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management and social upheavals which make the method less dependable. In
Zimbabwe, heavy losses of cattle have been reported to have occurred following the
disruption of dipping in tribal areas as a result of war (Norval, 1979). The mechanical
spraying equipment is prone to mechanical failure and blockage making this control
method much less dependable. The method is time consuming as animals have to travel
long distances and worsen health conditions of wéak and young animals. The
mechanical spray race is fast and the acaricide is freshly prepared but it is wasteful. On
the other hand, hand spraying is affordable to most small scale farmers, it requires very
few animals and does not provide complete wetting resulting in poor tick control
(FAO,1984). In dipping and spraying, the animals must be herded and driven to or
through the treatment area. These techniques are labour intensive and stressful to the
livestock. There is a high potential for spillage posing environmental hazards to the
surrounding area as well as health hazards to the workers.

The other way of applying acaricides is by using systemic acaricides which are
chemicals of low mammalian toxicity administered by mouth, injection or
implantation. This is an innovative method which eliminates or bypassés some of the
problems incurred when chemicals are applied to the host surface since they attack
ticks by way of bloodmezﬂ. Nolan et al. (1981) found ivermectin to be one such
systemic acaricide which is extremely effective against ticks by injection route, implant
or rumen bolous. This method is not generally acceptable especi_ally for food providing
animals because of the toxic residues that can concentrate and remain in the animal
tissues for long periods (Norval ef al.1994b). Slow release devices such as acaricide

impregnated ear tags have been shown to be effective in controlling the ear tick
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CHAPTER TWO

2.1 GENERAL MATERJIALS AND METHODS

2.2 Ticks

Unfed nymphs and adult ticks of 4. vaﬁegatum were obtained from the
ICIPE tick rearing unit from a colony that has been maintained since 1978 and
whose origin was from a dog in the Langata area (Thuo,personal communication).
The ticks were reared on adult naive Newzealand white rabbits. Ticks of between
one and three months post moulting age were used in the experiments (Adult male

and female of A. variegatum are shown on Plate 1).

2.3 Rabbits

Naive adult Newzealand white rabbits were obtained from the Animal
Rearing and Quarantine Unit (ARQU)at the ICIPE. They were kept in rabbit cages
and fed on commercial pellets obtained from Unga feeds Kenya limited and clean

piped water.

2.4 Fungi

Isolates of B. bassiana and M. anisopliae were obtained from cultures that
have been maintained in the department of Molecular Biology and Biotechnology at
the ICIPE by preserving them in mineral oil and liquid Nitrogen. The Beauveria

bassiana isolate was originally obtained from the banana weevil, Cosmopolites













































40
Table 2. Mean percentage number (+SE) of A. variegatum ticks responding to increasing doses
of AAAP in a choice olfactometer.

AAAP Dose Type Number to AAAP  Number to hexane % response

(mg)
1.1 male 36.11+2.78abcd 13.89+2.788bcd 4433
female 7.78+2.78abcd 13.89+2.78bcd 33.20
nymph 2.22+14.70bcd 27.78+5.55abed 1133
22 male 5.5612.78b 22 2247.35b -59.88
female 8.33 0.00b 5.56 2.78b 19.76
nymph 11.11£11.11b 77.78+54.71a -1335
33 male 5.56+2.78b 33.3314.81b -71.31
female 5.56+2.78b 11.11+2.78b -39.52
nymph 0.00+0.00b 16.67£16.67b -100.00
4.4 male 5.56+2.78b 19.44+2.78b -55.33
female 5.56+2.78b 2.781+2.78b 34.00
nymph 0.00+0.00b 16.67+0.00b -100.00
5.5 male 5.561+2.78b 8.3310.00b -19.76
female 11.11+5.55b 19.44+10.02b -27.32
nymph 0.00+0.00b 27.78+11.11b -100.00
6.6 male 5.56+2.78b 25.004+4.81b -63.49
female 2.78+2.78b 11.11+£2.78b -75.19
nymph 0.00+0.00b 22.22+5.55b -100.00
1.7 male 8.33+0.00b 19.44145.55b -39.99
female 2.78+2.78b 8.33+4.81b -50.38
nymph 0.00+0.00b 16.6749.62b -100.00
8.8 male 2.78+2.78b 19.44+2.78b -75.19
female 8.3318.33b 8.33+0.00b 0.00
nymph 0.00£0.00b 33.3319.62b -100.00
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with cotton wool. The ticks were then marked using the artist’s paint ( Rowney
Georgian oil colour,made in England, London HA 35RH). Males were marked on the
lower quarter of the scutum while females were marked on the lower quarter of the
dorsal side. The paint was in tubes which consisted of various colours and each colour
was prepared separately by placing equal amounts of paint and linseed oil in a petridish
and then mixing them using the painter’s brush until the two were harmonious. Using
the painter’s brush, different colours were taken each at a time and the ticks that were
previously counted and placed in tubes were then marked and returned into the tubes
and covered with cotton wool. The marking was done a day before the experiments

commenced.

4.1.2.2 The Site

The experiments were carried out at the ICIPE's Mbita Point field station
(Latitute; 0°25’S and 0° 30’S and Longitude; 34° 10E and 34° 15°E) situated in Suba
District Kenya. Mbita Point field station has an altitude of 1240m with annual rainfall of
1150mm and temperatures ranging between 21.1°C and 28.3°C. Two paddocks,
measuring about two acres which had previously been ploughed and planted with
Rhodes grass, were used (Plate 9). By the time the experiments commenced, the grass
was about 50cm tall. The experiments were carried out in 14 separate plots each of
which was prepared by measuring a circular plot ot radius measuring 6m.The grass
within this circular plot was cut to a height of about 5cm . Starting from the centre, the
plot was then marked using wooden pegs at intervals of 1m in a straight line all around

the plot at 45° interval between the lines. A small circle of 10cm radius was made at
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4.1.5 Discussion

In this experiment, it was observed that the longest distance from which ticks
were significantly attracted by the synthetic pheromone alone was a radius of 4 metres.
Hess and deCastro (1986) documented that A. variegatum females were attracted to
the synthetic pheromone in the field from a distance of 1metre. Bare ef al. (1997)
recorded 8 metres using AAAP and CO, traps with the Carribean strain. The findings
of this study are in agreement with them and have also confirmed that males of 4.
variegatum are also attracted to the synthetic pheromone.

In the Guadeloupe, Bare e al.(1997), reported that there was a gradient of
reactivity depending on the distance from the source of the pheromone with the least
number of ticks being attracted from the furthest distance from the source. Similar
findings were obtained in this experiment with AAAP dose of 6.6mg attracting the
highest number of ticks within a radius of Sm from the source of the pheromone.
However, unlike the Guadeloupean strain which was only attracted to the AAAP in the
presence of CO, (Barre et al. 1997), the Kenyan strain was attracted by AAAP in the
absence of CO; although in small numbers.

From the findings of this study, it was evident that soil temperatures play an
important role in the response of ticks to the AAAP. Extreme temperatures reduced
the tick movement and most ticks sought hiding places below grass roots, cracks in the
ground or under the litter. Similar observations were made by Norval ef al. (1989a)
with 4. hebraeum which were not attracted when soil temperatures were above 35°C.
Barre et al.(1997) reported that there was a significant reduction in the number of 4.

variegatum captured from August to October in Guadeloupe, when the soil
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Table 5. Mean percentage number (+SE) of 4. variegatum ticks attracted to AAAP
combined with carbon dioxide from different distances in the field

Distance(m)
Treatment 1 2 3 4 5
AAAP+ 98.33+1.05a 93.33+2.47ab 88.331+3.33ab 78.33£11.59b 29.17+13.19¢
500gCo>
AAAP 34.1743.00a 19.17+5.23a 18.33+5.72a 22.5049.89a 0.83+0.83b
Co, 0.83+0.83a  0.00+0.00a 1.67+1.67a 0.00+0.00a 0.00+0.00a
Par. oil 0.00£0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a
Par. = Paraffin

Means within the same row followed by different letters are significantly different at the
5% level based on the SNK test.
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Mean percentage number (£SE) of A.variegatum ticks attracted to AAAP
combined with different weights of Co, from varying distances in the field

Distance(m)

Treatment

AAAP+
500g Coy

AAAP+
50g Coz

AAAP+
5g Coz

Par. oil

98.33+1.67a 93.33+4.41a 85.001+2.89a 60.18+8.02b 58.33+4.41b

91.67+4.41a 81.68+7.26ab 73.331+8.82b 21.67+7.26c 8.33+4.41d

23.33+£7.26a 0.00+£0.00b 0.00+0.00b  0.00+0.00b  0.00+0.00b

0.00+0.00a  0.00+£0.00a  0.00+0.00a  0.00+0.00a  0.00+0.00a

Par=Paraffin

Mean within the same row followed by different letters are significantly different at the 5%
level based on the SNK test.
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Mean percentage numbers (+SE) of A. variegatum killed due to infections caused by
varying concentrations of the oil and water formulations of B bassiana, M.
anisopliae and the mixture of the two fungi during the dry season

Table 8.

B. bassiana M. anisopliae

B. bassiana + M. anisopliae

Formulation
Concentration  oil water oil water oil water Distilled Peanut
water oil
(spores/ml)
0 0.001+0.00a 0.33+1.92b
1x10° 7.78+1.11a 3.33+1.92a 10.00+3.33b 1.11t1.11a 3.33+1.92b 3.33+0.00a
1x10° 6.67+3.85a 5.56%x1.11a 8.89+5.55b 2.2242.22a 10.00+5.77ab 3.3310.00a
1x10’ 6.67+0.00a 2.22+1.11a 10.00+5.09b 0.00+0.00a 11.11+1.11ab 1.11+1.11a
1x10® 5.56+2.22a 3.33+1.92a 7.78+2.94b 6.67+3.33a 15.56%1.11ab 5.56%1.11a
1x10° 11.11+1.11a 8.89+2.94a 30.00+21.69a 3.33+1.92a 24.44+1.11a 3.33+1.92a
1x10" 10.00+0.00a 5.561+4.00a 17.78+4.00b 7.76+2.22a 20.00+0.00ab 13.33+3.85a
1x10" 15.56+1.11a 11.11+2.94a 15.5612.22b 10.00+0.00a 24.44+1.11a 16.67+.5.09a

Means within the same column followed by different letters are significantly different at the 5% level based on the SNK test.
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and the mixture of the two fungi during the wet season

Mean percentage numbers (£SE) of A. variegatum killed due to infections caused
by varying concentrations of the oil and water formulations of B. bassiana, M. anisopliae

B.bassiana

M. anisopliae

B. bassiana+M. anisopliae

Formulation
Concentration  oil water oil water oil water Distilled Peanut
(spore/ml) water oil
0 1.1141.11F 3.3343.33f
1x10° 22.2241.11e 10.00+0.00c 18.89+1.11e 11.11%1.11c 31.11+1.11d 11.1142.94d
1x10° 23.33+1.92e 21.1142.94b 26.67+1.92d 13.334+0.00c 26.67+1.92d 12.22+1.11d
1x10’ 25.56+2.22¢ 11.11xl1.11¢ 31.11+1.11d 11.11£l.11c 54.44+1.11c 21.11+2.94¢
1x108 35.56+4.00d 10.00+0.00c 43.33+5.09¢ 12.22+2.22¢c 60.00+33.85¢ 38.89+2.22b
1x10° 45,5614.00c 28.89+2.22b 68.890+4 44a 26.67+1.92b 81.11+2.22b 35.56+1.11b
1x10" 60.00+0.00b 25.5612.22b 68.89+4.00a 26.67+1.92b 81.11+2.22b 35.56+1.11b
1x10" 66.67+t1.92a 42.2244.00a 73.33+1.92a 38.89+1.11a 92.22+1.11a 48.89+1.11a

Means within the same column followed by different letters are significantly different at the 5% level based on the SNK test.







































99

Table 10. Mean percentage number (+SE) of ticks killed due to infections caused
by B. bassiana, M. anisopliae and the mixture of the two fungi treated
with varying concentrations of AAAP.

AAAP B. bassiana M. anisopliae B.bassiana+ Distilled Peanut oil

dose(mg) M.anisopliae water

0 98.89+1.11a 100.00+0.00a 100.00+0.00a 0.33£0.33b  0.00+0.00b

1.1 100.00+0.00a 96.67+1.92a 100.00+0.00a2 0.00£0.00b  3.3313.33b

22 98.89+1.11a 97.78+1.11a 100.00+0.00a 0.00+0.00b  3.33%3.33b

3.3 96.6740.00a 94.44+222a 97.78+1.11a 0.00+0.00b 3.33+3.33b

4.4 97.78+1.11a 95.56+2.22a 97.78+1.11a 3.33+0.00b 4.44+2.94b

5.5 95.56+1.11a 92.22+1.11a 94.44+1.11a 222+1.11b 222+1.11b

6.6 90.00+0.00a 93.33+1.92a 96.67+0.00a 0.33+0.33b  0.00+0.00b

7.7 85.56+4.00a 93.33+0.00a 94.44+1.11a 0.33+0.00b 3.3310.00b

8.8 91.11+1.11a 90.0043.33a 93.33£0.00a 1.11£1.11b  0.3310.33b

9.9 87.78+2.94a 87.78+1.92a 91.11+l1.11a 0.3330.33b 3.3343.33b

11 85.89+4.00a 65.56126.13b 91.1142.94a 3.33£3.33b  3.3343.33b

Means within the same column followed by the same leter are not significantly different at the

5% level based on the SNK test.
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Table 11a.  Mean percentage number (£SE) of A. variegatum killed due to infections caused by the
lateral transfer of B. bassiana, M. anisopliae and the mixture of the two fungi.
Duration: 24 hours  Ratio: 1:1
Type of transfer B.bassiana M.anisopliae M.anisopliae+ Distilled water
B.bassiana
male to fem 33.33£16.67mnop  26.67+3.330pqr 43.33+3 33ijklm 6.6710.67Tuvw
male to male 36.671£12.02lmno 36.67+8.82imno 60.00+5.77defg 0.00+0.00w
Fem to male 20.00+10.00qrst 30.00+10.00nopq 26.67+6.67opqr 0.00+0.00w
Fem to fem 30.00+0.00n0pq 36.67+8.82lmno 36.67+14.531mno 0.0040.00w
Fem to nymph 56.67+3.33efgh 73.3348.82bc 80.0010.00ab 3.33+3.33vw
male to nymph 56.6718.82efgh 66.6716.67cd 86.681+3.33a 10.00+5.77Ttuvw

Fem to male(tog) 46.6713.33hyk

Fem to fem(tog) 36.67+12.02lmno
male to male(tog)  43.3343.33ijklm

male to fem(tog) 30.0015.77nopq

20.004+10.00qrst
33.3343.33mnop
36.667+3.33lmno

40.00+11.55klmn

56.67+8.82efgh
56.671+6.67efgh
46.667+12.02hijkl

46.67+6.67hijkl

3.33+3.33vw

3.3343.33vw

3.3343.33vw

0.00+0.00w

Fem= Female Tog= Together

Means followed by different letters within the same row of each set of type of transfer are significantly different

at the 5% level based on the SNK test.
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Table 11d.  Mean percentage number (+SE) of A. variegatum killed due to infections caused
by the lateral transfer of B. bassiana, M. anisopliae and the mixture of the two fungi.
Duration: 30 minutes Ratio: 1:3

Type of transfer B.bassiana M.anisopliae M.anisopliae+ Disfilled
B.bassiana water

male to fem 3.704£3.71vw 11.11+6.41stuvw 0.00+0.00w 0.0040.00w

male to male 7.41+3.71uvw 0.00+0.00w 11.1140.00stuvw 0.00+0.00w

Fem to male 7.4113.7T1luvw 7.4113 . 7luvw 7.41+£7 41uvw 0.0010.00w

Fem to fem 40.74+40.74klmn 11.1116.41stuvw 7.4143.71luvw 0.004+0.00w

Fem to nymph 22.2240.00pqrs 18.5249.80qrstu 25.9310.000pqr 0.00+0.00w

male to nymph 3.7043.71vw 11.11+6.41stuvw 7.4143.71uvw 0.00£0.00w

Fem to male(tog) 14.8143.71rstuv 14.8119.8rstuv 18.5243.71qrstu 3.3343.33vw

Fem to fem(tog) 7.4143 . 7Tluvw 0.00+0.00w 3.70+3.71vw 0.00+0.00w

male to male(tog) 18.5247.41qgrstu 18.524+13.35qrstu 14.8143.71rstuv 3.334£3.33vw

male to fem(tog) 14.8143 . 71rstuv 3.7043. 7 1stuvw 11.1146.41vw 0.00+0.00w

Fem =Female Tog =Together

Means followed by different letters within the same row of each set of type of transfer are significantly different

at the 5% level based on the SNK test.
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the device and then incubated in the laboratory and 66.2% for ticks which were exposed
to the fungi in the field and then left in the vegetation for three weeks. The device has a
high degree of efficiency and it may be suitable for use to reduce 4. variegatum
populations in the field on small scale farms. A farmer may only require about three
traps which can be moved from one place to another to infect 4. variegatum on a 2 acre
plot within one week. The trap should be used alongside other ITM packages especially
in rotational grazing where the field is not under use can be cleared of ticks before
letting back the animals.Since the device is cheap, it may be suitable for the resource
poor farmers with small farms as is the case in many African countries. The device can
also be used in any type of climate where fungi can thrive. In places where the fungi
cannot grow, it can be replaced by other suitable pathogens or even acaricide. The use
of acaricide in the device may not be very harmful because it will be localised in the
traps which will minimise environmental pollution and will not be harmful to non-target
animals including livestock since the devices can be removed immediately after use.
Since there is also no direct contact between the acaricide and livestock animals, this
eliminates the possibility of consumable products from the animals being contaminated.
However, the device as it is now, needs a number of modifications in order to
achieve more efficiency.
1. The device should be made of either plastic or wooden material to avoid heating up
during the hot weather which would otherwise prevent ticks from entering the trap.
2. The slow release method for the AAAP could be modified in the form of solid balls
made of suitable materials for easy use, packaging and marketing.
3. Similarly, the fungal oil formulation may be packaged in a more commercially

acceptable manner for easy use.
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APPENDICES

Appendix 1. ANOVA table on the attraction of 4. variegatum to decreasing
doses of AAAP in a choice olfactometer

Source DF TYPEIN MSS F Pr>F Sig
55

DOSE 9 2.242 0.249 456 0.0001 ***

TYPE 2 3.063 1.532 28.04 0.0001 ***

TREAT 1 0.006 0.006 0.11 0.7440 NS

TYPE*TREAT 2 0.295 0.148 2.70 0.0710 NS

DOSE*TYPE 18 1.515 0.084 1.54 0.0880 NS

DOSE*TREAT 9 0.458 0.051 0.93 0.5000 NS

DOSE*TYPE*TREAT 18 1.151 0.064 1.17 0.2970 NS

DF = Degrees of freedom

SS = Sum of squares

MSS = Mean sum of squares

Sig = Significance

HE* = Highly significant (P< 0.001)

NS = Not significant

F = Variance ratio

TREAT = Treatment

TYPE = Males, Females and Nymphs

GLM comparisons based on square root (V(loglo(x+0.5)+l) transformed values
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Aﬁpendix 2 ANOVA table on the attraction of 4. variegatum to increasing

doses of AAAP in a choice olfactometer

Source DF TYPEII MSS F Pr>F Sig
SS

DOSE 9 1.113 0.124 195 0.0510 *

TYPE 2 0.862 0431 6.79 0.0020 **

TREAT 1 4.630 4630 72.89 0.0001 **A

TYPE*TREAT 2 1.140 0.570 8.97 0.0002 **A

DOSE*TYPE 18 0.940 0.052 0.82 0.6712 NS

DOSE*TREAT 9 0.794 0.881 1.39 02023 NS

DOSE*TYPE*TREAT 45 2.579 0.072 090 0.6465 NS

DF = Degrees of freedom

SS = Sum of squares

MSS = Mean sum of squares

Sig = Significance

* = Significant (P<0.05)

e = Significant (P<0.01)

FER = Highly significant (P< 0.001)

NS = Not significant

F = Variance ratio

TREAT = Treatment

TYPE = Males, Females and Nymphs

GLM comparisons based on square root (V(log1o(x+0.5)+1) transformed values
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Appendix 4. ANOVA table on the attraction of 4. variegatum to AAAP combined with
COz in the field

Source DF SS MSS F Pr>F Sig

TREAT 3 100381.250 33460417 268.73 0.0001 ***
DISTANCE 5 21050.000 4210.000 33.81 0.0001 ***
TREAT*DISTANCE 15 33070.833 2204722 1771 0.0001 ***

DF = Degrees of freedom

SS = Sum of squares

MSS = Mean sum of squares

Sig = Significance

BER = Highly significant (P< 0.001)
TREAT = Treatment

F = Variance ratio
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Appendix 5. ANOVA table on the attraction of A.variegatum to AAAP over different
weights of CO; in the field

Source DF SS - MSS F Pr>F Sig
TREAT 5 76304.861 15260.972 281.74 0.0001 ***
DISTANCE 5 15907.639 3181.528 58.74 0.0001 ***
TREAT*DISTANCE 25 29960417 1198417 22.12 0.0001 ***
DF = Degrees of freedom

SS = Sum of squares

MSS = Mean sum of squares

Sig = Significance

¥ = Highly significant (P< 0.001)

TREAT = Treatment

F = Variance ratio
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Appendix 9. ANOVA table for the compatibility of fungi and the AAP of A. variegatum

Source of DF SS MSS F Pr>F sig
variation

FUNGI 2 343.659 171.829 2.43 0.0955 ns
CONC 10 2788.777 278.878 3.95 0.0003 ***

FUNGI*CONC 20 1063.749 53.187 0.75 0.7563 ns

DF  =Degrees of freedom

SS = Sum of squares
MSS =Mean sum of squares
Sig = Significance

NS  =Not significant

**x  =Highly significant (P< 0.001)
F =Variance ratio

Conc = Concentration

/
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Appendix 10. GLM analysis table on the lateral transfer of B. bassiana, M. anisopliae
and a mixture of B. bassiana and M. anisopliae by A. variegatum

Sources DF  TypeIll F Pr>F  Sig
of variation SS

RATIO 1 4.624 114.26 0.0001 ***
DURATION 1 1.575 3891 0.0001 ***
TYPE 9 2.158 0.24 0.0001 ***
TYPE*FUNGI 27 1.876 1.72 0.0162 *
FUNGI 3 7.540 62.11 0.0001 ***
RATIO*DURATION 1 1.877 46.39 0.0001 ***
RATIO*TYPE 9 0.836 230 0.0164 *

DF  =Degrees of freedom

SS = Sum of squares

MSS = Mean sum of squares

Sig = Significance

* = Significant (P<0.05)

***  =Highly significant (P< 0.001)
F = Variance ratio

TYPE = Males, Females and Nymphs

General Linear Models (GLM) comparisons based on square root (V(logo(x+0.5)+1)






