





















































































































































Chapter 3

Table 3.1. The eight plants with anti-tick activity selected for screening from the Bukusu community in western Kenya

No. times
Botanical name Local Bukusu name Family name mentioned Plant parts used Reported plant Reference
for local use characteristics
Tagetes minuta L. Nanjaka Asteraceae 9 Leaf/flower/bud T,P,AB,I Getabun, 1976; Berger, 1994;
(used to make sus- Anon., 2001
pension and hanging Njoroge and Bussmann, 2006;
bouquet) Adekunle et al., 2007
Tithonia diversifolia Kamang’ulie/ Kamaua/ Asteraceae 7 Whole plant used to LP,T.B,F,Af Adoyo et al., 1997
(Hemsl.) Gray Kiming ulie make mainly paste Anon., 1997;
for application Adedire and Akinneye, 2004;
Njoroge and Bussmann, 2006
Solanecio manii (Hook. f.) Nandebe Asteraceae 5 Whole plant used in AC University of Nairobi Herbarium
C. Jeffrey. many different forms records
Juniperus procera procera Kumutarakwa Cupressaceae 5 Leaf/root/back LB Getahun, 1976; Anon., 2001
Hochst. ex Endlicher.
I Hines and Eckman, 1993
Securidaca longepeduncu- Kumulondamwombe / Polygalaceae 2 Whole plant LCB,F,Ps Jayasekara et al., 2002;
lata Fres. Kumunyakasia/ kumuy- Rukangira, 2001
anjabakeni
Lantana camara L. Lantana/ Mukhekhe Verbenaceae 2 ‘Whole plant B,FC,1, Adebayo et al., 1999
(used to make con-
coction for pour on
or for steaming)
Hoslundia opposita Vahl. Bifwofwo Labiatae 1 ‘Whole plant T, A Jembere et al., 1995
Senna didymobotrya (Fresn.)  Kumubumbu/ Ku- Caesalpiniaceae 1 Leaf/back/root (used T,B, I Fernandes et al., 1985;
Irwin & Barneby mupinupinu to make suspension) Mansingh and Williams, 1998
UWMG, 2003
Key
A Plants that were found in the literature to exhibit acaricidal properties
B Plants that were found in the literature to have bioactive compounds
P Plants that were found in the literature to exhibit pesticidal properties
I  Plants found in the literature to be resistant to attack by insects or found to exhibit insecticidal properties
T  Taxonomic affinity to plant species (at genus and family levels) known to possess bioactive, insecticidal or acaricidal properties
F  Human food plants, unless otherwise stated
Af Plants with antifeedant properties
C  Plants with cultural applications.
Ps Poisonous plants to either animals or both humans and animals
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Repellent activities of essential oils

Fig. 3.4. The link function of prob- 10 a
ability repellency dose-responses
with Tagetes minuta and
Rhipicephalus  appendiculatus  as 08 |
explained by the curve generated by
a regression model, Probit [P
(dosel)] = 1.1036 + 0.4132dosel > 0.6 A
(a), while (b) is the link function of = = ]
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were sesquiterpenes. Twenty-four percent (12 compounds) of the 50 compounds and all
the monoterpenes were found in the literature to have some repellence properties. Of these
50 compounds, a-pinene occurred in the largest amount (63.64%), followed by B-pinene
(15.0%), isocaryophyllene (7.62%), nerolidol (3.70%), 1-tridecanol (1.75%), limonene
(1.52%), sabinene (1.00%), a-copaene (0.95%), o-gurjunene (0.56%) and cyclodecene
(0.54%) in that order (Table 3.4b).
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Repellent activities of essential oils

Table 3.4. GC and GC-MS identified 10 major constituent chemical compounds in the essential oil of
(a) Tagetes minuta and (b) Tithonia diversifolia

(a)
Peak Molecular M (g/ Base T Identification
Compound RT Major peaks abundance
no. formula mol) peak %) of compounds
14 cis-ocemene CioHie 22701 13620 93 #, 7192’1105’ 4378 GC-MS Co
15  dihydrotagetone CioHsO 23126 15400 85  41,57,69,97 1671 GC-MS
42 piperitenone CiolliO 29401 15200 150  41,91,107,135 10.15 GC-MS
31 trans-tagetone CiHiO 26476 15200 95 411’3677’11539’ 8.67 GC-MS Co
3,9 epoxy-p-metha- 41,79, 122,
O 5 CioHuO 29076 15000 135 e 647 GC-MS
29 procimene Ciollie 25851 13620 121  41,79,105, 136 325 GC-MS Co
30 ci-tagetons CoHiO 26126 15200 95 4y ?75'21 0 1.95 GC-MS Co
ep  Acanupligliene CisHys 35701 204.00 41 69,93,133 0.84 GC-MS Co
(Trans)
61  bicyclogermacrene  CysHpe 37726 20440 121 b 336’1136’ 0.62 GC-MS
93 AR-turmerone CisHpO 50626 216 83 41,79, 124 0.501 GC-MS
(b)
Relative . .
Peak Compound Molecular R’_l" M"(g/  Base Mijor Peaks abisiidlatics Identification
no. formula (min) mol) peak %) of compounds
2 o-pinene Cols 18975 13624 93 7% 373’ 2L, s GC-MS Co
5 B-pinene CioHie 20425 13624 93 41,121,136 15.0 GC-MS Co
34  Jsocaryophyllens Cislhe 35476 20436 93 4'1’_,,639’116‘;5' 7.62 GC-MS
45 Nerolidol CislO 38651 22237 69 b 43i 69f’ 100, a9 GC-MS Co
38 1-Tridecanol CuHuO 36876 19700 55  43,69,83,97 175 GC-MS Co
10  Limonene CoHis 22200 13624 68 >4 1553’ 5% 152 GC-MS Co
4 Sabinene CioHie 20150 13624 93 % 411’327’ L 1.00 GC-MS
28 o-copacne i 34101 20436 105 L 7T8L9 0.95 GC-MS
. 41,55,91,105,11 !
29  g-guijunens Cilu 34376 20436 189 2000 0.56 GC-MS
47 Cyclodecene CuHn 41251 16600 67  41,54,81,95 0.54 GC-MS
Key

M" = Molecular weight

RT = Retention time (min.)

GC-MS = identification based on comparison of mass spectra in NIST/NBS and Wiley libraries only

GC-MS Co = identification based on comparison of mass spectra in NIST/NBS and Wiley libraries followed by a comparison with
retention time identical to authentic compounds
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ploited the well-known predisposition of the ticks to climb up and aggregate on grass
stems to await passing hosts (Browning, 1976; Chiera, 1985). A choice of two glass cov-
ered rods, one with a vertical concentration gradient of the test odour and the other with
clean air was offered to groups of ticks. R. appendiculatus was attracted to the ear vola-
tiles but repelled by anal volatiles (Fig. 4.2). On the other hand, R. evertsi was repelled by
the ear volatiles, but attracted to the anal volatiles. Thus, the odour collections from the
two sites have opposite effects on the two tick species and support our hypothesis on the
operation of both repellent and attractant effects in the feeding site location behaviours of
these ticks. However, at their respective feeding sites, other signals may also be involved
in site selection process. Our observations show that closer to their respective feeding sites,
the ticks are gradually arrested before finally attaching for feeding, suggesting the media-
tion of less volatile and/or chemotactile stimuli at these sites.

The concept of integrated use of the forces repulsion (or deterrence) and attraction
(or stimulation), i.e., “‘push—pull’, was previously proposed as an efficient and sustainable
way of diverting insect pests from a desired crop to a trap crop (Miller and Cowles, 1990).
Recently, it was effectively deployed in reducing damage by stemborers to maize (Zea
mays L.) in smallholder farms in Africa (Khan et al., 2001). The present study represents
the first demonstration of the exploitation of the tactic in nature, and suggests that the phe-
nomenon may be quite widespread among arthropods and related organisms, particularly
where specialisation occurs in their interactions with their hosts or environmental niches in
functions such as selection and location of hosts, feeding and oviposition.
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Effect of essential oils on on-host tick behaviour

mean reaction time was lower and initial speed higher than either those from the control
animals or the animals treated with the essential oil of T. diversifolia. Therefore, it is possi-
ble that these essential oils can be used to confuse the ticks while on the host, and ad-
versely affect their feeding habits through which they transmit the etiologic agents of tick—
borne diseases.

From the results presented in the study, we showed that both essential oils had
repellent effects on adult R. appendiculatus and that the essential oil of 7. minuta repels
ticks more than the essential oil of 7. diversifolia. However, both essential oils may offer
potential for incorporation into integrated tick control and management (ITCM), particu-
larly following the laboratory and field studies of individual constituent compounds and
selected blends. Together with the essential oils from plants such as wild basil, Ocimum
suave Willd., molasses grass, Melinis minutiflora Beauv., neem, Azadirachta indica Adr.
Juss. and African spiderflower, Gynandropsis gynandra (L.) Briq. (Mwangi et al., 1995a,
b; Ndung’u et al., 1995; Malonza et al., 1992; Waka et al., 2004; Garboui et al., 2006),
they offer possibilities of exploitation of this potential in effective and environmentally
acceptable methods of tick control mechanisms.
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Kaaya, 1996) The application of synthetic acaricides is still the main method for control
and management of livestock ticks and tick—borne disease worldwide, albeit affording only
tick elimination from the host animal but no prevention of re—infestation (Chapter 1). Fur-
thermore, the acaricides do not affect the larger population of free—living livestock ticks
existing in the hosts’ environment (vegetation), which provides a resource for tick re—
infestation. The disadvantages of using these synthetic acaricides relate to acaricide resis-
tance and environmental pollution (Norval et al., 1992; Aiello and Mays, 2003). Therefore,
there has been a worldwide search for alternative tick control methods that can be applied
either alone or integrated with acaricides and or other tick control methods (Young et al.,
1988; Kaaya, 1992). Some of the alternative methods include the use of tick—resistant ani-
mals, behavioral manipulations of ticks using pheromones, quarantine techniques, habitat
modification, anti—tick vaccines and biological control (Ghosh et al., 2007).

Little data is available in the literature on the use of plants and plant products that
contain toxic or repellent compounds. However, the potential of some anti—tick plants in
pastures and plant products as tick repellents or acaricides on hosts has been repeatedly
demonstrated (Sutherst et al., 1982; Norval et al., 1983; Carroll et al., 1989; Miller et al.
1995). At the International Centre of Insect Physiology and Ecology (ICIPE), Nairobi,
Kenya, a participatory action research study to develop anti-tick pastures using molasses
grass was investigated at its Nairobi location and in Kuja area, western Kenya, in an effort
to control Amblyomma variegatum Fabricius and Rhipicephalus appendiculatus Neumann,
the vectors of cowdriosis and East Coast fever, respectively (Mwangi, et al., 1995b). Neem
oil from Azadirachta indica A. Juss. was reported to inhibit larval and nymphal attachment
and feeding, as well as to reduce fecundity, egg hatch, and moulting in larvae and nymphs
of R. appendiculatus, among others (ICIPE, 1997). A 25% formulation of neem oil sprayed
on de-ticked zebu cattle grazing on heavily infested pasture reduced infestations of tick
larvae by 37-61%, nymphs by 24-65% and adults by 44-62% for 5 days. In in vivo assays,
a 10% solution of the essential oil of Ocimum suave Willd. in paraffin oil was found to be
effective against all immature R. appendiculatus and more than 70% of adults feeding on
rabbits (Mwangi et al., 1995a). Three applications of the 20% concentration of the essen-
tial oil of O. suave prevented R. appendiculatus attachment by 68.8%. Cleome hirta
(Klotzsch) Oliv. and Gynandropsis gynandra (L.) Brig. have been demonstrated to be pos-
sible tick repellent plants in pastures (Dipeotu et al., 1992; Malonza et al., 1992; Ndung’u
et al., 1999). In another study on Rusinga Island, western Kenya, leaves of a local shrub,
Acalypha fruticosa Forssk., were found to be attractive to R. appendiculatus under field
and laboratory conditions, thus showing the potential for use as a trap plant in tick control
strategies (Hassan et al., 1994).

Although achievement of the full potential of plants in livestock tick control pose
challenging research and development problems, the plants’ anti-tick properties so far
manifested could make them suitable components of an integrated tick control strategy.
Considerable research is needed, however, to select appropriate plants and plant products,
establish their efficacy in the laboratory and field under different conditions and devise
efficient production strategies to allow for their practical use at local level. In this thesis,
the repellent action of the essential oils of T. minuta and T. diversifolia against the brown
ear tick R. appendiculatus has been demonstrated in laboratory and semi-field studies. Cat-
tle, treated with either oil, exhibited a significantly high drop—off rate of on—host ticks and
a significantly reduced number of ticks climbing on the host from the ground and vegeta-
tion. In the study described in this chapter, effects of the essential oils of 7. minuta and T.
diversifolia on the infestation rate of adult R. appendiculatus ticks are evaluated on zebu
cattle within herds of naturally grazing livestock in western Kenya.
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maintained at a lower level than they were previously, while the tick infestation levels fol-
lowing re—infestation on the hosts treated with the essential oil of T. diversifolia reached a
higher level than they were before.

The results obtained in this study were comparable to those obtained elsewhere in
Kenya with a 10% formulation of the essential oil of O. suave in liquid paraffin as well as
a 25% formulation of neem oil against attaching larvae and adults of R. appendiculatus
(ICIPE, 1998/99; Mwangi et al., 1995a). Results of recent field tests of natural repellents
(5% nootkatone and carvacrol) against Ixodes ricinus L. by Dolan et al. (2008) were also
comparable to the results obtained from the present study. By the 5th day post treatment,
more than 75 and 60% of adult R. appendiculatus and other tick species were affected by
the essential oils of 7. minuta and T. diversifolia, respectively. The two essential oils not
only affected the target species R. appendiculatus but also other livestock tick species such
as A. variegatum, R. evertsi Neumann and Boophilus spp. This broad—spectrum repellent
bioactivity against livestock ticks may have important implications for the practical use of
the essential oils as tick repellent products for a variety of economically important tick
species found in the host’s environment. These findings warrant further research to estab-
lish to which extent each livestock tick species is affected by each type of essential oil.
This approach will facilitate a more rapid incorporation of the essential oils into integrated
tick control strategies. This may be a suitable approach for most African livestock farmers,
who often lack the resources for appropriate and sustainable tick control. Moreover, should
future studies prove these two plants (7. minuta and T. diversifolia) to have the abilities to
repel ticks in the field like Melinis minutiflora Beauv. (Mwangi et al., 1995a; Fernandez—
Ruvalcaba et al., 2004) and G. gynandra (Malonza et al., 1992), then further studies are
needed to evaluate how they can be incorporated into livestock pastures as tick repellent
plants.

As the essential oils protected the hosts against tick infestation for several days
only, there is a need to stabilize the active ingredients so as to make them provide longer
protection times in the field, comparable to substances such as pyrethroids, which give 2%
months’ protection when impregnated in ear tags (Young et al., 1985). A more stable for-
mulation, which would control the individual compounds’ rate of vaporization is needed as
this could offer controlled—release of repellent volatiles and more long—lasting protection.
Furthermore, the performance of the oils may be affected by environmental factors such as
strong sunlight, relative humidity and /or wind as well as activities of the target host ani-
mals (Carroll, 2007). Thus, improvement of the formulation may also need to address ways
of dealing with these constraints, e.g., micro—encapsulation of the oils to protect the active
ingredients.

The treated animals freely interacted with other animals in the experimental herd
and environment (W.W., pers. obs.). Whether or not the treated animals conferred some
protection to non—treated animals by virtue of their presence in any one given herd was not
evaluated and is not known. However, it may be interesting to investigate this question, as
it was recently established with some tsetse flies’ repellents at ICIPE (Saini and Hassanali,
2002-2003). Whether the observed increase in tick infestation in the control animals in all
15 herds was caused by an environmental factor or by the presence of repellent-catrying
animals within the herds is not known. If the increase is hypothesized to be due to the pres-
ence of repellent—carrying animals, then we would have expected a decrease in tick infes-
tation levels in the control hosts during the re—infestation period but this trend did not ap-
pear. It would be interesting to monitor tick infestation levels on the hosts in another set of
controls (negative controls) away from the potential influence of repellents.

The phenomenon of the biased male/female ratio of R. appendiculatus and other
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host identification and selection is dependent on physical parameters such as host move-
ment (host-derived vibrations), host breath, and contact, and environmental parameters
such as light, temperature and humidity (Amoo, 1992). Although Waladde (1987) stated
that stimuli emitted by the hosts could be sensed by the ticks through thermoreceptors and
olfactory receptors, host specificity and feeding site location are as yet unexplained factors.
Therefore, whether or not chemical cues emitted by the host are involved in host selection,
has not yet been fully understood, unlike for mosquitoes, where host-specific semiochemi-
cals have been identified as behaviour—mediating cues (Takken and Knols, 1999). Further-
more, the role of the parasites in both infected tick vectors and hosts in host selection by
the ticks is also not yet clearly understood. There is a need, therefore, to undertake behav-
ioural studies on the interaction between ticks and host—volatiles in order to understand the
specific chemical cues involved in host preference (Cumming, 1998).

My own unpublished data and that of others (A. Hassanali, pers. comm.) provided
evidence for some host—attractive chemical cues for predilection feeding site location
originating from micro—organisms (bacteria) living inside and around the host ears, and not
from the host itself. This probably explains why Cumming (2000) found that host distribu-
tions do not limit the tick species ranges of most African ticks and that the host per se,
does not explain the evolutionary history of African ticks. This is a complex sequence of
beneficial and non-beneficial evolutionary relationships that warrant further investigations
in order to understand how these might be used for the development of on—host tick control
and management strategies.

The possibility of intercepting tick orientation pathways toward predilection feed-
ing sites on the host was shown in Chapters 6 and 7. The interception of these chemo—
orientation pathways on the host animals may provide an individual-based tick control and
management option that best fits the resource—limited livestock farming system of tropical
Africa. This was the focus of the current study, which culminated in Chapter 8 with a field
test in collaboration with local livestock farmers. The results of the present study have pro-
vided a basis for the development of an on—host tick control and management strategy us-
ing plant-based allomones and host—based semiochemicals at an individual level. Devices
loaded with tick repellent formulations may be strategically deployed on the host and re-
placed after 11-14 days for the essential oil of 7. minuta and 8 days for the essential oil of
T. diversifolia. The results of the field study described in Chapter 8, suggest that behav-
ioural manipulations of tick—host interactions may represent an effective and environmen-
tally acceptable strategy for tick control and management at an individual level.

Conclusions

I have endeavoured to give specific conclusions derived from the analysis of the results
presented in this thesis in accordance with the objectives stated at the beginning of the
studies.

My first objective, to document and evaluate potential anti—tick ethnopractices used
by the Bukusu community in Kenya, resulted in the establishment of a list of 154 plants
used in many different ways as repellents. Of these, I selected the eight most likely candi-
dates for experimentation, based on a non—experimental validation procedure (Chapter 2).

Using these eight plants as a starting point, my second objective was to extract their
essential oils, determine their chemical compositions, and evaluate their effects on adult R.
appendiculatus. The essential oils of 7. minuta and T. diversifolia turned out to be the most
promising of the eight in terms of their effects on ticks, and were further used in the
experiments on tick behaviour (Chapter 3). The essential oil of T. minuta had a higher



Summarizing discussion

proportion of monoterpene compounds than the essential oil of 7. diversifolia, which had a
higher proportion of sesquiterpenes than the essential oil of 7. minuta.

Objective 3 was to study the effects of the essential oils on host selection, on—host
navigation and attachment behaviour of R. appendiculatus (Chapters 6 and 7). We showed
that essential oils of T. minuta and T. diversifolia caused a disruption of orientation,
walking and attachment behaviour of R. appendiculatus on the host. For both essential oils,
the legs + tail sites of application, followed by ear smear and then ear tube, had significant
effects on orientation to the host and attachment site preference of R. appendiculatus, in
that order. The ear smear method is recommended for treating hosts with essential oils, but
concentrations and formulations of the oils may need to be improved in order to stablilise
their active ingredients.

My fourth objective was to evaluate a “push” tactic with the repellent
ethnobotanicals for on—host control of R. appendiculatus in the field using the ear smear
site for treating host animals with essential oils as recommended in Chapter 7. Within 14
days post—treatment, the number of ticks on animals treated with the essential oils was
pushed off the host body by more than half the original population. By the 5th day post—
treatment, more than 75 and 60% of adult R. appendiculatus and other tick species,
respectively, had dropped off the host. A stronger pushing effect was shown by the
essential oil of 7. minuta than the essential oil of 7. diversifolia. The results suggest the
potential for the essential oils to be incorporated in the on—host “push” and “push—pull”
strategy for the control of R. appendiculatus and associated tick—borne diseases among the
resource—limited livestock farming community in tropical Aftrica.

In addition to the four major objectives of my study, two other aspects of tick be-
haviour were studied. The first one was to compare on-host behaviour of two sympatric
tick species, R. appendiculatus and R. evertsi (Chapter 4). Each species of tick showed
specific behavioural sequences in the navigation to their preferred feeding sites. Finally,
we compared a dual—choice with a no—choice assay, using the essential oil of T. minuta as
the test substance on the climbing response behaviour of R. appendiculatus (Chapter 5).
The dual-choice assay proves a more sensitive assay than the no—choice assay, although
the no—choice assay provides greater residual effects.
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Ficus amadiensis De Wild. Kumutoto kumu- Moraceae Tree vV Root/fruit/bark/latex IC Puyvelde (van) et al., 1985
kobianyuni Regassaa, 2000
Ficus thoningii BL. Kumutoto ku- Moraceae Tree v Root/fruit/bark/latex | T,F,B, | Puyvelde (van) et al., 1985
musecha { &5 Hines and Eckman, 1993
Regassaa, 2000
Stockbauer, 2003
Ficus glumosa Del. Kumusilisisi Moraceae Tree v Root/fruit/bark/latex - -
Ficus sur Forssk. Broom cluster fig Kumukhuyu Moraceae Tree v v Root/fruit/bark/latex T,F,C Puyvelde (van) et al., 1985
nandere (used to make sus- Regassaa, 2000
pension)
Garcinia buchananii Bak. Kumukhomeli Guttiferae Tree vvvy Twigs/bark/root/ Ps,B Smith, 1969
v v fruit Duke-Elder and MacFaul 1972
(used to make sus- Schmidt, 2003
pension)
Psorospermum febrifugum Nangoso Guttiferae Tree v Fruit/bark/stem/leaf B Aubréville, 1936
Spach.var. febrifugum Dalziel 1937
Irvine 1961
Cassady et al., 1990
Schmidt, 2003c
Harungana madagascariensis Lam. Namalasile Guttiferae Tree v Leaf/bark/stem B Woodland, 1997
ex Poir. Irvine, 1961
Schmidt, 2003¢
The World Bank Group, 2003
Erah et al., 2003
Maesa lanceolata Forssk. var Namaru Myrsinaceae Tree Vv - T,B Getahun, 1976
golungensis
Nicotiana tabaccum L. Eraba Solanaceae Herb vvvvy Leaf/stem—dust P,A L Matzigkeit, 1990
(used to make sus- B,C Mwangi, 1996
pension smoke and IDTG and IIRR, 1996; Cremlyn,
hanging bouquet 1978
also) Dipeolu and Ndungu, 1991
Juliette de Ba Levy, 1991
Stoll, 1988
Berger, 1994
Adoyo et al., 1997
Mansingh and Williams, 1998
Capsicum annum L. Pilipili 1 Solanaceae Shrub vvvivy Fruit/leaf/stem P LT, Stoll, 1988
¥ suspension, dust, B,F Berger, 1994
: : : : : smoking and hang- Adoyo et al,, 1997
IR ing bouquet Mansingh and Williams, 1998
v Vi Regassa, 2000

[ xipuaddy



Capsicum frutescens L. Pilipili 2 Solanaceae Shrub vvvvy Fruit/leaf/stem P,LT,B, | Stoll, 1988
Y Vv suspension, dust, smok- F Berger, 1994
: : : : : ing and hanging bou- Adoyo et al., 1997
G quet Mansingh and Williams, 1998
Regassa, 2000
Solanum incanum L. Bitter apple Chindurandura Solanaceae Shrub vVVvvvy Root, fruit—juice B,C,F Hines and Eckman, 1993
(suspension) Lukwa et al., 2001
Physalis peruviana L. Embunwe Solanaceae Herb v Stem/root/fruit/leaf. F, B.C Morton, 1987
Heated leaves are ap- Barbadine, 2003
p plied as poultices on
Emiilwa inflammations and leaf
(Wanga) infusion as an enema to
relieve abdominal
ailments in children.
Securidaca longepedunculata Fres. Kumunyakasia Polygalaceae Tree vV Whole plant ;€. B, Jayasekara et al., 2002
Kumuyanjabak- F,Ps Rukangira, 2001
eni
Lippia grandifolia var. Lukumakuma Verbenaceae Herb vVvvvy Root/leaf/stem T Kunle et al., 2003
longipedunculata Moldenke v Mwangi et al., 1989, 1991a,b,
1994, 1995, 1998
Koumaglo et al., 1996a,b
Garneau et al., 1996
Lantana camara L. (Shrub verbena Mukhekhe Verbenaceae Herb/shrub | v v ‘Whole plant B,F,C,1I, | Adebayoetal., 1999
or sage) (Bukusu) (Pour on or steaming)
Lantana (Wanga)
Vitex doniana Sweet (Meru-Oak) Kumufutu or Verbenaceae Tree v Bark/root/leaf/fruit LB,F,C | FAO, 1983
Kumufututa (used to make smoke RSCU, 1992
and hanging bouquet) Hines and Eckman, 1993
Olusola et al., 1997
Rukangira, 2001
Clerodendrum myricoides Nangoso (3) Verbenaceae Tree vvyv leaves, juice, roots lice, fleas, | Baerts and Lehmann, 1991
‘Ugandense’ (Hochst.) R. Br. & mites, Kasonia et al., 1991
Vatke. insecti-
cides,
ticks &

leech
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and dihydrotegetone 32.58% as major constituents (Singh et al., 1992), while in other stud-
ies (Z)-tagetone, (Z)-B-ocimene, dihydrotagetone, (Z)- and (E)-ocimenone were found as
major constituents (Chalchat et al., 1995; Bansal et al., 1999). In Egypt, the main compo-
nents of the 7. minuta essential oil were monoterpenes of which #rans- and cis-tagetone
were present in 52.3 % - 64.2 % (Mohamed et al., 2002). In Iran, the GC and GC-MS
analysis revealed the main components to be a-terpineol (20.8%), (Z)-B-ocimene (17.7%),
dihydrotagetone (13.7%), (E)-ocimenone (13.3%), (Z)-tagetone (8.4%) and (Z)-ocimenone
(6.1%) (Moghaddam et al., 2007). In other studies, out of one hundred and four chemical
components, the major constituents of 7. minuta essential oil were tagetone, E/Z-
ocimenone, E/Z-ocimene, germacrene, limonene, trans-anethole and dihydrotegetone
(Héthelyi et al., 1986¢). From these analyses, it could be seen that the composition of the
oils varied according to a number of facotors: the harvesting location (Cravelro et al.,
1988; Chalchat et al., 1995), growth stage (Héthélyi et al., 1986b), plant parts (Héthélyi et
al., 1986a; Chalchat et al., 1995), soil type and nutrient status (Graven et al., 1991) and
chemotypes (Gil et al., 2000) etc.

The biological properties of the essential oil of Tagetes minuta

Validation of some of the folkloric claims has shown that 7. minufa contains compounds
that have a wide range of bioactive properties. Z-B-ocimene and dihydrotagetone, which
are constituent compounds of the essential oil of T. minuta, were found to be antiviral,
active against carnation ring spot (CaRSV) and carnation vein mottle viruses (CaVMV)
(Okioga and Rajamannan, 1997; Singh et al., 2002). The essential oil of 7. minuta gener-
ally affect a variety of microbial organisms (Ross et al., 1981; Héthelyi et al., 1989 Souza
et al., 2000; Senatore et al., 2004). Allelopathic activities of Tagefes spp, particularly those
against nematodes (Meloidogyne spp), have been reviewed (Akhtar and Malik, 2000; Ko-
kalis-Burelle and Rodriguez-Kabana, 2006). Nematocidal activity of 7. minuta roots is
attributed to thienyls while the biocidal components of the essential oil from flowers and
leaves are terpenoids (Vasudevan et al., 1997). Dihydrotagetone and Z-B-ocimene isolated
from 7. minuta oil showed strong nematicidal activity against eggs and juveniles of Meloi-
dogyne incognita with dihydrotagetone showing a higher level of toxicity than Z-B-
ocimene (Adekunle et al., 2007). Some evidence suggests that the secondary compounds of
T. minuta are inhibitory to parasitic root nematodes and other microbes (Soule, 1993).
While carotenoid pigments from Tagetes are useful in food coloring, the volatile oils of 7.
minuta are used as flavour components in food products and as perfumes, and have a sup-
pressive biological activity against some insects and pathogens (Vasudevan et al., 1997).

Tithonia diversifolia (Hemsley) A. Gray

Origin and morphology of Tithonia diversifolia

Tithonia diversifolia is a member of the sunflower family, Asteraceae. Tithonia was named
for Tithonus, a legendary Trojan loved by the dawn goddess Eos, who turned him into a
grasshopper. Tithonia diversifolia is native of Mexico and Central America and is culti-
vated for its beautiful flowers and enormous size. The genus occurs throughout Middle
America and the West Indies and has become naturalized around the tropics. Depending on
the geographical location of the plant, it may be either annual or perennial, 2-3 m in height
with upright and sometimes ligneous stalks in the form of woody shrubs (Fig. A2.2). The
plant is mostly leafless on its lower parts. The leaf arrangement is helically alternate. The
typical leaf is 15-30 cm long and has a minute roughness (scabridity) on the upper surface.
The whitish petiole (acuminate) is fringed halfway with blade tissue at the terminus of
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pinene (10.9%) and 1, 8-cineole (9.1%). Germacrene D (20.3%), B-caryophyllene (20.1%)
and bicyclogermacrene (8.0%) characterized the oil of the flower while a number of ali-
phatic fatty acids and a diterpenoid compound, sandaracopimaradiene, that were present in
the flower, could not be detected in the leaf oil (Moronkola et al., 2007).

The biological properties of the essential oil from Tithonia diversifolia

The validation of some of the folkloric claims have shown that T. diversifolia contains
compounds that have a wide range of bioactive properties, namely, cytotoxic (Wu et al.,
2001), anti-malarial (Elufioye and Agbedahunsi, 2004b), anti-inflammatory (Riingeler et
al., 1998; Owoyele et al., 2004), potential cancer chemopreventive (Gu et al., 2002), anti-
amoebic (Tona et al., 1998), antiviral activity against human immunodeficiency virus type-
1 (Cos et al., 2002), anti-diarrhoeal (Tona et al., 1999), anti-amoebic and spasmolytic ac-
tivities (Tona et al., 1998, 2000), and analgesic properties (Owoyele et al., 2004). Tagitinin
C, an anti-plasmodial sesquiterpene lactone, has been isolated from the aerial parts of T.
diversifolia for development (Goffin et al., 2002; 2003). (-)-Germacrene D, a chemical
constituent of the essential oil of 7. diversifolia, increases attraction and oviposition by the
tobacco budworm moth Heliothis virescens (Mozuraitis et al., 2002). Compounds isolated
from the aerial parts of T. diversifolia showed cytotoxic activity against HL-60 leukemia
cells with ICsq values ranging from 0.13 to 13.0 pM (Kuroda et al., 2007). Tithonia diversi-
Jolia has also been reported as a potential candidate for bioinsecticide preparations against
Callosobruchus maculatus (Coleoptera: Bruchidae) (Adedire and Akinneye, 2004).
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Samenvatting

Samenvatting

Dit proefschrift beschrijft de effecten van verscheidene etnobotanische plantenextracten op
het gedrag van de teek Rhipicephalus appendiculatus (bruine oorteek), de belangrijkste
overdrager van East Coast fever (ECF) op rundvee in Centraal- en Qost-Afrika. Gebruik
makend van participatieve onderzoeksmethoden, de traditionele kennis over tekenbestrij-
ding onder de bevolking van de Bukusustam uit West Kenia werd verzameld met het doel
te achterhalen welke plantensoorten gebruikt worden om teken, die een bedreiging voor de
veestapel vormen, te bestrijden. Dit resulteerde in een lijst van meer dan 150 plantensoor-
ten vallende onder 10 genera en 51 plantenfamilies. Een selectie van 8 plantensoorten uit
deze lijst werd gebruikt om etherische olién te maken, welke vervolgens in het laboratori-
um gebruikt werden in gedragsexperimenten met teken. Uit deze eerste experimenten kwa-
men de planten Tagetes minuta (geelgroen afrikaantje) en Tithonia diversifolia
(Mexicaanse zonnebloem) naar voren als het meest geschikt om verder getest te worden.

Door middel van twee-keuze-experimenten in het laboratorium werd vastgesteld
dat etherische olién afkomstig van 7. minuta of T. diversifolia een dosisathankelijke, afsto-
tende werking op het klimgedrag van de teek hebben. Op stieren bleek dat R. appendicula-
tus een voorkeur hebben om zich aan de binnenzijde van de oren vast te hechten. Behande-
ling van de oren van stieren met het extract van zowel 7. minuta als T. diversifolia resul-
teerde in een significante afname van tekenbeten in het oor. Deze afname werd ook in een
veldexperiment gevonden, waar de extracten naast een afname van R. appendiculatus ook
voor een significante afname van andere tekensoorten op de runderen zorgden. Tevens
bleek uit veldexperimenten dat 7. minuta een sterkere werking op alle aangetroffen teken-
soorten heeft dan T. diversifolia.

De in dit proefschrift beschreven resultaten tonen de potentie van etherische olién
van planten voor de bestrijding van R. appendiculatus en andere tekensoorten, bijvoor-
beeld met een “push-pull” methode, en daarmee gepaard gaande door teken overdraagbare
ziektes in veehouderijsystemen in tropisch Afrika.
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