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Abstract: The study was conducted from December 2018 to January 2019 with the aim of determining the
appropriate dose of Cobalt 60 gamma cell on male Glossina pallidipes Uganda strains in Kaliti tsetse fly mass
rearing and irradiation center, Addis Ababa, Ethiopia. C060 Gamma cell providing different dose rates was used
for all treatments except the control group. In each group, male tsetse flies were given an irradiation dose 60,
80, 100, 120, 140, 160, 180 and 200Gy and wereevaluated on 4-6 days old adult males of G. pallidipes. Fecundity
of treated flies was reduced by 95% following exposure to 140Gy and aboveof Cobalt 60 gamma cell irradiation.
The higher proportion of dominant lethal in the sperm of G.pallidipes with increasing radiation doses was
reflected in the reproduction status of the female mate. Therefore, to ensure the sterility of G.pallidipesin a Co
Gamma cell 200 the decay time must be calculated each month of irradiation. To eradicate tsetse fly using Sterile
Insect Technique (SIT) the higher dose at least 140Gy irradiated males should be used. Further studies with
extended period would help verify these results and currently being used dose ranges.
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INTRODUCTION and release of males to introduce large amount of

The SIT relies on the production of large numbers of Ionizing radiations or chemical sterility induce dominant
the target insect in specialized production centers, the lethal mutation in the sperm that are used to sterilize
sterilization of the males pupae or adult fly and the males. To induce desired sterility, the surplus males
sustained and systematic release of the sterile males over should be irradiated with the appropriate dose of the
the target area in numbers large enough in relation  to  the radiation sources [7]. Therefore, this study aimed at
wild male population to compete them for wild females. determining the appropriate dose  of  Cobalt  60  gamma
Mating of the sterile insects with virgin native females will cell on  male  G.pallidipes  Uganda  strains  in  Kaliti
result in no offspring. With each generation, the ratio of tsetse fly mass rearing and irradiation center, Addis
sterile to wild insects will increase and the technique Ababa, Ethiopia.
becomes therefore, more efficient with lower population
densities [1, 2]. This novel approach has been MATERIALS AND METHODS
successfully recently used in Zanzibar where it eradicated
Glossinaausteni from Unguja Island [3] and promising Study Methods and Design: All flies used for the
results were recorded in Deme Valley of Ethiopia [4]. experiment were derived from the tsetse fly mass rearing

The SIT is one of several methods that could be colonies on membrane feeding system, inKaliti tsetse fly
useful in providing more effective and acceptable pest mass rearing and irradiation center, Addis Ababa
management. Genetic control is the introduction of Ethiopia. For this experiment, 225 males and 225 females of
genetic factors into insect populations that  reduce or G.pallidipes were randomly selected from the stock
eliminate the pest problem by matingwith wild populations colony and divided in to nine groups and in each group
[5]. It involves the mass rearing, radiation or sterilization 50(25 male and 25 female) flies were included. The flies

dominant lethal mutations into the native pest species [6].
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were kept in the same insectariumwith the stock at experimental groups, respectively. The average life span
temperature of 23-24°C and relative humidity of 75-80%. of untreated and treated males of Glossina pallidipes is
Co 60 Gamma cell providing different dose rates was used depend upon radiation dose. The average life spans of
for all treatments except the control group. In each group untreated males survive significantly longer as compared
only male tsetse flies were given an radiation dose 60, 80, to treated males. High radiation dose were required to
100, 120, 140, 160, 180 and 200Gy on day 4-6 following decrease the life span.
emergence.   Then   males   were   allowed   to  mate  with In all doses, the number of pupae collected
2-3 days virgin females of the same species in 1:1 ratio. wassignificantly lower than the control group over 55
Male and female kept together for 3 days in days of observation after treatment. Production of pupae
standardcolony cages. Their  survival  and  production was negatively correlated with the dose rates (Figure 1).
was checked daily for 55 days. Flies were fed bovine The emergence rate of adult flies from females mated with
blood on membrane 4 times per week and larviposition males irradiated with different doses was assessed and
receptacles were checked for expelled eggs, immature and ranged from 0 to 8.70%. Upon dissection, the number of
mature larval stages every day starting on day 14 blocked pupae in females mated with 80Gy was higher
following emergence [8]. than others (Table 1).

All pupae were weight on the next day and recorded
on larviposition date. After the end of theexperimental DISCUSSION
period (55 days), all survived females were dissected and
their reproductive status  assessed.  The  motility of The expected proportional of dominant lethal
sperm was recorded by visual observation ofruptured indicated  in   the   sperm   of   male   G.   pallidipes   and
spermathecae under a compound microscope. Fecundity G.  fuscipesfuscipes   by   gamma   radiation  increased
was expressed as the number of pupaeproduced per with increasing doses. Adose of 120Gy and above
mature femaleper 10 days. administered to 4-6 days old males following the

Data Analysis: All statistical analysis was performed G. pallidipes.
using STATA software version 12 (Stata Corp, Texas, The induction of dominant lethal mutation in >120Gy
United States of America. Descriptive statistics were used treated males sperm was expressed in the female mated by
to summarize the data. Negative binomial regression was a high rate of extruded dead embryos. The examination of
used to observe the effect of radiation doses on pupae reproductive status of female showed that almost absence
production. of immature larvae in the uterus. These finding showed as

RESULTS during early or advanced stages of embryo genesis [9].

For both the control and experimental groups the doses (120Gy and above) showed significantly higher
minimum survival of the female at the end of the abortion rate of eggs/larvae compared to the lowest dose
experimental  period  was 88% and 70% for the control and treated (60, 80 and 100Gy)  and  control.  Previous  studies

emergence  induced   more   than   95%   sterility  in  the

the sterilizing gamma dose inhibits development offspring

Females mated with males irradiated with higher

Fig. 1: The number of aborted egg/larvae in response to different doses of gamma irradiation
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Table 1: The reproduction performances of femaleG. pallidipes mated with males irradiated with different doses of gamma radiation
S/N Dosage (Gy) Fecundity Emergence rate Crippled P-value 2
1 60 0.131 8.70 0 0.003 25.005782
2 80 0.069 8.33 1
3 100 0.040 14.29 1
4 120 0.011 0.00 0
5 140 0.006 0.00 0
6 160 0.006 0.00 0
7 180 0.000 0.00 0
8 200 0.000 0.00 0
9 Control 0.360 95.24 2

indicated  that  radiation  may  be  used  as  genetic eggs/larvae was positively correlated to dose. A similar
control involving the  release  of  irradiated  sterile males study indicated that porous female flies when mated with
so that most of the females will lay sterile eggs or give sterile males showed imbalance between their uterus
birth to immature larvae [10]. These  relations  showed content and development of the follicle next in the normal
that sterility with a higher dose (120Gy and above) may ovulation sequence, which means uterus becomes empty
have more effects on the normal reproduction due to expulsion of a dead embryo or with a degenerating
performance of females leading to decreased number of egg in uterus classified as having mated with a sterile
flies over time. males [15]. The present results also showed that females

The study indicated that radiation had significant mated with sterile males had more abortion of egg/larvae
effect on the male G.pallidipessubjected to different at higher number of sterile males in the cage than fertile
doses.Both the number of normal pupae produced and the males.
number of adults emerged from pupae produced by In the current study all are important that the
females mated with sterile males were inversely sterilization using appropriate dose, the appropriate ratio
proportional to dose.  This is in agreement with the of sterile to fertile male and the time at which sterility was
finding of byParker and Mehta [11] in which they done efficiently are relevant. This is in agreement to that
indicatedthe radiation dose absorbed by an insects to by Vreysen et al. [16], who stated that SIT relies on the
induce sterility is the main advantage in pest management production of large numbers of the target insect in
campaign using SIT. Flies received lower doses might not specialized production centers, the sterilization of the
be sterile effectively [12]. This can be related with the fact males pupae or adult fly and the sustained and systematic
that irradiation of male insects may result in dominant release of the sterile males over the target area in numbers
lethal mutations in the sperms, killing or weakening large enough in relation tothe wild male population to out
thespermatogonial cells and inactivation of sperms. compete them for wild females.
Fertility showed a dose-dependent reduction with
increasing dose [13]. CONCLUSION

The percentage of emergence for all collected pupae
irradiated at different doses were assessed and significant The irradiation effects on the experimental groups of
lower in higher doses [14]. tsetse flies at different doses mated fertile femalesshowed

Indirect effect on their mates was demonstrated by that the number of aborted eggs/larvae was directly
the extrusion of dead embryonated eggs at irregular proportional with dose. Females mated with males
intervals following ovulation and the occurrence of irradiated at higher dose were resulted in high abortion of
aberrations in the reproductive system as a direct eggs/larvae, significant reduction of pupae and reduced
consequence of uncompleted pregnancy cycles. the number of emerged adult from pupae than the lower

In order to get desired radiation effects to eradicate irradiation doses. In addition, the number of pupae
tsetse fly using SIT, males need to be treated with higher produced and adults emerged from pupae were lower in
doses (120Gy and above) so that significant reduction of groups where sterile males were higher than fertile males
the next generation of the target population. The results and the effect was inversely proportional. Therefore, to
of the current experiments showed that production of ensure the sterility of G.pallidipes, in a Co60 Gamma cell
pupae and emergence of adults from pupae produced by 200 flies should be irradiated at higher doses, probably
females mated with treated males were inversely minimum of 120Gy and the decay time must be calculated
proportional to doses, whereas the number of aborted from time to time.
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