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Abstract - As an inadequate pollina ti on is one of the factors limiting the com-
merciai production of Annona spp. in many countries, observations on insects 
visiting flowers ofCherimoya (Annona cherimola Mili.) and Atemoya (A . che-
rimola x A. squamosa L.) were carried out in Campobello di Mazara (Trapa-
ni) and Sciacca (Agrigento) (Sicily), in 1995. Ali the insects which visited flo-
wers were surveyed and most of them identified. 44,6% and 20,5% of flowers 
were visited by insects in Campobello di Mazara and Sciacca respectively. Ni-
ne species of insects were collected in the first orchard: among them the sta-
phylinid Paraphloeostiba gayndahensis (McLeay), the nitidulid beetle Carpo-
philus tersus Wollaston, and the thrip Frankliniella occidentalis (Pergande) re-
presented 87.4% of ali the insects found inside flowers; the most abundant 
species in Sciacca was the anthocorid Orius laevigatus (Fieber) (70 .3%). In 
1996 branches of some custard-apples (A. cherimola cv Fino de Jete) were co-
vered with sleeves inside which specimens of O. laevigatus were released. The 
species had a positive influence on the pollination of Annona as the percenta-
ge of fruit set was similar to that obtained in the"uncovered contro!. The per-
centage of well formed fruits was however lower,'than the one obtained in the 
uncovered contro!. 

Riassunto - Osservazioni sugli insetti che visitano i fiori di Annona spp . in Si-
cilia. 
È stato realizzato uno studio sull'artropodofauna floricola dell 'anona (Anno-
na spp.), coltura tropicale i cui fiori dicogamici e proteroginici presentano 
problemi di impollinazione e conseguentemente di produttività. Nel corso 
del 1995 sono stati esaminati 2.970 fiori di Annona spp. in due campi speri-
mentali siti a Sciacca e Campobello di Mazara, registrando il numero di in-
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setti presenti e raccogliendone gli esemplari per l'identificazione. La percen-
tuale di fiori visitati da artropodi è stata del 44,6% a Campobello e del 
20,5% a Sciacca. Nel primo sito sono state catturate nove specie, tre delle 
quali Paraphloeostiba gayndahensis (McLeay), Carpophilus tersus Wollaston 
e Frankliniella occidentalis (Pergande), hanno rappresentato insieme 
1'87,4% di tutti gli insetti osservati nei fiori; nel secondo sito la specie più ab-
bondante è stata l'antocoride Orius laevigatus (Fieber), che da solo ha costi-
tuito il 70,3% degli insetti raccolti. La comunità di artropodi di Campobello è 
risultata più ricca e con una migliore equiripartizione di specie, probabil-
mente per la maggiore diversificazione ambientale delle aree immediatamente 
a ridosso della coltura. Le comunità dei due siti sono risultate statisticamente 
differenti. Nel secondo anno sono state condotte prove di insacchettamento 
di rami di anona (A. cherimola cv Fino de Jete) con introduzione di O. laevi-
gatus nei sacchetti. L'antocoride si è confermato impollinatore della coltura, 
avendo fatto registrare percentuali di frutti simili a quelle del testimone non 
insacchettato. Tuttavia la percentuale di frutti ben formati è risultata netta-
mente inferiore rispetto a quest'ultimo. 
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INTRODUCTION 

Annona cherimola Mill. was imported from South America to Europe in the 
15th century and cultivated since the second half of the 19th century. The plant 
was introduced to Italy at the end of the 18th century for the first time into the 
Botanical Garden of Palermo for scientific study and then into Calabria (Costan-
tino, 1963). 

Some experimental orchards have been recently planted in Sicily with Cheri-
moya (A. cherimola) and Aternoya (A. cherimola x A. squamosa L.) by the Istituto 
di Coltivazioni arboree of Palermo University, to get a better understanding of 
the biological aspects of the plant as well as of its pollination in our region. 

As an inadequate pollination is one of the factors lirniting the commercial 
production of Annona spp. in rnany countries, observations were carried out in 
two different locations in Sicily, Sciacca (Agrigento) and Carnpobello di Mazara 
(Trapani), on insects which visited flowers, to verify their action on pollination. 

MATERIALS AND METHODS 

The orchard in Sciacca was located in a rnosaic of agricultural landscape, 
mainly characterized by the presence of vineyards, olive groves and horticultural 
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crops, while Campobello orchard was located in a nursery, where ciifferent fruit-
trees were also present. 

In both orcharcis ciifferent cultivars of Atemoya anci Cherimoya were present. 
Observations were done in the daylight (8 a.m.-1 p.m. and 4-8 p.m.) twice a 

week during the whole flowering perioci (June-July) in 1995; all the insects 
which visited the flowers were collected and most of them identified; the sexual 
stage of flowers was also noted. The frequency of each species on the checkeci 
flowers, and with regards to the total number of collected insects, was taken 
into account. 

Shannon diversity and Sorensen quantitative similarity indexes have been 
used to compare the arthropodofauna present in the two sites. x2 has also been 
calculated to verify if the differences found in Sciacca and in Campo bello were 
statistically significant. 

Moreover trials were carried out in Sciacca in 1996 using the anthochorid Orius 
laevigatus (Fieber), (the most common species in 1995) as possible pollinator. 

Branches of custard-apples (A. cherimola cv Fino de Jete) were isolateci using 
sleeves of antiaphid nets. Some branches were covereci when they began blooming 
anci were uncovered after 8 weeks (thesis 1) or after one week (thesis 2), in absence 
of insects. Some branches were covered and uncovered as above (theses 3 and 4), 
but 80 specimens of O. laevigatus per week were put. Branches were marked and 
left uncovered for the whole perioci of their blooming in the control. 

Open flowers were eliminated from all the branches before putting the sleeves, 
while the closed ones were counted. In theses 2 and 4 all the closeci flowers were 
marked and their status at the moment of uncovering was noteci. 

In the theses 1, 3 and in the control the mean number of flowers per branch 
per week was estimateci taking into account the branch length and the number of 
flowers present at the moment of covering. 

An average of 12 branches per thesis was taken into account. 

RESULTS AND DISCUSSION 

1995 observations 

As the self anci wind pollination of Annona is very poor (George et al., 1989), 
hand pollination is very expensive and results are not always satisfactory (Farré 
Massip, 1993; Schroeder, 1971), a great attention was paid to entomophilous pol-
lination. 

Table 1 shows the arthropods that visiteci flowers in both orcharcis anci their 
frequencies. The flowers visited by arthropocis, mostly insects, were 20.5% in 
Sciacca, where 6 species and 4 unidentified arthropocis were collected, anci 



Table 1 - Dijferent arthropods collected inside annona flowers and their fi'equencies in Sciacca (Agrigento) and Campobello di Mazara 
(Trapani). 

Sciacca Campobello di Mazara 

N. of N. of % of % of N. of N. of % of % of 
f1owers insects flowers insects flowers insects flowers insects 

Tota[ 1186 293 1784 1578 
Empty flowers 943 79.5 988 55.4 
Visited flowers 243 20.5 796 44.6 

Thysanoptera Thripidae Frankliniella occidentalis (Pergande) 47 55 4.0 18.8 273 355 15.3 22.5 
Rhynchota Anthocoridae Orius laevigatus (Fieber) 171 206 14.4 70.3 129 138 7.2 8.7 

Miri da e Campylomma verbasci (Meyer) 16 16 1.3 5.4 o o O.O O.O 
Coleoptera Staphylinidae Paraphloeostiba gayndahensis (McLeay) 6 7 0.5 2.4 214 542 12.0 34.4 

Nitidulidae Carpophilus tersus Wollaston 3 4 0.3 1.4 222 481 12.4 30.5 
Carpophilus mutilatus Erichson o o O.O O.O 12 12 0.7 0.8 
Carpophilus hemipterus (L.) 1 1 0.1 0.3 2 2 0.1 0.1 
Epuraea luteola Erichson o o o.o O.O 2 2 0.1 O.I 
Urophorus humeralis (Fabricius) o o O.O O.O 6 7 0.3 0.4 
Urophorus rubripennis (Heer) o o O.O O.O 2 2 O.I 0.1 

Undetermined o o O.O o.o 8 8 0.4 0.6 
Other Arthropods (no insects) 4 4 0.3 1.4 28 29 1.6 1.8 

Shannon diversity index 0.89 1.35 
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44.6% in Campobello di Mazara, where 10 species and 37 unidentified arthro-
pods were collected. 

One to three different species were frequently found inside each flower and 
the average number of specimens per flower was 1.2 in Sciacca and 2.0 in Cam-
po bello di Mazara. The maximum number of specimens per flower was found in 
Campo bello where 21 insects, among which 12 specimens of the nitidulid Carpo-
philus tersus Wollaston and 9 of the staphylinid Paraphloeostiba gayndahensis 
(McLeay), were found. 

Campo bello showed a higher diversity of arthropodofauna and this was also 
confirmed by the Shannon diversity index, whose values were 1.35 in Campo bello 
and 0.89 in Sciacca. Sorensen quantitative index was 0.22, showing a low similar-
ity between the two sites. Moreover the differences found between Campobello 
and Sciacca resulted statistically significant (p = 0.001 ). 

Fig. 1 shows the percentages of the most frequent species found inside the cus-
tard apple flowers in Sciacca and Campobello di Mazara, calculated taking into 
account the total number of observed flowers (fig. la) and the total number of 
collected insects (fig. 1 b ). The dominant species recorded in Sciacca was O. laevi-
gatus, found in 14.4% of flowers (fig.la) and representing 70.3% of total insects 
(fig. 1 b ), followed by Frankliniella occidentalis (Pergande) ( 4.1 % of visited flowers 
and 18.8% of caught specimens). 2.5% of flowers was visited by the remaining 
species, which represented 10.7% of the caught specimens. 

O. laevigatus was already mentioned on the 3-5% of A. cherimola flowers in 
Calabria (Continella et al., 1994) and its pollinating activity on Lantana camara 
L. has been recently demonstrated (Sinacori & Mineo, 1996). 

The action of thrips on pollination was already shown (Hagerup, 1950). As a 
matter of fact, Haslerud (1974) in Norway concluded that thrips were not very 
effective for pollination. According to Bournier (1983) their pollinating action 
was important in some biotopes and for some plants. As far as we know no in-
formation is available on the role of F. occidentalis on pollination. The thrip 
Frankliniella bispinosa (Morgan) was found on 9.7% offlowers in Florida (Nagel 
et al., 1989), but the Authors did not take into account if it had any influence on 
the pollination. 

A different situation was noted in Campobello di Mazara, where the most 
abundant species were F. occidentalis, C. tersus and P. gayndahensis, visiting 
15.3%, 12.4% and 12% of flowers respectively (fig. 1), and representing 
22.5%, 30.5% and 34.4% oftotal insects (fig. 2). The last two species are reported 
for the first time on flowers of Annona, but further studies have to be carried out 
to check if they ha ve an influence on its pollination. 

O. laevigatus was found in 7.2% of flowers, being 8.7% of tota! specimens 
found. The remaining nitidulid beetles ( Carpophilus mutilatus Erichson, C. 
hemipterus (L.), Epuraea luteola Erichson, Urophorus humeralis (Fabricius), and 
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U. rubripennis (Heer)) visited 1.3% of flowers while the remammg arthropods 
visited 2%. 

96% of insects collected inside the flowers (at female stage) in Israel were ni-
tidulid beetles. Among them the most important species was U. humeralis 
(47.6%), followed by C. hemipterus (27.6%), E. luteola (16.1 %) and C. mutilatus 
(8.7%) (Gazit et al., 1982); C. mutilatus was found in Florida as the most relevant 
species, followed by E. luteola and Carpophilusfumatus Boheman (Nadel & Pena, 
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18 m female stage Ornale stage 
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Orius laevigatus Frankliniella Paraphloeastiba Carpophilus other Campylomma other 
occidentalis gayndahensis tersus Mtidulidae verbasci Arthropoda 

Fig. 1 - Percentage of Annona spp. flowers visited by different species of arthropods in 
Sciacca (Agrigento) and Campo bello di Mazara (Trapani) (a) - Percentage of dif-
ferent species of arthropods captured in Annona spp. flowers (b) - Percentage of 
Annona spp. flowers visited by different species of arthropods during the two dif-
ferent sexual stages ( c ). 

1994), while the most frequent one in Australia was C. hemipterus (George et al., 
1989). 

In fig. le the percentages of flowers during the two different sexual stages 
visited by different arthropods are reported. Flowers in the female stage were 
visited by most species. The percentages of flowers at the female stage visited 
by F. occidentalis, C. tersus, P. gayndahensis and other Nitidulidae were 13.1 %, 
9.6%, 8.1 % and 1.2%, respectively, while the male ones were 6.4%, 3.9%, 
6.2% and 0.2%. On the other hand O. laevigatus preferred 16.2% of flowers in 
the male stage and only 6.7% in the female one. The mirid Campylomma verbasci 
(Meyer) and other arthropods did not show a clear preference for any sexual 
stage of flowers. Moreover, from our observations in Sciacca 16.3% of flowers 
in the female stage and 27.3% of those in the male stage were visited, while these 
percentages in Campobello di Mazara were 48.9% and 36.6% respectively. 

In fig. 2 the trends of the percentages of flowers visited by different species are 
shown. The percentage of flowers visited by O. laevigatus was under 20% in 
Sciacca up to June and reached a peak (47.8%) during the first ten days of July 
(fig. 2a); afterwards it sharply decreased, reaching the minimum value (2%) at the 
end of July. All the remaining species were at very low levels. 

O. laevigatus reached a peak of 7% of visited flowers in Campo bello di Ma-
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zara during the second ten days of June, decreased afterwards and was under 5% 
throughout July (fig. 2b). F. occidentalis started visiting 31.4% of flowers and 
then decreased, while P. gayndahensis visited a low percentage of flowers until 
the end of June and then showed a sharp increase reaching the maximum level 
(51.9%) at the end of July. C. tersus visited a percentage offlowers varying from 
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Fig. 2 - Trend of percentages of flowers visited by different species of arthropods in Sciac-
ca (Agrigento) (a) and Campobello di Mazara (Trapani) (b). 
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6.6% to 12.4% in the initial twenty days of June, then slowly grew up reaching a 
peak of 23.6% in the first ten days of July, and another one at the end ofthe same 
month. From the above observations we see that among the most important spe-
cies only C. tersus was more constantly present with values between 6.6% and 
23.6% of visited flowers. 

1996 trials 

Results on the trials carried out in Sciacca during 1996 are reported in table 2. 
As it was expected, no fruits were formed where flowers were kept covered in ab-

Table 2 - Influence of Orius laevigatus ( Fieber) on fruit production of Annona cherimola 
Mill. cv Fino de Jete. 

Nr. Nr. flowers F rui ts after High quality 

Theses Covering O. laevigatus per branch three months symmetrical 
peri od fruits released (mean) (%) (%) 

1 8 weeks none 91 o o 
2 1 week none 12* o o 
3 8 weeks 80 per week 66 3.3 42.8 
4 1 week 80 13* 8.4 22.2 

Contro! 
(uncovered) - - 88 5.7 64 

* mean number of flowers marked at the time of covering 

sence of insects (theses 1 and 2). In thesis 3 the percentage of fruits obtained after 
three months was low (3.3%), but among them the 42.8% was well formed due to 
a good pollination. In thesis 4 the percentage of fruits obtained was higher when 
compared to the other thesis (8.4%), but the percentage ofwell formed fruits was 
lower (22.2%). 

Similar results were obtained in Israel by Gazit et al. (1982), who used four 
species of nitidulids (U. humeralis, C. hemipterus, E. luteola and C. mutilatus) ob-
taining 5-10.7% of Atemoya fruits while 3.5% of Cherimoya fruits was obtained 
using C. hemipterus and U. humeralis. 

The percentage of fruits obtained in the uncovered control was 5. 7%, but the 
percentage ofperfect fruits was higher (64%). Such results suggest that the antho-
corid action in our weather conditions has to be completed by the other arthropods, 
whose role varies according to the characteristics of the different sites. This is sup-
ported by the percentage ofhigh quality symmetrical fruits obtained in the control. 
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