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ABSTRACT: Olive (Olea europaea L.) shows alternate bearing, with unreliable cropping patterns 
and inconsistent fruit size and quality every year. In many countries, thinning with naphthale-
neacetic acid (NAA) is used to minimise alternate bearing behavior in olives. However, in Italy, 
growers are reluctant to employ this practice and no detailed knowledge is available for specifi c 
cultivars. We evaluated the effects of spraying NAA on various dates on the productive and 
vegetative characteristics of the main Italian table olive cultivar ‘Nocellara del Belice’. Trunk 
cross-sectional area, fruit set, fruit drop, fruit size, pit size, yield per tree, crop density and 
fl esh to pit ratio were analysed. The NAA treatment applied on the earliest of the dates selected 
increased fruit weight and fl esh to pit ratio, by reducing crop density and enhancing the leaf to 
fruit ratio, without reducing yield. Two distinct negative relationships were found between fruit 
weight and crop density during “on” and “off” years, but a unique relationship between pit weight 
vs. crop density in both years, suggested that the pit is the strongest sink. Fruit size and qual-
ity of ‘Nocellara del Belice’ can be enhanced by NAA application, thereby increasing economic 
returns in the “on” year.

Introduction

In many fruit species, part of the crop is removed 
in the early stages of fruit development to improve the 
quality of the remaining crop, mainly in terms of fruit 
size. In table olive (Olea europaea L.), heavy crop loads 
result in small fruit of lesser value, late maturity, poor 
quality ultimately leading to depressed prices (Martin et 
al., 1980). Moreover, excessive crop loads and excessive 
numbers of developing seeds decrease or inhibit fl ower-
bud formation which can contribute to the biennial pro-
duction pattern (Dag et al., 2010; Fernandez-Escobar et 
al., 1992; Lavee, 1989, 2007; Stutte and Martin, 1986). 

In Sicily, which is home to more than 47 % of the 
entire Italian olive production under rain-fed conditions, 
growers adopt severe pruning practices to reach a bal-
ance between vegetative growth, fruit production and 
quality. In semi-arid environments, pruning can affect 
soil water availability and consequently it is used for the 
purpose of reducing the crop and increasing fruit size 
(Rallo and Barranco, 1986). However, other techniques 
can be adopted, such as thinning, which do not alter 
the root/shoot ratio (Hartmann, 1952). Chemical thin-
ning with products that reduce crop load by reducing 
bloom (Baratta et al., 1992; Lavee and Spiegel-Roy, 1967) 
or enhancing fruitlet abscission are applied not only to 
improve fruit size, but also to moderate alternate bearing 
(Hartmann, 1952; Krueger et al., 2002). 

Naphthaleneacetic acid (NAA) is an exogenous hor-
mone used as a thinning agent in many fruit species. It 
is thought that NAA may infl uence the rate of metabolic 
activity of developing embryos and it also stimulates the 
ethylene biosynthesis, which inhibits fruit growth and 
promotes the abscission of weaker fruits (Williams and 
Fallahi, 1999). NAA in post-bloom applications effective-

ly improves fruit quality for several table olive cultivars 
and has been widely used in the Californian and Israeli 
olive industry for many years (Dag et al., 2009; Maranto 
and Krueger, 1994) but it is not common cultural prac-
tice in Italy or other Mediterranean countries. 

The main Italian table olive cultivar - ‘Nocellara 
del Belice’ - is characterised by an average fruit weight 
of 7.4 g (Marra et al., 2013) and a production of 5 ton ha–1 
in the “on” year. The fl uctuation of production between 
the “on” year and the “off” year is estimated at 1.5 t ha–1 
which critically compromises market and economic re-
turns. Previous studies have shown the thinning effect 
of using NAA at 200 mg L–1 when applied ten days after 
full bloom, confi rming that the effectiveness of thinning 
with NAA may vary depending upon cultivar, concen-
tration, timing and environmental factors (Martin et al., 
1994; Wertheim and Webster, 2005). We report succes-
sive refi nements of previous research conducted in Sic-
ily focusing on ‘Nocellara del Belice’ to determine the 
optimal timing of NAA application to improve fruit size 
and quality and possibly to control alternate bearing.

Materials and Methods

Trials were carried out in Sicily in 2008 and 2009 
in a commercial ‘Nocellara del Belice’ table olive or-
chard established in 1976, located in the Belice valley 
(Castelvetrano, 37°40’ N, 12°52’ E, 50 m a.s.l.). The soil 
is a typic Rhodoxeralfs with medium-low N, K and or-
ganic matter and adequate P content. The climate of the 
Belice valley is Mediterranean, semi-arid, with an aver-
age rainfall of 538 mm per year, mainly distributed in 
autumn and winter (46 % and 32 %, respectively); the 
remaining in spring and in summer accounts for 14 % 
and 8 % of the total, respectively. 
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Trees are trained to the traditional vase “umbrella 
shape”, planted at distances of 7.5 × 7.5 m and they are 
regularly sprinkle irrigated over about 1,500 m3 ha–1. 
Trees of 'Biancolilla' and 'Giarraffa' cultivars are inter-
spersed as pollinators. In 2008, a total of 25 trees were 
selected based on homogeneity of canopy dimension 
and fl ower load in fi ve randomized blocks. Experiments 
were conducted using NAA at a concentration of 200 
mg L–1, applied by foliar spray to the point of runoff. 
In 2008, the treatments were performed 8, 12, 16 and 
20 days after full bloom (DAFB). Since treatments at 16 
and 20 DAFB were ineffective, in the second year, ear-
lier treatments were chosen and applied to a total of 
20 trees as follows: at 6 DAFB (on new trees untreated 
the previous year), 8 and 12 DAFB (on the same trees 
treated in 2008).

Fifteen days before FB, four homogeneous one-
year old branchlets per tree were tagged at each car-
dinal point of the crown. FB dates were recorded as 
May 18 and May 20, in 2008 and 2009, respectively. 
At full bloom, trunk cross-sectional area (TCSA), at 15 
cm above graft union, the number of infl orescences per 
shoot and fi nally, the number of fl owers per infl ores-
cence were all evaluated. Weekly, during the fi rst 60 
days after FB, fruit set and fruit drop were monitored, 
whereas fruit growth was measured biweekly from 60 
to 150 days after FB using a sample of 30 fruits from not 
labelled branchlets. 

At harvest time, yield per tree, size and fresh 
weight of fruit and pit were also determined. Some in-
dicators such as crop density i.e. fruit number TCSA–1 

(Lombard et al., 1988) and fl esh to pit ratio were then 
calculated. All statistical analyses were performed using 
Systat statistical packages (SYSTAT, Inc., Evanston, IL).

Results and Discussion

Most of the fruit abscission occurred during the 
fi rst 3-4 weeks after bloom (Figure 1A). The application 
of NAA 8-12 days after full bloom increased (p < 0.05) 
fruit drop when compared to the untreated control trees. 
In the second year (2009) the overall fruit drop was great-
er (above 99 %; Figure 1B). At the end of the second year 
only slight differences were observed, indicating a more 
pronounced effect from the application of NAA eight 
days after full bloom (99.7 %) (Figure 1B). Furthermore, 
on comparing both years, a different pattern of fruit drop 
emerged (Figure 1A, B). In 2008, fruit drop, measured 12 
DAFB, reached almost 90 % for all treatments, whereas 
in 2009 at the same date, it ranged between 55 % to 
75 %. Moreover, the fruit drop recorded in control trees 
was signifi cantly higher in 2009 (99 %) than 2008 (97 
%) denoting a strong year effect on this parameter, as a 
consequence of the crop load of the previous year rather 
than an effect of the treatment by itself.

 A remarkable effect of alternate bearing was ob-
served between the two years of the trial, with an av-
erage yield of 21.6 kg per tree in 2008, the “on” year, 
versus 8.25 kg per tree in 2009, the “off” year, which 
represents 38 % of the previous year’s production (Table 
1). These data are comparable with those generally ob-
tained in Sicily, in the growing area of 'Nocellara del 
Belice' (Baratta et al., 1992).

Seasonal development of fruit weight is reported in 
Figure 2. Consistent with the differences observed in fruit 
drop, the reduction of fruitlets resulted in increased (p < 
0.05) fruit weight for trees with the earliest application of 
NAA (Table 1). Proietti et al. (2006) evaluated the effect of 
leaf-to-fruit ratios on fruit growth in olive. They reported 

Figure 1 – Fruit drop percentage of table olive ‘Nocellara del Belice’ trees, after chemical thinning with naphthaleneacetic acid (NAA) (200 mg L–1) 
at 6, 8, 12, 16 and 20 days after full bloom (DAFB). Mean values ± S.E.M. Values with the same letter are not different (Tukey test, p < 0.05). A: 
2008; B: 2009.
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al., 2007; Lavee and Wodner, 1991). This relationship is 
mostly accounted for by changes in the mesocarp fresh 
weight, while the pit weight is only moderately affected 
by the fruit load (Lavee and Wodner, 2004).

Two different negative relationships, between olive 
fruit weight and crop density during “on” and “off” years 
were found (Figure 3A). When comparing the same level 
of crop density, olive trees produced larger fruits during 
a year of heavy crop load (2008), denoting an effect of 
the previous year’s crop status on whole fruit size. The 
pit weight was only affected by the current year’s fruit 
load, as indicated by the negative relationship between 
crop density and the endocarp weight (Figure 3B). 

In 2009 larger fruit size was expected as a con-
sequence of the reduced crop, while the average fruit 
weight was comparable in both years and only the pit 
fresh weight was heavier; this increase in pit weight was 
associated with a lower fl esh to pit ratio (Table 1). This 
indicates that the endocarp growth represents a stron-

that all fruit growth phases were affected by the availabil-
ity of assimilates, but the greatest effect of leaf area avail-
able to the fruits was observed at the beginning of fruit 
growth. This fi nding is consistent with our results and it is 
confi rmed by the inverse relationship observed between 
fruit weight and crop density (Figure 3), which is indi-
rectly an indicator of the leaf-to-fruit ratio (Lombard et 
al., 1988). Thus, a higher crop density resulted in a lower 
average fruit and pit weight (Table 1; Figure 3A, B).

There was a year effect on crop density and fruit 
weight (Figure 3A). The difference in the slope between 
2008 and 2009 probably denotes the effect of the previous 
year’s fruit load on fruit weight. Conversely, the relation-
ship between crop density and pit weight was fi tted by a 
single model when the data were pooled across the years 
(Figure 3B). In olive, alternate bearing has a strong effect 
on fruit weight (Hartmann, 1952; Lavee and Spiegel-Roy, 
1967; Troncoso et al., 1978). Fruit number and size are 
often negatively correlated (Barone et al., 1994; Gucci et 

Table 1 – Vegetative and productive characteristics of table olive ‘Nocellara del Belice’ trees, subjected to chemical thinning with naphthaleneacetic 
acid (NAA) (200 mg L–1) at 6, 8, 12, 16 and 20 days after full bloom (DAFB).

Treatment 

Trunk cross-sectional 
area (TCSA) Yield/Tree Crop Density Fruit Weight Pit Weight

Flesh/Pit
(cm2) (kg) (Fruit no. cm–2 TCSA) (g) (g)

2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009

Control 293 NS  303 NS  23 NS  9 NS 10.1 a 4.1 a 6.9 d 7.1 b 0.78 b 1.01 NS 7.8 b 6.1 NS
NAA+6 - 449       - 6      - 1.7 b - 8.4 a - 1.10  - 6.6
NAA+8 304 344  16 7  5.9 b 2.3 ab 9.0 a 8.3 a 0.93 a 1.14  8.7 a 6.3
NAA+12 307 336  24 5  9.6 ab 2.1 ab 8.3 b 7.8 ab 0.87 ab 1.08  8.5 ab 6.3
NAA+16 309 -  21 -  9.2 ab -  7.5 c -  0.77 b -  8.7 a -
NAA+20 271  -  24  -  11.8 a -  7.5 c -  0.83 ab -  8.1 ab -  
Values with the same letter within the same column are not different (Tukey test, p < 0.05; NS = non-signifi cant differences).

Figure 2 – Time-course of the table olive ‘Nocellara del Belice’ fruit fresh weight (g), after chemical thinning with naphthaleneacetic acid (NAA) (200 
mg L–1) at 6, 8, 12, 16 and 20 days after full bloom (DAFB). TCSA = Trunk cross-sectional area. Mean values ± S.E.M. A: 2008; B: 2009.
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ger sink than the mesocarp, in accordance with previous 
studies (Rapoport et al., 2004), perhaps because endocarp 
development is linked to survival of the embryo. Proietti 
(2000) reported no clear correlation between heavy fruit 
load and photosynthesis effi ciency, concluding that the 
depletion of carbohydrate reserves during an “on” year 
could negatively infl uence new leaves and thus fl ower 
bud formation. However, Bustan et al. (2011) recently 
showed that carbohydrate surplus or defi ciency cannot 
be considered the cause of olive alternate bearing, thus, 
this phenomenon is probably regulated by hormonal fac-
tors (Stutte and Martin 1986; Ulger et al., 2004; Dag et 
al., 2009, 2010). 

On the whole, carbohydrate resources fl uctuate in 
response to sharp changes in source-sink relationships in 
the tree throughout the season playing a role in olive sur-
vival strategy (Bustan et al., 2011). Our results suggest 
that the carbohydrate reserve level may limit mesocarp 
growth, while pit weight seems to be infl uenced only by 
the current year’s photo-assimilate availability. An olive 
endocarp growth period is much shorter as compared to 
the mesocarp growth period and occurs in a less stress-
ful period of the season (Hammani et al., 2011). 

Severe or complete removal of the fruits brings 
considerable vegetative growth, bloom and fruit yield in 
the following year (Dag et al., 2010), although it does not 
seem to intensely alter the carbohydrate reserves at the 
end of the olive reproductive cycle (Bustan et al., 2011). 
Rather than carbohydrate reserves, it is likely that the 
main factor responsible for the alternate bearing phe-
nomenon is constituted by inhibitor signals produced by 
the developing embryos (Lavee, 2007). 

In both the “on” and “off” years under observa-
tion, no differences among the treatments were found 
for these two parameters: trunk cross-sectional area and 
yield per tree (Table 1). Nevertheless, earliest thinning 
treatments reduced crop density in both years.

In the fi rst year, both the fruit weight and the fl esh 
to pit ratio, and in the second year, the fruit weight only 
were increased (p < 0.05) by the earliest application of 
NAA compared to the control. More detailed informa-
tion about the commercial value of the production, as 
affected by the time of thinning, can be observed by the 
percent of fruit distribution in the size classes (Figure 4). 
NAA application timings, as a whole, led to fruit size im-
provement that reduced the fraction of small fruits not 
suited to canning (fruit diameter  18mm). On the other 
hand, considerable amounts of olives (> 80 %) were 
classifi ed in the highest size class (“00”) only with NAA 
at FB+8 and at FB+12 in 2008 and with NAA at FB+6 
and FB+8 in 2009. On the basis of this trial, chemical 
thinning cannot overcome alternate bearing of the olive 
table ‘Nocellara del Belice’. This observation suggests 
the existence of other factors, in addition to crop load, 
which can affect the regularity of cropping in olive, such 
as genetically determined factors, hormonal control, nu-
trient competition, starch content, sink-source relation-
ships, inhibition exerted by the embryos, environmental 
conditions and the infl uence of cultural techniques (La-
vee, 2007).

It is possible, with an early foliar application of 
the chemical thinner NAA, to control fruit size, and 
enhance fruit market quality without any reduction in 
yield for the main Italian table olive cultivar ‘Nocellara 
del Belice’. An improvement of average fruit weight and 
percent fruit size distribution was obtained when NAA 
(concentration 200 mg L–1) was applied early, i.e. 6-12 
DAFB. Later applications showed less thinning effi cacy, 
perhaps due to the environmental conditions or physi-
ological stage of fruit development. These fi ndings con-
fi rm that timing is critical and that the number of days 
after full bloom in which NAA can be successfully used 
is somewhat limited as has already been documented 
(Barranco and Krueger, 1990). Nevertheless, the intrin-

Figure 3 – Relationships between crop density and fruit fresh weight (A) and between crop density and pit weight (B), in table olive ‘Nocellara del 
Belice’ after chemical thinning with naphthaleneacetic acid (NAA) (200 mg L–1).
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sic variability observed among the data and between the 
years, that may be related to environmentally affected 
factors (Krueger et al., 2002; Wertheim and Webster, 
2005), suggests the need to combine calendar references 
(full bloom) with other methods (e.g. fruitlet size) in or-
der to better defi ne the timing of NAA application in the 
future.

In conclusion, NAA application can became a 
routine horticultural practice in table olive growing 
areas in Italy to regulate crop size, that will improve 
fruit quality and increase economic returns in the “on” 
year.
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