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ABSTRACT

The particle film technology has been reported as a promising tool in pest control. The objective of this work
was to evaluate thefefiency of kaolin-based products against the oviposition of Somrican fruit fly, Anastepha
fraterculus(Dip.: Tephritidae), and its &fct on the quality of citrus fruit¥he experiment was conducted in orchards
of ‘Okitsu’ tangerine and ‘&lencia’orange trees in the 2017, 2018 and 2019 harvébts.treatments were as
follows: 1) kaolin 10% + 0.1% Break-THradjuvant; 2) Surrourfdc% WP; 3) 0.15% phosmet (ImidaH00 WP),

75 g. a.i.; 4) without application (controlfhe sprays were performed every 21 datsharvest, fruits were
individually packed in a greenhouse for inspection after 25 days and infestation was recorded. Fruit samples were
evaluated for average diametaverage mass, soluble solids, titratable acidity and peel coloririrdggtation of

A. fraterculusin tangerines was reduced in plants treated with the two kaolin-based products in the 2017 harvest. In
the 2017 and 2019 crops, Surro8WP reduced the infestation and the number of puparium/fruits in oranges. The
mineral films did not alter the physicochemical characteristics of the fruits, representing a promising alternative
for the management &. fraterculus
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INTRODUCTION American fruit fly, Anastepha frateculus (Wied.)
h(Diptera: Tephritidae), one of the main pest insects in
f{Hg growing in southern Brazil. This species causes great
Irtl)sses in the production of several fruit trees (Nava &
B%tton, 2010; Bottoret al, 2012; Santost al, 2015).

As the stdlies relating to the use of pesticides wit
diseases and environmental damage have increased,
consumer market has become increasingly demandi

regarding food safety (Jardigt al, 2009). In addition, : . . o
the presence of chemical residues in food also affeclps citrus, a crop in which Brazil is the wortigreatest
exponent (RO, 2018) A. fraterculusis a key pest, which

commercial transactions, since importing countries . .
Can cause changes in the peel and pulp of the fruits,

impose strict sanitary barriers on Brazilian products, Wit{?npairing exports and preventing the sale of fresh fruits
restrictions on the use of certain active ingredient@Qaga & Galdino, 2017)

(Choudhury & Costa, 2002). Mineral particle film technology has emerged as an
In fruit growing, one of the categories of pesticidegjternative to the use of synthetic insecticides. In this
responsible for chemical residues is the synthetiechnology kaolin, an inert clayis used ground and
insecticides, which are still widely used to controprocessed in the form of a white powdehich is applied
various pestsThis is the current situation of the Southdispersed in water to plants (Glenn & Puterka, 2005).
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Kaolin forms a thin, white film of particles on leaves anditude). This municipality has slightly undulating
fruits, which makes the plastsurface irritating (Glenet  topography with soils classified as Dystrophic Red
al., 1999) or makes it difficult for the insect to recognizérgisol (Strecket al., 2002). The average annual
the host (Saour & Makee, 2004). The processed kaoliemperature is 18.8 °C, with abundant and well-
has been successfully tested against numerous speciedistributed rainfall (1,455 mm/year) (Bergamasetal,
insects (Glenn & Puterka, 2005). In 1999, kaolin wag013). Data on rainfall and minimum, average and
considered by the Environmental Protectgency in  maximum temperatures were collected from the EEA
America, as not harmful to non-target organisms. Studi@seather station.
indicate no adverse effects either on spiders and The experiment was carried out in 2017, 2018, and
honeybees or on aquaticganisms (ER, 1999). 2019 crops, in a randomized block desidfere used as
The effectiveness of this technology has beetmeatments, SurroufdVP, a commercial formulation
evidenced for species of tephritid flies, suclCasatitis  of kaolin with adhesive spreagdeecommended for insect
capitata(Wied.), in nectarine, apple and kaki (Mazor &control at 5% concentration and another product is an
Erez, 2004; Braharat al, 2007) andBactrocera oleae industrial kaolin, from a different source, which had never
(Gmelin) in olive (Saour & Makee, 2004; Caleca &been tested for the purpose of insect control. The
Rizzo, 2007). Furthermore, it could be a tool for théreatments consisted of the following: 1) kaolin 10%
control of the Soutimerican fruit fly There are few diluted in water + 0.1% Break THradhesive spreader;
studies on the effect of kaolin-based productsAon 2) Surroun WP, 5% diluted in water; 3) phosmet (WP)
fraterculus but they indicate a reduction in oviposition,75g a.i. 100 E diluted in water and 4) without application
as in oranges in field tests (Ourigetal., 2018). (control). Phosmet was used as a positive control
For their utilization in fruit growing, pest control because it is one of the most used products by citrus
techniques cannot affect the physicochemical characgrowers in the region where this study was conducted.
ristics of the fruits. Mineral films were efficient in The sprays were carried out every 21 days or after rainfall
controllingB. oleaein olive trees, without interfering with with an intensity greater than 30 mm, starting during the
the quality of nutritional and sensory parameters of virgifiuit growth phase, until the harvest period. No other
olive oil (Perriet al, 2005). The increase in weight andphytosanitary treatments were performed during the
reduction in the surface temperature of fruits covered wigxperiment.
Surroun® WP (product formulated based on kaolin), During the experiment, a McPhail-type trap was
without altering the content of soluble solids and thistalled in each of the orchards, baited with approxi-
amount of starch, in apples were also observed (Glennmdately 600 mLof hydrolyzed Ceralrap® protein
Puterka, 2007). Studies have also pointed to other use{Bfolbérica S.A., Barcelona, Spain). These were
this technology such as protection against sunburmnspected weekly to calculate the FTD index (number of
(Chabbalet al, 2014) and disease control (Glegmal, flies/trap/day)The bait was replaced whenever necessary
2001;Tubajikaet al, 2007). In addition, the use of kaolin
may promote the agronomic performance of citrus plants, ‘Okitsu’ tangerine orchard
in hot climates with a high incidence of radiation, through The orchard had 96 plants grafted Boncirus
the increase of net CQassimilation and water use trifoliata (L.) Raf. (Rutaceae), distributed in three lines,
efficiency (Syvertsen, 2017; Gulkt al, 2020). with a spacing between the lines of 6 m and 3 m between
Thus, the objective of this work was to evaluate ththe plants. They are on average, 1.80 m tall. The orchard
efficiency of products based on kaolin in the field, irborders a ‘Nadorcott’ tangerine orchard at the south;
the protection of oranges and tangerines against thpproximately 70 m to the southeast, there is a loquat
oviposition of A. fraterculus, and the dkct on the orchard; to the north, a field area, to the northeast, a

physicochemical characteristics of the fruits. wetland, and to the southwest, native forest (Appendix
1). Five blocks were delimited in this orchard, with 3
MATERIAL AND METHODS plants per experimental unit. The plants were sprayed with

The experiments were carried out at the Experimen- backpack-sprayer (Jaéjowith a capacity of 18 L
tal Agronomic $ation (EEA) at Universidade Federal do(Appendix 2A) and a cone-type nozzle up to ruhaf
Rio Grande do Sul (UFRGS) in Eldorado do Sul, Rian average volume of 1a&f spray volume per plani
Grande do Sult&te, in two orchards, one ofaléncia’ total of five, six, and three sprays were carried out in the
orange Citrus sinensis(L.) Osbeck) (Rutaceae) 2017, 2018 and 2019 harvests, respectivdiyhe base
(30°07'03.28" S; 51°39'54.57W, 58 m altitude) and of the canopy of one of the three plants in each plot,
another of ‘Okitsu’ tangerineéStrus unshiuMarcovitch)  four stakes were installed to which a shading meshes was
(Rutaceae) (30°06'46.13"S; 51°39'53.04); 37 m al- attached, approximately 25 cm from the ground, and
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covering the entire projection of the planttanopy damaged fruits/number of harvested fruits * 100) for
(Appendix 2 B). The shading meshes was used to colleegch harvest.
and count fallen fruits. ) i

At the harvest in the experiment, 10 fruits from each Fruit quality
plant that did not contain the shading meshes (20 fruits In both orchards in the three harvests, 10 fruits per
per experimental unit, 100 fruits per treatment) were@xperimental unit were collected at random in five
individually packed over a layer (+ 1 cm) of sterilizeddifferent blocks for the analyses of the physical-chemical
sand deposited in plastic containers (1 L), and identifigaitributes in the Post-harvest Physiology Laboratory at
according to the treatment and the block, covered withFRGS. The titratable acidity (&), expressed as a
voile fabric, kept in a greenhouse without controllegercentage of citric acid equivalent, was determined by
conditions After 25 days, fruits and sand were inspectetitrating 6 g of juice with 0.1 M NaOH solution up to pH
to record puparium and/or larvae. On the same occasidhl and calculated using the equatidA:= [(NaOH vo-
all the fruits of the plants that contained the shade clotdme) * (NaOH concentration) * 0.064 * 100] / (juice
support were harvested, counted, and examined for vignass). Soluble solids (SS) were determined employing
al damage caused by fruit flies. refractometry and expressed as a percentage of solids

On March 8, 2017, photosynthetic activity wadn 100 g of solution. The fruit mass was expressed in
measured with the aid of an LI-6400XT Portabl@rams (g) and the transverse diameter was expressed in
Photosynthesis System (Licdrequipment on four millimeters and measured with a caliper in the equatori-
leaves in the middle third of each plantanopytwo al region of the fruits. The fruits were measured with a
from each treatment, taken at randéssessments were Colorimeter (Konica/Minolta, CR400), obtaining the

made between 10 and 16 hours. variables L*, which is the luminosity value, a* and b*,
' which are chromatic coordinates. The Peel Color Index
‘Valéncia’orange orchard (PCI) was calculated by the equation PCI = (1000 * a) /

It has 72 plants, grafted on the citrangeo§fer and (L * b) (Jimenez-Cuestat al, 1981). Negative values
citrumelo ‘Swingle’ or propagated using cuttingsof PClindicate green colors, and positives values, orange
distributed in four lines, with spacing between lines of 6olors. Zero corresponds to the yellow col@he
m and 3 m between plants. They are on average, 4 m t&Rkitsu’ fruits in 2018 and “slencia‘fruits in 2019 were
To the south and east, the orchard is bordered by anothéit subjected to colorimetry analysis, because the
orchard of ‘Montenegrina’ variety tangerine trees; to theolorimeter was under maintenance.
west by two lines of citrus hybrids and a eucalyptus
windbreak, and by citrus hybrids to the north (Appendix
3). Eight blocks were delimited, each composed of plants The data obtained in this experiment related to fruit
grafted on the same rootstock, using one tree per exﬁ@(_infestation and the physicochemical attributes of the
rimental unit. The plants were sprayed up to runoff witHUits were subjected to the homoscedasticity test and
a backpack spray (Stihl SR 450) with a capacity of 14 IcOmpared with each other by tAeova test followed by
in an average spray volume of 2 L/plant (Appendix 4jhe test offukey when parametric, or by Kruskalals
Four sprays were performed in each harvest. followed by Student-Newman-Keuls, when not

During the harvest period, 13 fruits of each plant (10garametric. The level of significance adopted was 5%.
per treatment) were taken to the laboratory and packB§arsors correlation test was carried out between the
for 25 days, as described for the ‘Okitsu’ tangerine treETD index and accumulated rainfall and temperature
The fallen fruits under the canopy were counted ar@verages 7, 15, and 30 days before the trap collection
removedWeekly. In the 2018 harvest, there was ndlate.All tests were performed using the Bioestat 5.0
collection of fallen fruits. During the harvest period, alfoftware (Areset al, 2007).
fruits were harvested, counted, and examined for visib
damage caused by fruit flies. ﬁESULTS

Statistical analysis

‘Okitsu’ tangerine tree

Evaluated parameters In the 2017 harvest, the average percentage of
Based on the data obtained from the two orchardsfestation in the fruits treated with the films, kaolin,
were calculated: proportion of infested fruits (withand SurrountiWP was 1% and 4%, respectivegimilar
larvae and/or puparium), the proportion of puparium peo each other (p > 0.05). In fruits without application of
fruit, frequency of fallen fruits (number of fallen fruits/ products (control), the infestation was 42%, similar to
number of harvested fruits + fallen fruits * 100) and théhose treated with phosmet (24%) (p > 0.05).
frequency of damaged fruits (number of visuallyNevertheless, the average infestation did not differ
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among the fruits that received the insecticide and thogeigure 1A), respectivelyand a negative correlation with
with Surroun@ WP (Table 1). In the 2018 harvest, nothe average temperature (Figure 1 B) was found 15 and
infestation was observed in the fruits treated witB0 days before samplingdfble 3). In the 2018 harvest,
Surroun@ WP, and in the other treatments, kaolin (3%)A. fraterculusindividuals were not caught in the traps,
insecticide (10%), and control (12%), the infestatiomnd in 2019, throughout the experiment, the recorded
was similar In 2019, there was no statisticalfdience FTD index was below the control level and showed a
between the average tangerine infestation, in theegative correlation with the average temperature just
Surroun@ WP (2%), kaolin (4%), insecticide (7%), and30 days before sampling. In any of the harvests, there
control (4%) treatments &ble 1). was a correlation between the FTD index and accumulated
The average number of puparium + larvae per fruit irainfall (Table 3).
the 2017 harvest was higher in the control when The average net assimilation (x standard error) (umol
compared to that recorded in fruits treated with minerale CQ m? s?) was similar among treatments (control -
films, but it did not differ from that observed in thoseB.73 + 0.606; phosmet - 6.40 £ 0.964; kaolin - 6.53 +
treated with the insecticide. This average was simil@.727; SurrountiWP 6.42 + 0.659) (H = 5.2244; gl = 3;
between treatments with mineral films; howevarthe p = 0.1561) demonstrating that the mineral films did not
fruits treated with SurroufdVP, it did not difer from interfere with gas Exchange.
those with insecticide @ble 1). In the 2018 and 2019 _
harvests, no statistical difference was observed between ‘Valencia’Orange tree
treatments (@ble 1). The average percentage/ffraterculusinfestation
The average percentage of fallen fruits did not diffen the 2017 harvest, only differed between the control
between treatments in the three evaluated harvestsits (28%) and those treated with Surro@vdP
(Table 2).The average percentage of fruits that showed1%). Those treated with insecticide (23%) and kaolin
visible damage caused By fraterculusat harvest also (13%) showed similarity to both the control and the
did not differ between treatments in the three harves&irroun@ WP (Table 4). In 2018, there was no statistical
(Table 2). difference in the average infestation of oranges between
In the 2017 harvest, the FTD index (fly/trap/day) wasreatments (control - 1%; insecticide - 1%; kaolin - 3%;
always below the control level (0.5 FTD) and only in th&urroundWP - 5%) (Table 4). In the 2019 harvest, the
two weeks before harvest, 0.57 and 1.28 were recordedvest infestation was in the fruits treated with

Table 1 Proportion of infested fruits (+ SE) and average numb&nattepha frateculuspuparium + larvae/fruit (+ SE) (100 fruits/
treatment) at harvest in ‘Okitsu’ tangerines, subjected to kaolin 10%, SutMMihB%, phosmet (75 g. i.a.100)land control in the
2017, 2018 and 2019 harvests, Eldorado do Sul, RS

Proportion of infested fruits (+ SE) Average numberof puparium + larvae/fruit (+tSE)
2017 2018 2019 2017 2018 2019
Control 0.42+0.09a 0.12+0.06 0.04+£0.02 1.03+0.38a 0.25+0.15 0.10+0.07
Insecticide 0.24+0.09ab 0.10+0.03 0.07£0.02 0.98+0.66ab 0.15+0.05 0.09+0.03
Kaolin 0.01+0.01c 0.03+0.02 0.04+£0.02 0.01+0.01c 0.03+0.02 0.04 +0.02
Surround®WP 0.04 £0.02 bc 0 0.02+0.01 0.09+0.07 bc 0 0.01+0.01
p-value 0.0043 0.1515 0.2903 0.0065 0.1451 0.1704

Means followed by the same letter in the column are not different from each other by the test of Student-Newman-Keuls, at the 5% probability level;
SE = $andard error

Table 2 Frequency of fallen fruits (+ SE) during harvest and damaged fruits at harvest in ‘@kitgrines submitted to kaolin 10%,
Surroun® WP 5%, phosmet (75 g. a.i. 100)land control in the 2017, 2018 and 2019 harvests, Eldorado do Sul, RS

% Fallen fruits (£ SE) during harvest % Damaged fruits (x SE)
2017 2018 2019 2017 2018 2019
Control 55+1.39 3.9+0.79 3.1+£1.32 0.8+£0.45 0.6+£0.22 2.6+2.08
Insecticide 10.1+4.91 3.2+1.06 1.2+0.50 0.9+£1.06 0.6+0.26 0.7+£0.25
Kaolin 3.6+1.83 2.6+1.02 2.2+0.57 0.5+£0.54 0.4+0.16 0.3+£0.09
Surround®WP 1.1+0.34 1.7+0.43 2.0+0.60 0.4+£0.44 0.3+0.1 0.4+£0.14
p-value 0.2053 0.2735 0.4032 0.501 0.551 0.2896

Means analyzed by the Kruskalaliis test at the level of 5% of probability; SE ta&dard error
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Figure 1:A) A. fratecculusfly/trap/day index recorded in ‘Okitsténgerine orchard in 2017 and 2019 harvests, Eldorado do Sul, RS.
B) Average temperature recorded over the experiment in the 2017, 2018 and 2019 harvests; Eldorado do Sul, RS.

Table 3: Correlation between weather variables and the number of flies/trap/day (FTD), recorded at seven, 15, and 30 days before
sampling, in ‘Okitsu’ tangerine trees (Eldorado do Sul, RS)

Weather variables Days before collection
2017
FTD x rainfall (mm) 7 days 15 days 30 days
FTD x average rt p r p r p
temperature (°C) -0.3028 0.3146 -0.3528 0.2371 -0.2734 0.3661
0.5201 0.0684 -0.6532 0.0154 -0.8839 <0.0001
2019
FTD x rainfall (mm) 7 days 15 days 30 days
FTD x average r D r D r D
temperature (°C)
-0.1988 0.637 0.0875 0.8368 -0.301 0.4687
0.352 0.3924 -0.3106 0.454 -0.8808 0.0039

rt - Pearsors correlation
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Surroun@WP (4%), which was similar to those treated Similarly, in 2018, FTD also remained above the
with kaolin (10%); however different from that observeatontrol level, ranging from 0.8 to 7.6. Howeyver
in the control (22%) and insecticide (26%pble 4).  positive correlation was observed with the average

The average number of puparium + larvae/fruit in theemperature at 15 days before sampling. In the 2019
kaolin and SurrourfdWP treatments were similar to eachharvest, the FTD variation was 0.0 to 28.6. Only on two
other and inferior to the control in the 2017 harveab(@ occasions was the index below 0.5, both in,Jaryg there
4). In the fruits treated with insecticide, this average diwas a positive correlation with the average temperature
not differ from the control or those treated with the filmgFigure 2 B) at 7, 15, and 30 days before trap sampling
(Table 4). Puparium averages were similar betwediable 6). No correlation was observed between the FTD
treatments in the 2018 harvest. In the 2019 harvest, timelex and the rainfall accumulated in any crop.
average number of puparium + larvae in fruits treated _ _
with Surroun@ WP was lower than that seen in the control Fruit quality
and insecticide treatments. In kaolin fruits, this average In satsumas, no differences were found among
was similar to that of the other treatmental{lé 4).The treatments in the three harvests evaluated in relation to
average percentage of fallen fruits was similar amortpe diameter of soluble fruits (mm) in the three harvests
treatments in the 2017 and 2019 harves&bi@ 5). and in the Peel Color Index in 2017 and 201&b{& 7).

The average percentage of fruits that showed visibRegarding the mass, in the 2017 harvest, the control
damage caused Iy frateiculusin the 2017 harvest was fruits were lighter than those treated with SurrGOngP;
higher in those treated with insecticide than in those imowever those that received insecticide and kaolin did
the kaolin and Surrouffd/P treatments, but it did not not differ much from the control as from SurroGnaP.
differ from the control (&ble 5). In the 2018 and 20191In the other harvests, no difference was found in relation
harvests, this percentage did not differ among treatmernts the mass among treatments in the 2018 and 2019
(Table 5). harvests (@ble 7).The titratable acidity of the kaolin-

The FTD index was greater than the control levdteated fruits was higher than those in the insecticide
throughout the 2017 crop experimental period, rangirgnd Surroun WP treatments, but it did not differ from
from 2.0 to 33.1 (Figure A). Also, there was no the control in the 2017 harvest. In other crops,Thef
correlation between the weather variablesb(& 6). the fruits was similar among treatmentsilfle 7).

Table 4: Proportion of infested fruits (+ SE) and average number of pupariam + larvae/fruit (+ SE) (104 fruits/treathmastiepha
fraterculusat harvest in “"lencia’orange trees, subjected to 10% kaolin, Surr®wie5%, phosmet (75 g a.i. 108)and control in
the 2017, 2018 and 2019 harvests, Eldorado do Sul, RS

Proportion of infested fruit (+ SE) Average numberof puparium + larvae/fruit (£ SE)
2017 2018 2019 2017 2018 2019
Control 0.28+0.04a 0.01+0.01 0.22+0.06a 0.62+0.14a 0.01+£0.01 0.34+x0.10a
Insecticide 0.23+0.05ab 0.01+0.01 0.26+0.07a 0.33+0.07ab 0.02+0.02 0.44+0.13a
Kaolin 0.13+0.05ab 0.03+0.01 0.10+0.03ab 0.18+0.06b 0.03+0.01 0.11+0.04ab
SurroundWP 0.11+0.03b 0.05+0.02 0.04+0.02b 0.12+0.03b 0.07+0.04 0.04+0.02b
p-value 0.0136 0.4379 0.0077 0.0492 0.4991 0.0173

Means followed by the same letter in the column do not differ by the test of Tukey either by the student-Newman-Keuls test at the 5% probability
level; SE = Standard Error

Table 5:Frequency of fallen fruits (+ SE) in harvest and damaged fruits in the harvealencid'oranges subjected to Kaolin 10%,
Surroun@ WP 5%, phosmet (75 g a.i, 100)land control in the 2017, 2018 and 2019 harvests, Eldorado do Sul, RS

% Fallen fruits % Damaged fruits (x SE)
2017 2018 2019 2017 2018 2019
Control 16.2+1.20 -- 16.8+£6.22 0.7+0.24 ab 0.1£0.05 1.2+0.32
Insecticide 15.4+3.01 -- 17.0+£241 1.0+0.27a 0.3+£0.12 0.6+0.24
Kaolin 11.8+1.60 -- 13.8+£2.23 0.2+0.16b 0.04 £0.05 0.4+£0.18
Surround®WP 14.2 £3.09 -- 12.0£2.99 0.3+0.17b 0.2+£0.12 04+0.1
p-value 0.3292 - 0.3138 0.0275 0.1689 0.0518

Means followed by the same letter in the column do not differ by the test of Tukey at the level of 5% probability; SE = Standard Error
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The physicochemical characteristics of oranges i@uriqueet al (2018) observed that ‘Céand ‘Valencia’
terms of weight, diametessoluble solids, titratable cultivar oranges, covered with mineral films were less
acidity, and peel color index were similar amongnfested byA. frateiculus
treatments in the three harvestslfle 8). One of the reasons why the infestation can be less

with the mineral film is due to its white color that cau-
DISCUSSION ses the reflection of light, which can disorient the insects,

A. fraterculus (puparium + larvae/fruit) infestation as suggested by Saour & Makee (2004). They can also
in tangerines, as well as in oranges, treated with kaolidisguise the color of the fruits, making it difficult for
based films was lower in the 2017 harvest in relation tie host to find the flyan efect pointed out by Mazor &
the control. In the 2019 harvest, SurrobivdP reduced Erez (2004). Furtheaccording to Katsoyannos (1987),
infestation in oranges, when compared to insecticidéhe white color is one of the least attractive colors for
treated and control fruits. These results are corroboratemeTephritidae Another related factor is the irritation
those of LoVerdeet al (2011), D’Aquinoet al. (2011), caused in the tarsi and aculeus by the mineral particles,
and Smailet al (2016), who reported that kaolin reducedesulting in a longer cleaning activity in detriment to
C. capitatainfestations in citrus orchards. Likewise,oviposition was reported by Gleré Puterka (2005).
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Figure 2:A) A. fratecculusFly/trap/day index recorded ‘Valencia'orange orchard in the 2017, 2018, and 2019 harvests, Eldorado do
Sul, RS. BAverage temperature recorded over the experiment in the 2017, 2018, and 2019 harvests, Eldorado do Sul, RS.
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In the search for hosts, fruit-flies use chemica¢ffect of the films is the covering of oil-secreting
signals in addition to visual signals, such as volatileglands present in the leaves and in the fruit peel,
emitted by plants (Joachim-Brawet al., 2001). reducing or altering the released volatiles, which
Volatiles of diferent citrus species can even stimulatdecreases the attractiveness to fruit flies, which may
oviposition, as observed in laboratory tests with have occurred both in the tangerine and orange
capitata(loannouet al.,, 2012). Thus, another possibleorchards.

Table 6: Correlation between weather variables and the number of flies /trap/day (FTD) recorded at seven, 15, and 30 days before

sampling in ‘\alencia’'orange trees (Eldorado do Sul, RS)

Weather variables

Days before collection

2017
FTD x rainfall (mm) 7 days 15 days 30 days
FTD x average r p r p r p
t t °C
emperature (°C) -0.2851 0.4246 -0.3446 0.3295 0.4465 0.1958
0.2929 0.414 0.336 0.3424 -0.0457 0.9003
2018
FTD x rainfall (mm) 7 days 15 days 30 days
FTD x average r p r p r p
temperature (°C) 0.689 0.0868 0.1379 0.7681 01943 06763
0.699 0.0805 0.7946 0.0327 0.603 0.1517
2019
FTD x rainfall (mm) 7 days 15 days 30 days
FTD x average r p r p r p
temperature (°C) -0.0273 0.9365 -0.3546 0.2846 -0.0149 0.9653
0.8212 0.0019 0.6838 0.0203 0.6462 0.0316

r - Pearsors correlation

Table 7:Mean values (+ SE) of mass (g), diameter (mm), total soluble solids (SS) (%), total titrable ag&)diBe@l Color Index
(PCI) in ‘Okitsu’ tangerines in the harvest period submitted to kaolin 10%, Sufidih8%, phosmet (75 g a.i. 100)land control in
the 2017, 2018 and 2019 harvests, Eldorado do Sul, RS. (50 fruits/treatment)

Treatments Mass (Q) Diameter (mm) SS (%) TA (%) PCI
2017
Control 148.3+9.51a 73.4+1.71 9.2+0.08 0.94 +0.08 ab -0.11+£1.17
Insecticide 175.0+4.95 ab 77.1+£1.18 9.4+0.15 0.85+0.03b -1.23+£1.55
Kaolin 153.1+2.70 ab 74.8£0.99 9.5+0.10 1.08+0.05a -0.20+£0.19
Surround®WP 176.6 £4.97b 77+0.89 9.4+0.06 0.75+0.02b -0.39+£0.40
p-value 0.0206 0.1736 0.2676 0.0105 0.7634
2018
Control 128.1+4.26 67.3+0.62 10.3+0.62 0.87 £0.09 -
Insecticide 127.9+7.16 67.7 £1.49 10.6 £0.18 0.74+£0.09 -
Kaolin 138.8+£7.38 71.1+1.97 10.7+0.21 0.86 £ 0.06 -
Surround®WP 136.2+£4.16 70.1+1.48 11.0£0.25 0.85+0.03 -
p-value 0.3746 0.1485 0.1393 0.5719 -
2019
Control 118.9+5.34 67.3+0.51 10.1+£0.49 1.33+£0.18 0.07+0.75
Insecticide 116.3+10.38 65.3+2.24 10.0+0.17 1.24 +0.02 -1.78+1.41
Kaolin 114.4+2.38 66.3+0.67 10.1+£0.17 1.17+0.1 -0.48+0.45
Surround®WP 123.7+£8.29 68.6 +1.26 10.2+0.35 1.32+0.05 -3.18+2.35
p-value 0.7716 0.2900 0.9681 0.6107 0.8095

Means followed by the same letter in the column are nferdift from each other by the tesTokey at the 5% probability level; SE taBdard error
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The reduction in citrus fruit drop resulting from theal. (2018) in ‘Céu’ orange orchards. Extremely higher
attack of fruit-flies due to the protection exercised bgr lower temperatures in summevhen the tangerines
mineral films was observed by Brahatnal (2007) and grow and ripen, could affect the fly population (Salles,
D’Aquino et al. (2011). Howeverin our work, the number 2000).Although, the temperature variation in this season
of fallen fruits did not differ between treatments, whiclwas not atypical in the years when the study was
suggests that the recorded fall may be associated withnducted. So, we believe that the temperature was not
other biotic factors, such as diseases, or abiotic, suchths cause to low fly infestation in tangerines.
the action of winds. In relation to orange trees, in the 2018 harvest, the

In the 2018 and 2019 harvestA, fraterculus infestation was similar between treatments; howeter
infestation on tangerines was similar among treatmentsTD index throughout the period was greater than 0.5
In 2018, no insects were caught in the traps and in 20%8;/trap/day. Also, there was a positive correlation
the FTD index was always less than 0.5 fly frapy!, between the FTD index and the average temperature 15
considered control level for the crop (Nava & Bottondays before samplingVinter in 2018 was unusual,
2010). Thus, this result is not due to the lack ofarked by low temperatures that ranged from 1.5 °C to
efficiency of the products, but rather to the low2.0 °C below the historical average (SEAPI, 2018).
population recorded in the orchard. In the 2017 harveStemperatures below 18 °C may decrease the activity of
the fruit infestation was higheNonetheless, several A. fraterculus (Salles, 2000)Thus, the insects in the
studies have shown that the population fluctuation of fru@rchard could only be searching for food, in baited traps
flies does not follow a pattern and varies over the yearith attractive food and without reproduction and
and among years (Salles, 1995; Gaatial, 2003; Sil- oviposition activity which resulted in low infestation in
va et al, 2014). One of the factors that explain thighe fruits. In 2019, the average temperature varied
behavior is the presence of alternative host fruits arouticroughout the harvest, in general, they were higher than
the orchards under evaluation. During the period dhose recorded for the other years (2017 and 2018) until
fruiting of the tangerine trees, the presence of nativlne and lower in JulyHowever although a correlation
fruits, such aéraca, and cultivated, such as peaches, with the FTD index was obtained, this did not affect fruit
nearby areas are frequent and they are much madndéestation.
attractive toA. frateiculusthan the citrus species (Gatelli  Although carbon assimilation in the leaves of
et al, 2008). This fact was also observed by Ourigue tangerine trees was not affected by mineral films, Gullo

Table 8: Mean values (+ SE) of mass (g), diameter (mm), total soluble solids (SS) (%), total titratable a&jdRe€T Color Index
(PCI) in ‘Valencia'oranges at harvest, submitted Kaolin 10%, Surr®irb%, phosmet (75 g a.i. 106)Land control, in 2017, 2018
and 2019 harvests, Eldorado do Sul, RS. (50 fruits / treatment)

Treatments Mass (Q) Diameter (mm) SS (%) TA (%) PCI
2017
Control 166.7 +12.84 69.5+1.68 9.2+0.24 1.66+0.1 4.74+0.26
Insecticide 162.2+5.48 68.3+0.63 9.1+0.17 1.55+0.09 4.84+0.28
Kaolin 177.1+12.29 70.6 £1.58 9.2+0.13 1.64+£0.05 437+0.31
Surround®WP 167.7£7.02 69.8 £2.23 9.2+0.09 1.65+0.0 4.59+0.20
p-value 0.7607 0.7914 0.8672 0.8022 0.6375
2018
Control 195.7+13.81 74.3+1.70 9.9+0.24 1.52+0.04 4.27+0.32
Insecticide 171.2+9.04 72.6+0.84 9.8+0.19 1.50 +0.06 4.39+0.45
Kaolin 197.2+10.32 73.4+0.96 9.8+0.29 1.52+£0.07 4.22+0.23
Surround®WP 190.7 £5.07 73.8+0.61 9.8+0.1 1.47 £0.06 4.77+0.12
p-value 0.3289 0.7926 0.9812 0.9199 0.6417
2019
Control 168.4 +6.62 70.1+0.81 9.7+0.10 1.46+0.1 -
Insecticide 176.3+7.46 71.1+0.92 9.5+0.31 1.43+0.12 -
Kaolin 173.1+7.50 71.3+1.31 9.4+0.12 1.56+0.14 -
Surround®WP 166.3+5.45 70.1+0.76 9.4+0.37 1.44+0.07 -
p-value 0.6526 0.6512 0.7652 0.7873 -

Means analyzed by the Kruskalais test at 5% probability level; SE ta®dard error
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et al (2020) observed a reduction in the temperature afert material (Glenn & Puterka, 2005). The removal of
the ‘Navelinas’ orange leaves treated with mineral filmghe fruit films can be easily done with water and a brush
which promoted photosynthesis. system, as in the “packinghouses” processing units (Lo
Mineral films also act as sunscreen and prevent injMerdeet al, 2011). Thus, these products are safe both
ries denominated sun damage, which occur in many fruiter those who apply them and for the environment, they
including citrus (Barber & Sharpe, 197gusti, 2003). also add value and do not face market restrictions for
The reduction of these lesions with the use of kaolin haxports.
been demonstrated in ‘Okitsu’ tangerines (Chabbal, The adoption of this technology as a tool to control
2014), in ‘Balady’(Citrus reticulata Blanco) (Ennafet different pests and to reduce the stress caused by heat
al. 2017), and in ‘Rio Re’ pomelo treeSifrus paradisi or radiation, can be important and assist in the
Macf.) (Rodriguezt al, 2019). In this work, the fruits phytosanitary management of orchards, decreasing the
did not present any solar damage, but this could be ase of organosynthetic pesticides, production costs,
additional function of mineral films, in addition to pestcontamination of the environment, besides generating
control, improving the quality of fruits. fruits with a high added value.
Fruit quality measured based on physical-chemical
characteristics, both in tangerines and oranges with ttéONCLUSIONS
application of mineral films were similar to those of the  The results obtained in this experiment indicate that
control fruits in this studyThis result corroborates thosethe use of mineral particle film technology and may be a
of Mezdfi et al (2018), who did not verify the effect of too| to protect citrus fruits from damages caused by
kaolin on the mass and on the concentration of solubfuth American fruit fly, therefore maintaining the
solids in cherries, in addition to finding a reduction iyyality for the consumption of fresh fruits. Kaolin does
the infestation oRhagoletis ceragiLinnaeus) (Diptera: not have preharvest interval or maximum number of

Tephritidae) in the cherry orchard. In ‘Navelinasinges, applications allowed, so it is an environmentally safe
Gullo et al (2020) also observed the absence of kaoligroduct.

interference in colorSS, andlrA parameters.
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