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Preface

In this report & preliminary research on the influence of termites on soils
under agricultural practices is described,

& eclose connection with the findings of Hielemaker (1984) concerning the
importance of termite:s in soil fermation and the work of Kooyman and Onchk
(1387) wconcerning csignificance of termites for scile and land=-use beth in
the Kisii-district exists, Experimental plots wers choezen near Chuka, on the
foorslope of HMount Kenva,in the project area of the Trzining Project in
Fedolaqy. @&  project was planned in which two post-graduate students of the
figricultural University Wageningen, the Metherlands and two disciplines
should  cooperater s0il  seience  (Micole FBongers)  and soil Biclogy
{Jeanine Kools). Fieldwerk was done partly tegether from Movember 1983
untill April 198&,

Thiz report contains the description snd findinge of the biological part. In
another report the soil science aspscts will be described, including both 3
comparative study to different soils on the feotslope of Mount Kenva as  the

gsults of chemical analuses on secil sheetings and litter (Bongers, 1287).

Daing this research and writing this report would not have been possible
Without help of the following persons:

Mr= Joke Marinissen, Mr W. Wielemaker, Mr T. de Meester and Mr . L=gger of
the Agrieultural University of Wageningen, Mr R, Bagine of the Hational
Museum of Kenya and Alfred Odupa, Vlahu?dtﬂly technician of the project. On
this place I like to thank sll these peaple once agaln.
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Abstract

In the szample arez of the Training Project in Pedology (T.F.1.F., of the
Agricultural University Wageningen) near Chuka in Kenya & project was
planned in which both zoil biolegy and svil science cooperated., Fieldwork
wes done from NMovember 1283 till April 15986, thus including the short dry
=eason.

In  the preoject ares termites (ovder lsoptera) tseem to be the dominant soil

fauna and especially the family Macrotermitinas, Termites have impact on

both vegetation and soil:

* By feeding activities and subcequent decomposition termites affect the
cycling of organic matter and nutrients,

* Py building nests, mounds, subterranean galleriez and covered runways or
sheetings termites cause & redistribution of so0il particles, resulting in
altered soil physical and chemical properties.

When soil is wused for agricultural practices underground galleries are

destroyed at certain intervals by soil tillage and the habitat becomee lesc

attractive for some termiies.

In & preliminary-study we tried to make an esztimation of the amount of soil

translocated under asgriculture and made some chemical analyces on this soil

material to get some idea of the influence of termite saliva {for cementing
the soil particles) onm seil fertility., Also we were interested in the amount
of litter consumption by termites in the field situation.

Thics research wasz done on the footslope of Mount Kepya in  twe zones,

representing different climatological cenditions and related land-use types:

* the tez zone, close to Mount Kenya Ferezt, at + 1800 metre (average
temperature 16-15 %C, 1800-2000 mm rain annually)

* the cotton zons, at i 1100 metre (average temperature 21-22 “c, so0-1100
m vain snnually).

In both zones & maize field was chosen as experimental =ite} in the coetten
zone also a nearby banana plot was sampled for comparison of an annual crop
and a standing vegetaticn, & higher termite activity (s expected under
banana  because of the higher biomase production, the less extreme
microclimate and the absence of destroyment of csubterranean qalleries  when
compared with the maize field.
Observations on  termite activity were done in the early morning when the
newly build sheetings were still wet withqtermite caliva. Foraging activity
was measured by noting the dimensions (cm®) of the freshly formed sheetings,
Hith a conversiaen factor the amount of soil transported could be calrulated.
For litter consumption estimsations litter bags were installed beth
abovegreund and underground. These litter baas consisted of coated iron
gauze (mesh width 0.5 x 0.5 cm). Aboveground litier bags contained the
litter collected from 1 m™ (maize field) or 0.25 m“ (banana bush) and were
replaced whenever they were attacked by termites. Underground litter bags
contained 25 gr fresh litter, were dug in at 3 depth of 10-1% cm and renewed
after 1, 2 or 4 weeksz, Litter productiug for the maize plots was measured by
cellecting all litter from & certain m® and amounted 400 + &7 gramme/m./24
experimental weeks for the cotton zome and 210 £+ 74 gr amme/m /24
experimental weeke for the tea zone, Estimating biomass in & banana bush
requires " the use of an alternative method., By counting the number of
harvested plants per unit of timz and per unit of acreage and weighing_these
cut materials the very rough estimation of S000 (S00-11,000) gramme/m~/year
i5 acquired.

& low termite activity in the tes zZone compared to the cotton zone hecame

clear from the different gbservations (both ob litter consumpticn as  on



termite  aectivity). Termites  seemed relatively unimportant in soil
translocation and litter consumptien in the tea zone,

It was not possible to quantify termite activity under banana by direct
observations on & transect., This activity is still expected to be high,
according  to the incidental presence of great numbers of termites foraging
on an area of 3 few square metres,

In the maize field in the cotton zoene the termite activity was related to
the presence of & termite nest: bevond a radius of about 20 metres frem a
Macrotermes mound a3 high activity was observed, 0On the experimental field
also a zopne of actiuityqby Odontotermes exists, resglting in the overall
ectimation of 491 ar/m“ far Macrotermez and 25 qr/m® for Odentotermes for
the 24 weeks the experiment lasted. Because of the dependence of termite
activity te distance from the mound and the big heterogeneity in
distribution of the sheetings some caution must be practiced with
extrapglation of these results to bigger areas.

Undergreund litter consumption experiments showed that besides bigger,
termi tes  (as Macrotermes and Odontotermes) the smaller termite Microtermes
is wvery numerous in the whole maize field. Only 1-3 gramme per week is
foraged by Microtermes, but together with the high probability of presence
{in 5 weeks 5 oaof the 10 underground 1litter bags were inhabited by
Microtermes) these termites seemed to be important in underground litter
consumption,

The amotnt of litter eaten by termites from sboveground litter bags was not
constant: sometimes quite a lot and sometimes only & few gramme was eaten.
Hith data following from this research together with some rather crude
hypotheses concerning foraging rate, the amount of litter eaten by termites
and the amount of litter present, & very coarse estimation of the amount of
litter left after the 24 experimental weeks can be made., WVery gsnerally 374
part of the available litter of the maize field has been coensumed by
termites during the 24 week experimental period.

Calculations showed that 25-66% of the banana litter ie saten in  the same
perisd, but it <ceemed likely that move Litter disappeared because of the
higher activity of other soil organisms ( both scil fauna and fungl were
observed at the experimental site),

She=ting analyses showed that these have & higher C/W ratic and a lower
LCation Exchange Capacity (CEC) than the top soil (Bongers, 1287). Termite
zhestings thus did not contribute to an increased soil fertility., Combined
with the high litter consumption it seemed that termite presence did not
‘lead to more favourable agricultural conditions.

Howsver dats about physical influence on the spil of this site are not yet
available, but from other research 1t seems very likely that termite
presence has a favourable effect on soil physical properties (Wielemaker,
1584).
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1 Introduction
1.1 Background of the T.P.I.P.

The Chuka project ({April 1985 - July 1986) ic¢ the third phase of the

Training Project in Pedolegy (T.P.IL.P.) in Kenva of the Agricultural

University of Wageningen {the Netherlands). Preyicus phases were the Kisii

proiect (1973 - 1979) and the Kilifi project (1972 - 1982)., All the

activities of the T.F.I.P. are carried out in cleze consultation with the
cooperating  agency, the HKenya Soil Survey (KSS), part of the HNaticnal

Agricultural Labeorateries (NAL) of the Ministry of Agriculture in Nairobi.

The objectives of this project are:

* to produce & reconnaissance seil map (1 @ 100,000) of the Chuks and
Ishiara map sheets of the Survey of Kenya, together with a detailed
repert and & land evaluation te assess the suitability of a number of
land-uses, '

* to train post-graduate students of the Wageningen  Agricultural
University in so0il science, agronomy , biology and agricultursl
economics. The training consists of graduate-students work (6 months
periad) as well as research work for a MSc~thesis.,

The selection of the project ares took place inm full cooperation with the

KS8., The funds for the project are provided by the Agricultural University

of Wageningen, the Netherlande.

1.2 Termite biology

In the T.P.1.P, sample ares & project was planned in which soil biclogy and
s0il science were intagrated. The accent was given to termitez, because in
this area they seem to be the dominant scil fauna.

Termites <f{order Isoptera) are principal inhabitants of tropical and =ub-
tropical semi-arid regions, They belong to the "social insects" (together
With e.g. Hymenoptera (bees)), which live in colonies in nests of their own
construction., These pests serve to house and protect the colony, store food
and maintzin an optimum envivonment, Subterranean galleries and coversd
runways or sheetings are used when the termites are searching for requisites
as food, moisture and soil particles.

‘The individuals comprising & colony of termites consist of several castes
which are morphologically and functionally distinct. Newly hatched
individuals (larvae) are capable of develcpins inte any caste depending upen
the requirements of the colony. The reproductive castes consist of primary
and secondary reproductives. Primary reproductives, winged imagines or
alates, consist of malee (kings) and females (queens). They leave the nest
at certain times of the vear, shed their wings and attempt to mate and
establish a new coleny. The secondary ot supplementary reproductives are
present in several forms, they act as substitutes for the king or queen. The
sterile castes consist of workers and scldiers. The workers are responsible
for all foraging activities and they care for the eggs, larvae and queen.
Soldiers defend the colony within the precincts of the nest and alsc defend
workers which may be foraging at some distance from the nest. Dimorphism,
Wwith the existence of major and minor forms is common for workers and
scldiers,

The food collected by the workers ic the basic energy rescurce of the
colony. Depending on the species of termite it consists of plant material,
either living, dead, partially or almest entirvely decomposed (wood, gQrass,



herbs and plant litter, humus and fungi).

Termites have impact an both vegetstion and soil:

- By feeding activities and subsequent decomposition termites affect the
cycling of organic matter and nutrients,

= By building nests, mounds, subterranean galleries and sheetings termites
cause 3 redistribution of seil particles, vesulting in altered physical
and chemical soil propertiss (Lee and Wood, 1971),

The sub-family Macrotermitinae are dominant in the research area. Termites

of this sub~family construct special structures with faecal material, the

"fungus combs" in  their nests. O0On these combs wariouc fungi are grown,

continually eaten by the termites and replaced with fresh material. The

fungus combs are of importance by proeviding nitregenous materials and

vitamins to the termites (Lee and Wood, 1971).

In general the fungus growers (Macrotermitinae) are very efficient in the

decomposition of organic matter. Nearly all material transported to the nest

ie wutilized, leaving & very small fraction undigested. Return to the

ecosystem takes place only as: .

- salivary secretiens (for cementing soil particles)

- termite corpses { annual flights of alates)

- predation on termites (e,9. by bivrds, lizards, ants)

- faeces (in Macrcotermitinae little or no return via faeces; cnly available
when nest is abandoned){leod,1979).

1.3 Food and territory of Macrotermes spp.

The International Centre of Insect Physiology and Ecoleqgy (ICIPE) had &
grassland termites research programme in which different aspects of termite
biclogy were studied and especially the species Macrotermes michaelceni.
Fieldwork was done near Kajiade (Kenyal, on a semi-arid grassland ecosysten.
The foraging behaviour it rather consiant in the genus Macrotermes (at least
in savanna ecosysetems): the foraging populations flow in a netwerk of
underground galleries, emerqing on the greund surface throeugh feorzqging
holes, to collect plant materials back to their nest., Scil shelters, tunnels
or trails may be added outside the foraging holes, The underground network
1s mere or less permanent and defines the territory of the coleny
{Lepage, 1983). -

Darlingtori (1982 &) studied the nest system of M.michselsenl in HKajiado,
Kenpa and found that few large radial passages extend outwards at s depth of
o0-80 cm for up te 10 metre from the mound., Then they rise steeply and level
off at 5-15 cm below soil level, where they branch and interconnect to form
a network of horizental passages containing many stoerage pits. Beyond 30-40
metre from the mound, the network peters out into blind-ending peripheral
passages,

Termites of the species Mumichaelseni prefer to feed on grass litter, Lut
they also will consume living plant material or roots if litter is in short
supply (Lepage, 1979), M,subhyalinus usually feeds on g9rass litter and dung.
Collins (1982) observed the termites feeding on standing grass only during
twe periods: January and AprilsMay, During both times & high grass
production combined with & low litter production and a low foraging
intensity exists., A main peak in foraging level is measured during the long
dry season (June till October) and & miner peak during the short dry season
(February till March). Thus the seasonal pattern of termite foraging levels
takes advantage of periods of high litter biomass (Collins, 1982). The main
peak in consumpticn between June and September alse ceoincides with the
maturation of the sexual castes (Lepage, 1983).

fAlso & daily periodicity can be observed: foraging in the open, either on

r"-1



the =0il surface or on living plants, appears to be largely nocturnal,
although it may cccur during daylight hours if the sky is clowdy (MWood,
1578). Lepage (1983) concludes from several studies that high temperatures
prevent surface-foraging in the esarly mevning., For M.michaelseni twe phases
of  foraging activity occur: one aboveground and one wunderground. The
underground activity continued when aboveground activity had ceased and when
the foraging holes were closed.

1.4 Termites and soils

The construction of termite maunds and therewith the movement of big
guantities of soil was the research subject of several scil scientists. In
some cases of subsoil material to the surface is expected to be beneficial
to zoil fertility (Arshad, 1982; Miedema and van VYuure, 1977). Mood and
Sands (1578} on the other hand found that erosion of structures built by
Macrotermitinae often added scil of a3 lower nitrogen content compared with
the topzoil. Also the low organic matter content of the subsoil material is
supposed unfavourable because this should imply an acceleration of erosion
(Lee and Wood, 1971),

The dense network of galleries built by termites must affect porosity and
aeration, but thece effects have not vet been measured (Lee and Wood, 1971).
Pomerey (1983) tried to summarize the effects of Macrotermitinae in grazing
lands of a semi-arid area in Kenya., He concluded that beneficial and
harmfull effects ~ insofar it is possible to compare them- could well be of
similar magnitude.

The construction of sheetinge arcund "food" before this is transported to
the nest can be seen as an adaptation to climatic conditions that are
unfaveurable for termites, Seil particles are cemented together with
salivary secretions and this means a contribution of organic matter to these
s0il eenstruetions (MWoed, 19757 Robinsen, 1952; bHood and Sands, 1878). An
enormous quantity of soil is treated in this way: Bagine (1984) estimated
for Odontetermes for an  arid area in Kenya (200 mm rain annually)) a
translecation of 1059 kg of so0il to sheetings per hectare per vyear, Lepaqe
(1974, in Bagine, 1984) estimated that the amount of Macrotermes subhyalinus
soil sheeting ranged from &675-900 kg.ha“l.yr‘l in the s=sahel savanna inf
Seneqgal (annual vraipfall, 750 mm). HWoed et al (1978, in Bagine,1984)
ectimated 300 kg.ha ~.yr = of Macrotermes scil sheeting in Southern Guinea
woodland in Nigeria, with annual rainfall of 1000 ram.

Looking at the enormous amount of soil tranclocated, the addition of organic
matter in the form of saliva is possibly of importance regarding soil
fertility, However this item has never been described quantitatively untill
fiGi,

Since Drummond in 1886 (in Lee and Wood, 1871) regarded the termite as the
tropical analogue of the earthworm, this comparison is often made. In some
aspects  this analeqy is justifiable: both groups are eoften found in  great
numbers; boeth dominate the soil fauna; both make burrows that are prominent
features of soil profiles and both phyeically re-sort harizens. Especially
in the distribution of individuale in the soil and the detomposition process
some striking differences exist between the role of earthworme and termites
in ecosycstems (Lee and Wood, 1571; Wood, 1975). Termites, and fungus growers
in particular, are wvery efficient decomposers, Together with  the
concentratien of organic material in their central nests this habit shows a
violent contrast with the intensive nixing of organic matter and scil by
ear thworms.

The addition of organic matter in the form of saliva to scil sheetings is



probably  small wher compared with incorpaeratien of organic matter by
garthworms., Nevertheless this can be of importance in areas with termites as
dominant soil faunz ovganisms.

1.5 Aim of the study

The activity of termites has consequences for the 2cil in  two ways: it
influences organic matter decomposition and therewith organic matter cycling
and secondly it is of impertance for the soil =tructure,

Bagine (1984) made a study of the amount of sgil translocated in a more or
less natural ecosystem in an arid area in Kenys. Hhen soil is used for
agricultural practices underground galleries are destroyed at certain
intervale by soil tillage and the habitat becomes less attractive for  some
termites., A species like Microtermes ( a small, no sheeting building
termite) on the other hand is feund te increase in numbers under agriculture
(Wood et al in Ferrar, 1982 a). :

In & preliminarv study we tried to make an estimation of the amount of so0il
trancliocated under agriculture and made some chemical analyses on this soil
material to get some ides of the influence of the termite caliva on  soil
fertility, .

Also we were interected in the amount of litter consumption by termites in
the Field situation.

Dur experimental area ie situated on the footslope of Mount Kenya, due teo
the presence of the T.P,1.P. ssmple area there. The soils are all derived
from wvolcanic material, but they differ due te development under different
climatological conditions.

A comparstive study is made of  seil prefiles, formed under different
conditions of climate and land-use, concentrating on differences in
structure and organic matter (Bongers, 1987). Very close to the experimental
site for the termite study in the cottonzane (described in this report) a
comparative study of 3 range of sites representing different stages aof the
rotationi cyecle is done, with emphasis on soil fertility as reflected in
organic matter content, baze saturation and structure (Koole, 1987),

In two zones (distincted by Jaetzold, 1982 for this area and representing
different climatological conditicns and related land-uce types) the termite
activity with vregard te transporting soil and litter consumption are
compared. The two zones used in the comparison are the tea zene, close to
Mount Kenya Forest at + 1800 m and the cotton zome at + 1100 m.

In the cotton zone two land use typec were chosen, because during the
preliminary field tripe visual differences in colour ef the surface scil
under banana and annual crops became visible. A higher termite activity is
expected under banans because of the higher biomass production and the less
extreme microclimate when compared with & maize field, Also ne destroyment
of the subterranean galleries by soil tillage tskes place under banana,



2 METHODS

2.1 Methods for sampling termites

The social behaviour of termitez makes the use of many of the seil sampling
methods impessible., The populatieons are highly aggreqated by  living in

subterranean nests and by manner of foraging., The polymerphicity with castes
which have different distributions and dencsities and the periodicity of the
zexual stages make population estimations not so easily done (Brian, 1971).

The numbers of termites in the nest fluctuate both in relation to the s&ason

and diurnally (Lee and Hood, 1971),

For quantitative <campling, "direct soil campling® (slthough only rarely

suitable for social 1insects) is wused when distinct colonies are not

vecagnizable. Digging pite or the use of @ soil core or =eil suger snd
sortinmg out &ll termites are widely used methods (Sands, 1972). Size, number

and dencity of the scil samples taken depend on practical experience. The
digging or coring instrument should be quickly inserted because of the high
motiility of the termites (Brian, 1971).

When distinct colonise are recognizable populatien dencsity can be estimated
by counting ceolonies in & sampling area and estimating their populations
separately., MNest. excavation can be done by digging & whole colony out

(Brian, 1971). Darlington (1982b) <campled nest populatione by fumigating

with methylbromide, thus removing the whole contents of the nest and all

castes and instars could be counted., Hith this method seme sources of error,

of importance when digging is practiced, diminish like damaging individuals

and the vuching away of termites. In both cases those insecte which are away

foraging at the time are not included in the counting.

A widely used methed for sampling subterranean termites qualitatively and

examining differences in attack is the use of baits, Derived from the

sconomic npecessity of determining resistance of various timbers sgainst

attack by termites wooden poles (whether or not treated with preservatives

oY insecticides) are often used {MHood, 1987). La Fage et al. (19723) placed

toilet rolls at close intervals in an area where all wood forage was removed

for studying faraging behaviour, Fervar (1982b) zlso used toilet roll baits

in a comparative study for measuring speed, extent and seasonality of attack

in different subhabitats. Termites locate and feed on toilet paper much more

quickly than they do on wooden blocks (Lz Fage et al., 1972) and this shows

that it is difficult to relate consumption of toilet rolls to natural

forage.

In litter bag experimentc decomposer organisme are offered their naturally
occurring food in nmaturally ecccurring situations and 1in  amounts which

correspond to the natuval access to leaves, branches etg. in the particular

habitat (Weod, 1978).

Macrotermes gp. uzes foraging holes, which are opened befere and closed

after foraging., Lepage (1979, 198la and b) and Collins (1%82) made use of

this habit by marking the holes with white powder., Hhen termites used thesze

tieles the powder iz mixed with fresh soil pavticles, 0On certain strips

(24 times 10 x 1.5 metre) the number of utilized foraging holes was coeunted

during some days each month., Estimates were made of the grase consumption by

teriai tese by placing S grammes of dry grass and litter around & foragqing hole

and reweighing thic when the hele had been opened overnight.



The methods used in eur study concern several items:
* microeclimatic conditions of <oil and air

* litter production

* activity messurements

* litter consumpticn (above and underground)

These are described in the sections 2.3 - 2.6.

2.2 Selection of the plots

By the selection of the plets the following conditions were important:

- s=ituation on a 0-2 % slope

~ a field with annual crops, with preference for malze

- a plot with a dense bananaplant population (in the cotton zone)

- & plot close te the Mount Kenya Forest (in the tea zone),

In the cotton zone a maize field with & Macrotermes mound (to be sure of the
presence of termites in the experiment) and & banana bush at very shert
distance were found. - -

On the maize field 10 plots, each 100 me (10 x 10 metre) were marked by
wooden poles at more or less distance from the Macrotermes mound. See
figqure 1.
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Figure 1 Location plots in maize field, cotton zone

The grewth pattern of banana plants with & concentration of stems on & small
acreage and the large heterogeneity in organic material inside the cluster
of plants and between the several clusters, made construction of 10 x 10
metre plots lese degirable. Alse because of the dimension of the banans bush
another approach was desirable. Three transect lines (6 x 5, 4 x 3 metre
(litter bagq transects) and 44 x 1 metre, later extended to 85 % 1 metre
(activity transect) were laid betwsen the banana clusters. On these lines
the experiments were concentrated. See figure Z.
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Figure 2 Location transect lines banana bush, cotton zone

In the tea zone a pure maize plot in &8 move or less flat positien was not
easy to find., Bécause of the low temperature the maize does not ripe very
well. Maize is cultivated on small plots, mainly for use as cattle fodder.
At least we found a 1 acre plot on which in October already maize grew,
- though very hetercgenous: plants of 5 till 200 om! Because of the size of

the field only eight 10 x 10 metve plots were set out. See figure 3.
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2.3 Microclimate

The activity of termites, especially the forsging sbove the ground, is
closely related to the climatic conditicons,

Far comparing the microclimatic differences between & maize field and a
standing vegetstion (in the cotton zone = banana bush and in the fex zone &
ttopical mountain forest, both close to the maize plot) during the sessons,
aiv  tempersture and relative zir humidity were measured every hour during
the time wWwe spent at the plots. Dry and wet bully temperature were messured
at about 130 cm above the sarth curface.

Soil temperature at 5 and 15 cm below the surface were measured every three
weeks {alse every hour during the time we spent at the plote).

Becsuse theve were ne autematic raln-gauges svailable at the start of the
experiment, simple rain-gauges were constructed using a funnel and flask in
a plastic pipe. Both in the tea zone and in the cotten zone rain-gauges were
installed in the maize-plots, The amount of rain was measured as often  as
possible, but this method does not include intenzity data,

Every three weeks soil humidity was determined, by taking a sample of the
topsell (0-20 and 20-30 cm) at the same time during the day and measuring
the gravimetric water content after drying in the stove (24 hours at 105°C),

2.4 Litter production

For the maize plots all litter was collected from three specific sites of 1
me whenever material was found, Eecause of the size of the field more sites
would influence the litter availability and therewith termite activity too
mucl, This material was dried in the stove, the first months 24 hours at
105°C (which ‘is a3 too higH temperature for & correct nitrogen analysis),
later also 24 hours at 70°C, These samples were analysed for carben  and
nitrogen content.

Estimating the litter productien in the basnana bush wWwate not so =3sily done,
becavse of the big heterogeneity in the amcunt of litter at relatively short
distance. In general biomass estimatiens in & forest are done by collecting
all leaves which fall into & drained collecteor. In ocur situation the banana
plants are cut when the fruits are harvested, preducing at that moment &
concentration of material., Compared with this amount, the litter falling
before cutting the whole plant, is negliqible., This means that very big
collectors have to be used for getting a correct approach for the litter
production, Because of the fact that this seemed not possible we invented an
alternative method.

In the barnana bush clusters were chosen st random and in eaech 153 plants
{young and o0ld) were marked at random. Both the inside as well as the
outside part of a concentration of banana plants belong te & "cluster", The
number of plants per cluster depended an the age of the cluster, in this
plet on average more than 135 plants. For each cluster the density was
sstimated, rtresulting in an sverage acreage for 15 bsnana plants, After tlo
months for each marked cluster the number of banana plante still standing
was couhted, thus making the assumption that these bananas have a constant
fruit production (and therewith cutting of the plants) during the year. Alzo
an estimation of the (dry) weight of a whole (already harvested) plant was
made, by weighing the leaves and measuring the lena-* and circumference of
the stem (both at 1 metre from the basze (cl) and at 1 metre from the top
(C5)) and taking & sample for weighing.

HWith these data @ very rough estimate of the litter production can be made.
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2.3 Activity measurements

2,5,1 Transect observations :
Termites bring their food into the nest through underground passsges. These
galleries radiate from the mound into the environment {pers., coi.

J. Darlington), where they reach the surface as foraging holes. Foraging
takes place mostly during the night: termite workers cover the food rescurce
with seil particles cefented with salivary secretions, called "sheetinas"

and take the grganic material to the nest (Lee and bood, 1971).

The foraging activity of Macretermez aff. subhvalipue can be measured by

counting each month during 24 hours the number of foraging heles open

(Lepage, 1579), For our purposze this seemed & cuitable method, but aur lamp

was not strong encugh te distinguish the foraging holes at night, ke decided
to leok in the sarly morning, just at sunrise, and in the late afternoon,

just before sunset. In the maize field only in the morning newly build

sheetings, stillq wet, were present. By noting the presence and the
dimensiene (in om®) of those fresh sheetings we acquire a mahner to describe
the foraging activity., With =& conversien factor the amount of soil

transported can be calculated, Instead of observing once & month during 24

hours, we counted and measured every three weeks for three successive days.

Af ter some observatiens it became clear, that the termites foraqe in &
certain directien frowm the mound for a few days and then change to another

direction. 3Se it ceemed better to cbserve moere often, so cur abservation

pattern changed to observing in the early morning every few (2-35) daps.

Iin the cotton zone a trancect of 200 x 1 metre in the maize field waz <cet
gut. For location s=e figure L.

In the basnans buszh the heterocgenity was & problem: because of  the

gccumulation of organic material between the plants it was impessible to

walk and make observations there, MWe decided to lay s transect near the

inner border of the banana bush with & small plot of maize (with tanana

litter on the transect). Eecauvse of the expected higher activity and the
dimension of the banana bush this transect was only 44 x 1 metre. Az a

result of enly incidental termite activity cbservations 3 new transect of

41 x 1 metre wag <eet out after four menths, now also between banana

clusters, See figure 2.

In the tea zone a trancect of 200 x 1 metre was set out, See figure 3.

2.3.2 Sheeting buiding estimated with frame

For estimating the fastness of sheeting building, a frame of 45 x 45 om with
squares drawed on plastic of 1 x 1 cm was placed above & fresh sheeting. A
drawing was made every few hours, so that the growth vate of the sheeting
became visible.

2.3.3 Sampling with pitfall traps

Sampling of subterranean termites is one of the most awkward problems of
termite fieldwork (Ferrar, 1982). Digging pits and collecting all termites
is & method, which requires the taking of numerouz soil cores, Beside errors
in the number of caught termites because they run away during ingerting the
s0il core, this method would be too destructive,

Therefore we tried to estimate the amount of termites active at a certain
time interval and in a certain direction from the mound with the use of
pitfall traps, in spite of dicadvantages of thiz methad {e.g. "digging-in
effects” (Greenslade, 1973); preservatives may affect catches (Greenslade
and Greenclade, 1971, in Greenslade, 1873)).

Van der Werff (1978) designed a pitfall trap in which he caught, among
others, termites.



Based on this design we made some pitfall traps: see figure 4,
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Fiqure 4 Pitfall trap

[t was not possible to buy plastic cups in Kenya, which fit in the rainpipe,
st coated paper cups were used. After one showsr the cups appeared not firm
enough, Flastice cups f{from the Netherlands arrived after some weeks, but
because of the dry seasocn it was not possible to install the traps. In March
some traps were dug in: in the maize plet and in the banana bush, both
situated in the cotton zone,

2.6 Litter consumption

To estimate the amcunt of litter consumed by termites and its ssasenal
varistion and the amount of soil tramsported in relation to the amount of
litter, litter bags were installed, Koovman and Onck (1984) did experiences
Wwith Llitter bags and we copied their gauze measures and methods for
underground litter bags, These litter bags were constructed by using coated
iron gauze with mesh width of 0.5 % 0.5 om, thus permitting termites to
penetrate the bzgs. Both aboveground and undsraround litter bags were used
because scome termites are surface feeders (e.g. Odentotermes), while others
forage more below the surface (e.q. Mierotermes and Pseudocanthotermes)
(Kooyman and Onck, 1984). For aboveground foraging gayzes of 30 % 30 o were
laid out, without top coverage to make the best simulaticen of the situation
in the field. On top was laid the litter cgllected from 1 mZ (maize fields

in the cotton and tea zone), or from 0.25 m“ (banana bugh), the soil removed
as much as possible with a brush., This litter was first weighed on a triple~
beam balance in the field; the water content was determined by taking a
sample at the same time. Thus the dry weight could be calculated. The
aboveground litter bags were inspected every week: from the moment the
termites started eating the litter and began to build sheetings teo cover it,
the litter bag was kept for twoe weeks. Subsequently the remaining litter and
soil were recovered and new material was exposed on the same spot, From the
remzining litter the dry weight was measured again and the sheeting was
collected for weighing and analysis on CEC, base saturation, pH, C and N
content.

The method used for measuring litter consumption by aboveground litter bags
includes an estimation of the amount of litter present on the ground during
the experimental period (litter availability).
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For underaround consumption gauze envelopes (30 x 30 cm) were dug in at &
depthh of 10-15 cm. They contained 25 g fresh litter from the field. A
subzample was tzken to measure water cohtent. In advance a scheme was made,
gceording to which the litter bags would be taken out, This censicted of
cyeli of 7 weeke, built up by 1, 2 and 4 weeks in varying order. Loss in dry
weight was determinsd.

I the cotton zone in the maize field 20 aboveground and 10 underqround
litter bags were laid out, according to the scheme in appendix D.

In the banana buch 10 abeveground and 10 undergroeund litter tags were
distributed among the transects,

In the maize field in the tea zone 10 sboveground and 10 undevground litter
bags were placed.

At first we chose & higher number of litter bags (aboveground as well as
underground) per field, but this number was not possible with our budget,
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3 Deseription of the research area

3.1 Location of the research plots in two ecological zones

The project research area is located on the South-Eastern footslopes of
Mount Kenya, Jjust south of the equater {(latitudes 0 15‘% and 0 30°S;
lonqgi tudes 37 20°E and 38 007E), zee figure 5,

It concerns the Chuka (122/3) and Ishiara (122/4) map shests of the Survey
of Kenva,
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Figure & Situation of the praject area in Kenya

NAIROBI

Due to the =ituyation on the footslope of Meunt Kenva (the remains of a
Tertiairy wvolcano), the =elevation differs from 1100 metre in the Eastern
part (edge of the volcanic influence near Kanyamborz) and 1800 metre in  the
Meztern part (border of the Mount Kenya Forest). With difference in altitude
and lecation on the windward side of the mountain, the rainfall increases in
East-West direction: 1000-2200 mm average per anfum. Alse the temperature
changes with the altitude: the mean annual temperature is 21-22 %C in  the
Factern and 16-18 °C in the Western part of the mountain footslopes
(Jaetzold, 1982).

Mount kKenya 200

Figqure & Average annual rainfall in mm (Jaetzold, 1982)



The mentioned ecological factors influence the farming systems in the area.
Jaetzold et al. (1982) compiled @ map using the ecolegical data, 1in which
various zones are defined, named af ter the cccurrence of crops.

ra.
Ishiar

hnarginaL
Col': kon

Figure 7 Aqro-ecological zones (Jaetzold, 1982)

The termite vecearch deseribed in this report is concentrated in twWo zones
the Tea-Dairy zone (shortly "tea zone") and the Cottonzone ("cotton zope" or
"mango zene", after the abundant presence of mango trees),

The tea zone ( 1800 m, 16-18%, 1800-2000 mm rain annually) received it‘c
name because of teas being the most important cash crop in  this area.
Fooderops in this zone are maize, beans, vam, potato. Coffee is also a cas
crop, but is growing less well on this altitude. Cattle iz kept at zere- ot
small 4qrazing units and are fed on napier grass (Pepnisetum purpureum) and
maize. Except the nearby Mount Kenya Forest most land is cultivated
continuous. For the tea fertilizer ic used, to the fooderops only manure is
applied (if available). The main soil type is the humic Nitosol (according
to FAQ). '

In the cotton zone (1100 m, 21-22%C, 900-1100 mm rain annually) cotton,
tobacce and mangoes &re the moet important cash crops. Maize, beans and
banana are important food crops. Here alse fertilizer ie only applied to the
cash crops {cotton and tobaceo}; manure if asvailable to the food crops., Some
parts of the area are fallow and used for cattle grazing (cows and Qgquats).
After a few years the bush is cleared and the land is cultivated again., This
form of rotation declines, due to the grewing choertage of land in this area.
The main soil types are the chromic and humic Acrisols (according to FAD).
(T.P.1.P., 1987).

3.2 Growth stage of the crops during the experiment

Maize field, cotton zone .

After soil tillage with a fark jembe, maize, beans, cotten and some gourds
were planted in the second week of Octeber. In plots A and B (half) only
maize and cotton, in the other plets alse beans were planted, Litter at this
moment consists mainly of maize stems, cotten stems and firm parts of the
cotton bBoll (hardened carpels). In NMovember/December weeding was done with a
panga and the weeds left between the rows in =mall heaps. In December a big
hetercgeneity in height between the maize plants became vicible: 35-200 cm,
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en  aversge 150 cm. Eepecially & ,B and J were growing very poor,with & lot

of open zpace, The first weeks of January the beans ripaned, leaves fell

dewn and thus preduced & lot of light litter. The ripe beans were harvested

in the fourth week of January, the remains were still in the ground, left

unweeded., In February the litter is composed mostly of malze— and bean

leaves till harvest of the maize cobsz at the end of the month, which gave a

big supply of leaves, cob leaves and stems. The first week of Harch the

remaining maize plants were put down in the plots C-J, producing & lot of

litter on the groeund and mere light for the cotton plantse. In April alse

ploets A and B were tleared from maize plants, lesving cotton as the anly

standing crop.

Far the maize field in the cotten zone an estimation of the maize yield is
made, according to Ooms (1986). Length and circumference of the plants were

mgasured in the field, also amount of cobs per plant pit and plant pits per

=, Qome composed a formula for the Chuks arez by which the weight of the

zverage cob can be caleculated: Y = -6.32 + 0.39 X,

in which Y is cob weight (gramme) and X ic length x circumference (cmz).

For the experimental ares an average yield of 270 kg/acre is estimated. Doins
found vields of BG5S +340 kg/acre for fielde in the near distance of our
plot, The fermulas ic lese reliable at such low pields, but tegether with the
bad appearance of the crop this was witheout douvbt a very low vield.

Shortage of phosphate and nitrate were clear and a lot of insects { among
others bugs, beatles, ants and plantlice) were found on the cobs and leaves,

Maize field, tea zone

Maize is the only crop here, At the start of the experiment in MNovember big
differences in height of the maize were visible: A:30-150 cm, B:15-30 cm,
C:50-200 cm, D:S0-200 cm, E:100-200 cm, F:30-100Q cm, G:30-123 om, H:S0-
150 cm. These heights didn‘t change much during the months. Only the amount
of  weeds increased, but no weeding was done. The maize was growing not so
well: & lot of deficiency symptoms were visible {(ezpecially nitregen,
phosphoraus  and potassium)., From December on at times maize was harvested
and fed to the cows (stems and cobs). Both the sbsence of wesding and the
feeding of the maize stems to the cattle were responsible for the presence
of wery few litter. Only in plot A a concentration of maize litter was
present. In  the heginning of February the shamba was prepared for the next
sezson by digging with & fork jembe, also digging the weeds under. Im March
new maize and potatoes were planted, while alse s handful of manure was
added to sach plantpit. With the first rains the young plants appeared in
March April.,

3.2 tlap of termite nests near plots in the cotton zone

Estimating the population density of termites i€ not easy, because of the
problems with sampling {zee 2.3). For getting an impresszion of the presence
of termites in the surroundings of the research plots a localization of the
different neste was made as far a5 they were visible (and found)
aboveground.

In the tea zane no aboveground nests were found,

For the cotton zone 3 map was drawh, see fiqure 8,
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Figure 8 Map of termite nests in surroundings of experimental plots in  the

cotton zone,



By walking around in this area quite often, most nests were lecalized.
Eepecially the Odontotermes nests were cometimes nat zasily found, becauze
mostly the aboveground part consists only of & few holes, not extending
akove the surface., In the immediate surroundings of the banans and maize
plot the nest localization therefore is most accuratse,

The nestz, indicated on the map are the "living” ones (termites or fresh
formed nest parts seen). For nests marked with "?" an the map it was not
sure If they were inhabited by termites during the experimental pericd.



4 Results and discussion of results
4,1 Microclimate

in Appendix A alr temperature (dry and wet),relative air humidity, seoil
temperature at 3 and 15 com and rainfall are given for the plots in  the
cottan zone and the tea zone.,

fAppendix B chows the soil water content for the plots and &itv  temperature
and relative air humidity comparatively for maize field and =standing
vegetation for both zones,

Coraparing the air temperature of maize and bamana (cottan zone) (appendix B)
only a small difference can be seen, even during the course of the day. In
general under banana a temperature which is a few degrees lower iz measured
than under maize. The relative air humidity under banana however is always
higher than under mgize at the same time. The zoil temperature at 5 cm is in
the banana bush S - 10 °C lower compared with the maize field. Even at 5 om
a difference of 2"C is common. ’

In the tea zone a comparable situation exists when is looked at a maize field
and the HMount Kenya Forest: the air temperature is always lower and the
relative aiv humidity is higher,

Our expectations sbout 5 mere equal microclimate under a standing vegetation
are in agreement with these abserwvations.

4.2 Litter production

In table 1 and 2 the litter production of both maizefields in cotton zone and
tea zone is represented.

Fer the maize field ir the cotton zone average litter production for the

three in 4.3.1 distincted periods is alse calculated.

Table 1 . Litter production maize, cotton zanej dryweight (9ramme/m2)

(- ! no litter present)
| date | site | average! kind of litter }
I - 1 1 2 | 21 ] |

| 8711 | €0.7 | 230.1! 194.5| 221423 Imaize- and cotton stems, !
I | [ | I jcotten carpels [

| 19712 11728.3 1 - | - tweeds }
e f
| 1671 | - I 15.5] - | S0+16 |bean leave: [
| 30/1 | 8.6 1 17.8| .41 Ilbean leaves |
| 1272 | 14.0 | 12.56] 18.9] Imaize- and bean leaves |
{ 1372 | 2.6 | 18.01 Z6.8] Imaize- and bean leaves I
| e e e e e e e e e e R ity |
| 27/2 |118.2 | - - | 129445 Imaize leaves,cobs and stems|
| 1373 | - { 170.3) 81.2] | iderm |
i 374 1 16.7 |} - - imaize leaves

| total |406.1 | 464.3] 330.2] 400167 | ]

An  average litter production of 400 + 67 gr/’m2 is calculated for the
experimental period,
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Table 2 Litter production maize, tez zone; dryweight (gramme/mé)

| date | site | kind of litter !
| | i ] 2 I [ |
[== e e e |
| 13711 | 125.2] S54.2| 39.7| maize stems |
| 25711 | 64.2] 19.9f 1&.9| maize stems} tree leavec |
I 1512 | - - | - | sites 2 and 3: a lot of grass growing]
| 1571 [ 14.1] - | - | I
| 1772 [ B6.8] 139.7| 68.4] maize stems [
| 1973 | - - | - I
| 279 ! - | - - [

i tetal | 270,31 233.3[1 127.0| I

An  average litter production of 210 + 74 gramme/m2 is calculated for the
experimental period,

For estimating biomass in the bansna bush & specizl method was used,
described in section 2.3,

Fer the calculation of the volume of z banazna stem the following formulas
were used:

e.
i
Ty = — in which cicivcumference
STT i: 1,2
v =TT rlg x 172 1+ TT vr.= x 172 1 in which seontent

y

1 tlenath

r ,2:radiu5

Becaus= of the calculated volume and the known dryweight of the sample, the
dryweight of the whole stem can be calculsted. In table 3 the mezsured data
and the calculated weights are given.,

Table 3 Bigmass estimation of 5 (cutsharvested) banans plants

ibananai sample ] Stem | leaves | total |

fplant | 1 [ c | w |weightl 1 | ¢, | ¢, | calc. [ dry- | weight |
I no. I{em)|¢em)| {gr.) lef loml|(em)i(em)i(em)] wght(gr)lwght(gr)t (gr) |
I - e o o Y P T} i o S oy 1 o o . T B o B e T B e T e ek e P B o e P P i L e e R Bk o e . Bt o e . 5 Rk o o P . B
| 1 | 30| 49 ] 2339.4 | 0.058| 4601 &6 | 51 ) ?500 i 2570 | 10070 |
I 2 | 2@ | 22 ] 96.9 | 0,022 440} 45 | 30 | 1140 | 785 | 1945 |
i 2 | 28§ 46 | 172.3 | 0.,036] 480)] 72 | 52 | 6179 | 261G | 8789 |
] 4 | 35 ) 44 | 202.1 | 0.03&] 2900 57 | 42 | 2972 { 2000 | 4%75 |
| 5 | &6 { 45 | 181.)1 | 0.0432] S25] 66 | 44 | 5653 | 1E73 i 7328 |

1: length} c,: circumference at 1 metre aboveground;c,icircumference st 1
metre from topi wi: weight c

On average a total dryweight of G600 + 3230 gramme per cut (harvested) plant
is caltulated.



Table 4 Acreage of clusters of 15 banana plants and number of plants cut
af ter 7 weeks

| cluster| acreage lho of cut| cluster | acrgagelno of cut |
| no. [ (m®) | plants | no. Iy | plants |
A e !
I 1 | 1z i f | 11 | 10.5 | 3 |
f 2 [ a i a } 12 | < | Z ]
| 3 [ 15 1 2 | 13 I 9 | { |
J 4 | 12 | 2 [ 14 | 8 ! 0

| 5 | & | - 1 } 15 ] & | 1l ]
| 6 } 2 | Q [ 16 1 12 | D |
| 7 [ & | q | 17 | 1z | 0

t 8 I 8 | 1 } 18 | 10 | 0 {
] a | 10 | 0 | 19 | 10:5 | 1 |
] 10 | 8 | 2 ] z0 | 12 | 2 |

2

On average one cluster has an average of 10 + 2 m
plants were cut after 7 weeks.

and per cluster 1 + 1

A small rope has been tied around the steme to mark them. With this method 3
rick of people removing the ropes did exist, but luckily this did not ocecur.
An aversge density of 15 plants per 10 + 2 me was estimated. After 7 weeks 1
+ 1 plant per cluster was cut (see table)., Together with the average weight
per cut plant of 6600 1 2230 gramme (from table ) the very rough estimation
of 000 (300-11,000) gramme/m~/year for the banana bush is calculated.

"Hith these estimations we can conclude that the litter productien in  the
banans bush is sbout 10-12 times higher than in the mzize plot in the cetton
zone, The litter production of the maize plot in the fea zone is only half
the production of the maize plot in the cotton Zone,

4.3 Activity mezsurements
4,.2.1 Transect cbservations

Maizefield, cotton zone

Ac explained in the methods (2.3) the activity observations were first
planned every three weeks for a few successive days, beth in the morning and
in the late afternoon. Soon it became clear that the termites forage in &
certain direction from their nest and visit that area for some succestive
nights. Also especially the early morning observations were valuable: then 3
lot of freshly formed {still wet) sheetings were visible. During the day
enly rarely further buwilding of the cheetings was observed with the frame
method (see appendix C ) and it concerned only small amounts of soil
translocated. Therefore we changed our ebservation strategy: by visiting the
fields more often and only doing observations in the (early) morning we
tried to get more data about the amount of sheeting formation,

in the figures in appendix F the amwunt of sheetings (ocm“/m~/day) observed
in relation to the pogition in the field are represented., (These figures are
composed usipg the data shown in appendix A).



Three periods are distinguished:

a. the (short) rainmy season: the start of the experiment in November till
the end of December, including the last rain of 24/12/19835,

b. the dry zesson: January, February and the first yesk of March

c. the (long) rainy seasaent starting with the first rain at 7/3/1986,

till the end of the experiment in April.
The three periods are not entirely comparable: the observation methed
changed and the data obtained in November are not fully coemparable with the
ether results; the nuwber of cbeervation days in the three periods is not
the same (13, 20 and 10 days respectively) and the experiment started after
the first rains of October, while in the third period the first rains are
included, In spite of this the results are interpreted as if those
differences are not aof major impertance.
A bigq difference in amount of sheetings in the rainy season of
November/December compared with the rainy season of MarchsApril becomes
vicible, #@n explanation for this difference is probably the kind of litter,
which was present at the field. In Movember the litter was composed mostly
of maize stems and cotton stems, on the ground since harvest in  July-
September {exact dste not known, this period is valid for the cotton zone,
aceording  to Jaetzeld, 1982)., In March/April with the start of the rainy
season, Jjust after laying down the remaining maize plants, an enormous
termite sctivity became visible. The still wet stems and especially the cob
leaves showed to be very attractive for termite consumption. In plots A and
B the maize plants were cut down z few Weeks later than at the other plots.
Befors that time no termite activity was observed there. After the maize was
felled already ons wesk later fresh sheetings were present,
During the dry sesson (January/February) less sheetings were built, only
sametimes on old maize stems. MHhen freshly formed litter was available like
the weed heaps in  December and the bean leaves in January, this was
preferred.
The figures show that the direction in which the termites are active differs
in the different periods. In the November/December wet seasoh activity is
cencentrated around the nest (plots A, B and C). The fact that the amount of
sheetingsz in plot A is higher than in the other plots is possibly the result
of  the observation method: the first checervations were done for some
successive days from which it became visible that foraging is concentrated
for & few dave on th= same cpot (see 2.5, in Mov./Dec. plot A was visited
for three successive cbservation days. In March/april Macrotermes especially
forages in the plots C,) and F. This iz likely the result of the litter
gvailability on the field., In the plots A and B the maize plants were felled
some weeks later than in the other plots., After cutting down the maize the
termites were seen there as well (se=e appendix & and 2.3).
Another feature which follows from the fiqures iz the relative short
distance at which the termites are active., The plats near the termite mound
(especially A,E,C and D) are more often visited by termites than the more
distant plots (especizlly E,G,H and J), In the dry season the termites
forage at the shortest distsnece from the nest. In March/April the largest
distance is found: alse sheetings in the plots E and 6.
Macretermes was responsible for the activity in the plets A,B,C and D, while
in Ff,G,H,I and J alsc Odontctermes was fouynd., From which nest the
Odontotermss termites came 1s not cleary. both Odontotermes nests are 3t
about the same distance from the field (see map, 3.2). Also it was not clear
if the Macretermes’ found in plet I came from the nest in the banana bush or
from the maize field,



Because of the bigq heterogeneity both in distance and amount of sheetings
tformed on  the transects (see Appendix F3 an extrapolation te kg of soil
replaced per hectare ie not so simple to  make,

In the figures in appendix F & cimplified zonation i€ made to interprete
the results about replaced soil by termites. Zones with sheetings are
ceparated from zones without, anly 1n the figure {(Macrotermes, MrehsApr)
different activity zones LarE distinguished. For all =zones an average
shesting quantity in onm®/n°sday is calculated, With help of & converszien
factor {(found by cellecting soi)l of measured sheetings and weighing it) the
soil quantity vreplaced in g9r/m"/day can be calculated. Ag & very coarse
egtimation the overall guantity of soil replaced on the whole experimental
plet is calculated,

Table 3 Calculated amount of soil replaced by termites from activity
measurements ( APPF ) in agr/m~/day

[termite species| area | ' season |
J | = e e e e e |
| | | Ngu./Dec. | Jdan./Mreh, | Mgch./ﬁpg. |
| [ m | 9/m“/d]l wm°~ | g/m“/d} m | g/m"/d|
[ e e e e |
| Macrotermes | active zonel 300 | 5 | 330 | 2 | 287 | 21

i [ 1 | [ I | 112 | 13 |
l ! I l } | | 40 | 9 |
I | | [ | ! 2001 S l
| | whole plot {1000 | 1.5 | 1000 | Q.7 b 1000 { 3 |
] I | | [ I ! | !
| Odontotermes | active zonel 150 | 0,02 | 100 | 0.06 | 274 | 2 |
! | whole plot 1000 | G.QG3 | 1000 | 0.005 | 1000 | 0.6 |

. ] 5
Convercsion factor for Macrotermes sheeting: 1 em’ 1.0 + 0.8 gr
Odontotermes sheeting:r 1 cwm® 0,05 + 0.04 gr.

Mote: specially for Odentotermes the MNov./Dec., and Jan./Mrch values are
based on very few obszervations and are therefore lesz reliable.

For the 24 weeks the experiment lasted (47 dayes Mov.-/Dec. period, 73 days
Jan./Mrch_ period and 41 days Mreh./8pr, period) this means that 49]
gr soil/m® ig replaced by Macrotermes and 25 gr/m~ by Odontotermes, holding
for the experimental plot. ’

Because of the close relation of distance to the termite mound and litter
availakility (both amount and distribution) it is of importance to keep in
mind some caution when extrapolating these results to bigger areas.

Banana bush, cotton zone

glthough we observed termite activity in the banana bush nct only in  the
early morning but also during the day, the same observation method as for
the maize field was practised from point of view of efficiency,

As seen in appendix A& wvery variable sheeting building observations on  the
trancect become clear. Therefere no dicstinction between the different
seasons is made, as is done for the maize field,

At the end of February a new transect (44-85) wa:t added, because we had some
doubt about the representativity of the old transect (0-44). The first weeks
termite activity was seen on this new transect, but after a while it became
quiet also there.



From incidental observations in other parts of the banana bush it became
clear that termites were active during the whole peried, although sometimes
more sheetings were found and sometimes less. Hhen sometimes sheeting
building was obzerved it concerned alwaye very big numbers of termites and
mostly they were feoraging on the same place for some successive days., An
area of some equare metres, covered with sheetings was often visible,
although alse eating without or with very few so0il covering was observed.
The assumption that use of a smaller transect than in the maize field was
possible, because of an expected higher activity, is proved te be incorrect.
Because of the scattered appearance of the activity, the chance of precence
on the transect is net high and therefore a bigger sample area ics needed.
Maybe & higher density of trancects at small distance of each other
(comparable with the situation in the maize field) would have been more
effective in estimating the termite activity, Because of the hetercgeneity
of organic material, the cluster appearance of the bananaplants and the
shape of the banana bush (with the open space in the centre), it was not
eagy to define a representative transect. Looking at the results 1t is
possible that the cheoice of the transect ie responcible for the
digappointing activity measurements in the banana bush,

Maize field, tea zone

In the maize field in the tea zone only & few times tevmites were observed
on_ the transect: always ODdentotermes and of ten without sheetings. Termites
are oceasienslly found on the wooden pales of the fence of the adjacent
cattle grazing plot, See Appendix A. _

Because of the low activity it ceemed better to us to spend net too much
energy on activity observatioens and driving to and fro the plot. We reduced
the amount of observations from January on. In the nearby Mount Kenya Forest
{(on  the location of the maize plot the forest was cleared in 1947) also
termites were found, but except humus feeders in the topsoil only
Ddontotermes on dead trees. This ie in agreement with what Kooyman and Onck
(1934) found in Kaksmega Forest in KHest Kenya:! in  the forest only
Odontotermes occures, Which corsumes the dead trees from inside, without
building sheetings.

Mith these facts the following assumpticn can be made: Qdontotermes does
cccur  in the tea zone and forages mainly on (dead) weody only incidentally
maize litter is consumed, Termites play not such a bGig rvole in  the
converzion of litrer, especially when compared with the cotton zone,

4,.3.2 Sheeting building estimated with frame

In Appendix C the results of drawing a certain sheeting every few hours are
shown. Only & small fraction of the sheeting is built during daytime as can
be =een from the pictures, especially when this is compared with the total
nuisber of cheetings built duving the night.

Thus this methoed of observing during the day will not give & representative
estimation of the overall sheeting building rate and we abandouned this
method,

4.2.3 Sampling with pitfall traps

Becsuse of the starting probleme (see 2.3.3) the zampling with pitfall traps
plaved only = small rele in this experiment.

Traps were digged in in March, but appeared not te be sueccessfull., In nope
of the four traps in the banans bush and the twe in the maize field (both in
the cotton zone) termites were collected, & lot of other insects (especially
ants and locuste) and spiders were caught, but it ceemed likely that they
came from the surface. The plastic with scil on top was not able to prevent



the animals coming into the traps. Even with & better coverage and with more
traps placed we don’t expect better results with catching  termites,
Estimating numbers of active termites remains a prablem!

I
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4.4 Litter consumption

In HNovember we started the experiments. As the rainy zeaton had  alveady
bequn, wWe were a bit in a hurry. Therefore the methods were not tested
beforehand and come essential data lack from the fivet peried. For example
the first litter bags in the maize field, cotton zone have an  UNKnown
starting weight and ceme water contents are missing., Also the treatment of
some samples in the laborateory went wrong, caused by incorrect instructions
te our sssistant or communicatien problems.

The Llitter samples were weighed in the field with a triple beam balance.
Comparison of the accuracy with the Sarterius digital baslance in the
laboratory showed a difference of some 4 %. For samples with a weight of 25
grarme this meane an inaccuracy of 1 gramme.

Egpecially at the start of the experiment a lot of termites were caught and
named using & determination key {(Bouillon, 1965) (cee appendix G).

Af ter some time most species wWere easily recognized in the field and their
presence in the litter bags er on the activity transects just neted.

In the tea zone three species of Odontotermes were found:

* species 1 foraging under coffee and in a vegetable garden

* sgpecies 2 in the forest, foraging under wood

* species 3 in the maize plot and foraging under tes,

In the cotton zone of Macrotermes, Pseudocanthotermes, Ancistretermes and
Microtermes cne species was found, Two Odentotermes species were found:

* species 4 in banans bush and maize plot

* zpecies S cther fields in the cotton zone.

Dominant species in the banans bush was Odontotermes Sp.d, Macrotermes was
of ten  found, Pzeudocanthotermes less often, In the maize plot Macrotermes
W3s very numerous, alst Microtermes Was often found, Less of ten Odontotermes
2p.4 were seen, Incidentally Pesudecanthotermes and Ancistrotermes were
found.

4.4.1 Litter consumption from aboveground litter bags

Cottonzone

In &ppendix D schemes D1 and D2 for abeveground litter bags in maize field
and banans bush in the cotton zane show in which week & certain litter bag
was found eaten and when it was rentwed. Hith these data table 4 is
composed @ esaten litter bages are related to the total amount of litter bags
available (unattacked by termites the wesk before) per week,

Table 6 @Aboveground litter bags in maize and banana, eaten in relation to
total availability per weelk,

week 45 d6 47 48 43 S50 51 52 1 2 3 ] 3 6 8 g 10 11 12 13 14 15

~f

eaten 1 0 0 1 1 ] 0 0 0 0 0 2 2 0 i 1 1 0 1 1 i 2 1
total 20 16 19 20 19 18 19 20 20 16 16 16 18 15 17 1% ¢ 10 10 9 9 9 8

eateT/D.GS 0 0 0.05 0.05 0 0 o 0 0 0 0.13 0,11 0 0,06 0,06 0,05 60,10 0.11 0.11 0.22 0.13
tota

eaten [t 1 1 0 3 2 0 1 0 [ 0 2 0 0 1 1 0 2 o 4 1 0
total 10 10 10 9 8 3 g 7 8 5 9 g 10 6 10 10 10 10 10 10 10 10 2
eaten/ 0 0 0.10 0.11 00,32 0.22 0 0.13 0 ¢ 0 0.20 ¢ 0 0.10 0.10 00.20 00,20 0.10 0

total

16

10



On average: eaten litter bags / total litter Bags for maize: 0.053 1 0.06
bansna: 0.07 + 0.10

In spite of the big variance these averages give a clight indication about

the area foraged by termites in the twe habitate per unit of time. For

example: & ratio of 0,05 means: on a part of 0.05 m® of 3 total area nfﬁl me

foeraging by termites occurs in one week. Also: the whole area of 1 m™ is
foraged in 1/70.05 = 20 weeks,

Ecpecially in December a lot of asboveground litter bags in the maize field
were inhsbited by ante, Although without doubt ants are of impertance to
soil formation, in this study we are especially interested in  termites,
because of their use of salivary excretions for cementing the soil particles
for the building of sheetings., The presence of ante in aboveground litter
bags is likely to imhibit the litter censumption by ftermites, because their
"living in a state of war" (Lepage, 19813 Lepage and Darlingten, 1984,
Sheppe, 1970).

During the experiment & reascnable amount of aboveground litter bags was
visited by termites in the cotton zone (termites seen during the weekly
centrols  and/cr obvieus presence of sheetings). In spite of our request to
the owner of the shamba not to remcve the gauzes and to tell it alse to the
children, especially during the Christmzs holiday & lot of a&boveground
litter bags were destroyed, NMNotes, tied te the gqauze, in Kiembu and
Kiswzhili languagec had no effect; some of them disappeared even faster.
Ezpecially after the disturbance of seme eaten litter bags, we decided to
remove litter bags with sheetings after one week or immediately sfter our
abservation of an eaten litter bag (in the case termites were already
finished), 1instead of leaving the litter bags in the field for twe Gore
weeks.,

In s=pite of seme lacking water content data the remaining measursd  and
caleulated data are represented in the tables 7, 8, 2 and 10.

Table 7 Non—eaten aboveground litter bags maize field, cotton zohe

| season| litter bagl in | water | in | cut | soil [ in-out]
| |  number | wet | content] dry | dry | (g) | (g) |
| [ Po(3) | (%) | (a) | (g9) | N I
i Nov.=- | A(9.4) | 41 | ? i [ 28 | 71 [
| Dec. | D(3.5 ' 63 | ? i | 492 | 32 |

i | E(2.2) [ 70 | ? i | 41 | 26 | |
i | F(&8.8) P33 | ? i [ 15 | - 1

i | H(Z.4) |4162 | ? ! ! 54 | 12 | I
{ [ I(&.8) | 18 | ? | I g | 1 ] !
f | J(2,10)  (%1e2 | ? I 95 | 34 | f
[ | J(7.3) I 76 | ? I &3 | & | [
o e e e e e e e e e e e e |
| Mrch.-| A(9.4) | 57 | G | 54 | &8 | 352 t -14 |
| Apr. | B(7.10) | 28 | [ | 26 | 29 | 39 | -3 |
I | G(2.2) | 76 | 9 | 720 | 70 | 323 ) a ]
i | I{3.2} I 23 | 6 { 22 | 23 | 1% | -1

[
n



In table 7, 2, 9 and 10 with "in dry" is meant the calculated in dry weight
(from "in wet® and "water content"); “eaten" ig calculated by subtracting
“out dry" from " in dry". Under "remarks" the ohcerved presence of termites
te noticed.

For Mov.-Dec. all litter bags except H(2.4) and J(2.10) were set in at the
came time. The litter bags in Mrch.-Apr. had a gauze cover,

Table & Mon-eaten aboveground litter bags hanana, cotton zone
|eeason | litter | in | water | inm | out | =zeil | in-out]
| | bag | wet | content| dry t dry | (g} | ig} |
! { number | (g) | (%) I (q) | (9) | | I
| e e e e e e e e e e e I
[ Haw,- | 2 { 432 | og {1el | 7& | 32 | 105 |
| Dec. | 4 i 409 | o4 { 172 | 181 | 18 | -9 |
! i & | 323 | o8 | 126 1 171 | 41 =33 |
| I 9 | 704 | 38 | 226 | 101 | 721 195 |
| | 10 | 446 | 8 | 187 | 111 | 17 | 76 |
[ = e e e e e e e e I
| dam.—- | K | 83 | 19 | &7 | 34 | 3 3 1
| Febr. | 4 | 191 | 40 { 1151 86 | - | 29 |
! | 5 | 155 | 40 [ 118 | 97 | 3 2 I
e T e e e e e e e e e e e I
i Mrch.-| g | lod | 7 [ 97 | 92 | - FA
I épr. | 4 i 721 7 1 731 791 - | “6 |
[ | o [ 794 7 | 74 | 102 | - -28 1
! | 13 | 8z | 5 | 731 &7 | - g |
! ! 4 | 105 | G a8 | 70| - 28 |
[ | 10 | a3 | 2 | 82 1 354 | =1 28 |

ft  the start of the experiment some water content samples at the same time
and place were taken, showing & =small variance in the maize (11.4, 12.0 and
11.1%) and a bigger difference in the bananza (23.2 and 30.6%). HWe concluded
from these results that with emphazit on rvepresentativity this method should
be workable., After all the ervor made by taking & water content sample was
probably bigger than expected (although two (maize) samples taken at  the
same time in March had comparable water contents: 12,4 and 14.7%),

Hhen is looked at table 5 and 6 {(non-eaten aboveqround litter bags) some big
differences in "in" and "cut" weight become clear. A possibility for this
differences is the use of incorrect water conterités for litter bage 4 and 8
(Mov.-Dec.) and a water content of respectively S6% and 47% instead of 38%
"mothing" i¢ eaten, For the litter bage 2 and % on the other hand, with
water contents of resp. B2 and 86% the consumption is zere. For litter bags
4 and 5 (Jan.gFebr.) when water contents of resp. 50 and 93% instead of 40X
are concidered, ne difference in "in" and "out" weight is measured,

another possibility ie the less of litter lying on the gauze, for example by
people (harvesting bananas and cutting hanana plante) or animals (chicken)
or the wind (in the maize field). The use of envelope shaped litter bags
would have given better results, although this is & less well simulation of
the exposition of litter in the field situation, In the maize field such
litter bags were installed in the beginning of March, due te the very light
litter present at that moment (maize and bean leaves),

[t
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Table 3  Esten aboveground litter baqs, maize ,cotton zZone.

| season| litter | in wet | water | in | cut | sail | eaten | remarks |
| | baq | (q) | content| dry | dry | (g) | {a) | !
! | number | (] I () | (g} | | I {
| e e e e e e e |
| Nov.— | D(9.,8) | +243 ! 24 I+162 | 35 | 2506 | 7 | Macrat, |
| Dec. | H{7.8) | 63 ? | | 29 [ 178 | ? [ Odontot.!
| e e e e e e e e !
| Jan.— | C(2.2) | 43 | z i | S | s3 | 7 | Macrat., |
| Febr, | G(2.2) | 54 | 11 I 48 | 26 | 81 22 i [
| | B(2.3) | 138 ? | ] 71 22 | ? | Hacrot. |
[ | C{7.7) | 93 | 11 | 872 1 5i& | 211 31 I |
| | D{5.6) | 163 | 11 | 82 ] 84 | 143 | g | Macrot. |
| [ D(3.5) | 31 ? | i 17 1 56 | ? | Macrat,

! | D(2.6) | 82 | 9 | 7% | 40 |} 28] 35 I !
f o !
i Mrch.—I D(5.6) | 55 | g | 50 32 191 | 13 | Macrat. |
I Apr. | D(8.6) | 95 | 12 i 84 { 44 | 45 | 40 | Macraot, |
! | C(7.7) | L3E | ) I 34 | 701 147 | 27 | Macrot. |
| [ C(7.7) 1| 6 | 21 P76 1 47 1 3249 | 29 | Macrot. |
| I F(9.4) | 106 | 11 | =] 34| 6ik7 | Bl | Hacrat. |
I | E(8.7) | 45 | G I 421 29 | 23 ] 18 | ? 1
frm e e e e e e e e e ]
| averagel | 68+22] (1631 [ 28415 | !
| ! ! | i 206 | ] |

In spite of the above posed consideration about ihcorrect water contents,
possible less of litter and inaccuracy of weighing on the balanece we used in
the field, f{ound losses in weight from "eaten” litter bags are contributad
to foraging by termites, although with seme reserves,

S=e table 2 and 14,

The amount of litter eaten by termites is not constant: czometimes gquite &
lot is eaten and sometimes only & few grammes, it seems independent of the
amount offered on the litter bag.

A certain  amount of litter consumed (in gramme) compared to the amount
of soil covering {in gramme) cannot be concluded with these results and this
seemed reasonable because sheetings are built round & velume instead of
round a certain wetght, For example & piece of maize stem weighs more than
same cobleaves, but has & much smaller volume.

In the banans bush often signs of termites eating on leaves were saeen
(numerous emall bites) and also termites foraging inside banana stems
without soil coeverings. In the maize field these signe on leaves were also
found, although less of ten.



Table 10 Eaten abeveground litter bags, banana, cotton zone

| season| litter | in wet | wxter | in | ocut | soil | eaten | remarks |
| | bag Fo(g) } content| dry | drv | (g) | (3q) | |
| | number | S b (g) | (qg) | I | I
e e e e e e o e [
| Hov.—- | 3 | 294 | a8 I 124 | 121 | 5 | 3 | [
| Dec i S | 431 | 5 | 181 | 120 | 48 | 91 ! |
f | 1 | 330 | o8 | 139§ 111 | 12 | 28 | Odontot.|
| [ & i 385 | o | 162 | 189 | gz | 3 I Macrat., |
| | 7 I 32 ! S8 | 1421 134 | 1121 & | |
= e e e e e e e |
i Jan.- | 8 I 139 | 40 | 831 56 | 23 | 27 I {
| fFebr. | & I a0 | 19 | 72 [ 45 | 15 | 28 | Pseudoc. |
| |10 | 154 | [ | 143 | 85 | 11 ] &d I |
| [ 1o | 104 | G | 93 | 64} 791 2 [ |
| e e e e e e e e e e |
| Mreh. - 1 | 100 & | 82| &7 ] 19+ 35 | [
| Apr. | 2 ] 210 ] 40 | 126 | 99 | - | 27 i |
| | 7 | 9 | G | 980 | 32 | 27 | 2 | !
| | g i 126 | 7 | 117 | 93 | 15 | 24 | !
[ I 2 | 59 | 7 [ 85} 51 | & | 4 | Odantot.|
e e e e e e |
averzgel [1164 | | 34+ Z&8+18 | |
| { | 36 | I 24 | } [

Although some big differences in amount Baten occur averages are calculated:
for the maize field offered 68 + 23 gr, - eaten 28 +15 gr and for the banana
bush offered 116 4+36 gr and =aten 28 +18 qr.

With the assumption that the amount eaten is a constant factor, independent
of the amounmt of litter svsilable (using the above menticned averages for
maize 53% and for banana 76% l=ft) and the average area foraged by termites
per week (from table 4) a very coarce spproach about the amount of litter
left in the field can be made. [t ghould be noted that the obtainsd data
about litter consumption for maize are mainly based on the litter bags B, C
and D, &t short distance of the Macrotermes mound. Without paving attention
te differences in litter availabilitg during the growing season in the maize
field a pool of 400 + €7 gr litter/m“ was present during the 24 weeks of our
experiment, Using very simple calculatione an estimation of total litter
dicappearance can be made, For the maize field this could be done as
follows:

Ratic esten litter bags / total littey bags: 0.03 + 0.06 (table 4). That
means that after 1/0.03 = 20 weeks 1w~ is foraged.

On 1 mw~ 400 gr litter is present, After the first 20 weeks,taking the
figures from the litter bag exgeriments, 400 x 0,33 = 236 gr is left, In the
next 4 weeks 0,05 x 4 = 0.2 m" is foraged., On 0.2 m° is 236 x 0.2 = 47 gr
litter present, after foraging 47 x 0.33 = 28 gr. Unforsged ic 0.8 " with
0.8 x 236 = 189 gr litter. Together 189 + 28 = 217 gr/m® left after 24
weeks, The maximum foraging rate would be 1/0.0540.06 = 9 weeks for 1 m™,
Calculation of the litter disappearance in the same way results in 101 gr/mf
left. '



Hith above mentioned =ssumptiens after 24 wesks 101-217 gr/m2 i still
present &t the maize field. _For the banana bush with an average ljtter
production input of 2308 gqr/m~-24 weeks after 24 weeks 770-145%6 4qr/n° is
left.

fdeccording to this estimation some ceven times as much litter remains in  the
banana bush compared with the maize field. Howsver especially under banana,
where & more humid microclimate exists other soil organisms probably play an
important role <(offen other soil organisms seen in the litter laver, in
litter bags often fumgl precent In contrast with those from the maize
fieldy. '

Hith the uze of these coarse average values concluding should Ge done wvery
cautiously., For banana the biomass estimation is & handicap, while for maize
by using the overall litter production eventual pericde of <choartage of
litter are excluded. This experiment is done including the short dry season
only, thus the results are mavbe net representative for a whale year., The
long dry season is expected to be of move importance, especially in relation
to litter shertage. In this recspect it has to be menticned that in October,
st the end of the preceeding long dry period still & reasonable amount of
litter was present in the field, (zee alzo table (litter production))

Litter availability -

By exposing litter, collected from 1 m®, 5t sboveground litter bags  an
egtimation of the litter availability is obtained. :

Because net all litter bags are veplaced at the same time and the lack of
some water contents the data have te be combined to the wvalues given in
table 11.

Table 11 Litter availability in gr/m2 as calculated from the in—weight from
the aboveground litter bags, maize, cotton zone

With litter production we tried to estimate how much litter is produced
(2.4), while with litter asvailability an estimaticn of the amount of litter
- present on the ground is Qiven. Probably with litter production an
overestimation is made, e.,g9. by wind moving litter towards the collecting
sites) while with litter availablity an underestimation is made, e.q. by not
taking every emall piece of litter, especially when a leot of organic matter
is available. Despite these inaccuracies & coarse estimation about
aboveground consumption can be done:

During the experimental period 400 gg/mg is produced {(see table 1). In
March/April only a quantity of 73 gr/m™ is present in the field (table 9),
An amount of 400 - 73 = 327 qr/m" disappeared, in other werds is consumed by
termites,

For banana the smount af litter placed on the gauzes did not give &
reasonable approximatien of the litter availablity. The heterogeneity is
very high and in particular thg fresh banang litter is wery voluminous:
concentrating litter from 0.25 m™ en & 0,09 m" gauze thus impossible, In the
banana bush litter from less dense accumulated sites was used for exposition
to termite consumption.

NI



Tea zone

Ten aboveground litter bags were daid cut in the eight plots in  MNovember.
Six weeks later none showed siane of eating by termites and on all the
litter was replaced by fresh material. These nsw litter bags also remsined
untouched and were removed at the end of January on request of the farmer
for tillage of the shamba. Because of the lack of eating, our decreased
attenticrn for this plot and the risk of gauzes removed by people on a shamba
Without crops, we didn‘t replace aboveground litter bags again. Instead part
of the gauzes was used for extra underground litter bags and part to replace
the lost ones in the cottoen zone,

& low termite consumpticn snd  sheeting formatien appears  from this
experiment With aboveqround litter bags in the tea zone.

4.4,2 Litter consumption from underground litter bags

The schemes El and E2 in appendix E shew in which week which litter bag was
venewWed and the dryweights "in"; "out" and "eaten”. When termites or obvious
geating signz were seen during renewing the litter, this was also written in
the scheme.

The weights are given in  gramoes, according toe  the very probable
inzcocuracies in the methods. Water content samples for calculsting  the
dryweight "in" were chosen rveprecentatively in the field, Sometimes however
the measured decrease in weight seemed unreasonable, for example when no
eating =igns were visible or when dryweight “out" is some grammes move than
the dryweight "in". & possible explanation for this difference is the use of
incerrect water contents percentages, see also 4.4.1. Alze with the weighing
in the field an ervor of sbout one gramme is easily made. Fov & decrease in
weight without wicible eating signs can be thought of consumption by micro-
or mesofauna, although this is not expscizd to be movre than a few grammes.
For some series, when this szeemed likely, the "in'-weight is adapted, thuz
resulting in mere "natural® results (also written in the =cheme}.

ALl ather weight detreases are considered as caused by termite forvaqing.
Juet after laying out the transect line and installating the litter bags in
the bananz bush it became clear that trancsect 1 was very clese, nearly part
of & Macrotermes mound. The first sight weeks a high consumption was
measured. After this period of high activity we didn’t zee termites at this
=i te again.

Cotton zone

In -the underground less extreme microclimatic differences occurrved and in
this respect nge distinction betwesn the wet and dry periods should be
expected. As the cverall termite activity peesibly differs in the different
periods and zlse the coil moisture content iz may be importance for termite
foraging, thue the results are also interpreted with attention to the three
periods as described in 4.3.1. Expected differences in foraging quantity
between bigger and smaller termites (in this expeviment vesp. Macrotermes
and Odontotermes versus Microtermes) oan not be concluded from these
results, owing to the used method. Collecting the litter bags occurred
independent of visible eating signs by termites (in contrast with the
sboveground litter bages). The time during which termites were active in the
litter bag is therefore unknown. (E.g. Eigger termites which were only
present for a shert time meant only small lotgses in weight of the litter
found),

Hith the dats from Appendix E sverage eating iz calculsted for the touched
litter bags for the whele period and the three in 4.3.1 distincted pericds



(table 12). The in—weight varies between 18 and 29 gramme, but this seems of
noe  importance to  the amount eaten and therefore only averaqe eating iz
represented here.

Table 12 Averaqe eating per faraqed litter bag in gramme for maize plot and
banana plot in different periods

i | maize ! banans |
e e ittty !
| whole period | 0.9 +5.0 | 4,7 +3.0 |
| Mev.-Dec, | 4.0 2.7 | 5.3 #4.7 |
| Jan.-Mrch. ! 6.5 +4.2 | 6.5 6.5 |
| Mrech.-Apr. | 6.2 +6.0 i 2.7 +3.0

Interpreting the results from table 10 immediately the big variance becomes
clear, mainly due to foraging by different termite species (in general:
bigger and smaller eaters ) and by the vnknown foraging time. In spite of
these imperfections we will try to interprete the results,

Far the mgize plot the MNovember/December period seems to asct s & hind of
accustomating period, while from January on the censumption vemains
ceanstant. Leoking at scheme (appendix E) the preszence of Microtermes in the
maize field is remarkable: once present these termites stay at a specific
site, anly driven out temporarv by the higger Macrotermes or Odeontotermes,
In this way the MNov./Dec., period can be seen as & colonization period for
Micratermes to sites high In organic matter.,

Another feature which becomes clear from scheme E1 is  the presence of
Macrotermes in litter bags B, C, [ and F; Odontatermes in litter bags F, H
and J and Microtermes foraging at all sites, For Macrotermss and
Odentotermes this is in agreement with the activity observatiens (4.3).
Kooyman anrd Onck (1984 &#lse found Hicrotermes to  increase under
aqriculture, The =small, diffuse underground nests are relatively unaffected
by agricueltural practises, Im litter consumption Microtermes would not be
gnimportant, especially due to the ares they inhabit,

In euy experiment with litter bags at fixed positions  cohnsumption
ectimations for & situation with Microtermes present can be done: on average
1-5 gr/wesk( Appendix E , wonly these counted when the sample alsc was
visited by Microtermes before). This estimation will be teoo oeptimistic,
because searching and colonization will take time (dependent among others on
papulation density 1n the field)., Microtermes needed only 5 weeks to find 9
out of 10 underground litter bags, so they sszem to be very effective in
lecating food zources allqauer the field., Calculations about the amount of
litter consumption per m“ Ly Microtermes are not so eacily made: The ratic
eaten/ total litter bags can only be determined for the first O weeks,
because after localizing a litter bag Microtermes stays &t the same spot,
using the fresh material of the new litter bag. Although thus no precise
estimation of litter consumption per square metfre by Microtermes can be
made, it seemed likely that they are important in-removal of underground
litter, heing very effective in locating foed sources and staying there, On
the ather hand they consumed only a small amount of litter per week compared
te foraging activity of bigger termites, which are cnly very incidentally
visiting the underground litter bags.

Banana litter ceems to be popular in the Jdan./Mrch. (dry} period, especially
when compared with the Mrch./Apr, {(wet) period. The banana bush ceuld act as
a kind of foraging place during times of litter scarcity ,but the relatively
low humbers of termites compared with the maize field do suppose that maybe
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something else is important, for example the role of other soil organisms
can’t be excluded (see 4.4.1),

Comparing beth schemes (maize and banans in Appendix E) the difference in
number of times termites were present in litter bag: when digging them up
becomes clear. In the maize field much more of ten termites were seen than in
the banana bush.

The ratic eaten to total litter bags differentiated per 1, 2 and 4 weeks the
litter bage stayed underground for the different perieds iz shown in  table
13 and 114,

Table 13 Ratic eaten/total litter bags per 1, 2 and 4 weeks underground in
different periods, maize

| waeks | 1 i 2 ! 4 1
[-———— e |
| whale period | 0.85 | 0.78 | 0.86 |
| MNaov./Dec. { G.28 | n.72e | 1.0 |
| Jan./Hrch, ! 0,67 | 2.75 | 0.692 |
| HWreh. &pr. i n.ar | 0,85 | 1.0 !

Table 14 Ratic eatenstotal litter bags per 1, 2 and 4 weeks underqround In
different periocds, banana

| weeks [ 1 | 2 1 4 i
[ = e e e e e |
| whole period I .53 | 0.63 | .61 |
| Mav,/Dec, | g,.30 | 0.33 | 0.s0 |
I -jElFl../HTCh. l EIIS? i U-G? I [1154 }
| Mreh., Aapr. J 0,52 | .69 | 0,22 |

The high ratiocs for msize, compared with banana are mainly the result of the
Microtermes termites remaining at the site were the litter bag is dug under.
Ezspecially in the banana bush 2 4-week period did not vesult in more
consumption than messured in 3 2-week period. Although the differences
between a l-week and & 2-week peviod are small, we think & 2-week periocd
recormendable for further experiments from underground litter bags,

Tea zone

Alse in Appendix E the obtained data from undergreund litter bags in the tes
zone are shown. Only two times eating €igns were oheerved and together with
the =bsence of other visusl cbservations about presence of termites, it
seemsd net legitimate te ascribe leszes in weight to foraging by termites.
AAleo from these vresults we can conclude that enly a very low  termite
activity in the tea zone is present,

M



9 Conclusions and discussian

In this chapter first the used methods are discussed, followed by =
discussion of the results and genetral conclusions,

Because of the preliminary character of this recearch the methods we used
were just try ocuts based on descriptions by ather researchers, Most of the
cther researchere have worked in a more natural situation. MWorking on
agricultural land imposes ceme unexpected difficultiec en the research as
disturbance by man and domestic animals,

In general, fallowing cur results, more accurate methods should be used,
This research was dane during the short dry season (Januvary-March) including
periods of the "shoert" and the “long"” wet seascen. Especially for conclusicns
concerning  litter availability and consumption by termites fthe long dry
period (May-October) is of special interest, Consumption during periocds of
litter shortage can be of great impertance, in particular when the termites
start =ating the crops.

The error reculted by weighing both under and above ground litterbags in the
field and taking not encugh representative water content samples makes it
hard to relate measured litter disappearance to consumption by  termites,
More water content samples and more specified samples should be taken to
ohtain more reliable in-weight estimations., &s & consequence of working in a
densely populated area .the litterbags laid out aboveground proved to  be
vulnerable for vremoval by people. MWorking in 3 fenced ares can be
cohsidered, but was not possible in this research project, For aboveground
consumption measutrements cnvelope-shaped litterbags are & necessity,
especially when light, easily blown litter is used.

Representativity of the data =hould be higher, therefore more observations
cshould be done, in particular concerning the litter production estimates
(more experimental sites) and the activity observations in the banana bush
(use of a laonger and more representative tramsect). Sampling under a crop as
heterogenous s hanans remains problematically, especially when overall
estimations are required.

fecerding  to Bagine (1984) once a3 wesk collecting all sheetings from  the
whole transect was zlso possible (at lesast in the dry season): removing of
the <=oi1l.csheetings does not inhibit or enhance further soil transfaormation,
In our experimental plot howewver, chicken destroved a lot of cheetings,
especially when there was & low croep density on the field, so the method of
observing & 1lot of times was not bad, although very time consuming., B
collecting the soil sheetings the use of a conversion factor (converting cm
intoe grammes) is aveided, resulting in a more reliable estimation of soil
translocaticon.

A low termite activity in the tea zone, compared te the cotton zene becomes

clear from the different observaticns (both on litter consumption and

termite activity)., It seeme that termites are relatively unimportant in soil

translocation and litter consumption in the tea zone,

For the cotton zone the hypothesis was posed that under banana termitec have

a greater influence on entichment of the seil (visible by a darker tepsoil)

compared with maize az a result of both a lese extreme microeclimate and &

higher litter production.

From our inrcidental observations indeed & more equable microclimate under

banana follows (sectien 4.1); '

* the variation of air temperatures of maize and banana don’t differ much,
even during the course of the day (although under maize the temperature
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iz often s few degrees higher).
* the relative zir humidity in the banana bush is mestly higher compared to
the maize field at the same time.
* the <coil temperature st S ow depth iz 5-10°%C lezc for banans compared to
maize, especially during the warmest part of the day. Even at 13 cm depth
s difference of 2°C between banana and maize was observed.
The production of litter under banana was obviously higher and more constant
than under maize.
It was not possible to quantify termite activity under bhkanana by direct
sbservations on a transect (4.3.1). This activity is still expected to be
high, according to the incidental presence of great numbers of termites
foraging on an area of a few square metres, In the maize field the termite
activity was related to the presence of the termite nest: beyond & radiue of
sbout 20 metres from the Macrotermes mound a high activity was observed from
both trancect observations (4.3) and litter consumptien {(koth above and
under ground) experiments (4.4). 0On the experimental field alse a zone of
activity by Odontotermes (from which nest is unknown) exists, resulting in
the overall estimatien _for quantity of zoil translocated of 4391 grz"rn‘d for
Macrotermes and 25 gr/m“ for Odontetermes, holding for thie location and the
29 weeks the experiment lasted.
Because of the dependence of termite activity to diztance from the mound and
the big heterogeneity in distribution of the sheetings (connected with
litter distributicen and availsbility) some caution must he practiced with
extrapolation of these results to bigger areas.
Underground litter consumption experiments showed that hecides bigger
termites (as Macrotermes and Ddontotermes) the smaller termite Microtermes
iz very numerous in the whole maize field. Only 1-5 gramme per week is
foraged by Microtermes, but together with the high probability of presence
{in 5 weekse 9 of the 10 underground litterbags were inhabited by
HMicrotermes) these termites seemed to be important in underground litter
consumption.
Aoccording to the above and under ground litter bag measurements the smount
esten from the litter bag by termites ic comparable for maize and banans.
The possibility of underestimating the real consumption for banahia seems not
unrezsonable, especially when keeping the probably low representativity of
the activity observations in mind, The use of more litterbage in  the
banana bush wvery likely should result in a higher attack rate and thus =
highey litter consumptiocn would be messured. The aboveground litterbags
urnder banana are foraged & bit mere often than the litterbags under maize,
resulting in a slight higher ratic for bamana: (.07 i 0.10 mgfmi_ueek
against 0.05 + 0.06 ne/me wweek for maize.
The litter comcumpticon rates at aboveground litter bags together with some
rather crude hypotheses concerning the foraging rate, the amount eaten by
termi tes and the amount of litter present, vesulted in & very coarse
estimation of the apount of litter left after the_zd experimental weeks: for
maizg 100-220 gr/m2 and for banana ?70-1300 gr/m°. Thic means that 180-300
gr/m< or 45-73% of the maize litter and 810-1540 aqr/m™ or 35-66% of the
bananz litter is eaten during the experimental period. From the litter
availability calculations follows a econsumption of 327 gr/m= for the maizs
field in the same period. @Although boeth ealculations must be seen as  very
coasvrse  estimations, it is remarkable that the order of magnitude
corresponds. WVery generally 374 part of the availsble litter of the maize
field has been consumed by termites during the 24 week experimental period,
A litter availability ecalculation for banana was not possible, but it seems
likely that more litter disappears because of the higher activity of other
soil organisms (both soil fauna and fungi were observed at the experimental
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zite.

Retrospectively, do termites enrich the =zcil by their activities and 1s this

ef fect higher under banana tharn under majize?

*  Termites are very likely the only important litter coensumers in the maize
field and of important consumers under banana. The nutrients however
aren’t brought back to the topscil: sheeting snalyses show  that these
have a higher C/N vatio and & lowev Cation Exchange Capacity (CEC) than
the topzeil (Bongers, 1887). Termite sheetings thus did net contribute to
an increased soil fertility,

* Dats about physical influence of termite activity on the soil of this
site are not wyet available, but from other research it seems very
probably that termite presence has a favourable effect on scil physical
properties (Mielemaker, 1934),

* The darker topscil under banana is very probably the result of  the
activity of other seil orvganisme. Stimulation of these organisms by
termite activity {e.gq. by the continuous transport of soil materiazl  to
the surface with the formation of sheetings) can’t be excluded,

=Y -
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The "ellowing pages contain the appendices,
fppendix &  Transect observatiens tea zone: maize

catton zone!: maize and banana

= Microclimate! air temperature and relative aiv humidity
Soil water content

£ Sheeting building estimated with frame

D Scheme position litter bags (both sboveground and underground)
maize plot cotton zone
Schematic presentation aboveground litter bags, maize and
banana cotton zane

E Underground litter bags, tea zeone! maize

' cotton zZone: maize and banana

F ' Activity measurements— Sheeting formation in relation to
position in the field, maize cotton zone} Mov/Dec, Jan/Mrch,
Mrch/Aapr.

3 List of termites

Explanation

A

In this appendix measured data concerning microclimate are given in
relation to time of the dav (air remperature (wet and dry), relative air
humidity and <so0il temperature &t 3 and 15 om below s0il  surface,
rainfall)

Under activity on transect a code is given: 7Aeld means on transect A
east, 7 metres 15 om® freshly formed sheeting was found., SAWE46: on
transect & west, 5 metres 646 coni® cheeting was found,

Alr  temperature and relative air humidity in relsticn to time of the day
for the maize plot and & standing vegetation (Mount Kenya Forest in  the
tea zone and & banana bush in the cotton zone),

Fart of the sheeting which is frechly formed in relation to time of the
day the observations were done.

In Appendix E 8 schematic presentation of the renewal of the underground
litrer bkags iz given. In the same schemes the "in', "out" and "eaten"
weights are giver as well as the observed presence of termites in  the
litter bag:

in out termites: An Ancistrotermes
Mi Microtermes
eaten 0d Odontotermes
T _ Ma Macrotermes

Ps Pseudocanthotermes

In Appendix F the cheeting formation &¢ measured by the acreége ic shown
in relation to the position on the activity transect, Fer the two termite
species Macrotermes and Odontotermes and the three pericds (Mov/Dec wet
season 1985; Jan/Mrch dry seasaon 1986 and Mreh/fipr wet season 15986)
ceparate figures are given. The number of times & certain above or
underqround litter bag was found =aten is alse vepresented in  these
fiqures.



APPENDIX A
Transect observations
Haize cottonzene

date | time | air | wet | rel. | temp.}] temp.]| rain | activity on transect | Témarke
| | temp.l temp.! hum. | seil I soil ! tmm) | |
[ I % | ° | % | 5cml| 15 eml | i
71| | H 1 1 | I 33 | |
8/11 | 7 1 18.5 | 18 | 93 | 1 I 11 | - |
| 2 |1 23.5}pe0 t 72 | 1 | | ?AclS |
1 14.15] 26 | 20.5 1 &0 | | ] | - |
| 17,151 22.5 119 | 71 | | | | = |
a’11 | 7 | 20 1 18.3 1 B& | I | 2 | eCelle, 2Ce23, 1Celé | Hacroternes
27711 | 10.30f 23 1 20 75 1 1 | ? | €Ae230, 3FwE2 | at 15 and 18 hour still present, no fresh
| &5 (2 120 | 57 | ) 1 [ | sheetings.
118 | 22.5 1 18.5 | 67 | | | | - | A and B lot of weeds, F and 1 weeded.
28711 t 8.30 | 23.3 | 20 | 72 1 21 | 22 i 0 ] GAe205, 3FwIl | Maecrotermes, at 12, 13 and 18 hour sheetings
] 12.15]1 25.5 ] 19.5| S56 | 26.5 | 24 | | | not bigger.
| 15.151 27 | 19 | 46 1 31 | 26.5 1 | 61e4S | Odentotermes
118 | 23 [ 18.51 65 | 31 | 26.5 | . !
29711 § 7.30 | 19 i 17.51 86 1 1 | 41 | éAel?2 | at 11.30 and 15.30 no new sheetings.
| 9.45 | 23 } 18.5 1 65 | 1 1 | |
| 11,30y 2&.5 | 20 | 54 | | | | |
| 14,151 27 | 1% | 48 | | l l 1
| 16 | 26 1 18 |1 44 ) i | | |
2712 | 1 l b l b 1 73 | 1
4/12 | 11.30] 24 | 20 | &9 | l | 22 | 0Bw&3(Ma), 3Je30(0d) | s0il wet (rain night befere); A weeded.
9/12 | 10.15] 25 I 20.5 1 g6 1 1 | 1 | 6Ael3l3(Ma) |
11/102 1 8 1 20.51 1% | 95 | | ] 19 | SAweds, oAwlB, 7AW60, SAL24 i
| 11.45] 25 | 20 | &3 1 23 | 22.5] 1 |
115 1 238 | 20 | 63 122,91 24,3 | |
14712 | 8.45 | 18 | 18.5 1 85 | | | 2% | 10Aeld | at night and day before rain.
17712 | 10 | 25 | 20 1 63 | I | 0 1 &Ae22, PAe76, %Ae25, 10Ae30, 10CuL10 | all Macrotermes
19412 1 %.30 | 24 | 20 1 &3 | I 1 0 1 4AeB, 1Bw122, 2Bw698, 10Cwlé4d | A: many sheetings, big activityl{ecp. weedheaps).
24s12 1 9 1 23 | 19 | 6% 1 | | 4 | 2Aeld, 6Aed4, 9AeS0, 10Ael8 | C: many {old) sheetings; D-J: none,
30712 | 9.30 | 23 ] 18.5 | &5 | { | 0 | 10BelB4, 10De73 | A: many sheetings; also around nest.
8/1 | 9.45 | 25.5 [ 18.51 S0 | l | 0] - | no wet sheetings: too late in the morning?
1671 | 8 I 22 | 16 | 94 | 1 | o | - |
| 13 [ 30.5117 | 24 | 272.5 ] 23.5 | | 46w71 I
23/1 | 8 | 20 | 18 i 83 1 21.3 1| 20 | ? | 3BeS9, 9B415, 8Cwl0, 10Cw35, 1Celd, 5Ce38, 8Eedée, | rain night before
111 1 26.9 | 20 1 85 1 25 | 25 t | 10Ee92, 2Gel5,11w3 |
1 12.45) 28.5 | 20 | 45 | 26.3 | 25.9 | l |
27271 | 8 | 22.5 1 18.51 &8 | | I 0 | eBwe3 | many sheetings on beanleaf litter.
3071 | 8 | 22 18,51 72 1 | | 0 | S5lels 1
3171 | 5.45 1 24 | 18.5 | 59 | | | 0 [ - | outside transect some activity.
| 11 | 27 ] 20 ! Sz ] 22.9 1 23 | | |
32 1 3 1 25 | 20 | 63 1 | | G | 2Bel0}, 4BeA8, Slels2, 391edd | BiHMacrotermes, l:Ddontotermes
| 11.30] 30 i 21.51 47 | | | 1 |
e/2 1 8.15122 |17 | &L | | I % 1 1Bw22, 9Be93, 7Dw8 | cloudy day; some rainfall night before.
| 11 | 24 | 1851 59 | | | | i



date | time | air | wet | rel. | temp.| temp.| rain | activity on transect | remarks
| } temp.l temp.| hum. | soil | seil | (mm) | |
l I °c | % | % | 5Sem]| 15 enl I t
114 | 29,5118 | 38 | b | | l
8/2 | 83012 119 | 51 | | | 0 | SBwlbl, iCe20 | sheetings on beanleaves.
/2 | 8 | 22 | 13 I 47 1 | 1 6 1 - |
1272 | 8.30 | 25 | 17 | 44 | I } 0 | 1Bw82, 2Bell3 ]
|14 § 227 11851 44 | 20,51 21 | 1 |
1 11 | 2% | 12 | 38 | 21.8 ] 21.5 | I |
| 12.301 33 |19 | 25 | 24.51 22 | [ I
115 (|34 |20 | 2 128 123 | 1 |
| 16 1 30.5 1 18.5 1 33 | 28.5 | 23.5 | i |
| 17 | 29.5|118 | 31 | 28.3| 23.51 | |
|18 |28 118 | 37 |28 |23 | | |
i3/2 | 7.30 | 20 | 15.5 1 &3 | o 1 0 | 4BeS4, SBed20 |
1572 (7.30 120 |15 | 3598 | | | 0 | 4Be256, 0Ce3, GDw24, B Jed4 | B: sheeting + Macrotermes on maizecob.
1772 | 7 |16 114 1 8 | 1 { o | - |
| 8 121 117 |- &7 | ! | | |
1972 1 7.15 |17 115 | 81 | | | 0 | %CeB, 4Fe83 | cloudy till 10 a.m., afterwards sun.
1 10 | 23 | 18.5 | & | 25 | 26 | | 1
| 11 | 27 | 21 ] 98 | 27.9 | 28 1 | I
| 12 ] 31 | 20.5 1 38 | 31 i 30 I | | soil thermometers in the sun and metal case very
f14 132 |20 | 32 | 37272 | 327 | l | hot.
| 15.30] 31 | 19 | 31 | 397 | 337 | b |
117 {3 |19 | 31 | 3s? | 337 | | l
gesz | 7,80 | 22 117 | &1 1 1 | |
2672 | 7 | 18 | 14.3 1 &9 | l | 0 | 2Ce36 | many signe of termite eating on maize leaves,
28/2 | 7.5 |18 113 ] 7?73 ) | I I | without sheetings (esp. plot D).
6/3 | 8.30 | 21.5 | 19 I 79 | | | 0 | 2Cw360 |
110 | 24 119.5| 66 | 28 | 27.5| l I
| 11§27 | 20.5) 56 | 31 | 22.5 | l |
l12 128 |21 | 33 [ 33 131 | l i
8/3 | 8.15§ 22.5 1 12.5 | 76 | | | ? | BAe223, 10Ae302, 1Ce?7 , 2Celd4, 3Ce3?7, 3ICw76, | after the First vain (some mm).
| 1 | | | | | | 4Cw90, 9Cwd4, 10CwSl, 3De?65, 4Del??, SDe232, | plots C-G: maizeplants down.
| | ! o I i | 7De98, 8De103, 9De8Y, 8DW4%E |
1/3 1 2 124 | 19.5]| 66 | ; Il 7 T 1Aes4, 10Be249, SBw232 , 6Bw256, 1Ce6S, FCe28, SCw4B| rain at night before.
| 11 | 26 | 24 | 85 | 26 1 24 1 ] 7Cwl26, 9Cw?78, 10Cwld47 , 3Cw400, 4Cw292, SDelss, | plots H-J: maizeplants down.
112 |28 125 | 78 |28 [3235 | j 1Dw?3, 3Dw170, SDw329, 7Dw10735, 80wW10S, 9Jwed l
|13 |30 126 | 73 |3 |26 | | |
1273 ] 8.30 | 25 | 2u 1 83 ] | | 0 | dAe204, 9Be23, 1Cell, 2Ce&7, 6Celd, 7Ce99, 7Cwl3e |
| t | I o | | | SDe205, 8De23, 9Dez0, 1Dwl?0, 4Dwl08, 6DwéE, I
| l ] 1 | I | | 8Dw193, 10Ew250, 3Fe84 , Sle33l, 8le7d, 101eé0 |
1573 | 8.30 | 25 i 18.51 &0 | | | 0 | 9Be4d, 9Cedd |
1873 | 8 | 23.5 1 20 | 72 | | | S | 4CelB3, 6Celld, 4Dedq4, SDeld53, 70edd4, BDEISd, | D and E: Macrotermes
| | 1 4 | | | | 9Ee233, 10Eel36, EFel2 , 9FelSt, 10HW133, 1le38, | 8 F east: Ancistrotermes, 9 F east: Odontotermes
| | | | | | | | 2led0, Sle222, 6184, 61w429 | T west: Odontotermes
19/3 | 10.303 i | | 23 | 24 | | |
| 11.15] I I | 24.5 1 24 | ] |
2073 } 9.15 | ] 1 | | | & | 0Ce276, 1Cel?4, 8Ce?2, OCw&0, 2Cw36, 3CwbB, 4Cuq92 ]| C west: Macrotermes



activity on transect .
| ]
| i

remarks

date | time | air | wet | rel. | temp.| temp.l rain |

1 | temp.| temp.| hum. | seikl | soil | (mm)
l 1 ®C | °C | % | Sem ) 15 ol
| | l | | | | | SCw?&, 6CwlEe, 1De84,
| | | | 1 | | | 6Des?, 100e318, 7Cw34,
1 | | | | 1 | | 7Dwl6S, 2Dw2S, BEwl?é,
| | | | | | | | SFelSd, BFe?S, 9Feb3,
| | l b b 1 b | 8le376, S1w5400, &iw93
1 | | | | 1 l | 4Jw?2, S5Jw14D

2273 | | | | 1 | 1 10 |

24/3 | 8.45 | 22.53 | 18.5 ] eB8 | | | 8 | 1Ce[462], 3CwlD0+[3303
] | ) i | | | | SEwbé, 9EwWBE, 2Fedd, 7
i i 1 | | | | | 71w154, 91e324

26/3 | 8.45 | 23.9 1 19.5 1 63 | [ I | 6Cw265, 7CW280, BEwd2,
| 10 | 26 | 20 I S8 ) | | 1
] 11 1 28 | 20 | 43 | | I |
112 | 30 | 21.51 47 | 1 | l
| 13 | 29 1 19.5 1 41t | I | |
| 14 I 32 | 20 | 32 | l | ]
] 15 | 31 | 20.5 | 38 | | | |

1/4 | 9 | 26.5 ] 21.5 | 64 | 1 l | 7Cw394[128], 6HwldG, 7
| | | | | | l |
1 | 1 | | | l |
! | | b | | I

8/4 [ 8.30 | 24 | 18 | 56 | | | | 8Bw291, 7Bwd72, 6BWl45
I ] | } 1 | 1 | 6Ge260, 7Gel3z, BGeas,
| [ | | | | | | 2FwW3150{0), ?Hel4S6(0)
H | | | 1 | 1 I 3Hwli2, S1wilS0

w5 | 9 122 19 | & | | | 36 | no ohservations done
| 10.301 24 | 19.5 1 66 | ] |
| 12 Il 24 118 | 82 | | | |

1e/4 | | i | i i | 8% | no observations done

3De108, 4DeS3, SDelS4, |
10CwE1, 1Dw200, 3Dwld?, SOWEe]
9£w199, 10EwiS9, 3Feldd {
1FlS4, 106w636, 61e203,71696)
, ?1wl21,9Hu45, 10HW205, |

|
I
, SCw1S+[306], 7CwlS?, 9Eedz |
GwI00, SHW230, 10HW1ES, 1

' 1

C west: Macrotermes, 1 F west: Odontotermes
10 G west: Odontotermes

& I west: Odontotermes

g | east: Macrotermes

J west: Odontotermes

1 west: Ddontortermes

G west: Ddontoutermes; K and 1 west: Macrotermes

0Du78, 1FeS8, 6DW229

|

|

|

b

|

|

|

Twd2 |
|
‘|

rain more than sne night before, a lot of
sheetings washed away. few fresh sheetings on
transect; some on termite mound,

| I
, SBw36, 6EW?S, 9Ew6D, 10EWG3|
IFW9E, GFWL941(0), SFW7?SE(M) |
, GHedld, 5Ju%l5, 3JwB4A(0) |

H west: Odentotermes; | west: Macrotermes

many sheetings destroyed by chicken; maay cigns
of eating without sheeting formation, €Sp. ¢n
maize leaves.

A: Macrotermes; E west: Macrotermes

after a big shower at night: most sheetings
washed away. termites active during whole
morning (claudy day).




APPENDIX A
Transect observations
Banana cottonzone

date | time | air | wet | rel. | temp.] tewp.] rain | activity on transect I remarks
| | temp.| temp.| huom. | soil | soil | {mm) | |
! I 9% | °C | % 1 Som| 15 emi ! i
7/11 | 15.30] 27 | 22 | &4 | H 1 32 i l
§/11 | 7.15 | 18.5 | 18.5 [ 100 | 20 | 21.5 1 11 | t
10 1 23,51 20,5 75 | 20 [ 21 | | 9-450, 31-225, 3~16 [ @ and 31: OGdontotermes; 3: Microutermes
| 13.45] 28.3 | 21 | 50 | 21 | 21 | | 9-3040, 31-130 |
| 16.43] 22.5 | 20 | 78 | 22 | 21.5 | | 31-54 I
9/11 1 7.45 | 20 1 19.5 | 25 | | | 2 |- |
16711 | 14.301 29 | 19.5 1 40 | | | O | raingauge stelen
27711 | 11 1 23 | 20.5 | 88 | | | | - | 30-31: Macrotermes building on nest {not on
| 15.30] 25 | z0 | &2 | | I | - | transect),
118 123 |19 | &8 | | 1 | 87-0 | Odontutermes under bananaleaves, no sheetings.
28711 § 2,15 | 21.5 | 12.5 ] 84 | ] i | - | Odontotermes working on nest.
| 12.36f 25 | 20 | 63 | | | I - |
[ 15.45i 24.5 ] 19 | 5% | t | [ - [
117,201 23 [ 18.5 | 65 | | | I - |
29711 | 7.45 | 18.5 § 18 | 95 | 18.5 | 20 | 41 | - | no activity on transect, many sheetings in
112 1 285.5 | 20.5 | 63 | 19 | 20 | | = | bananabush.
| 15.300 26 | 18 i 44 | 20.51 20 | i- |
| 17.45] 23 | 18.5 | €3 | 20.5 | 20.5 | | -
2712 | 1 I | | 1 I 73 1 [
412 | 14 | 25 | 21 | 20 | 20 | 20 | 22 | 4a1-800 | sheeting on bananaleaves.
9712 | 10.45] 23 | 20,51 729 | 1% | 20 | 1 | 10-(241) 1
1ls22 1 8.30 | 20.5 [ 19 1 g7 i 18.51 20 t 19 | - | no activity on transect, on litterbag transect
| 11.30] 24 | 20.5 | 73 | I 1 | | 6-10 many sheetings. 7: 968; 5:393(Ps); 10: 8e3.
145 125 |21 | 20 | i | I |
14712 | 9.15 ] 18,5 | 18.5 1 100 | | ] 23 | - | no activity oh transect.
17712 1 10.30] 23 | 18.5 | &5 | | b0 | 10-(120) |
12712 1 9,45 122 119 | 72 1 | | o | - | litterbag trancect: 1:2700(0),9:116,10:85(M).
2412 | 9.30 | 22.5 1 19.5 1 76 | i b4 | 21-(231) |
30712 § 2.45 ] 20.5 | 18.5 1 83 1 | | 0 | %-0, 9-24%+(264), 13-0, 13-(61), 14-70 | 3 and 11: Macrotermes eating without theetings;
| | | I | | l [ | 14: sheetings formed on maize litrter.
871 | 9.45 | 24.5 | 18.5 | S§ | J | 0 | 12-(198), 15-2214(58), 16-(71), 22-(185), 23-(162),[ topsoil very dry!
| | | | | | | | 21-(205), 37-(50) 1
1671 | 9 | 22,51 16 | 54 | | o - l
113 127 116 | = | [ I I i
23/1 | 9 | 20 | 18.5 1 87 | | | ? ) 14-38, 17-(30) ] 14: on wooden pole.
| 11.15} 22.5 § 19.5 1 &3 | | | | l
| i2.43] 26 1 18.5 | 4% | | { | |
27/1 | B.30 | 22 18 | &8 | l I o 1= l
30/1 | 8 | 20.3 1 18 | 87 | | | D | 15-(45), 24-(546) ] many signs of eating on dead and green leaves.
/1 | 8.45 | 22.5 t 17 | 57 | [ | o - J
3/2 | 9.43 | 25 | 18.5 |1 54 | I I o i - |
| 11.30] 29.5 | 20.5 | 43 | | | I 1-{729), 34-405 | 34: Odentotermes, also eating without sheetings.
&2 1 B.30 |1 18.5 117 | 86 | i | ? ] - I



date | time | zir | wet | rel. | temp.| temp.| rain | activity on transect i remarks
I § temp.| temp.| hum. | soil | soil | (mm) | |
I Il %c | °C | % | S on] 15 cml I i
1 11 | 23.5 | 18.2 | e2 | 12 | 20 | | |
| 14 i 29.5 | 20 | 41 1 21 | 20 | | |
8/2 19 | 22 1 18.5 1 @&5.1 18,51 19.5 | [V |
1c/2 | 8 |20 | 15.5 | 63 | 18 | 12 | ¢ |- |
1272 | 9 | 23.5 | 17 I 52 1 | | e | - | Odontotermes” active, still at 15 hour in the
110 | %6.3 | 18 I 43 | | | 1 | shadow under mangstree at Southern border of
| 11 | 28.5 | 19 | 40 | | i 1 | bananabush: enormous sheeting on bananastem and
1 12.301 32 | 12.5 1 30 | | | l | leaves.
(15 132 120 | 32 | | | 1 !
P16 | 30.5 | 18.83 1 31 | L L l |
| 17 | 289.5 | 18.5 1 &3 | b I I |
|18 1 28 ] 18.5 1 40 | l | | L
1372 | 7.30 | 18.5 | 15 | 8% | 1 i g 1 - | Ddento’s near mangotree still active (see 12/2).
1372 | 7.4% 1 13 | 16 1 74 | 1.5 | 20 | o 1 - | litterbag transect 4: Odontotermes, many
| | | | ] i i i | termites, few sheetings.
1772 | 7.45 | 17 }15.5 1 86 | | | o |- | .
19/2 | 7.30 | 17 | 15 1 81 | | 1 a | - | litterbag transect 10: 813 cme,
| 10 | 22 | 18 | &8 | | | | |
1 11 | 26 | 19.5 | 54 | 1 ! | |
| 12 | 28.5 | 20 1 45 | | | | |
| 14 |1 23 119.51 30 | | | | |
115.300 30 |19 | 35 | | | l |
17 |28 11851 40 | I | | !
22/2 | 8 | 20 | 17.5 } 78 | ! 1 o I - [
2672 | 7.45 | 18 115.51 77 | | | 0 | 47-143, 59-81 | new transect: 8l: Cdontotermes
28,2 | 7.45 | 18 1 15.51 77 1 1 | 0 | 53-23, &9-100, B82-174 | €9 and 82: Odontotermes
23 | 8,30 | 21.5 1 20 | 87 | | | O | activity in other parts of bananabush.
1043 | 8.306 | 24 | 21 i 77 | I ? 1= |
1273 | 9.15 | 24 | 1.9 1 66 | | I o} - i
15/3 | 9 | 23 | 19 [ - | | 6 ] - |
1873 |10 123 | 19.5% 72 | | | 5 | 14-1330, 41-54, 55-219 | 14 and 41: Odontotermes; 55: Macrotermes
2003 | | | | | | | 6 | 1
2473 | 9.19 | 21.5 | 18 1 71 | | | o |- |
2es/3 1 10 | 25 | 20 | 63 | 20,5 ] 21 | o | - |
| 11 | 28 | 20 | 48 | 21 1 21 | I I
112 [ ] 21 | 40 | 22 | 21 | | |
| 13 | 29 | 20 | 43 | 22,5 | 21 | | |
| 14 | 32 1 21 | 27 | 22 | 21 ] | |
| 15 | 30 | 19 | S [ 23 | 21 | | |
1/4 | .30 | 24.5 1 26 | &6 | | 1 S| |
3/4 l i i i I I | a | |
8/4 | 9.15 | 25 | 19 | 57 I | 372 | 82-18 |
1674 | 9 123 {13 | 639 I | | 38 | no cbservations done \ | because of heavy raip sheetings washed away,
| 10.301 24 | 19 | 62 | | | | |
12 124 | 19.5]1 €8 | I I I |
le/4 | | | | | | I 89 | ao observations done | idem




APPENDIX A
Transect observations
Maize teazone

date | time | air | wer ) rel. | temp.| temp.! rain | activity on trancect | remarks
| } temp.| temp.t bum. | soil | soil | ¢mm) | |
| I % 1 °c 1 % | 5 em | 15 eml |

13711 | 14.15] 25 | 12 | 49 | | | a | - | termites seen in adjacent coffeeshamba,

24-11 | | | | | l | 93 | | no observatisns done,

25711 | 10.151 19 117 o3t | | | e | - | no termite activity, quite a lot of ants.
1 12.45) 20.5 | 17.5 1 74 | 24 | 20 | | 16s0 | Ddontotermes under piece of wood. no sheeting
| 15.301 23.5 1 18 | 88 | 24 | 20 | | |

2as11 | 13.45] 23 | 18 | &z | 26 o2l | o 1] - | no activity on transect.
| 15.30) 23 Yy 12,51 57 | 25 | 21 ] | 7&n0 | Ddontetermes found in adjacent coffeeshamba and
1 | | ! | | i | | in vegetable garden, humuzfeeders found in
i | | l i | ! 1 | coffeeshamba. 15.30: Od. under maizestems.

27711 | 12 | | | | 23 bo20 | 0| |

+/12 | 16.300 Z1 1 17,5 ] 71 | | | €ea | - |

10712 1 2.4% 1 1.5 1 18} 84 | | | 2 | 2Cn208+(21) | Ddontotermes
| 1%.45] 20 j 17,51 77 | ] | | 1Fs5+(8), SCn29 | also Odentotermes on fence poles: 408 eme
[ 15 | 20 | 17.5 1 77 | { | | SCDGD, 2Bnl0 | freshly formed.

12712 | 8.30 | 18 | 1.5 1 88 | | H 2 | 2Ca57+(107), 8Cn(18) | Odontotermes.

ig/12 114 |21 | 18 | 75 | | I3 |- !

9/12 | 16 22 13,5 72 | | | 0| - | A south: beyond traasect 195 emd

28742 | 10 |2l 117 I &7 | i ! 4 | = |

7ol | 13.38 22 | 17 T &0 | | | 0 | 8Cn{54)

31 I 1e | 21.5 1 172.5 ) &7 | l | 0 | - | Ddentotermes on fence pulés + cheetings.

1571 | 8.30 | 19 | 14 I s8 | | | oo - | idem
| 10.45] 24 1 1.5 1 46 | 25 | 22 1 )
| 11.451 24 | 16 ] 43 | 3% 1 24.9 1 1 ]

20/ | 8.306 | 21.5 | 15.5 ) 53 | | | Q { - | beyond B old shestinas: 14 an?,

2971 ) 20 | 2u | 1& I 66 | | | a | - |

47z | 245 | 20.5 116 | 63 |1 | | [V 1

1072 1 11.45) 25 1 15,51 36 | 24 1 20 | oo - | profile pit in maize field with 3 old termite
| 12.301 2o | 15,51 32 | 27 | 20.5 | I | {Ddontotermes?) nests,
| 14,150 27 | 16 1 31 |3 Lz2 . i i
| 17 | | | | 33 | 23 | | |

743 113 | 22 {18 | &8 | | | ? | no ovbservations done | because of planting no obgervatione.

1443 | i | | | | i 2] - . |

1375 | | | | L | e | - i

274 1 1 | &0 118,51 70 | 1 | 79 | OAnSa | in A: Odontotermes without sheeting.
| il | 19.5 1 16,51 74 | | | | |
i1z | 22.5 | 17 | 57 1 { | | ]

144 | 14.20] 21 | 18 I 75 | I~ 1 244 | - {




APPENDIX B Soil watercontent

Table B.1 Soil watercontent {3), cottonzone

| date -] maize i banana ]
! === e e !
| | U-20cm | 20-30cm | 0-20cm | 20-30cm |
f = e e e e e e e e |
| 9/11 | 25.2 | 25.4 | £28.5 | 28.1 |
| 2811 | 21.3 | 22.4 | 27.3 | 28,6 !
| 17712 | 23.2 | 253.9 | 26,0 | 25,3 {
| 1&/1 | 17.3 | 1.5 | - | - i
| 301 | 14.9 | 17.4 | 1.1 | 15,2 |
bo19/2 | 12.9 | 14.6 | 16,1 | 172.7 |
| 1273 | 17.7 | i7.1 | 29.3 | 23.3 i
| 2672 | 18.1 | 18.6 | 5.0 | 23.2 |
| 1os4 | 27.6 | 27.1 | 27.4 | 31.1 |

Table B.2 Soil watercontent (%), teszone

| date | maize [
! = e e i
| | O-20cm | 20-Zdcm |
| e e |
[ 25711 | 27.6 | 73.6 |
| 19/12 | 253.4 | 27.7 |
i 151 | 22.6 | 26.1 |
] /2 | 18.6 | 21.7 |
bo1vse | 17.8 | 12.4 |
| 1473 | 24.5 | 23.% |
] 2/ | 33.8 | 24.4 |

Fer the soil watercontent at about 9.30 a.m. samples were taken.



APPENDIX B

Microclimate: airtemperature and relative humidity
Cottonzone

Maize (1150 metred Banana {1150 matre)
Jdate | tums | oalr | wet | rel. | date | time | air | wet | rel. | date | time | air | wet | rel. | date | time | air | wet | rel.
1 | tgmp.[ tg-mp.l hura. | | | tgmp.l tgr:.p.l Fir, | | | temp.| temp.| hum. | | | temp.] temp.) Fum.
] T v T T [ L% e o% l R T N A i L% %) oz
811 | 7 ) 1B.S |18 | 95 | &1 | 7.15 | 18,5 ) 18.5 | 100 | {1z {36 | 21.51 47 | {12 131 |21 | 40 |
| 140130 26 | 20.5 | &0 | i 13.49 28.3 1 2L | S0 | 114 |32 |20 | 32 i P14 132 121 | 37 |
1 17.15) 22,5 1 1% 71 | | 15.45] 22.5 1 20 | 78 | | t5 | @ | 20.5 | 38 |15 136 (1% | 35 |
5400 | 7 e p 185 88 | 311 | 7.45 | 2¢ i 19.5 ) 95 | 174 | 9 | 26.5 1 21.5 | 64 | 14 | 9.30 | 24.5 | 20 | &6 |
16411 | I2 | 2 [ 20.5 | SO | 16411 14,300 2% | 19,5 | 40 | 84 1 5.30 128 18 | 56 | 84 | 91525 |15 | 57 |
22/11 | 1lo.3001 23 1 20 | 75 1 22/11 111 {23 | 2.5 | 88 | 1074 | 8 123 119 | € | 10/4 | % L 23 (15 | 65 |
P15 Y26 2w 4 s7 1 | 15.301 25 | 20 | €2 | | 18.301 24 | 19.5 1 66 | b 10.300 24 | 13 | ez |
j ol 1 22,51 18.5 | &7 | 118 123 |18 § 6B | 12 24 119 | 62 | | 12 | 24 j19.5| &6 |
sl 8030 1 23,50 20 1 Y2 1 28711 ) 2.15 1 21.5 4 19.5 | &4 |
bl2.15] 25.5 | 19.5 | 56 | | 12.300 25 ] 20 | &3 |
| 15.151 27 | 1% | 48 | 1 15.45) 24,5 | 19 | 59 |
1§ 123 11e.s ] 65 | | 17.%01 23 | 1B.S 1 €5 |
29711 1 7,30 | 19 | 17.51 86 | 29411 | 7.45 ! 1B.5 4 18 | 95 |
| .45 | 23 | 18.5 1 &5 | I I | l |
| 11.30] 26.5 1 20 | 549 | | 12 | 25.5 | 20.5 | 83 |
(T - TR~ T €S B TR Y 15.3001 26 | 18 | 44 |
jf1la 12 | le | 44 | y 17.451 2% | 18,5 | 65 |
$712 1 1L.300 23 120 1 63 | 4/l 114 125 j2r | 70|
.12 4 18,154 25 ) 20.5 1 @& | @sl2 ) 10,451 23 | 2.5 1 79 |
ll\12 1 8 ) 28,5713 | 9 | 11/12 § 8.30 | 20.5 | 19 | 87 |
| L1451 25 120 ) 83 | | 11.300 24 ] 20.5 | 73 |
15 12 120 | 83 | 115 125 121 |- 70 |
14012 | .45 | 1% | 185 | 95 | 14s12 ] 9.15 | 18.5 ¢ 18.5 ] 100 |
17712 (19 125 § 20 | B3 (17712 ) 10.30] 22y 18.3 | 65 )
19712 1 9.3 | 24 |20 | 63 | 1%/12 | 9,45 | 22 |19 | 76 |
24012 1 9 P23 145 | &3 | 2412 ] 9.30 1 22,51 19.5| 76 |
0012 1 2.30 1 2% 1 18.5 | 65 | E0/l2 | 9.45 | 2.5 1 18.5 1 83 |
B4 | 9,45 | 25.5 ¢ 185 S0 | 81 | 9,45 | 23.5 ] 18,5 | I
/1 | & 122 116 1 54 | 16/l | @ | 22,5115 | 56 |
113 | 30.5 )17 | 24 | 113 | 27 116 | S8 |
2371 {3 l2d (18 4 83 |t 231 |9 20 | 18,5 % 31 4
Pl 2s.s 20 | S5 | | 11.15] 25.5 | 18,5 | 87 |
| 12.45) 2&.5 L 20 | 45 | i 12.45] 26 | 18.5 | 6%
2740 | 3 | 22.5 | 32.5{ &8 | 27271 | 8.30 | 2z |18 | 43
TV N | 22 |1 i8.3t 7z | 3071 |8 | 20,51 18 | 68 |
N/ | 845 24 ) l1ES | 53 | 3/l 8.45 ] 22,5117 | 87 |
Py j2zz |z ) 52 | L I | 87 )
az 19 |25 |12 | & | 32 | 54525 | 18.5| 54 |
| 11.&3i 50 { 21.5 | 47 | | 11.501 29.5 | 20.5 1 A3 |



APPEMDIX B
Microzlimate: air temperature and relative humidity

Teazane
Maize teazone (1790 meter) Mount Kenya Forest (1840 meter)
date | time | air | wet | rel. date | time | air | wet | rel. | date | time | air | wer | rel, | date | time ] air | wet | vel. |
: : tgmp-l tocf:lp-[ hum. | | | Koernp.i temp.! hum. | " | | temp.i temp. | hum. | 1 | temp.| temp,} hum. |
_______ cL oo | %o % oy | L% 1 °c ) o% | [ %1 % | %
_1}5/11 14181 25 | 1g | 43 | I I ! I I 6/2 | 845 | 22 117 | 6 | &2 | §.30 1 18.5 § 17 | 88 |
25/11 1 10,150 15 1 17 | 8l 25/11 | 11.15]1 18,5 | 17 | &6 | |1t |24 | 18.51 39 | 11 | 23.5§ 18.5 1 62 |
| 1; 451 20,5 ( 17.5 1 74 | | 14,48 19 | 17 | £0.5] 114 | 235118 1 3% | P14 1288120 | 41 i
B I L3.30] 23.8 1 18 | s3 | ] | i I ! /2 18.30 ]2 1198 | 5% | &2 |9 | 2% | 18.9 | &35 |
26-11 | 13 502 118 1 sz | eesll |14 12 | 1B 0§ 74 | /2 | 8 |22 115 | 47 | i0/2 | B | 20 1 15.5 | &3 |
[ 15.301 23 [ 17.5 ] 57 | ) I [ I ] 12/2 1 8.30 1 25 117 | 44 | 1272 | 3 | 23.5 1 17 | 52 |
4712 1 18,301 21 [ 1S | 7 | l 1 I | i 10 | 27 | 18,51 44 | P10 1 26.5 1 t&% | 43 |
1osl2 | 945 |1 1.5 (18 | &4 | 10/12 | 10.30] 17 | 16.5 | 935 | 111 129 1% | 38 | |1t 2.5 1 18 | 44 |
| 11,451 20 { 17.5 ¢ 77 | I t I I I | 12,200 33 | 1% | 25 | P 12.3001 32 | 3%.9 1 30 |
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AFPENDIX C
Sheeting building estimated with frame

maize cotton zome 11/12/1585

time air rel.hug. maize cotton zene  29/11/1985
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APPENDIX D
Scheme position litterbags (both aboveground and underground),

maize plot cottonzone
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APPENDIX D 1
Schematic presentation

Aboveground litterbags, maize, cottonzone.
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APPENDIX D 2
Schematic presentation

Aboveground litterbags, banana, cottonzone.
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APPENDIX E

Underground litterbags, maize, cottonzone,
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AFPENDIX E 2

Underground litterbags, banana,

cottonzone.
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APPENDIX F
Activity measurements:
A Sheeting formation in relation to position in the field|
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APPENDIX G
lList of termites
Maizefield cottonzone

date | speciet | remarks
/107785 | Macrotermes | foraging in malzefield
/117785 | Ancistrotermes { under maizestzm
167117785 | Microtermes | aboveground litterbag B
287117785 | Peeudocanthotermes | activity transect G west, 7 meter
117127725 | Macrotermes | activity transect & east, 1 merer
11/12/°85 | Pseudocanthotermes | underground litterbag H
17/127°385 | Microtermes | pole A south
&/1/7 80 i Ancistrotermes | underground litterbag H
Ju/17°85 | Odontotermes sp. 4 | activity transect | é&ast, 3 meter
26/3/°86 | Ancistrotermes I underground litterbag J
Bananabush cottonzone
date | species ] remarks
8/10/°85 | Pseudocanthotermes | near bananapit, foraging on banana
2/11/77°35 | Odontotermes sp. 4 | activity trvanzect 9
8/11/7°85 | Ddontotermes sp, 4 | activity tranzect 20-31
167117785 | Odoentotermes =p. 4 | undevground litterbag 2
27/11/°85 | Macrotermes | foragqing near ngst
22/11/7°85 | Odontotermes ep. 4 | activity transect 37
277117785 1 Microtermes | activity transect 2-3
2770177685 | Qdentotermes sp. 4 | near maizefisld
287117785 | Microtermes | activity transect 31
28/11/725 | Udontotermes sp. 4 foraging under sheeting
22/11/°85% | Odentotermes sp. 4 | Odontotermes nest in bananabush
117127763 | Odontotermes sp. 4 | zboveground litterbaq 1
117127785 | Pseudocanthotermes | litterbag transect 9
11712785 | Ancistrotermes | litterbag trancect ?
17/12/°85 | Macrotermes | asboveground litterbaq 9
177127785 | Macrotermes | litterbag transsct 10
17/12/7853 | Odontotermes sp. 4 | litterbag transect 9
17/12/°8% | Odontotermesz sp. 4 | litterbag trancect 9
23/1/°86 | Pseudocanthotermes | underground litterbag 3
307177686 | Peeudocanthotermes | activity trancect 3, foraging on banana
30/1/7°86 | Microtermes | wooden pole, litterbaq transect 10
3/2/°86 | Odontotermes sp. 4 | activity transect 34
les27°85 | Odontotermes sp., 4 | under mangotree, South edge bananabush
i4s2/786 | Udontotermes sp. 4 | near litterbaq transect S
1972/°85 | Odontotermes sp. 4 | South-East corner bananabush
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Immediate

87147785
177107783
17271077385
6/11/783
27/11/785

277117785 | Pceudocanthotermes i dem
287117785 | Macrotermes rest near road
297117785 | Macrotermes nect Weet of homeectesd
9/12/°8% Microtermes - idem
117127785 | Microtermes Odontonest nesr homestead
14-12/°85 | Macretermes | young nest, West of homestead
g8/2/°86 Odentotermes sp. 4 | feraging near road
1073/ 66 Odontotermes sp. 4 | milletfield
Cottonzone
date | species b remarks
9107’85 | Odontotermes sp. 5 | foraging on dead tree in buch
/127785 | Odontotermes =p, S | biq nest under mangotree, 1 &m Scuth of plot
9512/°85% ] Odontotermes sp. 4 | farm South of bananabush
27717786 | Udentotermes sp. 4 | bhehind tesshop of Kavengero, on tree
27717786 | Odontotermes =zp. 5 | behind teashop of Kavengero, on maizestems
L8se7786 | Microtermes I profilepit in 3 year cld bush
Teazone
date [ species |  vemarke
87107785 | Qdontotermes sp. 2 | forest, foraging under log
8710/753% | Odontotermes =p. 2 | foraging under tea
8710785 | Odontotermes sp. 1 | coffeeshamba
167107785 | Odontotetrmes sp, 1 [ roadside
13/711/765 | Odontotermes sp, 1 | near maizeplot, in adjacent coffeeshamba
2511725 | Qdomtotermes zp. S | maizepleot G, activity tramsect, under wood
267117785 | Ddontotermes sp. 1 | near maizeplot, in adjacent vegetable garden
25/11/785 | Cdontotermes sp., 1 | near maizeplot, in adjascent coffeeshamba
267117785 | humusfeeders | idem
127127785 | Odentotermes =p. 2 | maizeplot C, under maizestem
losz277a5 | Ddontgtermes sp. & | foraging under wood in forest
2/4/° 26 | Udentotermes sp. 3 | maizeplot A, under maizestem

surroundings maizefield and bananabush, cottonzone

Odontotermes sp, 4
Fseudocanthotermes

Microtermes
Macrotermes
Jdentotermes

=

o

ploughed maizefield

cottenficld

1detm

edge bananabush - milletfield
under manqotres in bush, Seuth of
bananabush





