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SUMMll.RY 

In this study seven profiles from Kenya have been studied to find out 
the micromorphological differences between the profiles classified as 
Acrisols and these classified as »itosols according to the Kenyan (FAO
modified) concept. 
Six soils are developed from volcanic material with addition of volcanic 
ash and one of them (EAK1 2) is developed from sandstone, The profiles 
are located in areas with a S>lbhuruid climate, average annual 
precipitation of 1~00 to 2500 mm. per year and average temperatures of 
18 to 25°C, Six or them are in areas of altit>ldes between 1~00 m. to 
2100 m. above sea level and the ether one (EAK12) is near the coast at 
an altitude of 200 m. above sea level. Thr'ee of the profiles are in a 
catena (Tombe catena) in Kisii district while the other four are 
sitl!ated in different places. 
The physical and chemical properties indicate that the profiles are 
quite strongly wheathered but the Acrisol profiles have indioations of 
strenger wheathering than the Nitosol profiles, The Nitosol profiles are 
more fine textured with predominantly kaolinite olay minerala. 
By Keny?~~{FAO-modified) concept of classification, four of the profiles 
(RP1, R8i EAK25 and EAK16) are Nitosols, two (WAN2 and EAK12) are 
Acrlsols and (RP3 is a Cambisol. By the FAO-Unesco (1974) classification 
system five Of the profiles (RP1, RP3, EAK16, EAK12 and \IAN2) are 
Acrisols, RP2 is a Cal!lbisol and EAK26 is a Phaeozem. There are no 
Nitosols hecause of the low CEC-clay {~ 240 mmol/kg.) hence ferric 
properties in all the profiles. ? 

According to the USDA Soil Taxonomy clasaification system profiles RPl, 
RPJ and WAN2 are Humults, profiles EAK12 and EAK16 are Ustalfs, profile 
RP2 a Tropept and profile EAK26 a Argiudall. All are oxic or orthoxic 
because of the low CEC-clay. 
Micromorphological investigations confirlll that all the prcfiles studied 
are quite strongly wheathered, They are very poreus especially in the 
upper part and becorue less porous with depth. Biologica! pedoturbation, 
perforation and homogenisation is very important for porosity and 
structure development. Biological activity is high in all the profiles 
especially in the upper 100 cm, hut remains noticeable throughout the 
profile. All the profiles except profile RP2, have an illuvial-argillic 
aubsurface horizon and have some degree of reorientation. Swelling, 
shr'inking, leaching, desilication, ferrallitisaticn and rubefaction are 
the soil forming processes identified in the profiles. 
Micromorphological features which show differences between the Acrisol 
and the Nitosol are: 

i. Amount of physicogenic pores - Thera are more physicogenic pores J 
in Nitosol profiles than in Acrisol profiles, 

li. Intensity and amount of recrientaticn - There are more masepic, 
vosepic and insepic reorientations in Nitosols than in Acriscls. 

iii. Related distribution - The Acrisol profiles have agglomeroplasrnic 
and intertexic related distribution while the Nitosol profiles 
have porphyroskelic and porphyric distribution. 

iv. Profile illuviation indices - The Acrisol prcflles have lower 
profile illuviation indices than the Nitosol profiles. 

v. Presence of features indioative of shiny ped faces - {vosepic and 
masepic reorientations and ferri-argillans which are continuous 
on ped faces). The Nitosol profiles show scme of these features 
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" 

while the Acriaol profiles do not show them. 
Some of the differenoes are due to textural differences between the 
Acrisol and Nitosol profiles and are hence coincidental. 



Scanned from original by ISRIC – World Soil Information, as ICSU World Data Centre for Soils.  
 
The purpose is to make a safe depository for endangered documents and to make the accrued information available for consultation, following Fair Use Guidelines.  
 
Every effort is taken to respect Copyright of the materials within the archives where the identification of the Copyright holder is clear and, where feasible, to contact the originators. For questions please contact soil.isric@wur.nl indicating the item reference number concerned. 

TABLE OF CONTENTS 

ACKNOWLEDGEMO:NT 

SUMMARY 

INTRODUCTION AND AIM OF THE INVESTIGATION 

1. ENVIRONMENT 2 
1 • 1 Location 
1 .2 Geology and parent rnaterial 
1.3 Geomorphology 
1.4 Climate 
1 .5 Vegetation and land use 

2.METHODS AND MATERIALS 
2. 1 Gener al 
2.2 Laboratory methods 
2.3 Micromorpholocical methods 

3. SOIL CHARACTERISTICS 

4 . 

3.1 Characterist1cs of the soils of the catena 
3. 1 .1 Profile descriptions 
3.1.2 Physical characterist1cs 
3.1.3 Chemical characteristios 
3.1.4 Mineralogical characteristics 
3.1.5 Comparison of physical and chemical 

characterist!cs within the catena 
3.2 Characteristics of reference profiles 

3.2.1 Profile descriptions 
3.2.2 Physical characteristics 
3.2.3 Chemical characteristics 
3.2.4 Mineralogical characteristics 

MICROMORPHOLOGICAL CHARACTERISTICS 
4 . ' Profile "' 4.< Profile '" 4.3 Profile 8'3 
4.4 Profile EAK26 
4.5 Profile WAN2 
4. 6 profile EAK12 
4.7 Profile EAK16 

5. SOIL CLASSIFICATION AND INTERPRETATION OF THE 
CHARACTERISTICS 

5.1 Requirements of the Nitosols and Acrisols and 

' ' 3 
7 
8 

" 3' 
3' 
34 
38 
39 

43 
43 
48 
5' 
07 
63 
69 
74 

79 

classification cf the profiles studied 79 
5.2 Interpretation and discussion of the physical and 

chemical characteristics of the profiles studied 84 
5.3 Interpretation of the micromorphological o~servations 85 

6. DISlJSSION AND GONCLlJSIONS BASED ON MICROMORPHOLOGICAL 
OBSERVATIONS 

7. REFERENGES 

/l.PPENDIXES 



Scanned from original by ISRIC – World Soil Information, as ICSU World Data Centre for Soils.  
 
The purpose is to make a safe depository for endangered documents and to make the accrued information available for consultation, following Fair Use Guidelines.  
 
Every effort is taken to respect Copyright of the materials within the archives where the identification of the Copyright holder is clear and, where feasible, to contact the originators. For questions please contact soil.isric@wur.nl indicating the item reference number concerned. 

LIST OF TABLES 

Table '"' Table '"' 
Table L3 

Table 3 • ' 

Table 3., 

Table 3.3 

Table 4 . ' 

Table 4.3 

Table 4 . 4 

Table 4.3 

Table 4.6 

Table 4.7 

Table 5.1 

Table 5.2 

Table 5.3 

Chemical composition of the so11 parent materials. 3 
Thermodynamic calculated temperatures in Kisii NAR 
and Marumba FCS Stations. 7 
Average annual rainfall of stations near Tombe area. 7 

Elemental analysis of the clay fraction of a mixed 
sample of prof11es RP1, RP2 and RP3. 27 
Same topsoil and aubsoil characteristics of profiles 
of the catena. 30 
Ranking of mineralogical composition of the clay 
fraction in profile EAK16. 

Degree of illuviation "' biological reworking " profile RP1. 
Degree cf illuviation ""' biological reworkîng " profile RP3. 
Degree of illuviatîon ""' biological reworking '" profile EAK26. 
Degree of illuviatîon ai:td biological reworking '" profile WAN2. 
Degree of illuviation ""' biologica! reworking '" profile EAK12. 
Degree of illuviation ""' biologica! reworking '" profile EAK16. 

Summary of the requirements of the Acrisols and 
Nitosols in FAO-Unesco Legend (1974), USDA Soil 
Taxonomy (ST) and Kenyan modifîoation of FAO-Unesco 
System (KEN) and their fulfillments by the profiles. 
Complete classifîcation of the profiles studied 
according to: USDA-Soil Taxonomy (1975), FAO-Unesco 
(1974) and Kenyan modified FAO-Unesoo systems. 
llluv!ation indices of the atudied profiles. 

39 

56 

68 

73 

78 

83 
87 

LIST OF FIGURES 

Figure L7 
Figure '"' Fîgure L3 
Figure L4 

Figure '. ' Fîgure '·' Figure '·3 

Location of South Nyanga provînce in Kenya. 
Looation of the study area. 
Looation of the catena studied. 
Cross sectional profile of the transect of the 
catena studied. 

Generalised geomorphology of Tombe area. 
Generalised geclogy of Tombe area. 
Average rainfall reached or exceeded in 3 out of 
4 years and average monthly evapotranspiratîon in 
Morumba F.C.S. station. 

4 
4 
5 

5 

6 
6 

9 
Figure 2.4 Average monthly rainfall and evapotranspiration in 

Morumba F.C.S. station. 9 

Figure 3.1 Variation of mcisture content at pF 4.2 with depth 
in profiles RPl, RP2 and ~P3. 21 



Scanned from original by ISRIC – World Soil Information, as ICSU World Data Centre for Soils.  
 
The purpose is to make a safe depository for endangered documents and to make the accrued information available for consultation, following Fair Use Guidelines.  
 
Every effort is taken to respect Copyright of the materials within the archives where the identification of the Copyright holder is clear and, where feasible, to contact the originators. For questions please contact soil.isric@wur.nl indicating the item reference number concerned. 

Figure 3.2 

Figure 3.3 

Figure 3.4 

Figure 3.5 

Figure 3,6 

Figure 3. î 
Figure 3.8 

Variation of aand, silt and clay content with depth 
1n profile RPl. 
Variation of ailt/clay ratio with depth in profile 
RP 1 • 
Var!at!on of aand, ailt and clay content with depth 
in profile RP2. 
Variation of ailt/clay ratio with depth in profile 
RP2. 
Variation of sand, ailt and clay content with depth 
in profile RP3. 
Variation of silt/clay ratio in profile RP3. 
Variation of erg. c with depth in profiles RP1, RP2 
and RP3. 

Figure 3.9 Variation of pH-H>O with depth in profilea RP1, RP2 
and RP3. 24 

Figure 3.10 Variation of CEC-NH,O acetate at pH 7 with depth in 
profiles RP1, RP2 and RP3. 24 

Figure 3.11 Variation of base saturation with depth in profiles 
RP1, RP2 and RP3. 24 

Figure 3.12 Linear regresaion of CEC-clay and organic carbon 
(g./kg, clay) in profilea RP1, RP2 and RP3. 25 

Figure 3.13 Variation of aand, ailt and clay content in profile 
EAK26. 35 

Figure 3.14 Var!ation of aand, silt and clay content in profile 
EAK1 6 35 

Figure 3.15 VaPiaticn of ailt/clay ratio with depth in profiles 
EAK1 6 and EAK26. 35 

Figure 3.16 Variation of sand, silt and clay content in profile 
WAN2. 36 

Figure 3.17 Variation of silt/clay ratio in profilea WAN2 and -· ,, Figure 3.18 Variation of sand, silt and clay content in profile 
EAK12. 37 

Figure 3.19 Variaticn of pH-H.o with depth in prcfiles EAK26 
and EAK16. 

Figure 3,20 Variation of organic carbon content with depth in 
prof1les EAK26 and EAK16. lJ1 

Figure 3.21 Variation of CEC-NH•O acetate at pH 7 with depth in 
prof1les EAK26 and EAK16. lJ1 

Figure 3.22 Variation of base saturation with depth in profilea 
EAK26 and EAK16. lJ1 

Figure 3.23 Variation of pH - H20 with depth in profiles EAK12 
and WAN2. 42 

Figure 3.24 Variation of CEC - NH,O acetate at pH 7 with depth 
in profiles EAK12 and WAN2. 42 

Figure 3.25 Variation of base saturstion with depth in profilea 
EAK16 and WAN2. lJ2 

Figure 3.26 Var1at1on of organ1c carbon with depth in profilea 
EAK16 and WAN2. 42 

Figure lJ.1 Summary of micromorphclogical groundmasa obaervations 
in profile RP2. 45 

Figure 4,2 Swrunary of micromorphclogical special features in 
profile RP1 lJ6 



Scanned from original by ISRIC – World Soil Information, as ICSU World Data Centre for Soils.  
 
The purpose is to make a safe depository for endangered documents and to make the accrued information available for consultation, following Fair Use Guidelines.  
 
Every effort is taken to respect Copyright of the materials within the archives where the identification of the Copyright holder is clear and, where feasible, to contact the originators. For questions please contact soil.isric@wur.nl indicating the item reference number concerned. 

Figure 4.3 Summary of micromorphological groundmaas observations 
in profile RP2. 

Figure 4.4 Summary of micromorphological special features '" profile RP2. 
Figure 4.5 Summary of rnicrornorphological gro~ndmass observations 

in profile RP3. 
Figure 4.6 Summary of rnicromorphological special features in 

profile RP3. 
Figure 4.7 SUllllilary of micromorphological groundmass observations 

in profile EAK26. 
Figure 4.8 SUllllilary of micromorphologioal special features '" profile EAK26. 
Figure 4.9 Summary of micromorphologioal groundrnass observations 

in profile h'AN2. 
Figure 4 • 1 0 Summary of micromorphological special features '" profile WAN2. 
Figure 4 • 11 Summary of micromorphological groundmass observations 

in profile EAK12. 
Figure 4 • 1 2 Summary of micromorphological special features '" profile EAK12. 
F1gure 4. 13 Sumrnary of micromorphological groundmass observations 

in profile EAK1 6. 
Figure 4. 14 Summary of micromorphological special features '" profile EAK16. 

LIST OF PLATES 

Plate 1 
Plate 2 
Plate 3 
Plate lJ 
Plate 5 

Plate 6 

Plate 1 

Plate 8 

Plate 9 

Plate 10 

Plate 11 

Landscape of the transect from site of profile RP1. 
Profile RP1 (pedori). 
Profile RP2 (pedon). 
Profile RP3 ( pedon). 
Close up of a section of profile RP3 showing 
biological mixing of the soil. 
Electron microscopie photograph of the clay 
fraction of subsoil of profile RP1. 
Electron microscopie photograph of the clay 
fraction of subsoil of profile RP3. 
Normal ferri-argillan: polarized light. From 
110-115 cm. depth, profile EAK26. 
Wall of matric ortho aggrotubule, insepic plasmic 
fabric and inside aggrotubule: polarized light. 
From 110-115 cm. depth, profile EAK26. 
Skeleton grein, micro aggregate and fecal pellets: 
normal light. From 55-70 cm. depth, profile WAN2. 
Plane neo ferran and ferri-argillan indioative of 
gleying: polarized light. From subsoil of profile 
WAN2, 160-165 cm. depth. 

58 

5' 

54 

55 

60 

6' 

66 

67 

1' 

" 
76 

77 

8 
n 
n 
'8 

59 

63 

65 



Scanned from original by ISRIC – World Soil Information, as ICSU World Data Centre for Soils.  
 
The purpose is to make a safe depository for endangered documents and to make the accrued information available for consultation, following Fair Use Guidelines.  
 
Every effort is taken to respect Copyright of the materials within the archives where the identification of the Copyright holder is clear and, where feasible, to contact the originators. For questions please contact soil.isric@wur.nl indicating the item reference number concerned. 

- ; -

INTRODUCTION AND AIM OF THE INVESTIGATION 

In the tropios and the so.ibtropics tracts of land occur with soils that 
have very favourable physical and chem1cal characteristics for arable 
agricultural use. The high agricultural potential of these soils has 
been known to the farmers who live in these places for a long time. They 
have always sought for these soils for plantations. They have used the 
soils for many years without any chemical fertilizers and have obtained 
quite good crops and high yfelds. 

During the preparation of the FAO-Unesco soil map of the world the need 
for high level separation was felt and they were called the Nitosols 
(connotative of Nitl-shiny ped surfaces), An attempt was made to 
separate thern frorn the less favourable Acrisols and Luvisols (Sombroek 
and Siderius, 1981). However the concept had to be broadened to conform 
with the diagnostic criteria of the 'pale' great group of Ultisols and 
Alfisols in the USA System of Soil Class!fication. In the USDA Soil 
Taxonorny (1975) class!fication at the sub~order level, Nitosols, 
Acrisols and sometimes the Luvisols, are classified together as Udalfs, 
Humults and Udults. Yet the differences used in the suborder category 
are primarily chemical or physical or genetic or mineralogical (7th 
Approxfmation, 1950). 

Actually these SOils occur in catena sequences with Acriscls and 
Luvisols in many of In their naturel environment. So it is net 
surprising when the agriculturally favourable soils (Nitosols) are 
included in the less favourable ones such as the Aor!sols and Luvisols 
of the FAO-Unesco legend (1974). The differentiating criteria of the 
Nitosols from the Acrisols do not always apply or are sometirnes not well 
understood. 

In Kenya these soils oocur in many places of high to medium agrioultural 
potential. Their Olaseification has been a constant problem to the 
werkers in the country, so that sorne have suggested ether names for 
these soils while ethers have suggested some changes especially in the 
FAO-Unesco definition of the Nitosols. They are defined as Nitosols by 
the Kenyan soil authorlties, but the name Nitosol is used in this study. 

This study has been motivated by these problerns. The rnioromorphological 
Characteristics of some Profiles are investîgated in details to 
differentiate the Nitosols and the Acrisols. Also chernical, physical and 
claymineralogical prcperties are investigated. The genesis and 
classification of the soils is discussed. Seven profiles are 
investigated. Three of thern occur in a 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. 
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1 , ENVIRONMENT 

1. 1 Location 

The Tombe catena is situated in South Nyanga Province, Kis!i district of 
Kenya, Tombe is the nearest market centra, about 13 km, from Kisii town. 
The transect sarnpled represents a toposequence which is about 3 km. aast 
of Tombe market and runs nearly North to South across one of the rîver 
valleya and bottomlands in the area (see figurea 1.1, 1.2 and 1.3). 
Profile RP1 is located naar Tombe Primary School, at a high lying stable 
part of the transect with an altitude of 2075 m. above sea level (ASL). 
Profile RP2 is on the mlddle part which is steeply sloping, at an 
altitude of 1995 m. ASL. Profile RPJ is neer the lower end of the slope, 
at an altitude of 1945 m. ASL (see figure 1.3 and 1.~). 

1.2 G€ology and parent material 

The area consists of' Precambrian rocka 'of the Bukoban aystem 
(Huddleston, 1951), The rocks of this system are basalts, andesites, 
rhyolites, felsites, quartzites, and cherts. 
In manY places the rocks of the Bukoban system have been covered by a 
thin layer or voloanic ashes and tuffs, especially in the bottomlands of 
the eastern part of the Kisii district. Due to erosional transport the 
soils are developed mainly from a mixture of these rocks. 
The area sempled consists of rhyolites intercalated with andesites. The 
volcanic ashes cover in sorne parts the rhyolites and andesites. They are 
incorporated in the deeply developed soils. In the bottornlands in some 
places, layers up to l! m. thick of volcanic ash deposits have been 
reported (Wielemaker and Boxem, 1982), but these were not found in the 
sampled area. However it is possible that the influence of volcanic 
ashes in the soil profiles is significant. 

The table below shows the chemical composition of the rock types which 
form the parent material of some of the profiles investigated, The rocks 
have a rather high Si02 , M,O, and Fe.o, composition. There is not a big 
difference in their composition. Granites have the highest Si02 
composition and quîte high base oxides (CaO, MgO, Na,O and K>O). 
Andesites, felsites and volcanic ashes are considered to be intermediate 
rocks While rhyolites and granites are acidîc rocks. 
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Table 1.1 Chemical composition of soil parent materials. 

Mess fractiDn Voloanic Felsites ,, as hes '"' Rhyolitee Granites 
Andesi tes 

SiO, 0. 61 0.67 0.62 0,77 

Al20, o. 14 0' 1 3 0. 1 3 o. 12 

Fe20> 0. 1 0 0.07 o. 1 0 0,25 

''" 0.007 o. 001 0.002 o.o ,,, 0.006 0.006 0.003 0 .001 

0.0 0.009 0 .002 0.070 0 .o 1 0 

Na20 0.002 0 .002 0.050 

,,o 0.002 0.060 o. 030 0.030 

Ti02 0.007 0.005 0, 01 0 0.002 

P20s 0. 001 0.001 0.0 0.0 

"' Geomor2holog;y 

The Tombe catena is a1tuated in one of the high upland levels called 
Keroka Uplanda (Wielemaker and Boxem, 1982) This corresponds to the 
Kisii eroaional aurface in the study of Wielemaker and Van Dijk (1951). 
It is probably of Cretaceous age but hes undergone morphological changes 
during the format1on of the Eest African rirt valley in the Tertiary 
period. It became tilted and was covered by volcanic pyroclastics. 
Planatîon and erosion removed the pyroclastîcs in most places and left 
the present topography of hill ranges and deeply dissected braad 
valleys, through which small streams run. The slopes at the top of the 
hills are small (leas than 10%) while the valley slopes exceed 20% and 
end abruptly to bottomlands with slopes of leas than 2%. This 
combinatîon of stable high lying hîll ranges, their slopes and parts of 
bottomlands, which are not large enough to be separated is called the 
high level uplands (Keroka Uplands). 
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Fig. 1.1 Location of South Nyanza Province in Kenya 
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Fig. 2.1 GeneralizeO geomorphology of Tombe area 
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Fig. 2.2 G"'1eralized geology of Tombe area 
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1 .4 Climate 

Due to a lack of a meteorological station in Tombe area meteorological 
data are estimated from stations in the neigbouring areaB. Morumba 
Station number 1034032 anri Kisii National AgrJ.cultural Research Station 
number 103~088 are the nearest ones to Tombe area, Rainfall and 
temperature depend very much on altitude and physiography. The relation 
between altitude and mean temperatures has been given by East African 
Meteorological Department E.A.M.D. (1970), Braun (1980) has related 
altitude and thermodynamic temperatures for Kenya as fellows: 

mean max. temperature 35.5 5.94 " 
mean min. temperature m 24.8 7.05 " 
mean temperature 30,2 6.50 ' 
absolute max. temperature = 42.5 5 .51 " 
absolute min. temperature = 1 6. 3 6.56 " 

Using these equations the temperatures or Kisii N.A.R, Station and 
Morumba F.C.S Station are as shown in table 1,2. 

Table 1.2 Calculated thermodynamic temperatures in Kisii N.A.R. Station 
and Morumbo F.C.S. Station in °C. 

Morumbo F.C.S. Kis11 N.A.R. 
Station Station 

Alti tude 1 920 1 753 

mean max. Temp. 24. 1 0 25.09 

me an min. Temp. 11 • 26 1 2. 44 

mean Temp. 17 .27 1 8. 81 

abs. max. Temp. 31 • 92 32.84 

abs. min, Temp, 5. 70 6.55 

Table 1.3 Average annual rainfall (mm) of stations near Tombe area. 

Station Number Altitude ''· annuel rainfall 
{m. ) {mm.) 

Kisii " 9034001 1630 1790 

Ki si 1 N.A.R. 9034088 1753 2450 

Morwnba F.C.S. 9034032 1920 2099 

Nyakoe F. c.s. 9034056 1 570 1756 

Morumba F ,C,S. Station meteorologioal data are the best for Tombe area. 
The average monthly rainfall and evapotranspiration are shown in figures 
2.3 and 2.4. The area has quite a high annuel rainfall distributed in 
two periode in a year. The wet periods are March to June, and September 
to November, Only two months (January and February) are distinctly dry, 
when evapotranspiration is signJ.ficantly higher than the precipitation. 
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June and December are moist and the other months in a year are wet 
(EAMD, 1977). 

1.5 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 wi th 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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Fig. 2.3 Average monthly rainfall (solid line) :reached oi:: exc<=eded 
in 3 out of 4 years and ave.rage monthly potentiál evapo
trans~itation (E~ ~ 2/3 E 0 , breken line) in &orumba F.C.S.
station. Agroclimatie-zone IIa. 
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Fig. 2.4 Average monthly rainfall (solid line) and evapotranspiration 
{braken line) in horurnba F.C.S.-station 
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METHODS AND MA.TERIALS 

'·' Gener al 

The catena was selected by means of auger hole observations during a two 
weeke field work. The area was proposed after consultations with various 
relevant authorities who had done soma werk on the soils of Kisii area 
earlier. It was selected to incl·~cte soils on etable hill tops; soils on 
the more steep slopes of the hills and the soils on the lees steep foot 
slopes of the hills. Three profile pits on a transeot of atout 3 km. 
length were described during the field werk. They were sampled at every 
20 cm. depth up to 200 cm. ar parent material, whichever ie shallower. 
Undisturbed samples were taken for micromorphological investigatione, 
mixed samples for clay mineralogy and another set of mixed samples for 
physical and chemical analysis. 

Four other profiles of similar soils as those of the catena were 
selected from the profiles available at the International Soils 
Reference and Information Centre (ISRIC) and the department of Soils and 
Geology of the Agricultural University - Wageningen. These are used as 
reference profiles for comparison with the profiles of the catena 
studied and add to the information required for the research. 
The profile descriptions were dOne according to Soil Survey Staff (1951) 
FAO Guidelines (FAO, 1977) and Kenya Soil Survey profile description 
System (KSS, 1975). 

2.2 Laboratory methods 

Most of the laboratory tests were dorre in Naturel Agricultural 
Laboratories (N.A.L.) at Kabete in Kenya except clay mineralogy and 
elemental analysis of the clay fract!on, which were determined at the 
laboratories of the department of Soils and Geology - Wageningen 
Agricllltural University in the Netherlands. A short descripticn of each 
method llSed is given here. 

Texture. The samples were treated mechanically to remove the cementing 
agents; shaken with sodilllil hexametaphosphate and sodiUlll carbonate in an 
end-over-end shaker. Silt and clay (< 0.05 mm.) are measured after 40 
seconds and claY aftar 0.4 hours using a hydrometer. The difference 
(fine earth - silt and clay) is the sand fraction (Day, 1950). 

PH. PH - H2 0 is measured wi th a combined glass calomel electrode in a 
supernatant or 1 :2.5 soil - water solution. The sample is initially 
shaken for two days with distilled water. PH KCl is meas1.1red in the Same 
way but the solution used instead of water is 1M KCl. 

Electrlcal conductivity (EC). The EC is measured in saturation extracts 
using Pt - electrodes. It is expressed in mm.lom. 

Mass fraction or carbon (C',I:). The percentage of- carbon !S determined by 
the method described by Warkley and Black (Black, 1965) .No correction 
factor to compensate tor the recovery is used. 
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Mass fraotion of nitrogen {NJ). The percentage of nitrogen iS determined 
by the semi-micro rnethod by Kjeldahl (Black, 1965). 

li:xchangeable catio"'3. The soil is leached with ammonium acetate (oonc. 
1M), buffered at pH - 7. Na, K and Ca are determined by emission 
speatrometry. Lanthanium chloride is added before deterrnination of Ca. 
Mg is determined by atomie absorption spectrometry. 

Gation exchange capacity (C.E.C.). The soil is washed with 15% volume 
fraction ethanol after leaohing with NHEO-acetate. It is percolated with 
aoidified NaCl. Ammonia is steam distflled and titrated against O.OlM 
HCl (Houba et al 1979). 

Moisture tensio"'3. Measurements of mass fraction of water in satwated 
soil anó soil after equilibrium with sand box to pF O.~. 1.5 and 2.0 
gives the rnoisture fraction of these pF's. A kaolin box is used for pF 
2.3 and 2.7 and pressure equipment for pF's 3.0, 3.7 and 4.2 (Stokman et 
al, 1969). 

Clay mineralogy. The clay fraction is separated by sedimentatlon after 
destruotion of organic matter and cementing agents. A small portion (15 
rug.) of the clay is dried on a porous ceramic plate at a reduced 
pressure to orient the clay. The oriented clay is saturated with Mg 
ions. The diffraction patterns are obtained with a computerîzed 
automatic x-ray diffraotometer. 

Thermo analy.sî.s. A small portion of the clay ts grinded to gîve a fine 
powder. The powder is put lnto the tube (for DTA) or on the balance 
plate (for TGA) and the thermo analysis is done by a camputerized 
thermal analyser. The loss of water or OH is determined eîther by 
differential thermal analysis (DTA) or the thermogravimetrie analysis 
(TGA). 

Ele!llental analysi.s. The elemental analysis is carrîed out by the x-ray 
fluorescence spectrophotometry of the fine earth fraction or the olay 
fraction. The samples are satwated with BaCl solution to avoid 
interference by abscrbed bases. 

Electron m~Ol"oscopy. A drop of deferrated sample of the olay fraction is 
plaoed in a grid micro-plate. The water is allowed to evaporate. The 
sample is analysed using the transmissîon eleotron microscope. 

2.3 Micromorphological methods 

Samples for micrornorphology investigations are impregnated uaing the 
method by Fitz Patrick (1980). lifter six waeks they are out with a saw, 
attaohed to the objeotive glass, sawed off to about 1 ffi!ll. thickness, and 
grounded off to a thîokness of about 25)m before plaoing the cover glass 
on them. These are studied under polarizing microscope. 
The definîtions and terminology or Brewer (1964) were followed for the 
description of different featwee. The cutans and papules were 
quantified by means of point counting method on the thîn sections using 
a magnification_of 125. Standerd deviation was calculated according to 
the method of Van der Plas and Tobi (1965). 
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The other features are semi-o_uantified (ranl<ed) using the charts method 
of Fitz Patrick (1980). The minerals were identified on the thin 
sections using their optical properties. The advice of expert was sought 
for 1n this case. 
The ranking of the features quantified by paint co=ting was done as 
fellows: 
0-1% (by volume)~ few; 1-2% =common; 2-4% = many; >4% =abundant. 
The ranking of the features semi-quantitatively by the charts methods 
was as folloWs\ 
<2% ~ fewr 2-10% = common; 10-30% = many; >30% = abllndant. 
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3. SOIL CHARACTERISTICS 

3.1 Characteristics of the soils of the catena 

3.1.1 Profile descriptions 

Profile code RP1: Author R. Kiome and S. Mwangi. 
Site characteristics: 

- 1 3 -

Location: Kisii - Tombe, 130/2-RPl, E/710.6, N/9927.5, altitude: 
2075 m. ASL. 

Climatic data: Derived from Morumba Station no. 903il032, 7 km north of 
Tombe, altitude 1920 m. ASL, agroclimatic zone !Ia (see 
figures 2.3 and 2.4 for ra!nfall and evapctranspiration 
data and table 1.2 for temperatUl"'e data)~ 

Soil classifioation: FAO - Unesco (1974): Humio Acrisol) 
USDA Soil Taxonomy (1974): Orthoxic Palehumult 

Agroclimatic zone: IIa 
Looal petrography/parent material: Rhyolites/a mixture of rhyolites, 

volcanic tuffs and ashes and soms andesites. 
Physiography (general): Upper level uplands. 
Surrounding landform: Crest of a hill (Kncll), sloping to the North West 

within 20 m. 
Macro-rel ief' Gently llndulating to 

nearly flat to ccnyex 
flat, 20-100 m. 
slope part. 

of slcpe length, 

Meso/micro-relief: Sparse, 50 cm. in diameter; cm.high 
mounds. 

Vegetation/landuse: Tea, Kikuyu grass/permanent cultivation. 
Surface stcniness: Nil. 
Erosion: Very slight sheet ercsion. 
Slope gradient: 2% - Scuth West. 

termite 

Soil fauna: High termite activity, Krotovinas, mole holes in the 
upper 100 cm. 

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

Drainage class: Well drained. 
Moisture ccnditions: Moist throughout the profile, some rains in the 

previous day. 
Depth of groundwater: Belcw the profile depth (2 m.) at all times of the 

year. 
Presence of salt/alkali: Nil. 
Human influence: ~requent tillage, artifacts of charcoal, school about 

~00 m. frcm site, footpath 10 m. from site. 

Soil profile 
.Ap 0-20 cm. Dark reddish brown (5YR moist); clay; moderate, medium, 

subangular blocky and moderate to streng, medium, 
granular; rriable, slightly sticky, slightly plastic; 
many fine, many medium pores; clear and irregular 
boundary to 

*)The classifioation is nitosol if the ferric prcperty on basis of CEC 
clay is neglegted (see chapter 6). 



Scanned from original by ISRIC – World Soil Information, as ICSU World Data Centre for Soils.  
 
The purpose is to make a safe depository for endangered documents and to make the accrued information available for consultation, following Fair Use Guidelines.  
 
Every effort is taken to respect Copyright of the materials within the archives where the identification of the Copyright holder is clear and, where feasible, to contact the originators. For questions please contact soil.isric@wur.nl indicating the item reference number concerned. 

-- --- lli -

AB 20-60 cm. Dark reddish brown (5 YR 3/2 rnoist); clay; moderate, 
fine, subangular blooky; friable, sticky, plastic; many 
fine, few medium pores, few thi<:>k, patchy ehiny, outans 
on ped faces; clear and irregular boundary to 

B21t 60-100 cm. Dark reddish brown (2.5 YR 3/4 moist)1 clay; moderate, 
fine, angular blockY breaking to streng, fine, subangular 
blocky; friable, sticky, plastic; few fine, common medium 
pores; many thiok, continuous shiny cutans on all ped 
feces; gradual and srnooth boundary to 

B22t 100-1#0 cm. Red (2.5 YR 3/6 moist); clay; moderate, medium angular 
blocky and subangular blocky; friable, sticky, plastic; 
rnany thick to moderately thick breken shîny cutans on all 
ped races; diffuse and smooth boundary to 

B23t 140-200 cm. Red (2.5 YR 4/8 moist); clay; moderate to weak, medium, 
angular blocky; friable, sticky, plastic; many fine 
pores; common moderately thick braken shiny cutans on all 
ped faces; about 2.5% medium, iron and manganese nodules 
deeper than 180 cm. depth. 

Profile code: RP2; Author R.M. Kiome and S. Mwangi. 
Site charateristics: 
Location: Kisii - Tombe, 130/2-RP2, E/710.8, N/9928.9, altitude 

1995 m. ASL. 
Climate: See climate data for profile RP1. 
Soil classification: FAO-Unesco (1974): Ferralic Cambisols. 

USDA-Soil Taxonomy (1975): Oxic Humitropepts. 
Agroclimatic zone: lla. 
Local petrography/parent material: Rhyolites/rhyolites, some volcanic 

tuff and andesite and volcanic ashes. 
Physiography (general): Upper level uplands. 
Surrounding landform: Steep part of the valley slopes. 
Macro-relief: Rolling to hilly, slopes 30-35~, 100-150 m. long, linear, 

regular. 
Meso/micro-relief: Sparse 50 cm. diameter, 20-30 cm. high, termite 

mounds and erosional rernnants. 
Vegetation/landuse: Coast grass, Kikuyu grass, wattle trees/pasture, 5% 

bare soil. 
Surface stonfness: Nil. 
Erosicn: Moderate gully and rill erosion. 
Slope gradient: 35%. 
Soil fauna: High termite activity up to 90 cm. deep. Many termite 

channels. Same male holes. 
Root distribution: Very many fine to coarse roots up to about 120 cm. 

decreasing with depth, 
Drainage class: Well clrained. 
Moisture conditions: Moist throughout the profile, rains previous day. 
Grcundwater depth: Deeper than profile depth (140 cm.) throughout the 

year. 
Human influence: Trampling by livestock, foot path near site (10 m. 

away) , 

1 
1 
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prot'ile: Soil ,, 0-15 cm. Dark reddish brown (2.5 YR J/4 moist); clay; moderate, 
medium, s·.ibangular blocky and granular; friable, sticky, 
plastic; many fine, many medium pores; clear and amooth 
boundary to 

AB 15-35 cm. Dark reddish brown (2.5 YR 3;4 moist); clay; coarse, 
subanguiar blocky; friable, sticky, plastic; many, fine 
to medium pores; clear and amooth boundary to 

B21t 35-60 cm. Derk red (2.5 YR 316 moist); olay; moderate, coarse, 
subangular blocky; friable, sticky, plastic; rnany, fine, 
pores; few thin patchy, shiny cutans on some ped feces; 
gradual and smooth boundary to 

B22t 60-112 cm. Red (2.5 YR 4/6 mo!st); clay; moderate, fine, angular 
blOcky breaking to moderate, medium, subangular blocky; 
friable, sticky, plastic; few, medium to fine, pores; 
thin patchy, shiny cutans on ped faces; gradual and 
srnooth boundary to 

BC 112-1~0 cm. Dark red (10 YR 3/6 rnoist); clay; moderate, fine, angular 
blocky; friable, sticky, plastic; few fine pores; few 
thin patchy shiny cutans on ped and gravel races; partly 
saprolite. 

Profile code RP3; Author R.M. Kiome and S. Mwangi. 
Site characteristics: 
Location: Kisii tombe, 130/2-RP3, E/710.7, N/9928.2, altitude 

19~8 m. ASL. 
Climatic data\ See climatic data for profile RP1. * 
Soil classification: FAO-Unesco (197~): Humic Acrisol ) 

USDA Soil Taxonomy (1975): Orthoxic Palehumult. 
Agroclimatic zone: Ila. 
Local petrography/parent material: Rhyolites/rhyolites and a mixture of 

andesîtes, volcanic ashes and turf. 
Physiography (general)t Upper level uplands. 
Surroundîng landform: Lower valleY slopes (hill foot:;ilope) neer the 

bcttomlands. 
Macro-relief: Rolling, 20-25% slope, slope length 100 m., linear and 

regular. 
Meso/micro-relief: Sparse 20 cm. diameter, 10 cm. high termite mounds. 

Sparse 10 cm. high, 10 om. in diameter tillage remnanta. 
Vegetation/landuse: Kikuyu graas 70%, oedar trees and bushea 20% / 

pastures, permanent cultivation of tea. 
Erosîon: Slight sheet and rill erosion on bare parts of the ao11. 
Slope gradient: 20%. 
Soil fauna: High termite act1vity. Some mole holes, a few Krotoirinas 

iri topsoil. 
Root distr!bution: Comrnon to rnany, fine to very fine, and f'ew medill!ll 

porea • 

• ) The classîf'ication is Nitosols if the ferric property en basis of CEC 
clay is neglected {see chapter 6). 
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Drainage class: Well drained. 
Moisture conditions: Moist throughout the profile, rains 1n the previous 

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

the year. 
Presenoe of aalt/alkali: Nil. 
Human influence: T11led previous year. Trampling by 11vestock. Some 

artifacts of charcoal. 

Soilso ,, 0-20 cm. Dark reddish brown (5 YR 312 moist); olay; moderate, 
coarse, granular and crumps; friable, sticky, plastic; 
common, medium, common fine to very fine pores; clear and 
smooth boundary to 

AB 20-35 cm. Derk reddisf>_ brown (5 YR 3/3 mo1st); Clay; moderate, 
ooarse, granular and moderate, medium, s<.ibangular blocky; 
friable, sticky, plastic; thick, patchy shinY cutans on 
vertical ped feces; many fine and very fine, medium 
por es; gradual and smooth boundarY to 

B21t 35-80 cm. Dark reddish brown (2,5 YR 3/4 moist); clay; streng, 
coarse, subangular blocky; friable, sticky, plastic; 
many, fine and medium pores; thick, continuous cutans on 
all ped races; clear and irregular boundary to 

B22t 80-120 cm, Dark red (2.5 YR 3/6 moist); claY; weak, coarse, angular 
blccky breaking to coarse, subango.1lar blocky; friable, 
sticky, plastic; many, fine, few, medium pores; many 
thick, continuous shiny cutans on all ped faoes; olear 
and smooth boundary to 

B23t 120-200 cm. Red (2.5 YR 4/6 moist); clay; weak, medium, angular 
blocky breaking to moderate, medium, subangular blooky; 
friable, sticky, plastic; many, fine, common, medium 
poresf thiok, continuous shiny c<.itan.s on all ped races; 
few manganese mottles. 
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Plate 2: Profile RP1 (PEDON) 

Plate 3: Profile RP2 (PEDON) 
x mole holes 
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Plate 4: Profile RP3 (PEDON) 

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

Particle size analysis. The results of particle size analysis are shown 
in tabla A1.1.All three profiles are clayey. Profile RP3 has higher clay 
content while profile RP2 has lowest clay content. The variation of 
sand, silt and Clay content with depth are shown in figures 3.2, 3.4 and 
3.5 for profiles RP1, RP3 and RP2 respectively. The clay bulge in 
profiles RP1 and RP3 is quite evident in these figures. No significant 
decrease of clay from the maximum can be seen within 200 cm. of these 
profiles. Lowest values of olay occur at about 40 om. in profile P,P1, 
and at neer surface in profîles RP3 and RP2. Hence the eluvial horizon 
is naar surface for profile RP3 and RP2 an at about 40 cm. in profile 
RPl. The maximum clay content is reached at 120 cm. in profile RP3 and 
at about 140 cm. in profile RP1. 

Silt/olay ratio. The results of silt/clay ratios and their variation 
with depth show a elear decrease with depth. (See table A1 .1 and figures 
3.3. 3.5 and 3.7). 
Profile RP2 has rather high values especially in the subsoil, while 
profile RP3 has lowest values. The values correlate with clay content. 

Moisture retention. The moisture retention at pF 4. 2 is rather high in 
all the profiles and correlates well with clay content within arid among 
the profiles. (See table A1.1 and figure 3.1). 

3.1.3 Chemical characteristics 

Organic carbon. The results of the organic carbon are shown in tables 
Al.2, Al.3 and AJ.4 for profiles RP1, RP2 and RP3 respectively. Profile 
RP2 has relatively low values of organic carbon and eonsequently low 
organic matter content. Profile RP3 has the highest values. The values 
of organic carbon relate well with the position of the profiles. profile 
RP2 is on a steeply sloping part of the toposequence so material, 
including the organic matter moves laterally quickly. Profile RP3 is in 
such a position that some material can be deposited. Profile RP1 is in 
sueh a position that it would not receive any material from the 
vicinity. 
The variations Of organic carbon with depth are shown in f!gure 3.8. A 
sharp decrease Of organic carbon at about 30 cm. depth in profile RP3 
indicates that the profile is on a receiving position. The variation of 
organic carbon with depth correlates with the profile descripticn. 
Profile RPl has a rather deep A horizon (about 60 cm.) as compared with 
profile HP2 and RP3 which have A + AB hcrizons of 35 cm. depth. 

PH. The results of pH-H20 and pH-KCl are shown in tables At.2, A1.3 and 
.111.4. The average pH-H20 values are low in all profiles (<5.4). Profile 
RP3 has the lowest pH values. The pH of the subsoil for this profile is 
even lower (<~.8). The variation of pH-H20 with depth is shown in figure 
3.9. A general trend of decrease with depth can be observed in profile 
RP3 and an increase with depth in profiles RP1 and RP2, especially in 
the upper 150 cm. The reverse occurs in the lower 50cm. There is an 
increase with depth in profile RP3 and decrease with depth in profile 
RP1 in the lower 50 cm. The low pH values~ especially in profile RP3 in 
part of the subsoil, could imply high Al' activity, but the values are 
not low enough to be conclusive. 
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Gation exchange oapacity. The CEC-NH•O acetate at pH-7 is in general low 
in all three profiles as shown in tables Al.1, A1.2 and A1.J. Profile 
RP3 has 1ower CEC values than profile RP1 ctespite the high organic 
matter content in profile RP}. The CEC values relate to soma extent with 
pH and clay content. The variation of CEC-NH•O acetate with depth are 
shown in figure 3.10. A general trend of decrease with ctepth in all 
three profilea is shown up to 100 cm. depth. 
The values of Cl:C-olay corrected for organio matter have been calculated 
and are shown in figUl'e 3.12. The CEc-clay (corrected for organio 
matter) values indicate that a dominant clay mineral is 1.1.kaolinite. 
The value for RP1 is highest white that for RP2 is lowest. The CEC
organic matter is rather high. Profile RP3 has lowest values of CEC
organic matter. The 1ow valcies of CEC-clay in profile RP3 ind1cate 
streng ferric properties in the profile. 
The calculated valuea of CEC-clay (corrected and uncorrected for organic 
matter) are shown in table A1 .3. Some of the values of CEC-clay 
correoted for organio matter are too low by this calculation. 

Base saturat!on. The values of exchangeable bases and base saturation 
are shown in tables A1.1, A1.2 and Aî.3. The low base saturation in all 
profiles indicates that the profiles are quite highly weathered. The 
exchange complex is dominated by calcium in all profiles and haS very 
little magnesium. The low base saturation could aleo imply that the 
exchange complex is dominated by acidity (Al + H) especially at 40-100 
cm. depth of profile RP3 and 0-60 cm. of profile RP1 and RP2. 
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Fig. 3.1 Variation of moisturs content at PF 4.2 with depthts 
in profiles RPl, ~P2 and RP3 
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Fig. 3.3 Variation of silt/clay 
ratio ••ith depth in 
profile RPl 
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" Fig. 3.8 variation of pll-B20 with depth ;JI 
profiles Rl'l, RP2 and RP3 
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Fig. 3 .10 Variation of CEC-NH40 Acetate at Fig. 3 . 11 
pH-7 with depth 
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Fig. 3.12 Linear regressions of CEC-olay and organic carbon (g/1000 g olay) 
in profiles RPl, RP2 and RP3 
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3.1.~ l11neralogical characteriatics 

X-ray d!ffraction. The reaulta of the x-ray diffraction are the aame for 
all the samples of all three profiles. The x-ray diffractographa of one 
of the samples are ahown in Appendix 3.1, 3.2 and 3.3. 
A 0.12 µm peak indicatea predominance of kaolinite. All samples have 
more than 80% kaolinite which is rather poorly crystallized and tends to 
halloysite. Deferraction (removal of iron) increased the intens1ty of 
this peak, indicating that iron and not amorphous material lowered the 
intensity of the 0.72 µm. peak. 
A 1 .00 µm. peal< indicates preaence of a small amount of mica in all the 
samples. Traces of a vermiculite like mineral ia 1ndicated by a low 
intensity 1.40 µm. peak wh!ch diaappears on heating to S75'C. Quartz and 
poorly cryatallized goethite are also present in small amounts. 

Thel'llla1 analysia. The differential thermal analys.ts (DTA) and thermo
gravimetrie analysis (TGA) were very much the same for all the samples. 
A small DTA peak at about 300°C indicatea presence of some amorphoua 
material, probably allophane, in the soil. (See Appendix 3.4). The 
streng peak at about 500°C is an endothermic peak of kaolinite-{)HS and 
indicates the predominance of kaclinite. 

Elemental anaJ.ysis. The x-ray fluoresoence spectrophotometry analysis of 
all the samples are expected to be the same since the x-ray dlffracto
metry and thermo analysis are so much the same. The results show a 
content of MgO oxide compared to Cao and a high Fe20, content. The 
deri'led molar ratios are: s10.1Y,A1.o, = 1.15, Al20,/Fe,o, = 2.94 and 
Si02/~Fe20s + ~Al20, o.86. The Si02/~Al20a ratio is nearly 1 
îndiaating a predominance of 1.1 clay mineral in the clay fraction. The 
Al20•/Fe20a indicates a high Iron content in the soils. See tabla 3.1 
below. 
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Table 3.1 Elemental analysis (mass % of oxides) of the olay fraction of 
a mixed sample of profiles RP1, RP2 and RP3. 

Oxide Percentage 

fe;O, 17. 74 

"'' 0. 31 

SiO, 45. 20 

Al20, 33.26 

''° 0,05 

T10; 1 • 68 

""' 0.20 

P20s 0.23 ,,, 0.60 

"' o.otlJ 

füC o.oo 

''" 99.50 

Electron miaroscopy. Plates 6 and 7 show photographs from the 
transmîssîon eleotron miaroscopy of samples of RP1 and RP3 respectively. 
The photographs show the rninerals of tabular form (1), which are the 
halloysite and the rounded spherical farms (2) which are poorly 
crystallized kaolinite. Most of the kaolinîte, (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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Plate 6. Electro microscopie photograph of the 
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3.1,5 Cornparison of physical and chemical characteristios within the 

aatena 

Table 3.2 shows aome ohemical and physical properties of the catena in 
the topsoil (0-~0 cm,) and subso!l (80-160 cm.) deptha. The 
characteristica of profile RP2 are different beoause it is on a very 
steeply sloping part and may be tr~ncated. Profile RPI and RP3 may be 
compared. The chemical characteriatics of the topsoil of the two 
profiles do not differ very much but indicate that profile RP1 is 
alightly more weathered and leached than RP3 (lower BS, E cat, % clay, 
and exohangeable Ga in RP1 than RP3). The Si/C ratio is higher in RP1 
than RP3 topsoil. 
The reverae is indicated by the properties of the subsoil. Profile RP3 
hes lower pH, low r cat, lower exchangeable Ca and lower Si/C ratio. 
Hence profile RP3 shows more 'acric' properties than profile RP1. It is 
also showing more 'oxic 1 properties than RP1. This can be explained by 
its position in the catena. Being in a position where it is receiving 
some material by colluviation and where there is a high rate of lateral 
and vertical movernent of rnaterial within the profile, it receives 
already reworked material which continues to be weathered rapidly. 
Profile RP1 is at such a position that it does not receive much material 
and movement of rnaterial w1thin the profile is only vertically 
downwards. Hence weathering is slower in profile RP3. 
The high CEC in profile RP3 rnay be due to high organic matter content, 
The properties in profile RP2 show clearly that it is less weathered 
than the other two. 
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Table 3., some topsoil '"' subsoil charaoteristics " profiles " '"' catena. 

Depth Charact. Profile code 

0-40 (topsoil) "" RP2* "" 
pH-H,o 4.8 4.9 4.9 
CEC1 "8 "7 8'4 

sa' '6 '8 83 

org. c3 8.6 L7 8.6 

I Cat4 43 '8 5' 

Ij_ ca5 38 " 4' 

% clay 53 58 60 

Si/C 0.6 8.4 8.4 

80-160 (subsoil) 

pH-H20 5.8 5.3 4.6 

CEC1 

'" 88 "' ss8 

'" 36 '6 

org.c3 8.5 4.0 8.7 

I Cat4 38 3' 3' 
Ij_ caS 33 " " % clay 75 54 8o 

Si/C '·' 8.J 8 . ' 

The values for every 20 cm. are summed and the average ,, recorded. 

* 60-120 om. depth for subsoil. 
CEc~NH,QAc at pH 7 in mmol/kg. soil. 

2 Base Saturation percentage by SUJQ of catione. 
3 organic carbon by weight percenta~e. 
4 SUill of exchangeable oations (Y,_Ca' , l;_Mg'+, K+, Na+) in mmols/kg. soil. 
5 exchangeable calcium in mmols/kg. soil. 
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3.2 Characteristics of reference profiles 

3.2.1 Profile descriptions 

Pro1'1le code: EAK26; Author J.H.M. Scholten. 
Site characteristics: 
Location: Kisii Magombo, 130/2-EAK 26, E/714.9, N/9926.6, 

altitude 1880 m. ASL. 
Soil classification*: FAO-Unesco (1974): Humic Nitosol. 

USDA Soil Taxonomy (1975): Palehumult. 
Agroclimatic zone: IIa. 
Climate: Isothermic, about 200 mm./year rainfall. 
Local petrography/parent material: Andesite. 
Physiography (general): Upper level uplands. 
Surrounding landform: Saddle between hilltops. 
Macro-rellef: Rolling to hilly, 5-30% slopes, length 500 m. 
Vegetation/land:.ise: Pastures. 
Slope gradient: 5%. 
Root distribution: Fine and very fine thro:.ighout the profile. 
Drainage class: Well drained. 
Moisture conditions: Moist throughout the profile. 
Groundwater depth: nd. 

Soil 

"' 

'" 

profile: 
0---50 cm. Dark reddish brown (5 YR 3/2 moist); very fine clay; 

moderate, fine, subangular bloaky1 very friable moist, 
slightly sticky, slightly plastic when wet; many fine, 
and very fine, common medium and few coarse pores; clear 
and smooth boundary to 

50-79 cm. Dark reddish brown (5 YR 313 moist); very fine clay; 
moderate, fine, subangular blocky to angular blocky; 
friable, slightly sticky, slightly plastia; many, very 
fine and fine, common, medium pores; gradual and smooth 
boundary to 

B21t 79-270 cm. Dark reddish brown (5 YR 3.5/4 moist); very fine clay; 
moderate fine angular to subangular blocky; friable, 
slightly sticky, sllghtly plastic; shiny, moderately 
thick, breken clay cutans; rnany very fine and fine, few 
medium pores; few small soft manganese conoretions from 
205-210 cm. 

Profile code WAH2r Author S. Slager and H. van Reuler. 
Site characteristics: 
Location: Kisii Irigongo, 130/1-WAN2, 34°41'53"E, 0°37'58"3, 

altitude 1634 m. ASL. 
Soil classifioation: FAO-Unesco (197~): Hurnic Acrisol. 

USDA Soil Taxonomy (1975): Orthoxic Tropohurnult. 
Physiography: Upper part of a footslope, just beneath the steep hisslope 

to the top. 
Surrounding landform: Rolling to hilly • 

• field alassification. 
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Meso-relief: Flat scattered granite bo~lders. 
Micro-relief: Termite mounda up to 30 cm. high. 
s1ope: 12,;. 
Parent material: Wanjare granite. 

- 32 -

Vegetation/landuse: Dense bushland with trees. 15% trees, 60% shrubs, 
15% herbs, 40% grasses (5% bare soil)/grazing land. 

Surface stoniness: Nil. 
Drainage class: Somewhat excessively dra1ned. 
Soil fauna: Termites, ants, some beetles and worms. 

Soîl 

" 
profile 

0-22 cm. Dark brown to brown (7.5 YR 4/2 dry), dark brown (7,5 YR 
3/2 mo1st); gravelly (angular) loamy sand; atrong 
granlllar; abllndant, very fine, biopores; soft, very 
friable, slightly sticky and slightly plastic; gradual 
and smooth bollndary to 

B2t 22-40 cm. Yellowish red ((5 YR 5/6, dry), yellowish red to red (5 
YR 4/6 2.5 YR 4/6 moist); gravelly (anglllar) loamy 
sand; no macrostructure; abundant, very fine biopores 
(many aggrotubules filled with Al material); soft, very 
friable, non sticky and non plastic: abrupt and braken 
boundary to 

R 40-45/71 cm. Rotten rock wîth hard nucleus of unweathered granite, 
abr;.ipt and breken boundary to 

11B21t 45/71-85 cm. Yellowish red (5 YR 4/6 dry), dark red (2.5 YR 3/6 
moist); very gravelly sandy loam; few rotten rock pieces, 
no macro struotures, many, very fine biopores; hard 
friable, non sticky and non plastic; gradual and smooth 
boundary to 

11B22t 85-135 cm. Yellowish red (5 YR 4/6 dry), yellowish red to dark 
red (5 YR 3/6 to 2.5 YR 3/6 mo1st); very gravelly 
(angular) sandy loam with few completely rotten rock 
pieces up to 15 om. diameter; no macrostructure, many, 
verY fine biopores; hard, friable; non sticky and non 
plastic; gradllal and smooth boundary to 

11G 135-165 cm. Yellowish red (5 YR 5/6 dry), yellowish red to red (5 YR 
4/6 to 2.5 YR 4/6 moist); very gravelly (angular) sandy 
loam with few completely rotten rock pieces up to 15 cm. 
diameter; no macrcstructure; common, very fine biopores; 
hardened material with 1ron/manganese conccretîons after 
155 cm.; 20% distinct brown mottles (10 mm. diameter); 
60% distinct red mottles (10 mm. diameter); 20% prominent 
blaak mottles (15 mm. diameter); platy structures, few 
aggrotubules filled with A1 material; hardly breakable; 
abrupt to and smooth boundary to 

11R +165 om. Weathered granite, partly fresh. 
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Prarile code' EAK12; Author anonymous. 
Site characteristics: 

- 33 -

Locationt KWale distrJct, 20014-325; E/28.3, N/24.1, altitude 
233 m. ASL. * 

Soil classification• Ferra1* Chromic Acrisol. 
Climate: nd. 
Agroclimat!c zone: III. 
Parent material: Coarse grained sandstone. 
Physiography (general) :Coastal uplands. 
Relief (general): UndulatJng. 
Vegetation/landuse: Open grassland/ cLl.t 1 vation. 
Erosion: Nil. 
Surface stoniness: Nil. 
Slope gradient: 2%. 
Drainage calass: Well drained. 

Soil ,, profile: 
0-15 cm. Dark reddish brown (5 YR 5/4 dry, 5 YR 2/3 rnoist); sandy 

laam; poraus massive, slightly hard when dry, fr1able 
moist, slightly sticky, non plastic when wet; many very 
fine, co;nmon fine, many medium roots\ high biologiCal 
activity; clear and smooth bollndary to 

15-45 cm. Dark reddish brown (2.5 YR 3/# dry and moist); sandy clay 
loam; waak, coarse, subangular blocky; few thln cutansr 
common, fine and medium pores, common, medium, few fine 
roats; high biologica! aotivitY1 clear and smooth 
boundary to 

B2t 45-260 am. Red (2.5 YR 4/8 dry anu moist); sandy alay; waak, coarse, 
angular blocky to subangular blocky; very hard when dry, 
friable moist; sticky and plastia when wet; common, thin 
clay outans; common, fine and medium pores; common, 
medium, few fine roots; high biologivoal acrivity. 

Profile code• EAK16; Author: anonymolls. 
Site characterist1cs: 
Location: KARI Laboratories, Muguga, altitude 21i~ m. ASL. 
Soil classification: FAO-Unesco (1974): Humic Nitosol 

USDA Soil TaxonomY (1975): Oxic Paleustalf. 
Parent mater!al: Limuru traohyte. 
Climate (soil): Ustio, isothermic. 
Agroclimatic zone: III. 
Physiography (general)t \rolcanic uplands. 
Vegetation: Trees 40%, shrubs 20%, herbs 40%. 

Soil 

" 

• 

profile: 
o-TO cm. Dark reddish brown (2.5 YR 2.5/4 moist); clay loam1 very 

fine and fine crumps; very friable, slightly sticky, 
slightly plastic; many fine and medium roots; alear and 
smooth boundary to 

" 
Field clasaification according to proposed Kenyan concept. 
Field classification before consideration of analytical data. 
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AB 10-35 cm, Dark reddish brown (2.5 YR 3/4 moist); clay; moderate, 
fine, mediwn and coarse subangular blocky; few, thin 
cutans; very friable, sticky, plastic; many fine, many 
medium roots, some charcoal fragments; gradual and wavy 
bOW1dary to 

B21t 35-100 cm. Dusky red (10 R 3/3 moist); clay; moderate fine, mediwn 
and coarse angular blacky; common, thick clay cutans; 
very friable, sticky, plastic; pores as in AB, many fine, 
common medium roots; grad:.!al and srnooth boundary to 

B22t 100-150 cm. Dusky red (10 R 3/6); clay; strong, medium and ooarse 
angular blocky; common, thick cutans; very friable, 
sticky, plastic; very few soft aesquioxides; many fine, 
common medium porea; common fine and medium roots. 

3.2.2 Phyaical characterist1cs 

Bulk density. The bulk densities of all the profilea are relatively high 
(see table A2.1). Profile EAK26 has the lOWest values. The bulk density 
decreases slightY, with depth. Profile WAN2 has the highest values 
(1.44-1.51 g./om. J 

Moisture retention. The moisture contents at various pF's are ahown in 
table A2.1. The coarse textured profiles (EAK12 and WAN2) have 
relatively low values. The rnoisture retention relates well w1th clay 
content, (eapecially rnoisture retention at pF ~.2) within and arnong the 
profil es. 

Particle size analysis. The variation of sand, silt and clay fractions 
with depth are shown in figures 3.13, 3.14, 3.16 and 3.18 for profiles 
WA"12, EAK26 and EAK16 respectively. A clay bulge is shown to start at 
atout 70 cm. depth for profiles EAK16 and EAK26 and at about 50 cm. for 
profiles EAK12 and WAl>!2. The latter are coarse textured profiles with 
over 50% eand content. A maximum clay content is reached at 70 cm. depth 
in profile WAN2, 90 cm. in profile EAK12 and below 150 cm. in profîles 
EAK26 and EAK16. The minimum clay contents are at ~O cm. depth in 
profile EAK26 and EAK16, 30 cm. 1n profile EAK12 and almost at the 
surface in profile WAN2. 

Silt/clay ratio. The variation of siltfclay ratioe with depth are ehown 
in figuree 3.17 and 3.15. The topsoil has generally higher values than 
the subsoil in all the profiles. A steady decrease in silo ratio with 
depth is evident. Profile EAK26 has rather high values while profile 
EAK1 6 has low values. 
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J"iq. 3.13 Variation of sand, silt and clay 
with depth in profile EAX26 
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Fig. 3.14 variation of sand, silt and clay 
content w,_th àepth in profile EAK16 
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Fig. 3.15 
Variation of silt/clay ratio 
with depth ln profiles EA1<16 
and EAK26 
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Fig. 3.16 variation of sand, silt and clay content 
with depth in profile WAN2 
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Fig. 3.17 Variation of silt/clay ratio in 
p>:ofile WAN2 and EAK12 
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Fig. 3.18 Variation of sand, silt and clay content 
with depth in profile EAK12 
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3.2.3 Chemical characteristics 

PH. The soîl reaotion is acidic in most profiles except profile EAK1 6. 
The values of pH-H,O and pH-KCl are shown in table A2.2. The variations 
of pH-H,O with ctepth are 'shown in figures 3.19 and 3,23. The pH 
decreases with depth in all the profiles except in profile WAN2. This 
profile has lowest pH values. The acîdity correlat_es with CEC and base 
saturation. 

Gation exchange capacity. The CEC-NH,O acet, va1ues at pH 1 are rather 
low in all the profiles. The lowest val\.!es are in profile EAK12 and l\'AN2 
(< 100 mmol/kg,) while relatively high values are ahown in profiles 
EAK16 and EAK26 (> 120 mmol/kg.). (See tabla A2.2). The variations of 
the CEC with depth are shown in figures 3.21 and 3.2lJ. A general 
decrease with depth up to 40 cm. is shown in profiles EAK16, EAK26 and 
WAN2. The CEC correlates with the organic matter (organio carbon) 
content. The very high values in profile EAK16 and EAK26 in the topsoil 
are due to the high organic matter content. 
The CEC-clay (corrected and uncorrected for organic matter) have been 
calculated using linear regressions and are ahown in table A2.4 and 
A2.5. The CEC-organic matter hae also been calculated using the slopes 
of the regreasion linea. Profile WAN2 and EAK26 have higher values of 
CEC-clay (corrected and uncorrected for organio matter). Profile EAK16 
and EAK12 have rather low values. The values in profile WAN2 and EAK26 
(230 and 198 mmol/kg. respectively) are rather high tor a soil with clay 
mineralogy of kaolinite predominantly. Henoe the soils oould have some 
amorphous material or halloysitic kaolinite. The values shown for the 
ether profiles (< 150 mmol/kg olay) indicate a predominanoe of 
kaolinite. 
The CEC-organic matter are rather low in profîles EAK26 and \'/AN2. îhis 
correlates with the high acidîty levels in these prcfiles since the CEC
organio matter depends strongly on the pH. 

Organic matter content. The organîo carbon contente are shcwn in table 
A2.2. The variatîons of organio carbon with depth are shown in figures 
3.20 and 3.26. A steady decrease wîth depth can be observed in profiles 
EAK26 and EAK12. A sharp deorease in the upper lJO cm. is shown in 
profile EAK16. îhiS implies a high rate of deoomposition or a high rate 
of homogenisatîon in profiles EAK26 and EAK12 and a low rate of 
decomposition or a low rate of homogenisation in profile EAK16. 

Base saturation. The base saturation of prcfiles EAK26 and EAK16 is 
rather high while that of profile WAN2 ia low. The very high value 
(> 100%) at 150-220 om. depth of profile EAK12 implies accumulation of 
bases at these depths. (See table A2.2). The low base saturation in the 
topsoils of profiles EAK12 and WAN2 indicates a high degree of leaching 
in the profiles. The variations with depth are shown in figures 3.22 and 
3.26. A sharp decrease is observed at about 30 om. in profile EAK26 and 
WAN2 and at about 50 cm. in profile EAK26. An increase with depth OCCW"'s 
up to about ~O cm. in profile EAK12. The values deorease toa minimum at 
about 50 om in profile EAK16, 80 cm. in profile EAK26, 40 cm. in profile 
WAN2 and 110 cm. in profile EAK12. 
The values of exchangeable bases are shown in table A2.2. Calcium is the 
dominant exchangeable cation in all three profiles. Magnesium is rather 
high in profile EAK26 and potassium is rather high in profile EAK16. 
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Profile EAK1 6 has the highest values of all exchangeable bases of the 
four profiles, while profiles EAK12 and h'AN2 have rather low amounts of 
exchangeable bases. This indicates stronger leaching in these two latter 
profiles. However 1t may also be due to their sandy texture. 

3.2.4 Mineralogical characteristics 

Element analysis. Elemental composition (expressed as percentage of 
major oxides) of fine earth fraction and of clay fraction are shown in 
table A2.3 for profile WAN2 (fine earth fraction) and EAK12 and EAK16 
(clay fraction). The derived molar ratios calculated from the elemental 
composition are also shown. 
The SiO~ content is rather high in profile WAN2. No pattern can be 
observed with depth due to homogenisation and pedoturbation by 
biological activity. Hence Si02 /~A1,o,, Al,Q,/Fe,o. and Si0 2 /~Al20, and 
Si02/~A1,o, + %Fe•Ü• do not provide useful information in these 
profiles. However it can be observed that SiO; is highest in all 
profiles but higher in profiles EAK12 and EAK16. Relatively high values 
of Al20• are observed in these profiles and indie>ate a predominance of 
Al as oompared to Fe. 
The derived molar ratios of the clay fraction of Si20,/%Al20o are about 
one in all profiles, indicating the predominanoe of 1. 1 clay minerals. 
The Al20,/Fe,Q, ratios are low in profile EAK1 6 due to high Fe20• 
content. 

Clay mineralogy. The clay mineralogy data for the prcfiles are not 
available syatematically. Breimer and Van Reuler (1978) suggest that in 
profile WAN2 there is a high percentage of 2.1 olay minerals and low 1 .1 
kaolinitic minerale in the upper 55 cm, Kaolinite predominates in the 
55-135 cm depth and a very high content in the 160-165 cm. depth. This 
is in contradiction to what is observed micromorphologically and by the 
chemioal data. 
The x-ray report of profile EAK12 indicates predominantly a well 
crystallized kaolinite and traces of iron, A clear absence of 2.1 clay 
minerale is reported for this profile. 
The mineralogical analysis of the clay fraction in profile EAK1 6 is 
shown in table 3.3 below. 

Table 3.3 Ranking of mineralogical composition of the clay fraction in 
profile EAK1 6. 

Depth Kaol. Mi/ill. Feld. Goeth 

o- 1 0 " " • ' ' 
1 o- 35 " " • ' ' 
35-100 " " '" ' 

1 00-150 ". " '" ' 
". • very high '" • traces Kaol. kaclinite 

" high ' present Miiill. • mica/illite 

• • ''" • absent Feld. feldspars 
Goeth • goethi te 
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A predominance of kaolinite and traces of micas and illite: is observed 
throtlghout the profile. Goethite and feldspars are present in small 
amounts but feldspars are lacking in the subsoil. 
The x-ray report of profile EAK26 indicates a predominance of kaolinite 
and small amounts of quartz and feldspars. No micas or illite is 
reported. 
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4. MICROMORPHOt,OGICAL CHARACTERISîICS 

4.1 Profile RP1 

Macroscopie observatlons 
The profile ie dark brown to reddish brown in colour. The upper 50 cm. 
is dark brown to red. It is poreus throughout but the porosity decreases 
considerably with depth. Planes (cracks) and Channels with diameters '-'P 
to 2 mm, occur througho<lt the profile increasing with depth. The 
strJCt<lre is granular to subangular blocky in the 1.1pper 60 cm. and 
becomes angular blocky to S<lbangular blocky in the subsoil. A few 
fragments of charcoal occur in the 1.1pper 60 cm. and ferric nodules ocour 
thro~ghout the profile. 

Microscopie observations (Summary, figs. 4.1 and 4.2). 
Oroundmass (Swnmary, fig. 4.1). 

Skeleton grains. Very few rounded, coarse (> 500 µm.) skeleton grains 
occur randornly distributed throughout the profile. Few to common, 
subrounded and soma euhedral fine to medium{< 500 µm.) skeleton grains 
occur randomly distributed throughout the profile. Most of them are 
quartz and cherts but soma are sanidine feldspars and volcanic glass. 
The cracks are filled with red plasma material. Some are weathering to 
yellowish plasmic material. 

Voids. Most of the voids are biogenic; compound packing voids, v:.ighs 
and channels are predominant anO abundant in the topsoil and decreasing 
with depth. Craze, skew and joint planes with diameters up to 1 mm. 
occur througho4t the profile and increase in the lower 100 cm. 

Plasma - plasmic fabric. The plasma is predominantly è!ndulic throughollt 
the profile. Sepic parts occur starting from 50 cm. 

Special features (Sumrnary, fig. 4.2) 
Reorientation. Few to common, faint to distinct, 10-50 µm. in diameter, 
glaesepic, masepic, voeepic, skelsepic and insepio reorientations occur 
randomly distrituted starting from about ~O cm. Most of them have 
diffuse boundaries. They increaee and become more distinct with depth. 

Ferri-argillans. Distinct, 10-50 J.<ill. in diameter, normal, channel and 
skew plane ferri-argillans oocur starting from abo:.it 60cm. depth. Most 
of them are clustered but some are randomly distributed. They have eharp 
boundaries and some are continuous along ped races. The maximum amount 
is reached at 100-120 cm. depth (see tabla 4.1). Most cf the ferr1-
argillans are translocated and show qui te streng birefringence. 

Papules. Distinct, 10-~0 µm. in diameter, papules 
distrib1.1ted starting from about 60 cm. depth. They have 
and the larger ones have different shades of brown. 

occur randomly 
sharp boWldsries 

Nodules. Distinct, 30-150 µm. in diameter, rounded and spherical, ferric 
nodules oocur throughout the profile. Most of them have sharp bcundaries 
and are separated by small cracks from the plasma but the smaller on.es 
have rather diff1.1se boWldsries. Some are associated with weathering rock 
fragments. 
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Pedotubule:;;. Faint, 0.5-3 m:n. in diameter, matr!c ortho aggrotubules 
occur thr'oughout the profile. They are abundant to many in the topsoil 
and decrease considerably with depth. Some have slightly more organic 
matter than the matrix. 

Feoal pellets. Faint, 30-100 µm. in diameter, matric fecal pellets occ.ir 
throughollt the profile decreasing with depth. Most of them are welded 
and are randomly distribllted in the profile, but acme are clllstered in 
the aggrotubules, Smnall ones, 10-20 µm. in diameter from mites occur 
clllstered in the partly decomposed plant remains. 

Inherited reatures. A few, 300-800 µm. in diameter rock fragmente and 
volcanic glass occur throughout the profile, Same are partly weathered 
to red material. A few plant remains occur in the upper 60 cm. 
decreasing with depth. 
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~.2 Profile RP2 

Macroscopie observations. 
The upper 20 cm. ia dark brown while the subsoil is reddish brown to red 
in colour. The profile is fine textured and q•Jite porous. The porosity 
deoreaaes with depth and the groundmass is denser in the lower 80 cm. 
Channels and vughs with diameter of 1 to 2 mm. are common in the upper 
30 cm. and decrease with depth. Granular and aubangular blocky structure 
is predominant in the i.;pper 20 cm. while subangular blocky structure 
predominates in the subsoil. Specks of iron nodules and rock fragments 
occur throughO'lt the profile. Plant remaina and organlc aggregates ocour 
especially in the upper 40 cm. and decreaae with depth. 

Microscopie observations (Summary, figs. 4.3 and 4.4). 
Groundmass (Summary, fig. 4.3). 

Skeleton grains. Coarse (> 500 µm.) skeleton grains which are subrounded 
with low sphericity oocur randomly distributed throughout the profile 
inoreasing slightly with depth. Most of them are quartz and chert, 
coated partly by iron, but some are rock fragments. Medium to fine 
skeleton grains are coillillon and oCCW"' randomly dlstributed throughout the 
profile. Some are subrounded while others are euhedral. Most of them are 
quartz and ohert but some are sanidine feldspars, volcanic glass and 
plagioclase feldspars. 

Voids. Most of the voids are biogenic compound 
and vughs wi th diameter of 1 00-1 000 µm., 
distributed throughout the profile decreasing 
diameters of 1-2 mm. and a few craze, skew 
especially in the aubsoil. 

packing voids, channels 
which occ1;r randomly 

with depth. A few have 
and joint planes occur 

Plasma - plaslllatic f'abric. The plasmic fabric ia predominantly undulic 
in the upper 30 cm and asepic in the aubsoil. Some sepic parts OCCW"' 
starting trom about 40 om. depth. 

Related diatribution. The upper 40 cm. have agglomeroplaamic white the 
aubsoîl has porphyroskelic to porphyric related diatribution. 

Special featW"'eS (Sumrnary fig. 4.4). 
Reorientation. A few, faint, 10-30 µm. in diameter, glaesepic, skelsepic 
and insepic reorientations occnr randomly distributed starting from 
about 40 cm. depth. Most of them have sharp outer boundaries and diffuse 
inner boundarîes and are weakly expressed. 

Noclules. Distinct, 30-150 µm. in diameter, rounded, spherical, ferric 
nodulea occur randomly distributed throughcut the profile incressing 
slightly in the lower 20 cm. They have sharp boundaries and some are 
separated from the plasma by small cracks around them. 

Pedotubules. Faint, 0.5-3 mm. in diameter matric, ortho-aggrotubulea 
occur randomly distributed throughcut the profile. They are abundant in 
the upper 40 om. and decrease with depth. They have rather smooth 
boundaries. 
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Fecal pellets. Faint, 50-100 µm. in diameter welded matric fecal pellets 
occur randomly diatributed throughout the profile. They are abundant in 
the llpper 80 cm. and decrease considerably w1th depth. A few diatinct, 
30 µ • in diameter single organia fecal pellets occur clustered inside 
aome plant remaina. 

Inherited features. A few, 0.2-2 mm. in diameter, fragments of rhyolite 
and andesite rocks occ"r throughout the profile increasing slightly with 
depth. A few partly decompoaed plant remains atao occ<.1r especially in 
the 1.1pper 40 cm. Some of the ferric nodules are weathering rock 
fragmenta eapecially in the lower 20 cm depth. 

' 
' 
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4.3 Profile RP3 

Macroscopie obaervations. 
The profile is dark brown in the topsoil and reddish brown to red in the 
subsoil. It is very poroas in the upper 80 cm. and the porosity 
deoreases with depth to relat1vely danse subsoil. Channels and planes 
with diameter up to 5 mm. ocour throughout the profile. The upper 60 cm. 
has subangular blocky to granular structure while the subsoil has streng 
angular blocky to subangular blocky structure. Dark specks of charooal 
occur throughout the profile. 

Microscopie observations (Sumrnary, figs. 4.5 and 4.6). 
Groundmass (Summary, fig. 4.5). 

Skeleton grains. Coarse (> 500 µm. in diameter) rounded skeleton grains 
are few and oocur randomly distributed throughout the profile. Most of 
them are quartz, chert, and rock fragments. Few te common, medium to 
fine (< 500 µm. in diameter) are predominantly quartz, chert and 
volcanic glass and occ:ir randomlY distributed 1n the profile. 

Voids. Abundant to common biogenic voids occur throughout the profile. 
These are predominantly compound packing voids, vughs and channels wit:i 
diameter up to 2 mm. Craze, skeW and joint planes with diameter up to 1 
mm. oocur in relatîvely less amount and deorease with depth. 

Plru;ma - pla5lllÎC fabric. The plasma is predominantly undulic. The 
topsoil tends to îsotio due to high organic matter. Seplc parts occur 
througho:it the profile increasing with depth. 

Related distribution. The 
ctîstribution throughout. It 
topsoil than in the subsoil. 

profile has porphyroskelic related 
is more open wi th higher porcsî ty in the 

Special features (Summary, fig. ~.6). 
Reorientation Faint to distinct, 10-80 µm. in diameter, insepic, 
glaesepic, skelsepic, vosepîc and masepic reorientations occur 
throughout the profile. In the upper 40 cm only a few insepic and 
glaesepic reorientations occur. They all înarease with depth and are 
common in the lower 120 cm. 

Ferri-argillans. A few faint to dîstinot, 10-30 µm. in diameter ferri
argillans oocur randomly distributed starting from 80 cm. depth. They 
are rather small and the maximum amount of only 0.4 percent by volume is 
reached at about 100-140 cm. depth. Most are braken and appear te be in 
the process of being degraded. 

papules. Distinct, 1 0-30 
distributed starting from 
inherited while others may 
are translocated. 

urn. in diameter, papules occur randomly 
about 80 cm. depth. Some of them may be 
be in situ weathering. However most of them 

Nodules. Few to common, 30-250 µm. in diameter, distinct, ferric nodules 
occur throughout the profile. Most of them have sharp boundarîes and are 
separated from the groundmass by small cracks. The smaller ones have 
diffuse boundaries. 
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Pedotubules, Faint, 0.5-4 mm. in diameter, matrio and a few organio, 
Drtho and meta aggrotubules occur throllghout the profile. They are many 
in the upper 60 cm. and deorease considerably with depth. 

Fecal pellets. Faint, 50-100 µm. in diameter, fecal pellets occur 
throughout the profile. They are abundant to rnany in the upper 80 cm. 
and decrease with depth, Most of them are welded but some are single, A 
few distinct 30 µm. in diameter, organic fecal pellets oocur clustered 
in some plant rernains. 

Inherited features. A few partly decDmposed plant remnants occur 
especially in the upper 60 cm. and decrease with depth, A few, rather 
fresh and sDme ether weathering rock fragrnents occur throughout the 
profile, The fresh ones occur more frequently in the topsoil while the 
weathering ones cccur in the subsoil, 
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4.4 Profile EAK26 

Macroscopie observat!ons. 
The grollndmass is brown to dark brown in colour; predom!nantly fine 
textured and pedal. Strong granular and subangular blocky structure 
predominates in the topsoil while the subsoil Js mainly Sllbangular to 
angular blOcky. The groundmass is denser with depth. Large voids (>1 mm) 
are abundant in the upper 50 cm. These are mainlY biogenic and decrease 
with depth, Cracks up to 3 mm. in diameter are present in the Sllbsoil. 
Reddish brown ferric nodules of diameter up to 2 mm. are corrunon 
throughout the profile. They are smaller and leas distinct in the lower 
50 cm. Material of the subsoil (reddish in colour) farms patches in the 
darker topsoil. Pedotub:.iles and channels of about 3 mm. in diameter 
occur in the upper 70 cm. 

Microscopie observations (Surnmary, fig. 4.7 and 4.8). 
Grcundmass (Summary, fig. 4.7). 

Ske1eton grains. The coarse grains (diameter ) 500 µm.) are subrocinded 
to angular, of low spheriaity, and are randomly distributed throughout 
the profile. They consist of mainly quartz and chert grains. The fine 
and medium skeleton gra!ns (diameter < 500 µm.) are generally subro~nded 
and are randomly distributed in the profile. Same are euhedral and 
others form long crystals. They consiat of predominantly chert and 
quartz but the ellhedral ones are sanidine feldspars and plagioclase 
feldspars while the long crystals are volcanic glass. Most of the 
skeleton grains are partly coated with reddish haematite and clay 
material. 

Voids. Most of the voids are biogenic with diameter 1 mm. to 200 µm. In 
the upper 70 cm, most of them are 1 mm. to 500 µm., forITT a coITTplex 
pattern of compound packing voids, interconnected and separate vughs. 
Channels and craze planes occur throughout the profile but predominate 
in the lower 50 cm. The voids decrease with depth leading to a somewhat 
denser subsoil. 

Plasma - plasmic t"abric. The plasmic fabric is predominantly undulic to 
isotic in the topsoil and undulic to sepic in the Sllbsoil. Some asepic 
parts occur throughout the profile increasing with depth, Patches of 
asepic plasmic fabric are included in more undulic topsoil as material 
from the subsoil. 

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

Special features (Surnmary, fig. ~.8). 
Reorientatlon. Features of reorientation start at about 20 cm. depth and 
increase with depth. At about 160 cm. they are common. There are 
d!Stinct, 20-100 µm. in diameter glaesepic, omnisepic, masepic and 
insepic reorientations, randomly distributed in some parts marking the 
walls of channels (vosepic). The cmnisepic and masepic reorientations 
are relatively few. 
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Argillans. Distinct, 10-50 µm. in diameter, channel, normal and plane 
ferri-argillans with sharp boundaries occur randomly distributed and 
somewhat clustered starting from 1 OOcm depth ( see plate 8) . In some 
parts they are clustered around places wi t h fecal pellets which ar e 
somewhat welded. The argillans do not occur on the relati vely 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). 
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Plate 8 Normal ferri-argillan; polarized light. 

From 110-115 cm. depth, profile EAK26. 

Papules. Distinct, 10-50 µm . 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 µm. 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. 

- 59 -

Fecal pellets. Two sizes of fecal pellets can be distinguished; 
distinct, 60-100 µm. 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 µm. 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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4.5 Profile WAN2 

Macroscopie 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 upper 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. 

Microscopie 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 cher t and feldspars. (See plate 10). 
The medium and fine skeleton grains are angular. A few are somewhat 
rounded and have low spherici ty. They increase wi th 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 WAN2. 
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Voids, Voids greater than 2 mm, are few and are mainly interconnected 
vughs and chambers. Voids less than 2 mm. are abundant in the upper 
40 om. and decrease to common in the subsoil. They comprise 01ainly of 
interconnected vughs, chambers, channels and compound packing voids. 
Some craze and skew planes occur. 

Plasma - p1as:mic fabric. Undulic plasmic fabrics predominate in the 0-40 
cm. depth, undulio to asepic in the 40-140 cm. and asepic in the 140-165 
cm. depth. Soma separt (insepic) occllr associated with channels, 
skeleton gra1ns and fecal pellets starting from 55 cm. depth. 

Rela.te4 distribution. The related distriblltion is intertexic to 
agglomeroplasmio in the L!pper 20 cm., agglomeroplasmic to porphyric in 
the 20-60 cm. and intertexic te porphyroskelic at lower depths. 

Special features (Summary, fig. ~.10). 
Reorientation. Faint 20-130 µ111 in diameter, masep!c-1nsep1c, skelsepic, 
and fecal sepia reorientations with diffuse to somewhat sharp boundaries 
occur randomly distribllted starting frorn about 25 cm. depth .. The aize 
and quantity increaae with depth due to increase of plasma, 

A1"gillans. Distinct, 20-100 µm, in diameter, channel, normal, plane and 
embedded grain ferri-argillans cccUT' clustered starting at about 50 cm. 
depth.A few of the ferri-argillans are associated "ith pad faces. Most 
of them are associated "ith biological activity (fecal pellets) of a 
certain generation. The single and strongly welded (rather recent and 
older) fecal pellets are not affected by the illuviaticn. The larger 
ferri-argillans are cracked and have different shades of brown. Same are 
yellowish bro"n while others are yellow. A few distinct 1 0-20 µm. in 
diameter argillans occur adjacent to ferrans at 160 cm. depth (see plate 
11). The max1mllm ql.!antity of 3.9% by volume is reached at abol.!t 83-98 
cm. depth. 

Subcutans. Dist1nct, 10-30 11m. in diameter plane neoferrarus with diffuse 
boundaries occUT' at 160-165 cm. depth. They occur adjacent to argillans. 

Papules. Distinct, 20-100 µm in diameter papules with sharp boundaries 
cccur randomly distributed and some clustered starting from about 50 cm. 
depth. They have different shades of brown. Some are associated with 
weather1ng grains, especially in the subsoil. The maximum amount is 
reached at 83-94 cm depth (see table 4.5). 

Modules and ooncretlons. Distinct to faint 1 0-50 µm. in diameter round 
ferric and manganese nodules and concretions with sharp and some with 
diffuse boundaries occur randomly distributed, starting frcm about 85 
cm. The amount increases with depth but they are few up to aboc:t 160cm. 
depth. 

Pedotubu1es. Distinct to faint, rnatr!c, ortho and meta- aggrctubules 
oocllr randomly distributed throughout the profile. They range from 0.5 
to 3 mm. in diameter and are abundant in the topsoil decreasing with 
depth. Most are rnatric"1lleta-aggrotllbllles, difficult to distioguish, 
especially in the topsoil, from the matrix. Soma are affected by 
illuviation. A few organic orthc-aggrotubules of material derived from 
the topsoil OCCUT' in the subsoil. 
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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 µm. in diameter, mainly welded ones. 
These are micropeds molded by biological activity; 
- Distinct, 40-60 µm. in diameter, some single and some welded ones and 
the third type are 
- 10-20 µm. 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 
throughout the profile 
decomposed plant remains 
of charcoal occur in the 

few angular rock fragments of granite occur 
but are more in the subsoil. A few partly 
occur mainly in the upper 50 cm. Some artifacts 
upper 100 cm. 
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4.6 Profile EAK12 

Macroscopie observat1ons. 
The profile is coarse textured but the skeleton gra1ns are difficult to 
diatinguish from the pores in the thin seation of the upper 50 cm. The 
upper 30 cm. has granular structure and the subsoil appears macro
struct~reless. The matrix is dark brown in the upper 30 cm. and reddiah 
brown to red in the subsoil. A few large voids (2-5 mm. in diameter) are 
present in the surface 40 cm. Some aggrotubules also occur in the upper 
30 cm. The fine matrix and plasma increaae with depth and become 
relatively danse starting from 45 cm. depth. 

Microscopie obaervationa (Summary; figa. 4.11 and 4.12). 
Groundmass (Summary. figure 4. 11 ) • 

Skeleton grains. The coarse skeleton grains (> 500 µm.) are ang'.llar, 
with low sphericity and occur randomly distributed throughout the 
profile. They are many to abundant in the topsoil and decrease with 
depth. The medi-JIJl (500-100 µm.) and the fine(< 100 µm.) are somewhat 
rounded to subrounded and are rather spherical. The fine ones 1ncrease 
with depth. Same are clustered around aggrotubules and channels marking 
the boundaries of these featw-es . 
The skeleton grains consist of mainly clean quartz and a few are 
feldspars. A few are craoked and the cracks are filled with reddiah 
plasma. 

Volds. Large voids (> 2 mm. in diameter) are quite few and decrease with 
depth. îhey are channels and interconnected vughs randomly distributed 
in the profile. Voids leas than 2 mm. are abundant in the topsoil and 
decrease with depth. These are channels, vughs, compound packing voids, 
chambers, skew and craze planes and some simple packing voids. Channels, 
chambers and interconnected vughs ar'e predominant in the top 30 cm. 
while channels and craze planes predominate in the subeoil. 

Plasma - plasmic fabric. The plasma ie undulic to isotic at 0-30 cm., 
undulic to asepic at 30-60 cm. and predominantly asepic in the subsoil. 
Some sepic parts oc'c\lr beginning from 15 cm. The sepic parts are 
associated with channels and aggrotubules. Others occur in matrix. 

Related dîstributîon. The related distribution pattern is agglomero
plasmic to intertexic at 0-30 cm.; agglomeroplasmic to porphyric at 30-
45 cm. and agglomeroplasmîc at 60-100 cm. In some parts the related 
dietribution pattern can not be well described due to clustering of 
medium and fine skeleton grains, 

Special features (Summary, fig. ~. 12). 
Reorîentation. Faint, 10-50 µm. in diameter masepic-insepic and 
skelsepic reorientation occurs beginning from 30 cm. depth. Most of them 
have diffuse bo<Jndaries. They increase slightly wîth depth but the 
amount is little (few) throughout the profile. Some are associated with 
fecal pellets and are called fecal sepia. These ocour clustered on the 
fecal pellets whioh are strongly welded . 

.Argîllans. Oistinct, 1 0-1 00 ~m. in diameter, channel, normal, and 
embedded grein ferri-argillans occl!r in a clustered pattern beginning 
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from 15 cm. to 60 cm. depth. Most of them are norrnal and channel ferri
argillans and embedded grain ones are very few in the 30-60 cm. depth. 
They form bands and tub-!les which are horizontally somewhat parallel. 
They have sharp boundaries and have streng birefringent. The larger ones 
(> 50 µm.) are craoked. The ferri-argillans are associated with a 
certain generation of biologica! activity. They are stained with 
different shades of brown giving them a brownish to yellowish coloill'. 
Some are associated with fecal pellets and micropeds. The maximum amount 
is reached at 30-~5 cm. (see table 4.6) and theY do not occur at 80-95 
cm. depth. Thus they only occur at 15-60 cm. depth. 

Papules. Distinct, 20-80 µm. in diameter, rounded papules cccur randomly 
distributed beginning from 15 to 60 cm. depth. They have sharp 
boundaries and decrease with depth from ~5 nm. The maximum amount is 
reached at 30-~5 cm. Unlike the in situ ferri-argillans, they occur 
aasociated with all generat1ons of biologica! activity. 

Nodulea and concretlons. Distinct, 20-150 µm. in diameter, rounded and 
spherical nodules oacur randomly distributed throughout the profile. The 
larger ones have aharp boundaries while the smaller ones have diffuse 
boundariea. Very few occur in the upper 15 cm. They increase slightly 
with depth but remain few throughcut the profile. 

Pedotubules. Faint, 0.5 to 3 mm. in diameter, matric ortho-aggrotèlbules 
occur randomly distributed throughout the profile. They increase with 
depth but can not be distinguished at the upper 30 cm. The boundaries 
are somewhat compacted and consist of a ccncentration of medium and fine 
grains embedded in the plasma. Some isotubules occW" at lower depths but 
are difficult to distinguish frcm the groundmass. 

Fecal pellets. Faint, 100-200 µm. in diameter, welded to single matrix 
fecal pellets occur 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 occur in the 
upper 30 cm. A few lithorelicts of quartzite and nodules occW" 
throughcut the profile. The few weathering graina of sanidine and 
feldspars are also part of the parent material. 
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Table ~.6 Degree of illuviation and degree of biological reworking of illuviated clay per thin section in profile EAK12. 

Depth Thin sect. Total % Oegree In situ % % illuv. Rel,% of Degree 
Horizon 

(om) number 1lluv.claY of illuv. of illuv. reworked illUV. oC 

biologicall.Y reworked reworking 

o- 1 5 1893 " o.o 0.0 0.0 0 

1s- 30 1894 me 1.7 ! 0.4 moderate ", ! 0. 3 0,6 :!: 0.3 35 moderate 

30- 45 J 895 '" 1.8 <:. o.4 moderate 1.5 <:. 0,4 0.3 <:. 0.2 " weak 

45- 60 t896 '" 1.6:t0.4 moderate ", ± o. 3 0.5 ± 0.3 33 moderate 

Bo- 95 1897 B2t* traces neglgible tra ces traoes o.o negligible 

For explanation see under table 4.1 . 

• Not a mioromorphologioal B2t horizon. 
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4.7 Profile EAK16 

Macroscopie observations. 
The grollndmass is dark brown in oolo\lr in the upper 20 cm. and 
reddishness 1ncreases with depth to almost red at 100 cm. The material 
is very porous throughout the profile but is dense in the subsoil. 
Aggregates or red masses occur starting from 125 cm. depth. The upper 30 
cm. has granular and subangular blocky struoture while the 100 cm. hes 
subangular to angular blocky structure. A few Channels and aggrotubules 
with diameter up to 3 mm. occllr throllghout the profile decreasing with 
depth. A few. isotubules can be observed in the upper 45 cm. The walls of 
channels and aggrotubules are comparted. A few cracks with diameter of 
up to 2 mm. occ11r starting at 15 cm. 

Microscopie observations (Surnmary, figs. 4.13 and 4.14). 
Groundmass (Surunary, fig. 4.13). 

Skeleton grainB. There are a few skeletc~ grains throughout the profile. 
The cosrse ones (> 500 µm.) are present but rare. Most of the skeleton 
grains are fine and medium and decrease slightly with depth. They 
consist of mainly qciartz and sanidine feldspars. Some volcanic glass and 
plagioclase feldspars also occ11r in small amounts. The grsins are all 
rather angl.llar and of low spherioity. Most of them are coated with 
reddish iron and clay. A few are weathering to reddish material. 

Voids. Most of the voids are biogenic. Voids with diameter 2 mm. 
consist of a complex pattern of compound packing voids and chsnnels 
which decrease considerably with depth. Smaller voids (diameter< 2 mm.) 
comprise of compound packing voids, channels, vughs and a few craze 
planes. These are rsndomly distributed and decresse with depth. Skew 
planes are more common in the section representative of the B2t horizvn, 
especially within the dense messes. 

Plasma - plaamic :fabric. The plasmic fabric is predominantly undulic 
with sepic and asepic parts. The topsoil undulic plasma is predominantly 
due to organio matter while in the lower depths (> 1 m. deep) it is due 
to accretion or iron. Sepia parts occur rrom 30 cm. consisting of 
insepic, masepic, vosepio and omnisepic. Some fecal sepic parts also 
occur. The most Prominent and common are the insepic and masepic plssrnic 
fabric. 

Helated distribution. The related distribution is porphyroskelic to 
porphyric thrcughout the profile. It is more open in the upper 60 cm. 
than at lower depths. 

Special features {Summary, fig. 4.14). 
Reorientation. Few to common, 10-40 µm. in diameter, insepic and masepic 
reorientatlons ocour olustered at the walls of ohannels and pedotubules, 
beginning at 30 cm. depth. Some are also in the groundmass and randomly 
distributed in the profile. Most have rather diffuse boundaries and 
increase oonsiderably with depth. Some skelsepic, glaesepic, omnisepic 
and vosepic reorientations occ11r from about 45 cm. and incresse with 
depth. 
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Argillans. Oistinot, 10-80 µm. in diameter, channels, normal, and plane 
ferri-argillans occur somewhat clustered, beginning from 15 om. The size 
increases with depth. At 15-60 cm. most of them are 10-50 µm. i-•hile at 
125-140 cm some up to 100 cm. can be found. At this deptt. long 
continuous ferr1-argillans and reorientations can be seen well 
associated with ped surraces, especially in the denser, reddish matrix. 
The highest amount is reached at 45-60 cm. depth and continue to be high 
at the section of 125-140 cm. depth, The ferri-argillans have streng 
birefringence and are somewhat related to a certain phase of biological 
activity (see table 4.4). 

Papules. Distinot, 10-50 µm. in diameter, rounded papules occur randomly 
distributed from 15 cm. depth. They have sharp boundaries and increase 
slightly with depth up to 60 cm. where they decrease with depth. 

Nodules and <>0ncretions. Diatinct, 30~150 µm. in diameter, iron and a 
few manganese nodules occur throughout the profile. Most are relicts 
inherited from the parent material but some in the subsoil (125~140 cm.) 
are concretiona, othera are iron concretiona. Most have sharp boundaries 
but a few smaller cnes have somewhat diffuse boundaries. 

Pedotubule:oi. Distinct, 0.5 to 4 mm. in diameter, matric, ortho and meta 
aggrotubules cccW"' throughout the profile. Some have more organic matter 
than the surrounding mmatrix. There are a few faint isotubules which are 
not easy to diatinguish from the groundmass. The aggrotub\lles decrease 
wi th depth but are relatively many throughout the proff.le. The 
boundariea are comparted and have vcsepic to omnisepic reorientations. 
The older ones are affected by reorientation and illuviation while the 
recent on es are not affected. 

Fecal pellets. Faint to distinct, 30 µm. in diameter and 100-300 µm. in 
diameter, welded and single fecal pellets OCCW"' throughout the profile. 
The larger cnes are micro-aggregates (micropeda) which have been mo~lded 
by the biologica1 activity. The emount decreases with depth but remaina 
relatively high. Same are affected by illuviation while others are not. 

Inherited features. A few partly deccmposed plant rem,;ins occur 
throughout the Profile bo.it are more in the upper 60 cm. Aggregates of 
organic material form brownish specks in the upper 60 cm. and in the 
aggrotubules of up to 80 µm. in diameter. A few lithcrelicts of volcanic 
glasS, weathering rock fragmenta and ferric nodules occur throughout the 
profile increasing alightly with depth. 
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' . SOIL CLASSIFICAîION AND INTERPRETATION OF THE CHP_RACTERISîICS 

5. 1 Requirements of the Nitosols and Aarisols and classifiaation of 
the profiles studied 

The two classification systems whioh are most widely used are the FAO
Unesco legend ( 1974) and the USDA-Soil Taxonomy ( 1975). The Kenyan 
authorities experienced problems in usîng these two classifications for 
their soils and have suggested some modifications especially on the FAl}-
Unesco system. The profiles under investigation are olassified using 
those two systems and the Kenyan concept as indicated by Sombroek and 
Siderius (1981), (See tabla 5.2) 

A summary of the requirements of the Nitosols and Acrisols and how 
are fulfilled by the profiles st:.idied is shown in table 5.1. 
classifioation of the profiles ts shown in table 5.2. 

they 

"" 
Profiles RP1, RP2 and RP3 have ut11bric epipedons. Profile EAK26 has a 
t11ollio epipedon. Profiles WAN2, EAK12 and EAK16 have an orchric 
epipedon. All the profiles have an arg!llio subscirfaae horizon exoept 
profile RP2 whioh has a cambio B horizon. 
Profiles RP1, RP3, EAK26 and EAK16 have the niti-argillic subeurfaoe 
horizon. Most of the profilee have ferric properties due to CEC-olay 
being lees than 2~0 t11mol/kg. 

Using the FAO-Unesco system t11ost profiles are Acrisols beoause they have 
ferric properties except profile RP2, which is a Cambisol beoacise it has 
a cambio B horizon, and profile EAK26 is a Phaeozem because !t has a 
mollie epipedon. According to the Kenyan concept, ferric property on the 
basis of CEC-clay is not accepted and Nitosols are plaoed before 
Phaeozet11s, so they may have a t11ollic epipedon. Profiles RP1, RP3, EAK26 
and EAK16 are Nitosols while profile WAN2 and EAK12 are Acrisols. 

Chet11ical and particle analysis of profile RP3 indicate an argillic 
subsurface horizon but the micromorphological observations do not show 
enoUgh illuviated clay for an argillic horizon. The horizon does not 
qualify for an oxic horizon because it has more than traces of 
weatherable minerals and CEC-clay (NH,o-acetate at pH 7) is more than 
160 mmol/Kg. in most parts of the subsurface horizon. Hence it may be an 
intergrade of a Nitosol and Ferralsol. 

By the USDA system all the profiles are oxic because of the CEC-clsy 
(< 2~0 mmol/kg.) requirement. This indicates that they are strongly 
weathered and grade to Oxisols. However, the biological aotivity which 
is nowhere considered, counteracts degradation and weathering of the 
profiles. The rather high acidity in some or the profiles (RP3 and WAN2) 
does not show in the classification. 
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Key to table 5.1. 

'' 
FAO 

''" 

=USOJ\ Soil Taxonomy (1975). [Requiremente for Humults have been 
taken for Aarisols; Humults, Udalfs and Ustalfs ror Nitosols]. 

~FAO-Unesco legend (197~). 
Kenyan concept (FAO-Unesco mod1fied). 

~ Mollie epipedon. 
" Umbric epipedon. 

Ochric epipedon. 
~ Argillic (diagnostic horizon as defined in Sî). 

Niti-argill1c variant of argillic horizon (Sombroek and S1derius, 
1981). 

Bs1 " Base saturation (< 35 mmol/100 g.) within the depth def1ned in 

,, 
" "' "' Vert 

''" Horg 
Isot ,, 
'' 
• 

''· ~ Base saturation NH,Q acetate (< 50 mmol/100 g.) within the 
depths defined in FAO. 

~ Textural profile (no deorease of clay by more than 20% from its 
ITTaximum within 1.5 m. 
Red coloure as defined in ST. 
Plînthite as defined in Sî and FAO. 
Ustic moisture regime. 

~ Udîc mo1sture regime. 
Vertic property as defined in FAG. 

~ Ferric property as defined in FAO. 
~ High organic matter as def1ned in ST. 

Iso-temperature regimes. 
~ Illuviated clay cutans as in ST. 

Subangular blocky to angular blocky struoture with shiny pedfaces 
(Sombroek and Siderîus, 1981 ) • 

~ must have 
+ may or may not have 
o ~ has 

lacks 
(-) •must lack 
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Table ' . ) Surnmary oC '"' requirements of Aorisols ,,, Nitosols in FAO-

Unesco legend (197~)' US!)_o_ Soil Taxonomy (ST, 1975) and Kenyan 
modifîoation of FAO-Unesco system (KEN) and their fulfillments 
by the profiles st·~died. 

EPIPEDON SUBSURFACE 

HORIZON 

" 
,,, "' '' "' '" 

Oo "' Oo "° Oo Oo " "' Oo ' ' ' 
,., 

Acrisols • • • 1 . ) • • 1 . ) • • • • • • 
Nitosols • • • • • • • • • • • • 
Profile: 

"' 0 0 0 0 0 0 0 

"' 0 ' 0 

*RP3 0 ' 0 0 ' ' 0 

EAK26 0 0 ' 0 ' ' 0 

WAN2 0 0 0 0 0 ' 
EAK12 0 0 0 0 0 0 

EAK16 0 0 0 ' ' 0 0 

* see chapter 6 for discussion. 
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Table 5.2 Complete classificatione of the profiles studied according to: 

Profile 

"' 

WAN 2 

EAK12 

EAK16 

USDA-Soil Taxonorny (1975), FAO-Unesco (1974) and Kenyan-FAO
Unesco modified, systeme. 

USDA-Soil Taxonomy 

Fine, clayey, 
isothermic, 
Palehumult. 

kaolinite, 
orthoxic, 

Fine, clayey, kaolinite, 
isothermic, oxic, Humi
tropept. 

Very fine, clayey, 
kaolinite, isothermic, 
orthoxic, Palehumul t. 

Fine, clayey, kaolinite, 
isothermic, oxic, 
Argilldall, 

Loamy, skeletal. mixed, 
isohyperthermic, 
orthoxic, Tropohumult. 

Coarse, loamy, 
ieohyperthermic, 
Paleustalf. 

mixed, 
oxic, 

Very fine, clayey, 
kaolinite, isothermic, 
oxic, Paleustalf. 

FAO-Unesco Kenyan 

Humic Humic 
Acrisol Nitosol 

Ferrolic Dystric 
Cambisol Cambisol 

Humic Hum ic 
Acrisol Nitosol 

LuYiO Mollie 
Phaeozem Nitosol 

Ferric Humic 
Acrisol Acrisol 

Perric Orthic 
Acrisol Acrisol 

~erric HU!JliC 
Acrisol Nftosol 
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'·' Interpretation and discussion of the physical chemical 
aharacteristics of the profiles st·~died. 

Chemical and physical characteristlcs of the profiles studied are shown 
in appendix Al and A2. The differences between the Acrisols and Nitosols 
(according to the Kenyan concept) are cited hereafter. 

Pli. The soil acidity is said to be high if pH - H,Q is lees than 5. It 
is high in all the profiles except profile EAK16. However, the Acrisol 
profiles have generally lower pH's than the Nitosol profiles especially 
in the subsoil. Although the connotation of Acrisols is "high" acidity, 
some profiles (EAK12) have pH - H2ü higher than 5 throughout the profile 
while some of the Nitosol profiles (RP3, EAK26) have pH lower than 5 in 
most parts of the profile depths, 

Base saturation and exchangeable cations. The base saturation is 
required to be iess than 50% (by NH4o-acetate) in at least a part of B 
horizon within 125 am. for Acrisols in FAO-Unesco (1974) and < 35% 
within defined depths (aritical depths) for Ultisols in USDA-Soil 
Taxonomy (1975). The limits are not necessary for Nitosols. The base 
saturation is low in most of the profiles except profile EAK16. Profile 
EAK12 does not qualify to be a Humult because it has base saturation 
higher than 35% in most parts of the B horizon. The Acrisol prcfiles 
have generally lower base saturation in at least parts of the B horizon 
than the Nitosol profiles. But Nitosol profiles with low pH have rather 
low values also. The sum of the exchangeable cations shows a goed 
difference between the Acrisol and the Nitosol profiles (see tables A1.2 
and A2.2). 

Cation exchange capacity. The CEC-NH40-acetate at pH 7 of the topsoil 
varies very much from profile to profile due to its dependence on 
organic matter content. no speoifio CEC limits are stated for Nitosols 
or Acrisols in all classification systems used here. The CEC in the 
subsoil is generally higher in the Nitosol profiles than the Acrisol 
profiles. The Nitosol prcfiles have CEC higher than 120 rnmolikg.soil 
throughout the profiles while the Acrisol profiles have values lower 
than 100 mmolikg.soil in most parts of the subsurface horizons. 
The CEC-olay 16 required to be less than 24 mmol/100 g. (240 
rnmolikg.olay) for oxic intergrade in USDA-Soil Taxonomy (1975) and same 
value for the ferric property in FAO-Unesco (1974). The Nitosol profiles 
have CEC-clay (corrected for organic matter) higher than 130 
mmolikg.olay while the Acrisol prof11es have values which are lower than 
130 rnmol/kg.clay in at least part of the subsurface hcrizons. The CEC
clay, unoorrected for organic matter is higher than 160 mmol/kg, in the 
ti!itosol profiles and lower than 1!.IO mmol/kg. in the Aarisol profiles 
within the critical depths. 
It should be noted that there is no direct method for measurement of 
CEC-olay. It is calculated on the basis of claY content, CEC-soil, and 
organic matter content. This method may not be goed for some soils, 
espeoially these with high organio matter content, very high clay 
content and high alluminium and iron oxides. 

Organic matter content. The organic matter content (on the basis of 
organic carbon) vary from profile to profile in the upper 50 cm. High 
organie matter content (> 0,9% erg. carbon, or 12 kg. org. carbon/m' ' 
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is required for Humults 1n USDA-Soil Taxonomy (1975). There is 
significant difference between the Acr1sol and Nitosol prof11es except 
profile EAK16, which has quite a high organic matter content in the 
topsoil. This is in ccntradict1cn to the ochric epipedon fcund due to 
the colour requirements of the mollie and umbric epipidon which are not 
satisfied. 

Particle slze anaJ.ysis. The niti-argillic 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 cm. depth. The Nitosol profiles have much higher clay content 
than the studied Acrisol profiles.The clay bUlges to depths greater 
than 150 cm. in the Nitosol profiles and not in the Acrisol profiles. 
The studied Nitosol profiles have more than 50% clay while the Acrisol 
profiles have less than 35% clay throughout the profile depths. 

Koisture retention. The moisture ccntenta at varioua pF values depend on 
the clay content. The Nitosol profiles have higher moiature contents at 
various pF values than the Acrisol profiles. The moisture contents at pF 
4.2 ccrrelates very well with clay content within and among the 
prof1les. 

Silt/clay ratio. The silt/clay ratio is required to be less than 0.4 for 
the nit1-argillic horizon. Most profiles have low silt/clay ratics 
(< 0.4) in the subsurface horizon. No diff'erence can be shown between 
the Nitoscl and Acrisol profiles. 

Hineralogy of the clay fraction. All the profiles have kaolinite as the 
predominant 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 according to x-ray analysis. 
Thermal analysis and eleotrcn microsccpy reveal that there is a large 
proportion of the clay fraction which cons1sts of hallcysite in profiles 
RP1, RP2 and RP3. This explains the micro-reorientations observed mioro
mcrphologically, since halloysite is capable of swelling and shrinking 
to a small extent. lt also confirms the effect of volcanic glass on 
these soils since halloysite usually forms from volcanic ash. 

5.3 Interpretation of the mioromcrphologioal observations 

Introduotion 
The interpretaticn of morphologioal and micromorphological features has 
to be aided by a set of chemical, mineralcgical and physical data on 
each sample to arrive at an understanding of the soil (Gaby, 1973). The 
kinds of soil fcrming processes that have been operative can be inferred 
directly fram the micromorpholog1cal str1.1cture and fabric if sufficient 
background data are available (Brewer, 1964). 
The profiles studied here are relatively old and hence might have under
gone several cycles of soil formation. Several soil forming processes 
can be inferred from the micromorphological structures and fabric 
analysis. The processes which are more or less clearly interpretable by 
the observed features and the way in which they are seen 1n the Nitosol 
and Acrisol, (according to the Kenyan concept) are briefly described 
hereafter. 
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Weathering and soil rormation. Physical and ohemical weathering are the 
initial soil forming prooesses which continue to operate at different 
rates for a long time. The intensity of weathering (both physical and 
chemical) is estimated from the ranking and presence of the following 
features: 

1. presence of weatherable rninerals Sllch as voloanic glass, 
rnicas, feldspars and pyroxenes, 

2. presence of lithorelicts, 
3. appearance of the skeleton grains (whether clean, coated or 

filled in the cracks, partings and cleavages). 
In addition, the horizon sequence is considereo to indicate the degree 
of soil developrnent. 
All the profiles have a ABC horizon sequence. They all have a few 
weatherable minerals especially feldspars and volcanic glass except 
profile EAK12 which does not have volcanio glass. They all have a few 
lithorelicts and the skeleton grains appear quite weathered except in 
the subsoil of profile WAN2. (See figures 4.1 to 4.14). Hence the 
profiles are rather strongly weathered. The presence of lithoreliats and 
weatherable minerals is due to biologica! homogenisation and pedo
turbation. No difference can be distinguished between the Acrisol and 
the Nitosol profiles axcept that in profile EAK12 there are relatively 
fewer lithorelicts and the skeleton grains are rather bare. The profile 
appears more strongly weathered but this may be due to the rather poor 
parent material. 

Bio1ogical activity. Soil faunal and floral activity is inferred frorn 
the following features. 

1. biogenic pores (compound packing voids, vughs, channels, and 
charnber s) ; 

2. papules, as an indication of biological reworking of olay 
illuviation, 

3. pedotubules and fecal pellets, 
4. plant re.mains (biorelicts) and organic matter aggregates as an 

indication of floral act!vity. 
The biological activity is high in the topsoil of all the prcfiles and 
decreases with depth. Faunal homogenisation and pedoturbations are 
observed up to the sampled àepth in all the profiles. Floral activity is 
relatively less in profile EAK12. The biologfcal activity counteracts 
the degree of weathering by bringing the less weathered material frorn 
subsoil and eaprolite depths to the upper parts of the profiles, hence 
somewhat rejuvenating the profiles • No differences can be observed 
between the Acrisol and the Nitosol profiles in the degree of biological 
activity. However if depths are considered, biolcgical activity operates 
over greater depths in Nitosols than in Acrisols. 

Illuviation. Illuviat~on is inferred frorn the argillans and ferri
argillans which have been quantified in chapter ~. Papules are also an 
indication of illuviation and ar'e sumrned up with ferri-argillans to give 
the total illuviation indication. 
Table 5.3 shows the illuviation indexes calculated according to Miedema 
and Slager (1972). the upper limit of the illuvial horizon is assurned to 
be the heginning of the Bt horizon as described in the field and the 
lower limit is saprolite depth or depth at whioh the 11near1y 
extrapolated line of the amount of illuviation intersects the depth 
axis. 
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Table 5.3 Illuviation indices of the studied profiles, according to 
Miedema and Slager (1972). 

In situ Reworked Total 
Profile Class. illuv .index illuv .index illuv.index Designation 

EAK26 
,_, ,66 "' "' 3o• 

'" 
,_, 

"' 86 804 3o• 

8'3 ,_, 36 " ma '°' 
EAK1 6 

,_, 
3" 98 4'8 moderately high 

WAN2 H-P_ ," 86 '78 30, 

EAK12 8-8 58 '6 78 '°' 
"' 8-8 8 8 8 

Class . • classiflcation illuv. • 111;.iviation ,_, 
Mollie Nitosol 

,_, 
Hwnio Nitosol 

,_8 • Humic Acrisol 8-8 • Orthio Acrisol 
8-8 Dystric Gambisol. 

Illuviation is significant in all profiles. In sorne profiles (WAN2, 
EAK12, and EAK26) illuviation features are ai;sociated with a certain 
generation of biologîoal activity. The older and mosty recent biological 
activity is not affected by the illuviation features. The ferri
argillans are all assumed to be translocated by illuviation hut in 
profile WAN2 some of rerri-argillans and papules are derived directly 
fro[ll the weatherîng in situ skeleton grains. Ferr1-argillans which are 
distinctly continuous slang ped feces are observed only in profile 
EAK16, RP1 and RP3. 
In the other profiles the ferr1-argillans are associated with voids but 
are not distinotly indicative of shiny ped faoes. The maximum amounts 
per thin seotion are greater than 1.5 in all the profiles except profile 
RP2 and no difference in amount oan be shown between the Acrisol and the 
Nitosol profiles. The illuviation indices are higher in the Nitosol 
profiles than the Acriscl profiles. The high illuviation index in 
profile WilN2 may be dUe to the over estimation of the amount of 
illuviation due to ferri-argillans derived from the skeleton grains 
weathering in situ. The maximum amount of illuviation 1a reached at less 
than 100 cm. in 1lcr1sol and lower than 100 cm. in N1tosol profiles (see 
table 4.1 to 4.7). 

Leaclling, desilication and ferrallitisation. These three processes occur 
together. Leaching (loss or bases) and desilicat1on (loss or silicates 
and silica) leads to enriohrnent of the profile with iron and alluminium 
oxider; which may concentrate to form nodl!les ir conditions are 
ravcurable ( ferralli tîsat ion). These processes oan be inferred from the 
rollowing features: 

1. undulic and isotic plasmio rabrio, which can not be attributed 
to organ1c matter, 

2. presence of reddish aggregates as an indioation of rubefaction, 
3. illuviation and degree of weathering: a profile which is 

undergoing illuviation must have undergone leaching and 
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eluviation at least in the upper parts and a strongly weathered 
profile is usually strongly leached and desilioified, 

~- presenoe of recrystallized silica in the subsoil. 
All the profiles have :indulic plasmic fabrio whioh is stronger in the 
topsoil. They are all iluviated. Prof!les WAN2 and EAK26 have some 
recrystallized silica in the form of chert. Features of rubifioation are 
observed in mest profiles and are rather distinct in profile EAK16. 
Henoe the profiles are quite higly leaohed and desilicified. The rather 
higher base sat;;ration in profiles EAK12 and EAK16 oontradicts this 
interpretation. In profile EAK16 it may be attributed to the enrichment 
of the profile with volcanic ash. There is no difference that can be 
shown between the Acrisol and Ni tosol profiles. Ferrallitisation is 
significant in all the profiles. The degree of ferrallitisation may be 
higher in the Acrisol than in the Nitosol profiles considering the 
intensity of the undulic plasmic fabric in the subsoil. 

Svelling and shrlnking. The features attributed to swelling and 
shrink1ng are: 

1. rnasepio, vosepic, skelsepio and omnisep1c plasmic fabric, 
2. ske·• planes and joint planes (physiogenic pores), 
3. micro-cracks in the ferri-argillans. 

All the profiles show some degree of weak swelling and shrinking. The 
features are tetter expressed in Nitosol prof11es, where a few vosepic 
and rnasepic plasmic fabrics occur, than in Acrisols, where these 
features are lacking or rare. There is more insep1c fabric in 111 tosol 
than in Acrisol profiles. 

Gleying and pseudogleying. The following feat;;res are fndicative of 
gleying and pseudogleying. 

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

All the profiles are well drained except profile h'AN2 in which some 
gley1ng features (neoferrans) are seen at 160 cm depth. However, all the 
profiles have a few small ferric nodules with sornewhat diffuse 
boundaries. These may be d:.ie to pseudogleying but they rnay also be due 
to rubification. 
No difference aan be shown for the Acrisol and the Nitosol proflles but 
it can be stated that N1tosol profiles do not show any significant 
gleying or pseudogleying within 150 cm. depth. 

Chronosequencs of the proceases. The sequence in which the soil forming 
processes take place is similar in all the profiles. it is evident that 
btologlcal activity preceeds the illuviation because some ill<.1viat1on 
features occur in biogenic voids. Normally leaching and desil1cation 
preceeds illUYiatton and rerrallitisation. Physioal and ohemical 
weathering is necessary to create porosity before 1each1ng, desilication 
and illuviation takes place. A phase of biological homogenisation and 
pedoturbation follow illuviation beoause some of the 111uviat1on 
features are reworked (papules). Henoe the sequence of the processes is 
postulated as fellows: 

1. init1al physical and chemical weathering of the parent material; 
2. biological perforation; 
3. leaching and desilication; 
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4. swelling and shrinking; 
5. illuviation, eluviation, rubefaction and ferrallitisation; 
6. biological homogenisation and pedoturbation; 
7. gleying of the subsoil. 

Biological homogenisation and pedoturbatiuon delays the degradational 
procesaes while biological perforation enhances other processes such as 
leaching and desilication, In profiles EAk26, WAN2, RP1, RP2 and RP3 
addit1on of volcanic ash is observed frorn the presence of volcanic 
glass. This interrupted the soil formation and rejuvenated the profiles. 
The profiles are polygenetic and may have undergone several cycles of 
soil formation. 

' 
~- -----=--- -------·--------·~ -----.- -- -- ··- ___ j 

1 
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6. DISCUSSION AND CONCLUSIONS BASED ON MICROMORPHOLOGICAL OBSERVATIONS 

Macroscopie observations. 
The Nitosol profiles show a difference in some macroscopie observat1ons, 
from the Acrisol profiles. While the Acrisol profiles may have a macro
strt>ct ureless topsoil and part of the subaoil horizons, the Nitosol 
profiles have strong granular, s~bangt>lar blocky to angular blocky 
structure thro'1ghout the profiles up to 1.5 m. depth. 

Groundmass. 
In the profiles studied the Acrisol profiles are very light texturea 
while the Nitosol profiles are rather heavy (clayey) text'-lred. This 
difference has an effect in most groundmass fabric analyses. It should 
be noted that Acrisols can also be clayey and this difference in texture 
is just a coincidence. However, Nitcsols are usually clayey. Light 
textll!'ed Nitosols have not been reported. 

Void.s. The groundmass is very po~ous in all the profiles. The pores are 
predominantly biogenio but the_ .. Nitosol prof11es have most physiogenic 
pores especially in the subsoil. This may be due to higher plasma 
content, in the Nitcsol than in tne P_crisol profiles. 

Pl1ll3ma. The plasmic fabric is undul10 to sepic ai:Jçl asepic in all the 
~------- ---- -p,-.of11es. The anist,-.ophy is due to organic matter in the tcpsoil and 

mo,-.e due to weathering and r:.ibefaction in the subsoil. The Nitosol 
profiles have more in amount of sepic plasma than the Acrisol profiles 
in the subsoil. The intensity lf orientation is also stronger in the 
Nitosol profiles than in the Acrisol profiles. 

Related distribution. The Acr1sol profiles have agglomeroplasmic and 
interte;;:ic to porphy,-.io related distribut!on. The Nitosol profiles lack 
agglomeroplasmia and intertexic distribution and instead have porphyria 
to porphyroskelic ,..elated ctistribution. This may be attributed to the 
textllre rather than to genesis. The high amount of plasma in Nitcsol 
profiles would not allow interte;;:ic ,-.elated distribllticn. 

Special features. 
Reorlentation. As stated in ahapter 5.3 reorientat!on features ar'e more 
in amount and well expressed in the Nitosol prof11es than in the Acrisol 
profiles. Hence micro swelling and shrinking !S more significant in the 
Nitosol than in the Acrisol profiles. These rnay be responsible ror the 
strongly developed structll!'e in the Nitosol prof!lea. Soms of the re
orientat1on features as vosepic and masepic plasmic may be the features 
described as shiny pad races. 

Rediatribution. no difference can be shown bet ween the Ni tosol and 
Acrisol profiles in amount and degree of redist,-.ibution. However, 
biologiaal homogenisation and pedoturbation can be observed up to depths 
greater than 1.5 m. in Nitosol profiles. In some of the Acrisol profiles 
the biologica! homogen!sation is limited by the profile depth, 

Glaebules. No difference can be shown between the N!tosol and Acrisol 
profiles in amount or appearanoe of nodules exoept that the Nitosol 
profiles do not show significant gleying with!n 1.5 m. Profile WAN2 
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(Aorisol) shows some gleying featllres within 160 cm. depth. The nodules 
may be indicative of ferric property. In this case they should be well 
defined to indicate the ferric limit. 

concretions {argillans and rerri-argillans}. The amount of oriented 
translccatedclay (% by point counting) does not show a difference 
between the Acrisol and the Nitosol profiles. The appearance, thickness 
and distribution pattern of the ferri-argillans is more or less the ssme 
in all the profiles. However the profile illuviation index (in cm.) is 
higher in some of the Nitosol profiles than in the Acrisol profiles. The 
profile ill~viation index is greater than 200 (except in profile RP3) in 
Nitosol profiles and can be lower than 200 in the Acrisol profiles (e.g. 
profile EAK12). Some of the Nitosol profiles (EAK16 and RP3) have 
channel and plane ferri-argillans which are long and continuous on ped 
faces. These features have not been seen on Acrisol profiles. All the 
Nitosol profiles have streng masepic and vosepic reorientations. These 
are rare er lacking in Acrisol profiles. 
This type of ferri-argillans and the masepic and vosepic re<>rientations 
may be the so called shiny ped faoes. They occur clllatered in the denser 
parts of the thin sectiona. The amol!nt is relativelysrnall and may not 
account for the shiny ped faces desoribed in the field profile 
description. Further investigations are necessary to identify and 
quantify the shiny ped faces and find out whether they can be used to 
characterize and differentiate the Nitosols. 
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APPENDIX A 1 

Table A1.1 Physical characteristics of profiles RP1, "' and RP3 

Part iele size analysis (i..reight %l 
Moisture 

Depth {cm.) sand silt clay si/c content 
ratio at pF 4.2 

(lleight %) 

Profile "'' 
o- 20 '8 '8 '" 8.5 24.7 

20- "° ,5 38 " 4.6 26.~ 

4o- 60 '6 '4 68 8.4 27. 3 

60- 80 " '6 ,, 4., 28.9 

80-100 " " 76 8.3 30.6 

100-120 '4 rn 76 4. ' 30 .2 

1 20-1 40 '4 " " 8.3 30.9 

140-160 '4 " 74 8., 29.9 

1 60-180 '4 " 74 8., 30.6 

180-200 " " 76 4., 30. 6 

Profile "' 
4• '4 '4 '4 56 4.4 29. 4 

20- 40 '6 '° 64 4.J 29.4 

40- 60 " '8 18 4.J 30.3 

60- 80 " ,5 1' 4., 30. 5 

80-100 '4 rn 76 4. ' 31 • 4 

1 00-120 rn rn 84 4. ' 32.6 

120-140 '4 6 88 4. ' 32.7 

140-160 " 8 80 8. ' 32.6 

160-180 " 8 84 8. ' 32.5 
' 

1 80-200 " 8 84 8. ' 32.6 
1 

Profile "' 
1 

o- 20 '4 '° 56 8.4 20.5 

20- 40 " " 68 8.J 20.8 
1 

40- 60 '4 '6 68 8.J 2 1 • 1 

1 
60- 80 '4 '4 6' 8.8 20.9 

80-100 '4 '6 68 8.3 23. 7 

100-120 JO '4 56 8.J 20.8 
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• " 
Table Al .2 Chemica! charactertstios of profile RP1. 

Org.C ' UN '" '" EGT) 
Exchangeable bases (llUl!Ol/kg.) 

CEC2 ) " Oepth {om.) (%) '" ratio N,o '" ~ca2 '" ~Mg2+ ,. ,, . ,,, 
"' 

o- 20 2.87 0 .32 9 4.7 J.9 o.05 JJ o.8 2.6 8.5 39. 9 JON '3 

20- 40 2.42 "' oO 4.9 4.) 0.05 "' o.6 7.8 L9 46.9 "' " 40- 60 2. 13 "' "' 5.0 Ij. 8 0.05 4' o.6 8.4 L7 46. 7 ''" " 
60- 80 1 . 2'1 "' oO s.o 4., 0.05 4' o.8 7 . 4 LO 46.6 '" 30 

80-1 00 0.73 "' "' 4.9 4.3 0.05 3' LO 8.7 LO ~2.2 '86 '6 

1 00-120 0.44 oO ,, Ij. 2 4.J o. 02 32 0.5 L8 L8 35.5 170 80 

120-140 0 .50 oO oO 5.J 4.) 0,02 JO 0.8 '. 4 L5 35.5 ", 74 

140-160 0 • 4 1 "' oO 5.3 4.3 0.02 30 0 .8 '·' L8 3 7. 1 '" 74 

160-180 0.35 "' M 4.8 4" 0 .03 34 LO 7.6 ", 39.5 '88 3' 

180-200 0.32 "' "' 4.7 4., 0.03 3' L5 8.4 L6 37.5 ''8 79 

1 l 1n mmhos/cm. 
2 ) CEC Ntt 4o-aoetate at pH 7 in mmol/kg. 
nd c not determined. 
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APPENDIX A 1 

0 • 
Table A1 .11 Chemical characteristios of profile RP3. 

Org.C 0 cm '" 
,, 

EC 1) 
Exchangeable bases (mmol/kg.) 

cgc2l " Depth (om.) 1 %1 1%1 ratio s,o '" >;_ca2+ l;_Mg2+ a' "' 840 1%) 

o- 20 3.24 0.33 '° 4.9 4 . ) 0 • 1 5 54 5 . ) 4.0 3., 66.2 "6 ]) 

20- 40 1 • 92 40 40 4 . 9 4.0 0,05 30 ).] ]., '·' 36.7 "' )5 

40- 60 1 • 39 40 "' 4.7 4.0 o. 011 ,5 0.9 L6 ).0 29.5 '°' )4 

60- 80 1 • 2'1 40 "' 4.9 J.9 0.02 30 0.8 L5 L8 34. 1 )58 " 80-1 00 1 • 09 "' 40 8.9 3.9 0.02 '4 0.8 ).5 L6 27.9 )'6 '' 1 00-1 20 0 .11 40 40 4.6 J.9 0.04 30 7c ).6 ).0 32.6 ))0 30 
120-1110 0 .65 40 40 4.4 J.9 0 .07 " 0.6 >.8 ).8 32.2 )30 '5 

140-160 o. 4'( 40 40 4.5 4.o 0.01 " 0.8 >.4 '"' 31 • 4 '" '6 
160-180 0.65 '° 40 4.7 4.o o. 04 37 7c L6 L5 40. 1 )06 ]8 
180-200 0 • 4 1 40 40 5.5 4.0 0.02 48 o.8 2.2 3.0 48 ><8 38 

1) in mmhos/om. 
Z) CEC Nli40-aoetate at pH 7 in mmol/kg. 
nd = not determined. 
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APPENDIX Al 

Table Al .5 CEC-clay for profiles RP1, RP2 and RP3: 

" unoorrected for organic matter 
2) correated for organic matter. 

Profile 
Depth CEC-clayl) Org.carbon CEC-clay2 l 
(cm. ) (mmol/kg) (g/kg clay) (mmol/kg) 

"' o- 20 553 03 '53 
20- 40 48' 46 '35 
40- 60 3ó' " 86 
60- 80 '" ;s 88 
80-1 00 885 '8 ''9 

1 00-120 ''" 6 ;78 

120-140 888 7 '47 
140-160 885 6 '59 
160-180 ''° 5 '4' 
1 80-200 '68 4 '38 

"8 o- 20 338 38 66.4 

20- 40 "3 '6 3' 

40- 60 '57 
' 5 33 

60- Bo ''5 '8 48 
80-1 00 ;47 8 89 

1 00-120 ;78 9 '83 

'"' o- 20 386 58 n' 
20- 40 369 38 " 40- 60 3'' 88 "' 60- 80 "' ;s 46 

80-1 00 '" '4 " 
1 00-1 20 '38 9 58 
120-140 '68 8 85 

140-160 '58 6 95 

160-180 '38 8 55 

180-200 '68 5 "' • Too low values. 
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APPENDIX A2 

Tat>le A2.1 Phy.sical characteristios of profiles WAN2, EAK25, EAK1 2 and 
EAK16. 

Bulk Particle size Moisture content 
Depth den si ty analysis {W%l 31/c at p1' 
(cm. J (g.cm-') Sand Silt Clay ratio 

' 3 4. 2 

Profile 'r/AN2 

o- 15 08 78.9 6 . T 1 4. 4 0.5 23.7 12. 9 8.8 

15- 30 1 • 49 85.3 4. ' 1 0. 4 0.4 21. 4 1 0. 4 s.o 
55- 70 1 • 44 69.7 4.9 26. 8 o., 08 oO oO 

83- 98 1 • 51 7 6. 1 3.8 26 • 1 '·' 22. 1 1 5. 0 9.4 

120-135 oO 76.2 4.9 1 8 • 1 0.3 08 oO 08 

160-1 65 08 42.2 35.2 22.2 L6 oO 08 "' 
Profile EAK26 

o- 20 1 • 20 5.3 36.2 56. 8 0.6 38.2 08 1 8 • 3 

20- 40 1 • 17 7. ' 42.7 50.2 0.8 40.5 oO 08 

40- 60 1 • 1 4 6. ' 32.4 61 • 4 0.5 40.5 08 oo 

60-100 1 • 1 0 5.9 27.5 66.7 0.4 40.5 08 27 .o 

1 00-150 08 5.0 26.6 68.5 0.4 oO oo 24. 9 

Profile EAK12 

o- 15 1 • 31 80.4 6.8 12.8 0.5 13. 7 oo 6.6 

15- 30 08 72.4 8 • ' 1 9 • 0 0.4 08 08 oo 

30- 45 oO 63.9 5. ' 3 1 • 3 0.8 oO 08 oo 

45- 90 1 • 33 59.0 J.6 37.4 0. ' oO 08 oo 

90-150 08 58.8 4.4 36.8 0. ' 37.0 oo t 4. 3 

150-220 08 59.7 6.6 33.6 0.8 oO oo 08 

Profile EAK16 

o- 1 0 oO 3.9 1 9 • 3 74.8 O.J 
1 o- 35 oO 11 • 8 t 5.6 72.6 '·' 
35-100 oo 5.4 1 3. 0 81 • 6 0.8 

1 00-150 oo L5 8., 90 .3 0 • ' 

nd ~ not determined. 
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Table A2.2 Chemical characteristics of profîles \./AN2, EAK26, EAK12 '"' EAK16. 

Depth Org.C ,,_ pH- Exchangeable cations Z) CEc3l " (cm.) " ,,, '" %6; "'' ' '' '"' 
Profile WAN2 

o- '6 '·7 4.6 3.9 " 6 4 "' 3' 10' 31 

'5- 30 ,,4 4.5 3.7 9 ' 3 "' " " '5 

55- 70 "' 4.6 3.9 5 8 "' 8 " '5 

83- 98 0 • 4 5.8 3.8 6 J 8 "' " 5; '8 
1 

1 20-1 25 8.3 4.9 J.8 5 3 4 "' " " '6 

160-165 0.6 5.0 4. 1 rn " 8 "' " 53 " 1 

Profile EAK26 
1 

o- 20 lj .87 5 • 4 4.5 105 " '° " 1" '99 70 

20- 40 3. 42 5.4 4.4 " 37 8 "' " 1" 6" 1 

40- 60 2.40 5.3 lj • 5 45 34 8 "' 87 1 76 49 

60-100 1 .39 5. 1 4.5 3' 87 '3 "' " '49 48 

1 00-150 0.64 4.8 4.8 " 83 9 ,, 59 1 6 1 55 

Profile EAK12 

o- , 5 o. 61 5.8 5.8 " 9 ' 84 45 53 

15- 30 0.45 5.9 5., '6 7 4 88 49 57 

30- 45 o. 31 5.8 4.8 " 7 1 3 33 6o 55 
45- 90 0. , 8 5. 1 4 • 1 rn " 1 3 86 60 " 90-1 50 o. 16 4.8 4.6 " 8 8 ' " 50 "8 

150-220 0. 11 5. 1 4.3 3' '6 7 1 30 49 100+ 

Profile EAK16 

o- 10 6. 1 7 6.4 5.3 '88 81 '9 0 '" 309 77 
10- 35 2.66 6.7 4.8 38 88 83 1 84 186 45 
35-1 oo 0.86 5.7 4.3 4o 33 rn 1 84 '47 57 

1 00-150 o. 12 5.4 4.0 84 3' 8 0 63 "' " 
" in mass %. ,, 

in mmols/kg. 
31 CEC-NH40-aoetate ,, pH 7. 

nd - not deti!rmîned. 
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Table A2. 3 Elemental analysis 094 derived molar ratios of fine earth 
(for profile WAN2) 094 clay fraction (for profiles EAK12 and 
EP-K16). 

Mass ' of some oxides Derived molar ratios 

Depth Si Do AloO• FeoÛ• S10o/ AloO,/ Si02/ 
(crr •• ) tA1,o, FeoO, )iA1,o, ~ tFe,o, 

Profile WAN2 (in fine earth fraction) 

O· '6 79 • 1 9.3 3. ' 
,_, 4.7 5.9 

'5· 30 80.4 9.4 J.9 7.9 4.6 5.9 

55· 70 81 . 0 1 0. 4 J.6 6.5 4.5 5.4 

83- 98 73.6 1 4 . 4 J . ' 4.3 1.3 3.7 
1 20-135 78. 4 11 • 2 4.6 5.9 4.4 4.8 

1 60-165 94 94 96 94 96 9' 

Profile EAK1 2 (in clay fraction) 

o- 15 40.3 31 • 6 8.8 Lo 5.6 0.9 

15- 30 40.8 32. 7 8.6 Lo 5.9 9.9 

30- 45 40.9 33.5 8.4 L9 6.9 9.9 

45- 90 41 • 0 33.3 8.8 L9 6.4 9.9 

90-150 41 • 0 33.7 8. ' L4 6.5 0.9 

150-220 40. !j 33.3 8.9 LO 6 . 4 9.9 

Profile EAK16 1 ,, clay fraction) 

o- 10 39. 1 28.9 1 6 • 5 L8 8.9 9.7 

10- 35 40. 2 30. 4 1 6 • 3 ' . ' 9.9 9.8 

35-100 38.5 29.9 1 6 . 3 Lo 3. ' 4.8 

1 00-150 37.5 31 • 6 1 4 • 6 LO 3.4 4.8 

nd ~ not determîned. 
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Table A2. 4 Calculated CEC~clay and organic carbon par kg.clay: (" 
WlCorrected for organio matter and (2) corrected for organic 
matter. 

Profile Depth (cm.} CEC-clay (;) Org.carbon CEC-clay "' mmcl/kg. clay g./kg.c1ay mmol/kg.clay 

WAN2 o- 16 7" ,88 '97 

J 5- 30 885 8]8 "' 55- 70 '" 96 98 

83- 98 383 80 '" 1 20-1 35 396 '6 35' 

1 60-165 834 87 '54 

EAK26 o- 20 308 86 808 

20 40 88' 68 '64 

40- 60 887 39 880 

60-1 00 "4 " '88 

1 00-150 '35 9 8'9 

EAK12 o- 1 5 388 88 '" 
15- 30 '59 '" '"" 30- 45 "' rn 144 

45- 90 ''° 5 '36 
90-150 '33 4 "' 150-220 '45 3 "' 

EAK16 o- 1 0 4'3 " '36 

1 o- 35 856 37 "' 35-100 '88 " '"' 1 00-150 '" 13' 

Tabla A2.5 linear regression values " CEC-clay and CEC-organic matter. 

Profile Corr.coef. CEC-clay CEC-organic matter 
(meq./kg.} (meq./kg.) 

WAN2 0.97 8]9 1620 

EAK26 o. 90 ,93 499 

EAK1 2 o. 99 '38 2784 

EAK16 0.99 '35 1457 

"' 0.98 '36 4357 

'" o.89 55 4814 

'" o.es 96 4041 
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