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a  b  s  t  r  a  c  t

Bactrocera  oleae  (Rossi)  (Diptera:  Tephritidae)  oviposition  preference  to  Portuguese  olive  cultivars  with
different susceptibilities  (cvs.  Cobranç osa,  Madural,  and  Verdeal  Transmontana)  was  studied  by  physical
and  chemical  parameters.  Physical  parameters,  maturation  indices,  infestation  levels,  and  fatty  acids
profiles  were  recorded.

Verdeal  Transmontana  olives  revealed  higher  susceptibility  to olive  fly  attack,  while  cv. Cobranç osa
was  the  less  affected  cultivar.  A faster  maturation  in  cv. Cobranç osa  and a  slower  one  in  cv. Verdeal
Transmontana  were  observed.  Verdeal  Transmontana  olives  reported  higher  volume  and  lower  elonga-
tion,  while  both  olives  and  leaves  reported  higher  lightness,  all possible  attractive  cues  for  olive fly. Fatty
hysical parameters
live fly
viposition preference

acids  composition  revealed  a characteristic  profile  in  each  cultivar  with  constant  differences  during  crop
season.

Overall, maturation  process  influenced  biometrical  data  and  color  of  olive  cultivars.  The  slower  matura-
tion  process  characteristic  from  cv.  Verdeal  Transmontana  could  modulate  the  composition  and  physical
appearance  of olives,  therefore  interfering  with  olive  fly  females  oviposition  preference.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Olives production is steadily increasing in the last years world-
ide, with about 20.3 million tons in 2013, the second highest
roduction level ever accomplished (FAOSTAT, 2015). Since ancient
imes, the olive fly, Bactrocera oleae (Rossi) (Diptera: Tephritidae),
as been one of the key pests of olive crops (Daane and Jonhson,
010) and a simultaneous increase and widespread attacks are
eing reported. Indeed, a significant drop in olives production is
xpected in the 2014/2015 campaign, mainly attributed to olive fly
ttack. In the case of olive oil, a 27% reduction comparatively to the
013/2014 campaign is expected (IOC, 2014). This will lead to a gen-
ral increase of olive oil prices for consumers in 2014/2015, as well
s a certain reduction in quality due to olive fly attack. Olive females
ay their eggs on olives and once hatched, the larvae feeds on olive

ulp. The galleries created inside the olive and the exit holes opened
o allow pupae and/or adult to exit cause severe quality drop in olive
ils (Gómez-Caravaca et al., 2008; Pereira et al., 2004). Therefore,

∗ Corresponding author. Tel.: +351 273303277; fax: +351 273325405.
E-mail address: jpereira@ipb.pt (J.A. Pereira).

ttp://dx.doi.org/10.1016/j.scienta.2015.08.017
304-4238/© 2015 Elsevier B.V. All rights reserved.
the impact of this pest in olive crop is substantial, has been increas-
ing in the recent years, requiring efficient strategies to prevent
these losses.

Interestingly, olive fly attack does not affect all olive cultivars
similarly. Certain olive cultivars present systematically lower levels
of infestation comparatively to others cultivars inserted in the same
agro-climatic niche. Therefore, the study of the olive fly-olive tree
interaction may  give us important information on how or which are
the aspects that may  influence the olive fly oviposition preference.
The main aspects studied so far respect to chemical, physical and
molecular aspects. In respect to physical factors parameters related
to the hardness and elasticity of olives epidermis (Gonç alves et al.,
2012), volume (Rizzo et al., 2012), and color (Katsoyannos et al.,
1985) reported to be important in the oviposition preference of
olive fly. Gonç alves et al. (2012) verified that olive fly prefer olives
with harder pulp, corresponding to lower elasticity, which facilitate
ovipositor penetration in the drupe. By other hand higher volumes
olives are also highly preferred by olive fly, with higher odds of

infestation being attributed to these olives (Rizzo et al., 2012).
Another important factor is the olive color, intrinsically related with
maturation, with greener and yellow colors attracting more olive
flies than reddish and black colors ones (Katsoyannos et al., 1985).

dx.doi.org/10.1016/j.scienta.2015.08.017
http://www.sciencedirect.com/science/journal/03044238
http://www.elsevier.com/locate/scihorti
http://crossmark.crossref.org/dialog/?doi=10.1016/j.scienta.2015.08.017&domain=pdf
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Once physical factors could give us information on the oviposi-
ion preference of olive fly, in the present work we  intend to study
he influence of physical parameters of both olives and olive leaves
n the oviposition preference of olive fly in three Portuguese olive
ultivars with different susceptibility degrees towards this pest:
obranç osa (less susceptible), Madural (intermediate susceptibil-

ty), and Verdeal Transmontana (high susceptibility). To achieve
uch goal, biometric data was taken from olives (weight, maximum
nd minimum diameters, length, volume, and elongation) and olive
eaves (length, width, and weight), as well as their color during crop
eason evolution. Simultaneously, infestation levels and matura-
ion indices were also monitored in the three olive cultivars while
he fatty acids profile was included to verify their possible action
n the attraction of olive fly females.

. Material and methods

In the present study, all biological material used was
ollected from an organic olive grove located in Paradela
Mirandela—41◦32′35.72′′N; 7◦07′27.17′′W)  Trás-os-Montes
egion (Northeast of Portugal) in 2013. The study focused on three
f the main cultivars of this region, Cobranç osa, Madural and
erdeal Transmontana. From each olive cultivar, five trees were
elected and marked in order to collect all biological material
eeded for the necessary parameters, as detailed below.

.1. Infestation level and maturation index determination

In previously selected and marked olive trees the infestation
evel and maturation index were determined. Both parameters

ere assessed fortnightly from 27th Aug to 6th Nov., the last pos-
ible date prior to olives harvest.

To assess infestation level, 40 random handpicked fruits were
ollected from each olive tree (5 trees per cultivar; 200 fruits) in the
entioned periods and inspected in a binocular stereomicroscope

or signs of infestation (oviposition sites or exit holes). Infestation
evel was expressed as the percentage of infested olives.

Simultaneously, in the same olives collected for infestation level
etermination, maturation index was assessed as described by
ermoso et al. (2001). Briefly, olives were classified into 8 mat-
ration indexes (MI) based on epidermis and pulp color (0–7).
herefore, the fruit is classified as “MI  0” if the epidermis is green;
MI  1” for yellowish green; “MI  2” if the epidermis shows red spots
n less than half fruit; “MI  3” if the epidermis is red or purple in more
han half fruit; “MI  4” for black epidermis and white pulp; “MI  5” if
he epidermis is black and less than half pulp is purple; “MI  6” if the
pidermis is black and more than half pulp purple (without reach-
ng the stone); “MI  7” if the epidermis is black and total pulp purple
reaching the stone). The maturation index was calculated as fol-
ows: MI  = (a × 0 + b × 1 + c × 2 + d × 3 + e × 4 + f × 5 + g × 6 + h × 7)/n,

here the letters are the number of fruits in each MI  of classification
onsidered, and n is the number of olives assessed.

.2. Olives and leaves biometric parameters

For biometric parameters measurements only healthy olives
nd leaves were considered. Per olive tree and cultivar 40 olives
nd leaves (200 in total) were collected during six sampling dates
27th Aug; 12th Sep; 24th Sep; 10th Oct; 23rd Oct; and 6th Nov).
arameters evaluated in leaves were: length, width and weight.
arameters evaluated in olives were: weight, maximum diam-

ter (Dmax), minimum diameter (Dmin), and length. From these
arameters, olives volume (according to Burrack et al., 2011)
nd elongation (according to Rizzo et al., 2012) were calculated.
olume was calculated according the following formula: volume
lturae 194 (2015) 208–214 209

(cm3) = (� × length × Dmax
2)/6. Elongation was calculated as the

ratio between Dmax and Dmin.

2.3. Olives and leaves color determination

Color from healthy olives and leaves from cvs. Cobranç osa,
Madural and Verdeal Transmontana was measured with a Konica
Minolta model CR-400 colorimeter. From each olive tree and cul-
tivar 40 olives and leaves were collected (total of 200) at the same
six sampling dates (27th Aug; 12th Sep; 24th Sep; 10th Oct; 23rd
Oct; and 6th Nov). For each olive and leave 4 measurements were
taken (with 90◦ of distance each in olive). The monochromatic vari-
ables L*, a* and b* obtained from CIELAB method were measured.
L* is a measure of luminance or lightness component, which ranges
from 0 to 100 (black and white); a* ranges from negative to positive
(green to red respectively); b* also ranges from negative to positive
(blue to yellow).

2.4. Fatty acids determination

For the fatty acids profile healthy olives from cvs. Cobranç osa,
Madural and Verdeal Transmontana were separated by matura-
tion indices from 0 to 3, according to the methodology of Hermoso
et al. (2001) previously described. Olive fat was extracted in trip-
licate per cultivar and maturation index by a Soxhlet apparatus:
5 g of olive pulp smashed under sodium sulphate anhydrous, and
extracted with petroleum ether during a minimum period of 24 h
(AOAC, 2000). Fat extracted was then stored at −20 ◦C for further
fatty acids profile determination according to Malheiro et al. (2012)
and Commission Regulation 2568/91 (1991). The fatty acid pro-
file was  determined with a Chrompack CP 9001 chromatograph
equipped with a split–splitless injector, a FID detector, an autosam-
pler Chrompack CP-9050 and a 50 m × 0.25 mm i.d. fused silica
capillary column coated with a 0.19 � film of CP-Sil 88 (Varian).
Helium was used as carrier gas at an internal pressure of 110 kPa.
The temperatures of the detector and injector were 250 ◦C and
230 ◦C, respectively. The oven temperature was programmed at
120 ◦C during the first 3 min  with an increase of 4 ◦C/min until
220 ◦C. The split ratio was 1:50 and the injected volume was  of
1 �l. The results are expressed in relative percentage of each fatty
acid, calculated by internal normalization of the chromatographic
peak area eluting between myristic and lignoceric methyl esters. A
control sample (olive oil 47,118, Supelco) and a fatty acids methyl
esters standard mixture (Supelco 37 FAME Mix) were used for iden-
tification and calibration purposes (Sigma, Spain).

2.5. Statistical analysis

2.5.1. Analysis of variance
An analysis of variance (ANOVA) with Type III sums of squares

was performed using the GLM (General Linear Model procedure)
of the SPSS software, version 21.0 (IBM Corporation, New York,
U.S.A.). The fulfilment of the ANOVA requirements, namely the nor-
mal  distribution of the residuals and the homogeneity of variance,
were evaluated by means of the Kolmogorov-Smirnov with Lil-
liefors correction (if n > 50) or the Shapiro–Wilk‘s test (if n < 50), and
the Leveneı́s tests, respectively. All dependent variables were ana-
lysed using a one-way ANOVA with or without Welch correction,
depending if the requirement of the homogeneity of variances was
fulfilled or not. The main factors studied were: the effect of cultivar
and sampling date on the physical parameters (biometrical param-

eters and color) of olives and leaves, and fatty acids profile of olives
from cvs. Cobranç osa, Madural, and Verdeal Transmontana. If a sta-
tistical significant effect was found, means were compared using
Tukeyı́s honestly significant difference multiple comparison test or
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unnett T3 test also depending if equal variances could be assumed
r not. All statistical tests were performed at a 5% significance level.

.5.2. Principal component analysis
Principal components analysis (PCA) was applied for reducing

he number of variables in the color parameters of olives and olive
eaves (upper page) of the three olive cultivars to a smaller num-
er of new derived variables (principal component or factors) that
dequately summarize the original information, i.e., the effect of
aturation in color parameters of olives and olive leaves from cvs.

obranç osa, Madural and Verdeal Transmontana. Overall 6 vari-
bles corresponding to the L*, a* and b* from olives and olive leaves
ere used in PCA. Moreover, it allowed recognizing patterns in the
ata by plotting them in a multidimensional space, using the new
erived variables as dimensions (factor scores). PCA was performed
y using SPSS software, version 21.0 (IBM Corporation, New York,
.S.A.).

. Results and discussion

.1. Infestation levels and maturation

Olive fly infestation levels in the three cultivars studied are rep-
esented in Fig. 1.

From a general analysis cv. Verdeal Transmontana is the most
usceptible olive cultivar reporting maximum infestation levels of
4.5%, cv. Madural with 17.5% (23rd Oct.), while cv. Cobranç osa
lives were the less susceptible to olive fly, with maximum levels
f 8.5%. From 27th Aug. until 10th Oct. infestation was similar in the
hree cultivars. After that date infestation intensely, mainly in the
wo most susceptible olive cultivars. In cv. Cobranç osa olives the
nfestation levels also increased but in lower extent. At the end of
he study (6th Nov.) the infestation levels were significantly differ-
nt between cv. Verdeal Transmontana and Cobranç osa (P = 0.030),
hile at the remaining sampling dates no statistical differences
ere observed (P > 0.05). The results obtained clarify that with the

ime course, olives infestation level among cvs. Cobranç osa and
erdeal Transmontana increases, and that from the later is increas-

ngly preferred by olive females. These results were also observed
y Gonç alves et al. (2012) and Malheiro et al. (2015) by studying the

nfestation levels of these three olive cultivars, however with much
igher infestation levels in previous seasons. In the mentioned
orks, the olive fly preference towards cvs. Verdeal Transmontana

nd Madural, in detriment of cv. Cobranç osa, was also verified.
Oviposition preference of olive fly may  be related to physical

arameters of olive tree (both fruits and olive leaves), some of

hich directly related to maturation process, that inflict consider-

ble changes in olives physical parameters (biometrical parameters
nd color as well). Fig. 2 displays the maturation indices from the
hree olive cultivars in study during this crop season.

ig. 1. Infestation levels (%) of olives from cvs. Cobranç osa, Madural and Verdeal
ransmontana.
lturae 194 (2015) 208–214

Visually, it is easily perceived that cv. Cobranç osa has a faster
maturation process, with olives becoming reddish in the last week
of October (MI  = 2.1), and being completely reddish soon, in the first
week of November (MI  = 3.0). Comparatively, cv. Verdeal Trans-
montana olives remained green or yellow-green during the entire
study (Fig. 1). Olives from cv. Madural revealed an intermedium
maturation process, with a MI  of 2.0 at the end of the study (Fig. 2).
Therefore physical changes as well as appearance of olives are
considerably changed during maturation. In the following section
olives and leaves color is discussed regarding olive fly oviposition
preference.

3.2. Color of olives and olive leaves

The monochromatic variables L*, a* and b* are detailed in Table 1.
Regarding the olives color, both cultivar and sampling date influ-

enced the results obtained. Regarding lightness (L*), olives from
cv. Cobranç osa increase continuously until 10th Oct, when olives
are yellow-green (L* = 58.0). After that, when maturation start to
advance towards reddish tones, lightness reduced significantly to
46.0 at 23rd Oct., and to 35.2 at 6th Nov. (Table 1). Olives from cv.
Madural reported an increment until 23rd Oct (L* = 54.9) decreas-
ing then to 6th Nov (L* = 50.7), corresponding to the time in which
olives also started to change color to reddish tones (Fig. 2). Nev-
ertheless, olives from cv. Verdeal Transmontana reported always
higher lightness values, and it increased during the entire study
from 52.1 at first sampling date (27th Aug) to 59.8 at the last sam-
pling date (6th Nov). From the results obtained, and interpreting
them according to the results from Fig. 1, lightness increased dur-
ing olives maturation from green (MI  = 0) to yellow-green olives
(MI  = 1), reducing sharply when olives start changing to reddish
tones (MI  = 2 and 3).

The other two  monochromatic parameters are also in accor-
dance with Fig. 1. Concerning a* values cv. Cobranç osa olives are
less green than cv. Madural and Verdeal Transmontana. Olives from
cv. Cobranç osa loss their green coloration at 23rd Oct (a* = 1.7) and
become clearly red at 6th Nov (a* = 6.8). Olives from cv. Madural
lost their green coloration sooner, with a* values ranging between
−18.6 (27th Aug) and −8.7 (6th Nov), corresponding this last value
to the changing color stage. Olives from cv. Verdeal Transmontana
maintained a green coloration (Fig. 1), therefore with higher a* val-
ues comparatively to both Cobranç osa and Madural olives (Table 1).
A curious observation was that a* values from cv. Verdeal Trans-
montana olives at the last sampling date were higher than those
reported by cv. Cobranç osa olives at the first sampling date, attest-
ing the characteristically slow maturation process of this cultivar.

Concerning b* values they decreased in olives from cvs.
Cobranç osa and Madural, with higher loss in Cobranç osa olives
(Table 1). Olives from cv. Verdeal Transmontana maintained their
yellow-green coloration (Fig. 1) up to olives harvest time.

Olive leaves color was  recorded on both upper and down pages.
Down pages have a lighter green, while upper pages are greener.
Small L* values variations were found in the three olive cultivars
during crop season in the leaves down pages, varying between
65.9 and 69.3. Small variations were also observed in a* values
during crop season, ranging between −6.3 and −7.6. Values of b*
decreased consistently during the entire studied season, from 15.0
to 13.5 in cv. Cobranç osa, from 14.6 to 12.4 in cv. Madural, and
from 14.8 to 12.7 in cv. Verdeal Transmontana (Table 1). In the
leaves upper pages all L*,  a* and b* values decrease during crop
season. In a general way, olive leaves from cv. Verdeal Transmon-
tana reported always higher values of the three color parameters

measured during the entire study. Again, like in olives, L* values,
were higher in the most susceptible olive cultivar. These obser-
vations, both in olives and olive leaves could be related to the
epicuticular waxes composition of each olive cultivar. Epicuticu-
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Fig. 2. Maturation index of olives from cvs. Cobranç osa, Madural and Verdeal Transmontana during olive crop season.

Table 1
Color parameters (L*, a*, and b*) in olive leaves (upper and down page) and olives from cvs. Cobranç osa, Madural, and Verdeal Transmontana during crop season
(mean  ± standard deviation; n = 200).

Olives L* a* b*

Cobranç osa Madural Verdeal T. Cobranç osa Madural Verdeal T. Cobranç osa Madural Verdeal T.

27th Aug. 50.8 ± 0.9 bC 50.2 ± 0.7 aA 52.1 ± 1.4 cA −17.6 ± 0.5 cA −18.6 ± 0.2 bA −19.3 ± 0.1 aB 32.2 ± 0.8 aD 32.5 ± 0.4 bB 34.8 ± 0.6 cA
12th  Sep. 52.8 ± 0.2 bD 52.4 ± 0.5 aB 53.9 ± 1.6 cB −16.6 ± 0.7 cB −18.3 ± 0.8 bA −18.8 ± 0.6 aC 30.6 ± 1.1 aC 32.5 ± 1.7 bB 34.7 ± 1.7 cA
24th  Sep. 53.2 ± 1.3 bD 52.8 ± 0.6 aB 53.7 ± 0.5 cB −16.3 ± 1.3 cB −18.1 ± 0.7 bAB −18.6 ± 1.6 aC 32.5 ± 1.5 aD 33.2 ± 1.8 bB 35.4 ± 3.6 cA
10th  Oct. 58.0 ± 0.6 bE 55.3 ± 0.8 aC 57.9 ± 2.1 bC −17.9 ± 1.3 cA −18.7 ± 0.6 bA −19.9 ± 0.1 aA 37.3 ± 1.9 bE 36.5 ± 0.9 aD 39.1 ± 2.1 cD
23rd  Oct. 46.0 ± 5.9 aB 54.9 ± 2.0 bC 58.9 ± 1.6 cD 1.7 ± 0.3 cC −17.5 ± 0.3 bB −20.0 ± 0.6 aA 18.1 ± 2.3 aB 34.6 ± 3.4 bC 38.3 ± 1.4 cC
6th  Nov. 35.2 ± 6.8 aA 50.7 ± 2.2 bA 59.8 ± 1.1 cE 6.8 ± 0.9 cD −8.7 ± 3.5 bC −18.0 ± 2.3 aD 7.5 ± 4.5 aA 27.9 ± 3.3 bA 37.8 ± 0.9 cB

Leaves  down page
27th Aug. 67.0 ± 8.4 bB 67.9 ± 2.6 abBC 67.5 ± 1.7 aBC −7.1 ± 1.3 bB −6.4 ± 1.7 cC −7.5 ± 0.8 aA 15.0 ± 2.2 bD 14.6 ± 2.4 aD 14.8 ± 1.4 abD
12th  Sep. 68.3 ± 1.7 aA 69.3 ± 2.2 cE 67.1 ± 2.2 bBC −7.3 ± 0.8 aA −7.1 ± 1.3 bA −7.6 ± 0.7 aA 14.6 ± 1.2 aCD 14.6 ± 2.0 aD 14.7 ± 1.4 aCD
24th  Sep. 68.5 ± 1.6 aB 68.4 ± 2.0 bD 69.2 ± 2.3 bC −7.1 ± 0.9 aBC −6.5 ± 1.2 bB −6.9 ± 1.0 abBC 14.9 ± 1.6 bBC 13.2 ± 1.6 aC 14.6 ± 2.0 bCD
10th  Oct. 66.2 ± 2.7 aA 67.8 ± 2.2 bCD 66.7 ± 6.7 aB −7.4 ± 1.2 aAB −6.8 ± 0.8 bB −7.2 ± 1.2 aB 14.2 ± 1.5 bB 13.1 ± 1.2 aB 14.2 ± 2.3 bC
23rd  Oct. 66.6 ± 1.6 aA 66.6 ± 2.5 aA 66.5 ± 1.6 aB −6.8 ± 0.8 aD −6.5 ± 1.0 bC −6.9 ± 0.7 aC 13.5 ± 0.9 bA 12.8 ± 1.8 aAB 13.8 ± 1.1 bB
6th  Nov. 66.8 ± 1.4 bA 67.0 ± 2.0 bAB 65.9 ± 2.1 aA −6.8 ± 0.6 aCD −6.4 ± 0.7 bC −6.3 ± 0.9 bD 13.5 ± 0.9 bA 12.4 ± 1.1 aA 12.7 ± 1.7 aA

Leaves  Upper page
27th Aug. 42.6 ± 2.5 bC 41.7 ± 4.2 aD 44.1 ± 3.3 cBC −9.0 ± 1.8 cA −9.8 ± 2.2 bB −10.9 ± 1.6 aA 12.4 ± 2.6 aD 13.9 ± 3.4 bD 15.3 ± 2.9 cD
12th  Sep. 43.3 ± 3.7 bD 42.2 ± 2.5 aD 43.6 ± 3.9 bBC −8.5 ± 1.5 cB −10.7 ± 1.8 aA −9.2 ± 1.6 bB 11.7 ± 2.3 aD 14.7 ± 2.7 cE 12.1 ± 2.3 bB
24th  Sep. 42.6 ± 3.1 bC 40.4 ± 3.2 aC 46.7 ± 5.0 cD −8.2 ± 1.6 bC −9.3 ± 2.2 aB −9.8 ± 2.0 aB 11.5 ± 2.3 aC 12.7 ± 2.7 bC 14.6 ± 3.3 bC
10th  Oct. 41.2 ± 4.1 bB 39.6 ± 2.4 aB 43.9 ± 6.7 cB −7.4 ± 1.4 bD −9.1 ± 1.1 aB −9.6 ± 2.0 aB 9.6 ± 1.7 aB 11.6 ± 1.5 bB 13.3 ± 3.3 cB
23rd  Oct. 39.8 ± 2.0 bA 38.0 ± 1.9 aA 40.6 ± 2.4 cA −6.0 ± 1.0 bE −7.2 ± 1.1 aC −7.3 ± 0.9 aC 7.6 ± 1.2 aA 9.0 ± 1.4 cA 8.9 ± 1.2 bA
6th  Nov. 40.1 ± 2.1 bAB 37.3 ± 1.9 aA 41.9 ± 4.5 cCD −6.0 ± 1.1 bE −7.2 ± 0.8 aC −6.3 ± 1.3 bD 7.7 ± 1.3 Aa 8.7 ± 1.0 bA 7.7 ± 1.7 abA
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n the same line, for each parameter and date studied, mean values with different 

ultivar studied, mean values with different capital letters differ significantly (P < 0.

ar waxes could intervene in a decisive way in olive fly preference
owards cv. Verdeal Transmontana. Neuenschwander et al. (1985),

 pioneer in the study of susceptibility of olive cultivars to olive
y, reported that surface covering could decisively influence olive
y. Later, Kombargi et al. (1998) verified that superficial waxes of

lives reduced by half the number of eggs laid in olives from Greek
ultivars. Furthermore, the total amount and profiles of epicuticu-
ar waxes in both olives and leaves are cultivar dependent (Guinda
t al., 2010) and during maturation they decrease mainly in olives
 letters differ significantly (P < 0.05); In the same column, for each parameter and

(Peragón, 2013). Therefore the loss of lightness in both olives and
leaves could be related to epicuticular waxes, and this aspect could
influence olive fly oviposition, being interesting to explore in future
studies. Significant differences were found among cultivars in some
color parameters, but a higher impact of cultivar was observed in

the upper pages of olive leaves.

The color parameters evaluated on both olives and leaves
presented different characteristic on each olive cultivar at a deter-
mined date assessed. By applying a PCA to the data related to olives
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Fig. 3. Principal component analysis obtained from the color parameters (L* a*, and
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*) of olive leaves upper page and olives from cvs. Cobranç osa, Madural, and Verdeal
ransmontana at the last date studied (6th Nov). Principal components explain 79.2%
f  the total variance.

nd olive leaves (upper page) color parameters at the last assessed
ate and we verify that three main groups are created (Fig. 3). In
ig. 3 it is possible to observe that cv. Verdeal olives and leaves
positive region of PC 1) are clearly different from those of cv.
obranç osa (negative region of PC 1).

Olives and leaves from cv. Madural are placed among the more
nd less susceptible olive cultivars.

Therefore, in field conditions, when olive fly attacks become
ore intense, olive fly has olives with different colors, since cul-

ivars present different maturation rates. Indeed, when all olives
ere green the infestation is quite similar in the three cultivars.

nfestation levels started to differentiate among cultivars at the
wo last sampling dates, corresponding to the progress of mat-
ration (Fig. 1). Color parameters corroborate results verified in
ig. 1, therefore olive fly may  be attracted to green and green-
ellow fruits, while olives at higher maturation stages (MI  = 3 or
uperior) may  be less preferred to oviposit if in the presence of
reen or yellow-green ones. This could justify the high preference
f olive fly to cv. Verdeal Transmontana olives, and less preference
owards cv. Cobranç osa. In fact, it was already observed in other cul-
ivars that infestation odds decrease from green to reddish fruits
Rizzo et al., 2012). Even more, olive fly females are attracted to
ellow and green colorations to oviposit rather than red or dark
olors (Katsoyannos et al., 1985). Nevertheless, some other physi-
al parameters can also be correlated with oviposition preference,
s discussed in the next section.

.3. Physical parameters of olives and olive leaves

In general, leaves from cv. Cobranç osa presented a slightly lower
ength, varying between 7.01 and 7.30 cm,  while cv. Madural varied
rom 7.00 to 7.45 cm,  and those from cv. Verdeal Transmontana
anged from 7.05 to 7.36 cm (Table 2).

Regarding width, cv. Madural leaves are wider than the
ther two cultivars (1.13–1.35 cm). Cobranç osa have a width
f 1.02–1.11 cm while cv. Verdeal Transmontana reported only
.93–1.03 cm (Table 2). Concerning weight, cv. Madural reported
he heaviest leaves with mass between 0.25–0.30 g, while

vs. Cobranç osa and Verdeal Transmontana ranged between
.20–0.22 g and 0.19–0.21 g, respectively. Apparently, olive leaves
hysical parameters evaluated may  not be decisive in the ovipo-
ition preference of olive fly. However, the lower leaves width
lturae 194 (2015) 208–214

observed in Verdeal Transmostana could constitute favorable
parameters for olive fly penetration into the olives branches. How-
ever, in future works the curvature of leaves and their shape should
be considered since it may  reflect light in a different way that could
cause any change in the behavior and choice of olive fly. The leaves
density per branches could also be a parameter to take into account,
since they could offer shelter and protection to olive flies.

The biometrical data collected on olives are reported in Table 3.
All the biometrical parameters increased as function of the mat-

uration progress and fruit development. Concerning olives volume,
cv. Verdeal Transmontana reported significant higher volume in
two dates assessed, 24th Sep and 6th Nov (Table 3). This is an impor-
tant observation since a direct relation between olives volume and
infestation level has already been clearly established (Rizzo et al.,
2012). Another important information is olives elongation, which
is negatively correlated with infestation level (Rizzo et al., 2012).
In our cultivars the two most susceptible cultivars (Madural and
Verdeal Transmontana) reported also lower elongation values than
cv. Cobranç osa.

3.4. Olives fatty acids profile

Regardless of olive cultivar and maturation index, oil was mainly
composed by oleic acid (C18:1) as characteristic from olive oil. This
monounsaturated fatty acid was present in higher amounts in
cv. Verdeal Transmontana, fruits with values ranging from 78.0%
(at MI  = 0) to 80.4% (at MI  = 3) in an opposite tendency to cvs.
Cobranç osa and Madural, where oleic acid decreased during mat-
uration, from 75.0 to 73.7% and from 73.5 to 70.2%, respectively
(Table 4).

Palmitic acid (C16:0) was  the second main fatty acid, with con-
stant values during maturation in cv. Cobranç osa, a slight increase
in cv. Madural, and a pronounced decreased in cv. Verdeal Trans-
montana. Important differences were observed in linoleic acid
(C18:2) relative amounts, increasing considerably during matura-
tion on both cvs. Cobranç osa and Madural, while in cv. Verdeal
Transmontana it decreases. In cv. Verdeal Transmonta linoleic acid
varied between 3.25 and 2.34%, far below the minimum values of
cv. Cobranç osa 5.57%. In cv. Madural linoleic acid reported high
values ranging from 8.20 to 11.53%. Globally, the polyunsaturated
(PUFA) fatty acids content was significantly lower in cv. Verdeal
Transmontana.

The characteristic fatty acids composition found in olives of the
three olive cultivars may  play an important role in olive fly oviposi-
tion. When olive fly females oviposit, the penetration of ovipositor
in olive pulp may  perceive the medium in which they will lay their
eggs, since ovipositor is composed by chemosensilla (Zhang et al.,
2012). This specific perception organ is composed by receptor neu-
rons. In this particular case the amount of fat, higher in cv. Verdeal
Transmontana (Gonç alves et al., 2012), as well as its composition,
particularly the lower PUFA content, may  decisively influence olive
fly to lay their eggs. Furthermore, fatty acids composition also could
influence the survival of adults of olive fly. Since cv. Verdeal Trans-
montana report higher fat content (Gonç alves et al., 2012), larvae
developed in their olives could accumulate higher amounts of fat in
their organism, reserves that will pass to adults and that could sat-
isfy the nutritional requirements of adults for longer periods. The
composition of the fat is other aspect that could also influence sur-
vival of adults and for other functions. For instance, fatty acids are
precursors in the synthesis of pheromones, being therefore impor-
tant in insects reproduction and survival (Arrese and Soulages,

2010). Regarding fatty acids, future works could be carried out to
study the impact of fatty acids composition in the longevity and
behavior of olive fly adults. This could lead to a higher longevity by
adults, and an important ecological aspect to this pest.
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Table  2
Biometrical parameters (length, width, and weight) of olive leaves from cvs. Cobranç osa, Madural and Verdeal Transmontana during crop season (mean ± standard deviation;
n  = 200).

Length (cm) Width (cm) Weight (cm)

Cobranç osa Madural Verdeal T. Cobranç osa Madural Verdeal T. Cobranç osa Madural Verdeal T.

27th Aug. 7.01 ± 0.42 aA 7.00 ± 0.42 aA 7.21 ± 0.27 bAB 1.02 ± 0.04 bA 1.13 ± 0.11 cA 0.93 ± 0.05 aA 0.20 ± 0.02 aA 0.25 ± 0.02 bA 0.20 ± 0.01 aAB
12th  Sep. 7.15 ± 0.50 aAB 7.34 ± 0.32 aB 7.27 ± 0.25 aB 1.09 ± 0.03 bC 1.32 ± 0.04 cB 1.03 ± 0.07 aB 0.21 ± 0.01 aAB 0.26 ± 0.01 bAB 0.20 ± 0.01 aBC
24th  Sep. 7.30 ± 0.10 bB 7.43 ± 0.30 bB 7.13 ± 0.26 aA 1.08 ± 0.05 bBC 1.33 ± 0.08 cB 1.01 ± 0.15 aB 0.21 ± 0.01 bAB 0.28 ± 0.02 cB 0.19 ± 0.00 aA
10th  Oct. 7.04 ± 0.39 aA 7.44 ± 0.38 bB 7.36 ± 0.21 bB 1.11 ± 0.06 bC 1.35 ± 0.03 cB 1.02 ± 0.06 aB 0.22 ± 0.02 aB 0.28 ± 0.02 bB 0.21 ± 0.01 aD
23rd  Oct. 7.14 ± 0.16 aAB 7.45 ± 0.35 bB 7.32 ± 0.19 bB 1.08 ± 0.05 bBC 1.35 ± 0.05 cB 0.99 ± 0.07 aB 0.22 ± 0.01 aB 0.30 ± 0.02 bC 0.21 ± 0.02 aB-D
6th  Nov. 7.03 ± 0.27 aA 7.32 ± 0.32 bB 7.05 ± 0.16 aA 1.05 ± 0.04 bAB 1.31 ± 0.11 cB 1.01 ± 0.10 aB 0.21 ± 0.01 aAB 0.28 ± 0.03 bBC 0.21 ± 0.02 aCD

In the same line, for each parameter and date studied, mean values with different minor letters differ significantly (P < 0.05); In the same column, for each parameter and
cultivar studied, mean values with different capital letters differ significantly (P < 0.05).

Table 3
Biometrical parameters (weight, Dmax, Dmin, length, volume, and elongation) of olives from cvs. Cobranç osa, Madural and Verdeal Transmontana during crop season
(mean ± standard deviation; n = 200).

Weight (g) Dmax (cm)

Cobranç osa Madural Verdeal T. Cobranç osa Madural Verdeal T.

27th Aug. 2.04 ± 0.14 bB 1.91 ± 0.42 aAB 1.96 ± 0.24 abA 1.34 ± 0.04 aB 1.33 ± 0.08 aAB 1.33 ± 0.11 aA
12th  Sep. 1.98 ± 0.21 aAB 2.03 ± 0.43 aB 1.95 ± 0.27 aA 1.31 ± 0.07 aAB 1.34 ± 0.11 bB 1.35 ± 0.11 bA
24th  Sep. 1.87 ± 0.20 aA 1.89 ± 0.27 aA 1.92 ± 0.43 aA 1.28 ± 0.06 aA 1.31 ± 0.09 abA 1.32 ± 0.15 bA
10th  Oct. 2.86 ± 0.74 cC 2.35 ± 0.29 aC 2.54 ± 0.37 bB 1.55 ± 0.15 bD 1.43 ± 0.07 aC 1.51 ± 0.11 bB
23rd  Oct. 2.76 ± 0.20 bC 2.39 ± 0.33 aC 2.65 ± 0.12 bB 1.51 ± 0.04 bC 1.45 ± 0.08 aC 1.52 ± 0.05 bB
6th  Nov. 2.86 ± 0.15 bC 2.67 ± 0.33 aD 2.84 ± 0.31 bC 1.51 ± 0.02 aCD 1.49 ± 0.07 aD 1.56 ± 0.09 bC

Dmin (cm) Length (cm)

Cobranç osa Madural Verdeal T. Cobranç osa Madural Verdeal T.

27th Aug. 0.70 ± 0.02 aB 0.74 ± 0.05 bD 0.74 ± 0.09 bC 1.97 ± 0.04 Ab 1.89 ± 0.09 aA 1.92 ± 0.06 aA
12th  Sep. 0.61 ± 0.04 aB 0.69 ± 0.07 cC 0.63 ± 0.07 bB 1.96 ± 0.05 bA 1.90 ± 0.11 aA 1.94 ± 0.05 bA
24th  Sep. 0.56 ± 0.04 aB 0.62 ± 0.07 bA 0.57 ± 0.09 aA 1.94 ± 0.04 bA 1.86 ± 0.04 aA 1.95 ± 0.08 bA
10th  Oct. 0.67 ± 0.12 aB 0.63 ± 0.03 aAB 0.64 ± 0.03 aB 2.11 ± 0.11 aB 1.97 ± 0.07 cB 2.07 ± 0.05 bB
23rd  Oct. 0.63 ± 0.02 aB 0.64 ± 0.03 aB 0.64 ± 0.04 aB 2.10 ± 0.75 bB 1.96 ± 0.09 aB 2.09 ± 0.04 bBC
6th  Nov. 0.60 ± 0.04 aB 0.63 ± 0.03 bAB 0.62 ± 0.04 bAB 2.12 ± 0.03 bB 2.03 ± 0.06 aC 2.13 ± 0.05 bC

Volume (cm3) Elongation

Cobranç osa Madural Verdeal T. Cobranç osa Madural Verdeal T.

27th Aug. 1.86 ± 0.15 aA 1.79 ± 0.30 aAB 1.81 ± 0.33 aA 1.47 ± 0.04 aC 1.43 ± 0.04 bB 1.45 ± 0.10 bB
12th  Sep. 1.79 ± 0.21 aA 1.83 ± 0.39 aB 1.88 ± 0.34 aA 1.50 ± 0.05 cCD 1.42 ± 0.04 aB 1.45 ± 0.12 bB
24th  Sep. 1.67 ± 0.20 aA 1.71 ± 0.26 aA 1.82 ± 0.50 bA 1.52 ± 0.04 bD 1.42 ± 0.07 aB 1.49 ± 0.13 bC
10th  Oct. 2.75 ± 0.70 bC 2.15 ± 0.28 aC 2.51 ± 0.42 bB 1.37 ± 0.07 aA 1.37 ± 0.02 aA 1.38 ± 0.08 aA
23rd  Oct. 2.52 ± 0.20 bB 2.19 ± 0.33 aC 2.56 ± 0.17 bB 1.40 ± 0.02 cAB 1.36 ± 0.03 aA 1.38 ± 0.07 bA
6th  Nov. 2.57 ± 0.12 bBC 2.40 ± 0.29 aD 2.78 ± 0.34 cC 1.41 ± 0.01 bB 1.37 ± 0.03 aA 1.37 ± 0.06 aA

In the same line, for each parameter and date studied, mean values with different minor letters differ significantly (P < 0.05); In the same column, for each parameter and
cultivar studied, mean values with different capital letters differ significantly (P < 0.05).

Table 4
Fatty acids profile of olives from cvs. Cobranç osa, Madural and Verdeal Transmontana at different maturation indices (mean values; n = 3).

Cobranç osa Madural Verdeal Transmontana

MI 0 MI  1 MI  2 MI  3 MI  0 MI  1 MI  2 MI  3 MI  0 MI 1 MI  2 MI  3

C14:0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
C16:0 11.6 11.8 11.8 11.7 11.7 12.0 12.1 12.2 11.6 11.8 10.9 10.9
C16:1 0.67 0.75 0.75 0.77 0.54 0.59 0.53 0.66 0.71 0.78 0.67 0.60
C17:0 0.20 0.18 0.16 0.17 0.11 0.11 0.05 0.10 0.19 0.17 0.21 0.22
C17:1 0.26 0.26 0.25 0.24 0.15 0.14 0.07 0.13 0.29 0.28 0.31 0.32
C18:0 4.52 4.29 4.54 4.50 3.47 3.50 2.65 3.34 3.54 3.16 3.43 3.36
C18:1 75.0 74.8 74.2 73.7 73.5 72.0 70.3 70.2 78.0 78.7 79.0 80.4
C18:2 5.57 5.86 6.36 7.04 8.20 9.70 12.39 11.53 3.25 3.13 3.50 2.34
C18:3 1.01 0.86 0.87 0.84 1.18 0.98 1.00 0.92 1.02 0.84 0.81 0.64
C20:0 0.58 0.51 0.51 0.51 0.46 0.43 0.36 0.38 0.60 0.51 0.52 0.53
C20:1 0.26 0.23 0.23 0.23 0.30 0.26 0.29 0.26 0.34 0.31 0.30 0.29
C22:0 0.15 0.12 0.13 0.13 0.12 0.11 0.10 0.10 0.18 0.14 0.16 0.17
C24:0 0.07 0.06 0.06 0.05 0.07 0.05 0.04 0.04 0.11 0.08 0.07 0.07
SFA  17.1 17.0 17.2 17.1 16.0 16.2 15.3 16.2 16.2 15.9 15.3 15.2
MUFA 76.2 76.1 75.4 74.9 74.5 73.0 71.2 71.2 79.3 80.0 80.3 81.6
PUFA  6.58 6.72 7.23 7.88 9.38 10.7 13.4 12.4 4.27 3.97 4.30 2.97
Trans  isomers 0.18 0.17 0.17 0.15 0.18 0.16 0.15 0.15 0.18 0.13 0.15 0.14
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. Conclusions

The results obtained in the present work allowed to conclude
hat both physical and chemical parameters may  be taken in consid-
ration by olive fly for oviposition purposes. We  concluded that the
aturation process, which influences olives color and biometrical

ata, may  contribute for oviposition preference as well. Olive leaves
olor is characteristic in each olive cultivar, with higher lightness
eing exhaled by the most susceptible olive cultivar, Verdeal Trans-
ontana. Fatty acids profile is also characteristic in each cultivar

nd it could be an internal factor in olives for olive fly oviposition.
he results obtained have also practical application in harvest and
n the cultivation of new olive groves. An early harvest is encour-
ged to prevent higher losses due to the attack of olive fly. In the
lantation of new olive orchards the right choice of olive cultivars

s very important to point out to high quality olive products.
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