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ABSTRACT

Alternate bearing is a wide spread phenomenon in many fruit tree species and cause severe
labour, marketing and economical problem. The term ‘“alternate or biennial” bearing
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designate the production of a heavy fruit crop “On” year followed by a light fruit crop or
trees may not bear a crop at all the next “Off” year. Alternate bearing is a widespread
problem for growers of fruit trees, occurring in both evergreen and deciduous trees. It is
more pronounced in old productive trees (more than 10 years) in comparison with the
young productive trees (about 3-5 years). The domestic olive (Olea europaea) is
genetically high alternating in fruit production. The degree of alternate bearing is highly
dependent on the environmental conditions and might be very different in accordance with
the climate in each growing region. The expression of alternate bearing involves a wide
range of changes in activation and repression of endogenous metabolic pathway. The
production of olive remains fluctuating over the years due to the problem of alternate
bearing and thus the trade and consumption of the producer countries is affected.
Horticultural treatments such as thinning, girdling, pruning and irrigation, can reduce the
severity of biennial bearing This review article will help understanding the problem, its
basic reasons and the possible management practices of the problem.

Introduction

Alternate bearing of fruit trees has been
known since antiquity, and yet it remains a
problem with numerous fruit tree crops even
today. Still, the metabolic processes, their
induction and the messengers involved are
only very partially known. There is no doubt,
however the processes involved are not
universal and rather different in the various
fruit tree species (Goldschmidt, 2005).

Although different horticultural practices have
been developed and are used to minimise the
alternate bearing in many species, their effect
is in most cases only partial (Monselise and
Goldschmidt, 1982). Alternate bearing has
been recognised as one of the most significant
constraints  facing the olive growers
(Rodrigues and Correia, 2009).

The olive tree exhibits a peculiar behaviour,
named alternate bearing (biennial bearing or
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periodicity), being defined as a tendency of
some fruit trees not to bear a regular and
similar crop year after year. Thus, a high-yield
crop year (“on-year”) is followed by a low-
yield or even a no-crop year (“off-year"),
which severely affects the fruit yield (Lavee,
2007). In non- irrigated olive groves the yield
may vary between 7-8 tons/ha and a few
hundred Kg. The occurrence and development
of alternate bearing is potent also in intensive
orchards with controlled irrigation, nutrition
and training techniques, though the level of
fruit production is higher and better controlled
(Lavee, 1989). Without specific intervention,
the gap between 'off' and 'on’ years may vary
between 5-30 tons/ha (Lavee, 2007). The
fructification habits of olive, with the apparent
overlap of two consecutive production cycles,
may have a significant role in biennial
bearing.

In olive trees we observe two growth flushes,
the first one in spring and the second in
autumn  (October), under adequate soil
moisture and  temperature.  Significant
genotype variation was reported concerning
cultivars, with respect to alternate bearing.
The main causal factor of alternate bearing is
the inhibition of flower bud induction by the
seed of growing fruits, and this is due to
competition for nutrients. Under non- irrigated
conditions yield during off- years may fall to
zero and often the yield is low that growers
find it economic to harvest the small crops
(Lavee et al., 1983). When we consider
alternation of bearing, which is proverbially
marked in olive trees, competition between
vegetative and reproductive organs would
cause reduced production of new branches
during the on- year (competition with the
growing fruits during summer), producing a
smaller number of flowers. The strong growth
in the off- year again allows large amounts of
flowers to be initiated the next year. Regular
cropping, desired but rarely obtained, would
occur when a delicate balance between fully

vegetative and reproductive branches is
attained, quantitatively and qualitatively
influenced by interaction of sinks as well as
climatic factors.

The phenomenon is largely determined by
flowering load (Cuevas et al., 1994) and it is a
feature to a greater or lesser extent of all
cultivated olive varieties. And can be limited
to an individual olive tree in an orchard or
even of individual parts of a single tree
(Davis, 1957). However, the costs of
fertilizers, pesticides, pruning, irrigation and
harvest are almost constant for a certain level
of management and almost independent of
crop load, which significantly reduced the
profit in the off year. The two main factors
that can reduce the intensity of alternate
bearings are pruning and productivity.
Furthermore, the irrigation schedule may
reduce alternate bearing. Mineral nutrition is
also a determining factor. Nutrient deficiency,
especially of N during the period of flower
bud differentiation, affects vegetative vigour,
the size of fruits and flowering of the
following spring (Fernandez- Escobar et al.,
1999, 2004). Horticultural treatments such as
thinning, girdling, pruning and irrigation, can
reduce the severity of biennial bearing.
According to Levin and Lavee (2005)
alternate bearing is still a serious problem in
the cultivation of numerous fruit species,
including olives, which consequently must be
managed in order to minimise the adverse
effects on production (Tapia et al., 2006). The
objective of this article is to present the main
endogenous and environmental factors that
lead to alternate bearing and to review
approaches with which alternate bearing is
reduced.

Factors responsible for alternate bearing in
olive

The main factors responsible for alternate
bearing: flower-site limitation, endogenous
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plant growth hormones and carbohydrate
storage.

External factor
Environmental factor

Environmental factors during winter have a
role in flower induction and subsequent
initiation. Flower initiation of olives occurs as
early as November, well before significant
chilling has occurred. The role of winter
chilling needs re-evaluation; are low
temperatures necessary for induction and
initiation, or just for breaking dormancy of
buds. Cultural and environmental factors, such
as pruning, drought, inadequate chilling and
light intensity, may influence flower bud
formation and contribute to alternate- bearing.

Temperature

Alternate bearing is typically initiated by
adverse climate. Once initiated, in the absence
of additional environmental constraints
affecting crop load, the bearing status of an
orchard alternates between 'On' and 'Off'
years, with 'On' vyears exhibiting less
vegetative growth than 'Off' years. This
biennial cycle, however, can be reset by
adverse environmental conditions affecting
bloom and fruit set. Adverse conditions 8-10
weeks prior to bloom may cause abortion of
female flower parts, in high proportion of
staminate (male) flowers that do not give rise
to fruit. Additionally, adverse weather
conditions, resulting in loss of crop during an
anticipated "On" year may render the season
an "Off" year. Temperature constrains could
be the main climatic effect that could affect
flowering. Regulation of flowering by
temperature has been widely studied in olive
tree (Malik and Bradford, 2009). Temperature
is the major environmental factor influencing
the process leading to flower differentiation.
The requirement of adequate amounts of

winter chilling (below 9°C) for flower bud
differentiation was suggested many years ago.
The winter chilling is required to release pre-
determined flower buds from a dormant phase
enabling the inflorescences development for a
forthcoming yield (Rallo and Martin, 1991;
Rallo et al., 1994). Unfavourable temperature
regimes particularly in the winter are
instrumental in inducing alternate bearing in
general and orchard or regional synchronized
one in particular. In regions with uniformity
cool winter temperatures, the potential for
flower buds to differentiate in trees is high.
Small differences in vegetative growth of fruit
production between years will gradually lead
to alternate bearing development with an
individual schedule for each tree. High
temperatures and dry winds on the one hand
and heavy rain or frost on the other might lead
to a fruitless, highly vegetative season, which
in turn will result in over- cropping during the
following year.

Moreover, fertilization success is very
sensitive to extreme temperature since it
inhibits pollen germination and slow down or
stop the pollen tube. The receptivity of the
stigma can also be shortened by dry winds and
hot environmental conditions.

Low air humidity

This factor affects yield through an excessive
drop of fruits of olives. Low air humidity may
also be connected with cool night
temperatures in arid zones. Low air humidity
and other environmental stresses may also
have indirect effects on set by enhancing leaf
senescence and causing premature drop
(Addicott and Lyon, 1973).

Edaphic stresses
Little is known about effects of soil texture,

water penetration, aeration, and salinity on
alternate  bearing, although  conditions
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conducive to root activity are detrimental to
yields. Saline conditions cause leaf drop and
are a possible indirect cause to the reduction
of available reserve. During flower formation
in olives, soil moisture stress is conducive to
leaf abscission and to a high percentage of
sterile flowers. Stressed olive tress had only
47% flowers per inflorescence, 22% perfect
flowers, and 9% fruits as compared with
unstressed controls (Hartmann and Panetsos,
1961).

Water stress

Water stress at any stage may induce a
misbalance between vegetative development
and fruiting, which could result in initiation of
alternate bearing. Drought may have an effect
on alternation through enhanced drop of
reproductive organs and leaves and reduced
vegetative growth. Any extreme conditions
leading a water or thermal stress at any stage
during the growth cycle of the tree may induce
a misbalance between vegetative development
and fruiting, which could results in an
initiation of alternate bearing.

Internal factor
Endogenous plant growth hormones
Gibberellins

A lack of flower bud formation during the
"on" year is a common characteristic of most
alternate-bearing species. Ulger et al., 2004
reported that some growth hormones like the
abscisic acid (ABA), gibberellins like
gibberellic acid (GA3) and auxins like indole-
2- acetic acid (IAA) have important roles on
the alternate bearing. Gibberellins (GAs),
which are produced in great abundance by the
seed during its development, produce an
inhibiting effect on the floral induction. Many
studies show the involvement of GAs in the
control of olive plant flowering and also show

that the pit hardening phase has a
physiological importance in the floral
induction (Stutte and Martin, 1986; Navarro et
al., 1990; Rapoport et al., 1990; Feernandez-
Escobar et al., 1992; Lavee and Haskal, 1993;
Proietti and Tombesi, 1996). Ferguson et al.,
1994 reported that phytohormones have a
triggering effect on the initiation of vegetative
and flower buds on the new shoot growth of
olivess. GAs has a high degree of
hydroxylation. Hydroxylation is necessary for
the movement of GAs in the tissue where fruit
bud induction occur. Pharis and King (1985)
reported that the negative effect performed by
GAs produced by the developing seed on the
flower buds strongly depends on their
qualitative feature, on the duration of their
movement within the plant, and on the
metabolic speed with which more or less
active products are found.

The olive tree has a natural tendency to
produce high number of flowers and fruits.
Yet, the developing seeds inside the fruits
produce molecular messengers (like the
gibberellins) that inhibit the floral induction,
arresting the buds and directing them towards
shoots and leaves (vegetative buds). GA levels
started to rise at fruit set and these levels were
maintained until harvest in the "On" year.

ABA

Zeevaart (1978) reported that ABA plays a
role in flower induction in several plant
species. The levels of free ABA in the lateral
buds (potential floral buds) of trees in the
"Off"-year showed a sharp and significant
increase from September until October as
compared to the "On"- year for the respective
period (stage of floral development).

The tree in the "Off"- year produce more ABA
(promotive to floral induction and initiation)
than trees in the "On" year (Saleh and
Mostafa, 2008).
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IAA

Concentration of IAA in the olive lateral buds
in the "On"- year show a significant increase
during November and December as compared
to that in the "Off"- year tress for the
respective period. While in the following year,
IAA concentrations in the "Off'- year and in
the "On"- year trees were almost at the same
level throughout September- March. However,
during the end dormancy period (January),
level of 1AA did not show dramatic changes in
the lateral buds and the levels remained almost
steady (Saleh and Mostafa, 2008).

Cytokinins

Cytokinins concentration in the lateral buds of
"On" year olive trees were significantly higher
than that in the "Off" -year trees throughout
the period September to April. Kinetin- like
cytokinin levels in leaves, nodes and shoot tips
in the "On" year were higher than in the "off"
year. Shulman and Lavee (1976) showed that
compared to most other fruits cytokinins in
olive fruit increases with maturation.
However, these levels in winter, spring, and
summer were not statically significant, while
the levels were different in fall. Kinetin- like
cytokinin in November and December in the
"On " year produced detectable peaks.

High  concentration of phytoharmones,
especially GAs-like substances during the
initiation period, promoted vegetative bud
formation, while lower concentration favoured
flower bud formation during the fall initiation
period. GA- like substances and I1AA
concentration were found to be higher in the
"Off' year, while levels of Kkinetin-like
substances were found to be essentially the
same in both "on" and "off' years during bloom
(May). Low levels of GA- like and high levels
of ABA were associated with blooming and
fruit setting. Ferguson et al., (1994) studied
that phytoharmones have a triggering effect on

the initiation of vegetative and flower buds on
the new shoot growth of olives. Levels of
endogenous  phytoharmones  in  July,
November, January, and March were found to
be critical for flower bud induction and
development. If endogenous hormone levels
are high during these months, vegetative bud
formation is induced, while low levels
promote flower bud formation.

Carbohydrates

The growing of a large number of fruits may
produce the depletion of the carbohydrate
reserves in the tree. Additionally the stored
carbohydrate amounts in plants differ in the
on- and off- years, and consequently, an
association between carbohydrate
metabolization and biennial bearing was
reported (Barranco et al., 2010). The floral
bud inhibition may occur when the olive tree
carbohydrate reserve are scare, which is
typical after a high- yield fruit production.
Gold smith (2005) proposed thee principal
regulatory mechanism involved in the
induction of alternate bearing: hormonal
control, nutritional (carbon and mineral
balance control and flowering site limitation.
Fluctuation in tree’s carbohydrate (CHO)
budget is often suggested as a key factor
triggering alternate bearing (Monselise and
Goldschmidt, 1982; Oliveria and Priestley,
1988).

Most tree species accumulate CHO reserves,
supporting future metabolic needs occurring
within as well as between annual cycles
(Kozlowski, 1992). The reliance of the
reproductive phase on the previous year's
reserve was reported to be a matter of timing:
fruit number of fruit growth and development
might be restricted due to depleting reserve
prior to maturation of the new vegetative
growth (Berman and DeJong, 2003; Wunsche
and Ferguson, 2005; Span et al., 2008. and
Marra et al., 2009).
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The growing of a large number of fruits may
produce the depletion of the carbohydrate
reserves in the tree. Fluctuation in tree’s
carbohydrate (CHO) budget is often suggested
as a key factor triggering alternate bearing. A
large crop in a year depresses tree reserve. It is
widely accepted that biennial bearing is
mainly regulated by the competition for
resources between shoots and fruits which
develop simultaneously. The sink capacity of
a high number of fruits limits the vegetative
growth, reducing the length of the new shoots.

The reduction in the number of nodes and in
leaf area reduces, respectively, the potential
sites for flower initiation and the source size
for the next season (Rallo and Suarez, 1989).
The inflorescence behaves as a unit of
fruitfulness, where the competition for
reserves among the developing fruits seems to
be the main factor in regulating final crop
(Cuevas et al., 1995). Thus the higher crop in
the preceding year depletion of tree reserves
and smaller the next crop.

Nutritional factor

Nutritional  deficiencies might enhance
alternate bearing. Adequate N is necessary for
good bloom, fruit set, and yield. Nitrogen was
stored in new leaves and stems, and also in old
stems, during the off year, and appeared to be
mobilized from these tissues during the 'On’
year to support new growth. Leaf K
concentration was significantly higher in the
current- season leaves of both, the 'Off' and
‘On’ year, than in the one year old leaves.
Potassium concentration of current season
leaves gradually decreased from the beginning
of the season to August, and remained at
approximately these values during the autumn.
Leaf K concentration declines in most tree
crops as the season progresses (Ryugo, 1988).
In olive, this decline was particularly marked.
The high leaf K accumulation following the
‘off” year and the rapid decline after March of

the ‘on’ year suggests a large demand by the
reproductive structures of the olive.

Crop load

The heavy crop load produced during the on-
year is perhaps the most universally
recognized cause of alternation. Fruit load is
one of the main cause-and-effect factors in the
phenomenon of biennial bearing, often
disrupting the balance between reproductive
and vegetative processes. The inhibition of
floral induction by seeded developing fruits is
the major factor in the olive's biennial
behaviour. Alternate bearing in olive is largely
determined by flowering load. Heavy
flowering in one year is followed, the next
year, by very few flowers or none at all. The
trees with lightest flower load had greater
ovule longevity than tree with the heaviest
flower load. The seeds of the high fruit
population developing during the summer of
the "On" year inhibit flower induction for the
next "off' year (Fernandez- Escobar et al.,
1992).

Competition  between and
reproductive sinks

vegetative

Seeds in growing fruit lets are usually
considered a powerful sink favouring better
mobilization of photosynthetic products by the
growing fruit. There are conditions, however,
when a new vegetative flush may become
better sinks than fruits. It has been reported
that a delicate balance between fully
vegetative and reproductive branches is
needed for the regular cropping of olives. Due
to the complexity and the overlapping of
vegetative growth and reproduction inside
shoot cycle and among the other over- cycles,
alternate bearing is observable at different
ranks among shoots in the same branch,
branches in the same tree, trees in same
orchard and areas in the same district
(Lodolini, 2005). As a consequence alternate
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bearing is more severe where adverse
environmental  conditions are  frequent
(Lodolini and Neri, 2012).

Flower bud induction

The effect of fruit on the level of vegetative
growth, the developing fruits were shown to
have a significant effect on the development
of flower. For various fruit species it was
suggested that the developing fruit is a strong
sink competing for metabolites with the
vegetative growth. Some workers found a
correlation between 'On' and 'Off' year with
primer metabolites, such as carbohydrates
(Seyyednejad et al., 2001) and polyamines
(Pritsa and Voyiatzis, 2004). It can be
concluded that the effect of the developing
fruits on reducing flower bud differentiation
for the following season is of regulatory
nature via signals produced by the developing
embryos. A significant change in the content
of secondary metabolites, such as chlorogenic
acid in the leaves of olive trees between ‘on’
and 'off' year. It is assumed that the signal
inducing the synthesis and accumulation of
these phenolics metabolites in the leaves is
initiated in the developing embryos in the
fruits. Injection of chlorogenic acid during the
winter before an 'On' year into the xylem of
trees in the field reduced flower bud
differentiation on the treated scaffolds by
more than 50%. It could be concluded
therefore that the developing fruits in the
present year are not only in competition with
the vegetative growth but also have a direct
effect on the metabolism leading to
reproductive induction and differentiation of
the buds for the potential yield in the
following year.

Protein content
The total extractable protein content in the

leaves of "off' trees was considered lower than
in the leaves of 'On' trees (Lavee and Avidan,

1994). In the bark an opposite relation was
found this was observes in the cultivars
'Koroneki', 'Uovo de piccione', 'Manzanillo’
and 'Barnea’. The least difference was
recorded in the leaves of 'Koroneiki', which
demonstrates the least alternate capacity. In
most cases proteins of 28 and 32 kD were
present in samples of the off year leaves, and
22 and14kD were in higher concentration in
the leaves of the "On" tree. The bark of one
year old shoots undergoing metabolic change
with the transfer from 'on" to "off" phase. At
the pre bloom stage the protein level was
considerable higher in the leaves of the 'On'
trees.

Amino acids

The Physiological maturity of the shoot has
been considered to have relation with the
flowering behaviour of the crop. Amino acids
act like messengers evoking the process of
floral initiation by increasing availability of
essential metabolites at the growing apices of
fruit trees (Proietti and Tombesi, 1996).

During 'Off' year a gradual, but significant
increase in endogenous levels of asparagines,
glutamine and tryptophan was observed from
October to May. A more or less similar trend
of asparagines, glutamine and tryptophan was
observed during "On" year. The comparatively
lower levels of amino acids during autumn
and winter season might be ascribed partly too
restricted uptake of N from soil due to acute
water stress and partly to their faster
utilization for biosynthesis of mono and poly-
phenols and soluble proteins in the plant
system, and consequently their endogenous
levels have registered a decline.

The increased translocation of these amino
acids from bark to growing apices of the tree
including flower buds might be one of the
reasons responsible for causing an upsurge in
their endogenous level.
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Phenolic

The phenolic compounds in plant leaves are
known to be involved in several physiological
mechanisms. It is believed that initial signal
for alternate bearing may be received by the
leaves in olive (Ryan et al., 2003). The
chemical changes in the leaves include
phenolic and flavanolic compounds, which
arrest flower bud formation during the
physiological initiation period. Phenolics act
as uv- protecting agents in plant tissues (Mert
et al., 2013) and are often involved in plant-
pathogen interactions, both constitutively and
as newly induced compounds.

Mitigation of alternate bearing
Pruning

Pruning is necessary to adjust the trees to the
climatic conditions of the area and increase
plantation's productivity. Olive trees can be
prunes in spring or summer. Rugini and
Pannelli, 1993 reported that severe pruning
was effective to enhance the fruit- set of the
olive cultivar 'Frantoio’. They also reported
that hexaconazole treatment as a candidate
practice to increase fruit set in a sustainable
way. The action of this substance on plants
may be considered like a "Chemical pruning"
modifying the distribution of carbohydrates
between shoot elongation and flower
differentiation (Gomathinayagam et al., 2007).

Aim of pruning

To balance vegetation with fruit yield.

To minimize the non-productive period.

To renew the canopy in old, non- productive
trees to stimulate productivity (Cimato et al.,

1990).

To prolong the productivity of the trees.

To delay senescence.

To save soil water, a critical factor in non-
irrigated orchards.

Rules of pruning

The style of pruning depends on olive tree
age, crop load, the use of olives as table or
olive oil fruits, soil fertility, environmental
conditions and fruit load. Although these
factors differ from one area to another and
from cultivar to cultivar, certain general rules
are applicable to pruning:

It is not necessary to prune olive trees every
year: in some cases pruning is conducted
every 2 years. Therefore, pruning cost is a
very important factor.

Plant age is determining factor of the type of
pruning (light, medium, severe).

The pruning method should be simple and
fast; we can then check light penetration into
the canopy and assess the need for more
severe pruning.

Pruning starts from the top of the tree and
proceeds towards the base. Larger shoots are
cut first, followed by those of smaller
diasmeter.

In mature plants pruning is light; pruning
intensity increase with age of plant.

The cut should be executed close to the point
of attachment of the lateral branch.

Pruning Period

Pruning of olive trees can be done right after
harvest. For table olive varieties, pruning
begins in November- December for green
olives or February-March for black olives. In
general, pruning can be performed from
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autumn to the first months of spring, but it
should be delayed in areas with high risk of
frosts.

Types of pruning

Pruning during the early stages of tree
growing

The aim of this type of pruning is to develop a
tree shape during the first years of the
plantation, in order to facilitate all cultural
practices (spraying, soil cultivation, irrigation,
harvest etc.) and to best exploit the tree the
sunlight and rainfall occur in the area of
cultivation. The most shape for the olive tree
is the “cup-shaped” tree or “free-cup. To form
this shape the newly planted one-year old trees
are cut back at a height of approximately 60-
80 cm above soil level. The main focus of
such a practice is to force 2-4 side branches to
be developed, around the tree axis at a
distance of 30- 40cm from each other and at a
height of approximately 40 (the first) till 80
cm from the ground. These branches should
comprise in the future the main (primary -
limbs) branches of the tree. On these branches
new side shoots will be developed by cutting
down the old branches at a length of
approximately 50cm, thus removing the so
called shoot tip dominance and make the
lower buds to sprout. Kumar et al., 2014
reported that moderate severity of pruning
(30% pruning on previous season growth) has
been adjudged as optimum level of pruning in
improving quality of ber fruits cv. Banarsi
Karaka yield.

Pruning for fruiting

Olive fruit produce fruits in last year’s
branches. This means that in order for us to
have fruits every year we should ensure
adequate vegetative growth every year. Very
vigorous shoots are not productive, as they are
mostly full of vegetative buds. The aim of

pruning thus is to induce branches that will
bear fruits by exposing them to light and
maintain the fruiting zone vigorous and active.
The olive tree produces fruits mainly at the
periphery of the canopy and at its top. This
happens because these parts of the tree are
fully exposed to sunlight and become fertile.
Based on this fact and the aims analysed
above the pruning for fruiting should comprise
the removal of any part that shades other
younger parts of the trees. When a thick
branch is to be cut down we must be very
careful in order to avoid tearing of the bark of
the remaining branch. The first cut is being
made at the down side of the branch till the
middle of it, some centimetres away from the
point where we want to cut the branch. The
second cut is done centimetres away from the
first cut and usually before the completion of
this cut, due to the weight of the branch; the
branch will fall down, tearing the bark of the
remaining branch till the point though of the
first cut. Then we can easily cut down the
small part remained, to the point of the desired
cut.

Renovating pruning

The main characteristic of the olive tree is its
longevity, because it has the ability to produce
new shoots from nearly every part of the
wood, thus making it possible to renovate
senescent or frost — fire damaged trees. This
type of pruning is comprised by cutting the
tree at the main branches or even at its trunk.
The most significant practice though is to
come back during the next months and remove
by hand (when they are still young) the shots
that will be of no use to us. We should not
wait till the next year in order to give the tree
the shape we want (pruning for giving the tree
its shape), as it is most likely to have wasted
almost one year till the beginning of fruit
production. The new tree enters the fruiting
period after 3-5 years depending on the
cultural practices.
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Critical periods for soil moisture in olive

Growth events Effect of low moisture in soil

August o 1. Flower bud development  Reduced flower formation
December 2. Bloom Incomplete flower

3. Fruit set Increases alternate bearing
4. Shoot growth Decreases shoot growth

Blee=glelsie o) Stage 1 of fruit growth due Small fruit size due to decreased cell division
January to cell division Fruit shrivel

Shoot growth Decreased shoot growth
Lo e Stage 3 of fruit growth due  Small fruit size due to reduced cell expansion
to harvest to enlargement Fruit shrivel

Shoot growth Decreased shoot growth

Factors which increases or decrease fruit thinning

Increased thinning Decreased thinning

Young trees Mature trees

Moist weather Dry weather

High relative humidity Low relative humidity

High maximum temperature Temperature lower than maximum
Softly sprayed water Heavily sprayed water

Slow drying conditions Fast drying conditions

High concentration of chemicals Low concentration of chemicals
Trees of low vigour Vigorous trees

Close spacing of trees Wide planting distances

Light pruning Severe pruning

Heavy flowering Light flowering percentage
Poor pollination Adequate pollination

Previous heavy crop Previous light crop

Addition of wetting agents No inclusion of wetting agents

Method of establishing NAA Concentration to Use

Examples Full bloom Spray day Days after full | NAA
bloom concentration

- May?27 June 10 14x 10ppm = 140ppm

May29 June 15 17x 10ppm = 170ppm

May25 June 7 13x 10ppm = 130ppm
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After every pruning or cutting action it is
advisable to cover the wounds with wound
sealing pastes and to spray the trees with a
copper based fungicide product, in order to
prevent the tree form bacterial or fungi
infections. Pruning of olive trees can be done
during the period between autumn and winter.

It is generally performed after harvest but we
should wait till the period of heavy rains and
frost has passed, in order to prevent
infections. We should never perform pruning
during a rainy day, as this will probably
spread bacteria to the cutting surfaces or
inside wounds not seeing by bear eye,
resulting in bacterial canker of the olive tree
(for those varieties susceptible to bacterial
canker).

Irrigation

The alternate bearing of the olive tree is
caused because the heavy crop suppresses
shoot growth and exhaust food reserves. This
results in reduced flowering and fruit set in
the following year. Irrigation allows
avoidance of conditions of stress that would
otherwise  cause reduced olive oil
accumulation in fruits (Fernandez and
Moreno, 1999). It also increases yields is an
augmented capacity for quantity of fruit per
tree (Gucci et al., 2007). It has been shown
that irrigation application during the year can
overcome the effect of alternate bearing.
Irrigation period early in the growing season
enhances shoot growth, which in turn
increases the number of fruits in the
subsequent season.

In general three irrigation should be applied -

Before flowering- To minimize the extent of
premature pistil abortion.

At the time of fruit set- To avoid excess fruit
drop.

At the time of maturity- To reduce the pre-
harvest fruit drop.

Thinning

It is the removal of some plants or parts of
plants to make room for the growth of others.
Thinning is one of the techniques used to
diminish or overcome the biennial bearing in
olives Dag et al., 2009). Thinning reduces the
crop load leading to the availability of more
nutrients and assimilates that would increase
the flower bud induction and differentiation.
Also, reducing 'On' year crop leads to
lowering number of seeds which have
negative impact on flower bud differentiation
(Bakir et al., 2004). Several growth retardants
were applied they were gibberellins inhibitors
of the trizole group. Their physiological effect
was decreasing the biosynthesis  of
gibberellins which were known to inhibit the
floral bud induction and differentiation. Patel
et al., 2014 reported that thinning of leaf to
fruit ratio (LFR) of 30: 1 was found most
effective to reduce the crop load and
improved the physico-chemical characteristics
in peach cv. Flordasun.

Aim of thinning

Reducing limb breakage.
Larger fruit.

Higher- quality fruit.

More consistent yearly crop.
Early maturity.

Lower harvest cost.

Thinning period — May
Leaf: Fruit ratio and assimilate transport

Thinning modifies the leaf: fruit ratio;
therefore, it reduces fruit competition in olive.
A change in the leaf: fruit ratio causes
significant differences in fruit growth. Under
high levels of assimilate availability in fruits,
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as happens following fruit thinning, the fruit
weight increases. The nutrients for olive fruit
growth and development are supplied mainly
by the leaves of the same shoot. Therefore, in
shaded areas where carbohydrate availability
is low, olive fruits cannot obtain optimum
size although the availability for the whole
tree may be high. Fruit thinning increases
carbohydrate availability to remaining fruits
and results in an increase in size.

Thinning Methods
Manual thinning

Manual thinning by removing 50 % of the
fruit set prior to pit hardening i.e. first week
of June was the most effective treatment in
increasing flowering density, sex ratio setting
and yield. Due to reducing the number of
fruits in the 'on' year which lead to increasing
stored nutrients and assimilates and this
would result in more flowering and thereby
more fruiting in the expected "Off" year.

Fruit removal scheduled until the middle of
the summer, which brings about significant
vegetative growth, bloom and fruit yield in
the subsequent year (Dag et al., 2010.

Mechanical thinning

Mechanical thinning can be performed by the
following methods:

Use of a hand- operated spray, with high-
pressure water.

Use of mechanical shaker to shake the tree
trunk. This method needs skill to avoid over-
thinning. Furthermore, with this method the
larger olives are removed since these fruits
obtain a greater directional momentum than
small ones. Also, fruits from the stronger
branches are removed more easily. Therefore,
with mechanical thinning it is difficult to

achieve the degree of thinning the grower
needs.

Chemical thinning

NAA, 1- napthaleneacetamide (NAAm) and
ethephon- releasing ethylene have been tested
for thinning table olives. Chemical thinning
has certain advantages over hand- or
mechanical thinning:

Low thinning cost.

Greater size of olives, earlier maturation and
better quality.

Decrease in biennial bearing.
Thinning with NAA

While fruit thinning using NAA shortly after
full bloom is commonly practiced to increase
fruit size in table olives. The ability of that
common naphthalene acetic acid (NAA)
treatment (100 mg/L, 10 days after full
bloom) to alleviate biennial bearing (Dag et
al., 2009). The plant growth regulator
Naphthalene acetic acid (NAA) absorbs into
the leaves and fruit of the olive tree and is
translocated to the fruit stems. An abscission
layer forms during the first two weeks after
NAA application, causing some fruit to drop.

Girdling

Also called as ring barking is the complete
removal of a strip of bark from around the
entire circumference of either a branch or
trunk of woody plants. Girdling is considered
an important practice responsible for
improving fruit setting, yield as well as
physical and chemical properties of fruit in
various olive cvs. Through accumulation of
organic foods and natural hormones above
rings. Girdling increases total soluble sugars
and starch content in the leaves and shoot
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bark above the girdle during the off year. The
optimum time for girdling is from December
to February prior to the fruit bud
differentiation  period.  Girdle  affects
carbohydrate- related gene expression. sFor
girdling 2-3 mm wide bark at the base of the
branch from all the around was removed
without injuring the wood with sharp knife.

Aim of girdling
Improves fruit setting and yield.

Increase TSS and starch content in the leaves
and shoot bark above the girdle.

A combination of Girdling and Gaz (50 ppm)
improves fruit set per panicle in cultivar
Gemlik.

Time for girdling: December — February
Fertilization

Substantial amounts of nutrients are lost from
olive trees as a result of fruit removal, annual
pruning of leaves and wood, and natural leaf
drop. Appropriate fertilization is necessary to
supply the minerals for new growth and for
the following vyear's vyield. The balance
between NPK fertilizers is useful in the
annual growth cycle of olive trees whereas,
nitrogen increases leaf chlorophyll levels and
photosynthesis, hence promoting shoot
growth and flowering. Providing olive trees
with additional doses of nitrogen before
flowering and fruit set has proved beneficial.
It also increases the ability of the olive tree to
utilize other nutrients (Stan and David, 2007).
Phosphorus is needed for many biochemical
processes as cell division, development of
meristematic tissue (new growth),
photosynthesis linked carbon fixation from
carbon dioxide, intermediary metabolism and
the utilization of sugars and starch. Potassium
has a number of important physiological and

biochemical functions including:
photosynthesis, respiratory processes,
carbohydrate transport, synthesis of nitrogen
compounds and carbohydrates, movement of
water, and balancing nitrogen fertilizers.

Recommended doses

All the rates are divided into three doses
Applied at January (before flowering) as NPK
At June (after fruit set) as NK

At August (after pit hardening stage) as NK.

Spraying of gibberellic acid

Olive has a very marked alternate bearing
pattern (Barone et al., 1994). The role of GA3
in reducing the yield during “On” years may
be due to the fact that gibberellins decreased
trees blooming in the “On” year and thus
reduces competition between flowers and
fruits on the nutritional and hormonal
contents of the trees and consequently
enhances tree production and fruiting in “off”
years and reduces alternate bearing. The
balance between the amount of developing
fruit and the vegetative growth in any given
growing season will affect and control the
potential fruit production for the following
season (Lavee, 2007). Spray olive trees with
GA; before an expected “on” year decreased
the percentage of opened flower buds per
shoot, number of flowers per inflorescence in
the subsequent year.

Effect of fruit removal and seed Kkill on
return bloom

Fruit removal within 6 weeks of full bloom
significantly improved return bloom. Some
effect was evident after 9 weeks, but none
thereafter. Thus, the presence of fruits inhibits
flowering. Also, fruit removal at early stages
of fruit development, before endocarp
sclerification, promotes  flowering the
following year. Early fruit removal also
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increased current-year shoot length. Killing
the seed at 6 weeks AFB improved return
bloom in ‘Manzanillo’. Seed-kill treatments
were done marginally early, 2 weeks before
endocarp sclerifications. Killing the seed also
resulted” in early maturity of the fruits,
suggesting that absence of seeds or wounding
accelerates fruit development.

Alternate bearing is an economic problem for
olive growers and industry affecting fruit size
and net economic return, causing a price
fluctuation between “’on’’ and “’off’” year. It
is controlled by an interaction between
vegetative  growth and  fruit  load.
Environmental conditions are the main trigger
to induce over all the metabolic changes
leading to alternate bearing expression.
Horticultural interventions viz., pruning,
thinning, girdling, and other cultural and
nutritional means can reduce and even
eliminate alternate bearing in regions with
favorable and stable climatic conditions.
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