the Kisii area, Kenya

Soil formation by termites

a study in



Promotoren:

dr. ir. J. Bennema,
emeritus hoogleraar in de tropische
bodemkunde

dr. L, van der Plas,
persoonlijk hoogleraar in de hodemkunde
en geologie



prodzot, tooo

W. G. Wielemaker

Soil formation by termites

a study in the Kisii area, Kenya

Proefschrift

ter verkrijging van de graad van

doctor in de landbouwwetenschappen,

op gezag van de rector magnificus, B YLIOTHEEE

dr. C. C. Qosterlee LER
LANDBOUWHOGESCHOOL,

in het openbaar te verdedigen WAGENINGEN

op woensdag 24 oktober 1984
des namiddags te vier uur in de aula

van de Landbouwhogeschool te Wageningen.

"

\§ W

2iybro -03




® 1984 by W.G. Wielemaker

No part of this publication may be reproduced, stored in a retrieval
system, or transmitted in any form or hy any means, mechanlcal,
photocopying, recording, or otherwise, without the prior written
permission of the author.

Copies may be purchased from the Department of Soil Science and Geology,
Agricultural University, P.O. Box 37, 6700 AA WAGENINGEN, The
Netherlands. The price of Dfl. 16,- includes postage.



Ef",l"']‘: ?QI b t QOO

STELLINGEN

1. Biologische processen in de bodem zijn van wezenlijk belang voor het
voortbestaan en de ontwikkeling van kapitaal-arme landbouwbedrijven in de
tropen.

Dit proefschrift.

2. Het verdient aanbeveling meer onderzoek te doen aan de manipulatie van de
bodemfauna.

Dit proefschrift.

3. De biologische activiteit draagt, sterk bij teot een vermindering van de
ercdeerbaarheid van gronden.

Bij de bepaling van de K-faktor wordt hiermee over het algemeen geen rekening
gehouden.

Zie bijv. Greenland, D.J. en R. Lal (eds.) 1977. Soil conservation and
management in the humid tropics. John Wiley and Sons.

4, Geomorfologen gaan er meestal van uit, dat "stone lines" in tropische
bodems het gevolg zijn van erosie en sedimentatie. Deze hypothese kan leiden
tot verkeerde conclusies over landschapsvorming en over paleoklimaten.

Zie bijv. Ab Saber, A.N., 1982 In: Biological diversification in the Tropiles,
p. 41=-59 en Ruhe, R.V,, 1959, Soil Sci. 87: 223-231.

5. Bij het opstellen van legenda's voor bodemkaarten, waarbij moedermateriaal
als indelingscriterium wordt gebruikt, houdt men vaak onvoldoende rekening met
bijmenging van aeolische sedimenten.

"Reconnalssance Scil Survey Reports" van de Kenya Soil Survey.

6. Genese en eigenschappen van gronden met weinig actief aluminium maar toch
veel rintgenamerf materiaal zijn onvoldoende onderzocht.

Wielemaker, W.G. en T. Wakatsuki, 1984. Geoderma 32: 21-44,

7. Veel eigenschappen van kleideeltjes worden meer bepaald deor de aard van
het oppervlak dan door hun chemische samenstelling en struktuur,
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8. Het veelvuldig voorkomen van Planosolen op vulkanische as zoals o.a. be-
schreven voor Chili en Colombia, hangt samen met de grote mobiliteit van de
klei.

Chili: Servicio Agricola y Ganadero, 1968, Estudio agrologico del area del
embalse digua, 72 p.
Colombia: Faivre, P., 1277. Science du Sol 2: 95-108.

9, In zijn bespreking van de goede resultaten van "multiple cropping systems'

veronachtzaamt Sanchez ten onrechte de invloed van de bodemfauna en de bodem—
flora.

Sanchez, P,A., 1976. Properties and management of soils in the tropics. John
Wiley and Sons.

10. Gevleugelde termieten (alaten) zouden een belangrijker deel kunnen uit-
maken van de voeding van de bevolking in de tropen dan thans het geval is.

11. Tot de zorg voor ons milieu behoort ook de handhaving van de winkel op de
hoek.

Proefschrift van W.G. Wielemaker
Soil formation by termites, a study
in the Kisii area, Kenya
Wageningen, 24 oktober 1984




Abhstract

Wielemaker, W.G., 1984. Soil formation by termites, a study in the Kisii area,
Kenya. Doctoral thesis, Department of Soil Science and Geology, Agricultural
University, Wageningen (X11) + 132 p., 16 tables, 39 figs, 119 refs, 4 appen-

dices, Dutch summary.

Mineralogical and chemical characteristics of samples from a number of
s0ils were used to demonstrate that soil materials from volcanic ash and local
rock are thoroughly mixed,

The mineralogy, micromorphology and grain—size distribution were studied
to estimate the role of termites in mixing soil materials and in forming
physical properties. Effects of other processes on mixing and on formation or
decay of physical -properties were alsco estimated.

The role of termites in forming horizons free of gravel underlain by
stone linea, and in slope processes, was estimated from an analysis of grain-
size distribution and mineralogy of soils in 2 catena. Measurements of slope
transport were also made.

The significance of termites for soil conservation and for a sustained

use of the land, is discussed.

Key words: termites, mixing, soil formation, agro-ecosystems, mineralogy,

volcanic ash.
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1 Introduction

This report describes the effects of termite activity on soils in a humid
tropical area in southwestern Kenya. Some attention was given to mole rats and
anta, but their occurrence was less ubiquitous than that of termites. Only few
earthworms were observed in the area of study, so their effect on soil was not
studied. Microfauna and their effect on cycling of organic matter were not
evaluated.

Despite Darwin's (1881) early work on the effects of earthworms on soils
and landscapes, soil fauna received only scanty attention of scil scientists.
The pages in journals and handbooks dedicated to soil fauna and its effect on
- s0il are but few if compared with those dedicated to physical, chemical and
mineralogical properties of soil {Hole, 1981).

This does not wean that the importance of scll fauna for the formation of
solls was altogether 1gnored. In temperate regions, it was the Russian school
of soil science, led by Dokuchaev (in Rode, 1962), who already in the past
century emphasized the role of fauna in soil genesis. Dokuchaev stressed the
concept of soil as a biogeocoenose or ecosystem of which fauna forms an
integral part and not just its Iinhabitants. In this concept soil is a dynamic
system in which soil formation changes if the biotic factor iz affected. Such
views spread through Europe and came especially to the fore in work of German
(Kubiena, 1948; Laatsch, 1957}, Dutch (Hoeksema and Edelwan, 1960; Slager,
1966) and other European soil sclentists {Russell, 1910; Lunt and Jacobson,
1944 and Ghilarov, 1956).

For tropical regions their view is underlined with work on termites of
Drummond (1887), Dimo (1910, cited by Volubuev, 1964), Kalshoven (1936, 1941),
Pendleton (1942), Grassé (1950}, Hesse (1953, 1955}, de Heinzelin (1955), Nye
(1955), Boyer (1955, 1956) and many others to follow. Studies of other soil
animals such as ants (Alvarado et al. 198l), worms (Scrickande and Pathak,
1951; Wasawo and Visser, 1959; Scheltema, 1964; Madge, 1969; de Meester, 1971,
Lee, 1983 and Lavelle, 1983) and moles (Abaturov, 1972) are less numerous than
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those on termites, which indicates that termites are generally more important
in tropical regione than the other mentioned soil animals. The importance of
termites is further illustrated by the work of Zimmerman et al. (1982) who
calculated that areas occupied by termites account for roughly two third of
the earth's land area.

Moreover, termites and particularly the fungus growing Macrotermitidae
are among the fastest and most efficient decomposers of dead organic material
in nature (Wood and Sands, 1978). A large proportion of energy and nutrients
locked up in organic matter, will thus be restored and used in the soil
ecosystem. What is known about their effects on soll materials and their
spatial arrangement has been reviewed by Lee an Wood (1971a) and will be
discussed later in this report.

If termites so thoroughly affect tropical soils it is surprising that
wany earth scientists (Ruhe, 1956 and Bigarella, 1964 among others) did not
recognize their importance, Even Mohr, van Baren and van Schuylenborgh (1972)
in their “comprehensive" study on the genesis of tropical soils did not dis-
cuss the action of soll fauna, thus reducing soil to a lifeless entity. As
regards termites, soil scilentists commonly think of them as pests for crops,
not being aware of thelr other role in ecosystems, nor realizing that only
certain species are harmful for crops. Recently the termite's contribution to
the world's annual production of carbon dioxide and methane was compared with
that of other sources. Such studies, if not speaking of the role of termites
in ecosystems, easily create a one—sided and therefore rather false imagery of
their function in ecosystems, as is clear from a quotation of the study by
Zimmerman et al. (1982) in Scientific American (1983) where termites were

blamed for causing air pollution.

The author's interest in the effects of termite activity on soils was
initially excited through the observation of the great number of termites in
virtually every spade—full of soil and through the observation of the
following properties which seemed related to their presence:

l. The deep reddish clay soils in the area of study were so porous and stable
that no surface run—off and virtually no erosion were observed even on
intensively cultivated slopes of up to 20 percent.

2. So0il materials above the stone line were homogeneous with virtually no
gravel and with very gradual horizon boundaries, while in view of the well

developed structure and the presence of argillans {(Wielemaker and Boxem, 1982)
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a clear horizon differentiation was to be expected.
3. Layers of volcanic ash, observed in very poorly drained soils, were not
seen 1n adjacent well drained soils.

Could termites be responsible for the turbation of soil materials, the
disappearance of layering and the creation of porous spils? If so, what could
they have contributed to weathering, slope transport and landform?

The presence of volcanic ash with a chemistry and mineralogy so different
from that of the older country rocks in Kisii (Wielemaker and Wakatsuki, 1984)
would certainly leave its fingerprints if mixed with soil from country rock;
so it seemed an excellent situation to illustrate the possible effects of

termites on pedogenesis, in the area of study.

Would properties be equally affected by termites on all types of soil in
the area of study or would there be differences according to the soil's
suitability as a habitat for termites, or due to variation in land-use and
vegetation andfor kind of soil materials? The answer to such questions seems
important in view of the present labour intensive type of agriculture
practiced on the well drained solls. The impact of agricultural management
practices, such as introduction of new crops, cropping practice, fertilizers,
pesticides and machinery, on termite populations 1s not known., If termites are
beneficial for the productivity of scoils what would then happen to this
productivity if termites were harmed so that their numbers declined?

Before the questions raised above are discussed, the reader finds in
Chapter 2, a description of the present environment and its historical
development. Changes in climate and vegetation will get particular attention,
because they may have affected fapnal activity in soils. Most important meso
and macrofaunal representatives in the area under study are described here as
well, Then, in Chapter 3, a short description follows of the soils studied and
why they were chosen.

The actual results of studies are divided in two parts. The first part
deals with mineralogical and chemical methods used in estimating degree of
admixture of various soil materials (Chapter 4). This is background
information for Chapters 5, 6 and 7, where the role played by termites in
formation of soils, 1s treated. Chapter 5 describes factors affecting their

distribution and activity in soils and alsc some effects of their activity on

l. Mesofauna comprises animals that are 0.2-10 mm long, macrofauna
comprises animals that are longer than 1 cm (Wallwork, 1970).
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chemical properties of scil. Then, in Chapter 6, follows an appraisal of
pedogenetic processes responsible for mixing and of the role played by
termites. Chapter 7 describes what effect termites have on formation of
texture profiles and stone lines and what this means for soil and landscape
formation.

Data of studies discussed in Chapters 5, 6 and 7 are synthesized in
Chapter 8, where it is attempted to construct a model explaining the role of
termites in natural and agro-ecosystems and the factors that control thelr
funetioning and effectivity in those systems. What termites possibly mean for
# sustained use of the land and how they interact with various land-use
practices is discussed as well and some ideas are advanced on how agriculture
can profit from soil biological processes in general and from termites in

particular.



2 The physical and biological environment

2.1 SITUATION, ALTITUDE AND POPULATION

The region of study 1s situated just south of the equator in the south-
western part of Kenya and comprises an area, which extends from the Great_Rift
Valley in the east to near Lake Victoria in the west (Fig. l1). The area where
most of the research was concentrated (Fig. 1) has an altitude of 1300 to 2130
m a.s.l. (Fig. 3).

The rolling to hilly landscape with generally deep solls is intensively
cultivated by the Kisii who are Bantus (Ochieng, 1974). Luos, who are Nilotes
{Ogot, 1967), live in the lower, drier and western part, which has a rolling
topography. The latter part, where more scils are shallow and poorly drained

than in the higher part, is not so intensively cultivated {(Wielemaker and
Boxem, 1982),
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2.2 GEQLOGY

The area is entirely composed of Precambrian intrusives and volcanic
rocks, and sediments. These rocks are all more or less tectonically influenced
and some show traces of a low temperature, low pressure wmetamorphism as for
instance the rhyclites. '

The geological studies of the area (Huddleston, 1951) mention the
occurrence of diorites, granites, felsites, basalts, andesites, rhyolites,

conglomerates and quartzites (Figs. 2 and 3).
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Fig. 2. Simplified geological map of the main area of study (Fig. 1)
adapted from Huddleston (1951) with location of profiles and sites (),
and cross—section AB (Fig. 3).
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Fig. 3. Cross-section AB (for location see Fig, 2) through main area of
study with some characteristics of erosion surfaces, parent materials
and soils,

Since the Tertiary and probably up to the middle of the last century
(Wielemaker and Wakatsuki, 1984) volcanic ash from the Rift Valley was
deposited in the area of study. It covered the region almost completely from
the Rift Valley up to the eastern part of Kisii district. Farther west, ash
layers were only observed in flat—bottomed valleys (Wielemaker and van Dijk,

1981), although studies on adjacent well drained soils showed that nearly all




-8~

goils contained minerals from volcanic ash (Wielemaker and Boxem, 1982). The
volcanic ashes were pantelleritic trachytes derived from the Rift Valley
volcanoes (Wielemaker and Wakatsuki, 1984). Those trachytes have a high molar
ratio of Fe to Al (2.3-2.65}, a high mass fraction of alkali-ions and no free

8ilica (for chemical composition see Table 1).

Table 1. Mass fractions (g/kg) of elements (calculated as oxides) in
volcanic ash samples from the Longonot (V16) and the Menengai (V26).

+
Sample SiO2 A1203 Fe203 FeD MnD MgO Ca0 Ba,0 K,0 T:I.O2 P05 H)0
Vié 619 145 33 41 3 2 14 64 56 7 2 7
v2e 397 145 45 44 4 6 17 51 51 11 1 23

2.3 GEOMORPHOLOGY

The data discussed hereafter are based on a study Ey Wielemaker and van
Diik (1981).

(a) The Kisii Highlands proper {(Fig. 2) at an altitude of 1500 to 2130 m
consist of a rolling and hilly topography. The area forms a block of high land
due to the resistant quartzites and rhyolitic tuffs, which form ridges running
mainly NE~SW (Figs. 2 and 3). The rather flat summits of these ridges form the
remnants of the Kisii or highest erosion surface, which was correlated with
the Cretaceous peneplain (Shackleton, 1951). Summit levels of the lower ridges
(Fig. 3) form remnants of the Magombo surface which was dated as early
Tertiary. The surface 1s now associated with flat-bottomed valleys.

(b) The area surrounding unit (a) at an altitude of 1300 te 1500 m has
predominantly a gently undulating to rolling topography. Two surfaces are of
interest, called Chepalungu and Magena. The first probably formed auring the
later Tertiary and the latter during the Mid-Pleistocene. The first consists
of ridges with rather wide crests within a rolling topography; the second is a

dissected plain.



2.4 SOILS

The following data are based on publications by Wielemaker and Boxem
(1982) and Wielemaker and van Dijk (1981). Soils are well drained and very
permeable on surfaces older than Magena. Soils on the Magena surface and in
bottomlands are poorly drained and very slowly permeable.

The depth of non—-gravelly soil materials is 2 m or more on the Chepalungu
and older erosion surfaces (Fig. 3). The soil mantle is deepest over the
Magombo surface, where it reaches depths of 10 m and more. Because this
surface is the second oldest it indicates that surfaces experienced a
different degree of erosion since their development. If a stone or gravel
layer is present then it is usually found at the transition from non-gravelly
soil materlals to saprolite. Clays in the well drained soils are kaolinitic,
apart from the upper horizon of scils on the Magombo surface and soils more
east on the Kisii surface, which contain also some 2:1 type clay minerals. The
last mentioned soll materials have less than 60 percent clay, while all other
s0lls have more than 60 percent clay. All well drained soils have a reddish to
reddish brown B horizon.

In the eastern part of Kisil district all soils have a mollic epipedon,
which is very dark and 40-80 cm deep. They also have an argillic horizonm,
which is especially deep in scils on the Magombo surface, so that soils there
are classed as Paleudolls (Soil Survey Staff, 1975), unless base saturation in
the B horizon is less than 35%, which places them in the Paleudults. Volcanic
ash is the main parent material.

In contrast with soils in the east, solls in the west of the area of
study on the Kisii and Chepalungu surfaces, show a clear relation with the
country rock. Intermediate to basic parent materials (felsite and basalt)
carry Paleudolls and Palehumulte similar to those of the Magombo surface. Over
quartzite, granite and diorite more weathered soil materials occur,
particularly in the highest and most level positions. These soils have a dark
colored topsoil with a low base saturation and an oxic or weakly developed
arglllic horizon; they are classed as Haplohiumox and Paleudults. The soils
over diorite in sloping positions have a higher base saturation and a more
developed argillic horizon; they are classed as Paleudolls.

Soils of Plains and Bottomlands carry heavy textured deuse soils with
gilty bleached taplayers {(abruptic Propagualfe). The Bottomlands are filled

with 4 m deep deposits of quaternary volcanic ash and alluvium. Soils of the
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Plains overlie, at 80-100 cm depth, a weathered rock. In the demse clay,

rounded gravel and stones occur, usually at the transition to the weathered

rock.,

2,5 CLIMATE AND VEGETATION

2.5.1 Pregent climte

Rainfall is highest in the Highlands proper, which enjoy a humid high
altitude tropical climate. The area west of it at lower elevation has a lower

rainfall (¥ig. 4). Figures of monthly rainfall and evaporation {Fig. 5) of
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Fig. 4. Map of average annual rainfall of the study area.
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Morumba | Ahitude 1920 m Kisii , Altitude 1768 m Asumbi, Altitude 1430 m
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Fig. 5. Average monthly rainfall (solid line)}, reached or exceeded in
three out of four years and the average monthly potential evapotranspi-
ration (ET = 2/3 Eo, broken line), for the stations Morumba, Kisii and
Asumbi (for location see Fig. 4).

stations situated in both areas (Fig. 4) show a dry season from December till
March and a less pronounced dry season in June and July, particularly in the
lower lying area. The main rainy season is from March till June., Annual
rainfall fluctuates considerably from about 1000 to 1800 mm in the lower part
near Asumbi and from about 1500 to 2500 mm in the higher part near Morumba.

The range in temperatures for the Kisii area is as follows {Braun, 1980):

altitude 1300 m 1600 m 2130 o
mean max. temperature 27.8°C 26.0°C 22,8°C
mean min., temperature 15.6°C 13.5°¢C 9.8°C
mean temperature 21.8°C 19.8°C 16.4%C
absolute max. temperature 35.3°C 33.7°¢C 30.8°C
absolute min. temperature 7.8°C 5.8°C 2.3°C

2.5.2 Past climate and vegetation

During the Quaternary, climate changed considerably in East Africa. From
around 15000 = 12000 B.P. the climate was so dry that Lake Victoria was
without an outlet, while lake waters were alkaline (Kendall, 1969). Later than
12000 B.P. Lake Victorila overflew into the Nile again with an interruption
around 10000 B.P. A wetter period occurred from 9000 - 6500 B.P., (Kendall,
1969). During that period both Lake Naivasha and Lake Rudolf (Butzer et al.
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1972) had an outlet. The smaller number of forest pollen after 6000 to 3000
B.P. compared with the period before, could be due to either an increased
deforestation for agriculture or te a change in climate.

More generally the period from 60000 to 12500 B.P., is considered dry with
more humid perlods particularly around 40000-21000 B.P. and a really dry
period from 21000-12000 B.P. (Bufzer et al., 1972; Livingstoné, 1975; UNESCO,
UNEP, FA0, 1978; Street and Grove, 1976).

Studies on the Ruwenzori mountains learned that during the more arid
periods glaciers extended far below their present level. At arocund 14750 B.P.
they were found as low as 3000 m, which is 2400 m below their present level
(Livingstone, 1962). According to Osmaston, cited by Livingstone (1975)
temperatures were then 4-6°C lower on East African mountains. This estimate is
based on the lowering of the fern line, which extended to 630 m below its
present level. This lowering was not only due to a drop in temperature as
Osmaston assumed, but also to a greater aridity, so that this estimate of the
drop in temperature is probably conservative. The drop in temperature might
then be as much as the 6-7°C estimated by van der Hammen (1974) for the Andean
mountains., The occurrence of sand dunes from the Sahara well inte the Congo
basin (de Ploey, 1964; Grove, 1969 and Sarntheim, 1978) further illustrates to
what extent tropical Africa was affected by aridity in the not too distant
past.

The drastic changes in climate even rather recently did not leave the
vegetation untouched. Even during the last 20000 to 12000 years desert and
savanna belts north and south of the equator encroached upon the lowland
troplcal rainforest, which dwindled to only a fraction of its original size
(Livingstone, 1975). Likewise the montane rainforest reduced in size due to a
descent of the tree line and due to a climate that was drier than before.
Because the climatic patterns during the Quaternary were linked with the
occurrence of glacials and interglacials (van der Hammen, 1974) at higher
altitudes, vegetation belts in East Africa will have shifted repeatedly with
an expansion of rainforest towards lower altitudes when the climate became
warm and moist and an expansion of savanna towards higher altitude, when the
climate bécame dry and cool.

1

A pollen analysis was carried out by v.d. Berg van Saparoea’ 1in

1. R.M. van de Berg van Saparoea. Department of 501l Science and
Geology, Wageningen, the Netherlands.
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cooperation with Hami Lton”

, Wwho helped to determine pollen types on a profile
situated in a poorly drained flat—bottomed wvalley near Profile 53 (Fig. 1).
The profile had a depth of 350 cm down to solid rock and consisted of peat
from 0-110 cm depth, of peaty clay from 110-340 cm and of loamy sand with peat
from 340-350 cm. C14
B.P. at 230 cm depth, 2850 B.P. at 140 cm depth and 1615 B.P. at 100 cm depth
(Wielemaker and van Dijk, 1981).

Tentative results indicated an open woodland vegetation since at least

ages were approximately 5800 B.P. at 340 cm depth, 4510

4000 B.P. This conclusion is based on the high percentage (50) of pollen from
Gramineae in the pollenspectra above a depth of 220 cm and on the occurrence
of scattered trees in the present day landscape. Below a depth of 220 cm
pollen from a Macaranga type, a tree which probably grew under poorly drained
conditions, outnumbered pollen of Gramineae (pollen of sedges and spores of
ferns were excluded from the sum of pollen, because they probably originated
from the direct surroundings of the site). Unidentified pollen were 20-30% of
the pollensum.

The percentage of pollen from Gramineae was about 25 near the surface of
the profile. The small number of pollen of this type in the surface horizon,
compared with deeper layers could be due to an increase in the intensity of
grazing during the past millennium.

Pollen from crops could not be identified apart from maize of which

pollen grains were observed in the upper 3 e¢m of the profile.

2.6 LAND~USE

Although agriculture was probably introduced in western Kenya as early as
250~300 A.D., linked with the arrival of dimple based pottery (Soper, 1969
cited by Morrison and Hamilton, 1974), it was only recently that it was
greatly intensified. Several mzees (old men) living in Kisii district
recounted the situation that during their youth hills were widely covered with
forest. Nowadays, natural forest virtually disappeared from the better drained
areas, except on some rocky hilltops and along some very steep sided valleys
(Wielemaker and Boxem, 1982). The intensification of agriculture only dated

from the last three or four decades when the population doubled in number

2. A.C, Hamilton. The New University of Ulster, Coleralne Co.
Londonderry, Northexrn Ireland. BT 52 1SA.
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Fig. 6. Intensively cultivated land in Kisii district at an elevation of
almost 2000 m.

(Ministry of Agriculture, 1975).

Crops grown can be subdivided into perennial crops such as coffee, tea,
bananas and sugar—cane, which give a rather permanent cover to the soil, and
annual crops such as maize, beans, potatoes, pyrethrum and tobacco, which
cover the soil temporarily (Fig. 6). According as the area per farm declined,
solls were more permanently cultivated. To ralse production per ha,
fertilizers and pesticides were commonly applied, but use of heavy machinery
was mainly restricted to the cultivation of sugar-cane {(Wielemaker and Boxem,
1982).

The grazing of cattle was traditionally important, but the number of
cattle were declining, because pecple needed more land for foodcrops. The
flat-bottomed valleys and the Plains with imperfectly drained soils unsuitable

for agriculture, were used entirely for grazing.
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2,7 SO0IL MESO AND MACROFAUNA IN THE AREA OF STUDY

Termites were the most numerous and widespread representatives of soil
meso and macrofauna (Chapter l). How they live and what determines their
activity will be treated in Chapter 5.

Below follows some information regarding the distribution and activity of
some other soil macrofauna groups. They rarely affected soil materials so
thoroughly as termites did, so that they'll receive little attention in the
subsequent chapters.

The African mole rat Tachyoryctes sp. (Romer, 1966) feeds on living
plants of which it eats mainly the roots. Its size and form are similar to the
mole, Talpa europaea (Grzimek, 1970). It also makes tunnels which were mainly
observed in the upper 30 cm of the so0il proefile and less frequently down to a
depth of 120 cm. Excess soil is thrown as heaps on the surface with an air dry
weight per heap of 0.5 to 4 kg. Heaps were observed everywhere except on very
shallow and rocky solls and in poorly drained soils. On well drained deep
g0ils mole rat activity variéd from one field to the next but also with
season. They were especially frequent in land used for grazing, where they
have a great impact on slope transport (see Section 7.2).

Ants, particularly Myrmicaria eumenoides (Werff, van der, 1978), or in
the Kisil language Chimonyo Chimbariri, built 15-40 cm high heaps with a basal
diameter of 60-100 cm. They feed on dead plant remains, dead insects and also
on living termites. They tolerated a wide range in drainage conditions; only
on very poorly drained soils, in which also topsoll was usually waterlogged,
no Chimonyo ants were observed., Many nests occurred on the imperfectly to
poorly drained abruptic Tropaqualfs of valley bottoms in East Kisii, which
were under natural pasture. Theilr activity in these scils was correlated with
the fluctuvation in groundwater level. A rising watertable considerably
increased their activity near the surface, probably due to lack of nest space.
Also the temperature affected their digging activity from ro activity at a
surface temperature of 6.5°C to a maximm activity at 25°C .nd a minimum again
at 35-40°C (Werff, van der, 1978).

Many'other ant species were observed, but their digging aetivity was less
conspicuous compared to the ones discussed.

Aardvark Orycteropus dafer (Dorst and Dandelot, 1970) feed mainly on
termites. Searching for termites, they excavate mounds and subterranean nests.

Because fungus chambers are commenly found down to a depth of 1 m, their holes
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may be as deep as that. The holes of aardvark were observed especially in
uncultivated areas; no records are avallable regarding their effect on
microrelief.

Dung beetles Scarabaeoidea (Brussaard, 1983) make balls of dung which in
the area of study were observed at depths down to 120 cm; their occurrence was
linked with cattle grazing. The holes were 1 cm wide. The soil excavated from
the hole was deposited on the soil surface. The overall effect of the dung
beetle on soil transport and microrelief was apparently small compared with

that of ants and mole rats.



3 Soils studied

3.1 GENERAL

Figure | shows locations of sample and observation sites. Sites were
chosen for different reasons; some were selected for only one purpose, others
served several purposes (Table 2). Profile descriptions and detailed
analytical information are given in Appendix 1. Hereafter follow brief
descriptions of the studied profiles and sites, according to the purpose for
which they were selected. The clay mineralogical data given in this chapter

are from Wielemaker and Boxem, (1982). !

3.2 SAMPLE SITES FOR THE DETECTION OF SOIL MATERIALS FROM VOLCANIC ASH

Profiles Exc. 8, 83, 210 and Wan 9 of group I in Table 2 occupy nearly
flat positions on ridge crests within the main area of study (Fig. 1) and in a
sequence at increasing distance from the Rift Valley from where volcanic ash
originated. Members of this sequence, situated nearer to the Rift Valley, are
described in Wielemaker and Wakatsuki (1984). Profiles east of Exc, 8
inclusive of Exc, 8 are developed from volcanic ash only (Wielemaker and
Boxem, 1982; Wielemaker and Wakatsuki, 1984), but profiles more to the west
are from volcanic ash and local country rock (Table 2). All profiles are well
drained.

Members of the Wanjare catena, used for detection of soil materials from
volcanic ash in mixed profiles (indicated with 1 and 2 in Table 2) are
described in Section 3.3.

Stage of so0il development of profiles on ridge crests is related with
distance to the Rift Valley as this determined the amount of recent additions
of volcanic ash (Wielemaker and Wakatsuki, 1984). So Profiles Exc. & and 83
have a mollic epipedon and an argillic horizon, indicative of a relatively
young stage of soil development, while Profiles 210 and Wan 9 have an oxic

horizon and an umbric epipedon, which are indicative of an advanced stage of
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Table 2. Some data of the studied profiles., Group 1 was selected for detection of soil
materials derived from volcanic ash and an estimate of the amount in soil; Group 2, for
an estimate of effects of termites on soil material and soil transport and Group 3 for
an estimate of the rate of creep. n.a. = not applicable.

Profiles studied

V26 133/1 118/4 13272 131/4 Exc.8 83 210
Group 1 1 1 1 1 1 1 1,2
Altitude(m) 2200 3000 3000 2700 2090 2145 1880 1833
Land-use grazing arable bambu wood- pasture pyrethrum pasture pasture

tand/ forest land
pasture

Erosion-
gurface n.a. ? ? ? ? Kisii Magombo Kisii
Slope % 3 1-2 1 0.5 0.5 2.0 5 3
Depth of AB-
horizon (cm) 40 >150 >200 >200 >160 140 750+ 180
Depth of {(cm)
gsaprelite >400 >300 >300 >300 >300 >300 1000+ 10
Underlying volcanic volcanic voleanic volcanic volecanic volcanie andesite quartzite
rock ash ash ash ash ash ash
Color B=hor. 10¥RY/, - SYR3/,  SYRY/,  SWRYY  2.5YRY/, SYRY,  2.5YR3/(
Clay % B. 16.6 54,9 43.9 55.9 33 68 75.6
CEC of B-hor.in
mmol/kg soll
at pH 7.0 - - 201 205 165 89 136 22
Base saturation
in B-horizon - - 15 56 29 100 30 9
Drainage somewhat good good good good good good good

excessive
Epipedon ochric mollic umbric mwollic mollic mollic mollic umbric

Subsurface
horizon - - cambic cambic argillic argillic argillic oxic
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Wan 1
1,2
1647

shrub-
land
grazing

?

20=35

granite

somewhat
excessive

wmbric

Wan 2 Wan 3

1,2 1,2
1634 1567
shrub-— bananas
land maize
grazing

? 1

12 8

135 345

30 400+

granite diorite

2.5vR%/, 2.5Y¥RY/ ¢

20.1 63
61 120
18 66
good good

umbric mollic

arglllic argillic

Wan 9
1,2
1571

pasture

Chepa-
lungu

310

diorite

2.5YR“/6

61

63
26+

good

umbric

oxic

Wan 4 Wan 5

1,2 1,2

1528 1523

malze maize

n.a. Neae

10 10

320 275

40 is

diorite diorite
4 5

2.5YR /4 7.5YR /2

66 36

101 106

63 76

good somewhat

imperf.

mollic umbric

argillic argillic argillic argillic

Wan 7
2
1516

pasture

N.a.

90

diorite

1ovrist

55

260
79

peor

ochric

Opapo
2
1345

pasture

Magena

85

200+
granite
10YR%/,
73
240/290
56

poor

umbric

NARS
3
1695

pasture

Neds

12

300

basalt

3
2.5YR /6

ned.

n.d
n.de.

good
mollic

argillic
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soll development. Profile 53 on the Magombo surface is very deep, cowmpared
with Profiles Exc. 8 and 210 on the older Kisii erosion surface; this anomaly
was ascribed to a different degree of erosion experienced by both surfaces
(Wielemaker and van Dijk, 1981}, but it is also likely that the poor
weatherability of the quartzite rock played a role in the case of Profile 210,

3.3 PROFILES FOR THE EFFECTS OF TERMITE ACTIVITY ON TRANSPORT AND
SPATIAL ARRANGEMENT OF SOIL MATERIALS

Profiles selected, differed in depth, drainage, clay mineralogy.
fertility and slope percentage. So the effects of termites on soil materials
~ and transport of soil materials could be studied in relation to these
variables.

Most research was concentrated on profiles of the Wanjare catena (Fig.
7). Catena is a term coined by Milne (1935). He defines this as "a grouping of
soils which, while they fall wide apart in a natural system of classification
on account of fundamental genetic and morphological differences. are vet
linked in their occurrence by conditions of topography and are repeated in the

same relationship to each other wherever the same conditions are met with".
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Fig. 7. Cross—section of upper (a) and lower (b) Wanjare catema with
situation of profiles { ¥ ) and deep augerings (V).
For situvation of map see Fig. 1.
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Upper profiles of that catena are shallow (Wan 1) to moderately deep (Wan
2), which points at considerable slope transport, and because the rock
underlying these profiles 1s granite, downslope soll transport will certainly
leave its fingerprints in the mineralogy and particle size distribution of
soils downslope, which overlie diorite., To study the effects of slope
transport versus in situ formation of profiles more thoroughly, deep augerings
were made (Fig. 7); they were only sampled for determination of particle size
distribution, sand mineralogy and profile depth.

To study the relation between termlite activity and the fertility level of
soils, Profile 210 (group I, Table 2) was included, because it has the lowest
fertility of all soils studied in the area, as indicated by its low CEC and
base saturation. It also has very few weatherable minerals and a kaolinitic
clay mineralogy just as Profiles Wan ¢ and Wan 3. Wan 3 has, however, a much
higher base saturation and & finer and stronger structured A-horizon than Wan
9 and 210, while otherwise the only observable differences are an argillic
horizon, a deep saprolite layer and a 127 slope in the case of Wan 3, versus
no argillic horizon, a shallow saprolite layer and no slope in the case of
Profiles Wan 9 and 210,

Profiles Wan 4 and Wan 5 at the lower part of the catena (Fig. 7) are
less weathered than Profiles 210, Wan 3 and Wan 9 as reflected by the high
percentage of weatherable minerals in the fine sand fraction (App.l), the
presence of some 2:1 clays and the high CEC and base saturation. The lower
profiles also have strongly developed argillic horizons and some signs of
impeded drainage, but no abrupt textural change. An abrupt textural change is
present in the poorly drained Profile Wan 7 which is representative of a strip
of land in a small, flat-bottomed valley at the bottom of the catena. Profiles
with a simllar morphology and drainage as Wan 7 occupy extensive flat remnants
of the Magena erosion surface (Fig. 3).

Several profiles from a cross—section through a termite mound on the
Magena surface near Opapo (Fig. 1) were sampled and described to study the
effects of termites on these soils with very slowly permeable and compact
subsolls, consisting mainly of 2:1 clays over a weathered granite rock at 80-
100 cm depth (abruptic Tropaqualfs according to Soil Taxonowmy, Soll Survey
Staff, 1975 and Planosols according to FAQ/UNESCO, 1974, Appendix 1).
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3.4 PROFILE FOR MEASUREMENT OF CREEP

The profile at the National Agricultural Research Station (Fig. 1 and
Table 2) is representative of many deep well drained reddish clayey soils.
Also the long (400 m) and straight slopes of about 12% are representative of
many slopes in the area of study. Classification and slope morphology are
gimilar to Wan 3, but land-use and type of country rock differ.

The profile was used to measure the rate of creep.



4 Chemical and mineralogical indications for mixing

4.1 INTRODUCTION

This chapter treats chemical and mineralogical characteristics of soil
materials studied, so far as they reflect the effect of mixing. It provides
background information for the succeeding chapters, where the impact of
termite activity on soil properties and processes will be discussed.

Mixing of the soil materials In the region under study was evident from
the presence of glass fragments of volcanic ash in soll materials derived from
underlying rocks (Wielemaker and Boxem, 1982); because termites were
abundantly present, they were held responsible for the process of mixing.
Whether the termites were solely responsible for this process has still to be
proved. Strong slope transport due to changes in climate, could have
contributed to the mixing of soil materials and may even be entirely
responsible.

If so0il material from various parent materials is mixed, the chemistry
and nineralogy of the mixed material may still reflect this. However, some of
the characteristics may fade through the weathering of certain minerals or
through leaching of certain elemeuts. Such properties are particularly useful
to show the presence of recently added soll or parent material, but they can
not be used to estimate the proportion of added soil material. To estimate
this, minerals resistant to weathering and elements little susceptible to
leaching could be useful. The degree of mixing and the accumulation of soil
from various parent materials over a long period of time could then be
estimated, under the assumption that these minerals and elements are typical
of one of the constituent parent materials.

In addition, the ratios of minerals and of chemical elements typical of a
certain type of parent material Iin composite soil samples could also be used
to analyse the distribution and amount of various parent materials in such
mixed soils.

This approach seemed very promising for an estimate of the degree of
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mixing because the peralkaline volcanic ash from the Rift Valiey has a
composition, which 1s very different from that of the local rocks in the area
under study (Section 2.2 and Wielemaker and Wakatsuki, 1984). In addition to
mixing by termites, the effect of slope transport could be estimated in
profiles of the Wanjare catena (Eig. 7). The upper part of this catena is over
granite and the lower part over diorite. If lateral transport was important
then the soils of the lower part will reflect this in their mineral
composition.

4,2 THE ANALYSIS OF MIXING

Before describing the methods used for the analysis of various aspects of
mixing, this paragraph gives first an inventory of minerals typical of each of
the constituent soil materials in mixed profiles. Methods for the analysis of

goils and rocks are given in Appendix 2.
4.2.1 Minevals as tndieatore of mizxing

Minerals typical of volcanlc ash. The chemical composition of the
peralkaline ash from the Rift Valley is given in Table 1l and the mineral
composition of very fine sand with a density of >2.89 of soils formed in this
type of volcanic ash is given in Wielemaker and Wakatsuki (1984). The
composition of the magnetic very fine sand fractiocns with a demsity of >2.89
is given in Table 3 and the composition of the non—magnetic fraction with a
density of >2,89 is given in Appendix 1.

Volcanic glass, sanidine, apatite, aegirine augite, barkevikite and a
certain magnetite species (M-II) are typical for this type of volcanic ash and
because they do not occur in the local rocks of the area under study they

could serve as possible indicators of mixing.

The mass fraction of volcanlc glass in very fine sand of fresh volcanic
ash is abgut 80 percent., Glass has mainly a density of <2.5, but a small
fraction has a density between 2.5 and 2.89. The last fraction weathers very
easily as follows from its absence in samples of more weathered volcanic ash
in soils farther from the Rift Valley (Wielemaker and Wakatsuki, 1984).

Of the transparent crystalline minerals, sanidine is most important. It
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is more resistant to weathering than volcanic glass, which caused an increase
in its mass fraction with distance from the source (Wielemaker and Wakatsuki,
1984).
Aegirine augite, a green to bluish-green transparent weatherable mineral,
is not so common in mixed profiles as volcanic glass and sanidine.
Barkevikite, which is a very dark brown almost opaque hornblende, is
observed in mixed profiles, but sometimes confused with opaque minerals.
Apatite is only common in the samples of fresh to little weathered
volcanic ash (V26 in Fig. 1). Smithson (1941) and Pettijohn (1941) cited by
Brewer (1976) consider apatite a stable mineral. The absence of apatite in the
soils from volcanic ash indicates, however, that it weathered very easily.
Magnetite-II1 with d-values of 2,56, 1.50 and 2,99 (powder diffraction
file of JCPDS card No, 10-319) proved typical of volcanic ash. It is the
commonest magnetite species in X-ray diffraction patterns from this type of
voleanic ash (Table 3). The less common species in the ash (magnetite-I) with
d-values of 2.53, 1.49 and 2,97 is alsc the species occurring in the strongly
magnetic fraction from local rocks in the area of study (Table 3). Magnetite-
II has d-valves similar to those of jacobsite. The Mn—content of magnetite-II
is, however, too low for jacobsite and does not differ significantly from that
of magneti{te~I. The only difference is a higher content of Tl in the case of
magnetite~II, Substitution of Ti for Fe in the crystal lattice of magnetite-II
can have caused d-values intermediate between ulvospinel and magnetite-I and

similar to those found for jacobsite.

Minerale not typical of voleanic ash. The following minerals were, in some
situations, typical for ome of the constituent scil materials.

Opal phytolith with a density of <2.5 is a secondary amorphous mineral
congisting of silica. Its form is usually tubular and it has the structure of
plant cells (Fig. 8). The distribution of opal phytolith is associated with
the distribution of volcanic glass in well drained profiles. Formation and
decay of opal phytolith are probably related to the concentration of silica
present in the soil solution, which may explain its association with glass,
because glass is probably the most important source of silica and so
determines its concentration in the soil solution.

Epidote was rarely observed in profiles from volcanic ash because it is a
metamorphic mineral. It is, however, common in profile $3, which at first was

thought to be derived from volcanic ash only. Because the underlying parent
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Fig., 8. Electron micrograph (A) showing some forms of opal phytolith.
The most common type (B) secems to be derived from grass (persomal
communication of J. Hayma).

material of profile S3 contains a relatively high mass fraction of epidote,
its presence in the solum proves that Profile S3 is a mixed profile.

All country rocks in the area of study and alsc volcanic ash contain
zircons with a well developed typical crystal morphology. Fission track dating
showed that zircons from volcanic ash with an age of 700 to 900 thousand years
(App. 4) still have their original form. In profiles of the Wanjare catena
developed from granite and diorite, zircon morphology ranges from well formed
idiomorphic crystals to zircons with corroded edges and rounded zircons. In
the latter profiles it was nearly impossible to distinguish zircons from
volcanic ash, from zircons derived from the country rock; moreover zircons in

ash are rare in comparison with zircons from the granitic or dioritic rock.

The situation in Profile S§3 is different, with soil mainly derived from
volcanic ash., This profile is underlain by a parent material which besides

many e¢pidote minerals contains few zircons, which were all rounded. The
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rounded zircons contained an uncountable number of fissions, which indicates
that they are very much older than the well formed crystals from volcanic ash.
The presence of epidote and also the presence of rounded zircons throughout
the profile indicates that Profile 83 (Fig. 1), which seemed to be derived

from voleanic ash only, is in fact a mixed profile.

4.2.2 An estimate of soil materials from voleanic ash in mized profiles

Amount of volcanic glass and of magnetite-II in mixed profiles are used
as indicators for the distribution of relatively voung and relatively old soil
materials from volcanic ash in mixed profiles., They are among the most common
ninerals in this type of volcanic ash and have the advantage of being easy to
determine.

Volcanic glass weathers easily, so that its presence represents
relatively young soll waterial from volcanic ash. Magnetite, although much
more resistant to weathering than glass, particularly in the oxidizing
environment of the well drained profiles under study, 1s, however, not
considered by all authors to be a very stable mineral. Pettijohn (1941}
considers it less stable than zircon, ilmenite and apatite and Weyl, 1952
(cited by Brewer, 1976) places it in the stability group of zircon, rutile,
tourmaline and sphene.

If magnetite-II is very resistant to weathering its mass fraction in
mixed profiles could serve as an estimate of the soll materials derived from
ash, To judge 1ts stability, mass fractions of magnetite-1I in Table & were
compared with mass fractions of ilmenite and zircon. It appears that fractions
of ilmenite and zircon increase in samples farther from the Rift Valley, while
the fraction of magnetite-II remains constant or decreases slightly. In fact,
the mass ratlo of magnetite~II1 to ilmenite decreases from 10 or more in
samples near the Rift Valley to 0.3-0.6 in samples far from the Rift Valley
such as in samples from Profile Exc. 8. It seems, however, unlikely that the
difference in density or the difference in form of the two minerals could have
caused the drastic decrease in the fraction of magnetite—-II compared with
ilmenite and zircon, with the exception of the possible effect of winmowing
described later. Because the ratio of magnetite-I1 to ilmenite is rather
similar in old and young deposits of little weathered volcanic ash, the
decrease In the content of magnetite-1I compared with ilmenite and zircon

seems due to its lower resistance to weathering.






