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Abstract

The Mediterranean fruit fly, Ceratitis capitata (Wiedemann) (Diptera Tephritidae), is the key pest in some organically managed
citrus orchards in Sicily. The effectiveness of processed kaolin (Surround WP) for control of C. capitata damage was tested in
field trials carried out in 2003-2004 on two early ripening citrus species: satsuma (Citrus unshiu Markow.) and clementine (Citrus
clementina Hort. ex Tan.). Although the number of males captured in trimedlure baited traps was high in both years and in both
orchards, the percentage of damaged fruit varied greatly from almost 0% (satsuma 2003) to more than 60% (clementine, both
years). Nevertheless, the application of processed kaolin significantly reduced damage caused by C. capitata on both citrus spe-
cies on preharvest fruit on some dates and on harvested fruits in both years. The kaolin was easily removed from harvested fruit
by washing. Processed kaolin has potential for reducing damage caused by C. capitata in organic and conventional citrus or-

chards.
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Introduction

Ceratitis capitata (Wiedemann) (Diptera Tephritidae),
which is commonly called the Mediterranean fruit fly or
medfly, attacks many species of wild and cultivated
plants (Liquido et al. 1991; White and Elson-Harris,
1994). In Sicily, C. capitata completes several genera-
tions from early spring to late autumn, flying from one
host species to another. Some early ripening citrus fruits,
(mainly satsuma, clementine, and certain orange culti-
vars) are regularly attacked from September to Decem-
ber. The main damage resulting from C. capitata attack
is fruit drop, which is caused by female egg laying activ-
ity and larval feeding inside fruits. Moreover, the sting-
ing marks, due to ovipositing females, cause aesthetic
damage that reduces fruit quality in the market.

In conventional farming, C. capitata is usually con-
trolled by intensive use of pesticides or poisoned pro-
teinic baits (Roessler, 1989). In recent years, however,
researchers have searched for new and less toxic control
methods. Because they have low toxicity and low envi-
ronmental impact, plant extracts and mineral products
have been considered. One of these mineral products,
kaolin clay, is a fine powder that is mainly composed of
kaolinite. For insect control, kaolin clay is sprayed onto
trees as a water suspension. After drying, the kaolin
forms a white and thin (usually < 3 pm) particle film on
the surfaces of leaves and fruits. This film does not re-
duce photosynthesis and plant growth but does reduce
water stress (Glenn et al., 1999; 2002; Kerns and
Wright, 2000) and photoinhibition caused by intense
solar radiation and the high vapour pressure differentials
typical of warm areas (Jifon and Silversten, 2003).

The effectiveness of clays in reducing insect infesta-
tion was demonstrated in the late 1930s by Russo
(1937). More recently, processed kaolin was success-
fully tested against several insect species and against the
two-spotted spider mite, both in field and laboratory tri-
als (Glenn et al., 1999; Knight et al., 2000; Lapointe,

2000; Unruh et al., 2000; Puterka et al., 2000; Liang
and Liu, 2002; Saour and Makee, 2004; Wyss and
Daniel, 2004; Caleca and Rizzo, 2006; 2007; Braham et
al., 2007). The layer of kaolin reduces oviposition by
several mechanisms. First, it masks the colour of leaves,
stems, and fruits, making long-distance host recognition
difficult (Saour and Makee, 2004). More specifically,
the colour white is the least attractive colour for ovi-
positing females of C. capitata (Katsoyannos, 1987).
Second, kaolin layer makes the fruit surface harder and
less suitable for oviposition (Glenn et al., 1999; Saour
and Makee, 2004).

The side effects of kaolin on beneficial arthropods are
generally considered low (Lapointe, 2000; Showler and
Sétamou, 2004; Glenn and Puterka, 2005) and are mi-
nimal if the kaolin is applied in autumn (Biirgel et al.,
2005). Nevertheless, Marko et al. (2008) recently ob-
served that processed kaolin treatments promoted
woolly apple aphid infestations on apple, probably be-
cause it decreased parasitism of aphids by aphelinid
wasps. A similar low biological control was observed
by Alexandrakis and Neuenschwander (1979) in dusty
olive groves.

The aim of this work is to evaluate the effect of proc-
essed kaolin on the damage caused by C. capitata on
satsuma (Citrus unshiu Markow.) and clementine (Cit-
rus clementina Hort. ex Tan.) fruits in Sicilian organic
orchards. These citrus species are very susceptible to
C. capitata attacks because of the almost complete ab-
sence of alternative host plants during their ripening pe-
riods, which occur in September for satsuma and from
October to December for clementine.

Materials and methods
The research was carried out in Sicily in 2003 and 2004.

In each of four experiments (two with satsuma and two
with clementine, see the following sections), two sets of



citrus trees received the same cultural management ex-
cept that one set was treated with processed kaolin.
Numbers of male C. capitata were monitored with wing
traps (Super Track Ala by Serbios) baited with a trimed-
lure dispenser; three traps were placed in each grove
and were checked every 10 days from July to Novem-
ber; the dispenser was replaced every month. Surround
WP™ Crop Protectant (kaolin 95%, Engelhard Corpora-
tion, Iselin NJ, USA) was used at a rate of 5 kg of prod-
uct in 100 | of water as suggested by the manufacturer.
The first treatment was performed with a common
sprayer about 1 week before fruits began to ripen (at the
end of August for satsuma; from 5 October to 10 Octo-
ber for clementine), which is when fruits become sus-
ceptible to C. capitata attack. On clementines but not on
satsumas in 2004, a second treatment was applied with
the aim of improving fruit protection. The product satis-
factorily adhered on the fruit surface of both citrus spe-
cies, and a thin, white coating was still noticeable after
rainfall.

In situ temperatures were measured and recorded
every hour by Gemini miniature data loggers, and rain-
fall data were provided by the agrometeorogical station
of Patti (Messina, 70 m above sea level).

Satsuma - year 2003

In both 2003 and 2004, the experiment was conducted
in a 1.5 ha organic satsuma orchard (cultivar Miyagawa)
in Brolo (20 m above sea level), Messina Province. The
orchard consisted of 400 trees, including a small number
of other citrus and fruit trees. Trimedlure traps were in
the field from 2 July 2003 until harvest. On 28 August,
about 250 adjacent trees were treated with kaolin, while
the remaining 150 trees were left unsprayed and used as
a control. On 10 and 17 September, 10 fruits on 10 trees
in treated and untreated plots (100 fruits per plot in total)
were randomly checked in the field for C. capitata
stings. After fruits were harvested on 20 and 26 Septem-
ber, all harvested fruits were washed and then examined
for evidence of C. capitata attack. Because satsuma
fruits are usually harvested when they are still green, the
presence of each stinging mark is evident as a yellow
spot that can be easily detected by visual inspection.

Satsuma - year 2004

Trimedlure traps were in the field from 13 July 2004
to harvest (24 September). Two groups of 20 adjacent
trees were used. On 30 August, 10 trees from each
group (20 in total) were treated with kaolin, while the
remainder were left untreated. To improve the detection
of punctures in case of a low infestation level, samples
of 12 large fruits from each of the 20 trees in each group
were collected on 3, 11, and 24 September 2004, and
observed with a stereomicroscope; large fruits were se-
lected because they are more susceptible than small
fruits to C. capitata attack. In each sample, the fruits
with stings were counted, and the percentage of C. capi-
tata-damaged fruits on each tree was calculated. At har-
vest, the commercial production of each marked tree
was kept separate from the others, and damage was eva-
luated on 100 fruits per tree.
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Clementine - year 2003

The clementine orchard used in 2003 was located in
Naso (80 m above sea level), Messina Province, and
consisted of about 300 trees (cultivar Monreal). Trimed-
lure traps were in the field from 2 July to 29 November
2003. On 7 October, half of the trees were treated with
kaolin. Starting from 18 October 2003, samples were
collected every 15 days from 20 treated and 20 un-
treated trees. Each sample consisted of approximately
200 treated and 200 untreated fruits (10 per tree); they
were examined for C. capitata punctures with a stereo-
microscope. Fruits were harvested once or twice per
week starting from mid-October to the end of the No-
vember.

Clementine - year 2004

The clementine orchard used in 2004 was located in
Brolo (20 m above sea level), Messina Province, and
contained about 80 clementine trees (cultivar Monreal)
mixed with an equal number of lemon and orange trees.
Trimedlure traps were in the field from 13 July until 19
November 2004. A group of 20 trees was marked and
treated with kaolin, and another nearby group of 20 tre-
es was chosen to represent the untreated control. Treat-
ments were applied on 8 and 18 October 2004. Starting
from 11 October 2004, 15 large fruits from each of the
40 marked trees were collected every 15 days and as-
sessed for C. capitata punctures with a stereomicro-
scope. As in the previous year, fruits were harvested
once or twice weekly from mid-October until 19 No-
vember.

Statistical analysis

For data from the satsuma orchard in 2003, the observed
frequencies of C. capitata-damaged fruits were com-
pared to expected frequencies with a x* test (a0 < 0.05).

For data from the clementine orchard in 2003, damage
data for the four sampling dates were arranged in a
three-dimensional contingency table and subjected to a
Cochran y* test (a = 0.05). According to this method
(Cochran, 1954) and in the case of four samples, y* is
calculated as:
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where, on the different sampling dates, p, is the
weighted mean of the two frequencies of damaged fruits
in the treatment (P4 ) and in the control ( Py,),
andp, and p,, are the number of examined fruits. To
test whether damage differed among dates, we per-
formed the homogeneity test for the standardized differ-
ences, with 3 degrees of freedom:
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The association between the level of damage and the
treatment was evaluated through the standardized dif-

ference and its standard error, with one degree of free-
dom, with the following formula:
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For data collected from both orchards in 2004, dam-

age percentages were statistically evaluated, after arcsin
transformation, with a Student’s ¢ test at o. = 0.05.
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Results

Satsuma - year 2003

In the satsuma orchard in 2003, the number of males
captured peaked on 21 August (561 males/trap) and then
declined relatively rapidly (figure 1). In field observa-
tions on 10 and 17 September 2003, stings were not de-
tected on either treated or untreated fruits. The visual
analysis of harvested fruits was carried out on 1314 kg
of treated and on 1075 kg of untreated fruits, represent-
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when more than 50% of the fruits had been damaged
(personal communication). Nevertheless, damage was
reduced by kaolin treatment (x* test, p < 0.01, table 1).

Satsuma - year 2004

In the satsuma orchard in 2004, the number of males
captured peaked on 2 August (458 males/trap) and then
declined only slowly (figure 2). Fewer fruit were dam-
aged by C. capitata in the kaolin treatment than in the
control before harvest on 11 September (p = 0.0049)
and on 24 September (p = 0.000006) (figure 3). The per-
centage of fruit damaged on the first sampling date (3
September) was higher than the percentage on the fol-
lowing date, most likely because fewer fruits were
available for attack on the earlier date. Kaolin treatment
also reduced (p = 0.019) the percentage of fruit dam-
aged by C. capitata at harvest (figure 3).

Clementine - year 2003

In the clementine orchard in 2003, the number of
males captured peaked three times: 21 August, 30 Sep-
tember, and 30 October (164, 258, and 309 males/trap,
respectively) (figure 4). An intense rainfall occurred in
October after the only kaolin treatment (figure 4). The
percentages of infested fruits from treated and control

Table 1. Damage caused by C. capitata on kaolin
treated and untreated fruits of satsuma in 2003. (** in-
dicates levels of p < 0.01, chi-square test).

Undamaged Damaged Damaged

ing 72% of the entire year’s harvest (table 1). The dam-  Treatment fruit (kg)  fruit (kg)  fruit% d.f =1
age to treated and untreated fruits was lower than ex- Kaolin 1308 .4 56 043
pected based on numbers of males in traps and was less (.00 1055.9 19.1 178 17.16**
than observed by the grower during the previous years,
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Figure 1. Mean number of C. capitata males captured per trap plus temperature and rainfall data: satsuma orchard

in 2003.
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Figure 3. Percentage of fruit per tree damaged by C. capitata on different dates and as affected by kaolin treatment:
satsuma orchard in 2004. * indicates p < 0.05 and ** indicates p < 0.01 based on Student’s ¢ test.

trees are reported in figure 5. The percentage of fruit
damaged by C. capitata was smaller in the kaolin treat-
ment than in the control on 30 October (x> = 21.64; p <
0.01) and on 13 November (* = 31.69; p < 0.01); the
standardized differences homogeneity test showed that
the four samples were not homogeneous (xzhom_ =31.19;
p < 0.01) because damage levels rose significantly dur-
ing the observation period. Furthermore, the overall dif-
ference between kaolin treated and control trees across
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all sampling date resulted significant, showing an asso-
ciation between kaolin treatment and the lowering infes-
tation levels (Xzassoc, =23.23; p <0.01). The kaolin treat-
ment reduced damage to the fruit for 36 days after ap-
plication (figures 4 and 5). By 27 November, which was
50 days after kaolin was applied, a very high percentage
of fruit was damaged by C. capitata regardless of treat-
ment (figure 5).
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Clementine - year 2004

In the clementine orchard in 2004, the number of
males captured again peaked three times: 2 August, 1
September, and 11 October (217, 257, and 430 males
per trap, respectively) (figure 6). The rainfall was much
lower in October 2004 than in October 2003 (figure 6).
Kaolin treatment significantly reduced the percentage of
damaged fruits per tree on 26 October (p = 0.007) and
on 9 November (p = 0.00015); on both dates, kaolin re-
duced the percentage of damage by about half (figure 7).
There were clear differences in damage levels between
the two sets of trees for 27 days after kaolin application
(figures 6 and 7).

Discussion

The use of processed kaolin clearly reduced C. capitata
damage to fruits, both on satsuma and on clementine, in
spite of the cultural and biological differences between
the two species and also in spite of intense rainfall, as
occurred in the clementine orchard in 2003.

Even when C. capitata is abundant (maximum values of
our male captures: 561 in 2003 and 458 in 2004), damage
to satsuma may vary depending on the contemporaneous
presence of other fruit species with a higher attractiveness
(like pears and late peach varieties). This may explain
why the damage to satsuma was less than expected.
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In contrast to satsuma, clementine is characterized by
a very long ripening period lasting from October to De-
cember. In these months, a nearly complete lack of al-
ternative host species for oviposition increases the prob-
ability that clementine will be attacked by C. capitata.
Damage rapidly increases just after the fruits turn or-
ange. Clementine also seems highly susceptible to C.
capitata attack because the fruit skin releases com-
pounds that stimulate female oviposition (Delrio et al.,
1990). Infestation levels in clementine orchards are of-
ten so high that even the chemical control by synthetic
insecticides is difficult.
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In all citrus orchards and in both years, the numbers of
males captured in the trimedlure traps were quite high
during the sampling and harvesting periods but resulted
in quite different damage levels (i.e., much higher dam-
age in clementine than in satsuma). Nevertheless, kaolin
reduced damage whether damage levels were low or
high.

The effectiveness of processed kaolin against C. capi-
tata has been demonstrated on nectarines, both in labo-
ratory tests (choice and no-choice tests) and in the field,
and kaolin has also controlled C. capitata in field tests
with apples and persimmons (Mazor and Erez, 2004).



Furthermore, processed kaolin reduced infestations of
two other citrus pests, the weevil Diaprepes abbreviatus
(L.) (Lapointe, 2000) and the thrips Scircothrips citri
(Moulton) (Kerns and Wright, 2000); in the last study,
processed kaolin did not affect photosynthesis, transpi-
ration, or stomatal conductance of treated lemon leaves.

A full evaluation of kaolin requires assessment of how
it affects the aesthetic qualities of fruits in the market-
place. In our research, the kaolin on treated citrus fruits
was easily removed by the water and brushes commonly
used to clean fruit before packaging (personal observa-
tion), as was previously demonstrated for other smooth-
skinned fruits like apples, nectarines, and persimmons
(Heacox, 2001; Mazor and Erez, 2004). Citrus fruits
that are harvested with leaves (as is sometimes the case
for sale in local markets) represent a potential problem
because such fruits are not usually washed and would
retain the white film.

In conclusion, processed kaolin has the potential to
reduce damage caused by C. capitata in citrus while
having few or none of the undesirable side effects of
insecticides. Further studies are needed to assess the
impact of rainfalls of different intensities on the reten-
tion of kaolin on fruit and leave surfaces.
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