agronomy

Article

Deflowering as a Tool to Accelerate Growth of Young Trees in
Both Intensive and Super-High-Density Olive Orchards

Franco Famiani 1*1® Nicola Cinosi ', Andrea Paoletti 1, Daniela Farinelli 1@, Adolfo Rosati >*

and Enrico Maria Lodolini 3

check for
updates

Citation: Famiani, F,; Cinosi, N.;
Paoletti, A.; Farinelli, D.; Rosati, A.;
Lodolini, E.M. Deflowering as a Tool
to Accelerate Growth of Young Trees
in Both Intensive and Super-High-
Density Olive Orchards. Agronomy
2022, 12,2319. https:/ /doi.org/
10.3390/agronomy12102319

Academic Editor: José

Casanova Gascon

Received: 31 August 2022
Accepted: 23 September 2022
Published: 27 September 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Dipartimento di Scienze Agrarie, Alimentari e Ambientali, Universita degli Studi di Perugia,

Borgo XX Giugno 74, 06121 Perugia, Italy

Consiglio per la Ricerca in Agricoltura e 1’ Analisi dell’Economia Agraria, Centro di Ricerca Olivicoltura,
Frutticoltura e Agrumicoltura, Via Nursina 2, 06049 Spoleto, Italy

Consiglio per la Ricerca in Agricoltura e I’Analisi dell’Economia Agraria, Centro di Ricerca Olivicoltura,
Frutticoltura e Agrumicoltura, Via Fioranello 52, 00134 Roma, Italy

*  Correspondence: franco.famiani@unipg.it (EE.); adolfo.rosati@crea.gov.it (A.R.)

t These authors contributed equally to this work.

Abstract: In 2019-2020, trials were carried out in both intensive (cultivar Moraiolo) and super-
high-density (cultivar Sikitita) young olive orchards to drastically reduce early production and,
consequently, accelerate tree growth. Different concentrations of naphthaleneacetic acid (NAA)
(0 ppm—control, 20 ppm, 40 ppm, 80 ppm, 160 ppm and 250 ppm) were applied at full bloom (open
flowers > 80%), using a shoulder sprayer, and their effects on vegetative growth and reproductive
behavior were evaluated, also compared to manually deflowered trees. The treatments with NAA
reduced fruit set (down to values close to zero) compared to the control, and the reduction was
correlated with the NAA concentration. In particular, 160 ppm virtually eliminated fruit set and
thus production in both Moraiolo and Sikitita cultivars. In Moraiolo, 160 ppm NAA and manual
deflowering determined similar shoot and trunk growths, which were greater than in control trees.
Application of 160 ppm NAA for two consecutive years gave a progressively higher increase in trunk
growth compared to the control. In conclusion, in young olive trees, the treatment with 160 ppm
NAA at full bloom practically eliminated fruit set and production, with a parallel great increase
in vegetative growth. This can be exploited as a powerful technique to accelerate the growth of
young olive trees in both intensive and super-high-density orchards, as well as in nurseries. A more
rapid transition to the adult stage/size of the trees and to full production of the orchard allows us to
anticipate the use of mechanical harvesting and the recovery of the planting investment.

Keywords: production; Olea europaca; deflowering; early bearing

1. Introduction

In the last 30 years both olive-oil production and consumption worldwide have
doubled (IOC, 2020). This is primarily due to the establishment of new olive orchards. The
main models adopted for new orchards in all olive-producing countries are the intensive
(200400 trees ha_l) and super-high-density (SHD, >1200 trees ha_l) ones, as well as those
with an intermediate number of trees [1,2].

The intensive models are very flexible and can be established in both plain and hilly
areas (up to a slope of 20-25%). The trees are usually trained to a vase system, and olives
are harvested with trunk shakers, usually combined with a reversed umbrella interceptor
for collecting the fruit [1-3]. The SHD orchards have a high tree density, with canopies
arranged in a continuous hedgerow. They require plain or slightly sloping terrain and,
especially, low-vigor cultivars with a compact vegetative habit [1-3].

The main advantage of intensive olive orchards is that any cultivar can be used, thus
enabling the production of all kinds of olive oils (PDO and PGI, organic, etc.). The main
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disadvantage is the length of time required (7-10 years) to reach final tree size (adult
stage) and therefore full fruit production [1]. Moreover, in the first years after planting,
the yield is low and the trunk diameter is too small to use trunk shakers for mechanical
harvesting. A reduction in the time required to reach 10-15 cm of trunk diameter, the
minimum size for trunk shakers, and, more in general, to reach final tree size and, therefore,
full production, would have a significant positive effect on the economical sustainability of
intensive orchards.

The main advantages of SHD orchards are the relatively short time required to reach
full production (3-6 years) and the complete and rapid mechanization of harvesting with
straddle machines. An important disadvantage is the low number of cultivars suitable to
this system [1]. These cultivars are characterized by high fertility and low vigor. This means
that they often flower and produce even in the first year of planting, and the competition
caused by the fruit reduces the vegetative growth of young trees. This is problematic,
as it is important to have high vegetative growth in the first two years after planting to
develop the continuous hedgerow and reach the full production stage in order to use
straddle harvesters.

Taking these factors into account, it is clear that, in the first years after planting in both
intensive and SHD orchards, it is very important to promote the vegetative growth of the
trees, thus reducing the time required to reach the stage when harvesting machines can be
used and, more in general, the final tree size and, thus, the full production.

Several practices can be used to promote tree growth. Among them, irrigation deter-
mines significant increases in tree growth [4], especially in the first years after planting [5-7].
Nitrogen fertilization can also significantly speed up the growth of young trees [8,9]. Higher
growth can also be obtained by improving the availability of nutrients, including by using
pruning residues [10]. Moreover, an increase in early growth has been obtained by using
arbuscular mycorrhizal fungi [11,12] or biostimulants [13,14].

Fruiting is another factor that can strongly affect tree growth. Indeed, it has been
observed that once reproduction starts, the crop will compete with and reduce vegeta-
tive growth [15]. This competition has been well recognized in mature trees of several
species [16-18], including olive [19-24]. It is especially prominent in young fruit trees,
where the removal of all blossoms or fruit results in dramatic increases in growth with
respect to the fruiting trees [25-29]. In olive trees, a negative correlation was found between
production efficiency and vegetative growth across different cultivars [30]. Furthermore,
in young olive trees, it has been shown that the differences in vigor between cultivars are
due to differences in early fruiting and that the elimination of blossoms in early fruiting
cultivars promotes a significant increase in vegetative growth [29,31]. This suggests the
possibility of using deflowering (i.e., preventing fruit formation) as a tool to promote the
growth of young trees.

Up to now, reducing fruiting by fruit thinning has been used to control crop load and
consequently alleviate alternate bearing in several fruit-tree species [32]. In many species,
fruit thinning is performed manually, and only in some cases it can be performed chemically,
such as in apple and olive [32,33]. In olive, chemical thinning has been found to be an
effective practice to control fruit yield and, consequently, reduce alternate bearing [21,33,34].
Chemical fruit thinning has been used in olives since the 1950s in California [35]. Thinning
in the early stages of fruit development increases the quality of the remaining crop, mainly
in terms of fruit size [36].

Among the compounds used for chemical thinning, naphthaleneacetic acid (NAA)
is an exogenous hormone that has been very effective in many fruit species [32] and has
been the most used and effective hormone in olive [33,34,36,37]. Post-bloom application of
NAA improves fruit quality, as well as shoot elongation [33]. However, the main aim of
these studies was to reduce the fruit number in order to increase the size and quality of the
remaining fruits. Therefore, the effect on yield was partial. In fact, although fruit thinning
usually reduces the total yield (alleviating alternate bearing), the reduction is less than
proportional to the reduction in fruit number, due to partial compensation with increased
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fruit size. If the purpose of de-fruiting is to maximize the vegetative growth of the trees,
then the maximum effect should be achieved when fruits are completely eliminated before
their formation. No studies have evaluated the potential use of NAA to achieve complete
deflowering with the aim of achieving maximum vegetative growth in the initial stages
of tree growth. Additionally, using chemical treatments to deflower trees might induce
possible side effects on tree behavior, and these side effects might compromise growth;
however, these possible effects have not been studied.

The aim of this study was to assess the effectiveness and feasibility of using NAA
applications to drastically reduce early fruit production and, consequently, accelerate
growth in young olive trees of both intensive and SHD olive orchards. To do this, different
concentrations of NAA were applied as a single application at flowering, and their effects
on the vegetative and reproductive activities of the trees were evaluated in comparison to
untreated and manually deflowered trees.

2. Materials and Methods

Three experiments were carried out, using two different orchard systems: an inten-
sive system (spacing: 6 x 5m; 333 trees ha~!) with trees of the cultivar Moraiolo trained
to a vase system, and a SHD system (spacing: 5 x 1.8 m; 1111 trees ha~!) with Sikitita.
The two systems were adjacent in the same experimental field, located in Central Italy
(42°59'23" N, 12°41’47" E, 260 m a.s.l.), and the pedoclimatic conditions were therefore
nearly identical. The soil, at the beginning of the experiments, had the following character-
istics: medium-clayey texture; pH, 7.9 = 0.1; organic matter content, 1.4 £ 0.1 (%); active
limestone, 3.6 £ 0.1 (%); cation-exchange capacity, 25.6 & 0.5 (meq/100 g); exchangeable
potassium, 273 + 43 (mg/kg); and assimilable phosphorus, 31.9 & 2.5 (mg/kg). For both
systems, trees were established in the autumn of 2016. In all experiments and treatments,
NAA was applied at fool bloom (fully open flowers > 80%), with a single application of an
aqueous NAA (Fixormone, Cifo, Bologna, Italy) solution, using a shoulder sprayer. Each
treatment included 4 trees (replications). The weather during and after NAA application
was uniformly warm (2019) or uniformly cool (2020), and dry, with no precipitation occur-
ring within 10 days from treatment application, and daily average temperature ranging
from 24.1 to 27.3 °C in 2019 and from 15.0 to 19.2 °C in 2020 (except for one day with
some precipitation and average temperature of 12.8). Weather data were obtained from
the nearest station (Foligno) of the Umbria Region’s weather station network (Servizio
Idrografico Regionale).

2.1. Experiment 1—Effects of Different NAA Concentrations on the Vegetative and Reproductive
Activities of the Cultivar Moraiolo

The trial was carried out in 2019 in the Moraiolo system. Before flowering (beginning
of June), 28 trees with uniform vegetative—productive characteristics were selected and
labeled. NAA treatments included the following concentrations: 0.0 ppm (control), 20 ppm,
40 ppm, 80 ppm, 160 ppm, and 250 ppm. An additional treatment consisted of the manual
elimination of all inflorescences during flowering.

At the beginning of the vegetative season, before applying the treatments, and at the
end of the season, the diameter of the trunk was measured at 30 cm from ground level, and
the trunk cross-sectional area (TCSA) was calculated from the diameter. Before treatment,
16 fruiting branches per treatment (4 per tree) were labeled, and the length of the growing
shoots and the number of inflorescences were recorded. After the treatments, until the
end of the vegetative-productive season, the number of fruits on the labeled branches was
periodically recorded, and the final length of the growing shoots was measured at the end
of the vegetative season. At the end of the year, the yield per tree was also recorded.

2.2. Experiment 2—Effects of Different NAA Concentrations on the Reproductive Activity of the
Cultivar Sikitita

The trial was carried out in 2019 in the Sikitita system. Before flowering (beginning
of June), 20 trees with uniform vegetative—productive characteristics were selected and
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labeled. NAA treatments included the following concentrations: 0.0 ppm (control), 40 ppm,
80 ppm, and 160 ppm. An additional treatment consisted in the manual elimination of all
inflorescences during flowering.

At the end of the year, the yield per tree was recorded.

2.3. Experiment 3—Effects of NAA Treatments on the Cultivar Moraiolo for Two Consecutive Years

The trial was carried out in 2019 and 2020. Before flowering (beginning of June in 2019),
8 trees with uniform vegetative—productive characteristics were selected and labeled, and
NAA applications were repeated on the same trees in both years. NAA treatments included
the following concentrations: 0.0 ppm (control) and 160 ppm, using a shoulder sprayer.

From the beginning of 2019 to the end of 2020, the diameter of the trunk was periodi-
cally measured, and the trunk cross-sectional area (TCSA) was calculated.

2.4. Statistical Analysis

Data are presented as means =+ standard error and, in some cases, were statistically
analyzed by one-way ANOVA according to a randomized block design. The relation-
ships between some of the parameters were evaluated by calculating the coefficients of
determination (R?).

3. Results
3.1. Experiment 1—Effects of Different NAA Concentrations on the Vegetative and Reproductive
Activities of the Cultivar Moraiolo

The treatments with NAA, compared to the control (untreated trees), resulted in a
reduction in fruit set, and this reduction was positively correlated to the concentration
of NAA: the concentrations of 160 ppm and 250 ppm eliminated virtually all the fruits
(Figures 1 and 2) and, thus, the production (Figure 3).

0.6
--#--Manual
deflowering
8 0.5 1 —H&—NAA 0 ppm
5 (control)
(]
$ 04 —A—NAA 20
’5 ppm
E 03 n..x.... NAA40
St ppm
[
=" P —¥—NAA 80
z 0.2 ppm
E —O—NAA 160
Z' 0.1 ppm
t —@—NAA 250
0.0 ppm
28-Jun 28-Jul 28-Aug 28-Sep 28-Oct
Year2019

Figure 1. Fruit set and drop during the growing season (2019) in control, different NAA concentra-
tions, and manually deflowered trees in a young intensive olive orchard of the cultivar Moraiolo.
The bars represent the standard error of 16 replicates per treatment. The dashed line for manual
deflowering is difficult to see because it overlaps with the solid line for the NAA 250 treatment.
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Figure 2. Relationship between used NAA concentrations and the number of fruits per inflorescence
at the end of the vegetative season (2019) in a young intensive olive orchard of the cultivar Moraiolo.
Values are means of 16 replicates per treatment.
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Figure 3. Relationship between NAA concentrations and the yield per tree at the end of the vegetative
season (2019) in a young intensive olive orchard of the cultivar Moraiolo. Values are means of
4 replicates per treatment.

NAA at 160 ppm and manual deflowering determined similar shoot growth, which
was greater than the control (Figure 4). Treatments with NAA at concentrations of 80,
160, and 250 ppm resulted in a very large increase in both the annual and the June-to-
December increment in trunk cross-sectional area (Figure 5). A similar increment was
observed in manually deflowered trees. The increase in trunk cross-sectional area was
positively correlated to the NAA concentration (Figure 6) and negatively correlated to the
yield efficiency of the trees (Figure 7).
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Figure 4. Increment of shoot length in control, different NAA concentrations, and manually de-
flowered trees in a young intensive olive orchard of the cultivar Moraiolo. Values are means of
16 replicates per treatment, and bars represent standard errors. Different letters indicate significant
differences between treatments according to the Student-Newman-Keuls Test (p < 0.05).
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Figure 5. Increment in trunk cross-sectional area (TCSA) from the time of application of the NAA
treatments (June) to the end of the season (December) and for the whole vegetative season (March—
December) in control, different NAA concentrations, and manually deflowered trees in a young
intensive olive orchard of the cultivar Moraiolo. Values are means of 4 replicates per treatment, and
bars represent standard errors. Different letters indicate significant differences between treatments
within each period (June-December and March-December, respectively) according to the Student—
Newman-Keuls Test (p < 0.05).
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Figure 6. Relationship between NAA concentrations and increments in trunk cross-sectional area
(TCSA) from the time of application of the NAA treatments (June) to the end of the season (Decem-
ber) in a young intensive olive orchard of the cultivar Moraiolo. Values are means of 4 replicates
per treatment.
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Figure 7. Relationship between the yield efficiency and the increment of the trunk cross-sectional
area (TCSA) from the time of application of the NAA treatments (June) to the end of the season (De-
cember) in a young intensive olive orchard of the cultivar Moraiolo. Values are means of 4 replicates
per treatment.

3.2. Experiment 2—Effects of Different NAA Concentrations on the Reproductive Activity of the
Cultivar Sikitita

The treatments with NAA reduced fruit set in the SHD orchard (Sikitita cultivar).
There was a negative correlation between the NAA concentration and fruit yield, with a
reduction of more than the 80% from 0 ppm NAA to 160 ppm NAA (Figure 8).



Agronomy 2022,12, 2319

8of 12

600

2 4

y = 464.9¢0.01x
R2=0.934

500

400

[\

S

e
1

100 1

Yield (g dry matter/tree)
=

0 T T .
0 50 100 150 200
NAA concentration (ppm)

Figure 8. Relationship between NAA concentrations and the yield per tree at the end of the vegetative
season (2019) in a young SHD olive orchard of the cultivar Sikitita. Values are means of 4 replicates
per treatment.

3.3. Experiment 3—Effects of NAA Treatments on Cultivar Moraiolo for Two Consecutive Years

In 2019, at the beginning of the experiment, the TCSA of Moraiolo trees was about
700 mm?. The 160 ppm NAA application, both in 2019 and 2020, determined a progressive
higher increase in tree growth compared to the control, as shown by the TCSA rate of
increment (Figure 9).
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Figure 9. Increment in trunk cross-sectional area (TCSA) over two consecutive years (2019-2020) in
control (NAA 0 ppm) and NAA 160 ppm trees in a young intensive olive orchard of the cultivar
Moraiolo. The arrows indicate the time of NAA treatments. The bars represent the standard error of
4 replicates per treatment.

4. Discussion

The application of NAA at full bloom was very effective in reducing fruit set, with
a dose-related intensity (Figures 1 and 2). The dosages of 160 and 250 ppm were able to
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virtually eliminate it. Up to now, NAA applications at flowering have only been used
to reduce fruit set and improve the fruit size and quality of the remaining fruits, or to
eliminate yield in ornamental trees, where ripe olives dropping to the ground can be a
nuisance [33,38]. No previous studies have been carried out to test the use of NAA to
prevent fruit set and promote the growth of young trees. Our results show that this may be
a viable strategy, because, with suitable concentrations, the crop can be completely removed,
with significant positive effects on the vegetative growth of young trees (Figures 4 and 5).

Up to now, NAA has mainly been used in post-bloom applications for fruit thinning
and, in this case, the fruit size compensated, at least in part, for the reduction in fruit
number. Therefore, the fruit yield was less affected by fruit thinning and, consequently, also
vegetative growth was not, or only slightly, influenced, because the demand of assimilates
by the growing fruits was not eliminated [34,36]. In the present study, the crop load was
reduced down to zero, using increasing doses of NAA, determining a significant increase in
the vegetative growth of the trees. The increase in growth was significantly and positively
related to the NAA concentration (Figure 6) and, hence, inversely related to fruit set and
yield efficiency (Figure 7). Likewise, early and complete de-fruiting [22] or deflowering
performed by hand [31,39] resulted in an increase in vegetative growth of the trees.

The greater vegetative growth of NAA-treated trees, where the crop was completely
removed (NAA 160-250 ppm), is mostly likely due to the fact that fruit and vegetative
growths compete for the available resources, and, in fruit trees, these two activities occur
simultaneously for several months [27,40,41]. This is especially true for olives, which are
normally harvested in autumn. This competition is well-known in both mature and young
trees of several species, including olive [16-23,42—45]. In young apple trees, removing
flowers/fruits results in very large increases in vegetative growth [25-28]. Recently, also in
olive, deflowering young trees by hand gave a very significant increase in the vegetative
growth, demonstrating that, in young trees, competition for resources plays a major role in
determining vegetative growth, which is, therefore, source limited [29,31]. This agrees with
the great increase in the vegetative growth due to NAA treatments, which eliminated fruit
set (160-250 ppm).

Comparable results were obtained with the cultivar Sikitita in a super-high-density
orchard, indicating that the effect of NAA was similar with different cultivars and condi-
tions. Considering our results and those from the above-cited literature, it is important to
emphasize that significant effects on tree growth are achieved when all fruits are prevented,
and not just thinned.

De-fruiting exerts its effects from the time of fruit removal to the end of the growing
season. In the present work, treatments were applied when flowers were fully open (end
of May to beginning of June). From this time to the end of the season, 160 ppm NAA and
manual deflowering more than doubled shoot growth compared to the control (trees with
crop load; see Figure 4). The increase was marked also for the trunk’s cross-sectional area:
about 100% (from treatment application to the end of the season) and 60% (calculated over
the whole season; see Figure 5). These results indicate a great increase in tree growth, which
was confirmed by the trial on trees treated with 160 ppm NAA for two consecutive years,
where the difference in TCSA increased further in the second year, compared to control
(Figure 9). A similar behavior was observed in a previous study in which potted trees of
the cultivars Arbequina and Frantoio were deflowered manually for the first 4 years [39].
The increments in growth determined by preventing fruit set in young olive trees depends
on the fruiting potential of the trees. In the present study, deflowered trees after one year
had a growth similar to that of fruiting trees after 1.5 years. Similarly, in the study of
Paoletti et al. [39], two-year-old deflowered trees of the cultivar Arbequina reached the
TCSA of three-year-old fruiting trees; in the case of the cultivar Frantoio, three-year-old
deflowered trees had the size of four-year-old fruiting trees. Overall, our results agree
with the literature on the effects of manual deflowering [39] and suggest that chemical
deflowering enables young olive trees to gain one year of growth for every two or three
years of cultivation, with the highest increase (one year every two years of cultivation)



Agronomy 2022,12, 2319

10 of 12

being with cultivars having an early and high production of flowers/fruits. Considering
that tree growth in young trees is exponential, it can be assumed that, with continuous
deflowering over the years, the improvement in growth becomes greater and greater.

Our results suggest that, in SHD orchards, where very fertile cultivars are normally
used, NAA might be best applied during the first and, possibly, second year in the case
of abundant flowering in order to accelerate the transition to a hedgerow and to full
production and the use of mechanical harvesting.

In intensive olive orchards, the repeated use of NAA to prevent fruit set in the first
few years may be a strategy to promote a significant reduction in the time required by trees
to reach the trunk dimension that enables trunk shakers to be used (minimum diameter of
10-15 cm) and the time required to reach final tree size and full production.

Previous studies showed that deflowering determines higher vegetative growth in
the current year and greater flower induction and differentiation in the following year,
which, in turn, causes a reduction in vegetative growth [29,39]. Therefore, if de-fruiting
is performed, it should be performed continuously until the target is achieved. In both
SHD and intensive orchards, this is when tree size and yield enable the use of mechanical
harvesting. This will also shorten the time to reach full size and the full production of
the trees.

NAA is a synthetic form of auxin; therefore, it could also affect tree growth through a
hormonal effect. However, the lack of differences in shoot and trunk growth between trees
deflowered by hand vs. 160 ppm NAA (Figures 4 and 5) suggests that the positive effects
on tree growth are only due to the fruit removal and not to other effects. Moreover, it also
indicates the absence of negative side effects caused by 160 ppm NAA.

5. Conclusions

In young olive trees, applications of NAA at concentrations of 160 ppm or 250 ppm
at full bloom allowed complete or nearly complete prevention of fruit set and production,
with a consequent increase in vegetative growth, in terms of both greater shoot elongation
and trunk growth, an effect comparable to that achieved with manual (i.e., complete)
deflowering. NAA treatments were effective in preventing fruit set in both cultivars tested.
This can be exploited as a powerful technique to accelerate the growth of young olive trees
in both intensive and SHD olive orchards, leading to a more rapid transition to the adult
stage when mechanization of harvesting can be applied and, consequently, reduction in
the time to reach full tree size and full orchard production. Finally, this technique is also
potentially profitable in nurseries to accelerate initial tree growth.

The present findings provide the first quantitative assessment of the potential of using
chemical deflowering as a tool to prevent reproductive growth in young olive orchards,
thus shifting the balance toward increased vegetative activity, with evident advantages in
terms of orchard management and economics.
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