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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 sre normal and channel ferri-
arglillans and embedded grain ones are very few in the 30-50 cm. depth,
They form bands and tubulea which are horizontally somewhat parallsl,
They have sharp boundaries and have strong hirefringent. The larger ocnea
(> 50 um.) are cracked. The ferri-argillans are associated with a
certain generation of biolpgical activity. They are atained with
different shades of brown giving them a brownlsh toe yellowish eolour.
Some are asgociated with feecal pellsts and micropeds. The maxinum amount
1s reached at 30-45 ecm. {3es table L.6) and they do not ocecur at B0-95
cm. depth. Thua they only cccur at 15-60 em. depth.

Papules. Distinet, 20-80 um. in dlameter, rounded papules cceur randomly
distributed beginning from 15 to &0 om. depth. They have sharp
boundaries and decrease with depth from %5 cm, The maximum amcunt 1s
reached at 30-45 com., Unlike the in situ ferri-argillans, they ocour
aascclated with all gensrations of biclogical activity.

Hodules and concretlons. Distinet, 20-150 pm. in diameter, roundsd and
spherical nedules ocecur randomly distributed throughout the profile. The
larger ones have sharp boundaries while the smallsr ones have diffuse
boundaries. Very few occur 1n kthe upper 15 om. They ilncrease g2lightly
with depth but remain few throughout the profile.

Pedotubules, Faint, 0.% to 3 mm. in diameter, matric ortho-aggrotubules
occur randemly distributed throughout the profile. They ingreass with
depth but can not be distingulshed at the upper 30 om. The boundariea
are somewhat compacted and consist of a concentration of medium and fine
gralns. embedded in the plasma. Some isotubiles cocur at lower depths but
are diffigult tg distinguish from the groundmass,

Feecal pellets. Faint, 100-200 pm. in diameter, welded to single matrix
fecal pellets ogeour randomly distributed throughout the profile. Some
are associated with the ferri-argillans, They decrease with depth but
remain many throughout the profile.

Inherited features. A few partly decomposed plant remains ocecur in the
upper 30 em, A few lithorelicts of quartzite and nodules occur
throughout f£he profile, The few weathering grains of sanldine and
feldspars are alac part of the parent material.
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Fig. 4.12 Summary of micromorphological special features in profils EAKI1Z
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b7 Profile EAK1G

Macrosegopic observations.

The groundmass is dark Trown in golour in the upper 20 em. and
reddishhsss increases with depth to almest red at 100 om. The material
is wvery porous throughout the profile but is dense in the subseil.
Lepgresgates of red masses cecur starting from 125 em. depth. The upper 30
o, has granular and subangular blocky structure while the 10d cm. has
gubarigular f£o anzulir blocky structure. 4 few channels and aggrotubules
with diameter up to 3 mm. occur throughout the profile decreasing with
depth. A few isotubules can be observed in the upper 45 em. The walls of
channels and aggrotubules are comparted. A few ¢racks with diameter of
up b0 2 mn. ocews staeting at 15 om,

Microscopic observations (Summary, figa. 4.13 and 4.14).

Groundmass (Summary, Cig. 4.13).

Ekelgton grains. There are a few skelston grains throughout the profile.
The coarse ones (> 500 uym.) are present but rare. Moat of the akeleton
grains are fine and medium and dJdecrease slightly with depth. They
gonsist. of mainly quartz and sanidine feldspars. Some volsanie zlaszs and
plagigelase feldspars also occeur in small amounts. The grains are all
rather angular and of low spherigity. Most of them are coated wWith
reddiah iron and olay. & few are wezthering to reddlsh maferizi.

Yoids. Mozt of the volds are bicgenie, Velds with diameter > & mm,
consist of a complex pattern of compound packing voids and chamnels
which decrease considerably with depth, Smaller veoids (diameter < 2 nm,)
comprise of compound packing voids, channels, vughs and a few craze
planes. These are randomly distributed and decrease with depth. Skew
planes are more common in the section representatlive of the B2t herizon,
espeolially within the dense masses.

Plasma - plasmic fabrie. The plaszmle fabrie is predominantly unduliec
with sepic and asepic parts, The tepsoil undulie plasma is predominantly
due to organic matter while in the lowsr depthzs (> 1 m. deep} it is due
te acerstion of iron. Sepic parts occur from 30 cm., consiating of
insepic, masepic, wvosepic and omniseple. Some fecal seple parts also
pocur. The most prominent and common are the inseplc apd masepic plasmic
fabric,

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

Special features {Summary, [ig. 4.14),

Reorientation. Few to commorn, 10-40 pm. in dlameter, insepic and magsepic
recrientations ccour plustered at the walls of channels and pedotubules,
beginning at 30 cm. depth. Some are also in the groundmass and randomly
distributed fn the profile. Most have rather diffuse boundaries and
increase qonsiderably with depth. Some skelsepie, glaeseple, omnisepiec
and vosepic reorientations ccowr from about 45 em. and increase with
depth.

TU




Argiilans. Distinet, 10-80 um. in diameter, channels, nortal, and plane
ferri-argillans cceur sanewhat ¢lustered, beginning from 15 om. The =ize
increases with depth. At 15-60 em. mcst of them are 10-50 um. while at
125-180 em aome up te 100 em., can ‘be found. At thls deptk long
aontinuous ferri-argillans and rsorlentations can be  seen  well
asggoriated with ped suprfaces, especially in the denser, reddish matrix,
The highest amcunt s reached at #5640 om. depth and continue to be nigh
at the section of 125-1%0 om. depth, The ferri—arglllans have atrong
birefringence and are aomewhat related to a gertain phase of biologlcal
astivity (see table L4.Y4).

Papules. Distinet, 10-50 um. in diameter, rounded papules coour randorly
distributed from 15 em. depth. They have sharp boundaries and inerease
slightly with depth up to 60 ocm. whers they decrease with depth.

Nodules and concretions. Distinet, 30-150 pm. in diameter, iron and a
few manganese nodules occur throughout the prefile. Mest are reliets
inherited from the parent material but some in the aubsoil {(125-140 om.)
are cohorstions, othera are ircn concretions. Most have sharp boundarles
but a Few smaller ones have somewhat diffuse boundaries.

Pedotubules. Distinet, 0.5 to 4 mm. In diameter, matrle, ortho and meta
aggrotubules occour 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 groundmass=. The aggrofubules decrease
with depth but ars . relatively many throughout the profile. The
boundaries are comparted and have vosspic to omnisepic recrientatlons.
The plder cnes are affected by reorientation and illuviaticon while the
recent ones are nof alfected,

Fecal pellets, Faint to distinet, 30 um. in diameter and 100-300 pm. in
diameter, welded and single fecal pellets occur throughout the proflie,
The larger ones are micro—aggregates (micropeds) whileh have been moulded
By the biological activity. The smsunt decreasss with depth it remzins
relatively high, Some are affected by illuviation while others are not.

Inherited features. A few partly decomposed plant remains oocur
throughout the profile hut are more in the uppsr 60 cm. Aggregates of
organic material form brownlsh specks in the upper 60 em. and in the
aggrotubules of up £o 80 um. in diameter. & Pew lithorelicts of volcanic
glash, weathering rock fragments and ferric nedules oeselr throughout the
profile increasing slightly with depth.

75
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Table 4.7 Degree of ililuviation and biological reworking per thin ssection in profile EAKT6,

Depth
{cm)

0~ 15
15~ 30
30~ 45
45~ 6o

125-140

For explanation see under table 1.1

Thin sect,
humber

1913
1914
1915
1916
1917

Hawrizon

A

AB
Ab/B1E
Bt
B2t

Total %

illuv.clay

¢.0

1.3 £ 0.4
1.6 + 0.4
2.4 + 0.5
2.4 £ 0.5

Degraa
of 1lluv.

moderate
ndarate
modarate
moderate

In 2itu ¢
of 11luvy,
0.0

0.8 £ 0.2
1.1 £ 0.3
1.5 % 0.3
1.9 £ 0.4

- % 1lluv,
reworked
blologically

8.0

0.5 + 0,2
0.7 £ 0.3
0.9 0.3
0.5 ¢+ 0,2

Rel.¥ of
illuy,

reworked

0
38
38
37
21

Degres
of

reworking

moderate
moderate
maderate

wealk
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5. SOIL CLASSIFICATION AND INTERPRETATION OF THE CHARACTERISTICS

5.1 Hequirements of the Nitocsola and Acrisols and glassification of
the profiles studied

The two classification gystems which are mest widely used are the FAO-
lineseo legend (1974) and the USDA-S0il Taxonomy (1975). The Kenyan
authorities experienced problems in using thess two classifications for
their soils and have suggested scme modificationa especially on the FAO-
Unesco system. The profiles under investigation are ¢lassified using
those two systems and the kenyan concept as indicated by Scmbroek and
Siderive (1981), (3ee table 5.2}

A summary of the requirements of the Nitocsols and Aorisols and how Chey
are fulfilled by the profiles studied is shown in table 5.1. The
zlassification of the profiles is shown in table 5.2,

Frofiles RP1, RP2 and RP3 have umbric ¢pipedons, Profile EAK2E has a
mpllie epipedon. Profiles WANZ2, ELK12 and EAK16 have an crohric
epipedon. Al) the profiles have an argillic subsurface horizon axcept
profile BRPZ which has a eambie B horizon,

Profiles RP1, EF3, EAKZS and EAXK16 have the Riti-argillie subsurface
horizon, Most of the Frofiles have ferric Propertie=z due to CEC-clay
being less than 240 mmol kg,

Uslng the FAO-Unesco system most profilea are fcrisola because they have
ferric properties except profile RP2, which 12 a Cambisol because 1t has
a4 cambie B horizon, and profile EBAKZE 15 a8 Phaeozem because it has a
mdllic epipedon, Acoording to the Kenyan concept, ferric property on the
basia of CEC-~glay is not accepted and Nitesols are placed befere
Phaeozems, so they may have a myllie epipedon. Praofiles RPF1, RP3, EAK?E
and EAK16 are Nitosols while profile WANZ and EAK1Z are Acriscls.

Chemical and particle analysis of profile RP3 indicate an argillie
subsurface horizon but the miergmorphological observations do not  show
engugh 1lluviated clay for an argillie horizon. The horizon does not
qualify Tfor an oxie horizon because it has more than traces of
weéatherable minerals and CEC-clay (NHsO-acetate at pH 7) is more than
160 mmel kg, in most parts of the subsurface horizon., Henge it may be an
intergrade of a Nitosol and Farralsol,

By the USDA system all the profiles are oxic because of the CEC—clay
(< 240 mrol/kg.) requirement. This indicates that they are strongly
weathered and grade to Oxiscls. However, the blological ackivity whigh
is nowhere eonaidered, oounteracis degradation and weathering of the
profilea. The rather high acidity in some of the profiles {RP3 and WaNZ)
does not show In the elassificatisn.
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Key to table 5.7,

ST

FLaQ
KEN
MO
Um
Oohr
A
N—-4

Es1

Bs2

=USDL Soll Taxonomy (1975). [Requirementa for Humults have been
taken for Acriscls; Humults, Udalfs and Ustalfs f£or Nitosols],

= FAO-Unesco lsgend (1974).

= Kenyan concept (FAD-Unesco medified],

= Mollic epipedon.

= Umbric eplpedon.

= Cchric epipedon.

= Arglllic (diagnostic horizon as defined in 3T},

= Niti-argillic variant of argillie horizop (Sombroek and Siderius,
13813,

= Base saturation (< 35 mmol/100 E.} within the depth defined in
ST,

= Pase saturation - NHWO acetate (< 50 muol/100 g€.) within the
deptha defined jin FAG.

= Textural profile (no decrease of clay by more thap 20% from its
maximum within 1.5 m,

= Red rcolours as defined in 3T,

= Plinthite as. defined in 5T and Fa0.

Ustic moisture regime.

Udic moisturs regime,

VYertic property as defined in Fac,

= Ferric property as defined in FAQ.

= High organic matter as defined in 3T,

= Iso~-temperature regimes,

= Illuvizted glay cutans as in ST,

= Subangular blocky to angular biocky structure with shiny padfaces
{Sombroek and Siderius, 1981}.

= f@uat have

= may or may not have

= has

= lacks

= must lack



Table 5.1 Summary of the requirements of Acrisols and Nitcaols in FAD-
Uneseo legend (1974), USD4 Soil Taxonemy {ST, 1975) and Kenyan
medification of FAQ-Unesco system (KEN) and their felfillments
by the profiles studied,

HORIZON
aT Fag KEN ST FAD KEN
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RE1 - o - - 0o - - o - a © ©o o
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Table 5.2 Complete classificaticna of the profiles studied aceording to:
USDA-S0il Taxonomy (1975}, FAO-Unesco {1974) and Kenyan-Fag-
Unesco modified, systems.

Profile USDA—-Scil Taxcnomy FAC—nesco Kenyan

RFP1 Fina, clayey, kanlinite, Humie Humic
isothermic, orthoxic, Aorlsol Nitoaol
Falehumualt.

REz Fine, elayey, kaolinite, Ferrolie Dystric
igothermice, owie, Humi- Cambisgl Cambisol
tropept.

RP3 Very fine, clayey, Humi e Humie
kaolinite, Isathermic, Aorisol Hitosol

orthoxie, Palehiumult,

EAKZE Fine, clayey, Kaclinite, Luvig Mollie
isothermic, oxic, Phaeozem Niteaol
Argilldall,

WAN 2 Loaty, ske;etal. Mized, Ferric Humic
ischypsrthermic, Acriaol Aerisal

orthoexie, Tropochumilt.

EAK1Z Coarse, loamy, milxed, Ferrig Orthie
iaghyperthernic, oxieo, Aorizel Berisol
Paleuatalrl,

EAK1G Vary fine, clayey, Ferrio Humic
kaolinite, isothermie, Lorisol Nitosol

oxi¢, Paleustalf.
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B.2 Interpretgtlon and discussicn of fthe physical and chemieal
characterisiios of the profiles atudied.

Chemieal and physical characteristics of the prefiles studied are shown
in appendix A1 and A2, The differences betwsen the fAcriscls and Nitesnls
{(according to the Xenyan conecept) are cited hereafter,

PH. The soll acidity is zald £o be high if pH - H:0 is less than 5. It
is high in all the profiles except profile EAKI6. However, the Aoriscl
profiles have generally lower pH's than the Nitosol profiles especially
in the subsail. Although the connotation of Acrisols iz “high™ acidity,
gome profiles {EBK12)} have pH - Hy0 higher than 5 throughout the profile
while scme of the Nitcsol profiles (RP3, EAK28) have pH lowser than 5 in
mast parts of the profile depths,

Base saturation and exchangeable ecations. The base saturation is
required to be less than 50% (by NHyO-agetate} in at least a part of B
horizon within 125 cm, for Aerisols in FAO-lUnesco (1974} and < 35%
within defined depths ({(oritical depths) for Ultisols Iin USDA-Sell
Taxonomy (1975}, The limits are not necessary For Nitosols., The base
saturation iIs low in most of the profiles execept profile EAK16. Profile
EAK1Z does not guallfy to be a Humult because It has base saturation
higher than 35% in most parts of the B horizon, The Acriaspl profiles
have generally lower base saturation 1n at least parts of the B horizan
than the Nitosol profiles. But Nitoscl profiles with low pH have rather
low walues alse. The sum of the exchangeable cations shows a good
difference teiween the Acrisol and the Nitosol profiles (see tables 41.2
and A2.2),

Cation exchange eapacity. The CEC~NHyO-acetate at pH 7 of the topsoil
varies very much from profile to profile due to its dependence on
organio matter content. ne specific CEC limits are stated for Nitoscls
or Acrisols in all classification systems used here. The CEC in the
subaoll is generally higher In the HWitosol profiles than the Acrlaol
profiles, The Nitesol profiles have CEC higher than 120 mmolfkg.szeil
throughout the proflles while the Acrisol profiles have values lower
than 100 mmol/kg.=oil in most parts of the subsurface horizona.

The CEC-elay 1= required to be ieas than 24 wmol/100 g. (240
mmol/kg.clay) for oxic intergrade in USDA-Soil Taxonomy {1975) and same
value for the ferric property in FAO-Unesco (1974). The Nitosol profiles
have C(EC-elay (corrected for organic matter) higher than 130
mmel/kg.clay while the Aerisol profilss have values which are lower than
130 mmel/kg.clay in at least part of the subsurface horizons. The CEC-
¢lay, weorrected for organic matter is higher than 160 mmol/kg. in the
Hitosol profiles and lower than 140 mmol/kg. in the Acrisol profiles
within the eritical depths.

It should be noted that there i2 ne direct method for measurement of
CEC-¢lay. It iz calculated on the basis of clay content, CEC—apil, and
organiec matter content. This wmethod may not be good for some s3o0ils,
eape¢ially those with high organic matter content, very high elay
gontent and high alluminium and iron oxides.

Organic matter content. The organic matter content {(on the basis of
organic ecarbon) vary from profile to prefile in the upper 50 cm. High
organic matter content (> .94 org. ecarbon, or 12 kg. org. carbon/m® *
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is reguired for Humults In USDA-Soil Taxonomy (1975). There is
significant difference between the Acrisol and Hitesol profiles except
profile EAK16, which has gquite a high organle matter content in the
topseil. This is in contradictlen to ths occhrip epipedon FPound dus to
the ecolour requirements of the mollle and umbrie epipidon which are not
Satisfiad.

Particle slze analysis. The niti-argillie horizon is required to have
clay content higher than 35§ throughout its depth. The Nitosols should
not have clay profiles that decrease by more than 20 % From its maximum
within 150 ocm. depth. The Nitogol profilea have much higher clay content
than the studied Aecriscl profiles,The clay bulges to depths greater
than 150 em. in the Nitosol profiles and not in the Acrisol profiles.
The studied Nitpsol profiles have more than 504 elay whille the Acrisol
profiles have less than 35% clay throughout the profile depths,

Moisture retenticn. The moisture contents at various pE values depend gn
the clay content. The Nitpsol profiles have higher moisture contents at
various pF values than the Aerisol profiles. The molsture contents at pF
h.2 gorrelates very well with olay content within and among  the
preofilea,

3ilt/elay ratio. The gilt/elay ratio is required to be less than 0.4 for
the niti-argillic horizon. Most profiles have 1ow silE/eclay ratics
(< 0.4) in the subsurface horizon. No differefice can be shown betwean
the Nitosel and Aeriscl profiles,

Mineralogy of the clay fraction. All the profiles have kaolinite as the
predeminant clay mineral. They have low amounts or traces of illite and
smectite. Goethite, feldspars and quartz are present in most of the
profiles as traces or very low amounts agearding to x~ray analysis.
Thermal analysis and electron microscopy reveal that there is a large
proportion of the ¢lay fraction which consists of halloysite in profiles
RP1, RPZ and RP3. This explains the micro-recrisntations observed micro-
morphelogleally, sinee halloysite is eapable of swelling and shrinking
to a small extent., It also econfirms the effect of volecanic glass on
these s0ils since halloysite usuzally forms from volecanic ash,

5.3 Interpretation of the micromorphological observatlons

Introduction

The interpretation of morphological and micromorphelogiocal fesatures has
te be aided by a set of chemical, mineralogical and physical data on
#ach sample to arrive at an understanding of the soil (Caby, 1973). The
kinds of soil forming processes that have been operative can be inferred
diregtly from the micromorphological structure and Ffabric if gufficient
background data are available (Brewer, 1964},

The profiles studisd here are relatively old and hence might have under-—
Bone several cycles of aoil formation. Several soil forming processes
earn be inferred from the micromorphological -structures and Ffabric
analysis. The processes which are more or less clearly interpretable by
the observed features and the way in which they are seen in the Niteasl
and Acrisol, (according to the Kenyan soncept) are briefly described
heresafter.




Weathering and soil formation., Physical and chemical weathering are the
initial so¢il forming processes which continue to operate at different
rates for a long time. The intensity of weathering (both phigsical and
chemical) Is estimated from the ranking and presence of the following
Features:

1. presence of weatherable minerals such as voleanic glass,

micasg, feldspars and pyroxenes,
2. presence of lithoreliets,
3. appearance of the skeleton grains (whether clean, coated or
fiiled in the cragks, partings and cleavages).

In addition, the horizon sequence 1s considered to indicate the degree
of s0ll development.
All the profiles have a ABC horizon sequence. They all have a few
Weatherable minerals sspecially feldspars and wolcanie glasz except
profile EAK1Z which does not have volcanie glass, They all have a Taw
lithorelicts and the skeleton grains appear quite weathered gxcept 1n
the subsocll of profile WANZ. {See figures 4.1 to 4.14). Hence the
profiles are rather strongly weathered. The presence of lithorelicts and
weatherable minerals f{s due to bilologieal homogenisation and pedo—
turbaticn. Ng difference can be distinguished between the Asrisol and
the Nitosol profiles sxcept that in profile EAKI2 there are relatively
fewer lithorelicts and the szkeleton graina are rather bars. The profile
appears more atrongly weathered but this may be due to the rather poor
parent material.

Biological aectivity. So0il faunal and FPloral activity 13 inferred from
the following features.
1. biogenic porea (compound paecking veids, vughs, channels, and
chambersal;
2, papules, as an indication of biclogieal reworking of alay
iliuviation,
3. pedotubulss and fecal pellets, .
4. plant remains {(biorelicts) and organle matter aggregates as an
indigation of floral activity. :
The biclogical activity is bigh in the topsoil of all the profilea and
decreases with depth., Faunal homogenisation and pedoturbations are
observed up to the sampled depth In all the profiles. Floral activity iz
relatively less in profile EAK12. The blological activity counteracts
the degree of weathering by bringing the less weathered material from
sibsoil and saprolite depths to the upper parts of the proffiles, hence
somewhal rejuvenating the profiles ., No differences can be observed
between the Acerisol and the Niteoacl profiles in the degree of biglagical
activity. However if depths are considered, bioclogical activity operates
over greater depths in Nitosols than in Aoriscols.

Illuviation. Illuviation is inferred from the argiliane and ferri-
argillang which have been quantified in chapter U, Papules are alao an
indieation of illuviation and are summed up with ferri-argiilans to give
the total 1lluviation indicatlion. -

Table 5.3 shows the illuviation indexes caleculatied according to Miedema
and Slager (1972). the upper limit of the illuvial horizon is asaumed to
be the beginning of the Bt horizon as deseribed in the Ffield and the
Jower limit is saprolits dspth or depth at which the Linsarly
extrapolated 1line of the amount of i1lluviation intersects the depth
axis.

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

) In aitu Reworked Total )
Profile  Class. j3)uu index  1lluv.index illuv.index D®&ignation

EAKZG M-N 166 i 207 low

RP1 H-N 118 86 204 low

RE3 H-N 36 Te 108 low
EAK16 H=-H 321 98 413 mederately high
WANZ H-n 192 26 278 Loy
Eax12 0-4 52 £b TS low

RE= L-C 0 0 0

Class. = elasaification illuv. = $lluviation

M—-N = Mollie Nitopaol H-K = Humigc WNitcaaol

H-4 = Humigo Aeriscl -A = Orthic Aerisol

D-C = Dystric Cambiscl,

Illuviation is significant im all profiles. In some profiles (WANZ,
EAK12, and EAK26) illuviation features arc gsagciated with a certain
genaration of bilological activity. The older and mosty recent biological
actlvity 1is not affegted by the illuviation features. The ferri-
argillans are all assumed to be translocatad Ly illueviation but in
profile WANZ acme of Ferri—argillans and papules are derived directly
from the weathering in sity akeleton grains. Ferri-argillans which are
distinctly econtinuwous along ped faces are observed only In profile
EAK16, RP1 and RP3, _

In the other profiles the ferri-argillans are associlated 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 exoept profile
RP2 and no difference in amount san be shown between the Acriscl and the
Nitosol profiles. The iliuviztion indiges are higher in the Nitosol
profites than the ferlsol profiles. The high illuviation 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 {n situ. The maximum amount of illuviation 1s reached at lesa
than 100 em. in Acrlzol and lower than 100 om. in Nitosol profiles (see
‘table 4.1 to 4,7).

Leaching, deailication and ferrallitisation. These three Progessaes ooour
together. Leaching {loss of bases) and desilication {logs of silicates
and silica} leads to enrichment of the Frofile with iron and alluminium
oxides which may concentrate to form nodules if gonditions are
favourable (ferrallitisation). These processes can be inferred From the
Tollowlng features: :

T« undulie and isotic plasmie Fabrie, which can not be attributed

© to organic matter,

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

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

 undergeing illuviation must have undergone leaching and




eluviation at least in the Upper parts and a strongly weathered
profile is Usually atrongly leached and desiligified,
4, presence of recrystallized silica in the subaoil,
£11 the prefileas have undulie plasmie fabric which is sfronger in the
topseil, They are all fluviated, Profiles WANZ and EAK26 have some
Pecrystallized silica in the form of chert. Features of rubification are
observed in mobst profiles and are rather distinet in profiie EAK1G.
Henge the profilss are quite higly leached and desilicified. The rather
higher base saturation in prefiles EAK1Z2 and ELK1E contradicts this
interpretation. In profile EAK1G it ray be attributed to the enrichment
of the profile with velcanic ash. There Is no difference that can be
shown between the feriszel and Nitosol profiles., Ferrallitisation iz
significant in all the profiles. The degree of ferrallitisation may he
higher In the Aerisol than in the Nitoael profiles considering tne
intensity of the undulic plasmic fabric in the subscil,

Swelling and shrinking, The featyres attributed to gwelling and
shrinking are:

1. maserpin, voaepic, skelsepic and omnisepic plasmio fabrie,

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

3. micro-cracks In the ferri-argilians.

411 the profiles show some degree of weak Swelling and shrinking. Ths
features are better expressed in Nltosol profiles, where a few ¥osepic
and masepic plasmic Fsbrios oecur, than in Acrisols, where thesze
Peatures are lacking or rare, There is more Inseple fabric in Nitosol
than in Acrisol profiles.

Gleying and pseudogleying. The foeliowing features are Indigative of
glaying and pseudogleying.

1. neoferrans,

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

£11 the profiles are well drained except profile WANZ in which some
gleving features (neoferrans} are seen at 160 ¢ depth. However, all the
profiles have a few small ferric nodules with somewhat diffuss
boundariesa, These may be due to Faeudogleying hut they may also be due
to riebification,

No difference scan be shown fap the Aeriscl and the Nitosel profiles but
it ean be stated that Nitosol profiles do rot show any significant
gleying or Pseudogleying within 150 cm, depth.

Chronosequence of the processea. The sequence in which the soil forming
processes take place is similar in all the prefiles. it iz evident that
biclogical activity preceeds the illuviation because some illuviation
features oecur in biogenie woids, Normally leaghing and desilieation
preceeds Illuviation and Terrallitisation, Physical and chemical
weathering is necessary to oreate porosity before leaching, desilication
and -illuviation takes place, A phaass of biological homogenisation and
pedoturbation follow illuviation beeause some of the illuviation
Features are reworked {papulea}. Hense the Sequence of the processes is
postulated as follows:

1. initlal physical and chemiecal weathering of the parent material;

2, blological perforation;

3. leaching and desiligation;
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« swelling and shrinking;

» llluviation, eluviation, rubefazetion and Ferrallitisation;
+ blological homegeniszation and pedoturbation;

T. gleying of the subsoil.

ol =

Eiclogical homogenisation and pedoturbatiuon delayz the degradational

processes while biologieal perforation enhances other processes gsuch as

lezaching and desiligation, In profiles EAK26, WANZ2, RP1, EP2 and RP3

agdition of wvolcanio ash is observed from ths presence of voleanic

glass. This interrupted the soil formaticn and rejuvenated the profiles.

The profiles are polygenstic and may have undergone several oyelses of
i soil formation,




b. DISCUSSION AND CONCLUSIONS BASED QN MICROMORPHOLOGICAL UBSERVATIONS

Macrascopic pbservations,

The Nitosel profiles show a difference in zome macrgscopie observations,
from the Aerisol rrofiles. While the ferisol profiles may have a macro-—
structureless topagil and part of the subsoil horizons, the Nitoseol
profiles have strong Eranular, subangular blocky to angular blocky
stracture throughout the profiles up to 1.5 m. depth,

Groundmass,

In the profiles astudied the Acrisol profiles are very light textureq
while the Nitosgl rrofiles are rather heavy (clayey} textured. This
difference has an effect in most groundmass fabric analyses. It should
be noted that Acrisols can also be clayey and this differencs in teitiure
is just a cgoincidence. However, Nitgsols are usually eclayey. Light
textured Nitosols have not bheen reported.

Voids. The groundmass iz wvery perousz in aill the profiles, The Pores are
Predominantly biogenic but the Nitesol profiles have most physiocgania
pores  especlally in the subsoil., This may be due to higher plasma
content in the Nitosol than in tne derisel profiles.

Fiagma. The plasmic Tabric is undulio to sepic and aseple in ail the
profiles. The anistrophy is due~To organlé matter in the topsoil and
Hore due to weathering and rubefaction in the subsoil. The Nitosol
profiles have more in amount of sepie plasma than the Acrisal profiles
in the subsoil. The intensity if orientation is alse stronger in the

Nitosol profiles than in the Acrisol profiles.

Related distribution. The Aoerisol profiles have ggglomeroplasnio andg
Intertexic te porphyric related distribution. The Nitosel profiles lapk
agglomeroplasmic and Intertexic distribution and instead have porphyrie
Lo porphyroskelie related distribution. This may be attributed to the
texture rather than to geneals. The high amount of plasma in Nitoszol
prefiles would not glleaw intertexic related distributicn,

Spegial Peatures, )
Reorlentation. Az statsd in chapter 5.3 recrientation features are more
in amount and well expressed in the Nitosol profiles than in the Acrizgl
profiles. Hence micro swelling and shrinking iz more slgnificant in the
Nitosol than in the Aoriscl profiies. These may be responsible for the
strongly developed structure in the Mitosol profilea. Some of the re-
orientation features as voseple and maseple plasmic may be the features
described as shiny ped faces,

Rediatribution. no difference ¢an be shown between the Hitosol andg
Acrisol profiles in  amount and- degree of redistribution. However,
biological homogenization and redoturbation can be observed up to depths
gEreater thanm 1.5 m,. in Nitescol proflles. In some of the Acorias] rofiles
the kiclogical homogenisation is limited by the profile depth,

Glaebules. No differense gan be shown betwsen the Nitosol and Aerisol
Profiles in amount or appearance of nodules execept that the Nitoszol
profiles do not show significant gleying within 1.5 m. Profile WaN2

a0



{Aorisol) shows some gleyiﬁg features within 160 em. depth. The nodules
may be indicative of ferric property. In thils gase thesy should be well
defined to indicate the Ferrie limit.

Coneretions {argillans and ferri-argillans). The amcunt of orisnted
translocatedelay (% by point counting) does not show a difference
between the Aeoriscl and the Nitosol profilea. The appearance, thickness
and distribution pattern of the ferri-argillans is more or leass the same
in all the proflles, However thé profile 1lluviation index (in em.) is
higher in gome of the Nitosol profiles than in the Acriagl profilea, The
profille 1liwviation index is greater thap 200 (except in profile RPR) in
Nitosol profiles and can be lower than 200 in the Acrisol profiles (e.g.
profile EAK12). Some of the Nitosol profiles (EAK16 and BRP3I} have
channel and plane ferri-argillans which are long and sentinuous on ped
Taces. These features have not besn seen on Lerizel profiles. A1l tha
Nitesol profiles have strong masepic and voseple reorientations. These
are rar¢ or lacklng in Acrisol profiles,

This type of ferri-argillans and the Wasepig and vosepie reorientations
may be the so ¢alled shiny ped faces. They occur clustered in the densar
parts of the thin sections. The amount is relativelysmall and may not
account  for the shiny ped faces deseribed in  the field profile
description. Further investigations are negcessary to  identify  andg
quantify the shiny ped face= and find out whether they can be used to
characterlze and differentiate the Nitosols,

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




APFPENDIX &1

| Table 41.2 Chemical characteristics of profile RP1.

Depth {cm.}

Q- 20
20— 40
40~ 60
60— 8o
80-100

100-120
120-140
140160
160~-180
180-200

1)

2) in mwhos/om.

Org.C
3
2.87
2,42
2,13
1.2%
.73
0.4y
0,50
Y
0.35
0.3z

nd = not determined.

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

v

G/
ratic
4
nd
jitds]
nd
nd
nd
rned
nd
rnd
nd

CEC WHyO-acetate at pH 7 in ol K.

pH

H50
4.7
4.9
5.0
5.0
.9
5.2
2.3
5.3
4.8
5.7

pH

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

0.05
a,05
.05
0.05
G.05
0.02
.02
0,02
0.03
0,03

Exchangeable bases (mmol kg, )

BCa®"  fug?t
33 0.8
2 0.6
bz 0.6
g2 2.8
38 1.0
32 0.5
3G 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
T.2
1.5

1.8

1.9
1.6

Sum

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

cEc2)

308
252
214
156
166
170
148
152
128
128
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AFPENDIX A1

Table A1.3 Chemical characterlstics of profile RPZ2.

Depth {em.)

0- 20
20~ 4o
§0- 60
60— B0
80-100

106120

1)

in mmhosdcm.

2) CEC NH,O-acetate at pH 7 in mnol/kg.

Org.C
(%)
1.8
1.6
0.9
0.6
0.5
0.5

nd = not determined,

|

{%)

0,2

nd
nd
nd
nd
nd

C/N
ratic

§.2

nd
nd
nd
nd
nd

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

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

Exchangeable bases

¥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

(mmol/kg.}

Na®

Sum

26
20
20
30
£}
N

CEC

186
128
o4
76
Bg
100

2)
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Table A1.% Chemical characteristics of profils RP3.

Depsh (em.)

0- 20
mcr.zu
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
(%)
3.24
1.92
1.39
1.27
1.08
0.7t
0.65
.47
0.65
a.4q

nd = not determined.

N
(%}
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

gcl)

0.1%
0,05
0.04
.02
8.0z
0.04
0.07
0.07
0.04
0,02

Exchangeable bases {mmolskg.)

xca?t pug??
5y 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

ﬂ._.

.0
3.2
1.6
1.5
1.5
1.6
1.8
1.4
i.6
2.2

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
232
206
156
126
110
130
122
106
128

(%)

31
15
T4
22
22
30
25
26
38
38
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Tabie 41.5 CEC-¢lay for profiles RF1, RPFZ and RF=:
1) uncorrected for organic matter
2) cerrected for organic matter.

Depth

Profile Cam. )

RP1 g- 20
20— 40
4o- 60
0= 80
Bo—1q0
100-120
120-140
140-160
160180
180~200

RP2 {— 20
20 40
4o- &o
60- 80
50-100
100-120

RP3 O~ 20
20- 4g
4o- 60
60— 80
80100
100-120
120-140
140160
160-180
180-200

*
Toe low values,

CEC-clay!’
(mmcl/kg)
553
LAs
352
217
205
224
200
205
180
168

332
213
187
125
147
178

386
368
311

219
156
135
162
152
152
160

Org.carbon
(g/kg olay)
53
hé
35
18
10
6

T
&
5
I

32
26
15
10
8
9

55
30
20
18
Th

o G ohe Co

CEC—clay2’
(mmed Fkg)
163
135
86

143

17
a1

119
46
22
52
85
95
55

112

27 —
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Tahle 42.71 Physical characteristics of profiles WANZ, EBAK2G, EAK1Z and

EAK1G,
Bulk Particle size Meiature ¢ontent
Depth density analysia {W¥) SU_G at pfF
(em. ) {g.em™®) Sand Silt Clay ratie 2 3 4,2
Profile WANZ
O- 16 nd TE.9 B.7 14.4 0.5 23,7 2.9 4.8
15- 30 1.49 5.3 4.1 10.4 a,3 21.14 10.4 2.0
Eo= 0 1.44 Be.t 4.9 26,8 g.2 nd nd nd
83— 93 1.51 Tl 3.5 26,1 0.2 2201 i5.0 9.4
120=-135 nd T2 .9 18.7 0.3 jils| nd nd
160-165 1ed bz.2 35.2 22. 2 1.B nd nd ned
Proflle EAKZ2R
0= 20 1,20 E.3 36.2 BR.8 0.6 38,2 nd 15.3
20~ U0 1.17 T 2.7 BO.2 0.8 ho,s nd nd
4o=- &0 t.14 6.1 52,4 £1.4 n.. g, 5 nd ng
60-100 1.10 5.9 27.5 66.7F 0.4 4a,.5 nd 27.0
100150 nd 5.0 26,6 £8.5 0,4 nd nd 2.9
Proflle E&K1Z2
- 15 .31 B,y 6.8 12.8 0.5 13.7 nd 6.6
15- 30 nd T2.4 B 19.0 0.4 g nd nd
30- 45 nd 6£3.9 5.1 11.3 0.2 nd nd nd
bs=- ap 1.33 59.0 3.6 37.3 0.1 nd nd nd
0=-150 nd 56.8 L 36.8 0.1 37.0 nd 14.3
150-220 nd 59,7 6.6 33.6 0,2 nd nd ng
Frofile EAK1A
D_ 1'D ﬂd 309 19!3 T'ula 0-3
T10- 35 nd 11.8 15,6 T2.6 0,2
35109 nd 5.4 13.0 81.6 0.2
100-150 nd 1.5 g.2 40,3 0.1

nd = not deternined.
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Table AZ2.2 Chemical characteristics of profiles WANZ2, EAKZE, EAKIZ and

EAK16.

Depth Org,C  pH- -
{em.,) 1) H,0  KC1 ¥ra kMg

Profile WANZ

O~ 16 2.7 I_6 %.9 22 ]
15- 30 2.4 4.5 3.7 9 2
55- 70 nd 1.6 3.9 5 1
83~ 98 Q.4 5.0 3.5

120-125 0.3 3.9 3.8
T&0-165 0.6 5.0 4.1 10 10
Profile EAKZS

o= 20 kBT 5.4 b 5 105 15
20— 40 342 5.4 ¥4 b7 3T
o- oo 2.40 5.3 hog 45 34
B0-100 1.30 5.1 4.5 31 27

100150 0,64 4.8 b,z BT 23
Profile EAKIZ2

0- 1% .61 5.4 12 )
15— 30 g.45 5.9 16 T
30— 45 0.3 5.8 22 T
yE— &0 0.18 Bl o1 1Q 12
90-150 0c.16 4.8 4.8 12 )

150220 0.1 5.1 4.3 32 16
Frofile EAK16

o= 10 6.17 £.4 5.3 128 a1

10- 35 2.66 6.7 4.0 32 28

35-100 0.86 5.7 L.3 Lo 33

100180 0.12 E.4 4.0 24 31

1} in ma==s ¥.
2) in mmols keg.
3) EEE—HHHG—acetate at pH 7.

nd = not determined,

K

P I= M Py Lo dIs

- N o= = = M

29
23
iQ

Exchangeable catlons
HA

nd
nad
nd
nd
nd
nd

hid
nd
nd
nd
nd

bl LY I FU )

o — — i3

2)

Sum

3=
14

11
12
22

140
£
87
71
59

24
28

33
26

24
30

228

ay
63

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

9 —




APFENDIY 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 Calculated CEC-slay and organic carben per kg.clay: (1)
uneorrected for organic matter and (2) sorrected for organis

matter,

e e (e SO () oo sy (0

WANZ 0- 16 T2z 188 197

, 15— 30 B85 230 242

5= 70 215 nd nd

83- 398 3073 20 an7

120—135 396 16 351

160-165 23} 27 154

EAK26 0- 20 350 a6 202

20 40 281 68 164

Yo- 60 287 39 220

B0-100 a2 21 188

100150 235 g 219

EA8KT2 0- 15 352 48 122

15— 30 259 24 14

30~ U5 192 10 144

55— 90 160 5 136

90-150 133 4 117

150-220 145 3 131

EAK16 0- 10 %13 g2 136

16~ 35 256 37 131

35-100 180 11 142

100-150 135 1 132

Table A42.5 linear regression values of CEC-clay and CEC-organic matter.

Profile Corr.coef. EESE:?&;?} CEGr?;gz?iEgT?tter
WANZ 0.97 239 1620
EAK26 .90 198 499
EAKT2 0.99 132 2784
EAK1E 0.99 135 1457
RP1 0,98 136 4357
BP2 0. 89 55 4814
RP3 0.88 96 4041
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