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Abstract: Fruits of Ximenia americana provide oil that is used for food and cosmetics. However, oil production potentials
are limited by damages caused by the fruit flies. This research focused on the identification of the harmful insects of the
ripe fruits of X. americana, the measure of morphometric and demographic parameters. Damages were also determined.
Samplings were carried out in two sites and consisted in fruits collection on 10 randomly selected mature trees per site.
Fruits are sorted to separate healthy ones and portions of damaged ones were incubated in order to follow insects rearing.
Two species of fruit flies were identified for the first time on X. americana. They were Ceratitis quinaria (BEZZI) and
Ceratitis silvestrii (BEZZI).Their morphometric and demographic parameters varied according to the sites. Parasitoids
from the genus Diachasmimorpha were also identified. The rate of damaged fruits varied from 85.5% at Yagma to 95.5 %
at Gampela, that compromises the efficient exploitation of this fruit. This work provides relevant information which will
help to set up a sustainable management of X. americana’s pests in Burkina Faso.
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INTRODUCTION

The non-timber forest products (NTFPs) are defined as
goods of biological origin, other than woody products, de-
rived from forests [1]. In Burkina Faso, these forest products
play an important role in the populations nutrition, both
quantitatively and qualitatively [2, 3]. They provide liveli-
hood to rural communities during periods of food shortage
and help to balance their diet based mainly on cereals. Ac-
cording to FAO [4], the NTFPs in general, and wild fruits in
particular contribute to the vitamin and micronutrients defi-
ciencies correction. Despite their social and economic impor-
tance, little attention is paid to NTFPs and especially wild
fruit trees [5]. This is the case for Ximenia americana, a
plant that provides NTFPs including oil of the kernel, one of
its most important products. This shrub of the Olacaceae
family originates from America and is distributed in tropical
Africa. It grows in the savannah and the undergrowth of Su-
danian dry forests and requires an average annual rainfall of
300-1250 mm. In the flora of Senegal [6], it is noted that the
species is highly variable depending on its habitat. Individu-
als growing in the littoral are very thorny while those located
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in the middle have few short spines and are slightly sharp.
X. americana is a multipurpose species. Fruits are used for
food, the extracted oil from the kernel is used in cosmetics
traditional medicine for the care of a very wide range of dis-
eases [6]. However, field observations revealed that the fruits
of X. americana are heavily infested by pests causing preco-
cious mould of ripe fruits. Faced to this situation and taking
into account its socio-economic importance, there is a need
to investigate more on this species and its pests to ensure its
preservation and promote its sustainable use.

Information on the biodiversity of destructive insects and
their damage on the plant are unavailable. The only informa-
tion on X. americana we have is about a Dipteran pest, An-
astrepha alveata [7]. This information gap must be filled in a
perspective of sustainable management of the species. In-
sects belonging to the family of Tephridae are a serious
threat to many fruit-plants [8]. Bactrocera and Ceratitis gen-
era are recognized as invasive species [9]. Damage to fruits
range from 30 to 70% [10, 11], which compromises the ex-
port of fruits to the northern countries [12].

In Burkina Faso, the first studies on the biology of fruit
flies were carried out by Ouedraogo [13] on mango fruits.
He identified flies from the genera Ceratitis and Bactrocera
which are responsible of the damage on fruits. Recent studies
have shown that these insects were found on other wild fruits
(e.g., Saba senegalensis, Sclerocarya birrea and Vitellaria
paradoxa) [14]. Considering the polyphagous status of these
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insects, one might wonder if the pest of X. americana are not
identical to those found on mango and wild fruits. This study
aims to contribute to a better knowledge of insect pests of
fruits of X. americana. Specifically, it aims at: (i) identifying
the insect pests of fruits, (ii) determining some demographic
(longevity, number of pupae/fruit, emergence rate and sex
ratio) and morphometric parameters (body size) of these in-
sects (iii) estimating damage caused by these insects to X.
americana fruits.

MATERIALS AND METHODS
Study Site

The study was carried out in the Central Region of Burk-
ina Faso (Fig. 1) at two sites: Gampela and Yagma. Gampela
is a village located at 20 km to the east of Ouagadougou (12
©25'51 "N, 1 ° 22 '18" W) with an altitude of 273 m. The
village of Yagma is located about 20 km to the north-west of
Ouagadougou (12 ° 25 '40, 61 "N, 1 ° 37 '12.21" W) with an
altitude of 332 m.

The climate of both sites is a north sudanian type, charac-
terized by a long dry season (November-May) and a short
rainy season (June-October). The average annual rainfall and
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temperature were 750 mm and 35° C, respectively. In both
sites, the vegetation is shrub savanna with herbaceous layer
dominated by annual grasses. Woody flora is dominated by
agroforestry species: Vitellaria paradoxa, Parkia biglobosa,
Tamarindus indica and Lannea microcarpa. There are also
species such as Combretum glutinosum, Combretum micran-
tum, Acacia macrostachya, Sclerocarya birrea, Bombax co-
statum, Sterculia setigera with some exotic species such as
Azadirachta indica, Eucalyptus camaldulensis and Mangif-
era indica.

Methodology

A collection of fruits was performed on two different
dates during maturation period at each site: 16" June and 17"
July, 2011 at Gampela and 15™ July and 1 August 2011 at
Yagma. Ten mature trees per site were randomly sampled.
Samples of ripe fruits were obtained per site by harvesting at
least ten mature individuals; each one being a random repli-
cate. They were packed in plastic bags and brought to the
laboratory. One hundred (100) fruits were collected in each
date of sampling. Infested fruits were separated from healthy
ones. ldentification of infested fruits was possible through
direct examination and when it was necessary, magnifying
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glass was used. Dissection is done to confirm the presence of
larvae in the pulp of the fruit. The damage caused by insects
on fruit result in perforations, stains, rot and loss of coloring.
The estimating of the extent of damage in collected fruits
was made through the infestation rate (Ir) by the formula:

Ir = Nif / Nt x 100 (Nif = number of infested fruit in the
sample and Nt = total number of fruits in the sample).

For determination of biological parameters, in laboratory,
ten plastic pots corresponding to each tree were ranged ac-
cording to four replicates. Thus, portions of infested fruits
from the two sites were individually placed for incubation in
plastic pots containing cotton wool soaked in sugar, until
adult insects emergence was observed. These experimenta-
tions were carried out in July in the laboratory of entomol-
ogy of the University of Ouagadougou.

That helped to determine the number of insects detected
on each tree, the rate of emergence, the expectancy lifespan
of adults (longevity) and sex ratio (number of male or fe-
male/total of male and female).

The following formula was used to determine the rate of
emergence (Er):

Er = Ne/ Np x 100 (Ne = Number of emerged individuals
and Np = total number of pupae)

Emerged insects were kept under laboratory conditions
(25° C, 12 h: 12 L) for monitoring of insect longevity. In-
sect’s specimen were collected after emergence and kept in
labeled bottles containing 70° alcohol for identification ac-
cording to morphological criteria used at routine by the labo-
ratory of the International Institute of Tropical Agriculture /
International Cooperation Center for Agricultural Research
and Development (IITA / CIRAD) was used. Once the in-
sects were identified, we measured the length of their body
with a caliper.

Statistical Analysis

All quantitative parameters were submitted to the Student
t-test using Statview [15].Overall, the results are expressed
as mean with their standard deviations. The significance
threshold was 5%.

RESULTS
Identification and Morphological Characteristics of Flies

Two species of fruit flies belonging to the same genus
have been identified. They are Ceratitis silvestrii (BEZZI)
and Ceratitis quinaria (BEZZI). They belong to Tephridae
family. Mesonotum and scutellum level were used to make a
difference between the two Ceratitis. Scutellum of C. qui-
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naria was white at its base and yellow near the thorax. It
carried little five black patches, three of which were clearly
visible from above; its mesonotum, pale pink, carried four
black patches, two of which were visible in most cases [16].

Conversely, the scutellum of C. silvestrii was white at its
base and had three distinct black patches that can be near the
thorax, with no brown small patches at the base. Its mesono-
tum was white with two black spots side [17].

In general, females of Ceratitis were larger than males in
both species (Table 1). The body size of flies from Gampeéla
was slighty greater than those from Yagma. At Yagma, the
body size were 3.57 mm and 3.69 mm for male and female
of C. silvestrii, respectively. At Gampela, individuals size
were 3.64 mm for males and 4.07 mm for females. Accord-
ing to C. quinaria at Yagma, the body sizes was 3.55 and
3.63 mm respectively for male and female. At Gampela,
males and females provide 3.65 and 3.73 mm respectively.

Diachasmimorpha, a parasitoid is also identified in our
collection. Its belongs to the hymenoptera order and ranged
in Braconidae family. It is recognized as parasitoids larvae
of the fruits flies [18]. In this current survey, twelve parasi-
toids have emerged from the fruits.

Biological Parameters of Fruit Flies

A significant difference was observed between the 2 sites
(P<0.05%; Fig. 2) according to the mean number of pupae of
Ceratitis per fruit. Gampéla fruits (2.5 pupae/fruits) were
most infested than Yagma fruits (1.23 pupae/fruits) (Fig.
2).The rate of emergence varied from one site to another.
Thus, C. quinaria was most important at Gampéla (76.8 %)
(p< 0.01**). At the Yagma site, it is C. silvestrii that has
emerged more than C. quinaria (70.5 %) (p < 0.01**); Table
2).

As far as the mean life span of the emerged adults is con-
sidered, it varied from 3.27 £0.05 to 3.7 £ 0.06 days for C.
quinaria and from 3.7 = 0.05 to 3.75 + 0.04 days for C.
silvestrii at Gampela and Yagma, respectively.

The sex-ratio was 1:1 for C. quinaria and 1.6:1 for C.
silvestri at Gampéla. At Yagma site, it was 0.6:1 for C.
silvestrii and 3:1 for C. quinaria (Table 3).

Estimation of Rate of Damaged Fruits by Ceratitis

A significant difference was observed between the rate of
damaged fruits at Gampela and Yagma (P<0.05*). They var-
ied from 85.5 % at Yagma to 95.5 % at Gampéla.

Although the statistical analysis revealed the decreasing
of damaged fruits between July and august at Yagma
(P<0.01**), no significant difference was recorded between

Table 1. Body Size (mm) (mean + SD) of Ceratitis Fruit Flies at Yagma and Gampéla
C. silvestrii C. quinaria
Site Male Female Male Female
Yagma 3.57+0.10 3.69 + 0.06 3.55+0.07 3.63+0.30
Gampéla 3.64+0.20 4.07 £0.20 3.65+0.20 3.73+0.10
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the sampling dates at Gampela (p = 0.2; Fig. 3a & 3b). There
is a connection between the level of Ceratitis populations
and the damaged fruits.

DISCUSSION

Two species of fruits flies, C. quinaria and C. silvestrii
were identified for the first time on X. americana fruits in
Burkina Faso, West Africa. The presence of these two flies
was described in Burkina Faso by Ouedraogo [13] on the
fruits of the mango tree (Mangifera indica L.) and on wild
fruits (e.g., Annona senegalensis, Vitellaria paradoxa, Saba
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senegalensis, Sclerocarya birrea, Ficus ingens, Sarcocepha-
lus latifolius and Landolphia heudoletii) [14]. They are con-
sidered as quarantine pest in the international exchanges.
These findings should be confirmed by the molecular biol-
ogy tools, because it is not excluded that biotypes/haplotypes
may exist according to the host plant and the geographical
areas. In this current study, we also targeted some mor-
phometric and demographic parameters of the two species of
Ceratitis. The body sizes of flies showed a variability ac-
cording to sex and geographical positions. The recorded
measures done on C. quinaria at Yagma are lower than those
obtained by Vayssieres [17]. However, these parameters of
the same species from Gampela are consistent with those

Table 2. Rate of Emergence and Mean Life Span of C. quinaria and C. silvestrii at Gampela and Yagma
Emergence (%) Life Spans (days)
C. quinaria C. silvestrii C. quinaria C. silvestrii
Gampéla 76.8+1.3Db 2466 £2.21b 3.27+£0.05b 3.70+0.05a
Yagma 312+17a 7050+ 1.38a 3.50+0.06 a 3.75+0.04a
t-Value 21.01 -17.54 -2.6 -0.69
p-value <0.0001 <0.0001 0.02 0.5

Means within a column followed by the same letter are not significantly different at p< 0.05.
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Mean number/frui

Gampéla
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Site

Fig. (2). Number of Ceratitis larvae/fruit at Gampela and Yagma (mean + SD).
Means within a column followed by the same letter are not significantly different at p<0.05*.

Table 3.  Emergence and Sex-ratio of C. Quinaria and C. Silvestrii offsprings at Gampéla and Yagma
Gampela Yagma
Number of Emergence Sex-ratio Number of Emergence Sex-ratio
Male Female Total Male :Female Male Female Total Male : Female
C. quinaria 26 26 52 01:01 9 3 12 31
C. Sylvestri 15 9 24 16:1 24 39 63 0.6:1
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Fig. (3a). Estimation of rate of damaged fruits by Ceratitis at Gamp
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Fig. (3b). Estimation of rate of damaged fruits by Ceratitis at Yagm

a.

Means within a column followed by the same letter are not significantly different at p<0.05*.SD : Standard deviation

found by Vayssiéres [17]. According to this author, the body
size of the adults are ranged between 3.6 and 4.5mm. This
variability could be related to the abundance of food and the
quality of the fruit. Indeed, we have observed that the fruits
from Gampela were more juicy and could contain more nu-
tritive reserves than those of Yagma, and may support a bet-
ter development of larva.

Concerning the demographic parameters, the life span of
the flies is relatively short. It is lower than that obtained by
Vayssiéres [17] which recorded 40 days as mean number
under 25°C and 75 % of relative humidity. As far as emer-
gence and sex-ratio are concerned, they vary according to the

site. In the future, a survey of other demographic parameters
(fecundity, duration of larval development, etc....) will help
to highlight the biological behavior patterns of these pests.

The difference in rate of emergence between the two spe-
cies is interesting data. There is a real connection between
the rate of the two flies emergence and damaged fruits.
Damage of fruits at Gampela is predominantly due to C. qui-
naria that exhibits the highest rate of emergence, probably
favoured by the protected status of the site. This high rate of
attack could be explained by the fact that this site shows bet-
ter conditions for the development of the flies. The abundant
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vegetation creates a favorable microclimate that supports the
development of flies.

On the other hand, C. silvestrii is mainly responsible of
fruits attack at Yagma site. This site is very open and is sub-
jected to a strong anthropic pressure (cuting trees, plough-
ings, cleared patch); that could explain the relatively lower
rate of fruits attack by the Ceratitis.

C. quinaria and C. silvestrii coexist at Gampéla and
Yagma. It is probable that one specie displaces gradually the
other one. Vayssiéres [19] reported the presence of C. silves-
trii and C. quinaria in the mango orchards respectively.
Moreover, Vayssiéres et al. [20] showed that these 2 species
are abundant only in dry season, but cause damage on only
the precocious mango cultivars. For these authors, the period
of fructification of the mango trees coincides with the inva-
sion of Batrocera. On X. americana, the infestation by
Ceratitis coincides with the period of fructification. Accord-
ing to Vayssieres [21], a correlation between fruit fly infesta-
tion of major mango cultivars in Borgou (Benin) and as-
sessment of damages was demonstrated.

The emergence of a parasitoid belonging to the Dia-
chasmimorpha genus can rise a real interest for the biologi-
cal control. According to Sivinski and Aluja [22], the suc-
cess of augmentative fruit fly biological control depends on
the survival, dispersal, attack rate and multi-generational
persistence of mass-reared parasitoids in the field. Moreover,
the efficiency of the entomopathogenic fungus (Metarhizium
anisopliae, isolate ICIPE 20) in suppressing adults and pu-
pariating larvae of several fruit flies species in the Ceratitis
and Bactocera genera has been demonstrated [23]. In Benin,
the predatory weaver ant, Oecophylla longinoda, contributes
significantly to fruit flies reduction in mango plantations [24,
25].

This current survey described for the first time the pres-
ence of C. quinaria and C. silvestri on X. americana. These
insects are already reported to be pest of mango trees in
2007. The attacks caused mainly by the two insects reach 95
%. Diachasmimorpha is the sole identified parasitoid; that
could be used in future as biological control agent in IPM
program.
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