

2) CEC WHyO-acetate at pH 7 in mmol/ke.

Org.cC

(%)
3.
92
.29
2T
.09
il
05

1
1
1
1

]

o.
0.
a.

24

47
65
b1

nd = not determined.

N
(F)

0.33
nd
nd
nd
nd
nd
nd
nd
nd
nd

C/N
ratio
10
nd
nd
nd
nd
nd
i
nel
nd
nd

pH

H,0
4.9
4.9
4.7
4.9
L
4.6
by
4.5
4.7
9.5

pH

KC1
4,1

4.0
.0
3.9
3.9
3.5
3.9
4.0
3.0
4.0

g.1%
0,05
0.04
.02
8.0z
0.04
0.07
0.07
0.04
0,02

Exchangeable bases {mmolskg.)

xca?t pug??
54 5,1
30 1.3
26 0.9
30 0.8
2y 0.8
30 Tr
28 0.6
28 0.8
37 Tr
hh 0.8

K

+-

Py &h = ® v S th pa

Nat

3.
2.3
1.0
1.8
1.6
1.0
1.8
1.2
1.5
2.0

Sum

66,2
36.7
29.5
34.1
27.9
2.6
32,2
1.4
40,1
48

cece!

216
R52
206
156
126
110
130
122
106

_ 128

B3
(%)
31
15
14
2z
22

25
26
38
38



AFPENDIX A1

Table 41.5 CEC-glay for profiles RP1, RPZ2 and RP3:
1) uncorrected for organic matter
2) porrected for organic matter.

Depth

Profile Cem. )

RBP4 g- 20
20— 4o
bp- 60
£0- 80
§o-100
100-120
120-140
140-160
160~180
180~200

RP2 {— 20
20~ 40

Lo- &0

60- 80

BO-100

100-120

RP3 O0— 20
20- 40
Up- &0
60— 80
80-100
100-120
120-140
T40-160
160-180
180-200

*
Too low vaiues.

EEC;EIEE])
(mmol/keg)
553
Las
352
217
205
224
200
205
1580
168

332
213
187
125
147
178

386
368
311

219
156
135
162
152
152
160

Org.carbon
(g/kg clay)
53
Lé
35
18
10
6

T
&
5
I

32
26
15
10
8
9

55
30
20
18
Th

oo he 40

CEC-clay®’
(mmod Fkg)
153
135
86

143

17
a1
119
46
22
52
85
95
55
112

27 —



APPENDIX AZ

Tahle A42.71 Physical characteristics of profiles WANZ, EAK2AH, EAK1IZ and

EAK1G,
Bulk Particle size Moimture ¢ontent
Depth densit analysia {W%) Si/e at pF
¥ ¥ ) D
(om. ) {g.em ) Sand 8ilt Clay atie 2 3 4,2
Profile WANZ
O- 16 nd T8.9 B.T 14.4 0.5 23,7 12,9 4.8
15- 30 1.49 85,3 4,1 10.4 0.4 21.4  10.4 8.0
55 70 1. 44 69.7 3.9 26,8 G.2 nd nd nd
§3- 98 1.51 76.1 3.8 26,1 0.2 22,1 15.0 9.4
120~135 nd T6.2 3.9 18.7 0.3 nd ng nd
160-165 nd L2.2 35,2 22.2 1.6 nd nd nd
Profile EAKZH
0~ 20 1.20 5.3 36.2 GhR.8 0.6 38.2 nd  18.3
20~ Lo 1.17 7.1 ¥3,7 50,2 0.8 k0.5 nd nd
4o- 60 t.14 6.1 32,4  61.4 0.5  lo.s nd ng
60-100 1.10 5.9 27,5  B6.T 0.4 Lo, 5 nd  27.0
100=150 nd 5.0 26.6 68.5 0.4 nd nd 24,9
Profile EAK12
0= 15 .31 B4 6.5 12.8 0.5 13.7 nd 6.6
15- 30 nd T2 8.1 19.0 0.4 nd nd nd
30— 45 nd 63.9 5.1 31.3 0.2 nd nd nd
hs= ag 1.33 59.0 3.6 27.4 0.1 nd nd nd
40=-150 nd 58.8 L 0.1 37.0 nd 14.3
150-220 nd 59.7 6.6 33.6 0,2 nd nd ngd
Frofile EAK1G
o= 10 nd 3.9 19.3 T8 0.3
10- 35 nid 11.8 15.6 T2.6 6.2
35-100 nd 5.4 13.0 81.6 0.2
100-150 nd 1.5 8.2 90.3 0,1

nd = not deternlnesd.
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Table AZ.2 Chemiecal characteristics of profiles WAN2, EAK26, EAKIZ and

Depth
{em,)

O- 16
15=- 30
55— TO
83- 98

120-125

160~165

0= 20
20— 40
40- 60
60~100

100-150

0= 15
15— 36
30- %5
4h- 40
90150

150—-220

g- 10
T0- 35
35-100

100-150

1}

EAK16.

Org.C
1)

z2,7
2.4
nd

Q.4
0.3
Q.6

h.BT

JB1
A5
<31
g8
16
.11

Lo T v B o S o [ i R |

= M Ch

r a4 »
o
Ll

0.12

in ma==s ¥.

2) in mmols keg.
3) EEE—HHHG—acetate at pH 7.

pH-
o0

nd = not determined,

L I e N - -
- . - - - .
[ BN o B e B i L N ) B =)

£ wn WA A AN
o e =

LY I L S R
[ e = R v

oan oo
A o4 e 0w
=] -1 =

oo —

pH- Exghangeahles catlons

KCl ¥ra kMg K

Profile WANZ

3.9 22 6 X
3.7 9 2 3
3.9 5 1 2
3.8 2
3.8 l
4.1 0 10 2

Profile EAKZE

4.5 105 15 26
¥4 57 37 8
.5 45 34 8
4,5 31 2T 13
h.2 5T 23

Profilg EAK1Z2

12 el 2
16 T L
22 T 1
4.1 10 12 1
.6 12 g 2
4.3 32 16 7

Frofile EAK1E

5.3 128 81 29
.0 32 28 23
4.3 Lo 33 0
b.o 24 31 B

2)

M4 Sum
nd 32
nd 14
nd g
nd 11
nd 12
nd 22
nd 140
nd gz
nd 87
nd T
nd 59
1 29
1 28
3 33
3 26
2 24
1 30
g 228
1 g4
1 By
] a3

cec3?

10#
92
57
B1
T
52

199
141
176
149
161

45
L
60
60
50
h9

309
186
187
122

BE

£}
15
15
14
16
u2

T
64
g
48
58

53
57
55
Yo
48
1007

7
45
57
52

29 —




KPPENDIY A2

Table AZ.3 Elaemental analyzisz and derived molar ratios of fine earth
(for profile WANZ2) and clay fraciion {for profiles EAK1Z2 and
EAK16).

Mass ¥ of some oxides Derlved molar ratios

Depth i o Si0a/ LlaQs/ 2i0sz/

Com. ) 5i0 BT20a Fez{: ¥A120s Fea0s 81,0, + ¥FesOs
Profile WANZ (in fine earth fraction)

G- 16 7.1 9.3 3.1 T.1 1.7 5.0
15=- 30 an.4 9.4 3.2 T.2 4.8 5.9
55 T 841.4d 10,4 2.6 6.5 y R 5.1
g3- 98 T3.6 1h.h 3.1 .3 T.2 3.7

120135 8.4 1.8 .6 B oy 4.8
160-165 nd nd nd 1d nd nd
Profile EAK12 {in elay fraction)

0— 15 b, 3 3.6 .8 1.1 5.6 0.9
15- 30 Hg.8 32.7 a.6 1.1 5.9 0.9
30- 45 40,9 33.5 8.4 1.0 £.2 0.5
45—~ 40 31.0 33.3 a.r 1.0 6.4 3.9
Q0-150 1.0 33.7 8.1 1.0 6.5 0.9

150-220  B0.4  33.3 8.2 1.0 6.4 0.9
Proflle ERK16 (In clay fractlon)

0- 16 3%.1 28.9 16,5 1.2 2.9 0.%
10— 35 an,z 30,4 16,3 1.1 2.9 0.8
35100 2.5 29.9 16:.% 1.1 3.1 0.8

100150 37.5 3.6 18.6 1.0 3.0 0.8

nd = not determined.
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Table A2.4 Calcalatsd CEC-glay and organie earbon per kg.clav: (1)
uneorrected for organic matter and {2) sorrected for organis

matter.
Profile  Depth (em) RO U er  mmolie cla
WANZ 0= 16 T2z 158 197
, 15— 30 885 230 242
55— 70 215 nd nd
§3- 98 3073 20 247
120-135 396 16 351
160-165 234 27 154
EAK26 0- 20 350 88 202
20 40 281 68 164
4o- 60 287 39 220
80-160 2zl 21 188
100~150 235 4 219
EAKT2 0- 15 352 48 122
15=- 30 259 21 144
30~ U5 192 10 144
45— 90 160 5 136
80-150 133 4 117
150-220 145 3 131
EAK16 0- 10 %13 B2 136
10~ 35 256 37 131
35-100 180 11 142
100-150 135 1 132

Table AZ2.5 line=ar regression values of CEC-play and CEC-organic matter.

Prorile  Comisver.  CECTClay  CE-organt matter
WANZ Q.97 239 1620
EAK26 0.90 198 499
EAK12 0.99 132 27814
EAK16 0.99 135 1457
RP1 0.98 136 4357
fpz . 89 55 By

RF3 0.88 96 041
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APFENDIX B3
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1
i

: difff&c ograph of a selected sample after
¥ k ETE Larc,l::::-f profilas RP1, Rﬁ% and RP3.

heating a

-ra

Fig. A 3.3
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