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ABSTRACT. In 2003 and 2004 fruits of 12 sweet orange varieties: Pineapple, Parson Brown,
Hamlin. Washington Navel. Carter Navel, Valencia Late. Lue Gin Gon, Agege, Etinam. Meran,
Bende and Umudike were evaluated for susceptibility to fruit fly. Ceratitis spp., infestation.
Fruit drop beneath tagged trees (4/variety), resulting from fruit fly damage, was recorded and 10
randomly selected fruits were held in cages for emergence of adult fruit flies. Ten mature fruits
of each variety were analyzed for rind and fruit acidity which were correlated with fruit fly
infestation. The results showed that Parson Brown, Washington Navel and Carter Navel. which
were moderately acidic (PH 4.4 - 4.5), were more susceptible to fruit flies as they had more
dropped fruits per tree (2.3 - 3.8) compared to the highly acidic (pH = 3.9), local varieties
(Agege, Etinam, Meran. Bende and Umudike) with 0.8 - 1.7 dropped fruits/tree. Positive and
significant correlations were respectively established in 2003 and 2004 between fruit fly
infestation and acidity of the rind (r = 0.88 and 0.447; P<0.05) and juice (r = 0.88 and 0.655;
P<0.05): between fruit fly emergence from infested fruits and acidity of juice (r = 0.905 and
0.90: P<O.OI); and between fruit fly infestation and number of dropped fruits (r = 0.76 and 0.77;
P<0.05).

INTRODUCTION
Citrus is one of the major fruit crops

cultivated all over Nigeria: a small
percentage of the fruits produced is exported
to other African countries and to some
European countries for industrial uses
contributing to foreign exchange earning and
improving livelihood of the producers. In
Nigeria, citrus production is constrained,
among other problems, by fruit fly attack
(Cogan and Munro. 1980; Umeh et al.. 1998;
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White and Elson-Harris, 1992) which renders
the fruits unacceptable by lowering the quality
of consignments earmarked for local and
export markets. Attacked fruits may be
colonized by pathogens which may spread to
other fruits in the consignment if adequate
protective measures are not taken. It has been
shown that the Mediterranean fruit fly
Ceratitis capitola Wied is a potential \ ector of
bacterial pathogens carried from elsewhere
into fruits (Sela et al.. 2005). Consumption of
such infected fruits may lead to human
diseases. Since fruit flies are quarantine pests
in many countries in the world, infestation is
bound to disrupt export and raise concern over
the introduction of the pests to importing
countries.

In fruit fly attack, the female uses its
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ovipositor to puncture the fruit and lay eggs.
Larvae (maggots) eclosing from eggs feed
and develop within the fruit and at maturity
larvae emigrate to the soil to pupate. Level of
ripeness and certain physico-chemical
properties ofthe fruit rind such as the acidity,
certain essential oils, and local
enhancements are believed to play important
role(s) in the choice of fruits attacked
(Attaway, 1971: Ortiz et ([1., 1987; Prokopy
et al .. 2000). The acidity of the juice within
the fruit is also a determinant of its suitability
for the developing larva. Some differences
exist among varieties of sweet oranges with
respect to these physico-chemical properties
especially at ripening stages when fruit fly
. attacks are most prominent (Dhouibi et al.,
1995; Noussourou and Diarra. 1995).

Fruit t1ies seldom attack immature fruits
whose rinds naturally have high acidity.
Other works have shown that the fruit rind is
the first point of contact during fruit fly
attack and the fruit content (mostly juice) is
the medium for larval development after
oviposition. This study sought to relate
differences in rind and juice acidity at fruit
ripening to susceptibility of the 12 twelve
varieties of sweet oranges (Citrus sinensis
Osbeck) mostly cultivated in Nigeria to fruit
t1yattack.

MATERIALS AND METHODS

Sweet orange orchard at the National
Horticultural Research Institute was used for
the experiment during the major fruiting
seasons of 2003 and 2004. The 25-year old
orchard was planted to 12 land races and
exotic varieties of sweet oranges, namely,
Pineapple, Parson Brown, Hamlin,
Washington Navel. Carter Navel. Valencia
Late, Lue Gin Gon, Agege, Etinam. Meran,
Rende and Umudike. Each variety had three
trees spaced 7 m apart in a line per plot, and
was replicated four times in randomized
complete block design. One tree constituted
a sampling unit for each variety and replicate

(Southwood, 1978). At maturity, 20 fru;>
were taken at random per tagged tree fro.::
which 10 fruits were selected and examine,'
for fruit fly infestation (or damage) and the
remaining 10 fruits were held in cages fo:
emergence of adult fruit flies. The cage, 0.4 :\
0.6 x 0.6m (length x width x height), wa.
covered on both sides by wire gauze, at the tor
by glass and at the base by plywood overlaid
with sand. Fruit fly adults were collected ::;
days after emergence counted and identified
using identification keys of White and Elson-
Harris (1992). Immediately after fruit
sampling, the number of fruits that dropped.
due to fruit fly damage, beneath each sampled
tree and within 3 m radius was recorded. From
the first two harvests, 20 fruits of each variety
were taken and analyzed for titratable acidity
of the rind and juice following the methods of
Ranganna (1977) and Wong et ol. (2002).

All data were subjected to analysis of
variance using SAS (1985) and significantly
different means were separated using
Student-Newman-Keul test at P=0.05. Rind
and juice acidities were separately compared
using the Student's t statistic. Correlation
analyses were also used to determine the
relationships between the level of fruit fly
infestation and pH of the rind, pH of the juice,
number of dropped fruits as well as the
relationship between number of emerged
adult fruit t1ies and pH offruitjuice.

RESULTS

Acidity ofFruit Rind and Juice
Analysis of variance showed significant

(P<0.05) varietal differences in acidity (pH)
of the rind (peel) and juice in the 2 years of
study with the local varieties. namely, Agege,
Erinam , Meran, Bende and Umudike
generally being more acidic (Table 1).
Varieties with moderate rind acidity were
Parson Brown, Washington Navel and Carter
Navel (pH4.0 - 4.6) and they differed
significantly from Meran (pH 3.7) in 2003. In
2004. Parson Brown and Carter Navel had
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significantly lower rind acidity than Hamlin,
Meran and Bende. The highest rind acidity
was obtained from Meran in 2003 and from
Bende followed by Meran in 2004.

The trend for juice acidity was similar to
that of the rind in 2003. The lowest juice
acidity (highest pH) was obtained from
Washington Navel. Its value and those of
Parson Brown, Carter Navel and Pineapple
were significantly (P<0.05) lower than those
of other varieties excluding Valencia Late.
However, in 2004, there was no significant
(P>0.05) varietal difference in juice acidity

Table 1. Comparison among 12 sweet
orange varieties for acidity of rind and
juice at Ibadan, Nigeria

Sweet orange Mean pH (± SE) of rind (in Mean pH (± SE) of juice"
variety water)"

2003 2004 2003 2004
Pineapple 4.1±0.10ab 4.1 ± 0.70 ab 4.5 ± 0.19 ab 4.8 ± 0.02 a
Parson Brown 4.6±O.10a 4.4 ± 0.19 a 5.1 ± 0.05 ab .1.0 ± 0.90 a
Hamlin 3.9 ± 0.12 ab 3.9±0.17 b 4.1±O.14cd 4.5 ± 0.17 a
Washington Navel 4.6 ± 0.10 a 4.0 ± 0.08 ab 5.2 ± 0.16 a 5.1 ± 0.16 a
Carter Navel 4.6 ± 0.20 a 4.6 ± 0.11 a 5.1 ±0.12ab 5.1 ± 0.07 a
Valencia Late 4.2 ± 0.20 ab 4.3±0.19ab 4.7 ± 0.27 abc 4.8 ± 0.Q7 a
l.uc Gin Gon 3.8 ± 0.29 ab 4.2 ± 0.28 ab 4.1 ± 0.22 cd 4.6 ± 0.23 a
Agcgc 3.9 ± 0.07 ab 4.i.LO.15 ab 4.2 ~ 0.04 cd 4.7 ~O.14a
Etinam 3.9 ± 0.20 ab 4.1 ± 0.20 ab 4.3 ± 0.19cd 4.6 ± 0.07 a
Meran 3.7 ± 0.23 b 3.9±0.11 b 3.9 ± 0.19 d 4.6 ± 0.11 a
Bende 3.9±0.18ab 3.8±0.11 b 4.1 ± 0.17 cd 4.8 ± 0.10 a
Lmudike 3.9 ± 0.04 ab 4.0±0.13 ab 4.2 ± 0.02 cd 4.7±0.11 a
'vtcan 41 4.1 4.5 4.6
\h.'JIlS In the same column followed by the same letters are not sranificantly (P--'O 0:')
.hfferent by Student- Newman- Keul test. "No significant (P>I} os 1differences were observed
i5ng student t-tcst in companng pH of rind (t=O.83) and JUice (t=O.04) in 2003 and 2004

(Table 1). In both 2003 and 2004, pH of the
rind (4.1 in each year) and juice (4.5 and 4.6,
respectively) were statistically comparable (t,
0.05).

Fruit Fly Infestation and Damage
Fruit t1ies reared in the laboratory from

field-collected fruits included C.
(Pardalaspis) dit issima (Munro) C.
(Pterandrus) penicillata (Bigot), and C.
capitata (Weidmann). All species were
counted together and reported in Table 2 since
they caused similar damage. Analyses of
variance showed significant (P<0.05)
differences among varieties with respect to
level of fruit t1y infestation, fruit drop and
adult emergence. In both years, Parson Brown
had the highest level of infestation and it
differed significantly from other varieties
excluding Washington Navel and Carter
Navel in 2003 and Washington Navel alone in
2004 (Table 2). Meran had the lowest
infestation in both years and it differed
significantly from Parson Brown, Washington
Navel and Carter Navel in 2003; and from
Parso Brown, Washington Navel and Valencia
Late in 2004.

Table 2. Ceratitis spp. infestation and damage to 12 sweet orange varieties and the number of
emergent fruit flies in laboratory cultures.
Swecl orange varieties Mean level (± SE)" of fruit J1y Mean number (± SE) of Mean number (± SE) emerged

infestation per tree dropped fruits per tree adults/I 0 fruits
2003 2004 2003 2004 2003 3004

Pineapple 1.8 + 047 bed U + 040 be 0.5 + 0.50 b 1.0+0.70e 3.3+1.IOe 20 ± 070 b

Parson BrO\\'l1 3.8+047a 5.3 + 0.50 a 2.3 + 0.25 ab 3.8 + 040ab 9.8 + 1.90 a 6.8 + 1.70 a

Hamlin 2.0 + 040 bed 1.3 + 0.40 be 1.5 + 0.50 ab 1.0 + 040 c 5.0 + 0.90 be I.3 + 0.25 b
Washington Navel 3.3 ± 0.25 ab 4.5 + 0.5 a 2.7 + 0.25 a 3.8 * 0.60 a 8.0 ± 140 ab 7.8 ± 0.60 a
Carter Navel 2.5 ± 0.28 abc 1.8 ± 0.25 be 2.7 ± 0.25 a 3.5 ± 0.28ab 9.3 ± 1.30 ab 5.8 ± 0.80 a

Valencia Late 2.0 ± 0.40 bed 2.5 ± 0.29 b 1.3 ± 047 ab 2.3 ± 040be 5.2 ± 0.70 be 3.0 ± 040 b

l.uc Gin Cion 1.3 1 0.25 cd 1.3 ± 0.4() be 1.0 ± 0 b 1.3 ± 0.40 c 1.8 ± 0.40 c 2.8 ± 080 b
'\gcgc 1.8 ± 0.47 bed 2.3 ± 0.25 be 0.8±047b 1.0 ± 040 c 3.0 ± 0.40 e 1.5 ± 0.28 b
Etinarn 1.8 + 0.25 bed 1.3 + 040 be 1.3 + 0.25 ab 1.3 ± 0.60 c 5.0 + 1.20 be 1.0 ± 0.50 b
Moran O.S + 0.28 d 0.3 ± 0.25 c 0.8 ± 0.25 b 1.5 ± 0.25 c 2.0 ± 1.20 c 1.0 ± 040 b
!lende 0.8 ± 0.25 d O.S + 0.29 be 1.2 ± O.SO ab 1.0 + 0.50 c 1.3+0.70c 2.5 ± (l.4(J b
Umudike 1.0 ± (J.40 cd 0.5 ± 0.29 be 1.0 ± O.SO b 1.7 ± 0.28 c 2.5 ± 0.90 c 1.5 ± 0.28 b

'Means in the same column followed by the same letters are not significantly (P>O.05) by
Studcnt-Ncwrnan-Kcul test.
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Fruit drop was correspondingly higher in
the highly-infested varieties, namely, Parson
Brown, Washington Navel and Carter Navel.
and the latter two differed significantly
(P<0.05) from Meran, Umudike, Agege, Lue
Gin Gon and Pineapple in 2003 (Table 2). In
2004, significantly (P<0.05) higher number
of dropped fruit was recorded in Parson
Brown, Washington Navel and Carter Navel
compared to other varieties excluding
Valencia Late which only differed
significantly from Washington Navel (Table
2).

In 2003, significantly (P<0.05) higher
number of fruit flies emerged from cages
containing Parson Brown fruits than from all
other varieties excluding Washington Navel
and Carter Navel fruits. In the 2004, the
number of fruit flies that emerged from the
susceptible varieties, Parson Brown,

. Washington Navel and Carter Navel were
significantly (P<0.05) higher than those of
the other varieties (Table 2).

Relationships of Ceratitis spp. Infestation
and Damage with Fruit Characteristics

A significant (P<0.05) positive correlation
was established between fruit fly infestation
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level and the pH of the fruit rind in each of
2003 (r=0.88, n = 12, P < 0.001) and 2004 (1'=
0.447, n = 12, P < 0.05) with pH accounting
for a higher proportion of the variability in
fruit fly infestation in 2003 than in 2004
(compare l in Fig. 1). The higher the pH of
the rind, the higher the level of infestation of
fruit flies. Similarly. pH of fruit juice was
positively correlated with fruit fly infestation
in both 2003 (r = 0.88. n = 12, P < 0.001) and
2004 (r = 0.655. n = 12, P < O.Ol)(Fig. 2).The
numbers of fruits that dropped underneath
tagged trees also correlated positively with
the infestation levels in 2003 (r = 0.76, n = 12,
P < 0.05) and 2004 (r= 0.77, 1l = 12, P < 0.01).
Emergence of adult Ceratitis spp. from
infested fruits was highly and significantly
correlated with acidity of the fruit juice (r =
0.905, n = 12, P < 0.001 in 2003; r = 0.90, n =
12, P < 0.01 in 2004) [Fig. 3]. Generally,
higher number of fruit flies emerged from
varieties with high pH values (i.e. low
acidity) than from those with low pH (high
acidity).
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DISCUSSION

The fruit fly species reared from the 12
\ arieties of sweet oranges were the same as
those which have been reported to attack
citrus. mango, guava. cocoa etc. in the humid
<outhern Nigeria and elsewhere (Agunloye.
1.987;Umeh et al.. 1998; Umeh et al.. 2002;
Lrneh et al.. 2008: White and Elson-Harris,
1992). Fruit fly attack begins with adult
visiting fruits to oviposit and damage ensues
following larval feeding and development.
Both infestation and damage are influenced
by level of acidity of the rind and juice. The
higher susceptibility of Parson Brown.
Washington Navel and Carter Navel to fruit
11y infestation relate to their low rind and
juice acidity compared to high acidity of the
local varieties such as Meran, Bende,
Etinam. Umudike and Agege. Fruit fly attack
is seldom observed when fruits are immature
and unripe. Damage was observed to
commence when the fruits become mature or
are ripening (Umeh et al ., 2004)
corresponding to the period when acidity
decreases and sugars increase (Dhouibi et
af., 1995; Papadopoulos et at.. 2001). Attack
on citrus results in reduction of marketable
fruits through fruit drop. Its severity was
positively correlated with infestation level,
itself influenced by rind and juice acidity.
Interactions of rind and juice acidity,
essential oils of rind and fruit sugar level
have been reported to have serious
implications on fruit fly attack to citrus fruits
(Ortiz et al., 1-987).Attraction offruit flies by
these physico-chemical properties can
further be locally enhanced by the presence
of conspecifics in the vicinity of the fruit
(Prokopy et ([1.,2000).

We conclude that the pH of the juices and
peels of sweet orange fruits influences the
level of fruit fly infestation and thus
contributed to damage and fruit drop. It is
therefore recommended that growers should
harvest fruits when they are mature and are

about to ripen instead of waiting for majority
of fruits to ripen before harvesting thereby
increasing fruit susceptibility to fruit fly
attack.
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