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1. Introduction

1.1 General introduction

Termites are impeorbtant decomposers of plant material in the
semi-humid to arid regions of Kenya and as such have a great
influence on +the recycling of organic material. Several
studies have been done to estimate +the significance of
termite-activity to tropical ecosysbtems (Lee and Wood, 1371;
Weood and Sands, 1978). Mest studies were confined +to the
obvicus effect of mound-building species (Arshad, 1981;
Pomeroy, 1983). The modifications of chemical properties and
the textural redistribution of +the scil material in the
mounds were emphasized in %these studies. The changes in
physical properties of +the soil, s=such as structure,
stability, bulk—density and water holding capacity, which
are likely +to accompagny ‘textural redistribution, were
recognized, but very few measurements were actually done
(Wood and Sands, 1878).

Also sheetings, built by Y“ermitves over their food source
while foraging, recieved little attention so far.

The aim of this study is %o get an idea of the impact of
landuse on scil organic matter and soil structure, in
relation vo termite-activity. Therefore not +the termite-
mounds themselves, but the surrounding scils are the object
of study. This field-approach of studying scils and
sheetings rather +than mounds, was alsc followed by Bagine

(1984)., His study area was located in a dry plain with an
cpen bush and grass vegetation in Northern Kenya. This study
cengcentrated on  an area with a potentially higher

agricultural use.

Through the cooperation of a bioleogist (Jeanine Kools) and a
s0il scientist (Nicole Bongers) it was tried to get a better
picture of +the ecological circumstances. This report will
concentrate on the comparison of so0il parameters under the
various conditions, while +the observaticns of termite-
activity, expressed in litter consumption and scil
translocation are reported in Kools (19B7).

1.2 Study area

The area of study described in this report is part of the
project area of the Training Project 1in Pedology (TPIP},
Chuka-South and is located on the footslopes of Mount Kenya,
TPIF was a %training project of the Agricultural University,
Wageningen, for MBc-students, working in close cooperation
with the Kenya Soil Survey (K88), Nairobi. In the framework
of the Chuka project a soil survey on a semi-detailed scale
{1:25,000) was carried out in part of the project area
(Bongers and Pulles, in press). Afterwards the whole area
{mapsheets 122/3 and 122/4) was surveyed on a reconnalssance
scale (1:100,000) (De Meester, in press).

The location of the Chuka-South project arxea is indicated in
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Fig. 1.1: Location of +the Chuka-South project area (from
Kools, 1887)
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The peosition of the study area on the slopes of Mt. Kenya is
such that the altitude changes from about 1B00 m in the west
to about 1100 m at the escarpment, which forms +the
transition to the peneplain of the Basement System in the
east., The wvarying altitude causes a change 1in climatbtic
conditicns. While +the annual rainfall decreases from about
Z2Z00 mm to about 1000 mm from west to east (fig. 1.2 ), the
average annual ‘Yvemperature increases from 16-1B °¢ 4o 21-23
o

C.

Mount Kenya

Ishiara

Fig. 1.2: Average annual rainfall in mm in the study area
(Jaetzold, 1982)

These «climatic condition can be interpreted in terms of
agro-ececlogical zones (Jaetzold et al, 1982), since they
influence the success of growing certain crops (fig. 1.3).

2
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Fig. 1.3: Agro—ecological zone in the study area (Jaebtzold,
1982)

For this study the Tea-Dairy zone and the Cotton zone were
selected.

In the teazone (as the Tea-Dairy zone will be referred %o in
this report) most slopes are cultivated with tea. Small
plots on  the crests remain for houses and shambas (gardens)
with foocdcreops like maize, vyams, beans and potatoes. Close
to the houses the cows are kept on zero— or small grazing
plots, where they are fed on treeleaves, maize and napier-
grass, The manure is used as fertilizer on the shamba. In
this zone Mt. Kenya forest has its lower boundary.

The teazone has an average annual rainfall of 1800-Z000 mm.
The average minimum temperature 1is 12-14 9c  ghe average
maximum temperature 24-26 °c, ' ' '
The Cotton zone (or mangozone, as it will be referred %o in
this. report) has a much warmer and drier climate. The
average annual rainfall is about 1000 mm and +the average
minimum and maximum temperature are, respechtively 16-18 °c
and 28-30 °C (Jeatzold, 13982)

The mangozone 1is characterized by the many mangotrees and
shambas alternating with Dbananabushes. The shambas are
cultivated with cotton and tobacco as cash crops, and maize,
millet and beans as food crops. Patches of busnhland are usad
for grazing cattle.

1.3 Approach

In the +two =zones (teazone and mangozone) 4 sites were
selected, each zone having a site with an annual crop
(maize) and a site. with a standing vegetation

3



(fores%/banana).

Between +the =zones there is a difference of climate, as
menticned in 1.2, within one zone landuse is the variable
factor. Fig. 1.4 illustrates this approach.

feazone (IBOOHO

C\;Iv'no..“e
Lermite -o.c\"lv;i'vj

C\Q\J minemlogy

moize > '}oresf: /bo—nmno.
\cxhdu.:;c .

micro -climate

orqanic r—akerial 1 n?u.t

~
mangoz,or\e (I\Oc v-n)

Fig. 1.4: Approach of the subject

Besides the difference in climate between the teazone and
the mangezone, we assumed +that the clay mineralogy may be
different for the +two zones as a result of different
weathering conditions (Bongers, 1887}). This may be expressed
in the soil strucbture and thus should be taken inbo account.
Within one zone differences occur due to landuse. The forest
and the banana were supposed to have a more moderatve micro-
climate than +the corresponding maizefields, expressed in a
smaller diurnal variation in temperature and & higher
humidivy. Also +the production of litter was expected to be
greater in a standing vegebtation than in a maize field. Both
litber production and micre-climate may be important factors
in the formatvion of seil organic matver.

Termite—activity is favoured by high temperatures, therefore
comparing the +{two maizefields +the activity was expected Lo
be higher in the mangozone than in the <+teazone. Since the
amount of food present most likely also will have influence,
an even higher activity was expected in the bananabush.
Because the many different species of soil fauna (other than
vermitves) and +the complenity of the litver production and
consumption, <+the forest site will be lefd out of
consideration concerning these items.

The interactions of all these paramebvers tvogether with soil
organic matbver and soil structure are summarized in fig.1l.5.
Soil strucgture and scil organie matter alspo have again
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influence on the vegetation and the crops grown, but these
influences will be left out of consideration here.
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Fig. 1.5: Interactions soil ‘organic matter / seil structure

Soil humus is the resultant of production and decomposition
processes of organic material.

The role of termites 1in +the production of so0il humus.is
assumed to consist of +the deminution of litbter and of the
incorpeoration into +the soil while cementing soil particles
together with saliva. The litter preoduction is of course of
primary importance for the seoil humus.

Soil humus is decomposed by micro-organisms. (Micro-)
climatic conditions favouring the activities of +these
organisms, like high <‘emperature and high humidity, thus
enhance higher decomposition rates.

The s0il structure can be degradated by +Ythe influence of
swelling clay minerals, which eventually leads to a
compacted inbternal structure of +the so0il aggregabtes. But
also the direct impact of rainfall on a dried out topsoil
can lead +to structural degradation by causing crust
formaticn, Moreover, tillage can distroy a favourable
structure. The influence of degradation processes, however,
can be diminished by forming a more stable structure by
incorporation of humus. Termites could play a role 1in this
process by forming open structures by building gzlleries,
runways and sheetings, and stabilizing these structures by

incorperation of humus, while cementing soil partvicles
Yogether with saliva.



2. Material and methods
Z.1 Sampling

2.1.1 Profile pits

To get information about the soil under the selected types
of landuse a profile pit was dug at sach of the four sites.
Prigr to +this study a semi—-detailed soil survey was carried
out, which enabled us Yo choose representative sites.

Sites were chosen located on a slope less +than 2% and on a
well drained positien.

Because of +the small size of +the plots (0.08-0.11 ha}) and
the limited number of samples that could be taken for
analysis, only one profile pit per site could be studied. We
assumed that the distance to a2 +termite mound was large
enough not +to find dirxect influence of soil washed from its

sides and not +too large, so the influence of termite-
activity would still be noticeable, In a sbtanding
vegetation, such as forest and bananabush, a relatively

large heterogenity 1in soil parameters may occur. Especially
organic matter is guite concentrated on certain spots where
a whole +tree was fallen or had been cut down. Related to
this concentration of organic material there could be a
concentration of biological activity. It 1is, however,
impossible to dig a pit on such a spot. Therefore +the data
presented here for a so0il under forest and under banana
should be seen as reflecting a minimum termite-—activity.

For chemical and textural analysis samples were taken at the
depths of 0-5, 5-10, 15-Z0, 25-30, 35-40, 50-53 and 385-100
cm in the profile pits. A% the same depths pF-samples were
taken for study of the s0il structure,

Rectangular (B*B%5 cm) undisturbed samples for micro-
morphological sbtudy were taken at the depths of 0-15, 15-30,
30-45, 50~-65 and 20-105 cm.

Z2.1.2 Sheetings

Termites build sheetings over their foed source when they
are foraging aboveground. It is certain that these sheetings
consist of termite-modified so0il. Studying the changes in
the scil material when 1t 1s reworked intoc sheetings
therefore sheould give an idea about the meodifications of the
so0ill by termite—activity in the whole profile.

Eheetings were gathered for chemical and textural analyses.
From <the +texture it might be possible +to identify the
horizon from which material is used for building sheetings.
Sheeting material was gathered by taking 1t from +the
groundsurface with a spoon to aveid mixing with the topseil.
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2.1.3 Litter

The amount and +the quality of +the litter are important
factors in the fermation of soill humus.,

The amount of litter in the maizefields was measured on
small plots of 1 m? fyom which regularly all the litter was
removed and weighed. Both maizefields contained 3 of these
measuring plots.' Removing the litter from more plots was
suggested, hut the idea was rejected, bhecause of the small
size of +the malzefields. We expected that removing more
litter would influence the total termite-—activity.

The amount of 1litter in +the bananabush was estimated,
because direct measurement was not posgsible due to the
heterogenity mentioned before. For +the estimation of the
litter production (Kools, 1887) 15 bananatrees were marked
at random. From the marked stems st%ill standing after two
months the rate of cutting stems was determined. The total
dry weight inveolved was estimated by <sampling and weighing
material from a selected +trunk and from the leaves. These
two estimations together give an idea of +the littver
production in the banmanabush. Because of +the even greater
complexity of +the situatien in +the forest the litter
production was not determined or eztimated there.

To determine - the gquality of the litter samples for chemical
analysis were taken in both +the maizefields and 1in the
bananabush.

2.2 Methods

2.2.)1 Chemical analyses of soil maverial (Beghelijn,
1380)

- Organic carbon by wet combustion
Digestien of organic carbon by wet combustion in a
phosphoric—chromic acid mixbure and adsorption of the
carbondioxide generated into sodiumhydroxide
bariumchloride soluticn; followed by dissolution of the
precipitaved barium carbonate by EDTA and measurement of
the pH in the final solution.

~ Total nitrogen (Kjeldahl)
Destruction of organic matter with sulphuric acid and
selenium mixture, The ammonium (NH4+) is measured in a
five times diluted soclution with a Technicen
dutoanalyszser.

CEC and exchangeable bases with Li-EDTA

Replacement of +the adsorbed cations by Li and +the
chelation of the exchanged Ca and Mg by EDTA.
Determination of the exchangeable Ca and Mg by atomic
adsorption spectrometry and the exchangeable Na en K by
atomic emission spzotromebtry, Debtermination of the CEC by
flame photometric determination of Li in the euxtracting
soclution and in the extracts, respectively.
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~ PHyzp and pHe o, N
Measuring pH Inia 1:2.5 dilution of HZO and 0.01M CaClz,

respectively.
2.2.2 Chemical analyses of plant material

Samples were analysed by the laboratory of the Department of

S0il Science and Plant Nubtrition, Agricultural University,

Wageningen,
After digestion (in a sulphuric selenium salicylic acid
mixture with H,0,) N-total and P were measured with a
spectrometer, and Na and K with a flame photometer
(continuous flow measurements). In the destruate Ca was
measured alse with a flame photometer, and Mg with an
atomic adsorption spectrometer (AAS).

2.2.3 Texture analysis

NAL (National Agricultural Laboratories, Nairobi)
Mechanical treatment for removal of cementing agents;
overnight shaking with sodium hexametaphosphate and
sodiumcarbonate in end-over—-end shaker. Measuring silt
and clay (< 50 um) with a hydrometer after 40 s and clay
(< 2 um) after 6.4 h. The rest represents sand (0.05-2
mm )

Stichting Technisch Centryum voor de Keramische Industrie (De
Steeqg)
Removing organic matter with hydrogenperoxide; leaving itb
overnight and boiling until +he reaction is finished.
Boiling with 1N HCl; feollowed by three times washing.
Finally 0©0.24N sodium biphosphate is added and boiled.
Measuring silt and clay as described above.

2.2.4 Water retention

Determination of mass fraction of moisture in saturated
soil and soil after equilibration with sandbox to pF 0.7,
1.0, 1.4, 1.7 and 2.0, and kaolin box (for pF 2.3 and
Z2,9) and pressure equipment %o pF 3.7 and 4.2 (Stakman ebd
al., 1869). For every depth four undisturbed ring samples
were devermined for pF 0-2.5. Disturbed samples were used
for pF 3.7 and 4.2.

Z.2.5 Morphology

Soil profiles were described macromorphologically

8



according to +the Guidelines for Soil Profile Description
(1977) using Munsell colour charts.

The micro-morphological structure description was done
according te Beckmann and Geyger (1967). The amount of
each type of structure present in +the thin section was
determined semi-quantitatively with +the microscope. On
each %hin section 30 images (one image is +the area of

about 1 cm3, which can be seen at once with the
microszcope), laid out in a lattice, were counted. When
about +the whole 1image in one point of +the lattice
contained one structure ©ype only, it was counted as
such. When the image countained twe Ytypes of structure
each was counted half. In this way 4 +thin sections were
counted for each profile,. ‘

For estimating the amount of pores and filled-in cavities
an estimation table was used (Bulluck et al., 18835). The
amounts of small fissures were estimated on a relative
scale,



3. Results

3.1 Clay mineralogy

In a +toposequence on the slopes of Mt. Kenya in this area
the clay mineralogic composition of the soil was determined
{Bongers, 1887). ‘Although not all zamples were taken from
the same profiles as studied here, the results can be
extrapolated and used in this study.

The results are summarized in Table 3.1. The samples were
taken at the depth of 50-70 cm.

Table 3.1: Clay mineralogic composition of scil samples
{after Bongers, 1987)

zone |landuse lkaolinite halloysite vermiculite gibbsite

++ + +++4 Ft+

I
tea |forest |
| |
ltea I ++++ + + ++
| i
mango |maize . & + - +++

The clay fraction in both the teazone and the mangozone is
dominated by the non—swelling kaolinite. Moreover, a geood
deal of gibbsive and some halloysite is found. In the
teazone also vermiculite was found. Striking 1is the higher
content of vermiculite in 4the forest profile compared with
the tea profile.

3.2 Termitve-activity measurements

Some of the findings in the bioleogical study (Kools, 1387),
accompagnying this study (see 1.1} are quoted here. They
form important paramevers in the comparison of +the four
sites,

From the full data about temperature and relative humidity
the data of some days (both in +the wet and in +the dry
season) were exbtracted and listed in Appendix A. They serxrve
tc 1llustrate +the differences in micro-climate between
landuses. The accompagnying results of the soil parameters
(watercontent and temperature) are alseo given in Appendix A.
During the measuring period (nov-april) the air temperature
in the bananabush (measured at a height of about 1.2 m) was
some degrees lower than in the maizefield in the mangozone,
whereas the relative air humidity was higher in +the
bananabush. The same tendency could be seen in +the teazone
for forest and maize.

The temperature in the soil usually was some degrees lower
than the air bemperature. In the maizefields +the
Yemperatures at & depth of 5 cm, however, sometimes rose

10
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above the air temperature.

The water content (weight %) in +the soil was always highex
in the banana than in the maize (mangozone}.

These data show that the assumed difference in microclimate
{1.3) proves to be true.

The sites were selected on the presence of a termite mound
in the surrounding.area +to be certain of termite-activity.
In the mangozone a 'Macrotermes mound was located 1in the
maizefield and closeby there was a mound of Odontotermes. In
the bananabush a Odeontotermes mound was found at the onset
of the study. During the study a Macrotermes mound developed
there. In the teazone no aboveground termite mounds were
found., But +termites of +the Odontotermes and Microtermes
species were found in and nearby the maizefield.

The conclusions about termite—activity (Kools, 1987) are not
as definite as they were hoped to be.

Comparing the two maizefields, it is clear that the activitvy
is much lower in the teazone +than in +the mangozone. This
difference is expressed both in activity measurements and in
litter consumption measurements,

Hovever, a difference in termite-activity due +o landuse
(banana/maize) in +‘the mangozone could not be downstated. It
turned out +to be impossible +to gquantify +the termite-
activity in %he bananabush with +the methods used (for
methods see Keools (1987)). 8%ill it is assumed that the
termite—activity in the bananabush was relatively high. This
is concluded from +the fact that incidentally very large
numbers of termites were foraging, concentrated on an area
of only a few sgquare metres. :

3.3 Chemical and textural analysis

3.3.1 Profile pits

In Appendin B the ._results of +the chemical and textural
analyses are given for the profile pits on each < ne I:z:o
sites,

The texture in the pits in +the mangozone shows much lower
claycontents and higher siltcontents in the data from De
Steeg compared with +the data frxrom Nairobi (NAL). This
difference in the data about texture from the two
laboratories 1is not found in +the +teazone. The texture
devermined in the field was similar for bobth zones,

The standing vegetvation of forest and banana give a high
crganic carbon content in the (top)soil. But also the % C of
the profile in +the maize/teazone is quite high. The C:N
ratios in all four profiles are relatively low.

The soils under maize have a lower CEC +than under standing
vegetvation, whereas +the BS does not exceed 35 % of the CEC.
Under ©banana and forest both CEC and BS are higher,
especially under banana.

The contribution from clay and organic matter to the CEC of
the soil can be estimated. First the specific CEC of the

11



clay (mmol({+)}/100 g <clay}) and of +the organic matter
{mmol{(+})/1 g C) is calculated.

The following procedure is followed (Legger, 1987):

For each pit the organic carbon content (g/100 g sgil), the
clay content (g/100 g so0il)(NAL) and the CEC (mmol{(+)/100 g

soil)(determined at pH.: pppp) are known. The % C  and the
CEC can be recalculated into g and mmol(+), respectively per
100 g clay by multiplying with 100/clay content. Assuming
the specific CEC of the clay fractions in all samples within
one profile is the same, the difference in CEC between the
samples of cne profile can be attributed to dlfferences in %
C.

Table 3.2Z2: Specific CEC of +the clay and of the organic
matter and their contributions to the total CEC

depth % CEC % CEC CEC CEC
{(cm) by o.m. by clay

Maize/tea | 1.55 9.70
0-5 | 56 a4 (xr=0.949)
5-10 1 33 47
15-20 | 48 51
25-30 ] 31 E9
35-40 | 28 72
50-5% | 21 79
95-100 | 22 78
____________ l —— et e o e ey ——— o o o o o o ks B o e e e o e A e A S Sk B S e Bk Ak Bk o e o o e e
Maize/mango | 4.14 7.09
0-5 | B7 33 {r=0.939)
5-10 | 68 32
15-20 | B& 34
25-30 | 63 37
35-40 | 57 43
50-535 | 27 &3
895-100 | 34 BE
____________ I T k. et e e ey i T S W Bl o o S . Ty Yy At o e e . T . . S . T . B B A o e e e e e e e
Forest/tea | 1.58 12.51
0-5 | 72 28 (xr=0.990)
3-10 | 55 43
15-20 I 41 39
Z5-30 | 38 62
25-40 | 22 78
30-53% | 22 78
95-100 I
———————————— l ——— e e . e e A e e . T ——— Y T e b o e e s o o . . .
Banana/mangol 3.52 9.80
0-5 i 77 23 (r=0.9867)
3-10 | B4 36
15-20 | 55 45
25~-30 | S0 30
35-40 i 51 49
50-55 | 43 27
85-100 1 21 78



R,

Lineair regression of the CEC versus % C both expressed per
100 g clay then gives:

CEC {(mmol(+)/100 g clay) = a + (b * %IC (tg/100 g clay)}), in

which a is the CEC_, .~ (mmol(+)/100 g clay) and
b is the CECD n {mmeol(+}/g C)

With these values for the specific CECs of clay and organic
matter the contributions of each to the total CEC can be
calculated by multiplying with its content in each sample
and dividing by the %otal CEC of the sample.

The results of these calculations are listed in Table 3.2.
The specific CEC of +the clay in the teazone is slightly
higher than in the mangozone. The difference in specific CEC
of +the organic matter between the two zones, however, is
more important,

The contributions of clay and organic matter to the total
CEC wvary only 1little between the different profiles. The
topsoil of the profile maize/teazone has a Ilower
contribution of the organic matter than +the rest. In both
profiles in the teazone +the contrxibution of organic matter
is decreasing more vrapidly +than in +the profiles in the
MangozZone.

3.3.2 Sheetings

The results of the chemical and textural analyses of the
sheeting material are presented in Appendix C.

In the maizefield in the %eazone only one sheeting could be
sampled and analysed. In the forest/teazone neo measuremeants
of termite-activity were =made and thereiore no sheetings
were gathered.

The sheetings marked with + (first column) were identified
as being built by Odontotermes, The other sheetings were
built by Maorotermes. There does not seem to be a
significant differxrence 1in chemistry between the sheetings
built by the two species.

The =amples marked with V were not taken into account for
the determination of +the averages, because their contents
differed too much from the others.

For the sheetings data about texture only come from De
Steeqg. The relatively low <clay content and high silt
contvent, as could be seen in the prefiles 1in the mangozone,
are also visible for the sheetings. This time, however, the
same goes for the {one) sheeting from the teazone.

Sheetings from the bananabush have a higher CEC and a higher
BS +than +the sheetings from the maizefields. The same
tendency was visible in the profiles.

The importance of building sheetings can be illustrated by
the amount of soil replaced by termites in this way. For the
maizefield in the mangozone this was calculated for +the 24
weeks that +the experiment lastved (nov-april). According to
this calculation (Kools, 19B87) 491 g soil/m? yag yeplaced by

Macrotermes and 25 g soil/m2 by Odontotermes,
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3.3.3 Litter

In Appendix D the results of +the chemical analyses on the
litter material are listed.
The first samples were erroneously dried at a temperature of

103 oC, which i a high temperature for drying plant
matverial and might influence for example the nitrogen
content. Later we reduced the drying temperature to 70 6c,,
the normal temperature for drying plant material.
Fortunately, +Ythere does not seem %o be a significant
difference in the results of +the chemical analyses as a
result of different drying temperatures,

The difference between the litbter from the two maizefields
is %he higher content of almost all elements in the
mangozone, Two samples with even higher contents were left
out of consideration when calculating the averages. The C:iN
ratio of the litter in the mangozone is also lower.

The banana litter has again a higher content of all elements
examined and a lower C:N ratio +than +the 1litbter 1in the
maize/mangozone.

The amount of litter produced on both maizefields and in the
bananabush are given in Table 3,3.

Table 3.3: Litter production on thyree sites (afbver Keools,
1987)

landuse | zome | producvion | pericd |
maize | vea | 210 3 78 a/n? | 24 weeke mov.- spril
maize : mango : 400 £+ 67 cr/m2 : 24 wesks nov.— april :
banana : mango : + 5000 g/mz : 1 year :

Assuming, that in &he maizefields +the litbter production
during the growing season (nov-april) with the short rains
and the short dry season is similar Yo the litbver production
during the growing season with the long rains and the long
dry season {(april-nov), the total litter production per year
in the teazeone is egqual %o about 400 kg/ha.yr and 1in the
mangozone about 800 kg/ha.yr. The bananabush is harvested
continuously, which makes +the applied calculaticon method
possible,

2.5 HWater retention

The results from the pF-samples are given in Appendixz E. The
water retention at each pF-value is indicated in volume %.
The bulk density is +the amount of dry scoil (g) divided by
the standard volume of the rings (= 100 cm3,,

The pF-~curves of the data are presented in fig. 3.1 - 3,4.
In those graphs the measured pF € is used instead of the
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calculated porevolume (PV), which probably means a small
underestimation of +the <+total porevolume. PV is the total
volume minus the volume of the seolid phase, or 1 minus the
volume fraction of the solid phase. The_latber is calculated
by dividing the bulk density (g/om3) by the particle
density., The particles density was estimated at 2.70 g/ocm”.
The average particle density of soils is 2.65 gfem™. For
solls with high. contents of clay and iron-oxides (p.d. %
5.0), such as occur in these soils, the particle density is
slightly higher.
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Fig. 3.1: pF-curve of the maize-profile in the teazone
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From the water retention data the contributicon of 4 pore-
size classes +to the total calculated pore volume has been
determined., In Table 3.4 +the results of these calculations
are given,

All four proefiles have a high porosity, ranging from 0.85 %o
0.73. About 50% of this veolume is occupied by pores 1in the
size < 10 pm. In the forest profile +this pore-size class
contains more +than 65% of +he total pore volume. This
Yesulds 1in a small fraction of large pores (<115 pm),
whereas in the banana profile the contribution of this pore-—
size class is supprisingly large.

The maize profile in +the teazone has a larger fraction of
rores in glass 3 {10-60 pm), but on +the average +the pore

distributions of +the profiles in the maizefields from the
two zones are similar,
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Table 3.4: Pore-size class distributions in +the four
profiles

maize/tea | I
0-5 | 19 14 20 47 i
5-10 | 14 18 23 45 !
15-20 i 21 15 12 48 !
25-30 | 28 9 i2 21 |
35-40 | 34 10 ie 54 i
50-55 | 13 8 28 52 |
85-100 | 16 9 22 54 |
----------------- j———————= - |
maize/mango | |
0=-5 | 21 23 i0 50 |
5-10 | 15 12 1 49 |
15-20 t 24 20 11 as |
25-30 | 22 13 12 53 [
35-40 | i3 13 17 52 |
50-55 ! lg 10 18 56 1
25-100 | 16 B 21 56 |
o —— e At e e e I _________________________________________ |
forest/tea | |
0-5 | 18 8 = 66 |
5~10 | & 4 114 g8 |
15-20C { B g g 70 |
Z25-30 i 9 7 10 67 |
35-40 i 7 9 B 6B ]
50-55 | - 7 i2 66 ]
25-100 | 15 10 13 S5 |
————————————————— IR e i
banana/mango [ |
0-5 | 35 9 4 52 |
5-10 ] |
15~-20 |

25-30 |

35-40 | 28 14 10 42 |
50-55 27 B ie 47
35-100 [ 132 10 rAVI S7 1

3.2 Seil morphology

The soil structure of the profiles has been described macro-
morphelegically in the field and micro-morphologically using
thin sections. In Appendix F the profile descriptions of the
four pits are given.

Both +the profiles under forest and under banana have a
topscil with signs ¢f strong bieclogiecal activity. In the
forest profile +this is expressed in a dark colour and many
biological pores and infillings. In the profile under banana
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the structure consists of rounded conseclidated fine
granulars, whereas the the profile has a very dark topsoil.
On the cultivated maizefields bioclogical influence in the
topsoil is not so well eupressed, The maizefield 1in the
mangozone shows a darker and thicker A-horizon than the
majzefield in the teazone.
The structure of the soil under forest is strongly developed
in +the topseil, but becomes increasingly more weakly
developed with depth, The same tendency can be seen in the
profile under Dbanana. .In the mangozone the maizefield has a
strong structure throughout +the proefile, whereas in the
teazone the structure is weak to moderate,.
For the micromorphological analysis, first a general
description of the thin sections was made using a lightbozx
for =slides, only after +that they were examined under the
microscope.
All four profiles show a strong incorporation of organic
matter and Liron—-oxides. Plant remains mostly occur in the
topsoil of the maize and banana profiles in the mangozone.
Large cavities, possibly originating from fissures, occur in
all profiles, except in the maizefield in %he teazone,
In describing +the +thin section emphasis was placed on
structure, because it is the biologically relevant factor
varying mest in these profiles. Since all structures, which
were found, were determined by cavities a subdivision was
based on %this.
P pore structure
This a guite compact structure, in which cavities are not
interconnected. There are no loeose asggregates.
S sponge structure
Thise 1is an meore open structure with interconnected
cavities. The structure 1looks like a bullding of
aggregates which cannot be distinguished seperately.
C crumb structure
This form of sbtructure is sc open and loose that single
aggregates can be distinguished,.
{Beckmann and Geyger, 1967)

The amount of each type of structure present in the thin
section was determined semi-quantitatively with +the
microscope. The results are presented in Fig.3.S5.

The +%opsoil of +4the bananabush has a special +type of
structure. It is very open and loose, built up from
relatively large, rather compact aggregates. The subdivision
used 1Is alsc based on the internal structure of the
particles, therefore these aggregates have been called pore
structure, in order +to distinguish between +the normally
ocourring sbtructure of loose aggregates, which are usually
small and porous (crumb structure).

The topsoils in the forest and in the banana are much more
open and loose than 1in the maizefields, where the sponge
(and pore) structure occupy a larger portion.

At a depth of 30-37.5 cm the structure in the maize/teazone
profile 1is dominated by +the sponge structuxe, while the
other profiles have more or less egual amounts of sponge and
crumb structure.
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The large fraction of crumb structure in the banana profile
at a depth of SZ.5-60 and 97.5-105 cm iz striking.

These structure descriptions show a quite porous structure
in all four preofiles at each depth, whereas +the compact
structure only occurs in a significant quantity in the upper
centimetres of the malze profile in the teazone, and some of
it in deeper layers in the maize profile in the mangozone.

Besides the structure type, also pores, filled-in cavities
and small fissures give information about +the structure,.
Filled-in cavities are very open and lcose parts, which
becare filled-in with mostly small rounded particles by the
action of termites.

In Table 3.5 estimations of the relative importances of the
above mentioned features are given.

Table 3.5: The relative surface area (%) occupied by pores,
filled-in cavities and <the relative amount of small
fissures.

0-7.3 | ) 2 15 20
30-37.5 | 10 10 5 10
22.9-60 | 5 5-10 10 10
87.5-103 | - 15 5 3

Filled—-in cavities
depth (cm)|maize/tea maize/mango forest/tea banana/mango

0-7.5 ! 5 0 30 \
30-37.3 ! 3 1s 20 15
52.5-60 | {2 5 ) 10
897.59-105 i - A 2 2

Emall fissures
depth (cm)imaize/tea maize/mango forest/tea banana/mango
__________ I £ £+ e e e o e o b e e o e e e e e e e e e e e e e e e e e ek e A o P . S e

0=-7.3 | 4 1 0 0
30-37.5 | 4 3 1 1
52.5-60 | 1 3 1 0
87.5-105 | - z 1 i

The profile under banana shows the highest porosity,
followed by <+the profile under forest. In the topseoil of the

maizefields the porosity is quite low, <howing an increase
at 30 cm. Small fissures (< 1 mm wide) appear most in the
profiles under maize. Under +the microscope +the walls of

vhese fissures appear o be moderately smooth, while under
banana and forest the fissure-walls are always rough.

The profiles under standing vegetation, but also the maize
profile in the mangozone, have a good deal of filled-in
cavities. Except for the topsoil of both profiles 1in the
mangcozone where hardly any infillings can be recognized.
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4, Discussion

4,1 Chemistry and texture

Comparing +the profile pits among each other the expected
higher organic carbon content of the soils under standing
vegetation is obvious. But the high organic carxbon in the
maizefield in <the teazone, despite the low litter
production, indicates that thexe could alsoc be a
considerable difference in decomposition rate of +the seoil
humus between - the two =zones. Another possible explanation,
however, is an inherited high humus content from the btime
that the soil was covered with forest, some decades ago. Bub
then, if the effect of the forest vegetation 1is still that
clear after some decades of maize cropping, this would also
indicate a slow decomposition rate.

Decomposition of organic material under strong influence of
soil fauna results in the formation of soil humus with a low
C:N ratio. All four profiles show this low C:N ratio.

The specific CEC of the organic matter is determined by the
dissociation of COOH-groups and phenolic OH-groups. The much
higher specific CEC of the orgaric matter inm +the mangozone
compared with the teazone, +thus should be due %o the
presence of more of +these functional groups. The pH could
have some influence on the specific CEC, but the pHLi—EDTAf

at which the CEC was determined, i1s cnly slightly higher in
the mangozone than in the teazone, so this influence will be
rather small.

Although the C:N ratios in the +two zones are only slightly
different +the so0il humus probably differs in functional
groups. Whether +these differences are due +to termite-
activity is uncertain.

The slightly higher specific CEC of the clay in the teazone
could be explained by the presence of vermiculite in those
profiles, because vermiculite has a much higher CEC than
kaclinite and hallecysite.

The amounts of exchangeable cations in the soils seem to be-
related with their contents in the litter.

The different data about texture from the two laboratories
is probably due to a stronger treatment against cementing
agents at NAL (Nairobi), since they must be acquainted with
this %ype of soils. Striking is +the underestimation of the
clay content not only in the sheetings from the mangozone,
but alsc from the +teazone. Although it is only one single
observation it points towards a relavion between termites
and this type of strong cementing material. In Lee and Wood
{1971) it was mentioned that problems occurred in dispersing

soil from termite mounds (Odontotermes), which was cemented
together with excreta. In sheetings saliva are used for
cementing particles together, but saliva may contain the

same kind of cementing substance present in excreta.
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In 2.,1.2 it was suggested that the textural analyses of the
sheetings might indicate the horizon from which material was
used for building sheetings. The difference in texture
within the profiles unfortunately 1is not very definite,
which makes it difficult to indicate the right laver.

Both PBagine (1984) and Lee and Wood (1971) suggest that
sheetings are built from deeper soil material, but they do
not say from whieh depth cr from which horizon the material
comes from. From the texture it is assumed that the sheeting
material is derived from a depth of about 15-40 cm. This is
also in correspondence with +the depth at which underground
foraging galleries of Macrotermes were found +to leave the
mound {(Darlingtion, 1984),

The tendencies in the comparison between +the sheetings and
the profile samples do not seem toc go parallel for maize and
banana.

In +the banana a higher organic carbon content and =
comparabhle nitrogen conbent is found in the sheetings,
whereas in the maize % C in the sheeting is comparable with
the profile, but % N is lower, resulting in a much higher
C:N ratio. But the litter material from the maizefield also
had a higher C:N ratio than the litter from the bananabush.
On both sites +the C:N ratioc in the sheetings is raised
compared with the soil material in +the profiles. Lee and
Wood (1871) reported the same for scil materizl from mounds
compared with the adjacent so0ils in Australia. Outside
Australia mostly a lower C:N ratio 1is found in termite
modified secil. In literature no explanation could be found
for either a higher ox a lower C:N rabio in the sheetings
compared with the adjacent soil. However, it is known that
termites feed on material with a high C:N ratic, while their
bodies gontain a lot of nitreogen. In order +to produce the
nitrogen-rich food for +the termites +the nitregen 1is
concentrated in +the mound by growing fungus (Matsumoto
{1376) cited in Wielemaker, 1984). Therefore, it might be
posseible that the excess of carbon from the feeding material
is used in the saliva for cementing purposes.

The high C:N ratio of the sheetings then might be explained
by the incorporation of plant tissue into the sheeting or by
the use of carben-rich saliva for cementing the soil
particles together,

Concerning the base saturation in the sheetings there is a
slight increase in +the maizefield and a considerable
decrease in %he bananabush, although the contents of Za, Mg
and K in the 1litbter from +the banana are higher. Sheetings
{Bagine, 1984) and +termite mounds (Lee and Wood, 1971)
usually conbtain more eixchangeable Ca, Mg and K than the
adjacent scil, derived from ingested plant tissue.

The pH of the sheetings on both sites 1is higher <than the
topsoil and the subscil of +the profiles, 4 possible
explanation for this is a lower acidity as a result of the
higher content of Ca and Mg usually found in sheetings
(Rokinson, 1858),
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The calculated amount of sheetings formed on the
experimental plot can be compared by +the amounts found by
other authors. Bagine (1984} found in an . arid area ino
Northern Kenya with 200 mm of annual rainfall 10592 kg
soil/ha.yr +translocated by Odontotermes. For Macrotermes
Lepage (1974, in Bagine, 1984) found 6£75-3500 kg/ha.yr in the
sahel savannah in Senegal with a rainfall ecf 97350 mm/yx. In
Nigeria in an area with 110 mm annual rainfall Wood and
Sands (1978) reported an amount of 300 kg/ha.yr translocated
by Macrotermes. It was suggested <that +there could be a
relation between annual rainfall and the amount of sheetings
that were built., But alse relative air humidity and
temperature could be important factors (Bagine, 1984),

The amount calculated in this study for Macrobtermes (4910
kg/ha) could well be an overestimation, because the mound
was actually located on the e:ipsrimental plot. The mound of
Odontotermes was located a bit away from the ezperimental
plot. When &he amount of sheetings calculated for
Odontotermes (250 kg/ha) is doubled, assuming +that the
studied half year {(nov.-april) was a representative period
for +the whole year, +the result 1is about 500 kg/ha.yr.
Compared with the other authers this would mean a slightly
higher activity on our site. '

[

4.2 Seil structure

Comparing pF-data or pere-size distributbtions with the
structure descriptions of the +thin sectiens it is hard vo
find +the parallels, mestly because the differences are’
small.

The very open and locse structure found in the banana
profile is also expressed in a large fraction of the larger
pores ( »>115 um). Also could the large fraction of the crumb
structure in +the topsoil of the forest profile be related
with a larger fraction of pores >115 um than in <+the rest of
the prefile.

The influence of clay mineralogy on soil structure is only
of minor importance here. The strongly swelling smectite-
type of clay minerals is net found 1in these so0ils,
Vermiculite might rause some swelling and shrinkage, but the
scils in  the forest, where it is mostly found, hardly dries
out, so its influence will be =small. Moreover, +there are no
definite signs pointing to clay mineralogical influence in
the scil structures.

The relation between landuse and secil structure is best
expressed in the topscil. The forest and the banana profiles
have a loose structure with many pores. The structures in
the topsoil of the maizefields show lower porosity and they
are not as loose. At the depth of 30-37.5 cm the struchture
in the maizefield in the mangozone becomes comparable to the
profiles under standing vegetation. In +the teazone the
maizefield showed 1less signs of activity, such as filled-in
cavities, but alsc the porosity lags behind,

It is difficult to point out the causes of the occurence or
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absence of a certain structure. The absence of many filled-
in cavities in the profiles in the mangozone could be a sign
of lower activity, but could alsec indicate a very high
activibty, which broke up +the whole matrix of +the soil, so
the 1infillings cannot be differentiated from the matriz
anymore..

Another sign of the impact of landuse on soil structure is
the high amount of fissures, probably originating from
drying out, which ocour in the maizefields, but are almost
absent in the forest and banana profiles.

These results are corresponding with +the micro-climatic
data.

25



2. Conclusions

This study was handicapped by +the fact that the assumed
differences in termite-activity could not be downstated by
measurements and bherefore it became difficult %o state a
definite relation between some aspects of soil humus and
s0il structure, and:termite-activity.

The impact of land use on scil humus is more easily defined.
Comparing a standing vegetation (forest/banana) with a maize
crop, it is clear that a standing vegetation will have a
much higher litter production. This litter will lead ¢to a
higher humus content and give the spil a higher CEC and ES.
The high humus content together with probably a higher
activity of soil fauna will lead +to an open structure with
strongly incorporated humus.

But even without +the beneficial effects of the standing
vegetation the structure in the maizefields is rather good,
with a high porosity and a strong incorporation of humus,
although the content is lower, and showing little signs of
degradation, Is this rather good structure due %o termite-
activity? In the maizefield in the +teazone the measured
termite—activity 1is only small and +the signs of present
activity are also fewer than in the mangozone. But how could
the strong incorporation of the humus into the matrix of the
s0il be explained otherwise? Could it be that at present the
influence of termite—activibty in +the past is still
noticeakle?

Other signs of a peossible influence of termite-activity are
visible in the chemical and textural analyses.

Together with the higher termite-activity, a higher specific
CEC of the organic mabtbter and a higher silt content in the
vextural analysis from De Eteeg are found in the mangozone
compared with +the +teazone. Possibly +there is relatien
between these phenomena, although neo further evidence can be
provided,

Sheetings, which definitely consist of termite modified soil
material, show a higher C:N ratio than the surrounding seoil.
This might be due to incorporation of plant tissue or saliva
may consist of a ecarbon-rich substance, causing a xise in
the C:N ratio,

These findings, however, cannot be confirmed with similar
resul%s in the 1literature. But +then the approach .of the
subject, examining sheetings instead of termite mounds, has
not been applied much so far.

From the agricultural and ecological point of view it might
be interesting +o focuss future studies more on  the
influence termites might have on their entire environment
and study the possibly beneficial effects more profoundly.
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[ 12.451 20.5 | 17.5{ 74 | 24 | 20 |
| 15.361 23.5 118 | 58 [ 24 | 20 |
26711 1 13.45 23 {18 | 62 | 26 | 21 |
- } 15.30) 23 L 172,51 57 j 25 121 T
1072 111,45 25 1155 | 36 124 |20 |
| 12.301 26 |} 15.5 ] 32 | 27 | 20,5 |
| 14,18 272 (16 | 31 |30 t 22 |
: {17 ] | | [ 33 { 25 I
Halze cotlenzone Danana cottonzone
date { time [ air | wet | rel, | teap,] temwp.l date | lime | air ) wer | rel. | temp.| temp.|
| { temp.| temp,t hum. | seil | soil | | | temp.] temp.| hum. | soil | soil |
| I ° 1 °C | 4 | 3om] 15 cnl | I 9 | ° § % | 5cml| 15 enl

2e/11 | B.30 | 23.5 (20 | 72 L2 |22 | 28711 | 9.15 ] 21.5 | 18.5 | 84 | ! I
.................................................. | 12,30} 25 0
: ! 12.151 25.5 1 19.5 | 56 | 26.5 | 24 | | 1545 st.5 tl “ ; & '! -! I
: 1 1515/ 27 119 | 46 | 31 | 26.5 | [ 17,300 23 | 18,5 | 65 | l| I
118 |23 | 18.5| 65 131 | 26.5 | 29/11 | 7.45 | 18.5 | 18 | '
29711 1 7.30 93 | 18,51 20
Lol bipet e ' ! 112 | 255 20,51 63 | 19 | 20 |
. 51 ES | i | 1 15.30] 2
i 11.30] 26.5 ) 20 | 54 | ) | | 15.95) o5 Do | a1 120520
| 14,151 27 119 | 46 | | 1 o L AR ) 65 2045 12005
U N L N e S R S R iﬂ;g l'g :ggsl 15.51 63 |18 |19 |
102 18 122 115 | 47 | ! ! | 10 13651 14 b e ! !
1272 1830 [ 25 |17 | 44 | ] | |11 ' ol ' '
| 10 : 1 28.5 119 | 4 | I 1
122 1185 44 | 20.5( 21 | | 12.30] 32 1
I 11 23 : F13.51 3o | [ I
I 119 | 38 [ 21,51 21.5 | 115 |3z | 20
| 12.30] 33 9 I 32 ) I |
119 | 25 | 24,51 22 | 116 130.5118.5( 31 |
: ig 13 |20 | 26 [28 |23 | e LT ! '
| 30.5 1 18.5 1 30 | 28.5 | 23.5 ) 1 17 | 29.5 t 16.5 | a1 1 1 4
117 . . S 1 1B.5 1 33 |
Ll dmsiae ) om 1S |t RUNNE ANt I
118 |28 |18 | 37 |28 ) 23 |
f0il watercentent (%), teazone Suil watercontent (S}, cottonzone
| dave | | dare | maizes | banzna |
| | =mmmm e | | = e e !
I | -20¢m I | 0-20cie | 2Z0-30em | 0-20em  { 20-30cm |
| =~ m e oo | = m e |
! 25411 275 | 23.6 | o8/l 25.% ) 25.4 | 28,5 | 2BE. |
|ooiasaz | 2z ] 27.7 | 28711 ¢ 21.% | as.4 | 27,3 | as.s |
| 1571 - | 2.6 6.1 | | 17712 3.2 | 25.93 | 25.0 | 28,3 |
| 9/2 1 1.8 | L {1671 1 17.3 | 19.5 | - -
| 1772 | 172.% | 13.4 | {o30£1 1 14.9 } 17.4 | 4.1 1 19.2 |
- | 1422 | 24,5 | 22,2 | /2 | .9 | 14.6 | le,r | 17.7 |
| &/ § 0 33.8 | 34.4 | | 1373 | 17.7 | 17.1 | 25.3 | 23.3 |
____________________________ |o2és2 | 15.1 | la.e | 25,0 | 23.2 |
| 1074 | 27.6 | 22,1 | 27.4 | 21.1 |

ror the soil watercontent at about 9,30 a.m. Samples were taken.
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Crn’ | >S50 pm) 2-50mum 42 My

maize [Feazone |

1:8 -5 2o (3)‘\'l|{l-.lo)lr 5‘3(5—;)!1

s-10 0 (33 21 {wo)i 59 (57)

is-20 18 (30 19 {32) 43 (45}

25-30 1a (2) 10 {23) 39 (7%)

ag-wo 12 [2) 3 (28 &1 (79

so-ss 12 (3 9 {24 79 (73

gs-100 12 {3) 3 (27) & (70

maizefmongatans

16 -5 & (3)‘ 21 (73) b (18)

5-10 16 (g)1 21 (7o) €3 (an)

15-20 18 (8) tb (bgy b6 (23)

15-30 16 (6) 16 (72) 68 (21)

35 -4e 10 (7) le (;o)E &o {23)

5055 14 (5)5 17 (é;); 63 (28)

gs 100’ 12 fé)E 9 (68); 73 (28)
‘ioreaf/f:emzone ' '

1y o-5 126 (33 as (su} 43 (u3)

s-10; 16 (3)i 25 {39)?53 (63)

is-20 1% (3)i 25 (33)i 60 (6w

25-30 0ty (3123 (32)]63 (63)
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Ss_wo; 12 (s): g (61). 79 (s )
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PROFILE DESCRIPTION 118 MATIZE/TEAZONE
Dates zesson r 10-2-'8¢
Sheet-observation no : 122/3-118
Coordinates .

Elevatian : 1790 m

authors

Sail mapping unit
Seil classification
(FaD, soil taxonomnmy)
Geology

Loesl petrography
(Farent material)
Fhyvsiography
Macro—-relief

Slope (length, shape and pattern)

Jeanine Koole, WNicole Bongers

dystric Mitisal

Mt. Kenvas series
lahar/phoncolite

mountain footridges
mountainous
straight, regular

Slope gradient 2%

Pozition on slope surmi

Meso— and micro—relisf nil

Vegetstions” Landuse annual ocrop cultivation and

fallow

Erosicn i nil

Rock osuterops : nil

Surface stoniness : nil

Duerwash 1 nil

Surface runoff : slow

Surface sealingscrustinascracking @ nil

Orainage elazs ! well drained

Flooding v onil

Groundwater leysl (actyal) ;1 slwave deep, » 2Zm

Fresence of zalts/ alkali ! nil

Soilfauna influences ! moderate influence; tie old

nests in the profile pit
(O0dontatermes?)

Expected voaoting depth : » 1,%0 m, very deep

Horizons:

ap O = 10 cm: Dark  reddish brown (2.3YR 2.574) when moist)
clavy  wesk vere fine granular strugture; looze
when dry, wery friable when moiset, non-plastic
and non-=ticky when wet; clesr  and  smooth
tran=ition to:

AE 10 - 1% om: Dark reddi=st brown (2.9%R 2.5/74) when moizt;
clay; moder afe very fins angul ay bl ocky
structure; friable when moist, slightly plastic
ans=  slightly =ticky when wet; patchy  thin
clavsking; clear and smooth transition to:

E 15 - 150 em Dark red (2.3YR 2/78) when moisty; clavy weak
subangulsr blocky structure; ;risble when maist,
=lightly plasztic and slightly sticky when wet;



Pore—distributionl:

Ap
0-1C cm
i very fine < 1lmm YEYY parous
' fine 1-2mrm e between
redium 2-Smm granulare of
COETSE 2 Smrm 3 varving size

Rnot—distributionz:
1
Ap
. t-10 cm
. very fine < lmm @ very frequent
fine 1-2mm : common
medium &~-3mm 2 -
coarse > o3rarn 3 -
1

pore—distribution

-
fany »200 /100 em™
SO0 M S1-200 /100 cm”
f &) 1-51 /100 om©

L]
=

Toot—di=tribution

very frequent 3-10 mm apart
frequent 10-20 e spart
CAmmon 20-30 o apart
f el SU=-100 mm =part
very f e » 100 mm apart

; _ continuous thin clayskins, shiny

&B
10-15 em

COmmon
T 2w
few
few

Ak
10-15 em
frequent

common

pedf aces.,

B
13-150 cm

many
commaon
f e
few

B

15-130 em

commen, - decreasin
with depth to few
very few



PROFILE DESCRIPTION 116

ation no

Coordinates

Elzvatiaon

Aauthors

Soil classification
(FAD, =soil taxonamy)
Gealogy

Local petrography
(Parent materi=zl)
Phyvsiocgraphy
Macro-relief
Slope (length,
€lope aradient .
Fogition on slope
Meso~ and micro-relief
Vegetations Landuse

-

shape and pattern)

Erosion

Rock outcrops

Surface stoniness
Overwaszsh

Surface runoff

Surface sealingscrustings/cracking
Drainage clazss

Floading

Groundwzter level {actual)
Fresence of galts/ alkali
Soilfauna influences
Expected rooting depth

Horizaonss

Ap 00— 1%

MATIZE/AHMAHNGOZONE

317171886
lzz2/3-11%

379 gz / 0% zzg
1155m

Nicole Bonasrs,
tumiec Acrisol

Jeanine Kools

Mt., Kenva ==ries
lahar  phonolite

plateau
hilly
straight,
2%
upper
nil
shifting cultivation
annual crops ( millet,
beane, cottany,

nil

nil

nil

nil

=low

nil

well drained
nil

alwavzs deep,
nil
termites;
very deep

regulsr
slope

of
maize,

> Z2m.

strong influence

C2YR

rh i Davrk reddish  brown /72 when
molsty clavy; strong, fine toe medium
arasnulsr  structure;  soft  when  dry,
friable when moist, slightly =sticky
and =lightly plastic when wet; clear
ahd smooth transition to:

FE 18 - 29 om t Dusky red (2.5YR 272 when moiztg
zlavy =trong, fine zubangular blocky
structure; few thin clay wWith
organic matter} cutansi hard when dry,

friable when moist

slightly
srmonth

transitian

slightly sticky and
plastic when wet; graduzl and
to:



‘" Bul =24

‘ Bu2 fope,

Fore-diztributionl

very fine
fine
rnedium
CcoOaY S8

Root—-di

mn
+

very fine
fine
meadium

coarse

1,2

ribution

< Lmm
1-2Zmm
Z—3mm
> o

)y

zee profile 118

Dark

molet;
blocky
cutansy

reddish brown (2.5YR
czlav; strong, fine subangular
structure; common  thinm clav
hard when dru, friable when
meist slightly <sticky and slightluy
plastic when wety araduoa)l and smooth
transition to:

274  when

t Dark red (2.5YR  32/76) when moist;
clay; s=tvong, fine subangular blocky
sftructure;y cCormmon thin clay cutans;
=lightly hard when dry, friakle when
moist, slightly sticky and slightly
plastic when wet,

Ap AB Bul Buz

0-19 cm 19-21 cm 24-62 cm £2-1453+ om
many many marny mary
common COmmon CoOMmmon SO

faw f aw f e LE=LY

f e few f ey few

AD AB Bul BuZz

4-1% cm 12-21 cm 24~-62 cm c2-145+ cm
very freq. common very e very few
frequent f ew yery e wery e
L= very few very o very e

f el very few vty very few

f e



PROFILE DESCRIPTION 117 FORE

Date, =e3son
Sheet-pbservation no
Coordinates
Elevation

Aduthors

Snil mapping unit
Soil classification
(Fal, =oil taxaenomy)
Gealogw

Local petrographwy
{(Parent material)
Phveiography
Mzcro-relief

Elope f(length, shape and pattern)
Slope gradient '
Fesition on slops

Meso—- and micro-relief
Vegetations Landuse

Erosion

Rock outecrops

Surface stoniness

Duerwash '

Surface runaoff

Surface sesling/crustingseracking
Draimnage class

Flooding 1
Groundwater level {actual) H
Precsence of =slts/ alkzli :
Soilfauna influsences :
Ezpected rooting depth '
Hovrizaonz:

A 0 - 4 ecm: clav: strong  uvery
=tructure; friable
=14 =lightly =1i
moderstely  thick
pores and infilling
o

Bul 4 - 35 cm clav; moderate Tine
friable whien  moi
slightly =ticky whe
thick clavsking;
tal

BuzZ 33 ~ 130 em  clsyy;  wesk very i
structure; wvery f

plastic and slighrl
moderately thick cl

STA/TEAZOME

7-2-186
122/3-117

1210 m

Jeanine Kools, Nicole Bongers
humic MNitisol

Mt. Kenvs series
lghar/phonolite

mountain footridges
mounitainous
coenvex, reqular
2%

summi t

nil

farest

ril

nil

il

nil

zlow

'I'Iil

Wwell drained
nil

always deep,
nil
strong
specles

> 1.50 m,

P2 om

influence, manw

very deep

fine to fins angular
when moizt, slightly
cky  when WeE 3
clavskins; many
abrupt and wavwy

Blocky
plastic
continuouns
biological

ES! transitian

subanqular blocky structurs;
T, zlightly plastic and
n Wwety continuoys moderately
diffuses and smooth transition

=

ne to fine zubangular
riable when moist,
woeticky when et

avskins, =hiny p=df

Blocky
"_l]. ‘:_It_ltl'_:ll

=
arntinuous
e

cexs.,

=
=



[Ep—— [ PSP --—.---.—I — =

. , , i
Fore-dicstribution™ i

A

0-4 cm
very fine < lom : meny
fine 1-2rormn ¢ few
medium 2=Smm : cammon
coarse > Smmo few
Root—distribution<,

&

0-4 pcom
very fine < lmm : fregquent
fine 1-2mm : frequent
medium 2-3mm & comnmon
coarse » Sremn o few
1.2 _

'“ z2oe profile 118

Bul
4-53 om

many
COMmon
f =1
few

Bul
4-35 cm

COMMon

f &l

common to few
vaery few

Buz
59-150 cm

&y
C:OTnMan
few
few

Bu2
25-150 cm

very few
very feu
very few
very feaw



PROFILE DESCRIPTION 119

Dates” season
Steet—observation
Coordinates
Elevation

Authors

20il mapping unit
S0il classification

(FAa0, soil taxonaomy)

Geclogy

Local petragraphv

(Farent material)

Physiography

Macro-relief

€lope flength, shape and pattsrn)
Slope gradient

Fosition on =lope

Mzcso- and micro-relief

Ao

BANANA/MANGOZONE

12-2-"86
1z2z273-11%9

1200 m

Jeanine Kgols, Nicole

humic Acriscl

Mt., Kenys series
lahar/phonclite

plateau
hilly
straight,
0%

summit
termite mounds

regular

Uegetation/ Landuse perennial crop cultivationg

banana bush

Ero=ion ! onil

Rock outoraps t nil

Surface stoniness P onil

Overwaszh tonil

Surface runoff P slow

Surfsce sealing/crusting/cracking @ nil

Drainsge class t well drained

Flooding Ponmil

Groundwatsr levsl (actuzl) : alwavs deep, » Zm

Fressnoe of salts/ alkali tonmil

Soilfauns influences t strong influence; many

g~horizon; 13-15% cm:  small
larvae chambers (?)3 43-55 cm:t

Expected rooting depth tXLL.E0 m, very deep

Hortzons:

Al o - 2 om Gark reddish brown (SYR 2.5/7287 when molst; clay;
Termite structure consisting of rounded
cansolidated fine granulars; looze when  dry,
friable when moist, slightly plastic and
=lightly =ticky when wery continuous  thin
clswv- snd Fumusskinsg abrupt and sra0o th
transition to:

A2 8 - B com: Cark reddish brown (2.5YR 2.5-4) when moist;
clavy  strong fine subangular blocky structure;
looee when drve, friable when meoist, =lightly
rlastine and =lightly sticky when wet; common
thin clayskinsy abrupt and wavy transition to:

B OS5SE0 - 150 o Dark reddish brown (2.5YR 3/4) when

molst; mlay:

microterms

C

kv



e

Vv etiem, o

[

parous Mmassive siructure; laose  when dry,
friable when moisgt) slightly plastic and
slightly =ticky when wet; common te few thin
claysking.

Pore—distributionl:

Al &2 B

G6-8 rm g-55 om SS/60-150 cm
very fina < 1lmm : many many ' many
fine 1-2mm 1 many many Common
medium 2=3mm @ comman COmMMon few
Coarse > Bmm : few few few
Root—diztributiong:

Al a2 B

_ -8 cm B-33 cm 23/60-150 cm

very fine ¢ Imm : frequent cammaon very few
fine 1-Zmm : common COMMon very few
medium 2=omm 1 few f ew very few
cOoaYse > Sram : very few very few very few
1,2

in

ez profile 11&





